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YjieHbl peJaKIIUOHHOM KOJLJIErul

Anexcaniposa Oxcana FOpbeBHa, JOKTOp MejH-
LMHCKUX HayK, npogeccop, DenepanbHoe rocymap-
CTBEHHOE OIO/KETHOE Hay4yHOe yupexaenue «Harmo-
HAJIbHBIH Hay4YHO-HCCIIC/I0BATEIbCKHH HHCTUTYT 00IIe-
cTBEHHOTO 3710poBbsi uMeHn H.A. Cemamko» (MockBsa,
Poccust)

Ananbe Biaagumup HukonaeBudy, JIOKTOp MeJu-
LMHCKHX Hayk, npodeccop, [ocynapcTBeHHbIH Hay4-
HEIH HeHTp PP - MHCTHTYT MeanKo-6HOMOrnyecKux
npo6iem PAH (Mocksa, Poccust)

AununcumoB Anzpeii IlaBjioBuY, JTOKTOp MEAMLNH-
CKHX Hayk, npodeccop, [0cynapcTBeHHBIH HaydHBIH
LEHTP MPUKIAJHOH MHKPOOHOIOIUN M OHOTEXHONO-
run Pocniorpe6uanzopa (O6onenck, Poccust)
Apunnuesa Hpuna BiaaaumupoBna, 10KTop 6HO-
JIOTHYECKHUX HayK, ToleHT, KybaHckuil rocynapcTBeH-
HbIil arpapHbiii yHuBepcurer uM. W.T. TpyOuimna
(Kpacnonap, Poccust)

ApyTioHsIH AJslekcanap BapraHoBuy, j1okrop Guoso-
rudyeckux Hayk, npodeccop, Hayuno-uccnenosarens-
CKHMii HHCTUTYT aKyILIEPCTBa, THHEKOJIOTHH U PEIPO/IyK-
Tosorun uM. J1.0. Orra (Cankr-IlerepOypr, Poccust)
AcrapxanoBa Tamapa Cap:kaHoBHA, JOKTOP CEllb-
CKOXO3SIICTBEHHBIX HayK, mpodeccop, Poccuiickumii
yHuUBepcHuTeT Apy:x0bI HapooB (Mocksa, Poccust)
Ammapuna Jlionmuia @UIHIIOBHA, TOKTOP CEllb-
CKOXO3SICTBEHHBIX HayK, CHOMpCKuil denepanbHbIi
Hay4HbIil LeHTp arpoOuorexnonoruit PAH (Hosocu-
6upck, Pocenst)

Banadko ITerp HuxonaeBnd, T0KTOp OHOTOTHYECKUX
Hayk, npogeccop, MOCKOBCKHI TroCYIapCTBEHHBIH
yuusepeutet uM. M.B. Jlomonocosa (MockBa, Poccnst)
Banakupes Hukonaii AjexcanapoBuy, JI0KTOp
CEJIBCKOXO3SIHCTBEHHBIX HayK, HPpoheccop, akaJeMUK
PAH, MockoBckas TocyaapcTBEHHAs akaJeMus BeTe-
PHHApHON MEAMIHMHBI U GnoTexHomornu - MBA nM.
K.U. Ckpsibuna (Mocksa, Poccust)

Bapa6anoB Anarosmii TumogeeBuy, 10KTOp Celb-
CKOXO3SIHICTBEHHBIX HayK, CTAPIIHI Hay4HBIH COTPY/I-
Huk, desiepanibHOE rocy1apcTBEHHOE OIO/KETHOE Ha-
yuHoe yupexzaenue «®DenepanbHblii HayqHBIH LEHTp
arpPOIKOJIOTNH, KOMIIIEKCHBIX MEIHOPAIHil ¥ 3alnT-
HOro JiecopasBejienus Poccuiickoil akagemMun Hayk»
(Bosrorpan, Poccnst)

BarbipbexkoBa Cpernana EcumOexoBHa, j0KTOp
XUMHMYECKHX Hayk, npodeccop, Kazaxckuii Harmo-
HalbHBII yHHMBepcuTeT uM. Anb-Dapadu (Asmarsl,
Pecry6nika Kazaxcran)

BenenkoB Ausekceii UBaHOBHY, IOKTOP CEIIbLCKOXO-
3SUCTBEHHBIX Hayk, mpodeccop, Poccuiickuii rocy-
JIAPCTBEHHBIN arpapHblii yHUBEPCUTET - MOCKOBCKast
celsibcKoxo3siicTBeHHas akajgemus uM. K.A. Tumups-
3eBa (MockBa, Poccust)

Bensiee AHaTo/ Ml ApKajabeBH4, JOKTOP CEJIbCKO-
XO3SIUCTBEHHBIX HayK, jgoueHt, HoBocubupckuii ro-

CynapcTBeHHBIN arpapHblii yHusepcuter (Hoocu-
oupck, Pocens)

Bepcenesa EBrenusi AjlekcanapoBHa, JIOKTOp Me-
JMLMHCKUX Hayk, npodeccop, PI'BY « BHUMUMT»
Pocsnparamzopa (Mocksa, Poccnst)

Byko BsiueciaB YibsiHOBHY, JOKTOp OHOIOTHYE-
CKHX Hayk, npogeccop, MHctutyT Onoxumuu Ouo-
Jormdecku axkTuBHBIX coemunHennii HAH bemapycu
(T'ponno, Pecry6imka Benapyce)

Bsuioseknii FOpuii FOuibeBu4, 10KTOp MEAUIMH-
CKMX HayK, npodeccop, Psi3anckuii rocyrapcTBeHHbIH
MeIMIMHCKUI yHUBepcuTeT uM. akaja. M.II. Tlapnosa
(Psi3anb, Poccust)

Bunorpajos JImutpuii BanepueBuu, noxrop 6uo-
JIOTHYECKHX Hayk, mpodeccop, ®T'BOY BO PIATY
Ps3anckuit rocy1apcTBEeHHBIH arpoTeXHOIOTMYECKUN
ynusepeuteT uM. IT.A. Kocteruesa (Ps3anb, Poccnst)
Butknna Tatesina McaakoBHa, JOKTOp OHONOTH-
yeckux Hayk, npogeccop PAH, JlambHeBocTO4HBII
HAyYYHBIIl HEHTP (U3MONOTHI U MATOJOTUM JIBIXaHUS
(BnarosemuieHck, Poccust)

Boukosa I'asinna BiaaumMupoBHa, 10KTop 6HOI0TH-
YECKUX HaykK, 4ieH-koppecnonaeHT PAH, ®enepans-
HBIil Hay4HBIH IIEHTP OMOJNIOTHYECKOMH 3aIUTHI pacTe-
uuii (Kpacnonap, Poccust)

Boabpinkun Baagumup AJtekcaHAPOBHY, JOKTOP
CeNIbCKOXO3ICTBEHHBIX HayK, mpodeccop, Beepoc-
CHHCKHMII HALMOHAIIBHBII HAY4YHO-NUCCIIEI0BATEIbCKUIT
MHCTHTYT BHMHOTpajapcTtBa M BHHOmenus «MATA-
PAU» (Snra, Pocenst)

Boponuna Bajentuna I1aBioBHa, TOKTOP CElIbCKO-
XO35ICTBEHHBIX HAyK, CTAPIIHIl HAYYHBII COTPYAHHUK,
Bourorpaickuit rocynapcTBeHHbIN arpapHblit yHuBep-
curet (Bonrorpan, Poccust)

T'apmaes Enyon KampsiHoBHY, TOKTOp Teorpadu-
YeCKMX Hayk, JoueHt, npodeccop PAH, wien-kop-
pecniongent PAH, Baiikanbckuii HHCTUTYT IPUPOIO-
nonb3oBanust CO PAH (Ynan-Vima, Poccust)

TI'mac Mypar CabupoBuy, JOKTOp OHOJIOTHYECKUX
HayK, npodeccop, uieH-koppecnonnent PAH, ®I'b-
HY «®enepanbHblii Hay4dHBII LIEHTP OBOILEBOACTBA»
(. BHUUCCOK, Poccus)

I'noroB Aunexcanap I'aBpuiioBu4Y, JIOKTOp BeTepu-
HapHBIX HayK, npodeccop, Cubnpcknii henepanpHbIii
Hay4HbIil LeHTp arpoduorexHonoruii PAH (Hosocu-
6upck, Poccust)

Tonosun Cepreii EBrenneBnd, J0KTOp CEITbCKOXO-
3SMCTBEHHBIX HAyK, CTaplIMil HAaydHbIH COTPYIHHK,
DeniepanbHblii HayuHbIH CENEKLMOHHO-TEXHOIOIHYE-
CKMil IGHTpP CaJI0BOJCTBA M MMUTOMHUKOBOACTBA (Mo-
ckBa, Poccnst)

TosoxBact Kupuiia CepreeBud, n1oktop GHOIOTH-
YeCcKHX Hayk, €ieH-koppecnonaeHT PAO, mpodeccop
PAH, Cubupckuii ¢ejepaibHblii HAay4HBIH LEHTp
arpoouorexnonoruit PAH (HoBocubupck, Poccus)
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Tom6oeB Banp OkTs0pbeBUY, T0KTOp reorpadude-
CKHUX Hayk, npodeccop, balikanbCckuii HHCTUTYT HpH-
ponononb3oBanust CO PAH (Ynan-Yia, Poccus)
T'onuapos Cepreii Biaaumuposuy, joxrop 6uoso-
TMYECKHX HayK, poueHT, Kybauckuii rocymapcTBeH-
HbIil arpapHelii ynusepcurer nM. W.T. TpyOummna
(Kpacnonap, Poccust)

I'psisbkun AHatosmii BacuibeBud, 10ktop 6HOIO-
rHYecKuxX Hayk, npodeccop, Cankr-IlerepOyprekuii
TOCYApCTBEHHBIN JICCOTEXHUYECKUH yHUBEPCUTET
M. C.M. Kuposa (Carxkr-Ilerep6ypr, Poccust)
Jlenncos Cepreii AjexkcaHIpPOBUY, TOKTOP Cellb-
CKOXO3SMCTBEHHBIX Hayk, mpodeccop, IloBomxckuit
TOCYIapCTBEHHBIN  TEXHOJOTMYECKHIl yHHBEPCHUTET
(Momkap-Oua, Poccus)

Jepsaruna Jlapuca EBrenbeBHa, JOKTOp MEIMIIH-
CKHX HayK, Tpogeccop, MOCKOBCKHI yHHBEPCHTET
MB/I PO um. B.S1. Kukors (Mocksa, Poccust)
JbsikoBuny Mapuna ITunxacoBHa, TOKTOp OGHOIOTH-
YeCKHX HaykK, npodeccop, AHrapcKuii ToCcy1apCTBeH-
HBIII TeXHU4eCKHi yHUBepcuTeT (AHrapek, Pocenst)
Kmbuies ITasesa FOpbeBu, T0KTOp OHOTOTHYESCKHX
Hayk, JloleHT, [ocynapcrBeHHblil yuusepeurer «Jlyo-
Ha» (Mocksa, Poccust)

3aiines Baagumup BaagmmupoBud, 1okTOop OMO-
JIOTHYECKUX Hayk, npodeccop, Camapckuii rocymap-
CTBEHHBIH arpapublii ynusepcuteT (Camapa, Poccus)
3anecoB Cepreii BeHHaMHHOBHY, JOKTODP CEJIBCKO-
XO3HCTBEHHBIX HayK, Ipodeccop, Ypaabckuii rocy-
JIApCTBEHHBIN secotrexHnyeckuii ynusepcurer (Exa-
TepunOypr, Poccust)

3yamuun Cepreii HukosiaeBu4, TOKTOp CEIIbCKOXO-
3AHCTBEHHBIX HayK, npodeccop, Camapckuii rocynap-
CTBEHHBIH arpapHslit ynusepceutet (Camapa, Poccust)
HBanosa Manca AdanacbeBHa, JOKTOP MEIUINHCKHX
Hayk, npodeccop, ®I'BY «lleHTpabHBIil HaydHO-HC-
CIIeI0BATENIBCKUN MHCTUTYT OpraHu3auud 1 uHdopMa-
TH3ALUK 31PaBOOXPaHEHUs» MHHHUCTEPCTBA 3IPABOOX-
panenus Poccuiickoii @eneparmu (Mocksa, Poccust)
HBanyenko BsyecnaB MocudoBuy, JOKTOp Celb-
CKOXO3SIICTBEHHBIX HayK, Tpodeccop, Kpemckmii
(denepanpubiii ynusepcuter uM. B.M. Bepnazickoro
(Cumdepomnons, Poccust)

Ka3zakoBa Agmusi CaéupoBHa, JOKTOp OHOIOTHYE-
CKHUX Hayk, npodeccop, A30B0-UepHOMOPCKHUIA HHKe-
nepublii uactutyT ®I'BOY BO [lonckoii I'AY (3ep-
Horpaz, Poccus)

Ka3pinyd Huna I'puropbeBHa, JOKTOP CEIIbCKOXO-
34iiCTBEHHBIX HayK, npodeccop, Omckwuii rocynap-
CTBEHHBIH arpapHblii yHusepcurer uMm. I1.A. Croibl-
nuHa (Omck, Pocenst)

Kansirun Aunexceii HuxonaeBuy, JOKTOp MeJH-
LMHCKHX HayK, npodeccop, MBA, MpkyTckuii rocy-
JTapCTBEHHBII MenuuuHCKuil yHuBepeuteT (VpkyTek,
Poccnst)

Kapranos Muxaui IOpbeBuny, noktop Ouonoruye-
CKHX Hayk, npodeccop, Hayuno-uccnenoBarenbekuit

MHCTHUTYT o0wei maronoruu u narodusnonoruu (Mo-
ckBa, Poccnst)

KamesapoB Hukouaii UBaHoBHY, JOKTOp CEIbCKO-
XO35HCTBEHHBIX HayK, Ipoeccop, 3aciIyKeHHBIH Je-
srenb Haykn PO, akanemuk PAH, Cubupckuii dene-
paibHBIi Hay4yHBIH LEHTp arpobuortexHonoruii PAH
(HoBocubupck, Poccust)

Kimuvenko Bukrtop IapioBu4, 10KTOp CEIbCKOXO-
3SICTBEHHBIX HAyK, CTapIINi HAYYHBIH COTPYAHUK,
Bceepoccuiickuii HaloHalbHBIN Hay4HO-HCCIIE/I0BA-
TEJIbCKUH MHCTUTYT BMHOIPAzapcTBa M BUHOJEIHS
«MATAPAY» (SInra, Poccust)

Koasnes Hukonaii HukonaeBud, 10kTop Guosoru-
YECKHUX HayK, CTaplInii HayuHbIH COTPYAHUK, lanbHe-
BOCTOYHBIIf TOCYIapCTBEHHBIIl TEXHUYESCKHI PHIOOXO-
3sicTBeHHBIN yHUBepcuTeT (Biaausoctok, Poccns)
Koss10B Bacuimii BiagumMupoBuy, KaHIuIaT MeIu-
LIMHCKHMX HayK, JoLeHT, Ilepsbiii MockoBckuii rocy-
JIApCTBEHHBIN MEIULMHCKUI yHuBepcurer uM. M.M.
CeuenoBa (Mocksa, Poccust)

Kosecnukos Cepreii Hiibuy, 10KTOp CEIBCKOX035H-
CTBEHHBIX Hayk, npodeccop, HOxHbiil denepanbHblii
ynusepeuteT (Pocros-na-Jlony, Poccnst)

KopoGosa Jlapuca HuxonaeBHa, joktop Ouosnoru-
YeCKHX HayK, CTapIuuii Hay4Hbli coTpynHuk, PI'bOY
BO «HoBocuOupcknid rocy/1apcTBEHHbIH arpapHelii
ynusepcuter (HoBocubupek, Poceust)

Ky3un Amnjapeii UBaHOBHY, TOKTOP CEIbCKOXO3sii-
CTBEHHBIX HayK, JOIEHT, {DesepanbHblil HaydHBII
uentp um. U.B. Muuypuna (Muaypusck, Poccust)
Kysbmun Cepreii BiaagumupoBuy, 10KTOp Menu-
LUHCKHX Hayk, npodeccop, DenepaibHblii HAyYHBIH
uentp ruruensl um. O.d. Dpucmana PocnorpedHan-
3opa (Msrtumm, Pocenst)

JlecoBckast Mapuna WropeBHa, J10KTOp GHOJIOTHYE-
CKHUX HayK, npogeccop, KpacHosipckuii rocynapcTBeH-
HBII arpapHerii yausepcutet (Kpacrnospck, Pocenst)
JlucHsik AHaTONIMH AHATOJILEBUY, KAHIHIAT CEJIbCKO-
XO3HCTBEHHBIX HayK, XapbKOBCKUII HAIlMOHAJIBHBII
ynusepeureT uM. B.H. Kapasuna (XapbkoB, Ykpauna)
JluxoBckoii Biaagumup Buagumuposuy, jgoxtop
CENbCKOXO3AHCTBEHHBIX HayK, Bcepoccuiickuit Ha-
LMOHANIHBIA HAYYHO-HCCIIE0BATEILCKHI HHCTHTYT
BUHOrpagapcrea u Bunogenust «MATAPAY» (Snta,
Poccus)

Masupos Muxauia ApHOJIbIOBHY, T0KTOP OHOIOTH-
YecKux Hayk, npodeccop, Poceuniickuii rocynapcTeH-
HBII arpapHblil yHMBEpCHTET - MOCKOBCKas CeJlb-
cKoxossiiicTBeHHas akajgemus uM. K.A. Tumupssesa
(Mocksa, Poccust)

ManaenkoB Ajekcanap CepreeBHd, JOKTOP Cellb-
CKOXO3SHICTBEHHBIX HAYK, CTApILIMil HAay4HBIH COTpPY/I-
HuK, DesiepanbHblii Hay4HBIH HEHTP arpo’KOJIOrUH,
KOMIIICKCHBIX MEJIMOPALHil ¥ 3alllMTHOTO JiecopasBe-
nenus PAH (Bonrorpan, Poccnst)

Manuyk Banepuii TumodeeBuy, 10KTOp MEIUIIMH-
CKHMX HayK, npodeccop, wieH-koppecrnonaeHt PAH,
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Kpacnosipckuit Hayunsiit neutp CO PAH (Kpacho-
spek, Pocenst)

Map3anoB Hypouii CadapoueBnd, jokrop 6uoo-
MYECKHX Hayk, npodeccop, DesepalibHblii HCcie0-
BaTENILCKUH LIEHTP KUBOTHOBOACTBA - BVK nwm. akan.
JLK. OpHucra (TTogossck, Poccust)

Meubyenko Asexcanap UBanosuy, 1oxrop 6uosno-
TMYECKHX HayK, AoueHT, KybaHckuii rocymapcTBeH-
HbIi arpapubiii yausepcurer um. W.T. TpyOuinna
(Kpacnonap, Poccust)

MenbmukoBa Jlapuca MBaHOBHA, JOKTOp MeJH-
LIMHCKUX HayK, Hpodeccop, Poccuiickas MemuImH-
CKasl aKaJieMHsl HENPEepbIBHOIO NPO(heCcCHOHATLHOTO
obpazoBanust (Mocksa, Poccust)

Munuraiaunesa Wibs3upa AMHPOBHA, JOKTOp OHO-
JIOTHYECKUX HayK, ExkarepuHOyprckuit MeannHCKui
HAy4YHBIl HEHTP NPOQUIAKTUKA ¥ OXPaHbI 310POBbs
pabounx NpOMBIIUICHHBIX npenpustiii (Exarepun-
Oypr, Poccust)

Moiiceenok Auapeii I'eoprueBmu, jokrop Guoio-
TMYECKHX HayK, Hpodeccop, UIeH-KOPPECHOHISHT
HAH Bbenapycu, MHCTUTYT GHOXHMHM GHOTOTMYECKH
akTuBHbIX coenunennit HAH benapycu (I'poato, Pe-
cnybnuka benapyce)

Monaxoc Coxpar I'puropbeBud, J0KTOp CEIbCKO-
XO35MCTBEHHBIX Hayk, npodeccop, npodeccop PAH,
Poccuiicknii rocynapcTBeHHbIH arpapHbIi yHUBEPCH-
TeT - MOCKOBCKasl CeIbCKOXO3AHCTBEHHAs aKaJeMus
um. K.A. Tumupszesa (Mocksa, Poccnst)

Mysyposa Jlioamuiaa BiaaaumupoBHa, 10KTOp Me-
JIMIMHCKUX Hayk, npodeccop, CapaToBckuii rocy-
JTApCTBEHHBIH MeJULIUHCKUH yHHBepcuTeT um. B.M.
Pasymosckoro (Caparos, Poccust)

MyxoptoB JImutpuii UBaHOBMY, JOKTOP CEIbCKO-
XO3SIHICTBEHHBIX HayK, HOLEHT, [loBoimkckuit rocy-
JAPCTBEHHbII TexHONOrHueckuii yuusepeuter (Hou-
kap-Oua, Poccust)

Hacpiyniamna Tanusi MakcyToBHA, JOKTOp Me-
JIMIMHCKUX HayK, npodeccop, Ypalbckuii rocynap-
CTBEHHBIII MenuuuHckuii yHusepcuter (Exarepun-
6ypr, Poccust)

Hayanopa Aiinam IlaxyamoBHa, jnoktop Ouoio-
THYECKHX Hayk, npodeccop, Kasaxckuit arporexHu-
yeckuii ynusepcurer uMm. C. Celidymmna (Acrana,
Pecny6nuka Kazaxcran)

Huxutiok Imurtpuii BopucoBu4, 10KTOp MEANUIIUH-
CKHMX HayK, mpodeccop, w€ieH-koppecronaeHt PAH,
denepalibHbIil UCCIEI0BATEILCKUM LIEHTP HMUTAaHUS,
OGuorexHonmorun u Ge3omacHoctH muum (Mocksa,
Poccust)

Octpenko Koncrantun CepreeBud, 10KTOp OMO-
JIOTHYECKUX HayK, DeaepaibHbIl HCCIE10BaTEIb-
CKUi LeHTp ®uBOTHOBOACTBA - BVOK nm. akan. JLK.
Opucra (ITomonsck, Poccust)

Mankpymuna Anna HuxonaeBHa, JokTop Guorno-
rHYEeCKHX HayK, npodeccop, TBepcKoil rocynapcTBeH-
ubIii ynusepeutet (Teps, Poccus)

Mamrrenxuii Baagumup CrenanoBu4, T0KTOp Celb-
CKOXO3sICTBEHHBIX HayK, CTapIIMil HayYHBI cOTpy.-
HUK, wieH-koppecnonaeHt PAH, Hayuno-uccieno-
BaTENIbCKUH MHCTUTYT CelbCckoro xossiictea Kpeima
(Cumdeporons, Poccs)

TMosrynun Basepuii CokparoBuy, JOKTOP MEANULNH-
CKMX HayK, npodeccop, Poccuiickuii HalMOHAIBHBIH
HCCIIe/IOBATENLCKUI MEIMIIMHCKUH YHUBEPCUTET MM.
H.J. IMuporosa (Mocksa, Poccust)

IMorynuna Haranbsi BajeHTHHOBHA, JIOKTOp Me-
JMIMHCKUX HayK, npodeccop, WIeH-KOPPECHOHIEHT
PAH, Poccuiickuii HalMOHAIBHBIN HCCIIEI0BATEIb-
ckuid MeauHCKui yHuBepeutet uM. H.M. TTuporosa
(Mocksa, Poccust)

Ionosnsyxuna Huna AsiekceeBHa, JJOKTOP CEJIBCKO-
XO3SIUCTBEHHBIX HayK, OMCKHI rocynapcTBeHHbIN
arpapuslii yauepcuter uM. [1.A. Cronsinmuna (OMcK,
Poccust)

TIponunna Iasinna Mo3enoBHa, 10KTop OGHOIOrHYECKHUX
HayK, TOLEHT, Poccuiickuii rocyapCTBEHHBIN arpapHbIit
YHHBEPCUTET - MOCKOBCKAsI CEIbCKOXO3SIHCTBEHHAS aKa-
nemust um. KLA. Tumunpsizea (Mocksa, Poccus)
IyankoB Anaroamii CTenaHoBMY, TOKTOpP MEIH-
IIMHCKHX HayK, Hpodeccop, OTINYHHK 3]PaBOOXpa-
nenus PO, Kpacnosipckuii nayunsiii nentp CO PAH
(Kpacrosipck, Poccnst)

Panonopr ’Kan Kozedosud, 10KTOp MEIUIMHCKUX
Hayk, npodeccop, ounyHuK 3apaBooxpanenus CCCP,
3aciyxenHsli n3ooperarens CCCP, HUU MIIC (Poc-
cusi/U3paniib)

Paxumos Astexcanap UManyu10BuY, J0KTOp XUMU-
4YecKuX Hayk, npodeccop, Bomrorpanckuii rocymnap-
CTBeHHbIH TexHuueckuil yHusepcuter (Bomrorpan,
Poccus)

PaxumoBa Hanexna AJieKkcaHApoOBHA, JIOKTOp XH-
MHYECKHX Hayk, npodeccop, Bomrorpaackmii rocy-
JIApCTBEHHBII TeXHUYECKnit yHuBepcutet (Bonrorpan,
Poccust)

Pogun Urops AllexceeBHY, JOKTOP BETEPHHAPHBIX
Hayk, npodeccop, KybaHCkmii TOCYynapCTBEHHBIH
arpapublii yausepeurtet uM. W.T. TpyOumuna (Kpac-
Homap, Poccust)

Poikko TaresHa BaagumupoBHa, kaHuujaar Ouo-
JIOTHYECKUX Hayk, aoueHT, KpacHosipckuii rocynap-
CTBEGHHBIH MEIMIMHCKUH YHUBEPCHTET HM. IpOd.
B.®. Boiino-Scenenxoro (Kpacuosipck, Poccust)
Pyine Anexcanjap CepreeBud, JOKTOpP CEIBCKOXO-
3SHCTBEHHBIX Hayk, akagemuk PAH, Bcepoccuiickuit
Hay4YHO-UCCJIC/I0BATEIbCKUIH MHCTHTYT OpOIIAEMOro
3emutefenust (Bonrorpan, Pocenst)

Caspuna Hajexna BanepbeBna, T0KTOp MEIUIMH-
ckux Hayk, mpodeccop, Cesepo-Bocrounsiii ¢ene-
panbHblii yHHBepcuTeT M. M.K. AMMocoBa (SIkyTcK,
Poccus)

CagesnbeBa Haraubs HukosaeBna, 1oktop 6uoso-
THYECKUX Hayk, dejepanbHblii Hay4dHBIH LEHTP UM.
N.B. Muuypuna (Muaypusck, Poccust)
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CerkoB Huxonaii AjnekcaHapoBuy, JOKTop 6HOIIO-
THYECKHX Hayk, npodeccop, Cubupckuii denepainb-
Helit yrusepcuret (Kpacnospck, Poccust)

Cwmesnk BUKTOp AlleKCaHAPOBHY, JOKTOP TEXHUYE-
cKkHX Hayk, npodeccop, Cankr-IlerepOyprexuii rocy-
JIapCTBEHHBIH arpapubIii yausepcutet (Cankr-Ilerep-
Oypr, Poccust)

CyxanoBa CBeriiana ®auiieBHa, TOKTOP CEIICKOXO-
3HCTBEHHBIX HayK, mpodeccop, KypraHckas rocymnap-
CTBEHHAs CeJbCKoXo3siicTBenHas akajgemust uM. T.C.
Maubiesa (JlecankoBo, Poccust)

CpryeB Buxrop I'aBpuioBuY, J0KTOpP CEILCKOXO03s1H-
CTBEHHBIX HayK, npogeccop, akagemux PAH, Beepoc-
CHHCKHMI Hay4YHO-HCCIIEN0BATEILCKUH HHCTUTYT arpo-
xumun uM. JL.H. Ilpsaumnkosa (Mocksa, Poccust)
Tapmaea Unna FHOpbeBHA, TOKTOP MEIUILMHCKUX
HayK, nipodeccop, PeiepalibHblil HCCIEI0BATEIbCKUH
LEHTP NMTaHUs, OMOTEXHONOTMH M 6e30HmacHOCTH
i (Mocksa, Pocenst)

Tepemenko Cepreii FOpbeBu4, 10KTOp MEAMIMH-
ckux Hayk, mnpodeccop, KpacHospckuil HayuHbII
nentp CO PAH (Kpacrospck, Poccnst)

Toponosa Esnena FOpbeBHa, J10KTOp OHOJIOIHYECKHX
Hayk, npodeccop, HoBocubupcekuii rocynapcTBeHHbIH
arpapublii yausepcutet (HoBocubupcek, Poccus)
Tpudonosa TarbsiHa AHATOJIbEBHA, JJOKTOp OHOIIO-
TMYECKHX HayK, Mpodeccop, 3aciIyKeHHBIH IesTelb
Hayku P®, mouérHblii paGOTHHK BbICHIEro mpodec-
cHoHaIBHOTO obOpasoBanust Poccuiickoit Penepannn,

MOCKOBCKHIi  TOCYIapCTBEHHBI YHUBEPCUTET HM.
M.B. Jlomonocosa (Mocksa, Poccust)

Tpynos IOpmii BHKTOpPOBHY, IOKTOp CEIIbCKOXO-
3AHCTBEHHBIX HayK, Ipodeccop, MuaypuHCKHii rocy-
JlapCTBEHHBII arpapHblit yHuBepeuter (MudypHHCK,
Poccust)

Toimenxo EnmszaBera AjiekceeBHa, JJOKTOP TEXHH-
4eckux Hayk, joueHt, Kysbacckas rocymapcTBeHHas
cenbcKoxo3siicTBeHHas akagemus (Kemeposo, Poccnst)
VYnaaeimes Muxana TapbeBud, JOKTOp CEIbCKO-
XO3SIUCTBEHHBIX Hayk, mnpodeccop PAH, umen-kop-
pecnionienT PAH, ®I'BHY ®enepanbHblii HayuHbIi
CeJIeKIIMOHHO-TEXHOJIOIMYECKHI LIEHTpP CaJ0BOJCTBA
U mUTOMHHKOBOZCTBA (MockBa, Poccust)

Yepubix Hataabsi AHaTojbeBHA, JOKTOp OHOIO-
THYECKUX Hayk, mpodeccop, MoOCKOBCKHI rocymaap-
CTBCHHBIIl MHCTHTYT MEXIYHAPOJHBIX OTHOIICHMIT
(ynusepcurer) (Mocksa, Poccust)

Yepusisekux Biaagumup UBaHoBHY, TOKTOp Cellb-
CKOXO3SIIICTBEHHBIX HayK, JIOICHT, PenepaibHblii Ha-
YUHBIH IIEHTP KOPMONPOM3BOICTBA M arpodKOJIOIHH
umenu B.P. Bunbsimca (JIo6Hs, Poccust)

HInaiinep Haranbs AjiexceeBHa, JOKTOpP ME/IMIIMH-
CKHX Hayk, npogeccop, HaloHanbHblil MeIHIIMHCKHI
UCCIIe0BATEIBCKHIT IEHTP TICMXUATPUM U HEBPOJIOTUH
M. B.M. Bexrepesa (Caukr-ITerepOypr, Poccust)
IOmkoB Anjpeii HukosiaeBu4, T0KTOp CEILCKOXO-
3aicTBeHHBIX Hayk, DenepanbHblii HayuyHBIH LEHTp
um. .B. Muuypuna (Muaypusck, Poccnst)
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K BOITPOCY Ob UBMEHEHUU MOP®OJIOTI'MHN
CEJIE3EHKH IIPU HEMATO0O3AX Y MBIIIEH
P UMMYHOCTUM YJIAIIUA

O.b. ’Koanoesa, O.B. Yacoeckux,
O.B. Pyonesa, A.B. Ycnenckuii

Obocnosanue. H3zyuenue peakyuu opeanog UMMYHHOU CUCTEMbl HA B8e0EHUE
UMMYHOMOOVIAMOPOS NPU HEMAMOO003aX AGNACMCA AKNTY ANLHBIM 0I5l pA3paAdOmK
cxem evenus. B nacmoswem ucciedosanuu ocoboe eHumanue y0enieHo oOpeany um-
MYHO2eHe3a, UepaiouUM 8adCHYI0 POTb 8 (POPMUPOBANUL NPOMUBONAPAZUMNADHOO0
ummynumema - cenesenxe. Taxoice yenvio ucciedosanus OuLio uzyuenue mopghono-
2UYECKUX UBMEHEeHUL Hemamoo: Kancyn audunoxk mpuxunenn (Trichinella spiralis)
u cuchayuii (Syphacia muris).

Mamepuansl u memoowl. B 5Kcnepumenme ucnoib3o6aiu 35 HenuHeHblx Oenvix
Mbluiell, Komopule Obiau pasoenenvl Ha 5 2pYRn No 7 HCUBOTNHBIX 8 KAJCOOTU cpynne.
Ilepsoii u smopoii epynne 6800unu gusuonocuueckuil pacmeop ¢ 0,004me nookoorc-
1o, 3-11 u 4-it 6600unU nonuokcudonutl 8 0oze 0,004 me/mviww, 1-5, 3-5 epynna 6vLau
3apasicena IuYuHKamu mpuxunein, 2 u 4 — CnonmanHo UuH8A3Upo6aHsl cughayusmu,
5-s1 epynna cayorcuna unmaxmuvim konmponem. Oyenxa npomeKmueHuIxX c8oUCME
NONUOKCUOOHUS HA 1aOOPAMOPHBIX MOOENAX NPU MPUXUHELIE3e OCYIeCBIIAIACh
1o onpedenenuio UHMeHCUHOCIU UHBA3UY NPU NOCIMMOPMATILHBIX UCCTE008AHUAX
6Cex epYnn MulY JICUBOMHO0, d CUPAYULl NO KOIUYeCmey auy 6 NepuaHaIbHblx
cockobax.

Pesynomamot uccneoosanuii. I[lpomexmuenas s¢pghexmusnocms npu 66edeHuu
nonuoxcuodonus cocmasuna 99,43%, 6o eceil mvlueunoi macce 6vi10 0OHAPYICEHO
57420 nuyunox mpuxunenn/na ’HeugomHtoe, 8 mo epems Kax npu cugpayuose b
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72%. Iapenxuma opeana cenezeHku KpacHot u Oenot nyivnoil, y 300P08blX HCUGON-
HbIX NI0Wadb KpAcHoU nyivnsl cocmasuna 70+5% om niowadu opeana, a 6enoii
nynonel 26,5+5%, om maccel opeana. Y uneasupoeantvix Hemamooamu HCUGOMHbIX
PE3KO YEenuuUusanach niowadsb benot nynonst 00 50% om niowadu opeana u 6onee.

3axnouenue. Ycmanoenena sHauumenbHas RPOmeKmuGHaAs akmusHOCHIb NONMUOK-
cudonus (99,43%), 6 napasumonocuyeckux ucciedo8aHUsX, KOmopas Conpo8oHcoa-
Jach yeenuyeHuem niowaou IUMGOUOHOU MKAHU ACCOYUUPOBANHOU C KUUEHHUKOM.
Tpu uzyuenuuy 2ucmonocudeckux npenapamos Cele3eHKy OmmeyeHo, Ymo nepecmpoli-
Ka cmpyKmypbl 100 0elicmeuem aHmueH08 Mpuxuteil i cughayuii Hocum o0OHOmun-
HOIUL Xapakmep. U3MEHACMCsl COOMHOWEHUe KPACHOU U 6ol nYyibbl, UX KIEMOYHO20
cocmasa. Ycmanoeneno, umo y 6cex UHBAUPOBAHHBIX JHCUBOMHBIX NAOWAOL 6eloll
nynvnwvl pesko yeenuuunacs Ha 60% om niowadu opeana u 6onee npu mpuxuHeiese u
00 50% npu cughayuose. I[lpu npumenenuu NOMUOKCUOOHUSL OMMEUEHO MAKICE YMEHb-
wienue sauy cughayuti 6 KOHMPOILHOU 2PYNNe U UIMEHEHUsl KOTUYECMEa U COOCMBEHHO
pacnpeoenenus TuNUHOK MPUXUHEN 8 PA3TUUHBIX 2PYNNAX MbIULY.

Knioueswie cnosa: 300103vl; cugpayuos; mpuxunennes, cene3eHka, NnoIuoKCU-
OOoHUIl

Jna yumupoesanus. JKoanosa O.B., Yacosckux O.B., Pyonesa O.B., Ycnenckuii
A.B. K 6onpocy 06 uzmenenuu Mopgono2uu cene3eHKi npu Hemamooo3ax y Mululell
npu ummyrnocmumynsiyuu // Siberian Journal of Life Sciences and Agriculture. 2023.
T. 15, Ne3. C. 11-25. DOI: 10.12731/2658-6649-2023-15-3-11-25

Original article | Physiology

ON THE ISSUE OF CHANGING THE MORPHOLOGY
OF THE SPLEEN IN NEMATODOSES IN MICE
DURING IMMUNOSTIMULATION

O.B. Zhdanova, O.V. Chassokikh,
O.V. Rudneva, A.V. Uspensky

Background. The study of the reaction of the immune system organs to the
introduction of immunomodulators in nematodes is relevant for the development
of treatment regimens. The purpose of the study was to examine the spleen (the
organ of immunogenesis that plays an important role in the formation of immuni-
ty). In addition, the aim of the study was also to find the morphological changes
of nematodes (capsules of trichinella larvae) and the features of siphatia.
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Materials and methods. In the experiment, 35 white mice were used, which
were divided into 5 groups of 7 animals in each group. The first and second groups
were injected with 0.004 mg saline solution subcutaneously, the 3rd and 4th groups
were injected with polyoxidonium at a dose of 0.004 mg/mouse, the 1st and 3rd
groups were infected with trichinella larvae, the 2nd and 4th were spontaneously
affected by syphilis, the 5th group served as control. Evaluation of the protective
properties of polyoxidonium in laboratory models with trichinosis was carried out
by determining the intensity of invasion during postmortem studies of all muscle
groups of the animal and siphations by the number of eggs in perianal scrapings.

Results. The study showed protective efficacy with the introduction of poly-
oxidonium was 99.43%, 57 + 20 trichinella larvae / per animal were detected in
the entire muscle mass, while only 72% with syphaciosis. The parenchyma of the
organ of the spleen is a red-white pulp, in healthy animals the area of the red
pulp was 70+5% of the area of the organ, and the white pulp was 26.5+ 5% of
the mass of the organ. In animals infected with nematodes, the area of the white
pulp increased dramatically to 50% of the organ area or more.

Conclusion. Significant protective activity of polyoxidonium (99.43%) was
established in parasitological studies, which was accompanied by an increase in
the area of lymphoid tissue associated with the intestine. When studying histolog-
ical preparations of the spleen, it was noted that the restructuring of the structure
under the action of trichinella and siphacia antigens is of the same type: the ratio
of red and white pulp, their cellular composition changes. It was found that in all
infected animals, the area of the white pulp increased dramatically by more than
60% with trichinosis and up to 50% with syphacosis of the organ area or more.
The final result of this thesis was using polyoxidonium, there was also a decrease
in the number of eggs in the control group and changes in the number and actual
distribution of trichinella larvae in various muscle groups.

Keywords: zoonoses; syphaciosis; trichinosis; spleen; polyoxidonium

For citation. Zhdanova O.B., Chassokikh O.V., Rudneva O.V., Uspensky A.V. On
the Issue of Changing the Morphology of the Spleen in Nematodoses in Mice During
Immunostimulation. Siberian Journal of Life Sciences and Agriculture, 2023, vol. 15,
no. 3, pp. 11-25. DOI: 10.12731/2658-6649-2023-15-3-11-25

BBenenne

Tpuxunemies u cudannos3 HandoJee YacTo UCTOIB3YIOTCS B TAPA3HTOIOTHH
B KaueCTBE DKCIEPUMEHTAIBHBIX MOJAENCH /Ui U3yUeHUs] peakllMd UMMYHHOM
CHUCTEMbI Ha BHCI[peHI/IC napa31/1Ta, a TAKXKE HpI/I JOKINMHUYECCKUX UCCICOIOBAHU-
SIX aHTUT€ITBMUHTHKOB 1 IMMYHOMOIYJIATOPOB, IPUMEHSIEMBIX B TAPA3UTOIOTUH
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[1-5]. Hematozpl, apanTupysch B IIpoliecce Napa3suTUPOBAHUS K TKAHIM X035~
Ha, BBI3BIBAIOT MMOJIABJICHUE 3AIMUTHBIX peakiuii opranm3ma [3-5]. Kpome Toro,
TPUXHUHEIUIE3, OMH M3 CaMbIX OIACHBIX T€JIbMUHTO30B YEJIOBEKA M KHBOTHBIX,
LIMPOKO paclpocTpaHeH Ha Bcell Teppuropuu PD, u cucrembl 0OpbObI ¢ HUM
IIOCTOSIHHO COBEPILUEHCTBYIOTCS. B 3TOM CBS3U CTAHOBUTCS KpaliHE aKTyaJIbHbIM
WCTIOb30BaHNE MMMYHOMOYIIATOPOB, TIOBBIMIAIONINX PEAKTUBHOCTh OpPTaHM3-
Ma XO35MHA 110 OTHOMICHHUIO K CIIelM(HUUECKUM Napa3uTapHbIM aHTUT€HAM, YTO
YCUIIMBAET COIPOTHBIISIEMOCTh OPraHN3Ma, B PsiJie CITy4aeB 3TO NPUBOMT K CHHU-
YKEHHIO, U JTayKe K TIOJTHOMY IIPEIOTBPAIICHHIO 3apaykeHns TenbMuHTaMH [ 1,6,7].

VIMMyHOMOYISITOPBI HAYAJIM IPUMEHSTHCS B T€IIbMUHTOJIOTMH JIUIIB B I10-
CJIC/THHE JICCATHIIETHSI, TIOATOMY JIO CHX ITOp HET €AMHOI TOUKU 3peHHs Ha 1ie-
J1eCO000Pa3HOCTh MX UCTIONB30BaHus [4,5,7-9,14]. BO3BMOXXHOCTL UX BBEICHUS
JIOBOJIBHO XOPOIIIO U3y4€Ha MPU TKAaHEBBIX reJbMUHTO3aX. MIMeroTes coobmre-
HUSI O IPUMEHEHHUH poHKoueiknHa (pekomMOuHanTHeI MJ12), nukinodepona n
UMMYHOCTUMYJISITOPOB OHOJIOTMYECKOTO IIPOUCXOXKICHNS! (HYKJICHHAT HATPHS,
cybammH, u 1p.) [7, 14, 19]. BeimeykazanHble penaparsl, IpoBepsuIich B PO u
3a pyOe)XOM Ha SKCIIEPUMEHTAIBHBIX MOJIEIISIX B TAOOPATOPHBIX YCIOBUSIX MTPH
TpUXHHeIUIe3e 1a00PaTOPHBIX )KUBOTHBIX (MBIIIEH U KPBIC) B CXEMaX JICUCHHS
n npoduiaakTuky. Taxke UMEIOTCS JaHHBIE O 3AIUTHOM JCHCTBUU UMMYHO-
MOJYIATOpa MOTUOKCHAOHUS (a3okcuMmepa Opomun) [5-7, 14]. Umerores He-
MHOTOYHCIIEHHBIE COOOMIEHHS B 00JIaCTH UMMYHOMOP(OJIOTHH HEMATO/I030B,
OJIHAKO OOJIBIIMHCTBO ITUX PA0OT MOCBSALIEHO U3MEHEHHSIM B JTUM(OHIHON
TKaHH KUIIEYHUKA 1 TIOTIEPEIHO — MOJI0CATON MyCKYIaTypbl, KDOBU U KOCTHOM
MO3Te, T03TOMY JETaIbHOE U3yUYeHHEe PEaKInH CeJIe3eHKH Ha BBEICHUE UMMY-
HOMOJIYJISITOPOB M M3MEHEHHSI, IPOUCXO/IAIIE B OSJION MyJIbIle, Ha HaIll B3IVIS]
ABTISIETCA KpaiHe akTyansHbIM [3, 6, 7, 9-13, 15-17].

esan uccie0BaHus

YyuThiBas BBIIICCKA3aHHOE, LEIBIO MPOBEICHHOTO MCCIICAOBAHUSA OBLIO
n3ydeHue Mop(oIornIeckux U3MEHEHHH B CTPYKTYPE CEIC3CHKHU MPU TPUXH-
Heyuie3e U cudanno3e OeIbIX MBIIMICH U psiia MOPPOMETPHUUCCKUAX XapaKTePH-
CTHK BBINICYKAa3aHHBIX IMapa3uToOB Ha (bOHe UMMYHOKOPPCKIIMN MHBAa3UOHHOT'O
poliecca MoJIMOKCUIOHUHEM.

Matepuajbl 1 MeTOAbI HCCJICIOBAHUS

Pa6ota npoBenena Ha 6a3e BATCKOTO arpoTeXHOMIOTHYECKOTO YHUBEPCUTETA
u neatpa BHUUII — punman ®TBHY «Denepanbublii HaydHbId 1IeHTp — BHI-
N3B nm. K.U. Ckpsionna. ConeprkaHne U KOpMIICHHE )KUBOTHBIX OCYIIECTBIIS-
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nu cornacHo ['OCT 33215-2014 «PykoBOACTBO IO CONEPKAHUIO U YXOAY 3a
71a00paTOpHBIMU KUBOTHBIMU. [IpaBuia 0o0opyaoBaHMS TOMEIIEHUN U Opra-
HU3aIuu nporenyp». McecienoBanue mposenn Ha 35 OECIIOPOAHBIX OSIIBIX MbI-
max, Maccoit 2143 1, pacripeesieHHbIX Ha 5 TPyl IO 7 *KUBOTHBIX B KaXKAO0I.
JKMBOTHBIM TIEPBOM M BTOPOM I'PYIIIbl BBOAWIN CTEPUIIbHBIN (punonorude-
ckuit pactBop B mo3e 0,2 Mi/mprmb. JKUBOTHBIM U3 3-i, 4-i TPYIIIBI BBOIH-
1 noiauokenaoHui B 1o3e 0,2 mr/kr (0,004 mr/mbime), a 5-s rpynna Oblia
KoHTposbHast. [Tpenaparsl BBOAMIM BHYTPUMBIIIEUHO, IBYKPAaTHO C MHTEPBa-
moM 48 gacoB u3 pacuera 0,2 MII/SKHBOTHOE, MBITIIEH TIEPBOH TPYIIITHI 3apaska-
JIU TIepOPANTbHO JIMIMHKAMU TpuxuHei Trichinella spiralis mramm BHUUIT)
B j103¢ 40 JITMYMHOK/)KMBOTHOE, KMBOTHBIC BTOPOW I'PYIIbI OBUIN CIIOHTaHHO
WHBa3UpoBaHbl cudanusmu (Syphacia muris). BeIBoJ 13 SKCIIEpUMEHTa BCEX
MBIIIEH MPON3BOIMIN B COOTBETCTBHU ¢ «[IpaBnnamu npoBeneHus padboT ¢
HCIIOJIb30BAaHUEM IKCIIEPHMEHTAIBHBIX )KHBOTHBIX» U B COOTBETCTBHH C ITPUH-
LUATIAMU TIOJIOKEHUSI XEeJIbCUHKCKOM Aekapanuu BeceMupHoOlt MeTUIIMHCKOM
accormmarun (Declaration of Helsinki, and approved by the Institutional Review
Board). ITpu BCKpbITHH BCEX KMBOTHBIX, OCMATPUBAIIN BHYTPEHHNE OPTaHbl 1
M3BJIEKaIN celie3eHKy. OcyniecTBIsIIN MOP(HOMETPHUIO CelIe3eHKH, (hparMeH-
Tb1 KOTOpO# (0,5¢cM x 0,5¢Mm) u dukcupoanu B 10% 3adydhepenrom popma-
muHe. OT BCeX MbIIIeH WHBA3MPOBAHHBIX TPUXUHEIUIAMH, OTOUPAIH MPOOBI
JUTSL TPUXMHEIUTOCKOTTNH 1 nienTosn3a. C Lelbio H3ydeHns] MOp(OMETPUIECKUX
HoKasaresneil Karcyim, MeTooM KomnpeccopHoi Tpuxunemaockonuu (KT) uc-
CJICZIOBAII MU3MEHEHUS! KAICYN W JIMYMHOK TPUXHHEIUI, TPOBOAMIN MOACYET
KOJIMYECTBA JIMYMHOK M KOJIMYECTBA Ul CU(ALUI 0 W TOCiIe TTPUMEHEHHUS
rpenapara, KOTopoe HOACYUTHIBAIM IPU ITOMOIIN TTepUaHAIBHBIX COCKOOOB.
IToacunThIBaIM KOJTUYIECTBO (COOTHOIICHHUE) JKUBBIX, CBEPHYTBIX B CIIUPAJb,
TTOZIBYKHBIX JIMYMHOK, U MEPTBBIX, HETIOJBIKHBIX, pachpaBieHHbIX. Ompe-
Jersu uHeke kancynbl (MK) Kak cCOOTHOILIEHHE Majloro JMaMeTpa Karcylibl
(D1) k 6onbiemy (D2). I'ncronornyeckue npenaparsl TOTOBUIIN 10 KIIACCH-
YeCKOH METOIVMKE M OKpaIINBaIN TeMaTOKCHIIMH — 303MHOM. Ha mpenaparax
TIO/ICYNTHIBAIIHM 001Iee KOJIIMUECTBO KJICTOK O€JI0H U KPaCHOH ITyJIbITbI X ONUCHI-
BaJIK 0COOCHHOCTH CTPOMBI CENIE3€HKH, OT/ICIBHO MOJCYUTHIBAIIN IIPOLIEHTHOE
coziepkaHne TMM(pOLUTOB U TIa3MaTUIECKUX KIeToK. ITocueT KiaeTouHoro
cocTaBa Ha Ka)XJOM T'MCTOJIOTHUECKOM Hperapare mpou3Boawid B 10 mossix
3peHus], BHIOPaHHBIX IIPOU3BOJIBHBIM TIEPEABHIKEHHEM TIperapara, OKyJIsspHOU
HM3MEPUTETHHON CeTKOM IS ITUTO-CTEPEOMETPHUIECKUX UCCIIeTIOBAaHHUMN, TIPE/IIO-
xennoi [T ABrarmunoBsMm (1991), Ha Mukpockorre MBU — 3Y42, o6pexTuB
100/1.25.0IL, okymsap WF 10x18 [1,5-7, 11,12]. ®otorpaduu u mopdome-
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TpUYECKHE NOKa3aTesn ObUIN C/IeNaHbl pu oMo cucremsl Vision Bio (Epi
2014 1.) ¢ aBTOMaTH4YecKol 0OpabOTKOWM CUTHAJIA W BhIBEICHUEM HA JHUCILICH
pu yBenmuaeHuN Mukpockora x10; x200. [ToryueHnbpie maHHbIe 00padaThIBa-
JIY C UCTIOJIb30BaHueM TakeToB nporpamm MS Excel u Statgraphics oOmmenpu-
HATBIMH METO/IaMH BapHUAIlMOHHOW CTATHCTHKH, CPAaBHEHHE PAa3IMUUi MEXIY
TpyIaMy POBOIMIIN C IPUMEHEHNEM HemapaMmeTrpuieckoro kputepus (U)
Bunkokcona-ManHna-YurHu. CTaTHCTHYECKH 3HAUUMbBIMU CUNTAIHN Pa3IHIHs
cp<0,05.[5, 10-13].

Pe3ysbrarhl Hccae10BaHUS

Kancynpl TMYMHOK TPUXHUHEN B MBIIIIAX BCEX TPy SKCIEPUMEHTATIBHO
3apa’keHHBIX MBIIIEH, IMEIOT TOCTaTOYHYIO BAPHATUBHOCTH 110 MOP(OMETPH-
YECKUM IMapaMeTpaM M pacCeNeHHIo 1Mo rpymmaM Mbim (tadm.1). [Ipu mox-
cueTe JMYMHOK B KOMIIPECCOPUYME OTMEUAIU HaIU4YHe JTUYMHOK UM Karcyid ¢
3JIEMEHTaMM JECTPYKIIMH, KOTOPbIe OTCYTCTBOBAIN y WHBa3UPOBAHHBIX KH-
BOTHBIX 0€3 UMMyHOCTUMYIMK. DPopMa caMuX KallCysbl y HHBA3UPOBAHHbIX
MBIIIEH MPAKTHYECKH HE M3MEHSIIACH NTPH UMMYHOCTHMYIISIINH, OJJHAKO, Ha-
psny c oBanbHbIME Karicynamu (MK 0,80-0,90) Haxoaumnu n Gosee BBITSIHYThIE
JIMMOHOBH/IHbIE KallCYIIbI.

[Tocne nepeBapuBaHnsl B HCKYyCCTBEHHOM JKEIIyTOYHOM COKE MBIIICUHON
Macchl Mbllel B 1-if rpynme 6e3 nmpoBeAeHUsI MMMYHOCTUMYJISIIIAY, KOJIHYe-
CTBO JINYMHOK cocTaBmiio 20144210, B KOHTpOIbHOHU (5-1) rpymie JUYUHKA
TPUXHMHEIUT HE OOHAPYXEHBI, @ B 3-i TpyMIe, NOITyJaBIINX MOTHOKCHAOHNUH,
ObLTO 00HAPYXKEHO S54+12 THYMHOK TPUXUHEIUT/Ha )KUBOTHOE. PacceneHue u-
YUHOK B Pa3IMYHBIX MBIIIIAX OTINYAJIOCh OT pacHpeAeseHNus TUYMHOK Ipu
MIPUMEHEHHUHN MOJIUOKCUIOHNUS. 3HAYNTEIPHO YMEHBINAIOCh UX KOJINYECTBO B
MBIIIIAX TOJOBBI, TYJIOBHINA U MEPeAHNX KoHeuHoctel (1ab.1). Ipu nccre-
JIOBaHUH NEPUAHAIBHBIX COCKOOOB Y MBIIIEH ¢ cr(anno3oM TaKKe OTMETHIN
yYMEHbIIICHHE KoIndecTBa suil cudanuii (72% oT nepBoHauaIbHOTO KOTHYECTBA
siutr). OIHAKO, CIEyeT OTMETHTb, YTO HY B CIIydae TPUXHWHEIUIE3HON NHBA3NH,
HU cudanno3a, MOIHON IMMHUHAILMN TIAPA3UTOB HE HAOIIOMAIIH.

[Ipu uccnenoBaHNM CETe3€HKH Y MHBA3UPOBAHHBIX MBIIICH MPH UMMYHO-
CTUMYJISIIIMA U 6€3 ONpPEAeTsUI COOTHOIICHHNE OeNTol M KPacHO! Iy bIibl. be-
JIast IMyJbIa y MbIIIeH XOpOIIo pa3BUTa, OHA COCTOUT U3 JIMM(OIIUTOB BOKPYT
apTepHoII, IMIa3MaTHYECKUX KIETOK, Makpo(daros 1 JeHAPUTHBIX KieTok (J1K).
B KOHTpONBHOW TPYNIIE COOTHOUICHHE OeI0i MyIbNbI K KPACHOM COCTAaBUIIO
1:3 (puc.1), B OIBITHBIX IPYIIAX JAHHOE COOTHOIICHNE U3MEHSIIOCH, IIPU CH-
¢ammose 1:2,8 u 1:2,6, a npu tpuxuneiese 1:2,1, a Bo 1:2,3 COOTBETCTBEHHO.
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Tabnuya 1.
KosinuecTBO JJHYHHOK TPUXHHEJLT MPH IKCHEPHUMEHTAILHOM TPUXHHEJLIe3e
6e3 MMMYHOKOPPEKLUH U MPH BBEJIEHUH NOJTHOKCHTOHHUST

CpeaHee KoJIM4eCcTBO JIMUMHOK B cpese npu KT
I'pynma mpi V MblIIeH DOTy4aBIInX V Mbmeit 6e3
MTOJIMOKCUIOHU T MMMYHOCTHMYJISLIUI

SI3bik JKeBarelbHbIE 1,75+0,3 2,96+0,5

MpInb! rpyaHOi KOHEYHOCTH 0,7+0,3 2,240,3
Juadparma 1,5+0,3 4,2+0,3

Mb1une! TynoBUIIA 0 2,3+1,1

MBliinpl 3aiHEeH KOHEYHOCTH 2,85+1,0 5,7+1,1
P<0,5,

Puc. 1. Cenesenka MBIIIN KOHTPOJILHOM TPYIIIEI, C IPe0OIalaHieM KPACHOMN ITyIIbITBI
(TucTonmormyeckoe ncciaegoBaHue yB. x40, TeMaTOKCHINH-3031H)

YcTaHOBIIEHO, YTO Y BCEX MWHBA3MPOBAHHBIX KMBOTHBIX ILIOMIAAb Oe-
JIOHM MyJBIIBI PE3KO YBEIUYIIIACh. YBEJIMUCHUE cocTaBuio Oonee 60% mpu
Tpuxunesiese u 10 50% npu cudannose. [Ipu ananuze npemnaparoB d6enoi
ITyJIbIBl Y NHBA3UPOBAHHBIX KUBOTHBIX, OTMEYAJIN XOPOIIO BBHIPAKEHHBIE
nepuaprepuaibabie auMdonaasie Baaranuma (IIAJIB), kotopsle okpyxa-
10T [IEHTpaJIbHbIE CEJIE3EHOUYHbIC APTEPUU B BUJIE CKOILICHUH TUMQPOUTHON
TKaHH, TaKXKe conepxkamen tumponuTsl, Mmakpodaru u K (puc.2 a-1). YV
Mmblein [TAJIB sBnstorest T-3aBUCHUMOM 30HOM CEJIE3€HKH, IIO3TOMY Y HHBA-
3MPOBAHHBIX KUBOTHBIX KaK TPUXWUHEIJIAMH, TaK U CU(PAIMSIMUA OHU XOPOIIO
BeipaxkeHsl. [1o nepudepun [TAJIB pacronaratorcst HiepBUYHbIC U BTOPUY-
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HbIC JINM(OUTHBIC Y3EJIKH, KOTOPBIC SBISIOTCS CKOIJICHUSIMU HEAKTHBUPO-
BaHHBIX JIUM(OIUTOB.

[Ipu TUCTOMOTHYECKOM HCCIICIOBAaHUU CEIEe3CHKH, TaK)Ke OBLIO OTMEYCHO
YBEIMYCHHUE KJICTOK JTUM(OUTHOTO Psifia Y BCEX NHBA3UPOBAHHBIX )KUBOTHBIX,
KaK ¢ IMMYHOCTHMYIISILIEH, Tak 1 0e3. Y BceX MHBa3MPOBAHHBIX )KUBOTHBIX
B OeJIoi M KpacHOM MyIIbIIe Yalle BCTPEYAITCsS Makpo(ark, KpoMe TOro mpu
cudalmose oTMedanu 00JbIIOe KOJHISCTBO TeMOCHICpUHA (pUC 2a).

T A %

2B Gk . -
Puc. 2. Cenesenka Mbllei, HHBa3UPOBaHHBIX cubanusMu (2a, 26)
JIMYMHKaMU TPUXUHEIT (2B, 2r): 2a, 2B IPU BBEICHUH OJIMOKCUIOHUS, 20, 21-
0e3 HMMYHOCTHMYJISIIUH (TUCTOJIOTHYECKOE uccaeoBaHue yB. x40,
reMaTOKCHUIINH-303HH )
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[ToMyMO M3MEHEHUH B COOTHOLLICHUH TUIOLIA M KPACHOM U O€JIOH IyJIbIIbI,
TaKKE M3MEHSJICA U MX KIIETOUHbIN COCTaB P NHBA3UH HEMATOIAMU YBEJINYH-
BAJIOCH KOJIMYECTBO JIMM(OIIUTOB KaK B OEJIOM, TaK M B KPACHOH ImyibIe (puc 2).
B xpacnoii mysbne ono coctaBuiio 50,343,4 B KOHTpOJIbHOM rpymiie, 58,5+0,43
npu TpuxuHemiese u 53,8+3.4 mpu cudanmose, KOPPeKIHs MOTHOKCHIOHIEM
TIPUBOJIAIIA K eI1Ie OOJBIIIEMY ITOBBIIICHHIO KOJTIMYECTBa TuMponnuToB 79,3+3,4
n 64+1,4 coorBercTBeHHO. B Oeioii myspIie HanboblIee KoIu4ecTBo JuMdo-
IIUTOB OTMEYaJIM y WHBA3UPOBAHHBIX TPUXHMHEIUIAMH JKUBOTHBIX 0€3 KOppeK-
1y, 82,6+2,4, ¢ OMHOBPEMEHHBIM YBEINICHNEM KOJTMYECTBA IIA3MOITUTOB JI0
14,3+0,4. IIpu KOppeKIUH MOTHOKCHIOHNEM KOJTHYSCTBO TUMQOIUTOB COCTa-
B0 78,943,51, a konuuectBo miazmonuTtoB 12,0+0,5. B rpynmne »KUBOTHBIX,
WHBa3UPOBAHHBIX CU(ALNSIMH 3HAUUTENBHBIX U3MEHEHHI B TUM(OLIUTAPHOM
cocTtaBe 0eIoil myIbITbl He HaOIIONAH.

Oocy:xaenune

Y Bcex OMBITHBIX TPYIIT )KUBOTHBIX OTMEUAIH MEPECTPONKY CTPYKTYPBI Ce-
JIE3eHKH, KOTOpasi HOCWJIa OJIHOTUIIHBIN XapakTep Mo JeHCTBUEM MMMYHOMO-
JYJSITOpa M JIMUMHOK TpUXHHEIUT. CIeayeT OTMETUTh, YTO (DOJUTUKYJIBI Oenoi
ITYIIBIIBI TIOJ, A€HCTBUEM aHTUT€HHON CTUMYJIALMN HEMATOlaMU BO BCEX IPyI-
Tax 3apaKCHHBIX MBIIICH Pa3pacTaroTcs, CINBasCh B KPYIHBIC KOHITIOMEPATh
JTMM(POUTHON TKaHH, COCTOSIINE M3 HECKOJIBKNX OBIBIINX y3elKoB. TakuMm 00-
pa3oM, aHAITM3UPYsl PeaKIno JIMM(OUIHOM TKAaHHU CEJIe3eHKH Ha HEMATO/I03HYI0
WHBA3MIO, 3HAYUTEILHOE YBEIMUCHUE KOJMYECTBA JIMM(OLIUTOB U IIa3MaTHye-
CKHX KJIETOK OBIIIO OTMEUEHO B KPaCHOM ITyJIbIIe, B TO BpeMs Kak Oernast ImyJIbIia
B OOJIbILIEH CTENEHU pearrpoBaja yBEINYeHHEM CBOEro 00beMa, 4To Coriacy-
eTcs | C MIPEALISCTBYIOMNMHE UccienoBanusaMH [§]. OTmedann, yto Makpodaru
TIPUCYTCTBYIOT KaK B IIEPBUYHBIX, TAK M BO BTOPHYHBIX JIMM(POUTHBIX Y3€IKaX,
W3BECTHO, YTO OHH (DarolUTHPYIOT aloNTOTHYECKUE B-KIIETKN 1 KOMITJIEKChI aH-
TUTEH-aHTHUTEJIO MOTABIINE B ceNe3eHKy [6,14-16]. [ToMmruMo UMMYyHOMOTYIISITO-
POB TarKe PsA MPOTHBOIIAPA3UTAPHBIX TpenaparoB (AnBokat® u MHcnektop
Toran K ® u z1p.) 10CTOBEpHO YBEIMUMBAIOT B CEJIC3CHKE KOJINYECTBO AKTUBH-
POBaHHBIX JIMM(OIMTOB, TJIA3MATUIECKUX KJICTOK, MAaKpO(aros 1 303MHO(GUIIOB
Ha (OHE CHIDKEHUS MaJBIX (HOpM JIM(OIIMTOB, YTO XapaKTEPHO VIS PA3BUTHS
PEaKIMH OBBIICHHOM aKTUBAIINK B OPIaHU3Me B OTBET Ha JICHCTBUE NPETIapaToB
[6, 14, 15]. VI30bITOuHAs aKTUBALHS TUM(OLMTOB CEIE3EHKH MOXKET IIPUBOJINTD
K TUIIEPCIJICHU3MY M BBI3BIBATH OCJIOKHEHHS TIPU JIeTeIbMUHTH3AINH. [IaHHbIH
acIeKT HeOOXOIMMO YUNTHIBATh ITPU Pa3padOTKe MPOTHBOHEMATOI03HBIX MEPO-
TIPUSITH KaK TeparleBTUUECKHX, TaK U MpoduiakTuaeckux [2, 3, 9, 10, 15-18].
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3aki0ueHue

‘YeraHoBI€HAa OTHOCUTENBHO BBICOKAsl POTEKTUBHASL AKTUBHOCTD ITOJIMOKCH-
JIOHMS TIPU HEMATOJ]03aX, COMPOBOKAIOIIASCS M3MEHEHHUSMU B CTPYKTYpE celle-
3eHkH. [lepecTpoiika KOMIapTMEHTOB MO/ JCMCTBUEM aHTUTCHOB TPUXMHEIT U
cudarmii HOCUT OTHOTHITHBIN XapaKTep: H3MEHSCTCS COOTHOIICHHE KPacHO! 1
0eJI0l TN, U UX KIETOYHOTo cocTaBa. POUHKyIbl OEIol IMyJIbITbl pa3pac-
TaroTCA, CIMBAACh B KPYITHLIC KOHIJTIOMEPATHL HI/IM(l)OI/IHHOﬁ TKaHU, TaK¥XKE YBEJIN-
YMBACTCS KOJMMYECTBO JTUMQOITUTOB ¥ TIa3MOIUTOB. [loydeHHbIe pe3yabTaThl
TaKKe CBUJICTEILCTBYIOT O O0JIee BEICOKOH PEAKTHBHOCTH CEJIE3CHKH KUBOTHBIX B
OTBET Ha MHBA3MIO TPUXHMHEIUIaMH, HeXXelH cudanysiMi. BeeaeHne noinmokenio-
HUS B CXEMBI AETE€IIbBMUHTU3ALMI MOKET IIPEIOTBPATUTD Pa3BUTUE TUIIEPCILIEHN3-
Ma U BO3MOXKHBIE OCJIOKHEHUS [TPU MPUMEHEHUH HEMATOAOLMIHBIX IPETIAapaATOB.

Hndopmanus o konguukTe nuTepecoB. KoHOIMKT UHTEPECOB OTCYTCTBYET.

HNudopmanus o cnoncoperse. McTouHNK (UHAHCHPOBAHUS HAYIHON
paboTsl 1 Tporecca myOnuKanuy cTatbi: [ocynapcTBeHHOe 3aqanne MuHU-
CTEepCTBa CeIbCKOro xo3aicTBa Poccuiickoit denepannu, Ne rocperucrpanun
122032900045-2.

BaaromapHocTH. ABTOpBI BHIpAXArOT OJaroJapHOCTh K.B.H. OKyI0BOI
N.N., c.H.c. naboparopuu BeTepunapun BHNUNO3.
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BJIMAHUE TEXHOJTOI'MYECKOI'O CTPECCA
HA HECIIEHU®UYECKYIO PESBUCTEHTHOCTbD
OPI'AHU3MA KOPOB

A.B. /leprocuna, M.H. Heawienxo, B.b. Memenun,
P.C. Kog¢vinun, I1.C. Henamoes

Obocnosanue. Hnmencupurayus s’cus0mHo8o0Cmea gedem K HapyueHuio
A0anmueHBIX 603MOJICHOCIEL OP2ANUIMA, CHUIICCHUIO NPOOYKMUBHOCU U echie-
CMBEHHOU Pe3UCTNEeHMHOCIU Jcusomubvlx. M3yuenue necneyuguueckux gpaxmo-
P08 3auumyvl 0peanuzmMa Kopog no380AuUm paspadomams cnocoObl NOGLIUEHUS
UMMYHHO20 CIAMYCca U @ Kayecmee OONONHUMENbHOU UHGOPMAYUL NOTYUEeHHbLE
pe3yibmamst Mo2ym 0blms UCNOIb308AHbL 8 CENeKYUOHHOU pabome 0 nodbopa
BbICOKOPEIUCTNEHMHBIX POOUTNENLCKUX NAD.

Lens. H3yuenue k1emouHo20 u 2yMOPAIbLHO20 36eHA HeCheyughuueckoll pe3u-
CMEeHMHOCTU NPU PA3GUMUY CIMPECC-Pearyuul y KPYNHO20 PO2amozo CKOma nocie
Oeticmaus MmexHoI02UYecKo20 Cmpecca Ha OPeanusmM KOpos.

Mamepuanvt u memoodwl. Paboma nposedena na 20 Kiunuuecku 300p0osbix
6bICOKONPOOYKIMUBHBIX KOPOBAX YEPHO-NECMPOll nopoodbl. Cmpeccopom 01 KOpos
ABNANACL NEPePYNNUPOBKA, CMEHA 0DCIYICUBAIOU e20 NePCOHANd, NPOGedeHUe
6emMepUHapHO-CanUmMapHuix manunyrayul. Mccieoosanu obwee Konuvecmeo neii-
KOYumos, J1etikoepammy, bakxmepuyuoHyIo u Iu30yuMHyI0 AKMUGHOCMb CblGOPOMKU
KpO8U KOPO8 CIAHOAPMHBIMU KAUHUKO-TADOPAMOPHBIMU MEMOOaMU U MOPPOon0-
2UI0 TIUKOYUMO8 HA CKAHUPYIOWeM NeKMPOHHOM MUKpOcKone 00 u yepes 3, 14,
30 cymox nocie mexnonozuuecko2o cmpecca.

Pesynomamol. Ha 3-14 cymxu nocie cmpecca 8vi6/1eHbl 1etiKoyumos, Heumpo-
¢hunes, MOHOYUMO3 U TUMDONEHUS OMHOCUMETLHO UCXOOHO20 YPO6HsL. [Ipu ucnony-
308aHUU BbICOKOpA3peUAIowell MUKPOCKONUU C UCNONb30BAHUEM CKAHUPYIOUe20
9NIeKMPOHHO20 MUKpockona oonapycero nosasienue HETo306 6 Kpogu kopog nocie
MEXHON02UUECKO20 cmpeccd. YCmanoeieno cHudiceHue DaKxmepuyuoHol aKmug-
HOCmU Cbl60POMKU HA 3 CYMKU NOCIEe CIMpecca ¢ NOCIeOVIOWUM ee YEeludeHueM,
Hanpomue, yseaudeHue JU30YUMHOU Ha 3 CYMKU CONPOBOACOANIOCH NOCTEOVIOWUM
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ee cHudicenuem K 30 cymkam nocie mexmouiosuyecko2o cmpecca OmHOCUmMenbHo
UCXOOHO20 YPOGHSL.

3axniouenue. Ilonyuennvie dannvie CGUOCMENLCMEYIOM O MOM, YO 3auum-
Hble CUNbL OP2AHUIMA ABTAIOMCA OUHAMUYHBIM (DUBUOIOSUYECKUM NOKA3AMEeNeM,
KOMOpbitl HeOOXOOUMO YYUMBIEAMb 6 Kauecmee obujel yCmouuusocmu OpeaHusma
KPYRHO20 pO2amozo cKoma K cmpeccopam 0Jis npe0omsepaujerus cpuléa adanma-
YUOHHBIX BO3MOINCHOCMEN OP2AHUIMA.

Kniouesvie cnosa: mexnonozuueckuii cmpecc; KOposul, Hecneyughuueckas pe-
3UCMEHMHOCMb, HeUMmpOPUILL

Jna yumupoeanus. /leprocuna A.B., Heawenxo M.H., Memenun B.b., Kogvi-
aun P.C., Henamves I1.C. Bausnue mexnonocuueckozo cmpecca na Hecneyugu-
YecKyo pe3ucmeHmHocms opeanusma kopoe // Siberian Journal of Life Sciences
and Agriculture. 2023. T. 15, Ne3. C. 26-40. DOI: 10.12731/2658-6649-2023-15-
3-26-40
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INFLUENCE OF TECHNOLOGICAL
STRESS ON NON-SPECIFIC RESISTANCE
OF THE ORGANISM OF COWS

A.V. Deryugina, M.N. Ivashchenko, V.B. Metelin,
R.S. Kovylin, P.S. Ignatiev

Background. The intensification of animal husbandry leads to a violation of the
adaptive capabilities of the body, a decrease in productivity and natural resistance
of animals. The study of nonspecific factors of protection of the cow s body will allow
us to develop ways to increase the immune status and as additional information can
be used in breeding work for the selection of highly resistant parent pairs.

Purpose. The study of the cellular and humoral link of nonspecific resistance
in the development of a stress reaction in cattle after the action of technological
stress on the body of cows.

Materials and methods. The work was carried out on 20 clinically healthy high-
ly productive black-and-white cows. The stressor for the cows was the regrouping,
the change of attendants, the conduct of veterinary and sanitary manipulations.
The total number of leukocytes, leukogram, bactericidal and lysozyme activity of
the blood serum of cows were studied by standard clinical and laboratory methods
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and the morphology of leukocytes on a scanning electron microscope before and 3,
14, 30 days after technological stress.

Results. On days 3-14 afier stress, leukocytosis, neutrophilia, monocytosis and
lymphopenia were detected relative to the initial level. When using high-resolution
microscopy using a scanning electron microscope, the appearance of NEToses in the
blood of cows afier technological stress was detected. A decrease in the bactericidal
activity of serum on the 3rd day afier stress with its subsequent increase was estab-
lished, on the contrary, an increase in lysozyme on the 3rd day was accompanied by its
subsequent decrease by 30 days after the technological stress relative to the initial level.

Conclusion. The data obtained indicate that the body s defenses are a dynamic
physiological indicator, which must be considered as a general resistance of the
cattle body to stressors in order to prevent the disruption of the body's adaptive
capabilities.

Keywords: technological stress; cows, non-specific resistance; neutrophils
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Ignatiev P.S. Influence of Technological Stress on Nonspecific Resistance of Cows.
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Beenenue

OCHOBHBIMH HaIpaBIICHISIMHA Pa3BUTH JKHBOTHOBOJICTBA SIBIISTIOTCS TTOBHI-
IIeHHE TeHETHYECKOTO MOTEHIINANA, CBI3aHHOTO C YBEIMYEHUEM ITPOTYKTHB-
HOCTH )KUBOTHBIX, U CO3JAaHHUC OIITHUMAJIbHBIX yCﬂOBI/Iﬁ €T0 pOosABJICHUA, POCT
MIPOIOIKUTENEHOCTH MMPOAYKTHBHOM )KU3HN )KUBOTHBIX, YIyUIICHHE KadeCcTBa
MIPOIYKIIMH U CHIDKEHHE ee cebecToMMOCTH. Pacmmpenne Bo3MokHOCTEH TIpo-
JYKTHBHBIX [TOKa3aTesiell BO3MOKHO ITPU COKPAIIEHUH BIMSIHUS CTPEcca Ha JKH-
BOTHBIX [3]. DddekTrBHOE yrpaBiIeHUEe CTPECCOM 3aBUCUT OT CIIOCOOHOCTH
UOCHTU(UIIUPOBATD U OICHUTH YPQPEKTH CTPECCOBEIX (PaKTOPOB KakK B Kpa-
TKOCPOYHOM, TaK M B OTAAJCHHOM Iieprojie ux jaeicteus. [lpu Bo3aeiicTBun
cTpecc-(hakTOpoB MOXKET HAOIIOAAThCS HApYLICHWE FOMEOCTa3a KMBOTHBIX,
MIPHUBOJIAIIEE K CHIDKEHIIO MMMYHHOHU 3aIIUTH U HAPYIICHUIO MeTabomn3Ma,
YTO, B CBOIO 0Yepe/lb, OKA3bIBACT BIUSIHHE JIN0O HA POCT, THOO0 Ha IMPOITYKTHB-
HOCTB XMBOTHBIX 1 MOXKET CIIOCOOCTBOBATh Pa3BUTHIO MATOJIOTHH, YBEITHUUTh
MOJIBEP>KEHHOCTH X BUPYCHBIM M OaKTepraIbHBIM areHTtam [ 13], mpoBorupo-
BaTh pa3BUTHE MactuTa [17], canemonemnnesa [16].

Heo06xoa1Mo yuuThIBaTh, YTO HHTEHCH(UKALINS )KHBOTHOBOJICTBA U 3HAYH-
TCJIbHOC MOBBIMNICHUC MTPOAYKTUBHOCTHU KUBOTHBIX O6yC.]'IaBJ'II/IBaIOT HaIpsKe-
HUe (YHKIIUH BCEX OPTaHOB M CHCTEM OPTaHHW3Ma, YTO, HEPEAKO, IMPHBOAUT K
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CHUIKCHHUIO €TI0 COIIPOTUBIIAEMOCTH K He6ﬂaFOle/IﬂTHblM YCIOBUAM OKpYKa-
fotei cpensl [5, 6, 9].

Cpenu mapamMeTpoB, MMEIOIIUX HAauOOJblIee 3HAYCHHUE JUIS U3yUCHUS
CTpECC-PEaKIUy U aalTHBHBIX 0COOCHHOCTEH JKUBOTHBIX, aHAJIN3 HECTICIIU(H-
YyeCKOH PE3UCTCHTHOCTH OpTaHU3Ma ABJISACTCA OAHUM U3 KIIFOYEBBIX, ITIOCKOJIBKY
obecrieurBaeT 3[0POBbE U MPOAYKTUBHOCTh JKUBOTHBIX U, B KOHEUHOM HTOTE,
PEHTa0ETBHOCT )KHBOTHOBOZACTBA. AKTYaIbHOCTB IIPOOIEMBI PE3UCTEHTHOCTH
SHAYUTECIIbHO BO3PACTACT IPU BbIABICHUU TCHACHINU MTOBBILICHUSA TPOAYKTUB-
HOCTH )KUBOTHBIX U COKPAIIEHHSI CPOKa HCIIOIb30BaHUSI MATOUHOTO ITOTOJIOBbSI
[8]. ITpu aTOM OCTAETCSI HEM3YyUSHHBIM BOIPOC 00 MHTEHCUBHOCTH HecTeu(pu-
YECKOM aKTUBHOCTH 3aIIUTHBIX MEXaHM3MOB KPOBH IPH JCUCTBHH CTpecc-(ak-
TOPOB, B TOM YHCJIE, IPU ACHCTBUU TEXHOJIOTHYECKOTO CTpecca.

[enbio UCCIeAOBaHUS CTABUIIOCHh M3YyUCHHE KIIETOUHOIO M T'YMOPAJIbHOTO
3BCHA HECHCIU(DUICCKON PE3UCTCHTHOCTHU TIPU PA3BUTUHU CTPECC-PEAKIIHN Y
KPYITHOTO POTraToro CKOTa Mocie JeUCTBUSI TEXHOJIOTHYECKOTO CTpecca Ha op-
raHU3M KOPOB.

Marepuajibl 1 MeTOIbI HCCIIEOBAHNS

Pabora Obia mocraBieHa Ha 6aze xo3sicTB Hukeropoackoi obmactu, riue
HCCIIEIOBaHUS MPOBOMIIINCH Ha 30 KIMHUYECKU 37JOPOBBIX BBICOKOIIPOIYK-
THUBHBIX KOPOBaxX YEPHO-NMECTPON TOPO/BI. YCIOBUSI KOPMIICHUSI M COZIEpIKa-
HHS 5KUBOTHBIX OBLIH OJHOTHUIIHBIMHU. KOpMJ'IeHI/IC JKUBOTHBIX OCYHICCTBJIAIOCH
B TIOJTHOM cooTBeTcTBUU ¢ HopMamu PACXH, a conepxaHne — MpUBS3HOE B
THUTIOBBIX KOPOBHHUKAX B Te€YEHHE Bcero rozia. CTpeccopom At KOpoB sIBIsIach
NeperpyniupoBKa, CMeHa 00CITyKUBAIOLIEro IepCoHasla, POBEACHHE BETEPH-
HApHO-CAaHUTAPHBIX MaHUITYIISIINH.

HccrenoBanmne MpoOBOIMITH B COOTBETCTBHUHY C TpeboBaHMAMHU EBpomerickoit
KOHBEHIIUH O 3aIIUTE TTO3BOHOYHBIX KMBOTHBIX, HCIIOJIB3YEMBIX JUIS DKCIIEPH-
MeHTOB WK B HayuHbIX 1ensx (ETS Nel23, CrpacOypr, 1986) u IIpukaza M3
P® Ne 708 H ot 28 aBrycra 2010 .

Bo Bpems nccnejoBaHus y BCeX MOJIOMBITHBIX )KUBOTHBIX 3200p KPOBH OCY-
HIECTBIISIICS JI0 TEXHOJIOTHUECKOTO cTpecca u uepe3 3, 14, 30 cyTok mocie Tex-
HOJIOTHYECKOTO CTpecca.

O011ee KOTMYECTBO JICHKOIIMTOB OMPEACIISIIA METOIOM MPSIMON MUKPOCKO-
iy myTéM nozcuéra B kamepe [opsieBa, JielikorpaMMy — B Ma3Kkax, OKparieH-
HbIX 10 PomanoBckomy — ['um3a.

B kpoBu onpexnensnu 6akrepunuanyio (BACK), muzomumayo (JIACK)
AKTHBHOCTH CBIBOPOTKH KPOBH. JIN30IIMMHAsI aKTUBHOCTb — (DOTOIINEKTPOKO-
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JIOPUMETPUYECKUM METOJIOM C MCIIOJIb30BaHHEM TECT-KYJIBTYpbl Micrococcus
lysodeikticus [7]; 6akTepunnaHas aKTUBHOCTH CHIBOPOTKH KPOBU — (OTO-
He(eToMeTpIIeCcKIM METOIOM C IPUMEHEHHEM TecT-KynbTyphl Escherichia
coli [7].

Hccnenosanue MOpPGOIOTHHU JICHKOIIUTOB MTPOBOAMUIN Ha CBETOBOM MHU-
kpockorie Mukpomern C-11 (Poccust) ¢ mporpammoit MEKOC-11 n Ha ckaHm-
pyrotem atekrporHoM Mukpockorie Hitachi SU8220 (SImonust). Paspemenue
0,8 am mpu 15 kB, WD 4 mm 1,1 uM nipu 1 kB B pesxnMe TOPMOXKEHUS HIIEK-
TPOHOB.

CraTucTHYeCKYI0 00pabOTKy MOITYYCHHBIX TaHHBIX MPOBOIIIIN C HCIIONb-
30BaHMEM TIpOrpaMMbl Statistica, OIIEHKY JOCTOBEPHOCTH — IO KPHUTEPHIO
CThl0EHTA.

Pe3yabTaThl HcclieIOBaHNS U UX 00CY:K/IeHHe

Hecnemmdnaeckas kieToqHas pe3uCTEHTHOCTE B paboTe Obla McciaemoBa-
Ha I10 COCTOSTHHIO OEJI0 KPOBH Y KOPOB ITPU TEXHOJIOTHYECKOM cTpecce. bbuio
MOKa3aHO yBEJIMYECHUE YMCIIa JICHKOIUTOB MOCIEe TEXHOJIOTHYECKOIo cTpecca
10 CPAaBHEHUIO C HICXOTHBIMH 3HAUYCHUAMH Ha 3-14 cyTku nccienoBanus (Tadam.
1). ITpu 5TOM, MO’KHO TOBOPHTH O Pa3BUTHN YMEPEHHOTO JICHKOIITO3a y KOPOB,
MIOCKOJIbKY TIPH CPAaBHEHHH YHCJIa JICWKOIMTOB KPOBH KOPOB IOCJIE TEXHOJO-
THYCCKOIro CTpecca C HOPMAaTUBHLBIMU BEJIMYMHAMU UX 3HAYCHU S HAXOUJINCH B
mpezieNiax BepXHel rpaHuIle BUI0BOW HOPMBI. AHATIH3 JICHKOIIUTAPHOH (popMy-
JIBI, TIO3BOJISIIOIICH OIICHUTD HecTel(uIecKne peakiny aanTanny, BbIBUII
pa3BuTHe HelTpoduIe3a, MOHOIUTO3a U JTUM(OIICHNH, BRIPAKEHHBIC HA 3 U
14 cyTKu mocie TEXHOIOTHIeCcKoro crpecca (Tadm. 1).

Tabnuya 1.
JlelikouuTapHblii NpoguJIb KPOBH KOPOB
Tlokazarens Hopwma Jlo Tex. ITocne TexHomoruueckoro crpecca,
cTpecca CYTKH
3 14 30
Jletikormtel, 10°, 1 |4,5-12,0 | 6,69+0,84 | 9,88+ 1,41 * | 933+0,65* | 6,98+0,47
Heiirpoduiel, % |30-36 34,61 +1,76 | 42,33 £3,76 * | 37,00 2,08 * | 33,33 + 1,76
Do3uHopmIBL, % | 5-8 5,02+1,16 5,00 + 1,00 3,00 £+ 1,00 5,33+£0,33
Bbazoduisl, % 0-2 1,62 +0,88 1,67 +£0,33 2,33+0,33 1,00 + 0,58
Jlumdornmtsr, % 40-65 53,33 +4,84 | 42,00 £ 3,51 * | 49,67 +0,88 |56,00+2,01
Mounouurtsl, % 2-7 5,33+1,76(9,00£0,58 *| 8+0,58* |4,33+0,67

Tpumeuanue: * — CTATUCTHYECKH 3HAYUMBIC PA3JIUYHS [I0 OTHOIICHHIO K TPYIIINE 10
TexHooruueckoro crpecca (p < 0,05).
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HUccnenoBanne Mopdonorun JeHKOUTOB IPH TEXHOJIOTUYECKOM CTpecce
CBETOBOW U 3JIEKTPOHHOW MUKPOCKONIMEHN MMO3BONMIIO BbIABUTH Hasnnuue HE-
Toza y meitrpodmios (puc. 1, 2). 3naunmoe kommaectBo HETo30B moka3zaHo
Ha 3 CyTKH MOCJI€ TEXHOJOTHUECKOr0 CTPECCa, YTO BU3YaJIbHO ONPEJeNAIoch
YBEJIMUCHUEM UX KOJIMUECTBA B MOJAX 3PCHUSL.

b
Puc. 1. Cerosast muxpockonus: HETo3 va 3 (A) u 14 (B) cytkn
HOCJIe TEXHOJIOTMYECKOTO CTpecca y KOpoB

Regulus 1.0 1,50k SE o i

Puc. 2. Cxanupyromast 3JIeKTpOHHass MUKPOCKOIHS: Tororpaduaeckoe
n3obpaxxenre HETo3a npu TEXHOIOTHYIECKOM CTPECCE Yy KOPOB
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AHani3 UHTErpaIbHBIX MMOKa3aTesIel COCTOSHUSI IyMOPAJIbHOTO 3BeHA He-
cnerrIeCcKoi PEe3UCTEHTHOCTH OBLT TIPOBEJICH TI0 PETUCTPAITUN OAKTEPHIIN/I-
HOW W TN30IIMMHOM akTUBHOCTH cEIBOPOTKH KpoBH (BACK, JIACK) (Tabm. 2).
YcTaHOBIICHO, YTO Y KOPOB Ha 3 CyTKH I1OCJIE TEXHOJIOIMYECKOT0 CTpecca 3Ha-
YHUMO CHU3WJIACh OaKTEPHIMIHAS aKTUBHOCTH CHIBOPOTKU KpoBH Ha 13,5% u
YBEIMUYUBAIACH JTU30IIMMHAsT AKTUBHOCTH CHIBOPOTKH KpoBH Ha 12,7% oTHO-
CHUTEJIFHO UCXOIHBIX 3HaueHni. K 14 cyTkaMm perucTpupoBaioch yBeIUUCHNE
0aKTEePHULIUIHOMN U JTM30IUMHOIN aKTHBHOCTEH KPOBHU CO CHHKCHUEM JTH30I[HM-
HOM akTUBHOCTH K 30 CyTKaM Iociie TEXHOJIOrHYeckoro crpecca Ha 14,1% ot-
HOCHTEIIBHO UCXOTHOTO YPOBHSL.

Tabnuya 2.
BakrepunuaHas ¥ TU301HMHAs1 AKTUBHOCTB CHIBOPOTKH KPOBH KOPOB
Ilocne TeXHOJIOrHUeCKoro CTpecca, CyTK!
ITokazarens | [lo Tex. crpecca
3 14 30
BACK, % 42,33 +£1,20 36,67 +0,88 * [45,67+1,45*| 43,67+0,67
JIACK, % 21,33 +0,88 24,04 +0,58 * | 23,33 +1,33 18,33 £0,88 *

IIpumeuanue: * — CTATUCTHYECKH 3HAYMMBIC PA3JIHYHS 110 OTHOLICHHUIO K IPYIIIIC 10
TexHoIoruaeckoro crpecca (p < 0,05).

OO6cyxmast TOTyYeHHBIE PE3YIBTaThl CIEAYET OTMETHUTh, YTO JTHM(OTICHHS,
KakK M HEHTporeHus, 00ycIoBIeHa TTOBBIILICHHEM B KPOBH IIFOKOKOPTHKOHUJIOB
[4], xoTopbie yBeNIMYMBatOTCS MPH cTpecce B oTBET Ha Aeicteue AKTI [11, 14].
I MIOKOKOPTUKONIBI BBI3BIBAIOT HEHTPOGHIE3 3a CUET YCUICHHS MOCTYIUICHHS
3pesbIX HEUTPOPHIIOB M3 KOCTHOTO MO3ra B KpoBb. JIMM(ponenus Moxer ObITh
00yCIIOBJICHA PACIaJIOM MM MUTrpaIuei tuMpouHbIX KieTok. Ha ¢done mo-
BBIIICHHOTO COAEP)KaHMs HeUTPOo(UIIOB, HAOTIONACTCS YBEINYCHHIE KOJIMYECTBA
MOHOIIUTOB, YTO SIBJISIETCS IPU3HAKOM HANPSHKEHHOCTH MEXaHN3MOB 1Al TalliH.

O creneHn HanpsHKEHHOCTH (YPOBHE PEaKTUBHOCTH) PEaKIMU OpraHu3Ma
CBH/JICTEIILCTBYET U COOTHOIIICHHUE JISUKOIIMTOB B JIeHKOLUTapHOH hopmyrte. Mx
MIPOLIEHTHOE COAEPKaHNE, BBIXOAALIEE 3a ITPEAEIbI HOPMbI, KBATU(PHUIIUPYETCS
KaK «IIPU3HAKN HAIIPSHKEHHOCTHY» PEaKIny: YeM NTy0rKe MPU3HAK HalpsHKEHHO-
CTH WJIM YeM UX OOJibllle, TEM HUXKE YPOBEHb peakTuBHOCTH [2]. OTKIIOHEHNE
rokasareseld GOpMEHHBIX JIEMEHTOB OeJT0Oi KPOBU NPU JACHCTBUH TEXHOJIOTH-
YECKOTO CTpecca CBHJETEIbCTBOBAIO O PA3BUTHH HANPSKEHHOCTH PEaKIMN
opraHusma KopoB Ha 3 — 14 cyTku nociie TEXHOJIOTHUECKOro CTpecca.

CHmwxeHne 6aKTepUIMIHON aKTUBHOCTH CHIBOPOTKH K 3 CyTKaM U JTM30IUM-
HOMW akTUBHOCTH K 30 CyTKaM Tak ke MO3BOJISIET TOBOPHUTH O HANPSKCHUH UM-
MYHOJIOTUYECKON PE3UCTEHTHOCTU, U3MEHEHUE KOTOPO HOCUT AMHAMUYHBIN
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xapakTep. YpOBeHb OAKTEPHUIIUIHON aKTUBHOCTH CHIBOPOTKU KPOBHU SIBJISICTCS
MOKa3aTeneM aKTUBHOCTH (paronuro3a, a UMEHHO HEUTPO(DUIOB U MOHOIM-
ToB. CHIDKEHHNE OaKTEePUIMIHON aKTHBHOCTH K 3 CyTKaM COYETaI0Ch, B HAIITNX
9KCIIEpUMEHTaX, ¢ nposieieHneM HET030B B KpOBM KOPOB IPH TEXHOJIOTHYE-
ckoMm ctpecce. [Ipu atom knnaccnueckuit HETo3 npencraBnseT co6oit ocolyro
(dopMy TporpaMMupyeMoii THOEIH KJIETOK, AJIsl KOTOPOH XapaKTEpHBI BBIXOI
KOMITOHEHTOB TpaHyJl B IUTO30IIb C MOCIEIyoIIeit rnoenpio kietok [10, 12].
Onnaxo noka3zano, uyto npu HETo3e cymiecTByIOT Takke MeXxaHH3MbI BHIOpOCa
JHK, mpr KOTOPBIX HEUTPOIITHI COXPAHSIOT CBOIO JKU3HECTIOCOOHOCTD 1 €CTe-
ctBeHHBIC Y dexTopHbie Ppyrkimu [20]. [Tokazano, uto HETo3 Habiromaercs B
ovarax MH(EKIU 1, BEPOSTHO, 3aMEJISICT PACIIPOCTPaHCHHE MaTOreHoB [19].
Opnnako n366ITouHOE 00pazoBanne NET MOXKeT MpUBOIUTH K Pa3BUTHIO MaToO-
JIOTHH, a TaK)Ke K HapyIISHHIO KpoBooOpamieHus [15, 18].

VYuuTeIBas, 4T0 0OJIE3HH MOXKET BO3HUKATH TOJIBKO IPH HAPYLICHUH HOP-
MaJIbHOW peaKTUBHOCTH OopraHusma [ 1], BEIIBIEHHBIE B pab0oTe N3MEHEHHS He-
cnenn(UIecKoi pe3NCTEeHOCTH U ee CHIDKeHHE Ha 3-14 cyTku mocie cTpecca
HEOOXOMMO YUYHUTBIBATh TPH TEXHOJIOTHYECKOM CTpecce, YTOOBI HCKITIOUUTh
«CpbIBa» aJIalTAllM B COCTOSTHHE OOJIC3HH.

3akJ/ioueHne

CormacHo NMPOBEIEHHBIM HCCIIEIOBAHUSIM TEXHOIOTMUECKUI CTpece SIBIISIETCS
CHJIbHBIM CTPECCUPYOLIMM (DAKTOPOM 151 KOPOB C HAIPSKEHUEM YPOBHS PEAKTHB-
HOCTH Oprann3Ma Ha 3-14 CyTKH TOCIie TEXHOJIOTHYECKOTO CTPecca M CHIKCHHEM
JIM30LMMHON aKTUBHOCTH K 30 CyTKaMm, 4TO CBUAETENLCTBYET O HANPSHKEHUH UM-
MYHOJIOTUYECKOH Pe3UCTEHTHOCTHU. [Ipr TEXHOIOTHYECKOM CTPECCe PErUCTPUPY-
etcs nosisnerane HETo30B. BrimroueHne HecrienmnpuuecKux 3aUTHBIX MEXaHH3Ma
KOPOB TPH TEXHOJIOTUIECKOM CTPECCce HEOOXOIMMO YIUTHIBATHCS TIPH CONCPIKaHUH
JKHBOTHBIX, IIPOBEACHUN TEXHOJIOTHYCCKUX U MPOPUIAKTUICCKIX MEPOIIPHSTHIA.

3akiIioueHne KOMHUTETa MO ITUKe. VccienoBannue NpoBOIMIN B COOT-
BETCTBUH ¢ TpeboBaHussME EBpPOIEiCKON KOHBEHIIMH O 3aIIUTE TO3BOHOYHBIX
JKUBOTHBIX, I/ICHOJII)SyeMI)IX JUISA 3KCHepI/IMeHTOB HJIn B Haqube eJsx (ETS

Ne123, CrpacOypr, 1986) u Ilpukaza M3 P® Ne 708 H ot 28 aBrycra 2010 -

HNudopmanusi 0 KOHQINKTEe HHTEPECOB. ABTOPHI 3asBISIFOT 00 OTCYT-
CTBHUHU KOH(ITUKTA HHTEPECOB.

HNudpopmanmus o cnoncopeTBe. PaboTa BRITIONHEHA TIPH IMTOICPKKE TPAHTA
PH® Ne 22-26-00311.
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IAJIEKTPUYECKAA AKTUBHOCTD CEPALA
YEJIOBEKA B IIEPUO/J AEINTIOJIAAPU3ALIUU
JKEJYIOUYKOB ITPU OCTPOM
HOPMOBAPUYECKON I'MIMOKCUH

E.B. 3amenuna, H U. Heonuna, H.M. Powiesckas

Obocnosanue. Bozoeticmeue ocmpoii 2UnoKcuu Ha 4enosexa npusooum K Ha-
pyueHuAM QyHKyuu cepoya, ymo ompadicaemcs 8 yeeauueHuu HeoOHOPOOHOCMU
npoyecca OenomsAPU3AYUY HCETYOOUKO8, KOMOPOE CIONCHO YCMAHOBGUMb NPU UC-
nonvzosaruu mpaouyuonroi KT

Lenv. Hccneoosanue snexmpuueckoii akmusHocmu cepoyd Ha no8epxHo-
CMu mopca uenoseka 8 nepuood Oenonapu3ayull Heery0ouKkos cepoya npu 6030eti-
cmeuu 0cmpoil HOpModaAPUUEcKoll 2UNOKCUU C UCNONb308AHUEM MHO2OKAHANLHO20
OKT -kapmuposanus.

Mamepuan u memoovl. Dn1eKmpuyecKyio AKMUSHOCMb cepoya y NPaKmuiecki
300p08bIX MOLOOLIX Mydxcuur (20+1 nem) uccnedosanu 6 nepuood Oenospuzayuu
JICENYOOUKOB 8 YCAOBUAX IK302EHHOU OCMPOU HOPMOOAPUYECKOU SUNOKCUL MemO-
dom kapouosekmpomonocpapuu. Pecucmpuposanu ynunonspuvie KT om 64
NEKMPOO08 HA NOBEPXHOCMU 2PYOHOU KLeMKU, CUHXPOHHO ¢ bunonspruvimu OKI 6
0meedeHUsIX O KOHEeUHOCmell, RPo8ooULU oyeHKy amniumyo R u S 3yoyoe na KT
6 nosuyuu omeedenui V, u V..

Pezynvmamut. Bviasneno, 4mo npu sunokcuu no CpasHenuio ¢ UCXOOHbIM COCHIOS-
Huem nammepH pacnpeoeiienus U nPOCMpPAHCMEECHHO-6PEMEHHAS OUHAMUKA NOTOJCU-
MENbHBIX U OMPUYAMETLHBIX KAPOUONOTNEHYUANO08, OMPAANCAIOUUX HA NOBEPXHOCINU
mopca nocie008amenbHOCHb AKMUBAYUL MUOKAPOQ, CYUECMECHHO He USMEHUTUCH U
Ovi1u XapakmepHulMu 07 nepuooa Ha4aIbHOU HCeryO0UKOBOl AKMUSHOCIIU Y NPAK-
muuecku 300posuix nodetl. Bviasneno cyuwjecmeennoe cHudicerue amniunyo Makcu-
MATBHBIX IKCMPEMYMOB KAPOUOITEKMPUYECKUX NOMEHYUAN08, amnaumyo 3yoyoe SV1
u RV5 npu eunoxcuu: amnaumyoa maxcumyma cuuzunace ¢ 1,88+0,58 mB 6 ucxoo-
Hom cocmosiuu 0o 1,83+0,55 mB npu cunoxcuu; munumyma — ¢ -2,08+0,76 mB 0o
-1,85+0,73 mB; 3y6ya S, ¢ -1,28+0,25 mB 0o -1,17%0,18 mB; 3y6ya R, ¢ 1,21+0,25
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MB 00 1,05+0,29 mB, coomeéemcmeeHHo, npu 3mom OIumenbHOCHb OenoIspU3ayuL
24CeNYO0UKO8 CIMAMUCIUYECKU 3HAUUMO He USMEHUNACD.

3aknrwuenue. [lpu cunoxcuveckom 6o30elicmeuul y 00C1008aHHBIX H0OelL 6bl-
SABNIEHO 3HAUUMOE CHUICEHUE AMNIUMYO MAKCUMATLHBIX IKCINPEMYMOG dNeKmpute-
CKO20 NOJIs cepoyda, 63auMocesn3b USMEHEeHUL AMIIUMYO NOOACUMENbHO20 IKCIPe-
myma u 3yoya RVS, npu npaxmuuecku HeusMeHHuIX OIUMeNbHOCIU 0enonApU3aAyUY
2HCENYOOUKOB U OUHAMUKYU PACTIPEOeNeHUs KAPOUOITEKMPUYECKUX NOMEHYUATO8.

Knrouesnvie cnosa: kapouosnekmpomonozpagpus; Oenonapu3ays #eeiyoouKos;
2UNOKCUSA

JIna yumupoeanus. 3amenuna E.B., Ueonuna H.H., Powesckas U.M. Dnexmpuuye-
CKasi aKMUGHOCHIb CepoYa YeloBeKd 8 NePUOO OeNOISPUZAYUL ICETYOOUKO8 NPU OCIPOTL
Hopmobapuyeckoti cunoxkcuu // Siberian Journal of Life Sciences and Agriculture. 2023.
T 15, Ne3. C. 41-57. DOI: 10.12731/2658-6649-2023-15-3-41-57

Original article | Physiology

ELECTRICAL ACTIVITY
OF THE HUMAN HEART DURING THE PERIOD
OF VENTRICULAR DEPOLARIZATION
UNDER ACUTE NORMOBARIC HYPOXIA

E.V. Zamenina, N.I. Ivonina, .M. Roshchevskaya

Background. The effect of acute hypoxia on the human heart leads to deteriora-
tion of the heart function, this is reflected in an increase of the heterogeneity of the
depolarization process, which is difficult to reveal when using a traditional ECG.

Purpose. To investigate the electrical activity of the heart during the ventricu-
lar depolarization on the thorax surface under the exposure of acute normobaric
hypoxia using multichannel ECG mapping.

Material and methods. The electrical activity of the heart in apparently healthy
young men (201 years) was studied during ventricular depolarization under expo-
sure of acute normobaric hypoxia using cardioelectrotopography. Unipolar ECGs
were recorded from 64 electrodes on the surface of the chest, simultaneously with
bipolar ECGs in limb leads and the amplitudes of R and S waves from the surface
electrodes localized in positions V, and V of the traditional ECG were evaluated.

Results. It was revealed that during hypoxia, in comparison with the initial state,
the pattern of distribution and the spatio-temporal dynamics of positive and negative
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cardiac potentials reflecting the sequence of myocardial activation on the torso sur-
face did not change significantly and were typical for the period of ventricular depo-
larization of the healthy person. A decrease in the amplitudes of the maximum extrema
of cardiac electric potentials, the amplitudes of the SV1 and RVS5 waves at hypoxic
exposure was revealed: the amplitude of the maximum decreased from 1.88+0.58
mV in the initial state to 1.83+0.55 mV at hypoxia, the minimum — from -2.08+0.76
mV to -1.85+0.73 mV, the S, wave from -1.28+0.25 mV to -1.17+0.18 mV, R . wave
from 1.21£0.25 mV to 1.05+0.29 mV, respectively, while the duration of ventricular
depolarization did not change statistically significantly.

Conclusion. Under hypoxic exposure, the examined persons showed a signif-
icant decrease in the amplitudes of the maximum extrema of the electric field of
the heart, a direct correlation between changes in the amplitudes of the positive
extremum and the RV5 wave, with practically unchanged duration of ventricular
depolarization and dynamics of the distribution of cardioelectric potentials.

Keywords: cardioelectrotopography; ventricular depolarization; hypoxia
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Beenenne

W3ydenne BNUSHUS TMIIOKCHU HAa OpraHU3M 4eJIOBeKa HE yTPauhBaeT CBO-
e# aKTyaJIbHOCTH, TIOCKOJIKY MHOTHE HapyIIeHUs (PYHKIIUH Cepla HarpsMyro
CBSI3aHbI C Pa3BUTUEM KUCIOPOAHON HENOCTATOYHOCTH [2, 5]. s kapauomMuo-
LIUTOB XapaKTEPHO BBICOKOE MTOTPeOIeHIE KNCIOPOa, HEOOXOAUMOTO /TSt 00pa-
30BaHMUSI MAKPOIPTUUECKIX COCANHEHHNH, 00ECTICUNBAIOIINX AKTUBHOCTD HOHHBIX
KaHaJIOB JUIsl 00pa3oBaHMs MoTeHnuana JeicTus [20], moatoMy npu najgeHun
TIApIHAIBHOTO ABJICHUS KUCIOPOAa B KPOBU H3MEHSIOTCS SIIEKTPO(H3HOIOTH-
YeCKHe XapaKTepUCTUKN MUOKap/a [2; 12]. [umokciaeckoe COCTOsTHUE TTOBBIIIA-
€T HEOTHOPOTHOCTB MPOIIEcca ASTIONSPU3AIMN MUOKAp/Ia ¥ YBEITMINBACT PHCKU
pa3BUTHSA KU3HEYTpoXKaomux aputMui [19]. Mcnons3oBanue TpaJauIiiOHHON
OKI' B Ha4agbHOM IMEPHOJIE PA3BUTHS THIIOKCHUECKOTO COCTOSIHUSI MHOKap/a
HEJI0CTaTOYHO MH(OPMATUBHO BBU/TY PA3HOHAINPABICHHOCTH U3MEHEHNH aMILIH-
TYJIHBIX KPHUTEPHEB ACHOISIPH3AIMNI JKEIIYIOUKOB Y JIIONIEH ¢ pa3HOM TosepaHT-
HOCTBIO K ruIokcuH [2]. MHorokanansHoe moBepxHocTHoe DKI -kapTupoBanue
HPOJIEMOHCTPHUPOBAIIO BHICOKYIO 4yBCTBUTEIILHOCTD U CHIELU(PUIHOCTD IIPH pa3-
JIUYHBIX HApYLIICHUSIX NESITENFHOCTH CEpAla, ero THarHOCTUYeCKast U MpOTHO-
CTUYECKasi IEHHOCTh MOATBEPXkKIeHa KIMHUYECKUMU nccaenoBanusami [ 10, 21].
B03MOXXHOCTB BU3YaIT3aIMHU AJIEKTPO(OU3HOIOTHUECKHUX ITPOLIECCOB ITPU TOMO-
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MM Pa3JINYHBIX aKTUBALIMOHHBIX KAPT MO3BOJISET BBIABIATH IIEKTPUUECKYIO He-
OJTHOPOIHOCTh MHOKap/ia, ero peMoenupoBanue [8, 9, 14].

W3zydenne anexrpokapauorpaduaeckoil HHGOPMALMHA OT MHOXKECTBA TOUEK
Ha MOBEPXHOCTHU I'PYAHON KJIETKH B YCJIOBUSX DK30T€HHON IMIIOKCHUECKON T'H-
MOKCHH MO3BOJIUT HOJIYYUTh JIOTIONHUTENbHYIO0 HHOPMALHIO O (DyHKIIHOHUPO-
BaHMU Cep/La IPH OTPaHUYEHUH MOCTYTIIIEHHUS] KHCIIOPOJIa B OPraHU3M YeJIOBEKa.

Lesb padoThI — ncce10BaHNUE NEKTPUUECKOI aKTUBHOCTH CEep/La B IEPU-
O] ICHIONAPHU3AINH KETYJ0YKOB P BO3ACHCTBUH OCTPOH HOpMOOapuieckon
THITOKCHH C UCTIONIb30BaHNEM MHOTrokaHanbsHOro DKI -kapTupoBanus.

Matepuajbl 1 MeTOAbI HCCJIEIOBAHUS

B nccrnenoBanny npuHANIN J0OPOBOIBEHOE ydacTHe 6 MPaKTHYECKH 30PO-
BEIX MyxuuH (20+1 net, macca Tema 80,7+10,2 kr, mmHA Tena 179,5+6,7 cm).
Bce ucnbITyemble nepe/; HagaloM HCCIIeI0BaHMs ObUTH 03HAKOMIICHBI C YCIIOBH-
SIMH €T0 TIPOBEJICHHS 1 JIaJTH JI0OPOBOJIbHOE MMCBMEHHOE COTVIACHe Ha y4acTHe.
ITporokon uccnenoBaHust COOTBETCTBOBAI STHIECKUM MEIUKO-ONOTOTHUECKUM
HOpMaM, M3JI0)KEHHBIM B XEJIbCHHKCKON JIeKJIapalny, a Takke ObLT 0J00peH
OMOITHYECKMM KOMHUTETOM OT/ielia cpaBHUTENbHON Kapauonorun GUL] Komu
HIT ¥pO PAH (ipotokon Ne 1 ot 6.04.2022).

HccnenoBanne nMpoBOAWIN B MIOMELICHUH MPU TEMIIEpaType Bo3myxa 21-
23°C, OTHOCHTENFHOW BIIAXHOCTH 55-64 %, GapoMeTpHYecCKOM AaBICHHU
740-750 mm pt. cT. Bo Bpemst uccienoBanust 00CIeyeMble HAXOMIIHCh B ITOJI0-
JKCHUU TTONYCHA B Kpecie. [ mmokcmaeckoe Bo3aetictaue (I'B) ocymecTsmsinm
9K30T€HHO Yepe3 JIMIEBYIO MACKY B TeUEHUE |5 MUHYT B YCIOBHUSIX HOPMaIbHO-
r0 aTrMOC(EpHOro JIABICHUS C UCTIOIb30BAaHIEM TUIIOKCUUECKOW I'a30BOM cMecH
(conmepxxanue xkucaopona 12,3%, azora 87,6%, yrnekucnoro raza 0,04%), momy-
JaeMo# Ha KuciopoaHom kouienTparope «Krdber O » (I'epmanmus).

J11s1 KOHTPOJISE COCTOSIHUSI UCTIBITYEMBIX B MICXOZHOM cOCTOsIHUH, ITpu ['B 1
BOCCTaHOBHUTEIILHOM NEPHOZE (5 MUHYT JIbIXaHHUS aTMOC(EPHBIM BO3/IyXOM) pe-
TUCTPUPOBAJIM OKCUTEHAIMIO KPOBH (SpO,), 4aCTOTy CEpAETHBIX COKPAIEHNH
(UCC) ¢ momompio mynbcokcumerpa «Nonin 8500» (CLIA), cucronnueckoe
U MacTONU4YecKoe aprepuanbHoe aasieHue (AJlcuct u AJlauact) — aBToma-
TraeckuM ToHoMeTpoM «OMRON I-Q 142y (Amonms).

B ucxonHoM cocrosiHuM, Ha KaKIoi MUHYTE nepuojos ['B u BoccTaHoOB-
JIeHUs y 00CIelyeMbIX CHHXPOHHO ¢ OunosnsipabiMu DKI' B OTBEICHUSIX OT KO-
neunocreit (I, 11, III) peructpupoBamu yaumnosnspusie OKI' ot 64 smexkTponos,
PAcIIOIOKEHHBIX PABHOMEPHO Ha TOPCE, MPU ITOMOIIHM aBTOMATH3MPOBaHHON
CHCTEMBI AJIsl CHHXPOHHOW MHOTOKaHaJIbHOM peructpanui [7].
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[Ipu aHanu3e 31MeKTpUUECKON aKTUBHOCTH *key104ukoB cepaua Ha OKI' Bo
BTOPOM OTBEJCHUH OT KOHEUHOCTEH I10 TPEM CEPIEUHBIM KapANOLUKIAM OTIpe-
JIEJSUTA CPEHUE UTUTETbHOCTH KOMILJIEKCA QRSH.

[Tapametpsl antexTpuueckoro nods cepana (311C) B nepuox nenoispusauu
JKEJTYJIOYKOB Cep/ilia HCCIEA0BAH IO TPOCTPAHCTBEHHOMY PACIIONIOKEHHUIO 30H
1 SKCTPEMYMOB ITOJIOKUTEIIBHBIX ¥ OTPHIATEIIBHBIX KapIHOAIEKTPUIECKHX T10-
TEHLMAJIOB (MaKCHMyMa U MUHUMYMa, COOTBETCTBEHHO) Ha SKBHITOTCHIIAIIb-
HBIX MOMEHTHBIX KapTax. 3HaueHus BpeMeHu 10 nuka R na OKI' ykasbisann
CO 3HAKOM MUHYC, TIocie — 0e3 3Haka.

[To 5KBUTIOTEHIIMAIBEHBIM MOMEHTHBIM KapTaM aHAJIM3UPOBAIIN: aMIUIUTY-
HBIE XapaKTEPUCTUKU MOIOKUTEIBHOTO U OTPUIATENIEHOTO AKCTPEMYMOB; IIPO-
CTpaHCTBEHHO-BpeMeHHbIe n3MeHeHus DI1IC Ha MOBEpXHOCTH Tena (Havyaio U
xoHer popmupoBanus JI1C, XapaKTEpHOTO A NETOIAPH3AIHA JKEITYI09KOB,
HAuaJIo U KOHEll MepBOi U BTOPOI MHBEPCUM, ONpPeeNIeMbIX KaK N3MEHEHUs
B3aMMHOT'0 PACIIONIOKEHUS 30H MOJIOKUTEIBHBIX M OTPUIATEIBHBIX KapIHOIIO-
TEHINAJIOB; JJIUTEIbHOCTH ACTONAPHU3ALIIHN JKEITYT0IKOB U HHBEPCHN).

JlOonOTHUTENBHO NPOBOAWIIN aHanu3 yHUNosspHbeix KT B oTBeieHusx V|
u V.. Panee Obiio nokasano [11, 12], uto B ycaoBusAX HOpMOOapHueCKoi ru-
MIOKCUH 3HAYUTEIBHO MU3MEHSAIOTCS aMIUIUTYAbI 3yOLIOB B TPYAHBIX OTBEACHH-
ax V| u V, 9T0 MO3BOJISET UCTIONB30BATh X B KAUECTBE MAPKEPOB M3MEHEHHUS
JNIEKTPUUYECKON aKTUBHOCTH CEPALIA IPU DK30I€HHOM rHIoKcHU. B HacTosImeM
HCCIIeI0BAaHMHU aHATIM3UPOBAIIM aMILIUTYLy 3yOua S B oreesienuu V , (S,,)), am-
mTyny 3yona R B oreenennn V, (R) (puc. 1).
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Puc. 1. Cxema pacrnionoxeHust 64 YHUITONSPHBIX JIEKTPOIOB
Ha MOBEPXHOCTHU IPYTHON KIIETKH UeoBeKa
[pumeuanwue. Lndpamu 1-8 0603HaUEHBI PsIbI, COIEPIKAIIHE 110 8 OTBOSIINX IEKTPO-
7110B. UepHBIMHU KpY/KKAMHI OTMEYEHA JIOKATH3AIWs OTBEIeHnH V| 1V Tpamrmonnon OKT.
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Crarucruueckyto o0pabOTKy JaHHBIX MPOBOAMIIN rakeToM Statistica 10.0.
(StatSoft, USA). JlaHHble mpeacTaBlieHbl B BUE CpeIHEH apupMeTHIecKon
+ cTaHgapTHOE OTKJIOHeHHe. [lomyueHHble pe3yabraTsl o kpureputo Illamnu-
po-VYuiika UMeT HOPMaJbHOE paclpeieieHue, CTaTUCTHYECKYI0 3HAYUMOCTb
pasznuuuii oneHuBaiIn t-kputepreM CThIOIEHTa IS IBYX 3aBUCHMBIX BHIOOPOK
«no-rociey». Koppemnsiunio paccunThIBaiIM, UCTIONB3Ys kKoadduiment [Tupcona,
BBICOKOM CUMTANIU CBA3b OKa3aTenel npu 3HaueHuu Boiue 0,6. Paznuuus cun-
TaJM CTaTUCTHYECKHU 3HAYUMBbIMU Tipu p<0,05.

Pe3ysbTarhl Hcc/Ie0BaHUS M UX 00CY:KIeHHe

B micxomHOM COCTOSHUH Y 00CTIeIOBaHHBIX JIIOCH SpO2 coctaBmia 98 %,
UCC —76x12 yn/mun, AJ] cuct — 12549 mm prt. ct., Allmmact — 70+7 MM pT. CT.

[Ipu BO3aCHCTBHHU OCTPOI HOPMOOAPUIECKON THIIOKCHH Y 00CIICTOBAHHBIX
BBISBIICHO CTAaTHCTHYECKU 3HAUMMOE CHIDKEHHE OKCHTCHAIINH KPOBHU 10 77+8
% (ma 11 mun. I'B) u yBermmuerne UCC nmo 95+8 yn/mun (ra 7 mus. ['B) mo
CpaBHEHHIO C UCXOIHBIM cocTostHrEM (p<0.05), He3HAYUTENEHOE YMEHBIIICHHE
A/lcuct u Alnnact. B neprost 5-MUHYTHOTO BOCCTaHOBIIEHHUSI BCE T€MOJIMHA-
MHYECKHE MOKa3aTeNI! BOCCTAHOBMIINCH JI0 HCXOAHOTO YPOBHS.

V Bcex 00CIeI0BaHHbBIX JTIOAEH B NCXOQHOM COCTOSIHMM 1 B KoHIE I B xa-
paKkTep JMHAMHUKH CMEIIEHHUS 30H U SKCTPEMYMOB TIOJIOKHUTEIBHBIX U OTPHUIIA-
TEeNBHBIX KapaunonoTeHnranoB Ha JI1C B meprosa enonsapu3anuy KeayI0uKkoB
ObUT OHOTHUITHBIM (pHC. 2).

Jns nagana ¢popmuposanust DI1C, THITHYHOTO JUIs ACTOISIPU3ALMH HKETYA04-
KOB cepua (puc. 2-1), xapakTepHO MOsIBICHHE HEOOIBIIION 10 MIIOMIAAN 30HbI U
SKCTpeMyMa MOJIOKUTENTBHBIX MOTEHIINATIOB Ha BEHTPAJILHON YaCTH IPYAHOM KIIeT-
KU B 00JIaCTH IPYAMHBI, Ha (DOHE BCeil OCTaIbHOM MOBEPXHOCTH TOPCA C IKCTPEMY-
MOM OTPHIIATENLHBIX KapMONoTeHIMaI0B. B nepron Bocxosmel yactu 3y6ua R |
Ha DI1C y Bcex 00CIeI0BaHHBIX JIFOIICH IPOUCXOIMIIA IIEPBasi HHBEPCHS B3AUMHOTO
PaCTIONOKEHHS 30H MOJIOKUTEITBHBIX U OTPHIATEBHBIX KapauonoTeHmanos JI1C
(puc. 2-2). Bo BpeMst HHBEPCHH TOJIOKUTEIBHBIIN SKCTPEMYM H 30HA, 3aHUMAFOIIHC
K TOMY MOMEHTY BCIO BEHTPAJIbHYIO CTOPOHY TOPCa CMEIIAINUCH BHU3, K HUKHEH
YaCTU TPYJHOU KIICTKH, U BJICBO, OTPHUIIATEIIFHBIA SKCTPEMYM ¥ 30HA TIEPEXOIHIN
C IOpCaJTbHOW CTOPOHBI Ha BEHTPAJIBHYIO Yepe3 MpaBoe Iiedo. B nmeprox Hucxo-
nsmer pasel RS mpowcxomia BTopas MHBEPCHS B3aMMHOTO PACIIONOKEHHS 30H
TIOJIOKUTEITHHBIX U OTPHUIIATENTHHBIX KapHOIoTeHIINAIOB (prc. 2-4) Ha OI1C y Bcex
00ciemoBaHHBIX JTUTL. OOIACTh TONOKUTEITFHBIX KapAHOAICKTPIHUYCCKIX TIOTSHITH-
aJIOB C AKCTPEMYMOM IePEMEIIAINCE Yepe3 JIEBONaTepaIbHy0 IIOBEPXHOCTH TOPCa
Ha CIIFHY, OTPHUIIaTeNbHAast 00TacTh C HKCTPEMYyMOM CMEIIAINCh K HIDKHEH JacTh
TPYIHOU KIICTKY ¥ 3aHIMAJIM K OKOHYaHHIO HHBEPCHH BCIO BEHTPAITHHYIO CTOPOHY.
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Puc. 2. DXBUTIOTCHIIATILHBIC MOMECHTHBIC KapThI
JNEKTPUUECKOTO MOJS CepALA B IEPUOA ACTIOISPU3ALINH JKETYI0UKOB
Ha MOBEPXHOCTH IPYIHOHN KIeTKH oOcnenoBanHoro M.I1. B HCXOMHOM COCTOSHHM
M Ha 15 MUHYTE TMITIOKCUYECKOTO BO3JIEHCTBHS
1 — nayano ¢popmupoBanus IIIC, xapakTepHOTo IS IEPUOAA ACTIOISIPH3ALUT

JKEJTYZOYKOB Cep/lla, 2 — Hayallo epBOi MHBEPCUH; 3 — OKOHUAHHE MEPBOM MHBEPCHUH;

4 — Hayayo BTOPOI MHBEPCHH; 5 — OKOHUAHHE BTOPO HHBEPCHUH; 6 — OKOHYaHUE

JICTIONIAPU3ALINHN JKEITYIO0YKOB Cepa.

Ipumeuanvie. 3akpariieHbl 00IACTH MOJIOKUTENBHBIX KapIHOMOTEHIMATIOB. 3HAKH «1H» U «-»
0003HAYAOT TIOJIOKEHHE MOJIOXKUTENTHFHOTO U OTPUIIATETHHOTO KCTPEMYMOB, COOTBETCTBEH-
Ho. [Ton K&X 0¥ KapTOH yKa3aHo BpeMsi B MC OTHOCHTENBHO THKa 3yOua R, ciipasa mpuse-
neuna DK ¢ MapkepoM BpeMeHH (BEPTUKAIbHAS YEPTa), YKa3aHbI MAKCUMAIIbHAS aMILTATY/IA
TIOJIOYKUTEITHHOTO U OTPHULIATEILHOTO KapauornoTeHuaioB. Lar m3omiawuit pasen 0,1 MB.
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VY 1oJIOBUHBI HCCICAYEMbIX K OKOHYaHHUIO BTOpOPI HWHBEPCUU ITOJIOKUTEIIb-
HBIE KapIUONOTEHIIMAIbI PACHIONATAINCH U KPAaHHAJIBHO Ha BEHTPAJIBHOM CTO-
poHe, 3aHuMasi obnacTh Kiouuil. OKOHYAHUE JETONSPU3AINHU HKETYI0UKOB
cepua (puc. 2-6) 00caeI0BaHHBIX Jiroiel oTpakaiock Ha DI1C mocTeneHHbIM
YMEHBIICHUEM 30HBI IMOJIOKUTCIIBHBIX KapAUOIIOTCHIIMAJIOB C OAHOBPEMCHHBIM
YMEHBILICHUEM aMILTUTY]] TTOJOKUTEIBHOTO U OTPHUIIATEIIBHOTO IKCTPEMYMOB.

CorocrapieHIe TUHAMUKY aMIUTATY]] 3KCTPEMYMOB IIPY U3MECHEHHH PACIIO-
noxerust 30H Ha DI1C Ha rpyaHO# KJeTKe 00CaeI0BaHHbBIX TTO3BOJIUIIO BBISIBUTh
OCHOBHBIE XapaKTEPUCTUKHU HAPACTAHHSI MOTEHIMala MAKCUMYMa U MUHHUMYyMa
B Pa3IMYHbIC TIEPHOIbI ISTIONSIPU3AIINH xKeay10ukoB (Puc. 3).
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Puc. 3. /lunamMuka aMIuIUTysl MaKCUMyMa U MUHUMYMa U TIPOCTPAHCTBEHHBIE
XapaKTePUCTHKHU SIIEKTPUYECKOrO 1101 cepilia (MHBEpPCHU) B HEPUOJ JCHOISPU3ALUN
JKETYIOYKOB Ha MTOBEPXHOCTH TPYAHOH KIeTkH y oocnenoBanHoro M.I1. B mucxoqaom
COCTOSIHMHM M Ha 15 MHHYT€E THITOKCHUYECKOTO BO3AEHCTBHSA

B HauanpHbII neproj aKTUBALIMU KETYI0UYKOB, B MIEPUOJI IEPBOM MHBEP-
cun 06JacTell KapANOAIEKTPHUISCKUX TIOTEHITNAIOB, aMILUTUTY/IBl MAKCHMYyMa 1
MuHuMyMa OIIC Ha TOBEPXHOCTH TOpPCA YBEIMUYMBAIICH TIOCTENIEHHO U HE3HA-
ynTenbHo. [locne nepBoit nHBepcHu obmacTeit KapJHoIEKTPUISCKIX MOTEH-
1MaJI0B K MOMEHTY IHKa 3yOna R aMIumrynsl 060uX S5KCTPEMYMOB BEIPOCITH
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1o 1,8-2,6 MB. Ognaxko MakcuMasbHbIe BEIUYMHBI MaKCUMyMa 1 MUHUMYyMa
(2,5-3,35 MB) Gb11n oT™MedeHBI ocne uKa 3yona R (#a 1,2+0,6 Mc), BO Bpemst
Bropoit muBepcun 301 JIIC. [Tocne 3T0ro noTeHIMAI SKCTPEMYMOB CHUKAJICS
OBICTPO, 0¥ NIs 10 MUHUMATBHBIX 3HadeHui B 0,01-0,03 MB emre 1o 3aBepiiie-
Hus komiuiekca QRS.

IToxazana TUHAMUKA W3MEHEHUS aMIUIUTY/, MTOJIOKUTEILHOTO U OTPHUIIA-
TeNbHOTO SKCTpeMyMoB DIIC M aMIUTUTY/L TOJIOKUTEIBHBIOT0 U OTPULIATEIb-
HOTO MOTEHIMANA B TPYHBIX OTBeICHUAX V| 1 V, (puc. 4).
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Puc. 4. AMIIIUTY/BI OJOKUTEIBHOTO U OTPULIATEIIEHOTO
9KcTpeMyMoB (max u min), SV1, RV5 B ncxoqHoM cocTostHUM (UCX),
MIPY TUIIOKCHYeCKOM BozzericTeuu (1-15 muH) 1 Boccranosienuu (1-5 MuH)
* - cTaTrcTUYECKast 3HAYMMOCTb pasiiurii (p<0,05) 1o cpaBHEHHUIO C HCXOIHBIM COCTOSIHHEM

BBIsiBICHO CHIDKCHHE aMIUTHTYA MakCHMyMma, MHHEMYyMa, S, R,  oTHO-
CUTETHFHO WCXOIHOTO COCTOSHIS ¢ mepBoi mo 10 muryTy I'B. MakcumansHO
YMeHbIIMIACh aMmiuTyaa S, Ry Ha matoit munyte I'B (p<0,05), a nosoxwu-
TEJIBHOIO U OTPULIATENIBHOIO 3KCTpeMyMOB — Ha 7 MuHyTe I'B. B Boccrano-
BHTENIBHBIN MTEPHOJ] aMILIUTYa DKCTPEMYMOB HE BO3BPATUIIACH K MCXOTHOMY
YPOBHIO, amMmnTyaa S, R, BOCCTaHOBUIACK.

BrisBieHa nonoKuTEIbHAS. CTATUCTUUECKU 3HAUUMasi KOPPEISALUs MEXKIY
aMIUTMTYIaMH MAaKCUMyMa | R, B HCXOIHOM COCTOSHUH, HA TPETHEH U CEMlb-
Moif MuHyTax I'B 1 B mepron BocctaHOBICHUS (Ta0I. ).
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Tabnuya.
MMoka3arenn koppensimuu [Iupcona Mexkay aMILIMTYIaMu MaKCHMyMa
1 R,y 06c/1€10BAHHBIX JI10/Ieli B HCXOAHOM COCTOSIHMH, IIPH THIIOKCHYECKOM
BO3/1€iiCTBMH M B IEPHOJI BOCCTAHOBJIEHHSI IbIXAaHHEM aTMOC(EPHBIM BO31yXOM

o HUc- I'mnmokcuyeckoe Bo3aelcTBHE BoccranoBiienune
X0HOe
Kasa- | o- 1 3 5 7 10 12 15 1 3 5
TeM | o e | MHH | MHH | MHH | MHH | MHH | MHH | MHH | MHH | MHH | MHH

r 0878 0,633]0,846]0,7840,845(0,769]0,780]0,617[0,947(0,810{0,946
p 0022 0,17710,034 10,065 0,034 0,074 0,067 0,192 |0,004 0,05 0,004
HpI/IMe‘IaHI/Ie. Ir— KOppeHSIIII/IOHHaSI CBs3b, p — ypOBeHL 3HAYUMOCTHU.

Koppensun Mex Ty aMIIATYJaMi MUHAMYMa | S, | HE BBISIBIICHO B HCXO/I-
HOM cocoTsaHUU U nipu ['B.

JnurensHocTh KoMIUIekca QRS B ucxoanom coctosinum cocraBuia 0,084+
0,003 ¢, IUTETHLHOCTD AENOSIpU3AIIH KemyaoukoB cepana — 0,077+0,004 c.
[Ipu I'B y 06ciaenoBaHHBIX JIFO/ICH HE BBISBICHBI 3HAYNMBIC H3MCHCHHUS JIITH-
TenbHOCTEN Kommiekca QRS v nenonspusanuu xeiynoukos cepaua o II1C
M0 CPAaBHEHHIO C MCXOIHBIM COCTOSHHEM.

B pesynsrare aHanmm3a mpocTpaHCTBEHHBIX XapakTepucTik JI1C Ha moBepx-
HOCTH TPYIHOH KJICTKU 00CIIeOBAHHBIX JIFOICH B TICPUO ACTIONAPU3ALINH JKe-
JIYJIOYKOB CEpJilia BBISBICHO, YTO ()OPMUPOBAHHUE M XapakTep ABHKECHHS 30H
TTOJIOKUTENBHBIX M OTPHUIIATEIBHBIX KapIMOTIOTEHITAIOB 1pHu [ B He oTimua-
FOTCSL OT HCXOJHOTO COCTOSIHUS.

Ha sxBuUnoTeHIMATBLHBIX MOMEHTHBIX KapTax JIIC B Havame KOMILIEKca
QRS nonoxuTenpHbIN 3KCTPEMyM MOSABISACTCSA B BEpXHEH WIN cpeiHeil yacTu
TPYAHOH KJIETKH, a OTPUIATEIFHBIN SKCTPEMYM OOBIYHO HAXOIUTCS B HIDKHEN
4acTH JICBOW IPYIHOUW CTEHKHU HITH C3a]IH, YTO MOXKET OBITh CBSI3aHO C CETITaNb-
HBIM BO30Y’>KZI€HHEM, KOTOPOE BOSHUKAET MPEHMYIIECTBEHHO CJIEBa HAIPaBo,
a TaKXe ¢ aKTUBalWel CBOOOMHON CTEHKH MpaBoro >kenymouka [13]. ITozxe
MUHUMYM TIEPEXOANT Ha TOPCATBHYO MOBEPXHOCTH TPYAHOMN KISTKH, OTMEYa-
FOT HAaYaJI0 IEPBO HHBEPCUH KAPIUOIIOTCHIIMAIIOB, OTPAXAKOIICH H3MCHCHHE
OCHOBHOTO HarpasJieHus (HPpOHTA BOJIHBI BO30YK/ICHHUS B BEPXYLICUHOU TPETH
JKEITYIOYKOB CepIIIia U MPOPhIB ACTIONAPU3ALINH Ha ATTHKAPT KEeTyIT0uKoB. BTo-
pasi ”HBEPCHS KapTUOAICKTPUICCKHUX TIOTCHITUAJIOB CBSI3aHA C U3MCHEHUEM Ha-
IIPaBJICHHs] BOJIHBI BO30Y)KACHUSI K OCHOBAHHIO YKEIYI0UKOB M BO30YKICHUEM
OCHOBHOM Macchl MUOKap/a [6]. Takum oOpa3oM, JMHAMHKA CMEIEHUS 30H
AKCTPEMYMOB KapIHOITEKTPHICCKUX TIOTCHIINAIOB B TIEPUO ICTIOIAPH3AIHN
JKEJTYI0UKOB Cep/ilia Ha TOBEPXHOCTH Teja 340poBoro uenoseka [9, 13] xapak-
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TepHa M Jyisl 00CIIC0OBAaHHBIX HAMHM JIFOAEH B UCXOIHOM COCTOSIHUHU. DK30T€H-
Hasl KPAaTKOBPEMEHHAsl TUIIOKCUS HE MPUBENA K CyIIECTBEHHBIM M3MEHEHHSIM
pacripeieieHust KapInodJIeKTPHIECKUX TTOTEHIINAIOB Ha TIOBEPXHOCTH TOPCa
y 00CIIe/JIOBaHHBIX, COXPAHMIIACh TIOCIIE/I0BATEIBHOCTh U BPEMEHHBIE XapaKTe-
PHUCTHKH JIBH)KEHUS 00J1aCTel MONOKHUTENBHBIX U OTPUIATEIbHBIX MTOTEHIINA-
JIOB OTHOCUTEIBHO JIPYT APYTa B IIEPHO ACTIONIPU3AINN KETYIOUKOB CEp/ALIa.

Panee B nccieoBaHMsX Ha KUBOTHBIX M YEJIOBEKE TIOKA3aHO, YTO M3MEHEHHS
AMILTATYHO-BPEMEHHBIX XapaKTePUCTHK AEKTPUYECKOTO MOJIs OTpakaeT (yHKIIH-
OHAJIBHBIE CIIBUTH B paboTe cepaua. [Ipeamonararor, 4To Mpyu cCOXpaHEeHNH O0IIei
JUTUTEIILHOCTH TIpoIiecca BO30YKICHUS U3MEHEHHE XapaKTEPUCTHK SKCTPEMYMOB
yKa3bIBaeT Ha U3MEHEHUE BHYTPEHHEH CTPYKTYpHI ienofsipuzanuu B cepaue [17].
BonpmmHCTBO HccenoBaresneil yka3plBaeT Ha TO, YTO yMEPEHHAs! 9K30TeHHAs TH-
TIOKCHSI HE M3MEHSET JUTMTENBHOCTE Komiutekea QRS [1, 11, 12], B macTosmem
HCCIIEIOBAHUH TTPOJIOJDKUTEIBHOCT TIEPHOAIA JICTIOISPU3ALIMH JKEITy/I0UKOB TTPaK-
THYECKH HE M3MEHSUIach Ha BCEM MPOTSKEHUH TUITIOKCHYECKOTO BO3ACHCTBHSI.

HecmoTpst Ha KpaTKOBPEMEHHOCTH SK30T€HHON T'MIIOKCUH aHAIN3 ANHAMH-
K{ aMITUIATY/ TIOJIOKUTEIIBHOTO W OTpuIaTensHoro skerpemymos JIIC Ha mmo-
BEPXHOCTH TOpca 00CIIeI0BaHHBIX JIFOZIEH 1T0Ka3ajl yMEHBIIIEHHE UX a0COIIOTHBIX
3HAYEHUH, IPH 3TOM BBISBIEHA B3AMMOCBS3b ¢ U3MEHEHUEM aMIUTHTYABI R,
0e3 KOppeISIIHI ¢ BETMIMHOM 3y0na S, . cronb3oBanne aMmumntysl R, v S, |
KaK MapKepOB OLIEHKH TIPOIIeCcca AETONISIPU3ALIIH KEITYTOUYKOB B THITOKCHIECKUX
YCIIOBHUSAX TI0 3aMEUaHMIO CaMUX aBTOPOB [12] 000CHOBAaHO MPH BBIPAKCHHON
TKaHEBOI I'MIOKCeMHH. B TakuX ycIOBHSAX IMPOMCXOIUT CHUKEHHE AMILTUTY/IBI
MTOTCHITMANIA ICHCTBUS KapANOMHUOIHTOB [3, 15, 16], 00yCIOBICHHBIX CHHKCHH-
€M aKTHBHOCTH KHUCIIOPO3aBHCHUMbIX MEMOPaHHBIX KaHAJIOB KJIETOK cepia [18].
HavanpHble sxe n3MeHeHHs (DyHKIHN KJIETOK Cep/Ilia IPH KUCIOPOIHOM HE0CTa-
TOYHOCTH MOTYT HE COIPOBOXKIATHCS H3MEHEHHUSIMH JIEKTPOPHU3NOIOTHIECKIX
napaMeTpoB B MEPUOJ ACTOISIPU3ALIUY KeTyn0uKoB. MccnenoBanue nporecca
penonsapu3ai MHOKap/a YeJloBeKa IPpYU THIOKCHYECKOM BO3AeHCcTBIH [4] mo-
Kazajo, 9To Ha (OHE OTCYTCTBHS 3HaYMMBIX m3MeHeHni DK B cTaHmapTHBIX
OTBEACHMSX (PYHKIMOHAIBHBIC N3MEHEHHS B CEP/ILIE OTPA3UIINCh B YBEIHUCHUN
BPEMEHHBIX XapaKTEPHCTUK IKCTPEMYMOB Kap/IHONOTESHIINAIOB HA TIOBEPXHOCTH
Tena, 4TO IEMOHCTPHUPYET BBICOKYIO UyBCTBUTEILHOCTH METOA KapIHO3IIEKTPO-
TOHOTpauu M ero NEepPCHEeKTHBY B OIIEHKE HaYalbHBIX N3MEHEHHH AJIeKTpuye-
CKOW aKTMBHOCTH Cep/lia P BO3/ICHCTBHU CTpecc-(haKTOPOB.

Hamu moxasaHo, 9TO CHIKEHHE aMIDTUTY/BI MTOJIOKUTEIFHOTO SKCTpeMyMa
OIIC, xoppenupyroIIee Co CHIKEHMEM aMILTHTY/IbI 3yOnia R, py KpaTkoBpeMeH-
HOH K30T€HHOM THUIOKCHH, MOXKET CTaTh KPUTEPHEM OLIEHKH N3MEHEHHMH 2JIeK-
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TpoU3HOIOr UK MUOKAP/Ia IIPH UCTIOIb30BaHUH MHOTOKAHAJILHOTO KAPTHPOBAHMS
MOTEHIMAIOB Cep/lia Ha MOBEPXHOCTH Topca. OTCYTCTBUE B3aUMOCBSI3U 3MEHE-
HHsI MAKCUMAJILHOTO OTPULIATEILHONO KAPIMOTIOTEHIMANA C aMILTATYION S, | 1aeT
OCHOBAHHUS IIPEINONAraTh, YT0 KpaTKOBPEMEHHOCTh M HEBBICOKAS BHIPAKEHHOCTD
TUIMOKCHYECKOTO BO3/IEHCTBUS OTpa3uiiach B pa3HOHANPABICHHOCTH N3MEHEHUS
S 3y0I1a B paBBIX OTBEICHUSX Y OOCIICIOBAHHBIX JIFONICH M €0 MPUMCHCHHUE TS
otieHkH ['B Ha mporiece Aenospu3aliy JKeIyI09KoB HeleJIecoo0pasHo.

3akJ0ueHue

Takum 06pa3oM, KapAHOIEKTPOTOIOT papHIeCKOe UCCISTOBAHUE ACTIONS-
pHU3aIH KETYI0IKOB MPAKTHICCKH 3JOPOBEIX JIFONIEH MPH BO3ICHCTBUH KpaT-
KOBPEMEHHOM JK30T€HHON TMIIOKCHU MTO3BOJIIO BEIIBUTH MPU MPAKTHICCKH
HEM3MEHHBIX [UTNTEIFHOCTH IETIONIPU3AIIIH KETYI0YKOB H THHAMHUKH pacIpe-
JIEIIeHUS] KapIHOIEKTPHIECKHUX MTOTCHIINAIOB, 3HAUNMOE CHIDKCHHE aMITIH-
Tyl MAKCUMAaJIbHBIX SKCTPEMYMOB AJIEKTPUIECKOTO OIS cepara. Jletamu3amms
mporiecca JAeToNApU3alii MHOKapAa JKEITyJOYKOB ITPH MPUMEHEHUN MHOXKe-
CTBEHHOTO KapTHPOBaHMS KapAHOTIOTEHIINAJIOB Cep/IIia Ha IIOBEPXHOCTH TOpca
TIPH THITOKCHH TTOKa3aia 3HAYMMYI0 B3aUMOCBS3b H3MEHEHHIH MaKCHMaJIbHBIX
AMIUTATYL Kap/IMONIOTEHIIHAIIOB C BEJIMYMHON R ., IPU OTCYTCTBUH TaKOBOH €
Sy,> 4TO MO3BOJSIET MPEIOKUTH IPUMEHEHNE KapuosJieKTpoTonorpadpuye-
CKHUX IMapaMe€TpOB B Ka4Y€CTBC MAPKEPOB ITPU OLCHKEC HAYAJIbHbIX U3MCHCHUU
(byHKHI/IOHaJ'H)HOFO COCTOSAHUA ce€pa B TUITOKCUYCCKUX YCIIOBUAX.
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SENSORY EVALUATION OF GAYO PEABERRY
ARABICA COFFEE BY USING THE AHP METHOD

R. Fadhil, S. Safrizal, R. Khathir, P. Navisah

As other peaberrys, Gayo peaberry arabica coffee is very attractive because
it has single larger and rounder seed. It is believed that the peaberry has superior
flavor profile such as more fragrant aroma, stronger flavor, and denser than other
arabica coffees. The purpose of this study was to evaluate the Gayo peaberry
arabica coffee by using the analytical hierarchy process (AHP) method. Three
varieties of Gayo peaberry arabica coffee were investigated i.e., Tim-tim, Bor-bor,
and P88, while the processing method used were semi-wash and fully-wash methods.
The sensory parameters observed included fragrance, flavor, acidity, body, and
sweetness. The results showed that flavor (0.338) was the most important criterion
than other taste criteria (fragrance 0.241; sweetness 0.196; acidity 0.115; and body
0.111). The variety that had the highest product acceptance rate was the Tim-tim
variety processed by a full-wash method with a value of 0.203. The overall result of
data analysis was acceptable because it had a consistency ratio below 0.1 (10%,).

Keywords: analytical hierarchy process; sensory evaluation, Gayo peaberry
arabica; monocot, coffee varieties
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Introduction
Gayo arabica coffee from Aceh is one of the most well-known coffee vari-
eties from Indonesia. Gayo coffee is a type of arabica coffee that grows in the
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Gayo highlands, covering the districts of Aceh Tengah, Bener Meriah and Gayo
Lues [1]. Arabica coffee has high flavor quality and lowers caffeine content
than robusta coffee, so the price of arabica coffee is also higher [2]. The three
coffee-producing districts have suitable lands for growing coffee because it is
located at altitude of more than 1,000 to 1,700 MASL (meters above sea level).
Coftee plants in this area have been developed since 1908 and now have been
planted in 97,796 ha of coffee plantation area [3].

One type of Gayo arabica coffee bean is monocot (one seed); it is also called
the Gayo peaberry arabica coffee. Gayo peaberry arabica coffee is a unique type
of coffee because it is different from other coffees with two seeds (dicot). This
type of Gayo peaberry arabica coffee is very rare, and it is estimated that the
production amount is only about 5-10% of the total coffee beans harvested [4].
Even though it looks irregular, Gayo peaberry arabica coffee has a more fragrant
aroma, has a stronger flavor and is denser than other arabica coffees [5]. Due to
its limited production and unique flavor, the price of Gayo peaberry arabica cof-
fee is considerably high, up to IDR 300,000 per kilogram at farmer’s price [6].

Gayo peaberry arabica coffee does not come from certain varieties or spe-
cies; all types of coffee can be peaberry (monocot) coffee. Gayo peaberry ara-
bica coffee, which comes from the arabica coffee type, has a very good taste,
proven by a sensory evaluation. Sensory evaluation is an assessment carried out
by using the human senses, namely eyes, nose, and hands. Sensory evaluation
requires a product appraisal team of panelists. The assessment criteria by the
panelists also depend heavily on the method used in a study [7; 8]. In this study,
the authors used the Analytical Hierarchy Process (AHP) method to conduct a
sensory evaluation of Gayo peaberry arabica coffee.

AHP is a general theory of measurement used to determine the ratio scale,
either from discrete or continuous pairwise comparisons. AHP describes a prob-
lem of several complex criteria into a hierarchy, in which the problem can be
broken down into groups so that the problem can be analyzed more structurally
and systematically. This study aimed to conduct a sensory evaluation of some
varieties and processing methods of Gayo peaberry arabica coffee by using the
AHP approach. It is expected to determine the Gayo peaberry arabica coffee
variety and processing method with the highest product acceptance. There are
three types of varieties to be tested, including the varieties Tim-tim (1000-1400
MASL), Bor-bor (>1400 MASL) and P88 (<1400 MASL), which are processed
using the semi-wash and full-wash methods, respectively. The results of this
coffee sensory evaluation are expected to determine the type of Gayo peaberry
arabica coffee variety with the highest alternative level of product acceptance
based on the processing method (semi-wash/full wash).
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Material and Methods

This research was conducted at the Post-Harvest Engineering Laboratory,
Department of Agricultural Engineering, Faculty of Agriculture, Universitas Sy-
iah Kuala, Banda Aceh, Indonesia. The data were collected from sensory evalu-
ations by panelists following the Analytical Hierarchy Process (AHP) method,
where decision making is done by identifying the structure of the problem which
is then assessed to choose an alternative from a number of options available
in problem-solving. AHP is used to make considerations in choosing the most
preferred or preferred alternative [9;10]. To apply the AHP method in this study,
a hierarchical model was compiled, which consists of 3 levels, namely goal,
criteria and alternative solutions. The goal level was for the sensory evaluation
of the Gayo peaberry arabica coffee, while the criteria level includes fragrance,
flavor, acidity, body and sweetness. The alternative solutions level were the six
treatments i.e., fully-washed Tim-tim, semi-washed Tim-tim, fully-washed Bor-
bor, semi-washed Bor-bor, fully-washed P88, and semi-washed P88. There are
several predetermined components in this study, as listed in Table 1.

Table 1.
Research components
No. Component Criteria
The coffee used in this study was Gayo peaberry arabica
| Coffee coffee of Tim-tim, Bor-bor and P88 varieties. Cpffee was
’ processed in 2 methods, fully-washed and semi-washed,
then roasted at medium level.
2 Tool The grinder machine used was the Krups GVX231, and the
) coffee brewing machine was Delonghi EC0311.
1. Coffee expert
3 Panelist 2. Knowing Gayo arabica coffee
' 3. In good health (no flu, mouth sores, coughs and other
diseases) which can affect the sensory test assessment
4 Rating The assessment was carried out by using a pairwise
) system comparison test as listed in Table 2

In this study, the Gayo peaberry arabica coffee beans were processed directly
by the Gayo farmers in Aceh Tengah district. The processing of coffee was carried
out under 2 methods i.e., fully-washed and semi-washed, which consist of picking
coffee beans, sorting fruit, peeling fruit skins, fermentation, drying, peeling the
husks, sorting dry beans, and storage. The difference between the two methods is
that the washing process of the fully-washed method was carried out after fermen-
tation, while in the semi-washed method, the washing step did not include [11].
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Table 2.
Pairwise comparison rating scale

Intensity of Importance Description

Both criteria are very important

One criterion is less important than the others

One criterion is more important than the others

~N | |W =

One criterion is clearly more important than the others

9 One criterion is absolutely more important than the others

2,4,6,8 Adjacent consideration values

| Propaing el |
|

| Coffee Grinder |

}

| Brewing Coffas |

!

Tha sensory assessment of coffee taste according to
d

the AHP matho
Collection of aszeszment results
Weights of ; ¢ .
criteria and Data procassing using Expert

F

choice v.11 softerare

altematives

Ranking based on priorty weight
and making conchizions

Fig. 1. Research flowchart
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This washing after fermentation results in higher acidity. Coffee beans were
then subjected to a medium-level of roasting process to produce a darker color,
a balanced aroma, and varied flavor. The dry powder and brewed coffee had
been prepared by using grinder and brewer machine, respectively. The panel-
ists consist of 10 people (7 men and 3 women) who will judge based on coffee
acceptance preferences through a questionnaire that has been prepared using a
pairwise comparison rating scale (Table 2).

The assessment process was carried out separately, and there was no com-
munication among the panelists. To achieve the study’s objectives, the authors
used quantitative data analysis. According to the AHP method, the calculation
was carried out with the support of the expert choice version 11 application
[12]. The research flow chart is presented in Fig. 1.

Research Results and Discussion

Coffee Taste criteria Selection

The selection of coffee taste criteria was based on the assessment of panel-
ists who were considered to be able to make decisions and provide information
about general criteria that are very important in coffee sensory evaluations. Five
criteria for coffee taste i.e., fragrance, flavor, acidity, body, and sweetness, were
used because they are considered to be very influential in creating the taste of
the coffee. The results of the criteria assessment that the panelists had given
were then analyzed by calculating the pairwise comparison matrix according to
the Analytical Hierarchy Process (AHP) method, which represents the relative
importance of one alternative to another.

Results showed that the highest criteria of Gayo peaberry coffee was the fla-
vor with a weight of 0.338. It was followed by the criteria for fragrance 0.241,
sweetness 0.196, acidity 0.115, and body 0.111 (Fig. 2). The inconsistency
value was about 0.00799 or < 0.1. Therefore, the data was consistent and can
be accepted to determine the sensory characteristics of Gayo peaberry arabica
coffee. Ranking of coffee criteria was carried out to facilitate overall alternative
decision making. Najla [13] also said that the ranking function to determine the
intensity that can be assigned to alternatives under the criteria would make it
easier to rank alternatives.

The flavor of the coffee was influenced by the processing method, the
roasting step, and the brewing method. Hidayatullah [14] stated that coffee
beans will undergo a chemical change during the processing that produces
a delicious flavor element after. The flavor would be felt by the tongue and
the steam aroma would be indicated by the nose when the panelists sip the
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coffee. As flavor received top priority in selecting coffee criteria, the flavor
criterion was a very dominant consideration variable in determining the good
and desirable taste of Gayo peaberry arabica coffee. Hayati et al. [15] also ar-
gued that flavor is an important attribute that affects a person’s acceptance of
a drink; therefore, it will also affect the high acceptance of coffee [16]. Clark
[17] also stated that flavor is the most difficult component to assess because
of the combination of aroma and taste in the mouth so that the flavor com-
ponent plays an important role in the acceptance score of the food or drink
being tested, so it is not a coincidence that the panelists gave weight to the
importance of flavor.

However, the fragrance is considered as the second priority after flavor.
The fragrance is the aroma of coffee after being ground and then brewed for
consumption [18]. The coffee fragrance appears due to the presence of vola-
tile compounds possessed by coffee so that it is captured by the human sense
of smell [19]. According to Purwanto [20], the characteristic of the coffee fra-
grance can reflect the taste of the coffee. The aroma quality produced by coffee
will differ depending on the coffee-producing region. Sulistyowati [21] had
confirmed that the aroma of Gayo peaberry arabica coffee grown in the Gayo
highlands has good quality.

The third priority is sweetness. It is a perception that emerges as a reaction
to carbohydrate content [22]. Carbohydrates that break down into glucose will
affect sweetness; the higher the glucose content, the sweeter the coffee taste
[23]. Panelists also argued that coffee served hot can give a sweeter taste than
that of served cold. Oktadina et al. [24] had demonstrated that the Brix degree
of Gayo arabica coffee is higher and the coffee tastes sweeter. According to
Dairobbi et al. [25], the sweetness criterion is one of the most important cri-
teria in sensory assessment because sweetness has its own sensation with the
resulting natural taste.

Furthermore, the acidity and the body criteria were accepted as last al-
ternative at weight of 0.115 and 0.111, respectively. This finding was sup-
ported by Cheng et al. [26]. The acidity can be affected by the maturity of
the coffee beans and the processing process, especially the fermentation
process. As the weight of acidity and body are very low, it represented that
the Gayo peaberry arabica evaluated was not dominant factor to taste of
this coffee. Anggara et al. [27] reported that the high level of acidity made
the coffee taste unpleasant, while Panggabean [28] had also revealed that
the thicker the coffee, the more panelists would like the coffee because it
has a stronger taste.
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Selection of best coffee varieties and processing

Different varieties and coffee processing methods will produce different
tastes so that the weight of the panelists’ assessment would also be different for
each variety and processing method assessed [29]. Coffee varicties were tested
based on taste, which is the standard for arabica coffee assessment following the
assessment of coffee taste criteria, namely fragrance, flavor, acidity, body, and
sweetness, in line with the research by Yusianto et al. [30] and Bekele et al. [31].

After selecting the best criteria of sensory evaluation, the next investigation
was done to select the best coffee varieties and processing methods. Based on the
alternative weights at level 3 hierarchical structure (Fig. 3), it can be concluded
that the variety and processing method had influenced the taste of Gayo peaberry
arabica coffee. This finding is in line with Supriadi et al. [32] and Joet et al. [33].

Sort by Name | Sort by Pricrity | Unsort ‘

Priorities with respect to: Combined
Goal: Assessment of Gayo Peaberry Arabica Coffee Varieties

Flavor /338 I——
Fragrance 241 I——

Sweetnest B

Acidity A15 I

Body A11 I

Inconsistency = 0,00799
with 0 missing judgments.

Fig. 2. Selection of taste criteria for Gayo peaberry arabica coffee

Results showed that the Tim-tim variety with fully-washed processing re-
ceived the highest priority (0.203) compared to other treatments with a con-
sistency ratio of 0.01. According to Tari et al. [34] the taste of Tim-tim Gayo
peaberry arabica coffee processed using the fully-washed method has a unique
taste. Tim-tim variety provides higher flavor and strong fragrance. Wahyuni [35]
had mentioned that the Tim-tim variety processed by the fully-washed method
had a strong enzymatic aroma and flavor. Supporting this finding, Ferreira et al.
[36] stated that processing coffee with the fully-washed method is better than
processing with the semi-washed because the mucus washed on the beans after
the fermentation process can improve the body, taste, and aroma. The aroma is
improved by forming flavor precursors [37].

The second priority level alternative was the semi-washed Bor-bor variety
at weight of 0.177. The Bor-bor variety is a variety that resulted from the arti-
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ficial selection of the Lini S and Catimor populations which are often referred
to as the Gayo 2 variety. In general, the taste of the Bor-bor variety has high
acidity, a thick body, and thick sweetness [38]. The panelists described that the
fragrance and flavor of this combination were very balanced.

The other interesting findings from this research is that Tim-Tim variety
is better to process through fully-washed method, but Bor-bor and P88 variet-
ies are better to process by using semi-washed method. The Tim-Tim variety
is more desirable when processed using the fully-washed method because the
resulting flavor is more complex and delicious. However, the Bor-bor variety
and P88 variety have low acidity level. Of course, the product acceptance of
Bor-bor variety and P88 variety looks very different from Tim-tim variety, for
which fully-washed processing is preferred, where Bor-bor variety and P88
variety are preferably processed semi-washed.

Lastly these results were a recommendation that certain processing meth-
ods and varieties give different taste sensations, so to determine a coffee
product that has the highest acceptance rate can be conducted through a more
intensive study of the coffee, especially regarding the varieties and process-
ing methods used.

Applying the AHP method in multi-criteria decision-making is very easy
to use and understand because it handles several criteria with certain permitted
consistency values [39]. This method considers human judgments, experiences,
perceptions and feelings in the decision-making process [13]. The perceptions
included here are the panelists’ perceptions who understand the problems to be
resolved [40]. To determine the level of data consistency obtained, the AHP
method calculation is also equipped with a Consistency Index calculation [41]
Alternative priorities are consistent if it has a consistency value of < 0.1; the
alternative strategy is acceptable [42].

The sensory assessment of the taste of Gayo peaberry
arabica coffee Goal
I
[ | | \ |
Fragrance Flavor Acidity Body Sweetnest
(0.241) (0.338) (0.115) 0.111) (0.196)
I [ [ [ [ Criteria
|
1
Full-wash Semi-wash Full-wash Semi-wash Full-wash Semi-wash
Timtim Timtim Borbor Borbor P88 P88 Alternative
(0.203) (0.159) (0.151) (0.177) (0.151) (0.160)

Fig. 3. Hierarchy structure of sensory assessment of the taste
of Gayo peaberry arabica coffee
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Conclusion

The study concluded that the most important criteria to determine the priori-
ty of Gayo peaberry arabica coffee taste to be accepted by panelists is the flavor
criterion (0.338), followed by other criteria i.c., fragrance (0.241), sweetness
(0.196), acidity (0.115), and body (0.111). The overall consistency weight of
all level was less than 10%. Among the Gayo peaberry arabica coffee products,
Tim-tim variety is better to be processed through the fully-washed method. In
contrast, Bor-bor and P88 varieties are better to process under semi-washed
method. The best combination according to AHP analysis was the Gayo pea-
berry coffee of Tim-Tim variety processed by fully-washed method.
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O HOBOM YPOBHE CAMOOPTAHUM3ALINHU
B CUCTEME YHPABJIEHUA 3EMJIEJAEJIMEM

B.B. benosepos, U.B. Bopowiunos,
O.U. Kamun, M.A. Huxkynun

Axmyansnocms. Cocnacro pexomenoayusim PAO OOH, na kasxcooeo scumens
Bemau Heobxo00uMo npouszoOumb NO 0OHOL MOHHE 3¢PHA 0I5l RPOU3B0OCMEA Xleba
U KOPMOB 0151 ACUBOMHOBOOCIBA U NMUYEB0OCHEA, YMOoObl NOIYUAMb MACO, MONLO-
Ko, Atiya u m.0. OOHAKO ce200HAWHULL YPOBEeHb 3 paza HUdice, Ymo NOOMeepicodem
AKMyanbHOCIb NPOBEOCHHBIX UCCAEO08ANHUIL.

Memoowt u cpedcmea. B cmamve, Ha OCHOBE CUCMEMHO20 AHANU3A CYUje-
CMBYIoWuUx n100X0008 8 3eMaAeeNUU, OCYUjeCmeel CUCTNEMHbII CUHINEe3 HAYKO-
eMKUX TMeXHONO2UUECKUX NPOYECCO8 8 CebCKOM X03AUCmEe, a MAKice NPOmueo-
NONCAPHOU 3AUUMBL CENbX03Y200Ull U TeCHbIX Maccu60s. IIpusedenvl npumepul
COBPEeMEHHbIX peteHull @ MOl 001acmu, 6KAI0YAS MOHUMOPUHS CENbX03Y200Ull
U 1eco6 ¢ noMowbl0 OPOHO8, MALol asuayuu u gepmonemos. Onucvleaomes
nocieonue 0oCmudicenus 8 pazpadomre oupudicabueti 0ust YMux yenetl, Kuouds
3anamenmogantvle AsmMopamu cnocobbl 0OHapydicenus u 60pboObl ¢ nodcapamu
¢ npumMeHeHueM HaHOMEeXHON02Ul 2a30pa3denenus 0l 3aMeHbl 800bl HA AMMOC-
¢hepnuviit asom.

Pezynomamol. Onpeodenenvl yC106us camoopeanu3ayuu mexHon02U4eckux npo-
yeccos @ 3emaedentii, Ha OCHO8e KOMOPbIX OCYUeCmaeH CUHMe3 MOOeIU «agpo-no-
HCAPHO20 KOMOAUHA-OUPUNCAOIISLY, 00BEOUHSIOUe20 «BHYMPU CeOS» He MONbKO
PyHKYUU nOJICAPOMYMWEeHUs CenapupoBanHbIM AmMMOCHEPHbIM A30MOM, HO U 6Ce
A2pOMexXHON02UU U TNEXHUKY MOUHO20 3eMIedeNusl - «6e3 mpaKmopos, cesnox, yoo-
POUHBIX KOMOQIIHO8, 2PY308bIX AGMOMOOULEI U METUOPAMUBHBIX cucmemy. [Ipeo-
CcMageHvl pe3yivmamol «IHepemuyeckoll OYeHKuy dQdexmusHocmu HeopeHus
omeyecmeeHHbIX UHHOBAYULL 8 IMOU 0OnaACmU.

3akntouenue. B pezynomame npogedeHHbIX UCCIe008AHUL COCLAH 8bI600, UMO
azpo-nodicapnvle KOMOAHbl-OUPUNCAOIU MO2YM Peanru3068ams He MOIbKO MeXHO-
02Uy mywenus 1IaHOUAGMHBIX U IeCHbIX NOACAPO8, HO U 001a0ar0m HeKOHKYPU-
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PYemMblM Kauecmeom 6 Opeanu3ayuul CenbCKO20 X035UCmed, 3a cuem npeoiazaemou
unmezpayuy YKa3aHHvlxX UHHOBAYUOHHBIX PEUleHU.

Kniouesvle cnosa: azpomexmnonozuu; becnuiommuvie 1emameibhble annapamol;
CeNbCKOXO3AUCTNBEHHAS ABUAYUS, NPOMUBONONCAPHAS ABUAYUS, MeMOpalHble ce-
napamopul 6030yxa; UHMe2payus. mexHor02uil 6€30nacHoCmu U azpomexHoN0Uull;
2ubpuoHbvle Oupudxicadu

Jna yumupoeanusn. benozepos B.B., Bopowunos U.B., Kamun O.U., Huxynun
M.A. O nosom ypogne camoopeanuzayuu 8 cucmeme Ynpagienus semueoenuem //
Siberian Journal of Life Sciences and Agriculture. 2023. T. 15, Ne3. C. 71-98. DOI:
10.12731/2658-6649-2023-15-3-71-98

Original article | Agronomy

ABOUT A NEW LEVEL OF SELF-ORGANIZATION
IN THE AGRICULTURAL MANAGEMENT SYSTEM

V.V. Belozerov, L. V. Voroshilov,
O.1. Katin, M.A. Nikulin

Background. According to the UN FAO recommendations, it is necessary to
produce one ton of grain for each inhabitant of the Earth for the production of
bread and feed for livestock and poultry farming in order to obtain meat, milk,
eggs, etc. However, the current level is 3 times lower, which confirms the relevance
of the research.

Methods and means. In the article, based on a systematic analysis of existing
approaches in agriculture, a systematic synthesis of high-tech technological pro-
cesses in agriculture, as well as fire protection of farmland and forests, was carried
out. Examples of modern solutions in this area are given, including monitoring of
farmland and forests using unmanned drones, small aircraft and helicopters. The
latest developments in the development of airships for these purposes are described,
including methods patented by the authors for detecting and fighting fires using gas
separation nanotechnology to replace water with atmospheric nitrogen.

Results. The conditions for self-organization of technological processes in ag-
riculture are determined, on the basis of which the synthesis of the model of an
“agro-fire combine-airship” is carried out, which combines “inside itself” not only
the functions of fire extinguishing with separated atmospheric nitrogen, but also
all agricultural technologies and precision farming techniques — “without tractors,
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seeders, combine harvesters, trucks and land reclamation systems. The results of the
“energy assessment” of the effectiveness of the introduction of domestic innovations
in this area are presented.

Conclusion. As a result of the research, it was concluded that agro-fire com-
bines-airships can implement not only technologies for extinguishing landscape and
forest fires, but also have an unrivaled quality in the organization of agriculture,
due to the proposed integration of these innovative solutions.

Keywords: agricultural technologies; unmanned aerial vehicles, agricultural
aviation, fire-fighting aviation;, membrane air separators, integration of safety
technologies and agricultural technologies, hybrid airships

For citation. Belozerov V.V., Voroshilov 1.V., Katin O.1., Nikulin M.A. About a
New Level of Self-Organization in the Agricultural Management System. Siberian
Journal of Life Sciences and Agriculture, 2023, vol. 15, no. 3, pp. 71-98. DOI:
10.12731/2658-6649-2023-15-3-71-98

BBenenne

[IponoBOTBECTBEHHYTO O€30TaCHOCTH M Pa3BUTHE CENTBCKOTO X03s1iicTBa B Poc-
cun u B CCCP, Kak npaBuiio, CBSI3bIBAIOT ¢ Tpyaamu akagemukoB [.H. [Tpsuum-
nukosa u W.C. latunosa, mpuyeM MOCIETHUM SBISIETCS OCHOBOMOIOKHUKOM
METOJIOB TOYHOT'O 3eMJICICIINS B PACTCHUCBOICTBE, KOTOPBIC OBLIH TEOPETHICCKU
pa3paboTaHbl ¥ MPAKTUIECKH BHEAPECHBI B PAEC COBX0O30B M KOJIXO30B HAIICH
cTpaHbl B 70-X rogax Mpouuioro CTONETHs, KaK «aBTOMAaTU3UPOBAHHBIE CUCTEMBI
ynpasieHus trexnonoruueckumu nporeccamu (ACY TII) B 3emnenenuun» [4, 5].

OpHaKo B MCIIONB3YEMBIX B HACTOSIIEE BPEMSI MHPOBBIX CHCTEMax pacre-
HUEBOJICTBA, M OTEYECTBEHHOTO B YACTHOCTH, CEIbXO3MPOU3BOIUTEIN «OTO-
IUIA» U OT «IPUPOAOMOJOOHBIX TEXHOJIOTHID» OCCIaXOTHOTO 3EeMJICIICIIHS,
Bo3pokaeHHBIX B Poccun U.E. Ocunckum B 19 Beke [29, 34], u or 6uonuna-
muaeckoro 3emienenus [37], u or ACY TII akagemuka N.C. llarumosa 20-ro
Beka [4]. YMecTHO OTMETHTD, YTO B OTJIIMYUE OT eBporneies, B Kanane, bpa-
3WINK U APreHTHHE, 0€3 BCIAIIKU YCICIITHO BO3/IEIbIBACTCS 00JICe MOIOBUHBI
Bcex 3eMenb [45].

C Touku 3peHus (yHIAMEHTAILHOW HAyKH, 3TO MPOU3OIILIO H3-3a «IIOTpe-
OUTEIBCKOM MapaurMbDy CYIIECTBYFOIIIX O0IIECTBEHHO-3KOHOMHUYCCKIX (op-
Malluii ¥ HeaJeKBaTHBIX COIUAIBHO-DKOHOMHUYECKUX MOJENEeH UX pa3BUTHS,
BKITIOYAS «YCTAapPEBIIYI0» KOHIIETIIINIO ITPOIOBOIIECTBEHHOW M BOTHOM Oe301ac-
Hoctu ®AO OOH [14], Tak kak, 10-BUJUMOMY, U MOJUTHUKU, 1 YUHOBHUKH, U
OM3HECMEHBI «3a0BUTM» O TOM, YTO I0YBA SIBJSCTCS «OKUBOI» U HY)KIACTCS B
0Cco00M yXoze, ISl COXpaHeHHS CBOETO Tutofoponus [4, 5, 37].
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B T0 € BpeMs1 He MEHee CII0KHOM U BayKHOU 3a/1auell SIBJISIETCSI COXPaHEHUE
ypoXast OT IPUPOAHBIX M TEXHOTCHHBIX coObITHiA [27, 33, 47], B TOM 4ncie OT
TTOXKAPOB CEIIEX03YTOMHH, TecoB M TOPPSIHUKOB [8, 11, 48], KOTOpEIe HE TOTBKO
YHUUTOXKAIOT ypoXkau MoJIel U cajioB, HO JIEJIAI0T Ha JI0JII0€ BpeMsl HeIPUroA-
HBIM JJIsS TOCEBOB BEPXHUH CIIOH MouBHI [4, 6, 29].

B cBs131 C BBIIEH3IOKEHHBIMH ITPOOJIEMaMH, BO3HHUK PSAJl HAYIHO-TEXHHUIE-
CKHUX 3aJ1a4, B YaCTHOCTH, [10 HaXOXAECHUIO YCIOBUN CaMOOPTraHU3al1K arpo-
TEXHOJIOTMH U TEXHOJIOTUH IIPOTUBOIIOKAPHOU 3aLUThI CENbX03yrOIUM.

Mertoabl u cpeacTBa

B Hacrositiee Bpemst, ¥ s KOHTPOJIS COCTOSTHUSL [IOYB, U JUTsE OOHApYKeHUS
oXXapoB pa3pa6aTBIBa}OTC${ 1 IPUMCHAIOTCA Pa3JIMYHbIC CUCTEMBI MOHHTO-
puHTra TeppuTOpHuil (ToNei, caxoB, IECOB U T.1.), HAYWHAS OT MaJOi aBHAINH,
1 3aKaH4YMBasi OCCIMIOTHBIMU JieTaTedabHbIMU anmnaparamu (BITJIA) u cryT-
Hukamu [22,32,41], HO BCce 3TO JennaeTcst 0SCCUCTEMHO, T.e. 03 UX B3aUMHOU
CHHXPOHH3AINH, BepUPHUKAIINN U CO3TAHUS eIHOI 06a3bl maHHBIX [17, 28, 39].

Kak nokaspIBaeT cTaTUCTHKA, Y MaJIOi aBUallny JIOCTAaTOYHO OOJIbINAst Iaib-
HOCTb I10JI€Ta U T'PY30T0IbEMHOCTb, YTO MTO3BOJISIET HE TOJIBKO KOHTPOJINPO-
BaTh OOJBIIME TEPPUTOPHH (JIECHBIE MACCUBBI, CEIBXO3YTOAMS U T.1.), HO U
00pabaTbeIBaTh OIS 1 Cabl, OHAKO 3aTPaThl HA NX 3KCILTyaTaIHio (0COOEHHO
BEPTOJICTOR) SIBISIFOTCS «HEMOABEMHBIMID JIISI MaJIbIX XO3SHCTB [2, 22, 32].

Pa3BuTHE METOJIOB U CPEACTB ONTUUECKON HABUTAIIMH TIPUBEIIO K OypHOMY
pocty BITJIA, mpuMeHsieMbIX B arporpomsiiuieHHOM Komimiekce (AIIK), T.x.
TP MOHUTOPHHTE CEJIbX03yTonii (prc. 1 «a») OHM MOTYT 00ECTIeUNTh pacIo3-
HaBaHWE MHOTHX arpoQU3NUECKHX apaMeTpoB (BJIaXKHOCTh, PACIIPOCTPAHEHUSI
Oore3Helt 1 BpeauTeNe U T.1.), a TAKKe MO3BOJISIOT OCYIIECTBIATh 00paboTKy
T0ceBOB XUMcocTaBamMu. OJJHAKO Majiast rpy30II0ABEeMHOCTh M HEOOJIBIIIOE Bpe-
Ms1 pabOThI Ha aKKyMYJIATOpax JiejlaeT HeBO3MOXKHBIM rpumenenne bITJIA nHa
OOIBIINX Iomanasax, B YIaJICHHBIX W TPYAHOOAOCTYITHBIX MECTaX. HO3TOMy,
JUTS peIIeHUS IPOOIeMBI OBIIO PEIIOKEHO HCITOIB30BaTh JUPHKAOIH, B TOM
yucine — rudpuaneie (puc.l «6»), coderaromue B cede CBOICTBa CaMOJIETOB,
JUpIKaOIiel U BepTOJIETOB, HO UMEIOIINE IKCILTyaTallMOHHBIE 3aTPaThl, COM3-
MEpHUMBIE C TPYy30BBIM aBTOTpaHcTopToM [15,23,26].

OnHO W3 WIaBHBIX NMPEUMYILECTB AUPHKAOICH — MUHUMAJIBHBIC 3aTPaThl
SHEPruy Ha MEepEBIKEHHUE U TOJIep)KaHue BBICOTHI, T.K. 32 CYET «CHIIBI Ap-
XHMMeJla» OHM MOTYT 3aBHCaTh Ha JIO0OH BBICOTE (OT CAHTUMETPOB J0 COTEH
METPOB), COXPAHSIS TPY30IIOABEMHOCTD, B CBS3HU C UEM, 3aTPaThl HA HX IKCILTY-
aTaluio, B COTHU Pa3 HUKe HKCIUTyaTallMOHHBIX 3aTpaT Majoll aBuanuu [15,
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16], a cTouMoOCTh MPOU3BOJCTBA — B COTHH Pa3 MeHb1e. [Ipu aToM, ¢ yueTom
WCTIOIb30BAHMS TEIHsl, KOTOPBIN SBISIETCS MHEPTHBIM I'a30M, a TAKKE COBPEMEH-
HBIX MaTePHAIIOB C HU3KHM YpOBHeM renmonporuiemoctu (0,5-1 i/cyT-m?), aro
TI03BOJISIET OTPAHUYNUTHCSI HE3HAYMTEIILHBIM MOIIOJTHEHHEM HECYILEro rasa B Jie-
TarenbHBIN anmmapar (2-10% B Tof OT MepBOHAYAIBHOTO 00BEMa), pacyeTHast
HaJ/1esKHOCTH U /10JITOBEYHOCTh B COTHHU Pa3 00JIblile, a 6e30MacHOCTb X MPH-
MeHeHHsl B ThICSIYHU pa3 Bbiwle [17, 26, 41].

a) 0)

Puc. 1. Cxanuposanue cenbxo3yroauii ¢ BITJIA (a) u qupmxabins (6)

[IpuHIMITHATTEHEIM TTIPEUMYIIIECTBOM SIBISICTCS TOT (DAKT, UTO LIS TOCAIIKU
U B3JIeTa AUPUKAOISIM HE TPEOYIOTCS CHCHUAIbHO 000PYI0BaHHBIC YCTAHOBKU
1 a3POAPOMBI, OTKY/Ia CIITyeT UX BBICOKas 3()(HEeKTUBHOCT B PEIICHUH 3a7ad
«TOYHOTO 3eMIICIICITHSD», T.K. IUPIKAOIb, IMEsI TPY30TI0TEMHOCTD, H3MEPSIEMYIO
JIECSATKAMH TOHH, MOXKET OBITh OCHAIILICH JFO00W COBPEMEHHON HABUTAIIMOHHOW
anmaparypoi, U3MepUTENLHBIMU IPUOOPAMH B arPOTEXHOJIOTHYECKUM 000PYI0-
BaHMEM, B TOM YHCIIE JUTS ITOJIMBA, BHECEHUS YIOOPEHUH 1 T.11., KaK Ha OOJIBIIINX
IJIOUIAJISAX CEJIbXO3YTO[Uil, TaK U Ha OTJEJIbHBIX ydacTKax noseH [12, 15, 17].

Pesyabrarsl

CrarucTnieckuii aHaIn3 TOXKapOB MT0KA3all, YTO B BECEHHE-JIETHE-OCEH-
HUE CE30HBI, T.¢. B NIEPUO/IbI HHTCHCH(UKAIIMK arpOTEXHUYECKUX MTPOIIECCOB
PacTeHHEBOJCTBA, CalOBOACTBA M JIECOBOACTBA, B T. 4. U3-3a «4EI0BEYCCKOTO
(akTopa» M BBICOKOH TeMIIepaTypbl BO3AyXa, HOBBILIACTCS BEPOSITHOCTD BO3-
HUKHOBEHUS I10XKapOB CEIbXO3yTOAMN U JIECHBIX MaccuBOB [17, 33, 46].

Asunanecooxpana u MUC Poccuu 0071a1ar0T JIyYIIMMHU B MUPE IPOTHBOIIO-
xapabsiMu camonetamu (Uin-76 T u BE-200 — puc.2 «a» u «6») u BepToieTaMu
(MH-26 u Mu-8 — puc.2 «B» u «r») [2, 28, 35, 36].
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OJHAKO [aXKe TaKasi BETUKOJICIHASl TEXHUKA HE MOYKET «U30aBHUTCSD OT Clie-
JYIOIINX MPUHIAITHAIBHBIX HETOCTAaTKOB [2, 8, 16, 48]:

— BO-TIEPBBIX, OT NMEPEPHIBOB B TYLIEHHH MOKAPOB, U3-32 OTCYTCTBUS
a3pOJIPOMOB U BOJIOEMOB HEIAJIEKO OT 0YaroB MOKapoOB, YTO MPUBOIUT
K HEOOXOZMMOCTH HX JO3aIIPaBKH TOIIMBOM H/MJIH BOZIOH, B pe3yJibTare
Yero OroHb MPOAOJIKAET CBOE PACIIPOCTpaHEHHE,

— BO-BTOPBIX, OT HEBO3MOKHOCTH HX PUMEHEHHUsI HA MAJIBIX BBICOTAX,
M3-3a OMITaKa IBUraTes e W/UITH PHCKA MOMAaNaHusi B KOHBEKTHBHBIC
TIOTOKH 1 IIOTEPH YIIPABISEMOCTH, YTO PE3KO CHIKAeT 3 (HeKTUBHOCTD
npuMeHeHus oruerymaniux cocraos (OTC),

— B-TPETHUX, OT 3HAYMTEJIBHBIX 3aTPAT, KaK Ha IKCIUTYaTALHIO B TT0XKa-
POOIIACHBIH PO, TaK U Ha 00CITYKMBaHUE aBUALIMOHHON TEXHUKH U
«IPOCTOH IIepcoHaa» B 3UMHUE EPHOMBL.

Puc. 2. Camonerst MJI-76T (a) n BE-200 (6), Bepronerst Mu-8 (B) u Mu-26 (r)
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JUig ycTpaHeHHs MepeYrCIeHHbIX BbIIIE MPUHINUIHAIBHBIX HEIOCTATKOB,
ObUTH pa3pabOTaHbI CIIOCOOBI TYIICHHS JICCHBIX, CTETTHBIX M TOPQSIHBIX MOXKa-
poB atMochepHBIM a30ToM [21, 31], 3amumenHbie mareHTaMu PO, koTopsie, K
COXAJICHUIO, HE PEAIN30BAHBI JI0 CUX I10P:

— IS BepTosieToB Mu-26 (puC.3 «a») ¢ TIOMOIIBIO «ITO/IBEIINBAEMBIX)

MeMOpaHHBIX cemaparopos Bo3myxa (MCB) [10],

— Ui BepToieToB Mu-8 (puc.3 «6») ¢ IOMOIIbIO yCTaHABINBAEMBIX TEP-
MOMAarHUTHBIX cernaparopoB Bo3nyxa (TMCB), npeBparmaronyx noTok
BO3/lyXa OT BUHTA BEPTOJIETA B ITOTOK a30Ta, C OTBOAOM CEIapHpOBaH-
HOTO KHCJIOPOJIa B CTOPOHY JIBUTATeIs], IPEOTBpAIlasi, TEM CaMbIM €TO
«IIOMITaX», YTO TTO3BOJISIET «OappaknpoBaThy» HaJjl o4yaraMu IoXKapoB Ha
HEeOOJIBIION BBICOTE, MOAABIISS MIaMs A30THBIM TOTOKOM [ 1],

— s auprokaOIieil ¢ MOMOIIBI0 CMOHTHPOBAaHHBIX Ha ero kapkace MCB
1, pa3MEILECHHBIMH BO BCIIOMOTaTelIbHOM KOHTeHHepe (puc.3 «B»), mepe-
JIBIYKHOW MajiorabapuTHOH yCTaHOBKOW TYILEHHUsI TOP(SHBIX M0XKAPOB,
IyTEM MX a30THPOBAHMS C TIOMOIIBIO Ta30-TOP(MSIHBIX CTBOJIOB TEPMO-3-
JeKTpo-30HA0B [9, 11], a Takke KOMILIEKTa 3AEKTPO3ALUTHBIX Ionoc y-
npieBa (puc. 3 «r»), nzooperennsix emé B CCCP st npeoTBparieHns
PacpOCTPaHEHUsI JIECHBIX 110KaPOB, KOTOPbIE (BMECTO MUHEPATIU30BaH-
HBIX I10JI0C) OJIOKHUPYIOT pacTpoCTpaHeHHe OTHS Topa3no dPQeKkTHBHEE,
He TpeOyIOT 3eMJIepPOHHOI TEXHUKH U MOTYT NPUMEHSATHCS MHOTOKPATHO
[18], mo gero B CIIIA «gomymanuce» Tonbko B 2012 romy [42].

OueBHIHO, UTO pa3paboTaHHAS MOJEIH TUPHKAOIS ¢ KOHTEHHEPHOM a30T-
HOW MeMOpaHHOW YCTaHOBKOM, BBIITyckaeMol KpacHomapckuii KoMmIipeccop-
HBIM 3aBOJIOM (pHC. 3 «B»), U C IEPEUNCICHHBIMA MHHOBALIUSMH, OKa3bIBACTCS
BHE KOHKYPEHIINH CO BCEMH CYIIECCTBYIOIIMMH CpeacTBamu [2, 8, 9, 20].

OOBEKTUBHOCTH pajii OTMETUM albTepHATHBHYIO Poccuiickyto MHHOBa-
LIUI0, 3aIlUIIEHHYI0 13-10 aBTOPCKUMU CBUJIETENLCTBAMH [6] - aBTOMATHU3HU-
pOBaHHBIN MOCTOBOH arpoTexHndeckni komrieke (AMAK), koTopslii pemaet
TPOOIIEMBI 3eMITeIeTHs TakkKe 0e3 TPAaKTOPOB M KOMOAIHOB, 1 0e3 aBHAIHOH-
HBIX cpencTB (puc. 4).

ITepexos OT TpaKTOPHOTO 3eMIIENIENHS K - 3aBojickoMy (Ha ocHoBe AMAK-cu-
CTE€M) JITacT MHOTOKpATHOE TOBBIIIEHHE ypokaitHocTu 3epHa. CpenHss ypo-
KaWHOCTh TIIEHUIBI B MHUpe cocTasisieT 3,14 TOHHBI ¢ rekrapa (JaHHbIC
MeknyHapoJHOTO HE3aBUCMMOTO HHCTUTYTa arpapHoii monutuku 3a 20082015
roasl). Takas HU3Kas ypoxKalHOCTH OOYCIIOBIEHA TEM, UTO B TPAKTOPHOM 3€eM-
JleJle/IMU MIOBEPXHOCTHBIN €/10i MOYBbI MHOTOKPATHO YTPaMOOBbIBaeTCs U
YKATBIBaeTCsl MHOTOYHCJICHHO CAMOXO/IHOI 1 IPUIICITHON TEXHHUKOI, IPaK-
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THYECKH He MPUMeHsIeTCsl HCKYCCTBEHHOe OpoleHne U T.1. B 3aBojckoM 3em-
nenenun Ha ocHoBe AMAK-cucTem yka3aHHBIX HEIOCTAaTKOB HET [6]:

- IOBEPXHOCTHBIH CJI0M TIOYBHI HE YIUIOTHSACTCSI HHYBHMHE XOJOBBIMH YacTSIMHU;

- K@)XKJI0€ pacTeHNe WHIMBH/YAILHO 110 BCEMY IOJIIO0 JO3UPOBAHHO B aBTO-
MaTHYECKOM PEXKHUME OPOIIAETCSl B TEUCHUE BCETO BEreTAIIOHHOTO MEPUO/a;

- 6opr0a ¢ BpemUTEISIMHA pacTEHHI BEAETCS B TFOO0E BPEMSI CYTOK ITO BCEMY
TTOJTIO C ITOMOIIBIO 3JICKTPOMATrHUTHBIX, IEKTPOUCKPOBBIX, JTa3CPHBIX U MHBIX
METOJO0B U yCTpOﬁCTB, HC MCIOJB3YIOMUX AJOXUMUKATHI;

- B pe’KUME 3aBOJCKOro 3emiienienust Ha ocHoBe AMAK-cucTeM MOXHO 1o-
BBICHTB CPE/IHIOI0 YPOXKAWHOCTH 3epHa 10 10 TOHH ¢ TeKTapa.

Anbnvckve nyra__lpanmua 7 pacTaTensHo: 6)

XaoiiHsle neca

\
\
\
neca
HKecTKonucTHbIe
Caparnul KOCTKOMVCTHEE  Cronm \ \
noca n kycrapaA |

nyeTsiHm

A
\

Puc. 3. Tymenue necHbIX U TaHIMAPTHEIX TOXkapoB Mu-26 (a),
Mu-8 (6) u nuprkabiem

Puc. 4. IIpoekT aBTOMaTH31pPOBaHHOTO MOCTOBOTO
arporexHndeckoro komiiekca (AMAK)
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OnHako «cyabpba» 3Tl 0TeYeCTBEHHON HHHOBAIIMHU, Pa3pab0TaHHOM B ITPO-
IIIJIOM BEKE, TAKIKE «0Ka3a1ach HECYACTIANBOW», HABEPHOE, H3-32 «CIEAYIOIINX
HEJIOCTaTKOBY, YCTPAHSAIOMINX «Pa3IHIusi MEKIY TOPOJOM U CEIIOM»:

- HaJM4¥sl POBHBIX ILJIOMIA €l O] CTPOUTENLCTBO 3aBOAA;

- HGO6XOJ:[I/IMOCTI/I 3HAUUTEIBHBIX KallMTAJIbHBIX BJIOKCHHH Ha CTPOUTECJIb-
CTBO, BOZOCHAOXKEHHE, MEKTPUPHUKAIIIO, aBTOMATH3AINIO U T.1.;

- MaJIo€ KOJIMYECTBO pabounx MecT 1o obciyskuBannio AMAK, HO BeIcOkHe
TpeOoBaHus K KBaTH(UKALIUK [IEpCOHAIa;

- HAJIN4UE CEIbCKOXO3IHCTBEHHON 1 aBTOMOOHMIIBHON TEXHUKH, KOTOpast BbI-
ITyCKaJIach MacCOBO 1 CTOMJIA HEAOPOTO, a TAKXKE HEe TpeOoBasia BEICOKOW KBa-
TU(UKALMN CEeTbCKUX TPYKEHHKOB.

BOBBpaH_[aﬂCB K npeajiara€MbIM HTHHOBAIUAM, OTMETHUM, YTO CYIIICCTBEHHBIM
npenmy1ecTBoM auprkadiss ¢ MCB u co BcrioMoraresbHbIM KOHTEHHEPOM IS
arpoTEXHOJIOTUH M TOXKAPHON TEXHUKH SBISIETCS TO, YTO OHM, COCTaBISIA « -1
ITAXK» KOMILIEKCA KECTKOM MOIBECKH AUPHIKAOIIS, 3aMEHSIIOT HEOOXOMMBIE «ITPH-
YaJbHBIEC YCTPOICTBA» B CHITY CBOMX MacCOrabapHTHBIX XapaKTePUCTHK (TaOapUThI
xoHTeitHepa ¢ MCB - 11,0x2,5%3,6 M., Macca — 21500 kr; rabapuThI 1 BEC KOHTEH-
Hepa C MOKapHOH TEXHUKOH 1 000pyI0BaHUEM /ISl arpPOTEXHOJIOTHH, IIOUTH TaKUe
e), HO ITIAaBHOE B TOM, YTO MOSIBJIAETCSI BOSMOYKHOCTD PHBJICUEHNUSI «arporoxap-
HBIX UPIDKAOIeiD» pernoHa-HBIME ciTy)0amu Pociecxoza m MUC st TyreHust
TIO’KapoB, T.K. MOCIE «paboThl HA TOJISIX» OHU MOIIIM OBl OCYIIECTBIISITH MATPYIIU-
POBaHHME CENbXO3YTOIMI 1 JIECHBIX MACCUBOB, OOECIIeUrBast paHHEE OOHApYKEHUE
1 TIOIaBIICHUE 3aropaHuii arMocdepHbIM a3oToM [9, 13, 17, 46, 48].

[TprHIMNMAIBHBIM IOCTOMHCTBOM TAKOI MHTETrPALlUH SIBIISUICS TAK K€ TOT
(axt, yTO IPU HEOOXOTUMOCTH BO BCIIOMOTaTeIbHOM KOHTEHHEpE, 3aKpeIlIeH-
HOM K HECyIIeMy KOpITyCy M KaOMHE IWJIOTa, MOKHO ObLIO pacnosararb
HE TOJIBKO CIIEIMAIBHYIO TEXHHUKY, HO M arpocneliaJucToB H/WiIn moxap-
HBIX-CIIacaTeJieil, JIerko AecaHTHPYeMbIX B Tpe0yemoe MecTo 0e3 mapa-
IIKOTOB, [T BBIIIOJHECHUS arPOTEXHOIOTUI TOYHOTO 3emienenus [4,8] u/vunu
OpTaHU3aIH IPOTUBOTIOKAPHOH 000poHsT [11,13].

JlanpHeime uccie0BaHms BO3MOXKHOTO IPUMEHEHHUS TUPHKa0IIeH, TIpruBe-
JIM K H/Iee CO3aHMsI «arporiokapHoOro KoMmOaiHa- TuprKadiIshy, KOTOPbIA CMOXKET
HE TOJIBKO KOHTPOJIHMPOBATH U OCYIIECTBIISATH ITOJINB CEIbX03YTOIHI, BMECTO Me-
JIMOPAaTHBHBIX CUCTEM, & TAKOKE TYIIUTh MOKapbl aTMOC(HEPHBIM a30TOM, HO H:

- o0pabaTbIBaTh NMOYBY M CesAITh ceMeHa c Ooyiee BHICOKOH CKOPOCTBIO
" KaY€CTBOM «HABCCHBIMHU OPYyAHUAMM) TAKOTO KOM6aI>iHa, BBIIBUT'a€MbIMHU U3
CMEHHOTO KOHTEWHepa TUPIKaOIIsI, KOTOPBIN «IapUT HAJ 3eMIICi, He MOBpe-
K/1as1 MOYBY KOJIeCAMHU M I'YCEHHIIAMHU TPAKTOPOB;
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- OCYIECTBIISITh «KameJbHOe OpolIeHne» 0e3 YKIaaKu TpyO U Kareib-
HUII, a TAKKE «KOPHEBOE BHECEHUE Y OOPEHMI», €CIIU JUIsl MOAAa4X BOABI U
pacTBOpOB YOOPEHUH HCIIOIB30BATh «TAa30TOP(SHBIC CTBOJIBI-TEPMO-3JIEK-
Tpo-30H16D» (I'TCTD3) U3 «NOKAPHO-TEXHUUECKOTO KOMILIEKTa» MpOoQHIaK-
THKH U TylieHust TopdsiHbx noxapos ¢ MCB;

- codupaTh ypo:kaii ¢ 6osiee BHICOKOI CKOPOCTBIO M Ka9eCTBOM «HABECHBI-
MH KOCHJIKAMHU» TaKOro KOMOaiiHa, BBIBUTaEMbIMI U3 CMEHHOTO KOHTEHHEpa
JMPIOKA0IIs, KOTOPBIM «IapuT HaJl 3eMJIei», He TMOBPeKIasi BePXHUH cJI0i
MOYBbI KoJleCaMH KOMOaiiHa W I'Py30BbIMH aBTOMOOMJISIMH, B KOTOPbIE B
HacTosIIIee BpeMs IepEChINaeTcs 3€pHO M3 KOMOaiHa, T. K., 3aII0JIHUB CBOIO
€MKOCTh ypOXKaeM, JUPHKA0Ib MOXKET OTTPAHCIOPTUPOBATH €0 CAMOCTOS-
TEJIBHO U BEPHYTHCS.

Puc. 5. 'ubpuaHbie TUprKadIN THH3000pa3HON HOPMBI «ADPOCMEHA»:
1- cron6 xopmyca ; 2- kapkac; 3 — reauii; 4 — Bo3ayx; 5 — 000510uKa; 6 — KOJIBLIO
Topa; 7 — KabWHA dKUTaXKa; § — CHIIOBasl YCTAHOBKA; 9 — sHeproobiok; 10 — maccw;
11 — mangyc; 12 — sxwuible oTceku; 13 — rpy30Boii OTCEK

B oTnrume ot npennioxkeHHBIX paree Mozeneii [8,13,16], ObuT ocymiecTBIeH
CHHTE3 MOJICITH «arpo-ImokapHoro kombaitHa-nupuxadisy (AITK]]) va 6a3ze ot-
CUCCTBCHHBIX THOPUIHBIX AUPHIKAOICH THH3000pa3HOM (GOpMbI « A3pocMeHay
(puc. 5), 3amummenssix [latenrom PO [12, 17, 20, 23].

Jemno B TOM, 4TO «IUCKOOOpa3Has Gopmay IuUpmKadiIs okasanack Ooiee
YCTOWYMBOM K BO3JIEHCTBUSAM BeTpa, uTo oueHb BaxHO g AIIK]I, ¢ Touku
3peHHs TOYHOCTH MTO3UIIMOHUPOBAHUS TIPH TTOCEBE, a TAK)KE MPU MCIIOIH30Ba-
HUU JHHAMUYECKOW CHCTEMBI KalleIbHOTO OPOMICHHUS ¥ KOPHEBOTO BHECCHUS
YAOOpCHHUIA.

[IpenBapurebHas KOMIIOHOBKA IMOKa3ana (puc.6), uto Jupmxadib «As-
pocMeHa» Ipy30Mno1beMHOCTbIO B 60 TOHH ¢ 50-TH METPOBBIM JUAMETPOM U
BBICOTOM B 36 METPOB, sBiIsIeTCsl onTUMaibHbIM [20,23], Kak ¢ TOUKH 3pEHUS
KOMITOHOBKH MEMOPAaHHOM CTAaHIIUHU U BCIIOMOTATEeNLHOTO KOHTEHHepa JIJIs 1o-
YKapHOW TEXHHKH W CracaTeNell (M arpoCnenuaiicToB), TaK U i1 CMEHHO-
TO KOHTEWHEepa C «BBIIBIKHOW/HABECHON CEITbXO3TEXHUKOW, TOAKITIOYaeMON
k npuBoay ot auzenst MCB momnuocTeio 750 KBT, koTOpEIi nepekirouaercs
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Ha MeMOpaHHYIO a30THYIO CTaHLIUH [IPU CJICJOBAHUHU Ha II0XKAp, a B OCTAIbHOE
BpEMsl OCYIIECTBISIET IPUBOJ CJICAYIOINX «BBIABM)KHBIX OPTaHOB CEIIbX03-
TEeXHUKI»:

Puc. 6. Cxema arponoxxapHoro kombaiiHa-1uprkadist: 1| — cMEeHHBII KOHTeHHep
(¢ BBIIBIKHBIMHE CEITbCKOXO3SHCTBEHHBIMH arperaramn); 2 — KOHTeHHepHast MeMOpaHHast
CTaHIMs; 3 — BCIIOMOTaTeNNbHbIH KOHTeHHEep (C MOKapHOU MIIH/H arpOTEeXHUKOH
U CrIacaTelIsIMH/CIICIIUaTNCTaMH)

- JUIsl IIOOBIX BUIOB 0OpaOOTKH MOYBKI (OTBaJIbHOW M 0€30TBAILHOK) [4,
29, 34];

- JUIs TIOCEBa Ha JIIO0YI0 ITyOMHY M KalleIbHOTO MTOJIMBA JIFOOBIX KYJIBTYp C
TOYHBIM TIO3UIIMOHUPOBAHUEM, C TIOMOIIBIO «BBIIBIKHBIX» 3-X MeTpoBbIX [ T-
CT33 u3 «noxkapHO-TeXHHUECcKoro Komriaekray MCB [11];

- s BHECEHUS ymoOpeHud (TOpIHiA B JKUAKOH, BSI3KOH M TOPOIIKOBOM
(hazax) ¢ MOMOIIBIO «a30THBIX UMITYJIECOBY» Kackasa HU3Koro aasieHus MCB
gepe3 Te xe [ TCTI3 [11,17];

- 7151 cbopa ypokaeB JIOOBIX KyJITYp (MIIEHUIBI, KyKYpy3bl, TOACOTHEY-
HUKa, XJIOTNKa U T.1.), T.K. AIIKJ] mo3Bomnsier nepxarb TpeOyeMyio BBICOTY U
TOYHOCTb IIO3ULIMOHUPOBAHNS HaJl PACTEHHUSIMH, 8 HA0OP HEOOXOANMBIX «CEJb-
XO3UHCTPYMEHTOBY, BKIIIOUasi EMKOCTb JJIsi COOMpaeMOoil KyJIbTyphbl, 3apaHee
KOMIIOHYETCSI B CMEHHBIX KOHTEHHEepax;

- JUISl peKyJIbTHBALIMH TIOUBBI TTOCIIE cOOpa yporxKas.

ITnomane noBepxHocTH Kynona « AspocmeHs (<4000 KB. M. ), a TAKKe CKO-
pOCTH TIOTOKOB BO3IyXa, O0TeKaromux Auprkadis (ot 1 1o 40 m/c), mo3Boms-
0T TTIOCTABUTh 33/1a4M aBTOHOMM3AIMH 00ECIICUCHNUS €T0 «BO30OHOBIISIEMBIMU
pecypcammy, T.e. JIEKTPOIHEPTUEH U MMPECHON BOIOI C TIOMOIIBIO BETPO-TH-
JPO-3JIEKTPOTeHEPAaTOPOB M COTHEUHBIX Oatapeit [12, 44], 4ToOBI, BO-IEPBHIX,
IepeBeCTH PabOTy CIIEIATFHOTO 000PYIOBAHHS 1 IBUTATEICH Ha «OECKOHEY-
HOE DJICKTPUYECKOE TTUTAHKUE», YeM N30aBUTHCS OT TOIUIMBA U HEOOXOTMMOCTH
€ro ao3arpaBKu, BO-BTOPLIX, 06eCHe‘II/ITI) IMOIIOJIHCHUEC BOJAHBIX 3aIliaCcoB IH-
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prkabiist 3a cueT arMmoc(epHOM BIIart, JUist «OECKOHEYHOTO TTOJIUBAY CEJIbCKO-
XO3AHCTBEHHBIX KYJIBTYp, B-TPETBUX, IMOIyYUTh BOSMOKHOCTh «OECKOHEUHON
JUIMTENBHOCTH U JanbHOCT» nepeasmkenns AIIK/, B T.4. 118 Tymenus no-
KAPOB «OCCKOHCYHBIM OTHETYIIAIUM COCTABOMY, KOUM SIBIISICTCS CEIapUpo-
BaHHBIN U3 BO3/1yXa a30T.

Puc. 7. Bux c6oky (a) u npoexuun mogenu AIIK/ (6-Bux cHmusy ¢ 2-mst
pecuBepami 1o 3 coruia): 1 — KyImmos rHOpHIHOTO JUPHKa0is; 2 — KaOWHa JKUIIaxKa;
3 — «lllyxoBckue» BeTpo-3IeKTporeHepaTopsl; 4 — « BeHTypm»-TeHepaTophl IpecHon

BOJIBI; 5 — CMEHHBII KOHTEHHED C CENbX030pyAUsIME; 6 — KOHTeHHep MeMOpaHHON
A30THOH CTAHLMU (C IEKTPONPHUBOJIOM U AU3EJIEM pe3epBa) 7 — BCIOMOIaTeIbHbIN
KOHTelfHep; § — pecuBep BBICOKOTO JaBJIE€HHs C corutaMu JlaBais.

Jeno B TOM, UTO Ha Ka)/bli KBaAPATHBIA METP 3€MHOM MOBEPXHOCTU OT
CoNHIa 10XOAUT B cpenneM 1,0 kBT sHepruu, criegoBarenbHO (B 3aBUCHMO-
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ctu ot KIIJ] comHeunsix Oatapeil), ¢ MOBEPXHOCTH AUPHIKAOIST «A3pocMe-
Ha» MOXKHO NOIy4uTh 10 1,0 MBT 3nekrposneprun. OnHako, HEMOCTOSHCTBO
COJTHEYHOTO OCBEIIECHUs TpeOyeT B 3TOM cilydae JyONUpOBaHUS MCTOYHUKA
AJIEKTPOIHEPTHHU, YTO MOXKET OBITh OCYIIECTBIEHO C MOMOUIBIO DIIEKTPO-BeE-
TPOTE€HEPATOPOB, & YUUTHIBAS YKA3aHHBII BBIIIE UAa30H CKOPOCTEH BO3IYIII-
HOTO TIOTOKA, PeYb MOXKET HJITH TOJIBKO O BETPOYCTOHUNBBIX MAJIOTA0APUTHBIX
YCTAHOBKaxX C BEPTUKAJIBHBIM POTOPOM, KOTOPBIE UMEIOT «3((PEKT BOTUKA», U
MOT'YT pacrojiararbCsi B Tpe0yeMOoM KOJINYECTBE 110 IEPUMETPY «TapesIKny, Ha
150 mMeTpax KOTOPOTO MOJKHO Pa3MeCTUTh, Hapumep, 6oree 70 «IlyxoBckux
NIEKTPO-BETPOT€HEPATOPOBY (PHC. 7), UTO MO3BOIMUT NOIYIHTH 10 1 MBT srex-
Tposuepruu [3, 12, 19, 44].

KonnencrpoBars arMOCc(epHYyI0 BOILY MOXHO C TIOMOIIBIO OTEYECTBEHHBIX
THIpOTIaHENIeH, KOTOPBIE CIEYeT TaKKe PACIONOKHTB 110 «KYHOIy AspocMme-
HBD) (HaIIpuMep, MOMEPEMEHHO C COTHEUHBIMH MaHENISIMH), YTO TIO3BOJIUT T10-
Jy4uTh 710 10 TOHH BOZIBI B CYTKH, a AyOIUPOBaHKE MOTYUYEHHS TIPECHOM BOJIBI
MOKHO OCYIIIECTBUTB C IOMOIIbIO TPYO BeHTypH, conpsiraeMeIxX ¢ yKa3aHHBIMU
ANIEKTPO-BETPOTreHepaTopaMu (puc. 7), TI0 aHAJIOTHH C YCTaHOBKaMH, 3aIINIICH-
HbIMH niateHTamu PO [3, 7, 12, 44].

Takast KOMIIOHOBKA, BO-IIEPBBIX, BOCCTAHABINBACT YCTOWUYNBOCTb, IPHUCY-
IIyI0 THOPUIHBIM JUPKAOISIM JTMH3000pa3Ho# (hopMBI « A3pOCcMEHa», UTO
I03BOJISIET PabOTaTh C HEOOXOMMOW TOYHOCTHIO (1-3 CM.) M CKOpOCTSIMH Tie-
pensrmxenus AIIK]] Han mOnSAMHU CeNbCKOXO3SHCTBEHHBIX KyIbTyp (0T 3,6 110
14,4 xm/4), a BO-BTOPBIX, TOBHIMACT yI0OCTBO 1 3(h(HEeKTUBHOCTH YIPABICHHUS
ATIK]] nmpu 06paboTKe MOYBEI, CeBe, YOOPKE yporkasi 1 TPAHCIIOPTUPOBKE €T0
0e3 1oTeps B IyHKTHI 00paboTku 1 xpaHenus. [Ipu aTom, mpoBeneHHbIH umc-
JICHHBIN pacydeT MOoKa3al, YTo Jake PECHUBEP BBICOKOTO MAaBICHUS C 4-Ms CO-
rutamu JIaBasist MO3BOJIMT TYHINTH JTr00OBIE JaHAmadTHEIE ToXaps! (puc. 8) ¢
BbICOTHI 50 MeTpoB [12].

'YMECTHO OTMETHTB, YTO B [TOYBE CYIIECTBYET HECKOIBKO JECATKOB BUIOB MH-
KPOOPTaHM3MOB, KOTOPBIE CIIOCOOHBI CBSI3BIBATH aTMOC(EPHBIN a30T, @ MHOTHE
pacTeHus U3 cemeicTBa 0000BbIX, Oarogapst cCHMOHO3Y C KITyOeHbKOBBIMH OaK-
TEpPUSIMH, CIIOCOOHBI (PUKCHPOBATh aTMOC(EPHBII a30T (pUC. 9), TOITOMY «a30TH-
POBaHHE MOYBBD IIPH MTOCEBE, «ANHAMUIECKOM IIOJIMBE» U BHECEHHS yIOOpEHHUIH
C IOMOLLBIO «a30THBIX UMITYJIbCOBY Kackaaa Hu3Koro aasienust MCB uepes3 I'T-
CTD33, MOXKET CHU3UTh KOJMUCCTBO HEOOXOMUMBIX ynoopenuit [38].

Jeno B TOM, 9TO MOTEpU a30Ta B PACTEHUEBOACTBE SBISCTCS BAXKHOU U
CIIOKHOU MHPOBO#i pobnemoii. Tak, Hanpumep, B Poccuu, 1o mpuMeHeHns
A30THBIX Y00peHuii cocrasisier 64%, wm 1,54 MitH. TOHH (110 JEHCTBYIOIIEMY
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BEIIECTBY), U IO HEKOTOPBIM OLIEHKAM POCCUHMCKUX yueHbIX, u3 100 Mapa. py-
O7eii B cpeHeM, KOTOPBIE €KETOHO TPATATCS Ha ynoOpeHus, okono 30 Mipa.
TEPSIOTCS BIYCTYIO N3-3a HE3(h(EKTHBHOTO a30THOTO NUTaHwus [4, 5, 38].

Puc. 8. Pa3pe3 cormna JlaBans (a), BapuaHT pecrBepa BEICOKOTO JABICHHUS C 4-Ms
cortamu JlaBass (0), CTpyKTypa CBEpX3BYKOBOTO «a30THOTO MAKETa» Ha PACCTOSHUI
50 mMeTpoB 10 o4ara noxapa (B)

ATMOCOQEPA

A A yrerywsanve
A A s

NO4BA

44 .PP)P?IPPPPP I

Puc. 9. [IpeoOpaszoBanue a3ora B OUBe
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Takum 00pa3om, NPOBEJECHHOE MOJCINPOBAHKE, C IIPUMEHEHHEM OTeve-
CTBEHHBIX Hay4YHbIX TPY/IOB M MHHOBAINH, 10Ka3aJ10 BO3MOXHOCTB U [IEJIECO0-
Opa3HOCTh CO3aHus Ha 0a3e THOPHUIHBIX TUPIKAOIeH THH3000pa3HON (hOpMBI
«AdpOCMEHay», arporokapHbIX KOMOaiiHOB, CIIOCOOHBIX Pean30BaTh COBpE-
MEHHbIE HAyKOEMKHUE TEXHOJIOT U 3EMJIE/ICNIUS U TPOTUBONOKAPHONH 000POHBI
CeNbX03yTONH 1 JIECHBIX MacCHBOB Poccnu, M 0CTaBanoCh OLEHUTh SKOHOMH-
4ecKyro 3 QEeKTUBHOCTb BHEAPECHUS MPEAIaraeMblX HMHHOBAIMH.

OO1IenpUHATHIM MOAXOJOM B 3TOM Cilyuae, sIBJISIeTCsl 3aTPaTHbIN IMOIXO,
KOTOPBIN MPEACTABISIET KCOBOKYNHOCHb MEMOO08 OYEHKU CIMOUMOCHU 00bEK-
Ma oYeHKU, OCHOBAHHBIX HA ONPeOeleHUU 3ampam, HeoOX00UMbIX 015t npUobpe-
menusl, 60Cnpou3s00cmaa b0 3ameujeHus 00beKma OYeHKU ¢ y4emom UsHoOCA
u ycmapesanus» [40], u onerka 3(h(HEKTHBHOCTH HOBOM MOXAPHOU TEXHUKU
1 NOXapHO-TPOMMIAKTHIECKUX MEPOIIPHATHI B 00IACTH MPOTHBOIIOKAPHON
3aUTHI (KaK COKpaIleHHEe CONNATbHO-9KOHOMUYECKHX TTOTEPh OT MOXKAPOB),
METOJI0JIOTMUECKH TaKKe COOTBETCTBYET eMy [24].

OnHako B JTAHHOM CIIydae, B CBA3M C HEONPEIEICHHOCTHIO 3aTPaT Ha BHE-
JpeHHE TIpeJUIaraéMblX HHHOBALU, ObIJIO PEIIEHO HCIIOIb30BaTh SHEPreTH-
YECKHH MOJXO0A B OLEHKE CTOMMOCTH MPOIYKIIMHU CEIIbCKOTO XO3SHCTBa Ha
IIPUMEPE 3E€PHOBBIX KYJIBTYP, KOTOPBIN ABISAETCS PAa3HOBUIHOCTHIO 3aTPATHO-
TO MOJX0/1a, TPUMEHSEMOI0 B TEOPUH M MTPAKTHKE OLECHOYHOH JESITEIbHOCTH.
[Tpu 5TOM CYIIHOCTB PHEPTETHUECKOTO MOAXO0/A «3AKAIOUAECS 8 BbIAGNEHUU U
KOIUYeCMBEHHOU OYeHKe IHep2emUYecKux 3ampam Ha 60CnpoU300cmeo 00b-
exma oyenKu ¢ nociedyIouwumM nepesooom dmux 3ampam 8 CHOUMOCIHbLE»
MOKa3aTeJM WIK B MPOLIEHTHI OT HUX [25, 30].

TexHOIOTHIO MTPOU3BOCTBA 3€PHA MOXHO IPEACTaBUTh, KaK IOCIIEI0Ba-
TEJTHHOCTD BBITIOTHEHUSI 5-TH arpoTeXHOJOruIecKuX ranos [30]:

TepBEIil — 00padoTka moussl (4630 MIx/ra);

BTOpO# — npenoceBHast 0opaborka noussl (1840 M/[x/ra);

TpeTUil — MOArOTOBKa ceMsiH u moceB (2180 MIx/ra);

YeTBEPTHIN — yxoz 3a pacternsaMu (1950 M/Ix/ra);

eI — yoopka (3100 M/[x/ra).

VYcpenHeHHbIE dHEPro3aTparbl Ha MPOM3BOACTBO 3E€PHA OICHUBAIOTCS B
13700 M/I/ra, B KOTOPBIX JOJII MEXaHH3UPOBAHHOTO TPYHa COCTAaBISIET
99,8%, a pyanoro — 0,2%, T.k. He npesbimaet 30 M/Ix/ra [25].

OHepreTHYecKii SKBUBAJICHT TPYAOBBIX 3aTpar paboThl MEXaHH3aTOPOB,
B cpeaHeM, coctapisieT 1,26 M/[x/gen-4 (8,82 MJI/cMeHa), ClieI0BaTeIbHO,
CTOMMOCTHOW 3KBHBAJICHT CMHUIIBI 3aTPAueHHOIN TPyAOBON SHEPIHU MeXa-
HU3aropa (TpakropucTa/MammancTa/modépa) pasen 106,45 py6./M/Ix [30].
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YKecToYMM OLIEHKH, 1oJIaras, 4To B KaKJIOM M3 YKa3aHHBIX arpOTEXHOJIO-
THYECKUX ATAlOB YYAaCTBYET /IBa MEXaHH3aTopa, (PYHKIIMH KOTOPHIX B HAIIEM
cinyvae BeinosnHseT skunax AIIK] u3 2-x yenosek. Toraa, yauTsiBas, 4To 3a
cueT BO30OHOBIISIEMbIX HCTOYHUKOB SHepruu 1 Bojbl AIIK/ «axornomut 100%
OCTAaBIIHMXCS SHEPro3aTpary, MOTyIHM:

13700 M/Ix/ra — 5-2-1,26 M[Ix = 13687,4 M/[x/ra.

Honyctum, 9o ctomMocth 1| M/[k/Ta ocTalnbHBIX 3aTpar paBHa CTOMMOCTH
1 M/Ix/ra «pyuHoro Tpyaa Mexanuszaropay. Torna npumenenne AITK/] B pacre-
HHUEBOJICTBE MOJKET CIKOHOMHUTH 110 99,9% 3aTpar Ha MPOU3BOACTBA 3€PHA, UTO B
CTOMMOCTHOM BEIpa’KeHUU Ha | ra, ipr 00pabOoTKe ero B TCUCHUE Yaca COCTABHT:

13687,4 M]lx/ra -106,45 py6./Mmx = 1,457 muH. pyo.,

WM B TIepecyeTe Ha 3epHOBBIC KynbTyphI (51,1%) Ha Bcex MOCEBHBIX IIIOMIA-
nsx Poccnn, kotopsie B 2020 roxy cocraBmmm 79 921,2 teic. Ta. [39], nmeeM:

1,457 mmH. py0. - 79921,2 ThIc. Ta - 0,511 = 59,5 TpaH. pyo.

YMECTHO OTMETHTbh, UYTO MOJYYEHHBIH Pe3yabTaT, SIBJIsSETCS HUKHel
TPAHUYHON OLEHKOH 3((PeKTUBHOCTH BHeApPEeHUsl NpeAaraeMbiX HHHO-
Balliii, TK. He YYNTHIBAET MOBBINIEHNS YPOKAWHOCTH, KOTOpasi, IPH BHE-
npennn ACYTII 3emnenenus akagemuka M.C. [llarunosa coctasinsia g0 300%
[4], Ge3 yyeTa 3aTpaT Ha MeJTHOPALMIO» H «IKOHOMUIO ynoopenmii» [38], a
Takke, 0e3 yueTa COKpalieHusl COIHATBLHO-IKOHOMUYECKHX MOTePh OT Mo-
JKapOB 00bEKTOB CEJILCKOI0 U JIECHOT0 Xo03s1iicTBa [24, 33].

3akJioueHue

«Henvszsa aemomamusuposams 6ecnopsadok, ubo  pesyiomanme 3moeo no-
JYUUMCS ABIMOMAMU3UPOBAHHBIU XA0C» — TOBOPMI akajeMuk B.M. [mymikos.
[ToaToMy Ha OCHOBE CHCTEMHOTO aHAJIN3a arPOTEXHOJIOTHH 3eMJIC/ICIHS U pac-
TEHUEBOJICTBA, B YaCTHOCTH, TPYJOB OTEUSCTBCHHBIX yueHBIX — V.E. OBcuH-
ckoro, akanemukoB JI.H. [Ipstautiankosa u 1.C. [llaTwmnoBa, ObU1a BRITIOJTHEHA
OTITUMM3AIIMSI YKa3aHHBIX MPOIECCOB U OCYIIECTBIEH CUCTEMHBIN CUHTE3 MO-
JIeITN arpo-ToXkapHoro KomOaitHa-auprkadist (ATTK/).

Kax nokazano monenuposanue, AIIKJ] MoxxeT HE TOJBKO BBIBECTH OT-
€UYEeCTBEHHOE 3eMIIe/Ie]INe Ha HEKOHKYPUPYEMBIH ypOBEHb MPOU3BOJICTBA U
KadecTBa CEeNbCKOXO3SIMCTBEHHOMN TPOIYKIINHU, HO M CO3/IaTh OCHOBY, JUIS B3a-
MMOJICHCTBUS PEerHOHANBHEIX Tofpa3aencHnii Pociecxosa, Pocarpomnpoma u
MUC P®, B nensix odecniedeHus POAOBOJIILCTBEHHON | ITOXKapHOil Oe3omnac-
HocTH Poccum, a UMEHHO:

— BO-TIEPBBIX, ITyTEM OTBAJBHOM MM 0€30TBAIbHOW 00pPaOOTKU TMOYBHI U
ITOCEBA CEIIbCKOXO3SICTBEHHBIX KYJIBTYp C 00JI€e BBICOKOH CKOPOCTHIO U Kave-
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CTBOM, «HaBeCHbIMU opyausmMu» Takoro AITK/I, BeIIBUraeMbIMU U3 CMEHHOTO
KOHTEWHepa JUPHKa0IIst, KOTOPBIN «ITapUT HaJ 3eMJICi», He TOBPesKIasi BepX-
HMH €J101i IOYBBI KOJIECAMH U I'yCEHHLIAMH TPAKTOPOB;

— BO-BTOPBIX, IIyTEM MPUMEHCHUS TUHAMHYCCKOTO «KAICIbHOTO OPOIIe-
HU», oe3 YKIIaaAKu pr6 1 KalCJIbHUIL, I «KKOPHEBOI'O BHCCCHU A BOJbI U Y/10-
OpeHwiA, eciu, TS mogadw BoAbI 13 10-TH TOHHOM €MKOCTH BCIIOMOTaTeIbHOTO
KOHTEITHepa U eMKOCTEH pacTBOPOB yIOOPCHHM, HCIIOIH30BaTh B HMITYJIbCHOM
PeKUME «ra30TOPQSIHBIC CTBOJIBI-TEPMO30H/IbD)Y U3 IIOKAPHO-TEXHUYICCKOTO
KOMIUTEKTa» (110 MPO(UIAKTHKE U TYIICHUIO TOP(HSHBIX TTOKAPOB) KOHTEHHEpa
¢ MCB, 3amuieHHbIM nareHToM P®, «11omyTHO» OCYLIECTBIISISI TEPMO-IJIEK-
TPO-30HIMPOBAHNE TTOYBHI;

— B-TPETHUX, MyTeM yOOPKH ypokas ¢ 6osiee BRICOKOW CKOPOCTBIO U Kade-
CTBOM «HABECHBIMH KOCHJIKaAMM» TaKOT0 KoMOaifHa, BBIIBUTAEMBIMH U3 CMCH-
HOTO KOHTEWHEpa JUPIKAOIS, KOTOPBIA «ITapuT HaJl 3eMIICiD, He TIOBPe:KIast
BEPXHMHI1 CJI0i MOYBBI KOJIecaMH KOMOAiTHA ¥ TPY30BBIMH ABTOMOOMJIISIMH,
B KOTOPBIE B HACTOSAIIEE BPEMs ITEPECHIMAaeTCs 3epHO 13 KOMOaiiHa W BBIBO3UT-
Csl C TIOJICH, TaK KaK, 3aIlOoIHUB EMKOCTh ypokaeM (Taroke mopsiaka 10-ToHH),
AVPHKAGIH MOKET OTTPAHCIIOPTHPOBATH €r0 CAMOCTOSITEJIbHO B MECTO 00-
PadoTKH (CYIIKH, COPTUPOBKH U T.11.), 0€3 MoTePhb U3-3a «1e)eKTOB CeJIbCKUX
JOPOr», TIOCTE YeTO BEPHYTHCS Ha TIOJIE U MPOIOIDKUTE PadOTYy,

— B-YETBEPTHIX, IIyTEM OIIEPATUBHOTO MPHUBJIEYEHUsI K TYNIEHNI0 00HA-
PY/KEHHBIX MOKAPOB, a TAKXKE K KPYINIOCYTOYHOMY NATPYJTMPOBAHMIO (1IpU
«arpoTeXHOJOTHYECKHX May3ax») MO ONTHMAaJIbHBIM MapuipyTamM TeppHTO-
pHUH PernoHa, BKIOYAs TOPHBIC PAiOHBI, YTO HEMIOCTYITHO HU CYIIECTBYIO-
HIMM CPENICTBAM, HU OTIeNbHbIMHU ciiyx0am (MUC, Pocnecxos, Pocarpormpom)
M3-32 OTPAaHWYCHHOCTH MaTePHANIBHBIX U JTIOACKIX PECYPCOB, a TaK:Ke 0e30-
NMACHOIO0 M Y100HOr0 (0€3 NapamoTHOI0) «1eCAHTHPOBAHMSD> arpo-clelH-
aJIMCTOB U/WJIM MOKAPHBIX-cHIacaTesieil ¢ He0OXOAUMbIMHM TEXHUYECKUMHU
cpeIcTBAMU, pacroiaraéMbIMU BO BCIIOMOTaTeIbHOM KOHTEHHEpe, B TI000M
MECTe MapIIpyTa, IS BEITIOIHEHSI arPOTEXHOJIOTHI TOYHOTO 3eMIIeIeTHs 1/
WJIH OPTaHU3AI|H [TPOTHBOTIOKAPHOI 000POHEI.

[IpuHMMast BO BHUMaHKE, YTO IKCILTYyaTAIHOHHbBIE 3aTPAThI HA NePeIBU-
JKeHHe TUPUKa0JIsl ¥ €ro 3aBHCaHUe W/WIK IPU3EMIICHIE B TIOOOM MecCTe pe-
THOHA OXPAHBI W/WIA TOYHOTO 3EMIIC/ICIHS HA HECKOJIbKO MOPSAIKOB HIKe
3aTpaT APYrux aBUANMOHHBIX CPEICTB, a a30THAS MEMOpaHHAsI CTAHIIUS SIB-
nseTcst «0eCKOHEUHBIM MCTOYHMKOM OTHETYIIAIIET0 COCTaBay U3 aTMOC(hepsl,
9TO HE TpeOyeT MOCTaBKH K O04ary Mojkapa BOIBI MM JPYTUX OTHETYIIAIINX
CPEICTB, peajn3anus MPeAIaraeMoro moaxoaa Co3lacT HE TOJHKO Hay4-
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HO-TEXHOJIOTUYECKHUil mpropuTeT PO B TEXHOIOIMU TyIIEHHMS JaHAIIA(THBIX
1 JIECHBIX MOXKaPOB, HO 1 00/1a/1aeT HEKOHKYPHPYeMbIM Ka4eCTBOM B Opra-
HHM3ALMHU CeJIBLCKOI0 X0351iCTBA, 3a CUET MPeIaraéMoi HHTErpaluy yKa3aH-
HBIX MHHOBALIMOHHBIX PEILICHHH.
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Hay'-IHaH CTaThA | HpO,Z[OBOJ'[I:CTBeHHLIe CUCTEMbI

YITPABJIEHHUE HEIISAMUAU
MMOCTABOK OPTAHUYECKOM MMPOAYKIIUA
B IIPOJIOBOJIbCTBEHHOM CUCTEME PETUOHA

O.10. Bopoukosa, /1. U. Ilemposa, A.FO. Mecosa,
H.IO. Anygppuesa, A.A. Cnykuna

Obocnosanue. B yenu nocmasoxk opeanuieckol npoOyKyul 3aumooetcmeyen
PAO opeanuzayuti — NPou3soOUment, CKidaovl, OUCMPUOLIOMOPDL, NePeso3YUKU,
onmogvle U po3HUuUHbIe NOKYRAMENU, YUacmsyiowue 8 popmMuposanuu Mamepuaib-
HbIX, PUHAHCOBLIX, UHPOPMAYUOHHBIX U CEPEUCHBIX NOTMOKOG 0Nl UCTNOYHUKA CbIPbS
00 KOHeuUH020 nompeoumers.

Lens 3axmouaemcsa @ paspabomxe NPUHYUNOB YAPABGTEHUS YeNnsamU NOCHABOK
opeanuyeckol nPOOYKYuu 8 NPOO0GOILCMEEHHOU CUCeMe PeSUOHA

Mamepuansl u memoowt. Memooonozcuueckol u meopemuyecKkol 0CHO80U
uccne008anutl 8bICMYnUIU pabomvl OmMe4ecmeeHHbIX U 3apyOediCHbIX YUeHbIX NO
VAPABIEHUIO NOCIABKAMU OP2AHUHECKOU NPOOYKYUU 8 PECUOHATLHBIX NPOO0GOTb-
cmeeHHbIX cucmemax. B uacmuocmu, 0ns npaxmuueckoco npumepa 6vli blOpan
Anmatickuil Kpail, Kak 5KON0SUHECKU YUCMbILL PECUOH, C OOCHAMOYHbIMU 3eMeTbHbI-
MU, mpyooSbIMU U NPOU3BOOCIBEHHBIMU PECYPCAMU 0I5l PA3GUINUS OP2AHUYECKO20
CeNbCKOXO3ANUCMBEHHO20 NPOU3B00CMEA U NEPEPadoOmKU OP2aHU4ecKol NPOOYKYUU.
B npoyecce pabomul 6bi1u npumMeHensl anarumuyeckue, abcmpakmHuo-io2uieckue,
MoHocpaghuueckue u uHvle Memoobl UCCIE008ANUSL.

Pezynvmamul. Ynpasnenue npoogudicenuem opeaHuueckol npooyKyuu 6 npo-
0080IbCMEEHHOU CUCTEME PeUOHA YenecO0OPA3HO OCYWeCmEIsamb ¢ NOMOULIO
UHHOBAYUOHHBIX YUDPOBLIX MEXHONO02ULL, 8 YACTHHOCIMU OIOKYElHA, a MAKice Yepe3
cucmemy azpapHvix UHGOPMAYUOHHO-KOHCYTbMAYUOHHBIX YEHINPO8, OP2AHUZAYUIO
npeseHmayuti OpeaHuYecKoll NPOOYKYUU, nposedeHue peKidmMHblX KOMNAHUU, Yya-
cmue 8 8bICMAasKax-apmMapKax Ha pecUoOHAIbHOM U POCCULICKOM YPOGHSX, OMKPbl-
muem pumetiepamu «3e1eHbixy noiokK @ ceoux cemsx. Pazsumue opeanuuecrkozo
CenbeKko20 X03:cmea 6 Anmatickom Kpae Modicem OKa3amb 3HAYUMbBLLL NOTONCU-
menvbHblll IQPeKm na ypogeHs IKOHOMUUECKO20, COYUATLHOO U IKOIO2ULECKO20
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Pazeumus cenbCKux meppumoputi pecuona nymem aKxmueu3ayuu pecuoHaIbHO20
PYIHKA OP2aHUYeCKOll CeNbCKOXO3AUCEEHHOU NPOOYKYUL, B08IeHeHUsl 6 NPOU3-
600CMBEHHBIN 000POM HEUCNONb3YEMBIX 3EMENbHBIX PECyPCos8, NPUMEHEHUS UH-
Hosayuonnvix mexunonoeui 6 AIIK, nosviwenus mpyooeoi 3aHAmMocmu ceirbCKux
Jrcumenetl, akKMUGU3AYUY IKONYPUCIIULECKOU Chepbl, NOBbIUUEHUSA IKOHOMUYECKOU
yemouuusocmu opeanuzayuti AIIK pecuona.

3axntouenue. Pazsumue KOMNIEKCHbIX peuleHUtl N0 0003HA4eHHbIM NPoOIemMam
npu O0NICHOM YPOBHE KOOPOUHAYUU BCEX YYACMHUKOS YeNnu NOCABOK OpP2aHUYe-
CKOU NPOOYKYUU Cnocoocmeyion GopMuposanuio pazeusarouje2ocs 2100aibHo2o
PBIHKA Op2anuiecko2o Cuipbsl U NPOO0BONbCMBUSL, GIUSSL HA MOOENU A2PONPOU3B00-
cmaa, pacnpedenenue 00X0008 U 3ampan, 6HeopeHue UHHOBAYUL YUPPOEbIX mex-
nonozau, sxonozuzayuio cgepvi AIIK, pazeumue 5KOHOMUKU A2PAPHBIX PESUOHOS.

Knioueswie cnosa: yenu nocmagox,; opeanuyeckoe cenbCKoe X03aucmeo, opea-
Huyeckas npOOYKYust, OOKYelH, pecuon

Jlna yumuposanusn. Boponkosa O.1O., Ilemposa JI.1., Mexcosa A.IO., Anyghpuesa
U IO., Cykuna A.A. Ynpasnenue yensmu nocmagox opeaHuteckoll npooyKyuu 8 npo-
dosonbemeenHoll cucmeme pecuona // Siberian Journal of Life Sciences and Agriculture.
2023. T 15, Ne3. C. 99-118. DOI: 10.12731/2658-6649-2023-15-3-99-118

Original article | Food Systems

ORGANIC SUPPLY CHAIN
MANAGEMENT PRODUCTS IN FOOD CLUSTERS:
REGIONAL ASPECT

O.Yu. Voronkova, L.1. Petrova, A.Yu. Mezhova,
LYu. Anufrieva, A.A. Slukina

Background. A number of organizations interact in the supply chain of organic
products — manufacturers, warehouses, distributors, carriers, wholesale and retail
buyers involved in the formation of material, financial, information and service
flows from the source of raw materials to the final consumer.

Purpose. It consists in the development of principles of supply chain manage-
ment of organic products in the food system of the region

Materials and methods. The methodological and theoretical basis of the re-
search was the work of domestic and foreign scientists on the management of the
supply of organic products in regional food systems. In particular, for a practical ex-
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ample, the Altai Territory was chosen as an ecologically clean region with sufficient
land, labor and production resources for the development of organic agricultural
production and processing of organic products. In the course of the work, analytical,
abstract-logical, monographic and other research methods were applied.

Results. It is advisable to manage the promotion of organic products in the food
system of the region with the help of innovative digital technologies, in particular
blockchain, as well as through the system of agricultural information and consulting
centers, organization of presentations of organic products, advertising campaigns,
participation in exhibitions and fairs at the regional and Russian levels, the open-
ing of “green” shelves by retailers in their networks. The development of organic
agriculture in the Altai Territory can have a significant positive effect on the level
of economic, social and environmental development of rural areas of the region by
activating the regional market of organic agricultural products, involving unused
land resources in the production turnover, using innovative technologies in the
agro-industrial complex, increasing the employment of rural residents, activating
the ecotourism sphere, increasing the economic sustainability of agro-industrial
organizations region.

Conclusion. The development of integrated solutions to these problems with
the proper level of coordination of all participants in the supply chain of organic
products contribute to the formation of a developing global market for organic
raw materials and food, affecting agricultural production models, distribution of
income and costs, the introduction of digital technology innovations, the greening of
the agro-industrial sector, the development of the economy of agricultural regions.

Keywords: supply chains, organic agriculture; organic products; blockchain;
region

For citation. Voronkova O.Yu., Petrova L.I., Mezhova A.Yu., Anufrieva I.Yu.,
Slukina A.A. Organic Supply Chain Management Products in Food Clusters: Re-
gional Aspect. Siberian Journal of Life Sciences and Agriculture, 2023, vol. 15, no.
3, pp. 99-118. DOI: 10.12731/2658-6649-2023-15-3-99-118

Beenenne

VYnpaBieHre enovykaMH MOCTaBOK — 3TO KOHLEMIHUS YIPaBICHNUS, MIPea-
CTaBJISAIONIAst COOOM KOMIUIEKCHBIH MTOAXO0/] K IUTAHMPOBAHMIO U KOHTPOIIIO BCEX
NH(OPMAIIMOHHBIX TIOTOKOB, CB3aHHBIX C IIPOM3BOJCTBOM U NepepaboTKOH
MIPOIYKITNH, CHIPhsI, MAaTePHaIoB U ycuyT [4, 5, 7, 14, 22]. Bes sta naopMa-
LU TEHEPHUPYETCS U peoOpa3yeTcsi B paMKax MPON3BOACTBEHHBIX U JIOTHCTH-
YECKHX IPOIECCOB, C LENbIO TONyYSHUs] MAaKCUMAIIbHOM NPUOBLIN JJIsl BCeX
YYaCTHHUKOB LIEOYKH [TOCTABOK IPH YAOBIECTBOPEHHUH CIIPOCA KOHEYHOT'O 10JIb-
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3oBareds. B HacTosiee Bpems rpoliece yIpaBlieHHs IPOABHKEHHEM OpTraHu-
YEeCKOH MPOIYKIINH, B TOM YHCIIe, ONMUPACTCS HA HHHOBALMOHHBIC IH(POBBIC
TEXHOJIOTHH, B YaCTHOCTH, Ha O10k4eiiH. COTlIacCHO MCCIIEOBAaHISIM 3apyOeK-
HBIX aBTOPOB [25, 27, 32] GroKYCHH ASHCTBUTEIBHO OOecieunBacT ooee Obl-
CTPYIO OTCIIEKMBAEMOCTb IPOAYKTOB NMUTAaHUA. Tak, psia y4eHbIX OTMEYAlOT,
YTO B HACTOAIIECE BpeMs OIIOKUCIH yCIEITHO BHEIPSIETCS B HEOONBIINX Mac-
mradax st obecnedeHus IPOCIeKUBAEMOCTH BCEH LIETIOYKH OPraHUYeCKUX
MPOAYKTOB MUTAHUA U MIPOAYKTOB MMUTAaHUA, IIPOAaBaCMbIX IO NPUHIUITY CIIpa-
BEINTUBOU TOPTOBIH [2, 3, 24, 27, 34].

VYnpasnenue nernsmu noctaBok (Supply Chain Management — SCM) nipen-
CTaBJsieT cOOOH IMporece IIaHMPOBAHUSI, UCTIONHEHUSI U KOHTPOJISI C TOUKU
3pEeHUs] CHUIKEHHSI 3aTpar MOTOKA ChIPbsl, MATEPHAJIOB, HE3aBEPIIEHHOTO MPO-
W3BOJICTBA, TOTOBOW MPOAYKIINH, CEpBUCA U CBI3aHHON WH(POPMAIIUN OT TOY-
KH 3apOKJICHUS 3asIBKU JI0 TOYKHU MOTPEOICHHS (BKJIFOYAsT UMIIOPT, SKCIOPT,
BHYTPEHHHUE M BHEILIHHE NEPEMEIICHHs), T.€. J0 TOJHOTO YIOBJIECTBOPECHUS
TpeboBaHnii kKaueHToB. SCM sBIsSeTCS MHTETPATUBHON (rutocoduei mis
yIpaBJICHUS OOIIAM ITOTOKOM KaHaja pacIpeIeiICHHUs OT MMOCTABIINKA 0 KO-
HEYHOTO NoJb3oBaTesst. K JaHHBIM OpraHU3anusM OTHOCSTCS, MIPEXKIE BCEro,
Te, KOTOPbIe MMEIOT Pa3BETBICHHYIO CETh (DUIIMANIOB U HIMPOKYIO reorpaduio
MIPUCYTCTBUS, H 3HAUUTEIHFHOE KOINIESCTBO MTAPTHEPOB, CPETU KOTOPBIX TIepe-
JAFOTCS HE TOJILKO MH(OPMAIMOHHBIC, HO U MarepuajbHble TOTOKU. [Ipexe
BCEro, 9TO MpOAOBOJILCTBEHHBIC U IMPOMBIIIJICHHBIC KOMIIAHUHW, paCIIpEaC/In-
TEJBbHBIE CETH, TPAHCIOPTHO-JOTHCTHIECKHe Kommannu [4, 12, 16, 28]. Bece
BBIIICTICPCYHNCIICHHBIC OPTaHU3AI[IH TEOPETHICCKH MOTYT OBITH 0OBEIMHEHBI B
OJIHY CHCTEMY WJIM OOLIYIO LEIOYKY ITOCTABOK OPraHMYECKOW MPOIYKIINH ISt
neneit 6osee 3(h(HhEeKTUBHOTO YNPABICHHUS B PETHOHAIBHBIX MPOIOBOIBCTBEH-
HBIX cucTeMax. [laHHas koHIennus ObLTa pa3paboTaHa M MPUMEHSIIACH TIPH
IIOCTPOCHUH MOJIeJIeH U CHCTEM YIpaBJIeHHs LeNouyKaMy nocraBok. [lenouka
MOCTABOK IPEACTaBIsIeT cO00M HAOOP B3aMMOCBSI3aHHBIX MaTePHAaIbHBIX IIPO-
IIECCOB M MX COOTBETCTBYIOIINE WHPOPMAITMOHHBIE TOTOKH MEXIY YIaCTHH-
Kamu 1enouku [7, 8, 16, 19, 23].

Marepuaibl 1 MEeTOIbI

Psin yueHbIX OONBIIOE BHUMAHUE YICISIFOT BOIIPOCaM YIIPABICHHS LEISIMU
MIOCTABOK OPraHWYECKOW MPOMYKIMHU B TPOJOBOIBLCTBEHHBIX CHCTeMaX. Tak,
B 1982 rony K.Omusep u M. BeGep (R. Keith Oliver, Michael D. Webber)
ormrybnmkoBanm crathio «Supply Chain Management: Logistics catches up with
strategy» TJ1e IpeUI0KIIN pacCMaTpyuBaTh MaTepHalbHbIC IIOTOKH OT IPOU3BO-
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JIUTEJICH HCXOHOTO CBIPbSI 10 KOHEUHOT'0 MOTPEOUTENsI B paMKaxX MHTETrPUpPO-
BaHHOW CTpaTerny, Ha3BaB €€ yNPaBICHHEM IieroukaMu mocTtaBok. [lupokoe
MIPU3HAHUE TEPMHUH «IIEIb MOCTaBOK» MPHOOpEN IIaBHBIM 00pa3oM B pe-
3yJIbTaTe TI00alM3aluy IPOU3BOACTBA ¢ cepeuHbl 90-X roJ0B, B Y4aCTHOCTH
B pesyasrare pocta npousBozacTa B Kutae. CocpenoToueHne BHUMaHHUS Ha
m100ann3ayy akIEHTHPOBAIO BHUMAHIE Ha HEOOXOIMMOCTH CTPATETHH JIO-
THCTHKH JUIs pabOThI CO CIOKHBIMH CETSIMH, BKIIFOYasi MHOTOYHCIICHHBIE Opra-
HHU3AIMH, OXBaTHIBAIOIINE HECKOJIBKO CTPAH C PA3HBIM KOHTPOJIEM.

B nocnennue gecATHIETHS HHTEHCHBHO PAa3BUBAETCS KOHIETILIUS yIIPaB-
JICHUS LETISIMH TTIOCTaBOK, 00bEKTaMN KOTOPOH C OJJHOHM CTOPOHBI BBICTYIIAIOT
TIPEANPUSITHS, CO3AAI0IINE IEHHOCTD JUIsl KOHEUHBIX TOTPEOUTEINECH TPOIYKIHN
1 YCIYT, a, C IpyTOoi CTOPOHBI, — MPOIECCH, 00ECIICUNBAIONINE CO3/IaHUE TaH-
HOH neHHOCTH. MccnenoBanuio JaHHBIX BOIIPOCOB IIPUMEHHUTENIFHO K POCCHIi-
CKOH PKOHOMMKE ITOCBSITUIIM CBOM TPY/Ibl Takue yueHsle kak Ceprees B.U. [14],
MemikoB H.A. [9], ConoBreBa O.B. [17], I'puropwes FO.I1. [5], Koxopuna U.C.
[7], UBanoB J.A. [6], Tanyxur A.IL. [20]. MeTomomorn4eckoil u TeopeTHye-
CKOM OCHOBOM HCCIIEIOBAaHHUH BBICTYIHIIN pa0OTHI OTEYECTBEHHBIX U 3apy0ekK-
HBIX YUEHBIX I10 YITPABICHUIO [IETOYKaMH IOCTAaBOK. B nporecce paboTh! Obun
[IPUMEHEHB! aHAJMTHYECKHE, a0CTPaKTHO-IOTHYEeCKUe, MOHOrpaguiecKue u
WHBIE METOJIbI HCCIIEIOBAHUS

Pe3yabTaThl HCC/Ie10BAHMSA

INocrostHHBIE TpaHCc(hopMaIN Ha TTT00ATBHBIX PHIHKAX OPTaHUYECKOTO ChIPhSI
U IPOJOBONBCTBHS, THHOBAIIMOHHBIE TEHACHIIUU B PA3HBIX CEKTOPAX arpoIpo-
MBIIIIEHHOTO KOMIUIEKCA MPEICTABIISAIOT CIIOKHYIO MHOTOYPOBHEBYIO 3a4a4y JUIs
moTpeduTeNel, MPOU3BOIUTENCH, TIepepadOTINKOB U PUTEHIIEPOB, COCTABIICH-
HYIO U3 MHO)KECTBA JJIEMEHTOB. B 4acTHOCTH, psiji yUEHBIX CUMTAIOT, 4TO IU}-
poBas Tpancdopmarmsi AIIK npuBener Kk U3MEHEHHIO OTPACIICBOM CTPYKTYPBI
ATIK u3-32 HCYE3HOBEHUS TPaIUIMOHHBIX OTPACieii 1 BOSHUKHOBEHHS HOBBIX,
n3MeHeHnto yuyactust AIIK B HaumoHanbHOM 1 MUPOBOM SKOHOMUKE, BHEPEHHIO
HOBBIX OpPraHM3alMOHHBIX Moelsel (yHKiroHuposanus npeanpusituidi AITK
(rtarhopM M SKOCHCTEM), HCUE3HOBEHHIO OCTATKOB TPAUIIOHHOTO CEIbCKOTO
YKJIaJia ¥ I3MEHEeHHI0 ropoackoro ykmanaa [1, 10, 11, 18, 24, 28].

3apy6exuble yuensle K. Mopran n /x. Mepnok mpeiaraior uzydarb
pacmpesielieHne SKOHOMUYECKUX 3HAHUM B paMKax JByX MUILIEBBIX LIEMOYEK.
[lepBas — 3TO TpaANUIIMOHHAS MHIIEBAs II€Tb, OMTUPAIOIIAsICI HA HHTCHCHBHBIC
pecypcsl B poLecce MPONU3BOJCTBA MPOAYKTOB MUTAHUS U, TAKMM 00pa3oM,
HMEIOIas TEHACHIUIO PacIpOCTPAHATh 3HaHUSI CPEIU MOCTABIIUKOB PECYPCOB.
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U Bropas — 1enoyka rnocTaBoK OpraHMn4ecKuX MPOAYKTOB MUTaHUs, KOTOPast
pacripocTpaHseT 3HaHUs 00paTHO Ha (epMy, TOCKOIBKY (pepMepsl JOIKHBI e-
PEOPUEHTHPOBATH CBOE TIOHNMAaHNE TIPON3BOACTBEHHOTO Ipoliecca. Y UeHbIMH
MIPEAJIOKEHO JIBA CTHIM30BAHHBIX ONMUCAHUS KAXJIOW IIEMH ISl TOTO, YTOOBI
(depmepsl 320l MHOTHE METOJIbI, CTOJIb XapaKTepHbIE ISl TPAJUIIMOHHON
e, 9To0H! (TIepe)yduThes TOMY, KaK BECTH X03SHCTBO IKOIIOTHIECKH 0e30-
MmacHbIM criocodom [31].

[Tpon3BOICTBO OPraHUYECKOTO CHIPS U ITPOJOBOIBCTBUS — ITO CTAOMIBLHO
Pa3BHUBAIOIINNCSA CETMEHT MUPOBOTO CEIIbCKOTO X03stiicTBa (+12,2% B rox, 94
mipa EUR B 2017 1) [21]. Opranndeckoe chIpbe M IPOJOBOILCTBHE 00Ja-
JIaeT BBICOKMM MOTEHIUAJIOM JUIsI MEXAYHAPOIHOM TOProBIU. YUeT JaHHOTO
(akTopa aKTHBM3HPOBAJ Pa3BUTHE IKCIIOPTHO OPUEHTHPOBAHHOTO OpPTraHU-
YECKOI'0 CEJIbCKOXO3SIICTBEHHOIO MPOU3BOJACTBA B ABCTpaiuu, ApreHTHHE
u Kurae [21, 34].

3a nocnenuue 20 e 00beM MHUPOBOTO PhIHKA OPTaHWYECKOH TPOIYKIIMU
BEIpOC Oonree 4eM B IATh pa3 u B 2018 romy, mo JaHHBIM HCCIIEIOBATEIbCKON
rxomnannu Ecovia Intelligence, noctur 97 mupa eBpo. Kpynueiiimum norpeou-
tenem siBisitorest CILA, Ha xoTtopble npuxonutces 42% r00aibHBIX TPOAAK,
3a HUMH cienyioT EBpocoros (39%) u Kuraii (8,3%) [27, 36].

Poccust noka 3anmmaet 0,2% MHUPOBOTO phIHKA OPTaHWIECKOH MTPOTYKIIUH.
OnHako 3a mocieiHue 15 et mpou3BoIUMBbI 00bEM B CTOMMOCTHOM BBIpaKe-
HuH BbIpoc B 10 pa3: ¢ 16 miH eBpo B Hauane 2000-x romgoB 10 160 MitH eBpo
B 2019 roxy. ITo onenkam sxcrepros, Poccust k 2030 roxy MoxeT 3aHATH 3-5%
MHPOBOTO PHIHKA OPraHMYECKON MPOAYKIMH, YTO MO3BOJIUT CTATh OJHUM U3
nuaepoB oTpaciy. HecMoTpst Ha 3T0, CIIPOC Ha OPraHUYECKOE ChIPhE U NMPOAO0-
BOJIbCTBHE MPEBBINIACT MpPEATIOKEeHNE. BeeacTBue 3Toro moaaepKuBaeTcs u
BBICOKasl peHTa0eIbHOCTB MPOU3BO/CTBA (B pa3BUTHIX cTpaHax 20-50%, B Poc-
cun 110 200%) [21]. HecMoTpsi Ha 5KOHOMUYECKHE BBITOIBI, IIEPEXO0]] HA HOBBIE,
OpPTaHHYECKU OPHECHTHUPOBAHHBIE CIIOCOOBI CENbCKOXO3SHCTBEHHOTO MPOU3BO/I-
CTBa JI0CTaTOYHO PHCKOBAHHO M TPEeOyeT OT MPOM3BOANTENS (hOPMHUPOBAHNUS
HOBBIX KOMIICTEHIIMI BO BCEX 3JIEMEHTAX LETOYKH CO3/1aHHsl CTOMMOCTH — OT
TEXHOJIOTUH 3eMJIEAEIINS 10 PHIHOYHBIX HHHOBALIUM.

B Poccun cripoc Ha opraHndeckoe ChIpbe U IPOAOBOJILCTBHE HA ME30YPOB-
HSIX Taroke ObicTpo pacret (+22% B rox, okono 150 mun EUR) [21, 34]. Tak,
BHYTpeHHUH peiHOK Poccuiickoit denepannu nMeeT 3HaYUTEIbHBIN NOTEHIIHAT
pocra — Poccus obnagaeT HU3KOH CTOMMOCTBIO TPYIOBBIX PECYPCOB, TOCTYTI-
HOCTBIO OPTAaHWYECKHUX YIOOPEHMH, 3aI€KHBIMU 3€MJISIMH, TIPUTOJHBIMHA JUIS
OPraHUYECKOTO 3eMIICAETHS.
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IIpou3BOACTBO OPraHUYECKON MPOMYKIMH — OJMH U3 HanboJee JMHAMUY-
HO Pa3BHBAIONINXCS CETMEHTOB B MHPOBOM CEIBCKOM X03sicTBe. 1o orenke
SBS Consulting, Temr pocta mOTpeOICHNSsT OPTaHUKH BIBOE MPEBEIIIACT POCT
PBIHKA [TPOJIOBOJIBCTBYS B LIEJIOM. B Oimkaiiiiue rojsl pplHOK OPraHn4eCcKuX
MPOTYKTOB MPOJOIDKHUT €XKErOTHBIN pocT B cpenHeM Ha 15%, mpornosupyer
MexayHapoaHast hemepanus OpraHIIeckoro ceabckoro xo3siictea (IFOAM)

OxoHOMHYECKH 3()(PEKTUBHOE MPOU3BOJICTBO U COBIT OPraHUYECKOTO Chl-
pPBSl M IIPOJIOBOJIBCTBUS MPeIonaracT KOOPAXHAIIMIO MEXKTy BCEMH AJIEMEH-
TaMU IIeTH MOCTaBOK [5, 13]. YpoBeHb M BHIBI KOOPIWHAIINK W WHTETPAIIH
MEXKITy PAa3TUIHBIMU JIEMEHTAMH MOTYT MCHSTHCS B 3aBUCHMOCTH OT MECTa
(hopMUpPOBaHUS JIOTIOTHUTEIBHON MUIEBOM IEHHOCTH OPTaHMYECKOTO CHIPBS
U TIPOAOBONILCTBUSA [23, 26].

Kanans! cOpITa Opranmyeckoii IPOXyKIUH MOTYT OBITh Pa3IMIHbI, B TOM YHC-
JIe IpSIMBbIE PO3HIYHBIE IPOJIA’KH, CPETHEOITOBBIE M MEJIKOOIITOBBIE ITPOAAXKH, a
TaKKe KpynHbIi ont. [1o HaleMy MHEHHIO, Ha Ha4uaJIbHOM 3Talle IPOU3BOJCTBA,
TIPH e1Iie He3HAYNTEIFHBIX TPOU3BOJICTBEHHBIX 00BEMaX OPraHNIECKOH IPOTyK-
LI1H, ONITUMAJILHON TIPEICTABIISCTCSI CXEMa TPSIMOTO MapKETHHTA, WITH ITPSMBIX
PO3HHYHBIX TIPOJIAXK YePe3 HaXOSIINECs PSIIOM Mara3uHbl, NEPEABUKHBIE TOP-
TOBBIE TOYKH, HA arPOPBIHKAX OIMM3JIe)KAIINX HACEICHHBIX MTyHKTAX, a TAaKXKe Ha
BBIC3THBIX CIICIIHATN3NPOBAHHBIX pMapKax U BbIcTaBKax [10].

[Ipsimast mpoaka OpraHUYECKUX MPOIYKTOB IMUTAHUSI UMEET JOCTATOUHO
npeumyinecTs. [loaToMy peann3arus NpogyKIMK BO3MOXKHA TaKe IPU HeOO0IIb-
IIUX TIPONU3BOJICTBEHHBIX 00beMax, PSMOI KOHTAKT MEKIY MPOU3BOTUTEIEM U
TIOTpeOUTENEM ITOpa3yMeBaET YCTAaHOBICHUE CTA0MIBHBIX MAPTHEPCKUX OTHO-
IICHUH; TOProBas Mapka MECTHBIX POM3BOUTENEH, Kak Hanpumep, «Opranu-
YECKUE MPOLYKTHI AJTas», ABISETCS XOPOILIEH peKJIaMON U BBI3bIBAET HHTEPEC
moTpeOuTeNei, a rudKas IIeHOBAast MOJTUTHKA, YIUTHIBAIOIIAsI PEIHOYHBIE YCITO-
BUSI, ITO3BOJIUT CO3/IaTh CTAOMIIBHBIN CIIPOC Ha OpraHn4ecKue MpoayKTsl. [Ipu
Oonee KpyMHBIX 00BEMax MPOU3BOJACTBA U MepepabOoTKU OPraHMYECKON Mpo-
QYKIWAW TeTIeco00pa3HbIM MPEACTABISACTCS NCTIONBb30BaHIEe MHHOBAIIMOHHBIX
LIU(POBBIX TEXHOJIOTUH 1151 (hopMupoBaHUst 3Q(PEKTHBHBIX LIENEH TOCTABOK,
Ha JIa)Ke B CXeMax MPSMBIX TPOJIaXK IPUMEHEHUE TEXHOJIOTUH OJIOKUeHH Oyaer
3¢ GEKTHBHO, T.K. yIaCTHUKHA CMOTYT BHOCHUTB U OTCIIC)KUBATh JaHHBIC O IIEHE,
MECTe TPOM3BOICTBA M TEKYIIEM MECTOMOIOKEHIH MPOAYKITUH, €€ KaueCTBe,
cepTu(UKaLUK U Jpyrue HeoOXoAuMBbIe cBesieHust. [Ipr 9ToM MOXKHO OonTUMH-
3UPOBATH CUCTEMY JIOTUCTHUKHU OpFaHHqCCKOﬁ MMPOAYKIIUHU, MUHUMU3UPOBATH
PHCK TTOCTaBOK HEKaYeCTBEHHON W MOAENBHON MPOMYKIIUHU, TOBBICUTH TIPO-
3pavyHOCTh CJIEJIOK.
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C yBeJMYeHUEM ITPOU3BOJICTBEHHBIX 00bEMOB IIPON3BOJICTBA U I1EPEpadoT-
KM OpPraHN4ecKON MPOIYKINHU KaHaJIbl CObITA MOCTENIEHHO PACHIMPSIIOTCS 10
YPOBHSI MEJIKOTO M CPETHETO OIITa, a 3aTeM JI0 YPOBHS KPYIMHOONTOBBIX ITPO-
JlaK, B TOM 4HCIIE MPEINoaaraeTcsi CUCTEMa TOCY/1apCTBEHHBIX 3aKYyIIOK Op-
TaHUYECKOTO MPOAOBOIBCTBHSA, HA JAHHOM 3Tare BO3MOXKHO (hOpMHUpPOBAHKE
LIeTIeH TTOCTaBOK ¢ MPUMEHEHNEM MHHOBAIMOHHBIX IN(POBBIX TEXHOIOTHIL, B
T.4. OJIOKYEHH.

B mpouiecce uccienoBanus O 000CHOBAHBI MPHHIIUITBI YIIPABICHHS LETIsi-
MH [TOCTAaBOK OPTaHWYECKOI MPOYKIMH B IPOJJOBOIBLCTBEHHOH CHCTEME PETHOHA!

— Koraa croumocTs Mpou3BOAMTCS B IEPBUYHOM ITPOU3BOACTBEHHOM ITPO-
necce, TpedyeTcs KOOpAMHAIMS MEX/y NOCTaBIIUKAMU BXOIHBIX IIe-
rnouek, pepMepaMu U MEPBUUHBIME MEPEePadOTINKAMH OPTaHHYECKOTO
CBIPBSl ¥ IPOJOBOJIBCTBHSI.

— Korna croumocts no6aBnsieTcst B cermeHTe nepepaboTku, Tpedyercs
KOOPMHALIMS MEXTy TIOCTaBIIMKaMH OPTaHHUYECKOTO CHIPhS U Iepepa-
6oTtunkamu. [Ipu co3maHuy TONOTHUTEIHHOHN CETH B cepe TUCTpuoy-
LIUH, PO3HUYHOM TOPTOBIIN TpeOyeTcsl BEICOKas CTETICHb KOOPIUHALINT
JeHCTBUI MeXly epMepaMu, nepepadoTYMKaMy U POZHUYHBIMHU TOP-
TOBI[AMH OPTaHUK IPOLYKLINH.

— Hakownern, korjja IEeHHOCTh ONPENENAETCSI B CEKTOPE TIOCTABOK OPraHu-
YECKOTO ChIPbsI ¥ MPOOBOJILCTBHS U UACHTUUHOCTh IPOAYKIUH TOJKHA
HOJZICPIKUBATHCSL HA PA3JIMYHBIX YPOBHSX LIETIOUKH ITOCTABOK, HEOOXO-
JMMa KOOPAMHAINS MEXIy MHOTUMH Pa3IMYHBIMUA YYaCTHUKAMH IIe-
MTOYKH MOCTABOK, BKIIFOYAsl TOCTABIINKOB CHIPbs (HalpuMep, ceMeHa
WU IIJIEMEHHOE TI0TOJIOBLE KUBOTHBIX ), epPMEpPOB, BIIAICIIbLEB Mepe-
pabaThIBAIONINX MPEAPUSTHN U JIOTHCTHUECKUX LIEHTPOB, PO3HUYHBIX
nponasuoB. Ha ganHoM 3Tare rienecoodpa3sHo NpUMeHeHNEe HHHOBAIH-
OHHBIX IIU(POBBIX TEXHONOTHH [12].

[Mupoxoe npumeHeHne TexHonoruii 6nokueitn B AIIK moxet ObITh JOCTHT-
HYTO IyTE€M BKJIIOUEHHS M aApPECHOTO ()MHAHCHPOBAHUS JAHHOTO HAIpaBiie-
HUSI B TOCYapCTBEHHbIE TPOrpaMMBbI I(PPOBU3ALIMH SKOHOMUKH. [IprMeneHne
TEXHOJIOTMH OJIOKYEHH B LIEMH MOCTABOK OPTaHUUYECKON MPOAYKIIUH TO3BOIUT
CHHU3UTHb PUCKH; COKPATHThH TPAH3AKIMOHHBIEC M3/ICPKKHU, UCKIIOUHMB JINIITHUX
TIOCPEHNUKOB; YIIPOCTUTH MPOLEAYPY CepTH(UKAINN OpraHNIeCcKOi MpOITyK-
LUK, TIPEIOTBPATUTH (abCH(UKAUN OPraHMYECKON MPOYKINH; NOBBICUTh
9P PEKTUBHOCTD M CKOPOCTH LIEMOYEK MMOCTABOK; M 00eCIeuynTh HHPOPMHUPO-
BAaHHOCTH HOTPEOUTEISI O KAUECTBE M MECTE MPOUCXOXKIACHHS OPraHUIECKON
MIPOAYKIHH.
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OO0cy:kneHue

Takum 00pa3zoM, Kak ITOKa3bIBAET MPAKTHKA TOCIIEIHUX JIET, BOIPOCHI Pa3-
BUTHUSI OPTaHUYECKOTO CEJIbCKOTO XO3SHCTBA JOCTATOYHO aKTyalbHbI U 3HA-
YUMBI, 0COOCHHO B arpapHBIX PeTHOHAax, a (OPMHUPOBAHKE IIETIeH TOCTaBOK
OpPraHWYeCKON NPOAYKIMU C IPUMEHEHNEM COBPEMEHHBIX IH(POBBIX TEXHO-
JIOTHH, B YaCTHOCTH OJIOKYEHH MO3BOJIMT COKPATHTH CPOK IIOCTABKH OpraHnye-
CKOH IPOIYKIIMH «C MOJISI Ha cTo». [lapaniensHo ¢ pa3BUTHEM OPTraHUIEeCKOTO
CEITbCKOTO XO3SIHCTBA PELIAI0TCSI COIMAIBHO-3KOHOMUYECKHE 33/1a4l PETHOHA.
«[Tocrenennas nepeopreHTAaINsI HA BEICHUE OPTaHNUECKOT0O CEIIbCKOTO XO35IH-
CTBA U MMPOU3BOJICTBO HKONPOIYKTOB Kak MPEMUYM CETMEHTA, B CO3/1aHUE KOTO-
POTO BOBJIEUEHBI. .. CEIbCKOE HACENICHUE. .. [TO3BOJISIT JOCTUYb YCTOWYNBOCTH U
s¢dexruBaocTn pynkmonnposanust AITK pernona n obecnednts focToiHOE
KaueCTBO U YPOBEHb *KHM3HU CEJIbCKOro HaceseHus» (Ctparerus conuanabHO-3-
KOHOMHYECKOTO pa3BUTHs AnTaiickoro kpas 1o 2035 roga).

ITocrosaHbIe TpaHchopManny Ha IIOOATBHBIX PHIHKAX OPraHUYECKOTO
CBIPbSI U IIPOJIOBOJIBCTBUS, HHHOBALIMOHHBIE TEHACHIUH B PA3HBIX CEKTOpax
arpoIpoMBIIIJIEHHOTO KOMIUIEKCA MPECTABISAIOT CI0KHYI0 MHOTOYPOBHEBYIO
3aady A oTpeduTeneil, mpon3BOANTENEH, TepepaboOTINKOB U PUTECHIICPOB,
COCTABJICHHYIO M3 MHOXXECTBA JJIEMEHTOB. YCIEX HA PBIHKE OPTraHNYEeCKOTO
IIPOJIOBOJIBCTBHS — 3TO YIOBJIETBOPEHUE TEKYIIMX U OYITyLIIMX MPEIITOYTEHHUM
NoTpeOuTeNIeH, YeTKOEe TOHUMaHKHE BEKTOPOB PA3BUTHS IIUIIIEBOM MPOMBIIILICH-
HOCTH U, KaK CJIC/ICTBUE, YIIOBJIETBOPEHUE BOSHUKIIIETO CIIPOCA.

depmepsl, TpeAnpUATHS TepepaOOTKN 1 TPON3BOIUTENIN OPraHMYECKOTO Chl-
PbsL ¥ IPOJIOBOJILCTBHSL, TOHUMAsl YHUKaJIbHOCTh 1 OCOOCHHOCTH OpraHW4eCcKOn
MIPOIYKIIUH CTApAIOTCA MepeaaTh HHPOPMAIHIO 00 3THX 0COOEHHOCTSAX CBOMM
norpedurernsiM. [Ipon3BoanTeNnn KOHEYHON OPraHNYECKON TPOTYKIMHN JIOIKHBI
OBbITh YBEPEHBI BO BCEX YYaCTHUKAX ITPOJJOBOJILCTBEHHOM HIEIIOYKH — CETBCKOX0-
3IMCTBEHHBIX TTPOU3BOAUTEIIAX OPTaHUYCCKOTO IMTPOJOBOJILCTBUSA, ITIOCTABIINKAX
YCITyT, HEOOXOIUMBIX AJIsI POM3BOJCTBA OPTaHUIECKUX ITPOLYKTOB.

Ota KOHPUTYpaLHs YIaCTHUKOB LIETTOYKH IIOCTABOK OPTaHWYECKOTO CHIPBS
" ITPOAOBOJILCTBUA YCIOXKHACT pas3ACICHUC I/IH(I)OpMaHI/IOHHLIX IIOTOKOB U KO-
OpAUHALIMIO IEUCTBUM, KOHTPOJISI OPraHUYECKON MPOIYyKLIUHU U IPOBEPKU €€
KadecTBa. /laHHBIC YCIOBUS YCIOXKHSIOT Nepeiady HH(OPMAIMU O CBOIMCTBaxX
U XapaKTepHCTUKax TOBapa, KOTOPhIe HE MOTYT OBITh ONEPaTUBHO Npe/IBapH-
TENILHO MPOBEPEHBI 10 MOMEHTA ITOKYIKH U MOTPEOICHUS OPTraHUUECKOTO Chl-
pbst ¥ IpotoBONIbCTBUS. ClioKHasi KOH(PUTYpanys WICHOB IIEMOYKH ITOCTABOK
OPraHWYECKOTO CHIPBS M MPOIOBOJILCTBUS YCIOKHSICT HH(POPMAIIMOHHYIO CO-
CTaBJISIIOLLYIO, @ TAKXKE KOOPIMHALUIO NEHCTBUN, KOHTPOJIb Ka4eCTBA IPOLYK-
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uu, NMOAACPIKKY MHUIHUATUBBI YHACTHUKOB HETIOYKHU ITOCTABOK, OGCCHelIeHI/Ie
CIIPaBETMBOTO U 3(PPEKTUBHOTO pactpeesieHus 3aTpaT 1 MPUObLTH. PermmTh
JIAHHBIE ITPOOIEMbBI BO3MOYKHO Ha OCHOBE MPHUMEHEHHUS] HHHOBAIHOHHBIX 1TU(-
POBBIX TEXHOJIOT A, KOTOPBIC TIOCTEIICHHO MPOHUKAIOT BO BCE C(HEphI arpompo-
MBIIIIJIECHHOT'O ITPOU3BO/ICTBA, nepepa60TKH " p€ajin3ali IpOaAYKIIUH.

3aki04ueHue

Pa3BuTHE KOMIUIEKCHBIX PEIICHHH 110 0003HaYE€HHBIM POOIeMaM CIIoco0-
CTBYIOT (DOPMHPOBAHHIO PAa3BUBAIOIIETOCS ITI00ATFHOTO PHIHKA OPTaHIMYECKOTO
CBIPbSL U IPOJIOBOJILCTBUSI, BIIMSISL HA MOZIENIM arpoIlipOU3BOACTBA, paclpeaese-
HUE JJOXOJIOB U 3aTPaT, BHEIPEHHE MHHOBAINI, IU(PPOBU3ALIUIO, SKOJIOTU3AIHIO
ctepnr AIIK, pa3BuTHEe SKOHOMHUKH.

Bce BblienepeuncieHHOE BO3MOXKHO NP JTOJHDKHOM YPOBHE KOOPIMHALMU
YYaCTHHUKOB U 3()(PEKTHBHOM OpraHU3aIMOHHO-3KOHOMHYECKOM MEXaHHU3Me Io-
CyZIapCTBEHHOW MOAJIEPKKN U CONEHCTBUS Pa3BUTHIO CEJILCKOTO XO31CTBA, Ha-
[IPaBJIEHHOM Ha IIPOU3BOJCTBO OPraHUYECKOIO ChIPbS U MPOLYKTOB IUTAHUS,
YTO SIBJISIETCS B)KHOM YaCThIO CTPYKTYpbl BHYTPEHHETO PhIHKA POIOBOJILCTBUSI.
JanpHeiimas udpoBU3aIHs CEbCKOX03HCTBEHHOTO MTPONU3BOJICTBA U IIepepa-
0OTKH OPraHMYECKOM MPOIYKIMHN C IPIMEHECHHEM TeXHOJIOTHH OJIOKYESHH TOBBICHT
TIPOZOBOJIECTBEHHYTO OS30ITaCHOCTH H SKOHOMHYECKYIO 2(P(hEeKTHBHOCTH OTPACITH,
00eCIIeunT NPO3PaYHOCTh OM3HEC-TIPOLIECCOB, a TAKKE CHU3UT PHCK Heorpese-
JICHHOCTH TIPY JIOCTWKEHHH Lienelt ycroituusoro pa3sutus AITK pernona [32].

HNudopmanust o kondankre narepecoB. KOHQIUKT HHTEPECOB OTCYT-
CTBYET.

HNudopmanus o cnoHcopcTBe. PaboTra BeImoHeHa TPH (GUHAHCOBOM TOJI-
nepxke Poccuiickoro HayaroTo oHma (ipoekT Ne 22-28-20177) «Konnenmus
Pa3BUTHSI OPraHUUECKOTO CEJILCKOTO X035HCTBA KaK 3JIEMEHTa YCTOWUUBOIO CO-
[IUATHHO-DKOHOMUYECKOTO Pa3BUTHSI CEJIBCKUX TEPPUTOPHIA, B T.4U. B yCIOBUSIX
TTOCTITaHAEMHU
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OCOBEHHOCTH IMOKA3ATEJIEN
INEPCTHOM NPOJAYKTUBHOCTH TYBUHCKHX
KO3JI0B B 3ABUCUMOCTH OT BO3PACTA

PIII. Hpeum, A.A. Xodycos, M.E. Ilonomapesa,
C.H. Ounoap, PIII. Canovipvin, M.U. /lonzax

Cmpamezusi cOXpaneHust 2eHeMuUUecKo20 pasHooopa3us NOOPa3yMeeaem Kyib-
MUBUPOBAHUE YHUKATLHBIX aDOPU2eHHbIX NOPoO dcugomuuix. Tyeunckue epyoo-
wepcmubvle KO3bl AGNAIOMCA OMHOCUNETbHO MHO2ONIOOHbIMU, YMEPEHHO CKOPO-
cnenvimMu, U, Kpome xopouieti MACHOU NPOOYKMUSHOCMU, 001a0aom YHUKATbHbIMU
XO3ANUCMBEHHO NONE3HLIMU NPUSHAKAMU — OYeHb MOHKUM HYXOM.

Lenv uccnedosanus — gvisgaeHUe 803PACHBIX 0COOEHHOCMmel MOppoMempu-
YecKux noxazamenell wepcmmo2o noKpoea mySuHCKUx 2pyoouepCcmHuulx Kosnos
U KO3MUKOG C NPUMEHEHUEeM ONMUYEeCK020 AHAU3Amopa OUamMempa uepCmHuix
sonokon OFDA — 2000. Hccrnedosansvl 006paszysl uiepcmu my8UHCKUX KO3JL08 803~
pacma cmapuie 3 nem (n=14) u xosnuxos eospacma 18 mecayes (n=20). [nu-
HA NYX080U 30Hbl WEPCMU Y KO3106 U Ko31ukoe cocmasnsem 5,14+0,33 cm u
4,45+0,15 cm coomeemcmeeHHo, 001 NYX08blX 8010C (Ouamemp meHnee 30 MKm)
6 wmanene — om 85,0+1,23% oo 87,37+1,34%. Koauuecmeo nepexooHvix 6010¢
naxooumces Ha ypogue 3,85+0,82—4,62+0,65% (Cv 62,51-79,90%). C sozpacmom
¥ JHCUBOMHBIX NPOCMAMPUBAEICA MEHOEHYUS K 02pPYONIeHUI0 80JI0KOH, 00 JMoM
ceudemenbcmeyem Kak cmeujerue nuka cucmoepammol ¢ 16,20+0,40 mxm y koznu-
K08 K 17,43%0,43 micm y k03108, mak u cooepaicanue 6 CmpyKkmype uepcmu 8010c,
OMHOCAWUXCS K OCIU (Wepcmb KO37108 cooepaicum 8 7,2 paza 6onbue 6010KOH ¢
ouamempom donvute 90 mrm).

Cuumaem, umo npu cenexyuu mysUHCKUX K03 051 NOAYYeHUsl GbICOKOKAYe-
CMBEHHO20 NYXA ¢ HAUMEHLULUM OUAMEMPOM GOLOKOH, NOMUMO OUHBL NYXA U €20
ouamempa, Heobxo0umo ocoboe HUMAHUE YOeNAMb HATUYUIO 68 WEPCU B8010C
nepexoonozo muna (30,1-52,5 mxm).

Kniouesvie cnosa: mysunckue Ko3vl, MOHUHA NYXA, NYXO6ble KO3bl, YPAGHEH-
HOCMb MOHUHBL NYXA
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Jna yumuposanusn. Upeum PIII., Xooycoe A.A., [lonomapesa M.E., Onoap
C.H., Canbwipvin P11, [loneax M.H. Ocobennocmu noxasameret uwepCmHou npo-
OYKMUBHOCIU MYBUHCKUX KO3JL08 8 3asucumocmu om éospacma // Siberian Journal
of Life Sciences and Agriculture. 2023. T. 15, Ne3. C. 119-138. DOI: 10.12731/2658-
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Original article | Animal Husbandry

INDICATORS OF DOWNY FIBER DIAMETER
OF TUVA MALE GOATS DEPENDING ON AGE

R.Sh. Irgit, A.A. Khodusov, M.E. Ponomareva,
S.N. Ondar, R.Sh. Salbyryn, G.L. Oyun

The strategy for the conservation of genetic diversity involves the cultivation
of unique native breeds of animals. Tuva coarse-haired goats are relatively pro-
lific, moderately early maturing, and, in addition to good meat productivity, have
unique economically useful traits — very thin fluff. The purpose of the study was to
study the productive indicators of Tuva coarse-haired goats and goats to identify
age-related features of the morphometric parameters of the coat using an OFDA-
2000 optical analyzer of the diameter of wool fibers. 18 months (n=20). The length
of the down is 5.14+0.33 ¢cm and 4.45+0.15 c¢cm in goats and goats, respectively.
The proportion of downy hair (diameter less than 30 um) in the staple ranges from
85.0+1.23% to 87.37+1.34%. The amount of transitional hair is at the level of
3.85+0.82-4.62+0.65% (Cv 62.51-79.90%). With age, the animals tend to coarsen
the fibers, this is evidenced by both the shift of the histogram peak from 16.20+0.40
um in goats to 17.43+0.43 um in goats, and changes in the structure of hair relat-
ed to the awn ( goat wool contains 7.2 times more fibers with a diameter of more
than 90 microns), We believe that when selecting Tuva goats to obtain high-quality
down with the smallest fiber diameter, special attention should be paid, in addition
to the length of the down and its diameter, to the presence of a transitional hair
type (30.1-52.5 um).

Keywords: tuvan goats; fur fiber diameter, downy goats; uniformity of fur fiber
diameter
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Brenenne

OnxuM u3 Hambosee aJaNTHPYEMbIX BUIOB CKOTA HA BCEX KOHTHHEHTAX
SIBIISIFOTCSI KO3bI, MUPOBas MOMYJISIIUSA KOTOPBIX HacuuThIBaeT 800 MUIIIMOHOB
rosioB 1 560 mopoz, uto coctangeT 12% ot ob11ero yucna 3aperucTpupoBaH-
HBIX ITOpo MiteKoruTaromux [ 15]. B Poccuu 1o 9nciieHHOCTH KO3 TIepBOE Me-
cto 3aHnmaeT Pecry6imka TyBa, 0CHOBHOE IIOTOJIOBBE KOTOPBIX IIPEICTABICHO
COBETCKOH IIEPCTHOM MOPOI0H U MOMySSIUAMU MECTHBIX TYBUHCKHUX Ipy0o-
mepcTHEIX ko3 [18]. Ha ocHoBanmm ma(popManmn, coOpaHHOH B KHUTAX ydeTa
aJIMUHHCTPAINN TTOCEIIKOB, YHCICHHOCTD TYBHHCKUX TPyOOIIEPCTHBIX KO3 B
2019 rony onpenenena Ha yposHe 7200 rosos [4].

B cenexkunoHHOM MpoIecce CyLIeCTBYET IPOTUBOPEUNE MEKAY TCHACHIIN-
eif 0TKa3a OT yHUKAJIbHBIX Ka4eCTB A0OPUTCHHBIX JKUBOTHBIX B ITOJIb3Y BBICO-
KOIIPOJYKTHBHBIX CIICIIMAIN3UPOBAHHBIX MOPOJI Oarogapsi HHTCHCU(HUKAIIH
JKUBOTHOBOJICTBA U TOHUMAaHHEM HEOOXOTUMOCTH CTPATErHU COXPAaHEHHUS Te-
HETUYECKOT0 Pa3HO00pa3usi BHYTPHU MOPOA M MEXKTy HUMH, UTO MTO3BOJISET U3-
OexaTh JanbHEHIIeH yTpaThl TeHETHYECKUX pecypcoB [23]. YennuBaronuiics
0TOOp B MECTHBIX MOMYJISIIUSAX, COPOBOXKAAIOIINIICS CTaHAapTU3aIMe TpH-
3HAKOB, CEPbE3HOE COKPAIIEHHE HEKOHTPOIMPYEMOTO PA3MHOKEHUSI CPEIIH 110-
pox, IPUBOINUT K (hparMEeHTAIIH NCXOIHBIX TeHOPOHIOB [25].

[TomuMo TOTO, YTO AOOPUTEHHBIE KO3bI HENPUXOTIMBBI K YCIOBUSIM KOPM-
JICHUS U COZICPKAHUS U JTyUIlIe APYTUX )KUBOTHBIX UCITIONB3YIOT CaMble TPYIHO-
JOCTYTIHBIC TOPHBIC TTACTOMIIA, YIOTPEOss MIPH 3TOM OOJBITHHCTBO TPYOBIX
KOPMOB, OHH SIBJISIFOTCS OTHOCUTEIBHO MHOTOIUIOAHBIMU U YMEPEHHO CKOPO-
crnesbivu. [Ipu aTOM, Kpome Xopouiei MSICHOU IPOYKTUBHOCTH MECTHBIE KO3bI
0051aJat0T YHHKAJIbHBIMH XO35IHCTBEHHO TTOJIE3HBIMU IPU3HAKAMHU — OUEHB TOH-
KHUM ITyXoM [16]. OTu kauecTBa NPOSBISIOTCS U B cKpenuBaHun. Cpenu nomec-
HBIX JKUBOTHBIX, ITOJYYEHHBIX OT CKPEIIMBAHUS aDOPUTCHHBIX KO3 C KO3JIaMH
COBETCKOM LIEPCTHOW MOPOABI, BBIACIAIOT IPYNIIbI ¢ IOJIYTOHKOW U MOIYIpy-
0011 WepCThIO, IIPU STOM TOHMHA IIEPCTH y MOMECHBIX KO304YEK HAXOAUTCS B
npeaenax 28,2+1,3 — 28,0+1,5 mkm, a y ko31auKoB oT 26,2+1,3 no 31,1+1,3
MKM [13, 14].

PazBenenne ko3 I TMOMyYEHUs ITyXa SBISETCS HanOOIee SKOHOMUYECKH
000CHOBaHHBIM, €CIIM AWAMETP BOJIOKHA MeHee 19 MKM, Takoi myX Kiaccu-
¢unmpyercst kak kamemup. Cambiit ToHKHH 1yx (14,5 — 17,0 MxMm) siBisieTcst
OTJIIMYUTENBHON uepToii abopureHHbix ko3 llentpanpaoit A3uu [19]. Cambrii
JIOPOTOif TMyX MOIydaroT oT ko3 noponasl Yanrranru (Changthangi), on nmeer
cpenuuii quamerp 10-14 MKM, 94TO 00YCIIOBICHO B TOM YHCIIE YCIOBUSIMH CO-
JiepKaHUsA KUBOTHBIX: BBICOTA MACTOMIIHBIX YTOAUHM HaZ yPOBHEM MOPS U UX
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Ka4eCTBO, XOJIOHBIH 1 3acynutuBbIi kiumar (3700-4500 M Hax ypoBHEM MOps
1 3HAYUTENIBHBIC CE30HHBIC M CYTOYHBIE KomebaHus TeMmepaTrypsl — ot 35°C
1o -40°C) [24].

ITo mawueiM Masoni, .L. [21], Bce 3HaYMMBbIe TOPOABI KO3, OT KOTOPBIX
MOJTyYaroT KalleMup, IpUHAAIeKaT K OMHON TPyIIe, Ha3bIBaeMOW CpeaHea-
3uarckuMu ko3amu. [To manasM Bekeroa C.B. ¢ coaBTOpamMu, MOMyJISIIAA
TYBUHCKOW MECTHOM KO3bI TEHETHYECKH JEIUTCS MEXIY JIBYMSI OCHOBHBIMHU
IpYIIIaMH, B OTHOW U3 KOTOPBIX 00BEMHEHBI TPEUMYIIECTBEHHO MOHTOJILCKHE
abopuTeHHBIE TIOMYISINH, a B IPyTON — CpEeAHea3naTCKIe Mopoxasl [S].

[Tpu 5TOM HEOOXOANMO OTMETHTB, YTO TOHMHA ITyXa SIBISIETCS HE TOJIBKO I10-
POZIHBIM NIPU3HAKOM, HO U BO MHOTOM 3aBHCHUT U OT YCJIIOBHI KOPMJICHUS, BO3-
pacra, nmoja u pU3noIOrHIEeCKOro coCTosIHUsI )KUBOTHBIX [ 10]. Tak, Hanpumep,
Y KO3 aJTalCKoi 0e0ii yX0BOl TOPO/IBI BEISIBIIEHBI BO3PACTHBIE 0COOCHHOCTH
TOHUHBI ITyXa — JAaHHBIN MOKa3arens B Bo3pacte | rox cocrasmsger 18,5+0,25
MKM, a Y B3pOCHBIX )KUBOTHBIX — 20,9+0,37 mMxm [3, 7].

B uccnenopanusix Ilerposa H.W. ycTaHOBIIEHO, UTO KOPPENIALIMOHHAS CBSI3b
MEXKTy Ha4€CoM IyXa U ero JJMHoi cocTasiseT 0,76, MEK Iy TOHUHON ITyXOBBIX
BOJIOKOH M Hau€coM myxa — 0,82, Mex Ty ATUHON M TOHUHOMN ITyXOBBIX BOJIO-
xoH — 0,91. V K03, UMEIOImUX BBICOKYIO IIYXOBYIO MIPOTYKTUBHOCTD, ITyXOBBIC
BOJIOKHA OoJee JUIMHHBIE W TPYObIe 10 CPAaBHEHUIO ¢ HU3KOIPOIYKTHBHBIMU
JKUBOTHBIMH, ITyXOBBIE BOJIOKHA Y KOTOPBIX KOpoue U ToHbIe [11].

B uccnenosanusix [lannna B.A., 2022 Obi1a ycTaHOBIIEHA 3aBUCUMOCTb TO-
HUHBI ITyXa OT THIA IIEPCTHOTO TIOKPOBA y KO3 OpeHOYyprckoi mopoasl. Y Ko3
C JUIMHHOM OCTBIO M 3HAYNTEIHHO MEHBIIEH JITMHOW MyXa ANaMeTp COCTaBHII
15,95+0,27 MKM, eciu IyX 1O JUIHHE paBeH OCTH UM HE3HAUUTEIbHO YCTyaeT
et o 17,55+0,3 1 MKM | B rpyTIIie )KUBOTHBIX, Y KOTOPBIX ITyX IIEPEpacTaeT OCTh
u obpasyeT kKocupl — 18,05+0,23 MKM, TIPH ATOM >KUBOTHBIE TPETEH TPYITIHI
uMeroT Hau€ce myxa Ha 34,9% Oolbliie, M0 CPaBHEHUIO C IepBoii [9].

[TonoxuTenpHOE BIUSHUE HA TOHWHY ITyXOBBIX BOJOKOH OKa3bIBaeT cba-
JAHCHPOBAaHHOE KOpPMJICHHE KO3, TaK JOOABJICHHE B PallMOH B Bo3pacte 4-6
MeCsIIeB, MCTHOHUHA B KonmdecTBe 11 Mr Ha ron/cyT, u B 12-18 Mecsies ¢e-
JIylieHa, MO3BOJISAET IMOIyYUTh OT )KMBOTHBIX ITyXOBbIE BOJIOKHA TOHBIIE Ha 0,9
MKM B Bo3pacTe 10 mecsreB u Ha 1,4 MKM — B Bo3pacTe 19 mecsres, yem npu
0OBIYHOM MHUTaHUU [9].

AnpmeeB U.A. ¢ coaBropamu [1] u npyrue aBTopsl [12, 17] coobmator
0 TMPUMEHEHUH ONTHYECKOTO aHaIM3aTopa JUaMeTpa HIEPCTHBIX BOJIOKOH
OFDA — 2000 a7t oIleHKH KadecTBa MEPCTH TP COBEPIICHCTBOBAHUH CEICK-
LIMOHHOM PabOTHI ¢ KO3aMH B YacTHBIX cTanax. CormiacHO UX JaHHBIM TOHHHA
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MYXOBBIX BOJIOKOH KBIPI'BI3CKHX ITyXOBBIX KO3 COCTaBIsAET B cpeaneM 19,6+0,3-
21,540,46, y xozomatok 17,5+0,32 — 18,5+0,33 MKM, B TO10BaJIOM BO3pacCTe
MyX Yy >KUBOTHBIX TOHBLIE — y KO3JIUKOB 16,8+0,33, y K0O304eK COOTBETCTBEH-
Ho 16,3+0,34 — 17,2+0,26 MkM. [[n1Ha MyXOBBIX BOJOKOH COCTaBIISIET ¥ KO3-
JIOB-TIPOM3BONIUTENEH B cpeareM 9,8 cm, ¢ konebanusimu ot 7,0 10 14,0 cm, y
KO30MaToK B cpemHeM 7,9 cm ¢ xonebanmsmu ot 6,5 1o 11,0 cm, y TogoBaibIx
KO304YEK COOTBETCTBEHHO 8,7 cM U 6,5-9,0 cMm. B cenekmoHHo-11eMeHHO! pa-
0oTe I YTOHEHUS ITyXa aBTOPbI PEKOMEH TYIOT UCIIOJIb30BaTh KO3JIOB-IIPOU3-
BOJHTENEH KAIIMHUPCKOTO THUIA MOHTOJIBCKON TTOPOJBI, €CTECTBEHHAS JTIMHA
IyXOBBIX BOJIOKOH y KOTOPBIX paBHA B cpeaHeM 4,6 cM, a ocTeBbIX — 7,0-8,8
cM, npu ToHuHe myxa 13,9+0,25 MxM.

MupoBoe mpou3BOJACTBO KaleMupa 1o cpaBHeHHo ¢ 1991 BrIpocno B 4
pa3a u coctamio 20000 ToHH. OCHOBHBIM MPOU3BOIUTEIIEM KallleMHUpa sB-
nsiercs Kuraii (70%), Ha Bropom Mecte Monronus (20%). OcranpHOE TIpo-
U3BOJICTBO KO3BETO ITyxa cocpenorodeHo B Mpane, Adranucrane, ObIBIINX
pecnyonukax CCCP, Munmm, Typoun u [lakuctane [20]. IIponsBoncTBo Ka-
IeMupa MOTJIO OBl CTaTh BaYKHOW OTPACIIBIO CEIILCKOTO XO3SIHCTBA, 0COOCHHO
B YCJIOBUSIX peciryOnuKy ThIBBI, ¢ €e OOIIUPHBIMHU TOPHBIMH, IPEATOPHBIMU U
TIOJTYITyCTBIHHBIMY MTACTOUIIAMHU, MAJIOTIOAXOJSIIMMU JUIs IPYTHX KUBOTHBIX.
B omy06imkoBaHHOMN JUTEpaType UMEETCS OTPBIBOYHBIE CBEICHHS O KaueCTBE
ITyXa TYBUHCKHX KO3 Pa3HBIX BO3PACTOB, paOOTHI O COOTHOILICHNUH B IITAIeNe
BOJIOKOH Pa3IMYHOTO THaMEeTpa MPaKTHYECKU OTCYTCTBYIOT. [loaTOMY BBIsABIIC-
HHUE 3aBUCHMOCTEH TOHMHBI ITyXa OT Pa3HbIX (PAKTOPOB, KAK TCHOTUITHIECKUX,
TaK ¥ MapaTHUITNYECKUX, SIBISIETCS aKTyaJIbHBIM M 3HAYMMBIM JUTS TIPAKTHKH.

esn uccnenoBaHust — M3yueHHUE NPOAYKTUBHBIX IIOKa3aTee is BbIABIIe-
HUSI BO3PACTHBIX 0COOCHHOCTEH MOP(POMETPUIECKNX MTOKa3aTeIeH MIEPCTHOTO
TTOKPOBA TYBUHCKMX KO3JIOB M KO3JIMKOB. JlaHHBIE NCCIIeJOBaHNS HEOOXOIMMBI
JUISL TIPOBEJICHHUSI TIOJTHOLICHHOM CEJIEKIIMOHHOM paOOThI B MOMYJISIUSIX TYBUH-
CKUX K03. [Ip1 9TOM M3yueHHe TOHMHBI 1 YPAaBHEHHOCTH IyXa C IPUMEHEHHEM
OIITHYECKOTO aHalI3aTopa AnameTpa mepcTHbIX BookoH OFDA — 2000, sBs-
eTcsl OJJHUM U3 Hanbosee 00bEeKTHBHBIX U HH(POPMATHBHBIX METO/IOB, TI03BOJISI-
IOLIMX BBISIBUTH, B TOM YHCJIE€ CTPYKTYPY BOJIOCSIHOTO ITOKPOBA.

Marepuajbl 1 METOIbI UCCIIEI0OBAHUS

OOBbeKTaMy UCCIIEIOBAHMS MOCIYXHIIM TYBUHCKHE a0OpPHUICHHBIE KO3-
JIBI-TIPOM3BOANTENHN B Bo3pacTe crapiie 3 neT (h=14) u peMOHTHBIE KO3TIHKH B
Bo3pacte 18 mecsie (n=20) u3 CIIIIK «Yyprait» Dp3uHCKOTO paifoHa, pacro-
JIO)KEHHOTO B IOT0-BOCTOYHOW yacTu PecnyOinkn ThiBa, Ha BBICOTE HAJl YPOB-
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HeMm Mops 1102 m. Knmumar B 7aHHON MECTHOCTH BEChbMa CYpOBBIM: B 3UMHMI
TIePUO, IUTAIHNCS okono 180 mHel cpemHss TeMIiepaTypa COCTaBIsIeT MUHYC
30°C u MmoxxeT noHMkarbest 10 Munyc 60°C, B IeTHUN NIepUoJ] TEMIIEpaTypa B
cpennem +18°C, a makcumanbHas +40°C.

V¥ sxuBoTHBIX B anpese 2021 roga Bo Bpemst OOHUTHPOBKH ObIIa H3MEpeHa
JKMBas Macca MyTeM WHIWBUAYalIbHOTO B3BEIIWBAHMA Hocie 15-uacoBoil ro-
JIOZIHOM BBIJIEPXKKHU ¢ TOUHOCTHIO 710 0,1 k. OOpasip! mepcT oTonpay ¢ 6oka
3a JIOTIATKOM, IIIEPCTh UCCIICA0BANIN C IPUMEHEHHEM ONTHUYECKOTO aHAIN3aTopa
muametpa BosiokoH OFDA 2000 B ma6oparopuu CraBpomonsckoro [AY [22].
JlnameTp BOJIOKOH ONpENEIIsUIN, Jeias cpe3, OTCTYNUB 5-7 MM OT HH3a IITa-
nienist. B mrranene Oblin poBeaeHbBl U3MEPEHUs €CTECTBEHHOM JUTMHBI ITyXa U
OCTEBBIX BOJIOC JJMHEMKON C TOUHOCTBIO 10 5 MM.

[Tpn m3ydennn Mop(hOIOrHYECKOTO COCTaBa MIEPCTH, BOJIOKHA pa3zieis-
i cornacHo 'OCT 2260-2006, Ha myx (cpenHsisi ToHuHA OT 5 110 30 MKM),
nepexogHoe BoJokHO (ToHHHa oT 30,1 mo 52,0 MKM) U ocTh (TOHHHA Gonee
52,1 Mxm). OCTh B 3aBHCHMOCTH OT TOHHWHBI TTOJIPA3ACIISUIA Ha BOJIOKHO TOH-
xoe (52,1-75,0 mxm), cpennee (75,1-90,0 mxm) u rpydoe (90,1 Mmxm u Goree).

Bce nonmydennsie 1pdpoBble TaHHBIE 00pa0dOTaIN P IIOMOIIY MTaKeTa CTa-
THCTHYECKOTo aHanu3a Microsoft Excel 2007.

PesyabTarsl ncciienoBaHmii M NX 00CyKIeHHE

Hccnenyemast rpyrina Ko3J10B-IIPOM3BOUTENICH B BO3pacTe crapile TPEX JIeT
HMeJIa CPEHIOK0 JKUBYIO Maccy 61,24+1,63 kr ¢ OTKIIOHeHHeM 110 17 KT, "ero He
HaOTIONaeTCs y MOJIOABIX 0c00eH, y KoTopbix pn Cv=2,46 MakCUMaIbHOE OTKJIO-
HEHHUE OT CpejHero cocrarisier 1,6 kr (Tabmwmia 1). Y Ko3I0B-IIpou3BoAUTEICH
00HapyKHUBaeTCs KOPPEIAIHSA MKy KUBOH MAacCOW M JTMHOHM OCTH Ha yPOBHE
0,52, mpm 3TOM JJIMHA ITyXOBOH 30HBI KOCHIIBI HE IMEET 3aBUCUMOCTH OT IAHHOTO
ToKazaresst. Y MCCieLyeMbIX TPy 000MX BO3PACTOB HE OTMEYEHO KOPPEIISILIUN
JKMBOM MaccChl KaK ¢ TOHMHOM ITyXa, TaK U CO CPEAHEN TOHMHOM BOJIOKOH B LLITAIIEIE.

Hecmotpst Ha TO, UTO CpemHss )KUBast Macca UMEET TOCTOBEPHbIC OTIINYHS B
3aBUCHMOCTH OT BO3PACTa, CPEHSISL JIMHA ITyXOBOM 30HBI KOCHIIBI, JOCTOBEP-
HbBIX OTJIMYUH HE HUMCECT, ITPU OTOM Y B3POCJIBIX JKUBOTHBIX MAKCUMaJIbHasA JJIMHA
Ha 2 cM 6omnbIre. B To ke BpeMsi TOCTOBEpHBIE OTIMUHNS HAOIIOMAIOTCS MEKTY
IPYIIIAMH T10 JUITHHE OCTH U COOTHOILICHHMIO JUTMHBI PA3HBIX THIIOB BOJIOC, TPH
9TOM MaKCHMaJIbHBIN 1OKa3arelib 0 COOTHOIICHHIO HAOMIOaeTCs y KO3IH-
k0B u cocrtapisieT 0,86. Takum 00pa3oM MOXHO CJIeJIaTh BBIBOJ, YTO Y BCEX
N3yUYCHHBIX XMBOTHBIX ITyXOBas 30Ha Kopode ocTd. HeoOxoauMo OTMETHTD,
YTO 1OKa3aTeIb OTHOLICHUS JUIMHBI ITyXOBOH 30HBI K JJIMHE OCTH HE 3aBUCHT
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OT JUTMHBI BOJIOKOH U K mpuMepy koadduuuent 0,53-0,56, BcTpeyaetes Kak y
KO3JIOB C JUIMHOHM OCTH 15 €M, TaKk ¥ y OTHOCUTEIILHO KOPOTKOBOJIOCHIX )KUBOT-
HBIX (9 ¢M), Y KO3JIMKOB IIPH JUTHHE OCTH 7 CM COOTHOIIIEHHUE C ITyXOBOH 30HON
MOXET cocTaBlsiTh Kak 0,57, tak u 0,86, mpu 3ToM K03(DGHUIUEHT KOPPEIISIIN
MEKIY JIIMHOM ITyXOBBIX M KPOIOIIMX BOJIOKOH HaxoauTcs Ha yposHe 0,48-0,52.

Tabnuya 1.
JKuBasi Macca H JUIMHA HIEPCTH TYBUHCKHX KO3JI0B M KO3JIHKOB

JIMHA OCTEC- JIUHA IIYXO0-
Tpymna | Toa- | Kusan | e | Ao
’ cMm (J10) (AIT)

Koznsl crapme | M+m 61,24+1,63 | 12,43+0,73 5,14+0,33 0,42+0,03
3-x et lim 44,20-70,20 | 9,00-19,00 4,00-8,00 0,31-0,64

Cv 9.94 22.03 23.94 22.88
Koznukn 18 M+m 36,34+0,20 8,30+0,27 4,45+0,15 0,54+0,02
Mec. lim 35,00-38,00 | 7,00-11,00 4,00-6,00 0,44-0,86

Cv 2,46 14,68 15,42 16,04
P 1,697x107 4,212x10°% 0,1506 3,076x107

B cBsi3u ¢ TeM, YTO Ha OCHOBE MacCHBa TYBUHCKHX I'PyOOLIEPCTHBIX KO3,
pasBoaumbix B CIITIK «Yyprait» co3maércs HOBBIN IMyXOBBIA THUI TYBHHCKHX
K03, OBUT ITPOBE/IEH aHAIN3 110 COOTBETCTBHIO MUHUMAJIBHBIM TPEOOBAHMAM K
OCHOBHBIM CEJICKI[HIOHUPYEMBIM MPU3HAKaM KO3JIOB CTaplle TPEX JIET U KO3IH-
KOB B Bo3pacte 18 mecsreB. MUHIMaNbHBIM TPEOOBAaHMAM, MPEIBABIAEMBIM K
JKIBOM Macce, COOTBETCTBYIOT 42,8% xo31moB (63 kxr) i 100% Ko3mmkoB (35 kT).
[Tpu 5TOM HEOOXOANMO OTMETHTB, 4TO 21,4% B3POCIBIX )KUBOTHBIX 36% KO3IIH-
KOB OTHOCSITCSI K KJIACCY AJIMTa ¥ IMEIOT )KUBYIO Maccy Oonblie 65 u 37 Kr cooT-
BETCTBEHHO. HE00X0IMMO OTMETHUTB YTO ITyXOBasi 30HA IIEPCTH Y BCEX AKUBOTHBIX
nmeet JiuHy He MeHee 40 MM u cootBeTcTByeT TpeboBanusim [ OCT 2260-2006.

ITomuMoO 1IMHBI IyXa, BaKHEHIIINM [OKa3aTeNeM KauecTBa SBISCTCS €ro To-
HHHA, B CBSI3U C 9TUM 00pa3iibl IIEPCTH OBLIN UCCIIE/IOBAHBI C IPUMEHEHHEM OT1-
THYECKOTO aHam3aropa auameTpa BojokoH OFDA 2000, B pe3ynsrare gero Opum
TIOJTyYEHBI THCTOIPaMMBI, TI03BOJIMBILIME H3YyYUTh MOP(HOJIOrHYECKUIA COCTaBa IITa-
nestst mepety. B Tabnuie 2 npeictapiieHs! JaHHbIE TI0 MPOLIEHTHOMY COZIEPyKaHHIO
Pa3HBIX THIIOB BOJIOKOH (ITyX, EPEXOIHOE BOJIOKHO, OCTh) B LIIEPCTH )KUBOTHBIX.

AHanm3 MOp(OJIOTHIECKOr0 COCTaBa KOCHIIBI ITOKa3all, YT0 HauOoIbIIee
KOJIMUECTBO MPUXOAUTCS Ha MyXOBbIE BOJIOKHA (TOHMHA MeHee 30 MKM) y KO3-
110B B cpeneM 85,041,23%, a y Ko3JIMKOB HEOCTOBEPHO BhIIe 87,37+1,34%,
TIPY 3TOM y MOJIOZIBIX KHUBOTHBIX IaHHBIN [TOKA3aTeNIb MEHEE KOHCOIUUPOBAH,
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yeM y B3p0CHI)IX 3a C'-IéT TOro, 4Tto BCTpe‘lalOTCSI CAUHUYHBIC )KUBOTHBIC C ITOKA-
3areneM 69,59%, B TO Bpemsi, Kak y B3POCIBIX JKUBOTHBIX JTaHHBIH MTOKA3aTeNb
He omyckaetcs Hike 78%. lpu pacuére 3aBHCHMOCTH MEXKIy COEpKaHHEM
ITyXOBBIX BOJIOKOH U UX TOHHHOM y KO3JIOB TAKOBOH HE OBLIO YCTaHOBIICHO, B
TO BpeMs, KaK y KO3JHKOB oHa coctaBuia 0,43.

Tabnuya 2.
COOTHOllleHI/Ie BOJIOKOH pa3Hle THUIIOB B ILIITAaIIEJI¢ lllepCT](l
TyBI(IHCKPlX KO03JI0B U KO3J/IUKOB, %
IMepexozn- Octb >52,6 MKM
Hoka- | TyX | i ponoc TOHKas | Cpemuss | rpy0as
Fpymmna o (ﬁzj)o (30.1-525 | meero | (53-75 | (7690 | >90
MKM) MKM) MKM) MKM
M | 85,00 3,85 11,15 3,68 2,76 4,71
Kosmst | =m | 123 0,82 1,14 0,67 0,51 1,09
(crapme | Cv | 543 79,90 38,24 68,03 69,36 | 86,52
3-x sier) i | 78.20- | 0.41- 4,49- 0,31- 0,73- | 0,20-
94,15 9,73 19,48 8,47 6,40 | 14,77
M | 8737 4,62 8,01 5,69 1,67 0,65
Kommman M| 1:34 0,65 1,04 0,75 0,29 0,15
(18 wec) |_Cv_| 6.84 62,51 57.82 58,77 | 76,45 | 105,13
lim 6995’395‘ 1.91-15,16 | 1,58-18,15 | 1.22-1233 | 0,10-3.90 %%%‘
p 0,1107 | 0,8913 0,1219 | 0,0997 | 0,0518 | 0,0019

Cornacuno I'OCT 2260-2006 B HEMBITOM KJIACCHUPOBAHHOM KO3bEM ITyXe HOp-
MHpYeTCsl CofepKaHne OCTEBBIX BOJOC 10 Macce, oT 10% nuist mepBoro Kiacca,
20% pmis Broporo, 1o 40% st tpetbero u 6onee 40% it 4eTBEPTOTO, OXHAKO
OoJtee TIaTeNTbHAs TPaIalHs 110 MOJKIIAccaM IPEyCMOTpPEHa IO TOHWHE BOJIOKHA.
K nepBomy mnozxiaccy nepBoro Kjiacca TOHKOTO ITyXa OTHOCST BOJIOKHA C TOHH-
HOM MeHee 16,5 MKM, K BTOpOMY IOKJIACCY OTHOCST IyX ¢ Auamerpom 16,6-19,0
MKM, BOJIOKHA ¢ AuameTpoM ot 19,1 1o 22,0 MKM OTHOCSTCS K CpeHEMY MyXY
HEePBOTO MOJKIIACCa, @ KO BTOPOMY MOJIKIIACCY IPHHA/UICKAT BOJIOKHA C TOHUHON
22,1-25,0 mxm. Takum 06pa3zom, BayKHBIM TIOKa3aTelleM B XapaKTePHCTHKE IIIePCTH
KO3 SIBIISIETCS HAIMUYKE TIEPEXOJHOTO THIIA BOJIOKOH, TaK KaK MPH MX OTCYTCTBHH,
3a CYET Pa3HUILIBI B CPOKAX JIMHBKHU ITyXOBBIX U OCTEBBIX BOJIOC yIa€Tcs HauecaTb
Ooree TOHKUH IMyX OTHOCSIIHICA K BRICOKOMY Kilaccy. HecMoTpst Ha oTcyTCcTBHE
JIOCTOBEPHOM Pa3HUIIBI MEX/TY CPEIHIMH 3HAYEHHUSIMU COMICPKAHMS IEPEXOTHBIX
BOJIOKOH HEOOXOJJMIMO OTMETHUTB, YTO y B3POCIIBIX KO3JIOB JIaHHBIN I10Ka3aTesb He
npeBbIaeT 9,73% B TO BpeMst KaK y OTACIBHBIX KO3JTMKOB OH MOXET TOCTUTaTh



Siberian Journal of Life Sciences and Agriculture, Tom 15, Ne3, 2023 127

15,16%. B 10 ke BpeMs y >KUBOTHBIX CTaplIle 3-X JIET BCTPEYAOTCS OU€Hb HU3KHE
noka3zarern Ha ypoBHe 0,41%, a cpenn 18-mecstanbix He HIKe 1,91%. 3HaunTens-
HO pazHHIIEH My MHINBU/TyaIbHBIMH TTOKA3aTeIsIMI 00y CIIOBIICHA BBICOKAS
BapUATUBHOCTG B rpymnmax gocruraromias 62,51-79,90%, 4to cBUAETENbCTBYET O
HIMPOKHUX BOZMOXXHOCTAX IO CEJICKIINHN YKUBOTHBIX B JAHHOM HaIllpaBJICHUU.

B cpenHeM KOMMYECTBO OCTEBBIX BOJOC (AMaMeTp>52,6 MKM) HE HMEET
JIOCTOBEPHBIX OTIMYUH HECMOTpsl Ha OoJee BBICOKHI ITOKa3aTelb Y KO3JIOB
(11,15+1,14%) 1o cpaBHenuto ¢ koznukamu (8,01+1,04%), onuaxo uHTEpEC-
HBIM SIBJISIETCS TO, YTO COZIEpKaHME B IIEPCTH Tpy0oif ocTH (auameTp >90 MKM)
Y MOJIOZIBIX )KHUBOTHBIX JIOCTOBEPHO HIKE, YEM Y B3POCIIBIX, IIPH 3TOM BCTpeya-
IOTCSI KO3JIMKH Y KOTOPBIX TaKHE BOJIOKHA B LITAIEe OTCYTCTBYIOT.

Heo0x0auMo 0TMETHTB, YTO Cpe/THsIsS TOHMHA T10 IITAIel0, KOTOPYIO pac-
cantbiBaeT OFDA 2000, He XapakTepusyeT TOHHHY IyXa, OJHAKO HCITOIB30-
BaHHE THCTOTPaMM paCIpe/IeIeHHs] BOJIOKOH 110 TOHHHE C(HOPMHPOBAHHBIX
JaHHBIM NPHOOpPOM (pUCYHOK 1, 2) mocie JOTMOTHUTEIbHBIX PacdETOB C UC-
MOJIE30BaHMEM ITaKeTa cTaTucThdeckoro a"amusa Microsoft Excel 2007, mo-
3BOJISIET YCTAHOBUTH TOHUHY OT/ICIBHBIX I'PYIIT BOJIOKOH, PE3YJIbTAThl JaHHBIX
pac4éToB NpejcTaBlIeHbI B Ta0bmuIe 3.

' l” l

Puc. 1. I'nctorpammsl ko3iuka (18 mec.) Ne6117
(cTpernkoif 0003HaUeHA 30HA TIEPEXOHOTO BOJIOCA)

Ha pucynkax 1 u 2 npeacTaBieHbl TUCTOIPAMMBI, [IOJTYYEHHbIE IIPU UCCIIE-
JIOBaHWU IIEPCTH Ha ONTUYECKOM aHanu3aTope nuamerpa Boaokaa OFDA 2000,
Ha KOTOPBIX BUAHO, YTO PACIPENEIEHUE BOJIOKOH IO IUAMETPY MOKET UMETh
3HAYUTENbHBIE KaK CXOICTBO, TaK M OTJIMYMS MO OTAEJIbHBIM THUIIaM BOJIOKOH.
Hecmotpst Ha oMHAKOBOE OTCYTCTBHE I'Py0Oi OCTH Ha MPEACTABICHHBIX T'H-
CTOTpaMMax B OCTAIILHOM OHH UMEIOT 3HaUNUTeNbHBIe oTinans. Kozmuk Ne6155
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(pucyHoOK 2) nMeeT ONTUMAlbHYI0 THCTOIpaMMY Ul IIyXOBOTO HAIIPaBICHUS
MIPOAYKTHBHOCTH — ITyXOBbIC BOJIOKHA HAYMHAIOTCS C JMAaMETpa 5 MKM, Hau-
OorbIliee KOIMYECTBO UMEET TnaMeTp 14 MKM, o011Iee KOTMIECTBO COCTABIISIET
91,73%, a mepexoqHbIH BOJIOC MPAKTUYECKH OTCYTCTBYeT (2,56% ot obmiero
KoMu4ecTBa). ' mcrorpamma, mpuBeAEHHAS HA PUCYHKe | puHaIIeKamas Ko3-
nuKy Ne6117, HampOTHB ABISETCS MPAMEPOM HEKENIATEITHHOTO THITA KHBOTHO-
TO JIJIsI ITyXOBOTO HAITPABJICHHS TPOYyKTUBHOCTH, TaK KaK HECMOTpS Ha TO, 4TO
MK TUCTOrpaMMbl HAXOAUTCA Ha 17 MxkM 1 ITyXOBbI€ BOJIOKHA HAYUHAIOTCHA C
JrameTpa 6 MKM, TIEpEXOAHBIE BOJIOCHI COCTABISIOT 8,18% 0T 001iero kosmmye-
CTBa BOJIOKOH B mTanesne. HeoOXonumMo OTMETHTB, YTO Ye€M HIKE I0Ka3arellb
TIEPEXOIHOTO BOJIOCA, TEM BBIILIE BHIXOJ YUCTOTO ITyXa U TEM JIyUllle [T0Ka3aTen
€ro TOHHHBI, 00 TOM CBHJIETENILCTBYIOT JIAHHBIE TIPE/ICTABICHHbIE B TAOIHIE 3.
%

ES

..|||

HecMotpst Ha oTCyTCTBHE TOCTOBEPHOCTH B COAEPKAHUU PA3HBIX TUIIOB
BOJIOKOH, 32 CU€T OOJIBIIEro CoAepKaHus IpyOoi OCTH Y KO3JIOB, TPOCMAaTPH-
BAETCsl TEH/ICHINS HA OrpyOIeHNEe BOJIOKOH C BO3PAacTOM, 00 3TOM CBUETEIb-
CTBYET, KaK CMEIlleHNe MH1Ka ructorpaMmsel ¢ 16,20+0,40 MKM y KO3JIMKOB, K
17,43+0,43 MKM y KO3/10B, TaK U JOCTOBEPHOE YBEIMUEHHUE CPETHEH TOHUHBI
o mrraneinto ¢ 23,27+0,83 mxm 10 27,23+1,02 MxMm.

AHanm3 IpeICTaBIEHHbIX JAHHBIX TOKA3bIBACT, YTO y MOJIO/BIX )KHBOTHBIX
JaMeTp IMyXOBBIX BOJOKOH JOCTOBEPHO MEHbIIIE Ha 1,2 MKM, 4eM y B3pPOCIIbIX
U B cpefHeM 1o rpymnme coctaisier 18,04+0,30 MKkM, ipu 3TOM B TpymIe y
KO3JIOB KOJIeOaHUsI TOHUHBI ITyXa HaxoAuaach B npenenax ot 17,40+0,07 mxm
10 21,80+0,06 MxM, a y ko351ukoB ot 16,00+0,03 mxm 10 20,7040,05 mxm. [Tpu

e

"

Puc. 2. l'ucrorpammer ko3nuka (18 mec.) Ne6155
(cTpenkoif 0003HaUCHA 30HA TIEPEXOAHOTO BOJIOCA)

me cout
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TpeOOBaHUSX MPEIBIBISEMBIX K (POPMUPYEMOMY ITyXOBOMY THITY TYBHHCKHX
KO3 K KO3JIaM KJIacca 3JIuTa TOJIIIMHA ITyXa He Oojee 22,5 MKM BCe )KHBOTHBIC
cTapiie 3-X JIeT COOTBETCTBYIOT JaHHOMY apaMeTpy. Cpean KO3JIMKOB KIaccy
anuTa (ToHHA MeHbIe 19,5 MkM) cooTBeTcTBYIOT 90% JKUBOTHBIX, 5% OTHO-
catcs K 1 kinaccy (Tonnna Mensbie 20,5 MkM) 1 5% o0cne1oBaHHBIX YKUBOTHBIX
B Bo3pacTe 18 MecsIeB moseskaT BEIOPAKOBKE 10 JaHHOMY TIPH3HAKY.

[IpoBenénHbIE pacyEThl MOKA3aIIH, YTO ITPU CMEIIUBAHIH ITyXOBBIX BOJIOKOH
C IIepeXOAHBIMU CpeaHssI TOHUHA yBenuunBaercsa Ha 0,99+0,08 MkM y KO37H-
xoB 1 Ha 0,69+0,16 MKM y K03710B, IpH4IEM KOJIeOaHUS MOTYT COCTAaBIISATH OT
0,2 1o 2,0 MKM, 9TO OOYCIIOBIIEHO COJIEp>)KaHHEM BOJIOKOH ITEPEXOHOTO THIIA.

[Tpu aHanm3e ypaBHEHHOCTH 110 TOHHHE ITyXa CV BOJIOKOH C THAMETPOM JI0
30 MKM HE UMEET JOCTOBCPHBIX OTJINYHI B BO3pAaCTHOM ACIIEKTE U HAXOUTCA
B mpenenax ot 16,9 no 26,8%, ogHaKo MpH HAJIMYUHN MPUMECH TEPEXOTHBIX
BOJIOC MOXKET yBeauuuBaThes 10 20,5-39,4%.

IIpoBencnnble pacyE€Thl MOKA3BIBAIOT, YTO UCIIOJb30BAHUE ONTHYECKOIO
aHanm3aropa auametrpa BonokoH OFDA 2000 mpu mcciemoBaHUH IITAIeNs
LIEPCTH, TI03BOJISIET O€3 JTOTIOIHUTENBHBIX, JOCTATOUHO TPYILOEMKIX pacyéToB
C MPUMEHEHHEM TaKeTa cTaTucTHyeckoro anaiansza Microsoft Excel 2007, Bo3-
MOKHO OPHEHTHPOBOYHOE IIPOrHO3MPOBAHNE TOHUHEI ITyXa.

Tabnuya 3.
ToHMHA MyXa TYBUHCKHX KO3JI0B M KO3JHKOB B 3aBHCHMOCTH
OT CO/IEPKAHUS BOJIOKOH Pa3HbIX THIIOB

Juamerp nyxa | uamerp myxa Cpenuuii | Touuna
[lo- | € y4€ToM BOJIO- | C Yy4ETOM BOJIO- AM JMaMeTp | Ha mmKe
Ipyrma | kaza- | KOH 110 30 MKM | KOH /0 52 MKM TS:IH_ BOJIOKOH | THCTO-
TCIIU CV ’ B IITarie- I'paMMBEI,
M, mim |5 " | M, Mkm Cv.% | MEM | e Mim MEKM
M 1926 |21,12| 1995 |2651| 0,69 27,23 17,43
Ko3J1sl m 0,33 0,55 0,37 1,14 | 0,16 1,02 0,43
(crapme | Cv 6,41 9,78 6,87 16,09 | 84,44 14,04 9,20
3-x net) | min |17,40+0,07 | 17,70 | 18,20+0,05 | 20,50 | 0,20 22,62 16,00
max | 21,80+0,06 | 25,60 |22,60+0,08 | 33,50 | 2,00 36,23 21,00
M 18,04 2243 | 19,02 [33,07| 0,99 2327 16,20
m 0,30 0,55 0,31 0,81 | 0,08 0,83 0,40
5083J;I§;P)1 Cv 735 | 11,02 722 | 10,96 | 3459 | 15,87 11,08
min | 16,00£0,03 | 16,90 |16,70+0,05 | 24,70 | 0,50 17,50 13,00
max | 20,70+0,05 | 26,80 |21,50+0,07 | 39,40 | 1,70 30,90 19,00
p 0,0389 [0,0773| 0,1576 [0,0016]0,1441| 0,0124 0,0525
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Pacuér xoppendauuu Mexay TOHUHOW IyXa U MUKOBBIM 3HAYE€HUEM THMCTO-
rpaMMBbl y K03710B coctaBisieT 0,9, a y ko3nukoB 0,8. OTHOmIEHHE OKa3aTe-
TS CpeHeN TOHWHBI ITyXa K MHKOBOMY 3HAYCHHUIO TOHWHBI Ha TUCTOTPAMME y
ko3510B coctaisier 1,15+0,02 ot 1,04 no 1,24 npu Cv=5,46, y KO3JIUKOB J1aH-
HOE COOTHOIIIEHHE UMeeT cxokee 3Haduenue 1,12+0,02 u komebnercs B mpe-
nemnax 0,95-1,35 mpu Cv=7,36. [Ipn 3TOM HEOOXOMUMO YUUTHIBATh, YTO TIPH
pacuére AuamMeTpa BOJOKOH C YYETOM IEPEXOJIHBIX BOJOC CPENHssl TOHHWHA
yBenuuuBaetcs Ha 0,2440,01 MKM Ha KaXIbIi MPOIEHT MEePEXOIHBIX BOJIO-
koH. TakuM 00pa3om, TS TaTbHEHIIIEH CeNeKIINH JKeIaTeIbHO OTONPaTh KH-
BOTHBIX C CONIEPXKAHHUEM IIEPEXOHBIX BOJIOC B ITareine He Ooiee 4%, cpenn
HCCJICIOBAHHBIX KUBOTHBIX K TAKAM OTHOCHTCS OOJIBIIUHCTBO CPEAH KO3JIOB
npousBoauTeneit — 64,27%, 1 MEHbIIEe MOJOBUHBI CPEeIU KO3THKOB — 45,0%.
Heo0xonumMo oTMETHTB, 9TO Cpelr B3POCIBIX JKUBOTHBIX 42,85%, UMEOT co-
Jiep’KaHue MepexoHOro Bosoca Mmenee 2%, a cCpeu KO3JIUKOB TOJIBKO 5% nMme-
IOT TAKOM TMOKa3aTeb.

3aki0ueHue

B pe3syinbrare npoBei€HHBIX UCCIIEJOBaHMI OBIJIO YCTAHOBJIEHO, YTO CPEITHSIS
JKHMBasi Macca TyBUHCKHX KO3JIMKOB B Bo3pacte 1,5 JIeT JOCTOBEPHO HIDKE, YeM Y
B3POCIBIX KHUBOTHBIX U cocTaBisieT 36,34+0,20 xr (Cv=2,46) u cocraBisieT 60%
OT MAacchl B3pOCIIbIX Ko31oB (61,24+1,63 kr) (Cv=9,94), npn 5TOM 1MHa TTyXa y
KO3JIOB HE JIOCTOBEPHO OOJIbIlle, YeM y KO3IMUKOB 5,14+0,33 cm u 4,45+0,15 cm
COOTBETCTBEHHO. B pe3yrnbrare micciieoBaHmiA IEPCTH C UCTIOIH30BAHUEM OIITH-
YecKoro aHanmsaropa auamerpa BosokHa OFDA 2000 Obut0 ycTaHOBIIEHO, YTO
JIOJIsT ITyXOBBIX BOJIOC (JriameTp MeHee 30 MKM) B IITaresnie He UMeeT 3HaYUTEIb-
HBIX OTIIMYHHA 110 BO3pacTaM U coctanisieT oT 85,0+1,23% (Cv=5,43) B Bo3pacte
crapmre 3 sret 1o 87,37+1,34% (Cv=6,84) y MONOIHsIKa, TIPH 3TOM KOJIHMYECTBO
MEPEXOIHBIX BOJIOC B CPEHEM TAKKE HE OTIIMYACTCS M HAXOJUTCS HA YPOBHE
3,85+0,82-4,62+0,65%. O 3HaYNTEILHBIX BOBMOXKHOCTSIX 110 CEJICKIIUH KUBOT-
HBIX B HAIIPABIICHUN YMEHBIICHUS COACPKAHMS B IIITAITENIE BOJIOKOH IIEPEXOITHOTO
THUIIA CBUJIETEIBbCTBYET BHICOKAsI BApUATUBHOCTH B IpyIIax gocTuraromas 62,51-
79,90%, xoTopas XapakTepu3yeTcs HATUIHEM KUBOTHBIX, KaK C COJIEpYKaHHE Ta-
KHX BOJIOKOH Ha ONTUMaJIbHOM ypoBHE — 0,41%, Tak 1 Ha HeraTuBHOM — 15,16%.
[pu 5TOM HaTHYHE MIEPEXOTHBIX BOJIOC YBEIMUNBACT CPSTHIOIO TOHHUHY ITyXa Ha
0,24+0,01 MKM Ha KaXbIi MPOLIEHT MEPEXOIHBIX BOJIOKOH.

C BO3pacToM, y HBOTHBIX MPOCMATPHUBAETCS TEHACHIIUSA K OTPyOJICHHIO
BOJIOKOH, 00 3TOM CBHIETEIBCTBYET, KAK CMEIICHNE IMHKAa THCTOTPAMMBI C
16,2040,40 MKM y KO3THUKOB, K 17,43+0,43 MKM y KO3JIOB, TaK 1 U3MEHEHHUSI B
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CTPYKTYpE BOJIOC OTHOCSIIUXCS K OCTU (IIEPCTh KO3JIOB COEPKUT B 7,2 pasza
0O0JIBIIIEe BOJIOKOH C THaMeTpoM Ooutbiie 90 MKM, IO CPAaBHEHHIO ¢ KO3ITHKAMH,
4,7141,09 u 0,6540,15% cOOTBETCTBEHHO ), YTO BIMSCT Ha IIOKA3aTEIh CPEITHE-
ro auameTpa mno mranemto 27,23+1,02 MkM B Bo3pacTe cTapiie 3 JIeT IpPOTUB
23,27+0,83 mkm B 18 MecsIeB.

Cpemamii TnamMeTp MyXOBBIX BOJIOKOH y KO3JHMKOB B Bo3pacTe 18 mecsres
JIOCTOBEPHO MEHbIIIE, YEM Y B3POCIbIX KO3JIOB CcTaplle 3-X JIET U COCTaBIsET
cootBeTcTBeHHO 18,04+0,30 MxM 1 19,26+0,33 MKM, ITpU 3TOM YPaBHEHHOCTh
o ToHuHE Imyxa Cv BOJIOKOH ¢ AraMeTpoM 10 30 MKM HE HMEeT JOCTOBEPHBIX
OTJIMYMN B BO3PACTHOM aCIIEKTE M HAXOIUTCs B Impenenax ot 16,9 no 26,8%.
Crnemyer OTMETUTb, YTO MPH CMCIIUBAHUU ITYXOBBIX BOJIOKOH C TICPEXOIHBIMU
cpenHsisi TOHMHA oOpasia yBenuunBaeTcs Ha 0,99+0,08 MKM y KO3TUKOB M Ha
0,69+0,16 MKM y K03710B, uTO B cpegHeM cocrasisieT 0,24+0,01 MkM Ha Kax-
JIBIA TIPOLICHT MIEPEXOIHBIX BOJOKOH.

Hcxons n3 monydeHHbIX JaHHBIX, TIPU CEJIEKITUH TYBHHCKUX KO3 JUIS TIOTY-
YeHHs BBICOKOKAYECTBEHHOTO ITyXa ¢ HANMEHBIIUM JHAMETPOM BOJIOKOH He-
00xomuMo 0coboe BHUMAHHE YICNIATh IIOMHMO JUTHHBI ITyXa M €ro AHaMeTpa
HaJIM4HIo nepexogHoro tumna sosoc (30,1-52,5 Mxm).

HNudopmanus o KOHPJIUKTE HHTEPECOB. ABTOPHI 3asBIIOT 00 OTCYT-
CTBHU KOH()ITUKTA HHTEPECOB.

HNudpopmauus o cnoncoperse. VccnenoBanue nposeaeHo 110 3akazy Mu-
HHCTEPCTBA CEITHCKOTO XO3AHUCTBA M MPONOBONLCTBHA Pecmybmmku TriBa (11o-
roBop Ne353 ot 11.07 2022 r. Ha BBINOJHEHHE HAyYHO-UCCIEI0BATENbCKOMN
pabotsl o TeMme «IIpoBeeHe HayYHBIX UCCIIEIOBAHUI IO YTBEPKACHUIO ITy-
XOBOTO THTIA TYBHHCKHX KO3»).
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Original article | Soil Water Regimes

APPLICATION OF BIG DATA
TECHNOLOGIES TO ASSESS THE NATURAL
MOISTURE OF THE TERRITORY

A.IL Paviova

Due to the sharp changes in climatic conditions in Western Siberia, the most
pressing problem is food security associated with forecasting crop yields. There
is a need to estimate the natural wetness of the area on the basis of agroclimatic
indicators, among which the sum of active air temperatures and precipitation is
currently the most widely used.

Background. However, for a comprehensive assessment of the wetness of the
territory, it is necessary to take into account the climate energy resources associated
with evaporation of different time resolutions (day, decades, months, vegetation
period, year). The initial meteorological parameters are described in the form of
poorly structured information of a large volume. Therefore, various technologies
and algorithms of machine processing are used in the work.

Purpose. The application of big data technologies to assess the natural moisture
of the territory

Materials and methods. With the help of the high-level Python programming
language and engineering libraries, a comprehensive assessment of the territory
was carried out using the example of Mirny of the Kochenevsky District of the
Novosibirsk Region in the context of long-term average data and two years 2019
and 2020. That the use of machine processing technologies related to NoSQL data
requests, creation of data set and big data slices allows to store and process mete-
orological parameters using cloud services of different time resolution. This makes
it possible to significantly reduce the time for a comprehensive assessment of the
territory according to agroclimatic parameters. As a result of the work, precipitation
distribution, temperature, relative air humidity, evaporability, humidification coef-
ficients (Ivanov-Vysotsky and Selyaninov hydrothermal coefficient) were obtained.

Results. The paper proposes to use technologies of big data processing using
Python, including pre-processing of poorly structured hydrometeorological data,
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execution of NoSQL queries, compilation of summary reports on agroclimatic pa-
rameters. Pre-processing consists of processing hourly meteorological data, filling
gaps in the data, making slices in big data to process multi-temporal queries (day,
month, growing season, year). By the example of Mirny farm in Kochenevsky district
of Novosibirsk region (Russian Federation), big data processing was performed
to calculate agroclimatic parameters to assess the natural moisture content of the
area and yield forecasting.

Conclusion. The practical significance of the work is as follows:

- the application of big data processing technologies has significantly re-
duced the time for the labor-intensive process of assessing agrometeoro-
logical parameters;

- obtained aggregated meteorological parameters of different temporal
resolution (hours, days, decades, months) allowed us to identify a strong
variability of agroclimatic conditions for the territory of Mirny farm Ko-
chenevsky district, located in the forest-steppe zone of Western Siberia;

- perform an integral assessment of agroclimatic conditions by calculating
the integral indices of moisture, climate continentality, and agroclimatic
potential.

Keywords: climatic conditions; moisturizing, machine learning algorithms;
machine learning model; forest-steppe zone; yield forecasting, moisture supply of
the territory

For citation. Pavilova A.I. Application of Big Data Technologies to Assess the
Natural Moisture of the Territory. Siberian Journal of Life Sciences and Agriculture,
2023, vol. 15, no. 3, pp. 139-154. DOI: 10.12731/2658-6649-2023-15-3-139-154

Hayunas cratbs | BoqHblil pexxuM mouBbI

MPUMEHEHME TEXHOJIOT Uil BOJbIINX
TAHHBIX IS OEHKHA ECTECTBEHHOM
BJIAKHOCTH TEPPUTOPUH

A.U. Ilasnosa

B ceéa3u ¢ pesxum usmenenuem kaumamuyeckux yciosuti 6 3anaonou Cubupu
Haubonee aKmyaibHOU nPoodILeMoll AGISeMCs NPOOOBOIbCMEECHHAS. OE30NACHOCb,
CEA3AHHASL C NPOSHOZUPOBAHUEM YPONCAUHOCIIU CElbCKOXO3AUCIBEHHBIX KYILbMYp.
Bosuuraem neobxo0umocnms oyeHKu ecmecmeeHHol Y61aiCHeHHOCIY Meppumopuu
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Ha OCHOBE ASPOKTUMANUYECKUX NOKA3ameietl, cpedu KOMOpbIX 8 HACTosuee 6pems
Haubonee WUpoKo UCNONL3YEMCs CYMMA AKMUGHBIX MeMNepamyp 6030YXd U 0CAOK0G.

Obocnosanue. OOHaKo O/ KOMNJIEKCHOU OYEHKU YEIANCHEHHOCMU MepPUumo-
Ppull HeOOX0OUMO YYUMBLEANb KIUMAMUYECKUE IHEPLeMUYECKUEe PECYPCbl, C8A3AH-
Hble C UChapeHuem pasiuiHo20 6PEMEHHO20 pa3peuleHus (Cymku, 0ekaosl, Mecsybl,
6ecemayuonnbvlil nepuoo, 200). Hcxodnvie memeopono2uueckue napamempsl onu-
CHIBAIOMCS 6 GUAE NIOXO CIMPYKIMYPUPOSAHHOU UnGopmayuu 6o1bul020 odvema.
Tloomomy 6 pabome uUCnONBL3VIOMCS PA3TUYHbIE MEXHOIO2UL U ANOPUMMbL M-
WUHHOU 0OpabomKu.

ILenv padomot. [Ipumenenue mexnono2uil OOILULUX OAHHBIX OJisL OYEHKU ecme-
CMBEHHO20 YEILANCHEHUS MePPUMOPUL.

Mamepuanvt u memoowt. C nomMowbio A3blKa NPOSPAMMUPOBAHUS GbICOKO2O0
ypoeHs Python u unoicenepHvix 6udnuomex Ovlia nposedeHa KOMIIEKCHAsSL OYEHKA
meppumopuu Ha npumepe 2. Mupnoiii Kouenescxkoeo pationa Hosocubupckoi 06-
aacmu 8 paspesze CpeoHux MHo2onemuux oanuvix u 08yx nem 2019 u 2020 2e. Ymo
UCNONBb3068AHUE TMEXHONO2UIL MAWUHHOU 00pabomKu 3anpocos Kk oarHbim NoSQL,
co30anue Habopa OAMHBIX U CPe308 OONLUUUX OAHHBIX NO360AC XPAHUMb U 00pPa-
bamvieams Memeopono2uiecKue napamempbl ¢ UCHONbL306aHUEM OONAUHBIX CePElU-
€08 Pa3IUiHO20 8PEMEHHO20 paspeulenus. Imo 0aem 603MONCHOCHb SHAUUTNETLHO
COKpamums 8pemsi Ha KOMNILEKCHYIO OYEHKY MePPUopull no acpOoKIUMAMULecKUM
napamempam. B pesynbmame pabomul nomyueHo pacnpeoenenue 0caokos, memnepa-
mypa, OMHOCUMENbHAS 6LAICHOCTL 8030VXA, UCNAPAEMOCTb, KOIPhuyuenmol y6-
JadCHe s (2uopomepmudeckutl koapguyuenm Heanosa-Boicoykozo u CensHunosa).

Pesynomamut. B pabome npednazaemcs ucnois3068ams mexHoaio02uu 0opadbom-
KU OONbUUX OAHHBIX ¢ UCNONb306aHUeM Python, sxntouas npedobpabomky ciabo-
CMPYKMYPUPOBAHHBIX SUOPOMEMEOPONOSULECKUX OAHHBIX, binoaneHue NoSQL
3anpocos, cocmagienue C60OHBIX OMYEMos NO AZPOKIUMAMUYECKUM NAPAMEMPAM.
IIpedsapumenvras obpabomka 3axaodaemcs 8 06pabome NOUACOBbIX Memeopo-
J02UNECKUX OAHHBIX, 3aNOIHEHUU NPOOEL08 8 OAHHBIX, CO30AHUU CPE308 8 DOTLUIUX
OaHHbBIX OJ151 0OPAOOMKU PAZHOBPEMEHHBIX 3ANPOCOS (O€Hb, MeCslY, 8e2emMayUOHHbLIL
nepuoo, e00). Ha npumepe xosaiicmsea « MupHuiiiy Kouenesckozeo paiiona Hosocu-
oupckou oonacmu (Poccuiickas @edepayus) 6viia nposedera oopaboma 6o1buiux
OaHHBIX 0151 pacuema azpoKIUMAMUYECKUX Napamempos ¢ Yenvlo OYeHKU ecme-
CMGEHHOU 671A2000eCHeUeHHOCIU MePPUMOPUU U NPOSHOZUPOBAHUS YPOICAIHOCTIU.

3aknouenue. [paxmuueckas 3HauUMOCnb pabomvl 3aKIOUAEHICA 8 CLEOYIOWEM:

- npumeneHue mexHoao2uti 00padomKU OOILUUX OAHHBIX NO36ONULO SHAUU-
MENbHO COKPAMumMy 8pemst Ha mpyOOeMKUll NPOYecc OYeHKU acpoMeneo-
PONo2UHECKUX napamempos;
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- NOMYYEeHHble acpecupoBantble MEMeopoIocUiecKue napamempsl pasiuy-
HO20 8peMEHH020 paspeuienus (4acvl, OHU, 0eKaobl, Mecsaybl) NO3GONUNU
BbIAGUMD CUTLHYIO USMEHUUBOCHb ACPOKAUMAMUYECKUX YCA08ULL 0151 mep-
pumopuu xymopa Mupnviii Kouenegckozo paiiona, pacnonojicenno2o 6
necocmennotl 30He 3anaouot Cubupi;

- npogecmu UHMePAIbHYI0 OYEHKY ACPOKAUMATNUYECKUX YCI0GUI nymem
pacuema uHmezpanbHblX UHOEKCO8 VELANCHEHUsl, KOHMUHEHMATbHOCIU
KAUMAMA U azpoKIuUMamuyecko20 NOmeHyuad.

Kniwouegvie cnosa: xnumamuueckue yciogus, YeiadicHeHue; aieopummsl ma-
WUHHO20 00YYenUs, MOOeNb MAUWUHHO20 0OYYeHUs, 1eCOCTNENHAs 30Hd; NPOCHO3U-
posane ypolCalHoCmu; 81a2000ecneyerue meppumopuu

Jna yumuposanus. Ilasnosa A.U. Ilpumenenue mexnonozuti Oo16uuUx OGHHbIX
0JI51 OYeHKU ecmecmeeHH020 yenadxcrhenus meppumopuu // Siberian Journal of Life
Sciences and Agriculture. 2023. T. 15, Ne3. C. 139-154. DOI: 10.12731/2658-6649-
2023-15-3-139-154

Introduction

Good spatial planning is essential to implementing ecological-landscape
approaches. An adaptive-landscape farming systems are being developed for
the rational use of agricultural land in Russia. The basic of such systems are
the results of agro-ecological evaluation of land. It is necessary to perform a
comprehensive assessment of the territory by climatic, geomorphological, soil,
and economic conditions. The application of geographic information systems
(GIS) allows us to systematize a variety of information in spatial databases.
Climatic factors play the most important role in shaping crop productivity. Cur-
rently relevant research in the field of automated data analysis for assessing the
state, monitoring agricultural land and crop productivity management [5, 11,
15]. Application of geoinformation technologies allows to systematize various
information in cartographic and attributive databases, facilitates the solution of
the problem of integrated assessment of the territory [7, 14, 17-20].

In the domestic literature there are often works devoted to the calculation of
the average annual agrometeorological parameters. However, due to the sharp
fluctuations of weather conditions, the calculation of agrometeorological parame-
ters for individual periods of the growing season during the year is most relevant.
In the domestic literature there are articles devoted to the problem of forming da-
tabases of meteorological parameters of different temporal resolution.

Scientific novelty of the work consists in the application of technologies
for processing poorly structured meteorological data. The big data processing
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technologies used in the work are related to statistical analysis of the data, iden-
tification and filling in the missing values, taking into account the average value
for the day, conversion of symbolic data into a numeric form, structuring the
original information and recording it in a compact SQLite database. The novelty
of the research is in the application of NoSQL queries to large meteorological
data, allowing the formation of the result in the form of tables and summary
reports with different time intervals [24-25]. This is of practical importance
for calculating not only the average annual values, but also the actual agrome-
teorological parameters for individual periods of crop vegetation [2, 12, 13].

A large number of works devoted to the creation of spatial geodatabas-
es (geodatabases) have been published. The practical implementation of such
geodatabases is often associated with the geographic data set of the ArcGIS
geographic information system. Geographic datasets, in turn, consist of spatial
objects united by thematic content. The objects belonging to the same class
are characterized by a certain geometric data type, coordinate system and map
projection. From this point of view, the spatial database acts as a physical re-
pository of diverse information [16].

In our opinion, the development of spatial databases for agricultural land
assessment requires a multidimensional approach.

Such an approach can be realized by applying:

- modern Internet technologies, cloud technologies of data storage and access;

- technologies of big data processing;

- use of Geographic Information System (GIS) for spatial reference of ob-
jects and creation of information models.

Currently, there are challenges in developing a spatial data infrastructure for
comprehensive agricultural land assessment.

Despite the various functionality of GIS, work on the creation of applied ag-
ronomic GIS is still relevant [21-23, 26]. In particular, agroclimatic assessment
of territory resources and soil-ecological assessment is carried out on the basis
of multi-year statistical hydrometeorological parameters [4, 6, 12, 13]. When
predicting and managing the productivity of cereals, it is necessary to operate
not only with the average long-term information of the heat and moisture sup-
ply of the growing period, but also with their change during the current year
by decades, months, vegetation periods. In the conditions of the sharply con-
tinental climate of Western Siberia, uneven precipitation in certain periods of
vegetation has a significant impact on the level of productivity of grain crops.

The purpose of the studies is to assess the wetness of the territory (Mirny in
the Kochenevsky district of the Novosibirsk region) using Big Data technologies.
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The tasks of the work are to select agroclimatic parameters for assessing the
wetness of the territory; initial data collection and systematization; processing
of current and archived meteorological data using big data technologies.

Data processing technologies based on data mining are becoming increas-
ingly common. Among such methods regression, decision trees, deep neural
networks, genetic algorithms are most widely used. Big data technologies are
available to a wide range of people thanks to the Python language. The ob-
ject-oriented programming language Python is characterized by the compact-
ness of the program code and the presence of engineering libraries.

Materials and Methods

Agroclimatic indicators affecting plant growth and development, and, con-
sequently, the value of yields, were used to estimate the moisture content of the
area. The sum of active air temperatures above 10°C was used as an indicator
of heat supply of the territory and biological needs of crops. This sum of aver-
age daily air temperatures determines the duration of the growing season of the
leading crops. Precipitation, air humidity, evaporation, as well as coefficient by
N.N. Ivanov (Ky) [4] and hydrothermal coefficient (HC) by G.T. Selyaninov
[12] were used as indicators of humidity. To fully assess the energy resources
of climate and agroclimatic conditions of crop cultivation, the climate conti-
nental coefficient (Cc) and agroclimatic potential (AP) were calculated [3, 6].

In determining evaporability, equations of water and heat balances are used,
as well as empirical relationships of evaporability with air temperature and air
humidity deficit. The humidification coefficient was determined by the formula
of G. N. Vysotsky — N. N. Ivanov [4]:

K,=RIE, (1)
where R — rainfall, mm; E — evaporability, mm.

In the conducted studies, evaporability was calculated according to the for-
mula of N.N. Ivanov, according to which monthly indicators of relative humid-
ity and air temperature are taken into account:

E =0,0018 - (25 + 7)*- (100 — ), 2)
where £ — monthly evaporability in mm; 7' — average monthly air temperature
in °C; a — average monthly relative air humidity as a percentage.

Evaporability per decade in mm was calculated using the formula of N.N.
Ivanov:

E =0,061-(25+1t)’-(1-0,01p), 3)

where E — evaporability per decade in mm; t — average air temperature in ° C
per decade; P - relative air humidity per decade,%.
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The value of continental climate is influenced by the geographical features
of the territory, as well as the air temperature of the warmest month and the
coldest month. The climate continental coefficient (C,) was calculated accord-
ing to the formula [6]:

C:M

4
¢ p+10 @

where ¢ — the average monthly temperature of the warmest month; 7 . — the
average monthly temperature of the coldest month; ¢ — the latitude, degrees.
For a generalized assessment, the agroclimatic potential is calculated

P:Zt>10(Ky—P)
C.+100

where — sum of active air temperatures above 10°C;

K, — precipitation-evaporation ratio;

P — correction for humidification factor.

To assess the hydrothermal conditions of wheat cultivation, an integral hu-
midification indicator was used in the work — a hydrothermal coefficient (HC)
determined by the formula of G.T. Selyaninov in the form of a ratio of the sum
of precipitation for a certain period multiplied by 10 to the sum of active air
temperatures above 10°C for the same period:

) )

HC - R-10 ’
Dt>10
where R — the amount of precipitation, mm; At the same time humidification

excess for HC is more than 1.3; optimal with HC from 1 to 1.3; insufficient for
HC less than 1; weak — HC less than 0.5 [12].

(6)

Results

In order to increase the efficiency of calculations of agroclimatic param-
eters, an information model has been developed. This model is necessary in
the future for the practical implementation of agronomic geographic infor-
mation systems.

For calculations, daily data of hydrometeorological parameters obtained
at meteorological sensors of weather stations are used. Fig. 1 shows the initial
data of the meteorological station Obskaya, located in the Novosibirsk region
and having the number according to the generally accepted international sys-
tem 29635.
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MecTHoe Bpemsa T Po P u DD Ff ff10 wW Td RRR tR sss
16.12.2020 19:00 -12.4 766.0 778.3 83 BeTep, Aylowymii ¢ toro-tore 5 4.0 -14.7 0.2 12

16.12.2020 10:00 -15.6 766.9 779.3 90 Wrwnb, GesseTpue o 10.0 -16.9

16.12.2020 07:00 -14.4 766.2 778.5 89 Bertep, ayrowwmii ¢ toro-3ar 1 4.0 -15.9 1 12 28
16.12.2020 01:00 -127 764.5 776.7 89 BeTep, Aylowuii ¢ toro-3ar 2 4.0 -14.1

15.12.2020 22:00 -12.3 763.1 7753 87 BeTep, Ayrowuii ¢ toro-3ar 2 4.0 -14.0

15.12.2020 19:00 -11.9 762.1 7743 88 Bertep, ayrowwii ¢ 3anago: 2 4.0 -13.5 0.3 12
15.12.2020 16:00 -11.9 760.6 7727 87 BeTep, Ayrowuii ¢ toro-3ar 3 4.0 -13.6

16.12.2020 13:00 -9.6 759.3 771.2 91 BeTep, Aytowmii ¢ toro-3ar 4 4.0 -10.8

15.12.2020 10:00 -8.7 758.8 770.8 92 Bertep, Aytowmii ¢ loro-3ar 3 10.0 -9.8

15.12.2020 07:00 -9.5 758.6 770.5 86 Bertep, ayrowwii ¢ oro-sar 4 20.0 -11.4 1 12 24
15.12.2020 04:00 -10.1 758.5 770.5 85 BeTep, Aylowwii ¢ 3anago: 3 20.0 -12.2

15.12.2020 01:00 -8.6 758.2 7701 86 BeTep, Ayrowuii ¢ toro-3ar 4 20.0 -10.6

14.12.2020 22:00 -8.4 758.8 770.6 93 BerTep, Ayrowmii ¢ toro-tor¢ 7 1 4.0 -9.3

14.12.2020 19:00 -9.1 759.7 771.6 87 BeTep, Ayrowuii ¢ toro-for« 8 20.0 -10.9 0.2 12

14.12.2020 16:00 -11.9 761.2 773.3 88 BeTep, Aylowuii ¢ toro-tore 2 10.0 -13.5

14.12.2020 13:00 -12.0 7621 7741 85 BeTep, Ayrowuii C loro-iort 5 20.0 -14.1

14.12.2020 10:00 -11.9 762.3 774.4 85 BeTep, Aylowymii ¢ toro-tore 5 20.0 -13.9

14.12.2020 07:00 -11.6 762.4 7744 85 Betep, Aylowuii ¢ loro-3ar 3 10.0 -13.6 0.2 12 23
14.12.2020 04:00 -12.2 762.1 7743 85 Bertep, ayrowwmii ¢ roro-3ar 2 20.0 -14.2

14.12.2020 01:00 -125 762.0 7741 85 BeTep, Aylowuii ¢ 3anago: 2 10.0 -14.5

13.12.2020 22:00 -12.3 761.3 7734 81 BeTep, Ayrowuii ¢ toro-3ar 2 20.0 -14.9

13.12.2020 19:00 -11.6 760.9 773.0 79 Berep, Aytowwii ¢ 3anapo 2 20.0 -14.5 0.4 12

13.12.2020 16:00 -11.1 760.4 7724 87 BeTep, Ayrowuii ¢ toro-3ar 2 4.0 -12.9

13.12.2020 13:00 -11.8 760.8 772.9 82 BeTep, Ayrowmii ¢ toro-tor¢ 7 20.0 -14.3

13.12.2020 10:00 -12.8 761.1 7732 85 BeTep, Ayrowuii ¢ lora 7 20.0 -14.8

13.12.2020 07:00 -12.5 761.4 7735 86 BeTep, AyroWwuii ¢ toro-rort 7 10.0 -14.4 Cneppbl oc 12 23
13.12.2020 04:00 -11.7 761.9 774.0 86 BeTep, Aylowuii C loro-lort 5 10.0 -13.6

13.12.2020 01:00 -10.6 7623 7743 87 BeTep, Ayrowuii ¢ toro-ror 5 10.0 -12.4

12.12.2020 22:00 -10.2 762.9 774.9 86 BeTep, Ayrowwii ¢ toro-tor¢ 5 20.0 -12.1
|12.12 2020 19:00 -9.8 763.1 7751 86 BeTep, Ayrowuii ¢ toro-ror 5 20.0 -11.8 0.3 12

12.12.2020 16:00 -10.2 763.0 775.1 88 BeTep, Aylowwii ¢ lora 3 10.0 -11.9

12.12.2020 13:00 -10.8 763.5 7756 90 Berep, aytowwmii ¢ ora 5 20 -12.2

12.12.2020 10:00 -11.1 763.9 776.0 87 BeTep, Aylowmii ¢ toro-tor¢ 7 10.0 -12.8

12.12.2020 07:00 -11.2 763.9 776.0 90 Bertep, Aylowuii ¢ lora 5 4.0 -12.6 0.2 12 23
12.12.2020 04:00 -10.8 764.5 776.6 83 BeTep, Ayrowuii ¢ lora 6 10.0 -13.1

Fig. 1. Baseline meteorological data used to estimate humidification.
Source: https://rp5.ru/

Initial meteorological data are characterized by poor structuring, large volume,
complexity of processing in a traditional way, for example, using mathematical cal-
culations using Microsoft Excel. For example, in the absence of precipitation, var-
ious types of data are used: numerical (in the presence of precipitation), as well as
symbolic (in the presence of traces of precipitation or their absence). In this regard,
a program was developed in the Python programming language. Python language
allows you to develop full-featured programs with a graphical interface, as well as
perform data processing online using frameworks. In practice, various frameworks
are used: Google Colab, PyTorch, Veles (Samsung), Apache Spark Mllib, Apache
Mabhout, Apache Singa, Caffe 2, Microsoft Azure ML Studio, Microsoft Congnitive
Toolkit, Amazon Machine Learning, Brainstorm, Marvin, Neon.

This allowed us to analyze wetting conditions using the example of the
Mirny land use located in Kochenevsky district of Novosibirsk region (81.9591°,
54.8962°, 82.2747° eastern longitude, 55.0092° north latitude, Russia). The
study area belongs to the central forest-steppe Priobsky agro-landscape region.
Geomorphologically, this area belongs to the high structural geomorphological
relief surface [1,8,9,10] with prevailing elevations from 175 to 210 m above sea
level. The Priobskoe plateau is located in the south-eastern part of the Ob-Irtysh
interfluves and occupies most of the Novosibirsk region. The Priobskoe plateau
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is bounded by the Salair ridge in the north, the Biye-Chumyshskaya Upland in
the south, the Kulundinskaya alluvial plain in the southwest and the Barabinska-
ya lowland in the west. During the Paleogene there was a gradual sinking of the
Priobskoe plateau with a gradual accumulation of thick layers of sedimentary
rocks. The modern relief was formed in the Lower and Middle Quaternary pe-
riod and is associated with erosion processes. Later in the Upper Quaternary, a
young erosional relief developed on the Priobskoe plateau [1, 8-10].

The soil cover is diverse. Automorphic, hydromorphic and semi-hydromor-
phic soils are widespread. Automorphic soils with common and leached cher-
nozem are found on the tops of hills. The slopes of the uvals are occupied by
meadow-chernozem and dark grey forest soils. The lower parts of slopes are main-
ly covered with meadow-chernozem soils. Meadow soils, as well as soil complex-
es with salts, meadow-marsh humus, meadow solonchaks and meadow-marsh
marshes are widespread among the massifs of black earth soils. The most de-
pressed areas in the relief are occupied by meadow-marshy humus, marshy soils.
In the depressions, marshy soils can be found under woody vegetation.

Meteorological parameters of 2019 and 2020 were used for processing
(more than 8000 lines in the dataset) (Table 1). The following techniques of
big data processing are used in the work, involving mathematical operations of
sorting, coding, construction of data slices, and aggregation. The process of en-
largement or aggregation serves in the work to reduce dimensionality and better
represent the results of moisture estimation. Aggregation procedures were used
to systematically describe precipitation, air temperature, relative humidity, and
evaporation with different temporal resolution: by decades, months, vegetation
periods (May-June, May-July, May-August) and annual average.

Table 1.
Agroclimatic conditions of growing season humidification
for grain crops cultivation

Indicator month 2019 year 2020 year
May 28 44
Precipitation, mm June 17 32
prration. Jule 94 75
August 20 49
o May 372 569
temperatures above 10 |20 71 576

u \

degrees Celsius Jule 699 716
August 705 688
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In general, the hydrothermal conditions of the growing season in 2019 for
wheat growth on the territory of Mirny in the Kochenevsky district were insuf-
ficient and assigned to the dry agriculture zone (HC = 0,68). The hydrothermal
conditions of the growing season in the current 2020 for wheat growth were
also insufficient and classified as an arid zone of agriculture (HC = 0,78). The
results of the assessment of natural humidification in 2019 and this year showed
that the studied area belongs to the zone of moderately insufficient and unsta-
ble humidification. Humidification ratios were 0,40 (2019) and 0,58 (2020).

The results showed that the agroclimatic conditions for wheat cultivation
in the current year were more favorable, in comparison with 2019. The humid-
ification indicator for the vegetation period (Vysotsky-Ivanov humidification
coefficient) and the hydrothermal coefficient (G.T. Selyaninov) exceed the val-
ues of last year.

In general, the values of soil and environmental indices in 2019 are less by
an average of 30 points, which is explained by a decrease in agroclimatic po-
tential (AP = 6,55). Agroclimatic conditions in 2020 were more favorable for
wheat cultivation, compared to 2019. The climate continental coefficient was
185, which is significantly less than the average long-term value (C, = 364).
Agroclimatic potential is higher by 3,65 compared to last year.

Discussion

In the course of the research, the moisture content of the farm located in the
forest-steppe zone of Western Siberia was assessed. In the cultivation of grain
crops climate is the most important factor. The results of the work showed the
possibilities of quantitative assessment of agroclimatic parameters with differ-
ent temporal resolution.

The use of big data processing technologies to assess the moisture content
of the territory allows one hand to process poorly structured data without the
use of standard data query languages. This significantly speeds up the analysis
process. On the other hand, use of programming language Python and engineer-
ing libraries is aimed at possibility of fast conversion of the processed data in
different formats. So our developed program allows to save data in Excel, pdf,
csv formats and present it as a table of modern DBMS SQLite. This is aimed
at expanding the possibilities of displaying spatial data for geographic infor-
mation systems.

However, for crop yield prediction, the results of evaluation of topogra-
phy, soils and environmental factors related to plant requirements are needed.
Therefore, further research is aimed at an integrated approach in the assessment
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of agroclimatic, geomorphological and soil conditions of the territory for the
prediction of grain crop yields.

In the course of the research, the moisture content of the farm located in the
forest-steppe zone of Western Siberia was assessed. In the cultivation of grain
crops climate is the most important factor. The results of the work showed the
possibilities of quantitative assessment of agroclimatic parameters with differ-
ent temporal resolution.

The use of big data processing technologies to assess the moisture content of
the territory allows one hand to process poorly structured data without the use of
standard data query languages. This significantly speeds up the analysis process.
On the other hand, use of programming language Python and engineering libraries
is aimed at possibility of fast conversion of the processed data in different for-
mats. So our developed program allows to save data in Excel, pdf, csv formats
and present it as a table of modern DBMS SQLite. This is aimed at expanding
the possibilities of displaying spatial data for geographic information systems.

However, for crop yield prediction, the results of evaluation of topogra-
phy, soils and environmental factors related to plant requirements are needed.
Therefore, further research is aimed at an integrated approach in the assessment
of agroclimatic, geomorphological and soil conditions of the territory for the
prediction of grain crop yields.

Conclusion

The practical significance of the work is as follows:

- the application of big data processing technologies has significantly re-
duced the time for the labor-intensive process of assessing agrometeorological
parameters;

- obtained aggregated meteorological parameters of different temporal reso-
lution (hours, days, decades, months) allowed us to identify a strong variability
of agroclimatic conditions for the territory of Mirny farm Kochenevsky district,
located in the forest-steppe zone of Western Siberia;

- perform an integral assessment of agroclimatic conditions by calculating the
integral indices of moisture, climate continentality, and agroclimatic potential.

In general, the obtained results of the assessment of humidification of the
territory of the farm Mirny Kochenevsky district 2019 and 2020 characterize
a significant variability of agroclimatic conditions for the cultivation of grain
crops. Uneven distribution of the main environmental factors of heat and mois-
ture during the growing season of crops has a significant impact on the value
of agroclimatic potential.
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DEVELOPING MEAT PRODUCTIVITY IN BULL
CALVES OF DIFFERENT DGAT1 GENOTYPES

T.A. Sedykh, L.A. Kalashnikova, I.Yu. Dolmatova,
R.S. Gizatullin, V.I. Kosilov

The given research aims to study the way meat productivity in special-purpose
beef bull calves of different DGAT1 genotypes is developed. The scientific novelty of
the research lies in the fact that an assessment of the meat productivity of Hereford
and Limousin bulls of different DGATI genotypes was conducted for the first time.
Calves were cultivated using elements of resource-saving technology. The research
subject was Hereford male young stock (91 heads) and Limousin bull calves (109
heads), which were genotyped by SNP DGATI1-K232A. Live weight, average daily
gains, and body size and conformation indices were analyzed. Hematological
values and carcass quality of bull calves of different genotypes were studied. As
a result of genotyping, young animals of both breeds had a similar distribution of
genotypes (DGATI**>DGATI*>DGATI*) and alleles (DGAT1*>DGATI1"). There
was no effect of the studied gene polymorphism on growth, body development, and
hematological parameters, as bull calves of different DGATI genotypes did not show
a significant difference between weight and linear growth, blood morphological
parameters, the content of protein, and its fractions. SNP DGAT1-K232A4 was found
to affect fat deposition. Thus, carcasses of both studied breeds of DGATI* genotype
had a significantly higher content of internal raw fat, and fat yield was (P<0.05)
than carcasses of DGATI** genotype bull calves. Therefore, genotyping by SNP
DGATI1-K2324 can be used in the selection of special-purpose beef cattle as an
additional criterion to produce meat of a higher energy value.

Keywords: hereford breed; limousin breed; genotype; DGATI, fattening
qualities; meat qualities, development in postnatal ontogenesis
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®OPMUPOBAHUE MSCHOM MPOAYKTUBHOCTHU
Y BBIYKOB PABHBIX 'EHOTHUIIOB DGAT1

T.A. Ceovix, /1. A. Kanrawmnukosa, H.10. /lonmamosa,
P.C. I'uzamynnun, B.U. Kocunoe

Lenvro 0annozo uccnedosanus s6usemcs uzyuenue moeo, Kak pa3eueaemcst
MACHASL RPOOYKMUBHOCHIL ) MACHBIX ObIUKO8 CNeYUANbHO20 HAZHAYCHUS PASTUYHBIX
ecenomunos DGATI. Hayunas HOBU3HA UCCLe008AHULL 3AKTIOUAEMCS 8 MOM, YMOo
6nepeble NPOBeOeHA OYEHKA MACHOU NPOOYKMUBHOCU ObIUKO8 2epepopiCcKoll U -
MY3UHCKOU NOPOO paznuunblx eenomunos no ceny DGATI, svipawusanue komopvix
NPOBOOUNUCH C UCNONB30BAHUECM INEMEHMOB pecypcochepeaioujeli mexHoNI0UlU.
Obvexmom ucciedosanus OvLu ObIUKU 2epedhopOcKoll nopooul (91 2onosa) u OviuKu
aumMysuHckot nopoowt (109 eonos), komopuie cenomunuposanucy no SNP DGATI-
K232A. Bolnu npoananuzuposamnsl j#cusds Maccd, CpeoHecymouHvle npupocmul, d
makoice pasmepuvl meia u noxkazamenu menocioxcenus. M3yuenvt cemamonocuueckue
noxazamenu u Kaiecmeo mywu ObIYKO8 pasHblX 2eHOMUnos. B pesynemame eemno-
MUNUPOBAHUSA MOTOObIE JHCUBOMHBIE 00EUX NOPOO UMeNU CXOOHOe pacnpeodeneHue
eenomunos (DGATI**>DGATI*>DGATI*) u anneneit (DGATI*>DGATI"). B xo0e
uccned08ansl Hamu He bl BbIABNIEHO GIUSHUE UZYUAEMO20 NOTUMOPDUIMA 2eHA HA
pocm, pazsumue meia u 2eMamonoSuyecKue noKazamenu, makx Kax y Obl4ko8 pastulx
eenomunos DGATI ne Habnm00an0Ch CyuwecmeeHHOU pasHuybl MeXcOy Maccoll mena u
JTUHETIHBIM POCIOM, MOPPONOSUYECKUMU NOKA3AMETAMU KPOBU, coOepiicanuem b6enxa
u eco ¢paxyuii. Obnapysxceno, umo SNP DGATI-K2324 enusem na omnoxcenue
orcupa. Takum obpaszom, mywu obeux usyuennwvix nopoo cenomuna DGATIX umenu
3HAUUMENLHO OONee 8bICOKOe COOEPICAHUE BHYMPEHHE2O CbIPO20 HCUPA, A BbIXOO
arcupa 6u11 (P<0,05), wem y myw 6v1uxoe cenomuna DGATI*. Cnedosamenvho, 2eno-
munuposanue no eeny SNP DGAT1-K232A mootcem 6bimb UCnonb306ano npu omoope
CReYUAnU3UPOBAHHO20 MACHO20 CKOMA 8 Kayecmae OONOTHUMETbHO20 Kpumepiis Oisl
nonyuenus Msca ¢ Oonee 8bICOKOU IHePeemuteckoll YeHHOCbIO.

Knrouesvie cnosa: 2epepopockas nopoda; aumysunckas nopooa; eenomun, DGATI;
CNOCODHOCTL K OMKOPMY; KAYeCmeo MACA; pa3eumue 6 NOCMHAMAaibHOM OHINO2eHe3e

Jna yumuposanusn. Ceovix T A., Karawnuxosa JI.A., /Jonmamosa U.1O., T'u-
samyanun P.C., Kocunoe B.U. @opmuposanue MACHOU RPOOYKMUSHOCIU Y ObIUKOS
pasuvix eenomunos DGATI // Siberian Journal of Life Sciences and Agriculture.
2023. T. 15, Ne3. C. 155-174. DOI: 10.12731/2658-6649-2023-15-3-155-174
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Introduction

High-quality beef production from special-purpose beef cattle is one of the
main growth areas for the Russian meat industry. The beef cattle industry in
the Russian Federation is actively developing at present [5; 8]. As stated by the
Russian Ministry of Agriculture, the number of cattle in the country amount-
ed to more than 18 million heads in 2018, including special-purpose animals
in all categories of farms that reached 2.26 million heads. A comprehensive
assessment of 711.16 thousand heads, or 34.1% of the total number of beef
cattle, including 389.8 thousand animals of 15 breeds and types bred in 57
regions of the Russian Federation, has shown that the largest populations are
Aberdeen-Angus (417,545 heads), Kalmyk (137,262 heads), Hereford (87,278
heads), and Kazakh white-headed breeds (52,563 heads). The controlled live-
stock is purebred and IV generation, including 99.7% servicing bulls and 99.3%
cows. As of January 1, 2019, the breeding base of beef cattle breeding of the
country is represented by 270 breeding herds, including 46 breeding plants and
224 breeding reproducers [7].

Under current import substitution and food security strategies in the produc-
tion of meat for processing, the gene pool of existing cattle breed populations
of the Russian selection has received growing academic interest. The research
results are used to develop programs for breed conservation and design organic
production systems based on domestic genetic resources for selection [5; 7; 21].

The basis of selection and breeding programs is the early and accurate iden-
tification of breeding traits of the animal. The advantage of marker selection is
the unrelatedness of genetic markers on paratypic factors; they do not change
throughout the life of the animal. The mapping of quantitative trait loci (QTL) is
of particular relevance for assessing genetic parameters. Additionally, there are
difficulties recognizing markers for economic traits due to the low heritability
level and trait polygenicity. The quantitative level of traits can be determined
genetically by different allele variations in different genome loci. Alleles are
concurrently tested. The identified allele variations can be used as markers for
individual segments of closely linked chromosomes and genes. Some of these
genes can be responsible for productivity traits [6].

Presently, marker selection contributes much to the development of beef
cattle breeding and serves as an additional criterion for animal selection, in
particular high-value species. It is an important resource for creating highly
productive beef herds [1; 17]. Besides, assessing animals by genes that control
productive, reproductive, and other economic traits is the most critical indicator
of the pedigree livestock [4; 15; 17; 21].
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Numerous studies aimed at establishing the relationship between meat pro-
ductivity traits and single nucleotide polymorphism (SNP) of candidate genes
are still relevant [6; 8; 9; 11; 14; 18].

Among the genes responsible for lipid metabolism in animals, the diacyl-
glycerol O-acyltransferase 1 gene (DGATI) is an enzyme known for synthe-
sizing triglycerides, diglycerides, and acyl-coenzyme A. The DGATI gene in
cattle was mapped on the BTA14 chromosome. A. Winter et al. [19] have tested
the SNP in exon 8 of the DGAT! gene and revealed that the changes G—4 and
C—4 at position 10434 result in the loss of the restriction site for Cfr/ endo-
nuclease and the replacement (K2324 polymorphism) of lysine with alanine
(K—A). It has also been found that the lysine-coding allele (K allele) is asso-
ciated with a higher fat content in milk [19]. I. F. Gorlov et al. [4] indicate that
DGATI"is more common among Bos taurus taurus and practically not found
among Bos taurus indicus and Bos grunniens.

Some Russian and foreign researchers claim that the polymorphism of the
diacylglycerol-O-acyltransferase 1 (DGATI) gene is associated with the fatness
of carcasses and the quality of meat [9; 11]. B. M. Serensen et al. [18] have
found a high correlation of the DGATI enzyme activity in cattle with the fat
content in the longissimus muscle and the eye round. Research by R. A. Curi et
al. [10] conducted on the Nelore cattle has shown that the K allele DGAT pos-
itively affects the subcutaneous fat layer thickness [10]. I. Anton et al. [8] have
determined the effect of the DGAT! gene polymorphism on the intramuscular
fat content in Hungarian Angus. X. X. Wu et al. [20] consider that DGAT! is a
promising genetic marker for intramuscular fat content (/MF). L. Pannier et al.
[14] have explored a significant impact of the marker on the subcutaneous fat
content in the Charolais and Limousin metapopulations. It should be noted that
studies of the DGAT1 polymorphism effect on meat productivity and quality
traits of Bos animals failed to observe a reliable impact.

In our previous studies on genotyping Hereford and Limousin bull calves
by the DGATI gene [16; 17], there were no resulting animals with the ho-
mozygous genotype by the second allele. In this regard, it was decided to
increase the sample of experimental animals and the list of studied traits
characterizing the development of meat qualities in young beef livestock in
postnatal ontogenesis.

The scientific novelty of the research lies in the fact that an assessment of
the meat productivity of Hereford and Limousin bulls of different DGATI gen-
otypes was conducted for the first time. Calves were cultivated using elements
of resource-saving technology.
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Materials and Methods

The research aimed to study the development of meat productivity in bull
calves of various DGAT1 genotypes. The research tasks were as follows: (1) ge-
notyping Hereford and Limousin bull calves according to SNP DGATI-K2324;
(2) assessing live weight, average daily gain, and body size and conformational
parameters of animals aged eight and twenty months; and (3) studying hema-
tological parameters and quality of carcass of bull calves of various genotypes.

For genotyping by SNP DGAT1-K232A, Hereford (91 heads) and Limousin
(109 heads) bull calves were genotyped at the age of one month. The young
Hereford bulls were the offspring of the Australian selection animals bred in the
livestock breeding farm SAVA-Argo-Usen LLC; Limousin bull calves descend-
ed from animals obtained in the livestock breeding farm SAVA-Agro-Yapryk
LLC (Tuymazinsky district of the Republic of Bashkortostan, Russia) by accu-
mulation crossbreeding of Simmental cattle with bulls of the French selection.
The farms use stable-pasture technology, and summer maintenance on pasture
is conducted according to the cow-calf system with resource-saving elements:
(1) using empty livestock premises and ground runs for keeping cows with
calves; (2) arranging rounded calving with regulated suckling; and (3) max-
imum use of pasture lands with electric fences and fattening of commercial
young animals on open year-round operated feedlots. Bull calves were reared
up to twenty months of age [2].

DNA was isolated from whole blood stabilized with sodium citrate using
a set of DNA-Extran (Syntol). Genotyping was performed by the PCR-RFLP
method [9] using primers: F: 5°—gca-cca-tce-tct-tcc-TCA-ag-3” and R: 5°—gga-
agc-gcet-tte-tcc-gga-tg-3°. Amplifiers were cleaved by the Cfrl endonuclease.
The number and length of the received restriction fragments were found elec-
trophoretically in 7.5% PAGE in UV light after staining with ethidium bromide.
Restriction fragments were analyzed using the Gel Doc XR gel documentation
system with the Image Lab version 2.0 DNA-analyser software. Restriction
fragment sizes were as follows: 411 KK, 411, 208, 203 KA, and 208, 203 AA
base pairs.

Depending on the identified genotypes, bull calves were divided into groups
by the DGATI gene: Group I — DGATI** (n=20); Group Il - DGATI** (n=20);
Group Il — DGATI* (n=10).

The development of meat productivity was studied according to the dynam-
ic indicators of live weight, average daily gains, conformation measurements,
body-built indices, hematological values, and post-slaughter assessment of the
carcass quality.
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The live weight of calves was determined by weighing them on a floor scale
at birth, eight months, twelve months, sixteen months, and twenty months. The
average daily gain was found by the ratio of overall live weight gain for the
growing period to the number of days in the period. Conformation recording
was conducted at eight and twenty months of age, and standard and linear mea-
surements were studied, namely, withers height, chest girth, chest width, chest
depth, oblique body length, pastern width, and quarter size. Based on these mea-
surements, conformation indices were calculated, particularly shoulder width,
boniness, blockiness, frame size, meatiness, and body length index.

Hematological studies were performed under the clinical diagnostic labora-
tory. The blood morphological composition was determined by flow cytometry
on an automatic LH-500 analyzer (Beckman Coulter). The total protein content
was evaluated using an SYNCHRON CX4 PRO biochemical analyzer (Beck-
man Coulter). Protein fraction content was identified by the capillary electro-
phoresis automated solution MINICAP (Sebia).

Post-slaughter carcass evaluation of different genotype bull calves was
performed at the SAVA meat processing plant. The carcass quality was as-
sessed according to the Russian national standard GOST 33818-2016 — Meat.
High-quality beef. Specifications. Pre-slaughter live weight, hot carcass weight,
carcass yield, the weight of internal raw fat, fat yield, slaughter weight, and
slaughter yield were found according to the classical methods developed in the
All-Russian Animal Breeding Institute named after L. K. Ernst.

Statistical processing of the research results was conducted by standard
methods using the software application Microsoft Office Excel.

Results

Genotyping Hereford and Limousin bull calves revealed a high frequen-
cy of occurrence of the DGATI*® genotype, which was 51.65% and 50.46%,
being higher than that of DGATI% by 16.49% and 11.93%, and DGATI* by
38.46% and 39.45%, respectively. In general, bull calves of both studied breeds
are characterized by the same frequencies of the DGATI* and DGATI alleles.

The live weight dynamics of different genotype animals by the DGAT gene
are shown in Fig. 1.

The analysis of the obtained data on the dynamics of the live weight of Her-
eford and Limousin animals shows that there is no effect of the DGAT gene
polymorphism on the live weight indicators of calves at birth and eight, twelve,
sixteen, and twenty months of age. There is a tendency of a certain increase in
the bodyweight of animals in the direction of DGATI**—DGATI1**—DGATI*.
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Fig. 1. Live weight dynamics of different genotype bull calves by the DGAT! gene, kg.

With increasing age, DGATI®*¥<DGATI1* genotype Hereford bull calves
showed a slight difference in live weight: 0.91% at the age of twelve months,
0.65% at sixteen months, and 1.58% at twenty months; Limousin animals had
1.25%, 1.13%, and 0.91%, respectively. It should be noted that the live weight
results are within the standards for the Hereford and Limousin breeds.

Compared to Hereford cattle, Limousin animals had slightly higher live
weight indicators in all age periods — by 3.37% at eight months, 4.11% at twelve
months, 3.67% at sixteen months, and 3.95% at twenty months.

The average daily gain in live weight decreases with the increasing age of
animals. DGATI* and DGATI* genotype Hereford bull calves showed the
highest average daily gains for the entire growing period (912.7 g and 900.0 g,
respectively). Limousin bulls of the identical genotypes had 945.7 g and 941.3
g of average daily weight gain.

The blood morphological composition of different genotype animals did not
have significant differences and was within the reference limits of the physio-
logical standards. Haemoglobin, red blood cells, and white blood cell contents
at eight months were slightly higher than at twenty months, which is associated
with age characteristics. DGAT14* genotype bull calves of both breeds had a
relatively higher level of red blood cells and hemoglobin.

The concentration of protein fractions was also within the range. The re-
sults show some age-related features. Thus, DGATI*¥ genotype Hereford and
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Limousin young bulls had a higher amount of total protein by an average of
11.47% and 12.04% by twenty months of age, DGATI* genotype animals — by
12.07% and 10.12%, and DGATI** genotype cattle — by 9.19% and 10.54%,
respectively. DGAT*4 genotype bull calves of both breeds had more albumins
and y-globulins at the age of eight months, with a higher level of gamma-glob-
ulins at twenty months of age. Hereford cattle showed a slight increase in the
protein coefficient (albumin-globulin index).

Conformation measurements of different DGATI genotype bull calves are
shown in Fig. 2 and 3.

Quarter size

Pastern width
Body length ® Limousin AA
W Limousin KA

Chest depth
W Limousin KK
Chest width = Hereford AA
354157 3 m Hereford KA
Chest girth o0 W Hereford KK
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0 20 40 60 80 100 120 140 160

Body measurements, sm

Fig. 2. Conformation measurements of calves at the age of eight months.

The received confirmation measurements of Hereford and Limousin bull
calves — withers height, chest girth, chest width, chest depth, oblique body
length, pastern width, and quarter size — were within the age norms and norms
of the breed standard. Bull calves of different genotypes did not have apparent
dissimilarities between the indicators. However, DGAT 144 genotype bull calves
had slightly higher conformation measurements at the age of eight months and
twenty months, which indicates a better body development in young animals
and is confirmed by higher live weight indicators.

In the age aspect, Hereford bull calves had increased withers height by
15.48%, chest girth by 31.34%, chest width by 51.40%, chest depth by 43.47%,
pastern width by 27.45%, oblique body length by 18.59%, and quarter size by
44.40%; those of Limousin cattle were higher by 15.90%, 33.47%, 50.83%,
43.94%, 27.04%, 16.73%, and 42.31%, respectively.
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Fig. 3. Conformation measurements of calves at the age of twenty months.

Body-built indices of different genotype bull calves are given in Fig. 4 and 5.
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Fig. 4. Body-built indices of calves at the age of eight months.
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Fig. 5. Body-built indices of calves at the age of twenty months.

The increase of body-built indices, including those characterizing the devel-
opment of meat quality indicators observed with age, demonstrates the harmo-
nious development of the body parts of both breeds and confirms the distinct
beef breed manifestation of young animals in all experimental groups.

In the context of genotypes, there is a tendency for a slight increase in
meat productivity indices in the direction of DGATI**—DGATI**—DGA-
T1*. At the age of eight months, DGATI** genotype Hereford and Limousin
animals had a slight increase in shoulder width by 1.82% and 1.18%, frame
size by 0.4% and 2.98%, and meatiness by 0.2% and 1.98%, respectively,
compared with the young animals of the DGATI** genotype. At the age of
twenty months, Hereford and Limousin bull calves had a similar difference:
0.48% and 0.56% in the shoulder width, 2.54% and 2.06% in the frame size,
and 0.68% and 1.56% in meatiness, respectively. Young animals at the age of
eight months were characterized by a more compact build, while at the age
of twenty months, the body length index increased. This was especially no-
ticeable in the cattle of the Limousin breed characterized by a long body. In
general, the studied indicators allowed us to conclude the harmonious body
development of both studied breeds.
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Slaughter results of different DGATI genotype bull calves are shown in
Fig. 6 and 7.
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Fig. 6. Carcass quality indicators of different DGAT1 gene genotype bull calves.
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Fig. 7. Carcass and slaughter yield of different DGAT1 gene genotype bull calves.

Carcass quality indicators of different DGATI gene genotype bull calves
demonstrate the absence of intergroup differences. There is a tendency to
increase them somewhat DGATI**—DGATI**—DGATI*!. Indicators of
pre-slaughter live weight in Hereford and Limousin cattle with the DGAT
genotype are higher by 1.47% and 1.19% compared to animals with the DGAT-
1¥% genotype. In studying animal carcasses, the difference DGAT144>DGAT %%
is also observed, in the order of listing breeds, respectively: hot carcass weight
by 1.52% and 1.53%, carcass yield by 0.01% and 0.30%, slaughter weight by
1.21% and 1.32%, and slaughter yield by 0.20%.
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There is a clear association of the studied DGAT! gene polymorphism with
fat content in both breeds. Thus, there were significant differences (P<0.05) be-
tween the DGATI1**>DGATI** genotypes in terms of the internal raw fat weight
(19.6 kg and 18.75 kg in Herefords; 17.12 kg and 16.63 kg in Limousins) and
fat yield (3.6% and 3.35%; 3.0% and 2.85%, respectively).

Discussion. The findings of genotyping Hereford and Limousin bull calves
indicate a high DGATI** genotype frequency of 50%—51% in both breeds. The
heterozygous genotype is in second place in terms of frequency, and the small-
est number of animals were of the homozygous genotype by the second allele.
In general, bull calves of both studied breeds are characterized by the same
frequencies of the DGATIX (0.64) and DGATI*(0.36) alleles. The observed
frequencies of the DGATI¥ allele (0.64) are slightly lower than the findings
of C. Avilés et al. [9] that have revealed allele frequencies in Spanish Limou-
sins as follows: DGATI* (0.84) and DGATI* (0.18). There is evidence of the
DGATI®¥ genotype absence in the Simmental bull calves [4] and the Kazakh
white-headed animals [3].

The research did not prove associations of the studied polymorphism with
growth and development indicators of bull calves. Hence, there were no sig-
nificant inter-group differences in terms of live weight, average daily gains,
absolute live weight gains, hematological values, conformation and body-built
measurements, and body composition indices. The results of the control slaugh-
ter proved a strong association of the DGATI gene polymorphism in the bulls
of both breeds with the fat content. The DGAT1* genotype was associated with
the internal raw fat weight and the fat yield. The findings of the given research
are consistent with the results of J. L. Gill et al. [7], C. Avilés et al. [9], and A.
Curi et al. [10], who indicated increased fat deposition in DGATI*X genotype
bull calves. This dependence was not found in other studies [10; 13]. The ob-
tained results go in line with D. Karolyi, who found that DGAT ! genotype bull
calves exceeded DGATI* animals in carcass weight by 2.09% [12].

Conclusion. Thus, in the conditions of the Republic of Bashkortostan, Her-
eford and Limousin beef cattle were genotyped by SNP DGATI-K232A. This
gene polymorphism was studied in terms of its effect on the meat productivity
of young animals in postnatal ontogenesis. As a result of genotyping, young an-
imals of both breeds proved to have a similar distribution of genotypes (DGAT-
I¥>DGATI*>DGAT ") and alleles (DGATI1*>DGATI"). There was no effect
of the studied gene polymorphism on growth, body development, and hemato-
logical parameters, as bull calves of different DGAT! genotypes did not show a
significant difference between weight and linear growth, blood morphological
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parameters, the content of protein, its fractions, and carcass quality. SNP DGATI-
K2324 was found to affect fat deposition. Thus, carcasses of both studied breeds
of DGATI* genotype had a significantly higher content of internal raw fat, and
fat yield was (P<0.05) than carcasses of DGATI* genotype bull calves. There-
fore, genotyping by SNP DGAT1-K232A can be used as an additional criterion
to get meat with a higher energy value in selecting special-purpose beef cattle.
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Hayunas crares | O01iee )KHBOTHOBOJICTBO

IMPOAYKTUBHBIE
U BUOJIOTMYECKHUE OCOBEHHOCTH OBEI]
IMOPOJIbI POCCUMCKHM MSICHOU MEPUHOC
ITPU PASHOM JIMHEHHOM ITOJIBOPE

E.H. Yepnoéait, C.A. Oneiinuk, O.H. Onuwienko,
C.B. lumeunos, A.H. Cypoe

Paseedenue osey no tunusaM A615A€MCs CIOACHOU, HO IPHEKMUBHOU 300MeXHU-
yeckoll pabomotl 8 HUCmMonopoOOHOM HCUBOMHOB0OCMEe. JIuHeliHble 08Ybl YCMOYU-
60 nepeoarom ceou NPOOYKMUBHbIE 0COOEHHOCIU NOMOMCMEY U Ol MO20 Ymoobbl
VIYHUWUMG U 6bIAGUMb HAUOONee NePCHeKMUGHbIe 2eHOMUNBL 06elY OMAULAIOWUECS
8bICOKOU NPOOYKMUBHOCHIBIO U IPPEKMUSHOCIBIO BLIPAUWUBAHUS, OCYUECTNENAIOM
MeACTUHeHbIL NOODOP, KOMOPUILL 8 C80I0 04epedb NO36OACI GbIAGUNTL GAPUAHMDL
cnapueanust IUHULL @ cmaode U NOyYeHUe HCUSOMHBIX NPeBOCXOOAUUX NO NPOOYK-
MUBHOCIU POOUMENLCKUE POPMBL, UMO ABNACTNCA AKNYATLHBIM 8 HACIOAWCE BDEM.

OcnogHoli yenvio pabomvl AGIANOCY, BbIAGUMDb HAUOOLee P PexmusHvle BaPUAHb
NpU HYMPU- U MEHCIUHENIHOM NO0DOpe 06ely NOPOObl POCCUTICKULL MACHOU MEPUHOC.

B 3a0auy uccneoosanuii 6xo0uno: u3yuums y JICUGOMHBIX PAIUUHO20 NPOUC-
XO0JICOEHUSL POC U MENOCTONCEHUE, KIUHULECKUE NOKA3ATNENU JICUBOMHDBIX, JHCUBYIO
Maccy 6 paznvle 603pacmuvle nepuodsl, YOouHble U MACHbIe Kauecmed.

Yemanoeneno, umo monoouax nonyuennwiii npu cnapugaHuu mexicoy coooi
arcusomuwix aunuil BK-40 u ME-50 umeem 6onee nponopyuonaivHsle ghopmsl me-
J0Cn0dCeHUs, Tyyue YOounvle 1 MicHble Kavecmea. [Ipupocm dcueoti maccul
ACHAM, NOIYHUEHHbIX NpU cnapusanuu mamox runuu BK-40 u 6apanos nunuu ME-50
(Il epynna), 6vin 6onee unmencugnee, 4em y ux CePCMHUY OM HYMPUTUHEUHO20
noobopa nunuu BK-40 (I epynna) u mexcnunetinozo noobopa mamox aunuu AC-30
¢ bapanamu nunuu ME-50 (II epynna). Camvie msicenvie mywiy Obliu y aeHam,
nonyueHHvix om cnapueanus mamox wuHuu BK-40 u 6apanos nunuu ME-50 (13,26
Ke), macca mywu 0vlia 60bue, N0 CPABHEHUIO C AHALOSUYHBIM NOKA3AMENeM C8ep-
cmuuy I u II epynnvr coomeememeenno nHa 7,7 % u 4,0 %, no macce enympenne2o
orcupa —Ha 21,8 % u 9,8 %, no ybounou macce — 8,3 % u 4,3 %.
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Knruesvie crosa: 06yes00cmeo,; nopooa pocCuticKuil MACHOU MEPUHOC, TUHUL
9KCmepbep; AHCUBAs Macca, yoouHvle Kauecmed

Jna yumuposanus. Yeprooau E.H., Onetinux C.A., Onuwenxo O.H., Jlumeu-
nos C.B., Cypos A.U. [Ipodyxmusnvie u 6uoio2uueckue 0coOeHHOCnmu 06ey nopoobl
POCCUTICKULL MACHOU MEPUHOC NPU PA3HOM JuHetiHom noobope // Siberian Journal of
Life Sciences and Agriculture. 2023. T. 15, Ne3. C. 175-196. DOI: 10.12731/2658-
6649-2023-15-3-175-196

Original article | Animal Husbandry

PRODUCTIVE AND BIOLOGICAL
CHARACTERISTICS OF RUSSIAN MEAT MERINOS
SHEEP WITH DIFFERENT LINEAR SELECTION

E.N. Chernobai, S.A. Oleinik, O.N. Onishchenko,
S.V. Litvinov, A.I. Surov

Line breeding is a difficult but effective zootechnical process in purebred sheep
husbandry. Linear sheep consistently transmit their characteristics to offspring in
order to increase and identify the most promising genotypes, characterized by high
productivity and breeding efficiency, by detecting interline selection. The main pur-
pose of the work was to identify the most suitable options for intra- and interline se-
lection of the Russian meat merino breed. The article studies the early development
of animals’ growth and physique, the high rates of animals, live weight in different
age periods, slaughter and meat qualities. We established that young animals ob-
tained by mating between the animal lines VK-40 and ME-50 were characterized by
more proportional body shapes, better slaughter and meat qualities. The increase
in live weight of lambs obtained by mating queens of the VK-40 line and rams of
the ME-50 line (group IIl) was more intense than their peers from the intraline
selection of the VK-40 line (I group) and of queens of the line AC- 30 with ME-50
rams (group II). The heaviest carcasses were in lambs obtained from the mating of
queens of the VK-40 line and rams of the ME-50 line (13.26 kg), the weight of the
carcass was greater, compared with the same indicator of the peers of groups I and
11, respectively, by 7.7% and 4.0%, by internal fat mass — by 21.8% and 9.8%, by
slaughter weight — by 8.3% and 4.3%.

Keywords: sheep breeding; breed Russian meat merino, lines, exterior; live
weight; slaughter qualities
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Beenenne

BecbMa 1ieHHbIE KadecTBa OBEll, 10 CPABHEHMIO C JIPYTUMH BUAAMH XKH-
BOTHBIX, — 9TO UX YHUBEPCAJIbHBIH XapakTep, 00yCIOBICHHBIH OOJIBIINM
pa3HooOpa3ueM MoTydaeMbIX IPOLYKTOB M HAIUIHEM 3HAUUTEIBHOTO KOJIH-
YecTBa MOPOJ, ISl KOTOPBIX XapaKTEpPHBI CBOM, BO MHOTOM HEMOBTOPSIEMBIE,
MIPOAYKTUBHBIE CITOCOOHOCTH. Mcmonb3oBaHue OONBIIMX MOTEHIIHAIBHBIX
BO3MOXXHOCTEH OBLIEBOJICTBA [TO3BOJIUT B 3HAUUTENIBHOM Mepe colelCTBOBATh
HAKOIUIEHHUIO 3al1acoB MPOJOBOIBCTBUS M CBHIPHSI IS HOITY4EHHUS TTPOMBIIII-
JIEHHBIX M3Aeauil. MHOToMeTHEN NMPAaKTUKON MEepeloBbIX XO3SUCTB pa3iny-
HBIX 30H Hallell CTpaHbl JOKa3aHO, YTO pelIeHHe AaHHOM 3aJauu MOXKHO 3a
CUEeT IPUMEHEHUS IPUOPUTETHBIX CEJIEKIIHOHHBIX METOJIOB B OTPACIIH, PallH-
OHAJIBHOTO HCIIOJIb30BaHNS TEHETHYECKOTO IMMOTEHIINAaNa )KUBOTHBIX [ 1, 7, 14].
D¢ dexTrBHOE pa3BeieHHE OBEI] MOXKET OBITh 33 CYET pa3BEACHUS KHUBOTHBIX
no nuHuAM [10]. JImHelHOe pa3BeleHHEe — 3TO COXpAaHEHHE B CTaJ€ BbLAA-
IOIINXCSI TEHOTUIIOB, OTIINYAIONINXCSI CBOCH MHAWBUIYAIbHOCTHIO, CBOMMU
OIpeeICHHBIMU KaueCTBEHHBIMH M KOJIMYECTBEHHBIMU XapaKT€PUCTUKAMH,
0COOEHHO 3TO Ba)XKHO B YMCTOIIOPOJHOM OBILEBOACTBE. Takke coobuiaercs,
YTO OT KPOCCHUPOBAHUS JIMHUH, T. €. OT CIIAPUBAHHSI )KUBOTHBIX OJTHON TMHUU
C KUBOTHBIMH JPYTOH JIMHUH, MOXKHO MOJIYYHTH OoJiee )KU3HECIIOCOOHOE 1
BBICOKOIPOTYKTUBHOE TOTOMCTBO B CPAaBHEHUH C UCXOIHBIMU POJUTENIbCKU-
MU popMamu. B 3ToM citydae, BBISBISIIOTCS JIy4IIHE COYETaHUS MKy COO0M
nuHAi [15, 19].

[TosTomy, 1enbio paboTHI SBISUIOCH U3YYHTh POCT U pa3BUTHE, YOOWHBIE
Ka4yecTBa ITOTOMCTBA, TIOJIy4EHHOTO OT BHYTPH- H MEKJIMHEHHOTO 1I0100pa.

HoBwu3sna nccnenosanuii. Bnepssie B yenosusax FOra Poccuu mposene-
HBI UCCJIEIOBAHUS 110 BBISABICHUIO HAaNOO0JIEe NPOAYKTUBHBIX )KHUBOTHBIX OT
BHYTPH- ¥ MEeXIIMHEeHHOTO nog6opa nuauii AC-30, BK-40, ME-50. Ycra-
HOBJIEHO, YTO MOTOMKHM, POJUBIINECSA OT CIapUBaHMs MaTOK JuHUU BK-
40 u 6apanoB nuHur ME-50 oTimYanuce TIy4ImuMu pOCTOM U Pa3BUTHEM,
yOOHHBIMU XapaKTepUCTUKAaMH, B OTJINYUE OT CBEPCTHHI] OT BHYTPHIIH-
HelHoro moxbopa nunun BK-40 u mexnuueliHoro nojdopa nunuii AC-
30 u ME-50.
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Martepuaja 1 MeTOAMKA HCCIe0BaAHUI

HUccrnenoBarus npoBoamimuck B CXA (komxose) «PoxamHay AmnaHaceHKOB-
ckoro paiiona, CraBpomnoibckoro kpas, Poccuiickoii @enepaiuu B nepuoj ¢
2021 mo 2022 rr. MaTepuaaoM Ucclie0BaHUH MOCTYKUJIA OBIIHI TIOPOJIBI POC-
CUICKUN MSICHOM MEPUHOC Pa3HOM JMHEMHON IMPUHAIEKHOCTH.

Jist sxciepuMenTa ObUTH C(OPMHUPOBAHBI 3 TPYIIIBI )KUBOTHBIX, | rpyrmima
- )kuBoTHbIe TUHUH BK-40 (c BBICOKMM BBIXOIOM MBITOH miepctn), 11 rpymma —
JKUBOTHEIE, TTIOJTyYeHHBIE TIPH criapuBaHuy MaToK JTHHUU AC-30 (04eHb TOHKas
mepceth) 1 Oapanos uHIN ME-50 (BeICcOKO# sxnBO# Maccoit), 111 rpynma — xu-
BOTHbIE, MTOJyYEHHBIC ITPU criapuBaHuu Matok juHun BK-40 u GapanoB-1ipo-
m3Bonuteneit muann ME-50.

Juis cpaBHEHUS MPOXYKTUBHBIX, KIMHUYECKUX M OTKOPMOUYHBIX KadeCTB
MOJIOZIHSIKA OBEIl JIMHCWHOW MPUHAUICKHOCTH U KPOCCIUHCHHBIX KHUBOTHBIX
MOPOABI POCCUMCKUI MSICHON MEPUHOC, MPOBEACHO CIIaPUBAHUE JKUBOTHBIX I10
cxeMme ormbITa (Tadm. 1).

Tabnuya 1.
Cxema cnapuBaHusl TUHUH KUBOTHBIX

Tpymma ITopona u nuHuK 3 . [lopona u auuuN -
6apaHOB-ITPOHU3BOANTENEH MaToK

1 PMM (mmunus BK-40) 2 | PMM (nmuuus BK-40) | 40

1I PMM (siunus ME-50) 2 | PMM (nunusa AC-30) | 40

1 PMM (mmunst ME-50) 2 | PMM (smuust BK-40) | 40

[Ipumeuyanue: PMM — poccuiickuii MsiCHOW MEPUHOC

B nponiecce ncenenoBanuii U3y4aanch CIEAYIONINE TOKa3aTeIu:

- IPOMEPBI SKCTEPhEPa U UHAEKCHI TEIOCI0KEHUS N3yUYaIUCh 10 METOUKE
B.®. Kpacotsl, B.T. Jlo6anosa, I'I1. [xanapunze [4]. Y sspok npu pokaeHHH
1 B 4,5 MecsTYHOM BO3pacTe, Opaiich IpoMepHI (BBICOTA B XOIIKE, KOcast ITHHA
TYJIOBHUINA, 00XBAT IPy/IH, 00XBAT ISICTH) ¥ BBIYUCIISUTICH HWHJIEKCHI TEJIOCIIOMKE-
HUS (PACTIHYTOCTH, COMTOCTH, KOCTUCTOCTH M MACCUBHOCTH).

- KIIMHUYECKHUE TT0KA3aTeN N )KUBOTHBIX B PA3IMIHBIC BO3PACTHBIC IEPHOIB,
TIPY 5TOM HCIIONB3Ys OOLeNpUHAThIe MeTo/ibl aHann3a B.W. Aradonosa, C.H.
AwuroBa, M.[I. AutoBoii u np. [8]. HacToTy mynabca U3MepsuIu YMCIOM YIapoB B
MUHYTY - 10 O€IPEeHHOM apTepuH, 9aCTOTY JBIXaHUS — 10 JBIKCHUIO TPYIHON
KIIETKH, TEMIIEPATypy Tela — PeKTAIBHO.

- COXPaHHOCTD SITHAT B KaXKJJON ONBITHOM IPYIIE ONpeIesisan IIyTeM yCTa-
HOBJICHHSI KOJIMYECTBA MABIIUX *KUBOTHBIX MO TEM WM WHBIM IPUYMHAM OT
0OIIETO KOMTMYECTBA MOy IEHHBIX SITHST.
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—  M3YYEHHME KMBOUH MACChI MOIOTBITHBIX dKUBOTHBIX OCYIECTBIISLIOCH ITy-
TEM B3BEIIUBAHMSA UX MPU POXKICHHUH, B 21-THEBHOM BO3pacTe, MPH OT-
OWBKE STHAT OT MaTOK B 4,5 MeCSYHOM BO3pacTe ¢ TOYHOCTHIO 70 0,1
KT, iepen yooem. [1o naHHBIM IPUPOCTA KUBOW MACChI OMPEICIISIICS
CPEHECYTOUHBIM IPUPOCT.

— KOHTPOIBHBIN YOOI MIPOBOIHIICS COTIACHO METOAMYECKUM PEKOMEHIa-
mussm CHUMKK [5]. [Ipu 3TOM y4uTBIBaIU - MPEeIyOOWHYIO JKUBYIO
Maccy, Maccy TYIIH, MacCy BHYTPEHHETO JKUpa, YOOHHYI0 Maccy, yOoii-
HBIN BBIXOJl, MacCy BHYTPEHHUX OPraHOB, MACCy BBITEKILEH KpoBU. Msic-
HYI0 NPOAYKTUBHOCTb M3ydanu no meroguke [OCT 7596-81 «Msico
paszaenka GapaHUHBI U KO3JSITHHBI [T PO3HUYHOW TOProBim» [2].

—  CKOpOCIIEJIOCTh ATHAT YCTaHABIUBAJIH IO CKOPOCTH MPUPOCTA MACCHI
Tena oT poxkaeHus 10 4,5 mecsues. [TokazaTensiMu CKOPOCHIENOCTH SIB-
JISIFOTCSL CPETHECYTOUHBIC IPUPOCTHI )KUBOI MacChl M aOCOITFOTHBIC TIPH-
POCTHI IO TiepuoaaM A0 4,5 MECsYHOTO BO3pacTa.

— YUMTBIBAJIU KOJIMYECTBO 3aJ@HHBIX KOPMOB U MX OCTATKOB I10 3aJaH-
HBIM BUJIaM KOpMa B NepHoj OTKOpMa. st orsiatel KopMa NpupoCcTOM
MOJIOJIHSIK B3BCIIIMBAJICS B HavaJie M KOHIIE ombiTa. O0Iee KOJIMIeCTBO
3aTpayeHHbIX HA IPYIILy KOPMOBBIX €JMHUI] ¥ IEPEBAPUMOTO IPOTEUHA
JISITVIIA Ha TIOTyYeHHBIH OO MpUBeC U TAaKUM 00pa30oM yCTaHABIH-
BaJIM 3aTpaThl KOPMOB Ha | Kr mpupocTa.

[TonyueHHbIH MaTepran 00pabaThIBaICs METOIOM BapHALIMOHHON CTaTh-

CTUKU C ONPEJEICHUEM OCHOBHBIX KOHCTAHT BapHalMOHHOrO psiaa no H.A.
[Tnoxunckomy [6].

Pe3yJ'll)TaT]>I HCCIEI0OBAHUSA U UX oﬁcymz[elme

B JAAaHHOM pas3eyie NpeACTABICHbBI PE3YIbTAThbl I/ICCJ'IS,Z[OBaHI/Iﬁ o CIeayro-
UM paszaciiaM: KOPMJICHHUE U COACPIKAHUE ) KMBOTHBIX, POCT U PA3BUTUEC JKUBOT-
HBIX, KIMHUYCCKUEC IMOKA3aTCIIN U COXPAHHOCTD ATHAT, IPUPOCT JKMBOM MacChl
SITHAT, y6OI7IHBI€ " MSICHBIC Kau€CTBa ATHAT

Kopmnenue u cooeporcanue Hcusomnuix

B nepron npoBeneH s NCCIIe0BaHN PEIKIM COZIEPIKaHMUS JKUBOTHBIX OBLT
CIIEJIYIOLIMM: B OJIArONpPHUSATHYIO OOy CTOWIOBOTO EPHO/A IO SITHEHHS MaT-
KM HaXoJIMJINCh KPYIJIOCYTOYHO B 0a3y Ha NIyOOKOH COJIOMEHHOW MOJICTHIIKE;
TOCJIC ATHCHUA — B OBUApPHE, B TCUCHUE 10 ﬂHeﬁ, B MOCJICAYIOIIEM — JTHEM B
0a3y, HOYBIO — B OBYapHE ¢ srHsTamu. [Ipu cogepkaHUu MaToK U BBIpalMBa-
HUH SITHST UCIIONIB30BAJICS KOLIAPHO-0a30BBIi METO/.
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OcHoBy KOpMOBBIX paiinoHoB B CXA (komxo3) PonquHa AnanaceHKOBCKOTO
paiiona CTaBpOMOJIBCKOTO Kpasi COCTABIISAIOT pacTUTENbHBIE KopMa. B xopmo-
BOM OajaHce 3eleHas PaCTUTEIBHOCTh M MPOAYKTHI ee MepepaboTku (CeHo,
CEeHaX, COJIOMa, CHJIOC) 3aHUMAIOT TTOJIaBIISIONIYI0 YaCTh KOPMOB, HCIIOJIb3Yye-
MBIX B OBIIEBOJICTBe. Ha KoHIleHTpaThl mpuxoautcs aunib 10-15 % Bcex xop-
MOBBIX CPEZICTB.

[Tpu nosTHOIIEHHOM KOPMJICHHUH B CTOMIIOBBIN MEPHO/] TIOBBIIIACTCS YIIUTaH-
HOCTB CYSITHBIX MaTOK, YBEIMYHBAETCS UX MOJIOYHOCTH MOCHE SATHEHUS, yIyd-
I1aeTcs pOCT U pa3BUTHE ATHAT [3].

KopMiteHHIO CySTHBIX OBLIEMATOK B XO3SHCTBE yAeiseTcst 0co00e BHUMA-
HUE, 3Hasl, YTO B MOCJIEAHUE TPU MECSIIA CyITHOCTH MOTPEOHOCTH B a30T€ yBe-
nuanBaetcs Ha 20-25%, ypoBeHb epeBapiuMOro MPOTEHHA CIIETYET TOBBICUTD
1o 140-150 . A muHepanpHBIC BEIIeCTBA B pacueTe Ha ofHy ronoBy: Ca-7-8 .,
P - 3 r; n He menee 30 Mmr. kapoTuHa. Mcxons n3 3T0i MOTpeOHOCTH, paloH
CYSITHBIX MaTOK CJICAyIOIIuii (Tabi. 2).

Tabruya 2.
PanuoH kopMJieHHsI CYSITHBIX MATOK, *KUBOH Maccoii 60 kr

Ilokasarenb ITepBbIii nepuos Bropoii nepuos

CYSITHOCTH CYSITHOCTH

=3 g ol oo o g -~ o o
ERICE G

Kopma 5 |27 ¢ 51275
CeHo pa3HOTpaBHOE 0,310,15( 19 | 1,70,710,310,15( 19 | 1,7 | 1,7
CeHO MHOTOJIETHUX TPaB 0410246 | 10 |1,0]0,5(0,25| 58 | 88| 1,1
Cunoc KyKypy3HbIi 30(0,6 42 |45(|15(3,0[(0,6|42 45|15
Konuentpuposaunsie kopma | 0,3 | 0,3 | 24 | 0,3 | 1,0 {0,35{0,35| 28 | 0,4 | 1,2
HUmoeo 4,0 |1,25(131(16,5| 4,2 |4,15|1,35|147 |15,4] 5,5

Kak BuHO 13 TaOMHIIBL, pAIIMOH MAaTOK B CYSITHBIN TIEPHOT IO 001IIei ThTa-
TeJIbHOCTU cocTaBuil 1,3 kopMm. ex, 147 r nepeBapuMOro NpoTenHa; BO BTOPOil
MEPUOJ] CyATHOCTH KOJMUYECTBEHHBIH M KaueCTBEHHBIM ypOBEHb MoKa3aTenen
KOPMOBOTO paIFioHa BO3POC, 3TO OOBSICHACTCS YBEIUUYCHHUEM MOTPEOHOCTH B
MTUTATEIbHBIX BEIIECTBAX B 3TOT MEPHOJ BPEMEHHU.

B nmactOumiHbIi IepHoJ] MATKK C MOJIO/IHSIKOM BBITIACAJIMCh HAa €CTECTBEH-
HOM ractowuIe. MoJoaHsIK 110 4,5 MeCSYHOTO BO3pacTa CoIepkKajcs C MaTKaMu
B OZIHOI1 oTape.

B nepron nosicoca 0CHOBHBIE TUTATEIIBHBIC BELIECTBA KOPMOB HITYT Ha IIPO-
H3BOJICTBO, MPEXK/IE BCETO, MOJIOKA JJIsi KOPMIICHUS SITHAT, @ 3aT€M Ha MOoJAep-
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JKaHUEC )KU3HECHHOT'O TOHYCa OBLICMATKH. Taxxxe cTout YUUTBIBATHh UX MOJIOYHYTIO
MIPONYKTHUBHOCTb — OJMHIIOBOCTb, IBOWHEBOCTh WIIH TPOHHEBOCTh. COBEpIIIeH-
HO OYEBHJIHO, YTO MOTPEOHOCTH B MUTATENIFHBIX BEIIECTBAX, TEM BBIIIE, YeM
OoJIbILIE SATHSAT.

SIrHsITa B IOZICOCHBIN MEPHOJ € 2-X HEIETHHOTO BO3paCcTa MOIyJanu OKOJIO
50 KOHIIKOPMOB B CYTKH, ITOCJIE CTPYHKKN U OThEMA NX OT MaTOK, HaryJIHBAJINCh
Ha €CTECTBEHHBIX MACTOMIIAX, MMOydas AOIOIHUTEIbHYIO ITOJKOPMKY — IO
150 r KOHLIEHTPATOB (AYMEHB) Ha OAHY TOJIOBY B CyTKH.

Camu sTHATA ¢ MOJIOKOM MaTepH HE MOTydYaloT MOJHOLEHHOTO MUTaHuS,
KOTOpO€ TpeOyeTcs sl HOPMAJIBHOTO POCTA M PA3BUTHS, IIO3TOMY YKE € TIep-
BBIX MECSIIEB )KU3HH NX HAYWHAIOT PUYYaTh K IpyObIM U KOHIIEHTPUPOBAHHBIM
KOpMaM: CeHy, OTPYOsiM, TpOOIEHOMY SIUMEHIO, OBCY.

B niepBrlii Mecsl Ku3HU SATHEHKY JatoT 10-20 1. KOHIEHTPUPOBAHHBIX KOP-
MOB B CyTKH, B AByXMecs4HOM Bo3pacte — 30-50 r., B Tpexmecaunom — 70-
100 r, a B geThIpexmecsiuHoM — 10 200 1.

K geTsipexmecs4HOMY BO3pacTy STHSTA JOIDKHBI f0CTUraTh 45-50% xuBOH
Macchl B3pOcCiioi 0cobH, a K moiyroparojoBaitoMmy — 75-80%. Jlist monHoLeH-
HOTO Pa3BHUTHSI U POCTA, MOJIOAHSK JIOJKEH TI0JTy4YaTh B JIOCTAaTOYHOM KOJIHYe-
CTBE MUTATE/IbHBIC U MUHEPaJbHbIC BelnecTsa (Tabdi. 3).

Tabnuya 3.
IoTpeOHOCTD SITHAT B MUTATEJbHBIX H MUHEPAJIbHBIX BEIIECTBAX
Bospact K.en., xr | Ilep. np., . Ca,r. Pr
Jlo ogHOTO MecsIa 0,40 60 3,2 29
OT OTHOTO 710 IBYX MECSIICB 0,55 70 3,6 32
OT BYX /10 YETHIPEX MECSIIECB 0,65 80 4,0 3,6

Tabnuiia orpaskaet NOTPEOHOCTh AIEKO HE BCEX, HO CAMBIX BaYKHBIX KOM-
MTOHEHTOB MUTaHUA. Tak, HampuMep, KaIbIuii 1 Gochop aKTHBHO y4acTBYIOT
B OpraHU3Me BO BCEX IpOIeccax, 0COOCHHO B 00pa30BaHUH M HapaIldBaHHU
KOCTHOW TKaHH, MEPEBAPUMBIA MPOTEUH CITYKUT UCTOUHUKOM CTPOUTEIBHOTO
Matepuana s Oenka.

Jo oTpema STHAT OT MaTepH CTEIICHb MCIOIh30BAHUS MUTATEIHHBIX Be-
mecTB MojogHsikoM aocturaetr 70%. [Ipu uckiodyeHrur MOJIOKa U3 palroHa
3TOT MOKa3aTelb CHkaeTcs 10 50%.

[lepron oTreMa ATHAT MPUXOTUTCS HA )KAPKUH OTPE30K BPEMEHH C PE3KUM
COKpallEHUEM 3eJiIeHOH TpaBbl. [l0aTOMy B X03siiCTBE AJI1 MOJIOAHSKA BbLJIE-
JIAIOT caMble JTy4IlIne 3eJIeHble TacTOuIa. IToro HaJo MPUACPKUBATHCS €IS
1 TIOTOMY, YTO Y MOJIOABIX KUBOTHBIX K 3TOMY BPEMEHH, HE COBCEM C(HOPMH-
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pOBaJICs JKEBATENIbHBII alrapar, a Mmepexof] OT MacTOUIIHOTO COJEepPIKaHHs K
CTOMIJIOBOMY OCYIIECTBIISACTCS IIOCTENEHHO. [ 3TOro Ha MpeANpHATHN K KOH-
Iy NacTOMIIHOTO MepHo/a TPOBOAAT IPHYYESHHE MOJIOTHSIKA K OSIAHUIO CeHa
U cutoca. PaiyoH cocTaBisioT B COOTBETCTBUH C HOPMaMH KOPMIICHHUS B ATOT
NepuoJ BPEMEHH, KOTOPBIE TIPE/ICTaBICHBI B Ta0IUIE 4.

Tabnuya 4.
Hopma kopMiIeHHsI MOJIOTHSIKA OBeIl MOCJe 0TheMa
Bospact K. en., kr Ilep. mp., T. Ca,r. Pr
4 — 6 MecsIIeB 0,75 90 4.5 3,0
6 — 8 mecs1eB 0,85 100 5,0 34
8 -12 mecsien 1,00 110 6,2 4,0

"3 Ta6J'II/IL[BI MOXHO CA€JIaTh BBIBOA, YTO K JOCTHMXXCHHUIO Iroag0Bajioro BO3-
pacTta, MOJIOAHSKY Tp66y€TC$I MPAKTUYCCKHU OJUHAKOBOC KOJINYCCTBO OCHOBHBIX
MUTATCIIbHBIX U MUHCPAJIbHBIX BEIICCTB, YTO U IJIs1 B3POCJIBIX oco0ei.

Pocm u paseumue srcusommuvix

Wzydenue skcTepbepa SIBISETCS BAKHBIM (DEHOTUITMYECKUM ITOKa3aTeseM
C LEJIbIO NaJbHEHIIeH CeNeKIMH )KUBOTHBIX B CTaJie 0COOCHHO B OBLICBOJICTBE.
DKCTephep KUBOTHBIX OMPENEIIET HANPaBIEHHOCTh MPOJYKTUBHOCTH XKH-
BOTHOTO M 0COOEHHOCTH 1MOpoybl. [Ipn BBISBICHHH KEIAaTeIBHOTO THIIA OBELl
0COOEHHO JIeNaeTcst yrop Ha 3KCTepbepHbIe 0COOCHHOCTH KUBOTHOTO. Takxe,
COXPaHHOCTH U BEDKHBAEMOCTDH KUBOTHBIX B ONPECIICHHBIX YCIOBUAX CPE/IBI
OOUTaHUS TECHO CBSI3aHBI C IKCTEPHEPOM KHUBOTHOTO [9]. Kaxknast mormymsiumst
YKMBOTHBIX XapaKTepH3yeTcsl CBOCH 0COOCHHOCTBIO OTIMYHS OT IPYTOH MOIYJIsi-
M1, KOTOPasi B OTIPE/ICIICHHBIX YCIOBHSX CPEbl OONTAHUSI TPOSIBIISIOT JIyYIIHEe
CBOM IPOAYKTHBHBIE KAUECTBA U TEM CAMBIM JIy4Ille PACKPBIBAET CBOW TEHETH-
YecKui moreHuat. A (hopMbl TEIOCIOKEHNS IMEIOT HETIOCPEICTBEHHYIO CBS3b
C UHTEPHEPOM KHUBOTHOTO U €T0 MPOTYKTUBHOCTHIO [7, 17]. ITosTOMYy, n3yde-
HHUE POCTA M PA3BUTHs )KUBOTHBIX B MOCTIMOPHUOHAIBHBIN MEPUOJ SIBISIETCS
B)KHBIM 3JICMEHTOM B CEJICKIIMU KUBOTHBIX. C 3TOH LIENIbI0 HAMU OBLTH H3Y-
YEHBI IPOMEPHI )KUBOTHBIX M MHJICKCHI TEJIOCIOKEHUS, YTOOBI BHISIBUTH KaKHe
JKUBOTHBIC OTJIMYAIOTCS 00JIee BBIPAKCHHBIMU MSCHBIME (hopmamu (Tali1. 5).

Ananu3 Tabaunbl 4 mokasat, 9To XuUBOTHEIE [I1 rpymmer oTngarores ryd-
MU TIOKa3aTeNIIMH 3KCTEPhepa Kak MPH POXKICHUH, TaK U B 4,5 MECITIHOM
Bo3pacre. Tak, npu poxaeHuu >kuBoTHbIE 111 rpynis! IpeBOCXOAMIIN CBEPCTHULL
I u I rpynm o xocoif qmue Tynosuma Ha 5,4 % (P<0,01) u 1,5 % (P>0,05),
o0xBary rpyau coorBeTcTBeHHO Ha 8,4 % (P<0,001) 1 1,9 % (P>0,05). ITo BBI-
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COTE B XOJIKE TIPEBOCXOJICTBO OBLIO Y )KUBOTHBIX Il rpyIIIBI 10 CpaBHEHHUIO CO
ceepctannami I u Il rpynmamu coorBercTBeHHO Ha 2,8 % 1 0,6 % HO pa3HHIa
B 000mX ciydasx ObiTa He mocToBepHOU. Taxke xuBoTHEIC I1 1 111 rpymmax mo
00XBary ISICTH UMEITH OJIMHAKOBBIN U JIy4IIHi OKa3aTelb 6,4 cM, B TOXE BpeMs
KaK y )KUBOTHBIX | IpymIbI JaHHBIA MOKa3aTeNb COCTAaBMI 6,3 cM.

Tabruya 5.
OCHOBHbBIE POMeEPHI HCCIETYEMbIX SITHSIT

I'pynmna
I (Quuaus AC-30 | I (Qnuaus BK-40

I (muaust BK-40)

HawumenoBanwe x S muansg ME-50) | x dnuaus ME-50)
npomepa B3siTHe TIPOMEPOB y ATHAT B BO3PACTE, MeC.
fpu 1 ys | Tpu |y Hp 1y 5
POXKIEHUH POXKIEHUH POXKIEHUY

31,9 51,5 32,8 52,8 32,6 53,6
+0,35 +0,44 +0,31 +0,48 +0,29 +0,47
Kocas nqouna 31,3 52,5 32,5 53,5 33,0 54,0
TYJIOBHIIIA +0,32 +0,51 +0,29 +0,53 +0,35 +0,50

393 67,0 41,8 69,5 42,6 71,6
+0,40 +0,78 +0,42 +0,64 +0,39 +0,71

6,3 8,5 6,4 8,7 6,4 8,7
+0,13 +0,17 +0,11 +0,18 +0,11 +0,17

BricoTa B x0m1Ke

O0xBar rpyau

O06xBar msACTU

[Ipu oTOMBKe HAONIOMATIACH TAKas YKE TCHICHIUS MPEBOCXOACTRA spok I11
TPYIIIBI IO TPOMEPaM TEIIOCIOKEHUs, HaJl CBEPCTHULIAMHU JPYTHX IpymiL. Tak,
1o BeicoTe B xosike >kuBoTHBIE Il rpynmnsr npeBocxoamiu ceepctHul I u 11
rpymnmax coorserctBenHo Ha 4,1 % (P<0,01) u 1,5 % (P>0,05), o xocoit 1u-
HE TYJIOBHIIA TIPEBOCXOJCTBO cocTaBuio 2,9 % u 0,9 % mnpu HenocToBepHOU
pasHuIe u ooxsary rpyau — Ha 6,9 % (P<0,01) u 3,0 % (P<0,05).

Jnst Gonee TOUHON XapaKTEPUCTHKH TEIOCIOKEHHS MOIOTBITHBIX KHBOT-
HBIX IPUMEHSIOT METOJ] MHJEKCHOM OIIEHKH, KOTOpPbIE TOKAa3bIBAIOT OTHOLLICHHE
MEXIy cO00H OTIEIBHBIX MPOMEPOB M KOTOPHIE TECHO CBSI3aHbI C KOHCTHTYIH-
OHAJILHBIMH 0COOECHHOCTSIMH JKUBOTHBIX (Ta0. 6).

AHaMM3UPysl MHAEKCHI TEIOCIOXKEHUS MOAONBITHBIX ATHAT (Tadu. 6), He-
00XOJJIMO OTMETHTh, YTO MOJOAHSK III rpymnIbl monmyueHHBIH OT CriapuBaHuUs
*KuBOTHBIX JInHIHA BK-40 1 ME-50 ipeBocX0muT CpaBHUBACMBIX CBEPCTHHKOB
I 'n Il rpynnax no uHAEKCY COMTOCTH N MACCUBHOCTH. Taxk, 110 HHJEKCY COUTO-
CTH IPEBOCXOJICTBO COCTaBHJIO MPU POXKJIECHUHM COOTBETCTBEHHO Ha 3,5 u 0,5
abc. MPOIEHTOB, MacCUBHOCTH — 7,5 1 3,3 abc. mpouenToB. B 4,5 mecsanom
BO3pacTe MPeBOCX0CTBO sipok I1I rpymmsl Ha cBEpCTHUIIAMH 110 MHAEKCY COH-
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TocTh coctaBmio 5,0 u 2,7 abc. MPOIEHTOB, 10 MacCUBHOCTH — 3,5 u 2,0 abc.
[IPOLIEHTOB.

Tabruya 6.
HHekcsl Te10c10:KeHUs HCCTIeyeMbIX SITHAT
Haumenosanue I'pynna
HHJCKCA - -
G a0 [ 1 SO T I B0
B3siTue mpomepoB y STHAT B BO3pacTe, Mec.
IIpu 4,5 [Tpu 4,5 [pu 4,5
POXICHUU POKICHUH POXKICHUHU
Pactanytoct 98,1 101,0 99,1 101,3 101,2 100,7
Couroctu 125,6 127,6 128,6 129,9 129,1 132,6
Kocrtucroct 19,7 16,5 19,5 16,5 19,6 16,2
MaccuBHOCTH 123,2 130,1 127,4 131,6 130,7 133,6

TakuM 006pa3oM, MOOIHSK MOMYYCHHBIH TPH CIIAPUBAHUH MEXAY COOOM
*kuBOTHBIX TrHAH BK-40 1 ME-50 nmeer Gonee nporopinoHanbHEIE (POPMBI
TEJIOCIIOXKEHNUS], YTO OTBEYAET MSICHOMY HAIPaBJICHHIO OBEIl.

Hammm nccnenoBanus moareepkaatores pesynbsraramu padot T.0. Hlyro-
pesoti [11], FO.A. Komocosa, A.C. [ertaps, T.C. Pomaner [12], koTopsie oT-
MeyaJlli, 4TO IPH CIIaPUBaHUU TOHKOPYHHBIX OBEIl C OBIAMH MSICO-IIEPCTHOTO
HalmpaBJICHUA YITy4YlIarOTCsA MIACHBIC q)OpMI)I IIOMCCHBIX XNBOTHBIX, OTJIMYAKO-
IIAMHACS OOBIIMMHU 3HAYCHUSMH HHACKCOB COMTOCTH U MAaCCHBHOCTH.

Knunuueckue noxazamenu u coxpannocmo seHsam

[Ipu npoBeneHUN HayYHO-XO03HCTBEHHOTO SKCIIEPUMEHTA U3y4aIlCh KIIH-
HUYECKHE MTOKA3aTeNN 30POBhS SATHAT B CTOIIOBBIN M MACTOUIIHBIN MEPHO:
TeMIeparypa Teja, YUCII0 AbIXaHW| ¥ 4acToTa IyJbca KUBOTHBIX (Tadi. 7).

AHann3 JaHHBIX TaOJIUIIEI 7 TOKA3BIBACT, YTO MO KIMHUYECKHM IOKa3aTeNsImM
HET CYIIECTBEHHOM Pa3HUILIbI MEKAY CPABHUBAEMBIMU TPYIIIAMU JKUBOTHBIX, a
TaKKe B 3aBUCHMOCTH OT TIEPHO/Ia CO/IEPIKaHUsl (CTOMIOBBIM, TACTOUIIHBII).

Temmeparypa Tena, yacToTa AbIXaHUS U ITyJbca OblIM B Ipeaenax (usno-
JIOTUYECKON HOPMBI U HE Pa3INydaIich IO TPyHIaM BO BCE IEPUOABI UCCIIENO0-
BaHUIA, a TOJBKO KOJICOAINCh B CBS3M C M3MCHCHHEM YCJIOBHI OKpYIKaroIien
cpenpl. Ho crout ormeruts, uro xuBotHbie 11 u Il rpynnax nomydeHHsle OT
MEXJIMHEHHOTO 1oAdopa poanTeNeil NMeln HECKOIBKO BBINIE TEMIIEparypy
Tella 10 CPAaBHEHUIO C JKUBOTHBIMHU OT BHYTPHIIMHEHHOTO mogbopa | rpymrsl,
Kak [IPU CTOMIIOBOM, TaK ¥ IIPH MACTOUIIHOM COJEPKaHUHU. A 4acTOTa Mylbca U
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JIBIXaHUS! Y )KUBOTHBIX OT MexJnHeitHoro moxbopa I u 11 rpymmnax ymenbIa-
JIUCh IO CPABHEHUIO C KUBOTHBIMM | Irpynibl, NOIYYEHHBIX OT BHYTPUIMHEN-
HOTO TTO100Pa, YTO CBA3BIBACM, C OOJIee KPYITHOW BETMINHON ITHUX JKHBOTHBIX.

Tabnuya 7.
KinHn4eckue nokasaresu sirHsT
I'pynna
I 1I 111
[Toka3zarenn TepHOJL

CTOMIO- | IMacTOuI- | CTOMIIO- | macTOMII- | CTOMIO- |macTOwuIi-
BBIM HBIA BBIM HBIN BBIM HBIA

I:;Hfgﬂypa 39,3+0,09 | 39,5+0,04 | 39,4+0,08 | 39,7+0,05 | 39,40,07 | 39,8+0,06

YacTtora apixa-
HUSI, MUH.

Hactoramytb- | o6 10 97(118,7:41,64) 95.440.85 |112,0+1,42] 94.6+0.85 110,141 35

ca, MHH.

43,7+0,55 | 58,0+0,67 | 41,0+£0,59 | 56,3+0,73 | 40,4+0,61 | 55,6+0,70

Heo0xoauMocTh NpoBelieHNsT KIMHUYECKUX HUCCIIeIOBaHUN 00YyCIOBICHO
MOATBEPKICHUEM TOTO (haKTa, YTO JAHHBIN IKCIIEPUMEHT ITPOBOAMIICS HA JKH-
BOTHBIX 3/I0POBBIX B KIIMHUUECKOM OTHOIICHNH, A ITOJTyUYCHHBIC PE3YyIIBTaTHI SIB-
JISIFOTCS JIOCTOBEPHBIMH M OTBEYAIOT (DPM3HOJIOTMYECKUM HOPMaM JUIsl IaHHOTO
BUJA ¥ BO3pacTa )KMBOTHBIX, a TAK)KE YCIOBUI OKPY’KAIOIIEH CPEabI.

[Ipu m3ydeHN BOCIPOU3BOAUTEIBHBIX CIIOCOOHOCTEH MaToK (Tabm. §),
YCTaHOBIICHO, YTO OOBATHWIOCH MAaTOK B Ipeaenax rpymn ot 87,5% B I rpyn-
e, 10 95% B I rpymre.

Tabnuya 8.
CoXpaHHOCTH MOTONBITHBIX ATHAT
[Toka3zarenn I'pynmna
1 1 | 11
KonuuecTBo SATHST BCEro, rojios 45 | 48 | 51
OTXOx ATHAT 10 IPUYKHE, | 3a00JI€BaHMS OPTaHOB JBIXAHUS 2 1 -
royios 3a00JIeBaHKE OPTaHOB 2 2 2
MTUIIEBAPCHNUS
OTpPAaBJICHUS - - -
TpaBMaTnu3Ma - - -
CoxpaHHOCTb, % 91,1 93,8 96,1

[TonmyuyeHo ATHAT B Mpeaenax ONBITHBRIX Ipymm oT 45 no 51 ronos. OTxon
ATHAT B CBSI3M C PA3HBIMHU IIPUYMHAMH, 3a00JICBAHUSIMU OPTaHOB ABIXaHUS U
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OpraHOB MMIIEBAPEHUS B IIpefieiax rpymnn coctaBuio ot 3,9 % B Il rpynne, no
8,9 % B I rpynme. Takum 0b6pa3oM, Tydmieil COXpaHHOCTBIO ATHST B ONBITHBIX
TPyHITax OT POXKACHHS 10 OTOMBKH oTimdanuch xkuBoTHbIE [11 rpymmer (96,1%),
YTO BBIIIIE, [T0 CPaBHEHHIO co cBepcTHULAMU | u Il rpynmaMu cooTBETCTBEHHO
Ha 5,0 u 2,3 abc. MPOIEHTOB.

Jlyuiryto coXpaHHOCTb KMBOTHBIX CBSI3bIBAEM C UX KUBOW Maccoi Mpu po-
XKJICHHH, y ATHST, TOJIYYEHHBIX OT MEKJIMHEHHOro Mo00pa XuBast Macca Ipu
pOoXieHNH ObLTa OoJbIIE.

Hamu uccnenoBaHus HOATBEPXKIAIOTCS PE3yNbTaTaMU HCCIETOBAHUN
A.Y. Tarnoesa, B.I'. 3aBbsioBoid, E.C. Xamxoeoii, B.A. ITonosa [1], koTopble
YTBEPKJAIOT, YTO MPH COBEPIICHCTBOBAHUU METOAA PA3BEICHUS KUBOTHBIX,
a UMEHHO IPH CKPEUIMBAHUU MAaTOK MOPOJBI MPEKOC ¢ OapaHaMH KyTyMCKOH
TIOPOJIBI TIOBBIIIAETCS TIPOLICHT COXPAHHOCTH TTOIYYEHHOTO MOJIOJHAKA Ha 4,7
a0bc. TIPOIICHTOB.

Ipupocm dcugoii maccuvl seHam

Hawnbornee BayKHBIH X035 CTBEHHO-3KOHOMHYECKHI TOKA3aTelIb B OBIIEBO/I-
CTBE — )XMBasi Macca XMBOTHBIX. JKHBOTHBIE ¢ OoJiee BEICOKOW )KUBOW Maccoi
OTJIMYAIOTCS JTy4Ilel COXPaHHOCTBIO M IIPHCIOCOOIEHHOCTHIO, Pa3BUTHEM BHY-
TPEHHUX OPraHOB, BEICOKOH SHEPrHei pocTa 1 0OMEHHBIMH ITPOLIECCAMH B Op-
ranuzme [14, 19].

PeSyJ'[I)TaTBI HU3Yy4YCHUA JKUBOM MacChl IMOAOIBITHBIX XUBOTHBIX, IMTOJTYYCH-
HBIX OT BHYTPH- U MSKIHHEIHOTO Mo00pa IMpeiCTaBIeHB! B Ta0muIe 9.

Tabnuya 9.
Iloka3aTeTn MPUPOCTA JKUBOIl MACCHI SIPOK
I'pynna
[Tokazarenu . I I
JKwBast Macca SITHST B BO3pacTe, K
TIPY POXKICHUH 4,20+0,05 | 4,23+0,06 | 4,35+0,06
21 cyrox 8,2+0,13 8,5+0,09 8,8+0,15
4,5 mecsia 24.5+0,35 | 25,4041 | 26,0+0,37
[IpupocT xuBoit Maccel 3a 4,5 Mecsua:
a0COIIFOTHEIH, KT 20,3 21,17 21,65
CPEIHECYTOYHBIH, T 1504 156,8 160.4

AHanu3 TaONHIEl MOKa3bIBaeT, YTO KuBas Macca sarHAT 111 rpymnmsl, mo-
JIy4eHHBIX OT criapuBaHus KUBOTHBIX JHUI BK-40 n ME-50 Obu1a Gosnbine,
yeM y cBepetHHn | u I rpynmax coorBercTBeHHO Ha 3,6 % u 2,8 % mpu Heno-
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croBepHoii pasuuue (P>0,05) B o6oux ciyuasx. B 21 queBHOM Bo3pacte 3Ta
pasHHIa yBETMYMIACh U COCTaBMIIa COOTBETCTBeHHO Ha 7,3 % (P<0,01) u 3,5
% (P>0,05), a B 4,5 Mecs9HOM BO3pacTe COOTBETCTBEHHO — Ha 0,1 % (P<0,01)
u 2,4 % (P>0,05).

Takum 00pa3zom, MPUPOCT KUBOK MACCHI STHAT MOJYYEHHBIX OT ClIapUBa-
HUS TWHUH )KUBOTHBIX Mex Ty coboit BK-40 1 ME-50 0611 60niee MHTEHCHUBHEE,
YeM y UX CBEPCTHHII OT BHYTpHIHHEHOrO notoopa suanu BK-40 (I rpynma)
U MeKIIMHEeHHoro noxdopa marok tuanl AC-30 ¢ 6apanamu auaun ME-50 (11
rpymma). B cBoto ouepenp, KUBOTHBIE 11 TPYyIIITBI OT MEXIIMHEHHOTO OI00pa
Marok iuHuH AC-30 ¢ 6apanamu smHIA ME-50 1mpeBocxoamiy 1o KMBOH Mac-
ce cBepcTHUI] | rpynmbl BO Bce BO3PACTHBIE EPUO/BI, HO IPU HEOCTOBEPHON
pazuutie (P>0,05).

Yooiinvie u macnvie kauecmea seHam

UtoObl M3yYUTh MSCHYIO MPOAYKTHBHOCTH MOJIOJHSIKA TTOJIOIBITHBIX JKH-
BOTHBIX PA3HOTO IMPOUCXOKACHHS ITPOBOIMIN KOHTPOIBHBIN YOOI )KHBOTHBIX
B Bo3pacte 6,0 mecsues. [ yoost ¢ KaxI0H rpynmbsl ObUTH 0TOOpaHbI Mo 3
TOJIOBBI TUITMYHBIX ’KMBOTHBIX U 1O CPEAHEN KUBOM Macce COOTBETCTBOBAIU
XapaKTepUCTUKaM CBOeW rpynnsl. [ocie ronoaHoi BbIAEPKKH, COITIACHO Me-
tommaeckuM pekomeHanussmM CHUMIKK [5] nzyyanuch OCHOBHBIC ITOKA3aTeIN
MSICHOM IPOAYKTHBHOCTH. JlaHHBIE IpeicTaBieHsl B Tabmume 10.

Tabnuya 10.
Pe3yJbTaThl KOHTPOJILHOTO Y0051 HCC/IETyeMOro MOJIOIHSIKA
I'pynna
Mokasarenns I (s I (Qmunus AC- | I (Qmuaus BK-
BK-40) 30 x dnunus 40 x Snunus
ME-50) ME-50)

ﬁ;i?mﬁicgzﬂge?i%i};?;e, KT 31.3 323 332
JKuBast Mmacca npeny0oitHasi, Kt 29,8+0,12 30,6+0,20 31,3+£0,23
- TYIIH, KT 12,31+0,18 12,75+0,21 13,26+0,15
- BHYTPEHHET0 JKUpa, KT 0,55+0,01 0,61+0,02 0,67+0,02
Vb6oiinas macca, Kr 12,86+0,19 13,36+0,21 13,93+0,17
V6oiinbiii BeIxoa, % 43,15 43,66 44,50
BuytpenHero xupa, % 1,8 2,0 2,1

Srasra 11l rpynnsl npeBoCXoAsT 10 BceM IokazaressiM ceepetaul [ u 11
rpymmel. CaMble TSDKENbIC TYIIX OBUTH y STHAT, MTOMYYCHHBIX OT CIIapUBAHUS
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marok juand BK-40 u 6apanoB quaun ME-50 (13,26 kr), Macca Tymu Obuia
6outbIIIe, IO CPAaBHEHMIO C AaHAIIOTHYHBIM MToKazaTeneM cBepetHHI | u 11 rpymmst
cootBeTcTBeHHO Ha 7,7 % (P<0,01) u 4,0 % (P>0,05), mo Macce BHyTpeHHETO
xupa — Ha 21,8 % (P<0,001) u 9,8 % (P>0,05), no yooitroit macce — 8,3 %
(P<0,01) u 4,3 % (P>0,05).

OnHUM M3 CaMbIX BOXKHBIX MMOKa3aTeNell MICHBIX KaueCTB SIBJSIETCS yOOii-
Helit Bbixox [10]. HanGonbimii npoueHT Beixona msica (44,50) Obl1 y STHAT
I rpynmsl. OH ObLT BbIIIE, YEM Y CBEPCTHHI COOTBETCTBEHHO Ha 1,35 u 0,84
abc. TTPOTICHTOB.

Pe3ynbrarhl UCCIIEI0BAHUI XUMUIECKOTO COCTaBa MSAKOTH TYII SIPOK pa3-
HOTO JIMHEIHOTO MPOUCXOKIACHHUS U M0JI00pa MpecTaBicHbI B Tadmuie 11.

Tabnuya 11.
XUMHYEeCKHii COCTAaB MSKOTH TYII B 3aBHCHMOCTH OT JIMHEHHOTO moadopa
I'pynmna
[Tokazarenu
I II 111
Komnuectso, roi. 3 3 3
Biara, % 68,70+0,35 67,98+0,23 67,54+0,20
Kup, % 10,60+0,19 11,05+0,23 11,31+0,21
benok, % 19,74+0,23 19,86+0,20 19,92+0,27
3ona, % 0,96+0,09 1,11+£0,09 1,2340,10
KaxopuitHoCTh | KI' MAKOTH, KKaJl 1995,9 2057,3 2119.,5

XUMHUYECKNI COCTaB MAKOTH TAK)K€ CBHJICTEIECTBYET O BEICOKOM KaueCTBE
roJTydeHHoi O6apanuns! ot oger I1I rpymnbl, 4To 00yCI0BIEHO, B IEPBYIO OUe-
pellb, UX TeHETHYECKUMU 0COOCHHOCTSIMU. Tak, IpU MEHBIIEM COJAepKaHUH
BOZIBI B MSIKOTH IIO CpaBHEHUIO co cBepcTHUamu [ u II rpynnamu coorBer-
cTBeHHO Ha 1,16 1 0,44 abc. IPOIEHTOB, CONEPIKAHKE JKUPA, IIPOTCHHA U 30JIBI
y HEX ObLTO O0bIIe. TaK, 10 coepKaHMIo )KUPA, OOJIbILIE COOTBETCTBEHHO Ha
0,71 u 0,26 abc. mpouenTos, 6enka — Ha 0,18 u 0,06 abc. MPOIEHTOB, 307l —
0,27 u 0,12 abc. mporeHTOB. CaMOii BBICOKOH YHEPTeTHYSCKON IICHHOCTHIO
oryasuck sxuBoTHbIE [11 rpymmer (2119,5 Kkaim) 1 npeBocxoncTBo Hat cBep-
crauuami [ u Il rpynmamu cocrasuio Ha 6,2 % u 3,0 %.

LleHHOCTh TYIIM B 3HAYUTEIBHOW CTENECHM OIPEACISETCS COPTOBBIM U
MopdosorrnueckuM ee cocraBoM [ 15, 18]. [Tocne oxmaxaenus OblI MPOBEICH
copToBoi pa3pyd Bcex Ty coracHo [OCTy 7596-81 «Msico pa3nenka 6apa-
HUHBI ¥ KO3JIATUHBI 7151 PO3HUYIHON TOPTOBINY. AHAJIN3 MOITYyUYEHHBIX JaHHbBIX
MIPUBEICH B TaOIHIIE.
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Tabnuya 12.
CopTtoBoii 1 MOpP(0IOrHYeCKUii COCTAB TYLI SATHAT
Tpymna Beixon, %
MSIKOTh KOCTH ¥ CyXOKuiansi | Koahduiment MscHOCTH

I 73,9 26,1 2,83

1I 74,1 25,9 2,86

il 75,4 24,6 3,06

Mopdostorudeckuii COCTaB TYIIH OMPEACIIICS ITyTEeM 0OBaJIKU OTACTBHBIX
orpy0oB. OHUM U3 [MOKa3aTeleH Ka4ueCTBEHHOM XapaKTepPUCTUKN MSICHO# Ipo-
QYKTUBHOCTHU OBEII CIY’KUT KOA(P(PHUIIMEHT MACHOCTH, YKa3bIBAIOIINI Ha CTe-
[ICHb YIUTAHHOCTH OBEI] M BHITOITHEHHOCTHh MACHBIX (hopm [13, 16].

YcraHoBIIEHO, UTO Y )KUBOTHBIX 11 rpyIimel, Macca cheTOOHBIX YacTeil TyIu
Obu1a OOJIBILE MO OTHOLICHUIO K HECHEIOOHBIM YaCTSIM, [T0ITOMY U KOA(h(H-
IMEHT MACHOCTH OB BEIIIIE 110 CpaBHEHUIO co cBepcTHUaMH | 1 11 rpymmamu
cooTrBercTBeHHO Ha 0,23 1 0,20 ex.

[Tokaszarenu U3y4eHUs: BHYTPEHHUX OPraHOB IIPEACTABICHBI B Ta0uIe 13.
B tabnure npencTaBiaeHbl TaHHBIC 10 a0COTIOTHOMY M OTHOCUTEIIFHOMY Pas3-
BUTHIO BHYTPEHHHUX OPIaHOB SITHAT PA3HOTO MPOUCXOXKICHUSL.

Tabnuya 13.
Macca BHYTPpEeHHHX OPTaHOB SITHST
I'pynna
ITokazarens 0 I .
JKusast macca npeny0OoitHas, Kr 29,8+0,12 30,6+0,20 31,3+0,23
KpoBb, T 1061,0 1093,0 1146,0
% 3,56 3,57 3,66
Cepaue, T 1423 153.,5 1614
% 0,48 0,50 0,52
Jlerkue, T 414,5 4347 4739
% 1,39 1,42 1,51
Ileyens, r 596,7 611,1 6253
% 2,0 2,0 2,0
IMoukwu, T 107,9 111,8 118,1
% 0,36 0,37 0,38
CeneseHka, T 64,5 65,8 67,3
% 0,22 0,22 0,22

YCTaHOBJ'ICHO, 4TO >kuBOTHEIE 11 Tpynribl UMEJIN NPEBOCXOACTBO IO Macce

BHYTPEHHUX OpraHoB Haj ceepcrHuuamu I u Il rpynn. Tak, no macce BbITEk-
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el KpOBU MPEBOCXOJICTBO COCTABMIIO COOTBETCTBEHHO Ha 8,0% u 4,8%, mac-
ce cepaua — Ha 13,4% u 5,1%, nerkux — Ha 14,3% u 9,0%, neuenu — 4,8% u
2,3%, mouek —Ha 9,5 u 5,6%, cene3zenku —Ha 4,3% u 2,3%. B oTHOCHTEIBHEBIX
BEJIMYMHAX OT MPEAyOOHHOM MaCCHI B IPE/IeiaX OMBITHBIX TPYIIIT COICPKAIOCH
KkpoBu — ot 3,56 no 3,66%, cepaue — ot 0,48 no 0,52%, nerkue — ot 1,39 no
1,51%, neuens — cocramsina 2,0% Bo Bcex rpynnax, nouku — ot 0,36 10 0,38%
u ceneseHka — cocraBuiia 0,22% 110 BceM OIBITHBIM IPyIIIaM.

Takum o0pazomM, xxuBoTHBIE [1] TPyIIITEI OTIIMYATNCE JTyYIIUMH YOOHHBIMU
Y MSICHBIMH KaueCTBaMH, T10 CpaBHEHHUIO ¢ )KuBOTHBIMU | 1 Il rpymmamu.

BriBoabI

ITo pe3ynbTaram BBITOTHEHHBIX MCCIIEAOBAHUI MOXKHO CHIENATh CIIEITYIO-
II1€ BBIBOJIBI:

Mononusax III rpynnel nogyd4eHHBIH OT ClIapUBaHUS >KMBOTHBIX MEXKAY
coboit muanit BK-40 1 ME-50 umeer Oomnee mpomopIiiioHaNbHEIE (OPMBI Te-
JIOCIIOXKEHMS, JTydnre yOoiHbIe 1 MsCHBIEe KadecTBa. Momonask 11 rpymier
npeBocxoaut cBepcTHHKOB nuHIH BK-40 (I rpynma) m MexmnHeHOTO Tof-
6opa marox muaNKA AC-30 ¢ 6apanamu uauu ME-50 (I rpynma) mo uaaekcy
cONUTOCTH M MacCUBHOCTH. [IpupoCT KMBOH MACCHI SITHAT, TOMYYEHHBIX TIPH
cnapuBanuu Matok JuauA BK-40 u 6apanos quann ME-50 (111 rpynma), 660t
OoJiee HHTEHCUBHEE, YEM Y UX CBEPCTHUI] OT BHYTPHIIMHEHHOTO o00pa JINHUN
BK-40 (I rpynna) u mexuinneiinoro nogdoopa marok juauu AC-30 ¢ 6apanamu
nuand ME-50 (Il rpynma). Camble TsKemble TYIIH ObIUTH Y SITHAT, TOTY4YeHHBIX
ot criapuBanus Matok inHnu BK-40 1 6apanos suann ME-50 (13,26 kr), Mmacca
Ty1IM OblIa 00JIbIIIe, IO CPABHEHHIO C aHAJIOTMYHBIM MIOKa3aTelieM CBEpCTHUIL |
u Il rpynmst coorBeTcTBeHHO Ha 7,7 % 1 4,0 %, 10 Macce BHYTPEHHETO Kupa —
Ha 21,8 % u 9,8 %, mo yboiinoit macce — 8,3 % u 4,3 %, Macca CheJOOHBIX
yacTel Tymu y )kuBOTHbIX 11 rpymnmbl Obiia 00JbIIe IO OTHOLIEHHUIO K HEChe-
JOOHBIM YacTsIM M KO (UIIMEHT MICHOCTH 110 CPABHEHHIO CO CBEPCTHHLIAMHU
I'u Il rpynmamu Obut BeIe coorBeTcTBeHHO Ha 0,23 1 0,20 exn. Tawoke sipku 111
TPYIIIBI OTMEUAIUCh JIYYIIMM Pa3BUTHEM BHYTPEHHHUX OPraHOB I10 CPABHEHUIO
co ceepctHrLamu | u Il onbITHBIX Tpymm.

Hamm pexomennanmu: B nensx craOwinzanuu oTpaciu OBIEBOJICTBA U
TIOCTaBKH HA PHIHOK OapaHMHBI BBICOKOTO KauecTBa, HEOOXOIMMO IPUMEHSTh
MEKITMHEHHBIE KPOCCHI, @ IMEHHO criapuBaTh MaTok JuHuN BK-40 n 6apanoB
npousBoguTenel tuaun ME-50.

KondaukTt untepecoB. ABTOPHI 3asBISIOT 00 OTCYTCTBUN KOH(IMKTA HH-
TEPECOB.
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(DI/lHaHCHPOBaHHe. Hay‘lHO-I/ICCHe[lOBaTeJ'II)CKaH pa60Ta BBITIOJIHEHA B paM-

Kax peanm3aryu mporpamMmel akagaemudeckoro auaepctsa @I'BOY BO Cras-
pononbekuit AY «IIpuoputer-2030%.
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Hayunas crares | Kopmonpoussoactso

BJIUAHUE KYMAPHUHA HA ITIPOAYKTUBHOCTD,
UMMYHUTET U AHTUOKCUJAHTHBIN CTATYC
310POBLIX IBITLIAT-EPOMJIEPOB

I'K. Jlyckaes, T.A. Knumosa

Obocnosanue. Kymapunvt — npupoonsie coeounenus (6mopuunvie memaoonu-
Mol pACMUMENbHO20 NPOUCXOAHCOEHUS) 00A0AIOM WUUPOKUM CREKMPOoM Duonocude-
CKOUl AKMUGHOCMU, 8 OCHOBHOM O11a200apsl uUX CHOCOOHOCMU 83aUMOOELCINB08ANb C
PazHoodpa3HLIMU (hepMeHMaMmu U peyenmopamil 8 HCUBLIX OpeaHusMax. Akmyans-
HOCHIb UX UCNOTL30BANUSL 8 KOPMIEHUU CeTbCKOXO3AUCBEHHOU NINUYbL 04e8UOHA,
66UOY AKMUBHO20 NOUCKA ATIbMEPHAMUE KOPMOBLIM AHIMUOUOMUKAM.

Lenvio uccnedosanus a6unacy oyeHKa IUAHUA KyMapuna Ha npooyKmMugHOCmb
U GHMUOKCUOAHMHDILL CINAMYC YbINJSAM-0POLLIEPOs.

Mamepuanst u memoowvt. OObexmbl UCCIe008AHUA: YbINAAMA-OPOLLIepbl KPOC-
ca Apbop Atixpec, 7-Iuopokcuxymapun. Dxcnepumenm nposeder na 180 eonosax
7-0He8HbIX Yblnasm-6poiinepos (n=45). Konmponvhas — ochosnoil payuown (OP), 1
onvimuas — OP + kymapun (8 0oze 1 me/ke kopma /cym., 2 onvimuas — OP + kyma-
puH 6 0o3e 2 me/ke kopma /cym., 3 onvimuasi — OP + kymapun 6 doze 3 me/xe kopma
Jeym. I'emamonocuueckue noxazamenu (4Ucio u 6u0 1eUKoYumos) yuumuléaiu Ha
asmomamuyeckom eemamonozuyeckom ananusamope URIT-2900 Vet Plus («URIT
Medical Electronic Group Co., Ltdy, Kumaii). bBuoxumuuecxkuil ananus colopomxu
KpOoSU npo6oouiu Ha asmomamudeckom ouoxumuveckom auanruzamope CS-T240
(“Dirui Industrial Co., Ltd”, Kumaii).

Pezynoemamut. Bxniouenue 6 payuon 7-2u0poKCUKYMAPUHA CROCOOCMBO8AN0
VBENUYEHUIO JHCUBOU MACCHl 8 ONLIMHBIX epynnax — Ha 8,6—19,4%,; nompebie-
Hul0 Kopma, cpednecymounozo npupocma (na 9,2-21,1%), ybouinozo evixooa (00
4,76%), Ha ¢one cHudicenusn pacxooa kopma Ha 1 ke npupocma Hcusou Maccol (Ha
3,5-15,7%). Ananusz 6uoxumuueckux noxasamenei cbl@OPOMKU KPOGU NOKA3A
CHUdICeHue nokazameineil 00we2o benxa, anwoymunos, AJT (1 u 2 epynna (p=<0,05)),
ounupyouna (na 38,3-68,6%), xonecmepuna (8 3 epynne na 16,4% (p<0,05)), mpue-
auyepuoos (1 u 2 epynnet, p<0,05), mouesunsvt (41,8—-65,1%, p<0,05), na ¢oune
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nogviuenno2o yposhs dcenesa (1 u 2 epynnol, p<0,05). B 3a6ucumocmu om 003wl
7-2UOPOKCUKYMAPUHA YCIAHOBIIEHO CHUJICeHUe Konuuecmea aetkoyumos (1 epyn-
na, p<0,05), netimpogpunos (1 u 2 epynna, p<0,05), mMoHOYUMOB8, 303UHOPULOE U
bazogunos (p<0,05). Aumuoxcudanmuple NOKA3AMeNU XapaKkmepu308aiuch CHu-
JHCEHUEM YPOBHA MAOH06020 Juanvoezuda (Ha 63,7—77,3%), akmusnocmu cy-
nepoxcudoucmymasvl (22,4-71,5%) u yseruuenuem akmusHocmu kamanazvl (Ha
24,3-46,1%).

3axnrouenue. Bxouenue 6 payuon 7-eudpokcukymapuna (2 me/ke kopma /cym.)
CnOCobCMBOBANO YBENUUEHUIO JHCUBOU MACCHL YLINAAM-OPOULEPOs, NOe0AeMOCHu
KopMa, yOouHo20 8b1x00a, Ha (hone boree HUZK020 pacxoda Kopma Ha npupocm 1
Ke JHCUBOU MACCH; NONOJNHCUMETbHO NOGAUsN0 Ha nokazamenu neveru (AJIT, oowuii
OUnUPYOUH), TUNUOHO2O U A30MUCTO20 0OMeHA (mpuenuyepudsl, MOYEBUHA), AH-
TMUOKCUOAHMHDLIL CTNATIYC OP2AHUBMA YbINAAM-0POULEPOS.

Kniouesvie cnosa: yviniama-opoinepvl, KyMapum, Jcuedas maccd, OUOXuMusl
KpOGU; AHMUOKCUOAHMHbLE NOKa3amenu, benvle Kiemku Kpoeu

Jna yumupoeanus. /{yckaes I'K., Knumoea T.A. Brusnue kymapuna na npo-
OVKMUBHOCTb, UMMYHUMEM U AHIMUOKCUOGHMHDBLIL CIANYC 300P08bIX YbINASAN-0PO-
unepos // Siberian Journal of Life Sciences and Agriculture. 2023. T. 15, Ne3.
C. 197-218. DOI: 10.12731/2658-6649-2023-15-3-197-218

Original article | Feed Production

INFLUENCE OF COUMARIN
ON PRODUCTIVITY, IMMUNITY AND ANTIOXIDANT
STATUS OF HEALTHY BROILERS

G.K. Duskaev, T.A. Klimova

Background. Coumarins are natural compounds (secondary metabolites of
plant origin) that have a wide range of biological activity, mainly due to their ability
to interact with various enzymes and receptors in living organisms. The relevance of
their use in feeding poultry is obvious, in view of the active search for alternatives
to feed antibiotics.

The aim of the study was to evaluate the effect of coumarin on the productivity
and antioxidant status of broiler chickens.

Materials and methods. Objects of study: broiler chickens of the Arbor Acres
cross, 7-hydroxycoumarin. The experiment was carried out on 180 heads of 7-day-
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old broiler chickens (n=45). Control — the main diet (OR), 1 experimental — OR +
coumarin (at a dose of 1 mg/kg of feed/day, 2 experimental — OR + coumarin at a
dose of 2 mg/kg of feed / day, 3 experimental — OR + coumarin in at a dose of 3 mg/
kg feed/day. Hematological parameters (number and type of leukocytes) were taken
into account on an automatic hematological analyzer URIT-2900 Vet Plus (URIT
Medical Electronic Group Co., Ltd, China). Biochemical analysis of blood serum
was performed on an automatic biochemical analyzer CS-T240 (Dirui Industrial
Co., Ltd, China).

Results. The inclusion of 7-hydroxycoumarin in the diet contributed to an in-
crease in live weight in the experimental groups by 8,6-19,4%, (by 9,2-21,1%),
slaughter yield (up to 4,76%), against the background of a decrease in feed con-
sumption per 1 kg of live weight gain (by 3,5-15,7%). showed a decrease in total
protein, albumin, ALT (groups 1 and 2 (p<0,05)), bilirubin (by 38,3—68,6%), cho-
lesterol (in group 3 by 16,4% (p<0,05)), triglycerides (groups 1 and 2, p<0,05), urea
(41,8—65,1%; p<0,05), against the background of elevated iron levels (groups 1 and
2, p<0,05). Depending on the dose of 7-hydroxycoumarin, a decrease in the number
of leukocytes (group 1, p<0,05), neutrophils (groups 1 and 2, p<0,05), monocytes,
eosinophils and basophils (p< 0,05). Antioxidant indicators were characterized by
a decrease in the level of malondialdehyde (by 63,7-77,3%,), superoxide dismutase
activity (22,4-71,5%) and an increase in catalase activity (by 24,3—46,1%).

Conclusion. Thus, the inclusion of 7-hydroxycoumarin (2 mg/kg feed/day) in
the diet contributed to an increase in the live weight of broiler chickens, feed intake,
slaughter yield, against the background of a lower feed consumption per 1 kg of
live weight gain; had a positive effect on the parameters of the liver (ALT, total
bilirubin), lipid and nitrogen metabolism (triglycerides, urea), the antioxidant status
of the body of broiler chickens.

Keywords: broiler chickens; coumarin; live weight; blood biochemistry; anti-
oxidant indicators; white blood cells

For citation. Duskaev G.K., Klimova T A. Influence of Coumarin on Productiv-
ity, Immunity and Antioxidant Status of Healthy Broilers. Siberian Journal of Life
Sciences and Agriculture, 2023, vol. 15, no. 3, pp. 197-218. DOI: 10.12731/2658-
6649-2023-15-3-197-218

Beenenne

BeckoHTpOIpHOE HCMONB30BAaHMUE KOPMOBBIX aHTHOMOTHKOB OKa3ajloCh
BPEIHBIM ¥ MPUBEJIO K MOSBICHUIO MUKPOOOB C MHOYKECTBEHHOM JIEKApCTBEH-
HOU YCTOHUYUBOCTHIO. B pe3ynbrare HCMOMb30BaHNE aHTHOMOTHKOB B KAYSCTBE
KOPMOBBIX 100aBOK OBLIO 3ampermieHo. MccnenoBanus ObLIM HampaBlieHB HA
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MIOUCK AJIETEPHATUB AaHTUOMOTHKAM-CTUMYJISITOPAM POCTa JUIsl CEIbCKOXO0351ii-
CTBEHHOM MTHUIIBI, KOTOPHIE HE UMEIOT KaKUX-T100 MoO0YHBIX 3 dekToB [16, C.
1]. D10 MIpPHBENO K BBHISBIECHUIO KOPMOBBIX JOOABOK, B TOM YHCJIE JIEKAPCTBEH-
HBIX PAacTEHUI, colepKalliuX aKTHBHBIE pacTUTENIbHbIE BellecTBa. IMeHHO
J00aBJIeHNE B PAIIMOH CENbCKOXO35HCTBEHHOW MTHIBI PA3JIMYHBIX KOPMOBBIX
J00aBOK PACTUTENFHOTO MPOUCXOXKIECHHS CIIOCOOCTBYET YITyUIICHHIO KUBOU
Macchl, KOHBEPCUH KOpMa U MPOYKTUBHOCTH TITHIIBI.

KymapuHbl criocoOHBI BBICTYNATh B KauecTBe O€30MacHON allbTepHATUBBI
aHTHOMOTHKaM. KyMapHHBI SBISIOTCS MPUPOAHBIMU OPraHUYECKUMHU COEINHE-
HUSIMU (BTOPHYHBIE META0OIUTHI PACTUTEIBEHOTO IIPOUCXOKICHHS), 001aJat0T
LIMPOKUM CHEKTPOM OMOJIOTMYECKON aKTUBHOCTH, OT aHTUMUKPOOHOH 110 aH-
THOKCUAAaHTHOM [32, c. 1405].

Hanpuwmep, nobaBka B pariiioH MATHI TiepedHoit (Mentha piperita L.) n un-
xopust (Cichorium intybus L.) npuBena x 3HaunTenbHOMY (p<0,05) mpupocty
Macchl TeJla ¥ oTpedIeHus KopMa 4To OblIIo 00HapyskeHo Ha 2 1-ii u 42-ii eHb
nepuosa pocta y opoinepos. Tarxke mokazaresu, CBI3aHHbIE C IMMYHHTETOM,
BBISIBIIN, YTO Y LBIIUIAT, TOTYyYaBIINX OUKOpHUii, Obl10 Gomee Huskoe (p<0,05)
COOTHOIIIEHHE TeTePOPHIIOB K TUM(POILUTAM 10 CPABHEHHIO C IPYTHMH TPYII-
mamu [35, c. 1].

Taxoxe, HanpuMep 106aBIeHNE B parioH Opoiinepos 1% moporka OyToHOB
I'BO3IMKHU B coueTanuu mbo ¢ 0,2% HKCTpaKTOM MENTUCCH IMMOHHOM, 00
¢ 0,2% nsxcTpakTa peneifHuKa (00a U3MEIBYEHHBIX IKCTPAKTa PACTBOPEHHI B
MMUTHEBOH BOJIE) OTarOTBOPHO BIUSUIA HA aHTHOKCHIAHTHOE COCTOSTHHE OpOii-
nepoB. Kpome Toro, KoMOMHAISI TBO3/IMKH M MEJTHCCHI TIOKa3ala JTydIlie aHTH-
OKCHJIAaHTHbIE CBOMCTBA 10 CPABHEHHUIO C TBO3IUKOM U peneitHukoM [24, c. 970].

Okctpaxt Phoenix dactylifera, conepxanmmii 4,6-aumeTni-3-(4-mMetoxcudge-
HUJT) KyMapyH BIUSIET Ha TOKA3aTelN POCTa, OMYJISIINIO KUIICYHBIX OaKTepri
1 IPOGUITH HKCIIPECCHH KUILIEYHBIX TeHOB y LBITUIAT-Opoiiiepos [28, c. 179].

[Ipumenenne s3kcTpakTa ApeBecuHbl Kamrana (Chestnut wood) B KauecTBE
WCTOYHMKA THIPOIH3YEMON TyOMILHON KHUCIOTHI PEKOMEHIOBAHO VIS YITyd-
LIEHHsI aHTHOKCHIAaHTHOTO CTaTyca, MeTaboIM3Ma XoJleCTepHHa U TIoKa3aTesen
pocTa, He BIUsA HAa HOPMAJIbHOE KaueCTBO Msca LBIIIAT-Opoiiepos [19, c.
4494]. Panom uccremoBaresiMi OblIa ONpeAeieHa TOJI0KUATEIbHAs CIT0CO0-
HOCTB 3KCTpakToB oTX010B Caryocar brasiliense n Euterpe edulis cHUXaTh
OKHCJINTEIIbHBIE MPOIIECChl B Msice OpOIIIepoB, HE coepIKalleM aHTHOMOTH-
xoB [12, c. 14]. Panee HammMu KojuleraMy ObUTO BBISIBICHO YTO BKIIOUCHHE
KyMapuHa B PallOH CIIOCOOCTBYET YBEIMUEHHIO KMBOH MACChI M TIOBBIIICHHIO
MIPOJYKTHBHOCTH LBILIAT-Opoiinepos [1, c. 203].
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AKTHBHOCTh KyMapuHa HalpsIMyIO CBSI3aHa C MX CHOCOOHOCTBIO B3aHMO-
JeHCTBOBATH C Pa3HOOOPA3HBIMU (PEPMEHTAMU U PELENTOPAMH B )KUBBIX Op-
raHu3Max. B CBsI3M ¢ 9THM LeNbI0 HALIErO0 MCCIICAOBAHHS SBISIETCS OLICHKA
BIIMSIHUSL KyMapuHa Ha NMPOJYKTHBHOCTh M aHTHOKCHJIQHTHBIH CTaTyC Lbl-
IAT-OpOiIepoB.

Marepuajbl 1 MeTOIbI HCCIIE0OBAHNS

HccnenoBanue NpoBEACHO B YCIOBUSAX BUBAPHS LIEHTPa KOJUIEKTUBHOTO
mons30BaHns HaydHBIM obopynoBanrem @HI] BCT PAH, neprox npoBeaeHus
¢deBpanb — aBryct 2022 rona. OObEKTHI NCCIIEIOBAHMUS: BITUIATA-OpOHIEepHI
kpocca Apbop Atikpec, 7-T'uapokcukymapun (99% AC12111-0250). Panee
[9, c. 3] Hamu 0OHApPYKEHO, YTO TAHHOE BEIIECTBO, SBJISIONMIETOCS BTOPHY-
HBIM METa0OIUTOM PacTEHHUH, 00NagaeT aHTHOAKTepHATbHBIMHA U aHTH-QS
CBOMCTBAMH.

st sxcniepuMenTa Obi10 0To0pano 180 ronoB 7-JHEBHBIX IBILIST-OpO-
HIepoB, KOTOPBIX METOAOM aHAJOTOB pa3aeniin Ha 4 rpynmsl (n = 45). Kon-
TposbHast — ocHOBHOM panuoH (OP), 1 oneitHas — OP + kymapun (B no3e 1
MI/KT KopMa /cyT., 2 onbiTHas — OP + kymapus B 103e 2 MI/KT KopMma /cyT., 3
onbITHast — OP + xymapuH B 1o3e 3 MI/Kr KopMa /cyT. Bo Bpems skcrepumeHTa
BCS ITHIIA HAXOANIACHh B OJMHAKOBBIX YCIOBUX coziepxkanusi. DopMupoBaHue
obmmx panuoHoB (OP) miist MOMOMBITHOM NTHIEI B XO/IE€ MCCIICAOBAHIIA TIPO-
BOJMIIOCH ¢ yaeToM pekomeHnanuit BHUTUII [2, c.14]. Kopmienue onbITHON
TITHIBI IPOBOAMIIOCH 2 pa3a B CYTKH, YUeT 0EIaeMOCTH — EKECYTOUHO. Jleka-
TTUTAINH ITHIBI 110 HeMOyTaIoBBIM 3pHpoM rpon3Bonuin Ha 42-¢ cyT. [lo-
cJiey0OiHYI0 aHATOMUYECKYIO Pa3/IeNiKy TYIIEK OCYHIECTBIISUIN 110 METOIMKE
BHUTMUII [2, c. 25].

OO6pasupl KPOBH IS TEMATOJIOTHUECKNX MCCIIEIOBAHUN OTOMpalil B Ba-
KyyMHble 1pooupku ¢ antukoaryiasturoM (EDTA-K3), mist Gnoxumudeckux
UCCJIEZIOBAHUI — B BAKYYMHBIE IPOOUPKH C aKTHBATOPOM CBEPTHIBAHUSI (TPOM-
6mH). ['emaronorndeckue mokasareiy (YUCIO0 M BHJ JICHKOIIUTOB) YIUTHIBA-
JIX Ha aBTOMAaTH4eCKoM reMarojioruueckom anamusarope URIT-2900 Vet Plus
(«URIT Medical Electronic Group Co., Ltd», Kurait). buoxumunueckuii ananus
CBIBOPOTKH KPOBH IIPOBOIMIIN Ha aBTOMAaTH4YECKOM OMOXMMHYECKOM aHaIHN3a-
tope CS-T240 (“Dirui Industrial Co., Ltd”, Kuraii).

CraTHCTHYCCKY0 00pabOTKy MPOBOAMIN C MOMOIIBI0 Tporpammbl [IBM
«SPSS Statistics Version 20», paccunTsiBas cpeiHow0 Beanuuny (M), cpea-
HEKBaJPaTUIHOE OTKJIOHEHHE (G), OMMOKY CTaHAAPTHOTO OTKIOHEHHS (m).
YpoBeHb 3HAUMMOCTHU CUUTAIN JO0CTOBEpHBIM mpH p<0,05.
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Pe3yabTarhl Hecae10BaAHUS

Bxutroyenue B panyion 7-ruJpOKCHKyMapHHa CIIOCOOCTBOBAJIO YBEIUUCHUIO
JKMBOM Macchl B TpeX ONBITHBIX IPyIIax, 0COOEHHO 3TO 3aMeTHO ¢ 21 1o 42
JieHb dKcriepuMenTa (tadum. 1). Ha 21 neHb wiccienoBaHus 1O OTHOIICHHUIO K
KOHTPOJIBHOM I'PYIITIE B OIBITHBIX IPYMIIaX OBIJIO JOCTOBEPHOE yBEINYEHHE HA
18,07% (p£0,05), 17,6% (p£0,05), 13,9% (p£0,05). Ha 28 nens uccnenoBanus
YBEJIMYCHHUE )KUBOI MACCHI B TPEX OIMBITHBIX IPYIIIIAX OTHOCHTEIILHO KOHTPOJIS
6b110 Ha 15,6% (p£0,05), 39,9% (p£0,05), 15,4% (p£0,05). 35-i nens nccneno-
BaHMS IOKa3all, YTO YBEIMUCHHUE KMBOW MacChl IPHCYTCTBOBAIIO BO 2-ONBITHON
rpymme — 18,2% (p£0,05). B n1Byx npyrux onbITHbIX Tpynmnax — 8,7% u 11,8%.
Ha 42 neHb 5kcriepuMeHTa TaKKe J0CTOBEPHOE YBEIMUCHUE )KUBON MAaCChI Ha-
Oiromanock Bo 2-ombITHOM rpynme — 19,4% (p£0,05).

Tabnuya 1.
ExenenebHOe H3MeHEeHHe KUBOI Macchl IbINIAT-0poiiiepoB, I
Henens Ipynma

KOHTPOJIbHAS 1 ombITHAs 2 ombITHAS 3 ombITHAS
7 204,14+10,5 203,86+9,7 204,00£10,0 203,86+8,6
14 424,57+19,9 466,00+£21,7 480,50+22,3 453,404+26,0
21 823,71£31,4 972,57+34,9* 969,00+43,6* 938,80+43,4*
28 1207,86+£62,9 | 1396,71+59,2* | 1438,83+73,0* | 1394,80+54,7*
35 1 628,14+90,5 1770,43£91,2 | 1925,00+74,7* | 1821,60+93,0
42 2219,57+126,2 | 2415,86+149,7 |2 651,67+118,4* | 2 411,80+153,0

IIpn onenke morpebiaeHUs] KOPpMa yCTAHOBJIEHO, YTO MaKCUMaJbHAs 11Oe-
JlaeéMOCTh OTMeueHa B | ombITHOH Trpynmne. Huskas moemaeMocts Kopma Obu1a
XapakTepHa IS LBIUIT-0poiiepoB 3 onbITHOM rpynmsl (Tad. 2). Lipimisramn
1, 2 1 3 OIBITHBIX TPYIII ObUIO NOTPeOIIeHO 0O0JIbIIE KOPMA, YeM NTULEH KOH-
TPOIBHOI rpymimel Ha 5,3%, 2,9% u 0,4%, COOTBETCTBEHHO.

Tabruya 2.
IMoexaemMocTh KOpMa NBILISITAMU-OpOiijiepaMH 3a IKCIIEPUMEHT, T
Iloxasarens Lpymnia
KOHTpOJIbHAsA | 1 ombITHAs | 2 OmbITHAs | 3 ONBITHAA
CrapToBBIl KOMOUKOPM 1911,86 2121,71 2028,14 2045
PocToBoi KoMOHKOpM 1976,43 1976,14 1976,43 1862,29
Bcero 3a skcniepumeHT 3888,29 4097,86 4004,57 3907,29

AOCOITIOTHBII IIPUPOCT MACCHI LBITUIST-OPOiiIepoB | OMBITHOI rpynIbI OBII
BBIIIE KOHTPONBbHOHN Ha 9,7%, 2 n 3 oneITHEIX Tpynn Ha 21,1% (p<0,05) u
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9,2%. CpeaHeCcyTOUHbIH MPUBEC HA TOJOBY ObLI BBIIIE KOHTPOJIS BO 2 OIIBIT-
Hoii rpymme Ha 21,1% (p<0,05) (Tabn. 3). YcTaHOBIEHO, UTO pacxo KopMa Ha
1 KT mpupocTa )KUBOH MacChl B OMBITHBIX Ipymmax Obuta ot 3,5 10 15,7% Hinke
KOHTPOJIbHBIX 3HAYCHUIA.

Tabnuya 3.

IIpoAyKTHBHOCTH M PAcXo/l KOpMa Ha NPUPOCT 1 KI :KUBOH Macchl
LBILIAT-0poiijiepoB

Tpymma CpenHecyTOYHBIH AbcomotHbiil | Pacxon KOpMa Ha PHPOCT
TIPUPOCT 33 5 HEeNb, T'|  IPHPOCT, T 1 Kr )KUBOH Macchl, KT

KOHTPOIIbHAS 57,58+3.4 2015,43+118,8 1,97+0,1

1 onbITHAs 63,20+4,1 2212,0+142,5 1,90+0,1

2 OombITHAS 69,74+3 2% 2440,83+110,9* 1,66+0,1%*

3 ombITHAs 62,91+4,4 2202,0+153,7 1,82+0,2

JI1st cpaBHUTEIBHON OIIEHKM MSICHBIX Ka4eCTB IIBIIIISAT-OpOHIepOB ObLI
MIPOBE/ICH KOHTPOJIBHEIA yOOH, IMOMyYeHHbBIC JaHHBIC, CBHIACTEIBCTBYIOT, YTO
BBICOKAs MpeyOorHas )KIBast Macca ITHUII BO 2 OMBITHOH rpymre (2651,7 rp.),
MPEBOCXOAMIIA KOHTPOJIBHBIX 0co0eit Ha 19,4% (p£0,05), 3a cueT Oosee pa3Bu-
TOW MBIIIEYHON MACCHI M MEHBIIETO KOJMYECTBA KUIIEYHOTO XKupa (Tadm. 4).
OcTanbHble ONBITHBIE TPYIIIBI 3aHUMAJIU IPOMEKYTOUHOE MOJIOKEHUE, HO OT-
JIMYHOE OT KOHTPOJILHBIX 3HAUCHUH B CTOPOHY MPEBOCXO/ICTBA. Takum o0pazom,
MIpUMEHEHNE BBEICHUS B PallMOHE KyMaprHa B Pa3HOH T03MPOBKE, OKa3aIo Mo-
JIOKUTETBHOE BIMSHIE HA YOOIHBIN BBIXO, KOTOPBIN oKka3azcs Ha 1,73-4,76%
BBIIIIE, YeM Y KOHTPOJIbHON TPYIIIIHI.

Tabruya 4.
Yooiinble noka3areu ULILIAT-0POiiepoB HA KOHeIl IKCIIEPUMEHTA

ITokazarenn KOHTpPOJIbHAS | | OmbITHAsK 2 ombITHAS 3 ombITHAs
Upenyboiinas &h- | »519 6.126,1(2415,9:149,66 | 2651,7+118,39 |2411,8+153,04
Bas macca, r
KHaOTFpomeHHa" Y 11538,7690,36| 1705,4+112,04 | 1920,5£78,41 [1752,4+112,42
MeliiedHast TKatb, T | 833,9437,39 | 935,0£67,47 | 972,0462,71 | 924,0+23,57
KocTtHast TKaHb, I 492,0£22,39 | 516,3+31,45 | 516,7+31,32 | 496,5+10,74
CpbenobHas yacTs, r | 1546,5+60,22|1701,5+116,08 | 1763,9498,35 | 1674,9+38,16
HecbenoOHas yacte | 746,2+31,57 | 776,6+45,82 | 794,7+37,11 | 743,4422,52
Vo6oiinslii BeIX0I, % | 69,3+0,29 70,5+0,42 72,6+2,00 72,6+0,21

AHam3 OHOXUMHUYCCKHX TIOKa3aTelieii CBIBOPOTKH KpOBH (TalII. 5) MoKa3al,
YTO B 3 ONBITHOW TpyrIie HAOMIONANIN HU3KUE MTOKa3aTeln o0Iero oenka mno
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CPaBHEHMIO C KOHTPOJIbHOU Tpymmoii, Ha 11,0% (p<0,05). Huszkue nokaszarenu
ab0yMHHa IIPUCYTCTBOBAIIM BO 2 OIBITHOM I'PYIIIE B CPABHEHHHU € KOHTPOJIEM
Ha 8,9% (p=<0,05).

Haubonpmmuii nokazarens AJIT (ananmnamuHoTpancdepasa) ObUT BBISB-
JIeH y 3 OINBITHOW TPyYIIBI, KOTOphIi Ha 24,1% (p<0,05) mpeBsIiian KOHTPOJIb,
y 1 1 2 OnbITHBIX IPYII MOKa3aHus ObuTH HIke Ha 52,6% (p<0,05) u 68,3%
(p<0,05), coorBercTBeHHO. BhIcOKHH nokazaresns ACT (acmapraraMuHOTpaHC-
(epaza) ObL1 3auKcUpOBaH B | OMBITHOW TpyIiie, KOTOPBIA ObUT BBIIIC HA
30,9% (p=<0,05). Y npyrux oneITHBIX TPYMII TOKAa3aHHS HAXOAMINCH TPUMEPHO
Ha OJIHOM yPOBHE.

BxitoueHne KymapuHa B panoH CIIOCOOCTBOBAJIO YMEHBIICHHUIO MOKa-
3arelss OMIMPYOMHA BO BCEX OIBITHBIX I'PYINax MO CPABHEHUIO C TPYIION
koHTpoIsA Ha 68,6% (p<0,05), 38,3% (p<0,05) u 54,6% (p<0,05), cooTBeT-
CTBEHHO.

V3ameHeHus ypoBHS X0JeCTepHHA HAOIIOAeTCs BO BCEX ONBITHBIX TPYIITIAX.
OnHaxo, 3HAUUTENBEHOE CHIDKEHUE XOJIECTEPHHA OBUIO BBISIBICHO B 3 ONBITHOM
rpymie Ha 16,4% (p<0,05).

Tpurnuuepuas! sSBISIOTCS MapKepOM YHEPreTHYeCKOTO U JIMITHIHOTO
oOMeHa B KpOBH. Y LBIIUIAT-OpOilIepoB, MOIyYaBUIMX B pallHOHE Kyma-
puH (1 1 2 ONBITHBIE TPYIIIBI) 10 CPABHEHUIO C KOHTPOJIEM, UX IOKa3aTe-
nu ObutH HIDKE Ha 65,0% (p<0,05) u 27,5% (p<0,05). I[Ipu noGaBneHuu
KyMapHHa B J103€ 3 MI/KI KOpMa /CyT YPOBEHb TPUTIIUIEPHI0B ObLI BbIIIE
Ha 12,5%.

Bo Bcex omBITHBIX TpyHIax ObUI0 0OHAPYKEHO IIOHMKEHHOE COJICpIKaHNe
MoueBuHbI Ha 53,4% (p<0,05), 65,1% (p<0,05) u 41,8% (p<0,05) oTHOCHUTEIB-
HO KOHTpoJs. Torma Kak B 3 ONMBITHOW TpyTIe MOKAa3aTelb MOUYEBOW KHCIOTHI
6611 HIDKE Ha 49,6% (p<0,05) OTHOCHTENBEHO KOHTPOJIS.

3ahuKcupOBaHO MOBBIILICHNE COJEPKAHUS JKelle3a ITPY BBEICHUH KyMapuHa
B 1 u 2 onbITHBIX Tpynnax Ha 50,5% (p<0,05) u 69,6% (p<0,05) oTHOCHUTENBHO
xoHTpos. CHIDKeHHe cofepykanus Gpocdopa HaOMOAaTOCh B ONBITHBIX TPYTI-
Tax 110 cpaBHEHHUIO ¢ KoHTposieM Ha 40,0—48,0% (p<0,05).

JloGaBneHne B pallioH KyMapuHa B JJO3UPOBKE 3 MI/KI/KOpMa COMpPOBO-
JKITAJIOCh TIOBBIIIICHUEM KoNIWdecTBa JieikonuToB Ha 17,3% (p<0,05) oTHO-
CUTEIBHO KOHTpOIA (Tabn. 6). CHHKCHHE KOMUYECTBA JIEHKOIUTOB OBLIO
3amedeHo B 1 onbiTHOM Tpynme Ha 10,5% (p<0,05) no cpaBHEHHIO C IpyNIION
KOHTPOJISL. YCTaHOBJICHO YMEHBIICHUE KOINYEeCTBAa HEUTPOPHIIOB BO 2 OTIBIT-
Ho#i rpynne Ha 34,1% (p<0,05) n monomuroB Ha 48,1% (p<0,05), oTHOCH-
TEJIEHO KOHTPOJIS.
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Tabnuya 5.
BuoxuMuYecKHe NOKA3aTe/ Il CbIBOPOTKH KPOBH LLIILIAT-0poiijiepos
Iloxazarens Ipymna
KOHTpOJbHAsL | | ombITHAS 2 ombBITHAS 3 ombITHAs
I1r0K03a, MMOJIB/JI 9,86+1,02 11,28+0,22 10,49+0,10 10,86+0,36
OOwuii 6e0K, 1/11 51,6440,46 49,09+1,14 46,32+2.21 45,95+0,56*
AnpOymuH, /1 14,00+0,00 13,75+0,48 12,75+0,48* 13,75+0,48
AJIT, En/n 12,00+0,26 5,68+0,36* 3,80+0,25* 14,90+0,51*
ACT, En/n 258,33+19,05 | 338,35+9,43* | 244,65+11,17 | 257,15+4,88
btapyGun 0,86+0,04 | 0,27+0,03* | 0,53+0,05* | 0,39+0,05*
OOILMI, MKMOJIB/JI
Xonecrepu, 2,6140,06 | 2,43+0,07 | 2,38+0,11 | 2,18+0,13*
MMOJIB/JI
Tpurmmepuy, 0,80£0,09 | 0,28+0,02* | 0,58+0,02* | 0,90+0,02
MMOJIB/JT
Mosesnra, 0,43+0,03 | 0,20£0,06* | 0,15£0,03* | 0,25+0,06*
MMOJIB/JT
Kpearmiun, mic- 76,67+3,19 | 76,85+1,15 | 71,78+226 | 73,781,221
MOJIB/JI
Movuesas kCIOTA, | 76 7015 67 | 2528+5,74% | 53,58+2,63 | 3538+1,32%
MKMOJIB/JI
Keneso, MKMOJIB/JT 13,40+1,88 20,18+0,62* | 22,73+1,21* 14,78+1,07
Maruuii, MMOJIB/IT 0,80+0,10 0,84-+0,09 0,81+0,02 0,71+0,03
Kabuuit, 1,13£0,06 | 1,1940,03 | 1204002 | 1,23£0,04
MKMOJIB/JI
Dochop, MMOIB/T 1,25+0,11 0,65+0,03* 0,73+0,06* 0,75+0,02%*
Tabruya 6.
W3Menennst 6eJIbIX KJIeTOK KPOBH UbILIAT-0POoiiiepon
Kitetku xposu KOHTpOJIbHAS | | ombITHAs 2 OmBITHAS 3 ombITHAs
JletikonuTsl, 10° xi1/n 39,05+0,85 | 34,94+0,93* | 38,244+2,58 | 45,83+1,18%
Heiitpodusr, 10° ki1/x 15,67+0,64 | 10,49+0,45* | 10,14+0,23* | 16,88+0,92
Jlumbormtsr, 10° kit/a 24,43+0,98 | 23,50+1,16 | 23,00+1,70 | 22,45+1,38
Momnonutsr, 10° ki/n 0,49+0,03 0,24+0,01* | 0,24+0,01* | 0,26+0,03*
DozuHodubl, 10° kii/i 4,27+0,23 1,67+0,12* | 2,54+0,08* 3,76+0,34
Bazoduer, 10° ki/n 0,44+0,01 0,16+0,01* | 0,20+0,03* | 0,24+0,02*

Ha ¢one cHIKEHUs aKTHBHOCTH CYTIEPOKCHIUTUCMYTa3bl BO BCEX OMBITHBIX
IpyIIax, JOCTOBEPHBIE PAa3IMYUsl ¢ KOHTPOJIEM ObLIM XapaKTEPHBI Ul BCEX
OTBITHBIX TPy Ha 57,5% (p<0,05), 71,5% (p<0,05), 22,4% (p<0,05) (Tabm. 7).
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YpoBeHb aKTHBHOCTH KaTajia3bl ObLI CTAOMIIBHO BHICOKMM B OTBET Ha BBEJCHHE
KyMapHHa B palloOHE BO BCEX OMBITHBIX Tpymmax Ha 46,1% (p<0,05), 24,3%
(p<0,05), 36,5% (p<0,05) 1o cpaBHEHMIO ¢ KOHTPONIBLHON rpynmoi. [Tokazarenn
AKTUBHOCTH MaJIOHOBOTO JIMaJIbJICTH/a ObIIM HU3KUMHU Y BCEX OIBITHBIX TPYIII
Ha 72,4% (p<0,05), 77,3% (p<0,05) 1 63,7% (p<0,05) B cpaBHCHUK C KOHTPOJICM.

Tabnuua 7.
AHTHOKCHIAHTHBbIE MIOKA3aTeJ U KPOBH UbINISAT-0poiiiepoB
I'pynmna
ITokazarenn Py
KOHTpOJIbHAsI | | ombITHAs 2 ombITHAs 3 ombITHAs

ManoHOBBINM THATb-

5,22+0,41 1,44+0,09* 1,18+0,03* 1,89+0,09*
nerun, MKMods/a

CYNEPOKCHIVICMY= | 40 37,1 08 | 17,1540,80% | 11,49£0,63% | 31,31£2,03*
Tas3a, %
Karanasa, mkMontb |5 15 70115 66 |354,15531,30%(301,91413,20%[331,38£12,78*
H202 n/mun

Oobcy:xaenune

KymapuHbI — IpUpOAHbIE COCMHEHHS (BTOPUYHBIE META0OINTHI PACTH-
TEJIFHOTO TPOUCXOXKACHUS) 00JIaAaloT IMUPOKUM CIEKTPOM OHOIOTHYECKON
AKTHBHOCTH, B OCHOBHOM OJlarofiapst X crocoOHOCTH B3aHMMOJICHCTBOBATH C
pa3Ho00pa3HbIMK (epMEHTAMHU U pelenToOpaMH B JKHBBIX Opranusmax [4, c.
4]. TlepcneKTUBHOCTh UX MPUMEHEHHUS! OUYEBHU/IHA, B CBSI3HM C YBEIHMUCHHUEM B
MTOCIIC/THUE TOJBI HCCIICIOBAHMI UX CBOWCTB Ha JIA0OPATOPHBIX KUBOTHBIX [11,
c. 3], B pacrenueBonctre [31, c. 175], co3aannu HOBBIX JeKapcTB [6, c. 4; 25,
c. 3; 26, c. 4] u Ap., IpH ATOM CIEAYET OTMETHTD, 9TO UCCIICTOBAHNS HA CEIb-
CKOXO3SIICTBEHHOH NTHIIE TIPAKTUYECKU HE POBONIINCE.

Cremyer OTMETUTb, YTO KyMapHH B HEBBICOKHX J03aX HE TOKCHYEH U T10JI0-
KHUTEIBHO BIUSIET Ha POCT, PEPTIIILHOCTD, IOBEICHNE U META00IN3M JINIH/I0B
(pe1OKH manmo) [5, c. 4]. B mpoBeneHHOM 3KCIIEpUMEHTE Ha IBIIUIATaX-0poii-
Jepax Kpocca Apoop AHKpec Takke HaOII0AaI0Ch MOJIOKUTEIBHOE BIUSHHIE
7-TUIPOKCUKYMapHHa Ha K3MEHEHHE KHUBOW MacChl. AHAJIOIM4HbIH 3 PeKT Ha-
Omromasics y 1abopaToOpHBIX )KUBOTHBIX (KPBIC), TOMYYaBIINX Ja(pHETHH (TIpo-
M3BOJIHOE KyMapHHa), OTMEYAIOCh ITOBBIIICHHE MacChl Tella 110 CPaBHEHHIO C
JOpyrumu rpynmnamiu [23, c. 5].

MexaHu3M AefCTBUS B JTaHHOM CIIy4ae HaMU OOBSICHSIETCS] yCUIIEHHEM 00-
MEHa BEIIECTB B OPraHU3ME IIBIIIIAT-OPOIIEpOB, B pE3YIbTATE OTIOCPEAOBAHHO-
O AEHCTBUS 7-THAPOKCHKyMaprHa. B 4acTHOCTH, 9TO MOXKET OBITh CBSI3aHHO C
OIIOCPE0BAHHOM METa00INUECKON aKTUBALIMEH 1 A€3aKTHBAINEH 7-THPOKCH-
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KyMapuHoM epMeHToB 1uToxpoma P450 [22, c. 373], yyacTByromux B o0OMeHe
BeecTB. Tak y OpoiisiepoB paHee 0TMEUEHO H3MEHEHHE (PEPMEHTOB IIUTOXPO-
ma P450 npu ckapMiIMBaHUU paCTUTENBHBIX ankanouoB [18, c¢. 620] u kypky-
muHa [8, c. 7040]. Kpome TOro n3BecTHO, YTO psiJl MPOU3BOAHBIX KYMApUHOB
MOKa3aJli 3HAYUTEIbHYI0 aHTHOAKTEPHAIbHYI0 aKTUBHOCTD [7, ¢. 5] mpoTuB
MTATOTEHHON MUKPOQIOPHI, TPUPOIHBIE KyMapHHEI (0CTON) 00IagaroT MPOTH-
BOBOCIAJIMTEIILHBIMU CBOMCTBaMH, HHIHOMPYst BeIpaboTky NO, PGE2, TNF-a
u IL-6 B makpodarax [10, c. 6]. Takum 00pa3oM, KyMapHHbI OIIOCPETOBaHHO
CHIKAIOT HAarpy3Ky OpraHU3Ma MAaTOTEeHHBIMH areHTaMHM, YTO MOJIOKHUTEIBHO
BIIMSICT HA MOEAEMOCTh KOpMa, NePEeBapUMOCTb, YCBOSEMOCTh KOMIIOHEHTOB
KOpMa M MPOyKTUBHOCTH NTHIIBI B LIEJIOM.

Pasnast 103upoBKa 7-ruIpOKCHKyMapHHa TIOBJIMsUIA Ha Cofiepikanue GpepMeH-
TOB TICYCHH (aTaHHHAMHUHOTpaHc(epasa M acmaprarTaMUHOTpaHC(epasa) U mpo-
JYKTOB MeTabon3Ma reMorioonHa (OrmmpyOorH o01Hii) B CHIBOPOTKE KPOBH. 32
HEKOTOPBIM HCKITIOYEHHEM OOHapY>KeHO 00lllee CHIKEHHUE JIAaHHBIX TIOKa3aTeei.
Oo0pscHeHne 3TOMY (PaKTy MOXKET IaTh PaHEE YCTAHOBICHHAS CIOCOOHOCTH KyMa-
PHHOB ITPOSIBIIATH IeMATONPOTEKTOPHYIO aKTHBHOCTb. TaK, COeTMHEHHS KyMapHHa
n3 oxonoruionauka Citrus grandis TIOA@BISUIN MOBBILICHHE YPOBHEH allaHUHTPaH-
camunassl (AJIT) u aciapraramusoTpancdepassl (ACT) B kierkax LO2, 06pado-
TaHHBIX d-raJlaKTO3aMIHOM, YTO €IIIe Pa3 MOATBEPXK/IACT NX IeMaTONPOTEKTOPHOE
neiictue [34, c. 1940]. Ananorunyssiii ¢ dext HaOmronamy NPy UCHOIb30BaHUH
HOBBIX KYMapHHOBBIX [IIFOKO3KIa U3 credneit Hydrangea paniculata [20, ¢. 5].

Kpome Toro, B 3kcriepnMenTe Ha JIaOOpaTOPHBIX YKUBOTHBIX (MBIIIIH ), paHEee
YCTaHOBJIEHO, YTO 7-THIPOKCUKYMApHH YBEIHIHNBAI YPOBEHB INIFOKO3BI B KPOBH
u nionasst aktuBHOCTE AJIT u ACT y mbieii ¢ auaderom [37, ¢. 5]. Anao-
THYHbIC PE3YIbTaThl ObIIIM OTMEUEHBI M B MIPOBEAEHHOM HAMH HKCIIEPUMEHTE
Ha 3[J0pPOBBIX IBITIIATAX-Opoiiepax.

AHaJIu3 CHIBOPOTKHM KPOBHU ITOKa3bIBAET CHIKEHUE TPUIIMLEPUAOB (IIpU
HU3KUX KOHLEHTPALMSIX 7-THIPOKCHKYMaprHa B PAllMOHAX LBIILIAT-Opoiiie-
POB), MOYEBHHBI 1 MOYEBOH KHCIIOTHL. DTO COTIIACYETCsI C paHee MPOBEACHHbI-
MU UCCIIEOBaHUSIMH Ha APYTUX BHAX KUBOTHBIX, TAK KyMapHH B KOJINUECTBE
S T/Kr B panuoHe KPOJUKOB CHU3WII YPOBEHb OOIIEro XOJecTepruHa U TPUT-
JUIEPUIOB B CBIBOPOTKE KpoBH [ 14, c. 38], KymMapHH B cOCTaBe IKCTPAKTa OT
Hydrangea paniculata 3na4nTeIbHO CHIKAJ KOHIIEHTPALIMIO A30Ta MOYEBUHEI
B KpoBU MbIiei [38, c. 3].

KymapussI c1tocoOHBI MOOMITH30BATh KeJe30, KOTOPBIE BRIICISIOTCS KOPHS-
MH PACTCHHUH U IOMOTAIOT ITOTIIONIATH KeJe30 13 OeTHBIX JKene30M ouB [33, c.
1409]. CriocoOHOCTh KOHKPETHBIX KyMapHHOB XeJIaTHPOBaTh 1 MOOMIIN30BATh
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Fe BapuaOenbHa 1 3aBUCHT OT HAJIMYMUS B UX CTPYKTYpE KaTeXOJMUECKOH ya-
ctu [36, c. 360]. BeposiTHO, naHHAS CITOCOOHOCTH KYMapHHOB CITOCOOCTBOBA-
J1a yBenndeHuro Fe B ChIBOPOTKE KPOBH LBITIISAT-OPOIICPOB OIBITHBIX TPYTII.

Yro Kacaercst cHIKeHHs ypoBHs (hochopa B CHIBOPOTKE KPOBH LIBITUIAT-OpO-
ﬁﬂepOB OIIBITHBIX I'PYIIIL, TO 3TO MOXKET OBITH CBSI3aHHO C AHTATOHUCTUYECKUMU
SIBIICHISIMA MEKIY JaHHBIM 2JIEMEHTOM H Jkerne3oMm [15, c. 382].

Bxutouenue pasHbIX /103 7-TUAPOKCHKyMapHHa B COCTaB PALTOHA I(bI-
IUISIT-OPOiiNIepOB N3MEHUIIO FeMaTOJIOTHYECKHE TIOKa3aTelH, aHaI0THIHbIH 3(-
(exT HaOMIOMATH Y KPBIC, TTONYyYaBIINX AadHETHH (IPOM3BOAHOE KyMapyHa),
TaKXKe HaOII0Jan0Cch U3MEHEHHE TeMaTOJIOTHYECKUX ITapaMeTpOB TaKhe Kak
JICUKOLUTBL, TUM(OLUTEI, HEHTPODHIIBI, MOHOLIUTHI, 503WHOPHIIBI, MOHOIUTHI
u 6a30uIIbI cCOOTBETCTBEHHO [23, C. 5].

Boree Hr3Kme 3HAUEHIS HEUTPO(PHIIOB, MOHOITHOTOB, Y03MHO(IIIOB 1 0a30-
(DUIIOB B KPOBH LIBITUIAT-OPOMIIEPOB ONBITHBIX I'PYIIT OOBSCHSIETCS JOKa3aHHBIM
MPOTUBOBOCHAIIUTCIIBHBIM HeﬁCTBHeM 7-38.MCH_ICHHI)IX MMPONU3BOIHBIX KyMapruHa
[21, c. 5], B HameM ciy4ae 7-THAPOKUKyMapHHA, HMMYHOMOIYIHPYOITIMH
cBoiicTBamMHM (’KcTpakThl I1BeTKOB Nelumbo nucifera, copepammx KyMapuH)
CIOCOOHOCTBIO MOJABIATH cekperio TNF-0o B BEI3BAaHHBIX BOCITAJICHHEM Ma-
kpoarax morouutos [30, ¢. 5]. KymapuHbl 0AaBIIsIFOT BRICBOOOXKICHHE 3JTac-
Ta3pl ¥ 00pa30BaHNE AKTHBHBIX (POPM KHCIOPOAA B HEUTPO(HIAX 3M0POBBIX
CyOBEKTOB, BBICBOOOYK/IEHHE HEUTPO(PHIBHBIX BHEKJIETOUHBIX JIOBYIIEK U CH-
HOBHAJIbHYIO HHOUIIBTPALMIO OOIIEr0 KOJIMYECTBa JICHKOLUTOB U HEUTPO(DHIOB
[3, c. 122], 9To Tarke BIUACT HA UX KOHIICHTPAIUIO B KPOBH.

CHIDKeHNE B KPOBH IBITUISIT-OPOIICPOB ONBITHBIX TPYII ITOKa3aTeael aH-
THOKCHJIAHTHOTO cTaryca (MaJIOHOBBIN JHANIbACTH]], CYNEPOKCUIINCMYTa3a)
1 yBEIMUYECHUEM KaTalla3bl B OOJIbIICH CTETIEHH CBSI3aHBI CO CIIOCOOHOCTBIO Ky-
MapHHOB CHHXKATh OKHUCIUTEIBHBIN CTpecc (B CHCTEMax in Vitro u ex vivo) [29,
c. 7], ~HrHOMpPOBaHUEM JIMITOKCUTEHA3bI M CIIOCOOHOCTHIO MOMIONIATh THAPOK-
CWJIbHBIE pagukansl [17, c. 5].

HenaBHO OTKpBITA CEMHOXMMHYECKAs! POJIb KyMapHHOB B HaJI3€MHBIX U
MIOJI3EMHBIX B3aUMOJICHCTBHSAX PACTEHHH W MUKPOOOB M COOpPKE KOPHEBOTO
Mukpobuoma [13, ¢.830; 27, ¢.251]. B 3701 cBs13u HEOOXOAUMO AabHEUIIICE
HCCIIEJOBAaHNE B YaCTH BIMAHUS KyMapHHa HA MUKPOOHMOM KHIIEYHHKA CEIlb-
CKOXO3MCTBEHHOM MTULBL.

BriBoabI
1. BkitoueHwe B pallioH 7-THAPOKCHKYMapHHA B J103€ 2 MT/KT KOpMa /CyT,
CII0COOCTBOBAIO YBEIHMUCHHIO KUBOM Macchl (Ha 19,4%; p£0,05) upimisat-opo-
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fIepoB, moeaaeMoCTH KopMa, yooitHoro Beixoja (Ha 3,3%), Ha doHe Oosee
HM3KOTO pacxojia KopMma Ha MpUpocT | Kr KUBOU MacChl.

2. BrurtoueHue B payoH 7-THIPOKCUKYMapHHa B J103€ 2 MI/KT KOpMa /CyT,
MTOJIOKUTENFHO MOBJIMSJIO Ha MoKa3arenu nedeHu (cHwxenue yposust AJIT
(p=0,05), obmiero 6unupyduna (p<0,05)), TUIUIHBIA 1 a30TUCTHIH OOMEH (CHU-
JKeHHE YpOoBHS TpuriauepuaoB (p<0,05) 1 MOYEeBUHBI), 1 3HAYCHU OCIBIX KIle-
TOK KpOBH (CHMKEHNE HEUTPO(UIIOB, MOHOLIUTOB, 503MHO(MIIOB, 6a30(HIIOB),
Ha (hOHE yBEIMUYCHUS JKele3a.

3. YBenmmumIics aHTHOKCHIAHTHBIN CTaTyC OpraHU3Ma IIBITUIST-OpONIepoB,
YTO BBIPAKAJIOCh B CHIYKEHUH aKTHBHOCTH CYTIEPOKCHUIMCMYTa3bl U YPOBHS Ma-
JIOHOBOTO JINaJIbJIETH/1a B CLIBOPOTKE KPOBH BO BCEX OMBITHBIX IPYIIIaX, Ha JOHE
YBEJIMUEHUS AKTUBHOCTH KaTajassbl, 10 CPABHEHUIO C KOHTPOJIBHOM I'PYIIION.

3ak/w4yenne KoMuTeTa 1o 3Tnke. ComepkaHue NTHIBI U TPOLETYPBI
MIPY BBIOJHEHNH 3KCIIEPUMEHTOB COOTBETCTBOBAIN TPEOOBAHUAM HMHCTPYK-
Ui U pekoMeHaanusaM poccuiickoro pernamenta (IIpukaz M3 CCCP Ne 755
ot 12.08.1977) u The Guide for Care and Use of Laboratory Animals (National
Academy Press, Washington, D.C., 1996). b npennpuHaThl Bce YCHIHS,
9TOOBI CBECTH K MHHUMYMY CTpPaJlaHUsl )KUBOTHBIX M YMEHBLIUTH YUCIO UC-
MOJIB3YEMBIX 00pa3LoB.

HNudopmuposanHoe cornacue. He npumenumo.

HNudopmanusa o KOHPJIUKTE HHTEPecOB. ABTOPHI 3asBIAIOT 00 OTCYT-
CTBHH KOH()TUKTA HHTEPECOB.

HNudopmanus o cnoHcopeTse. MccnenoBanue BBIIOTHEHO 3a CYET IpaHTa
Poccuniickoro nayanoro dorma Ne 22-16-00036, https://rscf.ru/project/22-16-00036/
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Hayunast cTates | 3anmra pacTeHHA

MOP®OTUIINYECKHUI COCTAB
N 9YBCTBUTEJBHOCTDH K JTU®EHOKOHA30JY
HNONYJIAIUA BO3BYJIUTEJISA MAPIIN
ABJOHU, PASJIHYAIOIINXCSA UCTOPUEN
IMPUMEHEHMUWSA ®YHI'NIHU A

A.HU. Haconos, M.B. Bapoax

Ilapwa — 00Ho u3 camvix 8pedOHOCHbIX 3a001e8anUll OCHOBHOU CeMEYKOBOU
KYNbmypol Mupa — A010HU.

Lenv. Oyenumy enuanue gyneuyuoa na cmpykmypy nonyasyuu Venturia inaequalis
110 Y4YBCMEUMETbHOCIIU K OUDEHOKOHAZOLY U MOPHOMURULECKOMY COCIABY.

Mamepuanwvt u memoowt ucciedosanus. Hccieoosanue nposedero na 88 mo-
HOCNOPOGYIX U30NAMAX, 8bI0CNEHHBIX U3 08yXx nonyaayull V. inaequalis. Hcxoonas
NONYIAYUSL He NOOBEP2ANLACy 00PaAbOMKAM PYyHEUYUOAMY, OMOOPAHA U3 NPUPOOHBIX
cmayuti Malus orientalis. Ilonynsiyus uz kommepyeckux cados a010HU OoMauiHell
UCNBIMBIBATIA eJICe200HbIE ONPBICKUBANUSA OUpeHoKoHazonom. dyscmeumensHocms
U30TAMOB OYEHUBANU 8 IADOPAMOPHBIX YCIOBUSAX NO POCIY MUYENUS NPU PAZTUUHBIX
KOHYEHMPayusax yyneuyuoa u gulpasicanu kax agpgexmuenyto 50 % xonyenmpayuio
(OK50). Mopgomunvt evioensiiu nymem cpasHeHus: (homouzoopatcenuti u3onamos
€ U306padiceHusMU MOPGHOMUNOE 6 6aze OaAHHbIX.

Pesynomamet. [onyisyuu paziuianicb no 4y8CmeumenbHOCmu K OUDEeHOKOHA30y
na svicoxom yposne suauumocmu (p<0,003), ux meouanmwvie snavenus K50 cocmasunu
0,5 u 2,5 me 0. 8./1. akmop pe3ucmeHmHoOCHU CA0080U NONYIAYUU UMeT 3HayeHue 22.
Mopdhonoeuueckuii ananu3 u301mos makaice NOKA3al HEPAGHOMEPHOE PACHpeOeneHUe
Mopghomunog & nonynsayusix. Mz 15 evioenennvix mopgomunog 73 % Oviiu yHUKATbHbI
07151 MO wnu UHOU nonysyuY. Bvisignena cpeomsis nonodcumensHas Koppenayus Mescoy
NPUSHAKAMU «MOPGOMUNY U «UYBCIMBUMETLHOCHTL K (DYHSULUOY».

3aknwouenue. Bnepgvie nokazano usmenenue cmpyknypbl nonyiayuu Venturia
inaequalis nod enuanuem yHeuyuda He MOIbKO NO NPUSHAKY, HAXOOAUEMYCSL NOO
dasnenuem omoopa (wy8CcmeumenrbHoCny), Ho U NO IE0TIOYUOHHO HEUMPATLHOMY
NPUBHAKY — MOPHOMUNULECKOMY COCABY.
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Knrouesvie cnosa: uyscmeumenvnocms, Venturia inaequalis;, mopgomun;
cmpyxkmypa nonyaayuu, IK50; ¢paxmop pesucmenmuocmu

Jna yumuposanus. Haconos A. 1., bapoax M.B. Mopghomunuueckuii cocmas
U YYBCMBUMENLHOCHb K OUDEHOKOHA3Z0LY NONYAAYUI 6030Y0umens napuiu s610Hu,
pasnudarowuxcs ucmopuetl npumenenus gyneuyuoa // Siberian Journal of Life
Sciences and Agriculture. 2023. T. 15, Ne3. C. 219-238. DOI: 10.12731/2658-6649-
2023-15-3-219-238

Original article | Plant Protection

MORPHOTYPIC COMPOSITION
AND DIFENOCONAZOLE SENSITIVITY OF APPLE
SCAB PATHOGEN POPULATIONS THAT DIFFER
IN THE HISTORY OF FUNGICIDE APPLICATION

A.IL Nasonov, M.V. Bardak

Scab is one of the most harmful diseases of the world’s main fruit crop, the apple tree.

Purpose. To evaluate the fungicide influence on the population structure of Ven-
turia inaequalis, by its sensitivity to difenoconazole and morphotypic composition.

Materials and methods. The study was conducted on 88 monospore isolates isolated
from two populations of V. inaequalis. The baseline population, which was not treated
with fungicides, was selected from natural populations of Malus orientalis. A population
of commercial apple orchards was treated with difenoconazole. The sensitivity of isolates
was evaluated under laboratory conditions by mycelial growth at different fungicide con-
centrations and expressed as effective 50% concentration (EC50). Morphotypes were dis-
tinguished by comparing photo-images of isolates with morphotype images in a database.

Results. The populations differed in their sensitivity to difenoconazole at a high level
of significance (p<0.003), with median EC50 values of 0.5 and 2.5 mg a.i./l. The resis-
tance factor of the orchard population had a value of 22. Morphological analysis of the
isolates also showed an uneven distribution of morphotypes in the populations. Of the 15
morphotypes isolated, 73 % were unique to a particular population. A medium positive
correlation between the traits “morphotype” and “fungicide sensitivity” was found.

Conclusion. For the first time, a change in the population structure of Venturia
inaequalis under the influence of a fungicide was shown not only for a trait under
selection pressure (sensitivity), but also for an evolutionarily neutral trait, mor-
photypic composition.
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BBenenune

[Mapnra — oHO M3 caMbIX BPEJOHOCHBIX 3a00JI€BaHUI OCHOBHOW ceMed-
KOBOM KyJIBTYpBI MUpPa — I0JJOHH. MUKOTHYECKUM areHTOM OOJIE3HU SIBIISIETCS
Venturia inaequalis (Cooke) Winter, KOTOpBIi Takke HHQUITUPYET PsI pacTe-
HUH W3 ceMEeHCTBa PO3OIBETHRIX (Rosaceae), 6nu3kux Kk pony Malus. Kusz-
HEHHBIN LUKJI TIaTOreHa XapaKTepu3yeTcs AByXcTaJAniHOCThI0. Ha onHoil u3
CTaui, KOHUIUAIBHON, IPOUCXOAUT €TO PACHPOCTPAHCHNE U MYJIBTUILIHKA-
1L, @ Ha JIPYTOi, aCKOCTIOPOBOH, IIEpEKOMOMHAIINS TCHETHIECKOTO MaTepHasa.
Hannume esxeroHoi MOJIOBOH cTaanu 00ecIieyrBaeT BHICOKUI MPUCIIOCOOH-
TENBHBIA MOTEHIINA IPUOa U ONPEEINAET €ro BEICOKYIO BHYTPHIIONYIIAIIHOH-
HYI0 M3MEHYHBOCTH [14]. YacToe snupuTOTHITHOE pa3BUTHE MApPIIH SOIOHN
OTMEYaeTcs B ceBepo-3amnaaHbix oonactsix PD, a rakke na CeBepHom Kakase.
B cBs131 ¢ KITMMaTHUECKUMH M3MEHEHHUSIMH B TEYSHHUE [TOCIICAHUX JBAALATH JIET
OTMEYAETCsl YBEITMUCHNE BUPYICHTHOCTH 1 arPECCUBHOCTH IOITYIISIIIMH TTaTOTe-
Ha B peruose [13]. IloTepu oT 3a001eBaHUS B CE30HEI, OIATOMPHUATCTBYIOIIHE
e€ pa3BUTHIO Ha CJIa00YCTOMYUBBIX COPTaxX, COCTAaBIOT 8-12 T/ra [13].

IMomydeHus ypoxasl, OTBEHYAIOMETO Ka4eCTBEHHBIM M KOJIMYECTBEHHBIM
TpeOOBaHUSAM IPON3BOICTBA IUIOAOB, OOYCIOBICHO TIIATEIEHBIM KOHTPOJIEM
3a pa3BUTHEM MaToreHa. BakHEWIIMM KOMIIOHEHTOM MHTETPAIIbHON CHCTEMBI
3alMTHI SIOJIOHK OT MapIIM SBISETCS XUMUUECKUI METO/I, 3aKITIOYarOIUiCs
B IIPUMEHEHNHU BBICOKOTOKCHYHBIX BEIIECTB MPOTUB BO30yIUTENsT OOJIE3HMU.
Ero a¢¢dexTrBHOCTS BO MHOTOM OIPEAEIISIETCS NPaBHIIbHBIM HCIOIb30BAHH-
eM (YHTHIUI0B C COOJIONEHHEM BCEX PEIIaMEHTOB: HOPMBI pacxoja mpera-
para, CPOKOB, KPaTHOCTH IIPUMEHEHUS, YePEJOBaHNUS IEHCTBYIOINX BEIIECTB
n 1p. Mexzy TeM co BpeMEHEM Jaxe MPHU CTPOTrOM COOIIOAECHUH TPaBHII X
nipuMeHeHns 2 HEKTHBHOCT TPOrpaMM 3aLIHUTHI MOJKET CHHKATHCS, THO0 OHU
MIOJTHOCTBIO MIEPECTAIOT KOHTPOJIMPOBATh pa3BUTHE MaToreHa. [Ipuunnoii aToro
SIBISIETCS] PA3BUTHE y ITATOTCHHOTO TpHda PEe3UCTEHTHOCTH K JACHCTBYIOLIEMY
BeecTBy npenapara [13, 14, 15, 16]. PazBuTtne pe3sucTeHTHOCTH y (huTOmaro-
T€HOB K MECTHIUIaM TPeOyeT NOCTOSHHBIN MOUCK U CO3/IaHHE HOBBIX CPEICTB
3aIATHI IPOTHB HUX [4].
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Pesucrentnocts Venturia inaequalis K pa3IAYHBIM KJIacCaM XUMHYCCKUX BE-
IIECTB TAKMX, KaK OCH3MMHA3071bl, CTPOOMITYPHHBI X TPHUA30JIbI, B TOM MM HOM
crerneHy ObLIa 3aMKCHPOBaHA BO MHOTHX TOITYJISILMSX MAaTOreHa B Mupe [5, 24,
25, 26,27, 28], B ToM uncine u Ha Tepputopun PO, B KpacHonapckom kpae [8, 9].
OyHrunm kiacca MHruouTopoB nemerunupoanust (aurt. DMI, Demethylation
Inhibitors) qudeHOKOHA301, KOTOPBIIT HadaJIK UCIIONB30BaTh B peruoHe ¢ 90-X IT.
TIPOIIIIOTO CTOJIETHS, IO CHX IO MPUMEHSIETCSI ITPH 3aIlUTe IPOTHUB BO30YANTEIS
napimu sioJI0HU, OTHAKO MPOJODKUTENLHOCTh €r0 3aIIMTHOTO JEHCTBUS 32 3TO
BpeMsi cokpatmiack ¢ 21 mus 1o 8 cytok [ 13]. B HemaBHUX HCCIEAOBAHUIX TIOKa-
3aHO CHIDKEHHE YyBCTBUTEIILHOCTH arpOLICHOTHYECKON NoMysiimu V. inaequalis
Y TIOBBIIIEHHE JTOJH PE3UCTEHTHBIX U30JISITOB B Helt [8].

YeroiunBOCTh K (DYHTHIMIAAM — 3TO BOJIOLUOHHBIA MPOLIECC, OCHOBAH-
HBII Ha MYTalMsAX, HOTOKE TEHOB, TEHETHUECKOM Jpeiide u otOope, mo3Bos-
IOIIEM OITpEeIeIEHHBIM OpPIraHU3MaM BbDKHMBATh ITPU BO3JICHCTBHN XUMHUUECKUX
BEIIIECTB M YBEIMYUBATH CBOIO YACTOTY B MOMYJAHH. DOPMBI, HECYIITHE TeHE-
THYECKHE MyTAINN WIN €CTECTBEHHBIC M3MEHEHUSI, JIATOIIIE CIBHUT B UyBCTBH-
TEJIBHOCTH K JICHCTBYIOIIEMY BEILIECTBY, MOABEPTalOTCSl 0TOOPY (QYHTHUIIHIOM.
[ToBropHble payHzbl 0TOOpa (00paOOTKH) MPHUBOIAT K YBEIMYEHUIO IOJIN
ycToiuuBbIX (opm B nomyssiunu. Korga yactoTa pe3uCTEHTHBIX HHAUBHILYY-
MOB CTaHOBUTCS ITPEOOIAAAIOMIEH, 0 CPABHEHHIO C YaCTOTOMN UyBCTBUTEIHHON
YacTH MOMYJISAUH, YPPEKTUBHOCTD MperaparTa cHmkaetcs [12].

OueBUIHO, YTO CENIEKTUBHOE JCHCTBHE (DYHTHIMIOB HA YacTh M30JITOB B
TIOMYIISIMN OyZleT MPUBOANTH K M3MEHEHHIO YacTOTHI BCTPEYAEMOCTH MyTa-
LU, ONpefeNAonMX yCTONYUBOCTh K TOKCHUECKOMY JEHCTBHIO XUMHUUECKUX
BemecTB. OHAKO B HACTOAIIEEe BPEMS OTCYTCTBYIOT HCCIICIOBAHHUSA, CBUIC-
TENIBCTBYIOLINE 00 M3MEHEHHUH IO/l UX BIMSHHUEM IOIYISIMOHHON CTPYKTYpBI
TIaToreHa B 11eJIoM. PaHee, ¢ NCII01b30BaHNEM MOJIEKYIISIPHO-TEHETHIECKHUX TI0/1-
XO0ZI0B, OBLIN MOKa3aHbI BHICOKAsSI CTETICHb BHY TPHUITONYJISILIMOHHOTO pa3Hoo0pa-
3ust ¥ HU3Kas auddepeHnunaiys mexay nonyssiuusmu [11, 19, 20, 23, 28, 30].
CTaObHIbHOCTH JOCTATOYHO MPOTSHKEHHBIX MOMYISuit V. inaequalis ciocoOCTBY-
€T CBOOOJHBIH TTOTOK FeHOB, 00YCIIOBICHHBIH XO3SHCTBEHHOH AESTEIFHOCTHIO
YeJIOBeKa, CBA3AHHOM C MHTPOIYKIMEH 3apa’keHHOTO MOCa0YHOIo MaTepHania
[19, 20]. Tarxke n3ydeHHE MOMYSIIUOHHON CTPYKTYPhl MUKPOMHIIETA TPOBOIHU-
JIM C MICTIOJIL30BAaHMEM HEHTPaIbHBIX ()EHOTUITNIECKHX TPU3HAKOB, TOKA3aBIINX
BBICOKYIO BHYTPHIIONYIALUOHHYO MOApa3IeIéHHOCTh nomyisiuui [1, 2, 10].

Lens pa®oThl — OLEHUTH BIMSHUE QYHIHLMIA HAa CTPYKTYPY MOIYJISALUH
Venturia inaequalis o TyBCTBUTEIBHOCTH K JTU(PEHOKOHA301Ty U MOp(OTH-
nMueckoMy cocraBy. CortacHO 1eTH, OBUTH ITOCTaBIICHBI CIIEAYIOIINE 3aJa4H:
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OLICHUTh YYBCTBHUTEIILHOCTh MU30JIATOB BO3OyAMTENS Mapuin sionoHn Kk aude-
HOKOHA30I1y; BBIIBUTH CTPYKTYPY MOIYIISALINN TIATOTCHA HA OCHOBE BBISIBICHUS
MOP(OTHIIOB €TO0 MOHOCIIOPOBBIX U30JIATOB; COTIOCTABUTH CTPYKTYPY TOITYJIs-
LUK IO TIPU3HAKaM YYBCTBHUTEIBHOCTH K (DYHTHIMY U MOP(OIOTO-KYIJIbTY-
paNbHBIM THIIAM.

Marepuajbl 1 MeTOIbI HCCIIEOBAHUS

Omobop obpaszyos. OTO0P MPOBOIWINA B BeceHHe-NeTHHI nepuoz 2020-
2021 rr. 8 Kpacnogapckom kpae. OTOMpamy CBeXIe TUCThS S0TOHN JJOMAITHEH
(Malus domestica Borkh.) u 561081 BoctouHol (Malus orientalis Uglitzk) ¢
CHMITOMaMH [TOPa)KEHHs apIOi MM JINCTOBOM OMaJ| TeX e PACTeHUI-X035eB
C CO3PEBIIMMH NICEBIOTENUsIMHU TTaToreHa. [Tpu oTbope npuaepKuBamch cie-
JYIOIIETO aJITOPUTMA: ¢ OJTHOTO JiepeBa Opanu 1 aucT ¢ mopakeHueM, a OoHi
00BEM BBIOOPKH B OJTHOH ToUke 0TOOpa ObLT Oosbie 50 nmuctheB. CBexue au-
CTbsI MOJICYIIMBAJIH 2 CYTOK H JIO IPOBE/ICHHS POLEYPbI BBIICICHUS YACTHIX
KynsTyp V. inaequalis xpauammu pu +4°C.

Bowidenenue uucmoix xynomyp namozena. VI30m4Thl TaToreHa BHIACSUIN U3
€ro KOHM/IMaJIbHBIX WM aCKOCHOPOBBIX MOpakeHHH. M3 ackoCIIOpoBBIX Mopa-
KEHHUMH, MPECTaBIAIOMNX CO00M MCEBAOTEMN Ha JIMCTOBOM OMaje s10JI0HH,
TIOJTyYeHUE M30JISITOB ITPOBO/IVIIN € UCTIOIB30BAHUEM CTIOC00a, ITPEIOKEHHOTO
Haconosem [7]. it aToro oOpaser oOpadarsiBanu MunyTy 70%-M pacTBOpoM
C,H,OH, a nocne 3%-m pactsopom H,O,. [IpombITEI CTEpUITBHON BOAOM JTUCT
MOMELLAJIN B KPBILIKY IepeBepHyTOM yamku Iletpu, cogepxaiiieil BoOqHbIN arap
n uHKyOmnpoBanu 14 4 ipu 18-20°C. OTaenbHbIe CIOpBI C POCTKOBOH TPYOKOH
HaXOJIMJIU [10J] MUKPOCKOIOM TIpH 40-KpaTHOM yBEJIMYECHUH U IEPEHOCUIIN Ha
KapTo(eTbHO-TIIFOKO3HBIN arap, coaepxkamuid 50 Mr/in aHTHOMOoTHKa (TeTpa-
nukirHa ruapoxiopun, PanRec-AppliChem). KaprodenpHo-rmoko3HEI arap
(KT'A) Ha sutp BozibI coepaxal: kaprodernbusiid orBap (200 T kaprodes) 1 1o
20 r mIIOKO3BI U arap-arapa.

MOHOKOHUANAIBHBIE H30JSTHI U3 CBEXKUX JIMCTHEB MOTYyYaNIN MO OOIIETPH-
HSITOU MeTonuke [22].

Ilosy4eHHBIN ¢ UCIIOIB30BAHUEM PA3IMYHBIX METOIUK IIOCEB OIHOM CIO-
poii nakyOupoBanu B TeueHue 30 cytok mpu 20°C B TEeMHOTE ¥ BU3YaIbHO Olle-
HUBAJIM HA IITAMMOBYIO YMCTOTY. [Ipy BBISBIEHHH Pa3HOPOAHBIX 110 IBETY U
CTPYKTYpPE CEKTOPOB KYJIBTYPbI H30JIST UCKIIIOYAIN U3 BEIOOPKH.

Paznuyaronuecs: mo MopQonoro-KyIbTypaibHbIM XapaKTepUCTHKAM H30-
JIATHl MAPKUPOBAJH, IIEPECEBAIH Ha CBEXKYIO cpeny U dororpadupoBamu do-
toarmaparom Canon ixus 175 npu JTHEBHOM OCBEIIEHUN B OTPAXKEHHOM CBETE.
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Oyenka uy8CcmeumenbHOCMuU YUCmulx Kyavnyp namozend. YyBCTBUTEIBHOCTD
ompeaersuy B gamkax [lerpu mnamerpom 90 mm (Plastilab, Jlusan) va KTA. B
OITBITHBIC BAPUAHTHI MUTATEIBHON CpeIbl O0OABISIIH M eHOKOHA30II (TIperapar
CKOP, KD, 250 mr/n, «Cunrentay, llseitnapus) B kounentparmu 0,005; 0,01;
0,025;0,05; 0,5 u 1 mr 1. B./71. B KOHTPOJIBHBIN BAPHAHT CPEIbI BMECTO (DyHIHIIH-
J1a JOOABIISIIN TOT JKe 00BEM CTepIIIbHON BOIBL. DYHTUIH TOOABISIIA B CPELLY,
HUMEIOIIYI0 TeMIieparypy okoio 50°C, cpasy nocie crepuinzauni. KoHTponbHble
U OTIBITHBIE YallIKK HHOKYJIUPOBAJIN OJIOKOM MHIIEIHS TUAMETPOM 5 MM, KOTOPBIN
BBIpE3aJIi MPOOKOBBIM CBEPIIOM M3 aKTUBHO PACTYyIIEH 30HBI MOHOCIIOPOBOTO
n3omsiTa. [IToBTOPHOCTE AKCIIEpUMEHTa MByKpaTHast. [IoceBbI HHKYOUpPOBaIH MpH
20°C. Yepe3 30 cyTok M3MepsUTH THAMETP pOCTa MULIETHS KYJIBTYPbI U BEIPAXKaIH
€ro0 B MPOIIEHTaX OT CPEIHETO JUaMEeTpa KOHTPOILHOTO oOpasia [22].

YyBCTBHTENBHOCTD M301Ta BhIpakanu kak DK, (50% spdexrnBras koH-
LEHTPAIuK) ¢ MCHOJIb30BaHMEM MeTo/la TTpoouT—ananmusa [18]. DK, — kon-
[EHTpaNys IHCTBYIONIETO BENIECTBA, KOTOPast HHTHOUPYET paIHalIbHBINA POCT
YHCTOW KyJITBTYpHI B 1Ba pa3a. @axrop pesucrenTHocTH (RF, resistance factor)
PacCUMTHIBAJIA Ty TEM JIEIEHHs CPETHUX 3HaueHni DK, MomyJisiuu, noasep-
rapuieiics BIMAHMIO QYHIUIMAA, HA cpeaHee 3Hauenne DK nmomyssuuu, He
HCIIBITABILIEH TAKOTO BIUSAHUS. PacCUnThIBaEMBbIN IIOKA3aTeNb ONPENEISIET YPO-
BEHB Pa3BUTHUS YCTONUNBOCTHU (PE3UCTEHTHOCTH) K (DYHTHIIUY.

Mopgomunuueckuii anaiuz wucmulx Kyabmyp namoeend. MopQpOTHIIEI
BBIJICIISUTH ITyTEM CPaBHEHUST (POTOM300paKEHHI U3OJIATOB C M300paKEHUSIMU
Mop¢oTHTIOB B 6a3e JaHHBIX [6].

Xapaxmepucmura nonynsayui. J11st nccneioBaHust 0TOOPAHbI J1BE HOITYIISILIAT
BO30yIMTEIIs MApPIIX SIOIOHH, PA3TIMYABIIMXCS MECTOM O0TOOPA, BUIOM PACTCHH-
A-X035MHA, TUTIOM YKOCHCTEMbI U HCTOpUEH MPUMEHEHHS TIeCTUIHAOB. Beero B
Ka)KJI0H 13 MOIYIISIHE OBLIO BBIICIICHO 110 44 MOHOCTIOPOBBIX H30JI5Ta ITATOTCHA,
TaKUM 00pa30M, OOIIHH 00BEM BEIOOPKH YUCTHIX KYJIBTYP COCTABHII 88 U30JIATOB.
[omymsmust | BeIgeneHa ¢ S0JI0HN BOCTOYHOM B €CTECTBEHHBIX IKOCHCTEMAX €€
MIPOM3pacTaHMsI: Ha OMYIIKaX W BEIPYOKax Jieca B MPEATOPHON YaCTH B paiioHe
ct. HaryxaeBckoii. OHa siBiisiIach MCXOTHOW MOMYJISILUEH, TaK KaK HUKOI/Ia He
MOJIBeprayiach BO3ACHCTBUIO eCTUIINIOB. [Tomymsis 2 — B cafjoBBIX X03gHCTBaxX
Kpacnoapmetickoro paiiona. B xo3siicTBax poBOAATCS IUIAHOBBIE 3AILUTHbIE Me-
POTIPUATHS C IPUMEHEHUEM TIECTUIUAOB; (PYHTHIIUIBI U3 XUMIYCCKOU TPYIIITEI
WHTHOMTOPOB IEMETHIINPOBAHMS UCTIONB30BANN 3 pa3a 3a CE30H.

Cmamucmuueckas obpabomxka pe3ynibmamos. J1isi OEHKH pa3IHIuil MeX-
Iy TIOTYJSIHSIMA TT0 MOP(QOTHITMISCKOMY COCTABY HMCIOIH30BAIH TTOMYIISIIH-
oHHbIe moka3arenu JI. A. JKHBOTOBCKOTO: (peHOTHITHYECKOE pa3zHoOoOpa3ue (L),
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koappuuuent cxoncrsa (r) u koaddument naenrunanoctu (1) [3]. TIpu sTom
JOCTOBEPHOCTD IOJIyYEHHBIX 3HAYCHNH yUUTHIBAIN HA IIATHIIPOLIEHTHOM yPOB-
HE 3HAYUMOCTH. PacrpeienieHie COOTBETCTBOBAIIO KPUTEPHIO %> CO CTETICHIMHU
cB00OO/IbI, paBHBIMU M- 1. Eciti mosyueHHoe 3HaueHHe KpUTepust MICHTHYHOCTH
NPEBBIIIANO TAOIUYHOE 3HAYECHHE ¥ JJIS OJHOTPOLEHTHOTO YPOBHSI 3HAYMMO-
CTH, TO PA3INYUS MEXKY IOMYIISIUSAMU CIUTAIUCE JIOCTOBEPHBIMH.

JUist OUEHKH pasHUIIBI MEX Ty 3HaueHnaMu DK , XapakTepru30BaBIINX TyB-
CTBUTEILHOCTb HCCIIEyEMbIX TOMYJSIINI K A1(ESHOKOHA30TY, ObUT IPUMEHEH
HelapaMeTpuuecKuil Kpurepuii MaHHa- YUTHH, Tak KakK paclpeaescHue 3Haue-
HUI OBIIO HE HOPMAJIBHBIM. B3aMOCBSI3b MEX/Ty NIPU3HAKAMH «MOP(OTHID) H
«4yBCTBUTEJIEHOCTHY» OLICHUBAJIM C UCIIOIb30BaHIEM Kod((hHUIMeHTa paHTOBOI
rkoppessiinu Crimpmena. Pacué€Tel mpoBoamiInch B mporpamme Statistica 10 u
Microsoft Excel. ITomy4eHHOE SMITHpUYIECKOE 3HAYCHUE OBLIO CTATHCTHYECKA
JIOCTOBEPHBIM Ha MATHIPOLEHTHOM YPOBHE 3HAUUMOCTH.

PesyabTarsl u 00cy:KaeHUE

Yyecmeumenvnocms nonynayuil Kk gyneuyudy. IlpoBenéHupii anammus 88
MOHOCHOPOBBIX H30JISITOB MOKa3aJl, 4YTO YyBCTBUTEIBHOCTh N3yUEHHBIX MOITY-
JIMA H3MEHAIACH B IIMPOKOM Juanasone snadenui DK, . UyBCTBUTENBHOCTD
HCXOMHOM mommysnuu K audeHokonaszory Bapbuposaia ot 0,00002 mo 0,085
Mmr/n (Tabmumna 1).

Tabnuya 1.
YyBCcTBUTEIBLHOCTD NONYJISAUUi Venturia inaequalis x nndeHOKOHA30.TY,
9K,,, MI 1. B./a

Cpennee Juana3on daxrop dakrop
Tonysisups OK,, OK,, pasfenenus | pe3sUCTEHTHOCTH
1 0,015 0,00002-0,085 4250,0 —
2 0,330 0,002-3,321 1660,5 22

Ipumeyanusi: momyasiuus | — HCXOxHAs MOMYIISALNS, HE TIOIBEPraBIIasCs paHHEEe
BO3ICHCTBHIO (DYHTUIINIOB; MOMYIISIIUS 2 — MOMYJISINS IPOMBIIUICHHOTO HACAXKICHHS,
obpabarbiBaemast T1eHOKOHA30II0M 3 pa3a 3a Ce30H.

®daxTop pazaeneHus coctaBui 4250 (COOTHOIIECHHE MEXTy KpaHUMHE 3Ha-
YSHUSIMUA 1yBCTBUTEIBHOCTH B MOMYJIsiuK). Ha 0CHOBE cpaBHEHHUs MOJTy4eH-
HBIX CPETHHX 3HaueHni DK, | MCXOMHBIX NOMYJIAIHNHT, KOTOPbIE HE MOIBEPTATHCH
paHHEEe BO3ICUCTBHUIO (DYHTUIIUIOB, MOKHO CIICJIaTh BHIBOJBI O HAJIMYHUU Pa3-
JIMYUIA B IPOSIBIICHUH YyBCTBUTEIILHOCTH K T (hEHOKOHA30ITY, TOKA3bIBAOIINX
0a30Boe pa3HOOOpa3ue MOMYJISIIUK [0 ITOMY TPH3HAKY.
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B nannom uccnenoannu cpennee snauenue OK, | U1 MCXOMHON MOIyIs-
MM, 0TOOpaHHOI! Ha s10;10He BocTouHOI (Malus orientalis) B cranune Haryxa-
eBcKoii, coctaBmino 0,015 mr/n. 3To 3HaYCHKE OBIIO BHIMIE CPETHETO 3HAYCHUS
OK,, ucxonnoit nonynsuuu Cesepckoro paiiona Kpacnonapcrkoro kpas (0,0078
MI/JT), @ TaKKe Cpeanux 3Hadyennid DK, s nomynsuuit napm s6aoum Ura-
yau (0,0075 mr/im) m CIIA (0,002 mr/m) [8, 17, 29]. Bonee BRICOKHIA ITOKa3aTeb
cpeanero DK, ObuI nostyveH B paboTe, IpoBeEHHON B JlaTuHCKOH AMepuKke
(0,0286 mr/m) [25].

Cpennee 3nauenne DK, MOHOCOPTOBOH momynsuy, 00pabaTeiBaeMo
mudenokoHazonom, cocrasmino 0,33 mr/n. UyBCTBUTEIBHOCTH BapbUpPOBANIA B
mrpokoM nuanazone 3HaueHuit (0,002—3,321 mr/m). dakrop pazneneHus co-
orBeTcTBOBaN 1660,5, 3T0 3HaYCHKE B 2,6 pa3a MeHbIIe (hakTopa pasiaeacHus
WCXOIHOHM IMOIYJIALUH, YTO CBUAETEILCTBYET O MOTEPE TyBCTBUTEIBHOCTH Y
M30JISTOB K TU(EHOKOHA30JIy M OTCYTCTBUH M30JISITOB MEHEE YyBCTBUTEIIBHBIX,
4YeM B HCXOI[HOﬁ TMOMMYJIAINHA. Taxkas xe TCHACHIIUA CHUXCHUA 3HAYCHUA (baK-
TOpa pasfeNeHns y MOmyisanun V. inaequalis TPOMBIIIIIEHHOTO HACAXKICHUS
10 CPAaBHEHHIO C MCXO/IHOH TOIyJIsiMel Oblila OTMedYeHa B paboTe y HCCiIeno-
Bareneii u3 Yumm [21].

Jlnist OLleHKH Pa3BUTHSI y MOIYIALUI BO30YIUTENs mapmu sIONOHN pe3n-
CTEHTHOCTH K (DYHTHIIM/IaM NPUMEHSIOT MoKazaTenb pesucreHTHocTH (RF).
Uewm BbIme y nomyssinuy 3HadeHue RF, TeM MeHee uyBCTBHTEIBHBI H30JISTHI
NOMyJSIMK K GyHTruiuay. B JaHHOM HCClieIOBaHUU TOKA3aTellb PE3UCTCHT-
HOCTH COCTaBWJI 22, 4TO 3HAYUTENILHO BBIIIE MTOKA3aTENEH PE3UCTEHTHOCTH,
MIPHUBEICHHBIX B padoTax w3 Ynmm (4,7) u Ypyrsas (6,6; 17,4) [21, 25], onHako
okazajnoch 0im3ko Kk 3HaueHusiM RF (32, 16), onucaHHbIX aBTOpaMu APYroro
nccienoBanus, nmpoeneHHoro B Kpacnomapckom kpae [8]. UTo MoxeT cBHie-
TENLCTBOBATH O TEHJCHIIMH ITOBCEMECTHOTO Pa3BUTHS PE3UCTEHTHOCTH y 00-
pabarbpiBaeMbIX 1(EHOKOHA30JIOM MOIYIISILUA BO3OYyAUTENS MapIin sIOJIOHH B
arpoucHoO3ax MpOMbBINITICHHBIX HaCﬁ)KZ[eHHﬁ peruonxa.

Pacnipenenenne snadennit DK, | momymnsamui mpeacTaBIeHo Ha pucyHke 1.

3nauenus DK, usonaros Venturia inaequalis NCXONHOM TOMYIAIMHA He
npesbimanu 0,1 Mr 1. B./71. ¥ ObIM COCPEAOTOYCHBI B JIEBOW YacTH Jua-
rpamMmsbl (pucyHok 1). [l ganHOM momynsnun ObLTa XapakTepHa BBICOKas
YYBCTBUTEIHHOCTH M30JSTOB K 1N()EHOKOHA30Iy. Y HOMYJISIUN MPOMBIIII-
JICHHOT'O HacaXkJIeHUs ObLIa OTMEYEeHa IMHAMUKA POCTA PE3UCTEHTHOCTH Y
M30JATOB K AU(PEHOKOHA30Ty. B JaHHOM MOMyIsAIiMy BCTPEUaINCh H30ISTHI
BO30yIHUTEINS apIIn 0JI0HU, KOTOpPEIE MpeBhImany 3HadeHne DK, , paBHOe
0,8 mr 1. B./11.

50
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Ipumeuanue: nomyssuust | — UCXOQHAS TTOMYISIIMS, HE TTOJBEPraBIIasics paHHEe
BO3JCHCTBUIO ()yHTUIMIOB; TTOIYJISIHS 2 — TOITYIISIHS IPOMBIIUICHHOTO HACAXKICHUS,
oOpabarsiBaeMasi TU(HEHOKOHA30JI0M TPEXKPATHO 32 CE30H.

Puc. 1. Yactora BcTpeuaeMoOCTH H30JSITOB Venturia inaequalis N3 IBYX TOMYISIIAMA
C pasnuIHbIMK 3HaYeHnaMu DK, | s gudenokonasona

JUJI OIIEHKH CTAaTHCTUYECKON pa3HUIBI MEXKIYy YyBCTBHTEIHHOCTBIO TIO-
MyIsui K qudeHoKoHa30iry ObUT TPUMEHEH KpuTepuii MaHHa- YUTHH, OTHO-
CSIIMICS K HemapaMeTpHUUecKol CTaTHCTUKE, TaK Kak 10 pe3ynbTaraM TecTa
[Manupo-Yuika pacnpeaenenrie BbI0Opok 0110 HeHopMambHbIM (W=0,5936,
P<0,05 ans arpononyrsiinn 1 W=0,4657, P<0,05 mist ©CXOXHOM MOITYIISIIIAN ).
CornacHo JaHHOMY KPHUTEPHIO, CIy4aifHO BEIOpaHHOE 3HAUCHHE ITOITY/ISIINN
1 cunTaeTcs HepaBHBIM CIy4YailHO BRIOpAaHHOMY 3HAUEHHIO IMOMYIALUHU 2 Ha
BBICOKOM ypoBHE 3HaunMocTH (p<0,003), 94TO MOATBEPKIACT MPEIATIOIOKCHIUS
O CyILECTBEHHBIX Pa3IUYMIX B UyBCTBUTEIBHOCTU UCCIEAYEMBIX MOMYISIHN
Venturia inaequalis k nudeHokoHA30my. MeuaHHbIC 3HAYCHUS JIBYX CPaBHU-
BaeMBIX Moy suid coctaBu 0,5 u 2,5 Mr 1. B./1.

Pesynerarel IpOBEIEHHOTO HCCICIOBAHMS MOKA3aJId, YTO Y MOIYIISIIHN
V. inaequalis MOHOCOPTOBOTO MPOMBIIIJICHHOTO HAaCaXIEHUS SOJOHU J0-
MalrHel pa3BUBaeTCs PE3UCTEHTHOCTh K AM()EHOKOHA30Jy, HO TaKKe ObLIO
OTMEUEHO HalIMUHe YyBCTBUTEIBHBIX K JAaHHOMY (DYHTHIHAY H30JSATOB. Jlist
BBISIBJICHUSI BIMSIHUSI IPUMEHEHNUS (DYHTUIMA Ha OMYIISLIHOHHYIO CTPYKTYPY
natoreHa ObuT OLICHEH MOP(GOTUITHUCCKUN COCTAB MOMYJISAIHIA.
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Mopgomunuueckuii cocmas nonynsiyuii. B pesyasrare aHann3za MOHOCIO-
POBBIX M30JISITOB OBLIO BhIJIETICHO 15 MOpdonornyeckux TUIOB naroreHa. Mop-
(hOTHITEI Pa3NTUYaTUCh KOMIDIEKCOM U3 JIECATH MOP(]OIOTO-KYIBTYPalbHBIX
XapaKTEPUCTHUK, CPEIU KOTOPBIX HanOoJiee BaXKHBIMU ObLTH pasMmep, Gopma,
poduIIb, 0COOEHHOCTH Kpasi KOJIOHHH, a TakxKe (hakTypa OCHOBHOTO BO3LYIII-
HOTO MUIIETIHS U XapaKTEPUCTHKA [IEHTPAIEHOTO OyropKa (PUCYHOK 2).

Puc. 2. Mopdorumnsr Bo30yuTens mapiu ss0iIoHu

Pasmep Gapa pasern 10 mm. Homep MmopdoTuma cormacHo padoram [6, 10].

B nomymsamuu 1 (McxoaHast momysmsinus) Hanbosiee pacripocTpaHEéHHBIMA
Mopdotunamu Obiu Ne 16, 17, 18, 60, npu 3TOM TpH MOCIETHUX U3 HUX BCTPE-
YaMCh TOIBKO B 3TOM BRIOOPKE. B ApyTOif MOy Isiiiyy, KOTOpast ObLiIa BEIIEICHA
13 CaJ0BOT0 HACAKAEHUS M HCHBITHIBAJA BO3JEHCTBHE (yHIHINAA, KOJIHIE-
CTBEHHO npeobmananu apyrue Mmopdoturnbl — Ne 14, 23,32 u 61. Mopdoturst
Ne 59, 60 u 61 ObLTH BBIIICNICHBI BIIEPBBIC.

BerpedaemocTs MopdoTHIIOB B 001Ieii M3y4eHHOH BBEIOOpKE MaTOTEHA,
MPEJICTaBICHHOM 88 M30isITaMu, ObliIa HEOAMHAKOBOM (Tabnuia 2).

Hawubonpliiee KOIMYECTBO U30JIATOB OBLIO OTHECEHO K MopdoTunam Ne 16
u 14, ux J0J1s OT O0IIero Yucia u3osIToB cocTaBmia 12,5 u 11,4 % coorBer-
ctBeHHO. Mopdorursr Ne 18, 23 u 61 cocrasunm 10,2 % At KaXXI0H TPyIIIBL.
Honst mopdoruro Ne 17 u 60 coorBerctBoBana 9,1 %. HauMenbinee koiu-
YEeCTBO M30JITOB ObLIO TIpeacTaBieHo B 7, 12, 47, 59, 10 u 31 rpynmax mop-
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(onornueckux TUIOB. Panee rpu uccieg0BaHUM MOP(OIIOrO-KyIBTYPaIbHON
muddepernurannu 80 U30JIATOB U3 PA3IUIHBIX CAJI0BBIX HacKAeHHH KpacHo-

/:[apcxoro Kpa;{ 6I>IJ'Ia ITOKa3aHa BBICOKas 4aCcToTa BCTpe‘IaCMOCTI/I MOp(l)OTI/IHOB
Ne 11, 14, 16, 18 u 23 [10].

Tabnuya 2.
Joast pa3au4unbix MophoTunos Venturia inaequalis, BbIaeIeHHBIX U3 MOMYJISIIITH
SI0JIOHM BOCTOYHOI U M3 MONY.JIsILIH A10,10HH JoMalnHel copta Pener Cumupenko

No Mopdotur, No KosnmyectBo nzomsitos, wt. | Jlons mopdorumna, %
1 18 9 10,2
2 16 11 12,5
3 60 8 9,1
4 17 8 9,1
5 12 1 1,1
6 7 2 2,3
7 47 3 3,4
8 22 4 4,6
9 14 10 11,4
10 23 9 10,2
11 43 6 6,8
12 59 3 3,4
13 10 3 3,4
14 61 9 10,2
15 31 2 23

Ipumeuanne: Homep Mopdorumna npusoxures mo myomukamusm [6, 10].

Takoke BappHpoBajia 4acTOTa BCTPEYaeMOCTH MOP(OTHIIOB M X IPE/ICTAB-
JIEHHOCTh B PA3JUYHBIX MOMYJSALIHUAX (PUCYHOK 3).

Pacuér nonynsaunoHHbIX nokasareseid JKMBOTOBCKOTO BBISIBUJI BEPOSITHOE
pasimuue Mekay N3ydeHHBIMH TOMYJIIUSIMH Ha ypoBHE 3HaunMocTH p<0,01.
Tak, nmoka3zaresb CXOACTBA () MEKAY HOMYJISIUAMEI OKa3aJCsi OUCHb HU3KUM,
0,28, mpu aToM ko3P dumenT uaearnaHoctH (I) cocraBm 65,72 npu Tadnnd-
HOM 3HaueHuu x2 = 29,1. Benuuuna » moxxker uzMenstbes ot 0 1o 1, u npu
3HaueHnn () MOMYJISIIKY SIBJISIOTCS. aOCOIOTHO HE WACHTHYHBIMHU, TOTJA KaK
1 o3Ha4aeT OTCYTCTBUEC KAKUX-THOO OTIMYMIA Mexay HuUMH. B padore ore-
YeCTBEHHBIX aBTOPOB [10] m3ydamnm Mop(oTHIHYECKUI COCTaB U30IATOB V.
inaequalis, BEIIENICHHBIX U3 4 pa3IMYHBIX IPOMBIIIUICHHBIX CaJI0B, U IOKA3aJIN
OTCYTCTBHE JIOCTOBEPHBIX Pa3JIMYM MO TOKA3ATENI0 CXOACTBA MEXK]Y H3yUeH-
HBIMH MOITYJISISIMU.
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Puc. 3. HactoTa BcTpeuaeMocT MOP(HOTHUIIOB B MOMYIALUAX Venturia inaequalis

Pasnuganuch momymsIiy TakKe emé OMHUM TIOKa3aTelleM, a MIMEHHO CpeJi-
HUM gnrciioM Mopd (W). Juist ICXOMHOH TOIYISIMK OH OKa3aJics BBIIIE, YeM Y
arpoIreHOTHIecKol, u coctaBui §,6+0,52 u 8,1+0,40 coOTBETCTBEHHO.

Bruanue npumenenus gpyneuyuoa na cmpyxkmypy nonyaayuu. IlomydeHHbIe
JTAHHBIC IOKA3bIBAIOT, YTO MPHUMEHEHHE (PYHTHIIMIO0B, B YaCTHOCTH, TH()EHOKO-
Ha30J1a, MOYKET IPUBOJIUTH K N3MEHEHHMIO TOITYJISIIIMOHHOM CTPYKTYPBI T1aTore-
Ha, BBEIpaXKAIOLIEHCs B JOCTOBEPHOM M3MEHEHHH MOP(OTUITNYECKOTO COCTaBa B
«(pyHTHIUTHOW TTOYISIIIAN OTHOCHTENBEHO HCXOmHOH. Tak, o Bo3aeicTBiHeM
(GyHrUIHaA, BEPOSTHO, MPOMCXOANIA HITUMUHANKMS YacTh Mopdorumos (Ne 7,
17, 18, 47 u 60; pucynok 3), xapaKTepHBIX AJIS 1yBCTBUTEIBHBIX U30JIATOB Ta-
TOT€HA, ¥ pa3BUTHE ApyToif yactu MopdoTuros (Ne 10, 23, 32,59 u 61; pucyHok
3), MPOSIBUBIINX YCTOHYMBOCTH K TOKCHKAHTY. Taxoke Oosiee HU3KOe 3HaUCHNE
KOJIMYECTBa CPEeAHUX MOpP( (L) B MOMYJISILIMK, UCTIBITHIBABIICH BO3/IeiiCTBHE
¢yHrunmaa, ykasslBaeT Ha 00egHEeHHEe (EHOTUITHYECKOTO Pa3HOOOpas3ns JaH-
HOW TOMYJIANNN B Pe3ylbTaTe THOSNN yacTH ocobeit. CpemHss MOI0KHUTETb-
Hast CBA3b MeX1y MopdoTunoM u 3nHadeHuaMu DK, Oblia moiarsepxeHa ¢
UCIIOJIb30BaHHEM KO3 duIineHTa paHroBoit koppersiuu Crimpmena (rs = 0,499;
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p (2-tailed) = 0). MoXxHO NPENNONOKHUTB, YTO MOP(HOTHIIBI, BCTPEUAIOIHECs
B MICXOTHOM TOMYJISIINH, TOJDKHBI OTCYTCTBOBATh HIJIH OBITH PEIKH B arporie-
HOTHYECKUX IOMYIAIIIX atoreHa. OHaKo B paHee BBITIONHEHHBIX UCCIIEIO-
BaHMSX MOIYJISIHUNA TaTOreHa, BBIICICHHBIX M3 PAa3IMYHBIX MPOMBIIUICHHBIX
HacaX/JICHHUI1 SI0JIOHN, B KOTOPBIX MPOBOAMINCH €KETOIHbIE 3AIIUTHBIC MEPO-
TIPUATHS POTHUB TTAPINH, ObIIa TTOKa3aHa BBICOKast yacTotra MopdoTmma Ne 18,
OKa3aBIIErocs 4acTo BCTPEYaEMbIM U YHHKAIBHBIM MOP(QOTHUIIOM ISl H3ydae-
MO B TeKyIIel pabote ucxoaHo# momyssiiuu rpuda [ 10]. Kpome storo, aHanus
suagenuit OK, | 11t MOPOTHUIIOB, KOTOPBIE BCTPEYATUCH U B «(DYHTHIUIHOW»
Y B UCXOIHOW TOIMYJIANHUAXK, TIOKA3a]T HEOTHO3HAYHOCTh CBSI3U «MOP(OTHID) /
«ypOBEHb UyBCTBUTEIBHOCTH» (JaHHbIE HE MpuBosTCs). Tak, Mopdorum Ne
16, XoTOpBIN OBUT TPEACTABIIEH B UCXOTHOW MOMYISAIUN 8 M30ISITAMH, UMEB-
IIMMHU 3HAYEHUS 3K50 B auanasone ot 0,002 g0 0,079 mr 4.B./11, B Cag0BOH I10-
MYJSIANA UMeIT 3 U30J1Ta ¢ MAaKCUMAJIbHBIMHU JUIsl BCEH M3Y4YEeHHOI BBIOOPKH
u30I1ATOB nokasarensvu JK, —1,198- 3,321 mr II.B./1I.

3aki04ueHue

[IpoBenénusle Ha 88 H30IATaX UCCIEAOBAHUS MOKA3aJIH CYIIECTBEHHbBIE
pasnuuusl B CTPYKType nomynsuuil Venturia inaequalis, pa3nmudaBIIuxcs
HCTOpHEH IpUMEHEHUS (QYHTHUIIUI0B, KaK MO YyBCTBUTEIBHOCTH K AH(EHO-
KOHA30JTy, 9TO OKHMJAeMO, TaK ¥ M0 MOP(QOTHIINIECKOMY cocTaBy. Jlis mo-
MyJISIUHN, €KerofHo oopadaTeiBaeMOi XUMUUYECKIUMH TpenaparaMy, B TOM
YHCIIe Ha OCHOBE TPHUA30JI0B, OTMEUEHO CYIIECTBEHHOE CHIKCHHUE TyBCTBH-
TEIbHOCTH, YTO MOATBEPKAAET PAHEE MOyUEHHbIE HAMH PE3YNbTaThl. TaKxke
CYIIECTBEHHO M3MEHSUICS NMPHU3HAK, MOPPOTHITNYECKHI COCTaB MOMYJISIINH,
KOTOPBII HE HAXOUIICS HETIOCPEACTBEHHO MO IaBIeHUEM 0TO0pa, T. €. ABJIsI-
IOIIUHCS SBOTIOIMOHHO HEUTPaIbHBIM. 3 Bcex BbIIEIEHHBIX B paboTe MOp-
¢dorunos 73 % ObUIM YHUKAJIBHBI JUIs TOW WK WHOH momyisinun. OTMedeHa
CpeIHss MOJOKUTEIbHAS KOPPEAUS MEXTy MPU3HAKAMH «MOP(OTUIY U
«IyBCTBUTEIBHOCTh K TU(PEHOKOHA30Iy». BimsHue npumenenns GpyHrumm-
JIOB Ha MOP(OTHUITNYECKYIO CTPYKTYPY MOIYJISIIMN BO30YIUTEIsI ITapIIH s10110-
HU TI0Ka3aHa BIEPBHIE.

HNudopmanus o KOHPIUKTE HHTEPECOB. ABTOPHI 3asBIAIOT 00 OTCYT-
CTBHH KOH(IIUKTA UHTEPECOB.

HNudopmanust o cnoncoperse. VccnenoBanie BIOJIHEHO TPH (PUHAH-
cosoii nogaepxke PODOU u anmunucrpaunun KpacHogapckoro kpast B pamkax
HayuHoro npoekra Ne 19-416-230070.
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