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3apakeHHOCTh YepHOMoOpcKo-Kacnuiickoii Tiobku (Clupeonella cultriventris) E N E
B KamckoMm Bogoxpanuiuiie mecroaoi poaa Proteocephalus u rucrosioruueckoe . y
HCCIeI0BAHNE KHIIEYHNKA PHIOHI IPH HHBA3HH JAHHLIMH MAPA3ZHTAMH E

O.1. JIazapeBa'~ <, T.H. CuBkoBa

ITepmckuii rocyjapcTBEHHBIN arpapHO-TEXHOJIOTHUECKUI yHUBEpcUTET UMeHu akanemuka JI.H. Ilpsauuniaukosa,
r. Ilepms, Poccuiickas deneparust

04 ol.manina@yandex.ru

EDN: JAOMAR

AHHOTANUA

Beeoenue. Yeprnomopcko-kacnuiickas tronbpka (Clupeonella cultriventris) seisercst azantupoBaBIIMMCS BCEJICHIIEM B
Kamckom BozoxpaHmIHIe, CHoCOOHBIM BIHMATH Ha TPOQHUIECKUE CBSI3H B JaHHOM skocucteme. [Ipu 3ToM cocTas ee reib-
MHUHTO(AYHBl W MAaTOJOTMYECKHE W3MEHEHHS IO/ BIMSHHUEM OTICNBHBIX IIATOTEHOB, TAKMX KakK IIECTOABI poja
Proteocephalus, B HacTosiiee BpeMst Manon3ydeHsl. Llens paboTel — uccnenoBath 3apakeHHocTb C. cultriventris B Kam-
CKOM BOJOXPaHIJIHILE LIecTORoi pona Proteocephalus i onucaTb THCTOIOTHYECKUE N3MEHEHHS KUILEYHUKA PHIOBI IPH
JTAHHOW MHBA3UM.

Mamepuanst u memoowt. C. cultriventris (n=83) orobpana B ocenne-3uMHuiA meproa 2024 r. B HECKOJIBKUX pailoHax
Kamckoro Bogoxpanuinunia. [TpuMeHsun HermoaHbIH OHOOrHYeCKUil aHaIN3, HeMIOJIHOE TeJIbMUHTOJIOTMYECKOE BCKPbI-
THE U THCTOJIOTHYECKOE MCCIIeI0OBaHNE KUIICYHUKA TIPH MHBA3UM LiecToaMu. [lapa3uTosnornyeckoe ucclieloBaHie Bbl-
nmosHsUT Ha Kadeape uHpekiuonHbx 6osesHer ®I'BOY BO IIIATY. U3roTosieHre NpenapaToB sl THCTOJIOTHYC-
CKOTO HCCTIeIOBaHuUs BBITIONHSUIM B Jaboparopun ructonatosoruu ['BY3 TIK «KpaeBas gerckas kmuHUYecKast 00Jb-
HHUIA». [0TOBBIE THCTONIOTHYECKUE CPE3bl CKAHUPOBAIHN C MOMOIIBI0 aBTOMAaTHYECKOW cucTeMbl Vision Assist U mpo-
rpaMMHOTO oOecriedeHHs I aBTOMaTH3alM MUKPOCKOITMK Vision. Maremarndeckyto o0pabOTKy MOJydEHHBIX JaH-
HBIX BEITIOJTHSIIH B TiporpammMe Microsoft Excel.

Pesynomamot uccnedosanus. Hanbonpimas skcreHcuBHOCTh MHBa3zuu DU 50 % npu naTeHCHMBHOCTH MHBa3zuu MM 1-2
Proteocephalus sp. (juv) TronbkK OoTMeYanach B LEHTPAJIbHOM paiioHe KaMckoro BOJOXpaHWIIMIIA; B HECKOJIBKO pa3
MeHblie — B BepxHeM paitone (DU 13 % npu MU 1-3); Tionbka U3 HUKHEro paiioHa ObLIa MOJHOCTHIO CBOOOJHA OT
WHBa3uU. Pa3MepHO-BecoBbIe MapameTphbl TIOJIKM M3 BEPXHEro M HWXKHEr0 PalOHOB BOJOXpaHWIIMINA ObUIM CyIlle-
CTBEHHO BBIIIIE, YeM PBIOBI U3 LIEHTPAJIFHOTO paifoHa, — MPUMEPHO B 2 pa3a 1o Becy B 1,2 pa3a no mnune. ['nctonoru-
YECKOEe MCCIIEIOBAHUE KUILIEUHHKA TIOJBKH BBISIBUIIO M3MEHEHHS HA YPOBHE CIIM3UCTOIO M ITOJICIIU3UCTOTO CIIOEB, JITUTE-
JIMH HaXOJIMJICS B COCTOSTHUM JIECKBaMalli, CTPOMa BOPCHHOK PBIXJIAsi U OTEYHasI.

Obcyscoenue u 3axnouenue. Briepsrle npuBOaATCS NaHHbIe 0 3apaxeHHocTH C. cultriventris B Kamckom BomoxpaHu-
nuie necrogamu Proteocephalus sp. YceranoBieHO, 4TO WHBa3Ws LECTOAAMH OKa3bIBACT BIMSHHE HA OMOJOTHYECKUE
XapaKTEePUCTUKH PHIOBI M BBI3BIBAET B KUIIEYHUKE HE3HAYUTEIIBHBIEC MTATOJIOTMYECKNE H3MEHEHNS BOCTIAJIUTENILHOTO Xa-
paktepa. OOHapy>XeHHE IPEIB3POCIBIX IECTOA Y HeCeU(PHUIECKNX X035€B HE MO3BOJISICT IPOBECTH MX HJICHTU(HKA-
IO, TOFTOMY JJIsl YTOYHEHHMS Apa3HTO-X03IMHHBIX oTHOoWmeHui Mexay C. cultriventris u Proteocephalus sp. Heo6xo-
JIUMBI JIOTIOJIHUTENbHBIE UCCIICIOBAHMSI.

Karouennie caosa: Tionbka, Clupeonella cultriventris, Kamckoe BogoxpaHWIHiIe, 3apaeHHOCTh, IIapa3KThI, IECTO/IA,
Proteocephalus, uuBasusi, THCTONIOTHYECKOE HCCIIEIOBAHKE, KAIIIEYHUK

Baarogapuoctu. Beipakaem 6maronapHocts cotpyaaukam [lepmckoro ¢pummana «BcepoccHiickoro Hay4HO-HCCIEI0-
BaTENICKOTO HHCTUTYTA PHIOHOTO XO3HCTBA U OKEaHOTpaum» MITaJIINM CIIeIHATINCTaM J1ab0opaTopuH BOIHBIX OHope-
cypcoB Uropro Hukonaesuay u Jluanu BacunseBHe Mep3isKOBEIM, CTapIIEMy CIEIHAAIUACTY JT1a00paTOPHU BOAHBIX OHO-
pecypcor Cemeny Hukonaesnuy KazapuaoBy 3a momomis B 0TO0pe mpo0.

© Jlasapesa O.U., Cusxosa T.H., 2025
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Infestation of Black Sea-Caspian Sprat (Clupeonella Cultriventris) with Cestodes of the Genus
Proteocephalus in the Kama Reservoir and Histological Examination of Fish Intestines Infested
with These Parasites

Olga I. Lazareva" =<, Tatyana N. Sivkova

Perm State Agro-Technological University Named after Academician D.N. Pryanishnikov, Perm, Russian Federation
b< ol.manina@yandex.ru

Abstract

Introduction. The Black Sea-Caspian sprat (Clupeonella cultriventris) is an alien species adapted to the Kama Reservoir
conditions, capable of affecting the trophic relationships in this ecosystem. However, the composition of helminth fauna
in this ecosystem and the pathological changes induced by the certain pathogens, such as cestodes of the genus Proteo-
cephalus, are currently poorly investigated. The aim of the study is to investigate the infestation of C. cultriventris with
cestodes of the genus Proteocephalus in the Kama Reservoir and to describe the histological changes in the fish intestines
caused by this infestation.

Materials and Methods. In the autumn-winter period of 2024, the C. cultriventris (n=83) were taken from the several
parts of the Kama Reservoir. A partial biological analysis, partial helminthological dissection and histological examina-
tion of the intestines infested with cestodes were carried out. Parasitological examination was performed at the Depart-
ment of Infectious Diseases of Perm State Agro-Technological University. Preparation of histological specimens was
performed in the histopathology laboratory of Perm Regional Children’s Clinical Hospital. The prepared histological
sections were scanned using the Vision Assist automated system and Vision microscopy automation software. Mathemat-
ical processing of the obtained data was performed in Microsoft Excel.

Results. The highest infestation extensity (IE 50%) of Proteocephalus sp. (juv) corresponding to infestation intensity (1)
range 1-2 was observed in sprat form the middle part of the Kama Reservoir; in sprat from the upper part, it was several
times less (IE 13% corresponding to Il range 1-3); sprat from the lower part was not infested at all. The size and weight
parameters in sprat from the upper and lower parts of the Reservoir were significantly higher than that in the fish from
the middle part — approximately 2 times exceedance in weight and 1.2 times — in length. Histological examination of
sprat intestines revealed changes in mucosa and submucosa layers; the epithelium was in a state of desquamation, the
stromal state of the villi was loose and edematous.

Discussion and Conclusions. Data on infestation of C. cultriventris with the cestodes of the genus Proteocephalus sp. in
the Kama Reservoir are presented for the first time. It has been revealed that cestode infestation affects the biological
parameters of fish and causes minor inflammatory pathological changes in the intestines. Detection of the pre-mature
cestodes in the non-specific hosts is not enough factor for their identification, therefore, further research is needed to
clarify the host-parasite relationships of C. cultriventris and Proteocephalus sp.

Keywords: sprat, Clupeonella cultriventris, Kama Reservoir, infestation, parasites, cestode, Proteocephalus, invasion,
histological examination, intestines
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Beenenne. UepHoMopcko-Kacuiickast Trojbka (Kuimbka) — BcemMy Bonro-Kamckomy Oacceiiny. Tronbka amanTipoBa-
Clupeonella cultriventris (Nordmann, 1840) siBrsieTcst envH-  JIach K YCJIOBUSIM CPe/Ibl M 3aHUMAET YCTOWYHBOE MOJIOKEHHE
cTBeHHbIM mpexactaButeneM cemeiictBa Clupeidae (Cu- B skocucteme. OHa HMEET BHICOKYIO IUIOTHOCTB M YacTO JIO-
vier 1816), npuHaiexalinM K COJIOHOBATO-BOAHOMY IIOHTO- ~ MHUHHPYET CpeIH MeJard4ecKUX BHAOB PhIO OOJNBLIMHCTBA
KaCTIMIICKOMY BHIY PbIO, KOTOPBIH MaccOBO paccemics M0 BogoxpaHwmmw [1].
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B Kamckom OacceiiHe TIoNbKa BIIEPBBIE 3apETHCTPUPO-
BaHa Kak BuJ-BceneHel B 1971 r. B BoTkuHckoM Bogoxpa-
Huuie, B 1975 r. — B Kamckowm [2], B 1979 r. — B Huk-
HekamckoM [3]. o 2014 r. pmanHBIE TO KOJIMYECTBY
TIONBKH B KaMckoM BOOXpaHWIHIIE B OHUIIHATBHON PHI-
OOIPOMEICIIOBOI  cTaTHCTHKE oOTcyTcTByoT. C 2014
mo 2020 IT. oTHOCHTENbHAs €€ YHUCIEHHOCTh Ha Pa3HBIX
ydacTKax BojoxpaHwmiia cocrasisia ot 0,1 % mo 0,2 %
ot obmiero ymnosa [4].

BcnenctBue pacceneHus 4yKepOIHBIX BUJOB JKUBOT-
HBIX BO3HMKAET BEPOSATHOCTb PACHPOCTPAHEHHS CBSI3aH-
HBIX C HUIMU Mapa3uToB [5]. YcTaHOBIICHO, UTO B Oacceitne
peku Bonru 3a 20 y1eT Kon4ecTBO Mapa3uTOB-BCEIEHIIEB
YBEJIUUMIOCH B 3 pa3a BBULYy YBEIMUYEHHUS YK CIIa 1y>KEPO-
HBIX BAZOB PHI0 1 Oectio3BoHOYHEIX. U3 47 3apeructpupo-
BaHHBIX YYXEPOTHBIX BHAOB mapa3utoB 80 % SBIITHCH
CIy4aliHBIMU UHTpOLyLEeHTaMu, a 20 % pacHmMpuiu cBou
apean B npenenax Bogoema. IIpu stom 75 % nokanbHO
HATYpaJH30BaINCh, a 15 % HaTypamTu30BaliCh M Paclpo-
CTPaHUITUCH 10 BoJOXpaHmIKIIaM [6]. OCHOBHBIMHU BEKTO-
pamu pacipocTpaHeHusI MHBa3ui B bacceline Bosru sBis-
IOTCS CIy4aiHasi HHTPOLYKIIHS C X0351eBaMU U camopacce-
JICHHE BMeCTe C X03s5eBaMu. Tak, ObLII0 0OHAPYIKEHO ecTe-
CTBEHHOE pacumpeHue apeaiga 1iectox Eubothrium
rugosum, Cystidicola farionis, Proteocephalus longicollis,
Triaenophorus crassus c ceBepa Ha 10T BCIIEJCTBHE CO3/a-
HUS BOJOXPAHIIINII, KOTOpBIE KIACCHPHUIMPYIOTCS Kak
«cmabompoTouHbIe 03epay [6].

WzyueHne accOMHMPOBaHHBIX C PHIOAME-BCEIICHIIAMH
qy)KePOJHBIX TapPa3UTOB aKTyalbHO, TaK KaK OHU MOTYT HC-
MIOJIH30BAaThCS B KayeCTBE OMOJIOTMYECKHMX METOK Ui HC-
CIIEZIOBAaHUS MUTPAI[IOHHOW AaKTUBHOCTH, OIPEAEICHUS
BEKTOPa M HANPABJICHUS PacIpOCTPAHEHHUs MPHU MPOTHO3HU-
POBaHMM TUHAMHKH YHCICHHOCTH HOMYJISAILIHA X035€B-BCe-
nernneB [7]. OmHaKO WCCIIEAOBAHUIO TMApa3sUTOpayHBI
HETIPECHOBOTHOH TIOJILKH MTOCBAIICHH HEMHOTOYHCIICHHEIC
cratei. CooOIIIaeTcs, YT0 y KaCIUCKOW KWIBKA B IIEIOM
HaOroaeTcst OOCqHEHHE BHIOBOTO COCTaBa IMApa3UTOB.
Criern(pUIecKUMA TSI CENbACBBIX SBIAIOTCS TPEMAaTOIbI,
JMYNHKYA aHW3aKUAHBIX HEeMaTo U cKpeOHu [8]. Y Tronbku
13 A30BCKOTO MOPSI OOHApPYXEHBI M30TIO/BI, THIMHKU Tpe-
MAaToJ] ¥ aHW3aKUIHBIX HeMaTo/ [9]. Y Tronbku u3 UepHoro
1 A30BCKOTO MOpei TOMOTHNUTEIHHO HallIeHbl MOHOTCHEH,
rectoapl, Tpemaronasl U ckpebHu [10]. B ka3axcranckom
cextope Kacrimiickoro mops y C. cultriventris oOHapy>KeHbI
HEpErucTpUpyeMble paHee aHU3akuaHble HemaToibl [11].
CTOUT yuyecTb, YTO YKa3aHHbIE T'€JIbMUHTHI UMEIOT JIH/Ie-
MHUOJIOTHYECKOE 3HaueHue [12], mo3ToMy NOTeHUHAIBLHO UX
MOXKHO PaccMaTpUBaTh KaK HCTOUHHUK UHBAa3UU.

OTHOCHTENBHO PECHOBOAHBIX (hOPM IEPHOMOPCKO-Kac-
niniickoi Tronbku B nieproz 2000-2010 rr. B MIBaHBKOBCKOM,
Pri6unckom, I'opproBckom, Uebokcapckom u lllekcHUHCKOM
BOJIOXPAHIJIMINAX HAOJIOMAH OTCYTCTBHE CIIEIU(PHISCKIX
JUTS CEJTBJICBBIX MTAPA3UTOB, €AMHUIHO OOHAPYKIBAIN MOJIO-

JIBIX T[ECTOJI, METAICPKAPUU M MapUThI TPEMATO/, HEOJIO-
BO3pEJIbIX HEMATOJ, TI0XuaAuU U pauku [13]. 3a nocnennue
IIATh JICT MyOJIMKAIMK MOCBSIICHBI 0OCIICIOBAHUIO TIOJIHKU
13 ['OpBKOBCKOTO BOAOXpaHWIIHINA Ha HATMYHE METaIlepKa-
pwuit Tpematox [5], 13 IBaHPKOBCKOTO — Ha HAJIMYHE KPOBE-
mapa3uToB [ 14], KoTopble HecTIeM(MYHEI I CENbICBBIX.

MatepuasnoB 10 UCCIEAOBAaHUIO THCTOIOTHIECKUX U3-
MEHEHHH y TIOJIbKY IPH MHBAa3MOHHBIX OOJIE3HAX KpaifHe
Maio. OnrcaHbl TUCTOJIOTHYECKNE W3MEHECHHS B KHIIICU-
nuke C. cultriventris caspia n3 Cpemnaero u FOxuoro Kac-
WSl IPY MHBA3UH CHICIIU(DUIHBIME TPEMATOAaMH MPH COB-
MECTHBIX HEOIUIACTHYCCKHMX TPOIECCax BO BHYTPEHHUX
opranax [15].

C momenTa Beenenust C. cultriventris B Kamckoe Bomo-
XpaHwimie npouuio 50 jer, 0IHAKO UCCIIEN0OBaHMs apa-
3UTO(ayHBI ¥ THCTOJIOTHIESCKIX H3MEHEHUH B KUIICYHUKE
TIONBKU TIPH HECHEIM(PUISCKUX WHBA3USIX OTCYTCTBYIOT.
Llenv pabomer — M3YIUTH 3apaXKEHHOCTh YECPHOMOPCKO-
KaCIUIICKOH TIOJhKH B KaMCKOM BOIOXpaHHIIHIIE HECTO-
noi pona Proteocephalus u BBIMOTHUTE THCTOIOTHYECKOE
HCClIeJOBaHHE KUIIEYHHUKA PHIOBI TP JAaHHOM WHBa3UH.

Marepuansi u Meroanl. C. cultriventris (n=83) orobpana
B OCeHHe-3MMHUI nepron 2024 r. B HeckoIbKuX paifonax Kam-
CKOTO BOJIOXPAHIJIMINA: B BEPXHEM palOHE OKOJIO JEePEeBHHU
Beictpas (59°25' c.mr., 56°23' B.1.); B IICHTpaIbHOM padoHe
okoJ10 octpoBa bop (58°96' .., 56°22' B.11.); 1 B HIDKHEM paii-
OHE HampoTuB mocenka XoxyoBka (58°13' car., 56°20' B.x1.).
O0paboTKy HXTHOJIOTHIECKOTO MaTepHaa OCYIIECTBIISUIH CO-
TJIACHO OOMIeNpUHATEIM MetorukaM [16]. [Napasuromorude-
CKOE HICCIIeJOBaHHUE BBIMOJIHSUIM Ha Kadeape MHPEKIMOHHBIX
6omnesneit ®I'BOY BO III'ATY mo meromuke W.E. Brrxos-
ckoii-TlaBnoBckoit [17], ocyriecTBsLM MOP(OIOTHIECCKYIO
UIICHTU(UKALIIIO 10 onpeaenmTeno [18], paccunthiBamu na-
Pa3UTOIOTMYECKUE MHJIEKCHI.

JJI1 TUCTOIIOTHYECKOTO UCCIICAOBAaHUA OTOMPAU KH-
[ICYHUK WHBA3WPOBAHHBIX IIECTOIAMH YK3EMILIIPOB, (PHK-
CHpOBalil 4-TIPOIICHTHBIM PacTBOPOM (OpMaJbIETHIA.
UsrorosneHne mpenapaToB BHINONHSUIA B JIA0OPaTOPUH
rucronatonoruu ['bY3 IIK «KpaeBas gerckas KiIuHUYE-
CKasi OOJIbHHIIAY 110 CTaHAAPTHOM MeTouKe. [ 0TOBBIC T'H-
CTOJIOTHYECKHE CPEe3bl CKAHUPOBAIM C MTOMOIIBIO aBTOMa-
THYecKoii cuctemsl Vision Assist (West Medica, ABcTpus)
U [IPOTPaMMHOTO OOeCTIedeHns Ul aBTOMAaTH3alluH MHUK-
pockoruu Vision (OOO «Menuka Ilpomakt», Poccus).
MateMaTidecKyro 00pabOTKy IMMOJYYCHHBIX TAHHBIX BEI-
noJHsM B mporpamme Microsoft Excel.

Pe3ynbTaThl Hccaeq0BaHus. AHAINA3 Apa3UTOIOTH-
YECKHUX MH/ICKCOB BBISBHJI HEPAaBHOMEPHYIO 3apaXKCHHOCTh
TIOJIBKH 11lecToiaMu poja Proteocephalus B pa3ubix paiio-
Hax Kamckoro BomoxpaHuiMIa: caMasi BBICOKAsl SKCTEH-
CHBHOCTH WHBa3u# (D) oTMedanach B IIEHTPAIbHOM paii-
OHE; IPUMEPHO B 4 pa3a HUKE — y PhIOBI U3 BEPXHETO pai-
oHa (TIpu 3ToM HHTeHCHBHOCTH nHBa3uu (M) B aTux pai-
OHax OblJIa MPUMEPHO OJMHAKOBOKH); OCOOM W3 HUIKHETO
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paiioHa oka3anuchk CBOOOJHBIMU OT NaHHOHN uHBa3mu. He-
MOJTHBIN OMOJIOTMYECKUI aHAIK3 TI0Ka3ajl, YTO pPa3MEpHO-
BECOBBIC MMAPaMETPhI PHIOBI M3 BEPXHETO U HIKHETO Panio-
HOB OBUIH CYNIECTBEHHO JIyUlIlIe, YeM IK3EMIUIIPOB U3 LICH-
TPalbHOrO paiioHa, — TPUMEPHO B 2 pa3a Mo BeCy U B
1,2 pa3za o anune (Tabmauna 1).

IIpu HEMOJHOM TeIbMHUHTOIOTMYECKOM BCKPBITHH B
KUIIECYHUKE TIOJbKH MBI OOHAPYKHIM HEIOJIOBO3PEIbIX
IeCToM, OTHOCAmMXCs K poxy Proteocephalus (puc. 1).
BunoByo WICHTUGUKAIMIO HE BBITONHSIN, TaK KakK Iie-
CTOJIbI HAXOJMINCH B MpeaB3pocioi craauu. [Ipu m3yde-
HUHU MOP(]OJIOTHHU CKOJICKCa OHH COOTBETCTBOBAIIU OITUCA-

kacnuiickoii Toabku (Clupeonella cultriventris) B ...

uuto P. torulosus Beuay Hamu4us yeTbipeX OOKOBBIX MPH-
COCOK IIpU OTCYTCTBHMU alMKaIbHOM.

IIpu rucTonornueckoM HCCleOBaHUHN NPEnapaToB B IMO-
JSIX  3pEHMS  HAXOIWINCh CBOOOIHOJNIEKAIINE IIECTOIBI
Proteocephalus sp. Ha roBeHaITBHOM cTauu pa3BUTHS (pHC. 2).

Ha ypoBHe CIu3NCTON OOOJOYKH W IOJICIH3UCTOTO
CJIOSI KUIIEYHUKA OOHAPY KEHBI MATOJIOTHYECKNE H3MEHE-
HUSI B TKaHIX. DMUTENNI HaXOJWIICA B COCTOSTHIHN JIECKBa-
MaIliH, CTPOMa BOPCHHOK PBIXJIasi ¥ oTeyHas (puc. 3).

Ilo BHyTpeHHel NOBEpXHOCTU MOJCIU3UCTOTO CJIOS
MIPEPBIBUCTO PACIOarajich KIETKH BBITIHYTOH (OPMBI C
OBaJILHBIMU siJipaMu (puc. 4).

Tabmuua 1

Pa3mepHo-BecoBbie XapakTepucTiku TIobKH C. cultriventris us pasubix paitoHoB KaMckoro BogoXpaHMIHINA 1

3apaXeHHOCTH mectonamu poaa Proteocephalus

Paiionst N, Bec p1>161,1 (W), CrangaptHoe Cpennsist JyiHa CrangaptHoe 2U, % WU cpennee,
HCCIIeIOBAHMS IK3. X + SE OTKJIOHEHHE (Qs MM otkionenue |, 9K3. (min-max)
W, SD X & SE sD
BepxHuit 15 5,8+1,56 0,42 77,6+8,82 2,36 13,3 2 (1-3)
LleHTpaNbHBIH 20 3,4+1,72 0,40 65,8+10,92 2,50 50 1,2 (1-2)
Hxamii 48 6,5+1,34 0,19 80,25+6,07 0,89 0 0

SR

Puc. 2. Proteocephalus sp., sacts kuineunuka C. cultriventris, okpacka H&E, yB. x62
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Puc. 4. Tloacau3ucThIi CIO¥ ¢ BRITIHYTBIMHU KlleTKamu, okpacka H &E, yB. x1000

Oo0cy:kaeHne u 3akiarodeHue. J[s1 4epHOMOpPCKO-Kac-
MMUIACKOW TIONBKK XapaKTepHa pa3MepHas W3MCHYHBOCTH,
KOTOpas 3aBHCHT OT KOPMOBOI 0a3bl BOJOEMa, BKIFOUAst
pa3Mephl MHIIEBHIX YaCTHUI], OT TEMIICPATYPHBIX PEKUMOB
nox BiusHueM ['DC, OT HaIMUYUs XUILHUKOB U KOHKYPEH-
TOB, a TaKkXKe OT pPa3BUTHSA NpoMbicia. Ha ocHoBaHUM TIpO-
BEJICHHBIX HCCIIEIOBAaHUN Pa3MEPHYI0 H3MEHUYHUBOCTh
TIONIBKU M3 BOJDKCKUX BOJOXPAHUJIMII CBSI3BIBAIOT C YCIIO-
BUSIMH OOWMTAHUS U JABHOCTHIO BeenieHus Buaa [2]. OmHako,
€CJIM Y4UThIBaTh DV, TO MOXKHO MPENNOI0KHUTh, YTO 3apa-
YKEHHOCTb PHIObI KHIIIEYHBIMU T€JIbBMUHTAMH TAKXKE BIIUSCT
Ha e¢ Pa3MEepHO-BECOBBIC XapaKTEPUCTHUKH, YTO IIOATBEp-
JKTAeTCsl WCCIICAOBAHMAMH JIPYTUX IiecTomo3oB [19]. He-
JTAaBHO OBLIO YCTaHOBJICHO, YTO BO BPEMsl HHBA3UH IIECTOIBI
BBIJICIISTFOT HHTHOUTOPEI (PePMEHTOB, YTO MMPUBOIUT K CHU-
JKCHUIO MPOTEOTUTUICCKON aKTUBHOCTHU CITM3UCTHIX 000JI0-
4ek kumedHrka [20] u, Kak ClieZICTBUE, HApYIIIEHUIO TTHITIe-
BapeHUs M ACCUMUJISIIIH TTUTATELHBIX BEIIECTB.

[Ipoteonedantochl y TIOJBKH HAXOAWIUCh B KHIIEU-
HUKE, YTO COTJIACYeTCS C JINTEPaTypPHBIMH JaHHBIMH MpU
WHIUKAUU Ipyrux BuaoB [21, 22]. OmHako cTajiu MmosiB-
JIATBCSA COOOINEHUSA O JIOKAIMU JIMYMHOK CceMelcTBa
Proteocephalidae [21], nuuunok P.ambloplitis Bre xu-
[IEYHUKA Y BTOPBIX MPOMEKYTOUYHBIX X035€B-pbI0 [23].

IlepBoe ynomuHauue 00 00HapykeHuu Proteocephalus
Sp. (juv) y xuibku B Bonro-J/lonckom kanane [24] natupy-
ercst 50-MU roJaMu TMPOILIOro Beka, KOTja CO3aBajuCh
KacKaJibl BOJIOXpaHMJIHII 1 Oacceiinbl kanaios [25]. 3atem
JIaHHAsi UHBA3Ws PErHCTPUPOBANACh B PHIOMHCKOM BOJIO-
xparmmuie B 2000-2001 rr. (OU 2,4+1,6 [26]); B 2005 T.
Onu 0,6+0,6 [13]);
1993 r. [25]. Tlo3nHee cooGimaercs, 4To Hecmenupuye-
CKHeE, peJIKhe 1eCTO bl OTHOCUITUCH K P. percae (juv) [13].

Ipu  MOABJICHUM BCEJICHIA C

OOHapy)KeHHE HE3PEJIBIX [IECTO MOKET OBITh CBS3aHO
C CE30HHOM MOJIMIMKIMYHOCTBIO, 3aBHUCSIIEH OT reorpa-
(PMUECKOTO TOJIOKEHUSI M SKOJIOTHYECKHUX ycloBHi [21].
st mpoTeonedalliocoB XapakTepeH NOITHH MPEenpoIyK-
TUBHBIM IIEPHOJI, OXBATHIBAIOIINI OOJIBIIYIO YaCTh TO/1a, U
KOPOTKHMI1 PENpOXyKTUBHBIH — MEHee JBYX MECSIEB.
YnciieHHOCTh NOMYJISLINH, COOTBETCTBEHHO, B IIPETIPOIYK-
TUBHBIA mepuox — 6Gomee 99 %, B penpomgyKTHBHBIA —
oxoio 0,02 % [21, 27]. Poct, co3peBaHre W IMMHUHALINS
LIECTO/] 3aBUCAT OT TEMIEPATyPHBIX YCIOBHH CPEIbl, rOp-
MOHAJIBHOTO (oHA X03siMHa [21], ero Hu3noIoruIecKoro
COCTOSIHUSI, YCTOHYNBOCTH KOPMOBOH 0a36I U BHYTPHBHIO-
BOW KOHKYpeHIHH [27].

[Ipn nnenTudukanmm HEOOXOJMMO NPOBOIUTH T'EHE-
THUYECKOE ITOJTBEPIK/ICHUE BBUY BHICOKOW M3MEHUMBOCTH
npoteonedantocoB [27—29], mpu AeTESKIUH TUINHOYHBIX
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(dhopM, TOHUMAHUS SMU300TOJIOTHH [22] ¥ UHBA3UU OJTHO-
BPEMEHHO HeCKOJbKUMHU BuAamu Proteocephalus sp. [30].
OTCcyTCTBHE alTUKAIBHON IPUCOCKU SIBISIETCS HEXapaKTep-
HBIM NIPU3HAKOM, B OJTHO KJIaJle MOTYT HaXOJUTHCS BHIBI
C OTYETJIMBOH alMKaJbHOM MPHUCOCKOHM, TOrAa Kak BHbI
0e3 Hee BKJIIOUCHBI B pasHbie Kiiausl [31].

[loteHuumaneHO TrOJBbKa M3 Kamckoro BomoxpaHwiuiia
MOXET OBITh MHBa3WPOBaHA YETHIPHMS BHIAMH HPOTEOLE-
¢amocoB:  P. percae,  P.cernuae,  P.torulosus u
P. longicollis. YuuTeiBass Ouonorudeckre 0COOCHHOCTH |
noTpeOHOCTH [28], 3KOJOTUUCCKHUIA TUI MOBEICHUS XO035-
uHa [29], Ansg TIONBKKM BO3MOXKHA WHBazus P. percae.
Tronbka TemIoMOONBa, TUTMYHBIHA I1aHTOdAr, MpeInouu-
TaeT OOpeNIbHBIN PaBHUHHBIH KOMILIEKC, B BOJIOEME JTaHHAsI
WHBA3HA PETUCTPUpPYETCs y OKyHel [32]. P. percae mmpoko
pacnpoctpaHeH B [laneapkTuke, OTIHYAETCS TOJIUTOCTATb-
HOCTBIO [28], ob6nmamaet nomumopduzmom [27, 28]. Jlns Hero
XapakTepeH TOIWYHBIM LUK passutus [21, 27]. [dna
P. percae omicansl abOpTHBHBIE (TYIHMKOBBIE) XO035€Ba, B
KOTOPBIX OHU He pa3BuBaroTcs [28]. P. percae umeet duio-
reHeTrueckyo ces3b ¢ P. longicollis — cxoxctBo 98 %, He-
CMOTpS Ha TeHETHYECKYIO OTJaJICHHOCTh X03seB [31].

Ycnosus Bomoema [28] u y3kas cnenuduuHocTs [31] He
MOJXOAT AJIsl UHBAa3UU TIONBKH P. cernuae, HO TuN nura-
HUSl U 9KOJIOTWYECKOro nopeneHus [28, 29], uukn pa3Bu-
tust [21, 26] — Takwue, kak y P. percae, U TPEACTABISAIOT
BO3MOXHOCTb JUTs MHBa3uu P. cernuae. B Kamckom Bozo-
xparwiie P. cernuae peructpupoany y epma [32, 33] u
OKyHA [32]. DKCIEpUMEHTAILHO YCTaHOBJIEHO, YTO HECIIE-
nuduueckre X03seBa MOTYT SIBJISITHCS TPAHCTIOPTHBIMH JUISI
MOJIOABIX M 3pEJBIX LIECTOJ, B KOTOPBIX OHHM HE Pa3BHBa-
10TCs, HO BRDKMBAIOT [21]. I'enernuecku P. cernuae nmeet
BBICOKHIT TporieHT cxoctsa (94-99 %) ¢ P. percae [31].

Y TIONBKM TakXKe€ MOXKET pa3BUBAThCS HHBA3USA
P. torulosus. Cpeau kaprnoBbix u3 Kamckoro BomoxpaHu-
numa P. torulosus oGHapyxuBalli y IUIOTBEI, enena, s3s,
ykieu, Jiema [33]. Cpeau KapHoBBIX YCTAHOBJIEHO He-
CKOJIBKO TOCTaJIbHBIX TpynmupoBok P.torulosus, 3aBucs-
IUX OT BUJA XO3IMHA M TUIIEBON cnienuaiu3anuu [34]. ¥V
Pa3HbIX BUOB X035€B apa3uT 00pa3yeT OTAeIbHbIE KOJIO-
rudeckue Gopmbl [34], oTanvaromyecs: (EHOTHITHYECKH.
OpnMHAKOBBIN XapakTep MUTaHUS TIOJIBKU M YKJIEH Ipe/Io-
JlaraeT BepoATHOCTh MHBa3WU. 'ocTanbHas paguaims odec-
MIEYUBAET YCJIOBUSA JIJISI TCHETUYECKOW M3MEHYMBOCTH, YTO
CIOCOOCTBYET Pa3BUTHIO YCTOWYMBOCTH U IUIACTHYHOCTH
necto/pl KaprnoBbix [34]. JlaHHbIi BHA MOp(OIOrHIECKH
OTIIMYaeTcs OT BCeX IMpe/IcTaBuTeNel poaa, GopMHUpYeET OT-
JIENBHYIO KJIaay, UMEET HU3KO€ I€HETHUECKOE CXOACTBO C
JIPYruMH BHIaMu npoTeotiedamocos [31].

st P. longicollis xapakrepen nomumopdusm opranos
npukperuieHus: [29], oH 3aperucTpUpoBaH y IMIMPOKOTO

Kpyra pbI0 pa3HBIX OTPSIOB: MUHOTOOOPA3HBIX, OKYHE00-
Pa3HbBIX, celbIeo0pa3HbIX, TpeckooOpa3nbix [35]. B Kam-
CKOM BOJIOXPaHWJIMIIIE HUKOT 1A He peructpupoBaiics. Tun
Bojoema u Tull nutauus [28], nuki pa3suTui [21] moxxo-
JISIT [T MHBA3UK ITAHHBIM BHUOM, OJIHAKO TEMIIEPATYPHBIE
PSKUMBI HE XapaKTepHbI (XOTS, yYMTBHIBas W3MCHEHHE
KITUMATa, TaKyl0 MHBA3HIO HENb3s HCKIF0YATh). 3a(UKCH-
posan ciy4aii amanrranmu P. longicollis y Cobitis taenia
(seronoBeie) u Perca fluviatilis (oxyressie) [21].

['oBOpst O TUCTOJOTMYECKUX U3MEHEHHSX B KHUIICUHHUKE
pBIOBI pU MHBa3WK HecTofamu poaa Proteocephalus sp.,
MHTEPECHO CONOCTaBHUTh MOJIyYEHHbIC HAMU PE3YyJIbTaThl Y
TIOJIBKY C JTAHHBIMU TyOIHUKAINIA, KACAIOIIUXCSI APYTHX BHU-
J0B pbI0. Tak, npy MHBa3UK cenU(UUECKUM 115 eBpOIeH-
ckoro coma (Silurus glanis) Bumom P. osculates ¢ D1 6 %,
WU 1-17, BoIsIBICHB MEXaHHMYECKHE TOBPEKICHUS TKaHU
KHUIIIEYHHUKA, HEKPO3, BOCMAICHHE, TOUCUHbIE KPOBOU3IHUS-
HUS BCJICACTBUE (PUKCALMH MMApa3uTa, a TAKXKE MOHIKCH-
HYIO CEKPELHIO CIU3M, MHOUIbTpaIuo auMmdonnuramu B
CJIM3UCTHIN ¥ TOJICIIU3UCTHIN CIION KUIIIEYHUKA [36].

OmnucaHbl THCTOIOTHYECKHE U3MEHEHUS Y BJICKTpU4EC-
ckoro coma (Malapterurus electricus) mpu nxBaszuu IByMst
dbopmamu 1iectonm cemeiictBa Proteocephalidac  Buma
Corallobothrium solidum (QU 75 %, UU 1-50), a taxxe
a(pUKAHCKOTO  THUTAaHTCKOI'O Heterobranchus
bidorsalis npu 3apaXKeHUH MOJIOBO3PEIBIMH
Proteocephalus sp. (93U 40 %, U 1-4). YV o6oux BUIOB
COMOB TIPEICTABUTENEH B3POCIBIX ECTO HAXOAMIN B KU-
mieynuke, u Tonbko y M. electricus muuunku C. solidum

coMa

OOHApYKWIIK TOJ KOXeH U Ha OpbDkelike. B kuieunnke
M. electricus ¢ukcupoBanu HeKpo3 U JAehOPMAIIUIO MbI-
HIEYHON 000JIOYKH, KPOBOUINHUSHUS, MHPHIHTPALIUIO TKa-
Hel KJIeTKaMu BOCTalieHusa U s03uHOo(puiIamMu. OTMedeHo,
gro B3pocieie ¢opmbr C. solidum u Proteocephalus sp.
IIPOYHO KPEISATCS K CIM3UCTOM KUIIEYHUKA, BBI3bIBAS I10-
BBHIIICHHE OTIEJCHUS CIU3M U 3aCTOHHBIE SIBJICHUS B
CTEHKE KMIIIEUHUKA. BeneacTBue NoBpexkaeHni 1 Hapyie-
HUS NUIIEBAPEHUs, KOHKYPEHIIUU 33 MUTATENIbHbIE BElle-
CTBa y PBHIOBI BO3HUKaET (pr3monornieckuit crpecc [23].

B HameMm nccienoBaHHM, MOCBAIICHHOM TIOJBKE, MBI
He HaOJroAany B3pOCIBIX IeCTO ] (TOJBKO MPEIB3POCIbIE
(opMBI, CBOOOJHO JIeKAlllMe B KUIIEYHUKE) U BBICOKOMN
WUN, puxcannu napa3uToB, HHBA3UH BHYTPEHHUX OPTaHOB,
KPOBOU3JIUSAHUYN B KuleyHUKe. [Ipy MUKpOCKONIMHU BBISIB-
JIEHO XPOHMYECKOE BOCHANIEHHE CIM3UCTOrO M MOJCIU3U-
CTOTO CJIOEB KUIIEYHMKA, YTO XapaKTEpHO Il HE3HAUU-
TEJIbHBIX MaTOJIOTMYECKUX MPOLECCOB, HO, BEPOSITHO, AO-
CTaTOYHO, YTOOBI BBI3BATh CTpecC y X0o3suHa. [y yroune-
HUS Hapa3suTO-XO3IUHHBIX OTHOILIEHUN MEXTY
C. cultriventris u Proteocephalus sp. Heo6xoaumbI 101101-
HUTEIbHBIE HCCIICIOBAHMSA, BKIIIOYAIONINE TEHETHIECKYIO
HNACHTUDHUKAIIHIO.
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OPMZMHaﬂbHOQ amMnupudeckoe ucciedosanue

Co31aHMe MHTEVIEKTYAJIbHOM CHCTEMBbI JMATHOCTHPOBAHMS alMa03a pyodma y EI E
KkopoB. Yacts 1: @opmanu3zanus 3axa4 -

B. B. Ilodequncknii' =, A. A. Ilo6equnckuii’ = <, I'. A. MoBieB!
! Ypanbscknii rocy1apCTBEHHBIH arpapHbIil yHHBepcHTeT, I'. ExatepunOypr, Poccuiickas deneparus E
2 TIOMEHCKHI TOCYIapCTBCHHBIN YHUBEPCHUTET, I. Tiomens, Poccuiickas @enepanms EDN: GVUYMT

< vm993711@mail.ru

AHHOTANUA

Beeoenue. CoBepIIeHCTBOBAaHHE METOIOB JMAarHOCTUPOBAHUS al03a pyOIa y KOpoB MpeCTaBIsieT co0oil BecbMa aKTy-
IBHYIO MPOOIEeMy IO MPUYNHE PACTIPOCTPAHEHHOCTH 3TOTO 3a00JIEBaHMS U Majexa ckora. Hanbosee mepcrieKTHBHBIMU
METOZIaMH paHHEH TUarHOCTUKY 3TOH MAaTOJOTHH SBJIAIOTCS MPO(UIaKTHIECKHE MPOSKTHI M HHANBHIYaJIbHBIC 00CTIEN0-
BaHUS )KUBOTHBIX C HCIIOJIb30BaHUEM OHJIAITH-CEPBICOB HA OCHOBE TEXHOJIOTMY BETEPHHAPHOI TEIIEMEANIIMHBI, OHAKO OT-
cyTcTBHe B Poccny 10CTaTO9HO pa3BUTHIX METOJOB OLICHKH NATOJIOTHH HA OCHOBE MaTEMaTHIECKOTO almapara, HCTIOb3Y-
€MOTO JUIsl COBPEMEHHBIX HHTEIUICKTYaIbHBIX CHCTEM, HE TIO3BOJISIET 3()(hEeKTHBHO HCIIONB30BaTh 3Ty TEXHOJIOTHIO. B cBoeM
HCCIICA0OBAaHUN MbI MPCANTPUHAIN TOIMBITKY CO3JaHUA HHTeJ’IHeKTyaJ'ILHOﬁ CHUCTCMbI JUArHOCTUPOBAHHUA allu03a py6ua y
kopoB. I[lepBelii aTan paboTh! ObLT MOCBSAILIEH (OpMaIU3AIMH 33/1a4 HA OCHOBE KOHIICIIINK HEYETKOI JIOTHKH.
Mamepuanst u memoowt. lccienoBanue npoBefeHO B YPaIbCKOM rOCyIapCTBEHHOM arpapHOM yHHMBEpcUTeTe U ['ocy-
JTapCTBEHHOM arpapHoM yHuBepcutere CeBepHoro 3aypainbs B nepuof ¢ 2022 no 2025 rr. [{ng mocTaHOBKH JHarHo3a
«anuao3 py6ua» B Ka4€CTBC BXOJHLIX MECPEMCHHBIX IJIsA HEYETKOM CHCTEMBI ObLI OIpCAC/ICH MUHHUMAaJIbHBIN NEpeUYCHb
JIMarHOCTHYECKHUX MapaMeTpoB (Ha OCHOBAaHMM aHAIN3a JAHHBIX M3 CIEUAIM3UPOBAHHBIX CIPABOYHUKOB M HAYYHBIX
my6nikanuii). [TocKoIbKY CIIOHOCTh MOTYT BBI3BIBATh COUETAHUS HECKOJIBKHX ITAPAMETPOB, TIPEBIMIAIONINX pedepeHT-
HBIE 3HAYCHHUS, JJIS1 KOPPEKTHOTO PEIICHHS 33/1a41 C YUYETOM 3THX YCIOBHH MCHOIb30BAJICS METO] (OpMan3aluy He-
OTIpeJIeTICHHOCTEH — TEOpHs HEUSTKUX MHOXECTB. B KauecTBe CTpyKTYphl HHTEIUIEKTYaJIbHOW CHCTEMbI BEIOpaHO nepap-
XMYECKOe MOCTPOEHHE, KOTOPOE JIeNIaeT €€ CTPOTo JIOTUYHOM M Mpo3padHoi A aHanu3a. it pa3paboTKy IporpaMMEl
HCIIONB30BAIOCH OTKPBITOE MporpaMmuoe obecrieuenue Scilab u mraTHsIil pegakTop mporpaMMHOTo Koja Scinotes.
Peszynomamot uccredosanus. Jlano o00CHOBaHHE KOMILJIEKCa HEOOXOAUMBIX TUarHOCTUYECKHX MapaMeTpoB, Ky/a BO-
1Ty 3HaueHne PH cogeprkumoro pyOiia, >)KHPHOCTh MOJIOKA, YacTOTA MyJIbCA, YaCTOTA AbIXaTEeIbHBIX ABMKECHUH. BhImon-
HEHa cojiepKaTeNbHas IIOCTAaHOBKA M (opManu3anys 3aadd HEYEeTKOTO BBIBOJA OIEHKM IATOJOTHH aluao3a pyoma y
KopoB. PazpaboraHa cTpyKTypa HHTEIUIEKTYaIbHON CUCTEMBI HEPAPXUUECKOTo TUIIa, (POpMaIM30BaHbl BCE IIEPEMEHHBIE,
BKJIIOYast IPOMEXKYTOUHbIE, B HEUETKOH MOJIENN HHTEIJIEKTYyaIbHOW CHCTEMBI TMarHOCTHPOBAHUSL.

Oécyancoenue u 3akniouenue. B iepBoii 4acTu nccne1oBaHus Mbl (JOPMaT30BAIIN MOJIENHN BCEX IEPEMEHHBIX (BXOIHBIX,
BBIXOHOH M TIPOMEXKYTOUHBIX) JUISl PEIICHMS 33/1a4i AUarHOCTHPOBAaHMUS anuao3a pyona y kopos. IIpn nossiennu Ho-
BBIX IIAPAMETPOB, HANIPSIMYIO CBS3aHHBIEC C alliI030M, MX TaKkKe MOXKHO BKIIIOUHTH B MHTEJUIEKTYaIbHYIO cucTeMy. Bo
BTOPOIl 4acTW HCCIeJIOBaHHS IUIAHUPYETCSI BBIOJIHUTH KOMIBIOTEPHYIO PEAIN3ALMI0 MHTEIUICKTYaJIbHOH CHCTEMBI
OIIEHKH TaTOJIOTHH aIli103a pyOIia y KOpPOB, B3SB 32 OCHOBY ITOTyYSHHBIE 3/1eCh (DOpMaIN30BaHHEIEC JaHHBIE.

KiiroueBble ¢jioBa: KOPOBa, ai03 pyOIa, maToIorus, THarHOCTHPOBAHNE, HHTEIUIEKTyalbHasl CHCTEMa JUAarHOCTHPO-
BaHUsA, (hopMamu3aIus 3a7a4, KOHIETIHI HEISTKOHW JIOTUKH, TEOPHsI HEYETKUX MHOYKECTB

Joa uuTupoBanus. [Tobenuackuit B.B., [To6enuackuii A.A., Mosmnes I'.A. Co3gaHne HHTEIEKTyaIbHOW CHCTEMBI IHa-
THOCTHPOBAHHMS anu03a pyoua y kopos. Yactes 1: ®opmanuzanus 3anadu. Bemepunapnas namonozus. 2025;24(4):17-26.
https://doi.org/10.23947/2949-4826-2025-24-4-17-26
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Abstract

Introduction. Improvement of the diagnostic methods for detecting bovine ruminal acidosis is a relevant problem due to
the prevalence of this disease resulting in cattle murrain. The most future-oriented methods of early diagnostics of this
pathology are prophylaxis campaigns or individual examinations of animals using the online services in the frame of
veterinary telemedicine technologies. However, in Russia, the efficient use of these technologies is hindered by the ab-
sence of well-developed methods of assessing the pathology based on the mathematical tools integrated into the advanced
intelligent systems. In our study, we attempted to create an intelligent system for diagnosing rumen acidosis in cows. The
first stage of the research consisted of formalization of tasks based on the concept of fuzzy logic.

Materials and Methods. The study was conducted at the Ural State Agrarian University and the Northern Trans-Ural State
Agricultural University from 2022 to 2025. For diagnosing rumen acidosis, a minimum list of diagnostic parameters was
determined as input variables for the fuzzy system (based on the analysis of data obtained from the specialized reference
books and scientific publications). Due to the possible difficulty of combining several parameters exceeding reference values,
a method for representing uncertainties — fuzzy set theory — was used to correctly solve the problem in the given settings.
A hierarchical structure was chosen to build the intelligent system, which makes it strictly logical and transparent for analysis.
Scilab open source software with embedded text editor Scinotes were used to develop the application.

Results. A set of necessary diagnostic parameters including pH of rumen contents, fat content in milk, pulse rate, and
respiratory rate was justified. A substantive formulation and formalization of the problem of fuzzy inference for assessing
rumen acidosis pathology in cows was completed. The structure of the hierarchical-type intelligent system was developed.
All variables, including intermediate ones, were formalized within the fuzzy model of the intelligent diagnostic system.
Discussion and Conclusion. In the first part of the study, we have established the formal models of all variables (input,
output, and intermediate) for solving the task of diagnosing rumen acidosis in cows. In case of emergence of new param-
eters directly related to acidosis, they can also be integrated into the intelligent system. Based on the formalized data
obtained at this stage of the research, in the second part of the study, it is planned to apply computer technologies to create
the intelligent system for assessing rumen acidosis pathology in cows.

Keywords: cow, rumen acidosis, pathology, diagnostics, intelligent diagnostic system, formalization of tasks, fuzzy logic
concept, fuzzy set theory

For Citation: Pobedinskiy VV, Pobedinskiy AA, lovlev GA. Development of an Intelligent System for Diagnosing Ru-
men Acidosis in Cows. Part 1: Formalization of Tasks. Russian Journal of Veterinary Pathology. 2025;24(4):17-26.
https://doi.org/10.23947/2949-4826-2025-24-4-17-26

Beenenne. CoxpaHeHHUe IOTOJI0BbS KPYITHOTO pOraToro
ckota (KPC) Ha depmax 1 B 4aCTHBIX XO3SHMCTBAX SIBISIETCS
BaKHEWIIEeH 3a7ayeil pOCCHICKOro arpornpoMBILIUIEHHOTO
KomIuiekca. [{ns 60pbObI ¢ HHMEKIMAMHU BBITIOIHACTCS 00-
paboTka nacTOuI, Ne3nH(EKIHs CTOWII U IPYTrue MEepoIpH-
SITUSI, OJTHAKO He3apaszHble 3a00JIeBaHUS MOTYT HHKAaK HE
MIPOSIBIIITBCS IO TOTO MOMEHTA, ITOKa 3ab0JieBaHHE HE Tie-
peiaer B Tsxenyr cranuio. K TakuM maToJorusiMm OTHO-
CHTCSI alliJI03 pyoOlia y KOpoB — pacnpocTpaHeHHoe 3a00-
JIeBaHHE, KOTOPOE HAHOCHUT OTPOMHBIN yIepO celbcKOMy
XO3sHCTBY. BBIABUTH armmmo3 pyOma cpasdy JOBOJBHO
CJIO’KHO J1aK€ BETEPUHAPHOMY Bpauy C MHOTOJIETHUM OIIbI-
ToM. DTOi mpobiieMe MOCBSIIEH psiji uccienoBanuii [1-4],
I7Ie PacCMOTPEHBI BOMIPOCHI PAaHHETO IHATHOCTHPOBAHUS

anyI03a U MPeI0KeHBI PEKOMEH/IAINH IT0 COBEPIICHCTBO-
BaHHIO ATOTO TIpoIIecca.

ATII03 XapaKTepU3yeTcs IOBBIICHHON KUCIOTHOCTHIO
pH conmepxumoro py6Iia, KOTopas OSBISIETCS U3-3a HAPY-
[IEHUsT OOMEHa BCUICCTB, KOTJa B pallUOHE )KUBOTHOT'O HU3-
KOe cojiepKaHe TBEPIOM MUIIM Wi e€ oTCyTcTBUE. Baxk-
HBIM YCJIOBHEM JUTS YCIIEITHOT O JISYEeHH JIF000T0 3a0071eBa-
HUS SIBJISIETCS] TOYHBIA U paHHUH TUarHo3. Anumo3 pyona y
KOpPOB Ha HAYaJILHOM 3Tare 3a00JIeBaHMs MOXKET OBITh CXOXK
C aTOHHEH W TUIIOTOHUEH MPEKETYAKOB, a IPHU MPOQIIIaK-
THUKE WX JICYCHUH HHOT/Ia MOYKET OBITh OITHOOYHO MPHHAT
3a ankano3. [Ipu mo3HeM BBISBICHHUU ali03a WIH YK B
3aIlyIIeHHO!N CTaIuy MOTYT OBITh IMOCIEICTBUS, ITOKa3aH-
HbIE Ha puc. 1.
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Pa3ButHe matoaorun anuI03a
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| Mpu3naku Ha mo3aHel cTaun

*»| Hapymienns 6ananca cTepouaos

4,|
-

CHIOKEHUS COZICpKAaHKUE ITPOreCTCpoHa

Kommekc nmeMuueckux 0ome3Heit

[osBreHyE THCTOMUHA U APYTHX BA30aKTHBHBIX
aMIHOB, CHHTE3HpyeMbIx Streptococcushovis

3meneHne KHACTOTHO-IIEIOYHOTO PABHOBECHUSA B MOYE]

v

lHexonormueckue 3a001eBaHMA |

-
I

| [Ipo0nemsl BOCTIPOU3BOICTBA |

[Tonmanaxue maToreHoB B MOJCTHIIKY |

CHuxeHue YI0EB MOJIOKa | |

CHxeHne JKAPHOCTH MOJIOKA |

{

| 3a0oseBaHne KOHEUHOCTEH |

IR

[Toreps Beca | |

[ToBBIIIEHAE OCMOTHYECKOTO JaBJICHUA |

OTCI0eH e SMUTENHUS KOMBIT || HexpobaxTepros KombIT || Xpomota
Bocnanenue Bocnanenue
Macrit CIPOYKTHBHELX T — Bocnanenue xemynouso-
PETIPOAyK o KHIIEYHOTO TPAKTA
OpraHoB TKaHEU

Puc. 1. Cxema pa3BUTUS aTOJOTUH alM103a

MaccoBocTh 3a00ieBaHusl, PUCK TO3HEH WIn HeBep-
HOHN ITOCTAHOBKH JHAarHo3a (M3-3a CXOXXECTH CHUMIITOMa-
THKH C IpyTUMH TATOJIOTHSIMM) JIeNIaeT 3a4aqy COBEpIICH-
CTBOBaHHMS Mpolecca JUarHOCTUPOBAHMS aln03a pyona
BeCbMa aKTyalIbHOH. [locKOIbKY HEONIpeneIeHHOCTD ITOKa-
3aTesiel HrpaeT CYIIeCTBEHHYIO POJIb B 3TOH 3a1ade, mpej-
craBisieTcss HanOosee (PPEKTUBHBIM €€ pPEelIeHHE C HC-
MIOJIb30BAHNEM COBPEMEHHBIX METO/0B, YUUTHIBAIOIINX U
(opManu3yoIKuX HEONpeaeIeHHOCTH, — T. €. METOIOB
HMHTEJUIEKTYaJbHBIX cucTeM. Ha ceromHs M3BeCTEH OIBIT
IIPUMEHEHHUS B BeTepUHAPHUHU Takux cucteM. Hampumep, B
pabore [2] nmpuBeneHbl MaTeMaTHYECKNE OCHOBBI TEOPHH
HEYETKHX MHOXKECTB M Ha si3bike Python pemena 3anava c
ucronbp3oBaHeM Merona CyreHo — aBTOPHI PEKOMEH-
JIYIOT HCIIOJIb30BaHNE TECTOB MHTEIUIEKTYaIbHON CHCTEMBI
«Qimoc-X++» 0e3 MporpaMMHPOBAaHUS AT MacCOBOTO
JUarHOCTHUPOBAaHMSA W B ydeOHOM mporecce. B pabo-
Tax [3, 4] ymomuHaeTcs, KaK WCKYCCTBEHHBIN WHTEJUICKT
0OHapyYXMIT psiIl OIIMOOK BeTEpHHAPHBIX Bpadeil. Tem He
MeHee OTCYTCTBHE JOCTATOYHO Pa3BUTHIX METOAOB OIIEHKH
pa3BUTHS MATOJIOTHM Ha OCHOBE MaTEeMaTHYECKOTO aIlma-
para He no3BoysIeT 3PPEKTUBHO UCIIOJIL30BATH COBPEMEH-
HBIE HHTEJIEKTyaJIbHbIE CUCTEMBI B Poccni.

B cBs3M C BBINIEU3N0KEHHBIM, LIENBIO HAILETO HCCIIEe-
JIOBAHUS, COCTOSIIETO U3 IBYX YacTeH, SIBISIETCS CO30aHUE
HHTEIUIEKTYalIbHON CUCTEMBI JUarHOCTUPOBAHUS allia03a

pyOI1a y KOpOB Ha OCHOBE KOHIICTIIIMU HEYETKOH JIOTHKH.
B mepBoit wactu MbI IaHUpyeM (popMani30BaTh 334a4n
JMarHOCTHPOBAHMS anuao3a. s sroro morpedyeres:

1) 06oCHOBaTh KOMIUIEKC TMar HOCTHIECKNX TapaMeTpOB;

2) BBINOJHATH COAEPKATEIBHYIO MOCTAHOBKY M (op-
MaJTM3aUIo 3312491 HEUYETKOT0 BBIBO/Ia OLIEHKHU aTOJIOT U
arma03a;

3) pa3paboraTh CTPYKTYpY HHTEJUIEKTYaJlbHOW CH-
CTEMBI HEPAPXUUECKOTO THIIA;

4) (dbopmMann30BaTh MPOMEKYTOUYHBIC MEPEMEHHBIC B
HEYETKON MOJIEIM UHTEJUIEKTYaJIbHOM CUCTEMBI.

Marepuansl u MeTonbl. lccnenoBaHue NpoOBEICHO B
VYparabCKOM — TOCYAAapCTBEHHOM  arpapHOM
tere (1. EkarepnnOypr) u ['ocynapcTBeHHOM arpapHOM YHH-
Bepcurere CeepHoro 3aypainbst (T. TroMeHB) B TepHoj C
2022 no 2025 rr. IlepeueHp TMarHOCTUYECKUX MapaMeTpPOB,

YHHBEpCH-

HEOoOXOIMMBIX I (hopMaM3aIvy 3aad, BKIIOYAJ: 3HaUe-
HUs PH comep:xumoro pyoOria, KUPHOCTh MOJIOKA, YacTOTy
IyJbCa, 9aCTOTY AbIXaTeJbHBIX IBIKECHHUHN (TaHHBIE B3ATHI U3
CTICIMATM3UPOBAHHBIX CIPABOYHUKOB M HAYYHBIX ITyOIHKa-
1uii). B nccnenoBanue He BKIIOYAINCH KOPOBHI: 1) ¢ TIepeHe-
CEHHBIMH 3apa3HbIMH 3200JIEBAHMAMH H3-32 BO3MOXKHBIX T10-
CIIEZICTBUH M OCIa0JIEHHOTO MIMMYHHTETa; 2) TOTOBSIIHECS K
orény (npumepno 3a 3040 nueii); 3) HelaBHO OTEJMBIIN-
ecst (oxono 30 mHEH) B CBSI3M C NEPECTPOMKONH TOpPMOHAIIb-
HOTro (pOHA M €CTECTBEHHOTO BOCCTAHOBJIECHUS pH.
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MUHUMAaTBHOTO MEPEYHsI ANAarHOCTUYECKUX TapamMeT-
pOB BIIOJIHE AOCTaTOYHO ISl TOYHOW MOCTAHOBKH [Ha-
THO3a «aluao3 pyoOua» Ipu OTCYTCTBUU KOPPEISIHUU C
Ipyrumu 3aboneBaHuAMU. Oco0YIO CIOKHOCTH MOTYT BEI-
3bIBaTh COYETAHUSI HECKOJIBKUX [TapaMeTPOB, MPEBBIIA0-
KX pedepeHTHbIe 3HAaYEHUs, YTO MPUAACT MapamMeTpam
3a7a4l CBOMCTBA HEOIpEeAeIeHHOCTU. [IjIsi KOPPEKTHOTO
pELICHUs 33/1a41 C YYETOM 3THX YCJIOBHH HCIIOJIB30BAJICS
MeTox popMalTu3aluy HEOTIPEIeICHHOCTEH — TEOpHsl He-
YETKUX MHOXECTB. MepapxXxuueckoe MOCTPOCHHE CTPYK-
TypBl HHTEIUICKTYaJIbHOM CHCTEMBI JETaeT €€ CTPOro JIO-
THYHON W TIPO3pavHOi s aHanu3a. [ pazpaboTku mpo-
IpaMMBbI HHTEJIJIEKTyaIbHON CHCTEMBI HCTIOJIB30BAIOCH OT-
KpbiToe mporpamMmuoe obecreuenne Scilab  (Scilab
Consortium, @paHuus) ¥ MWTATHBINA PEIAKTOP MPOTPaMM-
HOTO Koza Scinotes.

Pe3yabTaThl HecIe10BaHUS

1. OGocHOBaHNe KOMILIEKca TUATHOCTHYECKHUX Ma-
pamerpoB. [IpeaBapuTenbHbIA AUArHO3 «alKI03 pyoua»
BETEpPHHAP MOXET IOCTaBHUTh, HAOMIOMAst 32 MOBEACHUEM
KOpPOBBI U YTOYHHB €€ palMoH KopMieHus. Jing annumosa
pyOLia XapaKTepHBI:

— PpH conepxumoro pyoua Hmke 6 (B Hopme 6—6,9);

— PH xpoBH HUXKE HOPMBI 7,35;

— YpOBEHb MOJIOYHO KUCIIOTHI B 3-4 pa3a npeBbIIIacT
HOpMY (9—13 mr/mi);

— IyJbc 120-140 ya./mun
(mopma 80-100 yn./mMuH); yacToTa MmyJbca MOBBILIACTCS C

NOJHUMACTCA 110

YBEIMYEHUEM KUCJIOTHOCTH;

— yacToTa JpIXaHus yBenuuuBaercs 10 50—60 npixa-
TENBHBIX JIBIDKEHUH B MUHYTY U JOCTHTAaeT MAKCHMyMa B
70 nB./MuH (B HOpMe 18—28 nBrXK./MUH);

— KOpOBa CheJaeT B cpeHeM MeHblue 15-20 kr rpy-
60r0 KOpMa U KOPHEIUIOA0B;

— coJepkaHue OeKa M KUPHOCTh MOJIOKA MaJaeT U
cranoButcs menee 4 %;

— TPOHMCXOINUT HOTeps Beca (CpemHss B3pocuas Ko-
posa Becut 300—450 kr);

— cmoHooTAeneHue Beimie 90—180 1 roBoput o Hapy-
meHnu PH copepxxumoro pyora;

— pH moun ke HOpMEI 7,6—8,5+0,2;

— CHIDKEHHE KOJHMYECTBA JKCBATEIBHHBIX IBIDKCHHMA
1o 30—40 (cpemHee KOJMYECTBO KEBATEIBHBIX TBIKCHUI
MOCJIe CPHITUBAHUS Y IAKTHPYOIIEH KOPOBHI —55, MakcH-
MaJbHO J10 60).

CocrosiHue pH conepXuMoro py6ma urpaeT BaXXHYIO
pOJIb B )KU3HH KOPOBEL. B pabore [5] mokazaHo, 4yTo mpu
CHCTEMAaTHYECKOM IMPOMBIBAHMM pPyOIlla y JIAKTAIMOH-
HBIX KOPOB U J00aBJIEHUU K OCHOBHOMY paIlMOHY Tpe-
MHKCa MEKPOOHOTO COCTaBa, HaTpUs THAPOKapOoHaTa 1
MHHEPAJIOB CPEIHECYTOUHBIH yIOH MOJIOKA MOBBICUIICS
Ha 31,3 %. B uccnegoBanuu [6] ycTaHOBIIEHA MOJIOXKH-
TeNbHAs CTATHCTHYCCKAs 3HAYNMAsT KOPPEIISIUST MEKIY
TeMIIepaTypoi CONEePKUMOro pyOIia U peKTaTbHOW TeM-
mepaTypoi, a 3TO 3HAYUT, YTO, H3MEPss PEKTaIbHYIO

TEMIIEPATypPy, MOXKHO NMPEAYIPEIUTH MOSBICHNAE TTOH0-
CTPOTO amun03a pyoua y KOpos.

ABTOpHI [7] BBISBIUIH, YTO MPH ann03e HAOIIOAACTCS
3HAYUTEIHHOE YBEIMUCHNE KOHLCHTPAIL[A HOHOB HATPHUS
B JPHUTPOLUTAX U CHIXKEHHE UX COAEP)KaHHs B IUIa3Me
KpOBH, a MapajIeNIbHO MIPOUCXOJUT YMEHBIIEHUE KOIHYe-
CTBa HOHOB Kallusl B JPUTPOLMTAX U IOBBINICHHE HUX
YPOBHS B IJIa3Me: T. €. alli103 HEraTUBHO BIIUSACT Ha HEP-
retuyeckuil ooMmeH, yxyamas cunre3 AT®. BrickasbiBa-
JIOCh TakXKe MHEHHe [8], 9To A TOYHOTO M3MepeHus pH
COAEPKMMOTO pyOlla ONTHMAJIBHBIM SIBIISIETCS TIOJTydCHHUE
poOBI IyTeM PyMHUHOIIEHTE3a, TIOCKOJIBKY Ha KOHIIEHTpa-
LU0 BOJOPOJHBIX HOHOB B MPO0OAX, MOIyYCHHBIX C TOMO-
IIBI0 30HIA, ONPENECIICHHOE BIMSHHUE OKAa3bIBACT CIIIOHA,
YTO NMPUBOAUT K U3MEHEHMIO pH B LIEIOYHYIO CTOPOHY B
npenenax 0,14 en. (2,3 %).

ABTOpBI [9] YCTaHOBHJIH, YTO MPH alK03¢ pyoIia y Ko-
POB IOKa3aTesy KIMHIYECKOTO U MOP(]OIOrHIeckoro cra-
Tyca B LIEJIOM CTaOMIIBHBI, 32 HCKITIOUCHUEM JIbIXaTeIbHbBIX
JBIDKCHUH, KOTOpBIC TPH 3a00JIEBaHMU BBIMIC HOPMBI
1o 7 %. B pesynprare uccnenoBaHus pU3NOIOTUHN MHIIE-
BapeHus KopoB [10] yctaHOBIIEHO, 9TO CHIDKeHHE PH MoUn
SIBISIETCST TMATHOCTUYECKHM METOJOM [UISl BBISBICHHS
MIPU3HAKOB XPOHHYECKOTO alpao3a pyoOna, 4To, B CBOIO
ouepelb, MOATBEPKAACTCA pe3yabTaTaMH MOJIOYHOM Mpo-
JTYKTUBHOCTH TOJIOTIBITHBIX JKUBOTHBIX.

Ha ceropssamnuii 1eHb CyIIECTBYIOT IIPUMEPHI YCIIEHI-
HOTO MPUMEHEHHSI CUCTEM JUCTAaHIIMOHHOTO MOHHUTOPHHTA
B BeTepuHapui [11-12], BKkirouas IUCTaHIIMOHHOE HCCIe-
noBanue pH copepxxumoro py6ma [13]. B xoxe atoro uc-
CJICIOBAHMsI YCTAaHOBIICHO, YTO pH copepXuMoro pyona u
TeMIlepaTypa y KOpoB UMEIOT CyTOUYHbIE KoJeOaHus, pu
9TOM BBICKa3bIBA€TCS MBICIb, YTO Kojiebanust pH cozxep-
XKHUMOTO pyOlia CBSI3aHbI C MOTPeOIEHNEM KOpMa, a KoJle-
OaHus TeMIIepaTypsl Tejla OTPakaroT 00beMBl MmoTpedie-
HUSI BOJBI )KUBOTHBIMHU.

B 3apy0exXHbBIX HCTOYHHMKAX TaKkKe paccMaTpUBalach
npobyiemMa anuno3a pyoua y KOpOB C INPHUCYIIUMH €My
ycnoBUAMHU pa3BuTHA [14—15] M BO3MOXXHBIMH TOCIEN-
ctBusiMu [16—18]. [ysa Gosiee TOUHOW TUATHOCTHKHU ally-
7032 pyOIa 3a rpaHuIeil UCIIOIb30BAIUCE T )K€ METOJBI,
YTO U B OTEUECCTBEHHON BETEPHUHAPWH: PYMHHOLICHTE3 U
KeIyouHoe KaHromupoBanue [19] wm 6momapkepsr [20].
CTOUT OTMETHUTD TAK)KE aBTOPOB, KOTOPHIE OOPATHIIN BHHU-
MaH{€ Ha MHOTOKPAaTHOE YBEIHMYECHNUE MOJIOYHOM KHCIIOTHI,
TOSBJISIIONIECcS M3 Kpaxmana [21-22], koTopas B CBOIO
odepenb CrocoOCTBYET 0OPa30BAHMIO alK/03a pyoIa.

B KOHTEKCTEe HACTOAIIETO HCCIIEIOBAHUS CIIETyeT OTMe-
TUTH HEKOTOPHIE HEOTIPEIETICHHOCTH B TPAKTOBKE 3HAYCHUI
B pa3HbIX ucTouHMKax. K mpumepy, Hopmoii pH comepxu-
MOro pyOua y KOpOBBI SBJISETCS 6, HO HEKOTOpBIE JKC-
NEPTHI-BETEPHHAPBI YTBEPKAAIOT, UYTO TPAHULEH SBISIETCS
7, a BCE, 4TO BBIIIE, OTHOCUTCA K aJIKano3y, KOraa Lenod-
HO¥H (oH npeBbInIeH. Psix Apyrux skcnepToB B 3ToH 001acTH
CUMTAET, YTO NpH uHAeKce PH Hike 6 KUCIOTHOCTH pyOna
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MOBBIIICHA, HO €CI OHA, K MPUMEPY, COCTaBISET 5,5 U HO-
CHUT KpaTKOBPEMEHHBIH XapaKTep, TO Cpa3y CTABUTH )KUBOT-
HOMY JTMAarHO3 «aIM03 PyOlay MpexkIeBpeMEHHO. Brisis-
JIsisl BCE 3HAUCHHS KUCIOTHO-IIEJIOYHOro OanaHca pyona y
KOPOB BCEX MOPOJ, MOXHO MPUNTH K BHIBOAY, YTO HUHTEP-
BaJIbHBIM 3HaYCHUEM HOPMBI OyeT ypoBeHb PH 6-7, a BcE,
YTO HUXKE WIM BBIIIE, HY)KHO CUUTAThb OTKJIOHEHHUEM OT
HOpMEL. [Ipr 3TOM 3HaUCHNE HIKE HOPMBI OYZIEeT YKa3bIBaTh
Ha aIi/03, a BBIIIE HOPMBI — Ha aJIKaJo3.

ITpu npaBUILHOM palliOHE MOJIOAs 30pOBasi KOPOBa
JTAET MOJIOKO BBICOKOH >KHPHOCTH, C BO3PACTOM KUPHOCTh
MOJIOKa TIOCTENEHHO CHWXaeTcs. [Ipu mepBbIX MposBIie-
HUSIX aly03a pyolia y KOPOB MOKa3aTeb KUPHOCTH MO-
JIOKa pe3ko cHmkaetcs 10 3—4 %, a uHorna u Hike 2,5 %,
T. €. MUHUMAJbHBIM 3HAYEHHEM MOXKHO MpuHATH 2,0 %.
Bce nmeno B Hanumuuu OOJBIIOTO COACPIKAHMS MOJIOYHOM
KHCJIOTHI, KOTOpasi CHIDKAET JKUPHOCTH MOJIOKA.

O0ocHOBaHKE ConepratenpHas dopManuzanus BXOIHBIX
JUarHOCTHYECKUX | ] OCTAHOBKA 3a1aH U BBIXOJIHOM MEpEeMEHHBIX [,
napaMeTpoB 3aJ1a4u
Yacrorta i i
N
mynbea, YIT «pH» {KHan6omsmas, KCp,
OHI/IcaHHe BIIUSIHUA Hef,'rr[_‘)aﬂ]-ﬂ,7 ]_I_[Cp, I_]_H—Ia]/lﬁ0‘]-]],]_]_[}7
napameTpoB U UX «K» {Mun, M, Cp, B, Max};
% «YIh {Mun, M, Cp, B, Max};
N JKupHocTh C?;iﬁ?;?ﬁlga «Y» i{MI/IH, M, C[I)), B, Max}};
Momoka, /K «CIIA» {Mun, M, Cp, B, Max}.
Yacrorta
nprxauus, YJ1 dopmanuzanus
TTPOMEKY TOUHBIX PazpaboTka CTPYKTYpHI |
(baxTopos MHTEIUIEKTYaJIbHOU CUCTEMBI
3aJ1a4u

!

«pH-xupHOCTB,Y12»

{Mwun, M, Cp, B, Max}

{Mun, M, Cp, B, Max};
«Jlprxanue — mynbe, Yz

Puc. 2. O6mas cxeMa BBIIOJIHEHUS UCCIIEI0BaHUNA

Kpome 311X nokasateseii BeTepuHapHbIe Bpaul HHOT/IA
MIPUHIMAIOT BO BHUMaHHWE KOHTPOJBHBIA IOKa3aTens PH
kpoBH. OH HE0OXOIMM TOJIBKO B city4ae, eciu PH conepxu-
MOro pyOIla HaXOIUTCSl B HOPME, HO IIPU 5TOM XHPHOCTH
MOJIOKA PE3KO CHIKEeHa. YpoBeHb PH comepkumoro pyoia
n PH KpoBHM B3aMMOCBSI3aHBI, IOCKOJBKY COAEPKUMOE
pyOlia MoKeT BOpachIBaThCs B KPOBOTOK JKMBOTHOTO. 3Ha-
YEHUs], CBUJCTEIBCTBYIOIIME O CHMIITOMATHKE anpmo3a
py6ua, 6ynyt ans pH kpoBu B auamnazone 7,1-7,3. Ho nan-
HbIE 3HAUCHUS CIIMIIKOM OJIM3KU K TE€M, YTO UMEIOT 3/10p0-
BbI€ )KUBOTHBIE, IIOATOMY TaKoil mapaMeTp He MOXET ObITh
OCHOBHBIM U JIOCTaTOYHBIM Il IOCTaHOBKHU AuarHo3sa. Cre-
JIOBaTENbHO, MPEANOYTEHHE HY)XHO OTHATh MNapamMeTpy
KUPHOCTH MOJIOKA, KOTOPBIH, KaK MpaBHJIo, (PUKCHpyeTCs
HE MEHee JIBYX pa3 B CYTKH IPH JOCHUN KOPOBEI.

JpyruMu BayXKHBIMH ITapaMeTPaMH JIJIsI BBISIBICHHS TIPH-
3HAKOB aly/103a pyOlia y KOpOB SIBJISIOTCS Takue (hU3MOII0-
TMYECKHE ITOKA3aTeNH, KaK YacTOTa JbIXaTeJbHBIX JBHKE-
HUH 1 mynbeca. Hopma mynbca B 0OBIYHOM COCTOSIHUH, T. €.
0e3 aKTHMBHBIX JBW)KCHUH KMBOTHOTO, cocTaBisieT oT 8010
100 yn./MuH, TOT/1a Kak Py 3a00JICBAHUH AIIMI030M OH MO-
*KeT mnoBblmateest 70 120 ya./mun, mocruras 130-140
ya./muH. YacToTa IbIXaHUS TakKe OyIeT yBETUIUBATEHCS 10
Mepe YXYALIEHUs] COCTOSHUS KUBOTHOTO. be3 Harpysku B

HOPMaJIbHOM COCTOSIHUM KOpPOBa MOXKET Jienath oT 15 1o 30
JIBIXaTENbHBIX JBIKEHHIA; IPU OCTIOKHEHUSX, CBI3aHHBIX C
aIMI030M, 3TH TIOKa3aTe MOryT focturats 50—-60 u Oomnee
(o 70) nBuK./MHH.

TakuMm 00pa3oM, MOXHO BBIICJIHUTH YETHIPE MOKa3a-
Tels, OJHO3HAYHO KOppenupyronme ¢ 3abolieBaHUEM
anuao3oMm pyobmna: pH comepxumoro pyOua, sKHPHOCTH
MOJIOKa, 4acTOTa MyJbCa, YACTOTa JbIXaTEIbHBIX JIBU-
xeHui. OcTaiapHBIC NTOKAa3aTeNH ¢ OONBIION BEPOSTHO-
CTBIO MOTYT OBITH CIICJICTBHEM JAPYTHX 3a00JICBAHHIA.
[MosToMy st pa3pabOTKH WHTEIUIEKTYalIbHOH CHCTEMBI
JMIMarHOCTHPOBAHUS MPUHUMAEM yKa3aHHbIE YEeThIpe ma-
paMeTpa B Ka4eCTBE BXOJIHBIX MEPEMEHHBIX I HEUeT-
KOM CHCTEMEI

2. BbinojsiHEHHEe CO/IEPKATEIbHOI MOCTAHOBKH H
¢opmanuzanus 3aJa4u HEYETKOI0 BHIBO/IA OLIEHKH MAa-
TOJIOTHM AIHI032

Conep:kaTesibHasi MOCTAHOBKA 3aja4n. B HeueTkoMm
MOJIETUPOBAHUH COZIeprKaTeNbHasl TOCTAHOBKA 3a/1a9H TPE/T-
Ha3HAYCHA IUIS TIPEICTABJICHHS SMITMPUYCCKUX JTaHHBIX 00
00BEKTE B (hOpME OIPENCICHHBIX IBPUCTHYCCKUX IPABILL:
BBITIOJTHSIETCSI CJIOBECHOE OIMCAHME 3aJa4l COCTOSIHHS 00b-
eKkTa (B JaHHOM CiTydae — aIu/03 pyolia y KOpOBbl) B 3aBH-
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CHMOCTH OT TUarHOCTUYECKUX MapamMeTpoB. B coxepxarens-
HOM OTIMCaHWH 3a]1a9H OTIPEIEIISIOTCS HanboJiee crienngude-
CKHe 0COOCHHOCTH BETEPHHAPHOTO THATHO3A.

CaezieHHs1 0 CUMIITOMATHKE ali103a pyOla y KOpOoBbI,
BIIMSTHAW PA3UYHBIX (PaKTOPOB Ha MpOTEKaHHE 3a00JeBa-
HUS M €r0 B3aWMOCBS3H C TUATHOCTHYECKUMH TapaMeT-
paMu JOCTaTOYHO MOAPOOHO MPUBOASATCS B CIPABOYHUKAX
no Betepunapun’234587 y gayunpix crateax [7-10]. Ox-
HaKO B TPaKTOBKE HEKOTOPHIX 3HAYCHHUH INPHUCYTCTBYET,
KaK MBI y>K€ YIIOMHMHAIH, HEKOTOpasi HEONPeeIeHHOCTb.
[TpuHOMT HEYeTKOro MOJAENUPOBAaHUS MO3BOJISIET 0000-
IIUTH Pa3pO3HEHHBIE SKCIICPUMEHTATBHBIE U SKCIIEPTHBIC
JAaHHBIE ¥ TIOyYUTH OOJiee MOJHYI0 KapTHHY COCTOSHHS
MBOTHOTO B 3aBUCHMOCTH OT COUYETAaHUs MapaMeTpoB, Ha
OCHOBE KOTOPBIX BBITIOJIHACTCS TOYHBIN THArHO3.

dopManm3anus 3aJaYd HEYEeTKOr0 BBHIBOAA OLEHKH
NaToJIOTHH anua03a. BeeneHne HeueTkocTy B 3anauy (das-
3uQuKaLys) 3aKiodaeTcs B GopMatnu3aliy BXOIHBIX U BbI-
XOIHBIX IMAPaMETPOB B BHAC JIMHTBUCTHYCCKUX IEPEMEH-
HbIx®. HaroMuHaeM, 4To BXOHBIMU HapaMeTpaMy MPUHSATHL:
BEJIMUMHA BOJIOPOJHOrO IMoKazarens PH coxepkumoro
pyO1ia, )KUPHOCTH MOJIOKA, YaCTOTA ABIXAaTCIbHBIX IBIKCHIN
1 9acTOTa MyJIbca. B kadecTBe BRIXOIHON BEJIMIHHBI IIPHHSTA
CTEIEeHb MATOJNIOTHH (TSXKECTh 3a00JIeBaHNsA) JKUBOTHOTO.

s onenkn BenwmuuHEI PH comepkumoro pyona B Be-
TEPUHAPHOW MEIUIMHE WCIIONB3YeTCsS TEPMUHOIOTHS
«Kucnotocte», «lllemoyHocTh». B Teopun HedeTKUX
MHOXXECTB 0003HauyeHusi aHajornyHele: «KHCIOTHOCTH
HamOompmmas» 1o 4 pH; «KucinotHocTh cpemusas» ot 4
1o 6 pH; «HeiitpansHas cpena» ot 6 no 7 pH; «llemou-
HOCTH cpenusiss» ot 7 g0 9 pH; «lllenoyHocts HanbOIb-
masi» cBeimre 9 1o 9,5 pH.

s Bropoit nmepemenHoil «OKupHocTe Mojoka, JK» B
TepMHUHAX HEYETKOTO MOJCIHPOBAHMSA NMPHUMEM 3HAYCHUS:
«MunanmaneHas» ot 2,5 no 3 %; «Mamas» or 3 1o 4 %;
«Cpenusisi» oT 4 110 6 %; «Boicokas» oT 6 1o 7 %; «Maxcu-
MasibHasD» 0T 7 %.

Tperbs nepemennas «Yacrora mynsca, YI1» Oyzner
CIIeTyFOIITIE
1o 60 ya./mun; «Mamasi» ot 60 10 80 yu./mun; «CpemaHss»

HMETh 3HAYCHUS: «MuHUMAaTbHAS
ot 80 no 100 ya./mun; «Bbicokas» ot 100 go 120 yua./muH;
«MaxkcumansHasg» ot 120 go 130 ya./muH.

UYerBepras nepemenHas «Yacrora npxanus, 4/[» Oy-
JIeT UMETh clleflytolue 3HaueHus: «MUHUManbHas» ot 5
1o 10 newxk./mMuH; «Manas» ot 10 10 15 nBroK./MUH (CHMIT-
TOMEBI 3a00MeBaHus ankano3oMm); «Cpegassi» oT 15 mo 30
IBIK./MUH (HopMa); «Beicokasi» ot 30 no 50 nBrxk./MuH;

«MakcumanbHasg» ot 50 1o 70 aBuK./MUH.

JIist BBIXOTHO# BENTMUYKMHBI BBEJICH MOKa3atellb «CTerneHb
natosiorun anunosa, CIIA». [y ynoOGcTBa onpenennM 3ToT
mokazaress Ha mkaie ot 0 10 5 u B 6e3pazmepHoM Brze. Ile-
pEeMeHHasI TIPUHUMACT CIICAYIONIME 3HAYCHUsSE: «MUHIMAIIb-
Has» 10 1; «Mamas» ot 1 go 2; «Cpensstst» ot 2 1o 3; «BbI-
cokasp» oT 3 10 4; «MakcumanbHas» oT 4 10 5. ['panars cte-
TICHU MATOJIOTUH UMEET CIICITYIOIIEE COMICPIKAHNUE:

1 — nepmaneHTHast ()KUBOTHOE 37I0pPOBO);

2 — cybanuaHas (THIIOTOHUS PEIKETyIKOB HIIH TIep-
BbIC BBIpAKCHHBIC CUMIITOMBI alll103a Pyona);

3 — xponuueckas (YETKO BBIPAKCHHBIC CUMIITOMEI
aI|I03a ¢ MPOSIBICHUSIMU CPETHEH TSKECTH);

4 — mopoctpast (TsDKENble TPOSIBICHHUS CHMIITOMOB
armmI03a);

5 — ocTpast (KpUTHYECKH TsDKETasi CTETICHb alua03a).

B TepmMuHax TeOpUH HEYETKUX MHOYKECTB JIMHI'BUCTHU-
YEeCKHe MEPEMEHHBIC OIMPEIC/ICHBl TEPMMHOXKECTBAMHU CO
CJICAYIOIIMMH 3HAUCHUSIMUA U 0003HAUCHHSIMHU:

«Bomopomuslii mokazatens pyona, pH» {KHaubomsmas,
KCp, Hetirpans, Cp, IIIHauGombmas};

«Kupnocts, JK» {Mun, M, Cp, B, Max};

«Yacrora myneca, YI1» {Mun, M, Cp, B, Max};

«Yacrora meixarus, Y» {Mun, M, Cp, B, Max};

«Crenenp marojiorun anunosa, CIIA» {Mun, M, Cp,
B, Max}.

Ha puc. 3 (a—T) moka3aHsl pyHKINH TPHHAIIIC)KHOCTH
BXOJTHBIX MIEPEMEHHBIX B BHJIC TPECYTOJbHBIX HCUCTKHX YH-
Cell ¥ TpareleuIaabHbIX HHTCPBAJIOB, a Ha PHUC. 21 TPUBE-
JIeHa HeueTKast QYHKIHS BBIXOIHOM JIMHT BUCTUYECKOM TIe-
pemenHoM «CreneHs natojaoruu anunosa, CII4A». [Tpumem
JUIE TEPMMHOJKCCTB 3HAYCHHU JMHIBUCTUYCCKUX IIepe-
MEHHBIX TPEYTONbHBIC WK TpalelenaaabHble HEUCTKHE
4rcia, a Ha TPaHUIax 00JIacTh onpeieeHus Z-00pa3HbIe
U S-06pasHbie GpyHKIUK (puc. 3).

3. Pazpa0oTrka CTPYKTYpbl HHTENJIEKTYAJIbHOH CH-
cTeMbl Hepapxudeckoro Tuma. Onpenenum CTpyKTypy CH-
CTEMEI B BHJIE HEYETKOH CHCTEMBl HEPapXU4ECKOro Tuma’.
BHauasie BBINONTHSIETCS HEUSTKUIN BBIBOJ OT JBYX IMapaMmer-
pOB — 3HaveHus pH conepKuMoro pyoOrna U >KHPHOCTH MO-
Jioka JK. Pe3yapTHPYIOIy o (DYHKIIUO 3TOr0 HEYETKOTO BbI-
BOJ[a OT MEPBBIX JBYX MEPEMECHHBIX 0003HAYUM (HaKTOPOM
«pH—xupHOCTD, Y12».

3areM B MammHy HedeTkoro BbiBoma (HB) momarorcs
BXO/HbIE NiepeMeHHble «HactoTa apixanus, Y/» u «Hacrora
mynbca, Y11». HazoBeM pe3ynbTHPYIONIYIO (YHKIIUIO 3TOTO
HEYETKOTO BBIBOJA Kak (hakTop «/lpxanme—ryibc, Yas». [o
3HAYCHUSAM IIepEMEHHBIX ()aKTOPOB Y12 1 Y34 TOCTIE BBHITION-
HEHHMsSI HEYCTKOTO BBIBOJA PACCUNTHIBACTCS 3HAYCHHE

! Byrbsanos J1.J1., KapnyTs V.M., SIky6oBckuit M.B. Cnpasounux no 6onesnsim cenvckoxossiicmeennsix scusomublx. Munck: Yposxait; 1990. 352 c.

2 Auapocos ®.3., Bensies 1.5, Knouko P.T. Cnpasounux éemepunaprozo nabopanma. Mocksa: Kosoc; 1981. 248 c.

3 AnryxoB H.M., Apanacses B.J., bamkupos B.A. Cnpasounuk éemepunaprozo spaya. 2-€ u3f., nepepab. u gon. Mocksa: Kosoc; 1996. 623 c.

4 Annpees I".M., Bapanies W1.J1,, Bopo6ses E.O. Crpasounux semepunapnozo genvowepa. Jermmnrpan: Arporpomusiiar. Jlenunrpajickoe oternenue; 1988. 479 c.
® Kysnenos A.®. (pen.). CripaBounuK 10 BeTepuHapHoit Mmeaunune. Cankt-Iletep6ypr: Usnatensctso «Jlanby, 2004. 912 c.

b [1lep6akos I'.T"., Jlanunesckas H.B., Ctapuenxos C.B., Kosanes C.I1., Kopo6os A.B., Tapuyes IO.A. u 1p. Cnpasounux semepunapnozo mepanesma:
yuebHoe nocobue. 5-¢ u31., ucnp. u gon. Cankr-IlerepOypr: M3natensctBo «Jlauby, 2009. 656 c.

7 Jlunépa A. Qusuonoauueckue nokazameny Hopmol dcueomuvlx. Cnpasounux. Mockpa: «AxpapuyM-TIpuaT». 2008. 256 .

8 Piegat A. Fuzzy Modeling and Control: with 96 tables. Heidelberg, New York: Physica-Verlag, 2001. P. 760.

® IlITos6a C.J1. [IpoekTnpoBanue HedeTkux cucteM cpenctBamu MATLAB. M.: Topsiaast munms. Tenekom, 2007. 288 c.



«Crenenn maronorun anunosa, CIIA». B rpapudeckom
BHJIC 3Ta CTPYKTYPa MOJICIIU ITOKa3aHa Ha puc. 4.

4. ®opmanu3anus NPOMeKYTOYHBIX IepeMEHHBIX B
HEYEeTKOH MOJeJIM UHTELUIEKTYaJIbHOI cuctrembl. Ilo-
CKOJIbKY B CTPYKTYyp€ MOJIENH MPUCYTCTBYIOT MPOMEXKY-
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TOYHbIC MEPEMEHHBIE, UX TOXXE HEOOXOIMMO NPHUBECTH K
HedeTKkocTH. s ynoOCTBa ONpeAenuM JTHHIBUCTHIECKHE
nepeMeHHble B fuanasone ot 0 1o 5 u pazgenum Ha 5 MH-
TEpBAJIOB JUIS TIATH HEYSTKUX (QYHKIMH PUHAIJICKHOCTH.
B rpaduueckom Buae nepeMeHHbIE IPUBEICHBI HA PHC. 5.

6)

5 15 25 35 45 5 4
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054 054
] R Y 0V W 0
70 80 90 100 110 120 Ui, t t >
o6/ YO/Mun 0 1 2 3 4 cria
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Puc. 3. Heuerkue yHKIMHM NPUHAIISKHOCTH JIMHIBUCTUYECKHX ITEPEeMEHHBIX: @ — «KupHocTb, JK»; 6 — «Bomopomusrit
ToKazarens pyoua, pH»; 6 — «Hacrora gpixanus, Y/J»; e — «Yacrora myneca, Y11»; 0 — «Ctenens naronoruu anuaosa, CI14»

Puc. 4. CtpykTypa HHTEIUIEKTYaJIbHON CUCTEMBI HEPAPXUIECKOT0 THIIA JUIs OLIEHKHU MaTOJIOTUH aluao3a pyoua:

X1—X4 — BXOJIHBIC TTapaMeTpsl Mojienan; HB — mamina HedeTkoro BbiBoaa; Y12 — (akTop «pH—KUPHOCTHY;

Puc. 5. Heuerkue QyHKINH IPHHAIIKHOCTH IPOMEKYTOUHBIX TMHTBUCTHUECKUX NTEPEMEHHBIX: @—— (QaKTOp «pH—KUPHOCTSH, Y12»;

Y34 — daxrop «Jlprxanue—1ynsc»; CIIA — cTeneHs MaToJI0TUH anui03a

ﬂ(lel)“MHHM Cp b Max ﬂ(Y34]?f

"MuaM Cp B Max

a)

3 4 v 0 1 2

3 4 va
o)

6 — dakTop «/Ipixanue—myinbe, Yaa»

[Marosorust )KUBOTHBIX, MOPQOIOTHs, GU3HOIOTHSI, PAPMAKOIOTHS ¥ TOKCUKOIOTHUSI

23



https://www.vetpat.ru

24

IMo6enqunckuii B.B. u np. Co31anue HHTENIEKTYaIbHOI CHCTEMbI IMATHOCTHPOBAHMS allH/103a py01a Y KOPOB

BrimonHenHas hopmanu3zaiis Bcex HeoOXOUMBIX 3a-
Jlad MO3BOJISIET pa3paboTaTh MOMENb COOTBETCTBYOLICH
MHTEIJICEKTYalbHOW CHUCTEMBI M peaju30BaTh ¢ B MpO-
rpaMMHOM KOJIe.

OOcyxknenne W 3akjalo4eHne. B Hacrosiee Bpems
BHEJ[PEHHE MHTEIUICKTYaJIbHBIX CUCTEM SIBIISICTCS IPUOPH-
TETHBIM HAlpaBJICHUEM Pa3BUTHUS BBICOKOTEXHOJIOTMYHON
BETepHHApHOI NoMolnu. B mepBoil yacTu mccienoBaHus
MBI 00OCHOBAJIM NIEpeUeHb HEOOXOMUMBIX JUIS AUArHOCTH-
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poBaHUs anupo3a pydia y KOpOB MapaMeTpoB, MPEIIo-
KT CTPYKTYpPY MHTEIUIEKTYaJIbHOW CHUCTEMBI B (hopMa-
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CHCTEMBI OLIEHKH MaTOJIOTHHU alui03a pyona y KopoB, B3sB
3a OCHOBY OINIMCaHHbIE 3/1eCh ()OpPMaIN30BaHHBIC JAHHEIE.

1. Cadaposa J1.Y. Heuemxo-nocuueckue anrcopummsl OUazHOCMuposanus bonesnel Kpynnoz2o po2amozo ckoma. Mo-

Horpadwus. Tamkent: Fanziyosi; 2023. 108 c.

Safarova LU. Fuzzy-Logic Algorithms for Diagnosing Cattle Diseases. Monograph. Tashkent; Fanziyosi; 2023. 108 p. (In Russ.)
2. Jlynenko E.B., KopxakoB B.E. Peanmmzarist TeCTOB U cynepTecTOB IJIsi BETEPHHAPHOW M MEAUIIMHCKON THATHO-

CTUKUA B CpeJleé CHUCTeMbl HCKYCCTBEHHOTO HHTEJUIeKTa «Jhpoc-X++» 0e3 mporpammupoBanus. Hayuuwiii scypHan

Ky6IAY. 2013;89(05):99-140.

Lutsenko EV, Korzhakov VE. Realization of Tests and Supertests for Veterinary and Medical Diagnostics in the Eidos-
X++ System of Artificial Intelligence without Programming. Scientific Journal of KubSAU. 2013;89(05):99-140. (In Russ.)

3. JlakomkuH B. Poccutickoe uccredoganue: pazgumue ucCKyCCmeeHH020 UHMELIeKmMa 8 6emepuHapHol meouyune.
URL: https://www.ferra.ru/review/techlife/veterinar.htm (nara oopamenus 24.11.2025).

Lakomkin V. Russian Study: Development of Artificial Intelligence in Veterinary Medicine. (In Russ.) URL.:
https://www.ferra.ru/review/techlife/veterinar.htm (accessed 24.11.2025).

4. MenseneBa A. HckyccmeenHtbill uHmeeKm nOOKIIOYUICA K 60pbOe ¢ pAHHUMU CUMRIMOMAMU DONe3Hell KDYNHO20
poeamozo cxoma. URL: https://www.agroxxi.ru/zhivotnovodstvo/tehnologi/iskusstvennyi-intellekt-podklyuchilsja-k-

borbe-s-mastitom-u-korov.html (mara o6pamenus 24.11.2025).
Medvedeva A. Artificial Intelligence Joins the Fight against Early Symptoms of Cattle Diseases. (In Russ.) URL:
https://www.agroxxi.ru/zhivotnovodstvo/tehnologi/iskusstvennyi-intellekt-podklyuchilsja-k-borbe-s-mastitom-u-ko-

rov.html (accessed 24.11.2025).

5. Bakupos b., Py3ukysnos H.b., Xaituros b., Aonypacynor A.X. ['pynnoBas npoduiakTrka anuao3a pyoia y Kopos.

Becmuux  OLITI'Y. Cenbckoe  xo031icmeo:
https://doi.org/10.52754/16948696 2023 4 7

aAcpOHOMUAL,

semepunapust  u  30omexnusi.  2023;(4(5)):50-56.

Bakirov B, Ruzikulov NB, Khaitov B, Abdurasulov AKh. Group Prevention of Rumen Acidosis in Cows. Journal of

Osh State University. Agriculture: Agronomy,
https://doi.org/10.52754/16948696 2023 4 7

Veterinary and Zootechnics.

2023;(4(5)):50-56. (In Russ.)

6. ITaBkun /I.1O., Branumupos @.E. J/luarHocTrka noocTporo amuo3a pyoia y KopoB B OCIEOTEIbHBINA IEPUO] C

MOMOIIBIO TIU(PPOBBIX TeXHONOTHHA. [ 1agnbiti 300mexnuk. 2020;(12(209)):47-52.

Pavkin DYu, Vladimirov FE. Diagnosis of Subacute Rumen Acidosis in Cows in the Postpartum Period when Using
Digital Technologies. Head of Animal Breeding. 2020;(12(209)):47-52. (In Russ.)

7. PeoxkoBa I'.®@., EBrnesckuit A.A., Esrnesckas E.I1., MunenkoB H.A. Ilepepacnpenenerne 3J1eKTPOIUTOB MEXITY

SPUTPOLUTAMH U IIA3MOW KPOBH KOPOB IIPH HAPYIICHUH KHCIOTHO-ILIEIOYHOT0 paBHOBecHs (auuno3 pyobua). Becmuuk
Kypcroii 2ocyoapemeennoii cenvckoxossticmeennoti axkademuu. 2018;(4):136-139.
Ryzhkova GF, Evglevsky AA, Evglevskaya EP, Minenkov NA. The Redistribution of Electrolytes between the Eryth-

rocytes and Plasma of Cows Blood at the Violation of Acid-Base Balance (Acidosis of the Rumen). Vestnik Kurskoi gosu-
darstvennoi sel'skokhozyaistvennoi akademii (Bulletin of Kursk State Agricultural Academy). 2018;(4):136-139. (In Russ.)

8. Boponos /I.B., bo6ep 0. H. IToka3zarenu pH conepxumoro pyO1ia y KOpoB, OOJIBHBIX alii1030M, IPU Pa3IMIHbIX
crocobax ModydeHus POObL. Yuensie 3anucku yupescoenus oopasoeanus «Bumebckas opoena "3nax Ilowema" eocy-
Odapcemeennas axaoemus semepunaproil meouyunsiy. 2017;53(3):18-21.

Voronov DV, Bober YuN. Indicators pH of the Content of Rumen in the Cows, Patients with Acidosis, with Different
Methods of Obtaining the Sample. Scientific Notes of the Vitebsk State Awarded with the Badge of Honor Academy of
Veterinary Medicine. 2017; 53(3):18-21. (In Russ.)

9. Dnenuuterep A.A., ConosbeBa B.B. Kimanko-Mopdonornueckue rnokasaTend KpoBH IPH ali03e pyona y MoJod-
HBIX KOPOB. Becmuuk Anmatickoeo 2ocydapcmeennozo azpaproeo ynugepcumema. 2016;(6(140)):112-115.

Elenshleger AA, Solovyeva VV. Clinical and Morphological Blood Parameters in Rumen Acidosis in Dairy Cows.
Bulletin of Altai State Agricultural University. 2016;(6(140)):112-115. (In Russ.)


https://www.ferra.ru/review/techlife/veterinar.htm
https://www.ferra.ru/review/techlife/veterinar.htm
https://www.agroxxi.ru/zhivotnovodstvo/tehnologi/iskusstvennyi-intellekt-podklyuchilsja-k-borbe-s-mastitom-u-korov.html
https://www.agroxxi.ru/zhivotnovodstvo/tehnologi/iskusstvennyi-intellekt-podklyuchilsja-k-borbe-s-mastitom-u-korov.html
https://www.agroxxi.ru/zhivotnovodstvo/tehnologi/iskusstvennyi-intellekt-podklyuchilsja-k-borbe-s-mastitom-u-korov.html
https://www.agroxxi.ru/zhivotnovodstvo/tehnologi/iskusstvennyi-intellekt-podklyuchilsja-k-borbe-s-mastitom-u-korov.html
https://doi.org/10.52754/16948696_2023_4_7
https://doi.org/10.52754/16948696_2023_4_7

BerepunapHas narosorusi. 2025;24(4):17-26. eISSN 2949-4826

10. JIyrosoit M.M., Azaprosa T.O., [Togonsaukos B.E., JIyrosas N.C. 3HaaumMocTh OAepKAHKS BOAOPOTHOTO TTO-
Ka3zaTells B OpraHu3Me KOPOB IS PO HIaKTHKH METabOTMUECKUX HAPYIICHHIA U MTOBBIIIEHUS MOJIOYHON MPOTYKTUBHO-
ctu. Aepaprnas Poccus. 2019;(12):3—7. https://doi.org/10.30906/1999-5636-2019-12-3-7

Lugovoi MM, Azarnova TO, Podolnikov VE, Lugovaya IS. Importance of Maintaining a Hydrogen Index in the
Cows for Prevention of Metabolic Disorders and for an Increase in Milk Productivity. Agrarnaya Rossiya (Agrarian
Russia). 2019;(12):3-7. (In Russ.) https://doi.org/10.30906/1999-5636-2019-12-3-7

11. Mo6enunckuii A.A. ITobeaunckuii B.B. Crioco6 MOHUTOpUHTa MYETUHBIX YJIBLEB M MOMYJSIUN mUén. M3zeecmus

Openbypackozo 2ocydapemeento2o azpaphozo ynusepcumema. 2023;(6(104)):198-204.

Pobedinsky AA. Pobedinsky VV. A Method for Monitoring Bee Hives and Bee Populations. Izvestia Orenburg State
Agrarian University (Bulletin of the Orenburg State Agrarian University). 2023;(6(104)):198-204. (In Russ.)

12. Tlobemuuackuit A.A. JInCTaHIMOHHBI MOHUTOPHHT OIIPEAENICHIS IPOAYKTUBHOCTH Kyp-HECYIIEK B YaCTHOM XO-
ssiictBe.  HUseecmust  Openbypeckoeo  2ocydapemeennozo — azpapnozo  yuugepcumema. 2022;(1(93)):127-130.
https://doi.org/10.37670/2073-0853-2022-93-1-127-130

Pobedinsky AA. Remote Monitoring Determining Productivity Laying Hens in a Private Household. Izvestia Oren-
burg State Agrarian University (Bulletin of the Orenburg State Agrarian University). 2022;(1(93)):127-130. (In Russ.)
https://doi.org/10.37670/2073-0853-2022-93-1-127-130

13. Bnagumupo B.E. Kupcanos B.B., [TaBkun /1.10. UccnenoBanre pH u Temneparypsl pyoOua ajisi AMarHOCTHKA
anua03a y TOWHBIX KOPOB mocie otena. Becmuux BHUUMK. 2019;(4(36)):196-199.

Vladimirov VE, Kirsanov VV, Pavkin DYu. Study of the Rumen's pH and Temperature for Milk Cows after Calving
Acidosis Diagnosis. Vestnik vserossiiskogo nauchno-issledovatel'skogo instituta mekhanizatsii zhivotnovodstva (Bulletin
of the All-Russian Research Institute of Animal Husbandry Mechanization). 2019;(4(36)):196-199. (In Russ.)

14. Chen L, Liu Sh, Wang H, Wang M, Lihuai Yu. Relative Significances of pH and Substrate Starch Level to Roles
of Streptococcus Bovis S1 in Rumen Acidosis. AMB Express. 2016;6(1):80. https://doi.org/10.1186/s13568-016-0248-2

15. Millen DD, De Arrigoni MB, Pacheco RDL (Eds). Rumenology. Cham: Springer; 2016. 314 p.
https://doi.org/10.1007/978-3-319-30533-2

16. Asqarov SS, Yunusov XB, Ro‘ziqulov N.B. Qo‘zilar Dispepsiyasining Klinik Belgilari va Ularning Etiopatoge-
netik Asoslari. Veterinariya meditsinasi. 2023; P. 18-19.

17. Smith BP, Van Metre DC, Pusterla N (Eds). Large Animal Internal Medicine. 6" Edition. USA: Elsevier; 2020. 1874,
https://doi.org/10.1016/C2016-0-01788-6

18. McSweeney CS, Mackie RI (Eds). Improving Rumen Function: Burleigh Dodds Series in Agricultural Science.
Cambridge: Burleigh Dodds Science Publishing; 2020. 862 p.

19. AlZahal O, Kebreab E, France J, Froetschel M, McBrideet BW. Ruminal Temperature May Aid in the Detection
of Subacute Ruminal Acidosis. Journal of Dairy Science. 2008;91(1):202—-207. https://doi.org/10.3168/jds.2007-0535

20. Antanaitis R, Juozaitiene V, Malasauskiene D, Televicius M., Urbutis M. Biomarkers from Automatic Milking
System as an Indicator of Subclinical Acidosis and Subclinical Ketosis in Fresh Dairy Cows. Polish Journal of Veterinary
Science. 2019;22(4):685-693. https://doi.org/10.24425/pjvs.2019.129981

21. Abarghuei MJ, Rouzbehan Y, Salem AZM, Zamiri MJ. Nutrient Digestion, Ruminal Fermentation and Perfor-
mance of Dairy Cows Fed Pomegranate Peel Extract. Livestock Science. 2013;157(2-3):452-461.

22. Chen L., Luo Y., Wang H., Liu S, Shen Y, Wang M. Effects of Glucose and Starch on Lactate Production by
Newly Isolated Streptococcus Bovis S1 from Saanen Goats. Applied and Environmental Microbiology.
2016;82(19):5982-5989.

00 asmopax:

Baagumup Buxroposuu [odemmHckmii, npodeccop, JOKTOP TEXHUUECKUX HAYK, 3aBeIyIOMMi Kadenpoil ynpasie-
HUA B TEXHUYCCKUX CUCTEMAaX U HHHOBAITMOHHBIX TEXHOJIOTHH ypaHLCKOFO roCy1apCTBEHHOIO JIECOTEXHUYECKOI'O YHUBEP-
cutera (620100, Poccuiickas denepanus, . EkarepunOypr, Cubupckuii Tpakt, 37); npodeccop kadenpsl cepBrca TpaHc-
MOPTHBIX U TEXHOJOTHUECKUX MaImH U obopyaoBanus AITK Ypanbckoro rocyaapcTBEHHOTO arpapHOTO YHHBEPCHUTETA
(620000, Poccuiickast denepanus, r. ExkatepunOypr, yi1. Kapna JInbkaexra, crp. 42), SPIN-kon, ORCID, Researcher ID,
Scopus ID, pobedinskyvv@mail.ru

Awuapeii AnarosibeBuy [oGequnckuii, ToIeHT Kadeapsl JIECHOTO X035HCTBa, 1epeBOOOPaOOTKH U MPUKIATHOH Me-
XaHUKU ATPapHOro MHCTUTYTa TIOMEHCKOro rocygapcTBeHHoro ynusepcutera (625003, Poccuiickas ®enepanyus, r. Tro-
MeHb, yi1. Pomunckoe mocce, 18), SPIN-kox, ORCID, Researcher 1D, vm993711@mail.ru

I'puropuii Anexcanapouy HosiieB, KaHIUIAT SKOHOMHYECKUX HAyK, 3aBEAYIOLNIMI Kadeapoi cepBHuca TPaHCIIOPT-
HBIX ¥ TEXHOJIOTHIECKHX MamuH 1 o0opyaoBanus AITK Ypanbckoro rocymnapctseHHoOro arpapHoro yausepcureta (620000,
Poccuiickas ®@eneparys, r. Exarepun0Oypr, yi. Kapia JIubkaexra, ctp. 42), SPIN-kox, Scopus 1D, gri-iovlev@yandex.ru

[Marosorust ®KUBOTHBIX, MOpdoIorHst, GU3HoIorns, hapMaKoIOTHsI K TOKCHKOIOTUS

25


https://doi.org/10.30906/1999-5636-2019-12-3-7
https://doi.org/10.30906/1999-5636-2019-12-3-7
https://doi.org/10.37670/2073-0853-2022-93-1-127-130
https://doi.org/10.37670/2073-0853-2022-93-1-127-130
https://doi.org/10.1186/s13568-016-0248-2
https://doi.org/10.1007/978-3-319-30533-2
https://doi.org/10.1016/C2016-0-01788-6
https://doi.org/10.3168/jds.2007-0535
https://doi.org/10.24425/pjvs.2019.129981
https://www.elibrary.ru/author_profile.asp?id=648495
https://orcid.org/0000-0001-6318-3447
https://www.webofscience.com/wos/author/record/G-3245-2018
https://www.scopus.com/authid/detail.uri?authorId=57210947239&origin=recordpage
mailto:pobedinskyvv@mail.ru
https://www.elibrary.ru/author_profile.asp?id=905306
https://orcid.org/0000-0001-7548-3076
https://www.webofscience.com/wos/author/record/G-3777-2018
mailto:vm993711@mail.ru
https://www.elibrary.ru/author_profile.asp?id=332034
https://www.scopus.com/authid/detail.uri?authorId=57203821332&origin=recordpage
mailto:gri-iovlev@yandex.ru

https://www.vetpat.ru

26

IMo6enqunckuii B.B. u np. Co31anue HHTENIEKTYaIbHOI CHCTEMbI IMATHOCTHPOBAHMS allH/103a py01a Y KOPOB

3asnenennwlit 6K1A0 ABMOPOB:

B.B. ITo6eanHcKuii: HAydHOE PYKOBOJCTBO, (OPMHUPOBAHHE OCHOBHON KOHIICHIINH, I W 33134 HCCIICIOBAHMS,
MOJITOTOBKA TEKCTa, JOPMHUPOBAHUE BEIBOJIOB, pa3paboTKa HHTEIIICKTYaTbHON CHCTEMBL.

A.A. TlobeauHcKMii: TOATOTOBKA JAaHHBIX U MHTEIUIEKTYaNbHOM CHCTEMBI, aHAIN3 PE3yJIbTaTOB HCCIEIOBAHUM,
KOPPEKTUPOBKA BBIBOJIOB.

I'.A. HoBJjieB: OMOIIb B TOPaOOTKE TEKCTA.

Kongnuxm unmepecos: aBTopbl 3asiBJAIOT 00 0TCYTCTBHH KOH(JIUKTA HHTEPECOB.
Bce asmopbt npouumanu u 0000puiu 0KOHUAMENbHBLIL 6APUARI PYKORUCH.

About the Authors:

Vladimir V. Pobedinskiy, Professor, Dr.Sci. (Engineering), Head of the Management in Technical Systems and Inno-
vative Technologies Department, Ural State Forest Engineering University (37, Sibirsky Trakt, Ekaterinburg, 620100, Rus-
sian Federation); Professor of the Service of Transport and Technological Machines and Equipment for the Agro-Industrial
Complex Department, Ural State Agrarian University (42, Karla Liebknehta St., Ekaterinburg, 620000, Russian Federation),
SPIN-code, ORCID, Researcher ID, Scopus ID, pobedinskyvv@mail.ru

Andrey A. Pobedinskiy, Associate Professor of the Forestry, Woodworking and Applied Mechanics Department,
Agrarian Institute of Tyumen State University (18, Roshchinskoye Shosse, Tyumen, 625003, Russian Federation),
SPIN-code, ORCID, Researcher 1D, vm993711@mail.ru

Grigory A. lovlev, Cand.Sci. (Economics), Head of the Service of Transport and Technological Machines and Equip-
ment for Agro-Industrial Complex Department, Ural State Agrarian University (42, Karla Liebknehta St., Ekaterinburg,
620000, Russian Federation), SPIN-code, Scopus ID, gri-iovlev@yandex.ru

Claimed Contributorship:

VV Pobedinskiy: scientific supervision, formulating the main concept, aim and objectives of the research, preparing
the text, formulating conclusions, developing the intelligent system.

AA Pobedinskiy: preparing data for the intelligent system, analysing research results, adjusting conclusions.

GA lovlev: assistance in finalizing the text.

Conflict of Interest Statement: the authors declare no conflict of interest.
All authors have read and approved the final manuscript.

Mocrynuia B pexaxuuio / Received 10.11.2025
Mocrynuiia nmociie penensuposanust / Reviewed 05.12.2025
Mpunsira k nmyéauxauuu /Accepted 11.12.2025


mailto:SPIN-code
https://orcid.org/0000-0001-6318-3447
https://www.webofscience.com/wos/author/record/G-3245-2018
https://www.scopus.com/authid/detail.uri?authorId=57210947239&origin=recordpage
mailto:pobedinskyvv@mail.ru
mailto:SPIN-code
https://orcid.org/0000-0001-7548-3076
https://www.webofscience.com/wos/author/record/G-3777-2018
mailto:vm993711@mail.ru
mailto:SPIN-code
https://www.scopus.com/authid/detail.uri?authorId=57203821332&origin=recordpage
mailto:gri-iovlev@yandex.ru

BerepunapHas narosorusi. 2025;24(4):27-34. eISSN 2949-4826

ITATOJIOTI'UA " KUBOTHbBIX, MOP®OJIOI'UA, ®PU3INOJIOI U,
PAPMAKOJIOT'USA 1 TOKCUKOJIOTI'USA

ANIMAL PATHOLOGY, MORPHOLOGY, PHYSIOLOGY,
PHARMACOLOGY AND TOXICOLOGY

W) Check for updates
[

VJIK 619:618.96:569.822.2-086 Opueunanvroe smMnupuiecKkoe ucciedo8anue
https://doi.org/10.23947/2949-4826-2025-24-4-27-34
[=] 7, [m]

Buoxummnyeckune napaMeTpsbl CHIBOPOTKH KPOBH Y KOIIIEK ¢ HepoKapIHAIBLHBIM
CHHIPOMOM

]
K.E. Beakun"~', IO.A. BatuukoB =, E.JI. CorunkoBa"~ <, E.A. Hotuna'~', E.A. KporoBa E

Poccuiickuii yauBepcuteT Apyx051 HaponoB umenH Ilarpuca JlymymOsL, r. Mocksa, Poccuiickas ®enepauns EDN: MZIYHW

< sotnikova ed@rudn.ru

AHHOTAIIUSA

Beeoenue. Hedpoxapanansasiii cuagpoM (HKC) — 310 KOMIUTEKC B3aMMOCBS3aHHBIX HapyHIEHUH, IPH KOTOPOM Xpo-
Huueckas Oone3Hp novek (XBII) mpuBoguT K pa3BUTHIO BTOPUYHON MHUOKapIHaNbHOW ANCHYHKIHNU M CTPYKTYPHOMY
pemonenupoBanmio cepana. XbII sBisercs oqanM 13 Hanboee pacIpOCTPAaHEHHBIX MAaTOJOTMIECKUX COCTOSTHHN Y KO-
LIIEK CTapIIero BO3pacrta, U XOTs ClIy4an pa3BUTHUs y KOLIEK HepoKapHaibHOTO CHHIPOMa OIHMCAHBI B IUTEPATypE, €ro
TOYHBIE NATO(PHU3HOIIOTHYECKHE MEXaHU3MBI OCTAIOTCS HE 10 KOHIA M3y4YEeHHBIMU. B yacTHOCTH, HEJOCTaTOYHO HAay4YHBIX
JTAaHHBIX, KACAIOUTUXCS POJIM CUCTEMHOI'0 BOCHAJICHHS, HAPYIIIEHUI OEIKOBOTO U SHEPreTHYECKOro 0OMeHa B IaTOreHe3e
u nporpeccupoBanny HKC. Ilenpro HacTOSIIETro Uccie10BaHUs IBUJIOCH KOMIUIEKCHOE H3y4eHHe OMOXMMUYECKUX Mapa-
METPOB CBIBOPOTKH KPOBH Yy KOIIEK ¢ He(pOKapIHaIbHBIM CHHIPOMOM JUIsSl BBISBICHHS CHEUU(pUUSCKUX IAaTTEPHOB
HapyIIeHUH 1 pa3pabOTKH yCOBEPIICHCTBOBAHHBIX METOIOB JUATHOCTHKY U TEpPaIHu.

Mamepuansl u memoosl. B X011 peTpOCIIEKTHBHOTO aHATIHM3a U3yUeHBI 82 UCTOPHU OOJIC3HH KOIIEK, TOCTYMHBIINX Ha
JIeYeHNEe B MOCKOBCKHE BETEpPHHAPHBIC KIWHHUKH 3a repuon ¢ 2021 mo 2025 rr. beuto chopmupoBaHO OBE OIMBITHBIC
rpymisl xXuBOTHHIX (37 komrek ¢ HKC; 23 komku ¢ XBI1 6e3 kapauaapHBIX OCIOKHEHUH) U OHA KOHTPOIbHAs (22 310-
POBBIE KOIIKN). MEeTO/IbI MCCIIeI0BaHMS BKIIOYAIN OMOXUMHYECKHI aHaJIN3 CBIBOPOTKH KPOoBH (00mmii 6enok, ppakim
anbOyMHUHOB/TIIO0YIMHOB, C-peakTHBHBII OENOK, MapKepbl a30TeMHH M KETOHEMHH), a TAK)Ke MHCTPYMEHTaJIbHbIE Me-
Tonbl (3xokapanorpadus, OKI).

Pesyromamut  uccnedosanus. Y xomek c¢ HKC BbigBI€Ha BBIpaOKCHHAs IUCIPOTEMHEMHS: THUIOATBOyMHUHE-
must (28,140,5 r/n npotus 34,2+0,6 1/71 B KOHTpOJIE), runepriaodynuHemust (42,6+1,4 r/i), 3HaUnTEIbHOE CHU)KEHHE aJlb-
OymuH-rsI00yMHOBOr0o Kod(duimenta (0,69+0,03 mporus 1,02+0,07 B koHTpoIe). YpoBeHb C-peakTUBHOTO Oenka y
xuBOTHEIX ¢ HKC mpeBpIman mokasarenu Kak 340poBbIX komrek (164,1+5,6 /1 npotus 82,9+1,4 /1), Tak u TPYHIIEI C
XBII 6e3 kapauanbHEIX ocnoxHeHui (128,5+3,2 /i), 4To MoATBEpKAAeT HATMIHE CHCTEMHOTO BocnaneHus. [lapaMmeTpsr
azoteMuu (MoueBHHa, KpeaTnHuH, CIMA) He MMenH 3HauuMBIX paszimmauii Mmexxay rpymmamu ¢ XbI1 u HKC, Ho Obutn
TIOBBIIIEHB OTHOCUTEIHHO KOHTPOJIS.

Oécyancoenue u 3axniouenue. OOHapYKEH yCWIICHHBIH KETOTEHE3 Y KOIIEK C 00EUMH NaTOJIOTUAMH, BEPOSTHO, CBS3aH-
HBIH C ypeMHUYeCcKOH MHTOKCHKanuei u karabommueckumu nporeccamu. HKC y xomek xapakTepusyercsi BRIpaKEHHBIM
CHUCTEMHBIM BOCHAJICHUEM, HapyllleHHEeM OeJIKOBOTO 0OMeHa U METabOIMYeCKUMHU ciBUraMu. [1oydeHHbIe pe3ysIbTaThl
MO TYEPKUBAIOT BAXKHOCTh MHTETPAIIH OIIEHKH BOCHMAINTENBHBIX U MeTabonndeckux MapkepoB B quarHoctuky HKC, a
TaKkKe HeOOXOAMMOCTh NAaTbHEHWIINX HCCIEIOBAHMN IS yCTAaHOBJICHWS NMPUYMHHO-CIEICTBEHHBIX CBS3€H B pamMKax
HeppOKapINATHLHOTO KOHTHHYYMA.

KaroueBnle ciioBa: He(l)pOKap,HI/IaHLHLIﬁ CUHAPOM, NUArHOCTHKA, OHOXHMHYECKHUE napamMeTpbl, BTOpUYHAsA KapAHUOMHUO-
TaTus, MaToreHe3, KoKW, XpOHUYCCKad No4YeIHasl HEAOCTATOUHOCTh

dunaHcupoBanue. VccienoBaHue BBINOJHEHO 3a cyeT rpaHTa Poccuiickoro HaywHoro ¢onma Ne 24-26-00090,
https://rscf.ru/project/24-26-00090/

Jas uurupoBanns. benxkun K.E., Baruukos 10.A., CortnukoBa E.Jl., Hotuna E.A., Kporosa E.A. buoxumuueckue napa-
METpPBI CBIBOPOTKH KPOBH Y KOIIEK ¢ He(PpOKApAHAILHBIM CHHAPOMOM. Bemepunaprnas namonozus. 2025;24(4):27-34.
https://doi.org/10.23947/2949-4826-2025-24-4-27-34
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Abstract

Introduction. Nephrocardial syndrome (NCS) is a complex of interrelated disorders, which includes chronic kidney dis-
ease (CKD) resulting in development of secondary myocardial dysfunction and structural cardiac remodeling. CKD is
one of the most common pathologies in older cats. Although cases of nephrocardial syndrome in cats have been described
in the literature, its precise pathophysiological mechanisms are still poorly understood. Particularly insufficient are the
scientific data regarding the role of systemic inflammation and protein and energy metabolism disorders related to NCS
pathogenesis and progression. The aim of the study is to investigate the biochemical parameters of blood serum in cats
with nephrocardial syndrome for identifying the specific patterns of disorders and developing the improved diagnostic
and therapeutic techniques.

Materials and Methods. A retrospective analysis of 82 medical records of cats admitted to the Moscow veterinary clinics
in the period of 2021 — 2025 was conducted. Two experimental groups of animals were formed (37 cats with NCS; 23
cats with CKD without cardiac complications) and one control group (22 healthy cats). Research methods included serum
biochemistry (total protein, albumin/globulin fractions, C-reactive protein, azotemia and ketonemia markers), as well as
instrumental methods (echocardiography, ECG).

Results. In cats with NCS, pronounced dysproteinemia was revealed: hypoalbuminemia (28.1+0.5 g/l versus 34.2+0.6 g/l
in the control group), hyperglobulinemia (42.6+1.4 g/1), a significant decrease in the albumin to globulin ratio (0.69+0.03
versus 1.02+0.07 in the control group). The level of C-reactive protein in animals with NCS exceeded the values of both
healthy cats (164.1+5.6 g/l versus 82.9+1.4 g/l) and the cats from the group with CKD without cardiac complica-
tions (128.5£3.2 g/l), which confirms the presence of systemic inflammation. Azotemia parameters (urea, creatinine,
SDMA) did not significantly differ in groups with CKD and NCS, but were higher, compared to the control group.
Discussion and Conclusion. The increased ketogenesis was detected in cats with both pathologies, which is likely due
to uremic intoxication and catabolic processes. NCS in cats is characterized by pronounced systemic inflammation, im-
paired protein metabolism, and metabolic shifts. The obtained results emphasize the importance of integrating inflamma-
tory and metabolic markers interpretation into the diagnostics of NCS, as well as the need for further research to establish
the cause-and-effect relationships within the nephrocardial continuum.

Keywords: nephrocardial syndrome, diagnostics, biochemical parameters, secondary cardiomyopathy, pathogenesis,
cats, chronic kidney disease
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Benenne. Xponnueckas 60xe3Hp mouek (XbI1) — pac-
MPOCTPaHEHHOE y KOIIEK CTapIIIero Bo3pacra IMporpeccupy-
fomee  3a0oNieBaHME, 3HAYUTENBHO MOBBIMIAIOIIEE PUCK
cmeptu [1]. Ha ¢one XBIT Hepeako pa3BUBatOTCs COIMYTCTBY-
IOIIME TIATOJIOTWH, BKIIOYAS TUIEPTOHHIO, MOPAKECHUS Iie-
YeHH, TUIIEpIapaTHpeos, HIEKTPOSINTHRIC HAPYIICHHS U aHe-
Mo [2, 3]. briaropaps mporpeccy B BeTeprHapHO# HehpoIo-
TMH, MHOTHE KOILIKH TEHeph KUBYT JOJbIIE, HO IIPU ITOM Y
HHUX MOXKET Pa3BHBAaThCs BTOPUYHOE MOPAXKEHUE CepAlia Ha
(hoHe noueyHoi AUcHyHKIHH [4—7]. ITO COCTOSIHIIE U3BECTHO
kak Hedpokapauaibheiii cuaapoM (HKC) — coueranne XBI1
1 BTOPUYHOM Kapromuonatud [8, 9]. VccnenoBaHust okasbl-
BAIOT, YTO CHCTEMHOE BOCIAJICHNE UIPAET KITIOYEBYIO POIIb B

TIPOTPECCUPOBAHKH KaK IOYEYHOH, TaK M CEPACYHOMN HeJlocTa-
TOYHOCTH y KMBOTHBIX [ 10-12]. [Tpu xapauomuonatusx u 6o0-
JIE3HSIX KJIAITAHOB CEep/lia 9aCTO OTMEYACTCsI TIOBBIIICHUE Map-
kepoB Bocnanienust (C-peakTUBHOTO Oeka, (HOpUHOTeHa, 1T1-
TOKI/IHOB), a TAaKKC M3MCHCHHUA B aHAJIM3aX KPOBH, TAKUC KaK
HerTpodunis u yckoperane COD [13—15]. Anamorndasbie u3-
MeHeHust HabmoaroTest y korek ¢ XBI1.

Emgé omHnM BakHBIM (hakTOpOM SIBIISIETCS] HEHPOropMo-
HaJIbHAs aKTUBALWS (PEHHH-aHTHOTEH3UH-AJIbJIOCTEPOHOBAS
CHCTeMa, CUMIIaTHYeCKasl HEpBHAsl CHCTEMa): BBICOKUH ypo-
BeHb aHIMOTeH3MHa Il ycumiMBaeT OKMCIMTENBHBIN CTpecc,
BOCTAJICHHE U THOEIb KIIETOK, YCKOPSIsl TIOBPEK/ICHUE TIOUYEK
u cepana [9]. Kpome Toro, MeankaMeHTO3Has TEpamis cama
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10 cebe MOXKET CIIOCOOCTBOBATH PA3BUTHIO HE(DpOKapIHaIb-
HOI'0 ¥ KapIHOpPEHATbHOr0 CUHAPOMOB [ 16]. Hanpumep, net-
JICBBIC TUYPETUKH ((HYypOCEMHJI, TOPACEMUIT) CIIOCOOHBI BBI-
3BaTh TMIIOBOJIEMHIO M YXYZIIINTH KPOBOCHAOKEHHE MOYEK,
OJHOBPEMCHHO AaKTHUBHPYS PEHHH-aHIMOTECH3WH-AIBI0CTE-
POHOBYIO CHCTEMY, YTO YCYT'YOJISET MOBPEXKICHHUE TIOUESTHOH
 cepaedHoii Tkaru [17, 18].

OrmmicaHHBIC B IUTEpAType CIIydan HepOTeHHOTO Topa-
MKEHHSI CepAlia y KOIIEK He JAfOT MOJIHOTO MTOHNMAaHHUS MeXa-
HHU3Ma pa3BUTHSA CUHApoMa. B yacTHOCTH, OcTaéTcs HesiCHOM
POJIb CHCTEMHOTO BOCTIAJICHHUSI M HAapYILIEHUH OEKOBO-9HEp-
rerrdeckoro ooMena B naroreHese HKC. Berinenue creru-
(ryecknx OMOXMMHYECKHX MApKEPOB CIIOCOOHO PAaCKpBITH
KJTIOYEBbIe MeXaHM3MbI (popMUpoBaHus cuHApoma. [{ens uc-
C1e008aHUA — U3YIUTH TIPO(PUITE OHOXIMHUYECKUX ITapaMeT-
poB (benkoBoro 0OMeHa, MapKepOB BOCIIATICHHS, a30TEMHH 1
KETOHEMHH) CBIBOPOTKH KPOBH y KOIIEK ¢ He(h)pOKapAHaIIb-
HBIM CHHJIPOMOM I BBISIBJICHUS XapaKTEPHBIX MAaTTEPHOB
HapyLIeHNH 1 pa3paboTKN Ha UX OCHOBE KOMIUIEKCHOTO TIOI-
X0Jla K paHHEH JUarHoCTUKe U A(Q(HEKTHBHOW Tepanuu JaH-
HOT'O KOMOPOHJHOTO COCTOSIHUSL

MaTtepuaibl 1 MeTOAbI. J[aHHbBIE AT PETPOCHIEKTUB-
HOTO aHaJIKM3a OBbUIN B3STHI M3 82 MCTOPHI OOJIE3HH KOIIIEK,
MOCTYNUBIIMX Ha JICUYCHHE B BeTEpUHApPHBIC KIMHUKU
r. Mockshl («Betnaiiy, «OmnnonHay, «300aKaneMusy») 3a
nepuon ¢ 2021 mo 2025 rr. beuto copmmpoBaHo nBE
OTIBITHBIE TPYMITEI )KUBOTHBIX (37 xomek ¢ HKC; 23 komkn
¢ XBII 6e3 kapAHaIbHBIX OCIOXHEHHI) B 0JJHa KOHTPOJIb-
Has (22 370pOBBIE KOIIKH).

Kputepuu uCKIIOUEHHUS U BCEX TPYII: OCTpOE MO-
BpEXIIEHHE MOYEK; MpepeHalibHas JHO0O0 MocTpeHaIbHas
a30TeMHus; MH(EKIMOHHbIE, TOKCHYECKUE WIIM OOCTPYK-
TUBHBIC Hedponatuu (BKIKOYAS MHEIOHSPPHUT), OCTPHIC
BOCTIAJIUTENbHBIE MPOIIECCHI; MAaTOJIOTHU MEUeHH, MOJIKe-
JIyZOYHOH JKeJe3bl, OHKOJIOTHUECKHE 3a00JIEBaHNs; BUDPY-
conocurenbeTBo FeL V/FIV; arperamus TpoM0Oo1uToB, Mc-
Ka)KaloIllasi FTeMaTOJIOTUUECKUH aHaIN3.

Ocuonyto onbitHYyO rpymny (HKC, n=37) coctaBmim
KOIIIKH, COOTBETCTBYIOIIHE CIEAYIOMNM IHAarHOCTHYE-
ckum kputepusim: XBIT -1V cranuu no knaccudurkanun
IRIS (cpemnuii mokazatens 3,4+0,1); monTBepkaEHHAS
KapANOMHUOTIATH S, TIPOSIBIISAIONIAACS KOHIICHTPUYECKOM I'H-
nepTpoduel JeBOro KeiayAouka H/WINM AWIaTanuen Je-
BOTO TpeJicepIusi; cpeanmii Bo3pacT — 132,9+4,9 mecsiies.

Bropyto ombitHyro rpynmy (XBIT 6e3 kapauaiabHBIX
OCIIOKHEHUH, n=23) COCTaBUIIN KUBOTHBIE, COOTBETCTBY-
omye cieayomuM KpurepusiM Brmodenus: XbIT II-1V
cramuu 1o IRIS (cpennmii nokazarens 3,4+0,1) u oTcyT-
CTBHE CTPYKTYPHBIX U3MEHEHHH cepAla M0 JaHHBIM 3XO-
kapauorpadun. Cpennanii Bozpact — 131,4+7,3 mecsres.

Kontponsras rpymnma (n=22) BKII09aja 310pOBBIX KO-
mek (cpemauit Bo3pact — 126,14+6,5 mecsen), KoTopeie

OTOMpPAINCh HAa OCHOBE CIIEAYIOIIMX KPHTEPHEB: OTCYT-
CTBHE KIIMHWYECKUX OTKJIOHEHWI; HOpMalbHbIE Jabopa-
TOpPHBIE NIOKa3aTeH; OTpuLaTeibHble TecThl Ha FeLV/FIV.
OTHM XUBOTHBIM B BETKIMHHKAX HPOBOIMIN IUTAHOBBIN
MIPEAOTEPAOHHBIA OCMOTP JIHO0 ANCTIAHCEPHU3ALIHIO.

Jus popmupoBaHUS TP U BepruUKAIINH HATHO3A
IIpUMeHsIn J1labopaTtopHble uccienoBanus. [ emaronoru-
YECKUI1 aHAIN3 BBITTOJIHSUIN C TOMOIIBIO aBTOMaTHIECKOTO
ananmmzaropa HEMAX 53 VET (B&E Bio-technology Co.,
Ltd, Kuraii) [1, 18]. Jlefikodopmyiry onpenesnsuia B Ma3Kax
no PomanoBckomy-I'mm3a. buoxumudeckue mapameTpsl
CBIBOPOTKH KPOBHU (MOYEBHHA, KpEATUHNH, 00N OENoK,
aIbOyMUH) OIpEAeNsIM C MOMOIIbI0 aHanmuzatopa CS-
600B (Dirui Industrial Co., Ltd., Kuraii) [17]. Taxxe uc-
TIOTb30BAIM TAKHE MHCTPYMEHTAIBHBIE METOBI, KaK 3X0-
Kapanorpadus 1 AMeKTpokapanorpadus [9].

CrartucTuueckuii aHaiIM3 Ha MEPBOM 3Tare BKIIOYAT
MIPOBEPKY HOpPMabHOCTH pactpeaenenus (tect lammpo-
VYunka). Ha BTOopoMm 3Tame OCYIIECTBISUIM CpaBHEHHE
TpymI ¢ moMouibio t-kputepust CTbloieHTa (JUIsl TapaMeT-
pUYecKuX AaHHBIX). [Ipy 3TOM aHHBIE IPEICTaBICHBI KaK
M+m (cpenHee + cTaHgapTHast oIIMOKa). YPOBEHb CTaTH-
CTHYECKOH 3HAUMMOCTH ONPEAeUIM 10 KPUTEPHUIO
ManHa-YUTHU U cunuTanu JoctoBepHoi mpu p<0,05.

Pe3yabrarsl ucciaenoBanus. VccienoBanue Onoxu-
MHYECKHX IapaMeTPOB CHIBOPOTKH KPOBHU, OTPasKAFOIINX
COCTOSIHHE OENKOBOrO 0OMEHa, UIPaeT KIIFOUEBYIO POIIb B
TIOHNMAaHWH TTaTOreHe3a He(pOKapAHAIFHOTO CHHAPOMA Y
Komiek (Tabauma 1).

Awnanu3 6enkoBoro oOMeHa W MapKepoB BOCHAJICHUS
npu HeppoKapAHATbHOM CHHAPOME Yy KOIIEK MMEeT 0CO-
OyI0 IPAaKTHYECKYI0 3HAYUMOCTh B TIOHIMaHUH ITaTOTeHe-
THYECKHX MEXaHU3MOB MpPU KOMOpPOWAHOW Hedpokap-
IuanbHOM maTonornd. OTHOCUTENBHO XapaKTEPUCTHK OC-
HOBHBIX O€JIKOBBIX (PpAKIHMi1 y OONBHBIX )KUBOTHBIX BAXKHO
OTMETHUTh Cleylolee: KOHIEHTpauus olmero Oenka B
CBIBOPOTKE KPOBH OKa3ajlach JOCTOBEPHO MOBBIIIEHA TPH
HKC, no cpaBuenuto ¢ rpynnoir XBII. IlapamnensHo c
9THM, CBHIBOPOTOYHAs KOHIIEHTpalusl albOYMHHOB Y XXH-
BoTHBIX Kak ¢ XBII, tak u ¢ HKC, oka3zanachk 3HaunuTEILHO
CHIDKEHAa OTHOCHTEIBHO KOHTPOJs. IIpu 3TOM MeExXrpym-
NOBasi 3HAYMMOCTh 110 TaHHOMY OHMOXMMHYECKOMY IMapa-
MeTpy okasanachk BechMa cymiectBeHHoi (HKC otHoCH-
tenbHOo XbBIT). UTo KacaeTcs rio0yarMHOBOM (pakiuu Chl-
BOPOTKH KPOBH, HEOOXOJIMMO aKIEHTHPOBAaTh BHUMaHHE
Ha HaJIM4YMK 0Oojee BHIPAKCHHOW T'HIIEPIIIO0YJIMHEMHUH Y
xuBoTHBIX Ipy HKC, no cpasuenuto ¢ XbII. A/T" cootHo-
meHue y kuBoTHbIX npu XbII, no cpaBHeHUto ¢ rpynmnoi
3/I0pOBBIX KOIIEK, CTATUCTUYECKU HE OTIN4Yanochk. OqHaKko
9TOT mapametp 3HaunMo cHkancs npu HKC, mo cpasHe-
Huto kak ¢ XbII, Tak u ¢ KOHTpoJEM.

[Maroorust )KUBOTHBIX, MOPQOIOTHs, GU3HOIOTHS, PAPMAKOIOTHS ¥ TOKCHKOIIOTHS
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Tabuuma 1
Buoxumudeckue mapaMeTphbl CHIBOPOTKH KPOBH Y KOIIEK Tpex rpyii (N=82), xapakrepusyroiue 6eTKOBbIi MeTabommu3m
Konrpois (310- OMBITHBIE TPYIIIBI Craructuueckasi 3HaYUMOCTh
[Mapametp POBBIE KOIIKH, (OoBHBIE KOIIKH) (xputepuit ManHa-YUTHN)
n=22) XBIT (n=23) | HKC (n=37) pl p2 p3
OOmmii 0enok, /1 69,9+1,6 66,6+2,1 70,7+1,4 <0,1 <1 <0,05
ANBOYMUHBI, T/ 34,2+0,6 31,6+0,7 28,1+0,5 <0,05 <0,001 <0,001
I'moGynuHeIL, T/1 35,7+1,7 34,9+2,1 42,6+1,4 <0,5 <0,01 <0,01
A/T cooTHOIICHHUE, €T 1,02+0,07 0,97+0,06 0,69+0,03 <1 <0,001 <0,001
Anpdal -rmoOymuHsL, 1/1 7,0+0,3 8,7+0,2 11,8+0,4 <0,001 <0,001 <0,001
Anpda2-rnoOymuHsl, I/ 7,1+£0,2 8,6+0,2 10,6+0,2 <0,001 <0,001 <0,001
Bera-rinoOynunsl, 1/ 8,6+0,5 14,9+0,7 17,6+0,4 <0,001 <0,001 <0,01
I'amMMa-rio0yIuHbI, I/ 13,51,4 6,8+1,3 8,1£0,9 <0,001 <0,01 <0,5
C-peakTUBHBIH OCJOK, I/ 82,9+1,4 128,5+3,2 164,1+5,6 <0,001 <0,001 <0,001

Ipumeuanue: XbI1 — xpoHnyeckas 00Je3Hb NOYEK;
HKC — HedpokapananbHbIi CHHIPOM;

pl — Mexmy 3X0pOBBIMH M OOJIBHBIMH XPOHUYECKOH IOUEUHOI HEJJOCTATOYHOCTHIO KOLTKAM;

p2 — mexnay 3mopoBeiMy 1 60mpHEIME HKC Korkamu;

p3 — Mexay OOJIBHBIME XPOHHUUYECKO# TouedHo# HemoctarourocThio 1 HKC komkamu.

@pakunOHHBIN aHalU3 TI00YJIMHOB MOKA3bIBACT, YTO
npu HKC, B cpaBHenuu ¢ XbI1, otMevanocs 3Ha4uMoe 1no-
BEIIIICHIE CHIBOPOTOYHON KOHIIEHTpanuu ol -, a2- B u rio-
OynMHOB Ha ()OHE PE3KOT0 CHM)KEHHS KOHICHTpAaIUU Y-
r700yIMHOB. AHAJOTHYHBIE W3MCHEHHS, HO B MCHBLICH
creneHy, ycraHosieHsl U B rpymnmne XbII, B cpaBHeHuHU ¢
KoHTpojeM. B criBopoTke kpoBu komek ¢ HKC onpene-
JISUTM TaKoKe KOHLIEHTPAIHIO TaKOTO MapKepa BOCIIAIECHUs,
kak C-peakTHBHBIH OelloK. JJaHHBIN OHOXMMUYESCKHUN TECT
OKa3aJicsl MOoBbIIeHHBIM Yy Komiek ¢ XBII (oTHocuTensHO
KOHTpOJIs). OZTHAKO MaKCHMaJIbHOE TOBBIIICHHE CHIBOPO-
TOYHOM KOHIEHTpamun C-peakTHBHOTO Oellka yCTaHOB-
nero Hamu ipu HKC (otHOCHTEeNmB HO KOHTpOIIs U XBIT).

Takum o6pasom, B opranusme komrek ¢ HKC rabmroma-
eTcs BEIpayKeHHast TUCIIPOTENHEMUs, KOTOpasi MaHU(ecTH-
runepanbQariooyirHe-

pyercs Tunoam,0yMUHEMUEH,

Muel (0coOeHHO 0ui-(hpaKIUK), 3HAYUTEIBHBIM IOBBIIIE-

T. e. B marorenese pa3surus u nporpeccuponanust HKC y
KOIIECK YCTAHOBIJICH BBIP)KCHHBIH BOCIAIHMTEIBHBIH KOM-
TOHEHT. JIaHHBIM TEe3HWC TaKXKe IOATBEPKIACTCS PE3KUM
POCTOM CBHIBOPOTOYHOM KOHHEeHTpauuu C-peakTHBHOTO
Oenka. PasBuTHe BBIpa)KCHHOW CHCTEMHOW BOCHAIMTEINb-
HOW peakI[Mi yCTAaHOBJECHO TakXke B JIPYTHUX HcCCIeroBa-
HUSX TP MIOYEYHOI U cepedHoil HenoctaTogyHOCTH. CTe-
II€Hb BOCTIAJIUTENBHOM PeaKLuu KOPPEIUPYET C TAKECTHIO
COCTOSIHUSI TIPH MHOTHX XpoHHYecKux OousesHsx. [lomy-
YeHHBIE IaHHBIC CBUAETENBCTBYIOT O HAJIMYUM OoJiee BbI-
PaKEHHOTO CHCTEMHOTO BOCHAJICHUS Y JIOMAITHAX KOIIEK
¢ HKC, 3HaunmoM HapymieHnH OEIKOBOTO 0OMEHa, BBICO-
KOBEPOSTHOM CHHEPTH3Me IOYEYHOTO M CepAEYHOTO IO-
BPEXIICHHS, M TPeOYyeT OTJAENBHOTO JICTAIEHOTO aHaIN3a
JUIS] TIOHNMAaHUsI TATOTeHETHYECKUX MEXaHN3MOB.

JlanHble 00 OIICHKE ypPOBHS a30TE€MHH y OONBHBIX KO-
IIEK [IPeCTaBICHbI B Tabmue 2.

HHEM CBIBOPOTOYHON KOHILEHTpAIMU [B-TI00YIUHOB.
Tabnmmna 2
OreHKa mapaMeTpoB a30TEMHH Y KOIIeK Tpex rpymi (N=82)
Konrpois (310- OmnbITHBIE TPYTIIBI CraTHCcTHYCECKas 3HAUUMOCTD (KpUTEPHI
[Mapametp POBEIE KOIIIKH, (OoBHBIE KOIIKN) ManHna-YuTHHN)

n=22) XBII (n=23) | HKC (n=37) pl p2 p3
MoueBrHa, MMOJIb/JT 6,8+0,3 28,9+1,1 29,9+0,6 <0,001 <0,001 <1
KpeatunuH, kMoJb/1 104,0+8,4 356,6+11,0 | 390,4+13,1 <0,001 <0,001 <0,1
Movesuua/kpeatn- 81,8+12,3 83,6:4.8 | 79,9432 <0,1 <0,1 <0,5
HUH, €]
CAMA, MKr/nn 12,2+0,7 34,0+2,0 36,2+1,0 <0,001 <0,001 <0,5

Ipumeuanue: XbI1 — xpoHmyeckas 00Je3Hb OYEK;
HKC — nmedpokapananbHbIil CHHIPOM;
C/IMA — cUMMETPpHYHBIH JTUMETHIapTUHHH;

pl — MCXKAY 310POBBIMU U OOJILHEIMHU XpOHPILIeCKOP‘I MOYE€YHON HEIOCTATOYHOCTHIO KOIIKaMH,

p2 — mexay 3popoBeiMu 1 6onbHEIME HKC Korkamu;

p3 — Mexxy OOIBHBIMH XPOHHUECKOH IToueuHo HenoctarouHocThio 1 HKC komkamu.
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Takoii OMOXMMHYECKHH MapaMerp, XapaKTepU3YIOMHH
CTENeHb a30TEMUU, KaK MOYEBHHA, OKa3aJcsi JOCTOBEPHO
noelmeHHsM U ipu XbI T, u mpu HKC (oTHOCHTENBHO KOH-
TpoJsi). MeXTpyIIoBEIX pa3induii B CBIBOPOTOYHON KOH-
HeHTpanu MoueBuHBI Mexxay komkamu ¢ XbIT m HKC ne
BBIABIICHO. BakHEWmMM OHOXHMHYECKAM TapaMeTpOM
YPOBHS Q30TEMHHU y MEJIKAX KUBOTHBIX CUUTAETCS KPeaTH-
HUH — KaK KOHEYHBIH MPOLYKT METaOoNM3Ma KpeaTHHa.
VY CTaHOBNIEHO 3HAYUTEIBHOE IMOBBIIIEHUE YPOBHS KpeaTH-
HHHa B ceiBopoTke kpoBH komrek ¢ XbI1 u HKC (otHOCH-
TeJIbHO KOHTpouIs). [Ipu 3TOM paznuuuii Mex Iy rpynnaMu ¢
XBbIl u HKC He o6napyxeHo. CoOTHOLIEHHE «MOYe-
BUHA/KPEaTHHUH)» HE UMEJIO CTATUCTHYECKH 3HAYMMBIX pa3-
JUYUH MEXy TpeMsl IpynnaMHy KHUBOTHBIX. Taxoil Mapkep

noueqHoi nuchyHkumy, kak CIIMA, okazaics craTucTuye-
CKU 3HAYMMO MOBBIIEHHBIM Y kHBOTHBIX ¢ XBII n HKC
(oTHOCUTENBHO KOHTPOJIsT). OHOBPEMEHHO C 3TUM, TaHHBIN
OMOXMMHYECKH IapaMeTp He OTIMYAICS MEXKTY OIIBIT-
HeIME Tpymamu ¢ atonorusymu (HKC nporus XBIT).

B omeHke MeTabONMYECKUX M3MEHEHHH B OpTaHU3ME
xomrek ¢ XBIT u HKC BaxxHO y4HTHIBaTh KOHIICHTPALIHIO
KETOHOBBIX T€JI — KaK IPOMEXYTOUHBIX IIPOTYKTOB 00-
Me€Ha JIMMHIOB, )XUPOB U yriuesoaos. Hamu ycraHoBIeHa
3HayuMasi keToHemus y komek ¢ XbBII (oTHocuTenbHO
koHTpoisi), Tak U ¢ HKC (oTHOcUTENnbHO KOHTpPOIIS)
(puc. 1). OnHaKO MEXTPYIIOBBIX PA3IUUUM y KOIIEK C Ma-
tonorusimu (HKC nportus XBIT) He BBIsBIEHO.

14 . . .
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Puc. 1. Keronemusi y xoliek ¢ HepokapIuaibHbIM CHHIPOMOM

TakuMm 00pa3oM, XapakTePUCTUKH OMOXMMHUYECKUX
ITOKa3aTesel ChIBOPOTKH KPOBHU Kolek, 00yibHBIX XbII 1
HKC, cBumerenscTByIOT 00 OTCYTCTBHUHM JONOJHUTENb-
HOTO BIIMAHHUS KapIHaJIbHOTO KOMIIOHEHTA Ha ypOBEHb
a30TeMUH. YCTAHOBJECHBl 3HAaUYMMblE MeETa0OJIMUECKHUE
HapylLIeHUs: YCUIIEHHbIN KeTorene3 kak npu XbIl, Tak u
npu HKC. Kerorenes npu XBII y komek Takxke OBLT OT-
MeueH B Jpyrom uccienoBanuu [17]. ¥V komek ¢ HKC
HAMHU OTMEYEH CHUCTEMHBIN BOCHAIHUTEIBHBINH CHHIPOM,
KOTOPBIH IposiBisieTca aucrnporenHemueid. KoHueHTpa-
must CIMA B ceiBopoTke kposu komek ¢ HKC moarsep-
KTaeT MOYEHYHYI0 MUCOYHKIINIO, HO HE OTpa)kaeT Kap-
JUANbHOE BOBJICUYECHUE MAaTOPU3NOIOTHICCKIX MEXaHU3-
MOB. Merabosmdeckne HapymeHHs (KETOTeHe3) MOTYT
OBITH CBSI3aHBI C yPEMHUECKOW MHTOKCHKALINEH, HapyIe-
HUSIMH SHEPreTHYeCKOT0 00MEHa, COITYyTCTBYIOIINM KaTa-
0OJINYECKUM CTATyCOM.

st onenku crenenu tsokectu Teuenuss HKC y komek
oco0oe 3HauUeHHEe UMEET aHAJIHU3 TAKUX I10Ka3aTesei ChIBO-
POTKH KPOBH, Kak oOmmid 6enox u ero ¢paxuuu, aasoy-
MUH-TJIOOYIIMHOBEI KOA(PHUIHEHT, OeTKOBO-KaTaboIH-
YecKre MapKepbl. DTH MapaMeTpbl YETKO OTPaXKAIOT Hapy-
LIEHUs] CHHTETHYECKOW (YHKIMH TIeYeHH, MOoTepro Oeka
yepe3 MOBPEXICHHBIH IOYeUHBIH (WIBTP, CHCTEMHBIN
BOCITAJIUTENIBHBIN OTBET, METa0OINIECKHE H3MEHEHNUS ITPH
pa3BuTUH HepOKapIUATEHOTO KOHTHHYYMA.

Oo6cy:xaenne u 3akia4yenue. [IpoBeneHHoOe ncceno-
BaHHE BBUIBUJIO KIFOUEBBIE Pa3iMdMsi B OMOXMMHYECKHX
rapamerpax y KOIleK ¢ XpOHHYeCKOW OO0JIe3HBIO MOYEK U
HepoKapIHaJbHBIM CHHIPOMOM, TTOJYEPKUBAsI POJIb CH-
CTEMHOTO BOCHAJICHNS M METabOJMYECKUX HapyIICHHH.
HKC y xomex naToreHeTHYeCKH XapaKTepH3yeTCsl BbIpa-
YKEHHBIM BOCHAJIUTEIEHBIM KOMIIOHEHTOM, KOTOpasi MaHH-
(dectupyeTcs nUcIpoTeMHEMHUEH (IMIoansO0yMHHEMUs,
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runepaibda- 1 6eTa-rIo00yJIMHEMUsT), a TAKXKE PE3KUM I10-
BBILIIGHUEM CHIBOPOTOYHOI KOHIEHTparmu C-peakTHB-
Horo Oenka. [lapamerpbl azoremun (MO4YeBHMHA, KpeaTH-
HuH, C/IMA) 3Ha4MMO TOBBIMICHBI MPH OOCHX MATOIO-
TUSIX, HO HE PAa3IMYaroTCsl MEKAy TpynnaMu komek ¢ XBbI1
n HKC. Dto cBHAeTenbCcTBYeT 0 TOM, 9TO KapIHabHBIN
KOMIIOHEHT He(pOKapAHANBHOTO CHHIpPOMAa HE YCYTyoO-
JSIET a30TEMUIO, HO YCHIIMBAET BOCTIAIINTEIbHBIN OTBET. Y
OONBHBIX KOIIEK BEPU(PHUIHMPOBAIH HAIMYNE YMEPEHHOMH

PesynbraThl Hcciie0BaHUs TOTYEPKUBAIOT HEOOXOIH-
MOCTb MHTEIPaTUBHOM OLIEHKH BOCHAJIUTEIBHBIX U METa-
0OJIMUECKUX MapKepoB MpU HeppOKapAUaIbHOM CHH-
JIpoMe Y XKHBOTHBIX, a TakKe MPOBEACHUS TaTbHEHIINX
HCCIICIOBAaHMI I ONpPENeNeHNsT NPHYMHHO-CIICICTBEH-
HBIX CBs3eW B He()pOKapIHATFHOM KOHTHHYyMeE. DTO II0-
MOXKET YCOBEPLIEHCTBOBATh METOIbI AUATHOCTHKHU U CTpa-
TETHH TePaIlii, HAPaBJICHHBIE Ha KOHTPOJIb BOCHAICHHS
1 MeTabO0IMYECKOro aucOaianca.

KCTOHCMUH, UTO CBA3aHO C ypeMPI‘-IeCKOﬁ HHTOKCHUKAIIUEH
M BBICOKMM KaTa0OJIMYECKUM CTaTyCoM.
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Komnblorepnasi Tomorpadusi 1Jis JHATHOCTHUKM MATOJIOTHI JKeBaTeJbHbIX El E

MBI Y CO0aK

E.A. Huxonaesa'= <, H.A. Huxonaesa' =, C.H. Kapramos" ', A.A. KpukyHoBa E

JIoHCKOM ToCyTapCTBEHHBII TEXHUYECKHI yHUBEpCUTET, I. PocToB-Ha-/lony, Poccuiickas ®enepanus

54 katrinnik000@gmail.com EDN: LWWAYE
AHHOTAaLUA

Beeoenue. IIpobnema TMarHOCTUKY NMATOJIOTUH jKeBaTENBHBIX MBIIII] Y COOAaK OCTAa&TCs aKTyallbHOM Kak B HAYYHOM, Tak
U B IPAaKTUYECKOIN BETEPUHAPHOM MEAUIIMHE, TOCKOJIBKY 3a00JIeBaHUs )K€BATEIbHBIX MBIIII] MOTYT IIPUBOIUTH K IIOTEpE
amIeTHTa 1, KaK CIIEICTBHE, K yXYALICHUIO 00IIEro 310pOBbs )XUBOTHOTO. COBpEMEHHBIE METO/IbI BU3yaJIU3aIlNH, TAKHE
KaK KOMIIBIOTEpHast TOMOTpadusi, 10 CHX IOp HEJAOCTATOYHO HIIMPOKO IPHMEHSIOTCS B BETEPHHAPUH JJISI AUATHOCTHKH
naronoruii. Llens MccnenoBanns — MPOBECTH KOMIBIOTEPHYIO TOMOTPA(HIO KEBATEIbHBIX MBIIII y COOaK U OLEHUTH
JUArHOCTHYECKUE BO3MOKHOCTH METO/1a, OCYLIECTBUB CPABHUTENIBHBIN aHAJIN3 TOMOIPaMM M MAKPOAHATOMHUYECKUX Cpe-
30B JaHHBIX MBIIIII,

Mamepuanet u memoowt. ViccnenoBanusi NpoBOAMIIMCh Ha 0a3e BeTepuHAapHOHW KiMHUKM «BurtaBer», a Takxke B
aHaTOMHYECKOM TeaTpe JIOHCKOro rocyapCTBEHHOTO TEXHUUECKOTO YHUBEPCUTETA B Iepuo] C Hoa0ps 2023 r. mo MapT
2024 r. O6bekToM HccnenoBanust ciayxmwin cobaku (nN=3). KommeioTepHas Tomorpadus mpoBoAWiach B 3-x (aszax
CKaHUPOBAHMS: apTEPUAILHOM, BEHO3HOU U oTcpoucHHOi. [Tocae mposenenust KT u 3BTaHa3uu TPYIIbI )KUBOTHBIX OBLTH
3amopoxkeHbl Tipu Temmnepatype —20 °C Ha Henenro. s MOJNydeHUS] MaKpOAHATOMHYECKHX CPE30B HCIOJIb30BAJICS
TUPKYISAPHBIN pactmouHblii ctaHok. CootBerctBue KT-m3o0pakeHHH peanbHON aHATOMHYECKOH CTPYKType OBLIO
YCTaHOBIIEHO C MOMOILIBIO CPAaBHUTENBHOIO aHANIHM3a MAKPOAHATOMUYECKHX cpe3oB M KT-kapTUHBI HA aKCHAIbHBIX H
CaruTTaIbHBIX NPOEKIMAX JAHHBIX CTPYKTYP.

Pesynomamot uccnedosanus. ONICaHO aHATOMUYECKOE PACIIO0KEHHE M TOMOrpaMIecKoe OTHOIICHHE JKEBATEIbHBIX
MBIIII K ACCOLMMPOBAHHBIM TKaHAM Yy TPYIOB cOOaK C MOMOIIBI0 KOMIBIOTEPHON TOMOTpadiy M MaKpOAaHATOMHIECKUX
cpe3oB. ComnocraBnenne KT-CHUMKOB ¢ MaKpOaHATOMHYECKHMH CIIMIIaMHU TOKa3aj0 BBICOKYIO CTENEHb COOTBETCTBHUS
MEXy HUMH: KOHTYpPbI OOJIbILION KeBaTelbHOH 1 BUCOYHOM MbIi Ha KT mojHOCThIO coBHaiu ¢ ux Tonorpadueil Ha
3aMOPO’KEHHBIX CITMIAX. Y KPBUIOBHIHBIX MBIIII HAOMIOJAINCh HE3HAUYNTEIBHBIC PA3IMYMs 110 TOJIIHMHE U IUIOTHOCTH
TKaHeH, 9T0 CBSI3aHO C 0COOCHHOCTSIMM PACIIMIIA M YCAIKOM MATKUX TKaHEe! IpU 3aMOpa’KUBAHHU.

Oocyacoenue u 3aknouenue. KomnsrorepHas Tomorpadus SBISIETCS IPEAIIOYTUTENLHBIM METO/IOM BU3YyaIN3alluK KeBa-
TEJIbHBIX MBIIII] TOJIOBBI 5KHBOTHOTI'0, TaK KaK MO3BOJISIET TOYHO ONPEAEIUTH JIOKAIN3ALHIO, KOJIMYECTBO, pa3Mephl U NHTEH-
CHBHOCTH MOP(OJIIOTHYECKUX M3MEHEHHH, OTPaKAIOIINX COCTOSIHUE W CTETNEHb BOBJICYEHHOCTH MBI B TTATOJIOTHYECKUH
npouecc. TeM He MEHee MOIy4YeHHBIE Pe3yNIbTaThl CIEAYET PACCMAaTPUBATh C YUETOM psijia OTPAHUUEHHIN: UCCIEJOBaHHE
MIPOBOJMIIOCH Ha HEOOJIBIIIOM KOJIMYECTBE KUBOTHBIX, HCTIOIb30BAINCH TPYIIHI 0€3 KIMHUYECKH ITOTBEP K IEHHBIX ATOJIO-
ruit u ap. [lepcrieKTHBBI TaMbHEHIIMX UCCIIE0BAHNI CBA3aHBI C PAaCIIMPEHUEM BBIOOPKH >KMBOTHBIX PA3IMYHbIX IOPOA U
BO3PACTHBIX TPYIIIL, @ TAKXKE C BKIIOYCHHEM KIMHUYECKHUX CITy4aeB MUO3HUTOB, OIYXOJICH U MOCTTPaBMATHUECKIX M3MEHE-
HUH KEeBaTEIBHBIX MBIIII. DTO MO3BOJUT MOBBICUTH TOYHOCTH TUATHOCTUKHU U 3()(hEeKTHBHOCTH TEPaIHN.

KiroueBble ciaoBa: co0aka, KOMIBIOTEpHAas ToMorpadus, mNaToNOTHS, AWATHOCTHUKA, JKEBATEIbHBIC MBIIIIIBI,
aHATOMHMYECKOE CTPOEHHUE, MaKPOAaHATOMUIECKHE CPE3bI

)Ielc.napauml o COﬁJ'llOlleHl/ll/l NPUHIMIIOB EBpOl’[eﬁCKOﬁ KOHBCHIIUH O 3aIUTE MO3BOHOYHBIX }KUBOTHBIX, UCITI0JIb-
3YEMBIX VISl JKCIIEPUMEHTOB U IPYI'UX HAYYHBIX meJIen: ABTOPBI 3a4BJIAIOT, YTO BCE IMPOBCACHHBIC UCCIIEAOBAHUS CO-
OTBETCTBOBAJIM IPUHIUIIAM KOHBEHIIUHN U IIpaBUJIaM Haﬂﬂe)KaHICﬁ na60paT0pH017I IMMpaKTUKH.

© Huxonaesa E.A., Huxonaesa H.A., Kapmawos C.H., Kpukynosa A.A., 2025
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Using Computed Tomography Scanning for Diagnosing Masticatory Muscle Pathologies in Dogs

Ekaterina A. Nikolaeva"= ™, Nadezhda A. Nikolaeva'*", Sergey N. Kartashov'*', Anastasia A. Krikunova
Don State Technical University, Rostov-on-Don, Russian Federation

katrinnik000@gmail.com

Abstract

Introduction. The problem of diagnosing the masticatory muscle pathologies in dogs remains relevant both for veteri-
nary science and practice, as masticatory muscle diseases can lead to the loss of appetite and, as a result, to deterioration
of animal overall health. Modern imaging techniques, such as computed tomography (CT) scanning, are still rarely used
in veterinary medicine for diagnosing the pathologies. The aim of the present study is to perform CT scanning of the
masticatory muscles in dogs and evaluate the diagnostic capacities of this technique by comparing the CT scans of these
muscles to macroscopic anatomy sections thereof.

Materials and Methods. The study was conducted at the premises of VitaVet Veterinary Clinic and in the anatomical
theatre of Don State Technical University from November 2023 to March 2024. The objects of the study were dogs (n=3).
Three-phase CT scans were taken: arterial, venous, and delayed. After CT scanning and euthanasia, the animal cadavers
were frozen at the temperature of —20°C for one week. The muscle sections for macroscopic anatomy analysis were
obtained using a circular saw table. Alinement of CT images with the actual anatomical structure was established by
comparing the macroscopic anatomy sections against the axial and sagittal CT projections of these structures.

Results. The anatomical site and topographic relationships of the masticatory muscles with the associated tissues in canine
cadavers were described using computed tomography scanning and macroscopic anatomy analysis of muscle sections.
By comparing CT images to the macroscopic anatomy sections, a high degree of matching between them was revealed:
the masseter muscle and temporalis muscle silhouettes on CT scans completely matched with their topography in frozen
sections. Minor differences in tissue thickness and density were observed in the pterygoid muscles, which could be ex-
plained by the features of soft tissue cutting and shrinkage during freezing.

Discussion and Conclusion. Computed tomography scanning is a preferred imaging technique for the masticatory mus-
cles in the head of an animal, as it enables precise determination of the location, quantity, size, and intensity of morpho-
logical changes in the muscles reflecting their condition and degree of involvement in the pathological process. However,
several constraints should be borne in mind when considering the obtained results: the study was conducted in a small
number of animals; the pathologies were not clinically confirmed in the cadavers used for the study, etc. The prospects
of future research lie in expansion of the size of a sample to include the animals of different breeds and ages, as well as
in incorporation of the clinical cases of myositis, tumours and post-traumatic changes in the masticatory muscles. This
will improve the accuracy of diagnostics and efficacy of therapy.

Keywords: dog, computed tomography scanning, pathology, diagnostics, masticatory muscles, anatomical structure,
macroscopic anatomy sections
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Beenenne. XKeparebHble MBIIIIIB! SBJISIOTCS OCHOBHBIM
YYaCTHUKOM >KEBATEJILHOTO arapara co0ak, obecrednBast
HOpPMaJIbHYIO paboTy YEFOCTEN U H3MelbUeHHe Kopma. J{wc-
(YHKIMS KeBaTEIBHBIX MBIIIILI, BEI3BAHHAS TPABMAMH, BPOXK-
JEHHBIMH TIaTOJIOTHAMHU WIJIM BOCTIAIMTENIEHBIME  TIPOIIEC-
CaMH, CyIIECTBEHHO CHIKAET KAQYECTBO KU3HH JKMBOTHOTO.
OpHoii U3 Hanbosee 4acTo BCTPEUAIOIIUXCS MATOJIOTHHA SB-
JSIETCS. MHO3MT SKeBaTeNbHBIX MbIii (masticatory muscle

MYO0sitiS) — UMMYHOOTIOCPEAOBAHHOE 3a00JIeBaHHE, IIPH KO-
TOPOM Pa3BUBACTCs BOCTAJICHHE M MOCIEyomas atpodus
JKeBaTeNbHON MycKyJ1aTypsl [1]. Yamie Bcero OHO MarHocTy-
pyeTcst y cobaKk KpYyIMHBIX MOPOJ, TAKMX KaK HEMELIKHE OB-
YapKH, 1a0pagopbl, OOKCEPHI 1 30JI0THCTHIC PETPUBEPBI, IIpe-
HMYIIECTBEHHO B Bo3pacte oT 2 10 5 ser [2]. Cormacho wc-
CIICOBAHMSIM, PACIPOCTPAHEHHOCTD TAHHOW IATOJIOTHH CO-
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crapisiet 10 0,5 % cpemu Becex oOpalneHuit mo moBoy 3a00-
JieBaHuU# ronoBsl y cobak [3]. Taxxke HepeaKH CTydan HOBO-
00pazoBaHuii, TpaBM, (PHOPO3HBIX N3MEHEHHIT 1 a0CIIECCOB,
TOPaKAFOIIIX MBIIII{BI TOJOBEL

TpaannuoHHBIE METOIBI AWATHOCTHKH, TaKHE Kak
pentrenorpadus u Y3U, He MO3BOJISIOT IETANFHO BU3ya-
JIM3UPOBAaTh CTIPYKTYpPY M TOHOrpaduio >KeBaTEIbHBIX
MBIIILL, B TO BPEMS KaK C TOMOIIBIO KOMIIBIOTEPHON TOMO-
rpa¢pun (KT) MOXKXHO B BBICOKOM pa3pemIeHHH OICHUTH
(dopmy, 00bEM U IUIOTHOCTHBIE XapaKTEPUCTUKHU MBI, a
TaKke BBUIBUTh IATOJOTMYECKHE OYardk BOCHAJICHUS,
HEKpO03a, MHO3UTOB U HOBOOOPA30BaHHM Jlaske Ha paHHUX
cragusx [4]. Kpome Toro, aHaToMu4eckue OCOOEHHOCTH
KEBaTeJIbHOW MYCKYJIaTyphl pa3In4aloTcs B 3aBUCUMOCTH
OT MOPOABI W WHIWBHUAYAIBHBIX XapaKTEPHCTHK >KHUBOT-
HOTO, U 3TO HEOOXOJMMO yUHUTHIBATh IIPU IJIAHUPOBAHUN
XUPYPrUIEeCKUX BMEIIATEIbCTB MM TAKUXIHATHOCTHYE-
CKUX Tpolenyp, Kak OHOICHS, W AT 3TOTO OISATh-TAKH
nyduie Bcero noaxoaut KT, npu yciioBuu rpaMOTHOM UH-
TepIpeTaIiy MOJTyYeHHBIX CHUMKOB [5]. Tem He MeHee Ha
ceroausamHui aeHs KT HeZoCTaTOYHO MIMPOKO MPUMEHS-
eTcsl IS AMArHOCTHKH IaTOJOTHI KEeBaTEJIbHBIX MBIIIIIL]
BETepPHHAPHBIX MALEHTOB.

Lenb uccienoBanusi — NPOBECTH KOMITBIOTEPHYIO TO-
MorpadHIo JKeBaTEIFHBIX MBI Y cO0aK U OCYIIECTBUTH
CPaBHHUTENBHBIN aHAIU3 Tonorpaguu U MOp(OIOTHHI Ke-
BaTEIbHBIX MBI 10 faHHBIM KT 1 MakpoaHaTOMH4ecKux
cpe3oB I yrouHeHus cooTBercTBHs KT-n3obpakeHuit
peabHON aHATOMHYECKOI CTPYKTYpe M OLCHKH JHArHO-
CTUYECKHUX BO3MOXKHOCTEH MeTona. MccnenoBanue opueH-
TUPOBAaHO Ha BETEPUHAPHBIX CIIEIMAIMCTOB, JKENAIOIINX
YCOBEpILIEHCTBOBATh HABBIKM PabOThl C TOMOrpaMMaMH
NPU JMarHOCTHKE BOCHAINTEIbHBIX, TPABMAaTHYECKUX U
OITyXOJIEBBIX MPOLIECCOB B TOJIOBE KUBOTHBIX.

Marepuanbl M MeTOABI. VccieroBaHne NpPOBEAEHO Ha
6aze BeTepuHapHO# KIMHUKK «BuraBer», a Takke B aHa-
TOMHYECKOM TeaTpe JJOHCKOTo rocy1apCTBEHHOTO T€XHH-
yeckoro yHusepcurera (r. PocroB-Ha-J/loHy) B mepuon c
HOs10pst 2023 1. 10 MapT 2024 r. OGBEKTOM UCCIICTOBAHUS
MOCITY)KUIM CO0aKM cpeqHHX pa3mepoB (2 meruca u 1
KOpPTH), BO3pacToM oT 2 110 5 JieT, Maccoit Tena ot 15 1o 30
kr. ITon >xuBOTHBIX — 2 camua, 1 camka. Y XKHMBOTHBIX,
YYaCTBYIOLIMX B HCCIEOBAaHMM, HE OBUIO KIMHHYECKU
MOJITBEPIKICHHBIX MATOJIOTMH JKEBATEIbHBIX MBIIIILI.

Jnst mpoBeneHHsT KOMITBIOTEPHOH TOMorpaduu uc-
none3oBany  ammapatr  GE Revolution ACT  (General
Electric, Kuraii). [Ipumensiemble nokasarenu:

— mouHocTh — 120 kB npu 100-120 MA,

— paccrosiHME OT TPYOKH A0 LIEHTpa HMCCIEeIyeMOro
o0BeKTa — 75 CM,

— mar ckaaupoBaHusi — 0,625 MM,

— KOJIMYECTBO CKaHOB — 761-1522.

OO6paboTka CKAaHOB TPOBOAMIIACE B IIporpamme
Inobitec DICOM Viewer (OO0 «MHo6uTek», Poccus).

KounTtpactupoBanue MPOBOJUIIOCH
Owmnunak 350 mr #ioga/min — 100 M ¢ pacyeTom 3 MII/KT
JKHUBOTHOTO, CKOPOCTh BBemeHus 2 mut/c. ROI (anr. region
of interest — 3oHa wHTepeca) I OTpeEIEICHHs 3aXBaTa

npenapaTomMm

KOHTPaCTHPYIOIIETO IpenapaTa BEICTABIsLIACE B 001acTn
mradparmer. beumm mpoBenens! 3 (as3bl CKaHUPOBAHUS: ap-
TepuagbHas, BEHO3Has! U OTCPOYCHHAs. 3aJep)KKa CKaHH-
poBaHus B apTepHaibHyIo pa3y cocTaBmia He 6ojee 3 ¢; B
BEHO3HYI0 — 15 ¢ cpa3y nociie npoBeieHus apTepruanbHON
¢asbl; B oTcpoueHHyI0 — 180 C 1mocie okoHYaHHsT BEHO3-
HOH azbl.

[ocne KT >xuBoTHBIE OBUIN TOBEPTHYTHI SBTAaHA3UH U
3amMopoxeHbl pu Temuepatype -20 °C B TeueHne 7 CyToK B
MOPO3UJIBHON KaMepe C MOCTOSHHBIM MOHUTOPHHIOM TeM-
neparypsl (OAO «buproca», Poccust). JlanHbI Temmepa-
TYPHBIH pEKUM BBIOPAaH Ha OCHOBAHUH METOIMKH <JICTHON
aHaromun» H.W. TTuporosa, mo3BoJsitomiel COXpaHUTb aHa-
TOMHYECKHE CTPYKTYpPBI B €CTECTBEHHOM BH/IC U MHUHUMH-
3MpOBaTh APOPMAIINIO MATKHX TKaHEH ITpU PacIIHIIe.

Jli mosryueHUs MaKpOaHATOMHUYECKUX CITUIIOB IPHMe-
HSUTA HUPKYJIIPHBIA paCIMIIOYHBIN CTaHOK, 00ecTIednBaro-
i crporo akcuanmbHbie cpesbl (Festool, ['epmanus).
KaxnpIii cpe3 6bU1 IPOHYMEpOBaH OT TONOBHI 10 XBOCTA.
HeobOxoaumble cpe3bl ObUIM HCIIOJIB30BaHBI ISl CPAaBHH-
TespHOTO aHanu3a ¢ KT-n300paxeHHsIMH Ha aKCHAJIBHBIX
U CaruTTAIBHBIX NPOSKIMSIX IaHHBIX CTPYKTYp, OCTalb-
HBIE CPEe3bl 3aMOPOKEHBI JUTS TATbHEHIINX HCCIICTOBAHMUH.

PesyibTarhl ucciaenoBanus. Ha ocHOBaHMM KOMIIBIO-
TepHOH ToMOTpadH 1 HCCIIEA0BaHUSI MAKPOAHATOMUYECKIX
CMUJIOB OBLIN MOAPOOHO OMHUCAHBI AHATOMUYESCKUE U MOP(O-
JIOTUYECKHE XapaKTePUCTUKH CICAYIONIIX MBIIII] y COOaK:

1. Bosbmias sxeBarensHas Mbiiia (musculus masseter)
(puc. la): xapakTepu3yeTcsi MOIIHOH, BBIPa)KEHHOW MHO-
TONIEPUCTON CTPYKTYPOH U CI0KHOM MHHEpBaruei (xxena-
TeNbHBI HEpB — Nervus massetericus), mo3BoJsiromiei
MIOJJTHAMATH HIDKHIOIO YEITIOCTh U MepeMeInaTh e€ BIepén.
KT BwisiBUIAa 4yéTKOE pasnencHue
profunda) u mosepxuoctHbIX (pars superficialis) uacreii
MBIIIIBI, @ TaKKe HMX B3aMMOCBSA3b C OKPYKarOIMMH

riryOokux  (pars

CTPYKTYPaMH, YTO OCOOEHHO Ba)KHO IPH OLICHKE TPaBM M
OMyXO0JeBBIX mporeccoB [6]. IIpu comocTaBieHUN aKcH-
AJIbHBIX KT-Cpe3OB 1 MaKpOaHaTOMUYECKUX CITUJIOB BbISIB-
JIEHO XOpOIlIee COOTBETCTBHE KOHTYPOB M 00111Iel Tororpa-
(Gbun: oyepTaHUs U TOJIOKEHHUE OT/ENIOB COBMAAIOT, YTO
moaTBepxkaaeTces (GoromarepuanoM. ENWHCTBEHHOE CH-
CTEMaTHYECKOE PACXOXJCHHE — HEeOOJbIIOEe yMEHbLIe-
HUE TOJIIUHBI OTJICIHBIX YYaCTKOB Ha CITUIIAX, BEPOSTHO,
CBSI3aHHOE C YCAJKOW MATKHX TKaHEH P 3aMOPaKUBAHHU
U TEXHHYECKHUMH 0COOCHHOCTSIMH PACIIHIIA.

2. Bucounas mpmiia (musculus temporalis) (puc. 16):
e€ BeepooOpazHas ¢GopMa 0OOeCIeYynBaeT TOYHBIM KOH-
TpOJb JIBI/I)KCHI/Iﬁ YCIKOCTH, BKIIFOYass CMBIKAHHUC U JIaTC-
panpHOe cMmemienne. KT-uzo0paxeHus] MO3BOJSIOT Je-
TaJIbHO BU3YAJIM3UPOBATH HAITPABJICHUA MBIIICYHBIX BOJIO-
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KOH (TIepeiHue BOJOKHA MIYT BEPTUKAIBLHO BBEPX, CPEa-
HUE — HAaUCKOCh BHU3, a 3aJJHAE — TOPU30HTAILHO BHU3),
YTO KPUTUYHO JUIS JUATHOCTHKH (PUOPO30B M BOCHAIH-
TeNBHBIX TporeccoB [1, 7, 8]. NuHepBanus ocymecTBis-
€TCsl HM)KHEYEIIOCTHOM BETBBbIO TPOMHHYHOIO HEpPBA, B
YaCTHOCTH, MBIIIIA CHA0XKASTCS TITyOOKUMH BHUCOYHBIMU
HepBaMu. COTIOCTaBJICHHE C MAaKPOAHATOMUYECKUMH CITH-
JAMH TI0Ka3allo, YTO TIONOXXKEHHE W (opMa BUCOYHOM
Mbis! Ha KT B 11e710M COOTBETCTBYIOT aHATOMHIECKOMY
Marepuany, npu 5ToM Ha KT nyyie paznudauMbl rpaHULIbI
MEXIy e€ 4acTAMHU B TTyOMHHBIX OTAETIaX. 3aMOPaKHBa-
HUE W MEXaHHKa pachuia B HEKOTOPBIX CIydyasix MPHUBO-
JUITH K JIOKambHOM jJedopMaiy KpaeBbIX Yy4YacTKOB
MBIIIIBI HA CIHJIAX, YTO OOBACHICT HE3HAYUTEIHHBIC OT-
JUYUS B JIOKAJIFHOH TOJIIIMHE.

3. KpeuroBuansie mbmmrsr (musculus pterygoideus):
pa3MeImaTcsl Ha MPOTHBOMOJIOXKHON CTOpOHE OT OOIb-
10 JKeBaTEIHHOM MBIIIIIBI, BKIIOYAIOT B ce0s 2 9acTu:

— MenuanbHas KpUIOBHIHAS MBIITIa (m. pterygoideus
medialis) (puc. 1 B): nmpukperuisiercsi BAOJb CBOOOJHOIO
Kpasi KpbUIOBOU SIMKH HUYKHEUEJIFOCTHOM KOCTH OT COCY/IU-
CTOM BBIPE3KHU [0 yIVIa HW)KHEH udentocTd. HanpasieHue
MBIIIIEYHBIX BOJIOKOH — KayJOBEHTpaJlbHOe. MeauanbpHas
YacTh KPBUIOBUIHOW MBIIIIEI YYaCTBYET B OJBEME U BbI-
JIBUKEHUH yenocTh [9—11]. Makpocpes noaTBepaun aHa-
TOMHYECKOE MECTO MPHUKPEIUICHHUSI U HAIPaBICHUE BOJIO-

KOH (KaylnoBeHTpajbHOE). B oTnnumne or Oosiee moBepx-
HOCTHBIX MBIIILI, Y MEHAIbHON KPBIIIOBUAHOM HHOT A OT-
Meuasiach MeHblIasi KoHTpacTHocTh Ha KT 3a cuér 6imso-
CTH K KOCTHBIM CTPYKTYpPaM, HO IPOCTPAHCTBEHHBIE COOT-
HOUIEHHUS C COCETHUMH TKAHSAMH (HIKHEYETIOCTHOH KO-
CTBIO, COCYAUCTO-HEPBHBIMH ITyYKaMH ) OBLIM BOCIIPOU3BE-
JI€HBI JOCTOBEPHO. 1)1 KIMHUYECKON IPAKTUKH 3TO O3HA-
gaert, 9to KT agexBaTHO OTpakaeT Tonorpaduio Meauaib-
HOW KPBUIOBUIHOW MBIIILBI ¥ MOKET HCIONb30BAThCS MIPH
TUIAHUPOBAHUH BMEIIATENLCTB B 00J1aCTH KPBUIOBOM SIMKH;

— JaTepalibHasi KpbUIOBHIHAS MbIIIIA (m. pterygoideus
lateralis) (puc. 2): TosncTast, IPUKPEILISETCS BAOJIb 3aHETO
Kpasi HIXKHEH uemrocTd. BojokHa uMeIOT kaygalbHOE
HanpasieHue. JlarepanbHas MBIIINA y4acTBYET B JBHXKe-
HuU HWKHeH yemocty Buepén. KT BrIABIsSET BEICOKYIO Ba-
PHATUBHOCTh B CTPOEHHMH 3THUX MBI Y Pa3HBIX MOPOJ,
YTO HEOOXOIMMO YUYHMTHIBATh NPH INIAHWPOBAHUH XHUPYP-
THYECKUX BMemarenscTB [12—14]. B Hamem cpaBHeHUH
KT-cpe3oB m makpocnuinoB obmiast Tornorpadus KpbUIO-
BHJIHBIX MBI COBMajaaeT, ogHako Ha KT Habmomaercs
MeHblIee KOHTPACTHPOBAHNE TOHKUX (pacHHaIbHBIX IIPO-
clloek U OoJjiee CIOKHAsl TPaHHLA MEXAY YacTIMH, 0CO-
OCHHO Y JaTepajabHON MbINibl. Ha crnmmax 3TH MBIIIIBI
BBINVIAJAT OoJiee BBIPAXXEHHBIMU IO OTHOIIEHHIO K KOCT-
HBIM OpPHEHTHPAM, YTO YaCTUYHO 0OBsicHAEeTCS 3hhexTom

C)KaTI/IFI/CMeH.IEHI/IFI IIpu pacnuiie.

Puc. 1. JKeBarenbHble MBIIIIIBI y COOAK: a — OOJIbIIAs KeBaTeIbHAsI MBIIIIA; 0 — BHCOYHAs MBIIIIA; B — MeIHAJIbHasA
KPBUIOBHIHAS MBI
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Puc. 2. JlaTepanbHas KpbUIOBUIHAS MBIIIIA Y COOAK

4. JleyOpromHast wmbimma (musculus digastricus)
(puc. 3): uMeeT TOHKYIO, BepeTeHooOpa3Hyo (opMmy, co-
CTOMT U3 OAHOTO Opronika. iHHEpBaIys NpOUCXOIUT BET-
BSIMH TPOMHMYHOTrO (nervus trigeminus) ¥ JIMLEBOTO
(nervus facialis) HepBoB. OTBeYaeT 3a ONYCKAHUE YCTIOCTH
u eé marepampHoe cMmereHue [6, 9, 10]. JByOpromiHas
mpia Ha KT B Hammx marepuanax BU3yaln3upoBajach
KaK TOHKas BepeTeHOOOpasHas CTpyKTypa; Ha aKCHAIBHBIX

cpes3ax yAaBaJloCh OTIPAHUYUTh €€ OT NPUJIETAIOIUX TKa-
HEH Ipu JOCTaTOYHOM paspemieHuu. ComocTaBleHUE C
MaKpOAaHATOMHUYECKUMHU CIHJIAMHM MOATBEPAUIIO MOJIOXKE-
HUE U OPUCHTALIWIO MBIIIILI, TP 3TOM Ha KT nerue BoIaB-
JIAJIUCH YU4aCTKH MOBBIIIIEHHON TUIOTHOCTU, KOTOPLBIC B aHa-
TOMHUYECKOM MaTrepHuaje KOppeIupoBald ¢ 30HaMU (Hhuo-
pO3a Ui JTOKaJIbHOW U3MEHEHHON KOHCUCTEHIIUH.

Puc. 3. JIByOpromuHas Mpliina y cobak
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Oocy:xnenne u 3akiao4yenue. CornocTapieHUE aKCH-
albHBIX U carutTaibHbIX KT-cpe3oB ¢ MakpoaHaTomuue-
CKUMHM CNWJIAMM B HallleM MaTepHaje BBIIBUIO BBICOKYIO
CTENEHb COOTBETCTBHS TOMOTPAPHIECKUX OPHEHTHPOB U
KOHTYpPOB OOJIBIIIMHCTBA >KEBATENBHBIX MbIII. OCHOBHBIC
OTJIMYHS CBSI3aHBI He ¢ ommbOkamu Buzyammamuu KT, a ¢
TEXHUYECKUMHU (paKTopamMu (3aMOpakKMBaHHE, yCaaKa TKa-
Hel, MexaHnka pacria). [lodydeHHble JTaHHBIE TIOATBEp-
xnaroT, uTo KT nocTtoBepHO OTpaskaeT MOCIOWHOE CTpoe-
HHUE KeBaTeIbHOM MYCKYyIaTypsl U SBJISETCA NPEANOYTHU-
TEJIbHBIM METOJIOM BU3YyalIU3alllH, IIOCKOIbKY TPaJAUIMOH-
HBIE METOJbl JTUarHOCTUKHM IAaTOJOTHH KPBUIOBHIHBIX U
OOJTBIIION JKEBATCIFHOM MBIIII, TAKUC KaK KIMHUYCCKHN
0CMOTp (Hajblanust) ¥ peHTreHorpadus, 3aTpyJHEHBI U He
JTAFOT TIOJTHOM KapTHHBI COCTOSHMS ATUX MBI [12, 15, 16].

KomnprorepHas ToMorpadus — 3TO MOITHBIN U Iep-
CHEKTUBHBIA MHCTPYMEHT JUIi AWArHOCTHUKH ITaTOJIOTHH
KEBaTEIBHBIX MBIIII y cOOaK, KOTOPBIH CIIOCOOEH:

— BU3YalIM3UPOBATh MEIKHE M3MEHEHUS B MBIIICYHbBIX
BOJIOKHAX, BKJIIOYasi MUKPOCKOIIMUYECKUE Pa3phIBBI, KOTO-
pble He yma€rcs OOHApyKUTh NPH peHTreHorpaduu; a
TaKkXe KPOBOMU3IUSAHMA (TeMaTOMBbI), HHOPOJAHBIE Tella, 3a-
CTPABIIHUC B JKCBATCJIbHBIX MbIIIAX, MUO3UTEHI, a6cueccm
(CKOTUTCHMSI THOSL B MBIIICYHOW TKaHK) U ap. [17-19];

— BBISIBUTH HaYaJIbHBIC CTaJMN BOCTIAJIMTEIBHBIX TIPOLIEC-
COB M HOBOOOpa3oBaHWH, Iu((HEpeHIIPOBaB UX IO XapakK-
Tepy, 61aroaaps NCIOIb30BaHNIO KOHTPACTHBIX MPEMapaToB:
KOHTPACTHOE BEIIECTBO, KOTOPOE BBOJUTCS Iepe]] IPOBE/Ie-
nreM KT, pactipeniernseTcst u3 KpoBEHOCHOTO Pyclia B MATKHE
TKaHH, ¥ BU3yaJI3alisi HOBOOOPa30BaHMIA CTAaHOBHTCS DoJtee
YETKOM JAXXC Ha paHHUX CTauAX. HpOHeHT BbIMbIBAHUA KOH-
TpacTa IOMOTaeT OIPENEeNUTh IPUPOIY OIyX0IHu — J00po-
Ka4eCTBEHHAsI WK 3JI0KadecTBeHHas [17];

— obecreqnTs JTydinee MOHNMAaHNE TOOTpaprIecKoro
PpacIoI0KeHHs MBI 6J1aroAapst HCHonb30BaHuio 3D-Mo-
Jenei, noctpoeHHbIXx Ha ocHoBe KT-nmaHHBIX, 4TO OCO-
OEHHO Ba)KHO IPH IUTAHUPOBAHUH XUPYPTHUECKHX OTIEepa-
uuii [14-16];

— TIp¥ HEOOXOIMMOCTH 0TOOPa IMCTOJIOTHYECKOTO WIIN
LUTOJIOTUYECKOTO MaTepHaja IO3BOJISET C JETKOCTHIO
B34ATb IMYHKIUIO, 6naro;:[ap51 NMMOHUMAHUIO PACIIOJIOKCHUA
MPEAINOoIaraeMoro HOBOOOpa30BaHMsI B IKEBATEIbHBIX
mbiriiax [20-22].
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AHHOTAIIUSA

Beeoernue. MHOTOKOMITOHEHTHBIHM COCTaB )KUKOCTEH JJIs 3NEKTPOHHBIX cucTeM AocTtaBku HUKkoTHHA (DCJIH) npencras-
JsieT OOJIBIYIO OMACHOCTH JJIsl 9KOJIOTHH, TaK KaK COAEP)KUT Ype3BbIYaiHO TOKCHYHBIE BellecTBa. HecMoTpst Ha pacty-
LIYIO MOMYJISIPHOCTh 3TOTO BUAA KYPEHUs, JaHHBIX 0 Onosorumdeckux 3ddexrax JUIMTEIHHOTO BIUSHUS COCTaBa JJIEK-
TPOHHBIX CUTapeT U BEHIIOB HA OPraHM3M XHMBOTHBIX U YeJIOBEKa HeJocTaTouHO. Llenp HacTosmel paboTel — Hcclieno-
BaTh MOP(HODYHKIIMOHATEHOE COCTOSHUE JIETKUX U IIEHTPAIbHBIX OPTaHOB JIETOKCHKAILUH DKYHTapPCKUX XOMSYKOB MPU
JUITUTENBHOM Bo3zeicTBUM aspo3zonsa DCIH.

Mamepuanst u memoowt. Pabora BimosHena B 2021 r. Ha 1a00paTOPHOI KOJIOHNH JHKYHTapCKOTO XOMSYKa, COAeprKa-
mieiicst Ha 0aze MCuDXK CO PAH. 36 xoMsI4YKOB pa3femiuii Ha JBe Ipymiibl. JKHBOTHBIX OMBITHON rpynmsl (10 camok
u 10 camiioB) B Teuerue 80 aHEl MogBepraiv BO3ACHCTBHIO Mapa, MOJIyIeHHOT0 PH HarpeBaHuu xuxocT X-3 Yoghurt
Pear. Ilponenypy npoBoniu Kaxxplil J1eHb B TeueHue 10 MUH, 10 2 pa3a ¢ MHTEPBAJIOM B 2 4. XOMSIUYKOB KOHTPOJIbHON
rpymnisl (8 caMIoB ¥ 8 caMOK) ITOMEIIAN B 3aTPaBOYHbIE KaMephl, HO He IOJBeprajiy Bo3aeicTBuio mapa. [1o 3aBepiue-
Hun 80 JHEH 3KCIIepUMEHTa MPON3BOANIN ACKAUTAIMIO )KUBOTHBIX M 3a00p OPraHoOB AJIS H3TOTOBJIEHUSI MUKPOCPE30B.
O0630pHBIe MpenapaThl OKPAIIMBaIN reMaTOKCHIMHOM beMepa u 203MHOM. Pacnipesenenue kosiareHa onpenessuii 1o
MeToxy Masmopu. I'ncTonornyeckue npenapaTsl OpraHOB U3y4Yalld B IPOXOASIIEM CBETE ¢ IOMOIIBI0 MUKPOCKOTIA.
Pe3yromamut uccieoosanus. Y UBOTHBIX OIBITHOHN TPYIIBI B Pe3yIbTaTe 3KCIO3UIIMHM TOKCUYHBIM ITAPOM BBISBIECHO
HaJIMYMe TOMOTEHHOTO BEIIECTBA YEPHOTO IIBETA CPEAN KJICTOK SIUTENNSI OPOHXOB U B MHTEPCTHIINH alIbBEOJISIPHBIX Me-
IIOYKOB. B mapeHxume jierkoro oOHapyKeHbl IPU3HAKN Pa3BUBAIOIIEHCS] MHTEPCTHIINATIBHON ITHEBMOHHH, aTeJIeKTa3a u
sM}pu3eMBbl, 0OCTPYKTUBHOTO OPOHXHTA, YTO CBUIETEIBCTBYET O HAPYIICHUH BEHTHIISIIIMOHHO-TIEP(y3HOHHBIX OTHOIIIE-
HUH B JISTOYHOH TKaHU U ra3oo0MeHa. B moukax Jiokaamu3aiusi TOMOT€HHOTO BEIeCTBa OTMEUSHA B IPOCBETE KaHAIbLIEB
HedpoHa. Ha cBeToonTHUECKOM YPOBHE OCHOBHBIE IPU3HAKH JIETAILHOTO IIOBPEXICHUS XapaKTEPHBI IS KJIETOK He(po-
Tenud. SIpKo BBIpaKeHHAs AWIATAIHs KalMUIIPOB OYEYHOT0 KITyOOYKa B COBOKYITHOCTH CO CHIDKCHHMEM IUTONIAIN TO-
YEeYHBIX TeJell MPAaKTUYECKH B 2 pasa, 10 CPaBHEHHIO ¢ KOHTPOJIBHBIMH 00pa3aMH, yKa3bIBaeT Ha HAPYIICHUE TeMOIN-
HaMUKHA ¥ peabCcopOITMOHHO-(PIIILTPAIIMOHHON (YHKITUH MOYeK. B TIeUeHN BHICOKUI YpOBEHB JIOKAIHM3AIMHA THOHYIITUX
aToITO30M TEMHBIX I'eTTaTONNTOB IEHTPOJIOOYIISIPHON 30HBI TOIIBKH, YBOTIOIMOHHO IPUCTIOCOOICHHBIX K JETOKCHKAIINH,
YKa3bIBaeT Ha MPUIACTHOCTH K 3TOMY ITPOIECCY TOKCHYECKUX BEIIECTB, MOCTYIAIOMINX B IIEYE€HB C KPOBBIO.
Oécyacoenue u 3axknouenue. B Xoze sKcriepuMeHTa J0Ka3aHo olmienaroreHHoe Bo3aeicTsue asposonst DCJIH Ha ner-
K{€ ¥ OpraHbl IETOKCUKALIMH )KUBOTHBIX MPH JJTUTEIFHOM NpuMeHeHn . [1o100HbIe ncciiejoBaHie He0OXO0 MBI B yCIIO-
BUSIX HAaOJII0/IAI0IIET0Cs pOocTa MOTPEOISHUs JAaHHBIX CPE/ICTB JOCTaBKH HUKOTHHA HA MHPOBOM DPBIHKE.

© Caxapos A.B., beipouna B.H., 3adyoposckuii I1.4., 3adybposckas U.B., [lomanosa O.®., Konopamrwok E.I0., bondapenko C.C., Hosukos E.A., 2025
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KaioueBble ciioBa: QJICKTPOHHBIC CUCTEMbI JOCTABKW HUKOTHHA, SCZ[H, ad3p030Jib DJICKTPOHHBIX CUT'ApPECT, Beﬁl’[bl, JUOKYH-
rapCKue XOMSAYKHU, AJIUTCIBHOC BO3H€I7[CTBPI€, MOp(bO(l)yHKIII/IOHaHLHI)IG HU3MCHCHUAA, JIETKUE U Opranbl J€TOKCHUKAIUH,
IIo4YCYHasA HCAOCTATOYHOCTD, aIlOIITO3 I'CIIaTOIUTOB

Jexaapanus o cod/oaeHuu npuHIMNoB EBpomneiickoii KOHBEHIIMH 0 3alIUTE MO3BOHOYHBIX KUBOTHBIX, HCIOJIb-
3yeMbIX ISl IKCIIePUMEHTOB U IPYTUX HAYYHBIX LeJiei: aBTOPBI 3asBISIOT, YTO BCE MPOBEICHHBIE UCCIEN0BAHUS CO-
OTBETCTBOBAJIM MPHUHITMIIAM KOHBEHINH U TIPaBHJIaM HaIJIe)KaIlel 1abopaTopHOH PaKTHKH.

Baaronapuocru. BeipaskaeM OaromapHOCTh 3a TIOMOIIG B MOAroToBKe cTaThil cTyneHTaM HITIY Tokapesoit [lapse,
Toncrosoii lapse, 3e3ronmunoii Exatepune.

dunancupoBanue. Pabora BbInonHeHa B pamKkax DenepaabHON MporpaMMbl GyHIAMEHTAIbHBIX HAYYHBIX HCCIIEA0BA-
Huii Ha 2021-2025 rr. FWGS -2021-0003.
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Tiok E.1O., bonnapenko C.C., HoBuxoB E.A. VccnenoBanne MopdodyHKIIHOHAILHOTO COCTOSHUS JIETKUX U EHTPATBbHBIX
OpraHoB JICTOKCHKALNU JXKYHrapcKux xoMsiukoB (Phodopus SUNgOrus) mpu ATHTeIbHOM BO3ICHCTBHE a3p0O30Jis SJIEKTPOH-
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A Study on Morphofunctional State of Djungarian Hamster (Phodopus Sungorus) Lungs
and Main Organs of Detoxification under Long-Term Exposure to E-Cigarette Aerosol
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Abstract

Introduction. The liquids of electronic nicotine delivery systems (ENDS), which have the multi-component composition,
represent a major environmental hazard, as they contain extremely toxic substances. Although the popularity of this form
of smoking grows, the data on the biological effects of long-term exposure of animals and humans to e-cigarette and vape
components are insufficient. The aim of the present study is to investigate the morphofunctional state of the lungs and
main organs of detoxification in Djungarian hamsters under long-term exposure to ENDS aerosol.

Materials and Methods. The research was conducted in 2021 in the colony of laboratory Djungarian hamsters kept at the
Institute of Systematics and Ecology of Animals SA RAS. Thirty-six hamsters were divided into two groups. During 80
days, animals in the experimental group (10 females and 10 males) were exposed to vapour from heating the X-3 Yoghurt
Pear liquid. The procedure was performed twice a day for 10 minutes, with a 2-hour interval. Hamsters in the control
group (8 males and 8 females) were placed in exposure chambers but were not exposed to vapour. At the end of the 80-
day experiment, the animals were decapitated, and organs were collected for preparing thin histological sections. The
specimens were stained with Boehmer’s hematoxylin and eosin. Collagen distribution was determined using the Mallory
method. Histological specimens of organs were examined under transmission light microscope

Results. In experimental animals exposed to toxic vapour, a homogeneous black substance was detected in bronchial
epithelial cells and in the alveolar interstitium. In the lung parenchyma, signs of developing interstitial pneumonia, ate-
lectasis, emphysema, and obstructive bronchitis were detected, indicating impaired ventilation-perfusion relationships in
the lung tissue and gas exchange disorder. In the kidneys, the homogeneous substance was localized in the lumen of renal
tubules. Light optical microscopy revealed the main signs of lethal damage in renal epithelial cells. Strongly expressed
dilation of the renal glomerular capillaries, coupled with a nearly 2-fold reduction in the surface area of renal corpuscles
compared to control samples, indicates impaired hemodynamics and disrupted renal reabsorption-filtration function. Re-
garding the liver, a high level of localization of evolutionarily adapted to detoxification dark hepatocytes dying by apop-
tosis in the centrilobular region of the lobule, indicates the involvement of toxic substances in this process, which enter
the liver with the blood.
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Discussion and Conclusion. The experiment demonstrated the general pathogenic effects of ENDS aerosol on the lungs
and organs of detoxification in animals after long-term exposure to it. Such studies are necessary in the context of the
observed growth of consumption of the nicotine delivery systems at the global market.

Keywords: electronic nicotine delivery systems, ENDS, e-cigarette aerosol, vapes, Djungarian hamsters, long-term ex-
posure, morphofunctional changes, lungs and organs of detoxification, renal failure, hepatocyte apoptosis
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BBenenue. DICKTPOHHBIE CHCTEMBI JIOCTaBKH HHKO-
tuHa (OC/IH) BHEpBhIe B IIUPOKOM JOCTYIIC TOSBIUINCH B
2006 T. Ha TeppuTopun EBporie u mproOpenu cTatyc camoit
MOMYJIAPHOH aJbTepHATHBBI OOBIYHBIM curapetam [1-6],
0COOEHHO Cpeay MOJIOJBIX JIIOJIEH U MOJIPOCTKOB OT 14
net [1, 7-10]. OcHOBHYIO ONIACHOCTB JJIS1 SKOJIOTHH MPE-
CTaBJISIET MHOTOKOMIIOHEHTHBIM COCTaB XUAKOCTEH NI
anekTpoHHbIX curapet (DC), HacuuThBaromuii 6omnee 30
TOKCHYHBIX XUMHYECKHX BEIIECTB, CPEIU KOTOPHIX KapOo-
HUJIbHBIE COCAMHEHUs (aJbIeTU/ABI, KETOHBI), METAJLIHI,
MIPONIJICHTIIHKONb, TiunepuH [11-16]. I[Tpu atom kap6o-
HUJIbHBIE COEAMHEHMS MPEACTAaBICHBI YPE3BbIYaliHO TOK-
CHUYHBIMH BELIECTBAMH, TAKUMH KaK aKpOJEHH (MaKCH-
ManbHas pa3oBas NPEAeNbHO JOIMYCTHMAs KOHICHTpalus
(IAK) B Bosayxe 0,03mr/M®) u  dopmanbaeru
(TTAK 0,05 mr/m®), koTopble, KaKk MHHUMYM, SBJISIOTCS
pa3apakUTeN MU CIIM3UCTON 000JI0UKH BHYTPEHHHUX Opra-
HOB [17]. AKpoJIenH TaxKe BBI3BIBACT MyTareHe3 y OakTe-
pull U JOpoXOKEH, MPOSIBISIET MyTareHHbIe CBOMCTBa Ha
KyJIbTypax KJIETOK MJIEKOIMTAIOUINX, CHIDKAeT aKTHB-
HOCTb HEKOTOPBIX KOMIOHEHTOB UIMMYHHOM 3amuThl [18].

HccnenoBanus BIMSHUS JIBYX OOS3aTENIbHBIX COCTAB-
sstromux DCAH — nponuiaeHrauKos U rIMuepuHa — Io-
Ka3bIBAIOT, YTO NMPOIMICHTIINKOIb, IONaaas B aJIbBEOJIHI B
BHUJIE a3p030JIs1, CIIOCOOCTBYET pa3pyllIeHHIO cyphaKTaHTa,
00eCIeYNBAIOIIET0 PACTHKUMOCTD JIETKOTO M IIPEIISITCTRY-
FOITETO CIIMIIAHMIO JIETOYHOM TKaHU. /[aHHOE BO3ACHCTBIE
MIPUBOJIUT K CIAJaHUIO TKaHU (aTENeKTa3y), a COCEIHUE
Y4aCTKHU HOABEPTatOTCsl KOMIIEHCATOPHOMY IepepacTsiKe-
HUIO, BBI3bIBas dMpuzeMy. Takxke NpoNMICHIIINKOIb pac-
CMaTpHBAETCs KaK CTUMYJIMPYIOMMH (GakTop npu hopmu-
POBAaHUM IIOCKOKJIETOUHOM MeTamnasuu ropranu. I[lpu
BJIbIXaHHH XK€ IapOoB IIIMIEpUHa Y KpBIC HaOMo1au MeTa-
IUTa3HIO SMUTENHS Haaropranauka [19]. Takxke u3BecTHO,
YTO IPU HATPEBaHWH TIIUIIEPHHA B JIEKTPOHHOM cHUTapeTe

10 500 °C, on TpaHCPOpPMHUPYETCS B AKPOJICHH, O KOTOPOM
YIIOMSIHYTO BBIIIIE.

Kpome ocHoBHbIX cocTaBisitomux B DC/IH npencras-
JICHBI apoMaTH3aTophl B accopTuMeHTe. OOIenpu3HaH-
HbIl Oe3omacHblil ciicok (GRAS) Bkitoyaer apomatusa-
TOPBI JUIS IPOTIIAaThIBAHUS, OJJTHAKO UCCIIEOBAHUS MO BJIbI-
XaHHUIO a3p030JIeH, CoZepKaIlUX TaKUe BEIeCTBa, HEMHO-
royucieHHsl. Hampumep, 1oka3aHo, 4To BIbIXaHUE JHalle-
THJIA, COJIEPIKAIIET0Cs B JKUIKOCTH, BBI3BIBACT OOIUTEPH-
pyromuii OpOHXHOIUT — TaK Ha3bIBAEMYIO «IIOMKOPHO-
ByI0 0OJIe3HB JIeTKux» ((peHOMEH OBLI BBISBIICH B Hadae
2000-x B cBSI3H C MaCCOBBIMH 3200JIEBaHUSIMH PAOOTHHKOB
(abpuk o uzrorosnenuto nonkopHa) [20]. Ha HekoTopbix
NPEANPUATHAX TUALETIII 3aMEHIJIN Ha aIeTHUIIIPOINHNO-
HHJI, OTHAKO U TOTJa UccliefoBaTensaM u3 HarponansHoOro
unctuTyTa oxpansl Tpyaa CIHA (NIOSH) npuniocs ot-
METHUTh CYIIECTBEHHBIC OTKJIOHEHHS B IOKA3aTeNAX CIIH-
poMeTpun pabOTHHKOB Takux mpexampusaruil [21, 22]. B
OCJIH ncnosb3yroT 3TU BeUlecTBa AJIsl MPUIAHUS cUurape-
TaM MacJITHUCTOTO HMJIM KapaMeJbHOTO BKyca, XOTs ale-
THJTIPOITMOHMI HMMEET JO0Ka3aHHYIO0 JIETOYHYI0 TOKCHY-
HOCTB JIsl MIIEKOTINTAaloMMX. TaK, y KpbIC, MOBEPIIINXCS
€ro BO3/IEHCTBHIO, pa3BUBAIOTCS PUOPO3 M HEKPO3 TKaHEH
JIbIXaTEJIbHBIX MyTEH; Y MbILIeH OTMe4anu OoJblIee CykKe-
HHE OPOHXOB B MHTAJISIIOHHOM TecTe (TIPOBOKAITHS METa-
xoimuHoM) [23]. B menom, Hecmotpst Ha Goyee yem 7000
BKycoB DCJIH, 00yCIIOBIEHHBIX aCCOPTHMEHTOM apomMa-
THU3aTOPOB Ha PHIHKE [24], OmMyOIMKOBaHO TOJIBKO TPH pa-
0OTbI, MOCBSILIEHHBIX BO3AEHCTBUIO apOMATH3UPYIONIIMX
BEIECTB Ha opraHusMm [15, 25, 26].

B nurepaTypHBIX MCTOYHHKAX MOXXHO HAaWTH HEMaJo
nH(pOpMaNNK O BIUSHUU 3JIEKTPOHHBIX CUT'apeT M BEHIIOB
Ha OpraHu3M MileKonuTaromux. Hanpumep, nokasano, uto
BozzeiicTeue mapa DC/H u3MeHs10 JIeroYHyio (HyHKIHIO
KpbIC [27]; CHMKAIO MPOBOIMUMOCTD MOHHBIX KAHAJIOB B
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KJIETKaX OpPOHXMAILHOTO JITUTENHNS OBEL, a TAKXKE IIPUBO-
U0 K TUMEPKOHIEHTpaluu ciu3u [28]. B merkux kpbic
3a()MKCHUPOBAHO 3HAYUTEIHHOE YBEJIMUEHHE MPOBOCIAIIH-
TENBHBIX IIUTOKHHOB [29], a Takke pa3BUTHE JIMIOUIHOMN
nreBMonn [30]. BiwnsiHue Ha )KU3HEHHO Ba)KHBIC OPTaHbI
OKa3bIBaCT U ONApUBaHME OE3HMKOTHHOBOH >KHAKOCTBHIO,
IIPU TOM 3apETHCTPUPOBAHO YTOJIIEHHE MEKAIbBEOIIAP-
HBIX MEPETOPOAOK B JIETKHX KPBIC, 3aIIOJHEHHE MEIKUX
OpOHXOB CIIN3bI0, 3aKPBIBAIOIIEH IPOCBET, 3aMEUCHA JTHM-
(ounnHast HHGWIBTPaLUUs B MEJIKUX OpoHxax. B moukax 3a-
(DMKCHPOBAHO TPOEKPATHOE pPACIIMpPEHHE MPOCBETa Karl-
cyn llymnsaHckoro-boymeHa, NOBpEXAEHB MOYEYHBIC
Tenblia M MUTENNIA TPOKCUMaNbHBIX KaHanbles [31]. Or-
MEUEHO, YTO Cpeid COOAK MEraroIrucoB y4acTUIINCh OpOH-
XWTHI, THEBMOHUN U OHKOJIOTHYECKHE 3a00JICBaHUS JIET-
kux [32]. B psme paboT oTMeueHa renaToTOKCHIHOCTD JKHI-
KOCTEH J1s1 3JIEKTPOHHBIX CUT'apeT B OTHOLIEHUH KpbIC [33].
Opnnako nHpopManms o Omonormyeckux dhdexrax Iu-
TEJILHOTO MCIIOIb30BaHMUS HICKTPOHHBIX CHUTapeT U BEHIIOB
B Hay4YHO# JIUTEepaType OCBelIeHa HeI0OCTaATOYHO.

Ienp HacTosmiel pabOTBI — wHcciIen0BaTh Mopgho-
(YHKIIMOHAIbHBIE M3MEHEHUS JIETKUX M LIEHTPAIbHBIX Op-
raHOB JICTOKCHKAIUK JUKyHrapckux xomsukos (Phodopus
SUNQOrus) mpH JUTHTEIFHOM BO3ACHCTBUN a3p030Iis DIIEK-
TPOHHBIX CHUTapeT U BEHTIOB.

Marepuanbl U MeToAbl. VccrnenoBaHne IMPOBOIUIN
B 2021 r. Ha 6a3e MHCTHTYTa CHUCTEMATHKH W IKOJOTHH
*KUBOTHBIX CuOupckoro otmeneHus Poccuiickoii akame-
MHUH HayK 1 Hay4HO-00pa3oBaTenbHOTO IEHTpa «IKCIe-
pUMEHTaNbHas M npuknagHas Ouonorus» ®I'BOY BO
HI'TIY (r. HoBocubupck). Pabora BeIonHEeHa Ha 1abopa-
TOPHO#M KOJIOHHH JKyHTapckoro xomsiaka (Ph. sungorus),
coziepxaineiicst mpu BeceHneMm Qortomeprone (12L/12D),
temneparype +22°C B
(26%36x20 cM). DKcliepUMeHTaIbHBIE KUBOTHBIE (N=36)
ObUTH CITy4aliHBIM 00pa3oM pa3/ielieHbl Ha ONBITHYIO H
KOHTPOJILHYIO TPYIIBI: B ONBITHYIO Tpymiry Bouutd 10
camnoB u 10 caMOK; B KOHTPOJIBHYIO TPYNITy — 8 caMIioB
U 8 caMoK.

CTaHJApTHBIX KJICTKax

B Teuenne 80 nHeil sKCTIEpIMEHTa XOMSYKOB OIBITHON
IPYNIBl TOABEPTalyd SKCHO3MLIUU MapOM, IMOTYyYCHHBIM
npu HarpeBanuu xuakoctd X-3 Yoghurt Pear (mpowusso-
muresis PRIDE VAPE, Poccust), comepikanieil MMIepuH u
MIPONMJICHIIUKOIIb B cooTHOIIeHNH 70/30, HUKOTHH B 703€
3 mr/mi1 i apomaruzaTopsl «orypm» u «pymay. Dxcro-
3ULUS NTapOM 3aKJIoYagach B JABYKPATHOM 3aCachbIBaHMU
apa CUrapeThl C IOMOILBIO HACOCA U MTOJIHOM 3all0JIHEHHH
KaMepbl ¢ HHTepBanoM B 5 MuH. CrycTs 10 MUH )KUBOTHBIX
JlocTaBalld U3 KOHTeHHepoB. [Ipouenypy npoBoauIHN Kaxk-
JIBIA JIeHB, TI0 2 pa3a ¢ MHTEPBAJIOM B 2 4. XOMSIKOB KOH-
TPOJBHOM TPYIMITEI IEPEHOCHIN B KOMHATY JUIS AKCIIEPH-
MEHTOB, IIPEBAPUTENIFHO yJAINB U3 ITOMEIICHHUS BO3IyX
C YaCTHIIAMH a3p030JIs, 3aTeM TOMEIAIN B 3aTPaBOYHBIE
Kamepsl 0e3 sxcriozuim nmapom DCJIH.

Caxapos A.B. u ap. HccaenoBanue MophopyHKIHOHAILHOTO COCTOSIHUS JIETKUX U IIEeHTPAJILHBIX OPraHoB...
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OKcHepUMEeHTaIbHasl YCTaHOBKA BKJIIOYaeT KOHTEH-
Hep, T1€ XXMBOTHOE MOJBEPraroT SKCIO3UIMHU TapoM. Jls
9TOTO MCIOJIb30BAJIH IJIACTUKOBBIC ITUIIEBBIE KOHTEHHEPHI
10x17x4 eMm, V 0,7 11, ¢ IIIOTHO 3aKPBIBAIOIIEHCS KPBIIII-
KoW. JI;s onTUMU3alMU IpoLEcca €JUHOBPEMEHHO HC-
MIOJTb30BAM [[BAa KOHTEHHEPA, COCTMHEHHBIX C MOMOIIBIO
nutanroB (Boutte, Utanus), 4 MM. )11 HarHeTaHws raza B
KaMepsl uenoip3oBain Hacoc (Intex, Kurait), V ~ 1,594 1.

Hns myderns MophoyHKIHOHAIBHOTO COCTOSHHS
JIETKUX W LIEHTPAJIbHBIX OPTaHOB JAETOKCHUKALUK y KHUBOT-
HBIX 00EHX IpYMII MOCie ACKaUTaIlMy 3a0Upajy Jerkue,
MOYKH, TICYeHb 1 (ukcupoBaiu B 10% pacTBope HEUTpaib-
Horo (opmanuna. Kycouku TkaHe# JaHHBIX OpraHoB 00e3-
BOXXMBAJIU ¥ TIPOCBETIISUIM COTJIACHO MPOTOKOJY HPOBOIKH
TKaHEeH B M3OMPONIIIOBOM crHpTe. MccmemyeMble 00pa3iibl
3aJMBaNH B apaHOBHIE OJIOKH U [ajiee Ha POTAHOHHOM
nonyaBTromaTideckom mukporome Slee Medical CUT 5062
(SLEE Medical GmbH, I"'epmanms1) H3roTaBIUBaIHN CEpHii-
HBIE CPE3bl TOJIIMHON 6 MKM, KOTOpbIE MOHTHpOBAJIN HA
MpeIMETHBIE CTEKJIa CMEChI0 OelTka U IIIUIEPUHA B IIPOTIOp-
muu 1:1. O630pHBIe MpenapaThl OKPaIINBaIN TeéMaTOKCUIH-
HoM bemepa u so3uHOM. Pacnpenesnenue kouiareHa omnpe-
Jiensim 1o Mmetoxy Maiutopu [34].

I'ucronornyeckre npenaparsl OpraHoB HU3ydaid B PO-
XOJISAIIEM CBETe C MOMOIIBI0 MUKpockoma AXio Imager M2
C BO3MOXKHOCTBIO aHajm3a n3obpaxenuit AxioVision Z2
M2 (Carl Zeiss, I'epmanus). CbeMKa H300paxeHuid ocy-
mectBisiiack CCD-kamepoit AxioCam HR ¢ mporpamm-
HbIM oOecnieuenuem Zen Lite (Carl Zeiss, I'epmanus). Ha
BCEX CHUMKax OTOOpakeHa MaclITaOHas JTHHEHKa.

Crarucrtuueckyro 00pabOTKy AaHHBIX MPOBOJMIM Ha
OCHOBE BBIUMCIICHHS CPEeIHUX apU(METHIECKHX (X) U HX
omn6ok (SX). Pasnuuust nmokasareneil ONBITHBIX IPYIII 110
OTHOIIIEHHIO K aHAJIOTUYHBIM IOKa3aTesIM KOHTPOJILHOM
TPYIIBI OLIEHUBAIN METO/IOM BapHAIlMOHHOW CTaTHCTHKU
1o t-xputepuro CTBIOAEHTA M CYUTAIIH IOCTOBEPHBIMH ITPH
p <0,05. Bce pacdeTsl IPOBOIIIN IO OOIIEHPHUHITHIM
dopMylaM ¢ HCIOJB30BaHMEM MakeTa nporpamm Mi-
crosoft Excel 2010.

Pe3yabTaThl uccienoBanus. Mopdonoruieckas kap-
THHA TAPEHXUMBbI JIETKOTO JKUBOTHBIX KOHTPOJIbHON
IPYIIBI B LIEJIOM COOTBETCTBYET CTPYKTYpPE NaHHOTO Op-
rana B HopMme (puc. 1 a, 6, 8). Ha npenaparax, okpaiieH-
HBIX FeMaTOKCHIMHOM bemepa 1 303MHOM, OTHETIIUBO 3a-
METHBI OpOHXH pa3nuyHoro Kanuopa (puc. 1 a, 6). B kpyn-
HBIX OpOHXaX OSIHUTENWH MHOTOPSAHBIN, CTONOYATHIN
(puc. 1 6). B mpocere naeHTHOHUUUPYETCS CIM3HCTHIN
CeKpeT U ci1abo BeIpaKeHHAs IECKBaMAaLHs SITUTENHNS 1Ipe-
HMMYIIECTBEHHO Ha Yy4YacTKe Iepexojia TepMHHAIIBHbBIX
OpOHXHOJ B pecruparopHbie. BHYTpHI0IbKOBBIE KpOBe-
HOCHBIE COCYBI 3aII0JTHEHBI I1a3MOH KpoBH. Mopooru-
Yyeckasi KapTHHA aJIbBEOJI, B TOM YHUCJIE KJIETOK SHIOTENHUS
KaIMMIISIPOB, AJIbBEOJIONUTOB 1-TO U 2-TO THIIOB, a TAaKXKe
Makpodaros cooTBETCTBYIOT HopMe (puc. 1 6, 8) [35, 36].
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Puc. 1. O6paser Jierkoro JUKyHrapcKoro XoMsiaka KOHTPOJIbHOU rpynmbl. OKpalnBaHue reMaTOKCHINHOM beMepa n 503uHOM.
UepHoii cTpenkoit 0003Ha4eHBI OPOHXH; 3BE310YKa — CTOIOUATHIA AMUTEIHIA; YepHAs TOJIOBKA CTPEIKH — SMUTEIHH allbBEOT;
CBeTJIast TOJIOBKA CTPEIIKK — Makpo(aru; oBajl — aIbBEOJbl; KBapaT — AECKBAMALUS SUTEIUSL

B uccnenoBanHbIX 00pasliaXx TKaHU JIETKOTO dKHUBOTHBIX
OTIBITHOW TPYMIBI OOHApYKEHBI W3MEHEHHs], KOTOphIC 3a-
TParuBaroT MApeHXUMY U HHTEPCTHINH Jerkoro. Ha 0630p-
HBIX TIperapaTax 3aMeTHBI YePEIOBAHMS OUaroB aTejeKkTasa
u smbusemsl (puc. 2 a). B npocBere OpOHXOB U OPOHXHOI
BBIABILFOTCS] KOMIUIEKCHI IECKBAMHUPOBAHHBIX ITUTEITHAIb-
HBIX KJIETOK (pHUC. 2 @, 6). DUUTENNH CIU3UCTON 000JI0UKH
TepsieT MHOropsijiHoe crpoenue. [Ipu GosbioM yBenuue-
HHUHY 3aMETHO, YTO KJIETKH LUJIMHIPUYECKOTO SIUTENHUS Te-
pAIOT pecHHMYKH. B cOOCTBEHHOH IIACTHHKE CIU3HCTON
000JI0YKH 3aMETHBI MPU3HAKK OTEeKa U HaOyXaHHs BOJIOKHH-
CTBIX KOMIIOHEHTOB COEAMHUTEIbHOM TKaH!. KpoBeHOCHbIE
cocyIpl COOCTBEHHOH TIACTHHKU YPE3MEPHO PACIIAPEHEI,
3aI0JTHEHHI IUTa3MON H KJIETKaMH KpoBU. Cpean mocIeTHIX
UICHTU(DUIUPYIOTCS JISHKOLUTSI (puUC. 2 6).

MeskanpBeOIIpHBIE TIEPETOPOIKA U CTEHKH ajlbBEO-
JISIPHBIX MEMIOYKOB YTOJIIICHEI 32 CUET IIa3MaTHIECKOTO
MPOMHUTHIBAHKS M TIOJHOKPOBHS KAMMILIIPOB (puC. 2 a).
B npocserax anbBeos 00HapyKUBarOTCss Makpodaru, cer-
MEHTOSIZIepHbIE HEHTpOHIbl 1 TUMGOIHUTEL (puc. 2 6).
TUNUYHBIM TPU3HAKOM O0OpPa3loB JIETKUX IKUBOTHBIX
OTIBITHOM IPYIIIBI SIBJISIETCS YPE3MEPHOE YBEIUYCHUE KO-
JIMYECTBA albBEOJONUTOB 2-ro Tumna (puc. 2 ¢). Cpenu
SMUTEINOUNTOB 1-T0 THIIA HEPEIKO BCTpPEYaroTCs KIETKH
C MMKHOTUYHBIMY siipaMu. Kanuiisipel 1 BEHYJIBI TTOJIHO-
KpoBHEL. [lepuBackynspHas COeAMHUTEIbHAS TKaHb pa3-
phIxyieHa 1 otevHa. KileTkn 3HI0TeNNs KalUIIPOB ajlb-

BeoJl HaOyxmue. Slapo KpymHoe, Kak MpaBHiIO, C BBICO-
KHM COJIep)KaHUEM I'e€TepOXpOMaTHHA U BEIOyXaeT B IPO-
CBET KanmwuisipoB (puc. 2 2).

THITIYHBIM TIPU3HAKOM AJI TKAHH JIETKOTO >KHBOTHBIX
OIIBITHOM TPYIIIBI SBJISAETCS JIOKAIM3AIHS TOMOTEHHOTO Be-
IIECTBA YEPHOTO IIBETA CPEIH KICTOK SIHUTENHs OPOHXOB 1
B MHTEPCTHILIMHU aJIbBEOJIIPHBIX MeIoukoB (puc. 3 a). Ilpu
MPOBE/ICHUH TUCTOXUMHYECKOI peaklu Ha KOJUIareH I0
Manopu 0OOHAapyKMBaeTCs MHTEHCUBHOE OKpalllUBaHHE
CpE30B Ha JIaHHbIH OEJIOK B CTpoMe Ha nepudepun cerMeH-
TapHBIX, BHYTPUCETMEHTAPHBIX U BHYTPHUJIOJIBKOBBIX OpOH-
XOB, apTepUi U BEH JIETKOro. B MHTEpCTULIMU JIErOYHOM
TKaHU PeaKI[ys Ha KOJUIareH ymepeHsast (puc. 3 0, 6).

[Ipn n3yueHnn oOpa3LOB MOYEK XOMSYKOB OIBITHOM
TpyIIBI 00HAPYKEHO CTATUCTHYECKN 3HAUUMOE CHI)KECHHE
BCEX HCCIIEAYEMBIX NTapaMETPOB MOYEYHBIX KIIyOOUYKOB T10
CPaBHEHHIO C KOHTPOJIEM, YTO TOBOPHT O CHIDKCHHUH (yHK-
LMOHAJIBHOW aKTUBHOCTH MOYKH JKUBOTHBIX, TTIOJIBEPTHYB-
[IUXCSI KCIIO3UIIUH MapoM (Tabsuma 1).

Cocynel KIyOOYKa 4YpE3MEpPHO paCIIUPEHbI, 3amoil-
HEHbI IUIa3MON M KJIETKaMH KPOBU. DHJOTENHAIIbHBIE U
Me3aHIHalbHble KIETKH HaOyXIlIWe, 3PUTPOLHUTHI C MPH-
3HaKaMH crnak-peHomeHa (puc. 4 6, 2). XapakTepHbIM
aTOMOP(OJIOTHIECKIM TPU3HAKOM 00pa3lioB MOYEK XKH-
BOTHBIX OITBITHOM TPYTIIIBI SIBJISICTCS] BEICOKOE COJIEp KaHHe
KJIETOK HeppOTeNH s C MpU3HAKaMH1 MX JIETAILHOTO MOBpe-
XKJICHHS BO BCEX OTAENax HedpoHa.
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Puc. 2. Obpaser nerkoro JKyHrapckoro XoMsuka ONbITHOW rpynibl. OKpalrBaHue reMaToKcinHoM bemepa u s03uHOM. OBanom
0003Ha4YeH yJacTOK SM(HU3EMbI; IPSIMOYTOJIbHIK — aTeleKTas3a; Kpyr — JeCKBaMallysl SIHUTENNs; YepHas CTpelIKa — SIUTENN
OpoHXa; MyHKTHPHAs CTpelika — JeHKOoIUTapHask HHQUIBTPaLUs; TOJIOBKA YEPHOU CTPEIIKH — IUIa3MaTHIEeCKOe MPOITUTHIBAHNE

CTEHOK aJIbBEOJT; 3BE3/I09Ka — OTEK COOCTBEHHOH IUTACTUHKH; (UTYypHasi CkoOKa — OTEK NMepUBACKYIIIPHON COCIMHHUTEIHHON TKaHU.
2 6 — TOJIOBKOM YepHOM CTpeNKH 0003HAYCH abBEOJIONUT 2-T'0 THIIA; 3BE3/I0YKA — alIbBEOJIONUT 1-r0 THIa

Puc. 3. Obpaser JIeTkoro HKyHrapcKOTo XOMSTYKa OIBITHOM TPYIIIBI: @ — OKpaIlMBaHHE reMaTOKCIIIMHOM bemepa u s03nHOM;
0, 6 — peakiys Ha Koju1areH no Masmiopu. OBanoM 0003HaueH y4acTOK JA€CKBaMall1 STUTEIHS; 3B€3104Ka — ITOJIOKUTENbHAS
peaxiys Ha KOJUIareH Ha repugepuy CerMeHTapHbIX 1 BHYTPHCEIMEHTAPHbBIX OPOHXOB; YepHast CTPEJIKa — JIOKaJIU3aLML
TOMOT'€HHOT'0 BEIIECTBA YEPHOT'O 11BeTa
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Tabimna 1
Mopdomnoruueckasi XapaKTEPUCTHKA CTPYKTYP MOYCHYHOTO TEIbIA
TTapameTpbl MOYCUHBIX TEIEI] KonTtposphas rpymmna OnbITHAS TpyTIa
TTn01ma b TOYEUHBIX TENel], MKM2 160,45 + 1,24 117,95 +£2,87*
[101manbs COCYAUCTOrO KITyOouKa, MKM? 131,97 +£ 0,12 95,34 +£0,17*
[101ma1s MOYEBOTO HPOCTPAHCTBA KITyOOUKa, MKM? 452 +0,21 34,58 £0,28*

Tpumeuanue: * — 3HAUNMOE pa3IMUNe MEXKY ITOKa3aTEISIMU KOHTPOJILHO#M U ombiTHOM rpym (p < 0,05)

Kak mpaBmiio, nuTomniasmMa THOHYIINX HE(PPOLUUTOB HE
OKpaIINBAaeTCA TeMAaTOKCHIIMHOM U 303WHOM, SIIPO THIEPX-
poMHOe, simepHas MeMOpaHa He  HIACHTH(QHUIUPY-
ercs (puc. 4 a, 8). B mpocBeTe AUCTaIBHBIX U MIPOKCHMAITh-
HBIX M3BUTBHIX KaHAJBLEB, a TAKXKE IUTOILIa3Me Hedhpouu-
TOB, 3aMETHO MEJIKOTPaHyJISIPHOE BELIECTBO YEPHOT'O [IBETA
(puc. 4 ). JlaHHbIi IPU3HAK OCOOCHHO SAPKO MPOSIBIISCTCS B
MpOCBeTe COOMPATETIBHBIX TPYOOUEK M CPEAN KIETOK SITUTE-
JIMsL TAHHOTO OT/IeNa HeppoHa (puc. 4 8).

Ha cBeToonTiieckoM ypoBHE I'€laTOLUTHI LIEHTPOIO0Y-
JSIPHOHM M TIEPUIOPTAIBEHON 30H JIOJBKH TICUYESHH SKHBOTHBIX
OIBITHOW IPYIIBI PA3IMYAOTCS [0 THHKTOPUAIBHBIM CBOM-
ctBaM [37]. IluToruiazma CBETIIBIX TENaTOUTOB MHTCHCHBHO
OazoripHas W 3amONHEHA OKCHU(IIBHBIM MaTepHAJIOM
(puc.5a, 6). B obpa3iax mpenapaToB IMEUYCHH XOMSYKOB

OIIBITHO TPYIITBI, OKPAIICHHBIX TeMATOKCHIMHOM U J03H-
HOM, OTYETJIMBO 3aMETHO, YTO [0 CPABHEHHIO C KOHTPOJIEM B
MapeHxuMe OpraHa mpeodaJaloT refnaTolUThl ¢ MMKHOTUY-
HBIMH siapamMu (puc. 5 a, g). [Ipu neraabHOM U3ydeHHH TIpe-
MapaTtoB CTAHOBHUTCS OYCBUIIHBIM, YTO TAKUE KIICTKH IMPE-
CTaBJISIIOT COOOW rHOHYIIME allONTO30M T'eNaTOIMTEL X 0T-
JIMYUTETBHBIME XapaKTCPUCTUKAMHU SIBJISICTCS TIMKHO3 KIIETOK
Y MapruHanuyst XxpomMatiHa B sape (puc. 5 6). I[Ipeobiananue
TaKHX KJICTOK B IICHTPOIOOYIIIPHOM 30HE, OTBETCTBCHHOI 3a
JIETOKCHUKAIIHIO, MO3BOJISIET CYUTATh, YTO MEYCHb JKHBOTHBIX
OITIBITHO# TPYIIITBI UCTIBITHIBACT (PYHKIIMOHAIBHYIO HATPY3KY,
BBIXO/IAIIYIO 32 PaMKK (DU3MOJIOTHYECKOrO ONTUMYMa, U €€
aJIaNTHBHBIE PECYPCHI HE CIIOCOOHBI 00eCTIeuBaTh a/1eKBAT-
HYIO PEaKIIMIO Ha JIEHCTBHE TOKCHUECKHX BEIIECTB (pHc. 5 0).

Puc. 4. Obpazen Mouky IKYHTrapcKOro XOMsIUKa ONBITHOH rpymmbl. OkpammyBaHue TeMaToKCHInHOM bemepa u 303uHOM. ["o0BKOIT
YepHOH CTpenkn 0003HaueHb! HEPPOLHUTHI ¢ MPU3HAKAMU CMEPTENBHOTO MOBPEXKICHHS; YEPHAs CTPEJIKA — MENIKOIPaHyJISIPHOE
BEIIIECTBO YSPHOTO I[BETA; 3BE3/I09KA — SPUTPOLUTHI C IPH3HAKAMH CJIA/UK-(EeHOMEHa
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Puc. 5. O6pazen nedeHn JKyHIapcKOro XOMSTUKa OMBITHON rpymnmbl. OKpamnBaHue reMaTokcunuHoM bemepa n s03uHOM. OBanom
0003HaueHa LIEHTPONIOOYIIAPHAs 30Ha JOJIbKU NIEYEHH; YePHas CTPEJKa — IeHaTOLUTHI C IPU3HAKAMHU aIloITOoa; T'OJI0BKA YEPHOH
CTpEJIKA — TeNaTOLUThI C TUKHOTUYHBIMHU SAPaMU

OO0cy:xneHne U 3aK/ar04eHue. Pe3ynpraThl IpoBeIEH-
HOTO HCCIIEZIOBAaHMs AT BCE OCHOBaHHS CYHUTATh, YTO
IIPY BHIOPAHHOM JIM3aifHe SKCIO3UIMH XOMSIYKOB I'a30BOM
CMECHIO BEHIIOB B JIETKUX, IIEYCHHU M MOYKaX MPOUCXOAST
CTPYKTYpHO-()yHKIIMOHAJIbHBIE U3MEHEHHs. B nerkux 00-
Hapy>KUBaeTCs MOBPEXICHUE SIUTEINI OPOHXOB, albBEO-
JISIPHOTO BMHTENUS U SHAOTEINS MUKPOLHUPKYISATOPHOTO
pycnaa. /laHHbIE CBETOBOM MUKPOCKOITMH HE JAIOT BO3MOX-
HOCTH MJCHTH()HUIIMPOBATH MOBPEXKIACHHE CTPYKTYP adpo-
reMaTnieckoro Oaprepa, 0JJHaKO OOHapy)KEHHbIE TpyObIe
Mopdooruueckre npeodpa3oBaHusl B JaHHOM KOMIIapT-
MEHTE yKa3bIBAaIOT Ha HapyLICHHE CTPYKTYPHO-()YHKIIHO-
HaJIbHOM OpraHu3anuu 0a3ajbHBIX MeMOpaH KaluuIsipoB
1 30UTEINONUTOB. Kak H3BECTHO, 3TO BEJET K HAPYIICHUIO
MUKPOIUPKYJIALUHN B JIETKUX, TOBBIIICHUIO IIPOHUIIAEMO-
CTH JIETOYHBIX KaNWUIAPOB, PAa3BUTHUIO OTEKA JIETKHX.
VIMEHHO 3TUM MOXHO OOBSCHUTH HAINYWE B NMapEeHXUME
JIETKOTO MHTEPCTULHUAIBHOTO U albBEOJIIPHOTO OTEKA, AH-
cTerneKTasa (CcrajieHus ajdbBeoJ YepeayloTcs ¢ UX PacIlu-
peHHEM), KOTOPBIE Pa3BUBAIOTCS HE 0€3 yuacTus JIEHKOIH-
TOB U Makpodaros [38, 39].

B cooTBeTCTBMM C NMPHUHIMIOM KOMIUIEMEHTAPHOCTH,
KOTOPBII NOCTYIMPYET €AUMHCTBO CTPYKTYPHI M (QYHKIIUH,
oOHapy)XeHHBIE W3MEHEHHS TeMOIMHAMHKHU MPUBOJIAT K
HapYIIECHUIO BEHTHIISIIIMOHHO-TIEP()Y3NOHHBIX OTHOIICHUH
B JIETOYHON TKaHU M razooOMeHa. BeicOkuil ypoBEHB CO-
JiepKaHHsl B TKAHH aJIbBEOJIOLUTOB 2-T0 THIA MOXKHO 00b-
SICHUTB MOBBILIEHHEM UX MTPOJIM(EpPaTUBHON aKTUBHOCTHU B
OTBET HA MOBPEXJCHHUE aJIbBEOISPHOrO SIUTEIHS Belle-
CTBaMHM, BXOJSIIMMHU B COCTaB Ta30BOH CMECU BEHIIOB.

Cunraercs, 9T0, MOMHUMO YYacCTHs AIbBEOJOIHTOB 2-TO
THIIa B CHHTE3€ Cyp(daKTaHTa, OHM 00ECIIEUNBAIOT IPOLIECC
Jerokcukaiuu. [1o cOBOKYITHOCTH OOHapy>KEHHBIX H3Me-
HEHHUH B JIETKUX NMAaTOMOP(OJIOrUYecKre NPU3HAKU OYeHb
OJIM3KH K OCTPOMY PECITUPATOPHOMY JHCTPECC-CHHAPOMY.

Upe3MepHoe pacIIMpeHne KanmwuBIpoB KIyOouka Io-
YeK IPH OTCYTCTBUH €TO TUIEPKIECTOYHOCTH M OTEKa Me-
3aHTHyMa MOJET OBITh CBS3aHO C MPSMBIM ydacTHEM OHo-
JIOTHYECKH AaKTHBHBIX MOJIEKYJ HEIOCPEACTBEHHO Ha
CTEHKY KalMJUISIPOB, IPHBOJASIINE K UX MOBPEXICHUIO U
paccTpoicTBY KpoBooOpamenus. Hanmmune nenpeHTnou-
[UPOBAHHOT'O TOMOT€HHOT'0 BEII[ECTBA B IIPOCBETE MPOKCH-
MaJIbHbIX U JINCTAJbHBIX OTIEJIOB KaHAIbIEB HedpoHa, a
TaKKe COOMpATEIbHBIX TPYOOUEK MO3BOJISIET CUUTATh, YTO
TPaHCIIOPT 3TOTO BEIIECTBA OCYIIECTBIISIICS Yepe3 0a3aib-
HYIO TJIOMEPYJISIPHYIO MEMOpaHy 1 IOCTYIaeT B [TIOYSUHbIH
KITy0o4ek u3 obmero KpoBoroka. CHmKeHHE MOPPOMET-
PHUYECKUX XapaKTEPHUCTHK CTPYKTYPHBIX KOMIIOHEHTOB T10-
YEYHOTO TeJIbIa B MCCIEAYEMBIX 00pa3Iax MOYeK KHBOT-
HBIX OIIBITHOW TPYTIIEI, TIO CPABHEHHUIO C KOHTPOJIEM, JAIOT
BCE OCHOBaHMS TOBOPHUTH O HAPYIIEHUH (PHUIbTPAOHHO-
peabcopOIMOHHOTO MEXaHU3Ma MOYEK W Pa3BUTHH T0YeU-
HO# HEeJOCTaTOUYHOCTH.

HecMoTpst Ha OTCYTCTBHE BBIPRKEHHBIX TPU3HAKOB I10-
BPEXIEHHsI NIEYSHH, OOMIMe THOHYIIMX aroNTO30M TeM-
HBIX T'eMaTOLUTOB IEHTPOJIOOYISIPHON 30HBI JOJIbKH TIe-
YEHH, IBOJIIOIHOHHO MPUCTIOCOOICHHBIX K JIETOKCHKAIHH,
yKa3bIBaeT Ha MPUYACTHOCTh K 3TOMY HpOLEcCy TOKCHYE-
CKHX BEIIECTB, IOCTYNAIOINX B IIEYE€Hb C KPOBBIO.
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Onenka M3MeHeHHH IUIOTHOCTH TKaHeH MOYeK Yy KPbIC C THIepJIunuieMueit E. E
L]
MeToa0M MUKpO-KT

IO.A. Tuxmenesa' » <, E.B. Cagpipun

JloHCKOH roCyaapCTBEHHbII TEXHUUECKUI YHUBepCUTeT, T. PoctoB-Ha-Jlony, Poccuiickas deneparus E

< tihmeneva.yulia@yandex.ru EDN: RVEJKC
AHHOTALUA

Beeoenue. KomnbioTepHas peHTreHOBckass Mukporomorpadus (Muxpo-KT) mnosBonser mnosiyuaTh TpEXMEpHBIE
n300pakeHHsI MUKPOCKOITMYECKHUX CTPYKTYp 0€3 MX pa3pylieHus, Onaronapsi 4eMy METOJ1 HallleJ IUPOKOE IIPUMEHEHHUE
B OnmomenuuuHe. Yto kacaercst npuMmeHeHnst MUKpo-KT B BeTepuHapHy, TO Ha CETOAHAIIHUN JICHb MOTEHIMAN METO/A
JUIL OIIEHKH MOP(OJIOTHYECKNX H3MEHEHHII BHYTPEHHHMX OpPTaHOB J>KMBOTHBIX IIPH TATOJIOTHSX HCIIONB30BaH HE
MIOJTHOCTBIO. B yacTHOCTH, HEOCTATOYHO JAHHBIX O BO3MOXKHOCTSIX MHKPOTOMOTpa(yH Ip1 U3Y4CHUHN NMATOJIIOTHYECKHX
MIPOLIECCOB B IIOYKaX >KMBOTHBIX. Llenmb MCClieoBaHWST — OIEGHWTh IATOJIOTHYECKHE W3MEHEHMS IUIOTHOCTH U
MOpP(OIOTHH TKaHEH MOYeK JJAO0PaTOPHBIX KPBIC C THIIEPINIHAEMHUEH ¢ moMomibio MUKpo-KT.

Mamepuanvt u memoowt. B sxciepumente, nposenensoM B JII'TY B nepuoa ¢ 2021 no 2024 rr., HCIIONB30BAINCH CaMIIbI
kpbic nuann Wistar (n=40), pasaeneHnsie Ha 5 rpynm — 4 OmbITHBIC U | KOHTPONbHYIO. ONBITHBIE TPYMIBI B X0
9KCIIEPUMEHTA ObUIN TIepeBeICHbl Ha THIIEPIINIHICMUYECKYIO AUETY; KOHTPOJIbHAS IPYIIIa MOoTydalia TOJIBKO OOBIYHBIN
kopM. [ocne nexanuranmu xuBoTHBIX Ha 30-e, 120-e, 150-¢ u 180-e cyTku mpoBoamics 3a00p MOYEK M HMOATOTOBKA
00pasIoB sl CKaHMpOBaHMs Ha MHKpotomorpade Zeiss Xradia Versa 520 npu 80 kB u pasmepe Bokcenst 20 MKM.
D¢ pextnBHOCTs MUKPO-KT onenuBany no kadecTBy 3D-peKOHCTPYKINHM M BBISIBICHHIO W3MEHEHHH B IIOTHOCTH U
MOPQOJIOTHH TKaHEeH MOYeK Ha Pa3HBIX CTAAMAX THIEPIUIAICMHUH.

Pesynomamot uccnedosanus. MUKpOTOMOTpaMMBI ITOYEK KPBIC, yIaCTBOBABIINX B 3KCIIEPHMEHTE, TIO3BOJIMIIN JICTATEHO
BU3yaIM3UPOBAaTh MOP(OJIOrHI0 OpraHa, BKIIOYash KOPKOBOE M MO3TOBOE BEIECTBO, a TAaKKE COCYAWUCTYIO CETb.
[ToyueHpl KOTMYECTBEHHBIE TaHHBIE IO W3MEHEHHIO IUIOTHOCTH TKAaHEH, BHISIBICHBI Pa3Inyusl B CTPYKTYpE MOYEK MpH
HOpMe (KOHTPOJIbHAS IPYIIA) ¥ NAaTOJIOTUHU (OIBITHBIE TPYIIIBEI ¢ THIEPIUITHANMUCH pa3sHO CTENeHN).

3axniouenue u oocyacoenue. Meron Mukpo-KT npoaeMOHCTpUpOBaN BBICOKYIO TOYHOCTh M MH(OPMATHBHOCTH IPH
aHaJM3e COCTOSHMS TKaHEH MO4YeK KPbIC, JOKa3zaB ero 3(QEeKTUBHOCTh JIsI paHHEH IUArHOCTUKHU I1aTOJOTHUYECKHX
W3MEHEHHH U IMHAMUYECKOT0 MOHMTOPHHIA 3a00JIEBaHUH 3TUX BHYTPEHHUX OPTaHOB Y )KUBOTHBIX. Cpein OrpaHUYeHUH
METO0JIa — BBICOKAsi CTOMMOCTh 000PYIOBaHUsI, HU3Kasi YyBCTBUTEIHLHOCTh K MSITKUM TKaHSIM 0€3 KOHTPAaCTUPOBAHUS U
HEOOXOANMOCTD CIIEIIAIbHBIX HABBIKOB JJISI HHTEPIIPETallul CHUMKOB.

KatoueBble cioBa: wMuxkporomorpadus, MuKpo-KT, KpbICel, TOdYKa, IUIOTHOCTh TKaHEH, THIEPIUIHAECMHUS,
BU3yaIM3alys, TM1arHOCTHKA, aTOJIOI MIECKHE MPOLECCHI

Hexnapanus o codonennu npuHuunos EBponeiickoii KOHBEeHIUM 0 3a1UTe MO3BOHOYHBIX KMBOTHBIX, HCI0JIb-
3yeMbIX ISl IKCIIEPUMEHTOB U IPYTUX HAYYHBIX IleJieii: aBTOPHI 3asBISIIOT, YTO BCE MPOBEJCHHBIE UCCIEN0BAHUS CO-
OTBETCTBOBAJIM IIPHUHITUIIAM KOHBEHIIH U TIPaBIJIaM HaJUIeKaIIel 1abopaTopHON PaKTHKH.

@dunancupoBanue. Pabora BbINonHeHa mpu noanepxkke Poccuiickoro HayuHoro donma, mpoekt Ne 25-29-00829,
https://rscf.ru/project/25-29-00829/

Jas nutupoBanus. Tuxmenesa F0.A., Cagpipun E.B. Omenka n3mMeHeHHH INIOTHOCTH TKAHEH MMOYEK Yy KPBIC C THIEP-
ynuaemueii MerogoM MUKpo-KT. Bemepunapnas namonoazus. 2025;24(4):55-63. https://doi.org/10.23947/2949-4826-
2025-24-4-55-63
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Assessing Kidney Tissue Density Changes in Rats with Hyperlipidemia Using Micro-CT
Yulia A. Tikhmeneval = 04, Evgeniy V. Sadyrin

Don State Technical University, Rostov-on-Don, Russian Federation

< tihmeneva.yulia@yandex.ru

Abstract

Introduction. Computed X-ray microtomography (micro-CT) enables getting the three-dimensional images of microscopic
structures without damaging them, which makes this method widely implemented in biomedicine. Regarding the application
of micro-CT in veterinary medicine, its potential in assessing morphological changes in internal organs of animals with
pathologies has not yet been used at full scale. For example, there are no enough data on the capacity of microtomography
in studying pathological processes in kidneys of animals. The aim of the present study is to assess the pathological changes
in the density and morphology of kidney tissue in laboratory rats with hyperlipidemia using micro-CT.

Materials and Methods. The experiment was conducted at DSTU from 2021 to 2024 and involved 40 male Wistar rats
divided into 5 groups: 4 experimental and 1 control. During the experiment, the experimental groups were fed a hy-
perlipidemic diet; the control group received only standard feed-stuff. Kidneys were taken from decapitated animals
on 301, 120™ 150", and 180™ day, and samples were prepared for scanning with a Zeiss Xradia Versa 520 micro-CT
scanner at 80 kV and voxel size of 20 um. The efficiency of micro-CT was assessed by the quality of 3D reconstruction
and detected changes in kidney tissue density and morphology at different stages of hyperlipidemia.

Results. Microtomograms of kidneys of rats in the experiment allowed for detailed visualization of the organ’s morphol-
ogy, including renal cortex and medulla, as well as vasculature. Quantitative data on changes in tissue density were ob-
tained, and differences in kidney structure were distinguished between the normal (in control group) and pathological
conditions (in experimental groups with various degrees of hyperlipidemia).

Discussion and Conclusion. Micro-CT method has demonstrated high accuracy and informative value in analysing kid-
ney tissue condition in rats and proved its efficiency in early diagnostics of pathological changes in these internal organs,
as well as in dynamic monitoring of disease. Among the constraints of this method, the following aspects can be noted:
the high cost of equipment, low sensitivity to soft tissues in the absence of contrast-enhancement, and the need for spe-
cialized skills to interpret the images.

Keywords: microtomography, micro-CT, rats, kidney, tissue density, hyperlipidemia, visualization, diagnostics, patho-
logical processes

Declaration on Compliance with the Principles of the European Convention for the Protection of Vertebrate Ani-
mals Used for Experimental and Other Scientific Purposes: the authors declare that all research was conducted in
compliance with the principles of the Convention and the Rules of good laboratory practice.
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BBenenne. KomrbroTepHass peHTT€HOBCKash MHKPOTO-
Morpadus (Mukpo-KT) — 3To MeTo, Mo3BOIISIONIHI ITOITY-
4aTh TPEXMEPHBIC H300PaKCHNS MUKPOCKOITMYECKUX BHYT-
PEHHHX W BHELIHUX CTPYKTYp 00pa3loB 0e3 ux paspylie-
HUSL, YTO JieJIaeT BO3MOYKHBIM HCCIICIOBAaHHE OOBEKTOB, HE
JIOCTYMHBIX ApyruM criocodam aHammsa [1]. OcHoBol Mme-
TOJa SIBIISIETCS TIONTydeHHE HAbopa PEeHTTeHOBCKUX MPOEK-
IIHOHHBIX M300paKeHWH TpH BpalleHun oOpasia, pazmMe-
EHHOTO MEX1y PEHTTEHOBCKUM MCTOUYHUKOM U JETEKTO-
POM (XOTS BO3MOXHBI U JIPYTHE CXEMBI Pa3MEIIeHHs 00-
pasua [2]). Hanee ¢ moMOLIbIO CHIENUATU3UPOBAHHBIX aJlro-
PUTMOB PEKOHCTPYKIIUH 3TH H300paKeHHUs MPeoOpa3yroTcs
B CEpUHU MONEPEUHBIX ceueHui [3].

Mukpo-KT ormuuaercs or tpaguuuonHoil KT u mpu-
LETTFHON PEeHTTeHOrpaduy O Psoy MapaMeTpoB, BKIIIOYAs
pasperiieHre, o0JacTh TPUMEHEHUsT U 103y o0mydeHus [3].

Mukpo-KT obecrieunBaeTr CBEpXBBICOKOE pa3pelieHue (10
1 MKM) ¥ IO3BOJISIET TIOJTy4aTh ACTAIM3UPOBAHHBIE TPEXMED-
HbIE N300pa’kKeHMs], YTO JIeIaeT € He3aMEHNUMOH B HAayIHBIX
HCCIICMIOBAHMSX, U3YUCHUH TKaHEH X VIVO M JKcIephMeH-
TanbHON OHKoJoruH [3]. OgHaKo WCTONB30BaHHE MeETona
OTPaHUYEHO JUTUTEIbHBIM BpeMEHEM CKaHUPOBAHHS M BBICO-
KO JIy4eBOM Harpy3KOM, YTO CHIKAeT ero NpUMEHHMOCTb
in vivo. Tpamumronnas KT MIMPOKO HCTIONB3YeTCst B KITHHMY-
YeCKOM MPaKTHUKE JUI AUArHOCTHKU MaTOJIOTHH BHYTPEHHUX
OpraHoB M KOCTHOM cuctembl. OHa M03B0JISET OBICTPO TTOJTY-
yaTb 3D-m300paxkenus ¢ pazpemenueM nopsiaxa 0,5-1 mm, a
TaKKe UCIIOJIB30BaTh KOHTPACTHBIE BEILECTBA AJIs YIyUIleH-
HOIi BU3yalTM3allii MATKUX TKaHel [4-5]. [lpuuensHas peHr-
reHorpadust MpUMEHsIeTCsl IPEUMYIIIECTBEHHO B CTOMATOJIO-
ruu (bitewing X-ray — pPEeHTT€HOBCKHI CHUMOK YKyca) JUIS
BBIBIICHHS Kapueca, OIIEHKH COCTOSHUS KOCTHOW TKaHU U
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NIapoJOHTa. DTO OBICTPBII N MAJIOI030BBII METOJ, HO OH AT
TOJIBKO JIByXMEpHOE M300paXKEeHHE U HE MOAXOIMT ULt Je-
TaJILHOTO U3YUYEHHUS CJIOKHBIX CTPYKTYD [4].

Be100p MeToa BU3yali3aIii 3aBUCUT OT KOHKPETHOH 3a-
nmaun. Ecim HeoOXommMO MaKCHMAlbHO ACTAI3UPOBAHHOES

n300pakeHue TKaHeH, npeanoyrenye otaaéres Mukpo-KT, Ho
JUISL KITMHUYECKOH IMarHOCTHKY 1 PabOTBI C )KMBBIMH TMallCH-
Tamu Oosee noaxo it TpaauimonHas KT u npurienbHas peHT-
reHorpadus. bornee moapoOHO XapaKTEPHCTHKHA METOIOB OITH-
caubl B Ta0mmme 1.

Tabmuma 1

CpasaurensHbie Xapakrepuctuku MuUKpo-KT, tpamummonnoit KT u bitewing X-ray

Tlapametp Mukpo-KT Tpaauumonnas KT Bitewing X-ray
Tumn n300pakeHus 2D, 3D 2D, 3D 2D
Pazpemenne 10 <1 MKM 0,5-1 mm He npumennmo
HayuHnsle uccnenoBanusi, maTo-
O6mnacts Mopdosorus Kmmnamgeckast anarnoctika BHyT- | CTOMATOJOTHS, THAarHOCTHKA
TIPUMEHEHHS p ’ PEHHHX OpPraHOB M KOocTel Kapueca U apoJOHTUTA
OHKOJIOT U
Jo3a obirydeHus Bericokas Cpenuss Huskas
Cxopocrs MuHYTBI—4achl CeKyHIbI-MUHYTBI CekyH bl
CKaHUPOBAHUS yr Y yr i
HcnonezoBanue
Bo3moxno Yacro ucnonssyercs Her
KOHTpacTa
IpumeHuMoOcCTSH iN ViVO OrpanudeHa Ja Ja

OCHOBHBIE TIPEUMYIIIECTBA MUKPOTOMOTpaduu:

— BBICOKOE pa3pelIeHNe: TEXHOIOT U TI03BOIISACT MOITY-
4aTh M300paKeHUSI ¢ MUHUMAIBHO Pa3IMYAMON JIETAIIBIO
MeHee OJTHOTO MKM JI0 JIECSITKOB MKM, oOecreuuBasi yeT-
KOCTb, IETATH3AIHIO [5, 6] U, IpH HEOOXOIUMOCTH, HCCIIC-
JIOBaHHUE JIOCTATOUYHO KPYITHBIX 00pa3Ios [6];

— UIMPOKUH CHEKTP MPUMEHEHHs OJarogaps BO3MOXK-
HocTH nostyueHus 2D- u 3D-uzobpaxenuii: 2D-u3zo0paxe-
HUS IPUMEHSFOTCS TSI I3MEPEHHUS ITHHBL, TOJIIHHBI H YT-
JIOB UCKpUBJIeHUs, a 3D-popMar momMoraer BEISBIATH Ia-
TOJIOTHYECKUE M3MEHEHHS, TaKHe KaK OCTECOJIH3 WA TH-
nepIuta3us Koctel [4], oHkomorndeckue oopasopanus [3],
JIEMUHEpa3aus TKaHew 3yoa [4] u ap.;

— mudpoBas 00paboTKa JaHHBIX: H300paXKeHHS JIETKO
noaaarTcs U poBoit 06padboTke U peHaepunry [7], 4to
MO3BOJISIET BpallaTh U AaHAJIM3UPOBATH UX B TPEX U3MEpE-
HUSAX 11 OoJiee TTyOOKOro MOHUMAHHUS COCTOSHUS 00b-
exTta [8].

BrICOKOKaYeCTBECHHBIE H300paKeHUs, ITOJYYECHHBIE C
HcToNb30BaHueM MIKpPO-KT, MO3BOISIOT HccIe1oBaTeIsIM
JIETaTbHO BU3YAIU3UPOBATH MATOJIOTHYECKHE IPOICCCHI
Ha YKCIEPUMEHTAIIEHBIX MOJIEIIAX )KUBOTHBIX, YTO CIIOCO0-
CTBYeT 0OJIee TOYHON JHAarHOCTHKE 3a00JICBaHUIA, OIICHKE
3¢ GEKTHBHOCTH TEPAMEBTHUCCKUX CTPATETHH M JTydIIEeMy
MMOHMMAHUIO MEXaHW3MOB WX pa3BHUTHsA. Takke BO3MOXK-
HOCTB JICTATBHOTO N3YYESHHSI TATOJIOTHUECKUX U3MEHEHNUH,
TaKHX KaK JKAPOBasi HHOUIbTPAIMS TKAHCH [TPH THIIEPIIU-
MUJIEMUH, CTIOCOOCTBYET PACIIMPEHUIO HAYYHBIX 3HAHUH U
COBEPILIEHCTBOBAHUIO METOJIOB JieueHus |5, 6].

3a nocneanue necsaruiaerus Mukpo-KT crana MOITHBIM
HHCTPYMEHTOM B OMOMEIUIIMHCKHX HCCIICIOBAHUSIX, [ITH-

POKO TpPHUMEHSIEMBIM TIPH H3YyYCHHH MOPQOJIOTHH KO-
crelt [3], GeHOTHIMpPOBaHNH KUBOTHEIX [ 1], a Takke B Hc-
CIIEIOBAHUH TIATOJIOTMI BHYTpeHHUX opraHoB [5]. Onru-
MU3anus pa3paboTKu U BBEICHHS KOHTPACTHBIX BELIECTB
MO3BOJIMJIA 3HAYUTEIBHO PACHIMPUTH BO3MOXHOCTH Me-
Tofa. Busyanusanus in vivo obecrieunBaeT OLEHKY MOp-
($OJIOTHH COCYIOB U MSTKUX TKaHEH, 0JHAKO €X VIVO uc-
cienoBaHue TaéT 0oJiee BRICOKOE pa3pelleHne 3a CUéT yBe-
JIMYEHHOTO BPEMEHHU CKaHUPOBAHUS U OTCYTCTBHUS OTPaHU-
YeHWH, CBSA3aHHBIX C aHecTe3nel u ooydeHueM [9].

B neBponorun mukpo-KT ucnons3yerces i aHaiu3a co-
CYAWCTOH aHATOMHHU TOJIOBHOTO MO3Ia, BEISABJICHHS aTepo-
CKJICPOTHICCKHX MOPAKSHUH U OIICHKH HAPYIICHUI TeMaTo-
sHIe(anmgeckoro 6apeepa [9]. Kpome Toro, meroauka mos-
BOJIIET NIPOBOIUTE IIPOIOIBHBIE UCCIIEOBAHMS POCTA OITyXO0-
Jielt Mo3ra 1 3¢ QEKTUBHOCTH IPOTUBOOITYXOJIEBO TEeparH.

B xapaumonoruu mukpo-KT ¢ KOHTpacTHEIM yCUIICHHEM
NPUMEHSIETCS ISl BU3YQJIM3allMM CHUCTEMBI NPOBEACHUS
CepICYHOTO UMMYJIbCa, THATHOCTHKH BPOKIEHHBIX MOPO-
KOB cepJlia U KOJMYECTBEHHOW OICHKH JETOYHON BEHTH-
nswe pu pubpose nérkux [10].

Mukpo-KT Taxoke akTUBHO UCTIONBb3YETCs B OHKOJIOIHYe-
CKHX uccrenoBaHusix. Hampumep, B MOJESIX KOJIOPEKTaIb-
HOTO paka METOJ JIEMOHCTPUPYET BBICOKYIO KOPPEISIHIO
MEXIy OOBEMOM OIyXOJM W THUCTOJOTMYECKUMH JlaH-
HbeiMH [9]. TIprMeHeHre KOHTPACTHBIX BEIIECTB ITO3BOJISIET
T epeHIPOBaTh 30POBBIE TKAHU IEYEHH OT HEOIIIA3Hi,
YTO aéT BO3MOXKHOCTH KOJIMYECTBEHHO OIICHHBATh MeTa-
cTasbl ¥ 3(QPEKTUBHOCT IKCIEPUMEHTAIEHON Tepanuu [9].

HccnenoBanust KOCTHOM TKaHU ¢ OMOIIBI0 MUKPO-KT
OXBaTHIBAIOT MIMPOKUI CIIEKTP MAaTOJIOTHI, BKIIOUas OCTe-
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0I10pO03, 3aKUBJICHUE IIEPEIOMOB, OCTEOTeHE3 M Pe30po-
LIMIO0 KOCTEH MpHU OMyX0JIeBbIX Mpoueccax [2]. Meroauka
TaK)Ke MCIOJIB3YETCS AJISl OLIEHKH B3aHMMOJCHCTBHS MSAT-
KHX TKaHEH ¢ MMIUIAaHTATaMH, W3y4YCHUs] aHTHOTEHe3a U
MBIIIeYHON aucTpoduu [9].

B Berepunaproii menuimne Mukpo-KT craHoBuTCs BCe
6ornee BocTpeOOBaHHOM Oyaromapsi BO3MOYKHOCTH TIOTy9aTh
BBICOKOKA4YECTBEHHBIE TPEXMEPHbIC H300pa)KCHUS TKAHEH 1
CTPYKTYD, & TAKXKe CIIOCOOHOCTH HEPa3pyIIarOINM METOZOM
HCCIIeJOBaTh aHATOMUYECKHE OCOOCHHOCTH M INATOJIOrHYe-
CKHE W3MEHEHMs C MPOCTPAHCTBEHHBIM Da3peICHUEM M0
1 MM [10]: BO3MOXHOCTh BH3yalIu3alyy 0e3 HEOOXO0IUMO-
CTH pa3pe3aHusi OMONICHIHOTO MaTtepuajia OCOOEHHO IIEHHO
JUTA TIOCTIe IYOIIETO TUCTONIOrnYeckoro ananmsa [11].

Mukpo-KT MoKeT MPUMEHSITBCS Kak in VIVO, Tak 1 eX VIVO:
B peXHMe iN VIVO METOJT TI03BOJISICT BU3YAIM3UPOBATH H3MCHE-
HUSI TKAHEH Yy MEJIKHUX ’KHUBOTHBIX € paspereHueM 10 30 MM,
TIPY MEHIMAJIBHOM 03¢ 00mydeHws [ 11-13]. Omraxo ero mpu-
MEHEHHE OTPaHWYCHO HU3KOH UyBCTBHTEIHHOCTHIO K MATKUM
TKaHSM, YTO KOMIICHCUPYETCSI HCTIOIb30BaHHEM KOHTPACTHBIX
BerecTB. B pexkive ex Vivo mukpo-KT mocturaer emié Gosee
BBICOKOTO paspelleHust Onarofaps MIUTEIBHBIM 3KCIO3H-
LIFSM, TIO3BOJIAAS TIOJTy9aTh ACTaIM3UPOBAHHBIC H300pasKeHHS,
MIPEBOCXOAIIIE PE3YIIBTAThI THCTOJIOTHYECKOT0 aHaIN3a.

Braronaps Bo3sMokHOCTSIM 3D-peKOHCTPYKITNH 1 ITH(]-
poBoii 06paboTku HaHHBIX, MUKpO-KT obecrednBaeT wmc-
CJIEIOBATEIISIM YHUKAJIBHYIO BO3MOXXHOCTh aHAIN3UPOBATh
MOpPQOJIOTHIO TKaHEH, pa3padaThBaTh BUPTYyalbHBIE MO-
JIeNN U JaXe CO3JaBaTh TOUHbIE pu3ndeckue 3D-mporo-
tunel [14, 15]. B ngomonHeHue K 3TOMY, HMHTErpanus
Mukpo-KT ¢ TpajMIIMOHHBIMH METOAAaMH JMArHOCTHKH,
TaKUMH KaK THCTONATOJIOTHsL, pacIIipseT e€ TuarHocTHye-
CKHIf IOTEHIHMAJ, MO3BOJISISI KOMOMHUPOBATH TOYHBIE KO-
JINYECTBEHHBIE JAHHBIE C BU3YaIbHOM OI[EHKOH CTPYKTYPHI
tkaHel [13]. Bnarogapst meroaam in silico st mukpo-KT
CTaJIO BO3MOKHBIM ITPOBOANTH 3D-peKoHCTPYKIHIO, cer-
MEHTaluo, MOp(GOMETPUIECKHH aHAIN3 M BBIYUCICHHE
IUIOTHOCTH TKaHe! 0e3 pa3pymeHus oopasmuos [16].

HecmoTpst Ha akTHBHOE pa3BUTHE COBPEMEHHBIX METO/IOB
BU3YaJIM3aIHY, BOSMOXHOCTH NpHUMeHeHusI MUKpo-KT s
KOMIUIEKCHOTO aHaln3a COCTOSHMSA MATKHUX TKaHEH W BHYT-
PEHHHMX OpPraHOB >KUBOTHBIX ITOKA HEJOCTATOYHO H3YUCHBI.
Ilorenuunan meToza A A€TaIbHOM KOJIMYECTBEHHON OLIEHKU
MopdoIoTHUECKNX M3MEHEHWH BHYTPEHHHX OpPTaHOB, CBS-
3aHHBIX C IATOJOTMYECKUMH IIPOLIECCAMHU, OCTAETCS] OTHOCH-
TEJIbHO HOBBIM HallpaBJieHHEM. B 4acTHOCTH, MpaKTHYECKH
OTCYTCTBYIOT pa0OTBhI, MOCBSIICHHbIE KOMIUIEKCHOMY aHa-
T3y TUIOTHOCTH M TPEXMEPHOH MOpP(OIIOrHH IOYEHHOH
TKaHH y )KUBOTHBIX SKCIIEPUMEHTAIIBHBIX MO/IENEH C allMMeH-
TapHO MHAYLUPOBAHHBIMU ITATOJIOTMSIMHU, TAKUMH KaK TUTIep-
smmuaeMust. Beibop modek B xauecTBe 00bEKTa HCCIeIoBa-
HUSI 00YCTIOBIICH MX KITFOYEBOH POIIBIO B METa00IN3ME 1 BBI-
COKOH yS3BHMOCTBIO TIPH CHCTEMHBIX HApYIIEHHUSX, K KOTO-
PbIM OTHOCHTCS W TUnepiunuaemMus. Pa3BuBarolyecs npu
9TOM CTPYKTYpHBIE M3MEHEHUWs (’KUpoBas WHQHUIBTpAIHs,

(ubpo3) HANPSAMYIO BIMSIOT HAa IUIOTHOCTh TKAHEH IOYCK,
yro fenaet MUkpo-KT uaeanbHBIM METOOM A MX AETEK-
LIUH 1 KOJIMYECTBEHHOM OLIEHKU.

Lenv pabomer — onieHNTH 3(H(HEKTUBHOCTH MTPUMEHE-
Hust MEKpO-KT amst m3ydeHus] maToJOrM4ecKuX M3MEHe-
HUH IDIOTHOCTH W MOP(OJIOTHH TKaHEH Mmodek y jJadopa-
TOPHBIX KPBIC C PA3HOH CTETICHBIO THIIEPIIUITHICMHUH.

Marepuajbl U MeTOJbl. DKCIEPUMEHT IPOBEICH Ha
6a3e JIOHCKOTO rocyIapCTBEHHOTO TEXHHYIECKOTO YHUBEP-
curera (1. PoctoB-Ha-/loHy) B nepuos ¢ 2021 mo 2024 rr. 40
caMIIOB KpbIC JTuHUM Wistar ObIiIM pa3fesneHsl Ha S5 rpym (4
OMBITHBIE U | KOHTPOJBHAS), MO 8 JKUBOTHBIX B KaXKIOMH.
JKusoTHsle comepxanuck B BuBapuu JI'TY Ha npeBecHoi
MOJCTUIIKE, KOTOpasi MEHsIIACh KayKAYIO HEJEIIO.

Bce xuBoTHEIEC B TeueHHE mepBhIX 30 CYyTOK MMOTydain
CcTaHOapTHEIHN parwoH. [locne 3Toro 1-s rpynma OpLTa BEI-
BEZICHA M3 3KCIICPUMEHTA ITyTeM JCKalnuTanum; 2-51, 3-91 u
4-51 Tpynbl OBIIM NIEPEBEICHBI HA THIEPIIUITHAEMHUUECKYIO
JVETY C TMOBBIIICHHBIM COJCP)KaHHEM XOJIECTEPHHA; S-o
(KOoHTpoONIBHAS) TPYIIa B TEYCHHE BCETO IepHoja MOy-
Yaja TOJIbKO cTaHAapTHbIi kopMm. Ha 120-e, 150-¢ u 180-¢
CYTKH XHUBOTHbIE 2-H, 3-if U 4-if TpyNIl COOTBETCTBEHHO
ObUTM 9BTaHA3UPOBAaHBl METOAOM JEKAalUTAlUH; S5-5
IpymIa BbIBeJIeHa U3 HKCIIEPUMEHTa OJHOBPEMEHHO ¢ 4-if
Ha 180-¢ cytku. [locie 3TOr0 OBUTO TPOBEACHO BCKPHITHE
Juis 3a00pa MOYeK M MpoOOMOArOTOBKA MaTepHana Ul
Mukpo-KT ¢ mocnenyomumm aHaIM30M JaHHBIX.

[Mocne mepBoHavanpHOU (puKcanuu B 10-mporeHTHOM
¢dopmannHe B TeueHne 48 4 Bce 0Opaslbl MOYCK KPBIC
ObLIM IOCIe0BaTeIbHO 00e3BoxkeHs! B 50-, 70-, 80-, 90-,
96- u 100-npoueHTHOM 3TaHoJNIe (BbIACpKaHbI MO0 1 4 B
KaXJIOM pacTBope). 3aTeM 00pasIsl OKpammMBain 1-mpo-
IIEHTHBIM PacTBOPOM Hoja I B aGCOMOTHOM 3TaHOJIE B TE-
yenue 14 4. Hakoner, oOpasiibl MPOMBIBAJIM B aOCOJIOT-
HOM 3TaHOJIC U ITOMEIIAIN B IUIACTUKOBBIE KOHTEHHEPHI,
3aI10JTHEHHBIE a0COJIIOTHBIM 3TAHOJIOM, JUISl XpaHEHUS IPH
temneparype +5 °C.

CkaHMpOBaHHME TPOBOJWIOCH HAa MHKpOTOMOTrpade
Xradia Versa 520 (Carl Zeiss X-ray Microscopy, CLLA).
OO0pa3ipl (HUKCHPOBATUCH BEPTHKAIBHO B IUIACTHKOBBIX
npoOHpKax, 3alI0JIHEHHBIX a0COJIIOTHBIM CITUPTOM, U YCTa-
HaBIMBAJIKUCh B LIAHTOBBIM [€PKATEINb, PACIIOJIOKEHHBIM
BHE TOJISI 3peHUs JeTeKkTopa. MccaeqoBanus BEITOITHINCH
B OOBIYHOM BO3JYIIHOM IIPOCTPAaHCTBE Kamepsl Mpuoopa,
0e3 NpUMEHEHNUS JOTIOJHUTEIBHBIX CPEI.

J7st momydeHns KaueCTBEHHBIX IAHHBIX CKaHUPOBAIUCH
TP CETMEHTa KaXk/Ioro 00paslia, Ha4MHasl C HI)KHETO U 3a-
KaHuMBas BepxHuM. OO01ue mapamMmeTpbl CKaHUPOBAHHUS:

— yBenmueHue oobektuBa: 0,4%;

— HanmpspKkeHue ucrounuka: 80 kB;

— MOIIHOCTB: 6,5 BT;

— pa3mep Bokcens: 20 MKM;

— Bpamenue: 360°;

— BpeMs 3Kcro3unuu: 1 c;

— KOJIM4YeCcTBO Npoekumid: 1601 i KaxX10ro cermeHTa.
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COop TPOECKIMOHHBIX JAaHHBIX 3aBEPLIAICS PEKOH-
CTPYKLIMEH MHKPOTOMOIPaMM C HCIHOJIb30BAaHHUEM IIPO-
rpammHoro obecnieuenus (Carl Zeiss AG, I'epmanus). Jlns
TIOBBIMICHUS YETKOCTH KOHTYPOB BPYUHYIO HACTPAaWBAIIUChH
mmapaMeTpsl cMemeHns meHTpa. Mrorosas obOpaboTka pe-
KOHCTPYHWPOBAHHBIX IaHHBIX IPOBOIMIACE B IIPOTpaMMe
VGStudio MAX 3.5 (Volume Graphics GmbH, T'epmanms):

— yHaleHWe cpensl BOKPYT oOpasiia BBIMOJHSIOCH
BPYYHYIO C HCTIOIF30BaHHUEM THCTOTPAMMBI TNIOTHOCTH;

— JUI BU3yalM3alliy UCIIOJIb30BAJICS 0OBEMHBIN peH-
nepep mo dowury [17];

— CerMeHranusi CTPYKTyp HpPOBOAWIIACH C IpPHMEHe-
HHEM PYYHBIX, aBTOMAaTHUECKHX U I0JIyaBTOMAaTHYECKHX
nHCTpyMeHTOB. Kaxkmas oOnacte mHTEpeca momedanach
TICEB/IOIIBETOM.

A dexruBHOCTS MUKPO-KT omeHmBaNace 1mo kadecTy
BH3YAIIM3alliA U PEKOHCTPYKIUH, T. €. IO CIIOCOOHOCTH
MeToJa YETKO BBIICISATH KOPKOBOE M MO3TOBOE BEIIECTBO,
COCY/IBI M IPYTHE CTPYKTYPHI IIOYEK B TPEXMEPHOM MOICITH
C BBICOKOW JeTalM3alieii U MHUHUMAJIbHBIMU apTedak-

Tamu. Takke y4UTHIBAJICA KOJMYECTBEHHBIM aHanu3

44286.223
40501.949
36717.676

32933.402

29149.131

10227.765

N3MEHEHHMH TKaHeH — W3MepeHne IUIOTHOCTH Yepe3 3Ha-
yeHus ceporo (MGV, mean gray value).

Pe3yabraThl HccienoBanusi. Ha BblcokokadecTBeH-
HBIX MHKPOTOMOI'pAaMMaXx MOYeK yaajaoch YETKO BBIIECIHUTh
CTPYKTYpHBIC KOMIIOHEHTBI OpTaHa: KOPKOBOE BELIECTBO
moyeuHy apreputo  (puc. 1); BEIIECTBO
(puc. 2); COCYMUCTYIO CETh, BKIIOYAas KPYITHBIC apTepHalib-

MO3IroBo€

HBIE W BEHO3HBIC COCYIBI, a TAaK)KEC MENKHE KaILIIPhI
(puc. 3). Ha pexoncTpympoBaHHBIX 3D-mMomensx mouek
KOPKOBO€ BEIIECTBO, MO3TOBOE BEIECTBO M COCY/IbI BBIJE-
nenbl kak ROI Ha ocCHOBE cpeiHUX 3HAYEHUH Cceporo
(MGV). i HarnagHOM BU3yalu3allid U3MEHEHUH TII0T-
HOCTH HCIIOJIb30BaJIaCh OJHOPOAHAS 10 BOCIIPUATHUIO IIBE-
TOBAs cXeMa «IjIa3May.

Hanndrme HECKONBKUX OMBITHBIX TPYII TIO3BOJHIIO
MIPOCIIEANTH BPEMEHHYIO TUHAMUKY HapacTaHUsS MaTOJO-
THYECKUX W3MEHCHUH (B YACTHOCTH, YBEIHYCHHE TUIOTHO-
CTH TKaHEl) B OTBET Ha JITUTEIHHOCTH TUICPIHITHACMUIC-
ckoro Bo3aercTBUs. [loka3aTrenu IIOTHOCTH 4epe3 Cpea-
Hue 3HaueHus ceporo (MGV) anst Kaxaoi TPymIbl mpes-
cTaBieHbl B Tabmwuie 2.

Puc. 1. Buzyanusanuus nouku B paspese ¢ mkasoil mioTHoctd: KB — kopkoBoe BemiecTBo nouky, [IA — nodeynas aptepus
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44286.223
40501.949
36717.676
32933.402
29149.131
25364.857
21580.584
17796.311
14012.037
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Puc. 2. Busyanuzamust moyky B pa3pese ¢ MKAIoH IoTHOCTH: MB — M03roBoe BemecTBo moyku

Puc. 3. ApTepI/II/I TOY€CK, BbIACJICHHBIC KPACHBIM LIBETOM
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Tabiuma 2
[INOTHOCTB Pa3IMYHBIX CTPYKTYP MOYEK Y KpbIC Yepe3 3HaueHust ceporo (MGV), (M + SD)
Cpok ygacTust KopkoBoe BemiecTso, Mosrosoe
T'pymna B DKCIIEPUMEHTE n MGV BeniectBo, MGV Cocyer, MGV
30 cyrox
1-s . 8 30943 + 1905 24515 + 1435 24967 £2162
(cTaHmapTHBINA panuoH)
*
2-5 120 eyro (3 mecsia 8 36642 + 2269 30267 + 1021 30792 + 1848
TUTICPIUITUAEMUYCCKON Z[I/IeTI:;I)
%
3 150 eyroic (4 mecsna 8 33865 + 2380 26290 + 1750 27409 + 3680
TUTICPIUITUAEMUYECCKON Z[I/IeTI:;I)
%
A-g 180 cyrox (5 mecses 8 29006 + 2448 23294 + 1048 25070 + 2316
TUTICPIUITUAEMUYECCKON Z[I/IeTI:;I)
53 (koH- 180 cyrox 8 30746 + 2017 26579 + 1088 25548 + 3420
TPOJIb) (cTaHmapTHEINA panuoH)

Ipumeuanue: * — B TeueHne nepBbIX 30 CYyTOK SKCIEPUMEHTA KUBOTHBIE BCEX I'PYII MOIYYaJId CTAaHAAPTHBIN pallvioH

JlaHHBIE TAONUIBI NEMOHCTPUPYIOT UYETKYIO AHWHA-
MHUKY U3MEHEHUS IIIOTHOCTU TKaHEH MOYEK B 3aBUCHUMO-
CTU OT JUIMTENBHOCTH TUNEPIUNHAEMUYECKON IHUETHI.
Haunbonee 3HauMTeNbHOE YBEIWYECHUE IUIOTHOCTH BO
BCEX CTPYKTypax HabmiromaeTcs Bo 2-i rpynme (3 mecsua
JTUETBHI), YTO, BEPOSITHO, OTPAKAET KUK )KUPOBOH HH(PUIIb-
Tpaly ¥ pa3BUTHsA BOCHAIUTENbHOHW peakmuu. K 5-my
MecsIly IUEeTHl (4-s rpymnmna) 3HaYyeHUs IUIOTHOCTH IMpH-
OMIKaOTCS K KOHTPOJIBHBIM, YTO MOXET CBHJETEIbCTBO-
BaTh O pa3BUTHH (puOpo3a M CKIEPO3NPOBAHMS TKAHEH,
P KOTOPBIX INIOTHOCTh TaKXK€E MOBBIIIAETCS, HO YXKE 110
WHOMY MEXaHH3MY, TpeOyIoIeMy aabHEHIIEro rucTo-
JIOTUYECKOTO MOATBEPKICHUSL.

AHaNu3 COCYAUCTON CETH MOKa3ajl yIUIOTHEHNE CTEHOK
COCYZIOB M TOTEPI0 HX DJIACTHUYHOCTH, YTO CBHICTENb-
CTBYeT O CHIDKEHHHM KPOBOCHA0XXEHHUSI M IOBBIIICHHOM
PHUCKE HIIEMUUYECKUX IOBpEXAeHUN TKaHU. [lonyyeHHble
JTAaHHBIE COTJIACYIOTCS C MPEIBIAYIIMMHU HCCIEOBAHUSIMHU
¢ubpo3a KaBepHO3HBIX TeJT HA MOJEIH KaCTPHPOBAHHBIX
KpOJHKOB, rie MUKpo-KT no3Bonuia KOTH4ECTBEHHO Olie-
HUTb U3MEHEHUS PaJUOIIIOTHOCTH Ha PA3IUYHBIX CTaIUSIX
3a0oseBanus [18].

O0cy:xnenune u 3akj0uyenne. B xone npoBea€HHOTO
Mukpo-KT-uccienoBanus ObLIM MOJTy4YEHBI H300payKEHUS
MTOYEK C BEICOKUM Pa3pelIeHHeM, YTO TO3BOJIIO AETATBHO
BH3yaJIU3UPOBATh UX CTPYKTYypy. MeToa mpoaeMOHCTPH-
pOBaJ BBICOKYIO TOYHOCTH B ONPEAEICHUH IIOTHOCTHBIX
XapaKTePUCTHK MMOYEHHBIX TKAHEH NPH TUHEPINIUIEMHUH,
YTO MOXKET OBITH ITOJIE3HO IJISl OLEHKH CTPYKTYPHBIX U3Me-
HEHUH MPHU PA3IUYHBIX MATOJOTMAX. AHAIU3 MIOTHOCTH
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AHHOTAUUA

Beeodenue. DxcriepuMeHTaIbHA MOJIEIIb CO3IaHUS HEOOXOAUMBIX ATOJOTMYECKHX IPOLIECCOB B YCIOBHUX iN VIVO sIBIIS-
€TCsl BaXKHBIM 3JIEMEHTOM IIPU IUIAHUPOBAHWU HAY4YHBIX UCCIENO0BaHUNA. MHOrOUYHCIEHHBIMU CEPUSMHU HKCIIEPUMEHTOB
OblIa 1MOKa3aHa COCTOATENFHOCTh MOJIETIMPOBAHNS OKHCIUTEIBHOTO CTPECca BO3AEHCTBUEM TUIIEPTEPMHUH, MATHUTHOTO
T0JIA, IIyMa Ha J1a00paTOpHBIX KpbIC. Bompoc o mpenMymiecTBax MOJICIUPOBAHHS CTPECC-PEAKIIUN KOHKPETHBIM ITPOOK-
CHIIaHTHBIM (haKTOPOM CTaJ OCHOBAHHEM JUIS IIPOBEICHHUS HACTOSILIETO SKCIEPUMEHTa BBULY HEOOXOIUMOCTH (OPMH-
POBaHUS HAJAEKHON OTBETHON peakIy B pa3NudHbIe BpeMEHHbIE HHTEPBAJIBI CO CTATUCTUUECKU 3HAYMMbBIM H3MEHEHHUEM
rapamMeTpoB MPOOKCUAAHTHOW/aHTHOKCHIIAaHTHOM cucTeMbl. Llenp uccnenoBanuss — CpaBHHUTENbHAS OLICHKA BIIUSHUS
IIymMa, TUIIepTepPMUH U MarHUTHOTO 110JI1 HA HHTEHCUBHOCTH IPOLIECCOB JIMMONEPOKCUIAIINH Y KPBIC.

Mamepuanvt u memoowt. Viccienoanue MpoBeICHO B HAYYHO-UCCIEA0BATEIbCKOMN TabopaTopuu AMypcKoil Meaakae-
mud B 2023-2024 1. B 3kcniepumMenTte yuacTBoBaio 120 GenbiX KPhIC, KOTOPBIX Pa3ACiIiIN Ha YEThIPE PABHBIC 10 YHC-
JICHHOCTH TpyNIbl. B mepBoii rpynme (MHTaKTHAs) )KHUBOTHBIX HE MOABEPralill KaKUM-THOO BO3JICHCTBHAM; BO BTOPOH
rpymie (MoAombITHas 1) )KUBOTHBIX ITOJIBEPTANIN THIIEPTEPMHH; B TPEThEH rpyIie (MOAONBITHAS 2) — BO3/EHCTBHIO Mar-
HUTHOTO TIOJIS; B YETBEPTOH Ipymrie (MoIombITHAs 3) — Bo3neiicTButo mryma. Ha 7, 14, 21-i gHA 3KCTIeprIMEHTa KPBIC
nexanuTrpoBaiy (110 10 roJI0B U3 KaXkI0H IpyMIIbl) U MPOM3BOAMIN 3a00p KpoBH At aHanmu3a. OnpeaeneHie MapKkepoB
OKHCIIUTEIHHOTO CTpecca MPOBOAMIN MO OOIIENIPHUHSATHIM METOIMKAM, Pe3yIbTaThl aHAIN3UPOBAIN C IPUMEHECHHEM KpH-
tepueB ManHa-YutHu u Kpackena-Yoimmca. Bo Becex mporenypax oieHKH KpUTHYECKHUI YPOBEHb 3HAUUMOCTH IPHUHU-
Mmasicst paBabiM 0,05.

Pezyromamut uccneoosanus. CTaTUCTUYECKH 3HAYMMBbIEC IPEHMYILECTBA 110 BIMSHUIO Ha CTENICHb HAKOIUICHHS TUCHO-
BBIX KOHBIOTATOB 3apPETUCTPUPOBAHBI Y MOJIENIH [ITYMOBOTO BIMSHUS HaJ MarHUTHBIM 1oseM (p=0,000005, 14-it u 21-i
nHK) u runeprepmueit (p=0,002039, 14-it nenp; p=0,001837, 21-it nenp). YUTo KacaeTcs MaAJIOHOBOTO JHANbICTH/A, IIy-
MOBOE BO3JICHCTBHE MIPEB30IILIO TUIIEPTEPMHIO K KOHITY ombita (p=0,000561).

O003HaYEHBI MPEUMYIIECTBA ITYMOBOI MOZENHN B OTHOIICHUH IepyJouta3MuHa Ha runeprepmueii (p=0,0167980, 7-it
neHb; p=004813, 21-i nenp) 1 MarHUTHEIM 1ToJieM (p=0,000005 Bo Bce KOHTPOJIBHEIE TOYKH); B OTHOIIICHUH BUTaMuHa E
— Hag MarHATHBIM TTosteM (p=0,000006, 21-it neHsb).

Obcyscoenue u 3axkntouerue. Y CTAHOBIICHBI 3HAUUMBIE IPEUMYILECTBA MOJENHU ITYMOBOI'O BO3ACHCTBHSA Hall THIIEPTEP-
MHEH 1 MAaTHUTHBIM T10JIEM B IIJIAHE MOJAEIMPOBAHUS OKHCIUTEIHHOTO CTPECCa M XapaKTEPHBIX N3MEHEHHH KOMIIOHEHTOB
MIPOOKCHIAHTHOW/aHTHOKCUIAHTHOIN CHCTEMBI. B OTIIMUYME OT TeMIepaTypHOTO BO3ZCHCTBUS M MAarHUTHOM HarpysKw,
O] BIIUSTHUEM IIyMa Yy JIAOOPAaTOPHBIX KMBOTHBIX (POPMHPYIOTCSI CTATHCTUUECKH 3HAYMMBIE OTKJIOHEHHS MapKepoB
OKHCIIUTENILHOTO CTpecca_K KOHILY MEepBOM, BTOPOU U TPEThel HeAeslb IKCIePUMEHTAILHOTO BO3/IeMcTBUs. B nanbHei-
IIeM TpeaIoaraeTcs U3y4eHre BIMSHNASA aKyCTHYECKON Harpy3KH Ha aJalTallMOHHBIA MMOTEHITHAT TEIUIOKPOBHOTO Op-
raHU3Ma C LEJIbI0 arpo0anyy NOTeHIHATBHBIX (APMaKOKOPPEKTOPOB HETATUBHOTO BO3JICHCTBHS IIIyMa.

KiaroueBble ciioBa: MoAeJIMpOBaHue, OKHUCJIUTEIIbHBIN CTpeCC, IIYMOBOEC BO3H€ﬁCTBHe, runeprepmusi, MarnHuTHOEC 10JIC,
TNEPEKUCHOC OKUCIICHUEC JIMTTU OB, aHTI/IOKCI/IIlaHTHHﬁ CTaTyC, KPbIChI

© Cumonosa H.B., Casnuna U.IO., lImapbepe M A., Jlawun A.I1., Manopo H.M., Jlumeunosa 3.4., 2025


https://doi.org/10.23947/2949-4826-2025-24-4-63-732
mailto:simonova.agma@yandex.ru
https://orcid.org/0000-0001-6805-2577
https://orcid.org/0000-0003-4557-7447
https://orcid.org/0000-0002-4656-638X
https://orcid.org/0000-0002-0385-7339
https://creativecommons.org/licenses/by/4.0/
https://crossmark.crossref.org/dialog/?doi=https://doi.org/10.23947/2949-4826-2025-24-4-63-73&domain=pdf&date_stamp=2025-12-30

Cumonosa H.B. u ap. IdpdexTuBHOCTH MOTEINPOBAHUS OKHCIUTEIHLHOTO CTPEcca Y KPbIC BO3ACCTBHEM ...

Hexnapauus o cod/ronennu npuHunos EBponeiickoii KOHBeHIIUM 0 3a1UTe MO3BOHOYHBIX KMBOTHBIX, HCI0JIb-
3yeMBbIX JIUIsl IKCIIEPUMEHTOB U IPYTUX HAYYHBIX IleJiei: aBTOPBI 3asBISIIOT, YTO BCE MPOBEJCHHBIE UCCIENOBAHUS CO-
OTBETCTBOBAJIM MPUHITMITAM KOHBEHIUH U TIPABUJIAM HaJIC)KAIICH JTab0paTOpHON TPAKTHKH.

Jost mutupoBanus. Cumonosa H.B., Casmuna W.10., IlItap6epr M.A., Jlamua A.I1., Manapo H.M., JIntBuHOBa 3.A.
OddexTHBHOCTS MOJETUPOBAHUS OKHCIUTEIILHOIO CTpecca y KPbIC BO3ACHCTBHEM IIyMa B CPABHEHUH C FHIIEPTEPMHUCH
W MarHUTHBIM TIOJIeM. Bemepunapnas namonozus. 2025;24(4):64-73. https://doi.org/10.23947/2949-4826-2025-24-4-63-73
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Abstract

Introduction. In vivo model for experimental creation of the necessary pathological processes is an important element of
scientific research planning. Numerous series of experiments have demonstrated the relevance of modeling oxidative
stress in laboratory rats by exposure to hyperthermia, magnetic field and noise. The problem of finding the advantages of
each particular prooxidant factor in modeling stress response underlies the current experiment, and its expediency is
induced by the need to generate a robust response of the prooxidant/antioxidant system, with statistically significant
changes of its parameters, at various periods of time. The study aims at conducting a comparative assessment of the effect
of noise, hyperthermia, and magnetic field on the intensity of lipid peroxidation processes in rats.

Materials and Methods. The study was conducted at the Research Laboratory of Amur Medical Academy in 2023-2024.
The experiment involved 120 white rats divided into four equal in number groups. The animals in the first group (intact)
were not subjected to any impacts; the animals in the second group (experimental group 1) were subjected to hyperther-
mia; the animals in the third group (experimental group 2) were exposed to magnetic field; and the animals in the fourth
group (experimental group 3) were exposed to noise. On 7, 14", and 21%t days of the experiment the rats were decapitated
(10 animals from each group) and their blood was sampled for analysis. Oxidative stress markers were determined using
the standard techniques; the results were analysed using the Mann-Whitney and Kruskal-Wallis tests. The critical signif-
icance level was set to 0.05 for all assessment procedures.

Results. With regard to the influence on the accumulation degree of conjugated dienes, statistically significant advantages
of noise model over the magnetic field model were recorded (p=0.000005 on 14™ and 21% days) and over hyperthermia
model (p=0.002039 on 14" day; p=0.001837 on 21% day). With regard to malondialdehyde, noise exposure surpassed
hyperthermia by the end of the experiment (p=0.000561). With regard to ceruloplasmin, the advantages of the noise model
over hyperthermia model were established (p=0.0167980 on 7™ day; p=0.004813 on 21% day), as well as over the magnetic
field model (p=0.000005 at all control points). In relation to vitamin E, the noise model advantages over the magnetic
field (p=0.000006 on 21% day) were revealed.

Discussion and Conclusions. Significant advantages of the noise-exposure model over the hyperthermia- and magnetic-
field-exposure ones in modeling the oxidative stress were established, along with the respective changes in prooxidant/an-
tioxidant system components. By the end of the first, second, and third weeks of the experiment, the statistically signifi-
cant deviation of oxidative stress markers in laboratory animals occurred under exposure to noise, unlike exposure to
temperature and magnetic field. In future, studies on the acoustic load influence on the adaptive potential of warm-blooded
organisms are planned to probe possible pharmacological medications to negative influence of noise.

Keywords: modeling, oxidative stress, exposure to noise, hyperthermia, magnetic field, lipid peroxidation, antioxidant
status, rats

Declaration on Compliance with the Principles of the European Convention for the Protection of Vertebrate Ani-
mals Used for Experimental and Other Scientific Purposes: the authors declare that all research was conducted in
compliance with the principles of Good Laboratory Practice.
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BBenenne. [Ipu npoBenennn (hapMaKoOIOTHISCKAX U
MaTo(GU3NOIOTUIECKUX JOKIMHUYECKUX HCCICIOBaHUI
nepel HAYMHAIOIUM CHEIUATUCTOM 3a4aCTyI0 BCTaeT BO-
IIPOC, CBSA3aHHBIN C BBIOOPOM SKCIIEPUMEHTAIBHON MO-
JIeNT UHIYKIUH HeOOXOIUMBIX JUISl U3yYEeHHUS MTPOLIECCOB
[1-7]. NHunnupoBaHue MPOIECCOB TIEPEKHCHOTO OKHCITE-
nust aununoB (ITOJ1) kreTouHbIX MeMOpaH U TOCIenyIo-
mee (GopMHpPOBaHNE OKHCIUTEIBHOIO CTPECCa BO3MOYKHO
BO3/ICHICTBMEM THIIEPTEPMHUH, MarHUTHOTO TIOJISI, IIyMa:
JTaHHBIE MOJIEIH AalIPOOUPOBAIUCH M OTPAOATHIBAINCH B OT-
HOIIEHUH J103bI U JUTUTEIBHOCTH SKCIO3UIMH (CYTOYHOH,
KypcoBoif) Ha Kadenpe dpapMakoJIoruun AMYpPCKON MeIaK-
ajieMuu Ha mpoTshkeHnd MHOTHX JieT [8—10]. Ocobyro ak-
TyaJbHOCTh IPHOOPETAIOT HCCIICIOBAHUS, ITOCBAIICHHBIC
IIYyMOBOMY BO3ACUCTBHUIO HAa TEIIOKPOBHBIM OPraHU3M
BBU/IY €KETOJHOTO yBEIWYEHUs] NHTEHCUBHOCTH aKyCTH-
YECKOl HArpY3KH Ha YeJoBeKa i )KUBOTHBIX [11-16]. Bes-
YCIIOBHO, BCE€ BBIIIEIIEPEUHCICHHBIE (DAaKTOPhI BO3/CH-
CTBHSI CIIOCOOHBI 3aITyCKaTh CBOOOTHOPAINKAILHBIE PeaK-
IIH, HO XOTEJIOCH OBl BBLICHUTH CPaBHUTEIBHYIO 3(dek-
TUBHOCTb PA3JIMYHBIX MOJEJNCH B MPOEKIIMH KOHKPETHBIX
MapKepOB OKHCIUTEIBHOTO CTPECCca M BPEMEHHOT'O hamna-
30Ha, B TEYEHHE KOTOPOTO PearupyroT napamMmeTpbl MPooK-
CHJIaHTHOH/aHTHOKCUJAHTHON CHCTEMBI Ha BO3ICHCTBHE
cTpecc-akropoB. Ha Ham B3risij], HaAeKHOCTh B MaKCH-
MaJIbHO BO3MOJKHBIX M3MEHEHUSX IMOKa3zaTelel CHCTEMBI
«IEPEKHCHOE OKUCIICHUE JIMIH0B/aHTHOKCHIAHTHAs 3a-
IIATa» ¥ HANOOJIBIINH MPOIIEHT BEPOSTHOCTH (POPMHUPOBA-
HUSI OKHCJIUTEIIBHOTO CTpecca yKaXyT Ha MPEeUMYIecTBa
9KCTIEPUMEHTAILHON MOJIENN U €€ BOCTpeOOBaHHOCTH HA
JIOKJIMHUYECKOM 3TaIle UCCIIeJOBAaHHUM.

Llenv pabomel — TIpOaHANIN3NUPOBATH B CPABHHUTEIb-
HOM acHeKTe BIHUSHUE IlIyMa, THIEPTEPMUH U MarHUTHOTO
T0JI1 HA HHTEHCUBHOCTh IIPOIIECCOB MEPEKHUCHOTO OKHUCTIe-
HUS JIMIHI0B OHOMEMOpaH B SKCIIEPUMEHTE C J1abopaTop-
HBIMH KPBICAMH.

Marepuanbl 1 MeTOIbl. JKCIIEPUMEHT IPOBEICH B
2023-2024 rr. B Hay4YHO-HCCIIEOBATEILCKON J1aboparTo-
pun Amypckoit MenakaemMuH (T. biarosermeHck) B coOT-
BETCTBUH C TPEOOBAHUSIMH, PEIABIBISEMBIMHU K JOKINHH-
YECKUM HCCIIEOBAHHSM, U OJO0OPEH JIOKaJbHBIM JTHYE-
CKMUM KOMHTETOM (BbINMCKa u3 nporokosa Ne 9 or 07 ne-
kabps 2022). JIng oCyIIECTBIEHHUS OIBITA HUCIIOIH30BAIH
120 GenbIx OecHOPOMHBIX KPBIC-CAaMIIOB 2-3 MECSYHOTO
Bo3pacta Maccoi 200—250 r. Kpbickl ObLIH pa3jesieHbl Ha
YeThIpe paBHBIE II0 YWCICHHOCTH TPYMIbI: B HEPBOM
rpymnie (MHTaKTHas) XMBOTHBIX HE MMOJBEPralid KaKUM-

00 BO3JEHCTBHSAM; BO BTOpPOH rpymre (noponsitHas 1)

KUBOTHBIX ToABepramu runeprepmun (+40+2 °C 45
MUH//IeHb ©)KeITHEBHO B TeueHue 7, 14, 21 nHei); B TpeTheit
rpymme (MoIonbITHAS 2) )KUBOTHBIX IOJIBEPIajin BO3JCH-
ctButo MarautHoro moiis (0,4 muwmmutecna 180 MuH/neHb
eXeJHEeBHO B TeueHue 7, 14, 21 gueit); B ueTBepTOi rpymie
(momombITHAs 3) >KMBOTHBIX MOJBEPraiil BO3ICUCTBHUIO
myma (95-105 nb 60 MuH/eHb eXXeaHEeBHO B TeueHHe 7,
14, 21 nmeit). B mpomecce sKcriepuMeHTaIBHBIX BO3JCH-
CTBUH JIETAJILHBIX CIIy4aeB 3apErMCTPUPOBAHO HE OBLIO.

Kpric nexammtupoBanu Ha 7, 14, 21-if mHE 3KCcepH-
MeHTa (110 10 rojoB U3 KaXkJO! IPyMIIbl), KPOBb AKUBOTHBIX
coOmpany B OXJaKICHHBIE TIPOOUPKH C TEIIaPHHOM, ICH-
tpudyruposanu npu 3000 06/MuH B Teuenue 15 muH, mo-
Jy4EeHHYIO CBIBOPOTKY KPOBH XPaHWIH IIPU TEMIIEpaType
—20 °C mo moMmeHTa uccienoBanus. IHTCHCUBHOCTD TPO-
LIECCOB TIEPEKUCHOTO OKHCIICHHS JIUINAO0B OLIEHUBAIH, HC-
Cllelys COIEp)KaHUE B KPOBH KPBIC: TUEHOBBIX KOHBIOTA-
ToB (110 Metouke 1.J1. CtanpHOM), MAJIOHOBOTO JTHAITBIC-
ruja (1Mo IBETHOM peakuuu ¢ THOOapOUTYPOBOM KHCIIO-
TOW) W OCHOBHBIX KOMIIOHCHTOB aHTHOKCHIAHTHOH CH-
crembl (AOC) — uepysomnazmuHa (o metoguke B.T.
Kon6a), Butamuna E (mo metomuke P.OK. Kuceneuu). B
pabote ucnoab3oBanu crekrpodoromerp KOK-2mm (3a-
TOPCKUI ONTHKO-MEXaHWIECKUH 3aBox, Poccust), criekTpo-
doromerp UNICO (United Products & Instruments,
CHIA), doroanexrpokonopumerp Solar PV 1251 C (3A0
«COJIAPy, benapycs).

Craructuueckyio o0paboTKy pe3yabTaToB IPOBOIMIN
¢ nomo1nslo nporpammsl Microsoft Excel 2016 (Microsoft)
U MaKeTa MpUKJIaIHbIX mporpamm Statisticav.10.0 (Statsoft
Inc., CIITA). KonudecTBeHHBIE TOKa3aTeIH OBLIN IpOaHa-
JIM3UPOBAHbl Ha MPEAMET COOTBETCTBUS HOPMAIBLHOMY
pacupeleneHuo ¢ nomolupo kpurepus Ilanupo-Yuika
(konu4ecTBO ®UBOTHBIX B rpymax N< 50). Ha ocHoBe BbI-
HOJIHEHHOT'O KOJIMYECTBEHHOTI'O aHain3a M rpaduyeckoro
n300paXeHHsI THCTOTPaMM YacTOT OBUIO YCTAHOBJICHO, YTO
npeobiagaroas 4acTh KOJINYECTBEHHBIX JaHHBIX HE CO-
OTBETCTBOBAJIa HOPMAJIBHOMY THITYy paclpeleleHus, o-
9TOMY PE3yJIbTAThl OIIMCHIBAIUCH C IOMOIIIBIO pacyera Me-
auanel (Me), HibkHero u BepxHero keapTuiist (Qi; Qs).
MeXrpynioBoe CpaBHEHHE MO KOJINYECTBEHHOMY MOKa3a-
TEN0 MpoBoawiIM ¢ momompio U-kpurepuss ManHa-
VYUTHH; CTATUCTUYECKYIO 3HAYMMOCTDh BHYTPUTPYIIIOBBIX
N3MEHEHHH 1oKa3aTesnei B JUHAMHKE — C TIOMOIIBIO KPH-
Tepusi BUITKOKCOHA; [UIsi CpaBHEHUs 3HAUSHUH Ooliee YeM
B JIByX BBIOOpKax M ¢ y4eTOM HEHOPMAJIBHOTO THIIA pac-

IpEeACICHNUS KOJIMYCCTBCHHBIX JAaHHBIX HMCITIOJIB30BAJIN HE-
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NapaMeTPUUECKYIO aJbTEPHATUBY OJHOMEPHOMY (MEX-
TPYNIIOBOMY) IUCIEPCHOHHOMY aHalM3y — KpUTCpHH
Kpackena-Yonnuca. Bo Bcex npoueaypax OLeHKH KpUTH-
YECKUH YPOBEHb 3HAUUMOCTH NpUHUMAJICS paBHbIM 0,05.
PesysabTaTsl HcciiefoBaHus. Y CTaHOBIEHO, YTO BO3-
JIeWCTBHE IITyMa, MAaTHUTHOTO OJIS ¥ THIIEPTEPMHUH 3aITyC-
KaeT B OpraHu3Me OJJHOHAIpaBlICHHbIE Hecenn(puIecKrue
MIPOLIECCH], CBSI3aHHBIC C IOBBIIICHHEM HHTCHCHUBHOCTH
CBOOOIHOPAIUKAIBHOTO (TIEPEKUCHOTO) OKHCIICHHS JINTIH-
oB OmomeMOpaH M (OpPMHPOBAaHWEM OKHCIHTEILHOTO
cTpecca, Ha 4TO yKa3bIBaeT HakoIuleHue npoaykroB [10JI
B IUIa3ME KPOBH MOJOMBITHBIX KpbIC. B dacTHOCTH, KOH-
LEHTpalMs AUCHOBBIX KOHbBIOraroB (Tabmuua 1) Ha done
SKCIEPUMEHTAIBHBIX BO3ACHCTBUM CTaTUCTUYECKH 3HA-
YUMO BBIPOCIIA OTHOCHTEJIFHO MHTAKTHBIX JKUBOTHBIX: K
KOHIly HepBOH Hemenu ombITa Ha 23 % (Tumeprepmus,
p <0,05) u 39 % (uym, p < 0,05) Ha dhoHE TEHICHIIUU K
YBEJIMUYCHUIO TI0Ka3aTesisi 04 BIMSHHEM MAarHUTHOTO
oyt (Ha 13 %); K KOHILy BTOpPOH HeieIM YpOBEHb IepBUY-
HOTO NPOAYKTa MEPOKCHIAINHU JIOCTOBEPHO YBEIHUUMICS

Ha 27 % (runeprepmus), 16 % (marautHoe moie), 49 %
(mym, p < 0,05); k KoHIY TpeThell Hexean — Ha 31, 17
u 58 % cootBetcTBeHHO (p < 0,05). B nenom, no BiusHUIO
Ha WHAYKIWIO JHEHOBOW KOHBIOTAINN JIMIHIOB IKCIIEPH-
MEHTaJIbHBIE BO3JAEHCTBUSI MOXKHO PacIOJIOXUTh B CIIETy-
fomiel yOBIBaroIel TOCIe0BaTENIFHOCTH: IIIyM > THIIEp-
TepMHUs > MarHUTHOE TIOJIE.

BTOopuuHBIil NpoAYKT TUIONEPOKCHIALUN — MaJOHO-
BhIi auanbaerun (MJIA) — pearupoBan Ha BO3ICHCTBHS
n3y4aeMbIX (PaKTOPOB CTATUCTUYECKH 3HAUYMMBIM IOBBI-
LIIEHHEM B CPaBHEHHMHU C WHTAKTHOI IpyNIOi BO BCE KOH-
TPOJBHBIE BPEeMEHHBIE TOUKH (Tabmuia 2): Ha 7-U JeHBb
ombita MJIA Bbipoc Ha 37 % (runeprepmus), 45 % (mar-
HUTHOE TIoIe), 53 % (urym) (p < 0,05); Ha 14-if meHs —
Ha 40, 49 u 47 % cootBetcTBenHo (p < 0,05); Ha 21-it —
Ha 29,44 1 61 % (p < 0,05). D10 MO3BOISIET PACIIOTIOKHUTH
9KCIIEPUMEHTANIbHbIE BO3JCHCTBHS 10 3(PPEKTUBHOCTH
MOJIETH CIIEAYIOIUM 00pa3oM: IIyM > MarHUTHOE MoJe >

TUTICPTEPMUS.

Tabnuma 1

Bausane I1yMa, MArHuTHOI'O IOJISI U BBICOKHUX TEMIICPATYP Ha KOHHCHTPAIUIO JUCHOBBIX KOHBIOTATOB B IJIA3ME€ KPOBU

MO/IOTBITHBIX M MHTAKTHBIX KpbIc (HMOb/MiI, Me [Q1; Q3])

I'pynmnsl )kUBOTHBIX JHu onbiTa
7-it 14-i1 21-i

UnrakrHas, 36,0 35,6 36,0
n=30 [35,5; 36,2] [35,0; 35,9] [35,8; 36,2]
Bericokue TeMmepaTypsl, 442 * 451 * 47,1 *
n=230 [44,0; 44,6] [44,0; 45,5] [46,9; 47,5]
MarauTHoe 10JI€, 40,6 * 414 * 421 *
n=30 [40,2; 41,0] [40,9; 42,0] [41,8; 42,7]
[IIymoBoe Bo3x€iCTBHE, 499 * 53,2 * 57,0 */**
n=30 [49,5; 50,3] [53,0; 53,5] [56,6; 57,8]

Tpumeuanue: 3neck u B Tabmmmax 2, 4, 5:

* p < 0,05, Mo cpaBHEHHUIO ¢ MHTAKTHBIMH J)KUBOTHBIMH B aHAJOTUYHBIN JIeHb OIbITa (110 KpUTepHio MaHHa-YHUTHN);

** p < 0,05, 0 CpaBHEHHUIO C )KUBOTHBIMHU Ha 7-1 JIeHb ombITa (110 KpuTepHio BrunkokcoHa)

Tabmuma 2

Busune mryma, MarHuTHOTO IMOJISI U BBICOKUX TEMIIEPATYP HAa KOHICHTPAIUIO MAJIOHOBOI'O AUAJIbACTH/Ia B IJIa3ME

KPOBH MOJIONBITHBIX U MHTAKTHBIX KpbIc (HMOIb/MiI, Me [Q1;Q3])

I'pymIibl )KMBOTHBIX Jletn onbita

7-i 14-i 21-i
HnTakTHas, 3,8 4,3 41
n=30 [3,7; 4,0] [4,2; 4,5] [3,9; 4,4]
Bricokue TemmepaTypsl, 52* 6,0 */** 53*
n=230 [5,0; 5,5] [5,9; 6,1] [5,0; 5,5]
MaruuTHoe 1ose, 55* 6,4 */** 59*
n=230 [5,3; 5,8] [6,2; 6,6] [5,7; 6,0]
[IymoBoe BO3IeiCTBHE, 58* 6,3 */** 6,6 */**
n=30 [5,7; 6,0] [6,0; 6,5] [6,4; 7,0]
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Takum 00pazom, Bce anpoOHpyeMble IKCIIEPUMEHTAIBHBIC
BO3ZICUCTBUS SABILIIOTCST PabOYMMHU B IUIAHE TIOBBILICHUS
YPOBHSI MapKepoB OKHCIIMTENILHOrO crpecca. [Ipu atom mar-
HHUTHOE ToJIe 0oJiee BBIPAKECHHO CIIOCOOCTBYET HAKOIUICHHIO
BTOpruHOTO NpoaykTa [10JI, runepTepMus — NepBUYHOTO, Ha
(oHe cTalrIbHOI OoJtee BRIpaskeHHOU 3P (HEKTHBHOCTH MOIe-
JIMPOBAHM CTpecca BO3/CHCTBHEM IIyMa, 4To OBUIO MOJTBEp-
KICHO Pe3yJbTaTaMH PaHIOBOTO AVMCIIEPCHOHHOTO AHAJIN3A
Kpackena-Youca (Tabmua 3): BO Bce KOHTPOJIbHBIE TOUKU

TIOJTyYEHbI CTATUCTUYECKH 3HAYMMBIC M3MEHEHHS JMECHOBBIX
KOHBIOTaTOB U MAJIOHOBOTO AWAJIBAETU/IA Y KPBIC, TIO/IBEPTHY-
THIX IIIyMOBOH Harpyske, B CPABHEHHHU C MHTAKTHBIMHU YKHUBOT-
HbIMH. [IpH 3TOM 3aperncTpupoBaHbl CTATHCTHYECKU 3HAYH-
MBble IPEMMYIIIECTBA MOIEIIH IIlyMOBOT'O BIIMSTHUS HaJl MarHUT-
HBIM nosteM (p=0,000005, 14-i1 u 21-if xam) 1 TUIIEpTEpMUCH
(p=0,002039, 14-i1 nenn; p=0,001837, 21-if neHB) IO YPOBHIO
JIMEHOBBIX KOHBIOraToOB; 10 MIA 11yMOBO€E BO3/AEHCTBHE Mpe-
B30ILUIO TUMIEPTEPMUIO K KOHITy onbiTa (p=0,000561).
Tabmuma 3

Pe3yJ’ILTaTLI PaHTOBOTO JUCIICPCUOHHOI'O aHaJIUu3a Kpacxena-YOJmI/Ica 1 ABYCTOPOHHUE 3HAYCHUS P IJIA

MHO)KECTBEHHBIX CPABHECHHI KOHIIEHTPALUH IIPOTYKTOB JINIONEPOKCUIAINH B TUIa3Me KPOBH KPBIC IIPU BO3ICHCTBHU

TUTNICPTCPMUHN, MAIrHUTHOT'O 110JIA, IITyMa

Tlan Panr MuTaxTHas IN'uneprepmus MarnutHoe nose ym
OTbITa Tpyrmet (cpemuee) p (1ByCTOpOHHIE)
JlueHoBbIE KOHBIOTATHI

7-it VnTaxTHas 5,5000 0,156675 1,000000 0,000645
Cuneprepmus 25,500 0,156675 1,000000 1,000000
MaruuTHoe 1oJjie 15,500 1,000000 1,000000 0,074218
Ilym 37,450 0,000645 1,000000 0,074218

14-it VnTaxTHas 5,5000 0,156675 1,000000 0,000000
Cuneprepmus 25,500 0,156675 1,000000 0,002039
MarnuTHoe fose 15,500 1,000000 1,000000 0,000005
Llym 55,300 0,000000 0,002039 0,000005

2l-i Unrakrhas 5,5000 0,156675 1,000000 0,000000
T'neprepmus 25,500 0,156675 1,000000 0,001837
Marmuroe none 15,500 1,000000 1,000000 0,000005
IiTynm 95,500 0,000000 0,001837 0,000005

MaoHOBBIH THAITbIETH]T

7-it UnrakTHas 5,5000 1,000000 0,054836 0,000531
Tuneprepmus 18,350 1,000000 1,000000 0,191444
MarnurHoe nose 28,200 0,054836 1,000000 1,000000
Ulym 37,800 0,000531 0,191444 1,000000

14-i Wnraxthas 5,5000 0,598197 0,004150 0,016423
Cuneprepmus 21,550 0,598197 1,000000 1,000000
Marnutsoe nosne 33,900 0,004150 1,000000 1,000000
Ulym 31,000 0,016423 1,000000 1,000000

21-id Wuraxrhas 5,5000 1,000000 0,009442 0,000000
luneprepmus 18,100 1,000000 1,000000 0,000561
Marnutioe nose 32,200 0,009442 1,000000 0,307174
Llym 50,300 0,000000 0,000561 0,307174
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AHTHOKCHIAHTHAsI CHCTEMa CHHU3MJIA CBOIO AKTHB-
HOCTh B OTBET Ha BO3JICHCTBHE NPOOKCHAAHTHHIX (hakTo-
POB, B YaCTHOCTH, ypOBEHb LEPYJIOIUIA3MHHA B IUIa3Me
KPOBH TOJOMNBITHBIX KpBIC (Tabnwma 4) IOCTOBEpHO
ymenbmmicst Ha 31 % (runeprepmus), 16 % (MaraHuTHOE
noze), 39 % (irym) K KOHILy ITepBOH HEJETH SKCIIEPHMEH-
TaNbHBIX Bo3xaeicTeuii (p < 0,05); Ha 33, 15 u 42 % coor-
BETCTBEHHO — K KOHIly Bropoil memenu (p < 0,05);
Ha 27, 16 u 50 % — k xoHIy Tpetheii (p < 0,05).

Ha stom done koHueHTpanus Buramuna E (tabmuna 5)
MOJI BJIMSTHUEM MarHUTHOTO MO OblIa CTAaTUCTUYECKU

3HAYMMO HIDKE JIMIIb K KOHILYy SKCIIEPUMEHTA; IIymMa —
Ha 14-it (17 %, p <0,05) wu 21-it news (31 %, p < 0,05);

runeprepmud — Ha 7-it (28 %, p < 0,05), 14-it (30 %,
p <0,05) u 21-it gensb (29 %, p < 0,05).

TakiM 06pa3om, TepyIIoIIa3MiH 00JIee BRIPAKEHHO pea-
TUPYET TPU MOJEIMPOBAHUN OKHCIHMTEIBHOTO CTpecca aKy-
CTHYECKOM Harpy3koil (IIyM > THIEPTEpPMHS > MarHUTHOE
Tione), BuTaMuH E — TemmeparypHoii (THIiepTepMust > IIyM >
MarHuTHOE T10J1e). JTO OTPAa3WJIOCh B ILIEJIOM HA Pe3yJibTaTax
PaHroBOro JIMCIIEPCHOHHOTO aHanmu3a (Tadiuia 6), KoTopble
TIOITBEP/IWIIH NIPEUMYILIECTBA B OTHOLIICHUH LIEPYJIOTIa3MUHA
IIyMOBOM Monenmu Haj rumeprepmuei (p=0,0167980, 7-it
nenb, p=004813, 21-if neHb) M MarHUTHBIM TIOJIEM
(p=0,000005 BO Bce KOHTPOJIBLHBIE TOUKH), B OTHOLIIEHHH BUTA-

muHa E — Han marauraemM noneM (p=0,000006, 21-i1 neHs).

Tab6muma 4

Bausuue mryma, MarHuTHOT'O IMOJISE U BBICOKUX TEMIIEPATYP Ha KOHHCHTPAWIO HEPYJIOIIa3MUHA B IJIa3ME KPOBU

MOJIOTBITHBIX U MHTAKTHBIX KpbIic (MKr/Mi, Me [Q1;Qz3])

JlHu ombITa
I'pymnis! >KHBOTHBIX
7-ii 14-i1 21-i
UnrakrHas, 25,9 26,0 26,0
n=230 [25,8; 26,2] [25,8; 26,5] [25,6; 26,4]
Bericokue TeMmepaTypsl, 18,0 * 17,3 * 19,0 *
n=230 [17,8; 18,2] [16,9; 18,0] [18,8; 19,1]
MaraurHoe 1oie, 218=* 22,1* 219*
n=230 [21,5; 22,1] [21,5; 22,4] [21,4;22,0]
[IIymoBoe BO3IeHCTBHE, 15,7 * 15,0 * 130 ~*
n=30 [15,5; 16,0] [14,6; 15,3] [12,9; 13,4]
Tabmuma 5

Bausane IyMa, MarHuTHOIO IOJIS1 U BBICOKUX TEMIIEPATYP Ha KOHUCHTPALIUO BUTAMUHA E B mrazme KpOBH

MO/TOTBITHBIX M MHTAKTHBIX KpbIc (MKT/Mi1, Me [Q1;Q3])

Juu ompiTa
['pymnmb! JKHBOTHBIX

7-i 14-i 21-i
WnrakTHas, 459 458 458
n=30 [45,5; 46,2] [45,3; 46,2] [45,4; 46,3]
Bricokue TemmepaTypel, 332* 322* 329*
n=30 [32,8; 33,9] [31,8; 32,6] [32,8; 33,8]
MarauTHoe 10JI€, 42,1 43,4 41,1 *
n=230 [42,0; 42,6] [43,1; 43,8] [40,8; 41,3]
LIymoBoe Bo3zeiicTBUE, 412 * 38,0* 31,6 */**
n=230 [40,8; 41,5] [37,5; 38,2] [31,2; 32,0]
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Tabiuua 6

PesynbraTel paHroBoro aucnepcHoHHoro ananmsa Kpackena-Youmica U IByCTOPOHHUE 3HAYCHUS P IJIS

MHOXXCCTBCHHBIX CpaBHeHI/Iﬁ KOHIICHTpAallu KOMIIOHCHTOB AHTUOKCHIAHTHOM CUCTEMEI B IIJIa3Me KPOBH KPBIC IIPpU

BOBHCﬁCTBHH TUTIIEPTEPMHUN, MArHUTHOI'O I10JIA, IITyMa

Juu I'pymnmbt Panr WuTaktHas Tl'uneprepmus MarnutHoe nose HTym
OIIBITA (cpennee) P (aBycTOpOHHHE)
Hepynonnazmun

7-i WuTakTHas 55,500 0,025058 1,000000 0,000000
l'nmeprepmus 30,950 0,025058 0,937068 0,016798
Marnuthoe nosne 45,500 1,000000 0,937068 0,000005

[Tym 5,5000 0,000000 0,016798 0,000005
14-i WnTakTHAas 55,500 0,007813 1,000000 0,000000
T'uneprepmus 28,400 0,007813 0,428483 0,050511
MarHuTHOE ToJIe 45,500 1,000000 0,428483 0,000005

Hlym 5,5000 0,000000 0,050511 0,000005
21-i WHTakTHAs 55,500 0,075708 1,000000 0,000000
I'nneprepmus 33,600 0,075708 1,000000 0,004813
Marnurhoe nose 45,500 1,000000 1,000000 0,000005

lym 5,5000 0,000000 0,004813 0,000005

Buramun E

7-i WurakrHas 55,500 0,000005 1,000000 0,162544
I'nneprepmus 15,500 0,000005 0,001935 0,150995
Mar=uTtHoE 1oJie 45,400 1,000000 0,001935 1,000000

Hlym 35,600 0,162544 0,150995 1,000000
14-i Wurakruas 55,500 0,000000 1,000000 0,103517
I'nneprepmust 11,800 0,000000 0,000240 0,057122
Mar=uTHoe noJe 45,500 1,000000 0,000240 1,000000

Hlym 34,400 0,103517 0,057122 1,000000
21-i Wnrakruas 55,500 0,000379 1,000000 0,000000
l'uneprepmus 22,600 0,000379 0,050511 0,503283
Marunuthoe nosne 45,500 1,000000 0,050511 0,000006

[Tym 6,0000 0,000000 0,503283 0,000006

OOcy:xneHne M 3aKJI04YeHHe. YUHUTHIBas COBOKYTI-
HOCTHh (DaKTOB, BKITFOYAMOIINX H3MEHEHUS KOMIIOHCHTOB
MPOOKCHIAHTHOM/aHTHOKCHIAHTHOM CUCTEMBI TIPH BO3ICH-
CTBHH PA3IMYHBIX CTpecc-PaKTOpPOB, 3HAYNMEIC TPEHUMY-
1IecTBa B MJIaHE MOJIEIMPOBAHUS OKHCIUTEIBHOTO CTpecca
YCTaHOBJIEHBI B MOJIEIM LIYMOBOI'O BO3/AEUCTBHS, MPEBOC-
XOJISIIUE TI0 CTeTIeHU HHAYKIuH mporeccoB [1OJI monenu
TUIEPTEPMHUH U MAarHUTHOM Harpy3ku. BaskHo, 4TO BO Bce
KOHTpOJ'lI)HBIC BpeMeHHHe TOYKHU MOJICIIb aKyCTH‘IeCKOﬁ
Harpy3KkH 3alyckajla B TEIUIOKPOBHOM OpraHu3Me KacKajl
peaxunﬁ, HaHpaBJ'leHHBIX Ha MOBBIICHHEC HWHTCHCHUBHOCTHU
nporeccoB nepokcuaanuu. OObICHEHHEM JaHHOMY (aKTy
MOXKET CJ'Iy)KI/ITB OHpe)IeJ'ICHI/IC MHLHCHCﬁ JJIA H_IyMOBOFO
BO3/ICHCTBUS: B AMHUYHBIX ITyOJIUKAIUSIX YKAa3aHO, YTO Ha

Ouonornyeckue MeMOpaHbL, ¥ B YACTHOCTH Ha OEJIKH Kiie-
TOYHBIX MEMOpaH, HalleJIeHO IeHCTBHE 3ByKOBBIX BOJH [17].
B pesynbrarte BO3eHCTBYS IlyMa MEHSIFOTCSI KOH(pOpMAIIU-
OHHO-()YHKIIMOHAJIbHBIE CBOMCTBa HMHTErPAIBHBIX M II0-
BEPXHOCTHBIX OEJIKOB, YTO MPEKJIE BCEro CKa3bIBAETCS HA
KJIETOYHOH MPOHUIIAEMOCTH U KaTHOHHO-aHHOHHOM JiicOa-
JIaHCE CO BCEMH BBITEKAOMIMMH TocieacTBusiMu  [18].
Ba)kHO yunTHIBaTh B JaHHBIX YCIIOBUSX pa3BUTHE MEMOpaH-
HOM 3H3MMOIATHH, COMYTCTBYIOIICH YBETMYCHUIO MHTEH-
CHBHOCTH IIPOIIECCOB CBOOOIHOPAIUKAIBHOIO (MEpeKuc-
HOT'0) OKHCJICHUSI JIUITUJIOB, SIBJISTIOLMXCS KITFOYEBON CTPYK-
Typoii OeNKOBO-TMIHAHOTO Kiactepa 6nomemOpan. Kax ka-
MEHb, NIAJIAIOLINI C BEPIIUHBI TOPBI, TOBBIIICHHE HHTEHCHB-

HOCTH BbIHICTICPCUUCIICHHBIX peaKuHﬁ TSHET 3a co00i e-
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JIBIA Kackaj| MPOLIECCOB, CB3aHHBIX C IEPErpy3KOH IHIO0-
TCHHBIX AHTHOKCHUIAHTOB. VIMEHHO I0TOMY HCTOIIAeTCs
Ppe3epB YHAOTEHHOI aHTUOKCHIAAHTHOM CUCTEMBI, CHIDKCHHUE
AKTUBHOCTH OCHOBHBIX KOMITOHEHTOB KOTOPOH OBUIO ITOJ-
TBEPIKACHO HACTOSIIMM HCCIIEZIOBAHUEM.

Takum 00pa3oM, MOIEIMPOBAaHHE OKHCIUTEIHHOIO
cTpecca B OpraHu3Me JIabOopaTOpPHBIX J>KMBOTHBIX BIIHS-
HHEM IITyMa TOATBEPAMIO CBOIO 3P (PEKTHBHOCTD, Oa3upy-
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Abstract

This paper presents the nutritional requirements of donkeys, with a special focus on the needs for water, energy, proteins,
minerals and vitamins. Donkeys, as working animals originating from arid regions, have specific physiological adapta-
tions that affect their nutritional needs. The aim of this paper is to review and present scientifically based information on
nutritional requirements, nutrients and recommendations for feeding donkeys based on current research in the world. The
paper shows the needs for water, energy, proteins, minerals and vitamins, as well as methods of assessing food digesti-
bility and availability. Special attention is paid to the variations in needs depending on the physiological state (growth,
pregnancy, lactation), the intensity of work and the quality of available food. The importance of food digestibility and
correctness of meal that meets all nutritional needs are also presented. The need for an adequate balance between rough
and concentrated feed, as well as the potential danger of inadequate supplementation, are emphasized. Based on the
available literature and field observations, practical instructions are given for proper feeding of donkeys in different
breeding conditions, with the aim of preserving their working capacity, health and longevity.

Keywords: donkey, non-ruminant diet, condition, nutritional requirements
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OPUZHHCUIbHOe amnupudeckoe ucciedosamue

OcHoBHbBIE NMPUHIHUIBI H MPAKTUIECCKUE PEKOMECHAALUMHA 110 ITPABUJIBHOMY KOPMJICHUIO 0CJIOB

Henax MateeBnu’t<, MuauBoiie Ypomemzm2

! Benrpazckuii yausepcurer, bearpan, Cepbus
2 [leHTp coXpaHeHHUs aGOPUIreHHbIX mopo, benrpan-3emyn, Cepous
D< nenad.matejevic@gmail.com

AHHOTAUUA

B craThe paccMaTpHBarOTCS MHIIEBBIE TOTPEOHOCTH OCIIOB, 0C000€ BHUMAHUE yIENAETCs MX MOTPEOHOCTSIM B BOJE, SHEP-
rum, OenKax, MUHepaiax 1 BuTaMuHax. OpraHu3M OCJIOB, KOTOPBIE SIBISIOTCS. paOOYMMH )KUBOTHBIMH POJIOM U3 3acCyIl-
JIMBBIX PErMOHOB, NMPOIIEN PsJ (GU3HOJOTMYECKUX afanTalui, BIMAIONIMX Ha WX MUIIEeBble noTpedHocTH. Llens cra-
TBY — IIPOBECTH 0030p M MPEJCTABUTh HAyYHO 0OOCHOBAHHYIO HH(OPMAIIMIO O MHUIIEBHIX MOTPEOHOCTSIX, MUTATEIHHBIX
BEIIECTBaX U PEKOMEHAALUX [10 KOPMIIEHHIO OCJIOB, OCHOBBIBAsICh HA COBPEMEHHBIX MUPOBBIX HCCIE10BaHUAX. B cTaThe
MIOKa3aHbI MOTPEOHOCTH B BOJIE, SHEPTUH, OellkaX, MUHEpaIax U BUTAMUHAX, a TAK)KE METO/IbI OLICHKH YCBOCHUS U HaJIN-
gpst kKopMa. Ocoboe BHIMaHUE yAenseTcs H3MEHEHUIM TOTPeOHOCTEH B 3aBUCUMOCTH OT (PU3HOJIOTHYECKOTO COCTOSHUS
(B3pociieHne, 6epeMEHHOCTS, JIAKTAIlHs ), ”HTEHCHBHOCTH pa0OTH M KauecTBa MMEIoIerocst kopma. Takxe 000CHOBaHa
BaXHOCTH YCBOCHUS KOPMa M MPABIJIFHOTO MUTAHNS, OTBEYAIOIIETO BCEM MUIIEBBIM oTpeOHOoCTAM. [loquepkayTa HE00-
XOAMMOCTh ONITUMAJIFHOTO OajlaHca MEeXIy IpyObIM M KOHIIEHTPUPOBAHHBIM KOPMOM, a TaK)Ke MOTEHIMAJIbHAs OTac-
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HOCTb HCOIITUMAJIBHO HOHOGpaHHLIX ﬂOﬁaBOK. Ha ocHoBe HMemmeﬁCﬂ JIATEPATYPhbI U TOJICBBIX Ha6.]HO,H€HPII7[ JaHBbI ITpaK-
TUYCCKUC YKa3aHUs 10 MMPAaBUJIbHOMY KOPMJICHUIO OCJIOB B PAa3IMYHbIX YCJIOBUAX pa3BCACHHA C LCJIbIO COXPAHCHUA UX

paboTOCIIOCOOHOCTH, 3/10POBBS M AOJITOJICTHSI.

KiroueBble ci1oBa: ocen, HEKBa4HbBIN panroH, COCTOAHUE, ITUIIEBBIC HOTp66HOCTI/I

Jost nuruposanusi. Mareesnd H., Yporresrna M. OcHOBHBIE IPHHIMIIBI X IPAKTHIECKHAE PEKOMEHAAINH 110 TIPABIIIEHOMY
KOPMJICHHIO OCIIOB. Bemepunapnas namonoaus. 2025;24(4):74-89. https://doi.org/10.23947/2949-4826-2025-24-4-74-89

Introduction. A donkey is a herbivore, and there are
many assumptions that working donkeys can do their work
successfully on grazing alone and that they do not need any
additional feeding. However, nutritional requirements of
donkeys can vary throughout the year, depending on
whether they are working hard or are pregnant or nursing
their foals. Grazing quality varies throughout the year, as
grasses develop from young easily digestible plants to ma-
ture plants after flowering, when plants contain more fiber
and are less digestible [1]. In order to conclude whether a
donkey is well fed, it is necessary to know its nutritional
requirements, and then determine the best way to meet
these requirements from the available feed.

Many scientific papers focus on measuring and discov-
ering the nutritional needs of horses in the context of their
participation in various competitions. In the scientific liter-
ature the requirements of horses for energy, protein, min-
erals and vitamins have been determined [2]. The average
nutritional composition of food that is usually given to
horses is available in food composition tables. However,
there is significantly less information in the literature about
the needs of donkeys.

Donkeys and horses are non-ruminant herbivores, and
digest the fibrous part of food in the cecum and colon un-
like cattle, which are herbivorous ruminants and digest the
fibrous part of food in the rumen [3]. Fiber digestion prod-
ucts are less available to non-ruminant herbivores than to
ruminant herbivores. To circumvent this and ensure better
resorption, the nutritional strategy for non-ruminant herbi-
vores has to imply more frequent intake of food to ensure
daily needs [1]. Because of their size, donkeys eat more
roughage per unit of body mass than cattle, but less dry
matter is digested [4].

Cattle consume dry matter equivalent to 2% of their
body weight per day, donkeys consume roughage equiva-
lent to 2—-2.5% of their body weight, while horses consume
in the range of 2.5-3% of their body weight [1]. Compared
to a horse, a donkey is better at digesting rough, bulky feed
and can digest a greater proportion of dry matter than a
horse, if they eat the same feed. This difference is hardly
noticeable with highly digestible coarse forages (alfalfa),
but, digestibility can be as much as 3-4% better with less
digestible forages (barley straw, corn cob).

The reasons why donkeys are better than horses and po-
nies at digesting poor-quality rough feed are not yet known.
According to some researches, the main reason is the dif-
ferent relationships of microorganisms in the cecum and

colon, where cellulose is better digested [1]. According to
other research, the reason is that the digestive tract of a
donkey is longer in relation to the total body mass than that
of a horse. Donkeys have a lower food requirement per unit
of body mass compared to a horse, some reports state that
it is up to 25% lower than that in horses [5].

Comparative studies on the energy and protein require-
ments of donkeys and horses have shown no differ-
ences [5]. Therefore, in the absence of other evidence, it is
possible to say that at least part of the reason why donkeys
do better than horses on the same feed is their greater abil-
ity to digest roughage.

The aim of this paper is to review and present scientif-
ically based information on nutritional requirements, nutri-
ents and recommendations for feeding donkeys based on
current research in the world. The paper shows the needs
for water, energy, proteins, minerals and vitamins, as well
as methods of assessing food digestibility and availability.

Materials and Methods. This study applied a literature
review to find existing scientifically based information on
nutritional requirements, nutrients and recommendations
for feeding donkeys. For the purposes of the work, the Ser-
bian scientific literature database, Google Scholar, CABI,
RG (Research Gate) platform and RISC (PMHLI) — Russian
Index of Science Citation database were reviewed. In the
available literature, any significant amount of research on
the nutritional needs of donkeys as well as on nutrients suit-
able for feeding donkeys has not been found. The re-
searched literature goes back to 1948, when the book by
the Russian author 1.S.Popov "Feeding domestic animals"
[6] was translated into Serbian and used as a university
textbook. Serbian scientific literature about nutrition of
domestic animals refers to a donkey as a horse, without de-
tailed explanations. The same is true for literary sources in
other languages. By reviewing the RG platform database,
it was determined that there was no reserch dealing with
the nutrition of donkeys. The large international organiza-
tion CABI (nonprofit intergovernmental development and
information organisation), which has a base with thousands
of units, does not have studies on the nutrition of donkeys.
A search in the RISC database did not yield with any ade-
quate text on donkey nutrition. Just few research papers
dealing with donkey nutrition from the aspect of physio-
logical features and energy requirements were published.

Nutritional requirements of donkeys. The nutrients
that all animals, including donkeys, need are: water, en-
ergy, proteins, minerals and vitamins.
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Water. Many working equines suffer from various de-
gree dehydration, because they do not get enough water
during the working day. Donkeys evolved in a desert envi-
ronment, which means that they typically require less water
per unit of body mass than most other large mammals, ex-
cept for the camel [1]. The amount of water a donkey needs
depends on the food it eats, the work it does, its physiolog-
ical state and the temperature of the environment in which
it lives and works. The more dry matter an animal eats, the
more water it needs.

For every kilogram of dry matter it eats, in cold condi-
tions and without work, a donkey needs 1.1 liters of wa-
ter [5]. When working, a donkey spends a lot of energy on
muscle contractions. The by-product of this process is heat.
A donkey loses extra heat to maintain its body temperature
during work, sweating and, in extreme conditions, panting
to cool itself. These processes use up water in the body.
Therefore, a working donkey needs 5-6 times more water
than a non-working donkey [1].

During lactation, a donkey needs almost double the
amount of water compared to a non-lactating donkey. If the
air temperature rises above 30°C, and at the same time the
relative humidity increases, there is no significant increase
in the need for water. In the event that at such air tempera-
ture the relative humidity is low, the need for water in-
creases 3-4 times [5].

In the case of low air temperatures and high relative air
humidity, the need for water does not increase, but if at the
same low air temperatures, relative air humidity decreases,
there appears thirst and need for increased consumption of
drinking water.

A wild donkey, in its homeland (Nubia, Somalia), does
not drink water every day [7]. Only donkeys with foals and
pregnant donkeys go to the watering holes every day, and
the other categories usually go every second day. In that
case, they can drink up to 25 liters of water.

It is considered, in general, that donkeys need, daily, an
amount of water that corresponds to 10% of their body weight.

Energy. Energy requirements are usually described as
the amount of digestible energy a donkey needs. This
means the amount of energy it needs in a digestible form.
All food contains energy, but the amount a donkey can di-
gest depends on the nature of the food. For example, it can
digest about 85% of the energy present in the corn kernel,
but only 35% of the energy present in the corn husk [1].
This is because corn husks have much more fiber than corn
kernels, so less energy is available for digestion and more
is excreted in the feces. This solves the problem of different
forages having different digestibility. Donkey that weighs
150 kg needs around 20 MJ of the digestible energy per day
for maintenance [5]. In their research, Smith and Wood
[14] showed the daily food requirements in dry matter for
a daily food consumption of 1.5% of body weight. Accord-
ing to them, a 150 kg donkey has a daily digestible energy

requirement of 12-14 MJ per day, based on a daily con-
sumption of 2.3 kg of dry matter. The required energy den-
sity of food is 5.5-6.5MJ/kg of dry food matter. A 200 kg
donkey needs digestible energy of 16-19 MJ per day, where
the daily consumption is 3 kg of dry matter. The required
energy density of food is also 5.5-6.5MJ/kg of dry matter of
food. Donkeys with a body weight of 250 kg have daily di-
gestible energy needs of 20-24 MJ per day, based on the
consumption of 3.8 kg of dry matter. The required energy
density of food for this body weight of a donkey is identical
to the previous two, 5.5-6.5MJ/kg. This does not mean
much unless it can be related to the actual amounts of food
needed to meet the requirements. All animals use energy to
contract muscles, therefore, when a donkey is working, its
need for energy will increase [1]:

Energy requirements for work = energy expenditure for
walking + energy expenditure for carrying loads + energy
expenditure for pulling loads + energy expenditure for
moving uphill, against the force of gravity.

The greatest energy used in work is that used in walk-
ing. The additional energy used for carrying or pulling a
load or moving uphill, in addition to that used for walking,
is relatively small. A donkey uses more energy per meter
when traveled on rough ground than on firm flat ground,
and it will travel at a slower speed and travel less during
the day. If it is pulling or carrying heavy loads that require
more additional energy, it will move at a slower speed than
if it is lightly loaded and again will travel less during the
workday. This means that the additional energy required
for work can be accurately estimated by determining the
distance traveled during work, rather than worrying about
the type of work, workload or terrain. An average-sized
donkey (150 kg) will need about 60% extra energy when
walking 10 km, 100% extra energy when walking 20 km
and about 140% extra energy walking 30 km working, ei-
ther pulling a cart over a road with a hard surface or carry-
ing a load on its back [1].

If distances are difficult to estimate, hours spent work-
ing can be used to estimate energy needs. A donkey that
works 4 hours a day will usually need about 50% more en-
ergy than if it doesn't work. Working for 6 hours a day can
mean doubling the energy needs, and working for 8 hours
a day, means an increase in energy needs of up to 2.5 times
compared to what is needed for maintenance on a non-
working day [1]. This also takes into account some short
periods of rest during the working day, i.e. it is assumed
that the donkey does not spend the whole time in motion
during the working day.

Donkeys in the last three months of pregnancy need
about 10% more energy every day than when they are not
pregnant, while during lactation in the first three months
they need about 120% more energy than when they are not
lactating and working [5]. The amount required will de-
crease by about 50% of energy relative to resting require-
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ments in later periods of lactation as milk production de-
creases. Many growing donkeys have energy needs similar
to that of adult donkeys, but because they are small they
have a lower food intake. Therefore, their energy needs
should be provided in a more concentrated form than that
available in roughage.

Energy is available to a donkey in several different
forms. Energy is obtained through food from carbohy-
drates, fats and proteins. It is also available from glycogen
stored in the body, in the muscles and liver or fat in adipose
tissue throughout the body. Getting energy from protein is
unprofitable and expensive. Many working donkeys are
lean and therefore have little body reserves. The main
source of energy from food for working animals is carbo-
hydrates and fats [8]. Carbohydrates are available in two
forms: (a) simple carbohydrates, that are broken down to
glucose which is absorbed from the small intestine into the
bloodstream and (b) complex carbohydrates found in fi-
brous plant material, which are fermented by microorgan-
isms in the large intestine to produce volatile fatty acids
which are absorbed through the intestinal wall into the
bloodstream [8].

Concentrated food contains carbohydrates, mostly in
simple form, while rough food is rich in fiber, complex car-
bohydrates. Concentrated feed provides a donkey with a
more readily available form of energy, which can be easily
digested and absorbed in the small intestine. A donkey that
eats mainly complex carbohydrates in roughage relies
mainly on microorganisms in the large intestine to produce
energy-yielding substrates in a usable form. Donkeys can-
not be fed only concentrates. They must have enough fiber
in the food to stimulate muscle contractions in the digestive
tract and to dilute simple carbohydrates that are more easily
fermented. This reduces the chance of colic or other diges-
tive problems, which can occur when ungulates are fed
high levels of concentrate. If the daily energy requirement
of a working donkey is doubled then in theory on a working
day the donkey will have to eat at least twice as much as it
needs for maintenance, or lose weight. A working donkey
on roughage of poor to moderate quality does not increase
its voluntary food intake in response to work. In some
cases, feed intake may even be reduced because a working
donkey has less time to feed.

Therefore, in order to meet additional energy needs dur-
ing the working day, a donkey should be given a higher
quality meal. This is one with more digestible energy than
that found in most roughages, such as crop residues and
hay, which are commonly available for working donkeys.
Failure to improve the energy concentration of a working
donkey’s ration will result in the donkey losing body mass
during work [5]. Some weight loss may be acceptable in a
working donkey that only does seasonal work. It is possible
to gain weight in the off-season, but weight loss is not ac-
ceptable in a donkey that works every day of the year, or
one that starts working in a lean state.

Proteins. Protein requirements for adult donkeys are
relatively low [9]. They are, for the most part, necessary to
meet the protein needs of the microorganisms in the large
intestine, and they are vital for the breakdown of dietary
fiber. Work does not significantly increase donkeys’ pro-
tein needs. Any increase in protein requirements in work,
usually due to tissue recovery after injury, is likely to be
met by the protein contained in the supplementary feed
provided to meet the additional energy needs of the work-
ing donkey.

Growing animals, as well as pregnant and lactating
donkeys, require more protein in their feed than other cat-
egories of donkeys [10]. The needs of pregnant donkeys for
proteins increase in the last 3 months of pregnancy, which
is the period when the growth and development of the fetus
is the greatest. This is the time when the developing fetus
takes up more space in the abdominal cavity, reducing the
donkey’s capacity to eat bulky food. In order to meet the
additional energy and protein needs during this period, it is
necessary to increase the amount of concentrate in the meal
and reduce bulky food.

Proteins are made up of long chains of amino acids.
There are 25 important amino acids, 10 of which are essen-
tial in nutrition [2]. Essential amino acids are necessary be-
cause the donkey or the microorganisms in the cecum and
colon cannot synthesize them in sufficient quantities to
meet daily needs. There is no system for digesting micro-
bial proteins in the large intestine, therefore the donkey re-
ally depends on the protein it eats to provide amino acids.

Plants can synthesize all the amino acids that donkey
needs. A young growing donkey has high lysine require-
ments. This is the amino acid most likely to be deficient
and inhibit growth if a young donkey is fed only roughage.
Amino acids that are ingested in excess cannot be stored,
but are instead metabolized to provide energy or converted
into the body fat and glycogen reserves. Based on this, it is
very expensive and unprofitable to feed donkeys with large
amounts of protein. This situation rarely occurs with the
working donkey living in tropis, because good sources of
dietary protein are generally expensive and therefore used
sparingly by most owners who can afford them.

The amount of protein in feed is usually expressed as
the amount or percentage of protein in the dry matter of the
feed. This is actually the nitrogen in the dry matter of food
multiplied by 6.25 [8]. This is based on the fact that most
proteins contain 16% nitrogen, i.e. 100/16 = 6.25 units of
protein for each unit of nitrogen. It is easy to measure the
nitrogen content in food, it is much more difficult to meas-
ure the amino acid content as well as the amount of protein
in it. Foods with similar nitrogen content may have the
same crude protein content, but the proportion of essential
amino acids and thus the quality of the food may be differ-
ent. The higher the proportion of essential amino acids, the
better the quality of the protein. In ruminants, a large part
of the protein in the diet is broken down in the rumen into
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simple nitrogenous compounds and is used by microorgan-
isms for growth and production of microbial proteins.
Therefore, part of the additional nitrogen that promotes the
growth of microbes and thus helps the fermentation of
complex carbohydrates can be provided in the diet as urea.
In donkeys, this can have fatal consequences, as the urea
would be absorbed directly into the bloodstream through
the stomach wall, before reaching the microorganisms in
the large intestine, where it could be of use. This means
that providing urea can cause toxicity, which can lead to a
fatal outcome. Therefore, all the protein needs of a donkey
and the nitrogen needs of the microorganisms in its large
intestine must be provided from the protein in the food.
Donkey feed should never be supplemented with urea or
ruminant concentrate which containing urea.

The highest quality proteins, those that contain the high-
est proportion of essential amino acids in the protein, are
proteins of animal origin such as fish meal. The greatest of
plant proteins is soy. Legumes are roughage that contain the
highest amount of protein. As grasses and cereal plants ma-
ture, the protein content of the stems and leaves decreases,
and so does the protein content in roughage made of them.

s ™ ” 7 ; 7
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Hay protein quality declines as the crop is harvested later in
the growing season. Ripe straw and corn husks contain very
small amounts of protein. The same as with energy in food,
itis important to know how much protein in food is available
to the donkey, i.e. how much can be digested in the intestines
and how much is excreted in the feces.

Minerals, vitamins. Minerals are inorganic elements,
which have a number of functions in metabolic processes
and activities in the body. The most abundant minerals are
calcium, phosphorus and magnesium (important for the
structure of the body and skeleton), sodium, potassium and
chlorine (important for acid-base balance and fluid regula-
tion), sulfur (necessary in metabolic processes). Trace min-
erals (required in small amounts in the donkey's body) are
iron, manganese, zinc, copper, iodine, selenium and cobalt.
All of them can be obtained from food. Calcium, phospho-
rus and magnesium requirements are greatest in growing
animals. A working animal needs to maintain fluid balance
by replacing sodium lost through sweat. It is therefore im-
portant to ensure that the working donkey is given a hand-
ful of salt in its food every day, or that it is given rock salt
or lick blocks while it is resting.

- |

£

Fig. 1. After the return of the herd and the donkey from grazing, in Anatolia (TR) the donkey licks the salt rock to take in minerals
and vitamins

Vitamins are organic substances necessary for the
proper functioning of physiological processes. They
are needed in very small quantities. There are two types
of vitamins. Fat-soluble vitamins are A, D3, E and K,
and water-soluble vitamins are vitamin C and B vita-
mins. Vitamins B and K2 are synthesized by microor-
ganisms in the large intestine, so it is less important to
get them through the diet, and vitamin C can be pro-
duced by the donkey in sufficient quantities to meet the
needs. Fresh green leafy vegetables and grass are good
sources of vitamins, therefore they should be regularly
included in small amounts in the diet. When donkeys
do not have access to fresh green plant material, min-
eral and vitamin supplements that are widely available
can be added to rations.

Measurement of food digestibility. Food digestibility
is assessed by measuring the degree to which dry matter,
organic matter, proteins or fiber components of food are
digested [8]. Dry matter digestibility can be determined by
measuring the amount of dry matter eaten during a certain
period (usually not less than 7 days) and the amount of dry
matter excreted in the feces at the same time [1]. This
means confining donkeys to individual stalls for a period
and weighing the food they eat and the feces they excrete.
Samples of daily feed intake and collected feces are dried
to constant weight (until all water is gone) to determine the
dry matter content of each. From these values, the total dry
matter that is eaten and the total excreted are calculated.
The digestibility of dry matter in food expressed as a per-
centage could be calculated with the following formula [1]:

Weight of dry matter in the food — weight of dry matter in the feces x 100

Digestibility of feed (%) =

Weight of dry matter in the food
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This method does not require any sophisticated labora-
tory, just food and excrement drying agents and a precision
scale. Drying is usually started in the sun and finished in
an oven at around 60°C for one day. The digestibility of
any of the other nutrients such as organic matter (dry matter
content— ash), protein or fiber (neutral detergent fiber and
acid detergent fiber) can be determined by measuring the
total dry matter present in the food and feces and substitut-
ing the value in the above formula. A feed laboratory with
protein, fiber and ash determination facilities is required to
determine these feed components. There are feed composi-
tion tables that can be studied to see average values for the
digestibility of many nutrients. However, less information
is available for ungulates than for ruminants.

Availability of food. Most donkeys are fed roughage
throughout their lives, with grazing on natural grasslands,
roadsides, bushes and undergrowth if kept in rural areas.
Many working donkeys are found in urban and suburban
areas of the world where there are few opportunities for
grazing and people feed their animals exclusively on pur-
chased feed. In these situations, the amount of daily earn-
ing often dictates the quality of feed given to the donkey.
However, unless the roughage is of the highest quality
(fresh legumes or legume hay), a working, pregnant, lac-
tating or growing animal must receive supplemental nutri-
tion in addition to roughage to maintain condition and
health and be productive.

Roughage. Quality roughage varies from good (fresh
and canned legumes) to bad (husk and straw from sorghum,
millet and rice production). It is important to be able to dis-
tinguish good roughage from bad food. The condition of the
roughage is very significant. It should be free of dust and

mold, bad odor and any garbage (unsightly and poisonous
weeds, plastic, wire and other garbage). The next step is to
evaluate the type of roughage in terms of nutritional value.
In terms of digestible protein, it’s relatively easy: legume
roughage is usually high in protein, grasses and hay are me-
dium to low in protein, and crop residue and straw are low
in protein. The younger the grass, the higher the protein con-
tent. As all plants mature, digestible protein content declines
as plants become more fibrous. Similarly, as the amount of
fiber (complex carbohydrates) increases, the content of di-
gestible energy in roughage incresses as well. Tropical
grasses grow and reach maturity (seed) faster than temperate
grasses. They are more cellulosic than temperate grasses and
can be very low in protein when mature. Temperate grasses
have a higher protein content than tropical grasses.

Pearson [1] presents a simple scoring system for deter-
mining the energy value of roughage for ruminants based
on appearance, which provides a guidelines for analysing
grass and pasture, legumes, hay and crop residues. The
higher the number of points, the better the nutritional value
of the roughage (Table 1). It is a useful system for evaluat-
ing roughage when feeding a donkey. It is based on:

a) General appearance — is the roughage free of mold,
dust, garbage? Does it smell nice and sweet?

b) Leaf to stem ratio — is it very fibrous with lots of
stems or is it young and leafy?

c¢) Color — is it young, green and freshly cut or old,
yellow dry and late cut?

Each of the three characteristics should be rated from 1
to 5 according to the descriptions in Table 1, and then
added up. These results should be used to interpret the data
in Table 3 and Table 4.

Table 1
Scoring system for evaluation of the quality of roughage in relation to digestible energy content
Characteristics Score
1 2 3 4 5

General Appearance Very poor Poor Moderate Good Very Good
Leaf to Stem Ratio Mainly stems Stems > Leaf Leaf = Stem Leaf > Stems Very leafy
(age of plant)

Colour Yellow Yellow > Green Green > Yellow Green Very Green

Source: [1]

According to Pearson [1], roughage with a score below
6 has low energy value, while that with a score over 12 has
a high level of digestible energy and thus is good for feed-
ing working, lactating or growing donkeys. Freshly cut
green grass with lots of leaves would get a score of 12 —
13, while chopped barley straw with few leaves left might
get less than 6, and stalks with few leaves might get 3.

Energy-rich concentrates. Cereal grains are a good
source of energy, but they need to be crushed, rolled or
ground so that the carbohydrates and proteins in the grain
can be best digested [8]. Oats can be given raw, but crush-
ing improves digestion. The barley grain is in a hard shell,
so grinding is required to break the shell. Sorghum and

wheat grain are small, so it is best to grind or roll them be-
fore feeding, otherwise they can pass through the digestive
tract undigested. Corn kernels can be given in any form,
but as it is hard, it is best to grind it, especially for animals
with weak teeth.

Concentrates with a mixture of at least two types of ce-
reals are always of better quality than concentrates with
one type. Molasses is a source of easily digestible carbohy-
drates that can increase the flavor of dry food while provid-
ing energy. The main problem with molasses is storage in
hot weather as it can ferment and spoil, especially low
quality molasses, which has the highest water content. Oil
is a good source of energy and is used more and more in
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feeding donkeys. Vegetable oils (soybean, rapeseed, corn,
palm, sunflower) and fish oil can be used in small quanti-
ties. A cup a day in food as an additional source of energy
is good for working donkeys, but it should be gradually in-
troduced into the diet over 10-14 days. Oil is added imme-
diately before feeding.

Protein-rich concentrates. When grains are used in
conjunction with poor-quality roughage, they can provide
a low-protein meal. Pregnant animals, lactating animals
and growing young require protein-rich mixtures to sup-
plement particularly poor bulk feed. Oilseed cakes, soy-
bean cakes and cottonseed cakes are some of the best
sources of protein for donkeys. Sunflower cake can also be
used in food. Peanuts may contain mold derivatives — my-
cotoxins, to which ungulates are sensitive.

Dolichos biflorus, sometimes called “field” or “horse”
vetch is another good source of protein, which is available
in many tropical countries for donkeys and can be fed with-
out cooking or processing. Beans (Vicia fabia) are legumes
that contain approximately 25% crude protein. It can be
used in its raw state, without any prior processing. Other
legumes, such as those from the Phaseolus species (mung,
navy, kidney, lima pea) need to be cooked to remove toxins
before being fed to equines, and are therefore less useful.
Forage legumes, such as alfalfa and Alexandrian clover,
contain more protein than grasses, whether fresh or canned,
and are good nutrients in donkey diets.

Other concentrated raw materials in donkey nutrition.
Wheat bran provides some energy, more protein and cellulose
in the diet of donkeys. It contains less calcium but has high
phosphorus content. When using wheat bran in the diet, it is
necessary to balance the meal well to avoid bone abnormali-
ties due to the unbalanced ratio of calcium and phosphorus. In

the case of using alfalfa together with wheat bran, this imbal-
ance is smaller, provided the alfalfa is rich in calcium.

Food storage. Some nutrients in bulk foods, grains and
protein supplements deteriorate during storage. Food
should be stored in a cool place where the temperature does
not fluctuate much, ideally where there is good air flow,
ventilation and low humidity. Food should not be stored in
direct sunlight or in humid conditions and should be stored
away from rain, water, rodents, insects and birds [2].

The amount of water in food varies, a kg of fresh grass
can have 80% of its weight as water, while 1 kg of grain
contains only 15% of water. This means that an animal that
eats 1 kg of grass will only get 200g of the other nutrients
it needs, however, if it eats 1 kg of cereal grains, it will get
8509 of the other nutrients it needs. When defining the
amount of food in donkey’s meal, it is preferable to esti-
mate the dry matter content of the food and to know the
amonut of dry matter the donkey can consume to be able to
calculate how much "fresh food" to offer.

Food intake. When planning how to feed a donkey, it
must be estimated how much a donkey is able to eat every
day, when it receives roughage, the amount of dry matter
corresponding to 2% of its body weight per day. It is as-
sumed here that the mostly used roughage is of moderate
quality. The actual amount of dry matter a donkey eats a
day depends on many factors. Some of the important ones
are given in Table 2 [1].

Type of food. Young plants can be eaten faster than
mature ones, but they contain less dry matter per kilogram.
It takes less time to consume 1 kg of ground or pelleted
food than to consume 1 kg of raw food, even if it is
chopped. It takes less time to eat 1 kg of legume concen-
trate or hay than 1 kg of crop residues.
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Table 2

Factors affecting the amount of food a donkey eats a day

Food Type:
Nature of feed
Quality of feed

Management:

Time allocated for eating
Amount of food at one time
Water available

Health

Internal parasite burden
State of the teeth
Reproductive state

Environment:

Ambient temperature and humidity

Source: [1]

Time allocated for eating. In natural conditions, a don-
key spends 14 — 16 hours a day feeding. It is important that
donkeys kept on pasture have time to eat. Work especially
shortens the feeding time of a donkey. The more work it does,
the less time it has to feed, but more food is needed to meet
the increased energy needs. Therefore, a working donkey
needs a more concentrated feed than a non-working one. Don-
keys are more susceptible to the influence of the time available
for eating than cattle. Cattle increase consumption if they have
worked, donkeys do not, because initial chewing is more im-
portant in food processing in donkeys than in ruminants.

Guidelines for feeding donkeys for different activities.
The present guidelines define the effect of the exact amounts
and proportions of available feed on the expected productivity
of a donkey, its body condition. A thin donkey has little body
energy reserves, while a donkey in good condition has some in
reserve for a short time. Table 1 shows how to assess the nutri-
tional value of roughage in terms of poor, moderate and good.

Maintenance Requirements. A donkey can eat enough
to meet its maintenance energy requirements from a moder-
ate-quality roughage of hay or a 3:1 mixture of straw and

green forage (such as alfalfa) or from moderate-quality pas-
ture, if the animal is allowed ad libitum access to the food
source during the day. Then it will eat about 2.5 kg of dry mat-
ter per 100 kg of live weight per day. A donkey that is allowed
grazing at wild will spend about 60% of the day feeding.

Work shortens the time available for eating, so it can be
assumed that a donkey will be able to eat only about 2 kg of
dry matter per 100 kg of body weight per day. Therefore, a
donkey needs energy in a more concentrated form than when
it is not working. If fed roughage of moderate quality, a don-
key needs about half of feed dry matter as energy-rich con-
centrates if it works 4 hours a day and 60% if it works 8
hours a day. Poor quality roughage will require more con-
centrate. If it works 4 hours a day, it needs about 60% of its
dry matter intake as energy-rich concentrates, and if it works
8 hours a day, it needs about 70% of its dry matter intake as
energy-rich concentrates [8].

Growth. The energy needs of young donkeys, after
weaning in the first year of life, can be met by feeding them
a 2:1 ratio mixture of concentrate and roughage. This as-
sumes a dry matter intake of 1.5 kg per 100 kg body weight
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when a donkey is small, increasing to 2 kg per day when it
reaches around 100 kg live weight [1].

Pregnancy and Lactation. Pregnant donkeys consum-
ing a 1:1 ratio mixture of moderate-quality roughage and
protein-rich concentrate will eat about 2 kg of dry matter
per 100 kg of body weight, which can meet their protein
needs at late pregnancy.

Donkey milk is not as rich in protein as cow milk, how-
ever, protein needs increase especially in early lactation.
After the foal is born, the amount of protein and easily di-
gestible energy in the donkey’s meal should be increased.
A ratio of 40% of moderate quality roughage to 60% of
energy- and protein-rich concentrate would provide
enough nutrients for the first three months of lactation [5].
This allows the donkey to meet the lactation needs for en-
ergy and protein and gives the foal a good start in life. After
3 months, the donkey’s protein and energy requirements
decrease, and a 1:1 ratio mixture of moderate quality
roughage and concentrate will meet the requirements [1].

After the foal is weaned, if the donkey is not working, the
concentrate can be removed from the donkey’s ration.
When only poor roughage is available, such as leftover
grain, the proportion of concentrate in the ration should be
increased.

The final check of whether the amount of food is suffi-
cient for the donkey is to monitor its body condition (table
5) and adjust the ration accordingly. If a working donkey is
losing mass, it needs more energy in its meal or less work or
both. It is necessary to increase the concentration of energy
by improving the quality of roughage (Table 1) or to increase
the proportion of concentrates in roughage [1]. If a pregnant
or lactating donkey becomes thin (Table 5), a female donkey
needs more energy and protein in its feed. Then the offered
dry roughage is reduced and the proportion of concentrate in
the roughage is increased. Lactating donkeys should be of-
fered more green roughage, if available.

Duncan et al. [11] provided recommendations for meal
composition during different physiological states.

Fig. 4. Special attention to nutrition is required during breastfeeding

Table 3
Daily rations for adult donkeys (if roughage is of poor quality)
State Live Total Dry Amount of Amount of
Weight Matter Intake Roughage Concentrates Remarks

(kg) (k) (kg) (kg)
Mature idle 100 25 2.25 0.25 Need to supplement poor roughage with some

200 5 45 0.5 concentrate
Work 100 2 0.8 1.2 . .
4 hriday 200 2 16 57 Need to supplement )[/;/;2 energy rich concen-
\E;vr?rr/l((jay ;gg i 22 ;g’ Much less time for feeding in the day
Last 3 months 100 15 0.5 1 Need for protein rich concentrates rather than
of pregnancy 200 3 1 2 energy rich. Less space in abdomen for rough-

age
First 3 months 100 2 0.6 14
of lactation 200 4 1.2 2.8 Need for a mixture of protein and energy rich
> 3 months of 100 2 0.8 1.2 concentrates, and increased water requirment
lactation 200 4 1.6 24
Source: [1]
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Table 4
Daily rations for adult donkeys (if roughage is of moderate quality)
State Live Weight Total Dry Amount of Amount of
(kg) Matter Intake Roughage (kg) Concentrates Remarks
(kg) (kg)
Mature idle 100 25 25 0 No need to suoplement
200 5 5 0 PP
Work 100 2 1 1 Need t | twith ich
4 hriday 200 7 > > eed to suppczr:fenm\r/;e energy ric
Wwork 100 2 08 12 Much less time for feeding in the day
8 hr/day 200 4 1.6 2.4
Last 3 months 100 15 0.75 0.75 Need for protein rich concentrates.
of pregnancy 200 3 15 15 Less space in abdomen for roughage
First 3 months 100 2 0.8 1.2
f lactati . . . .
ot factation 200 4 16 24 Need for a mixture of protein and
S3months 100 > 1 1 e_nergy rich concentrat_es, and
. increased water requirment
of lactation 200 4 2 2
Source: [1]

Table 5

Recommendations for the composition of meals during different physiological states

Adult donkey fed on fibrous forages
Period Body weight MJ, Daily DMI Recommended diet
of year DE/day needs
goal weight 180 kg 14.4 2.4 kg 2.1 kg barley straw (5 MJ DE/kg DM) + limited
grazing or + 0.5 kg moderate hay (8 MJ DE/kg DM)
& goal weight 180 kg 13 2.4 kg 2.2 kg barley straw (5 MJ DE/kg DM) + very limited
g grazing or + 0.2 kg moderate hay (8 MJ DE/kg DM)
3 + forage balancer
180 kg donkey with dental disease 14.4-15 2.4 kg 2.4 kg short chop hay replacer (7.3 MJ DE/kg DM
assuming 85% DM) e.g. forage balancer
donkey goal weight 180 kg 17.1 3.1kg 3 kg barley straw (5 MJ DE/kg DM) + 0.4 kg
_ moderate hay (8 MJ DE/kg DM)
L donkey goal weight 180 kg 155 3.1kg 3.1 kg barley straw (5 MJ DE/kg DM) + very limited
'S grazing or + forage balancer
180 kg donkey with dental disease 17.1-18 3.1kg 2.9 kg short chop hay replacer (7.3 MJ DE/kg DM
assuming 85% DM) e.g. forage balancer
Female donkey in last 3 months of pregnancy
Body weight MJ, Daily DMI Recommended diet
DE/day needs
180 kg — 9 months of pregnancy 16.7 2-2.4 kg 1.1 kg barley straw (5 MJ DE/kg DM) + grazing and
high protein balancer or + 1.3 kg moderate hay (8.5
MJ DE/kg DM) and high protein balancer
. 180 kg — 10 months of pregnancy 17.4 2-2.4 kg 0.4 kg barley straw (5 MJ DE/kg DM) + 1.8 kg
g moderate hay (8.5 MJ DE/kg DM) + high protein
E balancer
@ 180 kg — 11 months of pregnancy 18.6 2-2.4 kg 2.2 kg moderate hay (8.5 MJ DE/kg DM) + high
protein balancer + grazing if hay is not managed
supplement with high fibre cubes, alfalfa chop or
unmolassed sugar beet
180 kg — 9 months of pregnancy 19.8 2.5-3.1kg 1 kg barley straw (5 MJ DE/kg DM) + 1.7 kg
moderate hay (8.5 MJ DE/kg DM) + high protein
_ balancer
L 180 kg — 10 months of pregnancy 20.7 2.5-3.1kg 2.2 kg moderate hay (5 MJ DE/kg DM) + 0.4 kg
'S barley straw (8.5 MJ DE/kg DM) + high protein
balancer
180 kg — 11 months of pregnhancy 221 2.5-3kg 2.5 kg moderate hay (5 MJ DE/kg DM) + 200 g alfalfa
chop (9 MJ DE/kg DM) + high protein balancer

Source: [11]
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Table 6
Recommendations for the composition of meals during lactation
Body weight MJ, Daily DMI | Recommended diet
DE/day | needs
180 ka. 1st 2.4 kg good hay (9 MJ DE/kg DM) + grazing and high protein balancer or
montl’?' 275 2.4-3 kg 0.3 kg alfalfa oil chop (11.2 MJ DE/kg DM) + high protein balancer
180 ka. 2nd 2.6 kg good hay (9 MJ DE/kg DM) + grazing and high protein balancer or 0.2
montr?l 27.3 2.4-3kg kg alfalfa oil chop (11.2 MJ DE/kg DM) + high protein balancer
180 ka. 3rd 2.6 kg good hay (9 MJ DE/kg DM) + grazing and high protein balancer or
= montr?l 26.5 2.4-3kg 0.15 kg alfalfa oil chop (11.2 MJ DE/kg DM) + high protein balancer
(3]
IS
E 180 ka. 4th 2.6 kg good hay (9 MJ DE/kg DM) + grazing and high protein balancer or 0.1
@ montl’?' 255 2.4-3 kg kg alfalfa oil chop (11.2 MJ DE/kg DM) + high protein balancer
180 Ka. 5th 2.5 kg good hay (9 MJ DE/kg DM) + grazing and high protein balancer or 0.1
montr?l 245 2.4-3 kg kg alfalfa oil chop (11.2 MJ DE/kg DM) + high protein balancer
180 kg, 6th 236 243K 2.4 kg good hay (9 MJ DE/kg DM) + grazing and high protein balancer
month ' ' 9
180 ka. 1st 3 kg good hay (9 MJ DE/kg DM) + grazing and high protein balancer or 0.3
montf?l 30.2 2.7-3.1kg | kg alfalfa oil chop (11.2 MJ DE/kg DM) + high protein balancer
180 k. 2nd 3 kg good hay (9 MJ DE/kg DM) + grazing and high protein balancer or 0.2
monthgl 30 2.7-3.1kg | kg alfalfa oil chop (11.2 MJ DE/kg DM) + high protein balancer
180 k. 3rd 3 kg good hay (9 MJ DE/kg DM) + grazing and high protein balancer or 0.15
monthgl 29.2 2.7-3.1kg | kg alfalfa oil chop (11.2 MJ DE/kg DM) + high protein balancer
[
§ 180 ka. 4th 3 kg good hay (9 MJ DE/kg DM) + grazing and high protein balancer or 0.1
montf?l 28.2 2.7-3.1kg | kg alfalfa oil chop (11.2 MJ DE/kg DM) + high protein balancer
180 kg, 5th 279 2731k 2.8 kg good hay (9 MJ DE/kg DM) + grazing and high protein balancer or 0.1
month ' el Kg kg alfalfa oil chop (11.2 MJ DE/kg DM) + high protein balancer
rlngoOnIt(r?l 6th 26.3 2.4-3 kg 2.6 kg good hay (9 MJ DE/kg DM) grazing + high protein balancer

Source: [11]

Estimation of donkey body mass. The body mass of
an adult donkey can be approximately determined by
measuring the height of the withers. It is calculated based
on the assumption that every 1 cm of withers height cor-
responds to 1.34 kg of mass (1.12-1.44) [12]. In addition,
Hafner [13] states that donkeys whose height at the with-
ers is up to 110 cm can weigh a maximum of 205 kg. This
gives a reasonable prediction of animal mass, but it is not
always so easy to detect the relative changes in mass that
occur from week to week in an animal.

Stimulation of the body condition of the donkey.
The easiest method to assess whether a donkey is getting
enough food is to evaluate its condition based on various
scoring systems. Different donkey scoring systems are
used in temperate and tropical countries to assess the an-
imal’s weight changes over time [10]. The scoring system
shown in Table 7 provides guidelines for assessing the
donkey’s condition as objectively as possible. After as-
sessing which condition category the donkey fits into, i.e.

whether the donkey is thin (1 — 3), moderately fat (4 — 6)
or fat (7 — 9), using the guidelines from the table, it can
be further classified into more specific categories under
L, Mand F.

Practical guidance. Donkeys need to have their teeth
checked regularly. Regular antiparasitic treatment is nec-
essary to enable a donkey to chew the food as well as pos-
sible. It is preferable to feed donkeys after watering, not
before. If dehydrated, the donkey will not eat well or stop
eating. It must have enough time to eat. Food should be
given in the shade, after a short break from work. The daily
meal should be divided into 3-4 meals during the day.

A donkey cannot eat the required daily amount of food
at once, in one big meal. A portion of roughage is given
along with green food, when available. Since it has little
dry matter (it can be 80% water) it is best to feed it in ad-
dition to dry roughage and let the donkey choose. One kg
per day (about 200 g of dry matter) is sufficient. If the
roughage is of poor quality, more should be offered.
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Table 7
Body condidtion evalution for working donkeys
Score Condition Features
1 L- Markedly emaciated; bone structure easily seen over body, little muscle present, nimal weak,
lethargic
2 L. Animal emaciated; individual spinous processes, ribs, tuber covae, tuber ishii and scapular spine all
prominent; some muscle development; neck thin, prominent withers, shoulders sharply angular
3 L+ Vertebral column prominent and individual vertebral spines are pointed to the touch; little fat, but
superspinous musculature over spinous processes apperent. Ribs, tuber ischii and tuber coxae
prominent; loin area and rump concave; little muscle or fat covering over withers and shoulders.
4 M - Vertebral column visible; tuber ischii palpable but not visible, tuber coxae rounded but visible;
rump flat rather than concave; ribs palpable but not obvious, withers, shoulders, neck with some
muscle and fat cover; scapular are less clearly defined.
5 M. Superspinous muscles developed and readily apparent; can palpate vertebral column; tuber coxae
rounded; rump rounded, convex; tuber ischii not visible; some fat palpable in pectoral region and at
the base of neck; can palpate ribs, but not visible.
6 M + Can not palpate spinous processes easily; back becoming flat, well covered; rump convex and well
muscled; some fat palpable on neck, base of neck and pectoral region; neck filled into shoulder;
tuber coxae just visible. Animal smooth and well covered.
7 F - Animal smooth and well covered; back flat cannot palpate spinous processes; tuber coxae just
visible; fat on neck and pectoral region beginning to expand over ribs; flank filling, neck
thickening.
8 F. Animal body rounded, appears well covered with fat and bones not discernible; flanks broad, broad
flat back.
9 F+ Bones buried in fat; back broad or flat, in some cases crease down back; large accumulations of fat

on neck, over pectoral area and ribs; flank filled with fat.

Source: [1]

Fig. 5. Hay can be placed in mangers that are mounted on the wall. In that case, whatever a donkey pulls out, which is not a small

amount, falls on the floor (Photo by: S. Fasching)
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Fig. 7. It is much better to chop corn, grind it, rather than give it in grains

It is recommended to give a mixture of two to three
types of concentrated food instead of just one type. It is
mandatory to give a handful of salt a day, mixed in the
food, to the working donkey. They should be allowed to
graze as often as possible, but should not rely on grazing
only, unless it is a good pasture. Good pastures are rare
where working donkeys are found. Roughage must be
chopped, and grains, barley, wheat, corn, peas should be
mashed/broken to improve digestion. If crushing is not
possible, soaking is an alternative before feeding barley
and wheat. They should be soaked, no more than 12 hours
before feeding. If a donkey is working, it is fed with con-
centrates during the day and roughage at night, since then
it has more time to eat.

According to Pordevi¢ et al. [8] in case a donkey per-
forms medium or heavy work, it is recommended to add
1.0-1.25 kg of concentrate for every 100 kg of body
weight. At the same time, the same amount of hay is given.
In case the hay is leguminous, the concentrates can be dif-
ferent grains. If the hay is made from grass, an additional
source of protein must be provided, at a level of about 10%.

When it comes to easier work, the quality of the hay
can be somewhat lower. Individuals who are not working,
as well as yearlings, can meet all their nutritional needs in
the pasture. When the mating season comes, the level of
protein and energy in the meal must be increased. The sim-
plest way to achieve this is to add alfalfa hay in the amount
of 1 kg/100 kg of body weight. Along with such hay, it is
necessary to give an appropriate amount of concentrated
feed.

As a monogastric animal, a donkey uses feeds with in-
creased levels of cellulose [1]. Such food must be well
chewed to enable the digestive enzymes and intestinal mi-
croflora to work more successfully. Food preparation be-
gins in the oral cavity. For every kilogram of hay, a donkey
makes 2000 chewing movements. The hay is practically
ground, the length of individual parts of the hay is 1.6 mm
[14].

Some farm owners give donkeys silage. That is abso-
lutely unacceptable. The moisture content of this food is
high, and the pH value is low, extremely acidic. The crude
fibre content is low and the protein level is high
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Fig. 9. A gnawed part of a wooden wall

Sugar beet is a good complementary food. It is recom-
mended to give it in small quantities to sick donkeys. The
sugar beet must be cut into rings and fed to the donkey
within the next 24 hours [15]. Food must be low in sugar
and high in cellulose fiber.

The basic food for donkeys is good hay [13]. Obtaining
quality hay depends on many factors. First of all, it depends
on the quality of the grass mixture in the meadows where
the hay is obtained, and in addition, it depends much on the
suitability of weather conditions. Sufficient moisture and
heat (sun) are needed to obtain a good grass mass, and after
mowing it is necessary to have dry weather, without rain,
for the grass mass to dry well. If grass that is insufficiently
dry is collected, quality hay cannot be obtained from it.
Such hay will become moldy rather quickly, and then it is
unusable. As approximate daily needs, it can be taken that
100 kg of body weight requires 1-1.5 kg of hay, 0.5-0.8 kg
of straw and 5-10 liters of water [1]. Donkeys that do not
work, and there are more and more of them in Europe, do

not need concentrated feed [10]. With a daily portion of
hay, the presence of straw, and the possibility of grazing,
from spring to autumn, they are quite fine for a normal life,
even if they are fat.

Donkeys like to eat dry bread. However, bread must not
be given every day. It is possible to give a small piece from
time to time. The same is the case with carrots. They are
very happy to eat it, but the amount of sugar must be taken
into account. Daily consumption of carrots and apples in
large quantities leads to health problems. Half an apple a
day can be given without fear of harmful consequences.
Fresh green foods contain much more water than other
foods. If this is the only source of food the donkey gets,
quantity of feed should be increased. In the absence of cel-
lulose, donkeys will bite and eat available wooden struc-
tures in buildings

Conclusion. The nutritional needs of donkeys require a
careful approach that takes into account their physiological
characteristics, work requirements and the quality of
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available feed. Water, as an often neglected component, is
crucial for thermoregulation and general health, especially
in working and lactating animals. Energy needs vary sig-
nificantly depending on the intensity of work, so it is nec-
essary to provide easily digestible sources of energy, espe-
cially when the intake of bulky food is limited. Proteins are
of particular importance for growth, pregnancy and lacta-
tion, so great attention is paid to their proportion in the diet.
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IOBWJIEX YYEHOI'O
ANNIVERSARY OF THE SCIENTIST

O BpemeHu u o cede
B 2025 200y sacnysicennomy oesmeno Hayku P®, zacnyoxcennomy eemepunapromy epavy PCOCP, unreny-xoppe-
cnonodenmy PAH, 0okmopy eemepunapuvix Hayk, npogpeccopy, nowemnomy pabomuuxy BIIO P®, nouemnomy pabom-

Huky AIIK P®, uzgecmnomy poccuiiCkomy yueHomy 8 obnacmu 3apazHoti namono2uu sxcueomuvix, uneny Coroza nuca-

meneti Poccuu — Counesy Bacunuio Bacunvesuuy ucnonnunoce 90 nem, uz Hux 67 nocesauyensl CIyHCeHuio 6emepunHapuil.

Bacunnit Bacunsesrmu CouneB pozuics 26 uronst 1935
roja B ceine KprokoBka JlykostHoBckoro paiiona ['oppkoB-
CKOI1 0071aCTH B KPECTHSTHCKOM CEMBbeE.

Orten, CouneB Bacunuii JImutpueBuy, ObLI KpEeCThSHU-
HOM-)KMBOTHOBOJIOM, a M03K€ — PYKOBOAUTENIEM KUBOT-
HOBOJ4YECKOH (hepMbl, KoTopast yxke B 1939 r. crana y4act-
nukoM B/IHX CCCP. B 1940 r. u B niepBblii TOJ] BOWHBI
orel| ObUI Ha3HAYeH mpejceaareneM KproKoBCKOro celnb-
ckoro coBera. Math, CouneBa AnHa BacmibeBHa, Takxke
TpyZIuIIach B KOJIXO03€.

OrTer MOIB30BANICS YBaKCHUEM y OJJHOCENIBYaH, MHOTO
paboTa, 9ToOBI MPOKOPMUTH OONBITYIO ceMbIo. VI3 nBeHa-
JIIAaTH POJUBIIMXCA JETEH K IOCICBOCHHOMY BPEMEHH B
KHBBIX OCTaJIOCh IIECTEPO — TPHU OpaTa U TPU CECTPHI,
npudeM Bacunmit 6pu1 campiM miaammM. Kornma otna u
CTapuMX OpaTheB NPU3BAIU B apMHUIO, MaleHbkui Bacs
BMECTE C CECTPOH IoMoraj B3pOCIBIM Ha MOJIAX U B Oro-
poze. B BoceMb JieT eMy yxe TOBEPHIN YXaXHBaTh 3a JIO-
IIabMU — HOYBIO ACTH JKUBOTHBIX, KOTOPHIX IPHUBO3HIN
¢ ¢ponTa Ha nonpasky. LlenbIMu HOYaMK MaJIBYHK HE CIIe-
3aJ1 C JIOMIAH.

[ocne BOMHBI OTEI] HE BEPHYJICS B POJHOE CENO: KaK
MOJIUTPAaOOTHHUK, OH OBUI HANpaBJieH Ha BOCCTaHOBIICHHE
Tynbsckoro yroipHOro OacceiiHa. Tam, oOydass MOJOIBIX
pebAT IIOTHUIIKOMY A€y B IIaXTaX, OH MOJYYHI TPaBMY
u B 50 et ymren u3 KU3HU.

OKOHYHUB CEeNbCKYI0 K0Ty B 14 net, Bacunuii mocty-
nun B JIyKOSHOBCKUI 300BETEpUHAPHBIN TEXHUKYM, CTaB
caMbIM MOJIOJBIM CTyneHTOM. Ilociie OKOHYaHMS TEXHH-
KyMa C OTJIINYHEM OH BOMIEIN B YUCIO 5 % JTydIINX BHIITYCK-
HHUKOB U TIOJIy4HJI HampaBiieHHe B MOCKOBCKYIO BETEpH-
HapHyto akagemuro. B 1953 r. on npuexan B cTonuily ¢ He-
OOJIBIINIM Y3€JIKOM, OCEIIHJIICS B OOIIEKUTHH U TOTIAJT IO
OTIEKY CTapIINX CTYJCHTOB, BEPHYBIIHNXCS C BOIHBI. Bme-
CTe C HUMH OH pasrpyskan Oap>kKu C OBOIIaMHU U KapTode-
JIeM, TTOJTy4ast 32 3TO HeOOJbIIINE JEHBT .

IOnoma yBiekcst potorpadueii u B cBOOOTHOE BpeMs
moipabaThIBall B IEYaTHOM H peTymiepckom otaenax Cep-
myxoBcko# (ororpadun. [lonpabaTeiBan Takxe, pacipo-
CTpaHsisl TeaTpalibHble OWJIETHl Cpenu CTyIeHTOB. Bce
roabl yueObl Bacwnmii mosydan HOBBIIEHHYIO CTHIICH-
I, a 61arogaps noapaboTkaM HoMOral MaTepH, OTIPaB-
JIs1s1 IOCBUIKM € MPOAYKTaMU B poJHYI0 KprokoBky.

HaunHas ¢ TpeTbero Kypca, ClloCOOHBIH CTYACHT JIETOM
BBIE3KAJI HA JIMKBHJAIMIO ATHM300THH MO MPUIJIAIICHUIO
MuHHCTEpCTBa CEIBCKOTO X03siicTBa — pabortan B Kai-
MbIkun, CTaBpOMoOJLCKOM Kpae W Bousrorpaackoit o6ina-
cTi. EMy OCUaCTIMBMIIOCH YUUTHCS Y BBIIAIONIUXCS CIIe-
uuanuctoB: reHepaioB M.C. I'annymikuna, S.E. Koss-
koBa, H.M. Illnaiiepa, rimaBHoro xupypra CoBeTckoll ap-
mun WM. JI. MenBeneBa, akagemukoB W.E. Mo3srosa,
K.U. Cxpsbuna, C.H. Bermenecckoro, mpodeccopos
C.B. UBanoBa, U.®. Usanosa, Bb.K. bosnsa, B.M. Kopo-
noBa, C.1. AQOHCKOTO U MHOTHX JPYTHX.

K okonuanuro akagemun Bacunuii BacunbeBuu yxe
o0Jazian cepbe3HbIM OarakoM 3HaHui 1 npakTuku. [lomy-
YHMB JAUIUIOM C OTJIMYHEM M IIpaBo BbIOOpa MecTa paboThl,
oH 0e3 pazmymuii ornpasuics Ha Jlaneauii BocTok — B
XabapoBckuii kpaii. Tam oH paboTain CTapIIuM BeTBPauyoM
B LIEJIMHHOM COBXO3€, @ 3aT€M CTall IIaBHbIM BETBPAuOM
OJIHOTO U3 KPYNHEHIIUX XO3SMCTB pPeruoHa — COBXO03a
«brupobumKaHCKHi», TOE COJEPXKATUCh THICSYH TOJIOB
CKOTa ¥ CBUHEI, a TaK)Ke MUJIIMOHHOE TOT0JIOBBE YTOK.

CoBxo03 3aHuMai monoBuHy OKTSIOPBCKOTO paifoHa U
Haxoawicsa Ha rpanune ¢ Kutaem. IlenTpansnas ycans6a
pacmonaranack B cene biarocioBeHHOE, KOTOpoe exe-
TOJTHO 3aTAIUIMBANIOCh MPH pasznuBe AMypa. 3a MATh JIET
pabotel COUHEBY yIaaoCh 3HAYUTENLHO YIIYYIIUTh COCTO-



Hcropusi BeTepuHapuu

SIHAE€ XUBOTHOBOJCTBA B XO3sfiicTBe. YcHexu Mpeanpus-
TUS Jake NONAaNM B LIEHTPaNbHYIO Ipeccy — B Traszere
«IIpaBna» BblIa craths «benoe 3omoto [lanenero Bo-
CTOKa» O pa3BEICHUU MEKUHCKUX yTOK.

I'naBHBIN BeTBpad U OTHOBPEMEHHO IIaBHBIN 300TEX-
HUK B TaKOM >KMBOTHOBOJYECKOM XO3AHCTBE OBIT HE
TOJIBKO IEHTPAJbHON (HUTYpOil IPOM3BOACTBA, HO M BO
MHOTOM OTBEYal 3a OJaromosrydmue, TEXHOJIOTHUYECKYIO
TUCIHIUIMHY W OHMONOTHYeCKyl0 Oe30MacHOCTb MpHrpa-
HUYHOU Teppuropuu. HapekaHnuii ¥ mooupeHuil He nepe-
YeCTh 3a ITOT HEOOJNBIIOW MpoMmexyTok Bpemenu! Kax
ckaszain onHaxaAbl Bacunuit Bacunbesuu: «Camast 6osnbIias
Harpajia Toro BpeMeHH — MMEHHBIE Yachl OT IIEPBOTO CEK-
petaps kpaiikoma KIICC u noBepue paboTarOIuX B COB-
X03¢e JIFo/Iei U pyKOBOJCTBa paifoHa u ob6macTn». B Te roas
OyIymuii y9eHbIH MO3HAKOMUJICS C BHAHBIMU PYKOBOJH-
tesamu: H.J[. Xandunabmv, A.IL IIUTHKOBEIM (TI€pBBIM
cekperapeM XabapoBckoro kpaiikoma maptun), A.K. Uep-
HBIM (TIepBBIM cekpeTapeM ookoma EAO), A.11. OkoBuro-
BBIM (TIpezcenaTerneM odnucnoikoma EAO).

B 1964 r. 28-neTHeMy CHEIHMATUCTY MPEATOKUIH BO3-
IJIABUTh BETEPUHAPHYIO CITy:k0y obxactu. Teppuropus ot
Bonouaesku n10 OOnyuss, or Kynbmypa mo Amypsera
CTaja 30HOM ero OTBETCTBEHHOCTH. JTO OBUIO HEMPOCTOE
BpeMsi: OCIOKHEHHE OTHOIEeHNH ¢ KuraeM, MHIMAEHT Ha
octpoBe JlamaHckuii, yrpo3a koH}umkTa y Haruoogo.

B 1967 r. no cornacoBaHuIO ¢ MHUHUCTPOM CEJILCKOTO
xozsiictBa PCOCP JI.5. ®nopentbeBbiM Bacuuii Bacuib-
eBHY OB IepeBeieH B POCTOBCKYI0 0071aCcTh — CHavasa ro-
CBETHUHCIIEKTOPOM, a ¢ 1972 r. — nupexTopoM 006JacTHOI
BeTeprHapHOW JabopaTopuu, rae mpopadortan mo 1982 r.,
3aHUMAasICh CTPOMUTEIHCTBOM JIA0OPATOPHOTO KOMILIEKCA H
Hay4HOHU paboToil. B 1979 r., 3a09HO OKOHYMB aCIUPAHTYPy
B JIOHCKOM CENbXO3MHCTUTYTE, 3AlIUTHII KaHIUJATCKYIO
JUCCEPTANNIO O] pyKoBoacTBOM mpodeccopor B.X. Ia-
pakana, @.II. JlokreBoil, A.K.Tonocaurckoro, B.IL. Yp-
6ana, A.X. Capkucosa, P.A. [lnoHa u npyrux.

B 1982 r. no npennoxenuto BACXHWJI, Muncens-
x03a CCCP u IIK KIICC Bacunmii BacuibseBrd Bo3riiaBuiI
HayuHo-uccnenoBaTenbCKkuii  BETEPUHAPHBIE  MHCTUTYT
Heueprozemnoit 30u1 PCOCP u mpopaboTtan Ha 3TOH
JoipkHOCTH 10 1993 1. B Tedenne 3TOro BpeMeHH MoJ ero
PYKOBOJICTBOM PEKOHCTPYHUPOBAH J1ab0paTOPHBII KOPITyC,
MIOCTPOCHA JKCHEPUMEHTaIbHas 0a3a M OpraHU30BaHBI
HayuHble otaensl B CBepmioBcke, PecrmyOnmke Kowm,
SApocnasne, Cmonencke, Kanununrpane, Mapuiickoi, Uy-
BalICcKod 1 MOpAOBCKOI pecyOIiKax.

B 1989 r. Bacuiuit BacunbeBuY 3aiuTHII JOKTOPCKYIO
nuccepranuio, B 1990 r. nmosyunn 3Banue npodeccopa, a
3aTreM ObLT M30paH uneHoM-koppecnonaeHToM PACXH u
BOIIEN B ee Tpe3uauyM. Jloarue roabl OH ObLT 3aMECTHTE-
JIeM Tpezcenarelsl HayYHO-TEXHWYECKOTo coBera MuH-

cenbxo3a P®, KOHCYJIBTaHTOM HENPABUTEIbCTBEHHON

opranm3ann «CHOMpCKOe coriachey, WICHOM (apMcoBeTa
Poccun, sxcneprom Briciied aTTecTalMOHHON KOMHUCCHHY,
3aMeCTUTENIeM IpejcenaTessi AUCCEPTAl[MOHHOIO COBETa B
Cankr-Ilerepbypre, wieHoM auccoBeToB B HoBocHOMpCeke u
Hranoso. C 2001 r. — mpezcenaTens AUCCEPTAIOHHOTO CO-
Beta mpu GI'BOY BITO HI'CXA (abtHe — ®I'EOY BO «Hu-
JKETOPOACKUN  TOCYNApCTBEHHBIN  arpOTEXHOJIOTMYECKUI
yauBepcuteT mM. J1.A. @mopenTeeBay). [lox ero pykoson-
CTBOM 3aIIUTIIHCEH 18 HOKTOpOB U 84 KaHAMIaTa HAayK, KO-
Topble paboTaroT Kak B Poccuu, Tak 1 3a pyOexoM.

Hayunsle unrepecsl Bacunusa BacunbseBrua BKIIOUaOT
B ce0s1 MHQEKINOHHBIE U NHBAa3UOHHBIE OOJIE3HH KHUBOT-
HBIX, @ TaK)Xe BONPOCHI OWOJOTMYECKOW U IPOIOBOJIB-
CTBEHHO 0€30I1aCHOCTH CTpaHbl. JINUHO U B COaBTOPCTBE
oH omy0nmkoBan 6omee 700 HaydIHBIX paboT, SABISETCS aB-
TOPOM H COaBTOPOM 65 aBTOPCKUX CBHICTEIIBCTB U MTATEH-
T0B CCCP u P®, 45 HOpMAaTUBHO-IIPaBOBBIX TOKYMEHTOB
T10 )KUBOTHOBOJICTBY, BETEpHHAPHH U Onosornu. BakHen-
mue padboTsl mpodeccopa CouHeBa: HayYHO-OOOCHOBAH-
Hasl cHUCTeMa IPOTHBOOPYIEIIE3HbIX MeponpusiTuii B He-
4YEpHO3eMHOH 30He PD, nperepnesnias HECKOJIbKO U3a-
uuit (1987, 1991, 1995 rr.); nuddepeHimanbHas 1uarto-
CTHKa Opylesuie3a U UepCHHHO3a U Mepbl 0 Npoduiiak-
tike (1991); Hay4yHO-00OCHOBaHHasi cucTeMa OOpBLOBI C
pabuueckoil nHpeKIMel; HaydHO-000CHOBaHHAS CHCTEMa
60p505I ¢ neitkozom KPC; HayuHO-000CHOBaHHAS CHCTEMa
MIPOTUBONEPCUHUO3HBIX MEPONPHUIATHI B KMBOTHOBOIUE-
CKHX XO3HCTBaX; 3MN300TOJIOTHYECKHI MOHUTOPUHT TIPH
TeITBMIHTO3aX XUBOTHBIX (B coaBTOpcTBE ¢ B.A. Jymku-
HBIM); (POPMUPOBaHUE UMMYHUTETA MPOTUB HBIOKACICKOMN
OoJie3HH y NTHI Ha (POHE IH300TUUECKOTO IeTepaKu103a
(B coaBTopcTBe ¢ A.B. ApUHKHMHBIM); HHTETPHPOBAHHAS
crcTeMa IPOTHUBOJIEIITOCIIMPO3HBIX MEPOTIPHATHH B yCIIO-
Busix Cesepa EBpomneiickoit uactu Poccun (B coaBTOpCTBE
¢ H.A. PribakoBoif); HeTpaIUIIMOHHBIE METOABI HCCIIE0-
BaHUI nuddepeHnansHON THarHOCTUKU Opytese3a (B
coaBropctBe ¢ H.I'. ['opuakoBoii). B coaBTopcTBe paspa-
60TaHbl 7 HOBBIX JICKAPCTBEHHBIX CPEJCTB: TIIIOKOTEMO-
BUT, (pypazoin, Ono3uH, GypauuKiInH, Cyib(aTeTpuH, HO-
BOCYJIBI'MH M HEOCYTb(a30J1 — U OPTaHU30BaH UX BBIITYCK
Ha 9KCIEPUMEHTAIBLHOM Npeaipustun. JleueoHo-nmpodu-
JIaKTHYECKHUe MpenapaTsl, pa3paboTaHHbIE ¢ yuacTueM Ba-
cunus BacunpeBnya, HEOJTHOKPATHO HKCIIOHUPOBAJIUCH Ha
BJIHX (BBLI) P®, B bpasunuu u B Pecniy6nuke Kunp.

C 1993 . CouneB sBusercst mnpodeccopom Kadeaps
«ONU300TOJIOTHS, TAPA3UTOIOTUS U BETEpUHAPHO-CAHUTAP-
Has skcneptuzay OI'BOY BO HI'ATY um. JI.A. ®nopen-
TheBa. OpranuszoBan (umans kageaps! B Mockse, CaHKT-
[erepbypre, Bonrorpane, Hmxnem Hosropone, a Takxe
Hay4HO-BHEAPEHUYECKU I LEHTP 10 SKCIIEPTHOM OLIEHKE MPO-
THUBOAIN300THIECKOTO COCTOSIHHS M OHOIOTHYecKoil Oes-
OITaCHOCTH B arpOoINpOMBIIIIIEHHOM KoMIniekce Poccum.

Hcropus BerepuHapuun
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B 1985 r. ymocToeH o4eTHOTo 3BaHus «3aciTyKeHHBII BeT-
Bpau PCOCP»; B 1995 . — «3acimyxeHHbIA JeATelb HayKH
PD»; B 2005 r.— maypeat bomsmioro kpecta EBporiefickoit aka-
JIEMUH €CTECTBEHHBIX HayK. SIBIIeTCS JaypeaToM TpexX MpeMuit
[IpaButensctBa PO, HarpakieH MOYeTHBIMU TPaMOTaMU U JIU-
IUIOMaMH ryOepHaTopa 1 3aKOHOATEBLHOTro cobpanust Hrnke-
ropojickoil obmactu, MuHoOpHayku Poccun, MunnctepcTsa
cenbckoro xossiictea PO, BACXHIWJI, PACXH, PAH. B
1995 r. u36pan akanemukom [leTpoBckoii akaieMuK HayK U UC-
KyccTB, B 2014 r. — mouetasM ipodeccopom @I'BOY BIIO
MI'ABMub mm. K.A. Ckpsionaa.

Bonee 20 ner Bacunuit BacunseBud pykoBOIUT Hayu-
HoH 1wKosol «VHdekronorus n 6uonornyeckas desomac-
HocTh» B HI'CXA. Pe3ynbTaThl Hay4HBIX HCCIIEIOBAaHHUH
KOJUIEKTHBA LIKOJbI €KETOAHO MPEICTABIAIOTCS HA KOH-
(epeHIHSIX 1 BRICTaBKaxX («30JI0Tast OCEHb» U JIp.), 3aBOC-
BBIBAIOT 30JI0THIC M CEPEOPAHBIC MEAANN.

Yro kacaeTcs JUTEpaTypHOro TBopuecTBa Bacunus
BacunbeBnya, To, 10 €ro COOCTBEHHOMY BBIPaKEHHUIO, «HE
npodeccroHa, HO CTHXH IHIIY MOYTH BCIO XXKU3HBY. ['e-
pOM €ro CTUXOB — 3TO 3aMeyaTelbHbIe JIIOIU, KUTEIU
Halllell HIKETOPOUUHBI, a TAK)KEe CeIbCKHE MOTUBBI, IPH-
poJa, oOLIeCTBEHHbIE U HAyYHbIE CBEPILECHNUS, TOBCEIHEB-
Hble 3200THI nepexuBaHus u crpactu. C GnarocioBeHus
IOmmu JlpyHuHOW neuaTaeTcss MEPHOAMYECKH B pas3iny-
HBIX TPO(ECCHOHANBHBIX U HENPO(PECCHOHANBHBIX W37a-
Husx. B 1995 r. B Cankrt-IletepOypre B HM3maTenbCTBE
«PaccBeT» BBIIIIA KHATA €70 CTUXOB «3a YepTOH mpo3pe-
Hus». B 2007 u 2014 rr. HEXEropoJacKoe H3aTENbCTBO
«Ananor KyapTyp» BBITYCTHIO MO3THYECKHH COOPHHK
«Pa3nyit 3anenenennsiii yronek». Cruxu CouneBa omy0-
JIMKOBaHBI B albMaHaxax «Bospoxxaenue» (2007 r., Ne 1
4), «Hmwxeropons» (2014 1., Ne 13), a Takke B Ipuioxe-
HUM K anbMaHaxy «Hmxeropomaus» (M31aTENbCTBO
«BKAP», H. Hosropox, 2014). B 2015 r. Bacunuit Ba-
cuibeBnd Ob11 puHAT B Coto3 nucareneit Poccum.

T'MMH BETEPUHAPHOM NPO®ECCUHU

Cpenu TropabIx npodeccuil 1 IPEeBHUX HAYK
EcTb onHa 1o mOKpOBOM 00’KECTBEHHOM paTH —
YKpoTuTenb cTpaganuii, 601e3Hel 1 MyK
Y moneit u y Hamux 6€3MONIBHBIX COOpPAaTheB.

Berepunapusi, BeTepuHapus,

Tl obneryaenib 6€3MOIBHBIM CTPaJIaHuUs,
Tebe GiaromapeH 3a BCE YEIOBEK.
Tax 6bLITO, TaK CTANO, TAK OY/IET BOBEK.

Hapr poccuiickuii, yto 3Bancs Benukum Iletpom,
Yaocroui el cTaTyc BOEHHOM HayKHU.
C Toit mops! Ha Pycu HauepTanu nepom:
«30J10TBIE Y 3TOH ITpOodeccun pyKm».

Berepunapus, BeTepuHapusl,
Tei oberyaenis 0€3MOIBHBIM CTPAJIAHHUS,
Tebe O6maromapeH 3a Bc€ 4eIOBEK.

Tax 6LIJ'IO, TakK CTallo, TakK 6y,ZlCT BOBCK.

U crowurt ¢ T0it mopsr 6aCTHOHOM CTpPaHBI
OT HE3pHMBIX BParoB M JIIOOBIX TOTPSICEHHH,
A conpatsl MpodecCHu A0ITY-4eCTH BEPHBI,
HenoaxynHo cToiKU B IOTOKE CBEPILEHUI.

Berepunapus, BerepuHapus,
Te1 oOeryaenrs 0€3MOIBHBIM CTpaIaHMUS,
Tebe OnaromapeH 3a Bce YEIOBEK.
Tak ObLTO, TaK CTANO, TaK Oy/IET BOBEK.
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