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YjieHbl peJaKIIUOHHOM KOJLJIErul

Anucumos Anopeti Ilagnosuy, TOKTOp MEIUIMHCKHUX HayK, Ipodeccop, 3aMeCcTUTENb [H-
pekTopa 1o HayuHoii pabote (IocyrnapcTBEHHBIN HAYUHBIN LICHTP MPUKIAIHON MUKPOOHO-
noruu u OuorexHonorun PenepabHON CyObl 110 Haf30py B cepe 3aluThl IpaB Mo-
Tpebureneil n Gnarononyuns yenoseka, moc. OdoneHck, CepmyXoBCKHil p-H, MOCKOBCKast
0011., Poccmiickas denepartis)

banakupee Huxonaii Anexcanoposuu, NTOKTOP CENBCKOXO3AICTBEHHBIX HAyK, aKaIEMUK
PAH, podeccop, mpopekTop 1o Hayke U HHHOBALHSAM, 3aB. Kadeapoii MEIKOro >KHBOTHO-
BOJICTBA ((heiepanbHOE TOCYIapCTBEHHOE OIOKETHOE 00pa30BaTEIEHOE YIPEKICHHE BEIC-
1rero oopazoBaHmst « MOCKOBCKast TOCYAAapCTBEHHAS aKaIeMUsT BETEPHHAPHON METHITHHEL 1
ouorexHonoruy — MBA nmenn K. Cxpsionna», Mocksa, Poccniickas eneparmst)

bamuvipoexosa Ceemnana Ecumbexosna, TOKTOp XUMHYECKUX HayK, BEAYIIHUH Hayd-
HBI corpynHuk (Ka3axckuil HalMOHAIBHBIH yHUBEPCUTET UM. ainb-Dapabu, Anmarsl,
Pecny6nmka Kazaxcran)

byko Bsauecnas Yavsinoeuu, NOKTOp OHOJNIOTHYSCKUX HAyK, Ipodeccop, 3aB. OTIEIIOM
onoxumuueckoit papmakonoruut (MHCTUTYT OMOXUMHUY OHOJIOTUUECKH AaKTUBHBIX COC-
muaenuit AH benapycu, I'ponno, Pecniy6nuka benapyce)

Iiomog Anexcandp I'aspunosuu, TOKTOp BETEPUHAPHBIX HAyK, Ipodeccop, 3aBeryo-
M maboparopueii OMOTEXHOIOTUH, TIIABHBIN Hay4dHbIH coTpyaHuK (DeaepanbHOe ro-
cyaapcTBeHHOe OrofpkeTHOe yupexaenue Hayku Cubupckuil denepanbHblii HaydHbIH
LneHTp arpobuortexnonoruii Poccuiickoii akagemun Hayk, HoBocmOupckas oGmacts,
noc. KpacHooOck, Poccuiickas deneparis)

Kazakosa Anua Cabuposna, NOKTOp OMONOTMYECKHX Hayk, mpodeccop, 3aBemyro-
mas kadeapoit arpoduorexuonoruu (A30Bo-UepHOMOPCKHN WHKCHEPHBIH WHCTUTYT
OI'BOY BO [ouckoii ['AY, 3epHorpan, Poccuiickas deneparist)

Kosnoe Bacunuii Braoumuposuy, KaHIUIAT MEJULIITHCKUX HAyK, JOLEHT, JOIEHT Kade-
JpBI O0IIECTBEHHOTO 3I0POBbS 1 31paBooxpaneHus (DenepanbHOE rocyaapcTBEHHOE aB-
TOHOMHOE 00pa30BaTebHOE YUpEKICHIE BhicIIero oOpa3zoBanus [lepoiit MoCKOBCKHit
roCy/IapCTBEHHBIA MeauUMHCKUA yHuBepcuteT umenu .M. CeyenoBa Munucrepcrsa
3apaBooxpaneHus Poccuiickoit denepanuu (CeueHosekuii YHuBepeuret), Mocksa, Poc-
cuiickas ®enepanns)

Jlecosckaa Mapuna Heopesna, nokTop OMONOrHYeCcKuX Hayk, npodeccop, npodeccop
kadenpbl SKOHOMUKH M arpodusHeca (DenepanbHoe rocyrapcTBEHHOE OIOKETHOE
oOpasoBarenbHOE yupexkIeHHe BbIciiero o0pasoBanus «KpacHosSpcKuii rocyiapcTBeH-
HBII arpapHblii yHEBEepcuTeT», KpacHospck, Poccniickas denepanns)

Jucnax Anamonuii Anamonvesuu, KaHAUIAT CEIbCKOXO3SHCTBEHHBIX HAYK, JOIEHT,
CTapIIMi HAy4YHBIH COTPYOHHMK, 3aBEAYIOIINH JabopaTopHeil JIeCHOrO MOYBOBEICHUS
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YxkpHUWIIXA; nouent xadenps! sxoioruu u Heodkonorun XHY (YkpauHckuii Ha-
YUHO-HCCIIEI0BATENILCKUI MHCTUTYT JIECHOTO XO3sICTBA M arpoJIeCOMENNOPAIUU UM.
I'H. Beicomxkoro (YkpHUMJIXA); XapbkoBCKHH HalMOHAJIBHBIH YHHBEPCHTET WM.
B.H. Kapasuna (XHY), XapbkoB, Ykpanna)

Manuyx Banepuii Tumogheesuu, TOKTOp METUIIMHCKIX HayK, podeccop, dieH-Koppe-
cnongent PAH, nayunsni pyxoBoautens uHCTUTYTA (DenepaabHoe rocynapCcTBEHHOE
Oro/vkeTHOE HayuHOe yupeskaenne «DenepanbHblil necnenoBaTenbekuid neHTp «Kpac-
HOSIpCKHU HaydHbI LeHTp Cubupckoro otaencHusi Poccuiickoil akageMuu Hayk»,
Kpacnospck, Poccuiickas deneparis)

Moticeénox Anopeii I'eopeuesuty, TOKTOp OMOIOTHIECKUX HAYK, TpOdeccop, YWieH-Koppe-
cnonnentT HAH benapycu, 3aBexyronuii OTIe10M BUTAMHUHOJIOTUH U HY TpUIeBTHKH [ T1
"NucTuTyT OMoXxumun Omonorndeckd akThBHBIX coequHennii HAH bemapycen" (I'pox-
HO), TNIaBHBIN Hay4yHbld coTpynHuk Otaena muranus HIIL HAH Bemapycu mo mpomo-
BonbeTBHIO (MuHck) (HanmonaneHas akagemus Hayk benapycu, Pecnynuka benapyce)

Mysypoea JTioomuna Braoumuposna, NTOKTOp METMLIMHCKUX HayK, npodeccop, mpo-
(beccop kadeapsr anaroMuu yenoBeka (CapaToBCKUi roCy1apCTBEHHbBIN METUITMHCKHUI
yHuBepcuteT uM. B.M. PasymoBckoro Munucrepcrsa 3apaBooxpanenus Poccuiickoil
®enepannu, CapatoB, Poccuiickas deneparus)

Hayanoea Avinaw Ilaxyawoena, TOKTOp OMOJIOTHIECKUX HAyK, Mpodeccop, IIaBHbIH
Hay4HBIH coTpyaHUK (Kazaxckuit arporexanueckuit yausepcuret uMm. C. Celidynnnna,
Acrana, Pecrry6nmka Kaszaxcran)

Huxumiox Imumpuii bopucosuu, TOKTOp MEAUIIMHCKUX HAyK, IPodeccop, WICH-KOpP-
pecnonnent PAH, mupexrop (PenepanbHoe rocynapcTBEHHOE OIOMKETHOE YUpEKae-
nue Hayku deepanbHbIi HCCIEAOBATENECKIN EHTP MUTaHUS, OHOTEXHOIOTHH U 0e3-
omacHocTH numy, Mocksa, Poccuiickas @eneparms)

ITynuxos Anamonuti Cmenanosuy, TOKTOp MEIMIMHCKHX HayK, rmpodeccop, oTIny-
HMK 3/{paBoOXpaHeHus PD, raBHbIH Hay4HbIH COTPYIHHUK TPYIIbl (PyHKIIHOHAIBHOI
MOPGOJIOTHH KIMHUYECKOTO OT/ICNICHUS TaTOJIOTHH MHUIEBAPUTEILHOH CHCTEMBI y
B3pOCIbIX U Jerell (PeaepanbHOE rocyIapcTBEHHOE OIOKETHOE HAyuHOE yupexie-
Hue «®DenepanbHblii HccnenoBaTenbCKuil HeHTp «KpacHOApCKuil HayuHBIH LIEHTP
Cubupckoro otnenenust Poccuiickoil akagemun Hayk», KpacHosipck, Poccuiickas
Deneparnus)

Tonynuna Hamanvsa Barenmunogna, JOKTOp MEIULIMHCKUX HAyK, podeccop, WIeH-Kop-
pecniornent PAH, 3aBemyromas kadenpoit kadenpa oOIecTBEHHOTO 30POBbS U 3/IPaBO-
OXpaHEHHs1, P)KOHOMUKH 3[paBoOXpaHeHns ((erepaabHOe ToCYJapCTBEHHOE OI0PKETHO®
00pa3oBareNibHOE YUPEKICHIUE BBICIIEro o0pazoBanus "Poccuiickuii HAIIMOHATBHBIHN HC-
crenoBaresibCkuil MenunuHckuil yausepcurer umenu H.M. Iuporosa" Munucrepcrsa
3npaBooxpanenust Poccutickoit deneparmu, Mocksa, Poccuiickas deneparst)
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Iononsyxuna Huna Anexceesna, NTOKTOP CEIbCKOXO3SIMCTBEHHBIX HAyK, Mpodeccop Ka-
(enpsl 3KOIOTHH, TPUPOIOIIONE30BaHNS M OMOJIOTMUYETHBIA PaOOTHHUK cdepsl oOpa-
3oBanust Poccmiickoit ®@eneparyn, [ToderHsrit paboTHUK cdepbl obpazoBanus Poccuii-
ckoit @enepayu (PI'BOY BO Omckuil rocynapcTBeHHbIN arpapHblil yHUBEPCUTET HM.
IL.A.Cronpimuna, Omck, Poccuiickas denepanust)

Panonopm )Kan Kosegosuu, TOKTOp MEIUIIMHCKUX HAyK, IIpodeccop, OTINYHUK 311pa-
Booxpanenns: CCCP, 3acimysxennsiii nzooperarens CCCP, nouernsiii npopeccop HUN
MIIC; xoucyaprant (bonbuuunast kacca "Jleymut", Xaiida, 3panib)

Paxumos Anexcandp Mmanyunosuu, TOKTOp XUMHYECKUX Hayk, npodeccop, npodec-
cop 1o kadenpe «Opranndeckas xumus» (Bonrorpajackuit rocynapCTBeHHBIH TEXHU-
yeckuil yHuBepcuret, Bonrorpan, Poccuiickas ®eneparust)

Paxumosa Haoesicoa Anexcanoposna, TOKTOp XUMHYECKUX HayK, podeccop (Bomrorpan-
CKUI rocyapcTBEHHBIN TeXHUUECKUi yHuBepeutet, Bonrorpan, Poccuiickas deneparyst)

Pooun Hzopo Anexceesuu, TOKTOp BeTepHHAPHBIX HayK, mpodeccop, npodeccop kadeaps
AQHATOMHH, BETEPHHAPHOTO aKyIIEPCTBA M XUPYPrHH ((ereparbHOe TOCyIapCTBEHHOE OO
AKETHOE 00pa30BaTeIbHOE YUPEKIEHHE BhICIIEro oOpasopanus «KyOaHckuil rocynapcTBeH-
HbIi arpapHsbli ynusepcuteT umenn W.T. TpyOunnnay, Kpacaonap, Poccuiickas denepariis)

Poorcko Tamesina Braoumuposna, kaHauaaT OMOJIOTHYECKUX HAyK, JOLEHT, JOLECHT
Kadenpsl MeaUIUHCKON U Ononornueckoit ¢pusukn (KpacHospckuii rocynapcTBeHHBIH
MEIUIMHCKUN yHUBepcuteT uM. B.®. Boiino-Scenenkoro MunucrepcTsa 31paBoox-
panenus Poccuiickoit denepanun, Kpacnosipck, Poccuiickas deneparist)

Cemxos Huxonaii Anexcanoposuu, TOKTOp OMONOTHYECKUX HayK, Mpodeccop, TIIaBHbINH
Hay4HBIH COTPYIHUK, MEXKyHAPOIHBIN HayIHBIH [EHTP UCCIICOBAHNS SKCTPEMATbHBIX
COCTOSIHMI opranu3Ma, npogeccop kadenpst onodusnku Mucruryra GyHnamenTanbsHoM
Ouosorun u OuorexHonoruu (PeaepanbHOE rOCYIAPCTBEHHOE OIOKETHOE HAyYHOE Y-
pexaenue «PenepanbHblil HccaenoBaTeNbeKuil HeHTp «KpacHospCckuil HayYHbIN LIEHTP
Cubupckoro otnenenust Poccuiickoit akagemun Hayky»; OenepaibHOe rocyiapcTBEHHOES
aBTOHOMHOE 00pa30BaTEJIbHOE YUPEXKICHHE BBICIIEr0 MpodecCHOHAIBHOr0 00pa3oBa-
Hust «Cubupckuii GpenepanbHblil yHUBepcuTeT», KpacHospck, Poccuiickas denepartis)

Cmenux Buxmop Anexcanopoeuu, TOKTOp TEXHHYECKHMX HayK, mpodeccop, TUPEeKTop
Hay4HO-HCCIIEZIOBATENIbCKOTO MHCTHTYTA YIPABIEeHUs] TEXHOTOTMYECKUMH CHCTEMaMHU B
AIIK, 3aBenyrommuii kagenpoit « Texandeckne cucTeMsl B arpodmsHecey (DemepansHoe
rOCyapcTBEHHOE OIOKeTHOE 00pa30BaTeNbHOE YUPEXKICHUE BBICIIEr0 00pa3oBaHHsA
"Cankr-IlerepOyprekuii rocynapcTBeHHbII arpapHblii yHuBepenter», Cankr-IlerepOypr,
Poccuiickas denepartust)

Cuupnosa Onvea Banenmunosna, BOKTOp MEANIMHCKHUX HayK, pogeccop, 3aB. 1adopa-
Topueit kimHndYeckoit maropusnonornn HUM MITIC ®UIL KHI] CO PAH; npodeccop
Kadeapsl MeUIMHCKOH Ononornu MHCTHTYTA (DyHIaMEeHTanbsHO# OHomornu u OuoTex-
Honornn COY; npodeccop kadeapbl BHyTpeHHHX Oone3Hel MeauKo-IICHXO0I0ro-Co-
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muaneHoro uHerutyta XI'Y (DenepanbHoe rocynapcTBeHHOE OIOPKETHOE HAyqHOE Y-
pexaenne «PenepanbHbIil HCcaen0BaTeNbCKU HEHTP «KpacHOsSpCKNit HayYHbIN LIEHTP
Cubupckoro otnenenus Poccuiickoit akanemun Hayk», DesiepanbHOE rocy1apCTBEHHOE
ABTOHOMHOE 00pa30BaTeNIbHOE YUPEKICHUE BBICIIErO MPOPEeCCHOHATEHOrO 00pa3oBa-
Husl «CHUOHPCKUH (enepabHbIi YHUBEPCUTET), XaKaCCKUH roCcy1apCTBEHHbINH YHHUBEp-
curet umeHn H. @. Karanosa, Kpacnosipck, Poccuiickas denepanust)

Cyxanoea Csemnana ®aunesna, TOKTOP CEIbCKOXO3SIMCTBEHHBIX HayK, mpodeccop,
MPOPEKTOP IO Hay4HOM padore ((eaepanbHOe roCyIapcTBEHHOE OIOMKETHOE 00pa3o-
BaTeJILHOE YUpEeXkKJCHHUE BRICIIETo oOpa3oBaHus «KypraHckas rocyaapcTBEHHAS Cellb-
ckoxo3stiicTBeHHas akagemust uMmenn T.C. Manbuesa», Kyprauckas o0un., KetoBckuii
p-H, c. JlecankoBo, Poccuiickas denepars)

Tepewenro Cepeeii FOpbesuu, TOKTOp MEIUIIMHCKHUX HayK, IPO(eccop, pyKOBOIUTEIb
KJIMHUYECKOTO OTAEIECHHUSI COMAaTHUECKOro M INCHUXHUYECKOTo 310poBbs aereil (PDerne-
pasbHOE TOCYAapCTBEHHOE OIOKETHOE HaydHOe yupexkaeHue «DenepaabHblil mccie-
noBarenbekuit enTp «Kpacnosipckuii Hayunblit nentp Cubupckoro oraenenust Poc-
cuiickoil akagemMuu Hayk», KpacHosipck, Poccuiickas deneparst)

Tuppanen Jlans Cmenanogna, TOKTOp OMOJIOTUUECKHX HAyK, BELyIIHH HAydHBIH CO-
TPYAHHUK, MEKAYHAPOAHBII HAayuHBIH LEHTP MCCIENO0BAHHA SKCTPEMATIBHBIX COCTOS-
Huii oprannima (denepanbHoe rocygapcTBEHHOE OIOIKETHOE HAYYHOE YUPEKICHHE
«DenepanbHblii HccnenoBaTeabckuil eHTp «KpacHosipckuit HayuHblil enTp Cubup-
ckoro otneneHus Poccuiickoii akagemun Hayk», KpacHosipck, Poccuiickas @eneparts)

Tetwyenxo Enuszasema Anexceesna, JOKTOp TEXHHYECKUX HayK, JOLEHT, Ipodeccop Ka-
¢denpol «ToBapoBeneHus 1 yrpasieHHe kKauecTBOM» (KeMepoBCKHii TeXHOIOTHYECKHUH
HMHCTHTYT IUIIEBOH poMbInuieHHoCTH, Kemeposo, Poccniickas eneparms)

Llenenoe Buxmop Ipucopbesuu, NOKTOP CEILCKOXO3SHCTBEHHBIX HayK, mpodeccop,
wieH-koppecnionaeHT PAH, 3aBenyronmii maboparopueii «Pa3paboTka mpoLyKTOB It
(DYHKIMOHAJIBHOTO TIMTAHUS YeJIOBeKa M )KUBOTHBIX (DeneparbHOe Tocy1apcTBEHHOE
OromKeTHOE yupexaeHne Haykn CHOMpCKuid (eaepaabHbI HAydHBIH LIEHTP arpoOHo-
TexHonorui Poccuiickoii akanemun Hayk, HoBocubupckas obnacts, HoBocnbupckmii
paiion, p.n. KpacnooOck, Poccuiickas deneparust)

Ulnaiioep Hamanva Anexceesna, TOKTOp MEOUIWHCKHX HayK, Mpodeccop, B.H.C. OT-
JIeJICHUs] IepCOHAIU3UPOBAaHHON ncuxuarpun U HeBposioruu (HanumonaneHblil Meau-
LIMHCKUH UCCIIe0BaTENbCKUM LIEHTp NCUXuaTpuu u Hesposioruu uMm. B.M. bexrepesa,
Canxkr-IletepOypr, Poccuiickas denepanmst)
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KAPIUOAOTHUA.
CEPAEYHO-COCYAUCTDBIE
3ABOAEBAHHA

CARDIOLOGY AND
CARDIOVASCULAR MEDICINE

DOI: 10.12731/2658-6649-2021-13-3-11-28
YIK 616.12-008.331.1-053.9

OCOBEHHOCTH
MOKA3ATEJIEM CYTOUYHOT' O
MOHUTOPUPOBAHUS APTEPUAJIBHOTO
JABJIEHUSA Y JIAI TOKUJIOIO BO3PACTA
C APTEPUAJIBHON TMIIEPTOHUEM
PAHEE IMPOKUBABILNX
B YCJIOBUSX 3AIIOJISIPBS

P.A. Ackesuu, O.JI. Mockanenko

Lens. Hzyuenue ocobennocmeil noxazameneti CymoyHo20 MOHUMOPUPOBAHUSL
ALy nuy nosicunozo eospacma c A, panee npodicusaguiux @ ycioeusax 3anonsapbsi.

Mamepuanst u memoowt. B uccnedosanuu npunsno yuacmue 267 nayueHmos
npuUULIO20 Hacenerus (esponeoudos) oboeeo nona ¢ AI, npubvisuwux uz 3anousipss
Ha nocmosnnoe mecmo sxcumenvcmea 6 Llenmpanonyto Cubupe. Jlons obciedyemvix
Jauy nodcunozo eospacma cocmasuna 50,9%. Cymounoe monumopuposarue Al npo-
soouu ¢ ucnonvzosanuem annapama BPLab MuC/[I1-2 («Ilemp Teneeuny, Poccus).

Pesynomamsut. B xo0e ananusa nonyuennwix dannvix CMAJ] yemarnoeneno, umo
O Y, panee nPoACUBAGUIUX 8 YCLOBUAX 3anonApbs CIApPUUX 603PACTHbIX 2PYIN
XapaxmepHul 60see 8blcoKUe CpeoHecymoyHvle, OHesHble U HouHble YposHu AJ],
nogvluenue 3Ha4eHull Napamempos UHOeKca pemMen, Hauboabulee npesvlieHue
HOPMAMUBHLIX GENUYUH CKOPOCHBIX nokazamenet ympennei ounamuxu A/, a
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maxdice HauboIbUUE USMEHEHUs. CYMOYH020 npopuns A/ 3a cuem nedocmamou-
Ho20 cHudicenuss AJ] 6 HouHvle uacvl — «non-dippery.

3aknwuenue. Cpeou Oviguux scumeneil 3anoniapbs noicui020 803pacmad,
oonvnvix A, ommeuaromesn 6onee 6vicoKuUe 3HAUEHUS OOTLUUHCMEA NOKA3AMe-
zeti cymouno2o monumopupoeanus A u evicokas uacmoma cymouno20 npo@uis
«non-dippery, 6 cpagnenuu ¢ AHAI02UUHOU 2PYNNOU OOTLHBIX NPOICUBAIOUUX 6 2.
Kpacnospcre.

Knroueswie cnosa: 3anonapve; cmapuiue 803pacmmubvie 2pynnsl, apmepuaibHas
2UNEPMOHUSL; CYMOUHOE MOHUMOPUPOBAHUE APMEPUATLHO20 0ABIEHIUS

Jna yumuposanus: fcxesuu P.A., Mockarenxo O.J1. Ocobennocmu nokasa-
menetl CymouHo20 MOHUMOPUPOBAHUS APMEPUATLHO2O OAGLEHUS Y UL NOICUTO20
603pacma c apmepuanbHoOll cunepmonuell paree NPOACUBABUIUX 8 YCL08UAX 3anons-
posi // Siberian Journal of Life Sciences and Agriculture. 2021. T. 13, Ne 3. C. 11-28.
DOI: 10.12731/2658-6649-2021-13-3-11-28

FEATURES OF INDICATORS
OF 24-HOUR MONITORING OF BLOOD PRESSURE
IN ELDERLY PERSONS WITH ARTERIAL
HYPERTENSION WHO PREVIOUSLY LIVED
IN POLAR REGIONS

R.A. Yaskevich, O.L. Moskalenko

Purpose. To study the features of indicators of daily monitoring of blood pres-
sure in elderly people with hypertension who previously lived in the Arctic.

Materials and methods. The study involved 267 patients of the immigrant pop-
ulation (Caucasians) of both sexes with hypertension who arrived from the Arctic
for permanent residence in Central Siberia. The share of surveyed elderly people —
50.9%. Daily monitoring of hypertension performed using a BPLab MnSDP-2
apparatus («Petr Teleginy, Russia).

Results. In the course of the analysis of the obtained ABPM data, it found that
for persons who previously lived in the Arctic of the older age groups, higher av-
erage daily, daytime and nighttime levels of blood pressure are characteristic. The
increase in the values of the time index parameters and the greatest excess of the
standard values of the speed indicators of the morning dynamics of blood pressure.
And also the greatest changes in the daily blood pressure profile due to insufficient
decrease in blood pressure at night — «non-dipper».
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Conclusion. Among the former residents of the Arctic of the elderly, patients
with hypertension, there are higher values of most indicators of daily monitoring
of blood pressure and a high frequency of the daily profile «<non-dippery, in com-
parison with a similar group of patients living in Krasnoyarsk.

Keywords: Arctic; older age groups; arterial hypertension; daily monitoring
of blood pressure

For citation. Yaskevich R.A., Moskalenko O.L. Features of Indicators of 24-hour
Monitoring of Blood Pressure in Elderly Persons with Arterial Hypertension Who
Previously Lived in Polar Regions. Siberian Journal of Life Sciences and Agricul-
ture, 2021, vol. 13, no. 3, pp. 11-28. DOI: 10.12731/2658-6649-2021-13-3-11-28

Beenenne

ViyuiieHue kauecTBa OKa3aHUsl MEAUIIMHCKOM ITOMOLIY U YBEIMUYEHUE MPO-
JOJDKUTENFHOCTH JKU3HHU CTIOCOOCTBYIOT POCTY TOMYJISIIMHN TTOXKFIIBIX M CTaPBIX
monen [2, c. 24-25; 11; 15, ¢. 3028-3034]. ITo nporuozam skcreptos, k 2050 1.
nosst s crapiie 60 set yasourtes (¢ 11 10 22%) 1 ToCTUTHET 2 MIIP]T] YETI0BCK,
ayucio auil 80 JIeT U cTapIe yBenuuuTces moati B 4 paza [11; 15, c. 3028-3034].

Hemorpaduyeckas cutyarus B Poccun Taxke XapakTepus3yeTcs IocTe-
TICHHBIM yBEJIMYEHUEM a0COIIOTHON U OTHOCUTEIBHON YHCIEHHOCTH IPaXkJaH
CTap1Iero rnmOoKoJICHU IMpHU OAHOBPEMEHHOM COKPAIIECHUU JOJIU HACCIICHUSA TPY-
JIOCTIOCOOHOTO BO3pacTa, 9To 00YCIIOBINBACT aKTyaTbHOCTh TPOOIEMBI CTape-
Hus [2, c. 24-25; 8, c. 774-784].

AT’ y 11 NOXKWIJIOTO M CTapuecKOro BO3pacTa — OHA U3 aKTyaJIbHBIX CO-
BPEMEHHBIX IIpo0IIeM, 00yCIIOBICHHAS €€ BEICOKOH MOITYIISIIIMOHHON YaCTOTOMH,
HETaTHBHBIM BIMSHUEM Ha COCTOSHIE 3I0POBBS, pab0OTOCTIOCOOHOCTD, TIPOIOI-
JKUTEIILHOCTD JKU3HHU U BBICOKMM PHUCKOM Pa3BHUTHSI IIOPAKESHUH OpPraHOB-MH-
meHei [2, c. 24-25; 8, c. 774-784]. TenaeHus cTapeHus HACEIEHUS U, BMECTE
C Hell, yBenmdeHne pacpocTpaneHHocTr Al onpenenser HeoOX0MUMOCTh 13-
yUeHHs] 0COOCHHOCTH JMarHOCTHKU U JiedeHHst Al y ManueHToB MMOXHUIIOro 1
cTapueckoro Bo3pacta [8, c. 774-784]. HemanoBaxkHOe 3HAUCHUE UMEET M3-
ydeHHue 3THX ocoOeHHOCTeW Al cpenu HacelneHus MOKUIOTO M CTapIeCKOTOo
BO3pacTa, MPOKMBAIOIIET0 B CypoBbIX ycnoBusax Kpaitnero Cesepa u Cubnpn
[3, c. 48-52; 6, c. 66-71; 13, c. 672-677].

B ycnoBusx nemorpadudeckoro Kpusnuca u3ydeHne (pakTopos, Ompenesio-
[IUX peTHOHATbHBIE 0coOeHHOCTH TeueHnst CC3, mpeIcTaBIsIeTcs epBOOIepe-
HOM 3a/1a4ei Ju1s1 pa3pabOTKH INArHOCTHYECKHX, JICYCOHBIX U MPO(UIAKTHIECKIX
MEpOIPUATHH, YITyUIIAIOMKX IPOrHO3 KU3HU IpoxkuBaromux Ha Kpaitnem Ce-
Bepe u B Cubnpm [17, c. 337-339; 21, c. 157-162; 22, ¢. 213-217].
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B nacrosmee Bpemst CM Al siBiisieTCSl IEHHBIM AUArHOCTHUYECKUM METOJIOM,
MTO3BOJISAIOIINM BBISIBUTH WHAWBUIYaTbHBIE OCOOCHHOCTH CYyTOYHOTO TIpOduis
AN [7, c.62-72; 16, c. 564-570]. AHOMaNBHBIC TIHpKaTHBIE Tpodmu AJl Ha-
Oiror1aeTCs B OCHOBHOM Y MAIMEHTOB CO BTOPHYHBIMU (POpMaMU apTepuaibHON
runiepronuu [16, c. 564-570], a taroke y OOJNBHBIX C HapyLIEHHEM O0MeHa Be-
IECTB M TOXKIIIBIX Jitonielt [4, ¢. 175-180; 9, c. 14-18; 10, c. 38-43]. Heckomnbko
KPYIHBIX HCCIIEZIOBAHHH ITOKA3aJIM BBICOKYIO YaCTOTa BCTPEYAEMOCTH HEIOCTa-
TOYHOTO HOUHOTO CHIKeHHS Al («non-dipper») cpeau JIuIL MOKUIIOTo BO3pacTa
[16, c. 564-570; 18, c. 432-437]. YunTsIBas TOT (pakT, 9TO yarie Ha HOBOE MECTO
JKHUTEITLCTBO, U3 perroHOB KpaitHero CeBepa, BEIE3KAOT JINIA, JJOCTHUTTIINE ITCH-
CHOHHOTO BO3pAacTa, KaK MPAaBUIIO OTHOCAIIMECS K MAIIUEHTaM CTAPIIIX BO3PACT-
HbIX rpynm [17, ¢. 337-339], m3ydenue 0COOEHHOCTEH KIMHUYECKOTO TEUECHUS
AT, Brorrogatorme okasarenu CMAJL [12, c. 37-39], y aToli kaTeropru Hacele-
HUS SIBISIETCS aKTYaJIbHBIM. A UCIIOJIB30BaHKE IIEPCOHU(PUIIMPOBAHHOTO TTOJIX0/1a
K Npo(HUIaKTHKE ¥ PeaOUIIUTAIIMU BO3PACT-aCCOLMUPOBAHHBIX 3a00JI€BaHu, B
TOM YHCIIE ¥ CPE/IN JKUTeTIeH 3aloIsIphsi, CTApIINX BO3PACTHBIX TPYIIIL, TO3BOJIUT
MIPOJUTUTH TICPUOJ UX KU3HCHHOW aKTHBHOCTH 0€3 peryJsipHOTO peObIBaHUS B
MEIUIMHCKUX yupexaeHusx [21, c. 157-162; 22, ¢. 213-217].

esan uccienoBaHus
Wzydyenne ocobeHHOCTEH MOKa3areseil CyToYHOro MOHUTOpUpOBaHus A/l
y JIMII TIO’KUIIOTO Bo3pacTa ¢ A, paHee MPO)KMBABIINX B YCIOBHUSX 3aONIsAPhsL.

Marepuajbl M1 MeTOAbI

B uccienoBanne ObuI0 BKIIIOUEHO 267 MAllMEHTOB IPUIJIOrO Haceye-
Hus (eBporeonioB) oboero mona ¢ A" IT — IIT craquu (ESH/ESC, 2018) [20,
c. 3021-104], mpubsBmmx u3 3anomspbs (1. Hopmibck, mmpora: 69°21.217
C.II.) Ha IOCTOSIHHOE MECTO XUTenbcTBa B LleHTpansHyto Cubups (1. Kpac-
HOsIpCK, mmpoTta: 56°1.1034' c.m1.), cpennuii Bo3pact — 64,0 [59,0;73,0] ner
(manee — >xuTenu 3anmoysIpes). B rpynmy cpaBHEHUS BOILTH 267 MAIIMEHTOB C
AT, nocrostHHO TpoXKkMBaroniye B I. KpacHosipcke, aHaJIOTHYHOTO BO3PACTHOTO
nuanazona (65,0 [59,0;74,0] ner) (U=34310,5; Z=-0,7; p=0,454).

B cooTBeTCTBUY C IIETSIMU UCCIISIOBAHUS, pa3/ieIeHIe 00CIeyeMbIX Marm-
€HTOB Ha BO3PACTHBIE TPYIIITHI OCYIIECTBIISUIN C y4ETOM MOAXO0/Ia, IPHMEHEHHO-
o B peKoMeHanusax EBponerickoro oomiecTBa Kap/IHoIoroB 110 TMarHOCTUKE 1
nedenuto AI' (ESH/ESC, 2018) [20, c. 3021-104]. bbuti copMupoBaHsI rpyI-
Bl TTAITEeHTOB cpeanero (18-64 roma) u moxwminoro (65-79 net) Bo3pacta. Bee
TIAIMEHTHI JJaBaJli MHUCbMEeHHOE HH(opMHUpoBaHHOE cornacue. MccenoBanue
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MIPOBOIMIIOCH B COOTBETCTBUH C STHUECKUMHU MIPUHIIUIAMHU XeIbCUHKCKOH Jie-
KJ1apanuu 1 OblI0 0I00PEHO JOKAJIBHBIM ATHYECKUM KOMHTETOM.

Cytounoe monuropuponanue AJl (CMA/]) npoBoauiioch ¢ UCIOIB30BaHUEM
armapara BPLab MuC/II-2 («ITetp Tenerun», Poccus) B Teuenue 24 gacos. Pac-
CUHTBIBAJIMCH CPSTHUE 3HAYCHHS CUCTOIMYECKOro U rractommdaeckoro AJl (CAd u
JAN), manexca Bpemenn (VIB) moesrmenHoro A/Jl, Bapuabemsroct AL (BAJ]) —
3a TpU Meproa MOHUTOPHPOBAHHUS — CYTKH, JI€Hb, HOYb; OIICHUBAIIICH MTOKA3a-
temu cyrognoro uaAekca (CU) Al u yrpernero nomsema (YII) AJl. C yaetom
MoKa3atesieii creneHr HouHOro cHibkeHUsT Al OonmbHbIe AT OBLIIM OTHECEHBI K
071HOI#1 13 uetkipex kareropuit: dipper (10% <CU <22%), non-dipper (CU <10%),
over-dipper (CH> 22%) u night-peaker (CU1 nmes oTpUIaTeIbHOE 3HAYCHHUE).

Craructudeckas o0paboTKa MONMY4YEHHBIX PE3yNbTaToOB BBIIOJIHEHA C HC-
0JIb30BaHueM Iakera nporpamm Statistica 6.0 No EXXR202F256520FAN10
(«StatSoft», CIIA). KonnuecTBeHHbIC 3HAYCHUS MPEJICTABISUIA B BHJIE Me-
Jnuansl (Me) 1 MEeXKBapTHILHOTO MHTEpBajia B BUjE 25 U 75 mpoueHTmien
(0,5-0,,). 3HaUUMOCTb pa3IM4Ui MEXTy TOKa3aTeIIMU HE3aBUCHMBIX BbI-
OOpOK OIIEHMBAIH IO HEMapameTpuieckoMy Kputeputo ManHa-Yutnu. [lpu
CpaBHEHWH TPYIIIT 110 KaY€CTBEHHOMY MPH3HAKY HUCIIOIB30BATH KPUTEPHit ¥,
Paznuuus cuntanu cratucTuyecku 3HaduMbIMu ipu p<0,05.

Pe3yabTarsl U 00cy:KAeHUE

Amnanmmsupys cpegane nokaszarenu CMA/, ycraHoBieHo, 4To y xuTesnei 3a-
MOJISIPbST TIOXKHJIOTO BO3pacTa HAOMOMAIUCh CTATUCTUYCCKU 3HAYUMO BBICOKHE
nokazarenu cpeanecytouHoro — 84,0 [74,0; 88,0] MM pT.CT., CpETHETHEBHOTO —
86,0 [78,0; 89,6] mm pr.cT. U cpenneHounoro 78,0 [71,0; 83,0] mm pT.cT. nua-
cromuueckoro AJl (JIAJl) B cpaBHEHHH C TPYIIIOH MAIMCHTOB, aHAJIOTHYHOTO
BO3pacTta, npoxkuBaroiux B T. KpacHosipcke: 77,0 [69,9; 83,6] MM pr.cT. (U=618,0,
7=23, p=0,019), 81,4 [72,2; 85,1] mm pr.cT. (U=628,0, Z=2,3, p=0,024) u 71,6
[66,1; 78,0] mm pr.cT. (U=626,0, Z=2,3, p=0,023) cooTrBeTCcTBeHHO (Ta0MI. 1).

BrIsBIIeHHOE CTaTHCTUYECKH 3HAUNMOC YBEIHMUCHHE TaHHBIX MTOKa3aTeneit
y JKATENeH 3anosphs TOKAIOTO BO3pacTa, 0co0eHHO cpeqaeHoqHoro AJl, 6o-
nee BeIpaskeHHOTO s JJAJl (mmactommdeckas «HOYHAS» THIEPTEH3US), 1O
MHEHHIO psijia aBTOPOB, N3ydaBINX ocobeHHOCTH CMAJ] y MpOoKUBaromux u
paboratormmx B ycnoBusix Kpaitnero CeBepa, sSBiseTCsl HanboJiee CymecTBeH-
HBIM TCMOJMHAMUYCCKUM MAapaMETPOM, BIIMAIOIINM Ha CTPYKTYPHOE COCTOTHUE
Muokapaa y 6onbHbix Al [1, ¢. 32-36; 5, ¢. 43-49; 19, c. 596]. 3naueHust cpea-
HECYTOYHOTO, cpeaHeaneBHOro u cpeaneHounoro CAJl u JIAJl Obutu BbIie y
JKUTEICH 3amoisaphs MOKUIOTO BO3pacTa, B CPABHCHHUHM C JIMIIAMH CPEHETO
BO3pacTa, OTHAKO Pa3IMYMsI HE HMEJIH CTATUCTHYCCKOM 3HAYUMOCTH.
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B Hacrosiee Bpemst uMeeTcs I0CTaTOYHO OCHOBAaHUN pacCMaTpUBaTh BbICO-
Kyto BapuabensroCcTh A/l (BA/]) Kak He3aBUCUMEIH (haKTOp pHUCKa TTOPAKCHHUS
opratoB-MullIeHei [6, c. 66-71; 16, c. 564-570; 18, c. 432-437]. XapaxkrepHoil
YepTOi apTepUalbHOW THIIEPTEH3UHU TTIOKUIIBIX MMAI[CHTOB SIBIISICTCS BHICOKAsI
BAJI, ocobenno BapuabensHocts CAJl (BCAD) [4, c. 175-180].

[IpoBenennsrii anann3 BA/] mokasan, 9To B TPyIITEe MOXKHIBIX OOIBHBIX
¢ Al nocrosHHO npoxuBaromux B I. KpacHosipcke, 3Hauenust BCAJl — 14,6
[12,6; 17,1] mm pt.cT. u BapuabenbHoctu Al (BAAL) — 14,6 [12,6; 17,1] mm
PT.CT. OBIIM CTaTHCTUYECKH 3HAYMMO BEIIIE, YeM B TPYIIIE KATENeH 3armons-
pbs, aHasoruuHou Bo3pactHol rpynnsl: BCANL — 12,5 [10,0; 15,0] mm pr.cT.
(U=600,0, Z=-2,5, p=0,012) u BAAJ] — 10,0 [8,5; 12,6] MM pt.cT. (U=564,0,
7=-2,8, p=0,005) cootBeTcTBeHHO (TabMI. 1).

Hecmotps Ha TO, 4TO cpemu mpoxuBatoux B KpacHospcke, JTHIT TOKHUIOTO
BO3pacTa, CPSTHECYTOUHBIC TIOKA3aTeIN OBLIM 3HAYUMO BEIIIEC, B CPABHCHUH C
KUTEISIME 3amosIphbs, 3HadeHuss BAJ] He sSIBISUTACH MOBBIIICHHBIMH, TaK KakK
He OBITO BEISIBIICHO XOTSI OBI OAHOTO M3 4 KPUTHYIESCKUX 3HAYCHUN.

IIpu ananuze nHeBHON M HOuHOM BAJl ycTaHOBIEHO, YTO JaHHBIE MMOKa-
3aresii ObLUTH HECKOJIBKO BBIIIE CPEIU MOXKHUIIBIX MAIUeHTOB I. KpacHospcka:
BCAJl — 12,5 [9,9; 15,4] MM pr.cT. vs 11,0 [9,0; 14,0] mm pr.cT. 1 BIA —
10,1 [7,8; 11,8] MM pT.cT. vs 8,2 [6,9; 10,0] MM PT.CT. COOTBETCTBEHHO, a 10
3Ha4eHUsM HOYHOTO BJIAJ] pasnmuyus uMeNu CTaTUCTHYSCKYIO 3HAYMMOCTh
(U=640,0, Z=-2,1, p=0,032). Onnako u3ydaemble TIOKa3aTeIu BO BCEX TPYII-
max o0cIeJOBaHHBIX, KaK U CpeAHeCyTOUHbIe 3HadeHns BA /], He mpeBbImanm
pedepeHCHBIX 3HAUCHMIA.

Tabnuya 1.
CpaBHUTe/IbHASI XapaKTePUCTHKA MOKa3aTe/eii CyTOUHOr0o MOHHTOPUPOBAHUS
A/l 'y o0cienoBaHHBIX :kuTesleii 3anousipbs U I. KpacHosipeka ¢ AT’
18-64 rosa 65-80 siet

it
oKasateiu 1. 3anonsippe | 2. Kpacnosipek | 3. 3anosnsippe | 4. KpacHosipek ’

127,5[119,0; | 131,5[123,2; | 131,0 [124,3; 132,0 [119,0; | p,,=0,634; p, =0,391;

CAJl, MM pT.CT. 141,0] 139,3] 142,6] 139,8] p,,=0,218; p, =0,950
80,0 [73,8; | 79,6 [75.7; 84,0 [74,0; . p,,=0.869; p; =0,019;
JAJL, MM pT.CT. %6,0] 85,0] 88,01 77,0 [69,9; 83,6] p,,=0.304; p, =0,127
12,8 [11,0; 14,0 [11,2; 12,5 [10,0; ]
BCA/JI, MM pr.cT. 15.6] 16.9] 15.0] 14,6 [12,6; 17,1]

CyTkn

BIAJL v pre 10,8 [9.5: 13,0 115 [9.6: 13.6]| 10,0 [8:5: 12,6 | 119 [9.9: 15,0 | P+ "0 0
13 t) > >

p,,=0,461; p, ,=0,996;
p,,=0,499; p, 0,938

p,,=0,541;p,
p,,=0,369; p, =0,203

36,0[11,0; | 37.3[21.4; | 38.0[20,0;
68,1] 67,7] 65,0]

36,5[15,7; | 39.4[22.0; | 38,0[19,0;
52,3] 55,8] 63,8]

UB CALL, % 46,4 [19,6; 66,7]

UB AL, %

27.8[16,7; 49,3]
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Oxkonuanue mabon. 1.

camprer | PRTEL0 | BRI B L s | e e
TIAJL v prer. 82’58[’3;’0; 82’§8EZ)?’5; 86’;)9[,?]3’0; 81,4 [72,2; 85,1] ‘;'12::((’)927901';:::‘:)223‘;
s [Beafmpren| PPIME | I2IERO s 0pinoci6.0) 15,0 (1.9: 183y | PR B
%BHAI[,MMpT.CT. 10,1 [8,7; 13,01]10,7 [8,7; 13,01[ 10,5 [9,0; 13,1]] 12,1 [9,2; 15,0] ?,Z%iﬁ'.?i%ﬁi
UB CAJL, % [27,9 [2,0; 75,01|23.8 [5.6: 59,0] 32’29[,5’0; 26.2[7,3; 54,11 ‘;)'12::%"6;1]';:::%?803
UB JIAJL, % |19,5 [4,0; 44,0]|20,5 [5.4; 43,11 26,6 [9,1; 53,0]| 15,8 [6,1; 27,6] I;,Z%ZZ';Z%%?
can wprer | P TERE | AU ST | P [ e et
TIAJL v prer. 75’30[’3?’0; 73’;0[’??’3; 78’;)3[})}’0; 71,6 [66,1; 78,0] ‘;'1::%267972;‘:)227;
g |BCALL my prer. 11,0 [9.0; 14.0] 12’&%?’4; 11,0 [9,0; 14,0]| 12,5[9,9; 15.4] 1;‘1::%%13%;::%%13
- BIIAJL v pret.| 9,6 [7,0; 12,61 | 9.9 [8,3; 12,01 | 8.2 [6,9; 10,0] | 10,1 [7,8; 11,8] ?,Z%f)ﬁl;i%%
o | P | S | WO [y s e re58
AL % | Ogitn | SN | PO s maaras| RO Rl

Illpumeuanue. AJ]— aprepuansnoe nasienue; CAJl — cucronmueckoe aprepraibHOe
nasnenue; JIAJ] — nuacronnueckoe aprepuanbHoe Aasinenue; 1B — nnaexc Bpemeny;
BCA/Jl — Bapuabensrocts CA/l; BAAJL — BapuabensHocTh A/l

Jis Konmn4ecTBEHHOH! OIEHKH SMU30A0B MOBBIIICHNU A/l MCTIONB3YIOT MO-

KazaTeln «Harpys3KH JaBJICHHEM», KOTOpbIe Oojee TOYHO, YeM CPEIHHUE 3Ha-
yeHus AJl, XxapakTepu3yloT Harpy3Ky Ha opraHbl-MuIIeHu [8, c. 774-784; 16,
c. 564-570; 18, c. 432-437], a mpumenenue unaekca spemenu (MB) rumep-
TEH3HH, OLCHUBAIONIETO 00 U3MEPEHHH, MPEBBIIAIOIINX HOPMaJIbHBIE T10-
kazarenu AJl, U1l OLCHKHM «HArpy3KH JIaBIeHHEM» HauboJjee OnpaBIaHo y
MOXKHUIBIX [4, ¢. 175-180]. AHanu3 noka3arenei «Harpy3Ku IaBICHUEM Y KH-
TeJel 3armonsphs TOKUIOTO BO3pacTa, 00dpHEIX Al BEISIBIII TOBBIIIEHUE 3HA-
yeHHi Bcex nokaszareneid B, 3a uckmouenneM 3nauenuit UB CAJl 3a cytku
Y B HOYHBIE YaChl, B CPAaBHEHUH C aHAJOTUYHON TPYINITON OOIBHBIX POXKHBa-
rouux B . KpacHosipcke (Ta6i. 1). OnHaKo BBISBICHHBIC Pa3IndMsi HE UMEIN
cTaTUCTHYeCKOM 3HauuMocTH. [Ipu 3TOM 3HaueHus nokaszareneid B kak 3a
CYTKH, TaK ¥ B HOYHOE M JTHEBHOE BpEMsI OBIIM HIXKE Y KHUTENeH 3aromnspbs
cpenHero Bo3pacta, 60ibHbIX Al, B CpaBHEHHH C TPYIIION MOXKHIIBIX JKUTEICH
3amomnsappa. CiaeayeT OTMETUTD, YTO B MICCICAYEMBIX TPYTIIaX aOCONIOTHO BCE
TIOKa3aTeI «HArpy3KH JaBJICHUEM» ObUIM 3HAUUTEIBHO BBIMIE JIOITYCTHMBIX
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HOPMaTUBHBIX 3HaUeHHH (>15%), ¢ Gosiee BRIpaKEHHBIM yBEJIMYCHUEM B HOY-
Hoe Bpems (Tabm. 1). BeraBnennas TeHaeHnus B uiaHe yBenndenus 1B AJl B
rpymme >xutenei 3amospes ¢ AI' TOXXMIIOro Bo3pacTa BOSMOXKHO CBSI3aHA C
CHMIIaTHYECKOW TMIIePaKTUBHOCTBIO, M KOTOPAsi, 110 MHEHHIO 3ariecouHoit 1.J1.
¢ coaBT. (2013) npuBOIUT HE TOJIBKO K MOBBIMIEHNI0 AJl, HO U K Pa3BUTHIO U
nporpeccupoBanuio runeprpodun JDK, pemonennposanmio cepala 1 cocynos,
apUTMUSIM, HapyleHuto nepdysun noyex [5, c. 43-49].

MHOTOYHUCIICEHHBIE UCCIIC0OBAHNS CBUIETEIBCTBYIOT, YTO OOJIBIIIMHCTBO
CEp/IEYHO-COCYIUCTBIX KaTacTpod: MO3TOBBIX MHCYILTOB, CHMIITOMHON U
0ecCUMITOMHOM HIIEMHH, a TaKKe MH(PAPKTOB MUOKAp/a MPUXOAUTCS Ha
yTpennue yachl [ 10, c. 38-43; 16, c. 564-570; 18, c. 432-437], xorna orme-
YAeTCsl aKTUBAIMS CUMIIATHKO-aJAPECHAIOBON U PEHUH-aHTMOTECH3HH-alTb-
JTOCTEPOHOBBIX CHCTEM [5, ¢. 43-49]. B cBsi3u ¢ 4eM B CyTOYHOM Ipoduiie
A/l criermnaibHOTO PACCMOTPEHUS 3aCITy>KUBACT €r0 yTPEHHEE MOBBIIIICHHE.
KonnuecTBeHHBIE XapaKTEPUCTUKN MapaMeTpOB yTpeHHeH nuHamMuku (Y1)
AJl mpencrasinens! B (Tadn. 2). Mennanst BYIT CAJl u JIA/l Bo Bcex 00-
CJIETOBaHHBIX T'PyIIaX HAXOIMWJIHNCH B IMpe/iesiaX HOPMaTHUBHBIX 3HAYCHUI
W HE UMEJIM CTaTUCTHYECKH 3HAYUMBIX Pa3IHUUi.

Tabnuya 2.
IToka3zarenu yrpenneii A{nHaMuKH A/l IpH CyTOYHOM MOHMTOPHPOBAHUH
y :kutesieii 3anousipbs U I. KpacHosipeka ¢ AI' B 3aBUCHMOCTH 0T BO3pacTa

Hoxasatenn 18-64 rona 65-80 ner

1. Murpantsl|2. Kpacnosipck| 3. MurpanTsl |4. KpacHosipck r
p172=0,845;
38,5 41,0 40,5 40,0 p,,=0,699;
BYITCAZL MMpTeT | 195548 57 | [18,0:51.0] | [32.6:56.0] | [27.0:53.0] |p. =0.422:
p,=0,623
p1_2=0,381;
29,5 30,0 32,0 33,0 p,,=0,981;
BYILAATL mvpTeT | 150’542 0 | [14.0:36,0] | [24.0:42.0] | [20.0:53.0] |p, =0297:
p,,=0,152
p,,=0,152;
CVII CAH, mm pr.cT./ 10,5 8,6 12,5 7,7 p,,=0,037;
Jac [4,0; 15,0] [3,0; 11,9] [7,0; 22,0] [4,9:10,5] |p,,=0,231;
p,=0,790
p,,=0,241;
CVII JAJL, mm pr.cT./ 6,1 6,7 8,8 7,0 p,,=0,188;
vac [2,2; 18,0] [2,0; 8,5] [4,6; 15,0] [4,0,10,17 |p,,=0,426;
p,=0,455

Ilpumeuanue. AJl —aprepuanbHoe aasienue; BYII — Benuunna yrpeHHero noabeMa;
CVII - cropocTs yTpeHHero nogbeMa; CAJl — cHCToNnYecKoe apTepratbHOE TaBICHHUE;
JA/l — nnactonuyeckoe apTepruanbHOE TaBIEHHE.
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[Ipu ananm3e CKOPOCTHBIX MoKa3aresneil Y/ ycTaHOBIEHO, YTO HaubOoJIb-
ee MPEeBHIIIICHNE HOPMATHBHBIX BEJIMYMH CKOPOCTHBIX ITOKa3aTeneit pe-
THCTPHUPOBAJIOCH B TPYyIIIIe XKUTeeH 3amomsipbs ¢ Al MOXXMIIOro Bo3pacTa:
CVYII CAA - 12,5 [7,0; 22,0] mm pr.ct./u u CYIT JA/] — 8,8 [4,6; 15,0] Mmm
pT.cT./u coorBeTcTBeHHO. Cpenu xuteneit . Kpacnosipcka ¢ AI™ noxxuio-
TO BO3pacTa ucciemxyeMbie mokasaremn opumn Hibke: CYIT CAJl - 7,7 [4,9;
10,5] mm pr.ct./a u CYIL JAJ — 7,0 [4,0; 10,1] MM pT.CT./4, a 110 3HAYCHU-
sm CYIT CAJl paznuuusi UMeNu CTaTUCTHYECKyto 3HauuMocTh (U=256,0,
7=2,1, p=0,037). Mennanasr CYII CAZl u CYII JA/] nmenu 6omee HU3KHE
3HAYCHMSI, HEC HMEIOIINE CTATUCTHYSCKON 3HAYMMOCTH, CPEIH JKUTelNeH 3a-
TIOJISIPbsI CPETHETO BO3PACTA, B CPABHEHHH C ITOXKUIIBIMHM, TIPY 3TOM JJaHHbIC
MMOKa3aTeJIH MPEBIIATN peepeHCHBIC BEIMUNHBI IO 000HUM IapamMeTpam:
CVII CAA - 10,5 [4,0; 15,0] mMm pT.cT./a u CYII JAJ — 6,1 [2,2; 18,0]
MM PT.CT./d COOTBETCTBEHHO. [10100HOIT 3aKOHOMEPHOCTH CPEIIH KUTEICH
r. KpacHosipcka BbIsiBiieHO He Ob110. OOpalaet Ha ce0si BHUMaHHUE TO, YTO
sHaueHust CYII CAJl kak cpemu ULl CPEAHETO BO3PACTa, TaK M MOXKHUIIOTO,
HE IIPEBBIIIATIA HOPMATUBHEIX BeTUINH. CTaTHCTHYECKUA 3HAYHMBIX Pa3JIH-
yuii mo CYII JIA/l B 00ce10BaHHBIX TPYIIIAaX MOKUIBIX MAITUCHTOB MOy~
4eHO He OBLIO, XOTSI CKOPOCTh YTPEHHETO MOABEMa B TOU U APYTroi Tpymie
3HAUYMTEIBHO TMPEBHIIIaTa HOpMaTUBHBIC Moka3aTenu: 1 JJAJ] — Gombie
6 MM pT.cT./4. [Toxoxkast KapTHHA OTMEYaJIach M CPEH JIMI] CPEHETO BO3-
pacta o0eux rpyril.

[Ipornoctrueckn BaxHbIM apamerpom CMA/I B mopaskeHny OpraHOB-MH-
LIEHEeH SBIISIeTCs CTENeHb HOYHOTO CHIDKeHns1 AJl, KoTopast OIleHnBaeTcsl 1o
cyrounomy unzaekcy (CH) [18]. CortacHo AaHHBIM JIUTEPATypBl, IPH HEAOCTA-
TOYHOM CHIDKEHHH HOYHOTO AJl y 60mbHBIX Al TOBBITIIAETCS] PUCK OPTaHHBIX
MOpaXeHUH U YBEIMUUBAETCSI CMEPTHOCTS [ 1, 5, 19]. BeneactBue ymenbieHus
CTENeHH HOYHOTO cHibKeHus: AJl yBennuuBaercs Harpyska Ha JIK, yto mpo-
ABJIACTCA TOCTOBECPHBIM YBCIMYCHUEM MaCCbl MUOKapaa .H)K, 110 CPAaBHEHUIO C
TAITEHTaMH ¢ HOPMaJIbHBIM CHIDKeHHeM A/l B HouHOe Bpems [19].

[Ipoananm3npoBaHa 4acTOTa Pa3IMYHBIX BAPHAHTOB CyTOYHOTO MPOQHIL
AJl cpenu oOcnenoBaHHbIX Juil (puc. 1). Vi3MeHeHHbIH cyTouHbIH nipoduib
AJl peructpuposaics y 73,7% o0cinenoBaHHBIX KUTENEH 3aMonspbs CpeiHe-
ro u 73,5% noxwuioro Bo3pacra (x*=0,00, df=1, p=0,982), cpenu xurenei r.
Kpacnosipcka —y 69 % cpeanero u 75% noxwusoro (y*=0,40, df=1, p=0,529)
BO3pacTa COOTBETCTBCHHO. Pasmuuus Mexay rpyrnmamu moxuioro (x>=0,25,
df=1, p=0,619) u cpeanero Bospacra (y*=0,03, df=1, p=0,873), 110 yacroTe u3-
MEHEHHOTO CyTOYHOTO npoduist AT, Takke He UMEIH CTaTUCTUYECKON 3HAUH-
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MOCTH. YCTaHOBIJIEHO, UTO Yallle, Kak cpeau xureneit 3anonapss (53,1%), Tak
u cpemu xuteneit . Kpacnosipeka (44,4%) noxunoro Bospacra (y>=341, df=1,
p=0,001) BcTpewamnwch IrIia ¢ HEAOCTATOYHBIM HOYHBIM CHIDKeHHEM Al («non-
dipper»), a Taxke 3HaUUTEIBHOE KOJIMYECTBO JIUIL B KAXKIOH rpyIine, ¢ CyTod-
HbeIM TipoduiieM «night-peaker» — 16,3% u 25,0% (¥*=0,98, df=1, p=0,323)
(puc. 1). Pexxe Bcero, cpenn oOcIenOBaHHBIX BO BCEX TPYIIIax, BCTpEUaICs
nipoduite «over-dipper».

[TonyueHHbIE pe3ysbTaThl 0 YaCTOTE HEOIArONPHUATHBIX CYyTOYHBIX MTPOQH-
neit AJl y xxuteneit 3anonsphs TOXMIOTO BO3pacTa COTIacyOTCs C TaHHBIMH
MPOBEJICHHBIX paHee uccieaoBanuii [1, 5, 9, 10].

1.-0,028
P, 2 P13=0,294
P1.4=0,045 p1.4=0,007
p2.5=0,147 P2.5=0,007 P25=0246
P2.4=0,001 P2.4=0,001 P2.4=0,001
P34=0,012 P3.4=0,002 P3.4=0,001
60% *
53.1%
50% *
44,4%
42.1% 41,4%
40%
31.0%
9
30% 26.3% 26.3% 26,5% 25,0% 25,0%
22,4%
20% 16,3%
o
10% 5.3% 41% 5.2% 5.6%
12l s = 2l s mm (=i [l s [
0% — — — —
18-64 met 65-80 met 18-64 met 65-80 met
MHUTpPaHTbL KpacHOsApCK
D night-peaker Enon-dipper dipper @ over-dipper

Puc. 1. IToka3zarenu cyrounoro putMa A/l y o0cie0BaHHBIX KUTENCH
3anosspes u I. KpacHosipcka ¢ AI' B 3aBUCHMOCTH OT BO3pacTa.
[Ipumeuanne: *— pazmmuns mexy rpynnamu p=0,001

[TokazaHo, 4TO C yBeqMUEHHEM BO3pacTa JOJs MAIlMEHTOB C MpoduieM
dipper cokparmanracsk, a BELBISEMOCTh HEIOCTaTOYHOTO CHIYKEHHS/TTOBBIIIICHHS
HO4HOTO AJ] € BO3pacToM yBeIM4IHBaIach, IIPH TOM OKOJIO TTOJIOBUHBI OOIBHBIX
crapuie 65 et umenu npoduinu «non-dipper» u «night-peaker» [9]. CortacHo
pesyneratoB 3anecounoit M.JI. ¢ coast. (2013) [5], cpenu 6ompHbIX AL, TIpo-
JKUBAIOMNX B XaHTHI-MaHCHIICKOM aBTOHOMHOM OkpyTe — FOrpe (XMAO —
IOrpa), npeobasan HapymIeHHbIH cyToYHbIH Tipodmite non-dipper — 57,3%.
Cyrounble npodumnu «dipper», «night-peaker», «over-dipper» ormedanuce y —
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19,1%, 16,2% u 7,4% o06caenoBaHHbIX cooTBeTCTBEHHO. ITo manueM ["anon
JL.N. c coaBr. (2014) [ 1] pe3ynbTaTsl aHAIH3a CyTOYHOTO HHIEKca Al moka3aim,
41O TONIBKO y 1/3 Beex marueHToB (25,6% xopeHHoro 1 28% NnpHIioro) 3ape-
THCTPUPOBaHa HOpMaJIbHasl CTeTIeHb CHIKEHHsT HOYHOTO AJl, a mpeobiananue
i ¢ npoduisimu «non-dipper» u «night-peaker», kak cpean KOPEHHBIX, TaK
1 Cpeny TIPHIIUIBIX, yKa3bIBaeT Ha Oosiee BBHIPAXKEHHOE TTOPAKEHHE OPTaHOB
MHUIIEHEH 1 6osee Tshxenoe TedeHue Al [19].

Pe3roMupyst BBIIIEU3I0KEHHOE CIIEAYET OTMETUTb, UYTO BBISIBIEHHBIE OCO-
6enHoctH moka3zareneit CMA /] y sxuteneii 3amossipes (0oJee BEICOKHE CpeTHe-
CYTOYHBIE, THEBHBIE ¥ HOUHBIE YPOBHHU A /I, MOBBIIIEHNE 3HAYCHNUH ITApaMETPOB
MHJIEKCa BpEMEHH, HauOOJIbIIIee ITPEBBIIIICHUE HOPMATHBHBIX BEJIMUUH CKOPOCT-
HBIX TTOKa3arenelt yrpeHHel auHaMuku AJl, a Takke HanOOIbITHE N3MEHEHNUS
cyrogroro npoduns AJl 3a cuer HemocTaTouyHOTO CHIDKeHHS AJl B HOUHBIE
qacel — «non-dipper») MOTyT yKa3bIBaTh Ha Oosee Tshkenoe Teuenue Al B aToi
TpymIe, 9T0 BO3MOXKHO CBA3aHO C ajanTalueil K HOBBIM YCIOBHUSIM IPOXKH-
BaHMA, 00yCIOBICHHON BBICOKMM YPOBHEM HEBPOTHM3ALHUH U CTPecca B ATOT
mepuon [17, 21, 22]. B cBsi3u ¢ 4eMm 1ienecoodpa3Ho MPOBOIUTH B THHAMHKE
uccinenoBanud CMA] nunam, nepeexaBIiuM U3 3amnoispbsl, ¢ IeIblo Mepco-
HU(PUIIMPOBAHHON OLIEHKH CEPIEYHO-COCYANCTOIO PUCKA U PEILICHUS BOIIPOCa
0 HEOOXOIMMOCTH HAa3HAYCHUS M KOPPEKINH THIIOTEH3UBHOI Teparnum.

BoiBoabl

Y moxuisIx sxkuTeneit 3anomapesa ¢ Al ipu CYyTOYHOM MOHHTOPHPOBAHUHT
peructpupytotcs 6oee Beicokue mudpsl kak CA/Jl, Tak u JIAJ] Bo Bce oneHu-
BaeMbI€ MIEPHUO/IBI 0 CPABHEHUIO C MAIIMEHTaMH, IOCTOSHHO MPOKUBAIOLIUMU
B I. KpacHosipcke, aHamOrnaHoM BO3pACTHOM IPyIIIBL.

Cpenu xuteneii 3amossIphs MOXKIIOTO Bo3pacTa, 00MbHBIX Al, BBIIBICHO
MOBBIIICHNE 3HAUECHUH Bcex rnokasareneit VB, 3a uckirouenuem 3HaueHuii 1B
CA/l 3a cyTKM 1 B HOYHBIC YacChl, B CPAaBHEHUH C aHAJIOTHYHOW IPYIIIOil 060JIh-
HBIX TIPOKUBAIONTHX B T. KpacHosipcke. 3HadeHus mokasareneii 1B kak 3a cyTkw,
TaK ¥ B HOYHOE U JTHEBHOE BPeMsI ObLIN HIDKE Y JKUTENIeH 3aromsipbsi CPeJHEro
BO3pacTa, 0obHBIX Al B CpaBHEHHH C IPYIITION MOXKUIIBIX XKHUTEICH 3arossipbsi.

HawuGonblree npeBblllieHne HOPMaTUBHBIX BEJIMYMH CKOPOCTHBIX IOKa3a-
Tenel Y] perucTpupoBaoch B rpymie xurenaei 3anoisipbs ¢ AT moxuiIoro
Bo3pacta. Meauansl CYIT CAJl u JIAJl umenu Oojiece HU3KHE 3HAYCHUS, Cpe-
JIM KUTeNel 3armonsipbsi CpeIHEro Bo3pacTa, B CPABHEHUH C MOXKFIIIBIMHU, TIPU
9TOM JITaHHBIE MTOKA3aTEeJIN MPEBBIIANN pe(epeHCHBIE BENINHBI IT0 000HUM Ia-
pameTrpam.
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Yacrora ©3MEHEHHOT0 cyTouHOro putMa Al Obli1a BEICOKOH BO BCEX MCCIIe-
JYEMBIX TPyTIax ¥ CTATUCTHYECKH 3HAYMMO HE Pa3jInydanach, B TO BpeMs Kak
yacToTa mpoduist «non-dipper» OblIa 3HAYNMO BBIIIE Y XKHUTENICH 3amonspbs
MOXKHJIOTO Bo3pacTa. Takxke OTMeUalloCh 3HAUNTENbHOE KOJIMYECTBO JIMIL B Ka-
JKJIOU TPYIINe, C CYyTOYHBIM mpoduiieM «night-peakery.
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XAPAKTEPUCTHKA JETAJBHOCTH
IPU MTHEBMOHMSIX, BBI3BAHHBIX HOBOM
KOPOHABUPYCHOMN NHO®EKIIUEN

A.E. Hknsaes, A.C. Ianuna, A.A. Xamaoynnumn,
A.B. llabenvnux, C.B. Hnvun

Obocnosanue. Vcmunnvle npuyunbl 1emarbHOCmMu U Gaxmopuvl pucka npu
nneemonuu, evizeannou COVID-19, mpebyrom demanvrho2o anaiusa.

Heny: ymounumos gpaxmopuvl pucka 1emanbHo20 UcxXood npu NHeGMOHUU, Gbl-
3eannoil supycom SARS-CoV-2.

Mamepuanst u memoowt. Obcredosano 196 nayuenmos ¢ nneemouuell KOpo-
nagupycroi smuonozuu. I pynny nabnodenus cocmagunu 68 601bHbIX ¢ Tema-
HbLM UCXOOOM, ePYNNY cpasHenus — 128 nayuenmos, 8bINUCAHHBIX C YAVYUEHUEM.
Oyenka 3nayumocmu (hakmopos pucka 1emanbHO20 UCX00d NPOBOOULACH C NOMO-
Wb10 onpeoeneHus: GeNUUUHbl OMHOCUMENbHO20 PUCKA U DMUONO2ULECKOU hpaKyul.
Pezynomamol ucciedosanuss no08epenucy CMamucmuyeckoll 00pabomxe ¢ euiuuc-
JIeHUeM CPeOHUX GeNUYUH, OWUOOK CPEOHUX GeNUYUH, KpUmepus 00CmMogepHOCU
noxazamenett Cmorooenma (t).

Pesynomamut. Beposimnocmsb 1emanbHo20 ucxooa y nayueHmos ¢ NHHeMonuetl,
sv1zeannot COVID-19, nosviwiaemes npu ygenuduenuu 603pacma nayuenmos, y
NPOACUBAIOUUX 8 20P00e, NPU ONUMETTLHOM COXPAHEHUU TUXOPAOOUHO20 CUHOPOMA,
Heo0xX00UMOCU NOBMOPHOIL 20CHUMATUZAYUL U NEPe80Od 8 PEAHUMAYUOHHOE OM-
denenue, OOILUIOM 0ObeMe NOPAdICeHUs. Yeeruuueaom puck 1emanbHo20 ucxood
ovixamenvhas Heoocmamounocme 111 cmenenu, noueunas He0OCMAamouHOCMb,
niespum, moxcuueckoe nopadiceHue nevenu, 2emMamomsl pasiuyHol 10KATU3AYUU.
Veyeyonarom meuenue unpexyuu COVID-19 xponuueckasn cepoeunas neoocma-
MOYHOCMb, utlemMuyeckas Oonie3Hb cepoyd, caxaphulii ouabem, XpoHuieckas 0o-
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cmpykmusHas 6onesns Aeekux. Jlabopamopnvimu npeouxmopamu nebaa2onpusin-
HO20 UCX00a ABNAIOMCS YUMONEHUU (TUMPONEHUs, MPOMOOYUMONeHUs, aHemus),
sHayumenvroe nosviuenue COD, CPB, /[-oumepa.

3axntouenue. Ceoespemeninoe guiasneHue U yuem Qakmopos pucka 1emaibHo20
ucxo00a nO36015M KOPPUSUPOSams 00veM 1e4eOHbIX MepONPUSMULL C Yeblo YIydule-
HUsl npoeno3a 0ns drcusnu nayuenmoes ¢ COVID-19-accoyuuposantoti nHeeMoHuUell.

Knioueswie cnosa: nosas koponagupychas ungexyus; NHeeMOHUsL; 1ematbHOCb

Jna yumuposanua. lknses A.E., Jlinuna A.C., Xamaoyniun A.A., Llabenvrux
A.B., Unvun C.B. Xapaxmepucmuka 1emanbHOCMU npu NHEBMOHUSIX, BbI36AHHbIX HO-
601l KopoHasupycroul unghexyueti // Siberian Journal of Life Sciences and Agriculture.
2021. T 13, Ne 3. C. 29-45. DOI: 10.12731/2658-6649-2021-13-3-29-45

CHARACTERISTIC OF MORTALITY IN PNEUMONIA
CAUSED BY NEW CORONAVIRAL INFECTION

A.E. Shklyaev, A.S. Lyalina, A.A. Khamadullin,
A.V. Shabelnik, S.V. Ilyin

Background. The true causes of mortality and risk factors for pneumonia
caused by COVID-19 require detailed analysis.

Purpose: to clarify the risk factors for death in pneumonia caused by the SARS-
CoV-2 virus.

Materials and methods. A total of 196 patients with pneumonia of coronavirus
etiology were examined. The observation group consisted of 68 patients with a lethal
outcome, the comparison group consisted of 128 patients discharged with improve-
ment. The assessment of the significance of risk factors for death was carried out
by determining the magnitude of the relative risk and the etiological fraction. The
results of the study were subjected to statistical processing with the calculation of the
mean values, errors of the mean values, the criterion of reliability of the Student’s
indicators (1).

Results. The likelihood of death in patients with pneumonia caused by
COVID-19 increases with increasing age of patients, living in the city, with pro-
longed persistence of febrile syndrome, the need for re-hospitalization and transfer
to the intensive care unit, and a large amount of damage. Respiratory failure of the
11l degree, renal failure, pleurisy, toxic liver damage, hematomas of various local-
ization increase the risk of death. The course of COVID-19 infection is aggravated
by chronic heart failure, coronary heart disease, diabetes mellitus, and chronic
obstructive pulmonary disease. Laboratory predictors of an unfavorable outcome
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are cytopenia (lymphopenia, thrombocytopenia, anemia), a significant increase in
ESR, CRP, D-dimer-

Conclusion. Timely identification and consideration of risk factors for death will
make it possible to adjust the volume of treatment measures in order to improve the
prognosis for the life of patients with COVID-19-associated pneumonia.

Key words: new coronavirus infection; pneumonia; mortality
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Beenenne

Oruonoruss COVID-19 Obuta ycTaHOBIEHa B TEYCHHE MEPBOTO Mecsla
nocie noseierust 08.12.2019 1. B . YxaHp, cTONHIe NpOBHHINH Xy0dil Ha
BOCTOKE LIEHTPaJIbHOM yacTn KuTast, mepBoro opuraibHo 3aperncTpUpOBaH-
HOTO clTy4asi THeBMOHMHU HescHoM 3tuosoruu [17, 21]. Knuanyeckas kapTiuHa
COVID-19 ompenensiercss kak OP3 ¢ psioM BO3MOXKHBIX OCIIOXKHEHHH, HaH-
Gornee OMacHBIM M3 KOTOPBIX SIBISIETCS IEPBUYHAS BUpyCHast THeBMOHUS [ 16],
Ppa3BHUBAIOIIASCS YIKe TIPH CPEAHETSHKEIOM TedeHnu 0ose3nu [9]. JletambHOCTD
npu COVID-19 mponopuronaibHa Bo3pacty mamueHTo: ot 0% y aerei 10 9
net 1o 14,8% y mrozxeii crape 80 et [10].

Hemorpaduueckas cutyarus B YaMypTckoi PecrryOnmke xapakrepusyercs
poctoM ypoBHs cMepTHOCTH ¢ 1188,0 Ha 100 ThICAY HaceneHus B 2019 romy 1o
1410,8 ra 100 TeIcsa B 2020 roxy. MakcuMabHBIH BKJIAJ B YXYAIICHAE JAHHOTO
TI0Ka3aTesIst BHECIIN OOJIE3HN OPTaHOB JIBIXAHMS, TIPOJIEMOHCTPHUPOBAB yBEINYC-
Hue 3a rox ¢ 37,7 no 57,0 wa 100 Teicsty Hacenenus (¢ 3,2% 10 4,0% B cTpyk-
Type obuieit cmeptHOCTH). CMEPTHOCTh OT HOBOIM KOPOHABHPYCHON MH(EKIIH
cocraBuna 56,6 Ha 100 THICSIY Hacemenus (4,0% ot obmeit cmepTHOCTH) [7].
Hecmotps Ha orpoMHYyI0 Hay4qHYO M IPAKTUUYECKYHO 3HAYUMOCTb JUIl MUPOBO-
TO 3/[PaBOOXPAHEHHs] HOBOI KOPOHABUPYCHON MH(MEKIINH, CTPEMHUTEIBHBINA POCT
YHCIIa UCCIIE0BAHMUH, 10 CHX TTOP OCTAETCsI MHOKECTBO HEPEILIEHHBIX BOIIPOCOB,
B TOM YHCJIe KACAIOIINXCSI HICTUHHOM JIeTaTbHOCTH [5]. O0s3aTebHBIM YCIOBHEM
JUISl yMEHBIICHHs TIOKa3aTeNeil CMEpTHOCTH SIBJISIETCSl YIITyOJIeHHBIN aHAIU3 ee
BO3MOXKHBIX IIPUYHH, TO3BOJIIOIINH HOBBICUTH (P ()EKTHBHOCTH THATHOCTHKH 1
neyenus [1, 13]. BaxxHoe 3HaYeHHE TakKe TPUIACTCS pa3padOTKe METOIOB IPO-
THO3UPOBAHHMS UCXOIOB 3a0oieBanus [8, 12].

Lean padoThi: yTOYHUTH (DAKTOPBI PHCKA JETAILHOTO MCXO/a MPU MTHEB-
MOHHH, BBI3BaHHOH BHpycoM SARS-CoV-2.
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MatepuaJjbl 4 METOAbI

[IpoBeneH aHaMN3 aHAMHECTHUYCCKHUX, (DU3UKATBHBIX U JTa0OPAaTOPHO-HH-
CTPYMEHTAJbHBIX JaHHBIX 196 manueHTOB ¢ MHEBMOHHEW KOPOHAaBUPYCHOM
ATUOJOTUH. [ pyTiy HaOMIOAEHNUS COCTAaBUIH 68 OOJMBHBIX C JIETAIBHBIM HCXO0-
JIOM, IpyIIly cpaBHEHUS - 128 manueHToB, BBIUCAHHBIX ¢ yayudulenueM. Bee
o0cIIeIOBaHHBIC TPOXOIHIIN JICUCHUE B MHPCKIIMOHHBIX oTneneHusx bY3 YP
«I'’KBNe8 nm. Omnomnozoa .b. M3 YP» B 2020-2021 ronax. AHanu3upoBa-
JIaCh COIYTCTBYIOIIAS MTATOJIOTHUS, KOJIMYECTBO BOBJICUCHHBIX B MATOJOTHYE-
CKHUH MPOIECC CETMEHTOB JICTKUX, OOIIUI U OMOXIMHUYICCKUH aHAIN3EI KPOBH,
JTAaHHBIC KOMITBIOTEPHOIN TOMOTpaduu OPraHOB TPYIHON KICTKH.

OrieHKa 3HAYMMOCTH (PAKTOPOB PHCKA MPOBOIMIIACH C ITOMOIIBIO OIpe/Ie-
JICHUS BEIMYMHBI OTHOCHUTENBHOTO pHcka (OP), KoTopsIil XapakTepu3yeT CBS3b
MEXIy Bo3neiicTBreM u maronorucii. Uem Oonbrie BemanHa OP, TeM BakHEe
STHOJIOTUYECKAst U TTATOTeHETUIECKask POJIb PACCMAaTPUBAEMOTO BIMSIHUS B BO3-
HUKHOBEHUH TTaTojoruu. Onpenesiiach Takxke yTrnoiornaeckas gpaxmus (OD),
BBIpaXKAroILasi JOJII0 CIIyYaeB B SKCIIOHUPOBAHHOM IpyTIIe, KOTOpast BbI3BaHA U3-
y4aeMbIM BO3JICHICTBHUEM MPH JOIMTYIIEHUH CYIIIECTBOBAHUS IPUUMHHON CBSI3H.

Pe3syneraThl HccienoBaHUs TIOIBEPIIINCH CTATUCTUIECKON 00paboTKe C BBI-
YHCIICHUEM CPEIHHX BEIMYUH, ONIMOOK CPEIHHUX BEIHMYNH, KPUTEPHUS TOCTO-
BepHOCcTH noka3areneit CtohrofenTa (t). [Ipu npoBeneHnn TecTa HOPMATBHOCTH
Kommoroposa-CmupHoBa, onpenenenust kputepust [Llamupo-Yuka, moctpoeHun
HOPMaJbHO-BEPOATHOCTHBIX IPaMKOB U TpahUuecKoro Tecta «mudaHas Iu-
arpaMma ObUIO OIPEIEICHHO, YTO THIIOTe3a HOPMAILHOCTH HE OTKJIOHSCTCS.

Pesyabrarsl U 00cy:xkaeHue. Cpenn o6ciae10BaHHBIX ObITO 94 My )IMHBI
n 102 >xenmuHbl. CpesHui BO3pacT B rpymie HaOmoneHus cocrasui 49,3+3,6
JIeT, B TpyINIe cpaBHEeHUs — 68,643,3 net, To ecTh npeodiagaiu oI Tpy-
JIOCTIOCOOHOTO BO3pacTa. AHANIM3 COIMAJIBHOTO CTaTyca IMalueHTOB IMOKa-
3aJ1, 4YTO BEPOSATHOCTH HEOIArONPHUATHOTO MCXO/1a BHICOKA KaK y IEHCHOHEPOB
(OD=12,3%), Tak u y paboratomero Hacenenus (9P=334,8%), y xurenent
ropoya Beimie (3P=46,7%) B cpaBHEHUH C ITPOKUBAIOIINMH B CEITLCKOIT MECT-
Hoctu (D= -14,2%). OueBuaHO, Takasi CTPYKTypa JETaIbHOCTU CBSA3aHA C
MIPEUMYILECTBEHHBIM PACIPOCTPAHEHHUEM HOBOH KOPOHABUPYCHOW MH(EKINN
B JIAaHHBIX BO3PACTHBIX M COIMAIBHBIX rpymnmnax [15].

Cpenu Bcex 3a00meBmmx 44,8% — xypwm (3P=7,6%). CpeaHee KOITMIecTBO
MIPOBE/ICHHBIX B CTAIIMOHAPE THEH cocTaBmIo 26,3+4,7 B TpyIIIe HAOMIONCHIS,
15+2,4 nueii — B rpynme cpaBHeHus. Hanbosee wacras npogonKUTeIbHOCTD
rocrnutanu3ayu — 12 qaei (26,3% namuentos). [ToBropHas rocnuranu3anus
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HaOroManach y 59 manueHToB, 4ro coctaBuiio 30,1% ot oOIiero yucia mnau-
eHTOB 1 76,4% — B Tpynme HabmoneHus. TpeThs roCIuTaNN3aIis HabIIoaaIach
y 10,2% ot obmiero uncna, Bce MalMEHTHI TOCITUTAIM3UPOBAHHBIC B TPETHH
pa3 nMenH JeTalIbHbIN ucxo/. HeOnaronpusiTHoe BIMsHUE MO3AHEH oOpariae-
Mmoctu Ha Teueane COVID-19 nonreepxnaeno ganueiMu Llentpansaoro HUU
snmnemuonoruu Pocrorpeduamsopa [15]. Temmneparypa Tena y OOIBHBIX MpH
nocTymieHud cocrasmia 38,7+0,1°C B rpymnme cpaBHEHHUS, €€ HOPMATTH3aLHs
npoucxonuia Ha 2-3 jeHb npeObiBaHKs B cTanyoHape. B rpynmne HaOmoneHus
TemIieparypa mpu noctyrienun — 39,7+0,3°C, ee CHUKEHHE 10 HOPMATbHBIX
BEJIMYMH ITPOMCXONIIO JIUIIb Ha 9 CyTKH NpeObIBaHMS B CTAIIMOHAPE.

B OonpinHCTBE HAOMIONCHUN OCHOBHBIM MOP(OJIOTHYSCKUM CyOCTPaTOM
COVID-19 siBnsiercst nuddysHoe anbBeossipHoe nospexenue [3]. Y 60ibHbIX
¢ mopakeHneM Jierkux oonee 75,0% (3P=82,4%) BeposaTHOCTHh HEOIAroNpH-
SITHOTO MCXOfa Beime. B rpymnme Habmonenus y 34 yenosek (50,0%) oobem
MOpaxXeHUs JIETKUX cocTaBuil 0omnee 75,0%, MalMeHToB ¢ MUHUMAIBHBIM T10-
paskeHHeM JIeTKuX He Obl10. B rpynme cpaBHenus y 64 genosek (50,0%) mo-
paskeHune Jerkux coctaBmiio 25-50%, y 32 genosek (25,0%) — 10 25,0%, y 26
yenosek (20,3%) — 50-75%, y 6 uenosek (4,7%) — 6onee 75,0% (tadm. 1). Cro-
UT OTMETUTb, YTO MPU MOCTYNICHUH U BBIIHCKE 00BbEM MOPAKEHHUS JIETOYHON
TKaHH 3HaYUTENIFHO OTIANYAICs, Y 35,6% OT 00IIero 4nciia rocuuTaan3npo-
BaHHBIX MAI[IEHTOB OTMEUCHA TEHACHIMS K yXyAIICHUIO KAPTUHBI 110 PE3YiIb-
taram KomibloTepHoit Tomorpaduu (KT) BHE 3aBUCUMOCTH OT KIMHHYECKOU
KapTHHBL. Takke MOKHO OTMETHUTb, YTO KIMHUYECKHE MPOSBICHHUS OTCTAIOT OT
nuHamuku KT-kapTuHsl.

Tabnuya 1.
O0BbeM BOB/IeYeHHOI B MATOIOTHYeCKHIi Mpolece JIerOYHOi TKAHH
O0beM nopaxe- Tpynna ['pynna OTtHOCH- JrHono-
. Halbro- . | rudeckas
HHUS JIETOYHOI CpaBHEHHS, p x2 TENMbHBIN
JICHHUS, Gbpaxmms,
TKaHu, % Yel. pHucK o
yell. %
KT1 (ue Goxee 25) 0 32 (25,0%) | 0,005 | 14,069 0,25 -300,0
12 o
KT2 (25-50) (17,6%) 64 (50,0%) | 0,027 | 25,065 0,19 -426,3
22 N
KT3 (50-75) (32.6%) 26 (20,3%) | 0,015 | 48,684 0,85 17,6
34 o
KT4 (6omee 75) (50,0%) 6 (4,7%) | 0,009 | 58,410 5,67 82,4
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B npouecce cranponaproro jedenust 100% mnanueHToB rpynibl Hadroe-
Hust 1 3,1% TpymnIel CpaBHEHUS B CBSI3H C YXYJICHUEM COCTOSHHS OBLIN Tie-
PEBECHBI B pEaHUMAIIIOHHOE OT/ICIICHHE.

W3 ocnoxueHuit HanboJiee 4acTo BCTPEUAIMCh JIbIXaTelbHast HEIOCTAaTOYHOCTh
Pa3HOi CTENEHU U T€MaTOMbI pa3JIM4HOM JOKaIu3auuy. BelpakeHHbIE N3MEHEHUS
CBEPTHIBAIOIICH CHCTEMBI (B BUJIE TPOMOO30B 1 KPOBOTCUCHHI) Y TIAIMEHTOB, HH(H-
1upoBaHHbIX SARS-CoV-2, noareep:kaatoTcs AaHHBIMU IPYTHUX HCCIEA0BaTeNeH
[2, 20]. Taroke 3ahMKCUPOBAHBI TOKCHYECKHUI TeNATUT, MHPEKIIMOHHO-TOKCHYECKHUI
(cenrTrueckmii) ok, Hedpomatis. MakCHMaIbHO YBETIYUBAJICS PUCK JIETATEHOTO
ncxofa mpu AbixarensHol HepocrarouHoctu (JIH) I crenenu, moueynoi Hemo-
CTaTOYHOCTH, TUIEBPUTE, TOKCHYECKOM TIOPKEHHUH MEUeHH, TeMaTtoMax (Tao. 2).

Tabruya 2.
YacToTa 0CJI0KHEHUI M X 3HAYMMOCTh JAJIA UCXoaa l'[pl/l MHEBMOHUAX
['pymnma Ha- Ipymna OTHOCH- Jiozo-
CpaBHE- . | THYECKasa
OcCIoXHEHUS OmroneHus, p ¥2 | TenbHBII
aen. (%) HUS, Yell. pHCK (dpakuus,
: (%) %
ILnespur 6(8,8%) | 2(1,6%) | 0,063 | 2,78 | 3,00 66,7
TeMaToMb1 35(51,4%) | 4(3,1%) | 0,034 [17.813] 8,75 88,6
Toxemueciuii 4(59%) | 1(0,8%) |0,047 [10,506| 4,00 75,0
TeraTuTt
Kposoxapkambe | 2 (2,9%) | 2(1,6%) | 0,079 | 1,69 | 1,00 | -100,0
Hudexumonsio- 2(2,9%) | 1(0,.8%) | 0,048 | 7,099 | 2,00 50,0
TOKCUYECCKHUU IOK
Toteunas 54(79,4%) | 1(0,8%) |0,041 | 11,160 | 54,00 98,1
HEOOCTAaTOYHOCThH
TTHO 0 56 (43,8%)] 0,018 [98,011| 037 | -440.5
JIHI 0 13 (10,2%) | 0,041 [ 11,891 0,23 -256,7
JTHIT 0 15 (11,7%) | 0,035 | 18,478 | 026 | -284,6
68
JTHIII (100,0%) 0 0,029 [63,174| 68,00 98,5

[Ipu ananm3e comyTCTBYIONIMX 3a00JICBaHMIT Yallle BCTPEUAINCh CaXapHbIH
nuader (55,8% B rpymnne HaOmonenus u 7,8% B rpylie CpaBHEHUs!), UILIEMH-
yeckas 6omne3nb cepana (61,7% u 7,0%, coorBercTBeHHO). COTNTacHO pacdeTaM
D@ ycyrybnsier TedeHre HOBOI KOPOHOBHPYCHOH MH(EKINH U SBIISIETCS (hak-
TOPOM PHUCKa JIETaJIBHOTO MCXO0/Ia CIIEIYIOIIAst COITY TCTBYOILAS TATOIOTHSI: XPO-
HUYECKasl CepAedHasi HeT0CTaTOYHOCTh paszHoi crenenu (XCH) (D@ — 83,3%),
nmremmgeckas 6onesss cepamna (9D — 78,3%), caxapusrit quadet (9D — 73,7%),
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XpOHHUYECKast 00cTpyKTHBHAs O0se3Hb Jerkux (9P — 50,0%). [TonyuenHble njaH-
HBIE COTTIACYIOTCS C Pe3y/IbTaTaM1 NCCIICOBAaHUI IPYTHX aBTOPOB. Tak, moka3a-
Ha BO3MOXKHOCTh BUPYCHOTO TIOpakeHHst Muokapaa rpu uHpekm COVID-19,
YTO BEJET K JiekomreHncanuu ucxonno umentueiicss XCH [4]. Hannuue Tsoxensix
CEeP/ICUHO-COCYMCTHIX 3a00JIEBaHMUH, TaK e KaK U BO3PACT, SIBISETCS HE3aBUCH-
MBIM TIPETTMKTOPOM BBICOKOM JTeTalbHOCTH [22, 23]. YacToTa TshKeoi KoMopOu-
HOH IaToJIOTUH 0KU/IAEMO BBIILIE B O0Jiee CTAapIIMX BO3pAacTHBIX Ipymnmax [18].

Kapruna nepugepuueckoii kpou rpu TsoxesioM Teuennn COVID-19 xapaxre-
pusyeTcs JIeHKoneHuel, koTopas B 6onbInrHCTBE ciry4aes (82,0%) comnpoBoxaa-
ercst imM¢onenneit u tpomoormrTonenueii (36,0%) [11]. ITo pe3ysisraram moxHoro
aHaIIM3a KPOBU NPH MOCTYIUICHUH BCE TTAIIMEHTHI MMEJIN BBIPKEHHYIO JTMM]O-
niennto (82,4%), y 35,3% obHapykeHa TpomOormToneHus, y 34,8% — jeiikorie-
HUS, TIpH 5TOM y 2,8% TIaIieHToB HaOmonascs JiedkormTo3 10 18,4+3,2x10%/m.
B rpynre HaOIONEHUSI B COOTBETCTBEHHO Oo0JIee TSHKEJIOTO TeUeHHs 3a00ieBa-
HUS 3TH HapyIICHNUS OKa3aJIUCh OoJiee BBIPAXKEHHBIMH, YeM B TPYIIIE CPaBHEHUS
(97,2% nipotus 81,5% — mamdonenns, 58,8% npotus 30,5% — TpoMOOIIUTOTICHUS,
62,2% nipotus 27,0% — nelikonenus) (tadn. 3). PazBurHe 1ByX-, TPEXPOCTKOBOM
LIUTOIIEHNUH OTPa’KaeT MPOrPEeCcCUPOBAHKE CHHPOMA aKTHBALMK Makpodaros [3],
a IMQOTICHHSI SIBIISIETCSI IPEAUKTOPOM YXY/IILIEHHsI COCTOSTHHUSI OOJIBHOTO C BEPOSIT-
HOCTBIO JieTaltbHOTO Hcxona [19]. ChemyeT OTMETUTD XapaKTepHOCTh aHEMUH TS
MAIUEHTOB C HEOIATONPUSATHBIM UCXONIOM ITHEeBMOHMH, BhI3BaHHON COVID-19, uto
CBOMCTBEHHO U JIJIsI THEBMOHKI OaKTepHAIbHOM 3THOIOTHH [6].

Tabnuya 3.
Iloka3zaTenu mMoJHOT0 aHAIM3a KPoBU, M+m
I'pynmna nabmone- | ['pynma cpaBHe- t MeX,
THoxazare py}mﬂ (n=68)ﬂ Ii{yml (n=p128) P prl‘ll‘laﬂl\ill/l

DpurpotTh, X101/ 3,9+0,4 4,32+0,2 0,089 1,2
4,3+0,2 4,84+0,3 0,096 1,8

FeMOMIOGHH. 1/ 108,0+7,1 139,643,2 0,00079 6,4%*

i 114,3+2.8 146,7+13,2 0,00051 | 19,0%*
TpomGomTst, x10%1 114,5+21,4 148,3+17,7 0,091 1,22

’ 166,7+12,9 276,9+12,5 0,00084 | 6,16%*
TeixouuTs, x10%/1 2,1+1,1 3,9+0,7 0,075 1,38
’ 1,9+2.1 4,2+0,1 0,096 1,09
JInmonutsl, % 8,7+2,1 16,3+3,2 0,050 2,0%*
COD, mmM/gac 60,6+7,2 34,7+2,5 0,001 3,4%*

[puMeyaHue: B YMCIIUTENE OKA3aTEeNH ISl MYXXUUH, B 3HAMEHATEIE — /ISl )KSHIIUH;
* — OTVINYHE CTATHCTUYCCKU 3HAYMMO C BEPOSITHOCTHIO 95,0%); ** — oTiIUHe CTaTHCTH-
YECKU 3HAUUMO C BEPOSITHOCTHIO 99,9%.
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Amnanus PE3YIIbTAaTOB 6I/IOXI/IMI/I'~ICCKI/IX I/ICCHC}IOB&HI/II‘/II BBIABUII CJIICAYIOLINEC
nmaanble: C-peaxtuBHbI Oenok (CPB) 6bu1 moeimen y 61,3% marueHToB, mo-
BBIIIICHHBIN TIPOKATBITUTOHUH, SBIIIOIINICS MApKePOM BTOPHIHOM OaKTepHalTh-
HoOW nH(pekuy, ocnoxusroner reacane COVID-19, 6611 00HapyxeH y 5,6%, a
noBbIIeHHas Jakratneruaporenasa (JIIIN) —y 43,3% nmanuenToB. Y maiueHToB
TPYIITBI HAOMIONEHNS TI0 CPABHEHHUIO C TPYNIION CpaBHEHHS WX 3HAYCHUS CO-
crasuiu: 80,8% npotus 55,4% st CPh; 16,1% nportus 3,9% i npokaibLu-
tonuHa; 58,8% mpotus 36,7% mns JIIT. Takke oTMedanoch HE3HAYUTETHHOE
yBEJIMUEHUE aKTUBHOCTH aslaHnHaMuHOTpancepassl (AJIT) —y 29,4% n 17,9%,
acrapraramuaorpancdepassl (ACT) —y 38,2% u 8,5% marnueHToB, cOOTBET-
crBerHo. Coneprkanne o01iero OnmpyorHa B CHIBOPOTKE KPOBH MOBBIIIAIOCH
y 19,1% u 3,1%, kpearunuHa — y 5,8% u 1,6% OOJBHBIX, CHIDKEHHE YPOBHSI
obmrero 6enka y 5,8% n 1,6%, coorBerctBeHHO. CoziepkaHne Kaus, HaTPHUsL U
XJIOpa B 00EUX IpyIIax HaXo[AWJIOCh B Ipe/ieaX HOPMBI, CTATUCTHYECKH 3HAYH-
MBIX pasJInuUi MEXy I'PyIIIaMU HE BBIABICHO. [ MnieprinkeMusi 3akOHOMEPHO
oTMeYasack Ha pOHE TPUMEHEHNUS TITFOKOKOPTUKOCTEPOUIOB (Tab. 4).

Tabruya 4.
IMoka3aTem GHOXMMHUYECKOT0 aHAIN3a KPpoBH, M+m
I'pynma I'pynna t Mexcy
[Toka3zarenu HAOJNFOICHUS | CPaBHEHUS P

(n=10) (n=74) rpymnnamu
ACT, ex/n 31,8+4,2 28,127 0,110 0,75
AJIT, en/n 48,2+13,3 21,1£2,0 0,050 2,02%
I'roxo03a, MMOJIB/JT 6,94+0,9 6,1+0,2 0,130 0,86
KpearnHuH, MKMOJIb/JT 127,4+£36,2 | 101,4£14,1 | 0,960 0,67
C-peakTHBHBIH OEIOK, MI/IT 289,0+33,4 64,3+11,4 | 0,00087 | 6,38**
dubpuHoreH, /1 3,94+0,9 2,8+0,7 0,082 0,96
XTOpUIBI, MMOJIB/JT 102,3+1,4 99,9+1,9 0,081 1,01
Harpwii, MMOJIB/IT 138,9+£2,2 141,1£1,2 0,126 0,88
Kanuii, MMosis/n 4,6+0,4 42+1,3 0,435 0,29
JIAL, en/n 354,9432,6 | 267,5+£12,8 | 0,043 2,49%*
[IpokarbIIMTOHUH, HI/MIT 4.8+1,7 1,1+0.8 0,058 1,97
OO1mmit GunupyOuH, MKMOJIB/JTT 19,243,2 26,2422 0,063 1,84
J-mamep, mr/mit 1,1+0,4 0,3+0,2 0,050 2,00*
OOmuii 6emok, /11 59,9+4,3 65,3+3,8 0,082 0,95

IIpumeuanue: * — OTIIMYKE CTATUCTUYECKH 3HAYMMO C BEPOSITHOCTHIO 95,0%; ** —

OTJIMYME CTATUCTUYECKH 3HAYMMO C BEPOSTHOCTHIO 99,9%.
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Hapymenust cBepThIBaHUS KPOBU BCTPEUAIOTCS JOBOJIBHO YacTO CPEeH Ma-
LUEHTOB IIPHU TSHKEJIOM TEUSHUH TTaTOJIOTHN BHYTPEHHHUX OPTaHOB, BHICTYTIAS B
KadecTBe MPEANKTOPOB HeOmaronpusTHoro ucxomna [14]. Ilo maHHBEIM Hamero
uccienoBanus y 91 (46,4%) u3 196 o0cCIiieIOBAaHHBIX ALMEHTOB C THCBMOHH-
eil, BEI3BAaHHOM HOBOIl KOPOHABUPYCHOHM MH(EKIHeH, 0OHapyKUBAJICS TOBBI-
IICHHBIH ypoBeHb D-aumepa (>0,5 Mr/m). Y O0nbHBIX Tpynmsl HAOMIOACHUS
4acToTa €ro MOBBIIICHUS ObUIa CYIIECTBESHHO BhIIe: 58,8% mnporus 42,9% B
rpymnme cpaBHeHHA. JluHamMuKa ypoBHS D-1uMepa MOJKET OTpakaTh H3MEHEHHE
TSDKECTH 3a00JI€BaHNs, a TIOBBIIIEHHBIH YPOBEHb MO3BOJISIET MPOTHO3UPOBATh
HeOnaronpusaTHEINA ucxoa. 3Hadenust D-mumMepa Boime 1,5 MK/ Obin 3aduk-
CHpOBaHbl y 25% IManueHToB IpyNIbl HAOMIOICHNUS.

3akJiioueHue

CornocTaBieHne KIIMHUKO-JIA00paTOPHBIX M HHCTPYMEHTAIBHBIX IJaHHBIX T1a-
IIUEHTOB ¢ THeBMOHUEH, BeI3BaHHOM COVID-19, ¢ yueTom ncxoza 3a0oneBaHus
TI03BOJIMIIO YTOYHUTE (DAKTOPBI prCKa JeTalIbHOCTH. BeposTHOCT HeOIaronpu-
SITHOTO MICXO/1a TIOBBIIIACTCS TIPH YBEIMYCHNH BO3pacTa MallMeHTOB, a TAKXKE Y
MIPOXKUBAIOIINX B ropozie. Mapkepamy TsDKENIOro TeUeHHs! O0JI€3HH BBICTYIIAIOT
JUTUTENILHOE COXPAHEHNE JINXOPAJ0YHOTO0 CHHAPOMA, HEOOXOAUMOCTh MOBTOP-
HOH TOCTIMTAIN3al|H U TIEPEBO/Ia B PEAaHNMAIMOHHOE OT/ICTICHHE, OOIBIION 00b-
€M BOBJICYCHHOH B MATOJIOTMYECKHUI MPOIECC JIErouHOM Tkanu (bosee 75% 1o
KT). MakcumanbHO yBEMUYHBAIOT PUCK JIETAJIBHOTO NCXO/Ia TAKUE OCIIOKHEHUS
KOPOHABUPYCHOI ITHEBMOHMH Kak JibIXaTesibHasi HenocTatouHocTs [II creneny,
M0Y€4Hasi HEAOCTATOUHOCTb, IUIEBPUT, TOKCHUECKOE MOPAKECHNE TIEYEeHH, FeMa-
TOMBI Pa3InyuHOIl JTokanu3anny. CylecTBEHHO ycyryOusieT TedeHre HHPEKIH
COVID-19 cnenyrommas comyTCTBYIOMIas MATOIOTHS: XPOHIYECKask cepacIHast
HEJI0CTaTOYHOCTh, NIIeMUYecKast O0JI€3Hb CepAlla, CaXxapHbIi IUa0eT, XPOHH-
yeckast 0OCTPYKTUBHAs 00J1€3Hb JIerKuX. JIaboparopHBIMH KPUTEPHUSIMH, OIpe-
JENAIONMMI HEOMaronpusATHRIA MCXO/ NMPH MHEBMOHHMH, BBI3BAHHON HOBOM
KOpPOHABUPYCHON MH(MEKITHUEH, SBISIOTCS TUTOTICHUH (JIMMQOTICHHS, TPOMOO-
LUTOIICHHS, aHeMUsl), 3HaunTeNbHOoe noBeimenue COD, CPB, JI-mumepa. CBo-
€BPEMEHHOE BBISIBIICHUE U YUET YKa3aHHBIX (DAKTOPOB PHCKA J]AI0T BO3MOKHOCTh
KOPPUTUPOBATh 00BEM JIEIEOHBIX MEPOIIPUSITUH C IIENBI0 YTyUIICHUS IPOrHO3a
Jutst ku3HU narueHToB ¢ COVID-19-acconunpoBanHON THEBMOHUEH.
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BJIUSIHUE MMUILEBOI'O
NOBEJEHUSI, PACIIPEJIEJIEHUS KU PA
U ®PUBNYECKOU AKTUBHOCTHU HA CUMIITOMBI
®YHKIIMOHAJBHBIX TACTPOMHTECTUHAJBHBIX
PACCTPOWCTB

A.E. Illlknaes, O.A. I'puzopvesa, I0.C. Mep3naxosa,
K.B. Maxcumos, /I./]. Kazapun

Obocnosanue. PynKyuoHabHble 3a001€6AHUS HCETYOOUHO-KUULEUHO20 MPAK-
Ma AenAOMCs AKMYAIbHOU NPOOIEMOL COBPEMEHHOU 2ACMPOIHMEPONOLUU 6 CEA3U C
POCOM UX YACTOMbL U SHAYUNETLHBIM GIUSHUEM HA KAYeCmB0 JCUHU NAYUEHNOG.
B uucne gpakmopos, cnocobcmeyrowux ux manugecmayui, paccmampueaiomcs
ocobennocmu 0bpasa sicusnu u numarus. OOHAKo, GRUAHUE HAPYUIEHUT NULYEB020
N0BEOeHUs U PACNPEOeNeHUSL HCUPOBOU MKAHU HA BLIPANCCHHOCHb 2ACTPOIHMEPO-
J102U4ecKOll CUMNIMOMAMUKY Y TUY C PA3HBIM YPOGHEM (PuU3U1ecKoll aKmugHocmu
mpebyem ymoyHeHus.

Lenv: ymounumo enusnue nuwegoco nosedenus, pacnpeoeienus JHcupa u Qu-
3UYecKol AKMUGHOCIMU HA CUMRIMOMbL (YYHKYUOHATHBIX 2ACHMPOUHMECTNUHATLHBIX
paccmpoiicma.

Mamepuanvt u memoowt. Oocnedosaro 60 uenosex 6e3 opeanuueckux 3a001e6a-
HULL ey 00uUHO-KueyHo2o mpaxma 6 éospacme 22,7+0,19 cooa. Chopmuposanvi
2 epynnwi no 30 uenogex: pecyiapHo 3aHUMAalowuecs GuaudeckuMi ynpajcHeHuamu
u He 3anumarowuecs gusudeckumu ynpadicnenuamu. Iposedeno ankemuposanue
no onpocruxam GSRS, DEBQ, onpedenenvi anmponomempuueckue oannvle. Cma-
mucmuyeckas 0opadbomKa 6KAOUANA bIYUCTEHUE CPEOHUX GeNUYUH, UX OUUDOK,
t-xpumepuii Cmorooenma, kpumeputi koppersyuu Iupcona, hakmopuwiii aHanus.

Pezynvmamul. Pecynspno 3anumaroujuecs puauieckumu YnpaxicHeHusmu ume-
1om Oonee HU3KUe NOKA3amenu KOauuecmea noOKOMCHOU U GUCYEPATLHOU JHCUPO-
601l MKAHU, YeM He 3aHumarowuecs. B epynne gusuuecku axmueHuIX GbIA81EHO
Hanuyue oopamHoll 3a8UCUMOCIU MeAHCOY CUHOPOMOM 3ANOPO8 U KOIUYECTNBOM
BUCYEPATLHO20 Jicupa. Y He 3aHUMAowWuxcs Gu3uieckumu YnpajicHeHusMu 00Ha-
PYoACEHA NPAMASL 3ABUCUMOCTINE MENCOY KOTUUECTBOM BUCYEPATLHO20 AHCUPA U peqh-
JIOKC-CUHOPOMOM, DKCIMEPHATbHBIM MUNOM NULLYeB020 nosedenus. B paxmop «puck
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2aCMpPOIHMEPONIO2ULECKOU NAmono2uuy eouttu. oowuil 6ani no onpochuxy GSRS,
IMOYUOLEHHDBILL U IKCTNEPHATLHBLI MUNbL NUWEE020 NOBEOCHUS, OKPYICHOCHL bedep
u coomuouteHue oovem manuu/oovem beoep.

3aknrouenue. [ns munumuzayuu CUMnmMomMos QyHKYUOHATbHBIX 2ACmPOUHt-
MeCcMUHANbHbIX PACCMPOUCTE HeOOX00UMO ONMUMANbHOE KOIUYECBO BUCle-
PAnbHOR0 JHCUPA, €20 YMeHble e YCy2yonaem CUHOPOM 3anopos, a yeenuieHue —
pedmoxc-cunopom. Pezynapuvie ¢usuueckue ynpasjcHeHus no3eonsom coaian-
cuposams 0COOEHHOCIU NUWEB020 NOBEOCHUs U ONMUMUZUPOBAMb KOTULECTBO
JUCUPOBOL MKAHU 8 OP2aHUZME.

Knioueswie cnosa: nuujesoe nogedenue; icuposas mkanb; Quauieckds akmus-
HOCTb, QYHKYUOHATbHBIE 2acmpounmecmunansivle paccmpoticmea;, GSRS; DEBQ

Jna yumuposanus. [lkises A.E., I puecopvesa O.A., Mepsnsakosa FO.C., Maxk-
cumos K.B., Kazapun JI.J]. Brusinue nuuyeo2o nosedetus, pacnpeoeneHust Heupa u
uzunecKoll akmugHoCmu Ha CUMNMOMbL PYHKYUOHATLHBIX 2ACTPOUHMECMUHATb-
uuix paccmpoticms // Siberian Journal of Life Sciences and Agriculture. 2021. T. 13,
MNe 3. C. 46-62. DOI: 10.12731/2658-6649-2021-13-3-46-62

INFLUENCE OF EATING BEHAVIOR,
FAT DISTRIBUTION AND PHYSICAL ACTIVITY
ON SYMPTOMS OF FUNCTIONAL
GASTROINTESTINAL DISORDERS

A.E. Shklyaev, O.A. Grigorieva, Yu.S. Merzlyakova,
K. V. Maximov, D.D. Kazarin

Background. Functional diseases of the gastrointestinal tract are an urgent
problem of modern gastroenterology due to the increase in their frequency and
significant impact on the quality of life of patients. Among the factors contributing
to their manifestation, the features of the lifestyle and nutrition are considered.
However, the effect of eating disorders and the distribution of adipose tissue on
the severity of gastroenterological symptoms in individuals with different levels of
physical activity requires clarification.

Purpose: To clarify the effect of eating behavior, fat distribution and physical
activity on the symptoms of functional gastrointestinal disorders.

Materials and methods. The study involved 60 people without organic diseases
of the gastrointestinal tract at the age of 22,7+0,19 years. Formed 2 groups of 30
people: regularly exercising and not exercising. A questionnaire survey was carried
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out using GSRS, DEBQ questionnaires, anthropometric data were determined. Sta-
tistical processing included calculation of mean values, their errors, Mann-Whitney
U-test, Spearman rank correlation test, factor analysis.

Results. Those who exercise regularly have lower levels of subcutaneous and visceral
adipose tissue than those who do not. In the group of physically active patients, an inverse
relationship was found between constipation syndrome and the amount of visceral fat.
In those who do not exercise, a direct relationship was found between the amount of
visceral fat and reflux syndrome, an external type of eating behavior. The factor “risk of
gastroenterological pathology” included: total score on the GSRS questionnaire, emo-
tiogenic and external types of eating behavior, hip circumference and waist / hip ratio.

Conclusion. To minimize the symptoms of functional gastrointestinal disorders,
an optimal amount of visceral fat is required, a decrease in it aggravates constipa-
tion syndrome, and an increase in reflux syndrome. Regular exercise can help you
balance your eating habits and optimize the amount of adipose tissue in your body.

Keywords: eating behavior, adipose tissue; physical activity; functional gas-
trointestinal disorders;, GSRS; DEBQ

For citation. Shklyaev A.E., Grigorieva O.A., Merzlyakova Yu.S., Maksimov
K.V, Kazarin D.D. Influence of eating behavior, fat distribution and physical ac-
tivity on symptoms of functional gastrointestinal disorders. Siberian Journal of Life
Sciences and Agriculture, 2021, vol. 13, no. 3, pp. 46-62. DOI: 10.12731/2658-
6649-2021-13-3-46-62

Beenenue

Ha cerogusmraunii aeHb (pyHKIMOHATBHBIE 3200I€BaHUSI JKEITYJOUHO-KHUIIIET-
HOTO TPAKTa SIBISIOTCS aKTyaJIbHOM ITPOOJIEMOI COBPEMEHHOM TaCTPOIHTEPOIIO-
ruu [13]. daxropkl, cOCOOCTBYIOMINE PA3BUTHIO (DYHKIIMOHAIBHOM MTaTOJIOTHMH
OpTaHOB IMHUINEBAPEHHSI OCTAIOTCSA HE 10 KoHIA m3ydeHHBIMH [10]. Mmerores
CBEACHMS O HATMYUH B3aUMOCBSA3U (DYHKIIMOHATBEHOM AUCIIETICHHI C aHTPOIIOME-
TPUYECKUMHU JAHHBIMH, PACHPEIEICHUEM KUPOBOU TKAaHU B OPraHU3ME U OIpe-
JeneHHbIMU comarorunamy [ 1]. KoandecTBo G0NbHBIX ¢ M30BITOYHON Maccon
TeNna u OKUPEHNEM HEYKIIOHHO pacTeT Bo BceM mupe [17]. C pa3BuTieM HOBBIX
BBICOKOPA3PEIIAIONINX BU3YAIN3UPYIOMINX TEXHOJIOTHI MOSBHIACH BO3MOXK-
HOCTb OLICHKH KaK OOIIET0 KOJIMYECTBA JKMPOBOH TKAHH B TeJIE, TAaK ¥ NCCIIE/I0Ba-
HUS ToTIorpaduuecKux 0COOeHHOCTeH ee pactpenenenus [9]. OqHako, caMbIMU
TIPOCTBIMH 1 IOCTYITHBIMH TS OLIEHKH KOJIMYECTBA )KUPOBOM MACCHI B OpraHN3Me
SIBJIIIOTCSL aHTPOIIOMETpHYEcKHe MeTob! [6]. OcoOblil MHTEpeC MpeACTaBIseT
U3y4YEeHHE BUCLEPATBbHOTO OTIIOKEHUS )KUPOBOM MaccChl, TaK Kak ITOKa3aHa ero
B3aNMOCBS3b C BEICOKUM PHUCKOM Pa3BUTHsI MHOTHX 3a00i1eBanuid. B MHOTOMC-



Siberian Journal of Life Sciences and Agriculture, Tom 13, Ne3, 2021 49

JICHHBIX OTEUECTBEHHBIX U 3apYyOEIKHBIX UCCIIEA0BAHUSIX YCTAHOBIICHO JIMTIOTOK-
CUYECKOe JICHCTBHE BUCIIEpAIbHOTO *kHpa [2, 19]. TIpu MOpOHIHOM OXKUpEHUH
9acTOTa HEAIKOTOITFHOM JKUPOBOIT Oome3HH reueHn mocturaet 95-100% [7, 18].
JlocToBepHO yalle CTpaiaroT e MalyeHThbl ¢ MeTad0INIeCKN HEe3/10POBBIM (heHO-
tunoM [ 12]. PazpaboTtana mporHoctuyeckas MOJeIb Pa3BUTHA CTEaTO3a MEUCHN
TIpY BUCIIEpaTbHOM OKHpeHuH [8]. MHaTpaabnoMuHabHasS aKKyMYJIISIINS JKAPa
TIpe/ipacroaraeT K pa3BUTHIO HE TOJBKO MATOJIOTHH TIEUeHH, HO U KEITYHOTO
My3bIps, TPHDK OpromiHO# cTeHkH [14]. Cpean nMpuynH pa3BUTHSI IEPBUYHOTO
OXXKMPEHUSI BAXHBIMU SBISIOTCS N3MEHEHIE 00pa3a )KU3HH, THITOANHAMUS, Hapy-
wenus nuranus [16]. [Tokazano, 4to pa3BUTHE OXKUPEHUST U ACCOLUMPOBAHHBIX
C HUM HapyIICHUH 3710pOBbS MPSAMO CBS3aHO C U3MEHEHUSIMU IUIIEBOTO TOBe-
nenwus (I11T) [4]. B npeasiaynux ucciaeoBaHusIX TOKa3aHa B3aMMOCBSI3b THITOB
HapytreHunii 111 ¢ ompeneneHHO TacTPO3HTEPOIOTMIECKO CHMITTOMATHKOM [ 5],
B KOJIMYECTBEHHOMN XapaKTePUCTUKE KOTOPOH BayKHOE 3HAYEHHE UMEET ONpe/ie-
JICHUE KaueCTBa KU3HH C UCIIOIb30BAHUEM CIICIIU(PHUIESCKOr0O OMpOocHHKa [15].

Leap uccjie0BaHUsA: YTOYHUTH BIMSHUE IMUAIIIEBOTO MTOBEACHHS, PacIpe-
JICIICHUS JKUpa ¥ (PU3MUSCKON aKTHBHOCTH HAa CHUMITOMBI (DYHKIIHOHATHHBIX
racTPOUHTECTUHAIBHBIX PACCTPOMCTB.

MarepuaJjbl M1 MeTOAbI

[TpoBeneno obcnenoBanne 60 crynentoB ®PI'EOY BO «MxeBckas rocy-
JIapCTBEHHAsI MEIMLIMHCKAs akajeMus» Munzapasa Poccun, He umeromux op-
TaHUYECKUX 3a00JIEBaHMUIT JKEITyIOYHO-KUIIeYHOTo TpakTa. Cpennuii Bo3pact
cocraBuia 22,7+0,19 ner. beum copmupoBanst 2 rpynmsl o 30 genosek: |
rpyIIia — peryJsipHO 3aHUMAIOLIHUECs] PU3NYECKUMHU YITPaKHEHUSIMHU (CITIOPTUB-
HbIe TaHIB), Il rpymma - He 3aHnMaromuecs pu3n4ecKuME yIpakHeHUSAMA. [
Oornee IETAIBHOTO M CTPYKTYPUPOBAHHOTO HCCIIEIOBAHMS ObUIA pa3paboTaHa
anketa u3 80 BopocoB, cocrosuias 13 4 pazaenos. IlepBslil pa3ien NOCBAIIEH
o0rmM Borpocam (Bo3pacT, paboTta, HerUTMEHUYEeCKHEe TPUBBIYKH). BTopoii —
CHeTMaNIbHBINA TacTpodHTeponorndeckuii onpocHuk GSRS (Gastrointestinal
Symptom Rating Scale), Bxirtodatomuii 17 myHKTOB, pa3aenEHHBIN Ha 5 TIIKaT:
abmoMuHanbHas 00k, PeQIIIOKC-CHHIPOM, THAPEHHBII CHHIPOM, JAWCIICIICH-
YEeCKU CHHIPOM, CHHIPOM 3aropoB. [Toka3areny mkan konedmrorest ot 1 1o
7, ©osee BHICOKME 3HAYECHUS] COOTBETCTBYIOT O0JIee BEIPaKEHHBIM CHUMIITOMAM
n 6onee Hu3koMmy kauectBy sxu3HH (KXK). Tpernii — onpocHUK NUIIEBOro mo-
Beziennss DEBQ (The Dutch Eating Behaviour Questionnaire), cocrosiiuii u3
33 BOIIPOCOB, KACAIOIIMXCS MOBEAEHUSI, CBI3aHHOIO C IpUeMOM nuiuy. B Ha-
CTosIIIIee BpeMsI BBIIICIISIOT Tpu THIa Hapymenui [111: skcTepransHOe, orpanHu-
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YUTENBHOE U IMOIMOoTeHHOe. DKcTepHanbHoe [T mposiBiseTcs moBBIIIEHHON
peakuuei 60IbHOTO HE Ha BHYTPEHHHE TOMEOCTaTHUECKUE CTUMYIIBI K IPHEMY
UM (YPOBEHb IITIOKO3bI, CBOOOIHBIX KMUPHBIX KUCIOT B KPOBH U T. [1.), @ HA
BHEIIHUE CTUMYJIBI (KPAaCHBO HAKPBITHIM CTOJ, MPUHUMAIOLUIMN IHILY YeIIo-
BEK, NPUBJIEKATEIbHAS PEeKJIaMa IHIIEBBIX MPOAYKTOB). IIpn smMonoreHHOM
[IT (rumeparndeckast peakys Ha CTPECC WM SMOIMOHAIBHOE HANPsSKEHNE)
CTUMYJIOM K IIPHEMY IHIIH CTAHOBUTCS HE (PM3NIECKUH TOJIOA, a TICHXO0JIOTHYE-
ckuii auckoMpopr. IIprem numm ycrokanBaeT, OTBICKACT, HOBBIIIAET HACTPOE-
HUE, CITy)HT «Tepanuei» 3MOIHOHAIBHOTO AucKoMpopTa. OrpaHNINTETBHBIN
tun I1I1 xapakrepu3yeTcst H30bITOUHBIM MMUIIEBLIM caMOOTpaHudeHueM [Bo3-
HeceHckas|. YeTBepThIi pa3aen aHKeThl BKIIIOYAT aHTPOIIOMETPUYECKHE JaH-
uble. OnenuBanuch 006EM Tamuu (OT), 006éM 0&aep (OB), uHmeke Macchl Teia
(MUMT), carurranbhsblii tuametp, otHomenne OT/OB, 00bEM 0011el KUpOBOi
tkauu (OOXKT), 006béM BucHepanbHOil xupoBoit Tkanu (OBXKT), 00b6ém mox-
koxHOH sxupoBoit Tkanu (OITXKT), macca OOXKT, macca 6e3:KHpOBOI TKAHH.
CrarucTrdecknii aHaJiu3 0CyIIECTBISIICS ¢ HOMOIIbIo rakera Statistika 6.0.
B nccnenoBanny ObUIM NCTIONB30BaHBI TApAMETPHUUECKIE METOIbI CTaTUCTHYC-
CKOM 00pabOTKH, TIOCKOIIBKY paclpe/ielIeHHue JaHHBIX SBISIIOCH HOPMAJIbHBIM
(TIpoBepka HOPMANBHOCTH TIPOBECHA TPH TOMOITH KOA((DUITUSHTOB acCHM-
METpHH 1 Bapuanuu). JloCTOBEpHOCTh OTIIMYUH KOJMYECTBEHHBIX PHU3HAKOB
ompezenanace no t-kpureprto CTbIOAEHTA, AJIsI HOMUHAJIBHBIX IIKaJ ObLT MC-
TI0JIb30BaH KPUTEPHH (-KBapar. OLeHKy B3aUMOCBS31 IPHU3HAKOB IIPOBOIHIIN C
MPUMEHEHNEM METOIOB KOPPENIALMOHHOTO (TI0 KPUTEPHIO KOPPEISIIUN PAHTOB
[Mupcona) n paxropHOro aHamu3a (METO/| INIABHBIX KOMIIOHEHT C BpallleHUEM
«BapUMakcy). PesynbraTsl cunranuck goctoBepHbMH Ipu p<0,05.

Pe3ysbTarsl U 00cy:KaeHHE

Pesynbrarsl aHKETHPOBAHKSI B OTHOIIEHUHM HETUTHEHWYECKUX MPHBBIUCK
(ynorpeOieHrEe CTUPTHBIX HAITUTKOB, TAOAKOKYPEHNE) TIOKa3aJIl OTHOCUTEb-
HYIO COITOCTaBUMOCTb CPAaBHUBAEMBIX I'PYIIII 110 TAHHBIM [TOKA3aTEeNsIM COTJIac-
HO Kputepuio y-kBaapar [Iupcona. Tak, B rpymnie peryiaspHO 3aHUMaBIINXCS
(U3HMUECKIMH yIIpaXHEHUAMH He Kypwin — 27 genosek (90,0%, p=0,24), ne
YIOTPEOIISITN CHUPTHBIE HAIUTKY — 5 uenosek (16,7%, p=0,087), B rpynme He
3aHUMAaBIINXCS pU3uYecKIMH yrnpakHeHusMH — 24 (80,0%) u 6 (20,0%), coot-
BeTcTBEeHHO (p=0,061). AHaNIM3 AMETUYECKUX MPEATOYTEHUH ITOKa3aJl HaTU4IHe
OoJiee CyIeCTBEHHON Pa3HUIIBI MEXKIy CPAaBHUBAEMBIMHU I'pyMNamMu. BeisiBieHo,
YTO KAPCHYIO MHINY PeryisipHo yrnotpedisuiu 11 obcnenoBanubix (36,7%) B
nepsoii rpynmne u 18 (60,0%) — Bo Bropoii (p=0,014), rasupoBaHHbIe HATUT-
ku — 10,0% u 17,0% (p=0,027), menee 3 pa3 B cytku mutanuch — 4 (13,3%)
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u 6 (20,0%), coorBerctBerHo (p=0,051). [yis pecrioHIeHTOB MEePBOI TPYIIIIbI
Ooliee XapakTepHO COANTaHCHPOBAHHOE U PAIMOHANBHOE MUTAHWE — YacTOTa
yHOTpeOIeH s Msica, OBOIIEeH U (PPYKTOB Y HHX BBIIIIE, & YACTOTA YIIOTPEOICHHS
(dactdyaa 3HAYUTEIBHO HIDKE, YEM Y YYaCTHHKOB BTOpoit rpynisl (p=0,047).
[Tpu 3TOM TpyNIBl OBUTH COMOCTABUMBI 110 MaTePUAILHOMY IOJOKEHHUIO pe-
CTIOHJCHTOB — OOJBIITMHCTBO OXapaKTEPH30BaIO cBoe (prHAHCOBOE OIarormo-
ny4ne oTBeToM «KpoMe nuTaHus ¥ NpoKMBaHUS MOTY ITO3BOJIMTH HEKOTOPbIE
Bermm» (70,0% B nepBoii rpynmne u 73,3% — Bo Bropoii, p=0,001).

BrnusiHMe HErUrHEeHUYECKUX TIPUBbBIUEK (KypeHHe, yIoTpeOieHne THIIH Tie-
pell CHOM, HCIIOJIb30BAaHKE JKEBATEIBHON PE3UHKHU, YIIOTPEOICHUE MUIIH CO-
BMECTHO C aJIKOTOJIEM ) Ha pa3BUTHE TaCTPOIHTEPOJIOTHYECKONH CUMITTOMATHKH
y CTYyACHTOB TOKa3aHO B MPeAbIAYIMX uccaenoBanusx [10]. Ananus ractpo-
SHTEPOJIOTHUYESCKON CUMIITOMATHKHU, BBISIBICHHOW Y YYaCTHUKOB HACTOSIIETO
HCCIIeJOBaHMS C TOMOIIBIO ONPOCHUKA KauecTBa sku3Hu GSRS, nossomnmn ne-
TaJM3UPOBATh BHIPAKEHHOCTh OTICIBHBIX CHHAPOMOB (Ta0m. 1).

Tabnuya 1.
BbIpakeHHOCTH raCTPOIHTEPOJIOTHYECKUX CHHIPOMOB
o onpocHuKky GSRS, 6amib1 (M+m)

[ xanel IlepBas rpynna Bropas rpynmna p
AbomuHanbHas 006 3,93+0,31 3,86+0,38 0,659
Peduokc-cuanpom 4,23+0,33 5,03+0,44 0,188
JunapeiHblii cHHIpOM 3,63+0,18 4,00+0,29 0,420
Jlucnientudeckuii CHHAPOM 7,90+0,58 9,10+0,93 0,644
CHHAPOM 3a110pOB 3,93+0,35 4,504+0,39 0,496
CyMMapHbIit 6amt 23,63+1,19 26,50+1,73 0,450

HaubonbIme moka3arein B CTPYKTYPE TaCTPOIHTEPOIOTUICCKOM CHMITTO-
MaTHKH OBLITH JIOCTUTHYTHI IS TUCTIENITHYECKOTO CUHpOMa (YpUaHHUE B )KUBO-
Te, 9yBCTBO PACTIMPaHUsL, IEPETIOTHEHUS, B3Iy THE )KUBOTA, OTPBDKKA BO3TYXOM
U OTXOXJICHUE Ta30B Yepe3 KHUIICYHUK): B TPYIIC PETYISIPHO 3aHUMABIINX-
csl pusndeckumu ynpakHenusimu — 7,90+0,58 G6anna (y 22 yenosek u3 30), B
TpyTIIe He 3aHUMABIIUXCS (PU3NIECKUMH yrpaxaeHusma — 9,10+£0,93 Gamna
(y 21 genoseka u3 30). BeisgBiieHa TCHICHIHS K OOJTBIICH BRIPAKEHHOCTH KITH-
HUYECKUX CHMIITOMOB BO BTOpO¥ rpyrmrie (BBIIIC CyMMapHBIA 0au1) 3a c4eT
MPOSIBIICHUH OOJIBITMHCTBA CUHAPOMOB (pe(IIFOKC-CHHAPOM, IUCIICIITHYCCKUH,
JIUapEIHBIN, CHHIPOM 3a0poB). AOTOMUHAIIEHBIN 00JIEBOI CHHIPOM, SBIISIO-
IIWIACS BEAYIIMM B KJIMHUKE OOJBINTHMHCTBA 3a00JICBAHUI JKEITYOUHO-KAIIICY-
HOTO TpakTa, ObLT OJJHHAKOBO BBIPAXKECH B 00CHX IPyIINax.
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PaccrpolicTBa NHUILEBOTO MOBEICHUS YCYTYOIISIOT TEYEHNE MaTOJIOTHH JKETy-
JIOYHO-KHIIIEIHOTO TpakTa [S5]. AHamM3 pe3ysbTaToB BeIABICHHBIX THITOB [1I1 y
YYaCTHHUKOB HCCTICIOBAaHMS HE BBIIBIII IPYOBIX HapymieHui (Tadm. 2). OTMeueHo
HE3HAUUTENIbHOE MPEBBIILICHUE CPEIHEro 3HaueHust akcTepHanbHoro I1I1 Hag Hop-
MaTUBHBIM B TOH U apyroi rpynmne. I1o tunam I1I1 mexny rpynnamu 1ocrosep-
HBIX OTIINYHH HeT (t-kputepmii CteionerTa). [1o TaHHBIM IPYTHX HCCIeIoBaTenei
SKCTepHaNIBHBIN THI HapymeHuit [111 xapakrepen Juis joneit ¢ abnoMHUHAIEHBIM
THIIOM paclpe/IeNieHus] )KUPOBOM TKaHH, MPU MOJIKOKHOM THUIIE PacripeiesIeHHs
JKMPOBOH TKaHM OoJree XapaKTepeH SMOIMOTeHHBIH Trm Hapymmernuit [T [11].

Tabnuya 2.
Tunsl nuueBoro nopeaenus no onpociuxy DEBQ, 6aniabr (M+m)
Tunel numesoro nosesnenus | Ilepsas rpynna | Bropas rpynna p Hopma
OMOIHOTeHHOe 1,9+0,12 2,13+0,19 0,327 1,8
DKCTEepHAILHOE 3,0+0,12 3,05+0,17 0,801 2,7
OrpaHn4uTeIILHOE 2,09+0,15 2,060,202 0,107 2.4

JI71st o1IeHKH XapaKkTepa pacipeeeHns >KHPOBOI TKaH! B OpraHu3Me o0ciie-
JIOBaHHBIX MCIIOIB30BANICH aHTPOIIOMETPHUYECKHe 1okazaresnu (taoi. 3). Cpen-
HHUE 3Ha4YEHMs MHAEKCAa MACChI Tella B 00eHX Tpymiax HaXOAWINCh B Mpenenax
HOPMAJIbHBIX BeTM4HH. [Ipr 3TOM y 2 4eTIOBeK B IepBOM IpyTITe U Y 6 BO BTOPOH
WIMT 6Gbun Beime 25,0 KI/M2. 9TO COOTBETCTBYET M30BITOYHOM Macce Tea.

Tabnuya 3.
AHTponoMeTpuYecKue Moka3areu odcjae10BaHHbIX (M£m)
ITokazarenu [lepBas rpynmna Bropas rpynmna p
Macca tena, Kr 65,82+2.75 68,47+2.26 0,460
Poct, M 1,72+0,23 1,73£0,16 0,775
OB, cm 93,07+1,51 97,63+1,25 0,024
CJl, cm 17,03+0,63 19,4340,83 0,025
OT, cm 72,23+1,63 76,17+2,26 0,164
OOXT, n 9,58+1,57 11,70+1,46 0,329
HMT, kr/m? 21,97+0,47 22,82+0,53 0,235
OBXT, n 0,95+0,46 2,71+0,61 0,025
OITXKT, n 8,63+1,24 8,99+1,15 0,833
MOOXT, kr 8,85+1,45 10,80+1,35 0,329
MBXT, xr 56,97+1,36 57,67+1,00 0,680
OT/Ob 0,78+0,019 0,78+0,02 0,971
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JocroBepubie omnuns (t-kpurepuii CThIOZICHTA) MEXKAY TPYIIIAMH ObUIH
TIOJTy4EeHBI 110 TAKUM ITOKa3aTeIsIM Kak 00beM Oefiep, CarnTTalbHbIN AnaMeTp
1 00BbeM BHCIIEPATILHOM )KUPOBOI TKaHM, 3HAYECHHUS] KOTOPBIX OBUTH BEIIIE Y HE
3aHUMaBIINXCS (PU3NUECKUMHU yIpakHeHUsIMH (Taou. 4). [Ipu aToM Ha BHCIe-
PaTbHYIO KUPOBYIO TKaHb B IEPBOM IPyIIIEe MPHUIILIOCh 9,92% ot o6111ero 00b-
eMa )KUPOBOH TKaHU B OpraHu3Me, BO BTOpoi — 23,16%.

Tabnuya 4.
OTiuyus MexIy IPyNIaMH 110 AHTPONOMEeTPHYeCKHM MOKa3aTeJsiM
CpenHue 3HaUEHUS t-KpuTepuii
IToxa3zarenn P

Ieppas rpynna | Bropas rpynna | CTbronenta

OxkpyxHOCTB Oenep 93,07 97,63 -2,327 0,024

CaruTTaabHbIi AUaMeTp 17,03 19,43 -2,311 0,025

OBXT 0,95 2,71 -2,312 0,025

CarutranbpHbIN TuamMeTp (BBICOTA KUBOTA B MOJIOKCHUM MAIMEHTA JIexkKa
Ha crimHe) U k03 Purmert OT/OB sBAsArOTCS ZONOTHATENIFHBIMH TS OTICHKA
pacnpenenenus xupoBoil Tkanu B Tene. ITokazano, uto OT u caruTTanabHbIHN
JUaMeTp OTPaKaloT CTENEHb BUCLEPATbHOTO OXKHUPEHMS, B TO BPEeMs Kak KO-
s¢pumment OT/Ob (oTHOMICHNE OKPYKHOCTH TAJTHU U OeJIep) — CTENICHb pa3-
BUTHS ITOAKOXKHOMN ’KUPOBOIL KiteTyaTky. 3HaueHne koadpunuenra OT/Ob>1,0
y My>urH U >0,85 y *KEHIIMH yKa3bIBaeT Ha Npeodiaganie abaoMUHAIBLHOTO
xwupa B opranuszme [9]. Otnomerre OT/OB y 3 yenosek (10,0%) B rpyrie He
3aHUMABIINXCS (PU3NUECKUMHI YIPAKHEHUSIMH OKa3aJI0Ch BBIIIIE HOPMBI.

Bce monmy4yeHHBIC KOJTMUYECTBEHHBIE PE3Yy/IbTaThl (BHIPAXKEHHOCTD TacTpO-
SHTEPOJIOTMYECKUX CHHIPOMOB, TUIIB HAPYIICHUH MUIIEBOTO MOBECHUS, aH-
TPOIIOMETPHUYECKHUE TIOKA3aTeIN 00CIEOBAHHBIX ) OBLIH ITOBEPTHY THI aHANU3Y
METOJIOM paHroBoil koppemsinuu CrupMeHna. B rpynme perynspHo 3aHMMaro-
mUXcsl GU3MUECKUMH YITPAKHEHUSIMH BBISBICHBI CJIC/IYIONNE B3aUMOCBSI3N
BBIPaKEHHOCTH CHH/IPOMA 3all0POB: OTPULIATENIbHASL KOPPEIIALMS C CATUTTAIIb-
HBIM muametpoM (r=-0,352, p=0,05), oTpumarenpHas KOppersus ¢ 00beMoM
BHCIIEpATIBHON skupoBoil Tkanu (r=-0,352, p=0,05). Mx Hann4mue cBuaeTeh-
CTBYET O HapacTaHUM CHHAPOMA 3all0POB B IIEPBON IPYIINE MPH YMEHBIICHUN
CaruTTAJIBHOTO JMaMeTpa U 00beMa BUCIIEPATBHON )KUPOBOH TkaHN. O4eBUa-
HO, HEKOTOPOE KOJIMUYECTBO BUCIIEPAIBHOTO XHpa TpeOyeTcs Ul moiaepKa-
HUsI HOPMAJIbHBIX aHATOMO-TOIOIPapUIECKUX COOTHOILICHNH MEXy OpraHamMu
OPIOIIHOI MMOJOCTH M OCYIIECTBICHUS (PU3HOIOTHUECKON EPUCTAIBTUKHI KH-
IIEYHUKA C TACCAKEM KHIIIEYHOTO COIACPIKUMOTO.
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B rpynrie He 3aHMMarOIMXCs PU3NUECKUMH YIIPAKHEHUSIMHU TakxKe 0OHapy-
KEH psi] B3auMOCBsi3eil. Tak, BBISIBICHBI ITPSIMbIE KOPPETISLIMN CarUTTaIbHOTO AU~
amertpa ¢ pedurrokc-cuaIpoMoM (=-0,461, p=0,01) 1 SKCTepHATFHBIM MUIIEBBIM
noseaenueM (r=-0,307, p=0,049). Ananorudnsle KOppessiiii BIPa)KEHHOCTU
pedurokc-cuHIpOMa M SKCTEPHAILHOTO THIIA MMUILEBOTO TTOBEACHHS BBISBICHBI
¢ 00BEMOM BHCIEPATBHOI )KUPOBOM TKAHH, UTO MOATBEPKIAET COMPSIKEHHOCTh
JITAHHOTO TIOKa3aTelsl C CaruTTAIbHBIM JuamMeTpoM. B orcyTcTBre (usndaeckux
yIpaKHEHUH JMIA ¢ KCTEPHATIBHBIM TUIIOM IUILEBOTO MOBEACHUS (3KelaHHue
€CTh CTUMYJIUPYETCSI HE TOJIOZIOM, & BUJIOM €Ibl, €€ 3aI1aX0M, XapaKTepHa e1a «3a
KOMITQaHHIO») CKJIOHHBI K YBEJIMYEHHIO BUCIIEPAILHBIX JKUPOBBIX JIETIO. YBEIH-
YeHHe 00beMa BUCIIEPAIbHOTO )KMPa 3aKOHOMEPHO MOBBIIIAET BHYTPUOPIOLITHOE
JIaBJICHUE, TIPUBOJIS K Pe(IIFOKCaM B JKEIy0YHO-KHIIIEYHOM TPAKTE, KITIMHUYECKH
MIPOSIBIISIFOLLUMCSI U3KOTOM, OTPBIKKON M TOLIHOTOM.

C 1espio MHTETPaTIbHON OLCHKH B3aUMOJICHCTBYIOIINX ITapaMeTpoB ObII
npoBezieH (aKTOPHBIM aHaJ K3, TO3BOJSIOIIUI PU U3yYSHUH B3aMMOCBS3eH
TIEPEMEHHBIX BBISBIISTH CKPBITBIE», HO OOBEKTHBHO CYIIECTBYIOILINE 3aKOHO-
MEpPHOCTH HUCCIIEAYEMOTO IPOIIecca, a TAKKE M3MEPATH HX. DaKTOPHBIN aHAIN3
10 BCE BEIOOPKE 00CIICTIOBAHHBIX MO3BOJIIIT O0OBEAUHUTE B OUH (hakTop (Tpo-
LEHT 00bsICHEHHOH aucnepcun — 17,9) cieayromne KOMIIOHEHTHI (C uX (ak-
TOPHBIMHE BecaMn): 00tmuii 6asmt mo onpocHuky GSRS (0,642), sMonnoreHHBIN
Tun nuieBoro moseneHus (0,475), SKCTepHATBHBIN THIT THIIEBOTO TOBEICHUS
(0,595), okpyxuocts Oeaep (0,542) u coorHomenne OT/OBb (0,489). launbiii
(baxTOp, pacCIEHNBAEMBIH KaK «PHCK ITaTOJIOTHHU KETyJ0UHO-KHIIETHOTO TPAK-
Ta», MMOKA3bIBAET CBSI3b rACTPOIHTEPOIOTHUECKON CHMIITOMATHKU C HapyIlle-
HHEM ITUIEBOTO MOBEACHUSI («3aeaHue CTPEecca» M e/1a BHE roJiofia) 1 pOCTOM
KOJIMYECTBA KUPOBOH TKAaHHU B OPraHU3ME.

3akinioueHune

KomriekcHoe o0cineioBaHue IBYX IPYIIT CTYACHTOB, KOTOPbIE OBLTH CO-
MTOCTaBUMBI 10 PACTIPOCTPAHEHHOCTH HETUTHEHHUYECKUX NPHUBBIUYEK M OCO-
OEHHOCTSIM MUILIEBOTO MTOBEJCHUS, HO OTIIMYAIKCH 110 YPOBHIO PETYISIPHBIX
(U3MUECKUX HArPY30K, BBISIBUIIO CIIEIYOLIHE Pe3y bTarhl. [10 JaHHbIM aHTpO-
TIOMETPHH TSI PETYISIPHO 3aHUMAIOLIUXCST (PU3UIECKUMH YIIPAKHEHUSIMU Xa-
PaKTepHBI JOCTOBEPHO OoJiee HU3KHE ITOKA3aTe N KOJIMYECTBA KaK MTOAKOKHON
YKMPOBOH TKaHH (00beM Oeziep), TaKk ¥ BUCLIEPAILHOM (CaruTTalbHbIH THaMeTp,
00beM BHUCIEpPATFHON KHPOBOM TKaHM), 4YeM Ui He 3aHuMaromuxcs. Comno-
CTaBJICHUE MTApaMETPOB PaCIPEENICHNs JKUPOBOI TKAHN C BBIPAKCHHOCTBIO
CHMITOMOB (DYHKIIMOHAIBHBIX HAPYIICHUH KEITyI0YHO-KHUIIEYHOTO TPaKTa B



Siberian Journal of Life Sciences and Agriculture, Tom 13, Ne3, 2021 55

rpynie (pu3n4eckrd akKTUBHBIX CTYACHTOB BBISBUIJIO HallMuKe 0OpaTHOI 3aBU-
CHMOCTH MEX/ly CHHIPOMOM 3aII0POB U KOJIMYECTBOM BUCIIEPATBHOTO JKUpa. Y
HE 3aHUMAIOIINXCSI (PUBNUSCKUMHU YIPAKHEHUSIMUA OOHApYKEHA IpsiMast 3aBH-
CHMOCTB MEX/Iy KOJINUECTBOM BUCLEPAIBLHOTO KHPa U PE(IIIOKC-CHHIPOMOM,
a TaK)Ke dKCTePHAIBHBIM THIIOM IHIIEBOTO MoBeaeHUs. DakTOPHbBII aHaIN3
OLICHMBAEMbIX MAPAMETPOB MO3BOIMI OOBEANHUTH B (PAKTOP «PUCK racTpo-
SHTEPOIOTMIYCCKOM MATONOTHI: 001 Oamt mo onpocHuKy GSRS, amonmo-
TeHHBII 1 DKCTEpHAJILHBINA THITBI MHUIIEBOTO MOBEICHUS, OKPYKHOCTD Oenep u
COOTHOIIIEHHE 00bEM TaluH/00BeM Oenep.

C 1menpl0 MHHUMHU3AIMN CHUMIITOMOB (DYHKITHOHAJIBHBIX HAPYIICHHUN JKEITy-
JIOYHO-KHIIEYHOTO TPAKTA BAYKHO MOJIIEPKUBATH ONTHMAILHOE KOJIMYECTBO BHC-
LIepaJIbHOTO JKHMPA, TAK KaK €ro YMEHBIICHHE TPO3UT YCYTyOIeHHEeM CHHAPOMA
3a1I0pOB, & YBEJIMYEHUE — HApACTAHKEM HPOsIBIeHU peduirokc-cuupoma. Pery-
JSIpHBIE (PU3HYECKHE YITPAKHEHHUS TO3BOJISIOT COaTaHCHPOBATh 0COOEHHOCTH TTH-
IIEBOTO MOBECHMS ¥ ONTUMHU3HUPOBATH KOJIMYECTBO )KUPOBO TKAHU B OpraHH3Me.
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N3YUYEHUE MMOKA3ATEJEN KAYECTBA
OBS3ATEJIbHOM JJUCITAHCEPU3AIIUU JIETEN
B ABEPBAVII’KAHE 3A 2014-2019 T'OJbI

3.M. Mycmacpaesa

Lenw. H3yuenue xavecmesa u s¢pghexmusnocmu opeanuszayuu 00513amenrbHoll
oucnancepuzayuu 8 0emckux amoOyiamopHo-nOIUKIUHULECKUX YUPeICOeHUAX
cmpanvl 3a 2014-2019 2e. Ha 0CHOBAHUU YMBEPIHCOEHHBIX NOKA3AMeNell CMaHoap-
moe Kawecmsa.

Mamepuanvt u memoowvt. Pempocnekmuguviti aHaiu3 OUHAMUKU NOKA3ame-
Jetl oucnaucepuzayuu (0xeam npopuaaKmuieckuMy MeOUYUHCKUMU OCMOMPAMU,
cmpyKkmypa 00IbHbIX, COCMOSWUX NOO OUCHAHCEPHBIM HAONIOOEHUeM, N0 HO3010-
2UYeCcKUM opmMam; c60eBpemMeHHOCHb 63Mmus OONbHBIX HA OUCNAHCEPHBIT YUen;
nonHoma npogedeHs 1euedHo-0300POGUMENbHBIX MEPONPUAMULL YOeTbHblll 6eC
OOILHBIX, CHAMBIX € OUCTIAHCEPHOO YUEma 6 A3 C 8bl300posieHueM u m.o.). Hc-
NONbL308AHBL OGHHBLE O OEAMENbHOCIU 0eMCKUX aMOYIamOpHO-NOTUKTUHUYECKUX
yupexcoenutl (no cmpate 3a nepuod 2014-2019 ze. no popmam cmamucmuyeckori
omuemnocmu Nel2, 30).

Pezynvmamul. Tenoenyuu ymenvuienis oxeama npoQuiakmuieckum npuUeUs-
Kamu U CHUdICeHUsl NoKasameiell 6blAGIsAeMocmu 3a001e6aHull, HepasHoMepHoe pac-
npeoenenue oemeli no pYnnam 300p06bs U HoKazameneti NepeuUIHOU UHEATUOHOCIU
Odemetl mo2ym 6vlmb CKPLIMbIM PE3YAbMAMOM OCAAONEHUS GHUMANUS CYICObL
30pasooxpanenus Ha 6onpocyl 0053amelbHOU OUCHAHCepU3ayuU demell, KOmopbule
GIUSION 8 C80I0 OUEPedb HA NOKA3AMENU COCMOSIHUSL 300P08bsL Oemell 6 OYOyUeM.



64 Siberian Journal of Life Sciences and Agriculture, Vol. 13, Ne3, 2021

3akniouenue. Hszyuenue ounamuku nokazameneu Kavecmea o0s13amensHoll
oucnancepuzayuu n0360Aem coenamy 8bl800 0 MOM, YMO HeCMOMPSL HA YIyHuLe-
Hue pabomuvl No Opeanu3aAyULU NPOPUIAKMULECKUX U 1e4eOHO-0300POBUMETbHBIX
Meponpusimuil 8 0eMCcKUX amoOyIamopHO-NOTUKIUHULECKUX YUPENHCOCHUSX 8 CBA3U
¢ npunamuem 6 2014 2. “3axona 06 obsz3amenvroll ouchancepuzayuu oemeu” 6
cmpate, Kauecmeo u 3ppekmusHocmy nposedeHus OUcnancepuzayuu mpeoyem
danvretiue2o yco8epuleHCmMeo8aHusl.

Knioueswie cnoga: oosizamenvrasn oucnancepuzayus oemeli, npoguiakmuye-
CKUe MeOUYUHCKUE OCMOMPbI,; OUCNAHCEPHOE HADII0OeHUe,; 2PYINbL 300P08bs

s yumuposanusn. Mycmagaesa 3.M. H3zyuenue noxazameneii kauecmesa
obsizamenvroll ducnancepuzayuu oemet 6 Azepoatidscane 3a 2014-2019 200vt //
Siberian Journal of Life Sciences and Agriculture. 2021. T. 13, Ne 3. C. 63-73. DOI:
10.12731/2658-6649-2021-13-3-63-73

STUDY OF QUALITY INDICATORS
OF OBLIGATORY MEDICAL EXAMINATION
OF CHILDREN IN AZERBAIJAN FOR 2014-2019

Z.M. Mustafayeva

The aim. Based on indicators of quality standards the study of the quality and
effectiveness of the organization of obligatory clinical examination in children’s
outpatient clinics of the country for 2014-2019.

Materials and methods. Retrospective analysis of the dynamics of indicators
of clinical examination (coverage of preventive medical examinations; structure of
patients under doctor’s supervision, timeliness of taking patients into registration;
completeness of medical and health-improving measures, proportion of recovered
patients removed from registration etc.). We used data on the activities of children s
outpatient clinics for the country for the period 2014-2019 according to statistical
reporting forms No. 12, 30).

Results. The tendencies of a decrease in the coverage of preventive vaccina-
tions and a decrease in the detection rates of diseases, the uneven distribution of
children by health groups and indicators of primary disability of children may be a
hidden result of the weakening of the attention of the health service to the issues of
compulsory clinical examination of children, which, in turn, affect the indicators
of the health status of children in the future.

Conclusion. The study of the dynamics of indicators of the quality of mandato-
ry clinical examination allows us to conclude that despite the improvement in the
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organization of preventive and therapeutic and recreational activities in children’s
outpatient clinics in connection with the adoption in 2014 of the ““Law on mandatory
medical examination of children” in the country, the quality and the effectiveness
of the clinical examination requires further improvement.

Keywords: obligatory medical examination, preventive medical checkups; clin-
ical observation, groups’ of health

For citation. Mustafayeva Z.M. Study of quality indicators of obligatory medi-
cal examination of children in Azerbaijan for 2014-2019. Siberian Journal of Life
Sciences and Agriculture, 2021, vol. 13, no. 3, pp. 63-73. DOI: 10.12731/2658-
6649-2021-13-3-63-73

Beenenne

CoxpaHeHHe ¥ YKPEIUICHHE 3/I0POBBsI JIETEH JISKUT B OCHOBE COIMAIBLHON
rocynapcTBeHHOH monuTukn B Azep6Oaiimkane. C mpuasatuem B 2014 rony 3a-
koHa «O0 00s13aTeNbHOM TUcTIaHCepU3aliy IETEH» B CTpaHe 0c000e BHUMaHHE
YAEISIETCS] BOIIPOCY YCOBEPILIEHCTBOBAHUS MPOQHUIAKTHYECKUX OpPTraHU3aIH-
OHHBIX (hOpM, a UIMEHHO, AUCIIAaHCEPU3AINH, KOTOPAst IPEICTABIACT JUHAMHE-
YECKUI KOHTPOJIb 32 YPOBHEM Pa3BHUTHUS M COCTOSHHUEM 3I0POBBS 3I0POBBIX U
OOJIBHBIX JeTel [3].

B cBsi3u ¢ aTUM, yennmiachk paborta o cucTeMaTu4eckoMy HaOIIOICHUIO 32
3I0POBBEM PA3NUYHBIX TPYIII JIETEH, IT0 COCTABICHUIO HOBOH yUETHO-OTUYET-
HOM JIOKYMEHTAIlMH U OCHAICHUIO JIETCKUX aMOyJIaTOPHO-TIOIUKIMHIYECKIX
YUPEXICHUI HEOOX0ANMBIM 000PYIOBAaHUEM JUTS ITPOBEACHUS TPOpHIaKTHYE-
CKHX MEIUITMHCKAX OCMOTPOB [5].

3a mociegHue TOIBI B CTpaHe OBLTH YTBEPXKICHEI IBE TOCYAapCTBECHHBIC
LIEJIEBBIE TPOrPaMMBbI, KOTOPBIE PEIIAMEHTUPYIOT KOMITJIEKCHBIH MOAXO0/ K Op-
TaHW3aIMM U MPOBEACHUIO 0053aTeNbHOM NHuCHaHCepu3allni, BKIIOYAIOmen
AKTHBHOE BBISABIICHHE MATOJIOTHUECKUX COCTOSHHI 1 3a00JI€BaHUI HA OCHOBE
MIOCTOSTHHOTO IMHAMUYECKOTO HAOJIOICHUSI M TPOBEICHUS JIeueOHO-03/10POBH-
TEJBHBIX U BOCCTAHOBUTEIBHBIX Meponpusatui [7, 8].

Oco6oe BHUMaHNE TPU HCTIONHEHUH TOCYIAPCTBEHHBIX MPOrpaMM OBLIO
VACICHO BOIPOCaM U3ydeHHs KadecTBa U 3(h(HEKTHBHOCTH 00s3aTeIHHOM JTHC-
nancepuzanuu aerei [1, 2, 9]. [ToctanoBnenuem npasurenscTsa B 2014 rony
ObUTH yTBEPIKACHBI CTAHIAPTHI KaUueCTBA 0053aTeIbHOM THUCTTaHCePU3AIIHN JIeT-
CKOTO HACEeJICHHUs, a IMEHHO, OXBAT AETCKOTO HACETCHUS MPOPUIAKTHICCKIM
MEIMIIMHCKUMH OCMOTPaMH; CTPYKTypa OOJIbHBIX, COCTOSIINX IO JMCIaH-
CepHBIM HaOJIIO/ICHHEM, 110 HO30JIOTHUECKUM (hopMam; pacrpeneneHue neTei
10 TPYTIIIaM 3I0POBbS; CBOEBPEMEHHOCTD B3ATHS OONBHBIX Ha TUCITAHCEPHBIN
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YUEeT; MOJIHOTA IPOBE/ICHHUS JICYEOHO-03/10POBUTEIBHBIX MEPOIPHUSTHI;Y/IeITh-
HBII BeC OOJIBHBIX, CHATBIX C TUCIIAHCEPHOTO YUETa B CBSI3U C BBI3IOPOBICHUEM;
0XBaT MPO(MITAKTHIECKUMH ITPUBUBKAMHE; TOKA3aTeJIb HEPBUYHON HHBAIHIHO-
CTH COCTOSIIMX Ha JUCIIAHCEPHOM yueTe 3a 1of [7].

Lenbio HcceToBaHUs CTAIO U3yUYCHUE KauecTBa U 3()(HEKTUBHOCTH Op-
TaHW3alUU 00s3aTeNIbHON ANWCHaHCEepH3aluK B JIETCKUX aMOyIaTOpHO-IIO-
JIUKJIMHUYECKUX YyupexaeHusx cTpasbsl 3a 2014-2019 rr. Ha ocHOBaHUU
YTBEPIXK/ICHHBIX CTAHJAPTOB KAa4eCTBa.

MarepuaJjbl M MeTOAbI

VcTOYHMKOM MCCIIEIOBAHMSI CTAJIM TO/IOBBIE CTATUCTHYECKHE OTUYETHI O JIe-
ATEILHOCTH JIETCKUX aMOyIaTOPHO-TIOJUKIMHUYECKUX YupexaeHui (hopMbl
Nel2, 30) mo crpane 3a mepuox 2014-2019 rr, a Takke OTYETH 00 HCIIOTHE-
HUH TOCY/IapCTBEHHBIX IEJIEBBIX MIPOrpaMM 00 00s13aTenbHON AUCIaHcepu3a-
IIUH JETEH.

Pe3ysbTarsl U UX 00CyxK/AeHUE

3a nccnemyemsiii nepron (2014-2019 rr) oxsar nereit mpoduirakTH4ecKUMu
MEJULMHCKMMH OCMOTPaMH II0 BCEM JETCKHM aMOyIaTOPHBIM YUPEKICHUSAM
CTpaHBI OCTaeTCA CTAOMIBHBIM, KOIeOMsich ¢ 96,8% B 2014 roxy no 95,1% B
2019 roxy. ITpu aTOM 075 AETEH, C BIEPBBIE BBIABICHHBIMHU BO BPEMsI [TPOBE/IE-
HUS TPOPHUIAKTUUECKUX METUIIMHCKUX OCMOTPOB 3a00JIeBaHUSIMH, CHU3MJIACh

¢ 15,5% B 2014 roxy no 10,7%g 2019 roxy.

206216
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94451 97175 94375

113790

98067 96508 90352

2014 2015 2016 2017 2018 2019

e [l€TW, B3ATbIE Ha AMCNAHCEPHDIN yUeT

e [1€TW, CHATBIE C INCNAHCEPHOTO YYeTa NO NPUYMHE 03/10POBNEHUA

Puc. 1. Pacnpenenenue nereil, HaXOAAIIXCsl HA JUCIAHCEPHOM yUeTe U BBITMCAHHBIX
¢ TUCIIaHCEPHOTO y4eTa Mo nprauHe o3aoposnerns (2014-2019 rr).
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Hamu ObI10 Takke M3y4eHO pacrpejelieHne AeTei ¢ pa3IMYHOM MaTosio-
THeH, B3STHIX Ha JUCIAHCEPHBIM y4eT, NPOLIEIIINX HHAUBULYaIbHbIC MPO-
TpaMMbl PeaOMIUTAILNH, ¥ CHATHIX C ydeTa Mo MpUYUHE 0370poBieHus. 1o
nmaHHbIM 32 2014-2019 rox mpoins neteit (B %), CHATHIX C TUCIIAHCEPHOTO y4eTa
110 IPUYUHE 03/I0POBJICHUs, yBemuumiach ¢ 46% B 2014 rony 10 96% B 2019
rony (puc. 1).

Kak BuaHO 13 puc. 1, 3a uccienyeMslii nepuoj NpocCieKUBAIOTCS MOI0XKHU-
TEeJbHBIE TCH/ICHIIMN CHIDKCHMS pa3pbiBa MEXTy KOJHUYECTBOM JAETei, B3SATHIX
TI0/] ANCTIAHCEPHOE HAOJIOICHNE U BBINMCAHHBIX C AUCIAHCEPHOTO ydeTa Mo
TIPUYHHE 03/I0POBJICHHSI, YTO TOBOPUT 00 COBEPIICHCTBOBAHUHU M TOBBIIICHUH
3¢ PEeKTUBHOCTH JIeueOHO-0310POBUTEIBHBIX 1 peaOMIUTAIHOHHBIX MEPOTIPH-
ATUI B IETCKUX aMOyJIaTOPHO-TIONUKINHUYECKUX YUPEKICHUH.

W3ydeHne CTPYKTYphI IMAaTOJOTHH, BRIIBICHHONH BO BpeMs 00s3aTeIbHON
JIMCIIAHCEPU3aINH 32 UCCIIeAyeMBbIe 5 JIET, OKa3aJlo, YTO CTPYKTypa Oose3Heil,
KOTOPBIE MOJUIEKAT AUCTTAaHCEPHOMY HAOJIOICHUIO, 3a ITPOILIEAIINE FOJIbI CyIIle-
CTBEHHO HE M3MEHMIIACh. Tak, CTpyKTypa 3aboneBannii (110 KJlaccaM), BIIEPBBIE
BBIBJIICHHBIX Y JIETEH BO Bpemst 00s13aTenbpHoN nucnancepusanmu B 2019 roxy,
npezicTaBieHa B Tabnuie 1.

Tabnuya 1.
CrpykTypa 3a00/1eBaHuUii, BepBblie BbIsIBJIeHHBIX B 2019 roay
Kaaccnl 3a601eBaHuii K(l.]'ll(l‘leCTBO YaeanHbiii
aereii 3a 2019 rox Bec B %
Wudexnnonnbie u napasuTapHble 00Ie3HI 21900 8,3
HoBoobOpasoBanus 214 0,1

Bose3Hn KpoBH, KPOBETBOPHBIX OPraHOB
U OTJIeNIbHBIE HAPYIICHHUS, BOBJICKAIOLINE 21554 8,2
UMMYHHBIH MEXaHU3M

bone3nu sHA0OKPUHHON CUCTEMBI, pacCTpoiicTBa 7807 30
MTUTaHNS U HapylIeHHs 0OMeHa BEeleCTB i

Eg:;;;{;c;ne paccrpoiicTBa u paccrpoiicTsa 4384 1.7
bone3Hu HepBHOI cuCTEMBI 14373 5,5
Bosesnu rasa u ero npuaaToOuHOro anmnapara 29650 11,3
Bonesnn yxa u cOCIIEBUIHOTO OTPOCTKA 10104 3,8
Bosnesnu cucteMbl KpOBOOOpAICHHS 5713 2,2
Boinesnn opraHoB AbIXaHus 86040 32,7
Bonesnn opranoB nuuieBapeHust 28924 11,0

Bomnesnu KoKM 1 MOIKOKHOM KIETUaTKH 4644 1,8
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Oxkonuanue mabn. 1.

Bonesnu KOCTHO-I\iI‘bIHIe‘{HOI)’I CHCTEMBI 3513 32
U COCANHHUTEIBHON TKaHN

BosnesHn MOYEonI0BOH CUCTEMBI 6262 2,4
bepemeHHOCTB, pozibI M ITOCIEPOAOBOM EPUOLT 6 0,0
OTaenbHBIE COCTOSAHMS, BO3HUKAIOINE 1887 0.7
B [IEpUHATAJILHOM HEPUOJIE

Bpoxnéansie anHoManmuu (TIOPOKH Pa3BUTHS), 2506 1.0
nedopMaIi 1 XpOMOCOMHBIE HApPYIICHUS >
TpaBwmsl, OTpaBJICHHS 1 HEKOTOpbIE JIPyrie 8255 3.1
TIOCTIEICTBUS BO3JCHCTBUSI BHEIIHUX IIPUUUH

Bceero 262736 100

Kaxk npencrasieno B Tabnuue 1, B mTepke «IHMAUPYIOMINX» 3a001eBaHNUI
Ha TIEPBOM MECTE B CTPYKTYpE MATOJOTUU HAXOJATCSI OOJE3HU OPTaHOB Jbl-
xanus (32,7%). Ha Bropom mecte HaxomsTcs riazHeie 6onesnn (11,3%), oco-
OEHHO cpenu JeTel MiIaIIero mKoiIbHOro Bo3pacta (6-13 ser). Ha Tperbem
Mecte — Oone3Hu opraHoB nuieBapenus (11%), nanee nHPEKIMOHHBIE U T1a-
pasutapssle 3a0oneBanus (8,3%). Ha maTom mecre cTosT 60JIE3HU KPOBU H
KPOBETBOPHBIX OopranoB — 8,2%. [Ipu nccnenoBanny BO3pacTHO-TIOIIOBOTO CO-
cTaBa OBUIO BBISIBIICHO, YTO HAHOOJBIIYIO JOJIO CPEIU JUCHaHCEPHBIX 00JIb-
HBIX COCTABJISIOT MaJBIuKH (56,7+£2,1%), a neBouku coctapisioT 43,941,7%.

[Tpyn manrpoBaHNy J1€9e0HO-03T0POBUTENBHBIX M PEaOMIINTAMOHHBIX Me-
PONPHATHI B JIETCKUX aMOyJIaTOPHO-TIOINKINHUYECKUX YUPEKICHUSIX, BAXKHO
3HAaTh paclpe/ieieHne JeTei, COCTOSIINX Ha TUCIIAHCEPHOM YUeTe, IO BO3PacTaM.

Tak, cTpyKTypa ANCIaHCEPHBIX OOIBHBIX MO BO3PACTHBIM TPYIIIAM Xapak-
TEpU3yeTCsl OTHOCUTENIBHOM CTa0MILHOCTBIO 3@ BECh IIEPUOJ UCCIICIOBAHUS U
npezacTaBieHa Ha puc. 2. OCHOBHYIO IPYIINY JIeTed, HaXOISMIIUXCs O JUC-
TIaHCEPHBIM HAOMIOEHUEM COCTABIISIOT AETH MIIA/IIIETO MIKOIBHOTO BO3pacTa
(6-13 met) — 43,1%, Ha momro mereit 1o 6 met nmpuxoxutcs 34,8%, a Ha meTer
CTapIIero MKoNbHOro Bo3pacTa (14-17 ner) — 22,1%.

CTpyKTypy AeTel, HaXOASIIUXCA Ha AMCIIAHCEPHOM ydeTe, IO Bo3pac-
TaM HEOOXOJMMO ITPUHUMATh BO BHUMAaHHE /Ul yCUIICHHS CHCTEMBI JIEIeOHO-
03JI0POBHUTEIIFHBIX MEPOTIPUATHH HE TOJBKO B YCIOBHAX MOJUKINHUKH, HO U B
00pa30BaTENbHBIX YUPEIKICHUSIX.

Kak u3BecTHO, pacnpenencHne AeTeil Ha OJHOPOIHBIC IPYIIIBI IO yPOB-
HIO 3/I0POBBS 110 pe3yJbTaTaM MPO(IIAKTHYECKIX MEAUIIMHCKAX OCMOTPOB
nMeeT 00JIbII0e IPAKTHYECKOe 3HaYEHHE JJIs IPOBEICHNUS [IeJICHAIIPAaBIEHHBIX
NpoUITaKTHYECKHUX U JICYeOHO-03I0POBUTEIBHBIX MEPOIPHUSTHIL, TaK Kak Oe3
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9TOrO HEJb3sl JOOUTHCS CYLIECTBEHHOIO CHIKCHHMS IETCKOH 3a00J1eBaeMOCTH.
Kpome Toro aucrnancepHoe HaOIMIOACHHIE U 03I0POBICHUE TaKHUX JeTel TpedyeT
MIEPHOANYECKOTO KITMHUYECKOTO U THarHOCTUYECKOTO 00CIIeI0BaHUS, TIPOBE/IC-
HHS JIe4eOHO-03J0POBUTEIBHBIX M PEAOHIUTAIOHHBIX MEPOTIPUSITHI U CHSITHE
¢ IUCIAHCEPHOTO y4eTa II0 pe3ysbTaTaM O0340pPOBICHUS.

# 0-5r. = 6-13rr. = 14-1771r.

Puc. 2. CtpykTypa neteit, HaXOAAMNXCS O] JUCIIAHCEPHBIM HAOIIOACHHUEM,
10 BO3PACTHBIM IPYIIIIAM

Pacnipenenenne nereit o rpyriaM 310poBbs 3a nccneyeMslii neprox (2014-
2019 rT.) CYIIECTBEHHO HE U3MEHIIIOCH. TaK, HAMOOIBIIUIA TPOIICHT COCTABIISIOT
neru B I rpymme (79-81%), nanee cnenytot netu Bo II rpynne (14-16%), B 111
rpynne — 3-4%,8 IV rpynme — 1-2% u V rpynmne — 0,4% (puc. 3). Hccnenosa-
HUE pacpe/IeIeHus ISTeH 10 IPyIIaM 310pOBbs C YUETOM BO3pacTa MoKa3aio,
YTO YJeJbHBII Bec aetei 6-13 set B | rpyrimne 310poBbs SIBISETCS HAMOOJIBIITNM
(49%), ynenbHblii Bec nereit 14-17 net Hanboee BbIcOK B [V rpymiie 3m0poBbst —
26%, a BozpactHas rpynmna 0-5 et cocrasmina 32% B [ u 111 rpyrmme 310poBbs.

Kax n3BecTHO, BaKIMHAIWS IETEH SBISIETCs caMbIM A(D(EKTUBHBIM MPOQHIaK-
THUYECKMM MEPOTIPUSITHEM U OJJHIM M3 HanOOJIee yCIEIIHbIX Pa3/eIoB AUCIIaHCep-
HOI paboThI AETCKUX aMOyIaTOPHO-TOMMKIMHIYECKIX YapeskieHud. [upokmit
OXBar JieTeil NPOUIIaKTHIECKUMHU TTPUBUBKAMH M CHIKEHHE KOJIMYECTBA HE00O0-
CHOBAHHBIX OTBOJIOB OT MPUBHUBOK 3a 2014-2019 rT. (Tab. 2), Mo3BONISACT AeiarTh
BBIBOJ] O KaUECTBEHHOH 1 A(p(heKTUBHON OpTraHN3aIINH AUCTIAHCEPH3AINHN JCTEH.
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Puc. 3. Paciipenenenue nereil mo rpymnmnam 310poBbs (B %)

Tabnuya 2.
Oxaar jeteii npoduirakrnyeckumu npuBuBkamu (%)
3a 2014-2019 rr.

2014 (2015|2016 {2017 | 2018 | 2019

Baxknunanus nporus renarura B (HepB) | 99.2 | 99.3 | 98.9 | 99.1 | 97.8 | 98.7
BaknuHauus npoTus Ty0epKyJies3a 97.7197.9 1983974975975
IIpoTuBononnoMueuTHAs. NPHBHBKA 97.7197.9 983|974 |97.5|97.5
Bakuunauust nporus nudrepumn,
KOKJIIOLI, CTOJIOHSIKA, renartuta B 96.2 1 97.2197.7]96.8|96.5|96.3
u remopuiabHoi nHpexuuu B Tuna
BakuuHanus npoTHB KOPH, KPACHYXH
W NapOTUTA

98.2198.2|97.5|97.4]96.0 | 97.5

[Noka3zareny HHBAIMIHOCTH JIETCKOTO HACEIICHHS CUUTAIOTCS TAKIKE OJHUMH
13 BaYKHBIX TPU U3YICHUH OpPTaHU3aluN 00S3aTeIbHON AETCKON AUCTaHCEPH-
3anuu. B Xozme wccnenoBanus HaMu ObLTa MPOaHATU3UPOBAHA JICTCKAsl WHBA-
JIUAHOCTSH 10 cTpane 3a 2014-2019 rr. beisio BBISBIEHO, YTO 32 MOCIETHUE TO/IbI
HaOIIoMaeTCs TSHICHINS K HEpaBHOMEPHOMY POCTY M CHIDKEHHIO YHCIIa eTer
C OTpaHMYCHHBIMH BO3MOXHOCTSIMH 3710POBbs (puc. 4). [lepBrdanas nHBaINA-
HOCTb B cTpaHe yBenuuunack ¢ 2014 ropa ¢ 19,7 na 10000 mereit o 35, 0 Ha
10000 mereii B 2019 roay. IIpu stom mons neteit 0-13 rr u 14-17 rr. B 2014 1.
n 2019 1. ocraercs HensmeHHO 86% 1 14 % COOTBETCTBEHHO.
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Puc. 4. KonnvecTBo gereit ¢ orpaHUYeHHBIMU BO3MOXKHOCTsIMU 32 2014-2019 T

BriBoabI

AHanu3 mokaszareneil kauectBa aucnancepuzanuu 3a 2014-2019 rr. no-
3BOJISICT B LIE€JIOM ITOJIOXKHTEIBHO OIICHUBATh KaueCTBO U 3((EKTUBHOCTH TUC-
MMaHCEPHOH pabOTHI C METHMHU B JCTCKUX aMOyIaTOPHO-TTONUKINHUICCKUX
yapexaeHusx AzepoOaiipkana. OMHAKO, TSHICHIIMA YMCHBIICHUS 0XBaTa TIPO-
(UITaKTHYECKUMU MIPUBUBKAMU M CHUYKCHUS ITOKa3aresiel BBIIBIIEMOCTH 3a-
OomeBaHMil, HEPaBHOMEPHOE paclpeielieHne IeTei Mo TPYIaM 30pOBhs U
moKa3aTesel IepBUYHON MHBAUIHOCTH AETEH MOTYT OBITh CKPBITHIM Pe3yiIbTa-
TOM OcJa0JICHHsI BHUMAHUS CITY>KOBI 37IpaBOOXPAHCHHSI Ha BOIIPOCKI 00513aTCIIb-
HOM JMCTIaHCepr3alliy JeTel, KOTOPBIE BIUSIOT B CBOIO OYepPe/Ib Ha MOKa3aTeNn
COCTOSTHHIA 3I0POBBS feTeil B Oymymem [4, 10]. M3yueHne cTaHIapToOB KadyecTBa
OpraHU3aINK 00S3aTCIIFHON TUCITAHCEPU3AUN HEOOXOIMMO ISl TUTAHUPOBA-
HUsI JICYCOHO-03I0POBUTEIILHBIX U CAHUTAPHO-3ITHICMHUOIOTMICCKUX MEPOIIPH-
SITAN B IETCKUX aMOyIaTOPHO-NOTHKINHIYECKUX YIPEKACHUIX [6].

HNudopmanns o koH}IMKTEe HHTEPECOB. ABTOD 3asBIsIeT 00 OTCYTCTBUU
KOH(IIMKTa HHTEPECOB.

HNudopmanust o cnoHcoperse. ccieqoBanue HE UMENIO CIOHCOPCKOM
MOJIAEPIKKU.
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NHCEKTHIIUIHAA AKTUBHOCTbD
AJIKWJINTPOU3BOJAHBIX 5-(II-AMUHO®EHMNJI)-
1,3,4-OKCAJIUA30J1-2-TUOHA

C.M. Typaesa, /I.C. Hcmaunoesa,
C.X. Mypamoesa, C.b. Annoxynosa

Lenv. HUzyuenue uncekmuyuoHou akmueHocmu npou3eoousix 1,3,4-oxcadua-
307106 8 OMHOULEHUU COKOCOCYWUX epedumeneli cadoguix Kynemyp (Aphis pomi) u
dexopamusuvlx pacmenuti (Macrosiphum rosae).

Memoovt u mamepuanvt ucciedosanus. Mamepuanamu Onist UCCIEO08AHULL
NOCAYHCUNU AKUANPOU3BOOHBLE S-(n-Amunoghenun)-1,3,4-okcaduason-2-muona,
Gopmynvbl KOMoOpwIX npuedeHsvl 8 meKcme cmamyl, 83pocivle 0cooU A0I0HeBOl
mau (Aphis pomi) u pozosoti mau (Macrosiphum rosae). Memoouwl ucciedosarus:
NepeUYHbIL CKPUHUHS UHCEKMUYUOHOU AKMUBHOCMU U3YYAIU MEMOOOM UHKYOayuu
6 uawxax Ilempu e3pocnvix ocobeil nacekomvix-epeoumeneti. Hacexomuix noogep-
eanu deticmeuto eeujecme 6 meyerue 24 uacos.

Pesynomamut. Coxococyuuil pedumenv — sk HAHOCUM 3HAYUMETbHbLL 8PeO
Ppacmenuam, pacnpocmpanss pasnuinble upyCcel, NOPANCaowue celbCKoxXo3sll-
cmeenHble Kyibmypul. Jisi 60pbObl ¢ COKOCOCYWUMU BPEOUMENAMU HEOOX0OUMbL
Cpeocmea XuMuyecKkoll 3auumyl pacmeHuti ¢ Maaioll MOKCUUHOCIBIO Oisl OKPYICA-
1owetl cpeosl. I1o pe3ynvmamam cKpuHUHea OOKA3ano, 4mo 6uoioeudeckas sghgex-
MUBHOCMb Beujecme 2-eekcuimuo-5-(n-Amunogpernun)-1,3,4-oxcaouasona (1), 2-ox-
munmuo-5-(n-Amunoghenun)-1,3,4-oxcaouazona (3) u 2-nonurmuo-5-(n-Amunoghe-
nun)-1,3,4-oxkcaouason (4) cocmasnsina 98.0%, 97.0% u 99.5% 6 omnowenuu ocoou
M. rosae. I1o0 so30eticmsuem 2-eexcunmuo-3-(n-Amurnopenun)-1,3,4-oxcaduaso-
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aa (1), 2-okmunmuo-5-(n-Amunoghenun)-1,3,4-okcaouasona (3) u 2-nonunmuo-5-
(n-Amunogenun)-1,3,4-oxcaduasona (4) 6 doze 5.0 me/mn cmepmuocms ocobet
A. pomi 0ocmuena 99.0%, 83.0% u 90.0%, coomeéemcmeenHo.

Bnepevie usyuena nemanvras konyenmpayusi (LC50) 2-eexcunmuo-5-(n-Amuno-
enun)-1,3,4-oxcaouasona (1), 2-eenmunmuo-5-(n-Amunoghenun)-1,3,4-oxcaouasona
(2), 2-oxkmunmuo-5-(n-Amurnopenun)-1,3,4-oxcaouasona (3), 2-noHunmuo-5-(n-Amu-
Hopenun)-1,3,4-okcaouaszona (4) npu KOHMaKMHoOM OetcmeuU ¢ HACEKOMBIM.

3aknrouenue. Takum 06pasom, NOUCK U CO30aHUE UHCEKMUYUOOE HUZKOU MOK-
cuunocmu 07 OKpydcaowell cpedvl, Npeoomepawaioue 603HUKHOGEHUE pe3U-
CMEHMHOCMU HA OCHOBE ANKUINPOU3B00HLIX S-(n-Amunoghenun)-1,3,4-oxcaoua-
3071-2-MUOHA 8 3auume pacmenuil AGIAEMcst AKMYaTbHLIM HANPAGLEHUSM.

Hccneoosanue nokasano, umo 2-zekcuimuo-3-(n-Amunogenun)-1,3,4-oxca-
ouason (1), 2-okmurmuo-5-(n-Amunogenun)-1,3,4-oxcaouaszon (3) u 2-Honurmu-
0-5-(n-Amunogenun)-1,3,4 oxcaouaszon (4) 6 konyenmpayuu 0.5 me/mn cuibHo
moxcuunsl 015 ocodeti M. rosae u A. pomi.

Paboma no ucnonvzosanuio arkuinpousgoonvix 5-(n-Amurnogenun)-1,3,4-ok-
€aouason-2-muoHog 6 Kauecmase cenbCKOXO3AUCBEHHbIX CPEOCNE 3auumsl 6y0ym
NnPOOOIIHCEHDI.

Kniouesvie cnosa: uncexmuyuo,; akmugHocms, aikuinpou3goouvle; 5-(n-Amu-
Hogenun)-1,3,4-okcaouazon-2-muoH,; cKpunuHe, buonocuyeckas 3phexmuernocmn,
Aphis pomi; Macrosiphum rosae

Jna yumuposanusa. Typaesa C.M., Hcmaunosa /].C., Annakynosa C.B., My-
pamosa C.X. Hncexmuyuonas akmusHOCmy AIKUINPOU3B0OHBIX S-(n-Amunoge-
nun)-1,3,4-okcaouason-2-muona // Siberian Journal of Life Sciences and Agriculture.
2021. T 13, Ne 3. C. 74-88. DOI: 10.12731/2658-6649-2021-13-3-74-88

INSECTICIDAL ACTIVITY OF ALKYL DERIVATIVES
5-(P-AMINOPHENYL)-1,3,4-OXADIAZOL-2-THIONE

S.M. Turaeva, D.S. Ismailova,
S.Kh. Muratova, S.B. Allokulava

Purpose: Study of the insecticidal activity of 1,3,4-oxadiazole derivatives
against sap-sucking pests of garden crops (Aphis pomi) and ornamental plants
(Macrosiphum rosae).

Methods and materials of the research: The material for the research was the
alkyl derivatives of 5-(p-Aminophenyl)-1,3,4-oxadiazole-2-thione given in the text
of the article. Adults of apple aphid (Aphis pomi) and rose aphid (Macrosiphum
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rosae). Research methods: primary screening for insecticidal activity was studied
by incubating adult insect pests in Petri dishes. The insects were exposed to the
substances for 24 hours.

Results: Sap-sucking pests — aphids cause significant harm to plants by spread-
ing various viruses that greatly harm agricultural crops. To combat sap-sucking
pests, chemical plant protection products with low toxicity to the environment are
needed. According to the results of screening, it was proved that the biological
effectiveness of substances 2-hexylthio-5-(p-Aminophenyl)-1,3,4-oxadiazole (1),
2-octylthio-5-(p-Aminophenyl)-1,3,4-oxadiazole (3) and 2-nonylthio-5-(p-Amin-
ophenyl)-1,3,4-oxadiazole (4) was 98.0%, 97.0% and 99.5% in relation to M. ro-
sae. Under the influence of 2-hexylthio-5-(p-Aminophenyl)-1,3,4-oxadiazole (1),
2-octylthio-5-(p-Aminophenyl)-1,3,4-oxadiazole (3) and 2-nonylthio-5-(p-Amino-
phenyl)-1,3,4-oxadiazole (4) at a dose of 5.0 mg/ml, the mortality of an individual
A. pomi reached 99.0%, 83.0% and 90.0%, respectively.

The first studied lethal concentration (LC50) 2-hexylthio-5-(p-Amino-
phenyl)-1,3,4-oxadiazole (1), 2-heplthio-5-(p-Aminophenyl)-1,3,4-oxadiazole (2),
2-octylthio-5-(p-Aminophenyl)-1,3,4-oxadiazole (3), 2-nonylthio-5-(p-Amino-
phenyl)-1,3,4-oxadiazole (4) with contact action.

Conclusion: Thus, the creation of low toxicity insecticides that prevent the
emergence of resistance based on alkyl derivatives of 5-(p-Aminophenyl)-1,3,4-oxa-
diazole-2-thione in plant protection may become topical directions.

The study showed that the substances 2-hexylthio-5-(p-Aminophenyl)-1,3,4-oxa-
diazole (1), 2-octylthio-5-(p-Aminophenyl)-1,3,4-oxadiazole (3) and 2-non-
ylthio-5-(p-Aminophenyl)-1,3,4 oxadiazole (4) at 0.5 mg/ml concentrations are
highly toxic for M. rosae and A. pomi.

Research can be continued on the use of alkyl derivatives of 5-(p-Amino-
phenyl)-1,3,4-oxadiazole-2-thiones as agricultural remedies.

Keywords: insecticide, activity, alkyl derivatives, 5-(p-Aminophenyl)-1,3,4-oxa-
diazole-2-thione; screening, biological effectiveness,; Aphis pomi; Macrosiphum rosae

For citation: Turaeva S.M., Ismailova D.S., Allakulova S.B., Muratova S.Kh. In-
secticidal activity of alkyl derivatives of 5-(p-Aminophenyl)-1,3,4-oxadiazole-2-thi-
one. Siberian Journal of Life Sciences and Agriculture, 2021, vol. 13, no. 3, pp. 74-
88. DOI: 10.12731/2658-6649-2021-13-3-74-88

BBenenue

B pemienune 3amay moBsiieHUs 3Q(HEKTUBHOCTH U YCTOHYHUBOCTH 3eMIICIC-
JIUS1, YBEJIMYCHHUS IPOM3BOCTBA POIYKTOB PACTCHHUCBOACTBA B Y30EKHUCTaHE
HEMAaJIOBYKHOE 3HAYCHHUE MMEET IPABIIIbHAS OPTaHU3aNNs U TT0CIeI0BaTEb-
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Has CUCTEMHAsl peajus3alus MEepolpusTuil 1o 3amure pacreHuid. Ha ocHoBe
XMMHUYECKUX CHHTETHUECKHX BEIIECTB, CIIOCOOCTBYIOIINX OIPAHUUEHHIO Pac-
TIPOCTPAaHEHUsI BPEAHBIX HACEKOMBIX M3BECTHBI MHOTHE CTTOCOOBI 3AIIIUTHI CEITh-
CKOXO3SIICTBEHHOH MPOAYKIMH.

Bonpmioil Bpen HAHOCAT paCTEHUSIM COKOCOCYILME HACEKOMBIE pacTEHUMH
monoTpsna Sternorrhyncha (n3 otpsna Hemiptera), KOTOpble BKIIOUAIOT TICH,
IIUTOBOK, JINCTOOJIOMICK, OCIOKPBUIOK U uyepBeroB [1].

Omnucano oxoyio 5000 BuaoB TiIel, n3 HuxX 0koJio 300 BHIOB CIIOCOOHEI I1e-
PEHOCHUTH PA3IIMYHbIE BUPYCHI, KOTOPBIE CHIIBHO BPEIST CEIbCKOXO3AHCTBEH-
HBIM KynbTypaMm. Hamnbonee pacnpocTpaHeHHBIMH BUAAMU SIBISIOTCS Aphis
gossypii, Aphis fabae, Aphis pomi, Myzus persicae, Macrosiphum euphorbiae,
Macrosiphum rosae [2]. IlyTeM BbIcacbIBaHHS COKa, OHHU JCHCTBYIOT KakK Iepe-
HOCYHKH PAaCTUTENIBHBIX BUPYCOB U YPOJYIOT JICKOPATHBHBIC PACTEHHS OTIIOKE-
HUSIMHU MEJIOBOI POCBHI U MOCJIEAYIOIIUM POCTOM 3aKOMUYEHHBIX MieceHell. OHu
CIIOCOOHBI OBICTPO YBEIMYHMBATHCS B YUCICHHOCTH ITyTEM OECII0JIOro pa3MHO-
KEHHS 1 TETIECKOITMYECKOTO Pa3BUTHSA, U SIBISTFOTCS BEChMa yCIEIITHON IPYIITON
OPraHU3MOB C 3KOJIOTHUYECKOM TOUKH 3peHus [3].

OCHOBHBIM METOJIOM OOpBOBI C BPEIUTEISIMU SIBIISIETCSl HCIIOJIB30BaHNE
MHCEKTHIUOB, XUMHUYECKHX JEHCTBYIOIINX BEIIECTB, HA OCHOBE KOTOPBIX
MOTYT ITPOM3BOANTHCS OOJIee COTHH HHCEKTHIIUAHBIX cpeacTB. Hexotopsie n3
HUX Oe3HaAENKHO yCTApEeBAIOT U MEPECTAIOT UCIIOIB30BaThCsl BOBCE, APYTHE
YCOBEPILICHCTBYIOTCS, GOpMUpYs OO0 HOBBIE MOKOJEHHS yXKE CYLIECTBY-
FOIMX XUMUYECKHX BemecTB [4]. MHCEKTUITUABI He BCeT/Ia Taf0T HaJIC)KHbIE
PE3yNbTaThl, YYUTHIBAs yCTOWYMBOCTH TIIH K HECKOJIIBKUM KJIacCaM MHCEKTH-
uuzoB [5].

OpraHndecKkre COEAMHEHHs KIacca OKCaJna3ojioB SIBISIOTCS Majlo W3-
yueHHbIMH. K 3TOH rpynne coennHeHuid otHocsiTesa S-apuii-1,3,4-okcanua-
30J1-2-THOHBI C TAKMM HEMaJO BaYKHBIM JJOCTOMHCTBOM, KaK JIOCTYIHOCTb UX
NPEIIECTBEHHUKOB - PA3JIMYHBIX MPOU3BOHBIX OCH30MHBIX KUCIIOT. boJbioe
KOJIMIECTBO PabOT MOCBSIICHO MPOBEICHHUIO PEAKIINIT ATKIIINPOBAHUS C aJIKH-
JIUPYIOIUMH areHTaMH Pas3JIngHOM MPUPOABI ¢ 5-3aMelleHHbIME-1,3,4-0Kkca-
JNa3071-2-THOHAMHU U U3YyUYCHHMIO BEChbMa IIHPOKOTO CHEKTpa OHOIOTHYeCKON
AKTHBHOCTH CHHTE3UPOBAHHBIX COSTUHEHNH [6].

V3BeCTHO JINIIIb HECKOJIBKO TPUMEPOB M3yUCHHBIX KJIACCOB OPraHUYECKUX
COCIMHEHUI C MOTEHIMAIbHONH OMOJIOTHYECKONW aKTUBHOCTBIO: S-THIIPOK-
cu-4,5-auruapo-1,2,4-okcaanazosbl U 3aMelIeHHbIe TPUPTOPITAHOM TPOU3-
BozHble 1,2,4-0kcanua3onos. M3yyeHa HHCEKTOAKapULIMIHAS AaKTUBHOCTb ATHX
COe/IMHEHUH B oTHOIIEHNH Kiema (Ixodes hexagonus) v cpaBHeHa ux adek-
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TUBHOCTb C U3BECTHBIMU aHasoramu [ 7]. Hexotopsie u3 npon3BoaHsIx 1,3,4-0k-
Ca/INa30JI0B MTOKA3aJIH BEICOKYTO JIAPBUIIUIHYTO M HHCEKTHIIUIHYIO AKTHBHOCTh
pOTHB KarrycTHO# Mo (Plutella xylostella) [§]. IMeroT nHTEpEC pa3TUIHbIC
MATUYICHHBIE TETEPOIMKINYECKUE CUCTEMBI MUPPOIIA, OKCaua30a, THa ua-
30J1a, TpUA30Ja U UX MPOU3BOJIHBIC, TOCKOIBKY OHH COCHIEpKAaT CTPYKTYpHBIE
0COOEHHOCTH MHOTUX OMOJIOTUYECKH aKTUBHBIX COCTUHECHUH.

B nuTeparype nmerorcst cooOIIeHH s, TIe PeakMsIMH 3aMELIEHHBIX OKCa-
JUA30JITHOHOB C Pa3IMYHBIMU TaJIOMJAlleTaMHUIaMU CHHTE3HPOBAHbBI TaKXkKe
S-mpoxyKTHI, 00Mamaromre pa3TMYHON OHOJOTHYECKON aKTHUBHOCTHIO: aHTH-
MUKpoOHOI1 [9, 10, 11, 12, 13], mpotuBopakosoii [14, 15, 16], mporuBoBOCHa-
JIUTEITLHOMN, aHTHOKCUIAHTHOH [17] u GpyHrumunHoii [18].

ITonck HOBBIX BUIOB MHCEKTULIUJIOB C BBICOKOM aKTMBHOCTbIO, HU3KOW TOK-
CHYHOCTEIO, IPEAOTBPAIIAOIINX BOSHUKHOBCHHE PE3UCTCHTHOCTH ¥ HU3KUM CO-
JIepYKaHHEM OCTaTKOB CTAJIO aKTyaIbHOM 3a/1a4eii ISl HayYHBIX NCCIIE/IOBATEICH.

B cBsi3u ¢ 9TUM, HAMU M3yYeHa HHCEKTHIIM/IHASL aKTHBHOCTh aJIKUIIIIPOU3-
BOIHBIX 1,3,4-0KCcaana3oioB.

Henpro Hamrelr pabOTHI ABISACTCS H3YYCHIE HHCCKTHIIMTHOW aKTUBHOCTH
npou3BoaHbIX 1,3,4-0Kcaaua3oinoB B OTHOIIEHUH COKOCOCYIIMX BPEAUTENeH
CaJZIOBBIX KYNBTYp (Aphis pomi) M nekopaTUBHBIX pacTeHuil (Macrosiphum
rosae).

MarepuaJibl 1 METOABI HCCJIEIOBAHUS

[pu B3aumopeticTBum 5-(m-AmuHOpeHNN)- 1,3,4-0Kcannazon-2 (3H)-tuo-
Ha C raJIONJaJIKMIIaMH TOMOJIOTHYECKOTO PsiZia MOJIy4YeHbI HCKITIOUUTENILHO S-ajl-
KUJIPOU3BOHBIC. BN U3yUeHBI CTPYKTYPBI, (PH3UKO-XUMHYECKHUE JaHHbIE, &
Taroke (QYHTHIHTHAS aKTHBHOCTD CHHTE3UPOBAHHBIX 2-aJIKUITHO-5-(TI-AMIHO(De-
HUN)-1,3,4-0kcamnazonos [ 19]. Paboune pacTBopbl 2-rekcrinTro-5-(n-AmMuHohe-
nwin)-1,3,4-okcanunazona (1), 2-rentuntro-5-(n-Amunodennn)-1,3,4-okcauasona
(2), 2-oxtunTHo-5-(I-AMuHOGeHmN)- 1,3,4-0Kcanuazona (3) u 2-HOHHATHO-5(T1-a-
muHO(eHmn)-1,3,4-okcammazona (4) OB IPUTOTOBIICHBI B PAa3HBIX KOHIICHTpA-
musx: 5.0 mr/mor; 1.0 mr/vor; 0.5 mr/mor; 0.1 mMr/mit.

Slononesas st (Aphis pomi) Obu1a B3siTa YIS OIBITA C CAJ0BOAYECKOTO
ydacTka epmepckoro xo3siicta «Super Gardeny» Kubpaiickoro paitona Tarm-
KeHTCKoH obnactu. Po3osas st (Macrosiphum rosae) oOHapysKeHa B TEIUTUIIE
yuactke Yuxo3 Kubpaiickoro paiiona. Hacekomblie OIICPKUBAHUCH B TCUCHUE
3 nueit mpu Temneparype 26-27°C B )KU3HECIIOCOOHBIX YCIOBHIX B OT/AEIE Op-
TaHUYECKOTO CHHTE3a M 3alIUThl pacTeHNi VIHCTUTYyTa XUMHN PACTUTEIBHBIX
Bemects AH PV3.
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A A
2 O S_C6H13 2 O S_C7H15

2-reKcunTHO-5-(1-AMUHODEHIT )- 2-renTunTHo-5-(M-AMUHO(pEHIT)-
1,3,4-okcamuazon (1) 1,3,4-okcanuazon (2)
N-N N-N
/A /N
O S__C8H17 @) S\C9H19
2-0KTHATHO-5-(TI-AMUHODEHUT)- 2-HOHMUITHO-5-(TI-AMHHO(pEHIIT )-
1,3,4-okcaauazon (3) 1,3,4-okcaauazon (4).

Puc. 1. CtpykTypa anKuIrnpon3BOIHBIX S-(T-AMHHOGEHWUIT )-
1,3,4-oxcagua3on-2-THOHOB

OueHKy MepBUYHON MHCEKTHIMAHON aKTUBHOCTH BEILIECTB MPOTUB NMAro A.
pomiu M. rosae n3ydanu meroroM nHKyOanuu B gamkax [lerpu [20]. ITo 20 Ha-
CEKOMBIX ObLIIM NIOMeleHbI B yatiky [lerpu tuamerpom 9,0 cM. B kaxxmyro yaiky
Ha KpyT QHIBTpoBaIbHOM Oymaru (pazmepom 9,0 cM) ObLIH IIPUITUTHI PACTBOPA aK-
THBHOTO BelecTBa. MOJIO/IbIe HACTOSIIINE JIUCTHS sIOJIOHH M PO3bI OKyHAJIH B pabo-
YyKe PacTBOPBL. 3aTeM JUCThs noMelnany B yamku [lerpu s kopma. Hacexombix
TIO/IBEPraJiiCh JICHCTBUIO BEIIECTB B TeueHue 24 4 npu Temmneparype 26-27°C. B
Ka4ecTBE 3TaJI0HA NCIIONIb30BAJIN 3aPETHCTPUPOBAHHBIC B CIPABOYHHUKE PA3PEIICH-
Hble B PecniyOnmke Y30ekucran nHcekTunusl: Cynepkumuiep-E (neficTByromm
BenecTBoM siBisercs Llunepmerpun) n barupa (ielicTByOIIMM BEILIECTBOM SIB-
nsieTcst umuakiionpun) [21]. B kauecTBe KOHTPOIS BEIOpaHa JUCTHUTAPOBAHHAS
Boza ¢ mobasnerueM 0.001 mr/mn Tween - 80 Ha 10 M1 Bozpl. [ToBTOpHOCTE OITBITA
yeTbIpexkparHas. Yepes 24 yaca MHKyOaly IPOBOIMIIN YUET YPOBHS CMEPTHO-
CTH UMaro HaceKOMbIX-BpeauTeneil. buonornueckyro 3¢ eKTuBHOCTh BEIIECTB
paccunteBay 1o popmyne Ilnetinepa-Opemma [22]. LC, (cpenmss neTanbHas
KOHIIEHTpaIus) 4epes 24 qaca rociie HHKyOAInH, ObIIO CTaTHCTUYECKH MPOaHaId-
3MpOBaHa B COOTBETCTBUH C METOJIOM, oricanHbIM Finney [23]. Maremaruueckyto
00pabOTKy MOTyYECHHBIX JaHHBIX U PACUeT CTaTUCTHYECKHX MTapaMeTPOB IIPOBOIH-
JIM C UCTIONB30BaHMEM MakeTa porpamm Microsoft Excel 2016.

Pe3yabraThl HcclieIoBaHNS U UX 00CY:K/IeHHe

B pesynbrare npoBeicHHOTO TECTUPOBAHHUS OBIIO YCTAHOBIIEHO, YTO 2-TEKCHII-
THO-5-(1I-AMunOennn)- 1,3 ,4-okcanuazon (1), 2-oxrmnrro-5-(n-AMunodernn)-
1,3,4-oxcanuazon (3) u 2-HOHWITHO-5-(1-AMuHOpeHm)-1,3,4-okcauason (4) B
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5,0 MI/MJT KOHIIEHTPAIIUHU CHITbHO TOKCUYHBI 17151 M. rosae 98.0%, 97.0% 1 99.5%
COOTBETCTBEHHO. CMEPTHOCTH A. pomi IPH WHKYOAIHH C 2-TeKCHITHO-5-(T1-A-
MuHOpeHnn)-1,3,4-okcaguazonom (1), 2-oxTrnTHo-5-(1-AmuHopenmn)-1,3,4-
okcanuazonoM (3) u 2-HoHmITHO-5-(TI-AMuHODeHmN)-1,3,4-0Kcaara3onom
(4) B mo3e 5.0 mr/mi mocturaia 99.0%, 83.0% u 90.0%, COOTBETCTBEHHO.
Heckonpko cimabee cMepTHOCTH HAOMIOMANIACH TIPU BO3ICHCTBUY 2-TEMTHIITH-
0-5-(m-Amunoenmn)-1,3,4-okcaanazonom (2) B 1o3e 5.0 MIr/Mi1 B OTHOLICHHA
ocobeit M. rosae n A. pomi (73.0%-52.5%) (puc.1). ['udens M. rosae u A. pomi
MIPU MHKYOAITMH C BEU[ECTBAMH 2-TeKCHITHO-5-(-AMuHOpeHMN)-1,3,4-0K-
camnazon (1), 2-okrunruo-5-(mamunodennn)-1,3,4-oxkcagnazon (3) u 2-Ho-
HUNTHO-5-(TT-AMuHODenwmn)-1,3,4-okcannazon (4) B koHneHrpauusx 1.0 mr/
mit-0.5 mr/mi cocrasisiia ot 65.0% no 92.0%. 2-Tentuntro-5-(n-AmuHode-
Hun)-1,3,4-okcamuason (2) B goze 0.1 Mr/mit mokasana yMepeHHYEO HHCEKTHITHA-
Hy10 akTUBHOCTH (18.5%-25.0%) npoTHB 3THX ABYX BUIOB BpeauTenei. brura
3adukcupoBaHa cMepTHOCTH OT 36.0% 1o 50.0% umaro M. rosae u A. pomi
TP BO3/ICHCTBHUH BEIIECTB 2-TeKCHUITHO-5-(TI-AMuHOpeHmn)-1,3,4-oxcaama-
3oma (1), 2-oxTrntno-5-(n-Amunodennn)-1,3,4-okcanuaszona (3) 1 2-HOHHI-
THO-5-(1-AmuHodenun)-1,3,4-okcannazona (4) B koHuenTpanuu 0.1 mr/mi
(puc.1, puc. 2). B KOHTpOJIEHOM BapuaHTe CMEPTHOCTL M. rosae u A. pomi co-
craBmia 3.5 — 5.0%. DddexTnBHOCTH 3TOTO MMoKa3aresst B Ciydue 3TajaoHoB Cy-
nepkuiuiep-E u barupa nocruria 95.0%-99.0 u 95.0%-97.0%, cooTBeTCTBEHHO
(puc. 1, 2).

100
& 90
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] 70
3 60
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e 0
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nep-E Barnpa  KoHtpons
H (0.1 mr/mn 36 18,5 50 42 55 52 35
u (0.5 Mr/mn 76 40 76 65 80 70
= 1.0Mr/vn 90 0 88 92 0 95
u5.0mr/mn 98 73 97 99,5 99 97

Puc. 2. IHCeKTUIMIHAS aKTUBHOCTD aJIKUIIIIPOU3BOIHBIX
5-(n-AmuHodenun)-1,3,4-okcanuazon-2-THOHOB B oTHOLICHUN Macrosiphum rosae
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Puc. 3. MHcekTnunnaHas aKTUBHOCTD AJIKMJIIIPONU3BOIHBIX
5-(m-AmuHOQenm)- 1,3,4-0Kca1Mas3o-2-THOHOB B OTHOWEHUH Aphis pomi

WHcekTHIMHAS TOKCHYHOCTh QIKWINPOU3BOAHBIX S-(m-AMuHO(DeE-
Hm)-1,3,4-0kcana3on-2-THOHOB TPH KOHTAKTHOM JIEHCTBUE TIOKa3bl-
BaeT 3Hauenus LC, 2-rexcunTtno-5-(m-Amunopenun)-1,3,4-okcaauason
(1) = 0.13 mr/mu, 2-rentunTtuo-5-(n-Amunodennn)-1,3,4-oxcanuazon (2)-
1.1 mr/mi, 2-oktuntHo-5-(n-Amunodennn)-1,3,4-okcaanazon (3) — 0.1 mr/
MJ, 2-HOHWITHO-5-(n-AmuHOMenun)-1,3,4-okcannazon (4) — 0.54 mr/mn
st umaro M. rosae. B oTHomeHuun umaro A. pomi 3Ha4eHUS LC50 COCTaB-
qsuta 2-rekcuituo-5-(n-Amunodenun)-1,3,4-okcaanazon (1) — 0.12 mr/mi,
2-rentunTuo-5-(n-Amunodenwmn)-1,3,4-oxkcaauazon (2) — 1.2 mr/mi, 2-ox-
TIATHO-5-(I-AMuHOBernn)- 1,3 ,4-okcaamasorn (3) — 0.25 mr/Mi, 2-HOHWITH-
0-5-(m-Amunodenmn)-1,3,4-okcaauazon (4) — 0.3 Mr/mi1 COOTBETCTBEHHO.

Tabnuya 1.
C,, (Mr/MJ1) aaKUIATIPOU3BOAHDBIX S-(1-AMuHOdenn)-1,3,4-0xkcanuaso-
2-THOHOB B TeyeHUe 24 yaca nmocjie KOHTAKTHOIO AelCTBUS HA HMAro
Aphis pomi u Macrosiphum rosae

Bapuanr TecT-00BEKTHI Cyp (urrepsar) Orwonerne,
MI/MIT + cTaHAapTHas omroKa

2-reKcunTro-5-(1- Macrosiphum rosae | 0.170 (0.084-0.346) 1.619+0.157
Awmunodenmn)-1,3,4- i i

okcazmasor (1) Aphis pomi 0.116 (0.055-0.248) 1.620+ 0.167

2-rentHnTHO-5-(11- Macrosiphum rosae | 0.753 (0.273-2.078) 0.933+0.225
Amnnodennn)-1,3,4- X X

okcamason (2) Aphis pomi 3.011 (0.421- 21.51) 0.469+ 0.436
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Oxonuanue maon. 1.
2-OKTHJITHO-5-(11- Macrosiphum rosae | 0.103 (0.039- 0.272) 1.121+£0.216
Avmnodennn)-1,3,4-
okcajuason (3)
2-HOHUITHO-5-(TI- Macrosiphum rosae | 0.163 (0.076-0.350) 1.472+0.169
Awmunodenun)-1,3,4-
okcanason (4)

Aphis pomi 0.259 (0.076-0.880) 0.775+ 0.271

Aphis pomi 0.212 (0.077-0.580) 0.980+0.224

3akJiloueHue

2-T'excuntuo-5-(m-Amurodenun)-1,3,4-oxkcagnazon (1), 2-oKTUITH-
0-5-(m-Amunodennn)-1,3,4-oxkcaguazon (3) u 2-HoHUITHO-5-(T1-AMHHODeE-
Huin)-1,3,4-oxcaaunaszon (4) B konnenrpaunu 0.5 Mr/mia okazajuch CHIBHO
TOKCHYHBIMH JJISI COKOCOCYIIINX BPEANTENEH IIIOOBBIX U IEKOPAaTUBHBIX KYITh-
TYyp, @ IMEHHO IPOTUB M. rosae u A. pomi.

Tubens M. rosae v A. pomi ipr MTHKyOaIlluy BEIIIECTBAMU 2-TeKCHUIITHO-S-(T1-A-
MuHOpennn)-1,3,4-oxcaanazomna (1), 2-okrrnTno-5-(m-AmMuHopernn)- 1,3,4-0k-
cagmazona (3) u 2-HOHHITHO-5-(m-AMuHOGeHMN)-1,3,4-0kcanuazona (4) B
koHneHTpamsx 1.0 mr/mi-0.5 mr/ma cocrasisiia ot 65.0% 10 92.0%.

HanMeHbplryro MHCEKTHIUAHYIO akTHBHOCTH (73.0%-52.5%) moxa3zan
2-rentunTHo-5-(m-AMuHopennn)-1,3,4-okcaguaszon (2) B go3e 5.0 mr/mi, B
oTHOIICHUHU 0cobeit M. rosae u A. pomi.

Jleranbuas xomuenrpauus (LC ) 2-rexcuntuo-5S-(n-Amunode-
Hun)-1,3,4-okcaguazona (1), 2-rentuntuo-5-(n-Amuaodennn)-1,3,4-oxk-
caguazona (2), 2-okruntuo-5-(n-Amunodenmn)-1,3,4-okcannaszona (3),
2-HOHUITHO-5-(n-AMuHOpenmn)-1,3,4-okcanunazona (4) Ipu KOHTAKTHOM
nevicteun Ha M. rosae nmeet 3nadenus LC, 0.13 mr/mi, 1.1 mr/ma, 0.1
mr/mi u 0.54 Mr/Mi COOTBETCTBEHHO. B oTHOMmEHWHU A. pomi 3HAUCHUS
LC,, cocrapnsu 0.12 mr/mi, 1.2 mr/mi, 0.25 mr/mn u 0.3Mr/mMi1, cooT-
BETCTBEHHO.

I[IpakTnyeckasi 3HAYUMOCTh

PexoMeH tyeTcst IpOJIOJKEHNE CCIIEI0BAHUM 110 CIIOIBb30BAHUIO AJIKUII-
MPOU3BOAHBIX S-(1-AMuHODEHMT)-1,3,4-0KCaAMA30JI-2-THOHOB B KauyeCTBE
CEJIbCKOXO3SIMCTBEHHBIX CPEICTB 3aIUTHI PACTCHUH.

HNudopmanusa o KOHPJIMKTEe HHTepecoB. ABTOPHI 3asBIAIOT 00 OTCYT-
CTBHH KOH()TUKTA HHTEPECOB.

HNndopmanus o cnoncoperse. VccnenoBanue He UMENO CIIOHCOPCKOM
MOAICPKKH.
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Hcemaniosa /I.C.: [TnannpoBaHme SKCIIEPIMEHTA, CHHTE3 aJTKIIIBHBIX ITPO-
M3BOAHBIX S-(m-amuHOpenmn)-1,3,4-okcaanazon-2-THOHA, HAIMCAHUE U IPO-
BEpKa XMMUYECKHX YacTel PyKOIHCH.

MypartoBa C.X.: CuHTe3 aTKHIBHBIX HPOU3BOAHBIX S-(TM-AMuHOE-
HUN)-1,3,4-0Kcaaua3on-2-THoHa.
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USE OF THE ORGANOMINERAL FEED
ADDITIVES FOR RAISING YOUNG CATTLE
IN THE CONDITIONS OF YAKUTIA

M.F. Grigorev, A.I. Grigoreva, A.A. Sidorov, A.V. Popova

The article presents results of studies of the effectiveness of the organomineral
feed additives from natural raw materials using in the raising young cattle in the
conditions of Yakutia. The research was carried out on cattle, which were divided
into three equal groups. The selection of animals was carried out taking into account
the method of analogs, where such parameters as age, live weight, clinical indica-
tors were taken into account. In accordance with the research program, cattle from
two experimental groups consumed experimental feed additives, while animals from
the control group were solely given the basic ration. The inclusion of organomineral
feed additives into the ration of gobies made it possible to increase the live weight at
the end of rearing by 3.3% and 5.47%. These changes are best expressed in growth
rate over periods. In the experimental groups the growth rate indicators improved
in the 9-12-month-old period by 2.42% and 3.23%, at the 12-15 months of age by
0.57% and 0.85%, and at 15-18 months of age by 16.01% and 24.47%. Thus, the
use of organomineral feed additives from natural raw materials in feeding of young
cattle in Yakutia it possible to improve the efficiency of their rearing.

Keywords: cattle raising; feed additives, efficiency, growth rate; live weight
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NCITIOJIb30OBAHUE OPTAHOMMHEPAJIBHBIX

KOPMOBBIX TOBABOK IIPU BHIPALIIUBAHUUN

MOJIOAHSAKA KPYITHOI'O POTATOI'O CKOTA
B YCJIOBUSAX AKYTHUN

M. ®@. I'puzopves, A.U. I'puzopvesa, A.A. Cuoopos, A.B. Ilonosa

B cmamve npedcmasnensl pe3ynvmanmsl uccie0o8anuil dghgexmugrHocmu uc-
NONb30BAHUS OPLAHOMUHEPATLHBIX KOPMOBBIX 000AB0K U3 NPUPOOHO20 CHIPbSL 6
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BLIPAUUBAHUL MOTOOHSIKA KPYNHO20 PO2AMO20 cKoma 6 yciosusx Axymuu. Hccne-
008aHUs NPOBOOUNU HA BLIPAUUBAEMBIX ObIUKAX, KOMOPbLE PA30eNUNU PAGHble MPU
epynnol. Omoop HCUBOMHBIX NPOBEOEH C YHEMOM MEMOoOd AHAI0208, 20e YUUNbl-
6anu makue napamempul Kax 603pacim, JHCUBask MAccd, KIUHUYeCKue nokazamen.
B coomeemcmeuu ¢ npoepammorni uccie008anuti HCUGOMHuvle U3 08YX ONbIMHbIX
2pynn nompedaanu SKCnepUMeHmatbHvle KOpmMogule 000A6KY, d JICUBOHbIE U3
KOHMPONLHOU SPYNNbl NOYYANU UCKTIOUUMENbHO OCHOBHOU payuon. Brouenue
OP2AHOMUHEPATLHBIX KOPMOBLIX 000ABOK 8 PAYUOH ObIUKOG NO3GONUNL NOBLICUNb NO-
Kazamenu HCUBOL MACCyl 8 KOHYe sbipawyusanus Ha 3.3% u 5.47%. Dmu usmenerus
JyUie 8bIpAdICeHbl 8 CKOPOCIU POCTA NO NEPUOOAM Bbipawyueanus. Tax 8 OnbImuvix
2PYNNAX NOKA3ameny CKOpoCmu pocma Yayuuunucs 6 9-12-mecsiunom 603pacmnom
nepuooe svipawueanus Ha 2.42% u 3.23%, 6 12-15-mecsaunom 6ozpacme na 0.57%
u 0.85%, a 6 15-18-mecaunom eéozpacme na 16.01% u 24.47%. Taxum obpasom,
UCNONL308aHUE OPSAHOMUHEPATILHBIX KOPMOBLIX 000ABOK U3 NPUPOOHOSO CbIPbSL 8
KOpMIIeHUU MONOOHAKA KPYNHO20 PO2amo20 CKOMa 8 yCaosusax AKymuu no36onuno
VIVUUUTG 9P PEKMUSHOCIb UX BLIPAUUBAHUSL.

Knrwouesvie cnosa: ckomogoocmeo, Kkopmosgvie 000a6Ki, NPOOYKMUSHOCD,
CpeoHecymoynblll RPUPOCM, JCUBASL MACCA

Jna yumuposanus. [ pucopves M. @., I pucopvesa A.1., Cudopos A.A., [lonosa
A.B. Hcnonvzosanue opeanoMunepaibHuix KOpMogulx 0006a60K npu 6blpayusanul
MONOOHAKA KPYNHO20 po2amozo ckoma 6 yciosusax Axymuu // Siberian Journal of
Life Sciences and Agriculture. 2021. T. 13, Ne 3. C. 89-102. DOI: 10.12731/265§-
6649-2021-13-3-89-102

Introduction

In order to improve the animal feeding in terms of nutritional, mineral and
vitamin components, their rations include various feed additives that contain
the necessary deficient nutrients. Therefore, the development of new feed ad-
ditives with an appropriate level is of particular relevance for the animal hus-
bandry [1, 2, 3].

When organizing full-fledged feeding of animals and birds, an important
task is to balance their rations. As a solution, various feed additives can be used
to best effective use of the nutritional components of the rations [4, 5, 6, 7].

Zeolites in cattle feeding have shown their effectiveness, but different rec-
ommendations indicate different doses and results. This is explained by the fact
that zeolites from different deposits have different chemical composition and,
accordingly, crystal structure. Therefore, zeolites have different levels of sorp-
tion and ion-exchange properties [8, 9, 10].
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The use of zeolites in various areas of production has proven the effective-
ness and prospects of widespread use in agriculture. As a consequence, this be-
came the basis for further search of other zeolite deposits in different countries
and regions of the Russian Federation. In the Republic of Sakha (Yakutia), the
first zeolite deposit was discovered in 1978 by employees of the Institute of
Geology of the Siberian Branch of the Russian Academy of Sciences.

Since that time, the first studies of the possibility of zeolite from the Khongu-
ruu deposit from the Suntarsky district in the industry of Yakutia. The practical
possibilities of introducing zeolite hongurin in the oil and the gas industry, con-
struction, mineral resource extraction, environmental protection, agro-industri-
al complex and other areas of industry were scientifically substantiated [11].

According to information [12], nitrogen-containing substances in the com-
position of sapropel occupy up to half by weight, carbohydrates can occupy up
to 40 % and bitumen compounds, respectively, can reach up to 10 %. The sap-
ropel composition is represented by compounds of calcium, phosphorus, sodi-
um, potassium, magnesium, silicon, iron, aluminum, zinc, copper, manganese,
cobalt, iodine, molybdenum, nickel, and other substances, as well as vitamins
(D, group B), humic acids, hormone-like substances, antibiotics, and other bi-
ologically active compounds. The use of a preparation based on sapropel helps
to increase the muscle tone animals, while the most effective treatment for en-
dometritis was established with use of the drug in combination with massage
and infrared irradiation.

In connection with the above, there is an increasing need for research on
the possibility of including feed additives from sapropel and zeolite in animal
feeding.

The aim of the research was to study the effect of feed additives from sapro-
pel and zeolite on the indicators of changes in live weight of Simmental young
bulls in the conditions of Yakutia.

Materials and methods

In scientific experiment, the influence of feed additives of sapropel and zeo-
lite hongurin + Kempendyai salt on the growth and development of young Sim-
mental cattle. The experiment grown young cattle was organized in conditions
in the Suntarsky region. The experiments were organized on young cattle of the
Simmental breed, which were divided into the three groups of 12 animals. The
method of analogs was used to select animals. The conditions of detention for all
experimental animals were the same, which were kept in the cattle house in the
cold season, and in the warm season on pasture. Feeding provided the animals
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with all nutrients at the required rates. According to the experimental conditions,
the difference between the control group and the experimental groups was that
the animals received feed additives in different doses along with ration. Animals
from experimental group II consumed sapropel 0.6 g/kg of live weight, zeolite
hongurin at the rate of 0.7 g/kg of live weight together with 33 g of Kempendy-
ai salt. In ration of animals of experimental group III was supplemented with:
sapropel 0.7 g/kg of live weight, zeolite hongurin 0.7 g/kg of live weight and
33 g of Kempendyai salt. Changes in the growth of animals were determined
by weighing monthly and determining the average daily gain.

The chemical composition of zeolite hongurin is presented in articles [13,
14]. The chemical composition of sapropel is presented in Table 1.

Table 1.
Sapropel chemical composition
Indicators Content
Water, % 92.09
Protein, % 0.47
Fat, % 0.46
Crude fiber, % 0.31
Minerals, % 6.48
Calcium, % 0.18
Phosphorus, % 0.008

Mineral substances are represented by compounds of manganese, zinc, cop-
per, iron, cobalt, molybdenum, iodine, iodine and selenium. Method of mechan-
ical extraction of sapropel is used.

Results and discussion

Previously, we conducted experiments to determine the optimal rates for the
inclusion of sapropels of local lakes in Yakutia in the rations of cattle in Yakutia
[15]. The optimal norms of sapropel in feeding cattle at which the best result
is achieved and amounted to 0.6 and 0.7 g / kg of live weight of the animal.

In order to determine the effectiveness of feed additives, which include
sapropel, zeolite hongurin and Kempendyai salt, a scientific experiment was
carried out in the Suntarsky district of the Republic of Sakha (Yakutia). The
experiment was organized on 3 groups of Simmental cattle bulls at the age of
6-18 months. Each group consists of 12 animals.

The conditions of maintenance for all animals, regardless of the group, were
identical, except that the gobies of the experimental groups were fed with or-
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ganomineral feed additives (according to the experiment program). The winter
average daily ration of the Simmental bulls at 9 months of age per head per day
is presented in Table 2.

Table 2.
Average daily ration of the Simmental bulls at 9 months of age
. Groups
Indicators Norm I - control | II - experimenI:al III - experimental
Meadow hay, kg 5 5 5
Compound feed, kg 0,5 0,5 0,5
Herb haylage, kg 3 3 3
the ration contains:

Exchange energy, MJ | 38 43.05 43.05 43.05
Dry matter, kg 5 6.07 6.08 6.09
Digestible protein, g 540 563.22 570.76 581.35
Crude fiber, g 990 1720.5 1789.77 1795.53
Starch, g 700 724.15 728.24 730.57
Sugar, g 485 378.23 390.01 397.55
Crude fat, g 190 196.16 208 209.46
Calcium, g 36 36.6 38.57 40.05
Phosphorus, g 22 20.72 22.65 23.92
Sulfur, g 18 20.85 21.02 22.83
Ferrum, g 280 283.41 290.04 317.86
Cuprum, g 40 43.56 44.03 45
Zincum, g 210 194.25 212.82 225.05
Cobaltum, g 2.8 1.65 1.96 2.5
Manganum, g 190 224.25 232.41 249.9
Iodum, g 1.7 1.58 1.7 1.78
Carotene, mg 125 127.1 135.5 135.8
Vitamin D, thousand IU 3 2.38 2.95 3.06
Vitamin E, mg 165 183.01 187.95 186.2
Vitamin B , mg - 13.66 13.31 13.12
Vitamin B,, mg - 36.27 36.05 36.73
Vitamin B,, mg - 64.61 64.88 64.22
Vitamin B, g - 4.29 4.33 43
Vitamin B_, mg - 102.96 103.99 102.77

Analysis of animal feeding indicates a lack of mineral nutrition and sugars
according to feeding norms [16]. Marked for phosphorus, zinc, cobalt, iodine
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and vitamin D. The inclusion of feed additives in the composition of the rations
of the experimental groups made it possible to improve the indices of the con-
tent of mineral substances, but also could not eliminate the deficiency in the
indicated nutritional elements. The average daily animal ration in the summer
is presented in Table 3.

Table 3.
Average daily ration of the Simmental bulls at 15-16 months of age
. Groups
Indicators Norm I - control | II - experimental | III - experimental
Pasture grass, kg 20 20 20
Compound feed, kg 2 2 2
Ration contains:

Exchange energy,
My eeenersy 57 65.2 65.2 65.2
Dry matter, kg 8.2 8.41 8.41 8.41
Digestible protein, g | 605 657.76 622.85 635.34
Crude fiber, g 1560 | 2128.95 2189.23 2210.12
Starch, g 910 932.58 940.1 948.67
Sugar, g 605 616.2 624.34 636.4
Crude fat, g 270 276.53 287.46 293.51
Calcium, g 45 61.24 63.05 64.1
Phosphorus, g 24 26.38 27.47 28.35
Sulfur, g 25 24.6 25.86 26.65
Ferrum, g 490 512.43 587.22 610.48
Cuprum, g 70 71.34 72.77 73.6
Zincum, g 370 376.2 387.63 395.92
Cobaltum, g 4.9 2.75 3.78 4.25
Manganum, g 330 347.51 367.14 3754
Iodum, g 2.5 2.23 2.5 2.54
Carotene, mg 180 330.45 334.23 337
Vitamin D,
thousand 1U 3.9 3.9 3.9 3.9
Vitamin E, mg 260 261.56 262.24 262.49
Vitamin B , mg - 16.12 16.13 16.14
Vitamin B,, mg - 4991 49.97 49.99
Vitamin B, mg - 70.29 70.57 70.87
Vitamin B, g - 6.62 6.78 6.92
Vitamin B_, mg - 252 257 259
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Based on the above, we can conclude that in the summer, the content of the
main nutrient and mineral elements in the rations of the experimental animals was
normal. Feed consumption for the period of the experiment is presented in Table 4.

Table 4.
Feed consumption, energy and protein supply of the Simmental cattle breed ration
. Average | Duration, | Total, Contenf -
Indicators per day, kg days kg exchange digestible
’ energy, MJ | protein, kg
Norm - - - 17155 -
Meadow hay 6 245 1470 8673 79.38
Herb haylage 3 120 360 1044 11.16
Pasture grass 20 120 2400 5496 48
Compound feed 1.8 365 657 6372.9 52.56
Total - - - 21585.9 191.1
Protein in the ration,
o/EFU - - - - 88.53
Complies
with the norm, % . . . 125.83 )

Thus, an analysis of the feeding of the animals showed that the rations con-
tain sufficient nutrients and metabolizable energy. For some trace elements in
the ration cattle, there is a deficiency in their content, which is typical for a
biogeochemical province.

The inclusion of experimental feed additives in the daily ration of cattle had
a positive effect on metabolism, which was reflected in the live weight of the
experimental groups (Table 5).

Table 5.
Dynamics of live weight cattle, kg (M+m, n=12)
Groups
Age, months I - control II - experimeﬂtal III - experimental

6 149+0.89 148+0.88 147.3£0.99

9 206+1.22 207.9+0.97 210.8+1.36*

12 268+1.48 271.4+1.13 274.8+1.15*

15 326.8+1.49 330.5+1.43 334.141.53%*

18 381.9+1.71 394.5+1.52%** 402.8+1.34%**
Live weight gain 232.9+2.13 246.5+1.84*** 255.4+1.84***

Note: *P>0.95; **P>0.99; ***P>0.999
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At the beginning of the experiment, the average live weight in animals was
147.3-149.0 kg. The changes caused by the influence of feed additives influ-
enced the live weight of the cattle in the experimental groups starting from the
age of 9 months. At this age, the cattle of the control group conceded the animals
in the experimental groups by 0.92 % and 2.33 % (P>0.95). At 12 months of age,
the animals in control group were lighter than cattle in experimental groups by
1.27 % and 2.24 % (P>0.95). Upon reaching the age of 15 months, the animals
of control group were inferior to those of experimental groups by 1.13 % and
2.23 % (P>0.99). At the end of the experiment, upon reaching 18 months of age,
the cattle of the control group were inferior in terms of live weight to animals
of experimental groups 2 and 3 by 3.30 % and 5.47 % (P>0.999).

These changes are more noticeable when studying the average daily gains
of the experimental cattle Simmental breed (Table 6).

Table 6.
Indicators of average daily gains in live weight of cattle, g (M+m, n=12)
Groups
Age, months I - control II - experimental III - experimental
6-9 months 633.33+£16.18 665.74+15.26 705.56+22.62*
9-12 months 688.89+19.05 705.56+16.67 711.11+19.05
12-15 months 652.78+18.41 656.48+14.5 658.33+£11.37
15-18 months 612.96+23.96 TIL114£21.71%* 762.96+20.12***
For the period 646.99+5.91 684.7245.11%** 709.49+5.12%#*

Note: *P>0.95; **P>0.99; ***P>0.999

Experimental research indicates the effectiveness of the inclusion of or-
ganomineral feed additives from local raw materials in the feeding of young
cattle. During the rearing cattle period of 6-9 months of age, the animal of con-
trol group recorded an average of 633.33 g of daily gain, while in experimental
groups II and III this figure was 665.74 and 705.56 g per day. But at the same
time, cattle from the control group were inferior to animals from experimental
groups in the 9-12-month age period by 2.42 % and 3.23 %.

The superiority of animals from experimental groups over cattle in the control
group is traced at 12-15 months of age and amounted to 0.57 % and 0.85 %, and
at the end of the period at 15-18 months of age by 16.01 % (P>0.99) and 24.47 %
(P>0.999). The period of keeping animal in control group, 646.99 g of gain per day
was obtained, while in II and III experimental groups the growth rates were 684.72
and 709.49 g or comparatively more by 5.83 % and 9.66 %, respectively (P>0.999).
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In order detail the effect of experimental feed additives from local raw ma-
terials on the physiological parameters of the Simmental cattle, the biochemical
composition of the blood was studied (Table 7).

Table 7.
Animal blood biochemical composition, (M£m)
Tota} Resc?rye Albumin, Globulin, % Protein
Groups protein, | alkalinity, o, alpha | beta |gamma| ratio
g/% % CO,
at the beginning of the experiment
Norm 7.2-8.6 46-66 30-50 12-20 | 10-16 | 25-40 | 0.9-1.2
I- 7.37 47 44.13 13,73 | 11,57 | 26,50 0.9+0.01
control +0.32 +0.53 +0.94 | +0,15|+0,49 | +0,68
l.I - 7.3 46.17 43.83 13,67 | 11,50 | 26,77 0.9+0.01
experimental | +0.36 +1.3 +1.1 +0,22 | £0,59 | +0,61
I - 7.27 46.07 43.73 13,50 | 11,50 | 26,80 09040 01
experimental | +0.23 +1.1 +0.76 +0,06 | £0,25 | +0,38
at the end of the experiment
I- 7.5 48 46.1 14,03 | 11,80 | 26,07 0.91
control +0.25 +0.4 +1.07 | +0,41 | £0,85 | £0,72 | +0.04
II - 7.97 48.07 48.5 14,60 | 12,53 | 27,40 0.91
experimental | +0.39 +0.35 +0.47 +0,90 | £0,49 | +0,62 +0.03
111 - 8.23 48.83 50.03 15,13 | 12,40 | 27,73 0.92
experimental | +0.2 +0.84 +1.24 +0,12 | £0,59 | +0,23 +0.03

The study of the blood composition of animals showed that the inclusion of
feed additives from sapropel, zeolite hongurin and Kempendyai salt did not have
a negative effect on physiology of animals. This is confirmed by the fact that the
data of blood parameters cattle were within the established norms. We note that
there is an increase in the level of total protein and its individual blood fractions
in the experimental groups consuming feed additives, which indicates a more in-
tensive metabolism, tissue respiration of the body and better growth of animals.

Conclusion

The use of organomineral feed additives contributed to the enrichment of
the rations of young cattle and contributed to their more intensive growth. At
the end of the study, the livestock of the experimental groups were heavier than
the control group by 3.3% and 5.47% (P>0.999).

These changes are more noticeable in average daily body weight gains cat-
tle characterizing the growth rate. Young cattle from experimental groups in all
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periods of rearing exceeded the control group: 9-12 months of age by 2.42%
and 3.23%, at 12-15 months of age by 0.57% and 0.85%, at 15-18 months of
age by 16.01% (P>0.99) and 24.47% (P>0.999).

The analysis of the biochemical composition of blood cattle also did not
establish significant changes, all indicators were within the established norms,
which indicates the harmlessness of feed additives. Therefore, the use of or-
ganomineral feed additives from sapropel and zeolite hongurin & Kempendyai
salt in feeding young cattle in Yakutia.
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KJIACCU®PUKALIUA BHEKOPHEBBIX
3ABOJIEBAHUM ABJIOHEBBIX KYJIBTYP
METOJAMU KOMIIBIOTEPHOTI'O 3PEHUA

C.H. Tepewenxo, A.A. Ilepos, A.JI. Ocunos

ILenw. Paspabomka mooenu ceepmoyHoll HeUpPOHHOU cemu 01l OnpedeleHUs 6He-
KOpHesblIX 3a001e6anull AONOHb N0 POMOoSPaPuUAM TUCHIbES C MOOUTLHO20 MeledOHA.

Memoovt u mamepuansl ucciedosanus. Mamepuaiom ons ucciedo8aHuil no-
CIYAHCUNIU PAZMEUEHHbIE U30OPAIICEHUSL C PASTUYHBIMU BUOAMU BHEKOPHEBbIX 3a0071e-
6aHULL AOIOHU, ONYOIUKOBAHHbIE 8 OMKpbimom docmyne naamgopmol Kaggle. Me-
TMOObL UCCIEO08ANUSA. MEOPUst NPOEKMUPOBAHUS U PAPADOMKU UHDOPMAYUOHHBIX
cucmem, npoepamMmMupoOBans, Memoobl AyeMeHmayuy U pacuuupenus. 0amacemos
014 3a0a4 KOMNLIOMEPHO20 3PEHIsl, MemoObl HACMPOUKU SUNepnapamempos 00y-
yeHusi Mooeell HeUPOHHOU cemil.

Pezynomamet. Aonous (Malus) — mnoconemusis Opesecnas Kyivmypa pooa
Malus. Abnoku — ocnosHas niodosas Kyavmypa Poccuu. A6nonsa kax niodosas
KYIbmypa pacnpocmpanena noumu 60 6cex Cmpanax yMepenHo2o Kaumama, a 6
Poccuu ona svipawusaemes nogcemecmno — om ce6epHbix pecionos 00 1ea [3].
3abonesanus A6710Hb A615€MC OOHOU U3 2NIABHBIX NPUYUH CHUNCEHUS YPOHCALl-
Hocmu caoog no ecemy mupy. Jns npo@uiakmuku u pannezo npeoynpeicoenus
pacnpocmpanenusi 3a601e6anuil s10J10Hb HeOOX0OUM UHCIPYMEHM 6 8Ude MOOelu
HeUPOHHOU cemu, NO38ONsAIOUjell ONpedeumy Hanuyus 3a001e8anus no Gomoapa-
uu co cmapmehona nucmoes s610HU. B pabome ucnonvzosanucy memoosl enyouH-
HO020 00YUeHUsI C6EPMOUHBIX HEUPOHHBIX cemell, a makdice KoHyenyus «transfer
learning». Ha 6ase cemu EfficientNet Ovina 06yuena netiponnas cemy, N03601s10-
was ¢ mounocmyio 00,9842 no mempuxe F1-score onpedensimv Haiudue HeKOPHeabIX
3a001e8aHUll AOTOHU NO U30OPAIICEHUIO TUCTNHES.

3aknwuenue. bvin noocomosnen Habop OAHHBLIX U300PAdCEHU TUCMbES
A6NI0Hb, BKIOUAIOWULL Yemblpe KAdccd, ONis d(PpekmusHoll Kiaccugurkayuu Heti-
PpoHnou cemvio. [lea Kaacca ¢ npusHaKamu onpeoeienHo2o 3a001e6anus 1010HU,
00UH KAACC 011 Haau4us 6ojee 00H020 3a60Ne8aHUsL U OOUH KAACC OIS 300POBbIX
a6nous. Tlocmpoena u 0byuena mooens 0nisi peuleHus 3a0ayu Kiaccugukayuu no
O0OHapysHcenuro 60ne3HU S0I0Hb NO U300PANCEHUAM TUCTNBEE CO CMAPMEPOHA.
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Knrwoueswvie cnosa: netiponunvie cemu, UCKyCCmMEeHHbII UHMELIEKM, AONOHS,
aucmbsi; 3a001e8anue pacmerull; CMapmaeou,; 21younHoe 00yueHue; ayeMeHmayus

/s yumuposanus. Tepewenro C.H., Ilepos A.A., Ocunos A.JI. Knaccughuxa-
Yusl BHEKOPHEBbIX 3A00e6aHUll A0TOHEBbIX KYIbINYD MEMoOaMU KOMNbIOMEPHO20
spenus // Siberian Journal of Life Sciences and Agriculture. 2021. T. 13, Ne 3.
C. 103-118. DOI: 10.12731/2658-6649-2021-13-3-103-118

APPLE CROPS FOLIAR DISEASES CLASSIFICATION
BY COMPUTER VISION METHODS

S.N. Tereshchenko, A.A. Perov, A.L. Osipov

Background. Development of a convolutional neural network model for de-
tecting foliar diseases of apple trees from a photo of leaves from a mobile phone.

Materials and methods. The material for the research was taken images with
various types of apple’s foliar diseases, published in open access of the Kaggle plat-
form. Research methods: theory of design and development of information systems,
programming, methods of augmentation and extension of datasets for computer vision
problems, methods of tuning hyperparameters for training neural network models.

Results. Apple (Malus) is a perennial tree of the genus Malus. Apples are the main
fruit crop in Russia. The apple tree as a firuit crop is widespread in almost all temperate
countries, in Russia it is grown everywhere — from the northern regions to the south
[3]. Diseases of apple trees are one of the main reasons for the decline in the yield of
orchards around the world. For the prevention and early warning of the spread of apple
tree diseases, a tool is needed in the form of a neural network model that allows you
to determine the presence of the disease from a smartphone photo of apple leaves. The
methods of deep learning of convolutional neural networks, as well as the concept of
“transfer learning ", were used in the work. A neural network was trained on the basis of
the EfficientNet network, which allows to determine the presence of non-root diseases of
apple trees by the image of leaves with an accuracy of 0.985 using the F1-score metric.

Conclusion. The data set of apple’s leaves images, including four classes, was
prepared for efficient classification by a neural network. Two classes with signs of
a certain apple tree disease, one class for having more than one disease, and one
class for healthy apple trees. A model was built and trained for classification task
of detecting apple tree disease from images of leaves from a smartphone.

Keywords: neural networks; artificial intelligence; apple tree; leaves, plant
disease; smartphone; deep learning; augmentation
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Beenenue

Bonesnn pacreHuil oka3bIBalOT HEOIATOMPHUATHOE BO3ACUCTBHE HA CEIb-
CKOXO3SIICTBEHHOE MIPOMU3BOJICTBO, YTO HETaTUBHBIM 00Pa30M BIMSET HA IPO-
JIOBOJIbCTBEHHYIO Oe30macHOCTh. HernpaBuiibHast AuarHocTuka 3a0oneBaHui
JUISL CENIbCKOXO3HCTBEHHON KYJIBTYpBl 3a4acTyl0 NPUBOIUT K OIIMOOYHOMY
HCIIONIb30BAHMIO YIOOPEHUH, YTO IPUBOAUT K MTOSIBIICHHUIO YCTOMYMBBIX IITAM-
MOB TIaTOTCHOB, a TAK)KE K YBEJIMUCHMIO 3aTpaT Ha HOBbIE 00PAaOOTKU M yBe-
JIMYCHUTIO YHCJIa BCIIBIIIEK CO 3HAYUTCIbHBIMHU OKOHOMUYECKUMU TTOTEPSIMU U
BO3ICHCTBHEM Ha OKpyXaromryro cpexy [23]. CymiecTByeT OO0JbIIoe KOTHYE-
CTBO 3a00JIeBaHMH, KOTOPBIC BIUSIOT HA yPOXKAHOCTH PACTEHHH, YTO BEIET K
SKOHOMHYECKHM M dKoJornueckum notepsim [1]. [losTomy nuarnocruka 3a-
OoneBaHMI pPAacTeHUH, JArONIas TOYHBIM U CBOCBPEMEHHBIM PE3yJIbTaT, IMEET
TIEPBOCTEIICHHOE 3HAYCHHE 1 SBIISCTCS BAYKHOM TEMOH HayYHBIX UCCIIEI0BAHUN
B 0o0nacTi MHPOPMATH3ALUH CETLCKOTO X03sSHCTRA.

Texnonorun HNCKYCCTBECHHOT'O MHTEJIJICKTA AKTUBHO Pa3BUBAIOTCA Y LIIMPOKO
TIPUMEHSIOTCS] BO MHOTUX OTPACIISIX XUMHUH, ONOTIOTHH, SKOHOMHUKH H CEJILCKOM
xo3stiicTBe [14, 22, 24]. KomnbroTepHoe 3peHue, Kak OJHa U3 COCTaBIISIOMINX
9JIEMEHTOB UCKYCCTBEHHOI'0 MHTEJIIEKTa, YIKE J0Ka3aJI0 CBOIO 3(PPEKTHBHOCTh
B TaKMX LIMPOKO PACpOCTPAHEHHBIX HANPABICHUSX KaK PAacIIO3HABAHNE JIHIL,
AaBTOMOOMIIBHBIX HOMEPOB U B 33/1a4aX CTeroaHaIn3a rpaUIecKux H300paxe-
HUH. B 1aHHOM cTarbe pacCMOTPUM HCIIOIB30BAHUE TEXHOIOTHH KOMITBIOTEP-
HOTO 3pEHUs JUIs Onpe/ielieHns 3a001eBaHui sIOIOHEBBIX KYJIBTYP.

S16m0Hs1, BRIpanBaeMasi B cary, MOXKeT 3a00JIeTh TAKUMH OOJIC3HAMU, KaK:
niposudeparyst 107101 (BeAbMUHA METJIa), TOPbKas M TUI0I0BAast THHJIH, MJIed-
HBIH O1eCK, MO3anuHast 00JI€3Hb, MO3aHUHASI KOJIBYATOCTh, MyXOCE]I, MyUIHUCTAs
poca, HaCTOSIINI TyTOBHUK, OOBIKHOBEHHBIH paK, YepHBII pak, OTMHPAHUE BET-
Beii, mapia, MoJKOoXKHasi BUPyCHasl MSTHUCTOCTh, PXKABUMHA, CILUTIOIIEHHOCTD
BETOK, CTEKJIOBHIHOCTb IIJIO/IOB, IIMTOCIIOPO3, YEPHASI IISITHUCTOCTD. Y KayK/10-
TO U3 3TUX 3a00JIeBaHNI UMEIOTCS CBOU XapakTepHble npu3Haku. Hampumep,
KaKas-TO U3 HUX MOXKET IIPUBECTH K Pa3pyLICHUIO APEBECHHBI U KOPbI, H3-32
4ero sI0JIOHST HaYHEeT 3aChIXaTh, a IPyrast HOBPEXK/aeT JINCTOBBIC IUNIACTHHEIL, YTO
NPUBOJIUT K MX MOXKENTEHUIO U 00ieTanuto u T. A. OTaenbHble 3a00JIeBaHuUs
MIPUBOJIAT K TOMY, UTO Y PACTEHHUS MOTYT 0OJIETETh BCE HEJJO3PEBIITHE IIIONBI [2].
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Pa3paborka Monenn HEHPOHHOH ceTn Tt cMapT(hOHA, TO3BOJISFOIIAS PACIIO3-
HaBaTh HAJIMYME 3a00JIeBaHNS SIONIOHN TI0 (hoTorpadusiM JIMCTHEB, TPEACTABISAETCS
BaKHOM 3a]1auei 1715 IPUKIIATHBIX UCCIIEIOBAHUH B CEITbCKOXO3SIMCTBEHHOM OTPACIH.

MeTtoabl 1 MaTepUAJIbI HCCIIEJOBAHUS

B nanHOM paboTe MCXOTHBIM MaTepHaIoM sl IPOBEACHHS HAYYHBIX HC-
CJIeIOBAaHHMH MOCITY>KHIIM pa3MeUeHHbIe N300paKEHHUS C Pa3IMYHBIMHU BHIaMHU
3a00JIeBaHMH JIMCTHEB SIOJIOHH, KOTOPBIE OITyOJIMKOBaHbI B OTKPBITOM JIOCTY-
e Ha Twiatdopme Kaggle (kaggle.com). MeToab! ncciie1oBaHus: TEOpUS TPO-
eKTHPOBAaHUS U pa3pabOTKH MH(POPMAIIMOHHBIX CHCTEM; ITPOTPAMMHUPOBAHUS;
ayrMEHTaIM1 U paclIPEeHHsI JaTaceToB JUIsl 33/1a4 KOMITLFOTEPHOTO 3PEHUST; al-
TOPUTMBI HACTPOHKH THUTIEpIIapaMeTpoB 00yUeHNs MOeTIe HEHPOHHOW CeTH.

AHaJIN3 CylIeCTBYIOIIMX HCCIeJ0OBAHMMI

B TOCJIEAHNUE TOJIbI KOMITBIOTCPHOE 3PCHNUC U MAIIIMHHOC O6y‘IeHI/Ie TIoKa3ajim
OOJBIIION TTOTEHITHAN JUTS YCKOPEHHUS TNArHOCTHKH Oone3Helt pactenuit [10, 11,
12]. Pa3pabarsIBaroTcst METO/IbI KOMIBIOTEPHOTO 3pEHHSL, TIO3BOJISIIOIINE HCTIONB30-
Barh [U(PPOBBIE U300PaKEHHUSI CHMITTOMOB, JIIsl KJIACCU(UKAIIMH PA3IMYHBIX 3200-
JIeBaHMH CENCKOXO3HCTBEHHBIX KyIbTYp [4, 13]. MeToap! MalmmHHOTO 00y YeHUS
coepyKar TPaUIMOHHBIE TOPUTMBI KOMITBIOTEPHOTO 3PEHUST: METOI OTTOPHBIX
BekTopoB (aunt. SVM); meron K-Ommkaiinmx coceneit (anm. KNN); anroputv
K-cpennux (anmi. k-means) u gpyrue. Mozieny iuarHocTHKHY 3a00J1eBaHK pacTe-
HUI Ha OCHOBE TITyONMHHOTO 00yYEHHS BKITFOYAIOT B ce0s1 MICTIOTF30BAHUE Pa3ITHd-
HBIX TEXHOJIOTHI CBEPTOUHBIX HelpoHHBIX cetel (AlexNet, GoogleNet, VGGNet,
ResNet). Bo MHOrMX paborax pazmep aaracera ObLT HEIOCTAaTOueH, & MHOTOKIIAac-
coBasi KJaccuuKarys TpedoBaiia Tpy10eMKOH HACTPOWKH THIIEPIIapaMETPOB JUIS
mpenoTBparieHus nepeodyderus [17]. B padote [15] mpuMeHSTIOTCS METOMBI CeT-
MEHTaIH N300payKeHNH, BKIIIOYaroNIne anroputMel K-cpenHux, 1 oOHapyxe-
HUS TIOpKEHHBIX CErMEHTOB pacTeHuil. B crarbe [6] ompenenstoTcs 3eneHbie
TIMKCENH JUTI MACKH Ha OCHOBE TTOPOTOBBIX 3HAYCHHUH, KOTOPHIE BBIYUCIISIOTCS C
nomoreio Metora Otsu. B pabore [18] Obi1a ncmonp3oBaHa MeTonuka «transfer
learning» Ha ocHoBe npenoOy4enHoi cet ResNet 50 ¢ HacTpoiikoii runeprnapame-
TpoB. B pabore [22] npoaHaTM3upOBaHbI PAa3INIHBIE METOIBI CETMEHTAIHH, KiTa-
CTEpH3alMK U KIACCU(UKAIMK C TIOMOIIBIO TPUMEHEHUSI TIOPOTOBBIX 3HAYECHUI
n300paxeHui, Mmerona K-cpemqHux u CBepTOYHBIX HEMPOHHBIX ceTell. B pabote
[5] aBTOPBI HCTIONB3YIOT TPEBAPUTENHHO O0YUEHHYIO CBEPTOUHYIO HEHPOHHYIO
CeTh C HACTPOUKOH rHmeprapamMeTpoB. B padote [14] anammsupyercs popmupo-
BaHUeE JlataceTa ¢ N300pakKeHNsIMU 3a00JIeBaHNiT MaHHOKa JUIsl KOHKypca Kaggle
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«iCassava 2019». B pabore [1] ncnionb3yercst marpuna cmesxHoctd GLCM u 06-
paboTKa pe3yabTaToB IOCPEACTBOM OMHAPU3ALNH U MAXKOPUTAPHOTO F'OJIOCOBAHMS
JUTSL OTIpezieNieH s 3a00s1eBaHni 1o (hoTorpadusM ¢ OECITUIIOTHOTO JETATeTLHOTO
armapara. Pabora [ 19] nocesitiieHa pa3padoTke MOJICIIH paciio3HaBaHus O0Ie3Her
PpacTeHuid, OCHOBaHHOH Ha KJlacCU(pHKAIMU H300paKEHHH JINCTHEB, C UCTIONb30Ba-
HHEM DTyOOKHX CBEPTOUHBIX ceTei. Momernb 00ydeHa pactio3HaBaTh 13 pa3miaHbIX
THIIOB 3a00JIeBaHUI pacTeHUH 110 (poTorpadun JMCTHEB.

B pabore [12] npemiaraercst moaxon K uaeHTU(UKAIIAKA OOJIC3HEH JINCTHEB
S0JIOHM, OCHOBAHHBIM HA TIyOOKHWX CBEPTOYHBIX HEHPOHHBIX CETSAX, KOTOPBIN
BKJIIOYAET B Ce0sl TEHEPaLIO I0CTaTOYHOTO KOJIMYECTBA M300pKEHHUH € 1aToso-
THSIMHU M pa3paboTKy HOBOW apXHTEKTYPbI ITyOOKOI CBEPTOYHOM HEHPOHHOU CEeTH
Ha ocHoBe AlexNet. B pamkax TectoBoro Hadbopa hold-out sxcriepumeHTasbHbIC
PE3YIIBTATHI OKA3BIBAIOT, YTO MPEAIOKEHHBIN TIOXO0/ MACHTHU(UKAIH 3a0051eBa-
HHI Ha OCHOBE CBEPTOYHON HEHPOHHOMN CETH IOCTHIaeT 001el TouHoCTH 97,62%.

Hanuune cMapThOHOB MPAKTHUECKH Y KaXJIOTO YEIOBEKa M JIOCTHKEHUS
B 0071aCTH TITyOOKOTO MAIIMHHOTO O0YYEHHUS OTKPHIBAIOT HOBBIE MIEPCIICKTHUBBI
B Kyaccugukaun 0one3neil pacrenunid. Harpumep, MoOMIIBHOE PHIIOKEHHE
Plantix (plantix.net) mo3BoJIsIET MOIB30BATEINISIM O H300PAYKSHUSIM JINCTHEB BbI-
SBIATH MaTosioruio. [Ipunoxenne pazpadorano kommnanueir PEAT, Hemenkum
crapranom AgTech. [Tpunoxenne MmoxxeT 00HapyKUBaTh Ooiee 400 pa3TMIHBIX
3abosieBanmit 115t 30 BUJIOB TOMYJISIPHBIX KYJIBTYD.

B pabote [8] Ha ocHOBE COOCTBEHHOTO JaTraceTa ¢ 3a00JICBaHUsIMH pacTe-
HUN TPOBOJMJIMCH SKCIEPUMEHTHI ¢ CUaMCKOM HEMPOHHOM CeThto. TOUHOCTh
B 90% OblTa JOCTUTHYTA TIPH OOHAPYKEHUH YEPHOW THHIIM M XJIOPO3a Ha BU-
HOTPAJIHBIX JINCThSIX.

JanHas paOoTta MCIIONIB3YyEeT COBPEMEHHbIE TEXHOIOTHH JUTA Kilaccu(uKa-
IINH BHEKOPHEBBIX 3a00JIeBaHIH SOIOHN MTPU IOMOIIIN KOMITBIOTEPHOTO 3pEHHUS
Y OIIMPAETCsI Ha ONMCAHHBIC BBIIIE METOBI U TTOJIXO/IBL.

Pe3yabTarhl Hec/Ie10BaHUS

OTKpBITHIH faracet npezcrasisier codoit 6osee 3600 nzobpaxkenui [16].
W3obpaxkenus pazmedeHsl Ha 4 kiacca. /IBa kiacca oy 3adoseBanus (napiua,
KeZIpoBasi pyKaBuMHa), TPETHH KJIacc, BKIFOYAIOIIHA O0Iee 0HOTO 3a00IeBaHus,
W YeTBEPTHIH KJIacC ISl 3110POBBIX 0I0HB. 11300pakeHust pa3IuyHbIX pa3MepoB
npezcTaBieHsbl B popmare «jpg». K naracery npunaraercst daitn B popmare
«csv» ¢ pa3meTkoii Gotorpaduii. s oOydeHus HCHonb30Bajcs GperiMBOpK
PyTorch. B pabote pemaercs 3agaua kiraccuukaryy 3a0oeBaHui S0I0Hb Ha
4eThIpe Kinacca. [IpuMep n300pakeHui naTacera npeAcTaBiIeH Ha pUCyHKe 1.
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Puc. 1. Pa3medeHHble H300pakeHHs U3 1aTaceTa
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s 3amaun kinaccuukanuu B paboTe ObLIa MCIOJIb30BaHA KOHIICIIIIUS
«transfer learning». Ecimu coBpeMeHHbIE HEHPOHHBIE CETH HCIIONB3YIOT aHa-
JIU3 TPOCTEWIINX rpaMIeCKUX MPUMUTHBOB HA HIKHUX CIIOSIX, TO KOHIICTIIIHS
«transfer learning» 3apekomeHoBaa ceds yKe Ha MHOTUX 00JIee CIIOMKHBIX
3agadax [9, 21]. IlpenoOyuennas Ha OOIBIIOM KOJUYECTBE H300paKeHUH
HEHpOHHAs CeTh JAeT MPEUMYIIECTBO B CTOMMOCTH M CKOPOCTH OOyYEHHSL.
Moyienb HaYMHAET Mpoliece 00ydeHHs He C HYJIS, a C 3aJIJaHHBIX MaTTEPHOB,
KOTOpBIE OBUIN IMOJTYyYEHBI IPU PELICHUH JPYToM 3aja4u, KOTopasi CXOIHa 110
cBoel mpupoze ¢ pemaemoil. [IpeaBapurensHO 00yueHHAs MOAETh 00ydaeTcs
Ha OOJIBIIIOM ATAJOHHOM HA0OpPE JAAHHBIX JUIS PELICHUS 33134, aHAJIOTMIHON
KJ1accUUKay BHEKOPHEBBIX 3a00ieBanmii s1010HM. bbita BeIOpana npenoo-
yuenHasi mozienib EfficientNet-B7.

KitoueBoii 0COOCHHOCTBIO CBEpTOYHON HEHPOHHON ceTH ceMelcTBa
EfficientNet siBisiercst To, 4TO OHa UCTIONB3YeT MAacIITAOMPOBaHNE U OalaHCHPO-
BaHHE MEXKy co0O0i ITyOMHBI U IIUPHHBI, a TAKKE paspelieHne H300pakeHHi
ceTH. DKCIEPUMEHTSHI 110 YBEIHUECHHIO MAcCIITada 1Mo KaKIO0MY U3 U3MEPEHHI 110-
Ka3bIBAIOT CIICAYIOIINE PE3YITBTATHL.

YBenn4eHHe MUPUHBI TOBBIIIAET KOJTWYECTBO KaHAJIOB B N300payKEHUH, YTO
103BOJISIET OIPENIEIUTh O0JIee AeTATM3UPOBAHHbIC TpU3HAKU. [Ipy yBennueHnn
LIMPHUHBI PACTET U CIOKHOCTH M3YUCHNS KOMITJICKCHBIX MIPU3HAKOB, YTO YBEIIH-
YHUBaeT BpeMs 00ydeHHsI.

YBenuueHne rryOuHbI (KOJIMYECTBa CIOEB CETH ) TO3BOIAET BRISBIATE Oosiee
CIIOKHBIE TTpr3HAaKN. OHAKO 3HAYUTEIBHO 3aTPYAHACTCS 00yIEHNE CETH 1 NMe-
eTcsl OrpaHnYeHne Ha PUpocT d3PPEeKTUBHOCTH (Harpumep, ceTb ResNet-100
UMeeT TaKylo K€ TOUHOCTh, kak ResNet-1000).

VBenuuenue paspemeHus (1300pakeHusT) MO3BOJISIET HAXOIUTh 00Jiee Mel-
KHE CTPYKTYPBI 32 CUET JIOTIOTHNUTEIBHBIX AeTallel n300pakeH!s, HO IIPU 3TOM
YBEJIMYHMBAIOTCSL PECYPChl HA 00yYeHHE U UMEETCs OrpaHHUueHHE Ha IPUPOCT
s dexruBnoctu [7].

B T0 ke Bpems1, OamaHCHpOBaHNE MacIITAOMPOBAHUEM TI0 KAXKIOMY U3 H3-
MepeHHH (MprHa, NIyOHHA U pa3pelieHue) IPUBOIUT K IPUPOCTY TOUHOCTH
NPU HE3HAYHUTEIILHOM POCTE PecypcoB Ha o0ydenue. Ha pucyHke 2 mokazaHbl
rocienoBarenbHo ceTH [20]:

1. bazoBast Mozieltb, € 3a/JaHHBIM KOJIMYECTBOM CII0€B (aHIJI. layer), kaHaIoB
(anm. channels).

2. Pacmmpenue KoJMuecTBa KaHaIo0B (MIUPUHBI, aHI. wider).

3. VBenmueHue riryOuHB! Mozenn (anr. deeper).

4. IloBsleHus paspenieHus n3oopaxenus (auri. higher resolution).



110 Siberian Journal of Life Sciences and Agriculture, Vol. 13, Ne3, 2021

5. OHOBpPEMEHHBIM pacUIMPEHUEM MaciuTada o MHUPHUHE, TIIYOUHE U pa3-

PCIICHUIO.
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Puc. 2. MacmrabupoBanue HEHPOHHOH ceTH

CewmeiictBo EfficientNet mMeeT KI1acchl C MOCTETIEHHBIM YBEIHYCHUEM KO-
2 PUINEHTOB YCIOKHEHHS CeTH, HaurHas ¢ 0a3oBoii EfficientNet-B0. B cratpe
TIpUMeHsIach npepoOydeHHas Ha 6a3ze ImageNet cets EfficientNet-B7.

Just yBenudeHust o0LIero KoJIM4ecTBa jaracera Oblia MCIOJIb30BaHa TeX-
HOJIOTHSI ayTMEHTAIMy n300pakeHnii. M300paxkeHus st 00ydeHHst OBIITH 13-
MEHEHBI 10 pa3MmepoB 560 X 560 mukcenel, a 3aTeM U3 3TOTO U300paKCHHUS
CIly4aiiHO BBIOMpasics KBajapar pazmepoM 512 x 512 nukceneit. beuta mpu-
MEHEHA TEXHOJIOTHS 3ePKAMPOBAHMS 110 BEPTHKAIBHON LIEHTPAIBHON OcH U
TTOBOPOT M300paXkeHust 10 15 rpamycoB B 00e cTOpoHBI. Mcronp30BaH nmpremM
“BBIPE3KH” HEOOJBIINX OJIOKOB M3 N300pakeHHsI. 3aTeM HCII0Ib30Balach TeX-
HUKa M3MCHECHUS IPKOCTH M J00ABJICHUS OTOJICCKOB Ha M300paKEHUSIX. MeTOIbI
ayrMEHTAlMH JAHHBIX YacTO MCIIOIB3YIOTCS BMECTE C TPAAUIIMOHHBIMH aJIro-
pUTMaMy MalIMHHOTO OOY4EHHs WX AITOPUTMaMHU DIIyOOKOTro 0OydYeHust Juis
HOBBILICHUS] TOYHOCTH Kiaccudukanuu. J{st ayrMeHTannu JaHHbIX MCIIOb-
30Banack ombmmoreka Albumentations. [Ipumep mpuMeHeHUS K H300paKESHUTO
METOJIOB ayIrMEHTAIMH TI0Ka3aH Ha PUCYHKeE 3.

B pabote ucnonb30Baicst METO CTOXaCTHYECKOTO TPaMEHTHOTO CITyCKa
(SGD). B xauecTBe HacTpOWKH TUTIEpIIapaMeTpa mara o0ydeHus: ObIIo MoJI0-
OpaHo ombITHEIM TyTeM 3HaueHue «lr=0.003». B xauectBe (yHKIIMM TIOTEpH
Obuta BeIOpaHa nepekpectHas suTponus (CrossEntropyLoss) ¢ MynbTHKIIaC-
COBOI1 (DYHKITUECH OICHKH JIOTapu(PMUUIECKHUX MOTeph. B KauecTBe aaropurMa
OINTUMM3AIINH OBLIT MCIIOB30BaH AtaM.
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Puc. 3. AyrmenTanus n300paskeHUs TUCTHEB SIOIOHU

Jaracer ObL1 pasiesieH Ha TpH BbIOOpKH: oOyuatomuast (cocrout u3z 70%
n300pakeHni); mposepouHas (coctouT u3 15% u3obpaxkenuii); TectoBas (co-
crout n3 15% uzo0paxenuii). Mcronp3oBanack npeaBapuTeIbHO 00ydeHHAS
mozens EfficientNet-B7, koTopas BkiIrouaia MeXaHU3M [epeoOyIeHUs OCIe-
HUX CJIOEB.

Pesynprarel HaydHBIX UCCICIOBAHUI MOKA3ald, YTO TOYHOCTH Kiaccupu-
Kalliu Ha TECTOBOM BhIOOPKE 10 MeTpuke F1-score oka3zanacek paBHoi 0,9842,
Ha MPOBEPOYHOI OKa3anach paBHoi 0,9896, a Ha oOydaroIell BBLIOOPKE OKa3a-
nach paBHoit 0,9938.
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OO0cy:kneHue

JUi1st mpeoTBpalleHUs SKOHOMHYECKOT0 yiep0a 13-3a naJieHust ypoKanHo-
CTH HY’KHO 3HaTh TOYHBIH AUArHO3 3a00JIeBaHMi SI0JOHEBBIX KYJIBTYp. PaHHss
npodHIIakTHKA 3a00JIeBaHU sI0JIOHH 110 POoTOrpad¥siM JIUCTHEB KpaliHe BaKHa
JUTs IPEAOTBPAILECHUS IPOOIIeM, CBA3aHHBIX C PELICHUEM ITPOIOBOJILCTBEHHOM
TIPOTrPaMMBI.

HHTeHHeKTyaHBHaH CHUCTEMAa KOMIILIOTCPHOI'O 3pCHUsA, NPCAHA3HAYCHHAasA
JUTS BBISIBIICHUSI BHEKOPHEBBIX 3a00JICBaHNUIT SIOIOHY 110 BU3yaJIbHBIM CHMIITO-
MaM, Moryia Obl OKa3aTh OOJBIIYIO MTOMOIIb B PEHICHHH ITPOIOBOILCTBEHHON
MIPOrpaMMBL. Y UUTHIBAs ITUPOKOE PACIIPOCTPAHEHHE Y CaJ0BOJIOB CMapT(OHOB
C BO3MO)KHOCTBIO BBIXOZla B MHTEPHET M Halu4yueM (OTOKaMephl, MOH00Has
CHCTEMa MOXKET IOBCEMECTHO NMPUMEHSTBCS Ha CAJIOBBIX MOCAIKaX MO BCEMY
MHpY. DTO HE TOJIBKO MPUBEJIET K YIYUIICHUIO Ka9eCTBa U CKOPOCTH OCTaHOB-
KU JIMarHo3a 3a00JieBaHusl, IIOCKOJIbKY XOpOILIO 00y4YeHHbIe TIIyOHMHHbIE HEM-
POHHBIC CETH MOTYT BBINOJHATE 3TH N30BITOYHbIC 3a/1a41 HE XYKe JIOeH, HO
1 K ITOBBIIIICHUIO TIPOU3BOIUTEIBHOCTH CAJI0BBIX X03sHMCTB. [lanHas paboTa oc-
HOBaHa Ha Mpo0dJeMe MalIMHHON KilacCU(HUKAIMKY BHEKOPHEBBIX 3200JIeBaHHI
SI0JIOHH C UCTIOIb30BAaHUEM METOJJ0B KOMITBIOTEPHOTO 3peHus. PazpaboranHas
MOJIeNTb PEKOMEHIYETCsl JUIsl IPAKTHYECKOTO IIPUMEHEHUS B CAJIOBBIX X03sii-
CTBaX, KOTOPBIE BBIPALIMBAIOT SIOJIOHEBBIE KYJIBTYPBI.

3aki0ueHue

3aboseBaHus IPEJICTABISIIOT COOOH CEphe3HYIO YIpo3y [Ulsl yPOrKaHHOCTH
sI0JIOHEBBIX KyJbTYp. B pabore JeMOHCTpUPYETCS TEXHUYECKasi OCYIIECTBH-
MOCTP TITyOOKOTO OOyUYEHHSI C MCTIONB30BaHIEM CBEPTOYHOTO HEHPOCETEBOTO
ITOJIXO/1A JIIsl aBTOMAaTHYECKON THAarHOCTUKYA BHEKOPHEBBIX 3a00JIEBAHUA C IT0-
MOIIBIO KIaccuUKau n3o00pakennii. Mcrnonb3ys o0mienocTynHeiii Habop
nmaHHbBIX U3 6onee 3600 n300paxeHnit OOTBHBIX U 30POBBIX JUCTHEB SOJIOHH,
DTyOOKasi CBepTOYHasi HEHpOHHAS ceTh 00ydJaeTcs KIacCH(PUIIMPOBATh HAJH-
yye 3a00JICBaHUH 110 ABYM OTICIFHBIM BHIaM U OJHOMY C HAJTHYHUCM MHOXKC-
CTBCHHBIX 3a00JICBaHMIA, JOCTHrasi TOUHOCTH pacro3HaBaHus 6osee 98,4%. B
cTarhe OBLT WCCIEHOBAH MOAXOA MPUMEHEHHS METOJ0B TIIyOOKOTO 00y9YeHHs
JUTSE aBTOMATHYECKOW KIIAaCCU(UKAIINN ¥ OOHAPYKCHHUS BHEKOPHEBBIX 3a00-
JIEBaHUH SOJOHM 110 N300paKEHHSIM JIMCThEB. MoJieslb TI03BOJIHIIA ITPOBOJIUTH
KJIaCCU(UKAIMIO BHEKOPHEBBIX 3a00JIeBaHUI SIOJIOHEBBIX KYJIBTYp METOJAMHU
KOMITBIOTEPHOTO 3peHus. bpla omicana METoMKa MOTOTOBKH N300paykeHUI
JUTSE OOYYCHUS U BAIMAALINH, ayTMEHTAIIUS, IIPOIEIypa 00yUCHHUS CBEPTOUHON
HEHPOHHOM CEThIO U HACTPONKOM TUIIepIIapaMeTPOB 00YUCHUS.



Siberian Journal of Life Sciences and Agriculture, Tom 13, Ne3, 2021 113

Hndopmanmst o kondumkre nHTEpecoB. OTCYTCTBIE KOH(IIMKTAa HHTEPECOB.
Nudopmanus o cnoncopcerBe. VccnenoBanue He UMENO CIIOHCOPCKOU

TTOJIICPKKH.
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3KOJIOT0-9KOHOMHUYECKAS DOPEKTUBHOCTH
3AIIIUTHOI'O JIECOPA3BEJIEHUS
B APUJTHOM 30HE

J.K. Cyuxoe

Cmamus nocesujena axmyanusayuy npooemMvl pazeumus u HOGbIUEHUs IKOHO-
Muyeckou 3¢hpekmugnocmu pabom no 3auwumHoMy 1ecopa’gedeHuio.

Iens uccnedosanusn — paspadomams npeodnodtceHs K MeXHON02UU NOGLIUIEHUS]
apghexmusrocmu 3awumnoeo recopazeedenus 6 3acyuausuix paiionax Poccuu.

Mamepuanst u memoowl. /[s onucanus 6008020 COCMABA, UX COCMOIHUS U
9KOHOMUYECKOU IPPexmusHocmu, UCHONL30BANUCH MEMOObL OYEHKU U NPOSHO3U-
posanus cocmosnus Hacaxcoenuti no E.I. Mozoneeckou u memooul 1eCHOU MaK-
cayuu O.U. babowrko. Ocnosoul 015 pacuema 3ampam Ha 1 ea 6emporoMHbix u
CMOKOPE2YIUPYIOWUX JIECHLIX HONOC CIYACUNIU OCUCMEYIouie PACciemHo-mMexHo-
Joeuyeckue Kapmul Ha pabomuvl No 3awumHoMy aecopaseedenuio. s nepexooa
6 COBpeMenHble YeHbl UCHOTb30BANU UHOCKCHL USMEHEHUS CMEMHOU CIOUMOCHU
CMpouUmenbHO-MOHMAICHBIX padbom.

Pesynomamet. B pabome npugoosamcs onmumanibhvle OUOUHIICCHEPHbIE napame-
MpblL CUCEM BEMPOIOMHBIX U CHIOKOPE2YIUPYIOWUX ICCHBIX NONOC NPUMEHUMENLHO K
pasHbim npupoonsim sonam FOea Poccuu, ypoeHio 3po3uoHHol OnacHoCmu 1 cOCmosi-
HUI0 NOYBEHHO20 NOKPOBA CKIIOHOBBIX 3eMEIlb, PA3MEPbI U Dllo2eopaguiecKkue 3aKoHo-
MEPHOCIIU OUHAMUKY 3ampam Ha ux cozoanue. [Ipedcmagnen accopmumenim depegbes
U KYCIMAPHUKOS, UCNOTb3YeMbIX 0I5 3AWUNHO0 NECOPA3BE0CHIUs 6 3ACYULTUBLIX Pecul-
OHAX HA OCHOBE AHANU3A 2UOPOPUIULECKUX U SUOPOXUMUUECKUX CBOLICING OPEBECHbIX
10POO0 NO36ONAIOUULL NOBBICUTND OUOTOSUHYECKYIO YCMOTUMUBOCb HACACOCHUL, YEeil-
UMb CPOK UX IHCU3HU, A 3HAUUM U O0JIee NOTHO GbINOIHIMb CE0U 3AUWUNHBIE QYHKYUU.

3akntouenue. Ycmanoeneno, umo 6 0epuAYUOHHO-ONACHBIX PATIOHAX KANU-
MAnoemMKoCms 00yCmpoucmea nawhu CUCmMemMoll 8empoIOMHBIX J1ECHbIX NOLOC
HAX0OUMCsL 6 CIMPO2OIL 3A8UCUMOCIU O KAYeCmed NOYGEHHO-KAUMAMUYECKUX
VCR08ULL (NPUPOOHOLL 30HbL), BLLOPAHHO20 YPOBHSA 3AUUMHOU 1ECUCIOCTIU U OUOUH-
JiceHepHbIX 0cobeHnocmell Hacadxcoenull. B apo3uonno-onacuvix pationax kanuma-
JIOBNOIACEHUS 8 CO30ANUE CUCTEM CINOKOPE2YIUPYIOWUX TECHBIX NONIOC HA NAHe 00-
VCII061€eHbl 2NAGHbIM 00PA30M YKIIOHOM MECIHOCMU U CIENeHbIo CMbIINOCIU NOYE.
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Hcnonvsosaniue npusedennvlx pacuemos i 3aKkOHOMEPHOCHell NO3601UN NOBbL-
CUMb IKOHOMUHECKYIO 0OO0CHOBANHOCHIb KANUMATLHBIX 6LOJCEHUL NPU NAAHUPOBA-
HUU U NPOEKMUPOBAHUU 1COMENUOPATNUBHBIX MEPONPUAMULL HA NAXOMHBIX 3EMILAX
npobdemmvix pe2uornog ioea Poccuu.

Kniouesvie cnosa: apuonas 3ona; ycmouuugoe pazgumue; 3auumnble 1echvle
Hacadicoenus,; IKOHOMU4ecKas IPPekmueHocms, 6emMpoOIOMHbIE U CHIOKOPES) -
pylowue aecHvie noiocsl

Jna yumuposanus. Cyuxkos [{.K. Dkonozo-skonomuyeckas spghexmuenocms
3auWUmMHO20 ecopassedenus 6 apuorou 3ore // Siberian Journal of Life Sciences
and Agriculture. 2021. T. 13, Ne 3. C. 119-138. DOI: 10.12731/2658-6649-2021-
13-3-119-138

ENVIRONMENTAL AND ECONOMIC EFFICIENCY
PROTECTIVE AFFORESTATION IN THE ARID ZONED

D.K. Suchkov

The article is devoted to the actualization of the problem of development and
increasing the economic efficiency of protective afforestation.

Purpose. Develop proposals for technology to improve the effectiveness of
protective afforestation in the arid regions of Russia.

Materials and methods. To describe the species composition, their condition
and economic efficiency, we used methods for assessing and predicting the state of
plantings according to E. G. Mozolevskaya and methods of forest taxation by O. L.
Baboshko. The basis for calculating the costs per 1 ha of windbreak and flow-regu-
lating forest strips was the current calculation and technological maps for protective
afforestation. To switch to modern prices, we used the indices of changes in the
estimated cost of construction and installation works.

Results. The paper presents the optimal bioengineering parameters of wind-
break and flow-regulating forest strips systems in relation to different natural zones
of the South of Russia, the level of erosion hazard and the state of the soil cover of
slope lands, the size and biogeographic patterns of the cost dynamics for their cre-
ation. The range of trees and shrubs used for protective afforestation in arid regions
is presented based on the analysis of the hydrophysical and hydrochemical prop-
erties of tree species, which allows to increase the biological stability of plantings,
increase their life span, and therefore more fully perform their protective functions.

Conclusion. It is established that in deflation-hazardous areas, the capital intensi-
ty of arable land management by the system of windbreak forest strips is strictly depen-
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dent on the quality of soil and climatic conditions (natural zone), the selected level of
protective forest cover and bioengineering features of plantings. In erosion-hazardous
areas, investments in the creation of systems of flow-regulating forest strips on arable
land are mainly due to the slope of the terrain and the degree of soil washout.

The use of the above calculations and regularities will increase the economic
feasibility of capital investments in the planning and design of forest reclamation
activities on arable land in the problem regions of the south of Russia.

Keywords: arid zone, sustainable development, protective forest stands; eco-
nomic efficiency; windbreak and flow-regulating forest strips

For citation. Suchkov D.K. Environmental and Economic Efficiency Protective
Afforestation in the Arid Zoned. Siberian Journal of Life Sciences and Agriculture,
2021, vol. 13, no. 3, pp. 119-138. DOI: 10.12731/2658-6649-2021-13-3-119-138

Beenenne

CrabuibHOe pa3BUTHE CEIBCKOTO XO3SHMCTBA MMEET IMPHOPUTETHOE 3HAYC-
HHE B Pa3BUTUH KayKI0TO FOCYIapCTBa, TOCKOJIBKY OHO 00€CIIeuMBaeT HaceJIeHHe
TIPOLYKTaMH1 TTUTAHUS], @ IPOMBIIUICHHOCTD CBIPbEM. JJTTEIbHOE SKCTEHCHBHOE
Ppa3BUTHE arpapHOi OTpaciy, CTPEMIICHNE JOCTHYb BBICOKNX TTOKA3aTeNIeH B CEITb-
CKOXO3HCTBEHHOM ITPOU3BOAICTBE C HEAOCTATOUHBIM YU€TOM IMPHHIUIIOB OXPAHBI
OKpYKaIOILEH Cpesibl, COXpPaHEHUs] IPHUPOJHO-PECYPCHOTO MOTEHIIMANA, YCTOM-
YUBOCTH arpo3KOCHCTEM, arpoiaHAmadToB, BHEAPEHNE TEXHOIOTUH C IIHPOKO-
3aXBaTHBIMM KOMIUIEKCAMH MAIIHH, BCE 3TO MPUBEIIO K YPE3MEPHON pacHarlike
TEPPUTOPHH, 3HAYUTENHHON TPAaHC(OPMALIUK ITPUPOIHBIX JIAHAIAPTOB, YBEIHU-
YEHHE aHTPOIIOTCHHOTO JaBJICHUS HA arpocdepy, POCTy KOIMIECTBA SKOIOIHYe-
CKHX YTPO3 ¥ MaCIITa0OB HETAaTHBHOTO BIMSIHUSI HA CMEKHBIE TeppUTOpHH [3,14].

JUis ynydIieHus: yClnoBUi OKpysKaroIiel cpesibl apuJHON 30HbI, CHUKEHUE
OITACHOCTH Pa3BUTHs HEOIArONPHSTHBIX TPUPOAHBIX U AHTPOIIOTEHHO-TIPUPOI-
HBIX SIBJICHUH, OXpaHbl ¥ PallMOHAIFHOTO MCIIOJIb30BAHHS MAJIOTIPOTyKTUBHBIX
U E€rpaJupOBaHHBIX 3€MEIb, IEPBOOUEPEIHON 3ajadell B 3aCyNIUBBIX TEp-
PUTOPUSX SIBJIAETCS CO3JJaHME YCTOMYMBBIX U JONTOBEYHBIX 3AIUTHBIX JIEC-
HBIX HACAKICHUH, MOBBIIICHNE JIECUCTOCTH TEPPUTOPHH C YCTAHOBICHHBIMU
HopMaMu. OJHAKO O CHX IOpP 3TU BOIPOCHI U3YUYEHBI HENOCTATOUHO [9,27].
TpeOyet Hay4HOro 0OOCHOBaHMSI BECh KOMILIECKC JIECOKYIBTYPHBIX padoOT OT
MEITHOPATUBHBIX MEPOIPUSTHH K 000CHOBaHHUIO IIOPOTHOTO COCTABA 3AIIUTHBIX
JIECHBIX HaCaKACHUH 1 CXEMBI X CMEIIEHNUS B apuiHOH 30He. [ToaTomy 3amaqa
T10 ONITUMM3AIMH CUCTEMBbI 3aI[UTHBIX JIECHBIX HACAKACHUH U (POPMUPOBAHHIO
arpoianAmadToB N0 JIaH AP THO-IKOJIOTHYECKOMY PUHIIUITY B 3aCYITHBBIX
PETHOHAX ABIAETCS aKTyaJIbHOM.
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OCHOBHBIMHU (pOpPMaMU JIETPaallK CEIIbCKOXO3SICTBEHHBIX YTOMUH SIBIISI-
F0TCs BeTpoBast (edIsiyst) ¥ BOAHAS 3PO3Hsl, 3a001aunBaHne, 3aCOJEHHE, TTO]T-
TOIUICHHE, 3apacTaHNe TOJIEH KyCTapHUKOM, MEITKOJIECHEM H IPYTHUE TPOIECCHI,
BEYIIHE K TOTePE MPOAYKTHBHOCTH 3€MEJIb U BBIBOJY MX M3 XO3IHCTBCHHOTO
obopora [6,7]. BeTpoBast 1 BoAHAs 3pO3HUs MAIIHM B HAIICH CTPaHE OCTACTCs
OJTHOH W3 TNIABHBIX MPUYWH TOTEPH THIOTOPOIHUS TIOUBEI, YXYIIICHUS OKpYXKa-
IOILEeN Cpebl.

O}IHaKO Ipy JIAHUPOBAHUHN U ITPOCKTUPOBAHUU JICCOMCINOPATUBHBIX MEC-
POTIPUATHI Ha MAaXOTHBIX 3eMJISX CIa0BIM 3BEHOM OCTACTCSI YKOHOMUYECKOE
00OCHOBaHHE 3aTpar Ha WX OCYIIECTBICHUE

[NonnmaHue HEOOXOIMMOCTH MOBBIMICHHS SKOJIOTHYCCKON U MPOJOBOJIb-
CTBEHHOM 0€301TaCHOCTH CTPAHBI MIPUBEJIO K (POPMUPOBAHUIO HOBBIX MPEICTAB-
JICHUH 0 3HaYCHNH, 2(P(HEKTUBHOCTH ¥ IPUHIIATIAX OCYIIECTBICHHUS 3aIIUTHOTO
necopassenenus [1,18].

MarepuaJjbl M1 MeTOAbI

B xadecTBe 00BbEKTa NCCIIEOBAHNS OBUTH BIOPAHBI 3alIUTHBIC JIECHBIEC Ha-
caxaenus KOxHoro genepanproro okpyra (FODO). s onucanus BUIOBOTO
COCTaBa, UX COCTOSHUS M SIKOHOMHUUECKOH 3(h(heKTHBHOCTH, HCHOIB30BATNCH
METO/IbI OLIEHKH M IIPOTHO3MPOBAHMUS COCTOSIHMS HacaxaeHuit mo E.I. Mozo-
neBckoit u ap. [11,13] u metozs! necHoit Takcanuu O.U. badomko [1,9]. Uc-
CJICA0OBAaHUA BBIITOJHAJIUCH B COOTBETCTBHU C MCTOAUKAMMU, O6H_Iel'IpI/IH$[TI)IMI/I
B 3AIMTHOM JIECOPA3BE/ICHUN M JIECHOI TaKcaIliy. 3aKOHOMEPHOCTH BIUSHHS
JIECHBIX TI0JIOC Ha arpOdKOJIOTMYECKYI0 00CTaHOBKY TOJICH M3ydali Ha Tpoo-
HBIX IJIOIIAAAX U 110 JIMTCPATyPHbIM JaHHBIM.

OcHOBO# A5 pacueTa 3arpar Ha | ra BETPOJIOMHBIX M CTOKOPETYIHPY-
IOIINX JIECHBIX ITOJIOC CITY>KMJIM JIEHCTBYIONINE PACUETHO-TEXHOJIOTHIECKHE
KapThl Ha paboTHI 110 3aIIMTHOMY Jiecopa3BeneHuro [6,15]. /s nepexona B
COBPEMECHHBIC IEHBI UCIIOJIB30BaJ I HHACKCHI U3BMCHCHUA CMETHOMH CTOMMOCTH
CTPOUTEIHHO-MOHTAXXHBEIX paboT. PacueT 3arpar Ha 00ycTpOWCTBO 3eMelb
Ipou3Be/ieH Ha | ra arposecosanamadra ¢ HOMOLIBIO MOAEIMPOBAHUS pe-
AJBHBIX YCJIOBUH 3eMJIEICNIBYECKUX PaifOHOB, PacIOIOKEHHBIX Ha I0Tre eBpO-
nelickoi Teppuropun Poccuu, rie nepuoanyecKku MposBISIIOTCS BETPOBASI U
BOJIHAS 9PO3UH TTOUBEI.

Pe3yabTaThl HCC/IE10BAHMSA
Jast FOxHOTO henepanabHOro OKpyra XapakTepHa He TOJIBKO IIMPOTHAs, HO
U BBICOTHAsI CMEHSIEMOCTh OCHOBHBIX THIIOB SKOCUCTEM. B mmpoTHOM Hampas-
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JICHUU OCHOBHBIMU 30HAMMU SABJIAKOTCA CTECIIUM — HAa CEBEPE, NMOJITYIMYCTBIHU, 11y~
CTBIHH U CYyOTpONUKH — Ha fore [22,25].

Jleca B OCHOBHOM COCPEIOTOUCHBI HA CKIIOHAX TOP — ONTHMAJbHAS JISCH-
CTOCTB JUIsl CTENIM Ha paBHMHAX M CKJIOHAX Ioka3aHa B Tabmuue 1. [Tnomans
3eMeJIb JiecHOTro (onaa no FOxkuoMy dheaepaibHOMY OKpYTy cocTaBiset 5534
THIC. Ta, 9To cocTaBiseT 10,7% ero tepputopun [24].

Tabruya 1.
OnTuMajbHasi 3aIUTHASI JIECHCTOCTD /IJIsI CTENH HA PABHUHAX U CKJIOHAX

OnTuMalibHas 3alIUTHAs JIECUCTOCTD, %

30Ha, MOYBbI Ilo mauaeiM | ITo manuemM O.U. [Mununenka,
B.U. KoniteBa B.10. FOxHOBCBKOTO
TToYBBI — NIMHUCTBIE U CYTIMHUCTHIC
UYepHO3eMbI 00BIKHOBCHHBIE 3,1 3,8
YepHO3eMblI I0)KHBIC 4.0 4,1
TeMHO-KaIITaHOBEIE 4.9 4.8
KamrranoBo-cosoHIeBaTbIC 6,2 6,2
[TouBbI — MecyaHble U CyNecyaHble

CynecuaHble 6,8 7,1
Ilecuansie 9,8 11,8

LleneBoii ycTaHOBKOM JIJIsl ONTUMU3ALUHU IOPOJHOTO COCTABA 3aLUTHBIX
JICCHBIX HACAXJICHUH SIBJISETCS MAaKCUMaJIbHOE MCIOJIb30BaHUE OMoIoruye-
CKOTO MOTEHIIMAJIa APEBOCTOSI B COOTBETCTBYIONIUX THUIIAX JIECOPACTUTENBHBIX
YCIIOBHH (9KOTOIOB) NMPU HANMEHBIINX MATEPUAIBHBIX U TPYAOBBIX 3aTpaTr
[19,21]. OcHOBHBIMM KPUTEPHUAMU ONTHMAIBHOTO IIOPOJIHOIO COCTaBa 3aIUT-
HBIX JICCHBIX HAaCaXICHUH ABISIOTCS: UX L[€]€BOE Ha3HAYCHHE, COOTBETCTBUE
TUIIA YCJIOBHM POCTA, ONTHMAJIbHAS KOHCTPYKIMS U CTPYKTypa IOPOJHOTO
cocTasa, BEIOOp 3(PPEKTUBHBIX ITIABHBIX U COMYTCTBYIONIUX MOPO, ONTH-
MaJIbHO€ Pa3MEIIeHHE M0 TEPPUTOPHUM JPEBECHBIX MOPOJ, ONTUMAJIBHOE
CMEILIMBaHUE IIOPOJHOrO cocTaBa. BaykHEHINUI U3 NEPEUUCICHHbIX KpUTE-
pHUEB — IIelIeBOE HA3HAYEHUE HACAXJIEHUH, TIOCKOIBKY OH SBIISIETCS CBOEO-
Opa3HO# MPOTrpaMMOi, O KOTOPOH TUTAHUPYETCS BBIPAIIMBAHIE HACAKICHUH
C OpUEHTalMel Ha JOCTI)KEHHE MU B OINpPENEIEHHOM BO3pPacTe COOTBET-
CTBYIOIEH KOHCTpyKUuU. POpMUPOBAHUE LEIEBOM KOHCTPYKLUU HYXHO
00ecTeunTh B paHHEM BO3PACTE APEBOCTOEB, YTO OYJET CIIOCOOCTBOBATh MH-
HHUMM3ALMU 3aTpaT pecypcos [7,23].

C 1enpio TMOBBIIICHHS 3KOJIOTHYECKON U arpoieCOMEINOPATUBHON POIH
3aIIUTHBIX JECHBIX HACaKJICHHWH, YMEHBIICHUS 3arps3HEHUST TEPPUTOPUIL, a



124 Siberian Journal of Life Sciences and Agriculture, Vol. 13, Ne3, 2021

TaKXke JUIsi 0e30I1aCHOT0 MCIONIB30BaHUS 3eMEJIBHBIX PECYPCOB HEOOXOANMO
JaibHeilIee COBEPIICHCTBOBAHNE CYIIECTBYOIINX METOIOB CO3/IaHUS B PETHO-
He 3 (HEKTHBHBIX ONTHMH3UPOBAHHBIX CHCTEM 3aIllUTHBIX JECHBIX HACAKICHUN
(tabnmua 2). J{ns obecriedeHust HanOOIBILETo SKOJIIOTHYECKOro d(dekra yTou-
HEHHs TPEOYIOT BOMPOCHI: ONTUMAJILHOTO Pa3MeEIleHH s 3alIMTHBIX JIECHBIX Ha-
CaXIICHUI Ha TEPPUTOPUH, PACIIHPEHHE aCCOPTUMEHTA UCTIONIB3YEMBIX TTOPOJ,
TIOJTHBIN Y4eT WHIPEAMEHTOB 3arpsi3HEHNE OKPYIKAIOIIEH MTPUPOIHON Cpenbl,
COBEPIICHCTBOBAHHE TEXHOJIOTHI BBIPAIIUBAHUS APEBOCTOEB, JIECOBOIYECKOM
yxoza 3a HuMH [2,5].

Tabnuya 2.
ITorpednocTs FO®O B 3a1IUTHBIX HACAKAEHUSIX, Fa
[Tnomans HacaXKACHUM, ra
OCHOBHBIC BUIBI HACAKICHUIA
Tpebyemas | Hmeromascs | Ilnanupyemas

[Tone3amuTHbBIE 6459 359.,5 286,4
IIpoTuBO3p0O3HOHHBIE 588,9 193,9 395,0
Ha meckax u apuHbIX macTOMIIax 817,0 142.8 674,2

Oo0necenme KOPEHHBIX OEPEroB pek 26,9 - 26,9

OO0JieceHue MOCEIKOB | MOJIEBBIX CTAHOB 15,9 8,4 7,5
Bceero Bcex Bumos 3JIH 2094,6 704,6 1390,0

Ipumeuanue. Cocrapiero no: [21; 22].

[TonoKUTENbHBIH pe3yiIbTaT arpoJecoMeNInopaTUBHOro0 o0ycTpoiicTBa
TEPPUTOPHUH B CTETIH CYIIECTBEHHO 3aBUCUT OT YIa4HOCTH Toa00pa apeBec-
HO-KYCTapHHUKOBBIX ITOPOJI, KOHCTPYKITMH HACAKICHUI M YETKOTO COOIIOIe-
HUSI TEXHOJIOTHH yXOJ1a: CBOEBPEMEHHOTO MPOBE/ICHUS arpOTEXHUYECKHUX U
JIECOXO3SIMCTBEHHBIX MEPONIPUATHI [4]. ACCOPTUMEHT AepEeBbEB U KyCTapHU-
KOB I IPUMEHEHHUS B 3aIIITHOM JIECOPa3BEeICHUH JOBOJIBHO Pa3HOOOPa3eH,
B 3aBHCHMOCTH OT JIECOPACTUTEIIbHBIX yCIOBUII TOTO MM MHOTO paiioHa, Ono-
JIOTHUECKUX CBOWCTB ITOPO/I, a TAK)KE HA3HAYECHHUE ONPEJIEIEHHOTO HAaCaXK/Ie-
Hus (Tabnuna 3). Uem Oornee KeCcTKHE YCIOBUS MPOU3PACTaHUA, TeM Ooee
B3BCIICHHBIM JOJDKEH OBITH MOA00P aCCOPTHMCEHTA JIEPEBBEB U KyCTapHH-
KOB, 0COOEHHO Ha COJIOHIIEBATBHIX M 3aCOJICHHBIX IOYBaX, TPEOYIOMIUX TITy-
OOKO¥ U CBOEBPEMEHHOMN 00paObOTKK OYBHI. J[JIsl TAKMX YCIIOBUM IPEBECHBIC
MTOPOJIBI JOJKHEI OBITH C TIOBBIIICHHOH 3aCyXOyCTONYHNBOCTBIO, OTINYATHCS
MUHHMaJIbHOH TPeOOBaTEIbHOCTHIO K IIIO0POIHMIO OYBHI, 1aBaTh XOPOIINH
HNPUPOCT JPEBECUHBI, YPOXKAl OPEXOB U IUIOJIOB, & TAKXKE LIEHHOE TeXHUYe-
cKoe cwipbe [16].
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Tabnuya 3.

Hepe'leHL A€PEBbEB U KYCTAPHUKOB VISl JIECOPa3BEACHUS

B CTEIHOMH M CyXOCTeNnmHOii 30Hax

JicTBeHHMIA cuoupcekas (Larix
sibirica), cocHbI OOBIKHOBEHHAS
(Pinus sylvestris) 1 KpbIMCKast

(Pinus nigra subsp. pallasiana),

siceHb 00bIKHOBeHHBIH (Fraxinus
excélsior), opexu uepHsiii (Juglans
nigra) u rpeukuii (Juglans régia),
pobunms ncesroaxanus (Robinia
pseudoacacia), IiequYns TPEXKOI0Y-
koBast (Gleditsia triacanthos),Bsi361
npusemuctsiil (Ulmus pumila), mep-
mrasii (Ulmus glabra) 1 0GBIKHOBEH-
it (Ulmus laévis), kamras KOHCKHIt
(Aésculus)

alba), nuna menkonucrtHas (Tilia
cordata), rpyma 0ObIKHOBEHHAs.

(Pyrus communis), KJIeHbI
nonieBoit (Acer campéstre),

octponucTHBI (Acer platanoides)
u Tarapckuit (Acer tatéricum),
abpukoc o0bIKHOBEHHBIH (Prunus
armeniaca), aiiBa OOBIKHOBEHHASI
(Cydonia), siononst tecnast (Malus
sylvéstris), 10x cepeOpucTbIii

(Elacagnus commutata)

OCHOBHOI1 BUJI IepeBa | CornyTCTBYIONIHMI BIJT iepeBa | KycrapHuk
CrenHas 30Ha (HEOPAIIAEMBIC 3EMJIIH)
Jly6 uepenrdarsiii (Quércus robur), IenkoBuria 6enast (Morus CmopoauHa

3onotuctas (Ribes
aureum), NIMIIOBHUK
OOBIKHOBEHHBIH
(Rosaceace), upra
KpPYIJIOIUCTast
(Amelanchier ovalis),
CKyMITHs KO)KEBEHHast
(Cotinus coggygria),
TepH (Prunus spinosa),
anprya (Pranus
cerasifera), BULIIHS cTen-
nast (Prinus fruticosa),
JIeIMHA OOBIKHOBEHHAS
(Corylus avellana), 6o-
SIPBIIIHUK MSTKOBAaThIN
(Crataegus submollis)

CremnHas U CyXOCTeIHasi 30HbI (opalraeMble 3eMIIH

WBb1 npeBoBuHbie (Salicaceae),
Tomnosst Ganbzamudeckuii (Populus
balsamifera), uepsiii (Populus
nigra),eBpoaMepHKaHCKUH THOpU
(Populus x euramericana), mupamu-
nansblii (Populus pyramidalis), Boste
(Populus bolleana Louche), poounus
nicesoakanus (Robinia pseudoacacia),
mieuuns Tpexkomodkopast (Gleditsia
triacanthos), 1y0 depernrarsblit
(Quércus robur), opexu YepHbIi
(Juglans nigra) u rpeukwuii (Juglans
régia), Bsi3 mepuabii (Ulmus glabra)

AitnanT Beicoyaimii (Ailanthus
altissima), Bsi3 OOBIKHOBEHHBII
(Ulmus laévis), KiieHbl oseBoit
(Acer campéstre) 1 0CTPONHCTHEIIT
(Acer platanoides), 1enKoBu-

na 6emas (Morus alba), rpyma
necHast (Pyrus communis subsp.
pyraster), abpuKoc OOBIKHOBEH-
Hblit (Prinus armeniaca), ooe-
nuxa kpymuHoBas (Hippophae
rhamnoides), 10X y3KoIHCTHBIN
(Elaeagnus angustifolia), psbuna
oObIKHOBeHHas (Sorbus aucuparia)

HIBBI KyCTapHHKOBBIE
(Salix), cmopomuHa
sonotuctas (Ribes
aureum), apOHUsI
(Aronia), GOSIPBIIIHUK
OZIHOTICCTHYHBIN
(Crataégus monogyna),
Oy3uHa yepHast
(Sambucus nigra),
BumHsA crenHas (Pranus
fruticésa), npra kpynio-
muctast (Amelanchier
ovalis)

CyxocTernHas 30Ha (HeopaIaeMble 3eMIIH)

Jy6 gepenruarsii(Quércus

robur), poOUHHMS JDKEaKaIUs
(Robinia pseudoacacia), memmans
TpexkomoukoBas (Gleditsia
triacanthos), cocHa 0OBIKHOBEHHAS
(Pinus sylvestris) u kpbiMckast (Pinus
nigra subsp. pallasiana), Bsi3
npusemuctsiil (Ulmus pumila), scens
nannetHsiii (Fraxinus lanceolata)

AtiiBa o6sikHOBeHHas1 (Cydonia),
rpyia obbikHOBeHHas (Pyrus

communis), KJIICH TaTapCKHit
(Acer tataricum), siceHb

nmannertHsiii (Fraxinus lanceolata),
abpukoc oObIKHOBEHHBIH (Prunus

armeniaca), sI0IOHsI JTecHas

(Malus sylvéstris), 10X y3KOIHCT-
ubiii (Elacagnus angustifolia)

Bumns crennas
(Prinus fruticésa),
CMOpOZIMHA 30JI0THCTAsI
(Ribes aureum),
CKYMITHSI KO)KCBEHHAS
(Cotinus coggygria),
tamapuke (Tamarix),
KaparaHa JIpeBOBHIHAS
(Caragana arboréscens),
aKaIus rnecyaHas
(Ammodéndron)

IIpumeuanue. CoctaBneno no: [20; 24].
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DkoHOMHYECKast 3PPEKTHBHOCTD JIECOMEIIMOPATHBHBIX HACAKICHU I 3aKITI0-
YaeTcs B MOBBIIICHIHN PE3YIIFTAaTUBHOCTH CEIHCKOX03SHCTBEHHOTO MPON3BOICTBA
1 3aIlIMIIaeMbIX 00BeKTOB. [Ipy HATHYMH B3aMMOCBS3aHHOW CHCTEMBI JIECOME-
JIMOPAaTHBHBIX HACAKACHHUH, YPOXKAHHOCTD CEJILCKOXO3SHCTBEHHBIX KYJIBTYP T10-
BhIaeTcs Ha 8-18%, ochlmanue CrebIX HECKOIIIEHHBIX 3€PHOBBIX YMEHBIIIASTCS
B 5-6 pas3, a mpu pa3aenbHON yOOpKe ypoxKast He TIPOMCXOIHUT TIepeBEPTHIBAHIEC
BETPOM CKOIICHHBIX BaJIKOB M OCBIIIAHHUE B PE3YJIbTAaTe 3TOTO 3epHa.

HanexHbIM cpeicTBOM 00ecTieueH s palliOHaIbHOTO NCTIOB30BaHUs OUOKITH-
MaTHYECKOTO TOTEHIIHANA IO 1 MOBBIIICHUS] YCTOMYMBOCTH 3eMIISICTIHS Ha
JeIIIMOHHO- 1 3PO3HOHHO-OTIACHBIX 3eMJISIX SBISIETCST CO3IaHIE 3aBEPIICHHBIX
CHCTEM BETPOJIOMHBIX U CTOKOPETYJIMPYIOLINX JIECHBIX MOJIOC. ATPOJIECOKOMITIEK-
CBhI TIPE0OPa3yIOT OTKPBIThIE JIAHMIA(THI ¥ HAJEISIOT UX MHOTUMH TOJIE3HBIMU
cBoifctBamu 1 yHKIEsIME [12,13]. OOBeM KarmUTaTOBIOKEHHN B 3aIIUTHOE Jie-
Copa3Be/ICHHE ONPE/IeNSIeTCsl HEOOXOMMBIMH 3aTpaTaMy Ha IPOSKTHPOBAHHUE, CO-
3MIaHME W BBIPAIIMBAHUE HACAKIEHUI IO CMBIKaHUS KPOH (Tabmuia 4).

Tabnuya 4.
CpeaHeroaoBoii cOBOKYNHbIN 3¢ eKT 0T 3aLIUTHOIO Jiecopa3BeIeHUsl
Ha NMAXOTHBIX 3eMJISX (ThIC. py0. Ha 1 ra arposeconanamadra)

Joxon or necHoil me- | Crennas Cyxocrennas | Cyxocren- Iomymy-

JIUOPALIUH TTAITHH 30Ha 4ep- 30Ha TEM- Has 30Ha | CTBIHHAs 30Ha
HO3CMHBIX | HO-KAaIlITAaHO- | KAITaHO- | CBETJIO-KaIlTa-
10YB BBIX IT0YB BBIX [T0YB HOBBIX TI0YB

ITouBo3aIKUTHBII 23,30 17,70 15,10 13,30

adexr

ATpPOKOHOMUYECKHUI 0,29 0,28 0,26 0,19

s dexr

[pubbuis OT peanu- 6,00 5,80 4,20 1,80

3alUH JPEBECHHBI

[TpuobLTE OT M060Y- 5,50 7,20 8,30 9,30

HOTO TOJTb30BaHHUS

JIECOM

CoBoKynHbII dpdexT 35,09 30,98 27,86 24,59

Ipumeuanue. Cocrasieno no: [7; 8; 21].

Takum 06pa3oM, sSKoHOMUYECKast () (EKTHBHOCTH 3alIUTHBIX JICCHBIX Ha-
CaKJICHUN CKIIaJIbIBACTCA U3 CIIEAYIOIIUX YIEMEHTOB:

— mpubaBKa ypoykast CeTbCKOXO3IHCTBEHHBIX KYIIBTYP U APYTOH MPOILYKIIUH;

— TIPUPOCT IPEBECHHBL;

— cOop TUIOJIOB, SATOJ, TEXHUYECKOTO CHIPHSI;
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— CHWXXEHHE yliepOa NMPUUUHIEMOTrO 3aCyXOl, CyXOBEsSIMHU, BETPOBOH U
BOJIHOM 3p03uH;
— CHIDKCHHE 3aTpaT Ha MaTepHabHbBIE CBOMCTBA, HCIIONb3yeMbIe IS T10-
JIy4eHUSs! CEJIbCKOX03sICTBeHHOM npoykuuu [17].
BeTpoomHbIe JIeCHBIE MONOCHI CO3A0T B ISIISIIIHOHHO-OMACHBIX paiioHax
Ha paBHUHAX TPHBOIOPA3AeTbHOTO (oHIa 3eMelnh (¢ ykimoHoM 1o 1-2°). [lpn
JIECOMEITMOPALIH TAXOTHBIX YTOIUH OCHOBHOE BHUMAHHE Y/IEIISIIOT OIIEHKE Jie-
COpACTUTENBHBIX YCIIOBUI TEPPUTOPUU, KOTOPBIE IIPEIONPEAEISIFOT ACCOPTUMEHT
JIEPEBBEB U KYCTAPHUKOB, IPHHY U PITHOCTD YCTONYUBBIX JECHBIX ITOJ0C [29].

Tabnuya 5.
ITapaMeTpsbl BEeTPOIOMHBIX JIECHBIX M10JIOC HA NaX0THBIX 3eMJsix FOra Poccun

[Tokazarenu | Ckopocrenblie nopo/ibl JloJroBe4HbIC TOPOIbI
Jlecocrenb 1 HacTOsIIAs CTENb
J1y6 yepenrdarhlii ¢ MPUMECHIO

IToponst bepesa nosucnas KJIEHA OCTPOJINCTHOTO WU
TPyl OOBIKHOBEHHOM
Uucio psijioB 3 4
[IupuHa J1econoaoc, M 9 12

3acymuiuBas U cyxas CTelb
PobOunus mkeakanmsi, | Jly0 yeperrdarsiii ¢ IpUMeChIO

IToponst TIeAUYUs KJIEHAa OCTPOJINCTHOTO WU
TPEXKOJIFOUKOBAsI rpyus 0OBIKHOBEHHOM
Yucio psijioB 4 4
[IlupuHa gecomnonaoc, M 12 12
[TonymycTeiast
PoOunwus IDKeakanus,
Toposs: TICTUYUS
TPEXKOIIOUKOBAsI, B3
MIPU3EMHUCTHII
Yucro psijioB 3 -
[llupuna necomnonoc, M 12 -

Ipumeuanue. Cocrasneno no: [7; 8; 21; 22].

W3 ckopocrienbIx JepeBbeB B JIECOCTEN U CTENH HAaUOOIBLIYIO TIEPCIICKTHBY
HCTIONIb30BaHMsI UMEET Oepe3a MOBHCIIAst, B 3aCYILUTBOM U CyXOH CTEN! — POOHHHMS
JDKEAKaIWs, TICIMYHS TPEXKOIIFOUKOBAsT; B TIOIYITyCTBIHE — BSI3 IIPU3EMHCTBIN. 13
JIOJITOBEYHBIX — BO BCEX IPUPOIHBIX 30HAX, KPOME IONTYITYCTBIHH, — Ay0 deper-
YaThIi C KyCTAPHUKOM B OITyLICUHBIX psiJiaX. B MOMymycThIHE, B CBS3U C BHICOKUM
PUCKOM PaHHET0 PacCTPOHCTBA X THOCIIH JIECHBIX KYJIBTYP, HCTIOJIb30BAHHE JONTO-
BEUYHBIX TIOPOJI HeTlenecooopasHo [ 7]. DhPEeKTHBHYIO 3aIIUTy MMOJIei OT BETPOBOU
9PO3UH 00ECTICUHBAIOT MAJIOPSTHBIE JIECHBIE TOJIOCHI (CM. Tadu. 5).



128 Siberian Journal of Life Sciences and Agriculture, Vol. 13, Ne3, 2021

3arparhl Ha CO3JaHUE BETPOJIOMHBIX JIECHBIX MOJIOC ABISIOTCA B OCHOBHOM
(hyHKIMEH 30HABHBIX YCIOBHH M 3aIIUTHOM JIECUCTOCTH arpojecoianmadToB
[20] (cm. Tabm. 6). [Tpu TumoBoi 50% 3aIMIeHHOCTH MoJIel OHW YBEINIHBAIOTCS
OT JIECOCTEITH K CyXO# CTenu u noimymycrbine B 2,1-3,2 paza (r = 0,98-0,99). [Tpu
MOBBIIIEeHNH JiecuctocTh 10 4,0-5,4% B tecoctenu, — 10-12% B cyxoii cTemu u 1mo-
JyTycThIHE — 1151 focTrokeHust 100% 3amuieHHOCTH rosel (IyTeM yMEHbIICHUS
MEXKITOJIOCHOTO paccTosiHus ¢ 30 10 15 BBICOT HAaCK/ICHMI) — KalIUTaJI0EMKOCTh
JIECOMENTHOPATUBHBIX padOT YBETMUYMBAETCSI COOTBETCTBEHHO B 1,8 1 2,1-2,2 pa3a
(r=0,97-0,99), T0o ecTh MPOMOPIMOHATIFHO POCTY 3AIIUTHOH JIECHCTOCTH YTOHH.
B 30H2IIBHOM pa3pese JIecoCTelb — MOTYIYCThIHS padOThI, HAITPABJICHHBIE HA JI0-
CTIKEHHUE TIOJIHOM 3alUIIIEHHOCTH ToJeH, Jopoxarot B 2,4-4,0 pasa.

Tabnuya 6.
3arparbl Ha CO3AaHHE CHCTEMbI BETPOJIOMHBIX JIECHBIX I10JI0C HA MAXOTHBIX 3eMJISIX
TOra Poccuu, noaBep:keHHbIX Ae(UISIUH, THIC. py0./Ta arpoJecojanimadpra

3aluIeHHOCTh monel, %
PacueTHble mokaszarean 50 68 100
1 *2%* 112 112
Jlecocrenn
MeX1noI0CHOE PACCTOSIHUE, M 700 | 700 | 500 | 500 | 370 | 370
3anuTHas JIECUCTOCTh, %0 33140 | 3,7 | 46| 50| 64
CyMMa KanBJIOXKEHUH 1,6 (20| 1,9 | 24| 28| 3,6
Hacrosimas crens
Me:K110J10CHOE PacCTOsSIHUE, M 600 | 600 | 450 | 450 | 340 | 340
3amuTHas JIECUCTOCTh, %o 377146 | 42 | 521|551 6,0
CyMMa KanBIOKEHHH 32138 35|42 |46 | 5,6
3acynuinBas CTeIb
Mex110110CHOE PacCTOsSIHUE, M 500 | 500 | 360 | 360 | 280 | 280
3anuTHas JIECUCTOCTh, % 521521 64 |64 82|82
CyMMa KamnBIOKEHHH 49 | 46| 6,0 | 56| 76 | 7,1
Cyxas crerb
MeKnonocHoe pacCTosiHuE, M 450 | 450 | 280 | 280 | 220 | 220
3amuTHas JIECUCTOCTh, %o 5,8 158 82 |82 [11,2|11,2
CyMMa KanBJIOKEHUH 551152 57173105 9,9
TTomynycTbias

Mex1onocHoe paccTosiHUuE, M 350 - 230 - 100 | -

3aluTHas JIECUCTOCTh, % 6,4 - 10,0 - | 13,0 -

CyMMa KanBJIOKEHUH 6,1 - 9,4 - 12,2 -

Ipumeuanue. Cocrasneno mo: [7; 8; 21; 22].*1 u 2 — npu KCIOIB30BAHUU CKOPO-
CHEIBIX U JIONTOBEYHBIX TTOPO/I.
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CTOKOpEryJIMpYIOIINE JIECHBIE MOJIOCHI CO3/al0TCsl HA CKJIOHOBOM ITalIHe
pu yKioHax 2-6°. IIpi 060cHOBaHNH NX OMOMHXEHEPHBIX MapaMeTPOB Ipe-
JKJIe BCEr0 YUMTBHIBACTCS CTETIEHb CMBITOCTH TOYB, OMPEACISIONIAs X JIECO-
MPUTOAHOCTH (cM. TabII. 7).

Tabnuya 7.
[MapameTpbI CTOKOPETyIMPYIOLINX JECHBIX MOJIOC HA MAXOTHBIX 3eMuIsix FOra Poccun
KpyTtusna ckioHa, °
2,1-3,0 3,1-5,0 5,1-6,0
HECMBITHIE U Cla- CPEIHECMBITHIE CHJIBHOCMBITBIE
IMoxasarenu OOCMBITBIC MTOYBbI MTOYBBI MOYBbI
CKOpO- | JONro- | CKOpo- | JONTO- | CKOpO- | MIOJNTO-
CIeNble | BEYHBIE | CIIENIBIC | BEUHBIC | CIIEJbIC | BEYHBIC
MOPOJIbI | TOPOJIBI | TOPOJIBI | TOPOJIBI | TOPOJBI | MOPOJIBI
Jlecocrernp
Topozst BH?CT& T E“’TCT6’ Jle E“’TCTG’ Jle
Ywucino psijioB 3 3 3 3 2 2
upuna nosoc, M 8 8 8 8 6 6
Hacrosiast v 3acynuiiBas cTemb
TTopombt b, To Ju b, To Jc b, To Jlc
Yucrno psjioB 3 3 3 3 2 2
Tupuna nosnoc, M 9 9 9 9 6 6
Cyxasi cTernb
IToponst Poéll;ﬂ’ Ha Poéll;n, S Poéll;n, Sn
Yucio psijioB 3 3 3 3 2 2
upuna nonoc, M 9 9 9 9 6 6

Ipumeuanue. Coctaieno no: [7; 8; 21; 22]. *[Ipunstel 0603HaueHus: b — Gepe-
3a moBucinas; TO — Tononb 6anp3amudeckuit; Tc — Tomoib cepedpucThii; JIu — ay0 ve-
peurdareiit; Jic — nucTBenHNnIa cubupckas; Po — poounus mmxeakanyst; [ — requyaus
TPEXKOJIOUKOBast; B — B3 npu3eMuUcTblil; S — ssceHb JTaHUETHBIH.

Taxk, TIpH JIeCOMENNOPATHBHOM 00yCTPOMCTBE CKIIOHOBBIX 3€MEJIh CO CMBITHI-
MH [T0YBaMHU YEPHO3EMHOH CTenH (KpoMe IOXKHBIX PaifOHOB) — IIPEAIIOYTHTEIBHO
HCIIOJIb30BaTh MaloTpeOoBaTelibHbIC — Oepe3y, JIMCTBEHHHUILY, Ha Ooee yBiIax-
HEHHBIX METEJIBHBIE K TUIOJJOPOIHIO ITOPOJIBL: B JIECOCTEIH M CTOMONIOKCHUSIX —
TOTIOJIST; HA HECMBITBIX M CJTA00CMBITBHIX MTOYBaxX — JIy0; B CYXOCTEIHBIX paiioOHax
Ha CMBITBIX KaIlITAHOBBIX ITOYBAX — POOMHUIO, TVISJUUHIO, BS3 U SICEHb; HA Clla-
00CMBITHIX Mo4Bax — y0. [list 00JeceH s y4acTKOB C CHIIbHOCMBITBIMH MOYBa-
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MH M3 aCCOPTUMEHTA UCKIIIOYAIOT WIIbM, KJIIEH OCTPOJIMCTHBIMH, SIOJIOHIO U TPYIILY
OOBIKHOBEHHYIO, TaK KaK 3TH MOPOJIBI PACTYT 3/1€Ch OYEHb MEICHHO [6, 26].
Bo Bcex mpupomHBIX 30HAX MPH YBEIWYCHUH YKIOHA MECTHOCTH IITUPHU-
HY CTOKOPETYIHUPYIOIIHX JIECHBIX OJI0C YMEeHbIIAlT ¢ 9-8 1o 6 metpos [10].
3arparbl Ha MPOTUBOAPO3UOHHYIO JIECOMEIMOPALIUIO CKIIOHOBOW MAIllHKA B
pacdere Ha | ra arponecorananTad)Ta HAXOAATCS B TIPSAMOM 3aBUCHIMOCTH OT BITa-
roo0ecre4yeHHOCTH (TYMH/JHOCTH) IPUPOAHON 30HKI (cM. Tadn. 8). Tax, B sieco-
CTeIH OHM cOCTaBILsIIOT 2,2-4, 1 ThIC. py0. Ha 1 ra arposneconanamadra, a B Cyxoi
CTEITH, BCIISICTBHE YMEHBIIICHNS HOPMBI aTMOC(EPHBIX OCAIKOB U YBEITHUCHHUS
MEKITOIIOCHBIX PacCTOSHUH, — yMeHbIatoTes B 1,21,3 pasa (r = 0,85-0,98) [6].

Tabnuya 8.
3aTpaThl Ha cO3JaHUe CHCTEMBbI CTOKOPETYJIHPYIOIHUX JIeCHBIX I0JI0C
Ha ckJyIoHoBo# namHe FOra Poccun, Thic. pyo./ra arpojeconangmadgra

KpyTusna cknosa, ©
2,1- | =30 3,1-40 | 41-[-50] 51- [ -6,0
PacueTHnie
HECMBITBIC U cna6o— CHUJIIBHOCMBITBIC
I10Ka3arejan CpeﬂHeCMLITBIC ITOYBBLI
CMBITBIC ITOYBEI ITOYBBI
1* | 2% 1l 2] 1 2] 1 | 2
Jlecocrens
Mesxmonocnoe |4 270 190 | 190 | 140 | 140 | 130 130
paccTosiHUEe, M
SamurHas 3,0 3,0 42 (42| 57 | 57| 46 4.6
JIECHCTOCTD, %
Cymva |5 45 356 [506(506| 6,77 |6,77] 597 | 597
KaIllBJIOKCHUHN
Hacrosiias 1 3acynuimBas cTerb
Mexmonocroe | 440 280|280 | 210 [210] 170 | 170
paCCTOﬂHHe, M
Samraas 2,0 2,0 32032 | 43 | 43| 35 3,5
JIECHCTOCTD, %
Cymma | 59 1,80 [2,76 (2,76 | 3,26 |3,26| 2,57 | 2,57
KaIriBJIOKCHUUN
Cyxas crernb
Mexmonocnoe | 5, 520 320 | 320 | 240 | 240 | 190 190
paccrosiHue, M
Samurhas 1,7 1,7 28 28] 38 [38] 32 3.2
JIECUCTOCTD, %0
Cymva | 5 1,78 2,722,721 3,18 |3,18] 2,34 | 234
KaIlBJIOKCHUH

Ipumeuanue. Coctapneno mo: [7; 8; 22].* 1 1 2 — npu HCIOIB30BAaHUU CKOPOCIIE-
JIBIX U JI0JITOBEYHBIX TIOPO/L.
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MepornpusiTHs 10 CO3IaHUI0 CTOKOPETYJIUPYIOIIUX JIECHBIX ITOJI0C U3 JIOJIT0-
BEYHBIX MTOPOJ (y0a) Ha HECMBITHIX U CITA00CMBITHIX MTOYBaX (KPyTH3HA CKIOHA
2-3°) obxomsaTcs popoxe (2,3-1,8 Tric. py0./ra arponeconanamadra), U3 cKo-
pocrenbix — nemesie (2,2-1,7 Teic. py0./ra arponeconanamadra).

YBenuueHue KpPyTU3HBI CKJI0HA ¢ 2° 10 5° BBI3BIBAET poct 3aTpat B 1,8-1,9
pasa, a ¢ 5° o 6° — ymeHnbuenne Ha 15-26 % (Omaromaps yMEHBIICHHUIO IITH-
PHHBI JIECOTIONOC).

W3BecTHO, YTO OOJIBIIMHCTBO 3eMIIC/ICIBYECKUX PAlOHOB HA IOT€ CTPaHbI
MI0JIBEP>KEHBI COBMECTHOMY IPOSIBJIIEHUIO BOJHON U BETPOBOM 3po3uu. B aTom
ciyvae TIpu 00OCHOBAHHUHM 3aTpaT NPEIIOYTEHUE CIIEAyeT OTAaBarh pesbedy,
TO €CTh OPHEHTHPOBATHCS B MEPBYIO OUepe/lb Ha UCIIOIb30BAHUE CTOKOpETY-
TUPYIOMUX (YHKIUI JecHbIX monoc. [Tpu 3ToM B GoIBIIMHCTBE ciiy4yaes o0e-
crieunBaeTCst 1 Hanbouee 2(ppekTHBHOE NX BETPOIIOMHOE BO3ICHUCTBHE (3a CUET
CONMKEHHBIX PACCTOSHUM MEXTy JICCHBIMU I0JI0caMu). Vckirouenue cocras-
JIIeT CKJIOHOBAsS MAIlHS B paiioHax cuiabHOU nedursiuu [30; 317.

OCO0OEHHO CIIOKHOM 3amadeil SIBIIETCS CO3MaHNe JIECHBIX HACAKICHUN Ha
3aCONICHHBIX 3eMJIsiX. Ha Takux mo4Bax JieCHbIC KyJIBTYPbI IPUKUBAIOTCS PEIIKO
WJIM TIOTUOAFOT Yepe3 HeCKOIBKO JIeT rmociie mocanku [28,32]. Pemuts 31y 1ipo-
011eMy MOXKHO TOJIBKO ITyT€M MOAOOpa COOTBETCTBYIOIINX METOOB CO3NAHMS
JOCTaTOYHO YCTOMYMBBIX HACAKICHHHN C YIETOM LEeNeCO00Pa3HOCTH U IKOHO-
MHYECKOH OIPaBIaHHOCTH MX BBIPAIHBAHMSI.

JUis co3naHusi JIECHBIX HACAXKACHUH Ha 3aCOJICHHBIX 3EMJISIX LIEJIeCO-
00pa3HO HCIIOJIB30BaTh TAaKHWE APEBECHBIC MOPOABI — OHOTY BOCTOYHYIO
(Biota orientalis L.), cocuy kpsiMckyto (n1at. Pinus nigra subsp. pallasiana),
renuuuio TpukoitoukoBy (gleditsia triacanthos L.), MacauHKy OOBIYHYIO
(nmat. Elacagnus commutata); u3 KyCTapHHKOB — OUprounHy (1at. Ligustrum
vulgare), skuMonocTh Tarapckyro (nmat. Lonicera tatarica L), amopdy (mart.
Amorpha L.), ceununa (nar. Cornus L.), nepuwuc (yiat. Cercis L.) u Tamapuke
(nat. Tamarix L.) [6,18].

3aki0ueHue

Jist ynydieHus yclioBUM OKPY>KaroLLEed cpejibl, CHUKEHUE OITIACHOCTH pa3-
BUTHUS HEOMAroNMPHUATHBIX MPUPOIAHBIX M aHTPOIIOTEHHBIX SBJICHUH, B 3aCyIII-
JUBBIX PaiOHAX OMHOW M3 IMEPBOOYCPEIHBIX 3a/1au SBISICTCS (popMUpoBaHHE
ONTUMHU3UPOBAHHBIX CHCTEM 3aIMTHBIX JICCHBIX HaCaX/ICHUH M oOllee yBe-
JINYEHUE JIECUCTOCTU TEPPUTOPUU. DTO TpeOyeT BBHIMOTHEHHUS MACIITa0HBIX
JIECOKYIBTYPHBIX pab0T Ha MaJIOTIPOAYKTHBHBIX 3€MJISX, H3BATHIX U3 CEIHCKO-
XO3HCTBEHHOTO IPOU3BO/ICTBA.
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Hcnonp3oBaHue NPUBEIEHHBIX PAcCUETOB M 3aKOHOMEPHOCTEH MO3BOJIUT
MTOBBICUTh PKOHOMHYECKYI0 000CHOBAHHOCTh KalHUTAIBHBIX BIOKEHUH MPH
MJIAHUPOBAHUM U MPOEKTHUPOBAHUU JIECOMEIMOPATUBHBIX MEPONPUATHI Ha
MaXOTHBIX 3eMJISIX TIPOOJIEMHBIX PETHOHOB tora Poccuu.

Tak xe, 3pPeKTUBHOE TIPUMEHEHUE MPEIIOKECHHBIX METOI0B IIPOBCICHHS
JIECOMENMOPATUBHBIX PadOT M 000CHOBAHHBIX HAYYHBIX PEKOMEHIAINH, CII0-
COOCTBYIOT CO3JIaHHIO YCTOHYUBBIX, POU3BOTUTEIHHBIX U JOJITOBCYHBIX JIEC-
HBIX KYJIBTYp. Bech IpEeUI0KEHHBIM KOMILIEKC MEPOIIPUATUI UMEET BaXKHOE
MPaKTUYECKOE 3HAYEHUE U MO3BOJISIET PAMOHAIBHO MCIOIb30BaTh CTEIIHbIE
3€MJIU, HEMIPUTOJHbIE JIJISl CEJIbCKOXO3SMCTBEHHOTO MOJIb30BAHUS, IIyTEM CO3-
JTAHWS HAYYHO OOOCHOBAHHBIX CHCTEM 3alIUTHBIX M MEIHOPATHBHBIX JICCHBIX
HaCaXXJICHUM, SBJISIOIINXCS YACThIO HKOJIOTUYECKONM OCHOBBI YCTOMYHMBOTO pa3-
BUTHS apUIHOM 30HBI.
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AKTUBHOCTbB CBOBO/HBIX PA/IUKAJIOB
KHCJIOPOJA Y JIOINAJIEA ITPU ®U3NYECKHNX
HATPY3KAX PA3HOM UHTEHCUBHOCTH

0.A. Konenuykosa, JI.B. Cmenanosa, A.C. @edomosa,
A.B. Konomeinyes, A.B. Maxapos

Lenvio uccnedosanus AGIANOCH U3y4eHUe AKMUSHOCTU C60D0OHBIX PAOUKATIO8
KUCIOPOOA Y CHOPMUGHBIX Jowadel 00 U nocie Quauyeckux Haepy30K pasHoll
unmencusHocmu. /lna smozo y 21 cnopmugnotl 10uadu mpaKeneHcKol nopoobsl
co cneyuanuzayuetl «gvle30ka» 6 ospacme om 4 00 18 nem omoupanucs Hetimpo-
@unvHvie epanyroyumol, col@OPOmMKA Kpogu u ciona. Tecmuposanue rouiaderl
npoeoouny 00 U NOCie MPEHUPOBOK C HUKOU, CPeOHell U 8bICOKOU UHMEHCUBHO-
cmamu. Onpedensnu yacmomy ObIXAmenrbHbIX OBUICCHUL, CEPOCUHBIX COKPALYeHUT
u anexmpoxapouozpammy. Iemamonocuveckuil u OUOXUMUYECKUL AHATU3 KPOBU
nowiadet nposooUIU no oouenpunamot memoouxe. Ilepeuunvle, smopuunvie u
mpemuunble paouKaIbl KUCI0POOd 6 00paA3Yax OYeHUBAU C NOMOWBIO XeMUTIOMU-
HeCcyeHmHo2o ananusza. B pesynomame ommeuanu nogululeHny1o akmugHoCms OK-
CUOAHMHOLL U AHMUOKCUOAHMHOU (PePMEHMAMUBHBIX CUCIEM NPU MUHUMATLHOU U
cpeoHetl Hazpy3Kax u AHMUOKCUOAHMHOU CUCTEMbL NPU MAKCUMATLHOU (Pu3uyieckot
naepysxke. Ilpu nocmenennom nogviuienuy Guzuueckol akmueHoOCmu RPoUCXooum
adanmayusi Opeanu3Ma Jowaoell K UCHbIMbleaeMblM HASPY3KAM U, 8 pe3yivmame,
He npoucxooum u3mMeHeHus akmueHOCmu C6000OHBIX PAOUKALO8 (HPOOKCUOAHTNOS
u okcuoanmos). Ilpu smom cucmonuueckuii noxkazamens rowaoeti — 3yoey P, 0o-
CMogepHo nogvluer Oasi PU3UUECKOU HASPY3KU MALOU UHMEHCUBGHOCIU OMHOCU-
menbHo nokazamenel cpeonell unmencugHocmu. Pezynomamol eemamono2uyeckux
U OUOXUMUYECKUX UCCTe008AHUTL KPOBU HAXOOUTUCH 8 OUANA30HE PUUOTO2ULECKOU
HOpMB 00 U NOCe MPeHUpOBoK. TIpu smom Koauuecmao 2emonoouna noGbIUAIOCH
Ha 601bWYI0 GeNUYUHY NPU DUIUYECKOU HaPY3Ke MAOU UHMEHCUGHOCIU U HA
MEHbUYIO 8eNUUUHY — NPU 8bICOKOU uHmMencugnocmu. Konuuecmeo spumpoyumos
CHUDICATIOCH € NOGBIUIEHIEM UHINEHCUBHOCTIU PUSUYECKOU HA2PY3KU, A KOTUHECTHEO
JeUKoYUmos, Haobopom, 603pacmaio. Bviasneno nogvluierue 0owe2o Oenxa u CHu-
JiceHie KOHYEHMPAYUU T0K03bl C POCIOM UHIMEHCUBHOCIU PUIUYECKOU HASPY3KUL.

Knroueswvie cnosa: mpokenvt;, YCC,; Y//I; husuueckas nazpyska, Xemuaomu-
Hecyenyusi, c60000HbLE PAOUKATbI KUCTIOPOOd
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s yumuposanus. Konenuykosa O.A., Cmenanoea JI.B., @eoomosa A.C.,
Konometiyes A.B., Makapog A.B. Akmugnocms c60600HbIX pAOUKATIO8 KUCIOPOOAd Y
Jowiaoell npu u3uYecKux Hazpy3Kax pasHou unmencusHocmu // Siberian Journal of
Life Sciences and Agriculture. 2021. T. 13, Ne 3. C. 139-157. DOI: 10.12731/2658-
6649-2021-13-3-139-157

ACTIVITY OF OXYGEN RADICALS
IN HORSES UNDER PHYSICAL LOADS
OF DIFFERENT INTENSITIES

O.A. Kolenchukova, L.V. Stepanova, A.S. Fedotova,
A.V. Kolomeytsev, A.V. Makarov

The aim of the study was to study the activity of prooxidants, oxidants and antiox-
idants in sports horses before and after intense physical activity of varying intensity.
Neutrophilic granulocytes, blood serum and saliva were collected from 21 dressage
Trakehner sports horses aged 4 to 18 years. Horses were tested before and after
training at different intensities (low, medium and high). Respiratory rate, heart rate,
electrocardiogram, hematological and biochemical blood parameters were deter-
mined. Primary, secondary and tertiary oxygen radicals in the samples were assessed
using chemiluminescence analysis. As a result of the study, an increased activity of the
oxidative and antioxidant enzymatic systems was revealed at minimum and medium
loads and of the antioxidant system at maximum physical exertion. Horses adapt to
the increased physical activity. As a result, there is no change in the activity of free
radicals (prooxidants and oxidants). At the same time, the systolic indicator of horses,
the P wave, was significantly increased with low physical activity relative to the indi-
cators of average intensity. Hematological and biochemical blood parameters before
and after training were within the physiological norm. The amount of hemoglobin
was higher at low exercise and lower at high exercise. The number of erythrocytes
decreased with increasing intensity of physical activity, and the number of leukocytes
increased. An increase in total protein and a decrease in glucose concentration with
an increase in the intensity of physical activity were revealed.

Keywords: trokens; RR; HR; exercise, chemiluminescence; oxygen radicals

For citation. Kolenchukova O.A., Stepanova L.V., Fedotova A.S., Kolomeytsev
A.V., Makarov A.V. Activity of oxygen radicals in horses under physical loads of
different intensities. Siberian Journal of Life Sciences and Agriculture, 2021, vol.
13, no. 3, pp. 139-157. DOI: 10.12731/2658-6649-2021-13-3-139-157
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O0ocHOoBaHUe

CriopTHBHEIC JIOMIAIN TTOABEPTAIOTCS 3HAYUTEIBHBIM IIeperpy3kaM B Mpo-
1lecce TPEHUPOBKU U, 0COOEHHO B MEPHOJI COPEBHOBAHUH, YTO MOXKET MPUBE-
CTH K Pa3JIMYHBIM PAacCTPONUCTBAM (PHU3NOJIOTHYECKOTO COCTOSHUS M PA3BUTHIO
naroyoruii [7, 8, 12, 17].

Jaist TpoUIaKTHKY U KOPPEKIMU SKCTPEMAIIbHBIX TIEPErpy30K HE0OX0MMa
pa3paboTka U MCIOJIb30BaHHE HOBBIX METOJIOB HCCIIEAOBAHUS (DPU3UOIIOTHYE-
CKUX TIapaMeTPOB OpraHW3Ma XMUBOTHBIX. K TaKMM MeToqaM MOKHO OTHECTH
ouodusmueckoe TectupoBanue [9]. bBruodusmueckue MmeToap! pa3paboTaHbI IS
KOMIIJIEKCHOM OIICHKH (PM3MOJIOIMYECKOTO COCTOSHHSI OPTraHnu3Ma U JIaloT BO3-
MOYKHOCTB CJIeJIaTh BBIBOJ O HAJHYWHU WM OTCYTCTBHHU B KJIETKaX TITyOOKHX
MeTabonmuaecknx m3mMeHeHui [ 18, 21]. Takxke BaXXKHYIO pOIb UTPAFOT MIPOIIEC-
CBI aJanTalyuy CIIOPTHBHOW JIOMAa U K (PU3NYECKUM Harpys3kaM pasinqHOro
o0bemMa 1 MHTeHCHBHOCTH. [Ipy 3 TOM OHOdH3NYecKre METOIbI O3BOJISIFOT OT-
CIICANTH MAJICUIIINE CIBUTH B OKHACIIUTEIIEHO-BOCCTAHOBUTEIBHBIX PEAKIIHAX B
kieTkax. Takum oOpa3oM, Ha CErOAHSIIHII MOMEHT B CIIOPTHBHOM KOHEBOJI-
CTBE aKTYyaJIbHBIM SIBJISIETCS OLIEHKA YPOBHSI TPEHUPOBAHHOCTHU U (DAKTOPBI, BIIH-
SIOIIE Ha pabOTOCIIOCOOHOCTD JIOMAACH JUIS IPEIOTBPAIICHHS TIEPETPY30K,
KOTOpBIE MOT'YT IPUBECTH K matoiorusm [3, 13, 14, 19].

AnanTaimoHHasi IepecTpoiika opraHn3Ma BIMSET Ha YPOBEHb €ro (pyHKIHO-
HAJTbHOM akTMBHOCTH. OTHUM U3 €€ KPUTEPUEB SBISIETCs OalaHe B paboTe OKHC-
JIUTENHFHO-BOCCTAHOBUTEIFHBIX PEAKIMH, B Pe3ybTaTe KOTOPBIX OOpasyroTCs
CBOOOIHBIC paJMKaNIbl KUCIopoaa u ymmuaoB [1, 2, 15]. Tlpu atom cBOOOIHBIC
paJMKabl OKa3bIBalOT OOIIMPHOE IMTOTOKCHYECKOE BO3/ICHCTBUE, TIOBPEXK/Iast
MeMOpaHBI M pa3pyIiias TeHeTHIeckrii anmapart kietki [ 11, 20]. Mi3menenue mera-
OOJMYCCKUX PeaKIUi B OpraHU3Me MO BIMSTHIEM SKCTPEMAITBHBIX (DF3HUCCKUX Ha-
TPY30K MOKET OTPaXKaThCsl HA COCTaBe CIIOHBI U I1a3Mbl Jiotau [3,4, 5, 6, 10, 16].

ean
W3ydeHne akTHBHOCTH CBOOOHBIX PAIUKAIOB KHCIOPOIA Y CIIOPTUBHBIX
JIotaeH 10 1 nocie GU3NICCKUX Harpy30K Pa3HON HMHTCHCUBHOCTH.

MarepuaJjbl M1 MeTOAbI

OObeKTaMu SIBISUTUCH HEUTPO(DHIIBHBIE TPAHYJIOIUTHI, CHIBOPOTKA KPOBH U
CITIOHA, 0TOOpaHHBIE y 21 CIIOPTHBHOM JIOIIAH TPAKEHEHCKOH TOPOJIBI CO CIICIIH-
am3aimeit «BeIe3Ika» B Bo3pacte oT 4 1o 18 net 10 u mocie pusmdeckoil Harpys-
ku. HelitpoduitbHbIe rpaHyI0IUTHI OBLIN BBLIEICHBI U3 IENbHON KpoBH. Jlomam
COZIEPIKANTUCh B CTAHAAPTHBIX YCIOBUSX y4eOHO-CIIOPTHBHOIO KOMITIEKCAa KOHE-
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BojicTBa KpacHosipckoro rocyapctBeHHoro arpapHoro yuusepcureta (OI'bOY
BO Kpacnosipckuii [AY). TectupoBanue nomiazei, cOop X CITOHBI U KPOBH TPO-
BOJIVJIM /IO H TTOCJIE TPEHUPOBOK C HU3KOH, CPETHEH 1 BBICOKOI HHTEHCHBHOCTSIMH.

duznyeckas Harpy3Ka HU3KOW HHTEHCUBHOCTH BKJIFOYaJia TPEHUPOBKY JIO-
I B TEUEHHE Yaca, Cpe/IHel HHTEHCHBHOCTH — B TEYCHHUE MOJTYTOpPa YacoOB
1 BBICOKOH MHTEHCHBHOCTH — B TEUEHHE JIBYX YaCOB HA KOPJIE WX MO CEAIIOM.
[Iporpamma TpeHNPOBOK BKJIFOUaJIA B Ce0sI CIICTYIOIIHE TAlbl: Ha CBOOOJHOM
NIOBOJLY, B cOOpE Ha PhICH C BKJIIOYEHHEM OOKOBBIX JIEMEHTOB, COKpAICHUE U
Pa3IBIKEHNE aJUTFOPOB ¥ EPEXO/IBI U3 OIHOTO AJIIIOpa B IpyTOi, 3aMUHKY Ha
PBICH Ha JUTMHHOM TTOBOJLY, IIIar.

@OyHKIMOHATBHBIE OKA3aTeIN OPraHk3Ma JIOIIAel OIpeIesIsuIn 10 4acTo-
Te apIxarenbHbIx ApmwkeHnid (Y1), vactore cepaeunsix cokpamenuii (HCC)
u anekrpokapauorpamme (IKT'). U/ onpexernsinu BusyanbHO, orneHKY YCC
ripoBoIMIH 10 AekTpokapauorpamme (IKI') Ha snexrpokapanorpade K3 T-
01-P- («Monwutop», Poccus). Cusatue OKI' npoBoamin B Tpex CTaHAAPTHBIX
1 TpeX YCUIICHHBIX OTBEACHUAX OT KoHeuHocTe. Aramn3 DKI nomaznei mpo-
BOJIWJIM 110 OOIIENPHHATON METOIHMKE, BKJIIOYAIOIICH B ceOs onpeiesieHne Xa-
pakTepa CepJeYHOro puTMa; CUCTOIMYCCKUI oKa3aTels xenynoukoB (CITXK);
BBICOTY M IIMPHHY 3yOLIOB M HHTEPBAJIOB [8].

I'emaronornueckuii aHaIM3 KPOBH JIOMIA/ICH TPOBOIMIIH T10 OOIIETIPUHITON
METO/IMKE C TI0JICYETOM KOJIMYECTBA IPUTPOIIMTOB U JEHKOIIMUTOB B Kamepe [o-
psieBa, conepkanue remornioornHa — o Meroxy Canu. buoxumuveckuit anammns
CBIBOPOTKH KPOBH IIPOBOAMIIN 110 OOIIETIPUHATON METOANKE, TECTHPOBAIN CO-
JepkaHue Oellka U YPOBCHb TITFOKO3EI [ 16].

[Tepsuunsle (CynepokcuIHbIN aHHOH-paanKan) u BTopudnsie (H202, OH,
102, HCIO) paaukaisl KHCIOpOa B HEUTPOPHUIBHBIX TPAHYIOINTAX OLCHH-
BaJIN C OMOIIIBIO JTFOIUTECHUH- 1 JIIOMUHOJI-3aBHCUMOM XeMIITIOMHHE CIICHITIN
(XJI) [4]. HeiiTpoduibHble rpaHyIONNTHI BBLACISIIN B ABOHHOM I'pajJineHTE
¢duxomn-yporpadus. [lanee orMbpiBain B pacTBope XeHkca (6e3 (eHomoBoro
kpacHoro) mBaxas! mo 10 mun npu 500g. Knetkn pazsommmm B 1 M XeHkca
JUTSL TAJTbHEUIIIero mojicueTa (Heo0X0qMMOoe KOJTMUEeCTBO KiieTok 2*10° /mr).

Jist mpoBeieHusI XeMUIIIOMHHECIIEHTHOTO aHAJIN3a UCIIOIb30BaIH aKTH-
BaTopbl XJI (JIIOMHHOM M JTIOUMTEHUH B KOHIEHTparuu 100 MKr/Mi); ZoHOp-
CKYIO CBIBOPOTKY (TpyTra KpoBu AB, pe3yc-akTop oTpumaTeabHblii), pacTBOp
Xenkca (0e3 )eHOIOBOTO KPacHOT0), 3MMO3aH KaK HHAYKTOP PECIUPATOPHOTO
B3pbIBa. [Ipoba Brirouana: 200 MKJI B3BeCH HEHTPO(DUILHBIX TPAHYIOIUTOB,
20 MKJI JOHOPCKOH ChIBOPOTKH, 240 MK pacTBopa XeHkca, S0 MKJI JIIOMUHOJIA
WK JIIOLMreHnHa (crioHTanHas peakuusi) n 40 MKJI 3uMo3aHa (MHIyIUPOBaH-
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Hasl peakiyst). XeMUIIOMHUHECIICHTHBIH aHaJIN3 OCYIIECTBISUIN MTPU TOMOLIN
anamm3aropa «CL3604» B reuerne 90 muH. Onpenensny BennarnHy Tmax (Mak-
cUMasbHOE BpeMs), Imax (MakcuManbHasi HHTEHCUBHOCTB), Smax (IuIonaibs
1oz kpuBoit) u A (MHAEKC aKTHBAalMU) COOTHOIIEHHE Smax 3MMO3aH-HH/1Y-
[UPOBAHHOW peakiuy / Smax CIIOHTAaHHOW PEaKIUH JUTS Ka)KI0TO MOKa3aTesl.

KonnenTtpamnmio karangasbl (AaHTHOKCHAAHTBI) B CBIBOPOTKE KPOBH M CITIOHE
OLIEHHBAIIH C TIOMOIIBKO JFOMUHOJ-H O -3aBUCUMON XeMUITFOMUHECHEHIUH. Xe-
MIJTFOMUHECLIEHTHOE HCCIIE0BaHIE ITPOBO/IIIIH Ha TUIAHIIIETHOM JIIOMUHOMETpE
«TriStar LB 941», mpomsBoactsa Berthold. [Tpo6a Bxmrowana: 200 MKJI CIIOHBL,
25 Mkt mromuHoa. Iocne ¢ukcanim (OHOBOTO cCBEYEHHs aBTOMaTHIECKH BIPHI-
ckuBanock 25 mxit 3% H, O, (ucrounuk cBoboaHbIX paukanos). Msmepenue XJI
MpoxXoamIo B TedeHne 5 MuH. Onpenernsnn BenuuuHy T0 (HagaabHOE BpeMms),
Tmax (MakcuMaIbHOE BpeMs BBIXOJa Ha IMHK), Imax (MakcuMaiibHast HHTCHCHB-
HOCTB) M Smax (IUI0IIab M0 KPUBOH) IS KQXKI0TO MOKa3aTels.

[To pe3yabraram nccneoBanus GOPMUPOBAIIN 0a3y JAHHBIX B [TAKETE 1K~
TpoHHBEIX Tabmuiy MSExcel 7,0 1 oCyIIeCTBIAIN CTaTUCTHYCCKIHA aHAIN3 B
TIaKeTe MPUKIJIAIHBIX Tporpamm Statistica 10.0 (StatSoftInc., 2014). JocTosep-
HOCTB Pa3IMYHi 10 U 1ocie GU3NIECKON Harpy3KH ONMpPeIelIsiIi 110 KPUTEPHIO
Buiikokcona (p<0,05).

PesyabTarsl

AHaJu3 MepBoro 3Tana MUHUMaJIbHOU (PU3MYECKOM HArpy3KH MOKa3ajl yBe-
JTUYEHUE TaKuX (U3NOIOTHYecKuX mapamerpos, kak YCC n YJIJ1 mocne Ha-
I'PY3KH, OTHOCHUTEIIHLHO MTOKa3aTeNel, MoMyueHHBIX B TIoKoe (puc. 1).

80 120
70 T P=0,038
= P=0,002 100 =
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Puc. 1. YJIJT u UCC y nomazeit npu Gpusnyeckoil Harpy3Kke HU3KOH HHTEHCUBHOCTH
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Pezynprarsl ucciaenoBaHus NpOBOASAIICH CUCTEMBI cep/la MOKa3alu, YTO
CEPACYHBIN PUTM HCCIIETyEeMBIX JIOIIA/IEi OCTABAJICS CHHYCOBBIM PETYIISPHBIM.
Jlo Hagama TPEHUPOBOK DICKTPOKAPINOIOTHUSCKUE TIOKA3ATEIH JIOIIAIeH Co-
OTBETCTBOBAJIN CPETHUM HOPMATUBHBIM IOKA3aTEIISIM.

du3nueckas Harpy3Ka MajJoi HHTCHCHBHOCTH MOBBIIIATA aMITITHTYAbI 3y0-
ma P o 4,0 [3,0; 4,0] mm u 3ybma R o 13,0 [12,0; 14,0] MM OTHOCHTENBHO
roKasareJsei 10 TPEHUPOBOK. Takxke OTMEUEHO YMEHbIIeHHEe UHTepBaioB P-Q
10 0,07 [0,06; 0,1] ¢, QRS m0 0,06 [0,06; 0,08] ¢, QPST no 0,5 [0,5; 0,5] ¢, TP
1o 0,6 [0,5; 0,8] ¢, RR mo 1,3 [1,0; 1,5] c. Cucronmuaeckuii moka3aTeib JKelry-
nmouxoB (CITXK) Bospacran no 36,1 [31,1; 46,2] %. Takum 00pazoM MBI BUAHM
M3MEeHEHHEe (PHU3MOJIOTUYECKOr0 COCTOSIHUSI CHIOPTHBHBIX JIOIIAACH MO BIHUS-
HUEM (HU3MYEeCKON HArpy3KHW HU3KOW MHTEHCHBHOCTH (puc. 1).

XeMHUITIOMHHECIICHTHOE OIIpefiesieHne (YHKIIMOHAIBHOW aKTUBHOCTH
HEUTPODWIBEHBIX TPAHYIOUTOB 0a3MPOBAIOCH HA XapaKTEPUCTUKE 0a30BOM
AKTUBHOCTH U PE3EPBHBIX BOZMOXKHOCTEH KIJIETOK MPU BO3JEHCTBUU HA HUX
Hecnenrn(puIecKoro MHAYKTOpa B BUIE 3uMo3aHa. OTAEThHO UCCIe0BaHa CII0-
COOHOCTh HEUTPOMMITBHBIX TPAHYIOMUTOB K 00pa30BaHUIO TICPBUYHBIX PaIH-
KaJIOB KACJIOpO/ia (CYTIEpOKCHHOTO aHMOHA) MTPU aKTHBAIMHU JIFOIIUTE€HIHOM U
o0pa3zoBaHue 0OIIETO ITyJia BTOPHYHBIX CBOOOHBIX PAJANKAIOB KHCIOPOAA ITPU
aKTHBANUHU TIOMUHOIOM. CYTIepOKCHIHBIN aHHOH-PaIUKall 00pasyercs B pe-
3yJbTare PePMEHTATUBHBIX PEAKIIHIA U SBJISIETCS] HCTOYHUKOM JUTsl 00pa30BaHHs
BropudHbIX paaukaios (H,0,, OH, 10,, HCIO), BbiiensieMbIX paronuTamu.
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Puc. 2. IToka3zarenn Imax 1 Smax CHOHTaHHOTO JTIOIUT€HHH-3aBUCHMOTO
XEMUITIOMUHECLEHTHOTO CBEUEHHs HEHTPO(DHIBHBIX TPAHYJIOIUTOB Yy JIONIaaen
npH HU3MYECKOil Harpy3Kke HIU3KOH HHTEHCUBHOCTH

Bbu10 00HApY)KEHO CTAaTUCTUYECKH 3HAYMMOE MTOBBIIICHNE HHTEHCUBHOCTH
(8 2,6 u 2,4 paza) u uiomaau (B 2,2 u 2,5 pa3a) CIIOHTaHHOTO JIIOIUTEHUH- 1
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JIIOMHHOJI-3aBUCUMOI0 XEMUITIOMUHECIIEHTHOTO CBEYEHHUS TI0CTIe MUHUMATIb-
HBIX (U3MYECKUX YIpaXHEHUH (puc. 2 u 3 COOTBETCTBEHHO) OTHOCHUTEIHHO
TToKa3areeH, MOMYYCHHBIX IO Harpy3Ku. Pe3yinbpTaThl MOTYT yKa3bIBaTh Ha aK-
THBH3AIMIO BBIPAOOTKH IIEPBUYHBIX U BTOPUYHBIX PAJMKAIOB KUCIIOPO/a I0CiIe
TPEHUPOBOYHON HArpy3KH y CIIOPTUBHBIX JIOLIA/IEH.
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Puc. 3. ITokazarenn Imax u Smax CIIOHTaHHOTO JIFOMHHOJI-3aBUCHMOTO
XEMHITIOMUHECIICHTHOTO CBEYECHUS HEHTPODMIBHBIX TPAHYIOLMUTOB Y JIOMaei
npu GU3HYECKOM HArpy3Ke HU3KOH HHTEHCHUBHOCTH

Jarnee, MbI IIPOBEJIH HCCIIEI0OBAHUE AaHTUOKCH/IAHTOB B CBIBOPOTKE KPOBH Y JIO-
majeil 10 1 nocie GU3MIecKoi Harpy3Ky, 1 OOHAPYKWIIH, CTATHCTHYECKH 3HAYH-
MOE IMOBBILICHHUE IO XeMHJIFOMUHECLIEHTHOH KPUBO# (B 2,5 pasa) u CHIKEHNE
BpEMEHH BBIXOJIa Ha MK (B 1,2 pa3a) B JTIOMHUHOJI-3aBICHMOM CBEUECHHH B IIPHCYT-
creun H,O, nociie Gpusnieckoi Harpy3k1 0THOCHTENLHO COCTOSHMS TIOKOsE (puc. 4).
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Puc. 4. ITokazarenu Smax u Tmax JFOMHUHOJI-3aBHCHMOTO
XEMHJIFOMHHECIIEHTHOTO CBeueHHUs B npucyTcTBuU H,O, B CBIBOPOTKE KPOBH
y Jomae npu pU3NIECKON HATPy3Ke HU3KOH HHTCHCHBHOCTH
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[TonyuyeHHbIC pe3yNbTaThl YKa3bIBAIOT HA MTOBBIIICHHE AKTUBHOCTH aHTHOK-
CHJIaHTOB B CHIBOPOTKE KPOBH MOCTIE HATPY3KH y CIIOPTUBHBIX JIOMIAICH.

Taxkum 00pazoM, TP MUHUMATBHOH (PU3HUYECKOI Harpy3Ke Y CIIOPTUBHBIX
Jomaiei HaOJIkIaeTCsl aKTUBHU3ALUS METa0OIMUSCKUX MPOIIECCOB, MIPUBOIS-
11ast K 00pa30BaHUIO POOKCHIAHTOB, OKCHIAHTOB M AHTHOKCHIAHTOB, HAITPaB-
JICHHAs Ha WHTCHCH(UKAINIO (PU3HOIOTHYECKUX MPOIIECCOB B OpPTaHU3Me.

HccnenoBanne (pU3HOIOTHYESCKHUX MTAPAMETPOB CHOPTHBHBIX JIOIIAICH MpU
cpenHeit (pu3nUecKoi Harpy3Ke MOKa3aio YBEINUYCHNAC TAKUX XapaKTCPUCTHK, KaK
YacTOTa CePACTHBIX COKPAIICHUH 1 JBIXaTeIbHBIX JBKESHUH ITOCTIe HAarpy3KU-0T-
HOCHUTEITFHO U3MEPEHUH B TTOKOE (pHC. 5). Pe3ybrarsr ncciieToBaHUS MPOBOJISIICH
CHCTEMBI Cep/IIIa TIOKa3alTH, uTo (Pru3MUIecKas Harpys3ka cpeiHeil HHTCHCUBHOCTH HE
n3MeHsIa aMIuuTyy 3yora P (2,0 [2,0; 2,0] MM) 1 MOBbIIIaIa aMIUTUTY/Ty 3yOIia
R 10 11,0 [7,0; 12,0] MM OTHOCHTENBHO MTOKa3aTeseit 10 TPEHHPOBOK. OTMEUEHO
Taxxke ykopouenue unrepsaioB QPST no 0,4 [0,4; 0,5] ¢, TP — 10 0,4 [0,3; 0,7] c,
RR -0 1,2 [1,1; 1,5] c. CTIXK Bozpactan 1o 35,9 [33,3; 37,0] %.
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= 70 =100 P=0,038 _
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M -]
g 40 2 60
< 30 = g
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= 20 &)
=t ]
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10 Harpy3ku Hriocjie Harpy3ku J10 HArpy3ku M moc/e Harpy3ku

Puc. 5. Y1 1 UCC y nomaaeii npu Gpuznueckoil Harpy3Ke CpeaHeil HHTEHCUBHOCTH

HccnenoBanne XeMITIOMIHECIICHTHBIX TTApaMeTPOB TIPH (HU3NIECKOi Ha-
rpy3Ke CPEIHEr0 yPOBHS TIOKA3aJI0 YBEIMUCHUE HHTCHCUBHOCTH (2,4 1 2,5 pa3a)
W TUIOIAIM o7 KpuBo (2,4 u 1,2 pa3a) B 3MMO3aH-UHIyIIUPOBAHHOM JIFOITUTe-
HUH ¥ JIOMHHOI-3aBICHMOM TIporiecce (puc. 6 u 7 COOTBETCTBEHHO), a TaKkKe
IUTOIA/U TTOJ] KPHBOM CIIOHTAHHOW peakIiy. YTo TakKe YKa3bIBacT Ha aKTHBH-
3aIIUI0 BBIPAOOTKH U BBIOPOC MEPBUYHBIX M BTOPUYHBIX PaJUKAIOB KHCIOPOA
B OpPraHU3Me CIIOPTHBHBIX JIOIIAACH MPH YBEINYCHUN (PU3UIESCKON HATPY3KH.

HccrnenoBanne aHTHOKCHAAHTHON aKTUBHOCTH B CHIBOPOTKE KPOBH H CITFO-
HE y Jiomasei 0 ¥ Mocie CpeHel (pU3NIeCcKor Harpy3KH; TaKkKe MOKa3ajio
CTAaTUCTUYECKU 3HAYMMOE TIOBBIIIIEHNE HHTEHCUBHOCTH (B 3 pa3a) u MIomaau
(8 4,8 u 17 pa3) B TIOMHHOJ-3aBICHMOM XEMIJTIOMUHECIICHTHOM CBEYCHUH B
npucyrctBun H,O, OTHOCHTENBHO COCTOSAHMA TTOKOA (pHC. 8).
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Puc. 6. [Tokazarenu Imax u Smax 3uM03aH-UHIYIUPOBAHHOTO

JIFOLUTeHUH-3aBUCHMOT0 XeMUIIOMUHECIIEHTHOTO CBEYCHHST HEHTPOPHITbHBIX
TPaHyJIOIUTOB Y JOMIaAeH pH (GU3NIECKON HArpy3Ke cpeTHe HHTCHCUBHOCTH
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Puc. 7. INoxazarenn Imax 1 Smax CIOHTaHHOTO () ¥ 3UMO3aH-HHIYIIMPOBAHHOTO (b)
JIFOMHMHOJI-3aBUCHMOTO XeMHJIFOMUHECIIEHTHOTO CBEUESHHSI HEHTPOPUIIBHBIX
TPaHYJIOLUTOB Y JIOMAACH IpH GU3HIECKOH Harpy3Ke CpeJHell HHTCHCHBHOCTH

o Harpy3ku M 1ocje Harpy3ku



148 Siberian Journal of Life Sciences and Agriculture, Vol. 13, Ne3, 2021

[Ipu cpenHell Harpy3ke aKTUBHOCTh AHTMOKCUAAHTHBIX PAJAUKAJIOB Y CIOp-
THBHBIX JIOIIA/IEH MPOJIOIIKalla yBEIMINBATHCS MOCIE (PU3UIECKUX YIPaKHEHUH.
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Puc. 8. [Tokazarenu Imax 1 Smax JTIOMUHOI-3aBHCUMOTO
XEMMIIIOMMHECLIEHTHOTO CBeYeHHs B mpucyTcTBuK H, O, B CitoHe (a) M B CHIBOPOTKE
(b) y nomazeit npu $pusndeckoil Harpy3ke cpeHeil HHTEHCHBHOCTH

AnHanu3 Gpu3nYecKkol Harpy3KH BBICOKOM MHTEHCHBHOMW MOKa3all yBeJIude-
HHUE YaCTOTBI CEPJECUHBIX COKPALIEHUI U JBIXAaTENIbHBIX JABMKEHUHN MOCIE Ha-
T'PY3KH OTHOCHTEIIFHO COCTOSIHHSI IOKOSI (puc. 9).

B pesynbrare uccneqoBanus MpoBOAAIIEH CUCTEMBI cepAlla 0OHAPYyKEHO,
YTO CEPACYHBIN PUTM HCCIIEAYEMBIX JIOIIAEH OCTABAJICS CHHYCOBBIM PETYILIp-
HBIM. J]0 Hauana TPEeHNUPOBOK AIEKTPOKAPANOIOrHIECKHE TOKA3aTe! J0IMaaen
COOTBETCTBOBAJIM CPEAHUM HOPMAaTUBHBIM MOKa3arensim. dusnueckas Harpyska



Siberian Journal of Life Sciences and Agriculture, Tom 13, Ne3, 2021 149

BBICOKOW MHTEHCHBHOCTH ITOBBIIIANa aMILTUTY b1 3yona P 1o 4,0 [4,0; 4,0] mm
n 3ybma R 10 24,0 [23,0; 26,0] MM OTHOCHTETHHO TIOKA3aTEIeH 10 TPEHUPOBOK.
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Puc. 9. Y11 n UCC y nomaneii npu puznveckoil Harpy3ke BHICOKOH HHTEHCUBHOCTH

Taroke oTMedeHO yMmeHbIIenue natepsanoB TP mo 0,2 [0,2; 0,2] ¢, RR —
1o 0,9 [0,8; 0,9] c. CIDXK Bo3pacran o 49,3 [31,0; 46,9] %. UccnenoBanue
WHTCHCHUBHOCTHU M IUIOIIAM CIIOHTAHHOTO JIFOIIMICHUH- U JIFOMHUHOJI-3aBUCH-
MOTO XEMHIJIIOMHHECIICHTHOTO TIPOIIecca 10 U TMOCIe HHTCHCUBHBIX (hr3nde-
CKUX YIpa)KHEHUH He MOKa3aln JIOCTOBEPHBIX M3MeHeHni. Takum obOpazom,
MIPH TOBBIIICHUU (DU3MUCCKON HATPY3KU MPOMCXOIUT aJarTaIis OpraHu3Ma
CIIOPTUBHBIX JIOIIAJICH.
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Puc. 10. [Tokazarenn Imax 1 Smax JITOMHHOJI-3aBHCUMOTO
XEMMIIFOMMHECLIEHTHOTO CBeYeHHs B mpucyTcTBuK H, O, B CitoHe (a) M B CHIBOPOTKE
(b) y nomazeit npu $pusnIeckoil Harpy3Ke BBICOKOH HHTEHCHUBHOCTH
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O1eHKa aHTHOKCH/IAHTHBIX (DEPMEHTOB B CHIBOPOTKE KPOBHU M CIIIOHE JIO U
ocjIe MaKCUMaJIbHOHM HAarpy3KH M0Ka3aja CTaTUCTUYECKU 3HAYMMOE TTOBBIIIIC-
HHUE NHTEHCUBHOCTH JTIOMHHOJI-3aBHCUMOTO XEMHIITIOMHHECIIEHTHOTO CBEUCHNS
(8 1,1 m 1,3 pasa cooTBeTCTBEHHO) TOCIE (PU3MUECKUX YIPAKHEHUH OTHOCH-
TEJBHO COCTOAHUS MOKos (puc. 10). AHTHOKCHIAHTHBIE PAUKAIIBI IIPOFOIIKA-
10T aKTHBHO BBIPa0aThIBATHCS.

3aki0ueHue

B pesynbrare ncciaenoBaHus BBISBIEHO, 4TO (PU3HUECKast Harpy3Ka BBICO-
KOW MHTEHCUBHOCTH BJIMSUIA HA N3MEHEHHUS CHCTOJIMUECKHUX U TNACTOIMIECKIX
nokasaresnei jomaseil. Tak, BBISBICHO JOCTOBEPHOE MOBBIIIEHUE aMIUTUTY/IbI
3yoma P (p=0,0043) u 3y6ma R (p=0,0043), tocToBepHOE COKpaIleHne HHTEep-
BajoB P-Q (p=0,0043), TP (p=0,017), RR (p=0,017) oTHOCHTENIBFHO TIOKA3aTE-
nel cpeaHeil MHTeHCUBHOCTH. CUCTONMYECKNH TTOKa3arTellb JIomaiel - 3yoern
P, nocroBepHo nosbiiex (p=0,004) st pusndeckoil Harpy3Kku Majioi HHTEH-
CHBHOCTH OTHOCHTEIBHO OKa3aTeneil cpeHel MHTEHCHBHOCTH.

Pe3ynbraTsl reMaToIoTn4ecKuX U OMOXMMUYECKNX MCCIICAO0BAHUI KPOBU
TIOKa3aJIH, YTO UCCIIE/yeMbIE TapaMeTphl HAXOAMIINCH B JTHaa3oHe (PM3MO0IIOTH-
YeCcKOH HOPMBI KaK JI0 TPEHUPOBOK, TaK U Mocie pu3ndecknx Harpy3ok. Ompe-
JIETICHO, YTO KOJIMYECTBO TEMOTIIOONHA MOBBIIIATIOCH Ha OOJBIIYIO BEINYNHY
(mo 14,0 [11,8; 15,6] /%) npu (hmu3nveckoil Harpy3Ke Majioi HHTCHCUBHOCTH U
Ha MeHblIyto Besnuuny (o 13,1 [11,8; 13,8] 1/%) — nipu BHICOKOI HHTEHCHB-
HocTH. KonmniecTBO 3pUTPOIUTOB CHIKAJIOCH C MOBBIIICHNEM WHTEHCHBHO-
CTH (PU3UYECKOM HArpy3KH, a KOJIMYECTBO JIEUKOIIUTOB, HA000POT, BO3pACTAJIO.
BbisiBiIeHO TOBBIIIEHHE 00LIET0 OelKa U CHU)KEHHE KOHIEHTPALMHU IIFOKO3bI C
POCTOM MHTEHCUBHOCTH (hM3MUYECKON HArPy3KH.

[Ipoananm3uposas aelcTBrue GU3NIECKON HArpy3KH pa3HOM WHTEHCHBHO-
CTH Ha ypOBEHb BBIPAOOTKM CBOOOIHBIX PAJMKAJIOB Y CIIOPTUBHBIX JIOMIAAEH
MOXHO OTMETHTb TOBBIIICHHYIO aKTUBHOCTh OKCHJIAHTHOM M aHTHOKCHIAHT-
HOM (pepMEHTATUBHBIX CHCTEM IIPH MUHUMAIBFHOW W CpenHel Harpy3kax u
AQHTUOKCHJIAHTHOHM CHCTEMBI IIPH MaKCHUMaJIbHOM (u3ndeckoil Harpyske. [1pu
MOCTETIEHHOM IOBBIIICHUH (PU3MYECKONW aKTHBHOCTH MPOUCXOIUT aJarTalus
OpraHM3Ma CIIOPTHBHBIX JIOIIA/IEH K HCIIBITHIBAEMBIM (PU3NUECKUM HArpy3KaM
U, B pe3yJIbTare, He IIPOMCXOANT U3MEHEHHS BEIPaOOTKH CBOOO/THBIX PaJNKalloB
(IPOOKCHIAaHTOB M OKCH/IAHTOB).

Takum 006pa3oM, HHTEHCUBHBIE (PU3MYECKHE HATPy3KU MPHUBOAAT K HapY-
IICHUIO0 TOME0CTa3a, KOTOPHI MOMIEPKIBACTCS cOaTaHCHPOBAaHHOH paboTon
3aLIUTHBIX CUCTEM OpPraHU3Ma OT OKCHUAATHBHOTO CTPECcCa, B YaCTHOCTH, aH-
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THOKCHJAHTHOM, THOJIAMCYIL(GHUIHOM 1 cucTeMoi okcua asora. Vccnenosa-
HUE JAaHHBIX OKa3aTesei 03BONUT MOHATh MEXaHU3MBbI aalTal[u1 OPraHu3Ma
CTIIOPTHUBHBIX JIOMA/eH K (pU3NIECKNM Harpy3KaM pa3jIndHOTO 00beMa M MH-
TEHCUBHOCTH. broduznueckue MeTo/Ibl 1al0T BOSMOKHOCTb ISl U3YUEHHS aK-
TAUBHOCTHU OKCUAAHTOB U aHTUOKCHUJIAHTOB ITPU pa3IMUYHbIX (1)I/I3I/IOJ'IOFI/I‘-ICCKI/IX
TIpoIeccax U MOTYT OBITh MCIONB30BAHBI IS OLIEHKH W KOPPEKTHPOBKH Tpe-
HUPOBOYHBIX IIPOrPaMM CIIOPTUBHBIX JIOIIAAEH.

Hccnedosanue gvinonnero npu ¢unarcosoii noooepoicke PODOH u Kpacho-
APCKO20 KPpAeso2o (hoHOA HAYKU 8 pamKax nayunozo npoexma Ne 19-41-000001.
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BJIWSTHUE CBETOBOM JECUHXPOHM3AIINH
HA CTPECC-UHAYUMPYIOILIUE
U CTPECC-BJIOKUPYIOIUE ®U3NOJOTMYECKUE
MEXAHW3MBI V CTAPBIX MBILIE

I1.A. 3ynsghyzaposa

Lenv. Hccneoosanue mexanuzmos popmuposanis usmeHeHull enoKoOKoOpmu-
KOUOHOU peyenyuu (6 sKkcnepumenme Ha 0evlx 6€CnopoOHbIX MbIUUAX CMAPO2O
603paAcma) noo GIUAHUCM C8EMOBOL 0eCUHXPOHUZAYUU.

Mamepuanst u memoow uccnedosanusn. Obvexmamu uccied08anus ovLiu be-
Jble becnopoousie moiuiu (n=2406), cpedHutl 603pacm KOMopsix COCMasui 0ko1o 19
mecsyes. Ceemosyio 0ecUHXpOHU3AYUIO MOOCTUPOBATU NYINEM USMEHEHUS PelCUMA
oceewjenus (KoMOUHAYUsL eCmecmeenHo20 U UCKYCCMGEEHH020 0CGeUjeHUs) @ me-
yenue 23 OHell. B onpedenénnvle OHu nocie Havania 0ecUHXPOHUIAYULU NPOBOOUILU
83s1mue NPoo Kposu, 6 KOMOPLIX ¢ NOMOWBIO UMMYHODEPMEHMHO20 AHANUZATOPA
«Multiskan GO» onpedenanu yposensv niazmennoz2o kopmuszona. Paouoummyrnono-
2UUeCKUM MemoOOM GblAGIIANU KOMNAEKCbl AHMUSEH-AHMUMENO, 8 KOMOPOM 0OUH
U3 UMMYHOpeazenmos Obil MeueH u30monom. Pezyrsmamol ananuszuposaniucs ois
BBIAGLEHUSL CXOOCMEA WU PA3TUYULL (NPUMEHSIU 08YX6blOopounbltl mecm Cmbio-
denma, ¢ oyenkol docmoseprocmu paznuyuil npu p<0,05).

Pezynomamut uccnedoeanusa u oocyxycoenue. Pe3ynvmamol aHaniu3a yposeHs
IKCnpeccuu 2MoKOKOPMUKOUOHbIX peyenmopos Il muna (ommnocumes k cmpecc-un-
OVYUPYIOWUM (hakmopam) u yposHsl IKCnpeccuu 2NoKOKOPMUKOUOHBIX PeYenmopos
1T muna (cmpecc-6noxupyrowuti hakmop) 6 pasiuyHvie CpoKU NOCie NPoBedeHuUs:
€8emogoll 0eCUHXPOHUZAYUU YKAZBIBANU HA NAMOI02UYECKOe CHUJICeHUe adanma-
YUOHHBIX CNOCOOHOCMEl. Y cmapbix Mbliell 9Mo Gblpajicaniocs 6 YEeIudeHuu Ko-
auyecmsa cmpecc-uHoyyupyiouwux akmopos u Headek8ammvlM yMeHbUeHUU CUH-
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mesa cmpecc-6noKkupylowux hakmopos. Beposammuo, y cmapwix mviuietl 6 omeem na
cmpeccogule CIUMYIbl NPOUCX00UM 0CIA0IeHUe NPOMEKIMOPHBIX MEXAHUZMOB UX
opeanusma. Ilonyuennvie Oannvle He NPOMUGOpeHanm 0OWenpUHAMbIM KOHYENYUIM,
KOmopble MOIKYION Poib 2IIOKOKOPIMUKOUOHOU CUCIEMbl 8 CUCHeMe NPOMEKIMOPHIX
mexanuzmog opeanuzma. OOHAKO, U36ECMHO, YNO NOMUMO 2TIOKOKOPIMUKOUOHBIX U
AHMUTIOKOKOPMUKOUOHBIX MEXAHUZMOB UMEIOMCSL U NPOUUE 36EHbSl, KOMOpble peazu-
PYIOm npU c8emMoBotl 0eCUHXPOHU3AYUU (VDOBEHb YUMOKUHO8, FHOOLEHHBIX ONUOUOOS,
CepomonuHa u op.). B smom konmexcme mul 3an1aHUpo8ay NPOOOIHCUND UCCLENO-
6aHUsA ¢ DOTLUIUM KOTUUECTNIBOM JHCUBOMHBIX U HAPAOJY C UVUEHUEM NPU C8EMOBOll
0eCUHXPOHUZAYUU 2TTOKOKOPMUKOUOHOU Peyenyui, Makice npo8ecmu KOMNIEKCHbLIl
anmanu3z noKazamenell UMMYHHOO U HelPOMeOUaAmopHO20 CIAamycd.

3akniouenue. Hccneoosanus 6nusAHUA CGEMOBOT OCCUNXPOHUZAYULU HA CIPECC-UH-
oyyupyiowue u cmpecc-onoKupyrowue Qu3UoNoUIecKue Mexanuzmvl y Cmapuix mol-
wietl BbIABUIU BbICOKYIO CHENEeHb CIPECCOBOU PeaKyuil y HUX HA IMON pazopadiCumens.
Omu ceedenus mozym Ovims ouensb nonesnvl 6 Meouyute u ouono2uu. Buecme ¢ mem,
07151 O0J1€€ HAOENHCHBIX BbIB0O08 HEODXOOUMO NPOOOTIHCUNL UCCTIEO0B8AHUS HA el OOb-
wiem Konu4ecmee HCUGOMHLIX (8 MOM YUCTLe MOT00020 603PACTNG) U UZYHUMNb HAPAOY
C 2NOKOKOPMUKOUOAMU NOKA3AMENU UMMYHHO20 U HeUpoMeOuamopHo20 cmaniyca.

Kniouesvie cnosa: ceemosasn oecunxponuzayus, 2nioKOKOPMUKOUOHbII peyen-
mop, cexpeyus KOpmu3ond, a0anmayus; 603pacmuas peaKyus

Jna yumuposanusn. 3ynoyeaposa I1.A. Bausnue c6emosoti 0ecunxpoHuzayuu
Ha cmpecc-uHoyyupyiowue u cmpecc-onoKupylouiue Gusuoio2uteckue Mexanuzmol
y cmapwix mouweti // Siberian Journal of Life Sciences and Agriculture. 2021. T. 13,
Ne 3. C. 158-169. DOI: 10.12731/2658-6649-2021-13-3-158-169

EFFECT OF LIGHT DESYNCHRONIZATION
ON STRESS-INDUCING AND STRESS-BLOCKING
PHYSIOLOGICAL MECHANISMS IN AGED MICE

PA. Zulfugarova

Purpose. Investigation of the mechanisms of formation of changes in gluco-
corticoid reception (in an experiment on white outbred mice of old age) under the
influence of light desynchronization.

Materials and methods. The objects of the study were white outbred mice (n = 246),
the average age of which was about 19 months. Light desynchronization was simulated
by changing the lighting mode (a combination of natural and artificial lighting) for 23
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days. On certain days after the onset of desynchronization, blood samples were taken, in
which the plasma cortisol level was determined using the Multiskan GO enzyme immu-
noassay analyzer. The radioimmunological method was used to detect antigen-antibody
complexes in which one of the immunoreagents was labeled with a radioactive isotope.
The results were analyzed to identify similarities or differences (a two-sample Student s
t test was used, with an assessment of the significance of differences at p <0.05).
Results and discussion. The results of analysis of the expression level of type 11
glucocorticoid receptors (referred to as stress-inducing factors) and the expression
level of type 111 glucocorticoid receptors (stress-blocking factor) at various times af-
ter light desynchronization indicated a pathological decrease in adaptive abilities.In
old mice, this was expressed in an increase in the number of stress-inducing factors
and an inadequate decrease in the synthesis of stress-blocking factors. Probably,
in old mice, in response to stressful stimuli, the protective mechanisms of their or-
ganism are weakened. The data obtained do not contradict the generally accepted
concepts that interpret the role of the glucocorticoid system in the system of protec-
tive mechanisms of the body. However, it is known that in addition to glucocorticoid
and antiglucocorticoid mechanisms, there are other links that react during light de-
synchronization (the level of cytokines, endogenous opioids, serotonin, etc.). In this
context, we planned to continue studies on even more animals and, along with the
study of glucocorticoid reception during light desynchronization, also to carry out
a comprehensive analysis of indicators of the immune and neurotransmitter status.
Conclusion. Studies of the effect of light desynchronization on stress-inducing
and stress-blocking physiological mechanisms in old mice revealed a high degree
of stress response in them to this stimulus. This information can be very useful in
medicine and biology. At the same time, for more reliable conclusions, it is neces-
sary to continue studies on even more animals (including young ones) and to study,
along with glucocorticoids, indicators of the immune and neurotransmitter status.
Keywords: light desynchronization; glucocorticoid receptor, cortisol secretion;
adaptation; age response
For citation. Zulfugarova P.A. Effect of light desynchronization on stress-in-
ducing and stress-blocking physiological mechanisms in aged mice. Siberian
Journal of Life Sciences and Agriculture, 2021, vol. 13, no. 3, pp. 158-169. DOI:
10.12731/2658-6649-2021-13-3-158-169

BBenenue

M3BecTHO, UTO PEryasaTOpHbIE MEXAaHU3MbI OPraHU3Ma UMEIOT BBIPAKECH-
HbIe OMOJIOrMYECKHE PUTMBI. MHOTOJCTHHE HCCIICIOBAHUS MOKA3adH, YTO
M3y4eHHEe BO3MOXKHBIX IPU3HAKOB pasiafa OMOIOTHYECKUX PUTMOB COBEp-
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IIEHHO HEOO0XOIUMO Il MPAaBUILHON JUATHOCTUKHU U JICUEHHUS Pa3IUYHBIX
BO3paCT-aCCOIMUPOBAHHBIX 3a0oneBannii [1, 2]. Hamm coOcTBEHHBIE HCCIe-
JIOBaHUS TTOKA3bIBANIH, YTO COMICPIKaHWE YKUBOTHBIX B TEYCHUU HEICTH B yC-
JIOBHSIX HAPYIICHUs PEKUMA €CTECTBEHHOTO (pOTOmeproan3Ma CyIeCTBCHHO
W3MEHSIET THEBHOUN PUTM, CBOMCTBEHHBIN ITTFOKO3HOMY TOMEOCTa3y B KpoBH [7].
Ectb momo3penns, 9To CBeTOBas JeCHHXPOHHM3AINSI MOKET BBI3BIBATh HE TOIBKO
JUIIG (PU3HOIOTHYECKUE, HO U TICHX0-IMOLMOHAIBHEIC PACCTPONCTBA Y 370PO-
BBIX JIIOJIEH M CTaTh MPUYUHON Pa3BUTHUS TIPEIKICBPEMEHHOTO CTAPEHHSI BCETO
opranu3Ma. B TaHHOM KOHTEKCTE OIIyIIaeTCsl HeTOCTaTOK HH(OPMAITUH O Heil-
PO-UMMYHO-HIOKPHHHBIX H3MEHEHUSX, KOTOPHIC COMPOBOXKIAIOT CBETOBYIO
JecuHxpoHu3anuio. OpHaKo, UMEIOTCS CBEJICHUS, YTO UMMYHOIE(DUIIUTHOE CO-
CTOSIHHE, BBI3BAHHOE CBETOBOI! JIECHHXPOHH3AIHEH, MOXKET ObITh 00yCIIOBICHO
HE TOJBKO AC(PHUIUTOM UMMYHHOH CHCTEMBI (MCTHHHBIH HIMMYHOIE(UIINT), HO
U IIIOKOKOPTUKOUIHON nMMyHocynpeccuei [3, 8, 11]. ITpu aTom olieHka rito-
KOKOPTHUKOUTHOW KIMMYHOCYIIPECCHH JIOJKHA TTPOBOIUTHCS MO KOMIUIEKCHOMY
BIMSTHAIO TIIFOKOKOPTHKOWIHBIX M AHTUKITIOKOKOPTUKOMAHBIX MEXaHU3MOB Ha
uMmyHUTET. C y4ETOM IPECTABICHHBIX JAHHBIX MBI COWIH [IEIeCO00pa3HBIM
U3YYHThH BIUSHUE CBETOBOH JIECUHXPOHU3AIIUN HA HEHPOIHIOKPUHHYIO pery-
TSI (PM3HOJIOTMYECKUX MPOLIECCOB CTAPEHHS IIyTeM OIIEHKH MEXaHHW3MOB
(hopmEIpoBaHUS H3MEHEHHI TITFOKOKOPTUKOUIHON PELETIINY B SKCIICPUMEHTE.

ean padoThl

KoHKpeTHOI IIeThIo HAaIeTo UCCIIeIOBaHNS ObIT aHAIN3 BIIHSHUS CBETOBOH
JECHHXPOHM3AINH Ha CTPECC-UHAYIUPYIOMINE U CTPECC-OIIOKUPYFOTIE (PH3H-
OJIOTMYECKUE MEXAHU3MBbI Y CTAPbIX MBIILIEH.

Marepuajbl H MeTOIbI UCCIIEIOBAHUS

HccnenoBanne npoBOAMIM Ha OENbIX OECHOPOJHBIX HEIMHEHHBIX MbIIIax
maccoii 21,5+0,4r. (Macca onpezensiach ¢ MOMOIIbIO Ja0OPaTOPHBIX BECOB
Sartorius ED423S-RCE). Mprmu Opimi TTofTydeHB! U3 BuBapHus WHCTHTYTa
Omsuonorun uMm. AWM. Kapaesa Hanmonanpaolt Akagemun Hayk AsepOaiina-
xana. CpenHuii Bospact ocobeit (n=246) cocrasisin 19,1+£0,01 mecsues. Cae-
TOBOM JIEHb COCTABIISUI |2 9acoB, MUIIA U KUIKOCTh IPHHUMAIINCH )KUBOTHBIMU
adlibitum. CozneprkaHue KMBOTHBIX, IPOBEJCHNE MAHUITYJSIMNA ¥ TECTHPO-
BaHME TOJYYEHHBIX JIAHHBIX IPOBOJMINCH B COOTBETCTBUH C POCCUHCKHMU
cragmapramu (ISO 10993-1-2003 u I'OCT PUCO 10993.2-2006). OnbITs!
TIPOBOIMIIN B TedeHHe 23 rHeld. CBETOBYIO JECHHXPOHMU3AIMIO MOJICIINPOBAIIH
ITyTeM M3MEHEHUsI PSKUMa OCBELIEHUs B Jlaboparopuu. [1o10NBITHEIE MBIIIH
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HO/IBEPTrajiiCh BO3JIEHCTBIIO KOMOMHAIIMN €CTECTBEHHOTO U MCKYCCTBEHHOTO
(12 gyacoB B HOYHOE BpeMsi) OCBEIICHUS, OOSCIIEUNBAEMOTO JIAMITON JTHEBHO-
ro cBeta (MomrHOCTH 60BT). B3siTre mpo6 (00pa3mbl KpoBH) OCYIIECTBISITH K
KOHIY 1-bIX, 12-bIX 1 23-1X CYTOK IOCJIE Hadaja CBETOBOM JECUHXPOHU3AIUH.
3a 5 MUHYT 710 TPOBEACHUS MAaHUIYIISAIMH (B3ATHS IPOO) )KUBOTHBIM BBOJIUIN
BHYTPHUMBIIIIeYHO KoMOmHaIuio Temaszona (Zoetis Inc, USA) B noze 0,1 mi/kr
Kcunanura (Hura-®apm, Poccust) B mo3e 0,1 MI/Kr [71sl JOCTHKEHUS HApKO3a.

HccnenoBanus cTpecc-MHIYyNUPYIONIEH CUCTEMbI BKIIOYAIN ONpeeIeHIe
YPOBHS IIa3MEHHOTO KOPTH30/1a (C MOMOIIBI0 UMMYHO(EPMEHTHOTO aHAIN3aTO-
pa «Multiskan GO», ®unISIHANS), @ TAKKE KUCTHHHBIX)» ITIOKOKOPTHKOMTHBIX
peuentopos II Tuma (cokp. ['KP II), peamusyromux addekt kopTusona (paaro-
UMMYHHBII MeTon). OIieHKa CTpecc-OI0KUPYIONINX MEXaHU3MOB HMMYHOKOM-
TIETEHTHBIX KJIETOK BKJIIOYAJIa HCCIIEA0BAHNE aKTUBHOCTH IITFOKOKOPTHKOMTHBIX
peuenropos III tuna (coxp. ['KP III), uarn6upyrommx s¢dexr kopruzomna. Uc-
TMIOJIB30BAIUCH CIIEAYIOLIME PEAareHThl U CIBOPOTKU: 96 MUKPOTHUTpAIMOHHBIX
staeek (12 CTpHUIoB); KOPTU30JI-aHTHCHIBOPOTKA (COAEPKUT KPOITHIBIO AHTHKOP-
TH30JIOBYIO CBIBOPOTKY B IporenHoBOM (BSA) Gydepe ¢ HepTyTHBIM KOHCEp-
BaHTOM); KOPTH30JI-CTaHIapTHI (conepkuT 0 MKI/U1 KOPTH30J1a); KOPTHU30J B
nporenHoBoM Oydepe (BSA) ¢ HEepTYyTHBIM KOHCEPBAHTOM B KOHIICHTPAIIUSIX
0,5, 1,5, 4,0, 10,0, 20,0 u 60,0 MKT/m71; KOPTH30I-KOHTPOIH ¢ ypoBHsIMH | 1 11
(KOPTH30J1 HU3KOHM M BHICOKOW KOHIIEHTPAIMH B ITPOTEMHOBOM Oy(epe ChIBO-
POTKH C HEPTYTHBIM KOHCEPBAHTOM ); KOPTH30JI-9H3UMHBII KOHBIOTAaTHBIH KOH-
LEeHTpar (COMePKUT PACTBOP KOPTH30JIa B IPOTEHHOBOM Oydepe ¢ HepTyTHBIM
KOHCEPBAaHTOM, KOTOPBII Mepe;]] HCCIIeIOBAHNEM Pa3BOIST KOHBIOTaTHBIM pac-
TBOPHUTEJIEM ); KOHBIOTATHBII PACTBOPUTEIH (COAEPIKUT IIPOTEHHOBIN Oydep ¢
HEPTYTHBIM KOHCepBaHTOM); TMB-XpoMOTeHHBIN pacTBOP (COAEPIKUT PaCTBOP
TeTpaMeTIIIOCH3UIMHA B IUTPAaTHOM Oydepe ¢ BOIOpoaa NEPOKCHIOM); MOIO-
IIMH KOHIIEHTpAT (COnepXUT Oy(epHbIe COM C HEMOHHBIM JIETEPIeHTOM, KO-
TOpBIA pa3Boauian B 10 o0bemMax OMAMCTUILTMPOBAHHON BOJIBI); CTOM-PACTBOP
(comepxut 0,2M pacTBOp CEpHOI KHUCIIOTHI); OMANCTHIUTMPOBAHHAS BOJA; N30-
ton Hona (1251). C nmomMompio pagronMMyHOJIOTHYECKOTO aHaIN3a BhISBISIIN
KOMILIEKCA aHTHT'€H-aHTUTEINO0, B KOTOPOM OJIMH U3 NMMYHOPEAreHTOB ObLIT Me-
YeH PaANOaKTHBHBIM H30TOIOM. YUET PEaKkIUH MPOBOIMICS 110 BO3PACTAHUIO
PaIMOaKTUBHOCTH C TIOMOIIBIO CIIEINANIBHBIX CYCTYMKOB TaMMa-N3ITyYeHUsL.

Jlnst ycTaHOBJIEHHS CXOJICTBA WIIH PA3JIMYMKA MEXK/Ty UCCIIEyeMbIMU TPYII-
TIaMH POBEPSJIH THITOTE3Y O PA3IMYMK CPEIHHUX C UCIIOJIb30BAHUEM JIBYXBbI-
6opounoro t-kpurepust CtproneHTa [4], ¢ OIEHKOH TOCTOBEPHOCTH Pa3InIHA
1o 3HaueHussM M+m mipu p<0,05.
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Pe3yabTarhl Hecae10BaAHUS

[pexne yeM nepeiTy K N3I0KEHHIO TaHHBIX 110 HAIIUM OIBITaM, OTMETHM,
YTO MBI 3aMEPSUIN Y KUBOTHBIX YPOBEHb U3ydaeMbIX OMOXMMHYECKUX (PpaKIii
JI0 Havajia TPOBEICHUSI CBETOBON JAECHHXPOHU3AIUU. DTH TOKa3aTe OBLITH
TIPUHATHI HAMU 32 KOHTPOJIBHYIO TOUKY. TakuM oOpa3om, Juis KOPTH30Ja KOH-
TPOJIBHBII TOKa3aTeslb cocTaBmWI B cpeHeM 215,3+1,7aMons/1 (HWKHHH 1Topor
HOpMBI), Toka3arens ['KP 11— 11,4+0,2 (ycIoBHBIX €IUHUI] — Y.€.) ¥ TOKa3aTeNlb
I'KPIII - 11,140,1 y.e. [Tocne mpoBeneHns IeCHHXPOHNU3AINN YKa3aHHBIE TTOKa-
3aTeJIM Ha BCEX dTamax y)ke ObUIM BBIIIEC MPUBEAEHHBIX 3HAYCHUH, HO ITPU STOM
OOHAPYXHJIM ONPEACIEHHYIO 3aBUCHMOCTh OT MPOJOJDKUTEIEHOCTH OIBITOB.
ITonHOCTBIO pE3ynbTaThl HAIIMX MCCIIE0BAHNI MPEICTaBICHBI B HIKEIPHBO-
JMMOH Tabmmiie 1, rae oreHnBaeTcsl ypoBEHb P3Ny IO CPETHAM MOKa3aTeIsiM
(MeXTy TaHHBIMH MOJIy9YEHHBIMH JIO Havalsa IPOBECHHS CBETOBOM JIECHHXPO-
HHU3aLUH U TAaHHBIMH, TIOJTyYeHHBIMH Ha |- CyTKH, 12-¢ cyTku U 23-e CyTKH).

Tabnuya 1.
JluHaMuKa ypoBHSI CTpecC-HHAYUUPYIOIIHX U CTpecc-0JOKUPYIOIIHNX
MeXaHM3MOB y MblllIeil cTaporo Bo3pacra

Crapsie Mbliim (n=246; 82x3)
Jlo nposene- | 1-e cytku mocie | 12-e cyTtku nocie | 23-e CyTKHM I10-
IMokazarens HHS CBETOBOM MPOBE/ICHUs CBE- TIPOBEJICHHS CBE- Clie IIPOBEICHUS
JIECHHXPOHHU- | TOBOMW JIECHHXPO- | TOBOH AECHHXPO- | CBETOBOI JAECHH-
3a11n HU3ALUH HU3ALUU XPOHHU3ALUH
YpoBeHb
KOpTHU30J1a 215,3+1,7 345,4+1,1% 387,3+1,1%* 335,7+1,7*
(HMOJIb /1)
YpoBeHb
9KCIIPECCHU 11,4+0,2 23,4+0,3* 27,1+1,1%* 24.8+1,1*
T'KP-1II (y.e.)
YpoBeHb
9KCIIPECCHU 11,1+0,1 23,9+0,2* 29,0+0,1* 9,1+0,2*
I'KP-1II (y.e.)
CooTHolIeHHE
ypOBHEH
9KCIIPECCHU 0,97+0,01 1,02+0,01 1,07+0,01 0,36+0,01
T'KP-3/TKP-2
(y.e.)
* — p<0,05

Kaxk BuHO 13 Tabmunbl ypoBeHb skcnpeccun ['KP-11, kotopslii oTHOCHTCS
K CTpeCC-HHIYyIHPYIOIUM (pakTopam, u ypoBeHb dxcrpeccnn [ KP-III (ctpecc-
onokupyrommii pakrop) Ha 1-bie M Ha 12-e CyTKH IMOCIIE MPOBEACHUS CBETOBOU
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JIECUHXPOHHU3AIIMU BO3PACTAIOT U MEHSIOTCS IIPU ATOM MOYTH OAUHAKOBO. To ke
camoe MbI HaOIIrogaeM Juis 9KCrpeccun Koptusona. OHaKo, 3aMETHO CHIIBHOE
MOBBILLIEHUE MTOKa3aTeslel B EPBbIN JeHb MO CpaBHEHUIO ¢ 12-piM. Ha 23-p1e
CYTKH IOCJIE IPOBEJICHNS CBETOBOM JIECHHXPOHM3AIIMHU [TOKA3aTeNIN BO3BpALIa-
I0TCSI K YPOBHSIM, KOTOpPBIE OJIM3KH K [IU(paM XapakTepHbIM ISl TIEPBOTO JHS
nocite Hadana onelToB. Ho xacarenpro ['KP-III sToro e mabmomaercs u ero
TI0Ka3aTeI! Ma/Ial0T IaKe HIDKE 3HAaYCeHHI 3a(MKCUPOBaHHBIX JI0 Havala OIlbl-
ToB. Takoe najieHne ypoBHs CTpecc-OIOKHPYIOIIEro (hakTopa BUMMO yKa3bl-
BAacT HAa HEA/IEKBATHYIO PEaKIMI0 MEXaHU3MOB a/IalTalliH B OTBET HAa CBETOBYIO
JecuHxponnzamuio. Cyzs 1o BceMy, TPOUCXOANT UCTOMIEHHE PECYPCOB OTBET-
CTBEHHBIX 3@ AHTU-ITIOKOKOPTUKOUAHYIO CUCTEMY 3aIlUTHI.

Jl1s IpoBepKH TAKOTO 3aKIIOYEHHS] MBI MIPOAHAIM3UPOBATN MOKa3aTelh
COOTHOUICHUS CTPECC-OJOKHUPYIOINX U CTPECC-MHAYIUPYIOMNX (HAKTOPOB.
Jlo Hayasia HalIUX OMBITOB CPEAHEE 3HAUEHHE ITOTO MOKa3aTelsl COCTABUIO
0,97+0,01. To ects 3HaueHus Onu3kue K 1,0 MOXKHO YCIIOBHO PUHUMATh Kak
pedepeHcHbIe 3HaYeHNSI HOPMATBHOTO (PyHKIIHOHUPOBAHHS COOTBETCTBYIOINX
a/IalTalJHOHHBIX MEXaHN3MOB OpraHu3ma. J[aHHble 00 3TOM MOKa3aTese U ero
JMHAMHKY B XOJI€ OIBITOB HAIVISITHO IGMOHCTPHUPYET rpaduK HUKE.

I'pagux 1.
I'padux cooTHoIIEHUS MOKA3aTeIell cTpecc-0I0KHPYIOLIUX
U cTpecc-HHAYIUPYIOIIHNX (aKTOPOB B X0/l¢ ONBITOB 10 CBETOBOIi JeCHHXPOHU3AIMH

1,2
T'KP-111/

TKP-Il __—X

0,8 \
0,6 \

0,4 \

0,2

0 1 12 23

JleHb onbITOB
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Bunzo, uro nocine npoBeneHUs CBETOBOM IECUHXPOHU3ALMY COOTHOLLIE-
uue ypoBHs skcnpeccuu ['KP-III/I'KP-II mocrenenno Bo3pacraeT (mocTuras
1,02y.e., a 3arem 1,07y.e.), 9TO OTpa’kaeT Pa3BUTHE CTPECC-HANPSIKCHUAS B
OpraHM3Me B OTBET Ha CTpecc-MHAyHHpyonme Gpakropbl. bamanc Gmuskuii x
€IMHUIIEC YKa3bIBAET Ha TO, YTO B TOT mepuoA (710 12 aHeit) aganTaiuoHHbIC
pe3epBBI OpraHu3Ma eIé He MO3BOMIAIOT Pa3BUTHCS MaTOIOTHIECKOMY ITOpa-
JKEHUIO MPOTEKTOPHBIX MEXaHU3MOB OpraHu3Ma. Tem He MeHee, He10CTaTou-
Hast (PU3UOJIOTMYECKAsl PEaKIHs B OTBET Ha CTPECCOBYIO CHTYAIHIO 3/1€Ch YKe
oOHapyxuBaeTcs. THTepecHBIM OKa3alicsl TTOKa3aTeNlb COOTHOIIEHUS K 23-M
CYTKaM I0CJIe BO3JICHCTBHSI CBETOBOI I€CHHXPOHHU3AINH, KOTOPBIA COCTaBHII
Becero 0,36y.e. Yporenb ['KP-III nmpu 3ToM ynan nae Hibke peepeHCHOro 3Ha-
yeHus, xoTs nokaszarenu [’ KP-1I ocraBanmchk T0BOJIEHO BRICOKMMH, OOHAPYKH-
Basi HE3HAUMTEJIbHOE CHIDKEHHE. TO eCTh MOJKHO CKa3aTh, YTO B JAHHOM ClTydae
B OTBET Ha MPOIOJLKUTENIEHOE BBICOKOE MOBBIIICHUE CTPECC-UHIYUPYIOIUX
(haxTOpOB y MBIIIEH CTaporo BO3pacTa MPOUCXOAUT XPOHHUYECKOE YMEHBIIIe-
HHUE aJeKBaTHOTO CHHTE3a CTpecc-OIOKUPYIomuX (haKkTOpoB, MPUBOAAIIEE K
MIATOJIOTMYECKOMY COCTOSTHHIO MPOTEKTOPHBIX MEXaHW3MOB X OpraHM3Ma M
CHIDKEHHIO aJaNTallMOHHBIX CIIOCOOHOCTEH.

Oocy:xaenue

Pesynbrarhl nccnaenoBaHus MOKa3ajiM, YTO Y CTapbIX MBIIIEH HaOmonaercs
BBICOKAs CTEIIEHb CTPECCOBOW PeaKLUU Ha BIMSAHUE CBETOBOM JECUHXPOHU-
3aIlM U 3TO MPOSBIIAETCS yBEINICHUEM KOJIIMUECTBA CTPECC-MHIAYMPYIOIINX
(aKTOpOB M HEaJeKBaTHBIM yMEHBIICHHEM CHHTE3a CTpecc-OIOKHpPYIONIIIX
q)aKTOpOB. OTMeTl/IM, YTO MbI MOCTOAHHO MPOBOAUM 3KCHECPHUMCEHTHI 110 U3Y-
YEHUIO0 MEXaHU3MOB paziaja OMOIIOTHUECKUX PUTMOB. B 0qHOM n3 OmbITOB
(HeoryOIMKOBaHHBIE TAHHBIE) C MEHBIINM KOJIMYECTBOM JKUBOTHBIX, HO MIPE/I-
CTaBJICHHBIX JBYMsl BO3PACTHBIMH TPYIIIaMH, MbI BBISIBHIIHM, YTO Y MOJIOABIX
MbIIIEeH (U3HoI0rnYecKas CriocoOHOCTh K aanTalui OpraHu3Ma K CTpecco-
BEIM CTHMYJIaM OoJiee HaIEKHA, YeM y CTapbIX Mblie. [ToaToMy MBI mpoBenn
HECKOJIbKO pa3BEPHYTOE UCCIIEA0BaHUE, KOTOPOE Ha HAIll B3IV OOBEKTHBHO
OTpa)kaeT MaToJ0rn4eckoe CHIKEHHE aJanTallMOHHBIX CIIOCOOHOCTEH opra-
HHU3Ma CTapbIX MBIIIEH HA CTPECCOBBIE CTUMYJIBI, KOTOPBIM B HAIlleM CIIydae
SIBJISIETCS CBETOBAs IeCHHXpOoHU3aLust. Panee 3aBucuMocThb OataHca ctpecc-pe-
QIN3YIOMINX ¥ CTPECC-TPOTEKTUBHBIX MEXaHW3MOB OT T€pUAaTPUYECKOro CTa-
Tyca Oba 3ameuena JI.H. JIutBuHOBO [5], KOTOpast MpOBOANIA KIMHUYECKHE
HCCIIeIoBaHMsA (KaK M B HAIIEM OMBITE, U3yJaJicsi 0OMEH KOPTH30J1a) ITOCIIe-
CTBHH OIEPALMOHHOTO CTpecca y MOXKMIIBIX MAaIlMeHTOB. B yacTHOCTH aBTOp
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YCTaHOBHJIA, YTO Yy MHOXWJIBIX IMMAITUCHTOB (B OTJIMYUEC OT 60J'IbHI)IX CpeaHero
BO3pacTa) Mociie ONEePATUBHOTO BMENIATEILCTRA Yallle HaOII0MaeTCs JUcOaanc
CTpecc-pealn3yIonX 1 CTPECC-TIPOTEKTUBHBIX CHCTEM OPTaHU3Ma B CTOPOHY
MOBBIIIEHUS] AKTUBHOCTHU MOBPEXKIAIOIIEH CTpecc-peann3yomeil CHCTEMBI, U
9TO B KOHEYHOM HTOTE MPOSBISIETCS UMMYyHoenpeccueid. Cmenienue 6ananca
I'KP-III/TKP-II B cTopoHy ycHUIeHHS aKTHBHOCTH TIOBPEKAAIOIICH CTpecc-pe-
AIU3YIOIIEN CUCTEMBI Y MOKUIIBIX JIOJEH 110 CPABHEHUIO ¢ MOJIOABIMH OTMe-
yan taxoke V.W. 3apaneii [6], KOTOPBIil n3yyan COOTBETCTBYIOIIME MTOKA3aTENN
IIpU PELIEHUU BOIIPOCOB, CBSI3aHHBIX C ONTHMHU3AlMEN aHecTe3uil. B nenom
K€ OIIEHKE IITFOKOKOPTUKOMTHON MMMYHOCYTIPECCUH, N3YUIEHHIO KOMILUIEKCHO-
TO BIIMSIHUS TITFOKOKOPTHKOUTHBIX U @HTUIIIFOKOKOPTUKOM/THBIX MEXaHH3MOB Ha
HMMYHHUTET MOCBSIEeHo HeMano pabot [10, 12, 13]. ITomyueHHsle HaMH CBeTe-
HUS HE IPOTHBOPEYAT 3TUM JIAHHBIM, a TaKKe OOMIETIPUHATHIM KOHLCTILIUSM,
KOTOpPBIE TOJIKYIOT POJIb ITFOKOKOPTUKOUAHOM CUCTEMBI B CUCTEME IIPOTEKTOP-
HBIX MEXaHHU3MOB OpraHU3Ma.

OnHako, BIUSIHUE CBETOBOW JICCHHXPOHHU3AIMH Ha HEHPOIHIOKPUHHYIO
perynsnuio (GpU3MOIOTHH OpraHW3Ma MHOTOrpaHHbIH mpornecce [9]. TTomnmo
TTFOKOKOPTHKOM/IHBIX U aHTHUINIIOKOKOPTUKOMIHBIX MEXaHM3MOB MMEIOTCS 1
IIPOUYNE 3BEHbsI, KOTOPbIE PEArHPYIOT IPU CBETOBOW AECHHXPOHM3ALUM (Ha-
TIPUMEp, YPOBEHb IPOBOCIIAINTEIBHBIX [TUTOKWHOB, SHIOTCHHBIX OMHOH/IOB,
CEpOTOHMHA U Jp.). B 3ToM KOHTeKcTe, 71 MONMy4eHUs! HaAEKHBIX PEe3ylbTa-
TOB MbI IUIAHUPYEM TPOBECTH Pa3BEPHYTOE UCCIIEOBAHNE HA OOJIBIIIOM KOJIH-
YECTBE KHUBOTHBIX, YTOOBI CPABHUTD BIMSTHAE CBETOBOH JECHHXPOHM3AINN HA
CTpecc-MHAYIHPYIOIIHE U CTpecc-0oKnpyore GU3H0IOrHIeCKNe MEXaH!3-
MBI y MBIIIEH MOJIOLOIO U CTApOIo BO3pacTa. [Jjist IOJHOLIEHHOM KapTUHBI UTO-
TOB TAKOT'0 3KCIIEPUMEHTA HEOOXOAUMO Oy/IeT Hapsdy C N3yUCHUEM H3MEHEHUI
TJTFOKOKOPTUKOHM/THOM peleniny Py CBETOBOM JECHHXPOHU3AINH, TAKXKe Ta-
paJIIeIbHO MPOBECTH MIPU TOM KOMIUIEKCHBIHM aHAIN3 [TOKa3aTeaed HNMMYHHOTO
Y HEHpOMEIMaTOPHOIO cTaTyca.

3akaouenne

HccnenoBanus BIMSHUSA CBETOBOW JACCUHXPOHU3ALMU HA CTPECC-UHAY-
LIUPYIOIIAE U CTpecc-OIoKupyroniie GU3NOIOTHISCKIEe MEXaHU3MBl y CTa-
PBIX MBIIICH BBISIBAIH BEICOKYIO CTEIICHb CTPECCOBOM peakIuyl Y HAX Ha ITOT
pasapaxutelns. B menom HabmonaeTcst ocaadieHue IPOTEKTOPHBIX MEXaHH3-
MOB opraHmMa JKUBOTHBIX U CHMXCHHUEC UX aJallTAallMOHHBIX CHOCO6HOCTCI71,
KOTOPOE COTIPSDKEHO ¢ XPOHWYECKHM YMEHBIICHHEM aJeKBaTHOTO CHHTE3a
cTpecc-Onokupyrmux Gakropos (GUKCHpyeMOe Yepe3 U3MCHEHUS TIOKa3aTe-
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JIel IIOKOKOPTUKOMIHOMU penerniyn). OjHaKo, 1yis 00s1ee J10CTOBEPHBIX 3aKITIO-
YEHUH HEOOXOANMBI IOTIOTHUTENIBHBIE HCCIIEIOBAHNS Ha OONBIIOM KOJIMUECTBE
KMBOTHBIX C N3y4EHUEM HAPSIy C NIIOKOKOPTHKOWIAMH ITOKa3aTeIeil HMMYyH-
HOTO Y HEHPOMEIMaTOPHOTO CTaTyca.

Qunancuposanue pabomul 0Cyuecmsanocy 3a cuém cpedcms Ha banauce
Hucmumyma @uszuonocuu um. A.1. Kapaesa Hayuonanvnou Axademuu Hayx
Aszepbaiiodcana (2ocyoapcmeentoe uHancuposanue).

Ilpu svinonnenuu pabomol cooM00ATUCL 8Ce PEKOMeHOayuu no dmude-
CKUM cmanoapmam cneyuansHo2o komumema Muemumyma @uzuonosuu um.
A.U. Kapaesa Hayuonanvroii Axaoemuu Hayx Azepbaiioxcana.
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MOP®OMETPUUYECKHUN AHAJIN3
NPUMEHUMOCTHU YPABHEHUI MURRAY C.D.
JJIA YUCJIEHHOI'O MOJIEJIMPOBAHUASA
COCYAUCTBIX JUXOTOMHUMN MOYKH YEJIOBEKA

O.K. 3enun, U.C. Munmuix, A.B. /Imumpues, O.0. FOpuenko

Lenw. IIposecmu ananuz npumenumocmu ypasuenuiit Murray C.D. ona pacué-
ma 3HaueHull yenoe OUXOmomMull GHYMpUOPeaHHo20 apmepuaibHo20 U 6eHO3HO20
pycen nouKu enosexa.

Mamepuan u memoowl. Bviiu ucciedosanvl HYmMpUOPanHvle apmepuu U
6enbvl novek. Ilouku nonyuenHvl Ha aymoncuu y awoei (gospacm om 36 0o 74
aem; 9 yenosex Myxiccko2o noad, 8 — JCeHcKo2o), uzeomogienvl 17 Koppo3uon-
HbIX npenapamog: 9 npenapamos apmepuanvhoe pycio, 8 — eenosnoe. Buzyanu-
3ayuto nposoounu ¢ nomous mukpomomoepaga BRUNKER SkyScan 1178. [{na
Mophomempuu UCnONb306aANU NpocpamMMHblil nakem blender ¢ Haocmpotuixot
NeuroMorph Measuring tools. Hsmepsnu ouamempui ceemenmos (D, d, . d )
u yenvt medcoy numu (o, , o, ). i pacuemoe yenoe ouxomomui noib306aiuc
ypasnenuamu Murray C.D.

mij

Pezynomamel. Ycmanoeneno nanuuue uemuipex cmpyKmypHO-pasiuiHulX mu-
108 OUXOMOMULL, COCMAGTAIOWUX GHYMPUOP2AHHOe cocyoucmoe pycio nouku. I1o-
Kazamo, umo npumenams ypasnenue Murray C.D. onsa pacuemos senuuunvl yena
@, MOJICHO ONIA NHOOBIX CIPYKIMYPHO-PASIULHBIX MUNOE COCYOUCTIBIX OUXOMOMULL
nouku wenoseka. OOHarko ucnonvzoéams ypasuenue Murray C.D. 0ns pacuemos
ZHAUeHUll yena o, . 1enb3s 0 apmepUaibHbLX U 6eHO3HbLX Quxomomuti 1-20 cmpyx-
MYPHO-PA3TUYHO20 MUNA U OiA 2-20 MUNA GeHO3HbIX OUXOMOMUIL.

3aknarwuenue. [Ipumenenue ypasnenuii Murray C.D. 015 uucienno2o mooeupo-
BAHUSL COCYOUCTBIX OUXOTNOMULL NOYKU YEL0BEKA HOCUM OSPAHUYEHHbLIL XapaKmep.
Omo neobxo0uMo yuumuléams npu co30aHUU CMPYKIMYPHLIX MAMEeMaAmMuuecKux mMo-
denell coCyoucmozo pycia nouKu 4enogexd.

Kniwouesvie cnosa: enympuopeannoe cocyoucmoe pycio nOUKu; coCyOUcmast
OUXOMOMUZ,; Y20l BeMBILEHUsl; GHYMPEHHUT OUaMemp cocyod

Jna yumuposanus. 3enun O.K., Munmuvix U.C., Imumpues A.B., FOpuenxo
0.0. Mopgomempuueckuii ananus npumenumocmu ypaenenuti Murray C.D. oas
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YUCTIEHHO20 MOOCTUPOBAHUSL COCYOUCIBIX OUXOmMOoMULl nouku uenoseka // Siberian
Journal of Life Sciences and Agriculture. 2021. T. 13, Ne 3. C. 170-192. DOI:
10.12731/2658-6649-2021-13-3-170-192

MORPHOMETRIC ANALYSIS OF C.D. MURRAY'S
LAW APPLIANCE FOR NUMERICAL MODELING
OF VASCULAR DICHOTOMIES OF KIDNEYS

O.K. Zenin, LS. Miltykh, A.V. Dmitriev, O.0. Iurchenko

Aim. To analyze the possibility of using Murray C. D. equations for calculating
the angles of dichotomies of the intraorgan arterial and venous beds of the human
kidney.

Material and methods. Intraorgan arteries and veins of the kidneys were exam-
ined, obtained at autopsy of humans (age from 36 to 74 years, 9 males, 8 females),
17 corrosive preparations were made: 9 preparations of the arterial bed, 8 — ve-
nous. Visualization was created using a BRUNKER SkyScan 1178 microtomograph.
For morphometry, the blender software package with the NeuroMorph Measuring
tools was used. The diameters of the segments (D, d, ., d ) and the angles between
them (o, . o, ) were measured. To calculate the angles of dichotomy, we used the
equations of Murray C. D.

Results. The presence of four structurally different types of dichotomies that
make up the intraorgan vascular bed of the kidney was established. It is shown that
the Murray C. D. equation can be used to calculate the value of the angle o, _for
any structurally different types of vascular dichotomies of the human kidney. How-
ever, the Murray C. D. equation cannot be used to calculate the values of the angle
omin for arterial and venous dichotomies of the I*' structurally different type and
for the 2" type of venous dichotomies.

Conclusion. Application of Murray C. D. equations for numerical modeling of
vascular dichotomies of the human kidney is limited. This must be considered when
creating structural mathematical models of the vascular bed of the human kidney.

Keywords: intraorgan kidney vascular bed, vascular dichotomy, branching an-
gle, inner vessel diameter

For citation. Zenin O.K., Miltykh I.S., Dmitriev A.V,, Iurchenko O.O. Morpho-
metric analysis of C.D. Murray’s law appliance for numerical modeling of vascular
dichotomies of kidneys. Siberian Journal of Life Sciences and Agriculture, 2021, vol.
13, no. 3, pp. 170-192. DOI: 10.12731/2658-6649-2021-13-3-170-192
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Crnmcox cokpaiieHmii:
BCPII — BHyTpHOPraHHOE COCYIUCTOE PYCIIO IOUKH, D — IHaMETP IPOKCHUMAIIb-

HOIro CErMeHTa, d — AUaMETp AUCTAJIbHOI'O CErMEHTa C OOJIBIITIM ANaMETPOM;

max
d . —nMaMeTp QMCTaIbHOIO CEFMEHTA C MEHBLIMM JIMAMETPOM; § — 3HAaYEHHE CTe-
nenu u3 ypauenus D°—d °+d & 1 — (area ratio) — koo dUIMEHT BETBICHHS;
0 — YroJl OTXOKIEHHs OOJILUIETO IUCTAIBLHOIO CETMEHTA OT MPOKCHMAJILHOTO;
0. . — YTOJl OTXOXKJEHHS MEHBUIETO UCTATBLHOTO CETMEHTA OT MPOKCHMAIBHOTO;
O/IM — onTumanbHBIE JUXOTOMHH B COOTBETCTBUH C KputepueM C.D. Murray;
HJM — HeonTumainbHble TUXOTOMHH B COOTBETCTBHM ¢ Kputepuem C.D. Murray;
OIU — ontumanbHble AUXOTOMHUM B cooTBeTcTBUU ¢ Kpurepuem H.B.M. Ulings;

HJIU — HeonTiMAaNbHBIC» TUXOTOMHUH B COOTBETCTBUH ¢ kKputepriem H.B.M. Ulings.

B 1926 roxy anrumiickuii ¢pusunosnor Murray C.D., OCHOBBIBasICh Ha TaKk
HasbBaeMbIX «lIpaBmnax Py» mpemnoxun ypasHerus [7, 32], KoTopble Tmo-
3BOJISIIOT PACCYUTATH BEIMUMHBI YIIIOB apTepHAIbHON TNXOTOMUHM, 3HAS 3HA-
YEeHHUs] BHYTPEHHUX JIMAMETPOB apTepHid, KoTopble ee 00pasyror [25]. C atoro
MOMEHTAa B CpEJie aHaTOMOB U Bpauei He MPeKpaIaeTcst AUCKYCCHS O BO3MOXK-
HOCTH MPAKTUYECKOTO MCIIOIB30BAHUS ITHX yPaBHEHHUS B KadecTBe MOpP(o-
METPHUYECKOTO ATAIOHA COCYANCTHIX Pycesl BHYTPEHHUX OPTaHOB 3/J0POBOTO
YesoBeKa U JUIs YHCICHHOTO MOJCIHPOBAHUS CTPYKTYPBI pycia Kak (pak-
TAJIbHOM CHCTEMBI.

B psine pabot npuBeaeHs! (hakThl XOPOIIETO COIIACOBAHMS PEAIbHBIX YITIOB
BETBJICHHSI apTEPUI M YIVIOB, PACCUUTAHHBIX C HUCIIOJIIb30BAHUEM YPaBHEHHI
Murray C.D. [4, 22, 24]. Ectb paboTBI, KOTOpBIE Kak moATBepxkaaoT [9, 11],
TaK ¥ OIPOBEPraroT nosioxkeHune teopun (Murray’s law) pesynsraram mopdo-
METpPHUU peabHBIX apTepuanbHeIX pycen [15, 19, 20, 23, 29, 30, 34]. Aprops!
HEKOTOPBIX pabOT MCIIONB3YIOT IAHHOE ITPABHUIIO JUISl YUCIICHHOTO MOJICIIMPOBa-
HUS CTPYKTYPHI apTepHaibHbIX pycen [10, 27, 28]. bonee Toro, Ha OCHOBaHHU
9TOTO MOJICJIMPOBAHMS AETAI0TCSI BEIBOJBI O BHYTPHAPTEPUAILHOIN reMoanHa-
MUKE )KM3HEHHO BaXKHBIX OpraHoB uenoBeka [12, 17].

OnHako aHaNIN3 INTEPATyPHBIX HICTOYHUKOB ITOKA3all, 9TO paboT, MOCBAIIIEH-
HBIX COOCTBEHHO HCCIIEI0BAHUIO (DAaKTHUECKOTO Marepuana — MophoMeTpun
peaibHbIX apTepPHUAILHBIX U BEHO3HBIX AUXOTOMHI — HE TaK MHOTO U IPECTaB-
JIGHHBIE PE3YJIbTaThl IPOTUBOPEUMBLL. Hanpumep, Hellb3s HCIIOIB30BaTh ypaB-
Henust Murray C.D. 715 pacueToB yIiIoB THXOTOMHA, 00pa30BaHHBIX COCYIAMHU
¢ BHyTpeHHUM auamerpom meHee 100 mxm [2]. Kpome Toro, aprepuanbHoe
PYCJI0 IIOYKH YEJIOBEKA COCTOUT U3 CTPYKTYPHO-PA3IMUHBIX TUIIOB JUXOTOMUMN
[3]. Aranmu3 BO3MOXXHOCTH HCIIONIB30BaHUs ypaBHeHUH Murray C.D. s dnc-
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JIEHHOTO MOJIEJIMPOBAHUS YITIOB TUXOTOMHM BEHO3HOTO Pyciia MOYKH YeI0BeKa
BOOOIIE HE TPOBOIUIICS.

Leab padoTbl: TPOBECTH aHAIN3 IPUMEHUMOCTH ypaBHeHuid Murray C.D.
JUld pacuéTra 3Ha4eHUH yIIOB JUXOTOMUN BHYTPUOPTaHHOTO apTEPHAILHOTO U
BEHO3HOTO PyCell TOYKH YeJI0BeKa.

MarepuaJjbl M MeTOAbI

Boutn uccienoBaHbl BHYTpPUOPraHHBIE cocyaucTsie pycna nodek (BCPIT)
(apTepun U BeHBI), BU3yaJIM3NPOBAaHHbIE Ha ayTOIICHH Y JIIOAEH (Bo3pacT oT 36
1o 74 net; 9 YenoBeK My)KCKOTO Iojia, 8 — KEHCKOTO), YMEPIIUX OT IaToJIo-
MU, KOTOPasi IPAaKTUYECKH HE U3MEHHIIA COCYIUCTOE PYCII0 MOYKH (acuKcus).

HccrnenoBanne BHITOJHEHO B COOTBETCTBUH C MIPUHIMIIAMH XEIbCUHCKON
nexmaparun (1997 — 2000 rr.), Konsernun Cosera EBporibl o mpaBax genoBeka
n 6nomennnuHe (1997 r), nonoxxennsimu BO3, MextyHapoaHOTO KOJIeKca Me-
qunuHCcKo# 3tuku (1983 1), mpaBunamu EBpornieiickoil KOHBEHITNH 10 3aIIUTe
TT03BOHOYHBIX )KHBOTHBIX, HCIIOJIb3YEMbIX B 3KCIIEPUMEHTAIBHBIX HCCIIEI0BA-
HUAX U Ipyrux uensx [14], a raxoke 3akoHogarenbcTBoM PO.

Boun u3rotoBnens! u uccnenoBanbl 17 koppo3uoHHbIX mpenaparoB BCPIT: 9
TIPETIapaToB apTepUAIbHOE PyCiIOo, 8 — BEHO3HOE. MICIIonp30Banu U3BECTHBIN CIIO-
co0 [8]. [Tocne n3BedYeHns U3 OpraHn3Ma COCyANCTast CHCTEMa MOYKH TTOABEepra-
JIach TMPOMBIBKE (PH3HOJIOTHYECKHM PACTBOPOM Yepe3 TIOYEUHYI0 apTEepHIO U BEHY
B Teuenue 40-45 munyt noxn naeienuem 80-90 mm Hg. Tlpu aToM opran Bo Bpe-
Ml TIPOMBIBKH 1 TIOCIIEAYIOIINX 3TAllOB MPUTOTOBJICHHUS MIPENapaToB HAXOAMIICS
B CIIEIMAIEHOM pe3epByape, 3alloJTHEHHOM (PU3HOJIOTHYECKUM PAacTBOPOM, YTO
TNpeOTBpaLiaio Ae(hOPMALIMIO €ro COCYIIOB IO JACHCTBUEM COOCTBEHHOIO Beca.
Iocne MpoMBIBKM B apTepuaIbHOE MM BEHO3HOE PYCIIO MPH MOMOIIM IIITPULA
HarHeTaaach MpeBapyuTEIbHO MOIIOTOBICHHAS! KOMIIO3HIWS [6] 1ot 1aBieHneM
80-100 MM pT. CT., HOCJIE ATOTO COCY/L HAITYXO NEPEBA3bIBANICS. EMKOCTB ¢ Haxo/s-
niercst B Hel movxoii momeranu B repmocTtar (t=36°C). Uepes 24 yaca movka mno-
Tpy’Kaiachk B PacTBOP KOHIIEHTPHPOBAHHOM 1ienoun Ha 3-4 cyTok. [lociemyromas
IIPOMBIBKA OCYLIECTBIIIACh BOAOIPOBOJHON BOIOM B TEUEHHE HECKOJIBKHX YaCOB.

Vcnonp30Bany NOAMMEPHYIO PEHTTEeH KOHTPACTHYIO KOMIIO3HIINIO, COCTO-
ANIYIO U3: TOJUMepa — opouIKoodpasHoe cpenctso «IIporakpuin My»; xuko-
TO KOMIOHEHTA — kuaKoe cpeactBo «IIporakpuin M»; peHTreH KOHTPacTHOTO
cpencTsa — cynbdar 6apusi; KpacuTellsl — yHUBepCalbHbINH KpacuTenb. [1pu cie-
JYIOIIIEM COOTHOIIICHUH MHIPENEHTOB B Mac. %: OpoIKoBoe cpeacTBo «IIpo-
takpmt M» 30-50, xunkoe cpencto «IIpotakpun M» 10-30, cynedar Oapus
10-30, ynuepcanbublil kpacurens 10-30 [6].



174 Siberian Journal of Life Sciences and Agriculture, Vol. 13, Ne3, 2021

Busyanuzanuio npooaniau ¢ mnomoinb mMukporomorpapa BRUNKER
SkyScan 1178 (puc. 1).

a) apTepHANbHOE PYCIIO ©) BEHO3HOE PyCII0

Puc. 1. KT-ckanb! koppo3uoHHbIX npenaparos BCPII uenoseka

BCPII npeacTapmisiii Kak IepeBo, COCToAIIee U3 AuXoToMuii (puc. 2). u-
XOTOMHSI — KOHCTPYKIIHSI, COCTOSIIIAsE U3 TPEX COCYAMCTHIX CErMEHTOB, TJIe 32
MarepuHckuii (D) npuHUMau NpOKCUMaJbHBIA CErMEHT, 3a J[Ba JIOYEPHUX —
JMCTAIIbHBIE CETMEHTBI C OOJIBIIMM M MeHbIINM nuametpamu (d wd ), nnen-
THUYHO JIJISl ApTEPHAIBHOTO U BEHO3HOTO PyCiia.

Just MmopdomeTpun UCTIONB30BaIKM NMPOrpaMMHBINA nakeT blender ¢ Han-
ctpoiikoit NeuroMorph Measuring tools [26]. M3mepsuin 1uaMeTpbl CerMeH-
ToB (D, d_ ,d .)w ymm mexny numu (o, o ). MEHAMAIbHBIA THaMETp
CJICTIKOB COCY/IUCTBIX CETMEHTOB, KOTOPBIH OBLIT M3MEPEH IO JAHHOH METOJIHKE,
cocrasisui 0,1 mm ¢ Touroctrio 0,05 MM u 0,5°.

Kpome MoppomeTpuueckoro onpesenenus yrios (o M o . ) MEXKIY CO-
CYJIMCTBHIMH CETMEHTaMH JTUXOTOMHUIA, 3HAUCHHUS YIIIOB PACCYUTHIBAIH (T/IE ITO
BO3MOJKHO), HCIIONB3Ys ypaBHeHust Murray C. D. [7].
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Puc. 2. Cxema cocynuctoii (apTepraabHO 1 BEHO3HOIT) TMXOTOMHH,
rae D — npokcuManbHbIi CerMeHT, dmax — IUCTAJIBHBIA CETMEHT ¢ OOJBIINM AUAMETPOM,
d . — MACTANBHBIA CETMEHT C MEHBIINM THAMETPOM, O — YTOI OTXOXKIEHHUS
JUCTAJILHOTO CErMEHTa C OONBIIMM THAMETPOM OT NPOKCUMAIBHOTO, O . — YTOI

OTXOXACHUS MEHBIUICTO AUCTAJILHOI'O CErMEHTa OT IIPOKCUMaJIbHOI'O.

4
*+ + dmax4 - (D3 - dmax3)3
ZDdeaxZ

Qmax = arccos (;

) )

4
4 + dmin4 - (D3 - dmin3)3
2Dzdmin2

Ain = arccos ( ) 2)
Ha nocnenyronux sranax AMXOTOMUH ObUTH pa3iesieHbl Ha 2 TPYIIITBI — «OII-
tumanbHbIe» (OIM) n «HeonTuMansabie» (HJIM) B COOTBETCTBHH € KpUTEPH-
em C.D. Murray. [lnss OM/] — st apTepuanbHbix auxoromuit & = 2,55 — 3,02;
JUISl BEHO3HBIX quxotomuid & = 2,76 — 3,02 u3 ypasuenus [21, 30, 36, 37]:
D —d *+d ° 3)
A Taxke Ha «ontuManbHbIe» (OJIU) u «aeontumansusie» (HAU) B coot-
BerctBum ¢ kpurepuem H. B. M. Ulings. {nst OAU — 1 apTepruaibHbIX U Be-
HO3HBIX AuxoToMui 1<n<1,26 u3 ypaBuenus [35]:
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_ drznax + drznin (4)
D2

B nocnenytormiem aprepruanbHble ¥ BEHO3HBIE JMXOTOMHHN OBUTH Pa3ieeHbl
Ha YeThIPe CTPYKTYpPHO-Pa3INUHBIX Tuna [3]:

1) moiHas acMMMETpHs — BEJIMYUHBI THAMETPOB CETMEHTOB, KOTOpPBIE CO-
CTaBIISAIOT TUXOTOMHIO, HE paBHBI MEKIY COO0I (D#dmax;ﬁdmm);

2) GoKOBasi aCUMMETPHSI — BETMUYKHA THaMeTpa MPOKCHMAIIBHOTO CETMEHTa PaB-
Ha 3HAYEHMIO IMameTpa Ooblero u3 aucTanbHbix cermentos (D=d__, D#dmin);

3) OAHOCTOPOHHSAS CUMMETPHSI — BETMYUHBI THAMETPOB TUCTAIBHBIX CET-
MEHTOB paBHBI MEX/Iy cOOOH M HEe pPaBHBI 3HAYCHHUIO AUAMETPA ITPOKCHMAIIb-
Horo cermenTa (D#d . d  =d );

4) nonHast CHMMETPUSI — BEIMYUHBI INAMETPOB BCEX CETMEHTOB PABHBI MEXK-
my coboii (D=d_ =d .).

Omnpenensiiin MeIuaHy, CPEJHIOI BEJIMYUHY, KBAapTHJIM, JOBEPUTEIbHBIN
UHTEpBaJ, MUHUMAaJIbHOE M MaKCHMaJbHOE 3HAaueHHE, JHCIIEPCHUIO, CpelHee
KBaJIpaTHYHOE OTKJIOHEHHE, OIINOKY cpenHero. s OLeHKH XapaKTepa pacrpe-
JieNieHyst eronb3oBay kpurepun Normal expected frequencies, Lilliefors Test For
Normality, Shapiro-Wilk's W-test u Koimoroposa-Cmupnosa. [Tociie nposepku
pacrnpeiesieHys BETMYNH UCCIIEAyeMbIX MOKa3aTelIei HCIOb30BaIl apaMeTpH-
YECKHE WM HelapaMeTPUIeCKUE METO/IbI, PyKOBOJCTBYSICh PEKOMEHIAIMSAMH [5].

Jist osrydeHust IpecTaBUTENIbHON BEIOOPKH ITOJIb30BAIMCH METOAMKON
MHOTOJTAITHOW T'HE3/10BO# BbIOOpKHU 110 ABranauiosy I.I. [1]. s onpenere-
HUS ONTHMAaJIBHOTO 00beMa BEIOOPKH chonwo?ann ypaBHeHwue [5]:

_ 2
N=2x(A+B) XDIFFZ'FAe (5)

N — pekoMeHyeMblii 00beM BBIOOPKH JUTsl KaXKJI0W I'PYIIBI; S — cpeHee
KBa/IpaTHYHOE OTKJIOHEHHE aHanu3upyemoro npusnaka; DIFF — 3nadenue a¢-
(exra (pa3nuuus MeXIy CPeIHUMHU 3HAYCHHUSIMH), KOTOPOE MPEAIIOIaraeTcs
BbIsIBUTH; A=1,96 — KOHCTaHTa, 3aBUCILIAs OT ypoBHs 3HauMMoctu; B=0,84 —
KOHCTaHTA, 3aBUCALIAs OT MOIIHOCTH KPUTEPUS; IPU YPOBHE 3HAYMMOCTH — 5%
(A-1,96), n momuocTH — 80% (B=0,84) [5].

[Tonp30Banuch JMIEH3MOHHBIMA TTAKETAMH CTAaTHCTHYECKUX MPOTPaMM —
IBM SPSS Statistics u Microsoft Excel, MedStat B cooTBeTCTBHHU C peKOMEH-
nanusmi [5, 18].

Pesyabrarsl
YcTaHOBNIEHO, YTO ONTHUMAJIBHBINA 00bEM BBIOOPKH apTepUaNbHbBIX AUXO-
Tomuit coctaBmil N=66. Vicnionp3oBamu ypasHenue 5, rae S=0,39 — cpennee
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KBapaTUYHOE OTKJIOHEHUE aHATU3UPYEMOT0 NPH3HaKa (B JaHHOM CIIydae —1))
[3]; DIFF=0,19 (TeopeTnuecku pacCUMTaHHOE 3HAYCHHUE CPEHETO KBapaTHY-
HOTO OTKJIOHEHUS mokaszares 1 [36] — 3naucHue dpdexra (pa3imaus MEKIy

CpeaAHUMU 3Ha‘{eHI/I$[MI/I), KOTOPOC MPEANOJIaracTcs BbIsIBUTD. Takum 06pa30M:
2

N =2x (1,96 + 0,84)% x 0‘192 =66 (6)

[Tomo06HBII pacyeT aJIsi BEHO3HBIX I[HXOTOMI/I’f/'I Ha CCTOAHAIIHUYN JICHb He-
BO3MOJKEH, T.K. OTCYTCTBYIOT JIaHHbIE O BEJIMYUHE S — CpeJHee KBaJAPaTUUHOE
OTKJIOHEHVIE aHAJIH3UPYEMOTo IIPH3HAKa (B TaHHOM cirydae — 1) beumm momyde-
HbI M TOJABEPrHYTHI aHANM3y 172 aprepuanbHbiX 1 91 BeHo3Has aquxoroMust. U3
JATBHEHIIETo NCCIeqoBaHMs OBITH MCKITIOYEHB! TPH BEHO3HBIE TUXOTOMHUH, Y
kotopeix D=d . ,d_>D. Ycranosneno, 4to pacnpenenenue snauennii D, d_,
d..&mn,a .o Brpynne aprepuii; D, d . d . &m, o0 Brpynmne Ben oT-
JINYHO OT HOPMAaJLHOTO 3aKOHA paciipeneseHus. Torma kak 3aKoH pacipe/ene-
HHS BEJIMYMHBI 0, . BCHO3HOTO PyClia HE OTIIMYAETCSA OT HOPMAIBHOTO 3aKOHA.

Pesysbrarsl MOp(OMETPHUH BEIMYMH W3y4aeMbIX MTOKA3aTeICH MPUBEICHBI
B Ta0m. 1.

Tabnuya 1.
Pe3yabTarsl MopdomeTpun uzydyaembix nokasareneiit BCPII

Ilepe- | Koa- Lll\;[[z-_ KB;p- K]I;Ep- 1:[:_- Mak- | Our. me- .JoIeB. l'{)paB.

MeHHasi | BO na | mum | e | mym cumyM | auanbl | (95% AN) | (95% AH)
ApTrepuanbHoe pyciio

D, MM 172 | 1,6 1,3 2,5 0,2 7,0 0,1 1,5 1,9
dpaoMM | 172 | 1,5 1,0 2,0 0,5 5,0 0,1 1,3 1,6
A, MM | 172 | 1,0 0,8 14 0,2 4,0 0,1 0,9 1,1

Ol 172 |1 28,0 [ 52 40,0 | 0,0 | 110,0 2,2 20,0 30,0

Olminy 172 | 49,5 | 30,0 69,0 | 0,0 | 1649 2,8 42,1 53,0

BeHo3Hoe pycio

D, MM 88 4,0 3,0 5,3 1,5 | 115 0,3 3,7 4,5
dpao, MM | 88 3,9 2,7 5,0 0,5 9,0 0,2 3,0 4,0
i, MM | 88 2,5 2,0 3,0 0,5 8,0 0,2 2,0 3,0

[U— 88 | 18,0 | 0,0 39,0 | 0,0 | 1522 34 12,6 27,9

Iepe- | Kou- Cpemnee | C.ico. 1:;[:__ Mak- cp(:);l:;e- JIeB.(95% | Tlpas.
MEHHasi | BO CUMYM ) 95% AN)

MyM ro
Olnins” 88 31,37 22,15 | 0,0 [ 91,0 2,4 26,7 36,1

Ipumeqanue: D — nnameTp MpOKCUMANLHOTO cerMenTa (MM); d  — imameTp mwc-
TaNbHOTO CErMEHTa C OONBLIMM JuaMeTpoM (MM); d . — IMaMeTp AMCTaIbHOTO CErMEHTa
C MEHBIIMM JIHAMETPOM (MM); 0. — YTOJI OTXOK/IEHHUS OOJIBIIETO TUCTATBLHOTO CETMEH-
Ta OT NPOKCUMAJIBHOTO (°), 0, . — YTOJI OTXOXK/JIEHHS MEHBIIETO UCTAILHOTO CETMEHTa
OT IPOKCUMAIIBLHOTO (°).



178 Siberian Journal of Life Sciences and Agriculture, Vol. 13, Ne3, 2021

Janee Obl1a mpoBezieHa MpoBepKa FMIIOTE3bI O IPUHAIIIEKHOCTH HE3aBUCH-
MBIX BBIOOPOK K OJTHOH TeHepaTbHOW COBOKYIMHOCTH. He3aBucuMbIie BEIOOPKH
3HAYCHUH aHAIM3UPOBAIN Ha MPEMET UX BOSMOKHOU CBSI3H.

Tabruya 2.

3HaueHust MopgoMeTPUYECKHX H PACYETHBIX OKa3aTeJseil
yraoB o u 0, nuxoromuii BCPIT

ApTepHajbHOe Pycio Beno3znoe pyciio
IMoka3zarens |Mopgomerpu- MopdomeTpu-
pd P PacueTHbIe P pd p PacueTnbie P
YyecKHe YyecKue

Oa,® Me (JIM) | 28,0 (20,0;30,0) | 29,7 (27,3;33,9) | 0,61 | 18,1 (14,1;29,7) | 29,7 (22,4;32,7) | 0,64
Oins® Me (JIA) | 49,5 (42,1;53,0) | 55,4 (53,3; 56,9) [0,007| 26 (20,3;37,4) | 54,5 (52,7; 56,9) | 0,005
Ipumeuanue: o, — yTOI OTXOXKIEHHS OONBIIETO TUCTAIBHOTO CETMEHTA OT MPOK-
CHMAJILHOTO (°), 0, . — YTOJl OTXOK/IEHUS MEHBILETO TUCTATBLHOTO CETMEHTA OT TPOKCH-
MasibHOro (°), p — ypoBeHb 3HaunMocTu oTianuuid (U xputepust ManHa-YUTHR).

Ha cnenxyromem sTamne nccieqoBaHUs TUXOTOMUH OBLIH pa3/eleHbl Ha 2
rpymmsl, «ontaManbHbey (OAM) u «<aeonrtumanbhbie» (HIIM) B cooTBeTCTBHI
c xputepuem C.D. Murray (ta6in. 3) n H.B.M. Ulings (Ta6mn. 4), a Takxe Ha 4
CTPYKTYPHO-Pa3JIMYHbIX THMA (Talu. 5). Pe3ysnbrarsl npuBeieHb! HA pucC. 3.

B nanmpHeiimii aHami3 He OBUTH BKITFOUCHBI TITXOTOMHH, TSI KOTOPBIX HEBO3-
MOKHO PacCUUTarh BEJMUUHY 0, . 10 ypasHeHusm C.D. Murray. beun uckimo-
YEHbI CEMb apTEPUAJIbHBIX U ITh BEHO3HBIX ANX0TOMUH. OOpaliiaiy BHUMaHHe
MMEHHO Ha BEJIMYMHY MOKA3aTeNs o, ., T.K. OHa 3HAYUMO OTIIMYACTCS TIPH CPaB-
HEHWU 3HAYCHUH, TOTYICHHBIX ITyTeM MOP(POMETPHH U PACCIUTAHHBIX TI0 ypaB-
nenuto C.D. Murray.

Tabnuya 3.
3nayenus o, «onTuMaabHbIx» (OAM) u «HeonTumManbubIx» (HIM)
B cooTBeTcTBMH ¢ KpuTtepuem C.D. Murray rpynn quxoromuii BCPII

I'pynnsl auxoromuii B coorBercTBuM ¢ kKputepuem C.D. Murray

Ioka3zarenn ApTepuajibHoe pyciio Beno3sHoe pyciio
oM HAM p oM HAM P

o
(Mopomerpuuecknii) | 34 (26;58) | 49.5(42,9;53) | 022 | 154 (0;60) | 27 (20.3;37.8) [0,440
Me (A1)

. "
?ﬁh) (pacternyiif) Me |, o (45,1352,7)| 55,9 (55,2; 60,6) | 0,003 |45,1 (41,5:45,1)| 56,9 (52.7;58.4)| 0,047
YPOBEHE SHATUMOCTH 0271 0,005 0,343 0,0001
oTnuuii (p)

HpnMeanne: (lmin — YI'OJI OTXOXKAEHUS MEHBIIEr0 JUCTAJIBHOI'O CETMEHTA OT IIPOK-
cumansHoro (°), p — ypoBeHs 3HaunMocty ortrmunii (U kpurepust ManHa- YUTHH).
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B rabnuiax 3 u 4 npuBeieHbl pe3ybTarhl ONPEIENeH s o, . JUIs OCTaBIIMXCS
Juxoromuil. Ha 3akimodnTebHOM 3Tare ncciejoBatust Oblia IpoBesieHa IpoBep-
Ka THIOTE3bI O MPUHA/UISKHOCTH HE3aBUCHMBIX BEIOOPOK K OJTHON TeHEpabHON
COBOKYITHOCTH. BbI60OpKY ObLIH IIPE/ICTaB/IEHbI 3HAYCHUAMH YIJIOB 0. . CTPYKTYp-
HO-paznuuHbIX guxotomuid BCPII, koTopble ObLIN MOMy4eHbI TyTeM Mopdome-
TPHH U C UCTIONB30BaHneM ypaBHeHnit C.D. Murray | u 2 (Ta6m. 5).

AprepuanbHble U BEHO3HbIE IUXOTOMUY 4 TUIA HE PACCMaTPHUBAJINCh B CBA-
31 C UX MaJIbIM KOJINYECTBOM — OJJHA apTepraibHas 1 [BC BEHO3HbIC.

Tabruya 4.
3uauenus o «onrumaabubix» (OAU) u «neontumanbubix» (HAU)
B cooTBeTcTBHH ¢ Kputepuem H. B. M. Ulings rpynn guxoromuii BCPII

I'pynnsl 1MX0TOMMIi B COOTBETCTBHHU ¢ KPUTEpUEM
H. B. M. Ulings

ApTepHajibHOE Pyc/I0 Beno3snoe pycio
(0)110) HAU p (0J110) HAU p

Iloka3zarennb

o . ,°
(Mophomerpuuecknii) Me | 51 (45;70) 45(35:53) 0,042 22,6 (17.2:40) |27 (20.3;37.8)| 0,748
()

o ..° (pacueTHpIif) Me
(AN

YpoBEeHb 3HAUUMOCTH
oTInuuii (p)

62,5 (55,4;66,2)(55,4 (53,3;58,0)|0,004| 55,3 (47,1;61,5) [55 (52,7;57,9)[ 0,626

0,360 0,006 0,0001 0,0001

Ilpumeuanue: o, — yroy OTXOXKIEHUS MEHBILIETO IUCTAILHOIO CETMEHTA OT TIPOK-
cumansHoro (°), p — ypoBeHb 3HaunMocty ortimunii (U kputepust ManHa- YUTHH).

Tabnuya 5.
3nayenus yraa o, , BCPII cTpyKkTypHO-pasiMuHbIX THIIOB AHXOTOMU
CTpYKTYpHO-pa3IMYHbIe THIIBI TMXOTOMHUI
IToka3zarein ApTepHajibHOE pycio Beno3snoe pycio
1 2 3 p* 1 2 3 p*
o o
min’ 26 32.65
(mopdomerpude- |40 (34;50) | 60 (50;77) [32 (2;47,5)| 0,0001 32 (24;40) 0,134
o (17,9:38) (5:74)
ckuit) Me (JI1)
o ..° (pacuetHbIi)| 554 59,2 43,6 0.008 56,9 53,6 39,1 0.021
Me (J11) (53.3;58.2)| (55:65,7) |(32,7;53,3)| (54,5;59,3)|(47,5;57,9)|(29,7;73)|
YpoBeHb 3HAUH-
MOCTH OTJIMYUI 0,0001 0,158 0,193 0.0001 0.0001 1.0
(§2)

Ipumveuanue: o, . — yroJl OTXOXK/ICHHIS MEHBILETO TUCTANBHOTO CETMEHTA OT MPOK-
cumainbHOTO (°), p* — ypoBeHb 3HaUMMOCTH oTinunii (kpurepuii Kpyckans-Yomuca),
P — ypoBesb 3HauuMoctu ominunii (U kputepust ManHa-YUTHH).
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OO0cy:kneHue

Pesynbrarer Moppomerpun (Tadin. 1) ucciieayeMbIX ImoKa3areiel MmoKa3bl-
BAaIOT, YTO BHYTPEHHUM JUaMETP BEHO3HBIX CETMEHTOB, COCTABIISIOIUX JH-
XOTOMHMIO, TPUMEPHO B 2,5 pa3a Ooiblle, YeM 3Ha4E€HUS COOTBETCTBYIONINX
MoKa3aresiel apTepuadbHbIX quxoToMuil. [IpuBeneHHbIe (haKTHI MIHPOKO H3-
BeCTHBI [33] U ABISIOTCA HEMPSMBIM MOATBEPAKICHHEM IPABUIBHOCTH IIPOBE-
JICHHBIX U3MEPEHUI. BaKHO OTMETHT, 9TO PaCIIPEIETICHNE 3HAYEHUS yIIIa o,
COOTBETCTBYET HOPMATEHOMY 3aKOHY PACIPEACIICHHS B OTIIMYHE OT pacIpere-
JICHWUH BEJIMYHMH OCTaJIbHBIX U3yYaeMbIX ITOKa3aTeICH.

WHTepecHbIe pe3ynbTaThl ONTy4EHBI B X0/1¢ CPAaBHUTEIBHOTO aHaJIi3a 3Ha-
YEHWA yDJIOB O W O . JAUXOTOMHH, MONYYEHHBIX MyTEM MOP(YOMETPUH U
pacdeToB ¢ ucnoib3oBanueM ypaBaenuii C.D. Murray | u 2 (Tabn. 2). Yera-
HOBJIEHO, YTO BEJIMYMHA YIJIa 0, JIBYX TPYII cpaBHEHHs (MOp(oMeTpruUecKkne
U pacyeTHBIC) HE OTIINYAETCS JPYT OT APYra B CIydae apTepHaIbHOTO U BEHO3-
Horo pycen. Tora kak pacueTHbIE 3HAYEHHS ., . 3HATUMO OOJIBIIE, 7€M MOP(HO-
MeTpUYeCKHe. DTO XapaKTEPHO U AJIS apTEPUANBHOTO, U JJIs1 BEHO3HOI'O pyca.
[TonyuenHsle (hakTbl CBUAETENLCTBYIOT O TOM, uTO ypaBHenus C.D. Murray
MOKHO YBEPEHHO UCTIONB30BATH JIISl YUCIIEHHOTO MOJIENTMPOBAHUSA 0, apTEPH-
aJbHBIX U BeHO3HbIX auxoTromuil BCPII uenoseka. Cutyanus ¢ o . HYKJIAeTcs
B JIaJIbHEHIIIEM HCCIIEIOBAaHUH U 00CYKICHUH.

Bunsrensmom Py Oblna nipeyiokeHa runoTesa 0 TOM, 4TO KOHCTPYKITHS ONITH-
MaIJTbHO (HOpMaJTbHOM, HETTATOIOTHYECKON ) COCYANCTON JMXOTOMHH TIOCTPOSHA
Ha OCHOBAHHH ITPUHLUIA MUHUMAIIBHOW 3aTparhl OMOJIOTHYECKOT0 MarepHaa
U MUHUMAJIBHOU PaOOThI, HCOOXOMMMOM JIJIst TPOJBMKCHUS 110 HEW KPOBH. AH-
mmiickuil pusnonor Murray C. D. ycTaHOBHII 3aBUCHIMOCTH MEKAY BEIHYIH-
HAMH YIJIOB U 3HAYCHUSIMU BHYTPCHHUX JTUAMETPOB COCYIOB, COCTABIISIOIINX
ONTUMAJIbHYIO TUXOTOMUIO [ 16]. It MarucTpaibHbBIX apTepUil ATOT MOKa3aTeib
paBen § = 2,33 (§ — u3 ypaBHenus 3) [31], s 6onee menkux — & =1 — 1,15.
Pollanen M.S. et al [29] cunTarot, uTo 3Ha4YeHHUE & = 3 0OECTIEUNBACT ONTUMAITH-
HOE COOTHOILECHHE MEX/y TUaMeTpaMH apTepPUaNIbHBIX CETMEHTOB, COCTABIISIO-
HIMX AUXOTOMHIO B YCIIOBHSIX JJAMHHAPHOTO TOKA KPOBH, a & = 2,33 — B yCIIOBHSIX
TypOyneHTHOTO. J{711 ONTHMaNTFHBIX BEHO3HBIX TuxoToMuil & = 2,76 — 3,02. [21,
30, 36, 37]. OmHako MPOBEICHHOE HAMHU MCCICIOBAHUE TT0Ka3alo (puc. 3), 4To
JIUXOTOMUH, YAOBJIETBOPSIOIINE TAHHOMY MIPUHIUITY, cocTaBisitoT — 11,05% amns
apTepuaibHOro pycna u 4% — it BeHo3HOro!?

H. B. M. Ulings a1 OIIeHKH ONTHMATBHOCTH UCTIONB30Ba KO DUIHESHT
BETBJICHUSL: 1| — area ratio. OH yTBepK/1aJl, 4YTO ONTUMAJIBHBIMHU SIBJISTFOTCSI JTNXO-
TOMHH, y KOTOPBIX BEJIMYHMHA 1] HAXOAUTCA B Ipeaenax 1<n<1,26. U cuutan Bo3-
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MOYKHBIM MIPUMEHSTh JIAaHHBIW [TOKa3aTeNb [UIsl ONPEAEICHUs] ONTHUMAIBHOCTH
CUMMETPHYHBIX ¥ HECUMMETPHUYHBIX AuXoToMuUi [35]. JlelicTBUTENBHO, 3HA-
YEeHHE 1) — area ratio MO)KeT ObITh PaCCUNTaHO MPAKTHIECKHU /IS JTF000TO THIIA
CTPYKTYypHO-pa3imnunbIx auxoromuid BCPII. Oxnako Hamu Obl10 00HApYXeHO
Tonbko 37% ontumainbhbix (o H. B. M. Ulings) auxoromuii B aprepraibHOM
pyciie 1 26% B BeHO3HOM (pHc. 3).

Bo3HuKaeT 3aKOHOMEPHBIH BOIIPOC O «HOPMAJIILHOCTH» HCCIIEAOBAHHOTO
Hamu BCPII. Bo3aMoxHO, B (DPM3HOIOrHYECKHUX YCIOBUSIX (DYHKIIMOHUPOBAHUS
BCPII manubiii (heHOMEH KOMIIEHCHPYETCS 3a CUIET PA3HOCTH PEOJOTHIECKUX
CBOMCTB KPOBH W/WJIM COCYIMCTOW CTEHKH Ha PAa3HBIX YPOBHSX JICJIEHHS CO-
cynoB. M3BecTHO, 4TO COCYANCTOE PYCiIO NEIUTCS Ha psisl pyHKIMOHAIBHBIX
rpymm [13]: amopTH3upyIolIye, pe3sucTUBHEIE, 0OMEHHBIE U Ap. Hamre mcce-
JIOBaHNE KacaeTcss B OCHOBHOM COCYJIOB PE3HCTHBHOTO THIIA — APTEPUH U EM-
KOCTHOTO — BEHBI, I03TOMY ITOKa3aTeJIH, XapaKTepU3yIOue ONTUMAIbHOCTh
JUISl HUX, UMEIOT 3HAUeHUs] OTIIMYHBIE OT TAKOBBIX aMOPTH3HPYIOIIUX (Maru-
CTpANBHBIX ) 1 0OMEHHBIX (MHKPOILUPKYISTOPHOE PYCII0) cocynoB. Hemp3s Tak-
K€ NCKJII0YaTh HAJIMYUE HEKOTOPOTO MPOICHTA IAaTOJIOIMYECKUX COCYANCTBIX
JMXOTOMUH, KOTOPbIE, BEPOSITHO, B TAKOM KOJIMYECTBE Cce0sl KIMHUYECKU HE
MIPOSIBIISIOT, OJJHAKO MOTYT CITY)KHTb MMOTEHIINAJIFHON OCHOBO Oyaymen (yHK-
uroHasbHOHN HecocTosTenbHOCTH BCPIIL. BeposTHO Takke Hanuuue norper-
HOCTH U3MEPEHHH.

Bosepaimasce K CHTyaluu ¢ TIOBEICHUEM BEIMYMHBI YIVIA O, . CTOMT OT-
METHUTb, YTO B TaOJ. 3 TMPHUBE/ICHBI YOSIUTEIbHBIC CBUACTEIBCTBA, 3HATNMOTO
(p=0,005) oTmumst BenuumHBI 3TOro Mokazarens y H/IM, nomydenHsle my-
tem Mopdomerpun (Me=49,5°) n nyrem pacyeroB (Me=55,9°) u orcyrcrBue
(p=0,271) taxoBeix y OJIM mms1 apTepuansHOro pycia. B BeHO3HOM pycie Be-
JIMIHHA MOP(OMETpHIECKOTO TIoKasarens ymia o, . HJIM (Me=27°) 3naunmo
(p=0,0001) menbIe, yem pacuerHoro (Me=56,9°). 3nadenns ymia o, .y Mop-
(omerpuueckux u pacueTHbIX nokaszareneir O/IM nHe ommuarorcs (p=0,343).
Harnmame 3Ha9MMBIX OTITYHI MEXKTY BEMIMHAMH YTJIA 0, . , TIOMTy9E€HHBIMH pac-
yetHbM yTeM y OJIM u HIIM nnst aprepuit (p=0,003) u Ben (p=0,047), Mmox-
HO paccMaTpUBATh Kak MOATBEPKACHUE TPABUIBHOCTH MPOBEICHHBIX PACUeTOB.

B tabu. 4, rie maHbI 3Ha4eHMs yria o, «ontuMaibHex» (OAU) n «Heon-
tumanbHbIX» (HAU), B coorBercTBrH ¢ kputepuem H. B. M. Ulings, npusene-
HBI B KAKOW-TO CTEIEHH IPOTHBOPEYMBLIC JaHHbIE. [loKa3aHo, YTO BeTMYMHA
mopgomerpudeckoro yria o HIAU (Me=45°) snaanmo (p=0,006) menblue,
yeM pacueTHeIX HJIU (Me=55,4°) apTepuanbHbix nuxoromuii. Mopdomerpu-
4eckue u pacyeTHbie Benmuunbl yria o . O{U u H{U aprepuanbHoro pycia
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3aMEeTHO OTJIMYAIOTCS APYT OT Apyra. 3Ha4YeHMs 3THUX MoKa3aTeneil aprepuaib-
HbIX Mopdomerpuaeckux OIU (Me=51°) u pacuetnbix O[IU (Me=62,5°) 3Ha-
yMo Oosbine, yeM y mopdomerpuuecknx H/IU u pacuetnsix HU (Me=45°
u Me=55,4°, COOTBETCTBEHHO). DTO HE XapaKTEPHO Il BEHO3HOro pycia. B
BEHO3HOM pycJjie Mop(oMeTpuuecKue U pacueTHble 3HavYeHus yra o OU u
HAU 3naunmo He oTmmgarotes. OgHaKo IMEeT MECTO OTIIHYHE MEKIY MOp(ho-
METPUYECKUMH M PacueTHBIMH NoKa3zaTensimu BHyTpH rpynnsl OJU n HAU.
Bennunna moppomerpuueckoro nokasarens yria o, OAU (Me=22,6°) MeHb-
mre (p=0,0001) 3nagenus pacaernoro yrma OU (Me=55,3°). IlogobHoe xapak-
tepro 1 1y HJIU, Benmmumna mopomerpraeckoro nmokasarens yria o, HJ{U
(Me=27°) mensiue (p=0.0001) 3nauenus pacuernoro yria HJU (Me=55°).

[IpuBenenHbie (GakTbl MOXHO OOBSICHUTH HAJINYHEM CTPYKTYPHO-pa3-
JIMYHBIX THUMOB TUXOTOMHH (puc. 3), MPUCYTCTBYIOIIMX B Pa3HBIX I'PyIIax
(OAM-HIM u OAU-HAU) u otnenax BCPII (aprepusx u BeHax) [35].

Pesynbrarel anamusa 3nauenus yrma o . BCPII ¢cTpyKTypHO-pa3iuIHBIX
TUIIOB ANXOTOMUH TPUBEACHBI B Ta0I. 5. YCTaHOBIIEHO, YTO BEJIMYHHBI YIJIOB
0 ., TIONyYEeHHbIE IyTeM MOP(QOMETPHH CTPYKTYPHO-Pa3IMIHBIX THIIOB apTe-
pHUATBbHBIX TUX0TOMUMN 3HaYMMO oTiruatotcs (p=0,0001). Cxonanas kapTuHa Ha-
OIFOacTCs M B CITydae PACYETHBIX 3HAYCHHUH YIJIOB 0 . CTPYKTYPHO-Pa3IMIHBIX
TUTIOB apTepuanbHBIX muxoroMuit (p=0,008). B BeHO3HOM pycie 3HaYMMBIX
OTIIMYMH MEKTy BETMYMHAMH YIJIOB ¢, . , IOJy4EHHBIX MyTeEM MOP(QOMETPHH,
He Habmonaerces (p=0,134). OaHako HAOIFOIAOTCS 3HAYUMbBIC OTIIMYHS B BEJTH-
YMHAX YIVIOB 0, . , PACCMATPHBAEMBIX CTPYKTYPHO-Pa3IMIHbIX TUXOTOMHUH, MO-
Jy4deHHble pacueTHbIM mmyTeM (p=0,021). YcTaHoBIeHO OTCYTCTBHE 3HAYNMBIX
OTIIMYMI MEX/ly 3HAYEHHMAMM YIJIOB 0 ., TIOJyYEHHbIX yTeM MOp(oMeTpuu 1
paccuntansbIx 110 popmyne C.D. Murray Juist CTpyKTYpHO-pPa3IndHBIX apTEpH-
ANBHBIX IUX0TOMUH 2-T0 1 3-r0 THIOB (p=0,158 1 p=0,193, coOoTBETCTBEHHO) 1
BEHO3HBIX uxoToMuit 3-ro tuna (p=1,0). st aprepuanbHbIX TMX0TOMUit 1-T0
¥ BEHO3HBIX JTUXOTOMHH 1-T0 U 2-TO THIIOB MOI00HBIE OTINYHUS UMEIOT MECTO.
INomy4aernoe myTem Mop(omeTpun 3Ha4enue yria o, . (Me=40°) aprepuanbHon
quxoromud 1-ro tumna 3Haunmo (p=0,0001) MeHbIIe BEIMYNHBI COOTBETCTBY-
IOIIEro TOKa3aTesis, MOIy4eHHOro pacueTHeIM myTeM (Me=55,4°). Tloxoxas
KapTHHA HaOJIIOaeTCs ¥ ISl BEHO3HOW JUXOTOMHM 1-ro THIIa, T BEIHMYHHA
yria o . (Me=26°), nomy4ennas myreM MoppomeTpun, 3naaumo (p=0,0001)
MEHBIIIE, YeM TI0JTy4eHHast pacueTHbIM mmyTeM (Me=56,9°). Y BEeHO3HBIX JHX0-
TOMUH 2-ro Tuma BenuuuHa yria o . (Me=32°), noiyuenHas mytem Mopgo-
MeTpud, Takke 3HaunMo (p=0,0001) MeHbIIIe, YeM TONy4YeHHas! paCUueTHBIM
myteM (Me=53,6°).
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B nopsinke auckyccnu. Bo3amoxkHO, ycTaHOBICHHBIE HAMH (haKThl Kaca-
IOTCSI TOJIBKO COCYIMCTOTO pycia Modyku. Kak M3BECTHO B MOUYKaxX MPHUCYT-
CTBYET TaK Ha3bIBaeMas «dyziecHa ceTb» (rete mirabile) — cocynucras ceTs,
o0pasyroascsi B pe3ysibTare 0JJHOBPEMEHHOI0 pa3AeeHNs] HCXOJAHOTO KpPo-
BEHOCHOTO COCyZa Ha KalWJUIIPOIIO00HBIC BETBH, KOTOPBIE 3aTeM coOupa-
[0TCA B 00t cTBOJI. MOXKeT OBITh, OOHApy)KEHHBIE 0COOCHHOCTH CTPOCHUS
JUXOTOMUH XapakTepHbl A1 3D KOHCTPYKLUU COCYAUCTOrO Pyclla HapeHXH-
MaTO3HBIX OPTaHOB, K KOTOPBIM OTHOCUTHCS MOYKA U HE XapaKTepHO IS Op-
TaHOB, Y KOTOPBIX pyciio uMmeeT 2D koncTpykuuto. Hanmpumep, mossie oprans
(>kesrymoK, TOJICTast M TOHKAsl KHUIIKA), Y KOTOPBIX COCYIUCTOE PyClIO UMEET
IUI0CKyt0 KoH(purypanuto. CTaHOBUTCS MOHATHO, YTO MOAOOHOTO poja MC-
CJIETOBAHMS JOJDKHBI OBITH MTPOBEJCHBI B OTHOIICHUH PAa3IMYHBIX BHYTPEH-
HUX OpPraHOB YesioBeKa. TONBKO MOCIe ITOTO0 MOXKHO J€IaTh KaKHe-TO 00mme
BBIBO/IBI M HAMEYATh INI0OAIbHBIC MTEPCIEKTHBBI UCIIOJIb30BaHNS YPaBHCHHUN
Murray C. D. 11 9MCI€HHOTO MOAECIHUPOBAHUS COCYAUCTHIX AuXoToMuil. He
HCKJIIOYEHO, YTO MOCIE MPOBEIEHHs OZOOHOTO poja MCCIeN0BaHNH OyayT
c(hopMyIHpOBaHbl HOBBIE MOP()O(DYHKIIMOHAIBHBIE TPUHIUIIBI ONITUMAIILHO-
CTH CTPOEHHUS PA3NUYHBIX (apTEPHAIBHBIX U BEHO3HBIX) PyCell pa3HbIX Opra-
HOB (ITapeHXMUMAaTO3HBIX, TOJIBIX, MBIIIEYHBIX U UMEIOIINX 0C000€ CTPOEHUE).
W Ha OCHOBaHMHM 3THX MPUHIMIIOB ONTHMAIBHOCTH Oy/IET CO3/jaHa CUCTEMa
YHHBEpCAIbHBIX YpaBHEHUIT, Too0Has ypaBHeHussM Murray C. D., kotopyto
MOYKHO OyZIeT MCII0JIb30BaTh JJIsl YUCICHHOTO MOJCIMPOBaHUS JH000T0 BUA,
TPYTIIBL, THIA AUXOTOMUH.

Pesromupyst mpeacTaBieHHBIN MaTepHal, CIeAyeT OTMETUTh, B COOTBET-
CTBHHU C LIeJIbIO HalIeil paboThl — IPOBECTH MOP(POMETPUYECKHUI aHAIN3 TIPH-
MeHHMocTH ypaBHeHni Murray C. D. misg pacuéra 3Hau€HUNA YTIIOB THXOTOMHHA
BHYTPHOPTAHHOTO apTEPHAITEHOTO ¥ BEHO3HOTO PYCeJT TOYKH YeJIOBeKa — yCTa-
HOBJICHO, YTO NpuMeHeHue ypaBHeHuil Murray C. D. ju1st uncneHHoro moje-
JTUPOBAHMS COCYIUCTHIX AUXOTOMHH MOYKH YEeJIOBEKa HOCUT OTPaHUYCHHBIN
xapakTtep. Mcnone3oBanne ypasaeHus Murray C. D., s pacueToB BeTHINHBI
yIiIa o, MOXHO ISt JIIOOBIX CTPYKTYPHO-Pa3IM4HBIX THIIOB COCYJUCTBIX [H-
XOTOMUH MOYKH yenoBeka. OqHako npuMeHsITh ypaBHenue Murray C. D. mist
PacuETOB 3HAYECHUH yIIa O . HENb3sl I aPTEPHAIbHBIX M BEHO3HBIX IMXOTO-
MU 1-TO CTPYKTYpPHO-PA3IMIHOTO TUITA U JUTS 2-TO THITA BEHO3HBIX JUXOTOMUI.
Takum oOpa3om, cunTaem, 4To OCTAaBICHHAs LeJIb JOCTUTHYTA. UTOOBI paccy-
KIaTh O MEPCHEKTHBE YHCICHHOTO MOJEIUPOBAHHUS COCYAUCTHIX JUXOTOMMN
BHYTPEHHHMX OPTaHOB HY)KHO IIPOBECTH OOJBIIOE CAMOCTOSITEIEHOE HCCIIEI0-
BaHME, YTO HE SIBISICTCS LEIIbI0 JAHHOH paboTHI.
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OCOBEHHOCTH
COILMAJIBHO-IICUXOJOTHYECKOM
U ®U3NOJIOTMUYECKON AJATITAIIMA KYPCAHTOB
BY3A MBJI K YCJIOBHUSIM CJIYKEBHOM
JAEATEJBHOCTHU

JLE. /lepacuna, C.B. Bynameuxuii

Heoono3uaunocms npoyecca npogeccuonanvHoll adanmayuu 6bl3vléaem no-
CmosiHHbLIL UHmepec ucciedosamenet. [lenvio Hawel pabomuvl 6610 GblsEIEHUE
ocobennocmeni huzUoN02UYECKOU U COYUATLHO-NCUXOIOSULECKOU a0anmayu Kyp-
CAHMOB K YCIOBUAM CIYICCOHOU 0esAmenbHOCU.

Mamepuanst u Memoowl. B ucciedosanuy npunumanu yuacmue Kypcanmol Qa-
Kynbmema ncuxonoeuu Mockoscrkozo ynueepcumema MB/[ P® um.B.A. Kuxoms 6
roauvecmee 30 uenosex (7 wonowetl u 23 0esywiku) 6 sospacme om 18 oo 22 nem.
Yposenv coyuanvro-ncuxonoeuneckou adanmayuu onpeoensn no mMemoouxe oua-
enocmuxu Poooicepca-Zatimono, éecemamughyio pe2ynayuio pumma cepoya oyeHusa-
U no napamempam eapuabenrvrocmu pumma cepoya (BPC) no memoouxe P.M. ba-
esckoeo coenacio Eepo-Amepukanckum pexomenoayusim. Mccnedosanue BPC npo-
6800UTIU 0BANCODL, 00 3ACMYNIICHUS 8 CYMOUHbIL HAPSIO U NOCE €20 OKOHYAHUSL.

Pezynomamut. Bce ucnvimyemvle pazoenunucs Ha 3 2pynnuvl no YyposHIO a0anmu-
POBanHOCMU Om HU3Kk020 00 gvicokozo (HY, CV, BY). Yuepennoe npeobnaoanue
CUMRAMUYECKUX GIUAHUL Neped 3aCnynieHuem 8 Hapsao CMEHIO0Ch HapACMAaHuem
6K1A0A NAPACUMNAMUYECKOL CUCTNEMbL 8 PEe2YIIAYUI0 PUMMA cepoyad nocie Hapaod
6 epynnax HY u CY. B epynne BY 0o napsaoa npeobnadana axmuayus napacumna-
muueckoeo omoena HepsHotl cucmemsl. Ilocne napsaoa Had00ancsa 3ymonudeckutl
mun pe2yisayuu.

Bui6oowl. 1. Yposensb coyuanbHo-ncuxono2uueckol aoanmayuu KypCaHmos 63a-
UMOCBA3AH C NAMMEPHOM 8€2eMAMUBHOU Pe2YIAYUY PUMMA cepoya 6 CUMMYayull
cymounozo Hapaoa. 2. Y auy ¢ @blcOKUM YpOGHeM A0anmueHOCMU chopmuposana
OMHOCUMENbHO AGMOHOMHAS CUCTNEMA PeyIayuU pUmma cepoya, Komopas 6
CUTTY HE3ABUCUMOCTNU ee DNEMEHMO8 OMauYaemcs OobLell NIACMUYHOCMbIO, YMo
obnezuaem ee npucnocooneHue K USMEHAIOWUMCI YCLOBUAM CPeObl, GKAIOUASL, NPU-
cnocoonenue K yCrousam CiynceOHotl 0essmenrbHOCHU.
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Knioueswvie cnosa: npogheccusi; adanmayust; COyUanbHO-NCUXOT0SUYECKas, (hu-
3U0N02UYECKAsl; 8aPUADETLHOCIG pUmMMa cepoya

Jlna yumuposanus. /lepseuna JI.E., bynameyxuii C.B. OcobenHocmu coyuans-
HO-NCUXONIO2UYECKOU U (hu3uonocuueckoll adanmayuu Kypcanmos ysa MBI k ycio-
susam crysceonoll desmenvrHocmu // Siberian Journal of Life Sciences and Agriculture.
2021. T 13, Ne 3. C. 193-207. DOI: 10.12731/2658-6649-2021-13-3-193-207

FEATURES OF SOCIO-PSYCHOLOGICAL
AND PHYSIOLOGICAL ADAPTATION OF CADETS
OF THE UNIVERSITY OF THE MINISTRY
OF INTERNAL AFFAIRS TO THE CONDITIONS
OF SERVICE ACTIVITY

L.E. Deryagina, S.V. Bulatetskiy

Background. The ambiguity of the professional adaptation process is of con-
stant interest to researchers.

Purpose. The purpose of our work was to identify the features of physiological
and socio-psychological adaptation of cadets to the conditions of service.

Materials and methods. The study involved cadets of the Faculty of Psychology
of the Vladimir Kikot Moscow University of the Ministry of Internal Affairs of Russia
in the amount of 30 people (7 men and 23 women) aged 18 to 22 years. The level
of socio-psychological adaptation was determined according to the Rogers-Dia-
mond diagnostic method, the autonomic regulation of the heart rate was assessed
by the parameters of the heart rate variability (HRV) according to the method of
R.M. Baevsky and Euro-American recommendations. The HRV study was carried
out twice: before entering the 24-hour duty and after its completion.

Results: all subjects were divided into 3 groups according to the level of ad-
aptation from low to high (LA, MA, HA). Moderate predominance of sympathetic
influences before going to the duty was taking turn by the growth of the contribution
of the parasympathetic system in the regulation of heart rate after the duty in the
LA and MA groups. In the HA group before the duty, prevailed activation of the
parasympathetic division of the nervous system. After the duty, an eutonic type of
regulation was observed.

Conclusions. 1. The level of socio-psychological adaptation of cadets is in-
terrelated with the pattern of vegetative regulation of the heart rate in the condi-
tions of 24-hour duty. 2. Persons with a high level of adaptability have formed a
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relatively autonomous system of regulation of the heart rhythm, which, due to the
independence of its elements, is distinguished by greater plasticity, which facilitates
its adaptation to changing environmental conditions, including adaptation to the
conditions of service activity.

Keywords: profession; adaptation; socio-psychological; physiological; heart
rate variability

For citation. Deryagina L.E., Bulatetskiy S.V. Features of socio-psychological and
physiological adaptation of cadets of the university of the Ministry of Internal Affairs
to the conditions of service activity. Siberian Journal of Life Sciences and Agriculture,
2021, vol. 13, no. 3, pp. 193-207. DOI: 10.12731/2658-6649-2021-13-3-193-207

[podeccnonanbhast aganTamnys — CIOKHBI MHOTOKOMIIOHEHTHBIH ITporiecc,
BKJTIOYAONIUIT HECKOIBKO aCTEKTOB: NCUXOJOTHYECKHU, COIMOIOTHYECKU,
($u3noNOrNuecKnii. DTUMOIOTHYECKH MOHITHE «aJalTarus» MPOUCXOANUT
OT JIaTHHCKOTO «adaptio» — mpucnocobienue. B mmupokom cMeicie aganta-
LUSI TPAKTYeTCsl KaK MPUCIIOCOOICHHE OpraHu3Ma K M3MEHSIOIIMMCST BHEII-
HUM ycoBUsIM. [lepBoHauapHas TPAaKTOBKA aAaNTalMK KaK OMOIOTHYECKOTO
rIporiecca IpeTepIiesia 3HaduTeIbHbIC H3MEHEHHSL. TpaJuInOHHO paccMaTpH-
BaloTCs JBa (DyHAaMEHTAIBHBIX YPOBHS aJlaNTalyu: (GU3HOJIOTHIECKUI U CO-
UajgbHO-TIcHXoJornueckuil. [lepBblil — Gu3nogornyeckuii — nojgpasymenaer
TIPUCTIOCOOUTENBHBIE PEAKIINH PETYIISTOPHBIX M HCTIOTHNUTEIEHBIX MEXaHH3MOB
OpraHu3Ma JAjsl MOJAEpKAHUS TOMEOCTaTHYECKOTO PAaBHOBECUSI BHYTPEHHEN
cpeabl. Bropoii — connaibHO-NICHXOI0TMYECKUI — ONIpeIesIieTCs Kak Ipolece
MIPUOOPETEHNUS! JIOBMHU OMPEIECIEHHOTO COILMATbHO-IICUXOJIOTHYECKOTO CTa-
Tyca, OBJIAJACHUS TEMHU WJIN HHBIMH COIIMATbHO-TICHXOIOTHYECKUMH (DyHKITUS-
Mmu. [Iponecc aganTanun upe3BpIYaiHO AMHAMHUUEH, €r0 YCIEIIHOCTb 3aBUCUT
OT (YHKIIMOHAJIBHOTO COCTOSIHHUSI, COIIMaJIbHOTO OIBITA, MHIMBHIYaTbHBIX
ocobenHocreit muaHocTH [11]. B mporecce aganrammm k ciry:x0e B opraHax
BHYTPEHHHX /€] BBIAEISIOTCS CIEIYIOIUE CTPYKTYPHBIE 2IEMEHTBI: K Ipo-
(deccun, K yupexaeHHuo (Opray, MoapasaeseHuI0) U COIMaIbHO-OBITOBYIO
a/lanTanuio, B KaKJIOM M3 KOTOPBIX NMPHUCYTCTBYIOT NIPEAMETHBIA M COIMANb-
HoO-Ticuxosnoruyeckuit acrekrsl [7, 17]. Kypcanrtsl By3oB MB/I npencrapisitor
0co0y1o Tpynity o0y4arouiuxcs, OJTHOBPEMEHHO COBMEIIAIONINX yUeOHYI0 U
CITyKeOHYI0 eATeNIbHOCTb, TIPH 9TOM IPOCIIEKHUBAIOTCS BCE BHIIIICHA3BAHHBIE
CTPYKTYpHBIE 37IeMeHThI ajantanui. K crieruduaHbsIM yCIOBUSIM JKU3HEEs-
TENIBHOCTH KypCaHTOB MO>KHO OTHECTH: peryIaMEHTHPOBAHHBIE YCIOBHUS ObITa
U pacropsika JHS; OTPaHHYEHHUS B CPEJCTBAX peasn3alliil aKTyaJbHBIX IO-
TpeOHOCTEH; KEeCTKas permaMeHTanrs U cyOopanHays OOIIeHUs C PYKOBO-
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JUTEJISIME ¥ BHYTPUTPYIIIIOBOTO OOIIEHUS; TOSIBICHUE HOBBIX 00sI3aHHOCTEH
10 HECCHHUIO CyTOYHBIX HAPSIOB, ICKYPCTB, CIIYK0 U Tak mgainee [9]. D1o Heob-
XOIUMO JUTSI IOATOTOBKH KYPCAHTOB K OYIyIIeH CIIOKHOH Mo eCCHOHATEHON
nesitenbHOCcTH [14, 17].

He BBI3bIBa€T COMHEHUS, YTO COIMAIBHO-TICHXOJIOTHYECKasi COCTABIISI-
foIIfas TIporiecca ajganTaui KpaiiHe BakHa B TIPOIEcCe MPHUCTIOCOOICHUS K
po¢heCCHOHAIBHBIM 0COOCHHOCTSIM JIF000U AEATEIBHOCTH [6]. DTH aJanTHB-
HBIC TPOUECCHI IPOABIIAIOTCA HaI/I6OJ'Iee BBIITYKJIO, BO MHOT'UX BYy3aX BBOAUTCS
TICUXOJIOTHYECKOE COMPOBOXKICHHE esTebHOCTH [2]. BMecTe ¢ Tem, duzno-
JIOTHYECKAst COCTABIISIONIAS - «I[CHA aallTaIlli, HEPEIKO HTHOPUPYETCS, IO
MEHSISICh KOHCTaTaluel 3aboneBaemoctu. Micxoms u3 Teopuu crpecca I.Cenbe,
K 3a00JICBaHUSIM TIPUBOJISIT CBEPXCHIIbHBIC H JUTUTENILHO JISHCTBYIOIIHNE (haK-
TOpHI cpedbl. B To e Bpems, peakius Ha OTHOTHITHBIE CPEIOBbIe (DaKTOPHI
OTJIMYAETCS y JIUI] C PA3JIMYHOM pe3nCTeHTHOCTHIO. Clle0BaTeIbHO, H30IUPO-
BaHHOE M3yU€HHE Pa3HBbIX CTOPOH Ipoliecca aJAanTalii He MOXKET B TOJHON
Mepe OTpakaTh BECh MHOTOTPAHHBIN CIIEKTP MPHUCIIOCOONTEIHHBIX peakiuii. B
CBSI3U C 3TUM, KOMIUIEKCHOE U3yUYCHHE a/IalITAIIMOHHBIX TIPOIIECCOB BHI3HIBACT
HECOMHEHHBII Hay4YHBIH HHTEpEC.

Ienpro Hameld paboThl OBIJIO BBISIBIICHHE OCOOCHHOCTEH COIUAIBHO-TICH-
XOIIOTHYECKOW M (PH3MOIOTHIECKON aJanTaliyd KypCaHTOB K YCIIOBHSAM CITy-
KEOHOM JesATeTbHOCTH.

MarepuaJjibl M1 MeTOAbI

B wnccrenoBaHny pUHUMANM ydacThe KypcaHThl (DaKyimbTeTa MCHXOJIOo-
run MockoBckoro yauBepcutera MBJl P® um.B.S1. Kukots B xonudectse 30
yenoBek (7 roHomeit u 23 neBymKku) B Bo3pacte oT 18 mo 22 jer ¢ | mo 4
Kypchl. OT Bcex yJaCTHHKOB HCCIIEJOBaHMS OBIIO TOIyYeHO HH(POPMHUPOBAH-
Hoe coracue. [IpoBoamIIcs aHaJIN3 yCIIeBa@MOCTH, KOJIMUECTBA ITOOIIPEHUN 1
cirydaeB 3a00JieBaHUI ¢ BpEMEHHON yTparoi Tpynocnocodbnoctu. Mcnomb3o-
BaJIACh METOJMKA ANArHOCTHKH COI[MATbHO-TICUXOIOTHIecKoi aganTanun Pox-
xepca-JlaiiMon, KOoTopas peJHa3HaYeHA /ISl BHISIBICHUS TICHXOIOTHUECKIX
peaxIuii, COmpOBOXKIAAIONINX MPOIECC COIHATBFHO-TICUX0IOTHYECKON ajamnTa-
LMY ¥ WHBIE €€ TI0Ka3aTely, TAaKue KaK a/lanTalys, HHTePHAIbHOCTb, IPUHS-
THE APYTHX, CAMOIPHUHSTHE, SMOIMOHAIbHAS KOM(OPTHOCTD M CTPEMIICHHE
K JOMHHHMpOBaHUIO [12]. BeretaTuBHy0 peryisiuio OLEHUBAIM MO Mapame-
Tpam BapuabensHOocTH puTMa cepaua (BPC) mo meroguke P.M. baesckoro,
HCIIONIB30BAJIN YCTPOHUCTBO NMCUXO(pHU3HOIOrHIecKkoro TectupoBanus «Ilcuxo-
¢usnonor — YIIDT-1/30 (Menukom MTJ — Taranpor, Poceus) [1, 8, 18, 20].
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PerucrpupoBanu anexrpokapauorpammy (OKI') Bo BTopoM cTaHAapTHOM OT-
BEJICHUH B MTOJIOKEHUH cuisl B pexkume BKM-128 (128 kapaunHTepBasioB) B 2
9Tarna: 10 3aCTYIUICHUS B CyTOYHBIA HAPS ¥ TIOCIIE ero OKoHYaHws. OTIeHUBaIN
MOKa3aTeJId CTATUCTUYECKOTO aHaIn3a: CTaHapTHOE OTKJIIOHEHHE MHTEepBaja
RR (CKO, mc); Moty — Mo(c), ammuiutyny Moabl — AMo(%), BapruallmOHHbBIN
pasmax — BP, nanexc Hanpspkenus perynstopabeix cucrteM (MH). Ipn crek-
TpPaJIBHOM aHalN3€ ONPECIISLTN 3HAYCHUS MOIIHOCTEH BBICOKOYACTOTHBIX
(HighFrequency — HF, npixarenbasie BoiHbl) 0,4-0,15 I'u(2,5-6,5 cek.), Hu3Ko0-
gactoTHBIX (LowFrequency — LF, mennennsie Bonus! 1-ro mopsaka) 0,15-0,04
I'(6,5-25 cek.), Auama3oHOB cormacHO EBpo-AMepHKaHCKUM PEKOMEHIAIHSIM
[3]. TIo naHHBIM CHEKTPAILHOTO aHAIKM3a CEPIEYHOr0 PUTMA BBIUMCIISUIA MH-
JICKC BarocHUMItaTi4yeckoro B3aunmoneiicrsus LF/HF.

CrartucTiueckyro 00paboTKy JaHHBIX ITPOBOIIITH C TOMOIIHIO IPOTPAMMEI
«Statistic for Windowsy, Bepcust 10.0. HopmanbHOCTE pacmpeaencHus IpoBe-
psutn o Tecty Shapiro-Wilk asist Maneix BeIOOpok. Pacmpenenenne nmpakTu-
YEeCKH BCEX MMOKa3aTeNel OTINIaIoCh OT HOPMAIBHOTO, [T CPAaBHEHUSI TPYTIIT
HCIIOTB30BAUCH METO/BI HEMAPaMETPHUICCKON CTATUCTHKHU (IS CPAaBHCHHUS
MEXKTPYIIOBBIX JAHHBIX HCIIOIb30BAJICS KpUTEepHit MaHH- YUTHH I HE3aBH-
CHMBIX BBIOOPOK). J[i1st omricanuii mokasaresneii B rpymiax B Ka4eCTBE XapaKTe-
PHUCTHK TTOJIOKEHUS U PACCESHIS NCIION30BAINCH MEIMaHa U KBapTHIIH (25 1
75%). BolsiBlIeHHE B3aMMOCBSI3U TIOKa3aTeseil MpoBOAMIOCH C TIOMOIIBIO PaH-
TOBOTO KOpPEISIIMOHHOTO aHanu3a r-CrniupMmena. Kpurtnyeckuil ypoBeHb 3Ha-
9uMOCTH (p) mpuHUMaics paBHbM 0,05.

Pesyabrarsl

Jlnst aHanmM3a MOy4YeHHBIX PE3yJabTaTOB KypCaHThI ObIIM pa3/iesieHbl Ha 3
TPYIIIBI B 33aBUCHMOCTH OT YCIIEITHOCTH yueOHOH 1 CITy’)kKeOHO! eI TeTbHOCTH
(puc.1), kaK OOBEKTHBHBIX MHMKATOPOB TpOLECcCa aJanTaliny. YCIEIIHOCTh
yueOHOM AeATETbHOCTH OLIEHUBAIIU MO CPEAHEMY Oally yCIeBaeMOCTH, CIIy-
JKEeOHOIT — 110 KOJIMYECTBY MoOIIpeHui. Kpome Toro, paccunThIBAIN KOIMIECTBO
clty4aeB 3a00JIeBaHHH, ITOBJIEKIINX BPEMEHHYIO HETPYI0CIIOCOOHOCTD. JlaHHbIE
napaMeTpbl OLEHUBAIIUCH 32 BECh MEPHOJL yueObl B By3e.

KypcanTs 1-if Tpynisl mMenn 3HaYEHUS BBIIIE, 9eM BO 2-if u 3-if Tpynmax
T10 IIKaJaM: /I€3aalTHBHOCTD, HETIPUHATHE CE0sI U APYTUX, SMOLIMOHAIBHBIN
JUCKOM(OPT, BHELUIHUI KOHTPOJIb, BEIOMOCTb, OJTHAKO BCE MapaMeTphl HaXo0-
JUIIUCH B MPEACIaX HOPMBI IO UHTEPIPECTAINU METOAUKH. 3MOHHOHaJ'IBHBIﬁ
KoM OpT, IPUHATHE CeOs ¥ aIaTUBHOCTH B 3TOH IPYIIe OBUTH CTaTHCTHICCKH
3HAYMMO HIDKE [0 CPABHEHHIO CO 2 ¥ 3 TpyIIIaMH.
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18
16 15,5
14
12
10 8 1rpynna
3 2 rpynna
6 49 3 rpynna
3,9 41
4 4
2 -
0 |
cp.6ann nooupeHunn 3abonesaHun
Puc. 1. Pacripenenenue Ha rpymniisl
Tabnuya 1.
IMapameTpbl conuanbLHO-NCUX0a0rnueckoii anantauuu (Me, C,-C.)
_ 2 rpynna 3 rpynna
XapaKTepUCTHKH 1 rpynn (n=8) (n=13) (n=9) p
AJIanTHBHOCTD 133,5(112;153) | 149,5(142;158) | 154(149;156) | 0,013123
Jle3aianiTHBHOCTH 78(45;90) 68,5(45;99) 72(71;74)
Mpunsrus cedst 38,5(31;48) 50,5(44;54) 50(45;50) |0,014!23
Henpunsrtust cebds 14(13;16) 13(6;15) 10(8;11)
[IpunsaTtue npyrux 25,5(19;27) ]26,5(23,5;28,5) | 27(26;27)
Henpunsarue apyrux 16(11:16) 15(11;22,5) 13(14;16)
OMOUKOHATLHEIH 24,5(24;27) |27.,5(23,5:31,5)| 30(26;30)
KoM(popT
OMOLHOHALHEIH 13(13;16) 11,5(7;22) 10(5;17) | 0,040'23
Jckomdopt
BryTtpennuit koHTponb | 55,5(46;59) 64(61;66,5) 65(58;68)
BHennuii KOHTPOJIb 20(6;18) 16,5(5,5;25,5) 17(16;22)
JlomuHupoBaHue 5,8(5;11) 10(8,5;11) 13(11;13)
BemomocTs 15(15;16) 13,5(5;17) 10(13;18)
Dckanuszm 13(10;14) 15(12;15,5) 13(13;16)
HckpeHnHocTh 27,5(21;33) 29(26,5;32,5) 22(17;27)
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KypcanTsl 3-if rpynmnel ©IMeIH JUaMeTpaibHO IPOTUBOIOIOKHBIE TapaMe-
TPBI COIMATIBHO-TICHXOTIOTHYECKOi aganTanun. KypcanTsl 2-if TpyIIisl 3aHH-
MaJTH TIPOMEKYTOUHOE TTOJIOKECHHUE IT0 JAHHBIM ITOKa3aressiM. Takum o0paszom,
aHaJIN3 TIapaMETPOB COLMAIBHO-TICHXOJIOTHYECKOM aIanTalluy IoKa3ai ooiee
HU3KUH ee ypOBEHb B -1 rpyrine HauMeHee YCIEeIHBIX KYPCaHTOB.

[ToMrMO COTATFHO-TICHXOIOTHYECKON aanTaIliy K CITy)KeOHOH IesTeNb-
HOCTH HAMU TaKkke OblIa M3y4eHa MEHTAJIbHAsS aJIalTallvsl, U3y4YeHUE KOTO-
PO MPOBOAMIIM MTPH MTOMOIIM aHaIKu3a BaprabenbHocTu putMma cepana (BPC).
Put™m cepama siBrsieTcs o0menpru3HaHHBIM HHINKATOPOM CPEIOBBIX BIUSHHUN
Ha opradn3M. CyTOYHBIE HAPSIBI SIBIISTIOTCS 0053aTE€IHHBIMH COCTABIIIOIIMUA
CITy>)K€OHOM NeSITeIbHOCTH KypCaHTOB, HanOoJiee MPUONIMKECHHBIMU K peaib-
HBIM YCIIOBHSIM CITYKObI. VI3MepeHue napamMeTrpoB BEreTaTUBHOMN perylsiun
MIPOU3BOMIIOCH /IO 3aCTYIUICHUS B HAPS/I B THEBHBIC Yachl M TIOCTIC OKOHYAHUS
HapsJa B BEUYEPHUE YaChI.

Tabruya 2.
ITapameTpn1 Bapna®eibHOCTH PUTMA cep/ua 1o cyrounoro napsiza (Me, C,-C_))

1 rpynn (n=8) 2 rpynna (n=13) 3 rpynna (n=9) P

CKO 69 (62; 78) 50,5 (36; 58) 78 (36; 141) 0,038
Mo 725 (625; 725) 700 (650; 750) 825 (725, 825)

Amo 37,3 (33,8; 38,6) 35,8 (31,3;44,1) 26,2 (24,2; 53,5)

BP 394,5 (297; 422) 230 (171,5; 261) 409 (311, 705) 0,009'2
WH 68,1 (56,1;75,7) | 108,5(79,0;116,8) | 31,8 (18,5;73,3) | 0,030
LF 53,9 (29,1; 81,9) 54,8 (28,2; 82,7) 39,2 (35,3; 64,6)

HF 46,1(18,0; 70,9) 45,2 (17,3; 71,8) 60,8 (35,4; 64,7)

LF/HF | 1,26 (0,52;3,03) 1,31 (0,4; 6,1) 0,6 (0,5; 1,8) 0,040'2
IC 1,82 (0,71; 8,05) 3,5(0,9; 8,3) 1,3 (0,7; 2,3)

Crenyer cpa3y OrOBOPHUTHCS, UTO BCE TIOJTyYCHHBIC PE3YJIbTaThl BAPHAOLIIb-
HOCTHU pUTMa Cepala HAXOAUJIHCH B MPEaACIax PEKOMCHIOBAHHBIX HOpMAaTHUB-
HBIX 3Ha4eHHH. COOTBETCTBEHHO, aHAIM3 ITOTYYCHHBIX TaHHBIX CTPOMJICS Ha
CpaBHEHHUH ME/Ty BBIJICIICHHBIMH I'PYNITIaMH KypCaHTOB.

[pencrasnenusie B Tabnunax 2 u 3 JaHHbIC WUTIOCTPUPYIOT OJJHOTUITHOCTh
m3meHeHni mapamerpoB BPC B | u 2 rpymnmnax 10 u mocjie CyTOYHOTO Hapsaa.
YMepeHHOe npeoliialaHie CHMITATHYECKUX BIIMSHUI Iepell 3aCTYTUICHUEM B
Hapsii CMEHSUIOCh HapacTaHUEeM BKJIaJa IapacMIIaTHYECKOH CHCTEMBI B pe-
TYISIMI0 PUTMa cepiiia nocnie Hapsjaa. [Ipu 3ToM ciienyer OTMeTUTb, Y4TO Y
KypCaHTOB 2-if TPYIIIBI BKJIA]] CHMITATHICCKON CHCTEMBI OBIT O0Jiee BRIPaKEeH
(CKO, BP, H).
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Tabnuya 3.

ITapameTpbl BApHa0eIbHOCTH PUTMA CeP/LA NOC/Ie CYTOYHOI0 Hapsiaa

(Me, Czs'C75)

1 rpynn (n=8) 2 rpynna (n=13) 3 rpynna (n=9) p
CKO 102 (85; 109) 77 (66,5; 97,5) 137 (64; 147) 0,026'?
Mo 925 (825, 975) 825 (800; 875) 925 (725, 975)
Amo 26,4 (23,6, 27,6) | 28,9 (24,4;35,9) 26,4 (20; 32,3)
BP 597,5 (384; 682) | 494,5 (372; 620,5) | 728 (484; 756)
VH 27,4 (17,8;36,7) | 43,4(22,7;60,9) 15,5 (14,2; 61,6) 0,026'?
LF 41,7 (40,2; 43,0) | 40,3 (35,4;42,8) | 44,6 (34,3;59,3)
HF 58,3 (56,9; 59,7) 59,7 (57,2; 64,6) | 55,4 (40,7, 65,7)
LF/HF | 0,71 (0,67; 0,75) 0,6 (0,5; 0,7) 0,8 (0,5; 1,5)
IC 1,2 (0,8; 1,7) 0,9 (0,9; 1,1) 1,3 (1,0; 2,2)

CoBepIlleHHO HHas KapTHHA HaOIIoganach B 3-i rpymme KypcanTtoB. [lepen
3aCTyIUICHHEM B Hapsi/ npeoliiajiana akTHBALMS TapacuMIIaTHYEeCKOTo OT/ie-
J1a HEpPBHOM CHCTEMBI, YTO HILUTIOCTPHPYETCS] MHIEKCOM BaroCHMIIaTHYECKOTO
B3anmopeiictus LF/HF u nopmanmmzoBanuasiMu uanexkcamu LF n HF (ta6m. 2).
[Toce Hapsiia HaOMIOACTCSI MPAKTHYECKN DYTOHNYECKAsl PEaKIHs Ha Harpy3Ky
3a c4eT aKTUBAIUM CUMIIaTHYECKOT0 OT/IeJIa M CHUKEHUS aKTUBHOCTH ITapacuM-
nmaTugeckoro (taoam. 3).

[TpoBeneHHBIN KOPPETSAUOHHBIM aHATU3 BBISBHJI CTAaTHCTUYECKN 3HA-
yumble cBs13H (p<0,05) Mex 1y napaMmeTpaMu COIUAIbHO-TICHX0JIOTHYECKON
ajanTtainuyu U BapuadeabHOCTH puTMa cepaua. Tak, mokasarenu «IpuHs-
THE JPYTUX» U «3MOIHOHAIBHBIH KOM(OPT» OBUIM OTPHUIATENHHO CBs3a-
HBI ¢ noka3atensimu BPC, oTpaxaromumu BKIIaJl CUMIIATUYECKON CHCTEMBI
(Amo (r=-0.56, r=-0.53), LF(r=-0,61, r=-0,56), LF/HF (r=-0,60, r=-0,56)) u
MTOJIOKUTENBHO - C HOPMaJIM30BaHHBIM MHJIEKCOM JbIXaTenbHbIX BosiH (HF
(r=0,61, r=0,56), oTpakaromuM BKJIaJ IapacUMIaTHIeCKONH cucTemMbl. Ha-
MIPOTHUB, TAPaMETP «IMOLMOHAIBHBIN TUCKOM(POPT» UMEI IIPSMO ITPOTUBO-
noJjoxHele cBsizu ¢ napamerpamu BPC (Amo (r=0,61), LF(r=0,52), LF/HF
(r=0,52), HF (r=-0,52)). BersiBieHHBIC 3aKOHOMEPHOCTH yKa3bIBAIOT HA TO,
YTO MO3UTHUBHBIE TEHJCHIUU COLUAIBHO-IICUXO0JIOTMYECKON aJanTaluu co-
NPOBOXKAAIOTCS YTOHUYECKOM, Hanboiee rapMOHUYHON PErysIsiiiuei put-
Ma cepara.

OO0cy:xkneHue pe3yJibTaTOB
HOJ'Iy‘IeHHI)Ie B HAIIEM HUCCJICIOBAaHUHN JaHHBIC HE TPOTUBOPEYAT OCHOBHBIM
MOCTYJIaTaM TeOPHH aJanTanuu. Bo3ieiicTBre OHOTUIIHBIX CPEIOBBIX (BaKTo-
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POB (BHEIIHKX) BbI3bIBAET AU((epeHIINPOBAHHBIE PEAKLIUH Y JIUILI C PA3IUNYHBIM
YPOBHEM aJanTaoHHoi crioco0HoCTH (BHYyTpeHHHX ) [ 13]. ITon aganTannon-
HOM CIOCOOHOCTHIO TIOHMMAIOT CITOCOOHOCTH YeTIOBEKa IPUCIIOCAOTHBATHCS K
Pa3IMYHBIM yCIOBHSM Cpe/ibl 0€3 OLIYIEeHUS] BHYTPEHHETo TuckoMdopTa 1 6e3
koH(pmuKTa co cpeaou [4]. Kypcantam 1-ii rpynmsl ¢ 0ojiee HU3KHM YPOBHEM
aIaNTHBHOCTH CBOWCTBEHHA HEYBEPEHHOCTH B IPUHATHH PEIICHHUS, CTIO)KHOCTh
B JIOCTMKEHUU MOCTaBJICHHOMN LIEJIU IPU BO3HUKHOBEHUHU TpyAHocTei. CaMo-
OlIEHKA HEYCTONUYMBAasi, 3aBUCUT OT CUTyallUH ycllexa UM HeyAaud, OJHAKO B
IEJIOM KyPCaHTBI TIEPBOW TPYIIIBI YIOBIETBOPEHBI CBOMMH JTHYHOCTHBIMH Ka-
YeCTBaMHU.

KypcanTam BTopoii rpyIibsI CO CpeJHUM YPOBHEM aIallTUBHOCTH XapaKTep-
HO aJIeKBaTHOE BOCTIPHATHE ceOs U CBOCH MESATETHHOCTH, aJeKBaTHas CaM0o-
neHka. [TposBrsieTcst cTpeMIIeHHE K YCTAaHOBICHHIO COMATBHBIX KOHTAKTOB 1
COBMECTHOMY PEIIIEHHUIO MOCTaBICHHBIX 3aJad. KypcaHTbl, B OCHOBHOM, yBe-
PEHBI B CBOMX CHJIaX, HACTOHYMBBI B JOCTIDKEHHUH 11eJIeH, HCIIBITHIBAIOT JINCP-
CKHU€e TIPUTA3AHUA.

JJ1s KypCcaHTOB TPEThEH IPYIIIHI C BBICOKAM YPOBHEM aalITHBHOCTH Xapak-
TEpHa aJIeKBaTHasl CaMOOLIEHKA, YAOBIETBOPEHHOCTh CBOEH JESITEIbHOCTHIO U
BBICOKUI YPOBEHb JIOCTHKEHUS LEJIM. XapaKTEepPHO CTPEMIIEHUE K B3aUMOIEH-
CTBHIO C OKPYKAFOIIIUMH, COBMECTHOH EATSITFHOCTH.

B namem nccienoBaHuM (U3MOIOTHYECKasi COCTABIIAIONIAs Mpolecca
aJlanTalyy OlIEHNWBaJIach MO MapaMeTpaM BapuabelbHOCTH pUTMa Cepiua,
KaK YHHBEPCATHHOTO WHANKATOPA CPEIOBBIX BIUSIHUN, YYTKO OTKIMKAIOIIC-
rocsi Ha BCEe BHEIIHME M BHYTPEHHHE Bo3MyInatomue ¢akropsl [8]. Iomy-
YEHHBIE PE3YJIbTAThl YKa3bIBAIOT Ha AU (hepeHIMPOBAHHOE pearnpoBaHue Ha
CUTYAIMIO CyTOYHOTO Hapsaa B 3aBUCHMOCTH OT YPOBHS aJalTUBHOCTH. bo-
JIee SHEePTeTUYECKH 3aTpaTHBIC MPOIECCHl (aKTUBANUs CHMIIATHYECKOTO OT-
Jieia) HaOJIIoAaiuCh Mepe]] 3aCTyIJICHUEM B HapsiJl Y KypCaHTOB 2-# IPyIIIbI
CO CPEIHUM YPOBHEM aJaNTHBHOCTH, YTO, BEPOSITHO CBA3aHO C OCO3HAHHEM
OTBETCTBEHHOCTH C OTHOM CTOPOHBI, U a/IEKBaTHOM OLIEHKOM HEAOCTATOUHBIX
COOCTBEHHBIX BO3MOXXHOCTEH C APYroil CTOPOHBI. B rpymie ¢ HU3KUM ypOB-
HEM ajanTtanuu 6ojee yMepeHHas aKTHBAIMsI CUMIIATHYECKOTO OT/IeNIa CBH-
JETENBCTBYET O CHUKEHHOM COITMAIEHON OTBETCTBEHHOCTH, YTO MTPOSBISIETCS
B MCHBIIEH YCIENTHOCTH y4eOHOW U CIIy)KeOHOH nesterbHoCTH. It 3TOU
IPYMIIBI TAaKXKe XapakTepeH OoJiee BHICOKMH YPOBEHb BHEIIHETO KOHTPOJIS.
B rpynme ¢ caMbIM BBICOKHM YPOBHEM aJaNTHBHOCTH JHAMETPAIBHO MPO-
THUBOTIOJIOKHBIN MATTepPH PETYJAINH Ha dTare 3acTyIUIeHus B Hapsy (Ooiee
BBICOKAs! aKTUBHOCTh MTapaCUMITaTHYECKOTO OT/IeNa) YKa3bIBaeT Ha MMEIOIIH-
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ecsl PyHKIMOHAIBHBIC PE3EPBhI OpraHU3Ma U MEHEE 3aTPAaTHBIC MEXaHH3MbI
perynsamun aestensHocTH. Hambonee GIM3K0 K MCCIEIOBAHUSAM SKCTPEMaITb-
HOH PO eCCHOHATHFHON e TSIIEHOCTH HAXOASITCS UCCISIOBAHUS B CIIOPTE.
OnuuM 13 (QU3UOIOTHYCCKUX MEXaHH3MOB ONTHUMAJIBHOTO MPHUCIOCOOIIEe-
HUS OpraHu3Ma K YCIOBHSIM CTIOPTUBHOM JIESITENIBHOCTH SBJISIETCS] CHIDKCHHE
CTeTICHH (PYHKIIMOHAIBEHOTO HANIPSHKEHUS PETYIATOPHBIX MEXaHU3MOB Opra-
HU3Ma, UX MePexo/1 Ha 00yiee SKOHOMHYHBIA TUI pa0OTHI B IIOKOE U B TIOATO-
TOBUTEIBHBIN MEPUOA TPEHUPOBOYHOTO ITUKIA [S].

TakuMm 00pa3om, HAIIM JaHHBIE O 0OJlee YIKOHOMHOM TaTTepHE peryis-
MU B TPYNIE KypPCAHTOB C BEICOKHM YPOBHEM aJIallTUBHOCTHU COTIIACYIOTCS
C pe3yJibTaTaMH YCIEIIHbIX copTcMeHOB. CHUTyalusi CyTOUHOTO Hapsia B
HallleM HCCJIEOBAHUHU SIBJISETCS KOMIUIEKCHOM AKCTIEPUMEHTAIbHOU Ccpeioi,
B KOTOPOH TPOSBISAIOTCS HapyLICHHWE MPUBBIYHBIX IUPKaJHAHHBIX CyTOY-
HBIX pUTMOB [16], HEOOXOAUMOCTh HEYKOCHUTCIHHOTO BBIMOJTHCHUS CIY-
JKEOHBIX 00513aHHOCTEH, JTUTEIbHOE HAMPSIKEHUE OMOPHO-IABUTATEIHLHOTO
anmapara u T.4. [Ipobiema HanpsHKEHUS U IepeHAIPSIKCHIS (QU3HOIOTHYIe-
CKHX CHCTEM OpTraHW3Ma IPH BO3ICUCTBHH CPEIOBHIX (PAKTOPOB OCOOCHHO
aKTyaJibHa B YCIOBHUSAX 3HAYUTEIHLHOTO POCTA COIIMATBLHO-CTPECCOBBIX CUTY-
allnii, 9TO XapakTepHo a1 Hamero BpemeHu [10]. [0TOBHOCTH BBHIMOTHATH
cirykeOHbIe 005S3aHHOCTH CONPOBOXKIaeTcs nupGepeHInpoOBaHHBIM U3Me-
HEHHUEM (YHKIIMOHAJIFHOTO COCTOSHUS OpPTaHU3Ma KypCaHTOB B 3aBHCHUMO-
CTH OT YpOBHs amantuBHocTh [15, 19], 4TO HEOOXOAMMO YUYUTHIBATH IPH
OpraHU3AINH JEATETFHOCTH U MIPOBEICHUH KOPPEKIIMOHHBIX MEPOTIPUATUN
C TPYIIOH NI, UMEFoIel 0ollee HU3KUN YPOBEHD COMATBHO-TICUXOIOTH-
YECKOHU aJanTanuu.

BrIBOABI:

1. YpoBeHb COLMATBHO-TICHXOIOTHYECKO# aIanTalni KypCaHTOB B3aHMOC-
BA3aH C MaTTCpHOM BEreTaTuBHON perymauuu pyuTMa cepiia B CUTyalluu Cy-
TOYHOTO Hapsija.

2.Y 7M1 ¢ BBICOKHUM YPOBHEM aIaliTHBHOCTH Cc(hOPMUPOBAHA OTHOCUTEIb-
HO aBTOHOMHAsI CHCTEMa PETYJIAIMH PUTMA Cep/ilia, KOTOpasi B CHITy HE3aBH-
CHMOCTH €€ 3JIEMEHTOB OTIMYaeTCs OOJbLICH IIACTHYHOCTHIO, YTO O0JIerdaeT
ee MPUCTIOCOOICHIE K M3MEHSIOIMMCS YCIOBHSAM CPE/Ibl, BKIIFOYAsi, IIPUCIIO-
COOJIEHUE K YCIIOBHSIM CITy’KEOHOH JesITeIbHOCTH.

HNudopmanus o KOHPJIUKTE HHTEPeCOB. ABTOPHI 3asBIIIOT 00 OTCYT-
CTBHU KOH()IIUKTA HHTEPECOB.
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ASSESSMENT OF MINERAL NUTRIENT IMPACT
ON METABOLITES ACCUMULATION IN KALE
(BRASSICA OLERACEA VAR. SABELLICA)

J.D. Anteh, O.A. Timofeeva, A.A. Mostyakova

Green leafy kale (Brassica oleracea var. sabellica) has huge scientific atten-
tion because of its health-promoting functionality. In the present study the impact
of NPK, energen, biostim and humate on flavonoid, phenolic compounds, vitamin
C, carotenoids, malondialdehyde (MDA), protein, proline and soluble sugar in
kale was investigated. The mineral nutrients mostly increased but in some cases
maintained the studied metabolites. The stimulatory effect of applied mineral nu-
trients on the phytochemicals analyzed varied with the different combinations of
macro and microelements. Lipid peroxidation was minimized in leaves treated with
mineral nutrients hence a reduction in MDA levels. Contrary to the correlation
between nitrogen deficiency and increase in polyphenol and vitamin C content in
plants, NPK and biostim did not reduce phenolic compound levels. The results of
this study showed that NPK maximized the synthesis of vitamin C and proline; ener-
gen - phenolic compounds, carotenoids and sugar, biostim — phenolic compounds,
proteins and sugar, humate — flavonoids and sugar in curly kale. Therefore, the
type of macronutrient and micronutrients combination increases phytochemicals in
differently. To enhance the synthesis of phenolic compounds and vitamins, the most
promising additives are those containing humic acids (humate and energen), and
biostim proved to be more effective for the synthesis of proteins.

Background. The understanding of how diet affects the incidence or treatment
of disease has led to a rise in consumer’s demand for functional foods as well as
created the market for natural sources of health benefitting compounds rather than
the synthetic sources. Curly kale has gained scientific attention as a functional food
because it contains higher levels of phytochemicals than most vegetables. These
phytochemicals have shown antioxidant, antimutagenic, cytotoxic, antifungal, and
antiviral activities. However, the content levels of these metabolites are influenced
by not only genetic but environmental factors. It was of interest to evaluate how
various mineral nutrients can elicit the accumulation of these compounds that
minimize the risk of chronic diseases or aid in their treatment.
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Purpose. Evaluate how the mineral nutrients, NPK, energen, biostim and humate
affect the content of metabolites (proteins, sugars, flavonoids, phenolic compounds, vi-
tamin C, carotenoids, MDA and proline) in curly kale (Brassica oleracea var. sabellica).

Materials and methods. Sprouts from kale seed kept wet in a Petri dish for 7
days were transferred to the field. At 6 weeks old four mineral nutrients (NPK, ener-
gen, humate and biostim) were added to the soil. Control variants were treated with
water. A week later, the leaves were harvested after which, the phenolic compound,
favonoid, protein, sugar, vitamin C, carotenoid, MDA and proline contents were
determined using spectrophotometric methods.

Results. It was shown that humate fertilizer elicited the highest accumulation
of flavonoids. Kale plants fertilized with energen were observed to have the highest
phenolic compound content. NPK, energen and humate caused a similarly positive
effect on vitamin C content in leaves, unlike biostim whose effect did not signifi-
cantly differ from control plants. Energen treated kale had the highest increment of
carotenoids. A varied reduction of MDA levels in plants treated with all four mineral
nutrients was observed in kale leaves. Plants fertilized with biostim accrued the
highest protein content in leaves. Proline content increased under the influence of
all fertilizers studied. Sugar levels for all kale plants treated with the studied mineral
nutrients were enhanced equally

Conclusion. Macro and microelements supplied by mineral nutrients differen-
tially boost the biosynthesis of health-promoting metabolites in curly kale, thereby
enhancing its quality.

Keywords: Brassica, kale; mineral nutrients; proteins, sugar, proline; MDA,
favonoids, phenolic compounds; vitamin C; carotenoids

For citation. Anteh J.D., Timofeeva O.A., Mostyakova A.A. Assessment of min-
eral nutrient impact on metabolites accumulation in kale (Brassica oleracea var.
sabellica). Siberian Journal of Life Sciences and Agriculture, 2021, vol. 13, no. 3,
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OIEHKA BJIMSAHUA MUHEPAJIBHBIX BEIIIECTB
HA HAKOILUIEHUE METABOJIUTOB B KAITYCTE KEIT
(BRASSICA OLERACEA VAR. SABELLICA)

M. Anmex, O.A. Tumogheesa, A.A. Mocmsaxkosa

3enenas nucmosasn kanycma ke (Brassica oleracea var. sabellica) npusnexaem
02POMHOE HAYUHOe BHUMAHUE 01a200aps coell NONE3HOU 0/l 300P08bs (PYHKYUO-
Hanbrocmu. B nacmosiyem uccredosanuu uzyuaioce, kaxk NPK, snepeen, 6uocmum
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U 2ymam nusAOm Ha cooepiicanue pragoHoud08, PeHONbHBIX COCOUHEHUU, BUMAMUHA
C, kapomunoudos, ManoHoeo2o ouarvoecuda (MJ[A), 6erkos, nponuna u pacmsopu-
MbIX caxapos 6 kanycme keun. Munepanvhvie numamenvHule eujecmsea 6 0CHOBHOM
VBEMUUUTUCH, HO 8 HEKOMOPYIX CVUAAX COXPAMSIU COOEPIAHCAHUE UZVUEHHBIX Mema-
borumos. Cmumynupyioujee 0eticmeue npUMeHIeMblX MUHEPATLHbIX NUMAMeNbHbIX
6eujecms Ha aHaIU3Upyemvle GuUmMoXuMutecKue 6euwecmsed pasiuiHoe 8 3a6UCUMO-
M Om panudHbIX KOMOUHAYUL MAKPO- U MUKPOITeMenmog. [lepekuchoe okucaenue
JURUO0G OBINO c8e0eHO K MUHUMYMY 6 JUCbAX, 00PADOMANHbIX MUHEPATbHBIMU
NUMAamenbHLIMU 8eWeCmeamu, 4mo npugeno K crudicenuro ypoeua MIJA. Bonpexu
Koppensiyuu medxicoy 0epuyumom azoma u yeenudeHuem Co0eplIcanus NoIUpeHonios
u eumamuna C 6 pacmenusix, NPK u 6uocmum ne cHudicaiu yposens (eHonbHbIX
coedunenuil. Pezynomamoi s5moeo ucciedosanus noxkazanu, ymo NPK yeenuuuseaem
cunmes sumamuna C u nponuna; dHepeer — )eHoNbHbIX COeOUHEHU, KapOMUHOUOOS8
u caxapa, 6uOCmMuUM — PeHOTbHBIX COeOUHeHULl, DENK08 U caxapd, 2yMam — (piasoHo-
U008 U caxapa 8 Kyopseou kanycme ke, Takum oopazom, mun MakpoHympueHmos
U KOMOUHAYUS MUKDOHYIMPUEHINOG NO-PAZHOMY YEeIUYUBAen QumoxumuyecKue ge-
wecmea. [ns ycunenust cunmesa (heHOTbHbIX COCOUHEHUU U BUMAMUHOG Hauboaee
nepcnekmuenvl 000A6KuU, cooepiucaujue 2yMUHOBble KUCIOMbL (2yMam U SHepeeH,),
buocmum oxazancs oonee 3¢hPekmusHbvIM OJis CUHMEZA OENKO8.

Cocmosnnue gonpoca. [lupoko useecmno, kax ouema 6ausem na sabonesae-
MOCMb UAU JleyeHue 3a601es6anuil. Imo noHuManue npuseno K pocmy nompeou-
MenbeKo20 Cnpoca Ha QYHKYUOHATbHBIE NPOOYKMbL NUMAHUA, A MAKJice cO30a10
PBIHOK 07151 HAMYPATLHBIX UCTNOYHUKOS NONE3HBIX 0I5l 300P0Bbs COCOUHEHUT, a He
CUHMEMUYeCKux ucmouHukos. Kyopseas kanycma ket npueiexia GHUMAnue y4eHblx
KaK QyHKYUOHATbHAS NULYA, NOMOMY YMO OHA COOepacUm Ooee GbICOKULL YPOBeHb
umoxumuueckux eeujecms, 4em OONLUUHCINEO 060well. Dmu gumoxumudeckue
6eujecmea nposieIsIoNt AHMUOKCUOAHIHYIO, AHMUMYMALEHHYIO, YUMOMOKCUYECKYIO,
npoOMuUGoPUOKOBYIO U NPOMUBOGUPYCHYIO akmugHocmb. OOHAKo Ha YPoseHb cooep-
JHCANUSL IMUX MEMAOOIUTNOB GIUAIOM HEe MOTLKO 2eHemu4ecKue, HO U IKOIOSUUEeCKUe
gaxmopui. bvino unmepecto oyenumv, Kak paziuynble MUHEPATbHbIE NUMAMeTbHble
6eujecmea Mo2ym 6bl3bl8amb HAKONJIEHUE JMUX COCOUHEHULL, KOMOpble YMEeHbUUAIOM
PUCK XPOHUYECKUX 3A00]1e8aHULL UYL NOMO2AIOM 6 UX JIeYCHUU.

Lenv pabomot — oyenumo, Kak Munepaivhvie numamenvHule seujecmsa, NPK,
SHep2eH, OUOCIUM U 2YMAM GUAIOM HA COOePICaAHUe Memabonumos (6enxos, caxa-
P08, hrasoHoud08, (heronvbHwix coeounenutl, sumamuna C, kapomunouoos, MJA u
npoauna) 6 Kyopseot kanycme ketin (Brassica oleracea var. sabellica).

Mamepuan u memoowl. IIpopocmiu u3 cemsan Kanycmol, Gbl0epiHCannble G1aAlIC-
HbiMU 6 yauike [lempu 6 meuenue 7 OHell, Ovbliu nepeHecersl 6 noe. Ha 6-otl nedenu,
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6 N0Y8Y ObLIU 000ABIEHbI Yemblpe MUHEPATbHIX numamenvhvlx seujecmea (NPK,
energen, 2ymam u biostim). Koumponvusie sapuanmsi 06pabamsisanu 6000i. Yepes
Heoeno UCMbs COOUPATU U ONPeOesiiu COOEPIHCAHUE (PEeHONbHBIX COeOUHeHUI,
¢rnasonoudos, benka, caxapa, sumamuna C, kapomuroudos, M/A u nponuna cnex-
mpogomomempuiecKumu Memooami.

Pesynemamut. bvino nokasaro, 4umo cymam 6i3vl6ail HauboIbulee HaKonieHue
@rasonoudos. bvlio ommeneno, Umo pacmeHus Kanycmol Keiil, 0opabomanivle suep-
2CHOM, UMETU CAMOe 8bICOKOe cooepoicanue ghenonvvlx coedunenuti. NPK, snepeen u
2yMam aHaI02U4HO OKA3bIBAU NONONCUMETLHOE GIUAHUE HA COOEPICAHIUE BUINAMUHA
C 6 aucmowax, ¢ omauuue om duocmuma, Sghgexnm Komopozo cyuwecmgenHo He om-
JUYANCS OM KOHMPONLHBIX pacmeHuii. Y kanycmul Ketill, 00pabomaHHoU SHep2eHOM,
ObL camblil bICOKULL NPUPOCI COOEPIHCANUA KAPOMUHOUO08. B nucmusax xanycmor
Kelll Habroanoch paznudnoe cHudicerue yposus MIJA y pacmenuil, obpabomarntsix
6CeMU YeMbIPbMsL MUHEPATbHLIMU RUMAMETbHLIMU gewecmeamu. Pacmenus, yoo-
OpenHbie OUOCTUMOM, UMETU CAMOe 8bICOKOe cooepicanue benka 6 tucmosx. Cooep-
Jicanue nponuHa NOBLIUANIOCH NOO GIUAHUCM BCEX UZYYEHHBIX YOobpeHuil. Yposens
caxapa 07151 6cex pacmeHutl Kanycmul, 00padOMAaHHbIX U3YUEeHHBIMU MUHEPATbHLIMU
nUMAamenbHbIMU 6euecmeamil, ObLl 0OUHAKOBO NOGBIUUEH.

3aknrouenue. Maxpo- u Muxposnemenmsl, nOCmMagiaemMvle MUHEPAILHLIMIU
numamenvbHvlMu gewecmeamu, oupghepenyuposano noguiuaiom ouocunmes no-
JIe3HBIX OJis 300P08bsSL MEMAOOAUMO8 8 KYOpPABOL Kanycme, mem camblm NOGbIULAs
ee Kauecmeo.

Knioueswie cnosa: Brassica; kanycma Keiin, Munepaivbhvie NUMamenbHvle ge-
wecmesa, denxu; caxap, nponun, MIA; ¢rasonoudvl, genonvuvie coeduneHus,
sumamur C; KapoOmuHouowl

Jnsa yumuposanus. Aumex /I.J1., Tumogheesa O.A., Mocmskosa A.A. Oyenka
GIUAHUS MUHEPATLHBIX NUMANETbHBIX 8eWeCE Ha HAKONTIeHUe MemadoIumos 6
xanycme ketin (Brassica oleracea var. sabellica) // Siberian Journal of Life Sciences
and Agriculture. 2021. T. 13, Ne 3. C. 208-224. DOI: 10.12731/2658-6649-2021-
13-3-208-224

Introduction

The rise in consumer’s demand for quantity and quality of natural sources
of health benefitting compounds due to concerns about the side effects of syn-
thetic drugs, fuels effort in increasing the quantity as well as the nutritional val-
ue of curly kale (Brassica oleracea var. sabellica). Improving crop cultivation
practices has gained unprecedented importance as one of the breakthroughs to
address this issue.
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Nutrients are primarily considered as food components that either cannot
be synthesized in the body or whose formation require some specific factors
that may in some situations be insufficient or absent. The different health ben-
efitting organic compounds are products of both primary and secondary me-
tabolism in plants.

Primary metabolites are found across all species within broad phylogenetic
groups and are produced using the same or similar biochemical pathways. Sec-
ondary metabolites determine the colour of vegetables, protect plants against
herbivores and microorganisms, attract pollinators and seed-dispersing animals,
and act as signal molecules under biotic and abiotic stress conditions [5].

It is widely recognized that other biochemical compounds in plants, such as
flavonoids, phenolic acids, and glucosinolates are associated with minimizing
the incidence of diseases. A large number of phytochemicals capable of anti-
oxidant, antimutagenic, cytotoxic, antifungal, and antiviral activities have been
identified in kale and other Brassica plants [14]. Curly kale (Brassica oleracea
var. sabellica), compared to other leafy vegetables, such as mustard greens and
collard greens, rocket salads, lettuce, etc. is more nutritionally and functionally
important for human health as it contains higher levels of metabolites that pre-
vent or minimize the risk of some chronic diseases [28].

Since the level of biochemical components of kale can be influenced by bi-
otic and abiotic factors, it was important to evaluate how the mineral nutrients,
NPK, energen, biostim and humate affect the content of metabolites (proteins,
sugars, flavonoids, phenolic compounds, vitamin C, carotenoids, MDA and
proline) in curly kale.

NPK as a mineral nutrient supplies nitrogen to promote leaf growth, phos-
phate for root, flower and fruit enhancement, and potassium for stem & root
growth in plants [25]. Humate supplies potassium humate and micronutrients
essential for plant growth and soil fertility enhancement [29]. Energen is made
up of potassium humate salts and trace elements which enhances plant growth
as well as other ranges of physiological functions [18, 21]. Biostim increases
plant’s resistance to drought and increases crop yield by supplying a balanced
composition of nitrogen, potassium, sulphate and amino acids [19].

Materials and Methods

Kale sprouts from seed which were moistened with water and kept in a Pe-
tri dish for 7 days, were planted in the fields at the Kazan Federal University
botanical garden in June 2020. A week after treating 6-weeks-old kale plants
with NPK 15-15-20 applied at 20kg/ha, energen (K salts of humic acids and
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trace elements, 80g/1), biostim (a mixture of macro - and microelements, 11/
ha), and humate (K- salts of humic acids and microelements, 80g/1), the leaves
were collected to determine the content level of vitamin C, MDA, flavonoids,
carotenoids, phenolic compound, proteins, proline and sugar. Control plants
were treated with water.

Using the aluminium chloride colourimetric method [23] with little modi-
fications, flavonoids (quercetin) were determined. Phenolic compounds were
determined by the modified Folina of Ciocalteu method [20]. Measurement was
done at 725 nm and results were expressed in gallic acid equivalent. Determi-
nation of Vitamin C was done by the summation of ascorbic acid and dehy-
droascorbic acid using potassium hexacyanoferrate solution at the absorbance
value of 680 nm [12]. The content of carotenoids was calculated using the mod-
ified spectrophotometric method of Costache et. al. [6]. The content of MDA
was evaluated by the accumulation level of the product formed from the reac-
tion of malondialdehyde and thiobarbituric acid [26]. By the modified Lowry
method, protein content was calculated [16]. Determination of sugar was done
by the modified anthrone method [10]. Proline content level was determined
by methods in the publication of [26].

Experiments were carried out in three biological repeats. The statistical
analysis was performed using the GraphPad prism program, v. 8.4. The sig-
nificance of the mean was determined using the one-way analysis of variance
method with subsequent unpaired t-test for pairwise comparison (significance
difference was estimated at P < 0.05).

Results and discussion

Curly kale is perceived to be a very promising leafy green food product,
which promotes health due to its high phytochemical composition. In this study,
the possibility of increasing the content of health-enhancing biochemical com-
pounds in curly kale was observed.

Quercetin one of the most ubiquitous flavonoids in kale that is a potent free
radical scavenger, and is thus considered to protect humans against several types
of cancer and cardiovascular diseases [7]. NPK, energen and humate increased
the content of flavonoids. Humate had the greatest effect on the content of fla-
vonoids (Fig. 1). Flavonoid levels in biostim treated plants did not significantly
differ from the controls.

It was important to assess the effect of the studied mineral nutrients on phe-
nolic compound content as it is one of the major antioxidants in Brassica vege-
tables which accounts for more than 70% of their total antioxidant capacity[17].
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According to our results the mineral fertilizers, especially energen increased the
phenolic compound levels (Fig. 2).
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Fig. 1. The influence of various mineral nutrients on flavonoids in kale Brassica
oleracea var. sabellica (L.). Error bars signify 95% confidence intervals. Pairwise
comparison was conducted using student’s t-test. ns, ****symbolize P > 0.05
and P <0.0001, respectively. Source: «Compiled by the authors.
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Fig. 2. The influence of various mineral nutrients on phenolic compounds in kale
Brassica oleracea var. sabellica (L.). Error bars signify 95% confidence intervals.
Pairwise comparison was conducted using student’s t-test. ****_ symbolizes
P <0.0001, respectively. Source: «Compiled by the authors».
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Ascorbic acid is a major nutrient and antioxidant in vegetables. Cruciferous
vegetables, especially kale, are a good source of ascorbic acid for the diet [4].
NPK, energen and humate approximately had an equally positive effect on vi-
tamin C content, while biostim’s effect did not cause a rise (Fig. 3).
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Fig. 3. The influence of various mineral nutrients on vitamin C in kale
Brassica oleracea var. sabellica (L.). Error bars signify 95% confidence intervals.
Pairwise comparison was conducted using student’s t-test. ns, and **** symbolize

P <0.0001, respectively. Source: «Compiled by the authors».
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Fig. 4. The influence of various mineral nutrients on carotenoids in kale
Brassica oleracea var. sabellica (L.). Error bars signify 95% confidence intervals.
Pairwise comparison was conducted using student’s t-test. ****_ symbolizes
P <0.0001, respectively. Source: «Compiled by the authorsy.
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Carotenoids, as accessory pigments in the light-harvesting steps of pho-
tosynthesis, play an important role in the human diet by virtue of their me-
tabolism to vitamin A. It exhibits high antioxidant properties and is one of
the major classes of phytochemicals found in kale [2]. As observed in Fig. 4,
carotenoids increased variably for all fertilized plants with energen treated
kale having the highest level of pro-vitamin A (Fig. 4).

Malondialdehyde (MDA) is a reliable biomarker of lipid peroxidation and
membrane damage [8]. NPK, energen, biostim and humate effectively reduced
this product of biomembrane deterioration in curly kale (Fig. 5).
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Fig. 5. The influence of various mineral nutrients on malondialdehyde in kale
Brassica oleracea var. sabellica (L.). Error bars signify 95% confidence intervals.
Pairwise comparison was conducted using student’s t-test. ****_ symbolizes
P <0.0001, respectively. Source: «Compiled by the authorsy.

Characterized as a protein-rich green matrix, kale has a beneficial nu-
tritional composition and potential health benefits [3]. With the exception
of energen treated plants whose protein content did not differ from the
controls, NPK, biostim and humate had a rising effect on kale’s protein
level (Fig. 6).

Proline enhances plants’ adaptability to environmental stress via osmotic
adjustment. An increase in proline content is beneficial to plants’ resistance
to stress [9]. According to our data, proline content increased under the im-
pact of all fertilizers studied (Fig. 7).



Siberian Journal of Life Sciences and Agriculture, Tom 13, Ne3, 2021 217

Protein content mkg/g dry weight

Control NPK Energen Biostim Humate
Fig. 6. The influence of various mineral nutrients on proteins in kale
Brassica oleracea var. sabellica (L.). Error bars signify 95% confidence intervals.
Pairwise comparison was conducted using student’s t-test. ns, * and ****_ symbolize
P>0.05, P<0.05 and P < 0.0001, respectively. Source: «Compiled by the authors».
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Fig. 7. The influence of various mineral nutrients on proline content in kale Brassica
oleracea var. sabellica (L.). Error bars signify 95% confidence intervals. Pairwise
comparison was conducted using student’s t-test. ns, *, ¥**_ *¥** gympolize P > 0.05,
P <0.05,P<0.001, and P <0.0001, respectively. Source: «Compiled by the authors».

Sugar does not only enhance the taste of kale but helps reduce the cell’s
osmotic potential, thereby minimizing water loss [11]. Sugar levels for all kale
plants treated with the studied mineral nutrients were enhanced equally.



218 Siberian Journal of Life Sciences and Agriculture, Vol. 13, Ne3, 2021

25_ ko
L 20—
S aw
o o
-
¢ o
g 9 15—
o =
o
®n
zo
ig 10—
g:o
ol—
0‘-
o0 5
0

Control NPK Energen  Biostim Humate
Fig. 8. The influence of various mineral nutrients on sugar content in kale Brassica
oleracea var. sabellica (L.). Error bars signify 95% confidence intervals. Pairwise
comparison was conducted using student’s t-test. **, *** and **** gymbolize
P<0.01,P<0.001, and P <0.0001, respectively. Source: «Compiled by the authors».

The biosynthesis of polyphenols (phenolic compounds and flavonoids) in
plants from phenylalanine/tyrosine in a shikimate pathway is greatly influenced
by the availability of macronutrients and micronutrient supply. Expression of
chalcone synthase (CHS) the primary enzyme that produces an intermediate
used in flavonoid synthesis is triggered by the macro and microelements in the
fertilizers applied to our sample of the study. Some scientific researches show
that polyphenols’ content increases in response to phosphorus and nitrogen de-
ficiency in plants[15]. However, the positive effect of nitrogen deficiency on
phenol levels in plants accompanied by an increase in phenylalanine ammo-
nia-lyase activity happens only in the case of prolonged nitrogen depletion due
to inhibition of primary metabolism. In the fields, lack or excess of nitrogen
may be assuaged or accentuated by climate conditions. For these reasons, dif-
ferent authors will observe varied effect of nitrogen on the accrual of phenolic
compounds content [22]. This could account for the reason why in our research,
we observed an increase in the content of flavonoids and soluble phenolic com-
pounds when kale was treated with the mineral nutrient NPK as well as Biostim
increasing phenolic compound content.
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Some works reveal that nitrogen fertilizers decrease vitamin C levels in leafy
vegetables. At the same time, other experiments on Brassica plants have shown
that depending on the plant type, a decrease, an increase, or no effect in vitamin
C levels occurs with nitrogen increase. In the case of kale, the optimal dose for
the highest amounts of vitamin C was from 0.6 to 1.2 g N per dm?[13]. The
nitrogen content of our fertilizer corresponds to 0.6 g/ dm, which is consistent
with the literature data. In light of this connection, it seems that a stimulating
effect of this supplement on the content of vitamin C was observed. Potassium
actively participates in cellular and physiological processes such as osmotic
adjustment, enzyme functioning, cation-anion balance, detoxification of ROS
and protein synthesis. The presence of potassium in NPK, humate energen and
biostim may have synergetically induced the variable rise in carotenoid, protein
and proline content in curly kale. Wang et. al [27] in their research explain that
potassium helps in regulating the amounts of chlorophyll levels by preventing
its decomposition. Protein synthesis is triggered by potassium treatment. A sim-
ilar increase in proline levels in Brassica juncea by potassium treatment was
observed by Yousuf et al [30].

During our study, all mineral nutrient treatments lowered MDA content,
signifying their involvement in the accumulation of ROS scavenging mole-
cules that limit membrane damage associated with lipid peroxidation. Our re-
sults agree with the findings of Ahmad et. al [1] who observed reduced levels
of MDA in broad bean under the effect of potassium.

The positive effect of humate, energen, and biostim which contain several
trace elements is probably associated with the activation of enzymes involved
in the synthesis of the studied compounds.

In our experiment, soluble sugar content in kale fertilized with the studied
mineral nutrients slightly increased. This is coherent with the observation by
Sung et. al [24] in a research that soluble sugar in nitrogen, phosphorous, or
potassium deficient plants was present at concentrations several times higher
compared to NPK sufficiency.

The type of macronutrients and micronutrient combination differentially in-
creases the phytochemicals. To enhance the synthesis of phenolic compounds
and vitamins, additives containing humic acids (humate and energen) are most
promising. At the same time, energen exerted a stronger influence, in compari-
son with humate, on the formation of these compounds, possibly due to silicon.
Biostim proved to be more efficient for protein synthesis. Therefore, it is as-
sumed that the type of mineral processing used in growing kale will determine
its nutritional value.
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Conclusions

Our data establish that mineral nutrients supply macro and microelements
which differentially enhance the synthesis of health-promoting metabolites in
curly kale (Brassica oleracea var. sabellica) thus improving its quality and
medicinal value.
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CUCTEMA I'TYTATUOHA KAK MEXAHU3M
NETOKCUKALIMU T'EPBULIMIO0OB Y BAKYOJIEN
U IJIACTU/ KJIETOK KOPHEILJIOJOB
CTOJIOBOM CBEKJIbI

E.B. IlIpaoeoosa, PK. Canses

Cunmemuyeckue coeOuHeHus, UCNOTb3YeMble 8 PACHEeHUeB00CEe, NPeocmas-
JsI0m o601t KCeHOOUOMUKU, KOMOpble, NONAOUsl 8 PACMEHUsl, MOy OMmpuyamens-
HO 6UAMb HA GYHKYUOHUPOBAHUE KIemOK. Buympu xnemox, onu noosepearomcsi
(wu 6 cyyae ocnabneHus 3auumnbIX MexaHu3mMog He noo8epearomces) Xumuieckol
mpancgopmayuu u mpaHcnopmupyiomcs: 8 saxyonu. M30vimounoe nakonienue Kce-
HOOUOMUKOS 8 8AKYONIAIX, NO 6Cell GUOUMOCHIU, ABNACMC CLe0CMEUEM HAPYULeHUS UX
XUMUYECKOL mpancopmayuu u oeepadayuud 8 Opyeux cyOKIemouHbIX CMPYKmMypax.
B cea3u ¢ smum cucmemvt demokcuxayuy KCeHoOUOMUKOS8 8 BAKVOIAX U OPyeUX KoM-
napmmenmax pacmumenvbHol KIemKy 3acaylCueaion NPUCHAIbHO20 GHUMAHUSL.

Heny pavomur. Cnedosano ycmanogumo, Modlcem iy CUCMEMA 2IYMAMUoHa
6 MAKUX OPeAHeNNax, KaK aKyoau u niacmuobl, CIyACUMb OOHUM U3 MEXAHUSMOS
Odemokcukayuu 2epouytoos.

Mamepuanvt u memoowt. IIpogoounu cpasnumenvHoe ucciedo8anue cCucmemol
2YMAMUOHA y 8aKyoell U 1eUKONIaACmos, U30IUPOBAHHBIX U3 KAETMOK KOPHENIo-
006 cmonogoul ceexavl (Beta vulgaris L.). Memoowl cnekmpogomomempuiecrkozo
aHanu3a u 2env-21eKkmpoghopeza npumMensAny, 4mobsl onpedenums cooepicanue
2/YMAamuoHd, akmueHocms erymamuon-S-mpancgepazvl (GST, K& 2.5.1.18) u
enymamuonpedykmasvl (GR, KO 1.8.1.7).

Pezynomamul. Konuuecmeo enymamuona 0ul1o evluie 8 6aKyonsx, no cpasHe-
Huto ¢ netikonaacmamu. Akmusnocmo GST y eaxyoneti makdice Ovina eviue. Dep-
menmul uz cemeticmea GST, kamanuzupyiowue peakyuu KOHbI02AyULU 2IYMamuoHd
C pasIUYHLIMU COCOUHEHUAMU, UMEION HeNOCPeOCmeenHoe OMHOueHUe K 0emoK-
cuxayuu memaboaumos u kcenoouomuxos. GSTs eaxyoneil u niacmuo 83aumooeti-
cmeosanu ¢ eepouyudamu (2nugocamom, pmopooupernom u Kionupaioom), ymo
CBUOEMENbCMBOBAN0 00 YUACmuU JMUX QepmMeHmos 6 0emoKCUKAYUU IK302CHHbIX
moKcuunblx coedunenut. Iloooepoicusaem nyn enymamuona 8 0CCMAaHOGIeHHOM
cocmoanuu GR. Akmugnocms 9mozo pepmenma 6 1elKonIacmax oKa3anacy Ha-
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MHO20 8blute, nO cpasrenuio ¢ axyousamu. GRs eaxyoneil u niacmuo omauuamces
CMAbUTLHOCMBIO, 8 YCIOBUSAX TN VILro UX AKMUBHOCMb He NOOASIAIU UCNONb3YeMble
6 pabome 2epouyUobl.

3axntouenue. Ha ocHosanuu nOIyUeHHbIX OAHHBIX MOJCHO NPEONOLONCUMb,
YUMo IYMAMUOH, AKKYMYIUPYeMblll 8aKyONAMU, MAK Hce KAK SYMAmMUOH Niacmuo,
8061€UEH 8 NPOYECChbl OeMOKCUKAYUL, KOMOPble NPOMEKAION 8 IMUX CYOKIEeMOYHBIX
Komnapmmenmax. /lanvHetiuiee 6cecmoponHee usyueHue cyOKIemouHbIX MexaHu3-
MO8 00€38PeACUBAHUSL YUMOMOKCUYHBIX COCOUHEHULL PACWUUPUN NPEOCIAGLEHUE O
0EeMOKCUKAYUOHHBIX NPOYECcax y pacmumeibHO20 OP2aHUIMA.

Kntouesvie cnosa: Beta vulgaris L.; sakyonu; eepouyuobl; 2ymamuoH, 2ryma-
MUOHPEOYKMA3d, 2IyMmamuoH-S-mpancgepasvl;, 0emoKCUKayust, Niacmuobl

Jna yumuposanus. [Ilpaoedosa E.B., Canses P K. Cucmema enymamuona kax
MeXaHU3M 0emoKCUKayuu 2epouyudo8 y 6axyonell u niacmuo Kienok KOpHenio008
cmonosoti ceexnvt // Siberian Journal of Life Sciences and Agriculture. 2021. T. 13,
MNe 3. C. 225-243. DOI: 10.12731/2658-6649-2021-13-3-225-243

GLUTATHIONE SYSTEM IS A DETOXIFICATION
MECHANISM OF HERBICIDES IN VACUOLES
AND PLASTIDS OF RED BEETROOT CELLS

E.V. Pradedova, R.K. Salyaev

The synthetic compounds used in agriculture are xenobiotics, which entering
the plants can negatively affect the functioning of plant cells. In cells, xenobiotics
undergo (or, if the defense mechanisms are deficient, do not undergo) chemical
changes, they are then transported to vacuoles.

Background. The excess accumulation of xenobiotics inside vacuoles appears
to be the result of impaired conversion and degradation of these compounds in
other subcellular structures. In this regard, the detoxification systems of vacuoles
and other subcellular compartments deserve close attention when studying the
mechanisms of disposal harmful substances in the plant cells.

Purpose. In the present paper, the glutathione system of organelles, of such as
vacuoles and plastids, was considered as one of the mechanisms for detoxifying
herbicides.

Materials and methods. The glutathione system in the vacuoles compared to
those in leucoplasts have been studied. Organelles were isolated from cells of red
beet (Beta vulgaris L.) taproots. Spectrophotometric analysis and gel electrophore-
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sis have been applied to assess the glutathione content and the activity of glutathi-
one S-transferase (GST, EC 2.5.1.18) and glutathione reductase (GR, EC 1.8.1.7).

Results. The concentration of the glutathione in vacuoles was higher in compar-
ison to that in the leucoplasts. The activity of GST in the vacuoles has been assessed
to be quite high compared to that of leucoplasts. The enzymes of GST-family, which
catalyze the conjugation of GSH to various compounds, were directly related to
the detoxification of cytotoxic metabolites and xenobiotics. GSTs of vacuoles and
plastids reacted with herbicides (glyphosate, clopyralid, fluorodifen), what gave
evidence of the fact of participation of these enzymes in the process of detoxifica-
tion of exogenous harmful compounds. One of the mechanisms for the reduction of
glutathione inside the vacuoles and plastids can be associated with GR. The activity
of GR in the leucoplasts has been assessed to be quite high compared to that of
vacuoles. The GRs of vacuoles and plastids were found to be stable enzymes, the
studies in vitro gave the evidence that their activities were not suppressed by the
herbicides used in the experiments.

Conclusion. Collectively, our findings suggest the idea that the glutathione
accumulated by vacuoles, like the glutathione accumulated by plastids, seems to
contribute to the detoxification, which can take place in these compartments. A
comprehensive study of the subcellular mechanisms of neutralization of damaging
substances will expand the understanding of the detoxification in plants.

Keywords: Beta vulgaris L.; glutathione; glutathione S-transferase; glutathione
reductase; herbicide; plastids; vacuoles
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BBenenune

YCTOWYUBOCTh PACTCHUH K JICHCTBHIO ITUTOTOKCHYHBIX COCIMHEHUH 00y-
cioBiicHa 3P PEKTUBHOCTHIO MPOIIECCOB ICTOKCUKAIIMU, KOTOPBIC 00bEIMHSIOT
O6uoTpaHchopMaIHio, IeTPagannio U BEIBEACHIE IPEOOPa30BAHHBIX COSTMHE-
Hul u3 Kietok [§]. CiaemyeT OTMETUTh, YTO COCIMHEHU, 00IaaroIIne IIHTO-
TOKCHYECKMMH CBOWCTBAMU, BBIBOASTCS U3 KJIETOK PACTEHUH B amoriacT Uiu
CEKBECTHPYIOTCSI BHYTPH KJIETOK B IeHTpalbHOU Bakyonn [23]. EcTh Bce oc-
HOBAaHU T0JIaraTh, YT0 IMEHHO IIEHTPaIbHAS BaKyOJIb BHOCHUT CYIIIECTBCHHBIN
BKJIAJ] B 3aIlIUTy PACTUTCILHOW KIETKU OT MaryOHOTO JACHCTBUS TOBPEKIAR0-
HIUX COCAMHCHUM. B CBsI3U ¢ 3TUM OHa T0JDKHA 001a1aTh MEXaHU3MaMU, TIPE/I-
Ha3HAYCHHBIMH TS X ICTOKCUKAINA U yTriu3amu [ 17].
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Cpenu pa3HOOOpa3HbIX MEXaHM3MOB JETOKCUKAIMK 0c000e BHUMaHUE
3acITy’KUBACT NIy TaTHOHMINPOBaHUE (KOHBIOTAIINS C MOJIEKYJION TITyTaTHo-
Ha) 3JEKTPOPMIHHBIX TUAPO(HOOHBIX METa0OIUTOB 1 KCEHOOMOTHKOB. DTOT
MEXaHU3M UMeEeT HEMOCPEICTBEHHOE OTHOLICHUE K OKUCIUTENbHO-BOCCTA-
HOBHUTEJIBHOW CHUCTEME IIIyTaTHOHA, KOTOPas BKJIIOYAET BOCCTAHOBICHHYIO
(GSH) u oxucnennyio (GSSG) GpopMbI TTyTaTHOHA, a TAKXKE TITyTATHOH-32a-
BHCHMBIE (pepMeHTHI (IITyTaTnoH-S-TpaHcdepasbl, NIyTaTHOHIIEPOKCHIA3Y,
rIyTaTuoHpenykrasy u ap.) [17, 18, 20]. Penokc-cuctema riryTaTuoHa OTHO-
CHUTEIHHO XOPOIIIO oxXapakTepuszoBaHa y miactuf [18, 20]. B To xe Bpewms,
TOJIBKO €MHUYHBIE (DAKThI YKa3bIBaJIH Ha BO3MOXKHOE (DYHKIIMOHHPOBAHHE
9TOM CHUCTEMBI B BAKyOJ X PACTUTEIbHBIX KJIeTOK [6, 18, 20]. B cBs3u ¢
9THUM HCCJEJ0BAaHHE CHCTEMBI ITyTaTHOHA B BaKyoJAX, OCOOEGHHO B Kade-
CTBE MEXaHHM3Ma JIETOKCHKAINU, IPEJCTABIIOCh aKTyalbHBIM H LEJIECO-
00pa3HbIM. UTOOBI MOHATH HACKOJIBKO BEJIMKA POJb BAaKyOJIIPHON CHCTEMBI
ITyTaTHOHA B 3aI[UTE KJIETOK OT IIUTOTOKCHYHBIX COCAMHEHHH, ClIeT0BaI0
NIPOBECTU CPABHUTEIbHBIM aHAJIU3 3TON CUCTEMBI Y BaKyoJied U IUIACTUN,
TaK KaK y MOCJIEJHUX 3Ta CHCTEMa JOCTATOYHO XOPOIIO M3ydeHa. Takum
00pa3oM, OCHOBHBIMU O0BEKTaMU HCCIIEI0OBAHMSI B HACTOSIIEH padboTe Ciy-
JKHJIM BaKyOJIH M TUIACTHUIBI, KOTOPBIE 30JIMPOBAIM U3 KJIETOK KOPHEIITIOA0B
CTOJIOBOM CBEKIEI (Beta vulgaris L.). B pamkax penraempIx 3a/1a4 BHIMaHUE
YAENSI0Ch: 1) coepKaHuIo U PeJOKC-COCTOSIHUIO TITyTaTHOHA B BAaKyOJISIX U
IacTHAaxX; 2) aKTUBHOCTH DiIyTaTHOH-S-Tpancdepas (GSTs, KD 2.5.1.18)
1 UX CyOCTpaTHOHN Crenru(UIHOCTH MO OTHOMICHHIO K TepOunugam (¢ro-
poaudeny, kaonupanuay u rmudocary); 3) aKTHBHOCTH IITyTaTOHPEIyKTa3
(GR, K@ 1.8.1.7) u BIusiHHIO YKa3aHHBIX T€POULIUIOB Ha ATy aKTHUBHOCTh
B YCJIOBUSAX in Vitro.

Marepuajbl 1 METOIbI HCCIIEIOBAHUS

OOBEKTOM HCCIIEIOBAHUS CITYKIJIM KOPHEIUIOB! CTOJIOBOM CBEKJIBI B ITe-
puox uX (PU3NOIOTUIECKOTO TOKOS. M3 KOPHEIION0B BBINENSIN BaKyOIH C
MTOMOIIBI0 MaKpOOOBEeMHOTO MomuduiupoBanHoro merona [2]. [Tnactumsr
(JIefiKOIIIacThl) MOJTYYald COINIACHO OOMICTPUHITOMY MOAXOLY C HEKOTOPOM
Momudukanueii [4]. @pakiy H30TMPOBAHHBIX OPTAaHEIT HAOIOTAIIH IO MH-
kpockoniom Axio Observer Z1 (Carl Zeiss, I'epmanns) (Puc. 1).

ConepxaHue ITyTaTHOHA B U30JMPOBAHHBIX OpraHeNIaxX 1 KCTpaKTe TKa-
HU OTIPENIENISTN C TMOMOIIBIO CIIEKTPO(OTOMETPHIECKOTO PEIMKINPYIOIIETO
MeTona ¢ 5,5’ -auTHoouc-2-HUTPOOCH30HHON KUCIOTOH (peakTuB DIUIMaHa) ¢
IpeJBapUTEIbHON JepeBaTu3anuenl 2-BuHUANupuIuHoM [11]. DToT MeTon mo-
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3o onpenenuts coaepkanue GSH u GSSG. KonneHTpanuio riyTtarnoHa
BBhIpaKaIlU B yCIOBHBIX eauHuIax oMok GSH /mr Oenka. benok onpenensiim
o metoxy Bradford.

——]  C—
1o0um nopm
Puc. 1. dpakuun Bakyoneii (A) u neiikornactos (B), momygaemsie
U3 KJIETOK KOPHEIUIOOB CTOJIOBOW CBEKJIBL.

AKTHUBHOCTh T1yTaTHOH-S-Tpanchepassl (GST) u nryTarnoOHpPEAYKTa3bl
(GR) ompenensmu ¢ TOMOIIHIO OOMETPHHATHIX METOIOB C MCTIONBE30BAaHHEM
cnekrpodoromerpui [3, 14, 19].

OnextpodopeTnyeckue MeTOAbI NPUMEHSUIN JUISl BBISIBICHUSI aKTHBHOCTH
nzodopm pepmenToB [12]. AxkruHOCTh N30hopM GST B momuakpuiIaMuaHOM
rene (ITAAT) mocrne 3nmekTpodopeTHIecKOro pa3ieieHus OSIKOB B HEICHATY-
pupytomux ycnosusix (CN-PAGE) Bu3yanuzupoBaiu ¢ pa3HbIMH CyOCcTpaTamMu:
1) obmenpunaThIMEA CyOcTpataMu 1-xmop-2,4-muHutrpodbensonom (CDNB, 1
MM) u 3TakpuHOBO# KucaoTo# (1 MM); 2) repounmaamu dropoaudenom (0,5
MM), knonpanuzom (0,5 MM) u timudocarom (0,5 mM) [13, 15].

AxTuBHOCTB M30popM GR onpenensun B rene nociie CN-PAGE u n30amek-
toopernueckoro pokycupopanus Oenkon (IEF) [12, 13]. GR u3 nekapckux
apoxokeit (Sigma) ciyxunina mapkepoM. [locne IEF u Bu3yanmzannum akTHBHO-
ctr B [TAAT, GeiKu U3 TeNTMeBbIX ITACTHH MEPEeHOCITN Ha HUTPOLISIUTIONIO3HY IO
MemOpany (BecrepH-0ioTTrHr) U nerekruposanu nzodopmel GR, npumensis
TIepBUYHBIC MTOJMKIIOHATIBHBIC aHTUTENa MBIIH PoTHB GR mekapckux apox-
JKel ¥ BTOpHYHbBIE aHTUTENAa MBI NPOTHUB IgG, KOHBIOTUPOBAHHEIE C ITEPOK-
cuaasoi (Sigma).
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Bce skcriepuMeHTBI IPOBOMIIM B TPEX-TISITH HE3aBUCHMBIX CEPUSIX DKCIIe-
PHUMEHTOB (JaHHbIE IIPEACTABICHBI B BU/IE CPEIHET0 3HAYCHHUS + CTAaHIapTHOE
otkioHeHue). OnHOpaKTOPHBIN muctiepcnoHHbIH aHann3 (ANOVA) u amocTe-
pHOpHBII TecT ThIOKM MCIOJIB30BANIN JUISl OLIEHKH CTaTHCTHYECKH 3HAYNMBIX
pasnuuuii MeXy BEeJIMYMHAMH KOHIIGHTPAIMH [TyTaTHOHA, KOTOPbIE MPHBE-
JIEHBI HIDKE B TaOIHIE.

Pe3yabTaThl HCC/IeIOBAHUS U HX 00CYyKAeHUE

[IpeononeBast MeMOpaHHBIE Oapbepsl, THAPOPOOHBIE KCEHOONOTHKH, OBI-
CTPO MPOHUKAIOT B KJIETKY U €€ CTPYKTYpHI, Hapymas ux ¢pynkuuu [23]. Cy-
LIECTBYIOT Pa3HOOOpa3HbIC MOJICKYJISIPHBIE MEXaHHU3MBbI, IEPEBOJSIIINE ITH
COCIMHEHUsI B IHIPOGUILHOE COCTOSIHUE U MPEJOTBPAIIAIONIIEe, TAKUM 00-
pa3oM, ux OecHpensTCTBEHHOE IBMKEHHE CKBO3b YHAOMEMOpPAHBI KIETKH
[7]. CyOkineTouHble CTPYKTYpBI COIEpIKaT JIOKaJIbHBIE CUCTEMBI 3aIuThl. He-
KOTOpBIE BHYTPUKIIETOUYHBIE KOMIIAPTMEHTBI MOTYT OBITh Oo0Jiee «IIPUCIIO-
COOJICHHBIMU» K JIETOKCHKAIMH, 001a/1ast pa3sHOOOpa3sHBIMH MEXaHU3MaMU
3alIUTHL. B pacTUTENBHBIX KJIETKAaX TAaKMe KOMIAPTMEHTHI HE OITMCAHBbI, B OT-
JINYHME OT KUBOTHBIX KJIETOK, B KOTOPBIX IHAOIUIA3MAaTUYECKUNH PETUKYIYM
BHOCHT CYILIECTBEHHBIH BKJIAJ] B 00€3BPEKUBAHUE TUTOTOKCUYHBIX COEINHE-
HUIl TOCPEICTBOM MHOTOYHMCIICHHBIX MOHOOKCUTEHA3 C IIMPOKOH cyOcTpaT-
HOH crienupuaHOCTRIO [7, 8]. ONMHAKO B PAaCTHTEIBHBIX KIIETKAX 3aIlUTHAS
POJIb OTBOAMTCS LIEHTPAJIbHBIM BakyossiM [7]. OiHa U3 OCHOBHBIX (yHKIIHIA
3TUX CTPYKTYp — aKKyMYJSIIHSI M yTHIM3AIUS BEIIECTB, BHIBEICHHBIX U3
KJICTOYHOTO MeTabosu3Ma. Y4yacTre Bakyosel B JeTOKCHKAI[MOHHOH 3anuTe
PacTUTENILHBIX KIETOK TaK WM MHAa4Ye 00CYKIAaeTCsl B IUTEPATYPHBIX HCTOY-
HUKaX, OZIHAKO MH(OpPMANU O MEXaHU3MaX, OCYIICCTBISIFOIINX 3Ty 3aIIUTY,
Mo-IpeXHEMY KpaiiHe maio [24].

HexoTopsbie (akThl yKa3bIBaJIl HA BO3MOXXHOCTb (DYHKIIMOHUPOBAHUS pe-
JTIOKC-CHCTEMBI ITTyTaTHOHA B BAaKyOJSIX PacTUTEIBHBIX KIETOK [7, 18]. Dra
CHCTEMa IITUPOKO U3BECTHA KaK CHCTEMa JCTOKCHKAITMOHHON 3aruTh [17, 18,
20]. Ognako 0 BaKyOJSIPHOM cHCTeMe IIIyTaTHOHA Mallo cBeneHui [20, 24].
B 10 e Bpems, 3Ta cCTeMa OTHOCUTENIBHO XOPOIIO HCCeI0BaHa B MIaCTH-
JIax MHOTHX pacTteHui [18]. B ¢Bs3HM ¢ 3THM NpencTaBIsIioch neiaecoodpas-
HBIM TIPOBECTH CPABHUTEIHHOE HCCIIEAOBAHUE STONH CUCTEMBI Y BaKyoslel u
MIaCTU/.

ConeprkaHue TIIyTaTHOHA OIIPEEINIAIN B M30JUPOBAHHBIX OpraHeiiax. B
BaKyoJISIX OOIIETO TITyTaTHOHA (GSHCYM), KOTOPBIH mpencTasineH cymmoir GSH
n GSSG, okazanock Oonblre, yeM B mactuaax (Taom. 1).
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Tabnuya 1.

Couepmanne [JIYTATHOHA B HCCJIEAYEMBIX OPraHe/I/IaX H TKAHEBOM IKCTPaKTe

Pestoke-hopMa H petoKe- Konuenrparus rryratnona, aMons GSH /
Mr Oenka
COOTHOLICHHE TIIyTaTHOHA
BaKyOJIN TUTACTUJIBl | DKCTPAKT TKAHH
GSH 117,7+23,1| 69,7+8,3 222,1+28,1
GSSG 17,1 £2,5 49+ 1,1 16,1 £2,9
GSSG, % 11 6 6
GSH_, 151,9+28,1| 79,5+10,4 | 254,3+33,9
GSH/GSSG 6,9 14,1 13,8

[Tpumeuanue: pa3nnaust MeX1y 0Opa3amMu (BaKyoiH, ITACTH/IBI U SKCTPAKT TKAHHN)
JocroBepHsl pu p<0,05.

Panee mirytaTioH ObUT OOHApYKEH BO BCEX OpraHax pacTeHHM, HO €ro KO-
JIUYECTBO B 3HAYUTEIILHOW CTETICHH 3aBHCEIIO OT BUA PACTCHHUSI, THITA UCCIIC-
JyeMoW TKaHHU, CTAJNN Pa3BUTHUS U YCIOBUH mpomuspactanus [18]. B Tkamsax
KOPHETIIOAOB CTOJIOBOI CBEKJIBI, T.€. B MX BOJHBIX AKCTPAKTAX, OTHOCHTEIb-
Hasl KOHIICHTPAIHS TIIyTaTHOHA 0Ka3aJ1ach TOBOJIEHO BBICOKOH, TI0 CPAaBHEHUIO
C TKaHSIMH JIPYTUX OPraHoB y Apyrux pacteHui [18]. D10 MOXXHO OOBICHHUTH
BBICOKOH MOOMIIM30BAaHHOCTBIO 3AIIUTHBIX CHCTEM Y KOPHEIIOAOB B IEPHONT
(hU3HUOTOTHIECKOTO TIOKOST, KOTOPBIH MIPOXOIUT B YCIIOBHUAX HU3KUX TEMITEPATyp
Y TIOHW)KCHHOM BIIQYKHOCTH.

OnHUM M3 BaKHBIX MOKA3aTEIICH, TO3BOJISIFOLIMM OICHUTh HHTCHCHBHOCTH
OKHCIIATETHHBIX TIPOIIECCOB, CITYKHUT KOHIICHTPAIHS OKUCICHHOTO TITyTaTHOHA
[18]. Comepxanre GSSG B BakyoIIsiX OBLTO 3aMETHO BHIIIIE, €0 MPOLCHTHOE
COOTHOIIICHUE MPAKTUYCCKH B 2 pa3a MPEBOCXOIMIIO MPOLICHTHOS COOTHOIIIC-
aue GSSG B mnactunax (Tabm. 1). 13-3a OTHOCHTETFHO HU3KOH KOHIICHTPAIHN
GSSG y mmactun Bemranab! cooTHOIIeHNsT GSH/GSSG okazaiick J0BOIBHO BbI-
COKHMH, YTO TOBOPHJIO O BOCCTAHOBJICHHOM COCTOSIHUH ITyJia ITyTaTHoHa. Torna
KaK BaKyOJIH XapaKTePU30BaAJIHUCh 00JIee OKHCICHHBIM COCTOSTHUEM TNy TaTHOHA.

[myraTrona B 00pa3iax CTaHOBHIIOCH MEHBIIIE, €CITH K HUM JOOaBIISUTH Tep-
ourue! (mmdocar, konupanua 1 Gropoanden). ITo ObUIO YCTAaHOBICHO B
XOJIe CIEAYIOUIET0 IKCIIEPUMEHTA: CHadaaa BOJHbIC SKCTPAKThl OpPraHesT H-
KyOupoBanu B TeueHrne 10 MHH ¢ OOHHM W3 HCCIEAyeMBIX repourmmos (10
MKM); 3aTeM ONpenesii CBOOOIHBIN TITyTaTHOH B COOTBETCTBUE C TIPOTOKO-
oM Metona [11]. C repOunuaaMu 3aMEeTHO CHIXKAJIOCh COICPKAHUE GSHCW,
BeneactBue cHmwkeHust GSH, nmpu atom xonmmuectBo GSSG mpakTHUecKn He
M3MEHSUIOCH (TaHHBIC HEe MPUBOAATCS). OMHAKO TO MPUBOAMIO K CHIKCHUIO
Bermuud GSH/GSSG (Ta6u. 2).
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Tabnuya 2.

Bausinue repﬁnunuos Ha PEAOKC-COOTHOLIICHHUE ITYyTAaTHOHA

TepOuim bl OKHCIUTETBHO-BOCCTaHOBHUTENBHOE cooTHOIeHne GSH/GSSG
10 MxM BaKyOJIN TLIACTHIBI TKaHb
BOJIHBIA | AKCTPAKT | BOJXHBIA | SKCTPAKT | BOAHBIA | HKCTPAKT
9KCTpakT | 6e3 Genka | SKCTpakT | 6e3 Oerka | skcTpakT | Oe3 Oenka
Konrpoin 6,9 6,7 13,6 134 12,5 12,1
Imagocar 59 6,2 12,9 13,1 9,9 11,8
Knonupanun 5,2 5.9 12,2 12,8 8,7 11,2
Droponuden 4,3 5,8 11,1 12,3 7,5 10,8

B Tex ciydasx, Korja u3 BOAHBIX SKCTPAKTOB Iepea MHKyOaImel ¢ repou-

uuoM Obll ynaseH Oenok, Benmuuuubl GSH/GSSG y Bakyonei 1 TKaHEBOTO
9KCTPAKTa CHUKAIHNCh 3aMETHO MEHBIIIE, YTO KOCBEHHO YKa3bIBaJIO HA y4acTHE
KaTaIMTHYECKUX OCTKOB B peakiuy koHbioranui GSH 1 repOounnaos.
Peaxnuto xorbroranuu GSH ¢ MeTaboiauTaMu 1 4y)KepOAHBIMH COCTMHEHH-
smu karanusupyer GST. AKTHBHOCTB 3TOTO ()epMEHTa BBISBICHA B BAKyOJISIX
1 TUTACTH/IaX KIJIETOK KOPHEIUIONOB CTOIO0BOW cBEKIHI [1]. AkTrBHOCTE GST ¥y
Bakyoselt (mpu pH 7,0) Obuta BeIne, yeMm y miactun (Puc. 2A). E€ cnenuduy-
HOCTB ObliIa TIOTBEPIK/I€HA C IIOMOIIBIO HHTMOUPOBAHUS ATAKPUHOBOW KHCIIO-
TOM, KOTOpas BEICTYIIACT B POJIH CyOcTpaTa Uit HeKOTOphIX n3odopm GST [14].

A B

% I §§ sSCDNE = CDNB+EA ) % .2 il §
% § § 205 § §

BaKyonu nnacTugbl 3SKCTPaKT
TKaHHU

BaKyonu nnacrubl 3KCTPakT
TKaHU

Puc. 2. I'myrarnon-S-tpanchepasnas (GST) akTHBHOCTH BaKyoJIeH,
IUIACTU/L M TKAHEBOTO AKCTPAKTA C Pa3HBIMH CyOcTpaTaMu. A — ¢ TPAAULIHOHHBIM
cybctparom 1-xsopo-2.4-nuantpobensonom (CDNB) n uarnbuposanue
GST-akTHBHOCTH KOHKYPEHTHBIM CyOCTpaToM 3TaKpuHOBOU KucioToi (EA).
B — ¢ repounmnom propoaudpenom (FD)
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Merton criekTpo)OTOMETPUH HE TI03BOJISIET BBISBIATH EPMEHTATUBHYIO aK-
TUBHOCTH C OOJIBIIMHCTBOM IrepOuiuioB. OJHAKO ¢ MOMOIIBIO 3TOTO METOAA
MOYKHO ompenenuTh akTuBHOCTE GST ¢ repourtnmom ¢ropomudenom. Bakyo-
nsipabie GSTs nmokasanu 6osiee BBICOKYIO aKTUBHOCTB ¢ 3TUM repOunmioM (Puc.
2B). dropoandeH 00bIYHO UCIONB3YETCS Kak MapKep ClIOCOOHOCTH HEKOTOPBIX
modpopm GST k B3anMozeicTBUIO ¢ repounmmamu [19].

Merton 3eKTpOPOPETHUESCKOTO PA3NISIICHIS OCITKOB B HEJICHATYPHUPYOIIHX YC-
noBusix (CN-PAGE) ¢ mocnenyronmm orpeneneHneM pepMeHTaTHBHOM aKTHBHO-
CTH B IUTACTHHAX T'eJIsl, KaK BU3YaIbHBIN METOI JUTs ICCIIE/IOBAHMSI B3AUMOZICHCTBHS
GST ¢ pa3nuaHBIME cyOCTpaTaMy, HAIPOTHB, ITIO3BOJISIET ONIPEIEIUTh B3aNMOCH-
cTBHe 130(hopM epMeHTa C pa3HBIMHU CyOCTpaTaMH, B TOM YHUCIIE C TepOULIUIaMH.
AxtrBHOCTS GST B rejiMeBbIX MTACTHHAX BU3YAIM3UPOBAIN C TIIH(OCATOM, KIT0-
paIoM 1 propomrdeHoM, a Taroke ¢ Kraccuaeckumu cyocrparamu CDNB u
9TAKPHHOBOH KUCI0TOH. BTopeiv cydctparom ciysxin GSH. [lnst oOHapyskeHust
Hecneu(pUIecKoi akTHBHOCTH aHAIM3UPOBAIH JIOTIOTHUTETBHBII KOHTPOJIbHBIN
obpaser, conepxkarmii Tomsko GSH (Puc. 3A u B, tpek 1).

KOHTponb Brauchocar
cthropogucheH E knonupanug

-
T

o

G

77

L,
%

G

D

w
)

L
e

AxkTMBHOCTL GST,
MKkmonb CDNB/Mr 6e nka MuH
-

o

BaKyonu nnacruael
Puc. 3. AxtuBHoCTh H30¢opm mryrarnoH-S-rpancdepassl (GST) y Bakyoseit (A)

u actua (B). depmenTaTnBHASE aKTHBHOCTD B HCCIIETYEMBIX 00pa3iax ¢ TAKUMH
cybcrparamy, kak: 1 — niyraruon (GSH) (vecnenuduunas peakius); 2 — GSH +
1-x10p-2,4-nuauTpobenson (CDNB); 3 — GSH + nmdocar; 4 — GSH + kionmpa-

mux; 5 — GSH + ¢gropomuden; 6 — GSH + srakpunosas xucnora; 7 — GSH + CDNB +
9TaKpUHOBAs KHCIIOTa; M — MapKepHbie Oenku. HeraruHoe nsoodpaxenue (1-7).
Crpenkamu o603na4eHs! n3opopmsl GST. (C) [Mopasnenne aktusroct GST
BakyoJse u ractug repounmaamu (mmdocatom, GTopoardHOM, KIOTHPATHIOM)

Bwmecre ¢ GSH u npyrum yrmoMsiHyTEIM CyOCTpaToM KOIHYECTBO 30H (ep-
MEHTaTUBHOW aKTUBHOCTH yBeauunBajochb. GSTs Bakyoseil B3auMojeicTBo-
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BaJIM KaK C TPaJUIMOHHBIMU cyOCTparamu, Tak ¥ repounuaamu (oaHa WiIu
nBe n30¢popMbl). Bee 30HBI ¢ pepMeHTAaTHBHON aKTHBHOCTBIO MCYE3aJIH, €CITH
B Ka4eCTBE MHIMOWTOPA MPUMEHSIIN dTakpuHOBYIO Kucnoty (Puc. 3A, Tpekn
7). B o0pa3iax JIeHKOIIaCTOB TaK:Ke MOXKHO ObLT0 BUAeTh GST-aKTHBHOCTH €
CDNB (z1Be 30HBI) B 3TaKpUHOBOI! kucI0TOH (07Ha 30HA) (Puc. 3B, Tpexu 2 n
6). Ecriu B xagecTBe cyOCTpaTOB MCIIOTH30BAH TIU(OCAT, KIOMUPATHL U (PTo-
poaundeH, To B rejie HOSBISUIUCH TPU-YETHIPE 30HBI ¢ ()ePMEHTATHBHON aKTHB-
HocTbio (Puc. 3B, Tpeku 3-5). Pesynbrarsl He TONBKO 35IEKTPO(OPETHUECKOTO,
HO U CTIEKTPO(OTOMETPUIECKOTO UCCIIeI0BaHNs (DEPMEHTATHBHON aKTUBHOCTH
nokaszainu, 4yto GSTs Bakyosiell U MIacTHI MOTYT B3aUMOJEHCTBOBATh C UC-
nonb3yembiMu repournamu (Puc. 3C). Korma cpeapl kKpoMe TpaauiinOHHOTO
cyoctpara CDNB coneprxany oauH U3 yKa3aHHBIX TepOUIIUI0B, GpepMeHTa-
THBHAs! aKTUBHOCTb 3aMETHO CHIKAJIaCh TaK e, KaK 3TO IIPOUCXOJMIIO B CITy-
Yae ¢ TAKPUHOBOW KUCIIOTOM, KOTOpas, CIyKuIa CyOCTpaToM JIIsl HEKOTOPBIX
uzopopm GST.

@DepMeHTHI U3 TPYIIBI IyTaTHOHTPaHC(epa3 XapaKTepU3yIOTCs JOBOMIb-
HO IIUPOKKM CYOKJICTOYHBIM pactipocTpaneHueM [9]. GSTs kiaccos Tay, hu
nsiMOz1a 0OHApYKEHBI B XJIOPOILIACTaX, MUTOXOH/IPUSX, [INTO30J1€, arloIlacTe
u siape [8, 9]. Usodopmer GST, npennoiaoKuTebHO Kitacca phi, ¥ oqHa MH-
KpocoMmalibHast n3oopma ObuUTH OOHAPYKEHBI B BAKYOJISIX C HCIIOIb30BAHUEM
IpoTeoMHOro ananm3a [6]. C moMoIIso IMMYHO(EPMEHTHOTO aHAIN3a B BaKy-
oss1x ObuH 0OHapyxeHbI H30popmbl GST npeanonaoKuTensHO Tay-kiacca [22].
B nameii pabore oneHmBanach akTuBHOCTh GST ¢ MMOMOIIBIO TPaTUIIHOHHBIX
METO/IOB, C IPUMEHEHNEM MOJEIBHBIX CyOcTpaToB  reponnuioB. CoOCTBEH-
HbIe ()aKTBl U UMEIOLIMECs B JINTEPATypE JIaHHBIE TIO3BOJISIOT MPEIOI0KHUTh,
yto GSTs Bakyoei 1 mIacTH/I KIETOK KOPHETITIOAOB CTOJIOBOI CBEKIIBI BHITTON-
HsI0T QYHKINH, XapakTepHbie it GpepmentoB GST-cemeticta [18]. Tak kak
nzopopmsl GST pearnpyroT ¢ STAKPHHOBOM KHCIIOTOI (CTPYKTYPHBIM aHAJIOTOM
SH/IOTEHHBIX aJIbICTUIIOB) ¥ TePOUITIAMHI, MOXKHO O)KUATh X CYIIECTBCHHBIN
BKJIQJl B IIPOIIECCHI ICTOKCHKAIINU IUTOTOKCHYHBIX COCTMHEHHH.

Huskue konuentpanuu GSH nMMUTHPYIOT peakluy KOHBIOTAllUU, KaTa-
nusupyembie GST. [lognepkanue myna IIyTaTHOHA B BOCCTAHOBJIEHHOM CO-
CTOSTHMY — OCHOBHas PyHKINS TyTatnoHpenykras (GRs), koTopbie sBisroTes
HEOTHEMJIEMBIMU 3JIEMEHTAMHU OKHCIUTEIbHO-BOCCTAHOBUTEIBHBIX CHCTEM
DIyTaTHOHA M TIIyTapeJOKCHHA, MOCKOIbKY 00ECIeunBalOT UX HENPEephIBHOE
¢yukuronuposanue [8]. B Hamewm citydae ot aktuBHocTH GR B HekoTopoit
CTEICHH 3aBHCENIa HHTCHCUBHOCTD KOHBIOTALNH I'epOUINA0B C [ITyTaTHOHOM,
T.e. 3(phexTrBHOCTH NeTokcukauu. Ciieyer oTMeTuTh, 4to GR Xitoporuiacto
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U IIUTO30J151 OTHOCUTEILHO XOPOIIIO U3yUeHBI y psijia pactenuii [5, 10]. Bmecte
¢ Tem, nHpOpMaruu o BakyoisipHoi GR mpaktuyecku HeT. M3BecTHO, 4TO ¥
npopoctkoB Hordeum vulgare GR-akTHBHOCTH Bakyolieil ObLTa B HECKOIBKO
pa3 Hmxke, 1o cpaBHeHUI0 ¢ GR-akTUBHOCTBIO XJoporacToB [21]. ¥V knerok
KOPHEIUIOIOB CTOJIOBOM CBEKIIBI OblIa 0OOHapykeHa Ta e kapTuHa (Puc. 4A).

A B 1 2 Rf 3 4 kDa
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Puc. 4. AxtuBHOCTB tyTatnonpeaykrassl (GR). A — CriekrpodoTomerprdieckit
ananu3 aktuBHOocTH GR ¢ NADPH n NADH. B — U3odepmenTHblii cocTas
GR B mmacTHHax rems mociue »1eKTpodopesa Mpy HeICHATYyPUPYIOMINX YCIOBUIX
(CN-PAGE). C — U3odepmentHblii coctaB GR B rutacTiHHaX resist Hoclie
uzoanekrpodoperrueckoro pokycuponanus (IEF) 6enkos. D — ummyHodepmeHT-
HbIH ananu3 (BecrepH-6orTrnr). 1 — Bakyonu; 2 — mactusl; 3 — GR nekapekux
Ipoxokeit (Sigma) cirykuiia KOHTpOJIBHBIM BapuaHToM; 4 — GR mekapckux aposxokei,
okpamreHnas Kymaccu; M — GenkoBble Mapkeps! s [EF.

Takum 00pa3zom, MOITyYEHHBIE Pe3yIbTaThl HE IPOTHBOPEUHITH CIIOXKHBIIIE-
MYyCsl MIPECTABICHHIO, COIVIACHO KOTOPOMY OOJIBIIIAsi YacTh BCEX KJIETOYHBIX
GR cocpenorouena B mmactuaax [ 18]. Mssectno, uto NADPH u NADH ciry-
»kaT BoccTanoButesiMu GSSG B peakuusx, karanusupyembix GR. OgHako B
KauecTBe OCHOBHOTO cyoOcTpara npunsro cuntatb NADPH, tak kak GR He y
BCEX OpPraHm3MoB criocoOHbI B3anmozeiicrsoBarb ¢ NADH [5, 10]. [deiictBu-
TeNbHO, epMeHTaTHBHAS akTUBHOCTE GR y Bakyonei u mmactin ¢ NADPH
ObLTa B HECKOJIBKO pa3 Beimie, yeM ¢ NADH (Puc. 4A).
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B mnacrunax rens nocine CN-PAGE mMoxHO ObLIO BHIETH JIBE 30HBI C
GR-aKkTHBHOCTBI0, KOTOPBIE, O BCEH BUMMOCTH, COOTBETCTBOBAIIH JABYM H30-
¢dbopmam pepmenta (Puc. 4B). 3nauerne Rf omnoit u3 m3odopm GR, obmama-
foleH MeHbInel aekrponoaskHocTh0 (Rf 0.36), coBnamano co 3HaueHHEM
Rf nnst GR nexapekux aposxokeit (Rf 0.33-0.36), koTopast B 5TOM SKCIIEPUMEHTE
CITy’KMIJTa KOHTPOIBHBIM BapuaHToM (Puc. 4B, Tpexu 3 u 4).

Paznenenne GenkoB B xone IEF mpoucxonut mo BequuuHaM MX IOBEpX-
HOCTHBIX 3aps10B (Puc. 4C). ITpu TakoM paszaeneHuH, B IJIaCTHHAX Iefls TaKkxkKe
(hopMUpPOBAIHCH 1BE OCHOBHBIE 30HBI ¢ GR-aKTHBHOCTBIO, KOTOPBIE COOTBET-
CTBOBAJIM IByM n30(hopmam (pepmenTa. Bee BhIsIBICHHBIC 30HBI ()epMEHTATHB-
HOW aKTMBHOCTH pacrojyiaranuch B oonactu p/ ~ 4,0-5,0. Jns Buzyanuzanun
aktuBHOCTH GR 0BT MpuMeHeH BecTepH-OMOTT aHanmM3 M aHTUTENA, TOIY-
yerHbIMHE 17151 GR nexapckux aposokeit (Puc. 4D). PesynsraTsl sTOT0O aHamm3a
TTOATBEPAMIIN IPUHAIICKHOCTD HaOIoaeMoi pepMEeHTaTHBHON aKTUBHOCTH
uzopopmam GR.
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Puc. 5. Bimusaue repounuaa rmudocara B 1-MM 1 2-MM KOHIIGHTpAIHN
Ha aKTUBHOCTb TiTyTaTHOHpeaykTassl (GR).

B xneTkax pacteHuil HykineoTua-3aBucuMble GRs SBIAIOTCS TUMEPHBIMU
OeNKaM¥ 1 4acTo MPEeACTaBICHbI HECKOJIBKIMHU H30(popMaMu. JIBe n3odopmbl
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GR unentuduuupoBansl B kietkax Pinus strobus n Arabidopsis thaliana [3,
16]. CornacHo MOIyYEeHHBIM pPe3ylIbTaTaM, Y KOPHETIIIOOB CBEKIIBI ABE pa3HbIC
n3odopmbl GR T0KamM3yroTCs B BAKyOJISIX M IDIACTHIAX. SHAYCHUS p/ 9THX H30-
(dopm Onuzku k 3HaueHusM p/ 1t GR apyrux pacreHuid, KOTOpble UMEIH JIBE
win 6oiee m3ohopmei ¢ pl ot 4,1 104,93, 10, 16]. i1 GR pa3HOTo MporCXox-
JICHUSI XapaKTepHa BBICOKAsI CTETICHb TOMOJIOTUH AMUHOKHCIIOTHOH TTOCIIE/IOBa-
tenpHOCTH anogepmenta [10]. ITo stoit npuunne anturena k GR nekapckux
IpodoKei okasanuch crenupuanbivu 111 GR pactutenbHOro oobekTa.

[IpencraBnsnock neixecooOpa3HbIM HccienoBarh 3¢dext repOunmIoB Ha
akTHBHOCTH GR, mogasieHne KoTopoi npu 00pabOTKe MECTUIMIAMU MOXET
MIPUBOANTH K ucTomeHuto myiaa GSH. OqHako BeIpaKE€HHOTO MHTMOMPOBAHHMS
GR repOunnamMu B yCIOBHsIX in vitro He oOHapyxeHo. Ha pucyHke 5 npuBe-
JICH PE3y/bTaT XapaKTePHOTO ONbITA ¢ MN(pOcaTOM. AHAIOTHYHBIE PE3YIbTaThI
TIOJTYHYEHBI U JUTSL APYTUX TepOULUIOB (IaHHBIE HE TIPUBOJISTCS).

Camxenne aktuBHOocTH GR mpumepHo Ha 10% Mporcxoausio mpu J0BOIBHO
BBICOKOH KOHIIEHTparuu repounuga — 2 MM. ['epOuruabsl B kKoHIEHTparmn |
MM okazannchk Hed(p(HEKTUBHBIMU, UTO CBHJIETEILCTBOBAIIO 00 OTHOCHTEIBEHO
BBICOKO cTabmibHOCTH (hepMeHTa. Panee mocie sk30reHHON 00paboTku (in
viva) rm$ocaToM KOPHEH 1 TMCThEB HEKOTOPBIX PACTEHNUH OTMEUaJIu yBeJIn4e-
e GR-akTuBHOCTH. DTO OBIIIO 00YCIOBICHO SKCIIPECCUEH 3AUTHBIX CHCTEM
KJIETKH, B YACTHOCTH, CUCTEMBI ITyTaTuoHa [17].

3akJiloueHue

He BBI3BIBaeT COMHEHNS TOT (DAKT, YTO HAKOTUICHHE [IMTOTOKCHYHBIX BEIIECTB
B TKaHX KYJIBTYPHBIX paCTeHI/Iﬁ ABJIACTCA MPAMBIM CJICACTBUEM HApYUICHUA 1€~
TOKCHKAIIHOHHBIX TTPOLIECCOB B CYOKJIETOUHBIX CTPYKTypax. O4eBUIHO, UTO IS
TIOHVMAHUsSI TIPHYMH HapyIIEHHUs! STUX MPOLECCOB HEOOXOIMMO CHCTEMHOE H3-
y4EeHUE MEXaHU3MOB JIETOKCHKAIIMU B KOMIIAPTMEHTAX PaCTHTEIbHOMN KIETKH.

ITockonbKy LieHTpaibHAs BAKyOJIb aKKyMYJIMPYET U YACP)KUBACT LIUTOTOK-
CHYHBIE COSIMHEHHS, 11eJIECO00Pa3HO N3ydaTh MEXaHN3MBbI ICTOKCHKAIINH B 3TOM
KoMHapTMeHTe. B Hacrosiieit paboTe nmpoBoMIIocs CpaBHUTEIILHOE HCCIIEI0BaHHE
TIIYTaTUOH-3aBUCUMBbBIX MEXAHN3MOB JICTOKCUKAIIUHN Y BaKyoneﬁ M TU1aCTHU I KOpHE-
TLTOZIOB CTOJIOBOM CBEKITHI (Beta vulgaris L.). B Bakyornsx u nefKoriactax KOpHe-
TUIOZIOB CTOJIOBOM CBEKJIBI BIIEPBBIE TOKa3aHO NPHCYTCTBHE (PEPMEHTOB CHCTEMBI
nIyTaTioHa. BeisiBieHa akTHBHOCTH nTyTatnoHpenykrasbl (GR) — depmenta, nos-
JIEPIKUBAIOIIETO ITyJT Ty TaTHOHA B BOCCTAHOBIIEHHOM COCTOSTHUM. AKTUBHOCTH GR
XapaKTeprU30BaIach BHICOKOH CTaOMIBHOCTHIO. OHA MPaKTHYECKH HE CHIDKAJIACh
TIPY HAJIMYHMH UCCIIETYEMbIX TEpOUIINIOB B MHKYOAIIMOHHOM Cperie.
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OcnoBHoe Ha3zHaueHHe GR 3akimrogaercs B BOCCTAaHOBICHUH aKKyMYIHPY-
€MOT0 BaKyOJSIMH U IJIACTUAAMH TIIyTaTHOHA, KOTOPBIA BOBJIEKAETCS B IPO-
IIECCHI JEeTOKCUKAITUH IINTOTOKCHYHBIX coennHeHnd. CpaBHUTEIEHBINA aHAITN3
mokasai, yto GSTs Bakyoned u 1iacTuj 00Iagaiu JOBOJIBHO IIUPOKOI Cy0-
CTPaTHOH CHEU(PUIHOCTHIO U MOIJIM B3aMMOJICHCTBOBATh C MCCIICIYEMbIMU
repounraamu. Kpome Toro, ¢ HEKOTOpeIMH cyOcTparamu akTHBHOCTE GSTs
BaKyoJiel ObliIa 3aMETHO BBIIIE, YeM akTHBHOCTh GSTs turacTu.

dakrel, noarsepxkaatone Hamnune GR u pepmenro GST-cemeiicTBa B
BaKyoJISIX, B HEKOTOPOH CTETEHH PACIIUPSIOT MPEICTABICHUE O BaKyOISIPHON
(byHKIMH. BOmpeku CIIOKUBIIEMYCsi MHEHUIO, OCHOBHAS (DYHKITHS BaKYyOJICH,
coJiepKaluX yKa3aHHbIe (DEPMEHTHI, HE OIPAHUYHMBACTCS JCTIOHHPOBAHUEM
KOHBIOTATOB ITyTaTHOHA, TPAHCIIOPTUPYEMBIX U3 IIUT030J151. KOHBIOTaThI COe-
JTMHEHHIA, B TOM YHCIIe KCEHOOMOTHYECKUX, IPH YIACTHUH TITy TATHOH3aBUCHMBIX
(hepMEHTOB MOTYT 00pa30BBIBATHCS BHYTPH caMoi BaKyosii. O4eBUIHO, UTO Jie-
TalbHOE HCCIIEI0OBAHUE CUCTEMBI ITyTaTHOHA U IPYTHX CUCTEM, TIPUYACTHBIX K
00e3BpEKMBAHUIO ITITOTOKCHYHBIX METAOOIUTOB 1 KCEHOOMOTHKOB B BAKYOJISIX
U JIPYTHX CYOKIICTOYHBIX CTPYKTYpaX, IO3BOJHT BBISIBUTH MHIUBUAYaIbHBIC
0COOEHHOCTH UX MEXaHU3MOB JIETOKCUKAIIUH.

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

HNudpopmanus o cnoncoperse. McciaenoBaHue He UMENO CIIOHCOPCKOM
TIOAJICPIKKH.
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MOHMUTOPHUHI BJUSHUSI AHTPOIIOT'EHHBIX
®AKTOPOB HA JIECHBIE BUOTEOIIEHO3BbI
IO KHOT' O TOBEPEXKBS 03. BAUKAJI

T.A. Muxaiinoea, O.B. Illepeuna, O.B. Kanyzuna

Llens. Hccrneoosams cospemennoe coCmMosHue 1eCHbIX OU02e0yeH0308 & pe-
KPeayuoHHbIX 30HAX H0XHCHO20 nobepedicvs Baiikana no komniekcy napamempos
0pesocmoes 1 NOY8EeHHO20 NOKPOBA, BbISAGUND YUACHIKIL, 20€ HeoDX00UuMbl 6e30M-
JlaeamenbHble Mepbl O CHUICCHUIO PEKPeAyUOHHOU HACPY3KU.

Mamepuanst u memoowl. B pekpeayuoHHbIX 30HaAX, XAPAKMEPUVIOUUXCSL BbICO-
KUMU MYPUCIULECKUMU NOTMOKAMU, ObLIU 3a102iceHbl npobuble naowaou (I111) ons
00C1e006aHUSL COCMOSIHUSL IECHBIX OUO02E0YEHO308 N0 OMEUECMECHHBIM U MENCOYHA-
POOHBIM Memoouram. Onpedensinu usmeHeHue MOpHOCMpPYKMypPHbIX NAPAMEMPO8
0epeBbes COCHbI 00bIKHOBEHHOL (BUOA-UHOUKAMOPA), 8 00PA3YAX XBOU — COOEPIHCa-
HUe OUOLEHHBIX ILeMEHIM08, DeIK08020 A30Md, POMOCUHMEMUUECKUX NUSMEHMNO8,
HeKOmMOpuIX NOANOMAnmos. [ ucciedoeanus cocmosinus nousvl Ha I111 sakna-
ovlsanu paspesvl 00 2youHbl noocmunaoueti nopoovt. Onpedensiu mopponozuue-
CKUe U YU3UKO-XUMULECKUEe NAPAMEMPbL 8ePXHUX NOYEECHHBIX 20PU30HINO8, YPOBEHD
00OMEHHbIX KaMUOHO8 8 nouseHHom noziowaroujem komniaexce (I11K), cooepocanue
NOOBUINCHBIX (POPM PAOA MANCENBIX MEMAILILOB.

Pesynomamot. [pu ucciedosanuu 0CHOBHbIX KOMIOHEHMOB JIeCHbIX Ouoceoye-
HO308 NOKA3AHO, YMO NPecc peKpeayuul A8sSemcsi OCHOGHbIM GaKmMopom, UHUYUL-
PpyrowumM npoyecc decpadayui noussl u opesocmoes. CucmeMHbill Xapakmep 9moco
npoyecca 00yci061eH GU02EOXUMUYECKUMY USMEHEHUAMU, BbI36AHHbIMU HAPYUle-
HUeM PUIUKO-XUMUYECKUX XAPAKMEPUCTUK HOYBbL, YUMo NPUBOOUM K OUCOALAHCY
ouocennvix anemenmog 6 1K u yxyOuleHuo numameibHO20 PeXcuma nouebl, co-
OMBEMCMBEHHO, NPOSGIAEMCS OUCOANAHC JNEMEHMO8 8 ACCUMUIAYUOHHBIX OP2AHAX
0epesbes u, Kak cle0cmeue, YeHemeHue ux pocnmosblx Napamempos.

Ilpumenenue pesynomamos. Ilonyuennvle Oanuble CYHCAM UHGOPMAYUOH-
HOU 0a301L O/151 PECUOHANLHBIX NPUPOOOOXPAHHBIX OP2AHO8 NpU pazpabomke mep,
HANPABNICHHBIX HA ONMUMUZAYUIO PEKPEAYUOHHOU HA2PY3KIL.

3akniouenue. Heo0x00um nocmosnHuili MOHUMOPUH2 COCIOSIHUSA 1CO8, OKPYIHCAIO-
wux Batikan u umerowux 6oIbUYIO 3HAUUMOCTb 8 (POPMUPOBAHUU CIMOKA B0ObL 8 03€PO.
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Kniouesvie cnosa: necnvle O102e0yeno3vl; COCHA 0ObIKHOBEHHAS, NOYGEHHBIL
NnOKpO8, anmpono2ennvle Gakxmopwl, 101cHoe nobepedcve baiikana

Jna yumupoeanun. Muxaiinosa T A., lllepeuna O.B., Kanyeuna O.B. Monu-
MopuHe 6IUSAHUS AHMPONOEHHBIX (PAKMOPO8 HA JecHble DU02COYEHO3bL I0HCHO20
nobepexcws 03. batikan // Siberian Journal of Life Sciences and Agriculture. 2021.
T 13, Ne 3. C. 244-260. DOI: 10.12731/2658-6649-2021-13-3-244-260

MONITORING OF ANTHROPOGENIC
FACTORS INFLUENCE ON FOREST BIOGEOCENOSIS
IN THE SOUTH COAST OF LAKE BAIKAL

T.A. Mikhailova, O.V. Shergina, O.V. Kalugina

Purpose is to investigate the current state of forest biogeocenoses in the recre-
ational zones of the southern coast of Lake Baikal in terms of a set of parameters
forest stands and soil cover, to identify areas where urgent measures are needed to
reduce the recreational load.

Materials and methods. Test plots (TP) were laid to examine the state of for-
est biogeocenoses in the recreational zones characterized by high tourist flows,
using domestic and international methods. The changes in the morphostructural
parameters of Scots pine trees (indicator species) were determined, in the samples
of needles — the content of biogenic elements, protein nitrogen, photosynthetic pig-
ments, and some pollutants. To study the state of the soil on the TP, cuts were laid
down to the depth of the underlying rock. The morphological and physical-chemi-
cal parameters of the upper soil horizons, the level of exchangeable cations in the
soil absorbing complex (SAC), and the content of mobile forms a number of heavy
metals were determined.

Results. The study of the main components of forest biogeocenoses showed that
the pressure of recreation is the main factor initiating the degradation process of soil
and tree-stands. The systemic nature of this process is due to biogeochemical chang-
es caused by a violation in the soil physical-chemical characteristics, which leads to
an imbalance biogenic elements in the SAC and a deterioration in the soil nutrient
regime. Respectively, an elements imbalance in the assimilation organs of trees is
manifested and, as a consequence, there is inhibition of their growth parameters.

Application of results. The data obtained serve as an information base for
regional environmental authorities in the development of measures aimed at opti-
mizing the recreational load.
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Conclusion. It is necessary to constantly monitor the condition of the forests
surrounding Lake Baikal and are of great importance in the formation of water
flow into the lake.

Keywords: forest biogeocenoses, Scots pine, soil cover; anthropogenic factors;
southern coast of the Lake Baikal

For citation. Mikhailova T.A., Shergina O.V., Kalugina O.V. Monitoring of An-
thropogenic Factors Influence on Forest Biogeocenosis in the South Coast of Lake
Baikal. Siberian Journal of Life Sciences and Agriculture, 2021, vol. 13, no. 3, pp.
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BBenenue

Jleca, BBIONHSAS KIIMMATOPETYIHPYIOIINE, BOJOOXPAaHHbIE, IPOTUBOIPO3HU-
OHHBIE U APYTUe YKOJOTMYECKU 3HAUUMBbIe (YHKIIUH, SIBJSIFOTCSI BXKHEHUIIIM
Cpexoo0pas3yIoImnM pecypcoM Kak perHOHANBHOTO MaciTada, Tak 1 Onocde-
pbl B enoM [17]. Uto kacaercs cCOXpaHEHUs! TAKOTO YHUKAJIbHOTO IPUPOJHOTO
00BeKTa, Kak 03epo baiikai, To TyT HEOOXOIMM ITOCTOSHHBII MOHUTOPHHT CO-
CTOSIHUSI HE TOJIBKO HEIIOCPEACTBEHHO €T0 BOJHOM AKOCUCTEMBI, HO U OKpPYXKa-
IOIINX €T0 JIECHBIX OMOTreoneH030B, GOPMHUPYIOMHNX Ooiee TOJIOBUHBI CTOKA
BOJBI B 03epo [2]. Jleca mobepexuii baiikana xapakrepu3yroTcst mpeoodiaa-
HHEM B CBOEM COCTaBE LIEHHBIX XBOHHBIX BUIOB — COCHBI OOBIKHOBEHHOH, JTH-
CTBCHHHIIBI CHOMPCKOH, Kempa (COCHBI CHOMPCKOI), € CHOMPCKOM M MTHUXTHI
CHOHMPCKOM, U3 MEJIKOJINCTBEHHBIX IOPOJ] paclipoCTpaHeHbI Oepe3a IoBHCIas,
OCHHA, KYCTapHUKU. DKOJIOTHYECKOE COCTOSTHUE JIECHBIX IKOCUCTEM, OKPYKAI0-
IIUX 03€PO, CTAIO BBI3BIBATH OCOOYIO TPEBOTY B MOCICAHUE [BA IECATUICTHS,
YTO BO MHOTOM CBSI3aHO C PE3KHM BO3pAcTaHHEM TYPUCTHYECKOTO TMOTOKA H,
COOTBETCTBEHHO, CO 3HAUUTEIIbHBIM YCHJICHHEM PEKPEallMOHHOM Harpy3Ku Ha
9TH TeppuTopui [6, 8, 18]. Ilo nanHeIM AreHTcTBa IO Typu3My UpKyTcKoit 06-
nacti [16], 06peM Typriotoka B FOsxHOe [Tpnbaiikanbe coctasiser 6omee 15%
oT oOmero uncna TypuctoB odmactu. Tak, B 2019 1. obiiee yuciao TypuCTOB
coctaBmio 1 MiH 830 ThIC. Yell., a YUCII0 OTBIXAIOIINX Ha F0KHOM MOOEepeKbe
Baiikana (1. baiikansck, KBXK/, YTynmuk, Xamap-/laban) mocturamo 270 TbIC.
yes1. Oco00 BBICOKHH TYpHOTOK XapakTepeH aist noc. JINCTBsHKa, 110 SKCIIepT-
HBIM OIleHKaM, oH mpeBblimaeT 400 Toic. uen. B rof. [IpuBeneHHbIC TaHHBIE
CBHJIETENBCTBYIOT, UTO 3HAYUTEIbHBIN POCT YUCIIAa TYPHCTOB, TO €CTh HEPETY-
JIMPYeMO€e PEKpPealmoHHOE JECOTIOIb30BaHNE, SIBISETCS OAHUM U3 Hamboiee
3HAYMMBIX (DAKTOPOB POTPECCUPYIOIIEH BEICOKOM HapyIIEHHOCTH JIECOB IO0Oe-
pexbst baiikana. /Ipyroii anTponoreHHbli (hakTop, OKa3bIBAIOIIUI HEraTHBHOE
BIIMSTHUE HA COCTOSIHUE OAKaJIbCKHX JIECOB Ha JIOKAJIBHBIX YIaCTKAaX — TEXHO-
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TeHHOE 3arpsi3HEHUE, NCTOUHHKAMHU KOTOPOTO SIBJISIFOTCSI a3poBBIOpoCkl FOxk-
Ho-baiikamsckoro mpomysina (T. CrronsHKa, T. baiikansck, moc. Kyntyk), a Takxe
JIOCTHUTAIOINE TT0O0EPEXbs IMUCCHOHHBIC ITOTOKH OT MPEANPUATHIA KPYTTHON
HpxyTtcko-UepemMxoBckoil MpoMblIIeHHOH 30HE! [12, 14]. B noc. JlucTesiHka
3arpsi3HEHHE OKpYKalolIel cpelibl 00yCIOBICHO, MOMUMO MEPEHOCa PEruo-
HaJIBHBIX TEXHOTE€HHBIX IMUCCHH, TAKXKE 1 MECTHBIMU UCTOYHUKAMH, BKITIOUAs
BBIOPOCHI aBTOTpaHCcHopTa [5].

HccnenoBarensiMu HEOIHOKPATHO MpeJyIarajuch MEphbl MO0 ONTHMHU3AINN
COCTOSIHHS IIPUPOAHBIX PEKPEAIMOHHBIX 00BEKTOB OOepeskbsl. Tak, mpeaoxke-
HO NPUHIUITHAIBHO N3MEHHTB ITOJXO0/] K OLIEHKE JJOITyCTUMOCTH BHIOB JICSITEIThb-
HOCTH, YCTAHOBHB 3allpeT Ha IIPUMEHEHUE TEXHOJIOTHI, COIPOBOXKIAFOIIIXCS
o0pa3oBaHHEM OTXOJOB U BPEIHBIX BEIIECTB /ISl SKOCUCTEMBI 03epa [4], 000-
CHOBBIBAETCSI HEOOXOANMOCTb INIAHUPOBATH PEKPEALMOHHBIE HArPy3KH HCXO/IS
13 yCTOWYMBOCTH JIAHIIA(PTOB K BO3JCHCTBHIO TYPHCTHYECKON JIEATEIBHOCTH
[7], pa3paboTanbl IpaBuiia OpraHU3aluy Typu3Ma U oTnabixa Ha baiikane [9],
HaMEUEeHBI ITyTH PEIICHHUS IPOOIEMBI JIECOBOCCTAHOBIICHHUS, B TOM UHCIIE CH-
JIaMH{ BOJIOHTEPOB M IIKOJIBHBIX JIecHHUeCTB. [Ipu paccMoTpeHnn 3apy0exHo-
TO OIBITA UCCIICJIOBAHUI JIECOB, MOJIBEPralOIINXCs BHICOKOH peKpearioHHON
Harpyske, 00HapyKUBaeTcs, 4To moo0Has mpoliieMa XapakTepHa Il MHOTHX
crpat. [Ipn 3TOM, pekpearmoHHOe BO3/IeHCTBHE Ha JIeca N3yJaeTCst 10 HECKOIb-
KHMM HalpaBJIeHUsIM, BKIIIOYasl SKOJIOTHUECKOE, COIMAIbHOE, IKOHOMHUECKOE,
BIIMSIHUE Ha dKocucTeMHbIe QyHKImu [21, 24, 25]. MHOrHe aBTOpPBI CUUTAIOT,
YTO peKpeanys ABISETCS OJHON M3 HanboJee BaXKHBIX YCIYT 3KOCUCTEM, JUIs
3¢ PEKTUBHOTO BBITIOJIHEHHUS] KOTOPOH HEOOXOMMMBI: pa3paboTKa peKpearoH-
HOT'O MEHEPKMEHTa, 000CHOBAHUE OLIEHOYHBIX HWH/IMKATOPOB, IEPCIIEKTHBHOE
MJIaHUPOBaHKUE PadOT IO ONTUMHU3AINN COCTOSTHUS JiecoB [20, 22].

Lenpto Hame# paboThI OBIIIO MCCIEOBAaTH COBPEMEHHOE COCTOSIHUE JIeC-
HBIX OMOTCOIIEHO30B B PEKPEAIIMOHHBIX 30HaX I0KHOTO To0epeskbs baiikana o
KOMIIJIEKCY MapaMETPOB APEBOCTOCB U MOYBCHHOI'O IOKPOBA, BEIABUTH y4aCT-
KH, T7Ie HeOOXOIMMBI O€30TIIaraTeIbHbIe MEPHI 110 CHIKEHHIO PEKPEa[HOHHON
HarpysKu.

Matepuana 1 MeTOABI HcCaeJOBAHUMT

HUccrienoBanus MpoOBOIMIACE HA FOXKHOM ToOepexbe 03. balikan B pekpe-
AITMOHHBIX 30HAX, XaPAKTCPUIYIOIIMXCS BRICOKUM TYPUCTHUCCKUAM TTOTOKOM —
B okpecTHocTsax c. bompmoe Tomoyctaoe (b. TomoyctHoe), moc. JIucTesiHka,
Broxs Kpyrobaiikanbckoit sxenesnoit noporu (KbXK/) ot mopra baiikan, ypoau-
ma lapepkanraii go r. CioAsiHKa, B OKpECTHOCTSIX I. balikanbcka, a Takxke Ha
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Oeperax pek, Brnaaaronux B baiikan: Yrymnuk, Consan, Xapa-MypuH, CHe:xHasl,
Breinpunas, [lepeémuas. Ha 3Tux pekpearimoHHbIX TEPPUTOPHUSX 3aKI1aIbIBATH
npo6HsIe iomann (I11T), Ha KOTOPBIX 00CIEI0BATOCH COCTOSHHE JIECHBIX OHO-
TeOLIEHO30B 10 MapaMeTpaM OCHOBHBIX X KOMIIOHEHTOB — JIPEBOCTOS U MOY-
BEHHOTO 1MoKpoBa (puc. 1). B kauecTBe (hoHOBOI Citykuia MpoOHast IIONIA/b
B HEHapyIIEHHOM OMOTeoIrieHo3e B okpecTHOCTsX ¢. Hkumit Koweprar (T1I1
@). [Mapamerps! 11 @ cBumeTenbcTBOBANIN 00 OTCYTCTBUHM PEKpeallmOHHOMN
JIUTPECCUU Jieca — UMeJIa MECTO HeHapYyIIIeHHAs JiIeCHasl MOJCTUIIKA, TTOBPEXKIe-
Hue He 6onee 5% moapocTa M MOAJIecKa, HATOYBEHHBIN KIBOH MTOKPOB CIIOKEH
W3 TUIHYHBIX JIECHBIX BUJIOB PACTCHUI, TPOIIMHOYHAS CETh OTCYTCTBYeET [3].

N / CDO O\

I 9
o —’\/HIO oyf

v
\LO o i K all
Yo o3- oXI
I oXl
/‘/d 0 no OX
j\\ ?ovm X
10" 0 20KkM

Puc. 1. Pacnonoxenne npo6usix miommaneit (I1I1) Ha roxxHOM
mobepexne 03. baiikan: I1I1 I — c. b. Tonoyctroe, I1I1 II — noc. Jluctesaka, T1IT 111 —
nopt baiikan, [1I1 IV — ypounme Hlapsixanraii, 111 V — . Cronsuka, TIT VI —
oeper p. Yrymuk, I1T1 VII — r. Baiikansck, [IIT VIII — 6eper p. Coinzan, I1IT IX — 6eper
p. Xapa-Mypums, I1I1 X — 6eper p. Crexnoit, 111 XI — 6eper p. Beiapunoii, ITIT XII —
6eper p. [Tepeémuoii. © — ponosas I1I1.

OO6mas MpOTSKEHHOCTh 00CIeNOBaHHONW OEperoBoil MOJOCH COCTABH-
na oxoJo 250 kM. J[7is 3TO# TeppUTOpHUU XapaKTePHBI TOPHBIN perbed, pe3Ko
KOHTUHEHTAJIbHBIH KIMMAT, aHTUIMKIOHAJIBHBIN THUI TOTOIBI, MPOIOJIKH-
TENBHBIA ePHOJT HU3KUX TEMIIepaTyp BO3/lyXa, OIHAKO, CE30HHbIE KoJleOaH s
TeMITepaTypbl CMATYaeT OrpoMHas BogHast macca osepa [1]. ITo psixy oporpa-
(pUUECKUX, THAPOIIOTHYECKHX, aTMOC(HEPHBIX U JaHAMAa(THRIX 0COOEHHOCTEH
1oro-3anaaHoe noodepexse (0T b. T'omoyctHoe 10 moc. Kyntyk) otnugaercs ot
foro-BoctogHoro (ot . Cironsaka 10 p. [lepeémuas). [lepBoe xapakTepusyer-
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Cs1 MEHBIIIUM KOJINYECTBOM OCAJIKOB U OOJIbIICH rO0OBOM BEIHUNHON CyMMap-
Hol paxnanuu. Ha 3anagHoM mobepexbe XpeOThl HOACTYMAOT K 03€py IOUYTH
BIUTOTHYIO, @ HA BOCTOYHOM OHH OT/IEJICHBI OT OeperoBoi IMHNH MPUOPEKHbI-
MU paBHMHAMM WJIN HEBBICOKMMH Tpenropbsivu [2]. PacturensHocTh 1moGe-
PEeXbs TMPECTaBICHA JIECAMU U3 COCHBI C TIPUMECHIO Oepe3bl, TMCTBEHHHUIIBI,
KeZipa, OCHHBI. B kauecTBe pacTeHNA-NHANKATOPA CITyKHJIa COCHA OOBIKHOBEH-
Hast (Pinus sylvestris L.) xakx 0CHOBHOI1 jiecooOpa3ytomuii Bua. Panee Hamun
OBUTO TaHO MOAPOOHOE 0OOCHOBAHUE KCIIOIB30BAHUS UMCHHO TOrO BHIA B
MH/IMKAIMOHHBIX LEIAX MPHU OLEHKE COCTOSIHUS JecoB baiikambckoro perno-
Ha [11]. CocHOBBIE JIeca 3aHUMAIOT OOLIMPHBIE TEPPUTOPHH HA PABHUHAX W B
HIDKHHX T105ICaX TOp, XapaKTePH3yIOTCs pa3HOOOPa3HbIM TPaBSIHO-KYCTAPHUKO-
BBIM sipycoM. ITouBeHHBII MTOKPOB HEOTHOPO/IEH, Ha IOTO-3aI1aJHOM ITO0epEeXbe
HanboJee pacpoCTPaHEHbI CEphIE JIECHBIE 1 IEPHOBO-KaPOOHATHBIE TIOUBBI, HA
I0T0-BOCTOYHOM — ITOA0YpEI U Oypo3emsl [2].

Ha 3anoxeHHBIX NPOOHBIX MJIOMIAJSX 00CIIEI0BAM COCTOSHUE JIECHBIX
OMOTEOIIEHO30B 10 MPUHATHIM OTEYECTBEHHBIM H 3apyOE:KHBIM METOAMKAM
[10, 15, 23]. ’)Ku3HeHHOE COCTOSIHUE APEBOCTOEB OLICHUBAJIU MO KOMIUIEKCY
MOP(OMETPUIECKUX MapaMeTPOB, B TOM YHUCIIE: T10 YPOBHIO Je(OJIHalluKi KPOH
JIepEeBbEB, IJIMHE U Macce 1Mo0eros, AuamMeTpy crasona. Kpome toro, B xBo€
OIIPEAEIATIOCH COAEPKAHNE OCHOBHBIX OMOTEHHBIX 371eMeHTOB. [104BHI Hccie-
JIOBAJIMCh METOIOM MOUYBEHHBIX PAa3PE30B C U3YUEHUEM BCEX FeHETHUECKUX T0-
PHU30HTOB 110 MOP(OJIOrHYECKUM U (PU3UKO-XMMUYECKUM XapaKTEPUCTHKAM.
OT100p MOYBEHHBIX 00Pa3I0B MPOU3BOAIIICS I3 BepXHUX (0-20 cM) TOpH30HTOB
KBaJIpaTHO-KOHBEPTHBIM CIIOCOOOM B ITATHKPATHON MOBTOPHOCTH C TOCIENY-
IOIIUM OTPEJEICHUEM B HUX COJEP>KaHUsS MaKpo- U MUKPOdAJIEeMEeHTOB [13].
KonnuecTBeHHOE OnpeaeneHne 3IeMEHTHOTO XUMHUECKOTO COCTaBa B PacTH-
TENBHBIX M TIOYBEHHBIX 00pa3iiax MPOBOAMIN C UCIIOIb30BaHNEM IPHOOPHOTO
napka balkanbCKOro aHaJIUTUYECKOrO LIEHTPA KOJUIEKTUBHOTO MOJIb30BAHUS
(LIKIT) MUHIT CO PAH. Craructudeckas 00paboTKa JaHHBIX OCYIIECTRIIAIACH
¢ momotsio maketa nmporpamm MS Excel 2010, STATISTICA 8.0. B Tabmumax
TIPUBE/ICHBI CPE/IHIE BEIMYNHBI KaXK/I0TO IIapaMeTpa U UX CTaHIapTHBIE OTKIIO-
HEeHUs Ipu ypoBHE 3HaunMocTu P< 0.05.

Pe3ysbTarsl u 00cy:KaeHHE

[Ipaxrryecku Ha Bcex I1I1 BeIsIBIEHBI HETaTUBHBIEC N3MEHEHHUS TAPaMETPOB
JAPEBECHBIX paCTeHI/II\/’I 1 TOYBEHHOT'O ITOKPOBA BCJIEACTBUE ITOBBIICHHOTO 1 BbI-
COKOT'0 YPOBHSI PEKPEaIlMOHHON Harpy3Kku. JIecHbIE TOUBBI, KaK ITPAaBUIIO, TIEpP-
BBIMH UCTIBITHIBAIOT PEKPEALIMOHHOE BIUSHUE, UTO MPUBOJAUT K 3HAYUTEIILHOMY
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UX HApYIICHUIO U ierpajanuu. [[loMrUMO SIBHO BBIPOKEHHBIX IPU3HAKOB aHTPO-
MTOTEHHOTO BO3/EHCTBUSA (PBITBUHBI, MBI, CJICIBI OT KOCTPHIIL, HEYIOPSTOYCH-
HAasl MPOKJIA/IKa TOPOT, MHOTOYHCIICHHBIC CTUXUIWHBIC CBAJIKH ), HMEIOT MECTO U
HETaTUBHBIE U3MEHEHUSI, OTIPEIEIISIEMbIEe MHCTPYMEHTAIBHO U TPOSIBIISIIOLIUECS
B CYIIIECTBEHHOM HaPYIICHUH MOPPOCTPYKTYPHBIX U (PU3UUECKHX MTapaMeTpPOB
MouBHI (Tabm. 1).

Tabnuya 1.

MopdocTpykTypHBIe 1 (pU3HYECKHEe NapaMeTPbl MOYBbI HA MPOOHBIX MJIOMIAAAX
HA I0’KHOM 1odepe:xbe 03. baiikan (P=0,05, n=64)

Mou- MoruHocTh [InorHOCTH
Ne HOCTh TYMYCOBBIX Braxuocts, (0O6BeMHBII Topu- Abspanus
oT oObema CTOCTh
[Il |momCTHIKM | TOPU3OHTOB % BEC) o %
M M r/cm®
I 4,5+0,4 10,3£2,1 27,2423 1,15+£0,06 |48,3+2.4|20,5+1,6
11 1,5+0,5 4,7+1,0 20,2+1,8 1,35+¢0,05 |36,3+£3,0 | 11,3+1,3
111 2,2+0,7 6,8+1,4 24,1+1,7 1,25+0,02 | 43,3£3,6 | 24,8+2,1
v 3,1+0,6 7,3+1,8 30,5+2,1 1,10+£0,03 |51,3+4,2 | 19,3£1,7
\Y 1,7+0,3 5,2+1,2 21,4+1,8 1,30+0,03 |38,3+2,6 | 16,3+1,3
VI 2,7+0,4 6,2+1,3 26,7+2,0 1,12+0,02 |47,543,1 | 18,4+1,6
VII 2,0+0,5 4,8+1,1 20,5+1,5 1,28+0,03 |40,1+2,0 | 20,1+1,1
Vi1 | 3,7+0,6 8,1+£2,0 30,5+2,3 1,05+0,04 |56,3+4,2 | 21,4+1,4
IX 3,8+0,6 8,8+1,3 35,2+3,0 1,02+0,03 | 58,4446 | 22,4+2,0
X 4,2+0,4 9,2+1,1 37,1£2,6 0,98+0,02 |60,5+4,8 | 24,1+1,6
XI 4,4+0,5 10,2+2,1 38,5+2,8 0,95+0,03 | 63,64+4,1 | 28,6+1,5
XII 4,3+0,3 10,1£1,9 36,4+2,7 0,97+0,02 |62,3+3,6 | 26,5¢1,3
e | 6,7+0,5 15,17+2,4 41,2+1,6 0,75+0,03 | 68,6+2,1 | 32,3+1,2

Kak cBUIETENbCTBYIOT JAHHBIE, MOIIHOCTD JIECHOM MOJICTUIIKYA yMEHbIIIE-
Ha Ha pa3HbX [1I1 ot 1,5 mo 4,5 pa3 B cpaBHeHNH ¢ (DOHOBBIM 3HAUCHHUEM, UTO
yKa3bIBaeT Ha 3aMeJIeHUE Ipoliecca pa3oKeHUs IePHUHBI U3-3a YTHETEHUs
JEeSITeTbHOCTH MUKpOoOOKoMITIekca. O CHIBHOM YIUIOTHEHHOCTH TOPU30HTOB,
CJIC/IOBATENBbHO, O HAPYIIECHUH UX CTPYKTYPBI, MOKHO CYIUTH IO HETaTHBHBIM
HM3MEHEHMSIM MX (U3MYECKHX MapaMeTpOB: IUIOTHOCTH yBenudeHa B 1,5-2,0
pa3a, BIQKHOCTh U MOPUCTOCTh CHIDKEHBI B 1,3—2,5 pa3a, ypoBeHb adpariiuu —
70 3 pas. Kak cinencreue, ryMycOBbIE TOPU30HTBI HMEIOT CYIIECTBEHHO CHU-
XKeHHy!0, oT 1,5 10 3,2 pa3a, momHOCTh. O TOM, KaK HapyleHHe (PU3NIECKIX
rapamMeTpoB OTPaXKAaeTCs Ha MUTATEILHOM PEXXUME TIOYBBI Ha 00CIJICI0BaHHBIX
[II1, cBUAETENBCTBYIOT JaHHBIC TA0J. 2, TOKA3bIBAIONIEH ypOBEHb OOMEHHBIX
KaTHOHOB B IMOYBEeHHOM TortormaromeM komruiekce (ITITK).
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Tabnuya 2.
Conepxanne 00MeHHbIX KaTHOHOB IITIK B BepXHHX OYBEHHBIX FTOPU30HTAX
HA NPOOHBIX MJIOIIAAAX HA K0KHOM nodepesxbe 03. baiikaa (P=0,05, n=76)

o + + 24+ 2+ Cymma
HNI__I MF/[II<<F>}102 E\/{I\iz/ix]r, MIE/(I:(?"X]I,OZ ME‘%I%X%,OZ [K*,Na*,grajl,l(\)/ggz*],Mr/
1| 824+132 |22.10£2.12]32,67+3.81 | 10.89+2,31 52,023.35
11 18,79+3,31 | 55,35+5,24 | 99,85+6,28 | 24,71+4,42 143,90+£7,32
111 15,41+3,32 | 38,70+3,27 | 74,52+6,41 | 18,33+3,85 108,64+5,21
IV | 14324212 [ 28.10+2.21 [ 71,33+4.82 | 17.22+3.71 103,15+4,29
A% 17,37+3,23 | 37,57+3,28 | 97,65+7,31 | 23,51+5,12 138,91+5,61
VI | 12,26+4.61 | 35,14+2,11 | 57,23+3.87 | 15,38+2,42 85.20+3.23
VII | 18,11£3,52 | 41,2243,34 | 81,32+8,33 | 24,32+4,41 124,16+5,89
VIIL | 12,612.32 | 33,13+3,17 | 46.81+3.44 | 21,17+2.11 80.92+2.12
IX | 10,1242,51 | 29,1242,03 | 38,85+3,28 | 13,70+1,22 62.96+1,08
X | 10,05£1,04 | 27,78+1,01 |31,2143,48 | 11,2242,36 52,76+1,11
XI | 9,55+131 |22,45+1,07]28,4552,22 | 8284231 46,50+1 32
XII 8,79+1,22 |23,06+1,14|30,12+1,29 | 5,87+0,77 45,01+1,27
T @ | 8,12+1,16 |21,89+1,27 | 27,56+1,38 | 5,210,72 42,12+1,12

OO0Hapy>xeHo, uro Ha OonbmrHCcTBE 111 ypOBEHB OTAEIBHBIX HIEMEHTOB U
ux cymMma B I1T1K 3HaunTeNBHO BhIIIC B cpaBHEHUH ¢ (hoHOBOH I1I1, pu 3TOM
oco60 Beiaestores IIT IT (moc. JIuctesanka), IIIT V (1. Cmonsaka), TITT VII
(r. baiikanbck), Tie cyMMapHOE KOJIMYECTBO 3JIEMEHTOB IMPEBBINIacT (GoHOBOE
6osee, yem B 2 paza. OIHAKO, 3TO HE UMEECT MO3UTHBHOTO 3HAYCHHSI, TI0CKOJIb-
Ky HapymieHne GU3NIeCKIX XapaKTePUCTHK MOYBHI IPUBENO K 3HAYUTEIIEHOMY
YBEIIMUYCHUIO €€ MUHEPAJIbHOM YacTH HaJl OPraHUIECKOH, YTO BHI3BAJIO BO3PAC-
TaHHUE JIOJHM TUAPOKCOKATHOHOB KaJbIUsI, MarHUs, KaJHs, HATPUS B COCTaBE
KoJutouaHbIX coenunenui TTTTK.

Kommonnnaple coennHeHHUs 00JaJalOT BBICOKOH yIaep KHBAIOMICH CITO-
COOHOCTBIO K 00MeHHO moromeHHsiM nonam K¥, Na*, Ca?", Mg*, koto-
PBIC CTAHOBATCA IJIOXO paCTBOPUMBIMU B IMMOYBEHHOM PACTBOPE, a 3HAYUT
MEHEee JAOCTYITHBIMHU JAJIsi KOPHEBOM CHCTEMBI pacTeHmil. BmoOaBok, yBenn-
YEeHHE YPOBHS OOMEHHBIX KaTHOHOB IIEIOYHOTO COCTaBa IPUBENIO K MOBBI-
LICHUIO COAEPIKaHUsl TOABMKHBIX (DOPM psijia TSHKEIbIX MeTaioB (Tadum. 3).
Kak 6pu10 MOKa3zaHo panee [19], 9T0 mpoucxoauT 3a cuer oOpa3oBaHUS B
MOYBaX OPraHO-MHHEPATBHBIX KOMILIEKCOB, HanpumMep, Takux K [Zn(OH),],
Na,[Pb(OH),], Na [Cd(OH),].
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Tabnuya 3.

Conep:xanue MOABMKHBIX (POPM TSKETBIX METAJIOB B BEPXHIX MOYBEHHBIX
TOPH30HTAX HA MPOOHBIX IVIOLIASX HA I:KHOM nodepe:kbe 03. Baiikan (P=0,05, n=76)

Ne Pb, Cd, Cu, Zn, Fe,

TIIT MI/KT MI/KT MI/KT MI/KT Mr/krx10?
I 9,32+1,18 0,08+0,02 5,23+1,45 23,71+8,72 50,23+5,32
1I 18,454+2,34 | 0,23+0,07 16,74+1,13 | 78,36+7,41 97,36+9,52
11 12,47+£2,12 0,11+0,03 9,85+2,47 53,41+6,35 84,45+8,62
v 8,31+1,10 0,10+0,04 7,35+2,89 47,56+4,75 78,35+7,56
\% 16,27+2,47 0,17+0,08 13,55+2,78 | 68,51+6,11 91,23+5,42
VI 13,2543,42 0,14+0,05 7,1042,49 56,45+5,42 79,33+6,12
VII | 17,88+4,56 | 0,19+0,09 15,52+3,38 | 95,65+8,72 99,85+9,17
VIII | 12,33+3,87 0,13+0,02 6,89+2,28 51,17+3,85 76,65+7,28
IX 11,22+1,59 0,10+0,03 6,78+1,13 48,70+3,22 65,79+7,41
X 10,95+1,35 0,09+0,01 6,33+1,10 46,52+2,28 51,33+6,64
XI 10,15+1,28 0,08+0,01 5,87+1,45 32,47+4,41 53,2345,31
XII | 10,25+1,36 | 0,09+0,01 5,93+1,85 34,89+5,23 56,17+6,28
oI e | 6,02+1,01 0,05+0,01 4,10+1,02 21,41+2,31 48,28+3,41

ITonyuyeHHble JaHHbIE YKa3bIBAIOT, UYTO BO3JEHCTBUE PEKPEAllMOHHON Ha-
I'PY3KH BBI3BAJIO BBIPR)KEHHOE M3MEHEHHE NMUTATEIBHOTO PEXKHMa ITOYBBI,
YTO MOXXHO CHUTATh OAHUM U3 HpOHBHeHI/Iﬁ HapymeHUA NpUpOaHbIX 61/10re-
OXMMHUYECKHX IIMKIIOB 3JIeMeHTOB. [locienyromee pa3BuTHe 3TOTO Ipouecca
BeAET K HETaTUBHBIM M3MEHEHHUSIM B ITUTATEIHHOM CTaTyCe PACTCHHH, UTO
TTOJITBEPIKAAETCS pe3yJbTaTaMy NCCIIeIOBaHNH CoiepKaHusI OMOTCHHBIX dJie-
MEHTOB B XBO€ cOCHbI Ha BcexX III1. Bbla BhISIBIEH CyLIECTBEHHBIN YPOBEHb
mucbananca OMOTEHHBIX DIIEMEHTOB U Psijia COSIMHECHHM B XBoe (puc. 2). O6-
Hapy>KeHO BO3pacTaHHE COJEpPKaHUs a30Ta OOIIETo 3a CUeT a30Ta HebeKo-
BOTO, B TO BpeMs KaK ypoBeHb a30Ta OEJIKOBOI0, KakK MPaBHJIO, CHHIKAJICS,
CKOpPEe BCETo, N3-3a O0IIETo MOJaBICHNS CHHTE3a BBICOKOMOJIEKYIISIPHBIX CO-
eIMHEHUI. 3HAYNMO YMEHBIIAIOCH cofepxkanne Gpocdopa od1ero, ocodeHHO
9710 ObLIO Xapakrepro st 111 11, rie HanGoiee BbIpaXeH Mpecc peKpeariy.
HenocraTok kanust ObIT MEHBIIIMM U COCTABIISUT B cpeHeM 9%. UTo kacaercs
MarHus — 3IEMEHTa, HEOOX0IMMOTO IJIsl CHHTE3a XJI0po(MIIIa, ero cosepxa-
HUe OBLIO CYIIECTBEHHO CHIKEHHBIM B XBoe cocHbl Ha Beex [1I1 na 30-34%.
CoOTBETCTBEHHO 3TOMY, IPOBE/ICHHBII aHAJIN3 XBOU Ha COJICPIKAHHE XIJIOPO-
¢wmna mokasan nageHue ero yposss Ha pasubix [T ot 18 1o 36% B cpaBHe-
HUM ¢ (POHOBBIM 3HAYCHUEM.
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Puc. 2. M3menenne cpeanero cogepxanus (B %) OHOTEHHBIX 27I€MEHTOB
U COeTMHEHHI B XBOE COCHBI Ha I0’KHOM No0epexbe 03. balikan B ycioBuax
pekpearonHoi Harpy3ku. O6o3nauenus: N obmr. — a3ot o6muii, N 6. — a3oT
OemnxoBbIit, N HO. — a30T HebenkoBkIid, P — dpocdop, K — xanuii, Mg — marauit

CrnencrBrueM nucOanaHca 3JIEMEHTOB-OHOTEHOB SBUIIOCH 3aMEIJICHHE PO-
CTOBBIX IIPOIIECCOB JEPEBBEB, O YEM MOXKHO CYJHTB 110 COCTOSIHUIO MOp(O-
METPUYECKHX MapaMeTPOB XBOU, MOOETroB, CTBOJIOB. [IpakTuyecku Ha Bcex
[IIT oOHapyxwuBaeTCs CHIKEHUE OONBITMHCTBA IMapaMeTPOB U YBEITHUCHHE
YpOBHs Ae(oiaranuu KPoH JAepeBbeB COCHBI (Tabdm. 4). OCOOCHHO BBICOKHI
ypoBeHb nedonuanuu 3apeructpuposan Ha [1I1 II (oc. Jluctesiaka), [1I1 IV
(1. Cmopstaka), TV (KBX/), ITIT VII (r. bafikansck). CiexyeT ymoMsSHyTb,
gto Ha [1I1 I1, IV, VII onpeneneHHAbIH «BKIaa» B 0CIablIeHUE IPEBOCTOCB pa-
Hee ObUT 00YCIIOBIICH TAK)KE U BO3JICHCTBUEM TEXHOTCHHBIX amuccuii [12]. B
Haygasne 2000-X rojoB B OKpecTHOCTsIX noc. JIucTesiHka, . Catonsiaka u r. baii-
KaITbCKa BBISBILICS CIIA0BIH YPOBEHD 3arpsI3HEHUS JIECOB BCICACTBHUE ITOBHI-
LIEHHOTO COZIeP KaHUs MOJUIFOTAHTOB, IPEXKJIE BCETO CEPBI, B XBOE JEPEBLEB.
B Hacrosiiiee Bpemst B mpodax xBou, oroOpaHHbIX Ha Beex [1I1, coneprkanue
cepsl ObLIO MOBBIIICHHBIM B 2 pa3a Toiabpko Ha aByx [1I1 — BOmm3u moc. Jluct-
BsSIHKA ¥ T. baifkanbcka. 113 3TOro MOJKHO 3aKIIFOYHTh, YTO TIIABHEIM (DaKTOPOM
YXYIIICHHS COCTOSIHUS IPEBOCTOEB Ha I0)KHOM rodepexbe balikana seisiercs
BBICOKHI YPOBEHb PEKpPEallMOHHON HAarpy3KH, BbI3BAaHHBIM PE3KO BO3POCIIUM
TYPUCTHYECKUM ITOTOKOM, IO CYIIECTBY — HEPAlMOHAIHHBIM PEKpPEarIOHHBIM
JIECOTOIb30BAHUEM.



254

Siberian Journal of Life Sciences and Agriculture, Vol. 13, Ne3, 2021

Tabnuya 4.

MopdomeTpuyeckue napaMeTpbl AepeBbeB COCHBI HA MPOOHBIX MJIOLIAISIX
HA I0’KHOM 1odepe:xbe 03. baiikan (P=0,05, n=62)

No Juametp I[JII/IH::< Yucno map | Macca Egﬁfggﬁt ae;%?i/leal{;nn
o | cTBona, mobera*, | XBOMHOK Ha | XBOH 1100e- JKW3HH XBOML, KDOH,
cM cM nobere, IIT. ra, T o

JeT %
1 31,348,2 | 9,4+3,4 | 859+7,9 | 2,07+0,54 5 25
I | 23,442,1 | 8,842,9 | 60,8£16,4 | 1,01+0,20 3 45
I | 30,843,7 | 16,9+2,6 | 90,9+10,6 | 3,29+0,79 4-5 25
IV | 24,8+1,7 | 9,7£2,3 | 71,7+17,9 | 1,97+0,63 4 35
V | 27,428 | 12,2+£1,8 | 69,5+10,3 | 2,14+0,22 4 40
VI |39,9+9,1 | 12,3£1,6 | 68,6+7,2 | 2,23+0,46 4 25
VII | 32,5+1,8 | 6,6£2,9 | 54,8489 | 1,38+0,49 4 40
VII | 25,443,7 | 15,742,5| 90,2+16,1 | 2,31+0,71 4 25
IX |37,6£5,6|16,7+1,6| 74,1+16,2 | 2,21+0,86 4 25
X |23,644,9 | 11,9+43,4 | 69,8+20,1 | 1,67+0,62 4 35
XI |29,644,8 | 13,3+2,3 | 61,0+12,6 | 1,83+0,51 4 25
XII | 23,1£5,8 | 12,5+0,8 | 63,2+8,8 | 1,20+0,42 4 30
M d| 37,942,4 | 17,8+1,6 | 115,7+13,9 | 4,13+0,89 67 15

*ccnenoBananch moderu 2-ro rofga )HU3HHA Kak HanOosee (GU3HOI0rHYeCKU aKTHBHBIE.

Bwmecre ¢ Tem, oTpHUIaTeIbHOE BO3ICHCTBHE 00OWX aHTPOIIOTCHHBIX (hak-
TOPOB MMEET CXOXKECTh, MMOCKOIBKY U B TOM, U B JPyroM CJIy4ac B JICCHOM
9KOCHCTEME MPOUCXOJUT CYIIECTBEHHOE HApYIlIEHHE OMOTEOX MIMUYECKUX MPO-
LIECCOB, MPU TEXHOTCHHOM 3arpsi3HEHUH — M3-32 HEPEryJINPyeMOro MpUBHO-
ca 3JIEMEHTOB-TIOJUTIOTAHTOB, MIPU PEKPCAIIIOHHON HAarpy3Ke — KaK CJICJICTBHE
HCKaKEHUSI MOPPOCTPYKTYPHBIX U (PU3UKO-XUMHUYECKUX CBOWCTB ITOYBEHHBIX
rOPU30HTOB. B 000MX cilydasix BBISBISIETCS SKOCHCTEMHbIH qucOanaHe die-
MEHTOB-OHOTCHOB, BBI3BIBAIOIINN YXY/IIICHUE MUTATEIHHOTO CTaTyca JICCOB,
UX CTPYKTYpHO-(YHKIHMOHATBHYIO TPAHC(HOPMAIIHIO, YTO MOXKET HPUBECTH K
pacriagy OHOTeOIIeHO30B.

3aki0ueHue

[TokazaHo HapylIeHHEe COCTOSIHUS JISCHBIX OMOT€OLIEHO30B Ha FOYKHOM I10-
Oepexbe 03. baifkanm BciencTBHE BRICOKOTO YPOBHS PEKPEallnOHHOW Harpy3-
KH, BBI3BAHHOT'O PE3KO BO3POCLIMM B MIOCIIEAHUE JECSITUIETUS TYPUCTUUECKUM
notokoM. IIpecc pexkpeaunyn MHULUUPYET HEraTUBHBINA MPOLIECC, UMEIOLIUI
CHCTEMHBIN XapakTep, YTO YCTAHOBIEHO IPHU HUCCIIEAOBAHUN OCHOBHBIX KOM-
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IIOHEHTOB JIECHBIX OMOTeOIEHO30B — JAPEBOCTOs U 1OYBbI. CyIIECTBEHHOE Ha-
pymeHrne (pU3NKO-XMMHUYECKUX XapaKTEPUCTUK TTOUBBI MOBIEKIIO HCKAKEHHE
OMOTeOXMMNYECKUX MPOILECCOB, YTO MPHUBENIO K AUcOaiaHCy OMOTeHHBIX dJe-
MeHTOB B [1I1K 1 yxyamenuo nuraTeaIbHoro peskiuma ouBbl, COOTBETCTBEHHO,
9TO BBI3BAJIO TUCOANIaHC AIIEMEHTOB B aCCUMMJISILIMOHHBIX OpPraHax JIepPeBbEB.
INocaenyromee yxyameHne MUTATEIBHOTO CTATyca APEBOCTOEB MPOSBIIIOCH B
YTHETEHHH MX POCTOBBIX MapaMeTpoB. Takum oOpa3oM, HepalMoHalIbHOE pe-
KpeanroHHOE JIECOTOIb30BaHUE MOXKET NMPUBECTU K BBIPAKCHHOM TUTPECCUU
JIECHBIX 3KOCHCTEM, TI03TOMY HEOOXOANMBI O€30TIaraTeIbHbIe MEPHI IO CHU-
JKCHUIO PEKPEaIliOHHON Harpy3KH Ha FOXKHOM 1modepexne 03. baiikan. B atom
IIaHe 0co0oro BHUMaHUs TPeOyIOT 30HBI pEKpealuy, Mpuieranme K mnoc.
JluctBsHKa, T. Baiikanbcky, a Taxke kK KpyrobaiikaabCkoi skene3Ho# 1opore.

Paboma evinonnena npu yacmuynou uuancosoll nodoepicke PODH u
Ilpasumenvcmea Hpkymckoii oonacmu (npoexmot Ne 20-44-380009 u Ne 20-
44-380016).
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CTPYKTYPA MOP®OJIOTUYECKOM
N3MEHYUBOCTU U BUTAJIUTETHASA CTPYKTYPA
HEHONONYASAINAN TULIPA GESNERIANA L.
HA EPTEHUHCKOW BO3BBIIIEHHOCTH

H.II. Jluoscuesa, A.C. Ouuposa,
K.B. Osaovikosa, C.B. Yoywaesa

Oobocnosanue. H3yuenue HCUSHEHHOCMU UHOUBUOYYMOS U UMATUMEMHOU
CMPYKMYpbl RONYAAYULL AGNACTNC OOHUM U3 AKIMYATbHBIX NOOX0008 6 OYeHKe CO-
CMOAHUA PeOKUX BUOO8 PACMEHUI, K KOTNOPLIM OMHOCUMCS 00bEKM UCCTe008AHIUA.

Lens. Onpedenenue cmpykmypvl MOpHOI0SUYECKOU USMEHYUBOCIIU U GUMA-
aumemnot cmpykmypul yenononynayuii Tulipa gesneriana L. na Epzenunckoti
6036bIUUEHHOCTIU.

Mamepuanst u memoowl. Vcciedosanus nposoouiu 6 meuenue 08yx se2ema-
YUOHHBIX CE30HO6 6 MpeX YeHONONYIAYUAX U3 PASHBIX PACTHUMENbHBIX CO0OUeCmS.
Yposenv usmenuusocmu 12 mopgonocuueckux npusHaxos pacmenui oyeHueaiu
no C.A. Mamaesy. B cmpyxmype usmenuu8ocmu 6ul0esnu epynnsl CUCHEeMHbIX
UHOUKAmMopos. /s 0yenKy nIacmuyHOCmuy NPUHAKA UCNOTb308AIU UHOEKC (humo-
YeHOmuU4ecKoll NIaAcmu4HOCMU, GUMATUMEMHO20 CNeKMPAa NONYIAYUL — MemOOUKy
FO.A. 3n06una, sumarumemuol cmpyKkmypvl NORYIAYUU — UHOEKC eUmMaiumemd,
sumanumemno2o muna — kpumepui Q, cmenenu npoyeemanusi Uil 0enpecCusHo-
cmu yenononynsyuti — unoexc 1Q.

Pezynomamut. bonvuiuncmeo usyuennvix npusnaxos pacmenui 1. gesneriana
6 nepevill 200 UCCIEO08aHUSL UMENU OObUUE 3HAYCHUS, YeM 6 CLeVIoueM 200Y,
8apuUPYs NPU IMOM NPEUMYUWeCBEHHO CPeOHeM U NOGbluleHHOM ypoene. B cre-
oyrouem 200y ypogeHs 8apbupO8anUs NPU3HAKO8 803POC.

Cmpyxkmypy uzmenuusocmu mop@onocuieckux npusnarxos I. gesneriana @
nepeulil 200 UCCIe008AHUSA CLA2ANU 2PYNNbL IKOL020-OUON0SUHECKUX U OUON02U-
YeCKUX CUCMEMHBIX UHOUKAMOPO8, & Clledyrujem 200y HApsoy ¢ OAHHbIMU O8YMsL
2pynnamu NOAGUIACH 2PYNNA IKOJIOSUYECKUX CUCMEMHBIX unouxamopos. Oyenka
JicusHenHocmu yenononynayutl 1. gesneriana 6viaeund, 4mo OoHU OMHOCAMCS K
muny «npoyeemaiowuey. Cmenenv npoyeemanus yeHononyiayull Koiebanacs
no 200am.
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3aknwouenue. Taxum obpasom, yenononynayuu T. gesneriana ommocuaucy K
sUManumemHoMy muny «npoygemaiowuey. Bo emopotii 200 uccnedosanus 6 yeHno-
nonynayusx T. gesneriana, nokazamenu JCU3HEHHOCU YXYOULATUCY.

Knioueswie cnosa: T. gesneriana L.; yenononynayus, cmpykmypa mopgonocu-
YecKoU UBMEHYUBOCTNU, 6UMANUMEMHAsS CMPYKMYypa

Jna yumuposanus. Jluoscuesa H.1]., Ouuposa A.C., Osaodvikosa K.B., Yoy-
waesa C.B. Cmpykmypa Mop@orocuueckol usmMenyugocmu u sumaiumemnas
cmpykmypa yenononynayui Tulipa gesneriana L. na Epeenunckou 6038vluiennocmu
// Siberian Journal of Life Sciences and Agriculture. 2021. T. 13, Ne 3. C. 261-275.
DOI: 10.12731/2658-6649-2021-13-3-261-275

STRUCTURE OF MORPHOLOGICAL
VARIABILITY AND VITALITY STRUCTURE
OF CENOPOPULATIONS OF TULIPA GESNERIANA L.
ON THE ERGENINSKAYA HILL

N.Ts. Lidzhieva, A.S. Ochirova,
Zh.V. Ovadykova, S.V. Ubushaeva

Background. The study of the vitality of individuals and the vital structure of
populations is one of the most relevant approaches to assessing the state of rare
plant species, which includes the object of research.

Purpose. The determination of the structure of morphological variability and vi-
tal structure of the coenopopulations of Tulipa gesneriana L. on the Ergeninsky Hill.

Materials and methods. The studies were carried out during two growing
seasons in three coenopopulations from different plant communities. The level of
variability of 12 morphological traits of plants was estimated according to S. A. Ma-
maev. Groups of system indicators were distinguished in the structure of variability.
To assess the plasticity of a trait, the index of phytocenotic plasticity was used, and
the vitalit spectrum of populations was used using the Yu. A. Zlobin s method, vitalit
population structure — vitalit index, vitalit type — Q criterion, degree of prosperity
or depressiveness of coenopopulations — 1Q index.

Results. Most of the studied traits of T. gesneriana plants in the first year of the
study had higher values than in the following year, while varying mainly at the average
and elevated levels. In the following year, the degree of variation in the signs increased.

The structure of the variability of morphological indicators of T. gesneriana in the
first year of the study was composed of groups of ecological-biological and biologi-
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cal system indicators, in the following year, along with these two groups, a group of
ecological system indicators appeared. An assessment of the viability of T. gesneriana
coenopopulations revealed that they belong to the «thriving» type. The degree of
prosperity of the coenopopulations, estimated using IQ, varied over the years.

Conclusion. Thus, the coenopopulations of T. gesneriana belonged to the vital
type «thriving». In the second year of the study in the coenopopulations of T. gesne-
riana, the vital signs deteriorated.

Keywords: Tulipa gesneriana L.; coenopopulation; structure of morphological
variability; vital structure
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MopdoOuonoruueckasi HEOTHOPOAHOCTh OCOOEH B MOIMYISLUSIX UMEET B
CBOEif OCHOBE pa3IHuHe 110 KOMIIJIEKCY HX OMOJIOTHYECKUX CBOWCTB M 0COOCH-
HOCTEH, HEOJJHOPOAHOCTh YCIIOBHI OOMTAaHUS B PACTHTEILHOM COOOIIECTBE.
B Toxe Bpemst BHyTpuBHUI0Bas Au(pdepeHnnanys sBIsSeTcs CyIeCTBEHHBIM
(axTopom obecrieueHurs roMeocTasa HOIyJSIIKH, TIPodieMa NOoIepPIKaHUsT KO-
TOPOTO 0COOEHHO BayKHA AJISI PEAKHUX BHUIOB.

B mopdorenese pacteHnit HHTErpUpOBaH YpPOBEHB MTPOLECCOB METa00IN3-
Ma, B CBSI3M C 4YeM MOP(OJIOrnYeCKUil CTaTyC BEreTaTHBHBIX M F€HEPATUBHBIX
OpTaHOB IMO3BOJISIET XapaKTEPU30BATh KU3HECTIOCOOHOCTH 0cobeii [ 1]. Tlox Bu-
TAJINTETOM MOHUMAIOT )KH3HEHHOE COCTOSIHUE PACTUTEIIBHBIX HHIUBH/YYMOB,
C Oropoit Ha MOp(OMETPUYECKUE TTOKA3aTEIH, OLEHUBAIOILIHE POCT U MPOIYK-
TUBHOCTH pacTeHuii [1, 14]. M3ydenne >xu3HEHHOCTH HHIUBHIYYMOB U BUTa-
JIUTETHOW CTPYKTYPHI MOMYJSIINI SBISETCS OAHUM M3 aKTyaJIbHBIX ITOAXO0B
B OLICHKE COCTOSIHMSI peIKUX BUIOB pacTteHnil. K ux uuciy oTHOCHTCS 00B-
CKT HAIIer0 MCCJICIOBAHUS — JYKOBUYHBIN MoMuKapmnuk, sdemepoun Tulipa
gesneriana L. (Liliaceae), pekoMeHI0OBaHHBII K OXpaHE BO MHOTHX PErHOHAX
[5, 7 u np.]. B Kpacnoii kaure Poccuiickoit @enepanuu [6] BUI OTHECEH K BU-
JlaM, COKpAIAIOIIMMCSI B YUCICHHOCTH. JTO 00YCIIOBIMBAECT BO3PACTAIOIIMN
HHTEpEC K U3YUEHUIO 0COOCHHOCTEH OMONOTUH M MOMYJISIIMOHHBIM XapaKTe-
puctukam BunoB poxa Tulipa 8,10, 11, 12, 15, 18-20 u mp.].

Lenp uccnenoBaHms: ONpeieieHHe CTPYKTYPbl MOP(HOIOTHIECKOi H3MEH-
YUBOCTH ¥ BUTAJIUTETHOMN CTPYKTYpHI LieHononmysuuit Tulipa gesneriana L. Ha
EprennHcKoii BO3BEIIEHHOCTH B TipeAenax Pecmyonmukn KanMbikus.
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Marepuaja u METOAMKA

HccnenoBanust mpoBOAMIM B BeretanoHHble ce3oHbl 2017-2018 T
B TpEX LEHOTOMYIISINSIX M3 PA3HBIX PACTUTENIBHBIX COOOIIECTB, TPON3PACTAT0-
IMX Ha CBETJIO-KAITAaHOBOH I1OYBE, Pa3HOM CTeneHu 3acoienus. LieHomomysiwst
Ne 1 mpuypoueHa K JIyKOBUUHOMSITIIMKOBO — THITYAKOBO — KOBBUIKOBO — JIEPXO-
TIONBIHHOMY (Artemisia lerchiana — Stipa lessingiana — Festuca valesiaca — Poa
bulbosa) coobiecTBy, rieHonoMmyIsiiyst Ne 2 — pa3HOTPaBHO-KOBBIIKOBO-JIEPXO-
noneiaHOC (Artemisia lerchiana — Stipa lessingiana — Mixteherbosa) coo0ie-
CTBY, IeHOTIOIyIsityst No 3 — 31akoBO-TIPY THAKOBO-JIEPXOIIPOIBIHHOMY (Artemisia
lerchiana — Kochia prostrata — Poaceta) cOOOIIECTBY.

B xaxnoi neHonomyisun cirydaiiHeIM 00pa3zoM otOupanu He mMenee 30
ocobeli cpeHereHepaTUBHOTO BO3PACTHOTO cocTosiHUA [14]. Y HuX ocymiecT-
BIISTM M3MEHEHHUE ABEHAIATH MOP(OIOrnIeCcKnX MPHU3HAKOB BET€TaTUBHBIX
Y TeHEepaTHBHBIX OPraHoB, 0e3 YHUUTOKEeHHUs ocodei [3].

J1nst OLleHKH YPOBHSI UI3MEHYHBOCTH HCIIOIB30BAIN KOI(QMOUIIMEHT BapHaInu,
CUMTASI TIPH €10 3HAYEHMSIX < 7% M3MEHUMBOCTB PU3HAKA OUeHb HU3KOM; 7-12% —
Huskoi, 13-20% — cpenneit; 21-40% — Bbicokuid, > 40% — oueHb BbICOKHI [9].

B crpykType Mopdonornyeckoit i3MEHYHBOCTH BBIJIEIISUTH TPYIITBI CHCTEM-
HBIX WHJIUKATOPOB, UCTIOIb3YsI 0COOEHHOCTH OOIIEH U COIIaCOBAaHHON M3MEH-
ynBocTH [ 13]. CormacoBaHHYI0 H3MEHUHBOCTD [TApPAMETPOB ONPEACIISIIN Iy TEM
pacdera ko3(h(UIMEHTa AeTePMHHAINH, MTPEACTABISIONIEro co00i koahhu-
[UEHT KOPPEJSILMK, YCPEAHEHHBIN JUIS KOKI0TO YYUTHIBAEMOTO [TOKa3aTels.

[TmacT4HOCTH MPHU3HAKa OLIEHUBAJIN COTTOCTABICHUEM CPEIHUX 3HAUCHNH
TIPU3HAKOB 3a /IBA T0JIa CCIIEIOBAHUH KaK YaCTHOE aMIUTUTY/IbI ITIACTHYHOCTH
1 Koo purmeHTa cB00OHOTO pa3BUTHSL, PEICTaBIIsIIOIIEe cOO0 HanbobIIee
3HaYCHHE MMPU3HAKA B ONITUMAJIBHBIX YCIOBHSX: Ip =(A+B)/A, e Ip — MHJIEKC
(PUTOIIEHOTHYECKOH TUIACTHYHOCTH, A — MakcuMaibHOe, B — MUHNManbHOE
CpejlHee 3HAYCHUE MPU3HAKA B IOkl HAOFOICHUH [2].

JKuzneHHOCTh MHIUBUAYYMOB 1. gesneriana XapakTepHU30BaJIH MHJICKCOM
utaiurteTa ocodu (IVI) [1]. KirroueBsie mpu3Haku [UIs BEIYUCICHIS HHACKCA
BUTAIIMTETa 0COON yCTaHABIMBAJIH C TOMOIIBIO IPEIBAPUTEIHEHO POBEAECHHO-
T'O KOPPEISIIMOHHOTO aHAN3a.

BuTtanuTeTHbI CHEKTp NONYJISALUUNA MOJYy4YaJld C MOMOILBIO METOAMKHU
10.A. 3no6una [1]. [lyist 3TOro paH>XKMpOBAaHHBIH 110 MHAEKCY BUTAIUTETA PSII
oco0ell pactpeesIsuT 110 TPEM KIIaCCaM: «a» — C BBICOKUM, U TIpeJieIax IPaHHIl
JIOBEPHUTEIBHOTO HHTEPBAJIa CPEIHETO apu(hMETHISCKOTO (X =+ J).

BuranureTHyro cTpyKTypy MOIY/ISIIIAN XapaKTEPHU30BaJIN C TOMOIIBIO UH-
nekca utanurera nenononyssinun (IVC) [3]. [pu aTom nonaras, 4to HanOGoIb-
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e 3HaueHus nHaekca [VC orpakaror OaronpusiTHbIC YCIOBUS peain3aliu
MOTEHIINAaJIa pOCTa, a HANMEHBIIHE - HeOmaronpusTHbIe [4].

BuTanuTeTHBINH THIT [IEHOMOMYJISIIIUN BBISBISIN, TIPUMEHSISI C MTOMOIIHIO
kputepus Q: y mporseramnmx neHonomyssinuid Q = % (a + b) > ¢, y paBHO-
BECHBIX LeHononyssiuuii Q =% (a + b) = ¢, y ienpeccuBHBIX HEHONOMYISIIUN
Q=% (a+b)<c[l].

CreneHb IPONBETAHNSI WIH JICTPECCHBHOCTH IICHOIOMYIISIUN XapaKTepH-
soBau nHxekcom I, = (a + b)/2¢ [16]. 3HaueHME TaHHOTO MHICKCA, PABHOE
€/IMHHIIE, COOTBETCTBYET PABHOBECHOMY COCTOSIHUIO LIEHONOMYNsuu. Yem
6oubLie 3HAYCHHE |, OTKIOHSETCS OT €AMHALIBL, TeM OOJIbLIIE CTENEHb IPOLBE-
TaHMS U JICTIPECCHH.

Pesyabrarsl

B nenononynsusx 7. gesneriana Ha EpreHUHCKON BO3BBIILIEHHOCTH BBICO-
Ta pacteHuit gocturana 81,9-132,7 mm nimnHa nepBoro Mexxa0y3aust — 9,8 -22,6
MM, JUTHHA BTOPOTO MEXI0y3mus — 12,7-25,2 MM, IIHHA IBETOYHOHN CTPEITKA —
34.6 — 90,0 MM, JUIMHA JIMCTOYKA OKOJIOUBETHUKA — 24,2 — 35,8 MM, IIMpUHA
JINCTOYKA OKoJIonBeTHHKA — 12,3 -18,9 MM, nimHa HrokHero aucta 69,3-105,3
MM, IIAPUHA HIDKHETO Jucta — 17,6 — 21,7 MM, anmuHa cpenero jmcta 59,6-82,7
MM, LIMpUHA CpeaHero aucta —9,8-13,6 MM, JuinHa BepxHero Jiucta —44,2-66,9
MM, IIUpPUHA BepXHero aucra — 6,3 — 9,8 Mm.

ITommydeHHbIe TaHHBIE IO U3MEHUYNBOCTH OMOMETPUUECKHIX ITPU3HAKOB B I1e-
HOTIONYJSUAX 1. gesneriana B IBa TOJa HCCIEAOBAHNS OBUTH CKOPPETHPOBAHBI
C TIOTOJTHBIMH YCIIOBHUSIMH B TIEPHOJ aKTHBHOW BEreTaIlly pacTeHui (Tadm. 1).

Tabnuya 1.
2017 . 2018 T 2017 . 2018 1. 2017 . 2018 1.
=~z ~lz=| ~ || ~ || ~ || ~ |z~
=l = |oT| = |oT| = |67 = |oT| = |oT| = |o~
Lenonomymsius Ne 1 Llenonomymsiuus Ne 2 Llenonomymnsius Ne 3
(=4
=§ 45 (304 | -28 [ 589 | 42 | 334 | -1,6 | 588 | 42 | 334 | -1,6 | 588
2
é 10,8 | 53 [ 10,5 | 11,2 | 9.4 | 38,1 10 32 10 | 38,1 10 32
<

Mopdosorudeckue npu3Haku, OnpeessieMble POCTOBBIMH IPOLIECCaMH Op-
TaHU3Ma, CBSI3aHBI C UX MIPUCTIOCOOIEHHOCTHIO K YCIOBUSIM OONTAHUS, YPOBHIO
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IUIOTHOCTH, (PUTOIICHOTHYECKOM 00cTaHOBKE K [ 16, 17]. BonbInHCTBO Npu3Ha-
xoB pactenuit 7. gesneriana B 2017 1. ¢ G0apIIIM 00BEMOM OCAIKOB U Ooiee
BBICOKMMH TEMITEpaTypaMy MapTa-arpesisi UMeIH OOJbIINe 3HaYEeHHs, YeM B
2018 roxy.

COOTBETCTBEHHO B MEPBBIH TO/ NCCIEAOBAHMUS MPU3HAKY BAPHUPOBAIH TIpe-
MMYIIECTBEHHO CPEJHEM U ITOBBIIIEHHOM ypOoBHE. O4YeHb BBICOKHH YPOBEHB M3~
menunBocTH (C = 42,6%) BBISBIIEH Y JUTMHBI TIEPBOTO MEXKIOY3IIHS, BHICOKHH
ypoBeHb n3menunBoctH (C = 33,2%) — y 1IMHBI BTOPOTO MesK10y3/11s (Tadi. 2).

B cnemyromiem roxy mpU3HAKOB, BapbHPOBABIINX HA CPEJHEM YPOBHE HE
OTMEYaJI0Ch, 00a MEX0Y3JIMs CTaJIM BAPHUPOBATH HA OUYEHb BHICOKOM YPOBHE,
JUIMHA IBETOYHON CTPEJIKU U HIMPUHA BEPXHETO JIUCTA — Ha BBICOKOM, OCTaJb-
HBIE BOCEMb MIPU3HAKOB — HA TTOBBIIIICHHOM YPOBHE M3MEHYHBOCTH.

Tabnuya 2.
H3menunBocTh 6MOMOP(OIOrHYeCKUX NPU3HAKOB (MM)
B uenononyassuusx Tulipa gesneriana B 2017 rony
IMpusnaku X S_ C S HPCZ{CJ‘ILI |
* v < | min | max P
Bricora pactenus 112,2 (2,78 { 2594 | 1,75 | 42 | 191 | 0,19
JlMHa epBOro MeXJ10y3us 18,6 |0,76 | 42,58 2,87 | O 34 10,34
JlnHa BTOpOTo MEX10y3/IHs 21,8 [0,69 33,24 224 | 4 49 10,12
JInuHa IBETOYHON CTPENTKU 38,4 [0,98]26,66 1,80 19 | 68 |0,21
JlmmHa JTMCTOYKA OKOJIOIIBETHUKA 33,2 10,48 14,82 (1,00 20 | 46 | 0,13
upuHa TUCTOYKA OKOJIOIBETHUKA 18,5 10,34 19,30 | 1,30 | 6 32 10,04
JlmMHA HUDKHETO JIMCTa 96,3 | 1,751 19,05 1,28 | 51 | 140 | 0,19
[IuprHa HUKHEro JIUCTa 20,8 (0,39 19,88 | 1,34 | 11 31 | 0,11
JlnmHa cpepHero iucra 79,6 [2,17]28,60|1,93| 19 | 131 | 0,36
Iupuna cpennero nucra 13,1 (0,29 (2297 |1,55| 6 21 0,12
JIimHa BEpXHETo JHcTa 57,3 | 1,58 128,94 1,95| 23 | 92 |0,34
[IupuHa BepXHero nucra 9.2 10,23]126,78 1,81 | 4 17 10,17

B 2017 rogy HanOOIBIIYIO MIACTUYHOCTh OTMEYAIHN JJIST TPEX IMPU3HAKOB
(Ip 0,34-0,36): nuHA IEPBOTO MEXKIOY3JIUs, IJIMHA CPEIHETO M BEPXHETO JIH-
ctheB. B 2018 . Hapsay ¢ IEpBBIM MEKI0Y3JIHEM BBICOKO IIIACTHYHBIME OBLITH
BBICOTA PACTCHUS, JUITMHA BTOPOTO MEXKI0Y3/I1s ¥ IBETOYHOM cTpenku. OcTamb-
HBIC TIPU3HAKH ObIIM MEHEe IIacTHYHBIMU. Hanbosiee KOHCTaHTHBIM NOKa3are-
JieM, 0OHapYKUBIIMM MUHUMAIIBHBIA ypOBeHb IiacTHyHOCTH B 2017 T. ObLiIa
IIpuHa TrucTouKa okoionBeTHrka (Ip= 0,04), B 2018 1. — mmprHa HIKHETO
mcra (Ip= 0,08) (tabdm. 2, 3).
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Tabnuya 3.
H3menyuBocTh 6MOMOP(0IOrHYeCKUX NPU3HAKOB (MM)
B ueHononyasuusx Tulipa gesneriana B 2018 rony

[pusHaku x | S.| C |S Hpez{eﬂm I

X Y < | min | max P
Beicora pactenus 111,21 3,16 | 30,08 | 2,01 | 30 | 185 0,38
JlnnHa mepBoro Mexa0y3aus 15,0 { 0,70 49,26 3,29 | 2 35 10,50
JlnuHa BTOPOTO MEXKIOY3ITHSI 19,9 (0,89 | 47,19 |3,15| 1 50 | 0,50
JImnHa IIBETOYHON CTPEITKU 48,8 (2,43 139,18 [2,62| 14 | 75 | 0,40
JlnyHa IMCTOYKa OKOJIOIBETHHKA 27,0 10,75(21,31 [ 1,96 | 10 | 47 | 0,22
IlIupuna aMCTOYKA OKOJIOLBETHUKA 14,7 10,39 27,93 | 1,87| 5 26 | 0,29
JlmMHA HYDKHETO JIUCTa 80,7 | 1,9 | 24,96 | 1,67 | 27 | 146 | 0,26
[Inpuna HUKHETO JHCcTa 18,6 [ 0,38 21,50 | 1,44 | 10 | 30 | 0,09
JlnuHa cpenHero iucra 74,0 | 1,82]25,98 | 1,74 | 30 | 135 0,19
lupuna cpemHero JIucTa 10,3 {0,291 30,18 [ 2,02 | 4 19 | 0,08
JlmnHa BEpXHETo JIHCTa 52 11,23(124,96|1,67| 25 | 1051 0,23
[Iupuna BepxHero aucra 6,9 102313594 (24| 2 17 | 0,16

CtpyKTypy U3MEHUMBOCTH MOpdomorudeckux noxasareneit 7. gesneriana
B 2017 romy ciaranu ABe TPYIIBI CHCTEMHBIX HHIUKATOpoB [13]. B rpymmy
9KOJIOTO-OMOJIOTMYECKUX CUCTEMHBIX MHANKaTopoB (puc la, II) Bomum amina
MIEPBOIO ¥ BTOPOTO MEX/IOY3JIMsi, KOTOPbIE MMENIN BBICOKYIO OOLIYIO M COTJia-
COBaHHYIO U3MEHYHBOCTb.

Bce ocranbHbIe B 9TO oA uccienoBanus y 1. gesneriana BOILIU B IPyI-
1y OMOJOrMYECKMX CHCTEMHBIX MHJIUKaTopoB (puc. la, IV). B 2018 roxy,
XapaKTepU30BaBIINMCS Oosee HeOIAaronpusATHBIMUA KINMaTHUYECKUMH yC-
JIOBMSIMH B TIEPHOJ] POCTA M Pa3BUTHUS pacTeHHH Buaa (tabm. 1), Hapsay ¢
JTAHHBIMH JIByMsI TPYNIaMH MOSBUJIACH IPYIIA 3KOJIOTHYECKUX CUCTEMHBIX
WHJIUKATOPOB, MPECTABICHHAS «JIIMHONW IBETOYHOH cTpenku» (puc. 10, I).
I'pynma 5Ko10T0-0HOIOTHIECKUX CHCTEMHBIX MHINKATOPOB MOMOIHIIIACH
IMPpUHON BepxHero jucta (puc. 16, II). [IpoMexyTOUHBIMU MEXTy IKOIIO-
ro-OMOJIOTHYECKHUX U OMOJIOTMYECKUX CUCTEMHBIX HHMKATOPOB OKa3aJIuCh
B 3TOT I'Ofl BBICOTA PACTEHHS M IINPHUHA cpepHero jucta. OcraabHble MPH-
3HAKHU MPOIOJKAIN OCTABATHCS B rpyIIe OMOJIOTMYECKUX CUCTEMHBIX HH-
nukaropos (puc. 16, IV).

[TpusHakoB 00MaAIONINX HU3KOW OOIIEH M COTJIaCOBAHHOW M3MEHUYMBO-
CTBIO, OTHOCSIIIUXCSI K TPYIIEe TeHETHYECKNX CHCTEMHBIX MHIMKATOPOB U3
YHCIIa UCCIICI0BAHHBIX IPU3HAKOB B 00a rojia NCCIIeJOBAaHNS HE BBISIBICHO.
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Puc. 1. CrpykTypa usmMeHuYHBOCTH MOp(OIOTHYECKUX TToKa3ateneit 7. gesneriana:
1o ocu abuuce — R? | — cornacopaHHas M3MEHYUBOCTH MPU3HAKOB, 10 OCH OPJIMHAT —
obmrast m3meHunBoCTh (Cv), 1 — BBICOTA pacTeHus, 2 — [UTMHA MeKA0y3us Nel,

3 — nnmuHa Mexa0y3nust Ne2, 4 — [uinHa IBETOYHOM CTPEJIKHU, 5 — JUIMHA JTUCTOUKA
OKOJIOI[BETHUKA, 6 — IIMPUHA JIUCTOYKA OKOJIOIIBETHUKA, 7 — JUTMHA HIDKHETO JIHCTA,
8 — mMpUHA HWKHETO JINCTa, 9 — [UIMHA CPeAHero JucTa, 10 — mmpHuHa cpeHero
micta, 11 — yimHa BepXHero jucTa, 12 — muprHa BEpXHETo JUcTa

B mporecce BBISABICHHS KITIOUEBBIX MPU3HAKOB JUIS BBIYMCICHUS MHICK-
ca BHUTAJHUTETA B IICHOMIOMYIANMIX 1. gesneriana WCTONB30BAIH PE3YIbTaThI
TIPEABAPUTEIHLHO MPOBEAECHHOTO0 KOPPEJSIIMOHHOTO aHaJIM3a PU3HAKOB 0CO-
Oeil. AHaM3 1103BOJIMII BBISIBUTH KiTtoueBbIe npu3Haku: B 2017 romy ObuUTH BbI-
COTa pacTeHHs, MapaMeTphl IIBETKAa W HIKHETo JucTa; B 2018 romy — BrIcoTa
pacTeHwus, JUIMHA BTOPOTO MEXKAOY3JIHs, IIMPHHA JINCTOYKA OKOJIOI[BETHHUKA,
JUIMHBI TpeX TcToB. KahpUuneHTsl Koppensiuu Me1y KIIIOUeBbIMH ITPU3HA-
kamu coctasmia 0,5-0,8 (p<0,05) B 2018 romy 9nciIO KIFOYEBHIX MPU3HAKOB
BO3POCTIO U CHJIa CBS3M MEKIY HUMH B OONBITMHCTBE Tap CPAaBHCHHS ObLIa
Ooutblle, YeM B MIPEIBIIYIIEM TOLY.

[To pe3ynpraTaM aHajn3a pPaHXKUPOBAHHOTO Psifida WH/ICKCOB BUTAINTETa
ocobelt KaX01 UCCIeTOBaHHON IICHOTIOMYIAINN COCTaBICHB BUTATUTCTHBIC
CHeKTpHI (puc. 2).

PaccunTannuble moka3areny >KU3HEHHOCTH U BUTAJTUTETHBIC THUIIBI LEHOIIO-
mysinit 7. gesneriana npuBeneHs! B Tabmurie 4. B 2017 roqy B BUTATUTETHOM
CIIEKTpE BCEX MCCIICOBAHHBIX IIEHOIIOMYIISIIIA ITpeodiagairn 0COOU CpeTHETO
knacca Butanutera (56,7-79,1%). Hanboree iydiriee BUTATUTETHOE COCTOSTHHE
unmena reHonomyssinus Nel (IVC=1,097), nanbomnee 1ioxoe — eHOTOYJISITHS
Ne 3 (IVC=0,914).
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Puc. 2. BuranureTHble CIEKTPbI LCHONONYISIMT 1. gesneriana

B 2018 roay ocobu cpenHero kiiacca BUTAIMTETA IIPOJIOIDKAIN IpeodiiaiaTh
B BUTAJIUTETHOM cHekTpe. B aTom romy nenonomymsimus Ne3 nmerna Jrydriee
JKU3HCHHOE COCTOSIHUEC, HO YCIIOBHSI T0/Ia MAKCHMATEHO HET'aTHBHO OTPa3HIHCh
Ha neronomynsauuud No2 (IVC= 0,842). Onenka BUTAIUTETa HIEHOMOMYISIUI
T gesneriana c ucnionp3oBanueM nuaekca [VC BIIBHIA, 9TO €T0 3HAYCHHS B
2018 romy Ha 0,022 — 0,305 Gompire, yem B 2017 romy.

Tabnuya 4.

IMoka3aTe,in JKH3HEHHOCTH W BUTAJIUTETHBII THII l[eHOl'lOl'lyJ'lﬂIlI/Iﬂ

Tulipa gesneriana

Lenonomnynsanus

Ton

YacrocTh
10 KJ1accaM
BHUTAJINTETA

a

b ¢

IvC

Q

BuranureTHbIit
THII

No 1

2017

0,108]0,6760,216

1,097

0,392

1,81

npouBeTaronas

2018

0,180(0,7180,103

1,178

0,449

4,35

POLBETAIONIAS

No2

2017

0,116 0,791|0,093

0,977

0,453

4,88

MPOIBETAIOIIAs

2018

0,1800,692(0,128

0,809

0,436

2,70

IIponBETAOIIast

Ne3

2017

0,23310,567 0,200

0,914

0,400

2,00

IIPOLBETAIONIAS

2018

0,206 |0,6470,147

1,014

0,426

2,90

npouBeTaroumast

OreHka )KU3HEHHOCTH LeHononynanuil 7. gesneriana ¢ UCIOIb30BaHUEM
KpUTCpus Q BBISIBHUJI, YTO BCE€ HMCCJICAOBAHHBIC HEHOIIOMYIIAINU OTHOCATCA K
THUITy «TIpolBeTarone». CTeneHb MPONBETAHUS B PA3HBIX IICHOIOYIISAIMSX,
OLICHEHHAsI € OMOIIIBIO |, Konebanack 1o roxaM HCCIe10BaHNUS.
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3aki0ueHue

VY T. gesneriana nan6osnee BEICOKOIUIACTHYHBIMU C HAUOOJIBIINM OTBETOM
Ha N3MEHEHHE KIIMMaTHYEeCKHUX YCIIOBHH rojia ObUIM MPU3HAKHU: BBICOTA pacTe-
HUM, JIMHA MEXKA0Y3/I1H, 1JTMHA IBETOUHON CTPEJIKH.

IIpu nocnenyroueil OUEHKE BIUAHUS YCIOBUN NMPOU3pACTaHUS CIEAYET
YUUTBIBaTh B IIEPBYIO OYEPEb.

HccnenoBaHHbIe IEHONOMYIANY 1. gesneriana BeCh IEPUOI] HCCIECAOBAHUS
OTHOCWJIMCH K BUTAJTUTETHOMY THITY «IIporBeTatomuey. B 2018 roxy, xapakre-
pH30BaBIIEMCs O0Jiee HU3KUMHU TEMIIEpaTypaMu 1 MEHBIITMM 00bEMOM 0CaJIKOB
B II€pPHOJ AKTUBHOM BereTaluu pacteHuil 1. gesneriana, OTMEHAIN yXyAILICHUN
ToKasareyiel )KU3HEHHOCTH, BhIpaxeHHOM uHekcoM [VC.
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QSAR MOJEJIUPOBAHUE AHTUBAKTEPHUAJBHOM
AKTHUBHOCTH ITPOU3BOJHBIX 1,2,4-TPHA30JIA

AJI. Ocunos, B.I1. Tpywiuna

ILenw. Paspabomxa s¢phexmusnvix QSAR modeneii npedckazanus anmubaxme-
PUATLHOU AKMUBHOCMU OJ1 NPOU3800HbIX 1,2,4-mpuasona.

Memoowt u mamepuanwl ucciedosanus. Mamepuanom 0 HAYUYHBIX UCCLEAO-
BAHULL NOCYICUTU IKCHEPUMEHMATbHBIE OAHHbIE AHMUOAKMEPUATLHOU AKIMUBHO-
cmu npou3eoonvix 1,2,4-mpuazona. Mccredosanus nposoounucs ¢ ROMOoubIO Memo-
008: OSAR modenuposanus, npoepammuposanis, pecpeccuoHHo20 MHO2OMEPHO20
aAHAanU3a ¢ NOMOWBIO MOACKVIAPHBIX OCKPUNIMOPOS.

Pezynvmamot. B pabome onuculgaiomes u aHamuzupyiomcs Mamemamuieckue
Mooenu npeocKka3aHus aHmudakmepuaibHoll akmueHOCMU Ha OCHO8E (YU3UKO-XU-
MUYECKUX Napamempos Xumuueckux eeujecms. IIposedenvl 8o ciumenbhvle K-
nepumennivl, KOmopvle npooeMoHCMPUPOBAIL IPHPEKMUBHOCTIb NPEOTOICCHHBIX
mooeneu. Cpagnumenvrulii anaiusz mooenell 03801Ul 8blA8UMb MOOelb C HAU-
ayuwumu cmamucmudeckumu xapakmepucmuxamu: MAE=0,11; MAPE=10,74;
moynocms npoenoza=89,26%, MSE=0,0186; RMSE=0,1363.

3aknarwuenue. bvinu paspabomanvt QSAR modenu 0nist nNpOSHOZUPOBAHUS AH-
MubaxmepuaIbHoOl akmusHOCmuU 08a0Yamu 80CbMuL NPOU3800ubIX 1,2,4-mpua-
301a. B xauecmee paxmopos 6 MoOensIxX UCHOIb3068ANUCH OM 0O0HO20 00 Wecmu
MONEKYNAPHBIX 0eCKPUNIMOPOE, NOPOIUCOAEMBIX AGMOMAMUYECKU U3 CHIPYKIMYPHBIX
gopmyn. Buibpanvl naunyuuue MoOeau Ha OCHO8E 8bIHUCTEHHBIX CIANUCTIUYECKUX
Xapaxkmepucmux.

Kniouesvie cnoga: anmubakmepuanbuas akmugHOCHb, KOTUYECHEEHHbIE COOM-
HOWeHUsL CMPYKIYPa - aKMueHOCMyb,; Npouseoousle 1,2,4-mpuazona; mmozomepuas
JUHEUHAs pespeccust; MONEKYIsIPHbIEe OeCKPUNNOPb
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Jna yumuposanusn. Ocunog A.JL., Tpywuna B.I1. QSAR mooenuposanue anmu-
bakmepuanbHoU akmusHoCmu npouzeooHsix 1,2,4-mpuasona // Siberian Journal of
Life Sciences and Agriculture. 2021. T. 13, Ne 3. C. 276-287. DOI: 10.12731/2658-
6649-2021-13-3-276-287

QSAR MODELING OF ANTIBACTERIAL ACTIVITY
WITH 1,2,4-TRIAZOLE DERIVATIVES

A.L. Osipov, V.P. Trushina

Purpose. Development of effective OSAR models for predicting antibacterial
activity for 1,2,4-triazole derivatives.

Materials and methods. Experimental data on the antibacterial activity of
1,2,4-triazole derivatives served as the material for scientific research. The research
was carried out using the following methods: OSAR modeling, programming, re-
gression multivariate analysis using molecular descriptors.

Results. The paper describes and analyzes mathematical models for predicting
antibacterial activity based on the physical and chemical parameters of chemicals.
Computational experiments were carried out, which demonstrated the effectiveness
of the proposed models. Comparative analysis of the models revealed the model
with the best statistical characteristics: MAE=0.11; MAPE=10.74; forecast accu-
racy=89.26%; MSE=0.0186, RMSE=0.1363.

Conclusion. QSAR models were developed to predict the antibacterial activity
of twenty-eight 1,2,4-triazole derivatives. From one to six molecular descriptors
generated automatically from structural formulas were used as factors in the mod-
els. The best models are selected based on the calculated statistical characteristics.

Keywords: antibacterial activity; quantitative structure-activity relationship,
1,2,4-triazole derivatives; multiple linear regression; molecular descriptors

For citation. Osipov A.L., Trushina V.P. OSAR Modeling of Antibacterial Activity
with 1,2,4-Triazole Derivatives. Siberian Journal of Life Sciences and Agriculture,
2021, vol. 13, no. 3, pp. 276-287. DOI: 10.12731/2658-6649-2021-13-3-276-287

Beenenue

Mertomonorus QSAR (quantitative structure-activity relationship — mouck
KOJIMYECTBEHHBIX COOTHOMICHHH CTPYKTYpa-aKTHBHOCTB) — Ba)KHasl OTPaCIb
TEOPETHYECKOW MEIMIMHBI, TO3BOJISIOIIAS [IPOTHO3UPOBATh OUOJIOTHYECKYIO
AKTUBHOCTb HOBBIX XUMUYECKHX COCJMHEHUH Ha OCHOBE 3aKOHOMEPHOCTEH (Ka-
CAIOIIUXCS CTPYKTYPHBIX, (PU3NKO-XMMHUECKHUX M KOH(OPMAIMOHHBIX CBOHCTB
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MOJIEKYJT), BBISBJICHHBIX U3 MPEAbIIYIIUX ONbITOB [1-6]. B Hactosiee Bpems
nMeeTcs OONBIIOE KOIMIECTBO PabOT POCCHHCKUX U 3apyOeKHBIX NCCIIET0BA-
TeJel, TTOCBAIICHHBIX pa3paboTke dppexkTuBHHIX QSAR Moneneit B xumum,
ouosoruu u Meaunune [7-22].

B paborax [5, 7] npeacrasnens! a3 dextuBHbie QSAR MoOzmenu, mocrpoeH-
HBIE B KQ)KJJOM KJIACCE OTTACHOCTH, AJIsl IPOTHO3UPOBAHMUS TOKCHKOIOTHUECKIX
rapaMeTpoB XMMHUYECKHX BEIIECTB HAa OCHOBE CTPYKTYpPHBIX (parMeHToB. B
cTarke [8] uccaenoBangachk B3aUMOCBA3b AEKTPOHHBIX TAPaMETPOB MOJIEKYJIbI
C KaHIIEPOTEeHHOI akKTUBHOCTHIO. B paborax [9, 18-21] mpencTaBieHs! pe3yiib-
TaThl IPOTHO3UPOBAHMS TEPMOJMHAMHYECKHX CBOWCTB XMMHUYECKUX BEIECTB
¢ nomoiisio QSAR Mozeneli, B 0CHOBE KOTOPBIX JIeXKaT MHOKECTBEHHbIE pe-
IPECCUOHHbBIE 3aBUCHMOCTH.

B crarbe [11] mpencraBieHsl pe3ynbTaThl IIOMCKa ONOIOTMYECKH aKTHB-
HBIX BEILECTB C MPOTHBOBOCIAINTEILHBIM JICHCTBUEM B Psily MPOHU3BOJHBIX
N-apui3aMenieHHbIX aHTPaHUIIOBBIX KUCIOT B 3aBUCHMMOCTH OT Hapamerpa
nmuno¢unsHOCTH. B padore [12] momydeHbI 3aBUCIMOCTH MEXAY (PU3UKO-XH-
MHUYECKHMH CBOMCTBAMH JIMTAH/IOB U MX COPOLIMOHHOM aKTHBHOCTBIO, KOTOPBIE
WCIIONIB3YIOTCS JIJIsl POTHO3UPOBAHMSI CBSI3BIBAHUS JICKAPCTBEHHBIX BEIECTB
nepropanom. B crarbe [13] paspaboranbl ABa KOPPENISLUOHHBIX YPaBHEHHS,
CBSI3BIBAIOINX IPOTHBOMUKPOOHYIO AKTUBHOCTb OT HEPIUH CBSI3BIBAHNUS, M-
KMOJIEKYJISIPHOM SHEPriuM M KOHCTAHTHI MHrHOMpoBanus. B paborax [14-15]
paspaboransl QSAR Moneny Ha OCHOBE PETrpeCCHOHHBIX YPaBHEHUH, KOTOPbIE
HCTIONB3YIOTCSI B MOJIEKYJISIPHOM JIM3aifHE COEIMHEHNH C TPOTUBOBOCIATIUTEb-
HOM, aHAIBIeTHYECKON U IPOTHBOMUKPOOHOH aKTUBHOCTBHIO TPOM3BOIHBIX aH-
TPaHUIIOBOM KUCIIOTBHI.

[Ipencrasnennsie QSAR Momen MOKa3pIBAIOT BHICOKYIO 3(h(EKTHBHOCTh
B ITPOTHO3UPOBAHUH PA3TUIHBIX (PU3UKO-XMUMHUUECKIX, OMOJIOTHUECKHX H Jie-
KapCTBEHHBIX CBOMCTB.

Pa3pabotka HOBBIX QSAR Mozeneit s npenckazaHusi aHTHOAKTEpHAIIb-
HOW aKTUBHOCTH MPOU3BOAHBIX |,2,4-TpHa3osa MpeacTaBiseTcsl BECbMa aKkTy-
aNbHOM 3ajadei.

MeTonbl M MaTepHAIbl HCCJIeT0BAHMS

B nanHOM paboTe NCXOMHBIM MaTepHaIoM sl IPOBEACHHS HAYYHBIX HC-
CJIe/TIOBaHUH MTOCITY>KUITH SKCIIEPUMEHTAIbHBIE JAHHBIE TT0 aHTHOAKTEPHATbHOM
AKTUBHOCTH 28 Mpou3BOAHBIX 1,2,4-TpHra3oa, mpeacTaBIeHHBIX B cTaThe [22].
Mertons! uccnenoanus: QSAR momenupoBaHue, MporpaMMHPOBAHNE, MHOMKE-
CTBEHHBIN PErpeCCUOHHBIN aHATIH3.



Siberian Journal of Life Sciences and Agriculture, Tom 13, Ne3, 2021 279

B kauectBe (l)aKTOpOB B MOACJIAX HUCIOJIB30BAJIMCh IECTh TUIIOB MOJIEKY-
JSPHBIX AecKpunTopoB [22]. [IBa u3 Hux eeigl1r u eeigl2r 3to Edge adjacency
indices. leckpunrop ish 510 GETAWAY descriptor. J[Ba neckpurnropa morl8v
n mor20e 310 3D-MoRSE descriptors. ®axrop belm?2 siBisieTcst JeCKPUITOPOM
kimacca Burden eigenvalues.

Pe3ysbTarsl ucciie1oBaHuii

U UX 00cysKIeHne

B cratpe [22] mpencTaBieHb! pe3yasTaThl HCCISA0BAHHHA IO TTPEICKA3aHIIO
AHTHOAKTEPUATEHOW aKTHBHOCTH MPOU3BONHBIX 1,2,4-TpHa3oiia ¢ IOMOIIBIO
JIMHEHHBIX perpecCHOHHBIX Mozeneil. [IpencraBinena MHOroMepHas JIMHEHHAsI
MoOJIeNb BUJIA

logX =—44,664 + 3,858eeigl1r— 1,415mor20e + 23,672belm?2 —
—1,502eeig12r — 1,21mor18v — 2,834ish.

CTaTHCTHYECKHE XapaKTEPUCTUKHU ITOM MoJieNu cieayromue: R?=0,9; F =
28,414; SE = 0,097. LleneBoii mokazaTensb X OonpeaemnseT aHTHOAKTePHAIBHYIO
aKTHBHOCTB NMPOTHB Escherichia coli, Staphylococcus aureus, Pseudomonas
aeruginosa, Klebsiella pneumonia.

Ha ocHOBe MCXOMHBIX TaHHBIX CTaThu [22] U MOJENH, MPEACTABICHHONU B
9TO# paboTe, HaMU OBLUTH PACCYMTAHBI TPOTHO3HBIC 3HAYCHUS IIEJICBOTO ITOKA-
3aTensi M0 BHIOOPKE AKCIEPUMEHTANBHBIX JaHHBIX U MOJTYYEHBI CIIeTyIOIHe
cTarucTuieckue xapakrepuctuku: MAE =0,31; MAPE = 29,21; MSE = 0,446;
RMSE = 0,667. Tounocts nporrosa pasaa 100 — MAPE = 70,79%. Koapdu-
LUEHT AeTepPMHUHAIINY TIOCUYUTATH HE YAAJI0Ch IO JAHHON MOJIENH, OH OKa3ajcs
He BxomsamuM B uaTepsai (0, 1). C nmomomibio CpeAcTB CTaHIAPTHOTO MaKeTa
MS Excel Obuta paccunTana MHOrOMEpHas THHEHHAs PETPECCUOHHAS MOJICITh
110 DKCIIEPUMEHTAIIbHBIM JIaHHBIM, NPEACTaBICHHBIM B cTaThe [22]. HanHast
MOJICITb OKa3aJlaCh JIPYTO MO CPABHEHUIO C MPEICTABICHHON B paboTe [22] u
HMMEET CIeAYIOIHI BU

logX'=-32,9777 + 1,5499 - eeigl1r—1,0848 - mor20e + 18,4553belm?2 —
—2,1175 - ish + 0,0664 - eeigl12r + 0,0624 - mor18yv.

JlanpHelimume ucciaeJ0BaHus CBSI3aHbI ¢ ModydeHneM Hamtydmux QSAR
Mozeneil mpencKa3aHus aHTHOAKTepHaIbHOM AKTUBHOCTU IMPOM3BOIHBIX
1,2,4-tpuasona.

[Monyuens! cienyromme QSAR mozenu no nmpeackazaHuio aHTHOAKTEpH-
aIBHON aKTMBHOCTH MPOU3BOAHBIX 1,2,4-Tpuazona. B tabmuie 1 mpencras-
JICHBI MOJICTTH U WX CTAaTUCTHYCCKUE XapaKTEPUCTHKH, 3aBUCSIINE OT OJHOTO
MOJIEKYJIIPHOTO JIECKPUIITOPA.
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Tabnuya 1.
CrarucTHYeCcKHe XapaKTepUCTHKU MOJeJIei,
BKJIIOYAIOIIHX OIMH MOJIEKY.JISIPHBII JeCKpHIITOP

Tounocth

Mopnens R’ F | MAE |MAPE| MSE | RMSE | nporaosa
B %
logX'=0,5776 - eeigl1r 0,955|571,62| 0,21 | 20,48 10,056 0,236 | 79,52
logX = 0,5628 - mor20e 0,9131284,52|0,278 | 26,43 10,107 | 0,327 | 73,57
logX = 0,569 - belm?2 0,943 |448,75/0,239| 23,44 | 0,07 | 0,265 | 76,56
logX'= 1,233 - ish 0,94 1429,53|0,245| 24,16 {0,073 | 0,27 75,84
logX'=1,7258 - In(eeigl1r) |0,958(651,03/0,193| 18,61 |0,052| 0,228 | 81,39
logX =1,6449 - In(mor20e) {0,877 191,8 | 0,32 | 29,98 |0,152| 0,39 70,02
logX = 1,6869 - In(belm2) |0,943|449,58|0,237 | 23,39 {0,069 | 0,264 | 76,61
logX' =-7,3873 - In(ish) 0,8831203,88|0,332 | 32,11 | 0,144 | 0,38 67,89

[To cTaTHCTHYECKUM XapaKTePUCTUKAM HAWUITYUIIEH MOJIEIbI0 0Ka3aJ0Ch
HenuHeitHoe ypaBHeHue Buaa logX = 1,7258 - In(eeigl1r) ¢ TOYHOCTBEO TIPO-
rao3a 81,39%, koTopas Beraucisuiach mo Gopmyne 100-MAPE.

B tabnuiie 2 npencTaBieHbl MOJICIH M UX CTATUCTUYECKUE XapaKTEPUCTUKH,
3aBHCSIIIHE OT JIByX MOJICKYJISIPHBIX JICCKPUIITOPOB.

Crarucruyeckue XapaKTepuCTUKU Mo;(e.neﬁ,
BRKJ/IIOYAKOIIHUX IBa MOJICKYJISPHBIX J€CKPUIITOPA

Tabruya 2.

Mopenn

RZ

F

MAE

MAPE

MSE |RMSE

logX'=2,2272 - In(belm?2) — 0,5588 - In(mor20e) |0,95

2357

0,229

22,73

0,064]0,254

logX'=2,72 - In(eeigl1r) — 1,01 - In(mor20e) 0,97

436,7

0,15

14,67

0,036(0,189

logX = 1,9504 - In(eeig117) — 0,2226 - In(belm2) | 0,96

297,6

0,186

17,98

0,052|0,227

logX'=1,1887 - eeigllr—0,6132 - mor20e

0,97

422,1

0,156

15,2

0,037{0,192

logX'=1,8784 - belm2 — 0,3133 - mor20e

0,95

2349

0,229

22,78

0,065|0,254

logX = 1,0542 - eeigllr—0,4736 - belm?2

0,96

295.,8

0,189

18,15

0,052|0,228

logX = 0,8686 - eeigllr—0,6279 - ish

0,96

287,1

0,197

19,01

0,053]0,231

[To cTaTHCTHYECKUM XapaKTePUCTUKAM HAWUITYUIIEH MOJIEIbI0 0Ka3aJoCh
HenuHeitHoe ypaBHeHue Buaa logX = 2,72 - In(eeigllr) — 1,01 - In(mor20e) ¢
TOYHOCTBIO TIPOrHO3a 85,33%, KoTopas Beruucisuiack mo gpopmyse 100-MAPE.

B taOnurie 3 npencraBieHbl MOJICIH M UX CTATUCTUYECKUE XapaKTEPUCTUKH,
3aBHCSIIHE OT 00JIce IBYX MOJCKYIISIPHBIX JICCKPUIITOPOB.
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Tabnuya 3.
CrarucTHYeCKHe XapaKTepPUCTHKU MOJieJIei,
BKJII0YAIOIIHX 0oJ1ee ABYX MOJIEKYJISIPHBIX 1eCKPUNITOPOB
Mopnens R? F |MAE|MAPE| MSE |RMSE
logX'=2,6081 - In(eeigl1r) —
1,0239 - In(mor20e) + 0,1236 - In(belm?2)
logX'=2,5613 - In(eeigl1r) —
1,3182 - In(mor20e) + 0,0607 - In(belm2) —  |0,974|221,440,147| 14,37 | 0,033 | 0,18
1,8443 - In(ish)
logX'=-21,452 +3,0036 - In(eeigl1r) —
1,9997 - In(mor20e) + 33,7721 - In(belm2) — 10,736| 16,01 | 0,11 | 10,74 |0,01860,1363
2,1272 - In(ish)
logX' =-20,6294 — 3,0404 - In(eeigllr) —
1,6358 - In(mor20e) + 32,5515 - In(belm?2)
logX =-29,8281 + 1,6214 - ecigl1r—
1,0943 - mor20e + 16,8506 - belm2 — 0,724| 15,1 (0,115 11,1 |0,0194| 0,139
2,3192 - ish
logX'=1,4035 - eeigllr—0,8228 - mor20e +
1,2387 - belm2 —2,7034 - ish
logX'=-32,9777 + 1,5499 - eeigl1r —
0,0848 - mor20e + 18,4553 - belm2 —2,1175 - 10,735 9,68 | 0,11 | 10,5 | 0,019 | 0,137
ish + 0,0664 - eeigl2r + 0,0624 - morl 8y
logX'=1,3993 - eeigl1r—0,08824 - mor20e +
1,2073 - belm2 — 2,6605 - ish + 0,0482 - 0,976/148,51|0,134/ 13,28 | 0,029 | 0,172
eeigl2r + 0,081 - morl8v

0,97 1280,52( 0,15 | 14,55 | 0,036 | 0,189

0,678| 16,87 0,119( 11,78 | 0,023 | 0,15

0,975|235,46(0,141| 13,81 | 0,031 | 0,175

Ilo crarucTuyeckuM XapakTepUCTUKAM Hawlydlllas HEJIUHEHHas MOZAEIb

10 4eThipeM (haKTopaM MMEET CICAYIOIIUIA BUJT
logX' =-21,452 + 3,0036 - In(eeigllr) — 1,9997 - In(mor20e) +
+ 33,7721 - In(belm?2) — 2,1272 - In(ish)

C TOYHOCTBIO TIporHo3a 89,26%, kotopast Beraucisuiack o Gpopmyie 100-MAPE.

C ucnonp30BaHUEM IIecTH (PaKTOPOB MOCTPOCHA JIMHEWHAS MOJIENb C TOU-
HOCTBIO IIporuo3a 89,5% Buaa

logX'=-32,9777 + 1,5499 - eeigl1r— 0,0848 - mor20e + 18,4553 -
- belm2 —2,1175 - ish + 0,0664 - eeig12r + 0,0624 - mor1 8y

JlaHHas1 MOJICITb 110 CTATUCTHYCCKUM XapaKTePHCTUKAM MAJIO OTINYACTCS
OT IPeBIAYIIEH, HO UMeeT OOoJIbIlIee KOINYEeCTBO (PaKTOPOB. AHAIHU3NPYS HAH-
Jy4IIre MOJEIH, BKIIIOYAIOIIUE OJUH JIECKPHUIITOP, JIBa JECKpUIITOpa, Oojee
JIBYX JICCKPHIITOPOB, MOXHO 3aMETHTh HAJIMYUE B HUX JieCKpunropa eeigllr.
[TosToMy maHHBIN ASCKPUNITOP SIBISICTCS HANOOJIee BAYKHOM MEPEMEHHOU ISt
MIPOTHO3UPOBAHMS aHTHOAKTEPHUATHLHON aKTUBHOCTH MPOU3BOAHBIX 1,2,4-TpH-
asoia ¢ momorpeo QSAR mopenei.
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3akioueHue

Bakrepuu npenctaBisiroT co00i cephe3HYI0 YTPO3Y IS )KU3HU MHOTHX Op-
raHW3MOB, BKJIIOYAsl U YeJIOBEUYECKoe coolIiecTBo. B nanHoi pabore mpea-
ctaBneHbl QSAR Mozenu mporHo3upoBaHus aHTHOAKTEPHUATbHON aKTHUBHOCTH,
peaNn30BaHHbIC C TIOMOIIBIO PETPECCHOHHBIX 3aBHCUMOCTEH, (haKTOPHI B KO-
TOPBIX BHIOUPAJIMCH U3 MICCTH THIIOB MOJICKYJISIPHBIX JICCKPUIITOPOB. B Hau-
JIYYIIAX MOJICIISIX, TIOCTPOCHHBIX 110 OJHOMY, JABYM U 0oJjiee JABYX (paKTOpOB,
TOYHOCTH MPOTHO3a paBHsIachk 81,39%, 85,33% u 89,26%. Brrisnens! gec-
KPUITOPHI M3 MPEACTABICHHBIX MIECTH TUIIOB, KOTOPHIC BHOCST HAUOOIBIITHA
BKJIaJI B aHTHOAKTEPHAIIbHYIO aKTUBHOCTh POM3BONHBIX 1,2,4-Tpua3ona. B pe-
3yJbTATe MPOBEICHHBIX U3BICKAHUN MPEIIOKEHBI KOPPEISIIMOHHBIE YPAaBHEHHSI
JUTS TIPOBEIICHNUS HaibHeHIX HaydHbIX QSAR mccnenoBanmii, KOTOpBIE TTO3BO-
JISTFOT TIPOHM3BOUTH JOCTOBEPHBIN MPOTHO3 aHTHOAKTEPUATLHON aKTUBHOCTH,
BBISIBJISISL COCMHCHUS C BBICOKOW aKTHBHOCTBIO JI0 ITPOBEACHUS X CHHTE3a U
OMOIOTHYECKHUX WCIBITAaHUHA. Pa3paboTaHHBIE MOAETH MOTYT OBITH PEKOMEH-
JTOBaHBI JUTS IPAKTUICCKOTO MTPUMEHCHUS B XUMHKO-OHOIIOTHICCKUX M MEIIH-
LIMHCKUX UCCJICI0BAHUSIX.

HNudopmanus o KOHPJIUKTE HHTEPECOB. ABTOPHI 3asBIIIOT 00 OTCYT-
CTBHU KOH()IIUKTA UHTEPECOB.

HNudopmanus o cnoncoperse. McciaenoBaHue HE UMENO CIIOHCOPCKOM
TTOAJICPIKKH.
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KCAHTUHOKCHUAOPEAYKTA3A: AKTUBHOCTD
B KPOBU 1P PEBMATOUN/ITHOM APTPUTE

E.3. Mo3zoeaa, C.A. beouna, M.A. Mamyc,
A.C. Tpogumenxo, C.C. Cnuyuna

B namozenese pesmamouonozo apmpuma (PA) napsaoy ¢ umMmyHHbIMU Hapyule-
HUAMU 8AJICHOE 3HAUEHUE UMEIOM USMEHEHUs HA MemadoIUYeckom yposHe.

Lenw. [lonyuenue npedcmasnenutl 06 usmenenusx akmugrnocmu KOP 6 nnazme
KpOoGU 1 1u3amax spumpoyumog npu PA.

Mamepuanvt u memoowt. B ucciedosanue sxarouenvl 77 60avHblx PA u 35
npakmuyecku 300Po8bIx auy.

Hccnedosanue npogoounocs ¢ cobniooenuem Smudeckux NPUHYUnos co2nacHo
Xenvcunckotul Jlexnapayuu Beemuproti Meouyunckou Accoyuayuu.

Jluaenosz PA eepudpuyuposan ¢ coomeemcmeuu ¢ kpumepusimu ACR/EULAR
(2010 2.). Dpumpoyumsi evldensIU U3 NEPUPEPULECKOL KPOBU 8 2padueHme nion-
nocmu. VIx nuzamul nonyuanu npu mpexxpamHiom 3amopadicusaHu-ommaueanuu
u yenmpugyeuposanuu. Axkmugrnocms okcuoasroti (KO) u oecuopoeenasnoii (KT
Gopm keanmunorcudopedyxmasvl (KOP) onpedensiiu cnekmpoghomomempuyecku.

Cmamucmuueckyio 06pabomxy OaHHbIX OCYWECMBIANU C NHOMOWBIO NPOSPAM-
mot STATISTICA 6.

Pesynomamot. B naazme kposu u auzamax spumpoyumos 6016Huix PA 6vl-
A6neHvl usmenenus akmusnocmu ooeux gpopm KOP, 3asucawue om KiuHuuecKux
nposaenenutl. Qs yeeruuenus akmugHoCmu namoa02uiecko2o npoyecca Xapax-
mepno npoepeccuposanue cHudicenus akmuernocmu K/JI' na ¢one nosviuenus
axmusnocmu KO 6 obeux cpedax. Y 0016HbIX ¢ CUCHEMHbIMU NPOAGTCHUAMU 3a-
bonesanus 8 naazme Kpogu evliie akmueHOCmb 00eux GOopM dH3UMA, 6 AU3AMAX
spumpoyumos — Hudice akmusrocmv KT u eviuwe akmusnocms KO. Haubonee
eblcoKUe 3Havenus akmusnocmu oxcuoasnou gpopmel KOP coomeemcmeosanu 11
u Il penmeenonozuveckum cmaousim. bonee evicokuil hyHKYUOHANbHBIU KAACC
xapaxkmepuszosaucs 6onee gvicoxoti akmugrnocmoto KO 6 nnazme u spumpoyumax
u bonee nuskotl akmusnocmoio KJI" 6 spumpoyumax.

3aknrwuenue. Ilpu PA akmuernocms KOP peanuszyemcs 8 ygenudeHuu npooyk-
Yuu aKmueHuIX Popm KUCI0pooa u asoma. Ycuienue npoyeccos c60600Hopaou-
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KATbHO20 OKUCAEHUs NOOOEPIHCUBAE XPOHUUECKOe 60CHANEHUe U OeCPYKYUIO 8
cycmasax, Opyeux opeaHax u CUCmemax.

Kniouegwie cnoea: pesmamouonulii apmpum,; niasma Kposu, dpumpoyumul;
KCAHMUHOKCUOOPEOYKMA3d, KCAHMUHOKCUOA3A; KCAHMUHOE2UOPO2eHA3d

Hna yumuposanus. Moseoeas E.O., beouna C.A., Mamyc M.A., Tpogpumenxo
A.C., Cnuyuna C.C. Kcanmurokcuoopedykmasa: akmusHOCHb 8 KpO8l NpU peé-
mamouonom apmpume // Siberian Journal of Life Sciences and Agriculture. 2021.
T 13, Ne 3. C. 288-304. DOI: 10.12731/2658-6649-2021-13-3-288-304

XANTHINE OXIDOREDUCTASE:
ACTIVITY OF BLOOD IN RHEUMATOID ARTHRITIS

E.E. Mozgovaya, S.A. Bedina, A.S. Trofimenko,
M.A. Mamus, S.S. Spitsina

Metabolic shifts are essential for pathogenesis of rheumatoid arthritis (RA)
along with changes in immunity.

Objective. Overviewing of xanthine oxidoreductase (XOR) activity pattern in
plasma and lyzed red blood cells of RA patients.

Methods. 77 RA patients as well as 35 normal control persons were included in the
study. Ethical principles of the World Medical Association Declaration of Helsinki were
Sfully compliant during the research. We verified RA diagnosis using ACR/EULAR crite-
ria (2010). Erythrocytes were separated from whole blood by means of density gradients
and lyzed by triple freezing and thawing cycles followed by centrifugation. Xanthine
oxidase (XO) and xanthine dehydrogenase (XDH) activities of XOR were quantitated by
spectrophotometry. Statistic calculations were performed with STATISTICA 6 sofiware.

Results. Both plasma and lyzed red blood cells had changes in XO as well as
XDH activities related to clinical manifestations of RA. Gradual decrease of XDH
activity along with disease flares were revealed in both investigated compartments.
Extraarticular involvement was associated with increase of both enzymatic ac-
tivities in plasma, increase of erythrocyte XO, and decrease of erythrocyte XDH.
Highest oxidase activities were observed in X-ray stages Il and III. High global
functional classes of RA were characterized by high XO activities in plasma and
RBCs as well as low XDH activities in RBCs.

Conclusion. Increased production of reactive oxygen and nitrogen species is
considered to be a major pathogenetic implication of XOR activity. Enhancement
of free radical oxidation supports chronic inflammation and destruction in joints,
as well as in other organs and systems.
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BBenenune

Pesmarounnslii aptput (PA) — xpoHHUECKOe CUCTEMHOE HMMYHOBOCHAIHU-
TeNbHOE 3a00JIeBaHNE, IPEICTABICHHOE BO BCEX 3THUYECKUX MOMYISIUIX U
BO BCEX BO3PACTHBIX rpymmax [5]. PacrpocTpaHeHHOCTH €T0 B pa3HBIX CTpaHax
mupa Bapsupyet ot 0,3 10 1,2% [3]. [Ipn aTOM 001IECTBO HECET 3HAYNTEIb-
HbI€ SKOHOMHUYECKUE IIOTEPHU, CBA3aHHBIE C BBICOKOM YaCTOTOM I'OCIIMTAIN3ALMI
JTAHHOHM KaTeropuH MallMeHTOB, yTPATOH UMH TPYILOCIIOCOOHOCTH, MX HHBAIH-
JM3anuel ¥ TOCPOUHBIM BBIXOJIOM HA ITEHCHIO, HEOOXOMMOCTBIO JUTUTEIHHO-
ro u poporocrosiero jedenus [4]. [lomumo nopaxeHus cycraBoB 0OJE3Hb
XapaKTepU3yeTCs IMMPOKUM CIIEKTPOM BHECYCTaBHBIX KIMHUYECKUX IPOSIBIIC-
HUH, ONPEEISIONINX CYIIECTBEHHOE COKPAIIEHHUE POIOIKUTETLHOCTH SKU3HN
MmanueHToB [2].

OcCHOBHY0 poJib B rarorenese PA urparot niy0oKue HapyleHus! B CHCTeMe
BPOXKIIEHHOTO U MpHoOpeTeHHoro mMMmyHnTeTa [1,19]. B To e BpeMs BakHOE
3HAUYEHHUE UMEET PA3BUTHE OKUCIUTENIBHOTIO CTPECCa, IPH KOTOPOM B pe3yibTa-
Te nucbasianca Mex 1y o0pa3zoBaHHEM CBOOOIHBIX PaJIMKaJIOB U CIOCOOHOCTBIO
OpraHu3Ma K uX HeWTpaln3alyuu IMPOUCXOIUT MTOBPEXKICHUE KICTOUHBIX MEM-
OpaH, JTUMNA0B, HYKJICHHOBBIX KHUCJIOT, OSITKOB, KOMIIOHEHTOB BHEKJIETOYHO-
ro marpukca [17,18,20]. OgHuM U3 NPOAYICHTOB aKTUBHBIX (JOPM KHCIOPOaa
(ADK) u aktuBHBIX hopm azora (ADA) siBiIsETCS KCKAHTUHOKCHAOPEITYKTa3a
(KOP) [14]. IIpoBocnanuTensHbIe IUTOKMHEI, B TOM 4Hcie (pakTop HEKpo3a
OIlyXOJH (., UHTEPICHKHUH-1, MHTEepIeUKUH-6, urparouue npu PA kiroueByro
PpoJIb, perynupytoT akTuBHOCTH KOP Ha TpaHCKPUIIIMOHHOM U OCTTPAHCIIALH-
OHHOM YPOBHSIX, CIIOCOOCTBYSI TOBBILIEHHUIO €€ SKCIIPECCUH U TPaHC(HOpPMAINU
JeTUAPOTeHa3HOH (hopMBI B OKCHAa3HYTo [7,12].

Lean uceaenoBaHusi: MOTyYSHNE MTPEACTABICHUI 00 N3MEHEHHSX aKTHB-
Hoctu KOP B mu1a3me KpoBH U JTU3aTax dpUTPOIHUTOB Iipu PA.

Marepuansl 1 MeTonsl. McenenoBanue MmMpoBOANIOCE B COOTBETCTBHHU C
STHYECKUMH MPUHIMIIAMH, U3JI0)KEHHBIMU B XeIbCUHCKOH Jlexnaparmn Bee-
MupHOi MenuumHckol Acconnanuu. [IpoTokon uccienoBanus OblT 0J00peH
komuteToM 1o onmomennimackon strke PI'BHY «HUU KudDP um. A.B. 360-
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poBckoro». B ncciieoBanne BIOYeHbI 77 OOJBHBIX PEBMATOJIOIMYECKOTO
otnenenus ['Y3 «'KBCMIT Ne 25» 1. Bonrorpana ¢ BepuduiupoBaHHbBIM, B
cootBetcTBuH ¢ Kputepusimu ACR/EULAR (2010 1), mmaraozom PA [11]. Kimu-
HUYECKasl XapaKTepUCTHKa IPYNIIbI IpesicTaBieHa B Tabnune 1. KonrponsHas
TpymIa, CpaBHUMAas IO MOy U BO3PACTy C OCHOBHOM, Oblia mpencTaBieHa 35
MIPaKTUIECKH 3IOPOBBIMHA JTIOIbMH (cpenHuii Bo3pacT 39 (34; 46) ner).

Tabnuya 1.
Knunnyeckas xapakrepucTuka 001bHbIX PA
[Tokazarenu Bomeabie PA

(n=77)

[omn, n (%): MYKCKOH 20 (26)

JKCHCKUI 57 (74)

Cpennuii Bospact (1e1), Me (Q,; Q.. 45 (37; 49)

JlnutensHocTs Oonesnu (yiet), Me (Q,; Q..) 8 (6; 10)
Cepono3utuBHOCTH 110 PD, n (%) 59 (76,6)
CeponoszutrHocTb 110 AL, n (%) 69 (89,6)
Hanrame cucteMHBIX IposiBIeHHH, n (%) 32 (41,6)
Hannuue anemun, n (%) 24 (31,2)
AxrusHOCTb 10 DAS 28, n (%): I 16 (20,8)
I 49 (63,6)
11 12 (15,6)

Pentrenonornueckas cragus (1o LlreitnOpokepy), n (%): 1 79,1)
I 39 (50,6)
I 24 (31,2)

v 7(9,1)
DyHKIMOHATBHBIH Ki1acc, n (%) 1I 30(39,0)
I 40 (51,9)

v 7(9,1)

Ipumeuanue: DAS 28 — disease activity score, AILIIT— anTuTeNa K [UKIMISCKOMY
LUTPYUIMHIPOBAHHOMY TMENTH/LY

OpUTPOLMTHI BELIEISUTH 13 TIEprUeprIecKoi KpoBH 1o MeTosnke A. Boyum
[6] B rpaguenTe mwioTHOCTH 1,077-1,079 /M1, CO31aHHOM C HCIIOJIB30BAHUCM
npenapara Lymphosep (MP Biomedicals LLC). JIuzarsl 3puTpOLUTOB MOIMY-
YaJi IpU TPEXKPATHOM 3aMOPAKMBAaHWU-OTTAMBAHHUHU C TIOCIIEIYIOUINM IIEH-
Tpu(YrupoBaHUEM. AKTUBHOCTD JETHPOTreHa3HON (KCaHTHHAETHPOreHasa
(KADN); EC 1.17.1.4) n okcumazuoit (kcantunokcuaaza (KO); EC 1.17.3.2)
¢opm KOP ompenensnm B miia3Me KPOBH U TN3aTax SPUTPOILIUTOB CIIEKTPOhO-
TOMETPHUYECKHU MO paHee OMHMCAHHBIM METOAMKAM M BBIPA)KAIN B HMOJIb/MHH/
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i [10]. AKTUBHOCTH SH3UMOB B JIU3aTax HOPMHUPOBAJIN U3 pacyeTa Ha COIep-
JKaHUE DPUTPOIUTOB 10 Ju3uca 1x10° KieTok/Mi1.

CrarucTiHaeckyro 00paboTKy MONYYEHHBIX JaHHBIX OCYIISCTBISIIH C I10-
morbio nporpammbl STATISTICA 6. Pesysnbrarsl Bblpaykaiu B BUJIE Mena-
HBI ¥ HHTEPKBapTUILHOTO pasMaxa (Me (Q25; Q75)). 3HaunMOCTh pa3nuaui
KOJIMYECTBEHHBIX JTaHHBIX OIEHHWBAN C ITOMOIIBIO KpuTepus MaHHa- YUTHH.
Jlist onvicaHust B3aMMOCBSI3U [IPH3HAKOB MPUMEHSUTH KO (UIIHESHT KOPPEIIsi-
un CnipMena (p). Pasnuuus paccMaTpuBasIuCh Kak CTaTUCTHYECKH JOCTO-
BepabIe mpu p<0,05.

Pe3yabTaThl HcclieIoBaHNs U UX 00CY:KAeHHe

B nuszarax 3puTpouUTOB U IU1a3Me KPOBU MPAKTUYECKHU 3J0POBBIX JIOAEH
HaMU He OBUIO BBISBICHO 3aBUCHMOCTH aKTHBHOCTH BKJIFOYEHHBIX B HCCIIC-
JIOBaHME 3H3MMOB OT TI0JIa M BO3PACTa, B CBSA3M C YEM JIaHHBIC TIOKA3aTesIn He
YUUTBIBAIUCH TIPH aHAIN3€E PE3YJIbTAaTOB, TOJYYCHHBIX B rpymme 00apHBIX PA.
Pedepentasie npenensr aktuBHOCcTH KO 1 KT mpencrasnens: B Tadmmie 2.

Tabnuya 2.
PedepenTHbIe HHTEPBaJIbI AKTHBHOCTH 3H3UMOB B KPOBH 3/10POBBIX JIIo1 el
(95-npoeHTUIbHBIH HHTEPBAJ)

DH3UM [1na3zma JIuzarel spuTpouMTOB
KO 2,29 — 4,31 20,62 — 25,46
KA 4,52 — 5,97 41,89 — 55,04

Y GosbHbIX PA (Bceil rpyIims), 10 CPAaBHEHUIO CO 3A0POBBIMHU JIUIIAMH, 00-
Jniee BbICOKast akTHBHOCTh KO HaOmo/1a1ach Kak B 1ia3Me KpoBH, TaK U B JIU3a-
TaxX PUTPOIIUTOB, YTO COMPOBOKIAIOCH CHIDKCHHEM akTuBHOCTH K/II, X0Ts
JIOCTOBEPHBIM OHO OBLIO TOJIBKO B 3pUTpoIuTax (Tabnuma 3).

Tabruya 3.
AKTHBHOCTb YH3MMOB B 3aBHCHMOCTH OT KJIHHUYECKHX l'[pOﬂB.]'IeHI/Iﬁ PA
JIuzarer
Ilnazma
KO SPUTPOIMTOB
K KO KAr
3,28 5,30 23,51 50,13
3n0poBble, n=35 (3,05; (4,83, (22,35; (47,52;
3,38)"5'9’13 5741)2,6,10,[4 24,57)3,7,11,15 52,11)4,8.12,16
PA (Bcs rpynna), 5,50 4,88 29,20 32,47
n=77 (4,91; 6,10)! (4,43;5,31)* (25,43; 32,66)° (26,66; 39,21)*
p'<0,001 p*=0,059 p<0,001 p*<0,001
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Oxonuanue maébn. 3.

Ln=16 4,50 5,58 23,50 44,96
’ (3,83; 4,99)° (5,17; 5,96)° (22,74, 24,55)" (40,79; 50,65)®
g;‘gffno 1L 0t 5,77 4,92 30,35 30,49
DAS 28 ; (5,46;6,12)° | (4,54;541)0 | (27,73;32,52)"" | (27,66;33,31)"2
L n=12 7,07 4,74 37,09 18,81
’ (6,85; 7,11) | (4,46;4,89)"* | (36,36;37,71)" (18,21; 19,11)'
7<0,001 °=0,021 p7=0,833 °=0,024
°<0,001 p19=0,035 p"1<0,001 p2<0,001
p13<0,001 p4<0,001 p5<0,001 p16<0,001
Hanuure cucteMHBIX 6,13 5,60 31,18 29,25
nposiBeHuit, n=32 (5,81;6,58)"7 | (5,28;6,10)" | (28,49;34,51)" | (26,29;36,98)*
Be3s cuctemHbIX mpo- 5,38 4,60 29,02 38,75
ABJIeHUH, n=45 (4,74;5.91)7 | (4,28;4,81)'® | (25,35;31,38)" | (30,95;44,14)*
p'7<0,001 p1=0,021 1°<0,001 p=0,002
Ln=7 4,93 4,24 27,78 46,70
’ (3,90; 5,57)*' | (3,88; 4,76)*>2¢ | (23,75; 29,09)%27 | (22,27; 70,53)*28
Pentre- 11, n=39 5,47 5,12 29,13 34,67
HOJIOTH- ’ (4,92; 6,14)*1 | (4,48; 5,34)*>3° | (57,61; 32,40)>" | (26,33; 42,21)*32
yecKast L. n=24 591 4,67 31,40 26,51
cTamus > (5,45; 6,21)% | (4,37; 4,86)*° | (29,21; 32,96)*3' | (23,57;31,57)*%
IV. n=7 5,35 5,25 29,55 29,38
? (4,93; 5,69) (4,66; 5,82) (27,39; 34,28) (22,03; 41,18)
p71=0,043 p7=0,025 7=0,039 7=0,204
p5=0,012 p2=0,139 p?=0,002 p2=0,048
p¥=0,078 p¥=0,083 p¥1=0,042 p=0,003
I n=30 5,17 4,67 26,46 40,68
o ; (478;5,52) | (4.21;523) | (24.76;28,53) | (34,84; 48.45)
YHKIH-
oHanbHbl | 11, n=40 6,14 3,02 30,34 27,76
oA (5,73;6,50) | (4,65 554) | (28,56;33,78) | (20,88;29,23)
IV. n=7 6,46 5,00 42,97 23,07
? (6,03;7,75) (4,62;5,21) (42,06; 45,48) (20,79; 27,60)

I/ICXO,I[H n3 TOIro, 4TO, ABJIAACH CUCTCMHBIM 3360J'I€B21HI/ICM, PA XapakTepu-

3yeTCsl KIIMHUYECKHM MHOT000pa3ueM, U3MCHCHUS aKTUBHOCTH SH3UMOB CH-
ctembl KOP ObutH MpoaHan3upOBaHbl B 3aBUCHMOCTH OT €r0 KIMHHYECKHX
ocobeHHOCTel. brun BEISBIICHBI KOPpEIANNT MeXIy odermmu hopmamu dep-
MEHTa KakK B IIa3ME KPOBH, TaK U JIN3aTaX dPUTPOIUTOB C aKTUBHOCTHIO PA,
HaJIMYHUEM BHeCyCTaBHBIX HpOSIBJ'ICHHfI, (byHKHI/IOHaJ'H)HI:IM KJIaCCOM I/ICHI)ITy-
eMbIX (Tabymna 4).

[pwu I crenenn aktuBHOCTH PA B 1mma3me OOJBHBIX, B CPAaBHCHHUU C KOH-
TPOJIBHOM TPYIIIOH, BRISIBICHO OJHOBPEMEHHOE MOBBINICHHE akTHBHOCTH KO
u KT (tabnuua 3). Mex1y aKTHBHOCTSMH OKCHJIQ3HOM M JIeruIpOreHa3Hou
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¢opm KOP BrisiBniena npsimast B3auMocssizb (p=0,48, p=0,023). [Ipu sTom »H-
3UMHBIE TTOKa3aTeH MPEBBIIIAIA BEPXHUE TPAHUIIBI HOPMATbHBIX 3HAYCHUI:
aktuBHOCTh KO B 53,3% cnyuaes, aktuBHocth KJAI' — B 33,3%. B nuzarax
SPUTPOIUTOB OOJNBHBIX JAHHOW MOATPYIIBI aKTUBHOCTH KO He oT/Iryanace ot
MoKa3aTesiedl 3JI0POBBIX JIMII, B TO BpeMs KaK B 3pUTPOIUTAX HAUNHAIOCH CHU-
xenne aktuBHOCTH KT (Tabnwma 3). [Tokazarenn aktuBHOCTH K/ B 26,7%
cirydaeB ObUTH HIDKE, @ B 20% BBIIIIC TPAHHUIl HOPMBI, B TO BpEMs KaK aKTHB-
HocTh KO 3a HUX He BBIXOUIIA.

Tabnuya 4.
B3aumocBsi3b Mexk1y AKTHBHOCTHIO SH3HMOB M KIMHHYECKHUMU ocodenHocTssMu PA
Iinasma JInzatel
SPUTPOIIUTOB
KO KA KO KA
0,83 -0,43 0,81 -0,80
AxtuBHOCTE M0 DAS 28 p<6,001 p<0’,001 p<6,001 p<0’,001
Hanuue cHCTEMHBIX TIPOSIBICHHIA -0.49 0,79 0,26 0,36
p<0,001 | p<0,001 | p=0,020 | p=0,001
Penrtrenosornyeckas cragus 0,09 0,09 0,21 -0,33
p=0,449 | p=0,456 | p=0,068 | p=0,003
DyHKIMOHAIBHBIN Ki1acc 066 0.21 0,69 0,64
p<0,001 | p=0,070 | p<0,001 | p<0,001

B mra3me 60ombHBIX PA co I cTeneHpr0 akTHBHOCTH TpoIiecca, 1o CpaBHEe-
HUIO CO 37I0POBBIMH, BBISIBIIEHO 3HAUUTENIbHOE MOBbIIeHHe akTuBHOCTH KO 1
camkerne aktuBHOCTH KT (Tabmuua 3). AxtuBHOCTS KO B 100% citydaes
TIPEBBIIIAIAa BEPXHIO TPAHUIY HOpMBI, akTHBHOCTH K/II' B 24,5% ciydaes
Oblta HIDKE U B 6,1% citydaeB BbIlIe YPOBHS 37I0pOBBIX JroAei. I1pu atom, B
OTJIMYUE OT KOHTPOJIS, B JIN3aTaX SPUTPOLIUTOB OIpPEesiiachk 0oJiee BICOKas
aktuBHOCTH KO 1 6onee Huskas aktuBHOCTh KT (Tabmuma 3). AKTUBHOCTH
000uXx (hepMEHTOB B OOJIBIINHCTBE CIYyYaeB OTKJIOHSINCH OT TPaHUI] HOPMBI:
axtuBHOCTh KO B 81,6% ciyuaes, a aktuBHOCTh K/ y Bcex OonbHBIX. B s1-
3aTax 3pUTPOLNUTOB BBISBICHA JOCTOBEPHAsl 0OpaTHAs B3aMMOCBS3b MEKIY aK-
tuBHOCTsiMU KO u KT (p =-0,59, p=0,003).

Just 111 crenenn aktuBHOCTH PA OBUIM XapaKTEepHBI TOBBIIICHHAS AKTHB-
HocTh KO 1 cHmkenHast aktuBHOCTh KJII™ B utasme kpoBu (tabmnuma 3). Ipe-
BBIIIIEHNE YPOBHS HOPMAIbHBIX 3HadeHUH akTuBHOCTH KO oT™Medanocs y 100%
00sbHBIX, akTHBHOCTH KJII" ObUTa cHMKEHA y 45,5% ManueHToB ¥ HU Y OTHOTO
0osbHOTO HE ObLIA MOBBILIEHHOH. B nn3arax spuTponMTOB, IO CPABHEHUIO C
KOHTpOJIEM, HaOmoanoch noBeleHne akTuBHOCTH KO 1 CHIKEHNE aKTHB-
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nHoctu KJII'. YV Bcex GonbHbIX akTBHOCTH KO IpeBbIlana BEpXHUH YPOBEHb
HOpMEI, a aktuBHOCTE KJII' B 100% ciyuyaeB Obl1a HHXKE YPOBHS 3I0OPOBBIX
s, OOparHble B3anMOoCBsA3N Mex 1y obenmu opmamu KOP BhIsBIICHBI Kak B
1a3Me, Tak | B iu3arax 3purpouutos (p=-0,33, p=0,004 u p=-0,79, p=0,020).

Obpamaet Ha ce0st BHUMaHHE, YTO YBEIHUCHHE aKTUBHOCTH MAaTOJIOTHYe-
CKOTO pOoIecca XapaKTepH30BaAI0Ch IPOTPECCHPOBAHNEM CHIKEHHSI aKTHBHO-
cru KJII' Ha done noseiienus aktusHocTH KO B 00enx cpenax (tabmuust 3, 4).

KoppensiiioHHbIe CBS3M MEX/y aKTUBHOCTBIO OJIHOMMEHHBIX DH3HMOB B
na3Me 1 au3aTax 3puTpoUuTOB, nMeBLIMe focToBepHOCTh npu I n III crene-
HU akTUBHOCTH PA, HOCWIM NIpsSIMOM XapakTep: noBbliieHue aktusHocTu KO B
SPUTPOIUTAX COMPOBOXK/IANIOCH MOBBIIIEHHEM aKTUBHOCTH YH3UMA B TIJIa3Me, a
camxeHue aktuBHOCTH KJII' B apUTpOIIMTaX MPOMCXOAMIO Ha JOHE CHUKEHUS
ee TUIa3MEeHHOM aKTHBHOCTH (Tabnuma 5).

Tabnuya 5.
Koppeasimuu Mek1y aKTHBHOCTSIMH O/THOMMEHHBIX JH3HMOB B IUIa3Me H JIN3aTax
IPUTPOLUHUTOB GOJILHBIX B 3aBHCHMOCTH OT CTEeNleHH aKTHBHOCTH PA

AxtuBHOCTH 110 DAS 28 KA KO
I - 0,12 (p=0,226) 0,14 (p=0,429)
11 0,39 (p=0,015) 0,69 (p=0,011)
1 0,35 (p=0,025) 0,81 (p=0,034)

BHecycraBHBIE TIPOSBICHNS MMEIOT BaKHOE 3HAYCHHE B KJIMHUYECKOH
kaptuHe PA, yacTo acconumpyrores ¢ 6osee TSHKEIbIM TEUEHHEM U OBICTPBIM
MPOTPECCUPOBAHUEM IPO3UBHO-JIECTPYKTUBHOTO Mpouecca [2]. B Hamewm unc-
CJIEIOBAaHHUHN TPYMITbl OOJIBHBIX C CUCTEMHBIMU TposiBIeHUsAME PA u 6e3 HUX
OBLTH COMTOCTABUMBI [0 aKTHBHOCTH MATOJIOTHYECKOTO Tporecca. [Ipu stom y
OOJIbHBIX, UIMEIOIUX CHCTEMHBIE IIPOSIBIICHHS 3a00JICBaHUSI, 110 CPABHEHHUIO C
60BbHBIMH 0€3 TAKOBBIX, B IJIa3Me KPOBH ObLIIa BBIIIIE aKTUBHOCTH 00euX (hopm
KOP, B nm3arax 3puTponnToB — HIDKE akTUBHOCTH K/ 1 BBITIIE aKTHBHOCTH
KO (rabmuma 3). [TockomnbKy 1m1a3Ma KpOBH SIBISICTCS MHTETPAJIbHBIM IIOKa3a-
TCJIEM, OTpaXKaroIUM NPOUCXOAAIINE B TKaAHAX OpraHu3Ma MeTa6on1/mec1<1/1e
C/IBUTH, BBISBIICHHbIC HAMH M3MEHEHUS! CITy’KaT apryMEHTOM B HOJIb3y pOCTa
HaIpsDKEHHOCTH TIPOIIECCOB B ()ePMEHTHOM 3BEHE OKCHJIAHTHOM CHCTEMBI Ha
(hoHe npUCOeTMHEHHS K KIIMHUYECKOI KapTHHE 00JIe3HH BHECYCTaBHBIX M1Opa-
keHuit [9]. HaGmonaBmmiics B SpUTPOIUTAX CABUT (PEPMEHTATHBHOI aKTHB-
Hoctu KOP B cTOopoHYy OKcHIa3HOM (hOPMBI CBHIETEIBCTBYET O HApaCTaHUH
nponykimu ADK, kotopble, OKa3bIBasi OBPEXKIAIOIIEE ISHCTBHE HAa MEMOPaHBI
U KJICTOYHOE COJIEPKUMOE, MOTYT CIIOCOOCTBOBATH YKOPOUCHUIO JKU3HU JIaH-
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HBIX (popMeHHBIX A1eMeHToB. [1o anHbiM uTepaTypbl, AOK, reHepupyembie
KOP (B 6omprmeii crerneHu B ¢popMe OKCHAA3HI), TAKKE MPHHUMAIOT y4acTHE
B MOOMJIH3aIINH jkene3a u3 (peppuTHHA B TICUCHH U aOCOpOIINH jKene3a B CITH-
3ucTor obosouke KuiiedHuka [13]. MOXHO HpPEANoI0KHUTh, YTO TOBBIIICHHE
axktuBHOCTH KOP CITy’KUT OIHUM U3 (PaKTOPOB, OKA3bIBAFOIINX BIUSHHIE HA KO-
JINYECTBEHHBIN U KaYECTBEHHBIN COCTaB 3pUTPOLUTOB Ipu PA.

Pentrenonornyeckue craguu npu PA sBISIIOTCS OTpak€HUEM BbIPAKEHHOCTH
JECTPYKTUBHBIX MPOIECCOB B CTPYKTYpax CyCTaBOB. B WX OCHOBE JI€XKHUT Mpo-
TpeCCHUpYIOIIee XPOHIMYECKOE BOCTIAIEHHE, KOTOPOE Pa3BUBACTCS B CHHOBHAIIH-
HOU 000JIOYKE M COMIPOBOXKAACTCS PAa3pyIICHUEM XPSIIEBON W KOCTHOW TKaHU C
oOpaszoBanueM 3po3uid. [lepron Hanbonee akTHBHOTO (hOPMUPOBAHMS SPO3HUI
CyCTaBHBIX ITOBepXHOCTEN KocTell coorBeTcTByeT II 1 111 penTrenonornyeckum
cragusiM. B omnume ot Hux, [V cragus, npu KOTOPOH TAKKe BBISABIISIIOTCS MHOMXE-
CTBEHHBIC DPO3HH, XaPaAKTCPH3YETCs MPeoOIalaHuEM CKISPOTUICCKUX POIEC-
coB ¢ 00pa3zoBaHreM (hHOPO3HO-KOCTHBIX aHKMIJIO30B. B HallieM HcclieoBaHHN
JIOCTOBEpHAsI B3aMMOCBS3b CO CTaAMEH MOPaKCHUsI CyCTaBOB ObLIA BHISBICHA
Tonbko Jutst aktuBHOCTH KT mir3atoB sputporuros (Tabmuia 4). Tem He MeHee,
TIpU JIETaIbHOM aHAJIN3€e MOTYYEHHBIX IAHHBIX MPOCIIEKUBATUCH HEKOTOPBIE TEH-
nenmmy (tabmuma 3). Tak, B T1azMe KpoBH OOJNBHBIX ¢ I pEeHTreHOI0rHYeCcKoi
CTaJveli IOpakKeHHs CyCTaBOB, IO cpaBHEHMIO co Il cTtammeii, okazannuch HIKe
aktuBHocTh KO, KT, o cpaBuenuto c I cranueit, — ke akruBHocTh KO. B
JIM3arax SpUTPOLMTOB Npu | craguu, Takxke kak u npu Il craguu, no cpaBHEHUIO
c III cragueii, Opu1a Hibke akTHBHOCTH KO 1 Bhiiie aktuBHOCTh KII'. CornacHo
MTOJTYYCHHBIM JIaHHBIM, HarOOJIee BEICOKHE 3HAUCHUST aKTHBHOCTH OKCHIAa3HOU
¢dopmbr KOP coorsercroBanu I1 u I1I penrrenonornuecknm craausiM. Takum 06-
pasomM, reaepupyemsie S3H3UMoM ADK, o-BUANMOMY, MOTYT IPUHAMATH YYacTHE
B Pe30pOTUBHEIX IpoIieccax M MOAICpKaHUN BOCIIAJICHUS B CycTaBax mpu PA.

OyHKIMoHaNbHBIN Kilace mpu PA oTpaskaeT cOXpaHHOCTH CHOCOOHOCTH
MaIMEeHTOB K OCYIIECTBICHHUIO MPOdeCcCUOHATbHOM, HempodecCcHnoHaNbHOM
e TEIFHOCTH, CaMOOOCTYKIBAHAIO U B IEJIOM XapaKTEPHU3yeT OIpeIeIIeH-
HBII ypOBEHb KauecTBa KU3HU. OUEeBHUIHO, YTO OH ACCOLMUPOBAH C TSHKECTHIO
KIIMHAYECKON KapTUHBI, KOTOpas OINpeaeNnseTcss akTUBHOCTBIO MaToJOTHYe-
CKOTO TIpOIIecca, HaJIWYHeM BHECYCTaBHBIX IPOSBICHHUH, BBIPAKEHHOCTHIO
KOCTHO-PE30pPOTHUBHBIX MIPOIIECCOB. DTO HAIILIO OTPaKEHHE U IIPH aHATN3E 3a-
BHCHUMOCTH aKTUBHOCTHU 3H3UMOB OT ()YHKIIHOHAIBHOTO KJIaCCa HCIBITYEMBIX.
Bri10 BBIsSIBIIEHO, YTO OOJiee BHICOKHMIA (PYHKIIMOHAIBHBIN KIIACC XapaKTepu30-
BaJicst Ooree BBICOKOM akTHBHOCTHIO KO B I1a3Me KpOBHU U SPUTPOIUTAX, OoTee
Hu3Koi akTuBHOCTHIO KJII' B apuTponmrax (Tadmuisl 3,4).
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3akJiloueHue

CornacHo cOBpeMEHHBIM NpeCTaBIeHIIM, PA He BXOANT B rpymity Oornes-
Hell, B MaTOreHe3e KOTOPBIX BEAYIIYIO POJIb UTPaeT OKUCIUTENBHBIN cTpece
[8]. B TO ke Bpems B tuTEepaType MpEeACTaBICHbI JaHHBIE 00 €r0 y9acTHH B
Pa3BUTHH U IPOTPECCUPOBAHUHU JaHHOTO 3abomeBanus [15, 18, 21]. ITomy-
YEHHBIE HAMH PE3yJIbTaThl COIIACYIOTCS C HUMH M CBHJIETEILCTBYIOT 00 M3-
MeHEHUsIX B ¢pepMeHTHOU cucteme KOP, mposIBISIOMINXCST B COMPSHKEHHOM
C TSDKECTBIO KIMHMYECKUX NPOsBICHUH PA poCTOM akTHBHOCTH OKCHIa3-
HOW (opmBbI hepMeHTa, OTBETCTBEHHOM 3a runepnpoaykunio AOK. Hapsny
C 3THM, CJIEyeT OTMETUTb, YTO OTpE/eIeHHBIN BKIIaa B oOpazoBanne APK
B YCJIOBHUSIX OKHUCIIMTEIBHOTO cTpecca MoxkeT BHOCUTh U K/II', koTopas Tak-
XKe CII0COOHa BOCCTAHABIMBATH KHCIOPOJ, HO MeHee 3(PEKTUBHO TIO CpaB-
HEHHIO ¢ OKcHAasHou ¢opmoii. [Tomumo 3toro, B ycrnoBusix Hu3Koro pH n
TUIIOKCHH, Pa3BUBAIOIIUXCS B TKAHSX B YCIOBHSX BOCHaleHHs, 00e Gpopmbl
KOP moryTt nposiBnsate NADH-okcnmasHyo n HUTPaTPEOyKTa3HYIO aKTHB-
HOCTH, B pe3yJIbTaTe YeTo He TOJIbKO ycuiuBaeTcs npoaykius ADK, Ho Tak-
ke obpasyrorcs ADA [13,16]. Yeunenue non BozaeiictBuem ADK u ADA
IIPOIIECCOB CBOOOHOPAANKAIBHOTO OKUCICHHS 3aITyCKaeT METaboInIecKre
KacKaJbl, KOTOPBIE BEAYT K MOBPEKIACHNUIO KIETOK, UX NMPEKICBPEMEHHON
rubein, crocoOCTBYIOT HOTENINANBHON AUC(YHKIINN, 00pa30BaHUIO BHE-
KJICTOYHBIX JIOBYIICK HEHTPO(UIOB, MONACPKUBAIOIINX XPOHUYECKOE BOC-
TAJIEHUE U AECTPYKIHUIO B CyCTaBax, APYTUX OpraHax M CHCTEMaXx.
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Agriculture is of great importance for the Russian economy and is one of its
most stable and fast growing sectors. The farming experience in the European agro
developed countries confirms the need for active state intervention explained by the
special features of the sector. Our country allocates huge resources to support of ag-
riculture. Russia s mechanisms of agricultural subsidies are improved on a constant
basis meaning that the accounting and financial reporting systems as information
tools of management should be adapted to the functional changes in modern agri-
cultural companies, including improvement of subsidy mechanisms. Our research
assesses accounting for state aid and formation of accounting reporting indicators
taking agricultural firms of the Voronezh region as an example. It also develops the
directions of further activities. The results will help improve the information basis
for managerial decisions when distributing and analyzing effectiveness of state aid
in the agrarian firms.
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COBEPHIEHCTBOBAHUE ®OPMUPOBAHMUSA
UH®OPMAIIAU O TOCYAAPCTBEHHOM MOMOIIA
B BYXTAJITEPCKOM YYETE 1 OTYETHOCTH
CYBBLEKTOB ATPAPHON C®EPHI

B.b. Manuukasa, H.H. Bonkosa, A.A. Axcenosa,
U.E. Konosaneuxo, /[.H. Ocanun

Cenvcroe Xo3a1cmeo uspaem 0SpomMmyo poitb 6 Ikonomuxe Poccuu u sgnaemcs 0o-
HOU U3 Haubonee cmabunbHo u bvicmpopacnyuux ee ompacieil. Onvim 8e0eHust ceb-
CKO20 XO035CMEA 8 AZPAPHO PA3BUMBIX €6PONEICKUX CIMPARAX NOOMBEPIHCOAen, YImo
cneyu@uka OanHoL Ompacu 06yCl10681UBaAeNnt AKMUBHOE BMeLUamenbCmeo 20Cyoapcmea
6 npoyecc ee Qynkyuonuposanus. Ha noooeporcky cenvpcroeo xo3siicmea Hawetl cmpa-
Hbl 8bI0ENAIOMCS 02pOMHbIe pecypcbl. [IocmosHHO cOBepUIEHCIMBYIOMCS MEXAHUSMbL
CyoCUOUpOBanUs OMpaciu cerbeko2o xossiicmea ¢ Poccuu. B smou céasu cucmema
Oyxeanmepckoo yuema u 6yxeaimepckol OmuentHoChu, blCHIYNAs 6 Kayecmee uH-
Gopmayuonno2o ucmounuxa obecheuenus YnpasieHus, O0IACHA a0anmupo8amscs
K NPOUCXOO0AUUM USMEHEHUAM 80 GHeuiHell cpede hYHKYUOHUPOBAHUS COBPEMEHHDIX
CENbCKOXO3SAMCMECHHBIX OP2AHU3AYULL, 00YCTIOBTIEHHBIM, 8 MOM YUCTLE, COBEPUICHCIBO-
BAHUEM MEXAHUIMA 20CYOAPCMBEHHO20 CYOCUOUposaHus. B nposedentom uccnedosanuu
oana oyenKa Oyxeanmepcko2o yuema 20Cy0apCmeeHHOU NOMOWU U (POPMUPOBANU NO-
Kazameineii OyxeanmepcKoll OmuyenHOCU Ha NPUMEPE CETbCKOXO3SMICINEEHHbIX OP2aAHU-
sayuti Boponexcckotl obracmu u paspabomarsl HAnpasienust OAIbHEUe20 Pa3eumusl.
Tonyuennvie pe3yrbmanmbvl NO360AM YCOBEPUIEHCINBOBAMb NOPAOOK POPMUPOBAHUS
uH@OpMAayUOHHOT 6a3bl 0I5 NPUHAIUSA YNPAGTIEHYECKUX pettenuti npu pacnpeoeneHuil
u ananuze dQGexmueHocmu 20cyoapcmeentol NHOMOWU 8 A2PAPHBIX POPMUPOBAHUSIX.

Knrouesnvie cnosa: azpapruvle ghopmuposanuss; OyxearmepcKuil yyem, 0yxeai-
MepcKas OmuemHoCchy,; 20Cy0apCmeeHHAs. NOMOWb, 20CYOAPCBEHHASA NPO2PAM-
Ma; MEXAHU3MBL CYOCUOUPOBAHUSL, CeNbCKOE XO3AUCMBO, CyOCcuou

Jna yumuposanua. Manuykas B.B., Boikosa H.H., Axcenosa A.A., Konosa-
aenxo U.E., Ocanun /. H. Cogepuiencmeosarue opmuposarus ungopmayuu o
20¢y0apCcmeeHHol NoMowU 8 OYXealmepckom yueme u OmMUemHocmu ¢yobeKmog
azpapnoti cgheput // Siberian Journal of Life Sciences and Agriculture. 2021. T. 13,
MNe 3. C. 305-320. DOI: 10.12731/2658-6649-2021-13-3-305-320

Introduction
State help to companies becomes an integral part of a market economy. Agri-
culture is a strategically important, priority instrument in ensuring food security



Siberian Journal of Life Sciences and Agriculture, Tom 13, Ne3, 2021 307

of a state and the need of state aid here is obvious. Long-term experience has
demonstrated that it is the government that can regulate financial injections into
agriculture taking into account possible development trends in the sector. The
Voronezh region was second in 2019 by the volume of subsidies to the farmers
in the Central Federal District (7,618.9 mln rbl). It implements regional state
programme Development of Agriculture, Food Production and Infrastructure
of the Agro-Food Market. The federal government allocated 256.2 bln rbl to
the state agriculture programme in 2021, which is much lower than in 2020
(308.8 bln rbl). At the same time, the federal government plans a 279.7 bln
rbl financing of the programme for 2022 and 295.5 bln rbl for 2023. The key
source of information for the external users on the amount of state help received
by the agricultural organizations is accounting (financial) reporting compiled
from accounting records. Unfortunately, we have to state that the modern ac-
counting and reporting systems do not fully meet the agriculture management
goals (Beisland, 2013; Patten, 2015; Boyko et al., 2019). Reflecting state help
in accounting and reporting in compliance with the Russian and internation-
al legislation; details of information about the types of state assistance in the
accounting system (Milne, 2002); creation of industry-specific accounts in ac-
cordance with the state help mechanism; effectiveness of the use of support
(Muller, 2015); a higher return on invested state funds are pressing issues and
require further improvement.

Literature review

State aid is an integral part of government regulation and is a combination
of different tools and instruments, preferential and free financing of the most
economically disadvantaged industries. The state help notion has good inter-
pretation both in the local and international practices. For instance, in Russian
Accounting Standard 13/2000 “State Aid Accounting” the state assistance no-
tion is defined as “an increase in economic benefits of an organization as a result
of receipt of assets (cash, other property)”. Amendments to the statutory acts
say that Russian Accounting Standard 13/2000 is about the subsidies provided
from the budgets of the Russian Federation budget system and the budgets of
the state extra-budgetary funds; at that, state support in the form of subventions
is excluded. Internationally, the statutory document, which defines the state aid
notion is International Accounting Standard (IAS) 20 “Accounting for Govern-
ment Grants and Disclosure of Government Assistance” (Ahmed, 2013).- We
believe that IAS 20 provides a more accurate definition of state aid: “govern-
ment actions aimed at providing economic benefits to a company or a group of
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companies meeting necessary criteria”. For agriculture, IAS 41 “Agriculture”
is applied internationally (Lehoux, 2019; Strizhenok and Ivanov, 2021).

IAS 41 differs from IAS 20 in prescribing the order of accounting in cases
when a state grant is applied to a biological asset valued at fair value less the
cost of sales, or when a state grant prohibits company involvement in a certain
type agricultural business. We believe that IAS can boast more detailed theo-
retical aspects, while RAS is better from a practical point of view (the order of
accounting). According to Adams (2008), Peter (2016) the terms “subsidies”
and “compensations” can conceal different economic instruments -- revenue
from the sale of goods, works, services accounted for under Russian Account-
ing Standard 9/99, as well as support covered by Russian Accounting Standard
13/2000 “Accounting for Government Assistance”. When a company cannot
differentiate between these two types of budget funds and accounts for them all
as revenue (income), it runs the risk of getting claims from the tax authorities
for underestimating the tax base for VAT and the income tax, usually supported
by courts (Caims, 2004; Akhmadeev, 2019; Rahman, 2018).

In the modern literature a number of problems are discussed with regard to
the topic of the research. This concerns the volume of funding allocated to sup-
port the agro-industrial complex in 2021 in Russia in general and the Voronezh
region in particular; reflection in accounting and financial statements of the re-
ceived subsidies (Fomina, 2020; Kokorev, 2019); the impact of the coronavirus
pandemic on the accounting of government subsidies (Sharonova, E.A., 2020);
methodological aspects of assessing the effectiveness of government subsidies
(Pechenkin, V.G., 2010; Dudukalov et al., 2020), etc.

Matter of research

Farmers receive active government assistance. The chief Voronezh region
distributor of regional budget funds and the funds provided to the region from
the central government for grants is the agrarian policy department of the Vorone-
zh region. The breakdown of state assistance received by the Voronezh region’s
farmers in 2018-2019 is presented in Table 1. We can see that the key directions of
subsidies in the period were subsidies to attain the targets of the regional agricul-
ture programmes (a so-called single subsidy), grants for floating support of plant
growing, subsidies to raise productiveness of dairy cattle breeding and subsidies
to compensate part of interest on investment credits to the farmers.

State assistance to the farmers involves passage of a number of consecutive
stages, including an application with the attachment of documents confirming
the right for a grant to the regional agriculture department (Susiarjo, 2006; Ma-
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larev et al., 2020). We should note that the government of the Voronezh region
develops and approves an order of getting a subsidy. The list of documents for
application for a grant is part of the order. The forms of application are also ap-
proved. The rates of the subsidies are approved by the agriculture department
of the Voronezh region. This means that a farmer only has to comply strictly
with the regulations of the order and fill in the documents correctly (Table 2).

Table 1.
The breakdown of state assistance received by the farmers
of the Voronezh region in 2018-2019

OJSC Rassvet of the Verkh- | OJSC Agrofirma Tikhy Don

nemamonsky district of the Pavlovsk district
Indicator 2018 2019 2018 2019
thou- thou- thou- thou-
sand | % sand % sand % |sand | %
rbl. rbl. rbl. rbl.

Budget funds, total,
including

Grants to attain the
targets of the region-
al agriculture pro-
grammes

Grants for floating aid
for plant breeding
Grants to increase pro-
duction in dairy cattle | 923 | 14.37 | 956 | 9.34 - - 2976 | 71.94
breeding

Grants to compensate
part of interest on in-
vestment credits to the
farmers

Other subsidies - - - - - - 360 | 8.70

6423 | 100.0 | 10249 | 100.0 | 295 | 100.0 | 4137 | 100,0

4114 | 64.05 | 4425 | 43.17 - - 801 | 19.36

632 | 9.84 | 4868 |47.49 | 295 | 100.0 | - -

754 | 11.74 - -

Our analysis of the current accounting for the receipt and use of state as-
sistance in some agricultural companies revealed the absence of the optimally
structured system of information flows on targeted financing on account 86
“Targeted Financing”, which prevents its best analysis. Besides, we established
that some of the economic subjects under analysis never use account 86 “Tar-
geted Financing” and reflect state aid only on accounts 76 “Settlements with
Different Debtors and Creditors” and 91 “Other Income and Expenditure” con-
flicting with the 2020 amendments to Russian Accounting Standard 13/2000
“Accounting for State Assistance”.
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Table 2.

Documenting the receipt of subsidies by agricultural producers
in the Voronezh region

Subsidy Regullli[lzz doc- The list of documents for application
1 2 3

Grants to attain
the targets of the
regional agricul-
ture programmes
(to support elite
seed production)

Regulation of the
Voronezh region
government dated
February 07, 2018
No 110 (ed. dated
August 26,2020)

application; statement of the tax authority

on settlement of taxes, penalties and fines; a
copy of documents confirming the purchase
and sowing of spring and winter crops; the
certificates of seed conformity; information
about the results of sowing; a financial report

Grants for float-
ing aid for plant
breeding

Regulation of the
Voronezh region
government dated
March 18, 2016
Ne 164 (ed. dated
June 30,2016)

application; statement of the tax authority on
settlement of taxes, penalties and fines; infor-
mation about harvesting; financial report; list
of submitted documents

Grants to in-
crease produc-
tion in dairy
cattle breeding

Regulation of the
Voronezh region
government dated
December 28,
2019 Ne 1312

application; calculation of subsidy; informa-
tion about cows or/and goats of the recipient
of the grant; information about milk output,
milk sold and/or sent to the applicant’s own
processing; documents confirming the sales
of milk and/or its sending to the applicant’s
own processing facilities; information about
dairy productivity of cows; financial report;
force majeure documents

Grants to com-
pensate part of
interest on in-
vestment credits
to the farmers

Regulation of the
Voronezh region
government dated
October 19, 2018
Ne910(ed. dated
September 03,
2020) (ed. dated
September 03,
2020)

a) after opening a credit account to receive a
loan under a credit line: copies of the credit
agreement certified by the credit institution;
copies of the payment order and an extract
from the borrower’s loan account on obtain-
ing the loan; a repayment schedule and an
interest payment schedule; a document indi-
cating the number of the borrower’s account
opened in a credit institution to receive funds
from the budget of a Russian Federation
subject;

0) after payment of interest: subsidy appli-
cation; calculation of the volume of subsidy;
copies of payment orders to pay interest cer-
tified by a credit organization; copies of doc-
uments confirming targeted use of the loan;
financial report
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The farmers present a balance sheet, a financial report and explanation to it,
a cash flow statement present information about imputed and actually received
subsidies in industry reporting form Ne 10-APK “Report on Targeted Financ-
ing”. The form consists of 7 parts for individual reflection of information on
state assistance on some branches of plant and cattle breeding as well as on
agricultural insurance (in the form of a compensating subsidy in plant breed-
ing); short-term crediting in agriculture; support to small enterprises (grants);
agricultural investment activities; federal targeted programmes; other state
programmes and other subsidies (Bykanova, 2018; Zvereva, 2020; Zakharov
et al., 2020).

The current presentation of information on state subsidies in federal law
No. 10-APK for some sections is detailed as follows: for elite seed breeding,
traditional plant breeding, payments of insurance premiums and floating sup-
port (in plant breeding section 10.2); for support of pedigree cattle breeding,
traditional cattle breeding, payments of insurance premiums and support of
milk production (in cattle breeding section 10.3), etc. It is also worth noting
that judging by the name, sections 10.2 and 10.3 are devoted to compensating
subsidies, which contain information on stimulating subsidies as a separate
column.

Discussion and results

Modern economic literature (Kozmenkova, 2014; Nuriyeva, 2016; Zhu-
kovskyy et al., 2019) has been raising the question of creation of a multi-lev-
el system of accounting for state aid as part of targeted financing for several
years. Although the system can be perceived as complicated and labour-con-
suming, we think that it is extremely necessary because it provides well for
the users informationally (Leuz,2003; Loureiro, 2015). Besides, we should
note that introduction of analytical accounting for state aid should be done
by target.

We think that the need for further improvement of information on state
assistance in accounting and reporting of farmers is conditioned by the fol-
lowing:

1. There is a need to create a flexible system of accounting for targeted
financing, including several levels (subaccounts on orders 1, 2, etc, as well
as analytical accounts), which would be formed in accordance with the estab-
lished mechanism of assistance to agriculture.

2. Development of the best solutions for an enterprise’s structure of infor-
mation flows about targeted financing on account 86 “Targeted Financing”
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should help create the best analysis possibilities of information on state as-
sistance.

3. We need to adjust the name and contents of the industry reporting indi-
cators Ne 10-APK “Report on the Funds of Targeted Financing”, which, in its
turn, connected to consolidation of all subsidies into one, floating support and
support to increase productivity in dairy cattle breeding in the form of single
subsidy (Morozova, 2019; Movchan and Yakovleva).

Our research helped us formulate the following proposals for further de-
velopment of information on state aid in accounting and reporting of agricul-
tural companies:

1. We suggest our own structure of account 86 “Targeted Financing” for
accounting for state subsidies to the farmers (Table 3). The basis for our pro-
posal is the Voronezh region subsidy mechanism, which was changed in 2020
(Chart 1), the contents of the sectorial (agriculture) form of reporting on the
funds of targeted financing and some orders approved by the government of the
Voronezh region to regulate provision of grants, which we discussed in Table
2. Thus we suggest opening ledger subaccounts for the enlarged groups of sub-
sidies in account 86 “Targeted Financing” — 86-1 “Combined Subsidies for the
Development of Agriculture”, 86-2 “Subsidies for Investment Credits”, 86-3
“Subsidies to Compensate Part of Costs to Create and Upgrade Agricultural
Facilities”, 86-4 “Subsidies under Federal Target Programmes”, 86-5 “Other
Subsidies”, etc. Subledger accounts should be opened by the type (subgroup)
of subsidies. In particular, this is applicable for the so-called united subsidy
to develop agricultural sectors. We suggest calling subledger account 86-1-1
“Compensating Subsidies”, while subledger account 86-1-2 — “Stimulating
Subsidies”.

2. We have formulated a list of analytical accounts for the proposed led-
ger and subledger accounts in account 86 “Targeted Financing” by the type
of grants to ensure the best information structure for account 86 “Targeted
Financing” and increase analytical possibilities of information about state as-
sistance in the accounting system (table 3) using agricultural companies of the
Voronezh region — OJSC Rassvet of the Verkhnemamonsky district and OJSC
Agrofirma Tikhy Don of the Pavlovsk district. For instance, subledger account
86-1-1 Compensating Subsidies should have the following analytical account:
Subsidies to Stimulate Growth of Grains, Legumes and Oilseeds, Subsidies for
Elite Seed Production, Subsidies to Develop Meat Animal Husbandry (cattle
of meat breed), Subsidies to Compensate Part of Costs to Support Milk Pro-
duction, etc. We suggest opening the following analytical positions in subledg-
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er account 86-1-2 Stimulating: Subsidy to Stimulate Production of Oilseeds,
Subsidy to Stimulate Development of Specialized Meat Husbandry as Part
of a Priority Agriculture Subsector, Subsidy to Compensate Part of Costs to
Support Milk Production, etc. As accounting is getting automated, analytical
accounting is arranged by choosing the necessary subaccount for a subsidy as
suggested in table 3.

3. We put forward the proposals to improve industry reporting Ne 10-APK
Report on the Funds of Targeted Financing presented in Table 4.

| 2019

2020

Subsidies for the In-
vestment Credits

—>

Subsidies for the In-
vestment Credits

- agro technical works in seed

%D breeding per 1 hectare;
Assistance to agricul- g - support of milk production per
ture development tar- 5 kilo; cattle husbandry; elite seed
gets (single subsidy) E breeding; agricultural insurance;
S - development of meat cattle hus-
. . bandry
Expansion of produc- Single Subsidy - production of grains and leg-
tion in dairy cattle o umes; oilseeds rapeseed and soy
breeding 'g exclusive); outdoor vegetables;
= fruit and berries; milk;
Floating aid g - development of specialized meat
«n L cattle breeding and small-scale
farming

Development of food

Development of food

and processing indus- ¥ and processing indus-
tries tries
Particularly Particularly
significant g significant
investment projects investment projects
Development Development
of land reclamation of land reclamation
CAPEX > CAPEX
Technical and techno- Technical and techno-
logical upgrades |5/  logical upgrades

Creation of a support
system for farmers
and development of
rural
cooperatives

Creation of a support
system for farmers
and development of
rural
cooperatives

Chart 1. The agriculture subsidy mechanism of the Voronezh region in 2019-2020
was taken as the basis to structure information for account 86 “Targeted Financing”
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Table 3.
Proposed structure of account 86 “Targeted Financing” to account for state subsidies
AC- LEDGER | SUBLEDGER ANALYTICAL ACCOUNTS

COUNT | ACCOUNT | ACCOUNT | (ABSTRACT BY TYPE OF SUBSIDY)
86 Target- | 86-1 United | 86-1-1 Com- | 1. Subsidies to boost production of

ed financ- | subsidies pensating sub- | grains, legumes and oilseeds.
ing to develop | sidies 2. Subsidies to support elite seed breed-
agricultural ing.
Sectors 3. Subsidies to develop meat animal
husbandry (cattle of specialized meat
breeds).

4. Subsidies to compensate part of costs
to support milk production.

5. Subsidies aimed at boosting dairy
cattle productivity (per 1 liter of sold

milk)
6. Etc.
86-1-2 Stim- | 1. Subsidy to stimulate oilseed production.
ulating Sub- | 2. Subsidy to stimulate specialized meat
sidies cattle breeding within the priority sub-

sector of the rural economy.
3. Subsidy to compensate part of the
costs to boost milk production.

4. Etc.
86-2 Sub- 1. Subsidy to compensate part of the
sidies for costs to pay interest on investment
investment credits.
credits
86-3 Sub- 1. Subsidy to buy tractors, agricultural
sidies to machines and equipment produced in
compensate the Voronezh region.
part of costs 2. Subsidy to compensate part of direct
to create costs of creation and/or modernization
and upgrade of storages.
agricultural 3. Etc.
facilities
86-4 Subsi- 1. Development of Russian rural land rec-
dies under lamation in 2014-2020.
the Federal 2. Sustainable development of rural terri-
Target Pro- tories in 2014-2017 and until 2020.
gramme
86 Tar- 86-5 Other 1. Subsidy to create and develop agricul-
geted fi- | Subsidies tural consumer cooperatives.

nancing 2. Etc.
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Table 4.
Proposals to improve industry reporting Ne 10-APK Report on the Funds
of Targeted Financing presented in Table 4

Existing report Proposed report
Section (code, name) Section (code, name)
10-1. Summarized information on rural producers’ | 10-1. Summarized information
received state aid on rural producers’ received
state aid

10-2. State support of some seed and animal breed- | 10-2. State support as part of
ing subsectors as well as agricultural insurance (in | united subsidies to develop

the form of compensating seed breeding subsidy) agriculture

10-3. State support of some seed and animal breed- | 10-3. State support to compen-
ing subsectors as well as agricultural insurance (in | sate part of interest on invest-
the form of compensating animal breeding subsidy) | ment agricultural credits

10-4. State support of short-term crediting 10-4. State support to com-
pensate part of direct costs to
create and upgrade agricultural

facilities
10-5. State support of small firms (grants) 10-5. State support as part of
the Federal Target Programme
10-6. State support of investment in agriculture 10-6. Other state support

10-7. State support as part of federal projects and
state agency programmes, other directions of state
support of agriculture

We think we should provide for the following groups of subsidies in form
Ne 10-APK:

- 10-1 “Summarized information on state assistance to the farmers”;

- 10-2 “State assistance as part of unified subsidies to develop agriculture”;

- 10-3 “State assistance to compensate part of interest on investment credits
in agriculture”;

- 10-4 “State assistance to compensate part of direct costs to create and
modernize agriculture facilities”;

- 10-5 “State assistance as part of the Federal Target Programme”;

- 10-6 “Other state assistance”.

This is a way to reduce the number of subsidies from 7 to 5.

We believe that our proposals will help increase the quality of information
on state assistance in accounting and reporting of farmers.

This study was financed by a grant from the Plekhanov Russian University
of Economics
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CONCEPTUAL APPROACHES
TO THE DEVELOPMENT OF THE AGRICULTURAL
SECTOR IN TERMS OF THE CLOSED-CYCLE
ECONOMY

N.A. Prodanova, A.A. Savin, S.N. Kosnikov, 1.V. Sorgutov

The current stage of development of the agricultural industry is characterized
by high rates of automation of production processes. In this regard, the problem of
rationalizing the process of distributing agricultural resources and organizing the
production chain with added value is becoming more acute. An effective solution
to this problem can be a closed-cycle economy model. This model can contribute to
the rational use of resources, reduce production losses, and, as a result, improve the
quality of products and their volumes. It is necessary to develop a general plan for
the implementation of the main postulates of the closed-cycle economy in agriculture,
gradually implement the circular economy strategy and include new industrial cir-
cular economy in the process of modernization of a particular branch of agriculture.
In some areas of agriculture, a cycle of production systems should be established as
soon as possible. With the basic implementation of new industrial technologies and
industrial development, as well as the stability of the reserves of social resources,
it is necessary to steadily increase the new cycle of industrialization in agriculture.
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KOHUEITYAJIBHBIE ITIOAXO/IbI K PA3BBUTHUIO
CEJIbCKOXO3SMCTBEHHOM OTPACJIA B CBETE
IKOHOMUKHU 3AMKHYTOI'O HUKJIA

H.A. Ilpooanosa, A.A. Casun, C.H. Kocnukos, H.B. Copzymoe

Coepemennulii sman pazeumusi CebCKOX03ANUCMBEHHOU OMPACiu XapaKmepu-
3Yemcsi 8bICOKUMU MEMNAMU ASMOMAMU3AYUU NPOU3E0OCMEEHHBIX npoyeccos. B
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motl ces13u 060cmpsiemcs nPodLeMa pAyUOHAIU3AYUL NPOYECCa PACHPeOeNeHs
CeNbCKOXO3AUCMBEHHBIX PECYPCO8 U OP2AHUZAYUU NPOU3BOOCNEEHHOU YeNnOUKU C
dobasnenHoll cmoumocmsro. B kauecmee s¢hhexmusroco pewenus 0aHHol npo-
Onembl MOdKcem 8biCHYNams MOOeib YIKOHOMUKU 3AMKHYMO20 YUKAA. YKA3aHHAs
MOOenb MoXcem cnocobCcmseos8ams payuoOHAIbHOMY UCHOTb308AHUIO PECYPCO8, CHU-
JICEHUIO NPOU3BOOCMEEHHBIX NOMEPb, U, KAK CIeOCMmBUe, - VIVYUEHUIO Kauecmed
npouU3BOOUMOT NPoOYKyuL u ee 06vemos. Heobxooumo paspabomams oowuil nian
peanuzayui OCHOBHbIX NOCMYAAMOE IKOHOMUKU 3AMKHYMO20 YUKILA 8 CeNTbCKOM
X035CmEe, NOIMANHO Peau308ams CIMPAMeSUo Kpy2o8oti IKOHOMUKU U BKIIOUUME
HOBYIO NPOMBIULIEHHYIO KPY208VI0 IKOHOMUKY 8 NPOYecc MOOCPHU3AYUL MOU U
UHOT OMPACU CeNbCKO20 X035cmed. B nekomopuix obracmsx ceibcko2o xossiii-
cmea cinedyem Kaxk MOJMCHO CKOpee CO30amb YUK NPOU3BOOCHBEHHbIX CUCTIEM.
TIpu 6az060ii peaiuzayuu HOBbIX NPOMBIULIEHHBIX MEXHONOSU U NPOMBILUIEHHO2O
PA3UmMuUs, d MAaKdy’ce CMadUIbHOCIU 3aNACO8 COYUATILHBIX PECYPCO8 HEOOXO0OUMO
HEYKIIOHHO HAPAWUBAMb HOBbLI YUK UHOYCIMPUATUZAYUU 8 CEIbCKOM XO3AUCMEe.

Kntrouesvie cnosa: cenbcrkoe X0331Cmeo; SKOHOMUKA 3AMKHYIMO20 YUKIA; Pa3-
sumue ompaciu
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Konyenmyanbrble n00X00bl K PA3GUMUID CElbCKOXO3AUCMBEHHOU OmMpAcii 6 céeme
9KOHOMUKU 3amKHymoz2o yukia // Siberian Journal of Life Sciences and Agriculture.
2021. T 13, Ne 3. C. 321-331. DOI: 10.12731/2658-6649-2021-13-3-321-331

Introduction

Due to the intensive development of agricultural technologies, many coun-
tries are facing serious problems, such as the reduction of land resources and the
growth of waste, which increases the risk of air and soil pollution. Therefore, the
traditional agricultural model needs urgent transformation and modernization to
achieve sustainable development and intensive use of resources [1]. Taking into
account the territorial land features, as well as the development opportunities
of the industry under consideration, a number of states apply various methods
of transformation and modernization of agricultural production, such as” bi-
ological agriculture “(Western Europe),” Precision agriculture “(USA), and”
Organic agriculture “ (Japan).

However, taking into account the development of agricultural production
technologies and the need to increase the volume of products produced, the
leading countries of the world are gradually turning their attention to the need
to implement the technologies used within the framework of a closed-cycle
economy model. This model includes the integration of agriculture and animal
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husbandry and is a scientific, effective and organic form of planting and grow-
ing plants, developed to achieve the following goals [2]:

— environmental safety;
production of environmentally friendly agricultural products;

— processing of agricultural waste;

— zero (minimum) emissions from agricultural activities.

Despite the positive aspects, the application of this approach faces such
problems as dependence on state subsidies, secondary pollution caused by bi-
ological gases. In this regard, the optimization of the process of implementing
this model becomes the object of research by a number of scientists.

Materials and methods

In the process of writing the work, articles and monographs were analyzed
within the framework of the research topic. In addition, analytical and compar-
ative methods were used.

Results

The relevance of the topic under consideration is increasing exponentially,
since the demand for food products around the world is growing annually [3].
This need is compounded by the effects of climate change on agricultural sys-
tems: rising temperatures and changes in the structure of global precipitation
increase the likelihood of a decrease in crop yields and the spread of weeds and
pests on agricultural land [4].

The above-mentioned problems open up wide opportunities for the develop-
ment of a circular economy (CE) using innovative technologies and profitable
business methods to solve the problem of recycling agricultural waste, as well
as by-products of the industry. The development of CE requires the introduction
of closed-loop systems that work to achieve the goals of increasing economic
and environmental sustainability [S]. The development of such systems is a de-
parture from traditional linear production models that work through the transfer
of natural resources to products, and then to waste [6].

CE assumes a certain model that does not have a net impact on the environ-
ment, providing a reduction in the use of natural resources and waste production
[7], an effective reduction of waste for processing their valuable related products.

During the transition to a cyclical economy, there is a need for data collec-
tion and exchange, investment in innovation and promotion of business cooper-
ation [8]. The transition is required at the level of the supply chain, and not at the
level of an individual company, due to the need for comprehensive development
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of the system [9]. This entails the need to evaluate and redesign existing pro-
duction systems, including integrated technological solutions that allow taking
into account the biogeochemical and technical aspects of the circular system.

The relevance of the topic under consideration entails an increase in the
number of appeals from the world’s leading experts to this topic is also increas-
ing. There are several studies devoted to the analysis of the model of agricultural
circular economy. Most of them are focused on the assessment of sustainable
development, which uses various methods, such as index assessment, model life
cycle assessment, etc. Thus, the authors use life cycle assessment methods to
compare the differences between traditional and biogas models of the circular
economy of pig farms and to assess the environmental and economic benefits
of carbon trading [10].

In addition, certain complex agricultural models were proposed for imple-
mentation, involving the parallel production of plant and animal products. The
results of such studies, in general, prove that the model has allowed to increase
the environmental, economic and sustainable advantages of the agricultural
production process in comparison with the traditional model. Accordingly, in-
tegrated agriculture is a promising model of sustainable development.

Considering the planning of the agricultural development model, the authors
use such methods as an analytical hierarchical process, multi-purpose linear
programming, and models of system dynamics. A structure based on two-level
models of agricultural production planning in arid and semi-arid regions based
on fuzzy and interval confidence constraints is also presented. Of particular
interest is a framework model that combines agent-based approaches and au-
tomated models of settlement growth to provide services for making decisions
about a compromise between ecosystems. Accordingly, the development of
approaches to the implementation of the main postulates of the closed-cycle
economy in the field of agriculture entails the development and proposal of
various methods for the practical implementation of integrated technologies in
the field of agriculture.

Discussion

The researchers point out that the traditional model of the economy is a
one-way flow of a linear economy, namely “resources — products — linear
waste growth”, which is based on high-intensity exploitation and consumption
of resources and at the same time causes damage to the environment with high
intensity. In contrast to the traditional economy, the circular economy is charac-
terized by a low consumption of materials and resources in the production pro-
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cess, a low level of pollution, high efficiency and a significant circulation rate,
which allows the full use of resources in the production process. As a result, the
negative impact of economic activity on nature will be maximally reduced [11].

Thus, a cyclical economy provides economic development, environmental
protection and resource savings within the same goal. Its distinctive feature is
resource saving and waste recycling, which makes it an indispensable choice for
any leading country in the world if it wants to change the model of economic
growth from extensive to intensive.

The system of a sustainable economic cycle should have five features. First,
production and consumption should, as far as possible, switch from the use of
energy that causes environmental pollution to the use of renewable green en-
ergy sources. Secondly, consumption of raw materials and choosing materials
suitable for recycling should be minimized. Third, one should resist packaging
for the purpose of dumping goods and using packaging materials and contain-
ers that can be recycled.

Fourth, reducing the number of different types of industrial waste that must
be processed as thoroughly as possible at the same time. Fifth, possibility of
processing the resources of the post-consumer products industry and minimiz-
ing the number of landfills and cases of incineration of household waste should
appear [12].

The requirements of a closed-cycle economy are imposed on the construc-
tion of its industrial system in three dimensions.

1. Measurement of internal turnover for the development of eco-industrial
and sustainable agriculture;

2. The size of the cycle between industries for the development of an eco-
logical production chain or an eco-industrial park (the ecological chain can
even be extended to various industries, including industry, agriculture and an-
imal husbandry).

3. Measurement of the general circulation of society for the intensification
of the development of the green consumer market and the resource processing
industry [13].

The introduction of a circular economy is an inevitable option for the sus-
tainable development of agriculture. This process is the key basis of the overall
national economy. There is an urgent need for the sustainable development of
agriculture in order to meet the trend of the development of the circular economy.

The problems of environmental pollution, environmental damage and re-
source depletion in modern traditional agriculture should be resolved using the
principles and methods of circular economy.
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Among the advantages of agriculture for the development of a circular econ-
omy should be called a close connection with the natural environment, re-
spectively, agriculture is more easily accessible for the process of processing
materials of natural ecosystems, which allows you to develop and implement a
model of economic development based on processing

As a part of nature, agriculture participates in the entire system of circulation
of materials and energy, which offers a more direct implementation path for co-
ordinating relations between man and nature and contributes to the sustainable
development of mankind, postulated by the circular economy [14].

The characteristics of agricultural industries allow us to speak about the
significant advantages of agriculture, which can contribute to its development
within the framework of a circular economy. The industrial system of agricul-
ture includes many industries, including crop production, animal husbandry,
forestry, fishing, processing of agricultural products, trade in agricultural prod-
ucts and services, which are closely interrelated and synergetic. The natural
connection between the agricultural sectors and the integrated features of the
structure of agriculture are the basis for the agroecological production chain
created and strengthened by the cyclical economy, as well as determining the
need to ensure the coordinated development of agricultural sectors [15].

Among the main principles of the closed-cycle economy in the field of ag-
riculture, the following should be mentioned:

1. The need to follow the 3R principle (reduction, reuse, recycling) and the
principle of primary waste reduction, which involves reducing the volume of in-
put of limited or non-renewable resources and materials and the volume of waste
production throughout the life cycle of agricultural products in the process of agri-
cultural production in order to achieve certain production and consumption goals.

2. Reuse refers to resources or products that must be used multiple times.
For example, washing water for livestock and poultry can be used for irrigation,
achieving not only the effect of irrigation, but also fertilization.

3. Recycling refers to products that, after completing their function, become
newly available resources, and not useless garbage. The principle of the primacy
of waste reduction requires the prevention of waste in production as a priority
goal of economic activity.

4. In addition, the agro-cyclical economy should support the principles of
measurement adapted to local conditions, biological coexistence and mutual
benefit, general coordination, maximum green cover, minimum loss of soil
fertility, use and protection of land resources, reasonable flow and the best
distribution of resources, rationalization of the economic structure, etc. [16].
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Clean production, prevention and control of pollution in the process of per-
forming basic agricultural operations is the main vector of movement in the
industry under consideration.

Different agricultural sectors can also complement each other in the production
chain. Thus, waste from crop production can be used in the production of building
materials, paper production, etc. This will make it possible to form a complete and
closed ecological industrial network for the exchange of resources for the produc-
tion of new products. Also, the result of this process can be the effective use of waste
and the reduction of environmental pollution due to the activation, optimization,
modernization, expansion of various agricultural industries [17].

Agricultural technology systems that support the development of a circular
economy should include:

1. The concept of environmentally friendly production in agriculture and
the system of environmental technologies.

2. The theory of the life cycle and methods of environmental assessment

3. The concept of environmental management in agriculture and the system
of environmental management methods.

4. Principles of the ecosystem and technology systems of the agricultural
industry.

5. Laws and regulations of the agricultural circular economy and the imple-
mentation of the policy of preferences and the security system.

5. Models of sustainable development of the circular economy of agricul-
ture [18].

On the basis of ecological agriculture, a model of progressive development
of the processing economy should be developed in order to produce environ-
mentally friendly agricultural products and environmentally friendly food prod-
ucts. Ecological agriculture of any developed country today should consist in
the use of modern science and technology, traditional agricultural methods,
principles of ecology and ecological economics and systems of engineering
methods for the implementation of integrated planning, rational organization of
agricultural production for the purpose of integrated management of low-pro-
ductive areas and improving the ecological functions of high-yielding areas in
accordance with local conditions and the advantages of local resources, achiev-
ing high quality, effective and sustainable development of agriculture and a
favorable cycle of both ecological and economic systems, as well as effective
integration of the economy, ecology and society.

It is also necessary to develop a cyclical model of the economy in the light
of organic agriculture in order to develop organic food (products) and organic
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industry as a means. Organic industry refers to the ecological branch chain of or-
ganic agriculture (organic agriculture, organic forestry, animal husbandry, organic
fishing), processing industry, trade and services in the field of organic agriculture.

Organic consumption is also an important factor. Based on the rejection of
genetic engineering and chemically synthesized substances, such as chemical
fertilizers and pesticides, in the process of agricultural production, organic ag-
riculture follows environmental principles and ecological and economic laws to
create and restore a healthy ecological circular system of agriculture. Organic
agricultural products must be produced and processed in accordance with the
relevant international production standards and through the certification of or-
ganic agricultural products. The development of organic agriculture and organ-
ic industry is the need to protect the environment, preserve limited resources,
develop the rural economy and improve people’s lives [19].

The quality of life and protection of human health is an effective way to
accelerate the restructuring of agriculture and industrial modernization and
effective management of the source of environmental pollution and ensure
sustainable agricultural development, as well as the development of an eco —
efficiency economy. Therefore, it is necessary to strive to introduce a waste re-
cycling model to promote organic agriculture as a basis, develop organic food
(products) for this purpose and develop the organic food industry.

Conclusion

Since the 60s of the 20th century, people have begun to think about the lim-
itations of traditional methods of industrial food production, which is a large
consumption of natural resources and the formation of a large amount of waste.
The establishment of a production cycle mode in agriculture is to turn it into a
production cycle mode “resources — products —waste —renewable resources
— processed products”, in which various production and vital waste can fall
into the reproduction zones. Thus, the use of the so-called “deep cycle” of ag-
ricultural production is being updated.

The system of technologies of cyclic production is the main part of the
creation of a circular economy, which is basically a method that uses various
wastes for reproduction, including decomposition, synthesis and production.

Accordingly, it is necessary to develop a general plan for the implementation
of the main postulates of the closed-cycle economy in agriculture, gradually im-
plement the circular economy strategy and include new industrial circular econo-
my in the process of modernization of a particular branch of agriculture. In some
areas of agriculture, a cycle of production systems should be established as soon
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as possible. With the basic implementation of new industrial technologies and in-
dustrial development, as well as the stability of the reserves of social resources,
it is necessary to steadily increase new cycle of industrialization in agriculture.
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SATIPEIHAETCA UCIIOJIB30BATD
CCBUIKHM-CHOCKU AJIA YKA3A-
HNA NICTOYHHUKOB
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Tekct craTby (Ha PyCCKOM SI3BIKE)

1. BBenenue.

2. [eab padoThlI.

3. MartepuaJjsbl 1 MeTOAbI HCCJIETOBAHUS.

4. Pe3yabTaThl HCCJIEIOBAHUS U HX 00CY KIEHHe.
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