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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: 10.12731/2658-6649-2021-13-2-11-31
YIK 611.061.1

OCOBEHHOCTH 'EMO/IUHAMUKHA
B CTPYKTYPHO-PA3/IMUHBIX BHYTPUOPI'AHHBIX
APTEPUAJIbBHBIX BUDYPKAIIUAX CEPALA
YEJIOBEKA, BBISABJIAEMBIE C IOMOIIbIO
YUCJIEHHOI'O MOAEJIUPOBAHUSA

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

Hens. Ilymém uucnennoco mMooenuposanus nposepums npeononodiceHue o
CBA3U MEANCOY TMUNOM OUXOMOMUU U OCOOEHHOCIAMU OBUICEHUS KDOBU 6 CIMPYK-
MYPHO-PA3TUYHBIX OUGYPKAYUAX BHYMPUOP2AHHO20 APMEPUATLHO20 PYCId cepoya
uenogexa.

Mamepuan u memoosl. Hcnonw306anu pe3ynsmanvi Mophomempul peaibHo2o
apmepuanvbrozo pycia cepoya. sk MoOenuposanus HeCmayuoHapHO20 IAMUHAD-
HO20 meueHUs NPUMEeHANU peuleHue noaHol cucmemsl ypasuenuil Hasve-Cmoxca,
nonyueHHoe ¢ NOMOubIo Hes8HoU pasHocmHou cxemvl 8 nakeme ANSYS.

Pesynvmamot. Yemanoeneno: ouxomomus (bughyprayus) nepeoeo muna (noi-
Has acumMmempus) yeenuuueaenm uHMeHCUgHoCms QIyKmyayutl pacxooa u Makcu-
MATLHYIO CKOPOCHL NOMOKA, d MAKIICEe YMEHbULAET OUHAMUYECKYIO 8A3KOCTIb KPOBU
6 bovutell gemeu. B menviuell semeu hopmupyemes KeazucmayuoHapHuoe meyenue.
Jluxomomusa (bugyprayus) emopozo muna (60Ko8as acummempus,) ymMeHvuidaem
MAKCUMYM CKOPOCHU NOTOKA U 3HAYEHUe OUHAMUYECKOU BA3KOCTU 60 BCEX BEMEBSX.
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Jluxomomus (bughypkayus) mpemveco muna (0OHOCMOPOHHSS CUMMEMPUs) yee-
AUYUBaen MAKCUMYM CKOPOCIU NOMOKA U YMEHbUlAenm OUHAMUYECKYIO 513KOCb.
Juxomomus (6ughyprayus) uemeepmoz2o muna (NOIHASL CUMMeMPUsL) YMeHbUaem
MAaKcumym cKopocmu nomoka, oegpopmupyem npoghuib CKOpoCcmu u 3HAUUMENbHO
yeenuuusaem 6sA3K0cms Kpogu. bonee mozo 30Ha ¢ ysenuuenHoll 6A3K0CMvio pac-
npocmpanaemcs uz A0pa NOMoKa NPAKMUYecKu Ha 8Cl0 001ACIb MeyeHUs.

Bb1600b1. Pesynvmamvl MOOenuposanus NO360II0M YMEEPHcOamy 0 PA3Hol
DYHKYUOHATLHOL PONU apmepuanbHblx ouxomomull (ougyprayuil) cmpykmyp-
HO-pasnuyHblx munog. Ilocie npoxodicoeHus pasnuiuHslx munog ouxomomuil (ou-
@yprayuii) nomox Kposu npuodbpemaem yYHuQuUyuUposannvle ceoUCmed, Heooxo-
oumble 05l MeueHUs: 8 2eMOMUKPOYUPKYISIMOPHOM yyacmie pycia. Buisenennvie
ocobennocmu HeoOX00UMO YUUMbBIEAMb NPU YUCTEHHOM MOOETUPOBAHUU CIPYK-
Mypvl 6HYMPUOPSAHHO20 APMEPUATHLHO20 PYCILA Cepoya YeloseKa u guympuapme-
PUATLHOU 2eMOOUHAMUKU.

Kniwouesvie cnoea: uucnennoe mooenupoganue; 2emoOUHAMUKA; GHYMPUOD-
2aHHOe apmepuanvbHoe pycio cepoyd; CmpyKmypHo-paziudtsie ouxomomuu (ou-
dyprayuu)

Jna yumuposanusn: 3enun O.K., Osepro B.C., [mumpues A.B., Munmuix U.C.
Ocobennocmu 2eMOOUHAMUKY 8 CINPYKINYPHO-PA3TUYHBIX GHYMPUOP2AHHBIX apime-
PUATbHBIX OUDYPKAYUAX cepoya Yelo8eKd, BbIAGIAEMble ¢ NOMOWBIO YUCTEHHO2O
mooenuposanus // Siberian Journal of Life Sciences and Agriculture. 2021. T. 13,
Ne 2. C. 11-31. DOI: 10.12731/2658-6649-2021-13-2-11-31

HEMODYNAMIC FEATURES
IN A STRUCTURALLY DIFFERENT ARTERIAL
INTRAORGANIC BIFURCATIONS OF THE HUMAN
HEART BY NUMERICAL MODELING

O.K. Zenin, V.S. Overko, A.V. Dmitriev, 1.S. Miltykh

Aim. Check the hypothesis about the connection between the type of dichotomy
and the peculiarities of blood movement in structurally different bifurcations of the
intraorgan arterial bed of the human heart using numerical modeling.

Materials and methods. The results of morphometry of the real arterial bed of
the heart were used. To simulate unsteady laminar flow, we used the solution of the
complete system of Navier-Stokes s equations, obtained using an implicit difference
scheme in the ANSYS package.
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Results. It was found that dichotomy (bifurcation) of the first type (complete
asymmetry) increases the intensity of flow rate fluctuations and the maximum flow
rate and decreases the dynamic viscosity of blood in the larger branch. A qua-
si-stationary flow is formed in the smaller branch. Dichotomy (bifurcation) of the
second type (lateral asymmetry) reduces the maximum flow rate and the value of
dynamic viscosity in all branches. Dichotomy (bifurcation) of the third type (uni-
lateral symmetry) increases the maximum flow rate and decreases the dynamic
viscosity. Dichotomy (bifurcation) of the fourth type (complete symmetry) reduces
the maximum _flow velocity, deforms the velocity profile, and significantly increases
blood viscosity. Moreover, the zone with increased viscosity extends from the flow
core to almost the entire flow area.

Conclusion. The simulation results allow us to assert a different functional role
of arterial dichotomies (bifurcations) of structurally different types. After passing
through various types of dichotomies (bifurcations), the blood flow acquires unified
properties necessary for the flow in the hemomicrocirculatory section of the bed. The
revealed features must be considered in the numerical modeling of the structure of
the intraorgan arterial bed of the human heart and intra-arterial hemodynamics.

Keywords: numerical modelling;, hemodynamics, intraorganic arterial bed of
the heart, structurally different dichotomies

For citation. Zenin O.K., Overko V.S., Dmitriev A.V., Miltykh I.S. Hemodynamic
features in a structurally different arterial intraorganic bifurcations of the human
heart by numerical modeling. Siberian Journal of Life Sciences and Agriculture,
2021, vol. 13, no. 2, pp. 11-31. DOI: 10.12731/2658-6649-2021-13-2-11-31

Crnucok cokpameHmii:
D — BHYTpEHHHX JMAMETP MATEPMHCKOTO cerMeHTa, d — BHYTPEHHHH 1na-
MeTp OOJIBIIETO N0YEPHEro cerMenTa, d . — BHYTPEHHUH TMaMETp MEHBIIETO 10-

YepHero cerMeHTa, L —irHa MaTepuHCKOTO CerMeHTa, | — mumHa OoibIiero

max

JAOYCPHETO CETMCHTA, lmm — JJIMHa MCHBIICTO JOYCPHETO0 CETMCHTA.

Beenenne

B cooTBeTcTBUU ¢ AMXOTOMHYECKOH (OM(YpPKAIMOHHOW) MOIEIBIO CTPO-
€HHsI apTEePUAIIBHOTO pycia Ceplila, ero CTPYKTYPHO-(OYHKIIMOHAIBHOW €/H-
HUIICH sBJsIeTCs AUX0TOMUs (OudypKamus). IT0 KOHCTPYKIIHS, COCTOSIIIAS U3
MAaTepHHCKOTO CErMEHTA U JIBYX JIOYSPHUX apTepHAIbHBIX cerMeHToB [1, 3].

Briepssie mpobiema GpyHKIIMOHAIEHOW aHATOMHH apTepHaIbHBIX Pa3BET-
BiIeHU# (Oudypkanuii, TuxoTomMuii) Obuta chopmynrposana B 1878 rony B
JOKTOPCKOH JHCCepTallMi HEMELKOro anaToMa u smbpuosora Buisrensma
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Py [26]. Ha ocHOBaHMH CBOMX HAOJIOICHHUI OH MPHIIIES K BBIBOLLY, 4TO (popmMa
pa3BeTBICHNUS (AMXOTOMHH) MOX0XKa HA (HOPMY CTPYH JKUIKOCTH, BRITEKAIO-
el u3 oTBepCcTHst TPYOKH. [yt 0OBSICHEHNS HTOTO SIBICHUS aBTOP MPEAIIO-
JKHJI THIIOTE3Y O TOM, YTO KOHCTPYKIUSI KDOBEHOCHOW CHUCTEMBI OTBEYaET
NPUHIUIYY MHHUMAJBHBIX 3aTpaT OMOJIOTHYECKOT0 MaTepHraia, H3pacxoo-
BAaHHOTO Ha €€ MOCTPOCHME, M NMPUHINITY MUHUMAJIBHBIX 3HEPTeTHYECKUX
3arpar, HeoOOXOJUMBIX ISl TIPOJBMKECHHS 110 Hel KpoBH. [Ipu aTom apte-
pHUaNbHbIE TUXOTOMUU MPUHUMAIOT KOHQUIYpaALUU, KOTOPbIC IS JaHHBIX
YCIIOBHHN SBISIIOTCS CAMBIMHU JTyYITUMH, T.€. onTuMaitbHbIMU. Cecil Murray
HCCIIEZI0Ba]l KPOBEHOCHBIE COCY/BI, a B 1926 roxy M3M0XKMI pe3yabTaThl B
BHJIe MaTeMaTHueckux Gopmyn — «Murray’s law» [19, 20]. B coBpemenHoi
Hay4YHOW IHUTepaType MpeICTaBICHO OOIbIIOE KOINYECTBO paboT, KOTOPHIE
KaK MOATBEPKIArOT [0, 18], Tak M yKa3bIBaIOT Ha HEMIOJHOE COOTBETCTBHE TE-
opun (Murray’s law) pe3ynbraram MOpQOMETPUH peaNbHBIX apTepUaTbHBIX
pycen [12, 14, 15, 17, 24, 25, 28]. TlosaBunuck padOThl, B KOTOPHIX JaHHOE
MIPABHJIO MCIIONIB3YETCs UISl YUCIIEHHOTO MOJEINPOBAHMS CTPYKTYPBI apTe-
PHAIBHBIX pYyCel, MPEACTABICHHUS UX B KauyecTBe (PpakTaJbHBIX KOHCTPYK-
uwmii [7, 23].

Ha ocHOBaHMY 3TOT0O MOZIEIMPOBAHUS JETAOTCS BBIBOABI O BHYTPUAPTEPH-
AIBHOW TeMOMHAMUKE )KU3HECHHO Ba)KHBIX OpraHoB yemoBeka [10, 13].

B paborax [2, 4, 5] yObenuTeapHO MOKa3aHO HANWYKE 4-X CTPYKTYPHO-pas-
JIMYHBIX TUIOB JUXOTOMHH (OM(ypKaluii), COCTABISIONMX BHYTPUOPTraHHOE
apTepuaNbHOE PYCIIO cepara. A UMEHHO: 1) OTHAs aCHMMETPHUS — BETHNINHBI
nnameTpoB cerMenToB (D, d . d ), KOTOpBIE COCTABIAIOT JUXOTOMHMIO, HE
paBHbI MeXAy coO0H, 2) OOKOBasi aACMMMETpHSI — BEIMYMHA JJMaMeTpa Mare-
puHckoro cermenTa (D) paBHa 3HaYeHHWIO AUaMeTpa OOJBIIETO U3 JOYEPHUX
cermMenToB (d ), 3) OMHOCTOPOHHSAS CAMMETPHS — BEJMINHBI TUAMETPOB JI0-
uepHuX cerMenToB (d,, d . ) paBHBI MeXy cOOO# 1 He PaBHbI 3HAYCHUH JIHa-
MeTpa MaTepHUHCKOTO CETMEHTa, 4) TOJIHAasi CHMMETPHS — BEJIMUUHBI THAMETPOB
Beex cermenToB (D, d_ , d . ) paBHBI Mexy coboii. Kpome Toro, 6bu1o cre-
JIAHO JIOITYIIEHHUE O Pa3In4yHON (YHKIMOHAIBHON POJIM OTAEIBHBIX YUacTKOB
apTepHaIbHOIO Pyciia U 0COOEHHO apTepHaIbHBIX JUXOTOMUH (OndypKanuii).
JIutepaTypHBIX JaHHBIX, MOATBEPKIAIONINX WIIM OTPOBEPralOIINX 3Ty THUIIO-
Te3y, 0OHapYKUTh HE yNAI0Ch.

Heab padoThl: MyTEM YUCIEHHOTO MOACTUPOBAHUS IPOBEPUTH PEIIONO0-
JKEHHUE O CBSI3M MEXJLy TUTIOM JIUXOTOMUHU M OCOOCHHOCTSIMU JIBHIKEHUSI KPO-
BU B CTPYKTYPHO-Pa3INUHBIX OM(ypKanusx BHYTPHOPIaHHOTO apTEPHAIIBHOTO
pyciaa cepila 4eaoBeKa.
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MatepuaJjbl 4 METOAbI

3amava pemnranach B HeCTAIIMOHAPHON TPEXMEPHOH ITOCTAaHOBKE, CTEHKH ap-
TEpUN CYUTAITUCH HEYIIPYTUMH, YTO ITO3BOJIIIIO U30CKATh UCTIONB30BAHHUS Pe-
CYPCOCMKHX aJITOPUTMOB B3aMMOJCHCTBHS JKUAKOCTH C YIIPYTHUMH CTCHKAMU
apTepUaNbHBIX CETMEHTOB. JlaHHOE MPHONMKEHNE UCIOTH30BAHO B COOTBET-
CTBHH C pe3yibTaraMu padot [9, 26] KOTopbIe TIOKA3aJIH, YTO BEIUIHHBI CIABH-
TOBBIX HANPSKCHUN HA CTCHKE KaYCCTBEHHO M KOJIMYCCTBEHHO MPAKTHUCCKU
HE OTVINYAIOTCA y MOJENEH MCTONB3YIONINX NPUOIIKEeHNE TBEPABIX CTCHOK
U YIpYTUX CTCHOK. KpoBh cunTanmack HCHBIOTOHOBCKOM KHIKOCTBIO C TUIOT-
HOoCThIO 1060 Kr/M3 M TMHAMUYECKON BSI3KOCTBIO, M3MEHSIONIEHCS COMIaCHO
monenu Kappo [11, 23].

3aBHCHMOCTD TUHAMHYECKOHN BSI3KOCTH OT CIBUTOBBIX HAIIPSDKCHUN B ATOM
MOJICITU OMTUCHIBACTCS CIICAYIONIeH Gpopmyroit [22]:

p=p (- p )+ ) )
rae = 0.0056 Ia - ¢, nuHaMuYecKas BASKOCTh B YCJIOBUM OTCYTCTBHUS C/IBH-
roBbIX Hanpsbkenui, u, = 0.0036 Ila - ¢, MuHAMUYECKast BA3KOCTh B yCIIOBUU
MaKCHUMaJIbHBIX CABUIOBBIX HanpspkeHui, A = 3.313, a = 0.3568.

Jnis MozenmmpoBaHUs HECTAMOHAPHOTO JIJAMUHAPHOTO TEICHHUS HCIIOTB30Ba-
JIOCH PeIIeHHe TIOTHON CHCTeMBI ypaBHeHH HaBbe-CTokca, MOTydeHHOE ¢ TI0-
MOIILIBIO HESIBHOM pa3HOCTHOI cxeMbl B nakere ANSY'S. JlaBiieHue onpenensioch
M0 CTaHAAPTHOH cXeMe, IS OIpeesIeHNs] CKOPOCTEH HCIONIb30BaIach CXeMa ¢
Pa3HOCTSMH ITPOTHB TIOTOKA BTOPOTO IMOPSIIKAa TOYHOCTH. UTO KacaeTcst B3auMOC-
BSI3W MEXKIY pacueTaMy CKOPOCTEH U IaBJICHUs, TO JUIS MOICITUPOBAHHS ObLIa
ucnosnb3oBaHa cxema PISO [16]. BpemeHHOI1 11ar moCTOSHHBIN U paBeH | Mc.

CucTtema pacueTHBIX ypaBHCHHUH MIMEET BHI:

ad d d d a 32 a2 32
p(—“+u—“+u6—“+wa—“)=——P+p(—“+—“+—") @)
y Z Z

at a2 B dx2  8y* 8z2
v av dv v apr v  8%v  8%v
pl-tu—+v—+w—)=—+pu(+—+— 3)
at dx az dz ay ax®  ay® 8z
a a a a ar a2 a az
p(—w+u—w+v—w+w—w)=——+p(—w+—w+—w (4
at ay dz 8z E ax?  ay? az2
g a a3
Gu v w_ ®)

dx ay dz

Ha BxomHO# rpaHuIe pacdeTHONW 00JacTH OBLI MCIOIB30BaH Mapabdom-
4eCcKAU MPO(HUIB CKOPOCTH, COOTBETCTBYIONINI 00HEMHOMY KPOBOTOKY Ha
JTAHHOM YPOBHE BETBJICHUSI apTEPHATIBbHON CHCTEMBI B TEUCHUE KapIUAIBHOTO



16 Siberian Journal of Life Sciences and Agriculture, Vol. 13, Ne2, 2021

nuKia. PaccunThIBaAINCH ABA KapANANbHBIX IIUKIIA, PE3YJIbTAThI B3ATHI ISl BTO-
pOro, Tak Kak pa3iIndus 3HAUUTENIbHBI MKy PE3yJIbTaTaMi MOJCITUPOBAHUS
JUTSL IEPBOTO ¥ BTOPOTO IIMKJIOB, MEK/Ty BTOPBIM H TTOCJIETYIOIMMH IpeHeOpe-
KUMO Maiibl. JlaHHOe Jomyiienue 6a3upoBajioch Ha MPOJEIAaHHOM HAMH Te-
CTOBOM pacyeTe HeHbIOTOHOBCKOTO TEUEHHS KPOBHU B MPSIMOil TpyOKe I Tpex
KapauaibHBIX IUKIOB. Ha BeIXOZE pacdeTHOH 0o0macTH 3a1aBanoch (OHOBOE
nasnenue, papHoe 0 ITa. /Iy KOppeKTHOrO MOJEITUPOBAHUS BO3BPATHOIO TeUe-
HUS OBUT UCTIONb30BaH METOJ| «KOPPEKIMH 10 OyvpkaimM siueiikam» [8]. Ha
CTEHKaxX COCYy/a 3a/1aBaJIUCh YCIOBHS IPHIUIIAHMHS.

1.2 T T T T T
Q

0.8

0.6

0.4

o | 1 1 1 1
0 0.5 1 1.5 2 25 3

Puc. 1. Kpusas 3aBucumoctu 6e3pasmeptoro pacxona (Q)
ot Ge3pasmepHoro BpemenH (T)

B kadectBe MOP(HOMETPUUECKUX XAPAKTEPUCTUK CTPYKTYPHO-PA3THUHBIX
TUXOTOMUH (OU(ypKaluil) BHYTPHOPTraHHOTO apTepPHaIbHOTO pyciia Cepra
HCIIOB30BANIH JaHHBIC, PUBEACHHBIC B padote [5] (Tadm. 1).

Tabnuya 1.
Mopdomerpuyeckne XapaKTepUCTHKH CTPYKTYPHO-Pa3JIHYHBIX THIIOB
JHUXOTOMHUII BHYyTPHOPTAHHOTO APTEPUAIBLHOTO PycJia cepaua YyejoBeKa

Benmunaber MOpQOMETPUIECKUX XapaKTEPUCTUK AUXOTOMHIA
Mop(omerputcekie CTPYKTYPHO-Pa3INYHBIX THIIOB
XapaKTEPHCTHKH, MM Juxoromust | Juxoromus | Juxoromus | Juxoromus
Tun 1 THN 2 Tun 3 Tun 4
X) X) X) X)
D 0,8 0,73 0,48 0,72
Qinax 0,64 0,73 0,32 0,72
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Oxkonuanue mabn. 1.

din 0,38 0,44 0,32 0,72
L 4 3,65 3,57 9
L 3 3,65 2,38 9
lin 2 1,75 2,38 9

Ipumeyanusi: D — BHyTPEHHUX JUAMETP MAaTEPHHCKOTO CerMeHTa, d  — BHyTpeH-
max

HWUU JUAMETP 60,]'[]>LUCFO JIOYEPHETO CETMECHTA, dmin — BHYTPEHHUU JUAMETP MCHBIIECTO

JIOYEPHET0 CEerMenTa, L —TiHa MaTepuHCKOTO cerMenTa, | — JuiiHa 6osibliero ao4ep-

HEro CerMenTa, | . — JITMHa MEHBIIErO JI04EPHETO CErMEHTa.

BennunHbl yIioB Mexkay apTepualbHBIMH CErMEHTaMHU, COCTABIISIFOLIMU
JUXOTOMUIO, PACCUUTBIBAIIH, UCTIONB3Ys ypaBHeHust Murray C.D. [21]. [{ns co3-
JIaHUsI BUPTYaJIbHOM FeOMETPHH U IIOCTPOCHUSI PACUETHON CETKM OBLUTH HCIIOJb-
30BaHbI cpencTBa makera ANSYS.

Pe3yabrarsl

Pe3ynpTaTsl KOMIIBIOTEPHOTO SKCIIEPUMEHTA TIPEICTaBICHBI Ha pHC. 2, 3, 4,
5. AHanm3 pe3ynbTaToB IMOKa3al, YTO TCUCHHUE B IIEPBOM THITC apTEPUATBHBIX
JMX0TOMUi (OndypKanuii) XapakTepr3yeTcs yBeInueHHeM MaKCHMaJIbHOM CKO-
poCTH B GONbLIEH MO IHAMETPY NovepHel BeTBH (d, ) M yMEHBIIEHHEM CKO-
poctu B Menbiel Beteu (d . ) (puc. 2 a, b, ¢, d).

Kpome Toro, none ckopoctd B MeHbluel BeTsu (d . ) Xapakrepusyercs
HE3HaYNTEIbHBIMU M3MEHEHHUSIMU B Pa3HbIC MMEPHO/bI KaApAHAIBLHOTO IUK-
J7a, B OTJIMYUH OT POAUTENBCKOTO cocyna (D) u 6ompmeit Betsu (d ). He-
HBIOTOHOBCKHE CBOMCTBA B JMXOTOMHUH 3TOTO THUIA MEHSIIOTCS CIIEAYIOMINM
obpasom. Kax B Gonbmeii (d_ ), Tak u B MeHbInei (d . ) BETBH BA3KOCTh
KpPOBH B SIAp€ OTOKA YMEHBIIIAETCS 3a CUCT yBEIMUCHHS e(hOpPMAIIHH TTPO-
(U CKOPOCTH M COOTBETCTBEHHOT'O YBEIIMUCHHUS CIBUTOBBIX HAIPSIKEHUN
(puc. 2 e, ).

Pe3ysbTarbl MOICTUPOBAHISI TOKA B TUXOTOMUSX (OU(ypKaIHsix) BTOPOro
Trma (OOKOBasg aCHMMETPHsI) IPUBEACHHI Ha puc. 3 a, b, ¢, d, e, f. Kak crexny-
€T U3 NPUBEJIEHHOTO0, MAKCHMYM CKOPOCTH B Oonbiei nouepneit setsu (d_ )
CYIIECTBEHHO HMXKE MaKCUMyMa CKOPOCTH B poauTenbckoit BeTBu (D). Ilome
CKOPOCTH B MEHBIIEH BETBH (d . ) NCTIBITHIBAET 3HAYNUTEIBHBIE KONEOAHNUS B Te-
YeHHEe KapIuaibHoro nukia (puc. 3 a, b, ¢, d). [Tocie mpoxokaeHHs TOTOKOM
KpPOBH UXOTOMHHU (OMdypKamm) BToporo Tuma (OOKoBas aCHMMETpHsI) He-
HBIOTOHOBCKHE CBOMCTBA KPOBH M3MEHSIOTCS] HE3HAUYUTEIHHO. [[MHaMudecKas
BA3KOCTh YBEJIMYMBAETCA B OONbINEH NovepHel BeTBHU (d, ) M yMEHBIIAETCA B
MeHbLIel nouepneit Betsu (d . ) (puc. 2 e, f).
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Puc. 2. Pe3yabraTsl MOICTUPOBAHUS TEUCHUS B AUXOTOMUSIX (OU(ypKAIHSIX)
THn 1 (oNHas aCUMMETpUst): @ — II0JIe CKOPOCTHU, CUCTOTMYECKHI MAKCUMYM,
b — 1os1€e CKOpOCTH, TMACTOINYECKHI MAKCUMYM, C — I10JI€ CKOPOCTH,
JIMACTOIMYECKUit MUHUMYM, d — TMHAMHUYECKast BSI3KOCTb, CHCTONHYECKUI
MAaKCHUMYM, € — JIMHAMHYECKas BA3KOCTb, TUACTOIMYECKUIl MAaKCUMYM,

f — quHaMIYecKas BA3KOCTb, THACTOINICCKIH MUHUMYM.
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Puc. 3. Pe3yasTaTsl MOIETHPOBAHUS TEUCHHS B AUXOTOMUSIX (OM(ypKAIHX)
Tun 2 (00KOBast aCHMMETPHS): & — [0JIE CKOPOCTH, CUCTOINYECKUH MAKCHMYM,
b — 1os1€e CKOpOCTH, TMACTOIMYECKHI MAKCUMYM, C — T10J1€ CKOPOCTH,
JMACTONNIECKUH MUHUMYM, d — THHAMUYECKask BA3KOCTh, CUCTONNIECKHH
MAaKCHMYM, € — IMHAMHYECKas BA3KOCTb, TUACTOIMYECKUIl MAKCUMYM,

f — qMHAMUYecKas BI3KOCTb, TUACTOINIECKIH MUHHUMYM
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TeyeHue B TpeTbeM THIIC apTePUANIBHBIX TUXOTOMUE (Oudypkarwuii) (omx-
HOCTOPOHHSIS CHMMETPHS) XapaKTePU3yeTCsl YBEIMICHUEM MaKCHMATBHOM CKO-
pocTH B 1o4epHUX BeTBsX (puc. 4 a, b, ¢, d, e, f.).

‘
— }—W e 2 }—"

Puc. 4. Pe3ynasTaTsl MOIETMPOBAHUS TEUCHHS B IUXOTOMUSIX (OM(ypKAIHIIX)
THn 3 (OAHOCTOPOHHSS CHMMETPHSA): a — IOJIe CKOPOCTH, CUCTOMNIECKHIH
MakcuMyM, b — nosie CKOpOCTH, ANACTONUYECKUI MAKCUMYM, C — II0JIe CKOPOCTH,
JMACTOINIECKUH MUHUMYM, d — THHAMUYECKas BA3KOCTh, CHCTOINIECKHIN
MAaKCHMYM, € — IMHAMHYECKast BA3KOCTb, THACTONNIECKHHA MAaKCUMyM,

f — nuHaMUYecKas BA3KOCTb, JUACTOIMYCCKUIl MUHUMYM.
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Puc. 5. PesyabraTsl MOIETUPOBAHUS TEUCHHS B AUXOTOMUSIX (OU(ypKALHSIX)
THIl 4 (TOJHAs CHMMETPHS): a — II0JIe CKOPOCTH, CHCTOIINYECKIH MaKCHMYyM,
b — 10J1€ CKOPOCTH, TMACTOIMYECKHH MAKCUMYM, C — TI0JI€ CKOPOCTH,
JMACTONMYECKUIt MUHUMYM, d — IMHAMUYECKast BSI3KOCTb, CHCTOINYECKUI
MaKCHMYM, € — IHHAMHYECKasi BI3KOCTh, THACTOIMYCCKUI MAaKCUMYM,

f — nuHaMu4ecKas BA3KOCTb, TUACTOIMYCCKUIl MUHUMYM.

B obGnactu mepesn pa3BeTBICHHEM 3aMETHO BUXpeoOpasoBaHue B (aze
cucronbl. B auacronnueckoit aze npoduib CKOPOCTH CTAHOBUTCS MEHee 3a-
TIOJIHEHHBIM, C O0Jiee BEIPaKEHHBIM MaKCHMYMOM Ha OcH. [10sIBIISIFOTCSI 30HBI ¢



22 Siberian Journal of Life Sciences and Agriculture, Vol. 13, Ne2, 2021

TIOBBIIICHHOH BSI3KOCTHIO HA OCH COCYIOB. HermocpeicTBeHHO B TOUKE JIesIeHHs
MAaTepHHCKOT0 CerMEHTa COCY[a CIBHIOBBIC HANPSDKCHUS 3HAYUTEIBHO yBe-
JIMYHMBAOTCA. B TeueHHe kapIuaabHOTO HUKIIA KOJIeOaHHs BA3KOCTH B LEIIOM
HE3HAYMTEIIbHBI JUIS NPSIMOJIMHEHHBIX Y4acTKOB Kak poxurensekoro (D), tak
u foueprux cocynos (d_ . d ).

TedeHne B 4eTBEPTOM THIIE apTEPHATBHBIX IUXOTOMIH (OnypKartuii) (rom-
Hasi CHMMETPUS) XapaKTepH3yeTcsl 3HAYNTEIbHBIM YMEHBIIEHHEM CKOPOCTH B
JIOYEPHUX BETBSX 0 CPABHEHUIO C POJUTEIBCKAM COCYJOM, a TAKXkKe YIUIO-
IeHreM poQUIIst CKOPOCTH B TIONIEPEYHOM CeueHHH cocyaa (puc. 5 a, b, ¢, d,
e, f.). Taroke npohuIb CKOPOCTH CTAaHOBUTCS OOJIee 3alI0OJTHEHHBIM, OTPBIBHAS
30HA HE BO3HHKACT.

Oocy:xaenue

[To nanHBIM ITUTEPATYPHI, YOS TUTEIHLHO TTOKa3aHO HATIMYUE YEThIPEX CTPYK-
TYPHO-Pa3JIMYHBIX THUIIOB IUXOTOMHH (OMypKaIHii), COCTABISIONIMX apTepH-
anpHOE pycio cepana [2, 5]. bomee Toro, 6buT0 cAenaHo AOMyIIeHHE 00 MX
pasnmyHON (QpyHKIMOHATBHON poiu [4]. OmHAKO MTaHHBIX, TOATBEPIKIAOIINX
WM ONPOBEPTraroliX 3Ty TUIOTE3y, OOHAPYKUTh HE yrnanock. [loaTomy uc-
CJIel0OBaHME MIPECIIE0BAIIO LENb ITyTEM YHCIEHHOTO MOJEIMPOBAHUS MIPOBE-
PHUTH MPEIIIOIIOKEHUE O CBSI3M MEKTY THIIOM JAUXOTOMHU M OCOOCHHOCTSIMH
JIBIDKCHUS] KPOBH B CTPYKTYPHO-PA3IMYHBIX OM(YpKAUIX BHYTPHOPTaHHOTO
apTepHaIbHOTO pycia cep/ua yenoBeka. PeanbHast reoMeTpHs HCIIOIb30BaIaCh
JUTSL TOTO, YTOOBI MUHUMHU3HPOBATh BIMSIHUE HHANBHUIYaIbHOI aHATOMIYECKON
BapuabensHOCTH. Mcrionp3oBanne NprOIMKEeHNsT HECHBIOTOHOBCKOW YKHIKOCTH
MO3BOJIAET MONYYUTh PacIpe/ie]IeHNe CIBUTOBBIX HAMPSKEHUH, MOIell CKopo-
CTH M JIaBJICHHUSI, KOTOPBIE TTO3BOJISIOT O0JIEE TOCTOBEPHO aHAIN3UPOBATH IIPO-
LIECCHI, TPOUCXOAAIINE B CTPYKTYPHO-PA3INIHBIX apTEPUATBEHBIX TUXOTOMUSIX
(Oudypranmsx).

UYuciieHHOE MOJICIMPOBAaHHE TOKA KPOBH B TUXOTOMHAX (OudypKanmsx)
1-ro Thma (MoNHAast aCUMMETPHS) TTOKA3aJI0, YTO TMPOXOXKIEHUE TIOTOKAa KPOBU
4yepe3 JMXOTOMHUIO TIEPBOTO THIA YCHIIMBACT (MIYKTYallMU Pacxo/ia U yBEeIHIH-
BaeT MaKCUMaJlbHYyI0 CKOPOCTh B Gonbiuel BeTsu (d_ ) v GopmupyeT npakTu-
9ECKHU CTAlIMOHAPHOE TEUEHNE B MEHbIIEH BeTBH (d__ ). BA3KoCTh KpoBH B s111pe
NOTOKa, KaK B 6ompmieid (d ), Tak n B MeHbIIeH (d . ) BETBM yMeHbIIAETCS 3a
cueT yBenuueHus aedopManuy npoduiisi CKOPOCTH M YBEITWYEHUSI CABUTOBBIX
HanpspkeHu#. TakuMm o6pazom, quxoromust (oudypxarmst) mepBoro turma (mos-
Hasi aCHMMETPHsI) yBEIMYMBACT HHTEHCUBHOCTh (IIyKTyaluil pacxoia u Mak-
CHMAJIbHYIO CKOPOCTB IIOTOKa, & TaK)Ke YMEHbBIIACT JUHAMUYECKYIO BI3KOCTh
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KpPOBH B TCUCHHE KapIUAJIBHOIO [UKJIA B OONbIICH BeTBU. B MEHbIIICH BETBU
(opMupyeTcs KBa3UCTallMOHAPHOE TEUEHHE.

Kaptuna Teuenust B nuxoroMusix (Oudypkanusx) Broporo tuma (6okoBas
aCHUMMETpHs) AEMOHCTPHUPYET, YTO, HECMOTpPSI Ha HEKOTOPOE CTPYKTYPHOE
CXOJICTBO BTOPOTO THIa AMXOTOMHUIl (Oudypkammii) ¢ nepBbIM THUIIOM (II0J-
Hasl aCHMMETPHsI), KAPTUHBI TEUEHHs CYIECTBEHHO OTIMYaroTcs. B gacTHO-
CTH, MaKCUMYM CKOPOCTH B Oonbiueil joueprHed BeTBH (d ) 3aMeTHO HMke
MaKCHUMyMa CKOPOCTH B poauTesnbckoil BeTsH (D). ITone ckopocTu B MEeHbIIEH
BeTBH (d_. ) 3HAYUTENBEHO M3MEHAETCS B TEIEHUE KAPAUAIBHOTO [HKIIA, YEr0
He HaOIomaeTcs B JUXOTOMHAX (OM(ypKaIUaX) IMepBOro Trra (IoJHast aCHM-
MeTpust). HeHbIOTOHOBCKHE CBOWMCTBA KPOBU M3MEHSIFOTCSI HECYIIIECTBEHHO I10-
Clle TIPOXOXKICHNS TTOTOKOM KPOBH JUXOTOMHH (OM(ypKalnn) BTOPOro THMA
(6oxoBas acumMmeTpus). JuHaMudecKast BI3KOCTh YBEITMUHUBACTCS B OONBIIECH
nouepHel BeTsH (d, ) M yMeHbIIaeTCs B MeHbLIEH nouepnei Betsu (d . ). Ta-
KUM 00pa3oM, auxotomust (Oudypkarms) Broporo Turia (0OKoBast ACHMMETPHS)
YMEHBIIIaeT MAKCUMYM CKOPOCTH ITOTOKA 1 3HAYCHNE ANHAMUYECKOH BSI3KOCTH
BO BCEX BETBSIX.

PesynbraThl MOZCIMPOBAHUS TOKA KPOBH B TPETHEM THIIE apTepHAIbHBIX
nuxotomuil (6udypkaiuii) (OZHOCTOPOHHSS CUMMETpPHs) YOSIUTEIHHO CBH-
JIETEJILCTBYIOT 00 YBEITMUCHNN MAaKCHMaJIbHON CKOPOCTH B JOYEPHUX BETBSX.
B ¢a3ze cucronst siBHO nposiBisieTcst 9QPEKT BOSHUKHOBEHUS OTPHIBHOM 30HBI.
Tarxoke Hy)KHO OTMETHUTb, YTO B TUACTOJINICCKOM (a3e MpOoQHIbL CKOPOCTH CTa-
HOBHTCSI MEHEE 3allOJHEHHBIM, C 00Jiee BBIPaKEHHBIM MaKCHMYMOM Ha OCH,
9TO SIBJISETCS IPUYMHON yBEIMUCHHS CIBUTOBBIX HANpPsDKCHHH M OKa3bIBa-
eT BJIMSHUE Ha W3MEHEHHE BS3KOCTH KpoBU. Hannuue obnacreil ¢ HU3KMMHU
C/IBUTOBBIMU HAINPSUKEHUSIMU HA OCH TIOTOKA IPUBOJUT K BO3SHUKHOBEHHIO 30H
C TIOBBINMIEHHON BS3KOCTHIO HA OCH COCY/OB. B TOUKe pa3BeTBIECHHS CIBUTO-
BbIe HANPSDKCHUSI 3HAUUTEIBHO YBEJIMUUBAIOTCS U3-3a TIOBOPOTA MOTOKA, KaK
CJIC/ICTBUE ATOTO JIMHAMHYECKAsi BI3KOCTh KPOBU YMEHbLIAaeTCs. B Teuenne
KapJMaIbHOTO IUKIIA KOJIeOaHNS BI3KOCTH B IIEJIOM HE3HAYNUTEIIBHBI IS TIPsI-
MOJIMHEHHBIX y4acTKOB KaK poauTesibckoro (D), Tak M JouepHUX CerMeHTOB
(d,,.d ). OnHako CTPyKTypa MHOJIs BA3KOCTH IIPETEPIEBAET 3HAUYMTENbHbIE
W3MEHEHHMs, €CII B MATEPUHCKOM COCY/IE 30Ha C MOBBIIIEHHOH BA3KOCTBIO 3a-
HUMAaeT IOJOBUHY TMaMETpa, TO yXKe B JOYCPHHUX BETBSIX HE OOJiee YETBEPTH.
Kpowme Toro, B paze AuacToandeckoro MUHIMyMa B 30HE Pa3BETBIICHUS BO3HU-
KaeT 00JIaCTh C JIOKAJIbHO YBEIMUCHHOMN IMHAMUYECKOH BSI3KOCTBIO, YTO 00JIer-
YaeT pa3AeeHue TOTOKa B MOCIEAYIONEH CHCTOINYIECKOH (ha3e KapiHaIbHOTO
muksia. CrieioBaTebHO, JUXOTOMHUH (OM(ypKaIKs) TPEThEro THma (0JHOCTO-
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POHHSISI CHMMETPHSI) YBEJIMUUBAIOT CKOPOCTh ITOTOKA U Ie(OPMHUPYIOT €ro Mpo-
¢ub TakuM 00pa3oM, UTO CABUIOBBIE HANPSKEHUS BO3PACTAIOT, YTO B CBOIO
odepesb MPUBOANT K YMEHBIIEHHUIO BI3KOCTH HE TOJIBKO B TIPUCTEHOYHOH 00-
JIACTH, HO M B OiKaiIieit K cTeHKe 00J1acTH si/1pa otoka. Bo3Hukaromnye npu
9TOM CHJIBI, BEPOSITHO, CIIOCOOCTBYIOT KOHIIEHTPAIUU (POPMEHHBIX 3JIEMEHTOB
KpOBH BOJIH3H OCH COCY/Ia.

AHanmu3 pe3ysbTaToB MOJCIMPOBAHMS TEUEHUsI KPOBU B YETBEPTOM THIIE
apTepHabHBIX AUXO0TOMUH (OndypKaruii) (ToJTHass CUMMETpPHs1) yOSIUTELHO
JEMOHCTPHUPYET 3HAYUTEILHOE YMEHBIIIEHHE CKOPOCTH B JOUYEPHHUX BETBAX MO
CPaBHEHUIO C POAUTEIHCKAM COCYJIOM, a TAK)Ke YIUIOMIEHNE PO CKOPO-
CTU B IOIEPEUHOM cedeHHHu cocyna. IIpoduis ckopocTu craHoBuTCsa Ooee
3aIOJIHEHHBIM. B OTiIMYMe OT Te4eHust KpOBH B TPEThEM THIIE IMXOTOMHM (011
HOCTOPOHHSISI CAMMETPHSI) OTPHIBHAS 30HA HE BO3HUKAET. YIUIONIEHHUE ITpodiis
CKOPOCTH NPHUBOJMT K YMEHBIICHHUIO CIBUTOBBIX HANPSDKCHUH B e ITOTOKA,
YTO B CBOIO OYEPE/ib CIIOCOOCTBYET YBEINUYECHHIO TMHAMUYECKOH BIZKOCTH I10-
TOKa KPOBH B JIOUEPHUX BETBSIX ITOH TUXOTOMHUH. TakuM 00pa3oM, AUXOTOMHUS
(Oudypkanms) yeTBepTOro THUIA (TIOJIHAS CUMMETPHSI) YMEHBIIAET MAKCHMYM
CKOPOCTH MOTOKa, Ie(OPMHUPYET MPOPHIHL CKOPOCTH U 3HAYUTEIILHO YBEITHIH-
BaeT BA3KOCTH KPOBH. boree Toro 30Ha ¢ yBelIM4EeHHON BI3KOCTBIO PACIIPOCTpa-
HSIETCS M3 spa MOTOKA MTPAKTHYECKH Ha BCIO 00JIACTh TEUCHMS.

3akJiloueHue

Pe3ynbTaThl YMCICHHOTO MO/ICTMPOBAHUS TEIEHHS KPOBH B CTPYKTYPHO-pa3-
JIMYHBIX THIaX apTePUaIbHBIX IUXOTOMHI BHYTPHOPTaHHOTO PyCJia Cep/Ia ue-
JIOBEKa, MO3BOJISIIOT YTBEPXKIaTh 00 UX Pa3IMYHON (DYHKIIMOHAIBHOM POJIH.

[epBrril THI AEXOTOMUHN (OM(ypKaINil) yBETHIUBAECT CKOPOCTh TCUCHHUS B
OorbIiIeli JouepHel BETBU M yMEHBIIIACT BA3KOCTh KPOBH. B MeHbIIIei ke BeTBH
(ITyKTyannuu CKOpOCTH U AaBJICHHS B TEUSHNE KapINallbHOTO [IUKJIa HUBEIUPY-
F0TCSI HACTOJIBKO, 4TO (DOPMHUpYETCsl KBa3UCTAIIMOHAPHOE TeueHHe. Bropoi T
TuXoToMuH (OrdypKaImif) yMeHbIIaeT Kak CKOPOCTh, TaK M BA3KOCTH MTOTOKA
KPOBH B 00€MX JJOUEpHUX BeTBIX. TpeTnil Tu nuxotoMuii (Oudypkannii) yse-
JIMYUBACT CKOPOCTH TEUCHHUSI B 00EHX JIOYEPHUX BETBSIX M CYLIECTBEHHO YBE-
JIMYUBAET MPUCTEHOUHYIO 30HY C OHMKEHHOI BA3KOCThIO. Benencrue aToro
BO3HHKAET 3P PEKT «IIHYPOBAaHH» (POPMEHHBIX 3JIEMEHTOB KPOBHU BOJIN3U OCH
cocyna. UerBepThiid THIT AUX0TOMHN (OM(ypKalyii) yMEeHbIIAeT CKOPOCTh Te-
YEHUSI U YBEIIMUUBACT BSI3KOCTh B 00EHX JIOUEPHHUX BETBSIX.

MO’KHO TIPEIIONOKUTE, 9TO HOCJIE TIOCIIEI0BATEILHOTO MTPOXOXKICHUS KPO-
BU Ye€pe3 pazIM4HbIe THITB AUXOTOMUH (OudypKaluii) ee MOTOK nmpuobdperaer
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yHU(ULMPOBAHHBIE CBOMCTBA, HEOOXOAUMBIE ISl TEUEHHS B TEMOMUKPOLIMP-
KyJISITOPHOM y4acTKe pycia.

BrrsiBieHHBIE 0COOCHHOCTH HEOOXOJMMO YUHUTHIBATh PH YHUCICHHOM MO-
JIeIUPOBaHUU CTPYKTYpPbl BHYTPHOPIaHHOTO apTepHUaIbHOIO pycia cepALa ye-
JIOBEKA U BHYTpHUAPTEPUATbHON TeMOTMHAMUKI.

HNudopmanus o koHpaukTe nHTEepecoB. OTCyTCTBHE KOHMIUKTAa HHTE-
pecoB.

HNudopmanus o cnoncoperse. [IpoexT peanusyercs Ipy NOAIEPKKE IpaH-
Ta @oH/Ia CONEHCTBUS Pa3BUTHIO HHCTHTYTOB IpaskaaHCcKoro odmectsa B [IDO.
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BO3PACTHBIE UBMEHEHUA
YPOBHA OKCITPECCUU MAPKEPOB
IIVIOTHBIX KOHTAKTOB Y )XEHIINH
MHOCJE MUOMIKTOMHUHA

A.U. Illanosanosa, B.O. Ilonsakoea, T.C. Kneiimenosa

Obocnosanue. Muoma mamku npedcmasisem coboli 00OpoKaiecmeeHHbie
onyxonu, obpasyrowuecs u3z anaokomvluieunvix kiemok. Knayounot (CLDN) s6-
JISIIOMCSL. OCHOBHBIMU DEKAMU NIOMHBIX KOHMAKMOS, 0eMOHCIMPUPYs PA3TULHYIO
9KCHpeccuio 8 mkamsx, npudem npoguas sxcnpeccuu CLDN sensemces penpesenma-
mugnvim. CLDN uepatom gadicneliutyio poisb 8 HeONIACmMuyecKux npoyeccax, max
KAK NPUHUMAIOm yduacmue 8 QopMupo8anuu eOuHo20 CUSHATLHO20 NYMU MeNCOY
GHEKTICIMOYHBIM MAMPUKCOM U BHYMPUKTEMOYHBIM YUIMOCKELENOM.

Henv. Uzyuums yposenv sxcnpeccuu Mapkepos, omeedarowux 3a QyHKyuo-
HATbHYI0 akmusHocms niomusix konmakmog kiemox CLDNI1, CLDN7 u CLDN10
6 OUONMAmMax UHMAKMHO20 MUOMEMPUSL Y HCEHUJUH PASHBIX BO3DACIMHBIX SPYNNL.

Mamepuanst u memoodwvl. Oociedosano 90 nayuenmok 6 sozpacme om 23 00
47 nem, xomopule OvLIU PAHOOMUHUZUPOBAHBL HA 6 epynn. B nepevie mpu epynnvi
sowinu 45 npakxmuuecku 300p0OGLIX NAYUEHMOK, 8 YeMEEPMyI0, NAMYIO U UeCmyio
SPYNNbL — JHCEHWUHBL C MUOMOU MamKu. M KOHmMpOoIbHble 2pYynnbl U NAYUeHmMKU C
MUOMOU MAMKU ObLIU PA30eNeHbl HA PAHHULL, CPEOHUL U NO3OHULL PENPOOYKIMUBHBIL
6o3pacm.

Hccnedosanue nposoounocs ¢ paspeuienis dmuiecko2o komumema 6 omoeie-
HULU ONEPAMUBHOT 2UHeKon02uU ¢ onepayuoHHbim oiokom @I'EHY « HUH AT'uP um.
J1.0. Ommay. ([{upekmop — 0.m.1., npogheccop Koean HU.FO.). Kajicowiil yuacmuuk
NOONUCHIBAN (POPMY UHPOPMUPOBAHHO20 CONACUSL HA 0OCTE08AHUe.

IIpo6edén Komnaexc OUasHOCMUYEeCcKUx Memooux: aHamHecmuyeckue OaHHule,
KAUHUKO-2UHEKONI02UUecKoe 00C1e008anue, 2X02papust, SHOOCKONUS, 2UCHON02UYe-
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CKOe Uccned08anue cockob08 u MaKkponpenapamos, YOaieHHuIX 60 6peMsl onepayuil.
Hanee mamepuan uccnedosancs npu NOMOwU UMMYHOGIYOPeCyenmHo20 aHaiu3d.

Cmamucmuueckass obpabomka nposoounace 6 npoepamme «Excel 2010.
Microsoft Office» u 6 ananumuuecxoii npoepamme «Statistica 10.0x.

Pezynomamut. B pesynomame uMMyHOGIYOPEHCYEHMHO20 AHAU3A ObLIO BbIAG-
JI€HO, YMO YPOBEHb IKCRPECCUU MAPKEPOB NIIOMHBIX MENCKIEMOUHBIX KOHMAKMO8
Claudin 1, Claudin 7 u Claudin 10 cnhusicaemcs 6 snumenuu MemoOpan Kiemokx y
JHCEHWUH, CMPAOAIOWUX MUOMOU MAMKU.

3aknrwuenue. Takum obpazom, usmenenue GYHKYUOHATLHOU AKMUBHOCTHU
NIOMHBIX KOHMAKINO8 NPUBOOUM K HAPYWIEHUIO CBA3ell MeHCOY COCCOHUMU Kaen-
Kamu. Yposenv sxkcnpeccuu Kiayounos Modcem Oblmb UCNOIb306AH 8 KAUecmee
Maprepa u Muwenu Oisl mapeemHot mepanuu.

Knioueswie cnosa: muoma mamu; Kiayounsl, pybey Ha mamxe; 03pacmmuble
UBMEHeHUs1, NOCIe MUOMIKIOMUU

Jna yumupoeanusa: lllanosanosa A.H1., Ionsxosa B.O., Kuetimenosa T.C.
Bospacmmuvie usmenenusn yposus dKcnpeccuu Mapkepos niomHuix KOHMAKMmMos y
orceruygun nocie muomsxkmomuu // Siberian Journal of Life Sciences and Agriculture.
2021. T 13, Ne 2. C. 32-46. DOI: 10.12731/2658-6649-2021-13-2-32-46

AGE CHANGES IN THE EXPRESSION LEVEL
OF TIGHT JUNCTIONS MARKERS IN WOMEN
AFTER MYOMECTOMY

A.L Shapovalova, V.O. Polyakova, T.S. Kleimenova

Background. Uterine fibroids are benign tumors that form from smooth muscle
cells. Claudins (CLDNs) are tight junction proteins, their expression is different in
tissues, the expression of CLDN is representative. CLDNs play an important role in
neoplastic processes, as they are involved in the formation of a single signaling path-
way between the extracellular matrix and the intracellular cytoskeleton.

Purpose. Objective of the study level of expression of markers responsible for the
functional activity of CLDN1, CLDN7 and CLDN10 tight junctions in biopsy speci-
mens of intact myometrium in women of different age groups.

Materials and methods. The study involved 90 patients aged 23 to 47 who were
in randomly into 6 groups. The first three groups included 45 healthy patients, the
fourth, fifth and sixth groups — women with uterine fibroids. The control groups and
patients with uterine fibroids were divided into early, middle and late reproductive age.
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The study was conducted with the approval of the Ethics Committee FSBSI
“The Research Institute of Obstetrics, Gynecology and Reproductology named after
D.O.Ott” (Director — MD, professor Kogan 1.Y,). Each participant signed an informed
consent form for examination.

A complex of diagnostic techniques was carried out: anamnestic data, clinical
and gynecological examination, echography, endoscopy, histological examination of
scrapings and macropreparations removed during operations. Further, the material
was studied using immunofluorescence analysis.

Statistical analysis was performed using the application «Excel 2010. Microsoft
Office» and package “Statistica 10.0”".

Results. The results of the study show the level of expression of markers of tight
intercellular contacts Claudin 1, Claudin 7 and Claudin 10 is reduced in the epithe-
lium of cell membranes in women with uterine myoma.

Conclusion. A change in the functional activity of tight contacts leads to a disrup-
tion in the connections between cells. The expression level of claudins can be used as
a marker and target for targeted therapy.

Keywords: uterine fibroids; Claudins; uterine scarring; age-related changes;
after myomectomy

For citation. Shapovalova A.I., Polyakova V.O., Kleimenova T.S. Age changes
in the expression level of tight junctions markers in women after myomectomy. Sibe-
rian Journal of Life Sciences and Agriculture, 2021, vol. 13, no. 2, pp. 32-46. DOI:
10.12731/2658-6649-2021-13-2-32-46

MuomMBl MaTKH, TaK K€ Ha3bIBAEMbIE JEHOMMOMBI, SBISIIOTCS Hauboee
YaCTHIMHU JTOOPOKAYECTBEHHBIMU OIYXOJSIMH Y skeHIH [13; 21]. Biusaue
MHOMBI Ha 3KOHOMHUKY OY€Hb BEJIUKO, OT Hee CTPaAaoT 0koJo 11 MUIIHOHOB
JKCHIIUH B MUPE U UX YUCIIO HEYKJIOHHO pacteT [15]. CuMnTOMBI BKIIOYA-
10T MEHOPPAruio, ANCMEHOPEI0, AUCIApeyHUIo, 00Ibh B 00JIACTH Ta3a M da-
ctoe Moueucnyckanue [14]. JJlebuuut acTporeHoB, HAOIFOAAFOIIUANCS TTOCIIE
BBITIOJTHEHUS! TUCTEPIKTOMHUH, JIUIIAET MAalUEHTKY MOJHOIIEHHOTO MPOTEK-
THUBHOTO JI€HCTBUS KEHCKHUX MOJOBBIX TOPMOHOB B OTHOIIEHHH BCEX BHIOB
oOMeHa BeIIeCTB ¥ HOPMAJILHOTO (DYHKIIMOHUPOBAHUS CHCTEM OPraHoB. [ u-
MOACTPOTEHUS MPUBOAUT K PA3BUTHUIO OCTTUCTEPIKTOMUYECKOTO CUHPOMA,
MIPOSIBIIAIONIETOCS MPEXIEBPEMEHHBIM Pa3BUTHEM aTepOCKIIepo3a U Ooes-
Hell KpoBOOOpaIeHNs, OCTEONOPO30M, PACCTPOUCTBAMHU MICHXOJIOTHIECKOTO
cTaryca, yporeHUuTalbHbIMU HapyleHuaMu [3]. HecMoTps Ha TO, uTO MHOMaA
SIBJISIETCS TAKOW PacnpOCTpaHEHHOM MPOOJIeMOH, NCCIIEIOBAHHS ATHOJIOTHU
BEAYTCSI IOCTOSTHHO. BOJIBIIMHCTBO COBPEMEHHBIX KIMHUYECKNX PEKOMEH/1a-
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L1 yKa3bIBAIOT HA TO, YTO KOHCEPBATUBHASI MUOMAKTOMHUSI TIO3UTHBHO BIIHSIET
Ha JICTOPOAHYIO (DYHKIIHIO, TTOBBIIIAET BEPOATHOCTD BEIHAIINBAHMS OepeMeH-
HOCTH U JI0JDKHA BBITIOJHATHCS B KAYECTBE MPEATPABUIAPHON MTOATOTOBKH [1].
OpnHako, CyleCTBYET U MPOTUBOMOJIOKHOE MHEHHUE, €F0 CTOPOHHUKHU CTaBAT
M0J] COMHEHHE I1e1€CO00Pa3HOCTh MUOMAIKTOMHUH Y HEPOXKABIINX JKEHIINH,
y4nuTBIBasg (POPMHUPOBAHUE TTOCIEONEPAIIMOHHOTO PyOIla MHOMETPHSI, KOTO-
pBIli CTaHOBUTCS OoJiee 3HAYMMBIM OCJIOKHEHHEM OEpEeMEHHOCTH M POJIOB,
yeM cama Mmuoma [7].

Knaynuasr (Claudin) — HeOompIne HHTETpaTbHBIE MEMOpaHHBIE OEIKH,
SIBIISIOLIMECS] KIIOUEBBIMM MOJEeKynaMu MIoTHEIX koHTakToB (ITK), pery-
JUpYOIMUX TU(Qy3U0 HOHOB U BOJBI, UTPAIONINE POJIb B (HOPMUPOBAHHUN
KJIETOYHOU MOJISIPHOCTH, aare3uu, auddepeniuponke u nponudeparuu [9].
[T10THBIE KOHTAKTBI IPECTABIAIOT COOOI OMH N3 CIIOCOOOB MEXKKJICTOUHON
aJIre3UH B JINCTAX AIUTEINAIBHBIX MU HJOTEINAIBHBIX KIETOK, OHH (op-
MUPYIOT HETPEPbIBHbIE YIUIOTHEHUS! BOKPYT KJIETOK U Clly’Ka (pU3HUECKUM
O6apbepoM ISl MIPEJOTBPAIIEHUSI CBOOOTHOTO MPOXOXK/IECHHUS PACTBOPEHHBIX
BEILIECTB U BOJBI YepPE3 MEKKIETOUHOE NpocTpancTBo [24]. ITIK nemoncTpu-
PYIOT IIMPOKYIO BapHAOEIbHOCTh IJIOTHOCTH B PAa3HBIX OpraHax, HaYnHas OT
MIOYTH TIOJIHOTO CXKATHs MapakiIeTOYHOH IIeIH AJsl PACTBOPEHHBIX BEIIECTB
710 00pa30BaHUs MAPaNEIUTIONSPHBIX IO Ul ONPEIEICHHBIX KaTHOHOB (1
AQHMOHOB), HallpUMep B MOYEYHBIX KaHAIblax. [IpoHUIIaeMOCTh ITHX Kile-
TOYHBIX COCAMHEHHH M (QYHKIMS SIUTEIHAIBLHOr0 Oapbepa B NEpPBYIO Ove-
pelb OTOCPeAYIOTCS KIIAyAMHAMH, @ H30(OPMBI KJIAyJIHHA, SKCIIPECCUPYEMBbIE
B TKaHH, OTIPEJICIISIOT TKaHecTIeupuIecKie OapbepHbIe XapaKTePUCTUKH [6].
BHyTpukieTouHble KjayauHbl MIEKOIIUTAOIINX cojiepiKaT ~ 7 N-KOHIIEBbIX
AMHUHOKHCJIIOT, ~ 12 IeTAEBBIX aMHHOKHUCIIOT U 25-55 C-KOHIIEBBIX aMUHOKHC-
70T. [In0THOCTH KIIayAWHOB 1 (YyHKIMH TOp O4deHb AnHamMu4uHa. Docdopu-
JIMpOBaHKE 00eCIeYMBAET KPATKOBPEMEHHYIO PEryssinuio kiayanHoB.CLDN 1
npeacTaBisieT co0oii reH, komupyromui 6emok Claudin 1. B Oomnbineii creme-
Hu Claudin 1 sxcnipeccupyeTcs mIa3MaTHIecKoil MeMOpaHoH, Tak ke 0eoK
MOXET 0OHAPYKUBATHCS B IIUTOIUIA3ME, HO B 3HAYUTEIILHO MEHBIICH CTEIICHH.
Jlonaroe BpeMsi OH CUMTAJICS MPEANOIaraeMbIM CYIIPECCOPOM MHOTHX OITyXO-
neit. Claudin 7 momaepKuBaeT KIETOYHYIO TOISIPHOCTD, UTPAET BAXKHYIO POJIh
B MEXKJIETOYHOH KOMMYHHKAIIMHK U TOMEOCTAa3e SMUTEIHAIBHBIX KIETOK [5].
U3BecTHO, uTo Claudin 3, 4, 7 1 8 yMCHBIIIAIOT MPOHUIIAEMOCTh TUTCIUAb-
Hoii Tkauu [8; 19]. Claudin 10 kogupyetcst renom CLDNI( u BcTpeuyaetcs B
nByx nzogpopmax: Claudin 10a u Claudin 10b, kKoTopbIe COCTABIAIOT MEKKIIE-
TOYHBIC AHHOHHBIC MIIM KATHOHHBIC KaHAIbI, COOTBeTCTBEHHO [16]. Claudin
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10a u -10b cynecTBEHHO Pa3IMyaOTCs HE TOJIBKO 110 CBOUM (DYHKIIMSIM, HO U
T10 JIOKaJTU3aIKK dKcrpeccun B opranusme. Jkcrpeccust Claudin 10a, mo-Bu-
quMoMy, orpaHmdeHa moukamu, a Claudin 10b OpT 00HaApY’kKeH BO MHOTHX
TKaHSX: B [IOYKaX, KOXKe, CIIFOHHBIX JKeJIe3aX, MOTOBBIX XeJe3aX, MO3Ty, JIer-
KHX W MOJDKeTynouHon xkenese [10; 12; 25].

W3BecTHO, 4TO ¢ BO3pacToM OaphepHask (DYHKIHS IIOTHBIX KOHTAKTOB Ha-
pymaercs. B psine nccnenoBanuii ObUI0 TOKa3aHO, YTO SKCIPECCHsT KIay/Iu-
HOB OOBIYHO CHM)KAETCSI C BO3PACTOM B TKAHSX B MEUEHH, JIETKUX [22], moukax
[11; 20] n momkeTyOo9HOM Kene3nl [4], obecreunBasi BO3SMOKHBIN MEXaHU3M
CHIKEHHs OapbepHO (DYHKIMH, HAOMOMaeMBblil B Pa3JINYHBIX TKAHIX ITOXKH-
neIx mrofeit. [lapanienpHble UCCIEA0BaHUS MHUKPOCOCYAOB TOJOBHOTO MO3ra
YyeoBeKa BBISIBIIIN BO3pacTHoe HapymieHne pacupeneneHus CLDNS y xeH-
IIMH B MOCTMEHOIIAy3€ 10 CPABHEHMIO C KEHIIMHAMH B IIpeMeHonayse. Tem
HE MEHee, MCCIIEI0BaHMI KIIayIMHOB B TKAHSIX KaK pyOLIOB B LIEJIOM, TaKk U B
pyOllax MHTAKTHOTO MHOMETpUS B JUTeparype He Obuto ommcano. C Hamen
TOYKH 3PEHUS, YPOBEHb 3KCIPECCUH KJIAyANHOB MO3BOJINT MO-HOBOMY OLIEHUTH
COCTOSITEIIFHOCTB PyOIa M IBUTHCS IPOrHOCTHUYECKUM MPU3HAKOM JUTS OTIpeze-
JICHUSI COCTOSIHUS pyOlia, 4TO MMEEeT 0CO0YyI0 3HAUMMOCTD IS )KEHIIMH CTap-
LIMX BO3PACTHBIX TPYIIIL.

IesbI0 TAHHOTO MCCIIEAOBAHMUS SIBHJIOCH U3YUCHUE YPOBHS KCIIPECCHU
MapKepoB (DYHKIIMOHAILHOH aKTHBHOCTH IIOTHBIX KOHTAKTOB KieTok CLDNI,
CLDN7 u CLDNI10 B 6uontatax HHTaKTHOTO MHOMETPHS Y KEHIIMH Pa3HbIX
BO3PACTHBIX TPYIIL.

Marepuana u metoabl. O0ciieoBaHIe TPOBOMIIOCH B OT/JCIICHUH OTepa-
THUBHOU TMHEKOJIOTHH ¢ ornepannoHHbM 01iokom @I'BHY «HUU AT'uP um. J1.0.
Ortray. Y Bcex MalMEHTOK ObLT MPOBEIEH KOMIUIEKC JUAarHOCTUYECKUX METO-
JIVK: aHaMHECTHYECKHe TaHHbIe, KIIMHUKO-THHEKOIOTHIECKoe 00CIe0BaHue,
axorpadus (Y3U ¢ TpaHcaOnoOMHUHAIBHBIM, TPAHCBATMHAIBHBIM JTATYUKOM C
/1K), srmockonust (TUCTEPOCKOMHS, JIATAPOCKOITHS ), THCTOIOTHYECKOE UCCIIe-
JIOBaHNE COCKOOOB M MAaKpOIIPETIapaToB, YAAJICHHBIX BO BpeMs omeparuii. Ma-
TepHua Uit UMMYHO(ITyOPECIIEHTHOTO MCCIIE0BAHMS OB TIOJIyYeH METOIO0M
TpenaH-OMOICUHM HHTAaKTHOTO MHUOMETPHSI B 30HE, TPUIIEKAILEH K MHOMATO3HO-
My Y311y, BO BpeMsI JarapOCKOMHNIECKOH MHOMIKTOMHUH Y SKCHIIIUH B BO3PacTe
ot 23 10 47 net. B KOHTpOJIbHOH IpyIiIe Npu JUarHoCTHYECKOM JIarapoCKOMUU
Opasi Oronrarsl MuoMeTpusi. Oneparus mpoBoauiiack B 1 Gasy MeHCTpyab-
HOTO TMKJIa. Bech Marepuan Obl1 paznesned Ha 6 rpyn (Tabdm. 1). M3ydamuch
3 BO3pacTHBIX TpymHmbl: panuuii (20-29 net), cpenueit (30-39 ner) u mozgHUM
(40-49 net) penpoOAYKTHBHBII BO3PACT.
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Tabnuya 1.
«HUccnenyemble rpynmbn
Ne rpynmst Bri6opka Bospact I'pynmna uccnenoanus
I n=20 20-29 KonTpons
1I n=15 30-39 Konrpons
111 n=10 40-49 KoHTpons
v n=20 20-29 [TaneHTKH ¢ MHOMO MaTKU
A\ n=15 30-39 [TarueHTKH ¢ MEOMOM MaTKU
VI n=10 40-49 [lareHTKH ¢ MUOMOW MaTKH

HmmyHOITyopecieHTHOE HccIe/IoBaHNEe TPOBOIMIIN Ha Mapa(uHOBBIX cpe-
3ax. Cpe3bl TKaHU TONIMHOM 4 MKM MOMEIIAIN Ha IPEIMETHBIE CTEKIIA, TOKPbI-
THIE TUICHKOH 13 monu-L-nmu3uHa (Sigma), BRICYITHBAIIH MIPETapaTsl B TCUCHUE
24 yacoB B TepmocTare npu temmneparype 37°C. s npoBeaeHuss UMMYHO-
(ITyOpeCLIEeHTHOTO HCCIIEI0BaHNE HCIIONIB30BAIM CTAaHJAPTHBIN JABYXATaITHBIN
MIPOTOKOJI C AEMaCKUPOBKOM aHTUIeHa (BBICOKOTEMIIEPATYPHOH 00pabOTKOM
tkann) B 0,01 M nutpataom Oydepe pH=6,08-6,10. Mcmoms3oBamnmch ciemy-
IoIIMe TIepBUYHbIE MOHOKITOHANIBHEIE aHTHTena: Anti-Claudin 1 antibody (rabbit
polyclonal, 1:500, kion: ab15098, abcam), Anti-Claudin 7/CLDN-7 antibody
(rabbit polyclonal, 1:200, xmon: ab27487, abcam), Anti-Claudin 10 antibody
(rabbit polyclonal, 1:300, kmon: ab52234, abcam), MHKyOamus TPOBOIAMIACH BO
BIIQKHOM KaMepe B yCIIOBUSIX, YKa3aHHBIX B HHCTPYKIMH. B KauecTBe BTOPUYHBIX
AHTHTEJ UCTIONB30BAITM AaHTHUTENa KOHBIOTUPOBaHHBIMH ¢ (hiryopoxpomom Alexa
Fluor 647 u Alexa Fluor 488 (1:1000, Abcam), cTekia nHKyOHpOBamu 30 MIH
IIpY KOMHATHOI TeMneparype, B TeMHoTe. Snpa kietok nokpamusand Hoechst
33258 (Sigma) B Teyenue 1 MuH. [0TOBBIE penaparhl 3aKIFOYaIIN 11O TOKPOB-
HBIE CTEKJIa B MOHTHpYomTyio cperny Fluorescent Mounting Medium (Dako). B
KayecTBE HETaTHBHOTO KOHTPOJISI TIPOM3BOMIIACH PEAKIHS O€3 MCIIOIb30BAHMS
MepBUYHBIX aHTUTEN. CHenu(pUIHOCTb aHTUTEIT MOATBEPIK/IATH B KOHTPOJIBHBIX
9KcIepuMeHTax. MUKpoIpenapaTsl HCCIeA0BaIN Ha KOH(OKaITEHOM MUKPOCKO-
e Zeiss LSM 980 mpu yBemmuernu 200X, apXUBUPOBAIH TI0 5 TIONCH 3peHHUS
C Ka)XXJI0T0 Tpemnapara. MophomMeTpruuecknii aHaIu3 NPOBOAMIN C UCIOJIB30Ba-
HHEM OeCIIaTHOTO MporpaMMHOTo obecriedenus Imagel, nzydascst napamerp
OTHOCHTENBHAS TUIOMIA/Ib SKCIIPECCHH, BBIPAKEHHBIN B IMIPOLICHTAX.

Craructuueckas o0paboTka mpoBoguiack B mporpamme «Excel 2010.
Microsoft Office» u B anamutuyeckoii mporpamme «Statistica 10.0». Omuca-
TeNbHAs CTATHCTHKA BKIIOYaJa B ceOs pacdeT CpeIHHX apu(pMETHYECKUX U
CTaHAAPTHBIX OTKJIOHECHHH.
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B cBsi3u, ¢ HEOOIBIION BEIOOPKOI U OTCYTCTBHEM HOPMAJIBHOTO pacIpe-
JieTieHus OOJBIIMHCTBA MAPAMETPOB JUIsl MEKIPYTIIOBBIX CPaBHEHUH OBUT HC-
nonb3oBaH U-kputepuit ManHa—YutHu. C TOMOIIBIO KpUTEPHS OBLUTH ITOTTAPHO
CpaBHEHBI BEIOOPKH ITOKa3aTesiell OTHOCUTEIbHON IIIOIAIN IKCIIPECCHH U OII-
THYECKOM TIOTHOCTBIO [UIs BeeX noArpymi. 3nadenue p<0,017 ObL10 NpUHATO
KaK CTaTHCTHYECKH 3HAYMMOE (C y4eToM nonpaBku bordepporn).

Pe3ysbTarsl U 00cy:KaeHHE

B mpoBeneHHOM HCCIe0BaHNH OBLTO BBISBICHO, YTO CPEIHSS OTHOCHUTEIh-
Has miomaab ypoBHs dkcnpeccuu Claudin 1 Oblia cTaTHCTHYECKH 3HAYUMO
HIKE BO BCEX TPEX BO3PACTHBIX IPYTINAX MO CPABHEHHUIO C TPYIIION KOHTPOJIS:
22,5+2,1% npotus 13,7+1,1%, 18,7+1,7% — 9,4+0,7%, 11,2+0,5% — 3,2+0,2%.
Cxoxue nannble 0butH mosydeHs! mpu n3ydennu Claudin 7: B I rpynmne 3nave-
HUE CPeIHEeH OTHOCUTEIBHON IUIOMIAAN dKCIpeccuu cocTanisuio 37,3+4,6%,
B TO BpeMs Kak B IpyNIe KOHTpPoJs 3Toi Bo3pacTail rpynmsl 20,5+1,2%; Bo
II rpymme stot mokazarens — 26,3+2,9%, a B V — 12,442.2%.; B Il rpymme —
15,2+2,3%, B ToM Bpems kak B VI Bcero 6,7+0,6%, 4ToO Tax ke SBISIETCSI CTaTh-
CTHYECKH 3HAYNMOM pa3HuIlei. Ta ke TeHICHITNS K YMCHBIIICHHUIO HaOTI0IaIach
y mapkepa Claudin 10: B I rpynime — 45,2+1,2% npotus 38,6+2,3% B KOHTPOJIE;
34,6+2,5% Bo II u 24,2+1,8% B V rpynmnax >eHIUH CPEJHETO PEIPOLYKTHUB-
HOTO BO3pacta; 21,3+1,4% B Il u 15,3+1,3% B VI nccnemyemMpIx KaTeropusx
MAIHEeHTOK cTapiIeil Bo3pacTHO! rpymnmsl. [TomydeHHbIe pe3yIbTaThl HANMITHO
MIPOIEMOHCTPUPOBAHBI Ha pUCYHKe | 1 B Tabnme 2.

Tabnuya 2.
«/lanHble cpaBHeHHii Me:kay rpynnamm» (M=£oc)
Hccaenyembie rpynnbl
Bozpact HaHI/IEHTKH Komrrpos p
¢ MHOMOii MATKH
Claudin 1
23-29 22,5+2,1 13,7+1,1 0,047
30-39 18,7+1,7 9,4+0,7 0,018
40-47 11,2+0,5 3,2+0,2 0,002
Claudin 7
23-29 37,3+4,6 20,5+1,2 0,014
30-39 26,3+2,9 12,4422 0,009
40-47 15,2423 6,7+0,6 0,027
Claudin 10
23-29 45,2+1,2 38,6+2,3 0,072
30-39 34,6425 24,2+1,8 0,001
40-47 21,3+1,4 15,3+1,3 0,001
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Bce BolmenepeuncieHHOE TOBOPUT O TOM, YTO y MMALIMEHTOK C MUOMOM Mat-
KM YPOBEHb KJIAyJJUHOB CTaTUCTUYECKU IOCTOBEPHO CHMXKEH 10 CPABHEHUIO
¢ Tpynmoi koHTposs. IlomydeHHbIe pe3ynbTaTsl MO3BOJSIOT TOBOPHUTH O TOM,
YTO JKEHIIUHBI, U3 KOHTPOJIBHOMN TPYMIIBI HE CTPAJAIOLINX MUOMOM MaTKH MO-
TYT paHblIe MJIaHUPOBATh OEPEMEHHOCTH, B OTIMYNE OT MAIlMEHTOK C MHUO-
MO MaTKH, y KOTOPBIX YPOBEHb MapKepPOB IUIOTHBIX KOHTAKTOB 3HAYUTEIHEHO
Huke. CpeHUil BO3pacT BBISABICHHUS MHOMBI MaTKM COCTaBisAeT 32 roja, mo-
9TOMY TpoOJIeMa MHOMBI M OEPEMEHHOCTh IIPHOOpETaeT Bce OONBIIYIO aKTy-
AJIBHOCTB B CBSI3U C OMOJIOKCHHEM OOJBHBIX C OJHOW CTOPOHBI, U TIO3AHUM
IUTAHUPOBaHUEM OEpPEeMEHHOCTH ¢ JIpyroii [2]. B moboM cirydae 6epeMeHHYI0
MIOCJIe MUOMAIKTOMUH CIIETyeT pacCMaTpUBATh KaK MALIUEHTKY C MOBBIIICHHBIM
PHCKOM OCIIOKHEHUH M BBICOKHM ITPOIEHTOM PHUCKa HEOOXOIMMOCTH OTepa-
THUBHOTO POJIOPA3pEICHNs B INITAHOBOM MOPSIIKE, a, BO3MOXKHO, M JOCPOYHOTO
poznopaspeleHHs.
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Puc. 1. /lnarpamma cpeHeit 0THOCUTENbHOM Tutomau skcnpeccuu Claudin 1,
Claudin 7 u Claudin 10 B uccienyemsix rpymmax; *p<0,017 mo cpaBHEHHUIO ¢ KOH-
TPOJILHOM IPYIITON B OJHUX M TEX JK€ BO3PACTHBIX TPYII MALUSHTOK.

B psize uccnenoBanmii 6pU10 OKa3aHO, YTO BO BpeMsl OEPEMEHHOCTH Ha-
OITrO/1AI0TCSl MI3MEHEHUSI B IPOTEMHAX IUIOTHOTO KOHTAKTA, TAKMX KaK KiayanH 1
1 2, a TaKoKe MpeoOpa3oBaHus B MOJSIPHOCTH SNHUTENNONHTOB [ 18; 26]. XoTs 10
KOHIIA (DYHKIHS SMUTENHANBbHOM TnpPepeHIPOBKY U GYHKIIMK OEJIKOB IJI0T-
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HBIX KOHTAKTOB B CO3PEBaHMH IICHKN MATKU HE SICHA, TC H3MCHCHUS, KOTOPhIC
HaOJIOIAI0TCSI B HOPME, U HEMIPABUIIbHAS IKCIIPECCHS B MPEKACBPEMEHHbIX
POZIaX U TIePEHOIIEHHBIX OEPEMEHHOCTSIX 3aCTABISIFOT MPE/IIOIOKHUTD, 4TO JIaH-
HbIC OCJIKH MOTYT 00€CIICYNBaTh OaPHEPHYIO 3aIUTY BO BpeMsi OCPEMEHHOCTH
[17;23; 27]. Ynanenue win 106aBIeHNE KIAyTUHOB, KaK MPaBUIIO0, BEIOOPOYHO
BIIMsICT Ha OaphepHbIe YHKIIMH TUIOTHBIX KOHTAKTOB. OTpe/e/ieHHbIE KIay -
HBI ICHCTBYIOT KaK TEPMETHKH, IPyTUe 00pa3yroT MapaKIeTOYHBIC HOHOCEICK-
TUBHBIC KaHabl. TakuM 00pa30M KJiayauHbI MOT'YT OBITh PEIPE3CHTATUBHBIMU
MapKepamH JIJIst OTIPECTICHHBIX TPYIIIa MalueHTOK.

3akioueHue

KrnayauHel peacTaBisioT co00i ceMeHCTBO OEIKOB, ABISIOMNXCA Han0o-
Jiee BaKHBIMU KOMIIOHEHTaMH TUTOTHBIX (3aMBIKAIONINX) KOHTAKTOB, I1Ie OHU
YCTaHABJIMBAIOT MAPAKICTOUHBIN Oapbep, KOHTPOIUPYOIIUI TOTOKH MOJICKYIT
B MEKKJICTOYHOM MPOCTPAHCTBE MEXKIY KICTKAMH SIHUTEIHS. YPOBEHBb 3KC-
MIPECCHH MapKepOB IUIOTHBIX MEKKJIETOUHBIX KoHTakToB Claudin 1, Claudin 7
u Claudin 10 cHmKaeTCst B 3UTEINN MEMOpaH KIETOK Y JKSHIIIH, CTPaIAFOIINX
MHOMO# MaTku. MBI mpeosaraeM, 4To H3MEHEHHE (YHKITHOHATBHON aKTHB-
HOCTH IUIOTHBIX KOHTAKTOB IMPUBOAUT K HAPYIICHHUIO CBSI3€H MEXTy COCETHH-
MU KJIETKaMH. YPOBEHB 3KCIIPECCHH KIAYIHMHOB MOXKET OBITh MCIIONIE30BaH B
Ka4eCcTBE MapKepa W MUIICHH JJIsl TAPTeTHOM Teparuu.

HNudopmanusa o KOHPJIUKTE HHTePecOB. ABTOPHI 3asBIIIOT 00 OTCYT-
CTBHH KOH()TUKTA HHTEPECOB.
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OBIHIECTBEHHOE 310POBBE
N PA3BBUTHUE 3IPABOOXPAHEHUSA
B PETMOHAX POCCHUM

C.H. Heganosa

B cmamve ocnosnoe enumanue yoeneno pazpabomre memoouueckoeo u-
cmpymMenmapus oyenKu 00ujecmeeHHo20 300p06bs U YPOGHS pa3eumusi 30paso-
oxpanenus 6 pecuonax Poccuu. Hogusna nooxooa 3axa0uaemcs 6 ucciedo8aHuu
001 ecmeenn020 300pP08bsl KAK IKOHOMUUECKOU Kame2opuu, ompaxicaiowell Kax
3ampamol IKOHOMUHECKUX PeCYPCO8 CMPAHbL, HANPABGIAEMbIX HA OXPAHY 300P0Gbs
Hacenenus, max u pe3yibmamugHoCns 20Cy0apCmeeHHON NOTUMUKU 20CY0apcmed,
HAnpagieHHol Ha OXPAaHy 300P08bs HACENEHIUS.

Paspaboman memoouueckuii uncmpymenmapuii MHO2OKPUMEPUATLHOLL OYeH-
K 00Wecmeenno2o 300p06bsl U YPOsHs PA36Umus 30paeoOXPAHEHUs 8 PecUOHAX
Poccuu na ocnose unmezpanbHbvix UHOUKAMOPOG PE3VIbMAMUBHOCHIU U PECYPCHOU
obecneyennocmu cucmemvl 30pasooxpanenust. st (popmMuposanust UHmMezpanrbHblx
UHOUKAMOPOS UCTONB3068ANbl conocmagumble no pecuonam Poccuu cmamucmu-
yeckue danmvie, ompajicaioujue 00ecneuenHoCmsy Haceaenus YCay2amu epayell,
CPEOHUM MEOUYUHCKUM NEePCOHANIOM, OObHUUHBIMU KOUKO-MECMAMU, 0AICUOAEMYIO
NPOOOIAHCUMENLHOCHb 300POBOLL HCUSHU, CYMMAPHBI KO3DDUYUEHM POAHCOaeMo-
cmu, Kos(puyuenm MiadeH4eckoli CMepmHoCmu, Kod(houyuenm cmepmHocmu
Hacenenus mpyoocnocooHo2o 603pacmd.

IIposedena oughpepenyuayus pecuonos Poccuu no unmezpanoHb M UHOUKAMO-
Pam pe3yibimamueHoCmu U pecypcHoll 00ecneyenHoCcmu CUCmemsl 30pagooxpane-
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nusi. Onpedenenvl OCHOGHbBIE NPOOIEMbl YYHKYUOHUPOBAHUS CUCTIEMbL 30PABOOX-
panenus Ha meppumopusx pe2uonos Poccuu.

ObocHosaHbl NPednodceHs No COBEPULEHCNEOBAHUIO NOO20MOBKU MEOUYUHCKUX
Kaopos, NOGbIUUEHUIO OOCHTYNHOCIU NEPEULHOL MEOUYUHCKOU NOMOWU, YDOBHS OCHA-
WEeHHOCMU CO8PEMEHHBIM MEOUYUHCKUM 0D0PYOO0BAHUEM MEOUYUHCKUX YUPercOeHUl,
obecneuenuIo UHPOPMUPOBAHHOCTIU MECHIHO20 HACELEHUs O 300POBOM 00pA3e JHCUSHI.

Knrwoueswie cnosa: obwecmsennoe 300pogve; 30pasooxpanenue; MHO2OKpU-
mepuanbHas oyenra, ouggepenyuayus pecuoHos, pe3yibmamueHOCHb CUCHEMbL
30pagooxpanenus; MeOuyurcKue yceayau, O00CmynHoOCMb MEOUYUHCKOU NOMOWU,
pecuon; 2ocyoapcmeennas NOIUmuKa

Jna yumuposanusa: Heanosa C.H. Obujecmeennoe 300pogwve u pasgumue 30pa-
sooxpanenus 8 pecuonax Poccuu // Siberian Journal of Life Sciences and Agriculture.
2021. T 13, Ne 2. C. 47-63. DOI: 10.12731/2658-6649-2021-13-2-47-63

PUBLIC HEALTH AND HEALTH CARE
DEVELOPMENT IN THE REGIONS OF RUSSIA

S.N. Ivanova

The article focuses on the development of methodological tools for assessing
public health and the level of health care development in the regions of Russia. The
novelty of the approach lies in the study of public health as an economic category,
reflecting both the costs of the country s economic resources directed to protecting the
health of the population, and the effectiveness of the state policy of the state aimed at
protecting the health of the population.

A methodological toolkit has been developed for a multicriteria assessment of
public health and the level of health care development in the regions of Russia on the
basis of integral indicators of the effectiveness and resource provision of the health
care system. For the formation of integral indicators, statistical data comparable
across regions of Russia were used, reflecting the provision of the population with the
services of doctors, nurses, hospital beds, healthy life expectancy, total fertility rate,
infant mortality rate, mortality rate of the working-age population.

Differentiation of Russian regions by integral indicators of performance and re-
source provision of the health care system has been carried out. The main problems
of the functioning of the health care system in the territories of the regions of Russia
are determined.

Proposals for improving the training of medical personnel, increasing the avail-
ability of primary medical care, the level of equipment with modern medical equip-
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ment in medical institutions, and ensuring awareness of the local population about a
healthy lifestyle have been substantiated.

Keywords: public health; health care; multi-criteria assessment; differentiation
of regions; effectiveness of the health care system; medical services, accessibility of
medical care; region, state policy
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Brenenne

[IpoOembI OIeHKH OOIMIECTBEHHOTO 310POBES U 3(D(PEKTUBHOCTH (PYHKIIU-
OHHMPOBAHMS CHCTEMBI 37]paBOOXPAHEHHs IPUOOPETAIOT 0COOYI0 3HAYMMOCTh 1
aKTyalbHOCTb B HacTosiiee Bpems. HecMOTps Ha pe3yiIsTaTHBHYIO paboTy Beex
MEIMIMHCKIX OPTaHU3aL|i, CAMOOTBEPKEHHYT0 Pa00Ty MEANIIMHCKIX PaOOTHH-
KOB CTpaHsbI B yc0Busix 00ps0s1 ¢ COVID-19, nposiBuitiick Bee po0OieMsl, cyliie-
CTBYIOIIHE IABHO B Pa3BUTUH HH(PACTPYKTYPBI KaK CUCTEMBI 3[paBOOXPaHEHHU,
TaK M APYTUX OTpacieil connaabHoi cepsl cTpanbl. IMEHHO ceifuac MpuXOoIuT
BceoOIIee MOHMMAaHKE TOTO, YTO MHPPACTPYKTYPHOE Pa3BUTHE JITOOOH TeppHTO-
pum HeoOBSITHON Poccru TOIKHO OCYIIECTBIIATHCS [0 COBPEMEHHBIM CTaHAapTaM
U TpeOOBAHMSIM, HE3ABUCHUMO OT €€ Teorpaduueckoro pacroaoKeHus U aJIMHUHH-
CTpaTHBHOTO cTaryca. BenencTre 3Toro, pazpaboTka METOANYECKOTO HHCTPYMEH-
Tapysl OLIEHKH OOIIIECTBEHHOTO 3/I0POBbSI M YPOBHS Pa3BUTHS 3/[PAaBOOXPAHECHHS
B peruoHax Poccuu crana 1ensro JaHHOTO UCCieoBaHus. B 3amaun uccnenoa-
HUSI OBUTH BKITIOUEHBI 0000IIIEHIE POCCHICKON 1 3apyOSKHOM MPAKTUKH OLICHKN
OOIIIECTBEHHOTO 3/I0POBBS, & TAKKE pa3padoTKa METOJUIECKOr0 MHCTPYMEHTa-
PpHsi MHOTOKPUTEPHAIILHON OLIEHKU OOIIECTBEHHOTO 37I0POBbS 1 YPOBHS Pa3BUTHS
37paBOOXpaHEHMs1 B pernoHax Poccun Ha OCHOBE MHTErpajbHBIX WHIMKATOPOB
PE3yNBTaTUBHOCTH M PECYPCHOI 00ECTICIEHHOCTH CHCTEMBI 3PABOOXPAHEHHSL.

HoBu3Ha 11oxo/1a 3aKi1104aeTcs B MCCIICI0BAHUH O0IIECTBEHHOTO 37I0POBbSI
KaK SKOHOMHYECKOHW KaTeropuH, OTpa)karomieil Kak 3aTpaThl SKOHOMHYECKHUX
PECYpPCOB CTpaHBI, HAIIPABIIIEMbIX HA OXpPaHy 3/0POBbsI HACEJICHNUS, TaK U pe-
3yJIBTaTUBHOCTB TOCY/IAPCTBEHHOH IMOJIMTHUKH rOCYJapcTBa, HAIPAaBIEHHOH Ha
OXpaHy 370POBbS HACEIEHUS.

MarepuaJjbl M1 MeTOAbI UCCJIEA0BAHUIM

HUccrienoBanus mokasaiy, 4To 00IIeCTBEHHOE 37I0POBhE, KAK OOBEKT HCCIIe-
JOBaHUA, paCCManI/IBaeTCH BO MHOTHUX Hay‘IHLIX paGOTax KaK MCIHUIIMHCKOIO,
TaK W PKOHOMHYECKoTo Hampasienus [1, 2, 5, 12, 18, 19]. Kak sxonommye-
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CKasi KaTeropus, OOIECTBEHHOE 3/I0POBbE OTPAXKaeT 3aTpaThl SKOHOMHUYE-
CKHX PECYpCOB CTpaHbI, HAllPaBIsIEMbIX HAa OXpaHy 3/I0POBbsl HACEICHUS, U
Pe3yIbTaTUBHOCTD TOCYAAPCTBEHHON TOJMTHUKH TOCYAapcTBa, HAMIPABICHHON
Ha peajn3alfio rocylapCTBEHHBIX MPporpamMM B cepe OXpaHbl 310pOBbS Ha-
cenenus [3,6,7,9, 10, 15, 17, 20, 22, 23, 25, 26].

B poccuiickoif u 3apy0exHO# NMpakTHKe U3MEPEHHS OOIIECTBEHHOTO
3JI0pPOBbsI CYLIECTBYIOT Pa3JIMYHBIC IOAXOJBl MU METOAbl. BecemupHas op-
raHu3anud 3I[paBOOXpaHCHUA [JId USMEPCHUA PEKOMCHAYET HMCII0Jb30BaTh
kputepuu: pacxonsl BHII (BanoBoro HanmoHaI-HOTO TIPOAYKTA) HA 3PaBO-
OXpaHEHHUEe, JOCTYITHOCTh MEPBUYHON MEIMKO-COLUAIBHON TOMOIIH, YPO-
BEHb MMMYHHU3aIlMH HACEJCHUs, YPOBEHb JETCKOH CMEPTHOCTH, CPEIHSs
IPpOAOJIKUTEIBbHOCTD Hpe)lCTOHH.IefI KHU3HU, TUTUCHUYECKAA I'paMOTHOCTH
HaCeJICHHS, YPOBEHb 00CIe10BaHU OEPEMEHHBIX, COCTOSIHUE MUTAHUS Je-
Teit [23, 29].

B 3apy0exHbIX CTpaHaX NPUMEHSIOTCS M TOKa3aTeln OXKHUJIAeMOi Mmpo-
JOJKUTEIBHOCTH 30pPOBOM XKU3HU. B poCCUIICKON NpakTHKE U3MEPEHUS
OOIIECTBEHHOTO 37I0POBBSI PACIpPOCTPaHEHBI TOKA3aTelN 3a00JIeBaeMOCTH,
WHBAJIMIHOCTH HACEIICHHMs, leMorpaduuecKue 1 Jp.

ITpoGembl pa3BUTHSI MEXaHU3MOB PETYINPOBAHUS U (POPMHUPOBAHUS TIPH-
OPHTETOB IPEIOCTaBICHNS IT00AIBHBIX OOIIIECTBEHHBIX OJIar B 0071aCTH 3/1pa-
BOOXPaHEHUs PaCCMaTPUBAIOTCS B 3apyOEKHBIX nccienoBanusx [27, 29, 30].

B nanHoi#1 padoTte 00I11IeCTBCHHOE 3I0POBbE PACCMATPUBACTCS KAK YKOHOMH-
YyecKasi KaTeropysi, OTPaKaroIast 3aTpaTbl SKOHOMHYIECKHX PECYPCOB CTPAHBI,
HalpaBJIsIeMbIX Ha OXPaHy 370pOBbsl HACEIICHHS, U PE3YJITaTUBHOCTH rOCyaap-
CTBEHHOM MOJIMTUKHU FOCYIapCTBa, HANPABJICHHOM Ha OXpaHy 3JJ0POBbS HaceJe-
HUsl. B kauecTBe OCHOBHBIX MTOKa3aTeNel, XapaKTepU3yIOIUX OOIECTBEHHOE
37I0pPOBbBE, OIPEIEIIECHBI TIOKA3aTeN OKUIAEMOH MTPOJOIKUTEILHOCTH 3710PO-
BOM JKM3HU, CyMMapHbIH koA UIIMEHT poKIaeMOCTH, KOIDPHUIIUESHT MIIa/IeH-
YEeCKOH CMEPTHOCTH, KO3 (MUIIMEHT CMEPTHOCTH HACEICHUSI TPY/I0CIIOCOOHOTO
BO3pacTa.

Pazpaboran MeTOMYECKUI HHCTPYMEHTapHUii MHOTOKPUTEPHAIEHOM OLIeH-
KU OOILECTBEHHOTO 3/I0POBbSI M Pa3BUTHSI 3[PABOOXPAHEHUs HA TEPPUTOPHUSIX
PETHOHAIBHOTO YPOBHsI Poccuy Ha OCHOBE MHTErpalibHBIX MHAWKATOPOB pe-
3yJIBTAaTUBHOCTH M PECYPCHON 00ECHEeYeHHOCTH CHCTEMbI 37IpaBOOXPaHEHMS.
PamxupoBaHue TEppUTOPHIA IO MHTEIPAILHOMY MHANKATOPY pecypcHOil o0e-
CIIEYCHHOCTH 3/IpaBOOXpaHeHNUs (n= 3) ¥ MHTErPaTbHOMY HHANKATOPY Pe3yilb-
TAaTUBHOCTH CHUCTEMBI 3/IpaBOOXpaHeHHs (n= 4) OCYIIECTBISETCS HA OCHOBE
WHJIEKCHOTO METO/1a:
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Ri: Zn: Ri
Jj=1

Rl.j — PaHr OLIEHKH i — TeppanopI/m T10 j-My TOKa3aTeto

1 — KOITMYECTBO MOKa3aTeJeH, 10 KOTOPBIM OCYIIECTBISIETCS PAH)KUPOBAHNE

Jst popMUpOBaHUS MHTETPATBHBIX HHIMKATOPOB HCIIOJIB30BaHbI COTIOCTA-
BUMBIE 10 pernoHaM Poccun craTucTudeckne JaHHbIe, OTPaXkKaroIIne pecypce-
HYI0 00€CIIEYeHHOCTh 3/IPaBOOXPAaHEHUS (00ECIIEYCHHOCTh PETHOHOB yCIyTraMu
Bpayuei, CpeTHIM MEAUIIMHCKUM TIEPCOHAIIOM, OOJIbHUYHBIMH KOWKO-MECTaMH),
1 PE3YIbTaTUBHOCTH CUCTEMBI 3IJpABOOXPAHCHUSA (O)KI/II[aCMaH IIPOAOJIKUTEIIb-
HOCTP 37I0POBOM JKM3HH, CyMMapHBIA KOX(PPHUIHEHT POKIACMOCTH, KOAPPH-
LUEHT MJIaJICHYECKO CMEPTHOCTH, KOI(P(GHUIMEHT CMEPTHOCTH HACEICHUS
TpyAocrocodHoro Bo3pacra) [8, 21].

rac
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PazpaboranHbIil HHCTPYMEHTapHii O3BOJISET IPOBECTH U depeHInannio
perroHoB Poccui 1o mokasaressiM pe3yJIbTaTHBHOCTH CUCTEMBI 3/[paBOOXpaHe-
HUS ¥ PECYPCHON 00€CTIEYeHHOCTH CHCTEMBI 3/[paBooXpaHeHus (puc. 1).
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3IPaBOOXPAHCHUS H PECYPCHOM 00ECIICUCHHOCTH CHCTEMBI 3APaBOOXPAHEHHS
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Pacuers! nokasanu, 4To rpyliy ¢ BBICOKMM YPOBHEM PE3YJIbTaTUBHOCTH

CHCTEMBI 3[PaBOOXPAHEHHUS U BEICOKHM YpPOBHEM peCypCHOH oOecreueHHo-
CTH CHCTEMBI 37]paBOOXPaHEHUs cOCTaBILIIOT 13 pernonoB Poccun: . Mockaa,
r. Cankr-IlerepOypr, Kanyxckas oomacts, MockoBckast o0nacte, PecyOnuka
Anpiresi, Peciyonuka Kpeim, Kpacnonapcekuii kpaii, Pecniyosnuka Jlarecran,
Pecny6mmxa Uarymerns, Yeuenckas PecryOmmka, Pecrryonmka Taraperan, V-
myprckas PecnyOnuka, Pecriyonuka Xakacus (puc. 1, Ta0i. 1).

Tabnuya 1.

Judpdepenunanus pernoHoB Poccuu 1o ypoBHIo pe3yJbTaTHBHOCTH
H YPOBHIO pecypPCHOIi 00eCIIe4eHHOCTH CHCTeMbI 31PaBO0XPAHECHUS

PC3yJ'[LTaTI/IBHOCTL CHCTCMBI 3IpaBOOXPaHCHUS PETHOHA

Huskuit yposens

Cpenuuii ypoBeHb

Bricokuii ypoBeHb

PecypcHas 00eCeueHHOCTh CHCTEMBI 3pABOOXPAHEHHS PErHOHA

Bericokuii ypoBeHb

Pecnyonuxka Caxa (SIkyrtus), Peciy-
6mmka Cesepnast OceTus-Ananus,
ActpaxaHckasi oonactb, KupoBckas
obnacth, CaxanuHckasi 001acTh,
XaHTeI-MaHcHicKnil aBTOHOMHBIN
oxpyr — lOrpa

Pecnybnuka Kanmbikus,
Pecry6mnika Mopnosus,
Yysamuckas Peciry-
6mnuka, OpenOyprekas
0071acTh, YIBSIHOBCKAs
obnactb, TioMeHCKast
obmacts, Kypckas 00-
nacTk Bonrorpazckas
obnactb, SIpocnaBckas
obmnacts [Tepmcknit
Kpaii, XabapoBckuii
Kpai

Pecnybnuka Anbires,
Pecny6nuka Jlarecran,
Pecrny0nuxka Vurymie-
Tust, Pecriybnuka Kpbim,
Pecry6nuka Tarapcran,
Pecryonuka Xakacus,
Vamyprckas Pecry6nuka,
Yeuenckas Pecryoinka,
Kauyxckast o61acts,
MocKkoBcKkast 0011acTh,
Kpacnonmapckwuii kpai, T.
Mockga, . Cankr-Ilerep-
Oypr

CpezHuil ypoBeHb

Mypmanckas o6iactb, HoBocu-
6upckas obnacts, CapaToBckas 00-
nactb, Tomckas obnacts, Henenkuii
ABTOHOMHBIN OKpyT, SIMano-Henen-
KM aBTOHOMHBIII OKpyT

PecnyoOnuka Anraid,
Pecnybnuka Bypsrus,
Kabapauno-bankapckas
Pecnyonuka, Boponex-
ckast obnacts, Koctpom-
cKkast o0nacte, Jluner-
Kast 001acTh, Pazanckas
ob6acte, CBepAIOBCKast
o6nacts, CTaBpONOIb-
CKMH Kpait

Pecny6nuka bamikopro-
craH, PecrryOnika Mapuit
O, KapagaeBo-Yepkecckast
Pecny6nuka, Bosoroackast
oOnactb, IBaHOBCKas 00-
n1acTh, KanmuHuHrpaickast
obnactb, JIeHHHrpaacKas
obnactb, PoctoBckast 00-
nacte, Camapckast 001acThb,
Tamb6oBckast 06macTh, T. Ce-
BAaCTOIOJb

Huskuit yposens

Pecry6mnuka Komu, PecriyOmka
TsiBa, AMypckast 001acTb, ApXaH-
resbeKast oonmacth, benroponckast
obiactb, EBpeiickast aBTOHOMHas
obnactb, UpkyTckas obnacts, Mara-
JaHCcKast 001acTh, OMCKast 00J1acThb,
OpoBekast obiactb, CMoneHCKast
obractp, 3abalKaibCKHil Kpaii,
Kpacnosipckuii kpaii, Kamuarckuii
Kpail, UyKOTCKHii aBTOHOMHBII OKpYT

Pecnyonuka Kapenus,
Kemeposckast o6macts,
Kypranckas o6mactb,
Tsepckas o0nacTb,
Tynbckast 06nacTs,
Hosropoxckast obnacts,
TIckoBckast 0011aCTh,
Hmxeropozckas 06-
JacTh, ANTalCKUN Kpaid,
IIpumopckuii kpait

Bpsnckast obnacts, Braau-
MupcKast obnactsb, [lensen-
ckast obnactb, Yensaoun-
cKkas o0racth
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Bricokuil ypoBeHb pe3ynbTaTUBHOCTH CUCTEMBI 3[PaBOOXPAHEHUS U CPEJI-
HUH YPOBEHB PECYpPCHOI 00€CTIEYeHHOCTH 3paBOOXpaHeH st HabmromaeTcs B 11
pernonax: MiBanoBckast 061acTh, TamOoBcKast obnacts, Bonoroackas odmacts,
Kanununrpazckas obnacts, Jlennnrpasnckas oodnacts, PocToBckas obnacts,
r. CeBactononb, KapauaeBo-Uepkecckast Pecnybnuka, Pecyonuka bamrkop-
TocrtaH, Pecrrybonuka Mapuit O, Camapckast 001acThb.

Bbicokuii ypoBeHb pe3ylbTaTHBHOCTH CHCTEMBI 3/[paBOOXPAHEHHS M HU3-
KUl ypOBEHb pecypcHON 00eCIIeueHHOCTH 3/IpaBOOXpaHEeHUs HaOronaeTcs B 4
pernonax (bpsiHCKas o6macth, Bragumupckas obmacts, [leH3eHcKast 00macTs,
YensOuHckas 00J1acTh).

I'pynmy co cpesHUM ypOBHEM pe3yJbTaTHBHOCTH CHCTEMBI 3/IpaBOOXpa-
HEHHS ¥ BBICOKUM YPOBHEM PECYypCHOH 00eCIeYeHHOCTH 3paBOOXPaHEHNUS
coctaBmsroT 11 pernonoB (XabapoBckuid kpaif, Kypckas obmacts, Apocmas-
ckast obnacte, Pecriyonmka Kanmbikust, Bonrorpanckas obnacts, Pecriyonnka
Moppnosusi, UyBarickas Pecriyonuxka, [Tepmckwuii kpaii, OpenOyprekast 001acTb,
VrbstHOBCKast 007acTh, TFOMEHCKas 00JIacTh. ).

CpenHuil ypoBeHb pe3yJabTaTUBHOCTH CHCTEMBI 3APAaBOOXPAHCHHUS U CPE/I-
HUI ypOBEHb PECYPCHOI 00€CIIeYeHHOCTH 3/JpaBOOXpaHeH s Habmonaercst B 9
pernonax (Boponexckas o6nactb, Kocrpomckast oo6mactsb, Jlunenkas o06macTb
Pszanckas obmacts, Kabapauno-bankapckast Pecrrybnuka, CTaBpomonbekmii
kpaii, CBep/utoBckas oonacts, Pecrrybnuka Anraii, Pecrryonuka Bypstus).

Cpenuuii ypoBeHb pe3ylIbTaTUBHOCTH U HU3KUI yPOBEHB pecypcHoi obe-
CIICUEHHOCTH 31paBooxpaHeHuss nMmeroT 10 pernonoB (TBepckas oOmacts,
Tynbeckas obnacts, Pecrryonmka Kapenms, HoBropozackas obnacts, [IckoBekas
obnacte, Hkeroposnckas oonacts, Kypranckas oonacts, Anraiickuii kpaid, Ke-
MepoBcKas 00sacTh, [I[pumopckuii kpai).

Hwuskuil ypoBeHb pe3yabTaTHBHOCTH CHCTEMBI 3PaBOOXPAHEHUS U BBICO-
KHH ypOBEHb PECYPCHOM 00eCIeueHHOCTH 3ApaBOOXpaHeHus1 HaOIoaeTcs B
6 peruonax (AcTpaxaHckas oomacth, Pecniyomuka CeBepras Ocerusi-AnaHus,
Kuposckas o6macts, XaHTeI-MaHCHICKHIT aBTOHOMHBIH OKpyT — FOrpa, Pecry-
6nmka Caxa (SxyTtus), CaxanuHckast 001acTb).

Huskuii ypoBeHb pe3ybTaTUBHOCTH CUCTEMbI 3/IPAaBOOXPAHEHUS U CPEAHUN
YPOBEHb PeCYpCHOI 00eCTIeUeHHOCTH 3JpaBOOX paHEeHHs NMEIoT 6 pernoHoB (He-
HELIKUH aBTOHOMHBIN OKpyT, MypmaHckast oOnactb, CapaToBckas 00macts, SIima-
no-Henenkuit asroHoMHbIH 0KpyT, HoBOoCcHOMpCKas obnacts, Tomckast o0nacTs).

Huskuit ypoBeHb pe3ysbTaTUBHOCTH CUCTEMBI 3[paBOOXPAHEHUSI M HU3KUN
YPOBEHb PeCypCHON 00€CTICYCHHOCTH 3paBOOXPAHEHU NMEIOT 15 pernoHoB
(Pecmybmmmka Komu, benroposckas o6macts, OpiioBckast 061acts, CMoJICHCKas
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obnacth, ApxaHreibckas obnacts, Pecniyonuka TeiBa, KpacHosipckuii kpaid,
UpxyTtckast obmacts, OMckast obmacTs, 3abaiikansckuii kpaii, Kamuarckmii
Kpaif, AMypckas obmactb, Maraganckas oomacts, EBpeiickast aBToHOMHas 00-
J1acTh, UyKOTCKUI aBTOHOMHBIN OKPYT).

O0cy:kaeHune pe3yJibTaTOB

PesynbraTel onieHKH OOIIECTBEHHOIO 340pOBbs pernoHos Poccun cBuie-
TEJIBCTBYIOT O TOM, YTO 27 PETMOHOB MJIH MPAKTUYECKH KX IbIi TPETUH pernoH
Poccun xapakrepusyeTcs HU3KUM yPOBHEM PE3yIbTaTUBHOCTH CUCTEMBI 37Ipa-
BOOXPAHEHHMS TI0 TTOKA3aTeJIsIM O’KUIAeMOH MTPOIOKUTEIBHOCTH 3[0pPOBOTO
o0pa3za »M3HH, TOKa3aTelsiM POXKIAEMOCTH U CMepTHOCTH. HU3Kuii ypoBeHb
pecypCHOIi 00€CIIeYeHHOCTH CHCTEMBI 3[paBOOXPAaHEHHS HAOMIOAeTCs TAKKE
B KaJOM TpeTbeM peruone Poccuu, uinu B 29 permoHax.

Juddepennmanust pernoHOB MO pe3yJIbTaTUBHOCTH M PECypCHOi obecte-
YEHHOCTH CHCTEM 3/IpaBOOXPaHEHUS [TO3BOJISIET HE TOJIBKO OLIEHUTh Pe3yJIbTa-
TUBHOCTH PETHOHAIBHBIX CUCTEM 3/IPABOOXPAHEHUS, HO 1 000CHOBAThH BBIBOJ
0 TOM, YTO MPOOJIEMBI JOCTYMHOCTH METUIMHCKOM MOMOIIH, MO-MIPEKHEMY,
OCTAIOTCSl aKTYAJILHBIMHM JIJISl MHOTHX JKUTEJIEH POCCHHCKUX pernoHoB. [Tox-
TBEP)KAAIOT TONyYeHHBIE TaHHBIE W ucciaenoBanus A.M.H. Jlynynosoit E.1O.,
COIVIaCHO KOTOPHIM B PecryOnuke Bypsitust HaOiromaeTcst «HU3Kasi 1OCTYTI-
HOCTh NMEPBUYHON BpaueOHOH, CIIEMAaIN3UPOBAHHON METUIIMHCKON TOMOIIH
JUTS CEJIBCKOTO HAacesIeHus, Tak 0osiee 30 MPOIICHTOB CEILCKUX KHUTENIEH 00CITy-
JKUBaeTCs QenpAmepcko-aKymepckumu myHkramu (OAIT)» [11].

Hecmortps Ha peamusarpto B Poccun nporpamm: «3emckuii Bpau» ¢ 2012 roxa,
Ha apKTUYECKUX M CEBEPHBIX TeppUTOpHsIX Poccuu — mporpaMm « ApKTHYECKHi
nokTop» ¢ 2012 roma, «Apkrraeckuii ¢penpamepy ¢ 2018 roma, ocTaeTcs akTyanb-
HOI1 ITpo0ieMa MOBBIICHHST JOCTYITHOCTH MEIMIIMHCKOTO 00CITy KUBaHNS Hacele-
HUSL JUISI CEJILCKUX TEPPUTOPHI, CEBEPHBIX U apPKTHUYECKUX TepPUTOPHiL. BbIBO/IBI
aBTOpPA MOATBEPIKAAIOTCS Pe3yJIbTaTaTaMK OIPOCOB HACENICHHS, TIPOBOJUMOTO
Bcepoccniicknm meHTpoM n3ydenus oomectseHHOro MEeHHS (BLIMOM): K unc-
JIy TIEPBBIX ISITH IPHOPHUTETOB HOJIMTHKU TOCY/IapCTBa POCCHUSIHE, M0-TIPEKHEMY,
OTHOCSIT: KaU€CTBO U JOCTYIHOCTh MEAUIMHEI (38%), TOBBIICHNE JOCTYITHOCTH
00pazoBanus (25%), OTKPBITHE HOBBIX TPON3BOACTB (23%), perieHue KUIHIIHON
mpobnemsr (19%) 1 oBBIIIIEHHE CONMANBHBIX TapaHTuii (15%) [4].

J11st TTOBBIIICHHUS IOCTYITHOCTH MEIUIIMHCKOTO OOCTY)KUBaHUS HACEIICHUS
CEeJIbCKUX M TOPOJICKHX TEPPUTOPHUI BceX pernoHoB Poccrun HEOOXOMMMBI, Ha
Halll B3NS, IPEXE BCETO, MOBBIIICHUE OIUIATH TPyAa MEJULIIMHCKAX PadoT-
HUKOB, OBBIIICHHE HOPMATHBOB 00eciedeH sl 00bEKTaMH 3/[paBOOXPAHEHHS,
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MCANIUHCKUMHU KaJpaMU CCJIbCKUX U TOPOACKUX MAJIOHACCIICHHBIX CCBEPHBIX,
apKTHYECKHUX U BOCTOUYHBIX Tepputopuii Poccun. 3acmyxuBaroT 0co60ro BHU-
MaHus MPEATIoKeHNsT MHOTHX HccnenoBareneil. Taraesa T.O. cunTaer, urto s
Pa3BUTHUS CUCTEMBbI 3paBOOXPAHEHUS] HEOOXOANMBI MTOBBIIIEHNE YPOBHS (U-
HAHCUPOBaHHS M cofieiicTBUE (POPMHUPOBAHHUIO B OOILECTBE 310pPOBOrO 00pa-
3a KM3HH, Kak (akropa cHIKeHHs ypoBHs cmepTHocTHd [18]. Llexma C.1O.,
[Tmyraps E.B. Takke oTMeuaroT HEOOXOAMMOCTb MPU pa3paboTKe MporpamMm
Pa3BUTH 3APaABOOXPAHCHUA YUYUTHIBATH HpO6J'IeMI:I IIOBBIIICHHA CTOUMOCTHU MEC-
JHIITHCKOTO 00CTy>KMBaHMS 1 0OIINX PacXo0B Ha 37jpaBooxpaHeHne B Poceny,
CBSI3aHHBIX C Pa3BUTHEM HOBBIX MEIMIMHCKUX TEXHOJIOTHH M HOBBIX JIEKap-
CTBEHHBIX CPEJICTB, & TAKXKE C POCTOM YPOBHsI 3a00J1€BaeMOCTH M MHBAJIUIHO-
CTH HaCeJICHHs, CBSI3aHHOTO CO CTapeHHeM HaceneHus [22].

JIMCKyCCHOHHBIM OCTAeTCsl BOIIPOC 00 ypOBHE BCEOOIIEro oxmara yciyra-
MU 3][paBOOXpaHECHUsI 1 HEOOXOAMMOCTH YBEJINYCHHUS TOCYIapCTBEHHOTO (hu-
HAHCHPOBaHUs 37paBooxpaHeHuss. O HEOOXOAMMOCTH Pa3BUTHS MEXaHU3MOB
perynupoBaHusi ¥ (GOPMHUPOBAHUS TIPHOPUTETOB MIPEIOCTABICHNS ITIO0ATBHBIX
00IIEeCTBEHHBIX OJ1ar B 00JIACTH 37[paBOOXPaHEHUS PEKOMEH/LYeTCsI B 3apyOeKHBIX
uccuenoBanusx [27, 29, 30]. [Ipu 3Tom MHOTHE 3apyOeKHBIC HCCIICIOBATEIIH CUH-
TAIOT, YTO ISl TPOABMKEHHS K BCEOOILIEMY 31paBOOXPAaHEHNIO TOCYAaPCTBEHHbIE
pacxo/ipl Ha 3/[paBOOXpaHEeHNE JIOJDKHBI COCTaBIITh He MeHee 5% BBII [24, 28].

B Poccun rocyiapcTBeHHBIE pacxosibl Ha OXpaHy 3/J0pOBbsI HACEIICHUS OCY-
HICCTBISIFOTCSL B paMKax oOecIlieueH sl IPOrpaMMbl rOCY/IapCTBEHHbBIX rapaH-
THit OECTIATHOTO OKa3aHUs TpaXkIaHaM MEIUITMHCKOW oMo U B 2018 romy
cocraBisuta 3315,9 mupa.py6., wu 3,2% BBII ctpanst [8, C.153]. LleneBbivu
HMHIMKAaTOpaMU BBIIIOJIHEHUsI TOCYJapCTBEHHOM IIporpamMmmsbl «PasButue 31paBo-
OXPaHEHHUs, HALMOHAIBHBIX IPOEKTOB «3/1paBooXpaHeHue» U «/lemorpadus»
SIBIISTFOTCSI TIOKA3aTeNIN YBEIMUICHUS 0KMAAEMOI MPOAOIDKUTEIBHOCTH 3710PO-
BOW )KN3HHM, YBEJIMYEHHSI CYMMapHOTO KO3 QUIIHEHTa POXKIAEMOCTH, CHHKEHHS
CMEPTHOCTH HACEJICHUsI TPYAOCIIOCOOHOT0 BO3pacTa, CHHKEHHS MIIaJICHISCKOM
CMepTHOCTH U Jip. [16, 14, 13]. ®uHaHCHpOBaHNE CHCTEMBI 3IPaBOOXPAHCHNUS
Poccun ocymiecTBisieTcst TakKe U 3a CUET CPEACTB HACEIICHUsI, BKIIIOYast OILIaTy
MCEIUIIMHCKUX YCIYT 1 B3HOCHI ]106p0BOJ'II)HOFO MCIUIIUHCKOI'O CTpaxOBaHUA.

3akiaoueHne

1. Pa3paboran METOAMYCCKUNA WHCTPYMECHTAPUIl MHOTOKPHTEPHAIBHOMN
OIIEHKH OOIIIECTBEHHOTO 3JI0POBbSI M YPOBHS Pa3BUTHsI 37APaBOOXPAHEHUS B
pernonax Poccun Ha 0CHOBE MHTETPANbHBIX HHIMKATOPOB PE3YABTaTHBHOCTH
U PECypCHOI 00eCIICUCHHOCTH CUCTEMBI 3[PaBOOXPAHCHUS.
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2. BoisiBneHo, 4ro B 27 peruonax Poccuu HaOir0nal0TCS HU3KUI YPOBEHB
PE3yNIBTATUBHOCTH CHCTEMBI 3APABOOXPAHEHUS IO MTOKA3aTeIsIM OXKUIaeMON
MIPOIOIDKATEIIEHOCTH KHU3HH, TTOKA3aTeIsIM POKIAEMOCTH U CMEpTHOCTH. Hmz-
KHH YPOBEHb PeCcypCcHON 00eCIIeueHHOCTH CUCTEMBI 37IpaBOOXPaHEeHNS HAOIIO-
naercs Takoke B 29 pernonax Poccun.

3. OGOCHOBAHO, YTO B IENAX MOBBIMICHUS JOCTYITHOCTH MEIUITTHCKOTO
00CITy’)KMBaHUSI HACEJICHUS CEIIbCKUX TEPPUTOPHIA, CEBEPHBIX U aPKTHUECKUX
Tepputopuii Poccuu He0OXOAMMO MOBBIMICHHUE OILJIATHI TPYAa MEIUIIUMHCKUX
PpaboOTHHKOB, COBEPIICHCTBOBAHNE HOPMATHBHBIX CTAaHAAPTOB B chepe TeppH-
TOPHUAIBFHOTO pa3MeIIeHUs 00BEKTOB 3[PaBOOXPAHEHUS, B chepe o0ecriedeHus
MEIULUHCKUMHU KaJpaMH.

4. B miens1x mOBBIIIEHNS TTOKa3aTesIel 00IIeCTBEHHOTO 310POBhsI HACSICHHUS,
SIBIISTFOLIIXCS TTOKA3aTesIMUA PE3YIBTaTHBHOCTH CHCTEMBI 3/IPaBOOXPaHEHHUS,
HEOOXOIMMO TIOBBIIICHUE YPOBHsI (PMHAHCHPOBAHMS MPOTPaMM CONEHCTBHUS
(hopMUPOBAHUIO B OOIIECTBE 3I0POBOTO 00pa3a KH3HHU, MPOrPaMM pa3BH-
THSI HOBBIX MEIUIIMHCKUX TEXHOJIIOTHH U pa3padOTKH HOBBIX JIEKAPCTBEHHBIX
CPEACTB, a TAaK)KEe COBEPIICHCTBOBAHMS 00pa30BaTEIBHBIX IMPOrpaMM B cdepe
MOJTOTOBKY MEIUIIUHCKUX KaJIpPOB.

5. HoBerii mozxos k pa3paboTke HHCTPYMEHTApUsl paHKUPOBAHUS TEPPH-
Topuii Poccun mo mHIMKaTopam pe3yiabTaTUBHOCTH U PECYpCHON oOecreueH-
HOCTH CHCTEMBI 3[JpaBOOXPAHEHUS Pa3BUBACT HAyUHbIE OCHOBBI YIIPABICHUS
3KOHOMUKOM 3PaBOOXpaHCHUA U MOXKET 6I)ITI> PEKOMEHIAOBAH IJIsA MpaKTUu-
YECKOTO TIPUMEHEHHUS B cdepe pa3paOdOTKH MEepCIEeKTUBHBIX HalpaBICHUN
pa3BUTHUS CHCTEMBI 3paBOOXpaHeHHs Poccun kak Ha pEerHOHAIBHOM, TaK U
MYHHUIUIIAJIBHOM YPOBHSX.

HNudopmanus o koHPINKTE HHTEPeCcoB. ABTOP 3asBISCT 00 OTCYTCTBUU
KOH(JIMKTa HHTEPECOB.

HNudopmanus o cnoncoperse. McciienoBanue BbIIIOJIHEHO B paMKax ro-
CyIapCTBEHHOTO 337aHusI balikanbCkoro MHCTUTYTa mpupoponoiasp3oBanus CO
PAH Ilpoext NeAAAA-A21-121011590039-6 (0273-2021-0003)

The study was carried out within the framework of the state assignment
of the Baikal Institute of Nature Management SB RAS ProjectNeAAA-
A-A21-121011590039-6 (0273-2021-0003)
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IMPROVEMENT OF MECHANISMS
FOR STATE MANAGEMENT OF CONTINUOUS
IMPROVEMENT OF QUALITY OF PROVISION
OF MEDICAL SERVICES IN UKRAINE

O. Karpenko, S. Stavytska, 1. Artemenko, 1. Sidanich, 1. Prozhoha

Objective. To substantiate theoretical and methodological principles, develop
scientific and practical recommendations for state management of medical services
in Ukraine.

Materials and methods. There were used such research methods as synthesis,
analysis, scientific abstraction when specifying the categorical-conceptual framework
of research; system structural analysis when developing the conceptual principles
of state regulation of the provision of medical services of appropriate quality and
accessibility; discriminant analysis when assessing the cost of public health services
in Ukraine.

Results. An approach to the formation of a system to improve the efficiency and
quality of medical services in Ukraine has been developed. The system of continuous
improvement of the quality of medical services has been developed, which combines
financial and economic calculations for provided medical services with screening
examination of the technology of medical and diagnostic process according to the
models of medical services and allows to build a hierarchical management system
for financing and quality of medical services.

Conclusions. The has been proposed the method of payment for medical services
according to the models of simple and complex medical services, which is the most
promising for use in conditions of limited financial resources and involves compliance
with the following rules.
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medical-diagnostic process, quality of medical service; patient
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Introduction

The current national system of state regulation of medical services in
Ukraine is primarily based on the principles of humanism and social justice. In
some countries, the dependence of state regulation of medical services on the
state is very significant, and in other countries the participation of the state is
reduced to the regulatory function. However, the population of Ukraine is ag-
ing, and the share of able-bodied and active people in the country, whose funds
form insurance funds, is gradually declining. In addition, the aging population
needs pensions and treatment.

In modern society, provision of medical services is one of the most complex
elements of state regulation. The most heated discussions are usually related to
the problem of market relations, and there arise contradictions between the so-
cial mission of the state and personal business motives. In contrast to the usual
market of consumer goods and services, physicians act two persons at the same
time, both as the party that determines the needs of a patient and as the party that
provides and implements them. In addition, the potential consumers of medical
services are the poorest, elderly, sick members of society, and not young and
healthy ones, which have the main financial resources.

In recent years, in the system of state regulation attempts have been made
to implement standards for the provision of medical services, but this work is
complicated by the fact that it is impossible to develop common standards for
all institutions of Ukraine due to their differences. Staffing and technological
support of medical institutions are sometimes so different that the standards
used in assessing the quality of medical institutions in one area may not be
adapted to use in another area.

We can trace the evolution of views on the development of state regulation
in the area of medical services in the fundamental works [1-4], most of which
are devoted to the analysis of modern strategies. Transformational changes in
the financing model in the area of medical services are described in the scien-
tific works [5-10].

Over the last decade, the issues of finding ways to improve the state reg-
ulation of medical services, develop a policy in this area and provide quality
medical services have been the subject of scientific studies [11-14].

Fundamental developments in the application of the principle of social jus-
tice of the state regulation of the provision of medical services to the population
are considered in the works of such scientists as [15-17].

Of course, the availability of a large number of scientific works on this
subject is indicative of its relevance, while the influence of the reforms of state
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regulation of medical services is insufficiently discussed, which indicates the
attitude of scientists to this problem as a secondary one and the lack of ability
of the institutions themselves to consider this problem in the expert and scien-
tific environment.

At the same time, despite the rather large total number of works on the
problems of state regulation of medical services in Ukraine, in the context
of increasing globalization, it is necessary to solve the scientific problems of
clarification of the content and model of medical services, development of an
approach to state regulation of the provision of medical service of appropriate
quality and accessibility, definition of tools for synthesizing models of state
regulation of medical services in Ukraine, development of methodological
approaches to the creation of a single information and telecommunication
system of state regulation of the market of medical services, improvement
of the mechanism of formation of integrated operators in this market, devel-
opment of an approach to estimating the cost of public medical services in
Ukraine, development of a mechanism for state guarantee of medical services
in conditions of limited financial resources, and development of an approach
to forming a system to improve the efficiency and quality of medical services
in Ukraine.

The need for theoretical, methodological and practical solutions to the out-
lined problems confirms the relevance of the article, its importance, scientific
novelty, and determines the objective, tasks, subject and object of research,
testing and practical implementation.

Objective
The objective of the study is to substantiate the theoretical and methodolog-
ical principles, develop scientific and practical recommendations on improving
the mechanisms of public administration for provision of medical services to
the population in Ukraine.
The following tasks are set in accordance with the objective:
— to propose an approach to estimating the cost of public health services
in Ukraine;
— to improve the approach to the formation of the system of improving the
efficiency and quality of medical services in Ukraine.

Materials and methods
The theoretical basis of the study was the works of scientists, studies in the
field of public administration, laws and regulations that establish the legal and
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organizational foundations of public relations in the system of state regulation
of medical services in Ukraine.

In accordance with the set tasks, there have been used such methods of
study as synthesis, analysis, scientific abstraction — when specifying the cate-
gorical-conceptual framework of the study; system structural analysis — when
developing conceptual principles of state regulation of the provision of medical
services of appropriate quality and accessibility; discriminant analysis — when
assessing the cost of public health services in Ukraine.

The information and factual basis of the study was the laws of Ukraine,
decrees of the President of Ukraine, regulations of the Cabinet of Ministers of
Ukraine; analytical materials of the Ministry of Health of Ukraine, reporting
and analytical information of the State Statistics Service of Ukraine; analytical
reviews of the World Bank, the European Investment Bank and other interna-
tional financial organizations; results of scientific studies in the area of public
administration of provision of medical services to the population in Ukraine.

Research results and discussion

Planning of work on quality control of medical services provides for forma-
tion of normative level of an integrated indicator of quality of medical services,
possible intervals of its variation for the given institution and establishment of
optimum levels of criteria of efficiency of medical divisions.

Carrying out of screening examination of technology of medical and diag-
nostic process allows to detect cases of deviations from normative level and to
form lists of expert cases for carrying out examination of quality of provision
of medical services.

The introduction of continuous automated screening examination of the
technology of medical and diagnostic process in the practice of health care
involves the need to formalize the information in the primary accounting doc-
umentation and create an automated medical history. Cloud automated process-
ing of these documents and comparison of the information reflected in them
with models of simple and complex medical services allow to define integrated
normative indicators of an estimation of technology of medical and diagnostic
process by types of medical and preventive institutions (hospital, polyclinic,
day hospital, home care) throughout the territory.

In order to simplify and accelerate the use of screening examination of the
technology of medical and diagnostic process in assessing the quality of med-
ical services, forms of inpatient automated medical history and outpatient slip
have been developed. According to these forms of documents the continuous
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automated examination of technology of medical and diagnostic process on all
cases of the address of patients both in a hospital, and in polyclinic is carried
out. In the process of automated processing of epicrisis (they reflect the entire
volume of medical and diagnostic care provided in the hospital) and outpatient
slips (they reflect the entire volume of outpatient care) the taken diagnostic and
therapeutic measures are compared with models for both primary and related
diagnoses. As a result of such comparison coefficients of conformity of actually
performed diagnostic and medical procedures and the ones, which are necessary
according to the models, are determined, actually reached and optimum criteria
of efficiency, and also results of treatment are estimated.

Anamnesis Examination data

JL JL

Problem sheet

Il

Differential diagnosis

JL

“Medical Services Models” “Institution Medical
database — Services Bank”
Model < Problem-oriented patient management |q¢—| Diary
plan
hospitals polyclinics
A A
Medical card Outpatient card

Il 1l

Medical technology evaluation

>

Fig. 1. Block diagram of screening examination of the technology
of medical and diagnostic process
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The formation of proposals for management influences includes the issu-
ance of recommendations for the analysis of certain sections of the work, which
characterize the quality of medical services.

The formation of expert characteristics occurs when analyzing data from
the “inpatient medical cards” and “inpatient epicrisis” for hospitals and “out-
patient cards” and “outpatient slips” for polyclinics and comparing them with
the models of integrated medical services.

The block diagram of the screening examination of the technology of med-
ical and diagnostic process is shown in Fig. 1.

The assessment consists of the analysis of: the condition of a patient at the
time of admission; possibilities to ensure establishing correct diagnosis in treat-
ment and prevention institutions (TPI) (resource assessment); the degree of pos-
sibility for the doctor to use resources for establishing diagnosis (qualification
of the doctor, ability to choose the right methods and techniques of differential
diagnostic, availability of equipment, etc.); methods, indicators that allow to
register the objectivity of establishing correct diagnosis (expert assessments,
the frequency of discrepancies between the diagnoses of the polyclinic, hospi-
tal and pathological anatomical diagnosis, change of diagnosis by the end of
treatment, etc.); forecast of the outcome of patient management.

Such examination allows to collect statistical information on the actual
amount of performed work regarding nosology and frontline workers, to iden-
tify possible deviations from the models that do not affect the effectiveness of
treatment, to establish a regulatory level of an integrated indicator of quality of
provision of medical services and to systematically adjust the models.

The formed results of screening examinations are expert cases requiring
further examination with the participation of experts in the assessment of both
medical technologies and material and human resources of the institution.

When selectively assessing the quality of medical care, an expert works with
a list of defects identified in the provision of medical services, both for continu-
ous and for selective examination. All identified defects are included in the table
of defects in the provision of medical services of the “Act of expert opinion”.

The level of quality of patient care is set by the standards of organization
of work of paramedics.

The validity of complaints of patients about violations of ethical and de-
ontological relations is determined by supporting written documents (written
complaints of patients).

Violation of the sanitary-epidemiological conditions are established by the
relevant documentation of the sanitary and epidemiological authorities. The in-
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validity of the refusal of medical care is determined by the relevant documents
(written complaint of a patient about the refusal of a service).

Gross defects in execution of documentation, which affect the assessment
of the condition of a patient, terms and results of treatment are determined by
the requirements for filling and registration of medical records.

Inaccuracy of information in the accounting documentation is detected by
interviewing patients, medical staff.

Unreasonable referral of a patient to the intensive care unit or lack of treat-
ment in it if indicated are determined by an expert on the basis of analysis of
medical history.

Assessment of cases of re-hospitalization is carried out by studying the pre-
vious and current medical history.

Duplication in the examination of planned patients is determined by the data
recorded in a referral to the hospital and a medical history.

Assessment of the degree of completeness of the technology of medical and
diagnostic process is carried out according to the models of integrated medi-
cal services. The mandatory minimum of standard examination and treatment
means procedures, services with frequency of their application of 95-100%.
Incomplete volume of examination and treatment is established by an expert
taking into account the models and result of the disease.

At detection of defects of medical and diagnostic process of outpatient-poly-
clinic link it is necessary to use the models of medical services of clinic and
preventive care according to the described technique.

In case of non-compliance with the requirements for treatment results speci-
fied in the models, and/or non-compliance with the normative term of treatment,
as well as in case of impossibility to provide it to the patient (death, unauthorized
leave, etc.), payment for medical care is made at the actual cost, and with that:

— payment for medical care in case of unreasonable excessive delay of a
patient in the hospital is not made;

— payment for the treatment of comorbidities of one system in the hospital
is based on the actual costs in accordance with the provision on medical
care quality control;

— payment for exceeding the terms of treatment for the underlying disease
in connection with concomitant pathology is not made;

— payment for expensive medical services, as well as services that are not
included in the model, is made at the actual cost of the institution only
in cases of their validity and the presence of permission to perform them
issued by the expert commission of the medical institution;
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— payment for medical care to a patient hospitalized based on the conclu-
sion of the expert commission of the relevant public health department
in the absence of indications, is made with the consent of the insurer;

— the cost of treatment of complications, which were not diagnosed during
treatment (in the hospital, polyclinic, day hospital) and lead to the need
for a second course of treatment in the institution, are referred to the in-
ternal costs of the institution;

— treatment of complications not related to the technology of providing med-
ical services and leading to re-hospitalization is paid on a general basis;

— the costs of the medical institution for the treatment of recurrences of the
disease, which lead to re-hospitalization due to mistakes made during
the previous provision of medical services, are referred to the internal
costs of the medical institution.

The structure of the claim system for payment for medical services is shown
in Fig. 2. Procedure of making bills for medical services and the procedure for
presenting them for payment is as follows.

The analysis of compliance with the standards of medical technologies can
only give an indirect assessment of one of the components of the quality of med-
ical services — the implementation of the technology of medical and diagnostic
process. The assessment of the work of a doctor in providing medical services
is based on the comparison of the measures taken with the standards of medical
technologies, which should be a list of mandatory diagnostic and therapeutic ac-
tions of the doctor in different nosological forms at a certain stage of treatment.

The assessment of the quality of provision of a medical service to a patient
at all stages of treatment and diagnostic process is a time-consuming task that
requires a single methodological approach. The use of only medical process
standards, however detailed, does not allow to assess all the variety of patholog-
ical manifestations of a disease due to such individual characteristics of the pa-
tient as sex, age, the presence of comorbidities, intolerance to certain drugs, etc.

However, this does not exclude the possibility of a continuous automated
screening examination allowing to obtain one of the elements of a compre-
hensive assessment of the quality of medical services at the initial stage of the
examination and based on its results to form expert cases for examination with
the involvement of experts.

Medical efficiency (effectiveness) is assessed by the following criteria: re-
quirements for treatment results; achieving favorable results of treatment of a
patient; discrepancy of outpatient, inpatient, pathological and anatomical diag-
noses; presence of complications.
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Fig. 2. Algorithm of the claim system for payment for medical services

Response received

Achieving optimal results of inpatient treatment involves the possibility
of discharging the patient for work or outpatient treatment. The objectivity of

assessment is achieved due to the availability of developed classifiers contain-
ing criteria for treatment outcomes and models of integrated medical services.



Siberian Journal of Life Sciences and Agriculture, Tom 13, Ne2, 2021 73

The discrepancy of diagnoses is established based on the data of outpatient
and inpatient services and separately based on clinical and pathological-ana-
tomical diagnosis. Both complete and partial discrepancies are determined, and
penalty points are assigned depending on them.

When establishing fines for complications (including postoperative) and
the fault of medical workers, in their occurrence, it is necessary to take into
account factors that depend on the activities of a doctor. The latter may include
the specifics of a disease, age, severity of the condition of patient, the term of
medical treatment.

Thus, the analysis of methods of payment for medical care demonstrat-
ed that there is neither an ideal nor the worst method of payment for medical
care, but there is a better method in these conditions and for specific purposes.
Each method affects economic efficiency differently, and regulated competi-
tion between providers of medical services enhances the positive effect of any
payment method.

Conclusion

The assessment of the quality of provision of a medical service to a patient
at all stages of treatment and diagnostic process is a time-consuming task that
requires a single methodological approach. The use of only medical process
standards, however detailed, does not allow to assess all the variety of patholog-
ical manifestations of a disease due to such individual characteristics of the pa-
tient as sex, age, the presence of comorbidities, intolerance to certain drugs, etc.

But this does not exclude the possibility of a continuous automated screen-
ing examination allowing to obtain one of the elements of a comprehensive
assessment of the quality of medical services at the initial stage of the exam-
ination and based on its results to form expert cases for examination with the
involvement of experts. There has been developed an approach to the forma-
tion of a system to improve the efficiency and quality of medical services in
Ukraine, namely: introduction of the institute of public-private partnership,
which is based on the project approach, budget planning and organizational and
economic tools; use of screening expert examination technology of medical and
diagnostic process according to the models of medical services.

References
1. Berwick D., Fox D.M. “Evaluating the quality of medical care”: Donabedian’s
classic article 50 years later. The Milbank Quarterly, 2016, vol. 94, no. 2, pp.
237. https://doi.org/10.1111/1468-0009.12189



74

Siberian Journal of Life Sciences and Agriculture, Vol. 13, Ne2, 2021

10.

Salnikova N.A., Lempert B.A., Lempert M.B. Integration of methods to
quantify the quality of medical care in the automated processing systems
of medical and economic information. Creativity in Intelligent Technol-
ogies and Data Science. Communications in Computer and Information
Science, 2015, vol. 535, pp. 307-319. https://doi.org/10.1007/978-3-319-
23766-4_25

Cook D.A., Reed D.A. Appraising the quality of medical education research
methods: the medical education research study quality instrument and the New-
castle-Ottawa scale-education. Academic Medicine, 2015, vol. 90, no. 8, pp.
1067-1076. https://doi.org/10.1097/ACM.0000000000000786

Mell H.K., Mumma S.N., Hiestand B., Carr B.G., Holland T., Stopyra J. Emer-
gency medical services response times in rural, suburban, and urban areas.
JAMA surgery, 2017, vol. 152, no. 10, pp. 983-984. https://doi.org/10.1001/
jamasurg.2017.2230

Meesala A., Paul J. Service quality, consumer satisfaction and loyalty in hospi-
tals: Thinking for the future. Journal of Retailing and Consumer Services, 2018,
vol. 40, pp. 261-269. https://doi.org/10.1016/].jretconser.2016.10.011
Brownlee S., Chalkidou K., Doust J., Elshaug A.G., Glasziou P., Heath L., ...
Korenstein D. Evidence for overuse of medical services around the world. The
Lancet, 2017, vol. 390, no. 10090, pp. 156-168. https://doi.org/10.1016/S0140-
6736(16)32585-5

Lewis M.A., Lewis C.E., Leake B., King B.H., Lindemanne R. The quality
of health care for adults with developmental disabilities. Public health re-
ports, 2002, vol. 117, no. 2. https://journals.sagepub.com/doi/abs/10.1093/
phr/117.2.174

Claesson A., Bickman A., Ringh M., Svensson L., Nordberg P., Djiarv T.,
Hollenberg J. Time to delivery of an automated external defibrillator using a
drone for simulated out-of-hospital cardiac arrests vs emergency medical ser-
vices. Jama, 2017, vol. 317, no. 22, pp. 2332-2334. https://doi.org/10.1001/
jama.2017.3957

Sweeney J.C., Danaher T.S., McColl-Kennedy J.R. Customer effort in value co-
creation activities: Improving quality of life and behavioral intentions of health
care customers. Journal of Service Research, 2015, vol. 18, no. 3, pp. 318-335.
https://doi.org/10.1177/1094670515572128

Mould-Millman N.K., Dixon J.M., Sefa N., Yancey A., Hollong B.G., Hagahmed
M., ... Wallis L.A. The state of emergency medical services (EMS) systems in
Africa. Prehospital and disaster medicine, 2017, vol. 32, no. 3, pp. 273-283.
https://doi.org/10.1017/s1049023x17000061



Siberian Journal of Life Sciences and Agriculture, Tom 13, Ne2, 2021 75

11.

12.

13.

14.

15.

16.

17.

Tsai T.C., Orav E.J., Jha A.K. Patient satisfaction and quality of surgical care
in US hospitals. Annals of surgery, 2015, vol. 261, no. 1, pp. 2-8. https://doi.
org/10.1097/SLA.0000000000000765

Millenson M.L. Demanding medical excellence: Doctors and accountability in
the information age. University of Chicago Press, 2018.

Arai H., Ouchi Y., Toba K., Endo T., Shimokado K., Tsubota K., ... Rakugi H.
Japan as the front-runner of super-aged societies: Perspectives from medicine
and medical care in Japan. Geriatrics & gerontology international, 2015, vol.
15, no. 6, pp. 673-687. https://doi.org/10.1111/ggi.12450

Dummit L.A., Kahvecioglu D., Marrufo G., Rajkumar R., Marshall J., Tan E.,
... Hassol A. Association between hospital participation in a Medicare bundled
payment initiative and payments and quality outcomes for lower extremity joint
replacement episodes. Jama, 2016, vol. 316, no. 12, pp. 1267-1278. https://doi.
org/10.1001/jama.2016.12717

Ahmad M.M., Al-Daken L.I.L., Ahmad H.M. Quality of life for patients in
medical-surgical wards. Clinical Nursing Research, 2015, vol. 24, no. 4, pp.
375-387. https://doi.org/10.1177/1054773813519470

Aidala A.A., Wilson M.G., Shubert V., Gogolishvili D., Globerman J., Rueda S.,
... Rourke S.B. Housing status, medical care, and health outcomes among people
living with HIV/AIDS: a systematic review. American journal of public health,
2016, vol. 106, no. 1, pp. el-e23. https://doi.org/10.2105/AJPH.2015.302905
Wu H.T., Huang J., Shi Y.Q. A reversible data hiding method with contrast
enhancement for medical images. Journal of Visual Communication and Im-
age Representation, 2015, vol. 31, pp. 146-153. https://doi.org/10.1016/j.jv-
cir.2015.06.010

DATA ABOUT THE AUTHORS

Olena Karpenko, Doctor of Pedagogical Sciences, Professor

Dragomanov National Pedagogical University
9, Pyrohova Str., Kyiv, 01601, Ukraine
karp513@ukr.net

ORCID: 0000-0002-6715-2899

Svitlana Stavytska, Doctor of Psychological Sciences, Professor

Dragomanov National Pedagogical University
9, Pyrohova Str., Kyiv, 01601, Ukraine
stavytska@i.ua

ORCID: 0000-0003-0800-0876



76 Siberian Journal of Life Sciences and Agriculture, Vol. 13, Ne2, 2021

Inna Artemenko, Candidate of Pedagogical Sciences, Associate Professor
Dragomanov National Pedagogical University
9, Pyrohova Str., Kyiv, 01601, Ukraine
aart@ukr.net
ORCID: 0000-0001-5633-0234

Iryna Sidanich, Dr. hab. of Pedagogical Sciences, Professor
University of Educational Management
524, Sichovykh Striltsiv Str., Kyiv, Ukraine
iryda6l@ukr.net
ORCID: 0000-0002-2992-3808

Iryna Prozhoha, PhD in Economics, Associate Professor
National Aviation University
1, Liubomyra Huzara Ave., Kyiv, 03058, Ukraine
irproz_13@gmail.com
ORCID: 0000-0003-4991-8317



Siberian Journal of Life Sciences and Agriculture, Tom 13, Ne2, 2021 77

DOI: 10.12731/2658-6649-2021-13-2-77-99
VIIK 159.9:796

IICUXOJOI'HYECKOE
3JOPOBBE CITOPTCMEHOB B IIEPHO/]
ITAHAEMHUHA COVID-2019

I1.A. Kucnakos, M.C. benos,
H.II. Koncmanmunoea

Obocnosanue. Maccosas camouzonayus ¢ nepuoo nanoemuu COVID-19 oka-
3a1a cywecmeennoe enuAHUe HA CNOPMUBHYIO 0eAmMeNbHOCMb, U KaK cledcmaue,
Ha ncuxoaocuyeckoe 300pogve cnopmemenos. OcHosHwvle nocaedcmaust 05 NCUxXo-
J102UNECK020 300P08bsI CHOPHICMEHO8 C8A3AHbL 8 NEPBYIO 04epedb ¢ NCUXOCOMAMU-
YeCKUMU U NCUXOIMOYUOHATILHBIMU PACCMPOUCTEAMU.

Lens uccnedosanusn cocmosna 6 8viasieHuL 0COOEHHOCHEl NCUXOIOSULECKO20
300p06bsi cnopmemernos 8 nepuod nandemuu COVID-2019.

Mamepuansvt u memoowt. Bvibopky cocmasunu 419 cnopmemenos 6 sospacme
om 18 0o 30 nem, npoacusarowgux 6 paziuuusix pecuorax Poccuu. Hccnedosanue
NPOBOOUNOCH C UCHOTLI0BAHUEM CNEYUATLHO PA3PADOMANHOU AHKEMbL, GKIIOUAI0-
weti 60npocyl 00 0COOEHHOCMAX OP2AHU3AYUL MPEHUPOBOUHO20 NPOYECcCa 8 NEPUOO
namoemuu, 0 OAnbHeUuUX CHOPMUBHBIX NIAHAX, O NCUXOCOMATNUYECKUX U NCUXO-
IMOYUOHATLHBIX OCODEHHOCHIAX, GbI36AHHBIX GCLEOCHIBUE OMMENbL CHOPIMUBHBIX
MpPeHUupoBoK U copesHosanul. Takce UcnonIb306a1act cmanoapmu3upoOBaHHas
memoouka «Camouyscmesue, akmugnocmo, Hacmpoerue — CAH» (B.A. [lockun,
H.A. Jlaspenmvesa, B.b. [lapaii u M.I1. Mupowrukos).

Pezynvmamet. [Ipogedennoe ucciedosanue gblasuL0 3aKOHOMEPHOCTb, COCINO-
AWYI0 8 MOM, UMO NOOOEPHCKA ONMUMATLHOU (u3uieckoll popmul 6 nepuoo nau-
demuu COVID-19 nozeonsiem npedynpesicoams He2amuehvle NCUXOCOMAMu4ecKue
U NCUXOIMOYUOHATbHBLE NPOSIBLEHUS, 00eCneuusas cyobeKmugHoe oujyujerue o1a-
20NPUAMHO20 PUIUONOULECKO20 U NCUXOIO2UYECKO20 COCTOAHUA. A0anmuenblil
KONUME NPUHAMUS CNOPMCMEHAMU CUYAYUL U CAMOKOHMPONIS NPAMO KOppeaupyem
€ NOOOEPAHCKOU ONMUMATLHOU usuyeckoli hopmul 6 nepuod nandemuu COVID-19
u, Kax cnedcmeue, ¢ NO3UMUGHLIMU CHOPMUBHBIMU NIAHAMU.

3aknaruenue. Ilonyuennvie pesyiomamsl ROOMBEEPHCOAION, YMO NOOOEPIHCa-
Hue peyIsipHoOll (PuU1ecKoll AKMUGHOCTU SGISACMCI 8ANCHOU NPOPULAKIMULECKOU
cmpamezueil 0 Qu3u4ecKo20 U NCUXONO2ULECKO20 300P0Bbsl 60 BPEMSL BbIHYIHC-
O0eHHOI CamMoUu30AYUU.
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Knrwouesvie cnosa: ncuxonozuueckoe 300posvbe; CHOPMCMeHbl;, CHOPMUBHASL
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PSYCHOLOGICAL HEALTH OF ATHLETES
DURING THE COVID-2019 PANDEMIC

PA. Kislyakov, M.S. Belov, N.P. Konstantinova

Background. Mass lockdown during the COVID-19 pandemic deeply influenced
sports activities and consequently psychological health of athletes. The main conse-
quences for the psychological health of athletes are primarily associated with psy-
chosomatic and psycho-emotional disorders.

Purpose of the study was to identify the characteristics of the psychological health
of athletes during the COVID-2019 pandemic.

Materials and methods. The group of respondents consisted of 419 athletes aged
18 to 30, living in various regions of Russia. The study was carried out using a special-
ly developed questionnaire, including questions about particularities of organization
of the training process during the pandemic, about further sports plans, about psy-
chosomatic and psycho-emotional characteristics caused by the cancellation of sports
training and competitions. We also used the standardized method “Well-being, activi-
ty, mood —SAN” (V.A. Doskin, N.A. Lavrentyeva, V.B. Sharai and M.P. Miroshnikov).

Results. The study revealed a consistent pattern that maintaining optimal physical
shape during the COVID-19 pandemic prevents negative psychosomatic and psy-
cho-emotional manifestations, providing a subjective feeling of a favorable physiolog-
ical and psychological state. Adaptive coping of athletes’ acceptance of the situation
and self-control directly correlates with maintaining optimal physical shape during
the COVID-19 pandemic and, as a result, with positive sports plans.

Conclusion. The results confirm that maintaining regular physical activity is an
important preventive strategy for physical and psychological health during forced
self-isolation.

Keywords: psychological health; athletes, physical shape; COVID-19 pandemic;
psychosomatic characteristics; psycho-emotional characteristics; coping
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Beenenne

IIpeBeHTHBHBIE MEPHI, CBA3aHHBIE C TaHAeMuel koporasupyca COVID-19,
3aTPOHYNN BCE Cepsl XKU3HU 00MIECTBA  BCE CEKTOPAa MUPOBOH SKOHOMHKH
[5, 32]. CrpemuTenbHOE pacpocTpaHeHHE HOBOH KOPOHABUPYCHOW HH(EKIIUH
TIOBJIUSUIO Ha BBE/ICHNE HEOOXOIMMBIX OTpaHMYEHHH U 3aIIPETOB, TIPEIK/IE BCETO,
Ha MacCOBbIE MEPONPHATHUS ¢ OOJNBIINM CKOIUICHUEM JIFOJIEH, YTO MPUBEIO K
OecrnperieIGHTHBIM TOCIIEACTBHUAM. B Kkparyaiimme cpoku ObUTH pa3paboTaHbl
MEpBI IPETOCTOPOKHOCTH OT HHPHUIIMPOBAHHS U PEKOMEH/IAIMN IO COXpaHe-
HUIO IBUTATENILHOM aKTUBHOCTH B TIepuo/l camonzosisiiiud [ 12]. B rpymme pucka
OKa3aJIMCh CIIOPTCMEHBI, TIOATOMY OBIIIM TPHOCTAHOBJICHBI BCE COPEBHOBAHMS,
(UBKYIBTYPHO-CIIOPTUBHBIE MEPOIPHATHSI M TPeHUPOBKH. [Tepros cTporoii ca-
MOM3OJISIIMYU CEPHE3HO MOBJIHSIT HA CIIOPTUBHYIO AESATEIBHOCTB, JUIsl KOTOPOU
XapaKTepHa BBICOKAsi OTBETCTBEHHOCTb, CTPEMJICHNE K BBICHIMM JIOCTHKCHH-
SIM ¥ BBICOKOE TICHXO(U3HOJIOTHYECKOE Hanpspkenne. ConnanbHast H30IsIIus,
3aKPBITHE CIIOPTHUBHBIX KOMITJIEKCOB, 3alIPEThI Ha Y4eOHO-TPEHUPOBOYHBIE Me-
pOTIpHUATHS, B TOM YHCIIE X060y 1 OeT Ha CBEKEM BO3IyXe, IPOBEICHNE COPEB-
HOBaHMH (BKTtowast Ommmmuiickue urpsl 2020 roma) He 000U CTOPOHOH, Kak
podecCHOHaIbHBIE CIIOPTUBHBIE KOMAH/IbI, TaK M CIIOPTCMEHOB JIFOOUTEIeH
10 BCEMY MUY BO BCEX BHUJaX CIIOPTa.

Manmemuss COVID-19 mo-pa3HoMy MOBIHsIA HA CIIOPTCMEHOB, HX HpHU-
BBIYHBIN PEKUM M OPraHU3AIMIO CHOPTUBHBIX MEPONPHSATHH, IPUBENa K PsIy
po0JIeM, KaKk TEeXHUYECKHX, TaK M NCUXOJIOrnYecKuX. OCHOBHBIE TIOCIIEICTBHS
JUTS TICKXOJIOTHYECKOTO 3/I0POBbsI CIIOPTCMEHOB CBSI3aHBI B TIEPBYIO OUepe/lb CO
CTpECCOM, TPEBOTOH U Jerpeccueil. EcTh oueBMaHBIC IPOOIEME], CBS3aHHEIC C
CHUTYyallel HEeOoIpe/IeNIeHHOCTH M OeCIIOKOMCTBOM 10 MTOBOY TPEHHPOBOYHOTO
neproyia, OTCYTCTBUEM HH(OpMAIIUK O Oy/TyIieM CHOPTUBHOM KaJleHiape, O of-
JIepKaHUH BBICIIEH cIOPTUBHOM (opMbl. CTpax nepes Moe3KaMy U CBSI3aHHbIE
C 9TUM PHCKH 3apa’KeHUsI, BO3MO)KHBIE COPEBHOBaHM 0€3 3pHUTeNeH, OaCHOCTh
o01Iel epecTpoKN CIOPTUBHOM )KU3HU | IPYTHE MPOOJIEMBI SIBIISIOTCS TIPE-
MOCBUTKAMH IS YXYAIIEHHS TICHXOJIOTHIECKOTO 310poBhs [26, 31, 33, 39, 41].

JlanHO# mpobnemMe MOCBSAIIEHB! HAyYHBIC TPYAbl OTEUYECTBEHHBIX M 3apy-
OEXKHBIX aBTOPOB IO M3YYEHHUIO BOIPOCOB BIMSHHS OTPAaHUYUTEIBHBIX Mep,
cs3aHHbIX ¢ mangemuit COVID-19, Ha dusnueckyro paboTocrnocoOHOCTh U
TICUXOJIOTHYECKOE CaMOYyBCTBHE CIOPTCMEHOB [4, 8, 16, 17, 27, 30] ux cnop-



80 Siberian Journal of Life Sciences and Agriculture, Vol. 13, Ne2, 2021

TUBHBIC TUIaHBI U Kapbepy [3], moBeneHueckue u3mMeHenus [ 14, 25], npenmnoy-
TUTENBHBIC KOMMUHTOBBIC cTparerun [33].

[IpoBeneHHBIC B Pa3MUYHBIX CTPaHAX HMCCIEIOBAHUS TOKA3alH, YTO B
pe3ynbrare KapaHTHHHBIX MEp W JUIUTEIbHBIX MEPEPHIBOB B (HU3MUECKOU
AKTMBHOCTHU 3HAYUTEIHHO BO3POCIIN PUCKHU YXYALICHNS CAMOYYBCTBHS, BO3HHK-
HOBEHHS JICTIPECCUBHBIX COCTOSHUH 1 TIOSIBIICHNS TICUXUYECKUX PACCTPOIHCTB
y CHOPTCMEHOB. J[AUTenbHas CaMOM30JISILIUs OKa3ajaa HEraTUBHOE BIMSIHUAE Ha
MICHXOJIOTUYECKYI0 PEaKIMIo, CIOCOOCTBYS Pa3BUTHIO CUMIITOMOB TOCTTPAB-
MaTHYECKOTO CTpecca, CIIyTaHHOCTH CO3HaHus M TpeBoru [23]. Ilmoxoe ca-
MOYYBCTBHUE B [ICHXOJIOIMYE€CKOM OTHOILICHUH JOCTATOUYHO PACHPOCTPAHEHHOE
siBiieHue B nepuon nanjaemuu [5, 30]. Ctporas camou3osius npuBena K je-
CTa0MIM3alUK Y4eOHO-TPEHHUPOBOYHOTO MPOIIECCa, a TAKIKE MENKITUUHOCTHBIX
OTHOIIICHUH CIIOPTCMEHOB U TpeHepos [19]. Kpome 3Toro, KapaHTHH TpUBEI
K THUIOINHAMUM, YTO CIIOCOOCTBOBAJIO HEOIArONPHUATHBIM U3MEHEHUSIM (DU3H-
YECKOTO 370POBBS, TAKIM KaK MPeKACBPEMEHHOE CTapeHne, 0XKUpPEHHE, cep-
JIEIHO-COCYIHCTas YSI3BUMOCTbD, aTpo(usi MBIIIL, MOTEPs] KOCTHOM Macchl 1
CHIDKCHHE a3pOOHBIX BO3MOKHOCTEH [41, 43].

YCTaHOBIEHO, YTO CLIOPTCMEHBI, KOTOPBIE OTHOCTBIO MPEKPATUIN 3aHATUSL
WJIN YMEHBIIMIN CBOM (PM3MUYECKHE HArPy3KU BO BPeMsl HAaHIEMHUH, COOOIININ
0 3HAUUTEIBHOM YXY/IIIEHUN CaMOYyBCTBHS 110 CPABHEHHIO CO CIIOPTCMEHAMH,
KOTOpPBI€ MPOAOJIKHIIN AKTUBHO TPEHUpPOBaThes [38].

bopnba ¢ nmannemueit TpedyeT NpUCTAILHOIO BHUMAHUSI MUPOBOTO Hay4-
HOTO COOOIIECTBA CUXOJIOT0B, BUPYCOJIOr0B, UMMYHOJIOTOB, 3ITHIEMHUOJIOTOB,
CHOPTUBHBIX CHENMATNCTOB U MPOBEIEHHS MEKIUCIUIUINHAPHBIX UCCIIEN0BA-
HUI ¢ pa3paboTKO NpakTHYecKuX pekomenaaiuii [32]. Heodxonumo neranbpHo
HCCIIEI0BATh YIPO3bl, OTPUIATEIBHBIE TOITOCPOUHBIE MOCIECACTBUS KPU3HCa
COVID-19 Ha ciopTHBHYIO IEATEIBHOCTD Ui CBOCBPEMEHHOH pa3padoTKu
Mep ¥ MyTeH UX MPEOIOICHUs, ICUXOJIOrHYeCKH 0€3011acHOro0 CIIOPTHBHOTO
MIOBEZICHUS B MAHACMUYECCKUH U MOCTIAHAEMUYCCKUH Mepro/.

Lens 1aHHOTO MCCIIEAOBAHMUS COCTOSIIA B BBISIBIICHHN 0COOCHHOCTEH TMCH-
XOJIOTHYECKOT0 310pOBbsI CIOPTCMEHOB B nepuof nanaemun COVID-2019.

[Ipu 3TOM MO MCUXOIOTUYECKUM 310POBBEM MBI MOHUMAeM JAWHAMHUYe-
CKYI0 COBOKYIHOCTbH IICHUXHYECKHX XapaKTEPUCTHK (TICHXOCOMAaTHYECKHX,
TICMXO3MOLIMOHAJIBHBIX, IIOTPEOHOCTHO-MOTHBAIIMOHHBIX ), TIO3BOJIAIONINX Ye-
JIOBEKY COXPAHATh YCTONYMBOCTH B M3MEHSIOLIEHCS OKpyxkaromei cpeae u
CIOCOOCTBYIOIIUX €r0 OJaronoay4uto u camopeanu3auu [1, 11, 15]. TIpose-
JICHHBIE MCCIIEIOBAHMS TOKA3AJIN, YTO TICUXOJIOTNIECKOE 3/[0POBbE CIIOPTCMEHA
o0ecIieurBaeT aJJeKBaTHYIO YCIIOBHSIM OKPY KaIOILEH JIeHCTBUTEILHOCTH pery-
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JIIUEKO CBOECI'O COCTOSSHUS U ITOBCACHUS U ABJIACTCSA npeuonpeuenﬂ}omnM (baK-
TOPOM CITOPTHBHOM AEATEIBHOCTH. [ICHXOIOIrHYECKOE 3I0POBhE CIIOPTCMEHA
JIETEPMHHUPOBAHO MCHXOCOMATHYECKUM COCTOSTHHEM, CIIOCOOHOCTBIO K TICH-
XUYECKOW CaMOpEryIsIuy, SMOIMOHAILHO-BOJICBBIMH Ka4eCTBaMH, aJlamTa-
OTUOHHBIMU CHOCO6HOCT${MI/I, MOpaJ'IBHBIMI/I Ka4y€CTBaMH, CMBICIIOKN3HCHHBIMH
opueHrarusamu [9, 13,22, 28, 29].

Matepuajbl 1 MeTOAbI HCCJIEIOBAHUS

Br16opky cocrasmmm 419 cioprcmeHoB B Bo3pacte oT 18 1o 30 net, mpoxu-
BAaIOIIMX B Pa3IUUHbIX peruonax Poccun; 54,5% — mys»xunnsl, 45,5% — sxeH1u-
HBI, CIIOPTUBHBIHN cTax oT 1 10 20 jieT; KoMaHIHBIC BUJBI CLIOPTA (BOJCHOOI,
6acket0oi1, hyTd0I) — 34%, MHANBUAYyaAIbHBIC BUBI CLIOPTA (JIETKAst aTJICTHKA,
[IaXMaThl, HACTOJIBHBIM TEHHHC, JIBDKHBIN CHOPT, nay3paudTuar) — 66%.

HccnenoBanne NpoBOUIIOCH C UCIIOIB30BAaHUEM CIIEIIMANIBHO pa3paboTaH-
HO aHKETBI, BKITIOYAIOIIEH BOITPOCH! 00 0COOEHHOCTSIX OPraHN3alMu TPEHUPO-
BOYHOTO TPOIIEcca B MEPHO MTAHACMUH, O TATbHEHIIINX CIOPTUBHBIX IJIaHAX,
0 TICHXOCOMAaTHYECKUX M MCHXO0IMOIMOHAIBHBIX 0COOCHHOCTSAX, BBI3BAHHBIX
BCJIEJICTBHE OTMEHBI CIIOPTUBHBIX TPEHHUPOBOK U COpeBHOBaHUI. OTBETHI Ha
BOTIPOCHI UMENH MATHOATBHYIO KAy (0T 1 — «He cormacen», 10 5 — «moi-
HOCTBIO cornaceH»). s ompeneneHus BHyTPEHHEH HalIEKHOCTH — COTJIa-
COBaHHOCTH ONPOCHHWKA paccuuThiBajcs a-KponOaxa. B menom ompocHuk
MPOIEMOHCTPUPOBAJ BBICOKYIO COITIacOBaHHOCTH (0o = 0,836).

JL71s1 OTIeHKH ICUXUIECKOTO COCTOSTHHS (TICHXOJIOTHYECKOTO 3I0POBBST) TAKKE
HCTIONB30BAJIACH CTAH/IAPTH3UPOBaHHAsl MeToMKa « CaMOUyBCTBHE, aKTUBHOCTD,
Hactpoenne — CAH» (B.A. Hockun, H.A. JlaBpentneBa, B.b. Ilapaii u M.II.
MuponrankoB). MeTonnka UMEeT TPH IIKaJIbl: CAMOYYBCTBHUE (CyOBEKTHBHBIC
OIIYIICHHUS, OTPAKAIOIINE CTEIICHh (PH3HOIIOTHIESCKOTO M TICHXOIOTUIECKOTO
COCTOSIHMSI YEJIOBEKA), aKTHBHOCTH (MHTEHCHBHOCTh U 00BEM B3aHMMOJICHCTBHUS
YeJioBeka ¢ (PM3MYECKON M COIHAbHOM Cpeoi), HaCTpOCHHE (AIMOLIMOHAIbHAS
peaxIys 4eTIOBeKa Ha BO3/ICHCTBHS M COOBITHS B KOHTEKCTE JKHU3HCHHBIX TIJIAHOB
n uHTepecoB). [1o kax 101l NIKae ycTaHaBIMBACTCS CTEIIEHb IICUXHYECKOTO CO-
CTOSIHUSL: HeOnaronpusiTHoe (Hyke 4-X 0aIIoB), O1aronpusTHOE, HO U3MEHYHBOE
(4-5 G6annoB), GmaronpusTHOE (OOMBIIE 5-TH GaNIOB).

HUccrenoBarne npoonmiock B ceHTOpe 2020 roma. Ha 3TOT MOMEHT BO
Bcex peruoHax Poccum Ha mpoTskeHHH 5 MecsleB JeHcTBOBAIU OrpaHUYH-
TeJIbHBIE MPOTHBOAHIEMUOIIOTHYECKHE MEpBl, B YaCTHOCTH, 3alpElICHBI
CIIOPTHUBHBIC TPEHUPOBKHU M COPEBHOBAHUS. J[aHHBIE COOMPANUCH C TOMOIIBIO
nHTepHeta Ha cepuce «Google Formsy. [Toiydennsie oTBeTsl 0O0pabarsiBa-
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JIUCH C UCIIOJIb30BAHUEM KAaUYCCTBCHHBIX U KOJIMYCCTBECHHBIX METOA0OB aHAJIU3a
C UCTIONh30BAHUEM TaKeTa CTAaTUCTHIECKUX mporpamm SPSS 23.

Pe3ysbTarhbl Hcc1e10BaHUS

Pe3ynbraThl TMarHOCTHKY CAMOOLICHKN CIIOPTHBHOHM ()OPMBI U TIOKa3aTenen
TICUXOJIOTUYECKOTO 37I0POBbs CIIOPTCMEHOB B niepuof nanaemun COVID-2019,
BBIPaKEHHBIE B ICUXOCOMAaTHIECKUX M IICHXOAMOLIMOHAIBHBIX OCOOEHHOCTSX,
TIpeICTaBJICHEI B Tabnwie | u Ha pucyHKax 1-4.

Tabnuya 1.
Onucare/ibHble CTATHCTHKH NMOKA3aTeJIeil ICHX0J0TH4eCKOro 310poBbs
CIOPTCMeHOB B nepuol nangemuu COVID-2019

Cpennee | CranmapTHOE
3HAUYCHUE | OTKJIOHCHHE

IToka3zareu/iKaibl

CrnopruBHast popma

Bawm ynaBanocs/ynaercst moAepKUBaTh ONTHMAIBHYIO
¢usnueckyro ¢popmy B nepuon nanaemun COVID-19 2,87 1,04
HECMOTPS Ha OTPAaHUYEHUsI U 3alIPEThI
[IcuxocomaTuuecKue U NCUX0IMOLMOHAIbHbIE TI0Ka3aTeIU IICUXUYECKOTO 3/I0POBbsI
Korna B cBsi3u ¢ mannemuein COVID-19 3ampetunu Bce ohuIHaibHbIE COPEBHOBA-
HUS M TPSHUPOBKU BBl HCIIBITHIBANIN:

Armaruio, OyCTONIEHHOCTh 3,30 1,56
3100y, pa3apaxeHue, THeB 2,91 1,56
CriokoiicTBre, C MOHUMaHUEM BOCIIPHHSLT 370 138
OTPaHUYHUTEIIBHBIC MEPBI > >
Pagocts, MOJKHO OT/IOXHYTb OT TPEHHPOBOK 2,04 133
U COPEeBHOBAHUIA

B nepuox nangemuu COVID-19 Bl 00HapykuBanu y cest:

Konebanune HacTpoeHus 3,41 1,73
OTCyTCTBUE aIIETUTa 2,43 1,57
TonoBHytO 60J1B 2,56 1,54
UyBCTBO cTpaxa cCMEpTH 1,61 1,15
OnryneHne ynajaka Cui 2,90 1,64
becconnuiy 2,49 1,64
CHIWKEHHE TTaMSITH 2,17 1,55
BecmokoiicTBO 2,59 1,58
VYuamienHoe cepaieoneHne 1,92 1,37
3arpyaHeHHE AbIXaHUs 1,69 1,20
CAH

[lIxana «CamMouyBCTBHE» 5,03 1,28
[IIxama « AKTUBHOCTB) 4,88 1,15
IIxana «Hactpoenue» 5,10 1,33
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B "get", "crkopee HeT'
B "TpyaHO cka3arp"

D”Ha”’ "CKOpee I[a"

Puc. 1. Pacnipenenenue pecrioHACHTOB 110 CaMOOLICHKE CIIOPTUBHOM (HhOPMBI
B iepuoyx nmangemun COVID-19 («Bawm ynaBanocs/yaaercst moaaep:KuBaTh
ONTHMAJILHYIO r3ndecKyio Gopmy?»), %o
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Puc. 2. Pacnipenenienne pecrioHAGHTOB 110 MECTY TPEHHPOBKH B YCIOBHSIX
orpannuennii B nepuon nangemun COVID-19, %
Ipumeuanune: 1. B cniopTuBHOM 3aiie / Ha cTaguoHe / B Oacceiine; 2. B mapke; 3. B 6e3-
JIIOTHOM MecTe (3a TopozioM, B ecy); 4. Jloma; 5. He TpeHupoBacs
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Puc. 3. Pactipenenenue peclioHICHTOB OTHOCUTEJIBHO CIIOPTUBHBIX IIAHOB, %
IMpumeuanue: 1. «J{oNroXIaHHBIN pa3ps/ WIH HOPMAaTHB TEIEPh HUKOIZIA HE BBIIIOJ-
HUTH, a IPU30BOE MECTO HE 3aHATHY»; 2. «[ 0B TPEHUPOBOK, BCE mpormano, Oyay Opo-
carh 3aHATHS CIOPTOMY; 3. «Byy TpeHnpoBaThCes ¥ JK1aTh OJIMKANHIIIIX COPEBHOBAHHI
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Puc. 4. Paciipesnenenue peclioHAEHTOB 110 ICUXUYECKOMY COCTOSHUIO
o metoguke CAH, %
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C LECJIbIO U3YUYCHUS BIUAHUA MEPEMECHHBIX «I10JD», «HaCEJICHHBIN ITYHKT»
(pernoHaIBHBIN EHTP/MAIBINA TOPOJ), «BHJ CIIOPTay» (KOMAHIHBIN/HHINBHTY-
QJIBHBIN), «COIMAILHOE TTOBEICHHEY (COONIOICHNE COMATbHON ANCTAHIINMT ) Ha
I0Ka3aTeNy MCUXOJIOTUUECKOTO 3/[0POBbsI U CHIOPTUBHOTO MOBE/ICHHUSI B [IEPUOJT
nargemMun COVID-19 Hamu ObLI0 TPOBEJCHO MTApHOE CPABHEHUE COOTBETCTBRY-
FOIIHX TPYII C MCTIoNb3oBaHNeM kpuTepust U-ManHa-YuTan. CTaTHCTHYIESCKIE
3HAUMMBI PA3IHYHS YIAJIOCh YCTAHOBUTH TOJIBKO Y MY>KYHMH M YKEHILUH 10 T10-
KazaTesiM IICUXO0JIOTHYECKOTO 3/10POBBs (Tabnuna 2).

Tabnuya 2.
CpaBHeHHe CIIOPTCMEHOB MY/KYHH H :KeHLIHH MO0 MOKa3aTeJIsIM
TCHXO0JIOTHY€eCKOro 310poBbs B epuoa nanaemun COVID-19

Cpennuii panr U-Masi-
TMokasarenu / mKasl Mysammsr | JKeHUHHB | pa_ Vi P
(n=229) (n=190)
Korna B cesi3u ¢ nangemuein COVID-19 3anperniu Bce oduIaibHbie copeB-
HOBAHHS U TPCHUPOBKH BBI HCTTBITRIBAIH:
Anaruio, OIyCTOIIEHHOCTh 209,59 210,49 21661,5 0,938
3100y, pa3apakeHue, rHeB 209,65 210,42 21675 0,947
CHOKOWCTBHE, C TOHUMAHHEM BOCIPHHSLT 20335 218,02 20232 0.197
OrpaHHYHUTENBHBIC MEPhI
Pasocth, MOKHO OTZIOXHYTH OT TPEHHPO- 194,53 228,64 18213.5 0.002
BOK U COPCBHOBaHMI
B nepuon nangemun COVID-19 Bbl oOHapysxuBanu y ceos:
Konebanue HacTpoeHus 180,54 245,51 15008 < 0,001
OTcyTCTBHE anneTura 187,58 237,02 16620,5 < 0,001
TonoBHYyI0 6OITH 178,18 248,35 14468 <0,001
HyBCTBO CTpaxa cMepTH 200,60 221,32 19603,5 0,028
OmrynieHue ynajaxa cui 181,34 244,55 15191 <0,001
Becconnuiy 195,17 227,87 18359 0,004
CHIDKEHUE TaMSITH 188,83 235,52 16906 < 0,001
BecmoxkoiicTBo 182,99 242,56 15569 <0,001
VYyamenHoe cep/uedueHne 192,79 230,74 17815 <0,001
3arpy/iHEHUE JAbIXaHUs 198,13 224,31 19036 0,008
CAH
[Tkana «CaMouyBCTBHE» 231,43 184,17 16846,5 <0,001
[lIkana « AKTUBHOCTB) 220,80 196,98 19281,5 0,045
[Ikana «Hactpoenue» 231,55 184,02 16819 <0,001

Jlnist BBISIBIICHUSI B3aUMOCBSI3H MEXY ITOKa3aTeNsIMU IICUXOJIOTHYEeCKOTO
3I0POBBA M COXpAaHEHHS CIIOPTUBHON (opMbl B iepuof manaemun COVID-19
ObLT TPOBE/ICH KOPPEesIIMOHHbIN aHann3 CrupMana (tabiuna 3, puc. 5).
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Tabnuya 3.
Koppensinnonuble ¢BSI3H MeKAY MOKA3aTeISIMH MCHX0JI0THYECKOT0
310POBbS U COXPaHEeHHUsI CIOPTUBHOI (popmbl B mepuoa nangemuu COVID-19
(panroBas koppesasinusa CniupMaHa)

TTosutus- | Ilnausr | Coxanenue

Criop-
Tokazarenu/Ikans! TuBHag | DM€ CHOP- | yxoXa 06 ymymes-
bopva THBHBIE u3 HBIX BO3-
IJIaHbl | CTIOpPTa | MOKHOCTSX
AIaTuio, ONyCTOIEHHOCTh -0,117" 0,067 |0,199™ | 0,331""
31006y, pasapaxeHue, THEB -0,147" 0,047" | 0,272™" 0,351
CroKoMCTBHE, ¢ TOHUMAHKUEM BOCTIPUHSUT 0.249™ 0132 | 01110 | -0217°

OrpaHUYUTEIBHbIE MEPBI
PanocTh, MO)XHO OTJOXHYTb OT TPEHUPOBOK
U COPEBHOBaHMI

-0,143" -0,113" | 0,202 0,064

KoneGanue HacTpoeHst -0,293"" -0,028" 0,125° 0,166™
OTCyTCTBHE aNIETHTA -0,227"" -0,092 | 0,176™ | 0,205
Tonosuyo 601k -0,289™" -0,108" | 0,129™ 0,134™
YyBCTBO CcTpaxa cMepTH -0,106" -0,128™ | 0,165™ 0,113"
OuryIieHne ynaaKa Cu -0,376™" -0,097" | 0,155™ 0,157
beccoHHuUIy -0,237"" -0,104" 0,118" 0,09"
CHUKEHUE TIAMATH -0,296™" | -0,181"" | 0,206™" 0,215
BecnokoicTBo -0,25™" -0,128"™ | 0,152 0,165
Vyauennoe cepuebuenue -0,138" -0,142" | 0,197™" 0,152™
3arpyaHeHue JbIXaHusl -0,132" -0,112° | 0,196™ 0,163™
llkasna «CamouyBCTBHEN 0,378 0,317 |-0,235™"| -0,17""
Ikana « AKTHBHOCTB) 0,44™ 0,336 |-0,176""| -0,155™"
IlIxana «Hactpoenue» 0,308 0,277 1-0,248""| -0,198™"

Hpumeuanue: *p < 0,05, ** p < 0,01, *** p < 0,001
/ HerarusHble \ b

JIATONMPHUSTHOE
NCHX0COMATHYECKHE NCHXMYECKOE COCTOSTHUE
nposiBJICHHs B MEpPUOJ MaHIAEMUN
(orcyrcrBue anmnerura, COVID-19
TOJOBHAst 0Ok, OLIYIIEHHE (camouyBscTBHE,
ynaaka cuii, 6€CCOHHMIA, \ AKTUBHOCTH, HACTPOEHHE)
CHIDKEHHE MaMsTH, AN
y4alieHHOe cepauebueHue, AN
\ 3ATPYAHEHIE AIXAHIT) / ' IHoaneprKka ) Tlo3uTUBHBIE
ONTHMAILHOM CHOPTHBHBIE IJIAHBI
¢dusugeckoii popmer B (TpeHUpOBaTHLCA U
/ HeraTrupHble \ nepuoa naHaeMmuu JKAATh OMVHKAWIIImX
NCHX0IMOUMHOHAIbHbIE AL COVID-19 ) COpPEBHOBAHUIT)
MPOosiBJICHUs 4
(anaTusi, OIyCTOIIEHHOCTb, /s
31064, pasaApaxKeHue, THeB, / AJanTHBHBIN KONMUHT
KosiebaHne HaCTPOEHMsI, 4 (cnokoiicTBue, ©
YYBCTBO CTpaxa CMepTH, TIOHNMAHWEM BOCIPUHSLT
\ GecrokoicTBo) / OrpaHUYHTEIbHBIE MEPbI)

Puc. 5. KoppensiionHas miesiia mokasaresield IICHX0JI0rHIeCKOro 3J0pOBbS,
BIIMAIOUINX HA COXPAHEHUs CIOPTUBHOM (opmbl B epuoa nangemun COVID-19
(Koppemstuus Cniupmana, ypoBeHs 3Ha4uMocTH p < 0.05; «—» — npsamas
KOPPEJALHS, «----» — 00paTHast KOpPeIIsIus)
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OO0cy:kneHue

[IpoBeneHHOE MCCIIEIOBAHIE MTOKA3aII0, YTO TOJIBKO TPETH CIOPTCMEHAM
(36%) ynanock crucTeMaTU4eCKl TPSHUPOBATHCS U B TIOJHOM MEpe COXPaHHTh
¢busnyeckyo GopMy BO BpeMsi OrpaHUYHUTEIBHBIX MEpP B MEPHOJ] MAaHICMHUU
COVID-2019. Ilpu 3TOM GONBIIMHCTBO PECHOHACHTOB TPEHHPOBAJIOCH TIOMa
(62,1%) n/unu Ha CIOPTUBHBIX 00BEKTaX (CIIOPTUBHEIH 341, CTaMOH, Oacceiin)
(50,8%). HecmoTps Ha BHeceHHE M3MEHEHHH B TPEHUPOBOYHBIN Mpoliecc, B
CBSI3U C OTPAaHIMYUTEIHHBIMHI MEPaMH IO TIPEAYTIPEKICHAIO PACIPOCTPAHCHNUS
kopoHaBupycHoi uHpekun COVID-2019, 00bIIMHCTBO PECTIOHICHTOB HE
IUTAHUPYIOT YXOM U3 cropta (82,6%) M HalleJICHBI Ha yYacTHEe B OrDKaMIInX
copeBHoBaHU:X (89,1%). BmecTe ¢ Tem, moioBuHa criopTcMeHoB (48,9%) B Toi
WJIA MHOH CTETICHN OTMEYaeT YITyIICHHBIC CIIOPTHBHBIC TOCTIDKCHNS (BBITIOTHE-
HUE HOPMATHBA WY 3aHATHE MPU30BOT0 MecTa). YTO B CBOIO OYEPEIIb SBISICTCS
IICUXOTPAaBMUPYIOLIEH CUTyalUEH.

OmnwchIBast COCTOSHHIE CBOETO IICHXOJIOTHYECKOTO 3I0POBhSI, B IEPHOJ, KOT-
na B cBsi3u ¢ manaeMueii COVID-19 3anpetunu Bce oQUIAATBHBIE COPEBHO-
BaHUsI U TPEHUPOBKH, CIIOPTCMCHBI YKa3bIBAJIA HA HAJTMYUE Y HUX HETaTUBHBIX
MICUXOAMOIIMOHANBHBIX M IICHXOCOMAaTHYECKUX MPOSBICHUNA (amaTus, OIy-
CTOIICHHOCTH — 56,4%; 31m00a, pa3npakenue, THeB — 44,4%; konebanue Ha-
cTpocHust — 28,8%; 4yBCTBO cTpaxa cMmept — 3,1%; OecniokoricTBo — 13,7%;
orcyrctBue anmeruta — 10,8%, romosHast 60sb — 11,4%; omryiieHue ymaaka
curt — 18,4%; 6ecconrnna — 14%; camxenne mamatu — 10,5%; ygamennoe
cepaueouenue — 6,5%, 3arpynHeHue ApxaHus — 3,5%).

Pe3ynbraThl MCUXOAMATHOCTUKH 1O MeTOoauke «CaMO4yBCTBHE, aKTHUB-
HOCTb, HacTpoeHue — CAH» mokasanu, uto okosio 60% pecrnoHAeHTOB O1le-
HUBAIOT CBOE TICHXUYECKOE COCTOSTHHE (IICUXOJIOTHYECKOE 3I0POBEE) B IIETIOM
Kak OnarompusiTHOe (camouyBcTBHE — 59,2%, aktuBHOCTH — 51,1%, HacTpo-
enue — 59,7%), oxono 20% — kak HeOIaronpusTHoe u 0koyo 20% — Kak u3-
MEHYHBOEC.

[Tonmy4yeHHBIC TaHHBIC COTIACYIOTCSI C PSIIOM HCCIICOBAHUMI, OOHAPYKUB-
mux Hanugue B nepuon nmanaeMun COVID-19 3HaunMBIX CABHUIOB IO MOKa-
3aTeNsIM TICUXOJIOTHYECKOTO OJaromomydus y cnoprcMenos [3, 4, 8, 14, 18,
19, 21, 30]. ITpu 3TOM NCUXOAIMOLMOHAJIbHBIE U TICUXOCOMAaTUYECKUE PEAKIIMU
CIIOPTCMECHOB JIOBOJIBHO Pa3HOOOPA3HBI: €CTh T€, KTO JEMOHCTPHPYET SBHBIC
MIPU3HAKH TICUXOJIOTUIECKOTO HEOIAaromoTyHsl, a TAKKe T€, KTO YCIEeITHO CIpa-
BHJICSI C TICHXOTPaBMHPYIOIICH CUTyalneil COMaIbHON H30IAIINH, HEOTIpee-
JICHHOCTH, YTPO3BbI )KHI3HH U 30POBBsI. B pe3yibrare CABUTH B pa3HBIC CTOPOHEI
TICUXOJIOTUYECKOTO 30POBbsI YCPETHSIIOTCS TI0 TPYTIIIOBBIM MOKa3aTesIM.



88 Siberian Journal of Life Sciences and Agriculture, Vol. 13, Ne2, 2021

BrrsBrneHHO€ pazinuyne NCUX0IMOIIMOHAIBHOTO U ICHX0COMAaTHYECKOro 1e-
PEKMBAHUSI MAHJEMUYECKOTO CTPECcca y CIIOPTCMEHOB MYKUYMHBI U JKCHIIUH
COIIACYEeTCsI C MOIOKEHUSIMH TeHEPHON MCUXOJIOTHH 1 TICHXOIOTHUECKON 0e3-
oracHOCTH. Tak, KEHIIUHBI Xy’Ke CHPABIISIOTCS C SMOLMOHAIBHBIMU TIPO0IIe-
MaMH U BO3HUKAIOIIMMHU TPYAHOCTAMH, Oojiee OOJIE3HEHHO, YeM MY>KYHHBI,
pearupyroT Ha COLMaIbHbIC KOH(IIUKTHI, UCITBITBIBAS IO/IaBJICHHOCTD, HABS3UH-
BO (poKycHpysICh HAa IPOOJIEME U YBEINYUBASI CBOIO YSI3BUMOCTb 110 OTHOLICHHIO
K cTpecc-pakropy [2, 7, 40].

IIpoBeneHHBIN KOPPEJISILMOHHBINA aHAJIN3 BBISIBUJ 3aKOHOMEPHOCTD, COCTOSI-
ILIyIO B TOM, YTO IOJ/IEP>KKa ONTHMAIbHON (pU3nUecKoi (OpMBI B TIEPUOJ TIaH-
nemun COVID-19 no3Bonsier npeaynpesxaaTh HeraTUBHbIE ICUXOCOMAaTHUECKHE
1 TICHXO3MOITHOHAJIbHBIE TIPOSBICHHS, 00ecneurnBas CyObeKTUBHOE OLIyIICHHE
01aronpUATHOTO (PU3HOIOTNUECKOTO U MICHXOJIOTHIECKOTO COCTOSHHUS.

BaxxHo moHMMaTh, Kak MaHJEeMHYECKHH CTpecC BIHIET HA BOCIPHUITHE
CIIOKUBIIIEHCS] CUTyalllU U MOBEJCHYECKYIO0 AUHAMUKY U KaKHe CIIOCOOBI Co-
BIaaHM (KOIIMHTH) BEIOWPAIOT CIIOPTCMEHBI B YCIIOBHUAX OTPAaHUICHHUI CTIOP-
TUBHOH JIeATENbHOCTU U cOMaNbHON u3omsiuuu [6, 10, 33, 42]. IIpoBenennoe
HCCIIeIOBaHNE TI0KA3aJl0, 4TO JIBE TPETH CIIOpTCMeHOB (68,5%) criokoitHo n
C TIOHMMaHHEM BOCIIPHHSIN OTPAHUYUTEIBHBIE MEPBI, YTO MOKHO CUHTATh
aIaNITHBHBIM KOTIMHTOM CaMOKOHTPOJIST; KXKIBIA TIATHIN criopTeMeH (21,7%)
OTMETHJI, YTO UCTIBITHIBAJI PaliOCTh, CBA3aHHYIO ¢ BO3ZMOXHOCTBIO OTAOXHYTh
OT TPEHUPOBOK U COPEBHOBAHUH, KOTOPYIO MOXKHO CBSI3aTh C HEaJalTHBHBIM
KOITMHTOM OercTBa-n30eranust. CTaTHCTUYECKUH aHAIN3 ITOTyYEHHBIX JaHHbBIX
TTO3BOJIMII YCTAHOBUTD, YTO aJIalITUBHBIN KOITMHT TPHHSATHS CUTYyallud U ca-
MOKOHTPOJIS IPSIMO KOPPETUPYET C MOAEPIKKOH CIIOPTCMEHOM ONTUMAaJIbHON
(usuueckoit hpopmel B mepuop nanaemun COVID-19 (= 0,249, p < 0,001 ) u,
KaK CIIC/ICTBHUE, C TIO3UTUBHBIMH CIIOPTUBHBIME TutaHamu (7 = 0,132, p < 0,05);
HeaJIaTUBHBIN JKe KOIMHI OercrBa-u30eranus oOpaTtHO KOPPEIUpYeT C MOf-
JICPIKKOM CIIOPTCMEHOM ONTUMAIIbHOM (pu3udeckoil GOpMbI B MEPHOJT MaH/Ie-
vuu COVID-19 (r=-0,143, p <0,05) u, KaKk cIEeACTBHE, CBSI3aH C IIAHAMHU
yxona u3 criopra (r = 0,202, p < 0,001).

3akioueHune

MHOTOYHCIICHHBIMU UCCIICAOBAHUSIMU JTOKA3aHO, YTO (PU3UUYECKasi AaKTHB-
HOCTh OKa3bIBACT TOJIOKUTEIILHOC BIUSHUE HAa MCUXOJIOTHYECKOE 3I0POBbHE,
MTOBBIIIIAst CAMOOIICHKY M YCTOHYHUBOCTD K CTPECCY, @ TAK)KE YMEHbBINAs JICeTPec-
curo u tpeBory [20, 24, 34, 35, 36, 37]. X0oTs OONBIIMHCTBO CIIOPTCMEHOB U
MIPOIOJDKAIIA TPEHUPOBATHCS BO BPEMsI MTAHJCMHH, HECMOTPSI Ha OTPaHUYH-
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TeJIbHBIE MEPBI, B TOM YMCJIE BHITIOIHSIS YIPaXKHEHUS HA JIOMY M U30JIUPYSICh
B JIECOTIAPKOBON 30HE 3a MpejeslaMi Topo/ia, Y MHOTHX M3 HUX IPOCIEKUBA-
JIOCHh CHIDKCHHE TPCHUPOBOYHBIX HATPY30K, YTO OTPHUIIATEIFHO CKA3all0Ch Ha
HX TICHUXOJIOTMYECKOM 370poBbe. [IpoBesieHHOe HcclieoBaHue MOKa3alo, UTo
HOA/Iep)KaHUE PETYIIpHON (PU3NUYECKOM aKTUBHOCTH SIBIISICTCS BaKHOU TPO-
(mmakTHUecKoi cTparerueil s GU3NIECKOTO W TICHXHYECKOTO 37I0POBBS BO
BpeMsI BEIHYKICHHOM CaMOU30JISIIIAHY, TOJJOOHOTO HBIHEITHEMY YPe3BbIYaiiHO-
MY TOJIOKEHHUIO C KOPOHABUPYCOM.

[TonoxuTenbHOE BIMSHUE PETYISIPHBIX (HPU3NIECKUX HArPy30K Ha MCUXO-
JIOTUYECKOE 3[0OPOBbE CIIOPTCMEHOB HEOCIIOPUMO. PeryrsipHbie (pu3ndeckue
YIpaKHEHUs! TIOBBILIAIOT CAMOOIIEHKY U XOpolllee caMouyBcTBUE. Jluna, pe-
TYJISPHO 3aHUMAIOMHECs (PU3UIECKUMU YIPAKHEHUSIMH, MPOSIBISIIOT MEHbB-
1€ ACTIPECCUBHBIX U TPEBOKHBIX CHMIITOMOB, YTO ITOATBEPIKIACT KOHIICTIIINIO
0 TOM, YTO (pU3MUCCKasi aKTHBHOCTh OKA3bIBACT OJNATONPHUATHOEC BIUSHUC HA
MpenynpeKIeHUE pa3BUTHUSI TICUXMUECKUX PacCTpONCTB. B 3akimtouenun ot-
METHM, YTO aHaJIM3 BCEX ITOCIIEICTBUM, BhI3BaHHBIX snuaemueii COVID-19,
MIPEACTABIIICT COOOM aKTyaIbHBIN MPEIMET HCCIICIOBAHUI emIE Ha MPOTSHKCHIH
HECKOJIbKUX JICCSITHUICTHH.

Cnucok numepamyput

1. AnanbeB B.A. OcHoBbI Icuxo010ruu 310poBbst. Kuura 1. KonuenTyanbHble oc-
HOBBI TIcuxoioruu 310poBbs. CII6.: Peus, 2006. 384 c.

2. Wnbun E.II. Inddepennmanpaas ncuxoGu3noaorus MyKYUHbI ¥ KECHIIHHBI.
Canxr-IlerepOypr: Iutep, 2002. 544 c.

3. Wnbuna H.JIL. [TapagurmanbHblie «3a00yKI€HHS» CIOPTCMEHOB B IIEPUOJI Orpa-
HUYCHUH, BbI3BaHHBIX NaHaemuel // [letepOyprekuil ICHXoI0rHYecKuit Kyp-
Haut. 2020. Ne 32. C. 58-70. https://ppj.spbpo.ru/psy/article/view/287

4. Kasemnukosa E.b. IIcuxonoruueckas oMol IpoghecCHOHAIBHBIM CIIOPTCMeE-
HaM B MEPUOA NAHAEMHH C yYETOM UX HHIUBUAYAIbHO-THIOJIOTHYECKHUX 0CO-
6ennocreit / unoBauuu. Hayka. O6pazosanue. 2020. Ne 14. C. 828-833.

5. Kucnsaxos IT.A. Tlcuxonoruyeckast yCTOMUMBOCTD CTYAEHUECKONW MONOJEKH K
UHpOpMAIIMOHHOMY cTpeccy B ycnoBusix nanaemun COVID-19 // Tlepcniekru-
BbI HayKu U oOpa3oBanus. 2020. Ne 5 (47). C. 343-356. https://doi.org/10.32744/
pse.2020.5.24

6. Kucnakos I1.A., ITuenunosa B.B., Kopues A.B., Kapnosa H.B. Counaib-
HO-TICUXOJIOTHYECKast 0€30MacHOCTh CTYAEHTOB-CIIOPTCMEHOB C OTPAaHWIEHHBI-
MH BO3MOXXHOCTSIMHU 310pOBbs // Teopust 1 mpakTuka (GU3HIeCKOi KyIbTYpBL
2019. Ne 5. C. 47-49.



90 Siberian Journal of Life Sciences and Agriculture, Vol. 13, Ne2, 2021

7. Jluxrenmreiin B.W., Konamkos B.B. Tlcuxomnorus 6e30macHOCTH Tpyaa: y4ueo-
Hoe nocodue. Exarepun0ypr: M3a-Bo Ypanbckoro ynusepcurera, 2013. 134 c.

8. Jlamsun E.H., Crutennep B.B., boronoros A.C. IlepexuBanue npogeccuo-
HaJILHBIMH CIIOPTCMEHAMH U CIIOPTCMEHAMHE — JIFOOUTEISIMH [ICHXOJIOTHYECKOTO
cTpecca, BbI3BAHHOIO OrpaHUYUTeNbHbIMU Mepamu u3-3a COVID-19 // C6op-
HUK cTareil 1o uroraM MexIyHaponHOI HaydHO-TIPAKTHYECKON KOH(pEpEeHIIUU
«VIHHOBaIIMOHHBIE MEXaHN3MBI M CTPATETUUECKIE IPUOPUTETH! HAYYHO-TEXHH-
yeckoro pa3sutus» (Boarorpaa, 19.08.2020 r.). Crepauramak: OOO «AreHT-
CTBO MEXKAYyHapOIHBIX HUccaenoBanuity, 2020. C. 56-60.

9. Mepamsikoa [1.P. MccnenoBanue BIUSHUS OMOPUTMOB M (PU3HUECKOI HATPY3KH
Ha TPOIECC COXPAHEHMST ICHXOJIOTUIECKOTO 37J0POBbSI CIOPTCMEHOB-TIOAPOCT-
KOB // Bompocsl Iicuxu4eckoro 310poBbs feteil u noapoctkos. 2020. T. 20. Ne
2.C.77-81.

10. IMomsxoB E.A., Kucnsikos I1.A., Cenkesnuu JI.B., Berukosa JI.A. Ilcuxonoruue-
CKO€ KOHCYJIBTHPOBAHUE CIIOPTCMEHOB B TPYAHBIX *KU3HEHHBIX CUTYyalUsX //
Teopus u npaxTuka ¢pusndeckort KyasTypsl. 2017. Ne 4. C. 32-34.

11. Ilcuxudeckoe 3A0pOBbE AETeH U MOAPOCTKOB B KOHTEKCTE MCUXOJIOTHIECKOM
ciryx0bl / o, pea. U.B. ly6posunoil. ExarepunOypr: Jlemnosas kxura, 2000.
176 c.

12. Pexomenganmu BO3 o Borpocam (pru3nveckoil akTUBHOCTH U MaJIOTIOABHIK-
HOro 00pasa XH3HH: KpaTKui 0030p. https://apps.who.int/iris/bitstream/hand
1e/10665/337001/9789240014909-rus.pdf (nara obpamenus 20.10.2020)

13. Camotinos H.T'., AnémmgeBa A.B. CoBpeMeHHbIe IPEACTABIECHUS O COCTOSIHUH
MICHXOJIOTHYECKOTO 37I0POBbsI CIIOPTCMEHOB // CHopTHBHEIN mcuxoutor. 2016.
Ne 4 (43). C. 4-11. http://sportfiction.ru/articles/sovremennye-predstavleniya-
o-sostoyanii-psikhologicheskogo-zdorovya-sportsmenov/

14. ®yxun AU, Tpycosa JI.A. OTHOIIEHHE CTY/ICHTOB — CIIOPTCMEHOB K MTaH/IEMHUH
kopoHaBupycHoit unpexu COVID-19 // Coopnuk crareii VI Beepoccuiickoit
Hay4IHO-TIPaKTUUECKON koH(pepeHmu «bexTepeB n coBpeMeHHas MCUXOI0TUs
muyHoctry (Kaszane, 02-04 okts6pst 2020 1.). Kazans: HOY JIT1O «Ilentp co-
LUaJIbHO-I'YMaHUTapHOro 0OpazoBaHus», 2020. C. 78-79.

15. lllyBanoe A.B. Ilcuxonoruueckoe 3m0poBbe uenoBeka // Bectnuk Ilpa-
BociiaBHOTO CBATO-THXOHOBCKOTO TyMaHHTapHOTO yHHBepcuteta. Cepus
IV: Tlenaroruka. Icuxomorus. 2009. Ne4(15). C. 87-101. https://pstgu.ru/
download/1264506230.shuvalov.pdf

16. Alsalhe, T.A., Aljaloud, S.O., Chalghaf, N., Guelmami, N., Alhazza, D.W.,
Azaiez, F., Bragazzi, N.L. Moderation effect of physical activity on the rela-
tionship between fear of COVID-19 and general distress: A pilot case study in



Siberian Journal of Life Sciences and Agriculture, Tom 13, Ne2, 2021 91

17.

18

19.

20.

21.

22.

23.

24.

25.

Arabic countries // Frontiers in Psychology, 2020, no. 11, 570085. https://doi.
org/10.3389/fpsyg.2020.570085

Ammar, A., Brach, M., Trabelsi, K. et al. Effects of COVID-19 home confine-
ment on eating behaviour and physical activity: Results of the ECLB-COVID19
international online survey // Nutrients, 2020, vol. 12, no. 6, 1583 p. https://doi.
org/10.3390/nul12061583

. Ammar, A., Chtourou, H., Boukhris, O. et al. COVID-19 home confinement

negatively impacts social participation and life satisfaction: A worldwide mul-
ticenter study // International Journal of Environmental Research and Pub-
lic Health, 2020, vol. 17, no. 17, art. 6237, pp. 1-17. https://doi.org/10.3390/
ijerph17176237

Antonini Philippe, R., Schiavio, A., Biasutti, M. Adaptation and destabiliza-
tion of interpersonal relationships in sport and music during the COVID-19
lockdown // Heliyon, vol. 6, no. 10, art. ¢05212. https://doi.org/10.1016/j.heli-
yon.2020.e05212

Behzadnia, B., FatahModares, S. Basic Psychological Need-Satisfying Activi-
ties during the COVID-19 Outbreak // Applied Psychology: Health and Well-Be-
ing, 2020, vol. 12, no. 4, pp. 1115-1139. https://doi.org/10.1111/aphw.12228
Bentlage, E., Ammar, A., How, D., Ahmed, M., Trabelsi, K., Chtourou, H.,
Brach, M. Practical recommendations for maintaining active lifestyle during the
COVID-19 pandemic: A systematic literature review // International Journal of
Environmental Research and Public Health, 2020, vol. 17, no. 17, art. 6265, pp.
1-22. https://doi.org/10.3390/ijerph17176265

Biddle, S.J.H., Mutrie, N. Psychology of physical activity: Determinants, well-
being, and interventions. 3rd edition. London: Routledge, 2015, 420 p.
Brooks, S.K., Webster, R.K., Smith, L.E., Woodland, L., Wessely, S., Greenberg,
N., Rubin, G.J. The psychological impact of quarantine and how to reduce it:
rapid review of the evidence // The Lancet, 2020, vol. 395, no. 10227, pp. 912-
920. https://doi.org/10.1016/S0140-6736(20)30460-8

Callow, D.D., Arnold-Nedimala, N.A., Jordan, L.S., Pena, G.S., Won, J., Wood-
ard, J.L., Smith, J.C. The Mental Health Benefits of Physical Activity in Old-
er Adults Survive the COVID-19 Pandemic // American Journal of Geriatric
Psychiatry, 2020, vol. 28, no. 10, pp. 1046-1057. https://doi.org/10.1016/j.
jagp.2020.06.024

Choi, C., Bum, C.H. Changes in the type of sports activity due to COVID-19:
Hypochondriasis and the intention of continuous participation in sports // Inter-
national Journal of Environmental Research and Public Health, 2020, vol. 17,
no. 13, art. 4871, pp. 1-11. https://doi.org/10.3390/ijerph17134871



92

Siberian Journal of Life Sciences and Agriculture, Vol. 13, Ne2, 2021

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Di Fronso, S., Costa, S., Montesano, C., Di Gruttola, F., Ciofi, E.G., Morgil-
li, L., Robazza, C., Bertollo, M. The effects of COVID-19 pandemic on per-
ceived stress and psychobiosocial states in Italian athletes // International
Journal of Sport and Exercise Psychology, 2020. https://doi.org/10.1080/1612
197X.2020.1802612

Gilat R., Cole B.J. COVID-19, Medicine, and Sports // Arthroscopy, Sports
Medicine, and Rehabilitation, 2020, vol. 2, no. 3, pp. 175-176. https://doi.
org/10.1016/j.asmr.2020.04.003

Gouttebarge, V. Frings-Dresden, M. H. W., Sluiter J.K. Mental and psychosocial
health among current and former professional footballers // Occupational Medi-
cine, 2015, vol. 65, no 3, pp. 190-196. https://doi.org/10.1093/occmed/kqu202
Gulliver, A. The mental health of Australian elite athletes // Journal of Sci-
ence and Medicine in Sport, 2015, vol. 18, no. 3, pp. 255-261. https://doi.
org/10.1016/j.jsams.2014.04.006

Hakansson, A., Jonsson, C., Kenttd, G. Psychological distress and problem
gambling in elite athletes during COVID-19 restrictions — a web survey in top
leagues of three sports during the pandemic // International Journal of Environ-
mental Research and Public Health, 2020, vol. 17, no. 18, art. 6693, pp. 1-17.
https://doi.org/10.3390/ijerph17186693

Hammond, T., Gialloreto, C., Kubas, H., Davis, H. The Prevalence of Fail-
ure-Based Depression Among Elite Athletes // Clin. J. Sport Med., 2013, vol.
23, no. 4, pp. 273-277. https://doi.org/10.1097/jsm.0b013e318287b870
Holmes, E.A., O’Connor, R.C., Perry, V.H. et al. Multidisciplinary research pri-
orities for the COVID-19 pandemic: a call for action for mental health science //
The Lancet Psychiatry, 2020, vol. 7, no. 6, pp. 547-560. https://doi.org/10.1016/
S2215-0366(20)30168-1

Tancheva, T., Rogaleva L., GarciaMas A., Olmedilla, A. Perfectionism, mood
states, and coping strategies of sports students from bulgaria and russia during
the pandemic COVID-19 // Journal of Applied Sports Sciences, 2020, vol. 1,
pp- 22-38. http://dx.doi.org/10.37393/JASS.2020.01.2

Jiménez-Pavon, D., Carbonell-Baeza, A., Lavie, C.J. Physical exercise as thera-
py to fight against the mental and physical consequences of COVID-19 quaran-
tine: Special focus in older people / Progress in Cardiovascular Diseases, 2020,
vol. 63, no. 3, pp. 386-388. https://doi.org/10.1016/j.pcad.2020.03.009

Lesser, I.A., Nienhuis, C.P. The impact of COVID-19 on physical activity be-
havior and well-being of Canadians // International Journal of Environmental
Research and Public Health, 2020, vol. 17, no. 11, art. 3899. pp. 74. https://doi.
org/10.3390/ijerph17113899



Siberian Journal of Life Sciences and Agriculture, Tom 13, Ne2, 2021 93

36.

37.

38.

39.

40.

41.

42.

43.

Maugeri G., Castrogiovanni P., Battaglia G., Pippi R., D’Agata V., Palma A., Di
Rosa M., Musumeci G. The impact of physical activity on psychological health
during COVID-19 pandemic in Italy // Heliyon, 2020, vol. 6, no. 6, e04315.
https://doi.org/10.1016/j.heliyon.2020.e04315

Mon-Lépez, D., Riaza, A.L.R., Galan, M.H., Roman, I.LR. The impact of
COVID-19 and the effect of psychological factors on training conditions of
handball players // International Journal of Environmental Research and Pub-
lic Health, 2020, vol. 17, no. 18, art. 6471, pp. 1-14. https://doi.org/10.3390/
jjerph17186471

Mutz, M. Forced adaptations of sporting behaviours during the COVID-19 pan-
demic and their effects on subjective well-being // European Societies, 2020.
https://doi.org/10.1080/14616696.2020.1821077

Pfefferbaum, B., North, C.S. Mental Health and the COVID-19 Pandemic // The
New England journal of medicine, 2020, vol. 383, no. 6, pp. 510-512. https://
doi.org/10.1056/NEJMp2008017

Pieh, C., Budimir, S., Probst, T. The effect of age, gender, income, work, and
physical activity on mental health during coronavirus disease (COVID-19) lock-
down in Austria // Journal of Psychosomatic Research, 2020, vol. 136, art.
110186. https://doi.org/10.1016/j.jpsychores.2020.110186

Sanderson, J., Brown, K. COVID-19 and youth sports: Psychological, Develop-
mental, and Economic Impacts // International Journal of Sport Communication,
2020, vol. 13, no. 3, pp. 313-323. https://doi.org/10.1123/ijsc.2020-0236
Sarkar, M., Fletcher, D. Psychological resilience in sport performers: a review
of stressors and protective factors // Journal of Sports Sciences, 2014, vol. 32,
no. 15, pp. 1419-1434. https://doi.org/10.1080/02640414.2014.901551

Sarto, F., Impellizzeri, F.M., Sporri, J., Porcelli, S., Olmo, J., Requena, B., Su-
arez-Arrones, L., Arundale, A., Bilsborough, J., Buchheit, M. Impact of Potential
Physiological Changes due to COVID-19 Home Confinement on Athlete Health
Protection in Elite Sports: A Call for Awareness in Sports Programming // Sports
Med., 2020, no. 50, pp. 1417-1419. https://doi.org/10.1007/s40279-020-01297-6

References
Ananev V.A. Osnovy psikhologii zdorovya. Kniga 1. Kontseptualnye osnovy psik-
hologii zdorovya [Fundamentals of health psychology. Book 1. Conceptual foun-
dations of health psychology]. Saint Petersburg: Speech, 2006, 384 p.
Ilin E.P. Differentsialnaya psikhofiziologiya muzhchiny i zhenshchiny [Differ-
ential psychophysiology of men and women]. Saint Petersburg: Peter, 2002,
544 p.



94 Siberian Journal of Life Sciences and Agriculture, Vol. 13, Ne2, 2021

3. Ilina N.L. Paradigmalnye «zabluzhdeniya» sportsmenov v period ogranicheniy,
vyzvannykh pandemiey [Paradigmatic” misconceptions * of athletes in the pe-
riod of restrictions caused by the pandemic]. Peterburgskiy psikhologicheskiy
zhurnal [St. Petersburg Psychological Journal], 2020, no. 32, pp. 58-70. https://
ppj-spbpo.ru/psy/article/view/287

4. Kaveshnikova E.B. Psikhologicheskaya pomoshch professionalnym sportsmenam
v period pandemii s uchetom ikh individualno-tipologicheskikh osobennostey
[Psychological assistance to professional athletes during the pandemic, taking into
account their individual typological characteristics]. Innovatsii. Nauka. Obrazo-
vanie [Innovation. The science. Education], 2020, no. 14, pp. 828-833.

5. Kislyakov P. A. Psychological resistance of student youth to information stress
in the COVID-19 pandemic [Psychological resistance of students to information
stress in the context of the COVID-19 pandemic]. Perspektivy nauki i obrazo-
vania [Perspectives of Science and Education], 2020, no. 47 (5), pp. 343-356.
https://doi.org/10.32744/pse.2020.5.24

6. Kislyakov P.A., Pchelinova V.V., Kornev A. V., Karpova N. V. Socio-psychologi-
cal security of sporting students with health impairments [Social and psycholog-
ical safety of students-athletes with disabilities]. Teoriya i Praktika Fizicheskoy
Kultury [Theory and Practice of Physical Culture], 2019, no 5, p. 15.

7. Likhtenshteyn V.I., Konashkov V.V. Psikhologiya bezopasnosti truda: uchebnoe poso-
bie [Occupational safety psychology: a textbook.]. Ekaterinburg: Izd-vo Ural skogo
universiteta [ Yekaterinburg: Ural University Publishing House], 2013. 134 p.

8. Lyamzin E.N., Splender V.V., Botonogov A.S. Perezhivanie professionalnymi
sportsmenami i sportsmenami — lyubitelyami psikhologicheskogo stressa, vyz-
vannogo ogranichitelnymi merami iz-za COVID-19 [The experience of profes-
sional athletes and amateur athletes of psychological stress caused by restrictive
measures due to COVID-19]. Shornik statey po itogam Mezhdunarodnoy nauch-
no-prakticheskoy konferentsii “Innovatsionnye mekhanizmy i strategicheskie
prioritety nauchno-tekhnicheskogo razvitiya” [Collection of articles on the
results of the International Scientific and Practical Conference “Innovative
mechanisms and strategic priorities of scientific and technical development”
(Volgograd, 19.08.2020)], Sterlitamak, 2020, pp. 56-60.

9. Merzlyakova D.R. Issledovanie vliyaniya bioritmov i fizicheskoy nagruzki na
protsess sokhraneniya psikhologicheskogo zdorovya sportsmenov-podrostkov
[Investigation of the influence of biorhythms and physical activity on the process
of preserving the psychological health of adolescent athletes]. Voprosy psikhich-
eskogo zdorovya detey i podrostkov [Voprosy psikhicheskogo zdorovya detey i
podrostov], 2020, vol. 20, no. 2, pp. 77-81.



Siberian Journal of Life Sciences and Agriculture, Tom 13, Ne2, 2021 95

10.

11.

12.

13.

14.

15.

16.

17.

Polyakov E.A., Kislyakov P.A., Senkevich L.V., Bychkova L.A. Psychologi-
cal consulting service to athletes in challenging life situations [Psychological
counseling of athletes in difficult life situations]. Teoriya i Praktika Fizicheskoy
Kultury [Theory and Practice of Physical Culture], 2017, no. 4, p. 9.
Psikhicheskoe zdorove detey i podrostkov v kontekste psikhologicheskoy slu-
zhby [Mental health of children and adolescents in the context of psychologi-
cal service]; ed. I.V. Dubrovina. Ekaterinburg: Delovaya kniga [ Yekaterinburg:
Business Book], 2000, 176 p.

Rekomendatsii VOZ po voprosam fizicheskoy aktivnosti i malopodvizhnogo
obraza zhizni: kratkiy obzor [WHO guidelines on physical activity and seden-
tary behaviuor: at a glance]. URL: https://apps.who.int/iris/bitstream/handle/1
0665/337001/9789240014909-rus.pdf (accessed October 20, 2020)

Samoylov N.G., Aleshicheva A.V. Sovremennye predstavleniya o sostoyanii
psikhologicheskogo zdorovya sportsmenov [Modern ideas about the state of
psychological health of athletes]. Sportivnyy psikholog [Sports psychologist],
2016, no. 4 (43), pp. 4-11. http://sportfiction.ru/articles/sovremennye-predstav-
leniya-o-sostoyanii-psikhologicheskogo-zdorovya-sportsmenov/

Fukin A I, Trusova L.A. Otnoshenie studentov — sportsmenov k pandemii korona-
virusnoy infektsii COVID-19 [The attitude of student-athletes to the coronavirus
infection pandemic COVID-19]. Shornik statey VI Vserossiyskoy nauchno-prak-
ticheskoy konferentsii “Bekhterev i sovremennaya psikhologiya lichnosti” [Col-
lection of articles of the VI All-Russian Scientific and Practical Conference
“Bekhterev and Modern Personality Psychology” (Kazan, 02-04 October 2020):
Center for Social and Humanitarian Education]. Kazan, 2020, pp. 78-79.
Shuvalov A.V. Psikhologicheskoe zdorov’e cheloveka [Psychological health of
aperson]. Vestnik Pravoslavnogo Svyato-Tikhonovskogo gumanitarnogo univer-
siteta. Seriya IV: Pedagogika. Psikhologiya [Bulletin of the Orthodox St. Tik-
hon’s University for the Humanities. Series IV: Pedagogy. Psychology], 2009,
no. 4 (15), pp. 87-101. https://pstgu.ru/download/1264506230.shuvalov.pdf
Alsalhe, T.A., Aljaloud, S.O., Chalghaf, N., Guelmami, N., Alhazza, D.W.,
Azaiez, F., Bragazzi, N.L. Moderation effect of physical activity on the rela-
tionship between fear of COVID-19 and general distress: A pilot case study in
Arabic countries. Frontiers in Psychology, 2020, no. 11, 570085. https://doi.
org/10.3389/fpsyg.2020.570085

Ammar, A., Brach, M., Trabelsi, K. et al. Effects of COVID-19 home confine-
ment on eating behaviour and physical activity: Results of the ECLB-COVID19
international online survey. Nutrients, 2020, vol. 12, no. 6, 1583 p. https://doi.
0rg/10.3390/nul12061583



96

Siberian Journal of Life Sciences and Agriculture, Vol. 13, Ne2, 2021

18.

19.

20.

21.

22.

23.

24.

25.

26.

Ammar, A., Chtourou, H., Boukhris, O. et al. COVID-19 home confinement
negatively impacts social participation and life satisfaction: A worldwide mul-
ticenter study. International Journal of Environmental Research and Pub-
lic Health, 2020, vol. 17, no. 17, art. 6237, pp. 1-17. https://doi.org/10.3390/
jjerph17176237

Antonini Philippe, R., Schiavio, A., Biasutti, M. Adaptation and destabiliza-
tion of interpersonal relationships in sport and music during the COVID-19
lockdown. Heliyon, vol. 6, no. 10, art. €05212. https://doi.org/10.1016/j.heliy-
on.2020.e05212

Behzadnia, B., FatahModares, S. Basic Psychological Need-Satisfying Ac-
tivities during the COVID-19 Outbreak. Applied Psychology: Health and
Well-Being, 2020, vol. 12, no. 4, pp. 1115-1139. https://doi.org/10.1111/
aphw.12228

Bentlage, E., Ammar, A., How, D., Ahmed, M., Trabelsi, K., Chtourou, H.,
Brach, M. Practical recommendations for maintaining active lifestyle during
the COVID-19 pandemic: A systematic literature review. International Journal
of Environmental Research and Public Health, 2020, vol. 17, no. 17, art. 6265,
pp. 1-22. https://doi.org/10.3390/ijerph17176265

Biddle, S.J.H., Mutrie, N. Psychology of physical activity: Determinants, well-
being, and interventions. 3rd edition. London: Routledge, 2015, 420 p.
Brooks, S.K., Webster, R.K., Smith, L.E., Woodland, L., Wessely, S., Greenberg,
N., Rubin, G.J. The psychological impact of quarantine and how to reduce it:
rapid review of the evidence. The Lancet, 2020, vol. 395, no. 10227, pp. 912-
920. https://doi.org/10.1016/S0140-6736(20)30460-8

Callow, D.D., Arnold-Nedimala, N.A., Jordan, L.S., Pena, G.S., Won, J., Wood-
ard, J.L., Smith, J.C. The Mental Health Benefits of Physical Activity in Old-
er Adults Survive the COVID-19 Pandemic. American Journal of Geriatric
Psychiatry, 2020, vol. 28, no. 10, pp. 1046-1057. https://doi.org/10.1016/j.
jagp.2020.06.024

Choi, C., Bum, C.H. Changes in the type of sports activity due to COVID-19:
Hypochondriasis and the intention of continuous participation in sports. Inter-
national Journal of Environmental Research and Public Health, 2020, vol. 17,
no. 13, art. 4871, pp. 1-11. https://doi.org/10.3390/ijerph17134871

Di Fronso, S., Costa, S., Montesano, C., Di Gruttola, F., Ciofi, E.G., Mor-
gilli, L., Robazza, C., Bertollo, M. The effects of COVID-19 pandemic on
perceived stress and psychobiosocial states in Italian athletes. International
Journal of Sport and Exercise Psychology, 2020. https://doi.org/10.1080/1612
197X.2020.1802612



Siberian Journal of Life Sciences and Agriculture, Tom 13, Ne2, 2021 97

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Gilat R., Cole B.J. COVID-19, Medicine, and Sports. Arthroscopy, Sports
Medicine, and Rehabilitation, 2020, vol. 2, no. 3, pp. 175-176. https://doi.
org/10.1016/j.asmr.2020.04.003

Gouttebarge, V. Frings-Dresden, M. H. W., Sluiter J.K. Mental and psychoso-
cial health among current and former professional footballers. Occupational
Medicine, 2015, vol. 65, no 3, pp. 190-196. https://doi.org/10.1093/occmed/
kqu202

Gulliver, A. The mental health of Australian elite athletes. Journal of Science and
Medicine in Sport, 2015, vol. 18, no. 3, pp. 255-261. https://doi.org/10.1016/j.
jsams.2014.04.006

Hakansson, A., Jonsson, C., Kenttd, G. Psychological distress and problem
gambling in elite athletes during COVID-19 restrictions — a web survey in top
leagues of three sports during the pandemic. International Journal of Environ-
mental Research and Public Health, 2020, vol. 17, no. 18, art. 6693, pp. 1-17.
https://doi.org/10.3390/ijerph17186693

Hammond, T., Gialloreto, C., Kubas, H., Davis, H. The Prevalence of Fail-
ure-Based Depression Among Elite Athletes. Clin. J. Sport Med., 2013, vol. 23,
no. 4, pp. 273-277. https://doi.org/10.1097/jsm.0b013e318287b870

Holmes, E.A., O’Connor, R.C., Perry, V.H. et al. Multidisciplinary research pri-
orities for the COVID-19 pandemic: a call for action for mental health science.
The Lancet Psychiatry, 2020, vol. 7, no. 6, pp. 547-560. https://doi.org/10.1016/
S2215-0366(20)30168-1

Tancheva, T., Rogaleva L., GarciaMas A., Olmedilla, A. Perfectionism, mood
states, and coping strategies of sports students from bulgaria and russia during
the pandemic COVID-19. Journal of Applied Sports Sciences, 2020, vol. 1, pp.
22-38. http://dx.doi.org/10.37393/JASS.2020.01.2

Jiménez-Pavon, D., Carbonell-Baeza, A., Lavie, C.J. Physical exercise as thera-
py to fight against the mental and physical consequences of COVID-19 quaran-
tine: Special focus in older people. Progress in Cardiovascular Diseases, 2020,
vol. 63, no. 3, pp. 386-388. https://doi.org/10.1016/j.pcad.2020.03.009

Lesser, I.A., Nienhuis, C.P. The impact of COVID-19 on physical activity be-
havior and well-being of Canadians. International Journal of Environmental
Research and Public Health, 2020, vol. 17, no. 11, art. 3899. pp. 74. https://doi.
org/10.3390/ijerph17113899

Maugeri G., Castrogiovanni P., Battaglia G., Pippi R., D’Agata V., Palma A.,
Di Rosa M., Musumeci G. The impact of physical activity on psychological
health during COVID-19 pandemic in Italy. Heliyon, 2020, vol. 6, no. 6, e04315.
https://doi.org/10.1016/j.heliyon.2020.e04315



98

Siberian Journal of Life Sciences and Agriculture, Vol. 13, Ne2, 2021

37.

38.

39.

40.

41.

42.

43.

Mon-Lopez, D., Riaza, A.L.R., Galan, M.H., Roman, I.LR. The impact of
COVID-19 and the effect of psychological factors on training conditions of hand-
ball players. International Journal of Environmental Research and Public Health,
2020, vol. 17, no. 18, art. 6471, pp. 1-14. https://doi.org/10.3390/ijerph17186471
Mutz, M. Forced adaptations of sporting behaviours during the COVID-19 pan-
demic and their effects on subjective well-being. Furopean Societies, 2020.
https://doi.org/10.1080/14616696.2020.1821077

Pfefferbaum, B., North, C.S. Mental Health and the COVID-19 Pandemic. The
New England journal of medicine, 2020, vol. 383, no. 6, pp. 510-512. https://
doi.org/10.1056/NEJMp2008017

Pieh, C., Budimir, S., Probst, T. The effect of age, gender, income, work, and
physical activity on mental health during coronavirus disease (COVID-19)
lockdown in Austria. Journal of Psychosomatic Research, 2020, vol. 136, art.
110186. https://doi.org/10.1016/].jpsychores.2020.110186

Sanderson, J., Brown, K. COVID-19 and youth sports: Psychological, Develop-
mental, and Economic Impacts. International Journal of Sport Communication,
2020, vol. 13, no. 3, pp. 313-323. https://doi.org/10.1123/ijsc.2020-0236
Sarkar, M., Fletcher, D. Psychological resilience in sport performers: a review
of stressors and protective factors. Journal of Sports Sciences, 2014, vol. 32,
no. 15, pp. 1419-1434. https://doi.org/10.1080/02640414.2014.901551

Sarto, F., Impellizzeri, F.M., Sporri, J., Porcelli, S., Olmo, J., Requena, B., Su-
arez-Arrones, L., Arundale, A., Bilsborough, J., Buchheit, M. Impact of Potential
Physiological Changes due to COVID-19 Home Confinement on Athlete Health
Protection in Elite Sports: A Call for Awareness in Sports Programming. Sports
Med., 2020, no. 50, pp. 1417-1419. https://doi.org/10.1007/s40279-020-01297-6

JAHHBIE Ob ABTOPAX

Kucaskos [1aBea AjiekcaHapoBHY, JI-p IICX. HAyK, AOICHT, Ipodeccop da-

KyJIBTETa TICUXOJIOTHH
DedepanvHoe 20Cy0apCcmeeHHoe Or0xdcemHoe 00pa308amenbHoe V-
pedrcoerue « Poccutickutl 20Cy0apcmeentblil COYUanbHbIL YHUBEPCUMEN »
yi. Jlocunoocmposckas, 24, 2. Mockea, 107150, Poccuiickas @edepayus
pack.81@mail.ru

BesnoB Muxaun CepreeBuy, Kauj. KyJIbTypOJIOTHUH, JOLIEHT, 3aBEAYIOLINI Ka-

(henpoii GU3NIECKOTO BOCITUTAHUS

Dedepanvroe cocyoapcmeertoe 010xicemHoe 00pa308amenbHoe yu-
pedicoenue «Heanosckuil eocyoapcmeeHtbill IHepeemuyeckKull yHusep-
cumem umenu B.U. Jlenunay



Siberian Journal of Life Sciences and Agriculture, Tom 13, Ne2, 2021 99

yi. Pabgharosckas, 34, 2. Heanoso, 153003, Poccutickas @edepayus
fizvos@ispu.ru

Koncrantunoa Harasms IlerpoBHa, kaua. Guioc. HayK, JOIECHT (aKyib-
TEeTa TICUXOJIOTUH
DedepanvHoe 20Cy0apCmeeHHoe Or0xdcemHoe 00pa308ameibHoe V-
pedrcoerue « Poccutickuil 20cy0apcmeentblil COYUAIbHbIL VHUGEPCUMEN »
ya. Jlocunoocmposckas, 24, e. Mockesa, 107150, Poccus
tsygula@mail.ru

DATA ABOUT THE AUTHORS
Pavel A. Kislyakov, Dr. Sci. (Psychology), Associate Professor, Professor of

the Department of Psychology
Russian State Social University
24 Losinoostrovskaya Str., Moscow, 107150, Russian Federation
pack.81@mail.ru
SPIN-code: 1375-5625
ORCID: 0000-0003-1238-9183
ResearcherID: E-4701-2016
Scopus Author ID: 56348736600

Mikhail S. Belov, PhD (Culturology), Associate Professor, Head of the Depart-
ment of Physical Education
Ivanovo State Power University
34, Rabfakovskaya Str., Ivanovo, 153003, Russian Federation
fizvos@ispu.ru
SPIN-code: 4838-0413
ResearcherID: P-7104-2017
ORCID: 0000-0001-8729-0685
Scopus Author ID: 57194472169

Nataliya P. Konstantinova, PhD (Philosophy), Associate Professor of the De-
partment of Psychology
Russian State Social University
24 Losinoostrovskaya Str., Moscow, 107150, Russian Federation
tsygula@mail.ru
SPIN-code: 1690-8166
Scopus Author ID: 57207889679



100 Siberian Journal of Life Sciences and Agriculture, Vol. 13, Ne2, 2021

DOI: 10.12731/2658-6649-2021-13-2-100-113
YIK 616.28 - 2008.1-053.2 (571.52)

SOPEKTUBHOCTD BO3JIEVICTBUSA
OBYYAIOIIIEI'O TPOTPAMMHOI'O MOAYJIS
«KHBOM 3BYK» Y JIETEH C HAPYIIEHUSIMHA
CJIYXA B PECIIYBJIUKE ThIBA

HU.A. Henamosa, JI.U. ITokuostuesa,
0.B. Cxuoanoesa, O.U. 3aiiuesa

Ienw. Iogvicums s¢phexmusnocms cneyuanuzupo8anHol nepcoHUGuUYUposan-
HOU MEOUYUHCKOU NOMOWU OCMCKOMY CAA0OCTbIUAUEMY HACEEHUIO PeCnyOnuKy
Toi8a ¢ nomMowbIo NPOSPAMMHO20 MOOYVIISL « KUBOLL 36VKY.

Pesynomameut. Y crabocnviiawux demett npu npo8eoeHuU peaduiumayuoHHbIx
MepOnpusmuULl HepeueabIMU U PeuesblMU CIUMYIAMU NOCPEOCMBOM NPOSPAMMHOO
MOoOYs «JKu60u 36YK» NOMYUEHA NOTOACUMETLHAS OUHAMUKA CYXA 6 3A6UCUMOCTIU
om go3pacma, Gopmbl U ceneHu my20yxoCcmu.

3axntouenue. Hcnonvzosanue nonyyennvix 6 pabome pe3yivmamos npeonoia-
2aem Haaudue IKOHOMULECKO20 dIPPeKma: coKpawenus gpemenu 00ciedo8anus u
VIYUULeHUs Ka4eCcmed OUASHOCTNUYECKUX U 1e4eOHbIX MEPONPUAMULL Cpedu OemcKo-
20 crabocaviuaujeeo nacenenus pecnyonuxu Tviga.

Kntouesvie cnosa: oemu; napyuienue ciyxa, npoepammHulil MOOYIb, ACUBOU 38YK

Jna ywumuposanua: Henamosa U.A., [lokuoviumesa JI.U., Ckuoanosa O.B.,
3atiyesa O.U. Dpghexmusnocmo 8o30eticmsus 00yuawue2o npocpammHozo mMo-
oynst «Kueoti 38yk» y 0emetl ¢ HapyweHusmu ciyxa 8 Pecnyonuxe Toiea // Siberian
Journal of Life Sciences and Agriculture. 2021. T. 13, Ne 2. C. 100-113. DOI:
10.12731/2658-6649-2021-13-2-100-113

EFFECTIVENESS OF THE INFLUENCE
OF THE LIVE SOUND TRAINING SOFTWARE
MODULE ON CHILDREN WITH OTOPATHOLOGY
IN THE REPUBLIC OF TYVA

LA. Ignatova, L.1. Pokidysheva, O.V. Skidanova, O.1. Zaitseva

Aim. To increase the effectiveness of specialized personalized medical care for
children with hearing impairments Tyva Republic using the Live Sound sofitware module.
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Conclusion. Hearing impaired children during rehabilitation activities with
non-verbal and verbal stimuli by means of the “Live Sound” software module obtained
positive dynamics of hearing depending on age, forms and degrees of hearing loss.

Results. Hearing impaired children during rehabilitation activities with non-ver-
bal and verbal stimuli by means of the “Live Sound” software module obtained
positive dynamics of hearing depending on age, forms and degrees of hearing loss.

Conclusion. The use of the results obtained in the work presupposes the presence
of an economic effect: a reduction in the examination time and an improvement in the
quality of diagnostic and therapeutic measures among the hearingimpaired popula-
tion of the Tyva Republic.

Keywords: children; hearing impairment; software module; ‘Live Sound’
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Brenenne

B mocnenHue roner HaOMIOAACTCS CTPEMUTENBHBIN POCT YACICHHOCTH IJTFO-
Jieil ¢ colMaIbHO 3HAaYMMBIM CHU)KEHUEM CIIyXa CPEAM HACEJIeHUs 3eMHOT0
mapa [11,13], B ToM uncne u cpenu rpaxaan Poccun [9]. CrnoxuBriascs cu-
Tyarsi 0OyCJIOBIIEHa B OCHOBHOM ITIaTOJIOTHEH BHYTPEHHETO yXa M CBA3aHA C
pOCTOM YrciIa OONBHBIX ¢ HACIEACTBCHHON U BPOXKICHHOW maronoruei [3] , ¢
MPUMEHEHHEM IIPENapaToB ¢ OTOTOKCHUECKUM JeHCTBHEM, C SIKOJIOTHYECKUMU
¢daxropamu u apyrumu npuaunHamu [1]. ITo naraemv Beemuproit oprannsa-
LM 371paBOOXpaHeHus], 4—7% HaceleHHs CTpajaeT HapyUIEHUSIMU CITyXOBOH
¢ynkimu (B3pocusix — 17,6 Ha 1000, nereid — 1,2 na 1000). Yucno 60mbHBIX
C HapylUIeHUSAMH ciyxa B Poccuiickoit @eneparun npessimaeT 12 MiTH. yerno-
Bek. [To oOpasnomy BeIpakenuto J. Kanra: «Cenora oTAeNseT Hac OT BeIeid,
[IyXOTa — OT JIFOZE».

B Hacrosiiiee BpeMsi HaOIIOaeTCsl BHICOKAsi paclpoOCTPaHEHHOCTh OTOPH-
HOJIAPUHTOJIOTHYECKOIl aTosorun (0cOOSHHO, OpraHa cIyXa) CpeIu JeTCKOTO
nHacenenus [10,15].

CornacHo cTpareruu npaBuTenbcTBa Poceuniickoit @enepariun connaibHO-3-
KOHOMHYECKOTO pa3BUTHsI CHOMPH, MOBHIIICHAE Ka4eCTBA )KU3HHU, COXpaHEHHE
KyJBTYphI HapomoB CeBepa, SBISETCS ONHUM W3 MPUOPHTETHBIX HAIPaBICHUHA
B pealn3aly Te09KOHOMHUYECKUX U T€ONOIUTHUECKUX HHTepecoB Poccun. B
CBSI3H, C YEM aKTyaJIbHO BHUMAaHHE K KaueCTBY YeJIOBEUECKOTO MOTEHIHAIa 3THX
TEePPUTOPHIA — 310pOBHIO0 HaceneHus. KopeHHOe HaceleHne CeBEepHBIX Teppu-
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Topuit Poccun OTHOCHUTCS K Pa3IUYHBIM 3THUYECKUM U SI3BIKOBBIM IpyIIaM U
XapaKTepU3yeTCs Pa3HOM JUINTENBbHOCTBIO TposkuBaHus Ha Cesepe. B cucreme
pacoBoii KIacCH(pUKAIMN BCE ITH HAPOJHOCTH OTHOCSTCS K MOHTOJIOWIHOMY
TUITY, OJJHAKO, OTIIMYAIOTCSI IPYT OT JIpyTra CTENEHbIO BBIPAXKEHHOCTH MOHIOJIO-
WHBIX 0COOEHHOCTEH 1 Y/IebHBIM BECOM €BPOTIEOMIHOTO KoMIoHeHTa [1,3].

CeHCcOpHBIE CHCTEMBI OPTaHN3Ma B IIEPBYIO OYEPEIIb TIOJJBEPTAfOTCSI BO3/ICH-
CTBHIO 3KCTPEMaJbHBIX (DaKTOPOB BHEUIHEH CPEebl.

Opran cityxa B CHIIy CBOCH (DMIIOTEHETHUECKOH MOJIOOCTH OTIIMYaeTCs
0c0001 4yBCTBUTEILHOCTBIO K BO3JEHCTBHIO HEOIATONPHATHBIX OKPYKAFOIIHX
YCIIOBH, B CBSI3H C 4eM IpoOIeMa JJaHHBIX M1aTOJIOTHH, UMEoIast OrPOMHYIO
COILMAJIbHYIO 3HAYMMOCTh B COBPEMEHHOM OOIIIECTBE, CYIIECTBEHHO BO3pacTaeT
B pallOHax BBICOKUX LIUPOT.

VIMeHHO B paHHEM BO3pPacTe TH 3a00JICBAHUS TIPOXOAAT C HANOOIBIINMHU
OCJIO)KHEHHSIMH, TIOATOMY HEOOXOMM MEXIUCLUIIMHAPHBIN MOJX0 K JT1a-
THOCTHKE Y JICYSHHIO TaHHOU matojoru [4,6].

BecbMa Hemaiyo poiib B BOSHUKHOBEHUH TyTOyXOCTH HacesneHust Boctounoi
Culupu nrpator CypoBbIe KIIMMaTHYecKre ycaoBrsl. Hama qunaMuyHast, Haros-
HeHHasi HH(pOpMalrel OKpy KaroIas cpe/ia Npe/IbsBIsIeT BRICOKHE TPEOOBAHHMS K
Ka4yeCTBY 3/I0POBbsI WICHOB OOIIIECTBA, B TOM YHCIIE U K cityXy. [Ipu morepe ciryxa
BO3HHUKAET AUCKOM(OPT OBITOBOr0, 00pa30BaTeIbHOTO U MPOQECCHOHATEHOTO
OOIIeHNS BCIIE/ICTBUE HApYILIEHUH peueBoit GpyHKImu crnadocbimanwmx [17,18].

Peub — ncropuuecku cioxuBIIasicsi Hopma OOLICHUsI JTFOICH TOCPEICTBOM
SI3BIKOBBIX KOHCTPYKIIMH, CO31aBacMbIX Ha OCHOBE ONPEACIEHHBIX NPaBHIL.
[Ipouecc peun mpeamnonaraet, ¢ OHONH CTOPOHBI, (HOPMUPOBAHUE U POPMYITH-
pOBaHUE MBICIIEH SI3BIKOBBIMHU (PEUEBBIMH ) CPEICTBAMH, A C IPYTOH CTOPOHBI —
BOCTIPHUATHE SI3BIKOBBIX KOHCTPYKIMH M NX TOHUMaHHUE.

Peub U SI3BIK COCTABIISIIOT CIIOKHOE JHAJIEKTHUECKOE eMHCTBO. Peub ocy-
LIECTBIISIETCS TI0 TIPaBHIIaM SI3bIKa, U BMECTE C TEM I10]] JIeHCTBHEM psijia (hak-
TOopoB (TpeOoBaHMN OOIIECTBEHHON MPAKTHUKH, PA3BUTHUS HAayKH, B3aMMHBIX
BIMSTHUN SI3BIKOB U 1p.). PeOCHOK ycBamBaeT sI3BIK B TpoIiecce OOIICHUS CO
B3POCJIBIMH M YUHTCSI TT0JIb30BAThCsl UM B peun. biaronapst peun (ocoO6eHHO B ee
MUCbMEHHOM BH/JIE) OCYIIECTBISIETCS HCTOPHUECKask IPEEeMCTBEHHOCTh OIBbITa
mofiel. BHe peun HEMBICINMO OBJIAJICHUE YETIOBEKOM 3HAHUAMH U (POPMUPO-
BaHME CO3HAHMs. Byayun cpencTBoM BEIpasKeHHUS MBICIIEH JII0ofIel B TIpoliecce
UX OOILEHHUSI, PeYb CTAHOBUTCS OCHOBHBIM MEXaHU3MOM HX MBIIIICHUSL.

Leap uccjier0BaHUs — TOBBICUTH 3()(HEKTUBHOCTH CIIEHAIN3UPOBAHHON
NepCOHN(UIIMPOBAaHHON METUIIMHCKON TOMOIIN IETCKOMY CJIA00CIBIIIAIIEMY
HaceJIeHHIO p. ThIBa ¢ HOMOIIBIO IPOrPaMMHOTO MOAYIIs «KuBOM 3BYK».
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Marepuan 1 MeTOAbI HCCJIEIOBAHUS

OTOPHUHONIAPUHTOJIOTMUECKHE: CJIENIAHO KOMIUIEKCHOE ayIMOJIOTHYECKOe 00-
ClIeZIOBaHME C OMOIIBIO OTOCKOIA, AUAarHOCTUYECKOTo ayauoMmerpa AD-226 u
MIPOBEICH OCMOTP HEBPOMATOIOTOM CJIa00CIBIIIAIINX JETEH Pa3HOBO3PACTHBIX
rpym (n=100) B Bo3pacte ot 1 roma mo 13 nmet. Pabora mpoBoamnacek Ha 6aze
I'BY3 PecnyOnukaHckoil eTckoi O0MbHUIBI pecryOnuky ThiBa, KOHCYIbTa-
THUBHO-/IMarHOCTUYECKOW TOMUKIMHUKHU ropoaa Keibina. Bee nccaenoBanust
BBINOJHEHBI ¢ HHPOPMHUPOBAHHOTO COITIACHSI 00CIEAOBAHHBIX TPYII AETCKOTO
HaceJICHUSI U B COOTBETCTBUH C ATUYECKUMH HOpMaMH XelbcuHCKoN Jlexia-
pauuu 2011 .

HccnenoBanue npoBoaUiIoCh ¢ pa3penieHus: ytudeckoro komurera OI'b-
HY «HUU megummHCKHX mpobiaem CeBepay (IUPEKTOp — I.M.H., Ipodeccop
Kacmapos D.B.).

Bce rpymnmnbl 00ciieoBaHbl ¢ y4eTOM aHAMHECTHUECKMX JAHHBIX aHKETH-
pOBaHUS, TAHHBIX AyIHOJIOTHYECKOTO, HEBPOJIOTHUECKOTO HCCIeAOBaHMA [2].
Beinenensl cnenyromnye rpynmnst:

* JIeTH paHHEro JIOMKOJIbHOTO Bo3pacTa (PB n=23),

* JIeTH JIOIIKOJILHOTO Bo3pacTta (/IB n=24),

e TpymIa JeTei Mirajmero mkoisHoro Bospacrta (1B n=53)

[IpoBeneH aHaIN3 OLIEHKHU CIIyXOBOTO BOCTIPUSTHS I€TEl C MOMOIIBIO aHKe-
tupoBanus poaureneii no ankere (LittlIEARS) B pycckosizbrunoit Bepcuu 11.B
Koponesoii (mepnox anketupoBanust 2013-2019 rt) [4].

B nocnenHue necsatuneTus BecbMa YCHEIIHO MPOBOJASTCS UCCIIEA0BAHUS
10 pa3paboTKe CrelHann3uPOBaHHbBIX TPOrPAMMHBIX KOMILUIEKCOB, PEan3yio-
IIUX Pa3lINuHbIC aJITOPUTMBI OLICHKHU TATOJIOTHH CiiyXa Kak B Poccun [5], Tak
u 3a pyoexom [12, 14, 16]. Hamu ncnonp30BaH KOMIIBIOTEPHBIH 00yJaroIHid
xomruieke «XKuBoii 3Byk». Komrutekc «KnuBoii 3ByK» BKIIIOYaeT B ceOst CIIEIH-
QJIbHO TIO/ITOTOBJICHHBIH HA0OP Y4eOHO-KOPPEKIIMOHHBIX MPOTPaMM, KOTOpPbIE
HarpasJIeHbl HAa TIOMOIIb JIETSM, HMEIOIINM HapyIICHUS CIIyXa U PedH pa3HOU
CTETEHU TSKECTU U MPOUCXOKICHUS.

Caenan paxkTopHbIi aHanu3 3pHEeKTHBHOCTH KOPPEKIIMOHHBIX 3aHATHI PU
TIOMOIIIY PEYEBBIX M HEPEUEBBIX CTUMYJIOB Ha KOMITBIOTEPHOH Iporpamme « Ku-
BOI 3BYK» B HICCIIEyEMBIX TpyIIIax.

Crarucrryeckast 00paboTKka Marepraa: s KaykJ10i paccMaTpruBaeMoi rpyri-
TII (JI0 ¥ TTOCIIe peaOrIINTaIK ) ObUTH BBIYMCIIEHBI 3HAYEHHSI CPETHETO0, OIITMOKU
CPEIIHETO, TUCIIEPCHH, CPEITHEKBAJPATHIECKOTO OTKIIOHEHNS, METOIOM KOpPEIIsi-
LIUOHHOW aJanTOMETPHU ONPEESUIOCh HATMUUE B3aUMOCBSA3U MEXKY UCCIENY-
€MBIMH ayJJHOJIOTUUECKUMHU MTOKa3aTeIsIMU JI0 U TIociie peabumnuranmu |7, 8].
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KoadduumenTs! Koppesiuy BIYUCIISUIUCH 10 (GopMylie:
_cov(x,,x,)
Ta = >
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Xk X

rie k,/ = 1...n (n-uucno noxazamerneir),

N N J— —
cov(x,,x;) = z z (xk[ X )(xzj - xl)Rrkx,’
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X, — CpeJIHEE 3HAYEHHE T10 X,
P — BeposATHOCT®,
XXt

G, — CTAaHJapTHOE OTKJIOHECHHUE IO X,,

G, — CTaHIapTHOE OTKIOHCHHE I10 X,.

IIpeamer uceie0BaHUsI: CIyXOBOE BOCHPUATHE JETEH ¢ HApYLIEHUIMU
clryxa.

3ajaum uccaeJOBaAHUS:

1. BBIIBUTH 3aKOHOMEPHOCTH AMHAMUKH CIIyXa, TIOJydCHHBIC B PA3HOBO3-
PACTHBIX TpyIHIax HCCIEeOBAHUS MPU CPABHUTEIBHOM aHAIM3E PE3YJIbTaTOB
BO3JICUCTBHSI 00YYAOIIEr0 MPOrpaMMHOI0 MOyIisi «XKHBOM 3BYK».

2. IIpoBecTH KOPPEKIHIO CIYXOBOH UyBCTBHUTEIBHOCTH C ITOMOMIBIO 00y-
YAOILEro MpOrpaMMHOr0 Moayist «KHUBOH 3BYyK» B HCCIIEAYEMBIX TPyMMax ¢

MTOMOIIBIO pa3pabOTaHHBIX METOMUK.

Puc. 1. OGyuaromuii mporpaMMHbINA MOAYIb «JKHUBOH 3ByK»

JanHas mporpaMMa TpeIHA3HauCHa JUIS 3allUCH, JEMOHCTPAIMU OLCHKU
OCHOBHBIX IMapaMETPOB peUn (I/IHTCHCI/IBHOCTI/I, JJIATCJIBHOCTH, CIICKTPaJIbHO-
TO cOoCTaBa) ¢ rpaUIeCKUM H300paKEHHEM CITyXOBOH UyBCTBHUTEIHHOCTH H
pa3dopuuBoCTH peun. Bo3MOXHOCTH MOHO, OUCEHCOPHOTO U MOJIHUCEHCOPHO-
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ro (CIyXOBOTO, TAKTUIBHOTO, 3PUTEJIEHOTO) BOCIPUATHS PEUEBBIX CUTHAJIOB.
IIpoBeneHne KOPPEKLMOHHBIX 3aHATUN IO PA3BUTHIO CIIYXOBBIX, PEUEBBIX U
KOMMYHHUKaTUBHBIX HABBIKOB C MCIIOJIb30BAHUEM METOAMYECKUX MaTepHalioB.

Pe3yabrarsl

B xome rcciieioBaHYS BEISIBIICHBI CIICTYIOIINE PE3YITbTATHI:

IIpu Bo3a€HCTBUM pEUEBBIMU U HEPEUEBBIMU CTUMYJaMHU BO BCEX HCClIe-
JYEMBIX TPYyIIaX CyMMapHbIE KOPPEIAINA MEXKIY ayIHOJIOrHYECKUMH TOKa-
3aTeNsIMU CHU3WINCH, YTO TIOATBEPIKAACT MOJIOKHUTEIBHYIO THHAMUKY CITyXa.

[Ipu cxoncTBe HAIIPaBICHUIT U ITOCIICIOBATEIFHOCTH CIIYXOBOH TPEHUPOBKU
PCUYCBBIMU M HEPCUCBBIMU CTUMYJIAMH CJIA00CTBIIIAININX JICTCH, TEMIIBI pa3BU-
THS CITyXOBOH UyBCTBUTEIBHOCTH MOCIIE PEaOMINTAIINH B PA3HBIX BO3PACTHBIX
TpyTIaxX OTIWYAIOTCS B 3aBUCHMOCTH OT (POPMBI H CTaJTUH TYTOYXOCTH.

Hamu npoBeneHsl uccnenoBaHust 3QPEKTUBHOCTH PEabMIUTAIIIOHHBIX
nmporpamm o0ydaroriero MoayJsi «KuBoii 3ByK», MPeICTaBICHHbBIC Ha PUCYH-
Kax 2-5.

20
15
10
mFPEBE
5 mAll
mwBe
0

I-11 - I-11 1n-n

A0 PEABMAMTALLIMK MOCNE PEABMAMTALLMIA

Puc. 2. /lunaMuka OTONATOIOTHU C KOHAYKTHBHOU ()OPMO TYTOYXOCTH
HEpeUYeBBIMH CTUMYJAaMH (IO BEPTHKAIBHOI OCH — TEMITBI Pa3BUTHs CITyXOBOIi
YyBCTBUTEIBHOCTHU B %, I10 TOPU3OHTAIILHON OCH — CTEIICHH TyIOYyXOCTH)

B Xone nmpoBezeHust 00y4aroniero Bo3/1eHCTBISI HEPEUEeBbIMU CTHUMYJIAMH Y
JIeTeii ¢ KOHlyKTUBHBIMHU ()OPMaMH TyrOyXOCTH HAUOOJIBILIHI ITOJOKHUTETbHBIN
3¢ PeKT peadIIUTay CITyXOBOW YyBCTBUTEIIEHOCTH OTMEYACTCS B TPYIITaxX
JIeTel paHHETo Bo3pacTa U JAOIIKOIBHOro Bo3pacta ¢ I-1I cTenensto Tyroyxoctu.

HccnenoBana quHaMuKka peadWIIMTalUK OTONATOJIOTUU PEYEBBIMU CTHUMY-
namu y cnabocapImantux aeter p. TriBa ¢ KOHIYKTUBHOW (OPMOH TYyTOYXOCTH
¢ paznuuHoi crenenpto norepu ciayxa: [ - u III-1V crenensimu. Hanmyummii
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3¢ deKT pa3BUTHSI CITyXOBOI 4yBCTBUTEIBHOCTH JJOCTUTHYT Y JAETEH JOLIKOIb-
HOTO BO3pacTa ¢ pa3IHMYHON CTENEHBIO MOTepH ciryxa (puc. 3).

12
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8
6 mPB
2 m B
0

- -

A0 PEABMAMTALLMIA NOCNE PEABMIMTALLMIA

Puc. 3. /lunamuka peaGMIMTaIK OTONIATOJIOTHN PEYEBBIMH CTUMYJIAMH JIeTei
C KOHIYKTHBHOU (pOPMOIi TyroyXocCTH (110 BEpTHKAILHOM OCH — TEMITBI PA3BUTHUS
CITyXOBOM UyBCTBUTEILHOCTHU B %0, TIO TOPH30HTAILHON OCH — CTEIIEHH TyTOyXOCTH)

[IpoBeneHo u3yyeHue TMHAMUKHI OTOIATOJIOTHH TIOCPEACTBOM peaduInTa-
MU HEPEYCBBIMH CTUMYJIAMH y CTa00CTBIIIANIIX eTel p. ThiBa ¢ HeHpoCceH-
COpHOM (opMoii TyroyxocTH (puc. 4).
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Puc. 4. lunamMuka peaOUIMTALMN OTOIIATOJIOTUH HEPEYEBBIMHI CTUMYIIAMH
C HeHPOCEHCOPHOIT (HOPMOI TYroyxocTH (110 BEPTUKAIBHON OCH — TEMITbl Pa3BUTHS
CITyXOBOH 4yBCTBUTEILHOCTH B %, IO TOPU3OHTAIBHOI OCH — CTENICHU TYTOYXOCTH)

VY neteii ¢ HEMPOCEHCOPHOM TYrOyXOCTBIO TIPU MMPOBEACHUH PEaOMITUTAIIN-
OHHBIX MEPONPHUATHIA HEPCUCBBIMU CTUMYJIAMH OBUIH MOJYyYCHBI HAWTYUIIIHE
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pe3ynbTaThl B TPYIIIE JOIIKOJILHOTO BO3pAcTa ¢ NEPBOM-BTOPOil CTENEHBIO TY-
TOyXOCTH, a TaKKe B IPYIIIE HIKOJIbHOTO BO3PACTa C BBIPAKEHHOH MoTepei
ciyxa [II-IV crenensmu.

[TpoBeneHo n3yueHne TMHAMHUKH peaOMITUTAIH OTOIATOJIOTHU PEYEBBIMU
CTHMYJIaMH y ciiabocblmanmx aereid p. TriBa ¢ HelipoceHcopHoit hopmoit

TYroyxocTH (puc. 5).

mPE
| utll]
mlB

n-n
A0 PEABMAMTALLMK NMOCNE PEABMNMTALLMIA

Puc. 5. /lunamuka peaOMInNTaIN OTONATOJIOTHH PEYEBBIMH CTUMYJIAMU
y cinabocnplmanmux aetei p. ThiBa ¢ HEHPOCEHCOPHOI (OPMOIA TYTOyXOCTH
(110 BEpTUKAIBHON OCH — TEMIIbI PA3BUTHSI CITyXOBOH UyBCTBUTENLHOCTHU B %0,
10 TOPU3OHTAIBEHON OCH — CTETICH! TYTOYXOCTH)

[Ipu Bo3/elicTBUN peueBbIMU CTUMYJIAMH Y JI€TEN BCEX BO3PACTHBIX IPYIIT
C HEWPOCEHCOPHOH TYyroyXOCThIO HAWITYUIINid 3 HEeKT oTMeYaeTcs y rpyIibl
JIOIIKOJIBHOTO BO3pAacTa C Pa3HBIMU CTEICHSMH BBIPA)KCHHOCTH HApyIIECHUH
cllyXa, a TakXke y JIeTell paHHero Bo3pacrta ¢ HapyueHusmu ciayxa [-1I crene-
HBIO TYTOyXOCTH.

BriBoOabI:

1. Hanmyanmii aphext npu Bo3ieiicTBUM pedeBbIX M HEPEUEBBIX CTUMYJIOB
oOyuaromei nmporpamMmbl «KHBOH 3BYK» JOCTHTHYT B UCCIIEAYEMBIX IPyIIax
PAHHETO M JOLIKOJIILHOTO BO3PACTOB.

2. Y pereit ¢ NIETKUMH MOTEPSIMH CIIyXa JOCTUTHYT OONBIIHAN pe3ylbTar
BOCCTAHOBIICHHSI CITyXa.

IIpakTHYeckas 3HAYUMOCTH PadOThI

Pesysbrarsr paboTs! OyayT criocoOcTBOBaTh Hanbosee 3 HEeKTUBHON KOppeK-
LMK OTONATOJIOTHH C TIOMOLIBIO 00YYaIOIIero NporpaMMHOTr0 MOAyJIst <«OKuBoii
3BYK» 10 CPaBHEHHIO € IIPUMEHSEMBbIMHU paHee MeToaukamu. [Ipemiaraemplii crio-
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€00, BBUJly CBOEH JJOCTYITHOCTH, BHICOKOW 3((PEKTUBHOCTH, OTCYTCTBHUSI IOOOY-
HBIX 3((HEKTOB ¥ IKOHOMHUYHOCTH, MOXKET OBITh PEKOMEHIOBAH ISl IIIUPOKOTO
HCIIOJIb30BaHMUS B aMOYJIaTOPHOM MPAKTHKE OTIAJICHHBIX PETHOHOB PECITYOITHKH
TriBa, r71€ pacIPOCTPaHEHHOCTH NATOJIOTUH CITyXa U PeUH Y JAeTeil O4eHb BBICOKA.

BHuenpenue pe3y1bTaToB HCCJIEI0BAHUS

Pesynbrarhl IpOBEICHHBIX UCCIIEA0BAHUI BHEAPEHBI B YUEOHBIN Iporecc
CHIeMANIN3UPOBAHHON LIKOJIBI M1 ciabociblmamux aeTeit ropona Keissuia
pectyonuku TriBa U 3aHATHN AePeEKTONIOTa PeCIyOIMKaHCKOW KOHCYIIBTaTHB-
HO-JIMarHOCTHYECKOH TTOJMKIMHHUKH.

3aki0ueHue

Hcnonb3oBaHue MOMYYEHHBIX B pa0OTe pe3ylIbTaToB MPEIIonaracT HaTHane
HKOHOMHUECKOTO0 3(h(heKTa: COKpAICHNS BpeMEHH 00CIIeIOBaHMUS 1 YTy dIICHHS
KayecTBa AMArHOCTHUYECKHUX U JIEUEOHBIX MEPONPUITHI Cpelu JETCKOTO cia-
OO0CIIBIIIAIIEr0 HACEICHUS PECITyOIuKY ThIBa.

Kon@aukT HHTEepecoB. ABTOPHI HE 3asBIIIOT O KOH(QIUKTE HHTEPECOB.
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BJUSAHUE MNOTOAHBIX YCJOBUMI
HA YPOKAHMHOCTH APOBOT'O TYMEHS
B 30HE BJIMSHUS JECHOM IMOJOCHI

E.B. Cemunuenxo

Obocnosanue. B cmambe u3noxcenvl Mamepuasl UCCIe008aHULl NO 6IUAHUIO
none3auwUmMnbIX 1eCHbIX NOA0C HA POCM U passumue apoeo2o Aumens. Obvex-
MoM UCCTIe008aHULL ABTAEMCsL APOBOU siumMenb copma Meouxym 139. Hccnedosa-
HUsL IPOBOOUAUCH 6 3emaenonv3osanuu «I opoouwjeHckoey, Kadacmposwlil Homep
34:03:000000:6.

Ienv pabomsl — 060cHO6amMb PONL 0CAOKO8 U Opyeux paxmopos ous popmu-
POBAHUSL YPOIICAS APOBO2O SIUMEHS NOO GIUSHUEM LECHOU NOLOCYL.

Mamepuansl u memoodwvl. Yuem yposxcaiHoCmu Onpeoensiics Ha NAOUWdAOKaAxX
1 M na yoanenuu coomsememsenno 5, 10, 30H. Konmponem cayscun omxpoimoii
yuacmox 6e3 nectoti nonocvl. CHONbL OMOUPAIU 8 MPEXKPAMHOU NOBMOPHOCTIU,
3amem oomonauusanu. Ilonyuennoe 3epHo 636euu6anu 1 NPOBOOUIU nepectem ypo-
orcarinocmu Ha 1 2a. Ypoowcatl 3epHa, nOIyYeHHbII npu 636€UUBAHUL, NPUBOOUNCS
K 14%-11 énascnocmu u 100%-it wacmome. [iuna cmebiis, KOIUUECMBO KOLOCKOS
u 3eper 6 Konoce onpedensiaucy eusyaibio. Macca 1000 3epen onpedensinace na
MEeXHUKO-XUMUYECKUX BeCaXx.

Pezynomamet. Ananus 0anHwbIx NOKA3aL, YMo 3anacvl NPOOYKMUGHOU 81azu HA
MEJICNONOCHOIL KemKe pacnpedenenvl HepagHomepHo. B yenosusx asponeconano-
wagma HauboILUIUT 6eCeHNUll 61a203anac Hakanausaemcsi 6 3one om SH oo 15H om
nonezawumuulx necHvix nonoc. Mccneoosanus noxazanu, nuskuil I'TK npuxooumcs
Ha JIemHUtl nepuoo (UIb-aéeycnt) NPAKMUYECKU 60 6ce 200bl ucciedosanutl. Obecne-
YEeHHBIM NO NPOOYKMUBHOCU HAKONIEHUI0 0cadkos obli 2016 200, 20e I TK cocmasun
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0,7, 6 ocmanvhwle 20061 3acyuinussviil 0,3-0,5. CmpykmypHbiil aHAIU3 p06020 IUMEHS
NnoKasaJ, Ymo HauboIbuds ypoxcatiHocmy ovina Ha paccmoanuu 10H u cocmanuna y
Apoeoco sumens — 1,4 m/ea. B cmamve npugedennvl pe3yiomanbvl KOppeniyuoHHo-pe-
2PeccuBHO20 AHANU3A NOTYUEHHBIX OUHHBIX HO 63AUMOCEA3U YPOICAS APOBOSO AUMEHS
¢ cocmasnAwumu pakmopamu (0Cadku, 3anacvl NOYEEHHOU 61a2l), BIUSIOUUMU
Ha ypooicatHocms aposo2o sumens 3a 2016—-2020 2o0vt. [lonyuenst pezynomamol,
npugedennvle 8 2paghuueckoli Koppensyuu, u 000CHO8AHA 3AKOHOMEPHOCHTb.

3axnouenue. Pe3ynomamul uccie008anusi C6UOEmenbCmayion 0 aNCHOU PO
necHuix nonoc. Obnacmuio npUMeHeHUs peKoMeHOayull Aensaemcs 30Ha noue Huoic-
nezo Ilosonoicos.

Kniouesnle cnosa: necnvle nonoc; apoeoil sUMeHs, 3anac npooyKmusHo 61acil;
ypodicatinocmy,; Kodguyuenm Kopenayuu

Jna yumuposanus. Cemunuenxo E.B. BiusiHue no2oouwix yciosutl Ha ypo-
JACAUHOCMb APOBO2O AUMEHS 8 30He GnusiHUA 1echol nonocyl // Siberian Journal of
Life Sciences and Agriculture. 2021. T. 13, Ne 2. C. 114-127. DOI: 10.12731/2658-
6649-2021-13-2-114-127

INFLUENCE OF WEATHER
CONDITIONS ON THE YIELD OF SPRING BARLEY
IN THE FOREST BELT AREA

E.V. Seminchenko

Justification. The article presents research materials on the influence of protec-
tive forest belts on the growth and development of the spring barley. The object of
research is the spring barley of the Medicum 139 variety. The research was carried
out in the Land “Gorodishchenskoe”, cadastral number 34:03:000000:6.

Purpose of the work is to assess the role of precipitation and other factors for
the formation of the spring barley crop under the influence of the forest belt.

Materials and methods. Yield accounting was determined on sites of 1 m’ at a

distance of 5, 10, and 30H, respectively. The control was an open area without a
forest belt. Sheaves were selected in three-fold repetition, the mark was threshed.
The resulting grain was weighed and the yield per 1 ha was recalculated. The grain
yield obtained during weighing was adjusted to a moisture content of 14% and a
frequency of 100%. The length of the stem, the number of spikelets and grains in the
ear were determined visually. Mass of 1000 grains was determined on a technical
and chemical scale.
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Results. The analysis of the data showed that the reserves of productive moisture
on the interstrip cell are unevenly distributed. In the conditions of the agroforest
landscape, the greatest spring moisture reserve accumulates in the zone from 5H to
15H from the protective forest belts. Studies have shown that the low HTC (hydro-
thermal coefficient) occurs in the summer period (July-August) in almost all years of
research. The most productive accumulation of precipitation was in 2016, where the
HTC was 0.7, and in the other years, the dry period was 0.3-0.5. Structural analysis
of spring barley showed that the highest yield was at a distance of 10H and was 1.4
t/ha for spring barley. The article presents the results of a correlation and regression
analysis of the data obtained on the relationship of the spring barley harvest with
the constituent factors (precipitation, soil moisture reserves) that affect the yield
of spring barley for 2016—2020. The results given in the graphical correlation are
obtained and the regularity is justified.

Conclusion. The results of the study indicate the important role of forest belts.
Area of application of the recommendations is the soil zone of the Lower Volga region.

Keywords: forest belts, spring barley, productive moisture reserve, yield; cor-
relation coefficient

For citation. Seminchenko E.V. The influence of weather conditions on the yield
of spring barley in the zone of influence of the forest belt. Siberian Journal of Life
Sciences and Agriculture, 2021, vol. 13, no. 2, pp. 114-127. DOI: 10.12731/2658-
6649-2021-13-2-114-127

Knumarnueckue ycnosust Huxzero [1oBomkbs cBA3aHbI ¢ 30HON Hel0CTa-
TOYHOTO ¥ HEYCTOWYMBOTO YBIIQXKHEHMS, T/I€ TIOUBEHHAsI BJIara HapsIMyIo 3a-
BHCHT OT aTMOC(EPHBIX 0CAIKOB. ATPOKIMMATHIECKUE YCIOBHS YXY/IILAIOTCS
AKTHBHBIM BETPOBBIM PEXHMOM, YaCTBIMHU CYyXOBESIMH, YTO YCHUJIMBAET UCHaA-
pEeHHe B PE3KO CHIDKACT 3amachl IPOAyKTUBHON Biary B mouse [ 1]. Buenpenue
HanboIee 3aCyX0yCTONUUBBIX KYJIBTYP B CTPYKTYPY HOCEBOB ITO3BOJIUT ITOBbI-
CHUTBh SKOHOMHYECKYIO 3((PEKTUBHOCTD JJaHHOM oTpaciu [2].

B nmocnennee BpeMst Ha TeppuTOpun Boarorpaackoit 0071acTH y4acTHIINCH
BECEHHUE W PaHHEJIETHHE 3acyXU. B HEKOTOpbIE TOABI B TEUEHUM Masi-HIOHS
Bbinagano 10 10 MM ocankos npu Hopme 30-40 mM. Bo BTOpo#i monoBuHe neta
HX OBLTO 3HAYUTENBHO OobIie [3].

OcHOBHas MEeNMUOPAaTUBHAS POJIb B (POPMUPOBAHUH YPOXKast 3IAKOBBIX KyJIb-
TYp NpUHAAIEKUT JiecHbIM TostocaM (JIIT). Bee mpuemsl, paccmarpuBaemble B
CHCTEME JIECHBIX M10JIOC, BIUSIOT HAa KOHEUHBII IPOAYKT — ypoxkail. JIecHble mo-
JIOCBI, OKa3bIBAIOIINE OTPEICNIEHHOE BIUSIHUE Ha KOJOTHIO MOJIEH, TEM CaMbIM
TTOBBIIIIAS METHOPATHBHEIN 3()(DEeKT (HAaKOIUICHHUE U COXPaHEHUE IPOTYKTHBHOM
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BJIaru), a 3HAYUT COXPaHEHHE TIOJJOPOAMS MTOUBBI, TEM CAMbIM YBEIHUUBAs IKO-
HOMHYECKYIO0 3HAYMMOCTD 3aIIUTHBIX JIECHBIX HAaCAXIeHUH [4].

MHTEHCUBHOCTh TpaHCIHUPALMU CENIbCKOXO3SMCTBEHHBIX KYJBTYp, 3alllU-
LICHHBIX JICCHBIMH ITOJIOCAMH, YMEHBIIIACTCS, YTO OCOOCHHO MPOSIBIISICTCS B 3a-
CYILIUBBIC TO/BI. [IpONyKTUBHOCTD TpaHCIAPAIHH (KOIHYECTBO OPTraHUYECKOTO
BEIlleCcTBa B TpaMMax, oOpa3yeMoe Ha | KI' HCIapHUBIICHCS BOMIBI) CEIBCKOXO-
3SIMCTBEHHBIX KYJBTYD, 3aIUIICHHBIX JICCHBIME ITOJIOCAMH, MOBEIMACTCS [3,
6]. bonbiioe 3HaueHue JIsl MOBBILICHUST YPOKANHOCTH CEIbCKOXO35ICTBEHHBIX
KYJIBTYp IMECT HaKOIUICHHUE U paclpeielicHre cHera. B o01ei cymme romoBhIx
ocazikoB cHer 3aHumaeT 30-35% unu 100-150 mMm. B cyxoii ctenu cHer siBisieTcs
OCHOBHBIM HCTOYHHUKOM BJIarH. B oTiIdme OT 0caIkoB CHET MEHBIIIE HCIIapseTCst
1 MOXKET IiepepactpenensaThes [7, 8]. B FoXKHBIX palioHaX, Te CHEKHBIN MTOKPOB
HEeOOMBIION MOIITHOCTH, JHU C METEIISIMUA OBIBAIOT OYEHb PEIKO. SHAUUTEIEHOE
BJIMSIHUE HA HAKOIUICHHUE W PacIpeelieHre CHETa OKa3bIBAIOT JIECHBIE TIOIOCHI,
KOTOpBIE CITOCOOCTBYIOT YBEIIHUCHHMIO 3aIIacOB BTy B TIOUBE B peenax 20-47
MM 3a CYET 3UMHHX 0CcaaKoB [9, 10]. DTy crmocoOHOCT OTOIHBIX YCIOBUH Clie-
JIyeT UCTIONB30BaTh IS BRIPAIIMBAHNUS 3€PHOBBIX KYJBTYP C yIETOM MPaBIIHHO-
TO ToI00pa aIaNTHUBHON 00paboTkK MouBkI. [ MapOoTEpMUIECKHiA KOADPUITHESHT
ymensbiaercs ¢ 0,8 B 3amagHpIX paiioHax J0 0,4 B BOCTOUHBIX M FOTO-BOCTOYHBIX,
T.€. TEPPUTOPHS TIOJTHOCTHIO HAXOIUTCS B 3aCYIIIIIMBON U OU€Hb 3aCYIILTUBOM 30-
Hax. Ocaaku JIETHETO MepHoIa HapsAy ¢ OCEHHE-3MMHUMHM 3allacaMM BJIard B
MOYBE SIBJISIFOTCS] OJJHAM U3 PEIIAIOIIUX YCJIOBUI (hOPMUPOBAHUS yPOXKAs 3€p-
HOBBIX KYJIBTYp B YCIIOBHsIX OorapHoro 3emiuenenus [11, 12].

3aIuTHBIC HACAKICHHS BETPOIIOMHOTO Ha3HaueHus1 [ OpoAMIIEeHCKOTO paii-
OHa 3aHUMaroT 7 Thic.Ta. K HAacTOsIeMy BpEMEHHU B HUX C(POPMUPOBAIIUCH Pa3-
JIMYHBIC CTPYKTYPHI. JIeCOmoI0Chl COCOOCTBYIOT H3MCHEHHUIO CKOPOCTHOTO
peXrMa BETPOBOTO MOTOKA. Ha 3aIuIIeHHbIX y9acTKax moyicii (hopMupyeTcst
0C00bIi MUKpOKIHMAT. Takue sIBJICHUS IPUBOASAT K U3MCHEHHUIO KOJTMUCCTBCH-
HBIX M KQUSCTBCHHBIX MMOKa3aTeliel ypoKas CelIbCKOXO3IHCTBCHHBIX KYIBTYP
[12, 13, 14]. JIecHble MON0OCHI OKa3bIBAIOT BO3IEHCTBUE Ha MPUIIETAIOIIEE MEX-
[0JIOCHOE MTPOCTPAHCTBO, MPUBO/IS K UBMEHEHUIO BCEH arposKOCUCTEMBI B Lie-
soMm. MccnenoBaHusMH TOKA3aHO, YTO B TEYEHUHU BEreTallMOHHOTO Mepuoja
HCTIApCHUC Ha 3alHIICHHON MMOJIOCaMU TePPUTOPHH yMEHbIIaeTcs Ha 25%.
B 3acynummBEIX paiioHax IpH OOIIEM HEIOCTATKE BIATH B IMTOYBE 3TOT 3PdeKT
uMeeT Oobioe 3HaueHue [15, 16, 17].

JByxneTHnMu HaOmroneHusMu B KameHnoii crenn BopoHexckoit obmactu
OBLITO YCTaHOBIICHO, YTO MO/ BIUSHUEM JICCHBIX TIOJIOC YMEHBIIACTCS UCTIape-
HHUE BJIard ¢ MapoBBIX IMMOJICH Ha OJHY TPETh M0 CPABHEHHUIO C UCIIAPCHUEM C
TaKHX JKe TOJIeH, pacmoIoKeHHBIX Ha OTKPBITON MecTHOCTH [ 18].
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[Tostomy (eHosorHuecKre HAOMONCHUS COCTABIISAIOT BaXKHBIH MOMCHT B
00BSICHEHHH M3MEHEHHI MTPOIYKIIMOHHOTO IMpoliecca IO/l BIUSHUEM MOJIOC B
OTIIUYHE OT OTKPHITOTO MPOCTPAHCTBA. YCTAHOBICHHE BPEMEHH HACTYILICHUS
U XapakTepa MPOXOKICHUS (a3 pa3BUTHUS CEIbCKOXO3SMCTBEHHBIX PACTCHHIA
SIBIISIETCSI CBOCOOPA3HBIM MHIMKATOPOM COCTOSIHUSI PACTEHUN B OKpYIKaloIei
cperie, KOTOpOe TMO3BOJISIET BBISIBUTH OCOOCHHOCTH IKOJIOTMYECKON Cpesibl Ha
oJjie, co3/1aBaeMoi JieCHOU nosiocou [19].

Marepuajbl 1 MeTOAbI

HUccnenosanus nposoauiucsk B 2016—2020 rr B 3emiienonb3oBanuu «I opoau-
meHckoe» kagactposblii Homep 34:03:000000:6, B 30He BAMSHUS JIECHBIX MOJIOC
Ha omnbITHOM mosie Humkae-Bomkckoro HUMCX. TToyBa onmbITHOTO yyacTka —
CBETJIO-KAIITAHOBAsI TSHKEIOCYIIIMHNCTAS C COIEP)KAaHNEM T'YMyca B TTAXOTHOM
cioe 1,74%, pH nousennoro pacteopa §8,1. Conep:kaHue JerKOruIpoaIn3yemMo-
ro azora 2-7 mr, noasmxHoro ¢ocdopa — 3-11 Mr u oomenHoro kamust — 30-40
Mmr/100 r mouBsl. JIecHas mooca BBICOTOH 5 MeTpoB, 4-x psmHas. B e€ cocra-
BE BCTpedaeTcs: KieH ocTpoiucTHBRIN (Acerplatanoides), B3 0OBIKHOBEHHBIN
(Ulmuslaevis ) ymioTHeHa cMoponuHoit kpachoii ( Ribes rubrum ) u cmMopomu-
Ho# uepHoii (Ribes nigrum), Bctpedaercs akaius Oenast (Robinia pseudoacacia).
OmbIT 3aKIIaABIBAICS COMIACHO METOIMKAM CyXOocTerHOH 30Hb1 Himknero [ToBo-
xbst [20, 21]. Yuer yporkaifHOCTH OITpeiessUICs Ha IIoNaKax 1M> Ha yiaaeHuu
cootBeTcTBEeHHO 5, 10, 30H. KoHTposem ciysKuit OTKPBITBIN y4acTOK 6e3 JeCHOH
o710kl CHOITBI OTOMPAITH B TPEXKPATHOM TOBTOPHOCTH, 3aMET OOMOIaINBAITH.
[Nomy4yenHoe 3epHO B3BEIIMBAIN U IIPOBOAMIIN MIEPECUET YpoXkaitHOCTH Ha | ra.
VYporkaii 3epHa, OTY4YESHHBIN ITPU B3BEIIMBAHUU, TPUBOIUIICS K 14 % BIayKHO-
ctu 1 100%-i1 gactore. [{nuHa cTeOs, KOJMYECTBO KOIOCKOB U 3€PEH B KOJIOCE
omnpenensock Bu3yasibHo. Macca 1000 3epeH onpenensiyioch Ha TEXHUKO-XUMHU-
4YecKHX Becax. J{yist BeIsIcCHeHNs paKkTOpOB, BIMSIONIMX Ha (POPMHUPOBAHUE ypOXKast
ObLIM 00pa0bOTaHbI JAHHbIC TIOTPEOJICHNMS BJIard PACTCHUSAMH sSTUMEHS 110 (azam
Pa3BUTHSL, C TIOMOIIBIO MPOrpaMMbl 1t DBM a1s monydeHns (yHKIIMOHATBHBIX
cBszeil. OcHOBHast 00pabOTKa POBOIUIIACH TIOYBOOOPAOATHIBAIONIMM OPYIHEM
OYO - 5-40 Ha mryouny 0,32-0,35 M, OCHAIIICHHBIM CTOHKAMH C IIHPOKUM JI0-
JIOTOM C MEXCIIEJJOBBIM PacCTOsSHUEM Mexkay croiikamu 0,4 M. BeiceBanu spo-
BoH stamenb MemukyMm 139, Hopma BbiceBa 3,8 MitH. mt/ra. CyMMa 0CaakoB 32
2018-2020 cenbckoxo3siicTBeHHBIN Toa coctaBuia: 374,9; 393,0 u 387,3 mm
MIPOTUB CPEIHEMHOTOIETHETO 3HaYeHus 339,2 M.

HaOsonennst 3a TMHAMHUKOW ABHKEHHS IIPOJYKTHBHON BJIATU B TIOYBE I10-
KazaJly, YTO HAKOIUICHNE BJIark BOJIM3H JIECHOH MOJIOCHI HE yCTyHaeT 3arnacam
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BJIATH B KJIACCHMYCCKHUX Iapax u 0ojiee TOro MpeAoTBpaIlacT MPOMEp3aHue 1
oOpa3zoBaHme JeITHON KOPKH M3-32 CIOCOOHOCTH HaKaIUIMBaTh BBICOKUH CITOM
cHera. Bricora cHesxHOTO TokpoBa BOim3u JIIT cocrasmsia o 1,0 M, B To Bpemst
KaK Ha Iapax BbICOTa BapbUpOBajia OT 25 10 16 CM COOTBETCTBEHHO.

PanHeBeceHHUE HAOMIONCHHS B MapTE MECsIa MTOKA3aIu XOPOIIUE Pe3yilb-
TaTHI TI0 YCBOCHUIO OCEHHE-3MMHUX 0CaKoB (puc. 1).

noces
0-1
YUCTbIN Nap
SH 10H 30H YUCTBIN Nap
03 0-1 03 01 03 0-1 03 01
noces 25 82 20,5 77,6 19,2 74,5 19 73,6
y6opka 7,9 23,6 8,1 24,9 8,2 25,2 8,4 25,7
mnoces My6opka
Puc. 1. /lunamMuka 3aracoB NpOAyKTHBHOHN BIIard 3a MEpHOJ BETeTAUH
spoBoro stumens B cioe 0-100 cm (cpeanee 3a 2016-2020 rr)

29
28,5

g *

28 * *
275 y=10,7382x + 21,378

27 R2=0,9219

*

26,5 L4

26 *
25,5

" ‘/9'
24,5 : . . T . )

4 5 6 7 8 9 10

Puc. 2. KoppensnnonHnast 3aBUCHMOCTb YPOXast SIPOBOTO STIMEHS
OT 3aMacoB MPOTYKTUBHOI BIaru

[TapoBble oISt TEpsIM BIIary Ha €CTECTBEHHOE MCIIAPEHUE, a TaKkkKe MpU
KyJIBTHBAIM1, HANOOJIbIlIEE €e CHIKEHHE K MOMEHTY CEBa O3MMOM ITIICHHIIBI
MIPOU30IILIO Ha YHCTOM mapy — 73,6 MM u Ha paccrossauu 30H ot JIIT — 74,5
M. [Tore, pacronoxenusie BOmu3u JII1 3a cueT HaKOIJICHHOW pacTUTEIEHON
Mmaccsl JIIT crepxuBanm ncnapeHue BOAbI M Havaly MOCEBa SIPOBOTO SIUMEHS
3amac npoyKTUBHOU BIIaru cocTaBmi 77,6-82,0 MM B 3aBUCUMOCTH OT PaccTo-
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staust ot JITT. B moceBax sipoBoro siuMeHst HaOJMFOAAeTCs TSHACHITHS K TIOJTHOMY
HCTIOTB30BAaHHIO ITPOTYKTHBHOM BiIaru mouyBsl kK yoopke, I ' TK 3a mepuon Bere-
Tanuu coctasui 0,5.

CortacHo, MOJY4YCHHBIM JAHHBIM MIPEICTABICHHBIM Ha PHCYHKE 2 HAUOOJIb-
Y0 KOPPEISIIUOHHYIO 3aBUCUMOCTh OT TAKOTO MOKa3aTess Kak 3armac BiIax-
HOCTH B IPOAYKTHUBHOM ci0e ouBH 0-30 cM UMEIOT TIOCEBHI SIPOBBIX KYIBTYP
MIPH TPAIUITHOHHON TEXHOJIOTUU BO3ICIBIBAHUS C KOAPPHUIIMEHTOM ICTCPMHU-
naruu 0,921.

HccnenoBanusi, KOTOpbIE 3aKIHOYAINCh B yUeT€ HAKOIUIEHUS] M yCBauBa-
HUS aTMOC(EPHBIX 0CAIKOB PACTCHUSMH B IMTaX0THOM citoe mouBsl (0-30 cm) B
3aBUCUMOCTHU OT yaaneHust ot JII1 uMeroT BasKHYIO POJIb B CYXOCTEIHON 30HE
Huxuero [ToBomxkbs. ['01p1 ¢ pa3HOil HHTEHCUBHOCTBIO BBINA/IEHUS OCAJIKOB U
TeMIEepaTypHBIM PEeKUMOM OTpaskeHbI Kodpduuuentam ['TK (puc. 3).

1,4
1,2 1
1 4
0,8 -
0,6 -
0,4 -
0,2 +
0 -
2016 2017 2018 2019 2020
anpenb-mai 1,3 1,1 0,3 0,8 0,4
UIOHb 0,2 0,8 0,1 0,2 0,4
nonb 1,3 0,02 0,9 0,8 0,1
aBsryct -l gekaga ceHTAbpA 0,1 0,3 0 0,2 0,1
cpefHee 3a nepuoj, 0,7 0,5 0,3 0,5 0,3
W anpe/ib-Mali W VIOHb W MioNb W aBrYCT -| leKaZla CeHTABPA === Cpe/iHee 3a Nepuog,

Puc. 3. Pacnpenenenue ['TK no mecsanam 3a nepuon naposanus 2016-2020 rr.

Kimumar nonymnycTeIHHOM 30HBI Bonrorpaickoi 0071acTi OTIINYAeTCs HEJI0-
CTaTKOM aTMOC(EPHBIX OCAJIKOB B BECEHHE-JIETHUMN MEPHOJI, BLICOKMMHU TeM-
mepaTtypaMu B MIOHE-HIOJIC-aBIyCTe U CHIIBHBIM HAarpeBaHHUEM ITOYBHI B ATOT
MEePHUO/I, UTO MPOBOLUPYET CHUIHLHOE HCIApEHUE U HU3KOE YCBOCHUE JIETHUX
ocaakoB. J[aHHbIE Ha pUCYHKE 3 MOKa3bIBaIOT, 4TO camblii Hu3kuit [ ' TK umen-
HO B JICTHHUH Mepro]] (MI0Nb-aBTyCT) MPAKTHYECKH BO BCE T'O/Ia HCCICIOBAHUS.
DTO HEraTHBHO CKa3bIBAJIOCh HA HAKOIUIEHWM BJaru B MaXOTHOM CJIO€ U KakK
CJICZICTBUE HU3KOH MUKPOOUOIOTHUECKON aKTHBHOCTHEO TIOYBBI B 3TOT IIEPHO/I.
CaMpIM 00ECTIEYCHHBIM IO TIPOJYKTUBHOCTH HAKOIUICHHUS OCAIKOB OKa3aJICs
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2016 rox, toe I'TK B cpeaneM 3a nepuoa camblit Beicokui 0,7. OctanbHbie ro/Ibl
MOXHO cuuTath 3acymummBeivu ¢ ' TK 0,3-0,5.

[IpoBeneHHbIH CTPYKTYpHBIH aHAJH3 TIOKA3aJI, YTO YPOXKaH IpOBOTO STIMEHS
cambIii BeIcokuit ObuT Ha paccTostauu 10H ot JIIT u coctaswn 1,4 T/ra, HEMHOTO
Hwke Ha paccrosauu SH u 30H — 1,2-1,3 1/ra (puc. 4).

35 7

30 4

25 A

20 A

15 A

10 A

5
0

5H 10H 30H
NPOAYKTMBHAA KYCTUCTOCTb, WIT 1,1 1,3 1,2
macca 1000 sepeH 29,3 30,4 30,2
6uonornyeckas yposkamHocTs, T/ra 1,2 1,4 1,3
M NPOAYKTUBHAA KYCTUCTOCTb, WT M macca 1000 3epeH M 6MON0OrMYecKan ypoKaHocTb, T/ra

Puc. 4. CTpyKTypHBIi aHaIHU3 U YPOXKAHHOCTB SIPOBOTO SIUMEHS
B cpearem 3a 20162020 rr.

Pesynbrarhl KOPpEMSIMOHHOTO aHAN3a 3aBUCHMOCTH YPOXKaHHOCTH M KO-
JIMYECTBA 3€PEH C K0JI0ca 0T HanboJiee BINSIONINX Ha IPOYKTUBHOCTD KYJIBTYD
KPUTEPUEB (BIAKHOCTB TIOYBHI B c10€ T0UBHI 0-30 ¢M (X,) ¥ METPOBOM CIIO€
(X,) TIOYBBI, CPENHECYTOUHBIX TeMMepatyp (X)) 1 OTHOCHTENBEHOH BIaXKHOCTH
Bo31yXa (X,) 3a BEr€TallHOHHBIN TIEPHOJL, 0CaIKOB (X, ), MIOTHOCTH (X, ) TIOUBBI
1 KOMILIEKCHBIX nokasareneit — ['TK (X,) u cymmaproro Bogonorpetinenns (X,)
mpoBeneHHoro 3a 2016-2020 1T, Korga MeTeoyCIOBHS CKIaIbIBATHCH MO-Pa3-
HOMY M Pa3JIM4HO BIVSUIH Ha YPOXKAHHOCTB, IPE/ICTABICHBI KO3 GHUIMEHTaMU
koppensuuu [Tupcona (puc. 5).

Kynberypa samenb cantaeTcst 6onee 3acyX0yCTOMYMBOM 1 60jIee MPUCIIOCo-
OJIeHHO AJIs BBIPAIIMBAHMS B OCTPO3aCyIUIMBBIX ycioBusX. [loatomy n ko-
3G PUIMEHT KOppEISIMY B rpadiKe pactpeessieTcs ¢ pa3InyHoN Tpajanuei
(puc.3). Ouens TpeOOBATEICH OKA3aJICs SYMEHbB K 3ar1acam BJIard B IIPOLYKTHB-
HoM crioe ouBHI (X,). Ot hakTopa X (3amac nousenHoi Biaru B cinoe 0-30 cm)
3aBHCHMOCTb CTAaOHMIIBHO HU3Kasi 110 Y, 4eM Y, 110 BCCil BUINMOCTH HOTOMY,
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YTO HEXBATKa BJIAXXHOCTH MMEHHO B MOMEHT ()OPMHUPOBAHHMSI 3€PHA TPUBOIUT
K IIYIUIOCTH, HU3KOMY Ka4eCTBY M BECY U KaK CJIC/ICTBUE CHIKAET OOIILyI0 ypo-
XKaWHOCTh 3epHa. [IpakTndeckn o BceM (aktopaM X IMEHHO KOJIMYECTBA 3€-
peH ¢ xonoca (Y,) HMeeT OoJiee TECHYI0 KOPPEIIALUI0. DTa TEHAEHLHS K POCTY
3aBUCHUMOCTH OOBSICHSIETCS BaKHOCTHIO MMEHHO 3€pHa MOJTHOCTBIO OTBCYATH
3a Ka9€CTBO M KOIIMIECTBO ypokast. OTpurarensHbie k03O OUITHEHTH KOppes-
UMM HaOJTIONAIOTCA TIPH B3aUMOCBS3H CO CPEIHECYTOUHOH TemIeparypoi (X,).
B cpennem no daxropy ypoxaitnoctu (Y ) koaddurment R*=0,18%, ¢ camoit
HH3KOH 3aBUCUMOCTBIO Ha pacctosauu 30H ot JIII. Ilo Bropomy dakrtopy Y,
R?=0,18* B cpeareM ¢ Goiee TECHON 3aBUCHMOCTBIO Ha paccTosHun SH Ha
ynanenuu ot JIIT.

0,9
0,8
0,7 -
0,6 -
0,5 -
0,4 -
0,3 -
0,2 -
0,1 -

0 -

M yposkaiHocTb (Y1) 5H M ypoxaiHocTb (Y1) 10H
W ypoxaiHocTs (Y1) 30H M KO/IMYeCTBO 3epeH ¢ Konoca (Y2) 5H
M KonMYecTBo 3epeH ¢ Konoca (Y2) 10H W KO/IMYecTBo 3epeH ¢ Konoca (Y2) 30H

Puc. 5. Koapdunuent koppensuu ypokaitnoctn (Y 1) 1 konndecTBa 3epeH ¢ Koioca
(Y2) ot pa3nuuHbIX GakTopoB BereTaloHHoro nepuoza stamens, 20162020 rr.

KoppemnsiuronHbIii aHaN3 (PaKTOPOB IO TIMEHIO JOKa3aJl 3aCyX0yCTOHIH-
BOCTbH 9TOH KYJIBTYPHI U IPUCIIOCOOICHHOCTD K METEOYCIOBHSM TTOTYITYCTHIH-
HOM 30HBI.

Koppensus sipoBoro stumeHs mpoBoauiachk 3a nepuoa 20162020 rr., ko-
TOpHBIC B OONBIIMHCTBE CBOEM OBLITH 3aCyIUTUBBIMU JTHOO OCTPO3aCYILTUBBIMH,
I'TK0,2...0,7 (uckirouerue 2016 rox ¢ I'TK-0,9). [TocTossHHBIEC TIOYBEHHBIC U
BO3QYHIHBIC 3aCyXH, HCTIAPEHUE BIIAXKHOCTH U3 ITOYBLI, OCTpasA HEXBATKa BJIaru
JUTS pOCTa ¥ Pa3BUTHA PACTCHUH W GOPMUPOBAHUS 3€pHA IEMOHCTPUPYET, UTO



Siberian Journal of Life Sciences and Agriculture, Tom 13, Ne2, 2021 123

SIUMEHB, SBJIIETCS CaMO ONITUMAJIBHOM KYJIBTYPOH JJIsl BBIPALUMBAHUS B OCTPO-
3aCyIUTUBBIX YCIOBUSAX HE3aBUCHMO OT BIAro00eCIeueHHOCTH rofa.

3ak/iouenne

Takum 00pa3oM, MOJIE3AMUTHEIC JICCHBIC TOJOCHI MTOJIOKUTEIBHO BIUSIOT
Ha OMOMETPUYECKHE TIOKA3aTeIU SPOBOTO STUMEHS, YPOKANHOCTb, Ha YITy4IIIc-
HHUE BOJHOTO PEXXHMMa ITOYBBI, CHETO3aJIepKaHUE, TAaK K€ HEJb3sl 3a0bIBaTh O
CBOEBPEMEHHOM YXO/JI€ 32 IOCEBaMH, JUIS [TOJyUYEHUs JTyUILEero ypoxasl.
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AKBAKYJIBbTYPA B KHPOBCKOM OBJIACTH.
ITPOBJIEMBI U ITIEPCITEKTUBBI

M.C. [ypcenes, C.A. Hupkun

Coenacno « Cmpamezuu pazeumus pbiOOXo3sUCmMeeH 020 Komniexca Poccutickoti
Deodepayuu Ha nepuoo 0o 2030 200ay, 8 pecuoHax, He UMEIUUX BLIXO008 K MOPSM,
mosapHoe pvib080OCmBE0 6 Onudicaliuiue 200bl QONIHCHO CIAMb NPUOPUNENHBIM 6
DPA3UMUL UX PLLOOXO3AUCIBEHHBIX KOMNILEKCO8. K uucy amux pecuoHo8 OomHocumcst
u Kuposckas obaacme, umeiowas noumu 6eK08oll Onbim pazeumus akeaxy1sniypbl.

Llenv. Ananuz mexyweeo cocmosnus, npooiem u nepcneKmug ycmouduso2o
pazeumusi moeapHoul akeaxyibmypsl ¢ Kuposckoii oonacmu.

Mamepuanovr u memoowl. Mamepuanom 015 cmamvlt ROCAYICUNU OMUEmHbLE
O0aHHble 20CYOapCmBEeHHbIX OP2aHo8 0 pasgumuu pelbHo2o xo3aticmea Kupoeckoi
obnacmu 3a nociieOHue 08adyamsv iem, a MmaKxice OanHble NEPUOOULECKUX USOAHUTLL
¢ npuMeHeHuem K HUM CIAmucmuyeckux u MOHO2pApUIecKux Memooos ananusa.

Pesynomameut. I[lokazamno, umo cospemennoe cocmoanue ompaciu mosapHozo
pw100600cmea 6 Kuposckoil 001acmu MOJICHO 0XapaKmepu308ams KAk KpUsucHoe.
IIpu smom, y nee 6onvuioti nomenyuan, KOmopbulii 00 CUX Nop OCMAemcst HeUCHOlb-
308aHHbIM. Buisgnenvt npobaemul, komopule coepicusarom pazeumiue aKeaxyio-
mypul @ pecuorne. OmmeueHo coyuanbHoe 3Havenue aKeaxyibmypuvl Ol pazeumus
cenvekux meppumopuii Kuposckoii oonacmu. C yenvio pazeumus akeaxyibmypul
000CHOBAHA HEOOX0OUMOCMb PA3PAOOMKU HOBbIX MEeMO008 U HempaOUYUOHHBIX
peuwenuil, 06ecneyusarouux NOCMynamenbHulil pOcm 00bemMo8 NPoU3B00Cmea mo-
8apHOU PbIOHOL NPOOYKYULU BbICOKO2O KAYeCmad.

3akniouenue. Bvicokomexnonoeuunas akeaKyiomypa cnocoocmeyem coyu-
anvHo-3KOHOMUYecKOMY paseumuto Kuposeckoil obaracmu u yryuuieHuio kaiecmaa
JiICUsHU ee Hacenenus. dma 3adaya 6yoem peanu3o8ana 8 mom ciyiae, ecau 4acm-
Has 3aUHMePeco8anHOCMb 6 pA3GUMUY OAHHOL OMPACU NOIYYUIM NOOKPenieHue
6 gu0e 01A2ONPUATNHBIX YCL0BULL CO CHIOPOHDBL 20CYOapCmaal.

Knroueswie cnosa: akeaxyibmypa, 6000émul, pvloa, pblo080OCME0

Jna yumuposanusa. {ypcenes M.C., Qupkun C.A. Axeaxynomypa 6 Kuposckoii 06-
aacmu. IIpobnemvl u nepcnexmugsl // Siberian Journal of Life Sciences and Agriculture.
2021. T 13, Ne 2. C. 128-137. DOI: 10.12731/2658-6649-2021-13-2-128-137
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AQUACULTURE IN THE KIROV REGION.
PROBLEMS AND PROSPECTS

M.S. Dursenev, S.A. Chirkin

According to the «Strategy for the Development of the Fisheries Industry of the
Russian Federation for the Period up to 2030y, in regions that do not have access
to the sea, commercial fish farming should become a priority in the development of
their fishery complexes. Among these regions is the Kirov region, which has almost
a century of experience in the development of aquaculture.

Purpose. The purpose of the research was to study the current state, the prob-
lems and the prospects for sustainable development of commercial aquaculture in
the Kirov region.

Materials and methods. Data for this study were collected from the state bodies’
reports on the development of the fish industry of the Kirov region over the past
twenty years, as well as from periodicals with the application of statistical and
monographic methods of analysis to them.

Results. The results of the study show that the current state of the commercial
fish farming industry in the Kirov region can be characterized as a crisis. At the
same time, it has great potential, which still remains untapped. The problems that
hinder the development of aquaculture in the region have been identified. The social
significance of aquaculture for the development of rural areas of the Kirov region
is noted. With the aim of developing aquaculture, the necessity of developing new
methods and non-traditional solutions was substantiated to ensure a progressive
increase in the production of high-quality marketable fish products.

Conclusion. In short, high-tech aquaculture can contribute to the socio-eco-
nomic development of the Kirov region and to the improvement of the quality of life
of its population. This task will be realized if private interest in the development of
this industry is reinforced in the form of favorable conditions on the part of the state.

Keywords: aquatic culture; water bodies; fish; fishery

For citation. Dursenev M.S., Chirkin S.A. Aquaculture in the Kirov Region.
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Beenenne

[punsras [IpasurensctBoM Poccuu B 2019 roxgy «Crparerust pa3BuTus
prIOOX03siicTBeHHOTO KoMILiekca Poccuiickoit denepannu Ha mepuox 1o 2030
rojia» MpeaycMaTpuBaeT yBeJIHndeHHe 00beMa POU3BOJICTBA IPOLYKIIMH TOBAp-
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HoM akBakynbTypbl kK 2030 romy 1o 618 Teicay ToHH. [1pu aTOM, A1 pETHOHOB,
HE MMEIOIUX BBIXOZ0B K MOPSIM, TOBAPHOE PHIOOBOJICTBO OTMEUEHO B KAYECTBE
TIPHOPUTETHOTO B PA3BUTHH UX PHIOOXO3SICTBEHHBIX KOMILIEKCOB [13].

Pri60oBozicTBO B KnpoBckoii 00acTi B HACTOSAIIEE BPEMsI HENb3s OTHECTH
K YCIICIIIHO Pa3BUBAIOIINMCS OTPACIIIM CETbCKOTO X034HCTBa. B CBsI3M ¢ aTUM
PBIOHBIN PBIHOK PErnoHa cerofHs Ha 96-97% 3anonHseTcs MPUBO3HON Mpo-
aykuued. JlaHHas cUTyanusl BBINISIAUT UCKIIOYUTENBHOM, OCKOIBKY IKOJIO-
THYECKUE U KIMMaTH4YeCKHUEe YCJIOBHsI O0NacTH, a TakyKe MMerolrecs Ha e
TEPPUTOPUH PHIOOXO3SHCTBEHHBIE AKBATOPHH, 0T BO3MOKHOCTH Pa3BHBATh
371eCh TOBApHOE PHIOOBOICTBO M BBIPAIMBATH HINPOKHIA CIIEKTP PBIO.

easn

AHaNM3 TeKyIIero COCTOSHUS, MPOOIEeM U TIEPCIEKTUB YCTOHIUBOTO pa3-
BHTHS TOBAPHOW aKBaKyIbTYPhl B KHpOBCKOW 001aCTH B KOHTEKCTE CHCTEMHON
MOJEPHU3ALMH HALMOHAJILHOTO X034iicTBa Poccun.

MarepuaJjbl M1 MeTOAbI

Marepuaiom Jyist CTaTbU MOCTY KM OTYCTHBIC CBEICHUSI O PA3BUTUU PhIO-
HOTo X03sicTBa KupoBCKoil o0siacTv 3a MOCieIHre OBaaIaTh JIET: JaHHbIE
TeppurtopuansHoro Ooprana ®@enepanbHON CIyKOBI TOCYTApPCTBEHHON CTaTH-
ctuku mo Kuposckoii oonmactu, TepputopuansHoro ypasineHus demepaiib-
HOT'O areHTCTBAa 110 pI)I6OJ'[OBCTBy, a TAKXXE TaHHBIC nepnoz(pmecm/lx I/IS}IaHI/Iﬁ C
MIPUMEHEHUEM K HIM CTaTUCTHYECKUX 1 MOHOTPa(UICCKIX METO/IOB aHAJIH3A.

Pesyabrarsl

[Torenmman 1t pa3BUTHA aKBaKyIbTYpbl B KHpoBcKoii 06acTr JOBOIBHO
BEJHK. 371eCh MpoTekaeT mouT 20 ThICAY PeK, CAMBIMU KPYITHBIMH HX KOTO-
peIx siBisitoTcst Bsatka, Mosnowma, Jly3a, [Twkma, Kobpa u Uena. Ha teppuTo-
puH 061aCTH pacToIoKeHbI 38 BOTOXPAaHHUIIHII] PA3TMYHOTO HA3HAYCHUS O0IIeH
miomaznsio 8222 rekrapoB. Kpome toro, nmerores 3268 o3ep obmieit miomnia-
npt0 17150 rexrapos u 1024 npynos ruiomansto 6168 rexrapos. KOxxHas yactb
00J1aCTH OTHOCHUTCSI K TIEPBOi 30HE MPYAOBOTO PHIOOBOJICTBA C €CTECTBEHHON
PBIOOTIPOTYKTHBHOCTEIO [1].

Hauano orpaciu peidopasBeneHusi B KupoBckoii 00:1acTi ObIIO TTOIOKEHO
B 1940-¢ roj1b1, KOT/Ia 3aBE3CHHBIM [TOCAJOYHBIM MaTePHAIOM OBLIO 3apbIOJICHO
CBBIIIIE TPHUJIATH KOJXO3HBIX BOogoeMoB. B 1960-1970-e roasl 3mech MosiBU-
JIUCH TIEPBBIE TTOTHOCUCTEMHEIC MTPYIOBbIE X03sicTBa — TamuIKii rocpbIOX03
n Pri6xo3 «@ummnmoska» Kuposo-Uenenkoro paiioHa, yemy criocoOCTBOBa-
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Jla LIEHTPaJIM30BaHHasi KOOPAMHALUS CO CTOPOHBI OOIACTHOTO CEIbXO3YIpaB-
neHust u opranuzanuu «KupoBpeioxos3». B 1980-e Toapr ObUTM OpraHU30BaHbI
WHAYCTpHAIBHBIC PHIOOBOIHEIC TIeXH B OMyTHUHCKE W Ha MypBITHHCKOH Oy-
Ma)kKHOH (pabpHKe, a TakKe TEIUIOBOJHOE PHIOOBOUECKOE MPEANPUSITHE ITPU
Kuposckoit TOII-5.

B Teuenne nByX MoCIeHAX JECATHICTHI HHAYCTPHAANTBHBIE pHIOOBOIIECKIE
x03stiicTBa KupoBCcKoit 0051acT cTamy COOCTBEHHOCTHEO OTKPBITHIX U 3aKPBITHIX
AKIIMOHEPHBIX OOIIECTB, 8 HEKOTOPBIE MOTYUHIIH CTaTyC (ePMEPCKUX XO3SIHCTB.
Ho, re3zaBucumMo ot opm COOCTBEHHOCTH, OTPACIh ppIOOBOICTBA B KnpoBckoit
00IacTu B JaHHBII MOMEHT HaXOJHUTCS B KPH3HCHOM COCTOSHHH. Tak, o o0be-
MaM BbIpaiieHHo! prIobI (B 2000-2010 rogax 3TOT Moka3areib COCTaBIISLII B Cpell-
HeM 150 TonH BTOx, a B2010-2019 rogax — 200 TOHH), peTHOH 3aMETHO YCTyTaeT
npyraM cyobekTam [IprBomkcKkoro eneparsHOTro oKpyTa [7].

[TpousBoncTBoM priOEI B KnpoBCcKoit 001acTH B HacTosiIee BpeMst 3aHnMa-
etcst okosio 50 opraHu3aIuii ¥ 9acTHBIX JHIl. M3 HUX TOJBKO OHO XO3SHCTBO
npousBoauT Oosee 30 TOHH PHIOBI B TOX U €1Ie 5-6 XO3SICTB BHIPAIIMBAIOT
okono 10 TorH. OcTanbHBIC MEIIKHE PHIOOBOTYCCKIE XO35ICTBA B HEOOIBIITIX
nprycajeOHbIX BOAOEMAaX U MpYy/Jax BHIPAIIMBAIOT OT HECKOJIBKUX JECATKOB
KHJIOTPAaMMOB 710 | TOHHBI JUI1 COOCTBEHHOTO TIOTPEOICHHS U 9aCTHYHO C Iie-
Tp10 peanm3anun. OCHOBY BBIPAIITBAHUS COCTABIISIOT KapIL, CTEPISAb, (POPETb,
OeTbIil aMyp U IIyKa.

Hawubosnee KpyIHBIM 110JIb30BaTENIEM aKBATOPUU PhIOOX03sHCTBEHHOTO 3HaA-
yerns spisiercs OO0 «PrrooBogHOE X035iicTBO “Hentyn”». O0mas 3eMenb-
Hasl TUIOIIAAb JAHHOTO PBIOX03a cocraBisier 1096 rexrapoB. M3 HUX mpyasl
3aHuMaroT 730 rexrapoB (10 HaryapHBIX MPYIAOB, 14 BBIPOCTHBIX U 5 3UMO-
BaJbHBIX). OCHOBHBIM OOBEKTOM aKBaKyJIBTYPHI Ul PHIOX03a SIBISETCS Kapil
U eT0 THOPUIBI.

Bropoe no 3HaunmocTu peioHoe x03s1iicTBO 00acTu — OO0 «OMyTHHHCKOE
pBIOHOE X0351iicTBOY. DTO (hopeneBoe X03IHUCTBO, pacioiararoiiee BOI0eMOM
miomanasio 300 rekTapoB, IPOM3BOANT B TOA 0K0JIO0 20 TOHH PHIOHI.

Ha KymeHcKkoM BOOXpaHIIINIIIE TIPOMBIIUIEHHOE PHIOOIOBCTBO OCYILECT-
BisieT OOO «IIpupona». Ha npynax Kymanunckom u BepxHecaBanbCckoM 1O
TEeUEeHNIO peku UTpiok peIOONIPOMBICIOBEIME ydacTKamu pacrionaraer OO0
«Arpodupma “Casamn™». OO0 «Hanexna» siBIsieTcs! OJIb30BaTeNeM pbi0o-
IIPOMBICIIOBOTO Y4acTKa Ha o3epe be3pIMsIHHOM B AdaHacheBCKOM paiioHe, a
00O «Becna» — na Tobonbckom mpymy [15].

[IpenaTcTBus, CTOSAIINE CETOMHS HA ITyTH BCEX PHIOOBOTYECKUX XO3SIHUCTB
KupoBckoii 0051acTH, — 3TO BRICOKAasI 3aBUCUMOCTh HX OT HMIIOPTHBIX KOPMOB,
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cinaboe pa3BuTHEe UHGPACTPYKTYPhI PHIHKA, HEXBATKa KBAJTU(PHUIIMPOBAHHBIX
CTIEHAINCTOB, OTCYTCTBUE MHBECTUIINH B PA3BUTHE OTPACIIH U, KaK PE3yIIbTaT,
ycTapeBIlasi MaTepHalbHO-TeXHIUUECKast 0a3a M OTPaHUYCHHBIC BO3MOKHOCTH
JUTsl yCTOMYMBOTO BBIXOJIa HAa PHIHOK [2-5].

BbIxo U3 3TOM CUTyalnu U JajbHEHIIee SJKOHOMUICCKH () (DEKTHBHOE pa3-
BUTHE PHIOOBOJCTBA B 0OIACTH, TI0 HAIIEMY MHEHHIO, 3aKIIFOYAIOTCS B COBEP-
LIEHCTBOBAHUM CIEAYIOLINX TapaMeTPOB PErHOHAIBHON aKBaKyJIbTypBL.

[Ipexnae Bcero, cerofHs CyIiecTByeT HEOOXOIUMOCTh pa3paboTKU HOBBIX,
HETPaJUINOHHBIX TEXHOJIOTHUECKHUX TOIXOA0B U PEIIEHNUH, KOTOPBIE CMOTYT
obecrieunTh 3 (HEeKTUBHBIN POCT 00BEMOB BEIPAOOTKH TOBAPHOM PHIOHOM TIpO-
JYKIIMU BBICOKOTO KauecTBa ¢ MMHUMAJIbHBIMU 3aTpaTaMU MaTepHAIbHO-TEX-
HUYECKHX PECypCOB.

C 97011 1IeTThI0 B HOPMATHBHO-TIPABOBYIO 023y pernoHa He0OXOIUMO BHECTH
JIOTIONTHEHMSI ¥ U3MEHEHHUs, TIPU3BAaHHBIE, MPEXKJE BCET0, KOHKPETU3UPOBATh
UCIIOJIb30BaHNE PHIOOTIPOMBICIIOBBIX YYaCTKOB I10 UX [IEJIEBOMY Ha3HAUCHHUIO.
B Kuposckoif obmactu 1enecoodpa3Ho NPUHATH PETHOHANBHEIN 3akoH «O
Pa3BUTHH PHIOOXO3SHCTBEHHOTO KOMILIEKCa», B KOTOPOM OBUIN OBl YTOUHEHBI
TIPaBOBBIE HOPMBI B c(hepe COXpaHEHHsI, U3yUEHUsI, BOCIPOU3BOJICTBA U HCIIOJb-
30BaHUs BOIHBIX pecypcoB [6].

Jpyroe HampasieHne pabOThl — MEpHI TOCYIapCTBEHHON MOJICPKKH 3a-
PBIOICHUST BOJOEMOB, ITOMOIL CPEAHEMY M MalloMy TpeIIpPUHUMATEIbCTBY,
crcTeMa YIKOHOMHUYECKOTO CTUMYJIMPOBaHHUS JUIsl YBEINYeHHs 00bEMOB BbIpa-
IIMBAHUS U peaTn3allii TOBAPHOH peIObI. HeoOxoammMo coeiicTBOBaTh pa3BH-
THIO OTJIA)KEHHOTO COBITa M TIepepabOTKH pHIObI, 0COOCHHO B JIETHUH MEPUO,
(hopMHpOBaTh TOCYJapCTBEHHBIN 3aKa3 Ha IMOCTABKYy PHIOHOW MPOAYKLUHU B
OromxeTHbIEe yupexaeHus. HyXHbI Takoke MEpbI TOCYAapCTBEHHON MOAIECPIKKU
PBIOHOTO X035HCTBA B Chepe MOATOTOBKH KaJPOB, PA3BUTHS MaTepHaIbHO-TEX-
HUYECKOI 0a3bl, BHSAPCHHS HOBEUIIIMX TEXHOJIOTHIA [8-14].

TpeTuil BaKHBII BOIIPOC — IPOBEACHUE UHBEHTAPU3ALIUU CYLLECTBYIOIIUX
B PETHOHE PHIOONIMTOMHHUKOB, BBIICJICHHE U3 UX UHCIIA IEPEUHS MEPCIIEKTHB-
HBIX, IPUTOJHBIX JUIS THTEHCHBHOTO BOCITPOM3BOJICTBA BOJHBIX OMOPECYPCOB.
B nanpHeliem 1o KaxoMy pplOONMTOMHUKY BaXKHO pa3padoTarh IIaH Mepo-
MIPUSATHHN 110 PEKOHCTPYKIUHU B 3P (PEKTHBHOMY €T0 HCIIOIb30BAHUIO.

Takxe 1o KaxJoMy HepcreKTHBHOMY pblOonuToMHUKY KupoBckoii 06ia-
CTH HEOOXOMMO C(OPMHUPOBATH FOCYAAPCTBEHHBIN 3aKa3 Ha BHIPAIIMBAHHUE PhI-
60moca0YHOr0 MaTepHaia eHHBIX MTOPOoJ PhI0 (JUTI JanbHEHIIero BceaeHns
BO BHYTPEHHHE BOIHBIE OOBEKTHI) C BO3MEIICHNEM PIOOIIMTOMHHUKAM BCEX 3a-
TpaT MO BBIPAIIMBAHUIO pHIOOTIOCAI0YHOT0 Marepuana [16-20].
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Crenyromuii BayKHbIH 11ar — MPeA0CTaBICHHE PhIOOITMTOMHUKAM, IT0JyYa-
FOIIIM PETHOHAIBHBIN U (heAepanbHBIN roCyIapCTBEHHBIE 3aKa3bl, CyOBEHITHN
13 COOTBETCTBYIOIIUX OIO/KETOB Ha MOJCPHHU3AINIO HHKYOAIIMOHHBIX IIEXOB,
BBIPOCTHBIX M 3UMOBAJIBHBIX MPYA0B, MOKYIKY MPOU3BOHUTEIICH PHIO MPOITyK-
THUBHBIX ITOPOJI, a TAKKE Ha MTPOBECACHUC HpO(bI/IHaKTI/I‘{eCKI/IX MepOHpHﬂTHﬁ.

Crenyet yka3arh, HAKOHEII, Ha HEOOXOIMMOCTh KOOTIEPHPOBAHHMS XO3SHCTBY-
IOIIMX CyOBEKTOB M Ha 0OecIiedeHHe 3allUThI 3aKOHHBIX ITpaB HaceneHnst Kupos-
CKOM 00J1aCTH, 3aHUMAIOLIET0Cs JTFOOUTEITECKIM U CIIOPTHBHBIM PHIOOJIOBCTBOM.

Takum 06pazom, ajantanys MUPOBOTO OMBITA K yCIOBHUSIM PETHOHA TT03BO-
JIUT CO3/1aTh COOTBETCTBYIONIYIO HH(PPACTPYKTYPY, HAYUHBIN ITOTEHIIUAI, TIPH-
BIIEKATEJIbHBIE JJIS1 YACTHBIX MpeANpUHUMaTeNel TexHonoruu. B aTom ciaydae
aKBaKyJIbTypa OyleT cnocoOCTBOBAThH COMATBHO-IKOHOMHUYECKOMY Pa3BUTHIO
KupoBsckoii 06:1acTH, MO3BOIUT MOBBICUTH TPYI03aHATOCTD HACEICHHS U J0-
XOJTHOCTb CE€Mel, COAECHCTBYET YIIyUIIEHUIO 30POBbsl U KaueCTBa KU3HU Ha-
CEJICHMUS], U, KaK CJIEJCTBUE, yCTONYMBOMY Pa3BUTHIO CEIbCKUX TEPPUTOPUIL.

3ak/aoueHne

[TonBozst UTOTH COCTOSTHHIO PBIOOBOICTBA B KMPOBCKO# 001aCcTH, MOXKHO
OTMETHUTh, YTO HA CETOAHSIIHUN AEHb OTPACTh HAXOAUTCS B KPU3UCE, B CBAZH
¢ ueM TpeldyeTcs pearu3aiis HeOTIOKHBIX Mep COIHATBHO-YKOHOMHYECKO-
r0 ¥ TEXHOJIOTMYECKOro xapakrepa. [Ipu »ToMm, NpUHIUI YaCTHON 3auHTepe-
COBAHHOCTH JIOJDKEH MOJKPETUIATHCS CO3aHUeM ONIarOMpHUSTHBIX YCIOBUH CO
CTOPOHBI TOCYAaPCTBA.
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AJJAIITUBHBIE TPEOBPA3OBAHU S
BUOXUMUNYECKUX MOKA3ATEJIEN ITIOYEK
U KPOBU PYKOKPBLIBIX POJA HETOIIBIPH,

OBUTAIOIIUX HA TEPPUTOPUN
BPSIHCKOM OBJIACTH

E.H. Kapnenxo, E.B. 3aiiyesa, JI. H. Anuwienxo,
A.JIL Xapnan, H.H. Kpuxnuegutii

Hccnedosanue buonocudeckux ocobennocmert pyKOKpbLIbIX MAEKONUMAIOUWUX
CBA3AHO € UX A0ANMUBHLIMU NPUCNOCOOICHUAMU K NOJIeNY, 8blaslleHUeM Ux Me-
CMoodOUMAaHUA, 803MONICHOCAMY Klaccupurkayuu u cucmemamusayuu. Basicnoe
3HAUeHUe PYKOKPLLILIX NPUHAOLEHCUM UX IKOTOSUHECKOMY ZHAUEHUI0 8 OUOCU-
cmemax u O MOHUMOPUHEA Y2PO3 PACHPOCMPAHEHUs: UHPEKYUOHHbIX DONIe3Hell.
Lenv uccnedosanus — eviasneHue 3aKOHOMepHOCIell OUOXUMUYECKUX noKazamerneu
NOYEK U KPOBU PYKOKPUHLIBIX 0I5l OYEHKU A0ANTUSHBIX NPUSHAKOE U 8O3MOICHOU
uHOUKaYUU cpeodbl Ha npumepe 6uda Hemonwvlps manviil (Pipistrellus pygmaeus) na
meppumopuu bpanckoii obnacmu. I'emamonocuueckue u duoxumuyeckue ucciue-
008aHUs KPOBU IeMYHUX MbluLell NPOBOOUNUCH C UCHONb30BAHUEM OOUJENPUHATNBIX
Mmemooux. Onpedensinucy benKkosvie Qpaxyull 6 CbleOPomKe Kposu nypououmempu-
YeCKUM MemoooM, PaACCUUMbIBALOCH COOEPHCAHUE KAHCOOU Pparyuu 8 abconom-
HbIX GENUNUHAX, A MAKJICE ANbOYMUH-2N00YIUHO80e coomuouenue. TIpogodunace
oyeHKa (pepmenmamueHol AKMUGHOCMU: AKMUBHOCIb NEPOKCUAA3L, CYKYUHAN-
Odezuopozenassl, werouHol ocghamaswl, Kuciol ocpamasvl. B ucciedosanuu
onpeoensanuct, Kamuonnvle OenKil, GblAGIANUCy AKMUSHOCMU dH3UMO8. 1o uccne-
OyemMbiM OUOXUMUYECKUM NOKA3AMENAM PACCHUMBIBAUC, OCHOBHBLE INIEMEHMbL
sapuayuonnol cmamucmuku. Ilonyuennvie oannvie N0 GUOXUMUYECKOMY AHATU3Y
mKawetl nouex u Kposu Hemonwvips manozo (Pipistrellus pygmaeus) pexomendyemcs
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UCNOTBL308AMb 8 KAUECNEE «OUOXUMUYECKUX HOPMY», XAPAKMEPUIVIOWUX CIMAHOAPN
6U0a, OUASHOCIMUYECKUX KpUMepues npu OyeHke UMMYHON02UYECKO20 Cmamyca u
COCMOAHUS PYKOKPBLIBIX NOO 8030€LICMEUEM IK302EHHBIX U IHOOLEHHBIX (PAKMOPO8.

Knrouesvie cnosa: pykoxpulivie miekonumaiowue; Hemonvips manvlii (Pipistre-
llus pygmaeus); Bpsanckas obnacmy, buoxumuiecKue nokasameni, NO4Ku; Kposb,
hepmermoi

Jna yumupoeanun. Kapnenurxo E.H., 3aiiyesa E.B., Anuwenxo JI.H., Xapnan
AJL, Kpuxnusvii H.H. Aoanmuenvle npeobpazosanis OUOXUMUYECKUX NOKA3ame-
Jell noYex U Kposu PyKOKPLLILIX poO0a HEMonbipb, 0OUMAloWux Ha meppumopui
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ADAPTIVE TRANSFORMATIONS
OF BIOCHEMICAL PARAMETERS OF KIDNEYS
AND BLOOD OF BATS OF THE GENUS
PIPISTRELLUS, LIVING IN THE TERRITORY
OF THE BRYANSK REGION

E.N. Karpenko, E.V. Zaitseva, L.N. Anishchenko,
A.L. Kharlan, N.N. Krikliviy

The study of the biological characteristics of bats mammals is associated with
their adaptive adjustments to flight, the identification of their habitat, the possibilities
of classification and systematization. Bats are of great importance for their ecological
significance in biosystems and for monitoring the spread of infectious diseases. The
aim of the study was to reveal the regularities of the biochemical parameters of the
kidneys and blood of bats for the assessment of adaptive traits and possible indication
of the environment using the example of the common bat (Pipistrellus pygmaeus)
species in the Bryansk region. Hematological and biochemical studies of bats were
carried out using generally accepted methods. Protein fractions in blood serum were
determined by the turbidimetric method, the content of each fraction was calculated
in absolute values, as well as the albumin-globulin ratio. The enzymatic activity
was assessed: the activity of peroxidase, succinate dehydrogenase, alkaline phos-
phatase, acid phosphatase. In the study, cationic proteins were determined, enzyme
activities were identified. The main elements of variation statistics were calculated
by the studied biochemical parameters. The obtained data on biochemical analysis
of kidney tissues and blood of the pipistrellus pygmaeus are recommended to be used
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as «biochemical normsy characterizing the species standard, diagnostic criteria for
assessing the immunological status and state of bats under the influence of exogenous
and endogenous factors.

Keywords: bats mammals, bats (Pipistrellus pygmaeus); Bryansk region; bio-
chemical parameters; kidneys, blood; enzymes
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Beenenne

PyKoKpbLIbIE — €IMHCTBEHHBIN OTPSIT ITAICHTAPHBIX MJICKOIUTAIOIIHX, CIIO-
COOHBIX K aKTUBHOMY TIOJIETY, M BTOPOH IO BEMMYHHE OTPSIJl MICKOIHUTAOINX,
srumovaronuii 1200 Buzos [1, 2]. B Heuepuozembe PO, Tak xe Kak u o Bcemy
MUPY, YUCIICHHOCTD JIETYYHX MBIIIEH COKpAIaeTCsl IIPH BIUSIHUM aHTPOTIOT€H-
HBIX (J)AKTOPOB: XUMHUYECKOTO 3arpsI3HCHHS, yMCHBIIICHHsI KOPMOBO# 0a3bI [3, 4].

BpstHCKast 06macTh 06magaet OOIBITUM pa3HOOOpa3UeM YCIOBUI OOUTAHNUS
TIpe/ICTaBuTENeH (hayHbl M BHJIOB aHTPOIIOTEHHOW HArpy3Kd Ha YKOCHCTEMBI.
W3y4eHue npocTpaHCTBEHHOIO PACIIPE/Ie/ICHUs BUIOB (hayHbI [T03BOJISIET BbIs-
BUTH MECTOOOMTAHNS PEIKMX BH/IOB )KUBOTHBIX, KOTOPBIC HYKJAIOTCS B 3aIIUTE
u oxpase [5]. JlaHHbIe 0 IPUPOIHBIM pecypcaM U OKpyxkarolei cpeae bpsu-
CKO#1 00J1aCTH 110 BUIaM aHTPOIIOI'€HHOM HAarpy3KH Ha 9KOCUCTEMBI TI03BOJISIIOT
YCTaHOBHUTH (DaKTOPBI, OKa3bIBAIOIIIE CEPHE3HOE BIMSHUE HA MPOILECC pacce-
JIGHUsI )KUBOTHBIX [5, 6-8].

Jlist yenoBeKa M )KMBOTHBIX CHCTEMHOE M3YyUCHHE JIETYYHX MBILIEH Urpaer
0C00YI0 POITb B UX KHU3HEACATSIBHOCTH. PYKOKPBUIBIE MOAICPKUBAIOT SKOJIOTH-
YEeCKOe COCTOsTHHE OMochephl, SBISAACH SHEPTHIHBIME HCTPEOUTEIIIMI HACEKO-
MBIX. UHCIIEHHOCTD MOIYJISIIUI JIETYYNX MBIIIEH B UX 9KO-MOP(OIIOTHUECKUI
U MOP(OPHU3HOIOTMIECKUI CTATYChl CTAHOBSITCS YPE3BbIYAiHO BaXKHBIMU JIJISI
MOHHUTOpPHWHTA yTpo3 HHMEKIIMOHHBIX Ooe3Hel [9], Hapymeruns skocucteM [ 10]
U TJ100aJIbHOTO M3MEHEeHHs KinMata [3, 4, 8, 11].

ITo nanueiM A.A. Topbauesa [12], 3HaHHS 0COOCHHOCTEH OHOJIOTHH, TPYII-
TIOBOM OpPraHU3aLUU U IIPOCTPAHCTBEHHOTO PaCIIpe/IeNIeHHsI PYKOKPBIIbIX HE00-
XOJIIFIMBI JUTS Pa3padOTKH d(PPEKTUBHBIX MEp IT0 COXpaHEHUIO OMOpa3HO00pasusl.

PyKoKkpbLIBIE, SBISSCH YaCTHIO OMOTHI, PACCMATPUBAIOTCS CETOTHS KaK ONH
13 BOKHBIX OMOMHIMKATOPOB COCTOSIHUS dKOcUCTeM. [loBceMecTHOE pactpo-
CTpaHeHne, o0ecleueHNe 3KOCUCTEMHbBIX (DYHKIMH M HU3KUH ypOBEHb pe-
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MPOAYKTUBHOCTH ACTIAOT PYKOKPBUIBIX YYBCTBUTCIBHBIMU K HAPYIICHUSAM B
skocuctemax [2-4]. [IpocTpaHcTBeHHOE pactpeenieHiue PyKOKPBUTBIX OIIpee-
JISIETCS] COUETAHNEM PSAJIa SKOJIOTHYECKHUX (PAKTOPOB, CPEAN KOTOPBIX BEAYIILYIO
POJIb UTPAIOT CPEHSISI TEMIIEPATypa CaMOo TETION U CaMOl XOJIOIHOM YeTBep-
Tel To/1a, a TakKe TUIOTHOCTB JIFOJICKOTO HaceneHus [3, 4, 13].

Juis pykokpsUTBIX BpstHCKOM 001acTH XapakTepHa Onpe/esieHHas BpeMEH-
Hasl IMHAMUKA: YBEJIMYCHUE aKTHBHOCTH C Masl 110 MIOJIb U CHIKEHHE aKTHB-
HOCTH C UIOJIA MO CeHTs6ps [6, 12].

3a rmocueqHne TOABI HHTEPEC K N3YUEHUIO PYKOKPBUIBIX BO3pOC U B bpsiH-
cKoi o6macTr. OcTaroTcs MpoOeITbl B 3HAHUSIX O OMOXHMHUECKOM COCTABE TKa-
Hel 1 aHaToMo-Mop]oPH3NOTOTHIECKUX 0COOCHHOCTEH BHYTPEHHHUX OPraHOB
PYKOKPBIIBIX, TPeOyIOIIHe MPOBEACHUS HOBBIX HCCIEOBAHUH C UCIIONB30Ba-
HHUEM COBPEMEHHBIX METOJIOB, UTO aKTYaJILHO JJIsl ONPE/IENICHNs] 0COOCHHOCTEN
OMOXMMUHM B TKaHSIX U BHYTpEeHHUX opraHax Chiroptera B CBS3U C IIPUCIOCO-
OJIeHUEM K MONETYy.

AnanTuBHBIE TPEOOPA30BAHUS OPraHU3Ma U JMHAMUKA ONOXUMHUYECKOTO U
MOP]OIOrHIEeCcKOro cocTaBa KpOBH U TTOKa3aTeael 0OMeHa BEIIECTB Y JIETYUHX
MBIIIEH pOJia HETOIBIPh MaJIbIil B TOCTHATAIILHOM OHTOTEHE3€ C YIEeTOM MOJIO0-
BOW IPUHAICKHOCTH UCCIIEA0BAHA HEOCTATOYHO.

Ienp nccnenoBanms — BHISIBICHHE 3aKOHOMEPHOCTEH OMOXUMHYECKHX T10-
KazareJel MoYeK U KPOBU PYKOKPBLIBIX ISl OLIEHKH Al THBHBIX TIPU3HAKOB U
BO3MO)KHOI MHJIMKAIMN CPe/Ibl Ha IPUMeEPE BUA HETONBIPL Mablid (Pipistrellus
pygmaeus) Ha TEPPUTOPUN BpsTHCKON 00IACTH.

XapakTepucTHKa 00bEKTA MCCIeT0BAHUS

B pon neronsips — Pipistrellus Kaup, 1829 — BXOaAT BUABI IETYYINX MBIIICH
MEJKHX pa3mMepoB (puc. 1). ¥ meTydnx MBIIei 3TOro BUIA KPBUThS HETITHPO-
KHe, 320CTPEHHbIE. Y OCHOBAaHUS LINOPHI, UMEETCS XOPOILIO pa3BUTas Snuoe-
Ma, CHaO)KeHHAsl TIOTIEPEUHON MePerOpOIKON. YIIIM OTHOCUTEIHLHO KOPOTKHE,
Cy’)KeHHBIE K BepmmHe [ 14, 15].

Pykokpsuibie, oburaronue B bpstHCkol 001acTH, IPUHAICKAT K OTHOMY
TIOAOTPSIY PYKOKpbUIbIe — Microchiroptera, HancemeiictBy Vespertilionoidae,
cemeiictBy [ mankonocsie (Vespertilionidae) — OOBIKHOBEHHBIE JIETYIHE MBITIN
i koxkaHosble. M3 10 pomoB 310 ceMeicTBa, KOTOpble BeTpeuatores: B Poc-
cun Ha Tepputopun bpsiHCKo# oOnacTh, ObUTH OTMedeHb! cienytomue: Hou-
Hunbl (Myotis), Hetonbsipu (Pipistrellus), Beuepuuusl (Nyctalus), Koxxanbt
(Eptesicus), JIByxuBeTHble KokaHblI (Vespertilio). Becero Obuto BEIsBICHO 15
Buji0B [12].
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Puc. 1. Heromsips manstit (Pipistrellus pygmaeus) (doro Kapnernko E.H., 2019)

Matepuajbl H METObI HCCJIE0OBAHHS

Pa6ora emomHsace B iepuon ¢ 2011 mo 2020 rr., COBMECTHO C acpaHTaMu
A.A.Top6auessmv, C.C. 'onomanosoii, B.B. ['pn6 B 1aboparoprsix OMOMHINKAIIN
1 MOp(o-(pHU3HOIOrHH YETIOBEeKa U XKUBOTHBIX Kadempsl ouonoruu ®I'6OY BO
«bpsiHCKMI TOCYTapCTBEHHBIN yHUBEpCUTET MMEHH akajieMuka V.I. IleTpoBckoroy.

[{uroxuMnaeckre 1 IMMYHOJIOTHUECKHE UCCIIC/IOBAaHUS ITPOBE/ICHBI Ha 6a3e
CTaBpOII0IbCKOTO HAyYHO-HCCIIEIOBATEIBCKOTO IIPOTUBOYYMHOIO HHCTHTYTA U
Ha Kadenpe obmieil OMoIOTHN B MPOOIEMHON HAyYHO-FCCIIEI0BATEIHCKON J1a-
Goparopun 3KCHEPUMEHTAIEHONH MMMYHOMOP()OIOTHH, UMMYHOITATOJIOTHH 1
nMMyHOOHOTEXHOIOrHH CTaBPOITIOIBECKOIO TOCYAapPCTBEHHOTO YHUBEPCUTETA B
nepuof ¢ 2016-2020 rogoB mos pyKOBOJICTBOM JOKTOpa OMOIOTHUECKUX HayK,
mpodeccopa Aunpest Hukomaesnda KBouxo.

Jnst 0TI10Ba JIeTY4NX MBIIIEH HCIOIB30BAINCH ITAyTHHHBIE ceTH. Pazmepsl
cetelt coctaBisuid 6 Ha 2,4 MeTpoB, ¢ TonuuHod HUTH — 0,08 MM U syeiika-
MU — 14 MM. CeTH HaTSTUBAIN BO BPEMs 3aX0/la COJIHIIA Ha IMyTH poneTta He-
TOmBIpst Majioro. Beero Obu10 IpoBenieHo 12 omnosos. [Tocie oToBa 3BepbkoB
B TeueHuu 10-12 gacoB copepkaliv nMpu MocTosiHHOM Temmneparype +5°C st
HUCKYCCTBCHHOT'O BBEACHUA UX B CIIAYKY.
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3a2011-2020 rozpi ObUTH 0OHAPYKEHBI HECKOJIBKO KOJIOHUH: KostoHust Ne 1 —
Ha Tepputopuu nepeBHu KykyeBka HaBmumHckoro paiiona bpstackoii obmacti,
B KOJIOHWHM HAaCYHTHIBAJIOCh 36 ocobeit Buna Herombips manenii (Pipistrellus
pygmaeus), u3 HUX: 25 sxeHCKUX U 11 Myxckux ocoOeit; komonust Ne 2 — B ro-
pone Mriua bpsiHckoit 061acTi, B KOJOHUU HAaCUUTHIBAIOCH S0 ocobeli Bua
Heronwips manstit (Pipistrellus pygmaeus), n3 Hux: 31 5keHCKUX 1 19 My»KCKIX
ocobei.

ITocne n3mepenuit mpomMepoB KOJIOHUHU JIETYYMX Mbllield Buaa Heronbipb
Manelii (Pipistrellus pygmaeus) I TaTbHEHUIIETO UCCIEI0OBaHNS OBLITO 0TOOpa-
HO TI0 IpUHIMITY aHaioroB 10 ocobeii: 5 camioB u 5 camok. YacTh 3BepbKOB
OBUTH OTIYIIEHBI B CBOIO TIEPBOHAYANIBHYIO CpEly OOUTaHuSI.

[Ipu paboTe ¢ pyKOKPBUIBIMU MOJTHOCTHIO COONMIOanu MexayHapoaHbIe
TIPUHINIBI XeIbCHHCKOH AeKIapannuy 0 TyMaHHOM OTHOIICHUH K )KHBOTHBIM.
Bce npouietypsl MccieioBaHus IETYYHX MBIIICH, BKITIOYast 3BTaHA3HIO, IPOBO-
JIMJTH, COOJIIOZIast ITPaBUIIa 3aIUThI TTO3BOHOYHBIX )KUBOTHBIX, HCIIOJIb3YEMBIX B
Hay4HBIX messix [16, 17].

I'emaronornueckue n OMOXUMHYECKHE HCCIICOBAHMS KPOBH JIETYUHX MBI-
ICH TPOBOAMIINCEH C HCIIOIh30BAHUEM OOIICTIPHHSATHIX METOIMK [ 18].

C nomoripio bnoxumudeckoro gporomerpa Stat fax 1904+R (CIIA) koso-
PUMETPHIECKUM OMYPETOBBIM METOJIOM (C HCIOIb30BaHueM peareHToB [TPO-
TEWH-HOBO (B-8012)) onpexnensuin o0muii 0e10K cbIBOpOTKH KpoBu. [Tpn
nomortu @IK-56ITM (Poccust) onpenensinm OeKoBbie GPaKIHK B CHIBOPOTKE
KpOBH TypOuanMeTpraeckum MeToaoM [ 18]. Mccneayemyro CRIBOPOTKY Kpo-
BH, MOJYYECHHYIO OT JIETYYHX MBIIIeH, cMemunBany ¢ pabounmu (ochaTHbI-
MU pacTBOpPaMU 3aJaHHOMN KOHIEHTpaluu. ONTHYECKYIO MIIOTHOCTh JaHHBIX
pacTBOPOB OMPEACISUIN MIPU KPACHOM CBETO(UIBTPE B KIOBETE C TONIIMHON
ciost 1 cM, cpaBHMBAsi ¢ KOHTpoJeM. 3Hasi KOHIIEHTpaIHio odmiero Oeska B
CBIBOPOTKE KPOBH, PACCUUTHIBAIIN CO/IEPKAaHHUE KX 101 Pppakyu B aOCOITIOT-
HBIX BEJIMYMHAX.

B cbiBOpoTKE KpOBM, MOJYUYEHHOM OT JIETYYHX MBIIIEH, ONPENEsUId ajlb-
OyMuH-TII00y;IMHOBOE cooTHoIeHne (H), kak nmpuMep BBICOKOCHEIU(PHIHBIX
UTOXUMHYECKHX METOOB, UCIIOIB3YIOLIUXCS U1l HHTEPIIPETalnu Mopdoio-
TMYECKUX, TeMaTOI0T MUECKIX, UMMYHOJIOTHYECKUX JAHHBIX M TPUMCEHSIOIIHX-
Cs B IMarHOCTUYECKUX 1elsx [19].

[Tpy IMTOXUMHYECKMX HMCCIIEOBAHUIX MPOBOAMIACH OICHKA (pepMeHTa-
TUBHOW aKTUBHOCTH HEHTPOQHIOB KPOBHU y JeTyunx Mbimei. ITo I'pexemy —
Kxomiro B Ma3kax KpOBH ONpPEAETSIA aKTHBHOCTE MUenonepokcuaassl (MI10
(K.®.1.11.1.7)) [20].
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[To HanMuuMIO B KIETKaxX IPaHyIOLUTAPHOTO PsiAa BKIIOYEHUH B BUE 3€JIE€HO-
BaTO-KENTHIX MM KOPUIHEBBIX TPaHyJl OTMEUAIach aKTHBHOCTH IIEPOKCHU/IA3EI.
ITo metoauxe P.I1. Hapuuccosa [21, 22] onpenensiyiv CyKUMHATAETHIPOTeHa3y.

AxktuBHOCTB 1enouHor ¢pocdaraser (11D (K.D.3.1.3.1)) onpenensuu mo
METONy a3ocodeTanus. AKTUBHOCTh kucioi ¢ocdaraser (KO (K.D.3.1.3.2))
YCTaHABJIHMBAJH pEaKIlel a30COYeTaHus C TeKCA30THPOBAHHBIM TTapapo3aHu-
JIMHOM C UCNOJb30BaHueM pexomeHaauuii 3.A. byrenko [20].

Karnonnsie 6ei1xu B Ma3kax KpoBH omnpenensiu no meroauke B.E. ITura-
pesckoro (1978) [20].

HuToxMMUYecKre peakIiy OIICHIBAIHICE IO CTETICHH OKPACKH [IATOTIA3MBI
(L. Kaplow (1963), ¢ yuérom pexomennanuii 3.A. Bytenko) [24]. Jlist ompe-
JIeNIeHNsI aKTUBHOCTH YH3MMOB U COMYTCTBYIOIINX BEIIECTB HCIOIH30BAIHCH
TTOJTYKOJIITYECTBCHHBIE TTOKa3aTenu [24].

ITo meromy L. Kaplow (1963) Beraucisuia cpeHHNA MUTOXUMHYCCKUHN TO-
kazatens (CLII). ¥V neTydnx Mpliei mpoBOAUIN OIIEHKY UIMMYHHOTO CTaTyca
C WCHOJIBF30BAaHUEM METOa HempsMoit nMMyHO(roopecteniun [23]. Meron
OCHOBAH Ha CIICIII(PHIHOCTH UMMYHOJIOTHICCKOM peaKIIui aHTUTCH-aHTUTEIIO
1 YyBCTBHUTEILHOCTH ()IIyOPECHEHTHOI MUKPOCKOITUH.

CyCITeH3HI0 )KUBBIX KJICTOK 00pa0aThiBaIk aHTHTEIAMH, CIICIIU(PHUCCKUMHI
K BBISIBIICHHOMY aHTHTCHY,  3aTeM aHTUTEIIaMH, COSTNHEHHBIMU C (PIIFOOPOXPO-
MOM M HaIpaBJICHHBIMH NPOTHB crieruduueckux antuten. OneHKa pesysibTaToB
HPOBOJIMIIACK 10 CHIEHU(PHUUECKOMY CBEYCHHUIO.

Bce rucromerprudeckne U3MEpEHUsT MPOU3BOANIH C TIOMOMIBIO U3MEpPHU-
TENIBHOTO IMPKYJIS, TPAHCIIOPTUPA, MEJUIIMHCKOTO MUKPOBH30pa ITPOXOISIIe-
ro cera Vizo-103XT0068 ¢ paspemienuem 1024x768, npu oosexTrBe 5%/0,10;
20%/0,45 u 40%/0,45.

[Ipu mpoBeieHNH THCTOIOTHYSCKUX UCCIICIOBAHNH YUUTHIBAJIHICH «...BO3-
MOYKHOCTH OOBEKTHBHBIX U CyObEeKTHBHBIX apTe(akToB ...» [24].

PaccunThIBannCh OCHOBHBIE AJIEMEHTHI BAPHAIIMOHHON CTaTHCTUKH — CPeJi-
His apupmerndeckas (M) u ommoOKa cpegHel apupMeTHIecKoi (£m).

Crarucruueckas 00paboTka nndpoBoro Marepuaia OblUla BHIITOJHEHA Ha
NepPCOHAJIBLHOM KOMITBIOTEpE C TIOMOIIBbIO Tporpammbl Microsoft Excel.

Pe3ysbrarhl Hecae10BaHUS

Y ocobeii 060ero mona HeTombIips Majioro (Pipistrellus pygmaeus), oouraro-
IIUX B CEIbCKOW MECTHOCTH B MepBoil KonoHnu (nepeBHsa Kykyeska Hapmua-
CKoro parioHa BpsHckoit oOmacTi) u B Topoaie BO BTOpoil KonoHuu (I. MrmnH
Bpstackoii o0nacTy), BBISIBICHBI HHIMBHIYaJIbHBIE 0COOCHHOCTH COMAaTOMETPH-
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YECKHX, MAKPOMETPUYECKUX U MUKPOMETPUYECKUX MOKa3arelieil moyek, ono-
XMMHYECKUX MOKa3areseil TKaH! MO0YeK U KPOBU — TKAHU BHYTPEHHEH Cpelibl
OpraHu3Ma.

Buoxumuyeckue noka3zareju TKAHU MOYEK Y HETONBIPSI MAJIOT0

Juist tryO0KOTO TOHNMaHUS METa0OIYECKUX MTPOIIECCOB, TIPONUCXOIAIINX B
TKaHU MTOYEK Yy JICTYYHX MBIIICH B IIOCTHATAIEHOM OHTOT€HE3¢, OBUIO U3yUCHO
COJIEp)KaHUE MOYEBUHBI, MOUEBOM KHCIIOTHI U IVTIOKO3bI. BBIMTOTHEHHBIE HCCTIe-
JIOBaHUS MTO3BOJIMIIN BBISIBUTH OOIIME U YaCTHBIE 3aKOHOMEPHOCTH Y CAMIIOB U
CaMOK JICTYYHX MBIIICH BUIa HETOIBIPh MaJIbli, OOMTAONINX HA TEPPUTOPHU
Bpstackoit obnacty.

AHanm3 OMOXUMHUYECKUX TTOKa3areled TKaHeH MOYeK Y HETOMBIPS MaJoro
MTOKa3aJl pa3Iudusl B COJCP)KaHUH MOYEBHHEI B TPaMMe TKaHH, MEXKIY CaM-
KaMH ¥ caMIlaMU B IEPBOM KOJIOHUH, 10 JIEBBIM MoYKaM coctaBuiu 13,60%,
a 1o MpaBbIM MoukaM — 9,34%, BO BTOPOI KOJIOHUH IO JIEBBIM MOYKAM CO-
craBunu 7,27%, a mo nmpaBeIM mogkaM — 9,19%; MoueB0Oil KHCITIOTHI B TpaMMe
TKaHH, MEXKY CAMKAMHU B CAMIIAMH B TICPBOW KOJIOHHH 3BEPHKOB, T10 JICBBIM
noukaM coctaBuiu 9,89%, a mo mpasbiM moukam — 9,94%:; Bo BTOpO# KOJIO-
HHH T10 JIEBBIM MOYKaM cocTaBuiu 9,75%, a mo mpaBbiM moukam — 9,71%;
TTIOKO3BI B TpaMME TKaHU, MEXIY CaMKaMHU M CaMIIaMH B MIEPBOH KOJIOHUU
3BEPHKOB, IO JIEBBIM MOYKaM coctaBuin 9,64%, a mo mpaBbIM MOYKaM —
9,39%; BO BTOPO# KOJJOHUU TIO JIEBBIM MOYKaM cocTaBuiu 9,79%, a mo npa-
BBIM TO4YKaM — 9,52%.

WzyueHne conmepkaHUsi MOYCBOI KUCTIOTHI B TKAHU MOYEK CaMIIOB U CaMOK
PYKOKPBUIBIX B IMOCTHATAJIHHOM OHTOI'€HE3€ MOKA3ajo, YTO CaMble HU3KHE €€
3HAYCHUS PETUCTPHUPYIOTCA B TPABOU MOYKE Y CAMIIOB, OOMUTAIOIINX B TOPOJICKOM
cperne, a HanOoIIee BRICOKHE 3HAYCHHUS — B JICBO TIOUKE CAMOK BTOPOM KOJIOHHH.

JlnHaMKKa M3MEHEHUS CPETHUX 3HAYCHUH MOYCBON KUCIIOTHI B TKAHU TIOUCK
y JIETYYHX MBIIICH, HOCHIIa BOJTHOOOPA3HBIH XapakTep, MPOCICKUBAIACH JICBO-
CTOPOHHSISI TCHICHIINS MTOBBITIICHHUS MToKa3aTels. Taxoke Ut 0co0eil HeTObIps
MaJIoro B BpsiHCKOH 001acTH BBISBIICHO, UTO JMHAMHUKA COICPIKAHUS MOYCBUHEI,
MOYEBOI KHCIIOTHI B TPAMME TKaHU MOYEK MCHSCTCS BOTHOOOPA3HO C pa3jiny-
HOW MEpUOAMIHOCTHIO M 3aBHCHUT OT MOJIOBOM MPHUHAAJICKHOCTH, TOTIOTpadun
OpraHa u Cpebl OOUTaHUS.

Kax u3BecTHO U3 uTEpaTyphl, MOYKH MTHOBEHHO pearupyroT Ha HeJ0CTa-
TOK Kuciopona. [Touku, a *MEHHO TIoYeyHas TKaHb, PU HEJ0CTATKE MPOBOIIH-
PYIOT BBIPaOOTKY SPUTPOIIOITHHA, PETYIUPYIOLIETO IPUTPOITI0I3, UTO IIPHBOTUT
K MHTEHCUBHOMY 00pa30BaHUIO SpUTPOLMTOB [25]. M3yueHue copepkanus 3pH-
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TPOLIUTOB B KPOBU y CAMIIOB M CAMOK JIETYYMX MBIIIEH B OCTHATaJIbHOM OH-
TOTEGHE3€ BBISIBUIIO, YTO UX KOJMUYECTBO B KPOBH 3aBUCUT OT II0JIA M BO3PACTA.

JlanHbIe, Oy YeHHbIE IIPU TeMATOJIOTHYECKOM M OMOXMMHYECKOM HCCIIEN0-
BaHMH, [10Ka3aJIM, YTO OOJIee BEICOKHME 3HAYEHHS 110 KOJIMYECTBY SPUTPOLIMTOB
B KPOBH CaMOK JIETY4HX MBIIIECH CBA3aHbI CO 3HAUUTEIBHON ITOTPEOHOCTHIO aK-
THBHO JICTAIOMIETO, PACTYIIIETO OPTaHN3Ma 3BEPbKa B TUTATENILHBIX BEIECTBAX.
OT0 MOXKET ObITH 00YCIIOBIEHO TMITOKCHEH B TKAHSX ITOYEK M COCMHUTEILHON
TKaHHM JICTYYHX MBbILIeH, oOuTaronux B ropoje MminH bpsiHckoii oGnactu, pas-
BUBIIIEHCS B IEPUOJ CIITUKH.

HMMMmyHONOrHuecKkrne U MUTOXUMHUYECKUE TIOKA3aTeNU CUCTEMBI KDOBH HE-
TOIIBIPSI MAJIOTO HA OCHOBE CPAaBHHUTEIILHOM OLICHKH (DepPMEHTATUBHOM aKTHB-
HOCTH HEHTPODHIOB KPOBH Yy JIETYUHX MBI OTpaxkeHbl Ha pucyHke 2. [Ipu
OIleHKe (hepMEHTATHBHOI aKTHBHOCTH HEUTPO(DHUIIOB KPOBH Y JIETYIHX MBITIICH
MIPOBOJIMIIN CPaBHEHUS [IUTOXMMUYECKUX MOKa3aTeIe U ONpeaeuIn: pas3im-
e cofepikanus menouHor pocdaraser (11ID) mas caMok U camIloB B mep-
BOI1 KOJIOHUH 3BepPHKOB cocTapiseT 10,51 y.e., Bo Bropoii komonmn — 10,50 y.e.
YeranoBneHo, uTo menouHas Gocdarasa HeHTpPoQHIIOB B KPOBH y CaMOK BH/1A
HETONBIPb MaJblif B IEPBOH M BTOPOM KOJIOHUSAX HIDKE, 4yeM y camioB B 0,09
pasa B IEpBOH U BO BTOPOI KOJIOHUSIX.

CpaBHWUTE/IbHA A O UeHKa ¢ epmeHTaTUBHON a KTUBHOCTH
HeTpodWioB KpOBK Y N1eTydux mblweit, (n=20)

M LenouHana pocdaraza (D) mHKucnaa pocharaza (Kd)
mMueno-nepokcngasza (MMOO) CyHUMHaT-germgporeHdasa (Ccar)
WHKatuoHHbIE Genkn (KB)

2 1,88

178
158
14 126
118

12

1
0,8
0.6
0.4
0,2

o

AdepesHAaKykyeeKa AepesHAaKyKyeeKa Fopog Mraud Nopog Mravu
Cameai{n=5) Camey (n=5) Camkeai{n=5) Camen (n=5)
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Puc. 2. CpaBunTenbHas orieHKa (PepMEHTATUBHON aKTHBHOCTH
HEHTPO(UIIOB KPOBHU Y JIETYUNX MBILICH
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Pasnuna B cogepxanuu kucion Gpocdarassr (KD) mexay camxamu u cam-
[IaMH B TIEPBOH KOJIOHWH cocTaBmia 9,52 y.e., BO BTOpoi komoHuH — 9,36 y.e.
Coneprxanne Kucioit Gpocdarassl HEHTPOPHUIOB B KPOBH y CaMOK BHIa HETO-
MBIPb MaJIblil B IEPBOM U BTOPOI KOJIOHUAX HIDKE, yeM y camiioB B 0,06 pa3a B
nepBoii u B 0,08 paza Bo BTOPOIi KOJIOHUSX.

Conepxanne muenonepokcuaassl (MI1O) paznngaercs y caMIioB # CaMOK
B nepBoii konoHuu Ha 9,10 y.e., Bo Bropoil koinoHuu — Ha 9,17 y.e. Muenone-
poKcHra3a HeMTPO(UIIOB B KPOBU Y CAMOK BHJIa HETOIBIPh MAJIbIi B MIEPBOM
Y BTOPOH KOIOHMAX HIDKE, yeM y camiioB B 0,14 pa3a B mepBoif u B 0,13 paza
BO BTOPOI KOJIOHUSIX.

Konnenrpanus cykuunataeruaporenassl (C/AI) pasmuuaercst uist caMok
1 CaMIIOB B TMIEPBON KOJIOHUH 3BEpbKOB Ha 9,83 y.e., BO BTOPOH KOJOHUHU — HA
9,58 y.e. CykumHaTaeruAporeHasa HeuTpo(MIOB B KPOBH y CAMOK BHIa HETO-
MBIPB MaJjblil B NEPBOM U BTOPOI KOJIOHUSAX HIDKE, yeM y camiioB B 0,02 pa3a B
nepBoii u B 0,05 paza Bo BTOPOIi KOTOHUSX.

Pasnmuuns B conep:xannu kaTHoHHBIX 0enkoB (KB) Mexmy camkamu u cam-
LIaMH B IEPBOM KOJIOHUHU 3BEPHKOB COCTABIAIOT 9,17 y.€., BO BTOPOIl KOJIOHUU —
9,74 y.e. Karnonnslie Oeslki HEHTPODHIOB B KPOBH y CAMOK BH/Ia HETONBIPh
MaJibli B TIEPBOM M BTOPOH KOJIOHUSX HIDKE, 4eM y camIioB B 0,13 pasa B mepBoit
u B 0,04 pa3a BO BTOpOI KOJIOHUSIX.

VYBenuyeHue cpeIHIX HIUTOXMMHUYECKUX MOKa3areseil HeHTpo(HUIIOB B Kpo-
BU y CaMIIOB B 00CUX KOJIOHHSIX JIETYYHX MBIIIEH MOXKET OBbITh CBSI3aHO C MX
(bM3NOTIOTHYECKOH TIOIOBON aKTHBHOCTBIO. Y 0CO0EH MY»KCKOTO I0JIa BTOPOH
KOJIOHUH C YHCIICHHOCTHIO 50 3BepHKOB BCE IMTOXMMHYECKHUE TOKA3aTeNIN ObIIN
BBIIIIC, YTO CBSI3aHO C KOJIMYSCTBOM 0COOEH B KOJIOHHH U CO CPEIOii OOUTaHHMS.

JluHamMuKa MOMyIsUid ¥ CyOnomyssinnii TUM(OIUTOB KPOBH y JETYHIHX
MBIIIEH MpecTaBIeHa Ha PUCYHKeE 3.

[Tpu uccnenoBanuu nomynsiuid IMMQGOLKUTOB B cyononysiuuu T-mumdo-
IIUTOB B KPOBH Y JIETYUHX MbIILIEH BBISBUJIN: SKCIPECCUPYIINE MapKepbl T-xern-
niepst CD3 (%) pa3nuyaroTcs y caMOK M CaMIIOB B IIEPBOI KOJIOHWH 3BEPHKOB Ha
10,57%, Bo BTOpOI1 KONOHMK — Ha 10,56%. Dkcnpeccupymue mapkepsl T-xen-
nepsl CD3 nuM(OIUTOB B KPOBH Y CaMOK BHJ1a HETOTIBIPh MaJIbIi B TIEPBOH 1
BTOPO KOJIOHHSAX HIKE, €M Y caMIIOB B 2,89 paza B TIEpBOH U BO BTOPOIf KO-
JIOHMSAX. DKerpeccupynme Mapkepsl T-xenmmepst CD4 (%) paznngaroTcest Mex Ly
caMKaMH U caMmIlaMH B TIEPBOM KOJIOHUH 3BEPHKOB Ha 9,39%, Bo BTOpOil KoIO-
Huu — Ha 9,50%. Dkcnpeccupyiue mapkepsl T-xeanepsr CD4 mumMponuToB B
KPOBH y CaMOK BHJa HETONBIPh MAJIBI B TIEPBOI U BTOPOH KOJIOHHSAX HIKE,
yeM y camIloB B 1,62 pa3a B nepBoii u B 1,64 pa3a Bo BTopoil kononusx. T-1u-
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Torokcuyeckue mapkepsl CD8a (%) pazinuyarorcst MeXxly caMKaMu U camiia-
MH B II€PBOH KOJIOHMU 3BepbKOB Ha 10,25%, Bo Bropoit Komonuu — Ha 9,68%.
T-nurorokcnueckue mapkepsl CD8a muMdonnToB B KPOBH y CaMOK BHA He-
TOMBIPb MaJiblil B IEPBON U BTOPOI KOJIOHUSX HUXKE, 4eM Y caMoB B 0,54 pa3a
B niepBoii 1 B 0,68 pa3a BO BTOPOIl KOJIOHUSX.

B 3KCIpeccHpyIie MapKephl— B 3KCTIpeccHpYINIe MapKepsl—
T-xemeper (CD3). % T-zemeper CD4. %
60 5429
5037 -
50
40,06 3995 .51
40
31,59 3175 3339
30
21,03 21,57 21,17 21,83
20
10 I
0
Jepeena Kyxyeexa Jepeena Kykyeexa Topon Mrmim Topop Mrmm
Camxa (n=3) Camen (n=3) Camxa (n=3) Camern (n=3)

Puc. 3. [lunamuka momnysinuil U Cyononyssinuii TuM(OIUTOB KPOBU
y JIeTyuux Mblmei, (n=20)

[Ipu nccnenoBaHUA MOMYISIIAN TAM(OIUTOB B CyOnomymsanuu B-mumdo-
LIUTOB B KPOBH Y JIETYUHX MBIIICH BBISIBUIIN: Pa3JINusl B TOBEPXHOCTHOM Map-
kepe CD19 (%) nist caMI110B ¥ CaMOK B IIEPBOM KOJIOHUH COCTABIAIOT 9,74%, BO
BTOpOH Kostonun — 9,86%. Harypansusie kmtepst CD19 nmumdonnTos B kposn
Yy CaMOK BHJIa HETOIIBIPb MAJIbIi B IIEPBOM M BTOPOW KOJOHMSAX HIDKE, YEM Y
camioB B 1,04 pa3a B nepsoii u B 0,56 paza — BO BTOPOil KOJIOHUSX.

[pu uccnenoBanuy nomysALui TMMQPOIUTOB B cyonomyssitun T- mumMdo-
OUTOB U B-1M(}OIMTOB B KPOBH Y CAMIIOB JIETyYUX MBIIIEH 00CHX KOJIOHHN
TI0Ka3aTeny OB HEMHOTO BBIIIE, YEM Y CaMOK. B KOJIOHNM JIeTy4uX MbIIIei
C YHCIEHHOCTHI0 50 0cobeil, 00UTaIONIMX B TOPOICKOH cpefie, Bce MoKa3aTenu
nony s mumdonutos B cyonomymsimu T-mumdonnTos u B-mumdonnTos B
KpoBH ObUIH BhIIIE. [laHHBII (DaKT MOXKET TOBOPUTH O HE3HAYUTEILHBIX HAPY-
LIEHUSIX KJIETOYHOTO MMMYHHUTETa U UMMYHHOH CHCTEMBI CaMIIOB, CBSI3aHHBIX
¢ (PU3HOJIOTUYECKUMH OCOOCHHOCTSIMHU 0CO0EH MYIKCKOTO I10JIa M MX HOJIOBOH
aKTHBHOCTBIO B 3TO BPEMsI Toja.
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B uccnemoBanuu [iis aHAJIM3a U3MEHCHHI MMOKa3areiel O0eIkoBOro ooMe-
Ha B OPraHU3Me MbI HCCJIE/IOBAIM COSIMHUTENBbHYIO TKaHb BHYTPEHHEH Cpelibl
opraHu3Ma — KpOBb M CBIBOPOTKY KPOBH Y JIETy4uX Mbliiei. [Tokasarenu Oen-
KOBOTO OOMEHA y JISTYYHX MBIIICH MPECTABICHBI Ha PUCYHKE 4. YCTaHOBIIC-
HO, YTO CojiepykaHue o0Iero oeska (I/J1) y caMOK 10 CPaBHEHHIO C CaMIlaMU
B TIepBOH KooHUH ObITa Oombire Ha 7,12%, Bo BTOpoit KonoHnn — Ha 4,76%.
KonmuecTBo 00miero 6enka B CBIBOPOTKE KPOBH Y CAMOK BHa HETOIBIPh Ma-
JIBI B IEPBOM U BTOPOM KOJOHUSX BBIIIE, 4eM y camIioB B 1,07 pasa B nmepBoit
u B 1,05 pa3a Bo BTOpOii KOJTOHHSIX.

180 170,12
160 151.36 o
140 = 132,93
120 11294
100

80

ig 3597 3338 4133 S0

20 . 049 0,55 054 091

0
Jepesna Kyxyesxa Jepesna Kyxyveexa Topopg Mrmm Topog Mrmm
Camka (n=3) Camen (n=3) Camza (n=3) Camen (n=3)
m Obupmt Senox, ' mMoueEnHa, MMOIE/ T Mouegas KICIOTE, MEMOIB,/ 1T

Puc. 4. [Toxazarenu 6enkoBoro ooMeHa y ocobeii Buaa Heronbips Manblii
(Pipistrellus pygmaeus), (n=20)

[Toka3zarenu cofeprkaHusi MOYEBUHBI (MMOJIb/JT) PA3JINYAOTCS JIJIsSI CAMLIOB U
CaMOK: B TIEPBOH KOJIOHHUH Pa3Indusi COCTAaBIIIOT 8,90%, BO BTOPOI KOJIOHNH —
1, 68%. ConepxaHnue MOYEBHHBI B MIEPBOI KOJIOHUU y CaMOK IO CPaBHEHUIO
¢ camuamu MeHsine Ha 10,91% (wmm B 1,12 pasa), Bo BTOpoil KOJOHUH — Ha
40,66% (unu B 1,69 pasza).

CHIDKeHne KOHIIGHTPAIMH MOYEBHHBI B CHIBOPOTKE KPOBH OTMEUEHO Y Ca-
MOK JIETYYUX MBIIIEH B NEPBOW KOJOHHH 3BEPHKOB, OOMTAIOIIUX B CEILCKON
MECTHOCTH, OOILeH YHCIEHHOCThIO 36 0cobeid, 13 KoTopbix 25 camok u 11 cam-
1oB, u coctaBmia 0,49 MMomb/i1. BeicOKHMe 3HAYEHNST MOYEBHUHBI B CHIBOPOTKE
KPOBH Y JIETY4YHX MBIIIEH BUJIa HETONBIPh MaJIbli, 110 HAIlEeMy MHEHHIO, 00Y-
CJIOBJICHBI HAKOIIJIGHUEM ATOTO METa0O0JIMTa B IEPHOJ] CIISTYKH M HACTYTUICHH-
€M C/IBUTOB B TIPOIECCAX ACCUMIIISIINY U AUCCUMIIISIINU. CHIDKEHUE yPOBHS
MOYEBHHBI B CBIBOPOTKE KPOBH B ITOCIIEAYIOIIEM, TI0 HALLIEMY MHEHHIO, CBSI3aHO
C UHTEHCHUBHBIM HA0OPOM MacChl, POCTOM, ABHKEHHEM 3BEPHKOB, UX ITOJIOBBIM
1 QHU3MOJIOTUYECKUM CO3PEBAHIEM.
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YBesueHue KoJn4ecTBa MOUYEBHHBI y CAMIIOB, OOUTAIOIMX B TOPOJICKOM Cpe-
Jic B TIEPUOJ MOCJIE CIISTYKH, MOJKHO OOBSCHUTH aKTUBHBIM POCTOM KHBOTHOTO,
TIOJIOBBIM CO3PEBAHMEM M, KaK CIIEICTBHE, MHTCHCH(UKAIIEH oOMeHa IypruHO-
BBIX OCHOBAHUI1, UTO MOATBEPHKICHO U IPyTUMHU HccsenoBarersMu [13, 26, 27].

OCHOBHBIM U KOHEUHBIM MPOJYKTOM a30THCTOT0 0OMEHa BEIIECTB B Opra-
HHU3MeE KHBOTHOTO SIBIISIETCS] MOYEBHHA, COZIepKamIasics B KpoBu. OT (QyHKIHO-
HAJIFHOTO COCTOSIHUSI IT0YEK, OT KOJIMYeCTBa IOTPeOIIsieMOro Oesika 1 CKOPOCTH
€ro paclienIeHUs B OpraHu3Me 3aBUCUT COJIEpKaHUE B KPOBU MOYEBUHBI [28,
29]. YcTaHOBIIEHO, UTO Pa3IUYHs B COIEPKAHUN MOUEBOI KUCIIOTHI MEXKIY CaM-
KaMU U caMIlaMH B [IEPBOI KOJIOHUH 3BE€PBKOB cOcTaBIs0T 11,23%, Bo Bropoit
xosoHuu — 13,01%. BelsiBieHO, 4TO MOUeBast KUCIOTAa B CHIBOPOTKE KPOBU Y
CaMOK BMJIa HETOIIBIPb MaJIbIi B [IEPBOIl U BTOPOM KOJIOHUSX BBILLE, YEM Y CaM-
uoB B 18,89 pasa B nepBoii u B 40,01 pa3a Bo BTOpOi KOJIOHUSIX.

ITo muenuto A.H. KBouko [30, 31], MoueBasi KCIIOTa — 3TO KOHEUHBIH MPO-
JQYKT 0OMEHa ITypHHOBBIX OCHOBAaHH, BXOJSIIIMX B COCTAaB HYKJICOIIPOTEH OB,
OHA TaKXe SIBISIETCS] KOMIIOHEHTOM OCTaTOYHOTO a30Ta. YCTAHOBJICHO, 4TO B
KPOBH Y JIETYYHMX MBIIIEH KOJIWYECTBO MOYECBOM KHMCIOTHI MEHSETCS BOJHO-
00pa3zHo. MakcuMasbHbIe 3HaUCHHsI MOYEBOH KHCIIOTHI B CHIBOPOTKE KPOBU
OTIpe/IeNIeHbI Yy 0co0ei skeHckoro moyia 172,94 (MKkMomb), OOUTAIOMKX B TO-
POJICKOM CpeJie, C YUCIEHHOCTBIO KOJIOHUU 3BepbKoB 50, U3 KoTophIX 19 camok
u 31 camern.

Taxkum 06pa3oM, UCCIIENOBAHNUS 110 U3YUESHUIO 001Iero Oenka u ero Mera-
OOIMTOB MO3BOJISIFOT CAEIIATh 3AKIFOYCHUE O TOM, YTO B TIOCTHATAIBHOM OHTO-
reHese (1ocye CISTYKN) Y JIETYYNX MBIIIEH BUIa HETOIBIPh MaJIbIii MOUEBHHA
U MOYEBasi KUCJIOTA U3MEHSIFOTCS BOJTHOOOPa3HO. MeTaOomuThl 001ero oeska
HMMEET CBOIO aMIUTUTYy M IEepHo KosieOaHMi, 3aBUCAT OT MOJIOBOM MpUHAI-
JISKHOCTH ¥ BO3pacTa 0co0ei.

YcTaHOBIIEHO, UTO JMHAMUKA H3MEHEHHsI YPOBHS 00111ero Oejika HOCHUT BOJI-
HOBOI1 Xxapakrep. Takasg TUHAMHKA 9TOTO TOKA3aTels B CBIBOPOTKE KPOBH 00-
YCJIOBJIEHA aanTaluel JeTyYuX MBIILIEH K YCIOBHUSIM BHEIIHEN Cpenibl ociie
JUIUTEJIBHON CIISTYKH, MHTEHCHBHBIM MOJIOBBIM M (PU3MOJIOTHYECKUM CO3pEBa-
HHUEM, CIIapUBAHUEM 0COOEH U TOCTHKEHUEM B3POCIOTO COCTOSHUS.

PesynbraTsl MPOBEJCHHBIX UCCIECJOBAHUIN MOKA3AIH, YTO Y JIETyYHX MBI-
11eif IMEIOT MECTO IT0JIOBBIE OTIIMYHS B YPOBHE MOUEBHHBI B CHIBOPOTKE KPOBH.

O1eHKa ypOBHSI aKTUBHOCTH ()epPMEHTOB MOXKET CBUIETEIILCTBOBATH KaK O
BBIPKEHHOCTH a/IaNTAIMH, TaK U MTATOJIOTMYECKOM TIpoIiecce B Opranusme [25-
27, 29]. B pe3ynbsrare ucciae10BaHUI H3ydeHa aKTUBHOCTD B CHIBOPOTKE KPOBU
y JeTy4ux Mblel epMeHToB — anannHamuHoTpancdepassl (AnAT), acnap-
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taramuHO-TpaHcdepasbl (AcAT), ramma-rmyramunrpancnentuaassl (I'T'T),
WTPAIOINX IICHTPAIBbHYIO POJIb B OOMEHE OENKOB, U IIENouHON (hochaTassl
(I1®), ocymecTausromeii mporecchl GpochopuIupoBaHus U TpaHCMEMOpaH-
HOTo IIepeHoca.

JuHamuKa rokaszaresneil akTHBHOCTH (DEPMEHTOB B CHIBOPOTKE KPOBH Y
JETYYUX MBIIeH pa3zHooOpasHa (pucyHok 5). KoHmeHTpanus araHnHAMU-
Horpancdepassl (AnAT) (En/n) pasnuuaercs MexXIy caMKaMH U caMIlaMH B
NepBOil KOJOHUM 3BepbKOB Ha §,94%, Bo BTOpoOii KomoHMHU — Ha §8,13%. Ana-
HuHaMuHOTpaHc(hepas3a (ANAT) B CBIBOPOTKE KPOBH y CAMOK BHJIa HETOTIBIPH
MaJibli B IEPBOM M BTOPOI KOJIOHUSIX HUKE, YEM Yy caMLOB B 2,13 paza B iepBoit
u B 3,96 pa3a BO BTOpOIi KOJTOHUSIX.
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Puc. 5. AKTHBHOCTB ()epPMEHTOB CHIBOPOTKHU KPOBH y 0cobeil Buaa Herombips Maibiit
(Pipistrellus pygmaeus) B noctTHaransHoM oHTOreHe3e (n=20)

[Toxasareny KOHIIEHTpany acrapraraMuHo-Tpanchepassl (AcAT) (En/m) —
MEX]y CaMKaMHU M CaMIIaMH B IIEPBOI KOJOHHH 3BEPHKOB Pa3jInvaroTCs Ha
8,73%, B0 BrOpoi#i Kononuu — Ha 8,11%. Acriapraramuno-tpancdepasa (AcAT)
B ChIBOPOTKE KPOBH y CaMOK BHJIa HETOIBIPh MaJIblil B IIEPBOM U BTOPOMH KO-
JIOHUSIX HIDKE, yeM y camuoB B 3,91 paza B nepBoil u B 5,87 pasa Bo BTOpoit
KOJIOHHSIX. YCT@HOBJIEHO, YTO Pa3IMyMsl B KOHIEHTPALUHU raMMa-TIyTaMHJI-
tpancnentuaassl (I'TT) (Ex/n) Mexay caMKaMu U caMIlaMU B TIEPBOM KOJIOHHH
3BEPHKOB COCTABIAIOT 9,73%, BO BTOpoii KooHN! — 9,25%. I"amma-riryrammui-
tpancrentuaasza (I'T'T) B chIBOPOTKE KPOBM Y CaMOK BHJa HETONBIPH MaJIbIN
B MEPBOI U BTOPOH KOJIOHUAX HMXKe, yeM y camioB B 0,13 pa3a B nepBoii u B
0,37 paza Bo BTOpO# KonoHusax. KonnenTpanus memnounoit pocdarassr (ILD)
(En/m) pasnuyna Juis caMOK M CaMIIOB; B NEPBOM KOJOHWM PA3HUIIA MEXKIY
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Humu coctasuia 10,12%, Bo BTopoil kojgonuu — Ha 9,87%. Illenounas ¢oc-
¢araza (IL[®) B CHIBOPOTKE KPOBH Y CAMOK BHIa HETOIBIPh MAJIBI B TIEPBOU
1 BTOPOH KOJOHUSX HUXKe, yeM y camioB B 0,69 paza B nepsoii u B 0,71 paza
BO BTOPOH KOJIOHUSIX.

W3y4yenue napamMeTpoB aKTUBHOCTH 11esioqHoM (ocdarassl (LL[D) B chiBO-
POTKE KPOBH Y JIETYUHX MBIIIEH ITOKA3aJI0, 9TO €€ aKTUBHOCTbD Y CAMIIOB, 00H-
TAIOIIUX B TOPOJICKOH Cpejie, BhIIIE, YeM Y CAMOK. 3HaYNTEIbHOE CHUKECHHE
AKTHBHOCTH IIEJIOYHOM (ocdarasbl y caMOK, OOUTAIOLIUX B CEIbCKON MecT-
HOCTH, CBSI3aHO C MHTEHCHBHBIM POCTOM MBIIIEYHOH MACCHI 1 KOCTHON TKaHH.
Kak ¢epment menoynas gocdarasa akTUBHA B TKaHIX KOCTEH, oOecrieunBaeT
B TKaHSX IPOLECCHl TPaHCMEMOpaHHOTo (GochOpUINPOBaHUS, YTO HE MPOTH-
BOPEYHT OOLIMM OHOXUMHYECKUM 3aKOHOMEPHOCTSIM MJICKOITUTAIOIIHX.

BruiBoabI

1. BUOXMMHUYECKHM METOJIOM YCTaHOBJICHBI 3aKOHOMEPHOCTH B MeTa0O0JIHYe-
CKO aKTHBHOCTH TKaHEH ITOYEK Y JIETyYHMX MBIIIIEH, 00MTAIOMNX HAa TEPPHUTOPHI
BpsaCcKoit 00macTu (B TOPOICKOH U CENTCKOM MecTHOCTH). [loka3aHo, 4To ArHa-
MUK CONIEPKAHUSI MOUCBHHBI, MOYEBOU KHCJIOTHI M IJIFOKO3bI B TKAHH TIOUCK M-
HSIETCSI C PA3INYHON MEPUOTUIHOCTRIO U aMILTUTYIOH KOJIeOaHUs, OTIPENENIeTCsI
BO3PACTOM M HE 3aBHCHUT OT TOIOTpaH OpraHa v TOJIOBOH MPHUHAIIC)KHOCTH.

2. Ilpu reMaToIoOrHUeCKOM U OMOXUMHUYECKOM HUCCIICIOBAHUN KPOBH H KJIe-
TOK KpOBI/I y HeTOl'IBIpS{ Majaoro OHpCI[eHeHI)I BBICOKHMEC 3HAYCHUS MOYCBUHLI B
CBIBOPOTKE KPOBH Y CaMIIOB JICTYYHMX MBIIICH BHIA HETONBIPh MaJbIi, 9TO,
BEPOSITHO, 00YCIIOBICHO HAKOIUICHUEM 3TOTO METa0OIHUTa B TICPUOJ CIISTYKH U
HaCTyHHeHI/IeM CABUI'OB B npoueccax ACCUMUIIILIMU U JUCCUMUIISALINUN.

3. IuTOoXUMIYECKUM METOJIOM yCTaHOBJIEHA (PepMEHTHAsI aKTHBHOCTb HEH-
TPO(UIOB KPOBH Y CAMIIOB JICTYYHX MBIIICH, OOUTAOMUX B Topoae MrimH
Bpsiackoit obnacTH, yBeaudeHue ypoBHs LieiaouHoi docdorassl qo 1,88 ye.,
kucioit pocdaraser 10 1,26 y.e., Muenonepokcuaassl o 1,58 y.e., CyKIMHAT-
neruaporenassl 10 1,20 y.e. u KaTHOHHBIX OenkoB 110 1,58 y.e., 9To BeposTHO,
MOXET OBITh CBSI3aHO C OCIa0ICHHEM HMMYHHOM CHCTEMBI BCIICICTBHC 3arpsi3-
HEHUSI Cpeibl OOUTAHUSL.

4. JIns1 BBISIBICHHUS BBIPAKCHHBIX HAPYIICHUH KIETOYHOTO IMMYHHTETa U
MMMYHHOH CHCTEMBI METOIOM UMMYHOQIIIOOPECIEHIINH Y JIETYIHX MBIIICH
MPOBEJICHO B JMHAMUKE TUIIMPOBAHUE MOMYJSAIUN U CyOmomysiuid umMo-
uutoB nepudepudeckoii kposu CD3, CD4, CD8a, CD19, no onpenenennio
OTHOCHTEIHHOTO U a0COIFOTHOTO KOJIMYECTBA OCHOBHBIX MOITYIIAIINH JTUM(OITH-
toB T-knetkn — CD3. OTMe4YeHO, 4TO MOBBIIIEHHOE KOJTUYECTBO B MOMYISIIUU
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T-nmumdonuToB CyOmIOMysIsIMU 3KCIPECCUPYIOMIMX MapkepoB — T — xenre-
poB — CD3 B nepucdepuyeckoii kpou 10 54,29%, y caMIIOB JIETYIHX MBIIIEH,
00HTAIOINX B TOPOACKOI cpefie, ¢ OOMBIIO YUCICHHOCTBIO B KOJIOHHH, CBH-
JIETEJICTBYET O TMIIEPAKTUBHOCTH UMMYHHUTETA, YTO MOXKET OBITh CBSI3aHO C
BUPYCHBIMH WM OaKTepUAIbHBIMU 3200JI€BaHHSIMHU.

BbrsaBieHO CHIKEHHE B MOMyIsiny B-nmumdonnTos cyOmomynsimmy moBepx-
HocTHBIX MapkepoB — CD19 B nepudepuueckoii kposu 10 39,95%, y camox
JIETY4YHX MBIIICH, OOMTAIONIMX B TOPOJICKOM cpefie, ¢ OOBIION YHCICHHOCTBIO
B KOJIOHUH, MOJKET OBITh CBA3aHO C (PU3MOJIOTHUECKIMHU HIIH BPOKACHHBIMU
THITOraMMa-DI0OYITMHEMHSIMH WIIM HOBOOOPa30BaHUSIMH.

5. BHOXMMHYECKMM METOJIOM yCTAaHOBJIEHA BBICOKAsk aKTHBHOCTD aJlaHH-
HamuHOTpaHchepassl (ANAT), acmapratamuHo-TpaHcdepassl (AcAT), B cbI-
BOPOTKE KPOBH CaMIIOB Y HETOIBIPSI Majoro B MEPBBIE MECSIBI aKTHBHOTO
T10JIETa, YTO CBSI3aHO C aJanTaluel 3BepPbKOB K HOBBIM YCIOBHSIM OOMTaHMS
mocCJie HHHTGHLHOﬁ CIIAYKU U, NOCICAYIOIUM HUHTCHCUBHBIM POCTOM, I1OJIO-
BBIM CO3PEBaHHEM.

6. Y jeTydnx MbIlIei mocie CIsiuky (Y CaMIlOB M CaMOK) B CBIBOPOTKE KO-
BU PETHCTPUPYETCSI YBEINYEHHE aKTHBHOCTH I'aMMa-IITy TaMHJITPAHCIeTI TH I~
3bl (I'T'T), oOycnoBIeHHbIE HHTEHCUBHBIM HA0OPOM MAacChl M WHTEHCHBHBIM
POCTOM, TOPMOHAJIEHOH NEPECTPONHKOI OpraHu3Ma, ¢ HACTYTIIICHHUEM TTOJIOBOH
3pENIOCTH U TIEPUOIOM CTIapHUBAHUSI.

7. B CBIBOPOTKE KPOBH y CaMIIOB JIETYYHX MbIILIEH, OOUTAIOIINX B TOPOJICKOM
cperne, aKTUBHOCTH IesioqHoi (ocdarassr (LL[D) Beime, yem y caMOK. 3HAIH-
TEeJIbHOE CHIKEHHNE aKTUBHOCTH IENIOYHOM (ocdarasbl y caMOK, OOMUTAIOIINX
B CEJIbCKOM MECTHOCTH, CBA3aHO C MHTCHCUBHBIM POCTOM MBIIIIEYHON MAacChl U
KOoCTHOM TKaHu. Kak ¢epMenT mienounas ¢ocdaraza akTHBHA B TKAHIX KOCTEH,
o0ecrieunBaeT B TKAHSX MPOLIECCH TPAHCMEMOPAHHOTO (hOCHOPHITNPOBAHUSL, YTO
HE IIPOTUBOPEYHT OOIIMM OMOXMMHYECKUM 3aKOHOMEPHOCTSIM MIICKOITUTAIOIIHX.
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BJIUAHUE NHOKVYJIALLUN
RHIZOBIUM LEGUMINOSARUM U AZOTOBACTER
CHROOCOCCUM HA COAEP)KAHUE HET'ATUBHbIX
AJJIEJTONATUYECKUX COEJUHEHUM
B KOPHEBBIX OKCCYJAATAX ITPOPOCTKOB
I'OPOXA (PISUM SATIVUM L.)

JL.E. Makaposa, U.C. Kanycmuna, A.C. Mopuu, C.C. Makapoe

Mexaruzmul 63aumodeiicmausi 60608bIX KyIbmyp ¢ azompurcupyroumumu Oax-
MePUAMU PASHBIX MUNOG 83AUMOOTMHOULEHUSL C HUMU (IHOO- U IKMOCUMOUOHMYL) He
U3yueHbl, 0OHAKO UCCIEA06AHUsL UX AKMYanbHbl [lannbie tumepamypvl y0ocmoge-
PAIOM 0 NPOSAGLEHUAX 3AUWUMHBIX PEAKYUL HA HAYAILHBIX DMANAX 83AUMOOCUCMEUs
00608020 pacmenus ¢ baxmepusmu 8 KIeMKAX Camo2o pacmeHuu u 8 e2o puzocge-
pe. Ha yposne puzocgepuvl noxazamensimu 3mux peakyuti Mo2yn 0bims usmMeHnenus
cooepaicanusi 8 KOPHEGwlX IKCCYOamax KOMNOHEHMO8 AHMUMUKPOOHO20 OeliCEUs.

ILenv pabomut — uzyuenue 3auumHoll (AHMUMUKPOOHOL) pearyuu NPOPOCMKO8
eopoxa (Pisum sativum L.) copma Topcoae na unoxynsyuio 6akmepusimu Rhizobium
leguminosarum bv. viceae (3ndocumbuonm) u Azotobacter chroococcum (s3xmo-
CUMOUOHM), BHOCUMBIX 8 BOOHYIO cpedy pocma KopHeu. O peakyuu cyounu no uz-
MeHeHUsi COOePACAHUS 8 KOPHEBBIX IKCCYOAMAX HeamueHblX alielonamuideckux
coedunenuti. nuzamuna, N-gpenun-2-nagpmunramuna (N-@HA), pmanamos. Ilo-
cie UHOKYIAYUU NPOPOCMKU POCIU 8 YCIOBUAX 2UOPOKYIbmYpbl 1 cym 6 kamepe

“BINDER KBW-240"" npu 21°C, océewgenuu 81 uM.m”cex’ u pomonepuode 16/8 u
(Oenb/Houb). B smunayemamuvix 3KCmpakmax u3 cpeovl pocma KOpHetl Memooom
BOJKX onpedensanu cooepicanue nepeyuciennvix coeounernuti, a memooom I’ X-MC -
cocmag u coomuouterue pmanamos. OOHApyHceHbl paULUsL NO GIUAHUIO PU30OUTI
U azomobaxkmepa Ha coOOepAUcanue dMux cOeOUHeHUll U Ha COOMHOUEHUs BUO08
@pmanamos, HeoOUHAKOBASL AKMUBHOCIb WIMAMMO8 Oakmepuil 8 0e2paduposanuu
N-®HA oo pmanamos om e2o konyenmpayuu 6 cpeoe, pastoe rusnue N-PHA na
JHCUZHECNOCOOHOCMb UCNOTL30BAHHBIX @ IKCHEPUMEHMAX bakmepuil.
3aknrouenue. Vsmenenus 6 cocmage ucciedyemvlx coeOuHeHutl 8 cpeoe pocma
KopHell y npOpOCHKO8 20pOXa YKA3bI8AION HA CHUICEHUE 3auWUMHOU (AaHMUMUKPOO-
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HOLL) peaxyuu 6 ux puzocgepe npu uHokyisAyuY bakmepusimu A. chroococcum, a npu
unokynsyuy baxmepuamu R. leguminosarum — na ee ycunenue.

Knwueswle cnosa: Pisum sativum L.; Rhizobium,; Azotobacter, kopregvie 5Kc-
cyoamul, nuzamut, N-gpenun-2-nagpmunamun (N-OHA),; pmanamor

Jna yumuposanusn. Maxaposa JI.E., Kanycmuna U.C., Mopuy A.C., Makapos
C.C. Bruusinue unokynayuu Rhizobium leguminosarum u Azotobacter chroococcum
Ha codepoicaniie HeeamueHblX A1eONAMUYECKUX COeOUHEHUN 8 KOPHEGbIX IKCCY-
oamax npopocmrkog eopoxa (Pisum sativum L.) // Siberian Journal of Life Sciences
and Agriculture. 2021. T. 13, Ne 2. C. 162-184. DOI: 10.12731/2658-6649-2021-
13-2-162-184

EFFECT OF RHIZOBIUM LEGUMINOSARUM
AND AZOTOBACTER CHROOCOCCUM INOCULATION
ON THE CONTENT OF NEGATIVE ALLELOPATHIC
COMPOUNDS IN ROOT EXUDATES OF PEA
SEEDLINGS (PISUM SATIVUM L.)

L.E. Makarova, L.S. Kapustina, A.S. Morits, S.S. Makarov

Research on the mechanisms of plant-microbial interactions is currently rele-
vant. Many researchers have shown that when a legume plant starts to interact with
bacteria, protective reactions develop in the cells of the plant and in its rhizosphere.
Changes in the content of the antimicrobial reaction components of root exudates can
be the protective reaction indicators at the rhizosphere level.

The aim of this research was to study the protective (antimicrobial) reaction
of pea (Pisum sativum L.) seedlings of the Torsdag variety to the inoculation with
Rhizobium leguminosarum bv. viceae (endosymbiont) and Azotobacter chroococcum
(ectosymbiont) introduced into the aqueous medium of the root growth. The reaction
indicators were changes in the content of negative allelopathic compounds in root
exudates: pisatin, N-phenyl-2-naphthylamine (N-PNA), and phthalates. After the inoc-
ulation, the seedlings grew for 24 h in the BINDER KBW-240 chamber at 21°C, with
lighting of 81 uM.m>sec”’ and a 16/8 h day/night photoperiod. In ethyl acetate extracts

from the aqueous medium where the seedling roots were immersed, the content of the
compounds was determined by HPLC, while changes in the composition and ratio of
phthalates were determined by GC-MS. The different effects of rhizobia and azoto-
bacter on the content of the above compounds and on the ratio of phthalate types in
root exudates were established. Data indicating the different ability of both bacterial



164 Siberian Journal of Life Sciences and Agriculture, Vol. 13, Ne2, 2021

species to degrade N-PNA to phthalates and the dependence of this process activity
in the bacteria studied on its concentration in the medium were presented. N-PNA
differently but negatively affected the viability of the bacteria used in the experiments.

Conclusion. The changes in the content of the studied compounds in the root
growth medium allow us that there was a decrease in the antimicrobial reaction in
pea seedling rhizosfera when inoculated with A. chroococcum. However, this reaction
intensified when inoculated with bacteria of the genus Rhizobium.

Keywords: Pisum sativum L.; Rhizobium; Azotobacter; root exudates, pisatin,
N-phenyl-2-naphthylamine; phthalates

For citation. Makarova L.E., Kapustina I.S., Morits A.S., Makarov S.S. Effect of
Rhizobium Leguminosarum and Azotobacter Chroococcum Inoculation on the Con-
tent of Negative Allelopathic Compounds in Root Exudates of Pea Seedlings (Pisum
Sativum L.). Siberian Journal of Life Sciences and Agriculture, 2021, vol. 13, no. 2,
pp. 162-184. DOI: 10.12731/2658-6649-2021-13-2-162-184

W3BecTHO, 4TO B 00ECHEUEHUH PacTeHUIT a30TOM 0c0o0ast poJib MPHHA/IIE-
JKUT IOYBEHHBIM MUKPOOPTaHU3MaM, CPEIi KOTOPBIX BHY TPUKIIETOUHbIE, HI0-
¢uTHBIC U STTMUTHBIE a30TduKcaTopsl [9]. bomee Bricoko 3(h(heKTHBHOCTHIO
a30T(QuKcay XapaKTepU3yIOTCst 0aKTEpHH, TIOCENSIONINECS B KOPHEBBIX H CTe-
OJIeBBIX KIyOCHBKAX, (QOPMUPYIOIIUXCS Y pacTeHuil. [lomararot, 4To B Kave-
CTBE BOBMO)KHBIX ITOCTABIINKOB JOCTYIHBIX 111 0000BOTO pacTeHHs a30THBIX
COCTUHCHHH, HEOOXOIMMBIX Ha MEPBBIX dTanax (HopMUPOBaHHS KIIyOSHBKO-
BBIX a30T(UKCUPYIOUIUX CTPYKTYP, CIIy’KaT pH30chepHbIe CBOOOTHOKHUBYIIHE
a3oTHUKcHpyromue OaKTepun U3 pofoB Azotobacter, Azospirillum, Bacillus [7].

U3 pesymsraToB pabot [1, 2] ciemoBaio, 9To COBMECTHOE ACHCTBHE Ha 00-
0oBOe pacTeHHe OakTepwil U3 ponoB Rhizobium u Azotobacter, oka3pIBaeTCs
HOJIE3HBIM JIJIsI ero pocta. [Ipu 3ToM 1mokazaHo, 4To accoluaTuBHbIE OakTe-
puu Azotobacter chroococcum, xak 1 pu300HH1, B Ha9aJIbHBIE TIEPUOJIBI TTOCTIE
WHOKYJISILIMKA MOTYT BBI3bIBATh 3AIIHUTHBIC PEAKIINH B KIIETKAX UX KOPHEH, axe
Oosiee 3aMeTHbIE, YeM KIIyOCHBKOBBIE OAKTEPHH.

3alUTHBIC PeakMU PACTCHUH B OTBET Ha MH(HUIIMPOBAHHUE HPOSBIAIOTCS
HE TOJIBKO Ha YPOBHE KJICTOK MX OPraHOB, HO U Ha YPOBHE UX pu3ochepbl. B
IIPUKOPHEBOI 30HE MPOTEKTOPHYIO (PYHKIHUIO IIPHHUMAIOT Ha ce0sl DKCKPETH-
pyeMble KOPHEBBIMHU KJIETKaMH BO BHEIIHIOI CPEly KOMIIOHEHTBI, 00Ja/iaro-
e aHTHMHUKPOOHBIM JieiicTBHeM. B drmcie BemecTB Takoro pona IeHCTBHS
pas3JInuHbBIe 110 CTPYKTYpe CoeanHeHus. B nepByto ouepenb — (huToanexcuHsl,
KOTOPBIE OTIIMYAIOTCS MO0 XUMHUYECKOU CTPYKTYPE HE TOJIBKO Y pa3HbIX PO/IOB
pacTeHuii, HO U y BHIOB OfHOTO pona [23]. ®UToaseKCUHBI yCUICHHO CHHTE-
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3UPYIOTCSl PACTCHUSIMU HE TOJIBKO MPU JCHCTBUU HA HUX (DUTONATOI€HOB, HO
n GaKTepuii, BCTYHNAIOLIMX C PACTEHHEM B MyTyaIUCTHIECKHE B3aUMOOTHOIIIE-
HUS, W TIpU OMOTHYECKUX cTpeccax [26, 29]. [Ipn BBICOKMX KOHIICHTPAITHSIX
AQHTUMHMKPOOHBIM JIEWCTBHEM MOTYT 00JaaaTh psiJi CHHTE3UPYEMBIX PAaCTEHH-
SAMH HHU3KOMOJIEKYISIPHBIX COEIWHEHHUH, Ha3BaHHBIX “‘(DUTOAHTHCHIUHAMU
(phytoanticipins) [30]. K ¢uToanTHCHIIIHAM OTHECEHBI MPUCYTCTBYIOIMINE B
KJIETKaX PaCTeHUI B HOPMAJIBHBIX JUIsl HUX YCJIOBHAX CYILECTBOBAHHSI apoMa-
THYecKHe coequHeHusl. OHU MOBBIIICHHO HAKAIUBAIOTCA B TKAHIX PACTCHUS
B YCJIOBHSAX CTPECCOB U CEKPETUPYIOTCSI PACTCHUEM B SKCCYAAThI. Y PAaCTEHHN
ropoxa K TAaKOBBIM MOYXHO OTHECTH LIMHHAMMI(EHOJBI, 2'-METOKCUXAJIKOH 1
n30(IaBOHOM IBI, KOTOPBIC OOHAPYKHIIM B X TKaHSIX B YCIOBHsIX cTpecca [12].
Bwmecre ¢ Tem, B KJIeTKaxX Topoxa M APYTHX BHIOB 00OOBBIX paCTCHUH, HAPALY
¢ GUTOAIEKCHHOM IIM3aTHHOM Y 0000BBIX KYJIBTYpP B KOPHSIX U B KOPHEBBIX JKC-
cyJarax B BECbMa 3aMETHBIX KOJIMYEeCTBaX 00OHAPYKEHbI aJIKaION1 HEOOBIYHOM
cTpykTypbl — N-penun-2-nadrunamut (N-@HA) u ¢pranare: [22]. [lanHbIe cO-
€IMHEHMSI BIIOJIHE MOTYT IPUHUMATh YIaCTHE B HETATHBHOM KOHTPOJINPOBAHUN
pocTa GakTepHii, BCTYIAIONINX B 3HI0CUMOMO03 ¢ 0000BBIMH KYJIBTYPAaMH, @ TaK-
K€ pocTa IpyTuX NMoYBeHHbIX Oakrepuii [21, 22]. B Hacrosimiee Bpemst N-OHA
1 QTanaTel OTHECEHBI K OIMTACHBIM JIS )KMBBIX OpraHU3MoB BemecTBam [11, 16,
24], a HeraTuBHas POJIb MU3aTHHA TOKAa3aHa TAK)KE M B OTHOIICHUH HEKOTOPBIX
BUJIOB pacTeHuit [17].

B pesynbrare npoBeneHHON HAMU CEpUHU IKCTIEPUMEHTOB [5, 19, 20, 22] B
KOPHEBBIX 3KCCy/JaTax IPOPOCTKOB rOpoxa MPOCIEKEHA 3aBUCHMOCTD COZEP-
xaHus nm3arnHa, N-OHA u qubyTtundranara or pazmepa KOpHS U OT BHA
BO3JICHCTBYIOLIMX Ha KOPHU OakTepuil. [loka3aHo BiIMsHHME yCIOBUI ocBelie-
HUS ¥ Temneparypsl Ha konmdectBo N-OHA u ¢dramaros, a Takke yCcIoBHA
TeMITepaTypsl Ha cocTaB (ranaroB. [Ipr 3TOM MBI CTpeMHUMCSI BBISICHUTB POJTb
9THX COCAMHEHUI BO B3aUMOJCHCTBIN 000OBBIX KYJIBTYP C Pa3IMYHBIMU 110Y-
BEHHBIMU MUKpoopranu3mamu. Hanbosee Bepositiast posib N-OHA u dranaTon
B Ka4eCTBE HETAaTUBHBIX PETYISTOPOB pPOCcTa OaKkTepHii HAMH TOKa3aHa B OC-
HOBHOM Ha NpHMepe OaKkTepui, BCTYNAIOMNX B CHMOMOTHYECKUE OTHOIICHHS
¢ pactenusiMu ropoxa [21, 22]. Bo B3auMOOTHOIIEHUIX 6000BOTO pacTeHHsI CO
CBOOOIHO KHUBYIIUMH a30THUKCHPYIONTUMH OaKTEPUSMHU, HE TIPOHUKAOIITIMU
B €r0 TKaHW, y9acTHe JAaHHBIX COCAMHEHNH He ObIIO M3ydeHo. MBI nosaraem,
yro N-OHA u ranarsl COBMECTHO C TM3aTHHOM SIBJISIIOTCS TOTEHIMAIBHBIMU
KaHAMIaTaMHU U JUI1 KOHTPOIMPOBAHHS POCTa aCCOIMATUBHBIX OaKTEpHi, KO-
TOpbIE MOTYT aKKyMYJIHPOBAThCSI B €CTECTBEHHBIX YCIOBHUSIX B IPHUKOPHEBON
30HE pacTeHUs ropoxa.
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Puzocdepusie 6akrepun criocoOHBI OBEPraTh KaTaboNMM3My MHOTHE apo-
MaTuuecKue coequHeHus. [10aToMy HapsIy ¢ CEKpEeTUPYEMBIMHI PACTEHHEM BO
BHEIITHIOIO CPEy apoOMaTHYeCKUMH COEAWHEHMSIMH B MX pH30c(epe BIIOTHE
MOT'YT OKa3aThCsl TPOYKThI UX OMOAErpajalliy NP Y9aCTHH MPUCY TCTBYIOIINX
31ech ke Oakrepuit. Hekotopbie 13 00pa3oBaBIIMXCS MPOAYKTOB JIerpaaliiu
MOTYT OKa3aThCsl (JaKTOpaMu MO METa00INIECKIX MTPOIIECCOB B KIIET-
Kax Oakrepuii. Hamu ycTaHOBIIEHO, YTO HEKOTOPBIE BU/IbI TOYBEHHBIX OAKTepH
cniocoOubl nerpanupoBare N-OHA o ¢ranaros [21]. D10 najno ocHoBaHME
moJIaraTh, 9To TaKUM 00pa3oM OaKTEpHUH MOTYT CIIOCOOCTBOBATh N3MEHEHHSIM
B NIPUKOPHEBOH 30HE pacTeHusi kKoHueHTpauuu N-OHA 1 KoinyecTBEHHOTro
COOTHOIIICHHS B cOCTaBe (pranaros.

Lens HacTOAMIEH pabOTHI — CPAaBHEHHUE 3aIIUTHON (AaHTUMUKPOOHOIT) peak-
LUK TIPOPOCTKOB TOpOXa, MPOSBIISIOIIEHCS Ha YPOBHE pH30c(hephl B HaYaIIb-
HBIC NTEepUO/Ibl MHOUIIMPOBAHUS UX KOpHel OakTepusmu R. leguminosarum bv.
viceae u A. chrococcum, pa3Nu4HBIX 10 crielu(UKe OTHOLICHUH C PACTCHUSIMA
ropoxa (3HIOCHMOHOHT U 3KTOCUMOMOHT). J[i1s aTOTo "wepe3 1 cyT mocine uHo-
KyJIALUH OaKTEepUSIMU B KOPHEBBIX KCCYAATaX IPOPOCTKOB TOPOXa CPABHUBAIIN
U3MEHCHHUS cofiepkanus mu3aruHa, N-OHA u ¢ranaros, Biusaue N-OHA na
KU3HECTIOCOOHOCTH 000MX IMITaMMOB OaKTepHil M AeTPaAUPYIOIIHE CIOCOOHO-
cTH 3THX OakTepuii B otHomeHN N-OHA.

Marepuajibl 1 METOABI

OO0BeKTaMu HCCIE0OBAaHUHN CITY’KIIIN IPOPOCTKU ropoxa (Pisum sativum L.)
copra Topcaar u Gaxrepuu R. leguminosarum bv. viceae (mramm RCAM1022,
nonyudeH u3 Beepoccuiickoro Hay4HO-MCCIIE0BATEIBCKOTO HHCTUTYTA CElb-
CKOXO3STMCTBEHHON MuKpoouonoru, T. [Iymkun) u A. chroococcum (mramMm
Az dl0 BKM B-2272 J1), u3 xomekmun L{eHTpa KOMUIEeKTHBHOTO TTOJIE30BaAHUS
(LIKTIT) “buopecypcHsbriii 1ieHTp” CUOUPCKOTO0 MHCTHTYTA (PU3HOIIOTHH U OUO-
xumun pactennit (CUOUBP) CO PAH, r. UpkyTck).

CemMeHa TOpoxa, UCMOIB3yeMbIE I MOTyYeHUsS TIPOPOCTKOB, 00e33apa-
JKMBAJIM MyTEM ITPOMBIBAHHS BOJOM C MBUIOM M C MOCIEAYIOIEeH 00padoTKoM
3%-HBIM PacCTBOPOM IIEPEKUCH BOAOPO/IA. DKCIIEPUMEHTHI C IIPOPOCTKAMH IIPO-
BOJIMJIM TIO CXeMe, ONrcanHoi Hamu panee [5]. CorracHo cxeme MmpopacTaHue
CEMSIH H POCT IPOPOCTKOB, CITY>KUBIIINX HCXOAHBIM MAaTEPHAIOM B pabOTe, TIPO-
BOJMJIM Ha BIAKHOH (QUIBTPOBANIBLHON Oymare, B TepMOCTaTe 03 OCBEIICHUS
npu Temreparype 21°C B tedenue 48 4. Jlamee mpopoCTKH MHKYOHPOBAJIH B
ycIoBUAX TUAPOKYNETYpeI B kKamepe BINDER KBW-240 (“Binder”, ['epmanuist)
mpu 21°C, ocBemennu 81 uMm?cex! u horonepuose 16/8 4 (1eHb/HOYB) B Te-
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yenue 24 4. O0beM pacTBOpa B COCYAax COCTaBIIswT 250 MII, YHCIIO IPOPOCTKOB,
MpUXOIUBIINXCA HA 1 cocyn — 36. Pasmepsl KOpHEH HCXOAHBIX TPOPOCTKOB CO-
CTaBJISUIM B JUIMHY 35 — 38 MM, 110 OKOHYaHUU dKcnepuMenTa — 45 —50 mm. B
BOJIHYIO CPEJLy ISl TPOPOCTKOB BHOCHIIM HEOOXOIUMBIE JIJIsl UX POCTA MUKPO-
5JIEMEHTBI M3 pacuera | M/l BoJibl Kax10ro pacteopa coneii: ZnSO, (0.05 r/xn),
NaMoO, (1.76 r/m), CuSO, (0.05 r/;), MnCl,(0.35 r/m), H,BO, (0.5 1/). Oztro-
BPEMEHHO C ITOMEIEHUEM KOPHEH IPOPOCTKOB B BOJHYIO CPE/TY B HE€ BHOCHIIN
oaxrepuu (R. leguminosarum bv. viceae, A. chroococcum), HO He BHOCHIIU HX
B CPey C PaCTEHUSIMU KOHTPOIIs. VIHOKYJISIINIO OCYIIECTBIISUIN B TIEPHO] T10-
MEILEHNs] KOPHEH MTPOPOCTKOB B BOIHYIO cpexy. THOKyIsT OakTepuii BHOCHIN
B COCY/IbI B BU/IE BOJJHOTO CMbIBA C TBEP/IOI arapu30BaHHON CPEIbI 10 KOHIICH-
tpaun 4.0 X 10° xir./mi1.

Kynomypur 6axmepuii. TBepapie arapu3oBaHHbIE CPEAbI IS KIIyOSHBKO-
BBIX OaKTepHil TOTOBHIIM Ha TOPOXOBOM OTBAape COIIACHO MPOITUCH U3 paboThI
[3], mist a30TO0aKTEpa IPUMEHSITH Cpeay Duidu. [1Jis monydeHus moKas3aTesnei
KHU3HECMIOCOOHOCTH OAKTEpH M ISl NCCIIEIOBAHUN POAYKTOB JETPajaliin
N-®HA wucronb30Bany IIAHKTOHHbBIE KyJIbTYpbl OakTepuid. VX BbIpaniuBamm
B JKUJIKOM MHHUMAJIBHOM cpelie, IPUTOTOBIICHHOI, KaK OMmucaHo B padote [15],
HO ¢ ucrnoib3oBanueM 0.1% rIroKo3bI B Ka4€CTBE YIIEBOAHOTO NCTOYHUKA ITH-
TaHu A OakTepuit. [Tocine mpenBapuTensHON 1-cyT afanTanuu B yKa3aHHOU
cpene OGakTepuM NMEpeHOCHIH B Takyo ke cpeay ¢ N-OHA (“Sigma”, CIIA)
JUIsl THKyOa1uu TedeHne 1-2 cyT B koj0ax Ha pOTOpHOM Kaualike, 0e3 ocBelie-
HUS 1 ipu Temrieparype 20-22°C.

Tutp GakTepnii B cMBIBaxX ¢ TBEPABIX CPE, BHOCUMBIX B KOJIOBI U B COCY/IBI
C KOPHSIMH IIPOPOCTKOB, & TAK)KE B XKHUJKUX KyJIbTypaJIbHBIX Cpeaax ¢ OakTe-
PUSMU, U3MEPSUTH Ha TUTAHIIETHOM crieKTpodoTomeTpe “Immunochem-2100"
mpu 675 aM (“High Technology Inc.”, CILIA).

H3yuenue oecpadayuu N-OHA 6akmepuamu u e2o 61UAHUA HA HCUZHE-
cnocoonocmo 6akmepuii. B koHMUECKUE CTEKISTHHBIE KOJIOBI o0beMoM 0,5 1
BHOCHITH KHUJIKYI0 MUHUMANbHYTO cpeay, N-OHA (o xonmenTpanuu 10 wmn
100 MxM), n HeOONMBIIOW 00BEM CYCIIEH3UH W3 KOJIOBI C aJarTHPOBAHHBIMU
OakrepusiMu. OO 00beM KUAKOCTH B Kondax coctanisit 0.25 1. Koxbsl ¢
OaxTepHusMH MOMEIIATTN Ha POTOPHYIO Kadanky (60 00./ MUH) 1 HHKyOHpOBaIn
1 nnu 2 cyt npu temneparype 20 —22°C.

[pu m3y4yennn nerpanan N-OHA B ko0bI BHOCHIIN OaKTepUaIbHBIE CY-
CIIEH3HMHU JI0 JIOCTHIKCHUsI B MHKYOAIIMOHHOHN Cpejie KOHIIEHTPALMK OakTepHuid
1.5¥10° xir./mi1. Beipocrryto KymsTypy teHTprdyraposamu mpa 8000 g B Teue-
nue 20 muH rpu 4°C, ucnons3ys neHTpudyry mMozaenu “Avanti J-26 XP JLA”
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(“Beckman Coulter”, CIIIA). 13 cynepHaTtaHTa, MOCJe MOAKUCICHUS 2 H
HCI no pH 3.0-4.0, sTunamneraroM dKCTparupoBaIM apOMaTHIECKUE COETU-
Henus. [lomydeHHbIe SKCTPaKTHl yapHBaIN J0CyXa B BaKyyMe B TEMHOTE,
CYXOH OCTaTOK pacTBOPSIIM B HEOOJBIIMX 00bEMaX OUMIIEHHOTO OT HEePEKH-
cen STHUJIacTaTa u NoMCIiaJIn B CTCKIITHHBIC 6yTI)IJ'[O‘-IKI/I JJIA Ta30BO - XpoMa-
To-Macc-crekrpomerpuaeckoro (I'X-MC) ananmsza.

[Ipu n3yuenun BnusHust N-OHA Ha KU3HECNOCOOHOCTh OAKTEPHH HX
TUTP B Ha4ane dKcmo3uiuu coctasmsit 4.5 *103 ki./mi. [IporeHT %u3Hecmo-
COOHBIX KJIETOK B COCTaBE ayToarperaroB OakTepuii, MPUCYyTCTBOBABIINX B
KyJIBTYypPaJIbHBIX CPelax, ONpeesuin Mo (uyopecieHnny mocie oopadbor-
KU nocnenoBarenbHo, 0.5%-HbpIM nponuauii Hoauaom (Mapkep Jjist MepT-
BBIX KJIETOK), 3aTeM 50 MM ¢ryopecriens auaneraTtom (Mapkep s )KUBBIX
KIIeToK). [ mpocMoTpa GakTepHii-coaepKauX CyCIeH3UH NCTIOIh30BAIN
WHBEPTHUPOBAaHHBIA MUKpockon “Axio Observer” (“Carl Zeiss Microscopy”,
I'epmanust). Onpeaensuii MpoOIEHT KUBBIX KIETOK OT OOIIEero KOJHYecTBa
KJIETOK B COCTaBE IIABAIOLINX B KyJIbTYypPaJbHOW )KUIKOCTH ayTOArperaToB
(cxorieHne OaKkTepui, MOTPYKEHHBIX B CIU3UCTYIO MaTpuily) Ha 10-Tu ciy-
YaifHO B3SITHIX TOJISX.

Ilonyuenue 3KCmpaKmos Anien0nAMUYecKUx 6eujecme, 6x00AuUx 6
cocmag Kopneavix Ikccyoamog. OeHonbHbIe COSAMHEHUS KOPHEBBIX 3KCCY-
JIaTOB M3BJICKAJIN U3 BOJHOM CPEbI ISl POCTa KOPHEH IocIIe ee MOAKUCICHNUS
pactBopom 2 H. HCI no pH 3.0. TpexkpaTHy 0 3KCTPAKIHIO OCYIIECTBIISIIH
P TIOMOIIX dTHIIaneTara (cooTHomenue 1:1, v/v), KOTOpHIH 3aTeM ynapu-
BaJIM B TOKE XOJOAHOTO BO3AyXa B yCIOBHUAX 3areMHeHHs. Cyxoil ocTaTrok
pactBopsuin 1.0 MJ MeTaHONa U COfiepIKallMecs B HEM COCUHEHHUS HCCe-
noBanu MetofgoM BOXKX. 3aTem U3 akcTpakTa B BaKyyMe yAalsid METaHOM.
OcTarok nepepacTBOPSUIA B ITHIIAIETAT, TPOU3BOIMIN CHIIMITMPOBAHNE CO-
ennnenuit skcrpakra (BCA + I'M/IC) u uccienoBainm UX COCTaB METOJOM
I'’X-MC-ananmn3za. OKCTPaKThl B 000MX PACTBOPHUTEIISIX TOMEIIANN B CTEKJIISIH-
HBIEC BHAJBI.

Onpedenenue cooepicanus aniel0namuieckKux coeOUHeHull Memooom
BOIJKX. Onpenenenne conepkanus nusarnHa, N-OHA n aubyrundranara
ocymecTBisu MeTogoM BOXXX na xpomarorpade “Shimadzu LC-10ATvp” ¢
Y®&-nerexropom (“Shimadzu”, Amorns). Cxema pasaesieHus1, CIocoObI HICH-
TU(UKALUU COCAMHCHUN TOAPOOHO omrcanbl B padore [21]. st unenrudu-
Kaluu 1 MoJTy4YCHUA KaHI/I6pOBO‘[HBIX Fpa(bI/IKOB HCIIOJIB30BAJIN Ay TCHTUYHBIC
obpasier N-OHA (“Sigma”, CIIIA), mubytundTranara (“Peaxum”, Poccus) n
MU3aTHHA, KOTOPBINA OBLI paHee Jr0e3HO mpenocTaBicH mpodeccopom X. 1.
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Ban-Otrenom (Otaen Hayku o pacTeHHAX yHHBepcuTeTa Apusonsl, CIIIA).
JlerekTupoBanue coenuHeHui nposoawin npu 280 HM. KomnuecTBeHHBIE
pacyeTsl MPON3BOIMIINCH TI0 aJICOPOIMOHHBIM MPOQHIISM 110 BBICOTE TIMKOB,
C MCIIOJIb30BAHUEM KaJIMOPOBOYHBIX TPa(UKOB, MOCTPOSHHBIX JJISI PA3HBIX
KOHLICHTpAaLUi UCCIENyEMbIX COEAMHEHUN. BeanunuHbl JOCTOBEPHOCTH all-
mpokcumarin (R?) cocrasmsum 0.96 — st N-OHA, 0.98 — mist mubytundra-
sara, 0.99 — s nu3aruHa.

Hccnedosanue cocmaea pmanamos ¢ KOPHEBbIX IKCCYOAMax u 6 Kyib-
mypanshbix cpeoax memooom I'’X-MC-ananuza. Ananms cocraBa (ranaToB
B 9KCTPAKTaxX MPOBOAMIM C HCIOJIB30BAaHHEM XPOMATO-MaCC-CIIEKTPOMETpa
“7000QQQTripleQuad/7890A MSD/DS” (“Agilent Technology”, CIIIA). Cxe-
ma nipoBenenus [’ X-MC-ananu3a noapoOHO u3nokena B padore [11]. Ana-
JIU3 TIPOBOIMITH B PEKUME PETUCTPAINU TOTHOTO HOHHOTO ToKa (SCAN). st
HUACHTU(QHUKAINY aHATU3UPYEMBIX COCAMHEHHMH HMCHOJNB30BAIN OMONMOTEKH
Mmacc-criektpoB NISTO8 u WILEY7, a Taxke IpoBOAMIN CPaBHEHHUE C ayTEH-
traHBIMA 00pa3mamMu N-OHA (“Sigma”, CIIA), nubytundranara (“Peaxum™,
Poccust), Ouc(2-atunrexcui)pranara (CHHOHUM — TUOKTHI(TAIAT) ¥ JUITHII-
¢ranara (“Sigma —Aldrich”, I'epmanust). Bytun-rerpaneunn ¢ranar naeHTu-
(unmpoBaH o qaHHBIM OMOMHOTEKN Macc-criekTpoB NISTOS.

Crarnctuyeckas 06padoTka pe3yJbTaToB

Juist craricTiyeckoi 00pabOTKH MOTYyUSHHBIX PE3YJIbTaTOB UCIIONb30BAIIN
Microsoft Excell. Ha pucynkax u B TaOnumax mpuBeICHBI CPEIHUE 3HAYCHUS
W CTaH/IapTHBIC OTKJIOHEHUS JUIsl HUX, KOTOPBIE MOJIyYeHBI U3 TPEX HEe3aBHCH-
MBIX SKCIICPUMEHTOB.

Pe3yabTarsl U UX 00CyXK/AeHUE

IIpu cpaBHEHUHU JAHHBIX, TOTy4YeHHBIX MeTo oM BOXX s pacrenuit kon-
TPOJNIBHOTO BapHaHTa M MHOKYIUPOBaHHBIX R. leguminosarum bv. viceae u A.
chroococcum, BUTUTCS PA3MHMIHBIA XapaKkTep BIUSHUS JBYX BHUI0B OaKTepuit
Ha CoJIeprKaHue B cpejie pocta KopHel nusarnHa, N-OHA u qubytundranara
(puc. 1). MHOKysI11MsT pH300USIMHU IIPUBOAMIIA K YBEJIIMUSHUIO OOLIET0 cofepikKa-
HUSI IEPEYNCICHHBIX COEIMHEHHUH, B OCHOBHOM 32 CUET MMU3aTHHA, a TP UHO-
KYJSIHH a30To0aKTepaMu — K yMeHbIIeHuto. [Ipu atom coxepxkanne N-OHA
nazaano oonee, ueM B 10 pa3, nuzartuna u audyTtmwidTanara — B 1,2 u 1,4 pasa,
COOTBETCTBEHHO. B mrTore, B pacuere Ha | MpopoCTOK 0OIIee KOMUIeCTBO Ha-
3BaHHBIX COCTMHECHUH B BOMHOH cpelie pocTa KOpHEH B IPUCYTCTBUH PH300HN
0Ka3aJIoCh BHIIIE B 2,3 pa3a, 4YeM B PUCYTCTBUH a30TOOAKTEpa.
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Puc. 1. Boanas cpena st KopHei

Metonamu I'’X-MC-ananu3a B cpefie pocTa KOpHEH IMPOPOCTKOB ropoxa
uaeHTHGUIMpoBanK (Tanarhl YeThIpex BUIOB: TUOYTHI- , AUOKTUI(TANAT,
mTIdTanar u OyTiin-terpagenuiadranar (puc. 2). Cpeau HAX 10 TPOLIECHT-
HOMY OTHOIICHHIO TUIONIAJICH ITUKOB Y PACTEHUH KOHTPOJIS 1 MHOKYJIMPOBAH-
HBIX PU300USIMU PAKTUYECKU B PABHON Mepe TOMHUHUPOBAIN U0y THIT (hTanar
u auokTHn ¢ranat. B cpene ¢ azorobakrepom cpenu ¢pTanaToB mpeodiagal
quokTwidranar. [Inomans nuka A HETro MOYTH B 2 pa3a IpeBbllaia TaKo-
BbIe ISl TUOYTHI (Tanara u AudTHIQTaNara. Y pacTeHUH BCeX BapHaHTOB
BbIpanuBanus cpenu dranaroB 3-6% coctapisi OyTui-Terpaaenu ¢ranart,
IIPOMEKYTOYHOE COEANHEHHUE ITPU 00pa30BaHNH TU(TATATOB C OANHAKOBBIMU
YIIIEBOJOPOIHBIMHU IIETIOYKAMH.

Bplimie orMedeHo, 4TO MHOKYJISIINST pU300HSIMH CIIOCOOCTBOBAJIA yBEIHYE-
HUIO B CPE/ie POCTa KOpHEH OOIIEro coaep kaHus U3ydaeMbIX COCIMHEHHH, B
OCHOBHOM 3a c4eT nu3ariHa. CHHTe3 TaHHOTO (UTOAJIEKCHHA CBOWCTBEHEH
pactenusiM ropoxa. Cpean HucclielyeMbIX HaMH COSTUHEHHUH MMU3aTHH B Hau-
OoJbIIIel CTETIeHN U3YYeH IO €r0 aHTUTPUOHBIM 1 aHTHOAKTEPHAILHBIM CBOM-
CTBaM, KOTOPbIC IMEIOT 3HAYCHNE B MEKOPTaHIM3MEHHBIX B3aUMOOTHOIIICHUSX.
VY pacTenuii ropoxa yCHICHNE aKKyMYJISIIIMU MTU3aTHHA HAOIIONAIN TI0/ BITU-
SIHUEM TpUOHBIX U OakTepHaibHBIX UH(EKINH, B YCIOBUSIX a0MOTHYECKHX
ctpeccos [29, 30]. [TuzatnH MOXET MOAABIATH OaKkTepuu U3 pona Rhizobium,
HOAYIMpYIOIe KOpHH 0000BBIX KynbTyp [13, 26]. [Ipr 5TOM Yy pasHbIX mram-
MOB R. leguminosarum 3ame4eHa HEOAMHAKOBAsl YyBCTBUTEIBHOCTh K IH3a-
TUHY. Y HEKOTOPBIX MPEACTAaBUTENEH IPUOHBIX MAaTOTeHOB OOOOBBIX KYIBTYP
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U3 pona Fusarium CHWKEHHE YyBCTBUTEIBHOCTH K IMU3ATUHY OOBSCHSIN 00-
Hapy>KeHHOH Y HUX CIIOCOOHOCTBIO JIeTpaaupoBaTh faHHOe coequaenue [30].
[TonoGHEbIe siBIICHNS AT pafaliiy TM3aTHHA He 3a()MKCUPOBAIIN B HAYYHOH JIMTe-
parype y 6akTepuii, TeM He MEHee, y 9THX MUKPOOPTaHU3MOB OHH BIIOJIHE JIOITY-
ckatotces [13]. B Hamx ucciieoBaHMsIX Ha JIETpaIalliio TU3aTHHA OaKTepHSIMHU
A. chroococcum KOCBEHHO TIOKa3bIBaCT MOHIKEHHE €r0 YPOBHSI B CPEZIe pocTa
KOpHEH ITPOPOCTKOB rOpoXa, 10 CPABHEHUIO C PACTEHUSIMH KOHTPOIIA (pHc. 1).
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Puc. 2. Brusirue Oaxrepuit R. leguminosarum bv. viceae u A. chroococcum Ha COOTHOIICHHE
(ranaroB B cpejie pocTa KOPHEH MPOPOCTKOB ropoxa uepe3 | cyT SKCHO3UIUH.

1 — mTundranar; 2 — OyTui-Terpazern ¢rajiar; 3 — uoyTiwidranar; 4 — THoKTWIdTAIAT.

ITo ocu abcrwice: BapraHT BOITHOW CPEIIbI TS pOCTa KOPHEIA; 10 OCH OpauHAT: S,% — OTHOCH-

TeJbHBIH MOKa3aTelb IUIOIaH UTs TMKoB Ha Xpomarorpamme (I'X-MC) wst drranaros, B % %

OOHapyXeHHYIO B Cpefie pocTa KOPHEH MTPOPOCTKOB Pa3HUILY 11O COEpHKa-
Huto N-OHA nipu HHOKYITSAIIUH PU300HSIMHI B a30TOOAKTEpaMH MBI OOBSICHSIEM
HEOJMHAKOBOM aKTHBHOCTBIO JIerpajlallii JaHHOTO COCIMHEHUs STUMHU BUa-
mu Oaktepuidi. Mbl mosaraem, 4To yMeHbleHue coaepkanus N-OHA B cpene
pocTa KOpHEl IPOPOCTKOB IPH HHOKYIISILIMN OaKTepHsIMU Azotobacter mpon3o-
1IIJIO BCJIEJICTBHE €T0 aKTUBHOM JIECTPYKIIMH B KJIETKAaX JAHHOTO BU/1a OaKTepHii.
Jannas cnoco6HocTh katabonusuposarb N-DHA ¢ oOpazoBanueM ¢ranaros
HaMH ToKa3aHa y R. leguminosarum bv. viceae, Pseudomonas syringae pv. pisi,
Clavibacter michiganensis sps. sepedonicus [21]. Y A. chroococcum Ha cno-
COOHOCTB OCYILECTBIISIT T€ XK€ MPOIECChI TOKa3bIBACT MOsBICHNE (hTAIATOB B
KyIbTypasibHbIX cpenax ¢ N-OHA (tabm. 1).
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AxtuHOCTh nerpanain N-OHA azorobakTepoM 1 pru300HSIME MOXKHO OIle-
HUTb 110 COOTHOIIECHHSIM TIIOIIA/ICH MTUKOB JUISl JAHHOTO CyOCTpara U is MPOIyK-
TOB, 00OPA30BBIBABIIMXCS TIPH €T0 Jerpagariy — ¢ramaroB (Tadm. 1). CpaBHeHNe
TUIOIA el IIMKOB IOKa3bIBAET, YTO 3a | CyT AKCIO3MILMK OakTepusiMu Azotobacter
10 MxM N-OHA B KynbTypasbHBIX Cpeiax AerpaupoBaHO MTOITHOCTHIO, & PU300us-
MH — JIAIITB 9acTUIHO. Takasi pasHHIIa 110 IeTpaanpyIomiel CIOCOOHOCTH B OTHOIIIS-
i N-OHA 'y a30to0akTepoB 1 pu300uii MOXET ObITh OOBSICHEHHEM BO3HHKIIICH
TIO/T X BIIMSTHUEM Pa3HUIIBI [0 COMIEPIKaHMIO €T0 B Cpefiax pocTa KopHel (puc. 1).

Tabnuya 1.
CocTaB coeHEeHHIi B ITUJIAIETATHBIX IKCTPAKTAX U3 POCTOBBIX cpell 6aKkTepuii,
pocuux 1 -cyt ¢ 10 MkM mim 2-cyT ¢ 100 MM N-®HA

S, %
10 MM 100 MmxM
Coenunenne e | VO umie | A R. legu- A.
MHUH Yo 8 minosa-
nosarum | chrooco- um by chrooco-
bv. viceae ccum . ' ccum
viceae
DraneBblil aHTUJIPUT 8,0 | 50,5 0.3+0,1 - 0,4+0,1 -
o-DTaneBas KUcIoTa - -
JwTrndTanar 14,1 | 35,0 - 8,42+0,55| 1,3+0,3 | 2,6+0,2
Bytnn-oxkru ¢pranar 19.9 | 11.8 - 3,2540,13
Jubytundranar 21,6 | 29,3 | 3,21+0,26 100 4,3+0,6 | 0,7+0,1
N-®HA 26,6 | 47,5 |30,23+1,62 0 100 100
JunoxTundranar 31,7 | 71,5 100 57,7£3,7 | 0,6+0,1 -
(Ouc-7-MeTHIT-OKTHIT) 349 | 659 | 1,16£0.20 ) ) )
(ranar

Ipumeyanue k Tadauue 1. O6o3HadeHHs: t 4~ BPEMS yIepKuBaHus, Ver, % — Be-
POSITHOCTB, S, % — OTHOCHTEbHAS TIJIOMIAAb ITHKa. B Tabmuiie npuBeieHs! cpeiHne oKa-
3aTel J1si OTHOCUTEJILHOM IJI0IIa M THKa (S, %) U CTaHAapTHBIC OTKIIOHEHMS JIJIsl HUX.

CHwxkenne aktuBHOcTH nerpanannn N-OHA y uccnenyemsix O6akrepuit
MPOMCXOIMIIO MPH ero KoHIeHTpanuu B cpeae 100 MxM (tabm. 1). Ero MmoxHO
3aMETHUTH IIPH COTIOCTABICHUH COOTHOIICHHH MUKOB s pranatoB u N-OHA
B KynbTypalbHbIX cpefax ¢ 10 u 100 MM N-®HA, yunTsiBast Ipu 3TOM AJIH-
TEJBHOCTb KyJTETHBHPOBAHUS.

Pazniuust Mo akTUBHOCTH Karaboyin3Ma apoOMaTH4YeCKHX COCAMHEHWH y
CPaBHHMBAeMBbIX BHJIOB OaKTepHii, CKOpee BCETo, IPEOPeIeeHbl Ha TeHETH-
yeckoM ypoBHe. [{ist Gaxrepuit pona Rhizobium nHIynMOEIbHBIA cuHTE3 (ep-
MEHTOB, YYaCTBYOILIHUX B KaTabOoIM3Me apOMaTHYECKUX COCANHEHUM, SBIISIETCS
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XapakTepHOU 0COO0eHHOCTHIO [27]. Bosee BbICOKast, 4eM y pu300Hii, aKTHBHOCTh
mpu aerpaganun N-OHA (10 MkM) y HCTIONIB3yeMOTo B HAIITMX AKCIIEPUMEHTaX
mramma 6akrepuit 4. chroococcum, IO3BOIISET TOJIAraTh, 4TO CHHTE3 (hPepMeH-
TOB, HEOOXOAMMBIX JIUIsI OMoerpaialiii Ha3BaHHOTO COEIMHEHUS, Y 9THX OaK-
TEpHii PKCIIPecCHpyeTcsi KOHCTUTYTUBHO. [IpoTokarexoar okcurenasa, Koropas
MOXKET YyJacTBOBATh IPH JETPATALNH ITOJUINKINIECKAX apPOMAaTHIECKAX CO-
eIMHEHNH 10 (TajaTHoMy ITyTH 10 oOpazoBanust kuciot 1ukia Kpedcea [18],
ObuTa ouwmilieHa u3 A. vinelandii, npyroro npencraBurtess poaa Azotobacter, u
M3y4eHa T0CIIe BBIPAIIUBAHMUS 3TUX OaKTepuil Ha Cpelie ¢ M-THIPOKCHOeH30a-
ToM [14]. Bo3MOXKHO, UMEHHO CTaOWIBHOE MIPHUCYTCTBUE TAHHOTO (epMEHTa
B KJIeTKax mramma A. chroococcum 1o3BoNsieT OOBSICHUTB €0 YCTOHYMBOCTD
K JIeJIBTOMETPHHY, OJTHOMY M3 CBOWCTB, KOTOPOE OBLIO B YHUCIE ONpPEIEIIsio-
IIUX TIPU ero cenekTupoBaHuu [4]. KOCBEHHBIM MOATBEPKIECHUEM TOMY, YTO
¢ranarei myTh npu gerpagaunn N-OHA azoroOakTepamu 3aBepuraercs
paclieruieHHeM IPOTOKATEXOBOM KUCIIOTHI 10 3-KapOOKCH-IIUC-IIHC-MyKOHATa
pu yaacTan pepmenTa nporokarexoat okcureHassl (EC 1.13.11.3) [18] moryT
OBITH TaHHBIC HA pUCyHKe | U B Tabmune 1. 1o Hanboee HU3KUH TTOKa3aTelb
coaepkanusi N-OHA u ¢ranaros (puc. 1) B cpee pocta KopHe# ¢ a30To0ak-
TEpPOM U BBICOKAs KaTaboJIMUecKasi akTHBHOCTD 3TUX OaKTepuil B OTHOILCHUH
10 MkM N-®HA (Tab. 1), 0 KOTOpPBIX yKe OBLIO CKa3aHO BEIIIE.
[pencrasiennsie B Tabnuie 2 TaHHBIC, XapaKTEPU3YIOT N3MEHEHNUS )KN3HE-
criocobHoCcTH OakTepuii R. leguminosarum bv. viceae u A. chroococcum v sIBiIsi-
FOTCSI CBUJICTEIIHCTBOM HeraTuBHOTO BIHstHAS N-OHA Ha 3TH BUIBI OaKTepHil.

Tabnuya 2.
IIpoueHT XU3HECNOCOOHBIX KJIETOK B COCTABE ayTOArPeraroB
0akTepuii, poclINX B MJIAHKTOHHBIX KYyJbTypax 0e3 BHeceHUs] (KOHTPO.Ib)
u ¢ BHeceHueM B cpeny 10 u 100 mxM N-®OHA

Bun Gaxrepuit
Bapuant JlnmurenbHOCTh 2 o -
OKCIO3ULNH, CYT - [CGUMIROSATUM | 4 1 oococcum
bv. viceae
KonTtpomnn 0 (amartarmsi) 16,2+5,28 24,3+6,9
1 8,2+1,7 18,8+6,3
2 4,0 +£1,6 4,0£1,9
10 MmxM 1 32+1,2 1,1£0,5
N-©HA 2 1,0+ 0,0 1,0£0.4
100 MxM 1 3,0£0,7 0,8+0,3
N-OHA 2 0,5+0,0 0,6+0,2
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[Ipucrynas k aHanaM3y AaHHBIX TAOIMIBI 2, CIEIYET Y4EeCThb, YTO B Cpejie
pocTa OakTepuii B HAIIMX SKCIIEPUMEHTaX ObUIO HU3KOE COACPIKaHNE YITIEBOI-
Horo ncrognuka nmutanus (0.1%, cM. MeToauKy). DTH yCIOBHUSI OIUTOTPOGHOTO
MUTaHUSI Ha 2-€ CYT KCIO3MLUK HPUBOIMIN K CHHKEHHIO )KU3HECTIOCOOHO-
CTH OaKTepuil yxke B KJIeTKaxX WX KOHTpoJiss. BHECeHHe B KylIbTypaabHYIO Cpe-
oy N-OHA ycumimo cHIKeHHe TIoKa3zaTelel ku3HecnocoOHocTu. J[aHHbIe B
Tabnuie 2 yka3plBalOT Ha pa3HbIN Xxapakrep u creneHb BausHust N-OHA na
YKM3HECIIOCOOHOCTB ATHX IITaMMOB OakTepuii. CTerneHb CHUKEHHUS KU3HECTIO-
COOHOCTH BO3pacTaja C MoBBIIIeHneM KoHIeHTpannu N-OHA. Xapakrep pe-
aky Ha N-OHA u Ha NOBBIIIEHHE ero KOHLEHTPALMH B POCTOBBIX Cpeax
y CPaBHUBAEMbIX OaKTEpUil CyIIECTBEHHO OTIINYaiICs. MeHee BCero 4yBCTBH-
TEJIEHBIMH K N3MeHEHHUI0 KoHIeHTpalu# oT 10 1o 100 MxM N-OHA okazammchk
pu3obun. Y azorobakTepa B KOHTPOJIE HAOIFOAaCs OONMBIIN, TI0 CPAaBHEHHIO C
pHu300MsIMH, IOKa3arels sku3HecriocooHocTH. [lon Biustanem N-OHA y azoto-
OakTepa OH OKa3ajcs MOYTH B 3 pasa HIXKe, UeM y PH300uil yKe Ipu ero KOH-
neHTpanu 10 MM, U eme HeMHOTO CHU3WIICS TpH KoHIeHTpauu 100 MkM.

[IpencraBieHHble PE3ybTaThl MO3BOJSIIOT CBS3aTh YCHJICHHE CHIDKCHUS
XKHU3HecnocoOHocTH OakTepuii ipu koHneHTpaun N-OHA 100 MmxM (Tabo.
2) ¢ ”HTUOUPOBAHKUEM TIPOIIeCcCa ero Karaboar3Ma Py TOH JKe ero KOHIICHTpa-
11K B OaKTeprHabHBIX KieTKax (Tadm. 1). BeposTHO, mpy BEICOKOH KOHIIEHTpa-
1mn N-DOHA moBbIeHHAs akKyMYJISIIIHS €ro B OaKTepHaIbHBIX KJIETKaX BEIAET
K TOPMOYKCHHIO Y HUX KaTaOOJHMUCCKUX MTPOIIECCOB, BEAYIINX K 00pa30BaHUIO
(ramaToB. OTOMy MOTYT CIOCOOCTBOBATh (DPM3NKO-XUMHUUECKHAE CBOMCTBA CO-
€IMHEHMs, TAaKNe KaK BBICOKAsl JIMTOQIILHOCTD, OJAaronpHusTCTBYIONIAst IIPo-
HUKHOBEHHIO €r0 Yepe3 KIEeTOuHble MeMOpPaHbl, U BBICOKAs! aHTHOKCUAAHTHAS
aKTHBHOCTb, KOTOPasi MOXKET OBITh IIOMEX0H OKHCIUTENBHBIM IIPOLECCaM Mpu
nerpamarmn ¢pramatos [11, 25].

Tpetbst rpynma BeniecTs, KOTopasi ObuIa B MOJIE 3PEHHS HAIINX MCCIIEN0Ba-
HUi — dranarel. Ha poib poCTOBBIX PEryIsiTOpOB B MUKPOOHOME PHU30C(EpbI
pacTeHHit U (TaIaToB IMOKAa3bIBAIOT PE3YyNBTATH padOT, PACKPBIBIINX 0CO-
OEHHOCTH HX JIeHCTBHS B KadecTBE MHIMOMTOPOB pocTa Oakrepuii [10, 22, 28].
OOHapy>»keHO, 4TO CTeINeHb HeraTuBHOTO 3(dexTa PpTanaroB onpenensiercs He
TOJIBKO KOHIIGHTPAINEH UX B CPEJIe, HO M BUJIOM aJIKWIIbHBIX TPYIIUPOBOK B UX
MOJIEKYJIax, IPUCOETNHEHHBIX Y(PUPHOH CBA3BIO K 0-(hTaJICBOI KUCIIOTE, A TaK-
JKE 3aBHCHT OT BUJa OaKTCPHii, HCIBITHIBAIOIINX X jelicTue [16]. B pabote
[28] oTmMedueHO HEOTHO3HAYHOE ICHCTBUE MPEICTABUTENEeH (TanaToB Ha POCT
OaxTepwii B TUIAHKTOHHOH KyJIBTYpe M B OMOIUIeHKaX. Bmecte ¢ Tem, MHOTHE
CBOOOTHOJKUBYIIIE MHUKPOOPTaHU3MBI CIIOCOOHBI MCIIOIB30BaTh dPHUPHI 0-h-
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TaJeBOM KHUCJIOTHI B KAYE€CTBE MCTOUHHUKA yriepoaa u 3HEPruu, 4To AacT UM
OTIpe/IeIEHHBIE CETICKTUBHBIC IPEeNMyIIecTBa [§].

Jlannble Ha pucyHKax | ¥ 2 1MoKa3ajad HAa W3MEHEHHS! OTHOCUTEIBHO KOH-
TpoJisi B cocTaBe (TanaroB, KOTOPbIE BO3HUKIIM MO BIUSIHUEM Rhizobium n
Azotobacter B cpefie pocTa KOpHEH MPOPOCTKOB ropoxa. [Ipu HHOKYISIUN prU30-
OMAMU IPOU3O0IILIO HE3HAYNTETIHHOE YBEIMICHHUE KOJIMYEeCTBA JHOYy THiI(TaIaTa
1 HeOOJIBIIIOE CHIDKEHNE POLICHTHOTO OTHOIICHHUS TMOKTHII- M IMATHII(Tasa-
ToB. [lox BiusiHUEM a30TO0AKTEpa BMECTE C YMEHbBIIICHHEM KOJIMYECTBA THOY-
TriI(Tanara CyIecTBEHHO BO3POCIIO IMPOIIEHTHOE OTHOLIEHHE K HEMY ISl TPEX
Jpyrux BusoB (ranaros. [Tpn aTom muokTridranar okasancst JOMUHUPYIOIM
Cpe/H Ipe/ICTaBUTeNeil 00Cy>KaaeMOi rpy Il BeliecTB. Eciu npuHsTh BO BHU-
MaHue gaHHbie padoT [10, 28], yka3pIBaBIIMX HA aHTHOAKTEpHATIbHBIE CBOWCTBA
JUOKTHII- U ANATIII(TAIATOB, MOXKHO MTPEATIONOKUTb, UTO TP BO3HUKIIHNX H3-
MEHEHHMSIX B cocTaBe (prasatoB y Oakrepuii Azotobacter BO3HHUK MOTESHIMAI JUIS
IIOBBIIICHUS UX KOHKypeHTOCHOCO6HOCTI/I.

W3MeHeHws COOTHOIIEHUH (pTajmaroB B cpele pocTa KOpHEH MPOPOCTKOB
ropoXa IT0/] BIMSIHUEM U3y4aeMbIX BH/I0OB OaKTepHil MOTYT NPOUCXOUTH BCIE-
CTBHE CYyIIECTBOBAHUSA y HUX BO3MOXHOCTeH ais nerpaauposanus N-OHA
1o oOpazoBanus PpranaToB U ISl IPeoOPA3OBLIBAHMS OAHUX BHIOB ()TATATOB
B JIpyrue, mMyTeM M3MEHEHHMs! Y HUX JUIMHBI AIKWIBHBIX Ierel, 23pupHo cBs-
3aHHBIX C 0-(TaneBoll KUCIOTO. Bropoe 13 cBOWCTB 3aMEUEHO Y HEKOTOPBIX
NpeACTaBUTEIICH MOUBEHHBIX OaKTepuil aBropamu padoThl [8] U MOATBEPIKIC-
HO HammMu nuccirenoBannsamMu [21]. CrtocoOHOCTH OakTepuii mpeoOpa3oBHIBaTh
OJTHU BHJIBI (hTAJIATOB B APYTUE MOXKET CIIYKUTh OOBbSICHEHUEM HECOOTBETCTBHUS
COOTHOILICHUH MEX/y BUJaMH (pTanaToB B KyJIbTYpajbHBIX cpeaax (tadm. 1) u
B cpezie pocTa KopHeil (puc. 2).

3aki0ueHue

IIpuBenenHble pe3yabTaThl CBUIETENBCTBYIOT O HECXOXKEM XapaKTepe Mpo-
SIBJICHHS y TIPOPOCTKOB TOpOXa PacTeHHs 3alUTHON Peaknnuy aHTHMHUKPOOHOH
HaIpaBJIeHHOCTH Ha yPOBHE pr30chepsl, KOTOpoe 0OHAPYKUIIOCh Y HUX TIPH B3a-
UMOJICHCTBHHU B T€UeHUH | CYTOK ¢ OakTepHsMH 3HAO(PUTHOTO M ATU(PUTHOTO
THIIA COCYILECTBOBAHUS ¢ HUM. [0BBIIICHNE IO BIUSIHUEM R. leguminosarum bv.
viceae coniepykaHust COSTMHEHUI HEraTUBHOTO JICHCTBHS Ha OaKTepHN: MM3aTHHA,
N-OHA u ¢ranaroB B cpefie pocTa KOpHEH MPOPOCTKOB ropoxa SIBJISIETCSI CBUJIE-
TEIILCTBOM YCHJIEHUS Y HAX 3allIUTHOM peakuuu. Bo3MOKHO, 5TO yCHIIEHHE UMEET
CBSI3b C IIPOLIECCAMH aJITe3UN PU300Mii Ha MOBEPXHOCTH KOPHEH M HAYaJIOM ITPO-
HUKHOBEHUS UX B KOPHEBBIE BOJIOCKH, KOTOPBIE XapPaKTEPHBI AJIs JaHHOI'O HTara
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(bopmupoBanst 6000BO-pHU300HATEHOTO cUMOK03a [6]. OOHAPYKEHHOE YMEHBIIIC-
HHE KOJIMYECTBA BBIIICIIEPEINCICHHBIX COSIMHEHUI B CPEJIe pOCTa KOpHEii ¢ OaK-
TepusiMu A. chroococum MOKa3bIBaeT Ha OCITA0ICHUE 3aIUTHOMN PEaKIINH TPOTHB
OakTepuii 1 Ha BOSHUKHOBEHHE 00Jiee KOM(OPTHBIX YCIOBHIA JJIsI CYIIIECTBOBAHMUS
pu3ochepHbIX OaKTepHii B IPUKOPHEBOIT 30HE IPOPOCTKOB rOPOXa.

Bakrepuu R. leguminosarum bv. viceae u A. chroococcum, OTAMYAIONIAECS
o aKTUBHOCTH Katabomm3ma N-OHA u, no-BUAUMOMY, pa3IHIHONH BO3MOXK-
HOCTBIO JUIsl IPOXOXKICHUS Mpoliecca MeTabonu3anuu (ranaroB mo B—Kkero-
aJINMIATHOMY TIYTH, B IPUKOPHEBOI 00JIACTH MPOPOCTKOB rOpOXa BHOCHIIH
pa3IMYHBIN BKIIAJ B COJACPIKAHUHU U B COCTAB (PTATATOB.

IIpakTHyeckHe peKoOMeHIAUH

N-®HA — 510 coennHeHE, KOTOPOE NMEET HE TOIBKO OMOTHIECKOE, HO U TeX-
HOTEHHOE ITPOUCXOK/ICHHE (CHHTE3UPOBAH XUMUKAMHU M IIUPOKO HCTIONB3YETCS B
Pa3IMYHBIX XUMHUUECKUX TEXHOJIOTHSIX). Ero akkyMyInsmus B OKpysKaroliei cpese
MOJKET HEraTUBHO CKa3bIBAThCS HA )KUBOTHBIX OPIaHMU3MAaX 1 Ha 30POBBE UETIOBEKA.
[puBeneHHbIe B paboTe TaHHBIE IO criocoOHoCTH Aerpataimu N-OHA y cBobGos-
HOKHMBYIIIMX a30T(HUKCUPYIOLIMX OakTepuii mramma 4. chroococcum, TIOKa3bIBa-
IOIIIME HA €10 BBICOKYO JETPaUpPYIOLIyI0 aKTHBHOCTb, TO3BOJIAIOT PEKOMEHI0BATh
€T0 JUIsl IPIMEHEHHS B Ka4eCTBE KOMIIOHEHTA OMOTIPEnapaToB A1l PEKyIIETHBALIN
TI0YB, 3aTrPS3HEHHBIX COSANHEHUSIMH aHAJIOTHYHON CTPYKTYpHI (Ha(TannHBI).
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AHAJIN3 YKCIIPECCHUU T'EHOB

B KJIETKAX CYCHEH3UOHHOM KYJbTYPbI

ARABIDOPSIS THALIANA C TIOHU)KEHHOM
3KCHPECCHUEW 'EHA NDB2

HU.B. Deooceesa, A.U. Kamvrues, A.B. Deosnesa,
A.B. Cmenanos, I'b. bopoeckuii

Obocnosanue. Anbmepnamugnulli Nyms ObIXAHUS MUMOXOHOPULL pACMEHUT He
ceazan ¢ cunmesom ATD u, cnedosamenvHo, He KOHMPONUPYemcs HenocPeoOCmeenHo
SHEpeemuyeckuM CMamycom Kiemku. ArbmepHamusHvlil ObIXamerbHblll NYMb GKII0UA-
em 6 cebst pomeron newyscmeumenvhvie NAD(P)H decudpoeenasul 11 muna, pacnono-
Jicentble KaK Ha 6HewHell, MaK i Ha GHYMpenHell NO8ePXHOCMU 6HYMPeHHel MeMOPaHbl
MUMOXOHOPULL, YOUXUHOH U abmepHamueHyio okcuoazy (AOX). [lpeononaeaemcest, umo
anemepramuenvie NAD(P)H 0ecudpozenasvl umerom yrkyuiL, cCXxoonwle ¢ (hyHKYusmu
AOX, cpedu komopuix mepmoeeres, npedomspawierue oopasosanus ADK, okucnenue
u36vIMKa B0ccmanosumeneti 0Jis nPoOOINCeHUs Memabonudeckux nymei u op. Ilyonu-
Kayutl 06 ycnewnom nooasnenuu sxkenpeccuu NDB2 noka neoocmamouno. Hanpumep,
noxaszamo, umo pacmenus apaouooncuca, auuwennvie u AOXIla u NDB2 6vinu 6onee
YYBCMBUMENbHbI K KOMOUHUPOBAHHOU 3ACYXe U NOBLIUEHHOM) OCECUJEHUTO, 6 THO 8PEMS]
KaK pacmenusi, 2UNepIaKCnpeccupyiowjue Jmu 2eHvl, OeMOHCHPUPOBATY NOGLIUEHHYIO
YCMOUYUBOCH1b U CHOCOOHOCL K NOCICMPECCOBOMY 60CCHAHOGTIEHUIO.

Lenv. L]envio 0annoii pabomul AGNANOCH USYUUMD, KAK ROOABTIEHUE IKCIPECCUll
NDB2 6 cemepompoghHbIX KIemKax CyCneH3UOHHOU KYbmypbl apadudoncuca no-
GIIUSIEIN HA IKCAPECCUIO OPYSUX 2EHO8 ANbIMEPHATUGHO20 NYMU ObIXAHUS, PA300Wa-
10WUx 6eNK08, a MaKdice 2eH08 OEIKO8 MenI06020 UWOKA 8 He CPECCO8bIX YCIOGUAIX.

Mamepuanst u memoont. /][5 evioenenus PHK omboupanu no 5 ma kiemox cycnensu-
onnwix Kymomyp. PHK evioensinu ¢ nomowvio peakmusos uz Habopa GeneJET Plant RNA
Purification Mini Kit (Thermo Scientific, Jlumea), co2nacro uHcmpykyuu npouseooumers.

Cunmes nepeoii yenu k/[HK ocywecmensiu ¢ ucnonvzosanuem Habopa peakmu-
606 Thermo Scientific (J/lumea), coenacrho pekomeHOayusm Gupmol nPOU3EOOUMEISL.

TIL[P-PB nposoounu na npubope CFX96™ Real-Time PCR Detection System
(Bio-Rad, CIIIA), ucnonwsys nabop peaxmueos gPCR mix-HS SYBR (Espocen, Poc-
cust), coenacHo uncmpykyuu npouzsooumens. Anaiuz oannvix I1L[P-PB nposodu-
U ¢ noMouyvio npocpammnozo obecneuenusi SEFX Manager (Bio-Rad, I'epmanusi).
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Bce axcnepumenmot npo6oounucs 6 08X AHAIUMUYECKUX U Mpex OUOTOSUYECKUX
nogmopHocmax. B xauecmee peghepencroco eena ucnonb3o8ai 2et, KoOupyouuil
anuyepanivoeud-3-gpocgham oecuopozenazy — GAPD.

Pesynomamut. Konuuecmseo mPHK eena NDB2 6 kiemxax cycnen3uoHHoul Kyib-
mypul iunuu ASS 6vi10 chudiceno 6 8,2 pasza no cpasuenuto ¢ konmponem Col-0. [Tooa-
enenue sxenpeccuu eena NDB2 6 kiemkax cycneH3uoHHou Kyisnypsl apaduooncuca
auHuu ASS npueoouno x yseruvenuio Konuuecmea mpanckpunimos He moivko 2eHd
NDB4, no u NDBI1, a maxaice NDA2 u NDCI; 6 mo dice epems dKcnpeccus 2eHo8
NDB3 u NDAI crudsicanacs no cpagreruio ¢ kiemxamu Col-0. Mul ne obnapysicunu
usmeHenus yposreil sxcnpeccuu eenos AOX1a, AOX1b u AOXI1d 6 knemxax nunuu
AS5 no cpasnenuro ¢ konmponem, 0OHaKo Koruuecmseo mpanckpunmos eena AOXIc
HeCKOMbKO yeenuuueanocs. Ilpu ananuze yposHetl SKCHpeccuu 2eH08, KOOUPYIouux
pazobwaiowue 6enxu, 6uL10 06Hapyicero yeenuuenue sxcnpeccuu eena UCPI ¢
xnemkax nunuu ASS5. B knemkax cycnen3uonHou Kyiomypul aunuu AS5 nogviuianuce
VPOBHU IKChpeccuu 8cex ucciedyemvix Hamu eenos BTII, kpowe HSP17.7.

3axniouenue. Taxum obpasom, nonyuenHvie pe3ynomamol npeonoaazaion, 4mo
nooasnenue sxkcnpeccuu 2ena NDB2 ¢ cemepompodubix kiemkax apabudoncuca
6 omcymcmeue cmpecca usmMeHsem peooKc-cmamyc KJiemKu, 4mo, 6 c60i0 oue-
peob, npUBOOUN K USMEHEHUSAM YPOGHeU HAKONIeHUs MPAHCKPUNINOE OPY2UX 2eHO8
NAD(P)H oezudpoeenas u ysenuuenuio sxcnpeccuu eenog BTL, npu smom sxcnpec-
cusa knoyegolx eenog AOX ne usmensaemcs.

Knroueswie cnosa: Arabidopsis thaliana (s3xomun Columbia); NAD(P)H oezu-
opozenasvl I muna; sxcnpeccus 2eHo8

Jna yumuposanus. @edoceesa U.B., Kamviwes A. 1., Peosesa A.B., Cme-
nanoe A.B., bopoeckuii I'B. Ananuz sxcnpeccuu 2eH08 8 KiemKax CyCcneH3uoHHOU
xkynomypwl Arabidopsis thaliana ¢ nonusicennoii sxcnpeccueti eena NDB2 // Siberian
Journal of Life Sciences and Agriculture. 2021. T. 13, Ne 2. C. 185-201. DOI:
10.12731/2658-6649-2021-13-2-185-201

ANALYSIS OF GENE EXPRESSION
IN ARABIDOPSIS THALIANA SUSPENSION CULTURE
CELLS WITH REDUCED NDB2 GENE EXPRESSION

LV. Fedoseeva, A.1I. Katyshev, A.V. Fedyaeva,
A.V. Stepanov, G.B. Borovskii

Background. The alternative respiratory pathway of plant mitochondria is not
linked to ATP synthesis and, therefore, is not directly controlled by the energy status
of the cell. This alternative pathway includes rotenone insensitive NAD(P)H type
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11 dehydrogenases located on both the outer and inner surfaces of the inner mito-
chondrial membrane, ubiquinone, and alternative oxidase (AOX). It is supposed
that alternative NAD(P)H dehydrogenases have functions similar to those of AOX,
including thermogenesis, prevention of ROS formation, oxidation of overage reducing
agents for the metabolic pathways maintenance, etc. Publications on the successful
NDB? suppression expression are still insufficient. For example, Arabidopsis plants
lacking both AOX1a and NDB2 were shown to be more sensitive to combined drought
and high light treatment, while plants overexpressing these genes showed increased
tolerance and ability to post-stress recovery.

Purpose. The aim of this work was to study how the suppression of NDB2 ex-
pression in the heterotrophic cells of Arabidopsis suspension culture will affect the
expression of other alternative respiratory pathway genes, uncoupling proteins, as
well as genes of heat shock proteins under non-stress conditions.

Materials and methods. For RNA isolation, 5 ml of suspension culture cells were
collected. RNA was isolated using reagents from the GeneJET Plant RNA Purification
Mini Kit (Thermo Scientific, Lithuania) according to the manufacturer’s instructions.

The first strand of cDNA was synthesized using the Thermo Scientific reagent kit
(Lithuania), according to the manufacturer’s recommendations. RT-PCR was carried
out on the CFX96™ Real-Time PCR Detection System (Bio-Rad, the USA), using a
qPCR mix-HS SYBR reagent kit (Evrogen, Russia) according to the manufacturer’s
instructions. The analysis of RT-PCR data was performed using the SFX Manager
software (Bio-Rad, USA). All experiments were carried out in two analytical and three
biological replicates. A gene encoding glyceraldehyde-3-phosphate dehydrogenase,
GAPD, was used as a reference gene.

Results. The amount of NDB2 mRNA in the ASS5 suspension culture cells was
reduced by 8.2 times compared to the control, Col-0. Suppression of the NDB2 expres-
sion in AS5 Arabidopsis suspension culture cells resulted in an increase of transcripts
amount not only NDB4 gene, but also NDB1, as well as NDA2 and NDCI, at the same
time, the NDB3 and NDAI expression genes decreased in comparison with Col-0
cells. We did not find any changes in the AOX1a, AOX1b, and AOX1d expression levels
genes in AS5 cells compared to the control, but the quantity of AOXIc gene transcripts
increased slightly. During analyzing the expression levels of the genes encoding the
uncoupling proteins, UCPI gene expression was increased in ASS cells. In the cells
of the AS5 line suspension culture, the expression levels of all the HSPs genes studied
by us, except for HSP17.7, increased.

Conclusion. Therefore, the results obtained suggest that the suppression of NDB2
gene expression in Arabidopsis heterotrophic cells in the absence of stress alters
redox status of cells, which in turn leads to changes in the level of accumulation of
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other NAD(P)H dehydrogenases genes transcripts and the increase of HSPs gene
expression, while the key AOX genes expression does not change.

Keywords: Arabidopsis thaliana (ecotype Columbia), type [l NAD(P)H dehydro-
genases, genes expression

For citation. Fedoseeva .V, Katyshev A.L, Fedyaeva A.V,, Stepanov A.V., Borovskii
G.B. Analysis of gene expression in Arabidopsis thaliana suspension culture cells with
reduced NDB2 gene expression. Siberian Journal of Life Sciences and Agriculture,
2021, vol. 13, no. 2, pp. 185-201. DOI: 10.12731/2658-6649-2021-13-2-185-201

Brenenne

AJBTepHATUBHBIN ITyTh ABIXaHUSI MUTOXOHIPUII pACTEHNH HE CBSI3aH C CHH-
te3oM AT® u, crenoBarenbHO, HE KOHTPOIUPYETCsl HEMOCPEICTBEHHO dHEpre-
THYECKHM CTaTycoM KjeTkH [14]. B xiaccuueckoif 3JeKTpOH-TPaHCIIOPTHON
LIeTH OKUCTICHNE MUTOXOHAPHaT-HOT0 NADH mponcxoaut gepe3 poTeHOH TyB-
CTBHUTENbHBIN KOMIUIEKC | M MUTOXPOM ¢ OKCHJa3y, ONHOBPEMEHHO I€HEPUPYS
MIPOTOHHBIN IPaAUeHT U NpUBOAA kK cuHTe3y AT® yepe3 AT® cunrazy. Ansrep-
HAaTUBHBIN JbIXaTENIbHBII ITyTh BKIIIOYAET B C€0s1 POTCHOH HEUYBCTBUTEIIbHBIC
NAD(P)H nmerunporenass I tuma, pacmoiokeHHbIC KaK Ha BHEIIHEH, TaK H
Ha BHYTpPEHHEH MOBEPXHOCTH BHYTPEHHEH MeMOpaHbl MUTOXOHIPUIL, yOUXH-
HOH M asibTepHaTuBHYIO0 okcuaaszy (AOX) [12, 16, 23]. AnpTepHaTHBHBIHN Ty Th
MIPUCYTCTBYET BO BCEX MCCIIEAOBAHHBIX HA CETONHSIIHUN JICHb BBICIINX pacTe-
HUSIX. Y MHOTHX PacTE€HUI SKCIpPecCUsi KOMIIOHEHTOB aJIbTEPHATUBHOIO IIyTU
YBEJIUYMBACTCSI TPU BO3IEHCTBUN XUMUYECKHUX UM SKOIOTHYECKHX CTPECCOB
[5, 16, 17, 23]. B apabunoricuce (Arabidopsis thaliana) HaliieHbl CEMb TEHOB
NAD(P)H nerunporenas Il tuma (ND II) [13] (NDBI1-4, NDAI-2 w NDCI1) n
1siTh TeHoB AOX (40X 1a—d u AOX2) [15]. NDB 1-4 nokann3oBaHbl Ha BHEII-
Hel MOBepXHOCTH BHYTPEHHEH MUTOXOHIPHAIHHON MEMOpaHBI, B TO BpeMs Kak
NDA 1 u 2, a tacoke NDC1 Ob1mH onipeiesieHbl Kak BHyTpeHHHE (00pameHbl K
MHUTOXOHJIpHAJILHOMY Marpukcy) [10].

Pazoomarorre Oenku (UCPs) 00pa3yroT mojceMeiicTBoO B ceMeicTBE MuU-
TOXOH/IPUANIBHBIX OEJIKOB-HOCHUTENEH M KaTaJU3UpPYIOT KUPHOKUCIOTHYIO
PELUPKYIISIIUIO TIPOTOHOB, TEM CaMBIM MOIYJINPYSI CTETIEHb CBSI3H MEXITY MUTO-
XOHJIpUAJILHBIM TIEpEHOCOM AEKTPOHOB U cuHTe30M AT [20]. UCP neiicTBytot
TOJIBKO B IpucyTcTBUM ADK, 0-BUINMOMY, KOHTPOJIUPYSI U MOIYIIHPYS OKHC-
JIUTENEHO-BOCCTAaHOBUTEIBHBIN CTATyC IIETH MIEpeHOca AIEKTPOHOB [7, 9, 20].

[Ipeanonaraercs, uro ansrepHaruBabie NAD(P)H nermaporenassr ume-
10T QyHKIMH, cXonHble ¢ QyHKIsIMU AOX, cpei KOTOPBIX TEPMOTeHE3, Ipe-
noTtBpamieHne oopasosanus ADK, oknciaenne n30bITKa BOCCTAHOBUTENEH ISt
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MoJIepKaHus padoThl MeTaboMyecKux mytei u ap. [16]. Tlpoaykius muro-
xoHApHuanbHbIX ADK yBenmuumBaeTcs o1 BO3JCHCTBUEM BHEIITHUX CTUMYJIOB 1
MOKET aKTHBHPOBATH 3aITYCK JIN0O 3alTUTHBIX MEXaHI3MOB (HanpuMep, OEIKOB
terutoBoro 1moka, BTII), mu6o npuBoauts k rudenu [4]. [Tockonbky ansTepHa-
tuBHbie NAD(P)H neruaporenassl pacteHuii cogepkar B kauecTse kodakropa
DAJl, nccenoBaTeny He HCKIIOYAIOT, YTO OHU MOTYT OBITh MOTEHIINATBHBIMU
caiitamu renepauuu ADK y pacrenutii [3]. [lokazano, uro aeneuus rena NDB4,
koaupytoniero BuemHw NADH neruaporenasy A. thaliana, npuBoamia K
cHrkeHnio ypoBHs renepannu AOK [21]. dpyrue aBTops! [24, 25] moka3anm,
4yT0 CHIKEHHe KommdecTBa OenkoB NDA1 u NDA2 B pesysnbrare OgaBICHUS
SKCIPECCHH COOTBETCTBYIOIINX F€HOB MPUBOAMIO K 3aME/UIEHUIO POCTa U I0-
BBIIIICHUIO ypOBHs Jlaktara. CHmkeHne konuuectBa Oeska NDB1 napymano
POCT PacTeHMi, HO HUKAaK HE BIMSJIO Ha JIBIXaTENbHYI0 aKTHBHOCTB. B TO *xe
Bpemsi, HeaocTtaTok NDB1 3HauMTeNnbHO BIUSN HA 3KCIPECCHIO TEHOB, yda-
CTBYIOIIMX B OCJIKOBOM CHHTE3€, & TaKKe B (DYHKIIHOHUPOBAHUH CUTHAITBHBIX
cucteM pacteHuit [25]. PacTeHns HOKayT-MyTaHTOB apaOHAOICHCA MO TeHY
NDC1, xopupyromiero pepMeHT, yaacTBYIOMUI B cuHTe3e BuTamMuna K B xio-
porutacTax, ObUTM OYeHb YyBCTBUTENBHBI K cBeTy [11]. B pactenusx apabu-
Joricuca, y Kotopsix ¢ nomotibto PHK uHTepdepeHim Obl1 yMEHbIIICH CHHTES
NDBA4, 3nauntensro yBenmunBaics cuate3 NDB2 n AOX1a, gto mpuBesno k
yMeHblIeHuo oopazoBanust ADK kieTkamu, yBEITMUSHUIO COICYCTOWYHBOCTH,
a TaKKe HEKOTOPBIM M3MEHEHHSIM B CKOPOCTH Pa3BUTHUS U (PEHOTUIIE pACTEHUI
[21]. Tlybnukanuii 00 yCIIeNIHOM TONABICHUN dKcnpeccun NDB2 moka He-
JocTartodHo. B oyHO#M 13 paboT mokaszaHo, 4TO pacTeHus: apadbuaorncuca, Ji-
meHHble U AOX1a n NDB2 6butn Gonee 4yBCTBUTEIbHBI K KOMOMHHUPOBAHHON
3acyxe M MOBBIIICHHOMY OCBEIIEHHIO, B TO BPEMs KaK PAacTCHUs, THIIEPIKC-
MIPECCUPYIOIIHNE 3TH TEHBI, IEMOHCTPHPOBAIN TOBBIIICHHYIO yCTOWYNBOCTD
U CIIOCOOHOCTH K MOCTCTPECCOBOMY BoccTaHOBIeHHIO [22]. [ToaToMy 1ieinbio
JIAHHOMW paboTHI ABISIIOCH H3YYUTh, KaK MojaBieHue skcrpeccun NDB2 B Te-
TEpOTPOQHBIX KIETKaX CyCIIEH3MOHHON KyIIBTypBI apaOuaoIICcHCca TOBIHSICT Ha
9KCIIPECCHIO IPYTUX I'€HOB aJIBTEPHATHBHOTO IyTH JBIXaHMS, PA300INAIOIINX
0eJIKOB, a TaK)Ke TEHOB OEJIKOB TEIUIOBOTO II0KA B HE CTPECCOBBIX YCIOBUSIX.

MarepuaJjbl M1 MeTOAbI

st monyvyeHust pacTeHH CO CHIKEHHOW sKcmpeccueit rena NDB2 apa-
oumoricuca A. thaliana (3xotun Columbia, Col-0) x/IHK, cooTBeTcTBY!OIIAs
TpaHciupyemoil nocnenosaresnibHoctd MPHK sTOro rena kinonuposaiu B aH-
TUCMBICIIOBOM OpHEHTAalMU B cocTae miazmuasl pBI121 nox xonTponem 35S
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npomotopa [2] B kinerkax Agrobacterium tumefaciens, mramm C58cl. Arpo-
OakTepuaIbHYI0 TpaHCHOPMAIMIO PACTEHHH apabuorcruca TeHETHIEeCKON
KOHCTPYKLMEH MPOBOAMIA METOIOM OKyHaHUs LBETKOB [6]. IlomyueHHble
TPaHCTEHHBIC PAaCTEHHUsI OTOMPAIIN C TOMOIIBIO CeJIeKIMU Ha KaHamuuuse (50
MKTI/MJT), HAJIMYHE BCTPOMKH IIEJIEBOTO TeHA MOATBEPKAAIH ¢ TIoMOIbio TTLP.

CycrieH3nOHHBIE KyTbTypbI Ki1eTok Col-0 i THHIM cO CHIKEHHOU dKCIIpec-
cuei rena NDB2 nomyvanu 1 KyIbTUBUPOBAJIU, Kak OMHUCaHO paHee [19].

Jos Beinenenust PHK otOnpasm o 5 it kiieTok cycrneH3HoHHbIX KynsTyp. PHK
BBIJIEILUTH C TIOMOITbI0 peakTnBoB n3 Habopa GeneJET Plant RNA Purification
Mini Kit (Thermo Scientific, JInTsa), cornmacHO HHCTPYKIMH TPOM3BOIUTEIIS.

CunTe3s nepsoii nenu k/IHK ocyiecTrisiiig ¢ ucnoip30BaHueM Habopa pe-
axktuBoB Thermo Scientific (JIuTBa), coracHO pekOMEHIAMSIM (HUPMBI TIPO-
W3BOIMTEIIS.

[TLIP-PB npoBonmmu Ha npudope CFX96™ Real-Time PCR Detection
System (Bio-Rad, CIIIA), ucnions3ys Hadbop peakrusos qPCR mix-HS SYBR
(EBporen, Poccust), cormacHO HHCTPYKITMH TIPOU3BOANTEINSA. AHAIH3 JaHHBIX
[LIP-PB npoBoaniy ¢ momoIsio nporpamMmmuoro obecnedenust SFX Manager
(Bio-Rad, CIIA). Bce skcriepuMeHTbI TPOBOAMIINCH B JIBYX aHAJIUTHYECKHX
U Tpex OMOJIOTHYECKUX MOBTOPHOCTSX. B kauecTBe pedhepeHCHOTO reHa mc-
TIOJTb30BAIIM T€H, KOAUPYIOIUH TuIepaibaerua-3-gocdar neruaporenasy —
GAPD [8].

[NocnenoBarenbHOCTH UCTIOIB30BAHHBIX B pa0OTE OJIMTOHYKJICOTH/IOB IPH-
BelleHbI B Taommire.

Tabruya
OJII/II‘OHyKJ]eOTHIll)I, HUCMOJIB30BAHHBIC B OKCIIEPUMEHTAX IO OIIPEACICHUIO ypomleizi
JKcnpeccun reHoB A. thaliana ¢ nomomsio IIP B peansHoM BpemMenn

HanmenoBaHue oMroHykjieoTuia [MocnenosarensHOCTS, 5°->3°
17.6A-RTL CTTGACTTTGTGTGTGTGTGTCTCTGA
17.6A-RTR CCAAATACACACATTTCTCCACCATA
17.6B-RTL TTTATCATCGGAGTTGCTTGTGTTT
17.6B-RTR CATCATAATTCATAGCTCAATCGGAGA
17.6C-RTL GGTAGTGAAATAATTGGTGTGTGATGTGT
17.6C-RTR CAAACAATCCGAGAGGCAGAAGTAT
17.611-RTL GTTTTGTGATTGTGTGTTGGATTTATCT
17.611-RTR CATCTTAGAACAAAACACCATATCCCT
17.7-RTL TTCTCTGTTCATATTTGTCTTTGTGTTCA
17.7-RTR GCATGGATGGTTCAAGAGAGCAA
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Oxonuanue maoj.

Hsp101-RTL TCTCCTCCACCTGATGATATTCCA
Hsp101-RTR CTTGAGCACGACGAATGACCTTA

GAPD RTL GGCGAGAGTTTGTGTGTGGTTGA
GAPD RTR AAGCAGGGAAACATTAAGAGAAAGCAA
Ndb2 RTL CTCCAAGGCTCCAATACACATATCTCTC
Ndb2 RTR ATCTCTCCTCGTTACTTGTGGTCATTATTT
Ndb3 RTL TCAGGAACACTGACAATGAAAGAATTT
Ndb3 RTR GTTCGACAGACTTGTTGGAACCATT
Ndb4 RTL AAGACAGGTTCAATGGTTGTGGGA
Ndb4 RTR GCCAGTTTCTCTTTCCTTTGTGGAT
Aoxla RTL CGGCTGGACCACGTTTGTTCT

Aoxla RTR CCAATCGTCGGAGCTCTAGTCCATA
Aoxlb RTL AATGATGATGAGTCGTCGCTATGGA
Aoxlb RTR CCGCTAGATCCTTTCTCCTCCGTA
Aoxlc RTL CACTACATTACTCCGTCGCTCTCTCCT
Aoxlc RTR TTTCGCTGGAGCAAGTTGGTGA, 22-mer
Aoxld RTL GACATCTCATTAGCCACTTGCCCA
Aoxld RTR TTCCCACTTACCGGAGATGACGT

Ndbl RTL TGCCTGCAACTGCTCAGGTC

Ndbl RTR GATGCCCGCCAGTTCTGAAG

Ndal RTL ATCCTACACTCTCTCGTCCCGTTTCT
Ndal RTR CTCCAACGCATTAACTACATCCTCCTT
Nda2 RTL CACACACACAACGAAGAAGACGAAGA
Nda2 RTR CGAGAAGCGAGAGTGTATGATAATGATGA
Ndcl RTL CCGTTCTCTCCTCTGTATCTTCTCTCA
Ndcl RTR GCCACTGTTGTTTGTCACTGCTCT

Ucpl RTL GCAGAGAGAGAGAGAGAGGGACGAT
Ucpl RTR GGGACGACGACGATTACGGCTA

Ucp2 RTL CATCAATCATCATCGCTGTTAGAGAGAA
Ucp2 RTR GCGAAATCTGGAGAAGCACCGA

Ucp3 RTL GAGCCGAGTGACCAGAGAAGCA

Ucp3 _RTR GGAAACGTAACTGACTCTGCAACCAT

PesyabTarsl ncciienoBanmii M ux o0cy:KIeHHe

KomgectBo MPHK rena NDB2 B KleTKaxX CyCIICH3MOHHON KyJIBTYPbI THHUT
ASS5 6110 CHIDKEHO B 8,2 pa3a o cpaBHeHHIO ¢ KoHTponeM, Col-0 (pucyHok, A).

[TokazaHo, YTO MUTOXOHJPHUH, BBIACICHHBIC U3 3€JIEHBIX JIUCTHEB apadH-
Jorcuca JuHun Atndb2 co cCHWKEHHOM dKcnpeccueii rena NDB2, pe3ko cHU-
KA CKOPOCTH OKMCIIeHHs 3k30reHHOT0 NADH [22]. ABTOPHI TPEITONOKIIIH,
9T0 HEOOJIBIIOE KOJTMYESCTBO OKHCIAUTENbHOW akTuBHOCTH NADH, ocraBmieecs
B pacTenusix Atndb2, BeposiTHO, cBsi3aHO ¢ pyruMu BHenHuMu NADH neru-
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JIporenazamu, ckopee Bcero, ¢ NDB4. B Hamux skcniepuMeHTax MojaBlIeHUE
sKcrpeccun reHa NDB2 B KJIeTKaxX CyCIIeH3MOHHOW KyIbTyphI apabumoncuca
TuHAN ASS TIPUBOIMIIO K YBEITMUYSHUIO KOJIMUECTBA TPAHCKPHUIITOB HE TOJIHKO
rena NDB4, 1o u NDB1, a taioke NDA2 u NDCI; B T0 € BpeMsi SKCIIPECCHs Te-
HOB NDB3 u NDA I cawkanach 1o cpaBHeHHIO ¢ kietkamu Col-0 (pucyHok, B).
Msr He oOHapy KXW W3MEHEHHsS YpPOBHEW skcmpeccun reHoB 4A0XIa,
AOX1b n AOXI1d B xnerkax AMHUM ASS 110 CPaBHEHUIO C KOHTPOJIEM, OJHAKO
KOJIMYECTBO TPAHCKPHUNTOB reHa A OX1c HeCKOIbKO YBETMUUBAIOCH (PUCYHOK,
B). IIpu ananmse ypoBHEH 3KCIIPECCHU T€HOB, KOAMPYIOMNX Pa300IIaioye
Oenxy, ObUTO OOHAPY)KEHO yBenuueHne skcrpeccud reHa UCPI B KileTKax
muann ASS (pucynok, B). PazoOmaroniie 6enku AeHCTBYIOT TOJIBKO B TIPH-
cyrctBun ADK, BeposITHO, TIPH 3TOM KOHTPOJIUPYS ¥ MOAYIIUPYSI OKHCIUTEb-
HO-BOCCTAHOBHTEJBHEIA CTaTyC IETH IepeHoca MEeKTpoHOB [20].
A b
35 - 0Col-0

BASS
3

»
in

[S)

Hopmasim30BaHHasi KPaTHOCT
IKCIPECCHH
HopmaunsoBanHasi Kparocts
IKCNPeccHu

Col-0 ASS 0 -
NDAI NDA2 NDBI NDB3 NDB4 NDCI

7 acol-0
35 - oCol-0

BASS
6 @ASS

Hopmainsoannasi KpaTHOCTh
IKCNPECCHH

Hopma/in3oBannasi KpaTtHoCTh
IKCNpeceHn

!
A
7

Z
Z
/

AOX1a AOX1b AOXIc AOX1d UCPI UCP2 UCP3
Puc. CpaBHuTenbHbIH ananu3 koandectsa MPHK pazinnynabix reHoB
B KOHTPObHBIX (Col-0) 1 TpaHcreHHBIX (ASS) KiIeTKaxX CyCIeH3MOHHBIX KYJIBTYp
apabuponcuca. n=3, m=S.E
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Iponyxuus ADOK paccmarpuBaeTcs Kak BepoaTHbI Tpurrep cuntesa BT,
a MUTOXOHJIPUU MOTYT OBITh €€ OCHOBHBIM HCTOYHUKOM [ 1]. B KiteTkax cycnen-
3MOHHOH KYJBTYpBI TMHUHA ASS TIOBBIIIATNACH YPOBHH SKCTIPECCHH BCEX HCCIIe-
nyembix Hamu reHoB BT, kpome HSP17.7 (pucyHok, I').

Takum 00pa3oMm, MONyUEHHBIC PE3yNbTaThl MPEIIONAraloT, YTO MOAaBIIe-
HHUe dKcnpeccun reHa NDB2 B reTepoTpo]HBIX KIETKax apadHuIoncuca B OT-
CYTCTBHE CTpecca U3MEHSET PEAOKC-CTaTyc KIIETKH, YTO, B CBOIO OUYepe/b,
IIPUBOAUT K U3MEHEHUSIM YPOBHEU HAKOIUICHUS] TPAHCKPUIITOB IPYIMX I€HOB
HAJIH-perunporenas u ysenmueruro sxcrpeccuu reHoB BTLL, mpu aTom skc-
npeccusi KIroueBbiX reHoB AOX He U3MEHSETCS.
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D®PEKTHI JEHNCTBUS
OUKOBUWJINIIPOTEUHOB ARTHROSPIRA
PLATENSIS (NORDSTEDT) GOMONT
B PACTUTEJIBHBIX TKAHSX: AHTUOKCHUJIAHTHASI
AKTHUBHOCTbD B INIIOKO300KCHJIA3ZHOM
TECT-CUCTEME ¥ PABOBIIEHUE OKUCJEHUSA
U ®OCPOPUTITMPOBAHUS B MUTOXOHIPUSIX

A.B. Cmenanos, A.A. Axcenosa, E.A. Ilonakosa,
HU.B. ®eooceesa, O.U. I'padenvuvix, P.I. I'eeopzus

Obocnosanue. [[uanobaxmepus Arthrospira (Spirulina) platensis (cnupynuna)
00.1adaem YHUKATbHbIM OUOXUMUYECKUM COCIMABOM U HAXOOU WUPOKOe NPUMEHEHUE 6
PASTUYHBIX Chepax, 6 mom uucie  MeouyuHe u cenbckom xossicmee. OcHogHble uKo-
oununpomeurvt (PBII) cnupynursl — C-(hukoyuarut u aiioQUKOYUAHUH 3aUUarom
KAeMKU HCUBOMHBIX O OKUCTUNETLHO20 CIpecca U OUCGYHKYUY MUmoxouopuil. B mo
Jice 8pemsi Mano ceedenuti 06 anmuoxcuoanmmwix ceoticmeax OBII ¢ pacmumenvhoti
KJIemKe U ux 6IUAHUU Ha OuodHep2emuyeckue napamempul MUMoxXoHOPUll pacmeHui.

Lenw. Lenvio oannoii pabomer ObLI0 UzyueHue erusnus skempakma DPBIT A.
platensis na 2n110K0300KCUOAZHYIO AKMUBHOCTNL U (PYHKYUOHUPOBAHUE MUNIOXOH-
Opuii kapmodhens.

Mamepuanst u memoowt. PHI1 svidensnu uz covipoil buomaccol A. platensis
(Nordstedt) Gomont (wmamm IBSS—31) ¢ nomowwbto X0100HOU SKCMpaKyuu u
ocadxcoenus ayemonom. benkoeswiil skempakm ¢ evicoxou doneu C-ghuxkoyuanu-
Ha ucnonvzosanu 6 koHyeumpayusax 0,025 — 0,25 me/mn. Ob6 anmuoxkcuOaHmHvix
ceoticmeax DBII cyounu no uHeUOUPOBAHUIO 2NHOKO300KCUOAZHOU AKMUBHOCU
IKCmMpaxkmog kapmodghens ¢ nosvlwennoul skcnpeccuetl eena GOX. Oxucnumensmyio
u gochopunupyrowyro akmusHocms Mumoxonoputi 6 npucymemeuu DPBII oye-
Husanu nonsapocpaguueckum memooom. Cmamucmudeckyro 06pabomxy OAHHbIX
ocywecmensnu ¢ nomoupvio SigmaPlot v. 14.0.

Pesynomamul. I7110k0300KCUOA3HbILL MECT BbIAGUI AHMUOKCUOAHMHYIO AKIMUG-
Hocmw sxempaxma DB, spko evipadicenuyio npu Konyenmpayuu oenxa 0,25 me/mi.
B omotl sice konyenmpayuu 3kCmpaxm evl3vl8a pazooduerue nPoyeccos8 OKUCIeHUs
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u ocopunuposanus 8 MUMOXOHOPUAX Kapmogens npu OKUCIeHUU CyKyunamad,
CBA3aHHOE C NOGBIUIEHUEM CKOPOCIU ObIXAHUS 8 COCIOAHUU 4 U CHUdICCHUEM KOID-
Quyuenma OvIXamenbHO20 KOHMPOIA.

Zakntouenue. Taxum obpazom, guxoburunpomeunst A. platensis konyenmpa-
YUOHHO-3AUCUMBIM 00PA30M CHUIICAIOM 2eHePayuI0 NePoKcUoa 6000pooa 8 2io-
KO300KCUOA3HOU mecm-cucmeme u pazoouarm npoyeccol OKUCIeHus u pocgopu-
JUPOBAHUS MUMOXOHOPUTL PACEHUIL.

Knrouesvie cnosa: Arthrospira platensis; ¢uxoburunpomeunsvi, C-ghukoyua-
HUH,; 2THOKO300KCUOA3d; NEPOKCUO 8000P00d; MUMOXOHOPULL, pA300WeHue npoyec-
€O oKUCIeHUs U pocghopuruposarus

na yumuposanus. Cmenanos A.B., Axcenosa A.A., llonaxosa E.A., Dedo-
ceesa U.B., I'pabenvuvix O.U., I'esopeuz P.I. Dppexmor Oeticmsus purxodbunu-
npomeunos Arthrospira platensis (Nordstedt) Gomont 6 pacmumenbublx MKAHAX:
AHMUOKCUOAHMHASL AKMUBHOCTb 8 2IIOKO300KCUOA3HOU MeCm-cucmeme U pasoo-
wenue oxucienus u ocpopunuposanus ¢ mumoxonopusix // Siberian Journal of
Life Sciences and Agriculture. 2021. T. 13, No 2. C. 202-224. DOI: 10.12731/2658-
6649-2021-13-2-202-224

EFFECTS OF THE ACTION
OF ARTHROSPIRA PLATENSIS (NORDSTEDT)
GOMONT PHYCOBILIPROTEINS IN PLANT TISSUES:
ANTIOXIDANT ACTIVITY IN THE GLUCOSE OXIDASE
TEST SYSTEM AND UNCOUPLING OF OXIDATION
AND PHOSPHORYLATION IN MITOCHONDRIA

A.V. Stepanov, A.A. Aksenova, E.A. Polyakova,
LV. Fedoseeva, O.1. Grabelnykh, R.G. Gevorgiz

Background. Cyanobacterium Arthrospira (Spirulina) platensis has a unique
biochemical composition and is widely used in various fields, including medicine
and agriculture. The main phycobiliproteins (PBPs) of spirulina — C-phycocyanin
and allophycocyanin protect animal cells from oxidative stress and mitochondrial
dysfunction. At the same time there is little information about the antioxidant prop-
erties of PBPs in a plant cell and their influence on the bioenergetic parameters of
plant mitochondria.

Purpose. The aim of this study was to determine the effect of A. platensis PBPs
extract on glucose oxidase activity and functioning of potato mitochondria.
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Materials and methods. PBPs were isolated from the crude biomass of A. plat-
ensis (Nordstedt) Gomont (strain IBSS-31) using cold extraction and precipitation
with acetone. The protein extract with a high proportion of C-phycocyanin was used
at concentrations of 0,025 — 0,25 mg/ml. The antioxidant properties of PBPs were
evaluated by the inhibition of the glucose oxidase activity of potato extracts with
increased expression of the GOX gene. The oxidative and phosphorylating activity of
mitochondria in the presence of PBPs was measured by the polarographic method.
Statistical data processing was carried out using SigmaPlot v. 14.0.

Results. The glucose oxidase test revealed the antioxidant activity of the PBPs
extract, which was pronounced at a concentration of 0,25 mg / ml. At the same con-
centration, the extract caused uncoupling of oxidation and phosphorylation in potato
mitochondria during succinate oxidation, associated with an increase in the state 4
respiration rate and a decrease of the respiratory control coefficient.

Conclusion. Thus, phycobiliproteins of A. platensis in a concentration-dependent
manner reduce the generation of hydrogen peroxide in the glucose oxidase test system
and cause uncoupling of the oxidation and phosphorylation in the plant mitochondria.

Keywords: Arthrospira platensis; phycobiliproteins, C-phycocyanin; glucose oxi-
dase; hydrogen peroxide,; mitochondria; uncoupling of oxidation and phosphorylation

For citation. Stepanov A.V., Aksenova A.A., Polyakova E.A., Fedoseeva I.V., Gra-
belnykh O.1., Gevorgiz R.G. Effects of the action of Arthrospira platensis (Nordstedt)
Gomont phycobiliproteins in plant tissues: antioxidant activity in the glucose oxidase
test system and uncoupling of oxidation and phosphorylation in mitochondria. Siberi-
an Journal of Life Sciences and Agriculture, 2021, vol. 13, no. 2, pp. 202-224. DOI:
10.12731/2658-6649-2021-13-2-202-224

Guxodmnmunporennsl (OBIl) — nmurmMeHT-0eIKOBBIE KOMIUIEKCH (POTO-
CHUHTETHUYECKOTO armapara [UaHOOaKTepHi, KPACHBIX U KPUITO(PHUTOBBIX
Bomopocaeit. [{luanobaxreprn ucmons3ytoT GBI B kauecTBE OCHOBHBIX CBETO-
COOMPAIOIINX MUTMEHTHBIX KOMIUIEKCOB, KOTOPBIE MPEICTABIISIOT COO0H SIPKO
OKpallleHHbIE ¥ BOIOPACTBOPUMBIE XpOMO(opcoaepIKalye OeaKu, CoOpaHHbIe
B CYIEpMOJIEKYIISIPHBIE KOMIUTIEKCHI ((DUKOOMITHCOMBI ), IPUMBIKAIOIINE K THIIa-
KOWaM ¢ IuToruiazmarndeckoi cropons [8]. Y ®BIIT xpomodopabie pocTe-
THUYECKHE TPYIIBI IPE/ICTABICHBI IMHEHHBIMU TETPAITUPPOIaMU OJIM3KHMH MO
XUMHUYECKOMY CTPOCHHIO K OMJIMHAM Kerud [8]. 3HaunTeNbHBINH HHTEpEeC IS
Omonornueckux uccaenoanuii Be3bBatoT OBI1 nanobakrepun Arthrospira
(Spirulina) platensis. C naBaux nop A. platensis u ps APYrUX BUIOB ITO-
ro poja yrnorpeOsieTcst B MUILY YEJOBEKOM U )KUBOTHBIMH I10]] Ha3BaHHEM
«crimpynuHay. CrimpynnHa Oorara 6e7IKoM, TUTMEHTaMH (KapOTHHOWIAMH U
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(UKOLIMaHWHAMHU ), TTOJICAXapUAaMH, )KUPHBIMH KHUCJIOTAMHU, KOMIIJIEKCOM BH-
TaMuHOB B, BuTamMmuuom E u MuHepanbHbIME dnieMeHTamH [3, 21]. braromaps
TaKOMY COCTaBy OHa 00JaJaeT MPOTHBOBOCHAIUTEIEHON, aHTHOKCHIAHTHOM,
MIPOTUBOOILYXOJIEBOM, FeaToNnpOTEKTOPHOH, HelpO3alUTHON, UMMYHOJIOTHYE-
CKOH U IPyTUMU OMOJIOTUYECKUMU aKTUBHOCTSIMU [2, 9, 18, 23, 28-30]. MHorHe
13 3TUX CBOHCTB OOYCIIOBIICHBI IPHCYTCTBHEM B COCTAaBE CIIUPYIUHBI (PUKOOH-
snporenHa — C-ukoranuna. C-QUKOLMAHUH COIEPKHUT KOBAJIEHTHO-CBSI-
3aHHBIH XpoModop — GUKOLMAHOOWIINH, KOTOPBIH 00eCIeunBaeT MAaKCHMYyM
TIOTJIONICHNS B BUAMMOW OONIAaCTH CTEKTpa MpH JUTHHE BONHBEI 620 HM, U sSB-
nsiercst npeodnanatonmM cpery GBI cimpynmunbl. C-pUKOLMaHUH SBIsSETCS
racuTeseM cBOOOHBIX PaJMKaJIOB U, Oiarogapsi 5TOMy CBOWCTBY, aKTHBHBIM
AQHTHOKCHJAHTOM, IIPEAOTBPAIIAIONIINM 00pa30BaHUE aKTUBHBIX (POPM KHCIIO-
pona (ADK) u pa3BUTHE OKHUCIUTEIHEHOTO CTpecca, MEPEKUCHOE OKHCICHHE
mnuos (I1OJT), mopesxnenne IHK, pazpymienne kieTo4yHbIX MEMOpaH, JAnC-
(GYHKINIO MUTOXOHAPHIA 1 THOeNb KieTok [9, 10, 14, 15, 20, 22, 26,27, 30, 31].

B muteparype mano cBemeHH 00 aHTHOKCHAAHTHBIX cBoricTBax OBIT B
PacTUTEIBbHOM KIETKE U OTCYTCTBYIOT JaHHBIC 00 NX BIMSHUU Ha OMOPHEpreTH-
YecKHue IapamMeTpbl MUTOXOHJIPUI pacTeHuid. B To ke Bpems 6orarblii KoMIo-
HEHTHBIN COCTaB CIIUPYIMHBI ONPECTACT NEPCIIEKTUBY €€ HCIOIb30BAHMS KaK
OroCTUMYIISITOPA JUTS CETbCKOXO3IHCTBEHHBIX pacTeHuit. [Tokasano, 4ro ¢uib-
TpaT ¥ TOMOT€HAaT CUPYIUHBI OKa3bIBAJIM ITOJOXKUTEIBHOE BIUSHHUE Ha POCTOBBIE
MIPOIIECCHI U AIIEMEHTHBIN COCTaB pacTeHui peauca [ 16]. benkoBblil ruaponuzar
CTIMPYIIUHBI CTUMYJINPOBAJI POCT PACTCHUH KYKYpy3bl, HAKOTIICHHE B JINCTBSIX
1 KOPHSIX MaKkpo- ¥ MHKPODJIEMEHTOB, OEIKOB, (DEHOIBHBIX COCANHEHHH, XII0-
podmwioB u npyrux coenuHenuit [13]. C-dukorpanuH, SKCTparupoBaHHbIN U3
A. platensis, IposIBIISUT @aHTHOKCUIAHTHYIO AKTHBHOCTH KaK B OTHOILICHHU CHH-
TeTrdeckoro pagukaga DPPH, Tak u gepMeHTOB MmIomoB SOMOHN, TaKUX Kak
nonudeHonokcunasa u nepokcuaasa [11]. TecT-cucremoid st MPOBEPKH aH-
TUOKCUIAHTHBIX cBOMCTB DBII y pacTeHunii MOXKET CTaTh MIFOKO300KCHIa3Has
peaknusi, CONPOBOXK/AIOIIAsics TeHepaIeil mepokcuaa Bogopoaa. depMeHT
nmoko3ookenaasza (GOX) karanu3upyeT peakuuio OKHUCIeHUsT b—D—Toko3sl
10 b-D-1imtokoHo—d—J1aKTOHA M CONPSKEHHOE BOCCTAHOBIICHHUE MOJIEKYIISIPHOTO
KHCIIOpoa 1o iepokcuia Bogopoaa [6]. [Toxydenst [6, 7] v BBeE€HBI B KyIBTypY
[17] pactenus kaprodens, conepxanye reH GOX, KOTOpble MOTYT ObITh MOZICIIb-
HBIMH 00BEKTaMHU JITsI IPOBEPKH aHTHOKCHIAHTHBIX CBOWCTB DBIT.

Lenbro raHHON PabOTHI OBLIO M3YUYEHHE BIUSIHUS SKCTPaKTa (HHUKOOHIHITPO-
TEHHOB A. platensis Ha TITIOKO300KCH1a3HY 0 AKTUBHOCTD 1 ()YHKIIMOHUPOBAHHE
MHUTOXOHJIPUH KapToderst.
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Marepuajbl H MeTObI HCCJICIOBAHNS

DKCTPAKIHUIO PUKOOMINIIPOTENHOB IPOBOAMIN U3 OMOMACCHI AJIbTOJIOTHYE-
CKHU YHCTOW KyIbTYphl criupyiuHsl (4. platensis (Nordstedt) Gomont, mramMm
IBSS—31) u3 KoIeKIH KyI6Typ MUKpoBogopocieil denepaabHOro Uccieno-
BaTeNbCKOTO IeHTpa «HCTHTYTa OMoNornu roxKHBIX Mopeit nmeHn A.O. Ko-
Basesckoro» PAH (CeBacronoins, Poccust). CripyniHy BbIpaIiiBaiy B Koja0ax
Oprenmeiiepa oobemoM 250 M1 Ha MUHEpalbHOM cpene 3appyk mpu pH 9,5 B
ooveme cycriensun 100 v B kamepe KBWF 400 (Binder, ['epmanus) ¢ Temme-
parypoii 35°C (14 gacos nenb / 10 yacoB HOUB) U OcBemeHHOCTHI0 200 MKMOITB
/ (M? * ¢) HOTOCHHTETHYECKH aKTUBHOW panuaruu (DAP).

Jus nomydeHuss GpUKOOMIMIPOTEHHOB HCIIONB30BAIM METOZA XOJIOJHOM
skcTpakuuu [2]. Bee stambr npoBomumm nipu 4°C. OIIB sxcrparuposany u3 1
T' CBIPO OMOMAacChl CIUPYIMHBL, 00N 00beM dKCTpakTa cocTaBisut 10 mir.
Crextp ®IIb orcnexuBanu ¢ nomoiisio criekrpodoromerpa S100 (Analitic
Jena, I'epmanmst). OniTHdgeckast INIOTHOCTH BOTHOTO 3KCTPAKTa (PHUKOOMITATIPOTE-
WHOB UMeJIa BEIPaKEHHBIH MK ¢ MAKCUMYMOM HoritonieHust mpu 620 HM, cOOT-
BETCTBYIOIIUI Makcumymy noriorinerus: C-puxonuanuna. Cogeprxanue OBIT
paccuuThiBanu coracHo [2]. s onpenenenus unctotl OBIT ncronb3oBamu
TOKa3aTeNb OTHONIEHHS ONTHYECKHX TIIOTHOCTEH TIPH JABYX JUTMHAX BOJTH (A, /
A, [8]. benok u3 momy4eHHOro 3KCTpaKTa 0Cax1anm 2-X KpaTHbIM 00beMOM
OXJIAKJCHHOTO areToHa B TeueHue 30 muH npu -20°C, 3aTeM HeHTpUpyTrupo-
Baym mipu 10000 g B Tedenne 10 MUH U 0CcaZOK PacTBOPSIIA B OMIUCTHILTHPO-
BaHHOI Boje. KoHueHTpanuio Oeika B IOJyYeHHOM 3KCTPAKTE ONpeelisiin
no merony Jloypu [24], ucnonb3ys Obruuii cbiBopoTouHbIi anpOymuH (BCA)
(Sigma, I'epmanusi) B KauecTBE cTaHAAPTa. BEIKOBEII CIIEKTp aHAIN3UPOBAIN
¢ nomorsio anekrpodopesa B 15%-om I[TAATD ¢ nogenmicynbdarom HaTpus
(JJIC-Na) o JIsmmuu, ucnoneays stueiiky Mini-PROTEAN 111 Electrophoretic
Cell (Bio-Rad, CIIIA) cormacho [5]. [lyist onpeeneHus: MOJEKYISPHBIX Macc
cyowrenuant C-(uKonmanuHa npuMeHsur cmech OenkoB (PageRuler Unstained
Protein Ladder, Thermo Scientific, JTutea).

B skcnepumenTtax no uzydeHuro BiausiHusl GBIl Ha aKTUBHOCTB INIFOKO30-
OKcHIa3bl (hePMEHT SKCTPArupOBAIN U3 KiIyOHeH KapTodens (copra Ckapb)
TuHAA M, comepKamux MOTU(HUIIMPOBAHHEBIN I'eH TIII0K0300KcHaa3bl (GOX-
mod) Penicillium funiculosum [7]. KityOHU OBLIH TIOMTYYEHBI OT MPOOHUPOUHBIX
pactenuii kaprodens [17] u xpanwmmch npu 4°C. O6 akTHBHOCTH (pepMeH-
Ta CYJIUJIN TIO0 €TO CHOCOOHOCTH TeHepupoBath H,O, B IPHCYTCTBHY TIIOKO3bI
[7], cormacHO MOAM(UIIMPOBAHHOMY METO/Y KOJIMYECTBEHHOTO OIpE/ICIICHHS
aktuBHOocTH GOX B xuakoit cpene [1]. Dxcrpakt pepmenta (0,9 mr Oeska)
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J00aBIISIIH K pacTBopy, comepxkaiiemy 25 MM KJ, 0,5% kpaxmana u 100 MM
D-rmoko3sl. B pesynsrare OKnCcIeHus TITIOKO3bI TIIFOKO300KCHIa30i 00pa3yeT-
¢ H,0,, kotopsiit okuciser KJ, B pesynbrare HOAKpaxMalbHOU PEAKIUK IPO-
HCXOAUT OKpAILIMBAHUE CPE/Ibl B CHHUI I[BET, INIOTHOCTh KOTOPOH OIpeessin
npu 595 uM uepe3 60 MuH ocne Hagana peakunu. AKTUBHOCTh GOX BhIpaxka-
JI B yCII. €1./T CBIpOro Beca. J1JIst HCTIOIb30BaHMsI ITIOKO300KCHIa3HOM peaKIin
B KaueCTBE MOTEHLIUAIBHONW T€CT CUCTEMBI JJIsl ONPEAEICHUSI aHTHOKCUIAHT-
Ho# akTuBHOCTH DBI1, GeNKOBBII IKCTPaKT ¢ BhICOKOH foineit C-hukornrannHa
J00aBISIIA B pacTBOp [T ompeneieHns akTiBHOCTH GOX B KOHIIEHTPAIUAIX
0,025, 0,0625, 0,125 u 0,25 Mr/mi, 3aMepsUTd HAYaIbHYIO0 ONTHYCCKYIO TUIOT-
HocTh IpH 595 HM (mockonbky OBIT nmeroT cuumii IBeT), 100aBISIN SKCTPAKT
(bepmenTa n uKyOorpoBanu 60 MuH. [Tociie HHKyOaIu 3aMepsuTi OITHYECKYIO
IUIOTHOCTH TIpH 595 HM 1 onpenessuti akTuBHOCTH GOX, BEIUMTAs 3HAYCHHE
OINTHYECKOH MIIOTHOCTH, cBi3aHHOe ¢ okpackoii PBII. [To narnbuposanuio
TIIFOKO300KCUIa3HOM peaKIuu CyAUIIN O MOTEHIIMAJIbHON aHTHOKCUAAHTHOM aK-
tuBHOCTH DBII. B KauecTBe KOHTPOISA CIICM(PUIHOCTH PEaKIIUH TPUMEHSITH
9K30TeHHbIE ackopOnHOBYyI0 kucnoty (100 MM) u H,O, (100 mxM). Crannapr-
Has KpuBas C pa3iM4HbIMU KoHUeHTpauusmMu H O, Oblia ucronb3oBana s
OIIpe/ieNIeHHs] KOHIIEHTPALUH IEPOKCHUIAa BOJOPOA B 00pa3Iax.
MuroxoHIpUH BRACISUN U3 KiTyOHeH kaproderns (copt KpacHoe neto) mpu
riomMoIny uddepeHnanbHOro NeHTpU(pyrupoBaHns ¥ OYUCTKH B I'paJieHTe
wiotHocTH nieprosuia (20 u 5 mu 23 u 45%-HbIX pacTBOPOB Mepkoiuia (v/v)) [4,
25]. CycnieH3nto MUTOXOHAPHHA (~18-22 Mr Oenka/miT) XpaHWIH Ha JbIy. KoH-
LEHTPAINI0 MHTOXOHJPHAIBHOTO Oenka onpenersuti mo meroxy Jloypu [24].
WHTaKTHOCTH BHELIHEH MeMOpaHbl MUTOXOHJIPUH PACCYUTHIBAIN M0 CKOPOCTH
ackop0ar-3aBUCHMOT0 IUTOXPOM C-cTUMynupyeMoro KCN-4yBCTBUTEIBHOTO 110-
IIOLIEHUSI KHCIIOpo/ia B 0TcyTcTBHE U B IpucyTcTBHHU 0,04%-0r0 Tprtona X-100.
CKOpoCTh MOITIOLIEHUSI KHCIOPOJa M30JIUPOBAHHBIMU MHUTOXOHJIPUIMU
OTIpE SIS MOMAporpaduaecky KUCIOPOIHBIM eKTpoaoM Kiapka, nenomis-
3ys Oxytherm Oxygen Electrode Unit system (Hansatech Inst., ArTims) B staeii-
ke o0beMoM 1,4 mut ipu 25 °C. Peaknmionnas cpena comepskaia 0,3 M caxaposy,
10 MM KCl, 5 MM MgCIL,, 20 MM MOPS, 0,3% BCA, 10 MM K K, (cmecs 1| M
K,HPO, u 1 M KH,PO,, pH 7,5). B xauecTBe cyOCcTpaTa OKMCIECHHUS UCTIONb-
30Bai 8§ MM CyKIMHAT B IPUCYTCTBUM 5 MM miryTtamara (niryTamar 100aBis-
JI JUTS yCTPaHEHUS OKCAJIOAIeTaTHOTO MHIMOUpoBanust). {1t ”HruOnpoBaHus
Komruiekca I mbIxaTenbHOM ey UCIob30Bain 3 MKM poTeHOHA, KOMITIIEKCa
IV - 0,4 MM KCN, anprepHaTuBHON OKCHIa3bl — | MM OeH3rHIpOKCaMOBON
kuciotsl (BHAM). MakcumanbHyr0 CKOPOCTh OKHCIICHHSI CyKIIMHATa H3MEpsi-
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nu B npucyTctBun 200 MxkM AJI® (cocrosuue 3) unu 0,5 MkM kapOoHMIIH-
aaua m-xnopdennnruapazona (KIXD). OBIT go6aBisiy HEMOCPEICTBEHHO
B TOJIIPOTPA(UIECKYIO SUCHKY K MUTOXOHJPHAIBLHOMN CYCIEH3UH B KOHIICH-
tpanumsx 0,025, 0,125 u 0,25 mr/mi peakimonHoi cpensr (0,1, 0,5 u 1,0 mr/mr
MHUTOXOHJIpHAIBHOrOo Oenka). M3 mossiporpaMmM paccuuTHIBAIN CKOPOCTH MOTIIO-
IIEHHsT KACIIOPOIA B METAOOIMIECKOM COCTOSHUM 3 (V, CKOPOCTH OKHCIEHHS
cybctpara B ipucyTcTBuu A/Id), CKOPOCTH OIIONIEHHST KHCJIOPO/ia B MeTabo-
JINYECKOM COCTOSIHUM 4 (V,, CKOPOCTH OKHMCIIEHHsI CyOCTpaTa MoCIe UCTOIECHHUST
A1D), xoadPurmerT aprxarensHoro KoHTposs mo Yancy-Bunbsavcey (KK =
V./V,) u ornomenne AI®:O (otHomenne Moneit pocpopunmmposarnoro AP
K KOJIMYECTBY aTOMOB MOMIOIICHHOTO KUcopoaa) [S]. s pacyeTa HCIoib30-
BaJIM [TOKA3aTelId, MOJyYeHHbIE BO 2 1 3 nukiIax GpochopuiupoBaHusl.

Cratuctrdeckyro o0pabOTKy JaHHBIX OCYIIECTBISUIA C ITOMOIIBIO TPO-
rpamMHoro nakera SigmaPlot 14.0. DxcriepuMeHTHI IPOBOAMIN HE MEHEE YeM
B TPEXKPATHOM NOBTOPHOCTU. HOpMaIbHOCTB pacIpeieeHus IPOBEPSUIH C I10-
Mo1bto kputepust Lanupo-Yuiky, HaJlnuue 3HaYUMbIX OTIIMYUI OIPEAeIIsiiin
o H-xpurepuro Kpackena-Yonmuca. JlaHHbIe IPeACTaBIEHBI B BUAE CPEeIHEN
apumeTrueckoit (M) u ctanmapTHOTO OTKIOHEHHS (+ S.D.) Wiu B BUC MeIH-
ansl (Me) 1 MHTepKBAPTUIBHOM HUPOTHI [25%; 75%)]. B cmyuae HOpManbHO-
TO pacIpesiesIeHus ISl 0Ka3aTeNIbCTBA HAINYNS 3HAYUMBIX Pa3Indnii MEeXIy
CpeHMMH 3HAYSHUSIMH TPUMEHSIIIH OTHO(aKTOPHBIH TUCTIEPCHOHHBIN aHATN3
C IIOCJIEIYIOILEH ITPOLEy PO MHOKECTBEHHOTO CPAaBHEHHUS CPEJHUX 110 METOLY
LSD ®wumepa. Ipu pacrpeneneHin OTINYHOM OT HOPMAJIEHOTO 3HAYNMOCTh
OTIIMYHUH ONPEAEISUIN 10 MeToAy ThIOKH. Pasmiuust MeXIy SKCIIepIMEHTab-
HBIMH JIaHHBIMU CYMTAJIM CTATUCTUYECKHU 3HaUMMbIMU 1ipu P < 0.05.

Pe3yabTarsl H 00cy:KaeHHe

B pabore ObUIO M3yuYeHO BIMSHUE OCIKOBOTO KCTPaKTa, MOJIYYCHHOTO
XOJIOMHOM dKcTpakiuend GUKOOMIHNPOTENHOB A. platensis W TIOCIEAYIONMETO
OCKICHHUS alleTOHOM, Ha aKTHBHOCTH ITFOKO300KCH/Ia3bl U COTIPSDKEHHE TIPO-
LIECCOB OKUCIICHHS U (POChHOpMITHPOBAHISI B MUTOXOHAPHUIX KapTohes.

[ony4eHHBIH IKCTPAKT (HUKOOUITHITPOTEHHOB XapaKTECPU30BAJICS BBIPAKCH-
HBIM ITUKOM 11pH 620 HM, 9TO COOTBETCTBOBAJIO MAKCUMyMY TortonieHus C-u-
KOIlMaHWHa ¢ oTHomennem A, /A, paBom 1,59-1,65. Coneprxanne ®BII B
ouomacce coctaBmwio 11,63 £ 0,25% oT abCONIFOTHO CyXOro BEIIECTBAa, B TOM
gucie C-¢pukormanuna 8,48 + 0,18% u autoduronmanuna 3,15 + 0,07%. Io-
ClIe OCKICHHS aIleTOHOM ITOJTydajl OCITKOBBIM SKCTPAKT C KOHIICHTpamuen
50 mr/mir.
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Onekrpodopes B 15%-om [TAATe ¢ JI/IC-Na o JIsmmitu moaTBepau npu-
cyrctBue C-puKOoNMaHIHA B Ka4eCTBE OCHOBHOTO KOMITOHEHTA OEIIKOBOTO JKC-
Tpakra. 13 anexrpodoperpammsl (puc. 1) BUaHO, YTO MOTYUIESHHBIH OCITKOBBIN
9KCTPAKT COAEPIKHUT J[BA MAKOPHBIX MOJMIENTHIA C MOJIEKYJISIPHBIMH Macca-
MU cyObeanHuI okono 15 u 17 x/la, KoTopble MOTYT OBITh OTHECEHBI K a U 3
cyorenuannam C-puxonmanuHa. JleHCHTOMETPHYeCKUI aHaJIH3 TeIs II0Ka3aJl,
YTO 3TH JBa YKa3aHHBIX MOJMIIEITHAA COCTABISIIOT OKosto 70% OT cymMapHO-

ro Oeka.
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Puc. 1. benkossrii axetpakt (BD) A. platensis, momydeHHBIH TIOCITE XOTOTHOH
9KCTPAKIMHU (PUKOOMIMIPOTCHHOB U HOCIEAYIOIIET0 OCAKICHHS alleTOHOM.

Tpumeyanue: pazaeneHue OEIKOB NPOBOAWIN C TIOMOLIBIO AekTpodopesa B 15%-om
MAATe ¢ JJIC-Na, renpb okpamuBanu Kymaccu R-250; M — mapkepHbIe OCIKH.

Jlasiee MbI OIICHUBAIM AHTHOKCHIAHTHYIO CIIOCOOHOCTH MOJIyYCHHOTO M3
A. platensis 6eKOBOT0 3KCTpaKTa ¢ BbICOKOH noner C-pukonnanuna. M3Bect-
HO, 4T0 C-(pUKOIMaHUH CIIMPYINHBI 00Ja1aeT AHTHOKCHIaHTHBIM JICHCTBHEM
[14, 27-29], naxe OoJee BHIPAKECHHBIM T10 CPABHEHUIO C JICUCTBUEM TaKUM
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AHTHOKCHUJ/IAHTOB KaK acCKOPOMHOBAsI KUCIOTa U TPoJioke [27]. CymiecTByOT
Pa3IUYHBIC TIOIXOABI TS OTPEICIICHNS AaHTHOKHUCITUTEIIFHBIX CBOHCTB COCIHMHE-
HUIA, B TOM YHCIIE TT0 HHTHOMPOBAHUIO aKTUBHOCTH IIPOOKCHIAHTHEIX ()ePMEHTOB
[11]. I'mroxo300KcHa3a — OMH U3 (HepMEHTOB, (DYHKIIMOHHPOBAHKUE KOTOPOTO
CBSI3aHO C IeHepalyeii akTHBHBIX (HOpM KUCIopoaa [6] U Mo3TOMy WHTHOUPO-
BaHHE TTIOKO300KCHIA3HON PEaKIIMH MOXKET OBITh MCIONH30BAaHO B KadeCTBE
TECT-CHUCTEMBI JUISl OLIEHKH aHTHOKCHAAHTHOTO noteHuana OBI1 criupyauHbl.
['mrok0300KCH a3y BBIICISIIN U3 KIIyOHEH KapTodess, MOIyYCHHBIX B yCIIO0-
BusAX PUTOTPOHA OT MPOOMPOIHBIX PACTEHHH C IOBBIIIIEHHOH KCIIPecCcHeii TeHa
GOX (muuus M) [17]. [Ipumenenne MOIU(PHUIIMPOBAHHOTO METO/IA OIIpe/IeIIe-
Hus aktuBHOCTH GOX B sxukoi cpesie [ 1] BBISIBIIIO KOHIIEHTPAIITMOHHO-3aBHU-
CUMBIH XapakTep CTeNeHH HHTHONPOBaHMS TITIOKO300KCHIa3HON PEeaKIInH 1O
JeficTBHEM OEITKOBOTO AKCTpPaKTa C BBICOKOH noner C-pukornmanuHa (puc. 2).
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AKTHBHOCTD LTIOK0300KCHIA3bI,
YCILeA/T chIPOro Beca

KoHIeHTpaIHA 6eJIKAa, MI/MI
Puc. 2. arnbupoBanue akTHBHOCTH TIIFOKO300KCHUIA3HI MO JEHCTBHEM OEIIKOBOTO
akctpakTa A. platensis ¢ Boicokoit noneii C-puxonuanmHa

Tpumeuanue: IHTHONpOBaHME aKTUBHOCTH IITIOKO300KCH/1a3bI YKa3bIBAET HAa CHI)KCHHUE
reHepalyy IIepOKCH/Ia BOAOPO/ia B IIIFOKO300KCHIa3HOM peaknny. ACKOpOMHOBAs KHC-
mora (100 MM, Ack) ucmonbs3oBaHa Kak d(QEKTUBHBII aHTHOKCHIAHT, BHI3BIBAIOIINI
100%-o0e narnéupoBanue peakiy. CTaTHCTUYECKH 3HaUMMBbIe pasnuyus mpu P < 0,05
OTMEUEHBI Ha uarpamme pasHeiMu OykBamu (M + S.D., n = 3).
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Bce n3yueHHbIe KOHIIEHTpAIMH OEJIKOBOT0 SKCTPaKTa CIIUPYIIHHBI IIPUBOHIN
K CTaTUCTHYIECKH 3HAYMMOMY CHIDKEHHIO aKTHBHOCTH INTIOKO300KCH/1a3bl M, COOT-
BETCTBEHHO, CHIDKEHHIO TeHepalliy epoKcHia Bogoposia. Hanbornee 3HaunTens-
HBIH 3¢ ekt HabIroaIICS TPH KOHIeHTpanuy Oeitka 0,25 Mr/mit cpensl (puc. 2).
B 310i1 KOHIIEHTpalnK JieiicTBHE OEIKOBOTO KCTPaKTa C BhICOKOU noneit C-hu-
KOI[MAaHWHA OBITO COMIOCTABMMO C aHTHOKCHIAHTHBIM JIEHCTBHEM aCKOPOMHOBOMN
KHCJOTBL. B 0T7ieIbHOM OMbITE N3y4aiy BAMSHUE U3BECTHBIX KOHIEHTpAIUH Ie-
pOKCHJIa BOIOPO/Ia Ha Pa3BUTHE OKPACKU B PEAKIIMOHHON cpejie /Ui Ompesierne-
Hust aktuBHOCTH GOX. Kak mokasami pesyssrarsl, qodasnenue 100 MM H,O,
B PEAKIMOHHYIO CPE/ly BBI3bIBACT Pa3BUTHE OKPACKH J0 ONTHYECKOH IIIOTHOCTH,
PaBHOM TaKOBOW B MPUCYTCTBUH (hPEPMEHTA TIIFOKO300KCHAA3bl. JTO CBUJIETEIb-
CTBYET O TOM, YTO IPUMEHIMAasi HAMH TEeCT-CHCTEMa MOXET OBITh UCIIOIb30BAHA
JIJTS OLICHKHW aHTHOKCHJAHTHBIX CBOMCTB coequHeHMH, B ToM uncie ObII.

MHUTOXOH/IPHH BBIIOJIHSIOT BXKHYIO POJIb B JHEPTeTHYECKOM MeTaboIn3Me
KJIETKH, 00pa30BaHUM OMOCHHTETHYECKHUX MPEIIIECTBEHHUKOB, B IIpolleccax
ajanTanuy ¥ rudenn kieTok. Mmerorcs nanasie o BiusHun OBI1 cnmpymnHb!
Ha JbIXaHWE KJIETOK >KMBOTHBIX M MapaMeTphl (PyHKINOHAIHLHOW aKTUBHOCTH
MuToxoHApuii [14, 20, 26]. C npyroit cTOpOHBI OKA3aHO, YTO 3KCTPAKTHI CITH-
PYJIHMHBI OKa3bIBAIOT BIMSHIE HA POCTOBBIE IIPOLIECCH M (PU3HOTIOr0-ONOXUMHU-
YeCKHe MMapaMeTphl B pacTUTENbHOU KieTke [ 13, 16]. HampasieHo i gericTBre
(PUKOOMITUITPOTENHOB HA MUTOXOH/IPUH PACTEHHI HEM3BECTHO. B CBsI3M ¢ aTHM
HAMH M3YYCHO BIIMSHUE OCIKOBOIO IKCTPAKTa C BBICOKOH moseit C-¢ukorua-
HUHA Ha (YHKIMOHUPOBAHHUE PACTUTEIBHBIX MUTOXOHIPHH.

MuToxoHApHH, BBIICICHHBIE U3 KITyOHEH KapToders, XapaKTepu30BaInCh
BBICOKOI HHTAKTHOCThIO BHELITHEH MeMOpaHbl (96—98%) 1 IPOYHBIM COMPSIKE-
HHEM TIPOIIeCCOB OKUCIeHUs U pocdopmmmpoBanus. O MPOTHOM CONPSHKEHUN
OKHCJINTETBHOTO (POCHOPHINPOBAHUS B U30JIMPOBAHHBIX MUTOXOHJIPUSIX CBH-
nerenbctByeT Bhicokuii KK u 3Hauenune AJID:0, Oiu3koe K TEOPETHUCCKU
BO3MOKHOMY TIPH OKHCJICHHH CyKIMHATa (pHC. 36, 6), a TAK)KE CTUMYIALUS
JIBIXaHWS IO IeHCTBHEM HCKyccTBeHHOTO pazodmuTerns KX (ue mokaszaHo).

Crenyer 3aMETHUTh, YTO CKOPOCTb NOMIOLIEHUS KHCIOPOAA MUTOXOHIPUSMU
kaptodens Ha 96-99% Obuia uyBcTBUTENbHA K KCN, 4TO yKa3bIBacT Ha OCHOB-
HOH BKJIaJ] IUTOXPOMOKCHIA3bl B ABIXaHHE MUTOXOHIpUiL. IHKyOaIms MUTOXOH-
Ipuii KapToders in vitro ¢ 6enkoBsM 3kcTpakToM DBI1 B koHIIeHTpanmsx 0,025 u
0,125 Mr/mi1 He NPUBO/MIIA K 3HAYUMOMY U3MEHEHHIO OKUCIUTEIBHOM 1 hocho-
PHIIHPYIOIIEH aKTHBHOCTH MUTOXOHAPHIA (pHc. 3), X0Ts B KoHUeHTpanuu 0,125
MT/MJT HaOITromay TeHaeHImo K cHikernto KJIK Ha ¢poHe Hen3MeHHOH CKopo-
CTH MOIIOILEHHUS B COCTOSTHUU 3 ¥ HEKOTOPOT'O YCUIIEHUsI CKOPOCTH MOIIOIEHHUS
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KHCIIOpo/ia B coctosiHuu 4. B koHIeHTparmu s3xkcTpakra 0,25 MIr/Mit pOUCXO/IHII0
CTaTHCTHYECKH 3HAYMMOE MTOBBIIIICHHE CKOPOCTH MOMIIOMICHUS KHCIOPOAa MUTO-
xXoHIpUsAMHA B coctostHU 4 (Ha 53%) u cHkenne KJIK (1a 41%) (puc. 3a, 0).
Hu ripu o11HO# 13 M3y4EeHHBIX KOHIIEHTPALMH OSITKOBOT0 KCTPAKTa HE MOJIyYEHO
JIOKA3aTeNNbCTB 3HAYMMOTO CHIDKEHHS oTHOmIeHUs AJlMD:O, XoTs TeHACHIHS K
HEKOTOPOMY CHIDKEHHUIO TAHHOTO TTOKa3aTellsl poCeKuBaeTcs (puc. 38).

2
‘N
(=]

ov3 mV4
a a a
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o
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N
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[}
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0,5 - 0.2
0 0 T T
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Puc. 3. Biusaue 6enkoBoro sxkctpaxra 4. platensis ¢ BEICOKO# nomneit
C-uxoMaHNHA HA OKMCIIUTEIbHYIO H (HOCHOPUIINPYIOLILYI0 aKTHBHOCTD
MUTOXOHIpUH KapTodens in vitro.

Tpumeuanue: a — CKOPOCTh MONIOIICHHS KHCIOPOAA B METaOOIMYECKOM COCTOSHUH 3
(Vy)u4 (V,); 6 —xoopduniment npixarensroro kourpons (KJIK) mo Yancy-Bunbsmcy;
6 — otHowenue AJI®:0O. Craructuuecku 3HaunMble pazaunyust npu P < 0,05 ormeueHst

Ha uarpamme pasHeiMu OykBamu (Me [25%; 75%], n = 3).
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W3 mureparyps! n3BecTHO 0 BiusgHuu OBII cnimpynuHer Ha GyHKIIHOHATE-
HYIO0 aKTUBHOCTb MUTOXOHJIPHH HMBOTHBIX. TaK, Ha KyJIbType KIETOK MOYKH
cobakn MDCK mnoxka3ano, uro C-(pUKOIHaHIH MOXKET 3HAYUTEIEHO HHIHOMPO-
BaTh MHIyLIIMPOBAHHOE OKCAIaTOM 00pa3oBaHKe CBOOOTHBIX paaukanos u [10J],
a TakXKe MOJ/IePKUBACT TOTEHIINAI Ha BHYTPEHHEH MUTOXOHPHAIILHON MEM-
Opane u cunte3 AT® [14]. B apyrom ucciieoBaHun TakKe YCTaHOBJICHO, YTO
C-duxonanuH 01aroTBOPHO BIIMSICT HAa Pa3BUTHE NMAPTEHOTOB CBHUHEH, Ipe-
JOTBpAIasi MUTOXOHIPUAIBHYIO TUC(OYHKINIO M PA3BUTHE OKHUCIUTEIBHOTO
cTpecca, BBI3BAHHOIO 9K30I'€HHBIM IIEPOKCUIOM Bojopoa [26]. B atom cityuae
pasznuuHble KoHleHTpaun C-huKonnannHa, 100aBIeHHbIE K 3UTOTaM CBHHBH,
MIPEJOTBPAIIATN HapyIICHHEe MOTEHI[Hala HA MUTOXOHAPHAIbHOW MeMOpaHe,
BBIXOJI ITATOXPOMA ¢ U3 MUTOXOHIpHH 1 0Opa3oBaHne ADK, i, COOTBETCTBEHHO,
CHIDKAJIM pa3BUTHE anonto3a U ayrodaruu. [IpoBeaeHHOE HUMH HCCIIEIOBa-
HHUE 00HAPYXUII0 HOBOE CBOiCTBO DBII crinpysaiHbI — pa3o0IieHHe MPOIECCOB
OKHCIICHHUS U (HOCHOPHITUPOBAHNS B MUTOXOHAPHUAX. TpeOyroTes naapHenme
HCCIIe/IOBAaHMS XapaKTePHCTUK Pa300mIaroniero 1eicTBUs (GPUKOOMINITPOTEH-
HOB A. platensis u conocTaBlieHHE BBI3BIBAEMOTO UMM Pa300IIEHUs C N3BECT-
HBIMH MEXaHM3MaMH{ Pa300IIAIOIETo ASHCTBUS MPUPOIHBIX Pa300IINTENeH,
B TOM YHCJIE CIICIMAIN3UPOBAHHBIX OCIIKOB, MOJOOHBIX TEPMOTCHNHY, OTHON
13 QYHKIMH KOTOPBIX siBisieTcst peryisinus npoxykunu ADGK [12, 19]. Pa3o6-
IEHHE OKHUCIUTEIBHOTO (OCHOPHIMPOBAHNSI B MUTOXOH/IPHSX 9TO CIIOXKHBIN
TIPOIIECC, B KOTOPOM 3aJCHCTBOBAHBI Pa3INUHbIC MEXaHU3MBI, HAIIPABJICHHbIC
Ha CHIDKEHHUE MOTEHIIAa HAa BHYTPEHHEH MeMOpaHe MUTOXOHAPHN U THCCH-
MaIMIo HEPTHH B BUJE TeI1a. BO3HUKHOBEHNE TaKOrO COCTOSHUS HE TOJIBKO
BJIMSICT HA JAbIXaHUE MUTOXOHJIPUH, HO TaKXKe MOXKET aKTUBHPOBATh WIIU TIpe-
MIATCTBOBATh MHOXKECTBY JPYTHX KICTOYHBIX MeXaHU3MOB [ 12]. OOHapyxeHHas
HaMHM CIIOCOOHOCTH (PUKOOHMIIMITPOTENHOB CITUPYIIMHBI Pa3001IaTh MpoIeccsl
okucieHus 1 GocHOopUITNpOBaHHS B MUTOXOH/IPUSX UMEET MEPCIEKTHBBI HC-
TIOJTB30BAHUS JUIS PETYISIIN SHEPTeTHIECKOTO OalaHCca Kak B PACTUTENIBHBIX,
TaK M )KUBOTHBIX KJIETKAX.

3akJiloueHue

Takum 00pazoM, GUKOOMITUTIPOTEHHEI 4. platensis KOHIIEHTPAIHOHHO-3aBHU-
CHMBIM 00pa30M IPOSIBIISIIOT aHTHOKCHIAHTHBIH A (EKT 1 OKa3bIBAIOT BIUSHHUE
Ha (pyHKIMOHUPOBAHNE PACTUTEILHBIX MUTOXOHAPHHA. Tak, B TIIFOKO300KCH-
Ja3HOU TECT-CUCTEME OEIKOBBINA SKCTPAKT CHHUPYIHNHBI, oOorameHHbIH C-pu-
KOLIMaHUHOM, 3()(hEeKTHBHO HHIMOMPOBAI POAYKIMIO EPOKCHIA BOIOPOJIa U
MOJTHOCTBIO MPE0TBpAIla ero oopaszoBanue B koHmeHTparmu 0,25 mr/mit. [pu
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UHKYOAIUH in Vitro ¢ OEIKOBBIM SKCTPAKTOM B KOHIICHTpAIMH, Haubosee 3¢-
(heKTHBHOH 1T MPOSBICHUSA €r0 aHTHOKCHIAHTHOTO AehcTBHs (0,25 mr/Mi),
MHTOXOHPHHU KapTO(esi HEPEXOIHIH B COCTOSHUE MATKOTO Pa300LICHHMS IPO-
LIECCOB OKHCICHUS U (ochopuinnpoBanus. MexaHu3M pa3oONIeHUST OKUCIIH-
TENBHOTO GOCHOPUITUPOBAHUS B PACTUTEIHHBIX MUTOXOHIPHSIX MO JCHCTBUEM
(UKOOMIIMIIPOTEHMHOB NPEJCTOUT BBIICHUTB, BO3MOXKHO OH CBSI3aH HEIIOCPEa-
CTBEHHO C aHTHOKCHIAHTHBIMHU CBOiicTBaMu C-(pHUKOIIMAaHUHA UITH 00YCIOBICH
€ro JIEWCTBHEM KaK aKTUBAaTOpa Pa300IIAIOIINX CHCTEM MUTOXOHIAPHA. MOXHO
3aKJIIOYHUTH, 9TO (PMKOOMINIIPOTEHHBI CIUPY/INHBI OKa3bIBAIOT OJIArOIPHATHOES
BO3/ICHCTBHE Ha METAa0OIU3M PACTUTEIILHON KIIETKH, YIACTBYS B OJUICPIKAHUH
ee MPO/aHTHOKCUIAHTHOTO OajlaHCa U PeryJInpyst aKTHBHOCTh MUTOXOHAPHH.

HNudopmanus o KOHPJIUKTE HHTEPECOB. ABTOPHI 3asBIIOT 00 OTCYT-
CTBHU KOH()ITUKTA MHTEPECOB.
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MORPHOLOGICAL FEATURES
OF SPERMATOZOA FROM MALE WHITE RATS
UNDER EXPERIMENTAL STRESS

L. Yu. Arestova, E.G. Sharonova, M. Yu. Kupriyanova

We present the effect of stressogenic factors on the morphological parameters
of spermatozoa.

Objective. We studied the morpho-physiological features of spermatozoa from
male albino rats under experimental stress.

Materials and methods. A experiment was carried out using sexually mature
outbred white rats. Combined stress was performed to an experimental group: after
three days of starvation, an emotional stress of “free swimming in a cage” technique
was provided. Under a microscope, the spermatozoa were counted per volume of
epididymal suspension, the activity was evaluated, and the morphology was studied.

Results. A study of the epididymal suspension of male rats under starvation and
“emotional” stress showed a decrease in the total number of spermatozoa and sperm
motility indices, and an increase in the abnormal gamete forms compared to the control.

Conclusion. The combined effect of even short-term stressogenic factors leads
to significant changes in the spermogram, allowing the quantitative and qualitative
seminal fluid parameters to be a convincing criterion of maladaptation processes
in the body under the stress.

Keywords: stress; spermatogenesis, spermogram,; morphology
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logical features of spermatozoa from male white rats under experimental stress.
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MOP®OJIOI'MYECKHUE OCOBEHHOCTH
CIIEPMATO30M 0B CAMIIOB BEJIBIX KPbBIC
B YCJIIOBUSAX SKCIIEPUMEHTAJIBHOI'O CTPECCA

HU.IO. Apecmoea, E.I. Illaponosa, M.IO. Kynpusanoea

IIpeocmasgnensl pe3ynbmanvt UCC1e008aAHUS BIUAHUS CIMPECCO2EHHBIX haKmo-
Po8 Ha Moponocuueckie napamempsl CnepmMamo30udos.

Lenwv. Hzyuenue ocobennocmeri Moppo-@u3suonouu cnepmamosoudos camyos
Oenvix KpbiC 8 YCI08UAX IKCHEPUMEHMANLHO20 Cmpeccd.
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Mamepuanst u memoowt. [Iposeder IKCRepUMeHm ¢ UCROTb308AHUEM NOT0B03De-
JblX 6eCnOPOOHbIX DENbIX KPbic. DKCNEPUMEHMALbHAS 2PYNNA HCUBONHBIX N008ep-
2a1acb KOMOUHUPOBAHHOMY CIPECCy: MpPoe CYMOK — 207100, HO UCHEYEHUU MPEembUx
CYMOK — SMOYUOHATIbHBLEL CIPECC, 8 COOMBEMCMEUL C MEMOOUKOT «C80O00HOE Nild-
sanue 6 kiemkey. [100cuumvléaiIu KOIUYECmeo CnepMamo30ud08 6 eouHuye odvema
INUOUOUMATILHOU 636€CU, NPOBOOULACH OYEHKA AKMUBHOCHIU NOO MUKPOCKONOM,
uzyuaiace Mopgonozust.

Pesynomameot. Vccredosanue 3nuouOUMAanbHOl 836eCU CAMyos, NEPeHecuiux
207100 U «IMOYUOHANbHBILY CMPeCc, NOKA3AL0 CHUJICEHUe 00uje2o Yucia cnep-
MaAmo30u008 u nokazamenei NOOGUNCHOCMU CNEPMAMO30UO08 Y NOOONbIMHbIX
KPbIC NO CPABHEHUIO C KOHMPOLbHbIMU HCUBOMHBIMU, A MAKIICE YEEIUYEHUE ) HUX
namonocudecKux gopm eamem.

3axawuenue. Yemanosieno, umo 0axice HE3HAYUMENbHOE NO 8PEMEHU, HO
KOMOUHUPOBAHHOE B030€UCMBUE CIMPECCOSEHHBIX (PAKMOPO8 NPUSOOUM K CYUje-
CMBEHHbIM USMEHEHUSAM CRePMOSDAMMDbL, A KOIUYECIBEHHbIE U KAYeCmMBeHHble Na-
pamempul CeMeHHOU HCUOKOCIU MOZYM CIYHCUMb YOCOUMENbHbIM Kpumepuem oe-
3a0anMayuOHHBIX NPOYECCO8, NPOUCXOOAUUX 8 OP2AHUIME NOO BIUSHUEM CIPECcd.

Knrouegvie cnosa: cmpecc,; cnepmamozenes; cnepmozpamma,; Mop@onocus

Jna yumupoeanua. Apecmosa U.IO., lllaponosa E.I, Kynpusnosa M.IO.
Mopghonoeuueckue ocobeHHOCMU CNEPMAMO30UO08 CAMY08 OeNbIX KPbIC 8 YCIOBUSAX
aKcnepumenmanvro2o cmpecca // Siberian Journal of Life Sciences and Agriculture.
2021. T. 13, Ne 2. C. 225-236. DOI: 10.12731/2658-6649-2021-13-2-225-236

Introduction

A significant number of clinical observations and experiments confirm the
increase of spermatogenesis disorders in modern men [11], [16].

The scientists assess the quality of the ejaculate based on the World Health
Organization recommendations [15]. However, the assessment of sperm mor-
pho-physiology is the subject of debate [1]. The data on morpho-functional
characteristics of male germ cells under stress conditions differ. This may show
that spermatozoa are very sensitive to various factors. Different factors can af-
fect the spermatogenesis and morphology of spermatozoa: physical [19], chem-
ical [7], [24], food [2], biological [8], and social [23], [10].

The effect of stress on spermatogenesis is studied poorly. Studies of the role
of damaging factors mainly concern female reproductive function. The ethical
component undoubtedly complicated the study of stress factors in spermatogen-
esis. The stressor component cannot be distinguished easily. However, there is
experimental evidence confirming the relationship between stress and impaired
spermatogenesis [3], [4], [9].
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The purpose of our study was to study the morpho-physiological features of
spermatozoa from male albino rats under experimental stress.

Research materials and methods

An experiment was carried out using mature male outbred white rats weigh-
ing from 250 to 320 g.

The animals were allocated according to the principle of analogues in con-
trol and the experimental groups, 10 animals each. The sample size is small
because the study is a pilot one to determine the feasibility of further studies.

The experiment on the animals was conducted in accordance with the
“Guidelines for accommodation and care of animals. Species-specific provi-
sions for laboratory rodents and rabbits” (GOST 33216-2014) and the “Europe-
an Convention for the Protection of Vertebrate Animals used for Experimental
and Other Scientific Purposes” [18].

The experiment lasted for 3 days. The animals of the second experimental
group were kept in the absence of food, but with free access to water, experi-
encing starvation stress. At the end of the third day, all animals of the experi-
mental group were additionally subjected to emotional stress, according to the
“free swimming in the cage” technique (animals swam for 3 hours in a plastic
aquarium filled with water of 22-24°C).

The control group of animals was intact; the animals were kept in the vivari-
um, had free access to water and received food in accordance with the regulations.

After three days, all animals were removed from the experiment. The ani-
mals were terminated using humane and ethically justified methods.

Testes of rats were examined in the control (10 animals) and the experimental
(10 animals subjected to combined stress) groups. To get mature spermatozoa,
testicular appendages were cut in 1 mL of 5% glucose solution at 37°C. Then, the
appendage was freed from the spermatozoa using a sterile rubber tube [5], [6].

The following parameters were evaluated: the spermatozoa count per vol-
ume of epididymal suspension in a hemocytometer (Goryaev chamber); the
activity, and the morphology under a microscope. For the micromorphological
analysis, 200 sperm cells were counted and measured in stained smears in du-
plicate. Among the counted germ cells, the percentage of abnormal cells was
determined, and the TeratoZoospermia Index (TZI) was calculated as the ratio of
the total number of abnormalities detected to the number of abnormal spermato-
zoa. Sperm smears were studied using a MIKMED-6 light-optical microscope
with video-visualization. Images were imported and analyzed using “Micro
View” morphometric analysis software (LOMO-Microsystems, SPb, Russia).
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The significance of the results in the small sample was tested by nonpara-
metric Mann-Whitney criterion. The values are given as M+s (M, mean; s,
standard error). The critical level of significance for differences between the
means was set as p=0.05.

Results and discussion

The data got show that the total number of sperm cells in the male con-
trol rats per volume of epididymal suspension was 17.19+0.52*109, which is
35.25% more than in the stressed males (p<0.05) (Table 1).

Table 1.
Indicators of epididymal suspension
Group Difference
Indicators Control Experimental | between

(n=10) (n=10) groups,%
Sperm count, mln/ml 17,19+0,52 | 11,13+0,81 35,25%
Number of motile sperm, mln/ml 8,44+0,33 7,18+0,16 14,93*
The number of actively moving, min/ml | 4,53+0,52  |2,734+0,57 40,18*
Number of dead per 200 cells 15,40+0,97 |29,50+0,57 47,80*

Note: hereinafter * — statistically significant (p<0,05)

Microscopic examination of the epididymal suspension of males exposed to
starvation and “emotional” stress showed a decrease in sperm motility. Thus, the
number of motile germ cells in experimental males was 7.18+0.16%10°, while
in the intact group it was 8.44+0.33*10° (p<0.05).

Actively moving of all motile spermatozoa counted in the studied samples
of epididymal suspension 53.68 +2.51% in control and 37.68+3.15% in exper-
imental group (p<0.05).

An index that affects fertility is the viability of spermatozoa. To assess the vi-
ability of spermatozoa, we counted the number of dead ones per 200 cells. Dead
spermatozoa were detected after staining smears of homogenate with eosin.

The number of dead spermatozoa in homogenate smears was higher in the ex-
perimental group compared with the control. Thus, the number of dead cells in the
control was 7.7+0.75%, while in the stressed males it was 14.75+1.48% (p<0.05).

At the time of the study, the content of viable gametes in control and exper-
imental animals was 92.3+0.68 and 85.3+1.34%, respectively (p<0.05).

The pathological gametes were also noted in both control and experimental
rats. Among the abnormalities, head, neck, middle part, and tail defects were noted.

The most common abnormalities of morphology were the end of the fla-
gellum as a loop and a cytoplasmic drop on the flagellum (Table 2). From all
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abnormal sperm in samples of control animals, these deviations accounted for
6.07+0.52 and 6.33+0.38% in control, and 8.48+0.45 (p<0.05) and 6.76+0.7%
(p>0.05) in the experimental group.

The spermatozoa with an abnormal acrosome (bloated acrosome, lack of
acrosome) accounted for 45.78+3.52% of all abnormal sperm cells in the rats
of the experimental group and 24.9+2.13% in control (p<0.05).

Combination of flagellar abnormality in the middle part with a drop on
the flagellum was found in 0.99+0.17% of all abnormal cells in control and in
3.99+0.38% in experimental group (p<0.05).

Table 2.
Identified anomalies in the development of gametes
(200 cells were counted in each animal)
Group Difference
Indicators, absolute number of cells Control | Experimental | between

(n=10) (n=10) groups,%
The end of the flagellum in the form of aloop | 12,1+1,37 | 17,0+1,49 28,4%*
The presence of a cytoplasmic drop

on the flagellum

Combination of flagellar anomaly

in the middle part with a drop on the flagellum

12,7+1,34 | 13,5+1,84 6,4

2,0+0,67 8,0<£1,25 75,2%

Acrosome abnormality (swollen acrosome,

- 49,842,82 | 91,6+4,12 45,6*
missing acrosome)

Swollen head 1,2+0,63 - 100*
Slim head 1,6+0,52 | 20,2+2,94 92,1%*
Big head 3,4+0,70 | 20,4+2,95 83,3*
Inclined head 3,240,92 20,2+1,03 84,2%
Cytoplasmic droplet at the base of the head | 13,8+1,32 | 20,0+1,76 31,0%
Double tail - 1,8+0,79 100*
Wrinkled tail 3,8+0,79 19,6+1,07 80,6*
Short tail 0,6+0,52 | 20,4+1,26 97,1*
No tail 1,0+0,82 17,0+4,19 94,1*
Total number of detected anomalies 105,2+5,75| 269,7+8,78 58,2%
Total number of abnormal cells 76,6+4,84 | 130,14+5,92 36,9%
TZ1 1,37+0,03 | 2,07+0,06 33,8

The remaining abnormalities of spermatozoa (swollen head, thin head, large
head, bowed head, presence of a cytoplasmic drop at the base of the head, dou-
ble tail, tail with fractures, short tail, and no tail) accounted for 0.9 to 10.2% in
the control group, and 0.5 to 6.9% in the experimental group.
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TZI in control was lower (1.4) compared with that of the experimental
group (2.07).

Despite the quite contradictory data concerning the parameters of the sperm
quality [12], [17], [22], the researchers noted that male fertility directly depends
on the frequency of morphological deviations of spermatozoa [21]. The mecha-
nisms of morphological deviations of gametes formation also affect the sperm
motility [14]. Our study confirmed the latter results.

We found in animals that the male reproductive system responds to simulat-
ed stressful conditions. Such a reaction may include a decrease in the total sper-
matozoa count in the appendage homogenate in the experimental rats compared
with the control, and a decrease in the number of actively moving spermatozoa
and an increase in the number of dead cells. We can assume it to decrease the
fertilizing ability. In addition, morphological abnormalities detected as a cyto-
plasmic drop on the flagellum and the end of the flagellum as a loop belong to
the group of abnormalities most common in infertile couples [20].

Abnormal forms of gametes were found also in both groups but more abun-
dantly in the experimental group.

Similar changes, when exposed to various chronic stressors, were found in
earlier studies [13].

Conclusion

In male rats exposed to stressors, the number of spermatozoa per volume of
epididymal suspension was significantly lower compared to that in intact males.

The increase in the number of some abnormalities in the sperm morpholo-
gy in male rats shows the effect of the simulated stress conditions under study.

A higher TZI was found in rats exposed to stressors accompanied by an
increase both in the total number of abnormalities detected and in the number
of abnormal cells.

Undoubtedly, changes in the ejaculate parameters in experimental animals un-
der simulated stress depends on the strength and duration of the stress exposure.
We have shown that even short-term but combined exposure to stressors leads to
significant changes in the spermogram, and quantitative and qualitative parame-
ters of the seminal fluid can be a convincing criterion of maladaptation processes
in the body under the stress. Our preliminary results show the feasibility of fur-
ther studies of the effects of combined stresses on male reproductive function.
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IMIUTEJIHOINUTOB KEJYIKA

O.B. Ilepemamuko, B./l. Benenwk, O.J1. Mockanenko

Kynomusupoeanue knemox cauzucmoti 000104Ku dicenyoKa A6aemcest 0ocma-
mouno 3ampyonumensHuiM. OOHAKO, 03MOICHOCIU UCTONb30BANUS INUMETUOYU-
moe 6 kauecmee mooeinell s UCCIe008aAHUIL I VIVO 00CMANOYHO NePCneKmueHbl.

Lens. Ilonyuums nepsuunyo Kyavbmypy KAenmox Ciuzucmou 060104KuU HcenyoKd
u oyenumuv eé penomunuieckue u MemadoIULecKue XapaKmepucmuKu.

Mamepuanst u memoosl. B dannotl pabome npeocmasienvl pe3yibmanmvl Memo-
QUYECKO20 UCCTE008AHUSL N0 NOTYHEHUIO NEPEUYHIX KACTNOYHBIX KYILIMYP CIUSUCTION
0007104KU JICETYOKA YETOBEKA MENMOOOM CIYNEHUAMO20 NPOMEONU3A U BOIMOICHOCTIU
Ux OanvHelue2o Kymmusuposanus. /s oyenKu penomuna nomy4enbix Kiemox u ux
JICUBHECNOCODHOCTIU UCTIOTB308ANICS MEMOO MHO2OYBEMHOU NPOTMOYHOU YUTNOMEMPUU.

Pezynvmamot uccnedosanus. Bvinu evloenetvl 2emopocentble KIemKu Ciusuchoil
0007104KU JiceNYOKA € 8bICOKUM NPOYEHIMOM HCUSHEHOCNOCOOHOCHIU. B X00e Kynvmueu-
POBAHUS KOTUHECHBO IHCUSHECTIOCOOHBIX KNIEMOK CHUIICANOCH HE3HAUUNETbHO.

3axnouenue. Hamu 6vina nonyyena nepeudHas JcU3HecnocoOHdas Kynomypa
INUMENUOYUTNOB JHCETYOKA, YMO NO360IAEM 3AKIOUUMb, YMO NPEeOCMAaABIeHHAS
Memoouxa evloeneHus npueoona 0Jis NOTYYEHUS HCUZHECHOCOOHBIX KAEMOK.

Kniwouegvie cnosa: nepsuunas Kyiomypa Kiemox, dMUmenuoyumol jcenyoxd,
KYIbMUBUPOSaHUe Kiemox

Jna yumuposanus. [lepemamoro O.B., beneniox B./{., Mockanenxo O.JI. Bo3-
MOJACHOCIU 8blOEIeHUS U KYIbMUBUPOBAHUS Snumenuoyumos sxcenyoka // Siberian
Journal of Life Sciences and Agriculture. 2021. T. 13, Ne 2. C. 237-244. DOI:
10.12731/2658-6649-2021-13-2-237-244

POSSIBILITIES OF ISOLATION AND CULTIVATION
OF GASTRIC EPITHELIAL CELLS

O.V. Peretyat’ko, V.D. Belenyuk, O.L. Moskalenko

Cultivation of cells of the gastric mucosa is quite difficult. However, the possibility
of using epithelial cells as models for in vivo studies is quite promising.
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The purpose. To obtain a primary culture of gastric mucosa cells and evaluate its
phenotypic and metabolic characteristics.

Materials and methods. This paper presents the results of a methodological study
on obtaining primary cell cultures of the human gastric mucosa by step-by-step prote-
olysis and the possibility of their further cultivation. Multicolour flow cytometry was
used to evaluate the phenotype of the obtained cells and their viability.

Research result. We were isolated heterogeneous cells of the gastric mucosa
with a high percentage of viability. During cultivation, the number of viable cells
decreased slightly.

Conclusion. We obtained a primary viable culture of gastric epithelial cells, which
allows us to conclude that the presented method of isolation is suitable for obtaining
viable cells.

Keywords: primary cell culture; epithelial cells of the stomach, cultivation of cells

For citation. Peretyat’ko O.V., Belenyuk V.D., Moskalenko O.L. Possibilities of
Isolation and Cultivation of Gastric Epithelial Cells. Siberian Journal of Life Sciences
and Agriculture, 2021, vol. 13, no. 2, pp. 237-244. DOI: 10.12731/2658-6649-2021-
13-2-237-244

Knerku anurenust 00ycIaBIuBalOT OCHOBHYIO (DYHKIIMOHAIIBHYIO POJIb MHO-
ruX TKaHel B opranusMe. [IpocTpaHCcTBEHHOE PacoNOKEHNUE SMUTETHUAIBHON
TKaHH [10ipa3yMeBacT BHIIOJIHEHHE B IIEPBYIO ouepeib 6apbepHON, 0OMEHHBIX
U CEKPETOPHBIX (QYHKIMIA. B cBS3U ¢ 3TUM, JaHHbIE KIIETKH [TPUBJICKAIOT BHU-
MaHHME MHOTHX HCCIIeloBaTelIel, B 0COOEHHOCTH B IocienHee Bpems. Mmes
TIOBBIIICHHBIN MHJIEKC Tposndepanny 1 1uPpepeHIMPOBKHY, STUTEITHOLHUTHI
SIBJISTFOTCSL TOCTATOYHO TOMYJISIPHBIMU MOJIEIISIMU CPEJTH KJIETOUHBIX KyJIBTYp [ 1,
c. 791]. DnurenuanbHble KIETKH TECHO CBSI3aHBI MEX/Y CO00I1 in Vivo 1 04eHb
XOPOIIO MOAXOAT AJISI MOHOCIIOHHBIX KJICTOYHBIX KYJIBTYD.

HccnenoBanne SIMTETNOILMTOB JKEITY/IKa KyJIBTYPaIbHBIM METOJIOM BEJIET-
Csl TOCTATOYHO AaBHO. Tak, co00Ianoch 0 HECKOJIBKUX METOJaX BBIACICHHUS
SMHUTEIHONUTOB Y )KUBOTHBIX JUUISI TIOCIIEAYIOIIETO KYIFTUBHPOBaHus [2, . 135-
141]. Knetku c1u3uCcTO 000JI0UKH JKEITYIKa XOPOIIIO TOIXO/ISAT IS HCCIICI0Ba-
HUH in Vitro B OIlEHKEe METa00JIM3Ma, B3aUMOICHUCTBUS C OKPYIKAOIIEH Cpeioii,
(apMaKoIOrH4ecKoro BO3AEHCTBYSA, PEKOHCTPYKTUBHON OMOMHKEHEPHH U T. .

Ha cerognsmramii 1eHb OTCYTCTBYET KJICTOYHAS! JIMHUSI HOPMAJIBHBIX U PaKo-
BBIX JIHUTEIIMOIUTOB CIM3UCTON 00O0JIOUKH JKEIy/IKa, B CBS3U C YeM, U3yUYCHHE
JIAHHBIX KJIETOK OMIMPAETCSI B OCHOBHOM Ha BbIJICJICHHE EPBUYHBIX KIETOUHBIX
KybTyp. On1HaKO, BEIICNICHNE U KYJIIBTHBUPOBAHHE KIIETOK CIM3HCTON 000J109-
KM JKeJTy/IKa, B YaCTHOCTH y YeJIOBEeKa, OCTAeTCs BeCbMa 3aTPYJHUTEIBHBIM [3,
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c. 12-15]. OcoOyto poiib B KYJTHUBUPOBAHUU TIEPBUYHBIX SIMTUTEIHOIMTOB JKe-
JTy/IKa UTPAeT BBIJCICHUE OAMHOYHBIX KJIETOK ¢ HAaHOOIBIINM MpoiudepaTus-
HBIM TIoTeHIaNoM [4, ¢. 71-85]. JIyst TOCTHKEHHST TAaHHOTO 0O0CTOSTENILCTBA,
HEKOTOPBIMH UCCIICIOBATEIISIMU TPETIOKEHA METOIUKA MSTKOTO (pepMEHTATHB-
HOTO NepeBapuBaHus TKaHeBoOro douonTara [5, ¢. 115-121].

Leas padoTsl: [TomyunTs IEPBUYHYIO KYJABTYPY KIETOK CIM3UCTON 000-
JIOYKH JKEITyJKa ¥ OLCHUTH €€ (DEHOTUIMHYCCKUE U METa0OIHMYCCKUE XapaKTe-
PHUCTHKH.

MarepuaJjbl M1 MeTOAbI

3abop OMONIOrHYecKOro MaTepuaa pou3BOAMIICS Ha 0ase JiedeOHO-TnarHo-
ctrueckoro otaenenust HUM MITC. O6cnenoBanuch manyeHTh B Bo3pacte 30—
60 et (cpemHUit BO3pacT MaMeHTOB coCTaBUI 46 jet). U3 nccnenoBanus Opur
WCKJTIOYEHBI TTAIMEeHTHI, C OHKOJIOTMYECKUMH 3a00JIeBaHISAMH, TUarHOCTHPOBAH-
HBIMU PECIIMPATOPHBIMH 3a00JIEBAHUSMH, a TAKKE YHAOCKOITMYECKUMH M1aToJI0-
THSAMU 1 IPU3HaKaMy HHGUImpoBanus H. pilory. Bee nccnenoBanus BHITOTHEHB
¢ MH(OPMHUPOBAHHOTO COITIACHS HCTIBITYEMbIX M B COOTBETCTBHH C XEJILCHHKCKOM
Jekiaparyel BceMupHoii acconmanmy « ITHUECKUE TPUHIIUITBI IPOBECHMS Ha-
YYHBIX METUITMHCKUX UCCIIEA0BAHHUMN C yUacTHEM YesIoBeKay ¢ rorpaBkamu 2000
. 1 «I[IpaBunamu kMHUYEeCKON pakTuky B Poccuiickoit @enepanum», yTBepxK-
nennbsivu [pukazom Munsapasa PO ot 19.06.2003 . Ne 266.

B xome ¢ubporacTpomayoeHOCKOMUYSCKOTO MEeToqa OOC/IeIOBaHUSI B
ACETITUYECKUX YCIOBHUAX y 3 TTAIMEHTOB MTPOU3BOIIIICS 3a00p OMONTATOB CIIH-
3UCTOH 0001104KH KemyaKa. OToOpaHHbIe 00pa3ibl HEMEJICHHO TTOT Py KaliCh
B [IPOOUPKY THIIA S1TEeHA0pd ¢ TpaHCIIOPTHOM cpenoii Ha ocHoBe RPMI-1640.
Bpems ot 3abopa GuonTara 10 MOMEHTa Hayasja BBIJCICHUS HE MPEBBIIIAIO
1,5 gacoB. Ha mepBom 3Tamne oOpa3ibl TIIATETBHO U3MENIBIAINChH TOCIIE YETO
Tpuwkab! oTMbIBasiuch pu 100 g B Teuenue 3 muH B cpege RPMI 1640 ¢ ren-
TaMUIIMHOM B KOHIeHTparuu 10 mkxr/mi. [Tocie npucTynaiy K u30upareibHO-
My (hepMEHTaTHBHOMY IIPOTEONN3Y TKaHEH, I 3TOTO K 00pa3iy no0aBIsim
koyutarenasy Il tuna B pacyere 30 En/min u momenianu B tepmocrar npu 37°C
C TIOCTOSTHHBIM TepemernuBanueM Ha 10 munyT. [locne oOpaser TiareabHO
pecycCrieHIupOBaICs U ocaxkaancs B Tedenue 5 mu. pu 200 g u 4°C. Cymep-
HaTaHT OTOMpAJICS B OTAEIBHYIO MPoOupKy. Ocasok moaBeprajcs MOBTOPHO-
My NPOTEONU3y Mo onucaHHOM cxeme. L{uki moBTopsics 7-8 pa3 10 MOIHOTO
mpoTeonu3a racrpoduonTtata. CIUTBIE CylepHATaHTHl TPHUKIbI OTMBIBAINCH
pactBopom PBS pH 7.4. TlomydeHHBII MaTepuan pecycreHInpoBacs B Iep-
BruuHOU KynbrypanbsHoii cpene (ITKC) na ocroe RPMI 1640 ¢ nobasnenuem
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reatamuiaa 10 Mxr/mit u 8% QeranbpHON ObIUbeil CHIBOPOTKU. B nanbHekiiem,
KJIETKH ITOMEIIAINCE B KYJIBTYpaTbHBIC TUIAHIICTH! U3 pacueTa 1,5% 103 kreTok/
cm’ u nomemanuck B CO, naky6arop npu 37°C Ha 24 gaca. ITo npomectBuu
CYTOK, TUIAHILIETHI POMBIBAIHCH OAOrpeThIM pacTBopoM PBS pH 7.4. Tlocne
4ero, nodaensnack ooHoBnEHHas [IKC n BHOBB moMemanack B CO, nnky6a-
top 37°C ere Ha 48 wacos. [To TpoIIeCTBHYM HHKYOAIMH KJIETKH CHUMAITUCH C
MOBEPXHOCTH IIAHIIETOB pacTBopoM Bepcena mpu 4°C, TpHIKIbI OTMBIBATUCh
pactBopom PBS pH 7,4 u moacunteiBanuch B kamepe [opsesa.

[Tomy4yeHHBIE KyNbTYpPbl KJIETOK aHAJIN3UPOBAIUCH METOAOM NPOTOUHON
LIUTOMETPHUH C MCHOIB30BAHUEM NPSIMON TPEXIBETHOH MMMYHO(IIyOpeCIieH-
LUK U TIPUMEHEHHEM MOHOKIOHaNbHBIX anTuTel (Beckman Coulter, USA).
Hcnons3zoBanu cnenyromue antutena: CD326-FITC, 7TAAD-PCS, CD45-
APC7. I1po0OomonroToBKy OCyIIECTBIISIIN IT0 CTAaHIAPTHON METONKE. AHATN3
OKpAILCHHBIX KJIETOK MPOBOIMINA HAa NPOTOYHOM IuTodiryopumerpe Navios
(Beckman Coulter, USA). B kaxzoit npobe ananusupoanu He Mmexee 20000
Ki1eToK. JlaJbHeMIINK aHaIu3 JAAHHBIX MPOU3BOAMWICS B MAKETE IPOrpPaMM
Kaluza 2.0 (Beckman Coulter, USA).

Pe3yabTaThl U 00CyXKIEHHE

B xopne Hamero uccneoBanus ObUIH MOIYYEHBI TETEPOTeHHbBIE TOMYIISIINN
STIHTENNATIBHBIX KIETOK CIIM3UCTON 000IOUKH JKeITy/IKa, B KOJIMYECTBE odecIie-
YHUBAIOIIUM MpoidedaTuBHbIil OTBET B KOHTPOJIUPYEMBIX YCIOBHUSX in Vitro.
Bb110 1TOKa3aHO, 9TO MOCIIE ITAIA BBIACIECHHS 110 OIMCAHHON TEXHOJIOTHH ITPO-
LIEHT JKMBBIX KJIETOK cocTaBui 80-95% (B cpennem 92,6%), 4T0, yUUTHIBAS
CIIOKHOCTH BBIACTICHUS U KyJIbTUBHPOBAHUS KJIETOK CIIM3UCTON 000I0UKH XKe-
JyZKa, CYIUTACTCs BRICOKMMU Mokasatensimu (Puc.1 —a). B paMkax myma >KuBBIX
KJIETOK OBIIIO TIPOBE/ICHO NCCIIEJOBAaHNE MTPOIIEHTA SITUTEINAIBHBIX KIETOK Ha
ocHoge (moopecuenunu CD326. B pesynbrare ObIJIO BBISBIEHO, YTO HA MO-
MEHT BBIJICTICHUS] TIPOIEHT JaHHBIX KJIETOK cocTaBisieT 65-80% (B cpennem
72,3%) (Puc.1 — 6). IIpomeHT KIeTOK, HECYIINX MaHICHKOIUTAPHBINA MapKep
CD45, ne npessiman 0,5-2,2% (8 cpeanem 0,8%), 4TO yKa3bplBaeT Ha MPAKTH-
YECKH IOJIHOE OTCYTCTBHE B IPOCBETE NPUJIETAOIUX K CJIO0 CIIM3UCTON TKaH!
KalMJUISIPOB UMMYHOJIOTHIECKNX KIIETOK.

[To mpomrecTBuM 72 4acOBOW MHKYOALMU KIIETOK B KOHTPOIHPYEMBIX yC-
JIOBUSIX in Vitro, ObUIO TIOKa3aHO, YTO MPOIEHT KMBBIX KJIETOK COCTaBMI 63-
76% (B cpennem 70,6%), 4TO, yKa3bIBaeT Ha MOCTEMIEHHYIO THOETH HEKOTOPBIX
TIOTTYJISIIANA KIIETOK, MTOMYYCHHBIX B Mpoliecce BoaeneHus (Puc.2 — a). B Toxe
BpEMs1 Hy)KHO IOMHUTb, 4TO 1pu n30bITKe B I[IKC npoyKToB KiteTouHOro pac-
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ajJia, BEICOKA BEPOSTHOCTH 3aIlyCKa IIPOLIECCOB MACCOBOM KJICTOUHOI rubeny,
KaK CJICZICTBHE CTAHOBUTHCS KpalHE BayKeH IOCTOSHHBIM MOHUTOPHUHT 32 CO-
CTOSIHUEM KYJIBTYPBI.

0 0

Puc. 1. a — reiitupoBanue Ha ocHOBe cooTHomeHus 7AAD u CD45,
OIIpe/IeIIsIIoIIee MPOLIEHT JKUBBIX KJIETOK; O — reTHpOBaHNe HA OCHOBE COOTHOIICHHS
CD326 u CD45, onpenenstolee IPOLEHTHOE COACPKAHUE KIETOK, HECYIIUX
SnHUTeNnuansHbI Mapkep CD326

Liv: 70,5% D: 49,33%

TAD (D326

a 0
Puc. 2. a — reiitupoBanue Ha ocHoBe cooTHOmIeHHs: 7TAAD u CD45,
OTIPEZIEINAIONIEE IPOIIEHT JKUBBIX KIETOK; 0- TeiTHpOBaHUE HA OCHOBE COOTHOLICHHS
CD326 u CDA45, onpenessitoniee NpOILEHTHOE COAEPIKAHUE KIIETOK, HECYIIUX
snuTenHansHbI Mapkep CD326

B pamkax myna KHBBIX KJIETOK OBUIO IPOBEIEHO MCCIEIOBAHMS IPOLICH-
Ta SMUTENHANBHBIX KIETOK Ha ocHOBE (hmroopectieHnn CD326, B pesymnbrare
OBUIO BBISIBIICHO, YTO K 72 4acaM NPOLIEHT JIaHHBIX KJIETOK CHU3MIICS 10 40-55%
(B cpennem 47,5%), 4To, yKa3bIBaeT HA CHUYKCHHUE KOJIMYECTBA PEIETITOPOB K
CD326 mpencTaBiIeHHBIX Ha TIOBEPXHOCTH KIIETOUHOU MeMOpansI (Puc.2 — 0).
JlaHHBIX ITpoIIecC MOXKHO OOBSICHUTH N3MEHEHHEM METabOIMYECKHUX MPOLec-
COB B KJIETKE Ha ()OHE JTUTENILHOI MHKyOannu B yciaoBusix orcyTcTBusi B [IKC
CHeU(pUIECKOTO INTOKHHOBOTO MHUKPOOKpYskeHus. [IponeHT kieTok, Hecy-
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KX NaHIedkouTapHbiil Mapkep CD45, Tak sxe cHusmics u poctur 0,2-0,7%
(B cpennem 0,4%), maHHas KapTHHA BBI3BaHA 0COOCHHOCTAMH (DOPMUPOBAHNS
STMUTENNATBHBIMI KJIETKAMU MOHOCIIOS Ha JTHE KyJIBTYPAIbHBIX TUIAHIIETOB U
BO3HHMKAIOIIEH Ha 9TOM (oHe KoHKypeHuuei. [Tpu nakyoarmu ceepx 1,5-2 He-
JIelIb B KOHTPOJIMPYEMBIX YCIOBHSIX in Vitro JoyKHa chOpMHUPOBATHCS MOHO-
KyJIBTypa KJIETOK, COCTABIISIFONINX MTPEBATNPYIOIIYIO OISO,

3aki0ueHue

1o pesynbraram ncciieoBaHus ObUIO JOKAa3aHO, YTO, HECMOTPS Ha HMe-
IOLIMECS TPYIHOCTH B IUTAHE BBIIACICHUS U JJIUTEIBHOTO KYIbTHBUPOBAHHS
KJICTOK CJIM3UCTON 00O0JIOUKH XKEIy/IKa, OCTeeHHOE PopMuUpoBanue 0000-
LIEHHOM MOHOKYJIBTYPBI BIIOJIHE BO3MOKHO. [IprBeneHHas npoieaypa MHO-
TOKPaTHOTO MPOTEOJIN3a racTpoOnoITara, Hokazaaa CBOK IPUTOIHOCTb JUIs
TIOJTyYEHH S )KU3HECIIOCOOHBIX KJIETOK CIIM3UCTOTO cilosl. B Toxke Bpemst, ipu
JIOJDKHOM KOHTPOJIE MTPOIECCOB MPOoSin(epalui BbIICICHHBIX KJIETOK C MTPH-
MEHEHHUEM METOI0B MUKPOCKOIIMH 1 IIPOTOYHON IUTOMETPHH, CTAHOBUTHCSA
BO3MOKHO CBOCBPEMEHHO PearupoBaTh Ha H3MEHEHHE MPOLECCOB, IPOTEKa-
IOIIHX B KYJIBTYpE UCCIIEAYEMbIX KIETOK. bbUIO MOKa3aHo, YTO MpH HAJIMYHN
B KyJIbType, OOJBIIOr0 KOJINYeCcTBA KJIETOK HMMMYHHOW CHCTEMBI, [IOBBIIIA-
€TCsI PUCK aloONTOTHYECKUX PEaKIUi U KaK CICICTBHE THOCIN BCEH JINHUH.
Takxum 00pa3oM, BaKHBIM aCIEKTOM CTAHOBHUTHCS aMOPTH3AIUsl METOIOB
U30JIALMK KJIETOYHOI'0 MaTepuajia u3 racTpoOMONTaTOB, a TAKXKe 1M0100p
YCIOBHH I MHKYOAIIMH KIETOK in Vitro, mMpu KOTOPBIX CTAaHET BO3MOKHO
B KpaTdailine cpoku c(OpMUPOBATH MOHOKYIBTYPY KIJIETOK, 9TO B CBOIO
o4epesb MO3BOJIUT TMOBBICUTH 3(P(GEKTUBHOCTD MPOIH(PEPATHBHOIO OTBETA
11€JIEBOY NOMYJISALUH.

HNudopmanusi 0 KOHQINKTE HHTEPEeCOB. ABTOPHI 3asBISIIOT 00 OTCYT-
CTBHUHU KOH(IIUKTA HHTEPECOB.

Nudopmanust 0 cioHCOpCcTBe. YUacTUe B MPOXOXKACHUHM CTAaXUPOBKHU
«MeTonbl KyIbTUBUPOBAHMS U aHAIN3a KIETOYHBIX KyJAbTYP» MPOBEIEHO MpU
noguepxke KpacHospckoro kpaeBoro poHaa HayKH.
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In the article possibility of water solution LiOH tertiary treatment from chlorine
anions after electrolysis is viewed. Analyzing the existing purification methods, it
is proposed to use the purification of lithium hydroxide in an ion exchange column.
A mathematical model and a computational algorithm for ion exchange column
having stationary and moving anionite layers AB-17-08 in OH-form are given.
Relationships of the main parameters such as working cycle period, usage ratio of
ionite exchange volume and specific ratio of solution being purified per 1 kg ionite
for standard column have been received. The curves of the chlorine anions density
in ionite depending on its layer height in the solution being purified in the middle
and at the end of the working cycle period are given. In the article recommendations
on prevention of ionite granules abrasion during the operation in ion exchange
columns are given.
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PACUET TOHOOBEMEHHOM KOJIOHHBI
JJIs1 OYUCTKU PACTBOPA THIPOKCHUA JIMTUSA
OT AHUOHOB XJIOPA

A.B. I'onosanuukos, 0.A. 3anunaesa,
T.H. Cunenko, H.A. IIpoxopenko

Paccmompena 6o3modrcnocms doouucmru 600Ho2o pacmeopa LiOH om anuo-
106 Xa0pa nocae anekmponusa. Ipu ananuse cywecmsyiowux mMemooos o4ucmKu
NpeosioNHCeHO UCNONb308AMb OUUCIKY SUOPOKCUOA JTUMUSL 8 UOHOOOMEHHOU KO-
noune. Cocmasnena mamemamuyeckas MoOens U ar2opumm paciema uoHo00-
MEHHOU KOJIOHHbBL C HENOOBUNCHBIM U OBUNCYUUMCSL cloem anuoHuma AB-17-08 6
OH-gopme. Ionyuenvl 3a8ucumocmu OCHOBHBIX NAPAMEMPOS. BPEMeHU paboue2o
YuKaa, cmenenu UCnonb308anus 0OMeHHOU eMKOCIU UOHUMA U YOeNbHO20 00beMd
ouuwaemo2o pacmeopa Ha 1ke uoHuma oas cmanoapmuoil kononnwl. Ionyyenst u
NPOAHANUUPOBAHBL PAPUKY 3A6UCUMOCTIU KOHYEHMPAYUU AHUOHO8 XA0Pd 8 UO-
Hume 0m 8bICOMbL €20 C1051 8 OUUUAEMOM PACIEOPE 6 CePeOUHe U 8 KOHYE 6PeMeHU
pabouezo yuxna. aomces pekomeHoayuu no npedomepaneHuio UCmupanus Spamy
UOHUMA 8O BPEMS IKCNIYAMAYUU UOHOOOMEHHBIX KOJTOHH.

Knrueswvie cnosa: anuonum ¢ OH-gpopme; pacmeop LiOH; uonoobmen, ypas-
nenue Jlenemiopa, maccoomoaua u macconepeoaia, pabouee 8pems Yukia

Jna yumupoeanus. I'onosanuuros A.b., 3anunaesa O.A., Cunenxo T.H., [Ipo-
xopenxo H.A. Pacuem uonooomeHHOU KOOHHbL OJIs1 O4UCTNKU PACMEOPA 2UOPOKCUOA
aumus om anuornog xaopa // Siberian Journal of Life Sciences and Agriculture.
2021. T. 13, Ne 2. C. 245-261. DOI: 10.12731/2658-6649-2021-13-2-245-261

Introduction

Being a polymerization catalyst, lithium hydroxide is used in the produc-
tion of batteries and in pharmacology for the synthesis of various lithium salts,
which are used to treat animals and humans. Lithium hydroxide is used as a
carbon dioxide absorber. The results of direct measurements confirming the
greenhouse effect increasing caused by the concentration of carbon dioxide
rise in the atmosphere are known [16]. The largest sources of emissions of
greenhouse gas are agriculture, various production, transportation, process-
ing and consumption of fossil fuels, burning of biomass, etc. The absorption
of carbon dioxide and its further use is necessary to preserve the natural bal-
ance [20].
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Alot of works are devoted to the problems of lithium hydroxide purification
and regeneration. Authors of a number of articles [15, 18, 19] consider the prob-
lem of LiOH production through electrodialysis from its natural brine. Energy
consumption of electrodialyzer is rather high and current consumption in the
purification process of lithium hydroxide solution requires special operation
safety rules. Current provides water electrolysis. Oxygen is emitted on the an-
ode and hydrogen is emitted on the cathode. The process is of special fire and
explosion hazards. Danger of emergencies and accidents, explosions and fires
is high, they can occur in case of a technological condition violation, in case
of electrolytic gas leakages, especially hydrogen and oxygen being mixed in
explosive proportions inside units of equipment.

Ion exchange membranes used in electrodialysis have high current resis-
tance. Membrances, containing ionite powder heterogeneous with surface impu-
rity, need cleaning. Moreover the membrane cleaning is rather complicated and
expensive process. It needs additional expenditure. Homogenous membranes
have low mechanical strength [8]. Membranes selectivity falls because of their
sensitivity to abrasive materials. When ion exchange membrane is used, a con-
centrated polarization takes place near its active layer. It makes membrane se-
lectivity lower too. Field of application of ion exchange membranes is limited
and application of nanotechnologies is predicted to enforce the strength of the
membranes [6]. To prevent pollution of membranes LiOH solution should be
purified from weighted and colloidal particles. In this connection electrodialysis
is used in low capacity industries.

Scientists are seeking new technologies for lithium extraction from brines
[17]. In our opinion it is necessary to pay more attention to the purification of
the LiOH solution in ion exchange columns. Ion exchange columns have high
productivity. LiOH purification in ion exchange columns doesn’t need addition-
al expenditure for previous clearing of solution and current.

According to the organizational and technical structure, ion exchange col-
umns of continuous and periodic action are used in industry. The calculation
methods of the columns are anologous to the calculation methods of other mass
transfer devices [11-14].

An industrial method for obtaining an aqueous solution of sodium hydroxide
by electrolysis of a solution of table salt is widely used and it becomes necessary
to refine the obtained hydroxides from chlorine anions [9, 10].

Producing lithium hydroxide from LiCl solution by means of electrolytic
method results in obtaining substance which contains up to 2,5 kg/m* of chlo-
rine anions. The chlorine anions concentration is to be reduced to 0,078 kg/m’
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that is 32 times less in accordance with regulations. In this case level of tertiary
treatment is to be around 97%.

Purpose

Aim of this work is modeling and calculation for ion exchange column both
periodic and uninterrupted actions intended for purification lithium hydroxide
water solution from chlorine anions.

Calculation methods for ion exchange column

It is appropriate to use anionite granules AB-17-08 in OH — form for the
both ion exchange columns of the uninterrupted and periodic action. In this case
exchange reaction takes place [7, 8]

ROH' + CI- — RCI' + OH,
and ions of chlorine are removed from the solution. Then they are substituted
with ions OH-produced through electrolysis. Thus ions of chlorine are not just
removed from the solution but ions of OH are inserted instead of them. It slight-
ly contributes to the electrolysis substance LiOH in desired solution.

In the article algorithm for calculation of ion exchange column with station-
ary anionite layer is used, which we’ve described for cation and anion columns
in a number of works [3, 5, 6]. The physical picture of the change in its con-
centration is given on the Fig. 1.

!

Cus+1— Cxf

he | AV,
a* AG,
Xk ah,

AT
Ckj :
hi
qy,V

Fig. 1. Diagram of changes in ions of chlorine concentration at the moment t, in j-m
ionite layer at height A/ and time Ar, for which solution passes through the ionite
layer in the column of periodic action.
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Algorithm for calculating an ion exchange column with a stationary anion-
ite layer.

1. Equation of equilibration line (signs for parameters and their size are
given in Table 1 [7]:

ac
x*= 1
1+bc ( )
K X k —1
.. 0
under the conditions a = +—, b =—~f—mux =x *
c c

H H
2. Sherwood number of the outer mass transfer for the solution is viewed as
a function of defining Reynolds and Schmidt criteria:

Sh=2+15(5¢)" J1—e,)Re. )
3. Surface coefficient of outer mass transfer
Sh-D
= < 3
B == G

and volume coefficient of mass exchange '
kV — 6136(61{_80)' (4)
4. Dividing the whole ionite layer n-équal in height parts AA (Fig. 1) in
accordance with mass exchange equation for the ions being extracted in layer
having thickness A at a height £ (j,n)
q,¢,At=gq,c Att kA V(ch— cj*)Ah/v, (5)
you ought to find out the concentration Cy for the calculated moment of each
layer Ah.
5. Final concentration of the extracted ions of chlorine in ionite for the lay-
er h/. at the moment t,can be determined in accordance with material balance

i
X, =x, + c.—c.). 6
5 =Xy 3600AG(‘” ) (6)
6. Using equation of equilibration line (1) we find equilibrium concentration
X .
* Hj
c;=——, 7
7 a-b-x, @

under the conditions ¢ *> c,at the moment . and the ionite layer(s) j looses its
ability to exchange ions and after that it functions as a filter.

7. The calculations are finished under the condition CoionZ Cpr

Algorithm for calculation of the ion exchange column of the uninterrupted
action

1. Concentration of chlorine ions in ionite at the exit

x =099 x * (8)
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2 ITonite consumption

¢, —c
G=q,"—* (€))
xK _xH
3. Calculation of transference units number (TUN)
TUN=Y 8¢ (10)
ac—c*
4. Height of the moving ionite layer
H= (v- TUN) /k,. 11
5. Volume of the moving ionite layer
yT D’H 12)
=—
6. Average time of ionite existence in the column
Vp
=t= 13
=t (13)
7. Speed of the ionite movement from top to bottom of the column
H
= . 14
3600t (14)

8. Specific consumption of ionite for / m3 of solution being purified

y=9/. (15)

9. Calculation of chlorine ions profiles (on height) for the solution being
purified and in ionite

a) Ah=H/m,

b) c,=c, x,=x ,

c) cplle/(az-ble ,

d) c,=c (1-k,AhA)+(k, Ah)c *,

&) x,%x(4,/G )(c,¢,);

J) readdressing: x =x,, ¢,=c, and repeating «m» - times of items (b-f) and
corresponding concentrations accordingly;

2) calculations are over after «m» - times repetitions.

Results of calculations and discussion of the results

Shown in Fig. 2 profiles of chlorine ions concentrations in the solution (a)
and in ionite (b) according to ionite layer height in the middle (t = 4 hours)
and at the end of the working cycle period (1= & hours) for the column with Im
diameter with stationary ionite layer (curves 1 and 2) and with moving ionite
layer (curves 3) are given.
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Fig. 2. Drawings of chlorine ions concentrations in the solution (a) and in a layer
of grains (b) at the height of ionite: 1 — in four hours after the working cycle beginning;
2 — in eight hours at the end of the working cycle; 3 — in the antiflow ion exchange
column of uninterrupted action.
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Table 1.
Initial and reference data, calculation parameters
Ne Parameter Value
Initial data
1 | Productivity on the solution being purified, ¢, , m*h 1
2 | Initial concentration of chlorine anions in the solution, c , kg/ m* 2,5
3 Final acceptable concentration of chlorine anions in the solution, 78102
c, kg/ m’ ’
4 | Pressure, P, atm. 1,033
5 | Temperature, ¢, °C 30
6 | Solution density, p,, , kg/ m’ 1280
7 | Solution viscosity, u, P/sec 0,055
8 | Coefficient of chlorine anions diffusion in the solid, D m?/sec. 1,6:10°
9 | Constant of anionite equilibrium at 30°C, &, 1,2
10 | Equivalent diameter of anionite particles, d m 6-10
11 | Full anionite exchange tank AB-17-8, x,* kgA/ kg 1,725
12 |Ion mass CI, M, kg/ kmole 35,5
13 | Specific volume of dry anionite, v, m¥/kg 3-10°
14 | The particles density filling, p,, kg/ m* 340
15 Coefficient of chlorine anions diffusion in the ionite particles, D, 2.9-10110
m?/sec ’
16 | Particle layer porousness, &, 0,4
17 | Height of the layer H, m 0,7
18 | Column diameter D, m 1
Calculation parameters for the column of periodic action
1 | Fictitious solution speed v, m/sec 3,54:10*
2 | Reynold’s number, Re 4,94-1073
3 | Schmidt number, Sc 26855
4 | Sherwood number, Sh 4,44
5 | Coefficient of outer surface mass transference, 3 , m/sec 1,18-10°
6 | Volume coefficient of mass exchange, k,, 1/sec 7,1-10?
7 | Constant of equilibration line (1) @ and b correspondingly, m*/kg 5’g61019 ’
] Equilibrium congentration in. iotiite corresponding to the initial 0.12
concentration of ions of chlorine in the solution, x_* kgA/kg i
9 Equilibriuiri conc.entration in ioniie correspoiiding to the finite 4.465-10°
concentration of ions of chlorine in the solution, x_*, kgA/ kg i
10 The initial cont'sentration of ions of chlorine in ionite 3,795-10°
after regeneration, x , kgA/ kg
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Continuation of the table

11 | Volume of ionite layer, V , m? 0,3925
12 | Mass of ionite layer, M , kg 218,06
13 | Maximum ionite particles absorption of chlorine ions, M . kgA 25,34
14 | Maximum working cycle period, T_, hour 10,46
15 | Working cycle period, t, hour 7,99
16 Speci}ﬁc consumption of ionite for 1 m* of solution being purified, 0.0367
vy, m’/kg
Calculation parameters for the column of the uninterrupted action
1 Concentration of chlorine ions in ionite at the exit 1188101
from the column, x,, kgA/ kg i
2 | Ionite consumption, G, kgA/ hour 21,06
3 | Transference units number, TUN 33,95
4 | Ionite volume in the column, ¥, m? 0,133
5 | Height of the moving ionite layer, 4, m 0,169
6 )Icnlfllilé X(/)rli;entration of chlorine ions in ionite after regeneration, 3,795-10°
7 | Time of ionite movement in the column, t , hour 2,144
8 | Speed of ionite movement in the column, U, m/sec 2,19-10°
9 Specific consumption of ionite for 1 m?® of the solution 0.0475

being purified , y, m¥/kg

According to the graphs of the drawing the height of the moving layer of
ionite in the column of the periodic action (curves 1 and 2) doesn’t go over 2
of its whole layer height. The rest part of its height is either saturated fully (i.e.
it is in a dynamical equilibrium relative to the initial concentration of chlorine
ions being trapped in the solution) or it doesn’t participate in the ion exchange
process. It is evident that the curves la and 1b correspond to the concentration
of ions of chlorine in the middle of the working cycle period (t=4 hours). /00
mm ionite layer has been used at the entrance. lonite at height /00+300mm par-
ticipates in ion exchange process and the upper 200 mm of the ionite layer ar-
en’t involved in the process. At the end of the working cycle period (=8 hours)
the upper layer of ionite with height 200 mm participates in ion exchange. The
lowest part of the layer (300 mm) is saturated with ions of chlorine so it doesn’t
participate in the ion exchange process.

In the moving layer of ionite column of uninterrupted action in the ion ex-
change process participates only active layer having height H =770mm (Fig.2,
curves 3a and 3b). Its height is less than height of the active layer of ionite with
stationary layer (200 mm). The hydraulic resistance of stationary layer of ionite
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(H=300 mm) is almost 3 times increase than the height of the layer of ionite in
the ion exchange column of the periodic activity. 2/3 of its height doesn’t par-
ticipate in ion exchange and the solution is not filtered through it. Moreover,
efficiency of ion exchange column of uninterrupted action is 30% superior to
efficiency of the column working periodically (the last lines of Table 1). It is
derived from the fact that usage of the exchange capacity of the lower ionite
layers in column of periodic action equals 100%, that is x =x *=0,12 and in
column of uninterrupted action it equals x =0,1188 (Fig. 2b).

¢ kg/m?
K W

CH

1,5 - —\

1 .
0,5 -
*
Cx XK | [XH
%
x* 0,02 0,04 0,06 0,08 01 012 | oAlkg

Fig. 3. Equilibrium (1) and working (2) lines of the ion exchange process
in the column of uninterrupted action (calculation results, Table 1).

Significant disadvantage of the moving ionite layer is that the process is to
be implemented in a unit of equipment with boiling layer [2, 4]. The disadvan-
tage of globules and grains attrition can be avoided. The globules and grains
should be coated with textile material. In this case attrition resistance will be
twice higher (in accordance with experimental data).

Conclusion

Analysis of existing methods of LiOH water solution tertiary treatment from
chlorine anions has been made. It is suggested to purify LiOH in ion exchange
column. Calculations of ion exchange columns of periodic action and of un-
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interrupted action showed the advantages of the latter one. It is explained to a
greater degree with the usage of the exchange capacity of the ionite. In the pro-
cess the hydraulic resistance of the moving ionite layer is 3 times less than that
of the stationary layer. It proportionally leads to energy savings. Graphs of the
dependence of the chlorine anion concentration in ionite at height of its layer
are given. It is recommended to prevent attrition of ionite granules in ion ex-
change columns during the operation with coating of each globule with thinned
textile or knitted material. It reduces the attrition of the globules and increases
their operation by more than an order.

The study was funded by RFBR, project number 19-38-90002.
HccrnenoBanue BRIOIHEHO TpH (hrHAHCOBOMU moaep:kke PODU B pamxax
HayyHoro npoekra Ne19-38-90002.
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The article presents the results of a theoretical and empirical study of the
leading trends and the latest trends in the development of modern agricultural
cooperatives (with an illustration of many years of experience and grandiose
achievements in the activities of the world famous multinational dairy cooperative
“Arla Foods”), due to various changes in the external environment (market,
institutional, political, technological) and determining, as a result, significant
changes in the requirements for the quality of human capital. Important scientific
conclusions (according to the topic) were obtained on the basis of studying the
dynamics of the formation and development of the Arla Foods cooperative,
generalizing materials regarding its organizational transformations and mainly
relate to (1) the importance of professional management for the success of
the cooperative, (2) new requirements for the quality of human resources in
connection with technological innovations (digitalization, for example), (3)
the role of human capital available in cooperatives (its quality) in overcoming
various threats and risks.

The theoretical and practical value of the study lies, firstly, in the (scientifically
grounded) concept of a modern agricultural cooperative presented in the work
(using the example of Arla Foods as one of its most prominent representatives), and
secondly, in the characteristics of the human capital of agricultural cooperatives,
adequate to the essence of the evolutionary processes taking place with them.
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BJIUSIHUE YEJTOBEYECKOI'O
KAIIUTAJIA HA YCHEX JESTEJILHOCTH
CEJIbCKOXO3SIIICTBEHHOI'O KOOIIEPATHUBA
(HA IIPUMEPE «ARLA FOODS»)

C.I' I'onoséuna, U.H. Mukonaituux,
A.JIL Honmapueixun, I1.B. JKypaenes

B cmamuve npedcmasnensvt pe3ynvmamsl meopemuro-dIMIUPULECKO20 UCCILe-
006aHUsL 6e0YWUX TMEHOCHYUT U HOBEUUUX MPEHO08 6 PA3GUIMUU COBPEMEHHBIX
CeNbCKOXO3AUCHEEHHBIX KOONEpamugos (¢ uinocmpayuell MHo2ojiemne20 onblma
U SPAHOUO3HBIX OOCUINICEHUN 8 0eAMETLHOCMU U3BECHO20 8 MUPE MHO2OHAYUO-
HANbHO20 MOA0UH020 Koonepamuea «Arla Foods»), obycroenennvix paznuunvimu
UBMEHEeHUAMU 6HeulHell cpedbl (PbIHOYHOU, UHCIUNYYUOHATLHOU, NOTUMUYECKO,
MEXHONOUYECKOT) U OeMEPMUHUPYIOWUX, KAK CIeOCTNaUe, CYUeceeHHble nepemenbl
6 MpPeboBAHUAX K KAUeCmay 4enoseueckoeo Kanumana. Bajcnvle nayunvle 3axuio-
ueHus (CoenacHo meme) NOIYUEHbl HA OCHOBE U3VUeHUs OUHAMUKU CIMAHOBNEHUS U
passumus koonepamusa «Arla Foodsy, 0bobwenus mamepuanog omuocumensto e2o
OP2aHUBAYUOHHBIX MPAHCHOPMAYULL U KACATOMCA 2AABHBIM 00pazoMm (1) snavumocmu
NPoGheccuonaIbHO20 MeHeONCMeHma OJis YCnexa 0estmellbHoCmu Koonepamusd, (2)
HOBbIX MPedOBAHUTL K KAUECB) YeN0BeYeCKUX PECYPCOB 6 CEA3U C MEeXHON0UUECKUMU
unHoBayUAMU (Yupposusayuetl, K npumepy), (3) poau umeruecocs 8 KOONEpamueax
4eN0BeUECKO20 KANUMAIA (€20 Kauecmea) 6 nPeoOONeHUY PA3TUYHBIX Y2PO3 U PUCKOS.
Teopemuueckas u npaKMu4ecKas YeHHOCMb UCCTIe008aHUSA 3aKII0UAEMCsl, 60-NEPBbIX,
6 NpedCcmaesieHHoll 8 pabome (HAY4HO 0OOCHOBAHHOU) KOHYENYUu COBPEMEHHO20
CeNbCKOXO3AUCMBEHH020 Koonepamuea (na npumepe «Arla Foodsy kax 00Ho20 u3
Haubonee apKux e2o npeocmagumeneli), 60-6mMopbix, 8 XapaKmepucmukax yenogeye-
CKO20 KAnUumana azpapHvix KOONepamueos, d0eK8amuubIx CyWHOCMU NPOUCXOO0AUUX
€ HUMU IBOTIOYUOHHBIX NPOYECCOB.

Knrouesvie cnosa: uenogeyeckuii Kanumai; KOONePayusl, CelbCKOXO3AUCMEECHHbIN
Koonepamug; UHCMUmyyuoHaIbHas cpeod, 8bi306bl U YepPo3bl, OPSAHUAYUOHHbIE
UHHOBAYUU

Jna yumuposanusa. Ionosuna C.I., Muxoaativux M. H., Ilonmapeixun A.JI., JKy-
pasnea I1.B. Buusnue uenoseuecko2o Kanumana Ha ycnex 0essmenbHOCHU CelbCKOX0-
351icmeeHH020 kKoonepamusa (Ha npumepe «Arla Foods») // Siberian Journal of Life
Sciences and Agriculture. 2021. T. 13, Ne 2. C. 262-283. DOI: 10.12731/2658-6649-
2021-13-2-262-283
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Introduction

The undoubted importance of agricultural cooperation for the successful
functioning of farms (as well as agricultural entities of other organizational
forms) in the context of rapid changes in their environment (market, political,
technological) is comprehensively substantiated by economists and has been
exhaustively proven by economic practice (Yu, et al., 2020; Morfi, et al., 218;
Golovina, et al., 2019; Martinez et al., 2020).

In the Russian Federation, repeated attempts by the state to revive cooper-
ation in agricultural production in general and in rural areas in particular, the
measures taken to support functioning agricultural consumer cooperatives do
not actually correlate (at least directly and closely) with the results of these ini-
tiatives, namely, they do not turn into rapid growth. cooperative organizations,
neither in terms of their number, nor in terms of size and efficiency (Yanbykh,
et al., 2019; Golovina, et al., 2020).

On the basis of analytical studies, it is possible to identify the most significant
circumstances hindering the successful development of agricultural cooperatives,
including (1) small size of organizations, insufficient to gain the economies of
scale inherent in the cooperative (the main competitive advantage), and cooper-
atives are not oriented towards large business at all, (2 ) established informal in-
stitutions (low degree of readiness of agricultural producers for cooperation and
cooperation; low level of their mutual trust), (3) formal institutions that fix in
legislation and public consciousness a purely traditional cooperative model, (4)
inconsistency in the quality of human capital incorporated into participants coop-
eration, the requirements that are presented, firstly, cooperative activity in general
(based on the principles of solidarity, mutual assistance, democracy, trust), and
secondly, its modern content (entrepreneurial direction ness, innovation, versatili-
ty) (Yanbykh, et al., 2019; Golovina, et al., 2020; Kurakin, et al., 2017; Yumashev
etal., 2021). In general, the main reason for the slow development of cooperation
in the domestic agrarian economy was the incorrect (outdated) conceptualization
of the modern agricultural cooperative, as a result of which this organization ap-
pears not as a modern business structure capable of solving the economic and
social problems of agricultural producers, but as a patriarchal artifact, which in
in the past it really demonstrated its effectiveness, but in the new (significantly
changed) environment it turned out to be practically unsuitable for existence.

To determine the directions of development and tools for supporting domes-
tic agricultural cooperation by all stakeholders interested in it (the state, public
organizations, rural communities, etc.), foreign experience in the functioning of
agricultural cooperatives, including modern opportunities for their development
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and features of organizational transformations, as well as the most appropriate
evolutionary trends taking into account high uncertainty, challenges and threats
(political, environmental, biological).

Thus (based on the above), the purpose of the study, the results of which
are presented in this article, is (1) an overview and analysis of the activities of
a modern agricultural cooperative (using the example of the dairy cooperative
“Arla Foods”), (2) the specification of trends inherent in its development in
modern conditions, (3) identification of factors that determine new requirements
for the quality of human capital, (4) identification of transformations that in-
evitably occur with the human capital of modern cooperatives in the course of
their adaptation to a fluctuating environment.

Materials and methods

In order to get an answer to the question of how exactly organizational and
technological innovations in cooperative activities affect the quality of human
capital demanded by a cooperative, it is advisable to turn to the practices of co-
operatives that are experiencing processes characteristic of many modern coop-
erative structures. As a result, the dairy cooperative “Arla Foods” is presented as
an object of research, while the choice is due to the fact that in various aspects
of its activities it is possible to trace many possible trends in the development
of modern cooperatives in general.

The scientific basis for the study of the processes observed in modern West-
ern agricultural agricultural cooperatives was provided by the most valuable
materials of theoretical and empirical research on the characteristics (including
problems) of the functioning of European cooperatives, in particular one of such
outstanding representatives as the dairy cooperative “Arla Foods” , the devel-
opment of which is accompanied by the tendencies inherent in many successful
cooperatives: consolidation (through mergers and acquisitions); diversification
of production; acquiring a transnational character of activity (Azuayi, 2016;
Gaither, et al., 2008; Andersen, 2007; Belousova et al., 2021; Vigliarolo, 2020;
Cheremisina et al., 2018). In addition, the work used statistical (and other) infor-
mation about the functioning of “Arla Foods” obtained from the official website
of the company, including from its two latest reports: 1) 2019 report, the em-
phasis in which is mainly on economic and financial results of the cooperative’s
activities (Leading Through Sustainable Business Performance); 2) the 2020
report, reciting the data given in it around the problem of the company’s sustain-
able development, including during the COVID-19 pandemic and overcoming
its consequences (Accelerating Sustainability Actions in Challenging Times).
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Results

As for the history of the cooperative “Arla Foods”, it begins in 2000, when
the Swedish cooperative “Arla” (after serious preparatory work) merged with a
similar Danish cooperative “MD Foods” in the largest transnational cooperative
called “Arla Foods”. The competitive position of the new structure, formed by
the merger of two representative and successful cooperatives, is strengthened
by the amalgamation of several advantageous positions, such as (1) the solid
capital of the Arla cooperative accumulated in previous years due to favorable
government policies, (2) the existing access to markets, (3) specific compe-
tencies and other important skills concentrated in the MD Foods cooperative
(Nilsson, et al., 2009; Voronkova et al., 2019; Yemelyanov et al., 2020). More-
over, after 2010, two more small Swedish dairy cooperatives join Arla Foods,
and now this cooperative, whose business model is still based on the ownership
of farmers and their active participation in cooperative activities, firstly, ranks
fourth in the world among dairy companies in terms of the volume of collected
and processed milk, and secondly, it is the world’s largest producer of organic
dairy products. The cooperative’s slogan is interpreted as “the desire to bring
health and inspiration to the world”, and the mission is “to ensure the maximum
value of milk supplied from farmers who are members of the cooperative, cre-
ating opportunities for the successful development of their production” (Arla,
2019). At the end 0f 2020, 9406 owner-farmers are members of the cooperative,
and their farms have 1.5 million cows (Arla, 2020). The cooperative annually
collects about 13.7 billion kg of raw milk, which comes mainly from the farms
of its members, now located in seven countries of the world. As a result, the
cooperative annually produces 6.7 billion kg of various nutritious dairy prod-
ucts, which are sold in 151 countries around the world (Arla, 2019), thereby
constantly improving the financial condition of Arla Foods.

It is pertinent to note that if in 2020 the owners of the Arla Foods cooperative
were (as noted above) 9406 milk producers from various countries (Sweden, Den-
mark, Great Britain, Germany, Belgium, the Netherlands and Luxembourg), then
two years earlier ( in 2018) the cooperative had 10,319 owners. The quantitative
decline of farmers (cooperative members) is partly due to the fact that some of
them stopped producing milk (or their business was acquired by another partic-
ipant), and to a lesser extent due to the fact that farmers began to supply milk to
another dairy company (cooperative or investor). -oriented corporation). In re-
cent years, the number of farms has also been decreasing (with their simultane-
ous enlargement), which corresponds to the general trends observed in the dairy
sector over the years both in Europe and around the world (Nilsson, et al., 2009).
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Of course, the cooperative differs not only in the scale of its activities, but
also in the innovativeness in its organization, including in approaches to strate-
gic planning. For example, in 2019, Arla Foods is developing a new tool based
on artificial intelligence, with which it is possible to determine with high accu-
racy, taking into account certain nuances, exactly how many kilograms of milk
the cows on the farms of this cooperative will produce ( at that time their num-
ber was 1.5 million). The result of this approach to the organization of strategic
planning is, first of all, an improvement in forecasts (quickly and accurately)
regarding the volume of milk received, in addition, an innovative development
allows the use of raw milk with a higher return (the cooperative produced 200
million kg of milk in 2019). An important fact. The use of artificial intelli-
gence determines both new progressive opportunities in Arla Foods and new
serious requirements for the human capital of this organization (professional
competencies of personnel, their personal and business qualities) (Asaliev, et
al., 2014; Cherepovitsyn et al., 2016; Poghosyan, 2018; Mustafin, 2015), es-
pecially in connection with the significant expansion of the geography of the
company’s activities.

In addition, for the development of a long-term profitable business, from
the point of view of the company’s leaders, the markets of several regions have
significant potential, such as Northern Europe, the Middle East, North Africa,
China, Southeast Asia, West Africa, North America, and Russia. It is import-
ant to keep in mind that the cooperative’s products are widely represented in
emerging markets, and the cooperative itself is gradually being incorporated
into local value chains in their respective segments. As for the international
activities of the cooperative, it is significantly expanding, for example, (1) the
company’s position in the Middle East (in Bahrain, for example), (2) in China,
Arla Foods works in partnership with the local dairy giant Mengniu. In general,
the Arla Foods cooperative is committed to the belief that the constantly grow-
ing population of the planet needs food, and the healthy and nutritious products
it produces play an important role in meeting this need.

Arla Foods, for example, marks a special year for Arla Foods as branding
and communication teams strengthen the Arla brand by implementing key ini-
tiatives to improve its visual identity and, as a result, stimulate equity growth,
increase assets, increase sales ... At the same time, the cooperative “Arla Foods”,
maintaining its high image, seeks to build its activities in the context of the most
pressing social problems, supporting the global trend of sustainable develop-
ment, focusing on reducing the negative impact on the environment, while tak-
ing measures to improve it. The members and management of the cooperative
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are confident that intelligent (in terms of technology) dairy production can be
part of their contribution to preserving the environment and preventing the ef-
fects of climate change. In their opinion, some concrete actions can contribute
to this, for example, (1) sustainable production at the farm level (improving
the efficiency of the use of feed and other agricultural resources, monitoring
animal health, estimating carbon emissions on all farms owned by Arla Foods,
increased carbon sequestration, support for research and innovation in sustain-
able dairy farming), (2) production of zero carbon dairy products (today Carbon
Net Zero products are manufactured in Sweden under the Arla EKO brand), (3)
promotion of environmentally friendly packaging (product packaging renew-
al, recycling or reuse, continuous innovation in packaging technologies, closer
collaboration within the value chain to reduce packaging waste), (3) switch to
renewable energy sources at company facilities and offices, (4 ) improved en-
ergy efficiency, increased no use of biogas, (5) minimization of food and other
waste (strengthening cooperation along the value chain to minimize production
waste, organizing activities to reduce food waste, improving the efficiency of
manure use).

We would like to emphasize that in the activities of Arla Foods, environ-
mental control is given high importance at different stages of the technological
chain, various measures are taken to prevent (detect, reduce) certain violations
in relation to the environment. The company itself, classifying environmental
pollution, presents them as Scope (categories) 1, 2, 3, in particular: 1) emis-
sions of the first category generated by activities under the direct control of the
cooperative, which mainly include technological operations carried out by cars
and other vehicles, as well as (in general) operations for the production, packag-
ing and transportation of dairy products (since 2005, their CO, emissions have
decreased by 25%; 2) emissions of the second category are indirect emissions
caused by the use of energy which Arla Foods buys from its business partners,
namely electricity, steam, heating or cooling (reducing environmental damage
in this area is associated primarily with the consumption of energy from renew-
able sources, which in 2019 amounted to 33% of total consumption); 3) the third
category is represented by emissions from purchased goods and services (for
example, raw milk from the owners of the cooperative, packaging and external
transport), as well as from waste management at the facilities of the coopera-
tive, which (as follows from the analytical data of the company itself) make up
96% ( Arla, 2019).

The sustainable development strategy implemented by the cooperative is
fully consistent with both changing market conditions and consumer trends.
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This means that the majority of consumers are concerned about what they can
personally do to help protect the environment (according to surveys conducted
by the company, the population of both Europe — 62%, and the United States —
59%). At the same time, consumers (and their number is increasing every year),
in order to preserve the natural potential and ecology of the planet, are ready
to pay a larger amount of money for purchased products and, of course, for
packaging material.

In promoting the products of the cooperative, such an aspect as healthy food
is no less important. In this regard, according to experts, the company “Arla
Foods”, on the one hand, has a wide range of nutritious and healthy products in
the list of manufactured products, on the other hand, it conducts constant and
scrupulous work aimed at developing environmentally friendly and high-qual-
ity products of various types., attracting highly qualified innovative specialists
to work. In addition, Arla Foods invests substantial sums in scientific research,
one of the main goals of which is to increase the nutritional value of its prod-
ucts without compromising its quality and taste. The systematic work of Arla
Foods with the public deserves attention, for example, (1) open days are or-
ganized on farms, the purpose of which is to establish close contact between
farmers and consumers, (2) various kinds of food festivals and fairs are con-
stantly held, where master classes of correct and balanced nutrition (3) great
attention is paid to informing consumers about the possibilities of healthy and
nutritious nutrition.

An important element of Arla Foods’ strategy is to support local commu-
nities, which in practice means, firstly, the development of local value chains
in the production of dairy products, and secondly, the generation of innovative
partnerships of the company with local customers and consumers, in- third,
reaching consumers in regions where access to quality food is hampered by
some difficulties. At the same time, the company, showing concern for its em-
ployees and taking care of their health, cultivates true cooperative (and also rec-
ognized by society) universal values in collectives, provides its employees with
jobs (including inclusive ones) with equal access to vacancies for everyone.

As regards the principles of the Arla Foods cooperative, institutionalized in
the structure of its management, they demonstrate (mostly) traditional (classi-
cal) character. For example, Arla Foods (a cooperative owned by 9406 farmers
from seven countries according to information for 2020) is managed so that the
voice of each owner is taken into account when making important decisions.
Farmers elect members to the Board of Representatives, which in turn elects
the Board of Directors. As a result, the management of the company is divided
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between both elected and executive bodies. Note that the democratic principles
in the management of the Arla Foods cooperative are implemented through a
mechanism involving the delegation of the cooperative owners (farmers) of de-
cision-making authority to the Board of Directors and Board of Representatives,
the main economic tasks of which are ( 1) specifications of the strategic direc-
tions for the development of the cooperative, beneficial for its members, (2) the
growth of the cooperative’s assets, (3) the annual determination of the directions
of profit distribution (including the quantitative parameters of this process). As
for the social tasks, they include (1) the protection of cooperative democracy,
(2) the development of leadership qualities among the farmers-owners, (3) the
stimulation of the involvement of the members of the cooperative in all aspects
of its activities. Moreover, the procedure for electing the governing bodies of
the cooperative, being democratic, assumes that the owners of the cooperative
gather for an annual meeting in their countries (first, within the boundaries of
the municipalities to select representatives to the district councils, and then the
members of the district council elect farmers who further express the interests
of their farmers. district (district) in the Council of Representatives, which, ac-
cording to the Charter of the cooperative, is the supreme body that makes all
strategic decisions. It usually has 187 members, of which 175 people are owners
(members) of the cooperative, and 12 are representatives of employees who are
not Arla Foods has 20,020 full-time employees in various spheres of coopera-
tive activity, as demonstrated in 2020 statistics (for comparison, in 2019 there
were 19,174 employees).

As practice shows, the management structure in large European agricultur-
al cooperatives is currently largely unified, although, of course, there are some
specific subtleties. Specifically, the Arla Foods cooperative, as a rule, repre-
sentatives of the owners are elected every two years (usually in odd-numbered
years). Consequently, the last election took place in May 2019, when 55 new
members were elected to the Council of Representatives (Arla, 2020). Then the
Council of Representatives elects the Board of Directors, which also participates
in determining the strategic directions of cooperative activities, but, in addi-
tion, monitors the company’s activities, asset management, is responsible for
scrupulous accounting, appoints the Executive Board. In general, the mission
of the Board of Directors is, first of all, the management of the cooperative, tak-
ing into account the opinion of the best (active, efficiently functioning) farmers
and making optimal decisions regarding the ownership structure and “invest-
ment portfolio”. At the same time, the Board of Directors is called upon to take
into account the interests of other interested parties (business partners), such
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as creditors, investors, hired workers (employees), in the company’s activities.
The board of directors of the Arla Foods cooperative is currently represented
by 15 individuals elected by farmers (cooperative members), three individuals
nominated by employees (non-cooperative members) and two external consul-
tants. During the 2019 election campaign, four new members were added to the
Board of Directors, and two new consultants were appointed to ensure that the
competence of the Board of Directors covers all important areas for conducting
international business (Arla, 2020).

Structurally, the Board of Directors, representing the interests of farm-
ers-owners of each geographic zone, includes four territorial (regional) councils,
which, in fact, are subcommittees of the Board of Directors and consist of both
members of the Board of Directors and members of the Board of Representa-
tives. Regional Councils function in four territorial segments such as Sweden,
Denmark, Great Britain, Central Europe (Germany, Belgium, Netherlands and
Luxembourg). Management at Arla Foods is split (based on responsibilities)
between the Board of Directors and t