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YjieHbl peJaKIIMOHHOM KOJLJIErUuH

Anexcaniposa Oxcana FOpbeBHa, JOKTOp MejH-
LMHCKUX HayK, npogeccop, DenepanbHoe rocymap-
CTBEHHOE OIOPKETHOE HaydyHoe yupexneHne «Harmo-
HAJIbHBIH Hay4YHO-HCCIIC/I0BATE/IbCKHH HHCTUTYT 00IIe-
CTBEHHOTO 3/10poBbsi uMeHn H.A. Cemarmko» (MockBsa,
Poccust)

Ananbe Baagumup HukonaeBudy, JIOKTOp MeJu-
LMHCKMX Hayk, npodeccop, [ocynapcTBeHHbIH Hayd-
HEIH HeHTp PP - MHCTHTYT MeanKo-6HOMOrnyeckux
npo6nem PAH (Mocksa, Poccust)

AnuncumoB Anjpeii IlaBjioBuY, JTOKTOp MEAMINH-
CKHMX Hayk, npodeccop, [0CynapcTBeHHBIH Hay4YHBIiH
LEHTP MPUKIAJHON MHKPOOHOIOIUM M OHOTEXHOIO-
run Pocniorpe6uanzopa (O6onenck, Poccust)
Apunnuesa Hpuna BiaaaumupoBna, j0KTOp 6HO-
JIOTHYECKHUX HayK, T0leHT, KybaHckuil rocynapcTBeH-
HBIil arpapHbiii yHuBepcurer uM. W.T. TpyOuimna
(Kpacnonap, Poccust)

ApyTioHsiH Asiexcanap BapranoBuy, j1okrop 6uoso-
rudyeckux Hayk, npodeccop, Hayuno-uccnenosarens-
CKMii HHCTUTYT aKyLIEPCTBa, THHEKOJIOTHH U PEIPO/IyK-
Tosorur uM. J1.0. Orra (Cankr-IlerepOypr, Poccust)
AcrapxanoBa Tamapa Cap:kaHoBHA, JOKTOD Celb-
CKOXO3SIICTBEHHBIX HayK, mpodeccop, Poccuiickmii
yHUBepcHTeT Apy:x0bI HapooB (Mocksa, Poccust)
Ammapuna Jlionmuia @UIHIIOBHA, TOKTOP CEllb-
CKOXO3SICTBEHHBIX HayK, CHOMpCKuii denepanbHbIi
Hay4HbIil LeHTp arpoOuorexnonoruit PAH (Hosocu-
6upck, Pocenst)

Banadko ITerp HuxonaeBnd, T0KTOp OHOTOTHYECKIX
Hayk, npogeccop, MOCKOBCKHI TroCyIapCTBEHHBIH
yuusepeuret uM. M.B. Jlomonocosa (MockBa, Poccnst)
Banakupes Hukonaii AjexcanapoBuy, JI0KTOp
CEJIBCKOXO3SIHCTBEHHBIX HayK, Hpoheccop, akaJeMUK
PAH, MockoBckas TocyaapcTBEHHAs akaJeMHs BeTe-
PHMHApHON MEIMIHMHBI U OnoTexHoNornu - MBA nM.
K.U. Ckpsibuna (Mocksa, Poccust)

Bapa6anoB Anaronmii TumogeeBuy, 10KTOp Celb-
CKOXO3SIHICTBEHHBIX HayK, CTAPIIHI Hay4HBII COTPY/I-
Huk, desiepanabHOE rocyapcTBEHHOE OIO/KETHOE Ha-
yuHoe yupexzaenue «DenepanbHblii HayqHbIH LEHTp
arpodKOJIOTHH, KOMIUIEKCHBIX MEJIHOPAIMil M 3aIliT-
HOro JiecopasBejienus Poccuiickoil akajgemMuu Hayk»
(Bosrorpan, Poccust)

BarbipbexkoBa Cpersana EcumOexoBHa, 10KTOp
XUMHYECKHX Hayk, mpodeccop, Kasaxckuil Harmo-
HalbHBII yHHBepcuTeT uM. Anb-Dapabu (Asmarsl,
Pecry6muka Kazaxcran)

Benenkop Ausekceii UBaHOBHY, IOKTOP CEIIbCKOXO-
3sUCTBEHHBIX Hayk, mpodeccop, Poccuiickuii rocy-
JIAPCTBEHHBIN arpapHblii yHUBEPCUTET - MOCKOBCKast
cesibcKoxo3sicTBeHHas akajgemus uM. K.A. Tumups-
3eBa (Mocksa, Poccus)

Bensiee AHaTo/Mi ApKaabeBH4, JOKTOP CEJIbCKO-
XO3SIUCTBEHHBIX HayK, jgoueHT, HoBocubupckuii ro-

CyIapcTBEeHHBIN arpapHblii yHusepcuter (Hoocu-
oupck, Pocens)

Bepcenesa EBrenusi AjlekcaHapoBHa, JIOKTOp Me-
JMLMHCKUX Hayk, npodeccop, PI'BY « BHUMHUMT»
Pocsnpasuanzopa (Mocksa, Poccust)

Byko BsiueciiaB YibsiHOBHY, JOKTOp OHOIOTHYE-
CKMX Hayk, npogeccop, Mucturyt Ouoxumuu Ouo-
Jorudeckn akTUBHBIX coemunennii HAH bemapycu
(T'poano, Pecry6imka Benmapyce)

Bsuioseknii FOpuii FOuibeBu4, 10KTOp MEAMLMH-
CKHX HaykK, mpodeccop, Pa3aHckuil rocynapcTBeHHBIH
MEJMIMHCKUH yHuBepceuTeT uM. akai. M.II. TTapnosa
(Psi3anb, Poccust)

Bunorpajos JImutpuii BasnepueBuu, noxrop 6uo-
JIOTHYECKUX HaykK, npodeccop, PT'BOY BO PIATY
Psi3anckuil rocy1apcTBEHHbIH arpOTeXHOIOrMYECKUN
ynusepeuteT uM. IT.A. Koctbruesa (Ps3anb, Poccnst)
Butknna Tatesina McaakoBHa, JOKTOp OHONOTH-
4yeckux Hayk, npodeccop PAH, JlanbHeBoCTOUHbIH
HAy4HBIH LEHTP (DM3HOJIOTUH M MATOJNOTHU JbIXaHHs
(Bnarosemnienck, Poccus)

Boukosa Nuuna Biagumuposua, 1oktop 6uonorn-
YECKUX HaykK, 4ieH-koppecnonaeHT PAH, ®enepans-
HBII Hay4HBII [IEHTP OMOJIOTHYECKOI 3aIlUThl pacTe-
nuii (Kpacuonap, Poccnst)

Boabinkun Baaaumup AJiekcaHAPOBHY, JOKTOP
CeNIbCKOXO3AICTBEHHBIX HayK, mpodeccop, Beepoc-
CUICKMH HALIMOHAIBHBIA HAyYHO-HCCIIEA0BATEIbCKIN
MHCTUTYT BHHOTpajapctBa W BuHomeaust «MATA-
PAU» (Snra, Pocenst)

Boponuna Basentnna IlaBiioBHa, TOKTOp CEIbCKO-
XO35iICTBEHHBIX HAYK, CTAPIIHIl HAYYHBIH COTPYAHHUK,
Bourorpaickuit rocynapcTBeHHbIH arpapHblit yHUBep-
curet (Bonrorpan, Poccust)

TI'apmaeB Enjon JKambsinoBH4, 10KTOp Teorpadu-
YeCKHMX HayK, JoueHT, npodeccop PAH, wien-kop-
pecnionaent PAH, Baiikanbckuit HHCTUTYT IPUPORO-
nonb3oBanust CO PAH (Ynan-Vim, Poceust)

TI'mac Mypar CabupoBuy, JOKTOp OHOJIOTHYECKUX
Hayk, npodeccop, unen-koppecnonaeHt PAH, ®I'b-
HY «®enepanbHplii HayuHbIH LEHTP OBOIIEBOJCTBAY
(. BHUMCCOK, Poccus)

InoroB Anexcanap I'aBpu/ioBu4, JOKTOp BeTepu-
HapHBIX HayK, Ipodeccop, Cubupckuii GpenepanbHeIi
Hay4HbIH 1eHTp arpoduorexnonoruii PAH (HoBocu-
6upck, Poccust)

TonoBun Cepreii EBrenbeBuY, JOKTOp CEIIbCKOXO-
3SUCTBEHHBIX HAyK, CTaplIMil HAaydHbIH COTPYIHHK,
DeiepabHbli HayuHbIH CENEKIIMOHHO-TEXHOIOIHYE-
CKMif LIGHTpP CaJI0BOJCTBA U MMUTOMHUKOBOACTBA (Mo-
ckBa, Poccnst)

TosoxBact Kupuiia CepreeBud, 10ktop GHOIOTH-
YecKHX HaykK, 4ieH-KkoppecnoraeHT PAO, mpodeccop
PAH, Cubupckuii ¢enepanbHblii HAaydHBIH LEHTP
arpoouorexnonoruit PAH (HoBocubupck, Poccust)
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Tom6oeB Banp OkTs0pbeBUY, T0KTOp reorpadude-
CKHUX Hayk, npodeccop, balikanbckuii HHCTUTYT HpH-
ponononb3oBanust CO PAH (Ynan-Yia, Poccus)
T'onuapos Cepreii Biaaumuposuy, joxrop 6uoso-
TMYECKHX HayK, poueHT, Kybauckuii rocymapcTBeH-
HbIIl arpapHerii ynusepcurer nM. W.T. Tpyoummna
(Kpacnonap, Poccust)

I'psisbkud AHatosmii BacuibeBud, 10ktop 6HOIO-
rHYeckux Hayk, npodeccop, Cankr-IlerepOyprekuii
TOCY/QPCTBEHHBIN JICCOTEXHUYECKUH yHUBEPCUTET
M. C.M. Knposa (Carxkr-Ilerep6ypr, Poccust)
Jlenncos Cepreii AjexkcaHIpPOBUY, IOKTOD Cellb-
CKOXO3SHCTBEHHBIX Hayk, mpodeccop, IloBomkckuit
TOCYIapCTBEHHBII  TEXHOJOTMYECKHIl yHHBEPCHTET
(Momkap-Oua, Poccus)

Jlepsiruna Jlapuca EBrenbeBHa, JOKTOpP MEIMIMH-
CKHX HayK, Tpogeccop, MOCKOBCKHI YHHBEPCHTET
MBI PO um. B.S1. Kukors (Mocksa, Poccust)
JbsikoBuny Mapuna ITunxacoBHa, TOKTOp OGHONIOTH-
YeCKHX HayK, Hpodeccop, AHrapcKuii Tocy1apCTBeH-
HBIIT TeXHU4eCKHi yHUBepeuTeT (AHrapek, Pocenst)
Kmbuies ITasea FOpbeBu, T0KTOp OHOIOTHYESCKHX
Hayk, JloleHT, ['ocynapcTBeHHblil yuusepeurer «Jlyo-
Ha» (Mocksa, Poccust)

3aiines Baagumup BaagmmupoBud, 1okTop 6umo-
JIOTHYECKUX Hayk, npodeccop, Camapckuii rocyaap-
CTBEHHBIH arpapuslii ynusepcuteT (Camapa, Poccus)
3aneco Cepreii BeHHaMHHOBHY, JIOKTODP CEJIBCKO-
XO3SHCTBEHHBIX HayK, Hpodeccop, Ypaabckuii rocy-
JIApCTBEHHBIN secotrexHnyeckuii yuusepcurer (Exa-
TepunOypr, Poccust)

3yamuun Cepreii HukosiaeBu4, TOKTOp CEIIbCKOXO-
3AHMCTBEHHBIX HayK, podeccop, Camapckuii rocynap-
CTBEHHBIH arpapHslit ynusepeutet (Camapa, Poccust)
HBanosa Manca AdanacbeBHa, JOKTOP MEIUINHCKHX
Hayk, npodeccop, ®I'BY «lleHTpalbHBIl HaydHO-HC-
CIIeI0BATENIBCKUN MHCTUTYT OpraHu3auud U uHdOpMa-
TH3ALUK 37PaBOOXPaHEHHUsD» MHHHUCTEPCTBA 3IPABOOX-
panenus Poccuiickoii @eneparmu (Mocksa, Poccust)
UBanuyenko BsyecniaB MocudoBuy, JOKTOp celb-
CKOXO3SIICTBEHHBIX HayK, Tpodeccop, Kpemckmii
(denepanpublii ynusepcuter uM. B.M. Bepnajickoro
(Cumdepomnons, Poccust)

HBannosa EjeHa AHaTo/ibeBHA, JIOKTOP CEJIBCKO-
XO35MCTBEHHBIX HayK, mpodeccop, Bonrorpauckuii
rocynapcTBeHHslit yuusepeutet (Bonrorpaz, Poceust)
Ka3zakoBa Aausi CabupoBHa, JOKTOp GHONIOTHYE-
CKHUX Hayk, rnpodeccop, A30B0-UepHOMOPCKHIA HHKe-
HepHblit uacTHTYT PI'BOY BO [loHckoii TAY (3ep-
Horpaz, Poccust)

Ka3pinyd Huna I'puropbeBHa, TOKTOP CENbCKOXO-
3AHCTBEHHBIX HayK, mpodeccop, OMckuii rocymap-
CTBEHHBIH arpapHblii yHusepcurer uMm. I1.A. Croibl-
nuHa (Omck, Pocenst)

Kansarnn Anekceit Hukonaesny, 10KT0p MEMIIMHCKUX
Hayk, npodeccop, MBA, VpkyTckuii rocyjapcTBeHHBbII
MeauumHCKmii yauBepentet (Mpkytek, Poccst)

Kapranos Muxaun IOpneBuu, 10oktop Onosoruye-
CKuX Hayk, mpodeccop, Hayuno-ucciaenoBareabekuit
MHCTHTYT 001eii matonorun u narodusuonoruu (Mo-
ckBa, Poccnst)

KameBapos Hukouaii UBaHOBHY, TOKTOP CENTBCKO-
XO3SHCTBEHHBIX HAyK, IPo(eccop, 3acIyKeHHBIH Jie-
stenb Hayku PO, akagemuk PAH, Cubupckuii dene-
paNbHBIA HAay4HBIH LEHTp arpoduorexHonornii PAH
(HoBocubupck, Poccust)

Kiumenko Bukrop IaBioBu4, 10KTOp CEIBCKOXO-
3HCTBEHHBIX HayK, CTaplIMii Hay4HbIH COTPYIHHK,
Bceepoccuiickuii HalMoHaIbHBIN Hay4YHO-HCCIIEI0BA-
TEIbCKUH HMHCTUTYT BHHOTPAZapcTBa M BUHOJEIHUS
«MATAPAY» (SInra, Poccust)

Kosasies Hukouaii Hukonaesuy, noxrop 61onaoru-
YECKUX HayK, CTapIIuii Hay4dHBIH COTpYIHUK, JlanbHe-
BOCTOYHBIH TOCYTapCTBEHHBIH TEXHUYECKUH PHIOOXO-
3saiicTBeHHBII yHUBepeuTeT (BiaguBocrok, Poceust)
KosnoB Bacuimii BaragumupoBuny, KauaugaT Meau-
LIMHCKUX Hayk, JoueHT, ITepBeiii MockoBckuit rocy-
JIapCTBEHHbIM MEAMIMHCKHN yHHBepcuTeT uM. .M.
Ceuenosa (Mocksa, Poccust)

Kousechuxos Cepreii Miibuy, 10KTOp CEILCKOXO0351H-
CTBEHHBIX HayK, npodeccop, FOxHsblil denepanbhblii
ynuepcureT (Pocros-na-Jlony, Poccnst)

Kopo6osa Jlapuca HukosaeBHa, JJOKTOp GHOJIOTH-
YECKMX HayK, CTapIIuii Hay4Hbli coTpyanuk, PI'BOY
BO «HoBocuOupcKuil rocyiapcTBeHHBIH arpapHbiii
yuausepeutet» (HoBocubupcek, Poccus)

Ky3un Amnjpeii UBaHOBHY, JOKTOp CEIIBCKOXO3si-
CTBEHHBIX HayK, JOLeHT, {DenepaibHblii Hay4dHBII
uentp um. U.B. Muuypuna (Muaypusck, Poccnst)
Kysbmun Cepreii BaagumupoBuy, 10KTOp Menu-
LIMHCKHUX Hayk, npodeccop, DenepanbHblii HayIHbIH
uentp rurueHsl um. O.d. Dpucmana PocnorpedHan-
3opa (Mbrtuiu, Poccrs)

JlecoBckasi Mapuna WropesHa, 10ktop Onosoruye-
CKMX HayK, mpodeccop, KpacHosipckuii rocynapcTBeH-
HbIH arpapHblii yHuBepcutet (Kpachosipck, Poccnst)
JlucHsik AHaTONIMI AHATOILEBUY, KAHIUIAT CEILCKO-
XO3SHCTBEHHBIX HayK, XapbKOBCKHMI HallMOHAJIBHbIN
yuusepeurer um. B.H. Kapasuna (XapbkoB, Ykpauna)
JInxoBckoii Buaagumup BiagumupoBuY, I0KTOp
CeJIbCKOXO3SHCTBEHHBIX Hayk, Bcepoccuiicknii Ha-
LMOHAJIBHBIA Hay4YHO-HCCIIEI0BATEIbCKUIA HHCTUTYT
BuUHOrpagapctBa u BuHOmenHs «MATAPAUy (Snra,
Poccus)

Ma3supos Muxani ApHOJIbIOBHY, TOKTOP GHOIOTH-
4YeCKMX Hayk, npogeccop, Poccuiicknii rocynapcTeH-
HBIH arpapHbelii yHUBepcHTET - MOCKOBCKasl Cellb-
ckoxo3siicTBenHas akajgemus nMm. K.A. Tumwmpsizesa
(Mockaa, Poccust)

Manaenkos Ajekcanap CepreeBud, J0KTOp CeJlb-
CKOXO3SIICTBEHHBIX HayK, CTAPIINI Hay4HbII COTPY.I-
HuK, DenepanbHblil HayyHBIH 1IEHTP arpo3KoIOrHH,
KOMIUIEKCHBIX MEJIMOPALHii ¥ 3alUTHOTIO Jiecopas3Be-
nennst PAH (Bonrorpan, Poccus)
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Manuyk Banepuii TumodeeBuy, 10KTop MeAULINH-
CKHX HayK, mpodeccop, wieH-koppecronaeHt PAH,
Kpacnosipekuit nayunsiii neutp CO PAH (Kpacho-
apek, Poccs)

Mapsanos Hypouii CapapéueBuy, Jokrop 6uoIo-
THYECKHUX Hayk, npodeccop, depepanbHblii ucciaeno-
BaTEJILCKHUIA LIEHTP KMUBOTHOBOJCTBA - BVOK nm. akaj.
JILK. Opucra (ITonossck, Poccust)

Meubyenko Asexcanap UBanoBuy, noxrop 6uomno-
TMYECKHX HayK, HoueHT, KybaHckuii rocynapcTBeH-
HbIIl arpapHbiid yHusepcurer uM. W.T. TpyOuiuna
(Kpacnonap, Poccust)

Menbmukosa Jlapuca MBaHOBHA, JIOKTOp MeJH-
LMHCKMX Hayk, npodeccop, Poccuiickas meanuns-
CKasl aKaJieMHsl HEMPEPBIBHOTO NPO(peCCHOHATEHOTO
obpaszosanus (Mocksa, Poccust)

Munurainesa Wib3upa AMHPOBHA, JTOKTOp OMO-
JIOTHYecKuX HaykK, ExarepnHOYprekuii MeauImHCKHi
Hay4HBII LEHTP NPO(GUIAKTHKA U OXPaHbI 310POBbS
paboumX MPOMBINIICHHBIX mpeanpustii (Exarepun-
Gypr, Poccus)

Moiiceenok Amujpeii I'eoprueBmu, jpokrop Guosno-
TMYECKHX HayK, Mpodeccop, UICH-KOPPECHOHICHT
HAH Benapycu, MHcTHTyT 6MOXMMUH OHOTIOTHYECKH
akTuBHbIX coennnennit HAH benapycu (I'poxso, Pe-
criy6nmka Benapycs)

Monaxoc Cokpat I'puropbeBud, JI0KTOP CEIbCKO-
XO3SHCTBEHHBIX Hayk, mpodeccop, npodeccop PAH,
Poccuiickuit rocynapcTBeHHBIH arpapHbIii yHUBEPCH-
TeT - MOCKOBCKasl CelIbCKOXO3sHCTBEHHAs aKaJeMust
uM. KA. TumupszeBa (Mocksa, Poccust)

Mysyposa Jlroamuiaa BiaguMupoBHa, J0KTOp Me-
JMLUHCKUX HayK, npodeccop, CapaToBCKuil rocy-
JIAPCTBEHHBIN MeAMIMHCKMI yHuBepcuteT um. B.M.
Pazymosckoro (Caparos, Poccust)

MyxoproB Jmutpuii IBaHOBHY, TOKTOp CEIbCKO-
XO3AHCTBEHHBIX HAyK, JOLEHT, IToBOKCKHMI rocy-
JAPCTBEHHBIH TeXHONOTHYeCKHH yHuBepcuTer (Mom-
kap-Ona, Poccust)

Hacp10ynmmna lasinst MakeyToBHA, I0KTOP MEUIMH-
CKHMX Hayk, mpodeccop, YpanbCkuii rocyiapcTBeHHbIH
MenuimHcknii yausepeutet (Exarepun0ypr, Poccnst)
HayanoBa Aiinam IlaxyamoBHa, noktop Ouoino-
THYECKUX Hayk, npodeccop, Kasaxckuit arporexuu-
yecknii yHusepcurer uMm. C. Celidymmna (Acrana,
Pecny6nuka Kazaxcran)

Huxkuriok Imutpnii BopucoBuy, 1OKTOp MeIUIHH-
CKHX HayK, npoeccop, wieH-koppecnonieHT PAH, ®e-
JIepalIbHbIA MCCIICIOBATENILCKUI 1IGHTpP NUTaHus, O1o-
TexHonoruu u 6e3omacHocTn mmm (Mocksa, Poccrs)
Octpenko Koncrantun Cepreesud, JI0KTOp OHO-
snornyeckux Hayk, @DejepanbHblii HCClE0BATEIb-
CKHIl LIeHTp >knBOTHOBOACTBA - BIK nwm. axazn. JLK.
Opucra (Toxonbek, Poccnst)

Maukpymuna Ajna HukoaaeBna, 1oktop 6uosno-
TUYECcKUX HayK, npodeccop, TBepckoii rocynapcTeH-
Hblit yHusepcuret (TBeps, Poccnst)

Mamwrrenxuii Bragumup CrenanoBu4, T0KTOp Celb-
CKOXO3SIICTBEHHBIX HayK, CTapIIMil HAYYHBI COTPY/-
HUK, wieH-koppecnonnenT PAH, Hayuno-uccneno-
BATENIbCKUII MHCTHTYT CEIBCKOTo Xo3stiicTBa Kpbima
(Cumdepornons, Poccust)

Tlosrynun Basepuii CokparoBuy, JOKTOP MEAULNH-
CKMX HayK, npodeccop, Poccuiickuii HalMOHAIBHBIH
HCCIIe/IOBATENLCKUI MEIUIIMHCKUI YHUBEPCUTET MM.
H.J. IMuporosa (Mocksa, Poccust)

Tlorynuna Haranbsi BajeHTHHOBHA, JIOKTOp Me-
JMIMHCKUX HayK, Npodeccop, wIeH-KOPPECHOHISHT
PAH, Poccuiickuii HalMOHAIBHBIN HCCIIEI0BATEIb-
ckuit MeauIMHCKUH yHuBepeuteT uM. H.M. TTuporosa
(Mocksa, Poccust)

IMonousyxuna HuHa AslekceeBHa, TOKTOP CEIIbCKO-
XO3SIUCTBEHHBIX HayK, OMCKHI rocynapcTBEeHHbIN
arpapublii yauepcutet uM. I1.A. Cronsimuna (OMck,
Poccust)

Ilponuna I'asumna MosenoBHa, jo0kTOp OMONIOTHYE-
CKHX HayK, IOUeHT, Poccuiickuil rocymnapcTBEHHBII
arpapHblil yHUBEPCHTET - MOCKOBCKasl CEJIbCKOX03sIii-
crBeHHas akazemust uM. K.A. Tumupsizesa (Mocksa,
Poccus)

Ilynmuko AHatoiauii CTemaHOBHY, JOKTOP MeJH-
LMHCKHX HayK, Mpodeccop, OTIMYHUK 3APaBOOXpa-
Henns PO, KpacHospcknii Hayunsiid neatp CO PAH
(Kpacnosipck, Poceust)

Panonopr ’Kan KozedoBu4, 10KTOp MEIUIMHCKUX
HayK, mpodeccop, oTHaHUK 31paBooxpaneHns CCCP,
3aciyxennsblit uzooperarens CCCP, HUU MIIC (Poc-
cust/V3panie)

Paxumos Anexcanap UMaHyn10BHY, JJOKTOP XUMU-
4yecKkux Hayk, npodeccop, Bosrorpajckuii rocyuap-
CTBEHHBIH TexHHMueckuii yHuBepcurer (Bomrorpan,
Poccus)

PaxumoBa Hanexna AllekcaHapoBHA, JOKTOp XU-
MHYECKHX HayK, mpodeccop, Bonrorpazackuii rocy-
JIapCTBEHHBIN TexHUYecKuii yHusepcurer (Bonrorpas,
Poccnst)

Poaun HUropb AlslekceeBHY, JIOKTOP BETEPUHAPHBIX
Hayk, 1podeccop, KybOanckuil rocynapcTBeHHbIN
arpapublii ynusepcuter um. W.T. Tpy6oumna (Kpac-
Hozap, Poccust)

Poxkko Taresina Buagumuposna, xanmuaar Ouo-
JIOTHYECKUX HayK, JOLEHT, KpacHospckuii rocymap-
CTBEHHBIH MCJMIMHCKHHA YHHBEPCHTET HMM. HPOd.
B.®. Boiino-Scenerkoro (Kpacuosipek, Poccust)
CasBuna Hajexna BajnepbeBHa, TOKTOP MEAMIIMH-
ckux Hayk, npogeccop, Cesepo-Bocrounsiii ¢ee-
panbhblii yHEBepeuTeT uM. M.K. AMmocoBa (SIkyTck,
Poccus)

CagenbeBa Haranbs HukonaeBHa, 10ktop 6uoso-
THYeCKUX Hayk, denepanbHblii Hay4dHBIH HEHTP HM.
1.B. Muuypuna (Mudypunck, Poccus)

CerxoB Hukonaii AjexcanapoBuy, 10KTOp Guomo-
THYECKUX HayK, npodeccop, Cubupckuii denepans-
Hblit ynusepeutet (Kpacuosipek, Poccust)
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Cwmesnk Bukrop AjtekcanapoBu, JOKTOp TeXHHYE-
CKHX Hayk, npodeccop, Cankr-IlerepOyprekuii rocy-
JapcTBeHHbIH arpapuelit yuusepeuret (Cankr-Iletep-
Oypr, Poccust)

Cyxanosa Cser1ana ®aunjieBHa, JJOKTOP CEIBCKOXO-
3sHUCTBEHHBIX Hayk, nmpogeccop, Kypranckas rocyaap-
CTBCHHAsI CEJIbCKOXO3siicTBeHHas akajgemust uM. T.C.
Mausbuesa (Jlecuukoso, Poccust)

CoiueB Buxrtop I'aBpmioBHY, JOKTOp CEIbCKO-
XO3SICTBEHHBIX HayK, mpodeccop, akajgemuk PAH,
Bceepoccuiickuii Hay4HO-MCCIIE10BATEIbCKUH MHCTH-
TyT arpoxumun um. J[.H. IpsuumunkoBa (Mocksa,
Poccust)

Tay Hnna IOpbeBHA, TOKTOP MEIMIMHCKHUX
HayK, poeccop, PeiepanbHblil HCCIEN0BATEIbCKUIH
LEHTP NUTaHUsS, OUOTEXHOJIOTHMU U 0e30HaCHOCTH
nunm (Mocksa, Pocenst)

Tepemenko Cepreii FOpbeBu4, 10KTOp MEAMIMH-
ckuX Hayk, npodeccop, KpacHospckuil HaydHbIi
nentp CO PAH (Kpacnosipck, Poccust)

Toponosa Enena FOpbeBHa, 10KTOp OHOJIOTHYCCKHX
Hayk, npodeccop, HoBocubupckuii rocynapcTBeHHbIH
arpapublii ynusepcutet (HoBocubupcek, Poccus)
Tpudonosa TarbsiHa AHATOJILEBHA, JIOKTOP OHOJIO-
TMYECKHX HayK, Mmpodeccop, 3aCiIyKeHHbIH IesTelb
Hayku P®, mouérHblii pabOTHHK BbICIIEro mpodec-
cHoHasbHOrO obpasoBanust Poccuiickoit denepanuu,
MoCKOBCKHH TOCYIapCTBEHHBIH YHHBEPCHUTET HM.
M.B. Jlomonocosa (Mocksa, Poccust)

Tpyno IOpuii BUKTOpPOBHY, IOKTOp CEIBCKOXO-
3AHCTBEHHBIX HayK, Ipodeccop, MuaypurCKHii rocy-
JlapcTBEHHBIN arpapHblit yHuBepeuteT (MudypHHCK,
Poccus)

Teimenko EnusaBera AliekceeBHa, JTOKTOP TeX-
HHMYECKUX HayK, 1o1eHT, Ky36acckas rocyaapcTBeH-
Hasi cenbckoxossiicTBeHHas akagemus (Kemeposo,
Poccus)

VYnaasiues Muxann TapbeBud, JOKTOp CeIbCKO-
XO35IiCTBEHHBIX Hayk, mpodeccop PAH, wien-xop-
pecnionjienr PAH, ®I'BHY ®enepanbhbiii HayuHbIi
CEIIeKIIMOHHO-TEXHOJIOTMYECKHI LEHTpP CaJ0BOACTBA
n nuToMHHKoBOjIcTBa (MockBa, Poccust)

Yepubix Hartaabsi AHaTojbeBHA, JOKTOp OHOIO-
THYeCKHX Hayk, npodeccop, MockoBckuii rocynap-
CTBEHHBIH HMHCTUTYT MEKIYHApPOIHBIX OTHOLICHHUI
(ynusepcurer) (Mocksa, Poccust)

Yepuascknx Biaagumup UBaHOBUY, OKTOP CEllb-
CKOXO3SI{CTBEHHBIX HayK, JOLEHT, DenepanbHblii Ha-
YUHBIH LIEHTP KOPMONPOM3BOACTBA M arpodKOJIOIHH
umenn B.P. Bunbsmca (JoGus1, Poccnst)

IMInaiinep HaTaubs AJjiekceeBHa, JOKTOpP MeJH-
LUHCKUX Hayk, npodeccop, HaunmonanbHeiit Menn-
LIMHCKHH MCCIIC0BATEIBCKUIT LICHTP NMCUXUATPUN U
Hespousiorun uM. B.M. bexrepesa (Caukr-ITerepOypr,
Poccust)

IOmkoB Anapeii HukosaeBu4, JIOKTOp CEJIbCKOXO-
3SUCTBEHHBIX HayK, (DenepanbHblii HAyYHbIH LEHTP
um. U.B. Muaypuna (Muaypunck, Poccus)
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1020 POPMUPOBAHUSL HEOOXOOUMBIX NOBCOCHUECKUX Peakyuil y OONbUuLloll epynnul
J1a0O0OPaAMOPHYIX JICUBOMHBIX, UMO MPedyem CYuLecmeeHHbIX GPEMEHHbIX 3ampam.

Lens. Ljeavio uccredosanus A61IsLI0CH COKpaujeHue pementl Gopmuposanis
N06e0eHYeCcKUX peakyuil y 1a00pamopPHbIX HCUBOMHBIX NPU NPOBEOEHUU IKCNePU-
MEHMANbHBIX UCCTE006AHUIL.

Mamepuansl u Menoovl. DxcnepumeHmMaibHAs YCMAHOGKA COCMOUM U3 Nsmu
6EPMUKANLHO PACNONONCCHHBIX PYHKYUOHATILHO CAMOCHOAMENbHBIX OOUHAKOBHIX
mpexayuesvix (Y-00pasnvix) paouansuix 1a0UpUHmMos ¢ 21eKmponoiom, Oamyuxa-
MU pe2ucmpayuu nepemeyeHuil JCUGOMHO20, 2eHePAMOPAMU 36YKOBbIX U C6CTNOBIX
cmumynos, u onoka ynpasienus. JKusommnoe modicem c60600H0 nepemenyamvcsi 6iy-
mpu ecex mpex nyueil. B npoyecce sxcnepumenma asmomamuiecku gpuxcupyemcs
6peMsl nepexo0d JCUBOMHO20 U3 ONACHO20 (CMAPMOBO20) pyKasa 6 6e30nacHbvill
(yeneeoil) pyKas u Konu4ecmeo cogepuLaemMvix npu 2mMom outbounvix oeticmsuii. Ko-
JIUYeCme0 u ONUMeNbHOCb YUKIIO8 U CePUll IKCHePUMEHmMA 3a0aemcsi N(POSPaAMMHO,
Ymo no360.1sem pecyiuposamsd pems Hayana dKCNepumMenma aemoHoOMHo, 6e3
yuacmus onepamopa. /[ns nposepku pabomocnocooHocmu yCmanoeKu nposeoend
cepusi SKCnepuMeHnos no 00yHeHUIo Kpbic peakyuu akmueHo20 uzbe2anus 6 n1aou-
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punme, UCnorb308anbl Hervlie HecnopPooHvle NON0BO3PENbIE KPbICHI-CAMYbL, 8ECOM
160-180 2 6 xonuuecmee 50 ocobeil.

Pesynomamot. Ha HauansHoti cmaouu oOyyenus (6 meueHue 08yx Heoeib) Y Kpbic
svipabamuleancs peguexc uzbeeanus moxa. B meuenue nepgoii nedenu odyyenus
sepossimHocmb docmudicenusi yenu eospocia ¢ 0,64 do 0,85. Ha emopoii nedene 0o-
yueHus eepossimuocms docmudicerust yeau cocmasuna 0,85-0,95. Ha nepeoii Hedene
06yuenus cpeonee pems QOCMuUdICeHUs yeni (6pems nepexooa 6 0e30nacHblil pykag)
cHudrcanocs ¢ 9 0o 7 ¢. Ha emopoii nedene epemsi 00CMudiCeHust yenu CHU3UNO0Ch 00
5-6 c. Ha smopoii nedene o6yuenus Hekomopbuie KpbiCbl CIANU 6bINOIHAMb 3A0AHUE
(usbecamsb Oeticmausi moKa) 00 €20 6KAOUEHUs, MO ecmb MeHbule, Yem 3a 5 ¢. Konu-
4ecmeo OUUOOYHBIX OeUCMBULL 80 6MOPYIO HEOETIO MAKHCE CHUBUNOCH. 3a mpu Heoeu
HenpepvieHo20 00yueHUs omodparsl 30 HCUBOMHBIX C YCMOUUUBHIM NOBEOCHUECKUM
HABLIKOM (8eposimHoCcnb npasuibHo2o deticmeust 0,45-0,50), npu epemermvix 3ampa-
max 4 uaca 6 denv Ha asmoHoMHoe (6e3 yuacmusl IKCnepumenmamopa) ooyyenue.

3aknwouenue. Paspabomannas memoouxa npooemMoHCmpupo8anid 603mMoxHc-
HOCMb P Pexmuerno2o odyuenus 6onbLuol epynnsl HCUGOMHLIX 8 CPAGHUNENLHO
Kopomkuti cpok. OmaudumenvHol 0COOeHHOCMbIO PA3PAOOMAHHO20 Annapam-
HO-NPOZPAMMHO20 KOMNLEKCA AGIACTCS 603MOAICHOCHb Peanu3ayull CKPUHUH2O0GbIX
Uccne008anuil o UCCIe008aHUIO KII0UebIX NoKa3amenell onepamopcKux QyHKyull
€ BO3MOJICHOCIBIO ABIMOHOMHOU PAOOMbI IKCNEPUMEHMATLHOU YCIMAHOBKUL.

Knrouesvle cnosa: meduxo-ouonocuueckuil SKCnepumMenm, annapamuo-npo-
SPAMMMHBIL KOMNILEKC, IKCNEPUMEHMATbHAS YCMAHOBKA, 0OyyeHue 1a00pamopHuIx
JHCUBOTNHBIX, MPEXTYUEBOU NADUPUHTI, NOBEOCHUECKAS PeaK YU

Hna wumuposanusa. /paean C.II., Becenoscxuii U.A., Komapos [.5., boeo-
Mmonog A.B. Memoouxa ¢hopmuposanus nogeoenueckux peakyuii y 1a60pamophvix
arcusomnuwix // Siberian Journal of Life Sciences and Agriculture. 2023. T. 15, Ne4.
C. 11-28. DOI: 10.12731/2658-6649-2023-15-4-11-28

Original article

METHOD FOR FORMING BEHAVIORAL
REACTIONS IN LABORATORY ANIMALS

S.P. Dragan, 1.A. Veselovsky,
D.B. Komarov, A.V. Bogomolov

Background. The solution of a number of applied problems requires extrap-
olation of the medical and biological effects of exposure to extreme physical
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factors from animals on humans based on the results of experimental studies
of the behavioral reactions of animals under the influence of such factors. The
specificity of such studies is the need for preliminary formation of the necessary
behavioral responses in a large group of laboratory animals, which requires
significant time costs.

Purpose. The purpose of the study was to reduce the time of formation of
behavioral reactions in laboratory animals during experimental studies.

Materials and methods. The experimental setup consists of five vertically lo-
cated functionally independent identical three-beam (Y-shaped) radial labyrinths
with an electric field, sensors for recording animal movements, generators of sound
and light stimuli, and a control unit. The animal can move freely within all three
rays. During the experiment, the time of the animal s transition from the dangerous
(starting) arm to the safe (target) arm and the number of erroneous actions per-
formed in this case are automatically recorded. The number and duration of cycles
and series of the experiment is set by software, which allows you to adjust the start
time of the experiment autonomously, without the participation of the operator. To
test the operability of the installation, a series of experiments was carried out to
teach rats the reaction of active avoidance in the maze, white outbred mature male
rats weighing 160-180 g in the amount of 50 individuals were used.

Results. At the initial stage of training (during two weeks), the rats developed
a current avoidance reflex. During the first week of training, the probability of
achieving the goal increased from 0.64 to 0.85. In the second week of training,
the probability of achieving the goal was 0.85-0.95. In the first week of training,
the average time to reach the goal (time to go to the safe sleeve) decreased from
9 to 7 s. In the second week, the time to reach the goal decreased to 5-6 5. On the
second week of training, some rats began to perform the task (to avoid the action
of the current) before it was turned on, that is, in less than 5 s. The number of
erroneous actions in the second week also decreased. For three weeks of contin-
uous training, 30 animals with a stable behavioral skill (probability of correct
action 0.45-0.50) were selected, with a time expenditure of 4 hours per day for
autonomous (without the participation of the experimenter) training.

Conclusion. The developed technology has demonstrated the possibility of
effective training of a large group of animals in a relatively short period of time.
A distinctive feature of the developed hardware and software complex is the
possibility of implementing screening studies to study key indicators of operator
functions with the possibility of autonomous operation of the experimental setup.

Keywords: biomedical experiment; hardware-software complex; experimental
setup, training of laboratory animals; three-beam maze; behavioral response
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Beenenue

[Ipu pemeHuu psiga MPUKIATHBIX 3a0ad METUIIMHCKOTO OOecredeHus
CICIIMATHMCTOB OIACHBIX Tpodeccrii HeoOxoanMa HHPOPMALUSI O COCTOSTHHU
(DYHKIMOHAIIBHBIX CUCTEM HX OpPraHM3Ma B OKCTPEMAIIbHBIX YCIIOBHSIX JCSTEIb-
HoctH [11, 14]. C 9T0ii 1eNbI0 UCITONB3YIOT OMOIOTUYECKHUE MO, TI03BO-
JISIOIIAE IKCTPAIIONUPOBATh MEIUKO-OHOIOTHIECKIE d(PPEKTH BO3ACHCTBHS
9KCTPEMAJIbHBIX (PU3NUECKHUX (PAKTOPOB € KUBOTHBIX HA YEJIOBEKA 10 PE3yIIbTa-
TaM SKCIICPUMEHTAJIbHBIX I/ICCJ'[CI[OBaHI/Iﬁ ITIOBECACHYCCKHUX peaKL[I/Iﬁ JKHUBOTHBIX
TIpH BO3ICHCTBHUH TakuX (akTopos [5, 9, 15].

B kadecTBe 1a00paTOPHBIX YKUBOTHBIX ITPH ITPOBEICHIN TAKHX UCCIICIOBAHHI
HauOoJIee YacTo UCIIOJB3YIOT JIAOOPaTOpHBIX KpbIC [ 1-3]. st SkcriepuMeHTalb-
HBIX UCCTICZIOBAHUH MTOBEICHUSCKUX PEaKINil Ta00paTOPHBIX KPbIC TPUMEHSIOT
anmapaTHO-TIPOrPaMMHBIC KOMIUTIEKCHI, HallpaBJICHHBIC Ha H3YUCHUE PAa3THIHBIX
ACIIeKTOB KOTHUTHUBHOM JICSITEILHOCTH: IIaMSTh, CIIOCOOHOCTH K 00y4YEHHIO, pe-
IIeHne 3a/1a4 6e3 TOTOBOTO OTBETA, MPUHATHE perieHuid u T.10. [8, 10, 13].

CriennuKoi SKCIIepUMEHTATBHBIX NCCIIETOBAHNI TOBEICHUSCKUX PEaKIINA
J1a00PATOPHBIX KUBOTHBIX SIBIISIETCS] HEOOXOIMMOCTD MPEBAPHTEIHLHOTO (hOPMH-
POBaHUsI HCOOXOTMMBIX MOBEICHYCCKUX PEaKIIMi y OOJIBIIION MPYIIITBI JJab0paTop-
HBIX JKHUBOTHBIX (00yYeHHS )KHBOTHBIX ), UTO TPEOyeT CYIIEeCTBEHHBIX BPEMEHHBIX
3arpar [4, 7, 12]. JInst COKpaIeHust TAKKX 3aTpar pa3padoTaHa MeToauka (hopMu-
POBaHMS TIOBEJICHUECKUX PEaKLii y Jad0paTopHbBIX )KUBOTHBIX, OCHOBAaHHAsI Ha
TIPUMEHEHUH OPUTUHAIIBHOTO aIapaTrHO-IIPOrPAMMHOTO KOMITIEKCa IKCIIEPUMEH-
TaJIHOTO UCCIIC/IOBAHUS TIOBEICHYCCKUX PEaKIIHii TaO0PaTOPHBIX KUBOTHBIX [6].

Iean ucciienoBanus

Lemnbio nccenoBaHus SIBISUIOCH COKpAIIEHUE BpeMeH! (POpMIPOBaHUS TT0-
BEACHYCCKIX PEAKINH y TAOOPAaTOPHBIX YKHBOTHBIX TIPU MIPOBEICHUH IKCIICPH-
MCHTAJIBHBIX UCCJICIOBAHUIA.

Marepuajbl H METOIbI HCCIEA0OBAHMS

DKCTeprMeHTaNbHAasl YCTAHOBKA COCTOMUT M3 IISTH BEPTUKAIBHO PACIIONo-
JKCHHBIX (PYHKIIMOHAIBHO CAMOCTOSITEIBHBIX OMHAKOBBIX TPEeXiIy4eBbiX (Y-00-
pa3HBIX) paAnaIbHBIX TaOUPHUHTOB M O10Ka ympaBieHus. Kaxasrii 1a0upuHT
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H3TOTOBJIEH B BUJIE TPEX MPSIMOYTOJIBHBIX JIyuel (pyKaBOB) ¢ pa3MepaMHu: JJIH-
Ha 16 cM, mupuHa 10 cM 1 BBICOTA OT METAJUTMYECKOTO TI0JIa /IO MTOTOIKA 8 CM.
Bricora mabupuHTa, BKIFOYAIONIETO BBABIKHON B TOPIIEBYIO CTOPOHY ITOAJIOH
JUIst cOopa MpOJIyKTOB YKHU3HEIESTEIbHOCTH JKUBOTHOTO, cocTaBisier 12 cm. B
TOPIIEBOI CTEHKE Ka)JIOT0 Jy4da YCTaHOBIICHA JABEPH AJIS MOCATKU U UIBITUS
KHMBOTHOTO. JKMBOTHOE MOKET CBOOOTHO IEPEMEIATHCSI BHYTPH BCEX TPEX JIy-
yeid. JIBepiibl U3TOTOBJICHBI CO CMOTPOBBIM OKHOM. Kakzpli pykaB taOupuHTa
OCHAIIICH BBIABIKHBIM CHEMHBIM IIOJIOM (3JIEKTPOIOIOM), COCTOSIIIUM U3 KpPY-
ITIBIX METAJUTMYECKHUX CTEPKHEN IMaMETPOM 5 MM C PacCTOSHUEM | cM MeXIy
UX KpasiMu. BHeIIHUI BU yCTaHOBKH MOKa3aH Ha puc. 1.

A b

Puc. 1. BHemrHuii BUI 5KCIEPHUMEHTAIBHON yCTaHOBKH,
A — B CTaTUYECKOM COCTOSIHUM, b — B Iporiecce sKcrepuMenTa

CekIiH AIIEKTPOIIONA BIIOJIHEHBI TAKUM 00pa3oM, 4ToObl BOAA WIIK TIPO-
JYKTbI )KH3HEIESITEIbHOCTH )KUBOTHBIX BO BPEMSI TECTHPOBAHHS NI YOOPKH HE
3aMBIKQJIN CTEP)KHU MEXKIY co00i. BHYTpH pykaBoB 1aOMpHHTA OTCYTCTBYIOT
BBICTYIIBI, TUTOLIAJIKH WA OTBEPCTHSI, HO3BOJIIOIINE KPBICE H30eraTh IeHCTBHS
aneKTpoToKa. KaxIblil 37IeKTPOIIOI OCHAIEH Pa3beMOM JUIs TOAKITFOUESHUS Ka-
0eI1s1 IEKTPOIUTaHNSI.

brnok ympaBienus, pacnoloKeHHBIH CBEpXy HaJ jJabupuHTamu (puc. 1),
obecrieunBaeT KOMMYTAIUIO CBETOBOTO M 3BYKOBOTO YCJIOBHBIX CHUTHAJIOB, &
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TaKKE BCIIMYUHY HAIIPSIKCHUA, JJIUTCIBbHOCTh U CKBA)KHOCTH UMITYJILCOB, 110~
JTAaBa€MBIX Ha CEKIIMHU 3JIEKTPOI0Ia HE3aBUCHMO TS KaKI0TO U3 JIAOMPHHTOB,
B COOTBETCTBHH C aJITOPUTMOM, 3aJaHHBIM OTIEPATOPOM YCTAaHOBKH C IIOMOIIIBIO
IIPOrpaMMHOT0 HHTEpdeiica.

Kaxnp1ii kanas renepaTopa CTaOMIIN3NPOBAHHOTO HAMTPSDKEHHUS MTOIKITIOUEH
K COOTBETCTBYIOLIEMY JIAOMPHUHTY, COAEPIKAIeMy TPH CEKIIUU JIEKTPOIIoa.
3anansbie B muamnazone 20-90 B 3HauCHUS HAPSDKEHHUS IS KaXKIOTO JTa0UpUH-
Ta B TCYHCHUEC DKCIICPUMEHTA MOAACPKUBAIOTCA aBTOMAaTUYCCKHU TTPU TOMOIIHN
MHOTOKAaHAJIbHOW CHCTEMBI OTPULIATEIBHOI 00paTHON CBSI3H.

Brnok ympaBiieHUs BKIIIOYACT:

- MATUKAHAJIBHBIN TCHEPAaTOp MOCTOSHHOTO HAMPSHKCHUSI ¢ HE3aBHCUMOM
PErynupOBKON HANPSLKEHUS MO KaXKIOMY W3 KaHAJIOB,;

- CHCTeMy OOpaTHOM CBS3M IJISi aBTOMATHYECKOM CTAOMIIH3aINy HarpshKe-
HUS Ha JJICKTPOJaX dICKTPOIIONIa;

- NATYUKHU peructpanuu (GoToaHOIbI) IEPEMEIICHH KUBOTHBIX U UX Me-
CTOTIOJIO’KEHHE B Ka)KJIOM pyKaBe JTaOMpHHTA;

- TCHEPaTOp MMITYJTHCOB HAIPSHKEHUS «Oeryinast BoiiHay ¢ mepuoaoM ot 0, 1
JI0 5 ¢, peryaupyeMoi I TeIbHOCTBIO UMITYJIBCOB OT 8 10 500 Mc, CKBa)KHO-
cthio oT 0 10 500 MC 1 orpaHUYMTEIeM CHUITBI ToKa (He Oostee 5 MA);

- PETUCTpATOp HAMPSDKSHUS Ha DJICKTPOIOIaX KayKIO0To TabUpHUHTAa C HEeMpe-
PBIBHBIM OTOOPa)XCHUEM Ha JUCIUICE MOIKIFIOUYCHHOTO KOMITBIOTEpA.

HpI/I 9TOM 3HAYCHHUE HAMIPSIKCHUA U JJIUTEIBHOCTD ﬂeﬁCTBHH TOKa I KaxX-
JIOTO JTaOUPHHTA YCTAaHABIMBACT OTIEPATOP, ICIIONB3Ys IPOTPAMMHBIH O3y H-
KOBBIH peryisiTop OI0Ka yIpaBICHUs.

3BYKOBOM yCJIOBHBIN CTUMYJT (POPMHUPYETCS IIPH [TOMOIIHU IUHAMHKOB, yCTa-
HOBJICHHBIX Ha Ka)KJIOM dTaxxe TabnupunTa, Ha yactote | k[ 1 mpu yposue 70-80
nb: ero AMUTETHHOCTh U YPOBEHB PETYIHPYIOTCS IPOTPaMMHO.

OcBelieHNE PYKaBOB JJAOMPUHTA OCYIIECTBISIETCSl CBETOAMOJAMH, YCTa-
HOBJICHHBIMHU Ha paccTosiHUM 1-1,5 ¢cM OT TOPIIEBOI JBEPIIBI, YPOBEHb OCBE-
IICHHOCTH YCTaHABINBACTCA IPOTPAMMHO. B 3aBUCHMOCTH OT HacTpOeK OJIoKa
yIpaBJICHUS BO3MOXHEI JIBA BAPHAHTA OCBEIICHUS JIAOMPUHTA, TI03BOJISIOIIHE
BbIpa0AaTHIBATh JIBA PA3IUYHBIX YCIOBHBIX pediiekca:

1 Bapmant. [locie pa3menieHUs KpBICH B IAOMPHHTE TIeper Hopadeit 6e3-
YCIIOBHOTO CHTHaJa (IIEKTPUICCKOE HAMIPSDKCHHE) BKITFOYACTCS IPKUI CBET B
OITaCHOM pyKaBe JaOMPHHTA U BBIKIIIOUAETCSI OCBEIIICHHE B OE3011aCHOM pYKaBe.
[Tocne nocTrKeHns KPHICOH IETH CBET B JaOMPUHTE BBIKIIOYACTCS.

2 BapuaHT. [locie pasMemieHus KPBICH B JTAOMPUHTE TIepe] moaadei 0e3-
YCIIOBHOTO CHTHAJIA BKITFOUACTCS SIPKUM CBET B OC30MIACHOM PyKaBe JIAOMPUHTA
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U OTCYTCTBYET OCBEILICHHE B OMACHBIX pyKaBax. Ilocne mocTmkeHus Kpbicon
LIEJTN CBET B JIAOMPUHTE BBIKJIIOUAETCS.

YeranoBka 000py/10BaHa aBTOHOMHBIM HCTOYHUKOM ITUTAHUS (AKKyMYJISITOP
C BBIXO/IHBIM HarpsbkenueM 12 B), Takke MokeT paboTarh OT CETH AIEKTPOIH-
TaHus. [IpogomKUTEIEHOCTh aBTOHOMHOM paboThl YCTAHOBKH OT BHYTPEHHETO
HCTOYHMKA IUTAaHHUS COCTABIISICT HE MeHee 12 JacoB (IpH COOTHOLICHUH: pe-
xuM «Oxxunanne» 11 gacos, pexum «Pabora» 1 yac). Bpems monuoro 3apsina
aKKyMyJISITOpa COCTaBIsAeT § yacoB. B cocraBe ycTaHOBKM MMeeTcs OI0K Mo-
HUTOPHUHTA COCTOSHUS aKKyMYJISTOPHOU Oarapen ¢ BeiAadeit mHpopMarmm 00
YPOBHE 3apsijia aKKyMyJIsiTopa.

J1st KOHTPOJISE MECTOPACTIONOKEHHUS KPBIC B KaKAOM PyKaBe JIAOMPHHTA
yCTaHOBIIEHbI ()OTOAMOB! — AATYNKH PETUCTPALIMU NTepeMeleHuil. Jlaranku,
12 mTyk (6 map: u3nydaTenb W MPUEMHHK), YCTAHOBICHBI PABHOMEPHO 110
JUIMHE pyKaBa TaK, YTOOBI PETUCTPUPOBATH MOSBICHUE KPBICHI B TNIOCKOCTH
CEUEHHs, COSAMHSIONIETO IBE Maphbl JaTYUKOB, PACIIOIIOKEHHBIE Ha TPOTUBO-
MIOJIOKHBIX CTeHKax JabupunTa. Kaskaple 1Be mapel JaTIMKOB YCTaHOBIICHBI
Ha BbIcoTe 2 1 4 cM. [IpuMeHeHue BYX map JaTYUKOB, yCTAHOBICHHBIX HA
pa3HOi BBICOTE OTHOCUTEIHHO IEKTPOIIONA 00yCIOBICHO «I(PPEKTOM XBO-
CTa»: KpbICa MOKET HAXOAUTHCS B LIEHTPE JTaOUPHUHTA, @ XBOCTOM 3aMBIKATh
OJIHY TIapy AAaTYUKOB B cocenHeM JabupuHTe. UTOOBI HE TIPOUCXOIMIIO JTOXK-
HOTO cpabaThIBaHMsI TaTYMKOB B JIAOMPUHTE YCTAHOBJIECHBI JIBE MAPHI, TO €CTh
YeThIpe JaTYhKa B OTHOM CEYCHUH pyKaBa. [Ipu TakoM pa3sMeneHIH TaTYUKOB
JIOXKHOTO CpabaThIBaHMSI HE MPOUCXOANT. YacToTa ompoca COCTOSHUS 1aTYH-
kOB cocTasiuseT 1 kI'm.

B nporuecce skcniepuMeHTa aBTOMaTn4ecku (GUKCHpyeTcst BpeMsi repexoa
JKUBOTHOTO M3 OTTACHOTO (CTapTOBOT0) pyKaBa B O€301acHbIH (IIeNIeBOM) pyKas,
TO €CTh OT MOMEHTA BKJIIOUCHHUS YCIIOBHOTO PA3APAXKHUTEIS 10 cpadaThIBaHUs
JIaTYMKOB B LIEJIEBOM PYyKaBe.

OmnpeneneHne HOMEpa «CTAPTOBOTO» PyKaBa JUIsl KaKI0T0 JaOUpHUHTa OCY-
IIECTBISIETCS] aBTOMATHYECKH TIepe]] BKIIOYEHHEM CTUMYJIa Iy TeM OIpoca JaT-
ynkoB. Eciiu Bce 1aTuMKK OTKPBITHI (>KUBOTHOE HAXOIUTCSA B LIEHTPAJILHOMN 30HE
JTaOUPHHTA), TO «CTAPTOBBIM» PYKABOM MOXKET OBITh JIt000H. Eciu ecTh 3am-
KHyTas Iapa JaTYuKoB, TO «CTAPTOBBIM» PyKaBOM JaOMPHHTA CIMTAETCS TOT,
B KOTOPOM HanOoJIbIIee KOJIMYECTBO 3aMKHYTHIX JATUYMKOB; TIPH PABHOM KOJTH-
YECTBE 3aMKHYTBIX JJATYMKOB «CTAPTOBBIMY PYKaBOM SIBIISICTCS JTIOOOH U3 IBYX.

Perucrparnus nepexoza )HUBOTHOTO B PyKaB JTaOUPUHTA OCYILIECTBISIETCS HA
OCHOBaHMH TIOCIIEIOBATEILHOCTH cpadaThIBaHMSA Iap AaTYHKOB. [lepBbie 1Be
TIapsl OT BX0Ja B pykaB jardukoB (/]1) nmeror ycioBHbINH HOMED 1, BTOpbIE OT
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BXOJ1a JIB€ Mapbl AaT4UKOB J12, TpeTbu JiBe napbl — J[3, Kaxk1as u3 HUX MOXKET
HAXOIWUTHCS B COCTOSTHHM Jiornaeckoro 0 mmn 1.

Juist omipenesieHus KadeCcTBa BEITTOTHCHNS HABBIKA PETUCTPUPYETCS KOJINIe-
CTBO OIIMOOYHBIX ICHCTBHUIA, COBEPIICHHBIX KPBICOW BO BPEMs IKCIICPUMEHTA.
OH_II/I60‘{HBIM CUUTACTCA )leﬁCTBHe — 3arjiigabIBaHUC, YACTUYHBIA WJIN MOJHBIN
3axo0Jl B JIF0OOW OMIACHBIN pyKaB TaObUpHHTA (T/I€ NEHCTBYET MEKTPUIECKOe Ha-
MPsDKEHHE) IO 3aX0J1a B 0C30IMaCHBIN PYKaB U BBIKIFOUCHHS TOKA.

Jnst obecniedeHust HalJISIHOCTH Tpoliecca 00yUueHus ¥ Xo/ia SKCIIePUMEH-
Ta MpeIyCMOTPEHA BU3YAIN3AIs MECTOPACTIONOKEHNS KPBICHI I MHIUKAITHS
HAJIMYYSI HAMTPSDKCHHE B KAJKIOM PyKaBe JIAOMPHHTA HA SKPaHE MOHUTOPA KOM-
MBIOTEPA C YCTAHOBJICHHBIM Pa3pa0dOTaHHBIM MPOTrPaMMHBIM 00€CIICYCHUEM,
KOTOPBIN MOAKIIOYAETCS K YCTAaHOBKE TPY TTOMOIIM KaHama cBsi3u Wi-Fi.

TakuM 0O6pa3oM, aITOPUTM YIIPaBICHHS YCTAHOBKOW ITO3BOJISET Pean3o-
BaTh HECKOJIBKO BAPHAHTOB KOMOWHAIIUI CTUMYIIOB JIJIsl BBIPAOOTKH Pa3TMIHBIX
ycIoBHBIX peduiekcoB y Kpbic. [lepen pazmelieHueM )KUBOTHBIX B JIAOUPUHTE
BO BCEX pyKaBaX OTKJIFOUCHBI BCE NCTOYHUKH CBETA.

1. OGecrieunBaeTcs TIoa4a YCIOBHOTO Pa3IpaKUTENS (3ByK) OHOBPEMEHHO
JUISL BCeX dTaxkel JtabupuHTa. B «Oe3omacHoM» pykaBe JIaOMPUHTa BKIIFO-
YaeTcsl APKUil CHTHAIBHBIN CBET, B «OMACHBIX» PyKaBaX CBET OTCYTCTBYET.
Uepes onpezienieHHOe BpeMsl, 3aJaHHOE IKCIIEPUMEHTATOPOM, TIPOFICXOAT
OTKJIIOYEHHE 3BYKOBOTO CTHMYJIa H TI0/1a4a YCIIOBHOTO Pa3ApasKUTEIs (JEK-
TPHYECKOTO HAIPSDKEHHST) Ha AIEKTPOTION B «OIACHBIX» PyKaBax JIAOUPHHTA.

2. ObecreunBaeTcs moAavda yCIOBHOTO pa3Apa)kuTens (3BYK) OIHOBpE-
MEHHO ISl BCEX dTaKel TabupuHTa. B «0omacHBIX» pykaBax 1aOUpHH-
Ta BKJIFOYACTCS SIPKHIA CUTHAJIBHBINA CBET, B «0€30IIACHOMY PyKaBE CBET
OTCYTCTByeT. Uepes onpeenieHHoe BpeMs, 3aJaHHOE HKCIIEPIMEHTATO-
POM, TIPOMICXOTUT OTKITFOYCHHE 3BYKOBOTO CTUMYJIA U TTofa4ya 0e3ycIoB-
HOTO Pa3ApakKUTElIsl — IEKTPUIECKOT0 HaNPSHKEHHS — Ha SJIEKTPOIION B
OTIACHBIX PyKaBax JIAOMPUHTA.

3. OGecreunBaeTCs TOIa4a YCIOBHOTO Pa3ApakUTeNs (CBET) IUIS «OTIac-
HBIX» PYKaBOB JaOUPUHTA, B «0€30IMacHOMY (IIEJIEBOM) PYKaBE CBET OT-
cyTtcTByeT. Uepes 3a1aHHOe BpeMsl Ha 3JIEKTPOIION «OMACHBIX)» PYKaBOB
nabuprHTa MPOUCXOIUT Tofada OE3yCIOBHOTO Pa3ApaKUTENS — JICK-
TPHUYECKOTO HATIPSKCHUS.

4. ObGecrieunBaeTcs Mojiada yCIOBHOTO pa3pakuTels (CBET) A1st «Oe3omac-
HOT'0» pyKaBax JJAOMPUHTA, B «OMACHBIX» CBET OTCYTCTBYeT. Uepes 3a/1aH-
HOE BpeMsI Ha JIEKTPOIION «OMACHBIX» PYKABOB JIAOUPHUHTA TIPOUCXOIUT
rmoja4a 0e3yCIIOBHOTO Pa3IpakUTEIIs — HIICKTPHYCCKOTO HAIIPSKCHUS.
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[Tpu peanuzanmy Kax 101 KOMOMHAIMN BPEMsI ICHCTBHS HAITPSHKEHHS 3a/1a-
eTcs MPOrpaMMHO, a MOCTIE TOCTHXKEHHUS KPBICOH LIEJTH WIIN UCTEUEHHS BpeMe-
HU BBITIOJIHEHHS TECTA, JAOMPHHT BO3BpAIIaeTCsl B NCXOMHOE (00ecToueHHOE
Y HEOCBEIIEHHOE) COCTOSIHUE.
B pabote ycTaHOBKM IpeAyCMOTPEHBI CHHXPOHHBIN U aCHHXPOHHBIA pe-
KHUMBI pa0oThl. [Ipy CHHXPOHHOM peXHUMeE IToaua YCIOBHBIX U 0€3yCIOBHBIX
CTUMYJIOB (IIMKJI) OCYIIECTBIISICTCS] OJTHOBPEMEHHO IS BeeX (IISITH) JTaOMpHH-
TOB, Ha4YaJl0 HOBOTO IIMKJA OMPEIENIAETCS 10 BO3BPAIICHHIO B MCXOAHOE CO-
CTOSIHHE BCEX JIAOMPUHTOB YCTAHOBKH JIHOO IO NCTEUEHHUIO MEKCTUMYIBHOTO
MHTEpBaa JUIs BCeX J1a0UpHHTOB. [Ipn aCHHXPOHHOM peXXUMe Havyajao HOBOTO
LIUKJIA OTIPEEIISICTCS] MHANBHUIYaIbHO JUTS KaXKI0T0 JJAOMPUHTA 110 BO3BpAllle-
HUIO B MCXOAHOE COCTOSIHUE MO0 MCTEUEHUIO MEKCTUMYIbHOTO MHTEpBAJIa,
3aJJaHHOTO MPOTPAMMHO.
KonnuecTBo UKIIOB U UX JUIUTENIBHOCTD, a TAKXKE KOJIMUECTBO CEpUil IKC-
HepUMEeHTa 33J1aeTcs MPorpaMmHo. Takoke B paboTe yCTaHOBKH MPEAYCMOTPEH
PEKHMM OTJIOKEHHOTO CTapTa Hayajia paboThl, 4TO IO3BOJISIET PETyINpPOBaTh Bpe-
M1 HayaJla 9KCTIepIMEHTa aBTOHOMHO, 0€3 yJacTusi orneparopa.
OnpezeneHne JOCTKEHUsI KPBICOH 1eJH (3aX0/1 B 1IeJIeBOW PyKaB JIAOUpPUH-
Ta) OCYILIECTBIISICTCS IPU TIOMOILH OIIPE/ieNIeHNs ee MecTopacnonaoxerus. Co-
ObITHE «KpBICA BOIILIA B PyKaB JIAOMPUHTA — IIEJTb TOCTUTHYTa» (PUKCUpYeTC,
€CJIM Ka)K/bIe JIBE Taphbl JaTYMKOB B IIEJICBOM pyKaBe JJAOMPUHTA MOCIIENI0Ba-
teabpHO ¢ J[1 mo JI3 m3menstoT coctosHue ¢ 0 Ha 1 U COXpaHSIOT €ro He MeHee
0,1 ¢, mmm ecnm Kaxaele ABe mapsl gatankoB ¢ J[1 mo /I3 mociemoBarensHO
n3MeHstoT cocrosHue ¢ 0 Ha 1, a 3atem J[1 Bo3Bpamaercs B cocrosuue 0. I[Tpu
9TOM B JIPYTUX PyKaBax BCE JaTYMKH JOIKHBI HIMETh cocTosiHuE 0.
Lens cuntaeTcs 1OCTUTHYTOM, KOT/Ia B IIEJIEBOM pyKaBe JIAOUPUHTA COCTO-
stane parankoB J{1, 12 u 13 nmpuamMMaet mo6oe 3radenue (0 wim 1, Ho XOTs
Obl O71HA JBOIHAs Mapa J0JDKHA OBITh B COCTOSHHMMU 1), M IPU 3TOM B JIPYTHX
pykaBax Bce Mapbl JaTYNKOB UMEIOT cocTossHMe 0. Bpems mocTmkeHus nenu
¢ukcupyetcs ¢ Tounoctsio 0,1 c.
st paboThl ¢ ycTaHOBKOHM pa3paboTaHo NporpaMMHOE oOecredeHHe
«RatMazey, KoTopoe MO3BOJISIET:
- yCTaHaBIIUBATh M OTIEPATHBHO N3MEHSThH YCIOBHUS SKCIIEPUMEHTA (KO-
YECTBO LIUKJIOB M SKCIIEPUMEHTOB, TTapaMETPHI YCIOBHBIX M 0€3yCIIOB-
HBIX CTHMYIIOB, PEXXUM PaOOTHI);

- B pEAIbHOM BPEMEHH OCYIIECTBISATh MHANKAIMIO HA MOHUTOPE TI0JI0-
JKEHUSI KPBIC ¥ COCTOSTHUE PYyKaBOB JJAOMPUHTA («OMACHBII» MIH «0e3-
OIIACHBIN») B X0JI€ DKCIIEPIMEHTA BO BCEX JIAOMPHUHTAX.
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- OCYLIECTBIISITH COXpAaHEHHE U JIOKyMEHTHPOBaHUE HH(OPMALINH, YTEHHE
JaHHBIX U CIIy)keOHOM MH(pOpMALHH, a TaKKe PeCTaBIeHHE Pe3ybTa-
ToB B (hopmare MS Excel.
Ha puc. 2 u 3 npecraBieHb! 9KpaHHble POPMBI IFTABHOTO MEHIO POTPaMMBbl
Y MEHIO YCTaHOBKH MapaMeTPOB IKCIIEPUMEHTAILHON YCTaHOBKH.

RatMaze (RatMaze) - VNC Viewer - O X

TnaeHas Ycnosums skcnepuMeHTa PesyneTaT akcnepumeHTa YcTaHoBKM

* JaGupusT Nel
®

JIabupuaT Ne2

>
>
>

1| ceccus 1| cecanst 1| cecamst
)
d| et

17| U-nonos [B]

R
4| U-noo [B]

C | wmn
U2 | U-nonos [B]

== = =1
Jlabupunr Nel, 3kcnepument:

Cron Cépoc
Tlabupir N2, 3Kcnepinvent:

Cron Cépoc
Jabupunt Ne3, 3Kcriepivent:

Cron Cépoc
TNa6upunt Ned, SKCTIEPHMERT:

Cron Cépoc

TaGupusr Ne5, swcnepinvent:

Cron Cépoc

>
>

C |
[ 40| U-nonos [B]

3asepmenne paborsi

Puc. 2. I'naBHOE MeHIO iporpaMmbl «RatMaze» ¢ HHIUKaUeH MeCTOPacTIOI0KEHHS
KPBICHI, 0€30M1aCHOTO U OMACHBIX PYKaBOB JIAOMPHUHTA

Jist mpoBepKu paboTOCHOCOOHOCTH YCTAaHOBKHY MPOBE/ICHA CEPUsl IKCIIEPH-
MEHTOB IT0 00YYEHHUIO KPBIC pEeaKIINi aKTHBHOTO M30eranus B tadupunte. s
9TOTO MCIIOIB30BaHbI OeJble OeCIOPOIHBIE MTOJIOBO3PEIbIE KPBICHI-CAMIIBI, Be-
com 160-180 r B konmyectBe 50 ocobeit. [IpoBeaeHue ncciaenoBanuii ocyect-
BIISTH C COOMIOAEHIEM HEOOXOANMBIX 3THUECKUX HOPM M IIPaBHJI, OMHCAHHBIX
B JIOKyMEHTaX: TIpaBHJIa 1a00paTOPHON NPAKTHKN X eIIbCHHKCKON JIeKJIapaliiu
(2000); npasuna Espornetickoit Koupentu ETS 123; HopMbI 00paliieHus ¢ Ku-
BOTHBIMH HCIIOJIB30BAHbI HA OCHOBEC CTAHJAAPTHBIX ONCPAIUOHHBIX ITPOLUEAYP.
KpbIchl ObUTH 3aKyTIIICHB B OJHOM ITUTOMHHUKE U COJCPKAINCH B HICHTHYHBIX
YCIIOBUSIX.
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A RatMaze (RatMaze) - VNC Viewer ) . — o x

CnasHas YCnoBus 3KCcnepumMeHTa PesynsTaT akcnepumeHTa YcTaHoBku

ACHHXPOHHBIII PeXXHM Il 3ajepkka Haua/a SKCIepUMenTa [cek.]

()

Ko/limecTso cecciii B 3KcriepinierTe Koppexais gatsi (+-):

Jens Meom Tog  Yac Mim. Cex
] mn ‘ mn m mn ‘ i

KO/Mi4eCTB0 IHK/0B B ceccuit [N ] u | u

Maysa mexay ceccusna [Cex.]

- [22] [--]

Maysa mexay wciasm [Cex.]

Yposetth otoBoro ocseujerns

T

Yposenn "Caerosoro crinryra”

__f nd
(N e iy |

Yposern "3syrosoro criniyza”
TpogomxirreabiocTs "3syKosoro crimyna” [Cex.]

Vcranka Bemmist HanpsoKerts "IneKTpo-nona”

c3 w1

C3C3|C3 CJ |C3 03 C3 W 03 W1 nd

YcTasKa orpaireris Toka "IekTpo-nona”

agepia BCTOYeHIs "INeKTPO-n0MA", TIoCe oTKMOYeH "3ByKoBoro crintyna [Cex. ]
JimrensnocTs eunrioro mrynbca nanpsixers "Berymeit som” [Cex.*10-3]
May3a Mexay nepuogasu "Beryuueii somsi” [Cex *10-1]

agepka Bamouens "Crerosoro crinvyna” mpi gocricxernmt et [Cex ] (ecm = 0, o makc. Bpemerit)

MaxcamasHoe spews BiTouerns "Caerosoro crimiyra [Cex.” (POAO/AITETbHOCTS ki)
3agepaka BaToveRI " INekTpo-nona” nocre oTkmouern "CreTosoro crinyna” [Cex.]

Bpewmst peructpaipin Aeficrsiii ofvexta nocte otmodenns "Inextpo-nona” [Cek ]

Otmena Coxpanuts Konpurypammo

Puc. 3. Bxnagxa «YcnoBus dKCIepuMEHTa» MEHIO Iporpammsl «RatMaze»

Craructrueckas 06paboTka TaHHBIX OCYIIECTBIISIIACH C TOMOIIBIO MTAKeTa
TIPUKIAIHEIX Tporpamm Statistica 10.0 (StatSoft, USA).

Pe3ynbTaThl HCCIETOBAHUS

Mo BozneiicTBuS nccienyeMoro GpakTopa y KpbIc BBIpaOaThIBaId HHCTPY-
MEHTAaITbHBIE JIEKTPOOOOPOHUTETIHHEIC 3aITa3 IbIBAIOIINE PeIeKCH N30eTaH!s
CO CICIYIOIUMH XapaKTePUCTHKAMU: YCIOBHBIN CHTHAJ — 3ByKOBOH IMIETYOK
UHTeHCUBHOCTHIO 80 b, HUTENBbHOCTRIO | ¢; OE3yCIIOBHOE MOIKPEIIIICHUE —
HMITyJBCHOE JJIEKTPUUYECKOE HANpsOKCHHE «OeTyImias BOJIHA» HANpSIKCHH-
em 30 B nrensHocThio 20 ¢, AJIMTENBHOCTD OJIMHOYHOTO UMITYJIbCa — 8 MC,
CKBa)XHOCTh UMIYJIbCOB — 0,1 C; INTUTEIFHOCTD 3ama3(bIBaHUS TOKPCIIICHUS
OTHOCHUTEIFHO YCJIOBHOTO CUTHasa (miendka) — 5 ¢; O0e30macHbIil (11eneBoil)
PYKaB — TEMHBIH, IPKOCTh «OMACHBIX» pyKaBoB — 80 ycioBHBIX enuHUII (%o OT
MaKCHMaJbHOH OCBEIIEHHOCTH ), MEKCTUMYJIBHBIN HHTEepBa cocTaisit 30 c.

[pouenypa BeipabOTKH peduiekca akTHBHOTO U30eraHus CBOJIUIIACH K ClIe-
IYIOIIEMY:

1. OmHOBpEMEHHO TISTh KPBIC pa3MEIAIH B IIATH JTa0UPUHTAX YCTAHOBKH
B YCJIOBHSX OCBEIICHHS BCEX €r0 PyKaBOB.
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2. ITocne 3HaKoMcTBa ¢ 00CcTaHOBKOM (1-3 €) MozaBascst ycaoBHbBII CTUMYIT
(3BYKOBOI1 CHTHA), TIPH 3TOM B 0€301TaCHOM PYKaBe BBIKIIIOYAJICS CBET.

3. Yepes 5 ¢ Ha 1OJ B /1Ba OCBEIIEHHBIX PyKaBa ITOJABAIOCH IEKTPUIECKOE
HalpspDKeHHeE.

[IpaBuibHas ycinoBHO-pediekTOpHAs peakiys CBOAMIACH K U30EraHuIo
JEWCTBHS TOKA, TO €CTh K MEPEMEIIECHHIO JKUBOTHOTO B TEMHBII pyKaB Mocie
T10/1a4H IEKTPUUESCKOTO HAPSHKCHHMSI.

Oty npoueaypy nosropsuid 20 pa3 s KaKJOW KPBICHI B OAMH JCHb 3a
onuH ceanc. Kaxxaprit ki momwics 25 ¢. Bpemst Mex Iy TUKIaMu COCTaBISLIO
30 c. Bpemst o0y4eHust OHOH KPBICHI 32 OJMH JIeHb (O/IMH CEaHC) COCTABIISIIO
20 munHyT. Beero 50 kpbic 00y4any B TeueHHE TpeX Helelb 0e3 epephIBOB.

Ha puc. 4 npuBenens! rpadMKy CpeJHNX 3HAYCHNI pErHCTPUPYEMBbIX ITOKa-
3aresneil (BepOsITHOCTh U BPeMsI IOCTHIKEHHSI IIEJIN ), @ TAKXKE KOJIMIECTBO OILIH-
OOYHBIX JIeHiCTBUM 1O Beel BEIOOpKe (50 KPBIC) TIPU O0yYCHUH.

1.0 12,0
09
08
0.7

06 20

05 0,0
1.2 3 4 5 6 7 8 9 10 11 12 13 1 2 3 4 5 6 7 8 9 10 11 12 13 14

A b

14
12

0.8
0.6
04
0.2

12 3 4 5 6 7 8 9 10 11 12 13

B
Puc. 4. lunamuka o0ydeHns KPBIC, TI0 0CSIM aOCIUCC — JHH MPOBEICHUS
00yueHusl, TI0 0CSIM OpAMHAT: A — BEPOSITHOCTb JTOCTIKEHHs 1enu; b — cpennee
BpEMs IOCTIDKEHUS LIeJIH, C, INIAaHKH OIPEIIHOCTH — CTaHJapTHAs OIIUOKa;
B — cpennee koqm4ecTBO OMMOOYHBIX EHCTBHMA, TEMHBIH TPEYTOIBHHUK —
JI0 AEHCTBHUS TOKA, CBETIIBIN KBAJIPAaT — MOCJE JEHCTBHS TOKa
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Ha tperbeli Hezene oOydeHust ObUTH C()OPMUPOBAHBI 5 TPYIIIT )KUBOTHBIX
o 10 ocoleif B KaX 10, KOTOpbIE AEMOHCTPUPOBAIH CIIEAYIOIINE PE3YIIbTATHI

(puc. 5).

0,7 7

0,6 T
0,4

0,3 i\

0,2 \i/
—
1 2

0,1

0,0 T T T 1 1 2 3 4 5

3 4 5

A b
Puc. 5. XapakrepucTuku peakiuy akTUBHOTO N30ETaHus y KpbIC
Pa3IMYHBIX TPYIII, 0 OCH a0CLUCC — THU NPOBEACHHS SKCIIEPUMEHTA, [0 OCH
OpIUHAT: A — BEPOSATHOCTh JOCTHKEHHUS LIeNHN, b — BpeMst JOCTIKeHUS [eTH,
CBETIIBIM poMO — rpymma 1, TeMHBIN KBagpaT — Ipymmna 2, CBETJIbI TPEyTrONbHUK —
rpynmna 3, TEeMHBIH TPEYroJIbHUK — Tpymnna 4, TeMHBII poM0 — rpymna 5

Oocy:xaenue

Ha navanpHo# cragmn o0y4eHus (B TeUSHHE ABYX HE/IEIb) Y KPbIC BHIpaOaThl-
Basics peduiekc n3beranus Toka. Ha puc. 4a nokasan rpadyik n3MEeHEeHHs BEpOsIT-
HOCTH JIOCTIDKESHUS KPBICOH IEIH 32 BpeMsI ISHCTBHS HAIIPSKCHUST: TIPUBEIACHBI
CpeJHue 3Ha4YCHUs JaHHBIX, TOTy4eHHbIX Ha 50 Kpbicax. B Tedenue neppoii He-
Jien o0ydeHus: BEpOsTHOCTh JOCTIKEHMs 1ienu Bo3pocina ¢ 0,64 mno 0,85. Ha
BTOPOIi Hezienne 00y9eHHs BEPOSTHOCTh JOCTIKEHHS 11en coctaBua 0,85-0,95.
Ha puc. 46 moka3aHsI cpeiHUE 3HAYCHUS BPEMEHU JTOCTIDKCHUS TIeTH, pa3dopoc
— craHaapTHas ommoOKa (ommoka cpeanero apupmerndeckoro). Ha nepsoit He-
Jierie oOydeHus cpeliHee BpeMsl IOCTIKEHHUS TIeNH (BpeMs repexosia B 6e3omac-
HBII pyKaB) CHIDKAIOCh ¢ 9 10 7 ¢. Ha BTopo#i Heene BpeMs TOCTHKEHHS TIeIH
CHU3WJIOCH J10 5-6 C, TpUYeM HEKOTOPBIE KPBICHI CTAJIH BBINOIHATD 3a1aHue (13-
Oerath ICWCTBHS TOKA) 10 €0 BKJIFOYCHHsI, TO €CTh MEHbIIIE, yeM 3a 5 ¢. Komu-
YEeCTBO OIIMOOYHBIX ICHCTBHIT BO BTOPYIO HEACITIO TAKKE CHI3HIIOCH (puC. 4B).

VY rpymm 3-5 (30 )HMBOTHBIX) BEPOSTHOCT JOCTUTHYTH LIEJIN B OTBET Ha yC-
JIOBHBIM CHUTHAJ JI0 BKIIFOUYEHUS Oe3yCcI0BHOTO cTHMYJIa coctapisuia 0,45-0,50
(9-10 ycrremHbIX 3aX010B B «Oe301MacHbIe» pykapa tabupunTa u3 20 cutyanuii),
a BpeMs TOCTIKCHUS IeNu cocTaBisuio 1,8-2,3 ¢ (puc. 5). DTu 3HadueHUS He-
3HAYUTENFHO KOJIeOAINCh B TEYEHUE HEJIENN, YTO CBHJIETEIBCTBYET 00 yCTOM-
YHBOCTH C(OPMHUPOBAHHOTO YCIOBHOTO peduiekca. Y rpymi 1 u 2 BEposSTHOCTh
JOCTIKEHUS 1eNn OblIa HIbKe U cocTapisuia 10 0,20 y mepBoi TpymIisl U OT
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0,27 no 0,38 — y BTOpOI1 rpynmel. Bpems qocTHXeHuUs eI COOTBETCTBOBAJIO
MoKasarensaM B rpymnmax 3-5. [IpuueM Bo Bcex Tpymnmax OTCYTCTBOBAIM OIIH-
GouHbIC AEHCTBUS.

Takum 00pazoM, 3a TpH HEAEIH HENPEPHIBHOTO 00YUEHHMSI IIPH OMTHCAHHBIX
BBIIIIE MTapaMeTpax Obutu otoopans! 30 (13 50) )KMBOTHBIX C YCTOHYNBBIM IT0-
BEJICHYCCKIM HaBBIKOM (BEPOSITHOCTH TIpaBHIIbHOTO neiicteus 0,45-0,50), mpu
BPEMEHHBIX 3arpaTax 4 yaca B JIeHb Ha aBTOHOMHOE (03 y4acTHs 3KcIepH-
MEHTaTopa) oOyueHHe.

3aki0ueHue

PaspaboranHas MeToarKa NPOJEMOHCTPUPOBAIa BO3MOXKHOCTD 3(h(EKTHB-
HOro oOyueHust OONBILON TPYMIbI )KUBOTHBIX B CPAaBHUTENILHO KOPOTKHUH CPOK,
YTO BaYKHO JUIS SKCTIEPHMEHTAJIBHBIX NCCIIEIOBAHNI B MIHTEPECaX IKCTPAIOIISILINN
MEJIMKO-OHONIOTHUeCcKrX 3(PPEKTOB BO3ACHCTBHS SKCTPEMAIBHBIX (DPU3MYECKUX
(haKTOpoB € KMUBOTHBIX Ha 4enoBeka. OTIMYUTEIBHON 0COOCHHOCTBIO pa3pa-
0OTaHHOTO ammMapaTHO-TIPOTPAMMHOTO KOMILIEKCA SIBIAETCS BOSMOKHOCTD pea-
JIM3aIMM CKPUHUHTOBBIX MCCIIETOBAaHUH KITIOUEBBIX ITOKA3aTeNei OrepaTopeKux
(GyHKUMHA (BpeMsi U BEPOSITHOCTh JOCTHKEHHS TOCTABICHHOM €M) C MCIIOJb-
30BaHUEM IMPOKOIOCTYITHOH YHUBEPCAIBHONW TEXHUKH OTEUECTBEHHOTO MPOU3-
BOJICTBA, C BO3MOXKHOCTBIO aBTOHOMHOM Pa0OTBI SKCIIEPUMEHTAIBHON YCTAaHOBKH.

3akJIl0ueHne KOMHUTETA M0 3THKe. VccrienoBanue ObUIO MPOBEACHO B CO-
OTBETCTBMHU C NPUHLIMIIAMU MOJIOKEHUS XEJIbCUHKCKON NeKinapanuu Beemup-
Hoit memunHCKor accormaruu (Declaration of Helsinki, and approved by the
Institutional Review Board), Tpedoanusimu 'OCT 33216-2014 u onodpeHo
xomuteTroM 1o 3tuke 'HI PO — ®MBI] num. A.U.Bypuazsaa ®MBA Poccun
(mpotoxon Ne 08 ot 21 mapra 2022 1)

HNHudopmanusa o KOHPJIMKTEe HHTepPecoB. ABTOPHI 3asBIAIOT 00 OTCYT-
CTBHH KOH()TUKTA HHTEPECOB.

HNudopmanus o cnoncoperse. Pabora BeinonHeHa rmpu (PMHAHCOBOHU MO/~
nepxkke rpanra Ilpesunenta PO 1o rocynapcTBEHHON MOAAEPKKE BELYILUX
Hay4HBIX Ko PO (rpant HIII-122.2022.1.6).
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MAJIBIE MOJIEKVYJIBI B TECTE HHI'MBUPOBAHUSA
BAKTEPUAJIbHOM JJIOMUHECIEHIIUA

JI.E. lllowun, K.H. Amnanoepoasa,
K. /lyckaes, E.A. Cu3zosa

Cocmosnnue eonpoca. Omkaz om aHMUOUOMUKOE 8 HCUBOMHOBOOCMEE NOOY-
Jrc0aem K NOUCKY HO8bIX Dolee 3PPeKmuHbIX anbmepHamus, 0OHOU U3 KOMOPbIX
ABAIOMCA PUMOXUMUYECKUE BELYECTNEA — MATbLE MOLEKYIbL C 8bIPAICEHHBIM OUO-
AKMUGHBIM OelicmeueM.

Mamepuanot u memoovt. B cmamve paccmompenwvl usuonozuueckue ceoii-
cmea Keepyemuna, 7-euOpoKCUKyMapund, 8aHUIUHA, MPAHC-KOPUYHO2O ATbOe2U-
0a, Kaxk 0eticmseylouux sewecms us SKCmpakmos Hekomopwix pacmenui. Ilpoge-
dena ux buonocuueckas ammecmayus 6 mecme UHUOUPOBAHUS OAKMEPUATLHOU
JOMUHeCYeHyuy ¢ npumeHnenuem pexomounanmuoeo wmamma Escherichia coli
K12 TG1 6 cpasnenuu ¢ anmubuomuiecKum npenapamom mempayukiuHom.

Pesynomameul.  Yemanoenenvt s¢gpghexmusnvie KOHYeHmpayuu Keepyemund,
7-2UOPOKCUKYMAPUHA, BAHUTUHA, MPAHC-KOPUYHO2O aANb0e2Uudd, Noodeiaiowue
80, 50 u 20 % ceeuenus 6 06yx cpedax — H,0 u pybyoeoii scudkocmu, cocmas-
Jsiowjue, coomeemcmeenno ¢ nepsom ciayuae 9,8x10%; 4,9x10; 6,1x107 monv/n
onst mpanc-kopuuno2o amrvoe2uda, 3,9x107; 1,9x1073; 4,9x10* monv/n onsn sanu-
auna; 2,5%107; 1,2x107; 9,8%10* monv/n ons keepyemun ouecuopama, 1,6%107;
9,8x10+; 4,9%10* monv/n O 7-2udpoKkcuKymapuna.

3akntouenue. Tparc-KOpuuHblll anbOe2uo, 6AHUNUH, 7-2UOPOKCUKYMAPUH U
KeepyemuH 001a0arom GblpaNCeHHbIM OAKMEPUYUOHBIM ULU OAKmepuocmamuie-
CKUM Oeticmeuem u Mo2ym Oblib UCNONb306AHblI KAK ANbMEPHAMUBA AHMUOUO-
MUYecKUx npenapamos 6 KOPMIeHUU CelbCKOXO3AUCEEHHBIX JHCUBOMHBIX, GKIIO-
uas KpynHulil poeamviil ckom. B uacmuocmu, 6 cpede pyoy06020 cooepircumozo
Habmooaemcs cuHepeemuyecku ycunugaioweecs nooagieHue OAKmepuaIbHO2o
wmamma.

Kniouesvie cnosa: gpumoxumuveckue gewjecmea, Mauvle MOIEKYIbl, Keepye-
MUuH,; 7-2UOPOKCUKYMAPUH, BAHUTUH, MPAHC-KOPUUHBIL dlb0e2ud; OuomomMuHec-
yenyus,; Escherichia coli
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Original article

SMALL MOLECULES IN BACTERIAL
LUMINESCENCE INHIBITION TEST

D.E. Shoshin, K.N. Atlanderova,
G.K. Duskaev, E.A. Sizova

Background. The rejection of antibiotics in animal husbandry encourages the
search for new more effective alternatives, one of which is phytochemicals — small
molecules with pronounced bioactive effect.

Materials and methods. The article discusses the physiological properties of
quercetin, 7-hydroxycoumarin, vanillin, trans-cinnamon aldehyde, as active sub-
stances from extracts of some plants. Their biological certification was carried out
in the bacterial luminescence inhibition test using a recombinant strain of Esche-
richia coli K12 TG1 in comparison with the antibiotic drug tetracycline.

Results. Effective concentrations of quercetin, 7-hydroxycoumarin, vanillin,
trans-cinnamic aldehyde, suppressing 80, 50 and 20 % luminescence in two me-
dia — H,0 and scar fluid, respectively, have been established. 9,8x107; 4,9x107;
6,1 <107 mol/l for trans-cinnamon aldehyde; 3.9x107; 1.9%107%; 4.9x10* mol/l
Sfor vanillin; 2,510 1,2x107; 9,8x10* mol/l for quercetin dihydrate; 1,6 %10,
9,8%10+; 4,9%10* mol/l for 7-hydroxycoumarin.

Conclusion. Trans-cinnamon aldehyde, vanillin, 7-hydroxycoumarin and
quercetin have a pronounced bactericidal or bacteriostatic effect and can be used
as an alternative to antibiotic preparations in feeding farm animals, including cat-
tle. In particular, synergistically increasing suppression of the bacterial strain is
observed in the environment of the scar content.

Keywords: phytochemicals; small molecules, quercetin; 7-hydroxycoumarin;
vanillin; trans-cinnamon aldehyde,; bioluminescence,; Escherichia coli

For citation. Shoshin D.E., Atlanderova K.N., Duskaev G K., Sizova E.A. Small
Molecules in Bacterial Luminescence Inhibition Test. Siberian Journal of Life Sci-
ences and Agriculture, 2023, vol. 15, no. 4, pp. 29-55. DOI: 10.12731/2658-6649-
2023-15-4-29-55
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Beenenue

Otka3 OT aHTHOMOTHKOB B JKHBOTHOBOIYECKOH MPOMBIIUICHHOCTH B BUIY
PHCKOB PactpOCTPaHEeHHsI PE3UCTEHTHBIX IITAMMOB U aKKYMYJISIIIMH TOKCHYHBIX
OCTaTKOB B IPOAyKTax nuTanus [29] modyxaaeT k HoucKy Hanbosee 3¢ heKTHB-
HBIX JIBTEpPHATHB. B yacTHOCTH, BCe OO0IbIlice BHUMAHHNE YIIEIACTCS €CTECTBEHHON
KOMOMHAIIMN MaJIbIX MOJIEKYJ PACTHUTEIILHOTO ITPOUCXOKACHNS — PUTOONOTHKAM
[2]. TTockoIbKy YCTaHOBJICHO, YTO OHHM HE TOJIBKO MOJABJISIOT MATOICHHYIO MU-
kpocopy, Hatipumep, Salmonella typhimurium [5], Pseudomonas aeruginosa,
Staphylococcus aureus [25], Candida albicans [26], HO TaKXe SIBISIOTCS UMMY-
HocTuMymnsTopamu [20], CHIDKAIOT OKHCIUTENBHBIN cTpecc, MOAYIUPYIOT I0-
Kasaresd KpoBH [13], MOBBIIIAIOT CEKPEeLUIO U (DePMEHTAIMIO KUIICYHNKA [48]
COBMECTHO C MPOIYKTHBHBIMHU KadecTBamu kHBOTHBIX [40]. Tlo cymiecTsy, 310
€CTECTBEHHBIE areHTHI, HCTIOIb3yeMble NPEICTaBUTEIISIMU LapeTBa Plantae st
3aIUTHI OT BPEAOHOCHBIX MHUKPOOpraHn3MoB. OIHaKo pazHooOpasue ux KpaiHe
BEJIMKO, a CBOMCTBA 3aBUCAT OT IO TuIesi bl (pakTopoB [3], TakmX Kak BHI pac-
TEHHS, CIIOCO0 AKCTPArnpOBaHMUSI M OUMCTKH, MECTO Ipou3pacTanys u T.1. [Toato-
My Iepe;]] TPUMEHEHUEM TOTO WIIK MHOTO (PUTOXMMHUYECKOTO BelIECTBA TPpeOyeTcst
TIPOBEICHNE ONOIOTMUECKON aTTeCTAIMH, TIOAPA3yMEBAFOLIEH ONpe/IeNeHIE aHTH-
OaKTepHaTbHBIX CBOMCTB MOCIIEAHETO U ITO3BOJISIONICH YCTaHOBUTH S (heKTHBHbIC
KOHIICHTPALMH, PEKOMEH/IyeMbIe K HCIIOJIb30BAaHUIO B KOPMIICHHH.

B cBs31 ¢ ueM, LIeIIBIO TPECTABICHHON Pa0OTHI SBIISCTCS OLICHKA (PUTOTCH-
HBIX COCAMHEHNI BaHWINHA, KyMapHHa, KOPUIHOTO allb/IeTHAa U KBEPIIETHHA
B TECTE MHTMONPOBaHUS OaKTEPUATLHOM JTIOMUHECIICHIIH.

D¢ddexkTuBHOCTH METOA J0KA3aHa HA IIPUMEpE MTaMMOB Vibrio fischeri u
Escherichia coli mpu aHamm3e TOKCHYHOCTH CTOYHBIX BOA [36] 1 GakTepuua-
HOHM aKTUBHOCTH YJABTPAAUCIIEPCHBIX YACTHUL] METAJUIOB [44].

Marepuajibl 1 METOIBI

HcnpiTanne mpoBonmiiock B Tpex moBropHocTsAX Ha 6aze LIKII BCT PAH
(http://nxn-6¢T.pd), . OpeHOypr 1o cxeme, MpeACTaBICHHOHN B Tabmuie 1.

B kayectBe 00bekTa Ucce0BaHus ObUIA OTOOPaHBI CIeAyIOIUe (PUTOXH-
Mugeckue Bemectsa (Pucynok 1):

1) BarmmmH (CAS: 121-33-5, 99%; Acros Organics, CILIA) — ¢ eHONBHBII aTb-
neru ¢ MosekynsapHoi gopmynoit C.H O,, B cTpyKType KOTOpOro MpucyTCTBYIOT
TaKXKe THAPOKCHIBbHAS U d(pupHas QyHKLIHOHATIbHBIE TPYIIIBI, IPUKPEIIICHHbIE
K apOMaTHYECKOMY KOJIBITY. ITO OCHOBHOM KOMIIOHEHT 3KCTPAKTa CTPYUKOB Op-
xunen Vanilla planifolia ¢ BeIpaXeHHBIME TIPOTUBOOITYXOJICBBIMHU, HEHPOIIPO-
TEKTOPHBIMH, aHTUOMOTHYECKUMH ¥ aHTUKBOPYMHBIMHU XapaKTepucTukamu [8].
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Tabnuya 1.
Cxema 3KcIepUMEHTAJIbHBIX padoT
Kon- Kon-
ITapamerpst Tponb | Tponb | OmbiT 1 | OnbiT 2 | OnbiT 3 | Omeit 4
*) ©)

OkcnepumMeHT I
Bann- | Kyma- | Ksep- |Kopuunsiii

OOBEKT UCCICTOBAHUS H2O L}:;E;;I JIUH puH LETUH | aJIbIETU
(BH) (KM) (KB) (KA)
Cpena H,O
5_
Konnenrparust - 2,4x10" | 0,25 moms/m — 1,5%10® mons/n
3mr/min
Jhomunecuppyionmi Escherichia coli K12 TG1
[ITAMM
OxcnepumenT 11
Bamu- | Kyma- | Ksep- KEEIPII;_
OObeKT uccieoBaHus | - - JIMH puH NETHH | o erm
BH KM KB
BH) | (M) | &) | MR
Cpena PyOG1ioBast )KHIKOCTh
Konnenrpanus - | - | OnpenesstoTcs 1o SKCIePUMEHTY |
Jiomurecuupyionmi Escherichia coli K12 TG1
TaMM

2) 7-runpokcukymaput (CAS: 93-35-6; Acros Organics, CIIIA) — nakToH
0-OKCHKOPHYHOI KHCIIOTHI, TETEPOLMKIINUECKOEe COCAMHEHUE U3 Kilacca OeH-
3omupenos coctasa C;H.O,, momydaemoe u3 60008 TOHKa — cemsn Dipteryx
odorata. KymapuHbl 1 X IPONU3BOIHBIC 001a/1al0T ITUPOKHUM CIIEKTPOM OMOITO0-
TMYECKH aKTHBHBIX CBOMCTB, B YaCTHOCTH: aHTUKOATYJISTHTHBIMH, OaKTEePULIH/I-
HBIMH, IPOTUBOBOCHAIUTEILHBIMU, aHTHOKCHAAHTHBIMH, TPOTUBOBUPYCHBIMU
7 pepMeHT-HHrHOupyromuMu [15].

3) keepuerud guruapar (CAS: 6151-25-3, 95+%; Acros Organics, CIIIA) —
¢masononnnoe coenunenne crpykrypst C H O, x 2H,0, oOHapyxeHHOE BO
MHOTHX PAaCTEHUSIX U 00agaomiee aHTHOKCHAAHTHON, aHTHOAKTepHaIbHOM 1
MIPOTUBOINAPA3UTAPHON AaKTUBHOCTBIO B KYII€ C Ba30IIPOTEKTOPHBIMHU M aHTHUM-
MYHOCYNPECCHOHHBIMHU CBOHCTBaMH, JIEMOHCTPHUPYIOIIEE TAKKE CIIOCOOHOCTh
CMSATYATh IeHCTBUE MUKOTOKCHHOB [41].

4) TpaHC-KOpUYHBIH anbaerut, wii muaHaMais (CAS: 104-55-2, 99%; Acros
Organics, CIIIA) — ocHOBHOI KoMITOHEHT 3upHoro Macia Cinnamomum sp.,
MOHOTepIeHOBbIN yrieBogopoa C H O, mpuMeHseMbIii B HAPOIHOH METUIIMHE
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KaK aHTHOKCHIAHTHOE, MPOTUBOBOCHAIUTEIFHOE U aHTHOAKTEPUAIbHOE CPE-
CTBO IpH JieYeHUN arabdeTa, 3a00IeBaHNH CepIeuHO-COCYAUCTOM, TBIXaTeIbHON
Y TUILLEBapUTENbHON cucTeMbl, cuHApoMoB [lapkuHcona u Anbureiimepa [12].

O
HO (@) @)

A B

HO

o

OH _CHjs

HO OH

C D

Puc. 1. CtpykTypHBIe (GOPMYITBI HCCIIETYyEeMbIX COSINHEHHI:
A — 7-runpoxcuxkymapuH, B — BanmnmH, C — KBepueTuH,
D — TpaHc-KOopUUHBII allbaeTu

JU71st OLleHKH aHTHOAKTepHaIbHBIX CBOWCTB HaBECKU (PUTOXMMHYECKUX Be-
LIECTB, YKBUBAJICHTHBIC UX MOJICKYJISIPHBIM MaccaM CYCIICHIHPOBAIH B 1 Ml
JMCTHJUTMPOBAHHOM BOJIBI, BBIZEPKUBAs B TeueHne 30 MUHYT Ha BOJISTHOM OaHe
npu 40-45°C 10 MOTHOTO pacTBOPEHUS, TIepe]] MPUMEHEHNEM BCTpsIXUBaM. B
96-1yHOYHOM OMOJTFOMHHECIICHTHOM IUIAHIIIETE TOTOBMIIA CEPUI0 PAa3BEICHUN
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KyMapHHa, KBepLETHHA, KOPUYHOTO aJIbJIETH/1a U BAHWINHA B KOHLIEHTPALUIX
ot 0,25 110 1,5%10® Mmonp/n1. B KauecTBe MONOKUATEINEHOTO KOHTPOJISI HCTIONB30-
BaJIN TUCTHIUIMPOBAHHYIO BOY. B poiy oTprIiaTeIbHOTO KOHTPOJIS BEICTYIAI
aHTHOMOTHYECKHii mperapar Terparukinaa ruapoxiopu (OAO «TromeHcknit
XMMHUKO-(hapMaleBTHIeCKuil 3aBo1y», Poccust) B 1o3e oT 5 10 2,4x107 Mr/mi,
i ot 0,01 10 4,9x10 MOJIB/JII, COOTBETCTBEHHO.

TOKCHYHOCTD OIPEAEIISIN C TOMOIIBI0 PEKOMOMHAHTHOTO JIIOMUHECIIUPY-
fomiero mramma Escherichia coli K12 TG1, Hecymiero ruOpuiHyIo TIIa3MHUILY
pUC19 ¢ xnonmpoBanuasiMi [uxCDABE reHaMu MOPCKOTO JTIOMHHECITHPYTO-
miero opranmsma Photobacterium leiognathi 54D 10 (koMmMepdeckoe Ha3BaHHE
«Axonromy, «HBO UMMYHOTEX», Poccust). st aroro 100 Mk G6akre-
pHATHHONM CYCIIEH3WH, MOATOTOBICHHOW MO MeToauke, npeanokenHoi E.C.
AnermmHo 1 coaBropaMu [1] BHOCHIM B JIyHKY K MCCIIElyeMOMYy 00pasily U
WHKYOHpPOBaJIM B TeUEHHUE 3 4acoB, (PUKCHPYS] HHTEHCUBHOCTD JIIOMUHECIICH-
LMY C IEPUOJIOM B 5 MMH.

AHaNOTWYHBINA SKCTIEPUMEHT B HEMHTMOUTOPHBIX KOHIIGHTPAIUAX TIPOBO-
JIWJIM B CpeJie pyOLioBOM *KHUAKOCTH, OTOOpaHHO! uepe3 XpOHHYECKyto (Gucty-
a1y (d=80 mm, ANKOM Technology Corporation, CIIIA) crycts 3 yaca nocie
KOpMIIeHHSI y OBIka opobl Ka3zaxckas Oemoronosas (250 kr, 10 mec), ocHOB-
HOH parnuoH kotoporo Bkmodan 30% korneHTparoB 1 70% rpyObIx KopMoB Oe3
n00aBieHNst OMOaKTUBHBIX cOeMHEHNH. TpaHCIOPTUPOBKY OCYIIECTBIISUIN B
Teyennu 30 MUHYT, OAEPKUBAst TeMIieparypHblid pesxxum 38,5 — 39,5°C. Ile-
pel NCTIOJIB30BAHMEM PYOILIOBYIO KUAKOCTh TIIATEIBHO BCTPSXUBAIHM U IIPO-
LEKUBAIIH.

Just rpadhmueckoro oToOpa)keHus MOJYYESHHBIX PE3yJIbTaTOB BBIUUCIISIIN
OTHOCHTEIIbHOE 3HAUCHHE OMOIIOMUHECIICHITNH 110 (hopMyIie:

A =To/lk x 100%,
rae Ik — cBeTMMOCTh KOHTPOJIBHOW TIPOOBI, [0 — CBETUMOCTB ONBITHOM MPOOBI.

MeToz 1O3BOJISIET OIPE/ICINTD, KAK HHTCHCU(PUIIUPYIOIINE, TAK U HHTHOH-
pytomue, CyOTOKCHYHBIE 03B, U, COOTBETCTBEHHO BBIBECTH KOHIIEHTPALNH,
PEKOMEH/TyeMbI€ K JabHEHIIIEMy TECTUPOBAHMIO i1 Situ ¥ in vivo.

Pesyabrarsl

VIHTEeHCHBHOCTB JIFOMUHECIICHIIMH OAKTEPUAIBHOIO IITaMMa B CPEAe C J10-
0aBJICHUEM UCCIEAYEMbIX BEIECTB U3MEHIACh 00PaTHO MPONOPLHOHAIBEHO
KOHIIEHTPALUK HOCJIEIHHUX, YTO OTYETIIMBO MpOciekuBaeTcs Ha 30 MUHYTe
9KCHEePUMEHTA, COOTBETCTBYIOIICH CTAllMOHAPHOI (hase pocTa KyJIbTypbl B KOH-
tpose (Pucynoxk 1).
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Puc. 1. IHTGHCHBHOCTB JIFOMHHECLICHIIN OaKTEPHAIBHOTO [ITAMMa
Escherichia coli K12 TG1 npu pa3iandHON KOHIIEHTPALHH HCCISIYeMbIX BELIECTB
Ha 30 MMHYTE dKCIIepUMEHTa

Hpumeuanue: KA — tpanc-xkopuunsiii anpaerun; Control KA — mokasarenu KOHTPOIIb-
HOH 1MpoObI B OIBITE C TPAHC-KOPUYHBIM anbaerugoM; KM — 7-ruapokCcHKyMapuH;
Control KM — mokasarenn KOHTPOJIBHOW MPOOBI B OIBITE C 7-THAPOKCHKYMApHUHOM;
KB — kBepuerun aurunpat; Control KB — moka3arenn KOHTpOIbHON TPOOBI B OTIBITE C
kBepueTuH auruaparom; BH — Banwmua; Control BH — nmokasatenu KOHTPOIBbHOM PoObI
B omnbITe ¢ BaHWIMHOM. Homepa koHueHTpatwmii (Mons/n): 1 —2,5x101; 2 - 1,2x10-1; 3 —
6,2x102%;,4-3,1x10% 5—1,6x10% 6 -7,8%x107%;, 7—3,9x107%; 8 — 1,9x103; 9 — 9,8x10%
10—4,9x10% 11 —2,4x10% 12 — 1,2x10% 13 — 6,1x10; 14 —3,1x10%; 15 — 1,5x107,
16 —7,6x10°% 17 — 3,8x10% 18 — 1,9x10°% 19 — 9,5x107; 20 — 4,8x107; 21 —
2,4x107; 22 — 1,2x107; 23 — 6,0x10%; 24 — 3,0x10%; 25 —1,5%10%;

[Ipu 5TOM MakcCHMAaTbHBIM aHTHOHOTHIECKUM 3(h(HEKTOM 00J1a1aI TpaHC-KO-
puunbii anmpaeru (Ombit Ne 4): on nopasnsut cebime 80 % ceevenns (EC, )
BILUTOTH 0 KOHIEHTpanuu 9,8x10* MoJIb/71, 4TO OBLIO WACHTHYHO ACHCTBHIO
TeTpauMKINHA THIpoxJopuaa. [IpumedarensHo mpu 3TOM, YTO AaHTHOMOTHK B
no3e ke 4,9x10* MOJIB/JT CTUMYITHPOBAT MUKPOOHATBHEIH KBOPYM, U 3HAUE-
HUSI CBETUMOCTH OBUTH BBIIIC KOHTPOJIBHBIX HA 5,9-41,1% B 3aBHCUMOCTH OT
BPEMEHH IKCIIO3HMIINH, Yero He HAOIIONAN0Ch Y TPAHC-KOPHYHOTO ajibJIeru/ia
(Tabmmma 1). Menee BeIpaXXCHHBIMU OaKTEePHUIIAIHBIME CBOHCTBAMHU 00IaIan
BaHWIMH U 7-ruapokcukymapuH (Ombitsl Ne 1 u 2), ¢ aphexTHBHBIMYU KOHIICH-
tpanusimu 3,910 u 1,6x 10 M0JIB/11, COOTBETCTBEHHO, IPU 3TOM [IEPBOMY TaK-
e ObIT TpuCyII 3G (GEeKT TopMesnca B CyOTOKCHYHBIX /103aX C MPEBIIICHIEM
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CBETUMOCTH KOHTpOJs Ha 5,2-16,1%. KBepiieTuH xe 3HaYuTEeIbHO MOIaBIISIT
TIOMHUHECTeHITHIO Tumrb B 0,25-MomsipHoM pacTtBope (OmbiT Ne 3).

Tabnuya 1.
OTHoCHTeJbHOE 3HAYeHHe JTIOMUHeCIIeHIHA
Escherichia coli K12 TG1 B cpese ¢ pa3Ju4HbIM codep:KaHUEM UCCIETyeMBbIX
BeleCTB HA TPeX BPeMEHHBIX MPOMEKYTKaX

KoHneHTpamysi, MOJIb/1
Beute- | Bpews, 2.5%[1.2¢[6.2x[3,1x[ 1.6 [7,8x[3.9x[1.9x]9.8x[4.9x2.4x[ 1,261
CTBO MHH -
Kopuu-
HbIN
aJibac-
TUL
Banu-
JINH
Kyma-
puH
-
Cpemee 9.3 9.9] 11.5] 17.0] 23.5] 26.2] 30.8] 36.3
Kgep- 0 24,3| 37,4
LETHH
180
Cpentee [ 64,5] 67,3[ 70,5 71.,8] 72,1] 75,9] 78,6] 81,1] 79.3
Terpa- 0 / 107] 111] 96,1
LKITHH 106 120 117
180 129 115| 110
Cpenee / 0,0/ 0,0/ 00/ 01 19508 111 115| 109

Mpumeuanue: YucaoBbie mapamMeTpbl COOTBETCTBYIOT BEIMUMHE OTHOCHTEILHOTO 3HA-
yeHus momuHecteHunu A (%). Lierosas 3anuBka — nokasarensM [l — Tox, Il —
EC,,, - EC,, Bl - EC,, 0 - NTOX, [0 — NTOX+ T0 €CTh KOHLUEHTPALHUIM
OB, Be3bIBatommM cBbimie 95, 80, 50 u 20 % TymeHust GnoceHcopa, a TAKIKE CTUMYIIHU-
pytonuM moMuHecteHnuio (cabime 100 %) o cpaBHEHHIO ¢ KOHTPOJIEM

Tarxoke ciaeyeT OTMETHTh, YTO JHHAMUKA JTFOMUHECIICHIIUU BO BCEX 00pa3s-
1ax ObLIa HEOJHOPOIHA. B 4aCTHOCTH, TOKCHYHOCTh TPAHC-KOPUIHOTO aJTbJIc-
rua B KoHtenrparmu 4,9x 104 (EC 50), cHKanack oT 88,3% B Hauaze 10 37,5%
B KOHIIE SKCTICPUMEHTA, YTO MOXET OBITh CBSI3aHO C BEICOKOH CTEIICHBIO €T Jie-
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Ty4eCTHU U OCTeNneHHbIM HcnapeHneM (Pucynok 2A). Tem He MeHee B BRICOKHX
no3ax (6omee 1,9x107 Mosb/1) pocTa CBeUEHHUS HEe HAOMIONATOCH, YTO TOBOPHUT
0 OBICTpOIf THOETH MTPOKAPHOT. B TO e BpeMmsi, B cpelie ¢ BAHIIIHHOM OTHOCH-
TeIIbHBIE TI0Ka3aTel N CBEUCHHS IIPH ONIPEAEICHHON KOHIICHTPAIIMU (haKTHYECKU
HE U3MCHSITHCD, YTO ITOIPa3yMEBacT HaIMYHe OAaKTEPHOCTATHIECKOrO A dekra
(Pucynok 2bB). Uto xacaercsi KBEpIIETHH TUTUApPATA U 7-THAPOKCHUKYMapHHa,
TO 3]I€Ch TEHJICHIUS K CHIKEHHIO MJIM POCTY CBEUEHUS 3aBHCEIIA OT KOHIICH-
TpaIMHK: B IEPBOM Clydae B auanasone ot 2,5x10" 10 3,1x102 MoJIb/J1 OTHOCH-
TeJIbHBIC 3HAYCHUS TIOMUHECIICHITUN POCIH C TIEPBON 0 MOCTIeTHEH MUHYTHI
9KcrepuMenTa, B uarepsaie 1,6x102 1o 1,910 — ronbko 10 60-120 MunyT,
MOCJIE Y€ro MOCTEMEHHO CHUKAINCH, B KOHIICHTPAIUSIX ke HiKke 9,8%10* Ha-
0Jr01aJI0CH TTOCTENCHHOE Ma/IeHHEe OTHOCHUTENIFHOTO 3HAYEHUS JTIOMHHECICH-
WY, HE BemyIlee, OMHAKO, K KpUTHIEeCKNM Moka3arensMm (Pucynox 2B). Bo
BTOPOM CIIy4ae TOKCHYHOCTH ITPOOBI C ONPE/IeTICHHON KOHIIGHTpaIlel yBelu-
YHUBAIaCh MPOMOPIIMOHATFHO BPEMEHH 3KCIIO3MITHHU B rpaaaiiu ot 2,5x 101 mo
9,8x10*mob/1 (PucyHok 2I'). MTHBIMH CITOBAMH, MOKHO TOBOPUTD O Pa3INUH-
SIX B MEXaHHU3Me JAEeHCTBHUS NCCIIeJyeMbIX BEIIECTB Ha OaKTepHaIbHYIO KIICTKY.

Tpaie-KOPHHIL ATbAerHT Bammm 2,5%10%-1)

120 ——1.2X10°-1)
——6.2x107(2)

3.1x10%-2)
—1.6%107(-2)

——6.2x107(2)

3.1%108(:2)
—1.6x10(:2)
——7.5%10°¢3) ——7.8510%3)
——3.9510°(3)
—19%10°¢3)

——3.9410°(3)
—19%10%(:3)
——9.5510°(-4)
4.9¥10°(-4)
10°(-4)
2510°-4)
e 615107-5)
o ~3,1%107(-5)

OTHOCHTEBHOE “HAUCHIE THOMHHECHEHLIEH,
%

OTHOCHTEIbHOE HAYECHHE TIOMHHECLCHLIH,
%

0 3.1%10%(:5)

Bpens, M Bpeau, wum
A B
KBepleTHH auruapar 7-THAPOKCHKYMapHH

——2.5%107(1) ——2.5:10°¢1)
A1) 140 1.2¥10°(-1)
6.2510°(2)
3.1510°(2)

w0 _H :§\ ——16%10°(-2)
Z Y —78x108¢3)

80 —3.9%104(-3)

120 —_—l12

——6.2x10°(-2)
100 = 3.1x10(-2)
X ——16X10°(:2)
——7.8x101(3)
—3.95107(:3)
—19710°(-3)

—19510°(3)

——0.8x10(-4) ——0.8x107(-4)

(OTHOCHTETbHOE IHATCHHE TIOMHHECUCHLIHH,
‘OTHOCHTENBHOE 3HAUCKHE TIOMHHECICHIIHH,
%

Bpea, s Bpeaws, s

B r
Puc. 2. OTHOCHTENbHBIE 3HAYCHHS JIIOMUHECICHIIMN OaKTepHaIbHOIO IITaMMa
Escherichia coli K12 TG1 B nuHaMuKe Ha IPOTSHDKSHUH BCETO HKCIIEPHMEHTA
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Tabnuya 2.
OTHOCHTeIbHOE 3HAYeHHe JTIOMIHeCHeH TN
Escherichia coli K12 TG1 B cpeje ¢ pa3ju4HbIM codep:KaHUEM HCCIeTyeMbIX
BeIlleCTB HA TPeX BpeMEeHHBIX MPOMEeKYTKaX

KoHneHTpamus, MoIb/1
9,8%14,9x|2,4%1,2%(6,1x|3,1x[1,5%|7,6%(3,8%|1,9x|9,5%|4,8%(2,4x|1,2%

Beme- | Bpewms,
CTBO MUH

Kopuu- |0 7 256

HBIN 87.6

aJibJie- )

o 00 |01 o5 |18 50 [41,6]65,1
7

Banu- %

97,1199,0
89,3197,6
89,0189,7

JINH 29,8 101
54,8(73,6 (85,7

Kyma-

puH

Ksepue-

THH

Cpennee |112 [115 [109 {102 {102 [103 (99,3105 |103 (100 (103 [103 |102 [105
[pumeuanue: YrcaoBbie mapaMeTpbl COOTBETCTBYIOT BETMUYMHE OTHOCUTEIHLHOTO 3Ha-
yeHus momuHecteHuuu A (%). LieroBas 3anuBka — nmokasarensM Il — Tox, Il —
EC,,, - EC,, Bl - EC,, 0 - NTOX, [ — NTOX+ T0 €CTh KOHUEHTPALHUIM
OB, Br3bIBatommM cBbimie 95, 80, 50 u 20 % TymeHust GnoceHcopa, a TAKIKEe CTUMYITHU-
pytomuM moMuHeceHnuio (cabie 100%) mo cpaBHEHUIO ¢ KOHTPOIEM.

Takum 00pa3oM B pe3yJibTaTe MEPBOrO IKCIEPUMEHTA OBUTH YCTaHOBJIE-
HBI cieytone dpQeKTUBHbIe KOHIEHTpauy, noxasisitomue 80, 50 u 20 %
JIFOMUHECLIEHLIMN, COOTBETCTBEHHO: 9,8%10%; 4,9x104; 6,1x10 Monb/1 1y1st
TPAHC-KOPUYHOTO anbjaeruaa; 3,9x1073; 1,9x103; 4,9x10* mosb/a 1is BaHU-
nuHa; 2,5%1071; 1,2x107; 9,8%10* Mosts/n au1st KBepLieTHH quruapara; 1,6x107%;
9,8x10%; 4,9x10* mons/nm st 7-ruapokcukymMapua. Kakmast TpeThst U3 HUX
KaK CyOMHTHOUTOpPHAsT PEKOMEH/I0BaHA K JaTbHEHIIIEMY TECTUPOBAHHMIO.

Bo BTOpOM 9KCIIEpUMEHTE HCCIEAyeMble BEIIECTBA B CEPUU Pa3BEICHUIA,
HaYMHAs OT TPE/ICTABICHHBIX BBINIEC KOHIICHTPAIlHI, KOMOWHUPOBAIHUCH C py0-
IOBO# KUIKOCTBIO, KOTOPAsk B YHCTOM BHJIE B TEUCHHUE MEPBHIX 30 MUHYT Takxke
MO/IABJISIET JIIOMUHECIIEHIIMIO HHIUKATOPHOTO OPTaHU3Ma, OJJHAKO [OCJIE€ DTOTO
MHTEHCU(UIIMPYET ee B ISITUKPATHOM MacIiTale.
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[Tpu 3TOM OBUIO YCTAHOBIICHO, YTO TPAHC-KOPUUHBII aJIbJCTH, 7-THAPOK-
CHUKYMapWH W BaHWJINH B KyI€ C MOCIECIHEH 00IafaloT CHHEPTeTHUECKUM
a¢dexTom, eme 6olree onaBIsAs OaKTepHaIbHbBIN mTaMM. Tak JaeiicTBUe mep-
BOTO OBLIO MPOJOHIMPOBAHO /10 pa3BeneHus 1,9x10, BToporo u TpeTbero — 10
3,8x10° MoJIB/71, B TO BpeMsi Kak KBEPIETHH JCTHAPAT He 0OHAPYKHIT HUKAKOH
TokcuaHOCTH (Tabmuma 2).

Oocy:xaenune

BuoakTHBHOE IEHCTBHE MAIBIX MOJIEKYN OOYCIIOBIICHO B IEPBYIO OYEpEIh
HX CIIOCOOHOCTBIO TIepeceKaTh OMOIOTHYCCKUE Oaphephl M BO3ICHCTBOBATh HA
LIMPOKUH CIIEKTP MUIICHEH, BKITIoYast pepMEHThI, HOHHBIE KaHAJIbI, PELENTOP-
seie 6enku, PHK, JIHK, mukonunuaet u T.71. [Ipy 5TOM OHE MOTYT BBICTYIIATh
KaK MHTUOUTOPHI, aKTUBATOPHI, aTOHUCTHI M AJUIOCTEPUICCKUE PETYIATOPHI C
BBICOKOW crienu(UIHOCTRI0 NeicTBUs [11], uTo ompenenser pa3HooOpasue
MOJICKYJISIPHBIX MEXaHU3MOB BCTPAaUBAHUS B META0OJIMUYECKHE ITyTH U (PHU3H-
onormaeckux 3((HeKToB COOTBETCTBEHHO. Tak, HampuMep, OaKTeprHoCTaTHIC-
CKOe JIeHiCTBHE BaHWINHA, BBIABICHHOE B IpeAcTaBieHHON padoTe (OmbIT Ne
1), nonTBeprkaaeTcs Oosiee paHHUMHM UCCIIEJOBAaHUSIMHU €0 MEMOPaHHO-aKTHB-
Horo noreHmana [14]. [Tocnexnuii onocpenyercs paccemBaHUEM TPaIUCHTA
HMOHOB Kauus U yTparoit pH-romeocrasay Lactiplantibacillus plantarum, a Tak-
K€ UHIMOMpOBaHKeM JbIXxauus y Escherichia coli n Listeria innocua, B no3ax
coorBerctBeHHo 0,05-0,1 u 0,01-0,04 momw/n. [Ipuyem mepBoHAYaIBHO 3TH
3¢ PEKTH HE 0CTaHABINBAIOT BEIPAOOTKY ATD.

B 1o xe Bpems y Escherichia coli B npucyTCTBUN BAaHWIINHA U3MEHSIETCS aK-
THUBHOCTb Psi/1a TPAHCKPUIIIIMOHHBIX ()aKTOPOB, OTBETCTBEHHBIX B YACTHOCTH 32
pa3BepTHIBaHME MOTEHIIMATBHBIX CHCTEM JAETOKCUKAIINHT, I3MEHEHHS B METa00-
JU3ME YIJIepoa, aKTUBAIINIO PEAKIIH Ha OKUCIUTEIBHBIN CTPECC M TOMEOCTa3
MOHOB MeTautoB. CJIeJICTBUEM STOTO CTAHOBUTCSI CMEIIICHHUE KOJIMUECTBEHHBIX
COOTHOIICHHUN OTAETHHBIX KOMIIOHEHTOB npoTeoma [37].

BrI3bIBast MUTOXOHIPHATBEHYIO AUCHYHKIINIO M OKHCIUTEIHHBIA CTPECC,
BAaHUJIMH TaKXXe INPEIMATCTBYET POCTY I'PUOKOBBIX NMAaTOI'C€HOB, TAKMX Kak
Cryptococcus neoformans [23] Alternaria alternata [39], npeacraBurencit
ponos Aspergillus, Penicillium n Fusarium. He ocTtarorcst B cTOpoHE U 0ak-
TEepUU MOPYH MHUMICBBIX MPOAYKTOB — Pantoea agglomerans, Aeromonas
enteropelogenes, Micrococcus lylae u Sphingobacterium spiritovorun. Mu-
HUMaJIbHbIE HHTUOUTOPHBIE KOHIIEHTPAIIMHU MTPU 3TOM COCTABIISAIOT: OT 12,5
1o 13,3 MM nmnst rpu6os, u ot 10 mo 13,3 MM s Gakrepwuit [33]. Banwmmua
TaKKe SIBJISIETCS] OTIIMYHBIM KBOPYM MHTHOHMPYIOMUM areHToM [32], 9To To-
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BOPUT O HIMPOKOM JIMala3oHe ero JeHCTBUS OTHOCUTEIILHO NaTOTeHHON MHU-
KpOQIOpHI.

B cBoto ouepenp KBEpIECTHH, IIUPOKO PAaCTIPOCTPAHEHHBIN B pACTUTEIIEHOM
COO00IIIECTBE KaK KOMITOHEHT IIUTMEHTOB IIBETOB, OBOILEH U (hpyKToB [31], MH-
rubupyer Staphylococcus aureus, Pseudomonas aeruginosa B KOHIICHTpAITUU
20 mxr/mi (5,9%107° monw/n), Proteus vulgaris w Escherichia coli B xoH1ieH-
tpaumu 300 Mxr/mia (0,9%107 mose/i) u 400 mxr/mi (1,2%10 Mosb/) coot-
BETCTBCHHO, B TO BpeMmst Kak Shigella flexneri u Lactobacillus casei x Hemy
abcomoTHO Ge3pasnnunbl gaxke mpu 500 Mxr/mi (1,5%107 moms/m) [16]. Tlpu
9TOM, Pa3IN4Hs C YCTAHOBICHHBIMU B OmbITe No 3 3HAuCHUSIMH MOTYT OBITH
CBSI3aHBI C UCTOYHUKOM XUMHYECKOTO COEJMHEHHs, 00yCIaBIMBAIOIINM €T0
ouonoctynHocTh U auddepennuaibHoe aeicreue [19]. Uto, B 4acTHOCTH,
MTOATBEPKIACTCS B IKCIIEPUMEHTAX Ha IBIIUIATaX-Opoijiepax ¢ MPIMEHECHIEM
KBEpIETHHA KaK areHTa, MOJLYJIMPYIOIIETO MUKPOMIIOPY CIIENO KHUIIKK ITOCpe-
CTBOM YMEHBILICHHUs KoJIM4YecTBa Konuid Pseudomonas aeruginosa, Salmonella
enterica ceporuna Typhimurium, Staphylococcus aureus u Escherichia coli, n
yBenmmueHust uncieHnoctu Lactobacillus, Bifidobacterium u obmiero xoside-
cTBa Oakrepuit MUKpoOroMa. Takke, yCcTaHOBIICHO, YTO OAKTEPHOCTATHYECKOE
JeficTBHE KBepIeTHHA OBIJIO CHIIFHEE B CITydae C TPaMITOJIOKHUTEIbHBIMHA TIPO-
KapuoTaMH, 9YeM C TPaMOTPHUILIATSIFHBIMA: OH TIOBPEXKIAT KICTOYHBIC CTCH-
Ku 1 MeMOpausl Escherichia coli ipu 50xMIC u Staphylococcus aureus nipu
10xMIC, uto cornacyercs ¢ fanHbIMU ombITa Ne 3. [lo cpaBHEHHIO C KOHTPO-
JIeM B 000HX CIy4asX JOCTOBEPHO IMOBBIIIATICH AKTUBHOCTH BHEKJICTOYHOM
IeI0YHOH ocarasbl U B-rajlakTo3u/1a3bl, a TAKKE KOHIIEHTPALUS PACTBOPH-
Moro Oelka, 0JJHaKo akTUBHOCTh AT® yBenmuuBanacs b y Staphylococcus
aureus [47]. B To e Bpems, Onarogapsi HATMYUIO THAPOKCOTPYTINT HA OOKOBOM
(eHMIEHOM KOJIBIIE KBEPICTHH MOXKET WHTHOMPOBATH JICHCTBHE HEKOTOPBIX
(epMEeHTOB, YTO TIOKa3aHO Ha MPUMEPE ALETUIIXOJIHHICTEPa3bl U Oy TUPHIIXO-
JIMHACTEPA3bl, O-TTFOKO3U1a3bl U o-aMuiiasbl [4, 22]. UHbIME clIoBaMU, KBEpIIe-
TUH MU PepeHInaIb-HO HHTHONPYET POCT U Pa3MHOKEHNE MUKPOOPTaHU3MOB
MIOCPEICTBOM HAPYIICHHUS [IEIOCTHOCTH KIETOUYHBIX CTPYKTYP M (DyHKIIMOHH-
POBaHMS SH3UMOB.

OpnHaxko, (pIaBOHOUTHBIE TIIMKO3HU/BI, K KOTOPBIM OTHOCHUTCS, B YaCTHOCTH
1 KBEPUETHH B KOHBIOTALUU C [VIFOKO30M, KCHIJIO30M WK pyTHHO30M [46] B He-
OOJTBIINX KOHLIEHTPALUSX SIBJISIFOTCS] OTIIMYHBIMU aHTHOKCUAaHTaMH, elnie 00-
nee momrHbIMH, YeM BuTaMuHbl C 1 E [45]. Ho XxapakTep nX MOXXeT MEHSAThHCS
B 3aBHCHMOCTH OT BHJa CaxapHOro (hparMenTa, py STOM OOIIMM OCTaeTcs TO,
YTO OHU CIIOCOOHBI MOMIOMIATh KUCIOPOIHBIC paukaisl [35]. MexaHu3M 3Toro
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npotecca 00ycJIOBIICH, B IIEPBYIO Ouepellb TEM, UYTO KBEPLETHH MHAYLHPYET
cunre3 mryrarnona (GSH). Kax Tonmsko B opranu3me oopa3yroTcsi CBOOOIHBIC
paaMKas KHCI0poa, cymepokcuaaucmyTasa (Sod) 3axsarsieaet O 1 peod-
pasyer ero B H,O,. I'lmyrarnonnepoxcuasa (Gpx) TOMOJIHUTENIBHO K KaTanase
(Cat) karanmusupyet pasnoxenue H,O, 10 BOABI ¥ KMCIOpOA. DTa peaKius
Tpebyer GSH B kauecTBe nOHOpPa Bojopona. Juera ¢ 1% kBepueTnHOM 3Ha-
YHUTEJIFHO TTOBBIIIANA YKCIIPECCHIO aHTHOKCHIAHTHBIX (hepmenToB Gpx, Cat n
Sod B neuenn u Gpx u Cat B KUPOBBIX TKaHsAX Mblied [24]. Bo3neiicTyst Ha
IyTH CUTHAIBHOHN TPaHCAYKINH, KBEPLUETHH MOIYIHPYET (PEPMEHTHI U YCH-
JUBACT aHTUOKCHUAAHTHYIO 3aIUTy OpraHU3MOB [49], B CBSI3U C YeM CETOIHS
MIPOM3BOJIUTCS] AKTHUBHBIN MMOUCK OMOTEXHOJIOTUYECKUX METOJOB €ro Moiryye-
HUS, KaK 9T0 ObLIO CIIeJaHO Ha TpUMepe CHHTe3a KBEepUETUH 3-0-2110Ko3ul
(1—2) xcumo3una u kBepuetuH 3-O-rmroko3un (1—6) pamHO3UIa (pyTHHA) C
HCIIONIb30BAaHHUEM JIBYX YpHAHHAN(DOC]AT-3aBUCUMBIX TIIHKO3MWITpaHchepas B
Escherichia coli [7].

[ToxouMu CBOWCTBaMH 00JIaIaeT U PyTOe Mpou3BonHOe KymapuHa (OmbIT
Ne 2). Ymbemmdepon (7-ruapoxcukymaput) B 1o3e 500 MKr/mi Gakrepro-
CTAaTMYECKH TMOJABIISICT POCT MpoKapuoT Escherichia coli, Staphylococcus
epidermidis, Pseudomonas aeruginosa, epubos Fusarium culmorum [34], on
xe B koiudectBe 50 Mkr/mi Ha 90 % MHrHOMpyeT 0Opa3oBaHKHE OHOIICHOK
Escherichia coli O157:H7, He Bmusist Ha pOCT MUKpPOOPTraHU3MoB [28].

YMmOetudepoH, Kak aHTHOKCHIAHT, MOKa3biBaeT 3¢ GeKTHBHOCTL 59,6 %
B Metozre DPPH nipn xornenTparu 50 Mxr/mi [43], 9To HIDKE aHATOTHIHBIX
TOKa3aTelei st aCKOpOMHOBOM KUCITOTHI (96 %) [30], oqHaKo B IpyroM uccie-
JOBaHMU K03 (PUIMEHT aHTHpauKaIbHOU critbl ymOeudpona (16,7) Beiie,
yem y ButamuHa C (14,9). Takue pa3nudaus MOTYT OBITH O0YCIIOBICHBI KOHIICH-
Tpanueil 1 ICTOYHUKOM aKTUBHBIX COeINHEHMA. B ombIiTe ¢ THOOapOUTYpOBOIA
KHCJIOTON yMOemidepoH 1moka3ain HHrMOMPOBAaHHUE MEPEKHCHOTO OKHUCIICHHS
JIMMUI0B MTpUMepHO Ha 67,2 % npu koHueHTpauuu 250 mxr/mi [18].

W makonemn, OakTepHWIMIHBIE CBOWCTBAa TPAHC-KOPUYHOTO albICTHIA,
MIPOJIEMOHCTPUPOBaHHbIE B onbiTe Ne 4 Takke comacylorcsi ¢ Oosiee paHHU-
MU HCCIeIoBaHUsIMU. B 4acTHOCTH, TIOKa3aHo, YTO OH (P (EKTUBEH MPOTUB
Agrobacterium tumefaciens ¢ 30HOH TOPMOXKEHUS 2,26 CM, TIPH YTOM UHITYIIH-
pyercs cunre3 ADK B peakimn @eHTOHA U HApYyIIACTCS METOCTHOCTD [IUTO-
uta3maruyeckoil MemOpansl [27]. [TokazaHo, 4To OH MHTHOMPYET aKTUBHOCTh
B-(1,3)-rrokaHCHHTA3bl M XUTHHCHHTA3b! 1 ¢ 3(h(heKTUBHBIMHU KOHIICHTpAIn-
amu (EC,)) 0,84 u 1,44 MM, COOTBETCTBEHHO, YTO CKa3hIBAETCS HA CHHTE3E
kieTouHo cteHkH [ 10]. TpaHC-KOpUYHBIH ambAeru]] OAaBIsIeT 00pa3oBaHKe
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OMOIICHOK ypomaToreHHoit Escherichia coli [6], u B komuuectBe 1000 MKr/mit
yOuBaeT ucciexyeMblii MTaMM IIPpH 2 9 3Kcrmo3unuu [21].

B 10 xe Bpems cHmkeHue cBeTuMocTH Escherichia coli K12 TG1 B py0-
LIOBOI1 JKMAKOCTH ¢ 100aBiIeHUEM (UTOOMOTHYECKUX areéHTOB MOXKET OBbITh
00yCJIOBICHO CHHEPreTHYecKUM 3(P(HEeKToM MeXIy MaJbIMU MOJEKYIaMH U
BEIIECTBAMH BBIPa0aThIBAEMBIMI KOHKYPEHTHOW MHUKPO(IOPOi, Harpumep,
Lactobacillus, Bifidobacterium. B 4acTHOCTH, BAHWJIMH MTOKa3aJl XOPOIIYIO (-
(hEeKTUBHOCTB KaK aJJbIOBAHT Psijia aHTHOMOTHKOB — MEPOIIEHEMa, THTCLIUKIINHA,
nunpoQIIoKCaIHa, JeBoIIoKcanHa i xaopaMmpenukona [9], ahuproe macio
kopsl Cinnamomum zeylanicum ycuniBaeT OaKTePHIIUTHYIO aKTHBHOCTh KIIMH-
JAMULMHA, CHIDKAsi MUHUMAJIbHBIN MHIHOUPYIONIHMHA MTOPOT KIMHAAMUIMHA
nporus Clostridioides difficile [42]. Bonee Toro, n3BecTHO, 4T0 3 (HEKTUBHOCTH
KBEpLETHHA MOXET OBITH MOYJIMPOBaHa KOMOMHAIMEH ¢ IpyTUMH BEIECTBA-
Mmu. Tak, B 4NCTOM BHJIE OH CHW)KAET POCT 300MUCHIO20 CIMADUIOKOKKA IO
75 %, a B xomIuiekce ¢ BUTaMHHOM C — 710 3 %. AHaJOTHYHbIE PE3yIbTaThl
TTOJTYYCHBI B OTIBITE C KUIIETHON MAIOYKOH, HO ¢ MEHBIIEH (P PEKTUBHOCTHIO,
B TO BpeMs Kak npoonotuk Lactiplantibacillus plantarum vamuddepenten B
OTHOIIICHUH KBepreTuHa [17].

KBeprernn Takke CHI)KaeT MHUHHUMAJIbHYIO MHTHOMPYIOIIYIO KOHIICH-
TpPalMIoO TETPALMKINHA B OTHOWICHHHM CTAaHJAPTHOTO TECTOBOTO IITaM-
Ma Escherichia coli 25922 v KIMHUYECKUX M30IISITOB B YeThIpe pasza ¢ 4 u 256
MKT/MI1 10 1 1 64 MKT/MJT COOTBETCTBCHHO. Uepes 24 4 pa3nudus MKy ITOU
KOMOWMHAIHEN W KaXIBIM TIPETIapaTtoM o oTaensHocTH coctapisum 108 KOE/
MJI, 4TO HOATBEPIKAAeTCs TpH HHPUIMpoBaHuy Mblieit: 100 % BbDKHBaeMOCTh
yepe3 48 4 mpotuB < 50 %. CuneprusM npenaparoB BeJET K HAPYIISHUIO 000-
JIOUKH OaKTepuanbHOM KIETKH W, KaK CIEACTBHE, YBEINICHHIO IIPOHUIIAEMO-
cTH U Ju3ucy [38].

3aki04ueHue

OUTOOMOTHYECKHE aTeHTHl — TPAHC-KOPUIHBINA allbJACTHl, BAHIINH, 7-TH-
JIPOKCUKYMAapHH W KBEPIETHH TUTHIPAT OOJIATA0T BBIPAKCHHBIM OaKTEpH-
IUTHBIM WM 0aKTEepUOCTaTHUECKUM JICHCTBUEM, MEXaHU3M KOTOPBIX MOXET
OBITH CBSI3aH, B YACTHOCTH, C HapyIICHHEM TPAHCIIOpPTa MOHOB Yepe3 IHUTO-
TUTa3MaTHYECKyI0 MeMOpaHy, ee CTPYKTYpHOH Jie30praHu3aiield, HHruonpo-
BaHHEM (DepPMEHTATUBHBIX CHCTEM U SKCIPECCHUH I'eHOB. UTo MmoaTBepIKaaeTcs
M3MEHEHHEM HHTEHCUBHOCTH CBEUCHUS OaKTepHaIbHOTO ITamma Escherichia
coli K12 TG1, omocpenoBaHHOTO aKTUBHOCTEIO Jtorudepassl. [Ipu aTom a¢-
(hexTHBHBIC KOHIIEHTparwH, mogasisttonre 80, 50 u 20 % TOMUHECIICHITHH,
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cocraBisior: 9,8x104; 4,9x10%; 6,1%107° MOJIB/1T U151 TPAHC-KOPUIHOTO AJIbJIe-
ruaa; 3,9x1073; 1,9x1073; 4,9x10* mons/n mnsg BanwmHa; 2,5%107"; 1,2x107;
9,8x10* Mob/1 uTst KBEpUETHH auruapara; 1,6x102%; 9,8x104; 4,9x10* mons/n
JUIs 7-THAPOKCUKYMapuHa. Boiiee Toro B KoMIUIEKce ¢ pyOIIOBO# KHUIAKOCTHIO
9TH [TOKA3aTeIH YMCHBIIIAIOTCS B BULY CHHEPIETHUYCCKOTO 3 ekra. ITO M03B0-
JSIET CJIeNaTh BBIBOI O BO3MOYKHOCTH MCIIOIb30BAHMUS TAHHBIX (PUTOOHOTHKOB
Kak aJbTepPHATHBEI aHTHONOTHKAM B CYOMHIMOUTOPHBIX J03aX.

3akiIl0ueHne KOMUTETA 10 dTHKe. HerI/IMeHI/IMO.

HNudopmanusi 0 KOHPJIUKTE HHTEPECOB. ABTOPHI 3asBISIOT 00 OTCYT-
CTBUH KOH()IMKTa HHTEPECOB.

HNudopmanus o cnoncoperBe. lccnenoBanne BBHITIOTHEHO TIpH (HUHAH-
coBoit moiepkke Poccuiickoro Hayunoro donna (IIpoext Ne 22-76-10008).
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FEED ALLOWANCE FOR HOLSTEIN COWS
DURING LACTATION AND DRY PERIODS
(SAKHALIN ISLAND)

1.0. Rozhkova-Timina

The study presents the results of a survey of agricultural enterprises and peas-
ant farms in the Sakhalin Oblast. The authors conducted the visual estimation of
the feed consumption and cows’ overall health, revealed the chemical analysis of
primary zootechnical parameters of the feed, compared the results with the rates
and previous data, and gave recommendations. Moreover, the authors assessed
the fodder, feed allowance and compared it with the nutritional rates using the
software “Feeding rations” developed by the *Plinor limited liability company .
Furthermore, one can identify that the daily milk yield of Holstein cows doubled
in the period 2001-2010, but the feed allowance of the Holstein cows during
lactation and dry periods still did not meet nutritional requirements. The low
nutritional value of green forage is caused by the small amount of legumes in
the herbage. One should prepare winter forage earlier to improve the quality of
ration (hay, haylage, silage). Mowing grasses ten days later than the optimal time
leads to a protein decrease in forage by 30%—35%. It is crucial to balance the
feed allowance with biological and mineral supplements, adding grain mixture
or sunflower cake.

Keywords: feed allowance,; Holstein breed, dairy efficiency; lactating cow, dry
period; Sakhalin
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Hayunas crarbs

PALIMUOHBI KOPOB
rOJIITUHCKOM NOPOJILI BO BPEMSI
JAKTALIMOHHOI'O U CYXOCTOMHOI'O
MEPUOJIOB (0. CAXAJIMH)

HU.0. Posxckosa-Tumuna

B uccnedosanuu npeocmasnenvl pesynvmamovl 06C1e008aHUA CENbCKOXO3AU-
CMGEHHBIX NPEONPUAMULL U KPeCbAHCKUX (pepmepckux) xo3aticme Caxanunckotl
obnacmu. Aemopamu npogedena 8U3yanbHAs OYeHKa NompedIeHUs KOPMA 1 00ue2o
COCMOAHUS 300P0BbsL KOPOG, Dbl NPOBEOEH XUMUUECKUN AHANU3 OCHOBHBIX 300MeX-
HUYeckux nokazamenel KOpmos, CpaeHeHUe NOTYUEeHHBIX Pe3VIbIamos ¢ HopmMamu
U npedblOywUMU OAHHBIMU, OaHbl pekomeHOayuu. Kpome mozo, asmopul oyeHuu
KopMa, KOpMOBYIO HOPMY U CDAGHUNU €€ C HOPMAMU RUMAHUSL C NOMOWbIO NPOSPAM-
Mol «Kopmosvie payuonsly, pazpabomannol 06uecmeom ¢ 0epaHuieHHol omeem-
cmeennocmyoio «Ilnunopy. Kpome moeo, MOjiCHO YCmMAaHO8UMb, 4o CymOUHbIll YOOl
KOpPO8 20MumuHcKotl nopoosl 3a nepuod 2001-2010 ze. yogouics, Ho payuor Kopos
2ONUMUHCKOU NOPOObL 8 TAKMAYUOHHDBIU U CYXOCMOUHBII NEPUOObL NO-NPEICHEMY
He COOmBemcmeo8an nompeorHocmu 6 numanuu. Husxkas numamenbnocms 3e1eHuix
KOpMO8G 00y C1087IeHA MATILIM KOIUYecmeom 60606bIx 6 mpasocmoe. /s yayuuienus.
Kauecmea payuoHos ciedyem panvule HaYuHame 3a20masiueams 3umMHue Kopma
(cenadic, cunoc). Ckawuganue mpasvl Ha 0ecsms OHell nO3Jice ONMUMATLHO20 CPOKA
Mooicem npugecmiL K CHUdICeHuIo cooepacanus benxa 6 kopmax na 30-35%. Kpaiine
8ADICHO COANAHCUPOBAINL HOPMY KOPMA OUONOSUYECKUMU U MUHEPATbHbIMU 000a6-
Kamu, 000a6s5 3ePHOBYIO CMECh UMY NOOCOTHEYHBIIL HCMBIX.

Knrwouesvie cnosa: payuonvl kopmaenus, 20TUMUHCKAs NOpooa,; MOIOYHAS
npOOYKMUEHOCMb, IAKMUpYIowue Kopogul, cyxotl nepuod, Caxanun

Jna yumuposanus. Pooxckosa-Tumuna U.O. Payuonst kopos conumurckou
nopoosl 60 6peMsl IAKMAYUOHHO20 U CYXOCMOUH020 nepuodos (o. Caxanuwn) //
Siberian Journal of Life Sciences and Agriculture. 2023. T. 15, Ne4. C. 56-73. DOI:
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Introduction
Since the beginning of the 20th century, one can observe fast world popu-
lation growth. Today, the Earth’s population has reached 8 billion people [19].
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Thus, the food demand is also growing. One of the priority goals of all countries
is food security. This aspect requires an increase in agricultural products such
as meat, eggs, and dairy production [13].

One of the leading breeds of cattle on the island of Sakhalin (Russia) is the
Holstein breed [2, 7, 14, 16, 27]. The peculiarity of this breed is its high milk
production. Also, the Holstein breed is well adapted to industrial maintenance.
In Russia, the Holstein cattle breed was first bred in the Sakhalin Oblast at the
beginning of the 20th century. The reason was that the agricultural enterprises
faced difficulties in importing dairy products from the mainland due to their
short shelf life and began to make their production [7].

Due to the growing needs of the population, it became necessary to increase
milk production [18]. In connection with this necessity, the goal of dairy produc-
tion is to increase the productivity of dairy cows, which depends on the quality
of the fodder [2, 10, 11, 25, 29, 32]. Lactating cows of Holstein breed are ex-
pected to give the maximum amount of high quality dairy products. It is logi-
cal that these cows need high quality feed both for lactation, and for the entire
life processes. But for the expectation come true, the cow should be accurately
prepared for the complicated and physiologically stressful period of milk forma-
tion [16]. A healthy animal receiving a nutritious diet has normal reproductive
functions, high milk production and good product quality. For the optimization
of feed allowances, one should take into account the energy, protein, fat, min-
eral composition and the content of trace elements, amino acids and vitamins
[3,9, 20,21, 24, 28]. Feed restriction or nutrients deficiency instantly result in
a negative energy balance, which causes a decrease of milk production [22].

At the finish of a lactation cycle high-producing dairy cows need a dry pe-
riod, when milk production is ceased, to prepare the organism (the mammary
gland and rumen) for the next lactation. Attention to detail in non-milking cow
feed allowances has the same importance as during lactation period. Prepa-
rations for a successful lactation starts during, or even before, the preceding
dry period. The proper balance of protein and energy must be filled up for the
cow to rebuild any lost muscle and restore its fat reserves, as well as to reset
the rumen to first a low intake and within a few weeks to a rapidly increasing
intake [23, 26].

But the problem of having a balanced feed allowance and getting a good
milk product is quite widespread all over the world [10, 11, 17, 21, 28].

The study aims to analyze and optimize feed allowance for Holstein cows
in Sakhalin Oblast by taking into account the lactation and dry periods.

We solved the following tasks to achieve the goal:



Siberian Journal of Life Sciences and Agriculture, Tom 15, Ne4, 2023 59

1. Reveal the peculiarities of management and feeding the lactating and
dry cows of the Holstein breed in agricultural enterprises and peasant
farms in Sakhalin;

2. Analyze the cows’ feed allowances and check their compliance with
nutritional rates of Russian Federation;

3. Compare the feed allowances of different years;

4. Give recommendations for feeding and optimization of feed allowances.

The object of research is the fodder and feed allowance of lactating and

non-milking Holstein cows.

Materials and methods

Study site. The area of the Sakhalin Oblast (Sakhalin Island and the Kuril
Islands) is 87.1 thousand km?, where Sakhalin occupies 76 thousand km?. Most
of the island (70%) is mountainous, and the rest is covered with river valleys.
Sakhalin has a monsoon climate, which varies in different parts of the island.
The average January temperature in the south is -6 °C, in the north -24 °C. In
August, the average temperature ranges from + 20 °C (in the south) to + 15 °C
(in the north). A characteristic feature of Sakhalin is high humidity, which leads
to the impossibility of long-term fodder storage and seasonable provision [4].
In addition, only three types of Sakhalin soils from fifteen are suitable for use:
meadow-soddy, brown forest and marsh soils. They have a thin humus horizon
and high acidity, which hinders fertility [S]. The nutritional characteristics of
plants depend on soils’ composition and nutritional regime [31].

The course of work. From August 25 to September 1, 2020, the researchers
of the Sakhalin Research Institute of Agriculture conducted an expeditionary
survey of agricultural enterprises and peasant farms where they breed dairy cat-
tle. In total, ten farms from different zones of the region were surveyed.

The researchers used the following methods:

* Visual: feed consumption, overall health and behavior of cows. At the

same time, we received data of feed allowance and milk productivity;

» Chemical analysis: moisture, total nitrogen, protein, fat, fiber, ash, car-
bohydrates (sugars), macronutrients (Ca, K, P, Mg, S), carotene were
determined in the agrochemical center “Sakhalinskiy;”

» Calculation: for processing the received information and compiling bal-
anced feed allowances, we used the software “Feeding rations” devel-
oped by the Plinor limited liability company;

*  Comparison: the results of the research were compared with previous
results (the 2001; 2010).
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Results

The peculiarities of management and feeding the cows in agricultural en-
terprises and peasant farms. According to Federal State Statistics Service [13],
the number of cattle, including lactating and dry cows, gradually increased in
Sakhalin Oblast (see Table 1). The average annual milk yield per cow in agri-
cultural enterprises of Sakhalin (excluding small businesses) was 6300 kg on
January 1, 2019.

Table 1.
Dynamics of the cattle number in agricultural enterprises
of the Sakhalin Oblast in 2016-2020
Categories of agricultural Years of observation
enterprises 2016|2017 |2018 2019|2020
Agricultural organizations
Cattle 9141 10830 [11792 [13557 16306
COWS 3804 4583 4932 5629 6858

Peasant (farming) households

and individual entrepreneurs 3765 4187 5120 5669 6033

Cattle

COWS 1516 1716 2145 2317 2550
Farms of all categories

Cattle 18183 20270 (21678 [23724 |26725

COWS 7505 8451 9072 9879 11299

When examining agricultural enterprises and peasant farms, we found cattle
is maintained in a pasture-stall way. The annual milk yield is about 5500-6000
kg from a cow (18-20 kg/day during lactating period).

The Sakhalin grazing season begins in June; later, when the fodder grass be-
gins to coarse and its food quality deteriorates, the cows are fed with green-cut
fodder. Summer is the most favorable period for the use of pastures and green
feed. During the summer, one should provide cattle with the necessary nutrients
to obtain strong, viable offspring, restore reproductive function, and increase
milk productivity. Thus, green-cut fodder has to have a high energy value: usu-
ally it contains protein (unchanged in comparison with canned fodder), energy
components (monosaccharides, disaccharides, and polysaccharides), carotene,
and other essential compounds [15].

But in the Sakhalin’s climatic conditions, the pasture period has its pe-
culiarities. The average June temperature in the south of Sakhalin is 12.1°C
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above zero. With a northerly wind direction, sharp cold snaps are possible
due to the brought ice masses. Therefore, the growth rate of the herbage
changes significantly, and the change in the phase of the growing season
is irregular. The nutritional value of herbaceous plants and their chemical
composition can change. We determined the insufficient biological char-
acteristics of the green feed produced mainly from annual grasses to sat-
isfy the nutritional needs of Holstein cows. In this regard, it is necessary
to monitor the structure of the feed allowance and change the number of
dietary supplements.

At the end of summer, the cows eat only green feed. The herbage of pas-
tures is heterogeneous and consists of perennial cereals and legumes. Bulk
food consists mainly of cereal grasses (timothy grass, fescue grass, orchard
grass, canary grass, Kentucky blue-grass) and leguminous herbs, such as clo-
ver varieties. The examples of such feed allowances are presented in the ta-
bles 2 and 3.

In August, there is a shortage of green feed. Natural pastures by this time are
depleted: the grasses have already been eaten or used to prepare forage or lose
their yield at the end of the ripening period. Therefore, in autumn, it is necessary
to change feed. This aspect leads to significant changes in the digestion of the
cow. Optimization of feed allowance during this period is based on a balance
of dry matter and protein.

The end of summer is time to prepare winter fodder such as hay, haylage,
and silage. During the hay production, the harvesting crews face some climatic
features: due to humidity and possibly cold weather, it is challenging to keep
up with the schedule for the receipt and drying of the green mass. The total nu-
tritional value of harvested hay ranges from 0.49 to 0.51 fodder units per 1 kg
with a high fiber level (more than 33% in 1 kg of dry matter). Therefore, the
digestibility of organic matter in feed is below 65%. Also, the harvested hay
has a low content of protein, available carbohydrates, major and trace elements,
and vitamins.

The cowsfeed allowance and its compliance with nutritional rates. In table
2 and 3 there are the examples of feed allowance for dry and lactating cows at
the end of summer. The common nutrients and major elements are compared
with rates.

From Table 2, we can note that the composition of some elements differs
from rates. Crude fat and crude fiber exceed the rate, starch and sugar are in
deficiency. Several zootechnical indexes and the content of macroelements and
vitamins also do not meet the standards.
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Table 2.

The summer ration of cows during dry period according to taking
(per 1 head / 1 day; milk yield 5500-6000 kg/year)

Composition
Combined fodder kg 2
Grass-gramineous pasture kg 33
Dicalcium phosphate g 150
Salt g 150
Common nutrition elements
Fact Rate
Fodder unit, f.u. 11.09 11.58
Metabolic energy, MJ 124.64 134.28
Dry matter, kg 13.44 13.00
Crude protein, g 1,915.00 1,969.64
Soluble protein, g 1,303.50 -
Insoluble protein, g 247.50 -
Digested protein, g 1,220.52 1,274.24
Crude fat, g 539.00 410.00
Crude fiber, g 3,479.00 2,844.36
Neutral detergent fiber, g 6,567.00 -
Starch, g 642.30 1,377.60
Sugar, g 887.00 1,148.00
Nitrogen-free extractives, g 5,313.00 -
Major elements, g
Na 75.45 28.31
Ca 103.50 114.60
P 70.50 67.00
Mg 20.00 22.92
K 155.10 82.00
S 27.20 27.20
Vitamins
Carotene, mg 1,167.00 615.00
Vitamin D, TME 5.53 12.74
Vitamin E, mg 1,920.00 462.84
Zootechnical indexes
Dry matter per 100 kg of live weight, kg 2.30 2.20
Content of metabolic energy in the regime, MJ 124.64 134.28
Concentration of metabolic energy in 1 k
of dry matter, MJ = ¢ 9-27 10.33
Concentration of fodder units in 1 kg of dry 0.83 0.89
matter
Content of crude fiber in dry matter, % 26.00 22.00
Content of crude protein in dry matter, % 14.00 15.00
Sugar-protein ratio 0.73 0.90
Digestibility of dry matter of the diet, % 62.00 67.00
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Table 3.
The summer ration of cows during lactating period
Composition
Combined fodder for lactating cows kg 6.00
Grass-gramineous pasture kg 43.00
Dicalcium phosphate g 150.00
Salt g 150.00
Common nutrition elements

Fact Rate
Fodder unit, f.u. 18.15 17.58
Metabolic energy, MJ 201.44 204.95
Dry matter, kg 20.50 16.90
Crude protein, g 3,113.00 2,500.75
Soluble protein, g 1,698.50 -
Insoluble protein, g 322,50 -
Digested protein, g 2,119.83 1,625.49
Crude fat, g 889.00 553.35
Crude fiber, g 4,781.00 3,713.15
Neutral detergent fiber, g 8,557.00
Starch, g 1,529.30 2,144.02
Sugar, g 1,373.00 1,421.27
Nitrogen-free extractives, g 6,923.00

Major elements, g
Na 80.45 51.00
Ca 148.50 168.50
P 115.70 92.26
Mg 37.60 61.18
K 235.70 199.25
S 52.82 52.82
Vitamins
Carotene, mg 1,541.00 1,109.63
Vitamin D, TME 16.37 22.92
Vitamin E, mg 2,624.00 729.96
Zootechnical indexes

Dry matter per 100 kg of live weight, kg 3.50 2.90
g/ﬁntent of metabolic energy in the regime, 201.44 204.95
Concentration of metabolic energy in 1 k
of dry matter, MJ = ¢ 9.83 12.13
Concentration of fodder units in 1 kg of dry 0.89 1.04
matter
Content of crude fiber in dry matter, % 23.00 22.00
Content of crude protein in dry matter, % 15.00 15.00
Sugar-protein ratio 0.65 0.87
Digestibility of dry matter of the diet, % 66.00 67.00
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In the feed allowances of lactating cows, there is an excess of crude pro-
tein, digestible protein, crude fat, crude fiber. The value of starch is below the
standard. There is also a discrepancy in almost all macronutrients and vitamins.
Such zootechnical indexes as dry matter per 100 kg of live weight and concen-
tration of metabolic energy in 1 kg of dry matter also do not meet the standards.

Discussion

We compared the obtained results with the results of similar studies con-
ducted by the scientists of the Sakhalin Research Institute of Agriculture in
previous years [1, 6].

In the winter period, stable livestock management is used, which causes changes
in the feed allowance. Tables 4 and 5 show a comparison of the winter rations of
Sakhalin Holstein cows on a peasant farm in 2019-2020 and similar data for previ-
ous decades. The amount of fodder required to obtain a balanced diet is also given.

Table 4.
The winter ration of the cows during the dry period at the Sakhalin peasant farm
2001 [1 2020 Recommendations
Fodder (per 1 head /1| (1 o miEk]yield (annual milk yield | (annual milk yield
1 day), kg 3000 kg) 5500-6000 kg) 6000 kg)
Silage 19.0 25.0 7.0
Hay 2.66 2.0 3.0
Haylage 0.0 6.0 8.0
Root crop 2.0 0.00 1.0
Combined feed 1.3 2.5 2.0
Salt 0.06 0.00 -
Chalk 0.07 0.00 -
Premix 0.005 0.2 -
Protein and vitamin 00 0.0 02
supplement
Grain mixture 0.0 0.0 2.0
Sunflower cake 0.0 0.0 1.0

Table 4 shows that to increase the annual milk yield by two times, one should
increase the amount of silage and combined feed in the non-milking cows’ ra-
tion. Thus, we added haylage and removed root crops. However, one should
emphasize that the composition of the combined feed could have changed over
almost 20 years. Silage, hay, and haylage are produced from the common Sakha-
lin fodder grasses (timothy, fescue, cocksfoot, canary grass, clover varieties).



Siberian Journal of Life Sciences and Agriculture, Tom 15, Ne4, 2023 65

Table 5.
The winter ration of the cows during lactation at the Sakhalin peasant farm
Fodder (per 1 ZQOI [1] 2910 [6] 2029 Regommendations
head / 1 day), kg (milk yield | (milk yield (milk yield (milk yield 20 kg/
10 kg/day) | 18-20 kg/day) | 18.3 kg/day) day)
Silage 20.0 0.0 25.0 15.0
Hay 4.0 1.0 2.0 1.0
Haylage 0.0 18.0 6.0 14.0
Root crop* 5.0 8.0 17.0 6.0
Combined feed 3.0 6.0 6.8 5.0
Salt 0.08 0.1 0.0 0.06
Chalk 0.05 0.0 0.0 0.04
Premix 0.005 0.0 0.2 0.0
Protein and
vitamin 0.0 0.0 0.0 0.2
supplement

Note*: Data on the types of root crops used in the diet for 2001 are not available.
In other years and the recommendations, the line “root crops” includes potatoes and
carrots in a ratio of 4:1.

Table 5 shows that in the period from 2001 to 2010, the work to increase the
milk productivity of Holstein cows in the Sakhalin region was carried out. An
almost twofold increase of daily milk yield was achieved by adding gramineous
herbs to the haylage ration, increasing the amount of compound feed, and at the
same time eliminating the silage. In 2020, with a similar milk yield, the ratio
of the components of the feed allowance was different. When developing the
recommended balanced feed allowance, we suggested the optimal amount of
dietary components. At the same time, farms are recommended to use clover and
timothy hay, haylage from mixed herbs, and silage from a gramineous mixture.

Tables 4 and 5 show that to increase milk yield, one should increase the
quantity of used fodders and balance them. Indeed, for more effective feeding
of cows, balanced feed allowances that contain the required amount of nutrients,
major and trace elements, amino acids, and vitamins must be used [8, 25, 29,
32]. It is known that with a yield of 5000-7000 kg of milk per year, a lactating
cow consumes 10056—15085 MJ of energy, 145-230 kg of protein, 150-300
kg of fat, 200-300 kg of glucose, up to 10 kg of calcium and 7 kg of phospho-
rus. The optimization of feed allowance considering energy and the number of
nutrients has a positive impact on the energy, protein, carbohydrate, mineral
metabolism, biochemical parameters of blood in cows’ bodies, and their general
physiological state. The balance of feed allowance will contribute to the nor-
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malization of the ketone bodies and glucose level and the improvement of oth-
er biochemical blood parameters that characterize the state of carbohydrate-fat
metabolism [6, 8]. Moreover, it is crucial to control the concentration of micro-
nutrients in fodder [15]. The regulation of the number of dietary supplements
also contributes to an increase in milk yield and milk quality of lactating cows.

The feed allowance should be developed due to the lactation phase. The nu-
trition of cows during the dry period largely determines the growth and devel-
opment of the fetus, the immunity of the newborn calf,, its resistance to diseases
during the dairy period of life, and the subsequent growth and development of
young animals. Consequently, a completely balanced feed allowance is essential
for a high level of metabolism, which affects the productivity of non-milking
cows, the fetus’s formation and development [8, 22, 23].

When developing the recommendations, we took into account that for a
high-quality balanced feed allowance, the hay should contain clover and timo-
thy, silage should be from vetch and oat, and haylage should consist of a mixture
of different forage grasses. One should also recommend adding a grain mixture,
sunflower cake, and protein, vitamin and mineral supplements to cows’ diet during
the dry period. This aspect contributes to the normalization of the sugar-protein
ratio, the content of major and trace elements, vitamins, and amino acids.

The recommendations on the optimal composition of pasture and hay mead-
ows for Sakhalin cattle were developed many years ago. Additionally, we noted the
best ratio of nutrients in plants for a mixture of clover, cocksfoot grasses, brome-
grass, and gramineous herbs (cocksfoot grasses, timothy, fescue grass, bromegrass).
When using the grass stand for hay, one can observe a favorable ratio of nutrients
for alfalfa, cocksfoot grasses, and timothy grass mixture. Such pasture feeds ful-
ly met the cows’ significant nutrient demands [30]. However, nowadays, work on
the optimization of pastures and hayfields is not being carried out. Therefore, the
herbage is heterogeneous and contains a large number of weeds, especially the tall
buttercup. This aspect caused a decrease in the quality of the cows’ feed allowanc-
es. To increase the milk productivity of cows and the quality of products, agricul-
tural enterprises need to increase the proportion of legumes in the feed allowances.

Conclusion. As a result of a study of Sakhalin agricultural enterprises and peas-
ant farms, we found that cows are on pasture in the summer. This aspect is vital for
their consumption of green fodder. However, due to the lack of work for pastures im-
provement, the species composition of plants in forage meadows is constantly dete-
riorating. The low nutritional value of feed allowance is caused by the small number
of legumes in the herbage. During the winter stable management, the low-quality
hay used for feeding does not compensate for the lack of nutrients and elements.
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The feed allowances in agricultural enterprises and peasant farms are based
on voluminous feed, including combined fodder and green feed. The analysis
showed that at the end of summer, they are well-balanced in terms of feed units
and metabolic energy. However, feed allowances have an excess of dry matter,
crude fibre content in dry matter, and crude fat compared to nutritional rates.
This aspect contributes to a decrease in the coefficient of dry matter digestibility
of the feed allowance and leads to the final overconsumption of feed.

When comparing contemporary situation with the data of previous years,
we found that the daily milk yield of Holstein cows in the period from 2001 to
2010 doubled, nevertheless, the feed allowance of 2010 also did not meet the
rates and recommendations.

The optimization of feed allowances with the adequate introduction of bio-
logical supplements into the cows’ diet increases milk productivity. One should
carry out a timely collection of winter fodder to improve the quality. Thus, mow-
ing grasses ten days later the optimal time can lead to a decrease in protein in
the forage by 30%—-35%. One should also balance the amount of hay, haylage,
silage and root crops in the feed allowance. The systematic improvement of
pastures by adding the legumes is also recommended.
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Hayunast cratbst

COBEPHIEHCTBOBAHHME IIOAXOA0B
K O31OPOBJIEHUIO KAPTO®EJIA B KYJIBTYPE
IN VITRO OT BUPYCHOMN NHO®EKIIUH

O.B. buiuxosa, E.C. bpoexo, O.H. Muponenxko,
JLII. Xneboea, A.B. Heovliuuya

Obocnosanue. Kapmogenv cuumaiom 1e2ko 60CnpuumMyugons K UHpeKyuoHHvLM,
6 MOM HUC/Ie BUPYCHBIM 3aD0NE6ANUAM, KYIbIYPOLU, YMO AGIAEMCs OOHOU U3 NpU-
uuH CHUdICEeHUA ypooicatinocmu. Ha cecoonawnuil densb, eOUHCMEEHHbIM CHOCOOOM
NOIYYEHUs. U 6OCHPOU3BOOCHBA 0300POBIEHHO20 MAMEPUALA KAPMODens AGIIOMCs
MEeXHON02UU HA OCHOBE MEPUCHIEMHO-MKAHEBbIX KYIbHYP.

Lens dannozo ucciedoganusn — cO8epUICHCNBOBAHIE NOOXOO08 K 0300P0BIEHUIO
Kapmodghens 6 Kynbmype in vitro om eupycHol ungexyuu.

Mamepuanvt u memoowt. Obvexmamu CayHcuIU KiyoHu, MUKpOpAcmeHus u
MUKPOKIYOHU 6 copmoe kapmogens, nopasicéunvle supycamu PVS, PVA, PVM,
PVX u PVY 6 paznuunsix couemanusix. Oce000aicoan om eupycos pacmumenbHulil
mamepuan memooom mepmomepanuu — 38,0+0,5°C. B 3asucumocmu om copma u
00bekma ONUMenbHOCMb IKCHOHUposarus cocmasasina 10-25 cymox.

Pesynomamot. B uccredosanuu nokazamo, 4mo uUcnoib306aHue 6 Kavecmee
0b6vexma 0151 mepmomepanuu MUKpoKIyoHel kapmogens no3eonsem oceob00uns
pacmumenvHuiti mamepuan om eupycos 6 25,0-50,0% cnyuaeg 6 3agucumocmu om
namoeena. [lpeumywecmeo 0annou cxemvl 0300pPOBIEHUA 3AKIOUAENCS, 80-NeP-
8bIX, 6 YGeIUUEHUU Pe2eHePaAYUOHHOU CNOCOOHOCMU IKCNAAHMO08 00 32,9% ecneo-
cmeie UCKIIoOUeHUs npoyecca CIMepuIu3ayul Mamepuana nocie mepmomepanuu u
omcymcmaeus OONOTHUMENbHO20 MeMoOd 0300POGIEHUsL — KYIbMYPbl ANUKATLHBIX
mepucmem. Bo-emopuix, agpgpexmusrocms 0c60602icAeHUs: Om UpPycos novlula-
emcs 3a cuem yGenudeHus epemMenu IKCHO3UYUU GblCOKOU memnepamypsl 00 25
CYMOK.

3aknwouenue. Hcnonvzosanue makozo nooxooda no360asem MUMUHUPOSAMb He
MObKO OMOeNbHble BUPYCHI, HO U UX KoMNeKc, Hanpumep, PVA + PVX, PVM +
PVX, PVX + PVS, PVM + PVX + PVS.
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Knroueswvie cnosa: kapmogenv; Solanum tuberosum L.; in vitro, ¢humonamo-
2enbl; GUPYChbl Kapmoghens, 0300posiieHue; mepmomepanus;, MUKPOKIYOHU Kapmo-
¢hena; 6essupycHvie pacmeHus

Jlns yumuposanus. bviukosa O.B., Bposko E.C., Mupouenko O.H., Xieb6osa
JLIL, Hebvinuya A.B. Cosepuiencmeosariue nooxo008 K 0300p06ieHuio Kapmodghens
6 Kyibmype in vitro om eupycroui unghexyuu // Siberian Journal of Life Sciences
and Agriculture. 2023. T. 15, Ne4. C. 74-91. DOI: 10.12731/2658-6649-2023-15-
4-74-91

Original article

IMPROVEMENT OF APPROACHES
TO ELIMINATION OF VIRUSES IN POTATOES
USING IN VITRO CULTURE

O.V. Bychkova, E.S. Brovko, O.N. Mironenko,
L.P. Khlebova, A.V. Nebylitsa

Background. Potatoes are considered to be easily susceptible to infections,
including viral diseases, which is one of the reasons for the decrease in yield. To
date, the only ways to obtain and reproduce healthy potato material are technologies
based on meristem-tissue cultures.

Purpose. The aim of this study was to improve approaches to the release of
potato from viral infection using in vitro culture.

Materials and methods. The objects were tubers, microplants and microtubers
of six cultivars of potato affected by PVS, PVA, PVM, PVX and PVY viruses in var-
ious combinations. Viruses were eliminated from plant material by thermotherapy
at a temperature of 38.0+0.5°C. Depending on the cultivar and object, the exposure
was 10-25 days.

Results. The study showed that the use of potato microtubers as an object for
thermotherapy makes it possible to release plant material from viruses in 25.0-
50.0% of cases, depending on the pathogen. The advantage of this virus eradication
scheme is, firstly, in the increase in the regenerative capacity of explants up to
32.9% due to the exclusion of the sterilization stage after thermotherapy and the
absence of apical meristem culture as an additional method of sanitation. Secondly,
the efficiency of the release of plant material from viruses increases due to a longer
exposure to high temperature up to 25 days.
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Conclusion. The use of this approach made it possible to eliminate not only
individual viruses, but also their complex, for example, PVA + PVX, PVM + PVX,
PVX + PVS, PVM + PVX + PVS.

Keywords: potato, Solanum tuberosum L., in vitro, phytopathogens, potato
viruses, health improvement; thermotherapy,; potato microtubers, virus-free plants

For citation. Bychkova O.V., Brovko E.S., Mironenko O.N., Khlebova L.P,
Nebylitsa A.V. Improvement of Approaches to Elimination of Viruses in Potatoes
using in vitro Culture. Siberian Journal of Life Sciences and Agriculture, 2023, vol.
15, no. 4, pp. 74-91. DOI: 10.12731/2658-6649-2023-15-4-74-91

Kaprodens (Solanum tuberosum L.) — onHa n3 Haubonee 3HAYNMBIX TIPO-
JIOBOJIbCTBEHHBIX KYJIBTYP B MHpE Hapsiay ¢ MIICHUIEH, KyKypy30#, pUCOM.
Poccust BXOAUT B TPOHKY CTpaH-JIMAEPOB IO IPOU3BOJICTBY KapToders BMecTe
¢ Kuraem u Unaueil, siBisiercs Bropoit crpanoit nociae KHP no mutomanu Bos-
JienbIBaHus ToH KynbTyphl. B 2021 . Ha Tepputopun Poccuiickoit @enepanyu
Ha 1,2 mMuH. Ta ObUI0 mpousBeaeHo 18,3 Thic. ToHH KapTodes [14]. Dta oBori-
Hasl KyJIbTypa HCIIOIb3YETCsl HACEJICHUEM ISl CTOJIOBOTO MTOTPEOICHHS, a TAKKe
JUTSL TIPOU3BOAICTBA KapToderst GpH, YUICOB, CyOITMMUPOBAHHBIX TPOAYKTOB U
kpaxmasa [18]. [TuraresnpHast HEeHHOCTH KapToQesst Ha eMHUILY TI0IaH B 2-3
pasa Oouibllie YeM y 3epPHOBBIX.

Pox Solanum L. OTHOCST K 9HCITy KYIBTYp C BBICOKOI BOCIIPUUMYHBOCTHIO K
MH(EKIMOHHBIM 3200JICBaHUSIM, 4acTO MOPAKAEMBIX BPEIUTEIIMHI-HACEKOMBI-
MU, YTO SIBJISIETCS] OCHOBHOM NPUYHMHON CHYDKEHHSI yposkaitHOCTH [6, 8, 25]. Exxe-
TOJIHBIE TIOTEPHU ypOskast OT (PUTOIATOTCHOB OLIEHUBAIOTCs Ha ypoBHE 20-25%, k
ATOMY TOOABISIOTCS TIOTEPH MIPU XPaHEHHUH U TiepepadoTke kaprodens [5, 14].
VYBenuueHne 00bEMOB UMITIOPTA CEMEHHOTO U IIPOIOBOJILCTBEHHOTO MaTepuara,
a TaKke paclimpeHre apeana (PUTONATOreHOB U BpeUTeNel BCICACTBUE U3Me-
HEHMs KIINMaTa MPUBOIAT K POCTY 3apakeHHOCTH KapTrodes [5, 10].

CoBpeMeHHBIE JIaHHBIE O PACIPOCTPAHCHUN BUPYCHBIX 3a00JeBaHMI He
JIAIOT KOMIUIEKCHOTO NPE/ICTABICHHsI O PUTOCAHUTAPHON CUTyallu B CTpaHe,
MIOCKOJIbKY UMEIOT (hparMeHTapHBIN XapakTep, KaKk O TEPPUTOPHAIBHOM pac-
MIPOCTPAaHEHUH BUPYCOB, TaK U WX BHI0BOM coctase [21]. Hambomee Bpemo-
HocHbIMU cunTatorcss PVM, PLRV u pasnuunsle mramMsel Bupyca PVY [24],
JAHHBIE TI0 PACHIPOCTPAHEHNIO KOTOPBIX MPUBOASATCS AJsI OCHOBHBIX PETHOHOB
PO, mpousBomsamux kaprodens [7, 15, 21].

Tak 1o napopmanmu PoccenbXo3eHTpa o pacpocTpaHEeHUH BUPYCHBIX
3aboseBanuii kKapTodes B eBporeiickoit uactu PO Hanbosiee yacto BeTpeya-
forcst PVS (46,2%), PVY (45,7%), PVM (34,7%), pexe oOpasIisl mopakeHb
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Bupycamu PVX (12,1%), PVY™ (9,7%) u PVA (6,0%) u eaunu4HO Bupyca-
mu PLRV u PMTV (1o 1,2%, coorBerctBenno) [5]. dns Camapckoit obmactu
pacIpocTpaHeHHe TPYIITbl BUPYCOB CHIIBHBIX MO3aUK IMPUBOAHUTCS It PVS —
31%, PVY — 13% u PLRV- 0,8%. BriepBsie ObL1 BbIsiBICH ITaMM PVY™, nosst
KOTOPOTO CPear 00pa3IoB, MOPAKEHHBIX Y BUPYCOM KapToders, CoCTaBisa
80% [13]. Ha tepputopun Jlansaero Boctoka Bo Bcex paifloHax BO3AEIbIBAHMS
Kaprodernst HabJoaeTcsl pacupoCcTpaHeHne naTtoreHoB S. fuberosum L. Otme-
4eHo, uto BUpychl PVX n PVM uacro BcTpeuarorest B ckpbiToii hopme [2]. B
YCIIOBHAX CEBEpHOM JiecocTen 3amaaHoi CHOupu AHHaMUKa HAKOTICHHS BH-
PYCHBIX HH(EKIHIA B KJIOHAX | roza cymepcynepanuThl He mpeBbimana 0,4, 1,3
u 13,8% s BupycoB PVX, PVM u PVY, cootBerctBenHo [8]. Ha Tepputopun
ActpaxaHckoiil obnacTu coTpyaHuKaMu Poccenbxo31eHTpa MpoBeieHa HACHTH-
(uKanust BUPYCHBIX O0JIe3HEH KapTodesi, OTMEUEHO IIMPOKOE PACIIPOCTPaHE-
nue PVY (40-65%), 1omst ocTanbHBIX BUPYCHBIX U OaKTEpHaIbHBIX ATOT€HOB
B HCCIIeIyeMbIX 0Opasiax He mpesbimana 10% [16].

ITokazaHo, 9TO I psiia COPTOB CTAHIAPTHBIE TEXHOJIOTUH 3aIUTHI — 00-
paboTKa MHHEPAITEHBIM MacjOM U HHCEKTHIINIaMH — HE 3alUIIaioT OT pa3BH-
TSI MTH(EKIMY 33 CUeT nepenadyn ee nepeHocyrnkamu. OCHOBHBIM (haKTOPOM,
OIIPEACIIAIONINM Pa3BUTUE BUPYCHON MH(EKIINH, SBIAETCS 3apakeHHEe UCXO-
Horo marepuana [12].

KitroueBoii 3ajaueli B ceMEHOBOICTBE KapTodeis sIBIsIeTCSI TOYHASI K CBOEBpE-
MEHHas! JUAaTHOCTHUKA TTATOTCHOB, UCIIOIh30BAHNE KOMITIIEKCA arPOTEXHUYECKUX
MEpONPHUATHH, B TOM YHCIIE CO3AaHNE CICP/KUBAIOIINX (HAKTOPOB IS TIEPEHO-
CUMKOB, @ TaK)K€ BHEIPEHUE TEXHOJIOTUIl Ha OCHOBE MEPUCTEMHO-TKAHEBBIX
KYyJBTYP, KIIOHATBHOTO MUKPOPA3MHOKEHHUS IS IOy 4EHHS X BOCIIPOU3BO/ICTBA
037I0pOBIIEHHOTO MaTepHuaia kaprodes. B kauecTBe METOOB 03/10pOBIICHUS pac-
TEHUH OT BUPYCHOM MH(EKINH, B TOM YHciIe KapTo(esst, HCIONIB3YIOT: KyJbTY-
Py BepXylIeuHbIX MepucteM [27, 29], Tepmotepanuto [23, 29], xumuoTepanuto,
peke KpHOTepanuio 1 IEeKTPOTEPaIuio, a TaKkke KOMOMHUPOBAaHHBIC CXEMBI Te-
parmii, BKITIOYAIOIye coYeTaHne HeCKOBKUX crrocodos [11, 17].

OnHaKo HCMOIb3yeMble METOBI O3[JOPOBIECHUS UMEIOT Psifi HEJOCTATKOB,
NPUBOISIINX K CHIKEHHIO 3()(DEKTUBHOCTH MpeIIaraeMbIX IIPHEMOB 0CBO0OO-
XKJIeHHUs OoT BUpycoB. Hampumep, rubenp MCXOIHOTO Mareprana B Mpolecce
03JI0pPOBIICHNUS1, HU3KHH BBIXOJT OCBOOOXK/ICHHBIX OT (DUTOIATOTCHOB PACTEHHH,
BO3MOXHOCTh IIPUMEHEHHUSI CXEM O3J0POBIECHUS OT KOHKPETHBIX BUPYCOB, a
HE OT KOMIIIEKCa U T.J. B CBSI3U ¢ 3THM MOMCK HOBBIX ITOJX0I0B K 03JJ0POBIIC-
HUIO PaCTCHHUH SBICTCS aKTyaJIbHOM 3a/1aueii B CETbCKOXO3SICTBEHHOM Ono-
TEXHOJIOTUH, a MoAOOp MPUHINIHAILHO HOBBIX YCIOBHH NMPUMEHEHHUS yXKe
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U3BECTHOTO METOZA O3/I0POBJICHUS — TEPMOTEPAIIK — SBJISIETCS HOBU3HOM B
MIPE/ICTaBICHHOM HCCIICIOBAaHNU.

B coorBerctBun ¢ 'OCT 33996-2016 [3] B mocagouHOM MaTepuale peko-
MEH/1yeTCsl KOHTpOIupoBarh Hamuuue 10 nmaToreHoB, B TOM YHUCIE MATH BUPY-
COB ¥ OJTHOTO BUPOH/JIA, C TOMOIIBI0 METO/IOB MOJTMMEPA3HOH EMHOH peaKkun
(ITIIP) mmm mmmyHOpepmerTHOTO aHanmm3a (MDA) [4].

Lenbro 1aHHOrO HCCIEJ0BAHUS SIBIIIIOCH COBEPIIEHCTBOBAHUE IOAXO/I0B K
03IIOPOBJICHUIO KapTOo(essi B KyJABTYpE in Vitro OT BUPYCHOM MHPEKITUH.

MarepuaJjbl M MeTOAbI

B kauecTBe 00beKTa JUIS UCCIIEIOBAHUS MCIIOJIB30BAIN KIIyOHH, MUKPO-
pacTeHust 1 MEKpOKITyOHH copToB KapTodens Pex Ckapier, Mmmasa, YepHsbriid
[punn, Cnaesaka, Hesckuit u [xemnun, kotopseie 1o pesynbraram [T1P-mia-
THOCTHKH ObLTH MopakeHs! Bupycamu PVS, PVA, PVM, PVX u PVY B pa3-
JIMYHBIX COUETAHMSIX.

O310pOBIEHNE METOIOM TEPMOTEPAITUH MTPOBOAMIN B YCIOBHAX KIIMMa-
tudeckoil kamepsl KC-200, npu temneparypHom makcumyme 38,0+0,5°C n
¢doroneprone 16/8. B 3aBucuMocTH OT copTa M 00BEKTa JIUTEILHOCTD IKC-
moHKUpoBaHus cocTapisuia 10-12 cyrox mms mukpopactenunit, 18-20 cyTok s
kiyOHeit i 20-25 cyToK st MEKpOKITyOHEH. bornee amuTenpHOE NeiicTBUE BEI-
COKOH TeMIeparypbl IPUBOJMIIO K ITOTEPE PACTUTEIBHBIMU TKaHSAMH Typropa
U YBSIIQHUIO, YTO BIIOCJICACTBHH CHMYKAJIO KHU3HECIIOCOOHOCTh IKCILUIAHTOB.

[ocne TepmoTepanmu KITyOHEH 1 MUKPOPACTEHHH [T BBEACHUS B KYIIBTYPY
in vitro NCTOJIb30BAJIA BEPXYIIKH POCTKOB U MEPUKIIOHOB (=~ 2 MM), B KaUeCTBE
JIOTIOJTHUTEIFHOTO 3Tara 030POBICHUS BBIACTSUIN aluKajIbHbIE MEPUCTEMBI
(mo 0,2 Mm). [Tpn 0310pOBICHNN MUKPOKITYOHEH HKCIIAHTOM CITYKHIIHA CPOp-
MHUpOBaHHBIC B Ipouecce TepmoTrepanuu poctku (0,2-2 MM) WIN BEpPXYIIKA
pocTkoB (He Oosiee 2 MM). Bee aKCIUIaHTBI KyJIBTHBHPOBAIHM HA ITUTATEIBHON
cpene Mypacure-Ckyra, gononHeHHoi caxaposoit (30 r/m) u kuneturom (0,5
Mr/11). Perenepanns mpoxoamia B yCIOBHAX KyJIbTYPaIbHON KOMHATHI, HA CTENI-
nakax, npu remneparype 21,0+0,5°C n 16-uacoBom doromnepuose.

TecTupoBaHue HCXOJHOTO MaTepuana M PEeTECTUPOBAHHE PEreHEPaHTOB
KapTodens Ha Hannune nHpeKknun mposoamin metogom [P B pexmnme Real-
time Ha JIHK-ammmndukarope QuantStudio5 ¢ ncnonszoBanremM HabOpOB IS
nmuarHoctuku BupycoB PVS, PVA, PVM, PVX u PVY (Cunroin, Poccust). PHK
BBIICISUTH ¢ TIOMOIIbI0 Ha00poB pearenToB DiamondDNA (Poccust).

PaccunThIBaN IOKa3aTeNN 4aCTOTHI pereHepannu kaprodest (%) oTHOCH-
TEIILHO KOJIMYECTBA HKCIUIAHTOB, BBOJMMBIX B KYJIBTYPY i1 Vitro TIOCIIE TEparuH,
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a TaKKe, ISl OUeHKH 00111 3(h(heKTUBHOCTH CXEMBI 0310POBJICHUSI, KaK OTHO-
LICHHE KOJIMYECTBa PEreHEPAHTOB K KOJIMYECTBY 03J0paBIHBacMbIX 00pa3IoB.

PesyabTarhl U 00cyxKaeHUE
Yacrora pereHepaiuu kapTodelis B KyJabType in vitro Oblila pa3indHON B
3aBHCHMOCTH OT COpPTa, THUIA M HCTOYHUKA IKCIUTAHTOB (Ta0m. 1).

Tabnuya 1.
Yacrora perenepauuu Kaprodessi B KyJbType il vitro OTHOCHTEILHO
KOJMY€eCTBA BBOAHMBIX IKCIUIAHTOB MOCJI€ TepMoTepanuu, Yo

Heroummi Kny6uu MukpopacTeHus Mukpo-
U TUI KIIyOHU
JKCIUTAHTa
Bepxym- Mepucrema Bepxym- Mepucrema | Poctku
Ka pocTKa Ka mobera
Coprt
Pen Ckapner 59,5 32,1 36,9 21,0 28.8
MmMnana 65,3 38,8 37,4 29,7 33,2
Uepwnsrii [Tpunn 71,0 29,8 34,2 23,1 34,3
CrnaBsiHka 89,7 26,1 33,2 26,1 40,9
Hesckuii 60,7 33,0 40,9 37,1 37,5
Jlxemm 62,7 26,2 41,0 20,2 31,3
Cpeonee 68,1 31,0 37,3 26,2 32,9

MaxkcrumalibHOE KOJIMYECTBO PEreHepaHTOB HAOMIONAIN MIPU BBEICHUU B
KyJBTYPY BEpXYIIEK POCTKOB Kaprodeis. B ciydae ncnonb30BaHus Ipyrux
THUIIOB JKCILIAHTOB 3 PEKTUBHOCTD PEreHepaluy CHKaiach B 2-2,5 pasa.

[Mockonbky 3pHEeKTUBHOCTL pereHepaluy pacTeHUI U3 MEPHCTEMBI IIpsi-
MO MIPONOPIHOHANBHA €€ pa3Mepy, Ul yCIICIIHONW pereHepariu MEpUCTeM
OOJIBIIMHCTBA TAKCOHOB HEOOXOMMO HAJIMUUE N30JMPOBAHHOIO arnekca ¢ 2-3
JIMCTOBBIMU TTpuMopausiMu [9]. OmHako st 00ecrieueHns: BHICOKOTO YPOBHS
SNIMMHHALNY BUPYCOB M MOTy4EHHs OC3BUPYCHBIX PACTEHHUII pa3zMephl MEpH-
CTEM JIOJDKHBI ObITH Kpaitne Maisl (0,1-0,2 mm) [11].

TpaguunonHoe npuMeHeHHe KIIyOHEH Kaprodels B KadecTBe 00beKTa
JUIS TEPMOTEPAITUH MO3BOJIMIO OCBOOOANTE CMHUYHBIC PACTEHUS OT BUPY-
coB PVM u PVY, uto cocraBnser B cpeanem 8,8 u 16,6%, COOTBETCTBEHHO.
B ciryuae ¢ MukpopacTeHus MU KapTodessi HCIIOJIb30BaHNE TOJIBKO Tepaluu
BBICOKOM TeMIlepaTypoi MpuBeIo K SIUMHHAINK Beex Bupycos (PVS, PVA,
PVM, PVX, PVY), ognaxo cpensss 3pPpeKTHBHOCTD 03T0POBICHIS HE TIpe-
BhImana 25,0% (tabm. 2).
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Tabnuya 2.
¢ PeKTHBHOCTH 0310POBJICHHS KapTodes B 3aBUCHMOCTH
OT METOJI0B TePANUU U THIIOB IKCIIAHTOB, Yo
Copr BupyC | pys|pvalPvMIPVX([PVY| PVS | PVA | PVM | PVX | PVY
Kny6un

TEPMOTEpaIus ‘TepMOTepanust + KyJbTypa MEPHCTEMBI
Pen Cxapner 010 0 0 - 0 0 0 0 -
HMmmnana - - 0 - - 333 - -
UYepwupii [Tpunn | 0 0| 20 0 |333 0 0 20,0 | 33,3 | 33,3
CraBsiHKa - - 0 - - - - 333 - -
Hegrckuit - - 0 - - - - 0 - -
Jxemnmm 0| 0 |333] - 0 0 0 0 - 33,3
Cpeonee 0| 0|88 0 |16,6| 0 0 17,3 | 16,6 | 33,3

Mukpopacrenus

TEPMOTEPAITHs TEepMOTEpAITust + KyJIbTypa MEPHCTEMBI
Pen Ckapiier 0| 0 |333]33,3| - 0 33,3 | 100 | 33,3 -
Hmmnana - - 12,5 - - - - 25 - -
UYepnsbrit [Tpuan | 20 | 25 | 25 28,6 25 | 20 25 25 14,3 50
CraBstHKa - - 0 - - - - 12,5 - -
Hesckuii - - | 10,0 - - - - 0 - -
Jxemu 0 0 25,0 | - - 0 0 37,5 - -
Cpeonee 6,7 | 8,31|17,6(30,9|250| 6,7 | 194 | 33,3 | 23,8 | 50,0

MukporxityOHu

TEepMOTEpaIus TepMoTepanus + KyJIbTypa MEPHCTEMB]]
Pen Ckapnet 251 50 [ 66,6 50 | - HI HI HI HI HI
HMmmnana - - 28,5 - - HJIT HIT HJIT HIT HJIT
UYepnsnii punn |37,5| 25 | 21,4(27,3| 50 HI HI HI HI HI
CraBsiHKa - - 333 - - HIT HIT HIT HJIT HIT
Hesckuit - - 142 - - HIT H]T HIT HI HIT
Jlxemnu 20 O (444 - - HI HI HI HI HI
Cpeonee 27,5|25,0| 34,7 | 38,6/ 50,0 wnun HJI HJL HJI HJL

HpI/IMe‘{aHI/IeZ «=» — OTCYTCTBHC BUPYCOB B NCXOAHBIX 06pa3uax; «HI» — HET JaH-
HBIX, IOCTAHOBKA SKCIICPUMEHTA HE BXOAWJIA B 3aJ1a4N UCCIICIOBAHUA.

CoracHO HaKOIICHHBIM JJAaHHBIM, TEPMOTEPAITUsl B COYETAHNH C KyJIBTYpOi
MEpHUCTEM IT03BOJISIET YBEJINUUTH dPPEKTUBHOCTD dpaUKalK BUPYcoB [28],
YTO TOATBEPIKAAIOT MOTy4YEHHBIC B HAIlIEM HCCICJOBAaHUY JTaHHbIE. Tak, MpH-
MEHEHHE KOMIUIEKCHOM Teparuy IPUBEJI0 K YBEIMUCHHUIO JOJIM CBOOOAHBIX OT
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psiaa BUPYCOB pacTeHuil B 1,5-2 pa3za. iMeHHO moo0Hast cxeMa 0310pOBICHHS
MIPEANIOYTUTENbHA JJIs1 KapTOQes, TOCKOIbKY NpeodiiaiaHue CMEIIaHHON NH-
(hexIuy mpeBaIupyeT mepes] OTASIEHBIMU maToreHamu [21].

W3BecTHO, YTO OCHOBHBIE (PUTOIIATOT€HBI KApTO(Es 110 TKAaHEBOM CIIea-
nu3auy (JIOKaJIH3alui ) OTHOCSTCS K pa3HBIM TPYIIIaM, 9TO TOBOPHT O Pa3ind-
HBIX CTPATETHAX O3MO0POBICHUS U KaXXI0H U3 HUX. TakK, y OHUX M3 CaMbIX
pacIpoCTpaHEHHbIX U NMPHUBOJIINX K CEPhE3HBIM HOTEPSIM YporKasi BUPYCOB
kaprodenst PVY u PLRV ecTh MexaHU3MBbI, TapaHTHPYIOIIHE JOKATU3ALNIO B
TKaHAX GrosMmsl [19]. Bo gnosme nmepemenierne Bupyca coBepmaercs Oomee
OBICTpO U U3MepsieTcs cM/4 [26]. 1 STMMHHAINH TOJJOOHBIX BUPYCOB PEKO-
MEHJIYIOT KYJIBTYPY MEPHCTEM, IIOCKOJIbKY B MEPHCTEME OTCYTCTBYIOT JTU(]-
(epeHINpPOBaHHbIE MM COCYIUCTBIE TKAHU, 3TO COOTBETCTBEHHO HCKIIIOYAET
HaXOo)KAEHHE BUpYCa B alleKkce.

Vcnonb3oBaHne MUKPOPACTEHHH B KayecTBE OOBEKTa TEPMOTEparnu 1
UCTOYHUKA MEPHCTEM ITO3BOJIMIIO BBIJICISITH OOJIee MEIIKUE alleKChl, 4TO CyIIe-
CTBEHHO TOBBICHIIO 3(p(heKTHBHOCTH Tepe]; KOMIUIEKCHOW Tepanueil KiryoHen
kaprodens Ha 6,7-23,8% B 3aBuCHMOCTH OT BUpyca (Tadi. 2).

B napeHXMMHBIX TKaHIX BHPYC HEpPEMEIaeTcsl MeIIeHHO, He MPEeBBIIIas
0,01 mm/4. TTepexon BUPYCHBIX YaCTHIl U3 KIETKU B KIETKY OCYIICCTBISICTCS
T10 MTPOTOIUIA3MEHHBIM HHUTSIM, COSANHSIONINM KIIETKN Mexay coboil. Hanbo-
JIee XapaKTepHbIE CUMIITOMBI JUTsI O0JIe3HEH, BBI3bIBAEMbIX ITAPEHXUMHBIMH BH-
pycamu — BUpyCHbIe MOo3auku. K 1oJj00HBIM MaroreHam, HarpuMmep, OTHOCST
PVX. Drot BupyC nepenaeTcs TOIbKO MEXaHNIECKH (KOHTAKTHO) U TTPaKTHIC-
CKH HUKOT/Ia HACEKOMBIMH.

PacmpocTpanenue nmapeHXMMHBIX BUPYCOB BO3MO)KHO PEryIMpOBaTh BbI-
COKHMHM TeMIIepaTypaM, 3a c4eT HHIMOMPOBAHUS PEIUIMKAILIMH CaMOTO BUpPYCa
nmu aerpanaunu BupycHoi PHK [30]. Kpome Toro, TepmoTepanus cBs3aHa ¢
IIPOTUBOBUPYCHBIM MEXaHU3MOM UMMYHHOM 3aIIUTHI PACTEHUH, HA3bIBAEMbIM
nogasinennem PHK [20, 22].

JlomonHUTEeNPHOE K TEPMOTEPAIHH HCIIONb30BAHUE KYIBTYpPBhl MEPHCTEM B
KaueCTBE METO/1a 03[J0POBJIEHUS TO3BOIMUIIO YBEIUYUTH KOJIMYECTBO PACTCHUI
cBoOoHbIX oT PVY Bupyca B 2-3 pa3a B 3aBUCHMOCTH OT UCTOYHHUKA SKCIIaH-
TOB (KIIyOHH WJIN MUKPOPACTEHUS).

CTOHT OTMETUTD MEPCIEKTUBHOCTH HCIOJIB30BAHMSI MUKPOKITyOHEH, Chop-
MUPOBABILIUXCS B YCIOBUSX i1 Vitro, JUis MOTy4€HHsI 03J0POBIEHHOTO MaTepH-
ana kaprodens. 3a cyeT yBeTHUEHHs ATUTEIHHOCTH TEPMOTEpaInui A psizia
COPTOB 110 25 CYTOK, a TaK)Ke MCIOJIb30BAaHHIE B KAYECTBE IKCIIIIAHTOB JOCTA-
TOYHO MEJIKUX POCTKOB (10 2 MM) 3 (peKTHBHOCTH 03710POBIECHHS OblIa MaKCH-
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MasibHOM npoTHB BupycoB PVS, PVA, PVM u PVX. Jlns Bupyca PVY cpennsis
noist anmuMuHanuu coctaBmia 50,0%, 9To yka3bIBaeT HAa MPEATIOYTHTEIHHOE
HCTIOTF30BaHIE METOa KOMIUICKCHOH Tepamvy, COYETAOIIETO TEPMOTEPAITHIO
U KYJIBTYPY allUKAIbHBIX MEPHCTEM.

Jast otieHKH 3 PEeKTHBHOCTHU CXEMBbI 03/I0POBIICHHUS KApTO(EJIsi OT BUPYCOB
PVS, PVA, PVM, PVX u PVY nenecoobpa3Ho yYUTEIBATH HE TOIBKO JOIIO
CBOOOHBIX OT MATOTCHOB pacTeHUM, HO U 3(h(ekTUBHOCTE pereneparuu. [To-
CKOJIbKY MaTepual, y4aCTBYIOIIUI B 03[0OPOBJICHNH, YACTO OPaHHUYCH HEOOX0-
MO YYUTBHIBATh KOJMYECTBO 03I0PABINBAEMBIX 00pa3moB (Tabm. 3).

Tabnuya 3.
YacroTa pereHepanuu KaprodeJisi B KyJbType in vitro nocjie TepMoTepanuu
OTHOCHTEJILHO KOJIMYECTBA 03/10PaBJIMBaeMbIX 00pa3uoB, %

VcTounuk u tun KiyOun MuxpopacTenus MuxpoxiryOHH
e Bepxywika | Mepu- | Bepxymka | Mepu-
pocTka cTemMa nobera cTema Pocticu

Coprt

PenCxkapner 86,7 46,7 31,1 17,8 73,3
Wmmnana 86,7 53,3 33,3 26,7 70,0
Uepnsii [Tpunig 96,0 40,0 32,0 21,3 72,0
CrnaBsiHKa 113,3 333 30,0 23,3 90,0
Hesckwnif 90,0 50,0 40,0 33,3 70,0
Jlxennn 80,0 333 35,6 17,8 60,0
Cpeonee 92,1 42,8 33,7 23,4 72,6

Kak yrnmoMuHa10Ch BBIIIE, B TPOIIECCE TEPMOTEPANTUH BBICOK PUCK THOEIN
00pa3IoB, YTO TAK)KE OTMEYCHO B psize padot [11].

[Tpu cpenneit a3hhexTHBHOCTH TPHEM 0310POBIICHHST MUKPOPACTEHHUH Kap-
TO(erss KOMIIIEKCHOH Teparei Mo OTHOMIEHHIO K HICXOIHOMY MaTepualry OKa-
3bIBaeTCs MaJIOA(QEKTUBHBIM. be3yciioBHO, OTyYeHne TOCTaTOYHOT0 00beMa
HCXOAHOTO MaTepuaya BO3MOXHO B TEUEHHUE KOPOTKOTO BPEMEHH, OCKOIBbKY
CKOPOCTh POCTa M Pa3BUTHs KapTOdelis, a TAaKkKe KOAPPHUIIUCHT Pa3MHOKCHHUS
JIOCTATOYHO BBICOK [1]. OmHaKo, UCTIOIB30BaHUE JIOMOJHUTEIHHOTO dTara —
KyJIBTYPbl MEPHCTEM — CHIIKAET O0IIyI0 3 (PEKTHBHOCTH METO/IA 3a CUCT HU3-
KO pereHepaliii U TPyI0eMKOCTH Ipoliecca.

Hcnonp3oBanne MUKPOKITyOHEH KapToderst, CPOpMHPOBABIINXCS B i Vitro,
TI03BOJISIET AIMMHUHUPOBATh (huronarorensl B 25,0-50,0% ciydaes, uTo cymie-
CTBEHHO BBIIIIE, UM HCIIOIB30BAaHKUE APYTUX UCTOYHUKOB 3KCIUIAHTOB MPU Tep-
Motepanuy. OTCyTCTBHE AOMOIHUTEIBHOTO 3Talla B CXEME 03[J0POBJICHUS JIEIAET
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JIAHHYIO TEXHOJIOTHIO MEHee TPY/I0eMKOM. PereHeparinonHas ciocoOHOCTb 3KC-
IUTAHTOB OTHOCUTEIBHO BBOJAMMBIX B KYJBTYPY SKCIIAHTOB Ha ypoBHE 33%
(Tabmn. 1). BO3MOXXHOCTB TIOTYYUTH OOJIee YeM OIUH POCTOK OT OJHOTO MHKPO-
KJTyOHSsI CHI)KAeT IOTPEOHOCTD B KOJIMYECTBE UCXOIHOTO MaTepuaa B HECKOJIbKO
pa3. DPpPeKTHBHOCTD pereHepalu OTHOCUTEIHHO KOJMYECTBA 03710PaBIMBac-
MBIX 00pasIoB B TaHHOM CJIydae MaKCHUMallbHa M COCTaBisieT 72,6% (Tadm. 3).

23 89:7011 8

[IpumeneHne B KauecTBe 00BEKTA Ul TEPMOTEPANTNE MUKPOKIYOHEH Kap-
Toenst, cChOPMUPOBAHHBIX in Vitro TIO3BOJISIET 0CBOOOANTH PACTUTEIBHBIN Ma-
Tepuain oT BUpycoB B 25,0-50,0% ciaydaeB B 3aBUCUMOCTH OT MaToreHa. 3a
CUET UCKIIFOYEHHS POLIECCa CTEPUITU3ALIUY [T0CIIE TEPMOTEPATMI U OTCYTCTBHUS
JIOTIOJIHUTEIBHOTO ATAala 037I0POBIICHUS — KYJIBTYPBl MEPHUCTEM — PEreHEpaLH-
OHHasl CIIOCOOHOCTB DKCIUIAHTOB COCTaBIsieT 32,9%, 4TO CBUAETENLCTBYET 00
3G GEKTUBHOCTH MTPEIOKCHHON MOJICIH 0CBOOOXKICHUS OT BUPYCOB.

Vcionp30BaHKe JAHHOH CXEMBI 030POBICHUSI TIO3BOJISIET HITMMUHUPOBATh
HE TOJIBKO OTJIEJIbHBIE BUPYCHI, HO M UX KOMILIEKC, HanpuMep, PVA + PVX,
PVM + PVX, PVX + PVS, PVM + PVX + PVS. [lono6HbIil pe3ynbTar J10-
CTHUTAETCA 32 CYET BOZMOXKHOCTH UCIIOIb30BAHUS MEJIKHX POCTKOB B KAUECTBE
9KCIUIAHTA, a TAKIKE YBEIMUCHHUS BPEMEHH SKCIIO3UIINH BBICOKOH TeMITepaTyphl
J10 25 CyTOK.

HNudopmanus o KOHPJIUKTE HHTEPecOB. ABTOPHI 3asBIAIOT 00 OTCYyT-
CTBHU KOH()IUKTA HHTEPECOB.

HNudopmanus o cnoncopcerse. Mccnenoanue BIIOIHEHO B paMKax peajy-
3anuu [IporpaMMBbl mogIe KKK HaydHO-TIearormdeckux padboraukoB @I'5OY
BO «Anraiickuil rocynapCTBEHHBII YHUBEPCUTET», NPOEKT «Mcnonb3oBanue
OMOTEXHOJIOrMYECKHX METO/IOB B O3/I0POBJICHUH PACTEHUH M Pa3MHOKEHHUU
0€3BHUPYCHOTO IT0CAJOUYHOI0 MaTepHraa CebCKOXO3SHCTBEHHBIX KYIBTYP».
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THE INFLUENCE OF THE TYPE OF FOREST
AND THE TYPE OF FOREST GROWING CONDITIONS
ON THE STABILITY OF SPRUCE STANDS
IN THE ZONE OF CONIFEROUS-DECIDUOUS
FORESTS OF THE PERM KRAI

L.A. Ivanchina, V.I. Kovalev, D.V. Makurin,
E.A. Poplyakov, O.N. Solontsov, N.E. Korotaeva

There has been a massive drying out of spruce plantations in recent years.
Many versions about the cause of this phenomenon have been put forward by sci-
entists. Despite the active study of the problem of drying out of spruce plantations
around the world, a forest management system aimed at reducing the damage
from drying out has not been developed yet. Important silvicultural indicators of
plantations that can affect their stability are the type of forest growing conditions
and the type of forest. The purpose of the study was to establish the influence of
the type of forest and the type of forest growing conditions on the resistance to
drying out of spruce forests growing in the zone of coniferous-deciduous forests of
the Perm Krai. The spruce forests of this territory were the objects of study. The
sanitary condition of spruce forests growing in common types of forest growing
conditions (B2, C2, C3) and forest types (green moss spruce and pine forest, wood
sorrel spruce and pine forest, linden spruce and pine forest, grass spruce and pine
forest) of the Perm Krai was determined. The weighted average scores values
of the sanitary condition of the spruce forest of the surveyed forest plantations
were distributed by forest types and types of forest growing conditions. Statistical
indicators of the average weighted scores of the sanitary condition of spruce in
different types of forests were obtained. A one-factor analysis of variance was
carried out to compare the mean values. It was established that the type of forest
and the type of forest growing conditions have an impact on the sanitary condition
of spruce stands. The better the forest growing conditions, the more resistant the
spruce trees are to drying out, on average. At the same time, soil moisture is more
important than soil nutrient status.
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Hayunast cratbst

BJIUAHUE TUIIA JIECA U TUITA
JECOPACTUTEJBHBIX YCJIOBUM
HA YCTOMYUBOCTH EJOBBIX JTPEBOCTOEB
30HbI XBOMHO-IIUPOKOJIMCTBEHHBIX
JIECOB IIEPMCKOTI'O KPAS

JI.A. Heanuuna, B.H. Koganes, /I.B. Maxypun,
E.A. Ilonnakos, O.H. Cononuos, H.E. Kopomaesa

B nocneonue 200v1 Habnodaemesn maccogoe ycvlXaHue enogvlx HacatcoeHuil.
Yuenvimu b106UHYIO MHOJCECMBO 8EPCULL O MOM, YMO JHCe AGNAEMC L NPUHUHOU
omoeo aenenus. Hecmomps na akmuenoe uzyuenue npooiemol YCbIXAHUS elLO8bIX
HACAMCOeHUll 80 6CeM Mupe, CUCmemMa YNnpasieHus 1eCHbIM X03AUCMBOM, HANPas-
JIEHHAS HA CHUDJICEHUE Yujepba om ycolxanus, 00 cux nop He evipabomaua. Baoic-
HOLMU 1€COB00CMEECHHBIMU NOKA3AMENAMU HACANCOCHUTL, KOMOPbIe MO2YIM GIUMb
HA UX YCMOUYUBOCMb, AGIAIOMCS MUN 1COPACIMUMENbHbIX VCI08UTL U MUN Jecd.
Lenv uccredosanuss — ycmanosienue GIUsHUSL MUNa i1eca u muna i1ecopacmu-
MeNbHbIX YCA0BUTL HA YCMOUHUBOCTb K YCHIXAHUIO eIbHUKOS, NPOU3DACMAIOWUX 6
30HE XBOUHO-WUPOKOIUCTEEHHBIX Jleco8 [Tepmckoeo kpas. Obvexmamu ucciedo-
6AHUST NOCTYICUTU ENIbHUKU, NPOUPACMAIOWUE 8 30HE XBOUHO-UUPOKOIUCTIGEH-
noLx 1eco Iepmckoco kpas. Onpedeneno canumaphoe cCoCmosiHue elogblx 1ecos,
NPOUPACMAIOWUX 6 PACTIPOCIPAHEHHBIX MUNAX LeCOPACTUMENbHBIX YCLO8ULL
(B2, C2, C3) u munax neca (enbHux u COCHAK 3€1eHOMOULHbLE, €IbHUK U COCHSIK
KUCTUYHBIE, eIbHUK U COCHAK JUNHAKOBbLE, ebHUK U COCHAK mpagsanvie) [lepm-
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CK020 Kpas. 3nauenus cpeones38eteHHbIxX 6an108 CauumapHo2o COCMOosHUsL ey
00C16008aHHBIX IECHBIX HACANICOCHUT PACHpedeNeHbl NO MURAM Jlecd U munam
Jrecopacmumenvuuvix ycaoguil. Tlonyuenvl cmamucmuyeckue noxkasamenu cpeo-
HeB36CUEHHBIX OANN068 CAHUMAPHO20 COCMOSHUSL €Nl 8 PA3IUYHBIX MUNAx necd.
s cpasneHus cpeOHUX 3Ha4eHutl 8bINOIHEeH 0OHOQAKMOPHBIU OUCNEPCUOHHBLI
aunanus. Yemanoeneno, umo mun aeca u mun 1ecopacmumenbHulX YCio8Ull OKa-
3b16AIOM GAUAHUE HA CAHUMAPHOE COCMOsAHUE el108blX Opesocmoes. Yem nyuute
Jlecopacmumenvhbie YCI08Usl, MeM 8 cpeOHeM 0epesbs enu bonee YCmouyuesl K
yevixanuto. Ipu smom, 6onee sajicnoe 3navenue umeenm GIaxiCHOCIb NOYBbL, Yem
mpognocmv noyswl.

Kniouesvie crosa: mun neca, mun 1ecopacmumenbHblxX YCI06Ull, CAHUMapHoe
cocmosnue; cpeoHes36eueHHblI OANl CAHUMAPHO20 COCIMOSAHUS, YCbIXAHUE €TI0GbIX
HacaxcOenutl, Tlepmckuil Kpatl;, 30HA X8OUHO-UUPOKOIUCHIBEHHBIX JIeCO8, BILANC-
HOCHIb NOYBL, MPOPHOCHIL NOUBYL

Ana yumuposanus. Heanuuna J1.4A., Kosanes B.U., Maxypun /{.B., Ilo-
naaxoe E.A., Cononyos O.H., Kopomaesa H.E. Brusnue muna neca u muna
1ecopacmumenbHulX YCAO8UL HA YCMOUYUBOCTDb €106bIX OPEeBOCMOe8 30Hb
XBOUHO-WUPOKOIUCMEEHHbIX Necoe [lepmckozo kpas // Siberian Journal of Life
Sciences and Agriculture. 2023. T. 15, Ne4. C. 92-111. DOI: 10.12731/2658-
6649-2023-15-4-92-111

Introduction

In the last few years, the problem of mass drying out of spruce plantations
has been actively discussed in the scientific literature [9, 14, 18-22]. Many ver-
sions about the cause of this phenomenon have been put forward by scientists.
Most scientists believe that droughts and high air temperatures, as well as the ac-
companying mass reproduction of xylophages, lead to the drying out of spruce
forests [18-20]. Other scientists [14] believe that the causes of the drying out
of spruce forests are pathological processes that cause by pests and diseases,
as well as the impact of adverse climatic factors and economic activity. At the
same time, A.M. Mezhibovsky [9], refuting all the assumptions of scientists,
connects the mass drying out with soil contamination with root fungus (Het-
erobasidion annosum (Fr.) Bref.).

Despite the fact that the active study of the problem of drying out of spruce
plantations around the world, a forest management system aimed at reducing
the damage from drying out has not been developed yet.

The spruce forests of the Perm Krai, growing in the zone of coniferous-de-
ciduous forests, are also subject to large-scale desiccation (Fig. 1) [4].
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Figure 1. Declining spruce plantation in Oktyabrsky urban district of Perm Krai,
2018 (Ivanchina L.A. is the author of the photo)

Important silvicultural indicators of plantations that can affect their stability
are the type of forest growing conditions and the type of forest.

The type of forest growing conditions is the whole of uniform forest grow-
ing conditions in forest areas, including a complex of edaphic, hydrological and
climatic factors. The complex of these factors determines the conditions for the
growth and development of the forest. Forest areas with a common type of forest
growing conditions, with the same composition of stands and with a number of
other common features are combined into forest types [17].

The purpose of the study was to establish the influence of the type of forest
and the type of forest growing conditions on the resistance to drying out of spruce
forests growing in the zone of coniferous-deciduous forests of the Perm Krai.

Scientific novelty

In the process of this study, for the first time, the issue of increasing the vari-
ability of the weighted average score of the sanitary condition of spruce stands
with the improvement of the conditions of the place of growth was considered.
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Materials and methods

The objects of study were spruce plantations growing in the Kishertsky,
Kuedinsky, Oktyabrsky, Osinsky, Ochersky and Chaikovsky forestries of the
Perm Krai. These forestries are located in the zone of coniferous-deciduous
forests of the Perm Krai [10].

The investigated area is shown in Figure 2. Its territory is located on the
eastern edge of the Russian Plain. The relief is hilly, intersected by a network of
valleys and dens [1]. Mixed forests with the European spruce (Picea abies (L.)
H.Karst.) as part of stands grow within the boundaries of the research area [11].

The spruce stands growing in the most common types of forest growing
conditions and types of forest in the studied territory were examined.

A description of the types of forest growing conditions is given according
to Pogrebnyak P.S. [13].

B, (relatively poor fresh). Plantations growing in these forest growing condi-
tions occupy weighed average positions with a slightly wavy relief. Sandy loamy
low-podzolic soils. The understory is rare and consists of red elderberry (Sambucus
racemosa (L.)), rough spindle tree (Euonymus verrucosus (Scop.)), alder buck-
thorn (Frangula alnus (Mill.)), and rowan (Sorbus aucuparia (L.)). Oligotrophs
and mesotrophs grow in the ground cover: Schreber’s pleurocium (Pleurozium
Schreberi ((Brid.) Mitt.)), wild strawberry (Fragaria vesca (L.)), lady’s bedstraw
(Galium verum (L.)), reed grass (Calamagrostis arundinacea ((L.) Roth.)), etc.

C, (relatively rich fresh). These conditions of the place of growth occupy
more or less elevated, flat, well-drained locations. Hawthorn (Crataegus lae-
vigata ((Poir.) DC.)), common hazel (Corylus avellana ((L.) H.Karst.)), rough
spindle tree (Euonymus verrucosus (Scop.)) grow in the understory. Oligo-
trophs (for example, red whortleberry (Vaccinium vitis-idaea (L.)), mesotrophs
(for example, stone bramble (Rubus saxatilis (L.))) and megatrophs (for exam-
ple, European hazelwort (Asarum europaeum (L.))) grow in the ground cover.
Spruce plantations grow with the participation of linden or broad-leaved species
in relatively rich fresh forest growing conditions in the south of the Perm Krai.

C, (relatively rich wet). These conditions are typical for locations with good
drainage. Soils are podzolic, among them loamy or clay. Spruce forests have
the highest productivity in these conditions. There are common hazel (Corylus
avellana ((L.) H.Karst.)), rough spindle tree (Euonymus verrucosus (Scop.)) in
the understory. It is possible to meet in the ground cover the following: whortle-
berry (Vaccinium myrtillus (L.)), male or lady fern (Dryopteris filix-mas ((L.)
Schott) and Athyrium filix-femina ((L.) Roth ex Mert.), respectively), common
wood-sorrel (Oxalis acetosella (L.)).
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Figure 2. Map-scheme of the research area within the boundaries of the Perm Krai

The forest management has developed its own classification by forest types
for the Perm Krai [12]. In accordance with the classification of V.N. Sukachev
[2], the following types of forest are included in the group of forest types of
green moss spruce forests: wood sorrel spruce, bilberry spruce, cowberry
spruce. The green moss spruce forest stands out as a separate type of forest in
the classification scheme modified for the Perm Krai. The grass spruce is also
allocated as a separate type of forest. The situation is similar with the green
moss and grass pine forests. The description of the forest types that served as
the objects of study is given below [12].
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Green moss spruce forest (G-m. sp.). The soils are deep-podzolic, low-hu-
mic and loamy under green moss spruce stands. Spruce and fir predominate in
the composition of forest stands, pine, birch, and aspen are singly involved.
The average quality class is III (II). The understory is rare and consists of may
rose (Rosa majalis (Herrm.)) and rowan (Sorbus aucuparia (L.)). Schreber’s
pleurocium (Pleurozium Schreberi ((Brid.) Mitt.)) and may lily (Maianthemum
bifolium (L.) F.W.Schmidt)) grow in the ground cover.

Wood sorrel spruce forest (W-s. sp.). This type of forest is formed on shal-
low-podzolic medium-humic loamy soils. Spruce, fir, and birch are the main spe-
cies that make up the forest stand, aspen, and linden are less common. The average
quality class is II (III). The understory with medium density and it is formed by
rowan (Sorbus aucuparia (L.)) and fly honeysuckle (Lonicera xylosteum (L.)). The
ground cover consists of common wood-sorrel (Oxalis acetosella (L.)), common
lungwort (Pulmonaria officinalis (L.)), ground elder (Aegopodium podagraria (L.)).

Linden spruce forest (L. sp.). The soils of the linden spruce forest are sod-
podzolic, medium-humic loamy. Spruce, fir, linden, and birch participate in the
composition of forest stands. The average quality class is II (III). The dense un-
derstory mainly contains small-leaved lime (7ilia cordata (Mill.)). The ground
cover is made up of European hazelwort (Asarum europaeum (L.)), greater
starwort (Stellaria holostea (L.)).

Grass spruce forest (G. sp.). Sod-podzolic gleyic loamy or clay soils with
a high content of humus are formed under the conditions of the grassy spruce
forest. Spruce, fir, birch, aspen, linden, and pine participate in the composition
of forest stands. The average quality class is II (III). There are may rose (Rosa
majalis (Herrm.)) and bird cherry (Prunus padus (L.)) in the understory of me-
dium density. The ground cover includes meadow-sweet (Filipendula ulmaria
(L.) Maxim.), wood horsetail (Equisetum sylvaticum (L.)), northern wolfsbane
(Aconitum septentrionale (Koelle)).

Green moss pine forest (G-m. p.). Plantations of green moss pine forest are
formed on loose sandy soils with a low content of humus. Pine is the predom-
inant species. Spruce, fir, and birch can also be found in the forest stand. The
average quality class is II (III). The understory is rare and consists of rowan
(Sorbus aucuparia (L.)), common juniper (Juniperus communis (L.)). Schre-
ber’s pleurocium (Pleurozium Schreberi ((Brid.) Mitt.)), red whortleberry (Vac-
cinium vitis-idaea (L.)) grow in the ground cover.

Wood sorrel pine forest (W-s. p.). Plantations of this type of forest grow on
sod-low-podzolic loamy soils. The tree stand consists of pine, spruce, birch, and
aspen. The average quality class is II (I). Sparse understory is formed by row-
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an (Sorbus aucuparia (L.)), common juniper (Juniperus communis (L.)), may
rose (Rosa majalis (Herrm.)). European hazelwort (Asarum europaeum (L.)),
common wood-sorrel (Oxalis acetosella (L.)) participate in the grass cover.

Linden pine forest (L. p.). The soils of the linden pine forest are sod-podzolic
(medium or low), medium-humic sandy loamy. The average quality class is
II. The forest stands include pine, spruce, birch, and linden. The main compo-
nent of the dense understory is small-leaved linden (7ilia cordata (Mill.)). The
ground cover is also dense, there are ground elder (degopodium podagraria
(L.)), stone bramble (Rubus saxatilis (L.)) among its plants.

Grass pine forest (G. p.). Soils are formed fresh, medium-humic, sod-podzolic
loamy. The average quality class is II (III). The forest stands include pine, spruce,
birch, fir, and aspen. There are rowan (Sorbus aucuparia (L.)) and may rose
(Rosa majalis (Herrm.)) in the understory. Whortleberry (Vaccinium myrtillus
(L.)), stone bramble (Rubus saxatilis (L.)) are involved in the dense ground cover.

Methodology

The materials of acts of forest pathological surveys conducted in the peri-
od from 2012 to 2020 were analyzed. These acts contain information on the
taxation stand characteristics and on the distribution of timber stock by catego-
ries of sanitary condition, as well as the information on the weighted average
scores of sanitary conditions for each species. In order to exclude the influence
of other taxation parameters, stands of the 4th class of age and average density
were selected. Stands of this age class, in compliance with previous studies,
are most susceptible to drying out [5]. Medium-stocked stands are stands with
a relative density of 0.6-0.7 [2].

The values of the weighted average scores of the sanitary condition of spruce
in the selected forest areas are distributed by forest types and types of forest
growing conditions.

Statistical processing of the obtained samples was carried out in the Micro-
soft Excel 2019 program. A map-scheme of the study area was prepared in the
ArcGIS ArcMap 10.8 program.

Results

Table 1 shows the statistical indicators of samples of weighted average
scores values of the sanitary condition of spruce forest stands, distributed by
forest types and types of forest growing conditions.

A large number of surveyed plantations of green moss spruce and pine for-
ests, wood sorrel spruce forests and linden spruce forests are explained by the
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significant prevalence of these types of forests over the territory of the study
area. Other forest types (linden, wood sorrel and grass pine forest, grass spruce
forest) are not widely distributed.

Table 1.
Statistical indicators of the weighted average scores of the sanitary
condition of spruce forest stands in various forest types and types of forest
growing conditions (TFGC)

Values by forest type/types of forest growing conditions (TFGC)

. . . C, (relatively rich
Statistical B, (relatively poor fresh) C, (relatively rich fresh) 3 wet)
indicator - - -
G-m. | G-m. Sub-1 v . wes. | Sub- | Sub
s L.p. | total, s L. sp. total, s G. p.| total,
p- | P TGFC| P P |tGrc| P TGFC

Medium-stocked stands of 4 age classes

Forest allotment

. 162 | 72 8 242 | 214 | 115 | 28 | 357 | 45 | 4 49
sample size, pcs.

Average 362 (3,78 [ 3,73 ] 3,67 | 3,56 | 3,52 (3,97] 3,58 [3,36]3.45] 3,36
Standard error | 0,06 | 0,08 | 0,3 | 0,05 | 0,05 | 0,06 | 0,13 0,04 | 0,1 [0,77] 0,11
::ﬁ)‘;dardde‘”' 0,71 | 0,68 | 0,84 | 0,71 | 0,72 | 0,70 | 0,68| 0,72 | 0,66| 1,54 | 0,74
Dispersion 0,51 | 047 [ 0,71 | 0,50 | 0,52 [ 0,49 [0,.47] 0,52 [0,44(2,38] 0,55
Maximum 50 | 50 [492] 50 [527] 48 [522] 527 [48]50] 50
Minimum 221 20 [274] 2,0 | 23 [ 22828 228 [21] 18] 1,8
Interval 279 2,9 [ 2,18 2,9 [297]252]242] 299 [ 2,7 | 32| 3.2
Median 3,74 3,86 | 3,72 | 3,76 | 3,51 (3,43 (397| 3,51 | 3,3 [3,51] 33
Mode 38 | 43| - | a6 [ 27127 33] 27 [40] - [ 40
Excess 12 |-087(-1,42| -1,14 [ 1,09 | -1,24[-1,12] -1,12 [-0,27]-4,54] -0,32
Asymmetry -0,002]-0,296| 0,25 [-0,078] 0,2 | 0,16 [-0,03] 0,163 [0,198]-0,09] 0,178
Coefficient of

19,6117,99(22,52| 19,35 | 20,22 (19,89 (17,13| 20,11 |19,64|44,64| 22,02

variation

Among plantations of spruce forest types, spruce trees growing in the con-
ditions of the green moss spruce forest are characterized by the worst sanitary
condition (weighted average score of sanitary condition is 3.62). Spruce trees
growing in the conditions of wood sorrel and linden spruce forests feel a little
better (3.56 and 3.52, respectively). Spruce trees growing in the conditions of
the grass spruce stands are characterized by the best sanitary condition (weight-
ed average score of sanitary condition is 3.36).

Spruce dries in pine forests. In wood sorrel pine forests, the average value of
the weighted average score of the sanitary condition of spruce trees is 3.97, in
green moss pine forests - 3.78, in linden pine forests - 3.73. Spruce trees grow-
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ing in the conditions of grass pine forest are distinguished by the best sanitary
condition (weighted average score of the sanitary condition is 3.45).

A one-way analysis of variance was performed in order to compare the mean
values. The results of the analysis when comparing mean values by forest types
are presented in Table 2.

Table 2.
The results of one-way analysis of variance when comparing

the mean values of the average weighted scores of the sanitary condition
of spruce forest stands by forest types

Sourceof | g | 4p | Ms F P-valye | T critical
variation value
B;:rtgrg;n 10,04612215| 7 |1,435160307/|2,817706031|0,006752763| 2,02387048
Within 325,9753098| 640 |0,509336422
groups

Subtotal (336,0214319| 647

The actual value of the Fisher ratio (2.82) is greater than the critical value
(2.02), respectively, we reject the null hypothesis about the equality of the av-
erage values. The results of one-way analysis of variance indicate that the type
of forest affects the sanitary condition of spruce stands.

The maximum values of the weighted average score of the sanitary con-
dition of spruce stands are found among plantations of the wood sorrel forest
type (5.27 in the wood sorrel spruce forest and 5.22 in the wood sorrel pine
forest). And the minimum values are among plantations of grass forest type (2.1
in grass spruce forest and 1.8 in grass pine forest) and in plantations of green
moss pine forest (2.1).

The highest level of variability is characterized by the values of the weight-
ed average score of the sanitary condition of stands growing in plantations of
grass pine forest (44.64%), and the lowest — in plantations of wood sorrel pine
forest (17.13%).

Relatively rich fresh (C,) conditions of the place of growth dominate in the
research area (357 forest plots were surveyed). Relatively rich wet forest grow-
ing conditions are much less common (49 forest plots were surveyed).

The obtained average values of the average weighted scores of the sanitary
condition of spruce forest stands by types of forest growing conditions indi-
cate that the better the conditions of the place of growth, the more resistant the
spruce trees are to drying out, on average. At the same time, soil moisture is
more important than soil nutrient status (the sanitary condition of spruce stands
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growing on fresh, relatively rich soils is, on average, 0.09 better than on fresh,
relatively poor soils; the sanitary condition of spruce stands growing on fresh,
relatively rich soils, on average 0.22 better than on wet, relatively rich soils).

Table 3 presents the results of a one-way analysis of variance when com-
paring average values by types of forest growing conditions.

Table 3.
The results of one-way analysis of variance when comparing
the average values of the average weighted scores of the sanitary condition
of spruce forest stands by types of forest growing conditions

Source of | gq 1 g | Ms F P-vale | Feritical
variation value
Bgert:lvl;‘zn 4,101394618] 2 [2,0506973093,984995226|0,019052142(3,009689273
Within 331 9500373 645 [0.514604709
groups

Subtotal |336,0214319| 647

The actual value of the Fisher ratio (3.98) is greater than the critical value
(3.01), therefore, the null hypothesis about the equality of the mean values is
rejected. It indicates that the sanitary condition of spruce stands depends on the
type of forest growing conditions.

The degree of variability of the studied trait increases with the improve-
ment of the conditions of the place of growth (the coefficient of variation of
the weighted average score of the sanitary condition of spruce stands in rela-
tively poor fresh forest growing conditions is 19.35%, in relatively rich fresh —
20.11%, in relatively rich wet —22.02%). This is explained by the fact that with
the improvement of forest growing conditions, competition increases, which
leads to an increase in the stratification of the population into coenotically het-
erogeneous groups [15]. The research results indicate that this regularity extends
to the sanitary condition of forest stands.

Discussion

Similar results have been previously obtained by us on the example of plan-
tations of the Ochersky forestry of the Perm Krai [3]. Far Eastern scientists not-
ed a high connection between drying out and forest types [8].

In the Moscow region, the proportion of affected spruce forests in relatively
low-trophic conditions of the place of growth is significantly higher than the
proportion of the corresponding plantations in general. And in relatively higher
trophic conditions, it is much lower [6].
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Plantations of bilberry, ferny, green moss, riparian-grass, ground elder, wood
sorrel and nettle forest types are subject to drying out in Belarus [16]. At the
same time, wood sorrel spruce forests dry out to the greatest extent [7].

The obtained results of studies based on a large amount of material made
it possible to establish that forest growing conditions affect the resistance of
spruce forests to drying out, while soil moisture is more important.

From our point of view, the influence of forest growing conditions on
the resistance of spruce forests to drying out is as follows. Under more fa-
vorable conditions, woody plants are more provided with soil moisture and
nutrients, respectively, are more able to resist unfavorable factors leading
to drying out.

It is necessary to investigate in detail the effect of soil moisture on the dry-
ing out of spruce stands with experiments in the field conditions and with the
use of equipment in the future. Moreover, it is necessary to study the effect of
the groundwater level on the drying out of spruce forests. These studies will
allow us to determine whether soil moisture is one of the causes of drying out
of spruce forests or only affects their stability.

Conclusion

The type of forest and the type of forest growing conditions affect the san-
itary condition of spruce stands. A high connection between drying out and
forest types is also noted by other scientists. In plantations of spruce forest
types, the worst sanitary condition is characterized by spruce trees growing in
the conditions of the green moss spruce forest, and the best — in the conditions
of the grass spruce forest. In plantations of pine forest types, the worst sani-
tary condition of spruce stands is observed in wood sorrel pine forests, and the
best — in grass pine forests.

Additionally, the minimum values of the weighted average score of the
sanitary condition of spruce stands were noted in the plantations of grass forest
types. The better the forest growing conditions, the more resistant the spruce
trees are to drying out, on average. At the same time, soil moisture is more im-
portant than soil nutrient status.

With the improvement of the conditions of the place of growth due to in-
creased competition, the variability of the values of the weighted average score
of the sanitary condition of spruce forest stands increases.

Conflict of interest information. The authors declare that there is no con-
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Hayunast crarbst

NCCIEAJOBAHUE
XPOHUYECKON TOKCHYHOCTH
®APMAKOJIOTUYECKOW KOMITO3UIIUH
HA OCHOBE BAKTEPHOIIMHA-HU3NHA
N ITIMOEPOJIATOB KPEMHUA

M.H. Hcaxoea, A.C. Kpacnonepos, JI.U. /Ipo3oosa,
HU.A. LIkypamosa, T.I. Xonuna

Hcnonvzosanue HOGbIX npenapamos Ha nPpooyKmMUGHbIX HCUSOMHBIX BOZMOICHO
MONbLKO NOCIE bIABTEHUS OMOAICHHBIX NOCIEOCMEUL NPUMEHEHUS BeLecs, 8X0-
OAWUX 8 COCTNAG, HA PYHKYUOHATLHOE COCMOAHUE 0Opeanos, mKanel u cucmem. B
pe3ynvmame yenv nauiel pabombl 3aKa04aANACh 8 U3YHEHUU XPOHUUECKOU MOKCUY-
HOCIU pa3padomanHol KOMNO3UYULU U BOIMOICHOCIU ee NPUMEHEHUs HA BbICOKO-
npoOyKmMugHvIx Koposax. Hcciedyemas xomnozuyus pazpabomana ¢ Mncmumyme
opeanudeckoeo cunmesza um. U.A. Ilocmosckozo YpO PAH u coomsemcmeyem
cocmagy: enuyeporamul kpemuus — 3,0 %, nuzun — 0,3 %, enuyepun — 10 %, ouc-
muanuposannas 800a — oo 100 %. Hzyuenue XpoHuuecko moKCuuHocmu npogo-
OUNU HA CamMKax Herunelunvlx benvlx 1abopamophulx kpoic (n=40) ¢ npumenenuem
2eMAmono2Uteckux, OUOXUMULECKUX, NATNOMOPPONIOSULECKUX U 2UCHONO0SUYECKUX
Memo0o8s uccaedosanus. Ilpu nposedenuu 2eMamonoSudeckux Uccie008anuil ycma-
HOBNIEHO, YMO NOKA3AMeNU COCMAsa Kposu 2Pbi3yHO8 NPU NPUMEHEHUL UCCTLe0Y-
eMOoU KOMRO3UYUU 6 PA3HbIX 003UPOBKAX HAXOOUNUCL 8 Npedenax peghepeHmublx
snauenuil. Mccnedosanue ouoxumuueckux noxasamenei Kpogu 1abopamopHuix
HCUBOMHBLX, NOAYUABUUX KOMNO3uyuio 6 0oze 500 me/xe u 1000 me/xe ycmano-
6UI0, YUMo MemaboauyecKue noKazamenu CoOmeencmeosant Gu3UoI0SULeCKUM
sHaueruam. Ckapmaugarue ucciedyemor Komnosuyuu 6 0ose 750 me/ke npuse-
J10 K UBMEHEHUSIM 8 GUOe YGenUUeHUs: (PepMeHmamueHol akmusHOCMU W eloYHOl
Gochamaszvl u crudicenusn xonecmepuna, 0OHAKO NOTYUEHHble OAHHbBIE He MO2Ym
NnOOMBEPAHCOAMb He2amusHoe 8030eliCmaue UcciedyeMoll 003bl Ha NeYeHsb 3a cuem
OMCYMCMBUst NAMOIOSUYECKUX USMEHEHUL 6 OUHHOM OP2aHe HA KAEeNOYHOM YPOGHE.
Tucmonozauyeckumu uCcied08aHUAMU YCMAHOBLEHO, YMO PA3PAOOMAHHASL KOMNO-
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3UYUSL MOJICEM BbI3LIBANTb USMEHEHUsL 8 OP2AHAX 6 3AGUCUMOCTIU OM NPUMEHSEMOU
odosuposxu. Ha ocnosanuu pe3ynomamog ucciedoeanuii Hamu onpeoeieHo, ymo
KOMNO3UYUS MOJICem Oblmb PEKOMEHO08AHA O NPOBEOEHUS KIUHUYECKUX UCNbIMA-
HULL HA NPOOYKMUBHBIX 8UOAX HCUBOMHBLX 6 D03e He bonee 500 me/ke. [Ipumenenue
00361 750 M2/ke peKoMenoo8aHo ¢ 0CMOPOACHOCIBIO UCHONL306AMb ) IHCUBOMHBIX
C 8bIPAdICEHNBLIMU HAPYWeHUAMY PYHKYuU nevenuy. TIpu danbHeiumux ucnblmanuax
credyem 8030epacamvcsi om Kpumudeckoul 003wl 1000 me/ke, npusoodsueii k bonee
27YOOKUM UBMEHEHUSIM 6 OPeAHAX.

Kniouesvie cnoga: xponuueckas mokCuuHOCMb, 1a60pamopHsie JHCUBOMHbIE,
JeKAPCMBEHHAS KOMNO3UYUS, OAKMEPUOYUH — HUUH, CIUYEPOLAMbl KDeMHUs
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INVESTIGATION OF CHRONIC
TOXICITY OF A PHARMACOLOGICAL
COMPOSITION BASED ON BACTERIOCIN-NISIN
AND SILICON GLYCEROLATES

M.N. Isakova, A.S. Krasnoperov, L.1. Drozdova,
L.A. Shkuratova, T.G. Khonina

The use of new drugs on productive animals is possible only after identifying the
long-term effects of the use of substances included in the composition on the func-
tional state of organs, tissues and systems. As a result, the goal of our work was to
study the chronic toxicity of the developed composition and the possibility of using it
on highly productive cows in the treatment of mastitis. The studied composition was
developed at the I.Ya. Postovsky Insititute of Organic Synthesis of the Ural Branch
of the Russian Academy of Sciencesand corresponds to the composition: silicon
glycerolates — 3,0%, nisin — 0,3%, glycerin — 10%, distilled water — up to 100 %.
Chronic toxicity studies were performed on female non-linear white laboratory rats
(n=40) using hematological, biochemical, pathomorphological and histological
research methods. When conducting hematological studies, it was found that the



114 Siberian Journal of Life Sciences and Agriculture, Vol. 15, Ne4, 2023

indicators of the composition of the blood elements of laboratory rats when using
the studied composition in different dosages were within the limits. A study of the
biochemical parameters of the blood of laboratory animals receiving the composi-
tion at a dose of 500 mg/kg and 1000 mg / kg found that the metabolic parameters
corresponded to physiological values. Feeding of the studied composition at a dose
of 750 mg / kg led to changes in the form of an increase in the enzymatic activity of
alkaline phosphatase, a decrease in cholesterol, however, the data obtained cannot
confirm the negative effect of the studied dose on the liver, due to the absence of
pathological changes in this organ at the cellular level. Histological studies have
established that the developed composition can cause changes in organs depending
on the dosage used. Based on the research results, we determined that the composi-
tion can be recommended for clinical trials on productive animal species at a dose
of no more than 500 mg/kg. The use of a dose of 750 mg / kg is recommended to be
used with caution in animals with severe liver dysfunction. During further tests, it
is necessary to refrain from the critical dose of 1000 mg / kg, which leads to deeper
changes in the organs.

Keywords: chronic toxicity; laboratory animals; medicinal composition; bac-
teriocin-nisin; silicon glycerolates
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BBenenune

MacTtuT, BbI3BaHHBIH HH(EKIIMOHHBIMU TATOTCHAMHU, TTO-TIPEKHEMY SIBIISICT-
cs1 HanboJIee BaKHBIM 3a00JICBAaHHEM B MOJIOYHOM IIpOMBITIUICHHOCTH [19, 20].
Bocnanurenpapie 3a007eBaHAS MOJIOYHOH JKeJie3b HAHOCSIT OTPOMHBIE KO-
HOMHUYECKHE YOBITKH MOJIOYHOMY KHBOTHOBOJICTBY H3-3a CHUIKCHUS TPOIYK-
TUBHOCTH U YBEJINYCHHSI TOKa3aTesel BBIOPAKOBKH. AHTHOMOTHKHU CUYMTAIOTCS
IperapaTaMy BEIOOpa IIpH JISICHUH 3a00JI€BaHNUS, OTHAKO MPOOIeMa HATHIHs
HX OCTAaTKOB B MOJIOKE U Pa3BHTHE YCTOMYUBOCTH IMPUBOAUT KO MHOTUM OTpa-
HUYEHHSIM B MOJIOUHOM cekTope Bo BceM mMupe [20]. B mocnennee necsatunerue
JUTS 3aMEHBI MCTIONb30BAHNS aHTHOMOTHKOB B O0pB0E C MAaCTUTOM HCIIONB3Y-
FOTCSL HOBBIC TIOAXOJBI, OCHOBAaHHBIC HAa Pa3BEICHUH yCTOWYMBBIX K MACTUTY
MOJIOYHBIX KOPOB, pa3pa0O0TKe HOBBIX THATHOCTHYCCKUX HHCTPYMEHTOB, KOTO-
pble MO3BOJIST OIIPENEIUTh U3MEHEHHs B MOJIOYHOM KeJle3¢ KOPOB Ha paHHUX
JTarax MaTaJoTnIeCKUX MPOIECCOB, MPUMEHEHNH COBPEMEHHBIX BAKITMH TIPO-
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THB MacTHTa, UCIIOJIb30BaHUH (PUTOTEPAINH, HY TPUILIEBTUKOB, OakTeprodaros,
(haroBBIX JTM3UHOB, TPOOMOTHUKOB, a Takke OakTepuonuHoB [20, 22, 25, 26].

B maboparopun opraHugecKiX MaTepraioB IHCTHTYTa OpraHUYECKOTO CHH-
te3a um. W41 TToctoBckoro YpO PAH (Poccwus, 1. ExarepunOypr) Hamu ObLia pas-
paboTaHa JIeKapCTBEHHAs! KOMITO3UIIMS, BKITIOUAIOIIAs B KAYECTBE JICHCTBYOIIETO
BeIIecTBa OaKTEePHOIMH-HU3MH U TIHLEPOIATHl KpeMHS. [lepBoHaYaIbHBII CHH-
Te3 IINIEPOIATOB KPEMHUS IPEeICTaBIIsIeT COO0H peakiuio nepesreprduranim
terpastokcucunana Si(OC H,), muuepunom C.H O, ¢ BblaeneHreM TeopeT-
YEeCKOTO KOJIMYECTBAa 3TAHOJIA M 00pa30BaHMEM CMECH MOHOMEPHOTO ¥ OJIUTO-
MEpHBIX DIHAIEPOIATOB KPEMHUS C IpeodiiafaHueM (IIPH TPOBEICHUN PEaKIHN
B M30BITKE TIIMIIEPHHA) MOHOMEpa — TeTPaKHCIIIUIeposiaTa KPeMHHUsI, TeTpa-
KHC (2,3-muruapoxcunponokcn) cunana Si(—OCH,~CH(OH)—-CH,OH),. Panee
MIPOBENICHHOE HCCIIeIOBaHNE (papMaIieBTHIECKOH COBMECTUMOCTH KOMIIOHECH-
TOB KOMIIO3UILIMU YCTaHOBUIO, 4T0 HU3UH B cocTaBe NISAPLIN He BcTymaer B
XMMHYECKOE B3aUMOJICHCTBHE C IIMIEPOSIaTAMU KPEMHHSI, YTO MOCITYKHIIO OC-
HOBaHHEM JUTA JaJbHEHIINX HCCIIeN0oBaHUN. TaK MOTydIeHHbBIC Pe3yIbTaThl H3Y-
YeHWs] aHTUMHUKPOOHOM aKTUBHOCTH, TTOKA3aJIM, YTO pa3paboTaHHast KOMITO3HIIHS
OKa3bIBAET 3HAYNTEILHOE aHTUMUKPOOHOE AEHCTBHE B OTHOILICHUH PA3JINYHBIX
IITaMMOB MUKPOOPTaHu3MoB: Escherichia coli, Salmonella abony, Enterococcus
faecalis, Staphylococcus aureus, Bacillus subtilis, Salmonella typhimurium. 13-
yUeHHE MEXaHW3Ma JICHCTBHSI KOMIIOHEHTOB HCCIIEAYEMON KOMITO3HUIMU U T10-
JIy4EHHbIC JIaHHBIC JIAIOT BO3MOYKHOCTB MCIIOJIB30BaTh €€ B TEPANCBTHYCCKUX
cxeMax JiedeHHus MacTuTa y kopos [12, 21, 23]. OmHako BHEAPEHUE HOBBIX Jie-
KapCTBEHHBIX IIPETapaToB B MPOM3BOICTBEHHYIO IPAKTHKY OCYIECTBIMO JIMIIIb
NPH YCJIOBHH I€TAIBHOTO N3YYEHHUS X CIIeHU(PUISCKON aKTUBHOCTH M Oe301ac-
HOCTH Ha 9Tarle IKCIIePUMEHTATBHBIX HCCIICTOBAHIH.

Lens Hamel paboTHI 3aKITI0YATIACH B ICCTICIOBAHUH XPOHIUECKON TOKCHY-
HOCTH U MECTHO-Pa3/Ipakarolero JeHCTBHs pa3padOTaHHON JIeKapCTBEHHON
KOMIIO3HUIIMH Ha J1a00paTOPHBIX )KUBOTHBIX. HaMu ObUIH MTOCTABJICHBI CIIEAYIO-
IIHe 3aa91 FCCIEOBAHM: OTPENEIUTh BOZMOKHBIC TOKCHUECKHe d(h(heKThI
pa3paboTaHHOM KOMITO3ULINY TIPH €KEITHEBHOM IIEPOPAILHOM BBEJCHUH B Te-
YEHHUE OJIHOTO MeCslla, MeCTHO-pa3paxkarolee JAeHCTBUE, BOZMOXKHBIE Opra-
HBI-MHUIIIEHN TOKCHYECKHUX BO3ICHCTBHUI, a TAKKe UX 00PaTUMOCTb.

Matepuajbl U MeTOAbI HCCJIEIOBAHUS

HccnenoBanus mpoBOAWIIM B OT/IEIIC BETEPHHAPHOMN J1a00paTOPHOH JrarHo-
CTHKH C HCTIBITATEJILHOM Ta00paTopreil, a TakxKe B 1a00paTOpui IMMYHOJIOTHH
n narodnoxumuu Ypaisckoro HUBU — crpykrypHoro noapasnenenus @PITBHY
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YpDPAHULL ¥pO PAH nipu nonnepxkke rpanta Poccuiickoro HayqHoro ¢poHzia
Ne 22-76-00009 B cooTBeTCTBHH ¢ PyKOBOACTBOM MO 3KCIIEPHMEHTATHHOMY
(TOKJIIMHIYECKOMY) M3YUCHUIO HOBBIX (DapMaKoJIOTHUECKUX BemecTs [16] n
MIPUHIMIIAM OMOJIOTUYECKOI ITHKH, N3JIOKEHHBIM B EBponelicKoil KOHBEHIIMH
0 3aIIUTE MTO3BOHOYHBIX )KUBOTHBIX, HCIIOIB3YEMBIX JJISI SKCIIEPUMEHTOB MIIN
B WHBIX HAyYHBIX 1eiel [§].

HUccnedyemoe sewgecmso. B sxcniepuMeHTe HCIIOIb30BAIN Pa3padOTaHHYIO
JIEKAPCTBEHHYIO0 KOMIO3UIIHMIO, KOTOpasi MPEJCTaBIseT COOOH pacTBOp CBET-
JIO-’KEJTOTO 1{BETA M COOTBETCTBYET CIIEAYIOLIEMY COCTABY: IIIMLIEPOJIATHI KPEM-
Hus B 6-MonmbHOM mM30bITKe TMnepuna Si(C,H.0O,),6C HO,, — 3,0%, nusun
— 0,3%, ductunmupoBannas Boja — 10 100%. [muneponarsl kpeMHust paspa-
6oTaHbI B 1a0OpaTOPUH OPraHMYECKUX MaTepraaoB MHCTUTyTa OpraHn4ecKoro
cunre3a uM. W.4. TTocrockoro YpO PAH (. ExarepunOypr), B KauecTBe HCTOU-
HHKa HU3KHA ucrionb3oBaiy penapar NISAPLIN (Danisco, BennkoOpuranus).
BbI100p KOHIIEHTpalnii IUIEPOrHAPOTeNel pacCUMTHIBAIM HA OCHOBAaHUH paHee
TIPOBE/ICHHBIX MCCIIEOBAHMN, HU3MHA — 110 TEOPETHYECKUM JaHHBIM TIPHMEHE-
HUSl B MEJMILIMHE, BETEpUHAPUY U MUILEBON MpoMbIlUIeHHOCTH [12, 18, 21, 23].

JKueommnuie. VccreqoBaHus XPOHUYECKOH TOKCUYHOCTH IPOBOIWIM Ha
caMKaxX HEIWHEWHBIX OeibIx JaboparopHbix Kpbic (n=40). OnpenencHue
MECTHO-PA3IPaKaroONIETO ICHCTBHUS BHIOIHAIN HAa MOPCKNX CBHHKaX (n=0).
Bospact kpbIc Ha Hauaso skcnepuMenTa 8-9 Heznenb, xuBasg Macca 180-190 .
Bce maboparopHble KMBOTHBIC IPONUTH KapaHTHH B TeueHHe 14 mHel mepen
9KCTIEPUMEHTOM, PaHEE HE YIaCTBOBAIH B OMBITAaX. [I0ATOTOBKY KHUBOTHBIX K
onbITy npoogwin B coorBercTBuu ¢ [OCT 31674-2012 [2]. B3pemuBanue
ocymectBisuti Ha Becax CAS SW-10 (FOsxnast Kopest). JIaboparopHbIM )KUBOT-
HBIM Pa3pab0TaHHYI0 KOMIIO3UIUIO €KEAHEBHO BHIIANBAIIN C BOJOH B TIOCTO-
SITHHON KOHIEHTpauuu. BeIOOp 103 1t M3yd4eHHUs XPOHUUECKOH TOKCHIHOCTH
paccuuThIBAIU OT MAKCUMAJIbHO IEPEHOCUMOH, OTy4YE€HHO B OIBITE 110 UCCIIe-
JoBaHuI0 ocTpoit TokcuuHocTH (5000 mr/kr). Takum 0OpazoM, J1a00paToOpHBIX
KPBIC pa3eiriIi Ha TPYIIIBI KOHTPOJb U OIBIT: | - koMmo3umnus B go3e 500 mr/
Kr; 2 - KOMIIO3HIHs B 03¢ 750 Mr/kr; 3 - kommo3unus B go3e¢ 1000 mr/kr, mist
OLIEHKH 00PaTUMOCTH BO3MOYKHBIX TOKCHYECKHX I PEKTOB.

Cozeprkasu )KUBOTHBIX B COOTBETCTBHUH C TPHKa30M MUHHCTEPCTBA 3/1pa-
BooxpaHenus Poccuiickoit @enepannu ot 01.04.2016 Ne 1991 «OO0 yTBepxe-
nu [IpaBnn Haanexamen nadboparopHoi npaktukm» [14], TOCT 33215-2014
[4] u TOCT 33216-2014 [5]. ITomenieHnss UMeIN €CTeCTBEHHO-UCKYCCTBEH-
HOE OocBelIeHue (pexxuM: 12 gacoB — cBeT, 12 4acoB — TEMHOTa) M KOHTPOJIH-
pyeMblii MUKpoKIUMat. EskeTHeBHO (prKCHpOBaM IOKa3aHUs C THTPOMETPOB
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ncuxpomerpuueckux BUT-2 (Bce moka3zaHus JOKyMEHTHPOBaHbI). Temmepa-
TypHO-BIQKHOCTHBIN PEKUM HAXOWIICSA B ITPEeax HOPMBL: TEMIIepaTypa BO3-
nyxa 20-22°C; otHOCHTEbHAs BIaXHOCTE 50-60% [3,9].

JU1s KOpMIIEHUS UCIIOIB30BAIH MOTHOPALMOHHBIE IPAHYTUPOBAHHBIC KOM-
OukopMa 171 1ab0paTOPHBIX KUBOTHBIX [5], M3roTOBICHHBIE HAa bormaHo-
BHYCKOM KOMOHMKOPMOBOM 3aBojie. JKHUBOTHBIX TIOMIIN U3 CTAaHAAPTHBIX TOMIIOK
BOJIONIPOBOJIHOM BON10H [7].

HaOumroieHre 3a »KMBOTHBIMHU MTPOBOAMIN €KETHEBHO MO OOLIETIPHHSATOMN
cxeme [16]. B TeueHne ompITa yYUTHIBAIN TOTPEOICHNE KOPMa H BOIBI, COCTO-
SIHAE BOJIOCSHOTO TIOKPOBA M CIM3UCTHIX 000I0UCK, IIOBEICHICCKIE PEaKIINH.
E>xeHenenbHO OCYIECTBIISIN B3BEIIMBAHUE C LENIBI0 U3YUEHUS IPUPOCTA KH-
BOI1 MacCBl.

Mecmuo-paszopasicarowjee deticmsue. Y TpeX MOPCKUX CBHHOK BHIOpHBa-
JIM IIEePCTh Ha OOKOBBIX IMMOBEPXHOCTSX TYJIOBHIIA B BUJIE KOKHOTO «OKOIIIKA
mromansio 30 MM Ha 30 MM, JKHBOTHBIX Opajiy B 9KCIIEPUMEHT Ha BTOPOH
JIeHb, KOT/Ia Ficye3alia dpuTeMa, MOSBIIomasics mocie opuths. Kaxmoit Mop-
CKOIl CBHHKE Ha NOBEPXHOCTb BBHIOPHTON KOXKM C MPAaBOM CTOPOHBI Teja Ha
npotsbkenue 10 aHel exeqHeBHO HAHOCWIIM NPONMUTAHHBINA pa3padoTaHHON
KOMITO3UIIMEeN BaTHO-MAapJIeBbIi TAMIIOH, KOTOPbHIN 3aKpEIIsiiId Ha KOXKE B Te-
4yeHne 4 9acoB. B kauecTBe KOHTPOIIS HCITOIH30BAJH BEIOPUTHIC YIACTKH KOKA
C NMPOTHUBOIOJIOKHON CTOPOHBI, CMauMBaeMble TUCTUUIMPOBAHHON BOMOM Ha
aHamoruuHbIN epuof. CocTosHME KOXKH KaXK10H MOPCKOW CBUHKH YUUTBIBAIN
eKeIHEBHO. Pe3ynbTars! onieHnBaNy B 0aIbHON CHCTEME TT0 IITKAJIe BBIPAYKCH-
HOCTH Pa3apa)xaroliero aercTsus Ha koxy [1,11].

Tak xe pasapakarolee 1eliCTBUE OLIEHUBAJIM IIyTEM HAHECEHUsT KOMIIO3HU-
MU Ha CIIM3HUCTHIE 000I0UKY OpraHa 3peHus. i 3Toro TpeM MOPCKUM CBUH-
KaM B KOHBIOHKTHBAIBHBIN CBOJI IIPABOTO I71a3a C IIOMOIIBIO TIIa3HOH MUIETKA
OJTHOKPATHO HAaHOCWIIH 110 2-3 karuu 1% pacTBopa uccieayeMoi KOMIO3UIUH,
a B JIEBBIH — MO 2-3 KaIljau JUCTHJUTMPOBAHHON BOJBI KOMHATHOW TeMIlepary-
PBI IUTSE KOHTPOJS. Bu3yanpHYI0 peakinio MPU3HAKOB Pa3IpaKeHNsT KOHBIOH-
KTUBBI PETHCTPUPOBAIH €KEYAaCHO M0CIe MHCTWIILINNY (B TeYeHHE 6 4acoB)
C OILICHKOH pe3ysbTaToB Mo 0anbHOU mmikaie [6]. Janee exenneBno (14 mHeit)
YYUTBIBAIH 00II[ee COCTOSHIE )KUBOTHBIX, HATMYNE DPUTEMbI KOHBIOHKTHBEI,
M3MEHCHHUS CIIE3HOTO MIPOTOKA M CKIICPBI, IPUCYTCTBHE CIIE30TCUCHUS 1 KOJIH-
YECTBO BBIJICIICHHI, BO3MOXKHOE MOSIBJICHHUE KepaTuTta u Onedapura, cBeTo00-
a3Hb. OOpaiaiy BHUIMaHUE Ha JUTUTEIbHOCTD U BBIPAXKEHHOCTh U3MEHEHUH.

O1eHKY CHCTEMHOTO BO3/ICHCTBHS Ha TeMOII093 IPOBOIIIIN ITyTEM CpaBHE-
HUSI KIIMHUYECKOTo aHaym3a KpoBH. OTO0Op 1mpoO KpoBH y J1a00PaTOPHBIX JKH-
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BOTHBIX JUIsl FeMaTOJIOTHUECKUX U OMOXMMUYECKUX MCCIIEIOBAHUN TPOBOIMIIN
B YTPEHHHME Yachl EPE]] ONBITOM H [0 OKOHYAHHMIO.

T'emamonocuyeckue uccredosarus. OTIpeAENsN KOINIECTBO SPUTPOIIUTOB,
JICHKOLIUTOB, KOHLICHTPALMK TeMoTIo0nHa. J{J1st ojicueTa KJIeTOK KPOBU U HM3-
MEpeHHs TeMOTIIOOMHA MCIIOIb30BaIi aBTOMAaTHYECKUil BETepUHAPHBIN TemMa-
Tojormyeckuil anammsarop Abacus Junior Vet ¢pupmer «Diatrony (ABcTpus) ¢
HCIIOJIb30BAaHUEM CTaH/IAPTHBIX PeakTHBOB PUPMBI «Diatron» (ABCTpHs); JIeH-
KOIIUTapHYI0 (hOpMYJTy MOJICUUTHIBAIM B Ma3KaX KPOBH, OKpalIeHHbIX 1o Po-
MaHOBCKOMY-I mM3a. YueT pe3yasTaToB MPOBOJHUIN BU3YaIbHO HA MUKPOCKOTIE
Olympus BX 43 (Olympus, Smonus) [10].

buoxumuueckue ucciedosanus CBIBOPOTKH KPOBH TIPOBOAMIIN C IIpUMeE-
HEHUEM KHHETHYECKHX, KOJIOPUMETPUUECKUX U TYpOUMETPUUECKUX Me-
TonoB. JJabopaTopHOEe 000pynOBaHME: aBTOMAaTUYECKUH OMOXMMUYECKHN
ananmzarop «Chem Well-2910 Combi» ¢pupmer «Awaveness Technology»,
USA ¢ ucnonb3oBaHUEM CTaHAApTHBIX HAO0OpOB peakTnBoB (upm «Vital
Diagnostics Spb» (Poccust), <K DIALAB GmbH» (ABcTpust). JJocToBepHOCTH
BBITIOJTHEHNSI U3MEPEHUI MOATBEPIKACHA KOHTPOJIBHBIMH MaTepHaiaMu, pe-
KOMEH/I0BaHHBIMH TPOU3BOUTEISIMU PEaKTHBOB. B KauecTBe 00BbEKTHBHBIX
MoKa3aTesiell TOKCHYECKOTo IeHCTBHUS MCII0JIb30BalH crienupuieckue Onuo-
XUMHYECKHE MAapKePhI B CBIBOPOTKE KPOBU: OIPEEIISIN aKTHBHOCTD acrap-
taT-amMuHOTpancdepassl (ACT), 115 BBISABICHUSI OpraHocrnennduyeckoro
TOKCHYECKOTO JISHCTBUS HA MEYEHb, MOYKU U CEPAILIE; COIEpPKaHuEe MOoYe-
BHMHBI M KPEaTHMHNHA — KaK TOKa3arelei (pyHKINU MOYEK; YPOBEHB IITIOKO-
3Bl — MapKepa COCTOSHUS ITOJDKEITYI0YHOI KeJle3bl; aKTHBHOCTD MIETIOYHON
(dbocdarasel — Mmapkepa I TUArHOCTUKH 3a00JICBAHUI KOCTHOW CHCTEMBI,
MIEYEHN, JKETUEBBIBOASIINX ITyTeH M TOYEK; copepkaHue odmero oemnka —
JUTSL OLICHKH COCTOSIHHSI OSIIKOBOTO 0OOMeHa.

Iamomopghonoeuueckue ucciredosanus. I1o OKOHYaHUN HKCHEPUMEHTA
MIPOBOJIMIIA IBTAHA3HMIO KUBOTHBIX C MOCIEAYIONIEH ayToncuei, mpu 3ToM
HCIIOBb30BAIA METOJI, KOTOPBIH COOTBETCTBYET IPUHIIUIIAM, H3JI0KECHHBIM B
Pexomennanusix EBponelickoii KOMHCCHH 110 3BTaHA3MH IKCIIEPUMEHTAIBHBIX
xuBoTHBIX U Jlupektuse N 2010/63/EC Eponeiickoro mapiamenta u Co-
Beta Eppomneiickoro Coro3a «O 3amuTe KUBOTHBIX, UCTIONB3YIOMNXCS IS
HayuyHbIX uenei» [15]. Mcnonb3oBanu uHrayisiuu CO2 [P KOHLIEHTpaLUH
80 %, MCTOYHHMK — CKAaThId B ra30BBIX OayloHaxX yriekuchslid ras. [locie
Yero OCyUIECTBISUIM B3BEUIMBAHHE BHYTPEHHUX OPTaHOB JUIsl ONpPEACICHHUs
X MacCOBBIX KO3(PPHUINEHTOB, OIICHKY MUKPOCKOIIMYECKOH KapTHHBI BHY-
TPEHHUX OPTaHOB.
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Tucmonoeuueckue uccaredoganus. Ordupanu mpoObl MEYEHHU, N0YEK, ce-
JIE3CHKH, THIOTaCTPAILHOTO JTUM(aTH4IecKoro y3ia, JOHHOW YacTH JKey/IKa,
12-n1epCTHOM M MOJPKETYI0OUHOM Kele3bl, TUMyca. J{Jsl U3roToBiIeHus penapa-
TOB MaTepHaj UCCEKaJIH Ha KyCOYKH TONIIMHON 3-5 MM, GukcupoBamu B 10%
pacTBOpe HeHTpanabHOro 3a0ydepeHHoro GpopManHa, IPOBOAKY OCYLIECTBIH
o cranaaptHoi Metonuke (I'mctonpoueccop kapycenpHoro Tuna Epredia STP
120). IToce npoBoaKH Kyco4KH 3akirouany B napadun. M3 napadunoBbix 6110-
KOB M3TOTaBJIMBAJIK CPE3bl TOJIIUHON 3 MKM (MUKpoTOM - Microm HM450).
OxpacKy IpOBOAMIN MO CTAHAAPTHBIM METOAMKAM: JieTiapadMHA3AINA, OKpa-
mBaHue B rematokcmimHe Kaparmm u s03uHe (10:2 MUH) ¢ mocienyromei
OYMCTKON B CIIUPTaX, MPOCBETICHUEM B KCUJIONE U 3aKJIFOYEHHUEM B CUHTETH-
yecKyro cMoiy. [IpocMoTp MuKponpenaparoB OCyIIECTBIISIIM HA MUKPOCKOTIE
Olympus BX 43 (Olympus, Amonus) ¢ mudposoii kamepoit ADF Professional
03 (ADF, CIIA).

CraricTHUECKHId aHaIU3 JaHHBIX 00padaThIBaIM MaTeMaTHYECKU C IOMO-
Ipio IporpamMmel «Statistica 10.0».

Pe3yabraThl HcclieloBaHNS U UX 00CY:KAeHHe

B xozme mpoBeaeHns reMaToIOTHYECKUX HCCICJOBAaHUHN YCTAaHOBICHO, YTO
MMOKa3aTeNl KaueCTBEHHOTO W KOJMYECTBEHHOTO COCTaBa JIEMEHTOB KPOBH
71a00paTOPHBIX KPBIC HA MPOTSHKEHUH SKCIEPUMEHTA HAXOIWIUCh B Ipeje-
nax pedepentHbix 3HaueHui (Tabmuma 1). K koHIly ombiTa y )KHUBOTHBIX BCEX
TPYTIN YCTAaHOBIIEHO HEKOTOPOE CHIKEHHUE TTOKa3aTelneli spurpomnos3a. Hambo-
Jiee BBIPAXKCHBI 3TH U3MEHCHUS OBUTH B IIEPBOM U BTOPOIl OMBITHBIX TPYIIIIAX:
YMEHbUICHUEC KOJIUYCCTBA OPUTPOILIUTOB, I‘eMOFJ'IO6I/IHa 1 YPOBHA I'€MaTOKpHUTa
npousonuro Ha 10,1-11,3%, 5,0-9,4% u 9,0-13,8% coorBercTBenHo. [1o pany
3HAYCHUH OTIIMYHS C KOHTPOJIBHOU TPYMITON OBUIA CTaTHCTUYCCKH 3HAYMMEI,
OJIHAKO BXOJIWJIM B TAIIa30H HOPMAaTUBHBIX 3HAUCHUH JIIs1 1a00PaTOPHBIX KPBIC
[13, 17, 24]. Taxxe y rpbI3yHOB, TIOJTYYABIINX MAKCUMAIBHYIO I03UPOBKY, YPO-
BEHB CHIDKEHUS JAHHBIX TTOKa3aTeNeil HaXOAWyICs B MpeesiaX CTaTHCTHIECKON
omuOku. B pe3ynsrare 4ero, OTpUIATECIHHOTO BIUSHHS UCCICAYEMOM KOMITO-
3MIMK HAa TEMATOJIOTMYECKHE TT0Ka3aTell KPOBU HE YCTAHOBIICHO.

[To moka3zaremsiM JTeHKOIUTAPHON (POPMYITBI KPOBH CTATHCTUYECKH 3HAYH-
MBIX pa3IMIMid MEKIY )KABOTHBIMH KOHTPOJIBHOW M OIBITHBIX TPYIIIT HE BEI-
SIBIICHO, TTOJyYeHHBIC JaHHBbIC OBUTH B IpejesiaX CTaHJapTHOTO WHTEpBala.
OTME4YeHHOE CBUICTEIBCTBYET 00 OTCYTCTBHUHU Y KPBIC ONBITHBIX T'PYII BOC-
MAJATENBHBIX U aIDICPTUYCCKUX PEaKIUi MoJ] BO3ICHCTBAEM pa3paboTaHHON
KOMIIO3HUIIHH.
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Tabnuya 1.

TI'emaTonoruueckue nokasareau 0e/1bIX KpbIC IPH U3Y4eHHH XPOHUYECKOM
TOKCHYHOCTH HCC/IeAyeMOi KOMIIO3ULIMHT

Kourponbhas |OnbitHast 1 (n=10) —|Omnbithas 2 (n=10) —|OnbitHas 3 (n=10) —
(n=10) 95 Mr/ronoy 142,5 mr/ronoy 190 mr/ronoBy
IMokazarenu
Tlepen | Yepes | Ilepen |[Yepes 30| Ilepen [Yepes 30| ITlepen [Uepes 30
onbiToM |30 jHEel| OnbITOM | JHEH | ONBITOM | JHEW | ONBITOM | JHEH
Koit-Bo spuThowutros. 1012/ 9,76+ | 9,05+ | 9,55+ | 8,47+ | 927+ | 8,33+ | 893+ | 839+
PHTPOIRTOS, 075 | 029 | 022 | 080 | 070 | 046* | 050 | 057
Kost-50 reMomotHia. 1/ 161,33+ |155,75%| 156,50+ | 141,75+ | 153,50+ | 145,75+ | 149,33+ | 149,25+
7I7BO TEMOTIODHHA, T/ 17,010 | 457 | 7,78 | 7.89% | 19,09 | 943 | 58 | 7.80
FeMaToknu. % 54,83+ | 51,68+ | 54,28+ | 46,79+ | 52,42+ | 47,71+ | 51,52+ | 50,57+
PHT, 7o 7,02 1,79 1,50 3,03* 4,94 1,42%* 1,81 2,14
TpoMGomtes. 10%/1 1258,00+(959,25+( 957,00+ | 958,75+ |1467,00+| 850,50+ | 894,33+ | 874,00+
P TOLTEL, 44946 | 76,36 | 24,04 | 231,22 | 893,78 | 77,11 | 147,14 | 101,77
COD. Mm/aac 0,50+ | 1,00+ | 0,50+ | 1,13+ 1,25+ 1,00+ | 0,30+ | 1,00+
? 0,01 0,08 0,01 0,25 1,06 0,01 0,28 0,02
Kos-5o neiixomrros 109/ 12,01+ | 10,64+ | 6,85+ | 12,10+ | 7,82+ | 9,93+ | 7,87+ | 8,56+
" 3,80 1,13 0,40 2,49 7,04 2,95 0,56 1,45
TTmdporrst, 10° /1 6,04+ | 7,17+ | 5,17+ | 726+ | 3,18+ | 6,80+ | 575+ | 6,59+
1L, 0,29 1,33 0,95 1,84 3,15 1,29 0,36 1,61
3 [tonbie 0 0 0 0 0 0 0 0
. E N — 1,67+ | 2,00+ | 1,67+ | 2,01+ | 2,00+ 1,25 | 2,00+ | 0,75+
= g OUKOAICPHBIC 056 | 141 | 0,58 | 0,01 1,82 1,03 1,73 | 0,65
<
EYEES COIMEHTOSICPHLC 24,33+ | 18,75+ | 12,67+ | 22,75+ | 26,50+ | 20,00+ | 15,67+ | 16,50+
% 2 aep 5,69 3,20 5,51 16,15 9,19 391 5,68 2,08
S Tisdorre 69,33+ | 73,00+ | 75,33+ | 71,00+ | 56,50+ | 72,75+ | 78,33+ | 76,00+
§ " 4,93 8,76 7,64 14,31 6,36 3,77 6,03 3,27
§ MOHOLHTEL 3,00+ 0 1,33+ | 2,25+ | 1,50+ | 0,25+ | 3,67+ | 0,50+
g " 1,73 0,58 0,95 1,12 0,15 2,08 0,50
2 0,33+ 0,33+ | 025+ | 0,550+ | 3,50+ 0,25+
= s E , B > ,
)é Basoduust 028 0 0,13 0,20 0,51 2,64 0 0,20
DosutoduTH 1,33+ | 6,25+ | 7,00+ 1,75+ | 3,00+ | 2,25+ | 0,33+ | 6,00+
1,15 5,73 4,00 1,70 1,41 2,02 0,28 0,82

* — 3HauMMBle KpuTepux Ha yposHe p <0,05; ** — 3HaunMeble kpuTepun Ha yposHe p <0,01

AHaiu3 nmapaMeTpoB OMOXUMHYECKOTO MPOMUIIS KUBOTHBIX OINBITHBIX U
KOHTPOJNBHBIX Ipymil 3a 30-THEBHBIN MEepHo/ CKapMIMBAaHUS pa3paboTaHHON
xoMmmo3unuH B 103e 500 mr/romoBy u 1000 MT/TOIOBY HE BBISBIII BBIPAXKCH-
HOTO HEraTMBHOTO Ouosoruyeckoro 3ddexra Ha )KUBOTHBIX OCHOBHBIC METa-
Oonuyeckue mokasaresan (oOIHii OeJIOK, albOyMUHBI, KDEAaTHHHH, MOYCBUHA,
XOJIECTEPHH) COOTBETCTBOBANIN (DU3UOIIOTHUECKIM 3HAUYCHHSAM U HE BBIXOAMIN
3a rpaHMIB] HOPMAaTUBHBIX. Y KPBIC, TOJIyYaBIINX UCCIIEAYEMYIO KOMIIO3UIIHIO
B 03¢ 750 MI/KT, B KPOBHU OIMPEICICHO MOBBINICHIHEC aKTUBHOCTH IICIIOYHON
¢docdaraszser 1o 316,50+82,48 En/m u cHMKEHHE COnmEp)KaHUS XOJECTEpHUHA
10 yposHs 1,33+0,15 Mmounb/n. CHUKEHNE YPOBHSI MOYEBHHBI 110 HCTEUEHHUH
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nepuoga 3KCIIEpUMCHTA YCTAHOBJICHO BO BCEX I'pyIiIiax XUBOTHBIX, IIPU 3TOM
MakcuMaibHOe cHIbkeHue (Ha 1,3 u 1,9 MMonb/i) 3aperucTpupoBaHO B KOH-
TPOJILHOM 1 IEPBOH OTBITHOH TPyIIax COOTBETCTBEHHO. 3apeTUCTPUPOBAHHBIC
H3MEHEHHSI B HEKOTOPBIX METabOIMYECKHX MapaMeTpax He AT OCHOBAHMS
I YTBEPXKIACHUA 06 HETAaTUBHOM BJIUSHUU pa3pa60TaHH01>'I KOMIIO3UIIMU Ha
MeTaboandecKkue n3MeHeHus B edenn (Tadmmma 2).

Tabruya 2.
BuoxuMIYecKne HCCIeI0BaHUS CHIBOPOTKH KPOBH GeJIbIX J1a60paTOPHBIX KPBIC
NPH W3YYeHHN XPOHUYECKOi TOKCHYHOCTH HCCIeIyeMOil KOMIO3HIIUH

Konutponsuas |OmnsitHas 1 (n=10) — | Onertaas 2 (n=10) — | OnsitHas 3 (n=10) —
(n=10) 95 mr/ronoBy 142,5 mr/ronoy 190 mr/ronoBy

Iloxazaremn
Iepen | Yepes | Ilepen |UYepe3 30| Ilepen |Yepes 30| Ilepen | Uepes 30

onblToM |30 jtHEl| ombITOM JHel OIBITOM JiHel OIIBITOM JiHel
74,03+ | 70,15+ | 74,60+ | 70,43+ | 80,00+ | 68,08+ | 72,53+ | 70,58+

O6mumii 6enok, 1/

500 | 234 | 398 5,94 3,99 0,35 4,51 3,63

PO 27,70+ | 30,78+ | 30,53+ | 28,80+ | 3037+ | 31,38+ | 32,60+ | 31,28+
YMUHBL, L1s | 138 1,70 1,61 2,95 L1 | o61% | 1,79
e 46,33+ | 39,38+ | 44,07+ | 39,13+ | 49,63+ | 36,70= | 39,93+ | 39,30+
YIHHEL, 391 | 097 | 274 1,98 1,63 | 0,77+ | 4,53 2,09

ACT E 121,33+(110,50%| 137,00+ | 130,25+ | 118,00+ | 138,75+ | 136,67+ | 104,50+
» B 25,72 | 1348 | 34,12 | 2.63* | 28,62 | 9.22* 4,04 17,94

3,47+ | 3,75+ | 2,60+ 3,93+ 2,03+ 4,35+ 2,83+ 4,08+
0,81 0,65 0,90 0,61 0,45 0,75 0,59 0,90

45,00+ | 38,45+ | 52,30+ | 51,33+ | 38,23+ | 41,08+ | 37,20+ | 50,65+

[ J110K03a, MMOJIB/JI

Kpeaturun, MiMoxn/t |5 g4 | 16 19 | 9,90 1505 | 13,66 745 6,39 14,51
N 5704 | 443+ | 640% | 450+ | 3,93+ | 323+ | 423+ | 345+
J 255 | 073 | 115 1,64 1,88 0,69 0,81 0,68
Llenounas pocharaza, |199,00+241,75+] 191,33+ | 288,00+ | 169,67+ | 316,50+ | 193,67+ | 161,50+
En/n 8118 | 30,51 | 68,57 | 9543 | 53,61 | 8248 | 27,10 | 9,68**
omecreom smomn | 167 | L84 [ L77= |18 [ 23 [ 133 | 187+ [ 245¢
PHH, 049 | 058 | 1,07 0,66 0,23 0,15* 0,74 0,33*

* — 3HAYMMBIE KpUTepun Ha ypoBHe p <0,05; ** — 3Haunmble kputepun Ha ypoBHe p <0,01

[Ipu n3yyenun auHaMuUKU HabOpa Macchl Tella KPbIC YCTaHOBJICHO, YTO B
KOHTPOJIBHOM IPyTIIIE Ha MPOTSHKCHUH YEThIPEXHEIETIBHOTO SKCIIEPUMEHTA JaH-
HBII oka3atens yBenauuuics Ha 37,37 r u cocrasui 223,41 r. B nepBoii onbIT-
HOU rpyIine cpeHsisi Macca Tejla KpbIC 10 HCTEUEHHMIO ITEPHOo/a SKCIIEPUMEHTA
cocraBmiia 220,28 1, uto Ha 36,09 r Oosbllle MacChl Ha HA4YaI0 UCCIACAOBAHMMA.
Cpennsisi Macca Tena 1a00paTOPHBIX KPBIC BTOPOW U TPETEH OMBITHBIX TPy
Ha MPOTSHKEHUM CKapMJIMBAHUS UCCIIEyeMON KOMIIO3UIMH YBEJINYMIACH HA
35,92 r u 36,95 r. [Ipu cpaBHUTENBPHOM aHANM3€ CPelHEil Macchl Tesa KphIc,
COZIEpIKaIUXCsl B TPYMIAX, KOTOPbIC MOIyYaId UCCICAYEMYIO KOMIIO3HIIUIO
1 KOHTPOJIPHOHM, yCTAHOBIJICHO, YTO MCCIEIYEMbIi MOKa3aTelb ObUT HIKE Ha
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3,43%, 3,88% u 1,12% cOOTBETCTBEHHO MO CPABHEHUIO C KOHTPOJIEM, OJTHAKO
9Ta pa3HHIlAa He UMela TOCTOBEPHBIX oTiamuuii (Tabmmma 3).

Tabnuya 3.

Macca tesia 0esibIX J1a00PaTOPHBIX KPbIC IPU U3YYEHHH XPOHHYECKOI
TOKCHYHOCTH HCCIeAyeMOi KOMIO3HIIHH, T

I'pynmbl JKUBOTHBIX

[epuon KourpomsHas OmnbiTHas 1 OmnbITHas 2 OmnbiTHAs 3
B3BEIINBAHUS (n=10) (n=10) — 95 mr/ | (n=10) — 142,5| (n=10)— 190
TOJIOBY MI/TOJIOBY MI/TOJIOBY
Iepen omertom | 186,04+14,72 | 184,19+13,54 | 186,64+10,80 | 182,37+12,62
UYepes 1 memenmto | 198,9249,83 | 190,67+15,00 | 196,95+15,71 | 194,55+13,81
UYepes 2 negenu | 207,33+20,68 | 200,72+16,46 | 205,22+15,49 | 205,21+18,13

Uepes 3 Henenu

215,52+14,14

212,11£16,45

216,09+15,71

212,07+14,16

Uepes 4 Hepenn

223.41+1721

220,28+14,69

222,56+17,34

219,32+15,26

OtcyTtceTBHe HeraTuBHOTO 3(phekTa MpH TUTETFHOM IIPAMEHSHUH pa3pado-
TAHHOW KOMITO3MIIMH MTOATBEPXKIAIOT MOJyYEHHBIC MaCCOBBIE KOY()(HUIINCHTHI
BHYTPEHHHUX OPraHOB OeJbIX KpbIc. OTIMYHS MEX/y KOHTPOJIbHOW M OIBITHBI-

MU rpynmnaMu coctaBuiu He 6omnee 10% (Tabnuua 4).

Tabnuya 4.

Maccosble k03(p)¢uIHEeHTbI BHYTPEHHHX OPraHoB 0eJIbIX KpbIC
MPH U3yYeHUH XPOHUYECKOH Hcc/IelyeMoil KOMIIO3MIHHT

['pynmel
JKUBOTHBIX

Bec
JKUBOTHBIX, T’

MaccoBble K03()(HINESHTbI BHYTPEHHHX OPTaHOB

Cepaue

Jlerxoe

Ileuens

[Touku

Cene3eHKa

KonrponsHnas

(n=10)

223,41£17,21

0,52+0,11

0,70+0,11

6,06+0,38(0,84+0,03

0,22+0,08

OmnpiTHas 1
(n=10) — 95
MT/TOJIOBY

220,28+14,69

0,54+0,17

0,73+0,44

6,23+0,41

0,81+0,07

0,19+0,09

OmnbITHAS

2 (n=10) —

142,5 mr/
TOJIOBY

222,56+17,34

0,57+0,10

0,67+0,19

6,57+0,40(0,87+0,23

0,24+0,03

OnbiTHas 3
(n=10) — 190
MT/TOJIOBY

219,32+15,26

0,55+0,04

0,71+0,21

6,24+0,46(0,80+0,08

0,23+0,01

ITo okOHYaHUU HKCIIEPUMEHTA IPOBEAECHO TUCTOIOTHYECKOE UCCIIEN0BAHNE
MTApPEHXMMATO3HBIX OPTaHOB KPBIC OIBITHBIX I'PYIIL, TOJIy4aBIINX pa3paboTaH-
HYH0 KOMIIO3ULIMIO B Pa3HBIX JO3UPOBKAX U IpyNIbl KOHTposs. [Ipu usydenuu
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CTPYKTYpBI aPEHXUMATO3HBIX OPraHOB — IIEYCHHU, KUIIEYHNKA, TTOPKEITY/104-
HOMH JKele3bl, MOYKHU, CEIE3eHKH U TUMYCa KPBIC KOHTPOJIBHOM IPYHIEl OBLIO
BBISIBIICHO, YTO CTPYKTYpa OPraHOB COOTBETCTBOBAIIA aHATOMHYECKUM ITapamMe-
TpaM, UX apXUTEKTOHUKA HE N3MEHEHA M NaTOJIOTNYECKUX ITPOIIECCOB B H3yya-
€MBIX OpraHax He ObLJIO OTMEUEHO.

Tak B EYEHH CTPYKTypa HOJIEK M OaJIOYHOTO CTPOCHUS ObLIa XOPOIIO
BBIpa)KEHa, KPOBEHOCHBIE COCY/bl KAK MUKPOIMPKYJIATOPHOTO pyciia, TaK U
BXOJISIIIIME B COCTAaB TPUAbI, 1 COOMpATEIbHbBIC BEHbI OBLTH YMEPEHHO KpO-
BEHAIIOJIHEHBI, IMeJIa MECTO He3HAYHUTENIbHAs pacCessHHAS TOTUMOP(HOKIIe-
TOYHAs MHQHIBTPALUS B MEKYTOYHOUW COCIMHUTECIBHOTKAHHOW CTPOME M
HE3HAUUTEIbHBIN NMepUBACKYJSPHBIH OTeK. M3 Bcex McclieyeMbIX OpraHoB
y KPBbIC KOHTPOJIHOH I'PYIIIIBI B CEJIE36HKE OTMEYECHA PeaKkLus TUMPOUTHBIX
(GONIMKYIOB M HE3HAUYUTEJIbHAS KUPOBasi METAIUIA3Usl TUMYCa, YTO CBUJIE-
TEIBCTBYET O MOHMXCHHOM MMMYHHOM CTaTyC€ HMCCIIEIYyEMBIX )KMBOTHBIX
(Pucynox 1).

a 0 B
Puc. 1. ['ucronoruueckas CTpyKTypa OpraHoB KpbIC
KOHTPOJILHOM TPYTITIBI: @) YMEPEHHOE KPOBEHAMOTHEHHE BEHO3HBIX COCYI0B TPHAIbI
neyeHy, 0) He3HAYUTEIBHBIN NTePUBACKY/IIPHBIN OTEK B IIEYEHH KPBIC KOHTPOJILHOM
TPYIIIBL, B) HE3HAYUTENBHBIM KaTapadbHbII SHTEPHUT B KUIICTHUKE KPBICHI
KOHTPOJIbHOM TPYIIIbI.

[Ipu ucpITanny KOMITO3UIMA B 103¢ 500 MI/KT CyIIECTBEHHBIX OTIHYH-
TEJIbHBIX H3MEHCHUH 110 CPABHEHHUIO C 0COOSIMU KOHTPOJIBHOM TPYIIITBI HE OTME-
4yeHo. [laromornyeckre mporecchl OTCYTCTBOBAIM, HO UIMENIO MECTO yCHIICHUE
KaTapa KHIICYHUKA KaK OTBETHAS PEaKIIHs Ha BBEICHHUE YyKEPOIHOH CyOCcTaH-
MU, AHAJIOTUYHbIE IPOLECCHl YCTAHOBUIIM U B CEJI€3EHKE — OTMEUEHA TUIIep-
1a3ust TUMQPOUIHBIX (DOJUTUKYJIOB, UTO SIBJISICTCS TIOJIOKUTESIBHBIM MOMCHTOM
B OTBETHOM peaKLMy OpraHa UMMYHHOW CUCTEMBI, OTBEYAIOIIEH KaK 3a KI1eTOoY-
HBII, TaK ¥ 32 TYMOpAJbHBI HIMMYHHUTET. B IeYeHN yCTaHOBHIN 3EPHUCTYIO
JUCTPO(UIO TeATOIUTOB, YTO CBOMCTBEHHO ITOMY OpPraHy IPH YCHJICHUU OeJI-
xoBoro oomena (PucyHok 2).
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Puc. 2. ['ucronornueckas CTpyKTypa OpraHoB KPbIC ONBITHOM I'PYIITBI, MOTyYaBIINX
KOMITO3HIHIO B 03¢ 500 MI/KT: a) CIM3HUCTHIN KaTap KUIICYHNKa, 0) THIepIIIa3ust
(OJUTHKYIIOB CeNIe3eHKM HEe3HAYUTENbHBII NePUBACKYIISPHBIHN, B) 3¢pHUCTAS
JUCTpodUs TIEUCHH, JIBYSACPHBIE TEIaTOLUTHI

[IpuMeHeHHe KOMIO3HUIIUH B 103¢ 750 MI/KT TIO3BOJIMIIO YCTAHOBUTH MOP-
(ornornueckue U3MEHEHHsI B BUJIe aKTUBHOTO Karapa KHIICYHUKA. B neueHn
JKUBOTHBIX BBISIBIIIA aKTHBU3AIMIO MaKpOQaralbHOW CHCTEMBI — 3BE39aThIX
PETUKYI0HO0TEIHOIUTOB, TIOSBUIUCH JIBYSJIEPHbIE TeMATOUThI KaK MPU3HAK
AKTHBH3AIMK MHUTO3a U YCHUIICHHUS pEeTeHepaTOPHBIX MPOIECCOB B eueHu. Ox-
HOBPEMEHHO C 3THUM B CEJIe3eHKE 3apPETUCTPUPOBAIH aKTUBU3AIUIO JIUM(O-
UIHBIX (OJUTHKYIIOB HE Yepe3 THIEPIUIA3HI0 IICHTPOB, a B (OPMHUPOBAHUU
JIOTIOJIHUTENBHBIX JIMM(OHUTHBIX (OJUINKYIIOB, PACIIOIMKEHHBIX B HEMOCPE-
CTBEHHOH OMM30CTH OT OCHOBHBIX, 3TO PACIICHWBACTCS KaK MPHU3HAK 3aIUT-
HO-TIPUCIIOCOOUTENEHON peaknuu opranm3ma (Pucynox 3).

a 0 B
Puc. 3. I'ucronoruueckast CTpyKTypa OpraHOB KPbIC ONBITHON TPYTIIIBL,
MOJTyYaBIINX KOMIIO3UIHIO B J1o3e 750 MI/KT: a) akTHBHBIH KaTap KHUIICYHHKA,
0) axtuBH3anMs KiIeTok Kyndepa (3Be3A9aThIX peTHKYIOIHIOTEIHONUTOB IIEUCHN),
B) JOMOJHUTENbHBIC TUM(OUIHBIC (OIUIUKYIIBI B CEIE3CHKE

VY ’KHBOTHBIX, TIOJTYYaBIIAX KOMITO3UIUIO B j03¢ 1000 MI/KT, OTMEUCHBI
Oosee IIyOOKHE U3MCHEHUS, KOTOPBIC B HEKOTOPBIX CITy4asiX MOXKHO KJIACCH-
(buULKIpoBaTh KaK 3alIUTHO-IPUCIIOCOOUTEIbHBIE ITPOLIECCHI, @ HEKOTOPBIE Clie-
JIyeT OTHECTH K KaTeTOPUH MAaTOIOTHICCKUX. B KUIIICUHIKE BBISBIUTH YCUIICHHC
KaTapaJbHOTO BOCHAJICHUS KUIICYHUKA C TPOSIBICHHEM Y03MHOMUIINY, UTO Xa-
pakTepHu3yeTcs Kak MPU3HAK aJUIeprU3aIiy OpraHu3Ma KUBOTHOTO B MECTHOM
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MIPOSIBJICHUH. B reueHn ycTaHOBMIIM O4arn OCTPOBKOBOM U MEKOCTPOBKOBOM
(ha3pl IEppo3a, 9T0 HAOMIOAACTCS MTPH HAPYIIICHUH OEITKOBOTO H )KHPOBOTO 00-
MeHa. B nmoukax 3a()MKcHpOBaIM BOCTIAIUTEIBHBIA MTPONECC B BUJIE TIEPUTIIO-
MepyJISipHON MOTMMOP(HOKIICTOYHOM HHMIBTpanun. B ceneszenke ormMeTnim
pacmupenue T-30HbI B poyutukynax. /JlaHHbIe H3MEHEHUS B OPIaHHBIX yKa3bl-
BalOT Ha YCHWJICHHE KIIETOYHOTO MMMYyHHTETa (PrcyHok 4).

Puc. 4. ['ucronornueckast CTpykTypa OpraHoB KpbIC OIBITHOI IPYIIITHI,
MTOTY9YaBIINX KOMIO3UIHIO B 103¢ 1000 MI/KT: a) Karap KUIIEYHHUKA C 03HHO(IIHEH,
0) puOpo3HbIC N3MEHEHUS B IEYCHH, B) O4ard IUPPO3a B IEUCHH

ITpu nccaen0BaHUN MECTHO-PA3APAKAIOIIET0 JeHCTBUS 1o ucteueHun 10
JTHEBHOTO TIEpHO/Ia HAOIIOEHHUH 32 MOPCKMMH CBUHKaMH, KOTOPBIM Ha «OKHA»
SMUIEPMHUCA HAHOCUIH HCCIELYyEeMYI0 KOMIIO3UIUI0, IPU3HAKOB BOCIAJIECHHUS
WK pa3fpakeHust He 3aperucTpuposain. Kojka B MecTax KOHTaKTa c mpemna-
paTtoM ocTaBajach dIACTHYHOH, ITOJBIKHOM, 0e30071e3HEHHOI U BOCCTaHaB-
JIMBaJIa BOJOCSHOM MOKPOB HAYMHAsI CO BTOPBIX CYTOK. Pacuecsl, TpemuHsl,
W3BS3BIICHUS M CTPYIIBI OTCYTCTBOBAJIH. MOpCKHE CBUHKH BECh IIEPHO]] HAOIFO-
JeHUH OCTaBaIMCh AKTUBHBIMU U COXPAHIM (U3HOJIOIMYECKUE U IHILEBBIC
peaknny, COOTBETCTBYIONIHE 310POBBIM JKUBOTHBIM. [0 pesynsraram mccre-
JIOBaHUS pas3pakaroliero AeHCTBUS Ha CIM3HUCTHIE 000J0UKN OpraHa 3peHus
MOPCKHX CBUHOK HE OTMETWJIN CyLIECTBEHHbIX M3MeHeHni. OTcyTcTBOBANIN
HeTaTuBHbBIE (PAKTOPBI, BIUAIOIINE HA (DYHKIMN BEK, CKJIEPBI U CIE3HBIX MPO-
TOKOB. UHciI0BBIC 3HAUCHNS (PH3HOIOTMYECKHX MTApaMETPOB MOPCKHX CBUHOK
OTIBITHOM M KOHTPOJIBHOI TPYII COOTBETCTBOBAJIM HOPMATHUBAM 310pPOBOI0 Op-
TaHU3Ma Ha TPOTSDKEHUHU BCETO 3KCHepuMeHTa. Ha ocHOBaHMM MOTy4eHHBIX
PEe3yabTaTOB BCETO MEPHO/IA UCCIIEA0BAHIN, MPOAOIDKaBIIerocs 14 auei, obu1o
YCTaHOBIICHO, YTO HAHECEHHE Ha KOHBIOHKTUBY PacTBOpa pa3paboTaHHON KOM-
TIO3UIIMHM HE BBI3BAJIO pazapaxaroliero aeictsus. Takum o0pa3oM, aHATU3UPYs
COCTOSIHME KOXHBIX YJaCTKOB M KOHBIOHKTHBBI, HA KOTOPbIE HAHOCHIIN HCIIBI-
TyeMBbIi pacTBOp, OBIJIO YCTAHOBIICHO, YTO pa3paboTaHHasi KOMITO3ULIUS He 00-
JIa1aeT KOXKHO-Pa3ApakatolIiuM JeHCTBUEM.
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3akJiloueHue

Ha ocHOBaHHMHM NPOBEICHHOTO MCCIICIOBAHKS YCTAaHOBJICHO, YTO pa3pabo-
TaHHAs! KOMITO3ULIUSI OTHOCHUTCS K [V Kitaccy BEIIecTB «BEIeCTBa Majloomnac-
HBIE». YCTAHOBJIEHO, YTO IPHUMEHEHHE KOMIIO3HIIMU HE OKa3bIBAaeT HEraTHBHOTO
BIIMSIHUS Ha Maccy Tena OebIX 1ab0opaTOPHBIX KPbIC, @ TAKIKE MaCCOBBIE KO-
(UIMEHTHI BHYTPEHHUX OPraHoOB.

B mporecce n3ydeHns: XpOHHUYECKOW TOKCHYHOCTH YCTaHOBJIECHO, YTO HC-
clieqyeMasi KOMIIO3UIMS HE OKAa3bIBAaeT HETaTUBHOE BIIMSIHUE Ha COCTaB die-
MEHTOB KPOBH J1a00PAaTOPHBIX KPBIC, ITeMaTOIOTHUECKHUE TTOKA3aTEIH, BKIOUast
JIEMKOLUTAPHYIO (POPMYITY, TI0 UCTEUEHHH ONBITHOTO MEPUO/a HaXOAWINCH B
npenenax peepeHTHBIX 3HAUCHUH.

OcHoBHEIE MeTa0OIMYECKHE ITOKa3aTeH (00Mmuii 6eoK, ambOyMIHEI, Kpea-
THHHH, MOYEBHHA, XOJIECTEPHH ) COOTBETCTBOBAIIN (PH3NOJIOTNUECKUM 3HAYCHUSIM
U HE BBIXOJIMJIM 33 IPAaHMIbl HOPMATUBHBIX MPHU UCIIOJIb30BaHUK pa3paboTaH-
HOU Kommo3unuH B go3e 500 mr/xr u 1000 mr/kr. [Ipn paccMoTpeHnn mapame-
TPOB OMOXUMUYECKOTO MPO(MIIS KPBIC BTOPOH OIBITHOM TPYTIIBI, MOIYYaBIINX
KOMITO3HUIIMIO B I03UPOBKe 750 MI/KT, yCTaHOBJICHBI M3MEHEHHsI HEKOTOPBIX Me-
Ta0OIMYECKHUX NapaMeTPOB B BUJC yBEIHYCHUS (PepMEHTATHBHON aKTHBHOCTH
nIenouHol ocdarasbl U CHIKEHHS COICPIKaHHs B KPOBH XOJIECTEPHHA.

[Tpu U3yueHnn TUCTOIOTMYECKUX M3MEHEHHH B TAPEHXNMATO3HbIX OpraHax
U TKaHSX OpPraHM3Ma KpbIC B IEPUOJL SKCIIEPUMEHTA YCTaHOBJICHO, YTO B KOH-
TPONTEHOH ¥ OTIBITHOM TPyTITIe, T 1032 pa3pad0TaHHON KOMITO3UIINU COCTaBHIIA
500 MI/KT HE BBISIBIIEHO IIPOLIECCOB, OIACHBIX JJISI )KU3HEAEATEIBHOCTH )KUBOT-
HBIX, CTPYKTYpa OPraHOB COOTBETCTBOBAJIa aHATOMUYECKUM Mapamerpam. HMc-
CIIeZIOBaHHE OPTaHOB XMBOTHBIX, ITOTyYaBIINX Pa3pad0TaHHYI0 KOMIIO3HIIHIO B
703e 750 MI/KT, BBISIBUJIO H3MEHEHHS B ICUCHH M CENIC3CHKE, YKa3bIBAIOLIHE Ha
TIPOLIECCHI pEreHePaly 1 3aIUTHO-TIPUCIIOCOOUTENBHBIE PEAKIIMK OPraHNu3Ma.
B Tperhbeii onbITHOI rpyrine, rae 103a uccieayeMoi kommozuiuu obuta 1000
MI/KT 3apETrHCTPUPOBAH PsiJl MATOJIOTMYECKUX N3MEHEHHH, IPOUCXOANMBIX B
KHIIIEYHHKE, [IEYCHH, TIOUKaX U CeJe3eHKe JIADOpaTOpHBIX KPbIC, B BHJE YCH-
JICHUS KaTapaJbHOTO BOCIHAJICHUS KUILIEYHUKA, OYaroB OCTPOBKOBON U MEXKO-
CTPOBKOBOI (ha3bl IUPpO3a EYEHH, BOCTIATIMTENEHON HHPHIBTPALMY B [IOYKAX,
pacmmpenun T-30HbI B GoiuHKynax cene3eHkH. Jlannas nosa Oblna B3siTa B
9KCTIEPUMEHT JIJISl OLIEHKH 00PaTUMOCTH BO3ZMOXKHBIX TOKCHYECKUX (P PEKTOB,
B pPe3yJIbTaTe 'HCTOJIOTMYECKUMHI H3MEHEHUSIMH OIIPEAEIICHO, YTO YCTAHOBJICH-
HBIC MATOJIOTMYECKHE TPOLIECCHl N3 KOMIICHCATOPHBIX U MPUCTIOCOOUTENBHBIX
TIEPEXOJISIT B COCTOSIHUE HEOOPATUMBIX U B KOMITJIEKCE POSIBICHHS MOTYT IIPH-
BECTH K JIEKOMIICHCAI[MH, YTO XapaKTEePU3yeT TaHHYIO 103y KaK KPUTHUECKYIO.
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Takum 00paszom, pazpaboTaHHast KOMITO3HLIUS MOXKET ObITh PEKOMEH/1I0BaHa
JUISl IPOBEACHHS KIIMHUYECKNX UCTIBITAHUH HA MPOAYKTHBHBIX BUIAX JKUBOT-
HBIX B 103¢ He Oonee 500 mr/kr. [Ipu npuMeHeHNH 10361 750 MI/KT THCTOJIOTH-
YeCcKoe MCCIIeJ0OBaHUE HE YCTAaHOBUJIO MATOJIOTMUECKUX MPOLECCOB B MEUEHH,
B pE3yNbTaTe YeTo 3apeTuCTPUPOBAHHBIC M3MEHEHHUS B META00INIECKIX MTOKa-
3aTelsIX KPOBH HE JIAl0T OCHOBAHMS ISl yTBEP)KCHUS HETATHBHOTO BIIMSTHUS
pa3paboTaHHOM KOMIO3MIMK HAa OOMEH BEIIECTB, OHAKO B HaJbHEHIINX HC-
CIIEZIOBAaHUSAX HAMH PEKOMEH/IOBAHO C OCTOPOXHOCTHIO HCTIOIB30BaTh JaHHYIO
JO3UPOBKY Y ’KUBOTHBIX C BBIPKEHHBIMHU HapYyUICHUSIMH (YHKIUN TIEICHH.
[Tpn manpHEHIINX UCHIBITAHNSAX PA3IMYHBIX 103 PAa3padOTaHHON KOMIIO3UINH
CJIeJlyeT UCKIJIIOYUTH MCIIOIb30BaHne KpuTHueckoil 103el 1000 Mr/kr, mpuso-
JSILY0 K Oojee IyOOKMM M3MEHEHUSIM B OpPTaHax, yCTAaHOBJIEGHHBIE B XOZE
THCTOJIOTHYECKHUX MCCIEAOBAHUH, KOTOPbIE B HEKOTOPBIX CIIydasXx OTHOCSTCS
K KaTE€rOpHH I1aTOJIOTHYECKHX.

3akJil0ueHne KOMHUTETA MO0 ITHKe. VccrenoBanue ObUIO MPOBEACHO B CO-
OTBETCTBUU C MPUHIMIIAMU OHOJIOTHYCCKON ITHKH, U3JIOKCHHBIMH B EBpo-
neucKon KOHBCHIHMHU O 3alIMTEC MMO3BOHOYHBIX JKMUBOTHBIX, UCIIOJb3YEMbIX JIA
SKCTIIEPUMEHTOB MIIM B MHBIX Hay4IHBIX Iensax (CtpacOypr, 1986).

HNudopmanusi 0 KOHQINKTE HHTEPEecOB. ABTOPHI 3asBISIIOT 00 OTCYT-
CTBHHU KOH(IIUKTA HHTEPECOB.

Hndpopmanusi o cnoHcoperBe. lccienoBaHue BBINOJHEHO 32 CUET
rpanta Poccuiickoro Hayunoro ¢onga Ne 22-76-00009, https://rscf.ru/
project/22-76-00009/
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Hayunas cratbs

NCHOJB30BAHUE METOJA 'EHOTUIIMPOBAHUA
JJIA OTBOPA ’KUBOTHBIX ) KEJATEJBHOT'O TUITA

A.H. Cypos, C.H. Illymaenko, A.A. Omapos, E./]. Kapnoea,
/1. Eénazuna, E.H. Yepnooan, U.U. /Imumpux, E.C. Cypacukosa,
H.U. E¢pumosa, C.C. boopviuios

Cospemennoe 06yeg00cmeo 00ACHO OAUPOBAMBCA HA NPOUBOOCNEE BbICO-
KOKA4eCmeeHHOU npooyKyul, Noay4aemol om osey. 3uanue npedenos nomeHyuana
NPOOYKMUSHOCHIU JHCUBOMHBIX Oelaem YNpasieHue CeleKyuOHHbIM NPOYeccom Hau-
oonee s¢pgpexmusnvim. [pumenenue memooa IL[P-TT/[PD nozeonsiem onpedensimo
anienbHble 8apUaHmbl 2eHO8, CEA3AHHBIX C KOMUYECMEEHHIMU U KAYECTNBEHHIMU
Xapakxmepucmuxkamu J’cusomuuix. Moenmuguyupys pasnuunvle nomuMop@uvie
sapuayuy U ux geHomunuyeckue nposieaeHus, MOJICHO CO30a8amb, a Makdice no-
noHAMb 6a3y OaHHLIX 018 YNPAGIEHUs 2eHeMUYeCcKoU npoepeccueti ceneKyuoHHO
3HAYUMBIX NPU3HAKOG. B cmamve onpedenen nonumoppusm 2eHog 2opmona pocma
(GH), kanonacmamuna (CAST), oughgpepenyuanvnozo gpakmopa pocma (GDF9)
NOOONBIMHBIX HCUBOTNHBIX U OMPAINCEHA ACCOYUATNUBHASL CE:3b OUHAMUKU POCTNA U
PAa38UMUsL NOMECHBIX APOK PAZHO20 NPOUCXONHCOEHUS (MAMKU POCCULICKO20 MACHO20
MepuHoca u npou3sooument UMNOPMHo cenekyuu). B cmamove denaemcs 61600 o
Mom, umo 0751 yeenuyeHus MACHOU NPOOYKMUBHOCIU 08el XO3AUCBAM HeoOX00u-
MO 0OmMOasams npednoumenue HCUGOMHLIM-HOCUMENSIM 2eHO8 C GblABILEHHbIM Jice-
JIaMenbHbLIM 2eHOMUROM RO UYUACMBIM NOTUMOPHUIMAM, a MAKIICe YUUMbIEAmb
ux Hanuuue @ npoyecce ceneKyuu.

Knrwouesvie cnosa: osyvl; nopooa, poccutickuii MACHOU MePUHOC, wapoie;
unv-oe-panc, noan dopcem,; nonumoppusm, eenvi;, GH; CAST, GDFY9; macuas
NPOOYKMUBHOCTG, NPOMEPbI MENOCTIONCEHUA,; ACUBAS MACCA

Jna yumuposanusa. Cypos A. 1., lymaenxo C.H., Omapos A.A., Kapnosa
EJI., Eenacuna /[.JI., Yepnobaii E.H., [mumpux U.U., Cypocurosa E.C., E¢pu-
mosea H.U., Boopviwos C.C. Hcnonvzosanue memooa eeHOMUNUpPOBarHus 0is
ombopa xcusommuulx sxceramenvroco muna // Siberian Journal of Life Sciences
and Agriculture. 2023. T. 15, Ne4. C. 136-157. DOI: 10.12731/2658-6649-2023-
15-4-136-157
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Original article

THE USE OF GENOTYPING
TO SELECT DESIRED-TYPE ANIMALS

A.L Surov, S.N.Shumaenko, A.A. Omarov, E.D. Karpova,
D.D. Evlagina, E.N. Chernobay, I.1. Dmitrik, E.S. Surzhikova,
N.I Efimova, S.S. Bobryshov

Modern sheep breeding should be based on the production of high quality
sheep products. Knowing the limits of animal productivity potential allows to
manage the breeding process in the most effective way. Applying PCR-RFLP
method makes it possible to identify allelic variants of genes associated with
quantitative and qualitative characteristics of animals. By identifying different
polymorphic variations and their phenotypic manifestations, one can create and
replenish a database for managing the genetic progression of breeding-signif-
icant traits.

The paper determines the gene polymorphism of growth hormone (GH),
calpastatin (CAST) and growth differentiation factor (GDF9) of experimental
animals and reflects an associative connection between the dynamics of growth
and that of development of crossbred one-shear sheep of different origin (Rus-
sian meat merino ewes and imported producers). The article concludes that
in order to increase sheep meat productivity, farms should give preference
to animals carrying genes with the identified desired genotype on the studied
polymorphisms and take into account their presence in the breeding process.

Keywords: sheep; breed; Russian meat merino; Charollais; Ile-de-France;
Poll Dorset; polymorphism; genes; GH; CAST; GDFY9, meat productivity, body
measurements, live weight

For citation. Surov A.1., Shumaenko S.N., Omarov A.A., Karpova E.D., Evlagina
D.D., Chernobay E.N., Dmitrik 1., Surzhikova E.S., Efimova N.I., Bobryshov S.S.
The Use of Genotyping to Select Desired-Type Animals. Siberian Journal of Life
Sciences and Agriculture, 2023, vol. 15, no. 4, pp. 136-157. DOI: 10.12731/2658-
6649-2023-15-4-136-157

BBenenue

CoBpemeHHas cenekiys 0a3upyercs Ha JOCTHKECHHUSIX TeHETUKH U SIBJIS-
€TCsI OCHOBOH A(P(PEKTUBHOTO BBHICOKOIIPOTYKTUBHOTO CEIHCKOTO XO3SHCTBA U
OMOTEXHOJIOTHH.
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B ocHOBY cucTeMBI TeHETHYECKOTO COBEPIIIEHCTBOBAHUS IIOPOJ] CEIBCKOXO-
3STUCTBEHHBIX KUBOTHBIX, HApALy C CEeJeKIMeH 1o (peHOoTHITy, TOIKHbBI ObITh
TIOJIO’KEHBI YIITyOJIeHHas! OIleHKa TeHOTHIIA, IeJICHAIPaBICHHBII ONCK yiad-
HBIX COUETaHMH Map U MOPOA MpU crapuBaHuu [§, 12].

B nacTostiee Bpemst HanbosbIliee BHUMaHKE B OBIIEBOJICTBE YICIACTCS MsIC-
HOMY HaIpaBJICHUIO NPOAYKTHBHOCTH. [10BBIIIEHNE MSICHON TPOYKTHBHOCTH
U yIydlleHHE KadecTBa MsCa PacCMaTPHUBAIOTCS CETOJHS KaK IMPUOPUTETHI
NPH MOBBILIEHNH 3P PeKTUBHOCTH oTpacyin. Hanboee 3HauMMBbIe pe3ybTaThl
B MSICHOM OBIIEBOJICTBE TIOJIyUECHBI OJarosapsi MCHOIb30BAHUIO JIOCTH)KEHUN
reHetukd [1, 2, 14].

OcHOBHOI TeH/ICHIIMEH Pa3BUTHUS OBLIEBOJICTBA, B [IOCTIETHEE ICCATUIIETHE,
ABJIAETCS POCT NMPOM3BOACTBA OapaHWHBI BO BCEM MHPE M 3TUM OOBSICHSETCA
YBEIMYEHHE JOJH CHENHATM3UPOBAHHBIX MSCHBIX OPOJ] ¥ BO3pACTAOIIHE Tpe-
OoBaHUs K MSICHOW TIpoyKTHBHOCTH oBen [9, 10, 15].

I'eHOMHas ceneKus SIBIACTCS OCHOBOM PELIeHHUs 3a/1a4, BIUAIONINX Ha M0-
BbIIIEHUE 3((PEKTHBHOCTH OTPACITH OBLIEBOACTBA  COOTBETCTBHSI MPOIYKIHH
OTEUECTBEHHBIX OPOJ MUPOBBIM CTaHIapTaM KadecTBa. BHeapeHue MeTonoB
TEHOMHOI1 celieKIy OyJIeT CrlocoOCTBOBAaTh Pa3BUTHIO OBIIEBO/ICTBA, U MOBbI-
IICHUIO €T0 KOHKYPEHTOCIIOCOOHOCTH M peHTa0enbHOCTH [4].

Ha ceronusmiamii 1eHb MOSBUIIACH BOBMOXXHOCTD BBISIBICHUS 3HAYNTEIb-
HOTO YHMCJIa TeHETHYECKHUX MOIMMOP(PHU3MOB Ha OCHOBE IOCIIEI0BATEIBHO-
ctu JIHK 1 ncronp30BaHus X KaK MapKepOB C IENbI0 OIIEHKH T€HETHIECKON
OCHOBBI HaOm0gaeMol (EHOTHNHYECKOH HM3MEHUYHMBOCTH NPHU3HAKOB
[5, 11, 13].

Haunnas ¢ 1970-X ronoB, HACTYIUJIEHHE 3Pbl MOJIEKYISIPHON TeHETUKH TIPe-
JIOCTaBUJIO HOBBIE BO3MOXHOCTH JUIS YITYUIICHNS! CEJICKIMOHHBIX IPOrpaMM
B J)KMBOTHOBOJICTBE ¢ Hcronb3oBanueM JJHK-mapkepoB mist uneHTuGUKam
T€HOB WJIM TEHOMHBIX 00J1acTeil, KOTOpble KOHTPOJIUPYIOT HHTEPECYIOLIHE Ce-
JIEKITMOHEPOoB npu3Haki [ 19, 20].

bnaronaps MeTogaM COBPEMEHHOM I'€HETHKH HPEIOCTABISIETCS! BO3ZMOX-
HOCTb IPOBEJICHNsI FEHOTUITUPOBAHUS JKUBOTHBIX C TIOMOIIBIO MOJIEKYJISIPHBIX
MapKepoB U 0TOOPA, JTyUIINX MO MPOAYKTHBHOCTH Ha pAaHHHUX CTAIUSIX POCTa
u passutus [3, 4].

OcoObIii HHTEpeC BBI3BIBACT I'PYIIIA TEHOB, KOAUPYIONIUX (DaKTOpPHI poCTa,
UX PELETTOpPhI, TPAHCIIOPTHBIE M PETYISATOPHBIE OCIIKH, TO €CTh T€, KOTOPhIe
OKa3bIBAIOT 3HAUUTEIbHOE BO3ACHCTBHE Ha yIydIIEHHE MOP(OIOTHUECKO-
TO COCTaBa TYIIHM, KA9€CTBO Msica M yBEJIHMUCHNE PON3BOACTBa OapaHnHbl. K
HaunOoJsee M3y4YEeHHBIM I'eHaM-KaHAnaaTaM MSICHOM MPOJYKTHBHOCTH y OBEIl
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OTHOCAT: TopMoH pocta (GH) u xansnactatut (CAST), a Taxke reH, KOHTPO-
JTUPYIOIMINI BOCTIPOU3BOANUTENFHBIC KauecTBa — MU PepeHIINATBHBIA (haKTOp
pocta (GDF9) [16].

Hay4nast HOBH3HA 3aKJII04aeTCst B TOM, YTO BriepBbie Ha FOre Hareit crpaHbl
C MCIIOJIb30BAHUEM METOJIOB TEHOTUITMPOBAHMS, BEIETCS paboTa Hajl CO3aHIEM
HOBOH HOPOIBI OBEI CKOPOCHETOTO MSICO-IIEPCTHOTO HAPABICHHS IPOTYKTHB-
HOCTH JUJISI TOBBIILICHNS] KOHKYPEHTOCIOCOOHOCTH OBIIEBOJICTBA.

[enbro HAIIMX MCCIICIOBAHUIA SBISICTCS PaboTa MO CO3JaHUIO OBEIl HOBOM
(opmManuu, yCIemrHo COYeTa0IuUX B ce0e TaKue IMOKa3aTeIH Kak: CKOpPOCIe-
JIOCTb, TUNIOZIOBUTOCTb, BBICOKHE OTKOPMOYHBIC Ka9€CTBA U MSICHYIO IIPOTyKTHB-
HOCTB ITPH COXPAHEHUH MEPHHOCOBOM IIEPCTH HA JKUBOTHBIX.

Marepuajbl H MeTOIbI UCCJIEI0BAHUS

C 1enbio pa3BUTHSL MSICHOTO HAIPaBJICHHs OBIIEBOJCTBA HA TEPPUTOPUH
Cesepnoro Kaskaza B 2019 rogy Ha OnbITHO-3KCIIEPUMEHTAIBHOE MOpa3e-
neHne Beepoccuiickoro Hay9HO-HCCIIEI0BATENBCKOTO HHCTUTYTA OBIIEBOACTBA
1 K030BOJICTBa — (rtnarna denepansbHOro rocynapcTBEHHOTO OI0/DKETHOTO Ha-
yuHoro yupexaenus «CeBepo-KaBkasckuii penepanbHblil HAyYHBIN arpapHbli
LIEHTP» OBUIN 3aBE3CHBI OAPAHBI-PONU3BOIUTENN TOPOJ 3apyOSIKHOM CETEKITUH
1apoie, Wib-ae-ppaHc, Mo J0PCET, TeKCelb, cBu(Tep. s npoBenenns nc-
Clie/I0OBaHNH ObIIIM BEIOpaHbI OapaHbI-IIPOU3BOANTEIH ITOPOI IIAPOJIE U WIIb-]Ie-
(bpaHc, bapaHbl ¥ OBIIEMATKH ITOPObI POCCUNCKUI MICHOUW MEPUHOC, a TAKKE
MTONTydeHHBIH MoomHsIK nepBoro mokonenus (F1). JlaboparopHsie mccnemno-
BaHMS IPOBOAMIIMCH B JIMIIEH3MPOBaHHbIX Jlaboparopusix BHUMOK-dunmana
OI'BHY «Cesepo-Kaskazckuit DHAIL.

leHoTHIIMpOBaHME B JIOKycax TeHOB ropMoHa pocta (GH), KajbliacTaru-
Ha (CAST), muddepennuansaoro dakropa pocra (GDF9) npoBoaniIocs me-
togom [ILP-IT/IP® (momumopdu3M JIMH PECTPUKLIUOHHBIX (DpParMeHToB)
nyTém paspesanus JJHK ¢ momorso SHAOHYKIIea3 PECTPUKINK U JalbHEH-
IIeTO aHAIH3a pa3MepoB odOpasyromuxcs pparmentos 1P ocymecTBistach
Ha MPOrpaMMHUPYeMOM YeThIpeXKaHaJIbHOM TepMonukiepe « Tepunk» GpupMsl
«AHK-texnonorus» (Poccust) B 00b€mMe 20 MK BKIIOYAsi BCe HEOOXOAMMBIE
Jutst ipoBefeHust peakuuu koMmnoHeHtsl [ILIP: Taq IHK nonumepasa, cmech
Je30KcHHyKITeo3unTpudocaro, Mg** u peakiponHsiii 0ydep, marpuiry JHK
u Boay. B HayuHO-1Ipon3BOICTBEHHOI JT1aboparoprn « CHHTOID JJIsl HOCTaHOB-
K1 aMIUTH(UKanuy ObIIM CHHTE3UPOBAHBI CIIEU(HUESCKIE OMTOHYKICOTH -
HBIE TIOCJIEIOBATEIBHOCTH (TIpaiiMepsl) it uccieayeMbix reHoB CAST, GH,
GDF9 (Tabmuua 1).
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Tabnuya 1.
Xapakrepucruka ycjaosuii IIIP-ITJIP® niis uccsieayeMbix noJauMop@HbIX reHoB
T°C, Caiir
Hykneorunnsie Y DHpoHy-|y3HaBanusi| [eHo-
¢uxar,

Kjeas3a | peCTpuK- THITBI
Tas3bl

HOCJIE/I0BATEIIBHOCTH
(m.H.)

CAST

F: 5-TGGGGCCCAATGCGCCATCGATG-3; 62 622 Mspl C1CGG |MM/NN/|
R:5-GGTGGAGCACCTCTGATGACC-3 Sp GGC|C MN

GH
F:5’~-GGAGGCAGGAAGGGATGAA-3’ 60 277 | Haelll GG1CC | AA/AB/
R:5’-CCAAGGGAGGGAGAGACAGa-3’ CC|GG BB
GDF9
F:5’- GAAGACTGGTATGGGGAAATG -3’ 58 462 |BstHH 1 GCG1C |AA/AG/
R:5’-CCAATCTGCTCCTACACACCT -3’ S C|lGCG GG

MeTo/10M TOPU30HTAIBHOTO T'ellb-3IeKTPOoope3a ONPeaesuIoCh YUCIIO
U JUTMHA PECTPUKIIMOHHOTO (hparMeHTa B arapo3HOM relie pa3HOM KOHIEH-
Tparuu ot 1,5 no 4,0%, ¢ mpucyrctBuem 10,0% Opomuctoro stuaus (10,0
MKJI) 1IpH yasTpaduoneroBoM cBete. Ctannaptasiii Habop «Gene Pak DNA
Markers» M50 ucronp3oBajcs B KadecTBE Mapkepa MOJICKY/ISIPHBIX Macc (pH-
CyHKH 1, 2, 3).

Mapkep MN MM MM MN NN

PucyHnok 1 — SnexTpodoperpamma pesynsraroe IIIP-ITTTP® mo reny CAST
CAST*™ — pparmenTs1 336 u 286 I.H.;
CAST"™™ — pparment 622 m.H.;
CAST™ — pparmentsr 622, 336 1 286 mL.H.
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Mapkep BB AA AB AB

Pucynoxk 2 — Jnextpodoperpamma pezynstaTos [IIP-ITIP®D o reny GH
GH** — dparments 277,202, 110, 100, 94, 68,49, 22, 8 u 4 .u;
GH?? — parmentsr 256, 202, 110, 100, 94, 68, 49,22, 8u 4 .H;

GH* — bparments 277, 256, 202, 110, 100, 94, 68, 49, 22, 8 u 4 n.u.

Mapkep GG AA GG GG GG AC

PucyHok 3 — Dnextpodoperpamma pesynsratos IIIIP-IITP® no reny GDF9
GDF9** — pparment 462 m.H.; GDF9%% — gparmenTs 250, 220 m.H.;
GDF946 — ¢parmeHTEI 250,220 1 462 1L.H.

Brina npoBeneHa cpaBHUTENbHAS XapaKTEePUCTUKA MPOTYKTUBHBIX MMOKa3a-
Tenel GapaHOB-IIPOM3BOAMTENICH 3apyOCIKHON CEICKIMU, B YACTHOCTH y HUX
M3yYeHBI: )KUBas Macca, MepcTHas MPOTYKTUBHOCTD, IIPOMEPHI M HHACKCHI Te-
JIOCJIOXKEHUSL.

AHAJIN3 TaHHBIX

O0paboTka MUpPOBOTO MaTepuaja HCCICTOBAHUI OCYIICCTBISLIACH C
HCIOJb30BAHUEM KOMIIBIOTEPHBIX IporpamMm BioStat, makera mporpamm
«Microsoft Office» u metomom Bapuanuonnoii craructuku (Opmosa H.H.,
1991) ¢ onpeneneHreM TOCTOBEPHOCTH pa3IHdmii 1O t-KkpuTepuio CThIOICHTA
pu TpEX ypoBHsX BeposiTHOCTH (¥p<0,05; **p<0,01; ***p<0,001).

IToncu€T 4yacToThI BCTPEUAEMOCTH TCHOTHIIOB OMPEACIIIICS 10 (hopMyrie:
n
p=-, (1)
N
TAC p —4YacToTa ONpEACICHHOIO rCHOTHUIIA,

N — KOJIMYCCTBO JKUBOTHBIX, UMCIOIIINX OHpe,Z[CHCHHHﬁ TCHOTHII,
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N — ob1ee 4ncio )KUBOTHBIX.
Pacdér yacTOTHI BCTpEeYaeMOCTH aiieNiel OCYIIeCTBISIICS 1o GopMmyre:

P(A) =

Zn

rae: P —yacrora BCTPEHAEMOCTHU annenei/'[;
NI — YHCJIO TOMO3UT'OTHBIX T€HOTHUIIOB 11O UCCIICAYEMOMY aJIJICIIIO,
N2 — 9HUCJIO TETEPO3UTOTHBIX T€HOTUIIOB,
N — KOJIMYECCTBO BCCX )KUBOTHBIX.

ZN1+N2

>

Pe3ysibTaThl HCCI€10BAHUS M HX 00CYKIeHHE
[IpoBeneHHBIME HCCIIEIOBAHUSIMHU YCTAHOBIICHBI PA3JIHYKSI B UHTEHCHBHO-
CTH POCTa U Pa3BUTHSI, MSICHOW U MIEPCTHOM MPOIYKTUBHOCTH Yy OapaHOB-TIPO-
HU3BOIUTEIICH 3apyOeKHOM cenekiuu (Tabnuma 2).

(@)

Tabnuya 2.
CpaBHﬂTeJ’leaﬂ XapaKTepucTuKa 6apaH03-np0n3Bo;1nTeueﬁ Pa3HBIX OpPOa
TTopona
[okasarenn s poccuiickuit
cBudTEp |Mb-ae-dpaHc| TEKcenb maporne o
JOpCET MSICHOH MEPUHOC
JKusast macca, Kr 80,5+1,50 101,743,92 | 74,9+1,33 |101,5+4,73|113,6+4,03 101,8+2,41
Tomnsa mepetn, Mk | 28,37+0,56 | 2328+041 [29,92+0,45[28,29+0,14/29,89+0,53|  20,9+0,35
Bhicota B XoiKe, cM | 72,5£2,21 | 75,0£0,01 | 68,0£0,57 | 71,0+1,29 | 72,8+1,83 80,7+0,65
Bbicora B kpectue, oM | 71,541,890 | 73,5408 | 67,6+0,33 | 71,041,29 | 73,8+1,98 80,9+0,26
fy‘fj:ﬂi”;‘“c"‘M 76250,62 | 79,5+0,64 | 76,7+0,67 | 80,5+2,72 | 83,4+1,53 80,9+1,22
Diny6una rpyau, oM | 29,540,50 | 31,540,95 | 26,6+0,33 | 31,7+1,65 | 29,8+1,49 37,540,79
Ilupuna rpynu, eM | 35,040,41 | 36,240,63 | 35,7+0,88 | 35,5+0,64 | 37,4+0,74 32,840,94
O6xBar rpyan, oM | 108,75+2,95 | 118,7+2,59  [102,3+0,66|111,0+1,58(113,0+3,14|  116,5+2,31
OO0XBaT ISICTH, CM 8,25+0,25 10,5+0,29 8,6+0,33 | 10,7+0,47 | 10,7+0,20 9,77+0,17
tig’;:;x‘* o 20,540,229 | 20,740,25 |20,040,57 | 21,040,40 | 23,6+1,07 20,5+0,37

CpaBHUTENBHBIN aHAIN3 TOKa3aJ, YTO HAMOONBIIEH KMBOW Maccoi B
1,5-netHEM Bo3pacTe oTIHYArOTCs OapaHbl mopoas! mapoie — 113,6 xr. [To 3to-
My MOKA3aTeIIi0 OHM MIPEBOCXOAAT OapaHOB MOPo: cBU(TEp — Ha 33,1 KT, win
41,1%; momn mopcert — 12,1 kr, wiu 11,9%; winb-ne-dpanc — 11,9 kr, win 11,7%.
CaMBIMI MEJIKFIMH OKa3aJIFCh OapaHbl IIOPOIBI TEKCENb — 74,9 KT U pOCCHIACKIX
MSICHBIX MepHuHOCOB Ha 11,8 kr wu Ha 11,6%.

W3MepeHne OTIEeNbHBIX CTaTel TeMOCI0KEHUS TI03BOJIIET OTMETUTh, YTO
GapaHbI TOPOJIBI IAPOJIE, UMEST HANOOIBIITYIO XKHUBYIO MacCy, OTIMYAIOTCS MaK-
CHUMAaJIbHBIMH ITOKAa3aTeIsIMHA TaKUX IPOMEPOB KaK: MIUPUHA IPyAH, MIUPHHA B
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MaKJIOKax U Kocas AJUHA TynoBua. [Io 3TuM mpomepam OHHU NMPEBOCXOIAT
JKUBOTHBIX Ipyrux mopox Ha 3,3-14,0; 12,3-18,0, 3,1-9,4 % cooTBeTCTBEH-
Ho. [To 0OxBaTy rpyu He OKa3aI0Cch PaBHBIX OapaHaM IMOPOABI WiIb-1e-(paHc,
CBEPCTHUKHU JAPYTUX HOPOJ YCTyHaIu UM IO 3TOMY noka3zarento Ha 1,9-16,0 %.

AHanu3 pe3yIbTaToB MIEPCTHON MPOAYKTUBHOCTH OapaHOB-IIPOU3BOIUTE-
JIeii 3apyO0exKHON CENeKINH TT0Ka3ajl, YTO HANMEHBIINM THaMETPOM IIEPCTHOTO
BOJIOKHA OTJIMYAIOTCS )KMBOTHBIE TIOPO/BI Milb-Jie-hpanc — 23,28 mxm. Y Gapa-
HOB-TIPOM3BOJIMTEIICH TOPOJL MO IOPCET, CBU(TED, LIAPOJIe U TEKCEIbh TOHHHA
IepcTH BapsupoBaia B quana3one 28,29 — 29,92 mxm. JKHBOTHBIE TOPOIBI HITh-
Je-(hpaHc UMENU U ypaBHEHHOCTH 110 pyHY — 0,74, B TO BpeMsl KaK ITPOU3BO/IH-
TEIH JPYTUX 3apyOeKHBIX MOPOJ XapaKTepPHU30BAIUCH HEYPABHEHHOI IIEPCTHIO.

HanMeHsbIeit TOHHHOM IIEPCTH XapaKTePU30BaIUCh OTeUeCTBEHHBIE Oapa-
HBI IOPOAbI POCCUICKUIN MsICHOU MepHHOC — 20,9 MKM.

C y4eToM MOJTy4eHHBIX BBIIIE PE3yNIBTaTOB IS AAJIbHEHIIIeH CeleKIIMOHHOM pa-
00TBI ObLTH BBIOPAHBI OapaHbI-IPOM3BOAUTENH TIopox iaposte (1), nis-me-dparc
(MA®) 1 MaTKH OTEUECTBEHHOM TOPOIBI POCCHICKII MSCHOH MepuHOC (PMM).

[11010BUTOCTH OOBSTHUBIIMXCSI MATOK, OCEMEHEHHBIX, OapaHaMH TIOPO/IbI
poccuiickuii MacHOM MepuHoc cocTaBuia 142,1 %, Toraa kak B Apyrux Ipyn-
1ax CKpEIeHHbIX ¢ OapaHaMHy IOPOJ LIapojie ¥ Wib-ae-(ppaHc OblIa BbILIE HA
10,5 1 9,6 abc. MPOIICHTOB COOTBETCTBEHHO.

W3BecTHO, 4TO MyTEM LiENEHANpPaBICHHOTO MOAOOpa POAUTENBCKUX Hap
MOXET OBITh YBEIWYCHA YHCICHHOCTh JKUBOTHBIX C XKeJlaTeIbHBIM Ha00OpOM
TEHETHYECKNX MPHU3HAKOB. B Hay4yHOW IUTEpaType MHOTHMH OTEYECTBEHHBI-
MH HCCIIEJIOBATENISIMA YCTAHOBJIEHO BIMSIHUE T€HETHUECKOTO ITOIMMOp(hH3Ma
TeHOB-KaHU1aTOB Ha MPOAYKTUBHBIE MPU3HaKu oBell [17].

IIpoBenennsie pannue uccnenoBanus JJHK-renorunuposanust, nanusie Ko-
nocoa FO0.A. 1 coaBTOpPOB, 10 CPAaBHEHHMIO MTOKA3aTEICH POCTA U Pa3BUTHUS Yy
PEMOHTHOI'0O MOJIOJIHSIKA OBELl CaJIbCKOM MOPO/Ibl B 3aBUCUMOCTH OT FEHOTUIIOB
no reny kanbrnactatu (CAST) mokas3anu, 4YToO 5KUBOTHBIE — HOCUTENHN Te€Tepo-
3urotHoro CAST"Y reHOTHIIA UMEIH KHUBYIO MACCy MPH POXKIACHUU OOJIbIIIE,
9YeM JKUBOTHbBIC CBEPCTHHKU roMO3UroTHoro Bapuanta CAST™. Taxxke ObL1O
YCTaHOBIICHO, YTO HAJIMYNE y OapaHUMKOB 3TOH MOPOJIBI TeTepO3UroTHOT0 GH#
TeHOTHUIIA OKa3bIBACT MOJIOKUTEBHOE BIMSIHUE Ha TeMIbI pocTa [6, 7]. Io pe-
3yJbTaTaM HMCCIIeIOBaHMs reHa auddepennuaibaoro dpaxkropa pocra (GDFY9)
nposeaeHHbM Gorlov I.F. u coaBTOpaMu M3BECTHO, YTO y OBEIl CaJIbCKOM U
BOJITOIPaJICKON 1MOPObI OBIIM OTMEUYEHBI OOJee BBICOKHE TIOKA3aTeNH IIOM0-
BUTOCTH y HOCHTENEH rerepo3urotHoro GDF9¢ reHoTHIA 10 CPABHEHHUIO C
0COOSIMU HOCHTEJIIMH TOMO3UTOTHBITO GDF9%C renoruna [18].
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B cBs131 ¢ 3TUM MOXKHO MTPEIONOKUTH, uTo ansenb N rena CAST — accotu-
HpYyeTCs ¢ HeXHOCTBIO Msica; aiuiens B rena GH — ¢ IpupoCcTOM KUBOI MacCHI;
a aienb A rena GDF9 — ¢ BOCIpOU3BOIUTENLHBIMU Kau€CTBAMHU U YHEPrUei
poCTa KUBOTHBIX.

Metonom JIHK-reHoTHIIMpOBaHNS Y OapaHOB-IIPOU3BOIUTEICH Pa3HBIX MO-
PO yCTAHOBIICHO IPUCYTCTBUE JKENATEIBHbIX aJIENEH B TeHaX KaJabllacTaTHHA
(CAST), ropmona pocta (GH), nuddepennmansaoro gpakropa pocra (GDF9),
MapKHUPYIOIHIMX BBICOKYIO NPOAYKTHBHOCTH (Tabmumna 3).

Tabnuya 3.
Homumop¢usm renoB CAST, GH, GDF9 y 6apaHoB-nipou3BoAUTeJI€ii Pa3HBIX MOPOJ

MapkepHble I'eHbI

l_lopozla CAST GH GDF9 Yuco CEJICKIIMOHHO 3HAYMMBbIX
TEHETUYCCKHUX MAapKEpPOB
MM | NN |MN | AA | BB | AB | AA | GG | AG
Ilapoxe NN AB AG 4 anrens
3-X reHOB
3 anens
Wne-ne-dpanc MN AB AG 3-x reHoB
Poccvmxcxml MN AB GG 2 ajtens
MSICHOI MEpUHOC 2-X TEHOB

[Ipu u3yyenne amrensHoro nipoduist reaoB GH, CAST, GDF9 Gb10 BBI-
SIBJICHO, YTO OapaH-TIPON3BOANTEIH ITOPOJIBI IIAPOJIE ABISETCS HOCUTENEM 4-X
JKENATeNbHBIX ajueseit o TpéM mapkepHbiM reHaM (CAST/GH'®/GDF91),
MOPOIbI Wilb-Je-(hpaHC — HOCUTENb 3-X amienei 3-x renos (CASTN/GH"5/
GDF91°), a Tak)ke OTMEUEHO TPUCYTCTBHE JBYX MApKEPHBIX aliesei mo re-
HaM KajbrnacratuHa u ropmoHa pocra (CAST™/GH*?/GDF9¢%) y poccuiickoro
MSICHOTO MEpUHOCA.

Crnemyronm 3TaroM paboTsl OBIIO M3yYeHHE MOTUMOp(HU3Ma Hccienye-
MBIX T€HOB Y OBIIEMATOK ITOPOJIbI POCCUHCKHI MSCHOI MEPHHOC.

Ananu3upys nosydenHsie pe3ynsrarsl JJHK-renornnmupoBanus, MmetomoM
TILP-TTIP®, uccnemyemMoro norojosbs oBrieMarok rnopojis PMM ycraHosieHa
B 7,3 pasa 3HaUMTEbHAS pa3HHUIla 1Mo mpeBocxoacTy (0,88) gacToTsl BeTpedae-
moctu antenis CASTY reHa KabllacTaTHH HaJl CENEKIIMOHHO-3HAYUMBIM AJLICTICM
CASTY (0,12), uT0, B CBOIO 0Y€EPE/IH, 00YCIIOBUIIO IPUCYTCTBHE HOCHTEIEH JKea-
TENbHBIX BapHaHTOB ToMO3UroTHOr0 CAST™Y u rereposurorHoro CAST"Y rexo-
THIIA B M3y4aeMOH BEIOOPKH )KMBOTHBIX cocTaBumiei 3,0 u 17,0 % (Tabnuma 4).

AHanu3 MoNIyYeHHBIX Pe3yJIbTaToB MOKa3all, YTO MOJIMMOP(U3M I'eHa rop-
MoHa pocta (GH) B ccnemyeMoil BRIOOPKE OBIIEMAaTOK POCCHICKOTO MSICHOTO
MepHUHOCa TpeacTaBieH aByms amwtensmu GH* u GH® ¢ ouens Huskoii (0,07)
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4acTOTON BeTpeyaemoctu amienst GH?, o Beicokoii (0,93) amnens GHY. B
JTaHHOH BBRIOOpKe HabmromaeTcst Hu3kas 3,0 u 7,0% dacToTa BCTpeuaeMoCTH
JKMBOTHBIX-HOCHUTEIIEH CETEKIIMOHHO-3HaYUMOTO ToMo3uroTHoro GH?? u re-
Tepo3urotHoro GH*? reHOTHTIOR.

Tabnuya 4.
AdenbHsblii cnekTp renoB CAST, GH, GDF9 y oBuematok
Nopobl poccuiickuii MsiCHOIi MmepuHoOC

I YacroTra BCTpe4aeMoCTH
eH
annenen TEeHOTHUTIA
M N MM MN NN
CAST
0,88 0,12 0,80 0,17 0,03
A B AA AB BB
GH
0,93 0,07 0,90 0,07 0,03
GDF9 A G AA AG GG
0,13 0,87 0,03 0,20 0,77

Yacrora BcTpeuaemocty avieias GDF9 B rede quddepeHimaibHoro hak-
TOpa pocTa B BRIOOPKE OBIIEMAaToK JaHHOI moposs! coctaBuia 0,13, a amens
GDF9¢ %8410 HaIUIO OTpaXKEHNE B HATMYHUH BAPHAHTOB TOMO- ¥ TETEPO3UTOT-
HBIX T€HOTHIIOB. Tak 4acToTa BCTPEYaeMOCTH )KUBOTHBIX-HOCHTEIIEH TOMO3HIOT-
Horo GDF9* renotuna cocrasmia — 3,0%, a 20,0% rereposurornoro GDF94¢,

Metoz reHOTUINPOBAHUS TIO3BOMIAET U3YUNTh HACIEICTBEHHOCTD HA YPOB-
He JIHK, 9To BaskHO B YCIOBUAX KPYITHOMACIITAOHOW CENEKITUH, KOTa OT Of-
HOTO MPOU3BOAUTENIS MOJIyYalOT MHOXECTBO ThICAY ITOTOMKOB. B pesynbrare
MPOBEJICHUST CKPEIUBAHUSI OapaHOB-TIPOU3BOAUTENEH pa3HBIX MOPO (I1apo-
J1e, Wib-Je-(hpaHc, POCCUIICKOTO MSICHOTO MEPHHOCA) C OBLIEMATKaMH [TOPOJIbI
poccuiickuii MSICHOM MEpUHOC OBII MOJyYeH MOMECHBIH W YUCTOIOPOIHBIN
MoJjioHsAK nepBoro noxoieHus (F1). YV nmomyuyeHHOTo peMOHTHOTO MOJIOTHSAKA
(F1) m3yuensr ocobennoctn nonmumopdusma renos GH, CAST, GDF9.

B tabnumax 5 u 6 npencraBieHs! pe3yasrarsl JJHK-reHoTrmmpoBanus no-
MecHBIX apok (F1) mo usydyaeMsIM reHaMm.

AHanu3 pe3ynbTaToB MOKa3aj, YTO YacTOTa BCTPEYAEMOCTH CEJIECKIIMOH-
Ho-3Haunmoro ajuiensi CASTY reHa KajbllaCTaTHH B BBHIOOPKAX ITOMECHOTO
MOJIOAHSAKA OBELl, IOJIyY€HHOI'0 OT MPOU3BOAUTENEH OPOJ MIAPOJIe U Ulb-Jie-
¢panc, Obuta npakTnyecku oguHakoBoit (0,22 u 0,26), pu 3TOM, y YUCTOIIO-
POIHBIX SPOK MOPOIBI POCCUICKHIA MICHOH MeprHOC oTMeueHa Hu3Kas (0,10)
yactoTa BerpedaeMocti CASTY asness, 0 )KUBOTHBIX HOCHTEIICH JKeJIaTelb-
Hoi amtenu coctaBuia 39,0; 35,0 u 14,0% coOTBETCTBEHHO.
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Tabnuya 5.
Annenbuslii ciektp renoB CAST, GH, GDF9 y peMOHTHOT0 MOJIOTHSIKA OBEI[

MapkepHble TeHbl

I'enoTun CAST GH GDF9

M N A B A G
PMM x III 0,78 0,22 0,72 0,28 0,28 0,72

PMM x U]1D 0,74 0,26 0,65 0,35 0,32 0,68

PMM x PMM 0,90 0,10 0,87 0,13 0,07 0,93

Tabnuya 6.
Homumopdusm renoB CAST, GH, GDF9 y moJionHsika oBell pa3HbIX TeHOTHIIOB

MapxkepHble IeHbl

I'enoTun CAST GH GDF9

MM | MN | NN | A4 | AB | BB | A4 | AG | GG
PMM x 111 0,61 | 0,33 | 0,06 | 0,56 | 0,33 | 0,11 | 0,17 | 0,22 | 0,61

PMM x UJ1D 0,651 0,17 | 0,18 | 0,35 | 0,59 | 0,06 | 0,29 | 0,06 | 0,65

PMM x PMM 0,86 | 0,07 | 0,07 | 0,80 | 0,13 | 0,07 0 0,13 | 0,87

[Monumopdusm B nokyce rena ropmona pocra (GH) y uccie10BaHHOTO I10-
MecHoro norosioBbst (PMMXII u PMMxHJ1®), BEISBUI CPaBHUTEIBHO OINHA-
KoByI0 uactoty Berpedaemoctu (0,28 u 0,35) sxxemnarensHoro amnenst GH?, torna
KaK y YHCTOMOPOHBIX KUBOTHBIX (PMM x PMM) npeobnanaet amnens GH.
BeisiBiieHHast cUTyalMs Halllla OTPaYKEHUE B YAaCTOTE BCTPEUAEMOCTH TOMO3H-
rotHoro u rereposurorHoro (GH?? u GH*?) sxenarenbHOro reHOTHIIa, COCTa-
BuBIIas: y PMMXIII — 44,0; PMMxUJ® — 55,0; a y PMM x PMM — 20,0 %.

Pacripenenenue xenarenbHoro amiens GDF9! rena nudepeHnnansHoro
¢axropa pocra y nomecHoro monogsska (PMMxI, PMMxUJI®) u uucro-
mopoxuaoro (PMM x PMM) (F1) cocrasuio 0,28; 0,32 u 0,07. Hactora BcTpe-
4aeMOCTH roMo3urotioro GDF9' u rereposurotaoro GDF9'° reHOTUTIOB, Y
nomecHoro (F1) mokonenus: PMMXII — 17,0 u 22,0 %; PMMxUJID— 29,0 u
6,0 %. Y aucTomopogHOTO MOIOTH KA Topoasl PMM Habmonanocs OTCyTCTBHE
JKENATeILHOTO TOMO3UroTHOr0 GDF9' reHoTHIIA, @ YaCTOTa BCTPEYACMOCTH
rerepo3urotHoro GDF91¢ renorumna coctasuna — 13,0 %.

INomy4ens! cBeZieHUsI 00 MHTEHCUBHOCTH POCTA TIOMECHBIX SPOK, HOJIyUYCH-
HBIX OT IPOM3BOIUTENCH MOPOJ MIapoie, Wib-ae-(Qpanc, 1 YUCTOTIOPOTHBIX
CBEPCTHHIL, IOJTy4eHHBIX 0T OapanoB PMM Ha 0cHOBE BBISIBIICHHBIX TIOJIMMOP-
¢usmoB renos CAST, GH u GDF9.

AHanu3 rnoxaszaresueil pocta u pa3BUTHsI — )KUBOM MacChl M CPEIHECYTOUHBIX
IIPUPOCTOB Y TIOMECHBIX SIPOK HOCHTEJICH Pa3HBIX TEHOTUIIOB BBISIBUI 0OIIe-



Siberian Journal of Life Sciences and Agriculture, Tom 15, Ne4, 2023 147

OMOJIOrNYECKY0 3aKOHOMEPHOCTb, CBOIMBIIYIOCS K YBEIMUYCHUIO U3Y4aeMbIX
nokasaresnei (tTabmumbl 7, 8 1 9).

Tabruya 7.
JluHamuka pocra nomecHbix sspox (PMMXIII)

. JKusas macca, kr .
MapxepHblit Hoone OThéMa CpenHecyTOYHBIH
I'CH/TCHOTHUIT pU POXKJICHUU (4 Mecaua) IpUPOCT, I'

CAST
CAST"™ 3,2+0,96 32,4+1,29 2433
CASTYW 3,4+0,78 34,1£1,12 255,8
CAST™N 3,3+0,77 33,8+1,42 254,1
GH
GH" 3,1+0,66 32,2+1,19 242.5
GH?8 3,3+0,38 33,9+1,02 255,0
GH* 3,3+0,71 33,1+1,68 2483
GDF9
GDF94 3,4+0,54 33,1+1,32 2475
GDF9%¢ 3,1+0,91 31,4+1,12 235,8
GDF94¢ 3,3+0,45 32,5+1,59 2433

BrIsBIIEHO TPEMMYTIIECTBO 110 BETHYHHE KUBON MACCHI y TIOMECHOTO TIOKO-
nenust sipok (PMMxII u PMMxUJI®) Hocuteneil xenaTeabHbIX TOMO3UTOT-
HeIX CASTYY, GHP® u GDF9'* reHOTHIIOB, 110 CPABHEHHIO CO CBEPCTHHUKAMU
HocurensiMu BapuautoB CAST™, GH* u GDF9°° reHOTHTIOB, COCTABIIIO: TIPH
poxxnenuu Ha 5,14; 5,15; 4,96 1 4,49; 2,42; 2,11; B 4 mecsaua — 5,25; 5,28; 5,41
u 4,36; 3,40; 2,53 KT, COOTBETCTBEHHO.

BrisiBrieHHASI 3aKOHOMEPHOCTH HAIlIa TOATBEPKIEHUE TIPH COTIOCTABICHUN
Y aHaJIN3€ BEITMYNHBI CPETHECYTOYHBIX TIPUPOCTOB PAa3HBIX TCHOTHIIOB.

YcraHOBIIEHO, YTO GOJTBINIAsT BETMYMHA )KUBOM MAacChl OTMEUEHA Y TOMECHBIX
SIPOYEK, TOYUYCHHBIX OT OapaHOB MOPOJ IIaposie, Wib-ae-(hpaHc, HOCUTEICH
roMo3uroTHeIX CAST™Y, GH?? u GDF9' reHOTHUIIOB 1 CONPOBOXK/1a1ach OoJee
BBICOKHMH [TOKA3aTEIISIMU CPETHECYTOUHBIX ITPUPOCTOB, COCTABUBINUMH: 255,8;
255,0;247,5 u 251,6; 250,0; 242,5 npotus CAST"™, GH* u GDF9°¢ — 243 ,3;
242.5; 235,8 u 240,8; 244,1; 237,5 r COOTBETCTBEHHO.

YV 4HMCcTONOPOIHOrO PEMOHTHOrO MOJIOHsKa nopoasl PMM Hocureneit
CAST"Y"; GH?® u GDF9'¢ reHOTHIIOB MPEUMYIIECTBA BBISBICHO MO BEIUYH-
HE KUBOHM Macchl, COCTaBUB NpH poxkaeHuu — 3,2; 3,3 u 3,3 kr; B 4 Mecsna —
32,6; 32,4 u 32,7 XT COOTBETCTBCHHO. BEIsIBICHHAs 3aKOHOMEPHOCTh HaIlIa
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MOJTBEP>KICHUE NPHU COMOCTABICHUH U aHAIN3¢ BEJIMYMHBI CPEAHECYTOUHBIX
MIPUPOCTOB PA3HBIX TEHOTHIIOB.

Tabnuya 8.
Jlunamuka pocra nomecHbIx sipok (PMMxHUJ1®)
. JKusast macca, Kr .
MapxkepHblii ren/ Hoone OThéna CpenHecyTOuHBIH
TEHOTHUII TIPU POKJICHUT (4 mecsa) HPUPOCT, I
CAST
CAST™ 3,2+0,34 32,1+1,43 240,8
CAST™ 3,3+0,77 33,5+1,28 251,6
CAST™ 3,3+0,37 32,9+1,08 247,5
GH
GH™ 3,0+0,45 32,3+1,34 244,1
GH?8 3,4+0,87 33,4+1,23 250,0
GH"® 3,3+0,34 33,1+1,27 2483
GDF9
GDF9* 3,3+0,21 32,4+1,27 242,5
GDF9%¢ 3,1+0,92 31,6£1,10 237,5
GDF91¢ 3,2+0,34 32,2+1,43 241,6
Tabruya 9.
JInHaMuKa pocTa YUCTONOPOAHBIX APOK nopoasi PMM
. JKusas macca, Kr .
MapxepHslii ren/ I, CpenHecyTOUYHbIH
TCHOTHIT MPHU POXKIACHUU (4 mecsiua) IIPUPOCT, T
CAST
CAST"™ 2,9+0,35 30,1+1,65 226,7
CAST™ 3,24+0,70 32,6+1,22 245,0
CAST™ 3,1+0,54 31,9+1,78 240,0
GH
GH'" 2,9+0,76 31,1£1,83 235,0
GH?® 3,3+0,87 32,4+1,29 2425
GH"® 3,1+0,32 31,9+1,71 240,0
GDF9
GDF9* 3,0+0,61 31,7£1,91 239,2
GDF9%¢ 2,9+0,34 30,3+1,28 2283
GDF91¢ 3,3+0,32 32,7£1,37 245,0
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JlaHHbIe oKa3aTe1 CBU/CTENBCTBYET O BBICOKOW SHEPTHHU POCTa OIBITHOTO MO-
JIOTTHSKA M €T0 COOTBETCTBHUH TPEOOBAHMSIM BBICOKHX KJIACCOB ITPU OOHUTHPOBKE.

Takum 00pa3oM, HAMH CAEIAHO 3aKIFOYCHHE, TS HOBBIILICHUS TPOIYKTHB-
HOCTH YXMBOTHBIX IIPH 1TOA0OPE POJUTEIILCKHX Map ClieyeT n3derarb 0codei,
Y KOTOPBIX OTCYTCTBYIOT KEJIATCIIbHBIC JJIA CCJICKINU aJlJIC]IU U TCHOTHUIIBI.

BriBoabI

Jns yBenmueHuss MACHOW NMPOIYKTUBHOCTH OBEILL [TPE/JIaraeM X03sHCTBaM
OTZaBaTh IIPEIIIOYTEHHE KUBOTHBIM-HOCHTEIISIM C BBIIBICHHBIM XKEJIATEIbHBIM
TEHOTHIIOM 110 U3y4aeMbIM noiumopdusmam renoB GH, CAST, GDF9, a Takxe
BKJIIOUEHHE UX B CEIEKIIMOHHBIN MpoLiece, YTO CO3/1acT YCIOBUS [l HAKOIIIe-
HUS JKENaTeIIbHBIX aJljlellell TeHETUYECKUX MapKepOB B CTalax.

KoH(QIUKT HHTEPeCcOB: aBTOPHI 3asBIIIOT 00 OTCYTCTBUU KOH()IUKTA UH-
TEPECOB.

Cnucox numepamypul

1. AwmepxanoB X.A., Eropos M.B., Cennonosa M.I1., Cypos A.WN. Poccuiickuit
MsicHO# MepuHoc. Monorpadus. Crasponons, BHUMOK. 2018. 130 c.

2. Awmepxanos, X.A. Tpyxaués B.U., Cenuonosa M.U1. U3 nctopuu poccuiickoro
osuesozcTBa. Crasponons: UIT Moxpunckuit H.C., 2017. 408 c.

3. Jenuckosa T.E., loues A.B., I'mageips E.A., u np. Banunauus nanemnu
SNP-mapkepoB 17151 KOHTPOJIS TPOUCXOKICHHUS TOKATBHBIX POCCUHCKHUX TTOPO]T
osel] // Cenbxoz6uonorus. 2015. Ne 6. URL: https://cyberleninka.ru/article/n/
validatsiya-paneli-snp-markerov-dlya-kontrolya-proishozhdeniya-lokalnyh-
rossiyskih-porod-ovets

4. Jenuckopa T.E., lones A.B., ITerpos C.H. ITonck QTL u ¢pyHKIIHOHATBHBIX
TCHOB-KaHJANWJATOB y OBCIl KaK Ba’KHBIM 3Tall BHCAPCHUA T€HOMHOM CCIICKLIMHN
// Coopuuk noknanoB XIV MexayHapOIHOTO OHOTEXHOIOTHYEeCKoro Gopyma
«Pocomorex-2020», Mockaa, 17-19 rostOpst 2020 rona. Mocksa: denepanpaoe
rOCyIapCTBEHHOE OI0DKETHOE HayuHOe yupexaeHue «DeepalibHbli HayYHbIH
LeHTp nuiieBbix cucteMm uM. B.M. T'op6arosa» PAH, 2020. C. 174-175.

5. Kapnosa E.JI., Cypxukosa E.C., I'aypxues 3.K. u np. [Tonmumoppusm rena CAST
1 aCCOLMAIMS €r0 TCHOTHIIOB C ITOKA3aTeIIMH MSICHOW IPOyKTUBHOCTH OBEI]
// ArpapHslit HayuHblit xxypHai. 2022. Ne 1. C. 60-63. https://doi.org/10.28983/
asj.y2022i1pp60-63

6. Komnocos IO. A., bakoes H. ®@., Pomanen T. C. u ap. Bausuue nomumopduszma
rena ropmona pocra (GH) Ha cenexnoHHO 3Ha4MMBbIe TIOKa3aTean oew // Ma-



150 Siberian Journal of Life Sciences and Agriculture, Vol. 15, Ne4, 2023

10.

11.

12.

13.

14.

15.

16.

17.

tepuaiibl XX VI MexayHapoIHO# MOJOICKHON HAYYHOM KOH(PEPEHITHH CTYICH-
TOB, aCITUPAHTOB U MOJIOABIX Y4eHbIX «JlomoHOCOB». MockBa, 10—14 anpens
2017 r.

Konocos 0. A., Koosursikuii I1.C., Illupokosa H. B., u n1p. Bruorexnonoruue-
CKHE METOJIbI U3yUeHUsI MOIUMOp(hH3Ma reHa ropMoHa pocrta // HaydHast 5Ku3Hb.
Ne 3.2017. C. 84-91.

Mawmontosa T.B., Aiiba3zoB M.M. ['eHeTHyecKie MapKephbl B CEJICKIMH )KUBOTHBIX
OIBIT U TepcieKTUBbI // Cenberoxo3sticTBeHHBIN KypHaT. 2016. N 9. C. 480-484.
Mapxos, A. K. OcHOBHbIEC HallpaBIeHUs IOBBILICHNST 3KOHOMUYECKOH 3D hek-
TUBHOCTH MHTEHCH(HKAIIMH XKUBOTHOBOJCTBA B COBPEMEHHBIX YCIOBUSX //
International scientific review. 2020. LXX.

Mopo3zos H. M. ®akTops! 1 yci10BUs NOBBILEHUS 3(GPEKTUBHOCTH IIPOU3BOI-
CTBa MPOIYKLHH >KUBOTHOBOACTBA // TeXHUKA M TEXHOJIOTUH B KUBOTHOBOA-
cte. 2017. Ne 2 (26). C. 70-79.

OsnemupoB A.A., YUmkosa JL.H., XoxxokoB A.A. u ap. Ilonumopdusm reHos
CAST, GH, GDF9 oger narecranckoii ropHoii moposst // FOr Poccun: sxoso-
rus, passurue. 2021, T.16. Ne 2(59). C. 39-44. https://doi.org/10.18470/1992-
1098-2021-2-39-44

Cenmnonosa M.U., Aii6azoB A.M.M. ['eHOMHBIE TEXHOJIOTHHU B CEIEKIIUU CEITb-
CKOXO3SIHICTBEHHBIX )KUBOTHBIX // COOPHMK HayYHBIX TPYAOB CTaBpOIOIBCKOTO
Hay4HO-UCCJIEJOBATEIbCKOTO MHCTUTYTA )KUBOTHOBOJICTBA U KOPMOIIPOU3BO/I-
crea. 2014. T. 1. Ne 7. C. 140-145.

Cypos A.11., Tamkues 3.K., Cypxukosa E.C. u ip. Oco6eHHOCTH TOTHMOpHH3-
ma reHoB GH-Haelll, CAST-Mspl y oBew pa3ubix nopos // ArpapHblii HayYHbIH
xkypHai. 2022. Ne 7. C. 81-84. https://doi.org/10.28983/asj.y2022i7pp81-84
VnbsnoB A.H., Kynukosa A. . [loBsiienne MsICHO#M U IIEPCTHOM TPOAYKTHBHO-
CTHU — HEOTJIIOXKHBIE ITPpoOieMbl 0BIIeBoIcTBa Poccun // OBIIBL, KO3BI, MIEPCTIHOE
nerno. 2013. Ne 2. C. 19-24.

VibsHoB A.H., Kynukosa A.Sl. Ctparernyeckue npooieMbl pa3BUTHS OBIICBO/I-
ctBa Poccun // Cenbekoxo3stiicTBeHHbIH xypHaiL 2013. Ne 6-1. C. 123-127.
Uwuxosa JL.H., bo6peimosa I T., Cypxukosa E.C. u np. Cucrema KOMILIEKCHOH
OLICHKH CeJ'lCKL[PIOHHOﬁ TNCPCIIEKTUBHOCTU TNIEMEHHBIX CTad U UX I'CHETUYC-
ckoro Onmaronony4us Ha ocHoBe JIHK-InarHocTuku: MeTouecKue peKoMeH-
Januu. CraBpornoib: OOIIECTBO C OrpaHUYEHHON OTBETCTBEHHOCTHIO (hupMa
«CraBpornons-cepBuc-1konay, 2020. 97 c.

Umxosa JI.H., Hlymaenko C.H., bapram E.H. u np. ['enernueckas couetae-
MOCTh POIUTEIBCKHX TIap B OBIIEBOACTBE W MPOAYKTHBHOCTH ITOTOMCTBA //
VIHHOBaLMU U COBPEMEHHBIE TEXHOJIOTUH B CEIILCKOM XO3sHCTBE: COOPHUK



Siberian Journal of Life Sciences and Agriculture, Tom 15, Ne4, 2023 151

18.

19.

20.

HAYYHBIX CTATed [0 MarepHaiaM MEXIyHapoaHOil MHTepHeT-KOH(pEepeHIHH,
Craspomnoinb, 04—05 ¢espans 2015 rona. Tom 2. CraBponosns: M3narenscTBo
«ATPYC», 2015. C. 53-56.

Gorlov LF. Shirokova N.V., Randelin A.V.,, et al. CAST / Mspl gene polymor-
phism and its impact on growth traits of Soviet Merino and Salsk sheep breeds
in the South European part of Russia // Turkish Journal of Veterinary and Ani-
mal Sciences. 2016. T. 40, Ne 4. P. 399-405.

Wang S.H., Zhang K., Dai Y.P. Advances in genetic engineering of domestic
animals // Frontiers of Agricultural Science & Engineering. 2016. Vol. 3(1). P.
1-10.

Zhang H., Wang Z.P., Wang S.Z. Progress of genome wide association study in
domestic animals // Journal of Animal Science and Biotechnology. 2012. Vol.
3(1). P. 26.

References
Amerkhanov Kh.A., Egorov M.V,, Selionova M.1., Surov A.l. Rossiyskiy my-
asnoy merinos [Russian meat merino]. Monograph. Stavropol, VNIIOK, 2018,
130 p.
Amerkhanov, Kh.A. Trukhachev V.I., Selionova M.1. Iz istorii rossiyskogo ovt-
sevodstva [From the history of Russian sheep breeding]. Stavropol: IP Mokrins-
kiy N.S., 2017, 408 p.
Deniskova T.E., Dotsev A.V., Gladyr’ E.A., et al. Sel’khozbiologi-
ya, 2015, no. 6. URL: https://cyberleninka.ru/article/n/validatsiya-pane-
li-snp-markerov-dlya-kontrolya-proishozhdeniya-lokalnyh-rossiyskih-po-
rod-ovets
Deniskova T.E., Dotsev A.V., Petrov S.N. Shornik dokladov KhlV mezhdun-
arodnogo biotekhnologicheskogo foruma “Rosbiotekh-2020", Moskva, 17—19
noyabrya 2020 goda [Collection of reports of the XIV International Biotech-
nology Forum “Rosbiotech-2020”, Moscow, November 17-19, 2020]. Moscow:
Federal Scientific Center for Food Systems named after V.M. Gorbatov, 2020,
pp- 174-175.
Karpova E.D., Surzhikova E.S., Gadzhiev Z.K. et al. Agrarnyy nauchnyy zhur-
nal, 2022, no. 1, pp. 60-63. https://doi.org/10.28983/asj.y2022i1pp60-63
Kolosov Yu. A., Bakoev N. F., Romanets T. S. et al. Materialy XXVI Mezhdun-
arodnoy molodezhnoy nauchnoy konferentsii studentov, aspirantov i molodykh
uchenykh «Lomonosovy. Moskva, 10—14 aprelya 2017 [Materials of the XXVI
International Youth Scientific Conference of Students, Graduate Students and
Young Scientists “Lomonosov”. Moscow, April 10-14, 2017].



152 Siberian Journal of Life Sciences and Agriculture, Vol. 15, Ne4, 2023

9.

10.

11.

12.

13.

14.
15.

16.

17.

18.

19.

Kolosov Yu. A., Kobylyatskiy P.S., Shiro—kova N. V., et al. Nauchnaya zhizn’,
2017, no. 3, pp. 84-91.

Mamontova T.V., Aybazov M.M. Sel skokhozyaystvennyy zhurnal, 2016, no. 9,
pp. 480-484.

Markov, A. K. International scientific review. 2020. LXX.

Morozov N. M. Tekhnika i tekhnologii v zhivotnovodstve, 2017, no. 2 (26),
pp- 70-79.

Ozdemirov A.A., Chizhova L.N., Khozhokov A.A. et al. Yug Rossii: ekologi-
ya, razvitie, 2021, vol. 16, no. 2(59), pp. 39-44. https://doi.org/10.18470/1992-
1098-2021-2-39-44

Selionova M.L., Aybazov A.M.M. Sbornik nauchnykh trudov Stavropol skogo
nauchno-issledovatel skogo instituta zhivotnovodstva i kormoproizvodstva [Col-
lection of scientific works of the Stavropol Research Institute of Livestock and
Feed Production], 2014, vol. 1, no. 7, pp. 140-145.

Surov A L., Gadzhiev Z.K., Surzhikova E.S. et al. Agrarnyy nauchnyy zhurnal,
2022, no. 7, pp. 81-84. https://doi.org/10.28983/asj.y2022i7pp81-84

Ul’yanov A.N., Kulikova A.Ya. Ovtsy, kozy, sherstyanoe delo, 2013, no. 2, pp. 19-24.
Ul’yanov A.N., Kulikova A.Ya. Sel skokhozyaystvennyy zhurnal, 2013, no. 6-1,
pp- 123-127.

Chizhova L.N., Bobryshova G.T., Surzhikova E.S. et al. Sistema kompleksnoy otsen-
ki selektsionnoy perspektivnosti plemennykh stad i ikh geneticheskogo blagopo-
luchiya na osnove DNK-diagnostiki: metodicheskie rekomendatsii [System for a
comprehensive assessment of the breeding potential of breeding herds and their
genetic well-being based on DNA diagnostics: methodological recommendations].
Stavropol: Limited Liability Company Stavropol-Service-School, 2020, 97 p.
Chizhova L.N., Shumaenko S.N., Barnash E.N. et al. /nnovatsii i sovremen-
nye tekhnologii v sel skom khozyaystve: sbornik nauchnykh statey po materi-
alam mezhdunarodnoy Internet-konferentsii, Stavropol’, 04-05 fevralya 2015
goda. Tom 2 [Innovations and modern technologies in agriculture: a collection
of scientific articles based on materials from the international Internet confer-
ence, Stavropol, February 04-05, 2015. Volume 2]. Stavropol’: 1zdatel’stvo
“AGRUS”, 2015, pp. 53-56.

Gorlov LF. Shirokova N.V., Randelin A.V.,, et al. CAST / Mspl gene polymor-
phism and its impact on growth traits of Soviet Merino and Salsk sheep breeds
in the South European part of Russia. Turkish Journal of Veterinary and Animal
Sciences, 2016, vol. 40, no. 4, pp. 399-405.

Wang S.H., Zhang K., Dai Y.P. Advances in genetic engineering of domestic ani-
mals. Frontiers of Agricultural Science & Engineering, 2016, vol. 3(1), pp. 1-10.



Siberian Journal of Life Sciences and Agriculture, Tom 15, Ne4, 2023 153

20. Zhang H., Wang Z.P., Wang S.Z. Progress of genome wide association study
in domestic animals. Journal of Animal Science and Biotechnology, 2012, vol.
3(1), p. 26.

BKJIAJI ABTOPOB

Cypos A.H.: ob1ice pyKOBOACTBO HAMpPaBICHUEM HCCIICIOBAHUS, HHTEPIIPE-
TalMs Pe3ysIbTaToOB, OArOTOBKA TEKCTA CTAThU.

ymaenxo C.H.: uaTepnpeTanys pe3ynbTaToB, MOATOTOBKA TEKCTA CTATHH.

OmapoB A.A.: otOop OroMarepuaiia JuIsl KCCIe0BaHui, 00paboTKa pesyiib-
TaToB, MOATOTOBKA TCKCTA CTATbU.

Kapmnosa E./I.: ot6op 6momarepuaina, 1abopaTopHbIe UCCIESIOBAHMUS, HHTEP-
MIpeTanus pe3yabTaroB, MOJr0TOBKA TEKCTa CTaThH.

Emaaruna JI./1.: ot6op 6romarepuaia, 1adb0paTopHbIC UCCICIOBAHUS, HHTEP-
MIpeTanus pe3yabTaroB, IOArOTOBKA TEKCTa CTaThH.

Yepuoodaii E.H.: untepnperauus pe3ynbraToB, HOAIOTOBKA TEKCTa CTAThU.

Jmutpuk U.WU.: uaTepnperaiys pe3ylibraToB, HOATOTOBKA TEKCTA CTAThU.

Cyp:xuxoBa E.C.: naboparopHble UCCIEIOBAHMS, HHTEPIIPETALNS PE3yJIbTa-
TOB, MTOJTOTOBKA TEKCTa CTAaThH.

Edumosa H.WU.: nuntepnperalys pe3yibTaToB, IOATOTOBKA TEKCTa CTaTbU.

Bo6peimos C.C.: ot00p Ouomarepuaa Jyisi HCCIIEOBaHHM, TOATOTOBKA TEK-
CTa CTaThH.

AUTHOR CONTRIBUTIONS

Alexander I. Surov: general direction of the research direction, interpretation
of results, preparation of the text of the article.

Svetlana N. Chumachenko: interpretation of results, preparation of the text
of the article.

Arslan A. Omarov: selection of biomaterial for research, processing of results,
preparation of the text of the article.

Ekaterina D. Karpova: selection of biomaterial, aboratory research, interpre-
tation of results, preparation of the text of the article.

Darya D. Evlagina: selection of biomaterial, aboratory research, interpretation
of results, preparation of the text of the article.

Evgeny N. Chernobai: interpretation of results, preparation of the text of the
article.

Irina I. Dmitrik: interpretation of results, preparation of the text of the article.

Evgeniya S. Surzhikova: aboratory research, interpretation of results, prepa-
ration of the text of the article.



154 Siberian Journal of Life Sciences and Agriculture, Vol. 15, Ne4, 2023

Nina I. Efimova: interpretation of results, preparation of the text of the article.
Sergey S. Bobryshov: selection of biomaterial for research, preparation of the
text of the article.

JAHHBIE Ob ABTOPAX
CypoB Anexcanap UBaHoBHY, TOKTOP CEIbCKOXO3SIICTBEHHBIX HAYK
Bcepoccutickuil nayuno-ucciedosamenscKuil UHCIMUmym 08yeeo0cmed
u x030600cmea — punuan PI'EHY « Cesepo-Kaskasckuii hedepanvhbiil
HAYUHbIU A2papHbIIL YEHMpPy
nep. 3oomexnuueckui, 15, 2. Cmagponons, 355017, Poccutickas @edepayust
surov.stv@yandex.ru

Ilymaenko CBersiana HukosnaeBHa, KaHIUIAT CEIbCKOX03HCTBEHHBIX HAYK
Bcepoccuiickuil Hayuno-uccredosamenbeKkull UHCMUMYmM 08Ye800Cmaad
u ko30800cmea — unuan PI'BFHY «Cesepo-Kaexaszckuii gpedepanvrulii
HAY4HbIU A2papHblil YeHmpy
nep. 3oomexruuecku, 15, 2. Cmagponons, 355017, Poccutickas @edepayus
shumaenko7 1 @yandex.ru

OMmapoB ApciiaH AXMeTOBHY, KaH/IH/IAT CEIbCKOX03sHCTBEHHBIX HAyK
Bcepoccuiickuil HayuHo-ucciedo8amenbCKull UHCTUmym 084e800Ccmad
u k030600cmea — gunuanr PI'BHY «Cesepo-Kaesxaszckuil pedepanvhutil
HAYUHBLI A2PAPHBLU YEHMP)
nep. 3oomexnuveckut, 15, 2. Cmagpononwv, 355017, Poccutickas @edepayus
omarovl977@yandex.ru

KapmnoBa Exarepuna /IMuTpueBHA, KaHAUIAT OMOJIOTHUCCKUAX HAYK
Bcepoccuiickuil nayuno-uccredosamenbckull UHCMUmMym 08ye800cmea
u k030600cmea — punuan PI'BHY «Cesepo-Kaegxaszckuil pedepanvrulii
HAYUHBLI A2PAPHBLU YEHMP»
nep. 3oomexruueckui, 15, 2. Cmagponons, 355017, Poccuiickas @edepayust
Lucziwa@yandex.ru

EBaarnna [lapesa JIMuTpueBHa, KaHIUIAT OHOIOTHIECKUX HAYK
Bcepoccuiickuii Hayuno-uccredosamenbekull UHCIMUMYmM 08Ye800Cmaad
u ko30600cmea — unuan PI'BHY «Cesepo-Kaexasckuii gpedepanvrulii
HAYUHBIU A2PapHbIIL YEHMpPy
nep. 3oomexruuecku, 15, 2. Cmagponons, 355017, Poccuiickas @edepayus
d1319731@yandex.ru



Siberian Journal of Life Sciences and Agriculture, Tom 15, Ne4, 2023 155

Yepuoodaii EBrenuii HuxonaeBu4, 1oKTop OMOIOTHYECKUX HAyK, Ipodeccop
DI'BOY BO Cmagpononbckuil 20Cy0apCmeeHHblil azpapHblil YHUGEPCUmem
nep. 3oomexnuuecku, 12, 2. Cmagpononw, 355017, Poccutickas @edepayust
bay973@mail.ru

JAvutpuk Upuna UBaHOBHA, TOKTOD CENbCKOXO35IICTBEHHBIX HAyK
Bcepoccuiickuil nayuno-ucciedosamenbckull UHCMUmym 08y e600cmed
u ko30600cmea — unuan PI'EHY «Cesepo-Kasxaszckuii gpedepanvHulii
HAYUHBIU A2papHbIIL YEHMpPy
nep. 3oomexnuuecku, 15, 2. Cmagpononw, 355017, Poccutickas @edepayust
vniiok@jfnac.center

Cyp:xuxoBa EBrennst CeMEéHOBHA, KaHIUIAT CEIHCKOXO3SUCTBEHHBIX HAYK
Bcepoccuiickuil Hayuno-ucciedo8amenbCKull UHCTUmym 084e800Cmad
u ko30800cmea — unuan PI'BFHY «Cesepo-Kaexaszckuii gpedepanvrulii
HAYYHbIL A2PApHbLIL YeHmpy
nep. 3oomexnuveckut, 15, 2. Cmagpononwv, 355017, Poccutickas @edepayus
immunogenetika@yandex.ru

E¢umosa Huna UBaHoBHA, KaHMIAT CEJIbCKOXO3SMCTBEHHBIX HAYK
Bcepoccuiickuil Hayuno-ucciedo8amenbCKull UHCumym 084e800Ccmad
u ko306800cmea — unuan PI'FHY «Cesepo-Kaexaszckuii gpedepanvHulii
HAYUHBLI A2PAPHbLUL YeHMP»
nep. 3oomexnuveckut, 15, 2. Cmagpononwv, 355017, Poccutickas @edepayus
vniiok@fnac.center

BoopbimoB Cepreii CepreeBuy, KaHAUIAT CEIbCKOXO3SHCTBEHHBIX HAYK
Bcepoccuiickuii nayuno-ucciedosamenbCKull UHCIMUMym 084e800Cmad
u ko306800cmea — unuan PI'BHY «Cesepo-Kaexaszckuii gpedepanvrutii
HAYUHBLU A2PAPHBIU YEHMP»
nep. 3oomexnuveckut, 15, 2. Cmagpononwv, 355017, Poccutickas @edepayus
ssbob@yandex.ru

DATA ABOUT THE AUTHORS
Alexander I. Surov, Doctor of Agricultural Sciences
All-Russian Research Institute of Sheep and Goat Breeding - branch
of the Federal State Budgetary Scientific Institution “North Caucasian
Federal Scientific Agrarian Center”



156 Siberian Journal of Life Sciences and Agriculture, Vol. 15, Ne4, 2023

15, per. Zootechnichesky, Stavropol, 355017, Russian Federation
surov.stv@yandex.ru

Svetlana N. Chumachenko, Candidate of Agricultural Sciences
All-Russian Research Institute of Sheep and Goat Breeding - branch
of the Federal State Budgetary Scientific Institution “North Caucasian
Federal Scientific Agrarian Center”
15, per. Zootechnichesky, Stavropol, 355017, Russian Federation
shumaenko71@yandex.ru

Arslan A. Omarov, Candidate of Agricultural Sciences
All-Russian Research Institute of Sheep and Goat Breeding - branch
of the Federal State Budgetary Scientific Institution “North Caucasian
Federal Scientific Agrarian Center”
15, per. Zootechnichesky, Stavropol, 355017, Russian Federation
omarov1977@yandex.ru

Ekaterina D. Karpova, Candidate of Biological Sciences
All-Russian Research Institute of Sheep and Goat Breeding - branch
of the Federal State Budgetary Scientific Institution “North Caucasian
Federal Scientific Agrarian Center”
15, per. Zootechnichesky, Stavropol, 355017, Russian Federation
Lucziwa@yandex.ru

Darya D. Evlagina, Candidate of Biological Sciences
All-Russian Research Institute of Sheep and Goat Breeding - branch
of the Federal State Budgetary Scientific Institution “North Caucasian
Federal Scientific Agrarian Center”
15, per. Zootechnichesky, Stavropol, 355017, Russian Federation
d1319731@yandex.ru

Evgeny N. Chernobai, Doctor of Biological Sciences, Professor
Stavropol State Agrarian University
12, per. Zootechnichesky, Stavropol, 355017, Russian Federation
bay973@mail.ru
ORCID: https://orcid.org/0000-0002-1187-1499

Irina I. Dmitrik, Candidate of Agricultural Sciences
All-Russian Research Institute of Sheep and Goat Breeding - branch
of the Federal State Budgetary Scientific Institution “North Caucasian
Federal Scientific Agrarian Center”



Siberian Journal of Life Sciences and Agriculture, Tom 15, Ne4, 2023 157

15, per. Zootechnichesky, Stavropol, 355017, Russian Federation
vniiok@fnac.center

Evgeniya S. Surzhikova, Candidate of Agricultural Sciences
All-Russian Research Institute of Sheep and Goat Breeding - branch
of the Federal State Budgetary Scientific Institution “North Caucasian
Federal Scientific Agrarian Center”
15, per. Zootechnichesky, Stavropol, 355017, Russian Federation
immunogenetika@yandex.ru

Nina 1. Efimova, Candidate of Agricultural Sciences
All-Russian Research Institute of Sheep and Goat Breeding - branch
of the Federal State Budgetary Scientific Institution “North Caucasian
Federal Scientific Agrarian Center”
15, per. Zootechnichesky, Stavropol, 355017, Russian Federation
vniiok@fnac.center

Sergey S. Bobryshov, Candidate of Agricultural Sciences
All-Russian Research Institute of Sheep and Goat Breeding - branch
of the Federal State Budgetary Scientific Institution “North Caucasian
Federal Scientific Agrarian Center”
15, per. Zootechnichesky, Stavropol, 355017, Russian Federation

ssbob@yandex.ru
IToctynuia 06.12.2022 Received 06.12.2022
IMocne penensuposanns 10.01.2023 Revised 10.01.2023

[Mpunsra 15.01.2023 Accepted 15.01.2023



158 Siberian Journal of Life Sciences and Agriculture, Vol. 15, Ne4, 2023

DOI: 10.12731/2658-6649-2023-15-4-158-179 @ (7) e‘e‘
UDC 633.11:632.9 =7 BY_NC_ND

Original article

POSTULATION OF YR RESISTANCE
GENES TO STRIPE RUST IN 12 COMMERCIAL
WHEAT CULTIVARS OF RUSSIAN BREEDING

LP. Matveeva, G.V. Volkova, Yu.S. Kim, Ya.V. Yakhnik

Stripe rust (Puccinia striiformis f. sp. tritici) is a common wheat disease of
economic importance in all world wheat production regions. In most of the regions
stripe rust causes yield losses of 10-70 %, depending on the time infection occur,
host susceptibility, disease development, and the duration of the epidemics. In South
Russia even in unfavourable conditions for the pathogen, stripe rust occurred in
the region every year, and in some areas there are foci of the disease with of up to
50% severity.

Phytopathological testing is one of the least expensive and most effective meth-
ods for the rapid identification of juvenile resistance genes in varieties against
pathogens. It allows to obtain detailed information about the genetics of the host
and pathogen in a short time. In the research Yr resistant genes and its combinations
were postulated in winter wheat varieties of Russian breeding to North-Caucasus
population of stripe rust by this method.

Purpose of this study was identification of known stripe rust resistance genes
in 12 commercial winter wheat cultivars by phytopathological testing.

Material and methods: The postulation of known resistance genes was carried
out in a greenhouse complex (seedling stage) and at the research station (adult plant
stage) of the Laboratory of Plant Immunity to Diseases of the Federal Scientific
Center for Biological Plant Protection (Krasnodar).

For postulation, we chose the method by Dubin et al. (1989), based on the com-
parison of response types of differential cultivars and studied varieties to Pst isolates.

Results. In 10 out of 12 winter wheat varieties of Russian breeding, 13 stripe
rust resistance genes and their combinations were postulated.: Yr3, Yr3a, Yro6,
Yr32, Yr2+6, Yr2+9, Yr39+Alp, Yr4+12, Yr4b, Yr3a+4a+H46, YrA, YrSp, YrSU.
The following resistance genes have not been identified: Yr2, Yr5, Yrl0, Yri0+Mor,
Yr24, Yr27, Yr25+32, since no isolates virulent to carriers of these genes were
isolated from the North Caucasian population of P. striiformis, and they are high-
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ly effective against this population. Highly effective (Yr3, Yr2+9, Yr3a, Yrd4+12,
Yr3a+4a+H46) resistance genes were identified in the Kurs, Morozko, and Step’
varieties. We note a combination of effective Yr2+6 genes in the Gurt variety.

In field conditions, high resistance (degree of damage up to 10%) to the North
Caucasian population of the stripe rust pathogen was shown by lines and differential
cultivars containing the following resistance genes: Yr2, Yr3, YrS, Yrl0, Yr24, Yr25,
Yr27, YriO+Mor, Yr3a, Yr25+32, Yr3a+4a+H46, Yr3c+Min, Yr4+12, Yr7+25,
Yr8+19, 8+6+25, YrSp. Due to the low degree of damage, these genes and their
combinations are classified as highly effective and can be involved in the breeding
process to create new resistant varieties. Varieties containing these genes can also
be recommended for breeders and used in production for effective disease control.

Keywords: gene postulation; genetic resistance; pathotype; Puccinia striiform-
is; resistance, stripe rust; wheat

For citation. Matveeva I.P, Volkova G.V., Kim Yu.S., Yakhnik Ya.V. Postulation
of Yr Resistance Genes to Stripe Rust in 12 Commercial Wheat Cultivars of Russian
Breeding. Siberian Journal of Life Sciences and Agriculture, 2023, vol. 15, no. 4,
pp- 158-179. DOI: 10.12731/2658-6649-2023-15-4-158-179

Hayunas cratbs

MOCTYJIMPOBAHUE YR-TEHOB
YCTOMUYUBOCTMH K KEJTOU PKABUNHE
MIIEHUIBI B 12 KOMMEPUYECKUX COPTAX
POCCHUMCKOM CEJIEKIIUN

H.Il. Mameeesa, I'.B. Bonkosa, IO.C. Kum, A.B. Axnux

JKenmas paycasuuna (Puccinia striiformis f. sp. tritici) sensemcs pacnpocmpa-
HEeHHBIM 3a001e6anuUeM NUEHUYDbL, UMEIOWUM IKOHOMUYECKOe 3HAYeHUe 80 6CeX
PecUoOHax mupa, 8030eIbl8aAIOWUX OAHHYIO KYIbmypy. B bonvuwuncmee pecuonos
Jicenmas porcaguuna evizvieaem nomepu ypodcas om 10 do 70 % 6 3asucumocmu om
8peMeHU 3apadicens, GOCHPUUMUUBOCHIU PACMEHUA-XO3SUHA, CIENeHl PA36Uumusl
boneznu u npodonxcumensHocmu snugumomuii. Ha 1oee Poccuu oadice 8 200bi ¢
HeONa2oNPUATHBIMU YCLOBUAMU JCCTMAS PHCAGYUHA BCMPEUACTNCSL eICe200HO, d 8
0MOENbHBIX PALOHAX BCTNPEYANUCH 04alU ¢ pacnpocmpaneruem 00 50 %.

Qumonamonozuueckoe mecmuposanue A6AAemcs 0OHUM U3 Haumenee dopo-
2ux u Haubonee P PHekmusHvIx Memooos 6bICmpoll UOEHMUDUKAYUU HOBEHUTILHBIX
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2108 ycmoudugocmu copmog k namoeenam. OH no3gonsen 6 KOpomkie CpoKu no-
IYUUMb NOOPOOHYIO UHPOPMAYUIO O 2eHemUKe XO3AUHA U 6030youmens. B ucciedo-
BAHUAX IMUM MEMOOOM NOCTYIUPOBAHYL 2EHbL YCMOUUUeocmu Yr u ux Komounayuu
Y COpmMos 03uMOll NUUEHUYbl POCCULICKOLU CEeNeKYUU K CeBePOKABKAZCKOU NONYAAYUU
JICENMOTL PIUCAGUUHDI.

Henvio uccnedosanuit cmana udeHmuQuKayus U36eCMHBIX 2eHO8 YCMOUUUBO-
cmu K dlcenmotl paicaguune 6 12 kommepueckux copmax 03umoul NuLeHUYybl MEemooom
Ghumonamonoeuyeckozo mecmuposanusl.

Mamepuanst u memoowt. Ilocmynupogarnue u36ecmHuIX 2eHO8 YCMOUUUBOCU
npPoBOOUNU 8 MENTUUHOM KOMAAEKCe (I08EHUTbHAS CIMAOUA) U HA NOIEBOM CIAYU-
OHape (cmaousi 63pOCivlX pacmeHutl) 1a6opamopuu UMMYHUMema pacmeHuti K
oonesnam DedepanvHoco HAYYHO2O YeHMPa DUOTO2UHECKOU 3auumsl pacmeHull
(2. Kpacnodap). /[nsa nocmynupoganust 6vli ucnoib3o06an memoo J{youna ¢ coas-
mopamu (1989), ocnosannblil Ha cpagHeHUU MUNOE pearkyuu cCOpmos-oudgepen-
YuUamopos8 u u3yuaemMblx COpmos Ha uU30namvl 6030YOuUmens JHcenmoul pucasuuHbsl
nueHuyb.

Pesynomamut. B 10 u3 12 copmos 03umoii nuieHuybl poccutickou cenexyuu ovliu
nocmynupogamsl 13 2eHoe yemouuusocmu K #ceimou pycagiume u ux KOMOUHAyu:
Yr3, Yr3a, Yr6, Yr32, Yr2+6, Yr2+9, Yr39+Alp, Yr4+12, Yr4b, Yr3a+4a+H46, YrA,
YrSp, YrSU. He gvisnsnenvt eenvt ycmouiuusocmu Yr2, Yr5, Yrl0, Yri0+Mor, Yr24,
Yr27, Yr25+32, mak xax u3z cegepokaskasckou nonynayuu P. striiformis ne ovino
6b10€1eHO U30NAMOB, GUPYICHINHBIX K HOCUMENAM IMUX 2eHO8, U OHU AGNAIOMCS
6bI1COKOIPPeKMUSHBIMU NO OMHOUWEHUIO K 0anHot nonyaayuu. B copmax Kype, Mo-
posko u Cmenb Obiu abisi61€eHbl 8blCOKOIPPexmuenvie (Yr3, Yr2+9, Yr3a, Yr4+12,
Yr3a+4a+H46) eenvt yemotiuusocmu. B copme I'ypm — couemarue 3¢pghexmugrvix
2enog Yr2+6.

B ycnosusx noas svicokyro ycmoiiuueocmo (cmenensb nopasicenus oo 10 %)
Ce8epoKABKA3CKOl NONYIAYUU 8030YOUMEN JHCENMOU PAHCAGUUNBL NPOAGUNU TUHUU
u copma-oupepenyuamopot, cooepoicawue 2envl yemouuueocmu Yr2, Yr3, Yré,
Yrl0, Yr24, Yr25, Yr27, YriO+Mor, Yr3a, Yr25+32, Yr3a+4a+H46, Yr3c+Min,
Yrd+12, Yr7+25, Yr8+19, 8+6+25, YrSp. H3-3a Huszkoii cmenenu nopaxceHus
OanHvle 2eHbl U UX COUemanus OMHOCAMCA K KAme2opuu 8blCOKOIP@ekmusnvix u
apghexmusnvix u Moeym Ovimb 6061€4€EHbl 8 CENEKYUOHHBII NPOYECC sl CO30ANUS
Hoguix ycmotinuguix copmog. Copma, cooeparcaujue Oannvie eetbvl, Makice Mo2ym
ObIMb peKomMeHd08aHbl NPAKMUHECKOU CeNeKYUlU U UCHOTb308AHbI @ NPOU3B0OCNEE
0151 dphekmusHo20 KOHMPOTL 3a001€8AHUSL.

Knwowuesvie cnoga: nocmynupoganue 2eHog; 2eHemuieckas ycmoudugocmoy,
namomunvl; Puccinia striiformis; ycmouuu8ocmy, Jcenmas picaguuna, nueHuya
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Introduction

Cereal rusts are one of the biggest threats to food security and the most
economically important group of wheat diseases worldwide [19]. The fungal
pathogen Puccinia striiformis f.sp. tritici West, causing stripe (yellow) rust, is
among the most damaging diseases in cereal crops. It’s common in all major
grain-producing regions of the world. Stripe rust develops best in foothill zones
with moderate temperatures and high humidity. Yield losses due to stripe rust
epidemics range from 10-70% up to 100% [9]. Recent research shows that the
pathogen has become even more aggressive [26].

Stripe rust was rare in Russia, primarily in the North Caucasus, until the end
of the 60s. However, episodic manifestations of the pathogen have still been
registered [5]. Since 1990, in the North Caucasus, including Krasnodar Krai,
there has been a tendency to expand the range of the pathogen [7, 8, 25]. Since
20052007, stripe rust was recorded in Leningrad (Gultyaeva et al., 2007),
Pskov and Novgorod regions [2].

In recent years, the incidence of the disease in the North Caucasus continues
to grow. This is due to the cultivation of susceptible varieties, the formation of
aggressive races, climate change in the region, and the introduction of infection
from adjacent territories [8, 24].

Variety resistance plays an important role among the known methods for
effective disease control. It prevents the occurrence of epidemics and reduces the
number of chemical treatments. Rusts are predisposed to the intensive formation of
new, more aggressive physiological races, which negatively affects the resistance
of varieties [9]. In this regard, a regular search for resistance genes is required for
breeding new varieties and understanding the genetic potential of the existing ones.

Phytopathological testing (postulation) is one of the least expensive and
most effective methods for the rapid identification of juvenile resistance (R)
genes against pathogens. This approach allows obtaining detailed information
about the genetics of the host and pathogen in a short time [17]. The postulation
of the R genes in wheat cultivars has been actively used since the discovery of
Flor’s gene-for-gene theory [14]. The method is based on the complementary
interaction of host plant R genes and virulence genes of pathogen isolates [10].
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The DNA marker method is also widely used to identify rust resistance genes
in wheat and related plants. Tyryshkin et al., noted significant differences in the
postulation of effective Lr9 and Lr41 resistance genes in Aegilops accessions
using a phytopathological test and DNA markers. They concluded that the
results of the latter method cannot be considered as reliable evidence for the
presence/absence of specific resistance gene alleles in wheat related plants [6].

In turn, the accuracy of phytopathological testing depends on the genetic
diversity of differential cultivars and isolates used. Most often, close isogenic
lines are the best option as differential cultivars. However, they do not accurately
identify R genes if polygenic resistance is present in the tested varieties.
Differential cultivars with combinations of genes are more suitable for the task.

The best results are obtained when isolates with the maximum difference in the
set of virulence genes are used in the experiment [17]. A phytopathological test is
only possible if there are genotypes of pathogens marked by virulence to effective
R genes. It is considered to be a reliable method for identifying specific resistance
genes [6, 22, 23]. Although recent papers by Russian researchers indicate that this
method is insufficiently informative for characterizing the genetic determination
of resistance without the use of molecular approaches [15, 21].

The postulation method is widely used both in the world [12, 17, 19, 26] and
in Russia [6, 8, 24] and is often combined with molecular genetic analysis. Sharma
et al. identified Yr2, Yr6, YrS8, Yr9, Yri0, Yri5, YrA, YrSU stripe rust resistance
genes in 52 lines of emmer wheat by postulation method [20]. In 2012, Dawit et
al. postulated Yr2, Yr3a, Yrda, Yr6, Yr7, Y8, Yr9, Yr27, Yr32, and YrSU in 22
Ethiopian wheat varieties [10]. In 2016, Australian scientists postulated Y7/ and
Yr27 resistance genes in 4 out of 51 spring wheat varieties [19].

Since the R genes postulation is carried out at the seedling stage, differential
cultivars with juvenile R genes are involved in the experiment. Differential cultivars
with genes for race-specific (Yr: 11, 12, 13, 14, 16) and non-specific (Yr: 18, 29) APR
are excluded, as these genes work at later stages of host plant development [12, 17].

In this paper we aim to identify the known R genes (Y7) to the wheat
stripe rust pathogen in 12 widely distributed varieties of Russian breeding by
phytopathological testing.

Materials and Methods

Seed material. We selected 12 widely released varieties of Russian breeding
included in the State Register of the Russian Federation in 2015-2021: 7
varieties of winter wheat bred by the National Grain Center named after. P.P.
Lukyanenko (Krasnodar), 3 varieties — by Federal Rostov Agrarian Scientific
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Center (Rostov region), 1 variety -by the North Caucasian Federal Scientific
Agrarian Center (Stavropol Krai), and 1 variety -by the Prikum Experimental
Breeding Station (Stavropol Krai). See Table 1.

Table 1.
List of soft wheat fibers included in the phytopathological survey, 2021
Year of in-
Ne Variety Accession | clusion in the Pedigree
state register
P. P. Lukyanenko National Grain Center
1 (Lutescens 9274h222 / Lutescens
**Kavalerka | lutescens 2019 9394h13) /(Lutescens 7643hG12-
12 / Krasnodarskaja 99)
2 | **Karavan lutescens 2018 L.918yav2 / Zorjana nosovskaja
3 | ** Step’ lutescens 2018 L.369-93k14 x Back Palenque
4 | **Markiz lutescens 2019 Irishka x Yunona
5 | **Gurt lutescens 2016 Tanja x Frontana
6 (Rosinka tarasovskaja / Krasnodar-
**Kurs lutescens 2015 skaja 99) / (Lutescens 9269 h 7-19
/ Batko)
7 (Lutescens 7278 h 111 / Lutescens
**Morozko lutescens 2015 8989 h 177) / (KS 91 WGRS 21/
Krasnodarskaja 99)
Prikum Experimental Breeding Station
8 ervihros- (Don 95 / Lutescens r-126768) /
**Korona rgrm m 2019 (Lutescens r-140356 / Ukrainka
permu odesskaja)
North Caucasian Federal Scientific Agrarian Center
9 **Karolina 5 erythros- 2017 Krasnodgrskaja 99 x Seljanka
permum odesskaja
Federal Rostov Agricultural Research Center
10 | g Akapella erythros- 2020 1334/07 x Gubernator Dona
permum
11 | **Bogema lutescens 2021 Spalah/Donskaja Lira
12 [**Palmira . 911/16 Delta /782/00
18 - on trial
*according to http://wheatpedigree.net/ (last updated 1.09.2017, accessed 06.10.2021)
** according to https://glavagronom.ru/ (accessed 06.10.2021)

We used 38 differential cultivars (global, European, Australian and
additional sets) with Y R genes and their combinations for phytopathological
testing (Table 2).
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Table 2.
List of differential cultivars used to postulate Y R genes in winter wheat varieties, 2021
Variety/ line Yr-gene Variety/ line Yr-gene
Chiness 166 1 Heines VII 2+HVII
Kalyansona 2 Carstens V 25432
Felix 3 Alpowa 39+Alp
NIL Avocet S* 5 Bon Fermier 3a
NIL Avocet S* 6 Hybrid 46 3b+4a+H46
NIL Avocet S* 8 Nord Despres 3a+4a+ND
NIL Avocet S* 9 Vilmorin 23 3a+V23
NIL Avocet S* 10 Minister 3c+Min
NIL Avocet S* 15 Mega 4+12
NIL Avocet S* 17 Vuka 4b
Lemhi 21 Lee 7+22+23
NIL Avocet S* 24 Reichesberg 42 7+25
Carina 25 Compare 8+19
NIL Avocet S* 26 Heines Peko 8+6+25
NIL Avocet S* 27 NIL Avocet R* A
NIL Avocet S* 32 Daws Dal+Da?2
Moro 10+Mor Strubes Dockkopf SD
Heines Kolben 2+6 Spalding Prolific Sp
Clement 2+9 Suwon 92 x Omar SU

Since the experiment was carried out at the seedling stage, race-specific
Yril, Yri2, Yri3, Yri4, Yrl6 and race-non-specific Y718 and Y29 APR genes
were excluded.

Pathogenic material. To postulate the known Yr R genes, 17 races of the
North Caucasian population of Puccinia striiformis with a different set of
virulence genes were taken from the “State Collection of Entomoacariphages
and Microorganisms” (Table 3): OEO, OE4, 1E8, 6E0, 12E8, 15E0, 32E0, 32E59,
33E0, 37E129, 38E194, 39E2, 46E0, 97E226, 129E0, 173E28, 239E218.

Classification of isolates by racial composition was carried out according to
Johnson et al. using a standard set of differential cultivars. Reproduction and
accumulation of spore biomaterial was performed in the greenhouse complex
on the control variety KAW [16]

Inoculation. The seed material of differential cultivars and test varieties
was germinated in a humid chamber at +23°C. Then, three-day-old seedlings
were sown with tweezers in flowerpots with sand 25 ml, five grains each.
The flowerpots were placed in a tray with Knop’s nutrient solution and into a
climatic chamber (Binder KBF 720), at +20°C [8].
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Table 3.
Race virulence formulas of the North Caucasian population P. striiformis
Race Virulence to Y7 genes
0EO0* 4b, 4+12, 17,21,25,6,39+Alp
0E4 4b,6,8,9,15,17,25,26,39+Alp,8+6+25
1E8 4b,1, 25, 3a+4a+ND+12
6E0 4b,17,21,2+6,7+22+23
12E8 9,21,25,2+6,39+Alp,3a+4a+ND+12,3a+V23
15E0 4b,1,2+6, 39+Alp,3a+V23,7+22+23
32E0 4b,8,9, 21, 25,39+Alp,3a,SD

32E59 4b,6,21,26,25+32,39+Alp,3a,3a+4a+H46,3a+4a+ND+12,3c+-
Min,7+25,8+19,4,Dal+Da2,SD

33E0 4b,1,32,39+Alp,SD

37B129 | 4b,1,3,6,9,17,21,25,32,2+6,2+VII,39+Alp,3a,3a+4a+H46,4+12,4,SD
38E194 4b,6,15,21,25,26,32,2+6,2+VIl,3a,4+12,7+22+23,7+25,4,5D,Sp

39E2 4b,1,8,9,25,2+6,39+Alp,3a+4a+H46,7+22+23,5D

46E0 4b,15,21,25,2+6,39+Alp,3a+V23,7+22+23,5D

97E226 4b,1,6,9,21,25,26,32,2+VI1,25+32,39+Alp,3a,4+12,7+25,5D,Sp,SU
129E0 4b,1,21,2+9,3a

173E28 | 4b,1,3,6,9,25,26,32,2+6,2+9,39+Alp,3a,3a+4a+ND+12,3a+V23,3c+
Min,4+12,8+19,8+6+25,SD

239E218 |4b,1,3,6,9,15,17,21,25,26,32,2+6,2+9,2+VII,39+Alp,3a,3a+4a+ND+1
2,3a+V23,4+12,7+22+23,7+25,8+19,4,Dal +Da2,SD,Sp,SU

* - virulence genes of four isolates belonging to this race PST

Plants in the 1-2 leaf phase were inoculated with a water-spore suspension
at the rate of 5 mg of spores per 10 ml of water. Infected plants were incubated
for 24 hours at +9...+12 °C and relative humidity 100%, then they were again
transferred to a climatic chamber with a day/night cycle of 14/10 h, +17...+12
°C, humidity 80% [19].

Plant record. Records were made 14-16 days after inoculation using a
modified 4-point scale adapted from McNeal et al. [18]: 0 - highly resistant type
of reaction, no signs of the disease; 1 - necrosis with rare and small pustules;
2 - chlorosis and necrosis with an average number of pustules; 3 - copious
amounts of pustules and chlorosis; 4 - extensive confluent pustules, chlorosis
is minimal or absent. Thus, reaction types 0—2 were considered avirulent, 3—4
were considered virulent [12, 19].

According to Flor’s gene-on-gene theory [13], the gene postulation was
conducted using the method proposed by Dubin et a/ [11]. Here, the presence



166 Siberian Journal of Life Sciences and Agriculture, Vol. 15, Ne4, 2023

of Yr-genes was determined by the comparison of response types of the studied
variety and the differential cultivar (the presence of a specific gene in which is
precisely known). If the response type on one of the leaves differed from the
others, then the response type of the majority of plants was recorded.

Field experiment. A field experiment was conducted in 2020-2021 at a
research station with an artificial infectious background of wheat stripe rust
(FRCBPP, Krasnodar), (Figure 1).

s

Figure 1. Research station with an artificial infection background
P, striiformis (FRCBPP, Krasnodar), 2021

Figure 2. CIMMYT scale to account for P. striiformis damage to grain crops [30].
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20rR-MR| | [BomMr-mMS| {5DMR-MS |

Figure 3. Mclntosh Scale to account for P. striiformis damage
to grain crops in the field [3].

Plots with an area of 1 m? were sown in three repetitions and infected with
a mixture of fungal spores with talc at a rate of 5 mg spores per linear meter.
Plants were counted using the CYMMIT and Mclntosh scales (Figures 2, 3) [3].

Results

Postulation of Yr resistance genes in the seedling phase. In greenhouse conditions
we evaluated the response types on the studied differential wheat cultivars and
varieties. In 10 out of 12 studied varieties, 13 Y7 R genes and their combinations
were postulated: 3, 3a, 6, 32, 2+6, 2+9, 39+Alp, 48+12, 4b, 3a+4a+H46, A, Sp,
and SU. Tables 4 and 5 present the obtained experimental data.

Table 4.
Response of seedlings of close isogenic lines and wheat differential cultivars (¥r)
to 20 P. striiformis isolates (FRCBPP greenhouse complex, 2021)

Yr gene variety ﬁggowooggggSEOanaﬁo field
m%.@gf@gﬁggmggggggﬁggevaluation
— on ~ [3g] [=)
4b Vuka 3 313|3 013(0]3]3 310(13(3(3|3[3|3| 20MR
1 Chinese 166 |3 311|3 03 3 310(2(3[2(0|3|0| 40MS
2 Kalyansona |0 1100 0 0 0|00 0 0f0 1R
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3 Felix slof3]o]ofofofofofofo[2]3]o]1]2]t]1]2]2] owr
5 NIL Avocet 8* | 1]0[1]o[oo]ofofo[2]ofo[o]ofofo]i[o[1]o] owr
6 NIL Avocet S* | 3[0[3]o[o[o]3]ofolol2]o[3|1]3]2]3]3]3]3] 15MRr
$ NIL Avocet S* | 0[3]o]o[1]o]o]2]o[2]0o[3]o]o]o]o]3]0o[0o]0] oRr
9 NILAvocet $* [3[3[3[o]2]ofo[1]3]2]2]3]3]o]2]0|3]2]3]0] s0s
10 NIL Avocet $* | 0] o[ 1]o[o]o]ofofolofofo[1]o][1]o]olo]o]o] oRr
15 NILAvocet $* | 1] 2[2]0[2[0]o]ofo]3]olo[3]0]3]0[3]0]02] 25MRr
17 NILAvocet 8* |2 0[3]1[1[3]o]ofo]2]o|2[3[3]1]1]3]o]2]2] 25MRr
21 Lemhi 2lol3[3]o]3]ofo]3]3]0]3]3]0]3]3]2]3]3]2] 40ms
24 NIL Avocet s* [0[o[o[1]1]o[ofofolo[o[2]ofo]olol2[0of0][0] 10R
25 carina  |3]3[3]3[3]2]ofo[3]3]0[3[3]0[3]0]3]2]3]3] sr
26 NIL Avocet S* | 30| 1]o] o ofofofolo[o[o]3]o]3]2]3]3]3]0] 40ms
27 NIL Avocet S* [0[2[0|o] o[ o[o[o]o|o|o|1]|o]ofofofo|o|o[o] oRr
32 NILAvocet $* | 3[2[3[ 1] t]ofof1]olo[3]0]3]o]3]1]2]2]3]2] 40ms
10+Mor Moro oloflofo[of[o]ofolo]o]ofofofofofofof0]0][0] oRr
246 Heines Kolben | 3|3 3] o[ 1]3]o[3|3]3[0[2][3]o]3[0]2]2]2]1] 15MRr
249 clement | 3|0[2]0f[of[o]ololo]o]2][0[3]0o]2]3]0]2]2]0] 15MR
2411l Heines VII | 1[0[3]0[o]ofofofo]ofofo[3]o[3]o[0]2]3]0] 20Mmr
25432 Carstens V. |0[0[2[o]ofofofo[2]ofo[1]2]o]2]of0[3]3]0] s®r
39+Alp Alpowa |3]3]3]ololo|3|3|3]3]3]3]4]0o|o|0]3]4]3]3] e0s
3a Bon Fermier |3|0[3[0fofofofolo[o]o]3]afo]3]3]2]3]3]0] 10Rr
3b+4b+H46 | Hybrida6 | 1]3[3[o]ofofofo[2]o[2[0]2]o]2]0]0[3]2]0] oRr
3a+4a+ND+12 | Nord Despres |3[0[2[0[3]ofofo[3[2[0]2]3]o]2]0of0[3]0]2] 10
3a+V23 vilmorin 23 [3[o|2|1]1]2]o|3[3]3]2]2]3]o[2[0]2]2]2]2] 10Rr
3e+Min Minister | 3]0[2[ofofofo]o]ofolol1]2]0]0]0f0[3]2]2] or
4412 Mega s3lo[3]o]ofofofofofolofo]3]o]3]2]2]0[3]3] sRr
7422423 Lee 203fofof2]3]1]3]1]3]o]2]3]o]3]o]1]o|2]2] 30MRr
7425 Reichesberg 42| 2|02 0] ofo]ofo|oo]o|1]4]o|3]0|0]3]3]0] sRr
§+19 Compare  |3[0[2[0|0]ofofofofo[2|0]3]0o][2]0[2]3[2][0] 10w
§+6+25 Heines Peko | 3] 1] 1]0fofolofo]ofo]1]o]2]0]2]0[3]0]2]0] s®r
A NIL Avocet R* | 2] 0] 3] oo 1]o[o[o[o[1]o]3]0o[3]0]0[3]0]0] 20MmR
Dal+Da2 Daws t{of[2]ofofo]o]1]o]ol2]0o[3]0[2]0]0]3]2]0] or
SD Dsi‘c‘]‘{‘l]:s;f 33|3|0|ofofofolo]|3]3]3]3]2[3|1|0]|3]|3]2] 35Ms
Sp S]fr";lﬁg‘cg 1/o|2]|olojojolofolo|2]2]3]0]3]0]0]|2]|3]2] 1R
SU Suwon x Omar | 1|0 1[0|0[0[0[0|0[0[2(/0|3]0(2|0]|0|0[3]|0| 35MS

As a result of plant infection with pathogen races, we did not reveal
isolates virulent/avirulent to all differential wheat cultivars. The Yr2, YrS5,
Yri0, Yri0+Mor, Yr24, Yr27, Yr25+32 genes were highly effective, since they
showed a stable response type on all races of wheat stripe rust included in the
experiment.
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Table 5.
Response of seedlings of 12 winter wheat varieties inoculated with 20 virulent
isolates of P. striiformis (FRCBPP greenhouse complex, 2021)

. %”gowooowoooﬁogavﬁgoFieldevalu—
ey |\8121512|3|2|8\5|2 2|5 §|2|2|5| 2|2 2 5]
—_ e} N [3a} (=)
Akapella 310(2(3(13(13|12(3[3[3[3|3(4(0(0]2]2]|3]|0]0 40 MS
Bogema 313(31012(1313(3[3[3[2|3|3([0(3]0]0]2]|01]0 35MS
Gurt 310[(1]0]0|O0JOfO[Of[O]2|0|3[0f2]3]|]0|3|2]3 40 MS
Kavalerka | 1 [0 [O0|O|[3]|0fO0|2|2[2|0|1|3[0|0|0Of[O]|1[3]O0 10R
Karavan o(ojfojojojojofofojoj1rfofr{ojojolofofoj|o IR
Karolina [0|0|0[0O|0O[0O|O0O|O[O[0O]|O|Of3]0[0O]|O0O|2[3[0]|O0 30 MR
Korona 110(2[0]0|2|0f0OfOfO0O[O)JO|3|0f3]0]|]0]|2]|3]|0 35 MS
Kurs 310(3(0(0f[O0|O|O|O|Of3]0]|4]|]0|2[0][0]3]0]1 SR
Markiz ojofr1fofofofo|lo|lOfOfO]jOjOjO|L|[Of[O]O]2]|1 OR
Morozko 310(3(1f{L[O0[O|JO|Of[Of[O]O|3]0|O0OfO0O[2]1]3]|1 SR
Palmiral8 [ 3 (0| 0|0 |23[0|3|3|2|0f1[2[0[1|0|0O|2(|0]2 40 MS
Step’ 3{o0f(3|10[0f0jO]jOfO]|OfL|[O|4]0l0O|O]Of[O]|O]|O 40 MS

The following R genes Yri, Yr9, Yr 25, Yr26, YrSD, Yr3a+V23,
Yr3a+4a+ND, Yr 8+19, Yr3ctMin, Yri7, Yr2l, Yr7+22+23, Yrl5, Yr2+VII,
Yr8, Yr25+32 were not postulated in any of the studied varieties.

Virulent and avirulent response types on test isolates in Akapella coincide
with differential wheat cultivars Vuke and Alpowa. This suggests the occurrence
of two R genes, Yr4b and Yr39+Alp.

Varieties Kurs, Morozko and Step’ give a high response type on the races
173E28, 37E129, 239E218, that are virulent to Yr3, Yr3a, Yr32 and a low
response type on the races that are avirulent to the above genes. This suggests
that these cultivars contain the Y73, Yr3a, and Yr32 genes alone or in combination
with other Y7 R genes. The combination of Yr4+12 genes was also postulated
in Morozko and Step’ varieties. The Yr/2 gene is a race-specific APR gene.
Therefore, most likely, Y74 plays a key role in the seedling phase.

A high similarity of response types on Pst isolates with differential wheat
cultivar Heines Peko (Y7 2+6) was noted in Bogema and Palmira 18. There was
also noted an average similarity of response types with the close-isogenic line
NIL Avocet S* (¥Yr6). Hence, we assume a combination of two genes occurring
in these varieties.

Korona response types coincide by 80% with the avirulent and virulent
response types of differential wheat cultivar Spalding Prolific. Thus, we can
positively postulate the Y7Sp gene in this variety.
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Kavalerka variety shows a low response type on 18 stripe rust isolates
avirulent to Y»SU and a high response type on two isolates (races 239E218,
97E226) virulent to the above gene. It is likely that the aforementioned variety
contains this R gene.

Karolina 5 shows a low response type on 16 isolates avirulent to Hybid 46
and a high response type on one isolate (race 32E59) virulent to this differential
cultivar. This variety is likely to contain a combination of Yr3b+4b+H46 R genes.

Gurt demonstrates a high response type on 3 isolates (races 173E2S8,
239E128, 129E0) virulent to Y72+9 and a low response type to 15 isolates
avirulent to the same combination of genes. Therefore, the variety contains
this R gene.

We were unable to postulate Y R genes in Karavan and Markiz varieties
due to their high resistance and the lack of differential isolates.

Field evaluation of varieties and differential cultivars.

On an artificial infectious background in field conditions, among the studied
winter wheat varieties of Russian breeding, Karavan had a resistant response
type, as well as differential wheat cultivars with highly effective R genes: Y73,
YrS, Yr8, Yri0, Yr27, Yri0+Mor, Yr3c+Min, YrDal+Da2, Yr3b+4b+H46.

Four out of twelve cultivars were highly resistant to stripe rust. (1R-10R):
Markiz, Kurs, Morozko, Kavalerka. No R genes have been postulated for Markiz.
The high degree of Kurs resistance is explained by the Yr3a gene, since the
response type and the degree of damage coincides with the differential cultivar
Bon Fermier (10R). The response type and severity of damage in Morozko
matched the carrier of the Yr4+17/2 (Mega) R gene combination previously
postulated in the seedling phase. The Y»SU gene was postulated in the seedling
phase in Kavalerka. Under field conditions, the variety exhibits high resistance,
in contrast to differential cultivar. This fact suggests that resistance is provided
by some other genes or their combination.

Korona had a moderate susceptibility to the North Caucasian population
of stripe rust (35 MS). Since Spalding Prolific, containing YrSp, postulated at
the seedling stage, showed a highly resistant response type (1R) in the field, its
resistance is probably provided by other, unidentified genes.

The degree of damage to Step’ did not exceed SR. This does not coincide
with the Y73, Yr3a, and Yr32 genes postulated at the seedling stage (0, 10R,
and 40MS, respectively), but coincides with the Mega response type (Yr4+12).
Therefore, we assume the presence of this combination of R genes in the variety.

Akapella, Bogema, Palmira 18 and Gurt were moderately susceptible
varieties (35MS-40MS). In Bogema (35MS) and Palmira 18 (40MS) response
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type and degree of damage do not match those of differential cultivar Heines
Kolben (15MR, Yr2+6). Also the response types differed from NIL Avocet S*
Y16 (15MR). Most likely, these varieties contain other, less effective R genes.

In Gurt, the Yr2+9 genes combination was postulated at the seedling stage.
Under field conditions, response type and degree of damage (40MS) do not
match those of differential cultivar Clement (15MR). Separately, Kalyansona
(Yr2) and Avocet S* (Yr9) display different response types: 1R and 508,
respectively. We believe that it is the combination of highly effective and
ineffective R genes that provides a moderately resistant response type to the
Gurt variety.

Conclusion

Wheat stripe rust represents an economically significant fungal disease
worldwide. Its distribution area and pathogenicity is constantly [26]. Range
expansion of the pathogen is observed in Southern Russia as well [4, 8, 25]. The
most effective and eco-friendly method of disease control remains the use of
resistant varieties [9]. The resistance of varieties, in turn, is determined by the
effectiveness of the known R genes (Y7) to the pathogen. Phytotest postulation
is one of the fastest and most liable methods for identifying juvenile pathogen
R genes in a host plant at the seedling stage [12].

The PCR method is often used in the identification of R genes. However,
using only the analysis of the presence/absence of amplification products
with specific primers cannot reliably determine the presence or absence of
effective R genes in wheat accessions. More reliable results are obtained with
a phytopathological test. Such results, in turn, should, if possible, be supported
by hybridological analysis [6].

In 10 out of 12 winter wheat varieties of Russian breeding, we postulated
13 R genes to stripe rust (Puccinia striiformis) and their combinations by
phytopathological testing: Y73, Yr3a, Yr32 (Kurs, Morozko, Step’), Yr2+6
(Bogema, Palmira 18) , Yr2+9 (Gurt), Yr4b, Yr39+Alp (Akapella), Yr4+12
(Morozko, Step’), Yr3a+4a+H46 (Karolina 5), Yrd, YrSp (Korona), YrSU
(Kavalerka). The studied varieties are new, recently included in the State
Commission of the Russian Federation for Selection Achievements Test and
Protection

We were unable to identify the following R genes Y72, Yr5, Yri0, Yri0+Mor,
Yr24, Yr27, and Yr25+32 in the studied varieties, since no isolates virulent to
carriers of these genes were isolated from the North Caucasian population of
P. striiformis. They are highly efficient against it.
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Highly effective (Y73, Yr2+9, Yr3a, Yr4+12, Yr3a+4a+H46) R genes were
identified among the postulated Y7 genes in Kurs, Morozko, and Step’ at the
seedling stage. We assume a combination of effective Yr2+6 genes in the Gurt
variety.

Under field conditions, similar response types and the degree of damage
were observed in adult plants for the following varieties and differential
cultivars: Kurs and Bon Fermier (Yr3a); Morozko, Step” and Mega (Yr4+12).
This corresponds to the data of the phytotest on seedlings and suggests the
presence of the Y73a and Yr4+12 genes in the listed varieties. Most of the
postulated R genes in relation to the North Caucasian population of stripe rust
are classified as weakly effective or ineffective. The Yr3a and Yr4+12 genes,
on the other hand, are highly effective in adult plants stage.
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Hayunas ctarbs

K U3YUYEHUIO HEHOTUYECKOM POJIN
WHO®EKIIMOHHBIX BOJE3HEN B HACAXKJEHUSIX
ABIES SIBIRICA LEDEB. HA IOTE
CPEJIHEMW CUBUPU

H.I1. Menvnuuenko, A.1. Tamapunyees

Obocnosanue. Jlecpadayus memMHOXBOUHbBIX 1ecog ¢ npeobnadanuem Abies
sibirica Ledeb. naxooumcs 8 yenmpe gHumanusi Muo2ux cneyuanucmos. Ipu 6ono-
wom ooveme HayuHoU UHGOpMayuu no OAHHOU npobieme HedoCMamo4Hoe HUMA-
Hue yoensemcs uccie008anuio poau namo2eHHblX OpeaHu3MO8 6 MeMHOXGOUHbIX
0pesocmosix.

Lenv. Oyenumsb yenomuueckylo pons UHGEKYUoHHBIX O0Ne3Hel 8 NUXINAPHUKAX
Ha wee Cpeonett Cubupu ¢ yuemom oughgepenyuayuu 0epeswes.

Mamepuanvt u memoowt. Mamepuanramu nOCIYHCUIU OAHHBIE 0OCIE006AHUS
dpesocmoes A. sibirica 6 memHoxsouHbIX 1ecax buprocunckozo yuacmkogozo nechu-
uecmea KI'Y « Emenvanosckoe necnuvecmeoyn. Memoowt ucciedoganus: 0emanbhoe
(uncmpymenmanvroe) 1econamonocuieckoe 00c1e008anue, MaKkpoCKONUYecKas
(namoepapuueckas) ouasnocmura 6onesneli 0epesbes, 2papPoanarumuyeckKuil u
CIMAmMuCmuyeckuil aHau3 psooe pacnpeoeienus 0epesbes no epadayusim ouame-
mpa, paciem noxazameneil nposigieHus donesnell.

Pesynomamot. Cmeonosas eHulb U pPAUCAGUUHHBIN PAK (8030youment —
Melampsorella caryophyllacearum) — munuunvie ponoswie OonesHu, npueoosiyue
K HAKONLEHUIO SHUNEBO20 BEMPOLOMA U XPOHUUECKOMY 0C1abaeHulo oepegves. Pac-
NPOCMPAHEHHOCTIb PIUCAGHUHHO2O PAKA 8 OPEBOCHONX NUXTbL OOCINULAEM 0Yd20-
6bix 3Hauenull (10% u Oonee) u 3asucum om NPUCYMCMBUS NPOMENCYMOUHBIX X036
01151 6030youmens, 601E3Hb XAOMUYHO NOPAdCAEm 0epPeBbs PA3HO20 803PACA U
pasmepa. Boosinka nopasicaem npeumywecmeenno oepeswsi I-1l knaccose Kpaghma,
Gopmupyem oupghyznuvie ouazu ¢ nopasxcennocmoio Opesocmoes 0o 20%, nopaicen-
Hble depesbsi nocmeneHHo ommuparom. Bozoyoumens kopuesou enunu (Armillaria
mellea s. [.) Haubonee acpeccusen u nopasicaem 0epesvs Pa3HO20 YEHOMUUECKO20
cmamyca, 8 pe3yrbmame QopMUpYIOmMcs KYPmMuHbl YCoIXaHusi OpeeoCmoes.
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3akntouenue. JJenoponamozennble OpeanusmMbl — GANCHBIU IHOOSEHHBIU (PaK-
mop COCMOAHUL MEMHOXBOUHBIX HAcAXCOeHUull ¢ npeobnadanuem A. sibirica Ha
tee Cpeouneii Cubupu. Hx yenomuueckas poins HepagrnosHayna. Haubonee snayu-
Mbl 8030yOuUmenu HeKpO3HO-PAKOBLIX OoNe3Hell, U 0COOCHHO KOPHEBOU NAMO2eH —
A. mellea, komopulii npugodum K 0cradneHuIo U YCoIXaHuo 60IbUI020 YUCIa Oe-
pesves pazno2o cmamyca 8 CmpyKmype 0eHOpoYeHo308.

Knioueevie cnosa: nuxmapnuxu, HeKpo3HO-paKosvle OONe3HU, KOPHEBAs SHUTD,
namonoeudeckuii omnao, kaaccwvl Kpagma, paowvl pacnpedenenus oepesves

Jna yumupoeanua. Menonuuenxo H.I1., Tamapunyee A.1. K uzyuenuio yeno-
Muyeckoll ponu UHpeKyuoHHsix bonesnell ¢ hacaxcoenusx Abies sibirica Ledeb. na
10ce Cpeoneti Cubupu // Siberian Journal of Life Sciences and Agriculture. 2023.
T 15 Neq. C. 180-196. DOI: 10.12731/2658-6649-2023-15-4-180-196

Original article

CENOTIC ROLE OF INFECTIOUS
DISEASES IN ABIES SIBIRICA LEDEB. STANDS
IN THE SOUTH CENTRAL SIBERIA

N.P. Melnichenko, A.1. Tatarintsev

Background. Degradation of Abies sibirica Ledeb.-dominated forests in the
South Central Siberia is a reflection of the global trend of coniferous forest eco-
systems decline. Nevertheless, the role of infectious diseases in coniferous forests
degradation and dieback is often underestimated.

Research aim. T0 assess the coenotic role of infectious diseases in fir-dominated
stands in the South Central Siberia, considering the differentiation in trees.

Materials and methods. The research was based on a survey of A. sibirica-dom-
inated forest stands growing in Biryusinsky forest management unit of the Kras-
noyarsk Krai government-owned publicly funded “Emelyanovskoye forestry”. Re-
search methods included a detailed (instrumental) forest pathological examination,
macroscopic diagnostics of tree diseases, graph analytics and statistical analysis
of tree diameter distribution series, evaluation of disease manifestation indicators.

Results. Stem rot and fir broom rust are typical diseases increasing the risk of
windsnap and trees weakening. The prevalence of fir broom rust was over 10%. Rust
fungus intermediate hosts in the forest floor determine the degree of damage to a
stand. Fir broom rust randomly affected trees of different age and diameters. The
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bacterial blight in fir forests mainly affected trees of I-1I Kraft classes causing their
gradual dying. The bacterial blight in the study area was of low infection degree
(up to 20%). The most dangerous was the root rot caused by Armillaria mellea s.1.
that affected trees of different cenotic roles causing their group dieback.

Conclusion. Dendropathogenic organisms are an important endogenous factor
influencing the state of dark coniferous forests with a predominance of A. sibirica
in the South Central Siberia. Their cenotic role is unequal. The most significant are
pathogens causing necrosis and cancer diseases, and especially the root pathogen
A. mellea, which leads to weakening and dying of a large number of trees of different
status in the stand structure.

Keywords: fir-dominated stands, cancer diseases; root rot; pathogen-induced
tree mortality, crown class, trees distribution series

For citation. Melnichenko N.P, Tatarintsev A.l. Cenotic Role of Infectious
Diseases in Abies sibirica Ledeb. Stands in the South Central Siberia. Siberian
Journal of Life Sciences and Agriculture, 2023, vol. 15, no. 4, pp. 180-196. DOI:
10.12731/2658-6649-2023-15-4-180-196

Beenenne

OtMmeuaemoe B mocneanue aecsaTwietus Ha ore Cpenneit Cubupu Hey-
JIOBJIETBOPUTEIBHOE COCTOSIHUE HACAXKICHUH ¢ ipeobnananuem Abies sibirica
Ledeb. — oTpaxeHnne oOmMMX TEHAEHIMH COBPEMEHHOTO CYIECTBOBAHUS
TEMHOXBOMHBIX JIECOB BO MHOTHMX pernoHax EBpa3uu u B 1€JI0M — XBOWHBIX
6opeanpHOI 30HEHI [2, 8, 13, 15, 19, 21]. 3HaunTensHOE YXYAIICHUE CAaHUTAP-
HOTO COCTOSIHUSI TMXTapHUKOB C MAaCCOBBIM YCBIXaHHEM JIPEBOCTOEB, M, KaK
CJIC/ICTBHE, HAKOIUICHNUE OOJIBIIMX IUIOLIAJ e HACAKICHUH C HApyLUIEHHOH 1
YTpaueHHOH YCTOHYUBOCTHIO — CHCTEMHBIN Tpo1iecc, 00yCIOBICHHBINA COTIPSI-
YKEHHBIM BIMSTHUEM Ha JICCHbIE OMOTe0IIeHO3bI KOMIIEKCA SK30T€HHBIX U 3H/10-
TeHHBIX 3Koornyeckux (akropos [20]. Tpurrepom 3Toro nporecca BhICTyaeT
COBPEMEHHOE M3MEHEHHE KIIMMaTa, XapaKTepPHBIMU Y€PTaMHU KOTOPOTO SIBIISIFOT-
sl HEONMAaronpHSITHBIC /TSI JIECHBIX (PUTOLEHO30B TPEHABI THAPOTEPMUUECKIX
nokazareneit [10, 15, 18], 1onoNIHUTENBHO HA PETUOHANBHBIX YPOBHSX — MO-
CJICJICTBHSI aHTPOIIOTEHHBIX BO3ACHCTBUI (CTPOUTENBCTBO OOBEKTOB THIIPO3-
HEPreTHKH, MPOMBIIUICHHOE 3arpsi3HeHne u apyrue) [1, 11, 22].

OHporeHHble (HAKTOPHI AETpagalii MUXTOBBIX HACAXKACHUH — JEHAPO-
OMOHTHBIC OPraHU3Mbl, KOTOPHIE YacTO BO3ACHCTBYIOT C CHHEPIMYECKUM
3¢ dekTOoM 00BIYHO Ha (POHE OCIA0ICHUS APCBOCTOCB BHIIIC YKa3aHHBIMH K-
30TeHHBIMH (akTopamu. K OCHOBHBIM OHOTHYECKHM (akTOpaM COBPEMEH-
HOTO MacIITaOHOTO YCBIXaHHsI JPEBOCTOEB A. sibirica B mpenenax Bcero eé
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apeaJia OTHOCST JIeSITeNbHOCTh Kewinodara-unpaiinepa Polygraphus proximus
Blandford [12, 14, 16, 17]. B psine paboT oTMe4aeTcsi 3HAYUTEIHHOE BIUSHHIE
HA COCTOSTHIE HACAKICHUH ICHAPONATOTCHHBIX OPTaHU3MOB, 0COOCHHO ITOTCH-
LIMAJIbHO arpeCCUBHBIX BHJIOB — BO3OYAHUTENCH HEKPO3HO-PAKOBBIX OOJIe3HEH 1
KOpHEBBIX rHECH [18-20, 22, 24]. OnHako, Bo3acicTBrHe HH(DEKIIMOHHBIX 00-
JIe3HEeH Ha APEBOCTOM, MX MECTO B IPOIECCE YCHIXaHUS TEMHOXBOHHBIX (TIHX-
TOBBIX) HACAKICHUH YaCTO HEJIOOIIEHIBACTCS.

B xoHTekcTe paccmaTpuBaeMoi MpoOJieMbl HAMU MTPOBOASTCS PAOOTHI 110
M3yYCHHUIO CAHUTAPHOTO U JICCOMATOJIOTHUECKOTO COCTOSIHUS HACAKICHUH A.
sibirica B TeMHOXBOMHBIX Jiecax Ha tore Cpenneir Cubupu (B rpanunax Kpac-
HOSIPCKOTO Kpasi). B mpejcTaBieHHbIX paHee marepuaiax [23] mpoaHanusu-
poOBaHO yyacTre OMOTHYECKHX (PaKTOpPOB, BKIIOUYAs BHIIBICHHBIC OOJIC3HU, B
YXyAINICHAW CAaHUTAPHOTO COCTOSTHHS MUXTOBBIX JpeBOCTOeB. HemocraTodHo
M3y4YEeHBbI 0COOCHHOCTH MOPAYKEHHSI U ITATOJIOTUYECKOTO OTIaja AEPEBLEB pa3-
JIMYHOTO LIEHOTHYECKOTO CTaTyCa B IPEAeiax JIeHPOLIEHO30B, POJb IaTOI€HOB
B [IEPECTPOMKE HACAKICHUH.

Iean uccienoBanus

Ienp naHHO pabOThI — B POJOIDKEHHUE paHee BBITOIHEHHBIX UCCIIEI0BA-
HUI OIIEHUTH POJIb OCHOBHBIX WH(EKIIMOHHBIX OOJIE3HEH B ICHIPOIIEHO3aX C
npeobnananueM A. sibirica ¢ yaetoM mudpepeHIranum 1epeBheB.

Marepuajbl 1 MeTOAbI HCCJIC0BAHUS

OOBEKT HCCIICIOBAaHMA — TCMHOXBOWHBIC HACAKICHUS C MPeoOIalaHueM
B COCTaBe JAPEBOCTOS A. sibirica Ha TEPPUTOPUU BUPIOCUHCKOTO Y4aCTKOBOTO
necunuectBa KI'Y «EmenbssHOBCKOE JIecCHUUECTBOY». HacaxieHus oTHOCATCS
K Aunrtae-CassHCKOMY TOPHO-TaeXHOMY JiecHOMY paiioHy FOxkHo-Cubnpckoit
TOPHOM JIECOPACTUTENbHOM 30HBI. MaTepuabl MoMyueHbl MyTeM MPOBEACHUS
JIECOTIATOJIOTMIECKOT0 00CIIEIOBAHUSI IPEBOCTOEB 110 OOIICTPUHSATHIM METO/IH-
KaM [3, 6], B TOM 9HCIIe MapIIPyTHOTO PEKOTHOCIIHPOBOYHOTO 00CIEIOBAHS,
JIETAIFHOTO 00CIeIoBaHus. B 0CHOBY paOOTHI MOJIOKEHBI, TIIABHBIM 00pa3oMm,
JAaHHBbIC NCTAJIBHOI'O O6CJ'I€)IOBaHI/I$[ MMUXTAapHUKOB Ha IBYX HpO6HI)IX Iionia-
nsix (ITIT). TIIT 3amoKeHbl B THIMYHBIX HACAKACHUSIX HEYIOBIECTBOPUTEIEHOTO
CaHUTAPHOI'0 COCTOSIHUS, UX JIECOBOICTBEHHO-TAKCALIMOHHAS XapaKTEPUCTUKA
npuBeieHa B Tadnuue 1.

Ha mpoGHBIX MIT0ImasIX IPOBOAMIN CIUIONTHOMN TepeyeT AepeBheB (HE Me-
Hee 100 mT.) ¢ pa3HECCHNUEM 0 YETHIPEXCAHTUMETPOBBIM CTYIICHSIM TOJIIINHBI
U KaTeTOpHUsIM COCTOSHUS: 1 — 03 mpu3HaKOB OclalIeHus; 2 — OCIa0JICHHEIC,
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3 — cuibHO ocabieHHble; 4 — ychIxaomye; 5 — noruoume (YTpaTuBIIne Ku3-
HECTIOCOOHOCTB), B TOM YHCJIE CBEKHUI M CTApBIi CyXOCTOMH, BETPOBAJI, OypPEIoM.
Kareropuro cocTosiHUS JIePEBbEB OMPENeISUTH IPEHMYIIECTBEHHO 0 COCTOS-
HUIO KpOHBL. OTMeuYan NOpa)XeHHOCTh JIePeBbEB OOJIE3HSIMH, KOTOpPBIE yCTa-
HaBJIMBAJIN 1O KOMILJICKCY Cl'IeI_H/I(bI/I‘{eCKI/IX CHMIITOMOB (MaKpOCKOHI/I‘IeCKI/IX
TIPU3HAKOB).

Taonuua 1.
JlecoBOICTBEHHO-TAKCAIIMOHHASI XapaKTePUCTHKA HACAKIEHU I
HA MPOOHBIX MJIOIAIAX

Cpennue 11t OCHOBHOTO =
I111 3IIEMEHTa Jieca 5 g 2T
Cocras, = o 3 =
(xBaprai/ = =] 2 o
BBIIEN) THII JIeca BO3pacT, | BBICOTA, | AUAMETD, 3 3 2 g
Jer M cM = 53
1(37/11) 10H+E’H’0c’u 110 21,6 24,3 I | 0,6 250
KPYITHOTPaBHBII
TII3E+C,
2 (25/1) 3€JICHOMOIIIHO- 130 26,3 27,7 I | 0,6 290
pa3HOTpaBHBIN

Hcxons n3 mocTaBIeHHON LIENH, aHAM3UPOBAIH PO WHPEKIIMOHHBIX 00-
JIe3Hel B 0ciiabJIeHNH APEBOCTOSI M HAKOIUIEHHWH IATOJIOTMYECKOro 0TI/ U3
YHCIa ePEBbEB PA3HOTO IIEHOTHUECKOTo craryca. [loa neHoTHuYecKknM crarty-
COM TIOHHUMAeTCs MECTO (IICHOTHYECKOE 3HAYCHHUE) NIEPEBBEB B CII0C (KA~
TOpa B COOTBETCTBUH C UX MOP(oIorHIecKoi ruddepeHnnanieii, BOSHUKIIEH
BCIIEJICTBHE T€HETHYECKUX OCOOCHHOCTEH JIEPEBbEB M KOHKYPEHLIMH 33 Pecyp-
CBI cpenpl. TakuM 00pa3oM, EHOTHYECKHH CTaTyC JCPEBHEB MOKHO OTOXKIC-
CTBHUTH ¢ KiaccamMu Kpadta, KOTOpBIE ONpENeNIroTCes B MpeesiaX IPEBOCTOS
(0OBIYHO OTHOTO MOKOJICHHS MITH OJIM3KUX TI0 BO3PACTy ITOKOJICHHH) 110 METpH-
YECKHMM IT0Ka3aTeIsIM JICPEBBEB (BBICOTE, TAOUTYCY KPOHBI, THAMETPy CTBOJA).
Jlns1 ycTaHOBIICHHS 0COOEHHOCTEH IOpayKeHHU IPEBOCTOEB IMUXTHI OOIE3HAMHI Ha
LICHOTUYECKOM YPOBHE aHATH3UPOBAIIH IPAPHUKH PACIIPEICIICHHS TOPAXKEHHBIX
JICPEBBEB IO CTYTICHSIM TOJIIIIMHBI CTBOJIOB Ha BBICOTE 1,3 M OTHOCHUTEIIBHO OOIIICH
CTPYKTYPHBI APEBOCTOS IO AUaMeTpy. [Ipr HE0OXOMMMOCTH OIICHUBAIIH TOCTOBEP-
HOCTb pa3INYii CPABHHBACMBIX SMITMPUICCKHUX PSIOB PaCIPEICIICHIUS ICPEBhEB
T10 TpaJIallvsIM IMaMeTpa, ucronb3yst kputepuit A (Komvoroposa-CMupHOBa).

JlononHuTeIRHO MO JaHHBIM Jieconarosiorniaeckoro nepeyeta Ha 111 onpe-
JIeTISUTA TIOKA3aTeNH ITPOSIBIICHNUS BBISIBJICHHBIX 00JIE3HEH: pacipOCTPaHEHHOCTh
1 BPEIOHOCHOCTB. PacnpocTpaneHHOCTh O0JI€3HEH B JPEBOCTOSIX MUXTHI pac-
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CUMTBHIBAJIM, KaK J0II0 (B %) CyMMapHOIrO CTBOJIOBOTO 3amaca MOpakeHHbIX
JICpEeBBEB OT CTBOJIOBOTO 3araca BCeX JEPEeBBEB B mepeuere. BpemoHocHOCT
OoJie3Hel OIIEHUBAIN TI0 3HAYCHUIO CPETHEB3BEIICHHOTO HHACKCA COCTOSHUS
(ch), paccuuTaHHOMY JUIS OPaKEHHOI KOHKPETHOH OOJIE3HBIO YacTH JIPEBO-
CTOSI 10 cieaytomIeH hopmyie:
K, = (P, XK, +P,xK,+P xK +P, xK, +P;xK)/100,

e P, — JI0J1s CTBOJIOBOTO 3amaca MOpaKEeHHBIX JIEPEBbEB KaXI0H KaTeropuu
COCTOSIHUS, B % OT CYyMMapHOT'O CTBOJIOBOTO 3ariaca BCeX MOPa)KEHHbIX 0oJie3-
HBIO IEPEBBEB; K, — MHIEKC KATETOPUH COCTOAHMS NEPEBbeB (1 — 6€3 mpu3Hakos
ocnabieHus, 2 — oclabJICHHBIC, 3 — CHJIBHO OCIIA0JICHHBIC, 4 — YCBHIXAIOMIHE,
5 — moru6mmwue). [pu ch < 1,5 nmopakeHHbIC OOJIC3HBIO ICPEBbsS B CPEITHEM HE
HMMEIOT BUIMMBIX TMPU3HAKOB ociabnenus; 1,5 < ch < 2,5 — B cpenHeM ocna-
Onensl; 2,5 < ch < 3,5 — cuibHO ocaabieHsl; 3,5 < ch <4,5 — ycbIxaror; ch >
4,5 — yTpaTHIIN )KU3HECIIOCOOHOCTD.

Pe3ysbTarsl u 00cy:KaeHHE

[Ipu oueBHIHOM pa3HOOOPA3HMH MATOTEHHBIX KOHCOPTOB APEBECHBIX BHIOB
B JICCHBIX HACAXKICHMSX, KU3HEHHOE COCTOSHUE JPEBOCTOEB (IEPEBbs reHepa-
THBHOTO, CHHHJIBHOT'O BO3PACTHBIX COCTOSIHUIA) B HAMOOIIBIIICH CTEIICHHU Olpe/ie-
JISIFOT MH(QEKIIMOHHBIE O0JIE3HH, TIOpaKalolIne TKaH! KOpHEH, CTBOJIOB, BETBEH,
0COOCHHO B CITy4asiX CHCTEMHOTO MX Pa3BUTHA B IepeBe. Y UUTHIBAS 3TO, aKLIEHT
clieJIaH Ha BBISBICHHE HEKPO3HO-PAKOBBIX M THHJICBBIX OOJIE3HEH B IPEBOCTOSX
MTUXTHI. XapaKTepUCTUKA OCHOBHBIX OOJIC3HEH, YCTAHOBJICHHBIX B TUXTApPHUKAX
U, B OOJIBIIMHCTBE CITy4aeB, BbI3bIBAEMBIX IPUOaMHU, pe/ICTaBlIeHa B Taluuie 2.

Tabnuua 2.
HNudexunonnnie 60e3Hu B ApeBocTosIx Abies sibirica
bonesub (Bo30yauTEIND) OCHOBHbBIE CUMIITOMBI
P>kaBIMHHBII oITyXOITe- My(TOBUIHBIEC YTONIICHNS Ha CTBOJAX, BETBSX, 9AaCTO
BIii pak (Melampsorella B COYCTAHUH CO CKOIUICHHEM YKOPOYCHHBIX HEOPa3-

caryophyllacearum G. Schrot.) | BUTBIX mo0OeroB

Baxrepuansnas BopsiHKa (E7- | TPEIIMHEI Ha KOpE, HCTEUEHHE YKCCYJaTa TEMHOTO
winia sp., Pseudomonas sp.) | 11BeTa; MOKpasi JpeBecrHa, (osmMa ¢ TeMHBIMH HST-
HaMH U [10J0CaMH, C IPU3HAKaMU Malepaluu

Kopuesas raunb (Armillaria | mom Kopoil KOpHEH U B HIJKHEH 9acTH CTBOJIA Oelbie
mellea sensu lato) MHUIIEIHATbHbIC TNICHKH, TEMHbIE PU30MOP(BI; 0ce-
HBIO — TPYMNIBI 6a3uANOM (TITIOJOBBIX TEI)
CrBonoBast THWIb (Phellinus | 6a3uanoMbI KCHIOTPO(HBIX IpHOOB Ha CTBOJIAX,
hartigii (All. et Schnab.) aymia

Bond. u np.)
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CTBOI0OBas THUJIb SIBISIETCS PE3YIbTaTOM ACCTPYKIIUHN PECBCCHUHBI KOMILICK-
COM KCHIIOTpO(HBIX TPHOOB B CTBOJIAX JKUBBIX JIEPEBLEB. PacrpocTpaHeHHOCTh
CTBOJIOBOM THIJIH HATIPSIMYEO KOPPEJIUPYET C BO3PACTOM JAPEBOCTOEB, Y XBOWHBIX
BHUJIOB YacTO MMEET CKPBITHIM Xapakrep pa3BUTHs (OTCYTCTBHE IUIOJOBBIX TEll
B0O30ynureneit). [Tocnennuii hakt 0OBSICHSIET HEBBICOKYIO PACIIPOCTPAHEHHOCTh
YCTAHOBJICHHOM TI0 SIBHBIM MPU3HAKAM CTBOJIOBOM THUJIM B HCCIICYEMBIX [THX-
TapHUKax (Tadi.3). [H1Ib 0OBIYHO JIOKATU3YETCS B HIDKHEH YaCTH CTBOJIOB 1 3a-
TparuBaet HU3HOIOTMUYCCKH AKTHBHYO 3200JI0H B HE3HAYUTEIILHOH cTerneHu. B
CBSI3U C ITUM, [IPY OYESBUIHOM MOBBIIICHHN BEPOSITHOCTH HAKOILJICHHS THUJIEBOTO
BETPOJIOMA, JKM3HEHHOE COCTOSIHHE JIEPEBBEB CO CTBOJIOBOM MHUITBIO JUTUTEIILHOE
BpEMsI OCTaeTCs YJOBIETBOPUTENBHBIM. Ha 3T0 yKa3bIBaeT CpeaHuii HH/IEKC CO-
CTOSTHHSI TAKUX JEPEBHEB B CITydae OTCYTCTBHS MHBIX MATOJOTHA (Tab. 3).

Tabnuua 3.
IMoxa3arenu nposiBieHus 60J1e3HElH: YHCIUTEIb — pacnpocTpaHeHHocTs (P, %),
3HAMeHaTe/Ib — CPeAHHIl MHAEKC COCTOSIHUS 00/IbHBIX /iepeBbeB (Kc_p)
Ha III1
1 2
P>xaBUMHHBII OIyXOJIEBBIH pak (IpU OTCYTCTBUM ApyTruX Ooresner) | 4,3 /2,9 | 4,0/ 1,3
BakrepuanbHas BoAsHKA (IIPU OTCYTCTBUH APYrux Oonesneit) | 8,3/3,4 (10,8/2,9

Bonesnn

CrBOJIOBast THUIIB (TIPM OTCYTCTBUH APYTHX OOJIC3HEH) 0 4,9/1,0
[IPU OTCYTCTBHU JPYTruX OoJe3Hei 29,3/5,0(34,7/5,0
Kopresast [ = =
P>KaBUMHHBIN OIYXOJICBBIH pak 39/50| 1,9/5,0
THUJIb, B
. + OakTepuasbHas BOIASHKA 5,0/4,8 0
+ CTBOJIOBAs THUJIb 0 22/5,0

Hexpo3Ho-paxoBbie 001€3HH (prKaBUMHHBIN OITyXOJIEBBIN paK 1 OaKTeprallb-
Hasl BOJISTHKA) B MCCIICTIOBAHHBIX APEBOCTOSX XapaKTEPH30BAIICH CPEAHUMH IT0-
KazareJisiMu nposiiieHnsi. CyMMapHasi pacrpoCTpaHeHHOCTh OITyX0JIEBOTO paka
B aHAIM3HPYEMOH BEIOOpKE HE MpeBbImaeT 9% (Tabi. 3), oqHako, 3Ta THITHIHAS
JUTS TIMXTOBBIX JPEBOCTOCB OOJIE3HB BCET/Ia HMEET IMOTEHITHAN JJIsi 04arOBOTO
pacmpoctparenus (> 10%). CTeneHs MOpaXeHHOCTH IPEBOCTOCB OIIPEICIISACT
KOHIIEHTpaIusl 6asuanocnop Mukpomuinera M. caryophyllacearum, veodxo-
TUMBIX I BECEHHETO 3apakKCHUs MHXTHI, YTO B CBOIO OYEPEIb 3aBHCHT OT
TIPUCYTCTBUS B )KMBOM HAaIllOYBEHHOM MTOKPOBE MPOMEKYTOUHBIX X035€B PKaB-
4YHHHOTO rpuda — npencrasuteseil cemeiictsa Caryophyllaceae. PxaBurHHBIM
PaKoM B APEBOCTOE XAOTUYHO IOPAXKAIOTCA ACPEBBS pa3HOTO JAWAMETpa, COo-
OTBETCTBEHHO pa3HBIX KiaccoB KpadTa, He3aBUCHMO OT OOIIETO CTPOCHUS
JPEBOCTOS 10 ameTpy (puc. 1), aKTHBHO IOPaXKaeTCs TAK)KEe MUXTOBBIN 1O
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poct. Bo30yurens — o0nuraTHeli napa3uT 00bIYHO PA3BUBACTCS Ha AEPEBbIX
B T€UEHHE JUINTEIBHOTO NEPUOAA U HE IPUBOJUT UX K OBICTPOMY OTMUPAHHIO.
CkopocTb ocnalieHust 3aBUCHT OT BO3pacTa JAepPEBHEB, MECTa PACTIOIOKEHIS
Ha HUX PaKoBbIX oOpasoBanuid. [1o qaHHBIM 00CIHIEIOBAaHHS COCTOSIHHUE TTOpa-
JKCHHBIX PakoM JEpeBbeB (TIPH OTCYTCTBUHU JPYTUX OOJIe3HEH) B CpelHEM OT
YIOBJIETBOPUTEIHFHOTO JI0 CHITBHO OCIIa0JIeHHOTO (Tad. 3).

CyMMmapHasi pacripoCTpaHEeHHOCTh OaKTepHaIbHOM BOJSIHKH B TMXTAPHUKAX Ha
00CIIeJOBaHHBIX Y4aCTKaX CBUJETEIBCTBYET O HAIMYMHI 04aroB OOJIE3HH CO Clla-
601 cTenensio 3apaxeHHocTH apeBocToeB (11-13%). B mopaxeHHo# GakTeprozom
YacTH JIPEBOCTOSI IIPEoOIIajatoT JIEPEBbsl CPEHUX CTyNEHeH ToimmumHel (puc. 1),
cootBerctBeHHO I-1I kaccoB Kpadra (qOMUHHPYIOIIEro COMaIbHOTO CTaTyca).
CucreMHOE pa3BUTHE OaKTEpUATTbHOM BOISTHKH B IEPEBbSIX CTAHOBUTCS IIPUUHHOM
MX TTOCTETICHHOTO OCJIa0IeHHSI C ITOCIIETYIONIMM YChIXaHHEM: T10 JIAHHBIM 00CIIeI0-
BAHIS CPEJIHMIA HHIICKC COCTOSIHUS (K ) TIOPayKeHHBIX ISPEBBEB (IIPH OTCYTCTBHU
npyrux oonesneid) — 2,9-3.4. O nopaxkeHn# OaKTepUAITLHON BOISIHKOW XBOHHBIX
BUJIOB, BKJTFOYAs IUXTY, B jtecax Cpexnert CuOupu yroMuHAIOCH paHee [7], B mo-
CJIE/THHE TO/IbI OYaryl BOASHKY C HApyIIIEHUEM CaHUTapHOTO COCTOSTHUS IPEBOCTOCB
3a()MKCUPOBAHBI B TEMHOXBOIHBIX TOPHBIX Jiecax [Ipubdaiikanbs [24].

Cpenu Oomne3Hell B ApeBOCTOsX Abies sibirica TOMUHUPYET KOPHEBask THUIIb,
BbI3bIBaeMast Armillaria mellea s. 1. (oneHok ocennuit). [To mMeronmumMest 1aH-
HBIM, U3 KOMIUIeKca rpuboB A. mellea s. 1. B XBo#HBIX secax KpacHosipcko-
ro kpast (Cpennsisi Cubupsb) adbcomoTHo npeodnanaer Bu A. borealis Marxm.
& Korhonen [4]. PacnipocTpaHeHHOCTh KOPHEBOW THIIIH (B TOM YHCIIE B COYe-
TaHWHU C JPYTUMHU OOJIC3HSIMH) 110 JTAHHBIM JETaJIbHOTO JIECOIATOIOTHYECKOTO
riepedera Ha MPOOHBIX IUIOMAASX mpesbiaer 35% (tabm. 3), uyTo yka3biBa-
€T Ha HaJW4Me B APEBOCTOSIX MHUXThI 0YaroB KOPHEBOH THHUIM CHIIBHOM CTe-
neHn nopaxeHus. [Ipu comocTaBneHNn psiioB pactpenesieHns] IepeBbeB 10
CTYNEHSIM TOJIIMHBI B TIPEENIaX BCEro JIPEBOCTOsI (OCHOBHOTO 3JIEMEHTa Jieca —
A. sibirica) v €ro IOPaKEHHOW YaCTH OTMEUEHO, YTO HETAaTUBHOMY BO3/ICHCTBUIO
KOPHEBOTO ITaTOTeHa MO/IBEPIKEHBI IEPEBbS Pa3HOTO JuameTpa (pa3Mepa, a 3Ha-
YUT IIEHOTHYECKOTO CTaryca) B COOTBETCTBHM C MX IPEACTABICHHOCTBIO B JIpe-
BocToe (puc. 1). 310 MOATBEPKIAETCS OTCYTCTBUEM 3HAYMMBIX Pa3IHUUi MEXITY
CPaBHUBAEMBIMH PsiITaMU PACIPECICHHS IEPEBbEB Ha MPOOHBIX IUIOMAMIAX,
yCTaHOBJICHHBIM 110 KpuTepuio A (Komvoroposa-CmupHosa): 11T 1 — 7‘¢m(0°89)
<h(1,36); TINT 2 — A, (0,61) <A (1,36). M.H. ITaBnoB ¢ coasropamu [5] npu
N3YYEHUM PA3BUTHUSI OYaroB KOPHEBOM I'HIJIM OT AAHHOT'O [TATOTeHa B IPEBOCTOSIX
Pinus silvestris L. oTMedanu neppoHa4aIbHOE HHTEHCHBHOE MTOPayKEHHUE OTIEHKOM
JiepeBbeB HI3KNX cryrener Tomumusl (IV-V kinaccos Kpadra). Benencrsue nans-
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HEWIIero yCHIICHHs! TaTOTeHHBIX CBOMCTB OIIEHKA B ouarax OOJIe3HH MopakaeTcst
OObIIas YACTh JPEBOCTOS. AHATIOTHYHYIO 3aKOHOMEPHOCTH MBI OTMEYAJIH B 04a.-
rax KopHeBoH ryoku (Heterobasidion annosum (Fr.) Bref.) B MOHOOMUHAHTHBIX
COCHsIKaxX Ha rore MUHYCHHCKOH KOTJIOBUHEI [9].

BCCh IPCBOCTOM
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Puc. 1. Pactipenienienne AepeBbEB 110 CTYNCHSM TOJIIIUHEL O TOPH30HTAIN —
CTYTI€HM TOJIIMHBI (CM), IO BEPTUKAIIN — OTHOCUTEIBbHOE KOINYECTBO AepeBbeB (%)
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TokcureHHoe BO3/CHCTBHE arpeccuBHOTO narorena (4. borealis) npuBoanT
K YCKOPEHHOMY OTMHPAHHIO KOPHEH U YChIXaHUIO TTOPAKAEMBbIX JIEPEBBEB: MO
JTAaHHBIM 00CIIEIOBAHMUS ch B IMOpa’KEHHOI1 yacTu qpeBoctost —4,8-5,0 (Tadm. 3).
B cityuasix mopaxeHus: B COYCTaHUM C JPYTUMH OOJIC3HIMU OCHOBHBIM (PaKTO-
poM rubeITH AePeBhEB TAKKE BBICTYITACT KOPHEBas IHUJIb. Ha maTonorndeckuii
OTIIa]] IEPEBHEB C MPU3HAKAMU KOPHEBOU FHUJIM B UCCIICAOBAHHbBIX MMUXTAPHH-
Kax, XapaKTEePH3YIOIIUXCS HEYTOBICTBOPUTEIBHBIM COCTOSIHUCM, TIPUXOIUTCS
60-80% ot 3amaca oO11ero ormaja.

3akJil0ueHue

K BHyTpHIIEHOTHYECKUM (haKTOpaM OciallIeHNsI U YChIXaHHs PEBOCTOCB
¢ mpeobnaganueM Abies sibirica na rore Cpenneit Cubupu Hapsmy ¢ Hace-
KOMBIMH-/ICHIPO(pAraMi OTHOCATCS TAKIKE JICHIPOIATOTCHHBIE OPTaHM3Mbl —
WHHUIMATOPBI HEKPO3HO-PAKOBBIX M THUJICBBIX 00JI€3HEH B sipyce dnuduKaTopa.

Tunnunbie q)OHOBBIe 6OJ'[C3HI/I B IMUXTApHUKaAX — CTBOJIOBAA 'HUJIb U piKaB-
YHHHBII OMyX0J1eBblii pak. CTBOJIOBAs THUIIb, BbI3bIBAEMAasi KOMILIEKCOM KCH-
JNOTPOMHBIX MAaKPOMHIIECTOB, HE CHIDKACT TEKYIIee XM3HCHHOE COCTOSIHUE
JPEBOCTOEB, OJIHAKO YXYANIAET UX CAaHUTApHOE COCTOSIHUE BCJICICTBHE HAKO-
IUICHHSI THUJIEBOTO BETpoJioMa. PacipocTpaHeHHOCTh PHKABYMHHOTO paKa 3a-
BHCHT OT MPUCYTCTBUSI B HAIOYBEHHOM ITOKPOBE MPOMEKYTOUHBIX XO35EB IS
BO30yuTeNs Oosie3Hu — Mukpomutera Melampsorella caryophyllacearum, mo-
JKET OCTUTaTh ouarooro nopaxenus (10 % u 6onee). B Hacaxxaernn paxoMm
Xa0THYHO TTOPAXKAIOTCS JIEPEBbsl PA3HOTO BO3pACTa U pa3Mepa, Uil KOTOPhIX
00s1e3Hb CTAHOBUTCSI (PAKTOPOM XPOHUYECKOTO OCIIA0ICHUS.

OcHOBHBIE MIPUYXUHBI ATOJIOTMYCCKOTO OTTIa/la AIE€PEBLEB B IMXTAPHUKAX Ha
(oHe HapyIIeHUS X OMOIOTHYECKON YCTOMYMBOCTH SK30TCHHBIMHU (aKTOpa-
MU — OaKTepuabHas BOISHKA U, B IEPBYIO OY€PE/ib, KOPHEBAst THIIb (BO30Y/IHU-
tenb — Armillaria mellea s. 1., B Tom uncine A. borealis). bakrepuanbHas BOIsHKa
MopakaeT B IPEBOCTOC MPEUMyIIeCcTBeHHO aepeBbs [-11 kmaccos Kpadra, dhop-
mupyet quddy3HbIe Odark ¢ HOpakeHHOCTHIO peBocToeB 10 20%.

Bo30ynurens KOpHEBOW I'HIIIM OTIINYACTCSI BEICOKOW arpecCUBHOCTHIO, 10-
pakaeT B HACAXKIICHUSX JIEPEBbs PA3HOTO LIEHOTUYECKOTO cTaryca. [Ipu aTom
B JIPEBOCTOSIX BO3HUKAIOT OYard KOPHEBOW THMIIU (IPYIIIbI, KyPTUHBI YCOX-
LIKUX JIEPEBLER), PACIIPOCTPAHEHHOCTh Oose3nu nocruraet oonee 30%. Takum
00pa3oM, KOPHEBBIC MATOTCHBI (B YaCTHOCTH A. mellea s. 1.) B cuHeprusme ¢
HMHBIMH OMOTHYECKMMH BO3/ICHCTBUSIMU BBICTYNAIOT 3HAYUMbBIM DHJIOT€HHBIM
(haxTOpOM B COBPEMEHHO# MEPECTPONKE IKOCHCTEM TEMHOXBOWHBIX JIECOB Ha
tore Cpenneit Cubupmu.



190 Siberian Journal of Life Sciences and Agriculture, Vol. 15, Ne4, 2023

Jist Gosiee TIOJTHOTO TIOHMMAHUST POJIM JICHAPONATOI€HHBIX OPTaHU3MOB B
(YHKIIMOHUPOBAaHNHU U JTUHAMHUKE TEMHOXBOMHBIX HACaKACHUH HEOOXOIUMO
TIPOBEICHUE AATbHEHIINX HCCIIeIOBAHNH.

HNHdopMmanusa o KOHPJIMKTE HHTepPecoB. ABTOPHI 3asBIAIOT 00 OTCYT-
CTBHH KOH()IUKTA HHTEPECOB.

HNudopmanust o cnoncoperBe. Pabora BhINoOMHEHa B paMKax rocyziap-
CTBEHHOTO 3a/iaHnsi MUHUCTEPCTBA HAyKH U BhICIIEro oopasoBanusi Poccuii-
ckoii Denepanyy MO BBHITOJHEHUIO COTPYIHHKAMH HAaydHOH Jaboparopuu
«3ammuTa neca» npoekra «OyHIaMEHTaIbHbIE OCHOBBI 3aIUTHI JIECOB OT DH-
ToMO- U putoBpeantenei B Cudupm» (Ne FEFE-2020-0014).
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Original article

ANALYSIS OF THE INTERCONNECTION
OF STALLION SEMEN INDICATORS WITH GENETIC
MARKERS OF PROTEINS

V.A. Naumenkova, L.A. Khrabrova, M.M. Atroshchenko

The purpose of the research was to study the associations of genetic polymor-
phism of proteins and enzymes of blood serum (albumin, transferrin, and esterase)
on the quality of freshly obtained and cryopreserved semen of breeding stallions,
taking into account their breed characteristics. The authors divided horses into
four breed groups, taking into account their characteristics — riding horses, Orlov
trotters, prize-winning trotters, and draft horses. A comparative assessment of 154
stallions revealed no significant differences in the quality of semen from different
breed groups. For the first time, the influence coefficient (Fisher coefficient) of
different genetic variants of proteins and enzymes on the semen parameters of
stallions was analyzed and calculated. At the same time, the authors revealed the
multidirectional effect of the same alleles of albumin, transferrin, and carboxy-
lesterase on semen activity in different breeds. Thus, the presence of the albumin
allele B (ALBB) had a positive effect on the mobility of fresh semen of stallions of
riding breeds but a negative effect on stallions of Orlov trotters and draft horses.
The heterozygous state of alleles revealed a positive effect on semen parameters.
The analysis of variance of all examined stallions showed the highest level of
the esterase locus (ESI) on the mobility of fresh semen and the albumin locus
(ALBA) — on the mobility of frozen-thawed semen. The reliability of it is close to
a statistically significant value. The results obtained suggest that specific gene
complexes and associations with productive traits are formed in breeds under
the influence of breeding. It must be taken into account as additional criteria for
controlling the breeding process.

Keywords: albumins,; transferrins; esterase, stallions, semen, breeds
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Hayunas crarbs

AHAJIN3 B3AUMOCBA3U
MMOKA3ATEJIEH CIIEPMBI )KEPEBIIOB
CI'EHETUYECKUMU MAPKEPAMU BEJIKOB

B.A. Haymenkoea, J/1.A. Xpaopoea, M.M. Ampousenko

L]envto nawux uccnedo8anuti AGUNOCH U3yHeHUe ACCOYUAYULL 2eHEMUUECKO20 No-
JuMopghuzma OenKos u pepmennos coleOpoOmKU Kposu (aibOyMuHa, mparchepputa
U acmepasvl) ¢ KA4ecmeom CEeHCeNnoNyYeHHOU U KPUOKOHCEPBUPOBAHHOU CHepMbl
Jrcepedy06-npouzsooumernell ¢ yuemom ux nopoorou cneyuanusayuu. Jlowaou oviiu
pasoenenvl Ha 4 nopooHvle 2PYNNbL ¢ YHemom Ux 0COOEHHOCIEIL. 6epX08ble, OPIOBCKUEe
pblcakil, npu3ogvie peicaku u msicenoeosvl. Cpasnumensvuas oyenxa 154 scepebiyos
He BbIABULA OOCTNOBEPHBIX PAZTIUYULL O KAYECBY CHEPMbL PA3HBIX NOPOOHBIX SPVHN.
Bnepsvie Ovin nposeden ananus u pacuuman kosghgpuyuenm enusnus (kosghpuyuernm
Duuiepa) pasHvix ceHemuyecKux 6apuanmos 06enKos u pepmenmos Ha noxkazamenu
cnepmvl drcepedyos. Llpu amom 8visigeHo pa3HOHANPABIEHHOe OeliCBUe 0OUHAKOBLIX
annenetl anbOymMuna, mpancgeppuna u KapooKCunICmepasul Ha aKmueHOCHb CHEPMbL
6 pasHwvix nopooax. Hanuuue annens anvoymuna B (ALB8) okazano nonosicumenvroe
GIUAHUE HA NOOBUICHOCTD CBedICell CNepMbl Jcepedl08 6epXo8bix NOPoO, HO OMpPU-
yamenvbHoe — Ha Jcepedlyy08 OPIIOGCKUX PICAKOS U MA1CeN0603086. Tlonodcumensroe
GUANUE HA NOKA3AMeNU Cnepmvl NPOAGULOCH NPEUMYUYECNEEHHO 6 2emepO3Uon-
HOM cocmoanuu annenell. JJUcnepcuontblil aHau3 6cex 00C1e008aHHbIX Jicepedyos
nokasan Haubonee 8blCOKULL nNoKazamenb 10Kyca scmepasvl (Esl) na noosusicnocms
ceexncell cnepmbl, U 10Kyca anvoymuna (ALBA) - Ha noosusxcHocms 3aMoOpodceH-
HO-OMMAAHHOU CHEPMbL, OOCIOBEPHOCHIb KOMOPBIX NPUOTUICCHA K CIMATNUCTIUYECKU
3Hayumou eenuyune. Ilonyuennvle pe3ynbmanol 2060psan 0 MOM, YUMo NOO GIUSHUEM
cenekyuu 8 nopooax Gopmupyiomes cneyugpuieckue eeHHvle KOMHIEKCbl U accoyu-
ayuu ¢ NPOOYKMUBHLIMU NPUSHAKAMU, YO HEOOXOOUMO YYUMbIEANb 8 KA4ecmeae
OONOTHUMENLHBIX KpUmepues 015l YIPAasieHusl CeNeKYUOHHIM NPOYeCCcoM.

Knioueswie cnosa: anvbymunsl, mpancgeppunvl; scmepasa; sxcepedoyul, cnep-
Ma; nopoovl

s yumupoeanusn. Haymenxosa B.A., Xpabposa JI.A., Ampowenxo M.M.
Ananusz e3aumocessu noxazamenei chepmul JHcepedyos ¢ 2eHemudecKumMu Mapre-
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Introduction

Currently, the fertility of producers is an important economic factor in the
development of horse breeding, especially in conditions of a small number
of breeds. Researchers have found that many factors, including conditions of
keeping, feeding, age, heredity, hormonal regulation, etc., influence the quality
of stallions’ semen and its suitability for freezing [1; 6; 12].

The search for informative indicators related to the quality of sperm is a top-
ical issue for improving the technology of artificial insemination. Biochemical
components, such as proteins, enzymes, sugars, macro- and microelements, are
essential for maintaining the viability of spermatozoa.

Sperm plasma proteins are represented by both the main blood proteins and
specific ones. Albumin is the basic protein of blood serum and seminal plasma
and plays an important role in the transfer of various chemical compounds, and
is also a reserve of amino acids [19, 21]. It was found that this protein is syn-
thesized not only in the liver, but also in the epididymis and plays an important
role in fertilization [16]. The study of the biochemical composition of the sperm
plasma of stallions showed that the high quality of freshly obtained and cryo-
preserved sperm is associated with a high level of albumin [2].

Transferrin belongs to the group of B-globulins and is the main carrier of
iron in the bloodstream, and also takes part in the body’s defense against infec-
tions [8]. In human studies, a positive correlation was established between the
level of transferrin in spermatozoa and the concentration of spermatozoa [18].
According to A.M. Atroshchenko et al. [17], stallions with good sperm quality
had significantly higher levels of transferrin in seminal plasma.

The quality of mammalian sperm production is regulated by a number of
enzymes, including dehydrogenases, maltase, acid and alkaline phosphatases,
alpha-glycosidase, and a group of esterases. Carboxylesterase accounts for 90%
of the activity of all seminal plasma esterases and belongs to the class of hy-
drolases that break down esters of carboxylic acids and neutralize toxins in the
liver and testicles. In addition, in the testes, carboxylesterase is involved in the
biosynthesis of testosterone in the testes and protects Leydig cells from the ef-
fects of damaging and toxic agents [7]. The effect of esterases on the quality of
stallion sperm and their fertility has not yet been studied.

Immunogenetic factors also play an important role in the processes of fertil-
ization, implantation and gestation of the fetus [4]. It has been established that
the degree of differences between stallions and queens in terms of blood group
antigens affects reproduction [3]. There is evidence that the genotypes of stal-
lions in terms of blood group antigens are associated with the quality indicators
of their sperm production [11; 15].



200 Siberian Journal of Life Sciences and Agriculture, Vol. 15, Ne4, 2023

Materials and Methods

The purpose of the research was to study the effect of genetic polymorphism
of blood serum proteins on the quality of semen of breeding stallions, taking into
account their breed specialization. The task was to assess the degree of influence
of the albumin protein allele, transferrin, and carboxylesterase enzyme alleles
on the indicators of fresh and canned semen of stallions of four breed groups.

The material for the research was a database of the quality of fresh and
cryopreserved semen of breeding stallions (n=154) of different breeds, ob-
tained from the Bioresource collection “Cryobank of Genetic Resources” of
the “All-Russian Research Institute of Horse Breeding” (Ryazan region, Rus-
sia). According to a generally accepted method, the semen of stallions was
received on an artificial vagina, and its qualitative indicators were evaluated.
They include the activity of fresh and thawed semen in points, the survival rate
of thawed semen in hours (at t 4 °C). The resulting ejaculates were diluted with
LCHCY medium and frozen, in accordance with the recommendations [9]. Im-
munogenetic testing of horses was carried out in the genetics laboratory of the
Institute of Horse Breeding by types of albumin [ALB], transferrin [ Tf], esterase
[Es] [13]. The Horse Comparison Test, conducted by the International Society
of Animal Genetics [[SAG], confirmed the reagent serum.

The authors divided the breeding stallions into four groups, taking into ac-
count the breed characteristics: (1) the first group included stallions of riding
breeds (Arab, Akhal-Teke, Budennovskaya, Hanover, Trakenenskaya, Thor-
oughbred); (2) the second — Orlov trotters; (3) the third — prize-winning trotters
(American standardbred, Russian and French trotters); (4) the fourth — repre-
sentatives of draft-horse breeds (Russian and Soviet draft-horses).

The authors carried out biometric data processing using the Statistica 12 pro-
gram [5]. They calculated the average values, their standard errors, Fischer’s F-crite-
rion, its reliability level. When processing the data, the authors used a general linear
model of variance analysis, based on the Statistica 12 program [5]. The research
was carried out using the equipment of the Center for Collective Use [CCU] of the
All-Russian Research Institute of Horse Breeding (Ryazan region, Russia).

Results

When calculating the average seed quality indicators of stallions, some dif-
ferences between breeds were revealed. However, they were not statistically
reliable since large individual fluctuations occur in each breed, affecting the
average indicators.

The results of testing stallions by albumin locus revealed a high level of poly-
morphism in representatives of all breeds, with the exception of prize-winning
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breeds, in which the ALB* allele clearly dominated (Table 1). In the genotypes
of riding stallions, the allele ALB® was somewhat more common (51.72%). It is
associated with higher quality indicators of fresh and cryopreserved semen. At
the same time, stallions, heterozygous for the albumin locus, demonstrated the
best activity indicators of fresh and thawed semen (4.53 and 1.92, respectively).

Among the Orlov trotting stallions, carriers of the ALB* allele had the best
indicators of the activity of freshly obtained and survival of cryopreserved se-
men. However, due to the large individual variability, the differences between
the alternative groups were not statistically significant (P<0.95).

Table 1.
Indicators of semen quality of stallions, depending on albumin and transferrin alleles
Breed Locus | Number of | Activity of Activity of | Survival rate of
Group /allele Stallions fresh semen | thawed semen | thawed semen
ALB* 42 4.22+0.171 1.81+£0.122 64.98+4.894
ALB® 45 4.54+0.150 1.88+0.099 74.43+4.326
TP 38 4.36+0.202 1.94+0.124 69.11+4.046
1 Tf" 67 4.44+0.122 1.84+0.086 67.52+3.562
Riding Tftt 12 4.44+0.285 | 1.84+0.086 | 72.00+11.764
T° 25 4.194+0.266 1.67+0.153 67.84+6.616
T 10 3.99+0.183 1.58+0.165 | 70.00+10.553
average 87 4.44+0.121 1.91+0.082 72.31+3.59
ALB* 22 4.60+0.134 1.71£0.091 72.82+6.483
ALB® 10 4.37+0.234 1.75+0.321 62.99+6.482
T 9 4.73£0.191 1.67+0.312 | 76.67+14.621
Or%ov Tf* 19 4.46+0.149 1.62+0.124 68.44+7.203
trotters Tf! 10 4.51+£0.263 1.88+0.282 65.55+8.637
T 0 - - -
TR 20 4.46+0.155 1.73£0.111 68.58+6.443
average 32 4.51+0.123 1.67+0.106 70.00+5.78
ALB* 21 4.68+0.150 1.85+0.126 75.19+0.536
ALB® 1 5.00 2.00 96.00
3 TP 13 4.64+0.204 1.94+1.165 77.85+7.209
Prize- T" 18 4.66+0.168 1.81+0.086 74.61+£5.785
winning T 1 5.00 2.00 72.00
trotters T 2 4.2540.250 | 2.10£0.100 | 78.00+18.000
Tf* 1 5.00 2.00 80.00
average 22 4.51+0.123 1.67+0.106 70.00+5.78
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ALBA 6 4.62+0.295 2.12+0.270 | 70.00+11.764
ALB® 7 4.51+0.464 2.29+0.224 | 78.86+7.340
T° 2 3.90+0.100 2.25+0.250 | 72.00+24.000
Drift- Tf" 8 4.59+0.454 2.25+0.250 78.00+8.485
horses T 7 5.04+0.257 2.43+0.127 78.86+7.340
Tf° 1 2.00 1.00 48.00
T* 1 4.70 2.20 96.00
average 13 4.57+0.305 2.24+0.179 78.08+6.71

Source: Compiled by the authors.

The final evaluation of the semen quality of 154 stallions of different breeds
did not reveal essential and statistically significant differences between carriers
of different albumin alleles. Breeding stallions with the allele ALB*, on aver-
age, in all groups, characterized by slightly reduced activity of freshly obtained
and cryopreserved semen (4.45+0.123 and 2.81+0.069, respectively). However,
they remained active for a longer time after thawing (73.44+3.586). The highest
value of Fischer’s F-criterion of 1.934 (P=0.068) was observed in stallions in
terms of the activity of frozen-thawed semen (Table 2).

Table 2.
The effect of albumin, transferrin, and esterase alleles on stallion semen parameters
Systems Activity of fresh Activity of thawed Survival rate of
and semen semen thawed semen
alleles of
proteins F P F P F P
ALB* 0.944 0.474 1.934 0.068 0.847 0.549
ALB® 1.036 0.408 1.273 0.473 0.865 0.536
TP 1.087 0.375 0.753 0.627 1.920 0.070
Tf* 1.172 0.322 0.606 0.751 0.307 0.755
Tt 0.912 0.499 1.068 0.387 0.859 0.541
T° 1.898 0.085 0.981 0.440 0.743 0.616
TR 1.234 0.390 1.418 0.202 0.972 0.454
Esf 1.257 0.276 1.069 0.386 1.079 0.380
Es¢ 1.078 0.381 0.465 0.859 0.731 0.646
Es' 1.972 0.073 0.399 0.879 1.402 0.218

Note*: F — the Fisher criterion, P — the validity of the influence of the F-criterion.
Source: Compiled by the authors.

The hereditary variability of transferrin alleles in the genotypes of stallions
of different groups was represented quite widely and generally corresponded
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to the genetic structure of breeds. Stallions with the Tf¥, Tf" allele had the best
semen indicators among riding and draft-horse breeds representatives. Where-
as among trotting breeds, producers with the Tf® allele (P>0.05) stood out with
high activity and cryostability of semen. The rare T{° allele in trotting and draft-
horse breeds corresponded to low activity of fresh semen and riding breeds — to
low fresh and frozen semen activity.

Stallions of all the compared breed groups had genetic variants of carbox-
ylesterase, with the Es' allele dominating in the frequency of occurrence. The
presence of this allele in the genotype of stallions is associated with higher av-
erage indicators of fresh semen activity (5.7%) and the activity and survival of
cryopreserved semen (25.6% and 22.1%, respectively). However, these differ-
ences were not statistically significant (P>0.05). The F-criterion of the influ-
ence of the Es' allele on the activity of fresh semen was 1.97. It was close to
a reliable value (P=0.073). A positive effect of the EsT allele on semen quality
indicators found in American trotters (a group of prize-winning breeds of trot-
ters), and mainly in a heterozygous state. And, among the stallions of groups
two and four, belonging to “cold-blooded” breeds, heterozygous carriers of the
EsC allele turned out to be the best, in terms of semen quality.

Discussion

The data obtained indicate a multidirectional effect of the same alleles of
albumin, transferrin, and carboxylesterase on semen parameters in different
breeds. Differences in the genetic structure of horse breeds in the frequency of
occurrence of biochemical markers are due to both their origin and breeding
by productive qualities [3; 14]. It indicates the need to consider breed charac-
teristics when studying various interconnections [15].

The Esl esterase allele (F - 1.972) showed the greatest relationship with the
motility of fresh sperm of stallions, and the allele of albumin ALBA (F - 1.934)
with the motility of frozen-thawed sperm.

Most often, the heterozygous state of alleles pronounces the positive effect on
semen indicators. It is also noted by M. Serdyuk [10] in the research of the intercon-
nection of semen production of boars with blood group antigens. R. Dubrovskaya,
I. Starodumov [3], and T. Leeb [20] found that the degree of differences between
stallions and queens by blood group antigens affects reproduction rates.

A positive association of the TfP transferrin allele with sperm resistance to
freezing was noted (F-1.920). The presence of a rare allele of transferrin Tf°
in the genotype of stallions as a whole showed a certain negative relationship
with the motility of fresh sperm (F - 1.898). However, the differences in seed
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quality between breeds were not statistically significant due to the large individ-
ual variability. It should be noted that the Tf° allele is more common in horses
of riding breeds (28.7%) and, in isolated cases (0.05%), in representatives of
trotting and draft-horse breeds [14].

Given the important biological role, played by proteins and enzymes in the
metabolic processes of the organism and mammalian seminal plasma, the au-
thors assumed that the mechanism of balanced polymorphism support the ge-
netic variability of these loci. Wherein, certain associations of structural genes
with selected traits, form in populations. This indicates the breed specificity of
complex interconnections of structural and regulatory genes.

Conclusion

A multidirectional relationship of the same alleles of albumin, transferrin
and carboxyesterase with sperm parameters in different breeds was established.
A trend of a positive effect of the heterozygous state of the studied loci on the
quality of fresh and frozen sperm was revealed.

The Esl esterase allele (F - 1.972) showed the greatest association with
fresh sperm motility in stallions; with frozen-thawed sperm motility - albumin
allele ALBA (F - 1.934). A positive association of the Tf® transferrin allele with
sperm resistance to freezing was noted (F-1.920). A rare allele of transferrin
Tf°, found mainly in saddle breeds, had a pronounced negative effect on fresh
sperm motility (F - 1.898).

Differences in seed quality between varieties were not significant and sta-
tistically significant due to high individual variability.

Specific gene complexes and associations with productive traits are formed
in breeds of different directions. This must be taken into account in the meth-
odology of scientific research.
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IMMN300THYECKASA CUTYALIUSA
B OTHOINEHUHU 'EMOITAPASUTAPHBIX
3ABOJIEBAHUI CEJBCKOXO3MCTBEHHBIX
’KUBOTHBIX B UPKYTCKOM OBJIACTH

O.B. Cynuyoea, B.A. Pap, O.B. Jlucax, H.B. Menvyos, E.K. /lopowienko,
10.C. Casunosa, A.1O. Tuxynos, H.B. Koznoea

Axmyanvnocms. Anannazmossl u 6a0e3u03vl KPYNHO2O U MEIKO20 PO2amo2o
cKoma u metiepuo3bl 10uaoell — 3mo epynna RPUpOOHO-04a208bIX MPAHCMUCCUG-
HbIX 3a0071e8aHUll, KOMOPble HAHOCAM SHAUUMETbHBIT IKOHOMUYECKUL Yiyepd cKo-
Mmosoocmaey u Konesoocmey écezo mupa. Ha meppumopuu baiixarvcrkoeo pecuona
omu 3a001e6anUs U Ux 6030y0UMenU OCMAIOMcs Mauo UCCI1e008aHHLIMU.

Henv: uzyuumo 2nu300muyecKyio Cumyayuio no KpogenapasumapHulm 3a00-
JeBAHUAM CeNbCKOXO3AUCNBEHHBIX JICUBOMHBIX 6 HpKymcKol obnacmu, ycmano-
8UNMb BUOOBYIO NPUHAOTEHCHOCT BLIABTIEHHBIX 8030yOumenel U Ux 2eHemuieckoe
pasHoobpasue.

Mamepuanst u memoowt. Ha nanuuue JJHK Babesia spp./Theileria spp. u
Anaplasma spp. ucciedosano 659 obpaszyos kposu nowaoeti, 579 0opazyos kposu
ogey, 25 06pasyos kposu ko3 u 647 oopazyos kposu KPC. J{ns 0emexyuu babesuti
u metliepuil UCNONbL308AHA 2He3008as O8yxpayrooeas ITLIP ¢ npaiimepamu uz oona-
cmu cena 18S pPHK, a ons eviasnenusa [JTHK anannasm ¢ npavimepamu us oonacmu
eena 16S pPHK. Jlns usyyeHus eeHemuueckoeo pazHoo0pasus 6bii6leHHbIX 603~
byoumenetl RPOBOOUNLOCH 8bIOOPOUHOE CEKBEHUPOBAHUE 00PA3YOE C NOCIEOVIOUUM
unocenemuueckum aHaTU3OM.

Pesynomameut. /[HK Anaplasma spp. 6vina demexmuposana 6 06pasyax Kposu
Mmenkoeo poeamozo ckoma (MPC) uz 12 paiionos obnacmu. Unguyuposanrnocmo
ogey u ko3 cocmasuna 68,7+1,9% u 68%+9,3% coomeemcmeenno. Onpedenenvl
HYKJIeomuouvle nociedosamenvHocmu (hpaemenma cena 168 pPHK y 68 obpasyos
A. ovis uz kposu osey u xo3. Hccredosannvle nociedo8amenbHocmu Obliu KOH-
CepeamuHbLIMU NO UCCTE008AHHOMY 2€HY U PA3IUYATUCL MeNCOY COOOI N0 O8YM
eemeposuzomuvim cavumam eena (T/C u G/A nykneomuonvie 3amenwt). Onu coom-
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6EMCMBOBANU NOCIEO08AMENLHOCTIAM Munogo2o wimamma Haibei (CP015994), a
makoice nOCc1e008amenbHOCMAM A. 0Vis, obHapydceHHbIM panee 8 Kposu 06ey u3
Anmas (Poccus) u Moneonuu, onenetl u kieweti D. niveus u D. nuttalli uz Kumas.

JIHK Babesia spp./Theileria spp. obnapyscena 6 o6pasyax Kkpoeu iowaoel,
us 13 paiionos oonacmu. CpedHsas uH@UYUpOBAHHOCMb 10WAOEU COCMAasULA
64,2%+1,9%. B xposu obcnedyemvix nowadeli 00HapysHceHo 068a IMUOTOSULECKUX
azenma nuponnazmosa nowaoeil: T. equi (cenemuueckue epynnwt A u E) u B. caballi.
Onpeoenennvie nociedosamenvrocmu 2ena 18S pPHK B. caballi (onunoii 700-1146
H.1.) ObLIU UOCHMUYHBL MeXHCOY COOOU U OMIULANUCL He MeHee Oecsambio 3aMe-
Hamu u 0OHOU Oeneyuell Om nocied08amenbHOCmel, OOCMYNHbIX 8 Oa3e OAHHbIX
GenBank. Ilpu smom naubonsuiee cxoocmeo HaAONIOOAIOCH C NOCIE008AMENbHO-
cmamu B. caballi, oonapyscennvinu 6 kposu nowaou uz bpazunuu (KY952238),
xknewax uz Kasaxcmana (MN907451) u Kumas (MN173021).

B xposu kpynnoeo pocamoeo ckoma JJHK anannasm u 6abe3uil ne gviaenena.

3axniouenue: nonyuenvt oanuvle, ceuUOEmMenbLCMEYIOUUe 0 WUPOKOM PACnpo-
cmpanenuu ouaeog ananaasmoza MPC u nuponnazmosa rowadeii Ha meppumopuu
Hprymcxoil obnacmu u HeodXxo0umMocmu npoooa’CeHusi MOHUMOPUHEA 3d UX INU-
300MUYECKUM COCIOSHUEM.

Kniouesvie cnosa: anannasmos; 6ade3uo3; meuiepuos; NUponiasmos; 2emona-
pazumaphvie 3a001€8aHUS, INUZ00MULECKAST CUNTYAYUsL

Jna yumuposanus. Cynyosa O.B., Pap B.A., Jlucax O.B., Menvyos U.B., Jlopo-
wenko E.K., Casunosa FO.C., Tuxynos A.FO., Koznosea HU.B. Dnuzoomuueckas cumy-
ayus 6 OMHOWIEHUU 2eMONAPAZUMAPHBIX 30001€BANHUIL CETbCKOXO3AUCTNEEHHBIX JICU-
somuwix 6 Upxymcxou oonacmu // Siberian Journal of Life Sciences and Agriculture.
2023. T 15, Ne4. C. 210-235. DOI: 10.12731/2658-6649-2023-15-4-210-235

Original article

EPIZOOTIC SITUATION OF HEMOPARASITIC
DISEASES OF FARM ANIMALS IN IRKUTSK REGION

O.V. Suntsova, V.A. Rar, O.V. Lisak, L.V. Meltsov, E.K. Doroshchenko,
Yu.S. Savinova, A.Yu. Tikunov, 1.V. Kozlova

Background. Cattle anaplasmosis and babesiosis and theileriosis of horses
are a group of natural focal vector-borne diseases that cause significant economic
damage to livestock and horse breeding around the world. On the territory of the
Baikal region these diseases and their pathogens remain little explored.
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Purpose — to study the epizootic situation of blood-parasitic diseases of farm
animals in the Irkutsk region, to establish the species affiliation of the identified
pathogens and their genetic diversity.

Materials and methods. For the presence of Babesia spp./Theileria spp. and
Anaplasma spp. has been researched659 horse blood samples, 579 sheep blood
samples, 25 goat blood samples and 647 cattle blood samples. For the detection of
babesia and theileria, nested two-round PCR with primers from the 18S rRNA gene
region was used, and for the detection of anaplasma DNA with primers from the 16S
rRNA gene region. For study the genetic diversity of the identified pathogens, selec-
tive sequencing of samples was carried out with subsequent phylogenetic analysis.

Results. The DNA of Anaplasma spp. was detected in blood samples of small
ruminants _from 12 districts of the region. The infection rate of sheep and goats was
68.7+1.9% and 68%+9.3%, respectively. Nucleotide sequences of the 16S rRNA gene

fragment were determined in 68 A. ovis samples from the blood of sheep and goats.
The researched sequences were conservative for the studied gene and differed from
each other in two heterozygous sites of the gene(T/C and G/A nucleotide substitutions).
They corresponded to the sequences of the prototype strain Haibei (CP015994), as
well as to the A. ovis sequences previously found in the blood of sheep from Altai
(Russia) and Mongolia, deer and D. niveus and D. nuttalli ticks from China.

DNA of Babesia spp./Theileria spp. found in blood samples of horses from
13 districts of the region. The average infection of horses was 64.2%+1.9%. Two
etiological agents of equine piroplasmosis were found in the blood of the examined
horses: T. equi (genetic groups A and E) and B. caballi. Definite sequences of the
B. caballi 18S rRNA gene (700—1146 bp) were identical to each other and differed
by at least ten substitutions and one deletion from the sequences available in the
GenBank database. However, the greatest similarity was observed with B. caballi
sequences found in the blood of a horse from Brazil (KY952238), ticks from Ka-
zakhstan (MN907451) and China (MN173021).

The results indicate that DNA of Anaplasma and Babesia in the blood of cattle
have not been identified.

Conclusion: The data received evidence a wide distribution of foci of small
cattle anaplasmosis and piroplasmosis of horses in the Irkutsk region and the need
to continue monitoring their epizootic condition.

Keywords: anaplasmosis; babesiosis; theileriosis; piroplasmosis, hemopara-
sitic diseases, epizootic situation

For citation. Suntsova O.V,, Rar V.A., Lisak O.V., Meltsov 1.V, Doroshchenko E.K.,
Savinova Yu.S., Tikunov A.Yu., Kozlova LV. Epizootic Situation of Hemoparasitic Diseas-
es of Farm Animals in Irkutsk Region. Siberian Journal of Life Sciences and Agriculture,
2023, vol. 15, no. 4, pp. 210-235. DOI: 10.12731/2658-6649-2023-15-4-210-235
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ONU300THYECKOE M BETCPUHAPHO-CAHUTAPHOE OJIArornojay4yre TeppUTO-
pun P® B oTHOIIEHHN ONACHBIX WHEKIIMOHHBIX areHTOB SIBIISIETCS] OJIHUM U3
B)XHBIX YCJIOBUH yCTOHYMBOTO Pa3BUTHUS OTpaciM )KMBOTHOBoAcTBa. Cpenn
IIaTOT€HOB CEJIbCKOX03SHICTBEHHBIX )KUBOTHBIX, IIEPE/IaBAEMBIX Uepe3 YKYC HK-
COJIOBBIX KJICIIEH, HANOOJBIIYIO SIH300THYECKYIO 3HAUMMOCTh HUMEIOT OaKTe-
puu pona Anaplasma (ceM. Anaplasmataceae) ¥ mpocTelIne reMonapa3uThl
ponoB Babesia, Theileria (otpsin Piroplasmida). 3aboneBanus, BBI3bIBACMBIC
STHMH BO30YIUTEISIMH, OTHECEHBI MEXKIyHAPOIHBIM 3ITU300THYECKUM OIOpO
(MDB) k kateropuu omacHsIX [2, 3].

AHaruia3msl SBISIOTCS OOJUTaTHBIMK BHY TPHKJICTOYHBIMH MUKPOOPTaHH3-
MaMu, 00J1aIafoIMMH H30MPaTEIbHBIM TPOIIM3MOM K Pa3IMYHbIM KIETKaM Kpo-
BH — JPUTPOLUTAM, TPAHYIOIUTAM, MOHOIIUTaM MK Tpombormram [27, 28].
IIpencraBurenu pona Anaplasma MOTYT BBI3BIBaTh HH(PEKIIMN Yy YENIOBEKa 1
IIFPOKOTO KPyTa TOMAITHUX KUBOTHBIX C Pa3HOH CTENeHbIo TsoKecTH [9, 27].
HawnGonee n3BeCTHBIMH STHOIOTHYECKUMH areHTaM1 aHAIUIa3M03a JOMAIITHIX
JKUBOTHBIX M YeJIOBEKa ABILIIOTCA A. marginale, A. bovis, A. ovis, A. platys n A.
phagocytophilum [22, 27]. Kaxxaplii 3 BUIOB aHAIIIa3M 00J1a1aeT OTpeIeIeH-
HOW CTETIEHBIO CIEIM(PUYHOCTH B OTHOIICHUHU X03iuHA. A. phagocytophilum
BBI3bIBAET 3a00JI€BaHNE Y YEIIOBEKA, A TAKKE Y MEJIKUX KBAaUHbBIX KHBOTHBIX,
nomazaen, codak u komek [23, 27, 31]. A. marginale sBnsieTcst Bo30yauTeneM
aHaruiazmosa KpymnHoro poraroro ckora (KPC), A. ovis — 3To 3THONOTHUYECKHA
areHT aHaria3Mo3a OBell, K03, a TAK)Ke TUKHX KBauHbIX [6, 8, 18, 27].

Kimanveckue nposiBiieHus aHAIIa3MO30B )KUBOTHBIX BapbUPYIOT OT JIETKOH
1o Tsokenoit popm. Kak npasuiio, 3a00neBaHust IPOTEKAIOT J10CTATOYHO JIETKO,
HO TP HAJIMYMU KOMHQEKIUU C NpeACTaBUTENsIMU posa Babesia, Theileria
WIN B CTPECCOBBIX CUTYaLUsIX KIMHUYECKOE TEUCHUE MOXKET OBITh TSKEIbIM
1 XapaKTepU30BaThCsl TMXOPAJIKOI, TEMOUTHYECKON aHEeMHUEH, KEITYXO0MH, Jie-
npeccuen, anopekcueil u norepeit Beca [7, 19, 21]. s HECKOJIBKUX BUOB
pona Anaplasma NpogeMOHCTPUPOBaHA JUINTEbHAS MIEPCUCTEHIIMS, KOTOpast
B PAJIC CITy4yaeB IPOSIBIISICTCS B BUE [IUKIMYECKOM OaKTEepHEMHH.

B ecTecTBeHHBIX YCIIOBHSX aHAIIa3Mbl BOCIIPUUMYHBBIM JKHUBOTHBIM I1€-
penaroT uKcoaoBble Kieny (10 20 BUIOB), HAXOMSIIMECS Ha Pa3HBIX CTAINAX
pa3BUTHS (JIMYMHKH, HUM(BI, 1Maro). Kpome Toro, BO3MoXXHA MeXaHHUYECKas
riepesiada Bo30yuTesel oT 3apakKEHHbIX )KUBOTHBIX K 3[0POBBIM Yepe3 KPOBO-
COCYIINX HACEKOMBIX U Uepe3 HeCTEePUIIbHBIE HHCTPYMEHTHI ITPU TIPOBEICHUN
300TeXHUYECKHX Meponpustuii [11, 17, 18, 32].

Eme onna Oompiias rpymnma reMornapa3suTapHbIX 3a001eBaHUN CEITbCKOX0-
3AHCTBEHHBIX KUBOTHBIX, KOTOPBIE ACCOIMMPOBAHBI C HKCOIOBBIMH KIICIIIAMH, —
9T0 0abe3m03bl U Teinepro3sl. Bo30yauTenu »TuX 3a00JeBaHMNA SABIAIOTCS
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9yKapuoTaMu, OTHOCSTCs K oTpsiny Piroplasmida, k Tumy — Apicomplexa, npu-
HaJUIeXar K IByM cemelictBam — Babesiidae u Theileriidae, koTopsle BKiItouaroT
ponst Babesia, Theileria u Cytauxzoon.

Kimuanyeckue popmbr 6abe3nosza KPC B Tpomukax u cyOTpONUKax B OCHOB-
HOM BBI3BIBatOTCS B. bovis u B. bigemina [33], a B EBpornie — B. divergens [29].

Heckonbko BUIOB, Takue Kak B. ovis, B. motasi, B. crassa u Babesia sp.
Xinjiang, onucaHbl Kak Bo30yauTenu 6adbe3no3a osell. V3 HUX OCHOBHBIMU ITa-
TOreHaMu OBell cuuTatorces B. ovis u B. motasi [10, 12, 30].

Bosoyaurernsimu reitnepuosza KPC ssisiiorest 7. parva, T annulata, T. buffeli,
T. orientalis, T. mutans, T. velifera, T. sergenti. [Ipu ToM K HanOoJee BayKHBIM
BH/IaM, BBI3BIBAIOIINM KIMHUYECKH BBIPAKEHHOE 3a00JI€BaHNE I CMEPTHOCTD
y KPC, otaocst 1. parva n T. annulata [20, 34].

Bo30ynurensamu Teineprno3a MeJIKNX JKBAaYHBIX CYMTAIOTCS KAaK MUHUMYM
mecTh BUnoB Teinepuit: 1. ovis, T. separata, T. recondita, T. lestoquardi, T.
uilenbergi n T. luwenshuni [15, 25, 26].

Ba)kHBIMH 3THOJIOTHYECKIMH areHTaMK KPOBETIapa3uTapHBIX 3a00JICBaHUI
JoImIaie B HACTOSIEe BPeMs SBISIOTCS TpU Bo3Oymautens — Babesia caballi,
Theileria equi, v HOBBIN MH(DEKIIMOHHBIN areHT — T heileria haneyi, KOTOPBIH pac-
cMaTpuBaeTCs B KadecTBe HOBoro Bua [1, 13, 33]. EcrecTBeHHBIM pe3epByapoM
B030yauTENEH U MUCTOUHUKOM MHBA3MH SIBILSIFOTCSI OOJIBbHBIE U JIATEHTHO MH(DU-
[IMPOBAHHBIC KUBOTHBIC. CUMTACTCS, YTO MOCIE 3apayKeHHs )KUBOTHBIC MOTYT
0CTaBaThCsl IOKU3HEHHBIMU HOCHUTEIISIMU TEHJIEpUi, B TO BpeMs Kak 0abe3nu
CIIOCOOHBI IIMPKYJIMPOBATh B OpraHu3Me Ha NpoTsbkeHuu 2-5 net [14]. 3abo-
JICBAHHUS COTTPOBOXK/IAIOTCS JINXOPAJIKOH, aHEMUEH, JKENITYITHOCTBIO CIIM3UCTBIX
000J104eK, reMOrIIoONHYpHUeH (KpoMe Teiiepro3a), oTepel IpOILyKTHBHOCTH U
PpaboTOCIIOCOOHOCTH, a IIPU HECBOEBPEMEHHOM JICYEHHH - THOENBIO JKUBOTHBIX.

B Hacrositiee Bpemst onncano 6oiee 30 BUJOB Kiemiel, KOTOPbIE MOTYT
paccMmarpuBarhCs B Ka4eCTBE IIEPEHOCUNKOB 0ade3uii u Teinepuit. OHU TpH-
Hajuiexar K poxaMm Hyalomma, Rhipicephalus, Dermacentor, Amblyomman
Haemaphysalis [29, 33]. babe3un u Teinepiun MOTYT IiepeiaBaThes KienamMmu
TpaHc(]a30Bo, OHAKO TPaHCOBapHalIbHAs Iiepe/jadya 3aperuCTPUPOBAHA TOIBKO
Jutst 6abesuii [14]. B cBsi3u ¢ 3TUM, OCHOBHBIM pe3epByapoM 7. equi sIBIsieTCS
MJICKOIIHTAIOIIEe-X03sIMH, a ISl B. caballi — xieum-niepeHocynk [ 14].

Hecmotpst Ha TO, 94TO aHAMIIA3MO3bI ¥ 6a0€3HO03bI KPYITHOTO U MEJIKOTO POraTo-
TO CKOTa, a TaKk’Ke TeHIeprO3bl JIOMIa el HAHOCAT 3HAYUTEIIbHBIA SKOHOMIYECKHI
y11epO CKOTOBOZICTBY M KOHEBOJICTBY BCETO MUpa, HA TeppuTopun BocTtounoit Cu-
Oupu 311 3a0051€BaHUSI ¥ MX BO30YAUTEINM OCTAIOTCS MAJIO MCCIIEIOBAHHBIMA. B
BalikabckoM pernoHe MsCHOE U MOJIOYHOE 5KMBOTHOBOJICTBO SIBJISIETCSI OAHOU U3
BEAYILLMX OTPACIIEH CIEHUATIM3ALIUH CEIbCKOTO X035MCTBa. B CBSI3U ¢ 3THM ITposic-
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HEHME SMM300TUYCCKOM CUTYyallMU B OTHOIICHWHY IrEMOIIapasuTapHbIX 3a0071€BaHUIt
CEITBCKOXO03SMCTBEHHBIX )KMBOTHBIX 31€Ch 0COOEHHO AKTYaJIbHO.

Ilesan uccie0BaHus

W3y4nTh SMM300THYECKYIO CUTYALHIO 110 KPOBETIAPA3UTAPHBIM 3a00JICBAHUAM
CeIIbCKOXO3SICTBEHHBIX JKUBOTHBIX B IpKyTCKOIT 001aCTH, yCTaHOBUTE BUIOBYIO
TIPUHA/JICKHOCTD BBISIBJICHHBIX BO3OYMTEINEH N MX TEHETHYECKOE pa3zHooOpasue.

Marepuajbl 1 MeTOAbI

Ha namuune IHK Babesia spp./Theileria spp. u Anaplasma spp. uccie-
JoBaHO 659 00pa3IoB KPOBH JiomIaei, 579 00pa3ioB KpoBH OBell, 25 00pas-
1I0B KpoBH K03 1 647 o0pasnoB kpoBu KPC. beutn 00ciie10BaHbI )KHBOTHBIE
13 PA3IMYHbIX CEIILCKOXO3AHCTBEHHBIX OpraHn3annii, pepMepcKux X03sHCTB 1
YaCTHBIX MOABOPHH U3 13 paiioHoB MpKyTckoii 00nacTH, a Tak)Ke UPKYTCKOTO
urnmnoapoma. Coop 00pa3uoB KpoBu npoBoamwiu B nepuoa ¢ 2013 no 2019 rr.
ITo 1 Mu1 KpOBH OT KaXKJ0T0 JKHBOTHOTO OTOMPAJIH B CTAH/IapPTHBIE CTEPHIIbHBIE
nipooupku (eppendorf 1,5 mir), coneprxarnue rmo 100 mxi 0,5 M pactBopa O/ITA.

CyMMapHbIe HYKJICHHOBBIE KHCIIOTHI SKCTParupoBali U3 00pasloB C I0-
Motibio Habopa «Pubo-npen» («Amrmunpaimy, Mocksa). Beigenennsie 00-
pasupsl JJHK Oputn mccnmemoBaHbl METOIOM THE3M0BOM aByxpayHaoBoi [TLP ¢
HCIIONB30BaHUEM TpaiiMepoB u3 obmactu reHa 18S pPHK mis nerexium Oa-
Oe3uii u Teinepuil, u npaiimepoB u3 oodnactu reHa 16S pPHK st BbisiBie-
aus JIHK anammasm, xak ommcano panee [4, 5]. O6pasusl, conepskamue JJTHK
MTUPOIUIa3M, OBUTH MCCieioBaHbl Ha Hamnune B. caballi v T equi ipu nipoBe-
nennu Broporo paynzpa IIL[P B mpucyrcTBuM BupocnenuduUHbIX Mnpaime-
poB Bcab-F (gatggcgacttaaaccctcg)/Beab-R (aaaagggaagctagttagcag) u Teq-F
(gggaatttaaaccccttccag)/Teq-R (tecttgegatttatgaccge), coorBeTcTBeHHO. Bee 00-
pasusl, conepxarne JJHK anariaszm, ObUIM AOMOIHUTENIBHO TPOAHAIM3UPOBA-
Hel Ha Hanmuue JTHK A. phagocytophilum nocpenctBom nposenenus TP ¢
BUAOCTICUPUIHBIMA rTpaiiMepami [5]. [lomygennsie npomaykTsl [TLP ounmiamm
Ha konoHkax GFX Columns (Amersham Biosciences, CILIA). CexBeHupyromime
peaKIuy IIPOBOMIIN C UCTIONB30BaHNEeM Habopa peareHToB Big Dye Terminator
v. 3.1 Cycle Sequencing kit (Applied Biosystems Inc., CIITA). [TpomykTsI cexBe-
HUpYIOIMX peakuuid anamnuposamu Ha ABI 3500 Genetic Analyzer (Applied
Biosystems, CIIIA). JIyist cpaBHEHUS OIpe/ieNICHHbBIX HyKJISOTH/IHBIX IT0CIIE/I0Ba-
TEIILHOCTEN ¢ U3BECTHBIMH MOCIIEIOBATEIBHOCTSAME UCIIONB30BAIH ITPOrPaMMy
BLASTN [http://www.ncbi.nlm.nih.gov/BLAST]. ®unoreneTndecknii aHaIm3
BBIMOJTHSTH METOIOM MUHEMaTbHOH 3Bouttorn (ME) momens Tamura Nei B ma-
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kete nporpamm MEGA 7.0 [http://www.megasoftware.net/manual.html]. s
aHaJM3a CTaTUCTHYECKOHM 3HAYMMOCTH MpoBesieH bootstrap anamms (1000 moBro-
poB). OrnipeienieHHbIe B X0/I€ UCCIEI0BAHUSI HYKIICOTH/THBIE TOCIIEI0BATEILHOCTH
(parmenra reHa 18S pPHK 7. equi 3apeructpuposansl B 6a3e nanabix GenBank
nog Homepamu MG551919 - MG551921, OM475521 - OM475525. Hykneoru-
HBIE TTocTe[oBaTelbHOCTH PparmenTa reHa 16S pPHK A. ovis nenonmpoBaHb! B
GenBank o Homepamu MW365551 - MW365552, MW600400 - MW600413.

Pe3yabTarsl U 00cy:KAeHUE

B HpkyTckoii 06:1acTé 0HO U3 BEAYIINX OTPACIICH CIICIIHATH3aNAHN Celb-
CKOTO XO3SIiCTBa SIBISIETCS] MSICHOE M MOJIOYHOE KMBOTHOBOJICTBO. Pa3Benenne
KPC B 0CHOBHOM COCPEIOTOUCHO B FOKHBIX CTEITHBIX H JIECOCTEITHBIX paiioHax
oOmacTu, MpuUMBIKaromuX K TpaHccHOMpPCKOi MarucTpain. B ceBepHBIX paii-
OHaX MSICOMOJIOYHOE JKMBOTHOBOJICTBO HOCUT B OCHOBHOM MOTPEOUTEIHCKUI
XapakTep U UMeeT ouaroBoe pacrpezaeiceHue. OBIIEBOJCTBO OPUEHTHPOBAHO
MIPEUMYIIECTBEHHO Ha MACTOMIIHBIC KOpMa CTEITHOW 30HEI. J0CTaTOYHO WH-
TEHCUBHO B ITOCJIC/THEE BPEMSI B PETHOHE TaK)Ke Pa3BUBACTCS MACHOE TAOyHHOE
pa3BeJieHue, a TaK)Ke CIIOPTUBHOE KOHEBOJICTBO.

J1s OTIeHKH 3TTN300THYECKOM CUTYally B OTHOIIIEHHH TeMOTapa3suTapHBIX
3a00JIeBaHU CEITBCKOXO3SIMCTBCHHBIX JKUBOTHBIX, ACCOI[MUPOBAHHBIX C HKCOJIO-
BBIMH KJIeIlaMu, Hamu ocytecteiena nerekiwst JJHK Anaplasma spp., Babesia
spp./Theileria spp. B KpOBH OBEIl, KO3, JIOMIAACH U KOPOB Ha Tepputopuu 13
paiioHOB U3 IEHTpPAJIbHOHN U IOKHOHN yacTh MpkyTckoit obmactu. Pesymbrarer
HCCIIeJOBaHNS TIPEJCTaBICHbI B Tabmue 1.

JHK Anaplasma spp. Obuia BbISIBIIEHA TOJILKO B 00pa3iiax KPOBU MEIIKOTO
poraroro ckota (MPC). Ilpu 5ToM HHGUITMPOBAHHOCTHL OBEIl U KO3 ObLIa TpH-
MEpPHO OIMHAKOBOH 1 cocTaBuia 68,7+1,9% u 68%+9,3% coorserctBenHo. JJHK
Babesia spp./Theileria spp. oOHapy>keHa TOJIBLKO B 00pa3iax KPOBH JIOMIAJICH, CO-
cTaBUB B cpeqHeM o Mpkyrckoi obmactu 64,2%+1,9%. B xkposu KPC JITHK
000HX HCCIeayeMbIX reMomapa3uToB He BeBieHa. JJHK Anaplasma spp. obHa-
PY’KeHa B KPOBH OBElLl HAa TpPUTOpHH 12 00CIe10BaHHBIX HAMH PaifOHOB 00J1acTH.
ITpu 5TOM B pa3HbIX pailoHax pernoHa JoJsi 00pasoB KPOBHU OBEIl, COIEPIKAIINX
JHK anamasm, Bapsuposaia ot 33,3% B boxanckom 10 92,5% B Oxupur-byna-
rarckom. MccenoBanwue kposu ko3 Ha Hammane [THK Anaplasma spp. ocymect-
BJICHO TOJIBKO B TpeX paiioHax obmactu — AnapckoM, HykyTckoM 1 YcOIbCKOM.
WHpunmpoBaHHOCTH KO3 B 3THX paifoHax BAPbUPOBAJIA B IIMPOKUX Mpe/iesiax: oT
20,0% B YcomsckoM 1o 100,0% B AnapckoM paiioHax, 9TO MOXKET OBITh CBSI3aHO
C MaJIOYHCIICHHOCTBIO 1 HEPAaBHOMEPHOCTBIO UCCIIE/IOBAHHON BEIOOPKH.
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Tabnuya 1.

Pesyavsrarsl BeisiBiaenust JHK Babesia spp./Theileria spp., Anaplasma spp.
B KPOBH CeJIbCKOX0351i{CTBEHHBIX JKHBOTHBIX

Paiion Bun Kosndectso | Yueno obpasios, copepika- | Uncio 00pasuos, coaepxka-
uccneno- | xuBoT- | uccnenosad- | mwmx JAHK Anaplasma spp. | mux JHK Babesia spp./Thei-
BaHHI HOTO HBIX 00pa31oB (abc./%+m) leria spp. (abc./%+m)
OBIIBI 35 19/54,3+8.,4% -
Asapexuit KO3BI 10 10/100 -
JIOIIa I 45 - 41/91,0+4,3%
KOPOBBI 55 - -
Eanaras- OBLIBI 30 21/70,0+8,4% -
< JIOIIAU 30 - 25/83,3+6,8%
CKuii
KOPOBBI 30 - -
Bastiacs- OBIIbI 80 68/85+4% -
o JIOMIAu 80 - 32/40,0+5,5%
CKHI
KOPOBBI 82 - -
OBLIBI 66 22/33,3+5,8% -
Boxauckuii | jomagyu 50 - 29/58+6,9%
KOPOBBI 61 - -
OBIIbI 30 18/60,0+8,9% -
Samapue- [ o 25 - 23/9245,4%
CKHI
KOpPOBBI 40 - -
HpKyVT_ Jomaau 38 - 21/55,3+8,1%
CKHii
OBIIBI 20 16/80+8,9% -
Kauyrckuii | mgomanmu 20 - 14/70+10,2%
KOPOBBI 20 - -
OBIIBI 30 26/86,7+6,2% -
HyxyTt- KO3bI 10 6/60£15,5% -
CKUiA JIOIIA I 35 - 35/100%
KOpPOBBI 40 - -
OBIIBI 69 34/49,3+6% -
OcuHCKuit | jtomraau 60 - 27/454+6,4%
KOpPOBBI 70 - -
OBIIBI 20 16/80+8,9% -
Veonsornii <03 5 1/20£17,9% -
JIOIIa U 30 - 11/36,7+8,8%
KOpPOBBI 40 - -
OBIIBI 69 58/52+6% -
Yers-V- [T 99 - 90/87.9+3.3%
JUAHCKHI
KOpPOBBI 70 - -
q _|_oBubt 50 26/52,0+£7,1% -
CPeMXOB- 17 mazu 66 - 58/87.9+4,01%
CKH
KOPOBBI 60 - -
xXu- OBIIBI 80 74/92,5+2,9% -
put-Byna- | mormaau 80 - 17/21,3+4,6%
Tarckui | kopoBbI 79 - -
Wrtoro OBIIbI 579 398/68,7+1,9% -
no Up- KO3bI 25 17/68+9,3% -
KYTCKOIi | Jiomaan 659 - 423/64,24+1,9%
00.1aCTH: | KOpOBBI 647 - -
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HJ’ISI HarjgAHOTro NpeACTaBICHUA MMOJYUYCHHBIX HAMU PE3YJILTATOB B BU/IC
KapTorpaduyeckoro MaTepuana Bce odcieoBaHHbIe paiioHbI pKyTCKoii 00-
JIACTH MBI YCIIOBHO Pa3/eNIWIIM HA TPH TPYIIIBl B 3aBUCHMOCTH OT CTEIICHH
nnpuuupoanHoctn MPC Anaplasma spp.: 1) paliloHbl ¢ OKa3aTeIsIMU WH-
(UIHMPOBAHHOCTH KUBOTHBIX /10 50%; 2) paifoHbI ¢ BBICOKOH CTENEHBIO HH(H-
nupoBanHOCTH MPC — 0T 50 10 75%; 3) paifoHBI ¢ OYeHB BBICOKOH CTETIEHBIO
nHpumposanHoctu MPC — 6onee 75% (puc. 1).

1|Amapcronh paion SAY
paiion
i paron

5 Boxancuu parion
6[Bparcii paron
7| Wuranoscki paton i
8| i pafion =
o Bumncind pation s
10[UpkyTcxui paiion ;
11| Kasaumcro-Nencrnd pason
1 pasion
13|Kauyrexan pafion
14 Knpencun paion
srywckwh paon
16|Mamcwo ydickud pafion
1 7 parion
18| HuwoseyaHcrond paion
19|Hywyrckwi paion
20[07 paion
21[Ocuncun pafion b
[Chiomnwckni paion
23[Tanwercund
24 Tynywckni parion
i paiion
26]Ycte-Wmmcsond pakon
27|Yere Kyrounn paron
28]ycri Y auncini pafion
25| epemxoncu paiion

SxupHT Bynaratckwi paon

° Kasawmscko=
Hpram—

- panoHsl ¢ ¥

: uucbuuupeuur}oéislo MPC
Ao 50%; 7
- paitons e

- HH*HIII!_‘WIOHHOCTLIO MPC
or 50 po 75%;

Pecnybnuka Bypatus |

. -
Pecnybnuka 4

TobiBa
"f‘ .

MOHrosnus “‘7&

Egﬁuﬁ;l c
'du¢uuuponuuoe'ruo MPC
Buiwe 75%.

<
Puc. 1. Pactipenienenue usygaeMsIx paifoHoB MpKyTckoif 061acT 10 CTeneHb
nHpuuupoBanHoctd MPC Anaplasma spp.

K mepBoii rpymme 6pumn otHEceHb! boxanckwmii (33,3%) n Ocuncknit (49,3%)
paifonsl. Bo Bropyto rpymry Bonumn Yerh-Yaunckuit (52%), YUepeMXoBCKHiA
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(52%), banaranckutii (70%), Anapckuii (54,3%) u 3anapunckuii (60%) paiio-
uel. Kauyrckmit (80%), Yeonnckmit (80%), basamaesckuii (85%), Oxuput-by-
nararckuit (92,5%), Hykyrckuii (86,7%) palioHBI OBUIN OTHECEHBI K TPEThEeH
rpyIie, T.e. paloHaM C OYeHb BBICOKOI cTernenbto nHduuposanHoctu MPC.

Jlost oripeienieHust BUI0BOM NPHHAJUISKHOCTH aHAILIA3M, BHISIBJICHHBIX HAMU
B KPOBH OBEII ¥ KO3, OBIJIO TPOBE/ICHO CEKBEHUPOBAHNE HYKICOTHAHBIX OCIIE0-
BarenbHOCTel (pparmenToB rena 16S pPHK. beito mccnenoBano 68 ciryyaitHbiM
00pa3oM 0TOOpaHHBIX 00PA3II0B KPOBH OBEIL M K03 13 12 paitoHoB MpkyTckoii 00-
nacty. HykiieoTHIHbIe TOCIE0BATENbHOCTH A. OVIS, BBISIBICHHBIE B KPOBU OBEI
1 KO3, OBIIM KOHCEPBATUBHBIMH I10 CCIICOBAHHOMY T'eHY U pa3IH4alINCh MEXKIY
coboii 1o ByM rerepo3urotHsiM caidtam reHa (T/C u G/A HykieoTuIHbIe 3a-
MeHbl). OnperiesieHHbIe HyKJIEOTH/IHbIE IT0CIEA0BaTeIbHOCTH COOTBETCTBOBAIN
MOCJICIOBATEIEHOCTSM THIIOBOTO Titamma Haibei (CP015994), a taxke mocie-
JIOBaTEIILHOCTSM A. 0vis, 00Hapy>KeHHBIM paHee B KpoBH oBell 13 Auntast (Poccust)
1 Monronuu (LC194133), oneneti (KJ639879) u knemeit D. niveus (JQ917876)
u D. nuttalli (KJ410244, KJ410246) u3 Kutas (Puc. 2) [16, 22].

LC194133/A. ovis / oBua / MoHrorms
CP015994 / A. ovis / str. Haibei
W MW600407 / A. ovis / kosa / UpkyTck, Poccus
Il MW600400 / A. ovis /oBua / UpkyTtck, Poccust
KC484562 / A. ovis / D. nuttalli / Teisa, Poccus
W MWE00406 / A. ovis / ko3a / Upkytck, Poccus
B MW600404 / A. ovis / oBua / UpkyTck, Poccus
JQ917900/ A. ovis / D. niveus / Kurain
Il MW600405 / A. ovis / osua / Upkyrtck, Poccusi
W MW600409 / A. ovis / ko3a / UpkyTck, Poccust
KC484563 / A. ovis / D. nuttalli / Teisa, Poccus
Il MW600401 / A. ovis / oBua / pkyTck, Poccusi
91 JN558818 / A. ovis / ko3a / Kuran
JN558818 / A. ovis / D. niveus / China
AF414870./ A. ovis / str. OVI/ Ox#an Adprka
Il MW600402 / A. ovis / osua / pkytck, Poccua
‘W MW600408 / A. ovis / ko3a / Upkytck, Poccus
Il MW600403 / A. ovis / oBua / Upkyrtck, Poccus
MG869525 / A. ovis / ko3a / Kurain _
KT734729 / Anaplasma sp. Sib122 / koposa / Anrain, Poccust
AF414868 / A. centrale / BakuuHHbIV WTamm / ABCTparms
99! AF309869 / A. centrale / str. Israel
CP000030 / A. marginale / str. St. Maries
99! AF309867 / A. marginale / str. Florida
KM206273 / A. capra / yenosek / Kuran

uU02521 / A. pt ytophilum / strain Webster

Anaplasma
ovis

Puc. 2. JlenaporpamMmma cxoacTBa HyKJICOTHIHBIX
nocuenoBarensHocTel hparmenta reHa 16S pPHK Anaplasma spp. (maHO#
1295 u. n1.), mocTpoeHHas ¢ ucnonb3oBanueM merona NJ. lllkana npencrasiser
1% nuBeprennuu. OnpenenéHHbie B 3TO paboTe MoCIeI0BaTeIbHOCTH
OTMEUEHBI KBaJjparamMu (OBIbI) U TPEYTOIbHUKAMH (KO3BI).
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JHK Babesia spp./Theileria spp. Obuta 0OHapy»)eHa B 00pa3iiax KpoBH JI0-
maneit u3 Bcex 13 obOcnenoBaHHBIX HAMHU paiioHOB MpkyTckoit obmactu. 1H-
(UIMPOBaHHOCTH KUBOTHBIX BapbHupoBasa oT 21,3% B Oxuput-bymnararckom
paiione 1o 100% B Hykyrckom (tadin.l). Beero JJHK nuponnazm Obuta 06-
HapyxeHa B 423 u3 659 (62,4%) nccrnenoBaHHEIX 00pa3ax KPOBHU Jomaseil.
B 3aBucuMocTH OT cTeneHN HHGUINPOBAHHOCTH JIOMIA/ICH MPEACTaBUTEISIMA
Babesia spp./Theileria spp. 1 NCTIOJIB3Ys] KPUTEPHH, OITMCAHHBIE BBIIIE, MBI yC-
JIOBHO pa3esiuii Bce 00CIeIoBaHHbIC PAOHBI HA TPU TPYyMIbI (puUC. 3).

1| Anapo pason \
2| Banaraucuud paon 3 i)
3[Banasescion pasow b)
4| GonaGucrw pason e
o[ Bmswmcrond pasou 2 \‘i Pecny6nuka Caxa (Skytua)
10/ pryrond pasion 2 3
11[Kayaummacwo-Slencrnd padow b 5
I b /
= - ¢ {
KpacHosipckuii kpai i \i
< < "\
A )
¢ & £
< KaTaurckui ) i
P ; 7 ‘?‘
§ _,:' &4‘.‘ ‘\\'
T T — g ¢ s & 5
25]Vconecua paion '\ I's Ay 30 )
26|Vt poio R a7 BopanSumcxui H
Vers Ryrcsonh pasion e \ £ R B!
28]ycre Yamcoh pohon E N E 5= R0
29[ depemxonciorh paion J e § - 3
30[yncionh podon Lz ) A
“Stlienconos i Ve i P . Mamexo- ¢
32| Jumpur By nararcunh paon o~ o VnuMCKAMIA 3 ¢ xk ) © ]
= 7 o S e Kvpencruiz | YHC 3 5
i ° o ; ¢
3
7 g Yere- A
@ YyHCKMI :_ Kywcxuit v N
7 ¢ - 7 17 Y
‘ © —
¥ 3
S D - MHcbMUMPOBaHHOCTE
Kasauuncko= 3
‘ Samomck | nowapgen ao 50%; .
i - - uHdMUMpOBaHHOCTE
nowagen or 50 ao 75%;...
- -uuebuuuponuup’é‘rb
nowapen 6onee 75%.
-
L
Pecny6nuka Bypstus
Pecnybnuka ~
ToiBa P
P,
o i . +*- B p B. caballi

J -y
/ MoHronus "‘\‘
$

Puc. 3. Pacnipenienenue vcciieoBaHHBIX paiioHOB MpKyTCKOi 0071aCTH 1O CTEIeHH
UHOHUIUPOBAHHOCTH JIOLIA/IeH BO3OYIUTEISIMH ITHPOILIA3MO3a.

K nepBoii rpyme paifoHOB ¢ HHGUINPOBAHHOCTHIO Jlomtaael 10 50% Obum
otHeceHbl Dxuput-bynararckuii (21,3%), Yeconbckwuii (36,7%), basunaeBckuii
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(40%) u Ocunckuii (45%) paitonst. Upkyrckuii (55,3%), boxauckuit (58%) u
Kauyrcknii (70%) paiioHbI BOILILTH BO BTOPYIO rpymmy. TpeTso Tpymiry ¢ OueHb
BBICOKOW CTETICHBI0 MHPHUIIMPOBAHHOCTH JIOIIAACH cocTaBmian bamaranckuit
(83,3%), UepemxoBckuii (87,9%), Ycrb-Vaunckuii (90%), Anapckuii (91%),
3anapunckuii (92%) n Hykyrckuii (100%) paiioHs.

YcTraHOBIIEHNE BUIOBOHM MPUHAIC)KHOCTH METOIOM BHIOCTICHH(DUIHON
[ILIP ©b110 poBeaeHo st 285 cirydaiiHO BHIOPaHHBIX 00pa3LOB MUPOIIIa3M
U3 pa3lInYHbIX paiioHoB MpkyTckoii obmactu. B moxasssironieM OOIbITHHCTBE
HCCIIeIOBAaHHBIX 00pa3moB (263/285, 92,3%) 6puta naentudumuposana JJHK
T. equi, B 5/285 (1,8%) obpazno — AHK B. caballi n 8 17/285 (6,0%) obpas-
noB — JIHK nByx marorenoB 7. equi u B. caballi (Tabmn. 2).

JHK T. equi oOHapyKeHa BO BCEX HCCIIEAyeMbIX paiioHax, Toraa kak JJHK
B. caballi Tonvxo B mectn (AmapckoM, banaranckom, basnmaesckom, boxan-
ckoM, HykyTckom u Dxuput-bynararckom).

Tabruya 2.
Bussbl nupomnia3M, BeisiBJIeHHbIE B KPOBH JIOIIA/Ieil HA TePPUTOPHH
Hpkyrckoii o61actu MeToaom Bugocnenuduynoii I[P

Kommuecto re- | Ywucino (%) o6pa3nos, cogepxanmx JHK

Palios HoCTeA0R HAT iglt(ﬂggg;:;:; T equi | B. caballi | T. equi+ B. caballi
basagaesckuit 11 6 1 4
Oxupur-bynararckuit 16 12 0 4
Anapckuii 40 39 0 1
HyxyTckuit 34 28 0 6
Bboxanckuit 16 11 4 1
OcuHcknit 5 5 0 0

VeTh- YanHckuit 14 14 0 0
UYepeMxoBCKUi 57 57 0 0
Kauyrckmii 14 14 0 0
WpkyTckuit 21 21 0 0
banaranckuii 24 23 0 1
VYconbckuit 10 10 0 0
3amapuHCKui 23 23 0 0

Bce paiionst 285 263 (92,3) | 5(1,8 17 (6,0)

Jlist monTBEp K ICHNS BUJIOBOW MPUHAIISKHOCTH U M3YUESHHUS TEHETHYECKO-
To pa3H006pa3H${ BBISIBJICHHBIX ITUPOILIa3M OBLIO IPOBEACHO CCKBECHUPOBAHUE
119 nmpownsBonbHO BEIOpaHHBIX 00pa3moB 7. equi u 22 obpasna B. caballi.
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Ha ceromusmnuil 1eHp B MUpe Ha OCHOBaHMM u3ydeHus resa 18S pPHK
naeHTudUIMpoBaHo nATh TeHoTHNOB 1. equi (A-E) [14]. JHK T equi renotuma
E 0Op11a 00Hapy»KeHa B 96 00pasmax 1. equi, COOpaHHBIX BO BceX 13 mccmemyeMpIx
paiionax Mpkyrckoii obnacty, a B 23 odpasuax u3 UepemxoBckoro 1 boxanckoro
paiionoB Obuta uaenTuduimposana JIHK 7. equi renotuna A (Ta0m. 3).

Tabnuya 3.
I'eneruueckue Bapuantsl Theileria equi, BbIsiBJIeHHbIE B KPOBH JIOIIA/ICH
Ha Tepputopuu Upkyrckoii odnactu

Paiion KonuuectBo Uucno (%) 06pasiios, conepkanmx JJHK
HCCIIC0OBaHUA FEHOTHITMPOBANHBIX T equirpymna E | T equi rpynma A
00pa3nos
BasanaeBckuii 9 9 -
Oxupur-bynararckuii 4 4 -
Anapckuit 11 11 -
HyxyTckuit 4 4 -
Boxanckuit 12 5 7
OcuHCKuH 5 5 -
Vere-Yauackuii 9 9 -
YepeMxoBCKU 28 12 16
Kauyrckuii 2 2 -
WpkyTckuit 10 10 -
banaranckuii 16 16 -
Yconbckmii 2 2 -
3anapuHCKUN 7 7 -
Bce paiionbl 119 96 23

ITocnenoBarenvHOCTH 1. equi Tpynmbl A n3 MpKyTCKoi 00JacTH COOTBET-
CTBOBAJIH TTOCIIE0BATEIBHOCTSIM, OOHAPYKEHHBIM paHee B KPOBH JIOIIa e 3
Kurast (MT093496) (puc. 4). ITH 1ociae0BaTeIbHOCTH OTIIMYAINCH SANHUY-
HOM HYKJIEOTHIHOHN 3aMEHOH B TIEPEKPHIBAIOIICHCS 001aCTH OT HYKJIEOTHIHOMN
mocnenoBarenbHoCcTH 30isATa (MGS551921) 3 kpoBH Jomaae, BRISIBICHHON
paHee Ha TeppuTopun MpKyTCKol 001aCTH; OT IPYTHX MOCICIOBATEIFHOCTEH,
JOCTYIHBIX B 0a3e ganHbix GenBank, oHM oTiIYaniCch HE MEHEE YeM IECThIO
3aMeHaMH.

[ocnenoBarensHoctr 7. equi rpynmsl E ObITH WACHTHYHBL APYT OPYTY U
COOTBETCTBOBAJIH ITOCIICIOBATEIIEHOCTSM, OOHAPYKEHHBIM paHEee B KPOBH JIO-
maneit u3 Kuras (KF559357), Kopen (HM229407), Monronuu (AB733379),
etiapun (KM046918) n Ucmarnu (DQ287951). OHE Taxke COOTBETCTBO-
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BaJIl HYKJICOTUAHBIM IMOCJICA0BATCIbHOCTAM O6p33LIOB, BBISIBJICHHBIM paHEC
B KpoBH Jjomranaeit n3 Upkyrcka (MG551919), HoBocubupecka (MG551915) n
Anras (MG551916).

i T. equi / China / MT093496
RUS/Irk-h-73 / OM475523 / (2019: n=2) A
|T. equi / Brazil / KY852237
— T.equi/ China /AY150062
T. equi/USA / JX177670
T. equi / South Africa / EU642507
T.equi /Kenya/ KF597077 B
= T. equi /Sudan/AB515310
T. equi/Kenya /KF597078
RUS/Irk-h-315 / OM475524 / (2016: n=35)
T. equi / Spain /AY534882
RUS/Irk-h-466 / OM475525 / (2019: n=34)
% T. equi / China / MT093500 E
T.equi /Russia/MG551915
T. equi / South Korea /HM229408
T.equi /Saudi Arabia/LC431546
T. equi / South Africa/ EU642510
80 F T. equi / South Africa / EU642511
T. equi / South Africa /EU888905 C
96— T. haneyi / USA /KU647704
T. haneyi / USA /KU647709

T. equi / South Africa /EU642509
T.equi/Sudan /AB515307 D
97| | T.equi/lIsrael/ MN611350 Israel
93 'T. equi /Sudan /AB515312

T. annulata /EU083800

RUS/Irk-h-450 / OM475522 / (2016: n=15)
9
99’—{

97

97

0.01
Puc. 4. JlenaporpaMma cxoacTBa HyKJICOTUIHBIX [TOCIENA0BATEIbHOCTE (hparMeHTa
rena 18S pPHK Theileria equi (;uruaoit 1190 H. 11.), mOCTpOEHHAS € HCIOIB30BAHUEM
metoza NJ. Illkana npeacrasnsier 1% anBeprenmn

Bce onmpenenennsie mocnemoBarenbHocT reHa 18S pPHK B. caballi (nnu-
Hoii 700-1146 H.11.) OBUTH HACHTUYHBI MEXKAY OO0 M OTIINYAIINCH HE MCHEE
JIECATBIO 3aMEHAMU U OJHOH JAeJeIueil oT mociaenoBaTeIbHOCTEH, JOCTY-
HbIX B 0a3ze manHbix GenBank. ITpu 3TOM HanboJbIIee CXOACTBO HaOIIIOAA-
JIOCh C MOCIEe0BATENBHOCTAMU B. caballi, 0OHapyXKECHHBIMHU B KPOBH JIOIIAN
3 bpaswmnn (KY952238), kinemax u3 Kasaxcrana (MN907451) u Kuras
(MN173021).
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3akJiloueHue

Takum 00pazoM, B X071€ TPOBEICHHBIX HAMH UCCIICAOBAHUH ITOTyYCHbI JIaH-
HBI€, CBUJIETEILCTBYIOIIIE O HIMPOKOM PACIPOCTPAHEHUH 04aroB aHaIu1a3Mo3a
MPC u nuporiazmo3a Jiomaaei Ha Tepputopur UpkyTckoit obmactu. YcTaHOB-
JICH BBICOKHMH ypOBEHb MH(UIIMPOBAHHOCTH OBEIl U KO3 A. ovis, a Jjomaei —
T equi. B xposu KPC JIHK remormapa3suros, npunauiexamux kK Anaplasma
spp. u Babesia spp./Theileria spp. He BbIsiBIeHa. [10ka3aHo, YTO BCE HYKIICO-
TH/IHBIE TTOCIIEOBATEILHOCTH 00pa3IoB, 00HAPY>KEHHBIX B KPOBH OBEI] U KO3,
OTHOCSITCS K OTHOMY BHIY — A. OVis.

B kpoBu oOcnemyembIx Jomaieii 00HapyKeHO J1Ba THOJIOTUYECKUX areH-
Ta muporuiazmo3a jJomanei: 7. equi u B. caballi. JloMuHUpPYIOIINM TIaTOTe-
HOM, BBISIBIICHHBIM B KPOBH JIOMIAZEH, siBisietcst 7. equi. B. caballi BcTpedaercs
pesxe. IHK atoro Bo30ymurens oOHapy>keHa B KPOBH JIOIIA/IEH Ha TEPPUTOPUH
HIeCTH M3 TPUHAIIATH OOCIIeIOBAaHHBIX HAMM PaliOHOB. BriepBbIe BBISABICHO
OITHOBPEMEHHOE HH(UITIPOBaHNE Jomaei n3 MpkyTckoii 00macTu JByMst BO3-
OynuTernsiMu nuporuiazmosa — 1. equi n B. caballi. YcTaHOBIIEHO, UTO JIETEK-
TUPOBaHHBIC HA TEPPUTOPUH pernoHa oopasupsl 7. equi OTHOCSTCS K JBYM U3
IIATH U3BECTHBIX B Mupe reHetndeckux rpynn — A u E. JIHK 7' equi rpymmst
E oOHapyxeHa B KpOBH JIOIIa/Ieii BO BCEX MCCIEOBAaHHBIX HAMH paitoHax Mp-
KyTcKoi obnactu, a JIHK 7. equi rpynmsl A TONBKO B IBYX paiioHax.

[TomydeHHbIE B XOZI€ MCCIIEIOBAHNS JAHHbBIE CBUICTEIBCTBYIOT O HEO0XO0-
JUMOCTH TPOJOKCHUS MOHHUTOPHHTA SMU300THYECKOTO COCTOSHHSI 09aroB
aHarasmo3a MPC u nupomiazmosa jomaneit Ha teppuropun MpkyTckoit
obmacru.
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Hayunast cratbst

CPABHUTEJIbHBIN
AHAJIN3 )KUPHOKUCJOTHOI'O
COCTABA MOJIOKA OT KOPOB KPACHOM
CTEIIHOM IMMOPOJIbI B YCJIOBUSX PA3BHBIX
NPUPOJHO-KJINMATUYECKHX 30H
CEBEPHOTI'O KABKA3A

C.A. Oneiinuk, B.C. Ckpunkun, A.B. Jlecnsx,
O.B. Cvtuesa, E.H. Yepnooaii

Monounviii ckom KpacHotl cmenHot nopoobl AGIAEMCcsl NPUCNOCOONEHHbIM K 3d-
CYUITUBLIM YCILOBUAM, 0011a0Aem 8bICOKUMU A0ANMUGHBIMU KAUECTNEAMU U NO-NPEediC-
Hemy socmpedosan O NAEMEHHO20 PA36E0eHUs. 8 CENlbCKOXO3SAUCTNBEHHBIX OP2AHU3A-
yusx. B cmamve npusedena xapaxmepucmuxa nOnYIayuy Kopog KpacHou CnmenHoul
nopoobl N0 OCHOGHBIM NOKA3AMENAM Kaiecmea Monoxa 6 xozaucmeax Cmaspo-
nonbeko2o kpas. Onpeodenenvt Macco8as 00 Jcupa i OenKa, KoIuiecmeo JHCUpHbIX
KUCIOM 8 MONIOKe, a MaKdice KoIphuyuenmul KOppenayuu Mencoy noKazamensimu
MoONoKa u napamunuyeckumu gaxmopamu. Pezynemamer ucciedosanuil hokasanu,
Umo MONIOKO COOMBEMCMBYenl, XapaKmepHvimM 05l OAGHHOU NOPOObl KOPO8, HOPOO-
HbiM 0cobennocmam. Cpedne20008ast MOLOUHAS NPOOYKMUBHOCMb CMAdd KOPOS,
PACNONIOJCEHHBIX HA 2panuye cegepo-60cmouno2o ckaona Cmaspononbekoll 6036bl-
wiennocmu u 1020-3anaonotl wacmu Manwvruckou nusmennocmu (n = 380-430 zonos,
cmado 1) cocmasnsiem 4,0-4,3 muic. Ke/201., a y cmaoa Kopos, pAcnoylONCeHHbIX 8
ce6epo-80cmouHol Yacmu cmennou pasnunst Cmaspononbckozo kpas (n = 600-636,
cmado 1I), coomsemcmeenno, MONOYHAsA NPOOYKMueHocms cocmasnsiem 4, 1-4,4 moic.
Ke/2on. monoka. CpeoHe200080e coOepaIcane JHCupa 6 MOLOKe ) KOPO8 HAXOOULOCh 6
npeoenax 4,08-4,45%, npu smom y kopoe Il cmada smom noxazamens 6bin eviuie Ha
9,5%. Cpedneco0osoe codeparcanue Oenka 6 MOLOKe, COOMBEMCMBEHHO, HAXOOULOC
na yposte 3,32-3,63 %, npu smom y kopos 8o Il cmade smom nokazamens Obisl gbiuute
na 9,2 %. Ilpoyenmuoe coomnouienue HeHACbIUEHHBIX K HACLIWYEHHIM JHCUPHBIM
Kucromam cocmasuio 44,9 % y kopoe 6o 1l cmaoe u 58% y kopos 6 I cmade.

Kniwoueswie cnosa: xpacnas cmennas nopooa,; npooyKmugHOCms, MOLOKO, MO-
JIOYHBIL JICUP; MOTOUHDLIL OENOK, AHCUPHBIE KUCTOMbL, KOIDDUYLEHM KOppeniyuu
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Jna yumupoeanus. Onetinux C.A., Ckpunxun B.C., Jlecnsax A.B., Coiuesa O.B.,
Yepuodaii E.H. CpasnumenvHulti ananu3s HCUpHOKUCIOMHO20 COCNABA MONIOKA OM
KOPO8 KPACHOU CMenHou nopoobl 8 YCI08UAX PA3HBIX NPUPOOHO-KIUMAMUYECKUX
30n Ceseproco Kaesxasa // Siberian Journal of Life Sciences and Agriculture. 2023.
T. 15, Ne4. C. 236-259. DOI: 10.12731/2658-6649-2023-15-4-236-259

Original article

COMPARATIVE ANALYSIS OF THE FATTY
ACID COMPOSITION OF MILK FROM RED STEPPE
COWS IN DIFFERENT CLIMATIC ZONES
OF THE NORTH CAUCASUS

S.A. Oleinik, V.S. Skripkin, A.V. Lesnyak,
O.V. Sycheva, E.N. Chernobai

Dairy cattle of the red steppe breed are adapted to arid conditions, have high
adaptive qualities and are still in demand for breeding in agricultural organiza-
tions. The article describes the characteristics of the population of cows of the
red steppe breed according to the main indicators of milk quality in the farms of
the Stavropol Territory. The mass fraction of fat and protein, the amount of fatty
acids in milk, as well as the correlation coefficients between milk indicators and
paratypical factors were determined. The research results have shown that milk
corresponds to the breed characteristics characteristic of this breed of cows. The
average annual dairy productivity of a herd of cows located on the border of
the northeastern slope of the Stavropol Upland and the southwestern part of the
Manych Lowland (n = 380-430 heads, herd ) is 4.0-4.3 thousand kg/head, and a
herd of cows located in the northeastern part of the steppe plain of the Stavropol
Territory (n = 600-636, herd II), respectively, the milk productivity is 4.1-4.4
thousand kg / head of milk. The average annual fat content in milk in cows was in
the range of 4.08-4.45%, while in cows of the Il herd this indicator was higher by
9.5%. The average annual protein content in milk, respectively, was at the level of
3.32-3.63%, while in cows in the Il herd this indicator was higher by 9.2%. The
percentage ratio of unsaturated to saturated fatty acids was 44,9% in cows in the
11 herd and 58% in cows in the I stad.

Keywords: red steppe breed; productivity;, milk; milk fat; milk protein; fatty
acids; correlation coefficient
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Beenenne

B ycroBHsIX IpOMBIIIIIEHHOTO MOJIOYHOTO CKOTOBOZICTBA HEOOXOIMMO ITPOIOI-
JKaTh MOUCK CEJICKIIMOHHO-TEHETHIECKUX M TEXHOJIOTMYECKUX PEIICHUHN JUIS YiTyd-
ILIEHNUS] ¥ COBEPIICHCTBOBAHMS CYILECTBYIOIIMX OPOJ] U TEHOTHIIOB KUBOTHBIX B
HaIlPaBJICHUN MTOBBIICHHS KAaYECTBA MOJIOYHOTO CHIPhSl M PEATH3AIH OCHOBHBIX
TIoNIOKeHHUH J{OKTpHHBI IPOJIOBOJILCTBEHHOW 0E3011aCHOCTH CTpaHsbI [23].

BelinonHeHe yka3aHHOTro KOMILIeKca padoT Mo3BoJIUT cHOpMUPOBATH J10-
CTOBEPHYIO0 MH(OPMALMOHHYIO 0a3bl YUETHBIX NaHHBIX, KOTOpPas MO3BOJUT
JIOCTHYb TIEPCTIEKTUBHOTO YPOBHSI MOJIOYHOH MPOJYKTHBHOCTH M BBICOKOTO
KayecTBa MOJIOKa-ChIphs [2, 30].

3a roceHue ToAbl HHTEHCUBHBIE MOJIOUHBIE TTOPOJIBI CKOTA B CHILy CBOEH
BBICOKOW MOJIOUHO TIPOYKTUBHOCTH BBITECHIITH OTEUECTBECHHBIE Oposib!. [1pu-
CyIL[FI€ MECTHBIM ITOPOJiaM HENPUXOTIIMBOCTh U TPUCIOCOOICHHOCTD K KOPMO-
BBIM U KJIUMaTH4YecKuM ycioBusiM CeBepHoro KaBkasa, KpernocTs KOHCTUTYIIHN
He OepyTcsi BO BHUMaHHE. A MEXIy TEM COBEPIICHCTBOBAHUE IUIEMEHHBIX U
IIPOYKTHBHBIX KA9€CTB MECTHBIX ITOPOJI MOJIOUHOTO CKOTA P OJJHOBPEMEHHOM
YITyUILICHUH YCIIOBUI KOPMIICHHSI M COACPIKAHMs pelaeT MHOro npobiem [18].

Cpenu Hanbosee pacpoCTpaHeHHBIX MOJIOYHBIX ropox Ha FOre Pocenn, kpac-
Hasl CTEITHasl [IOpoyia MPOIOJDKAET OCTAaBaThCsl BOCTPEOOBAHHOM ISl TFIEMEHHOTO
Ppa3BezIeHHs Cpe/i COOCTBEHHMKOB KMBOTHBIX Pa3IMYHbIX IIPOU3BOACTBEHHO-OPIa-
HU3AIMOHHBIX opM [12, 13]. OnHUM U3 IPEUMYIIIECTB TaHHOM TOPOJIBI SIBISIETCS
aJlanTaIys K CyXoMy KJIMMAaTy CTeITHOU 30HBI [27]. B ¢Bsi31 ¢ 5THM HaXOIsICh B KOH-
KPETHBIX TPUPOIHO-KIMMATHIECKNX YCIOBHSIX, MOJYYalOT Pa3BUTHE )KUBOTHBIC,
KOTOPBIC O6ﬂaﬂaIOT BBICOKMMM IMOKA3aTCIIIMU aJanTaliii U IPOAYKTUBHOCTHU ITPHU
MEHBIINX TPYAOBBIX X SKOHOMHYECKHX 3aTparax [3, 25]. DTo moKka3bIBaeT, uTo m3-
yUYEHHE BIIMSHAS MAPATHITYECKUX (haKTOPOB HA KAYECTBEHHBIH COCTAB MOJIOKA M
TIPOQHITN KUPHBIX KKCIIOT IMEET BECOMOE 3HaUCHHE, YTO HAXOUT MOATBEP)KICHUE
B paborax 3apyOesxHbIx aBropos A. Canra, C. Henep [32, 36].

Ha nanHBII MOMEHT IOT0JIOBbE KPACHOM CTEMHOW MOPOJbI COCTABISET
12,4% ot o01ero moroyioBbst KPyImHOTO poraroro ckora B CTaBpOIMOILCKOM
Kpae u 3aHnMaet 4 mecto. CpeaHeronoBoii ynoi paseH B 4,2-4,5 ThIC. KT MO-
nokaHa | TonoBy [26], 9TO COOTBETCTBYET OPOAHBIM CTaHIAApTaM [24].
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KauecTBeHHBII cOCTaB MOJIOKA Kak CBhIPbS UMECT BBICOKYIO BAXKHOCTD, IJIsA
MIPOM3BOJICTBA MOJIOYHOH MPOAYKIINH, U, IPH3HABAS NCKIIOUYUTEIHHYIO ICH-
HOCTHh MOJIOYHOTO JKHpa, KaK OJHOTO W3 BAYKHEHIINX KOMIIOHCHTOB MOJIOKA,
0COOBII MHTEpEC MPECTABIISET U3YYECHHE )KUPHOKNUCIOTHOTO COCTaBa, 3HAYH-
MOCTB KOTOpOTO oTpaxkeHa B padorax C. Ilaueko-Ilanmenxaiim, A. By4yuonu,
JI. Cyn [28, 33]. MONOYHBI KHp SBISETCS YHUKAIGHBIM CPEIH BCEX H3BECT-
HBIX J)KMPOB, TaK KaK B ero cocrase cojuepxutcst 6onee 100 KUPHBIX KHCIIOT,
Cp€ar KOTOPBIX, KaK HACBIIIECHHBIC, TAK U HCHACBIIIICHHBIC )KUPHBIC KUCJIOTHI,
MIPECTABIIIONINE 0COOYIO IIEHHOCTH IS YenoBeka [35]. MI3BecTHO, 4To mpen-
MYIIECTBCHHO B COCTABE MOJIOYHOTO JKHPA CONEPIKATCS HACHIIIICHHBIC KUCIIO-
ToI 44,5% (24% naneMuTHHOBOH, 11% MUpHCTHHOBOM U 9,5% cTeaprHOBON).
Ha nomto MmoHOHEHACHIIEHHOH onenHoBOM (Omera-9) u nunomnesoit (Omera-6)
JKUPHBIX KUCIIOT MIPUXOJUTCS, COOTBETCTBEHHO, 32,26% 1 21,68%[4]. BaxkxHsie
HCCIIEZIOBAHUS B 3TOM HAIPaBJICHNH, C IPUMEHEHUEM HH(PPaKPACHOH CIIEKTPO-
MmeTpu, mposenu aropsl M. M. J1. Kactpo, P. . Marcon [29].

Hcnonp30BaHne COBPEMEHHBIX TEXHOJIOTHIA TaeT BOZMOKHOCTD BBITIOJTHATH
Goree neTanbHBII aHAIN3 MOJIOKA, KOTOPBI MOXKET TOMOYb B ITOUCKE CEJICKIIH-
OHHBIX ITyTEeH YIy4lICHHS €r0 Ka9eCTBEHHBIX U KOJIMYECTBEHHBIX IIaPaMETPOB.

Leapio padoThl SBIAIOCH CPABHUTH COCTAB MOJIOKA M KUPHOKHCIIOTHBIN
COCTaB MOJIOUYHOTO JKHPA, TMOJyYCHHOTO OT KOPOB KPAaCHON CTEITHOH IOpPOIBI
B YCJIOBUSIX XO3SHCTB, PACIIONIOKEHHBIX B Pa3HBIX MPUPOIHO-KIMMATHUECKIX
3oHax Cesepnoro KaBkasa.

Hay4ynasi HoBM3HA Ucc/Ie0BAHUI

B nepBrie B ycnoBusix CeBepHoro KaBkaza n3y4yeH KOJIMYECTBEHHBIN COCTaB
MOHOHEHACHIIIEHHBIX, TIOJIMHEHACHIIIIEHHBIX U HACHIIIEHHBIX YKUPHBIX KUCIIOT B
CBIPOM MOJIOKE KOPOB TeHO(OHTHBIX CTa]l KPACHOH CTEITHOM TIOPOIBI, H3yUCHO
BIIMSIHUC MAPATHITNYCCKUX (DAKTOPOB HA CE30HHYIO TUHAMUKY MOJIOUHBIX KOM-
MIOHEHTOB (KU, OEJIOK), 1aHa OIIEHKA KOPPEJIATUBHBIM B3aUMOCBS3SIM MEXKTY
M3y9aeMBIMH TTOKA3aTeISIMH.

MarepuaJ U MeTO/IbI HCCJIe0BAHMUS

OOBeKT nccne0BaHNsl — MOJIOKO KOPOB KPAaCHOW CTEMHOM MOPOIBI T'€HO-
¢ongnoro craga CraBpomnonbekoro kpast. OOIee MmoroioBbe TOWHBIX KOPOB
(n=980...1066 TOIOB) CONCPIKUTCS B PA3HBIX PaliOHAX Kpas U Pa3[CIICHO Ha
ctago I (n=380...430) ronos u ctano I (n = 600...636).

HUccrnenoBanus mokas3aresnei kKadecTBa MOJIOKa MPOBOAMINCH B Jlaboparo-
UM CETEKIIMOHHOTO KOHTpos kauecTBa Mosioka @I'EOY BO Craspononbsckuii
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T'AY, nHomep rocpeructparuu Ne 262704801000, ¢ ucrionp30BaHNEM aHAIU3a-
TOPOB MOJIOKA, pab0Ta KOTOPHIX OCHOBaHA HAa HH(PPAaKpacHOH criekTpodoTome-
Tpuu ¢ mpeodpazoBanreM Oypre, kommaruu Foss (Jarmst): MilkoScanMars u
CombiFoss 7ds, 1o nokazaressiMm MaccoBO# J10JIM )KHUPa U MacCOBOH /10K OeJika
B coorBercTBUH ¢ [OCT 32255-2013, TOCT 5867-90, 'OCT 8218-89, TOCT
25179-2014. ITonrotoBka mpod 1 0TOOP MOIOKA TPOBOAMIIICH B COOTBETCTBHH
¢ TOCT P UCO 707-2010 u 'OCT 26809.1-2014 [6-11].

KoadduimenTs! Koppensiun MexXy OCHOBHBIMH ITOKa3aTesIMA COCTaBa
MOJIOKA M KIIMMAaTHYeCKHMH 0COOCHHOCTSIMHU Kpasi, CTAaTHCTHYECKHE PacyeThl,
MIPOM3BE/ICHHBIC MPU ITOPOrOBOM 3HaueHHU Kpurepust Ctpromenrta p < 0,05,
OBUTH pacCYMTaHbI C HCIIOJIb30BaHHEM KOMIIbIOTEpHOIT mporpamMbel MS Excel.
J71st KOppeKTHOTO pacyera ko duIMeHTa T0Ka3aTeIH TeMIIepaTyphl IepeBe-
nensl u3 enuHAI rpagyc Lenscus (°C) B equannsl rpaxyc ®apenreiita (°F) mo
bopmyre ((0 °C x 9/5) + 32 =32 °F).

Iloxazarenu TeMneparypsl U OTHOCHUTEIbHOM BJIAXKHOCTH OKpY Karollei
Cpeapl MOTYYCHBI HA OCHOBE apXHMBHBIX KIMMATHYECKHUX TaHHBIX [16] u cob-
CTBEHHBIX UCCJIEAOBAHMUI, C TOMOIIBIO ACTIMPAIIIOHHOTO IICHXPOMETPA B COOT-
BerctBuu ¢ ['OCT 12.1.005-88 [5].

Pe3ysbTarhl HCC/Ie0BAHUS M UX 00CY:KIeHHe

I'enoonaHOE CTAO KOPOB KpacHOM CTEIHON nmoposs! | comeprkanock Ha
TPaHHUIIE CEBEPO-BOCTOYHBIX CKIOHOB CTaBPOIOIBCKONW BO3BBIIICHHOCTH U
FOTO-3amaTHOM JacTH MaHBIUCKOH HU3MEHHOCTH. DTOT PaiioH C Pe3KO KOH-
TUHEHTAJIBHBIM KJIMMAaTOM OTHOCHUTCSI K KaTE€rOpuHU 3aCylUIMBBIX, B JIETHUH
NEepUoJ CPEAHAA MeCSUHas TeMIIepaTypa MOKeT gocTurars 23 — 24 °C (o Pa-
penreiity 73,4 — 75,2 °F), a makcumansHas 1o 42 °C (107,6 °F).

I'eHOOHITHOE CTa/I0 KOPOB KpacHOH cTermHoi mopos! I comepikanock Ha
CTEINHO! paBHUHE CEBEPO-BOCTOUHON yacTu CTaBpOINOIBCKOTO Kpasi. DTOT paii-
OH OTHOCHTCS K KaTE€TOPUH KpailHe 3aCyIUTUBBIX, B JICTHHH MEpUOJ CpeaHe-
Mecs9Has Temmeparypa MoxeT gocturats 25 °C (77 °F), npu MakcuMasHON
temreparype 43 — 45 °C (109,4 — 113 °F) [15].

B cooTrBeTcTBUM € IPUHATOI B XO34HCTBAaX TEXHOIOIUH, BCE IIOr0JIOBBE KOPOB
COZIEP’KUTCS 110 CTOMIIOBO-BBITYJIBHOM CHCTEME € MCIIONIb30BAHUEM KOPMOBBITYITb-
HBIX BOPOB. OCHOBY paIMoHa COCTABIISIIOT KOPMa COOCTBEHHOTO ITPONU3BOJICTBA.
Panmons! 1o oOmieil nuTaTeaIbHOCTH HaXOMMWIHCh Ha ypoBHe 126 — 130 M/Ix
o0OMeHHOi1 sHeprun. JloeHne KUBOTHBIX MMPOXOIUT B JIMHEHHBIN MOIOKOTIPOBOI.

CpemHecyTouHBIN Hamo# MoJoka B I crage cocrapnser 12 xr/roin., a cpen-
Huli ronoBoii yaou 4,0 — 4,3 Teic. kr Mosoka Ha 1 kopoBy. Bo Il ctage cpenne-
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CYTOYHBII HAJ0 MOJIOKA COCTABIISIET 13 KI/TOJL., IPH 3TOM, CPEIHUIN TOI0BOU
yaoii cocraBiseT 4,1 — 4,4 Teic. KT MOJIOKa Ha 1 KOpOBY.

BaxHBIM (haKTOPOM YCTOHUMBOTO MTPOM3BOICTBA MOJIOYHOTO CHIPbS SBIIS-
eTcsl CTaOMIIBHOCTh KaUeCTBEHHBIX MTOKa3aTeNeil MOJIOKa Ha TIPOTSHKEHUH TIPO-
M3BOJICTBEHHBIX MIEPHOJIOB TOIA.

AHaJn3 TO10BOM AMHAMUKH COICPKaHMS JKUpa 1 Oellka B MOJIOKE KOPOB
I u II crana nokasas, 4To Ha NPOTSDKEHUH OCceHHe-BeceHHero nepuona (IV-11
KBapTa) CpefHee 3HaYeHHE 110 IoKa3aTelio xkupa B craze I cocrasisno 4,08 %,
gro Ha 9,13 % OBUIO MEHBIIIE, IO CPABHEHUIO € TIOKa3aTeNIeM B MOJIOKe KopoB 11
crana (puc. 1, Tadmn. 1). ITpu aToMm, B I1I kBapTane copepxanue )Kupa B MOJIOKE
kopoB | cTasia XOTs M HECKOJIBKO TPEBBIIIANIO TIoKa3arenu craja ll, ogaako atn
pasznuuus ObUIN CTAaTUCTUYECKH HelocToBepHBI (p > 0,05).
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INokazarenb Oesika B Mosioke KopoB I crama npeotiiaian Ha MPOTSHKCHUH BCETO
romaHa 5,4 -15,4% (p <0,05) m mMeeT cTaTuCTHIECKyT0 3HAYMMOCTB (pHC. 2, TaOm. 1).
Tabnuya 1.

Ce30HHOE H3MEHEHHUE CO/leP:KAHHS MOJIOYHOIO0 KUPa H fe1Ka
B MoJioke kopoB I u II craga

ConepxaHue xKupa Conepxanue 6enka

Kgapranst rona B MoOJOKe, %, (M+Mm) B MOJOKe, %, (MEMm)

I crano Il crano I crano II cramo
I 4,04+0,09 | 4,39+0,30* | 3,17+£0,02 | 3,66+0,04*
II 3,64+0,05 | 4,04+0,09* | 3,31+£0,09 | 3,49+0,08*
11 4,10+0,15* | 4,05+0,13 | 3,37+0,02 | 3,57+0,11%*
v 4,56+0,11 | 5,06+0,18* | 3,44+0,06 | 3,80+0,14*
Cpennee 3Hauenue 3arog | 4,08+0,18 | 4,38+0,23 | 3,324+0,05 3,63+0,06

* — cratucTHYeCcKast JOCTOBEPHOCTh pasnuunid npu p < 0,05

CTOUT OTMETHTD, YTO B pPe3ylbTaTe UCCIEIOBAHNH, BBISIBICHHAS Pa3HUIA
B TIOKA3aTeIsAX KHUpa 1 OeJIka B MOJIOKE, YIUTHIBasi OMOJIOTHYECKUE OCOOCHHO-
CTH KPaCHOTO CTEMHOTO CKOTa, BXOAUT B PAMKH MOPOJIHBIX 3HAUYCHUH U COOT-
BETCTBYIOT TPEOOBAHUSIM, NIPEABSIBISIEMBIM K TNIEMEHHBIM X03sHcTBaM [22].
B Toke Bpems, aHANMM3 TPEICTABICHHBIX TPAPHUKOB JUHAMUKHA MOJIOYHOTO
Knpa 1 OerKa MoKasal, YTo ToI0Basi BOJIATHIIBHOCTH MOJIOYHOTO JKMPA COCTABHIIA
25% B 1 u Bo Il crane. [Ipu 5ToM MUHMMaTBHOE 3HAUEHUE KHUPA B IBYX CTaax Ha-
omromanock Bo I1 kBapraie, cooTBeTcTBEHHO, B I cTane 3,64 %, Bo Il crazme 3,49 %
1 MaKCHMAaJTbHOE 3HaYEHHE 3TOTO MoKa3aTess Bo [V kBapTase rofa cocTaBisuio B |
crazge 4,56 %, a Bo Il ctage — 5,06 %. ['ogoBast quHAMMKA BOJIATHILHOCTH MOJIOY-
Horo Oeka cocrasuia 8,5% B I crajie, rie MUHAMAIBHOE 3HaUYeHHEe OelKa ObUIO B
I xBaprane 3,17 %, a MakcumansHOe 3HaueHne B [V kBapraine 3,44 %. Bonarums-
HocTb Oernka Bo Il crane paBHa 8,8 % ¢ MUHMMAIBEHBIM 3HaueHHeM Bo 11 kBaprase
3,49 % u maxcumansHbIM — B IV kBapraie 3,8 %. M0XHO penonoKuTh, 4TO 13-
MEHEHHSI 3TUX MOKa3aresie HOCUIIM BbIPAKEHHBIN CE30HHBIN XapakTep.
[pruanHOit Oonee HU3KUX MOKa3aTeleit xupa u 6enka Bo 11 kBapTane (Bec-
HOI) MOXET CIIy’)KUTb TaK)K€ BO3MOKHOE CHUKEHHUE MOJIHOLIEHHOCTH KOPMOB,
B TO BpeMms, Kak B [V kBapTasie (0CeHbI0), KaK PaBMIIO, HA KOPMOBOM CTOJI ITO-
JTaeTCsI CBEXKHI 3aTOTOBJICHHBII KOPM C O0JIee KaueCTBEHHBIMH TIOKa3aTeIsIMH,
Kak 3T0 1mokasaio B padotax A. I1. Kamamnukosa (2003), B. 1. Tpyxauesa ¢
coasrt. (2006, 2011), 1 mosaToMy *H1p U OEJIOK Ha BBICOKOM ypoBHe [ 14].
JleroM BBICOKasi TEMITEpaTypa M OTHOCHUTENbHAS BIAYKHOCTH BO3yXa MpH-
BOIIAIT K YXYIIICHUIO OOIIEr0 COCTOSHISI JKHBOTHOTO U HETAaTUBHO BIUSIOT Ha
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€ro NPOJYKTUBHOCTB ¥ COCTAB MOJIOKA, T0ITOMY JKHP M OCJIOK B JICTHUH ITEPUOJT
MTOKA3BIBAIOT CPETHIE 3HAUCHISI, HA YTO YKA3bIBAIOT MaTEPHAITbl HCCIICAOBAHNUN
. A. NBanoBoii (2022) u pe3ynbTaThl COOCTBEHHBIX HCCICHOBaHUMN [2, 34].

W3menenue koauyecTBa Oeika B MOJIOKE, B TEYCHHUE T'0/1a, COBIAIALT C JH-
HaMHKOI1 J)kHpa, HO MEeHee BelpakeHa. Kak oTMeuaroT B MexXIyHapOIHOM KO-
mutete To peructpanuu XuBOTHEIX (ICAR) [21] mokasaTtens Oenka B MOJIOKe
SIBIIIETCS OoJiee CTaOMITbHBIM, 110 CPABHEHUIO C [TOKA3aTeIeM KUpa MU BO3/ACH-
CTBUH Ha )KUBOTHOTO BHEIITHUX KIIMMAaTHYECKUX (DAKTOPOB, TOITOMY KOJIEOAHHMs
ToKa3aress 0eKa B MOJIOKE MaJIO3HAYUMBI JJIs1 H3YICHUSI.

CormocraBiieHHe pe3ysIbTaToB TOJ0BOM AMHAMUKH JKHPa B MOJIOKE KOpPOB |
n Il craga c mokasaressiMu TeMIeparypsl U BIaKHOCTBIO BO3yXa KIMMaTH4e-
CKHUX 30H, B KOTOPBIX COEP>KAINCH KOPOBBI, TOKA3aJI0 BRICOKYIO CTEIICHb OT-
pHUIATEIEHON 3aBUCHMOCTH MOJIOYHOTO JKHPa K TEMIIEpaType BHEITHEN CPEIbI
Bo Il crane. KoadduimenT koppessinui Mex 1y >KHpOM U TeMIIepaTypoi OKpy-
JKaroren cpenbl coctaBui -0,8477. Y BRICOKYIO MOOKUTENBHYIO 3aBUCUMOCTh
MOJIOYHOTO KHpa K BIaKHOCTH Bo3ayxa r = 0,9297 (tadm. 2).

Tabnuya 2.

Koy dpuunents! koppeassiuy TeMIepaTypbl U BJIAKHOCTH BO31yXa
K M0Ka3aTe/IsiM MOJIOYHOI0 KHPa B cTagax

KoaduumenT koppesimn, r

Crago Temneparypa Bozayxa, T, °F BraxnocTs Bo3myxa, @, %
I -0,4375 0,5269
11 -0,8477 0,9297

[IpoBeneHHe aHAJIOTUYHBIX PACUCTOB MEXIY ITOKa3aTEISIMH MOJIOYHOTO
Oenka M TMHAMHUKON CpeHel Ce30HHOM TeMIIepaTyphl, U BIaKHOCTBIO BO3JLY-
Xa, TO3BOJIMJIO YCTAHOBUTH BBICOKYIO OTPUIATENIbHYIO 3aBUCUMOCTH 1 = -0,7087
OT TeMIIepaTypbl U BHICOKYIO MOJIOKUTEIBHYIO 3aBHCUMOCT OT BIIQKHOCTH
Bo3ayxa r = 0,8225 (tabm. 3).

Tabnuya 3.

Koadppuuuents! koppeasiuuu TeMnepaTrypbl U BJa:KHOCTH BO31yXa
K N0Ka3aTeJsAM MOJIOYHOTI0 0eJIka B cTajax

KoadpunmenT xoppemsimn, r

C
o Temneparypa Bozayxa, T, °F BnaxzocTh Bo3ayXa, @, %
1 0,3595 -0,2204
11 -0,7087 0,8225

Kinmarnueckue 30161 cogeprxkanus kopos I u Il crana umeroT He 3HAYUTENb-
HbIE OTIIMYMS 10 CPEAHEN CE30HHON TeMIeparype Bo3ayxa. PazHuna cocrasis-
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et 1,1-2,9 %. MakcumanbHOE pacXoKICHHE B IMOKa3areisx Hadmomaercs B [V
kBaprase 2,9 %, a muanmanbHoe B I kBaprane 1,1 % (puc. 3).
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[Tpn aHaMOrMYHOM aHaJIM3e BIAKHOCTH BO3[yXa KIIMMaTH4YeCKuX 30H | u
II crama pa3auma B mokasaremnsx coctasiuset 1,6-7,6 %. [Tpu sTom MakcuMaib-
Has paszHula npocMmarpusaercs B 11l kBaprane roga 7,6 % 1 MUHEMAaNbHas BO
II xBaprane 1,6 % (puc. 4).

[TonyueHHble JaHHBIC TO3BOJISIOT CJIEIATh BHIBOJI, YTO Pa3HUIA MEXKTY JBY-
Ms KIMMaTHIeCKAMH 30HAMH T10 TTOKa3aTesiM TEMIIepaTyphl BHEITHEH cpe/Ib
1 BJIOXHOCTHU BO3JlyXa HECYIIECTBEHHA, O/THAKO MOXKET OKa3bIBaTh BIIMSHHUE HA
KaueCTBEHHBIC MTOKA3aTEeNIN MOJIOKA.

PesynbTars! n3ydeHns KOPPEIAINOHHBIX B3aHMOCBSI3EH MEX Ty ITapaMeTpa-
MU KJIAMaTa ¥ COJCPKaHUEM XKHpa U OeKa B MOJIOKE ITOKAa3BIBAIOT, UTO CYIIIC-
CTBYET BBIp&KCHHAsI B3aUMOCBSI3b MEXKIY STHMHU (pakTopamH.

Tak, nHanipumep, aBTopbl B. K. Cropkus (2019) u A. C. Bunbsep (2022) otme-
YaroT BIUSHAE KIIMMAaTHICCKUAX YCIOBHHA CONEPKAHUS KUBOTHBIX U YKa3bIBAIOT
Ha 3aBUCHMOCTbH IMOKa3aresel jxupa 1 Oeika B MOJIOKE KOPOB OT TeMIIEepaTy-
PBI OKpY KaroIel cpebl U BIaXKHOCTH Bo3ayxa. [1o Marepuanam uccienoBaHuii
JTAHHBIX aBTOPOB, a TAKXKe 10 COOCTBEHHBIM FCCIICTOBAHISIM [2] OTMEUEHa 3aKO0-
HOMEPHOCTH B TOM, YTO B OTHOIICHHH TEMIIEPATyphl BO3AyXa KOPPEISIMOHHAs
B3aMMOCBSI3b OTPHLATENBHAS, TO €CTh, C OBBIILIEHHEM TEMIIEPaTyphl BO3/1yXa Ha-
OJromaeTCs CHIDKCHUE TTapaMeTPOB KauecTBa MOJIOKA. B OTHOIIEHNH BIaKHOCTH
BO3IyXa, 3Ta B3aNMOCBS3b SABISCTCS TOIOKUTENHHON. HO MOTYT MOITyYnThCS 1
o0paTHbIe 3HaYeHHSI, I1e KOODPUIMEHT KOPPEIALMU MEXKIY BIaKHOCTHIO BO3JLY-
Xa ¥ [0Ka3aTelsIMU KauecTBa MOJIOKa Oy/JIeT MIMETh OTPHUIIATENIbHYIO B3aUMOCBSI3b,
YTO SBISICTCS TIPSIMETOM JUIS TATBHEHIIIETO U3y ICHII.

[TomMuMO M3yueHHs! KaYeCTBEHHBIX ITOKa3aTeNeil MOJIOKa psijt 3apyOesKHbBIX
aBTOPOB OTMEYAIOT BAXKHOCTH MCCIIEIOBAHHSI €ro KHPHOKUCIOTHOTO COCTaBa.
B cBonx paborax A. Canra, u . Mupnura (2022) yTBEep>KIaroT, YTO YKUPHBIC
KHCIJIOTHI UMEIOT aHTHOKCHIAHTHYIO CITOCOOHOCTB, YTO OKA3bIBACT OIarOTBOPHOE
BJIMSIHUE HA TUTaHUE U 3I0POBbe uenoBeka. B Toxke Bpemst aBropst JI. JI. Cyn, [Ix.
T. bpennak (2022) npuIIIIH K BEIBOY, YTO ASHCTBUE KUPHBIX KUCIIOT Ha 37I0PO-
BbE YellOBeKa JI0 KOHI[a He U3Y4YeHO, HO MMEIOIINECS JaHHBIC CBUICTEIbCTBYIOT
0 TIPOTHUBOOITYXOJICBOM aKTUBHOCTH B KJIETKaX paka MOJIOYHOH KeJIe3bl YeJIoBe-
Ka U MPOTHBOBOCTIATUTENILHOM JICHCTBUY B KUIIIEYHBIX SHTEPOLIMTAX YETIOBEKA.

Asrtops! C. [Tagexo-ITanmenreiim u P. ['o3mmak (2022) n3y4ainm >KupHBIE KHIC-
JIOTBI CO CTOPOHBI ITUIIIEBOI OTPACIH U CIICIAN BEIBOJI, YTO COCTAB YKUPHBIX KHC-
JIOT OKa3bIBACT BIMSIHUE HA YCIIOBHS IEPEPabOTKH MOJIOYHOTO JKUpa (HanpuMmep,
MIPOIIECCOB (PPAKIIMOHUPOBAHUS, CO3PEBAHNUS CIIMBOK IS TPOM3BOCTBA Macia)
1 TEKCTYPHBIX XapaKTePUCTHK TAKHUX MPOIYKTOB (HAIPUMED, TBEPOE, TIAIKOE,
TIECOYHOE OLIyIIeHKE BO pTY). [THieBas ieHHOCTH MOJOKa, CBSI3aHHasI ¢ TPOpH-
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JIEM SKUPHBIX KHUCJIOT, aHAJOTHYHBIM 00pa30oM MEPEHOCHIIACH Ha ChIPbI, OTHAKO
THII TIpoILecca MPOU3BOJCTBA ChIpa U30UPATEIbHO BIUSLII Ha Mepeaqy dKUPHBIX
kucaot. Takum 00pa3om, HEOOXOIUMBI TATTbHEHIIINE UCCIIETOBAHMSI TS YTy Yllie-
HUSI 3HAHUI O POJIH MPOU3BOJICTBA ChIPA B MOAYJISILIUK PO IS JKUPHBIX KHCIOT
JUJIsI ITIOBBIILICHU ST MMUTATEIbHON ICHHOCTHU KOHCYHBIX ITPOIYKTOB.

Awuanu3 cofiepKaHusi MOHOHEHACBIIICHHBIX, MMOJMHEHACHIIIICHHBIX U HACKI-
IICHHBIX JKUPHBIX KUCIOT B MojIoke kopoB I u II craja mokasai, 94To B MOJIOKE
KOpPOB B 1 CTaZC NMOoKa3aTejini MOHOHCHACBIIICHHBIX U TOJIMHCHACBIIICHHBIX KUP-
HBIX KHCJIOT BBIIIE, YeM B MOJIOKe KopoB Bo II crage ma 15,8% u 19,6 % (p <
0,05), cOOTBETCTBEHHO. A KOJIMYECTBO HACBIIIEHHBIX KUPHBIX KHCIIOT BBIIIE B
Mojioke kopoB I ctana, uem B Mosioke kopoB | ctama va 11 % (p <0,05) (tadm. 4).

Tabnuya 4.
CopeprxaHue ;KUPHBIX KHCJIOT B CHIPOM MOJIOKe
B JIETHE-0CEHHMI1 epuoj roaa

Kos4ecTBO sKMPHBIX KUCIOT MOJoka, 1/100 !, (M£m)

Crano CymmapHoe MoHo - Tomn -
Hacsluennsie
KOJIMYECTBO | HEHACHIIICHHbIE | HEHACHILIICHHBIE
I 4,204+0,049 | 1,385+0,016* 0,158+0,001* | 2,660+0,034
11 4,281+0,047 | 1,195+0,017 0,132+0,001 | 2,954+0,033*

Cpennuii mokasa-
Tellb 110 HOPOJIe
* — CTaTHCTHYECKast JOCTOBEPHOCTH pasnuyuii npu p<0,05

4,231+0,036 1,3194+0,012 0,149+0,001 | 2,761+0,025

YcraHoBIICHHAS! pa3HUIA B KOJMYECTBE HACHIIICHHBIX, MOHOHEHACHIIICH-
HbIX U INOJIMHCHACHIIIICHHBIX KHCIIOT B Iull cTaac ABJIACTCA CTATUCTUUCCKU
nmoctoBepHOit (p< 0,05).

[IpoueHTHOE COOTHOMICHHUE HACKHIIICHHBIX KUPHBIX KHCIOT K 00MIeH CyM-
M€ JKUPHBIX KHCIIOT cocTaBuiio 69,0% Bo I crane u 63,2% B I crane (Tadm. 5).

OTHoOIIIEHNE TTOIMHEHACHIIIICHHBIX K MOHOHEHACBHIIIEHHBIM KUPHBIM KHC-
notam cocrasmio 11,4 % B monoke kopos I craga n 11 % B Monoke oT KOpoB
II crapa. I1pu 5TOM COOTHOIIEHNE HEHACHINIEHHBIX )KUPHBIX KHCIOT K HAChI-
IIEHHBIM KUPHBIM KuclioTaM cocTaBuiio 58% B I crane u 44,9% 8o II crane.

ITosTOMy MOXXHO c€NaTh BEIBOA, YTO OHOIIOTNYECKAst IEHHOCTh MOJIOYHOTO
KHpa, MPOLYIUPYEMOT0 KOPOBAMH KPacHOH CTEMHOW mopoysl, B I cTaze BbIie,
4eM MOJIOUHOI'0 JKUPA, COLEPIKALIEIOCs B MOJIOKE KOPOB 3TOM 1opoas! Bo 11 crane,
3a CYeT MOBBIIIEHHOTO KOJIMYECTBA HEHACBIIIEHHBIX )KUPHBIX KHUCIIOT B MOJIOKE.

Baxarle nccnenoBanus B 3Toi obmactu mposenu aBTopsl M. Kactpo, P. /1.
Mborcon, 1. O. Canun, u M. 1. Mapkonec (2022), koTopsle B cBoei paboTe Tak
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JKE MCITOIB30BAIM METO/] HH(PPAKPACHOM CIIEKTPOPOTOMETPHUH C IIPeodpa3oBa-
HreM Dypbe U CBSI3aIH €ro ¢ YIPABICHHEM CTaJIa, TIPH KOTOPOM Ha KUBOTHBIX
He Oy/IyT BIUATH cTpecc-(hakTophl HX coep:Kanus. BeecTere ero, moBbICH-
JIaCh TPOYKTUBHOCTH KHUBOTHBIX M KAYECTBO HEOOXOIUMBIX KUPHBIX KHUCIIOT.

Tabruya 5.
CoO0THOIIEHHE MOHOHEHACHIIIEHHBIX, 0IHHEHACHIIEHHbIX
M HACHIUIEHHBIX JKHPHBIX KHCJIOT B CHIPOM MOJIOKE

COOTHOIIICHHE KUPHBIX KUCIOT, %o
ITokazarens COOTHOIICHUS
Crano [ Crano 1

ITonuHeHachIIeHHbIE/MOHOHCHACHIIIIEHHBIE 11,4 11
HenaceleHabIe/HACHIIIICHHBIC 58 449
Hacpimennbie/o01mast cymMMa JXHUPHBIX KHUCIIOT 63,2 69
HenaceimeHnbIe/0011ast CyMMa KHPHBIX KHCJIOT 36,8 31
MoOHOHEHACHIIIEHHBIE/001IIee KOJI-BO 89.7 9.9
HEHACBIILICHHbBIX ’ ’
[TonuuenackleHHbIC/00IIICE KOJI-BO 10.2 9.9
HEHACBIIICHHBIX ’ ’

Buumanmust 3acimyxuBaet u pabora A. Canto u [I. Mupnura (2022), e aB-
TOPBI OTMETWIM BIHUSHUE CE30HHOCTH HA JKUPHOKHUCIOTHBINA COCTaB MOJIOKA,
TaK JIETOM NPeo0IaJatoT HEHACHIIIEHHBIC KUPHbIC KHCIOTHI, B TO BPEMsl Kak
3UMOH YBEITMUMBACTCS KOIIMUECTBO HACHIIICHHBIX )KUPHBIX KUCIOT. Tak ke Ha
COCTaB >KUPHBIX KUCIIOT M MpeoliiaiaHie OAHUX KHUPHBIX KUCIOT HaJ JPYTH-
MU BJIUSCT PAIlOH KOPMJICHHS U BO3/ACHCTBHE KIIMMATHYECKHUX YCIOBHUH, UTO
TpeOyeT JIOTIOTHUTEIBHOTO H3yUCHNUSI.

[NonyueHHble JaHHBIE MOKHO OyIeT MCIIOIb30BaTh B 3aBUCHMOCTH OT Ha-
MPaBJICHUS MOJIOYHOTO POU3BOJICTBRA.

B cBoio ouepens asropsi C. Menep u C. IMauexo-Ilarmenreiim (2022) B cBOHX
HCCIIE/IOBAaHUAX OTMETHIIN BIMSIHUE PAalliOHA KOPMJICHHS Ha >KUPHOKUCIOTHBIN
COCTaB MOJIOKa, TaK KOPOBBI, NMEBIIHUE JIOCTYI K MacTOMIIaM, rokasain Oolee
BBICOKOE Ka4eCTBO MOJIOYHOT'O JKHpa C TOYKH 3PEHUS BO3ICHCTBHS Ha 310POBHE
YEeJIOBEKA 10 CPABHEHHIO C KOPOBAMM, KOTOPBIX KOPMILIN B 3aKPBHITOM MOMEIIICHUH.

CTouT OTMETHUTH TOT (aKT, YTO MOJIOKO, TIOJIydYeHHOE, OT KopoB | cranga
umersa OoJjee HU3KME MOKaszaTeNu xupa u Oernka, uem B mosoke Il crana, HO
T10 JKUPHOKHCIIOTHOMY COCTaBY OKa3aJ10Ch 00JIee MPeNOuTHTEIbHBIM, TaK KaK
YACTBHBIN BEC HEHACHIICHHBIX )KUPHBIX KUCIIOT OB BhImIe HA 13,1%. U, yun-
ThIBast MHeHHe aBTOpoB C. [Taueko-ITanmnenreiim u P. T'oznunk (2022), MOKHO
IIPEATOIOKHUTh, YTO MOJIOKO KOpoB | cTajga MoxkeT Hanbosiee MoJIe3HO U IpH-
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TOAHO B HpI/IFOTOBHeHI/II/I CI)IpOB " CJIMBOYHOI'O Macja, 4TO TaKXKC 6yz[eT SAB-
JIATBCS MPEAMETOM JajdbHEMIINX HccieqoBaHuN. Taxxke, cielyeT OTMETUTD,
YTO KUPHBIE KHCIOTHI, KaK OJMH M3 KOMIIOHEHTOB MOJIOKA, SIBIITFOTCS BAKHBIM
00BEKTOM JIJIS TATBHEHINETO U3yUCHHUSI.

BriBoabI

1. IIpu npoBeneHnn UcCIeA0BaHNI COCTaBa MOJIOKa KOPOB YCTaHOBJICHO,
YTO CPEIIHEr0I0BOE 3HAYCHUE )KUPa B MoJIoKe KopoB [ u Il ctana coorBercTBYET
TIOPOTHOMY CTaHAAPTY M npeBocxoauT ero B I crage Ha 10,3% u Bo Il crage Ha
18,4%. CpemHeronoBoe 3HaueHHE Oenka B Moioke kopos | u II crama tak ke
COOTBETCTBYET IOPOTHOMY CTAHAAPTY U MPEBOCXOAUT ero B I crazne Ha 7,1%
u Bo Il crage na 17,1%.

2. AHaim3 »KUPHOKHCIIOTHOTO COCTaBa MOJIOYHOTO YKMpa MOKA3aJI, YTO B MOJIOKE
KopoB | cTaja KoM4ecTBO MOHOHEHACKIIIICHHBIE 1 TIOJIMHEHACHIIIICHHBIE JKUPHBIX
KHCIIOT 0Ka3aJI0Ch BhIIIe, 4eM B MoJioke kopoB Il crana Ha 15,8 % u 19,6 %, coort-
BETCTBEHHO, A KOJIMIECTBO HACBIICHHBIX KUPHBIX KUCIIOT MeHbIue Ha 11 %. [Tpn
9TOM TIPOLICHTHOE COOTHOIICHHNE HEHACHIIEHHBIX KUPHBIX KUCIIOT K HACHIIICH-
HbIM cocTaBmio 58 % B Mosoke kopoB I cTama u 44,9 % B Momnoke kopo 11 craza.

3. JlaHHBIC KOPPEISIIMOHHBIX B3aMMOCBS3€ll YKa3bIBAalOT HA BBICOKYIO OT-
pHUmIaTeNnbHy0 3aBUCUMOCTE (r = -0,8477) MexIy moKas3areyieM Kupa U TeM-
repaTypol OKpy’Karolle cpesibl U BHICOKYIO MOJOKUTEIbHYIO 3aBUCHMOCTh
(r=10,9297) mMex 1y KUPOM U BIAXKHOCTHIO BO3AyXa B Monoke kopos II craxa.
AHanoruyHas CHTyallMsl ¢ TIOKa3areneM Oenka. BeIsBieHa BbICOKas OTpHUIia-
TeNIbHAsI 3aBUCUMOCTD MEXJy OCIIKOM M TeMIIepaTypoil OKpY»Karolei cpesib
(r=-0,7087) 1 BbICOKasI ITOJIOKUTEIbHAS 3aBUCUMOCTD MEXK/Ty OCIIKOM U BIIaXK-
HOCTBIO Bo3ayxa (r = 0,8225) B momoxe kopos Il crana.

KoHpauKT HHTepecoB: aBTOPHI 3asBISIIOT 00 OTCYTCTBUU KOH(IMKTA UH-
TEpPECOB.

®unancuposanue. Hayqno-uccnenoBarenbckas paboTa BBIIIOJIHEHA B paM-
Kax peaju3aluu nporpaMmsl akagemuueckoro juaepcrsa @I'60Y BO Cras-
pomnonsckuii I'AY «IIpuoputet-2030».
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ANTAGONISTIC POTENTIAL
OF NATURAL ISOLATES OF TRICHODERMA
SP. REGARDING NEW ECONOMICALLY
SIGNIFICANT MICROPATHOGENES OF GRAPES
IN WESTERN CISCAUCASIA

E.G. Yurchenko, N.V. Savchuk, M.V. Burovinskaya

Studies conducted worldwide on different crops, including the grape, show
the expansion of species variety in micropathogens through the emergence of new
species in Alternaria Nees, 1817, and Fusarium Link, 1809 genera. The Fusarium
pathogenic species attack grape buds and bunches and cause an average mass
reduction of 12.8% to 60.3% and a bunch length reduction of 7.7% to 39.4%. This
negatively affects the quality of grape products and the tradability of table grapes
in particular. The Alternaria Nees, 1817 fungi are a part of grapes necrotic spot
pathocomplex and can cause a photosynthetic potential decrease, consequently
reducing the yield per bush by 18% to 27 % and the sugar content by 6.1% to
9.1%. The fungi genus Trichoderma Pers., 1801 can be efficient against such bio-
pathogenes. This study aims to examine the Trichoderma spp. culture obtained from
native ampelocenoses of the Western Ciscaucasia in vitro in the context of Fusarium
generative organs wilt (Fusarium proliferatum F-41/1, F. oxysporum F-117) and
necrotic spot (Alternaria sp. 425-3) pathogenes to identify the strains showing the
greatest antagonistic potential. We established that the Trichoderma spp. T-441/1
strain has the most active antagonizing effect against Fusarium spp., whereas the
T-404-1 strain is the most effective against Alternaria sp.

Keywords: antimycotic activity, antagonistic strains, new diseases; ampelo-
cenoses, fusarium wilt; mecrotic spot disease
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Hayunas crarbs

AHTATOHUCTHYECKHWHA MMOTEHIIUAJI
IMPUPOAHBIX U30JATOB TRICHODERMA
SP. BOTHOIMEHNUHA HOBbIX OKOHOMHNYECKHA
SHAYUMBIX MUKOITATOI'EHOB BUHOI'PAJIA
B 3AITATHOM IIPEJKABKA3BE

E.I FOpuenxo, H.B. Casuyk, M.B. Byposunckasn

Ilo dannvim MUpoBbIX UCCIEO08AHUTI HA MHOUX CEbCKOXO3ANUCMBEHHBIX K) b~
Mypax, 8 mom uucie guHozpaoe, OMmeuaemcs: pacuuperue 8108020 cocmasa Mu-
KONAmMo2eHo8 3a cuem Nosielenust HO8bIX 8DEOOHOCHbIX 61008 U3 podos Alternaria
Nees, 1817 u Fusarium Link., 1809. Ilamoeennvie 6udvr Fusarium Link., 1809, no-
paodicaiowjue coygemusl U 2po30u BUHO2PAOd, GbI3bI8AIOT CHUdICEHUE CPEOHell MACChl
epo3ou na 12,8-60,3 %, ymenvuenue 0aunvl enagnou ocu epo3ou na 7,7-39,4 %,
Mo He2AmuUBHO CKA3bIBAEMCS KA4eCmee 6UHOSPAOHOU NPOOYKYUL, U OCOOEHHO MO-
sapHocmu cmono6o2o eunozpaoa. I pubsl pooa Alternaria Nees, 1817, exoosawue 6
NAMOKOMNIIEKC HEKPOMUYECKOU IUCMBOU NAMHUCTNOCTU BUHOSPAOA, BbI3bIBAION CHU-
Jicerue omocuHmemueckoeo NOMEHYUAIA BUHOSPAOHO20 PACTEHUSL, YO MOICEN
cHusumb ypooicail ¢ kyema na 18-27 % u caxap 6 sieooax na 6,1-9,1 %. dphpexmus-
HbIMU a2eHmMaMu OUOKOHMPONA OAHHBIX MUKONATNOLEHO8 MOCY BbICTYNATNb 2PUbbl
pooa Trichoderma Pers., 1801. [Jenvto uccredosanuil 6110 npomecmuposans in
vitro kynemyput Trichoderma spp., avidenennvie u3 ecmecmeenbix YCloeuil amne-
J0YeH0306 3anaonozo Ilpedkaskaszvs 6 omHoweHuy 6030youmeneti y3apuo3Hoco
yevixanusi eenepamuenvlx opeanos (Fusarium proliferatum F-41/1, F. oxysporum
F-117) u nexpomuueckoti namuucmocmu nucmoes (Alternaria sp. 425-3) u eviopamo
WMammbl ¢ HAUOOTbULEN AHMALOHUCTNIUYECKOU aKMUGHOCMbI0. B kauecmee naubdonee
AKMUBHBIX AHIMALOHUCINOG YCMAaHO6IeHbl cledyiowue wimammel Trichoderma spp.:
1-441/1 6 omnowenuu Fusarium spp. u 1-404-1 ¢ omnowenuu Alternaria sp.

Knioueswie cnosa: anmumukomuyeckas akmugHOCHb, WMAMMbl-AHMASOHU-
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Introduction

The global economic relevance of crop diseases caused by pathogenic fungi
from Alternaria Nees, 1817 u Fusarium Link., 1809 genera and manifesting in
cereals, oilseed crops, many vegetables and fruits [4; 5; 19; 22] is steadily trending
upwards. That fact attracts the attention of the scientific community. The above-
mentioned micropathogens are new to many crops, including grapes [8; 27; 28].
In recent years, vineyards of the Western Ciscaucasia have been widely affected
by necrotic leaf spot (4lternaria sp. pathocomplex) and infectious generative or-
gans wilt (Fusarium proliferatum, F. oxysporum). Both diseases are mostly seen
in inter-specific hybrids and cause notable harm to plants. Uncontrolled spread of
the Alternarium necrotic spot disease can bring down the yield per bush rate by
18% to 27 % and decrease the sugar content by 6.1% to 9.1 %. The Fusarium wilt
disease manifests in the average bunch mass loss of 12.8% to 60.3% and the short-
ening of the bunch by 7.7% - 39.4 %. This affects the grape products’ tradability,
which is especially harmful to table grapes [3]. Apart from the high-profit losses
due to the decrease in yield, the Alternarium and Fusarium fungi produce myco-
toxins in plants thus making them dangerous to consume [2; 25]. Therefore, the
need for efficient measures against such plant diseases is even more prominent.

The wide distribution of the fungi species under review is commonly attributed
to an overall weakening of plants due to increasing abiotic influence caused by a
climatic shift noticed in many agricultural regions worldwide [6; 23]. In the context
of plant protection against Alternarium and Fusarium diseases, this urges agrarians
to account for the fact that chemical treatment can lead to the further weakening
of plants through phototoxicity [12; 24]. Furthermore, exclusive use of synthetic
fungicides leads to increased risks of resistance in plants. For example, iprodione,
tebuconazole, and mancozeb excessive treatment lead to the evolution of fungi-
cide-resistant Alternaria Nees, 1817 strains [26]. The use of biological substances
in the course of plant treatment against diseases can be an effective and ecologically
safe alternative as it reduces the amount of pesticides the agrocenoses are subjected
to. An ecology-aware approach is key in the insurance of sustainable agriculture [9].

A global tendency to discover and utilize the Trichoderma Pers., 1801 fun-
gi strains is relevant to a successful implementation of the discussed approach.
Numerous studies on the biology, genetic diversity, and antagonistic properties
of these species are proving this point even further [7; 13; 15; 18]. The main
mechanisms of intermicrobial interactions in 7richoderma species used in bi-
ological plant disease control are antibiosis, mycoparasitism, and dietary com-
petition [17]. The research of Trichoderma spp. biological activity showed that
these fungi can suppress a wide variety of mycophytopathogenes [10; 20; 29],
including Alternaria and Fusarium species [14; 16; 30].
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The search for new efficient biocontrol fungi species among the Trichoder-
ma spp. presents great interest due to the need for the production of biosub-
stances against new diseases in grapes.

Materials and Methods

This research aimed to test the Trichoderma spp. culture extracted from na-
tive conditions of the Western Ciscaucasia in vitro. The samples with the high-
est antagonistic potential were to be chosen as the most efficient biosubstance
producents. The research objectives included an assessment of antimycotic
properties demonstrated by native strains of the Trichoderma genus. The said
properties were tested with the following species: (1) Alternaria sp. selected as
the most common and virulent pathogen from the grapes necrotic spot pathoc-
omlex; (2) Fusarium proliferatum and F. oxysporum, the causative agents of
the grapes generative organs wilt. The final research objective was to analyze
the obtained data and select the most efficient antagonistic strains.

Laboratory tests for the activity against the target mycopathogenes are a
necessary stage in the multistage screening process of the antagonistic strains
aimed at the selection of the most efficient bioproducers. For this research, a
confronting cell culture research method was chosen (the procedure description
will follow). This approach allows us to give the most thorough and simulta-
neous assessment of the different interaction patterns between fungi in vitro.
We assessed the antimycotic activity in five Trichoderma spp. strains obtained
from the ampelocenoses of the Anapa-Taman and Central regions of the Kras-
nodar Krai (Western Ciscaucasia). These strains included T-213, T-338, T-404/1,
T-441/1, T-503. We assume that the native Trichoderma spp. species are more
adjusted to the conditions of ampelocenoses and therefore can be more efficient
in biosystems as a biosubstance base component (Table 1).

We selected the pathogenic species causing the Fusarium generative organ
wilt for this research: Fusarium proliferatum F-41/1 and F. oxysporum F-117.
From the necrotic spot pathocomplex, we selected Alternaria sp. 425-3.

We disinfected the grape plant samples with 70% alcohol for 1 minute and
with 1% sodium hypochlorite solution for 5 minutes, then rinsed them with
sterile distilled water [ 11]. These samples later served as a source of pathogenic
and antagonistic strains. We put fragments of each sample in Petri dishes with
sweet potato sucrose agar. The causative agent cultures and antagonistic cultures
were preliminarily grown separately in the same conditions. We cultivated the
Fusarium spp. strains during 14 days, the Alternaria spp. strains during 7 days,
and the antagonistic strains during 14 days. To assess the antagonistic activity
of the Trichoderma spp. strains, we cut out blocks of antagonistic mycelium
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and pathogenic mycelium with separate sterile 6 mm drills. Then, we put the
obtained blocks into a Petri dish 6 cm apart using a sterile inoculation loop.
The Petri dish was positioned above an alcohol burner. The fungi pathogenic
and antagonistic cultures grown separately served as a control experiment. We
analyzed the colonies’ growth on the 10th day of cultivation (measured in cm?
and % of the Petri dish area). Additionally, we assessed the nature of the occur-
ring interactions [1]. We conducted the experiment four times.

Table 1.
Origin of the Trichoderma Pers., 1801 strains
Ne| Strain Extraction Extraction place Biological Plant.sp.ecws
date sample type | variation
Agricultural Enterprise [AE]
1| 7-213 | 20.06.2018 | Yuzhnaya, Kurchanskaya bunch Levokumsky
station
2| 7338 |21.052000 | Krasnodar, individual leaves Sultana
household
AE Yuzhnaya, Golubaya .
3 | T-404/1 | 10.07.2020 Bukhta station bunch Aligote
4 | 744171 | 6082020 AE Yyzhnaya, bunch Riton
Kurchanskaya station
5| 7503 | 28.09.2000 | Krasnodar, individual bunch Tana 22
household
Results

The Trichoderma spp. strains T-404/1 and T-338 demonstrated the highest
hyperparasitic activity against the Alternaria sp. pathogen (Table 2).

Table 2.

Antagonistic activity of the native Trichoderma spp. strains against
the grapes necrotic spot causative agent Alfernaria sp. at a temperature of 25°C
in sweet potato sucrose agar, 10th day of cultivation

Coverage area K1, mm | K2, cm?
Studied strain | Antagonistic strain Pathogen
cm? % cm? %
Alternaria sp.
eonwolvarany | | - | B0 | weo |- -
Dietary competitiont+hyperparasitism-+antibiosis
T-404/1 | 636 [ 1000 | 71 | 111 | 60 [ 71
Dietary competition+hyperparasitism
T-441/1 | 458 | 719 | 166 | 261 | o | 83
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T-338 63.6 100.0 10.2 16.0 0 10.2
T-213 51.9 81.5 11.3 17.7 0 6.0
T-503 45.5 71.4 13.9 21.8 0 3.7

Note*: K1 — sterile zone area; K2 — hyperparasitic zone area.

The antibiotic properties were only found in the Trichoderma sp. T-404/1
strain. The sterile zone around its mycelium was 6.0 cm (Fig. 1).

;- ') Y g7

Alternaria 425-3 Alternél;iaf 425-3

Alternaria 425-3
+ Trichoderma + Trichoderma

sp. T-213 sp. T-338

control variant

i %
“
=

Alternrz'a 425-3  Alternaria 425-3  Alternaria 425-3

+ Trichoderma + Trichoderma + Trichoderma

sp. T-404-1 sp. T-441/1 sp. T-503
Fig. 1. Antagonistic activity of the Trichoderma fungi strains against the grapes

necrotic spot causative agent in sweet potato sucrose agar, 10th day of cultivation:
the pathogen is on the left, the antagonist is on the right.

We also assessed the antagonistic activity against the Fusarium generative
organs wilt causative agent focusing on the most aggressive isolate Fusarium
proliferatum F-41/1 (Table 3).
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Table 3.
Antagonistic activity of the native Trichoderma spp. strains against the grape
Fusarium generative organs wilt causative agent Fusarium proliferatum F-41/1
at a temperature of 25 °C in sweet potato sucrose agar, 10th day of cultivation

Studies strain Coverage area K1, | K2,
Antagonistic strain | Pathogen |mm | cm?
cm? % cm® | %
FEproliferatum F-41/1 (control variant) - - 63.6 1100.0| - -
Dietary competition+antibiosis
T-441/1 | 477 | 750 [159]250]51] 0
Dietary competition+hyperparasitism
T-404/1 | 541 | 850 [95]150] 0 [07
Dietary competition
T-213 47.7 75.0 [159]250] 0 0
T-338 43.8 70.0 [19.8]130.0] 0 0
T-503 50.9 80.0 [12.7]120.0] 0 0

Note*: K1 — sterile zone area; K2 — hyperparasitic zone area.

F. proliferatum F. proléralum F-
F-41/1 + 41/1 +

I". proliferatum F-

41/1 control
Trichoderma sp. Trichoderma sp.

T-338

variant

F. proliferatum F- F. proliferatum F-

41/1 + F-41/1 + 41/1 +
Trichoderma sp. Trichoderma sp. Trichoderma sp.
T-404-1 T-441/1 T-503

Fig. 2. Antagonistic activity of the Trichoderma fungi strains against
the grapes Fusarium generative organs wilt causative agent (Fusarium proliferatum
isolate F-41/1) in sweet potato sucrose agar, 10th day of cultivation: the pathogen
is on the left, the antagonist is on the right.
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Table 4.

Antagonistic activity of the native Trichoderma spp. strains against
the grape Fusarium generative organs wilt causative agent Fusarium oxysporum
F-117 at a temperature of 25 °C in sweet potato sucrose agar, 10th day of cultivation

Coverage area Kl | x2
Studied strain Antagonistic strain | Pathogen i 5
= o T mm | cm
cm % cm %
F. oxysporum F-117 (control variant) - - 63,6 (100.0| - -
Dietary competition+hyperparasitism+antibiosis
T-503 | 509 | 80.1 [12.7] 199 [12.0] 5.7
Dietary competitiont+hyperparasitism
T-338 55.9 88.0 771120 0 |23
T-404/1 60.5 95.2 3.1 ] 48 0 |25
T-441/1 53.5 84.1 10.1]1 159 ] 0 |40
Dietary competition+antibiosis
T-213 | 572 ] 900 [64]100]52] 0

Note*: K1 — sterile zone area; K2 — hyperparasitic zone area.

iR : / .
F. oxysporum F-117 F. ogcysporum F-117 + FE. oxysporum F-117 +
control variant Trichoderma sp. T-213 Trichoderma sp. T-338

AR

F. oxysporum F-117 + F. oxysporum F-117 + E. oxysporum F-117 +

Trichoderma sp. T-404-1 Trichoderma sp. T-441/1 Trichoderma sp. T-503

Fig. 3. Antagonistic activity of the Trichoderma fungi strains against the grapes
Fusarium generative organs wilt causative agent (Fusarium oxysporum isolate F-117)
in sweet potato sucrose agar, 10th day of cultivation: the pathogen is on the left,
the antagonist is on the right.

All the native strains (T-213, T-338, T-404/1, T-441/1, T-503) showed an-
tagonistic activity against the F-41/1 Fusarium proliferatum isolate, with the
Trichoderma sp. T-213 strain showing the highest activity rate (Fig. 2).
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We studied the suppression activity of the Trichoderma spp. strains against
Fusarium oxysporum isolate F-117, another species belonging to the generative
organs wilt pathocomplex (Table 4).

We established that the antagonistic strains demonstrated higher activity
against the F. oxysporum F-117 isolate compared to the F. proliferatum F-41/1
isolate (Fig. 3).

Discussion

The analysis of obtained data revealed that all the 7richoderma spp. strains
featuring in this research demonstrated antimycotic activity against mycopath-
ogenes of the Alternaria Nees, 1817 and Fusarium Link., 1809 genera. The
strains were obtained from contaminated tissue of grapes native to Western
Ciscaucasia. The antimycotic properties were based on different intermicrobial
interaction patterns.

A great proportion of the Trichoderma spp. strains under review combined
several types of antimycotic effect against the Alternaria sp. For example, we
noticed hyperparasitism and dietary competition between the T-404/1, T-338,
T-441/1 strains and the necrotic spot causative agent Alternaria sp. The T-404/1
strain demonstrated three simultaneous antimycotic mechanics: dietary compe-
tition, mycoparasitism, and antibiotic activity. We attribute prominent antibiotic
features of the T-404/1 strain to it actively secreting diffusive metabolites into
the growth medium and by this suppressing the spread of necrotic spot caus-
ative agent. Trichoderma fungi are known to produce secondary metabolites
and antibiotics with prominent antimycotic properties [21]. All the antagonistic
strains showed high dietary competitiveness. The Trichoderma spp. T-338 and
T-441/1 strains demonstrated the highest hyperparasitic activity.

We set forth the suppressive activity of the Trichoderma strains against the
Fusarium spp. cultures. In doing so, their activity rate can vary depending on
the species of a causative agent within the same pathogenic micromycetes ge-
nus (Fusarium spp.). The antagonistic strains demonstrated the use of one or
more antimycotic mechanics in suppression of pathogen F. proliferatum 41/1
and F. oxysporum F-117.colonies. We noticed two suppression mechanics in
the T-404/1 strain against F. proliferatum 41/1. The highest antimycotic activity
rate against this isolate was noticed in T-404/1 and T-503 strains. Their growth
spread area was 85% and 80% of the total areca respectively. The researched
Trichoderma strains demonstrated the highest activity rate against the F. oxyspo-
rum F-117 isolate. Their antimycotic mechanisms included dietary competition,
hyperparasitism, and antibiosis. We found the same triple action pattern in the
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T-503 strain. The combination of dietary competition and hyperparasitism was
found in the T-338, T-404/1, and T-441/1 strains, while the T-213 strain showed
only antibiotic activity and dietary competition. The strains T-338, T-503, and
T-404/1 demonstrated the highest dietary competitiveness rate. The Tricho-
derma spp. strains T-338, T-404/1, and T-441/1 are the most active against the
causative agents of Fusarium generative organs wilt.

Conclusion

Necrotic leaf spot (4lternaria spp. pathocomplex) and infectious generative
organs wilt (Fusarium spp. complex) are new harmful diseases of grapes in the
Western Caucasus region (Russia) that should be taken under control by devel-
oping measures. Biotechnology is a global trend in plant protection. Antagonist
strains from the native microflora of vineyards were tested for the first time for
antimycotic activity against pathogens of new diseases of grapes.

After summarizing the data obtained from antimycotic activity screening in
the researched antagonizing strains against Alternaria sp. and Fusarium spp.,
we can conclude that the Trichoderma spp. T-338 and T-404/1 show distin-
guished mycoparasitic reactions against all the phytopathogenic isolates fea-
tured in this study. The majority of the strains under review demonstrate high
competitiveness (T-338, T-441/1, T-404/1, T-503). All the strains demonstrate
antagonistic activity to varying extents. However, we can select the following
strains as the most active antagonists: T-441/1 (against Fusarium spp.) and
T-404-1 (against Alternaria sp.).

Therefore, we consider the strains Trichoderma spp. T-404/1 and T-441/1 to
have the highest potential in further research on the biocontrol measures against
new grape biopathogenes.
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GENETIC DIVERSITY OF MITOCHONDRIAL DNA
HAPLOGROUPS IN THE DON HORSE BREED
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N.V. Blohina, S.1. Sorokin

The Don breed of horses, which became famous in Russia already in the mid-
dle of the 18th century, was obtained by long-term crossing of nomadic horses
with cultured oriental breeds. Due to the reduction in the number of Don queens
to 200 broodmares, the research of the genetic characteristics of this breed is of
particular relevance. The purpose of the research was to study the matrilineal
structure of the Don horse breed based on phylogenetic analysis of 530 nucle-
otide pairs [n.p.] of the hypervariable section of the D-loop of mitochondrial
DNA [mtDNA] in 26 mares representing the main female families. Analysis of
the mtDNA sequence was performed using the Neighbor-Joining [NJ] method in
combination with bootstrap analysis in the MEGA7 software. In the mitochondrial
genomes of the tested Don horses, 26 different haplotypes were identified, which
are part of 10 mtDNA haplogroups, including A, B, D, G, L, M, N, O, P, and Q,
according to the modern classification. Additionally, four new haplogroups were
identified, leading the line from Black Sea mares and atypical for most European
breeds. The sequenced fragment of the D-loop from 15471 to 16000 n.p. included
115 polymorphic sites, mainly represented by transversions. The mtDNA structure
of the Don breed was dominated by haplogroups G (19.2%), B (15.4%), and L
(11.5%). All the analyzed uterine families were clearly differentiated at the level
of haplogroups and haplotypes with a high bootstrap support rate (58%—100%,).
This indicates a high genetic diversity of the genealogical matrilineal structure
of the Don horse breed.
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Hayunas crarbs

TEHETUYECKOE PABHOOBPA3UE
TATLJIOT PYIIIT MUTOXOHIPUAJIBHOWM JTHK
B JJOHCKOM IMOPO/IE JIOIIAJIEN

JIL.A. Xpaopoesa, A.A. Hukonaeesa,
H.B. broxuna, C.H. Copoxun

Lonckas nopooa nowadetl, noryuusuias usgecmuocms @ Poccuu yoice 6 cepeoune
18 exa, bvlna nonyuena Memooom OIUMeENTbHO20 CKPeUUBAHUsL TI0UAdell KOUeBHUKO
¢ KYIbMYPHLIMU 80CIOYHBIMU NOpoOamu. B ceéasu ¢ cokpawenuem uuciennocmu
110207106b51 OOHCKUX MAmMoK 00 200 niemennvix KoOblLI U3yueHue 2eHeMmu4ecKux 0co-
bennocmetl 5moti nopoosl npuodpemaem 0cobyro akmyaibHocmn. Llenvio nposeden-
HbIX UCCTIe008AHULL ObLIO U3YHeHUe MAMPUTUHEUHOU CMPYKMYpPbl OOHCKOU NOPOObL
Jouiadell Ha 0CHOBaHUU (hunoeeHemuyecko2o ananusa 530 nap Hykieomudos (n.H.)
eunepsapuadenvrozo yuacmra D-nemau mumoxonopuansroi JJHK (mm/JHK) y 26
KOObLI, NPeoCcmagisAIoWux OCHOBHbIE JICEHCKUe cemelicmsa. AHanu3 nociedoeamens-
nocmu mm/IHK nposoounu ¢ ucnonvzosanuem Neighbor-Joining (NJ) memooda é coue-
marnuu ¢ 6ymempan-ananuzom 6 npoepavme MEGA7. B MumoxonopuaibHbix 2eHOMAX
NPOMeCMUPOBAHHbIX OOHCKUX I0Ua0ell Obllo 6blA81eHO 26 PA3IUYHbIX 2ANJI0MUNOS,
exo0suyux 6 cocmas 10 eannoepynn mm/{HK, exnrouas A, B, D, G, L, M, N, O, Pu Q,
€02NacHO cospemenHol Kraccugurayuu. Jonommumensho 6bL10 bIA61EHO euje Yemul-
D€ HOBLIX 2ani02Pynnbl, BEOVIUX IUHUIO O YEPHOMOPCKUX KOOI U HEMUNUYHBIX OJisl
bonvuuHcmea esponetickux nopoo. Cexeenuposannuiii ppaemenm D-nemnu ¢ 15471
no 16000 n.n exmrouan 115 nonumopghuuix caiimos, 6 0OCHOBHOM NPeOCHIABICHHBIX
mpanceepcusmu. B cmpyxmype mmJHK 0onckotl nopoovl npeobradanu eanioepyniul
G (19.2%), B (15.4%) u L (11.5%). Bce npoananuzuposantvie Mamounvle cemelicmsa
OvLIU YemKo Jughgepenyuposansl Ha yposHe 2aniocpynn i 2ani0mMunos ¢ GblCOKUM
noxazamenem 6ymempon-noooepaicxku (58-100%), umo ceudemenvcmeyem o 6vlco-
KOM 2eHemuyeckomM pazHooopasuu 2eHeano2uieckol MampuiuHeHot cmpyKnypol
OOHCKOU NOPOObL J10WAOEIL.

Knrouesvie cnosa: cenemuxa, 0onckas 1ouaosw, T annoepynnet mm/IHK; scen-
CKasl TUHUSA; (PUIO2eHeMUYeCKUll aHanu3

Jnsa yumuposanusn. Xpabposa JI.A., Huxonaeeéa A.A., broxuna H.B., Copoxun
C.U. I'enemuueckoe paznoobpasue caniozpynn mumoxonopuanorou JHK 6 0on-
ckoti nopooe nowadetl // Siberian Journal of Life Sciences and Agriculture. 2023.
T 15 Neq. C. 278-290. DOI: 10.12731/2658-6649-2023-15-4-278-290
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Introduction

The Don horse breed is one of the most valuable domestic breeds, the for-
mation of which was started by the Cossacks in the 18" century. The basis of the
breed was steppe horses of tribes that roamed in the southern Russian steppes and
many breeds of Eastern origin. Subsequently, a thoroughbred riding breed was
used to improve the Don horses. This contributed to obtaining a sufficiently tall,
frisky, and hardy cavalry horse that fully meets the needs of the army. Systematic
breeding work with the Don horse began in the 30° of the last century. It made it
possible to obtain a large, hardy, versatile, and unpretentious herd horse [1; 2].

The intensification of agricultural production has led to a significant reduction in
the number of horse livestock. The number of Don queens has practically decreased
to 200 heads. According to modern criteria of the Food and Agriculture Organiza-
tion of the United Nations [FAO] [17], the Don horse breed has a vulnerable risk
status. Therefore it is important to monitor its genetic diversity. Previous research of
polymorphism of 17 microsatellite loci in horses of domestic breeds has shown [4]
that Don horses have a fairly high level of genetic diversity and are distinguished
by the presence of rare alleles absent in other riding breeds of horses.

Recently, researchers have been greatly interested in studying the mitochon-
drial genome of horses of modern and ancient horse breeds [8; 9; 10; 12; 16;].
The high level of polymorphism of the mitochondrial DNA [mtDNA] D-loop se-
quence and maternal inheritance make the mitochondrial genome a unique object
for studying the phylogeny of breeds and assessing the population diversity of
populations. The modern classification of horse mtDNA variability includes 18
basic haplogroups [5] associated with the matrilineal origin of breeds [6; 13; 14;
15;]. An equally interesting practical aspect of studying mtDNA is the assessment
of the genetic differentiation of female lines in horse breeds and the use of D-loop
sequence analysis in identifying and controlling the origin of horses [3; 7; 11].

The research of the genetic characteristics of horses of the Don breed, cre-
ated based on crossing many aboriginal and cultural breeds, is of undoubted
interest for tracking its phylogenetic relationships. Evaluation of the genetic
differentiation of established female families by mtDNA haplogroups and char-
acterization of the matrilineal structure of the population are important for the
preservation and further improvement of this unique small breed.

Materials and methods

The purpose of the research was to study the features of the hypervariable
section of the D-loop of mtDNA in horses of the Don breed. In this regard, the
following objectives were set:
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+ Study the genetic structure of mtDNA haplogroups in the Don breed of

horses;

* Certify the royal families of the Don breed by mtDNA haplotypes;

* Analyze the phylogenetic relationships of Don horses considering their

matrilineal structure.

The material for mtDNA analysis was hair samples from 26 horses of the
Don breed belonging to 26 main uterine families. DNA was isolated from hair
follicles using the ExtraGene DNA Prep 200 kit (Isogen LLC, Moscow). Am-
plification of the isolated DNA was carried out using specially selected primers
to analyze the sequence of the studied section of the mtDNA D-loop, taking
into account the reference sequence of the Swedish horse fossil X79547 [18].
The amplified DNA was sequenced using the BigDyeTM Terminator Cycle Se-
quencing Kit (PE Applied Biosystems, USA) on the ABI 3130xI genetic analyz-
er (PE Applied Biosystems, USA) in the laboratory of Genetics LLC, Moscow.

To align the obtained sequences, the authors used the BioEdit 7.2.1 pro-
gram. They used the maximum composite likelihood [MCL] model to analyze
the mtDNA D-loop section comprising 530 nucleotide pairs [n.p.] (from 15471
to 16000 bases). The authors constructed phylogenetic trees using the Neigh-
bor-Joining [NJ] method. The statistical confidence of each node was estimated
by 1000 random bootstrap runs. When analyzing mtDNA D-loop sequences,
the authors used the GeneBank database for 18 basic haplogroups (JN398377-
JN398457), according to the Achilli et al. classification [5]. Data analysis was
carried out on the MEGA7 database and program.

Results

Sequencing of the hypervariable region of the mtDNA D-loop in 26 Don
horses, belonging to the main families, showed the presence of 26 differ-
ent haplotypes corresponding to 10 haplogroups (A, B, D, G, L, M, N, O,
P, and Q), according to the classification of Achilli et al. [5]. In particular,
the authors identified five original haplotypes representing four new hap-
logroups (Table 1). The ratio of the number of haplotypes to the number of
haplogroups was 1, which indicates a high level of mtDNA variability in
the Don breed of horses.

The results of the matrilineal analysis show that horses of 9 out of 26 uterine
families are owners of the “family” mtDNA haplogroup, which can serve as a
genetic marker of this female line (Fig. 1) [5]. Interestingly, the Benga family,
belonging to haplogroup A, had a certain kinship with the sequence of the fossil
Swedish horse (X79547).
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Table 1.
Distribution of horses and Don breed families by mtDNA haplogroups

Name of horse | Year of birth Female line Haplogroup mtDNA

1 Benga 2018 Alena 252 A

2 Trapeza 230 2019 Allegoria 91 G

3 Gulsara 23 2008 Vena 27 B

4 Tihonya 13 2017 Vena 46 L

5 Sidkiya 2017 Galka 107 B

6 Blagovest 4 2018 Daniya 282 New 1
7 Sviyaga 208 2018 Diva M

8 Tropinka 223 2016 Jermelka 85 New 2
9 Tabiola 20 2016 Jestikulayciya 33 New 3
10 Baturka 205 2019 Zairka New 4
11 Gabana 21 2012 Kolibri N
12 Gordost 35 2000 Komanda 286 (6]
13 Gazeta 210 2019 Mamka 29 G
14 Slujebnaa 2019 Matematika 114 G
15 | Tihaya Zavod 25 2010 Mirta 88 L
16 Trizna 221 2018 Molva 108 P
17 Gorelka 211 2019 Myshelovka P
18 Zateya 209 2017 Nahodka 52 G
19 Trizna 8 2001 Nejnaya D
20 | Dorogaya 206 2015 Pepepelka 34 New 4
21 Glasnaya 15 2013 Pyshnaya 21 B
22 Garsa 22 2012 Remboka 242 G
23 Molotba 6 2015 Sudba 211 B
24 Sdoba 218 2016 Shamka 165 G
25 Dobabka 217 2019 Yupiterka 78 Q
26 Bombey 4 2013 Venera L

The majority of mtDNA haplotypes of Don horses were represented by hap-
logroups G (19.2%), B (15.4%), and L (11.5%). The haplogroups A, D, M, N,
and Q were relatively rare in the genomes of mares. The phylogenetic tree of the
mitochondrial fragment of the D-loop of the tested Don breed horses, construct-
ed using the NJ method, demonstrated a fairly high bootstrap value (59—100).

The analyzed sequence of the mtDNA D-loop fragment from 15471 to
16000 nucleotide positions contained 45 transitions and 70 transversions (Rs/v
= 0.6). The number of nucleotide substitutions in relation to the length of the
studied sequence was 0.217. This indicates a high level of nucleotide diversity
of mtDNA in horses of the Don breed.
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Discussion

The results of the researches indicate a high level of variability of the hyper-
variable section of the mtDNA D-loop in horses of the Don breed. This confirms
its heterogeneous origin with the participation of a number of aboriginal and
cultural breeds. The presence in the genetic structure of this breed of haplogroup
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A, characteristic of the fossil Swedish horse, as well as several new mtDNA
haplogroups, may indicate a trace of unique ancient ancestors in its phyloge-
ny. Another argument in favor of this hypothesis can be a relatively high level
of nucleotide substitutions (0.217) at the analyzed site of 530 n.p., represented
mainly by transversions (Rs/v = 0.6).

The genetic structure of the mitochondrial genome of Don horses has a cer-
tain similarity with that of Kabardian horses occupying a neighboring area in
the foothills of the North Caucasus. In horses of these two riding breeds, nine
common mtDNA haplogroups were identified, including rare variants A, D, P,
and Q [14]. In general, haplogroups B and L were typical for horses of the Don,
Vyatka [3], Kabardian, and other domestic breeds [14]. The frequency of occur-
rence of them exceeded 10%. Another feature of the mitochondrial genome of
Russian horse breeds is the presence of unique additional haplogroups that are
not found in horses of Western and Central Europe [3; 14; 16].

The assessment of the diversity of mtDNA haplogroups in the structure of
female lines showed a high level of differentiation of haplotypes in 26 main
brood families of the Don breed (bootstrap value 59-100). This testifies to the
effective zootechnical work of specialists in the formation of the genealogical
structure of the breed, which was started back in the 30° of the last century. In
conditions of reducing the number of breeding Don mares to 200 queens, it is
very important to control the level of inbreed genetic diversity and maintain the
established matrilineal structure of the breed.

Methodically, it is important that the research of the variability of mtDNA
haplogroups is based on a sample of representatives of various female lines.
This allows, even with a small amount of analysis, obtaining adequate informa-
tion about the matrilineal structure of the breed. The research of the mitochon-
drial genome is an important part of the genetic certification of breeds, and can
be used to identify and control the origin of animals [7; 11; 13; 15].

Conclusion

As aresult of the researches of the sequence of the hypervariable section of
the mtDNA D-loop of Don horses, the authors established high variability of
their mitochondrial genome at the level of haplogroups, haplotypes, and nucle-
otides. Evidently, this is due to the participation in the creation of the female
basis of the breed of a number of ancient horse breeds, traces of which can be
traced in domestic horse breeds.

The authors found significant differences in the structure of mtDNA of hors-
es of different breeding families. It confirms the success of zootechnical work
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on the formation of the genealogical structure of the breed. The carried out
certification of brood families in the Don breed makes it possible to identify
horses along the female line and use the data obtained in the control of the or-
igin of horses.

The obtained data on the sequence of the mtDNA D-loop of Don horses
are undoubtedly of interest for studying the genesis of this breed and the phy-
logenetic connections of domestic horse breeds, as well as for considering the
mechanisms of breed formation themselves.
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PUBLIC HEALTH RISK
FROM CONTAMINATION OF DRINKING
WATER WITH CARCINOGENIC CHEMICALS
IN CENTRALIZED WATER SUPPLY SYSTEMS

K. Yu. Mikhaylichenko, A.I. Kurbatova, C.A. Salazar Flores,
D.P. Pogorelyy, E.E. Konovalova, A.M. Savich

The paper presents the results of assessing the carcinogenic risk to public health
from consuming drinking water contaminated with priority chemicals at the level of
their hygienic standards. A comparative analysis of SanPiN 1.2.3685-21 “Hygienic
Standards and Requirements for Ensuring the Safety and (or) Harmlessness of Envi-
ronmental Factors for Humans” and repealed SanPiN 2.1.4.1074-01 *“Drinking Wa-
ter and Water Supply to Populated Areas. Drinking Water. Hygienic Requirements
Jor Water Quality of Centralized Drinking Water Supply Systems. Quality Control”
valid since March 01, 2021, is carried out. Maximum allowable concentrations of
carcinogenic chemical substances and values of slope factors and risk potential
factors have been analyzed. A comparative analysis of SanPiN 1.2.3685-21 that is
currently in force and the US EPA “2018 Edition of the Drinking Water Standards
and Health Advisories Tables” has been conducted. The average daily intake doses
of each studied substance in drinking water at the level of maximum permissible
concentrations were determined. It has been found that, despite the tightening of
standards for some substances, the content of many carcinogens in water at the
maximum allowable concentrations or below can lead to high values of potential
carcinogenic risk, and a list of activities is needed to complement the current stan-
dards regarding the quality of water.



292 Siberian Journal of Life Sciences and Agriculture, Vol. 15, Ne4, 2023

Keywords: carcinogenic risk, drinking water; water quality; pollution level
carcinogens

For citation. Mikhaylichenko K.Yu., Kurbatova A.l., Salazar Flores C.A.,
Pogorelyy D.P, Konovalova E.E., Savich A.M. Public Health Risk from Contami-
nation of Drinking Water with Carcinogenic Chemicals in Centralized Water Supply
Systems. Siberian Journal of Life Sciences and Agriculture, 2023, vol. 15, no. 4,
pp- 291-306. DOI: 10.12731/2658-6649-2023-15-4-291-306

Hayunas crarbs

PUCK JJ151 3I0POBbSI
HACEJIEHUS OT 3ATPSI3HEHUSI IUTHLEBOII
BOJIbl KAHIIEPOTEHHBIMY XUMHUYECKUMHU
BELLIECTBAMHU B CUCTEMAX
LIEHTPAJIN30BAHHOI'O BOJIOCHABKEHUS

K. JO. Muxaiinuuenxo, A.H. Kypoamosa, K.A. Canacap ®nopec,
JLII. Ilozopenwuii, 3.E. Konosanosa, A.M. Casuu

B pabome npedcmasnenvl pezynbmamul OyeHKU KAHYEPOLEHHO20 PUCKA OJiA
300p08bsL HACENEHUs OM NOMPeONeHUs. NUMbeBOl 800bl, 3A2PAZHEHHOU NPUOPU-
MEeMHbIMU XUMUYECKUMU 8elyeCcmEamu Ha YPOGHe UX 2USUCHUYECKUX HOPMAMUBOE.
IIposeden cpasnumenvuwiil ananuz CanlluH 1.2.3685-21 «l'ueuenuueckue Hopma-
muevl u mpebosanusa K obecneuenuro b6ezonacHocmu u (unu) 6e3epedHocmu 0
yenogexa ghakmopoe cpedvt ooumarusiy u CanlluH 2.1.4.1074-01 «ITumvesas 600a
u oo0ocHabIcenue HaceneHHbIX nynkmos. [umvesas sooa. I ueuenuyeckue mpebo-
6AHUSL K Ka¥ecmey 600bl YeHMPATUZ08AHHBIX CUCEM NUMbEBO2O B00OCHADIICEHUS.
Koumponws kauecmeay, oeticmsyowezo ¢ 1 mapma 2021 2ooa. Ilpoananuzuposarvl
npeodervHo 00Ny CImuMble KOHYEHMPAyul KaHYepoSeHHbIX XUMUYECKUX 8elecms U
3Hauenus Kodghpuyuenmos yKioua u pakmopos nomenyuanbhozo pucka. Illpose-
OeH cpasHumenvruill ananus oeticmeyrougeco CanlluH 1.2.3685-21 u cmanoapmos
numMveoll 600bL U CAHUMAPHBIX peKOMeHOayull Aeenmemea no oxpame oKpyscao-
weitl cpeovt CILIA 3a 2018 200. Onpedenenvt cpednecymounvle 003bl NOCMYNILe-
HUSL Kanc0020 UCCTIe0YeMO20 Geujecmea 6 NUmMvegyio 600y Ha YPOGHe NpedesibHO
00NYCMUMbIX KOHYeHmMpayuu. Ycmanogneno, 4mo, HecMomps Ha yaucecmoyenue
HOPMAMUBO8 HA HEKOMOPbIE 8eecn8d, COOepaiICatile MHOSUX KAHYEPO2EeHO8 6
600¢€ 6 NPedebHo OONYCMUMbBIX KOHYSHMPAYUAX UTU HUIICE MOJCEm NPUGOOUMb K
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6bICOKUM 3HAYEHUSM NOMEHYUATLHO20 KAHYEPOLEHHO20 PUCKA, U He0OX00UM nepe-
YeHb Meponpusmul, OONOIHAIOWULL CYUeCmEYOWUL CIAHOAPMbL KA4ecmed 800bl.

Knrwoueswle cnosa: xanyepozennuvlii puck; numvegds 600d, Kaiecmso 800bl;
VPOBeHb 3a2PAZHEHUsL; KAHYePO2eHbl

Jna yumuposanusn. Muxaiinuuenxo K 1O., Kypbamosa A.HU., Caracap @nopec
K.A., Hozopenviii /I.11., Konosanosa D.E., Casuu A.M. Puck 015 300posbs nacene-
HUSL OM 3A2PAZHEHUS NUMbEGOU 800bl KAHYEPOLCHHBIMU XUMUYCCKUMU 8eUjeCmea-
MU 8 CUCIeMax YeHmpaiu308anno2o eooocnabocenus // Siberian Journal of Life
Sciences and Agriculture. 2023. T. 15, Ne4. C. 291-306. DOI: 10.12731/2658-6649-
2023-15-4-291-306

Introduction

Negative impact of carcinogenic chemicals on the quality of drinking
water and public health. The aquatic environment is one of the leading envi-
ronmental entities with the largest share of health risks. According to the World
Health Organization, approximately 75% of human diseases are caused precise-
ly by the consumption of poor-quality water [5] and the use of water that does
not meet hygienic standards for domestic purposes.

Providing the population with drinking water is one of the most import-
ant factors that characterize sanitary-epidemiological well-being. Despite the
fact that the discharge of technologically polluted wastewater is decreasing,
the quality of centralized water supply sources does not improve [9]. That is
why among the 17 sustainable development goals specified in the “Agenda for
Sustainable Development” [15] and the report “On Human Development in
the Russian Federation,” there is the goal of “clean water and sanitation” [6].
Ensuring the safety of the drinking water supply is one of the main tasks of the
Russian Federation, which is reflected in the Federal Project “Clean Water”
within the National Project “Ecology,” which has been implemented in Russia
since 2019.

The quality of drinking water consumed by the population is a risk factor for
the development of not only toxic but also carcinogenic effects. An important
factor in preserving the health of the population of the country is the identifica-
tion and elimination of the adverse effects of drinking water on the human body.

The question of the standards for substances with carcinogenic effects is
particularly controversial since many carcinogenic substances do not have a
threshold dose, and even a small number of their molecules can potentially
disrupt the structure of human deoxyribonucleic acid (DNA) and subsequently
cause oncological diseases.
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Therefore, it is reasonable to assume that the levels of maximum permissible
concentrations (MPC) for some substances in the Russian regulatory framework
may be associated with high values of the potential carcinogenic risk.

Within this work, we used the Health Risk Assessment Methodology widely
known abroad and used in Russia for more than ten years [1] and assessed the
risk of oncological diseases in the population consuming drinking water con-
taining some carcinogenic substances on the level of their maximum permissi-
ble concentrations for a long time.

For almost 20 years, hygienic standards for drinking water were regulat-
ed by SanPiN 2.1.4.1074-01 “Drinking Water and Water Supply to Populated
Areas. Drinking Water. Hygienic Requirements for Water Quality of Central-
ized Drinking Water Supply Systems. Quality Control” [4]. New standards
prescribed in SanPiN 1.2.3685-21 “Hygienic Standards and Requirements for
Ensuring the Safety and (or) Harmlessness of Environmental Factors for Hu-
mans” [1] came into force on March 01, 2021. Despite the lower MPC values
for some substances we analyzed (e.g., benzene, vinyl chloride, 1,2-dibro-
mo-3-chloropropane, dichloromethane, arsenic, lead), standards still could not
provide an acceptable maximum level of carcinogenic risk for the population
consuming drinking water contaminated with these substances.

Despite the importance of the topic under consideration, there is a lack of
scientific work and research on assessing the risk of dependencies between the
level of drinking water contamination and the population’s health. However, in
the risk analysis, the main hygienic principle is implemented: preventing threats
to humans and making targeted, managerial decisions that lead to a reduction
in costly financial preventive measures. These factors have determined the rel-
evance, purpose, and objectives of the work.

This work aims to identify the compliance of the hygienic standards for drink-
ing water approved in Russia with the acceptable level of carcinogenic risk estab-
lished by the World Health Organization for some chemicals with carcinogenic
effects. The following tasks were set and solved in the work to achieve this goal:

* Identify chemicals with a carcinogenic effect that are a priority for drink-
ing water (the list of investigated carcinogenic chemicals was given in
subsection 1.2 of this work);

* Determine the average daily intake of each of the investigated substanc-
es into the human body when they are in drinking water at the level of
maximum permissible concentrations;

» Calculate and assess the risks to public health during the oral route of
ingestion of chemicals with carcinogenic effects at the level of their
maximum permissible concentrations;
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* Conduct a comparative analysis of existing SanPiN 1.2.3685-21 “Hy-
gienic Standards and Requirements for Ensuring the Safety and (or)
Harmlessness of Environmental Factors for Humans” and the invalid
SanPiN 2.1.4.1074-01 “Drinking Water and Water Supply to Populat-
ed Areas. Drinking Water. Hygienic Requirements for Water Quality of
Centralized Drinking Water Supply Systems. Quality Control.”

Carcinogenic chemicals polluting the aquatic environment. Among the
priority carcinogenic pollutants of water in centralized drinking water supply
systems, there are substances whose intake is associated with a source of water
supply and contamination of drinking water in the process of water treatment
or its transportation.
Currently, almost all water sources are exposed to technogenic impacts of
varying intensity, which increases the overall health risk and human vulnera-
bility due to changes in the water factor.
The list of carcinogenic chemicals in drinking water studied in this work was
compiled on the basis of the analysis of the following documents:
» SanPiN 2.1.4.1074-01 that have expired on March 01, 2021;
» SanPiN 1.2.3685-21 currently valid;
* document of the Environment Protection Agency (US EPA) “2018 Edi-
tion of the Drinking Water Standards and Health Advisories Tables” [11];

 list of agents (mixtures) carcinogenic, likely carcinogenic, and possibly
carcinogenic to humans, which is developed by the International Agency
for Research on Cancer [16].

In this work, the individual lifelong carcinogenic risk was assessed for the fol-
lowing carcinogenic chemicals polluting the drinking water: 1,1-dichloroethene,
1,2-dibromo-3-chloropropane, 1,2-dichloroethane, acrylamide, benz(a)pyrene,
benzene, beryllium, bromodichloromethane, bromoform, vinyl chloride, hexa-
chlorobenzene, dibromochloromethane, dichloromethane, arsenic, lead, styrene,
carbon tetrachloride, tetrachlorethylene, trichloroethylene, and chloroform.

It should be noted that the health effects of carcinogenic substances in drink-
ing water include various forms of cancer, adverse reproductive outcomes, dis-
eases of the respiratory system, circulatory system, nervous system, and other
health disorders [14].

Basis for assessing the quality of drinking water and associated health
risks. When assessing the individual carcinogenic risk throughout the entire
life, the Risk considers its generally recognized classification into four risk
ranges in accordance with Guideline P 2.1.10.1920-04 [2]:

* Risk < 1x10-6: includes levels of risk that are perceived by all people

to be very low and which do not differ from everyday risks. These risks
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do not require any additional measures to reduce them, and the levels of
such risks are subject to only periodic monitoring;

e 1x10-6 < Risk < 1x10-4: the maximum permissible level of risk. At this
level, many hygienic standards (foreign and recommended by international
organizations) have been established. For drinking water, the WHO uses;

» 1x10-5 as an acceptable risk. Such levels of risk should be constantly mon-
itored; in some situations, additional measures are required to reduce them;

e 1x10-4 < Risk < 1x10-3: an acceptable level of risk for occupational
groups and an unacceptable level of risk for the general population. If such
a risk appears, it is recommended to carry out special health measures;

» Risk>1x10-3: a level of risk unacceptable for the population and occu-
pational groups. In this case, it is necessary to give recommendations to
the persons who make decisions on taking emergency remedial measures
to reduce the risk.

As a theoretical basis for assessing the risk of danger to the population con-
suming drinking water contaminated with carcinogenic chemicals, Methodolog-
ical Recommendations MR 2.1.4.0032-11 “Integral Assessment of Drinking
Water from Centralized Water Supply Systems in Terms of Chemical Safety
Indicators” were used [1]. The method we used to assess the level of carcino-
genic risk is detailed in the next section. The research results are also presented
in the subsequent sections of this work.

Materials and methods

A non-threshold method was used in this work to assess the level of carcino-
genic risk [2]. First of all, the LADD (Lifetime Average Daily Dose) indicator —
the average daily lifetime dose of the substance — was calculated to assess the
risk. The LADD indicator is based on the use of information on the values of
threshold concentrations, which are determined in the course of experimental
studies aimed at developing regulations for the maximum content of harmful
substances in environmental objects.

The Risk indicator — the likelihood of a threat to human life or health or a
threat to the life or health of future generations caused by the impact of envi-
ronmental factors [10] — was calculated using a linear model since the calculat-
ed levels of water pollution by carcinogenic chemicals were at the MPC level:

Risk = SF ,x LADD, (1
where: SFO (Oral Slope Factor) — slope factor, risk potential factor (a measure
of additional individual risk or the degree of increase in the likelihood of an
adverse effect), (mg/(kg x day))™.
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The Risk indicators were studied within this work and calculated using the
MPC values of some chemicals with carcinogenic properties given in SanPiN
2.1.4.1074-01, SanPiN 1.2.3685-21, the document of the United States Envi-
ronment Protection Agency (US EPA) “2018 Edition of the Drinking Water
Standards and Health Advisories Tables”, and the values of the indicator of
the carcinogenic risk potential factor given in Guideline P 2.1.10.1920-04
(Table 1).

Table 1.
Maximum permissible concentrations of carcinogenic chemicals and values
of the slope factor, the potential risk factor for SFO [1; 4; 7; 125 13]

Maximum permissible con-
.| Registra- centrations (MPC) mg/ | SE,,
. Chemical| . - - (mg/
No. Indicator formula |HOM MUM-| SanPiN | SanPiN (kg x
berCAS | 2.14. | 12, |USEPA| gy
1074-01 | 3685-21
1 | 1,1-dichloroethene | C,H.CL, | 156-59-2| 0.03 0.03 | 005 | 059
o [LZmdibromo-3-chlo-| - C.H- 1 o5 15 ¢ | 001 | 0001 |0.0002] 7
ropropane Br.Cl
3 | 1,2-dichloroethane | CH,Cl, | 107-06-2 | 0.003 0.003 | 0.005 | 0.091
4 Acrylamide CHNO| 79-06-1 0.01 0.0001 [0.0005| 4.5
5 Benz (a) pyrene C, H, [ 50-32-8 |0.000005| 0.00001 [ 0.0002| 7.3
6 Benzene CH, | 71-43-2 0.01 0.001 | 0.005 | 0.055
7 Beryllium Be |7440-41-7| 0.0002 | 0.0002 | 0.004 4.3
g | Bromodichloro- foypicy | 75274 | 003 | 003 | 008 | 0.062
methane 2
9 Bromoform CHBr, | 75-25-2 0.1 0.1 0.08 |0.0079
10 Vinylchloride CH.CI | 75-01-4 0.05 0.005 | 0.002 1.9
11 | Hexachlorobenzene | C.Cl. | 118-74-1 0.01 0.001 | 0.001 1.6
12| Dibromochloro- g, oyl 124481 003 | 0.03 | 008 | 0.084
methane 2
13 | Dichloromethane | CH,Cl, | 75-09-2 7.5 0.02 0.005 | 0.0075
14 Arsenic As  |7440-38-2| 0.05 0.01 0.01 1.5
15 Plumbum Pb  |7439-92-1| 0.03 0.01 0.015 | 0.047
16 Styrene CH, [100-42-5 0.1 0.02 0.1 0.03
17 | Tetrachloromethane| CCI, | 56-23-5 | 0.006 0.002 | 0.005 | 0.13
18 | Tetrachlorethylene | C,Cl, |127-18-4| 0.005 0.005 | 0.005 | 0.052
19 | Trichloroethylene | C HCI, | 79-01-6 | 0.005 0.005 | 0.005 | 0.011
20 Chloroform CHCI, | 67-66-3 0.2 0.06 0.08 | 0.0061
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It is important to note that in the Russian regulatory framework, hygienic
standards for most chemical carcinogens were established without consideration
of their carcinogenic effect. The existing MPC levels for some substances may
be associated with high values of the potential carcinogenic risk.

We calculated the LADD indices for each investigated carcinogenic chem-
ical using the MPC values fixed in various regulatory documents (Table 1) and
the values of the lifetime carcinogenic risk to public health (Table 2).

Table 2.
Values of lifetime carcinogenic risk
Carcinogenic risk value (Risk)
) calculated using the MPC value outlined
No. Indicator Chemical in the following document
formula SanPiN SanPiN

2.1.4.1074-01|1.2.3685-21| US EPA
1 |1,1-dichloroethene CHCL | =7.6x10* | =7.6x10* | ~1.3x10°

2 |!,2-dibromo-3- CHBrCl| =3x10° | ~3x10* | =6x10°

chloropropane 35T

3 |1,2-dichloroethane C,H,ClL ~1.2x10° | =1.2x10° | =2x10°
4 |Acrylamide CHNO | =1.9x10° | =1.9x10° | =9.6x10°
5 |Benz (a) pyrene C, H, ~ 1.5x10° | =3x10° | =6.3x10°
6 |Benzene CH, ~2.4x107 ~2x10° | =~1.2x10°
7 [Beryllium Be ~3.7x10° | =3.7x10° | = 7.4x10*
8 |Bromodichloromethane CHBrCl, | =~8x10° ~8x10° | =2.1x10*
9 |Bromoform CHBr ~3.4x10° | =3.4x10° | =2.7x10°
10 |Vinylchloride CHCI | =4.1x10° | =~4.1x10* | = 1.6x10*
11 [Hexachlorobenzene C.Cl, ~6.9x10* | =6.9x10° | =6.9x10°
12 |Dibromochloromethane | Br,CHCI | =~ 1.1x10* | = 1.1x10* | =2.9x10*

13 |Dichloromethane CHCL, | =24x10° | =6x10° | =2x10°
14 |Arsenic As ~3.2x10° | =6.4x10* | = 6.4x10*

15 |Plumbum Pb ~ 6x10% ~2x10% ~3x10°
16 |Styrene CH ~1.3x10* | =2.6x10° | =~ 1.3x10*
17 |Tetrachloromethane CcCl, ~3.3x10° | =1.1x10° | =2.8x10°
18 |Tetrachlorethylene C,Cl, ~1.1x10° | =1.1x10° | = 1.1x10°

19 |Trichloroethylene C,HCI, ~2x10°¢ ~2x10°¢ ~2x10°¢
20 |Chloroform CHCI ~52x10° | = 1.6x10° | =2.1x10°

The research results are presented in the following sections of this work,
and their assessment is given.
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Results

As part of the work, the MPC values of some carcinogenic chemicals were
studied based on examining the existing and expired SanPiNs and a document
from the US Environment Protection Agency. The average daily lifetime dose
of the LADD substance and the likelihood of a threat to human life or health
caused by exposure to chemicals with a carcinogenic effect, Risk, were calcu-
lated using the MPC and SFO values.

As indicated in subsection 1.3 of this work, its classification into four risk
ranges is considered in assessing the carcinogenic risk [3; 8]. Table 3 shows the
values of the risk range determined based on the obtained calculated Risk values.

According to the WHO recommendations regarding the quality of drinking
water, the value of 1x10-5 was chosen as the value of the acceptable carcino-
genic risk. After the analysis of the data obtained, it can be seen that most values
go beyond the designated limit, even despite the fact that many MPC values
have been tightened since March 01, 2021. In Table 3, indicators exceeding the
established norm are highlighted in dark color.

Table 3.
Assessment of the level of risk to public health due to consumption
of drinking water contaminated with carcinogenic chemicals

Assessment of the significance of
_ Chemical carcinogenic risk, Risk
No. Indicator formul (risk range)
ormula - -
SanPiN SanPiN US EPA
2.1.4.1074-01) 1.2.3685-21
1 |1,1-dichloroethene C,H.Cl 3 3 4
2 |1,2-dibromo-3-chloropropane | C.H Br Cl 4 3 2
3 [1,2-dichloroethane C,H,ClL, 2 2 2
4 |Acrylamide C.HNO 4 2 2
5 |Benz (a) pyrene C H, 2 2 2
6 [Benzene CH, 2 2 2
7 |Beryllium Be 2 2 3
8 |Bromodichloromethane CHBrCl, 2 2 3
9 |Bromoform CHBr 2 2 2
10 [Vinylchloride CH.CI 4 3 3
11 [Hexachlorobenzene C.Cl, 3 2 2
12 |Dibromochloromethane Br,CHCI 3 3 3
13 |Dichloromethane CH,Cl, 4 2 2
14 |Arsenic As 4 3 3
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15 |Plumbum Pb 2 2 2

16 [Styrene CH 3 2 3

17 |Tetrachloromethane CCl, 2 2 2

18 |Tetrachlorethylene C.Cl, 2 2 2

19 |Trichloroethylene C,HCI, 2 2 2

20 |Chloroform CHCI, 2 2 2
Discussion

Based on Table 2 “Values of lifetime carcinogenic risk” and Table 3 “As-
sessment of the level of risk to public health due to consumption of drinking
water contaminated with carcinogenic chemicals,” we can note that with the
introduction of SanPiN 1.2.3685-21, in which MPC standards were tightened,
carcinogenic risk values have consequently decreased for the following indi-
cators: 1,2-dibromo-3-chloropropane, acrylamide, vinyl chloride, hexachloro-
benzene, dichloromethane, arsenic, and styrene.

The number of indicators exceeding the established norms has decreased: for
the dichloromethane indicator, the MPC value was tightened in comparison with
SanPiN 2.1.4.1074-01 [3] and SanPiN 1.2.3685-21 [1]; therefore, the carcino-
genic risk for the public health for the dichloromethane indicator has decreased.

For the benzene indicator, despite MPC tightening, carcinogenic risk has not
changed, and the MPC index does not exceed the established norm in compar-
ison with SanPiN 1.2.3685-21 [1] and SanPiN 2.1.4.1074-01 [3].

On the basis of Table 3 “Assessment of the level of risk to public health due
to consumption of drinking water contaminated with carcinogenic chemicals,”
carcinogenic risk values of other indicators have not changed when compared
to SanPiN 1.2.3685-21 [1] and SanPiN 2.1.4.1074-01 [3].

After comparing currently effective SanPiN 1.2.3685-21 [1] with the US
EPA regulations in force in the USA, we should note that the public health risk
from the consumption of drinking water contaminated with carcinogenic chem-
icals is higher in accordance with the US EPA, and some indicators exceed the
established norm in the US EPA system.

Conclusion

As a conclusion, it can be noted that in SanPiN 1.2.3685-21 introduced on
March 01, 2021, the MPC values for some substances analyzed (e.g., benzene,
vinyl chloride, 1,2-dibromo-3-chloropropane, dichloromethane, arsenic, and
lead) decreased, which indicates the tightening of requirements for the quality
of drinking water, but these measures are not enough. In this regard, the fol-
lowing activities are proposed:
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» Establishing maximum permissible concentrations of carcinogenic
chemicals at a level that would provide an acceptable maximum level
of risk for the population when they consume drinking water;

» Conducting an in-depth assessment of aspects of existing problems and
establishing the degree of their priority in relation to other hygienic, en-
vironmental, social, and economic problems;

* Preparing and implementing regulations governing the issues of drinking
water quality assurance.
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ANALYSIS OF PREFERENCES OF CHILDREN
WITH HEALTH LIMITATIONS REGARDING
THE ARRANGEMENT OF INCLUSIVE CHILDREN’S
PLAYGROUNDS IN MOSCOW

O.E. Hanbabaeva, R.K. Hanbabaev,
V.N. Sorokopudov, O.A. Sorokopudova

The research goal is to analyze the data on the organization and level of im-
provement of playgrounds with an inclusive component located on the territory of
three large multifunctional parks in Moscow received from respondents to devel-
op guidelines for organizing children's inclusive playgrounds in large cities. The
current research relevance is due to the fact that in Russia, until recently, children
with health limitations were isolated from communication with peers and other
people due to the fact that in society they were perceived as children with special
needs. Therefore, it was believed that such joint communication is harmful to their
health and development, and such children should be under constant supervision
and attention from parents, guardians, and professionals. In connection with the
mentioned opinion, they attempted to isolate children with disabilities from society,
place them in special institutions, and teach in correctional schools. By virtue of
rich global experience, this position has changed in Russia, and this category of
children, now gradually transferred to ordinary schools with an inclusive compo-
nent, has ample opportunities to develop both physically and psycho-emotionally,
along with normally developed children. The research tasks include studying the
organization of playgrounds intended for children’s recreation in such a way that
all features of the psychological and physical condition of children with health
limitations are fully taken into consideration. The possibility of the joint stay of
children with normal development and children with health limitations within the
same playground and their joint cognitive activity and various activities is also stud-
ied by means of conducting a survey. With the help of the developed questionnaires
and visual material for children, a survey method is applied, implying surveying
children, their parents, and guardians. The survey is conducted on the territory of
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children’s inclusive playgrounds in three large park areas of the city of Moscow.
The survey goal is to study the psycho-emotional impact of landscape factors, ur-
ban greening, and the level of improvement, design, and construction of inclusive
playground equipment on children with health limitations through outdoor games.
The research results can be applied in practice in the organization and improvement
of new inclusive playgrounds in city parks. Simultaneously, one should take into
consideration their accessibility for people with limited mobility and the safety of
structures and equipment.

Keywords: children with disabilities, children with health limitations, organiza-
tion and improvement of playgrounds, survey; respondents; questioning,; comfort-
able developmental environment, improvement, equipment, level of improvement;
city park; persons with limited mobility; rehabilitation, inclusive playground
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Hayunast cratbs

AHAJIU3 ONPEANOYTEHUM JETEN
C OTPAHUYEHHBIMHU BO3MOKHOCTSIMHA
3JOPOBbSI OTHOCHUTEJIBHO OBYCTPOMCTBA
UHKJIIO3UBHBIX JETCKHUX UT'POBBIX
IUIOIIAJTOK TOPOJA MOCKBBI

O.E. Xanoabaesa, PK. Xanoabaes,
B.H. Copoxonyoos, O.A. Copoxonyoosa

Lenv 0annozo uccredosanus 3aK04Aemcs: 8 AHAIU3e OaHHbIX, HOTYUEHHBIX O
PECNOHOEHMO8 00 OpeaHu3ayuu U yposHe O1a20ycmpolcmea OemcKux niouadoxk
€ UHKTIIO3UBHBIM KOMIOHEHIMOM, PACNONONCEHHbIX HA Meppumopuy mpex 6 Kpyn-
HBIX MHO20QYHKYUOHATbHBIX napkax . Mockevl 015 paspabomxu Memoouueckux
peKxomeHOayull no OpeaHU3ayUL OeMCKUX UHKIIO3UBHBIX NIOWAOOK 8 KDYNHUIX 20-
pooax. Jlannoe ucciedosanue aKkmyaibHo Ha OAHHbIL MOMEHI 6 C8A3U C eM, Ymo
na meppumopuu Poccuu 0o neoasnezo epemenu, 0emu ¢ 02paHuUeHHbIMU BO3MOIC-
Hocmamu 300poebsi (OB3) ObLiu u3onuposansvt om oOWeHUs CO C8EPCMHUKAMU U
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Opyeumu To0bMU 8 CUTLY MO20, YMO 8 00ujecmee OHU 6OCHPUHUMATUCL KAK Oemu ¢
ocobennocmamu pazeumusl. Ilosmomy cuumanocs, 4umo nodobHoe cogmecmmuoe 00-
wieHue 8pedum ux 300P08bI0 U PA3BUMUI0 U NOOODHbBLE Oemi QONICHbL HAXOOUMbC A
100 NOCMOAHHBLIM KOHIMPOLEM U GHUMAHUEM CO CMOPOHbL pooumeneil, OneKyHo8 u
cneyuanucmos. B cesasu ¢ amum muenuem, demeii ¢ OB3 cmapanucy usonuposams
om obujecmsa u nomewams @ CNeYUanbHvle 3a6e0eHUs U VUMb 6 KOPPEKYUOHHbIX
wixonax. bnazooaps 6ocamomy muposomy onvimy, sma nosuyus uzmenunacs ¢ Poccuu
U OaHHas Kamez2opus oemell, menepb NOCMeENeHHO NepesooUmcs 8 0ObIUHbLE UKObI
C UHKTIO3UBHBIM KOMNOHEHMOM, UMeem WUpOoKUe G03MONCHOCU PA36UBATNLCA KAK
Qusunecku, max u NCUXOIMOYUOHATLHO, HAPAOY C HOPMATLHO PA3GUMBIMU 0emb-
Mu. B 3a0auu uccnedosanusi 6X00uno usyyenue 60npOCco8 Opeanu3ayuu 0emcKkux
NI0WAOOK NPEOHAZHAYEHHBIX OJi OMObIXA Oemell MaKumM 00pazom, 4modwl 6ce 0Co-
OeHHOCIU NCUXONIOSUYECKO20 U (PUBUYECKO20 COCMOSAHUA Oemell ¢ 0ePAHUYEHHbIMIU
603moOCHOCIIAMU 300p06bsl (OB3) Ovinu yumenvt 6 nonnoti mepe. Taxoce uzyuena
603MOJCHOCIIb, NYMeEM NPOBEOEHUs. ONPOCA, COBMECTNHO20 Npedbl8aHus oemeti ¢
HopmanbHbiM pazeumuem u demeti ¢ OB3 6 pamkax 00HOU demcKou niowaoxku u
UX COBMeCmHAs NOZHABAMENbHAS OEAMENbHOCb U paziuunble akmusHocmu. [lpu
nomowu paspaboOmMaHHbIX ONPOCHLIX TUCMOS U HA2IAOH020 Mamepuaia s oemetl
npumeHen Memoo onpoca, nymem aHKemupo8aHs 0emell, ux pooumeineti U ONeKyHos.
Onpoc nposeden na meppumopu OemcKux UHKIIO3UGHBIX NAOWAOOK Mpex KPYNHbIX
napkogwix 30 20pooa Mockeul. Lenvio npogedeniiss aHKkemuposans AGIACHCs usy-
yeHue NCUXOIMOYUOHATLHOO 8030eUCMBUA TAHOWAGMHBIX PAKIMOPOS, 03e/IeHeHUs,
VposHs baazoycmpoucmea, Ou3atHa U KOHCMpPYKMuea 000py008anust UHKIIO3UGHbIX
demckux naowadox Ha oemeti ¢ OB3 nocpedcmeom uzp na ceedicem 6o3oyxe. Pesyib-
Mamvl NPOGEOEHHO20 UCCTICO08AHUA MOICHO NPUMEHUMb HA NPAKMUKE NPU OPSaAHU-
3ayuu u 61a20YCMPOUCHBe HOBLIX UHKIIOZUBHBIX OEMCKUX NIOUAOOK 68 20POOCKUX
naprax. IIpu smom Heobxooumo yuecms ux 00CmynHoCcmy 015l MALOMOOUTLHBIX 2PYNN
Hacenenus, 6e30nacHocms KOHCMpPYKyuil u 000pyO08anus.

Kniouesvte cnosa: demu ¢ o2panuyeHHbIMU 603MOACHOCHIAMU 300P08bS, Oemu —
UHBANUODL, OP2AHU3AYUSL U DIALOYCMPOUCMBO OCMCKUX NIOWAOOK, KOMPOPMHAsL
paseusarouyas cpeod, O1az0ycmpoucmeo; yposeHs O1azoycmpoucmed, 20po0CcKol
napx, MaaomMoouIbHble pYynnsl HaceneHus; peadunumayus; UHKI03UeHAas 0emcKkas
niowaoka

Jna yumuposanusa. Xanoabaesa O.E., Xanbabaes P.K., Copoxonyodos B.H.,
Copoxonydosa O.A. Ananuz npeonoumeHuii demeti ¢ 02PAHULEHHBIMU BOZMONCHO-
CcmsAMU 300P06bsL OMHOCUMENbHO 00YCIPOUCIBA UHKTIO3UBHBIX OeMCKUX USPOBBIX
nirowadox 2opooa Mockewt // Siberian Journal of Life Sciences and Agriculture.
2023. T 15, Ne4. C. 307-328. DOI: 10.12731/2658-6649-2023-15-4-307-328
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Introduction

Currently, in the conditions of the city of Moscow, neural parks and inclu-
sive playgrounds are organized in large urban multifunctional parks for the orga-
nization of recreation, education, and development of children with disabilities.

Park of Culture and Recreation named after Gorky is a pilot project that has
opened the “accessible environment” program for its visitors. On the territory of
the park, there are many inclusive zones for children with disabilities, as well as
a special zone for conducting classes with children with disabilities — “Garazh.”

Since 2018, a children’s playground “Salyut” has been opened in the park,
consisting of nine play and training areas. The playground is accessible around
the clock to adults and children, and, besides, to people with disabilities. There
are special carousels for wheelchairs, which, however, are not very convenient
to use. There is an excavator, a table with sand on the territory, and a special
sign that tells about the dactyl of the Russian sign language and how to show
“Salyut” with gestures. The “Salyut” playground consists of nine individually
designed spaces for playing with sand, water, color, sound, height and depth,
different textures, shapes, and sizes. Each of these spaces involves all the senses
of the child, helping in their development, obtaining auditory, visual, and tactile
experience, and giving them the opportunity to feel their own body in space
in a new way. The playground is available for children with various forms of
disability and groups of diseases, including a number of swings designed for
visitors traveling in wheelchairs [14, 224; 15, 92; 18; 19, 137;].

In addition, active work is underway to adapt exhibition spaces, educational
events, events, and festivals for visitors with various forms of disability. Train-
ings on understanding and acceptance of “disability” in society are conducted.
Specially trained guides conduct free excursions, master classes, courses for
deaf and hard of hearing, blind and visually impaired, deafblind visitors, and
visitors with developmental disabilities of different ages. The initiator of the
program is the department of Inclusive Programs of the “Garazh” Museum of
Modern Art.

In addition to the above programs in the park, it is worth noting the com-
petent location of gaming and sports areas. They are located near the entrance,
which facilitates accessibility for people with disabilities. Thus, the park named
after Gorky has created enough conditions for a comfortable stay of disabled
people and children with disabilities in the park area. It is worth noting that the
park is actively informatizing the population about disability, which is a very
promising direction. After all, the problem of disability significantly slows down
the social interaction of people [6].
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One of the largest inclusive venues in Moscow, the “Emerald City,” is locat-
ed in Sokolniki Park, in the 1st Ray Lane, behind Mitkovsky Passage. Children
with disabilities can play here. The Emerald City Park has children’s attractions,
playgrounds, exercise equipment, swings for children with limited mobility, car-
ousels with ramps. A distinctive feature of this site is the fact that the sandbox,
trampoline, and maze are located in covered houses, and various kinds of swings
and carousels are on the street. Moreover, it is possible to ride wheelchairs on
swings and carousels. All rides are equipped with instructions that will help
parents figure out and realize their child’s dream — to ride a carousel. The park
has a playground designed for water sports enthusiasts. An adaptive attraction
is provided for wheelchair users — a pool filled with balloons and carousels
equipped with ramps. In addition, a rental point has been opened, especially
for people and children with disabilities, where they issue technical means for
moving around the park territory. The playground is designed taking into ac-
count the needs of children of different ages and is designed for visitors with
disabilities. The playground is constructed of strong and durable materials and
is equipped with unusual swings and horizontal bars, complying with all safety
measures. In order for any child to find a place for himself, the playground was
divided into zones for children of different ages and a multi-level ramp resem-
bling a roller coaster was constructed. One can go in, run in, ride a scooter or
a wheelchair here. There is a prepared stage for performances. The playground
is popular with children, volunteers, and charitable organizations. These events
are aimed at supporting children with disabilities. Among the positive aspects
are (1) large number of gaming equipment for the development of fine motor
skills of hands, (2) sound pads with pipes and pedestals (which make a sound
when pressed or jumped), (3) Montessori equipment, (4) interesting and unusual
terrain geoplasty. Only a few points can be attributed to the disadvantages: (1)
on the territory of the playground, the paths are made of gravel, which makes
it difficult for children with musculoskeletal disorders to move; (2) in areas of
the playground equipped with sandboxes on racks, for children in wheelchairs,
access to them is difficult, due to loose sand covering throughout the territory
[1,272;3,303;7,296; 13, 320].

Garden named after Bauman also has a number of disadvantages that should
be noted: (1) there is a ramp in the form of a ship on the site, but there are no
handrails on it; (2) there are no covered parts of the site to hide from the rain
and summer heat; (3) location of the site is far from the entrance to the park;
(4) there are no signs for the visually impaired; (5) carousels are located at the
height of almost 25 cm, which is also difficult for children with limited mo-
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bility; (6) there are no belts for fixing the child on swings and carousels; (7)
lack of equipment for the development of fine motor skills of hands; (8) lack
of age restrictions on the use of playground equipment. The authors also note
the positive aspects of the park space of this garden: (1) playground is well lit;
(2) coating is rubberized, which will soften the fall; (3) presence of a small
stage for organizing performances and events; (4) absence of sharp corners on
the equipment; (5) sliding surfaces of gaming equipment; (5) isolated territory.

Sokolniki Park has a long history of its existence, so all the gaming and
training equipment is worn out and needs to be replaced. Due to the lack of
necessary and modern equipment, the Emerald zone will be closed for recon-
struction from 2021. On the positive side, the authors draw attention to the fact
that from the list of parks presented in the analysis, only in Sokolniki part of
the gaming equipment is located indoors. It prevents objects from getting wet
and does not make the equipment dangerous to use.

Based on the above, it can be concluded that at the moment, the parks un-
der research are undergoing changes planned under the “Accessible Environ-
ment” program. However, many objects now need local repairs or large-scale
restoration [6].

Materials and methods

The research of the behavior of children with disabilities can be carried out
with the help of (1) interviews and recording answers, (2) obtaining data during
observation, (3) analysis when interacting with healthy children, adults, teach-
ers, tutors, when conducting a particular game or training activity.

In this work, the authors used the following methods — survey, question-
naire, observation, statistical processing, and analysis of the data obtained. First
of all, the survey method. This research method includes a questionnaire, an
interview, and a conversation. A questionnaire is a collection of information
arranged in a special list of questions (questionnaire). With its help, the respon-
dent answers questions in absentia. Second, observation. In this research, the
observation method is optional, complementing the questionnaire. The second-
ary importance of the observation method is justified by its subjectivity. This
disadvantage is characterized by the influence of the personality characteristics
of the subject being interviewed. The advantage of this observation method lies
in the emotional component, which cannot be described but can be fixed for
further analysis.

To obtain reliable information from parents of children with disabilities, it is
advisable to use the questionnaire method. This will allow learning more. Third,
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the analysis of documents and scientific literature. The most reliable source of
information is documents. To prepare the material, the authors used scientific
papers, diagrams, photo tables that make up the subject of this research.

The survey of children and interviews with parents were conducted on the
territory of three inclusive playgrounds in the studied parks of the city of Mos-
cow. The survey was conducted anonymously. Respondents were given ques-
tionnaires; after filling out, they sent them to the email address indicated on the
survey form. An example of the questionnaire is given below.

*  Questionnaire.

A sociological survey for parents and other legal representatives of children
with disabilities — visitors to park areas of Moscow.

Dear visitors of the park!

Here is a questionnaire that will help identify your preferences and adjust
the concept of the park. Please note - some questions involve choosing multiple
answers. If none of the suggested options is suitable, you can enter your own.
Mark the selected answers with any sign in the column. Send the completed
questionnaires to the email address: *****@*** en

All data will be used in a generalized form, the anonymity of the informa-
tion received is guaranteed.

*  How old is your child?;

o Specify the gender of your child:

»  Which category of children with disabilities does your child belong to?;

»  Which of the presented park areas, in your opinion, are the most adapted

to the organization of leisure activities for children with disabilities?;

*  Are you satisfied with the information support, and do you have enough

information on playgrounds?;

*  What do you see as the meaning of game interaction for your child?;

*  Are there special conditions for your child on the playground?;

*  What can prevent you and your child from studying on the playground

of the park?;

»  What would you like to recommend to the organizers of the park space

when arranging playgrounds for children with disabilities?

*  Questions for children:

*  How old are you?;

*  How far do you live from the location of the park?;

»  Which of the presented parks in Moscow do you like to walk in?;

* Do you know the rules of behavior on playgrounds in park areas?;

* Do you like to communicate and play with other children?;
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* Do you like the games and equipment that the playground has?;

* Did it take you long to get here?;

»  Did you want to see new interesting play complexes on the playground?

The survey aims to study the psychoemotional impact of landscape factors
on children with disabilities. In particular, the authors wanted to know parents’
opinions on the organization of play space for such children. Parents and legal
representatives of children were happy to answer all the questionnaire ques-
tions. The survey of children was conducted jointly with their parents for greater
peace of mind of the child. The questions implied answers “Yes,” “No,” “I find
it difficult to answer.”

Communication with the child began with abstract topics, such as the fol-
lowing: (1) “How old are you?”’; (2) “What is your name?”’; (3) “Do you like
the weather?”

A comfortable emotional environment is very important for communicating
with children, so the authors addressed them with a smile, friendly attitude, and
respect. When receiving answers to questions, children were praised and ap-
plauded, showing them joy, from which they received a positive reaction from
respondents [5; 10; 16]

The number of children participating in the survey was limited to 23 peo-
ple of secondary school age. This was due to the fact that not all parents allow
communicating with their special children, as many have psychophysical dis-
orders. According to the guardians and parents, children have abnormalities in
mental development, and communication with an outsider can frighten them
and negatively affect their condition as a whole. As a result, out of all the chil-
dren surveyed, it was possible to form groups by categories of their diseases:
(1) with disorders of the musculoskeletal system; (2) with hearing impairment;
(3) with intellectual impairment; (4) with speech impairment; (5) with autism
spectrum disorders [11; 12, 27].

As aresult, the evaluation of the research results was based on the interpre-
tation of the data obtained. There was also a problem when conducting a survey
to identify preferences in the gaming equipment used with boys and girls with
the disease — autism [2; 4, 120]. Two out of three people refused to talk and
showed irritability towards the new person. Given the lack of attention of chil-
dren with disabilities, the survey was conducted in a quiet place, the sound on
the phones was turned off. In order not to cause aggression in the interviewed
children, the clothes of the respondents were neutral tones.

The term “Neural Park” is present in the work. It means a closed or open
park space, well-maintained and comfortable for low-mobility groups of the
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population, saturated with appropriate gaming, sports, developmental equip-
ment that can be used by all categories of the population for joint recreation,
sports, etc. In most Western countries, such parks are very common. However,
this concept is new in Russia, and there are not many such park spaces yet. Most
often, already established inclusive sites in large urban multifunctional parks
are adapted for neural parks [8, 247; 9, 179; 17, 92].

The authors conducted the research in three large city parks in the center of
Moscow: (1) Park of Culture and Recreation named after Gorky; (2) Sokolniki
Park; (3) Botanical Garden named after Bauman.

Park of Culture and Recreation named after Gorky is a pilot project that
has opened the “Accessible Environment” program for its visitors. On the
territory of the park, there are many inclusive zones for children with dis-
abilities, as well as a special zone for conducting classes with children with
disabilities — “Garazh.”

Results

In the summer of 2019 and 2020, the authors conducted a survey among
parents and guardians of children with disabilities — visitors to the Park of
Culture and Recreation named after Gorky, to identify difficulties in imple-
menting effective inclusive work on the development of a neural park. The
authors interviewed 76 respondents from among the visitors of the gaming
park zone. Representatives of children (1) with musculoskeletal disorders
are 42 people, (2) 13 people — with hearing impairment, (3) 12 people — with
intellectual disabilities, (4) 6 — with speech disorders, (5) 3 — with autism
spectrum disorders (Fig. 1).\

o 4% m with disorders of the
8% musculoskeletal
system
16% ___

® hearing impaired

55%
17% m with intellectual
disabilities
Fig. 1. Results of the survey on groups of diseases in the surveyed children
with disabilities
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Then it was found out which of the park arcas of Moscow is the most at-
tractive for organizing leisure activities for children with disabilities. Depend-
ing on the sampling criteria territorial remoteness, accessibility of inclusive
programs, standards of organization of park space (1) 63% voted in favor of
the Park named after Gorky; (2) 27% voted in favor of the Garden named after
Bauman; (3) 10% replied that Sokolniki Park is the most attractive (Fig. 2).

" 10%

M Park named after
Gorky

B Garden named after
Bauman

= Sokolniki Park

® 63%

Fig. 2. The results of a survey conducted in multifunctional parks of the city
of Moscow on the choice of a park for children with disabilities interviewed

Parents and guardians also assessed the level of information support for
parks. Among them, 5% of respondents spoke about the possibility of adver-
tising integration of park areas through television and mass media, as well as
the Internet. There are signs with rules of conduct and age restrictions on the
territory of playgrounds. Most respondents (95%) agreed with this statement.

It has also been found out how the social interaction of such a format of in-
formation forms positive beginnings of the child’s personality. Fig. 3 shows the
answers to this question. Often, the answer to the question about the meaning
of the game interaction of children with disabilities is due to the need for so-
cialization of the child in society — 52% answered this, as well as the desire to
spend time usefully — 13% gave this answer. Contrary to the widespread stereo-
type, the majority of respondents ignored the answer that inclusive playgrounds
will help overcome difficulties in life. Only 8% of respondents believe that this
can contribute to the independent development of a child as a person. Among
all respondents — 2% say about getting a positive experience in the interaction
of children and adults, during the game, at similar venues. The remaining 2%
spoke incorrectly (Fig. 3).



Siberian Journal of Life Sciences and Agriculture, Tom 15, Ne4, 2023 317

m 90
2% . B Promotes cognition and
" 10% understanding of life
" 2% around
m 2%
89 B Develops the interests and
0

abilities of the child

B 52%
Fig. 3. The result of the survey “The importance of social interaction
for children with disabilities.”

In all the parks studied, special equipment placed on playgrounds meets the
needs of the younger generation and their parents. The most important condition
for the functioning of playgrounds, parents note the safety and fun of children.
Many considered these concepts mutually exclusive (Fig. 4). The insufficiency
and poor quality of gaming equipment were indicated exclusively by represen-
tatives of small-sized groups.

W 20% m yes
W 1no
X 50% W partially
w 16% B other
H 14%

Fig. 4. Respondents’ satisfaction with the quality of gaming equipment
and space in multifunctional parks in Moscow
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On the question of the elements of park zones that create obstacles for chil-
dren’s recreation in the park, the respondents’ opinions were divided. However,
some trends can be identified. Thus, 39% of parents visiting the Park of Culture
and Recreation named after Gorky, as well as Sokolniki Park, believe that play-
grounds are located far from the entrance to the park. This indicator increases
among the surveyed group of children with disorders of the musculoskeletal sys-
tem. The park named after Gorky has no such problem. At the same time, 58%
of respondents complain about the negative attitude of healthy children. This is
due to the fact that playgrounds designed for children with disabilities are com-
bined with the main play areas of ordinary children. In total, 3% of respondents
indicate the manifestation of indifferent feelings towards some equipment, in
particular, wooden bridges and nodal cables. For the rest, the level of equip-
ment and well-being of playgrounds for children with disabilities is satisfactory.

When developing recommendations for the improvement and equipment
of inclusive playgrounds, it is necessary to focus on the development of park
space and adaptation to the needs of disabled people. Thus, 67% of respondents
concluded that it is necessary to increase the number of park areas for children
with disabilities because the “Accessible Environment” program is currently
being implemented only in large metropolitan cities.

When analyzing the remoteness of an inclusive playground from the en-
trance, 8% of respondents indicated the possibility of organizing playgrounds
closer to the entrance or exit (this group of people was interviewed in Sokolniki
Park and Park named after Gorky). Almost one-fourth of respondents (23%)
chose the answer option, which involves limiting the interaction of healthy
children and children with disabilities. The rest, 2% of respondents, refrained
from answering (Fig. 5).

m 20, m 8% m Close location of sites to
: the entrance or exit from
the park

B 23%

m Limiting interaction with
other children

Increase in the number of
playgrounds for children
1 67% 7 with disabilities

Fig. 5. Survey results on the remoteness and location
of inclusive playgrounds in parks



Siberian Journal of Life Sciences and Agriculture, Tom 15, Ne4, 2023 319

In the same way, a survey of children with disabilities was conducted in
other parks — Sokolniki, Park named after Gorky, Garden named after Bauman.

After inquiring about the conditional place of residence of the child, the au-
thors came to the conclusion that it is the territorial remoteness from the park
that is the main factor influencing the choice of an inclusive playground. This
is the opinion held by 83% of respondents. The other 17% of respondents had
difficulty answering due to immaturity and other hindering factors.

The next question seemed to children from five to nine years old, naturally,
easier. The answers correspond to the location of the survey. Of the children sur-
veyed, (1) 43% chose the Park of Culture and Recreation named after Gorky, (2)
26% preferred Sokolniki Park, (3) 31% preferred the Garden named after Bauman.

In the continuation of the survey, children had unsatisfactory knowledge of
the rules of behavior on playgrounds established by the park administration. As a
rule, this obligation is assumed by the parents and guardians of the interviewees.

Of the surveyed children aged five to nine years, 81% said “no,” and 2% of
children aged 10 to 15 years with a mild degree of mental retardation also gave
a negative answer. Almost one-tenth (9%) of adolescents over 15 years old, not
related to intellectual disabilities, confirmed the question.

To the question of social interaction, in view of psychological and physio-
logical characteristics, children with disabilities gave ambiguous answers. The
analysis showed that 63% of respondents are sociable with their peers. How-
ever, in many ways, these communications are formed in a non-verbal form —
movements, performing any actions, showing emotions. The opposite situation
develops in children with a violation of the musculoskeletal system. They are
prone to inactive types of games. Fifteen percent of children of the younger age
group had a tendency to single games. Two interviewed children with serious
intellectual disabilities could not answer the question.

The question about the inventory of special park equipment did not cause
difficulties for children. All are 100% satisfied with the content of playgrounds.

Based on the survey results, it follows that it is inconvenient for children
with disabilities to visit remote parks. So, all respondents spend a little time on
the way to the park.

To the last question of whether children would like to upgrade the park
equipment, the respondents also answered unequivocally.

Discussion

Any group of diseases creates obstacles to the development, games, and
recreation of disabled children. These barriers arise during the operation of
playgrounds, buildings, structures, as well as in the process of using various
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services. Wheelchair users encounter, as a rule, urban landscape structures —
steps, thresholds, ramps, and information signs installed with violations, door-
ways, and so on.

Persons with a violation of the musculoskeletal system with great difficulty
overcome barriers — thresholds, slippery coating, opening doors or windows,
putting on clothes, and so on. Especially acute obstacles are experienced by
people with disorders of the motor apparatus of the hands since there is practi-
cally no infrastructure for barrier-free social existence in the urban environment.

To achieve graduation in this area, it is necessary, first of all, to equip urban
facilities with technical means and, where this is not possible, to provide the
services of specialized employees of the facility.

In Western countries, workers providing social services to people with dis-
abilities are an effective resource in parks and public places. Their competencies
include the following: (1) boarding and disembarking disabled people in public
transport using wheelchair access; (2) assistance in boarding and disembark-
ing in front of the facility; (3) taking measures when accompanied by people
with disabilities who have well-established visual impairments; (4) work on
informatization of people with disabilities about ways of public transportation
around the city; (5) interaction with disabled people on informing about the ser-
vices provided, including the legal registration of relations. In addition, social
protection agencies provide services to people with disabilities suffering from
hearing impairments using sign language, with the access of a sign language
interpreter and a typhoid interpreter.

The inclusiveness of the organization of the park space includes aspects of
different design methods. First of all, it is necessary to divide the boundaries
of zones for active activities and, accordingly, passive ones. In addition, an im-
portant component is the selection of the necessary special equipment.

In order to optimize the space, the “Accessible Environment” projects must
necessarily include compositions (i.e., artificial objects made in a certain order
and combination).

When composing such a composition, the properties of spatial forms are tak-
en into account, namely: (1) texture; (2) color and illumination; (3) magnitude;
(4) mass; (5) position in space; (6) geometric structure of the form.

Setting out the problem of social identity, it is impossible not to note that
many inclusive playgrounds are linear and monopolar. This can be traced in
modern park areas of the city of Moscow regarding the issue of adaptability of
equipment. Manufacturers can adapt the design of the equipment to the needs
of children so that they have sufficient access to stay and play. Due to the fact



Siberian Journal of Life Sciences and Agriculture, Tom 15, Ne4, 2023 321

that there is a possibility of inappropriate use of equipment by children, it is
necessary to take care of the safety of the materials used in the construction.

Conclusion

Thus, when organizing urban park space, it is necessary to be guided, first
of all, by inclusion. In pursuance of the provision on social protection of people
with disabilities, this judgment is not recommendatory but a disposition fixed
by the norms of law. The replication of it will create favorable conditions for
the full development of children with disabilities. Indeed, many projects on the
organization of inclusive park zones are being cut, adjusted, and redrawn in ac-
cordance with the concept of financial policy. This judgment is confirmed by the
research results regarding the state of modern gaming park equipment. Many of
its elements are influenced by external factors, due to which it becomes unus-
able, posing a danger to children. The issue of financing is not new in modern
science. However, it deserves attention due to the tacit privilege of a part of the
population with disabilities. The health and even the lives of children depend
on the quality of the work performed.

When implementing inclusive space projects, it is necessary to take as a
basis the physical and psychological aspects of the child as fundamental fac-
tors of the burden of park construction. It is necessary to focus on disorders
of the musculoskeletal system since the cultivation of playgrounds for people
with this group of diseases should occur with significant structural changes of
special equipment.

On the territory of the Park named after Gorky and Sokolniki Park, special
equipment does not have a base capable of satisfying the interests of all chil-
dren with various groups of the disease. For example, there are no ramps on the
swing, without which it is impossible to lift a wheelchair user safely. It follows
from this that the park space has not completed its design and requires prompt
intervention on the part of designers.

The main method of collecting information in a real urban environment is a
questionnaire. The survey revealed public opinion about the criteria for planning
playgrounds. According to parents and guardians, the main problem is the proxim-
ity of play equipment designed for interaction between healthy children and chil-
dren with disabilities. In addition, children and their parents are dissatisfied with
the remoteness of many play areas from the entrance point to the park. Moving
around the park can be difficult, given the limited mobility of disabled children.

An important aspect on the way of rehabilitation and socialization of chil-
dren with disorders of the musculoskeletal system is the construction of inclu-
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sive sports complexes on the territory of cultural parks. The developers of this
equipment take into account all possible precautions since even a minor mistake
in the layout can cost a child health. The territory of the Park named after Gorky
has a modern football court for low-mobility groups of the population. For the
convenience of visitors, the sides, thresholds, and other barriers were leveled
here. Thus, inclusive sports zones represent effective models of play interac-
tion of children with disabilities. It should be noted that these activities activate
children with health disorders, speeding up the process of their socialization.

When developing methodological recommendations, attention should be
paid to the results of a comparative analysis devoted to the construction of in-
clusive and standard playgrounds in the park. Thus, the results showed that it is
more cost-effective to build inclusive playgrounds for disabled children, con-
trary to public opinion. Therefore, there is an acute issue related to management
decision-making. There is no sufficient reason to believe that implementing the
state program “Accessible Environment” requires large financial investments.

According to the results of survey that includes children with health limita-
tions and their parents and guardians, preferences regarding the organization and
improvement of territories and equipment for children’s inclusive playgrounds are
revealed. Most of the surveyed children are persons with health limitations that
include various disorders of the musculoskeletal system (55%), and therefore, the
issue of the proximity of these sites to the primary entrances to the park is reason-
ably relevant. Additionally, one should take into account the peculiarities of the
movement of children groups in wheelchairs. A substantial category of children
has hearing impairments (17%), which means that they need a safe play space
with bright, visual instructions for using the playground equipment. Of the three
existing inclusive sites in the city of Moscow, 63% have allocated an inclusive
site in the Park for Recreation and Leisure named after M. Gorky, describing it as
the most comfortable. Having studied the global experience in organizing play-
grounds for children with health limitations, the authors can conclude that the
trend of socialization of such children during joint games is gradually emerging
in Russia. Simultaneously, many respondents, including parents and guardians
(67%), note an acute shortage of such playgrounds for children with disabilities.
Furthermore, 52% of respondents state that social interaction is necessary and use-
ful. Only half of the surveyed parents and guardians are satisfied with the quality
of the playground equipment. Existing inclusive playgrounds require modern-
ization and updating of playground equipment. At the same time, there is a lack
of visual and understandable information concerning the rules of conduct on the
playground and ensuring safety when using playground equipment.
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Summarizing the factors mentioned above, in the territories of inclusive
playgrounds of the three studied parks, it is necessary to modernize and repair
the playground equipment, increase the level of interaction between children
during games, ensure the availability of these playgrounds for groups of chil-
dren with limited mobility with disabilities of the musculoskeletal system, en-
sure the safety of games and activities on fresh air for children with hearing and
vision impairments, and develop cognitive activity and socialization in children
with mental ineptitude. In the future, every city or district park should have such
a playground for games and joint leisure of children with health limitations.
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PHYSICAL ACTIVITY LEVEL
ASSESSMENT OF POPULATION GROUPS
IN THE NOVOSIBIRSK REGION

M.L. Fomicheva, M.A. Zakharova, S.V. Chusovlyanova

The paper is devoted to assessing the level of physical activity of some population
groups. Researching the level of physical activity of the population in the conditions
of the physical, social and economic environment surrounding it, without taking into
account direct sports, provides an important tool that serves to integrate the efforts of
interdepartmental interaction in the implementation of federal and regional programs
aimed at improving the health of citizens. The research was conducted using the
International Physical Activity Questionnaire (IPAQ). The purpose of the research was
to assess the level of physical activity and the degree of motivation to change it among the
region s adult population in the conditions of changing hiking to driving a car. Surveys
on the level of physical activity were conducted on an anonymous, voluntary basis. The
research results showed that about a third of respondents experienced a constant lack
of movement and confirmed that the adult population pays insufficient attention to the
simplest preventive measures to improve their health, one of which is physical activity.

Keywords: physical activity, sedentary lifestyle; physical inactivity; lifestyle
change; motivation to lead an active lifestyle; IPAQ
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OIIEHKA YPOBHSI ®U3NYECKON AKTUBHOCTH
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VCR0BUAX OKPYIICAIOUfell 20 Qu3UUecKoll, COYUATbHOL U IKOHOMUYECKOU CPedbl,
be3 yuema HenocpeoCmeeHH O 3aHAMUL CHOPMOM, NPEOOCMABAen BANHCHbLI
UHCMPYMEHM,; OH CAVICUM UHMe2PaYUU YCUTUL MeXHCEEOOMCTNEEHHO20 83AUMO-
Oelicmaus npu peanuzayuu hedepanbHblX U pecuoHANbHBIX NPOSPAMM, HANPAG-
JICHHBIX HA YIAyYueHue 300pogus epadcoan. Hccnedosanue nposoounocs ¢ uc-
noavzosanuem Medxcoynapoonozo onpocruka guzuueckoii akmugnocmu (IPAQ).
Lenvio uccnedosanus Oviia OYeHKA YPOsHs u3uecKol akmuHOCIU U CmeneHu
Momugayuy K ee UsMeHeHuo cpedu 83pocio20 HACeNeHUs PecUOHd 8 YCI08UsX
CMeHbL neuie2o mypusma Ha 8odicoenue agmomodunsi. Onpocet 00 ypose pusuye-
CKOU AKMUBHOCMU NPOBOOULUCH HA AHOHUMHOU, 00OPOBOIbHOU OCHOBe. Pe3yib-
mamul UCCred06anUsi NOKA3ANU, YO OKOLO MPemu pecnoHOeHmo8 UCHbIMbIEAIU
NOCMOAHHYI0 HEX8AMKY OBUICEHUS, U NOOMEEPOUNU, YMO 83POCIoe HaceneHue
yoensem nHedoCmamouHoe BHUMAHUE NPOCeuUM nPoOUIAKIMUYECKUM Mepam
0151 YAYUULeHUsL C80e20 300P0BbSL, OOHUM U3 KOMOPLIX AGNAemMcs Pusuieckas
aKmueHOCMb.

Kniwouegvie cnosa: gpusuuecrkas akmugHocmuv,; cuOAMUL 00paA3 JHCUZHU, MALO-
NOOBUIICHBILL 0OPA3 JHCUZHU, UIMEHEHUe 00PA3A JCUZHU, MOMUBAYUSL BECTNU AKIMUG-
uoltl 06pas scusnu, IPAQ

Jna yumuposanus. ©owuvesa M.JI., 3axaposa M.A., Yycosnanosa C.B.
Oyenxa yposus Qusuueckol akmusHocmu epynn Haceienusi Hosocubupckoil 0o-
nacmu // Siberian Journal of Life Sciences and Agriculture. 2023. T. 15, Ne4.
C. 329-350. DOI: 10.12731/2658-6649-2023-15-4-329-350

Introduction

Taking into account the fact that adequate physical activity alone (moderate
activity for 30 minutes daily), regardless of other risk factors, helps to reduce
the risk of developing cardiovascular disease. It has a positive effect on human
metabolism, reduces blood pressure, improves sleep and overall well-being [2;
3; 25; 27; 28; 29; 30; 31; 32], significantly improves the quality of life, and
contributes to a favorable prognosis of the course of chronic diseases. This
shows the constant demand for studying and evaluating the level of physical
activity of the population of different age and gender groups.

Until the middle of the last century, lack of physical activity was never a
public health problem. However, with the development of science and technol-
ogy, a sedentary lifestyle has become an increasing problem, and today it has
acquired the status of a scourge of civilization. The spread of hypodynamia is
associated with the predominant substitution of physical labor by mental activi-
ty, active leisure, manual creativity (knitting, sewing, embroidery, other crafts),
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reading, watching videos and TV, as well as a high level of urbanization and
digitalization, accelerating the pace of life, information exchange, which force
one to change walking and cycling to excessive use of motor vehicles, both
public and personal, and the descent and ascent from floor to floor is now often
done with the help of an elevator: a people immediately enter their workplace is
located, and in conditions of isolation and change of work mode to remote, for
example, due to the COVID-19 pandemic, they may not leave the house at all.

Several environmental factors associated with urbanization can prevent
people from increasing their physical activity levels [4; 5; 6; 7; 8]: fears of
violence and crime on the streets; heavy traffic; poor air quality, air pollution;
lack of parks, sidewalks, and sports facilities.

Taking the aggressiveness of physical inactivity into account as a health
risk factor, the research on measuring human physical activity and developing
preventive programs to reduce the risk of developing chronic non-communi-
cable diseases [13] was continuously carried out for more than 50 days. One
of the major epidemiological studies of recent years is the Prospective Urban
and Rural Epidemiological Study [PURE]. In the PURE study, it was found
that the risk of mortality due to cardiovascular pathology had an inverse cor-
relation with the level of regular physical activity [25].

At the first stage, the task of such studies was to assess the risk of cardio-
vascular events at the height of the load [8], and later the leading goal was to
study the phenomenon of adaptation to physical exercise as a preventive mea-
sure and to determine the optimal characteristics of the load.

Over time, methodological approaches to assessing the intensity and du-
ration of physical exercises have changed-from subjective methods based on
diaries and questionnaires [9; 13; 14] to modern mobile devices - pedometers
and accelerometers, which was reflected in the change in recommendations for
physical activity [6]. To date, the recommendations of the World Health Or-
ganization of 2010 are considered internationally recognized, but many more
issues remain unresolved in this area due to the lack of an ideal method for
assessing physical activity for epidemiological studies [31].

Novosibirsk is the third largest city in the Russian Federation, with a highly
developed transport network. The number of private cars and the availability
of citywide transport infrastructure indicate more than enough prerequisites
for reducing the walking load. Thus, the study of the problem of low physical
activity of the population and the search for new solutions to prevent physical
inertia does not cease to be relevant due to the growing urban and industrial
trends. Many foreign and domestic researchers [25], as well as specialists in
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medical prevention, are engaged in solving this problem today. The conclu-
sions published by them are related to the study of the influence of the sur-
rounding reality along with such modifying factors as gender differences, age
characteristics, health status, upbringing, etc., and are reduced to two important
conditions that must be implemented simultaneously: the growth of the popu-
lation’s motivation to increase the level of physical activity; the popularization
of dynamic leisure through the creation of a favorable infrastructure for this
(accessibility of state, commercial, household, entertainment facilities, public
recreation areas — parks, squares, sports grounds).

Many tools are used to assess the activity. The IPAQ became widely known
in the late 90s of the last century due to the publications of an international con-
sensus group of competent researchers of physical activity. The creators’ goal
was to develop a universal tool that would ensure the comparability of mea-
suring the level of physical activity both within individual population groups
and at the country and global levels. The questionnaire has been translated
into many languages and used in a huge number of studies worldwide over
the past two decades. In the Russian Federation, the first data on the use of the
IPAQ dates back to 2000 (National Medical Research Center for Therapy and
Preventive Medicine [NMIC TPM] of the Ministry of Health of the Russian
Federation) [11].

In 2016, researchers at Surgut State University conducted several studies to
determine the reliability of the IPAQ questionnaire in various age, gender, and
territorial groups. The validity of the questionnaire for residents of Siberia was
proven, and computer programs for conducting Internet surveys and processing
primary questionnaire data were patented [6, 12; 13; 15; 16].

Researchers from other regions of Russia and the CIS countries have also
successfully used the IPAQ in their work to (1) determine the suboptimal
health status during the primary screening of cardiovascular diseases, (2) as-
sess the quality of life of patients with type 2 diabetes, and (3) develop popu-
lation-based wellness programs for residents of different populated areas [17;
18; 19; 20; 21; 22; 23; 24; 26]. This determined the choice of the IPAQ ques-
tionnaire as a tool for this study.

Certainly, despite the positive experience of colleagues, every researcher
should start conducting any type of research with the pilot stage, which is nec-
essary to (1) make sure that the problem is relevant for the region, (2) outline
the circle of people (age, gender, occupation, place of residence, etc.), whose
opinion or position is of the greatest interest concerning the problem under
study (focus group), (3) test the questionnaire text, test, or survey on residents
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of a particular region or representatives of the focus group of the study, (4)
determine the most acceptable (convenient for researchers and respondents)
form of the survey (face-to-face interview, correspondence-telephone survey,
internet survey, etc.), and (5) develop a methodology for processing and cal-
culating data [1].

Materials and Methods

Research objectives are the assessment of the prevalence of sedentary life-
style among a certain group of adults in the region; the analysis of the level of
motivation of a certain group of the adult population of the Novosibirsk region
to lead an active lifestyle; the analysis of the possible effect of the modifying
factor (obtaining rights and, as a result, reducing the time of walking) on the
level of physical activity of a person.

Therefore, students of one of the driving schools in the Novosibirsk region
became respondents to the pilot project “Movement” in 2018-2019. The num-
ber of people who want to get a driving license every year can be judged based
on the data of only one of the many organizations that teach driving a car - for
two years, more than two and a half thousand students. Based on the above, the
purpose of the study presented in the review is to assess the level of physical
activity and the degree of motivation to change it among the adult population
of the region in the context of the upcoming change in the mode of life (change
of hiking to driving).

The choice of tools was determined by the fact that many questionnaires
are commonly used in assessing various types of physical activity (industrial,
household, sports, health, leisure, etc.). However, in the last decade, the most
common ones are various versions of the IPAQ, which is aimed at assessing the
total volume of daily physical activity by finding out the frequency, duration,
and intensity of all types of physical activity [5].

The questionnaire used in the study consisted of two parts:

* Questions that give an idea of the degree of motivation of the respondent

to change the level of their physical activity;

» IPAQ questionnaire, to which the key is given, allows respondents to

assess their level of physical activity independently.

The work with the IPAQ questionnaire at the stage of the pilot study was
carried out in two stages:

* In the period from 2013 to 2016, at events dedicated to a healthy life-

style, the purpose of this survey is to collect feedback about the text of
the questionnaire, to interest the population in conducting a self-assess-
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ment of their level of activity (the respondents took the questionnaires
with them),

* In the period from 2018 to 2019, at the driving schools in the region,

the purpose of this survey is to collect data on the level of physical ac-
tivity of the population (emphasis on the group of people aged 18-45),
their willingness to participate in surveys, as well as in the subsequent
discussion of the problem.

Surveys on the level of physical activity were conducted on an anonymous,
voluntary basis during the seminars-lectures “First Aid and Cardiopulmonary
Resuscitation for Victims of Road Accidents.”

The audience was explained that the purpose of the study is to demonstrate
the influence of certain factors on the change of the usual lifestyle, which they
will evaluate independently on the example of assessing the level of motor ac-
tivity (pedestrian — motorist).

The randomly selected listeners did not know about the upcoming survey
and had not previously met with the IPAQ questionnaire.

The survey participants did not specify their personal data (except for age,
gender, height, and weight at the time of the survey), the respondents were in-
structed on filling out the questionnaire, with an explanation of the terms “in-
tense physical activity” and “moderate physical activity.”

Results

In the surveys of 20182019, there were 1,253 participants; 1,096 question-
naires were collected (88% response). The number of listeners who refused to
participate in the survey did not exceed 15%; some of the questionnaires were
filled out incorrectly (the questionnaire table was filled out incorrectly, some
data included in the passport part of the questionnaire was ignored: gender, age,
height, and weight).

After collecting the questionnaires and deleting the incorrectly filled forms,
914 sheets were suitable for processing, of which 367 were filled out by men
and 547 - by women.

There is a World Health Organization (WHO) periodization of age: young
age (18—44), middle age (45-59), and older age (60-74) [2]. The age period-
ization adopted in Russia differs from the gradation of adulthood [18]. It has
therefore been decided to group the age groups in the following way: age groups
of 18-39 years olds and 40—65 years olds.

More numerous, naturally, was the first group — representatives of the “18—
39 age period.
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The survey was mainly attended by young people; the share of extremely
overweight (obesity) people did not exceed 1/10 of the respondents.

Independent scoring using the proposed key (according to respondents)
made us think about the changes necessary to bring our indicators from the
“minimum level” to the “optimal level.” Most of these reviews were received
among people under 40 years, who do not experience difficulties related to
their health status.

The investigation method in the paper is comparing the relative values and
highlighting the proportions of one or another attribute.

The results of the study are presented in Table 1. The average values that
characterize the group of respondents emphasize that the main focus of the study
was shifted towards a young age due to the specifics of the audience, which did
not contradict the main goals of the pilot stage of the study.

In the final calculation of scores, it was found that almost a third of respon-
dents have a permanent lack of movement (according to the results of the IPAQ
test, 22% of men and 34% of women have the “hypodynamia” status), which
was a discovery for some respondents.

When assessing the motivation to change the lifestyle, it should be noted
that before the points were calculated, only a fifth of respondents indicated
that they have a long-standing habit of playing sports, visiting fitness halls
and swimming pools (men are 9% more likely than women), but there are
also those who in the last six months are trying to join more active leisure
(on average, 8%).

The same number of respondents periodically, but not regularly, engage in
sports or fitness, and another fifth of them plan or are currently trying to “fit into
their schedule” constant physical activity (intense or moderate). Thus, about
60% of respondents are motivated, in their opinion, for active leisure, but only
39% have an optimal level of physical activity.

Table 1.
Questions All |Men | Women
number of respondents (people) 914 | 367 | 547
Age, years (average value) 28 | 24 29
Height, m (average value) 1.71 | 1.78 | 1.47
Weight, kg (average value) 68 | 76 62
BMI (average value) 23.1(23.7| 22.7
% of obese respondents (BMI > 30 kg / m?) 7% | 6% 8%
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End of the Table 1.

Ll o1 do not engage in intense or moderate physical ac-
& | tivity regularly and do not intend to start in the next | 7% | 6% 7%
2 6 months
2| Idonot do intense or moderate physical activity
E—E regularly, but I am thinking about starting in the next| 10% | 7% | 13%
Z 6 months
% I try to start'doing intense or m_oderate physical activ- 22% | 18% | 25%
= ity, but I do not do it regularly
8 |1 do intense physical activity less than 3 times a week
é (or) moderate physical activity less than 5 timesa | 21% [22% | 21%
& week
% I have been doing moderate physical activity for 30 505 | 59 50,
7 | minutes a day 5 days a week for the past 1-5 months
E, I have been doing moderate physical activity for 30 min- 79% | 6% 8%
= | utes a day 5 days a week for the past 6 (or more) months
‘é I do intense physical activity 3 or more times a week 8% [10% | 6%
9 for 1-5 months
E} I do intense physical activity 3 or more times a week 19% | 25% | 16%
for 6 (or more) months
2 |How many times a week do you do intense physical activi- 3 5
ty (days-average)?
3 | How long does your intense physical | Up to 10 minutes | 18% (13% |[21%
activity usually last? 10-20 minutes | 12% | 9% | 13%
20-40 minutes | 20% | 18% | 21%
40-60 minutes | 21% | 19% | 22%
1 hour or more | 30% |41% | 23%
4 | How many times a week do you do non-intensive (moderate) | 3 3 3
physical activity? (days - average value)
5 | What is the usual duration of your mod- | Up to 20 minutes | 21% |22% | 21%
erate physical activity during the day? 20—40 minutes | 24% | 21% | 26%
40-60 minutes | 22% | 19% | 24%
60-90 minutes 14% | 17% | 12%
1.5 hours or more | 19% |22% | 17%
6 | How many days a week do you walk? (days - average value) | 6 6 6
7 | What is the usual length of your hiking | Up to 20 minutes | 9% | 6% |12%
trips during the day? 20-40 minutes | 27% | 18% | 33%
40-60 minutes | 22% |24% | 21%
60-90 minutes | 16% | 19% | 14%
1.5 hours and more | 26% | 34% | 20%
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End of the Table 1.

8 | How many hours do you spend in a sit- | 8 hours or more | 15% | 14% | 15%

ting position? 7-8 hours 16% | 11% | 19%
6—7 hours 15% | 15% | 14%
5-6 hours 13% | 15% | 11%
4-5 hours 13% | 14% | 12%
3—4 hours 18% | 19% | 16%
1-2 hours 9% | 8% | 9%
less than 1 hour | 4% | 3% | 5%
9 Total points (average value) 25 | 27 | 23

10 Current level of physical activity Hypodynamia | 29% |22% | 34%
Sufﬁc;zgtv Ii)tk}llyswal 339% 27% | 36%
Opt“:ftli“/’ilgs‘cal 39% | 52% | 30%

11 Exclusion of walking (influence of the presence
15 | 16 | 15

of a car) - average value
12 Estimated physical activity Hypodynamia 70% | 66% | 79%
after buying a car i i

ymg Sufﬁmen_t physwal 20% | 26% | 16%

activity
Optlmal_ p.hys1ca1 6% | 8% | 5%

activity

According to the data obtained during the study, the following was noted:

*  Men are less likely than women to use public transport services, prefer-
ring to walk (the average duration of walking is about half an hour for
women, from one and a half hours for men);

» Average number of days on which respondents habitually take walks is
six, and men spend more time on this than women;

* Also, men are more likely to devote more time to intense or moderate
physical activity and training (women devote up to an hour of their time
to physical activity, and men — more than an hour on average three times
a week);

In addition, 46% of respondents are familiar with the daily work associated
with a “sitting position.” Working at a computer, they spend “sitting” from 6 to
8 hours a day, 44% spend 3—6 hours daily in a sitting position, the remaining
10% lead a fairly active lifestyle.

After completing the main part of the survey, the respondents were asked
to deduct the time they still spend on walking, but when obtaining a driving li-
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cense, this situation will not change in favor of physical activity (questions and
answers were suggested by the respondents themselves during their thoughts
about changing the lifestyle associated with obtaining a driving license): “What
is the usual length of your walks during the day?”, “How many days a week do
you walk?” reducing them only to weekends.

This technique is crude and is not for every motorist, but it allows one to
demonstrate the importance of the most accessible preventive measures, that
is, simply walking. The testing revealed significant gender differences. And
these differences start directly in the motivational field — women (especially
those aged 40 and older) are the least interested in an active lifestyle (Table 2).

Table 2.
The level of motivation in different age groups

18-39 40-65
Men | Women | Men | Women

Questions

I do not engage in intense or moderate physical ac-
tivity regularly and do not intend to start in the next | 6% | 11% | 5% | 16%
6 months

I do not do intense or moderate physical activity reg-
ularly, but I am thinking about starting in the next6 | 7% | 6% |12%| 13%
months

I try to start doing intense or moderate physical activ-
ity, but I do not do it regularly

I do intense physical activity less than 3 times a week

(or) moderate physical activity less than 5 timesa | 23% | 22% |23%| 11%

week

19% | 11% |21%| 30%

I have been doing moderate physical activity for 30
minutes a day 5 days a week for the past 1-5 months
I have been doing moderate physical activity for 30
minutes a day 5 days a week for the past 6 (or more) | 7% | 17% |10%| 10%
months
I do intense physical activity 3 or more times a week
for 1-5 months
I do intense physical activity 3 or more times a week
for 6 (or more) months

5% | 11% | 6% 7%

10% | 11% | 6% 9%

25% | 28% |15%| 16%

The respondents of both sexes from the younger age group have the highest
level of motivation since, among them, only 6% of men and 11% of women do
not regularly engage in any physical activity and do not intend to do it, in the
age group of 40—65 years of people who do not want to lead an active lifestyle
among women even more — 16%.
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Thus, according to the IPAQ results, a sufficient level of physical activity
was registered in a third of the respondents. In addition, based on the data ob-
tained when analyzing the self-assessment of the usual load, it was noted that
men often underestimate their activity, and women, on the contrary, overesti-
mate.

Therefore, one should consider each item of the IPAQ test to exclude bias
and subjectivity of respondents’ opinions and evaluate data on daily physical
activities, their intensity, and duration.

Among the respondents in the age group “18-39 years,” 59% of men are
daily engaged in intensive physical activity. Among older respondents, such
men were not found.

Among women of the same group, 67% are engaged in intensive physical
activity for more than an hour every day. Older women and men in this group
do not devote time to intense exercise every day.

The majority of the surveyed men in the age group “40—65 years” devote
time to intense physical activity, while a third of the respondents indicated that
they do more than 1.5 hours a day of training (at least 3 days a week), anoth-
er third — they do only 10 minutes, which is insufficient for the prevention of
cardiovascular diseases.

Women of the same age group, even those who have a short physical ac-
tivity, are 10% less than men, and those who play sports and spend more than
an hour on intensive classes are only 19% (14% less than men in the same age
group).

The age group “18-39 years” is naturally characterized by greater physical
activity, in the group that pays little attention to intense physical activity, 19%
of men and 25% of women.

Discussion

According to the results of our research, it turned out that 46% of respon-
dents experience a constant lack of movement. Our data are consistent with the
results of N. I . Medvedkova. et al., who writes that about 50% of respondents
in the Perm Krai, the Udmurt Republic, and the Moscow Region devote about
25 minutes a day to physical activity, meaning they also experience a lack of
movement. In addition, our study also showed that men prefer more active
types of physical activity, such as playing sports, while women prefer walking
or running more [10; 22].

However, according to I. F. Islamzade, only about 10% of respondents have
high physical activity. and the only physical activity of the rest is walking - to
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work and shopping facilities. [5] Our study showed that residents of the region
have a higher level of physical activity. About 20% of respondents have a habit
of actively exercising, of which 25% of men and 16 % of women devote time
to intense physical activity more than 3 times a week.

Unfortunately, few of the respondents decided to replace the “sofa leisure”
with a simple walk. And such a simple and accessible way to combat hypody-
namia, as taking a walk during a lunch break, was not available to all respon-
dents. Many of them simply have nowhere to walk because the office is far
from parks, squares, and quiet streets (but near broadband highways or indus-
trial areas).

This again underlines the severity of the problem of the availability of recre-
ation areas and the low awareness of the availability of such areas. As a result,
people begin to look for places for active leisure and sports only when they have
difficulties related to their health.

Conclusion

In conclusion, it should be noted that the level of motivation of the adult
population of the Novosibirsk region to lead an active lifestyle is at a low level
since such a simple and accessible way to combat physical inactivity as taking
a walk during a lunch break was not available to all respondents, many simply
have nowhere to walk, because the office is located far from parks, squares,
and quiet streets. This once again underlines the severity of the problem of ac-
cessibility of recreation areas and low awareness of the availability of such. As
a result, people begin to look for places for active leisure and sports only when
health-related difficulties begin.

As for the assessment of the prevalence of a sedentary lifestyle among a cer-
tain group of adults in the region, we may see that the survey of adult students
at driving school confirmed the opinion of foreign and domestic researchers that
the adult population pays insufficient attention to the simplest preventive mea-
sures aimed at improving the level of health, one of which is physical activity.
At the time of the study, according to the results of the IPAQ test, 39% of men
40-65 years old and 35% of women 18-39 years old were found to be inactivi-
ty; among respondents, about 40% are engaged in some type of physical activ-
ity in sufficient quantity, the rest either do not engage in any physical activity
at all, or they engage in an insufficient number of times a week or irregularly.

Of particular concern is the fact that regular moderate physical activity (30
minutes, 5 days a week) takes place in the lives of both men and women in a
little more than 15% of cases; as for the usual (constantly more than six months)
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intense physical activity, it can be noted that it is characteristic of only a quarter
of men and 15% of women 18-39 years old.

When analyzing the possible effect of the modifying factor on the level of
physical activity of a person, it should be noted that among the project partici-
pants who are going to use personal vehicles as a means of transportation in the
near future, 22% of men and 38% of women in the group “18-39 years” who
currently have a sufficient level of physical activity according to the results of
the IPAQ test, in the very near future, they can hardly consider the forecast re-
garding their level of load favorable.

Since 2020, the study has been included in the Regional Center for Public
Health and Medical Prevention action plan as part of the “Assessment of the
Habitual Lifestyle of the Adult Population of the Novosibirsk Region™ program.
Based on this study, a program to increase awareness and motivation of the re-
gional population on physical activity is planned to be developed. There is no
conflict of interest in this study.
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Hayunast cratbst

B3AUMOCBA3b UHTEPHET-3ABUCUMOCTH
C I'OJIOBHBIMU BOJIAMMUA Y ITOJPOCTKOB:
KOMOPBUIHASA ITATOJIOI'UA U OBLIIUE
DPAKTOPBI PUCKA

M.B. lyouna, C.IO. Tepeuienxo,
0.JI. Mockanenxo, 3.B. Kacnapoes

Hannvle 0 63aumoces3u 201068HbIX 001€ll ¢ UHMEPHEM-3A8UCUMOCIIBIO 00BOTLHO
NPOMUBOPEUUBDL.

Lenv: ycmanosumsv obwue paxmopuvl pucka 01 pazeumus paiuiHbIxX U008
UHMEPHeM-3a6UCUMOCIU U NEPEUUHBIX 8UO0G 20106HOT DOTIU.

Mamepuanst u memoowt. O6cneoosaro 5195 wixonvruros 11-18 nem Cubupu. Hn-
MEPHEM-3068UCUMOCb U ee 6UdbL onpedensiiu no ankeme Yen, Game Addiction Scale u
The Social Media Disorder Scale; Tun conosnou bonu (Muepetsb uny 20106Has OOb HA-
npsioncerust) —no anxeme C.FO. Tepeuerko, na ocnose The International Classification
of Headache Disorders, 3rd edition (beta version), 2013; Ilcuxuueckue paccmpoti-
cmea — npu KoMnblomepusuposanHom mecmuposanuu 6 npoepamme « The Development
and Well-Being Assessmenty (DAWBA, R. Goodman et al.) Pacuem omHoweHus ancos
u e2o dogepumenvro2o unmepeana npouzsoouncs na Group Comparison Calculator:

Pesynemamut. Yemanogneno, umo unmepHem-3a8UcumMochib 6CMpeuaemcs @
6 pasa uawje npu muepenu u 6 3 pasa wawje npu 20106HOU 00U HANPAICCHUSA, NO
cpasnenuio ¢ oemomu 6e3 20106HbIX Oonel. OOHako, sma ce:13b6 HabIVOaemcs
MONBLKO NPU NAMOLOSUYECKOM UCHOTb30BAHUU COYUATLHBIX Cemell, d NPU Uepogotl
3asucumocmu ee ne gviasneno. Ipu smom 2onoemvie 601U (0cCodeHHo muzpens) u
UHIEPHeM-3A68UCUMOCb (NPeUMyujecmeeHHo npobeMHoe UCIOIb308aHUe COYU-
ANbHBIX cemetl) umerom 0Owyio KOMOPOUOHYIO RAMOI02UIO U (PAKMOPLL PUCKA:
peyuousupylowue 601U 8 dtcugome, cnute, OeCCOHUYY, OHE8HYI0 COHIUBOCHb, 2d-
cmpoazoghazeanvHyro pepuiokcHy1o 601e3Hb, ACMEHUYecKUll CUHOPOM, IMOYUOHATb-
Hble npooOnemMbl, UNEPAKMUBHOCHTD, 8bICOKUL NPOSHO3 NCUXUHECKOU NAMONOSULU.

Kniouesvie cnosa: noopocmku; mucpens, 20106HAs OO HANPAICEHU, UHMep-
Hem-3a6UCUMOCTb,; 3A6UCUMOCHL 0T KOMILIOMEPHBIX UeP, NPOOIEMHOE UCHONb30-
6aHUe COYUATLHBIX cemell
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Jlns yumuposanus. [Llyouna M.B., Tepewenxo C.IO., Mockarenxo O.JI., Ka-
cnapos 3.B. B3aumocesasb unmepHem-3a6ucuMocmu ¢ 20J108HLIMU OONAMU Y NOO-
POCMKOB: KOMOPOUOHAsL namono2us u obugue gaxmopwl pucka // Siberian Journal of
Life Sciences and Agriculture. 2023. T. 15, Ne4. C. 351-369. DOI: 10.12731/2658-
6649-2023-15-4-351-369

Original article

RELATIONSHIP OF INTERNET ADDICTION
WITH HEADACHES IN ADOLESCENTS: COMORBID
PATHOLOGY AND COMMON RISK FACTORS

M. V. Shubina, S.Yu. Tereshchenko,
O.L. Moskalenko, E.V. Kasparov

Data on the relationship of headaches with Internet addiction is rather inconsistent.

Purpose: to establish common risk factors for the development of various types
of Internet addiction and primary types of headache.

Materials and methods. 5195 schoolchildren aged 11-18 in Siberia were exam-
ined. Internet addiction and its types were determined using the Chen questionnaire,
Game Addiction Scale and The Social Media Disorder Scale; Type of headache (mi-
graine or tension headache) — according to the questionnaire of S. Yu. Tereshchenko,
based on The International Classification of Headache Disorders, 3rd edition (beta
version), 2013; Mental disorders — in computerized testing in the program “The
Development and Well-Being Assessment” (DAWBA, R. Goodman et al.)

Results. It has been established that Internet addiction occurs 6 times more often
in migraine and 3 times more often in tension headache. However, this relationship
is only observed for Social Media Disorder. The connection of headaches with Game
Addiction has not been revealed. At the same times headaches (especially migraine)
and Internet addiction (predominantly social media disorder) have a common co-
morbid pathology and risk factors: recurrent abdomen pain, back pain, insomnia,
daytime sleepiness, gastroesophageal reflux disease, asthenic syndrome, emotional
problems, hyperactivity, high prognosis of mental pathology.

Keywords: adolescents,; migraine; tension headache; Internet addiction; Game
Addiction; Social Media Disorder

For citation. Shubina M.V., Tereshchenko S.Yu., Moskalenko O.L., Kasparov
E.V. Relationship of Internet Addiction with Headaches in Adolescents: Comor-
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bid Pathology and Common Risk Factors. Siberian Journal of Life Sciences and
Agriculture, 2023, vol. 15, no. 4, pp. 351-369. DOI: 10.12731/2658-6649-2023-
15-4-351-369

Wntepuer-3aBucumocts (M3) sBisieTcst 04HON M3 BaKHEHIINX NpoliiemM
COBPEMEHHOCTH, 0COOCHHO CpeJTH MOIPACTAOIIETO MOKOJICHUs, KaK Hanboee
YSI3BUMOM TPYIIIIBI HACEIICHN B TUTaHe (DOPMHUPOBAHUS PA3TUIHOTO POIA 3aBH-
cumocreil. K HacTosmmeMy MOMEHTY yKe HaKOILICH OTPOMHBIH 00bEeM MaTepH-
aJia, CBHJICTEJILCTBYIONIMHI 0 TecHOM cBsizu M3 ¢ pa3HOOOpa3HOil IcHXn4eckoi
[1, 2, 16, 25, 26] u comaruyeckoii naronsorueu [3, 6, 27, 33], B ToM uncie y
moapocTkoB [9, 12, 13, 19, 32]. Kpome Toro, B HacTOsIIIIee BpEMsI IIUPOKO 00-
Cy’KJIaeTCs BOIPOC O FEHETHUECKOI PEAPacIONOKEHHOCTH K 3aBUCUMOMY I10-
BEJICHHUIO, U YK€ BBISIBJICHBI HEKOTOPBIE TOJIMMOP(U3MBI T€HOB, Y4aCTBYFOIHX
B CHHTE3¢ 1 0OMEHE OCHOBHBIX HEHPOMEIHATOPOB TOJIOBHOTO MO3Ta, aCCOIH-
HMPOBAHHBIE C Pa3IMYHBIMU BUJIaMU aaaukuuu [4, 5,7, 11].

Takoxe B HacTosilliee BpeMsl HE MEHbIIEH aKTyaJbHOCTBIO 00JIa/laeT Mpo-
OsieMa MOCTOSTHHOTO POCTa YacTOThI BCTpeuaeMOCTH rojoBHBIX Oonelt (I'b)
Cpeam AeTeil U MOAPOCTKOB. BEIIBUTAIOTCS pa3iHyHBIC THITOTE3Bl BOSHUKHO-
BEHUS U Pa3BUTHsI JaHHOM MATOIOTUH, BCECTOPOHHE U3Y4aeTCs €€ MOJIUITUO-
JIOTHUECKUH XapaKTep U pa3IuuHbIe 3BeHbs naToreHesa [29]. [Ipugaem, MHOTHE
(baxTOpHI prCKa U KOMOPOHIHBIE cOCTOSTHUA TipH ['B, Takne Kak TPeBOXKHO-Te-
npeccuBHble pacctpoiictBa [10, 15], XpoHuueckuil crpecc, HapyLIEHUs] CHa
[23], n3mMeHeHue ypoBHSA HEHPOMEINaTOPOB B TOJIOBHOM Mo3re [22], TMYHOCT-
HBIE OCOOCHHOCTH, THIT TeMIIEPaMEHTa, TeHHbIe moauMopdm3mel [21] u ap.,
siBrstroTCst ootumu st I'b u U3 [16]. B cBsi3u ¢ 3TUM MHOTHE aBTOPBI H3yYaIOT
B3aMMOCBSI3b ATUX JIBYX sIBIeHUH. OIHAKO, Pe3yabTaThl JaHHBIX UCCIIEA0BaHUN
4acTo MPOTUBOPEYAT APYT ApyTy. HEeKOoTOphie aBTOPHI MOATBEPKAAIOT CBsI3b 13
c I'b [16], npyrue ee He HaxomaT [33], a MHOTHA aXke PETHCTPUPYIOT Ooiee
Hu3Kyto gactory 13y nereii ¢ I'b, o0bsicHss 310 3amurHbM 3G dekrom I'b ot
passutust U3 [32]. BoaMokHO, Takue HEOHO3HAYHbIE JaHHBIE CBSI3aHBI C TEM,
YTO HE BCE MCCIIE0BATEIH pa3feisaioT ['b Ha OTHeNbHbBIC BUIBI, TaKXKe KaK, U
B camoii I3 He BBIACISIOT pa3iWYHbIC BUIBI, CBA3aHHBIC C UCIIOIE30BAaHHEM
omnpesesneHHoro kouteHta. Kpome roro, u3sectro, uto I'b crpanator waie ae-
BoukH [13], ¥ 3TO Takke HEOOXOUMO YUUTHIBATH TPH UHTEPIIPETAIINU PE3YIIb-
TaTOB, TaK KaK, HAIpUMeEp, UTpoBast 3aBUCHMOCTh (Urp3) game otMedaeTcs y
MAaJIBYUKOB, a IPOOJIEMHOE HCIIOB30BaHUE CONMANBHBIX cerel (Cor3) —y ae-
Bouek [8]. Takxke ocTaeTcst HesICHBIM Bompoc o xapakTtepe cBsa3u I'b ¢ 13: uto
SIBIISICTCS TIEPBUYHBIM, a YTO BTOPHYHBIM, FUTH JK€ 3TH 00€ TaTOIOTHH SBIISIOTCS
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CJICJICTBUEM OOIIMX TPUYHH, HATIPUMED, COUSTAHHSI TeHETHYECKU 00y CIIOBIICH-
HBIX 0COOEHHOCTEH JINYHOCTH ¥ BO3ACHCTBUS COOTBETCTBYIOIIECTO MM CTPEcca.

YuuThIBast JaHHbBIE TPOOIIEMBI, ObLIA TOCTABJIEHA IIENb: yCTAaHOBHUTH 00IIHE
(axTopbl pUCKa JUIS Pa3BUTHS Pa3IMYHBIX BUa0B M3 n nepBruunbix BuioB ['b

MarepuaJjbl M MeTOAbI

O6cnemoBano 5195 mkoneHUKOB (2410 MansunkoB, 2744 nesouku U 41 He
yKasalli B aHKeTax 1MoJj) B Bo3pacte oT 11 10 18 meT B 1eHTpanbHbIX TOPOaax
Cubupn (Kpacnosipcke, Abakane, Ker3puie). M3 onpenensin o ankete Yew,
pu cymMMe 6autoB 65 u 6ombie (392 / 140 manpaukoB, 250 neBouek u 2 6e3
ykazanwus nona) — 7,5 (6,9-8,3) %. [Ipu cymme 6amioB ot 43 10 64 ycTaHaBIH-
Bajicst puck M3 (2108 yenroek / 871 manbuuk, 1222 neBouku u 15 6e3 ykasaHus
mona) — 40,6 (39,2-41,9) %.

Bun U3 no npennountaeMoMy KOHTEHTY ONpeEEIIsiics MO MIKaje UTPOBOM
3apucumoctu u3 7 mynkroB — Game Addiction Scale (GAS) [30] u o mikaie,
oTpenesromeil mpoOIeMHOe NCIOIB30BAHNE COIMANBHBIX CeTel U3 9 myH-
ktoB — The Social Media Disorder Scale (SMDS) (aBrop - R. van den Eijnden
et al., 2016). Urposas 3aBucumocts (Mrp3) olieHrBaIaCh C IOMOIIBIO MOJIH-
TETHYECKOTO MOX0AA MO TSHKECTH WIIM TI0 CTEIICHH BEPOSITHOCTH: YMEpEHHas,
KoT7Ia OTBET Ha 4 1 0oJiee BOIPOCOB U3 7 cocTaBisit 3-5 6amioB (393 gemose-
Ka /272 manpuuka, 118 nesouek u 3 0e3 ykazanus noina) — 7,7 (7,0-8,4) % u
BbIpa)KEHHasI, KOI1a OTBET Ha 4 1 6ojee BOTIPOCOB U3 7 cOCTaBIN 4-5 6anioB
(143 genoBeka / 96 mansanKOB, 45 neBoyek u 2 6e3 ykazaHus mona) — 2,8%.

CounaipHasi 3aBUCHMOCTD YCTAHABIMBAJIACH TP TTOJIOKUTEIILHOM OTBETE
Ha 5 u Oosee BorpocoB u3 9 (417 nereii / 98 manbunkoB, 317 neBouek u 2 6e3
ykazanus nona) — 8,1 (7,4-8,9) %.

Huarnos Buga I'b (Murpenn wim ronoBHO# 6oy Hanpspkerus — [ BH) ycra-
HABJIMBAJICS C TOMOIILIO aTPOOMPOBAHHOMN paHee aHKEThI, pa3padOTaHHOI co-
miacHo MexayHaponusiM kKputepusMm I'b (The International Classification of
Headache Disorders, 3™ edition (beta version), 2013). Asrop — TeperieHko
C.10., n.M.H., mpodeccop, pykoBoauTens KIMHUUECKOTO OTAETICHUS COMATH-
YECKOTO U ICUXUIeckoro 3710poBbst Aetend, DUL] KHI CO PAH «<HUU MIICy,
. Kpacuospck. Ilo narnoit ankete Op110 06caenoBano 402 mompocTka U3 me-
JUATPHYCCKOTO OTIEICHUS CTallMOHapa (aJIepro-myIbMOHOIOTHICCKOTO, Ta-
CTPOIHTEPOJIOTMYECKOTO M KapAHOJIOINYEeCKOro Mpoduiist) U 273 IIKOJIbHHKA.
B pesynbrate ronosHas 6omb Hanpspkenus (I'bH) BeisiBnenay 13,0 (10,7-15,8)
% obcmenoBanHBIX (88 / 20 ManpanKoB, 68 neBouek), MUTpeHb —y 19,7 (16,9-
22.9) % (133 / 41 manpumk, 91 neBouka, 1 6e3 ykazanus nona), [ bH + mu-
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rpeub —y 2,1 (1,2-3,5) % (14 / 3 manpuuka, 11 neBouex). B rpynmy koHTpoOss
BOIIUTH JIETH, Y KOTOPBIX 10 CKPHHUHTOBON aHKETE OTCYTCTBOBAJIM 5KaJI00bI HA
I'b (1674 / 1048 mansankoB u 611 meBodek, 15 Oe3 yka3aHus mona).

Jlnst onpeiesieHyst 9acToThl BCTPEYaeMOCTH BOSMOXKHBIX OOIIMX Ipeapac-
nosararommx (GpakTopoB ¥ KOMOPOUIHBIX HapylieHuid y aereii ¢ I'b u U3 6buia
HCIIONIb30BaHa alpoOMPOBaHHAs paHee CKPUHUHTOBAs aHKETa, BKITIOYAIOIIAs
BOIIPOCHI O COMYTCTBYIOIIMX OOJIEBBIX CHHPOMAX (PELHUIMBUPYIOIIIE OO B
JKMBOTE, CIIMHE), HAPYIICHUSIX CHA, ACTEHMYECKOM CHHJIPOME, a TAK)KE BOIIPO-
cHuK gastroesophageal reflux disease questionnaire (GerdQ) mis TuarHoCcTUKN
ractpo3zodareanbHoii pedrrokcHoit 6one3nu (I'OPB), Bonpocuuk P. ['ynmana
«Cunbnbie ctoponsl U TpyaHocti» (CCT). CCT ucnonb3yercst ajst BbIsiBIIe-
HUsI IeTel U TOJPOCTKOB C MOTPAaHUYHBIMI HEPBHO-TICUXUYECKUMH PAacCTpOii-
CTBaMH, COCTOUT U3 25 IyHKTOB M BKJIIOYAET B ceOs 5 MmIKaiI: DMOIMOHAIbHBIE
cuMnToMsl, [IpoGiemsl ¢ moBenenueM, I nnepakruBHOCT/HeBHIMATEIILHOCTD,
[TpoGneMbl B3aMMOOTHOIIEHHH CO cCBepcTHUKaMU, [IpoconmanbHoe noseieHue.
CymMa BBIIIE IPUBEAECHHBIX KA C BBIYETOM 0aJuIOB 32 IIPOCONNAIBHOE TTOBE-
JICHUE COCTAaBJISIET 001IyI0 onleHKY rpooiem. UysctButensHocts CCT cocras-
nseT 85%, a cneruduarocTs — 80%.

Jlnst BBIABIICHUS] TICUXUYECKUX PACCTPOMCTB HMCIONB30BAIOCH KOMIIBIOTE-
pmsupoBarHOe TectrpoBanre «The Development and Well-Being Assessment
(DAWBA, R. Goodman et al.), KOTOpoe HUMEET BHICOKYIO YyBCTBUTEIBHOCTh
(92%) u cnerduanocTh (89%). C MOMOIIBIO JAHHOTO METO/Ia MOYKHO OIpe/ie-
JIUTb BEPOSITHBIN AUarHo3 11 ncuxudyeckux paccTpoiCTB: TPEBOKHOE pacCTpoit-
CTBO, crienmduueckue poduu, conransaast (poOus, reHepaTM30BaHHOE TPEBOKHOE
paccTpoicTBO, TAHMYECKOE PACCTPOKUCTBO, MOCTTPABMATHYECKOE CTPECCOBOE
paccTpoicTBO, 00CECCUBHO-KOMITYIILCHBHOE PACCTPOICTBO, ACMPECCUBHOE Pac-
CTPOMCTBO, CHHAPOM JIe(HUITNTa BHUMAaHUS ¢ ThniepakTuBHOCTHIO (CIBI), ommo-
3UIMOHHO-BHI3BIBAIOIIEE PACCTPOHCTBO, PACCTPONCTBA IOBE/ICHUS.

Craructuueckas 00pabdoTka MaTepuaia OCyIeCTBIUIACh B KOMIBIOTEPHOM
mporpamme STATISTIKA 10. KaguecTBeHHBIC TPH3HAKY TPEICTABICHBI B BUJIC
MIPOLIEHTHBIX J0Jiei. [y pacueTa OTHOLIEHUS [IIAHCOB U €T0 JIOBEPUTEIHLHOTO
uHTepBaa ucnoib3osajcs Group Comparison Calculator.

Pe3ysbTarsl u 00cy:KaeHHE

Kak ObI10 yCTaHOBJIEHO B MpepLIyNIeM HaileM uccienoBanuu [13], oc-
HOBHBIE PE3yJIbTaThl KOTOPOTO MPEJCTABICHBI B Tabnuie 1, MUIpeHb UMEeT
NPSMYIO 3aBUCHMOCTB OT CTEIICHU reHepaiu3oBaHHON U3, onpeneneHHoi mo
aHkeTe YeH ¥ B OCHOBHOM TIPE/ICTaBICHHOI ITaTOJI0TMUECKIM HCTIOIb30BaHIEM



356

Siberian Journal of Life Sciences and Agriculture, Vol. 15, Ne4, 2023

commanbHbix cetert (Cou3). [Ipu 5TOM MaTrosoruyeckoe MCroib30BaHUE KOM-
MBIOTEPHBIX U ceTeBBIX Urp (Mrp3) He MMeeT JOCTOBEPHOTO BIMSHIS HA YBEIIH-
YeHue ee 4acToThl. B To Bpems kak, 'BH mocroBepHO He cBsi3aHa HU C OTHUM
u3 uccneayeMblx BuioB U3 u gaxe, HA000pOT, UMEEeT HEKOTOPYIO TEHACHIIHIO
K O0Jiee HU3KUM 3HAUEHUSIM 9acTOThI BCTpeuaeMocTH nipy Haimmuuu Urp3. Kpo-
Me TOTO, OBLTIO OTMEUEHO, UTO €Cli Mpu oTcyTcTBHU M3, B ToM uncie Comn3,
murpens u I'BH BcTpeuaroTcst ¢ oAMHAaKOBOH 4acTOTOM, TO MPU UX HAJIUYUU
4acTOTa MUTPEHU JOCTOBepHO npesbimaet ['BH.

Tabnuya 1.
Yacrtora Berpeyaemoct murpenu u I'BH npu pasnnunesix Bapuanrax U3 (%)
Ne MHIPEeHb I'BH
1 | U3, n=57 45,6 % 17,5 % 0,001
2 | Puck U3, n=197 35.5% 19,8 % <0,001
3 |Her U3, n=228 22,8 % 22,8 %
4 | Urp3, BeipaxenHast, n=17 353 % 12,5 % 0,119
5 | Urp3 ymepennas, n=41 31,7 % 14,3 % 0,062
6 |Her Urp3, n=426 28,2 % 20,9 % 0,013
7 |Con3, n=50 54 % 30,7 % 0,018
8 |Het Cou3, n=382 29,1 % 29,2 %
p P1-3<0,001 P4-6=0,142
P2-3=0,004
P1-2=0,170
P7-8<0,001

Onenka 13 u ee BUIOB 110 IPEANIOYUTAEMOMY KOHTCHTY B KaueCTBE (haKTo-
poB pricka mis pasutus ['b npencrasneHa B Tadmuie 2.

Tabnuya 2.
B3aumocss3b I'b ¢ U3 (oTHomenune mancos u J{N)

Murpesn I'bBH
13 6,1 (3,7-10,0) 3,1 (1,5-6,4)
puck 13 1,8 (1,3-2,5) 1,3 (0,8-1,9)
Ymepennas Urp3 1,3 (0,7-2,3) 0,8 (0,3-1,9)
Beripaxxennas Urp3 2,3 (0,9-5,6) 1,2 (0,3-5,1)
Cor3 5,4 (3,3-8,8) 2,0 (0,9-4,4)

AHanu3upys NoITy4YeHHbIE JaHHbIE, MOKHO CAENIAaTh CIEAYIOIINE BBIBOBI:
1) U3 Berpeuaercst B 6 pas3a yaiie Npu MUTPEHHM W B 3 pasa yaiue npu
I'BH, o cpaBHenuto ¢ nerbMu 6e3 I'B, ogHako, Kak ObLTO IMPEICTABICHO BHIIIC
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(tabin. 1) cama U3 He nmpuBonuT k yBenudenuto [ BH, B To BpeMs kak yacrora
MUTPEHH HAXOAWUTCS B MPSIMOI 3aBUCUMOCTH OT ctereHu U3.

2) UrpoBast 3aBHCHUMOCTB KaK YMEPCHHAs, TaK M BRIpaKCHHAS HE CBSI3aHA C
I'B. Tloxoxux pe3yasraToB He OBUIO HaieHO B muteparype. C omgHO# cTopo-
HBI, 3TO IPOTUBOPEUUT JAHHBIM HCCIICIOBAHUS TICUXOJIOTHYECKOTO COCTOSTHUS
JeTell ¢ UTPOBOI 3aBUCHMOCTHIO [28], COTITacHO KOTOPHIM y HUX OBLTH BBISB-
JICHBI 3HAYUTEIIFHBIC HAPYIICHUS ¥ (haKTOPHI prcka Juist pasputus ['b: Beico-
Kre OasuIbl 10 MIKajIaM, OLIEHUBAIOIIUM JCHPECCHIO, TPEBOTY M COMaTHYEeCKUE
paccTpoiCcTBa, B TOM YHCJE APYTHE COMYyTCTBYIOIINE 3a00I€BaHMUs, BEICOKHIHA
YpOBEHB COLHATBHBIX MPOOIEeM, TUCHYHKIIHOHAIBHBIC CEMEHHBIC OTHOIIC-
HUSI, CTPECCOBBIC J)KU3HEHHBIE COOBITHS. BBUIO 00HAPYKEHO, YTO HECKOJIBKO
JUYHOCTHBIX YePT B BBICOKOH CTEMEHH CBS3aHBI C UTPOBOW 3aBHCHMOCTHIO,
BKJTIOYAsi HHTPOBEPCHIO, TIOIaBICHHOCTh, IIOKOPHOCTD, HU3KYIO CaMOOIICHKY,
MEKJIMYHOCTHYIO YyBCTBHTEIILHOCTD, HAaBSI3UMBBIC TCHCHINH, (OOMIECKYIO
TPEBOTY U BPaXK/IeOHOCTh, a TAKIKE MapaHOWIaIbHbIE U IOTPAHUYHBIC YEPTHI
JTUIHOCTH.

Opnaxo, BO3MOXHO, MPUYMHA HU3KOM 4acTOThl pazButus I'b y Takux nereit
3aKJIF0YAETCS B TICUXOTEPANEBTUYECKOM PO KOMITBIOTEPHBIX UTP, TaK Kak B
BHUPTYaJIHbHOM MHPE UT'P OHH TOIYYaIOT OOJIBIIEe BOZMOKHOCTEH, OTKITFOYAIOTCS
OT IIpo0IIeM, CYIIECTBYIOIINX B PeabHOM IEHCTBUTEIIEHOCTH, UyBCTBYIOT CeOs
cBOOO/HEE, YCIIENTHEE, NX HUKTO HE PyraeT, He OCKOpOJIsieT, a jaxe, Hao0opoT,
OHH TIOJTy4YaloT HAarpagy U yaoBieTBopeHue. Kpome Toro, B urpax aeTu MOTYT
JaThb BBIXOJ HApy)Ky HETaTHBHBIM ASMOLUSAM: THEBY, Pa3IpaKeHHUIO, 00uIaMm,
3aBUCTHU U JIPyTUM BHIaM arpeccud. [Ipu 3ToM yXomsT cTpaxu, NOAHUMACTCS
HACTpPOEHHE.

3) Murpenb, IMeeT 3HAYUTEIBHYIO CBSI3b C 3aBHCUMOCTBIO OT COITHATBHBIX
ceTel, KOTopas IIpH MATPEHH OTMEJaeTCs B 5 pa3 garre, ueM Oe3 Hee. JleficTBu-
TEJIbHO, B COLIMAJIBHBIX CETSIX HEBO3MOXKHO PacCiIadHUThCs, 3TO BCE-PaBHO 00-
IIEHUE U CTPECC, I7I€ BO3MOXKHBI TaKXKe CCOPBI, OCKOpOIeHHs 1 OyuuHT. Tem
Oonee, 3TO Bce HAKJIAIBIBACTCSA HA TaKWe JIMYHOCTHBIE OCOOCHHOCTH JETEH,
CKJIOHHBIX K 3aBHCUMOCTH OT COLMAJIbHBIX CeTel, KaK SMOI[OHAIbHAS HECTa-
OmbHOCTB U dKcTpaBepcus [ 18]. OHu OypHO MepekHuBaroT Bce MPOUCXOASIINE
COOBITHS, BOCIIPHHUMAIOT BCE OJIM3KO K CEpAIly ¥ TEM CaMbIM OOJIBIIIE TTOIBEP-
JKCHBI BO3ICHUCTBUIO CTpECca.

YuuteiBast BeIIBICHHYIO CBsi3b ['b ¢ 13, a Takxke MX MyIbTH()AKTOPHAIIE-
HYIO TIPUPONYy Pa3BUTHS, OBLIH NMPOAHATH3UPOBAHBI BO3MOXKHBIE OOIITHE CO-
Ty TCTBYIONIHE U MPEIpacoiararomue (pakTopsl, OMUCHBACMEIC PA3THIHBIMA
aBropamu (Tabm. 3-5).
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Tabnuya 3.
B3anmocssss I'B n U3 ¢ ncuxocoMaTHyeckoi maTroaoruei
(orHOmIeHue mwancoB u JIN)
Murpens| TBH |Pucx M3| W3 Hrp3 Wrp3 Co3
YMepeHHasi | BBIpa'KeHHasd

PEK 114 2,3 2,0 3,8 1,0 2,2 2,9
(7,9-16,5) | (1,5-3,7) | (1,7-2,3) | 3,0-4,9) | (0,8-1,4) 1,532) | (2,3-3,6)

PEC 8,1 4,3 1,8 3,0 1,1 1,5 2.4
(5,8-11,2) | (2,7-6,9) | (1,5-2,0) | 2,4-3,8) | (0,9-1,4) | (1,002-2,2) |(2,0-3,0)

Becco a 1,7 1,8 1,6 2,0 1,3 2,0 1,5
HHAIE | (1 22.4) | (1,2-2,6) | (1,4-1,8) | (1,5-2,5) | (1,02-1,7) | (1,4-2,9) |(1,1-1,9)

JlueBHast 21,9 6,7 2,3 8,9 1,8 6,2 5,2
commeocts |(13,2-36.2)|(3,5-12,7) | (1,6-3,2) |(6,1-13,1)| (1,1-2,8) 4,09.8) | (3,8-7,1)

'SP 2,3 1,1 14 1,9 1,7 2,9 1,4
(1,5-3,6) | (0,6-2,0) | (1,1-1,7) | (1,4-2,7) | (1,2-2,4) (1,9-4,5)  [(0,99-1,9)

AC 16,8 12,7 34 12,0 1,6 4,1 4.8
(11,2-25,3)|(8,2-19,7) | (2,8-4,3) |(9,1-15,7)| (1,2-2,1) (2,9-59) |(3,8-6,1)

Ipumeuanue: PBX — pemunusupyronme 6omu B xuBote; PBC — pennausupyromue
00JIH B CIIMHE;
I'OPb — racrpoazodareanshast peduokcHas 601e3ub; AC — acTeHHYECKHI CHHAPOM

Tabnuya 4.
B3zaumocssass I'b u U3 ¢ ncuxo3mMouuoHaIbHBIMH MPodjieMaMu,
YCTaHOBJICHHBIMH 110 BonpocHUKy P. I'ynmana «CuiibHbIE CTOPOHBI
U TPYAHOCTH» (OTHOIIeHHe maHcoB u JIH)

Murpens| TBH |Pucku3| m3 |ArP3yme-|  Hrp3 Co3
peHHasi BbIpa‘KeHHas
Oomii 43 33 | 27 | 97 2,1 6,9 38
IV | (29469 | (2153 | 13,4 (0.2-13,0) (153,0) | 4899) | 29-49)
H}f;’;:};aﬂ L1 0.8 1,4 2,4 1,9 2,2 13
I 0,7-1,6) | (05-13) | (1,2:1,7) | (1,8:3.2) | (1,4-2,6) | (1,434) | (0,9-1,7)
mIKajma
IpoGnemsr ¢ 2,0 1,3 2,1 4,6 2,1 5,1 2,8
nosenenuem | (1,3-3,1) |(0,8-2,2) | (1,7-2,7) | (3,4-6,2) | (1,6-3,0) 3,5-7,4) (2,2-3,7)
i;;‘;‘:[‘;‘; 10,0 (z’g 3,1 (g’(l’ 13 38 3,8
tea t o
nazLI 67149 27 |@s38| {5 | 09519 | @655 | 6048
Tunepaktae-| 2,9 1.9 3,1 (g’g_ 2,0 6,6 3,9
HOCTH 19458 [(L132) [@a-40) | (1) | 1428 | @597 @S
9
Hpooewst | g9 15 | 15 | 28 19 34 20
camu P (1,2-3,1) | (0,8-2,6) | (1,2-1,9) | (2,0-3,9) | (1,3-2,7) 2,2-5,2)  |(1,5-2,7)
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Tabnuya 5.
B3aumocssasb I'b u U3 ¢ norpaHuYHBIMY NCHXHYECKHMH PACCTPOHCTBAMH
(orHOmeHue mwancoB u JIN)

Mu- Urp3 yme- Hrp3

I'BH |Puck U3 n3 Con3
rpeHn peHHasi | BbIpaKeHHast
Tpesora B cBsI- 2,8 1,3 0,6 2.4 2,1 3,0 34
3u ¢ pasayxoit | (1,1-6,9) | (0,5-4,0) | (0,2-1,8) |(1,03-5,6)| (0,7-6,2) (0,7-13,5) | (1,3-8,4)
Cnenuguye- 3,5 3,4
ckast pooust (0,3-39,7) (0,3-39,6)
ConunanpHas 43 1,6 0,7 4,5 0,5 1,3 5,8
hobust (1,01-18,0)|(0,3-10,0) | (0,1-3,6) |(1,4-14,3)| (0,1-3,9) (0,1-11,5)  |(1,9-17,8)
IITCP 0,95 2,4 35 33 1,7 2,6
(0,1-10,8){(0,3-17,9)((0,3-39,7)|(0,5-20,4)| (0,2-15,9) (0,2-30,2)
OKP 1,2 55
(0,1-13,4) (0,7-41,0)
BFZEZEZH:;O 1,7 12 13 93 1,8 33 83
sora (0,5-5,8) | (0,3-5,0) | (0,3-6,0) {(2,8-30,8)| (0,5-6,9) (0,6-18,4) [(2,8-24,5)
Jlenpeccust 2,3 2,5 2,4 9,2 1,2 1,7 6,3
(0,99-5,5)| (1,0-6,3) {(0,96-5,8)((3,8-22,2)| (0,4-3,5) 0,4-7,3)  |(2,6-15,5)
T8O (0,3-5,1) (1,1-30,0)
PaccrpoiictBa 0,95 3,6 4,6 42
MOBEJICHUS (0,2-4,0) (0,6-20,8) | (0,5-46,5) {(0,9-20,2)
Camorio- 2,8 1,9 2,1 8,3 1,1 0,9 6.4

spexciere  |(1,02-7,7)] (0,6-6,0) | (0,7-6,8) |(2,9-23,4)| (0.3-42) | (0,1-7.8) |(2,4-17,1)

IIporuos ¢ 34 2,9 12 5,6 1,5 2,5 6,0

20% Bepoit- |y 677 5) | (1,326,6) | (0,6-2.5) |2,5125)| (0.63.8) | (0.6-10.8) |@2,2-159)
HOCTH ¥ BbIIIE |~ * 7 o T 7 o I
IIporHos ¢ 75 22 38 0.8 3,5 2,0 2,8 3,9

% BEPOSITHO-
QBP0 (0,8-5,7) | (1,4-98) [ 03-2.2) [ (1582) | (07-58) | (0.6-127) | (1,698)

Kak BumHO U3 mpecTaBieHHBIX naHHbIX, ['b u U3 uMeroT 001y KoMop-
ouanyro narosnoruto: PBX, 6o B cnive, GeccoHuIly, JHEBHYIO COHJIMBOCTB,
I'OPB, acTernyeckuii CHHAPOM, yBEIMUEHHE 00mIero 6auia mo BOMPOCHHUKY
I'yamaHa, B OCHOBHOM 3a CUCT IMOIIMOHAIBHBIX TPOOIEM U THIICPAKTHBHOCTH,
BBICOKHH MPOTHO3 MCUXUYCCKOM MATOJOTHH 110 TSCTUPOBAHUIO B MPOTPaMMe
DAWBA. Ilpuuem Hanbonbiue mokaszarenu OL ass Bcel 3TO# maToiaoruu
OTMEUAIOTCSI IPH MUTPEHH, IBHOH M3, 3aBUCHMOCTH OT COITMABFHBIX CETEH, a
TaKXKe BBIPAYKEHHON UTPOBOY 3aBUCHMOCTH.

TaKI/Ie Xe pe3ym)TaT1;1 6LIJ'II/I yCTaHOBHeHLI B HAIlIUX HpeI[I)II[yHII/IX HcCclJie-
nmoBauusx [8, 10, 12, 19, 27] u moATBEpKAAIOTCS APYTHUMHU aBTOpaMH. Younes
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F. et al. B 2016 oOHapyXniIM 3HaUMMBbIE KOPPEIJISIUNA MEXIY MOTCHIHAIbHON
N3 u 6eccoHHNUIIEH, CTpeccoM, TPEBOTOM, IeMmpeccreil 1 HU3KOH CaMOOIICHKON
[26]. Kuralickue yuenble [18] ycTaHOBHIM 3HAYUTEIBHYIO POJIb JTUYHOCTHBIX
4epT (100pOCOBECTHOCTH KaK 3alIMTHOTO (pakTopa W HEBPOTH3Ma Kak (ak-
TOpa pUcKa) B TPOOJIEMHOM UCTIONB30BaHUM MHTepHETa, KaK MPsIMYI0, Tak U
KOCBEHHYIO (Uepe3 ypoBeHb auctpecca). [Ipraem mpu UrpoBoil 3aBUCHMOCTH
OTMEYajach MEHbIIAs J00POCOBECTHOCTh M HU3Kasl OTKPBITOCTb, & IIPH 3aBH-
CUMOCTH OT COLIUAJIBHBIX CETEH - BBICOKUI HEMPOTU3M U dKCTpaBepcus. Takxe
0 HHU3KOM YPOBHE JIpy’KEIIOOUS N SMOIMOHAIBHON CTAOMIBHOCTH y CTYICH-
TOB C MPOOJIEMHBIM HCIIOIb30BaHNEM MHTepHeTa coolmann Roma P. et al. B
2019 roxy [31]. B nccnenoanuu Acikel B.S. et al. B 2021 rogy mMurpess y
JeTell ObLTa CBsI3aHa ¢ JACMPECCHel, coMaTru3alueii, HapyIIeHUsIMHE CHa (pe-
3UCTEHTHOCTBIO KO CHY, 3a/IepKKOI HACTYIICHUS CHA, IPOJOJIKUTEILHOCTHIO
CHA, TPEBO)KHOCTBIO CHA, HOYHBIMHU TPOOY’KICHUS, HAPYIICHUSIMHU JIBIXaHUS
BO CHE, COHJIMBOCTBIO B THEBHOE BPEeMsI) U IJIOXUM KaueCTBOM KH3HH, TOT/A
kxak ['BH Opia cBsi3aHa TOMbKO ¢ HapymeHusiMA cHa [15]. CBA3b 6ecCOHHUIIBI
c obocrpennem cumntoMoB ['BH 1 comyTCTBYIOIMMHI ICUXHATPUIECKUMH 3a-
0oJIeBaHMSIMHU TaKoKe ObLIa YCTaHOBJICHA 10 JIaHHBIM KOPEHCKOTO UCCIIEIOBAHNUS
«T'onoBuas 6omb-con» (KHSS) [24]. B uccnenosanuu Corréa Rangel T. et al. B
2021 rony TSKECTh OECCOHHHMITBI MOJIOKUTEIBHO U 3HAYMMO KOPPEIHPOBaJIa ¢
Bo3eiicTBreM (oneHka HIT-6), wacToroli rosoBHO# 0011 M HATTMYMEM TPEBOTH
[17]. 3 Takxe Oblia CBsI3aHa C TPEBOTOI, MUTPEHBIO C aypoid, 0ECCOHHUIIEH U
UX TshKecThI0. Kpome Toro, 0CHOBEIBAasCh Ha METOAAX (PYHKIIMOHAIEHON HEH-
poBu3yanu3anuu [29], BBICKa3bIBA€TCs MPEANONIOKEHHUE, YTO IPUUUHOMN CBA3H
I'b, B 4acTHOCTH MUTIPEHHU, C XPOHUYECKOHN YCTaJI0CThIO0, PACCTPOMCTBAMU Ha-
CTpPOEHHUs, BO30YKJICHUS M KOTHUTUBHBIX (DYHKIIHH, SBJISETCSA HAININE OOIINX
HEHPOHAIBHBIX ITyTeH 1 o0acTei Mo3ra (BKITIOYAIOIINX YIACTKH TMMONIECKO-
TO MYTH, TUIIOTAJIAMHUUYECKUX U TATaMHUYECKHX 0o0JlacTeil), 3a1eHCTBOBaHHbIX
B Pa3BUTHH 3TOW matosioruu. IloaTBep)kaeHHEM 3TOMY aBTOPBI paccMaTpHu-
BAIOT HAJIWYHME TAKUX CHMIITOMOB KaK yCTaJOCTh, 4acTasl 3¢BOTA, N3MEHECHNUS
HACTPOEHHUSI B MPOAPOMANIBHBINA MEPUOJ, a TAaKXKe B MEHEE M3yUEHHBIN MOCT-
JIPOMAJIbHBIN MEepUO/ MUTPEHU. B uTore nenaercst BbIBOJ, YTO 3TO HE MPOCTO
COIYTCTBYIOIIAs TATOJIOTHSI, & IPOSIBIICHNE OAHOTO OOIIETO 3a00IeBaHNs, CBS-
3aHHOTO C OBBIIIEHHON YyBCTBUTEIbHOCTHIO HEPBHON CHCTEMBI — CHHIPOMOM
Hentpaneroii cercutuszarmu (L[C) [29]. D10 hpeHOMEH, IPOSIBIISIONIUNACS yBE-
JINYEHUEM OTBETOB HOLMLIENTUBHBIX HEMPOHOB LIEHTPAJIbHOW HEPBHOW CUCTE-
MBI B OTBET Ha HOPMAaJIbHbIE WJIN TTOJIIIOPOTOBBIE CTUMYJIBI. Kpome Murpenu B
rpyny cuaapoMoB L[C Bximtouarot xponndeckyto ['BH, ckeneTHo-Mbleunyro
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00116, (HPUOPOMHUAINITHIO, CHHIPOM Pa3IpPaKCHHOMN KHUIIKH, HHTCPCTUIIHATbHBIN
LUCTUT, XPOHUUECKYIO Ta30BYIO 00Jb, IEPBUUHYIO TUCMEHOPEIO, BYIbBOIH-
HUIO, IOCTTPaBMaTHIECKOE CTPECCOBOE PACCTPOMCTBO U APyrre 3a00neBaHms
[34], MexaHM3MOM KOTOPBIX CUUTAIOT HEHPOMMMYHOIHJOKPHHHYIO JUCYHK-
ruio [35]. bonee Toro, CymiecTBYIOT HCCIEIOBaHUS, KOTOPBIE TIOATBEPIKIAIOT
OO0 TeHETHIECKYIO PUPO/TY HACTICAOBAHI MUTPEHN U IETIPECCHN. AHAII3
ITyTeH MOKa3aJl, YTO B ATY OOILYIO ATHOJOTHIO BOBJIEYEHBI HECKOIBKO BayKHBIX
nyTeld, 0COOCHHO HEPBHBIX MyTEW Mepeiauyll CUI'HAJIOB U PEryJsIIUU HOHHBIX
kaHaioB [20]. Taxxe moapoOHO W3yUeHa CBA3b MUTPEHH U (DYHKIIMOHATHHBIX
3a00JIeBaHMH KEITyTOYHO-KUIIICYHOTO TPAKTa Yepe3 00l maTodusnonornye-
CKHWI MEXaHM3M HapyIlIeHUs CEpOTOHMHIPIUYECKON curHanu3anuu. [Ipu stom
oOpaiiaeTcst BHUMaHHUE Ha TO, YTO TOLIHOTA, PBOTA U 33A€PKKa ONIOPOKHEHUS
KEJTyIKa SBISIOTCS YacThIO PO CUMIITOMOB MUTpeHH [ 14].

3akJioueHue

1. U3 Berpeuaercs B 6 pasa wame npu murpern (OILI 6,1 (3,7-10,0)) u
B 3 pasa yvame npu ['bH (OILI 3,1 (1,5-6,4)), Mo cpaBHEHHUIO C IETHMHU
6e3 I'b, onHako, cama M3 He mpUBOIUT K yBeamueHHIO 4actoThl | BH
(22,8% - 6e3 13; 19,8% - ¢ puckom 13; 17,5 % - ¢ U3, p>0,1), B TO Bpe-
MsI KaK 4acTOTa MATPEHH HAXOAUTCS B IPSIMON 3aBUCHIMOCTH OT CTCTICHH
N3 (22,8 % - 6e3 U3; 35,5 % - ¢ puckom U3; 45,6 % - ¢ U3, p<0,01).

2. Hrposas 3aBUCUMOCTh Kak YMEPEHHas1, TaK U BbIpOKEHHAsI HE CBsI3aHa
cI'b.

3. MurpeHs, IMeeT 3HAYUTEIBFHYO CBS3b C 3aBUCHMOCTBIO OT COIMATBHBIX
CeTeid, KoTopasi MPY MUTPEHU OTMEYAETCs B 5 pa3 yaile, ueM 0e3 Hee
(OI1I 5,4 (3,3-8,8)).

4. Tb u U3 nmeror ob1ryro komopouaayto matonoruto: PBXK, 6omu B crim-
He, 0ECCOHMILY, THEBHYIO COHIIUBOCTB, [ OPbB, acTeHmueckuii cunmpom,
yBeIMueHue o01ero 6amma mo BONpocHUKy ['ynMaHa, B OCHOBHOM 3a
CUET SMOIIMOHATIBHBIX MTPOOIEM U THIIEPAKTHBHOCTH, BEICOKHIA TPOTHO3
MCUXUYECKON MAaTOJOTUU 0 TECTUPOBaHMIO B mporpamme DAWBA.
IIpuuem Haubonbmue noxaszarenu OLL mms Bcelt 9Tol marogoruu ot-
MEYalOTCs IPH MUTPEHH, sIBHOH 113, 3aBUCUMOCTH OT COIMATBHBIX Ce-
Tel, a TaK)Ke BBIPAXKEHHON UTPOBOM 3aBUCUMOCTH.

3akiil0ueHne KOMUTETA MO dTHKe. VccienoBanue mpoBOIUIOCH C pa3-
penreHus mokansHOTO 3TH4ecKkoro komutera OUI] KHI[ CO PAH. Kaxnprit
YYACTHUK UCCIICIOBAaHUS MOAMUCHIBAI (hopMy MH(DOPMHUPOBAHHOTO COTIIACHS HA
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o0cneoBaHKe, coriacHo XenbcuHekor Jlexnapanun BeemupHoit Meauima-
CKOH Acconuarii, perIaMeHTHPYIOIEH TPOBEICHIE HAYIHBIX UCCIICIOBAHMH.

HNudopmanusi 0 KOHQINKTE HHTEPECcOB. ABTOPHI 3asBISIFOT 00 OTCYT-
CTBHHU KOH(IIUKTA HHTEPECOB.

HNudopmanust o cnoHcoperse. ccienoBanue He UMEIO CIOHCOPCKON
MO IEPIKKU.
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O030pHas cratbs

OCOBEHHOCTHU METABOJIU3MA
U NOTEHIUAJIBHAS POJIb HEMPOTPO®UUYECKHUX
PAKTOPOB I'OJIOBHOI'O MO3T'A
B PEABUJIMTAIIMOHHOM ITPOLECCE

E.C. Azeeea, JI.JI. Kopcynckaa, H.B. Jlapuna, E.A. bupwokoesa,
JIL.A. Uynpuna, A.K. I'vpmosas, JI.C. Opexosa

THonumanue memabonuueckux nymeil pe2yisyuu U 63aumo0eticmeus Hetlpompo-
Quueckux Gaxmopos 6axNcHO ¢ MOUKU 3PeHUsL 0OOCYAHCOeHUS HEUPOMPOPUUECKUX
Gaxmopos 6 kawecmee OUOIOSUYECKUX MAPKEPOB, OMPAICAIOUUX OUHAMUKY U I~
exmusnocmv peabunumayuonHo2o npoyecca.

ILlenv pabomor — npoananuzuposams 0coOeHHOCMU NPOOYKYUU, MEmMadOoIU3-
Ma, MEXAHU3MO8 OelCmBUsl OCHOBHBIX HeUPOMPOPUUECKUX HAKMopos, Komopule
MO2Yym 00bACHUNb BOZMOICHOCTIL UX AKMUGHO20 G0GNICYEHUsl 8 PeAOUIUMaYUOH-
HbLIl npoYecc NayueHmoeg ¢ OemcKuM yepeopanvHuim napaiuiom. B cmamove npeo-
cmasiien ananuz aumepanypsl 0 Memabonuzme Heupompouueckux Gaxmopos
2071061020 MO32a ((hakmop pocma 2onoeno2o moszea BDNF, neiipompodghunvr NT-3
u NT4/5, haxmop pocma pubpooniacmos FGF-1 u FGF-2, ¢hakmop pocma nepsos
NGE, uncynurnonooobnuiii paxmop pocma IGF 1, enuansmulii neiipompogpuueckuii
¢paxmop GDNE, yunuapuoeiit netipompoguuecxuii paxkmop CNTF). IIpusoosmes
ceedeHusl 06 0COOeHHOCMAX UX NPOOYKYUU, G3AUMOCEA3U MeICOY npoparmopamu
U 3penviMu opmamu, a maxdice 0 cneyupure 63aumMo0eicmeus ¢ peyenmopamu.
3axntouenue. Cmamucmuuecku 3Hauumoe nadexue YposHeil Helpompopuueckux
axmopos na gone peabunumayuonnou mepanuu oemeii ¢ /LI ¢ npumenenuem
npoepammuo-annapammuoeo komnnexca « HUMK — sxzokucmo-2» ompadicaem ax-
musHoe gosieueHe Hellpompoduueckux pakmopos 6 oannviii npoyecc. Cnekmp
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ouonozuueckux apghexmos neumpompogpuueckux pakmopos nozgoasiem paccma-
MpUamb eCb MHO2OKOMNOHEHMHBI MEXAHUZM, NPOUCXOOAUULL 8 207I06HOM MO32€
6 npoyecce GYHKYUOHATLHOU NEPECMPOUKU, KAK OOCMAMOYHbILL Ol peadunuma-
YUOHHO20 BOCCMAHOBLEHUS.

Knroueevie cnosa: netipompoghuueckue paxmopul, 0emckuil yepeopanibHulil
napanui; 60CCmanosUmenbHas mepanus

Jna yumupoesanusa. Aceesea E.C., Kopcynckas JIJL, Jlapuna H.B., Bupioxosa
E.A., Yynpuna JI.A., I'ypmosaa A.K., Opexosa JI.C. Ocobennocmu memadbonusma
U NOMEHYUATLHAS POTb HEUPOMPOPUUECKUX PAKMOPOE 2008HO20 MO32A 6 peadu-
aumayuonnom npoyecce // Siberian Journal of Life Sciences and Agriculture. 2023.
T. 15, Ne4. C. 370-394. DOI: 10.12731/2658-6649-2023-15-4-370-394

Scientific review

FEATURES OF METABOLISM
AND THE POTENTIAL ROLE OF NEUROTROPHIC
FACTORS OF THE BRAIN IN THE REHABILITATION
PROCESS

E.S. Ageeva, L.L. Korsunskaya, N.V. Larina, E.A. Biryukova,
L.A. Chuprina, A.K. Gurtovaya, L.S. Orehova

Understanding the metabolic pathways of regulation and interaction of neuro-
trophic factors is interesting from the point of view of discussing neurotrophic factors
as biological markers reflecting the dynamics and effectiveness of the rehabilitation
process. The purpose was to analyze the features of production, metabolism, mech-
anisms of action of neurotrophic factors, which can explain the possibility of active
involvement of the main neurotrophic factors in the rehabilitation process. The article
presents an analysis of the literature on the metabolism of brain-derived neurotrophic
factors (brain growth factor BDNEF, neurotrophins NT-3 and NT4/3, fibroblast growth
factor FGF-1 and FGF-2, nerve growth factor NGF;, insulin-like growth factor IGF 1,
glial neurotrophic factor GDNE, ciliary neurotrophic factor CNTF). Information is
given about the features of their production, the relationship between profactors and
mature forms, as well as the specifics of interaction with receptors.

Conclusion. A statistically significant drop in the levels of neurotrophic factors
during the rehabilitation therapy of children with cerebral palsy using the «exo-
hand-2» software and hardware complex reflects the active involvement of neuro-
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trophic factors in these processes. The spectrum of biological effects of neurotrophic
factors allows us to consider the entire multicomponent mechanism that occurs in the
brain in the process of functional restructuring as sufficient for rehabilitation recovery.

Keywords: neurotrophic factors, cerebral palsy, rehabilitation therapy

For citation. Ageeva E.S., Korsunskaya L.L., Larina N.V., Biryukova E.A.,
Chuprina L.A., Gurtovaya A.K., Orehova L.S. Features of Metabolism and the
Potential Role of Neurotrophic Factors of the Brain in the Rehabilitation Process.
Siberian Journal of Life Sciences and Agriculture, 2023, vol. 15, no. 4, pp. 370-394.
DOI: 10.12731/2658-6649-2023-15-4-370-394

BBenenune

B reuenne nocneqHUX JeCATHICTHH OONBIIOE BHUMaHHE BO MHOTHX HCCIIe-
JIOBaHUSIX yensieTcs: poiu Heliporpoduueckux dakropos (HTD) B narorene-
3¢ MOBPEXKICHIH W BOCCTAHOBUTEIHHOM IIpOIecce B TOIOBHOM Mo3re [1,2,7].
Wzyuanack ¢ynkiust HT® npu ocTpom HHCYIIBTE, YEPEITHO-MO3TOBOH TpaBMeE,
cTpecce U JPYTrHX MaroJIorHYeCcKuX COCTOSIHUSX TOJIOBHOTO MO3Tra 1 ObLIa IIoKa-
3aHa MX 3HAYUTENbHAsI POJIb Ha BCEX ATanax (OPMUPOBAHNUS U BOCCTAHOBIICHUS
MaTOJIOIMYECKOro oyara B roJIOBHOM MoO3re [7].

B 2018-2022 r.r. B ®T'AOY BO «K®Y um. B.U. Bepuaackoro» npose-
JIeHa uccleaoBarenbekas pabota no onpeaenenuto nuaamuku HT® B nepu-
(eprueckoif kpoBH Ha (poHE peadMIMTAIMOHHON TEPaNuu AETeH C IETCKUM
uepedpanbpabiM napannuom (JALIT) ¢ npuMmeneHreM nporpaMMHO-anmapar-
Horo koMmmiekca «HUMK-3x30kucts-2» [5,6]. [IporpammHo-anmnapaTHbIN
xomruieke «HMMK-3k30KkuCTB-2» co3naH KoHCOpIMyMoM B coctase: HITO
«Angapounnas texnuka», PHUMY umenn H.U. ITuporosa m MucTtuTyT
BBICIICH HEPBHOI JesTenbHOCTH U Helipodusuonornn PAH. Komektusom
corpynuukoB KOY um. B.1. Beprnaackoro 6si1a pazpadboTaHa METOIUKa pe-
abmnurannu GyHKIUU TapetnyHoi kuctu y gereir ¢ AIIII. B ocHOBe Me-
TOAMKH JISKUT NMPUHIUN Onosornueckoit ooparHoit ceszu (BOC). [Tanuent
pacmofaraetcs rnepej KpaHoM KOMITbIOTEpa M, MoJydas CUTHAJ ¢ dKpaHa,
MIBITAETCS PA30THYTh CIACTUYHYIO KUCTb U3 TTONIOXkKEHUs runepduiekcun. Kom-
MIBIOTEP MOJy4YaeT MH(OPMALUIO OT AIEKTPO3HIEParorpahuIecKux Iardu-
KOB, PacIOJIOKEHHBIX Ha TOJIOBE MALMEHTA, aHAIU3upyeT u3meHenust 901 u
no npuHnuny bOC naet curHan Ha 9K30CKENET KUCTH «Pa30THYTh KHCThY.
Taxum o6pazom, B mporecce TPEHUHIOB 110 pa3pabOTaHHOW HAMM METO/H-
K€ YMEHBIIACTCSI CIAaCTUYHOCTh MBIIII-CTUOATENICH KUCTH, YBEIHNINBACTCS
00BEM CaMOCTOATEIbHBIX ABMKCHUH H, KaK ITIaBHBIN Pe3ysIbTaT, HOBBIIIAETCS
CIIEKTP BO3MOXKHOCTEH caM000CTy KiBaHMsI. MHOTHE AETH MOCIE Kypca Tpe-
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HUHTOB CMOTJIM BIIEPBbIC B JKU3HHU CAMOCTOSTEIBHO MPUHUMATD ITHIIY, Ofe-
BaThCs, yACPKNUBATh KapaHail. [lapaniensHo B mpoliecce TPEHUPOBOK OBIIIO
OTMEYEHO M MPOIEMOHCTPHPOBAHO MPY MOMOIIN CHENHAIN3UPOBAHHBIX IITKAJT
yJIy4IleHHEe KOTHUTUBHBIX (DYHKIIHIA, TPEXK/I€ BCEro BHUMAHUS, IMOIIMOHAIb-
HOTO COCTOSTHHS MAIIUEHTOB. J[eTH 1 X pOIUTENN B aHKETaX yKa3bIBaJl, YTO
00NIeTYMI0CH O0IIEHNE CO CBEPCTHUKAMH, YIYUIIHIACh YCIIEBAEMOCTD B IIIKO-
JIe, ICUX0JIOTHYECcKasi 00CTaHOBKA B CEMbE, B IIEPBYIO OY€pe/Ib BCIIECICTBHE
NOSIBJICHUSI Y peOCHKa BEpbl B CBOM BOBMOYKHOCTH M MIO3UTHBHOTO OTHOLICHUS
K TIIPOTHO3Y peaOuINTAIINH.

MBI IOCTaBWIIH 3a/1a4y OIPEICIICHNSI BOSMOXKHBIX HEHPO(PHU3NOTOTHUECKIX
1 MaTOT€HETHYECKUX MEXaHM3MOB, KOTOPbIE 00YCIIOBHMIIM MOJY4YEHHBIE TTO3H-
THUBHBIE N3MEHEHU 1IOCIE Kypca TPEHUPOBOK Ha MPOTrPaMMHO-aNMNapaTHOM
rxomiutekce «HUMK-3k30kucTh-2». OMHIM U3 IMyTel JOCTIDKCHHS MOJ00HBIX
s¢dexroB npeanonoxmm yyactiue HT® B nannom npounecce. Cunraercs, 4to
KOHIIGHTpALUsi HeHPOTPOPHHOB B NepuU(epuIeckoil KPOBH KOPPEIUPYET C X
COZIEPKAHUEM B IIEHTPAJILHON HEPBHOW CHCTEME, UTO TTO3BOJIAET pacCMaTpH-
Barb ypoBHH HT® B kpoBHM B KauecTBe OMOMapKepoOB IPOIECCOB HEHpOILIa-
CTUYHOCTH, HeHporeHe3a 1 HeMpOoIpPOTEKIINH, a TAK)KE OTBETa HA IPOBOJUMYIO
TEPAIUIO U MPETUKTOPOB ee dPPeKTUBHOCTH [36]. BBUTO TPOIEMOHCTPUPOBAHO
CTaTHUCTHYECKU 3HauuMoe udmeHenue psga HT® na 10-ii nenb nposeneHus
BOCCT@HOBHUTEJIBHOIO JiedueHus1. B yacTHOCTH, OBLIO 3a()MKCHPOBAHO CHIKeE-
Hue pakTopa pocta rojosHoro mo3ra (BDNF); neiiporpodunos NT-3, NT4/5;
(axTopoB pocra ¢pudbpodmactoB | u 2 (FGF-1 u FGF-2). Bmecre ¢ Tem y ae-
teit ¢ JJLIIT u3 rpynmbsl KOHTPOIJIS YMEHBIICHHE KOHIEHTPAIMN JaHHBIX (ak-
TOpoB ObuTO He3HauuTenbHbIM. Jpyrue HT® (dakrop pocra nepo (NGF),
nHCYnuHONoHoOHEIH akTop pocta | (IGF1), mmansHbIH HefpoTpohudecKkuit
¢axrop (GDNF), munmmapusiii Heiiporpoduueckuii dpaxrop (CNTF)) nokazanm
HEJI0OCTOBEPHOE N3MEHEHHE KOHLICHTPALUH B iepudepudeckoil kposu Ha 10-i
JIeHb TIocTie Kypca peadunmuranuu (tadm. 1).

BeposiTHO, 4TO CcTaTUCTHYECKH 3HAYMMOE MTaJeHIE COJCP)KaHNs OCHOBHBIX
HT® B nepudepuyeckoii kpoBu Ha (hoHE peabMINTAIIMOHHOTO JEYEHUS Ia-
paNIenpHO ¢ KIMHUYECKH MPOJEMOHCTPUPOBAHHBIM YIYUIIEHHEM MOTOPHBIX
Y KOTHUTHUBHBIX (DYHKIIMHA y TAIIMEHTOB JOKAa3bIBaeT BoBlIeueHHOCT, HTD B
nporiecc GyHKIIMOHAIBHOW NepecTpOorKn. MBI TIOCTaBHUIIM ENbI0 B JAHHOU
pabore paccMOTpeTh 0COOEHHOCTH TPOAYKIMH, METa00In3Ma, MEXaHN3MOB
JeHCTBHA HeHPOTPOPHUUECKUX (PaKTOPOB, KOTOPIE MOTYT OOBSICHUTEH BO3MOK-
HOCTb aKTUBHOTO BOBJIeUeHHsI 0CHOBHBIX HT® B peabunurannoHHbIH mporecce
y nere#t ¢ JJLIIT.
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Tabnuya 1.

JluHamuKa cojep:kaHusi HelipoTpouyeckux GaKTOPOB B KPOBH Y JeTel ¢ JeTCKUM

HepedpajbHBIM NAPATHYOM N0CJIe TPOBeIeHNUs PeadUIUTALUM ¢ MPUMEHEeHUeM
nporpaMmmHo-annapatrioro kommiekca HUMK-3k3okucts-2 (Me (Q1; Q3))

OcHoBHas Tpymmna Ipynna KOHTpos
ITokazarenn (n=52) (n=25)
o ITocne o Tlocie
108,7 67,6%** 1243 17,8
BDNF, mer/mn (77,7:140.7) | (39.3:883) | (82,5:150,5) | (65.9; 147,0)
16,3 9,6% 12,5 12,6
FGF 1, mcr/mn ©93:232) | (607:156) | (7.0.258) | (8.1:22.3)
249 16,6* 241 258
FGF 2, mr/mn (20,1;30,0) | (14,1:185) | (20,7:28,7) | (20,1; 130,5)
N 97,4 82, 4% 1032 99,7
: (77.8:123.9) | (64.9:99.4) | (86.2:129,5) | (76,4;130,1)
533 3147 39,7 36,4
NT4/5, mer/mn (352:669) | (22.2:424) | (28.1:59.8) | (24,4:583)
N 211 216 16,5 16,42
’ (133:286) | (12,6269 | (12.825.1) | (105:23.2)
GEL e 0,20 021 0,18 0,24
’ (0,15:0.25) | (0,16:026) | (0,15:025) | (0,19;031)
1,56 1,50 1,59 1,64
GDNE, mer/wt 1y 75 11y | (1.28:206) | (1,19:2,56) | (1.1:2.33)
237 264 258 2677
CNTF , mkr/mn (19,6:303) | (20.4:349) | (19.4:30.8) | (23.3:35.2)

IIpumeuanne. * — 1O0CTOBEpHBIC PA3INYMS 110 CPABHEHHUIO CO 3HAYEHHEM ITOKa-
3arens g0 peabwmranmn (p<0,01), ** — mocTOBEepHBIC pa3IHUUs 110 CPABHEHUIO CO
3HAYCHHEM IoKazarels 1o peadbunuramuu (p<0,05), *** — nocToBepHbIe pa3uyus M0
CPaBHEHHMIO CO 3HaYEHHEM NoKa3ares g0 peadumuranuu (p<0,001).

Oco0eHHOCTH NPOYKIMH H MeTa00J1u3Ma HelipoTpodnyeckux (hakTopos.
HT® — au3komoneKymsipabie OekH, (DYHKIHEH KOTOPBIX SIBIACTCS M3MEHEHUE U
ajlanranys HelporeHesa B pa3aMyHble nepuoabl ontorenesa. Bce HT® npencras-
JICHBI IBYMS1 KJTACCaMH, OJIMH U3 HUX — COOCTBEHHO HEHPOTPO(HHBI, IPYToH - 3TO
Heliporpodrdecknii pakTop mmanbHeIX KieTok [50]. HeitporpoduHb! BKItoYaroT
(axrop pocra HepBoB (NGF), Hetiporpoduaeckuii axTop romosHoro Mmosra BDNF,
netiporpounst NT-3, NT-4/5, NT-6, NT-7, paxrop pocra pudpobdiactos FGF-1 n
FGF-2, uncyminonono6Hs1ii dakrop pocra IGF 1, mmanbHblil HelipoTpoduueckuii
(axrop GDNF, nunuapsblii Heriporpoduueckuii pakrop CNTFE. OcHoBHO# (hyHK-
uueid HTO saBnsercs B3auMOIENUCTBUE ¢ CUCTEMaMU HEHPOTPAHCMUTTEPOB, KOTO-
PBIC CBSI3aHBI C IBUTATEILHBIMU U KOTHUTHBHBIMA (DyHKIMsIMU [22].
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HT® nokanuzoBaHbl B cep/ie, IEYEHH, OUKAX, HAATIOYEUHHUKAX, CEJIE3EHKE,
TUTAIEHTE, CKEJICTHBIX MBIIIIAX, TOI4EIFOCTHBIX CITIOHHBIX JKENe3ax, B OIyXOJIsX
IMAIBHON MPUPOJIBL. YCTAaHOBIIEHO, UTO BhIcoKast koHUeHTpauust NGF onpenens-
eTCsl B INIMAJIbHBIX KJIETKAX Mepr(eprIecKoi U IIEHTPaIbHOM HEPBHON CUCTEMBI,
HanboJiee BEICOKUIT ypoBeHb XapakrepeH uist actpouutos [31, 33]. Mcrounuka-
MH HEHpOTPO(DHHOB, KPOME MO3Ta, MOTYT CIy>KHTh KIETKH KPOBH, SHIOTEIHN
COCYIOB, CIIOHHBIE kene3bl [45]. HT® npoaynupyrorcss He TOIBKO HEPBHBIMU
KJIETKaMH, HO TaKKe OOHAPYKUBAIOTCSI B UMMYHHBIX KJIETKAX, aJIUTIOIUTAX, JH-
JOKPUHHBIX ¥ 3HAOTEIHAIBHBIX KJIETKAX, Urpasi BAKHYIO POJIb B MHTETPATHB-
HOM (DYHKITMOHMPOBAHWU ITUX Onosormdeckux cucrem [32]. HT® Bmmstor Ha
IUTACTUYHOCTh HE TOJIBKO HEPBHOM TKaHM, HO u MbII [45]. Ocoboe 3HaUCHME
HelpoTpoduueckre (HakTopsl UTPAIOT B METa0OIM3Me CKEJIETHOH MyCKyJary-
PBI, @ IMEHHO B IpOIieccax pereHepanny, popMupoBaHUs ONTUMAIBHBIX ITyTeH
HMHHEPBAIMH, TIOBBIICHHS YyBCTBUTEIBLHOCTH MBILII K ITI0K03€ [24, 40, 45].

HeiipoTpoduHbI CHHTE3UPYIOTCS B BHJIE OCIKOB-TIPE/ILIECTBEHHUKOB, IIPO-
HeliporpoduHOB. [Tox neficTBreM T1a3MiUHA H/WITH METAIOTPOTEHHAS TPOHEH-
POTPOGHHBI IEPEXOAAT B HX 3peiyto Gpopmy — Heliporpodunsl [ 1]. Heobxommumo
OTMETHTb, YTO B TKAHAX, KOTOPBIE HE SBIAIOTCS HEHPOHAIBHBIMU, IPOUCXO-
JIUT KOHCTHTYTHBHASA CEKpeus HelpoTpoduHOB. B HEHpOHANBHBIX TKaHIX
CEKpelyst peryaupyemas U Ooiee XxapakTepHa Al MpoHeHpoTpoduHOB [16,
37]. Cpemu 0cOOCHHOCTEH POIYKIIMKA HEOOXOMMO OTMETUTh, 4T0 NGF 11po-
nyuupyercst B HelipoHax. NT-3 (yHKIMOHaIBHO HEOOXOMUM ISl BBKMBAHHUS
1 33I€p’KKU CO3PEBaHMsS HEHPOHOB 10 CTAANH, KOTJ]a HEHPOHAIBHBIE AKCOHBI
JOCTUTHYT KJIETOK-MHILIEHeH, u npoxyuupyercs NT-3 B sunorenuonurax [13].

[ocne co3peBanust HTO csi3biBatorcs penentopamu Trk - crienuaibHbI-
MU THPO3UHKHHA3HBIMHU PELETITOPAMH, YePE3 KOTOPBIE peannu3yoTcs 3P (PeKTs
HeliporpoduHOoB [29]. [TpoHEHPOTPOPHHEI TOKE 00TaTAFOT ONOIOTHYECKHU aK-
TUBHBIMH CBOMCTBaMH, HO ITPU STOM JICIICTBYIOT Uepe3 ApyTrue MexaHu3mbl. Tak
narpumep, BDNF cBssbiBaercs ¢ perentopom TrkB, mpoBDNF — ¢ p75SNTR
(p75), x0T BO3MOXKEH M KpoccHrHaIUHT. Eme oqHO#N XapakTepHOil 0coOeH-
HOCTBIO SIBJISIETCS TO, YTO IPOHEHPOTPO(UHBI U COOTBETCBYIOIINE UM 3pEIIble
(opMbI BbI3bIBaIOT NipoTHBOMONOKHBIE A dexThl. [IpoBDNF, B3anmonenicTByst
¢ peuenrropoM p75NTR, oka3pIBaeT MpoamonToTHYecKoe NeicTBrIE, HHTHONpY-
€T POCT aKCOHOB M JIEHIPUTOB, MUrpaluo HelipoHos [11]. BDNF oka3biBaer
MIPOTHBOTIONOXKHBINA 3 (heKT Ha HEHPOHBI U CIIOCOOCTBYET JOJIITOBPEMEHHON
MOTEHIMALUY CHHANITHYECKOH Mepenadu.

BDNF skempeccupyercs B OCHOBHOM B rrmmokamie [ 15, 431, cs3an ¢ mo-
BBIIIICHUEM [UTACTHYHOCTH HEUPOHOB, MaMsIThI0 1 00y4ueHueM [ 10, 44]. Hccne-
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JIOBaHHUs Ha KpbICax JOKa3bIBaIOT, 4TO KOHUEeHTpauus BDNF B miazme kpoBu
KOPPEIUPYET C KOHLIEHTPALUEN B TOJIOBHOM MO3T€E, TEM CaMbIM OTKPBIBas Iep-
CIEKTUBHOCTb Ul TEPANMH C UCIOJIB30BAHNEM MEXAHU3MOB IPOHUKHOBEHUS
HelipoTpouHOB uepe3 remarodHIeanrndeckuil baprep B KpoBb [28]. Takum
obpa3zom, koHuenTpaiyst BDNF B kpoBu MOXKeT 0Tpaarh JTUHAMHUKY €ro Co-
JIEpKaHUS B MO3T€E, a 3HAYUT UMETh MapKEPHOE 3HAYECHUE ISl pa3IUYHOM Iie-
peOpanbHoi matonorun [34].

NT-3 BbI3bIBAaCT YATUHEHUE W BETBICHUE JIBUraTelbHbIX akcoHOB [30], a
ero mpoHeiporpoduHOBas GpopMa UMEeT HU3KOE CPOACTBO K penenTopy p75.
HaOsmonenns 3a m3aMeHeHneM KoHIeHTpaun N'T-3 1eMOHCTPHUPYIOT, 4TO €ro
KOHIICHTPAIMs CHIDKAETCs IPU 00JIe3HH AJTbLIreiiMepa, HO ITPH STOM IOBBIIIa-
€TCsI yPOBEHDb IpoHEHpoTpoduHoB [17].

Mexanusm geiictBust HT® ocyiiectBisieTcst uepe3 BHyTPUKIETOUHBIE CH-
CTEMbI MIEPeAaYy CUTHAJIOB B AP0 MPU B3aUMOJEICTBUU C peLentopamu |8,
38]. Beiaenstor 1Ba Tuna penentopos K Heliporpodunam, p7SNTR u Trk. Hus-
xoaduuHb perentop p7SNTR (LNGFR) skenipeccupyercs B HelipoHaIBHBIX
1 HeHEHpOHABHBIX KJIeTKaxX. Beicokoadunuslii penentop Trk mogpasnensects
Ha Tpu noxaruna: Trk-A, aktuBupyemsiii pakropom pocra HepBoB, Trk-B, ¢ ko-
TopsiM cBsi3biBatOTCsE BDNF 1 NT-4/5, u Trk-C, aroHHCTOM KOTOPOTO SIBIISICTCSI
NT-3 [49] (puc. 1).

HelpoTpoduH

pTSNTR o
-peuenTtop /
UMTONNAaaMa ‘ e
nnachHocrb' /
anonTto3
AOP
[N pocT

(Tpaucxpnnquﬂ 'ﬁ—) BbDKMBaHWE

HeunponnactTn4HOCTb

Puc. 1. CurnasnbHble Kackajpl, 3anyckaemble B3aumoseiicreueM HTD
n ux pernentopos. (Pynammkas E.A., 2016 [8], ¢ m3meneHnsIMn)
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TrkA skcrnipeccupyeTcs I1aBHbIM 00pa30M B CEHCOPHBIX U CUMITATHUECKUX
Heliponax nepudepudeckoit HepBHO cucteMsl (ITHC), ciuarOM Mo3re, B MO3-
KEUKE M B MOIMYIAIUAX XOINHEPIHICCKUX HEHPOHOB KOPBI, IEPETOPOIKH 1
0azaibHBIX OT/IE0B nepeauero mo3ra [9, 48]. TrkB skcnipeccupyercs mouru
BCEMH HEI{pOHAMHU IEHTPAIbHON HEPBHOM CHCTEMBI, a TAKXKe acTpouuTamy [ 14,
20]. IIpeamomaraeTcs CymeCTBOBaHAE KaK MUHAMYM TPeX M30(opM perientopa
TrkB, cBs3aHHbBIX ¢ pa3HbIMH cUrHaJIBHBIMU Kackagamu. TrkC npucyrcTyer
Ha MeMOpaHe HeHPOHOB U IIBAHHOBCKUX KJIETOK MO3XEUYKa M KOPbI TOJIOBHO-
TO MO3Ta, a TAaK)Ke Ha CHHANITHYECKIX MeMOpaHax MOTOHEHpOHOB [26, 48], B
CIIMHHOM MO3Te U nepugepruuecKoil HepBHOH cucteme. MI3MeHeHne coOTHO-
menust TrkA/TrkB/TrkC mogudunmpyer adpdexTs HeHpoTpOnHbIX (HaKTOpOB
[7,51]. p7SNTR cekperupyeTcs HEpoHaMH W TNMadbHBIMU KiaeTkamu [THC
u ITHC [9].

CymiecTByeT ele ojHa pasHOBHIHOCTH Trk-penentopoB - UX yKOpOUYeH-
Hble opmbl. J{i1st HUX XapakTepHa AIUMHUHALNS BHY TPHKIETOYHOTO THPO3UH-
KMHa3HOTO JOMEHA, BOSHUKAIOMIAS B PE3YNbTATe ANbTEPHATHBHOTO CIIAHCHHTA
[39]. Ykopouenusie popmbl Trk-perienTopoB SBISIOTCS KOHKYPEHTHBIMH HH-
ruouropamu FL-Trk-penenTopoB: ux CBsI3bIBAHNE C COOTBETCTBYIOIUMH HEHi-
poTpodHHAMHU CHIKAeT JOCTYMHOCTh Juranaos st FL-Trk-penentopos, a B
pe3ynbrare UX AUMEPHU3aluy C MOJTHOPa3MEPHBIMHU PELENTOPAMHU 00pa3yIoT-
cs1 He(yHKIMOHAIbHBIE reTepoauMepsl [19]. YkopouenHas opma perentopa
TrkB moxeT f1elicTBOBaTh KaK JOMHUHAHTHO-HETaTHBHBIN HHIHOUTOP Mepeaadn
curnanos BDNF.

OyHKIMOHAIBHBIE B3aUMOAECHCTBUS C PELENTOPAMH OCYILECTBIISIOT PEry-
JIATOPHYIO AesTeNbHOCTh: ypoBeHb BDNF cHMkaeTcs npu B3auMozeiicTBUH ¢
penenrropom p75 [17] m ycunmusaetcst mpu B3anmoaeticteuu ¢ TrkB. B Toxe Bpe-
ML p75 MOXKET UrpaTh pojib KO-peLentopa. DKcnpeccus p75 B onpeaeaeHHbIX
00JacTsIX MO3ra M3MEHSIETCSI B COOTBETCTBHHU C IIUPKaIHBIMUA pUTMamH [27].

Taxum 06pa3oM, CI0KHOE B3aUMOIeHCTBHE POpPMHUPYET PyHKITMOHATBLHYIO
cetb u3 6enkoB HT® u nx penienTopoB, 3pPEeKTHBHO PETryIUPYIOMINX BCE ATATIBI
MeTaboIn3Ma HEPBHOM TKaHU.

OcoGeHHoCcTH pocTa M MeTabo1M3Ma HepBHONM TkaHM. [IpemmecTBen-
HUKH HEPBHBIX KJIETOK 00pa3yloTcs B TaHIIMAX Neprudeprndeckoil HepBHON
CHCTEMBI TPeMsI IIEpEKPBIBAIOIIMMUCS BOJTHAMHU. [IepBbIMu 00pasyrorcs mpea-
LIECTBEHHUKH a(epeHTHBIX HEHPOHOB MPOIPHO- U MEXAHOPEIENTOPOB C
MHUEIMHU3UPOBAHHBIMU aKCOHAMHU. BTOPBIMU MOSIBIISAIOTCS MPEINIECTBEHHUKN
HOLMIIENTOPOB ¥ MEXaHOPELENTOPOB ¢ HEMHUEINMHU3UPOBAHHBIMHI aKCOHAMH.
TpeTbuMU BO3HUKAIOT MyABTUIIOTEHTHBIE MPEAIIECTBEHHUKN CEHCOPHBIX HEll-
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ponoB. Trk-penentopsl HEOOXOIUMBI JUTS Pa3BUTHSI PA3JIMYHBIX TUIIOB CEHCOP-
HBIX HeWpoHOB: TrkA-penenTops! TpeOyroTCsS A pa3BUTHS HOIUIICTITOPOB,
TrkB-penenrtops! — s MmexaHopenentopos, TrkC-penentopsr — s IpOTpH-
OpEeLEenTOpOB.

B3anmoneiicTBre ¢ HEHPOTPOPHUHOM MPUBOAUT K AUMEPH3ALIUH U ayTO(OC-
(dopmmposanmio Trk-pemnenTop 3anmycKy CHTHAIBHBIX KackaaoB. M, Ha060porT,
B oTcyTcTBHe uranoB TrkA- u TrkC-penentopbl KOHCTUTYTUBHO 3aITyCKatoT
MEXaHHU3M peann3alui IporpaMMUpPyeMOil KIIeTOUHOM rudenu HeipoHoB [42].

NGF npenmytectBeHHO cBs3bBaeTcs ¢ TrkA, akTuBupyeT 00pa30BaHHE CHT-
HapHOM SHI0cOoMBI. Komriekec NT-3-TrkA pacniamaercs B KUCIIOH cpezie paHHUX
sugocom. BDNF u NT4 cesizeiBarorcst ¢ TrkB, 3amyckaror Tpu kacka/ia peakiuii
CHUTHAJIBHBIX ITyTeH, KOTOpbIe HHULIMUPYIOTCS, COOTBETCTBEHHO, (hoconumazoit
Cy (PLCy), docharnaumrosuton-3-kuHazon (PI-3K) u MutoreH-akTuBHpye-
Mo# mporertkrHa30i (MAPK). Mx pe3yasTaToM aeicTBrS SBISETCS aKTUBALIHS
TPaHCKPUIIIIMOHHOTO (haKTOpa U IKCIIPECCHS TeHOB-MHIIICHEH.

CriocoOGHOCTB K cBA3bIBaHUIO penenTopoB ¢ HT® pasmuana. Tak, NT3 cBs-
3BIBACT TPH perenTopa Ha nosepxHocty kietok ¢ TrkC u ¢ mensmieit adpdun-
Hocthio ¢ TrkA [3, 4, 11]. KneTku, KOTOpbIe 3KCIPECCUPYIOT PELENTOPEI, KaK
LNGFR, Tak u Trk, MoryT nmers 60iiee BHICOKYIO aKTHBHOCTb, IOCKOJIBKY ISt
HUX XapaKTepHAa MTOBBIIICHHAs KOHIICHTpanus HeiipoTpoduHa. Daxrop NT-4/5
BBICTynaeT B posu aHTaronucra BDNF u koHKypupyeT 3a B3auMOAEHCTBHE €
peuentopom TrkB B ronoBHOM Mo3re u B ctpuaryme. Msyuaercst pons NT-4/5
B PETYIAIINU POCTA JABUTATEIBHBIX aKCOHOB M MPOIecca MUSIMHU3AIHHA [25].

PasBuBatomuecs: neiiponsl ranmus 3aBucsaT or BDNF, NT3 u NT4, Ho He
ot NGF. U3ydeHue pa3anyHbIX KOMOMHAIUI MBIIIICH C IBOMHBIM HOKAyTOM I10-
kazaino, yto NT3 u NT4 neifcTByIOT mocieaoBaTeIbHO BO BpeMs SMOPHOHAb-
HOTO Pa3BUTHS, a Ha OOJiee MMO3THUX CTAANSIX MPOUCXOANT TIEPEKIIOUCHUE Ha
BDNF, xpome TOro CyIecTByro HeHpOHBI, 3aBHcAIIne Tobko oT NT3 min NT4.

Taxkum 06pa3oM, B pe3yabTaTe CI0KHOTO Kacka/1a B3auMOJeHCTBUI peren-
TOPOB M HEUTPOTPOPHUHOB (3pENbIX U MPOGOPM) MPOUCXOAUT (HOPMHPOBAHHE
«makopHbIX» HT® ¢ nmpeobianatommmu sddexramu, HeoOXOTMMBIME JUIsl 00e-
crieueHHs HanOosiee 3HAYMMBIX METa0OIMUECKUX PEaKkIuil Uil Ka)JI0ro Mo-
MEHTa JKU3HeIeATeTbHOCTH oprann3Ma. Hefiponsl, sxcnipeccupytomme TrkB, B
oIuHaKoBo# crenenu cBsizbiBatoTcsl kKak ¢ BDNF, tak u ¢ NT4, aktuBupys cur-
HaJIbHBIE KacKaJbl, HEOOXOIMMBIE JJIs1 00pa30BaHUs U BOCCTAHOBIICHUSI HEPB-
HO-MBIIIIEYHBIX TKaHEH.

NGF moBpImIaeT 3KCIpeccuro MOJIEKYT KICTOYHOH aiare3ny B HEWpOHaX,
peryaupys pocT aKCOHOB IO HAIpaBIEHUIO K KileTkaMm-MumieHaMm [13]. NT3
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urpaet poib B gaze G1 KIETOUHOro LUKIA, TOYHO TaK JKE, KaK 3TO JeJaloT
(baxTOpBI POCTA, OH MOXKET TEHEPUPOBATH YCIOBHUS OTPAHUYEHHS KJIETOYHOTO
uKIia, 1160 BeIiiTH B Go. OrcyrcTBrue NT3 mpuBOIUT K MPEkKIEBPEMEHHOMY
BBIXOA1Y KJIETOK-TIPE/IIECTBEHHUKOB U3 KJIETOYHOTO LIUKJIA, IPEKIEBPEMEHHO-
My CO3PEBaHHUIO HEHPOHOB M MCTOILICHHUIO ITyJIa HEHPOHAIBHBIX KICTOK-TIPE-
IeCTBEHHUKOB [38].

Paznuuus B adpexrax BDNF 3aBucsaT He TOIBKO OT mpeodiaiaHus 0co-
601 popmer (proBDNF 1 mBDNF), HO 1 MeXaHH3MOM JOCTABKU K HEHPOHAM.
BricTpoe u kparkoBpemeHHOE noBbilieHHe ypoBHs BDNF accounnpoBano ¢
KpaTKoCpOuHbIMH d(PdekraMu Ha CHHANTHYECKYIO IUIACTHYHOCTD. JnTeins-
Hoe TnoBblIeHne KoHeHTpanuu BDNF BbI3bIBaeT NPOJIOHTUPOBAHHYIO aKTH-
BAI[MIO PELIENTOPOB 3a CUET pea3alui MEXaHH3Ma PELUPKYISAINNA CUTHANIA
K KiIeTouHoi MemOpane. B3anmoneiicteue BDNF ¢ TrkB-pernenitopom Taxke
MIPUBOJUT K MOBBIIICHUIO BHYTPUKIETOUHON KOHIIeHTpauuu Ca2+ 3a cueT ak-
tuBaiu Gocdonunasel Cy, B To Bpems kak orcyrcrBue BDNF n/unum nuranna
TrkB-penentopa k anonTo3y He IPUBOAXT [42].

Eme ogun MexaHW3M perymsuuu HEHpOreHe3a CBSA3aH He C dKCIpeccuei
HT®, a ¢ ux akruBanumeit. [Ipu pa3nuuHbix 3a00J€BaHUSIX TOJIOBHOTO MO3Ta
1 HEPBOB MOXKET M3MEHATHCS COOTHOILCHUE IPOHEHPOTPO(UHBI/3peble Hell-
porpoduns! [23], mpu 3TOoM copepkanue Trk-perentopoB cHIXKaeTcs, a IKC-
npeccus p75SNTR noseimaercs [47].

dusnueckas Harpyska, THIIEPTEepMUs, THIIOKCHUS, aKyIIyHKTYpHOE BO3/eH-
CTBHE, U3MEHEHHNE MHUIIEBOTO PAllOHa U JPYTHe BHEITHUE BO3/ICHCTBUS U3Me-
usitot cuaTe3 HT® [7], addekr siBnsiercst 1o303aBucuMbIM [ 16]. B pesynbrare
peryssipHbIX (PU3NYCCKUX BO3ACUCTBUI WK criOpTUBHOM Harpy3ku HTD wus-
MEHSIET KaueCTBO U MaccCy TeJla, CHUKAET KOHICHTPAIUIO TIIOKO3bI KPOBU U
nHcynuHa. [TomoOHbIe pe3ynbsraTsl moBbImeHNs ypoBH BDNF Obutn 3aperu-
CTPHPOBAHBI Y TIOIPOCTKOB C O)KUPEHHEM, KOTOPbIE 3aHUMAaJINCh (PU3NIECKON
AKTHBHOCTBIO Ha IPOTsHKEHUH 6 MecsieB [38]. Ormeuaetcs U popMUpOBaHKE
MOJIOKUTENBHBIX Bo3eicTBui BDNF Ha KOTHUTHBHBIE U HEHPOIIPOTEKTUBHBIE
otBethl [11, 20]. DddexTs! BoIcOKOH Kcnpeccnnt BDNF npoucxoast B oTBeT Ha
BBIOPOC MHCYJIMHOTIOO00HOTO (paKkTOpa pocTa, MUOKUHOB (MPUCHH U (haKTOPbI
pocta ¢pudbpobIacToB), TakTaT, akTHBHBIE (hopMbl Kuciopona [13, 15, 16, 46].

IIpu octpom crpecce Takke NPOUCXOAUT yBenuueHue nponykuuu HTO.
OTMeueHo, YTO HapacTaHue KOHIICHTPAIIMU HEWPOTPO(DHHOB IIPOUCXOANT B TE-
yerne 30—40 MuHyT, HO Yepe3 2—3 yaca BO3BpaIlaeTCs UX UCXOIHBII yPOBEHb
[18]. MexaHu3M CBsI3aH ¢ OKUCIUTEILHBIM B3PBIBOM B OTBET HA TIOBPEIKIAIOIIIEE
Bo3neiictBre. BDNF cTumynupyeT MUTOXOH/IpHAIBHBIN OHMOTEHE3, aKTHBU3H-



380 Siberian Journal of Life Sciences and Agriculture, Vol. 15, Ne4, 2023

pys morpediieHre KMCIOpo/ia U MOBBIIIAET aHTHOKCUAAHTHYIO 3amuTy [21].
CoortHorrenue 3Tux 3(h(HeKToB MOKET OBITH OTIMYHO B MBIIIIAX TI0 CpaBHE-
HUIO ¢ KJICTKaMU HepBHOI cucteMbl [ 17]. B pe3ynsrare neiicTBrs METabOIUTOB
3a CUET aKTHBALIUU DKCIPECCUU U DIIMTCHETUYECKUX MexaHu3MoB [21, 45]. B
Pa3HBIX TUIAX MBIIICYHBIX BOJIOKOH ITTMKOIUTHYECKUX MIIH OKHCIUTEIBHBIX B
3aBUCUMOCTH cuHTe3 HT® oTnngaeTcs, 4To TokKe MOKET BIMATH HA AKTUBALIUIO
CHUHTETHUYECKUX IIPOLECCOB, HAIIPUMED, 3a CUET MOBBIIICHNUS YPOBHS KalbLUs B
nuroruiazme [7, 17]. Tlox BausHueM Gpu3n4eckoi Harpy3Ku Mocie pasaInyHbIX
BHJIOB TPEHUPOBOK YBEIMUMBAETCS KOHLIEHTpalust He Tonbko BDNF, Ho u npy-
rux HerporpoduuoB (GDNF, NGF, NT3 u NT4/5) [22, 41].

3akJiloueHue

Taxkum o6pazom, BosMoxkHOCTH HT® 1 0COOCHHOCTH MPOAYKITUH, TUPKY-
JISIIIMU ¥ B3aUMOCBSI3U MEX/1y LICHTPAILHON U Neprudepuyeckoll HepBHOH CH-
CTEMOM TPEJCTaBISIOT CO00I METab0NINYECKH 3aMKHYTYIO CUCTEMY C TOHKUMH
MexaHu3MaMu perysaiun yposaeid HT®. CraTucTiueckn 3HaYNMOE TTaIeHIE
ypoHeit HT® na gone peadbummranmonnoi tepanuu aereii ¢ LT ¢ mpumene-
HHUEM MporpaMMHo-anmnaparHoro kommiekca « HUMK-3k30kucTs-2» oTpaxaer
aktuBHOE BoBiieueHrne HT® B gannbIX mporecc. CrekTp OHomorndeckux 3¢-
(eKTOB HEUTPOTPO(YUUECKUX (PAKTOPOB MO3BOJISIET PACCMATPUBATH BECh MHO-
TOKOMIIOHEHTHBIH MEXaHU3M, IPOUCXO/AIINI B TOJIOBHOM MO3re B Ipolecce
(YHKIMOHAJIBHOW TEPECTPOMKH KaK JIOCTATOYHBIN JUIsl PeadMIUTAIIMOHHOTO
BOCCTaHOBIICHHSI.

3akJIloueHne KOMHUTETA 0 3THKe. VcciienoBanne ObLIO MPOBEAEHO B CO-
OTBETCTBMHM C MPUHIIMIIAMU TTOJIOKEHUST X eIbCUHKCKOM Aeknapaiuu Beemup-
HoMt MmenunHCKor accormmartun (Declaration of Helsinki, and approved by the
Institutional Review Board), ono0peHo koMUTETOM 110 3THKE HHCTHTYTa «Me-
nurmHckas akagemus um. C. U. Teopruesckoroy ®TAOY BO «KOVY nm. B.U.
Bepnanckoro» (mpotokor Ne 53 ot 06.12.2018).

HndopmuposanHoe cornacue. lnpopmMupoBaHHOE cortacue ObLIO HOITy-
YEHO OT BCEX CyObEKTOB, yUaCTBOBABIIUX B HCCIICIOBAHNU.

HNudopmanus o KOHPJIUKTE HHTEPECOB. ABTOPHI 3asBIIIOT 00 OTCYT-
CTBHU KOH(IIUKTA UHTEPECOB.

HNudopmanus o cnoHcopcerse. Mccienosanue nonnepxano rpanrom Poc-
cuiickoro HayyHoro (onna u Pecrryomuku Kpbmv Ne 22-15-20035, https://rscf.
ru/project/22-15-20035.
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O030pHas cTarbs

METOJUYECKHUE ACIIEKTHI MEXKBUJIOBOM
IKCTPANIOJIALINU DKCITEPUMEHTAJIBHBIX
JAHHBIX ITPH UMITYJIBCHOM AKYCTHYECKOM
BO3JIENCTBUA HA BUOOBBEKTHI (OB30P)

H.H. I'aépuwi, A.B. bozomonos, C.K. Conoamoe

Obocnosanue. Hecmomps Ha 3HauumenvHoe KOIUYECmeo meopenmuKo-IKcne-
PUMEHMATILHBIX UCCACO08AHUL, OMKPBIMbIM OCIACNCsL BONPOC ONPeOeNeHUs No-
PO20BBIX YPOBHEN UMNYIbCHO2O AKYCMUUECKO20 8030€UCmEUs, NPU NPeablileHUU
KOMOPBIX HAYUHAEm NPOSAGIAMbCS UX He2amusHoe GlusHue Ha MOp@Oo@YHKYLO-
HanbHoe cocmosiHue buootwexma. TpaouyuoHHo 6 1abOPAMOPHBIX YCIOBULX MAKUE
OYEHKU NOIYUAIOM 8 IKCNEPUMEHMAX HA HCUBOMHBIX, 8APLUPYS NAPAMEMPAMU
6030€liCcmaUst ¢ NOCedVIouetl SKCMPAnOasyUetl NOJLY4EeHHbIX Pe3VIbImamos K 4eio-
6eky. OOHaKo namo@u3UOL0SUYECKUC MEXAHUZMbL HAPYULEHULL, PA3BUBAIOUSUXCSL Y
NOOONBIMHBIX HCUBOMHDBIX BCIEOCIBUE UMNYIBCHBIX AKYCIMUYECKUX 8030etCmEU,
6 9MOM KOHMEKCHIe U3y4eHbl HeOOCHamoyuHo, a NOKA3amenu COCMOosHUsS (PU3UO0L0-
2UYeCKUX cucmem 6uooOvbeKma, 4yeCmeumenbHulX K aKkyCmudecKumM UMnyibCam,
npu onpeoeneHuy ux 6e30NacHvIX yposHell 6 HACMOoAUjee 8peMs He YUUMbIEAIOMCSL.

Hens. Ienvio pabomol 161510k NPOBeOeHUe AHAIUZA NAMOPUIUOLOLUYECKUX
MEXAHUZMO8 Pazeumusi OUOIO2UYECKUX IPPEKMO8 UMNYIbCHO2O AKYCMUYECKO20
6030€liCmEUs HU3KOU UHIMEHCUBHOCIU HA PA3HBIX YPOGHSX OP2AHU3AYUU IHCUBOT
cucmemvl U paspadbomra Memooudecko2o n00xXo0d K noay4eHur KOIuuecmeeHHol
OYEHKU U IKCIMPANONAYUU OAHHBIX O MAKOM B030elCEUU OM JHCUBOMHBIX K Helo-
6EKY C yUemom Pu3UYecKux napamempos aKkyCmuiecko2o pakxmopa u xapakmepu-
CIMUK COCMOSHUS NOOONBIMHO20 OU00OBeKma.

Mamepuanst u memoowvt. Boinoninen ombop u cucmemamuyeckuii 0630p Hayy-
HOU Iumepamypuvl no meme UCCied08anus No KIOUE8blM CLOBAM 8 NPODUIbHBLX
oubnuozpaguyeckux bazax.

Pesynomameut. Ilposeden ananuz u 0000ujeHue cyuecmayroumux meopuii o
namo@u3UOI02UYECKUX MEXAHUBMAX OUOLOSULECKO20 OCUCMBUsL AKYCMULECKUX
UMNYIbCOB HA PASHBIX YPOBHAX OPaAHU3AYUL HCUBOU cucmembl. [Ipednodcena opu-
SUHAILHASL 2UNOMEMUYecKas cxema 07 uHmepnpemayuu 3¢)hexmos axycmuye-
CKO20 8030€UCMBUsL ) ICUBOMHDBIX, NPULOOHAS OJis NOLYYEHUsL NOPOLOBbIX OYEHOK
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YpogHell Hebnazonpusimuo2o 6IUAHUS QaKmopa Ha KIuHUYecKue noKa3amenu y
NOOONBIMHBIX JCUBOMHBLX, U ONpedeNeHbl YA3GUMbIE KPUMUYECKUE 36CHbsL pe2Yis-
Yuu BHeuHe20 ObIXAHUSA Y MAEKONUMAIoWux, 00ycio61usaiowue nogpexncoaiouee
delicmaue akycmuueckux Konebanuil. Pazpaboman nayuno-memoouueckuii nooxo0
K MeNCBUO0BOU IKCMPANOIAYUY MEOUKO-OUOIO2UYECKUX I PeKmoe 6030elicmaEus
HUKOAMNAUMYOHBIX 8030VUIHBIX 60JIH OAGLEHUs OM JHCUBOTHHBIX K UEN0BEKY, VUll-
MbIBAOWUT AHAMOMO-PU3UOTO2ULECKUE NOKA3AMENU ObIXAMETbHOU CUCTEeMbL HO-
OONBIMHBIX ACUBOMHBIX, A MAKIHCE UHPOPMAMUBHbIE XAPAKMEPUCMUKU AKYCIUYe-
cko2o umnynvcea. Ilpeonosicena svnupuyeckas mooeinb, No380aA0UAsl NPOSHO3UPO-
68amMb NOPO20BbIE YPOGHU YCIIOBHOU MOUWHOCIU HEONALONPUAIMHO20 AKYCIMUYECKO20
6030elicmeusl y Yeno8eKa npu UCNOIb306aHUU OAHHBIX O PA3GUMUL NOBPEICOCHUS
JIe2KUX Y NOOONIMHBIX HCUBOMHBIX PASTUUHBIX OUOTO2UHECKUX 8U008, Chopmynu-
PosaHbl 0COOEHHOCTU HACMPOUKU MAKOL MOOEU.

3axnrouenue. OO6OCHO6aHO, UMO AKMYATLHOLL SGTAEMCS 00PAOOMKA NPEQNIONCEH-
HOU SMAUPUYECKOT MOOeNU U pa3padomKa meopemuyeckoll Mooenu IKCmpanonayuy
UCXOOHBIX IKCNEPUMEHMATLHBIX OAHHBIX NOPO2a DE30NACHO20 AKYCIMUYECKO20 8030€li-
CMBUsL OM JHCUBOMHBIX K UELOBEKY C YHENOM MEHCEUOOBLIX 3AKOHOMEPHOCTEl (YHK-
YUOHUPOBAHUS KPUMUHECKUX K B030€UCMEUIO (YUIUONOULECKUX CUCHEM OP2aHU3MA.

Knrouegwie cnosa: 0630p,; Huzkouacmommuule aKycmuieckue UMnyIbCol; HOPO2o-
8ble YPOBHU B030CUCMBUSL; MENCBUOBASL IKCMPANONAYUS OUOTIOSUYECKUX DD PeKmos;
MEOUYUHCKAs AKYCIMUKA, NPO2HO3 NOGPENCOCHI TIe2KUX, 6e30nacHoCmb mpyod

Jna yumuposanusa. Taspuw H.H., bocomonos A.B., Condamos C.K. Memo-
ouuecKue acnekmuvl MeiCeUO08Ol IKCMPANOTAYUY IKCHEPUMEHMATLHBIX OAHHBIX
npu UMRYTLCHOM AKYCIMUYecKom 8o30elicmsuu na 6uoobwvexkmel (0030p) // Siberian
Journal of Life Sciences and Agriculture. 2023. T. 15, Ne4. C. 395-429. DOI:
10.12731/2658-6649-2023-15-4-395-429

Scientific review

METHODOLOGICAL ASPECTS OF INTERSPECIES
EXTRAPOLATION OF EXPERIMENTAL DATA
UNDER PULSED ACOUSTIC INFLUENCE ON
BIOOBJECTS (REVIEW)

N.N. Gavrish, A.V. Bogomolov, S.K. Soldatov

Background. Despite a significant number of theoretical and experimental
studies, the issue of determining the threshold levels of pulsed acoustic exposure,
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when exceeded, their negative effect on the morphofunctional state of a biological
object begins to appear. Traditionally, in laboratory conditions, such estimates are
obtained in experiments on animals, varying the parameters of exposure, followed
by extrapolation of the results obtained to humans. However, the pathophysiolog-
ical mechanisms of disturbances that develop in experimental animals as a result
of impulse acoustic impacts have not been sufficiently studied in this context, and
indicators of the state of the physiological systems of a biological object that are
sensitive to acoustic impulses are not currently taken into account when determining
their safe levels.

Purpose. The purpose of the work was to analyze the pathophysiological mech-
anisms of the development of biological effects of pulsed low-intensity acoustic
exposure at different levels of the organization of a living system and to develop a
methodological approach to obtaining a quantitative assessment and extrapolation
of data on such exposure from animals to humans, taking into account the physical
parameters of the acoustic factor and characteristics of the state of the experimental
biological object.

Materials and methods. The selection and systematic review of the scientific
literature on the topic of research by keywords in specialized bibliographic data-
bases was carried out.

Results. The analysis and generalization of the existing theories about the patho-
physiological mechanisms of the biological action of acoustic impulses at different
levels of the organization of a living system have been carried out. An original hypo-
thetical scheme for interpreting the effects of acoustic exposure in animals is proposed,
which is suitable for obtaining threshold estimates of the levels of the adverse effect
of the factor on clinical parameters in experimental animals, and vulnerable critical
links in the regulation of external respiration in mammals that cause the damaging
effect of acoustic vibrations are identified. A scientific and methodological approach
to interspecies extrapolation of medical and biological effects of exposure to low-am-
plitude air pressure waves from animals to humans has been developed, taking into
account the anatomical and physiological parameters of the respiratory system of
experimental animals, as well as the informative characteristics of the acoustic pulse.
An empirical model is proposed that makes it possible to predict the threshold levels
of the conditional power of adverse acoustic effects in humans using data on the
development of lung damage in experimental animals of various biological species,
and the features of setting up such a model are formulated.

Conclusion. It has been substantiated that it is relevant to refine the proposed
empirical model and develop a theoretical model for extrapolation of the initial
experimental data on the threshold of safe acoustic exposure from animals to hu-
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mans, taking into account the interspecific patterns of functioning of physiological
systems of the body that are critical to the impact.

Keywords: review, low-frequency acoustic impulses, threshold levels of expo-
sure, interspecies extrapolation of biological effects; medical acoustics, prognosis
of lung damage; safety

For citation. Gavrish N.N., Bogomolov A.V., Soldatov S.K. Methodological
Aspects of Interspecies Extrapolation of Experimental Data under Pulsed Acoustic
Influence on Bioobjects (Review). Siberian Journal of Life Sciences and Agriculture,
2023, vol. 15, no. 4, pp. 395-429. DOI: 10.12731/2658-6649-2023-15-4-395-429

BBenenune

Pemenne psina 3a1a4 odbecriedeH st JKU3HEAESTEILHOCTH YeJI0BEeKa CBI3aHO
C HCTIOIb30BaHNEM B3PBIBYATHIX BEIIECTB (OTpaciy JOOBIBAIOIIECH TPOMBIIIUICH-
HOCTH, IPOM3BOACTBO MUPOTEXHHUKH, YTHIH3AINS OOCTPUIIACOB, CHOC CTPOH-
TENBHBIX 00BEKTOB, OOPHOA ¢ JIETHBIMU U CEJIEBBIMH 3aTOpaMu U T.A.). [Ipn
9TOM HEBO3MOXKHO MCKJIIOYUTH PHCK ylepOa 370pOBbIO U IOJIYUYEHUs TpaB-
MBI YEJIOBEKOM, OKa3aBIIMNMCSI HAa HEAOCTATOYHO OE30MIaCHOM YJAJICHHUH OT
MecTa B3phIBa. J{ake Ha 3HAYUTEIBHON JaTFHOCTH, 0€3 CYIIIECTBEHHOTO BIIHSI-
HUSI BO3/IyIIHOH YAapHOH BOJIHBI, UMEIOTCSI PUCKH HAJIMYUS CKPBITHIX KIMHU-
KO-(I)yHKHI/IOHaHLHBIX U3MEHEHUIN Y HOPAKCHHOT'O AK€ ITPU OTCYTCTBUU SIBHBIX
TIpU3HAKOB mopakenus [17, 31, 37].

Hecmotpst Ha 3HaUMTENFHOE KOJIMYECTBO TEOPETHKO-IKCIIEPUMEHTAIBHBIX UC-
CIICIOBAHUI B 3TOH ITPEIMETHOM 00JIACTH, OTKPBITHIM OCTACTCSI BOITPOC OIpe/iesic-
HUSI TOPOTOBBIX YPOBHEH BO3IEHCTBHS (PaKTOPOB B3PHIBA, IIPH KOTOPHIX HAYMHACT
MIPOSIBIISITECS. UX HETaTUBHOE BIHMSHUE Ha MOP(HO(DYHKIIOHATHHOE COCTOSHIE
6rooObekTa. TpaMIIMOHHO B J1A00PATOPHBIX YCIOBHSX TaKHE OLEHKH IOTyda-
0T B OKCIIEPUMEHTAX Ha )KUBOTHBIX, BAPbUPYs IIapaMeTpaMu BO3JEICTBUS, C II0-
CIIeITYIOIIEH SKCTPATIONAIMEH MOTyYeHHBIX Pe3yIIbTaToB K 4eoBeKy [3-5, 11, 34].

[Ipu Takol SKCTpaNoNSUK JaHHbIE OMOJOIMYECKOTo JeHCTBHS (akTo-
pa pasiesiioT, KaKk MUHUMYM, Ha JIB€ IPYIIbl. B NepByro Ipymiy BKJIOYa-
IOT PE3YIIBTATHI NCCIICAOBAHNS KIIMHNYECKOTO COCTOSHUS U MOP(OTIOTHIECKUX
M3MEHEHUH B KPUTHYCSCKUX OPTaHaX U CHCTeMaX (CITyXOBOTO, 3pUTEIHHOTO aHa-
JIM3aTOPOB, BECTHOYIISIPHOTO arapara, KOXXHOH 4yBCTBUTEIBHOCTH), @ TAKXKe
(U3HOJIOrMUECKUX CUCTEM O0ECIIeUeHHs TPAHCTIOPTA M YTHIIM3AINHI KHCIOPO/ia
(KpOBEHOCHOI U IBIXAaTEITFHO ) Y TIOMOTBITHBIX JKHBOTHBIX ITOCIIE IKCIICPUMEH-
TAJILHOTO BO3/ieiicTBYsL. BO BTOpYIO IpymiTy BKIIIOYAIOT AaHHbBIE (PyHKIIMOHAIb-
HBIX UCCJICIOBAHUI PabOTOCIIOCOOHOCTH OM000BEKTOB. [101€3HOCTh JaHHBIX
MIePBOH TPYMIIIBI 3aKIIOYACTCS B CBEACHUSAX O HAMMYUU FUTH OTCYTCTBHH W3-
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MEHEHUH B COCTOSHUU 310POBBs (KU3HEIEATEIbHOCTH) JKUBOTHBIX, [TOJIBEPT-
LIUXCS BO3AEUCTBUIO. JlaHHBIE BTOPOU IPYIIIBI ITOJIE3HBI AJIs1 IPOrHO3UPOBAHUS
HapyIIeHuH paboTocrocoOHOCTH OPAKEHHBIX JTIOAEH B PaHHNE CPOKH MOCIIEe
BO3/ICUCTBUS (pakTopa.

Ha ocHOBe KOTMYECTBEHHOTO y4u€Ta HAJIN4YUA U BBIPAXKCHHOCTH W3MEHEHUH
KITMHUYECKHUX, HIIEKTPOPH3HOIOTHIECKHUX, TeMAaTOJIOT NIECKUX, THCTO- U 11aTOo-
MOP(OJIOTHYECKHX MTOKa3aTeIel y 1ab0paTOpPHbIX )KUBOTHBIX, TOABEPTHYTHIX
BO3JIeHCTBUIO (DaKTOpa, BBISBIISIOT KPUTHYECKHUE 3BEHbs MAaTO(U3UOIOTHYC-
CKMX MEXaHH3MOB MEXaHOAKYCTHUECKUX BO3NeHcTBuil [4, 5, 24, 26, 36]. Ilo-
JIydeHHbIE OLIEHKH UMEIOT ITPAKTHYECKOEe 3HAaUCHHE IIPU pa3pabOoTKe CPEJCTB U
croco0oB obecrieueHust 0e30MacHOM KU3HEACATEIbHOCTH YenoBeka. [Tpu atom
clieyeT OTMETUTb, YTO B AUAINIa30HE HU3KOI HHTEHCUBHOCTH (DAKTOPOB Bax-
HYIO poJib B peanu3anny 3Q(HexToB MX BO3ACHCTBUN NMEET UCXOJHOE COCTO-
SIHUE OOBEKTA.

B PEATMCTUYHBIX YCJIOBUAX NPHU NPUMEHCHHUHU 3apsa10B B3PLIBYATHIX BE-
IecTB Ha OMOOOBEKT COBMECTHO JIEHCTBOBATH KaK (PAKTOPHI BO3AYIITHOM ymap-
HOH BOJIHBI M HU3KOYACTOTHBIX aKyCTHIECKHUX KOJIeOaHNH Ha ()OHE MMITYIbCHOTO
myma. bronornueckast 3peKTUBHOCTD JEHCTBUS BO3IYLIHON yIapHOI BOJI-
HBI HAaXOJIUTCS B HEMOCPEICTBEHHOM 3aBUCUMOCTH OT MacChl (MM Pa3MepoB)
61000BEKTa KOHKPETHOTO BHJIa MIIEKOITUTAIOMINX (HAIIpUMep, KPBICHI Ooiee
YCTOWYMBBI, YeM co0Oaka mim 4yenoBek). 11 HaoOopoT, ecin BeAyllyio poib B
BO3HCﬁCTBHH OKa3bIBACT I/IMl'IyJ'IBCHBII\/II IOyM HUJIX HU3KOYACTOTHBIC aKyCTHYC-
CKHE KOJIeOaHHs, TO TyBCTBUTEIBHOCTD TTOJIOMBITHBIX OMOOOBEKTOB K aKyCTH-
YEeCKMM BIMSIHUSIM OyZIeT BBIIIE, YeM Yy uesioBeka. [lJisi CpaBHEHHUS CITyXOBOU
YYBCTBUTCJIbHOCTH CIICAYCT OTMCTUTD, YTO BEPXHAA I'paHUlla ClTyXa COCTaBJIsA-
eT: y uenoBeka — 18-20 kI'm, y mprmu — 25-30 kI'11, y XpbIcsl — oxomo 32 kI,
y xomku — 50 k[, y cobaku — 36-38 kI'1 [24, 25]. [To-BuamMomy, 3TO ormpe-
JIEIISIETCS] DBOJTIOIIMOHHO 00YCIIOBIIEHHOM ajjanTannei K yCIoBUsIM OOMTaHHs U
AHATOMHYECKUMH Pa3TUIUSIMH OPTaHOB cliyxa OM000beKToB [18].

Cumnraercs, 9to Omonorndeckast YPPEKTHBHOCTh aKyCTHUSCKUX UMITYIIb-
COB YBEJIMYMBAETCS IPH YKOPOUEHHUH (PPOHTA (yBEIMIEHHH CKOPOCTH HapacTa-
HUS aMIUTATY/IbI) UMITy/bca. [IOCTOSHHBIN IITyM B JUana3oHe THTMEHUYEeCKOTO
HOPMHUPOBAHUSI CIIOCOOCTBYET a/laNTalluy K UMITYJIbCHBIM aKyCTHYECKHM BO3-
JIEWCTBHSM, OTHAKO JJIs IIPOSIBIICHHS BEIPAKEHHBIX OMOIOTHUECKUX 3P PEKTOB
WHTEHCHBHOCTh UMITYJIbCHOTO IiIyMa JOJDKHA Ha 5-10 nb mpeBsIaTh ypoBeHb
cTabuibHOrO 1ryma [6, 15, 19, 24].

Vicxozst M3 pe3ysibTaToB NCCIIE0BAHNH CIIEINATICTOB B 001aCTH MEANIIMHBI
Tpy/a CIeIyeT, 4TO IPH COBMECTHOM JICHCTBHHU C aKyCTHYECKUMH (DaKTOpamu
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BUOpaLysi TOTEHIMPYeET (YCHUJIMBAET) HEraTUBHOE BIIMSHUE IIyMa Ha COCTOSI-
HHUE 30POBbS 00CITYXHBAIOIIETO TIEPCOHANA TPH IKCIUTyaTallud TPAKTOPHOU
CEITECKOXO03SHCTBEHHOM TEXHUKH U IPYTHX MPOMBIIIICHHBIX 00BeKTOB. Corac-
HO pe3ynbTaram uccienosanuit [1, 28, 30, 33, 35], BeIpakeHHBIM J1€3a4aITH-
PYIOIINM BJIHMSHUEM B HM3KOYACTOTHOM JIMANa3oOHe JUIs YeloBeKka 00JaatoT
aKyCTHYECKHE CHTHAJBI 9acToToil 15-17 ', a octprie a3 deKThl mopaxeHus
CJ[yXOBOT'O aHAJIN3aTopa CJEAyeT OKHJaTh NpU npesbieHny yposHs 130 nb
(cune 3ByKa cBbime 10 Bt/m?).

MOKHO TIPEATIoNIOKUTh, YTO Obronorndeckas 3(h(HeKTHBHOCT HCCeIye-
MBIX ()aKTOPOB y MICKOIHUTAIONINX OyAeT MOBHIIATHCS [IPH HAJTHYUH B CIICK-
TpPe aKyCTHYECKOro CHI'HaJla FapMOHHK, KPaTHBIX pa3MepaM BOCIIPHHUMAIOIINX
CITyXOBBIX DJIEMEHTOB (aKyCTHUECKUM PE30HATOPaM) U €CTECTBEHHBIM OHOPHUT-
MaM (QYHKIMOHUPOBAHHS (PU3UOTOTHIECKUX KHCIOPOATPAHCIIOPTHBIX CUCTEM
(cepaeYHO-COCYTMCTON U JABIXAaTeNIbHOM) MyTEM COOTBETCTBYIOIIETO JETEKTH-
POBaHMs ¥ CHHXPOHHU3AIMH ¢ CUTHAJIOM. [Ipu 5TOM 3 pekThl BO3AEHCTBUS aKy-
CTHYECKUX MMITYTHCOB SIBIISFOTCS HETMHEHHBIMI B HOPMHPYEMOM IHAINla30HE
u npexoasmumiu [1, 9, 10, 21, 33].

W3 smmpraeckux HaOMIONeHUI H3BECTHO, YTO Y MOJIOZIBIX 0co0ei A dheKTh
AKyCTHYECKOTO CTpecca pa3BUBAIOTCS OBICTPEE, YeM y B3POCIIBIX, U3-3a HEC(POPMU-
POBAaHHBIX JI0 KOHIIA MEXaHU3MOB OXPaHUTEIIFHOTO TOPMOKCHHUS B IIEHTPAITBEHOM
HepBHOH cucteme. OTHAKO MPOLECChI 3aTyXaHHsl (KOMIIEHCAIINH, TTIOCIEICHCTBHS)
y HUX TaKoke OyIlyT KOpoue, 4eM Y B3pOcCibIx 0cobeid. MOXHO HoJiararb, 4to y ¥u-
BOTHBIX, TIPEJIBAPUTEIHFHO UCTOIIEHHBIX CTPECCOM JFO00H STHONOTHH, UITH OOITh-
HBIX C TIOPOKEHUSMH KPUTHYECKUX OPTaHOB M CHCTEM, d((EKThl HArpyKEeHHs
aKyCTHYeCKUM (haKTOpoM OyryT OoJiee BBIPAKECHBI, YeM Y KIIMHUYCCKH 3I0POBBIX
(MHTaKTHBIX) KUBOTHBIX. CIIEyeT OTMETHTh, YTO TaTO(PU3HOIOTHIECKIE MeXa-
HU3MBI HAPYIIICHAH, Pa3BUBAIOIINXCS Y TIOMOIBITHBIX JKABOTHBIX BCIIC/ICTBHE UM-
ITYJIbCHBIX aKyCTHYECKHX BO3JICHCTBHIA, B TOM KOHTEKCTE N3yUYeHbI HE0CTATOUHO,
U pa3paboTKa METOJMYECKHX MOIXOJI0B K MONYYECHUIO KOJIMYECTBEHHOM OLCHKH,
MEKBHIOBOH SKCTPATIONSIINH ¥ TIPOrHOZUPOBAHHIO TIOCIICACTBHIH BIMSIHIS YKa3aH-
HOTO (haKTOpa Ha 30POBbE U PAOOTOCIIOCOOHOCTH YEJIOBEKA JI0 CHX ITOp OCTaeTCst
B IIGHTpE BHUMaHUsI uccienoBareneii [7, 12, 22, 29].

Kpome Toro, moxasarenn TeKyIIero COCTOSHUS (PH3NOIOTUIECKIX CHCTEM
OMO00BEKTA, TYYBCTBUTEIBHBIX K AKYCTHICCKIM UMITYIIECAM, TIPU OTIPEICIICHUN
0e30IacHbIX YPOBHEH B HACTOSIIIICE BPEMS HE YUUTBIBAIOTCS, @ YyCTAHOBIICHHE
HOPMaTHBOB BO3JICHCTBYSI, KaK MPABHIIO, OCHOBAHO Ha MCIIOJIb30BaHUU KO-
(uIIeHTa THITHEHMYECKOTO 3araca B OTHOIICHHH TIOPOTa HEOIarompusTHOTO
JICUCTBHS HICCIIEyeMOro (hakTopa.
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Leap uccienoBanus

Lenbro paboTHI SIBISUICS aHAIN3 MATO(PH3HOIOTHISCKIX MEXaHU3MOB pa3-
BUTHsI OHosornueckux 3(G(EeKToB UMITYIECHOTO MEXaHOaKyCTHYECKOTO BO3-
JIEWCTBUS HU3KOW MHTEHCHUBHOCTH Ha PA3HBIX YPOBHSAX OpraHU3ALMM KUBOU
CHCTEMBI U Pa3paboTKa METOAWIECKOTO MOX0Aa K IMONyYCHHIO KOJTMYECTBEH-
HOM OIEHKH M SKCTPAIOJISALUH JaHHBIX O TAKOM BO3AEHCTBUH OT )KUBOTHBIX K
YEJIOBEKY C y4eToM (PU3UUECKHX MapaMeTpoB aKyCTHYecKoro (akropa u xa-
PAKTEPHCTUK COCTOSHUS TTOJOMBITHOTO OMO0OBEKTA.

Marepuajibl 1 MeTOIbI UCCIIEOBAHNS

Jliis BBIOOpa HAyYHBIX CTAaTe M MOHOTrpaduil HAa aHIJIMICKOM SI3BIKE BBI-
TTOJTHIJTH TIOMCK TT0 KJTFOYEBBIM CIIOBaM B OuOmuorpadudecknx 6a3ax Google
Scholar, PubMed u ScienceDirect. /lyst oT00pa Hay9IHBIX cTarei 1 MOHOTpaduid
Ha PYCCKOM $I3bIKE TAK)KE BBIIIOJIHUIIH TIOMCK I10 KJIFOUEBBIM clioBaM B HayuHoi
anekTpoHHo# Onbmmoreke eLIBRARY.RU.

BrimonHeH 0030p HaydHBIX MyONMMKaIMi 10 HcciexyeMol Temaruke. [1pu
BbIOOpE MmyONuKanuii a1si 0030pa OT/AaBalld IPUOPHUTET BBICOKOLUTHPYEMBIM
ncrogankam. [TomumMo 3Toro, 6pUTH U3YUEHBI CIIUCKH JINTEPATYPBI BHIOPAHHBIX
ITyONMKAIMH JUIs1 BBISIBIICHUSI TOTIOJTHUTEIBHBIX PEIEBAaHTHBIX HCTOYHUKOB WH-
¢dopmanmu. [Ipn orbope myOuKanuy NpeArnoYTeHUE OTIABAIH TEM, B KOTOPBIX
NPEeIMETOM HCCIIEeIOBaHUSI ObLIN MEMKO-Oroorndeckue 3 PeKkThl BLICOKOMH-
TEHCUBHOTO UMITYJICHOTO IITyMa.

B xadecTBe BpeMEHHBIX PaMOK JUIsi 0030pa Hay4HBIX ITyOIMKanui OblT IpH-
HsT niepuox 2012-2022 rr. [TyOnukaimy, u3nanHble paHee, n3yvaiu JIUIb [TPpU
OTCYTCTBUH HOBBIX ITyOTMKAIIM O KOHKPETHOMY aCIIEKTY TEMBbI HCCIIEJOBAHHS.

Pe3ynbTaThl HCC/I€I0BAHMSA

1. IlaTo¢u3nosiornyeckne MexaHu3Mbl 6M0JIOrHYECKOro AeiicTBUS

AKYCTHYeCKHX HMITYJIbCOB

HccnenoBanus MexaHU3MOB BO3JEHCTBUS UMITYIbCHBIX aKyCTHUECKUX KO-
nebaHuil Ha ypoBHE KJIETOK, OPTaHOB M OpPraHM3Ma JI0 HACTOSIIEr0 BPEMEHH
SIBISTIOTCSI aKTyalIbHBIMU. Cpe pa3InuHbIX THIIOTE3 M TEOPUii, 00BSCHAIOMNX
TICPBUYHBIC MEXaHU3MBbI BIMSHUS aKyCTHYECKHUX KOJIeOaHMH KIIETKY, pacCMO-
TPUM HEKOTOpbIE 3aCTy’KUBAIOIINEe BHUMAHUS C TOUKH 3PEHUS MPUTOAHOCTH
JUIsl IPOTHO3a M MEXXBUJIOBOHM SKCTPAIOJIALMN pa3BUBaOnXcs 3QHeKToB.

B pabore [1] u3noxeHa peHaTypalioHHas TEOPHUS Pa3ApaKeHUs, coriac-
HO KOTOPOH B MEXaHU3Me HeOJIaronpHusaTHOTO AEHCTBUSI HU3KOUACTOTHBIX aKy-
CTHYECKUX KOJIeOaHUIl Benyllee MECTO MPUHAIICKUT KOH(POPMAIMOHHBIM
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U3MEHEHUSIM CTPYKTYPBI IPOTOILUIA3MaTHYECKUX OCNIKOB. YCTaHOBIECHO, YTO
HHU3KOYaCTOTHBIE aKyCTHUYECKHE KOJICOaHNs BBI3BIBACT YMEHBIICHUE JUCIIEPC-
HOCTHU KJIETOYHBIX KOJUIOWOB, CABUT PEAKIHH KJIETOYHOTO COAEPKUMOTO B
KHCIIYIO CTOPOHY, NOBBILICHHUE BSI3KOCTH U YCHIICHUE IIPOHUIIAEMOCTH KJIETOY-
HBbIX MeM6paH N3MCHCHUEC PA3JIMYHBIX BHYTPUKICTOYHBIX OPTaHECIIT (MI/ITOXOH-
Jpuii, PHIOIUIA3MAaTHYECKOTO PETHKYIyMa, anmapara [o1b/pkn), HapyIIeHne
KOAryJISIIMOHHBIX CBOWCTB KPOBH, M3MEHEHHE COJCPKAHUS TYYHBIX KJIETOK,
JleCTa0MIN3aIni0 MeMOpaH SPUTPOITUTOB U T.1I.

B pabote [13] moka3aHo, 9TO KIIIOYEBEIM 3BEHOM MATOTEHETUIECKOTO Me-
XaHU3Ma MOBPEX/IAIOIIETO JEHCTBHS aKyCTHUECKUX MMITYJIBCHBIX KOJIeOaHUH
SIBJISIETCS JIMKBOP. 3a CUET TeMOJIMHAMHUECKUX M MUKPOLMPKYISTOPHBIX M3~
MEHEHHUH NMPOUCXOANUT HAPYIIEHUE UPKYISALUN CIMHHOMO3TOBOM JKUIKOCTH,
00yCIIOBIMBAIOIIEE PA3BUTHE 1IEPEOPAIbHOM THIIOKCHH H, KaK CIEACTBHE, Ta-
TOJIOTHUECKUX M3MEHEHUH HEPBHBIX KJICTOK CTPYKTYP TOJIOBHOTO MO3ra.

Ha ocHoBaHMu 0000MIEHUS TOCTYMHBIX CBEJICHUNH MOXHO MPEJIOKHUTH
CJICIYIONIYI0 CXEMY TUIIOTETHUECKHX MEXAHU3MOB PAa3BUTHs OHMOJIOTHUECKUX
93¢ (EeKTOB Ha yPOBHE OT/ACIBHBIX OPTaHOB M (PM3HOJIOTHIECKUX CHCTEM Y OHO-
00BEKTOB, MOJABEPTUINXCS BO3ACHCTBHIO HEMOIYIMPOBAHHBIX aKyCTHYECKHX
HMITYJIbCOB.

Kaxk n3BecTHO, MOIITHOE HEMOTYITNPOBAHHOE 110 YaCTOTE aKyCTHIECKOE BO3-
JielicTBre 00yCIIOBIMBACT TOJIUTAPMOHUYECKIE KOIeOaHHsT BOCTIPHHUMAIOIINX
AJIEMEHTOB CJIyXOBOTO M BECTHOYJISIPHOTO ammapara, posiBIIsIOIMecs] B BUE
IIyMa, JaBJICHHAE Ha TICPETIOHKH, ToNoBOKpYkeHus [1, 13, 21]. Pa3znpaxkenne
MeXaHO- 1 0apopenenTopoB peIEKCOreHHBIX 30H 00YCIIOBIMBAET CIIa3M MeJl-
KUX apTepuil ¥ KalmuisipoB, NPUBOASIINI K YBEIHUCHHUIO MTEPUPEPHUECKOTO
COIPOTHUBIICHUS COCY/I0B U K ()yHKIIMOHAJILHOMY N3MEHEHHIO YCIIOBUI KPOBO-
oOpaleHus1, IPOSBISIOMUMCS B BUJEC apTepHalbHOM TUepTeH3uu (oomel n
nepedpabHoit). Ha ypoBHE 11eI0CTHOTO OpraHu3Ma 3To 00YCIIOBINBACT FOJIOB-
Hble 00JIH, HAPYIICHHS OCTPOTHI ONHOKYIISIPHOTO 3PEHHUSI, CMELIICHUS KOHTYPOB
BOCTIpHATHS 00beKTOB. OHOBPEMEHHO MPOUCXOAAT PACIINPEHHUE W OTEK Be-
HO3HBIX COCYJIOB, COITPOBOKAAIOIINECS IKCTPABa3aIbHBIM BBIXO/IOM IIIa3Mbl U
(hOpPMEHHBIX AIIEMEHTOB (3PUTPOIIUTOB, JEHKOIIMTOB) KPOBHU, KOTOPOE MOXKET
MIPOSBIATHCS B BUJIE TOUEUHBIX KPOBOM3INSHUIN B TOTOBHOM MO3T€, B CETUATKE,
KOHBIOHKTHBY Ia3a M T.J. Kak n3BeCTHO M3 (U3HOJIOTHH KPOBOOOpAIICHUS,
B TaKHX CIIy4asX BKJIIOYAIOTCS aHTHCBEPTHIBAIOIINE MEXaHU3MbI B BUIE YBe-
JIMUEHHsT COJIepKaHusl TIOOYIMHOB, (GUOpHUHOTEeHa, TPOTPOMOMHA U TPOMOO-
LIUTOB KPOBH. DTO 00YCIOBIMBAET HEKOTOPOE 3aMEIJICHNE MUKPOLUPKYIIS N
(KpOBOTOKA B MEJIKMX COCY/Iax) M yXyALIEHUE TPAHCTIOPTHBIX METa00INIECKUX
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(GYHKIMH KPOBH B TIOBPEXICHHBIX TKaHsX. J{11s momaepkanust He0OX0MMOTro
YpOBHSI OOMEeHa BEIIeCTB TPeOyeTcsl aKTUBH3AIHS PE3EPBOB KPOBOOOPpAIIICHHS,
B YaCTHOCTH, MUHYTHOTO 00beMa KPOBOOOPAIICHHUS. DTO JOCTUTACTCS 33 CUET
KOMIIEHCATOPHOTO YBEJIMYECHHUS YaCTOTHI CEPJCYHBIX COKPAILICHUH 1 yIapHOTO
oObeMa cepara.

HWcxonst m3 mpeacTaBIeHN O TOM, YTO B OCHOBE JTFOOOTO TpaBMATHUECKO-
TO MOBPEKACHUS JIOKHUT 3HAUYNTENIbHAs fedopmarus [17], MOXHO mosarars,
YTO aKyCTHYECKHUH (PaKTOp OKa3bIBAET MEXaHMUECKOE U OIIOCPEIOBAHHOE BO3-
JeicTBHE Yepe3 KaBUTAIIMOHHBIE SBJICHUS B JISTOYHBIX COCYIaX Ha JIETOYHYIO
TKaHb, IPUBOJIA K ITEPEPACTHKCHUIO M MEUKpOpa3phIBaM aibBeol (aMpuzeme),
a Taoke K auddy3HOMY CHaJeHHI0 y4acTKOB TKaHHU JIETKOTO (aTeiekrasy).
Jlaxxe B ITOKOE TIPOUCXOINT BKIIIOYEHUE B pabOTy KOMIIEHCATOPHBIX PE3EPBOB
JIETOYHOU TKaHH (0COOEHHO AIlMHYCOB BEPXHUX IOJEH JIETKUX, A0 3TOTO HE
y4YacTBOBABIIKX B razoo0MeHe). MI3BecTHO, 4TO YacToTa AbIXaHHs Ha ()OHE 3BY-
KOBOTO pa3/ipa)KeHHsl BapbUPYET 3HAUUTEIBHO CUIIbHEE, YeM YacTOTa Cepiey-
HBIX cokpamernii [8, 18]. [ToaToMy peakmus IpIXaHUs 3a9aCTyTO HCIIOTIB3YeTCs
B KadecTBE KPUTEPHUsI HEPBHOTO BO3OYKACHHS MPH UcciIeaoBaHnH 3PdexToB
3BYKOBOTO CTpecca.

Cawmwxkenne 3pdhexruBHOCTH AU Hy3UH KHCI0POIa Yepe3 aTbBEOIO-KaIHJI-
JISIPHY0 MeMOpaHy 00yCIIOBIMBACT YBEIMUCHHE COICPKAHMUS YIIICKICIOTO ra3a
B KPOBH JIETOYHBIX BeH. CIIe/ICTBHEM 3TOM TUITEPKAITHHIH SIBIISIETCS] aKTHBHU3AIIMS
JIBIXaTEeJIbHOTO LIEHTPa CTBOJIA TOJIOBHOTO MO3ra, MPUBO/ISIIAS K THIIEPBEHTH-
naud (YBETHUYSHHUIO YacTOTHI ABIXaHUS, OJBIIIKE B TIOKOE, CYXOMY KaIllTiO).
OIHOBpEMEHHO CIIIBHBIH aKyCTHYECKUH (DaKTOp IMyTeM CO3/1aHNs H30BITOUHBIX
JIaBJICHUW U pa3peKEeHU B TIOJOCTSX, 3alI0JTHEHHBIX CIMHHOMO3IOBOM KM IKO-
CTBIO (JINKBOPOM), BO3ZICHCTBYET Ha CTPYKTYpHI ronoBHoro otaena [IHC. ITpu
9TOM IPOUCXOJUT pa3ApakeHIE MTOJKOPKOBBIX CTPYKTYP TOIOBHOTO MO3Ta, aK-
TUBHM3ALUS UX OMODJIEKTPUYECKON aKTUBHOCTH, JIECHHXPOHU3ALNS (2 3aTeM U
THMEPCUHXPOHU3AINSA) PUTMOB U YMEHBIICHNE TOPMO3SIIETO BIUSHUS KOPHI
TOJIOBHOTO MO3Ta Ha (PyHKIIMOHATFHOE COCTOSTHUE TIOTIHMHEHHBIX CEHCOMOTOP-
HBIX M BEre€TaTHBHBIX IIEHTPOB. Takxke akTHBU3NPYIOTCS HEHPOIHIOKPUHHBIE
OTKJIMKH Ha aKycTH4YecKHil crpecc. [Ipuuem y 6MO0OBEKTOB €O ClIaObIM TH-
ITOM HEPBHOH CHCTEMBI MOTYT HAONIOAATHCS SMUIENTOPOPMHBIE CHMITOMBI
(cymoporu, paccTpoiicTBa KOOpAWHAINH IBHKCHUS, HAPYIICHUS PaBHOBECHS,
HUCTarM). Y 4acTu OMOOOBEKTOB 3TO MPOSIBISIETCS B BHJIC YBEJINYCHUS Jia-
TEHTHOTO Teprojia 0e3yCIOBHBIX PE(IEKCOB, 3aTOPMOKEHHOCTH, YXY/IIICHHS
ToKa3areneil yCIOBHO peIeKTOPHOH AeITEeNbHOCTH, a TaKXKe MPH3HAKOB He-
BPOTH3AIMH ¥ TPEBO)KHOCTH.
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W3meneHust reMoiMHaMUKH (YXyALICHUE KHUCIOPOATPAHCIIOPTHBIX (PyHK-
LUi) ¥ HEPBHO-YHIOKPUHHOHW pPeryisuu (paccoriiacOBaHHE IPOLECCOB
B030yxaeHus1 — TopmoxkeHus B LIHC u aucyHKIUs SHIOKPHHHBIX JKeJe3)
00yCIIOBIMBAIOT CHIDKCHHE a/IallTALIMOHHBIX PE3EPBOB MPHU BBINOIHEHHU (HH-
3MYECKHX U ONEPAHTHBIX HArpy30K. B KOHEYHOM UTOTE, yKa3aHHbBIC I(PPEKThI
MIPOSIBATCS B BHJIE CHIDKEHHS TIOKa3aTelel (pu3ndIeckoil paboTocrnocoOHOCTH
CMEIIAHHOTO M a3POOHOI0 THIIA SHEPrOOOECHIEUEHHS, @ TAKKE YCIOBHO pediiek-
TOpHOﬁ JACATCIBbHOCTH, OHeHHBaeMOﬁ IO KOJIMYCCTBY U Ka4€CTBY BLIITOJTHCHU S
3ay4eHHBIX HABBIKOB IIOJOIBITHBIMU OHOOOBEKTaMH.

HecmoTpsi Ha M3BECTHYIO YCIIOBHOCTB, IpE/IaracMasi TUIOTETHYECKas cXxeMa
MaTto(hU3NOIOTMYECKUX MEXaHU3MOB TOCJIC YTOYHEHHUSI MOXKET OBITh MCIIOJIB30-
BaHa IpH aHaIn3e OMOIOrHYecKux dPGHEKTOB U MEKBHIOBOH IKCTPAIIONISALUH
JIaHHBIX O BO3/ICHCTBUH aKyCTHYECKUX (PAKTOPOB. DTa CXeMa MOXKET OBbITh IIPUMe-
HEHa Py pa3paboTKe rpy0oil IMHUTAIIMOHHON MOJICITH B3aHMOJICHCTBHS aKyCTH-
4ecKuX (hakTopoB ¢ OMOO0OBEKTOM, O3BOJISIFOIIECH MOJIYYHUTh TOPOTOBBIE OLIEHKH
HEOJIAaroNpHUATHOTO BIUSHHS Ha COCTOSIHHE MOOTBITHBIX )KUBOTHBIX H 000CHO-
BaHUS 3aIUTHBIX MEPOIIPHATHI OT TAKOTO aKyCTHYECKOTO BO3ICHCTBHS.

2. MeToauyecKkuii MOaX0 K MeKBUIOBOH IKCTPANOISALUU

JAHHBIX AKYCTHYECKOIr0 BO3/IEHCTBHS HA OPraHbl AbIXaHUS

Kak u3BecTHO, NOTEHIMAIBEHO OIIACHBIE TEXHOTEHHBIE (Pu3nuecKue (hakro-
PBI [IPY 3HAYUTEIILHON BBIPAKEHHOCTU U IPOLOJIKUTEIIBHOCTU BO3ACHCTBUS
MOTYT 00YCIIOBUTHh H3MEHEHHS B COCTOSIHAU 37I0POBBS U pabOTOCTIOCOOHOCTH
YeJloBeKa. MeTo0JIOr sl OLICHUBAHUS BO3/ICHCTBYUSI HA OPraHU3M BPEIHBIX U
OIacHbIX (hU3NUECKUX PaKTOPOB, a TAK)Ke 0OOCHOBAHMSI TUTHEHUYECKUX KPH-
Tepues, mpuHATas B Poccuu, ocHOBBIBaeTCs Ha JO30BOM moxaxone [2, 23, 27].
[Ipsimast B3aMOCBSI3b «103a-3h(PEKT» JoKa3aHa, B OCHOBHOM, ITPH HCIIOIb30Ba-
HUM OOJIBIINX YPOBHEH OCTPOT0 BO3IEHCTBHS SKCTPEMAITLHOTO (haKTopa, Koraa
Pa3BHBAIOTCsI OTIACHBIC IS 3/I0POBbs Onosornueckue QGeKTol, 1 BOZMOXKHO
ompeneneHne (M3MepeHNe) MOPOTOB WX BO3HUKHOBEHHs. COTIacHO pacmpo-
CTPAaHCHHOMY MHEHHIO, OIIPEICIUTh YPOBHU BO3JCHCTBHUS 3KCTPEMAILHOTO
(axTopa, HEe BBI3BIBAIOLIME BOOOIIE KAKMX-THOO OMOIOrnYeckux 3pdekTos,
3a4aCTyI0 HEBO3MOXKHO.

J7st HONyYeHus CTaTUCTUYECKH 3HAYMMBIX OLICHOK MOPOTOBBIX YPOBHEH
BO3/ICHCTBUS PAacCMaTPHUBAEMOI0 aKyCTHUECKOro (pakTopa MpH MOCTaHOB-
K€ 00OCHOBBIBAIOIIMX TH YPOBHU MEIUKO-OHOJIOINYECKUX HCCIICIOBAaHUH U
pa3paboTKe IKCIIEPUMEHTATBHBIX MOJCIICH CIeNyeT YYUTHIBATH: TapaMeTphl
OCHOBHBIX BO3/ICHCTBYIOIINX (DaKTOPOB, BPEMEHHBIC YCIOBUS BO3AECHCTBHS,
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BUJI, pa3Mepbl, BO3PACT, IPOJIOKUTEIBHOCTh JKU3HU )KUBOTHBIX, & TAKKE PSIIT
JIpyTruX OMOJTOTHYECKUX (aHATOMO-(DH3NOTIOTHUECKIX ) U TEXHUKO-KOHOMHYE-
CKHX TTOKa3aTeleH.

3a noceHue ro/Ibl HAKOIUICH 3HAYUTEJIbHBIH OIBIT AKCIIEPHUMEHTAIBHOTO
n3ydeHus: 9pQPeKToB BO3ACHCTBUS PA3IHMUHBIX HEOIArONPHUSITHBIX (HAKTOPOB.
ITo 0600mIeHNIO TaHHBIX PE3yabTATOB MCCIEJOBAaHUN MMITYJIECHOTO ITyMa 1
HU3KOYACTOTHBIX aKyCTHYeCKuX koieOanuit [20, 21, 32] MOXKHO 3aKIFOYUATH
cienyromiee. Hanbomnbiei 4yBCTBUTENLHOCTBIO 10 OTHOLICHHUIO K aKyCTHYe-
CKoMY (hakTOpy 00Jaal0T CIYXOBOH M BECTUOYIISIPHBIN ammapaTsl, HepBHAS U
KapIHOpecupaTopHasi cucTeMbl. [I0CKOIbKY OfHUM U3 MaHH(ECTHPYIOIINX
MIPU3HAKOB P deKTa HeONarompUsATHOTO BO3ACHCTBHUS aKyCTHUECKUX UMITYIIb-
COB CUHMTAIOT HAJIMYHE BU3YaJbHO HAONIONAEMbIX IOBPEXKICHHH JIErOUYHOMN
TKaH{ y TOJIONBITHBIX KUBOTHBIX (B BHJIE€ TOUSUHBIX MM CIMBHBIX KPOBOM3-
JIMSTHUH, SM(H3eM, aTeIeKTa30B), [e71eco00pa3Ho Moarark, 4To OTHUM U3 KpH-
THYECKHUX OPTaHOB B 3TOM CIIy4ae SBJIIOTCA JErKue 6M000bEKTOB.

[Ipu 060cHOBaHMH BBEIOOpA My TEH SKCTPANOIAIIH YP(PEKTOB TAKOTO MMITYITh-
CHOTO aKyCTHYECKOTO BO3JCHCTBUSI 11e7IeCO00pa3HO PaCCMOTPETh KPUTHUECKHE
3BEHbSI PETYJISIIUH U TIOKA3aTeITH, ONPEEIISIOINE YI3BUMOCTb JIbIXaTeIbHOM CH-
CTeMBI K HCCIIeLyeMbIM HeOIaronpusaTHEIM (GH3NYeCcKUM (hakTopam.

3. Kputnueckue 3BeHbsI PeryJIsiiii BHEITHETO TbIXaHUSI

CBoeoOpasue (pyHKIUHM BHELIHETO JbIXaHHUsl COCTOMT B TOM, YTO OHAa OJI-
HOBpPEMEHHO M aBTOMaTHYeCKas, M IPOU3BONIEHO yrpaBmsieMas [24]. Kopa ro-
JIOBHOTO MO3Ta B ATOM CHCTEME UrpaeT OOJBIIYIO0 POJIb B NMPHCIOCOOICHUH
AbIXaHUsS K UBMECHAOIIUMCA YCIIOBUAM BHCIITHEH CpCabl. YenoBek MOXKET npo-
W3BOJIBHO, XOTh W HEHAJ0JIT0, OCTAHOBUTH MJIM U3MEHHUTH IIyOMHY U 4acTOTy
IpIxaHus. [Ipor3BoIbHOE yIIpaBlIeHHE JBIXaHHEM OrpaHu4eHO (GU3HoIornye-
CKUMH TIpeJieJIaMi N3MEHEHHUH HANpsDKeHUsST KMCIOpOAa, YIVIEKHCIIOTO ra3a u
MOHOB BOJIOpO/ia B KpoBU. [IpH upe3MepHO# 3afiepiKKe JbIXaHUsI U PE3KOM
OTKJIOHEHUH (HaKTHIECKOTO MHHYTHOTO 00beMa BEHTWIAIUHN OT (hPHU3HUOJIOTH-
Yeckr 000CHOBAaHHOTO BO3HUKAET CTHUMYJI, BO3BPALIAIOLIUH JbIXaHNE TT0]] KOH-
TPOJIb HCHTPAJTBHOTO MEXaHU3Ma PETYISAINN AbIXaHUs, IPCOA0JICBasA BIUIHUC
KOPBI TOJIOBHOTO MO3Ta.

B opraHax JpIXxaHusl IMESTCsl TPU THIIA MEXaHOPELETITOPOB, IPUHUMAIOLIHNX
AKTHBHOE yYaCTHE B PETYJISILIUY IbIXaHHS: PELEIITOPI PAaCTSHKEHNUS, DPUTAHT-
HBIC PEHCTITOPLI K FOKCTAAJIBBEOJIAPHBIC PEUEIITOPEHI.

Penientope! pacTspKEHHS JISTKUX HAXOISTCS MPEUMYIIECTBEHHO B IIAAKHUX
MBIIIIAX BO3AYXOHOCHBIX TyTel. OHM BO30YKIal0TCS B MOMEHT BJI0Xa M CIIO-
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coOcTByrOT peanusanuu peduiekca ['epunra-bpetiepa, TOPMO3SIIIETO BIOX U BbI-
3BIBAIOIIETO BHIIOX. PHU3HONIOTHYECKOE 3HAUCHHUE 3TOTO pediekca COCTOUT B
OTPaHUYCHUH JIBIXaTEIBHBIX SKCKYPCUH U CO3aHUN SKOHOMHYHOTO PEKHAMa
JIBIXaTeIBbHOM CUCTEMBIL. B SKcTpeMaibHbIX yeinoBusx peduekc [epunra-bpeiie-
pa MpenATCTBYeT MepepacTsHKeHNIo TETKuX [24]. Kak n3BecTHO, K JpIXaTelbHO-
My IIEHTPY ITOCTOSHHO MOCTYIAaeT UMITYJIbCAIHS, CHTHATU3UPYIOIIast O CTEIICHA
pactspkeHus aerkux. [1oj BIUsIHUEM 3TOH UMITYIbCAIMH 110 IPUHINITY 00paT-
HOU CBSI3U 3aIlyCKaeTCd BAOX WJIM BbIAOX. TaK, €CJIK pasayTh JICTKUE, TO BAOX
PpedIeKTOPHO 3aTOPMO3HUTCS M HAYHETCS BBIIOX. HarpoTuB, €Citi CyIIecTBeHHO
YMEHBIIIUTH 00BEM JIETKHX, ITOCIIENyeT TyOokuid BIoX. ClleayeT OTMETHTD, 9TO
peLenTopsl pacTsHKeHMs 001a1al0T MEJUICHHOH afanTanyen.

Ha Bcem mpoTspkeHNU Tpaxew W OPOHXOB B AIIUTENINU U CYOITUTEIHAIb-
HOM CJIO€ PACIIONIOKCHBI HPPUTAHTHBIC MEXaHOPELICITOPBI, KOTOPEIC 00Iaaf0T
ObicTpoit amanranueid. OHU pearupyroT Ha pe3Kue N3MEeHEHHUs] o0beMa Jier-
KHUX, & TAKKe Ha MEXaHHMYECKHE, TEPMUUYECKHE 1 XMMUUECKUE PA3PAKUTEIIH.
[Ipu monaraHuy Ha CAMBUCTYIO METBIAUIITNX HHOPOAHBIX Tel (TIBLTh, YACTUIIHI
JIbIMA) aKTHBAIMs UPPUTAHTHBIX PELETITOPOB BHI3BIBACT KAIIETh MM YMXAHHUE.
Bo30yx/ieHne 3THX pelenTopoB B OpOHXaX MPUBOAUT K YUAIICHHIO JIbIXaHHs
C YKOpPOYEHHEM BbII0Xa (TaXWUMHO3). OHU OTBETCTBEHHBI 32 BOSHUKHOBECHNE
TaK Ha3bIBAEMOTO «B3/I0Xa» - PE3KOTO BIOXA, CIIOCOOCTBYIOIIECTO BEHTHIISAIHN
BCEX OTJIEJIOB JIETKOT'0, YTO BEJIET K JIMKBUAAIMHN JIUCTEICKTA30B U aTeJIeKTa30B
JIETKUX. AKTHUBALIUSI UPPUTAHTHBIX PELETITOPOB MOXKET NPUBOAUTD K pediek-
TOPHOW OPOHXOKOHCTPHUKITHH (CYy)KeHUIO OpOHXOB). 3HAYUTEIbHAS YaCTh pe-
LIENITOPOB 3TUX HAXOUTCS B BEPXHUX JIbIXaTEIbHBIX Iy TSIX. MexaHn4ecKoe Hin
XMMHUYECKOE UPPUTAHTHBIX PELICITOPOB BBI3BIBACT 3aME/JICHUE MIIM OCTAHOBKY
neixanus (pedruexe beitnopumxa). Hampumep, pasapakeHre HOCOBBIX MEXaHO-
PEIenTOpOB BOAOH y HBIPSUTBIIIMKOB MIPUBOIUT K HEIIPOU3BOIBHON 3aepiKKE
nbixanus. Mi3BecTHO, 4TO TeMIieparypa Bo3ayxa, IIPOXOISIIEro Yepe3 BepXHHe
ABIXaTCIIbHBIC ITYTH, TAKKE MOXKCT ABJIATHCA PA3APAXKUTCIICM IJIA PEUHETITOPOB.
B pesynberare STHX BO3ISHCTBUI H3MEHSIOTCS YacTOTa M ITyOHHA BIXaHHUS.

B unTepcTHIManbHON (TTOAEP)KUBAOIIEH ) TKAHU JIETKUX M AbIXaTeIbHBIX
OpOHXHOI, BOJIM3M OT KAITMIUISIPOB, PACIOaraloTcsl IOKCTaalbBEOJISIPHBIC pe-
enTopsl. PasnpakuteneM A STHUX PEIETITOPOB SBISCTCS MOBBIIICHUE TaB-
JICHHSI B MAJIOM Kpyre KpOBOOOpAIIEHHs, a TAKXKE YBEINYCHUE KHUIKOCTH B
WHTEPCTHINAIIBHON TKaHM JIETKHUX. B CBSI3M € 9THM 3aCTOWHBIE SIBJICHUS B Ma-
JIOM KpyTe KpOoBOOOpamieHus (0TeK JIETKHUX, SMOOINN MEIKUX COCYIOB, ITHEB-
MOHHH) BBI3BIBAIOT CTOHKOE BO3OYKIICHHE ATHX PEIEITOPOB, YTO MPUBOAUT K
Pa3BUTHIO YaCTOTO IMOBEPXHOCTHOTO JbIXaHMs. Bo30yxkaeHne aTux penento-



Siberian Journal of Life Sciences and Agriculture, Tom 15, Ne4, 2023 407

POB MOXET BBI3BaTh OIIYIICHHUE OJBILIIKH, a TaKKe Pe(IIEKTOPHYI0 OPOHXO-
KOHCTPHUKIHIO.

CrentyeT OTMETUTB, YTO pe(IIeKChl C PA3INYHBIX TKaHEH M OPraHOB CIIO-
COOHBI BBI3BAaTh N3MEHEHHE JICSITEIBHOCTH LIEHTPAJILHOTO MEXaHM3Ma PeryJis-
uu apixaaud. [lostomy pasnuunbie pakTopsl BHEIIHEH cpesibl MOTYT BIHUATH
Ha BEHTWIALHMIO JITKUX, XOTS OHW M HE y4acTBYIOT HEIIOCPEICTBEHHO B €
PEryJsILUH.

Takum 00pa3oM, KPUTHUECKUMH 3BEHbSIMH (DYHKIIUH BHEUIHETO JIBIXaHUS Y
O61000BEKTOB SBISIOTCS MEXaHOPEIENTOPBL. Bo30y:KIeHNE STHX PEIenTOpOB Y
TIOJIOTBITHBIX YKUBOTHBIX OJ1 BIMSHUEM KaK aKyCTHYECKOI0, TaK U COITYTCTBYIO-
[IUX TEPMHICCKHX, XUMUYECKUX, APYTUX GU3HICCKHUX (aKTOPOB (MBLIb, BBICO-
Kast TeMIIepaTypa, CpeACTBA HHANBHIYaIbHON 3alIUTHI OPTaHOB JIbIXaHHs U T.I1.)
MOJKET CYIICCTBEHHO HAPYLINTB PETYIISILIHIO BHEIITHETO ABIXaHUS M, TEM CaMBIM,
MOBBICHTb YA3BUMOCTB JIETKHX K HCCIICNLYEMOMY SKCTPEMaTbHOMY BO3ICHCTBHIO.

4. O6ocHoBaHUE BHIOOPAa MH(OPMATHBHBIX MOKAa3aTeJIeii

Kak m3BecTHO, NETKME MIICKOIHUTAIOMNX O0JIQAI0T PSOM YHHUKAIBHBIX
cBoiicTB. Kak mapeHXMMaTo3Hasi aHaTOMHUECKasl CTPYKTypa, JIErouHasi TKaHb
XapaKTePU3yeTCsl COMPOTUBIEHUEM U PACTSIKUMOCTHIO (TIOAATIIMBOCTRIO) [24].
[To Mepe crapeHus OpraHu3Ma, Pa3BUTHS OCTPBIX WM XPOHHYESCKUX HECIICIHU-
(uueckux 3a001eBaHUil IETKUX, BIUSHUS (AKTOPOB pUCKa (KypEHHUsI, BPETHBIX
HPOU3BOJICTBEHHBIX (DAKTOPOB) MPOMCXOAUT U3MEHEHHE TNIOTHOCTH JIETOUHOM
TKaHU BIUIOTH JI0 pa3BUTHA (HrOpo3a.

[lo pesynbTaraM nMpeabIyIINIX UCCIeJOBAaHNI MOYKHO KOHCTaTHPOBATh, YTO
KPOBOUSJIUAHUA Y CTOAIUX 6[/1006’])6KTOB, MOABEPIHYTHIX aKyCTUYECKOMY BO3-
JeHCTBHIO, B OCHOBHOM, HaOJIFO/IAJIH B HIDKHUX YYacTKaX JErKUX, 0OpalieHHbIX
K 3eMJIe, YTO OOBSCHSCTCS BIUSHUEM IpaBUTAalHU. MI3BECTHO, 4TO B MOKOE Y
YeJIOBeKa B Ta3000MEHE y4acTBYET TOJILKO HIDKHSISL YaCTh JIETKHX, U ITPpU (DU3H-
YEeCKOW HAarpy3Ke ISl OBBIICHHS METa00IN4ecKoi 3 (HEKTUBHOCTH JIbIXaHUs
CTEeIeHb KPOBEHAIIOMHEHHS JIETKUX U nepdy3nsi KamUIIPOB YBEITMYHBAIOTCSL.
B nonoxeHnu «iexa» Ha CIIMHE KPOBOTOK B COCY/aX BEPXHHUX OT/IENIOB JIETKHX
YBCJIMYMBACTCA, 4 B HMPKHUX OTACIaX MPAKTUYCCKU HE U3MCHACTCA. MoxkHO
TIPEIONIOKUTE, YTO ITHEBMOAJIBTEpaLs IPH AKyCTHYECKOM BO3ICHCTBHY OyieT
BBILLIE B aKTUBHO (DYHKIIHOHHUPYIOIIUX YYacTKaX IIOTOMY, 4TO KPOBEHAIIOJIHEHHE
9THX OT/AEJIOB JIETKOr0 00YCIIOBUT CHIDKEHHUE €€ YIPYTHX CBOWCTB IO CpaBHE-
HUIO C «O0CIHEHHBIMIY KPOBBIO 00IACTAMH.

Vipyrue cBOHCTBa JbIXaTeIbHONW CHCTEMBI XapaKTePH3YIOTCs, B YaCTHOCTH,
PacTsHDKUMOCTBIO. PacTsDKUMOCTD — 9TO U3MEHEHHE 00beMa JIbIXaTeIbHON CH-
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CTEMBI IIPU BO3/ICHCTBHUY Ha HeE eIUHMIIBI 1aBjieHus. B pabore [25], mokasaHo,
YTO TPHU BO3JACHCTBHU BO3IYIIHOTO JABJICHHA, PaBHOTO | CM BOAHOTO CTOJ-
0a, KaXKIIbIii MIUDTIUTATP 00bheMa JIETKOTO MJICKOTIMTAOIIETO YBEIINIHBACTCS
Ha 0,028 mi1. Takum 00pa3oM, MOCKOJIBKY yAEIbHas PaCTSHKUMOCTD y pa3sHbIX
BUJIOB JKMBOTHBIX OJIM3Ka, MOXKHO CUMTATh, YTO YNPYTOCTh JETKUX B HOpME
y BceX OMOOOBEKTOB B IIETIOM OMMHAKOBA. [IpH 3TOM MeXaHUYeCKHe YIpyTHe
CBOMCTBa 3TOr0 OpraHa y KOHKPETHOTO KHBOTHOTO Oy[IyT 3aBHUCETh OT ILIOT-
HOCTH JIETOYHOM TKaHU.

CrnemoBaTenbHO MOXKHO OXKUIATh, YTO IUIOMIAIE albTepanni (TOBpexKIe-
HUs1) JICTKOTO OyHET BBINIC NP YBEIHMYCHUH €T0 JIOKAIBHOHW IUIOTHOCTH. A
YPOBEHb MOBBIIICHUS PACTSIKMMOCTH 3aBUCHT OT KPOBEHAIIOJIHEHUS! JIETKOTO
y 37I0pOBOTO OMO0OBEKTA KaK B IOKOE, TAK U B YCIOBHUSIX HHTEHCUBHBIX (DYHK-
[MOHAJBHBIX HArpy30K ((pU3NIecKoil padoTe, THIIEPTEPMHUH, UCTIOIE30BaHHA
CPEACTB MHINBUAYAIbHON 3aIIUTHI OPTAHOB JBIXaHUS H T.I1.).

OnHUM U3 BaXHEHIIMX MOKa3aTeNlel JIErOUHOW BEHTHIISALIUN SIBIISIETCS Ya-
cToTa ApIxaHus. [I0CKONBKY cEcTeMa BHEIIHETO JBIXaHUS SBISICTCS HE3aM-
KHYTOH (T.c. COOOMIAfOMIEHCsS ¢ BHEITHEW cpeoil) M (DyHKIIMOHHUPYIOMICH 110
LUKJINYECKOMY 3aKOHY (TapMOHHYECKUX KOJeOaHHil), TO yCTOHYUBOCTh ATOU
CHCTEMBI K BO3MYIIAIOIINM aKyCTHYECKIM BO3ACUCTBUAM OyIeT CHUKATHCS
TIPH Ype3MEPHOM YBEIIMUCHUH YaCTOTHI IBIXaHHS 32 TIPEICIhI aqanTallHOHHBIX
BO3MOYKHOCTEH JIbIXaTeIbHON cucTeMbl. CIeyeT OTMETUTb, YTO HCCIIEyeMbIH
AKyCTHUECKHI CHTHAI 110 (hOpPME 3a4acTyIO0 MO100€H MaTTepHy OJIMHOYHOTO JIbI-
XaTeNbHOTO MUKIA. [109TOMY MOKHO 0KHIaTh, YTO TPH COBMAICHUH (a30BBIX
Y aMIUTUTYHO-BPEMEHHBIX XapaKTEPUCTHK Y JBIXaTeIbHOM BOTHBI OMO00BEKTA
U aKyCTHUYECKOTO curHana 3(p(GeKT BO3ACHCTBHS MOKET KaK MOTEHIIUPOBATHCS
(BBULY pa3BHUTHS PE30HAHCA), TPUBOJA K YITYOICHUIO BIXATEIBHBIX JBHKE-
HUH, TaK ¥ TOPMO3ZHUTH HOPMaJIbHOE IIUKINYECKoe (PyHKIIMOHUPOBAHHE JIETKAX.
D ekt aKkyCTHIEeCKOT0 MOBPEKICHNUS JIETKUX, TO-BUAMMOMY, B 3HAYUTEIbHON
CTerNeHHu OyneT 3aBuceTh OT (ha3bl JbIXaTelIbHOTO 1uKiIa. Kpome Toro, MoykHO
MIPEINOIOKHTE, YTO CAABICHHUE TPYIHON KICTKH B T€UeHHE (a3l M30BITOU-
HOTO JIaBJICHUS aKyCTHYECKOTO UMITYJIbCA B MOMEHT BJIOXa, a 3aTeM pedJiek-
TOPHOE PACUIMPCHUE JICTKUX, YCYTyOIstoIeecs BIMstHUEM (a3bl pa3perKeHUs
HMITYJTbCa, MOKET OOYCIIOBUTH Pa3BUTHE dMPHU3EMBI B «KPUTHUECKHUX 00Ja-
CTSX» NETKuX. MOJKHO POTHO3UPOBATH, UTO YKa3aHHBIC YPPEKTH OymyT Oosee
BBIPaKCHBI IIPH 3aTPYAHEHNH JbIXaHUs, BBI3BAHHOM CTPECCOPHOI OPOHXOKOH-
CTPHKIIMEH MITH UCIIOIb30BAHUEM CPEJICTB HHINBHYaIbHOMN 3alINThHl OPraHOB
IBIXaHHS (MAcOK, pECTIPATOPOB, TPOTUBOTA30B U T.II.) 38 CYET YXYALICHHUS TIPO-
XOXKJICHUSI BO3/IyIITHOTO TIOTOKA, T.€. 33 CYET YXY/IIICHHS JIETOYHON BEHTHIISLIUH.
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Jpyroii BayKHBIH MOKa3aresb — 00beM JIETKHX — UMeeT 0O0JIbIIOe 3HaUCHNE
Ut obecredeHnss MeTaboIMuecKrX moTpedHocTelt opranusma. M3BectHo, 9To,
HECMOTPsI Ha CYIIECTBEHHbIEC OTIINYNS PA3MEPOB Tella, 00beM JIETKUX y Pa3HbIX
BUIOB MJICKOITMTAIOIINX COCTABISIET MPAKTHUECKU OJMHAKOBYIO JIOJIIO 00be-
Ma Tena. B pabore [25] mpuBeneHo cienyoniee allioMeTPUIECKOe YpaBHEHUE
IUIA CBSA3M 0ObeMa JeTkuXx (V , Mir) m Maccel Tena (M, KT) y MIEKOIUTAIoMIUX:

= 53’5MT1,06J:0,02'

3T0 ypaBHEHHE CBUICTEIBCTBYET O TOM, YTO 00BEM JIETKHX 10 OTHOILICHUIO
K Macce Tejla — BEJIMYMHA TIOYTH MOCTOSIHHAS, XOTS €CTh cialasi TeHASHIUS K
YBEIMYCHUIO OTHOCUTEIILHOTO 00beMa JITKHX C YBEJIMUCHUEM pa3MepoB TeJa.

[lepuonbl HaOMIOACHUS I COMOCTABJICHUsT Onoiorndeckux 3(h(HeKToB
JIOJKHBI BBIOMPATHCST UCXOJSl U3 3a/1ad HUCCIIEOBAHMUS U yUUTHIBATH CKOPO-
CTH METa0OJIN3Ma y Pa3INYHBIX BHJI0B MiekonuTatomux [4, 5]. KonkpeTHbie
3HaueHUsI KOA(PPUIIMEHTOB SKCTPATIONIALUY TIEPHOIOB BPEMEHH I1OCIIE BO3-
JICUCTBHS B PSIY «IIOAOIBITHBIN OMOOOBEKT: YEIOBEK» 3aBUCST OT HCIIOIb3Y-
€MOTo OMOJOTMYECKOTO BUAA M YMEHBIIAIOTCS MO MEpE BO3PACTaHMUS MacChl
TeJa HOAONBITHBIX )KUBOTHBIX [ 11]. Hanpumep, cpoku pa3BUTHS paBHO3HAYHBIX
3¢ PEKTOB IPU OCTPOM paTUallMOHHOM BO3JICHCTBUH B DKCTPAIOJISIIHOHHOM
Py «MBIIIb:KPBICA:CO0aKa: YeIOBEK» COOTHOCATCA Kak 5,5:4:2,5:1, T.e. pa3-
BUTHE 3P PEKTOB MMOPAKEHNUS, HAITPUMED, Y KPBIC B PAHHUE CPOKH IPOUCXOINUT
B 4 paza ObICTpee, YeM y 4eIoBeKa.

Crenyer y4uThIBaTh, YTO B 3aBUCMMOCTH OT TEOMETPUYECKUX Pa3MEpPOB U
0COOCHHOCTEH aHATOMUUECKOH CTPYKTYPBI T€INA, UyBCTBUTEILHOCTH CITyXOBO-
TO aHAJIN3aTOPa KMBOTHBIE TI0-PA3HOMY JIETEKTHPYIOT aKyCTHYECKHE CUTHAIIBI.
[To-BUIMMOMY CYIIECTBYOT MAKCHMYMBbI PE30HAHCHOT'O MOIVIOIIEHHUS aKyCTH-
YECKON PHEPIHHU y MOAOMBITHBIX KUBOTHBIX PA3HBIX BHJOB U YEJIOBEKA. YUET
aAMIUTATYIHO-BPEMEHHBIX XapaKTePUCTHK M CHEKTPAIbHONH MOIIHOCTH CUTHAJIA
JUISL KaK/I0TO U3 MCIIOJIB3yEeMbIX BUIOB OMOOOBEKTOB ITO3BOJIUT BHISIBUTH HAU-
6onee nHdGopMaTuBHbIC (HPU3MUYECKUE TAPAMETPBI 1 KOPPEKTHO MPOTHO3UPOBATH
PpaBHOAGEKTHBHYIO «I03y» BO3IEHCTBHA y YeTIOBEKA.

MOXHO TIPEAIONIOKNUTh, YTO OJMHAKOBAs SHEPTHsl aKyCTUYECKOTO BO3-
JCUCTBHS, MPUIOKEHHAsI K €AMHHIIE 00beMa JIETKUX Y Pa3HbIX BUJIOB MOJI0-
IIBITHBIX JKUBOTHBIX, IIPH MPOYMX PABHBIX YCIOBHSIX, OOYCIOBHT pa3BUTHE
paBHO3HAYHBIX 3(P(EKTOB. DTO MPEIIIOIIOKEHHE CIIPABEINBO Il OHOJIOTH-
4yeckuX 2 (EKToB, MOAUMHSIONIMXCS 3aKOHY «/103a-3((HEKT», Kor/ia roKazareib
OMOIOTNYECKOH peakuy U3MEHAETCs TPOIIOPIIMOHATBHO TPUIIOKEHHOMY BO3-
nevictuto. OmgHako, mpu peanusanun dgdexra mo 3akoHy Ppanka-CrapnuHra
(«BCc€ mm HUYET0») AP dEKT NPOSBIIETCS JTABUHOOOPA3HO NPH IPEBBIILICHUN
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YPOBHEM BO3JCUCTBUS ONPEIeNIEHHOI0 KpUTHUECKOTO TIopora. OIHako B 000uX
YKa3aHHBIX CITydasix He0OXOMMO pa3paboTaTh BU/I U YCTAHOBUTH COJIEPKaHHE
HEKOTOPOH TTOPOTOBOH BEIMYMHBI HEOIArONPHUATHOTO ACHCTBHS, IIPUTOXHON
JUISL IO3UMETPUH OCTPOTO aKyCTHYECKOTO BO3JICHCTBHS U COIIOCTABIICHUS OHO-
JIOTHYECKUX (D (EKTOB.

5. O0ocHOBaHUE BH/IA M COAEPKAHMS HHTEIPAJIBLHOIO

J03UMeTPUYECKOro MoKa3areJisi

[Ipu mpoBeaeHNH SKCTIEPUMEHTATHHBIX UCCIIEIOBAHINA CTABATCS 3a1a9H U3Y-
YeHUs O0IINX 3aKOHOMEPHOCTEH ICHCTBHS Pa3InIHBIX (PaKTOPOB H pa3paboTKu
CII0CcO0O0B HX MepeHoca (IKCTPAIONIILIUK) Ha YelioBeka. B o0miem Buze npobdiema
MepeHoca SKCIePUMEHTAIBHBIX JaHHBIX Ha YeJIOBEeKa pelraeTcs s ompesene-
HUS B KOHEYHOM HTOTE, BO-TIEPBBIX, XapaKTEPHCTHK BO3ICHCTBYIOIIETO (hakTopa,
KOTOpBIi OyaieT (Wit He OyieT) BBI3BIBATh Y UeJIOBEKa OIpe/Ie/IeHHbIC H3MCHEHNS,
CXOJIHBIE C PEaKIMAMH Y KHBOTHBIX; BO-BTOPBIX, C LIENBIO ONpEIeSIeHUs AUHA-
MHKH 3TUX U3MEHEHHI BO BPEMEHH (BPEMEHH Hadasa M MPOJOLKUTEIBHOCTE);
B-TPETHUX, ISl YCTAaHOBJICHHS M y4eTa KOJINYCCTBCHHBIX OTIIMYHI B PEaKIUsIX
YeJIoBeKa M0 CPaBHEHMIO C IPYTMMHU BUAAMU MIIEKOIHUTAIOMuUX [4].

Jlo HacTosAIIIero BpeMEeHH UCCIEIOBAHNS MO BEIPAOOTKE TTOIXOM0B U OIpe/ie-
JICHHUFO KOA(PHUIMESHTOB IIEPEHOCA PE3YIIFTATOB OITBITOB C KIMBOTHBIX HA YEIIO-
BEKa HEMHOTOUHUCIIEHHBI U HEI0CTAaTOYHO CUCTEMATU3UPOBAHBL. DTO CBSI3aHO C
TEeM, 4TO pa3paboTKa Iy Teil v MPUHIIMIOB MEKBHIOBOW SKCTPAIONISILIMN IKCIIe-
PUMEHTATBHBIX TaHHBIX SBISETCS Ype3BhIUaitHO TpynHOU. [ToMmnmo cienndu-
YECKHUX COLUAILHO-OMOJIOTMYECKNX 0COOCHHOCTEH YeoBeKa, TpeOyIoT ydera
pa3iauuus B ypOBHE Pa3BUTHUS BbICIIEH HEPBHOM JESATEIBHOCTH M MPOJOIKHU-
TEJIEHOCTH KU3HH )KUBOTHBIX 1 YEJIOBEKA, B KHHETHKE OOHOBIICHNUS KJICTOYHBIX
TIOTYJISIIANA ¥ B CKOPOCTH TEUCHUSI OOMEHHBIX IPOIIECCOB, B TEMIIaX BOCCTA-
HOBJICHMS 110CJIE MOBPEXKICHHS, B UyBCTBUTEIBHOCTH K BO3/IEHCTBUIO Pa3HO-
00pa3HbIX arcHTOB.

CHOXKHOCTH AKCTPAIIOIIAIUH 3aKITIO9aeTCs TaKXKe B TOM, UTO, BO-TICPBHIX,
TECHasi B3aUMOCBSI3b BCEX CHCTeM M (DYHKIMH Ha Pa3HBIX YPOBHSIX OpraHu3a-
UM TPUBOJUT K TOMY, YTO 3aKOHBI (PyHKIIMOHHPOBAHHUSI [l BCETO OpPraHm3-
Ma He (GOPMHUPYIOTCS aJJUTUBHO M3 3aKOHOB, CIIPABEINIUBBIX JJIS OTACTHHBIX
YpOBHEH; BO-BTOPBIX, BO3CHCTBHE KAKOTO-JIN00 (haKTOpa BIHSET Ha IPOLIECCHI
1 QyHKIUM Ha BCEX YPOBHSX; B-TPETHUX, KIIETOYHBIE CUCTEMBI, OTIINYAIOIINE-
Csl pa3HOM CTENeHbI0 U PEPEHIIMPOBKU U 00ECIIEYHBAIOIINE KU3HEIEITEIb-
HOCTB [IEJIOCTHOTO OPTaHM3Ma, OTIINYAIOTCS PA3IMIHON 9yBCTBUTEIBFHOCTHIO K
BO3JICHCTBUIO U OTIIMYAIOTCS OIPE/ICIICHHBIM CBOCOOpa3ueM y YeIoBeka [ 5, 24].
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Bc€ 310 IpuBOIUT K TOMY, UTO IIPU OJHUX U TEX XK€ YCIOBUSIX BO3IEHCTBUS
HEOIaronpuATHHIX (JaKTOPOB HA OPTAHU3M PEAKIIHH PA3HBIX BUI0B MIIEKOIIUTA-
IOMIMX OTIAMYAIOTCS KaK MO BEIPAKEHHOCTH, TAK 1 110 BPEMEHH MX Pa3BUTHA [4,
24]. 910 00yCIOBIMBACT TPYJAHOCTH ITOUCKA 3aKOHOMEPHOCTEH U 000CHOBAHUS
€IMHOTO METOANYECKOTO MOIX0a K IMEPEHOCY Pe3ylnbTaToB OMOIOTHYECKHIX
SKCIEPUMEHTOB K 4enoBeKy. OTaenpHble 0CO0eHHOCTH (YHKIMOHUPOBAHUS
OpraHu3Ma 4YesioBeKa HeM30eKHO TPeOyIoT BBEICHHMS psifa AOMYIICHUH Mpu
MEKBHJIOBOH AKCTPATIONISIMY TaHHBIX. OJTHAKO OOIIHOCTH OCHOBHBIX 3aKOHO-
MEpHOCTEH CTPOCHUSI ¥ IMHAMUKH U3MEHEHUH B OPraHU3Me YeJIOBEKa U KHUBOT-
HBIX TIPH BO3/ICHCTBUH (hAKTOPOB OKPY’KAIOIIECH Cpe/Ibl, a TAKIKE TEHICHIIUS NX
MPUOIMKEHUS B HBOIIOLIMOHHOM PSAY OT HU3IIMX MIEKONUTAIOIINX K YETIOBEK
(T.€. cyLIECTBOBAHUS «3BOJIOIIMOHHO-(YHKIINOHAIBHBIX aHAJIOTOB) ) TI03BOJIA-
10T CYUTATh NPUHIUIHAAIEHO BO3MOXKHON Pa3pabOTKy MyTel KOJINYECTBEHHOTO
MepPeHOCca HKCIEPUMEHTAIBHBIX JaHHBIX C )KMBOTHBIX Ha YEIOBEKa C YYETOM
OIPEZCIICHHBIX JTONYIIEHUN U OTPaHUYECHUN.

Jln1st BO3MOYKHOCTH TIEPEHOCA HKCIIEPUMEHTABHBIX JTaHHBIX C JKUBOTHBIX
Ha YeJ0BeKa HEOOXOIMMO COONIONCHHE ITTAaBHOTO YCIOBHS MOJCIMPOBAHHUS —
MIPUHIMIIA TTO00MS IKCIIEPUMEHTAILHON MOJEIH TpOLEecCy, KOTOPBI OHa
JIOJIKHA BOCTIPOM3BECTH, B TOM YHCIIE IPU BO3ACHCTBUN KaKOT0-IT100 MPUPOI-
HOTO WJIM TEXHOTEHHOTO (hakTopa. [I[pHHINIT TO100HsT JOIKEH PeaTn30BaThCs
Yyepe3 KpUTEPHHU MOA00HS: CXOACTBO MOP(POPH3HOIOTHIECKUX XapaKTEPUCTUK
y 4eJI0BeKa U BIOPAHHOI MOIE/IH; OOIIIHOCTh METa00JIN3Ma; CAUHCTBO KPUTH-
YECKHX 3BCHBEB (OPraHOB M CHCTEM, PEearupyIomnx Ha BO3/IEHCTBIE); BOCIIPO-
HU3BOAMMOCTb CUMIITOMOB pa3BUBarolerocs npouecca [4, 14, 16]. Kpome Toro,
HEOoOX0IMMO YUUTHIBATh BPEMEHHOH (DaKkTOp pa3BUTHS MATOJIOTMYECKOTO IIPO-
1iecca y 4eI0BeKa 1 NCII0Ib3yeMOro )KHUBOTHOTO. [ToaTOMy Ipu MOeIMpoBaHUN
MIPOIIECCOB, H3MEHSIOMINXCS BO BPEMEHH, HAIIpUMep, CKOPOCTH €ro Pa3BHUTHS,
rapamMeTpoB KMHETHKHU M periapaiyi, HeoO0X0ANMO OIpe/IeieHHe CTEIICHH T10-
JOOHS MOZICTH TI0 BPEMEHHOMY KPUTEPHUIO, YTO BO3MOYKHO CIENIaTh ITyTEM pac-
YeTa COOTBETCTBYIOMNX KO3 (PUITHEHTOB.

KoppexTHas skcTpanosnus 3KCIepUMEHTAIBHBIX JaHHBIX HEBO3MOXKHA
0e3 CHCTEMHOTO ITPEJICTABIICHHS O CYIIECTBE IPOIIECCOB U BCKPBITHSI OCHOBHBIX
3aKOHOMEPHOCTEH, KOTOPBIE TTO/UIEKAT NEPEHOCY Ha denoBeka. OpraHOTHITH-
Ka, XapakTep, BEIPa)KCHHOCTh U3MEHEHNH U Pa3BUTHE PEAKLUH Ha Hccieaye-
MbIe (aKTOPbI BO BPEMEHH (MX KMHETHKA) ONPEIENIIeTCs CHII0M BO3/ICHCTBYS,
a TaKKe 3aKOHOMEPHOCTSIMHU CTPOSHHS U PearnpoBaHUs KJIETOUHBIX CHCTEM,
T.€. CUCTEM, I3MEHEHHUE CTPYKTYPBI KOTOPBIX OIPE/EISIET, B OCHOBHOM, XapaK-
Tep HapyLIECHUH WIN NOPAXKEHUsI OpraHu3Ma IpHU JAaHHOM YPOBHE U YCIOBUSIX
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BO3[[CI‘/IICTBI/I)I. B cBsi3u ¢ 3TUM BaXHO TOJIYYHUTDb OKCIICPUMEHTAJIbHBIC JO30BbIC
(«moza-ahdext») u knHeTHIECKHE («BpeMI-3(PEKT») COOTHOIICHNUS, a/IeKBaT-
HO OTpa’karolue 3aKOHOMEPHOCTH PEAKIMH KPUTHUECKUX OPTaHOB M CHCTEM
y MIICKOITUTAIOIIMX PA3HBIX BUJIOB B 3aBUCHMOCTH OT CTEIICHH M YCIIOBUH BO3-
JEHCTBUS U3y9aeMbIX (PU3MUECKUX (HaKTOPOB.

J103BI BO3IEHCTBHS 3aBHUCST TaKKe OT aHATOMO-(PU3HOIOTNIECKUX 0COOCH-
HOCTEH KPUTHYECKHUX OPraHOB, SIBISIOIINXCS MUIICHBIO Bo3zieicTBus. Tak, Ha-
IIPUMED, NPU U3YUECHUHU «I03bD» MOBPEKIAOLIETO IEHCTBUS U KCTPAIIONIALUY
3¢ (exToB BIUSIHUS aKyCTHUECKUX UMITYJILCOB, HEOOXOIMMO yUUTHIBATH XapaK-
TEPUCTUIECKHE YaCTOTh! (PYHKIIMOHMPOBAHKS CUCTEMBI JIBIXaHNUS, TIIONIA b T10-
BEPXHOCTH Tella, INIOTHOCTh U 00beM TKaHW KPUTHYECKOTO OpraHa BEIOpPaHHOTO
BU/1a TIOJONBITHBIX O1000BEKTOB. Kpome Toro, /11t OTHOCHTENBHO HU3KOAMILIH-
TYIHBIX aKyCTHYECKHX HMITYJIbCOB BaYXKHO YUMTHIBATH CTCIICHb MPEBBIICHUS
(cHIDKEHHMST) aMIUTUTY/IbI 3BYKOBOTO JIABJICHHUS HaJl (PH3MOIOTHYECKUM YPOBHEM,
00ecCIeYrBaloIIM JbIXaTelIbHbIC JIBMKEHUS (IKCKYPCHIO TPYIHON KIETKH) B
HOpMe. AHanu3 pe3yasTaroB [1, 21] mo3BoMseT KOHCTaTHPOBATH, YTO JUTATEIIH-
HOCTH aKyCTHUYECKOTO BO3JICHCTBHS TAKKE UTPACT BAXKHYIO POJIb B PEATU3ALIIN
TIOPaKEHUSI: CITMIIKOM KOPOTKHE MM MTPOAOJDKUTENIBHBIE SKCIIO3UIIMY HU3KOYa-
CTOTHOT'0 aKyCTUYECKOTO (haKTOpa OKa3bIBAIIH Y )KMBOTHBIX MEHbIIICE HEraTHBHOE
BIIMSIHUE, YE€M BO3/ICHCTBUS B ONPEEICHHOM JNANa3oHe UTUTEIbHOCTH, COTIO-
CTaBHMOM CO BPEMEHEM JIBIXaTeIbHOTO [IUKJIA y 0MO000bEKTa KOHKPETHOTO BH/IA.

CHC}IyCT OTMCTHUTH, UTO HU3JI0KEHHBIN nmoaxod K me€peHocCy a03 BOSﬂeﬁCTBHH
1 PaBHO3HAUHBIX CPOKOB OICHWBAHHSA 3(P(PEKTOB OT KHUBOTHBIX K UECIOBEKY
IIMPOKO NPUMEHSETCSI B AKCIIEPUMEHTAIILHOW OMOJIOTMU M MEUIIMHE IIPH CO-
IMMOCTABJICHNU 3KBUBAJICHTHBIX 103 U BPEMCHHU pa3BUTHSA K.HI/IHI/IKO-(i)yHKLII/IO-
HaJBbHBIX U3MEHEHHI PU OCTPBIX PaJHAIMOHHBIX MopakeHusX [4, 5]. OmHako,
B OTVIMYHE OT IPUHATOTO B PaJHOOHOIOTHH, TEPMHH «Z103a» JJIs OTICAHUS aKy-
CTUYECKUX BO3IEHCTBUI, IMEET OrpaHndeHus. BMecTe ¢ TeM, ncroib30BaHne
HOHSTHS «I03bD KaK YCIOBHOTO (DU3MUECKOT0 ITapaMeTpa MO3BOIHT COMOCTAB-
JISITh MOITHOCTH aKyCTHYECKHX BO3ACHCTBHUI, 00yCIIOBINBAIONINX Pa3BUTHE TI0-
BPEXKJICHHS JIETKUX PAa3HON CTEIICHH.

I/ICXOIL)I 13 aHaJIn3a JOCTYIIHBIX JaHHBIX, JJI1 OUCHUBAHU A Pa3BUBAIOIINXCA
y )KUBOTHBIX 3(p(peKkTOB pazpaboTaH IMIMPHUIECKAN TOKA3ATENh, KOINIECTBEH-
HO OIMCHIBAIOIINIT B3anMoieiicTBIE OM000BEKTa U aKyCTHUECKOTO HMITYIIbCA.
DTOT MoKazaTesb YYUTHIBAET XapaKTEPUCTUKU TEKYIIEro (pyHKIMOHAIBHOTO
COCTOSIHUS KapANOPECTINPATOPHOM CHCTEMBI KaK OHOH 13 Hanbosee 4yBCTBU-
TENBHBIX K HCCIeTyeMOMy (akTopy, a TAKXKE XapaKTEePHCTHKH aKyCTHUECKUX
HMITYJIbCOB.
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[Tonaranu, 4To MJIOTHOCTh M 00BEM JICTKUX KaK OpraHa-WHIWKaToOpa Io-
pa’keHusl KUBOTHOTO JIMHEWHO CBA3aHa C J030M BO3AEHCTBUS, NOCKOJBKY
YCTaHOBJICHO, YTO TI0 Mepe YBEIMUYCHIS KPOBCHAITOMHCHHUS U BOBJICUCHIS B
peaxiuio OOJbIIEH MACChI JISTKHX OHO00BEKTa KOJMYSCTBO CyMMAapHOM SHEp-
THH [TOBPEKIAIOIIETO CHCTBUS BO3PACTACT.

[TockombKy naBIIeHHE BO3AyXa ONMHAKOBO BO3IEHCTBYET Ha BECh OMOOOB-
€KT, TO 00IIasi S3HEPT U AKYCTHICSCKOTO BO3/ICHCTBUSI YBEITMUUBACTCS ITPSIMO ITPO-
HOpL[I/IOHaHI)HO TIomaan HOBerHOCTI/I TEJia ITIOAOIIBITHOTO ) KUBOTHOI'O. OZ[HaKO
1e1ecoo0pa3Ho MmoylaraTh, 9TO JJIS TMTOBBIICHUS OHOIOTHYECKON 3HAYMMOCTH
BHEIITHEE YICIBHOC AABICHUE BOAYIIHON BOJHBI JOJDKHO OBITH COIIOCTaBUMO
IO MOJIYJIFO BEJIUYMHBI C YPOBHEM OTPHIIATEIBHOTO JABJICHUS B TUICBPATEHON
TOJIOCTH, OMPEACIISIOIUM (DYHKIIMOHUPOBAHUE JIETKHX B (ha3e BIOXaA.

Kax ormeueHo, qpixaTenbpHast cucteMa ONp3Ka K aBTOK0JIe0aTeIbHOM U sB-
JIICTCSI HE3aMKHYTOH, IT03TOMY MOYKHO allPHOPH MPEIIOJIOKHUTh, UTO ¢€ YsI3BU-
MOCTb yBeJ'II/I‘II/IBaeTCSI HpﬂMO HpOHOpL[I/IOHaJ'II)HO qacToTaM Kak CO6CTBeHHI)IX
KoJie0aHmi (4aCTOTE ABIXAHHSA), M TAK F CIIEKTPATbHON YaCTOTE BOSMYIIATOIINX
BO3CUCTBHMA. [Ipn 3TOM IIUTETBHOCTP MIEPUOJIa aKyCTHICCKOTO BO3ICHCTBUS
u (haza JpIXaTeIBHOTO LUKJIA UMCIOT OMPEACISIOIIee 3HAYUCHUE B Pa3BUTUU
OCTpBIX marosiorndeckux 3hdexToB moBpexaeHns. MOKHO TakKe Toararh,
YTO BO3ACUCTBHUE CEPUU aKyCTUICCKUX MMITYITHCOB MPHUBEICT K IMOBBIIICHUIO
BEPOSITHOCTH COBIMAJICHUS (ha3 JIBIXaTEIBHOTO IIUKJIA U BO3ICUCTBYIOIIUX CUT-
HAJIOB 3a CYCT YBEJIHUCHUS MEPHOIOB CTCHEPHPOBAHHBIX KOJICOAHUI aTMOC-
(epHOTO BO3MYXA, M TAKUM 00pa30M yCyryOMT HEraTHBHBIC OHMOJOTHYECKHE
3 PEeKTHI.

Bce yka3aHHBIC 1TOKa3aTeNId COCTOSHUS [IbIXaTEIIbHOW CUCTEMbI U Xapak-
TEPUCTUKHU BOJH JABJICHUS JTMHEHHO HE3aBUCHUMBI, TO3TOMY HCXOJS U3 MPE.-
MTOJIOKECHHUS 00 WX TPOIOPIHUOHAIBEHON CBS3H ¢ OMOJIOTHYECKUM I (HEKTOM
AKyCTHYECKOTO BO3ICHUCTBHSI, MOJKHO TPEICTABUTh HHTCTPAJIbHBIHN [TOKA3aTeIlb
N B cienyroiieM BHUje:
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BOSHeﬁCTBHH OIMHOYHOT'O UMITYJIbCA.
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PazmepHOCTb noKa3atesst N COOTBETCTBYET MOLIHOCTH — [T0KA3aTeNt0, Tpa-
JULHOHHO UCIOJIb3yeMOMY B THTHEHE HEMOHU3UPYIOIINX U3ITydCHUH:

1

i Haxke-m> x> xm>xc™ ' xe™ o Joue 1

[NVI=( I=[==1=[B1]
Haxc c

AHaJIOTNYHBINA MOKA3aTENb TPUMEHSIOT JJIsl COMOCTABIEHUS «JI03bD» JIEK-
TPOMAarHUTHOTO BO3AECHUCTBHSL, a paCUETHAS BEIMUNHA YeIbHON MOIIOMIEHHON
MorHocTH (BT/KT) 103b1 B MEXKTyHApOIHOM MPAKTHKE THTUEHUYECKOTO HOPMHU-
pOBaHNUS MPHUHATA B KAY€CTBE HHBAPHAHTHOTO (HE3aBUCAIIECTO OT OMOJIOTHYE-
CKOTO BH/1a) JI03UMETPUYECKOTO ITapaMeTpa, OIPEACIIAIONIEr0 KpUTepHaIbHbIe
YPOBHU TEIUIOBOI'O BO3JACHCTBUS JIEKTPOMATHUTHBIX IIOJIECH.

Vcxons U3 M3II0KEHHOTO, TPENIaraeTcsl NCIO0JIb30BaTh Pa3pabOTaHHBIN
HMHTErpaIbHbIi MOKa3aTelb N B KadeCTBE TO3UMETPUUYECKOTO ITapaMeTpa BbI-
SIBJICHUSI IOPOTOBBIX YPOBHEH HEOIArONMpPUsATHOTO BIMSHHS aKyCTHUSCKUX UM-
IIyJbCOB HA JIETOUYHYIO CUCTEMY y PAa3HbIX BUJIOB MOAOIBITHBIX UBOTHBIX,
YYaCTBYIOIIMX B OKCHEPUMEHTE, a TAKIKE Ul COMOCTABIECHUS U DKCTPANONs-
LMY TaKOTO BO3JEUCTBUS K UEJIOBEKY.

6. OpueHTHPOBOYHbIE OPOrOBbIE 3HAYEHUS

JA03UMETPUYECKOI BeJTUIHNHBI

[TpuBenem mpuMepsl pacueTa OPHEHTHPOBOYHBIX 3HAYEHHH pa3padoTaH-
HOI'o mokxasareiid It pa3sHbIX BUAOB MNOJAOMNBITHBIX XKWBOTHBIX. JIJ'IH pacucTa
HCIIOJIB30BAIN CIIPABOYHBIE JTaHHBIE 0 MOP(O-(PYyHKIHOHAIBHBIX OKa3aTeNsIX
y 0n000BEKTOB, IIpUBEACHHBIC B [1, 4, 5, 21, 24].

Ha mocranoBouHOM 3Tamne I/ICCJ'IeI[OBaHI/Iﬁ IpyuHUMaJIn BO BHUMAHUE CJiC-
JYIOLIHE JOIYIICHHS.

Bo-niepBbIX, BO BpeMsi IPOBEIACHHS ONbBITA )KUBOTHBIC, KaK MPAaBUIIO, Ha-
XOJIMJIUCh B OTPAaHUYEHHOM ITPOCTPAHCTBE U B CTPECCOBOM COCTOSIHUH. DTO B
PaHHUE CPOKH 00YCIIOBHUIIO aKTHBHU3ALHMIO AEATEIEHOCTH KHCIOPOATPAHCIIOPT-
HBIX CHCTEM, B YACTHOCTH, YBEIIMYCHHE YaCTOTHI AbIxaHus. [lonaranu neneco-
00pa3HBIM UCIIOIb30BAHNE MaKCUMAJIBHBIX 3HAYEHUH JUISI KOHKPETHOTO BUJIA
JKHUBOTHBIX. BBI/I}Iy OTCYTCTBHSA JaHHBIX 06 061)eMe U INIOTHOCTHU TKAHU JICTKUX
06m000BeKTa, BOBICYCHHBIX B Ta3000MEH B YKa3aHHBIX YCIOBHSX, ITOCTYIHPO-
BN, 4TO (PyHKIIMOHHUPYIOT BCE JIOJH JIETKUX MOJTHOCTHIO. Torma yuuTeiBanu
TOJILKO MacCy yKa3aHHOTO OpraHa y MnoJonbITHOro 0nooosexra. Mcrnonb3oBanu
YCPEIHEHHbIE MacCy M IUIOLIAAb IOBEPXHOCTH Tella )KUBOTHBIX BBHIOPAHHOTO
Buyia. GopMy BO3JCHCTBYIOIIETO aKyCTHYECKOTO UMITYJIbCA TIPHHUMAIH KaK
OJIM3KYIO K TapMOHMYECKOMY CUTHAJLY, UMEIOIIEMY COOTBETCTBYIOLIYIO YaCTOTY.
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OMIUpUYECKH YCTaHOBJICHHYIO aMIiuTyny ummynsca (30 xIla) ucnons3osa-
JIU KaK TIOPOTOBYIO, 00YCIIOBIMBAIONIYIO Pa3BUTHE KPOBOMIUSHHUNA B JIETKUX
y OM000BEKTOB. 3HAYCHHE BHYTPUILICBPAIFHOTO TABICHHUS B KOHIIE BBIZOXA H
BJIOXa TI0JIAralid OIMHAKOBBIM Y BCEX BUJIOB HCIIOJIb30BAHHBIX OMOOOBEKTOB U
pasubM 0,5 kI]a.

Kpuvica. CymmapHas Macca 00eux JISTKUX Y KpbICHI Maccoit Tera 200-300 T
cocraBisieT B cpegHem 2,5 (1,2-3,8) 1. [5, 25]. Kak u3BecTHO, cTpeccoBoe co-
CTOSIHUE MJICKOTIUTAIOIUX, KaK MPaBUIIO, COMTPOBOXKIAETCS TAXUITHOD B TIOKOE.
VY KpBIC YacTOTa IBIXaHWUS MOXKET BapbHPOBATh B AMANa30HE 3Ha4eHUH oT 60
1o 150 pa3/mun. O0mas mwiomans MOBEPXHOCTH Tella Y KPBICHI COCTABIISICT, B
cpenreM, 360 (280-440) cm?. E€ MOKHO paccynTarh 10 ypaBHEHHIO [5, 24]:

S=k W,
e S — IomaIs OBEPXHOCTH, cM2; W — Macca Telta sKHBOTHOTO, T; k — rmorpa-
BOYHBIN K03 (pUIIHEHT.

Torma npu MakcMMaJIbHBIX 3HAUEHUSX YaCTOTHI ABIXaHUS KPbICHI 2,5 'l 1
PACCYNTAHHOH UINTENBHOCTH BO3ACHCTBYIOMIETO UMITYIIbCa aMIDTHTYyHoi 30
k[la, paBHOI1 epuony awixarensHoro mukia (0,4 c), moryuum 3HaueHue N =
0,08 BT. YnenbHas MOIITHOCTB BO3JIEHCTBHSI AJIS1 KPBICHI C CpelHel Maccoi Tena
250 r oyner paBHa 0,34 Br/kr. [Ipu coBnaseHun Hadana (a3 JbIXaTelbHOTO
[UKJIa U aKyCTHIECKOTO UMITYIhCa ¢ YKa3aHHBIMH XapaKTePHCTUKAMH MOYKHO
OXKUJATh TOBPEKACHUS JIETOYHOU TKaHU KPBIC.

Kponuk. Macca Jierkux y KpoJinka Maccoi Tesa 3-3,5 K COCTaBIseT B Cpe/l-
HeM 13 (12-15) 1, gacToTa neixanns coctapiuset 50-80 pa3/mMuH, a TUTOMAAB ITO-
BEpXHOCTHU HX Tena cocranisiet 2250 (1630-2860) cm? [4, 5, 25].

IIpu MakcUMalbHBIX 3HAYEHUSIX YaCTOTHI JIbIXaHus kponuka 1,3 I'u u pac-
CUNTAHHOM JITUTETHFHOCTH BO3ACHCTBYIOIIET0 NMITyIibca aMrumntynoi 30 klla,
paBHOH mepuony apxarenabHoro 1wkia (0,77 ¢), momyamm N = 0,39 BT. Vaens-
Hasi MOIIIHOCTh BO3ICUCTBHSI TSI KPOJIMKA CpeIHE! Macchl Tena 3,25 kr Oyner
paena 0,12 Br/kr. [Ipu coBnaneHun Hadaga (a3 AbIXaTCIBHOIO IHMKIIA U aKy-
CTHYECKOTO UMITYJIhCa C YKa3aHHBIMHU XapaKTePHCTUKAMH MOKHO OKHATH I10-
BpEXICHUS JIETOYHOU TKAHU KPOJIHKA.

Osya. Macca jerkux y oBIibI Maccoii Tena 45-60 Kr coCTaBiseT B CpeTHEM
300 (220-390) 1, wacrora aeixanus coctapisieT 12-30 pa3/MuH, a MIOMIATH MTO-
BEPXHOCTH TeNa cocTaiseT okoio 1,18 m? [4, 5].

IIpu MakcUManbHBIX 3HAUEHUSX YacTOTHI JbixaHus oBubl 0,5 I' u pac-
CUYMTAHHOW JUTUTEIHLHOCTH BO3ICUCTBYIONIET0 UMIyJibca amruinTynoi 30 kl1a,
paBHOH MEepHOIY AbIXaTeIbHOTo nukia (2 ¢), momyaum N = 2,66 Bt. VaenpHas
MOIIIHOCTB BO3JICHCTBHS JJISl OBLIBI CpeiHel Macchl Tena 53,2 Kkr Oyner paBHa
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0,05 Br/kr. [Ipu coBniagernu Havyasa a3 JpIXaTeIbHOTO [UKJIA U aKyCTUIESCKO-
TO UMITYJTbCA C YKa3aHHBIMH XapaKTEPUCTUKAMI MOYKHO OXKHIATh TIOBPEKICHHS
JIETOYHOM TKAaHU OBEII.

[TonyueHHbIe pacyeTHBIC 3aBUCUMOCTH BEJTMYMHBI 20COIIOTHOMN U YJICTbHON
IOPOTroBbIX MOLHHOCTeﬁ HUMITYJIbCHOT'O aKyCTHYCCKOI'O BOBﬂeﬁCTBHH C KOHKpPET-
HBIMA (PU3UYECKAMH ITapaMeTPaMi OT MacChl MTOJOMBITHOTO OM000BEKTa TIPO-
WTIOCTPUPOBAHbI Ha PUCYHKaxX 1, 2.

[IpuBenennsle Ha puc. | 1 2 TaHHBIC WIUTIOCTPUPYIOT, YTO IIPH PaBHO3HAYHBIX
YCIIOBHSAX BO3IEHCTBHS IIPH OMHAKOBOH aMITIUTY/IC UMITYJIbCa H €0 JTUTEIFHO-
CTH, CONIOCTaBUMOM C ITEPHUOIOM KOJICOaHUH PeCIMPaTOPHON CHCTEMBI KOHKPET-
HOT'O BH/Ia )KHBOTHBIX, IOPOTOBBIN YPOBEHb YCIOBHON MOIIIHOCTH aKyCTHYECKOTO
BO3ACUCTBUS (V) YBEIMIMBASTCS IO MEPE YBEIMUCHUST MACChI TeJla OM000bEKTa,
a BEIMYMHA YICIBHOHN (HOPMHUPOBAHHOH MO Macce Tela) MOIIHOCTH CHIKACTCH.

5
4 Y.

3 /
] _

N, Bt

0 T T T
0 20 40 60 80

Macca tena. kr
Puc. 1. MomHOCTh TOPOrOBOr0 aKyCTUYECKOTO BO3/ICHCTBHUS B 3aBUCHMOCTHU
OT Macchl Tesla 6M000beKTa (KBapaT — KpbIca, poMO — KPOJIUK, TPEYTOJIBbHUK —
OBIIa, KPYT — YEJIOBEK)

O4eBHIHO, YTO ITH PE3yIBTAThI SBISIOTCS YCIOBHBIMH, OCHOBAaHHBIMHU Ha
CpPETHUX OIIEHKAaX MUCIIONIB3YEMbIX (PH3NOTOTHIEeCKIX TIOKa3aTeNeH Y JKHBOTHBIX
Y BUPTYAJIBHBIX TIApaMETPax BO3JCHCTBYIOMINX aKyCTUICCKUX UMITYITbCOB. [1o-
JIYUYCHHBIC 3aBUCUMOCTHU SABJIAIOTCA OPUCHTUPOBOYHBIMU U OTNICPALTMOHHBIMU 1
TIPUBEICHBI [T JIEMOHCTPALMHU MPABOMEPHOCTH pa3pabOTaHHOTO MOIXoda K
MEXBHUJIOBOU IKCTPAITOIISALUN BO3JCHCTBHS aKyCTHYCCKUX MMITYJIbCOB B MH-
Tepecax onpeieacHus 0e30MacHbIX (HE MOBPEKIAOIINX JICTKUE OMO000OBEKTA)
YPOBHEH BO3AECUCTBHUS.
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Puc. 2. YaenbHas MOIHOCTb HOPOrOBOTO aKyCTHUYECKOrO BO3ACHCTBUS
B 3aBHCHMOCTH OT MacChl Telra 6n000BeKTa (KBagpar — KpbIca, poMO — KPOJIHK,
TPEYTroJbHHUK — OBI[A, KPYT — UENIOBEK)

Jst momydeHust 6oree pealuCTUYHBIX OLIEHOK YPOBHEH MOIIHOCTH BO3-
JEUCTBHS aKyCTHIECKUX UMITYJILCOB H ITOBBIILICHNS TOUHOCTH SKCTPATIONISLINH,
TIOJTy4CHHBIE OLIEHKH BEJIMYMHBI N HEOOXOMMO YTOYHHTH, UCIIONIB3YSI aHATO-
MO-(H3HOJIOrNYEeCKHE XaPAKTEPUCTUKU KOHKPETHOT'O TIOIOIMBITHOIO 6H000b-
€KTa M MapaMeTpPhl aKyCTHUECKOTO NMITYIbCa, 00YCIOBHBIIETO OBPEXKICHUS
JIETOYHOM TKaHU.

Crietyer KOHCTaTUPOBATh, YTO MOIYYESHHbIE MIPU arpoOMpoBaHUN pa3pado-
TaHHOTO METOANYECKOTO MOX0/Ia PACUETHBIE JAHHBIC HITIOCTPUPYIOT MEKBHIO-
BYIO CBSI3b YCJIOBHOM aKyCTHUECKOH «J103bD» PA3BUTHSI TOPKEHHUS y OMO00BEKTa
3a1aHHOTO BU/Ia M MOTYT OBITh UCIIOJIE30BAHBI JJIsl [IPOTHO32 TIOSIBIICHUST TAKUX
MOPAXCHUH y YeloBeKa B PABHO3HAUHBIX yCIOBHX. Ilomo0HBIE 3aBUCHMOCTH
MO>KHO TIOCTPOUTH JJISI IPYTHX PEATNCTHUECKUX YCIOBHI aKyCTHUECKOTO BO3-
JICUCTBHUS HA OCHOBE y4eTa (PU3MOJIOTMIECKOTO COCTOSTHMS (MAcChl Teja, BO3-
pacra, IBUrarejabHON aKTHBHOCTH U T.I1.) MOJIOIBITHBIX OMOOOBEKTOB U IPYTHX
YCTIOBHH (TIOIOKESHUS TeJa, OPHEHTALIUH | JIP.) BO BpeMsI BO3ICHCTBHUS (haKTopa.

[ockonbky (hopma pearbHOTO UMITYIIBECa, TEHEPHPYEMOTO TIPH UCCIIEN0BA-
HUSIX M MCIBITAHUSX C LEJIbIO OIPEAeIeHNs ypOBHEW Oe3011acHOCTH, AajeKa
OT HJIeaJIbHON TapMOHHYECKOH, 1Ieniecoo0pa3Ho nposeneHue Oyphe-aHanusa ¢
pacdeToM OLEHKH CIEKTPAIbHOI MOIITHOCTH aKyCTHUECKHUX CUTHANIOB. YacToTy
HMITYJIbCa JUIsl SKCTPAIOJISIIIY CIITYET BEIOMPATh U3 TAPMOHHK C MaKCHMaJIb-
HOM CIIEKTPabHOMU INIOTHOCTBIO.
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B cooTBeTcTBUU € M3I0KEHHBIM MOXHO KOHCTaTHPOBAaTh OTCYTCTBHE
€IMHON yHMBEPCAJIBbHOW KOHCTAHTBI HKCTPANONALUU JAHHBIX CyOIoOporo-
BOTO aKyCTHUYECKOTO BO3/ICHCTBHS OT >KMBOTHBIX K 4eJOBeKy. JlJsi Kaxmoro
Habopa rapamMeTpoB aKyCTUYEeCKHX CUTHAJIOB HEOOXOAMMO CTPOUTH IKCTpa-
MOJISIIIMOHHBIE MEKBUIOBBIC 3aBUCHMOCTH TTOPOTOBOM MOIIHOCTH (KaK 3KBH-
JIO3UMETPHUIECKOTO TTOKa3aTelsl BO3ACHCTBHUS) OT aHATOMO-(DU3HOIOTHUECKIX
XapaKTEePUCTUK KOHKPETHOTO BU/IA ITOJIONBITHBIX OMOOOBEKTOB.

7. IIporuo3 yc/j10BMii NOBBIIIEHUS ONTACHOCTH

HMILYJIbCHBIX AaKYCTHUYECKUX BO3/1eficTBUI

AHanu3 XapakTepUCTUK BO3JCHCTBUS MO3BOMISET allpUOPH MPENNOTI0KUTh
CJIE/LyIOIIME YCIOBUS MOBBIIICHUS] HETAaTUBHOTO BIIMSIHUS UCCIIEIYEMBIX aKy-
CTHYECKHX KOJIEOAHUH Ha COCTOSHUE JBIXaTEIbHON CHCTEMBI y MOJOIBITHOTO
61ooObeKTa.

OmnacHOCTb BO3JEHCTBHSI CYILIECTBEHHO BO3PACTACT, €CIM AUANa30H JJIH-
TEIBHOCTH BO3JCHCTBHUS HU3KOAMIUIMTYAHBIX aKyCTHYECKHX BOJH OyneT
COMNOCTABHM C MPOIOIKUTEIEHOCTHIO IBIXATEIFHOTO IMKIIA OIOTIBITHOTO KH-
BOTHOT'O: CJIMIIKOM «KOPOTKHI» LT UMITYJILCOB HE YCIIEeT OKa3aTh BIHMSIHUE,
a TIPH CIUIIKOM «IJIMHHOM» BO3AEHCTBUY Ha OOJBIION JaIbHOCTH OT LIEHTpa
WHHUIMANNH B3PbIBA yCIOBHOIN MOIITHOCTH JIO3bI, BEPOSITHO, OYy/IET HEOCTATOY-
HO a7t peanu3anyu dpdexTa NOBpekICHUS JIETKUX.

MoskHO nojararb, 4To Npu COBHAaJCHUHU BPECMCHH Haydajia (1)8.3])1 JbIXa-
TEJIFHOTO IUKJIA U (a3bl H30BITOYHOTO AABICHUS aKyCTHUIECKOTO MMITYIIbCa
BEPOSITHOCTH TOBPEXK/ICHHUS JIETKHX y MOAOMBITHOTO OMO00BEKTa YBEIHINT-
Csl BCJIGICTBHE BO3/YIIHOTO CAaBIEHUs IpyaHoil kieTku. CoBraneHue asbl
BIOXa U (pas3bl pa3peskeHns MPHU aKyCTHIECKOM BO3AEHCTBUH, MO-BHIUMOMY,
TIOBBICUT BEPOSITHOCTH MTOBPEXKICHNS N3-3a TIEPEPaCTSKEHNUS JIETOYHOM TKAHH.

Crenyer 0XXH/IaTh YBEIIMUCHHS YaCTOTHI TOBPEKACHHUH JIETKUX Y TTOOTBIT-
HOTO 6MO00BEKTa MPH BO3JCHCTBUN aKyCTHUYECKON BOJHBI BO BpeMsI OPOHXO-
KOHCTPHKIINH: 3aKPBITHE JABIXaTeIbHON CHCTEMbI (HapUMep, IPH MTOTAaHIH
WHOPOJHBIX YACTHLI, TIBUTH, CHIIEHOM CTPECCE U T.II.) C OTHOBPEMEHHBIM BHEIII-
HUM CJABJICHUEM I'PYIHOM KJIETKU U MOCICAYIOLUM PACTKCHUEM yBEIUUUT
TSKECTh OMONOTHYECKUX APPEKTOB BIUSHHS TAKOTO HMITY/TbCA. 3aIIBUIEHHOCTh
B/IBIXaE€MOTO BO3/IyXa M (MJIN) UCTIOIb30BAHKE CPE/ICTB MHIMBHUIYaIbHON 3aII1-
TBI OPraHOB JbIXaHHsI 00YCJIOBST U30BITOYHOE HAINPSKEHUE BO3JyXOHOCHBIX
IIyTeH U TIOBBICAT BEPOSITHOCTD MOBPEXKICHUS IPU AKYCTUUECKOM BO3JICHCTBUH.

[ToBpexxaeMoCTh JIETKNX Yy YeJIOBeKa, MO-BUIMMOMY, OyZIeT BBIIIE MpH
YBEIMYCHUH TEMIIEPaTypbl OKPY>KaroLel cpeibl, 0COOCHHO B 3aMKHYTHIX I10-
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MEIIEHUSAX: BO-TIEPBBIX, M3-3a MOBBIIICHUS] YPOBHS 3BYKOBOTO JIaBlieHUs (B
COOTBETCTBHH C ypaBHeHHeM KiameiipoHa), a BO-BTOPBIX, W3-3a YBEIHUCHUS
KpPOBOTOKA B JIETKMX KaK OAHOTI'O U3 MEXaHU3MOB TEPMOPETYIISLIUU.

Crnenyet 0kuJ1aTh TIOBBIIICHHUSI BEPOATHOCTH MOPAYKEHUS JIETKUX Y JIULL [TPH
WHTCHCUBHBIX (DU3MYCCKUX HArpy3KaX, a TAK)Ke HAXOMSAIIMXCS B IOJIOKCHUN
JIeXka, TaK KaK yKa3aHHbIE YCIOBHSI TAKXKE IPUBOAST K YBEIMUEHUIO KPOBOTOKA
B JIETOYHOM TKaHU, U, CJIEJOBATEIbHO, K CHIPKEHUIO €€ YIIPYTOCTH U MOBBIILIECH-
HOU yA3BUMOCTH IIPU aKyCTUYECKOM BO3CHCTBUU.

‘VBenuueHue 4acToThl CIIEJOBAHNS UMITYJIbCOB, II0-BUAUMOMY, IOBBICUT Be-
POATHOCTH COBHAJCHUS Hadaja (pa3 UMITYyITbCHOTO JAaBIICHUS BO3AyXa U JbI-
XaTeJIbHOIO LHMKIA, W, CJIE0BATEIbHO, BEPOSATHOCTh MOPAXKEHUS JETKUX Y
6nooOBeKTa.

3aki0ueHue

Pesynbrarsel ananu3za 1 0000LmIeHUs JaHHBIX 00 dddexTax u MexaHuzmax
BO3JEHUCTBHUS aKyCTHUECKHX (DAKTOPOB (MMITYIbCHOTO IyMa M HU3KOYaCTOTHBIX
aKyCTHYECKHX KOJICOaHHI) ITO3BOJISIIOT KOHCTATUPOBATh CIICTyIONIEE.

Ha ocHoBaHUM ITPOBEIEHHOTO aHAIN3a ¥ 0000IIEHUS TEOPETHUECKHX MTPE-
CTaBJICHUH O NMaTO(HU3NOIOrHYECKUX MEXaHU3MaX OHOJIOIHYECKOro ACHCTBUSA
aKyCTHYIECKHX UMITYJIECOB HA Pa3HBIX YPOBHSAX OPTAHU3ALNH )KUBOH CHCTEMBI
MIPE/TIOKEeHa THITOTETHYECKasi CXeMa HHTEpIpeTanny 3QeKToB aKyCTHUECKO-
To BOSﬂeﬁCTBHH Y KUBOTHBIX, ITPUTOAHAA JJIA MOJYYCHH IMOPOTOBBIX OLICHOK
YpoBHEIl HEOIAroMpHUATHOTO BIUAHUSA (akTopa Ha (DyHKIMOHAJIBHBIE CHCTE-
MBI OpTaHN3Ma MOIOTIBITHBIX JKUBOTHBIX. OTIpe/IeNIeHbI YSI3BUMbIE KPUTHUECKHE
3BCHbA PETYIAINMN BHCITHETO AbIXaHWS Y MJICKOITUTAIOINX, 06yCJ'IOBJ'H/IBaIOU_lI/Ie
MTOBPEKIAIOIIee IEHCTBHE aKyCTHUECKUX KOJIeOaHHH.

Pa3paboTan HayYHO-METOIMYECKUH MOIX0]T K MEKBHIOBOI IKCTPAIIONSIIN
JIAHHBIX BO3AEHCTBHSI HU3KOAMILIUTYAHBIX BO3YIIIHBIX BOJIH JIaBJICHHS, yIUTHI-
BAIOLIMI aHATOMO-(DU3HOJIOTMUECKUE TIOKA3aTeNH JbIXaTeIbHON CHCTEMBI (KaK
KPUTHYECKON B OTHOIICHUH TAKOTO BO3/ICHCTBHA), & TAKKE OMOTOTHIECKH 3Ha9H-
MBIE XapaKTEPUCTHKH aKyCTHYECKOTo UMITyJIbea. [IpeuioxkeHnast sMnupruieckast
MOZ€JIb, IO HAIEMY MHEHHIO, MMO3BOJISACT ITPOTHO3UPOBATH MMOPOIOBLIC YPOBHU
YCIIOBHON MOIITHOCTH HEONAronpHATHOTO aKyCTHYECKOTO BO3AEHCTBHS y Yeso-
BeKa IIPH HCIIOIb30BAHUU MCXOAHBIX JAHHBIX O Pa3BUTHU MOPAXKEHUS y TOH0-
TIBITHBIX )KUBOTHBIX PA3JIMYHBIX OMOJIOrMYEeCKUX BU10B. OIHAKO /TSl KOPPEKTHON
HACTPOWKH MOJIENT HEOOXOIMMO COONIONICHNE Psifia CIEAYIONINX TPEeOOBAHUI:

- HEOOXOIMMO KOJIMYECTBEHHOE M3MEPEHUE aMIUTUTYIHO-BPEMEHHBIX U
YaCTOTHBIX XapaKTEPUCTUK IeHEPUPYEMbIX aKyCTHYEeCKHX (DaKTOpOB, a TaK-
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)K€ TeMIIepaTypbl U MHIMBULYaJIbHOTO MTOJIOKEHHUS Tejla OM000beKTa B MecTax
pa3MenIeHus ITOJOBITHEIX KUBOTHBIX.

- 11eIeco00pa3HO OIICHHUBATh OMMKaKIINe (4achl, MUHYTBI) U OTCPOYCHHBIC
(cyTkn) maroMopoJI0rn4ecKkue U KIMHUKO-(QyHKIMOHAIbHBIE 3()D(EKThl pu
MIPUMEHEHHHU aKyCTHYeCKoro (hakTopa y KMBOTHBIX HE MEHEe TpeX OHOIIOTrH-
YeCKHUX BHJOB, OJIBEPTIINXCS BO3ACHCTBHIO (haKTOpa ¢ aHAIIOTHYHBIMH Xa-
PaKTEPUCTHKAMH.

- JUIsl yTOYHEHUSI [IPEJUIOKEHHOM MOJIENT HEOOXOMM KOPPEJIALMOHHBIH MHO-
ro(aKTOPHBIN aHAIN3 CBSA3M BBIBICHHBIX H3MEHEHHH MOP(OPyHKIHOHATIFHOTO
COCTOSIHHSI ITOJIOTIBITHOTO OMO000BEKTa M (PU3MUCCKUX MAapaMeTPOB BO3ICHCTBHS
Ha OCHOBaHUH M3YUYCHUsI MATOPHU3NOIOTMIECKIUX MEXaHM3MOB BO3/ICHCTBHUS HC-
cliexyeMoro (hakTopa Ha pa3HbIX YPOBHSX OpraHU3aluy OMOOOBEKTa.

[epcrieKTHBHBIM SIBIISIETCS 1OPaOOTKa MPEIIOKESHHON SMITUPHYECKOI MO-
JIeTIN ¥ pa3paboTKa TeOPETHYECKONH MOJIEIIH AKCTPATIONISIIIMY HCXOIHBIX DKCIIe-
PUMEHTAJIBHBIX JJAHHBIX IOpOra 0e30MacHOr0 aKyCTHYECKOTO BO3/ICHCTBUS OT
JKUBOTHBIX K YEJIOBEKY C Y4ETOM MEKBHJIOBBIX 3aKOHOMEPHOCTEH (DyHKIIMOHU-
poBaHus (QPYHKIIMOHAIBHBIX CHCTEM OPTaHU3Ma, KPUTHYECKUX K BO3/ICHCTBUIO.

W3n0oxeHHbIH MOAXO0[ MPEUIOKEH B Ka4eCTBE OCHOBBI IS aIbHEHIINX
HCCIIEIOBAHNUIT 110 000CHOBAHHUIO BUIA U COACPIKAHMS, a TAKIKE KOJIHMYCSCTBEH-
HOMY OLICHHBAHUIO TO3MMETPHUYCCKON BEIMUMHBI BO3/ICHCTBHS B HHTEpECax
YTOYHEHHSI TIOPOTOBBIX YPOBHEH HEOIAronpusTHOTO BIMSHUS aKyCTHUECKHX
UMITYJIbCOB Ha KIIMHUKO-(DYHKIIMOHAIBHOE COCTOSIHUE OpraHnu3Ma.

HNudopmanusi 0 KOHQINKTEe HHTePecOB. ABTOPHI 3asBISIIOT 00 OTCYT-
CTBHU KOH(IIUKTA UHTEPECOB.

HNudopmanus o cnoHcopcTBe. Pabora BeImoHeHa TpH GUHAHCOBOMU MOJI-
nepxke rpanTa Ilpesnnenta P® 1o rocynapcTBeHHON MOAAEPIKKE BETYIIHX
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STATISTICAL DEPENDENCIES OF INDICATORS
OF PHYSICAL WELL-BEING OF THE POPULATION
OF A BIOSPHERE-COMPATIBLE CITY

V.A. Ilyichev, N.V. Bakaeva, V.A. Gordon,
M.I. Afonina, A.A. Kormina

Background. In the near future, one should ensure a radical increase in the
comfort of the urban environment and its quality index and reduce the number of
cities with unfavorable living environments. The deterioration of the ecological
situation in many cities poses the task of developing new principles of urban life that
regulate the biosphere compatibility of cities and the development of human capital.

Purpose. The research aimed to identify the statistical regularities of the
population’s livelihoods in residential areas of Russian cities, depending on the
functional and spatial organization of these areas.

Materials and Methods. The theoretical basis of the research is the paradigm
of the livelihoods of bio spherically compatible cities and settlements that develop
humans and its following principles: (1) assessment of physical well-being and
progress in human development in the city, (2) satisfaction of rational human needs
with city functions, (3) implementation of social standards in public relations.

The practical methods used to solve the scientific problem were the methods of
correlation and regression analysis, used to identify statistical dependencies in various
municipal entities, mainly in large cities in Russia with high population density.

Results. Statistical data on the level of the population’s livelihood environment
and the results of providing social infrastructure objects in the process of
implementing public urban functions in 17 residential micro-districts in 15 cities
were analyzed. Based on the obtained data, a type of regression model was chosen,
and its parameters were numerically evaluated.
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Conclusion. The identified statistical regularities can serve as a characteristic
of the physical well-being of the population and be the subject of further scientific
discussion of the multifactorial processes of livelihoods in a biospherically
compatible city to achieve indicators of its comfort and safety.

Keywords: living environment; biosphere-compatible city; comfort; safety;
correlation and regression analysis, statistical dependencies
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Hayunas crarbs

CTATUCTUYECKHE
3ABUCUMOCTU MOKA3ATEJEN
OU3ZUYECKOTI'O BJATONIOJNYYHUSA HACEJIEHUSA
BUOC®EPHO-COBMECTUMOI'O I'OPOJA

B.A. Hnvuues, H.B. bakaesa, B.A. I'opoon,
M.U. Agponuna, A.A. Kopmuna

Obocnosanue. B 0ob6o3pumom Oyoywem ciedyem obecneuums paoukaibHoe
noguluienue KoMGopmuHocmu 20poOCKol cpedsbl U UHOEKCAd ee Kauecmed, COKpa-
MUMb KOIUYECmeo 20p0008 ¢ HeONA2ONOTYUHOU CPEOOU NPOACUSAHUS. VXyOuleHue
9KON02UUECKOU 0OCMAHOBKU 80 MHO2UX 20p00AX CMABUM 3a0a4y paspabomKu Ho-
6bIX NPUHYUNOG 20POOCKOLL HCUZHU, PESYTUPVIOUUX OUOCHEPHYIO COBMECMUMOCTIb
20p0008 U pazsumue 4en068eUecko20 Kanumaid.

Llenvro uccnedoganus AGUIUCL CIMAMUCMUYECKUE 3AKOHOMEPHOCMU JICU3-
HedesamenbHOCMU HACENeHUS JCUNBIX Pationog 2opodos Poccuu, evisgnennvle
6 3a6UCUMOCTU OM QYHKYUOHANbHO-NPOCMPAHCMEEHHOU OP2AHUZAYUU IMUX
PpatioHos.

Mamepuanst u memoowvt. Teopemuueckoll OCHOBOU UCCIEO0BANHUSL AGNAEMCS
napaouema HcusHeoeamenbHoCmu OUOCQepHO-coBMeCmUMbIX 20p0008 U nocele-
HUS, pa3eusarowjux uenogexa u ee ciedyiowue npunyunsvt: (1) oyenxu usuiecrkozo
O1a2oNnoONYUUA U NPoSpecca 8 pazeUmull YeroeeKda @ 2opooe, (2) y008iemeopeHusl
PAYUOHATLHBIX NOMPeOHOCMEN Yen06eKka yHKyuamu copoda u (3) enedpenus co-
YUATLHBIX CMAHOAPMOE 8 00UjeCMBeHHbIe OMHOUIEHIS.



432 Siberian Journal of Life Sciences and Agriculture, Vol. 15, Ne4, 2023

Ipaxmuueckumu memooamu 015 peuteHusi NOCMAGIEHHOU HAYYHOU 3a0adu
ABNAIOMCA MEMOObl KOPPEIAYUOHHO20 U PESPeCCUOHHO20 AHANU3A, UCNONb3YeMble
OJiA GLIAGNEHUS CINAMUCTNUYECKUX 3A8UCUMOCTIEN 68 PA3TUYHBIX MYHUYUNATLHBIX
006paz08anUAX, NPEUMYWECBEHHO KPYNHbIX 20podax Poccuu ¢ évicokoii nnommo-
CMbIO HACENeHUS.

Pesynomamut. bvliu npoananuzuposanvl cmamucmuyeckue 0anHsie 00 ypoghe
Cpeobl ACU3HEDeAMENbHOCU HACETeHUsL U Pe3yIbmamax obecnedeHus 0ovekmamu
COYUANbHOU UHPPACMPYKMYPbL 8 Npoyecce pearu3ayuil 00U ecmeeHHbIX 20P00-
ckux Qynxyutl 6 17 scunvix mukpopationax 15 ecopooos. Ha ocroge nonyuenHvix
OAHHBIX ObLI LLOPAH MUN PeSPecCUOHHOU MOOeNU U NPOBEOEeHA YUCLEHHAS OYEeHKA
ee napamempoa.

3axniouenue. Buisignennvle cmamucmuyeckue 3aKOHOMEPHOCTU MO2YM CJiy-
JHCUMD XAPAKMEPUCTIUKOU PUULECKO20 ONALONOTYHUSL HACECHUS U ABATNCS NPeo-
Memom 0aNbHeUe20 HayUHO20 0OCYICOCHUS MHO20MDAKMOPHBIX NPOYECCO8 HCU3HE-
desmenbHoCmu OUOCHEPHO-COBMECTIUMO20 20P00a 0I5t OOCIUNCEHUs NOKA3ameell
e20 Komgpopmuocmu u 6e30nacHoOCHu.

Knwoueswie cnosa: cpeda sncuznedesmenvnocmu,; OuocghepHo-cosmecmumblil
20p0o0; Kompopm,; be3onacnocms, KOpperayuoHHO-pecpeccUuoH b ananu3s, cma-
mucmuyeckue 3a6UcCUMocmu

Jlns yumuposanus. nvuues B.A., Bakaeéa H.B., ['opoon B.A., A¢ponuna M1,
Kopmuna A.A. Cmamucmuueckue 3agucumocmu hoxazamenet gusuieckozo ona-
eononyuus HaceneHus ouocghepro-coemecmumozo 2opooa // Siberian Journal of
Life Sciences and Agriculture. 2023. T. 15, Ne4. C. 430-445. DOI: 10.12731/2658-
6649-2023-15-4-430-445

Introduction

One of the most important tasks of urban planning science is the task of
creating a comfortable and safe environment for city life. Solving this prob-
lem requires building new models and identifying patterns in the functioning
of urban elements of planning structures [1]. The quality of the urban environ-
ment (comfort and safety) includes residential areas and their infrastructure [2].
Residential areas are objects of urban development activities that determine
the ability of the urban environment to meet the vital needs of the population,
taking into account socio-economic and demographic prospects and human
development [10].

In urban planning, the comfort of the spatial environment is an objective
state and subjective perception. It corresponds to the system of needs, values,
ethical norms and cultural traditions that have developed at a given time, in a
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given place, in a given society, which form an idea of what elements and proper-
ties of the spatial environment are necessary for a decent human existence [11].

Academician V. A. Ilyichev identified a comfortable and safe environment
for city life that meets modern challenges. Under his leadership, he formulated
the definition within a new scientific direction and a new paradigm of life (bio-
sphere-compatible city) at the Russian Academy of Architecture and Construc-
tion Sciences (RAACS). Biosphere compatibility of a city is a state of symbiosis
between a city and the surrounding biosphere. The city and its inhabitants are
developing positively, and the biosphere can develop naturally in this region
[7]. By a comfortable urban environment, we mean the living conditions un-
der which the harmonious development of a person (physical, material, and
spiritual) is achieved in unity with the natural environment of the city, taking
into account the public interests of all categories of the urban population. The
complex feature of objective and subjective living conditions of the population
determines the level of favorability and comfort of the habitat.

For the first time, a methodology for establishing causal relationships be-
tween the population of the region and the levels of many factors determining
the conditions of human development in a biosphere-compatible city was pro-
posed in the “Methodology for predicting indicators of biosphere compatibility
of urbanized territories” [8]. The proposed simulation procedure allows us to
assess the demographic situation as the primary indicator of the city develop-
ment, depending on environmental factors.

In the scientific study “Technologies for providing an environmentally safe
and accessible environment of a biosphere-compatible city for people with lim-
ited mobility,” E. V. Bruma developed a mathematical model for analyzing the
habitat of people with limited mobility as the least socially protected group of
the population today [9]. The researcher found correlations between the number
of people with disabilities in various morbidity categories and many ecological
and socio-economic factors. Therefore, it was possible to assess the dynamics
and build short-term forecasts of the development of the number of low-mo-
bility groups in the population [3]. In the same scientific work, considering
environmental factors, a model of the dynamics of the age structure of the pop-
ulation of an urbanized territory was constructed, and a forecast of the growth
of the disabled population was made. Research in the field of development of
population dynamics models has established that the current environmental
situation in the urban environment significantly reduces the quality of human
resources, leading to depopulation. This factor may be accompanied by aging
and disability of the population and an increase in the number of temporarily
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disabled people belonging to low-mobility groups [4]. In [5], mathematical
modeling of the dynamics and mutual influence of population size and envi-
ronmental factors was developed and considered. Nevertheless, the results of
the research obtained so far require the identification of patterns of formation of
comfortable living conditions, first of all, in the residential environment of the
city. It satisfies not only the material needs of the population but also cultural
and spiritual, for example, cognition, self-knowledge, and creativity.

In connection with the aspects mentioned above, the research aims to estab-
lish patterns of comfortable living conditions of the urban population, depend-
ing on the functional location of residential areas.

Materials and methods

The theoretical basis of this research is the paradigm and principles of the
life of biosphere-compatible cities and settlements that develop a person [14].

The correlation and regression analysis methods served as practical tools
for establishing statistical patterns of life of the population depending on the
functional location of residential areas of the city and providing conditions for
human development.

The research hypothesis was the following thesis — the infrastructure of res-
idential areas that implements the functions of a biosphere-compatible city is
an indicator of its comfortable and safe habitat and the physical well-being of
the population living in these areas.

The choice of factors influencing the studied indicators of a comfortable and
safe environment for a biosphere-compatible city is made based on a meaningful
analysis of environmental, socio-economic, and demographic conditions and
processes using statistical data and regulatory requirements of urban planning
design of residential areas. However, for all its apparent simplicity, the defi-
nition of such indicators in residential areas of modern cities contains several
problems that prevent an adequate assessment of indicators.

In the process of analyzing urban planning activities and assessing the com-
pliance of project documentation of residential neighborhoods with regulatory
requirements, as well as statistical reporting data of cities of the Central Feder-
al District, we have identified indicators of the vital activity of the population,
which can be attributed to the group of indicators of the physical well-being of
the population. The research utilized survey data from 17 residential areas in
15 different cities of Russia (Orel, Kursk, Belgorod, Ryazan, Tver, Bryansk,
Lipetsk, Moscow, Kaluga, Tyumen, Yoshkar-Ola, Kirov, Voronezh, Yelets, Tula)
with a population of two thousand or more up to 50 thousand people.
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At the initial stage of building statistical dependencies, we refine the list of in-
dicators that, in principle, can be included in the model. Their number can be signif-
icant. However, the model should not include more than one-third of the available
data to obtain reliable estimates. Paired and multiple correlation coefficients are
used to determine the most significant factors. The list of dependent (explicable)
factors of the habitat of microdistricts includes indicators of the physical well-be-
ing of the population, identified according to the Federal State Statistics Service:
Y, “Number of births in the last year” and Y, “Number of deaths in the last year.”

As independent (explanatory) factors, 50 indicators (X, — X ), were tak-
en, characterizing various components of the feasibility of city functions @,
provided that the significance of all city functions is the same. However, their
feasibility in residential areas is different. In particular, as the analysis of the
feasibility of city functions has shown, seven factors (X, — X)) relate to the liv-
ing conditions of the population and 22 factors (X, — X,)) — to the life support
systems of residential areas and reflect the feasibility of the city function “Life
support”; five factors (X,, — X,) relate to the function “Entertainment and
rest”; three factors (X, — X, ) — to the control system, i.e., functions “Power”;
four factors (X, — X, ) — to the educational function — “Knowledge”; one fac-
tor (X,,) — to the function of the city “Creativity”; three factors (X, - X)) — to
harmonize relations with the environment, etc. functions of the city “Connec-
tion with nature.” In addition, we considered the factors of environmental safe-
ty of residential areas due to emissions from mobile and stationary sources of
air pollution and the management of municipal solid waste (MSW) (X, — X ).
The factor of the so-called “mechanism of demographic reproduction” is the
indicator “Size of the population” (X)) [16].

The numerical values of the indicated explained Y, — Y, and explanatory
X, — X, factors were selected for each of the 17 microdistricts. Consequently,
the number of data sets is n=17.

The relationship between the dependent variable Y, (i=/-2) and the inde-
pendent variables X (j=1-50 is assumed to be linear as a function

Y=t (x,x,..x,)

According to the recommendationshto he included in the model for each
Y, it is necessary to choose m=5 (m < P 5 of the most significant fac-
tors from XJ

Essentially, it is necessary to construct and estimate the parameters of func-
tions of the form

Yi=a,*a,x, ta,x,+. .. ta;x; (i=1+2),
where a,, a, (j=1+5)) are constants to be determined;
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x, are the five most significant explanatory factors for a given Y, obtained
by analyzing the values of the pair correlation coefficients r,., (k = I+ 50).

The dependence shows the average value of the Y. The variable will be if
the X, variables take specific values.

Analysis of the pair correlation coefficients. We calculated the coefficients
of pair and multiple correlations at this stage: six of them (v, ;.10 -+ 7pys0)
300 coefficients of the form r,  (i=1-2 u k=1-50) and a set of coefficients of
formr,, ., ..., 7y, Furthermore, while assessing the significance of the fac-
tors, their comparative assessment is made. Some of the factors are screened
out by analyzing the coefficients of pair correlation r,, and r

YmXn®

Results

The values of the pair correlation coefficients are in the range from -1 to +1.
Their positive value indicates a direct connection (with the calculation of one
variable, the other also increases). A negative value indicates the opposite (with
the growth of one variable, the other decreases). The closer the coefficient is to
1, the closer the relationship. The relationship is considered strong enough if
the correlation coefficient gives an objective assessment of the tightness of the
relationship only with a linear dependence of the variables.

Is included in the model those factors that are most strongly associated with
the dependent variable. In addition, one of the conditions of the regression mod-
el is the assumption of the linear independence of the explanatory variables X,
The close relationship between two independent factors is called collinearity.
The phenomenon of collinearity in the initial data is considered established if
the pair correlation coefficients between two variables are more than 0.7. In this
case, it is necessary to eliminate collinearity since there will be a cumulative
impact on each other. Thus, it will be impossible to assess the impact of each
factor separately. The stronger the multicollinearity, the less reliable the estimate
resulting from the model. One of the strongly related factors is excluded from
the model, and the next most important factor is included.

To identify the fact of collinearity, the matrix of the pair correlation coef-
ficients between the explanatory factors 7, is analyzed. As a result of the cal-
culations of all coefficients of pair correlation, selection of the most significant
explanatory factors for each Y, considering the strong relationships between the
explanatory and explicable factors, and excluding collinearity, statistical depen-
dence of the physical well-being of the population of a biosphere-compatible city
were obtained in the form of multiple linear regression equations for the factors Y,
“Number of births in the last year” and Y, “Number of deaths in the last year.”
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YI = a()l +a11x5() + a21x4r’\’ + a31x24 + a41x34 + a51x3’ (1)
YZ - aOZ + a12x50+ a22x48 + a.?Zx.?O + a4ZX14 + a52x12' (2)
Based on the results of the correlation analysis, it was found that the studied
indicator Y,, “Number of births in the last year,” is influenced by many explan-
atory factors of human life in residential areas, in particular:
* Population size, thousand people (x,,);
* Emissions of pollutants into the air from mobile sources, thousand tons
(x93

» Engineering protection of the territory and the level of environmental
safety (level of protection of premises from the accumulation of radon)
(x,);

* The area of the territories of the zones of mass short-term rest, m (x,,);

* Coefficient of building density (x,).

As the analysis of equation (1) has shown, the most significant impact on
the number of births is associated with emissions from mobile sources - vehi-
cles (x,,). Automobiles, as a means of transportation, are most widespread in
residential areas, which affects the state of the atmospheric air. The amount of
emissions directly determines the degree of impact on the population’s health
and its reproductive capacity. Environmental factors include ionizing radiation
of natural and artificial nature - factor (x,,).

With the help of the regression model was constructed (2), it was found that
the studied indicator Y,, “The number of deaths in the last year,” is influenced
by the following explanatory factors:

* Population number, thousand people (x,,);

* Emissions of pollutants into the air from mobile sources, thousand tons

()3

» Provision of facilities for institutions, organizations, and service enter-

prises (cafes, restaurants, bars) (x, );

* Housing affordability index (market value of housing, rubles / m?) (x, );

» Availability of infrastructure facilities of primary / daily services (med-

ical organizations) (x,,).

Discussion

The question of dynamics and cause-effect relationships of fertility remains
controversial due to its multifactorial nature. Experts often cite urbanization and
the quality of life associated with it among the factors that reduce the birth rate.
Numerous studies of demographers have shown that the birth rate among urban
dwellers is about one and a half times lower than in rural areas [16]. At the same
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time, experts draw attention to the dynamics of the urban lifestyle associated
with stress and rest (factors (x,,) and (x,,)), which leads to a decrease in the birth
rate and stimulates mortality. In addition, scientists, long before the emergence
of statistics and demography, established an inverse relationship between in-
come and fertility. In 1776, A. Smith noted the inverse relationship between the
number of children born and the social status of mothers [12]. In France in the
20th century, statistician Jacques Bertillon studied differential fertility (system-
atic differences in fertility rates between social groups). In 1980, he published
the results of a statistical study of differences in the birth rates of residents of
four European capitals (Vienna, Berlin, Paris, London), showing an inverse cor-
relation between the material standard of living and the birth rate [18].

Mortality is a demographic process that includes the entire set of deaths
over a particular time. The mortality rate determines the frequency (intensity)
of deaths in a population group during a certain period (usually a year).

The mortality rate depends on a combination of factors, among which there
are two main groups: endogenous factors associated with the natural aging of the
body, the characteristics of its physiology, genetics, psyche; exogenous factors, i.e.,
generated by the influence of the external environment — economic and social, and
the ecological situation and the level of development of hygiene and health care,
personal lifestyle. In countries with a low level of development, the role of an ex-
ogenous factor is abundant; therefore, there is a high level of infant and mortality.
In countries with a higher level of development, the influence of endogenous fac-
tors prevails; therefore, the maximum mortality rate moves to older age groups [6].

The main reason for the low life expectancy of the population in the Rus-
sian Federation is the high mortality rate of citizens of working age. Among
the total number of deaths, almost a third are citizens of working age. About 80
percent of them are men. Mortality from diseases of the cardiovascular system,
accounting for 55 percent of mortality from all causes, in Russia is 3—4 times
higher than in European countries. Among the causes of death at working age,
a significant proportion (over 30 percent) are external causes — accidental poi-
soning, suicide, murder, traffic accidents, and other accidents [17].

The infant mortality rate calculated according to the system in force in the Rus-
sian Federation, despite its decrease from 18 per 1000 live births in 1992 to 10.2
in 2006, is about twice higher than in developed European countries, Canada and
the USA (according to calculations following the recommendations of the World
Health Organization) [15]. The population’s mortality rate is based on indicators
that wipe out multifaceted demographic processes: population density, demographic
load, retirement and increased pressure on the working-age population, and more.
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The forms of leisure that contribute to a healthy lifestyle (physical culture,
sports, tourism, outdoor activities, and others) are underdeveloped. Even with-
out delving into the intricacies of demography, it is clear that this thesis looks
reasonable. We can say that the problems of the quality of life in modern res-
idential areas are in direct connection with socio-demographics [13]. Thus, it
indicates a direct relationship between life-supporting factors and the level of
fertility and mortality. This fact cannot be ignored when predicting the indica-
tors of the comfort of the living environment as a whole.

In addition to the identified factors, the mortality rate is also due to the high
incidence of the population, alcoholism, drug addiction, and tobacco smoking.
Often in residential areas, conditions have not been created that encourage peo-
ple to take good care of their health and their children’s health.

Conclusion

Based on the analysis of statistical material, the regularities of urban pop-
ulation factors were established depending on the functional location of resi-
dential areas in 15 cities of the Russian Federation. The revealed significance
of the statistical indicators of the physical comfort of residential areas is due to
the fact that they reflect the influence of numerous environmental conditions
on vital indicators and characterize the level of satisfaction of physical, spiri-
tual, and social needs of the urban population. As for the comfortable and safe
residential areas of modern cities, the function of a biosphere-compatible city
is a response to “human needs” through urban planning and design. In practi-
cal terms, the results of the study provide an opportunity to evaluate various
planning and design solutions in order to compare methods of improving the
structure of the city by one indicator — the degree human needs satisfaction.
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CAPACITY EVALUATION AND RESEARCH
OF TRENDS IN THE MARKET FOR ORGANIC
PRODUCTS IN KAZAKHSTAN BASED
ON SOCIAL RESEARCH TOOLS

D.S. Samenbetova, O.Yu. Patlasov

Background. Recent years have seen the demand for organic products steadily
growing both in the domestic and foreign markets. This makes it relevant and
important to identify specific factors that will affect consumer behavior in the future,
using the example of the local market. The purpose of the study is to determine the
factors for promoting environmentally friendly products and to identify consumer
demand patterns through social research tools. The article deals with research of
market capacity for organic products based on an analysis of consumer behavior
across the Republic of Kazakhstan, with sociological survey serving as a basis.

Purpose. The purpose of the study was to gauge the capacity of the consumer
market for organic products in Kazakhstan. In order to identify the factors driving
consumer behavior, sociological studies were done based on a survey of Internet
users focused on the consumption of organic food, as well as polling of customers
of specialized stores of organic products in Astana.

Methodology. The study utilized general scientific methods of cognition of socio-
economic phenomena and processes: logical and analytical methods, classification,
systemic and holistic approaches, ways of synthesis and comparative analysis,
sociological survey and polling.

Results. The sociological surveys made it possible to identify what consumers
of organic products looked like and to generate proposals on how producers should
further develop organic farming.

Conclusions. Primary cities of organic products consumption in Kazakhstan are
Almaty and Astana. The main reasons for this pattern are local population’s high
purchasing power, high population density and quite high environmental pollution.
Residents of urban areas are more aware of the rapidly developing segment of the
food market. Yet, until now, consumers have failed to distinguish pseudo-labels from
certified products. The legislators have taken a number of steps to legally interpret
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and regulate the organic market. Market research has confirmed the need to promote
awareness among producers and shape consumer behavior.

Keywords: organic products market; consumer behavior; market capacity;,
sociological survey; food products
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Hayunas cratbs

OIEHKA EMKOCTHU U HCCIIEJOBAHHUE
TPEHJIOB PBIHKA OPTAHUYECKOM IMTPOJIYKIIUA
KA3AXCTAHA HA OCHOBE UHCTPYMEHTOB
COILIMOJIOTUYECKHNX UCCJIEJTOBAHUN

J.C. Camenbemosa, O.10. Ilamnacos

Obocnosanue. 3a nocieonue 200bl CNPOC HA OP2AHUYECKYIO0 NPOOYKYUIO CIMa-
OUTLHO pacmenm Kax Ha 6HYMpeHHeM, MAaK U Ha 8HewHux puinkax. [loomomy cmano-
BUIMCSL AKMYATLHBIM 80NPOC BbIAGIEHUE KOHKPEMHBIX (PaKmopos, Komopuvie 6y0ym
61UAMb HA NOMpeOumenvckoe nogeoenue 6 06yoywem, Ha npumepe 10KaAIbHO20
puinka. Ha ocnoge coyuonozuueckoeo uccied08anus pulHka nompeoumenscrkoi
opeanuyeckou npodykyuu Kasaxcmana oana oyenka cocmosnus u nepcnekmus
Ppacuuperuss eMKoCmu PulHKA OP2aHUYecKUX npoOYyKmMoe NUmaHusl, Gbis1eHbl 3d-
KOHOMEPHOCMU NOMPEOUMEnbCKo20 CpOCd, d MAaKice NPeonoAHceHbl Mepbl 20CY-
0apcmeeHHol N000EPAHCKU.

Ienv. Boviasumos (paxmopwl, 6IUAIOWUX HA NOMPEOUMeNbcKoe nosedeHue ¢ no-
MOWBIO COYUONOSUHECKUX UCCTEO08AHULL HA OCHOBE ONPOCA NOTb308aAMmenell cemi
Humeprnem, opuenmupo8anuvlx Ha nompeodienue opeaHuieckux npooyKnoe numd-
HUSl, a maxoce onpoca noKynamenel cneyuanu3uposaHHbIX MazasuHo8 opeaHuye-
CKUX NpOOYKMog 6 2. Acmana.

Mamepuanst u memoodul. B npoyecce ucciedo8anusi RPUMEHIUCH 00U eHayY-
Hble Memoobl NO3HAHUS COYUATLHO-IKOHOMUYECKUX AGTICHUL U NPOYECCo8: 102U-
uecKull, AHATUMUYECKUll Memoovl, K1acCUQUKayus, CUCMeMHbIl U KOMNIEKCHbIL
100X00bl, MENMOObL CUNINE3A U CPAGHUMENLHO20 AHAU3A, COYUOTOSUYECKULL ONPOC
U ankemuposauue.
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Pesynomamsl uccnedosanus. Iposedenivle coyuono2uieckue onpocyl no360-
JIUNU 8BIABUNM 0COOEHHOCMU NOMpedumenell OpeaHuyeckol nPoOyKYuU u cihopmu-
Posams npednodiceHus Ok NPOU3600Umeell no OalbHeueMy Pa3gumur OpeaHu-
YECKO20 CelbCKO20 XO3AUCMEA.

3akntouenue. Kaxk nokazano ucciedosanue, OCHOBHbIMU 20p00amu nompeoie-
HUsL A6IAIOMCA 2. Atmamul u 2. Acmana. [1aeHbiMu npUYUHaMU MAKou MeHOeHyuu
SAGIAIOMCS BbICOKASL NIAMENCECNOCOOHOCHIb HACELeHUSL, BbICOKAS NLOMHOCMb HA-
cenenust u Q0CMamoyto BbICOKAs 3A2PSAZHEHHOCIb IKOL02UHeCKOl cpedvl. JKume-
U Me2anonucog bonee nPOUHGOPMUPOBAHsl 0 BLICMPO PA3BUBAIOUIEM CE2MEHNEe
nPo008oILCMEEHHO20 pbiHKa. Ho 00 cux nop Hacelenue He omauyaem ncegoo-map-
KUpOogKy om cepmupuyuposanto2o npooykma. Taxum obpazom, HeobXoo0umo npo-
6800UMb UHGDOPMAYUOHHYIO NOTUMUKY CPeOU NPOU3B00Umeneil U NOKYnameiel.

Knrouesvie cnosa: poiHoK opeanuieckoil npooyKyuu, nompedumeibckoe noge-
OeHue; eMKOCHb PbIHKA, COYUOOSUYECKUTL ONPOC; NPOOOGOIbCMEEHHbIE MOBAPb

Jna yumuposanua. Camenovemosa /].C., Ilamnacos O.FO. Oyenka emxocmu
U ucciedo8anue mpeHoo8 PulHKA opeanuyeckoi npooykyuu Kazaxcmarna na oc-
HOBE UHCMPYMEHMO8 coyuonoudeckux uccieoosanuil // Siberian Journal of Life
Sciences and Agriculture. 2023. T. 15, Ne4. C. 446-467. DOI: 10.12731/2658-6649-
2023-15-4-446-467

Introduction

Kazakhstan gained new opportunities in the development of the market for or-
ganic products in 2013, following the approval of the Concept for the Transition of
the Republic of Kazakhstan to Green Economy for 2013-2020 [249]. In the short-
est possible time, the Government developed standards for agricultural produce.

In accordance with the Concept and based on international standards, in
2015 the Parliament of the Republic of Kazakhstan adopted the law “On the
Production of Organic Foods”. The law governs production of organic output,
which in turn will enable Kazakhstan to join the international market for or-
ganic products; thus, the state will be able to regulate the import and export of
domestic products. Kazakhstan has huge lands that are still traditionally culti-
vated without the use of synthetic fertilizers and pesticides [912]. In this case,
Kazakhstan has more advantages compared to other CIS countries.

The production and sale of organic farm produce is an objective national
competitive advantage offered by the agro-industrial complex of Kazakhstan.
The law meets the rules and regulations of the international law of the IFOAM,
and, hence, complies with international quality and control standards for or-
ganic products (The Food and Agriculture Organization (FAO) [2121]. The
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adoption of this law enables Kazakhstan to join the world organic trade market
and provides positive trends for the development of farming in Kazakhstan.
Thus, the Government is interested in the development of this segment in the
agro-industrial complex and is ready to support the initiatives of agricultural
producers that switch from traditional farming to organic farming. According-
ly, a constructive analysis is needed into whether consumers are willing to buy
organic products at a higher price.

Objective

The purpose of the study was to gauge the capacity of the consumer mar-
ket for organic products in Kazakhstan. In order to identify the factors driving
consumer behavior, sociological studies were done based on a survey of In-
ternet users focused on the consumption of organic food, as well as polling of
customers of specialized stores of organic products in Astana.

Materials and methods

Growth of popularity of organic food fuels scholars’ interest towards vari-
ous aspects of the organic food market (customers’ trust towards organic labels
[11,2121], governance structures used for distribution of organic food [17423],
place of organic agriculture within modern trends of evolution of food market
[12,15,18,19,23,242222, 1424, 1525], legal regulation of organic food market
[20] etc). The problems of comparative analysis of the influence of key factors
on the consumer behavior in relation to organic products in the regional markets
of the CIS were reflected in the studies of such researchers as V. Blagoyev, Y.
Shustova, and I. Mishchenko [21]. Scientists V. Grigoruk V and Y. Klimov de-
scribed a detailed analysis of the organic market in Kazakhstan, as well as the
potential opportunities for the country [45]. Article by J. Costa et al., K. Morga-
do, A. Fernandez, M. Guerra, S. Brandao conducted a study, which was based
on a sociological survey of Internet users and the population of the Portuguese
city of Almada [310]. The survey focused on the buying habits and consumption
of biological products, as well as a motivation to purchase them. Researching
the market capacity for organic food products was also addressed by P. Illukpi-
tiya [16109].The authors analyze the US organic food market, which has been
growing steadily since 2002 when national standards for organic output and
processing were enacted with the support of the US Department of Agriculture
(USDA). In a review by M. Basha, S. Mason, M. Shamshudin, et al. «Consum-
ers’ Attitude to Organic Productsy, the authors also did an empirical study to
identify factors of consumer behavior. The study showed that interest in organic
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products is growing every year, and the main factors driving the purchase are
concern for the environment, health and lifestyle, food quality and judgment
towards organic food [19].

The study utilized general scientific methods of cognition of socio-economic
phenomena and processes: logical and analytical methods, classification, sys-
temic and holistic approaches, ways of synthesis and comparative analysis, and
sociological survey. The sociological surveys made it possible to identify what
consumers of organic products looked like and to generate proposals on how
producers should further develop organic farming.

The study analyzed the following regulatory documents that provide official
data on the development of an organic products market: “State Program for the
Development of the Agro-industrial Complex of the Republic of Kazakhstan
for2017-20217, Law of the Republic of Kazakhstan No. 423-V from November
27,2015 “On the production of organic foods” (as amended as of October 28,
2019) [6]. A number of Russian authors should also be noted for their focus on
the issues of the methodology for the formation of the organic foods market: Y.
Varavin [223] [22], Kotliarov L. [10], T. PolushkinaT. [158].

Marketing experts emphasize several types of market capacity: actual, avail-
able and prospective. Ways of calculating the market capacity include:

In a bottom-up method, market capacity is calculated as the sum of all po-
tential purchases of goods or services in a specific target market segment for a
specific period, usually for a year, in three ways

— In quantitative terms - market capacity for the reporting period X (thou-
sand dollars) is the volume of the target audience (thousand people) x
the rate of purchase of goods for the reporting period X (pcs.)

— Inmonetary terms - market capacity for the reporting period X (thousand
dollars) is the volume of the target audience (thousand people) X the rate
of purchase of goods for the reporting period X (pieces) * an average
price of a unit in the market (rubles)

— In terms of volume - market capacity for the reporting period X (thou-
sand dollars) is the volume of the target audience (thousand people) x
the rate of purchase of goods for the reporting period X (pieces) * an
average volume of a product unit (unit of volume)

A top-down method defines market capacity as the sum of retail sales of all
competitors in a given segment. It is enough to estimate the sales of several in-
dustry leaders, whose share will be around 80-90% of the total market capacity.

When calculating existing sales, research companies contract with the larg-
est chain retailers to furnish information and analyze the sales in certain cat-
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egories of goods, which helps them make conclusions about the volume of
certain categories.

Market potential analysis is delivered by the Category Development Index,
or CDI; Brand Development Index, or BDI, and Growth Potential Index, or GPI.

Sociological methodologies have been utilized in a number of studies
dealing with organic agriculture. Studies in 2013 - 2018 show that the main
driver for consuming organics is health concerns. As research by TNS and Yan-
dex-Market for Russia shows, it is mostly homemakers who buy organic food
for their households and relatives — and mothers for their children — making
up 40% [24192]. Regular advocates of a healthy lifestyle among buyers make
up about a third. Only one tenth of such buyers are told by a doctor to do so,
with the so-called luxury segment making up the same number. The remaining
5% of organic food buyers do it as a tribute to fashion. Well, in 2007-2008 the
luxury segment was the main purchasing audience, accounting for more than
90% of buyers. It can be concluded that the target segment took shape in this
variant, and, in the future, it will continue to develop. Tired of marketing tricks,
up to 80% of staunch adherents of organic food today in the Russian Federa-
tion buy it only from trusted producers (which also hinders the development
of the market) [1924].

In 2014, the Statistics Committee of the Ministry of National Economy of
the Republic of Kazakhstan delivered a one-off large-scale social study — “Qual-
ity of Life” — which surveyed (interviewed) 12 thousand households, aimed to
identify the correlation between the commitment to organic food and income
of households as divided into 5 conditional social groups: low-income; not
poor, but not the middle class either; middle class; upper middle class; well-
off (wealthy). In the survey, 42% of households who consider themselves to be
in the upper middle class replied that they steadily consume environmentally
friendly products, and 46.8% partially consume them, in contrast to low-income
families, of which only 18% consume environmentally friendly products [213].

The authors did an online survey of food consumers in Kazakhstan to as-
sess the capacity of the market for organic products. The survey was conducted
using Google Drive - the respondents filled in questionnaires in Google Drive.
This ensured complete anonymity of the study and the objectivity of statistical
results. This survey can be repeated, because all data is stored on the Google
Drive, therefore, in the future, new data can also be analyzed. A survey was
conducted among buyers of specialized stores focused exclusively on the sale
of organic products in order to draw up a more accurate profile of a consumer
of eco-friendly products and to identify factors of consumer behavior.
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Results of the research

Total retail sales, according to the FiBL survey [6713], amounted to almost
125 billion euros in 2021, representing an estimated increase of approximate 3
percent and thus a considerably slower increase than in 2020, when due to the
Corona pandemic the market increased by more than 10 percent. The country
with the largest market for organic food was the United States (48.6 billion eu-
ros), followed by Germany (15.9 billion euros), France (12.7 billion euros) and
China (11.3 billion euros).

By region, Europe had the lead (54.5 billion euros), followed by North
America (53.9 billion euros) and Asia (13.7 billion euros) (Fig. 1). (FiBL & IF-
OAM - Organics International (2023) [7814]: However, in terms of the amount
of organic food consumed per capita, European countries are well ahead of
others in the world (Fig. 2). Whereas the highest per capita consumption by
region was in Northern America (143.7 euros), by country, it was highest in
Europe. In 2021, Switzerland had the highest per capita consumption (425 eu-
ros) worldwide, followed by Denmark (384 euros), Luxembourg (313 euros)
and Austria (268 euros).
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Fig. 1. The ten countries with the largest markets for organic food 2021
Source: FiBL & IFOAM — Organics International (2023): The World of Organic
Agriculture. Frick and Bonn [1487]

There is no official statistics on the production of organic food in Kazakh-
stan, with no public register of organic producers available. According to the
National Accreditation Center, in 2019 Kazakhstan ranked ninth in the export
of organic food products to the EU, having increased supplies to 85,675 tons,
although in 2018 exports amounted to 50,250 tons [6713].
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Fig. 2. The ten countries with the highest per capita consumption 2021 (in Euros)

Source: FiBL & IFOAM — Organics International (2023): The World of Organic
Agriculture. Frick and Bonn [1487]

o

This being said, Kazakhstan ranks sixth in Asia in terms of the total area of
organically certified land, but in the future the country may rank third in Asia
after China (3,135,000 ha) and India (1,938,221 ha). The following countries
became the main exporters: Great Britain, Italy, Germany, France, Belgium, the
Netherlands, Poland, Russia, Ukraine and other countries (State Program for
the Development of the Agro. 2017). According to the annual statistics of FiBL
& IFOAM - Organic International (2020) - FiBL survey 2021 [6714], Kazakh-
stan joined top 10 countries at year-end 2019 with a high increase in the use of
organic lands (Fig. 3).
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Fig. 3. Top 10 countries with the highest increase in organic lands in 2019 (ha)
Source: FiBL & IFOAM — Organics International (2021): The World of Organic
Agriculture. Frick and Bonn [614]

According to the annual statistics of FIBL&IFOAM - Organic Internation-
al (2020) - FiBL survey 2021, at year-end 2019, Kazakhstan joined countries
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from the DAC (Development Assistance Committee) list with the largest areas
of organic agricultural land in 2019 (Fig. 4) [6713].
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Fig. 4. Top 10 countries with the largest areas of organic farming lands in 2019
Source: FiBL & IFOAM — Organics International (2021): The World of Organic
Agriculture. Frick and Bonn [6714]

FAO defines it the following way: organic refers to a product that has been pro-
duced in accordance with certain standards throughout the production, handling,
processing and marketing stages. Once confirmed by a certification authority that
a product complies with organic standards, the product receives a label [1011].

There are not any uniform standards and requirements for certification of
organic food products in Kazakhstan yet, but international certification bodies
are actively operating in the market. Each group of organic products, which
will be presented below, has its own certification standards. If a producer plans
to export its food products to the European market, the products must comply
with the standards of EU 834/07, and if it is the North American market, then
the NOP conditions have to be followed [5, p. 153].

The organic food market in Kazakhstan may be divided into four major groups:

1. Food items certified according to international standards

2. ECO labelled products are items certified according to international stan-
dard ST RK 1618-2007 “Environmentally safe product”. In accordance with this
labeling policy, International Academy of Ecology offers producers the trademarks
“ECO”, “Bio”, “Organic”, “Non GMO”. Thus, in accordance with the requirements
of the International Academy of Ecology, ECO, “Organic”, “Bio”, “Non GMO” are
products made without synthetic pesticides and herbicides, chemical and synthetic
mineral fertilizers, growth regulators, artificial food additives, antibiotics, radiation
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of heavy metals, as well as without genetically modified products (GMO) [62] This
international standard has nothing to do with the certification of organic products
according to the standards of the Republic of Kazakhstan.

3. Bio-farmers’ non-certified products. This is all produce from local farm-
ers that is not certified, but, at the same time, the production, processing, stor-
age and transportation of such produce take place in accordance with organic
requirements. This group may include “spontaneous bio-farmers”. These or-
ganic producers use land that has not been treated with synthetic substances.
However, as they cannot provide extra finance, special organic fertilizers are
not used. This category is not organic producers, but any uncultivated land at
their disposal may become such in the future. An example of this group of pro-
ducers is the Aul Berekesi Company. The company is a retail and online store
of farm produce in the cities, i.e. is merely an intermediary between consumers
and farmers, but does not produce organic food. Thus, the company sells natural
GMO- and chemical-free products that are not certified or labelled. An example
of this format of cooperation between a farmer and a producer is available in
Russia, an example being lavkalavka.ru.

4. Pseudo-natural products. These products are labeled as organic only as
part of a marketing strategy, i.e. labels are not confirmed by the certificate.
An example is a product with “GMO-free”, “preservative-free” and “chemi-
cal-free” labels. This segment of products only harms the suppliers of certified
products since it misleads ordinary consumers.

Over the last five years, consumers and farmers have been concerned about
the development of natural produce market. There is a plenty of factors for the
organic foods market to be developed. First, this is high added value due to the
cost of fertilizers, and then the cost of processing and storage. Producers have
been offered another opportunity to occupy and develop a new niche in the con-
sumer market, with consumers increasing their demands to improve the quality
of life. This is evidenced by both surveys of farm producers and consumers. The
survey results will be presented below. Likewise, possible governmental support
at the initial stage in the form of preferential lending and grants, and access to the
foreign market provide a certain incentive for farmers. Setting up points of sale
for organic food, increased interest of organic food suppliers, and consumer sur-
veys indicate that there is more and more consumer demand for organic products.

Discussion
As part of the study, a social survey “Analysis of the Organic Market of Prod-
ucts in Kazakhstan” was conducted among online users. The polling comprised
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around 500 respondents over the age of 20 as part of the working population from
government and business structures. Using sociological study as a basis, the authors
made conclusions about the attitude of Internet users to the organic food market.

Based on the data produced from the sociological survey, it can be argued
that online users across Kazakhstan have different ideas about organic produce.
Only 45% of the respondents have general information about this category of
the food segment. A small number of respondents have heard about organic
food from friends and family (2.9%). However, almost every tenth respondent
in Kazakhstan is not familiar with these products at all. This must be factored
into public outreach efforts and information strategies to promote this segment.

The survey revealed a category of people who consume organic products
and know about them. In our survey, less than 10% of respondents complete-
ly trust the food labels. Further, the authors tried to find out how often local
consumers consume organic products. In Kazakhstan, the largest share of re-
spondents (49%) buy these products quite often and 4.9% - almost every day.

The following data made it possible to reveal the following pattern. Since
traditional food products are less expensive than organic food, there is a link
between the demand for organic food and the growth of incomes of the popula-
tion. According to the pattern of consumer behavior, as first described by Ger-
man scientist Ernst Engel in 1857, as the population’s income increases, food
expenditures increase to a lesser extent, and the consumption pattern changes
towards higher quality products.

It should be kept in mind that, in general, the demand for food is inelastic
in terms of both price and income. As far as methodology, what concerns us is
the effect of cross elasticity of demand as the ratio of the percentage change in
demand for one good to the percentage change in the price of some other good.
A positive value means that these goods are interchangeable (substitutes), and
a negative value shows that they are complementary (complements). Typical-
ly, organic food products and conventional food products are complementary
products that satisfy the same taste preferences but differ in quality.

It should be noted that organic food has a short shelf life and must be trans-
ported in a special way, which makes added value for these products higher.

I'would like to note the relationship between consumers of organic products
and monthly income. Around 26% of respondents said their monthly salary was
about 100 thousand tenge (rough rate of 1 Kazakhstan tenge (KZT) is 0.0023
Dollar (USD) as of May 10, 2023). Only 12% have a monthly income of more
than 250 thousand tenge per person. Fifteen percent of respondents have an in-
come of 200 thousand tenge and 17% have an income of 150 thousand tenge.
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The sociological survey has revealed a certain group of consumers in Ka-
zakhstan who know about organic food (11.8%) and are ready to pay more than
5 thousand tenge per day for them per person (27%). More than 60% of respon-
dents follow proper nutrition habits and consume organic products from time to
time. Nineteen percent of respondents said that they do not have the financial
ability to buy these products.

Almost 65% of Internet users said that the main factor in the consumption
of organic products was its health value. Seventeen percent of respondents not-
ed concern for the health of children as the main factor in consumer behavior.
Nine percent consume organic products due to health problems (gastrointestinal
problems and the likelihood of allergies).

The main segment for consuming natural produce — as the polling has re-
vealed — is Astana (55% respondents) and Almaty (30%).

The observations have established that the main consumers of organic prod-
ucts are, first, people with a high level of income and families with children
under the age of seven.

Based on the analysis of the respondents’ replies, we can present the main
factors influencing consumer behavior (Table 2).

The study revealed the following point. The percentage of the population that
understand the idea of organic products is small, making it 11% of the respondents.
As there is no regulatory framework and no clear understanding of how producers
are classified (pseudo-labels, “spontaneous producers”, “certified products™), con-
sumers do not yet understand what products are considered organic. Completely
distrustful of “organic products™ labels are 18.6% of respondents in Kazakhstan,
with 31% characterizing organic products as a sales pitch to increase value.

In order to determine the market capacity in the course of the study, we tried
to find out where consumers of the country under analysis buy natural bioprod-
ucts available in retail outlets in a particular region.

The following figures characterize this fact. Thirty percent of respondents
purchase organic products at markets and fairs (i.e. in places where products
do not have special certificates, etc.). Thirty nine percent of respondents trust
specialized shelves in regular supermarkets (therefore, this group buys pseu-
do-natural products with BIO labels more often). I would also like to note that
there is no mandatory certification system for national products in the Republic
of Kazakhstan, which results in consumers associating eco-friendly products
with products free of chemicals and GMOs. Sixteen percent of interviewees
trust organic products grown by friends or special farms. Only 11% trust spe-
cialized stores with certified products.
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Table 2.

Factors that put together the profile of a potential retail buyer in an organic market
Factor Profile Degree of
influence

Purchasing power | People with an income above average find themselves | Crucial
increasingly reflecting about the quality attributes of
products rather than their quantitative attributes.
Family status, Families with children under the age of 7 High
parental status
Health condition | People with health problems, especially with GIT | High
disorders, consume organic foods in accordance
with their diet

Place of residence | Cities with population of over 1 million residents, | High
in part — regional centers

Awareness Active users of Internet and social networks know | Medium
organic products better.
Education People with higher education are more informed Medium

and concerned about the green economy, so they
are more deliberate in their choice of products

Food preferences | When picking food products, they scan through the | Medium
packaging, specifically the producer, composition,
GOST and compliance with certification standards

Age Young people find it fashionable, older people do it | Medium
out of health concerns
Gender There is a slight dependence relating to the fact that | Low

women give consideration to organic products

*The table has been compiled by the authors

For the purposes of this study, it is important to determine what mechanisms
for identifying the quality of organic products can be used to build a strategy in
the future and what tactics of taking these foods to the consumer market can be
utilized, and which channels for promoting organic products are most effective
for the countries in review. Thus, as the next stage of the study, a sociological
survey was conducted among buyers of organic products in specialized stores.

At present, there are about 20 stores of organic products nationwide that sell
food products, food supplements, and household care products.

Nowadays, it is common to find specialized organic food shelves. A group
of “non-certified organic products”, for example, of the Aul Berekesi compa-
ny, is represented in the supermarket chains such as “Green”, “Becker and K”,
“Yubileiny”, and “Ramstore”. In Astana, specialized stores of imported organic
products have been around since 2012.
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The main customers of these stores are premium customers, because prices
for these products are quite high. Main product line used to be berries and exotic
fruits, and now the range has extended to farm produce that has passed labo-
ratory tests. Almost all sellers do their business through an online store. Now
e-commerce is the most simple and popular channel to sell organic products.
The main advantage is that there is only one intermediary charged with prompt
delivery of goods to the buyer.

Non-certified bio-farmers unwilling to bear product certification costs main-
tain the most transparent production system for a consumer, and, therefore, they
work directly through social networks.

In order to analyze behavior of buyers of organic products, we picked one
of the popular specialized stores of organic products in the capital - ASTA-
NA-EcoShop. At the information desk and with the help of Google Drive, we
surveyed store buyers, and identified primary factors for consumption of organic
products, as well as product characteristics.

Vegetables and fruits (36%) joined the top three in the ranking of most want-
ed organic products, followed by meat and fish products (25%) and dairy prod-
ucts in the third place (22%). The analysis of the respondents’ replies helped
yield the following data.

Half of the respondents said that they bought products in this store 1-2 times
a week. Only 10% of buyers buy food every day, with 31% noting that they
consume organic products quite rarely. Almost 45% of respondents said that
they would like to buy these products more often.

Thirty five percent of shoppers said that they could not buy groceries in this
store more often because of low pay. Fifteen percent noted that the location and
traffic challenges make it impossible to shop en route, so a trip to the store hap-
pens once a week. Ten percent noted the high cost of delivery.

The country and reputation of the producer have a great influence on the
consumer choice, and this is especially important for food products. The ma-
jority of respondents in Kazakhstan carefully read who is a food producer and
give preference to those who are well known to this market. Eighty four percent
of consumers pay attention to the label, reading the composition and looking at
who the producer is. Only 11% of respondents in Kazakhstan, when they buy
food, do not pay attention to who the producer is and do not read the labels, with
4.9% looking only at the price of the product. Thus, not all respondents agreed
with the phrase “expensive means good quality”. Around 50% said that they
match information about the product, which is its benefits, to price.

The study helped identify the following point. Out of general variety of food
products available in the market, including products from foreign countries,
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majority of respondents give preference to domestically produced products,
considering them to be of the highest quality and at affordable price. Sixty-five
percent of the respondents prefer “Made in KZ” products, and 8% said that they
would buy what is cheaper, with 22% failing to notice the difference between
imported and domestic products.

When the respondents were asked to note the main factors affecting what
product they would choose, almost 64% said that they look at benefits and safe-
ty of consumption when choosing food. Only 8% do not think about it. Thus,
majority of consumers pay attention to information about the health benefits
of a particular product, and this information should be available to consumers
at the time of purchase, which means it is necessary to deliver information and
marketing campaigns in such a way that a potential buyer knows everything
about the benefits of an organic product.

Thus, the organic products industry in Kazakhstan has been evolving almost
since 2012, but has not yet achieved big results. The industry is quite new and
specific, so the mechanism of interacting with both potential producers and
consumers has not yet been clearly developed.

Product awareness has not yet been shaped. Residents of Kazakhstan learn
about most of the benefits of organic products from the Internet, with the con-
sumer failing to understand the difference between “organic”, “organic prod-
ucts”, “BIO”, “GMO-free”, “eco-products”, “natural product”, unaware of strict
requirements for the production and labeling of organic products. For some, all
organic products are just a sales pitch.

Hence, the issue of certification and labeling becomes relevant. After all,
only the “organic” label and a conformity mark give 100% confidence to the
consumer about the natural origin of raw materials, and the high quality of the
product without the use of any chemicals, preservatives, GMOs, etc. [419, P.
14]. Moreover, a large proportion of consumers in Kazakhstan are unaware of
the labels of organic products incorporating a special conformity mark. In most
cases, consumers will read the information on the packaging that this food prod-
uct complies with the established GOST.

Kazakhstan does not have a unified certification system in accordance with
an international certificate, while it is expensive to undergo certification with an
international certification authority. This is why it will be unrealistic for a local
producer to enter the international marker without state support.

Conclusion
The analysis of development patterns in consumer demand for eco-friend-
ly products has shown that primary cities of organic products consumption in
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Kazakhstan are Almaty and Astana— large urban centers. The main reasons for
this pattern are local population’s high purchasing power, high population den-
sity and quite high environmental pollution. Residents of the urban areas are
more aware of the rapidly developing segment of the food market. Of course,
the study revealed that the population of Kazakhstan — at least in part — under-
stands what an organic product is. Overall, buyers describe these products as
natural products free of chemical substances, GMO and others, and may decide
to choose such food products for themselves and their families. Thus, the esti-
mate of the consumer market’s capacity reveals the following findings:

1. Public in Kazakhstan, especially in the regions, is almost not informed
about the consumption and marketing of organic products. The public has no
idea about the points of sale, and there is no information support. It should be
noted that every year the issue of green economy development is relevant in
both the President’s Address and State Development Strategies, i.e. at the gov-
ernmental level, the efforts to inform the public about the development of the
organic products have not been delivered. Producers are unable to realize their
own marketing strategies. Farmers and small businesses do not even know how
to enter the regional, and even more so, the international market.

2. Atfirst glance, the consumer is not always able to distinguish a pseudo-label
from a real organic product, because the survey has made it clear that buyers are
not always willing to spend time on studying the label and the composition of the
product. The price, as the study has found, does not always match the quality of
the product, from the point of view of the consumer. Therefore — with regard to
eco-friendly products — the main proof remains to be the certification and labeling
of products with generally accepted marks and images confirming the quality of
the product. This is why these aspects are a kind of trigger for consumer behavior.

3. A large number of pseudo-labels and absence of uniform national certi-
fication standards mislead consumers. Kazakhstan does not have a register of
organic producers, which is actually prescribed by the Law “On the production
of organic products”. The survey showed that there is a share of consumers
who think that the “organic” label is just a sales pitch. These factors hinder the
development of the domestic market.

Organic products are mostly targeted at the premium group of people, i.e.
for these consumers pricing is not the most important in their choice. A con-
sumer who makes a purchase based on quality is less price sensitive. Hence,
both outreach policy and advertising should be structured differently. Produc-
er must establish itself in the market, i.e. the word-of-mouth effect comes into
play. People are ready to trust recommendations and references, and live ex-
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amples. Over time, high prices become a norm, but the first thing a customer
remembers is quality.

Accordingly, based on the above conclusions, the authors have made the
following recommendations. First, domestic organic producers in Kazakhstan
should boost public awareness of the benefits of eco-friendly products. The
public should distinguish between pseudo-labels and special marks (approved
at the legislative level). The public must understand the difference between a
pseudo-label and a certified product.

Secondly, there is no register of organic producers in Kazakhstan and, in es-
sence, the state does not provide adequate support to them. As the survey shows,
many respondents trust domestic producers more due to the proven benefits of
natural products. “Made in Kazakhstan” State Program is gathering pace, and
the communications and outreach policy to promote organic products must be
arranged in such a way as to allow the local public to become familiar with
domestic producers and trust them just as they would trust foreign producers.

Thirdly, the evaluation of the organic market capacity allowed the authors
to determine that the main consumers are upper income families with children.
Hence, the communications and outreach policy must emphasize the benefits of
consuming organic products on a daily basis. Family shopping is not a sponta-
neous act, so the sales points need to be conveniently located and be on everyone’s
lips. Availability of online stores and delivery channels increases the probabili-
ty of purchase. In their marketing strategies, organic producers should place the
right emphasis, accommodating the preferences of married couples with children.
Thus, we believe that these results of the sociological survey and measures will
increase the share of organic food, and can be used for further research.
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INTERDISCIPLINARY RESEARCH

DOI: 10.12731/2658-6649-2023-15-4-468-493 @ Q0)
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Hayunas crarbs

POJIb ®PUBPUHOTI'EHA B TEH3UO-

N PEOMETPUHU IIJIASMbBI U CBIBOPOTKHN KPOBU
Y HAIIMEHTOB C MIIEMHWYECKOM BOJE3HBIO
CEPAIA U ITOPA’KEHUEM KJIAITAHHOTI'O
AIIITAPATA

B.B. Ilomanos, E.B. Xomymoe, JI1.C. /[mumpues,
O.K. 3enun, H.C Munmoix, C.IO. 3aiiues

Obocnosanue. [lonumanue mexanuzmos 6a3K0CMU KPOGU ¢ MOYKU 3PEHUs ee
PUBUKO-OUOXUMUYECKUX COTICME UMeenm GadiCHOe KIuHuveckoe 3navenue. Ecnu
NOHSIMb MEeXAHU3MbL, CEA3bI6AIOUUE PUIUYECKUe NAPAMEMPbL KPOGU U ee Pu3uo-
Jlo2udecKue colcmed, MOJICHO OMKPLING NOMEHYUATLHO MOWHBLI UHCIMPYMEHMm
OUACHOCIUKY PAHHUX NPUSHAKOE MHO2UX 3A001e6AHUIL.

Lenv padomol: ycmanogumo enusnus puopuHo2ena Ha MeH3uo- u peoMempuye-
CcKUe Xapakmepucmuky niazmvl U Cbl6OPONKU KPOGU Y NAYUCHINOG ¢ UUMeMUYECKOT 00-
JIe3HBIO Cepoya U ¢ NOPAdCeHUEM MUMPATLHO20 U/UNU AOPMATLHO20 KIANAHOE cepoyd.

Mamepuanst u memoowl. IIpocnexmusHoe HepaHOOMu3UpPOBAHHOE UCCLEO08a-
nue. Heeneoosanue Ounamuyecrko2o, pagHoecHo20 NOGEPXHOCMHO20 HAMSICEHUSL U
MOOYIISL 6SI3KOYNPY20CIU NPOBOOULOC MEMOO BUCAYET KANNU € UCHOTIb306AHUCM aN-
napamuo-npoepammnozo xomniexca PAT-2P (Sinterface Technologies, I'epmanusi).
Ananuzuposanu genuuuHvl: OUHAMUYECKO20 NOGEPXHOCHIH020 Hamsicenus npu 100
cex (y), PaBHOBECHO20 NO8EPXHOCIHO20 HamsxceHus (Y ) (pems aocopoyuu 3000
cex), mooynsa eazkoynpyeocmu |E| 6 ouanazone 0,1 - 0,01 I'y u ¢hazosoeo yena (p) 6
ouanasone 0,1 - 0,01 I'y npo6 cvieopomku u niazMbL KPOGIL.

Bce uccnedyemvie ovinu pazoenenvt na 3 epynnul. I pynny konmpons (epynna
1) cocmasunu éneune 300posvie 006posonvybl (30 uenosex), He umerowue XPoHu-



Siberian Journal of Life Sciences and Agriculture, Tom 15, Ne4, 2023 469

YeCKUX 3a001e8aHUIL U AKMUBHBIX HCal00 6 sospacme om 49 do 78 nem (cpednutl
6o3pacm 61,1x1,1 200a).

Ipynna 2 - 40 nayuenmos ¢ uwemuueckoii bonesuvio cepoya (MBC) 6 sozpacme
om 49 0o 77 nem (cpeonutl 6o3pacm 62,2+1,3 200a), kKomopvim ObLIU GbINOTIHEHDL
onepayuu wiynmupylowjue onepayuu 8 00xo0 amepockIepoOmuiecKu UsMeHEHHbIX
KOPOHAPHBIX COCYO08 (0m 2 00 5 WyHMO8).

Ipynna 3 - 30 nayuenmog ¢ nopasjiceHuem MumpaibH020 u/uil a0pmaibHO20
K1ananos cepoya 6 sospacme om 52 0o 78 nem (cpednuii éozpacm 61,3+1,2 200a).
Hm 6v11u npogedenvl onepayuu no npomesuposanuio MumpaibHo2o u/uiu aop-
MAIbHO2O KAANAHO8 MEXAHUUECKUMU NPOTe3aMU.

Haubonee pacnpocmpanennbim namo@pu3uonocudeckum CUHOPOMOom y 60IbHbIX
6cnedcmeaue nopadiceHus KOpOHapHulX apmepull U K1anamos cepoya XpoHuveckas
cepoeunas Hedocmamounocms (XCH) (24-25 cmadus no knaccugpuxkayuu Bacu-
znenko-Cmpasicecko).

Pezynomamut. Coi6opomxa u niazma 6 epynne O0onbHbIX N0 XapaKmepucmuxe
y100c mexncdy cobou cmamucmuiecKu 3HAUUMO OMAUYAIOMCSL, BO3MOJICHO, 3d cHem
6K1a0a 6ETK08 caepmvlsarouleli U NPOMUBOCEEPMbIBAIOulell CUCeM 8 OUHAMUYe-
CKOe N0GepXHOCIMHOe HAMAdICeHUe NAA3Mbl NpU Kopomkux epemenax oo 100 cex.
Pocm ay100c 6 obeux epynnax 601bHbIX K 7-M CYMKAM NOCLEONEPAYUOHHO20 NePU-
00a, ceudemenvbcmsyem 00 yeeaudeHuy OUHAMULECKO20 NOBEPXHOCHO20 HAMAICE-
HUSL CbIBOPOMKIU, NO CPABHEHUIO ¢ nAasmoll. [Inasma 60nvHbIX 6 hepuonepayuoHHoOM
nepuooe no coUM NOBEPXHOCIHO-PAGHOBECHBIM CEOUCNEAM He OMAUYACTNCS OM
KoHmpoavHoil epynnsl. CoomeemcmeeHHo genuuunbl ayooc ¢ epynnax 1 u 2 kax 00
onepayuu, max u Ha 1-e u 7-e Cymxu nocieonepayuonio2o nepuood nPaKmuiecku
00UHAKOBYL, YMO YKA3LIBAEN HA OMCYMCMEUE PA3TUYUL 68 KOTUYECmEe NOBEPXHOCHI-
HO-AKIMUBHBIX GeeCTE, CIMPEMAUXCA A0COPOUPOBATNCA HA NOBEPXHOCTIU KANU.
Hzmenenus modyns esasxkoynpyeocmu |E| u pazosoco yena (p) npu wacmomax 0,1 u
0,01 I'y 6 nepuonepayuonnom nepuooe ykazvl6aiom Ha UsMeHeHue KaueCmeeHHbIX
U KOIUHECTNBEHHBIX XAPAKMEPUCIUK YUPKYAUPYIOujetl Kpogu ¢ OMKIOHEHUeM Om
UHOUBUOYATLHBIX XAPAKMEPUCUK 2OMEOCIA3d, YMOo & C80I0 04epedb NPUBOOUN K
VBenuueHuI0 N0OGePXHOCMHOU YIPY20CmU 8 KOMOUHAYUU C NPAKMUYECKU He usme-
HEeHHOU N0BEPXHOCIHOUL 6A3KOCBIO.

3axnwouenue. [lokazamenu OUHAMULECKO20 U PABHOBECHO20 NOBEPXHOCHOO
HamsdceHUs 8 naasme OONbHBIX, OMAULAIOMCS OM MAKOBbIX 6 CblGOPOMIKE U3-30
Hanuuus uopuHozena.

Kniouesvie cnosa: pudbpunozen; mensuo-u peomempus cbleOpOMKY U NiA3mbl
Kpogu; umemudeckdas 6one3nb cepoya,; nopadcenue MUumpanibHo20 K1anana,; nopa-
JiceHie aopmanbHo20 KIAnamd.
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Original article

THE ROLE OF FIBRINOGEN
IN SERUM AND PLASMA BLOOD TENSIO-
AND RIOMETRY IN CORONARY HEART DISEASE
AND VALVE LESIONS PATIENTS

V.V. Potapov, E.V. Khomutov, L.S. Dmitriev,
O.K. Zenin, 1.S. Miltykh, S.Yu. Zaitsev

Background. Insight into blood viscosity in terms of its physical and biochem-
ical properties carries significant clinical value. By understanding the relationship
between the physical properties of blood and physiology, a potentially powerful tool
for diagnosing early signs of many diseases can be discovered.

Purpose. To identify the effect of fibrinogen on tensio- and rheometric charac-
teristics of blood plasma and serum in patients with coronary heart disease and
with mitral and/or aortic valve disease.

Materials and methods. Prospective non-randomized study. The study of dy-
namic, equilibrium surface tension and viscoelastic modulus was performed by the
pendant drop method using a PAT-1 device (Sinterface Technologies, Germany). We
measured parameters characterizing the surface tension and dilatation rheology of
blood serum such as: dynamic surface tension at an adsorption time of 100 s (),
equilibrium surface tension (y ©) (adsorption time 2500 s), viscoelastic modulus
|E|, and phase angle (p) at frequencies of 0.1 and 0.01 Hz.

All patients under study were divided into 3 groups. The healthy volunteers (30
subjects) without chronic diseases and active complaints aged 49 to 78 years (mean
age, 61.1%x1.1 years) comprised the comparison group (group 1).

Group 2 - 40 patients with coronary heart disease (CHD) aged 49 to 77 years
(mean age 62.2+1.3 years) who underwent bypass surgery to treat atherosclerotic
coronary vessels (2 to 5 bypasses).
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Group 3 - 30 patients with cardiac mitral and/or aortic valve lesions aged 52
to 78 years (mean age 61.3+1.2 years). They underwent mitral and/or aortic valve
replacement with mechanical prostheses.

The most common pathophysiological syndrome in patients due to coronary ar-
tery or heart valve lesions was chronic heart failure (CHF) (stage 2A-2B according
to Vasilenko-Strazhesko classification).

Results. Characteristic y100s of blood serum and plasma had significant differ-
ence in both patients’ groups, possibly due to the role of coagulation and anti-co-
agulation system proteins’ role in dynamic surface tension of plasma in a shorter
timeframe (up to 100 s.). The increase in Ay100s in both patients’ groups by day
7 of the postoperative period indicates an increasing dynamic surface tension of
serum compared to plasma. Plasma of perioperative patients does not differ from the
comparison group by its surface-equilibrium properties. Accordingly, the Ayos val-
ues in groups 1 and 2 both before surgery and on days 1 and 7 of the postoperative
period are almost identical, pointing to no difference in the amount of surfactants
tending to adsorb on the droplet surface. Alterations of viscoelastic modulus |E| and
phase angle (p) at 0.1 and 0.01 Hz in the perioperative period indicate changes in
qualitative and quantitative characteristics of circulating blood with variation in
individual homeostasis characteristics, resulting in an increase in surface elasticity
combined with an almost unchanged surface viscosity.

Conclusion. Dynamic and equilibrium surface tension parameters in patients’
plasma differ from those in serum due to the presence of fibrinogen and other pro-
teins of the blood coagulation system.

Keywords: fibrinogen; tensio- and rheometry of serum and plasma; coronary
heart disease; mitral valve defect; aortic valve defect

For citation. Potapov V.V., Khomutov E.V., Dmitriev L.S., Zenin O.K., Miltykh
LS., Zaitsev S.Yu. The Role of Fibrinogen in Serum and Plasma Blood Tesio-
and Riometry in Coronary Heart Disease and Valve Lesions Patients. Siberian
Journal of Life Sciences and Agriculture, 2023, vol. 15, no. 4, pp. 468-493. DOI:
10.12731/2658-6649-2023-15-4-468-493

[TornMaHMe MEXaHU3MOB BS3KOCTH KPOBH C TOYKH 3PCHHS €€ (PH3UKO-010-
XHMHYECKUX CBOMCTB MMEET BaXKHOE KIIMHUYECKOE 3HaUCHUE. B yacTHOCTH,
C M3MCHCHHEM BSI3KOCTH KPOBH CBSI3aHBI Pa3IMYHbIC 3a00JICBaHUS, TAKUE
Kak runepToHus u nuadet [3, 5]. Eciu moHATE MeXaHU3MBI, CBSI3BIBAIOIINC
(u3uYecKkue mapamMeTpsl KPOBH M €€ (PU3UOJIOTHUYCCKUE CBOMCTBA, MOXKHO
OTKPBITh MOTEHIIMATLHO MOIIIHBIN HHCTPYMEHT AUATHOCTUKY PAaHHUX MPU3HA-
KOB MHOTHX 3aboneBanuii. Kpome Toro, 6maromaps MOHUMaHHUIO MTOBEICHUS
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KPOBH MOXKHO IOJIyYUTh MPEJCTABICHUE O TOM, KaK BO3HHKAIOT OCIIOXKHE-
HHUS KPOBOTOKA, TaKue Kak oOpa3oBanue TpoMOOB. V3mepenne pusmaeckux
CBOMCTB KPOBH M KOCBEHHBIC BBIBOJIBI O 3JI0POBBE YeTIOBEKa O0Jiee BHITOTHEE
CTaHJAPTHBIX METOMIOB, TAKUX KaK JIA0OPATOPHOE TECTUPOBAHUE, HE TOJIBKO
13-32 BO3MOKHOCTH OOHApYKCHHS] paHHUX MPEIYNPEKIAIONINX TPU3HAKOB
3a00yieBaHUH, HO U M3-32 BO3MOKHOCTH OBICTPOTO IONYYCHHS PE3yIETATOB
[7,9, 14, 16].

B JOMOJHECHUEC K MMOTCHIUATY 06Hapy>1<eH1/151 " yaydlieHUus JICUCHUA 3a-
0oyeBaHMiA, MOHUMAaHNE TEMOPEOIIOTHH U TEMOINHAMUKA UMEET pelIaromiee
3HAYCHHE JJI1 TOYHOTO MOJACITUPOBAHUS MTOTOKA Yepe3 CUCTEMY KPOBOOOpa-
meHusi. HecMoTpst Ha MHOTOUMCIICHHBIE HE/IaBHUE HCCIIEA0BAHNUS, PEATH3YIO-
e TaKO€ MOJEINPOBAaHNE, B OOIBIINHCTBE CYIIECTBYIOIINX UCCIEJOBAHUN
HCIIONB3YETCS Ype3MEPHO YIIPOIICHHBIH MTOIXO0, KOTa BI3KOCTh KPOBH H €€
KOMITOHCHTOB (TIa3MbI U CBIBOPOTKH ) PacCMaTPHUBACTCS KaK MMOCTOSTHHAS BE-
JIMYMHa, UMCIolIas CTalMOHAPHBIC CBOMCTBA IIOTOKA IIPpU HU3KUX CKOPOCTAX
casura [6, 8, 13, 15].

[IpuHIMIIHATHHBINA BBIBOJ, CACTAHHBIN W3 HAONIONCHHUN 3aBUCSIICTO OT
BPEMEHH M KOHIIEHTPAIMK Pa3HOOOpa3HOro Habopa OCsIKOB, OT aab0yMUHA 110
(ubpuHOTEHA, 3aKITI0YACTCSA B TOM, YTO MACIITAOMPOBAaHUE KOHIICHTPAIIUH CY-
IIECTBEHHO M3MEHSET XapakTep OSTKOBOM MeK(a3HOW aKTHBHOCTH. benkn ka-
JKYTCsl OOJIee MOXOKUMHE, HECMOTPS Ha OTIIMYHS 110 Macce/00beMy, Tora Kak
MacIITadupOBaHUE MOJIIPHOCTH BBISIBIISIET YIOPSAAOUCHHE MO «IpaBmiy Tpa-
y0e» 1o MOJIEKYISIPHOM Macce, penoiaras, 9To aacopOys B 3HAYUTEITHHOM
CTCIICHU OIPEJCIIIeTCs KOHIIGHTPAUEeH pacTBOpa, a He pa3HOOOpa3ueM am-
¢unpHOCTH OenKkoB. MacitabupoBaHHue 10 YPOBHSI (PM3HOJIOTHYECKOM KOH-
LIEHTPAIIH TTOKa3bIBACT, 9YTO HEKOTOPHIC OETKU MPOSIBISIOT BECh BO3MOKHBIN
JMara3oH MexX(a3HOH aKTHBHOCTH MPH (PH3HOIOTUIECKUX KOHIICHTPALUIX U
3HAYUTEIILHO HUXKE UX, B TO BPEMs KaK JPyTUe MPOSBIISIOT JIHIIb CIa0yko Mo-
BEPXHOCTHYIO aKTUBHOCTH B 9TOM JiMala3oHe, TpeOys 3HaYMTeNbHO Oojiee BbI-
COKOHM KOHLIEHTpALMU pacTBOpa. BaxxHbIMU cpeny 3TOH MociaeIHeN KaTeropuu
OCIIKOB SIBJISIFOTCST OCIIKU CBEPTHIBAIOIICH CUCTEMBI KPOBH, B YACTHOCTH - (PH-
OpPHHOTEH, KOTOpBIE, COIIACHO KIIACCUUECKOMY OMOXUMHYECKOMY MEXaHU3MY
CBEPTHIBAHUS TIA3MBI, 001a1af0T BEICOKOH TOBEPXHOCTHOM aKTUBHOCTBIO TakKe
B IIPHUCYTCTBUH MIPEOOITATAOIINX KOHIICHTPAIIMHA APYTHX KOMIIOHEHTOB KPOBU
[4, 10, 17, 20].

Bruto nokazaHo, 9TO MOBBIIICHHAS KOHIIEHTpAIUs (GrOpruHOTeHa, KOTOPHIi
SIBIISICTCS BEIIICCTBOM, BEI3BIBAIOIINM YBETIHUCHHE BI3KOCTH IITa3MBI, TPOCIICK-
THUBHO KOPPEJIUPYET C PUCKOM CEPhE3HBIX CEPIICUHO-COCYANCTHIX COOBITHH. Y
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MAIMEHTOB C MHOTOCOCYIMCTON HIIEMHYCCKON 00JIe3HbIO cep/ia u pedpak-
TEPHOH K JICYCHUIO CTEHOKapANEH sIBHO MOBBIIIEHBI TTOKa3aTenn GuOpuHOTeHa
[2, 12, 19]. [Ipu HapyIICHUH COOTHOIICHUS MEKIY KOHIICHTpanuei ans0yMu-
Ha M KPYIHOMOJICKYJISIDHBIMU OenkaMu ((pMOPHMHOTEHOM U MPOAYKTaMHU €ro
JIeTpa/Ialliy) B CTOPOHY CHIIKEHUS MOCIICIHUX OCIa0sIeTCsl CyCIIeH3MOHHAs
cTaOMIBHOCTH KpoBH. [7, 9, 14, 16].

Leab padoThI yCTAaHOBUTH BIUSHUS (MOPHUHOTEHA HAa TEH3UO- U PEOMETPH-
YEeCKHE XapaKTEPUCTUKH IJ1a3Mbl U CBIBOPOTKH KPOBH Y MAIIMEHTOB C HIIIEMH-
yeckoi 00JIE3HBIO Cep/ilia U C MOPAKEHUEM MUTPAIBHOTO W/MIIN a0pTaIbHOTO
KJIAIlaHOB Cepla.

Marepuajibl 1 MeTOAbI

HccnenoBanne npoBOAMIOCH Ha 0a3e OTAENEHHs KapAnOo- U PEHTTCHIHII0-
BaCKyJISIPHOM XMPYPIHHU U OTJEICHUS HEOTIOKHOM Kapanoioruu J{oHenkoro
KJIMHUYECKOTO TePPUTOPHATIBLHOTO MenuiHckoro oobseauaenus (JJOKTMO)
B niepuog 2018-2022 rT. ABTOPEI 3asBISIOT, YTO HCCIEIOBAHIE COOTBETCTBYET
TIOJIO’KEHMSIM X eJIbCHHKCKOH JIeKIapaiii KOMUCCHH 110 6nosThke. Komurer
o 6uostrke pu ['O0 BI1O «JloHeKui HAlMOHATBHBIH MEUIIMHCKUN YHH-
BepcuteT uMeHu M. Topekoro» (I'OO BIIO JOHHMY um. M.I'OPBKOI'O)
(mpotokon Ne20/5-1 ot 11.04.2019 1) omoOpw rccnenoBaHus, OBLIO TOTyYEHO
MH)OPMHUPOBAHHOE COINIaCHE CyOBEKTOB (MM UX ONEKYHOB).

Husaiin uccnedosanus 6uL1 pearu3o6an 6 uemvipe dmand.

1. @opmuposarue epynn 0 uccie008aHus.

Bcero 0bm10 nccnenoBano 100 cyObeKTOB KEHCKOTO M MYXKCKOT'O TI0JIa, B
Bo3pacTe oT 48 1o 77 net. Bee uccnenyemslie 6bU1H paszaeneHsl Ha 3 TPYTIIbL.

I'pynmy koHTpOIIS (Tpymma 1) cocTaBuiIM BHENTHE 3A0POBBIC T00POBOIIBITHI
(30 yemoBek), He UMEIOIINE XPOHUYECKUX 3a00JICBaHNH 1 aKTUBHBIX JKaI00 B
Bo3pacte oT 49 1o 78 ner (cpeauuii Bo3pact 61,1+1,1 roxa).

I'pymnma 2 - 40 manuenToB ¢ uemudeckoi 6onesnpio cepana (MbC) B Bo3-
pacte ot 49 no 77 net (cpemHuit Bozpact 62,2+1,3 roma), KOTOPEIM OBLITH BHI-
TIOJTHEHBI Olepalny IIYHTHPYIOLIME ONepauy B 00X0/] aTepOCKICPOTHIECKH
U3MEHEHHBIX KOPOHAPHBIX COCYNOB(OT 2 10 5 LIYHTOB).

I'pynma 3 - 30 marueHToB ¢ MOpaXeHNEM MUTPAIHLHOTO H/WIH A0PTaIBHO-
TO KJIAaIaHOB CepJla B Bo3pacte oT 52 mo 78 net (cpemHuii Bo3pact 61,3+1,2
roga). M ObUTH MPOBEICHBI ONEPALUH 110 TPOTE3UPOBAHHIO MUTPAIILHOTO W/
WM a0pPTaJIbHOTO KJIAITAHOB MEXaHUUYECKHUMH TTPOTE3aMHU.

Haubosee pacmnpocTpaHeHHBIM NaTO(PHU3HOIOTMYECKUM CHHAPOMOM Y
OOJTBHBIX BCIIC/ICTBHE TIOPAKEHHSI KOPOHAPHBIX apTepUil MIIN KJIAITaHOB Cep/i-
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1a xpoHudeckas cepaeunas HepoctarouHocTts (XCH) (2A-2b craaus mo kiac-
cudukannu Bacunenko-CTpakecko).

Bospact n monoBoii coctas 100pOBOJIBIEB | TPYNIIBI CTATUCTUYECKH 3HA-
YMMO HE OTJIMYAJICS OT BO3pacTa MalMeHTOB BO 2 U 3 rpymIie.

2. 3abop mamepuana 0 ucciedo8aHus.

KpoBs y mammenToB 2 u 3 rpynm Habupanu 3a 1 9ac 10 omepaTHBHOTO
BMEIIATENILCTBA, Yepe3 16-18 mocie onepanuy 1 paHHEM IIOCIICOIICPAIIMOH-
HOM Tiepuoze - 168 yacoB mocie omnepaiuu. [Tocie 3a6opa, BakyTallHEpHI ¢
1po0amMu KpOBU B TPAHCIIOPTHPOBOYHOM KOHTEHHEPE IOCTaBIISUIM Ha aHAJIN3
B J1abOpaTopurio.

Jnst Habopa 1 T0CTaBKM KOMITOHEHTOB KPOBH MCIIOJIb30BAJIM BaKyTaliHEPHI
¢bupmsr (Sarstedt AG & Co. Vacutest Kima, Kurait) o6semom 4,0Mi1 (¢ Haribi-
JICHHBIM JIMOKCHUIOM KPEMHHUS) IJIS TIOJyYESHUSI CHIBOPOTKH KPOBU | 4,5 MII
¢ 3,8% pacTBOpOM arerara HaTpus (COOTHOILICHHE KPOBH W alleTara HaTpus
COOTBETCTBEHHO 9:1) 11 u3y4yeHus 1mia3Mbl. CBIBOPOTKY U IJIa3My IIEHTPH-
¢yruposanm npu ckopoctu 1000 06/mMuH 1 3000 06/MHH COOTBETCTBEHHO, Ha
npoTsokeHun 10 MuH.

3. Hccnedosanue husuko-xuMuiecKux ceoticms noiy4eHHo20 buomamepuana.

HccnenoBanne MOBEPXHOCTHOTO HATSKEHMS U JMIIATAI[HOHHOHN BSI3KOY-
MIPYTOCTH C MCMOIB30BAHUEM METO/A aHAIM3a (POPMBI KATUTH OBUIN BBITIOJIHE-
HBI C HCHONB30BaHUeM nporpammuoro tensuomerpa PAT-2P (SINTERFACE
Technologies, bepnun, ['epmanust) Ha 6a3e LleHTpanbHOl Hay4HO-HCCIIE0BA-
Tenbpckoit maboparopun (IIHWJII). ITonHoe ommcanne METOIMKH HU3JI0KECHO B
ctarbe [18]. AHanmu3MpoBanM BEJIMYMHBI: JUHAMUYECKOIO MOBEPXHOCTHOTO
HarsoxeHus (JITH) — vy, npu 100 cex, paBHOBECHOTO TOBEPXHOCTHOTO HATsXKe-
uus (PIIH) - v oo (Bpems ancopoumu 3000 cek), moxyns Baskoynpyroct |E| B
muarnazone 0,1 - 0,01 I'm u daszosoro yra (¢) B quamazone 0,1 - 0,01 I'n mpo6
CBIBOPOTKH H IUIa3Mbl KPOBH.

Conepxanne ¢pubpruHoreHa (/1) B mpodax ChIBOPOTKH U IJIa3Mbl KPOBH
OTIPEZIEISUTH KJIIOTHHTOBBIMH METO/IaMH Ha ONTHYECKOM MOIyaBTOMATH3HPO-
BanHOM koaryiomerpe K-3003 OPTIC (¢. «Elza-bis-Kselmed» [Tonpmma) [20].

Jnst monnmanust paznuuust Audy3nu, IpoLeccoB aacopOLny W/uiu ae-
copOunu, KOTOpBIE 3aBUCUMBI OT IPUCYTCTBHS (PMOPHUHOTEHA B TNIa3Me KPOBH,
BBIYHMCISUTM MaTeMaTH4eCcKol pa3inuue - curma (o) (6 = mia3mMa MAHYC ChIBO-
pPOTKa) IO KaXI0MY M3 U3ydaeMbIX Moka3arenelt (mpunoxenue 1,2).

4. Cmamucmuueckas obpabomxa NOIY4eHHbIX Pe3yIbmamos.

Paznuumst Mexy TpynmaMy CYMTAIM CTaTUCTUYECKH 3HAYUMBIMH HPU
p<0,05. HopmManbHOCTb JJaHHBIX MPOBEPSIIN C MOMOIIBI0 TecToB [’ ArocTu-
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Ho-ITupcona. Paznuuust Mexay napaMeTpudecKIMU JaHHBIMU aHAIN3HPOBAIN
C MICTIOJIb30BaHUEM HenapHoro /-kputepus CTbiofieHTa Wi 1-CTOpOHHETo Juc-
niepcronHoro anamza (ANOVA). [Tapamerprudeckie JaHHbIE IPEACTaBICHBI B
BHUJIE CPEIHET0 + CTaHJapTHOTIO OTKJIIOHEHHSI, CTAHAAPTHOM ONINOKH CPEHEro,
MeJIMaHbl 1 MUHUMYM/MaKCUMyM. AHaJIM3 ITPOBOJIUIIU C HCIOJIB30BAHHEM JTH-
[IEH3MOHHOTO TTaKeTa MPHUKJIAAHEIX cTaTrucTiaeckux mporpamm: STATISTICA
5.12, Microsoft EXCEL 6.0 [1].

Pe3yabTaThl Hcc/Ie10BAHMSA

Onucanue U3MEHEHUH TEH3MOMETPUUECKUX MTOKa3aTeeH M1a3Mbl U ChIBO-
POTKH KPOBHU OOJIBHBIX U KOHTPOJIHHOMN TPYIIITBI

[To pe3ynbTaram aHaIN3a 3HAUCHHS H3Y9aeMBIX TEH3NOMETPUIECKIX MTOKa-
3areneit (Tabnuima 1) B mia3mMe U CHIBOPOTKE KOHTPOJIBHOW TPYIITBI CTATUCTH-
YECKU 3HAYMMO PA3JINYaIOTCs APYT OT Apyra.

W3 Tabnuiibl 2 cieayerT, 4To MoKa3aTean JTUHAMHUYEeCKOTO TTOBEPXHOCTHOTO
HaTsDKEHNS (Y, ) MBMEHSIOTCS B TEYEHUE CYTOK TOCTIE OTIEPAIMH HA BETUYHUHY
(Gymoc) - OHa HE SIBJSIETCS MOCTOSIHHOM U U3MEHSIETCSl Ha MPOTSHKEHUN BCEro
paHHEero nocjieonepanuoHHoro nepruojaa. B rpymnme 2 u 3 O 100c B 2 pasa BBbIIIIE,
YeM B KOHTPOJIBHOM. [IpH 3TOM B mocieonepannoHHOM IEePHO/Ie HaOIIoaaeTces
pocT G\ 110 12 MH/Mm

Tabnuya 1.
AHAJIN3 TEH3UOMETPUYECKHX MOKAa3aTeeill MIa3Mbl U CHIBOPOTKH KPOBH
B KOHTPOJbHOii rpynne (Mean+SD; Sem.; Med.; (Min-Max))

KonTponn
I
apaMeTp iazma CLIBOpOTKa p
57,3442 50,0+2,2
Sem=0,8 Sem=0,6
V100> MH/M Me=58,7 Me=51,0 0,007
(46,7-61,9) (46,5-52.9)
43,5£1,5 45,5+1,3
Sem=0,2 Sem=0, 1
Vo MH/M Me=44.0 Me=45.6 0,036
(40,1-45.2) (44,0-48,1)

[TonoOHOe HabMOgaeTCs ¥ MPK CPaBHEHUH TTOKa3aTeIeld paBHOBECHOTO I10-
BEPXHOCTHOTO HATsDKEHNS (Y ) B IJIa3Me U CHIBOPOTKE: BEJIMYMHA G, B TPYIIIIE
o0c: Yyooc
2 u 3 B 2 pasa BeIe, yeM B 1. OTpunaTenbHOe 3HAYCHNE .~ 2 mH/m napa-
JOKCAJIbHO JUISI TEMOPEOJIOTMIECKOT0 MOBEAEHN KpoBH. Taxske B mocneonepa-
LMOHHOM TIepHo/ie HaOJIIoIaeTCst poCT o, H05 MH/M (Tabmuma 3).
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Tabnuya 2.
Anaju3 napamerpa vy, MH/M B I1a3me 1 CbIBOPOTKe KPOBH Y GOJILHBIX 2 U 3
rpynmnbl B panHeM nepuoje nocie onepauuu (Mean+SD; Sem.; Med.; (Min-Max))

[Tapametp 2 rpynna 3 rpynna

55,8+3,3 56,5+3,0

Y1000 MH/M, Sem=0,6 Sem=0,7
1a3Ma 70 Onepanuu Med=57,1 Med=57,8
(47,5-60,0) (49,8-59,9)

43,94+1,2% 44,0+1,4%*

Y 1000 MH/Mm, Sem=0,2 Sem=0,3
CBIBOPOTKA JI0 OTIepaIiN Med=44,0 Med=43,9
(38,0-45,2) (40,6-47-2)

55,3+£2,8 56,2+1,9

Y000 MH/M, Sem=0,5 Sem=0,4
miasMa 1-e cyTKH 1/0 Med=56,2 Med=56,8
(47,0-60,0) (52,2-58,5)

44,34+0,6* 44,5+1 4%

Y1000 MH/M, Sem=0,1 Sem=0,3
CBIBOpOTKA 1-€ CyTKH 11/0 Med=44,4 Med=44,3
(43,2-45,6) (40,6-47,7)

56,8+3,1 58,0+1,5

Y1000 MH/m, Sem=0,6 Sem=0,3
1a3Ma 7-e CyTKH /0 Med=58,3 Med=58,3
(48,2-60,3) (55,0-60,0)

44,54+1,3* 44.342,1%

Y 100s MH/M, Sem=0,2 Sem=0,4
CBIBOPOTKA 7-€ CYTKH 11/0 Med=44,5 Med=44,4
(41,3-49,9) (39,1-48,0)

Ipumeuanue. 1. *— craTucTuyeckas 3HAYNMOCTD PA3NNIUH MEK/TY ITa3MOH U CHI-
BOPOTKOI1 Ha ypoBHe, p<0,05.

ITokazaTens AMHAMHYECKOIO MOBEPXHOCTHOIO HATSKEHUS CHIBOPOTKU
Y100 B TPYTIIIaX GONBHBIX JTOCTOBEPHO HMIKE YPOBHs B KOHTPOJLHOU IpyTI-
re. MeXTrpyHmoBbIX CTATUCTHYECKH 3HAYMMBIX PA3IMYNN 110 3TOMY IOKa-
3aTello HeT.

YV G0JBHBIX 10 ONEpalyy Ma3Ma o0 CBOMM MOBEPXHOCTHBIM CBOHCTBAM
HE OTIIMYAETCsl OT KOHTPOJIbHOH rpymiel. Kak oka3anocsk, CBIBOPOTKA U ILIa3-
Ma B 3TOH Tpy1Iie OOIBHBIX OBIIIM HICHTUYHBI 3 CUET yJacTHs B 9TOM OCJIKOB,
KOTOPBIE BXOASAT B COCTAB CBEPTHIBAIOIIEH CUCTEMbI KPOBU U TUIIOTETUYECKU
HU3MCHAIOT B IJIa3M€ KPOBU JUHAMHUYECCKOC MMOBEPXHOCTHOC HATAXKCHUC HA
KOpOTKOM y4acTke Ter3uorpaMmsl (100cek). benku cucteMsr moanep kanus
arperaTHOro COCTOSIHUSI KPOBU «IIPUKPHIBAKOTY PA3JIUYUS B Y, B CPaBHE-
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HUH OOJIBHEIX CO 370POBBIMH. IIOBBIIICHNE TIOKA3aTeNs G|\ Y NALHCHTOB
2 u 3 rpynnsl K 7-M CyTKaM IIOCJIEOTIEPAMOHHOTO MEPHOa, MOATBEPKAA-
eT yBEIMYCHHE TUHAMUYIECKOTO MOBEPXHOCTHOTO HATSKEHHS CHIBOPOTKH, B
CPaBHEHMHU C Tu1a3Moid. JIabopaTopHbIe OMBITH TOKA3aJIH, YTO YPOBHU HU3KUX
TIOKA3aTeNeH G | COXPAHSINCE 10 7-X CYTOK IOCICONEPAHOHHOTO IIEPHO-
J1a, YTO TOBOPUT HAM O YBEIWYCHHH MPOIECCOB aacopOnnu u/min aecopo-
nuu [TAB Ha rpaHHYHON MOBEPXHOCTH MEXY IBYMsI KOHTAKTUPYIOIUMU
KUJAKUMU (pa3aMu.

Tabnuya 3.
Ananus napamerpa nokasaresisi Y, MH/M B ni1a3me u CbIBOPOTKE KPOBH Y G0JILHbBIX
2 u 3 rpynnsl B paHHeM nepuozie nocJie onepauuu (Mean+SD; Sem.; Med.; (Min-Max))

[Tapamerp 2 rpynna 3 rpynna
44,653 45,740,6
Y. MH/M, Sem=0,9 Sem=0,1
1a3Ma JIo ofepanuu Me=45.6 Me=45.8
(16,5-48,0) (44.7-47.4)
A 40,042,3* 39,8425+
Ve, ’ Sem=0,4 Sem=0,5
CRIBOPOTKA Me=39,5 Me=38,9
/10 onepatn (33,5-42,7) (36,0-43,7)
- 45,4+0,6 45,5404
ﬁhama ’ Sem=0,1 Sem=0,1
1-e cyri wo Me=45.4 Me=45,5
(44,1-46,9) (44,7-46.3)
H 41,440,8% 40,042,5%
Ve, ’ Sem=0,4 Sem=0,5
ChIBOpOTIa Me=41,7 Me=40,0
I-e cymu /o (40,5-42.2) (35.2-44,0)
Y 45,4+0,9 45,9+0,8
OrOICan3Ma ’ Sem=0,2 Sem=0,2
7-¢ cyTn /o Me=45.4 Me=45.8
(42,0-46,5) (44,7-47,8)
w 40,042,5% 39,842, 7%
Ve, MT/M, Sem=0,4 Sem=0,5
ChIBOPOTA Me=39,2 Me=39,9
7-¢ ey /o (34,2-42,9) (35,0-44,2)

IMpumeuanue. 1. *— craTucTryeckas 3HAYUMOCTD PA3TMINI MEXKIY TJIa3MOH U ChI-
BOpPOTKOi Ha yposHe, p<0,05.

[TapameTp paBHOBECHOTO TIOBEPXHOCTHOTO HATSKEHHS CBIBOPOTKHM Y, B
rpynnax 2 u 3 70CTOBEpHO HIDKE, yeM B 1. Mexay rpynnaMu OONBHBIX CTa-
TUCTHYECKH 3HAUYUMBIX Pa3lIM4Hil 1Mo 3ToMy mokasaremo HeT. [lnasma 2 u 3
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IPYIIIBI 10 CBOMM IOBEPXHOCTHBIM CBOMCTBAaM CTAQTHCTHYECKH 3HAUUMO HE
OTJIMYAETCS OT | TPyMIIbL.

M3menenue o, B Tpymax 2 u 3 Kak /10 omnepaluu, Tak 1 Ha 1-e u 7-e cyT-
KH TIOCJICOIEPallMOHHOTO TIepHo/ia PAaKTHYEeCKN OJMHAaKoBEL. Ha 310 ykasbl-
BACT OTCYTCTBUE PA3IMYMi B KOJINYECTBE MOBEPXHOCTHO-aKTHBHBIX BEIIECTB
(ITAB), cTpemsiuxcs ancopOUpOBaTHCS Ha TIOBEPXHOCTH Karuth (Tabmuia 3).
Ilpu cpaBHEHMH aHANIM3UPYEMOTO IAPAMETPA G, BEIBIICHO, YTO BO 2 1 3 IpyI-
Te I1a3mMa uMeeT TMoBbIIeHHOE (B cpeiHeM Ha 5 MH/M) paBHOBecHOE TTOBEpX-
HOCTHOE HaTSDKCHUE, B CPABHEHUH C CBIBOPOTKOM.

OOBbsICHSIA N3HAYAIBHO BEICOKYIO KOHLICHTPALMIO B KDOBU MapKepa CUCTEM-
HOTO BOCHAJIUTEIBHOTO OTBeTa — prbpuHoreHa Bo 2 u 3 rpymre (4,2+0,2 /71,
Me=4,1 (2,8-6,2)), o cpaBaenuto ¢ 1 rpymmoii (1,9+0,2 Me=2,0 (1,7-2,6)),
MOYXHO TIOJIaraTh, YTO, HECOMHEHHO, (PHOpHHOTEeH OokupyeT ancopommto [TAB
MEXIY IBYMsI KOHTAKTHPYIOIIMMH KUAKAMH (hazamH.

BeposiTHO, BK1aj] OSITKOB KOAryJIsIlIMK B arperarHoe COCTOSIHUE KPOBH Be-
comee Tipu OoJee MPOIOIDKUTENBHBIX BpeMmeHax (1o 3000 u Oomee cex). I1o
CBSI3aHO C TEM, 4YTO OoJiee «TspKeask» MojeKyna (puOpruHOHA (MOJIEKYIsIpHAs
Macca okos10 350 000 [1a) TpeOyet Oosiee MPOoIoIKUTEIIEHOTO BPEMEHH TS a1
copOLMH Ha TOBEPXHOCTH KaIUTH W3-32 M3MEHEHHs KOH(OPMAIMOHHBIX CBOHCTB
camoit MoJekyIbl pudpuHoreHa. PudpHHOTEH 00MamaeT 6onee caadbIMU IMO-
BEPXHOCTHO-aKTUBHBIMH CBSI35IMH, YeM aJIbOyMHH. DTO O3HAYaeT 4TO OH HMe-
eT MeHblIMi Kodddurment quddysuu. B mnazme mensine [TAB, notomy uto
OeNKM CBEPTHIBAIOLICH CHCTEMBI KPOBH MPEMSATCTBYIOT W/ 3aMEIIISIOT ajl-
cop6umio I[TAB Ha moBepXxHOCTH pa3jena KHIKUX (as.

Ananus usmenenuti peomempuieckux noxasameneu niasmbl U Cbl6OPOMKU
KpOSU NayueHmos u KOHMpOabHOU epyninbl

Belmie paccMOTpeHHBIE 3aKOHOMEPHOCTH YMEHBIIIEHUSI TOBEPXHOCTHOTO
HaTSDKCHMS TUTa3Mbl U CBIBOPOTKH BO 2 M 3 TpyMIe AOMONHAIOTCSA JaHHBIMU
Bs3koynpyrocth |E| n ¢azoBoro yrma (@) mpu gacrorax 0,1 u 0,01 'ty (Tabmu-
el 5, 6, 7 u 8).

Bsizkoynpyruit Mmonyib |E| onuceiBaeT qunaraiiioHHbIe CBOMCTBA Mex(az-
HBIX CJIO€B. JlunarannoHHas ynpyrocTb — 3TO HAKOTUIEHUE DHEPTHH, a TUIa-
TallMOHHAS BSI3KOCTh — IOTEPH DHEPTUU MPH pelaKcaly B TOBEPXHOCTHOM
cioe. B 9TOM citydae oHM CBsI3aHBI C MPOIECCaMU aJICOPOLIUK HWIIN JIecopO-
uuu [TAB B TIOBEpXHOCTHOM CJIO€ TPU HAJIOKEHUHU Je(hOpMaLUU pacTsKe-
Hue-cxarue. [Ipn pacTsHkeHNH Karuld yBEIMYMBAETCS TUIOMIA b MeK(pazHON
MIOBEPXHOCTH, 4acTh MoJeKyn [TAB u3 npumnoBepxXHOCTHOTO €05 BEIXOAUT HA
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MTOBEPXHOCTb, IPOUCXOAUTD aacopOuus. [Ipu cokaTum Karim 4acTb MOJIEKYII
ITAB nokunnaer mexda3Hyl0 HOBEPXHOCTh, IEPECTPANBAACH B MPHUIIOBEPX-
HOCTHBIN €10 — gecopOums. JAunaranuoHHas yIpyrocTh U JWIaTallnoOHHAS
BSI3KOCTH OTPAXKArOT CTENEHb YIOPS0YEHHOCTH U 3all0JHEHHOCTH TOBEPX-
HOCTHOTO CJIOf, TO €CTh CIIOCOOHOCTH K B3aMMOACHCTBUAM MEXIy MOJEKY-
namu [TAB.

W3 naHHbIX TabNUIBI 4 3aMETHO, YTO PEOMETPUYECKHE ITOKa3aTeN ! B IU1a3Me
Y CBIBOPOTKE | TpyMITbl CTATHCTHUECKH 3HAYMMO paziauyarorcs (kpome ¢azo-
Boro yrna mipu 0,117m).

Tabruya 4.
AHaJIN3 peoMeTPHYECKHUX MoKa3aTes el MJIa3Mbl U CHIBOPOTKH KPOBH
B 1 rpynne (Mean£SD; Sem.; Med.; (Min-Max))

Mapaverp Konrtpomnb .
miasMa CBIBOPOTKA
42,7443 29,5+3,0
Sem=0,4 Sem=0,5
[E| (0,1 I'y) MH/m Me=40.9 Me=30.3 0,005
(38,3-52,3) (23,4-33,6)
27,2+3,2 15,9+3,6
Sem=0,8 Sem=0,9
|E| (0,01 T'x) MH/M Me=26.7 Mem15.0 0,005
(23,6-34,3) (9,6-22,4)
21,527 20,8+2,7
o Sem=0,8 Sem=0,7
¢ (0,1T) Me=22.0 Me=21.0 0,646
(17,1-25,0) (16,0-27,8)
40,2+5,1 33,0+4,4
o Sem=0,9 Sem=0,8
¢ (0,01I'n) Me=40,1 Me=33,0 0,016
(30,1-48,0) (26,3-40,3)
Tabruya 5.

Ananu3 psiskoynpyroctu |E| (0,1 I'u) MmH/M B ni1azme
H CBIBOPOTKe y G0JIbHBIX 2 H 3 rpyNnbl B IepHONIEPALIMIOHHOM IepHoie
(Mean£SD; Sem.; Med.; (Min-Max))

[TapameTp 2 rpymnmna 3 rpynna
40,4+8,0 44,4+£8,5
[E] (0,1 T'n) Sem=14 Sem=2.0

MH/M, maszma

Me=42,2 Me=45,4
JI0 OTIeparuu

(20,2-53,8) (23,8-55.4)
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[Tapamerp 2 rpynna 3 rpynna

21,249,5%* 24,8+8,7*

[E| (0,1 ') Sem=1,6 Sem=1,6

MH/M, CBIBOpOTKA JI0 Oliepanuu Me=26,7 Me=29,5
(9,7-34,3) (10,2-34,6)

42,2475 43,6+6.,4

[E|(0,1 I'm) Sem=1,3 Sem=1,5

MH/M, mna3ma 1-e cytku /o Me=44,5 Me=45,3
(22,8-53,5) (28,4-52,2)

22,7+10,5* 26,4+9,3%

[E|(0,1 ') Sem=1,7 Sem=1,8

MH/m, ceiBOpoTKa 1-€ cyTkH /0 Me=29.4 Me=30,5
(9,6-35,3) (9,4-37,7)

43,3+6,9 45,8+6,1

|E|(0,1 T'mx) Sem=1,2 Sem=1,4

MH/m, mazma 7-e cyTku /o Me=45,6 Me=47,5
(23,6-54,7) (35,6-55,5)

22,6+10,4* 27,7+8,4%

|E|(0,1 ') Sem=1,7 Sem=1,6

MH/M, cpIBOpOTKa 7-€ CyTKHU 11/0 Me=23,8 Me=30,1
(11,0-37,2) (8,6-40,4)

IIpumeuanne. 1. *— crarrcTHYecKast 3HAYMMOCTD PA3INYHNA 0 OTHOIICHUIO K IIIa3-
Me Ha ypoBHe, p<0,05.

HVcxonst n3 maHHBIX TaOMUIBI 5 CIIEAYET, 4TO MOKA3aTeNn BA3KOYIPYTOCTH
[E| (0.1T'x) MH/M B KpOoBM 1 CHIBOPOTKE CTATUCTUYECKH 3HAYMMO OTIMYAIOTCS
Ha BEJIUYUHY (GlEKO 1ru))’ OHa TaK)e HE SIBIISIETCS MOCTOSSHHOM M M3MEHSETCs B
TEYEHUH TOCIIEOTIEPALMOHHOTO nepuoza. B rpynme 2 u 3 ucxoqHO BeTHYMHA
O ioar B 2 pa3za BbllEe, 4eM B 1 rpymre.

B Teuenune Bcero nocieonepanoHHOro neprojia HaoaraaeTcs Bo3pacTa-
HHE O ., 10 20 MH/M. )

[pu cpaBHeHNN okazarenei Bazkoynpyroctd E (0,01 'm) MH/M B ma3me u
CBIBOPOTKE: BEIMYMHA G o\ BO 2 u 3 rpymnrie 6osiee yeM B 1,2 paza MeHblIIE,
yeM B | rpynme. C Havasa Bcero mocjieonepalnoHHOro nepruoja HadroaeTcs
CHW)KECHHE G Ha 4 MH/™ (Tabmuma 6).

[E|(0,01T")
W3 tabaum 4, 5 1 6 Mbl BUIUM U3MEHEHHS O e 0.1 E(0.01 Ty HE 9-20 mH/MM
MEXIy TUTa3MON U CBIBOPOTKOH. Kak BHUIHO W3 MOTYyUEHHOW CUTMBI 00OHX
MozyJe, mporecc qudGy3un B CHIBOPOTKE KPOBH MPOUCXOIUT 3HAYUTEIHHO

OvICTpEe.
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Tabnuya 6.

Ananus psskoynpyrocru |[E| (0,01 I'm) MmH/M B ni1asme 1 cbIBOpPOTKe y 60/IBHBIX 2
u 3 rpynnsl B nepuonepanuontHom nepuoae (Mean+SD; Sem.; Med.; (Min-Max))

[Tapamerp 2 rpynma 3 rpynma
22,4+6,8 22,4+6,8
[E| (0,01 I'x) Sem=1,2 Sem=1,5
MH/m, nmasma g0 onepanuu Me=22,9 Me=22,9
(10,6-39,1) (10,6-39,1)
12,2+5,0% 14,5+5,5%
|E| (0,01 ') Sem=0,8 Sem=1,0
MH/M, CBIBOpPOTKa 10 omepanuu Me=12,7 Me=16,4
(3,6-20,7) (5,2-27,2)
21,8+6,7 23,1+5,5
[E| (0,01 T'r) Sem=1,2 Sem=1,3
MH/m, nmasma 1-e cytku /o Me=23,1 Me=24,8
(10,7-38,8) (11,6-29,8)
13,5+5,5% 14,8+4,8%
|E| (0,01 I'm) Sem=0,9 Sem=0,9
MH/m, cpiBOpOTKa 1-€¢ cyTKH 11/0 Me=16,8 Me=16,5
(5,9-20,3) (6,1-21,1)
23,2452 26,5+5,4
[E[(0,01 T'mx) Sem=0,9 Sem=1,2
MH/M, mia3zma 7-e cyTku 1/o Me=23,0 Me=26.9
(12,8-36,8) (18,7-38,0)
13,4+5,6%* 15,3+4,9%
[E|(0,01 T'mx) Sem=0,9 Sem=0,9
MH/M, ceIBOpOTKa 7-€ CyTKH 11/0 Me=12,1 Me=17,0
(7,0-22,1) (4,7-21,0)

IIpumeuanne. 1. *— craticTHyecKas 3HAYMMOCTD PA3INYHiA [0 OTHOIICHUIO K I11a3-

Me Ha ypoBHe, p<0,05.

Tabnuya 7.

Ananus ¢ (0,1 I'n) ° B mi1a3me u cbIBOPOTKE y 00/IBHBIX 2 U 3 rPyIIbI
B nepuonepannonuom nepuoge (Mean+SD; Sem.; Med.; (Min-Max))

[Tapamerp 2 rpynna 3 rpynna

20,9+2.3 19,7+3,0

¢(0,1 I'y) °, Sem=0,4 Sem=0,7

1a3ma Jio ornepamuu Me=20,8 Me=19,6
(15,8-25,8) (15,0-27,1)

18,6+4,0 19,8+3,0

¢ (0,1 I'm) °, Sem=0,7 Sem=0,6

CBIBOPOTKA JI0 OIepaiu Me=19,3 Me=20,6
(11,4-26,8) (13,1-26,6)
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[Tapamerp 2 rpynna 3 rpynna
R 20,4+2,3 20,9431

¢ (1(1)52;4? ’ Sem=0,4 Sem=0,7
oo Me=20,2 Me=20,0
Y (16,4-25,2) (16,3-28,4)

R 17,2432 19,142,9

‘PIEIOB’I Fﬂ ’ Sem=0,5 Sem=0,6
P Me=18,2 Me=18,7
yr (11,1-23,3) (13,1-24,1)

R 19,643,0 19,542,8

(p(o,;n;) ’ Sem=0,6 Sem=0,6
ot Me=20,3 Me=19.8
Y (10,2-24,8) (15,2-24,3)

R 17,6437 18,543,6

“’IEIOI;I Fi)m’ Sem=0,6 Sem=0,7
7°e : opo o Me=17,5 Me=18,4
e cyT L (11,4-26,1) (10,4-24,6)

IIpumeuanme. 1. *— craricTryeckas 3HAUMMOCTD PA3INYHiA 110 OTHOIICHHIO K I11a3-
Me Ha ypoBHe, p<0,05.

Tabnuya 8.
Ananus ¢ (0,01 I'n) ° B mu1a3me 1 CHIBOPOTKe
y 00JIbHBIX 2 ¥ 3 TPyNNbI B IePHONEPANIMOHHOM TepHojie
(Mean+SD; Sem.; Med.; (Min-Max))
[Tapamerp 2 rpynna 3 rpymnna
37,3+5,2 36,0+4,8
¢ (0,01 I'm) °, Sem=0,9 Sem=1,1
1asma Jio ornepamuu Me=38,4 Me=36,2
(25,1-43,6) (27,8-49,3)
27,0+5,3% 29,9+4,0%*
¢ (0,01 I'y) °, ceiBOpOTKA 110 Sem=0,9 Sem=0,8
orepanun Me=29,0 Me=30,1
(13,9-35,5) (20,6-37,6)
o 36,8+4,9 39,5444
¢ (gf;mﬂ:) : Sem=0,9 Sem=1,0
- cyTiH /o Me=36,3 Me=38,5
(27,0-46,1) (33,1-48,7)
o 25,6+5,0% 28,0+4,3*
‘”C(,,?;?,Lgfﬁa ’ Sem=0,8 Sem=0,8
¢ cyrin o Me=27,5 Me=29,0
(14,8-32,2) (18,3-36,1)
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[Tapamerp 2 rpynna 3 rpynma

o 37,6+5,4 37,1+4,9

0001 1" Sem=1.0 Sem=1,1

7-¢ cyriu o Me=37,9 Me=36,5
(21,8-47,6) (27,4-45,8)

26,5+5,1* 29,7+3,8%*

¢ (0,01 ') °, cerBOpOTKa Sem=0,8 Sem=0,7

7-e cyTKH 11/0 Me=28.,0 Me=29,5
(16,1-34,6) (22,9-40,5)

Ipumeyanue. 1. *— crarucTiyeckas 3HAYMMOCTb PA3IHYMil [0 OTHOILICHHIO K IIJ1a3-
Me Ha ypoBHe, p<0,05.

Tabmuia 7 mokas3pIBaeT HaM, 4To Mokazarenu ¢aszoBoro yria ¢ (0,1 I'm) © B
TUTa3Me M CHIBOPOTKE CTATUCTUYECKH 3HAYMMO Pa3lIMuaroTcsl Ha BEJIHUYHHY (G
o011 ) 110 PE3YNIBTATAM HCCIIEOBAHKS BBIACHIIIOCK, UTO B o0eux rpymnmnax na-
LMEHTOB ObIIIa O0OHApY)KeHAsI BETMYUHA G o017 B 2 pa3za BeIIIe, 9eM B | rpyme.
B TeyeHnu Bcero paHHEro IMoceoNnepaoHHOT0 Iepro/a HalIIoIaeTcst pocT
O oor-HA 2-3 %

CxomHasi kKapTHHA HAONIONAETCS MPU CPABHEHHUH MapameTpoB (a3oBOTO
yrma @ (0,01 I'm) °B mima3me u CRIBOPOTKE: BEIMYHHA G y0oiry » B TPYHIAX
60abHBIX B 1,2 pasa BeIlIe, yeM B | rpynme. B TedeHue Bcero nocieorne-
PalLMOHHOIO NEPUOJA G U3MEHSETCS B CTOPOHY MOBBIMIEHHs 10 10°
(Tabnuma 8).

Wcxons u3 Tabnui 7 1 § Mbl BUJUM CTaTHCTUYECKH 3HAYMMOE U3MEHEHUS
o nuanazone 0,01T1. PasHuma mexay miaa3Moil U CBIBOPOTKOM TOCTHraeT
10 °. TIpomecc m3menenus ¢ npu ¢ B nuanazone 0,1 'y cratucTHueckn He
JIOCTOBEPEH.

B pesynbrare pacuera curMbl Mbl MOXKEM 3aKJIIOUYHTh, YTO PaHEE ONHCaH-
HOE TMOBBIIICHUE YPOBHSI MapKepa CUCTEMHOTO BOCIJIeHHs - (PUOPUHOTEHA B
rpyIimne OOJIBHBIX TMOATBEPKIACT YK€ OTMEUEHHbIE KCIIEPUMEHTAIIBHBIE pe-
3yJIbTaThl cUrMa . uOpHHOTreH BIMsSET MOLYJIUPYIOIINM 00pa30oM Ha IOKa3a-
TENU BS3KOYNPYTHX CBOMCTB KPOBH, C aKIIGHTHPOBAHUEM BHUMAHUSI HMEHHO
HAa BSI3KUX CBOWCTBAX.

B npouecce UK caenyer noguepkHyTh 2 3Tana: 1 3Tan — caMo UCKYCCTBEH-
HOE KpOBOOOpaIIeHHE, KOTOPOE XapaKTepU3yeTcsl pe3KUM CHUIKEHHUEM BSI3KOY-
npyroctu |E|; 3atem 2 atan — nepuos nociie MK ¢ monoxuTenbHOM THHAMUKOM
HOPMaJIM3alMN TTOKa3aTeel K JOONepaoHHoMy ypoBHI0. B mponecce MK
MIPOMCXOUT TMHAMUYECKOEC M3MEHEHHE KOJIMYECTBEHHO-KauYeCTBEHHBIX Xa-
PaKTepUCTUK KOMIIOHEHTOB KPOBH C OTKJIOHEHHEM OT HOPM I'OMEOCTa3a, 4To

9(0,01Tw)°
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HPUBOJIUT K YBEJIMYESHHIO IOBEPXHOCTHOM YIIPYTOCTH B KOMOMHALIUH C [TPAKTH-
YECKH HE U3MEHEHHOM [TOBEPXHOCTHOM BA3KOCThIO. Kak ciencTBue n3MeHeHus
mapaMeTpoB KpoBu Ha 3tane UK, Bo3MokHO BimsHUE camoro mporecca UK,
MTOCKOJIBKY MCIIOJIb3yEeMbI MIEPBUYHBII 00beM 3anonHeHus kouTypa UK He co-
OTBETCTBYET KaU€CTBEHHBIM XapaKTEPUCTUKAM LUPKYJIUpYyroLe kposu. Hamu
yCTaHOBJICHA 3aKOHOMEPHOCTh HOPMAITM3AIIIH ITOKa3aTeNel BI3KOU YIIPYTOCTH
K TICPBUYHBIM 3HAYCHUSM Ha 2 3Tarle, YT0 OOBSICHUTH ITOCTCIICHHBIM BOCCTa-
HOBJICHHEM HCXOJHOTO COCTaBa KPOBH.

BriBoabI

Taxum 00pa3oM, IPUUHHY, IO KOTOPOH MOBEPXHOCTHOE HATSKEHUE (M-
HAaMHUYECKOE U PABHOBECHOE) B II1a3Me OOJIbHBIX OTIMYAIOTCS OT TAKOBBIX
JUISL CBIBOPOTKH KPOBH, MOKHO HalTH B Hann4duu (GUOPUHOTEHA U IPYTHX
OCIIKOB CBEPTHIBAIOMICH CHCTEMBI. DTH TEH3MOMETPHYECKHE MMOKa3aTesn
CTAaOMJIbHBI, YTO CBUAETEILCTBYET O CHOCOOHOCTH IJIa3Mbl BOCCTaHABIIN-
BaTh UCXOAHYIO BEIMUMHY MMOBEPXHOCTHOTO HATSDKEHUs. 3HAYUT OHA 00a-
Jaet 0oJee BEICOKOH MOBEPXHOCTHOM Oy(pepHOCTBIO, YeM CHIBOPOTKA KPOBH.

DTOT TUII HOPMBI BO3MOXCH, eciin (GOpMHUPYETCsi OHOponHAs (a3a Ha
IpaHule pasena XUAKOCTH (LUPKYIHPYoNas KPOBb-COCYANCTAs CTEHKA
(aHIOTENNI+CII0N TTUKOKAIMKCA)) ¢ IPUBICUCHUEM HU3KOMOJICKYISIPHBIX
ITAB Ha rpanuie pasaena (a3 ¥ NpUCYTCTBUEM KOJUIOMJIHBIX DJIEMEHTOB B
00béMe. DTa B3aMMOCBSI3b IPOSIBIIETCS B OPMUPOBAHUHU DHEPTETUYECKO-
ro 0amaHca MeXIy CBOWCTBAMH BSI3KOCTH M YNPYTOCTH, a TAKKE CIOCO0-
CTBYET JOCTHIKEHUIO PABHOBECHSI CKOPOCTH MacCOOOMEHHBIX ITPOLIECCOB Ha
rpanuiie pasnena ¢as. [Ipu atom Bce 3T 3)PEKThI OKA3HIBAIOT BIUSHHUC HA
3HadeHue Bs3KoynpyrocTH |E| n ga3zoBoro yria (¢). DTOT GakT mo3BoIseT
HaM MOHSTHh CMEIEHUEe KOHIEHTparnoHHoro Oananca [TAB depes momaynb
BSI3KOYIIPYTOCTH. YPOBEHb ero cHikeHus Ha stane VK roBoput o Tom, 4to
Iuddy3ust BelecTB B 30He pasjena IByX (a3 yBenuuuiach BO3MOXKHO H3-
3a yBEJIMYCHHsI KOHLIEHTPAIMA HU3KOMOJIEKYsipHbIX [IAB B kpoBH mocie
OCTpPOM reMOJUITIOLMH.

HNudopmanus o koHpIUKTe HHTepecoB. KOHPIUKT HHTEPECOB OTCYT-
CTBYET.

BaaromapHocTb. ABTOPBI BRIpAXKAIOT OJarogapHoOCTh jJaboparopun og-
TAJIbMOJIOTUH, OHKOJIOTHH ¥ OMOXUMUH KUBOTHBIX B ITPOBEJICHUH HCCIIEI0BA-
Hui (perucrpanonssiii Homep: FSMF-2022-0003).
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Ipunooicenue 1.

JluHamMuka u3MeHeHHUIl TeH3MOMeTPUYEeCKHUX NMoKa3aTeeil NJ1a3Mbl H CHIBOPOTKH
1o BeJin4YuHe (curma, ¢) MH/m

ITokazaTenn

IIna3ma-ceiBopoTKa
(curma, 6) MH/m

1 rpynma 2 rpynma

Y00 MH/M
KOHTPOJIbHAS TPyIINa

7,3 73

Y, MH/M
KOHTPOJIBHAS IPYyIINa

-2 -2

Y100 MH/M
JI0 OTIepaIiu

11,9 12,5

Y, MH/M
JI0 OTIepaIMI

4,6 5,9

¥i000 MH/M
1-e cyTku 11/0

11 11,7

Y, MH/M
1-e cyTku /o

4 45

Y1000 MH/M 7-¢ cyTku n/o

12,3 13,7

Y, MH/M
7-e cyTKH 11/0

54 6,1

Ipunooicenue 2.

JluHaMuKa H3MEHeHHUI PeOMeTPUYECKHUX N0Ka3aTeIel I1a3Mbl U CbIBOPOTKHU
1o BeJIMYuHe (curma, ¢) MmH/m

ITna3zma-ceiBOpoTKa

ITokasareis (curma, 6) MH/m
1 rpynmna 2 rpymnna
|E| (0,1 I'i;) MH/M koHTpOIBHAS TpymIa 13,2 13,2
|E| (0,01 I'm) MH/™M KOHTpONBHAS TpYyIIIIa 11,3 11,3
() (O,IFH) 0,7 0’7
KOHTpOJIbHASI IPyIIIa
¢ (0,01I'm) ® 10,2 10,2
KOHTPOJIBHASI TPyIIIa
[E| (0,1 I'm) MH/m 19.2 19.6
JI0 OTIepaIuu
|E| (0,01 ') MH/™m no onepanmu 10,2 7,9
¢ (0.1I'n) 23 0.1
JI0 OTeparyn
¢ (0,0IFI_I) ° 10’3 6,1
JI0 OTieparu
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IIna3zma-ceiBOpoTKa
[Toxazarenn (curma, 6) MH/™M
1 rpynmna 2 rpymnmna
[E| (0,1 I'm) MH/™m 19.5 172
1-e cyTku /0
[E| (0,01 T'y) MH/Mm 1-e cyTku /o 8,3 83
¢(0.Iy* 32 1.8
1-e cyTku 1/0
¢ (0.01I'm) ® 11,2 11,5
1-e cyTku /0
[E| (0,1 ') MH/m 207 18.1
7-e cyTKH 11/0
|E| (0,01 I'm) MH/™m 7-e cyTku 11/0 9,8 11,2
¢ (0,1Tn)°
2 1
7-e cyTKH 11/0
¢ (0,01T'm) 1,1 74
7-¢ cyTKH 1/0
Cnucok numepamyput

OCHOBBI KOMIIBIOTEPHON OHOCTATHCTUKHU: aHAIM3 WH(POPMALIMU B OHOJIOTHH,
MeInunuHe u hapmanuy cratuctTudecknM makerom MedStat / 1O.E. JIsax [u op.].
Houeuk: [Tanaxuna E. K., 2006. 214 c.

Comparison of Two Different Fibrinogen Concentrates in an in vitro Model of
Dilutional Coagulopathy / P. Groene [et al.] / Transfusion Medicine and He-
motherapy. 2020. Vol. 47. Ne 2. P. 167-174.

Fibrinogen measurement in cardiac surgery with cardiopulmonary bypass: anal-
ysis of repeatability and agreement of Clauss method within and between six
different laboratories / C. Solomon [et al.] // Thrombosis and Haemostasis. 2014.
Vol. 112. Ne 1. P. 109-117.

Fibronectin Conformation Switch Induced by Coadsorption with Human Serum
Albumin / N. Giamblanco [et al.] // Langmuir. 2011. Vol. 27. Ne 1. P. 312-319.
Formation mechanism of human serum albumin monolayers on positively
charged polymer microparticles / M. Nattich-Rak [et al.] // Colloids and Sur-
faces. B, Biointerfaces. 2017. Vol. 159. P. 929-936.

How viscoelastic is human blood plasma? / S. Varchanis [et al.] // Soft Matter.
2018. Vol. 14. Ne 21. P. 4238-4251.

Human Serum Albumin Adsorption Kinetics on Silica: Influence of Protein
Solution Stability / M. Wasilewska [et al.] / Langmuir. 2019. Vol. 35. Ne 7.
P. 2639-2648.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Impaired blood rheology is associated with endothelial dysfunction in patients
with coronary risk factors / H. Yagi [et al.] // Clinical Hemorheology and Mi-
crocirculation. 2016. Vol. 62. Ne 2. P. 139-150.

Influence of blood lipids on plasma and blood viscosity / C. Irace [et al.] // Clin-
ical Hemorheology and Microcirculation. 2014. Vol. 57. Ne 3. P. 267-274.
Influence of polyelectrolytes on dynamic surface properties of fibrinogen solu-
tions : 30th European Colloid and Interface Society Meeting, Rome 2016/ O.Yu.
Milyaeva [et al.] / Colloids and Surfaces A: Physicochemical and Engineering
Aspects. 2017. Vol. 532. P. 108-115.

Kubiak K. Fibrinogen adsorption mechanisms at the gold substrate revealed
by QCM-D measurements and RSA modeling / K. Kubiak, Z. Adamczyk, M.
Ciesdla // Colloids and Surfaces B: Biointerfaces. 2016. Vol. 139. P. 123-131.
Kwaan H.C. Hyperviscosity in plasma cell dyscrasias / H.C. Kwaan // Clinical
Hemorheology and Microcirculation. 2013. Vol. 55. Ne 1. P. 75-83.

Low Preoperative Fibrinogen Plasma Concentration Is Associated With Exces-
sive Bleeding After Cardiac Operations / K. Waldén [et al.] // The Annals of
Thoracic Surgery. 2014. Vol. 97. Ne 4. P. 1199-1206.

Plasma and blood viscosity in the prediction of cardiovascular disease and
mortality in the Scottish Heart Health Extended Cohort Study / S.A. Peters
[et al.] // European Journal of Preventive Cardiology. 2017. Vol. 24. Ne 2.
P. 161-167.

Plasma fibrinogen concentration is correlated with postoperative blood loss in
children undergoing cardiac surgery. A retrospective review / D. Faraoni [et al.]
// European Journal of Anaesthesiology. 2014. Vol. 31. Ne 6. P. 317-326.
Plasma viscosity, functional fibrinogen, and platelet reactivity in vascular sur-
gery patients / M. Ranucci [et al.] // Clinical Hemorheology and Microcircula-
tion. 2015. Vol. 61. Ne 3. P. 417-427.

Plasma viscosity levels in pulmonary thromboembolism / A.G. Atici [et al.] //
Clinical Hemorheology and Microcirculation. 2013. Vol. 55. Ne 3. P. 313-320.
Potapov V.V. Surface Tension and Dilatational Rheology of Blood in Patients
Subjected to Cardiological Operations under Conditions of Artificial Circulation
/ V.V. Potapov, E.K. Shramenko, O.K. Zenin // Colloid Journal. 2020. Vol. 82.
Ne 1. P. 49-53.

Theoretical and Clinical Hemorheology: Proceedings of the Second Interna-
tional Conference The International Society of Hemorheology The University
of Heidelberg, West Germany July 27—August 1, 1969. Theoretical and Clinical
Hemorheology / eds. H.H. Hartert, A.L. Copley. Berlin, Heidelberg: Springer
Berlin Heidelberg, 1971.



488 Siberian Journal of Life Sciences and Agriculture, Vol. 15, Ne4, 2023
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Hayunast cratbst

CUHECTETHYECKASA META®OPA
B MEJUIIUHCKOM JUCKYPCE

O.B. Maxkapoea, P.H. Xeouwy, T.A. Mopo3oea

Lenv uccnedosanus — paccmompems s6ieHUe MEOUYUHCKOU CUHeCMe3uU 8
npogeccuonanvrom ouckypce. CuHKpemusm Mulul1eHUs Y MEOUKO8 NPOosABIAemCs
6 NOTUMOOATLHOM BOCHPUAMUU UHPOPMAYUU O COCMOAHUU NAYUECHMA, KOMOPbILL, 8
€8010 0uepedb, ONUCHIBAst DOTb UYL NEPENCUBAHIUS U3-3d OONIE3HIL, MOJHCE ONUPACCS
Ha cucmemy 4y8CmeeHHO20 G0CHPUSMUSL.

Mamepuanwvt u memoowt. Mamepuanom 015 ucciedosanus saaomes oxkono 200
MEPMUNO8 U MEPMUHOTOSUYECKUX COYeMAaHUL, U38TEUEHHBIX MEMOOOM CHIOUHOU
6b100pKU U3 peyu epadell. B pabome ucnonvszosanvl maxue memoowl, kaxk onpoc 10
OpOUHAMOpPoOs U 8paell, KauecmseHHas 0Opabomka NoLyUeHHbIX OaAHHbIX, UG-
Gepenyuanvublll aHaAIU3 CUHECMEMUYEecKUX Mooenell, cocmagienue 2noccapusi,
CMbLCTI06OT U PYHKYUOHATBHBIL 8UObL AHATUIA MEPMUHONOSUYECKUX GbIPAIICCHUIL.

Pezynomamel. B xo0e ucciedoganus onucan mexanusm Qopmupoeanus cute-
cme3uu, KOSHUMUBHBILI ACTIeKM AHAIU3A KOMOPOU C8UAEmenbCmeyem 0 83auMOoC-
613U CUCTEMbL 8OCHPUSIMUSL CYOBEKMA, €20 MbluIeHUsl U A3bIKA. Axmyanusayus
cunecmemuyeckux memagop 6 MeOUYUHcKomM OUCKypce o0yclo61eHa C8OUCEOM
YenocmHOCmuU BOCHPUAMIUA CYOBEKMa: Kame2opu3ayis UHGopmMayuiL 0cyuecmes-
emcs Ha 6aze owyujeHull pasiuyHol MOOAILHOCU (MeMnepamypHblx, O0NegbIX,
MAKMUIbHBIX, BKYCOBLIX, CIYXOBbIX).

Cpeou 0bpasHbix 8blpadiceHutl 8 MEOUYUHCKOU pedlt MOJNCHO 8blOEIUMb CU-
Hecmemuueckue Memagopsl, HOMUHUPYIOWUE OUAeHO3 (MUNA MEOPONCUCTNAS
NHEBMOHUSL, CIMPULYIULL TUWLALL), CUMNIMOM 3a00Ne6anUs (MACKUe uymbl 8 cepoye,
CUMNMOM ROKONAYUUBAHUS, CUMNIMOM SOIOUHO20 Jicelle) Ul COYemAaHusl, OnUCHIBa-
1owue xapaxmep 601U nayueHma u AGIAIOUUECs: PeSyIapHO 80CHPOU3E0OUMBIMU
MEPMUHONIOSUYECKUMU BbIPAICCHUAMU (MUNA HO2U 2Y0sim, pedcyuyue 60U, pacnu-
pawowasn, MmaHywdas, COCUMAiowds, nyrbcupyiowds Oob).

Tlpedcmasnennviii enoccapuil MepMUHOIOSULECKUX COYCANULL 6KTT0UAen HO-
MUHAYUU CUHECMemU4ecKo20 Xapakmepd, akmydanivHsle 05 psaoa ompaciei me-
OuYuHbl: 0epmMamonocuul, SUHEKON02UU, PeGMAMmoNo2uy, OMOPUHOIAPUHSONO2UL,
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Hesponocuu, 3a001e6aHULL MOYEGbIOCTUMETLHOU U NEYEHOUHOU CUCHEeM, IHOOKPU-
Hono2uU. BuiasiieHo, umo 6 MeOuyUHCKOM OUCKYpce npeobaadaem makmuibHo-00-
J1€601l MUN CUHECIEeMUYECK020 NepeHocd.

Hceneoosanue KOMMYHUKAMUBHO20 CIMAMYCA CUHECMEMUYeCKUX Memagop 6
MEOUYUHCKOM OUCKYPCe CBA3AHO C UOeHMUpuUKayuel makux 8blpaxceHull 6 jiex-
CUKOHe épaua.

Knioueswvie cnosa: nayuenmoyenmpuinas KOMMYHUKAYUSL, MEOUYUHCKAS CUHe-
cmesust; CUHeCmemu4eckas Memaghopa; KOMMYHUKAMUGHAsSL KOMNEMeHyUus 6paya

Jna yumuposanus. Maxaposa O.B., Xeow P.H., Mopososa T.A. Cunecmemu-
yeckas memagopa 6 meduyurckom ouckypce // Siberian Journal of Life Sciences
and Agriculture. 2023. T. 15, Ne4. C. 494-512. DOI: 10.12731/2658-6649-2023-
15-4-494-512

Original article

SYNESTHETIC METAPHOR
IN MEDICAL DISCOURSE

O.V. Makarova, R.N. Khvoshch, T.A. Morozova

Purpose. The aim is to consider the issue of medical synesthesia in professional
discourse. Thinking syncretism of doctors is manifested in polymodal perception of
the information about the patient condition, who, in turn, while describing pain or
worries about illness also relies on the system of sensory perception.

Materials and methods. The material of the study is about 200 terms and termi-
nological combinations taken by the continuous sampling method from the speech
of doctors. The following methods are applied: survey of 10 residents and doctors,
high-quality processing of the obtained data, differential analysis of synesthetic
models, compiling a glossary, semantic and functional analyses of terminological
combinations.

Results. During the study the mechanism of synesthesia formation is described,
its cognitive analysis indicates the relationship of the subject’s perception system,
their thinking and language. Actualization of synesthetic metaphors in medical dis-
course is determined by the subject s perception integrity property: categorization of
information is carried out on the basis of various modality sensations (temperature,
pain, tactile, gustatory, and auditory) in combination.

Among figurative expressions in medical speech, it is possible to distinguish
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synesthetic metaphors nominating diagnosis (cheesy pneumonia, ringworm), symp-
tom of the disease (soft heart murmurs, tapping symptom, apple jelly symptom) or
metaphors describing the patient pain nature and being regularly reproduced ter-
minological expressions (buzzing feet, cutting pains, bursting, pulling, constricting,
throbbing pain).

The glossary of terminological combinations presented contains nominations
of synesthetic nature which are relevant for a number of key medicine branches:
dermatology, gynecology, rheumatology, otorhinolaryngology, neurology, endocri-
nology and diseases of the urinary and hepatic systems. It is revealed that in medical
discourse the tactile-painful type of synesthetic transfer prevails.

The communication status study of synesthetic metaphors in medical discourse
is connected with their identification in the doctor’s lexicon.

Keywords: patient-centered communication; medical synesthesia, synesthetic
metaphor, doctor’s communication competence

For citation. Makarova O.V., Khvoshch R.N., Morozova T.A. Synesthetic Met-
aphor in Medical Discourse. Siberian Journal of Life Sciences and Agriculture,
2023, vol. 15, no. 4, pp. 494-512. DOI: 10.12731/2658-6649-2023-15-4-494-512

SIBrIeHME CHHECTE3WH NPUBJIEKAET YYCHBIX UX Pa3HBIX 00JacTei: MCHXO-
JIOTOB, UCKYCCTBOBENIOB, (procodoB, MEIUKOB: MPOBOAATCS KOH(MEPEHIUN
mo cuHectesnu (International Scientific Symposium, 2019), dbyaxmmonNpy-
10T MEXKIYHApOHbIE aCCOLMANU CHHECTETOB, JesTeNIei UCKycCTBa M HayKH
(IASAS). OnHako 00beM MOHATHUS «CUHECTE3U) 0 CUX MOP HE ONPEACIICH: B
TIoCJIeAHEeE BPEMs MO/ HEH Mopa3yMeBatoT MEKUYBCTBEHHBIE CBSI3H B IICUXHUKE
[5], a Taxske TpOTIBI, OCHOBAHHBIE HAa CMEIIEHUH 4yBCTB. ViceienoBarenn usyda-
10T TaKNe BH/IbI CHHECTE3UH, KaK JINTEPATYPHYIO, )KUBOITUCHYIO, MY3bIKaJIbHYIO
[13, c. 294]. ImMeeT cMBICI TOBOPUTSH U O MPOPECCHOHATBHBIX PA3HOBHTHOCTSIX
CHHECTE31H, B YaCTHOCTU MEOUYUHCKOIL, TTIOCKOJIBKY JIEKCUKOH Bpada J0BOJILHO
YacTo BKIIIOYAET COYETaHus, 00pa3oBaHHbIe HA 0a3e OIIYIIEHUH Pa3INIHON MO-
JAIBHOCTU: KOIIOUas O0lb, MEOPOICUCTAS NHEBMOHUS, MASKUE ULYMbl cepOYd.

AKTyaJIbHOCTb MCCIIEAOBaHMS 00yCIIOBIEHA HEOOXOIUMOCTHIO YTOUHUTH
ocobeHHOCTH 00pa3oBaHus M (PYHKIMOHUPOBAHUS CHHECTETHUCCKUX BBIpa-
YKEHUH, KOTOpBIE UCIONB3YIOTCSI B MEIMIIMHCKOM AMCKypce. B Hayke nmoapo6-
HO ¥CCIIeOBaH MeTa(hOPUIECKHH aceKT MEIUINHCKOH TEPMUHOCHUCTEMBI Ha
Marepuaie pa3nuaabix A361k0B (O.C. 3yoxosa [11], M.B. O3unrus [14], XK. .
Eropoga [9] u 11p.); mpeanprHsTa TONBITKA KJIaCCU(PHUKAIIMH MeTa(hOopHIeCKIX
TEPMHMHOB B Ha3BaHMSX KIMHUYECKUX CUMITTOMOB U cuHapomos (FO.B. Tlnon-
kas [16]); mpeacTaBieHa KOHIENTyalIn3aus OO B PYCCKOM SI3BIKE B BUJIC
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metadopuyeckux onucanuii (A.A. bonu-Ocmomnosckas, E.B. Paxununa, T.1.
Pesnnkosa [8], 3.A. dyb6uner [3]); uccrenoBaHa WHTEPOLCIIINS ONTYIICHUN
6ompHOTO yenmoBeka (B.K. Xapuenko [20]). OqHako 3TH UCCIETOBAHUS MOTYT
OBITH JIOIOJIHEHBI BKJIIOUCHUEM B CYIIECTBYIOMINI CIIMCOK MEIUIIMHCKUX Me-
Taop Takoil pa3HOBHIHOCTH BBIPAKEHUI TEPMUHOJIOTHUYECKOTO XapakTepa,
KaK CHHecTeTHYecKue Metadopbl. Bpad, SBIssICh BeyITIM KOMMYHHKATOPOM,
BJIaJICeT TCPMHUHOIOTMICCKUM aIlIapaToM U MOXKET JIOBOJIbHO TOYHO OIHCHIBATH
Xapakrep 3a00JieBaHusI, 0COOCHHOCTH PadOThI OPraHOB, TOHUMAas!, KAK OHH MO-
TYT OBITh TOXOXH Ha pa3HBIC PEATNH OKPYIKAIOIIeH JeHCTBUTEILHOCTH (pumm
2anona, nupamuod nPooosI208amo2o mMo3sed, IyKOSUYd 20108H020 MO32d, Uep-
606UOHbILL ompocmok u Op.). [1aleHT ke, B OTIMYHE OT Bpaya, HE BIAJCCT
MEJIUIIMHCKIMH 3HaHUSMH, TIOATOMY MOYKET ONHCHIBATh CBOM OIIYIIEHUS, (HH-
3WYECKUE U IICHXUIECKHUE, JOBOIBHO MPUOTU3UTEIHHO, TOIB3YSACH TOIHKO TOU
nHpOpPMALIUEH, KOTOPYIO IIOCTABIISIFOT) €My OPT'aHbI YYBCTB.

I_IeJ'H) Hamiero uccijieaoBaHusl — BbISIBUTH OCO6€HHOCTI/I CHHECTCTHUYCCKUX
MeTadop B peYH yYaCTHHKOB MEAMIIMHCKOTO AHcKypca. Crmeumpuxa 3TOH
Pa3HOBHUIHOCTH OOpa3HBIX BBIPAKCHHUU 0OO0YCIIOBICHA WX MHOTO(YHKIIHO-
HaJIHOCTBIO: IMH TOJIB3YIOTCS KaK Bpa4yH JUIsl HOMHHAIIMU 0COOEHHOCTEH 3a00-
JIEBaHMUS, IOCTAaHOBKU JTMATHO30B, TAaK U MAI[EHTHI - AJIS OMCAHNS CHMIITOMOB
3a0oseBaHus, 00BSICHEHHUS XapaKTepa 00IH U JPYTUX ONTYIICHUH, CBOWCTBCH-
HBIX Pa3JIMYHBIM ITaTOJIOTUYECKHM COCTOSIHUSM YEIIOBEKA.

3a/auy HAILIero MCCIEIOBaHUS: ONUCATh MeXaHU3M (OPMHUPOBAHUS CH-
HECTEe3UH, PACCMOTPETh TUITHI CHHECTETHUECKAX COYCTAHUH, aKTyaTH3UpPyIO-
Irecss B MEAUIIMHCKOM JIHCKYpPCE, COCTaBUTh ITIOCCAPHU TaKUX BBIPAKCHUH,
OIpCACINTDb ¢)yHKLIPIOHaJ'IbeIﬁ CTaryC 3TUX CAUHUIL, UX MMPparMacTUJINCTHYC-
CKMH MOTEHIIUAI.

Marepuanom i ucciaeqoBaHus SBIAIOTCS OKosio 200 TEpMUHOB U TEPMU-
HOJIOTUYECKUX COYETaHUM, N3BJICUCHHBIX METOJIOM CIUIONIHOM BBIOOPKH M3 pedn
MEIMIIMHCKHUX PaOOTHUKOB. B paboTe MCIonb30BaHbl TaKUe METOJIbI, Kak: OMpOC
10 opmrHATOPOB ¥ Bpadeii ¢ IENBIO0 MOTyYeHHS Pa3BEPHYTHIX KOMMEHTapHEB Me-
JIIIUHCKUX BBIPAKCHHUH, Ka4YeCTBEHHAS 00pabOTKa ITOMYYICHHBIX JTAHHBIX; TU]-
(epeHInanbHbI aHAIN3 CHHECTETHYECKUX MOJIEJICH; COCTaBICHHE ITI0CCapHsI;
CMBICITOBOH M (DYHKIIMOHATLHBIN BHIBI aHATN3a TEPMHUHOIOTHYECKIX BEIPAKEHHUIL.

®DeHOMEH CHHECTE3HH, OCHOBAaHHOW Ha B3aUMOCBSI3U BIICUATIICHUH OT Pa3HBIX
OpraHoB 4yBCTB, 0003Ha4eH B Hayke B Havane XX croierus. [lomuMonanbsHOCTh
BOCIIPHSITHSI OTPAYKAETCS B PA3HBIX TUIAX JAUCKYpCa, B TOM YHCIIe U B Ipodeccu-
OHAJIEHOM, XapaKTEePU3YIOMIEMCs BKIIFOUCHHEM B HETO Pa3HOCTHIIEBBIX CPEIICTB.
Mt comtacubl ¢ O.C. 3yOKOBO# B TOM, YTO «MHBEPCHOCTh HAYYHOTO JHCKYpCa
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0azupyercsi Ha IEPMaHEHTHOW HHKOPIIOPALMY TEPMHUHOB U TIOHATHI U3 HAUBHO-
T0, XyZIO’KeCTBEHHOTO U JPYTHX BUAOB aucKypcay [10, c. 128].

CunecTe3ust MPOSIBISIETCS] B METUIIMHCKOM JTUCKYpPCE Pa3IMIHBIME CIIOCO-
O6amu. Bo-mepBbIX, cOOp aHamMHe3a U caM ITPOLECC JUArHOCTUKU CBUJICTENb-
CTBYIOT O CHHKPETH3ME MBIIIUICHHUS Bpaya, OCHOBAHHOM Ha Pa3HBIX CIIOco0ax
TTONy4YeHUST TH(POPMALIMH O COCTOSHHY TAIIECHTA: Ha 0a3e ayCKyIbTauu (Tipo-
CIJIyIIMBAHMS ), TAKTHIBHBIX OIIYIICHHUH B BUJIE IIOCTYKHBaHUS (TIEPKYCCHUH) U
BU3YaJIbHOT0 0CMOTpa. Bo-BTOPBIX, XapaKkTepuUCTHKa CHMIITOMOB 3a00JIEBaHNUS
YaCTO CONPOBOXKIACTCS BEpOaNM3aIieil MoIMMOAAIbHBIX OLYIIEHNUH CyObeK-
ta. OOLIEN3BECTHO, YTO IPHU PA3INYHBIX BUPYCHBIX 3200JICBAHUSAX UEIIOBEK
yTpauynBaeT CIIOCOOHOCTH OLIYIATh 3allaXxy U BKYChl OJHOBPEMEHHO, TaK KaK
9TH HOJCUCTEMbI BOCIIPUATHSI B3aUMOCBSI3aHbI; OTKJIOHEHHUS] OT HOPMBI BHEIII-
HETO BW/a TKaHEH MM OpPraHoB, 3ByKOB, BO3HHKAIOIINX B MPOLECCE UX pa-
0OTBI, TOXKE CBHUJICTEIBCTBYIOT 00 OINpPEAEICHHBIX HapyLICHUsX. B-TpeThux,
HOJIMMOJAIBHOCTD MPOSIBISETCS B PEUd MALMEHTa IPU OMUCAHUU MM Xapak-
Tepa Oomu. Perymsapabie MeTadopsl: Konrowue bonu, pexcyujas 60o1b, ocmpas
00216, diceyuas, mynas, NOKaILIeaIoOWds 601b — CBUJICTEIBCTBYIOT O Iepecede-
HUH TaKTHJIBHBIX ¥ OOJIEBBIX OIIYIICHUH OTHOBPEMEHHO, B BBIPAKEHHSX: HOIO-
was 60716, ypuum 6 JHcugome — AKTYyaIM3UPOBAHO €Il U CITyXOBOE OLIYIECHNE
cyObekra BocripusaTHs. [Ipn n3ydeHnu THNOB (DYHKIMOHAIBHBIX HAPYIICHUH
B OpraHu3Me yejoBeKa uccienoBareiau nogdepkunatot [20, c. 77], 4To cTUMy-
JIbI, BIUSIFOLIME HA TOSIBJICHUE OOJIEBBIX OIIYLICHUH, «MOTYT OBITh CBSI3aHBI C
BHEIITHUM BO3ICUCTBHEM (HATIpUMED, IPKUH CBET, IbIM, PE3KUH 3ar1ax) WiTH ke
C BHYTPEHHUMH TIpoLieccaMy (HampumMep, OOJeBbIe ONIYIIEHUS] 0003HAYEHBI
CIIOBaMMU: Koslem, pedcem, cmpensaem)y. B 4acTHOCTH, X0JI0/1Has Bojia (TemIle-
paTypHBIC OIIYIICHUS) BIMIET HAa PYKH, HOTH, AL (OHeMenb, c800Umby);
ciagkoe (BKyCOBBIE OIIYIICHNUS) Ha 3yOBI (c600ums, Hblms).

SIBrIeHne CMHECTE3MH MO>KHO OOBSICHUTD, OIIMPAsICh HA JJAHHBIC KOTHUTHB-
HOMW TICUXOJIOTHH, OJHON M3 0OBEKTOB M3YUYEHHUS KOTOPOH SABISETCA CHCTEMa
BoctpusATHst. [Iporiece GopMUpPOBaHUS UyBCTBEHHBIX 00Pa30B BKIIIOYAET He-
CKOJIBKO 3TAllOB: OTPa)KeHHE OIIYLICHUH, 00JaaloliX pa3InIHON MOJaIb-
HOCTBIO (3pUTEIBHOM, CIYXOBOW, TeMIIepaTypHOH, 00JIeBOH, OOOHATEIBHOM,
BKYCOBOI1); BOCTIpHATHE B BHJIE COOTHECEHHS MPEAMETa C U3BECTHOH pasymy
cyObeKTa ero MoJIeJIbIo; Pa3BUTHE NpeICTaBIeHUH. MccenoBarenn oTMeqalor,
YTO B pe3yJbTare BOCIPHUITUS (POPMUPYIOTCSI «CEHCOPHO-KOMIUIEKCHbIE 00pa-
30BaHMSA, M, KOT/Ia MBI BOCIPUHUMAEM TIPEIMET 3PUTEIBHO, ... MBI OJHOBpE-
MEHHO BOCIIPHHHUMAEM H BCE JPYTHe MPU3HAKH TPEAMETa, KOTOPBIE BKIIOYEHBI
B MOJI€/Ib HA OCHOBAHUU JPYTHX CEHCOPHBIX JaHHBIX» [0, ¢. 115]. Tlo3nanue
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4eJIoBeKa, TAKUM 00pa3oM, ONEpUpPYyeT KaK HENOCPEACTBEHHBIMH OLIYIICHHS-
MH, TaK 1 00pa3aM U NPEICTABICHUSIMU, BOCCTAHABINBAS UX IO COXPAHHUB-
IIMMCSI B MO3TY CBSI35IM.

BocnpusTust BKIIIOYaIoT JiBa TUIA COJIEPIKaHMs: IPEIMETHOE, CBI3aHHOE C
OTPaKEHUEM NPH3HAKOB IPEAMETA, U CYObEKTUBHOE, CBSI3aHHOE C DMOIMOHAIIb-
HBIM OTHOIICHHEM K BOCHPHHUMAEMOMY OOBEKTY, 3HAUCHHEM €TO ISl KU3HU
cyobekra. OurynieHust, poias yepe3 «(UIbTp» HEHHOCTHOTO (DOHA, CTaHO-
BSITCSI BOCIIPUSITHSIMH, TJIaBHBIM CBOWCTBOM KOTOPBIX SIBJISIETCS «IIEJIOCTHOCTh
OTpaKeHHS MPEAMETOB, cuTyaruin» [17, c. 99].

CootHoleHne 00pasa peMeTa 1 1yBCTBA EPEKMBAHNS OKa3bIBACTCS Pa3-
muHBIM. Tak, BO BKYCOBBIX OIIYIICHUSX chepa 4yBCTBEHHO-IMOIMOHAIBHON
OKPACKH LIHPE, I0ITOMY BKYC CIIOCOOCH OKPAIIUBATh CAMOYYBCTBHE YSJIOBEKA
B TIPUSATHBIC WK HEeNMpusATHBIE TOHA [ 18, c. 202]. B 3puTensHOM BOCTIPUSATHA
npeodaiaeT MpeIMETHBIII MOMEHT: 9TH 00pa3bl CIy)KaT JJIsl OPHEHTHPOBKU
BO BHEIIIHEH cpezie ¥ 00yCIIOBIICHBI, TIPEKIE BCETO, COIHAIBHBIM OTHOIICHHEM
YEJIOBEKA K COOBITHSIM.

MenuuuHCKne TEPMHUHBI, IMEIOIIIEe METadOPUIECKYIO MPUPOIY, B OCHOB-
HOM 0003HAYaI0T TO WJIM HHOE MaTOJIOTMYECKOe COCTOSIHIE, OTKJIOHEHHE B pabo-
TE OPraHoOB WM TKAHEH, YTO, 6€3yCIOBHO, BIMAET HA CAMOUYBCTBHE YETIOBEKA,
€ro OIIYIICHHUs, B TOM 4ncie OoneBrle. [loaToMy (uKcanus HapymeHnH Tak
Ba)kKHa, OTMCATh X MAKCUMaJIbHO TOYHO M MOHSTHO MAIlMEHTy TOXKe He0OX0H-
MO. CunTaem, 4To B MEAUIMHCKOM JIMCKYPCE TEPMUHOJIIOTHUECKHE COYEeTaHMs,
OITHCHIBAIOIINE CYIIECTBCHHBIC M3MEHEHUS B CTPYKTYpE 00BEKTa, OMUPAIOTCS
Ha (DEeHOMEH CHHECTEe3UH, KOTOPask XapaKTepPHU3yeTCsl [IEIOCTHOCTHIO BOCIPHSI-
THSI: KaTEropHu3alysi OLUIYIEHUH OCYILECTBISIETCSI HE TOJILKO Ha Oa3e 00JIeBbIX
OLIYILEHNH, HO U TEX, KOTOPBIC BBI3BAHBI APYTUMH MOJCUCTEMAMH BOCHPHUSITUS
(TemrepaTypHbIX, TAKTHIIBHBIX 1 IPYTUX OIILYIIEHUH) B COBOKYITHOCTH.

Hapsiny ¢ MeradopriyecknmMu codeTaHUSIMHU TEPMUHOJIOTHYECKOTO XapaK-
Tepa, CO3IaHHBIMHU Ha 0a3e 3pUTEIHLHOTO BOCHPUITUS (nepcmHesuonsill pax,
dymaapras anecmesus, 6uo 6oromHou mumsl), kKak orMedaer M. O3UHTHH,
AKTyaJIN3UPYIOTCS TAaKHE KOMITOHEHTBI BOCIIPUSTHSI, KaK KOHCUCTEHIHS (80CKO-
BUOHASA NeyueHb, MBOPONCUCAs NHE8MOHUA), TAKTUIIBHBIC OINYIIEHUS (naku-
POBAHHbLIL AZBIK, CUMNINOM NOTUPOBAHHO20 110a, KPOKOOULOBAS KOJICA, 2YCUHAS
Koolca), N31aBAEMBIH 3BYK (ULyM NpOCKAKUBAHUS, WYM XAONAHbBA, KOPODOUHbLU
38YK, cKkpun meneeu, bapadanmvlii 36yK, pumm nepenenxu) [14, c. 15].

Hamu 3aukcupoBaH Takke HeOOBIYHBIN MeTahOpO-METOHUMUUECKHUH repe-
HOC B TEPMHHOJIOTHYECKOM COUCTAHNH «SI3BIK BEHIIEpay Kak 0003HAYCHHE -
POKOTO CIIEKTpa OTKJIIOHEHUH, CBA3aHHBIX C OTEPEH BKYCOBBIX M 00OHATEIBHBIX



500 Siberian Journal of Life Sciences and Agriculture, Vol. 15, Ne4, 2023

ourymeHui [ 1]. SI3pIk kak OCHOBHO# OpraH MpH paclio3HaBAHUU OLIYIIIEHHH BKY-
ca yTpaunBaeT CIIOCOOHOCTh MIICHTU(UKAINN KUIKOCTH. [TprueM B JaHHOMN Me-
Taope copepKUTCs yKa3aHHe Ha CyObeKTa BOCTIPHUATHS BKyca — Beifiepa. Takas
KOHKPETHU3aLUsl TI03BOJIHIIA OBl BHIWICHSATH U APYTHX CYObEKTOB BOCIIPUSTHS 11O
XapaKTepHOMY ISl HUX CIIOCO0Y MOTy4YeHHUS BKYCOBBIX OLTYIICHHUH (361K come-
Jbe, A3bIK Kypuabiyuka v ap.). JlanHas MeTadopa HHTEpECHA eIIe U TeM, 9TO B Hel
COZIEPKUTCS C€Ma OTPHULIAHNS, OTKJIOHEHUs OT HOpMBL. Eciiu B peaenax HOpMbl
SI3bIK KaK OpraH BOCHPHSTHS BBIIOJIHSET (PYHKIMIO PACIIO3HABAaHHsI BKYCOB, TO
B IAaHHOM BBIPQ)KEHNH, HA00OPOT, OTPULAETCS paboTa BKYyCOBBIX aHAJIN3aTOPOB
SI3bIKA 110 pa3HbIM IpuurHaM. CHHuTaeM, 4TO COYETaHUE «I3BIK Beiepa», OCHO-
BaHHOE Ha B3aMOCBSI3H OLIYIICHHI BKyca H 3araxa, MOYKHO OTHECTH K Heo(hu-
LIMaIbHOMY Ha3BaHUIO MEIUIIUHCKOTO JIUArHO3a.

B MenuimHCKOM JHCKypce B 3aBHCHMOCTH OT LIEJIM TOBOPSIIIETO MOXET
OBITH aKTyaJM3MPOBaHA KaKas-TO OJlHAa MOJCHUCTEMa BOCIpHATHs. B wacTHO-
CTH, TIPH OTIPE/ICTICHHBIX 3a00JICBaHHSAX Bpad HA3bIBACT MEPEYCHb TEX 00BEKTOB
BOCTIPUATHS, KOTOPBIE BPEIHBI T OpPraHU3Ma MaueHTa. B yacTHOCTH, MOXXHO
0003HAUUTP BIMSHHE TOJCHCTEMbI BKyca Ha Pa3BUTHE OOJIEBBIX OLIYIICHUN
cyobekra. Hanpumep: «Hu conénoro! Hu kucnoro! Hu neuénoro! A mue Hpa-
BHTCS: Hy AHIIO U S0, B3OUBACII...» [JtceHwuna, 75 nem, ¢ namkpeamumonm,
6 naname noo kanenvrHuyeil]. Ilo cnpaBeamuBomy 3amedannro B.K. Xapuenxo,
B peuH NalMeHTa Ucue3aeT NPUBBIYHAS [T 3[0POBOT0 YEI0BEKa MHO)KECTBEH-
HOCTBH OyZyIIero, CBsi3aHHasi CO BKYCOBBIM MOJTycoM mepiierniuu [20].

ITomyuMoO cymiecTBYIOMNX B HAyKe MOJIETICH CHHECTETHUECKIX IEPEHOCOB
(000HATETHHO-BKYCOBOM, BKYCO-3PUTEIBHOMN U T.I1.) MOKHO BBIJICITUTH MOJIEIb,
B OCHOBE KOTOPOM HaXosITCsl 00JIEBBIE OLIYIIIEHHS U BIICUATICHHSI, TIOJIyYeHHbIE
B pe3yJbTaTe KaKOW-I100 MOACUCTEMBI BOCIPUATHA (3pSHNS, CITyXa, OOOHIHUS,
OCSI3aHUSI, BKYCQ): 20108y coicumaenm oopyuem; 2pyob CKOBAL0 Kleujamu, KaxK
nonviHb 60 pmy. boneble OLIyIIEHNS HEBO3MOXKHO BBIPA3UTh MPEIMETHO, M0-
9TOMY CYOBEKTHI UCIOJIB3YIOT JIEKCUKY Pa3IUYHBIX MOACUCTEM BOCIPHUATHS.
Kak mumet xupypr H.M. Amocos, 3a0oneBaHne — «3TO KOMIUIEKC CBEICHUIA,
TIOJTY4YEHHBIX M3 HaOIIofeHus 3a XapakTepoMm oomm» [2, c¢. 181]. [Ipu Takom
MOAXO0/1€ BOZMOXKHOCTH ONMCAHMS XapakTepa 00 y MallleHTa PaCIIUPsIIOTCS.

AxTyanu3anus B pedu CHHECTETHYECKUX MeTa(op IIPOCISKUBACTCS B KOH-
TEKCTaX, BOCCO3/IAIOMINX CUTYalNIo (QU3MUECKUX WM TICUXUIECKUX OTKIIO-
HeHMH y yernoBeka. [Ipu 5ToM BKycoBble 00pa3bl BHIOJHSIOT Kay3aTHBHYIO
(YHKIHIO U CLIOCOOHBI BBI3BATH peajbHble (hPU3NOJOTHUCCKHE N3MEHEHHS Y
cyObekTa BocIpusTHs: «BcroMuHaes, Kak OHaX/(bl 00bEJICsS CapJHUHON, U
TOIIHOTA YCHJIMBACTCSI, M OCTAETCS TAKOE YyBCTBO, OYTO MPONIOTHII OOMOY»
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[myorcuuna, 37 nem, ¢ unmokcuxayueti]. IlomoOHbI 3 dekT MoxkHO HAOIIONAT
y TAIMEeHTOB, MOTYYHUBIIHX ITHIIEBOE OTPABICHNE, MIIH HMEIOIINX OMPEIeICH-
HBIC 3a00neBanus. BocmoMuHanne 00 0OBEKTE BKyCa BBI3BIBACT TOLNTHOTBOP-
HbII peduekc wu cmonootaenenue. Hanpumep: «Korma yrpom HaumHaror
TOTOBUTH 00€]I, CTPaJaio OT 3alaXx0B CHECTHOTO U HIOXAI0 CONbY» [HCeHWUHA,
70 nem, ¢ eunepmonueii].

OOBEKTHl BKyCOBOTO BOCTIPHSITHS, 00JIaAaoONINe CIOKHOW XUMHUYECKOH
CTPYKTYPOI, BIUSIIOT HA OPTaHNU3M YEJIOBEKa U B HEKOTOPBIX CIIydasiX OKa3bl-
BAIOTCSI HCTOYHUKOM YCTpaHEHHUS OOIIN MITH CUMITTOMOB 3a001eBaHms: «CTakaH
BEITIHJI (O BOIKE), M1 BCS XBOPb U3 TeOS YXOOUTY» [Mmyosrcuuna, 62 200a.

Ha ocHoBe coOpaHHOrO MaTepuaia — BBIPQKEHHH TEPMHUHOIOTNYECKOTO
XapakTepa, CO3IaHHBIX B PE3yJbTaTe MEKUYBCTBEHHBIX MEPECCUCHHH, — MBI
BBIBHUIIN YaCTOTHBIC CIIOBA U COYCTAHUS, UCTIONBE3yEeMbIC B METUITITHCKOM JTVIC-
Kypce JUIsl OIIMCAHMsI CUMIITOMOB 3a00JIeBaHMsI MM HOMUHAILIUK CaMOro Jina-
rao3a. Tak, B 3TOH cdepe peryasipHO yIOTPEOISFOTCS TSPMHHBI, KACAIOIIUECS
OTIMCAHUS XapakTepa OOJNW MaIyeHTa: mynas / ocmpas / pexcywas / pacnu-
parowasn / manywasn / cmabunvras / coicumarouas / nyibcupylowas n ip. 9ta
uH(opMaIyst moMoraer Bpady MpaBHIbHO cOOpaTh aHaMHE3 U Ha OCHOBAHWUHU
OIIYIICHUH MAIMEHTa MOHITh CUMIITOMBI TOTO FJIH MHOTO MaTOJIOTHYECKOTO
TpoIecca B OpraHu3Me UeIIOBeKa.

PesynbraTroM paboThI 110 MCCIIEIOBAHHUIO METUIIMHCKONW PEYH MOKET CTaTh
I0CCapuil CHHECTETHYECKMX MeTa(op MO PasHbIM OTPACIISIM MEIUIMHBI (TH-
HEKOJIOTHH, IEPMaTOIOT U, PEBMATOIOTHH | JIp.). Tak, B THHEKOJIOTHUH HCITOIh-
3yIOTCSI CIIEYIOIIHE BBIPAXKESHUS, OCHOBAHHBIC HA IPECEYCHNUH TAKTHIBHBIX
U OOJIEBBIX OULYILCHUIN: HOIOW A MAHYWas OOlb 6 MAMKe; KOMouue Ui ms-
Hywue 601U 8 60Ky /6HU3y Hcusoma (CHMITOM BHEMATOYHOW OepeMeHHOCTH,
3a00JIeBaHNUS IUIHUKOB); NOKAIbI8AIOUUE pedcyujie maHyuue 60au (CAMITTOM
Hayayia POJOBOU JCSITEIBHOCTH, CXBATOK); CmMabuibHas msanyuias 6ois (CUM-
IITOM OKOHYaHHS POJIOBOH IEATENFHOCTH, TIPH MOTYyTax). TepMHUHOIOTHYECKHE
COYeTaHMs, OCHOBAaHHBIC Ha TICPECCUCHIH 3PUTEIHHBIX U 0CA3aTSIBHBIX OIIlY-
IIEHUH, CBUJICTEIBCTBYIOT 00 aKTyaJaM3allii KOMIIOHEHTA «KOHCHCTECHIHSI»:
meopooicucmule gbioeieHus (CAMIITOM KaHU/03a, WA TPHOKOBOIT HH(PEKIINH);
8bl0eIeHUs N0 KOHCUCMEHYUU AUYH020 beka (CAMIITOM OBYJISIIAN ); HCelmo-3e-
JleHble neHucmoie gvloeneHus (CAMIITOM TPUXOMOHHUA3a); aneibCUHO8As. KOPKA
Ha bonbuiux nonoewix 2ybax (CBsi3aHa ¢ 3y/10M, OPAKEHHEM ITOJIOBBIX I'y0).

B nmepmatonornu K CHHECTETHYECKUM MeTa(opaM MOKHO OTHECTH Clie-
IYIOIINE BBIPAXKCHUS: (heHoMeH KPOBsAHOU pockl (TOUCUHBIC KPOBOTCUCHHUS U3
TIAITyJIbl B pe3yJbTare COCKaOIMBaHMS YEIIyeK KOKH — CHMIITOM IIcopHasa);
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Genomen “cmeapunosozo namua” (MOsIBICHNE OCIONH OKPACKH YeUIyeK Mpu
TOCKAaOIMBaHUH TICOPHATHYECKUX AIMEMEHTOB (TIAIYIIBI, OJISIIKN) ); crmpueyiyuii
auwail, WM JePMaTOMUKO3 (MOSBICHUE PO30BO-KPACHBIX IICNYIIAIINXCS TIs-
TEH, Ha KOTOPBIX YacTh BOJIOC 00JIOMaHa); cumnmom ‘“‘saonounozo sxcene” (1o-
sIBJICHUE OypOBATO->KEITON OKPACKH IIPH CWIIHOM HaJaBIMBAHUH HA JIONIOMY,
HAIlOMHHAIOIIEH [BET SI0JI0YHOTO KeJie — CHMIITOM TyOepKyJIe3HOH BOTYAHKH).
BbIsiBIICHHBIE TEPMUHBI OCHOBAHbI Ha MPECEUYCHUN 3PUTEIIFHBIX U OCS3aTelb-
HBIX OIIYIIEHUH CyOBEeKTa BOCIPHUSITHSI.

B OTOpHHOIAPUHTOJIOTUH HCIIONIB3YIOT CICAYIOLINE CHHECTETHYECKHE Me-
TaOPBL: CYXO0ll Kauienb / 1axCHble XPUnvl @ NE€2KUX — COUCTaHUs], CBS3aHHbIC
C M3/1aBacMbIM 3BYKOM KalllJIsl 1 KOHCHCTEHIIEH MOKPOTHI (BOCHAIUTEIbHON
KHUJIKOCTHN); cmpeniowjas 601b 6 yuiax (TaKTUIbHBIE W OOJIEBBIC OIIYIICHUS,
BO3HHKAIOIIUE NIPU OTUTAX); HOtowas 6oab yuiax (CIyxoBoe U 0OJIeBOE OLIy-
LIEHUE IIPH CPEIHEM OTHTE); ocmpasi 6016 6 yuiax (TIpH BOCTIAJICHUH CIIyXOBOU
TpyObI ik GapabanHol nepenonkn). TouHas naeHTHGHUKaIKs Xapakrepa 0onn
YKa3bIBaeT Ha BOCIIAJICHUE B ONPEACIICHHOMN YacTH OpraHa, II03TOMY JUlsl Bpada
Ba)kKHa Ka)kJast IeTallb IIpH cOOpe aHaMHe3a.

B HeBponoruu GOJIBIIMHCTBO BHIPAYKEHUH OCHOBAHBI HA IEPECEUSHHUH TaKTHIIb-
HBIX 1 OOJIEBBIX OLILYIIEHHIT AlMEHTa: ToMAWas O0Tb 8 NOACHUYE, NOKATBIBAHUSA &
KoHeyHocmsx (TIpA HEBPOTIATHSX ), NYIbCUPYIOWAs 20106HAs1 00b (TIPU MATPEHH),
coasnusaiowyas 6oL 8 BUCKAX, MyNas 607b 8 BUCKAX, MsAxCcénas 2on06a. Heckonbko
BBIPOKEHUIT CBUICTENIBCTBYIOT O B3AaMMOCBSI3H CITYXOBBIX U OOJIEBBIX OLIYILCHHI
CyObeKTa BOCTIPHSATHS: HOIOWAsA 60b 6 CniuHe — 00ITb, CBI3aHHAS C MBIIIICYHBIM I1e-
peHaNpsDKEHNUEM; WM @ YUiaX — IPH TOJIOBHBIX OOJISIX; menecHas 02yueHHOCHb.

B npouecce HoMnHanuu 3a0071eBaHN MOYEBBIACTUTEIBHOM CUCTEMBI TaK-
JKe BCTPEUAIOTCS CHHECTETHUECKHE MeTadopHl: eyouamasn nouxa (TIpA KUCTO3-
HOM paCLIMPEHHH COOMPATEIbHBIX TPYOOYEK B COCOYKAaX MEHseTcs popma
noukn). Ha Oa3e nepeceueHnst TAKTUIIBHBIX M OOJIEBBIX OIYIIEHHH BOSHUKIN
CIIEYIOIHE TEPMHHBL: noueuHas Koauka (COPOBOKIACTCSA OCTPON IPUCTYIIO-
00pa3Hoi OONBIO B IOSICHUIIR); CUMNMOM NOKOLa4ueanus (cumnmom Ilacmep-
Haykoz2o) (00IE3HEHHOCTH B 00J1aCTH MOYEK IPH MTOKOJIAYMBAHNH B TIOICHUYHON
00J1acTH); Ha OCHOBE TAKTUJILHBIX M CIYXOBBIX OLIYIIEHHUI: 7Mynotl nepKymop-
HbILL 38VK MO4€8020 ny3vips (TIPU YBEIINICHUN pa3MEepOB OpraHa).

B obnactu medeHOuHBIX 3a00JI€BaHNi BBISBICHBI TakKe MeTadopbl, Kak:
Jrcennyxa — OOJIE3HEHHOE COCTOSIHHUE C OKPAIIMBAHHEM B XKEJITBHINA [[BET KOXKHU
CIIM3HCTBIX 000JIOUEK; MYCKAMHAA neveHs (P XPOHNYECKOM BEHO3HOM 3a-
cToe M3MeHeHne (HOPMBI U [BETa OpraHa — CEPO-KENThI ¢ TEMHO-KPACHBIM
KparioM); ocmpulil Jcusom — N3MEeHeHne (pOpMBbI OPraHOB OPIOLTHOM MOJIOCTH
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C pazpa)KeHUEeM OPIOIINHBI, CUMNIMOM NIA8AIouiell TbOUHbl, KOTa B PE3ylb-
TaTe MepKyccur 00HAPYKUBACTCS IJIOTHAS TOBEPXHOCTH YBEITMUCHHON ITEUCHH
(KOMIIIIeKC BH3YaIbHBIX W TAKTHIBHBIX OIIYIICHIN); WiyM mpeHus OPouuHbl,
BBICITYIIMBAEMbII Ha TIepeJHEH OpIOIIHON CTEHKE, 00yCIOBICHHBIH TPEHUEM
JIUCTKOB OPIOLIMHBI.

B peBmaTomoruu HCIONIb3YIOTCS CISIYIOIIE CHHECTETHYSCKIE METapOPHI,
OCHOBAHHBIC HA [IEPECEUCHUN TAKTHIILHBIX U 3PUTEIbHBIX OLYIICHUIN: M)~
Hble naabysl (CXOACTBO C PYKOil MaHEKeHa Ha BHUJI U Ha OLIYIb TP CKIIEPOJEp-
MUH); comogoe Jieckoe (M3MEHEHNEe KOHCUCTEHIINN TKaHeH U (hOpMBI OpTaHa);
cocuckoobpasuvie nanvysl (nehopManus MajableB, BRIIBIIEMas BU3yaIbHO U
TaKTHJIBHO, — IPH NICOPUATHUECKOM apTpHTE).

B 3HIOKPUHOIOTHH MOXKHO NPHUBECTH TaKUE BBIPAXKEHHUS, KaK Koulaybe
MYpabIKaHbe — TIPA TTaJbIANH [IATOBUIHON JKEJIE3bl CIBIIIHA COCYINUCTAs
IyJIbCaNus ¥ IPO’KaHNE; MEeMaiIudeckuli npueKyc — BKyCOBOE OLIYIIECHHE OT
HCKOTOPBIX XUMHUYCCKUX BCIICCTB.

Mertadopbl, onHuCcHBaONIIE 00Th, KaK MPABHIIIO, COBIAMAIOT MIPU XapaKTe-
PHUCTHKE Pa3HBIX CHMIITOMOB, MCHSICTCS JIOKAIIU3AIUS 00U (207106HAS, 3YOHAS,
NosICHUYHAs 1 Ap.). B HEKOTOPBIX CiTyyasix ManueHThl IPUBOST 110 /1B OTpeie-
neHust OOJIEBBIX OIIYINEHUH (cmabunbHas manyujas 60ab, pe3kas maHyuas),
9TO OOYCIIOBIICHO CTpPEMJICHHEM OoJiee TOYHO OIHCATh ONIYIICHUE: YaCTOTY
BO3HMKHOBEHHSI, CTETNIEHb HHTEHCUBHOCTH, XapaKkTep BO3AEHCTBUS (peoicemn,
Konem, msuem).

AHanM3 TepPMUHOIOTUICCKIX COYCTAHHH, UCTIONB3YEMBIX B METUIIHHCKOM
JMICKypce, B OOJbIIEH CTENEHN CBHJETENLCTBYET O B3aMMOJICHCTBHH CHCTE-
MBI OCSI3aHUS U KAKOH-IN00 APYro MoJCUCTEMbl BOCIIPHATHS (CITyXa, 3peHHs,
BKyca). JlaHHBII (pakT 00YCIIOBIICH TEM, YTO B IIPOIIECCE OCA3AHUS IIPOUCXOINUT
pa3zapakeHre Pa3INYHBIX YYACTKOB KOKU, TKAHEH, CIIM3UCTHIX, YTO, KaK IPaBH-
J10, ¥ sIBIISICTCSI 00beKTOM u3ydeHus i Meauka. T.C. bopeliko ormeuaert, 4to
MIPOTIO3UIIMH TaKTHIBHOTO BOCHPHUSTHUS IPUCYIIA TOTMMOAAIBHOCTh, COCpEe-
JIOTOYEHHAS B 001aCTH aTpHOyTOB: TIpHIIaraTeIbHbIe, 0003HAYAIOIINE CBOWCTBA
IIpeaMeTa, T03HaBaeMble C TIOMOIIBIO OCsI3aHMs, CIyXaT 0a30it st nudde-
peHIMAUKN 3BYyYaHHs, OICHKU 3pUTCIIbHBIX, O6OH$[T€J'H)HI:IX OﬂlymeHHﬁ, qTO
HAXOJWT CBOE BRIPAKEHHE B SIBICHUH CHHECTE3um» [4, C. 6].

OTIenbHO OTMETHM, YTO HOMHHAIIMH, BO3HUKINKE Ha 0a3e mepeHoca 3Ha-
YEHUS U3 OJIHOW O0JNIAaCTH B JPYTYIO, HMEIOT Pa3In4YHbId KOMMYHHKATHBHBINA
craryc. [Ipuuem B ciioBape MEIUIIMHCKUX TEPMUHOB ATOW Ba)KHOM JIsI pelu-
MMeHTa UHPOPMAITUHN HE CONEpKUTCS. IMeeM B BHIY, 9TO OTCYTCTBYIOT ITO-
METBI, KOTOPbIE MO3BOJISIIOT MPABWIILHO YIOTPEOISATh JaHHBIC BBIPAKCHHS B
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ouIMATbHON CUTyaluy OOIICHUS C MAlMCHTOM WJIM B MPOLECCe OOIICHUS
¢ KoyuteramMu. Hampumep, BBIpaKeHHE «PHTM Tajomna» (TepMuH, 0003Hadaro-
AN «ayCKYJIFTaTHBHBINA (DEHOMEH, 3aKITIOYAIOIIAIACS B HAJIIYHH SKCTPATOHA/OB
cepaiay» [21], onuceiBaroliee CUMIITOM TIPHU 3a00JICBAaHUSX CEpIIlia, HE COPO-
BOYK/IACTCS B CIIPABOYHKKE TOMOJHUTEIBHON HHPOPMAIHEH, OPHUIIHATBHOC JIH
9TO HANMEHOBaHHE, KOTOPOE MOKHO HCIIOIH30BaTh B HAYYHOM TEKCTE, MM KE
9TO 00IIEYIOTPEONTEIbHASE HOMUHALIUS, KOTOPYIO TaKKe MOXKHO yIIOTPEOIsTh
U B JIEJIOBOM KOMMYyHHKanuu. [Ipu 3ToM B yueOHOMN TuTepaType MOKHO HaiTH
oApoOHYT0 KIacCH(HUKAIHNIO IIIYMOB IO TEMOpPY: MseKue, Oyloujue, CKpedxcy-
wue (UIyM TPEHUS TEPUKAPAA), C MEMALIUYECKUM OMMEHKOM, «ULYM Melb-
HUYHO20 Koslecay (CUCTONO-AMACTOIMYECKUI IIIyM ITPU OTKPBITOM OOTalIOBOM
MPOTOKE) [7], aHATU3 KOTOPOH CBHJIETENBCTBYET O MEePECEUCHNH TaKTUIBHBIX
1 3BYKOBBIX OIIYIICHUH.

Jpyroii mpo0ieMoi, Ha Halll B3IVIS, SIBIISICTCS IPEAOCTABICHUE TEPMUHOB
B MEJMIIMHCKHX CIIPAaBOYHHUKAX. Tak, OJJHO M TO e 3a0oJieBaHUE 0003HAUYCHO
Pa3HBIMHU CJIOBAMH, HAIIPUMED: MEOPOICUCIAA / KA3CO3ZHASL NHEBMOHUS / MU-
auapuwill mybepkynes / ckopomeunasn uaxomka. Kaxmaoe TepMHUHOIOTHIECKOE
COYETaHUE MOYKHO MCIIOJIb30BATh B 3aBUCHMOCTH OT HAMEPEHUSI TOBOPSILIETO: B
HAy9HOM TEKCTE MPEAIOYTUTEIICH JTATHHCKUN FITH TPEIECKUI aHaJIOT CIIOBa, B
CYOBEKTHOH Tape «Bpayu-TaIieHT» YMECTHBI BRIPAKECHHUS METa(hOpHUIECKOTO Xa-
pakrepa. Bpau ncrions3yer o0pa3Hble BBIPRKSHHUS 10 ABYM IPHYMHAM: C OJJHOH
CTOPOHBI, MAIMUCHTY HEMOHATHBI TCPMHUHBI JIATUHCKOI'O WJIM I'PE€UYCCKOTO IIPO-
HCXOXKIICHHSI, C IPYTOX CTOPOHBI, 3TO MO3BOIAET OOJIee JOCTYIMHO OOBSCHUTH
60IpHOMY XapakTep 3a00JIeBaHNs HIIM aHATOMUYECKHE 0COOCHHOCTH OpraHa.

TepMuHbl, OCHOBaHHbBIE Ha 0a3e CHHECTE3HMH, HE TOJIBKO TOYHO OTPaXKaroT
CYTh KaKoTo-TH00 (PM3MOJOTHYECKOTO MpoIecca WM XapakTepa OOJH Mmary-
€HTa, HO W PaCIIUPSIOT cepy ynoTpeOIeH s JIF000T0 MOHITHS, KOTOPOE Ta-
KHM 00pa3oM IOJIy4daeT cTaryc OOLIeyIoTPeOrTENBHOrO KaK JUlsl Bpada, TaK
U JUTS TaruenTa. Bpay, KoTopslit cTpeMuTCsl OBITh KOMMYHHKAaTHBHO KOMIIE-
TEHTHBIM, TPEAIIOYNTACT MCIIONB30BATh TEPMHUHOJIOTHIO, TOHATHYIO TAIHeH-
Ty. Tak, BbIpa)K€HHE «IIECOK B IJIa3aX» ONHMCHIBAET TAKTHIILHBIC OLIYIICHHUS
CYXOCTH B OopraHax 3pC€HUs; «KOM B IOpJi€» — TAKTHUJIbHbBIC OLIYUIICHHSA, CBsI-
3aHHBIC C TPYIHOIIPOXOANMOCTEIO B TOPTaHH; «PEXKET CIyX» — 0 OOJH B ymIax
BCJICJICTBHE TPOMKHX WIIH PE3KHX 3BYKOB. MOJIEINTb «OIIYIICHHE B KAKOM-JIH00
OpraHe» MMeeT Pa3roBOPHYIO OKPAcKy. B MenuIMHCKOW auTeparype Kax bl
U3 BBIIIEYKA3aHHBIX CHMIITOMOB UMeeT O(UIMATbHBIN CHHOHUM Pa3HOBHIIHO-
CTel TUCKOM(OPTHBIX OIIYIICHUN: «KOM B TOPIICY — 210MOUHbIL UAP; «MYIIKA
riepest mia3aMm» — 0eCmpyKmueHbvle NPOYeccvl 8 CMEKI08UOHOM mele 2d3a;
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KPEXKET CIYX» — MUHHUIMYC.

B ycTHOI MeAUIIMHCKOW KOMMYHHKAIIAH B TIporiecce cOopa aHaMHe3a Bpay
HCIIONB3YET CPE/ICTBA PA3IMYHBIX (PyHKIMOHAIBHBIX PA3HOBUIHOCTEH S3bIKa!
Pa3roBOPHO# peun, OHUIIHATLHO-JETI0BOTO U HAYYHOTO CTHIICH, KaK CIpaBe/l-
o otMedaeT E.B. Opnosa: «Paccipoc mpeacrapisieT codoi mpodeccroHab-
HBII UAJIOT Bpada ¢ MaIHeHTOM, KOTOPBI coBMeNaeT B cebe 0coOeHHOCTH
YCTHOH pa3roBOpHOM, A€JI0BOM U Hay4yHOMH, npodeccronanbpHol peun» [15, c.
101]. Bpau, ucxons ux cBoeii KOMMYHHUKaTHBHON KOMIIETEHIIUH, OCYIIIECTRISET
BEIOOp cmocoba BepOamm3anmu ppeiiva (METUITMHCKYIO TEPMUHOIOTHIO WIIH
001eyTOTPEOUTENBHYIO JIEKCHKY) B 3aBUCHMOCTH OT YPOBHS HH(GOPMHPOBaH-
HOCTH IAlMEHTA: NHE6MOHUsL, WA BOCTIAJICHNE JIETKHX; 2enamunt, WA JKeNTyXa
[19]. 3aech MOTYT aKTyaIM3HPOBATHCS PA3TUYHBIC CHHECTETHIECKHE MeTado-
PBI, THNA Jiceyuast, noouas 6016, OJHAKO MHUCbMEHHast (Gukcanus xanod ma-
LMEeHTa B JOpME JOKYMEHTA «HCTOPHUS OOJIE3HM» BEAETCSI B COOTBETCTBUU C
HOpMam# O(MIHATBHO-EJIOBOTO MJIM HAYYHOTO CTHJICH S13bIKa, KOTOpbIE HE
JIOITyCKaIOT UCTIONb30BaHNSI MHOTO3HAYHOH JIEKCHKH, SMOIIMOHAILHO-OKPAIIICH-
HBIX BBIPOKEHUH WIIH (PPa3eoI0rn3MoB THIIA «PEKET CIYX».

KoMMyHHKaTHBHAS KOMIIETEHIIHS Bpaya COCTOUT B TOM, YTOOBI TpaHchop-
MHUPOBATh BBIPAKCHUS MAIMEHTA B COOTBETCTBUU C HOPMAaMU MEAMIIMHCKON
JokyMeHTauu. OIHAKO SI3BIKOBOE UyThE PA3BUTO HE y BCEX Mpe/CTaBUTEIEH
MEJIMIIMHCKOTO cO00IIecTBa, II0ATOMY HE BCETa Bpad MPaBUILHO IIOHUMAET
OKpAacCKy BBIPOKCHHS WIN MOHITHS, KaKOW (YHKI[MOHAJIBHBIA CTAaTyC y OIpe-
JICTICHHOH SI3bIKOBO eimHuIIbL. [lomaraem, 4To BeIpaXKeHUs: ocmpas 60ib, Ko-
mowas 6onb, 6016 pacnupalouie2o xapakmepa M Ip. - SBISIOTCS CTEPTHIMU
MeTadopamMu U yTPATUIIN CBOIO SKCIIPECCUBHOCTD, IIO3TOMY MCIIONB3YHOTCS IIPU
3aMUCH UCTOPHUHU OOJIE3HN.

Takne KOMMyHHKAaTHBHBIC HaBBIKH, KaK MOHUMAHHE TPAHUI] IKCIIPECCHB-
HOCTH CJIOBA, OTHOCSIIIIETOCSI K MEAMIIMHCKOMY JMCKYPCY, ONpEeJesIeHHE ero
KOMMYHHMKAaTHBHOTO CTaTyca, HY>KHO (pOPMHUPOBATh B MPOIECCE MOATOTOBKU
Oynynmx Bpadeil. OpueHTaryst Ha HOpMbI MAIMEHTOLECHTPUIHOW KOMMYHHKA-
1uH 00yCIIOBIICHA, B TOM YHCIIC, K TPEOOBAHUSMH COBPEMEHHBIX €BPOIIEHCKIX
00pa3oBaTebHBIX CTAHAAPTOB.

B paMkax nanmeHTOOpHEHTHPOBAHHOI KOMMYHHKAIIMH BPad JIOJDKEH YMETh
OITMCHIBATh MH(OPMAIIUIO CIIOBAMH MalMEHTa 03 NCIOIB30BAHUS MEIUIINH-
CKUX TEPMHUHOB B cO0TBeTYHKH ¢ Kanrapu-KeMOpHIHKCKUM pyKOBOJICTBOM TI0
xoMMmyHHKanuu [22; 23]. Iporieccs TpaHchOpMAITHH CO CTIOB MAIMEHTa B HCTO-
PpHro OOJIE3HM [UTSl TOBTOPEHHS MTAIMEHTY BCET0 00beMa MoTydeHHONH HH(OopMa-
UM O €r0 COCTOSIHUH M ’KaJIo0ax COMPOBOKIAIOTCS ITEPEX0/I0M C Pa3TOBOPHON
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peur Ha S3bIK O(UIMAIBHO-/ICIOBOI JOKYMEHTAIMU U HAy4YHOTO aHajiu3a, u
Hao0opoT. CunTaem, 4TO CHHECTETHIECKUE MeTa(OphI, HCIIOIB3yeMbIE B Me-
JMIUHCKON Peuu, He TOIBKO CIIOCOOCTBYIOT OoJiee TOUYHOMY COOpY aHaMHe3a,
HO U TIO3BOJISIOT B JIOCTYITHOH (popMe onucarh OLIyIICHUs MalueHTa, GU3Ho-
JIOTHYECKHE U3MEHEHHSI B €0 OpraHu3Me.

Takum 00pa3om, crcTeMa BOCHPHUSTHS YYaCTBYET B MPOIECCE MBbIIILIC-
HUS ¥ KaTErOPU3AINH SI3BIKOBBIX CIMHUII, OMHUMH U3 KOTOPBIX SIBIISIOTCS ME-
JUIMHCKHE TEPMUHBI. B CBsI3M ¢ 4eM B peuyd Bpada M MalMeHTa BO3HHKAIOT
TEPMHUHOJIOTUYECKUE COYETAHHs, OCHOBAHHBIE Ha B3aMMOCBSI3U Pa3IMYHbBIX
YYBCTBEHHBIX OUIyIeHUH. [Ipyr 3TOM TEpMUHBI, HCIOIb3yEMbIE BPAY4OM B HO-
BBIX JUIs ce0sl KOHTEKCTax, U BHIPAKEHHUSI TTALMCHTA, OITUCHIBAIOIINE XapaKTep
00JIH WITH KaKUX-THO0 (PU3MOTOTHUECKUX OIIYIICHHH, CIIOCOOCTBYIOT H3MEHE-
HUIO TIOHATHHHOTO (POHAa METUIIMHCKON oOnactu 3HaHWU. Cdepa MeIUIIH-
CKOM TEPMHUHOJIOTHH, BKJIIOYAIOIIAs CJIOBA U BBIPayKCHUSI, OCHOBaHHBIC Ha 0a3e
CHHECTE3MHU, CTAHOBUTCS LIMPE 3a CUCT BKIIFOUYCHHUS B HEe U OOLICYHOTpeOH-
TEJIBHO JEKCUKH (meno, X60cm, KApmuHd, pUcyHox u op.), v JE€KCUKH, 00CITy-
JKUBAFOIICH MTOJICHCTEMBI BOCIIPHUATHUS YCIOBCKA.

Cpenn 00pa3HbIX BBIPQKEHUH B MEIUIIMHCKOW PEUH MOYKHO BBIJICITUT CH-
HecTeTuuecKkue MeTadopbl, HOMUHHUPYIOIINE JHArHO3 (THIIA MEOPONCUCAs
NHEGMOHUSL, CIMPUYWUTL TULLALL), CAMITTOM 3a00JIeBaHus (MseKue uymol 6 cepo-
ye, CUMNIMOM NOKOAAYUBAHUSL, CUMNIMOM SIOI04HO20 dicene) UIH MeTadophl,
OTIHCHIBAIOIINE XapakTep O00NM manuenTa (TUmna Hoau 2yosm, pexcyuue 6oau).

[IpencraBneHHbIl B paboTe TIIOCCapuil TEPMUHOIOTHUECKUX COYCTAHUN
BKJIFOYAET HOMHHAIIMU CHHECTCTHYCCKOTO XapaKTepa, aKTyaldbHbBIC IS psiia
KJIFOYEBBIX OTpaciieil MEJMIMHBL: JIepPMaTOJIOTHH, THHEKOJIOTHH, PEBMATOJIO-
UM, OTOPUHOJIAPUHTOJIOTHH, HEBPOJIOTHH, 3a00JI€BaHII MOUYEBBIICIUTEb-
HOU U MEYCHOYHOH CHCTEeM, YHJOKPHHOJIOTUH. BBISBICHO, YTO MEIUIIMHCKAS
CHHECTE3Hs IIPE/ICTaB/ICHa B OCHOBHOM I€PECEUSHUEM ITOJICHCTEMBI OCSI3aHUS
U KaKoi-nmnbo Apyroii moJcucTeMbl BOCIIPHATHS (3peHUs, ClIyXa, BKyca), 4To
00yCIIOBJIEHO XapaKTepOM TaKTHIBHOCTH, KACAIOIICHCSI OMTUCAHUSI OIIYIIEHUI
JABIICHIISI, TETUIA, XOJIONA U IPYTUMH PEHEHTOPAMHU KOXKH ¥ HEKOTOPBIX CITH3H-
cThIX 00Oosouek. CrenoBaTe bHO, TOMHUHUPYET TAKOW BHJ CHHECTETHYECKOTO
NepeHoca, Kak TaKTHIbHO-00JIEBOH.

HccnenoBanne KOMMYHHKATHBHOTO CTATyCa CHHECTETHYECKHUX MeTadop B
MEJIMIIMHCKOM JIUCKYPCE CBSA3aHO C MACHTU(HUKAIMEH TAKUX BHIPAKCHUH B JIEK-
CHKOHE Bpaya. Bpau B popme MeTadop 00BACHICT 0COOCHHOCTH 3a00JICBaAHNUS
WK crneuduKy nporeaypbl, YT0 COOTBETCTBYET HOPMaM MAllUEHTOLEHTPHY-
HOW KOMMYHUKAIIHHX, PEYCBBIC aCIICKTHI KOTOPOW MBI OIIICHIBAEM B PAMKaX Kyp-
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ca, BKJIFOUCHHOTO B MPOrpaMMy OOyUYCHHS CTYJACHTOB JICUeOHOTO (paKysibTeTa
Tromenckoro I'MYVY [12].

Kpome Toro, ucronb30BaHne BpauoM TEPMUHOB, CO3JAHHBIX Ha 0a3e cH-
HECTE3UH, 00YCIOBIEHO CTPEMJIEHHEM H30€XKaTh Y3KOCIEIMAIbHON TEPMHU-
HOJIOTHH, COCOOCTBYIOMIEH (HOPMHUPOBAHHIO CTpecca y OOMBHOTO YeloBeKa.
[ManueHTOnEeHTPUYHASI KOMMYHHKAIIUSI OPUEHTHPOBAHA HA TO, YTOOBI 00IIe-
HHUE C BPa4oM ObLJIO MOHSTHBIM, M B TO K€ BPEMS HE BBI3BIBAJIO SITPOI€HHOTO

a¢dekra.
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ITPABHUAA JAA ABTOPOB
Hayuno-npakTuyeckuil peneH3upyemsrii xxypHan Siberian Journal
of Life Sciences and Agriculture usnaercs ¢ menapo nmponaranasl QpyH-
JaMEHTaJbHBIX U (YHIAMEHTAJIbHO-TIPUKIAJHBIX PETHOHAIBHBIX AOCTH-
KEHHUI B 00J1acTH MEIUIMHBI, OMOJIOTHHU, CEIbCKOTO X035 HCTBA U CMEX-
HBIX AUCIUIUTHH Ha TeppuTtopun Poccuiickoit denepannn u 3a pyoexom.

TpedoBaHusi K 0hpOPMIIEHHIO CTATEH
O0BeM pyKoTICH 7-24 cTpanuis! Gopmara A4, BKITIO-
yasi TaOJIHIIBI, HIUTIOCTPAINH, CITHCOK
JUTEPaTypPhl; Al ACHUPAHTOB U COMC-
KaTeJel yueHoH CTeneHn KaHauaaTa

Hayk — 7-10.
Ions Bce nons — 1o 20 Mm
IpudTt ocHOBHOTO TeKcTa Times New Roman
Pasmep mpudTa ocHOBHOTO TekcTa 14 It
Me:xcTpoUHbLi UHTEPBA HIOJIyTOPHbII
OTctym mepBoif cTpoku ab3ara 1,25 cm
BrIpaBHUBaHNE TEKCTa 0 IIMPHHE
ABTOMaTHYecKasi pacCTaHOBKa BKJIIOYCHA
TIEPEHOCOB
Hywmepanus crpanun HE BeJeTCs
DopMyIBI B penakrope ¢popmya MS Equation 3.0
Pucynku IO TEKCTY
Ccoutkn Ha hopmyry )
CchUIKN HA TUTEPATYpy [2, c.5], uuTupyemas auteparypa nmpuBo-

JUTCA OGIHI/IM CIITMCKOM B KOHIIC CTaTbU B
MOpsAAKE YIIOMUHAHUA

3ATIPEIHAETCA UCIIOJIB30BATD
CCBUIKHM-CHOCKU AJIA YKA3A-
HNA NICTOYHHUKOB
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O0s13aTesibHAsI CTPYKTYPA CTATBH
YIK
3AIUVIABHUE (1a pycckoM si3bIKe)
ABTOp(bI): GaMUITUSI 1 HHUIMABI (HA PYCCKOM SI3BIKE)

AHHOTaIUA (Ha PyCCKOM SI3BIKE)
KuiroueBble cjioBa: OTAEIAIOTCS APYT OT APYyra TOUKOH ¢ 3amaToit
(Ha PyCCKOM SI3BIKE)

3AIUVIABHUE (Ha aHmmiicKoM SI3bIKE)
ABTOp(bI): paMuUIIUs 1 HHUIMANBI (Ha aHTJINHCKOM SI3BIKE)

AHHOTAIUS (HA AaHTITUHACKOM SI3BIKE)
KuiroueBble cjioBa: OTAEIAIOTCS APYT OT APYyra TOUKOH ¢ 3amaToit
(Ha aHTIMICKOM SI3BIKE)

Tekct craTby (Ha PyCCKOM SI3BIKE)

1. BBenenue.

2. [leab padoThI.

3. MarepuaJjsbl 1 MeTOAbI HCCIETOBAHHUS.

4. Pe3yabTaThl HCCJIEIOBAHUS U HX 00CY KIEHHe.
5. 3akiroueHnue.

6. Undopmanns o KoHGINKTE HHTEPECOB.

7. Uudopmanus o CIIOHCOPCTBe.

8. BaarogapHocTu.
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