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BOTAHUKA
Hay4yHas cTtaTbA
Y/IK 581.5:502.1(470.53)
doi: 10.17072/1994-9952-2022-4-257-266.

NpepnoxeHuuna no opravmusaymum OONT Ha TeppuTopumn KyHrypckoi
necocrenu Nepmckoro Kpas

Enena I'epacumoBHa Edpumuk
ITepmckuit rocy1apCcTBEHHBIN HallMOHABHBIN HCCIIeI0BaTENbCKUI YHUBEpCUTET, [lepmb, Poccus,
efimik.elena@mail.ru, https://orcid.org/0000-0002-9456-2076

Annomayusn. B npenenax Ooranuko-reorpaduyeckoro paiiona KyHrypckoii siecocrerm Ilepmckoro kpas
OOHaApY)KEHbl YYaCTKH, MOTEHINAIBHO MPUTOIHBIE JJIsl OPraHnu3ali 0co00 OXPaHsSEMbIX MPUPOIHBIX TEPPUTO-
pwuii (OOIIT). Ha tepputopusix OKTs0pbCKOTo TOpoACKOro okpyra, KuiepTckoro 1 Y *HCKOro MyHHIIUIIATBHBIX
OKPYTOB OBUIM BBISBJICHBI, @ 3aTE€M ONMCAHBI YHUKAIILHBIE JIECOCTENHbIE (PIOPUCTHIECKUE KOMILIEKCHI C y4acTH-
€M peIKUX U OXpaHAEMBIX pacTeHUH, BKIto4eHHBIX B KpacHble kauru Poccuu u Ilepmckoro kpas. [lana kpaTtkas
OoTaHMYeCKasi XapaKTEepUCTHKA JaHHBIX TEPPUTOPHUIL, U3IOXKEHBI LI UX CO3aHUs, MPEIOKEHbI KaTerOpHH,
npouis 1 3HaueHune kaxaoi OOIIT, npeanaraemoii k opranuzanun. Ha Teppuropun npoekrupyemoii OOIIT B
OKTA0pBCKOM TOPOACKOM OKpyre OOHapyXeHbI 3 BHJa pacTeHuil, BKitoueHHbIX B KpacHyto kaury P® u 3 Buza
— B Kpacuyto xuury Ilepmckoro kpas. Ha tepputopun KumepTckoro MyHHIIMIAIBHOTO OKpyTa B Ipeaenax
wianupyeMoit k opranuzanun OOIIT ormeuens! 2 Buga u3 Kpacnoit kauru Ilepmckoro kpas. Ha Tepputopuu
YHUHCKOro MyHHIIMITAIBHOTO OKpyTa B npeaenax mianupyemort OOIIT BeisiBnens! 2 Buaa u3z Kpacuoii kauru PO
u 4 Buna u3 Kpachoit kauru Ilepmckoro kpas. HanGonplnyto IIEHHOCTh Ha BCEX TPEX TEPPUTOPHSIX UMEIOT
UMEHHO JIeCOCTeIHbIe (utopucTHUecKre KoMIutekehl. Tombko mytem opranuzanuu OOIIT BO3MOXKHO COXpaHUTH
9TH YHHUKaJbHbIE OOTAaHUYECKUE OOBEKTHI.

Knrouegvle cnoga: ocodbo oxpansemas npupoaHast Tepputopus, Ilepmckuii kpaii, oxpansiemsle Buabl, Kpac-
Hast kHura, KyHrypckast aecoctenb

Jna yumuposanus: Edumuxk E. T'. TIpennoxenus no opranuzarmu OOIIT Ha Teppuropun KyHrypckoii se-
cocrenu Ilepmckoro kpast // Bectauk Ilepmckoro yuusepcurera. Cep. buonorus. 2022, Bem. 4. C. 257-266.
http://dx.doi.org/10.17072/1994-9952-2022-4-257-266.

BOTANY
Original article

Proposals on organization of protected areas in the Kungur for-
est steppe in the Perm Krai

Elena G. Efimik
Perm State University, Perm, Russia, efimik.elena@mail.ru, https://orcid.org/0000-0002-9456-2076

Abstract. Several sites potentially suitable for organizing specially protected natural areas were found within
the botanical-geographical region of the Kungur forest steppe of the Perm Krai, The article describes unique
forest-steppe floristic complexes with rare and protected plants listed in the Red Books of Russia and the Perm
Krai, located in the territories of the Oktyabrsky urban district, Kishertsky and Uinsky municipal districts of the
Perm Krai. The article gives a brief botanical description of these territories, outlines the goals of the projected
territories, and suggests categories, profile and significance of each protected area proposed for organization. 3
species of plants listed in the Red Book of the Russian Federation and 3 species listed in the Red Book of the
Perm Krai were found in the territory of the projected protected area in the Oktyabrsky urban district, and 2 spe-
cies from the Red Book of the Perm Krai were found in the territory of the Kishertsky municipal district, within
the boundaries of the projected protected area. 2 species listed in the Red Book of the Russian Federation and 4
species listed in the Red Book of the Perm Krai were found in the territory of the Uinsky municipal district,
within the boundaries of the projected protected area. The forest-steppe floristic complexes are of the greatest
value in all three territories. These unique botanical objects could be preserved only by means of arranging spe-
cial protected areas.

Keywords: protected area, Perm Krai, protected species, Red Book, Kungur forest steppe
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BBenenue

C moMmeHTa noAroToBkH nepBoro usnanus Kpacnoit kauru Ilepmckoro kpas [2008] u o HacToduiee BpeMs
HaMHM BeETCs aKTHBHAs paboTa 10 MOHUTOPUHTY OXpaHsIEMBIX BHIOB pacteHuil pernona [Edumuk, 2015] u mo
n3ydenuto 6nopasHoobdpasus pacrennit OOIIT kpas [OBecnos, Edpumuk, 2018; Edumuk, OBecnos, 2022]. Kax
MIPaBUJIO, MOHUTOPUHT yXK€ M3BECTHBIX IIEHOMNOMYISIIMN OXpaHAEMBIX PACTCHHUH JONONHSETCS MOCTOSHHBIMU
MapIIpYTHBIMU HCCIEAOBAaHUAMU JUIS MOKMCKAa HOBBIX JOKaiauTeToB. bonee uem 3a 10 jeT 3To MO3BOIMIIO BBI-
SIBUTH OOJIBIIIOE KOJMYECTBO HOBBIX JIOKAJIBHBIX MOIMYJISIINI PEIKUX BUIIOB U J1a)Ke HECKOJIBKO HOBBIX BUJIOB JUIS
Iepmckoro kpas [Edpumuk, 2009; Edumuxk, 3enkopa, 2018], u3MeHUTh cTaTyc psaa BUIOB B KpacHoW KHHTE
ITepmckoro kpast [2018], HCKIIOYUTE HEKOTOpPbIE BUABI U3 OCHOBHOI'O CIMCKa U Jp. Bo BpeMs moneBbIX uccne-
JIOBaHUI Ha TeppUTOpHH OOTaHMKO-Teorpaduueckoro paiioHa KyHrypckoii necocreny B TpeX MYHHIUINAIBHBIX
obpazoBanusix [lepmMckoro kpas HaMu ObUIM OOHAPY)KEHBI HHTEPECHBIE JIECOCTEIHBIE YYaCTKH C BHICOKOH KOH-
LEHTpanren «KpacCHOKHIKHUKOBY. CoXpaHeHHE 371eCh JaHHBIX BUJIOB BO3MOXKHO TOJIBKO NMPH COXPAHEHUH 3THX
YHUKQJIbHBIX MECTOOOUTAaHUH, YTO BO3MOXKHO 1yTeM opranuzanui OOIIT Ha 3THX TeppUTOpUSIX.

MaTepua.n H METOAUKA

MapipyTHbIe HCCIeOBaHUs MPOBOIMINCH Ha TeppUTOpHIX OKTAOpbCKOro ropoickoro okpyra, Kumepr-
CKOr'o M YHUHCKOT0 MYHHIIMITAIBHBIX OKPYTOB exeroqHo, HaunHas ¢ 2009 r. [ToneBbie o6cnenoBanus (IopuUCcTH-
YECKOI'0 COCTaBa M PACTHTEILHOCTH OCYILECTBIISLIM MO OOIIENPHHATHIM MeTonukaM [Tonmaues, 1959; Kopua-
ruH, 1964; Metoapl u3yuenus ..., 2002], BUIOBON COCTaB pacTEHUIl OMpENersuiCs Kak HEMOCPEIACTBEHHO Ha
MECTHOCTH, TaK U B KaMepallbHbIX yCIIOBHsIX Ha Kadenpe 6oTanuku u reneruku pacrenuit [ITHNY. Homenkna-
Typa BUJIOB JlaHa 1o «irocTpupoBaHHOMY ompenenuTento pacteHuit [lepmckoro kpasi» [2007].

B cootBercTBHM ¢ OoTaHMKoO-reorpaduyeckuM paiioHupoBanuem [lepmckoro kpas [OBecnos, 2000], Bce
npeanaraemsle k opranusanun OOIIT HaxonsaTca Ha Tepputopuu KyHrypckoi OCTpOBHOHM JiecOCTEIH, Mpel-
CTaBISIIOLIEH COOOI COBEpILIEHHO YHHKAJIbHBIH Y4acTOK caMbIX CeBEpHbIX B EBpore KoBbUIbHBIX crereil [OBec-
HOB, 2009]. Ha cerogusaurauii neHs 31eck opraanzoBaHo 23 OOIIT mromansio 51.6 kM2 [ATiac 0co6o OXpaHs-
eMBIX ..., 2017], 4To sBIIETCS CaMbIM HU3KHM IIOKa3aTeJIeM CPelr BCEX NMPHPOTHBIX paiioHOB IlepMckoro kpas
[Cannukos, 2014; Cannukos, ['atuna, Hazapos, 2014].

Pe3yabTarsl M X 00Cy:KIeHUE

1. CkanbHble 00HA:KeHHs B OKpecTHOCTSX ¢. Hu3koe

VYyacTok kKaMmeHHUCTOH JecocTenu (puc. 1) Ha cKalbHBIX 00HAKEHHUSX FOT0-3aI1aTHOM AKCIO3HUIIUHN U Ha OCHI-
ISIX OOJIM30CTH B OKpecTHOCTAX ¢. Huskoe B Kumeprckom MyHuIumansHOM okpyre. [lepBoHawanbHas pexo-
MeHzpanums o npuganuto craryca OOIIT naHHOMY ckanpHOMY OOHa)KeHHIO ObUTa JaHa Hamu paHee [Edumuk,
3enkoBa, 2018]. [Ipumepubie rpanusl npemiaraeMoit k opranmsaimu OOIIT npeacraieHs! Ha puc. 2.

Ilpeonazaemoe nazeanue: Huzxoe

Kamezopus: I1aMATHUK IpAPOIBI

Ipoghuns: Borannueckuit

3nauenue: PernoHanapHOe

Llenv co30anus; oxpaHa YHUKaJIBHOTO METPOGUTHOTO JIECOCTETHOTO KOMILIEKCa C Y4aCTUEM PEAKUX M OXpa-
HSEMBIX pacTeHHi, BKIIOUeHHBIX B KpacHyro kaury [lepmckoro kpas [2018].

Onucanue: YdacTok pacnonoxeH B KumreprckoM MyHHImmansHoM okpyre [lepmckoro kpas, K pOry oOT C.
Hmskoe. [IpencraBmser coboif ckampbHOE OOHa)XEHHE IOTO-3allaJHON AHKCIIO3UINH, OKPY)KEHHOE IperMYyIie-
CTBEHHO MMXTOBO-eNIOBEIM JiecoM (Abies sibirica Ledeb., Picea obovata Ledeb.) ¢ HekoTopbIM ydacTHeM COCHBI
obbikHOBeHHOM (Pinus sylvestris L.). CocHsl Takke OTMEUarOTCs 10 KapHHU3y OOHaKeHHWs. bepesa moBHCast
(Betula pendula Roth) mpucyTcTByeT mperMyIecTBEHHO Ha OCHIMAIOMIEMCS CKIIOHE. M3 KYyCTapHUKOB BCTpeUa-
fotest pakuthuk pycckuit (Chamaecytisus ruthenicus (Fisch. ex Woloszcz.) Klaskova) u MmoskxeBeNbHIK OOBIK-
HOBEHHBIH (Juniperus communis L.).

B TpaBsHO-KyCTapHUYKOBOM SIpyce Ha CKIOHE OTMEUYCHBI B OCHOBHOM JIECOCTEIHBIC BHIBI: acTpa aibIIUii-
ckast — Aster alpinus L., orocma mpocreiimmast — Onosma simplicissima L., momsias xomommas — Artemisia frigida
Willd., mopmoauk pycckuit — Echinops rutenicus Bieb., 6ypauok obpatHositeBuansii — Alyssum obovatum
(C.A. Mey.) Turcz., TnMbsin ypansckuit — Thymus uralensis Klok., kaunm Beicokuii — Gypsophyla altissima L.,
BepoHMKa Kojocucras — Veronica spicata L., actparan Goposmuateiii — Astragalus sulcatus L., scmemnuk
CKanpHbIN, win kameHnbiii — Asperula petraea V.I. Krecz. ex Klokov, rBo3amka wurmomuctaas — Dianthus
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acicularis Fiscg. ex Ledeb., npemmux Temuo-kpacusiit — Epipactis atrorubens (Hoffm. ex Bernh.) Bess., ropo-
nrex ToHKoMCTHEIN — Vicia multicaulis Ledeb., nener mpemomennsrit — Thesium refractum C.A. Mey., kynena
nymmcrast — Polygonatum odoratum (Mill.) Druce u ma. mp.

Puc. 1. CxanpHble 0OOHa)XXeHHs B OKPEeCTHOCTsIX ¢. Huzkoe

[Rock outcrops near the village of Nizkoe]

Puc. 2. [lpumepHnsie rpanunsl npeanaraemoid k opranusamuu OOIIT (okpectHOCTH ¢. Huzkoe)
[Approximate boundaries of the proposed protected area (outskirts of the village Nizkoe)]
Koopauuats! yrioBeix Touek [Coordinates of corner points]:

1N 57°18%56.83", E 57°13'34.54"; 2 — N 57°19'00.51", E 57°13'43.20"; 3 — N 57°18'50.32", E 57°14'17.03";
4 — N 57°18'33.14", E 57°14'08.53"; 5 — N 57°18'33.30", E 57°13'43.97"

W3 oxpaHseMbIX U PEIKUX BUAOB PACTCHHI HAMH OTMCUYCHBL:

1. Kpacuas kuura [Tepmckoro kpast: sSICMEHHHK CKalbHBIN, WM KaMeHHbIH — Asperula petraea, | karero-
pus peaxoctu (puc. 3); rBo3auka urnonuctaas — Dianthus acicularis, 111 kateropus peakocta (puc. 4).

2. Tpunoxenue k Kpacroit kuure IlepMckoro kpasi: JeHen mpenomieHnsiit — Thesium refractum, acrpa
amprmiickast — Aster alpinus, mpemumnk TemHo-kpacHbid — Epipactis atrorubens, actparan Gopo3muatsiii —
Astragalus sulcatus u ap.

Lexomomnyssituy GOMBIINHCTBA OXPAHSIEMBIX M PEOKHX BHIOB Ha CKAJHHOM OOHA)KEHUHM MAaJIOYHCICHHBI,
OPEUMYIIECTBEHHO HecTabmibHbl. OCHOBHBIM JTHMHUTHPYIOMIAM (AKTOPOM B HACTOSIIIIEE BPEMS IS BCEX BUIOB
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31IECh SIBIISIETCS €CTECTBEHHOE pas3pylleHne MecTooouTanus. IIpu Bo3aeiCTBUY uenoBeKa MPOLEecC COKPALeHUs
YHCIIEHHOCTH OOJIBIIMHCTBA YSI3BUMBIX BHJIOB MOXeT cTaTh HeoOpatuMmbiM. Co3xanre OOIIT mo3BonuT MCKIto-
YHUTH MPOMBIIUICHHYIO Pa3paboTKy JaHHOTO CKaJIbHOTO O0HAXKEHHS.

o

b “d / \ =
Puc. 3. Slemennuk ckaspHbIil — Asperula petraea Puc. 4. I'sozauka urionucthas — Dianthus acicu-
V.1. Krecz. ex Klokov laris Fiscg. ex Ledeb.

[Asperula petraea V.1. Krecz. ex Klokov] [Dianthus acicularis Fiscg. ex Ledeb.]

2. CocHoBO-0epe3oBasi JiecocTenb Ha ckioHax K p. Cyxoii Tenéc

VYuacTok COCHOBO-Oepe30Boii jiecocTeny (PHC. 5) Ha I0XKHOM, 3allafHOM M IOro-3amajHoM cKiIoHax K p. Cy-
xoit Tenéc B OkTs10pbckoM roposckoM okpyre. IlepBoHadanbHas pekoMeHnanus mno npuganuio cratyca OOIT
JIAHHOMY y4acTKy Obuia JaHa Hamu paHee [Ecdumuk, 3enkoBa, 2018]. [IpumepHble rpaHuIpl IpeiaraeMoi K
opranuzanuu OOIIT npencrasienst Ha puc. 6.

Puc. 5. CocrHOBO-0epe3oBas jgecocTens Ha ckiIoHax K p. Cyxoit Tenéc

[Pine and birch forest-steppe on the slopes of the river Suchoy Telyos]

Ilpeonazaemoe nazeanue: Cyxoi Tenéc
Kamezopus: IlamsaTHUK IpUpOABI
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Ilpogunv: boranmueckuii
3nauenue: PernonanbHoe

‘251

Puc. 6. TIpumepnbie rpanuiis! npemiaraemoit k opranuzanun OOIIT (ckionst k p. Cyxoit Tenéc)
[Approximate boundaries of the proposed protected area (slopes of the river Suchoy Telyos)]
Koopaunats! yrioBeix Touek [Coordinates of corner points]:

1N 56°49'54.57", E 57°00'06.85"; 2 — N 56°49'47.98", E 57°00'58.45"; 3 — N 56°50'00.07", E 57°01'26.26";
4 —N 56°4921.94", E 57°01'33.53"; 5 — N 56°49'13.74", E 57°01'02.63"; 6 — N 56°49'30.48", E 57°00'49.49";
7 — N 56°4924.56", E 57°00'10.72"

Lenv co30anus: OXpaHa YHHUKAJIBHOTO JIECOCTEIIHOI'O KOMIUIEKCA C YHaCTHEM PEIKHX M OXPaHAEMBIX pacTe-
HUM, BKIMoYeHHbIX B KpacHble kauru Poccun u IlepMckoro kpasi, paclosoREHHOTO B NPEENax ydacTka Jieca
BBICOKOI NMPUPOI00XPAHHOM IIEHHOCTH (0epe30B0-COCHOBBIH Jiec KyHrypckoit necocrenn).

Onucanue: Y4dactok, nepcriektuBHbIi i opranuzauuu OOIIT, pacnionoxen B OKTIOpbCKOM MYHHIIMIATb-
HOM OKpYI'e U IPEACTaBJIAeT cOOOIl COCHOBO-OEPE30BYIO JIECOCTEIb Ha IOKHOM, 3allafHOM M IOr0-3alaJHOM
cknoHax p. Cyxoit Tenéc mexny c. AnteiHHOE 1 ¢. XapuHo O3epo (puc. 6). JlpeBecHsIi Spyc NpeACTaBICH pea-
koctoipiMu cocHamu (Pinus sylvestris) u 6epesamu (Betula pendula) B pasubIx cooTHOIIEHUsX: Ha OOmbIIIEi
YacTU TEPPUTOPHH 3TO COCHOBO-OEPE30BEIH JieC, OTMEUEHBI YIaCTKH 0epe30BO-COCHOBOTO JIeca, a TAKXKe ydacT-
KU TIPAaKTHYECKH YUCTHIX OEPEe3HAKOB U COCHSIKOB. 113 KyCTapHUKOB OTMEYEHBI PAKHTHUK PYCCKHI M BUIIHA Ky-
crapuukosas (Cerasus fruticosa Pall.).

Cpenu pa3HOTpaBbsi OTMEUCHBI: MMUPETPYM MIMTKOBBIH — Pyretrum corymbosum (L.) Scop., kymena mymim-
crast — Polygonatum odoratum, xiesep ropusiii — Trifolium montanum L., oscerr mymmctsiit — Helictotrichon
pubescens (Huds.) Pilg., Berpenmiia secass — Anemone sylvestris L., maxy4eKOJOCHHK IyIIMCTBIA —
Anthoxanthum odoratum L., TaBonra obsikHoBennas — Filipendula vulgaris Moench, kneBep nronmuHOBBINH —
Trifolium lupinaster L., Beponnka nybpasuas — Veronica hamaedrys L., kocrsauka — Rubus saxatilis L., mpo-
crpen xenrerormmit — Pulsatilla flavescens (Zucc.) Juz., motnk enxuit — Ranunculus acris L. u 1. MHOTOITBETKO-
Bt — R. polyanthemos L., repans noxxHOCHOUpckas — Geranium pseudosibiricum J. Mayer, ocoka ropHast —
Carex montana L., komokonsunk Bomkckuii — Campanula volgensis P. Smirn., repans KpOBsSHO-KpacHast —
Geranium sanguineum L., menynuma msrkas — Pulmonaria mollis Wulf. ex Hornem., agonuc BeceHHMA —
Adonis vernalis L., ¢uanka xoporkoBomocuctas — Viola hirta L., momopokuuk nammeroBuansii — Plantago
lanceolata L. u psim apyrux.

OxpaHsieMbI€ U PEIKHEe BHIbl PACTCHNH, OOHAPYKEHHBIE HA TaHHOW TEPPUTOPHH:

1. Kpacuas kuaura PO: stpeimauk nieMoHocHsii — Orchis militaris L., 111 kateropust penxoctu (prc. 7),
BeHepHH Oammadok Hacrosmmii — Cypripedium calceolus L., TIT kateropust peakoctu (puc. 8), BeHepHH Oarma-
90K KpymHOIBeTKOBEIH — Cypripedium macranthon Sw., 1T kateropus pemxoctu (puc. 9).

2. Kpacnas xaura Ilepmckoro kpast: Ko3elnell mypinypoBblii — Scorzonera purpurea L., I kareropust penko-
CTH, TepaHb KpOBsiHO-KpacHast — Geranium sannguineum, 111 kateropust peaKOCTH, TOpUIBET BeceHHuit — Adonis
vernalis, IIT kateropust peaIKOCTH.

3. Tpunoxkenne k Kpacuoit kaure IepMckoro kpast: 6yoenunk matnenucTaeil — Adenophora lilifolia (L.)
A. DC., oscer nymmmctsiii — Helictotrichon pubescens, mpocrpen sxenrerormii — Pulsatilla flavescens, comnme-
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user moueromucTHeiit — Helianthemum nummularium (L.) Mill., manepcrsiaka kpymHonserkoBas — Digitalis
grandiflora Mill., suruss xycrapaukosast — Cerasus fruticosa u mp.

Puc. 7. SAtpsimauk numemoHocHbii — Orchis mili- Puc. 8. Benepun 6aniMaqox HaCTOSIINN —
taris L. Cypripedium calceolus L.
[Orchis militaris L.] [Cypripedium calceolus L.]

Puc. 9. Benepun GamMawok kpymHonBeTkoBbiii — Cypripedium macranthon Sw.
[Cypripedium macranthon Sw.]

B 2017-2021 rr. Ha TeppUTOpUH OTMEYaIach BBIpyOKa Jieca B HEMOCPEACTBEHHOM OJM30CTH, a TAKXKe BhIOO-
podHasi pyOka COCEH HENOCPEACTBEHHO Ha TEPPUTOPUH MPOM3PACTaHMS OXpaHAEMBIX BUIOB. Bce oHm monsep-
*XKeHbl yrpose yHuutoxkeHus. Heobxomnumo cozmarne OOIIT mist coxpaHeHus Jieca BEICOKOH IPHPONOOXPAHHOM
LIEHHOCTH ¥ KOMIUIEKCA PEIKUX M OXPAHIEMBIX PACTEHUH B €TO Mpeernax.

3. JlecocTennb B oOKpecTHOCTSAX ¢. MnTepsiku

VY4acTok pasHOTpaBHOH necocteny (puc. 10) Ha CKIIOHAaX FO’KHOM U 3aI1aiHON 3KCIIO3UIN B OKPECTHOCTSIX C.
Wtepsiku B YUHCKOM MYHHIMIIANIBHOM OKpyre. IIpumepHbie rpanunsl npeanaraemoil k opranuzamun OOIIT
TIpeacTaBieHk Ha puc. 11.

Ilpeonazaemoe nazsanue: Nmrepsku

Kamezopus: TlaMATHUK TIPHPOABI

Ipoguns: BoraHm4ecKuit

3nauenue: PernonanbHoe

Leav coz0anus: OxpaHa yHUKaJIBHOT'O JECOCTEITHOIO KOMIUIEKCA C YIAaCTHEM PEAKHUX M OXPaHAEMBIX pacTe-
HUH, BKIMoYeHHbIX B KpacHsie kanrn Pocenn u IlepMckoro kpas.

Onucanue. Y4acTok, nepcrekTuBHbIA 11 opranuzamun OOIIT, pacnonoxer B YUHCKOM MYHHITUNAIEHOM
OKpyTe B OKpecTHOCTAX ¢. Mmrepsiku (puc. 11), mpeacrasnsier co0o0i pa3HOTPAaBHYIO JIECOCTENb B PA3PEKEHHOM
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Oepe3HsKe Ha CKIOHAX FOKHOW W 3amajHOW 3KCIO3WIMU. Ha BepmmHE XONMa pacHoJIOKEHBI IMOCATKHA COCHBI
OOBIKHOBEHHOM.

Puc. 10. JIecoctens B okpecTHOCTAX ¢. MmTepsku

[Forest steppe near the village of Ishteryaki]

Nwrepsku

e
/

/[

/ -212

/

Puc. 11. IpumepHbie rpanuipl npemiaraemoit k opranusaii OOIIT (okpecTHOCTH €. UTTepsiku)
[Approximate boundaries of the proposed protected area (near the village of Ishteryaki)]
Koopauuats! yrioBeix Touek [Coordinates of corner points]:

1 — N 56°49'37.75", E 56°58'38.64"; 2 — N 56°49'55.67", E 56°58'51.00"; 3 — N 56°4921.18", E 56°59'42.45";
4 — N 56°49'13.91", E 56°59'33.33"; 5 — N 56°49'10.02", E 56°59'21.75™

B TpaBAHOM sPYCE€ Ha CKIIOHaX OTMECYCHBbI NPEUMYIIECCTBEHHO JICCOCTEIHBIE BHUABL: Ka4UM BBICOKHH —
Gypsophyla altissima, TaBomra obsikHOBenHast — Filipendula vulgaris Moench, muperpym mMTKOBBIH —
Pyretrum corymbosum, Berpenmuia necaas — Anemone sylvestris, kymena mymucras — Polygonatum odoratum,
oHocMma mpocreiimast — Onosma simplicissima, ropunser Becennmit — Adonis vernalis, oBcer myruucTeii —
Helictotrichon pubescens, mpoctpen xenreromuii — Pulsatilla flavescens, Bacunek cubupckuii — Centaurea
sibirica, sicmennuk kpacmnsHbil — Asperula tinctoria L., a taxke masypuuk TpexmonactHoit — Laser trilobum,
KO3eJell IMypITypoBbIid — SCOrzZonera purpurea, repaHb KpoBstHO-KpacHast — Geranium sannguineum u MH. 1p. U3
KyCTapHUKOB 0OBIMHBI BULIHsI cTemHas — Cerasus fruticosa u pakurauk pycckuii — Chamaecytisus ruthenicus.

OxpaHsieMbIe U peKHE BUJIbI PACTEHHH, OOHAPY)KEHHBIC Ha JAHHOW TEPPUTOPHUH:

1. Kpacuas kuura PO: neubiieronoBuuk kpacusiit — Cephalanthera rubra (L.) Rich., III kateropust pen-
koctu (puc. 12), BeHepun Gammagok Hacrosiumii — Cypripedium calceolus, 11 kareropust peakocTy.

263



2. Kpacnas kaura [TepMckoro kpast: Ko3enel MypIypoBsIid — SCOrzonera purpurea, I kateropus peakocTu
(puc. 13), nasypuuk tpexnomactaoi — Laser trilobum, III xateropusi pemkoCTH, repaHb KpPOBSHO-KpacHasi —
Geranium sannguineum, 111 kateropus pexkoctu (puc. 14), ropunset Becernuii — Adonis vernalis, 111 kateropus
PEIKOCTH.

3. Tpunoxenue x KpacHoii xaure [lepmckoro kpas: ocerr mymmcteiii — Helictotrichon pubescens, mpo-
crpen xenreroumit — Pulsatilla flavescens, Bacunek cubupckuii — Centaurea sibirica, apemiark TeMHO-KpaCcHBIH
— Epipactis atrorubens, Bumns cremras — Cerasus fruticosa u ap.

Puc. 12. ITp11b11€T0OIOBHUK KPACHBIHN — Puc. 13. Kozener nmypmypoBblii — Scorzonera
Cephalanthera rubra (L.) Rich. purpurea L.

[Cephalanthera rubra (L.) Rich.] [Scorzonera purpurea L.]

Puc. 14. I'epanp kpoBsiHO-KpacHas — Geranium sanguineum L.
[Geranium sanguineum L.]

3akiIroueHue

B mpenenax Ooranuko-reorpaduyeckoro paiiona Kynrypckoit necocrenu Ilepmckoro kpasi oOHapyXeHbI
YYaCTKH, IIOTEHIHAILHO IPUTOIHBIE I OPTaHU3aHN 0CO00 OXPAaHIEMbIX IPUPOAHBIX TEPPUTOPHH.

Ha tepputopusx OKTSOpBCKOro TOpoIcKoro okpyra, Kumeprckoro n YHHCKOTO MYHHIHIIAJIBHBIX OKPYrOB
OIMCaHbl YHUKAJBHBIC JECOCTEIHbIE (DIOPUCTHYECKHE KOMIUICKCH C Y4aCTHEM PEIKUX M OXPaHsSCMBIX pacTe-
HUH, BKIoueHHBIX B Kpacusie kauru Poccun u Ilepmckoro kpas. Ha teppuropun mpoekrupyemoir OOIIT B
OKTS0PHCKOM OKpYre OTMEYEHBI 3 BHAA pacTeHHi, BKIOUeHHbIX B KpacHyto xuury P® (Orchis militaris,
Cypripedium calceolus, Cypripedium macranthon) u 3 Buna, BiitoueHnbix B KpacHyro kuury IlepMckoro kpast
(Scorzonera purpurea, Geranium sannguineum, Adonis vernalis). Ha teppuropun Kumeprckoro okpyra B mpe-
nenax mwraHupyemoii k opranusanun OOIIT B BesiBiens: 2 Buga Kpachoit kauru Ilepmckoro kpast (Asperula
petraea, Dianthus acicularis). Ha tepputopun Yurckoro okpyra B npemenax mianupyemoir OOIIT — 2 Buzaa
Kpacnoit kauru P® (Cephalanthera rubra, Cypripedium calceolus) u 4 Buna, Bxirouensbix B KpacHyro KHHUTY
Iepmckoro kpas (Scorzonera purpurea, Laser trilobum, Geranium sannguineum, Adonis vernalis).
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Bce TpH OOIIT npeajaratoTcs K OpraHu3anuu Kak 0OTaHUYECKHE MAMSITHUKH npupoabl PEruOHaJIbHOI O
3Ha4YCHUA. HaI/I6OJ'H)HIyIO HEHHOCTb Ha BCEX TPCX TCPPUTOPUAX UMCHOT UMCHHO JICCOCTCITHBIC (l)J'IOpI/ICTI/I"IeCKI/Ie
KOMIUICKCBI, KOTOPBIC MOI'YyT OBITH HAapyHICHBI IIpU BO3paCTaIOIH€I71 aHTpOHOl"eHHOfI Harpyske. Toapko nyTeM
OpraHmu3anuun OOIIT B0O3MOXHO COXPAHCHHUC 3TUX YHHUKAJIbHBIX 0OTaHMYECKHX 00BEKTOB.
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Annomayusn. T'pynnupoBKH TeprieTOOMOHTHBIX NMAaYKOB JIBYX Y4acTKOB C HEKYJIbTHBUPYEMOW pacTHUTENbHO-
CTHIO OBUIM M3y4eHbl Ha TeppuTopun boranmueckoro cana IlepMckoro rocyjapcTBEHHOr0 HalMOHAJIBHOTO HC-
CJIE/IOBATENHLCKOr0 YHHUBEPCUTETA B TIEPHOJL € ampens 1o HossOopb 2012 . METo/10M MOYBEHHBIX JOBYIIEK ¢ (puk-
caropom (4%-ubiii popmanuH). Beero 3a mepuon ucciaenoBanus codpano 998 ocobeit. B HaceneHun maykoB
MHOI'OYHUCJICHHBI JTIYT'OBbIC€ BUIBI, TPEACTABJICHLI JICCHLIC U ABAa CHMHAHTPOITHBIX BHU/A. HOHa}laeMOCTB, KOJIN4C-
CTBO BHJIOB U ITOKa3aTeNy pa3HOOOpa3Hs HacelleHHsl AYKOB CYIIECTBEHHO Pa3IMYaroTCs MKy TUTOLIAIKaMH 1
(denocezonamu. KoHKkpeTHbIE TPOOBI HacelleHHs TTayKOB IPYNIUPYIOTCS B TPU CE30HHBIE KIlacTepa, YTO T03BO-
JIAC€T BBIACIIUTH ACIICKThl HACCJICHUHN I1ayKOB. Becennuit acriekt XapaKTEpU3yeTcs BBICOKOM JUHAMHWYHOCTBHIO
BUJIOBOTO COCTaBa M OCHOBHBIX MapaMeTpOB HacelleHWs. B 3TOT mepuonx B HaceJIeHUH NpeodialaroT MayKH-
BOJIKH, COCTaBJISIOLIME HE MEHEe ¥4 BCEX MOMMAaHHBIX ocobeil, Ha 00OMX IUIONIaJKaX NOMHUHHpYeT Trochosa
ruricola, mpucyrcTByroT 00IIne YCIOBHO BECEHHHE BUABL. J[Is JIETHEro acmekta XapakTepHbl MaKCHMAJbHOE
BHUJIOBOE Pa3HOOOpa3ue M MOIagaeMOCTh IayKoB, KOTOPblE HE3HAUUTEIBHO Pa3lINyYaloTCs B KOHKPETHbBIE (eHOo-
ce30HBI. JIeToM ymporaeTcsi JTOMHHAHTHBIA KOMIUIEKC, Ha 000X muiomaakax obmibpHa T. ruricola; B apaneo-
KOMIUIEKCaX Hapsay ¢ MHOTOYMCICHHBIMH YCJIOBHO JISTHUMH BHJIAMH HPHCYTCTBYIOT CHHAHTPOIIHBIC BHIBI
Steatoda grossa u Tegenaria domestica. OceHHUit aCleKT XapaKTePU3yeTCsl HCKITIOUNTEIFHO HU3KAM BHIOBBIM
pa3HooOpa3ueM M IOIaaeMOCThIO MayKoB. B CEe30HHOH IMHAMHUKE MONaJaeMOCTH MayKoB 3a(UKCHPOBaHBI
IIPEJBECEHHUN U JIETHUH ITUKU aKTUBHOCTH.

Kniouesvle cnosa: nayku, CTpyKTypa HaceleHHs1, Ce30HHas IMHAMUKa, O0TaHWYECKUIT caf

Jna yumuposanus: Ecronun C. JI., Ilnakxuna E. B. Ctpykrypa Hacenenus naykoB (Arachnida, Araneae)
HEKyJIbTUBHpYeMO# pactutensHocTd borannueckoro caga IlepMcKoro rocyjapcTBEHHOTO HAIlMOHAJIBHOI'O HC-
cnenoBarenbckoro yuusepceutera // Bectauk Ilepmckoro yuusepcurera. Cep. buomorms. 2022. Bem. 4. C.
267-279. http://dx.doi.org/10.17072/1994-9952-2022-4-267-.279.

bnazooapuocmu: aBTOpHI TIYOOKO MpU3HATEIBHBI AupekTopy boranmdeckoro caga IITHNY C.A. llymu-
XHHY 32 BCECTOPOHHIOIO IOJAEPIKKY Hamel paboThl.
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Structure of spider assemblages (Arachnida, Araneae) on
uncultivated vegetation in Botanical garden of Perm State
University
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Abstract. The assemblages of herpetobiont spiders from two sites with uncultivated vegetation were studied
in the Botanical Garden of the Perm State University from April to November 2012. The method of soil traps
with a fixative (4% formalin) was used. A total of 998 specimens of spider were collected during the study peri-
od. The meadow species are numerous in the spider assemblages; forest and two synanthropic species are also
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present. The abundance, number of species, and biological diversity rates of spider assemblages vary significant-
ly between sites and phenoseasons. The original samples are distributed into three seasonal clusters, which
makes it possible to highlight the seasonal aspects of the spider assemblage. The spring aspect is characterized
by high dynamism of the species composition and the main parameters of the population. The wolf spiders pre-
dominate in the assemblage in this period; they make up at least % of all specimens caught here. Trochosa ru-
ricola dominates in both sites, and, in addition, common conditionally spring species are present here. The sum-
mer aspect is characterized by the maximum species diversity and the abundance of spiders, which slightly differ
between phenoseasons. In summer, the dominant complex becomes simpler; T. ruricola is abundant on both
sites. In araneocomplexes, along with numerous conditionally summer species, there are synanthropic species
Steatoda grossa and Tegenaria domestica. The autumn aspect is characterized by exceptionally low species di-
versity and the abundant of spiders. Pre-spring and summer peaks of spider activity were recorded in the season-
al dynamics.

Keywords: spiders, structure of assemblage, seasonal dynamics, botanic garden

For citacion: Esyunin S. L., Plakkhina E. V. [Structure of spider assemblages (Arachnida, Araneae) on un-
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BBenenue

B IOCJIICAHUC OCCATUIICTUS B MI/Ipe HAMCTHUJICSI I/IHTepeC K I/ISYI{CHI/IIO JKMBOTHBIX HaA yp6aHH3I/IpOBaHHbIX Tep-
puropusix [Knaycrautuep, 1990; XKusotusie B ropome, 2000; Ecology of the city ..., 2004; Bonsimakos u ap.,
2006; PacturenbHsiii ..., 2019]. Kak npaBmio, 00beKTaM1 TaKUX MCCIICAOBAHUN BHICTYIAIOT MO3BOHOYHBIC JKHU-
BOTHBIE, TOPa3i0 peke OeCII03BOHOYHBIC.

BO.]'IBU_II/IHCTBO pa60T, rac MO}ICHBHOﬁ prl'[l'[Oﬁ ABJIAIOTCA YICHHUCTOHOTUEC, ITOCBAIICHBI I/ISy‘{eHI/I}O KOMIUJICK-
CoB OECIO3BOHOYHBIX B rpamueHte ypbanusanuu [Cumoperko, 2001; Alaruikka et al., 2002; Magura, Horvath,
Tothmeresz, 2010; Varet, Pe'tillon J., Burel, 2011; BopoGeiiuuk u ap., 2012; Otoshi, Bichier, Philpott, 2015;
Lowel et. al., 2018; Lovei et al., 2019], pexe uccienoBanuio (ayHbl TOpOICKUX HacaxieHuit [Moorhead,
Philpott, 2013; Burkman, Gardiner, 2015; Macnoa, [Ipokonenko, 2019; Trigos-Peral et al., 2020]. B oreue-
CTBEHHOH apaxHOJIOTHYECKO JIMTepaType OCHOBHOE BHUMAaHHE Y/IENseTCs MHBEHTapH3aluK (ayHbl MaykoB 0o-
TaHuueckux canoB [Jlamaesa, 2005; Muxaiino, KpuBoxatckuii, 2012; benociyaues, 2016; ITonomapes, 1lamo-
BayoB, JlanreBa, 2017; ITonomapes, 2021; ITonomaper, Uymauenko, [lImatko, 2022]. JlanHbIe O HACEJICHUU Ta-
YKOB 3€JICHBIX HacaxeHuil roponoB [bemocnynues, 2017; Hnykin, Ivantsova, 2021] u GoTaHW4ecKUX ca/ioB
[Mpokomenko, 2003, 2013; Hajariyah et al., 2020; Trigos-Peral et al., 2020; Krumpalova et al., 2021; Dipsikha,
Phalgun, 2022] nemHorouucienHsl. [Ipu 3ToM, Kak MPaBUiIo, HE YYUTHIBAIOTCS CE30HHBIE OCOOEHHOCTH (achek-
ThI) HacelleHus MaykoB. B aTom mmane uatepecHa padora C.U. [1aBnoBa ¢ coaBropamu [[1aBmoB u ap., 2019], B
KOTOpO# ONHCAHbI CE30HHBIE BapuaHThI (ayHsl T. Camapsbl.

Boranuveckue cafpl SBISFOTCS YIOOHOH IUIOIIAAKOM JJISI U3Y4EHUST KOMIUIEKCOB OECIO3BOHOYHBIX KHBOT-
HBIX TOPOJIOB, T.K. B CaJjaX MMEETCS 3HAYUTEIbHOE pa3HOOOpa3ue MEeCTOOOUTAHHH, a BO3JICUCTBUS HA OKpYXKa-
IOUIYIO cpeny (KOIIeHHUE, TTOJIUB, HHCEKTUIMIHBIE 00pabOTKHU U T.JI.) pErJIAMEHTHPOBAHbI M IOTOMY MpEACKa3y-
emsl. [Ipensaputensapie nanusle o naykax OOIIT boranmueckuit cax Ilepmckoro rocymapcTBEHHOTO HAIHO-
HaNbpHOrO Hccnenoparenbckoro yHusepcutera (IITHUY) mpusenenst Hamu panee [IImakxunma, 2013, 2022].
Iens naHHO#M CTaThM — OIMKMCAHHE CE30HHBIX OCOOCHHOCTEH KOMIUIEKCOB MAaYKOB JIBYX MOZEIBHBIX Y4aCTKOB
HEKYJIbTUBHPYEMOM pacTuTeibHOCTH boranndeckoro caga IITHUY.

MarepuaJj 1 MeTObI

Martepnan, oOcyXaaeMblii B JaHHOH cTaThe, cOOpaH Ha OCHOBHOW TeppUTOpHH YUeOHOTO OOTaHHMYIECKOTO
cana uM. ipod. A.T'. enkens [ITHUY. OO6mas miomans ocHoBHOU Tepputopuu — 1.97 ra [[ymuxun, 2015].
Teppuropust 30HUpOBaHA Ha SKCIIO3UINOHHYIO, IPOM3BOACTBEHHYIO U Hay4HYI0 [boTannueckuii cax ..., 2021].

I'epneroGrOHTHBIE TTAYKH COOpaHBI IIPH TOMOIIH TTOYBEHHBIX JIOBYIIEK (JTOBYIKH bapbepa) — miiacTUKOBBIX
cTakaH4InkoB (o0bpemom 150 mu, muamerpom 70 MM), Ha TpeTh HamomHEHHbIE (uKcaTopoM (4%-HbIH (hopma-
nmuH). Ha nccrnemyemMpIx ygacTkax ycTaHaBIMBaJoch 1Mo 10 moBymiek B TuHHIO Ha paccTosHun 2 M. [Ipomomxu-
TENBHOCTH 3KCIOHUPOBaHHMS JIoBYIIeK — 10 gHel. bbuti oOcienoBaHsl 1Ba yyacTKka ¢ HeKYJIbTUBHPYEMOH pacTH-
TENBHOCTBIO (pHC. 1): pyaepabHask paCTUTENFHOCTh BIOJNb TEIUIOTPACCH M YIACTOK C €CTECTBEHHBIM 3JIaKOBBIM
TpaBocTOeM Iox Oepezamu. B cocraBe pynepaibHON pacTHTEIBHOCTH MpeobiiaiacT KparnuBa; NOBEpXHOCTb MOY-
BBI TOJ1asl. YYACTOK C €CTECTBEHHBIM TPABOCTOEM ITOKPHIT OOMIBHBIM JIUCTOBBIM OIaoM; TPABOCTOH HEBBICOKHUI
U pa3peeHHBII Ha NPOTSHKEHUH BCEr'O CE30Ha.
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Marepuan cobupaics B TeueHne 6eccHexxnoro nepruoza 2012 r. ¢ 13 anpens no 20 HosOpst. [IpenBapurens-
HBIH KJIaCTEpHBIA aHaJ M3 MOKa3al Halldie Ce30HHBIX Ipymnn npoO. [TosToMy mmpu ommcaHun CTPYKTYpHI Hace-
JICHUsI KOHKPETHBIC MPOOHI (T.€. )KUBOTHBIC, OTIOBICHHBIC 3a 10 qHEl) 00BeMUHILTH B BEIOOPKY (CE30HHYIO TIPO-
0y), XapakTepHu3yIOIIyIO ONMpPEACICHHBIN (eHOIornIeckuii ce30H. DeHomornueckne ce30Hb! BIIeneHk! mo b.H.
KotroxoBy u H. 5. KoBsizuny [2009]: npenBecenbe (8—23.1V), pannss BecHa (24.1V-23.V), pasrap Becusl (24.V—
22.VI), pannee nero (23.VI-13.VII), nonnoe nero (14.VII-17.VIII), pannss ocenp (18.VIII-2.1X), rmybokas
ocenb (3.1X-3.X).

Puc. 1. O6umii BUI y4aCTKOB C pyJepalibHON PaCTUTENBHOCTBIO (A) U €CTECTBEHHBIM 3JIAKOBBIM
tpaBoctoeM (B) B centsope 2022 r.

[General view of sites with ruderal vegetation (A) and natural grass stand (B) in September 2022]

B xauecTtBe mokaszartens JOMHHHPOBAHHS HCIOIb30Bajach MATHOAIbHAS, OTPaHHMYEHHAs CBEpXY Jorapud-
Mudeckas mkana, npemiokeHHas F0.A. Ilecenko [1982]. CtpykTypa HaceneHuUs MayKoB NpOoaHAIN3WpOBaHA
nocpezactBoM anropurMoB Detrended correspondence analysis (DCA; 6e3TpeHIOBbIN aHAIM3 COOTBETCTBUS) B
nporpamme PAST [Hammer, Harper, Ryan, 2001].

Pe3yJII>TaT]>I HCCJIeJ0BaAHUA

Hacenenue yuacTka ¢ pyaepajibHOil pacTUTEIbHOCTHIO

Bcero Ha y4acTke ¢ pyaepalibHOM pacTUTENBHOCThIO ObLTIO 0OHapyxkeHo 40 BHIOB maykoB u3 11 cemelicTs
(tabn. 1). Boree monoOBHHBI BUIOBOrO pa3HOOOpa3Hsi COCTABJISIOT IIPECTABUTENH IBYX ceMmelicTB: Linyphiidae u
Lycosidae (mo 12 BumoB). 31eck MHOTOYHCIICHHBI JIYTOBBIC BB (HampuMep, Bubl poxa Erigone, O. apicatus),
KpOMe TOr0, TIPE/ICTaBJICHBI JIECHbIE | IBa CHHaHTponHbIX Buaa (T. domestica, S. grossa).

Tabmuna 1
Bunosoii coctaB, nonagaeMocThb (3k3./100 J10B. CyT.) U HEKOTOpbIe MOKA3aTe1U HACEJEHHS MAYKOB HA
YYaCTKe C pyAepajbHOI PaCTUTEJBLHOCTHIO 10 (heHOoCe30HAM
[Species composition, abundance (ind./100 trap-days) and some indicators of spider assembles at the site
with ruderal vegetation by phenoseasons]

Takcon deHoce30H
OB | PHB | P3B | PHA | 1 | PO | TO
Agelenidae
Tegenaria domestica (Clerck, 1757) | - [ -1 -1 - lo2 ] - 1 -
Clubionidae
Clubiona sp. Hemonoso3zpernsie | - | - 1 - JTwos ] o2 | - [ -
Gnaphosidae
Haplodrassus signifier (C. L. Koch, 1839) - - 0.3 - - - -
Drassyllus pusillus (C. L. Koch, 1833) - 0.3 0.6 - 0.5 - -




Oxonyanue Tao. 1

Taxcon DeHoce30H
TIB PHB P3B PHJI 1 PO ro
Micaria pulicaria (Sundevall, 1831) - - 0.6 - 0.2 - -
Linyphiidae
Agyneta affinis (Kulczynsky, 1898) - - 1.0 2.0 1.5 - -
Agyneta rurestris (C. L. Koch, 1836) 1.0 - 0.3 - - - -
Bathyphantes gracilis (Blackwall, 1841) - - 0.3 - - 0.5 6.0
Diplocephalus cristatus (Blackwall, 1833) 2.0 - 0.3 - 0.2 - -
Diplostyla concolor (Wider, 1834) - 0.3 - 0.5 - - -
Dicymbium nigrum (Blackwall, 1834) 2.0 - - - - - -
Erigone atra (Blackwall, 1833) - - 0.3 - 0.2 - -
Erigone dentipalpis (Wider, 1834) 1.0 - 1.3 20.5 10.7 - -
Neriene clathrata (Sundevall, 1830) - 0.3 - - - - -
Oedothorax apicatus (Blackwall, 1850) - - - 0.5 - - -
Porrhoma pallidum (Jackson, 1913) - - - 0.5 - - -
Troxochrus scabriculus (Westring, 1851) 11.0 - 0.6 - 0.2 - 0.5
Lycosidae
Alopecosa pulverulenta (Clerck, 1757) - 0.3 - - - - -
Pardosa agrestis (Westring, 1861) - - 4.0 1.0 - - -
Pardosa amentata (Clerck, 1751) 8.0 6.6 9.3 3.5 0.5 - -
Pardosa fulvipes (Collett, 1876) - 0.3 6.6 1.5 - - -
Pardosa lugubris (Walckenaer, 1802) - 0.6 1.0 1.0 2.7 - -
Pardosa paludicola (Clerck, 1757) 2.0 0.6 1.3 - - - -
Pardosa palustris (Linnaeus, 1758) - - 1.6 - 1.0 - -
Pardosa plumipes (Thorell, 1875) - - 0.3 - 0.2 0.2 -
Pardosa sp. HemooBo3penbie - - - 3.0 10.7 1.0 1.5
Pirata piraticus (Clerck, 1757) - 0.3 - - - - -
Pirata hygrophillus (Thorell, 1872) - - - 0.5 - - -
Trochosa ruricola (De Geer, 1778) 53.0 7.3 2.0 19.0 25.0 1.2 0.5
Xerolycosa miniata (C.L. Koch, 1834) 1.0 - 3.3 1.0 2.5 0.2 -
Philodromidae
Thanatus sp. Hemoo0Bo3pebIE | - | - 1 - 1 - 1T o2 | - | -
Phrurolithidae
Phrurolithus festivus (C. L. Koch, 1835) | - [ -1 - JTwos | 02 - | -
Salticidae
Evarcha arcuata (Clerck, 1757) | - | -1 - JTwos | - [ - [ -
Tetragnathidae
Pachygnatha degeeri (Sandevall, 1830) 1.0 0.6 - 1.5 0.2 0.2 -
Pachygnatha listeri (Sandevall, 1830) - - - - 0.2 - -
Theridiidae
Episinus truncatus (Latreille, 1809) - - - - 0.2 - -
Euryopis flavomaculata (C. L. Koch, 1836) - - 0.6 - 0.2 - -
Steatoda grossa (C. L. Koch, 1838) - - - 0.5 - - -
Thomisidae
Ozyptila praticola (C. L. Koch, 1837) 1.0 4.0 2.3 2.0 1.2 - 1.0
Xysticus cristatus (Clerck, 1757) - - 0.3 - - - -
Xysticus kochi (Thorell, 1875) - 0.3 1.3 0.5 0.2 0.2 1.0
Xysticus Sp. HEMoI0BO3pEIbIE - - - - 1.3 - -
OO01as monagaeMocTb 83.0 22.3 40.6 60.5 61.0 3.7 10.5
Konuyectso BUI0OB 10 13 22 20 24 7 6
Hupnexc pasnoodpasus (H”) 1.37 2.01 2.85 2.17 2.14 2.50 1.57
Homst Lycosidae (% ot Bcex ocobeit) | 77.1 73.1 72.9 50.4 68.4 73.3 19.1
Joms Linyhiidae (% ot Bcex ocobeit) 20.5 3.0 8.1 39.7 21.3 13.3 61.9

[Ipumeuanue. @enocezonsl: [1B — npeasecenbe, PHB — pannsis Becna, P3B — pasrap Becusl, PHJI — pannee snero, [1J1 —
noiHoe J1eTo, PO — panHsst oceHb, ['O — rmybokas oceHb.
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KonmuectBo BuoB, 00Hapy>KEHHBIX B TeUeHHE (PeHOCE30Ha, YBEITMUMBAETCS B BeceHHHH nieprox ¢ 10 1o 22;
JIETOM BHUJIOBOE Pa3HOOOpa3ne OCTAETCsl OTHOCHTEIFHO TIOCTOSHHBIM M PE3KO CHIKAETCsl OCeHBIO (Tadm. 1).

SBnssice HanOosnee OOWIBHBIME B Npo0ax, MayKH-BOJIKK OIPENEISIFOT X0J OOIIel MmonagaeMOoCTH IayKoB.
[IpenBeceHHMIA MUK ITONAAaEMOCTH, B IIEPBYIO OYEepeElb, OMPENENSeTCs] TOBBIIIEHHON aKTHBHOCTHIO CaMIIOB 1.
ruricola [ITnakxuna, 2013]. ITo3aHee camIlbl WM OTMHPAIOT, WM MUTPUPYIOT C JAHHOTO y4acTKa B MOUCKAax
CcaMOK. JTO NPUBOAUT K PE3KOMY IaJICHHIO TTOTAaeMOCTH NayKOB paHHel BecHOU (puc. 2, A). JletHuit makcu-
MYM MOMaJaeMOCTH MAayKOB OMPEACIACTCS MOBBIIICHHEM aKTHBHOCTH CaMOK U MOSIBJIEHHEM Mojiomu T. ruricola
[[nakxuna, 2013], a Takxke oOMIMEM HEMOJIOBO3PENBIX 0cO0eH maykoB u3 poaa Pardosa (puc. 2, A). ITocie ot-
MUPaHHS TIOJIOBO3PEIIBIX 0COOEH MayKoB-BOJIKOB B KOHIIE JIETa M YX0/a Ha 3MMOBKY paHHEH OCEHBIO HETOJIOBO3-
pernbIX 0co0el U3 ATOro ceMeiicTBa HaOI0IaeTCs pe3Koe MaieHne o0IIel momnagaeMocT (puc. 2).

i A

45 1

ne PHB P PHI @ma PO 1O

25+

ne T pue PB 0 PHAI M1 PO TOD

Puc. 2. Ce30HHas TMHAMUKa [ONaaeMOCTH aykoB (9k3./100 JIOB. CyT.) Ha yyacTkax ¢ pyAepaibHOU
PaCTUTENBFHOCTHIO (A) M €CTECTBEHHBIM 3JIaKOBBIM TpaBocToeM (b).

o ocu abemuce — peHocesonsl: [1B — npensecense, PHB — pannsis BecHa, P3B — pasrap Bechs, PHJI — pannee
nero, [1JI — monnoe nero, PO — pannsis ocenb, 'O — riybokast oceHb

[Seasonal dynamics of activity density of spider assemblages at the sites with ruderal vegetation (A) and
natural grass stand (B).

The abscissa shows the phenoseasons: TIB - pre-spring, PHB - early spring, P3B - mid-spring, PHJT - early summer,
I - full summer, PO - early autumn, TO - deep autumn]

Ce30HHbBIE M3MEHEHHS! TAKCOHOMHUYECKOT0 pa3Hoo0pasys U JHHAMHUKA YHCICHHOCTH JOMHHAHTHBIX BUIIOB B
3HAYUTENHHOM CTENeHU ONPEIeAI0T U3MEHeHUs pa3HooOpasus HaceneHus naykoB. MHpekc 1llenHoHa yBemu-
YHBaeTCs B TEUEHHE BECHBI, JOCTUrasi MAaKCHMAalIbHBIX 3HAUCHUI B pasrap BECHBI; JIETOM U paHHEH OCEHBIO pas-
HOOOpa3ue 0CcTaeTcs OTHOCUTEIBHO MTOCTOSHHBIM U IIOHIKAETCS TITYOOKOM OceHbIo (Tadm. 1).

Hacenenue YuacTKa ¢ €eCTECTBEHHBIM TPABOCTOEM

Bcero Ha ygactke ¢ ecTeCTBEHHBIM TpaBocToeM Obuto otmedeHo 30 BumoB u3 6 cemeiicts (Tabm. 2). bonee
MTOJIOBUHBI BUAOBOTO Pa3HOO0PA3HsI COCTABIISIOT MPECTaBUTENHN ABYX ceMmelicTB: Linyphiidae u Lycosidae (1o 8
BuoB). Kak ¥ Ha mpemslayIneM ydacTke 37ech TpeactaBiens! nyroseie, gecusie (N. clathrata, P. lugubris, E.
truncatus, O. praticola) u onuna cunantpornusiii Bux (T. domestica).

B npenBeceHbe Ha ydacTke 0OHApYKEHO BCETO TPH BHJA MAYKOB; TO3IHEE BHAOBOE Pa3HOOOpa3He YBEIHYH-
BAeTCs U JIETOM JOCTHUTaeT MakcuMyMma. OCEHBIO KOJIMYECTBO BUIOB, OOHAPY)KHBAaeMBIX B T€USHHH (peHOCe30Ha,
BHOBb 3HAUMTENBFHO CHIDKaeTcs (Tabn. 2). JlerHuit muk momamaeMocTu maykoB (puc. 2, b) oOycioBnen moBwI-
LICHHOM aKTHBHOCTBIO JIByX BHIIOB NAayKOB-BOJKOB. Kpome THMHYHOro it 0OOMX y4acTKOB JOMHHAHTa 1.
ruricola, 3mecs obuen stecuoit Bua P. lugubris (tabm. 2).
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Ta6muna 2
Bunosoii coctas, nonagaemMocTtsb (3k3./100 JIOB. CyT.) M HEKOTOpbIE IOKA3aTeIH HACEJCHHUSA NAYKOB HA
Y4AaCTKe C eCTeCTBEHHBIM 3J1aKOBBIM TPABOCTOEM IO (peHOCEe30HAM

[Species composition, abundance (ind./100 trap-days) and some indicators of spider assembles in the site
with natural grass stand by phenoseasons]]

Taxcon DeHoce30H
OB [ PHB [ P3B | PHI | 11 | PO | TO
Agelenidae
Tegenaria domestica (Clerck, 1757) | - [ -1 - JTwos | - [ - | -
Gnaphosidae
Haplodrassus signifier (C.L. Koch, 1839) - 0.3 - - - - -
Drassyllus pusillus (C.L. Koch, 1833) - 0.4 - - 0.2 - -
Micaria formicaria (Sundevall, 1831) - - 0.3 - - - -
Zelotes clivicola (L. Koch, 1870) - 0.3 - - 1.6 - -
Linyphiidae
Agyneta affinis (Kulczynsky, 1898) - 1.6 0.3 0.5 2.5 - -
Agyneta rurestris (C. L. Koch, 1836) - 0.6 - - 0.2 - -
Dicymbium nigrum (Blackwall, 1834) - - - 0.5 - - -
Erigone dentipalpis (Wider, 1834) - 0.3 - 0.5 - - -
Megalepthyphantes pseudocollinus (Saaristo, 1997) - - - 0.5 - - -
Neriene clathrata (Sundevall, 1830) - - - - - 0.3 -
Tapinocyba biscissa (O. P.-Cambridge, 1873) - 0.3 - - - - -
Troxochrus scabriculus (Westring, 1851) 2.2 - 0.3 1.0 0.2 - -
Lycosidae
Alopecosa pulverulenta (Clerck, 1757) - - - - 0.5 - -
Pardosa agrestis (Westring, 1861) 1.1 - 0.3 1.1 - - -
Pardosa amentata (Clerck, 1751) - - 2.5 - - - -
Pardosa lugubris (Walckenaer, 1802) - 5.3 6.8 0.5 0.2 - -
Pardosa paludicola (Clerck, 1757) - 3.6 0.7 - -- - -
Pardosa palustris (Linnaeus, 1758) - - - 0.5 0.8 - -
Pardosa sp. Hemo1oBo3pebie - - 0.3 3.3 3.5 0.3 0.5
Trochosa ruricola (De Geer, 1778) 12.2 11.7 4.0 27.0 8.6 1.1 0.5
Xerolycosa miniata (C.L. Koch, 1834) - - - 3.2 0.2 0.3 -
Salticidae
Euophrys frontalis (Walckenaer, 1802) | - [ -1 -1 - ] o8 [ - | -
Tetragnathidae
Pachygnatha degeeri (Sandevall, 1830) | - [ -1 - JTos | - | - 1] o5
Theridiidae
Enaplognata ovata (Clerck, 1757) - 0.3 - - - - -
Episinus truncatus (Latreille, 1809) - - - - 0.2 - -
Euryopis flavomaculata (C. L. Koch, 1836) - - - 0.5 - - -
Neottiura bimaculata (Linnaus, 1767) - 0.3 - 0.5 - - -
Robertus neglectus (O. P.-Cambridge, 1871) - - - - 0.2 - -
Thomisidae
Ozyptila praticola (C. L. Koch, 1837) - 0.6 3.3 2.1 2.1 0.5 1.0
Xysticus kochi (Thorell, 1875) - - - 0.5 0.2 - -
Xysticus Sp. HEMoI0BO3pEIbIE - - 0.6 - 0.5 - -
OO01as monagaeMocTb 15.6 26.2 19.9 44.0 23.5 2.6 4.0
Konunyectso BUI0OB 3 13 11 17 17 5 4
Hupexc pasnoodpasus (H”) 0.72 1.94 2.08 1.80 2.46 2.21 2.13
Jons Lycosidae (% ot Bcex ocobeit) | 85.7 79.3 74.6 81.6 60.6 68.8 25.0
o Linyhiidae (% ot Bcex ocobei) 14.3 115 3.5 7.2 13.1 11.8 0.0

[Ipumeuanue. Genocezonsl: [1B — npeasecense, PHB — pannss Becna, P3B — pasrap Becusl, PHJI — pannee snero, [T —
noiHoe j1eto, PO — panHsst oceHb, ['O — rimyOokas oceHb.

[TokazaTens pa3sHOOOpa3Wsl HACENEHHS MAayKOB Ha y9acTKE C €CTECTBEHHBIM TPABOCTOEM MajiO 3aBUCHT OT
H3MEHEHUH KOJHMYECTBa BHIOB M YHCIECHHOCTH JoMuHAaHTOB. MHnekc IlleHHOHa ocTaeTcss OTHOCHTEIBHO ITOCTO-
SIHHBIM, U TOJIBKO B IIPEBECEHBE OH OOJIee YeM B J[Ba pa3a HIDKE THIMYHBIX 3HAYCHUH (Ta0m. 2).

272



deHoOrNYECKHE ACTEKTHI HACETeHUS

Hecmotpst Ha pa3nuyns B HACETICHUHU TTAYKOB MCCIICIOBAHHBIX YYaCTKOB TI0 BUIOBOMY pa3HOOOpa3uio, Moma-
JTACMOCTH U CE€30HHOW TUHAMUKE, MOKHO BEIJICIUTE TPU CE30HHBIX KiacTepa mpoO (puc. 3), 94To MO3BOISICT HAM
TOBOPHUTH O CE30HHBIX ACIMEKTaX HACCICHUS MayKOB HEKYIbTHBUPYEMOH PacTUTEILHOCTH Y4eOHOro OoTaHmUe-
ckoro caga IINHUY.
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Puc. 3. bunnot aHanu3a cOOTBETCTBHS HACENEHHS AYKOB y4aCTKOB HEKYJIbTUBUPYEMON PaCTUTENBHOCTH
borannueckoro caga II'HNY.
Homep yuacrtka: I — pynepanbHas pacTUTENBHOCTS, 11 - ecTecTBEHHBIN 31aKOBBIN TPABOCTOI.

Denonorndeckue nepruoasl: 1B — npensecense, PHB — pannss Becna, P3B — pasrap ecnsl, PJI — pannee
nero, [1JI — moinoe nero, PO — pannsis ocens, 'O — riaybokast oceHb

[Biplot of Detrended correspondence analysis of spider assemblages at the site with uncultivated
vegetation of Botanical Garden of PSU.

Site number: | - ruderal vegetation, Il - natural grass stand. Phenological periods: ITB - pre-spring, PHB - early
spring, P3B - mid-spring, PJI - early summer, ITJT - full summer, PO - early autumn, T'O - deep autumn]

Becennuii acnmext. B HaceneHun maykoB IpeoOiaJaroT NMayKU-BOJKH, COCTABIIAIOIINE HE MEHee ¥ BCex
nofiMaHHbIX ocobeit (Tabm. 3). Ha oboux yuactkax obunsHa T. ruricola. B mpob6ax nabmromarorcs obume «Be-
CEHHME» BUJBI (34€Ch OHU IOHMMAIOTCS KaK BHIbI, PUCYTCTBYIOIINE B IIPOOAaX TOJBKO BECHOW MM Haubomee
obwieHbIe B 3TOT Tiepuox): H. signifer, A. rurestris, T. scabriculus, P. amentata, P. paludicola. (cm. ta6m. 1, 2).
IonamaeMocTh, KOJIUIECTBO BUAOB U MOKA3aTeIN pa3HOOOpa3ns 3HAUUTENBHO PA3JIMYaOTCs MEXIY yIacTKaMU
u peHocezoHamu. Tak, HAIMYHME TEITIOTPACCHL HA YYACTKE C PyAEpaIbHOW PACTUTENBHOCTBIO CKa3aloch Ha CPo-
Kax aKTHBHOCTU JIOMHHAaHTHOI'O BHJA M, KaK CIEJCTBHE, Pa3BUTHU SPKO BBIPAKEHHOTO IIPEABECEHHETO ITHKa
aKTUBHOCTH NayKoB. PaHO HauMHAIOMmIAs BEreTHPOBATh pyAepalibHAs PACTUTEIBHOCTD M OONbIIast MO3aHYHOCTh
YCIIOBUH MOA TEIUIOTPACCOH, ITO-BUAMMOMY, MOBIMSIIA Ha OOJbIee BUIOBOE OOraTCTBO, IIOJUIOMUHAHTHOCTE U
MOKa3aTelb pa3HooOpasns HaceNeHNs IayKoB JaHHOM Y4acTKe.

Tabnuia 3
CpenHue 3HaueHHs] OCHOBHBIX NOKAa3aTeJIeil acCTeKTOB HACeJeHHs MMAYKOB YYACTKOB
¢ HeKYJIbTHBUPYeMOii pacTuTe/IbHOCTHIO BoTanuyeckoro caxa IITHAY

[The average values of the main indicators of the spider population aspects in sites with uncultivated vege-
tation of the Botanical Garden of PSU]

Acnext
ITokazarens BECEHHUI JICTHUH OCEHHUH

Vu.1* Yu.2 Vu.l Vu.2 Vu.l Vu.2
OO011ee KOJI-BO BUJIOB 29 17 31 23 7 5
IIpenensl BApbHPOBAHUS KOJI-Ba BUIOB 10-22 3-13 20-24 17 67 4-5
[penenbl BapbUpOBaHUSI MO IAEMOCTH 22-83 | 16-26 61 23-44 4-11 34
(9x3./100 1m0B. CYT)
[Ipenensr BappupoBanus monu Lycosidae (%) 73-77 | 7586 | 50-68 | 61-82 | 19-77 | 25-69
[Ipenensr BapprpoBanus gonu Linyphiidae (%) 3-20 4-14 21-40 7-13 13-62 0-12
Wupexc [ennona (H”) 14-29|07-21|21-22 | 18-25| 1.6-25 | 2.1-2.2
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Oxonyanue Tabim. 3

Acrniekt
ITokazarens BECEHHUIT JICTHUH OCEHHUI

Val* | Va2 | Val | Va2 | Vul | Vu2
JlomuHaHTHBIE BUjIbI (MakcuMasibHble 3HaueHust Oauta mo FO. A. Tecenko**)

Trochosa ruricola V V v V - -
Pardosa amentata v - - - - R
Troxochrus scabriculus v - - - - R

Pardosa fulvipes I - - - - -
Ozyptila praticola 11l - - - - -
Pardosa lugubris - 11l - - - -
Erigone dentipalpis - - v - - -
Bathyphantes gracilis - - - - v -

IMpumeuanus: *Vu.l — yyacTok ¢ pyAepalibHOM pacTHTEIBHOCTBIO, YU.2 — Y4aCTOK C €CTECTBEHHBIM 3JIaKOBBIM TPaBO-
croem; ** —F0.A. Tlecenko [1982].

JleTHuii acnekT. BujoBoe pa3zHooOpa3ue U MomnasaeMocTh MayKoB B 3TOT MEPHO. MAKCUMAIbHBI U HE3HAYH-
TENbHO pasnuyarTcs mo (eHocezonam (tabm. 3). TlayKu-BOJKH OCTAOTCS TOMHHHUPYIOIIMM TAKCOHOM, HO HX
JIOJIsl B HACEJICHUH MAyKOB MOHIDKAETCS. Y POIIACTCs TOMHUHAHTHBIA KOMIUIEKC — HAa 000HMX yJacTKax oOHJIbHA
T. ruricola. B apaneokoMIiekcax MOSBIISIOTCS CHHAHTPOIHBIE BUIBI (S. grossa, T. domestica). Muorouuciaenex
Habop oOmux I y4acTKOB ycioBHO JieTHHX TakconoB: A. affinis, E. dentipalpis, E. truncates, X. miniata, X.
kochi u HermosoBo3penbie mayku u3 poga Pardosa (cum. Ta6mn. 1, 2). BiusiHHe TemioTpaccsl Ha CTPYKTYPY CO00-
IIECTB MAYKOB JIETOM HE BhIpaxkeHO. Ha mepBoe MecTO BBIXOAAT OCOOCHHOCTH PACTHUTENHHOrO mMokposa. Ha
yYIacTKe C PyAepabHON PaCTUTEIBHOCTBIO MOACTHIIKA KpaiiHe cabo pa3BHTa, MECTaAMH OTCYTCTBYET. DTO Oiia-
TONPHUATCTBYET YBEINUCHUIO HA 9TOM yJacTKE YHCIEHHOCTH HEKOTOPBIX BUIOB maykos-murmees (E. dentipalpis,
O. apicatus) u P. degeeri.

Ocennuii acnekt. OceHHre MPOOLI HA O0OMX YYacCTKax XapaKTePHU3YIOTCSl MCKIIOYHMTELHO HU3KHM BHUJIO-
BBIM pa3HOOOpa3MeM U MoNnagaeMocTbio naykoB (Tadum. 3). [Tayku-BoKM OTHOCHUTEIHHO MHOTOYHMCIICHHBI paHHEH
ocenbio. Becenne-nernne qomunantsl (T. ruricola u Bumst 13 poma Pardosa) mpencraBieHbI HEMOIOBO3PEIBIMU
ocobamu. Ilocne ux yxoma Ha 3MMOBKY INTyOOKOH OCEHBIO B IpoOax pe3KO BO3pacTaeT HOJsl MayKOB-IIHIMEEB.
Ha yuacrtke ¢ pyaepanbHOil pacTHTenbHOCTBIO 0OmIeH Bua B. gracilis (ta6im. 3). OgHako Kak mpaBuio obuine
9TUX BUJOB HEBEJIMKO, YTO ONPEAENACT BHICOKYIO BHIPABHEHHOCTh HaceleHusa. Kak ciencTBUe 9TOro, 3HaueHHs
uHIeKca pa3nooOpasust [lleHHOHa OCTalOTCs JOBOJIILHO BHICOKUMH (TabI. 3).

Oo0cy:xneHue pe3yjJbTaToB

OOcienoBaHHBIE YYaCTKH HEKYJIbTUBHPYEMOH PACTHUTENBHOCTH OOTAaHMYECKOTrO Cala CYIIECTBEHHO PasiH-
YaloTCcs M0 BHIOBOMY Pa3HOOOPA3HIO, MOMaTaeMOCTH, JOMUHAHTHOMY KOMIUIEKCY U CE€30HHOW IMHAMHUKE May-
koB. [Ipu 3TOM B pasHble QeHOmeproasl TPEHIbl H3MEHEHUS CTPYKTYPHI HaCEIeHHs MIayKOB pa3iInyHbl. B Teue-
HHE BECHBI PA3IMYMS MEXKAY HACENICHHEM IayKOB M3y4EHHBIX YYAaCTKOB YBEIMYUBAIOTCS (BEKTOpA M3MEHEHUS
MIOKa3aHbl CTPEJIKaMH Ha pHC. 3); JIETOM SIPKO BBIpakKeHa TEHACHLMS YBEIMYEHHS CXOJCTBA, a OCEHBIO TEHACH-
LIUM U3MEHEHUs CTPYKTYPhI HAaceJIeHHsI TayKOB Pa3HOHAIIPABIEHHEI (puc. 3).

Hecmotpst Ha Bce 3TU pa3nuyus, KOHKPETHBIE IPOOBI repleTOONOHTHOIO HACEICHHUS TAyKOB MOTYT OBITh OT-
HECEeHBI K OJJHOMY U3 TPEX CE30HHBIX ACTEKTOB. BeceHHMIT acrieKT XapaKkTepu3yercsi IMHAMHUYHOCTHIO BHIOBOTO
COCTaBa, pa3HOOOpa3HeM M IIOMaJaeMOCThIO, OHAKO B HACEJIECHUH IPE00IalatoT MayKH-BOJIKH, COCTABIIAIONINE
He MeHee ¥ BCeX MOWMAaHHBIX 0co0eil; Ha 0OOMX y4acTKax AOMHHHpYeT 1. ruricola, mpucyrcrByror obrie
YCIIOBHO BeCceHHHME BUIBL. JIJIsl JIeTHEro acreKkTa XapakTepHbl MaKCHMallbHOE BHIOBOE pa3HOoOpasue U momnajia-
€MOCTb [TayKOB, KOTOPbIe HE3HAUUTENIHHO Pa3INYaloTCs B KOHKPETHBIE (PeHOCE30HBI; COKPAIAETCS KOJUYECTBO
BUIOB-JIOMHHAHTOB; Ha 00OMX y4acTKax oOmibHa T. ruricola; B apaHeoKOMIUIEKCaX, HAPSLY ¢ MHOTOYHCIICH-
HBIMH YCJIOBHO JIETHUMH BHIAMH, TIPHCYTCTBYIOT CHHAHTpOMHbIe BUas! (S. grossa, T. domestica). Ocennnii ac-
MEKT XapaKTepH3yeTcs HCKIIIOYNTEIFHO HU3KHM BHIOBBIM Pa3HOOOpa3HeM U MOIaIaeMOCThIO TTayKOB.

Ha ygactke ¢ pyznepaqbHONW pacTHTENBHOCTBIO PACIIoONaraeTcsi JeHCTBYIOMAs MarucTpaib CUCTEMBI TEIIO-
cHaOXeHus1, 9TO 00YCIIOBIMBAJO Ooliee paHHEee TasHUE CHEeTa B Hayajie BECHBI U OOJBIIYIO IPOTrPEBAEMOCTD I10-
BEPXHOCTH TOYBBI B BECEHHUH M OCCHHHUII NepHOIbl. BIusHIE TEIIOTpacCchl Ha CTPYKTYPY HAceleHHs HE Ode-
BUJTHO, KaK MUHUMYM, C pa3rapa BECHBI JI0 paHHEeH oceHU. MIMEIOTCs TOJNBKO JIBE aHOMAJHH, KOTOPBIE MOXHO
CBSI3aTh C ¢ BO3ZelicTBHeM. IlepBasi — 3TO CABUT MakCHMyMa aKTHBHOCTH JOMHHAHTHOTO Buzaa 1. ruricola ma
OoJiee paHHHE CPOKH M, KaK CJIEACTBHE, HAIWYME BECEHHET0 MAaKCMMyMa IMOINAaJaeMOCTH IayKOB Ha Y4acTKe C
PYIEpaNbHONW PacTUTEIHHOCTRIO (puc. 2). Bropas aHOManmss — BRICOKAasl YHCICHHOCTh OCCHHETO JTOMHHAHTa B.
gracilic u, xak ciencTBHe, TOBBINICHUE OOIIEH TTOMATAeMOCTH TTAYKOB TITy0OKO# oceHbto (prc. 2). Takum obpa-
30M, JIOMOJHUTENBHOE MOCTYIUICHNE TEIUIa CKa3bIBaeTcsl Ha (DEHONOTMH OTAEIBbHBIX BHJIOB MAYKOB, HO HE OTpa-
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KaeTcs Ha CTPYKType apaHeOKOMIUIEKCOB. Pa3nmiuust B HacelleHNH CpaBHUBAEMBIX YIAaCTKOB OO0YCIIOBIICHBI pa3-
JIMYUSIMHU B CTETICHW MO3aMYHOCTH PACTHTEIFHOTO MTOKPOBA U CTETIEHH PA3BUTHS MTOACTHIIKH.

BrrsiBIIeHHOE Ha ydacTke ¢ pyJepalbHOH pacTUTEIBHOCTHIO BUIOBOE Pa3HOOOpa3He MayKoB COMOCTaBUMO C
TAKOBBIM ITaCTOMIIHBIX JIyroB [lepMcKoro kpas, rie oHO cocTaBIiIO 32 BHAa Ha HeopollaeMoM, U 24 Buma — Ha
opormaeMoM yuyactkax [Ecronun, batanun, 1995]. OnHako HaceneHue JIyrOB UIMEET MHOW COCTaB JOMUHAHTHOT O
KOoMIUIeKca. Ha syrax caMbIM MacCoBBIM BHIOM sBiseTcs mayk-Bonk P. palustris. C muM komoMunupyroT E.
atra, E. dentipalpis u P. degeeri. Ilo Mepe merpaaaiuu JyroB B MpoOIECCe BbIAaca KPYITHOI'O POraToro CKOTa
Habmomanock yBenudenue yncinennoctu P. palustris, E. dentipalpis u P. degeeri, Toraa kak nomagaemocts E.
atra camxkanace. [lo3qHee CIMCOK JOMHMHAHTHBIX BHIOB, XapaKTEPHBIX JUIA CEIbCKOXO3SHCTBEHHBIX YTOIMHA
JOJIMHHO-peYHOro y4actka CpeaHeypabCKOro TpaHCEKTa ObUT JIOMOJHEH cienylolmuMu Bugamu |EcronuH,
2006]: O. apicatus, A. rurestris, P. agrestis u Xerolycosa nemoralis (Westring, 1861). B Hamem uccieqoBaniu
TIPUCYTCTBYIOT BCE BBIIIETIEPEUNCICHHBIE BUIBI, KpoMe nocieanero. OnHako OOJMBIIMHCTBO U3 HUX HE BXOJST B
JOMHMHAHTHBIN KoMITIeKe (Tabi. 3). OOmUM JOMHHAHTOM JUIS CEIbCKOXO3SICTBEHHBIX YroAWd M 00CiIen0BaH-
HBIX y4aCTKOB OOTaHMYECKOro caja siimsiercs E. dentipalpis, koTopslit paccMaTprBaeTcs Kak HHAMKATOP A€rpa-
JIallu ecTeCTBeHHBIX JyroB [Ectonun, baranus, 1995].

JoMunupoBanue mpencraButeneil cem. Lycosidae Ha o0ciemoBaHHBIX ydacTKax OOTAHMYECKOTO caja
[M'HNY xapakTepHO Takxe Il TOPOACKHUX NMapKoB M OOTaHMYECKHX caloB Pycckoii paBuuubl [[Ipokonenko,
2013; benocnymnes, 2017] u CepepHoit Amepuku [Moorhead, Philpott, 2013; Burkman, Gardiner, 2015; Otoshi,
Bichier, Philpott, 2015]. Ognako, B OTJIMYKE OT HAIIMX JaHHBIX, TaM, KaK MPaBHUJIO, JOMHHUPYIOT BUJIBI U3 poja
Pardosa [ITpoxonenko, 2013; Burkman, Gardiner, 2015; Benocayaues, 2017]. ITo Beeit BUAUMOCTH, 3TO CBA3aHO
C TEM, YTO B U3BECTHBIX HAM HCCIIEJOBAHUIX MOJIEIbHBIE YYaCTKH XapaKTepU30BaIlCh HATMYUEM XOPOIIO pa3-
BUTOTO JIPEBECHOI'0 M/ KYCTAPHUYKOBOTO SIpycoB. Kak ciie/icTBre B HaCeNIEeHNH MayKOB TaAKHX Y4acTKOB Ipe-
obnagarot JiecHble BUAbL. Tak, B HAMOYBEHHOM spyce MapkoBbix 30H T. Camapsr nomunupytoT Diplocephalus
picinus (Blackwall, 1841), Tenuiphantes flavipes (Blackwall, 1854), P.lugubris u O.praticola [Bemocnyamies,
2017]. B npeBecHbix HacaxaeHusx r. Jlonenka [[Ipokonenko, 2013] monamaemocts T. ruricola Huskas Ha Bcex
yuactkax, a oomisHbl P. lugubris, Alopecosa sulzeri (Pavesi, 1873), A. trabalis (Clerck, 1758) u T. terricola.
Ouenb obunen B 6otannueckom caxy [ITHUY sun T. ruricola, ykaspiBaeTcst Kak JOMUHAHTHBIN 11 GOTaHHYe-
ckux camoB r. Bapmiaser (ITonbmia), rme o komomuuupyer ¢ Micrargus subaequalis (Westring, 1851), X.
miniata u T. flavipes [Trigos-Peral et al., 2020] u kax MHOrOYHCICHHBIH [uTst mycThipeii . Knusnenaa (CesepHas
Awmepuka) [Burkman, Gardiner, 2015].

3akJrouenmne

Takum 00pa3om, HacejeHHE MayKOB HEKYIbTUBHPYEMOH pacTUTelbHOCTH OoraHmdeckoro caiga [II'HUY
uMeeT oduIMe YepThl (BUIOBOE pa3HooOpasue, npeodiiafiaHue npencraButeneid ceM. Lycosidae) ¢ HaceneHuem
aHTPOIIOTCHHO HapYIICHHBIX JyroB IlepMcKoro kpas ¥ ropoJCKuX MapKoB, a Takke OOTaHWYECKHUX canoB Pyc-
CKOH paBHHHBI, HO OTJIINYAETCS COCTABOM JOMHHAHTHOTO KOMILIEKCA.
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TBepaodasHblit UMMYHOPEPMEHTHbLIN aHANU3 (NPAMOI BapUaHT)
ANA BbIABNIEHUA TOKCUTEHHbIX XOoNnepHbix BU6puoHos 01, 0139
ceporpynn
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Beponuka Bsiuecnasosna Esoxumosa, Evdokimova_vv@antiplague.ru

Annomayusn. B pe3ynprare MpoBeNEHHBIX UCCICIOBAaHUN ONTHMHU3UPOBAH METOJ MpsMOro TBEpaodasHoro
nmmyHodepmentHoro ananuza (THDA) nnst BBISIBICHUST TOKCUTEHHBIX INTaMMOB XOJEPHBIX BHOpHOHOB O,
0139 ceporpyni Ha OCHOBE MOHOKJIOH&JBHBIX M MOJMKIOHAIBHBIX aHTUTOKCHYECKUX MMM YHOTIIO0YIHHOBBIX
NEPOKCHJIA3HBIX KOHBIOTaTOB. YCTaHOBICHBI ONTHMAJIbHBIE TapaMeTphl €ro IOCTaHOBKU: CEHCUOMIH3alus
IUTAHIIIETa TOKCUHCO/IEPKALIMMHU TIperapaTaMu, pa3BeeHHbpIME B (pocaTHO-coneBoMm Oydepe (PCB) pH 7.4 no
tutpa 1:2—1:4, ux amcopOius Ha TBEPIOH (a3e maHmera B TeueHue 2 4. mpu 37°C, OJIOKUPOBKA CBOOOIHBIX
CalTOB CBsI3bIBaHMS 1%-HBIM pacTBOpOM ObIubero ceiBoporodHoro anpoymuna (BCA) — 30 mun. (37°C), Bpems
KOHTaKTa UCCIeyeMoro odpasia ¢ MOHO- WM TMOJMKIOHAIBHBIM TEPOKCHAa3HbIMU KOHbIoraTaMu — 30 MHH.
(37°C). UcnpiTanusi Ha TOMOJIOTMYHBIX U TETEPOJIOTMYHBIX IITaAMMaXx MMOKa3ajld BBICOKYIO CHENU(pUIHOCTh UM-
MYHO()EpPMEHTHOTO aHAJIN3a U BO3MOXKHOCTb €0 MCIIOJIb30BaHHS JUIsl OOHAPYKEHUsI TOKCHUTEHHBIX XOJEPHBIX
BUOPHOHOB.

Knrouegovle cnoga: XonepHbIl TOKCUH, TOMUKIOHAIBHBIM U MOHOKJIOHAJIBHBIN MEPOKCHAA3HbIE KOHBIOTATHI,
UMMYHO(QEPMEHTHBIN aHaIu3, 1abopaTopHas JUATHOCTHKA XOJIEpPhI

Jna yumupoeanusn: Teepaodaszuplii IMMyHO(GEpMEHTHBIN aHau3 (MPSMOI BapuaHT) ISl BBISIBICHUS TOK-
cUreHHBIX XonepHbIx BuOpronoB O1, 0139 ceporpymm / JI. T1. Anexceera, O. A. fkymesa, B. B. EBgokumoBa,
M. 3. Sroekun, B. I1. 3ro3una // Becrnuk Ilepmckoro ynuBepcurera. Cep. buonorus. 2022. Bem. 4. C.
280-287. http://dx.doi.org/10.17072/1994-9952-2022-4-280-287.
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Original article

Solid-phase enzyme-linked immunosorbent assay (direct option)
for detecting toxigenic vibrio cholerae serogroups O1 and 0139

L. P. Alekseeval, O. A. Yakusheva?, V. V. Evdokimova®, M. E. Yagovkin?,
V. P. Zyuzina®
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Corresponding authors: Olga A. Yakusheva, yakusheva_oa@antiplague.ru, and Veronika V. Evdokimova,
Evdokimova_vv@antiplague.ru

Abstract. As a result of the studies, the method of direct solid-phase enzyme immunoassay (ELISA test) was
optimized for detecting toxigenic strains of Vibrio cholerae O1 and 0139 serogroups based on monoclonal and
polyclonal antitoxic immunoglobulin peroxidase conjugates. The study detected the following optimal parame-
ters for the analysis: sensitization of a tablet by toxicodermia drugs diluted in phosphate-saline buffer (PBS) pH
7.4, up to titers of 1:2-1:4, their adsorption on the solid phase of the tablet for 2 hours at 37° C, blocking of free
binding sites by the 1% solution of bovine serum albumin (BSA) for 30 minutes (at 37°C); contact time of the
investigated sample with mono- or polyclonal conjugates peroxidase - 30 minutes (at 37°C). Tests on homolo-
gous and heterologous strains showed a high specificity of the enzyme immunoassay and the possibility of its
use for detecting toxigenic Vibrio cholerae.

Keywords: cholera toxin; polyclonal and monoclonal peroxidase conjugates; enzyme immunoassay; laboratory diag-
nosis of cholera
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BBenenue

B Hacrosimiee BpeMs B J1a0OpaTOpHOW NPaKTHKE /sl OLEHKH TOKCHT'€HHOCTH XOJepHbIX BUOproHOB Ol,
0139 ceporpynm 1 SNUAEMUYECKON 3HAYMMOCTH BBIJICJICHHBIX IITAMMOB IITHPOKO HUCTIONB3YIOTCSI MOJIEKYIISIPHO-
renetudeckue meroasl [Mehrabadi et al., 2012; Jin et al., 2013; Greig et al., 2018; Hossain et al., 2018]. Oxxako
OIpeJieJIeHHe TeHOB, KOAMPYIOIIUX CHUHTE3 xosepHoro TokcuHa (XT), He Bceraa ykasbIBaeT Ha HaJMYHeE JKC-
TIPeccuy caMoro TokcuHa. Kpome Toro, B psne cuTyauuii NpsiMOe BBISIBICHHE TOKCHHA OCTAa€TCs MPEIIOuTH-
TENILHBIM, TTOCKOJIbKY OTMEYEH BBICOKHI ypOBEHb MYTAIMi B JIOKyce CtX, KOTOpbIe MOT'YT IPHBOIUTH K JIOKHO-
orpuiarenbHbIM pesyiabTatam [Ahn-Yoon et al., 2003; Tuteja et al., 2007; Ilerposa u ap., 2009; AnekceeBa u
ap., 2019; Bayat et al., 2019]. B cBsi3u ¢ 3TUM OJHOBPEMEHHO HUCIIOIB3YIOTCS U UMMYHOJ OTHUECKHE METObI C
BBICOKOI YYBCTBUTEIBHOCTBIO M CHEIH(PUIHOCTHIO, TAK KaK IITAMMbI XOJIEPHBIX BUOpHOHOB Db Top u cepo-
rpynmsl 0139 oTnuyaroTcss HU3KUM ypOBHEM MPOMyKIMK TOKcuHa in Vitro [Shlyapnikov et al., 2012; Meza-
Lucas et al.,, 2016]. B mocnemHue roapl OTEYECTBEHHBIMH CIIELHAIMCTaAMH 3apEruCTPUPOBAHbI JIBE TECT-
cHCTeMbl: UMMYHOxpomarorpaduueckas «Tect-momocka Vibrio cholerae tox™» [BapanoBa u mp., 2020] u
counBuy-BapuanT «Tecr-cuctema MDA mis onpenenenns npoaykiun XT mrammamu V. choleraey [Muxeesa u
ap., 2014.]. OnqHako HEKOTOpBIE MapaMeTphl MEPBOM TECT-CUCTEMbI, HECMOTPSI Ha IKCIPECCHOCTh U MPOCTOTY
IIOCTaHOBKH, HC B TTOJIHOM MEpE OTBEYAIOT AMArHOCTHYCCKHUM Tpe6OBaHI/IHM 110 YYBCTBUTEIIbHOCTHU, BTOpAs OT-
JIN4YacTcA MHOFOCTa}]I/II‘/IIHOCTI)IO, MHOI'OKOMITOHCHTHOCTBHO, MHOFOKpaTHOﬁ OTMBIBKOI IJIaHIIeTa, HeO6X0)II/IMO-
CTBIO MPUOOPHOTO OCHAIlEHHs. B cBs3M ¢ 3THM OCTagresi akTyalbHOM NpodJieMa COBEPILIEHCTBOBAHMS U pa3pa-
OOTKM HOBBIX, YYBCTBHUTEJbHBIX U CHENU(PUUECKHX JUATHOCTUYECKHX CPEICTB, OCOOEHHO IMPEIoiaratoiiux
JKCIpecc-TecTupoBanre. HaMu B paMkax I1aHOBOW TeMbl ObUIH pa3paboTaHbl IMMYHOTJIO0YJIMHOBBIE MEPOKCH-
Ja3HbIC KOHBIOIaTbl HA OCHOBE aHTUTOKCHYECKUX MOHO- U MMOJIMKIIOHAJIbHBIX aHTHUTEII, KOTOPBIC MOKHO HMCIIOJIb-
30BaTh B IPsIMOM BapuaHTe TBEpAodazHoro ummyHodepmentHoro ananuza (TUDA) mis onpeneneHust mpoayk-
i XT mrammamu V. cholerae O1, 0139 ceporpyrm, uto mo3Bosnser npeaaoxuts TUDA B kauecTBe 10MOI-
HUTEIHHOTO WJIH aJbTePHATUBHOIO TecTa [Sxymesa u np., 2020].

Henp Hacrosmied paboThl — ONTHUMHU3ALMS YCIIOBUH MMOCTAHOBKH MPSMOro BapraHTa TBEPAO(A3HOrO UMMY-
HO(EPMEHTHOr0 aHAJIN3a Ha MOJIMCTUPOIOBBIX IUIAHIIETaX C IOMOIIBI0 MOHO- M IIOJIMKJIOHATIBHBIX MIEPOKCHIa3-
HBIX KOHBIOT'ATOB, IPEAHA3HAYCHHBIX JJIS BBIBICHUS TOKCUTEHHBIX IITAMMOB XOJepHBIX BuOpronoB O1, 0139

CeporpynmniL.

Marepuajbl 1 MeTObI MCCJIEI0BAHUI

B pabote ncronb3oBany OakTepHalbHbIE MITAMMBL M3 KOJUICKIMH My3esl )KUBBIX KYJIBTYp € LEHTPOM MaTo-
TeHHBIX Juis YenoBeka BuOpuonoB ®KY3 PocroBckuii-Ha-/oHy npoTuBouyMHBINH HHCTUTYT PocniorpeGHan3opa
(tabm. 1).

B xauecTBe MCTOYHMKA TOKCHHA MCIONB30BAU CYIIEpHATAHTHl TOKCUTEHHBIX IITAMMOB. Pa3BenieHus TokcH-
Ha M TOKCHHCOJIEpIXKAIMX O00pa3lloB rOTOBHIN B OydepHbix pactBopax — 0.01 M kapOoHat-OnkapOOHATHOM
(KBB), pH 9.5; 0.01 M docdartro-conesom (OCB), pH 7.4.

[onoxuTeNnbHBIM KOHTPOJIEM CITyxua npenapat ouniieHHoro X T 0.05 mkr/mn [Anekceesa u np., 2019], or-
punarensHeIM — cpena AKIL

[ocranoBky TUDA ocyImiecTBISsUTH CIIEAYIOIUM 00pa3oM: B 96-IIyHOUHBIE TIOIMCTHUPOIOBBIE THIAHIIETHI TI0-
CJIEI0BATENIbHO BHOCHIIM: HCCIENYeMbI 00pa3el + MOHO- MIIM HOJIMKIOHAJIBHBIN NEPOKCHAA3HBIN KOHBIOTAT +
cybcrpatHas cMech + crom-pearet [Eropos, 1991; Crowther, 2009]. PaboTy mpoBOIHIN, HCIIONB3Ys IUIAHIIETHI
pasmuuHBIX npomsBoguTeneit: «Memnomumepy (PD), «Nuncy (Hanuns), «Costary (USA). Ilocne kaxmoro sTama
cIIeioBajia Mpoueaypa OTMBIBAHMS TJIAHIIETa OT HECBSI3aBIIMXCS KOMIIOHEHTOB PEaKIHH.

BruBrienne xomepHoro TtokcmHa B cynepHataHTax (CH) TOKCHTEHHBIX IITaMMOB XOJNEPHBIX BHOPHOHOB
OCYHIECTBIISUI C IIOMOIIBI0O MOHO- M TIOJIMKJIOHAIBHBIX IIEPOKCHAA3HBIX KOHBIOTATOB, IIONYYEHHBIX B
®KYV3 PocroBckoro-Ha-/[oHy mpoTtuBouyMHOro MHCTUTYTa PocmorpebHam3opa. Bce mramMmbpl BhIpamieHBl B
cpene AKI mo crarmaptHOomMy Merony M. Iwanaga [Iwanaga, Kuyyakanond, 1987]. Bakrepun mogpamuBanu B
mpobupxkax (Beicota 150 mm; quametp 15 mm) B cpene AKI B Teuenune 4 4. ipu 37°C. KynbTypy nepeHOCHIN B
KOIIOBI DprieHMeiiepa B 1o3e 2% 107 M.K./MJI, COOIIOAAsT COOTHOILIIEHHE OIHH 00beM O0ynpona AKI Ha 10 06pemMoB
konosl. [locnenyromiee KyTbTHBUPOBAHNE MPOBOAMIN NP WHTEHCHBHOM BCTPSIXMBAHWHM HAa TEPMOCTATHPYEMOM
myTrenb-ammapate «Environmental Shaker-Incubator» ES-20/60 mpu 120 06./mun B Teuenne 20 4. pu 37°C.
Bakrepuanpayro Maccy obe3zapaxkuBanu meptroisToM HaTpus (1:10000), BermepkuBamu 1 CyT. B XONOIMIBHU-
Ke, TIOCJIE YeTo JeJIaIH TPEXKpaTHEBIE BRICEBBI Ha CIIEIM(PHUISCKYI0 CTepuiIbHOCTE. O0e33apakeHHbIe MUKPOOHBIE

281



KJIETKH OCaKAaiH HeHTpudyrupoanueM B Tedenne 10 mua. mpu 8000 00./MuH. DKcnepuMeHTalbHas paboTta
MIPOBO/MIIACH C ydeToM TpeboBanmii caHutapHbIX mpaBmwin CII 3.3686-21 «CaHuTapHO-31MIEMHOIOIHYECKUE
TpeOOoBaHUs 1O MPO(HMITAKTHKE MHPEKIMOHHBIX Oonesnei», CIT 1.3.2322-2008 «be3omacHOCTE pabOTHI ¢ MHK-
poopraanzmami 111 u IV rpynmn naroreHHOCTH (ONACHOCTH) U BO3OYANTEISIMU TTapa3uTapHBIX OOJIE3HEH».

Tabmuma 1
I TamMel xosepHbIX BHOpUoHOB O1 1 0139 ceporpynn, HcnoJib30BaHHbIE B padoTe

[Strains of V. cholerae O1 and 0139 serogroups used in this study]

IIITamMmbBI | T'enornn I VcTOYHMK BBIACICHUS | T"op BEIZICICHHS I MecTo BEIJICTICHHS
Vibrio cholerae Ol1 cepocpynnul knaccuuecko2o buosapa
569B ctxABI+, tcpA+ 4eJIOBEK 1950 Wunus
500 ctxABI+, tcpA+ - 1968 ITakucran
1763 ctxAB1+, tcpA+ 4eJIOBEK 1947 WMunokurait
Vibrio cholerae O1 ceporpymmst Dab Top 6HoBapa
1310 CtxAB3*, tcpA* YeJIoBeK 1966 Wpak, r. bargan
3119 ctxAB3+, tepA+ YeJIOBEK 1970 r. Ozecca
5879 CtxAB3+, tcpA+ 4eJIOBEK 1972 r. Taranpor
12214 CtxAB3+, tcpA+ YeJIOBEK 1976 H/RL
13020 CtxAB3+, tCpA+ YEIIOBEK 1986 r. A30B
14383 CtxAB3+, tcpA+ YeJIOBEK 1990 Pocrosckas 0611. x. Komysaeso
14455 CtxAB3+, tcpA+ YeJIOBEK 1990 r. CraBpononb
14460 CtXAB3+, tcpA+ YeJIOBEK 1990 r. CraBponoib
14464 CtxAB3+, tcpA+ YeJIOBEK 1990 r. CraBponoib
Vibrio cholerae O1 ceporpymmst D16 Top OuoBapa (TeHOBapHaHTBI)
17917 ctxABI+, tcpA+ BOJIA 1999 BOJIA
19667 ctxAB7+, tcpA+ YeJIOBEK 2014 r. MockBa
Vibrio cholerae 0139 ceporpymmbt
16070 ctxAB+, tcpA+ H/I H/1 Nunusa
16063 ctxAB+, tcpA+ YeJIOBEK 1993 PocroBckas 00i. . A30B
16064 ctxAB+, tcpA+ YeJIOBEK 1993 PocroBckas 00i. . A30B
Vibrio cholerae O1 ceporpymmst Db Top 6HoBapa
19766 ctxAB-, tcpA— BOZIA 2015 r. Dnucra, npyna 3asuuit
19778 ctxAB—, tcpA— BOJIA 2015 Hpkyrckas 0071. p. AHrapa
19791 ctxAB-, tcpA— BOZIA 2015 KpacHonapckuii kpaid, p. Arypa
19813 ctxAB-, tcpA— YeJIOBEK 1998 r. Mapuymonp
19875 ctxAB-, tcpA— BOZIA 2015 r. Dnucra, npyna 3asuuit
Vibrio cholerae 0139 ceporpymmsi
17675 ctxAB—, tcpA— BOZIA 1997 r. Mockaa, p. Mocka
17677 ctxAB—, tcpA— BOJIA 1997 r. MockBa, p. MockBa
17678 ctxAB—, tcpA— BOJIA 1997 r. MockBa, p. MockBa
I'eTeponoruyHble MUKPOOPIaHU3MBI
Escherichia coli 1961 H/I 1965 H/1
Escherichia coli 1962 H/I 1965 H/1
Aeromonas hydrophila P-143 BOJIA 1944 r. PocroB-na-Jlony, p. ox
Aeromonas hydrophila P-1269 BOJA 1959 r. Cankr-IlerepOypr, p. Hesa
Salmonella typhimurium 1288 H/1L 1960 r. JIona0H
Salmonella typhimurium 4446 H/1L H/IT r. JIona0H

[pumevanue: H/1 — HET JAHHBIX.

OuennBain 3(p(EKTUBHOCTD 3-TEMIIEPATyPHBIX PEKHUMOB IS aJICOPOLMU TOKCHHCOEPIKAIIUX MPEnapaToB
Ha TBEP/IOH (ha3e MoAMCTUPONOBBIX TiaHmeroB: 1) 2 4. B repmoctate (37°C); 2) 2 u. B repmocrate (37°C) u 18—
20 9. mpu Temmepatype 4°C; 3) 18-20 q. (4°C).

[Ipouenypy O10KMpOBaHUSI CBOOOAHOW OT MMMYHOPEAreHTOB IOBEPXHOCTH ITOMMUCTHUPOJIOBBIX IUIAHILIETOB
npoBoaunu B TedeHue 30 muH. (37°C) ¢ mpuMEHEHHEM B KauecTBE OJIOKMPYIOIIETO areHTa OBIYBETO CHIBOPO-
TOYHOro anbOymuHa B KoHUEeHTparwax 0.5, 1 u 2%; smOpuonansHoOi 5%-HOH Tensubeil chIBOPOTKH; 1%-HOro
CyXOro 00€3>KHUPEHHOI0 MOJIOKA.

Konrakr XT ¢ konproratamu ocymectBisui B TedueHue 30, 45, 60 MUH. ¢ IeTbI0 OIpeeNIeHIs] ONTUMAaIbHO-
TO BpeMEHH WHKYyOaImu.

Jns pa3Benenust korbiorata ucrnonb3oBanu 0.01M @CB ¢ nobasnenuem 0.05%-noro Teun-20 (pH 7.4). Pe-
AKITUIO TIPOSIBISUTH CBEKETIPUTOTOBICHHBIM cyOcTpaTHBIM pactBopoM TMb (3.3'.5.5'-TerpamerminiOeH3uane) B
Te4eHue 25 MUH., TTociie €€ OCTaHOBKH 2 M CepHOW KHCIOTOW M3MEPSUTH 3HAYCHHUS ONTHYECKOH IIOTHOCTH. Pe-
3yabratel UMA peructpupoBaiiu ¢ moMolnsio criektpoporomerpa «Bio Tek EL 800» (Bio Tek Instruments,
CIIA) mpu mnuae BomHEI 450 HM (pedepenc-BonHa 630 HM). Bee nccnemoBaHus MpOBOIMIA HE MEHEE YeM B
TpeX MOBTOPHOCTSIX.
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[Ipn ananm3e pe3ynabTaToB OBUIM MCHONB30BaHBI craTHcTHYeckne Meronsl (P < 0.05). Bce mccnenoBanust
OCYIIECTBIISUTUCH B TPEX MOBTOPHOCTSX [AmmMapuH, Bopobbes, 1962].

Pe3y.]'[LTaTBI H UX 06cy>1<nelme

CBoeBpeMeHHast M JJOCTOBEPHAsI XapaKTEPUCTUKA CBOMCTB IITAMMOB XOJIEPHBIX BHOPHOHOB, BBIZIETIEHHBIX OT
JIo/IeH U 13 00BEKTOB OKPYIKAIOIIEH CPEIIbl, SIBISIETCS. BAYKHBIM MOMEHTOM TIPH ONPEEICHUH TAKTHKU IIPOTHBO-
SMHUAEMHUYECKHX MepompusaTuid. OfHaKoO pelnarollee 3HauyeHne NpUuoOpeTaeT MoydyeHne WHPOPMAIMU O CIO-
COOHOCTH KOHKPETHBIX IITAMMOB ITPOYLIUPOBAThH XOJIEPHBIH SHTEPOTOKCHH H, CIIEIOBATEIbHO, BBI3BIBATH XOJIE-
POTEHHBIH CHHAPOM y YyBCTBHTEIFHOIO XO35IMHA. B sKCHieprMeHTaxX MCIOJIb30BaIM aHTUTOKCUYECKHE MOHO- 1
TIOJIMKIIOHAJIbHBIE MEPOKCUAa3HbIe KOHBIOTATHI, MpeAHAa3HAuYeHHBIC ISl JETEKINH TOKCHI'C€HHBIX IITaMMOB XO-
nepHbIx BUOpruoHoB O1 1 O139 ceporpynibl B mpsiMOM BapuaHTe 1uiaHmeTHoro MDA,

Ha nepBom stane ontumuszanuu ycinoBuid noctaHoBkd TUMA Oblii NpUHATH BO BHUMaHHE COPOLIMOHHBIE
cBoicTBa TBEPAOH (ha3bl, B KauecTBE KOTOPOH MCIIONB30BAIHCH 96-1yHOUHbIe MuaHmeTs! 1t MDA, C atoit ue-
JIBIO Tpenaparbl ouuneHHoro XT TUTpoBaIM B INIaHIIETaX Pa3iIMYHbIX pou3BoauTeneid. Cyzs 1Mo nokasaresnsm
ontryeckoit morHoctr (OIT) B orHomennn XT, pasHom 1.505+0.018, MakcumanbHOW COpPOIMOHHOW CIIOCOO-
HOCTBIO 00Naiany riaHimeTsl pupmbl «Costary, Toria Kak mianmers GupM «Meamonumepy U «Nunc» nUMenu
OIT 0.80140.002 u 1.207+0.021 cooTBeTcTBEHHO. B MTOre ycTaHOBIEHO, YTO MPEANOYTUTEIbHEE UCIIOIb30Ba-
Hue riaHmetoB gupmel «Costary. [ImaHmeTsr [pyrux NTporu3BoAUTENel 001alany MeHbIeH COpOIMOHHON CIIo-
COOHOCTBIO U OJJHOPOJIHOCTHIO copOIuu. B cBsi3u ¢ 3TiM 1u1s paboThl BEIOpaHb! ruiaHmeTsl «Costary, mo3Bos-
IOLIME TOCTUTATh OoJiee BHICOKON YyBCTBUTENBHOCTH M CTAHAAPTHOCTH aHANN3a.

YyBCTBUTENBEHOCTD, TOYHOCTh, BOCIIPOU3BOJMMOCTb SIBJISIFOTCSI OCHOBHBIMH NapaMeTpaMu UMMYHO(EpMEHT-
HOT'O aHaJI3a, KOTOPhIE MOI'YT CYIIECTBEHHO U3MEHSTHCS IIPU BapHallMK yCIOBHUI 3KCIIEpUMEHTa (TeMIepaTypa,
WOHHasi cuia, pH peakunoHHOH cpe/bl, KOHIIEHTPAIMOHHBIE COOTHOIICHUS KOMIIOHEHTOB M MPOJOKUTEIb-
HOCTbh UX B3aUMOJECHCTBUsI). DTO ONpeAeNnseT He0OOXO0JUMOCTh ONTUMU3AINY KaKA0W CTaJMy aHaJIK3a, IS 4ero
UCTIOJIB3YIOT AIMIIMPUYIECKHH To100p apameTpoB B noctanoBke TUDA [Kypuesa u np., 2016].

[TepBOHAYaIBbHO YCTAHOBHJIM ONTHMAIBHYIO CEHCHOMIM3MPYIOIIYIO 03y TOKCHHCOJEPKAIIMX 00pa3loB Ha
TBEPOI (paze mnanmera n OydepHsIil pacTBOp Ui UX pa3BeleHus U ancopOimu. cnbiTyemble npenapaTsl pas-
Boaunu B Kbb pH 9.6 unn ®CBb pH 7.4, maunnas ¢ 1:2, mockoapKy Hepa3BeAEHHBIE CyIEpHATaHTHl HapsAAy C
TOKCHHOM COZAEPIXKAT MIUPOKUH CHEKTP OHOMOrHYECKH aKTHBHBIX BELIECTB, YTO MOXKET IPUBOAUTH K JIOKHOIIO-
JIOXKUTEIIBHBIM Pe3yJIbTaTaM, OCOOEHHO B PEAKIMH C aHTUTOKCHYECKOM MOIHUKIOHAIBHOM ChIBOPOTKOI. Hamuuue
XT B cocraBe CH BBIABISUIM C TOMOIIBIO MOHO- U TIOJMKJIOHAIBHBIX MEPOKCUAA3HBIX KOHBIOIATOB B IPSIMOM
Bapuante TUDA. [IpogemoncrpupoBano (puc. 1), yto npumenenne @Ch s pa3BeeHus HCIBITYEMbIX 00pa3-
OB OoJiee MPeIIouTHTENBHO, TaK Kak odecrieurBaeT 3 (eKTHBHYIO aJICOPOLMIO TOKCHHA Ha TIOBEPXHOCTH I10-
JIMCTHPONOBBIX IIAHIIETOB, U TOMY MOATBEPkKAEHUE BbIcokHe noka3arenu Oll B peakiuy ¢ MOHO- U MOJIMKIO-
HaJIBbHBIM KOHBIOTaTaMu 1o cpaBHeHuto ¢ Kbb.

1.8 CH (pussegenme B $Ch) +
16 - MO THRTOMATE MBI KONBETAT
1.4
5 % _ _ _ CH{pusegemne n $CE) +
_ L - \ MOHOKTONATEHEI KONBIOTAT
= 08 RN
S o6 e —— CH (passeaenne o KEE) +
A MO THETOHLTE MBI KONBEOTAT
0.4 =
- =
0,2 h
'] R e CH {passeaenne s KEE) +
2 4 8 16 MOHOKTOHATHHBIH KOWBIOTAT

Paipegennme CYINepHATAHTA

Puc. 1. Onpenenenne oNTUMANBHBIX pa3BecHMH cymepHaranTa mramma V. cholerae El Tor ctx+.

TTo ropusoHTaNU: 0OpaTHOE 3HaUYeHHE TUTpa cynepHaTanTa mtamma V. cholerae El Tor 19167; o Beprukanu: cpe-
HUE 3HaYeHHs ONTHYeCcKUX MioTHocTell B TUDA
[Determination of optimal dilutions of V. cholerae El Tor ctx+ strain supernatant.

Horizontal: inverse titer value of the supernatant of V. cholerae El Tor 19167 strain; vertical: average optical densi-
ties in ELISA test]

Omnpenenenre ONTAMATBFHOTO Pa3BECHUS CYIIEPHATAHTOB MTOKA3aJI0, YTO OHO HAXOAUTCS B Tipeaenax 1:2 1:4,
MTOCKOJIbKY MIMEHHO B 3TOM JIMAIla30HE PETUCTPUPYIOTCS MakcUMaibHble 3HadeHus OI1.
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WHTEHCUBHOCTh UMMYHO(DEPMEHTHON PEaKIni TAKXKe CYIIECTBEHHO 3aBHCHT OT BPEMEHH SKCIIO3UIIUHU TS
aJIcOpOIIMK TOKCHHA B JIyHKaX IUIAHINETA U TeMIIEpaTyphl, TP KOTOPOI OHA OCYIIECTBIsIeTCs. B Hammx skcre-
pUMeHTaX OBUTH MCIBITAHBI TPU Pa3IMIHBIX PEXKUMA, YKA3aHHBIX B «Matepuaiax ¥ MeTOJax MCCIIeJOBAHHID.

AHasu3 NONYYEHHBIX PE3yNIbTATOB (PHC. 2) MO3BOIMI YCTAHOBUTh, YTO ONTUMAJILHBIM JUTS CCHCUOUITU3AINN
B JIYHKax IUIAHIIIETa TOKCHHCOEPIKAIUX 00pa3IoB ABISETCS pexuM 2 4. U temreparypa 37°C, B TO BpeMsi Kak
IIpH BBIIEpXKKE B TedeHue 18—20 4. B yCIIOBUIX XOMOMMIbHUKA U 2 1. B TepMmocTtate (37°C) ancopOnnoHHas CIio-
CcOOHOCTh HECKONBKO HIke. MeHee ¢ exktuBHOM sBsercs ceHcuOmmm3anus CH, ecmu ona mmrest 18 4. Tomb-
ko npu 4°C.

w HoamxaoHatsmnii KONBOTaT B Momor.I0MATHIDBIN KOWDIOFAT

1,6
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Puc. 2. Onpenenenre ONTUMAaIbHBIX YCIOBHI CEHCHOMITU3AIMU CYyIIEPHATAHTOB TOKCUTE€HHBIX XOJIEPHBIX
BUOpHOHOB B IUTaHuieTHoM BapuaHte THDA.
ITo TOpPU30HTAJIN: BPEMS U TEMIIEpATYpa SKCITO3UIIUN aﬂcop6uvm TOKCHHA B JIYHKaX IUIaHIIETa; 110 BEPTUKAIN: CPE-
HHE 3HaYCHHUs ONTHYEeCKUX ToTHocTeil B TUDA
[Determination of optimal conditions for sensitization of supernatants of toxigenic cholerae vibrio in the
ELISA plate version.

Horizontal: time and temperature of toxin adsorption exposure in the wells of the plate; vertical: mean values of opti-
cal densities in the ELISA test]

C menbro CHWXEHUs Hecnenuduueckold peakiyuy ObUIN NMPOBEIEHBI NCCIEAO0BAHUS 10 YMEHBIIEHHIO (POHO-
BBIX «IIOMEX» IIPU UCHOJIB30BaHUM Pa3IN4YHbIX KoHUeHTpauuii 0.5, 1, 2% ObI4bero chIBOPOTOYHOrO anb0yMHHA
(BCA), 5%-Ho#1 >MOpHOHATBHON TeIAYbe CHIBOPOTKH, 1% CyxXoro 00e3KMpEeHHOro Moioka B (ocdaTHO-
coneBoM Oydepe pH 7.4. Pe3ynbTaThl SKCIEPUMEHTOB OKa3aJd, 4TO OJIOKMPOBaHHE CBOOOIHBIX IIEHTPOB CBS-
3bIBaHMS Ha IUIAHIIETE Ie1ecoo0pa3Ho npoBoauTh 1%-HbiM pactBopoM BCA B ®CB pH 7.4, mockombKy ero
UCIIONB30BAaHHE YMEHBIIAJI0 (OHOBBIE «IIOMEXW», IIPH 3TOM yBelMYeHHe KoHueHTpauuu bCA He Biwsio Ha
pe3yabTaThL.

Cremyromuii 3Tan HAIINX HCCIECAOBAHMK BKIIIOYAI ONpPEAEIeHHE ONTHMAIbHOrO padodyero pa3BedeHHs I10-
Jy9eHHBIX KOHBIOTATOB, JAIONIMX MAaKCHMAaJbHYIO IIBETOBYIO PEAaKLHIO MPU BHECEHHH UX B IIOJHCTHUPOIOBBHIE
IuIaHIIeTsl. Paboyee pa3BeeHre MOHOKIOHAIBHOTO ITEPOKCHIA3HOI0 KOHBIOraTa cocTaBmio 1:32, a monukiio-
HanbHOrO — 1:64, uyBcTBUTENbHOCTH MeToz1a — 10 Hr/Min XT [Skymesa u np., 2020].

Jnst onpeneneHUs ONTHMAaJbHON NPOIODKUTENBLHOCTH HHKYOAlMHM TOKCHHCOIEPIKALIMX NpenapaToB C
koHbtoratamMu B TUDA olleHHBaIN WHTEHCUBHOCTDh PEAKIIHH B 3aBUCHMOCTH OT BpeMeHHu 3kcmo3urmm (30, 45,
60 mun.) ipu Temmeparype 37°C. [loxydeHHbIe pe3yabTaThl CBHACTEIBCTBYIOT, YTO ONITUMAIEHBIMHU YCIOBUSIMHU
HWHKYOHPOBaHUS IEPOKCHAA3HBIX KOHBIOTAaTOB C TOKCHHOM Ha TBEPHOH (aze sBIstoTes: BpeMs — 30 MUH. U TeM-
nepatypa — 37°C, MOCKONBKY B 3TOM Iuama3oHe peructpupoBanu yerudeHue OIl. Bomee mpomomxurtensHOE
BpeMsl HHKYOAIli KOHBIOTATOB C HUCCIENyeMbIMH 00pa3llaMH YBEIUYHBAJIO BPEMs ITOCTAaHOBKH PEAKIMU U CO-
MPOBOXKIAJIOCH ITOSBJICHHEM (DOHOBOT'O OKPAIIMBAHHSI.

Ucnprraans ontummsupoBanHOro TUDA mpoBOIMIN COTTIACHO BHIICOMMCAHHBIM OTPab0TaHHBIM TTapaMeT-
pam, pe3yIIbTaThl KOTOPOT'0 OTPaXKEHBI B Ta0II. 2.

V3 maHHBIX TAOJHMIBI CIEAYET, YTO UCIONb3YeMble MOHO- U MOJUKIOHAIBHBIE MTEPOKCHIAa3HBIE KOHBIOTAThI
CrelM(UYHBI, TaK KaK OTCYTCTBYIOT MEPEKPECTHBIC PEaKUUH ¢ HETOKCHUI'CHHBIMH XOJEPHBIMH BUOPHOHAMH H
NPEICTaBUTEISIMH TeTePOJIOrNYHBIX MUKPOOPTaHM3MOB. COTJIAaCHO JTaHHBIM JIMTEPATyphl, XOJIEepHbIE BUOPHOHEI
OuoBapa DOnb Top, B OTJIMYKE OT ICHETUYECKH M3MEHEHHBIX BapHAaHTOB, 00JaJal0T HU3KOH TOKCHHOIPOIYIH-
pytomieit cnocooHocThi0 [IIlamkoBa n ap., 2011]. B Hammx ombITax mpu B3anMOJEHCTBUU CYIEPHATAHTOB C
TIOJIM- ¥ MOHOKJIOHAJIFHBIMH KOHBIOTaTAMU 3apeTUCTPUPOBaHKI BhIcokue 3HaueHus Ol mopsaka (1.5224+0.021—
1.812+0.010) B oTHOWICHHE reHOBapHaHTOB BHOproHOB GroBapa Dub Top u V. cholerae Classical B cpaBHeHnu ¢
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MoNOKUTEIbHEIM KoHTposieM (1.618+0.013). B To ke BpeMs TUIMYHBIE BUOPHOHBI HNPOIYIMPYIOT TOKCHHA B
JBa-TpH pPa3a MEHBIIE, YTO MOATBepkAaroT mokasarenu OIl, MakcumalbHOE 3HAYCHHE KOTOPBIX PABHSAETCS
0.581+0.026.
Tabmuma 2
PesynbTaTnl onpeaesieHuss AKTUBHOCTH M CIEU(UYHOCTH MOHO - H NOJMKIOHATBHBIX IEPOKCHAA3HBIX
KOHBIOTaTOB B npsimoM MeTone TUDA

[Results of activity and specificity determination of mono- and polyclonal peroxidase conjugates in the direct
method ELISA]

Kon-Bo Onruueckas mwiotHocTs (OI)
IIrammer = =
mTaMMOB TTonmuknoHANBHEINA KOHBIOTAT MOHOKJIOHAIBHEI KOHBIOTAT
Vibrio cholerae O1 Classical ctx+ 3 1.8124+0.010 1.407+0.012
Vibrio cholerae O1 El Tor ctx+ 2 1.522+0.021 1.204+0.007
Vibrio cholerae O1 El Tor ctx+ 9 0.581+0.026 0.508+0.011
Vibrio cholerae O1 El Tor ctx- 5 0.102+0.004 0.108+0.005
Vibrio cholerae 0139 ctx+ 3 0.494+0.007 0.416+0.003
Escherichia coli 2 0.114+0.004 0.113+0.005
Aeromonas hydrophila 2 0,112+0.002 0.104+0.004
Salmonella typhimurium 2 0.116+0.005 0.116+0.004
[TonoxwuTenbHbid KoHTpoab XT 0,05 MKr/Mit 1.618+0.013 0.116+0.004
OtrpunarensHblil KOHTPoab cpena AKI 0.090+0.009 0.087+0.003

HpHMeanHe.B Ta6nm{e NpeACTaBJICHBI CPECAHUE 3HAYCHUSA OIITUYCCKUX TUTOTHOCTEMN (OH) " CTaHAAPTHOE OTKIIOHCHUE.

3akIoueHne

YcTaHOBIIEHBI ONTHUMANBHBIE MTAPAMETPhI U YCIOBHS MIOCTAaHOBKH npsiMoro Bapuanta THUMA: cencubunmsa-
1Ml TUTaHIIETa TOKCHHCOJEPKAIUMHU rpenapaTtamu, pazsenéuusiu B ®CB pH 7.4 no 1:2-1:4, 6nokupoBaHue
CBOOOJHBIX caiiToB cBs3biBaHus 1%-HbIM pacTBopoM BCA B ®CB, Bpems 3KCHO3UIMU OMBITHBIX 00pasloB C
nonuctuposioM mwianmera — 2 4. (37°C), pabouee pa3BeneHue KonbroratoB 1:32—1:64, BpeMs MHKYOHpOBaHHUs
koHbtoratoB ¢ XT Ha TBEpmoH daze — 30 mun. pu 37°C.

B UTOroBBIX MCHBITAaHHAX HA IITAMMAX YCTaHOBJICHA BBICOKAS CIELM(PUIHOCTh U YyBCTBUTEIBHOCTH TECT-
CHCTEMBI, YTO CBUAETENHCTBYET O BO3MOXXHOCTH €€ HCIIONb30BaHMA JJIsl OOHAPY)KEHHS TOKCUI'€HHBIX IITaMMOB
xonepHbIX BUOpronoB O1, O139 B kauecTBe anbTepHaTHBbI COHABHY-BapuaHTy GM DA,
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Annomayusn. BpIsIBICHBI MOJMBUPYIEHTHBIC mTaMMbl Oakrepuii Lactobacillus spp. mpu accormatiBHOM
B3aUMOJIEHCTBHHU C TpocTelinuMu Blastocystis hominis in vivo. Illtammer Lactobacillus spp. u B. hominis Beize-
T U3 pekanuit 396 manueHToB, MPOXOAUBIINX aHAIN3 Ha KUIICYHbIN nucOno3. Maentudukamnmo 6akTepuit
TPOBOJIVIIN C UCITOJIb30BAHHEM MUKPOCKOIMYECKOr0, OaKTEPHOIOrHYECKOr0 U Mapa3uToIOrn4ecKoro METO/I0B.
B kauecTBe KOHTPOJIBHBIX UCTIONB30BaIM 112 sTanoHHbx mraMMoB jdaktobaktepuid NK1 u K311124, nenonupo-
BaHHBbIX B BHUU reHeTuku M cenekuyu MPOMBIIUIEHHBIX MUKPOOpraHu3MoB. CTeneHb BUPYIEHTHOCTH MpO-
CTEHIINX ONACTOIMCT ONpPEENsIM MyTeM BHYTPUOPIONIMHHOTO BBEJCHUS OenbiM MbliaM (Maccor 17.4+1.5 1)
0.5 MJI B3BECH KYJBTYPhI H3y4aeMbIX MUKPOOPTaHU3MOB, TOJIY4EHHOI Ha muTaTelbHOl cpene Suresh. B padore
HCIIONB30BANIN NpaiiMepsl K HECKOJIBKUM IeHaM, ONPeessIOUM CIIOCOOHOCTh K o0pa3oBaHuio ¢puMOpuii 1-ro
tunma, S u P Tuma, GaxkTepwadbHOrO ajare3MHa WHTUMHHA M reMonu3uHa. TectupoBanue 396 mramMmoB
Lactobacillus spp., u3omupoBaHHbBIX W3 MUKpOCHMOUOIIeH030B ¢ Blastocystis hominis pasmiunoii crenenu Bupy-
JICHTHOCTH II0Ka3aJI0, YTO ANHAMHKA BBISBICHHS I'€HOB IIATOTEHHOCTH Y JaKTOOAKTEpHil Bo3pacTaia ¢ yCHICHH-
€M CTEIlleHH BHPYJIEHTHOCTH NpocTeHmunx. Yame Bcero B o0LieM Myle ITaMMOB JIaKTOOaKTepHii HCKOMBIE aM-
IUTMKOHBI BBISBISUIMCH [IPU HCIIOIb30BaHUM paiiMepoB K fimA reny (1o 67.9%). IIpu accoupaTHBHOM B3aHMO-
JEHCTBUU C yMEPEHHO- U BBICOKOBUPYJIEHTHBIMH ONACTOLMCTAMH BBIABICHO YCHJICHHE I'€TePOreHHOCTH IIOIY-
JSIUM JIAKTOOAKTEPUH, NPOSIBIIOIIEeCs YBEIUYCHHEM YacTOThl OOHAPY)KEHHS BCEX N3YYECHHBIX I'C€HETHYECKUX
JIETEPMHUHAHT ITATOreHHOCTH, IO CpaBHEHHIO co mrammamu Lactobacillus spp., BeineneHHpIMI U3 accomuanuii ¢
aBupysIeHTHBIME B. hominis u B koHTposBHO# TpyTINe.
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Abstract. The identification of polyvirulent strains of Lactobacillus spp. bacteria with associative interaction
with protozoa Blastocystis hominis in vivo was carried out. Lactobacillus spp. and B. hominis strains were ob-
tained from the feces of 396 patients undergoing examination for intestinal dysbiosis. Identification was carried
out using microscopic, bacteriological and parasitological methods. 112 reference strains of lactobacilli NK1 and
K3SH24 deposited at the Institute of Genetics and Breeding of Industrial Microorganisms were used as control.
The degree of virulence of the simplest blastocysts was determined by intraperitoneal administration to white
mice (weighing 17.4+1.5 g) 0.5 ml of a culture suspension of the studied microorganisms grown on Suresh me-
dium. Primers to several genes determining the ability to form type 1 fimbriae, type S and P fimbriae, bacterial
adhesin intimin and hemolysin were used in the investigation. Testing of 396 Lactobacillus spp. strains isolated
from microsymbiocenoses with Blastocystis hominis of varying degrees of virulence showed that the dynamics
of detection of pathogenicity genes in lactobacilli increased with an increase in the degree of virulence of proto-
zoa. Most often, in the general pool of lactobacillus strains, the desired amplicons were detected using primers to
the fimA gene (up to 67.9%). During associative interaction with moderately and highly virulent blastocysts, an
increase in the heterogeneity of the lactobacillus population was revealed, manifested by an increase in the fre-
quency of detection of all studied genetic determinants of pathogenicity, compared with Lactobacillus spp.
strains isolated from associations with avirulent B. hominis and in the control group.

Keywords: genetic determinants of pathogenicity, virulent expression, Blastocystis hominis, associative interaction,
Lactobacillus spp., intestinal microsymbiocenaosis

For citacion: Krasnoperova Yu. Yu., Mehmanova S. Sh., Khusnutdinova E. A. [Results of detection of poly-
virulent bacterial strains Lactobacillus spp. during associative interaction with protozoa Blastocystis hominis in
vivo]. Bulletin of the Perm University. Biology. Iss. 4 (2022): pp. 288-293. (In Russ.).
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Beeaenue

.HI/ITepaTy'prIC JAaHHBIC U PE3YJIbTAThL C06CTBeHHbIX I/ICCHe}IOBaHI/Iﬁ IIOKa3aJiu HeO6XO}1HMOCTL pacuimpCHuA
IPaHUI] TOHUMAHHST MEIUKO-OMOIOTHUEeCcKON PoNk mpocTeiinmx, B ToM uncie Blastocystis hominis [Bounapen-
ko, Mag3totoB, ['onkouesa, 2002]. BeisiBiiena o01iasi 3aKOHOMEPHOCTh BHYTPHKIIETOYHOTO CYIIIECTBOBaHHS OaK-
Tepuil B NPOCTEHIINX, KOTOPask Halllla OTPA)KEHNE KaK B AMHAMHKE YMCICHHOCTH OaKTepHaIbHOH IOIYJISLIHH,
TaK v ypoBHe ux BupyinentHoctu [JIuteun, 2003; JluteuH, [lymkapesa, Emenssauenko, 2004].

B mocnexnue roapl pacTer KOJIMYECTBO PabOT, PETHCTPUPYIOMIMX yJacTHE JIAKTOOALM/UT B BO3SHUKHOBEHUU
TaKHUX 3a00JIeBaHUH YENIOBEKa, KaK KapHec, peBMaTHYECKOe MIOPaKEHUE COCYIIOB, CENTHLIEMHUS U HH(EKIIMOHHBIN
sHpokapauT [3eneHoBa u ap., 2004; ConosbeB, bonpmakos, [Manenxwuii, 2016]. K HexxenarenbHbIM CBOIiCTBaM
9TUX OaKTepUi OTHOCAT UX CIIOCOOHOCTH BBI3BIBATH arperanyio TPOMOOIUTOB YeJI0BEKa U CBA3BIBATHCS € KOJLIA-
reHoM, pubpunorenom u pudponekrnHom [Toumnmna u ap., 2015]. Kpome toro, HeT 0ObsICHEHUST ¥ OUOJOTHU-
YECKOr0 3HaYEHHS CIIOCOOHOCTH 3THX MHKPOOPTaHW3MOB CTaHOBHTHCS IPaMOTPHULATENILHBIMHU C BO3PACTOM U B
YCIIOBHUSAX MOBBIMIEHUS KUCIOTHOCTH cpensl [Apymna, @axpymiug, 2014).

MHorumu aBTOpaMy MOKa3aHa BO3MOXKHOCTb F'OPHU30HTAJIFHOTO MEPEHOCA IUIA3MHUIHBIX TEHOB MEXAY IOIy-
JSIIUSAMU PA3HBIX BUAOB M POAOB, OMHAKO BKJIAJ JaHHBIX MEXaHU3MOB B Pa3BHTHE aJalTHBHBIX CIOCOOHOCTEH
CHCTEMAaTHYECKH HePOICTBEHHBIX OaKTEpHH OCTAeTCs A0 CHX IOP HE M3Y4EHHBIM.

VHTeHCHBHOE M3y4eHHE HA MOJEKYSPHOM YPOBHE MEXaHH3MOB ()OPMHUPOBAHMS HOBBIX '€HETHUECKUX Ba-
PHAHTOB MHUKPOOPT'aHM3MOB IIPU MX aCCOLMATHBHOM B3aMMOJIEHCTBHH, KaK YaCTH €CTECTBEHHOIO 0TOOpa BHYT-
PY MUKpPOOHBIX MOIYJISIUHA, MO3BOJIUT OOBEKTHBHO OLEHHTH 3HAUCHHE PA3IMYHBIX MHUKPOOPTaHH3MOB B IOA-
JepXKaHHe TOMeOCTa3a, a TAkKe CTEIeHb MX BOBJICUECHHUS B ATOreHe3 3a00IeBaHMUH.

Llenp HacTOANIEro HCCIEAOBAHMS — AaHANW3 BBIABICHHSA IIOJMBUPYICHTHBIX INTaMMOB OaKTepHit
Lactobacillus spp. mpu acconnatiBHOM B3aMMOIECHCTBHIHM C TIpocTeitumu Blastocystis hominis in vivo.

MartepuaJjibl 1 MeTOAbI HCCJIeTOBAHMIA

B paGote ncnonp30BaHBI MUKPOCKOMIECKUN, KYTbTYPAIbHBIA U OHOJIOTHIECKUN METO/IBI, TEXHOIOTHS T10-
CTaHOBKH TonuMepa3Hoi nenHoit peakimu (I1LP), a Taxke KoppesmuOHHbIN aHAIN3 MOTYYSHHBIX CBEICHHUHN 10
Mmeroay ITupcona u cratuctudeckast oopaborka manueix. [lItammer 6aktepun Lactobacillus spp. u mpocreiimmx
Blastocystis hominis momyuanu u3s ¢ekannit 396 manmento B Bo3pacte ot 20 10 60 jeT, MPOXOAUBIIMX 00CITE-
JIOBaHME Ha KHUIIEYHBIH ANCOMO3 B YCIOBHUSIX JHEBHOI'O CTAIIOHApa MYHHIUIAIBHOIO YUPEKACHHS 37paBo-
OXpaHEHUsI TOPOACKON MOTUKIUHUKY Ne 5 1. YIbsHOBCKa.

B xadecTBe KOHTPONBHBIX HCHOIB30BaNH 112 sTamoHHBIX mTamMMoB nakTobakrepuit NK1 u K311124, nemo-
HupoBaHHEIX B BHMM reHeTHKH 1 celeKIy NPOMBIIITIEHHBIX MUKPOOPTaHU3MOB.

CreneHp BUPYIEHTHOCTH MPOCTEUINX OJIACTONHCT OMpPEAEIUIN ITyTeM BHYTPHOPIOIIHMHHOTO BBEICHHS Oe-
meiM MbImaM (Maccoit 17.4+1.5 1) 0.5 Mt B3BecH KyNbTyphl H3y4aeMbIX MHUKPOOPTaHU3MOB, BBIPAIICHHOW Ha
muTarenbHo cpene Suresh [Suresh et al., 1993].
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B pabore nmpumeHsH npaiiMepsl K HECKOJIBKMM T'€HaM, ONPEeISIIOIAM CIOCOOHOCTh K 00pa3oBaHuio (GumM-
Opuii 1-ro Trma, S u P Tuma, OakTepHanbHOrO ajre3uHa MHTUMUHA U reMoin3uHa. [IpaliMepbl CHHTE3MpOBaHBI B
HII® “ITHKTexHomorus™” (Poccus). Beinenenne 6akrepuansHoit JJHK nposomumy mo metoxy [Boom et al., 1988].
[ox6op mpaiiMepoB U TeMIEpaTypbl OTXKHIa OCYIIECTBIISUIM TP MCIIONB30BaHNH TMakeTa nporpamM ‘“‘Lasergene”
(CILIA). Perucrpanuto pe3yipraro [1L[P BBITOMHIM MyTeM 31eKTpo(OPETHIECKOT0 pa3IeieHus POIYKTOB aM-
IUIM(UKAIMY HA OKpalIeHHOM OpPOMHCTBIM 3THIHMEM arapo3HOM resie. KoMITBIOTEpHBIH aHalW3 HYKIEOTHIHBIX
TIOCIIEIOBATENHFHOCTEN IPOBOIMITH C IOMOIIBIO KoMIbloTepHO# mporpammel Vector NTI Suite (CLLA).

Pe3yJ’[bTaTLI H UX 06cy>14)1e}me

W3 MuKpocuMOMOIIeHO3a 00CIeJOBaHHBIX MAIMEHTOB BBIIEIEHBI ONACTOIMCTHI, KOTOPBIC B PE3yJIbTATE HC-
TMOJTB30BAHKS METO/Ia BHYTPHOPIOIIMHHOTO 3apayKEHUs MbIIIIeH OBUTH pa3/IesieHbl HA TP IPYIIIbI — aBUPYJICHTHBIC
(73 mrramma), ymepeHHo- (189 mrammoR) 1 BeicokoBHpYIIeHTHBIC (134 mramma). [To HamiM JaHHBIM, TTOKa3aTElb
LDso/lg BapprpOBai: y yMEpEHHOBHPYJIEHTHBIX ITAMMOB — B mipezenax ot 3.1+0.6 no 4.340.5, BEICOKOBHpPYJIEHT-
HBIX — 4.9+0.2 10 5.7£0.2. ABupyneHTHbIe OnacTomucThl (73 KyIbTypbl) THOEIb dKUBOTHBIX HE BBI3BIBAIIHL

[IpoBeneHHbI aHATM3 HA KHIICYHBIA MUCOMO03 GAKTEPHOCKOMUUECKAM U OAKTEPHUONOrHIECKHM METOIaMH
MOKa3al, YTo MPHU YCHUJICHUH BUPYJICHTHOCTH BBISBISIEMBIX OIACTOIMCT CTATHCTUYECKH JOCTOBEPHO CHHIKAIIOCH
KOJIM4YeCTBO JlakToOakrepuii co 3HaueHnus lg 9.3+0.5 KOE/r no lg 3.8+0.8 KOE/r (p = 0.001). Koadduuuent
koppesiuu coctaBui I = —0.8. TIpOTHBOMOIOKHYIO HANPABICHHOCTh UMeEJa 3aBHCHMOCTh, IEMOHCTPHUP YIOIIIAs]
o0ceMeHEeHHOCTh KuIlleYHnKa Mukpobamu pomos Enterococcus, Clostridium, Staphylococcus u Candida mpu
YBEITUUCHUH BUPYJICHTHOCTH W30HMPOBaHHBIX Omacromuct B. hominis. Tak, 06ceMeHEeHHOCTh KUIIICYHHKA MUK-
pobamu pomo Enterococcus, Clostridium, Staphylococcus u Candida yBenuuunnace m0 3Hadenwuit lg 8.1+0.3,
9.2+.1, 6.24+0.3 u 5.7+0.2 KOE/r cootBercTBenHo (p = 0.001). Koaddunments! koppensiwu cocrapuiau ¢ = 0.7,
r=09 r=0.8ur=0.8 coorBerctBerHo. [Ipy ycueHH: BUPYIECHTHOCTH OJACTOIMCT CTATHCTHYECKU JIOCTO-
BEPHO YBEINYHBAIIOCH KOJIMUECTBO mpeacTaBureneii Proteus u Klebsiella — mo 1g 5.140.1, 5.2+0.2 KOE/r coort-
BerctBeHHO (p = 0.05). Koadduupentsr koppensiiuu coctapmwu ¢ = 0.5 u r = 0.7 coorBeTcTBeHHO. 3MeHeHHe
YHUCICHHOCTH Pa3InuHbIX (DeHOTHITHYECKUX Tpyrm Gakrepuit Escherichia coli mox BnusHMeM OmacTorceT npo-
XOIUJIO B CIEYIONIMX HAmpaBieHusX. KOMMuecTBO TaKTO30HETaTUBHBIX M TeMOIUTHYECKUX (HOPM DIIepUXUi
yBenuuminock ¢ 0 o 1g 3.8+0.3, 5.4+0.1 KOE/r coorBerctBenHo (p = 0.001). KoadduuueHt koppensiimu cocra-
Bua I = 0.8 u r = 0.9 cooTBETCTBEHHO.

ITo uroram tectupoBanust mrammoB Lactobacillus spp., BeIIeTIEHHBIX U3 ACCOIMAIIMN C ABHPYICHTHIMHU O1a-
CTOLMCTaMH, OKa3aJoCh, YTO HCKOMbIE AMIUIMKOHBI BBIIBISUIMCH TOJNBKO IPU HMCIOJIB30BAaHUM IPAaiiMEpoB K
fimA-reny (tabamna). YacTora BCTpe4aeMOCTH AAHHOI'O aMIUIMKOHA cocTaBuia 19.1% (y 3TalOHHBIX IITaMMOB
— 0%, p =0.001). B nanHo#t peHoTHNNYECKON IPyIIIEe HU B OHOM Cllydae HE BBISIBIICHBI T€HETUUECKHE JIeTep-
MHHAHTHI K IPYTHM TeHaM.

B nmanpHEWIINX MCCleOBaHMAX HaMy ObUla M3ydeHa 4acTOTa BCTPEYAeMOCTH HYKJIEOTHIHBIX IOCIEI0Ba-
TENILHOCTEH TeHOB, KOHTPOIUPYIOMIKMX cuHTe3 GumOpuii P, S u 1-ro Tumna, MHTUMUHA U TeMONHU3KHA Y OaKTepuit
Lactobacillus spp., BeIIeNEHHBIX U3 aCCOMHUAIIMK C YMEPECHHOBUPYICHTHBIMU OnacTonnctamu (tabnwuia). B 06-
IIeM ITyJIe UCCIEAOBAHHBIX IITAMMOB JIAKTOOAIMIIT PETUCTPUPOBAIN HAJIMYME MCKOMBIX aMIUIMKOHOB KO BCEM
n3y4aeMbIM IeHaM. J[OCTOBEpHO yalle APYrHX PerucTpUpOBAINCh T'€HETHYECKHEe NeTePMHUHAHTHI, OOecreyrnBa-
forque cuHTe3 GumOpuii 1- u S-tumos: fimA — 59.8; sfad — 21.5, sfaG — 19.6% cooteerctBerno (p = 0.001).
[NonoxwuTensHbIe pe3yIbTaThl OB 3a()MKCHPOBAHBI M B OTHOLICHUH APYTHX M3Yy4aeMbIX AeTepMuHaHT. M3 189
[POTECTUPOBAHHBIX IITAMMOB ¢ IpaiiMepamu Kk hlyB reny momouTenbHbIH CHTHAI MOMYYEH TONBKO € 7 Kyib-
typamu (3.7%). B o01mmeM mymne KOHTPOJIBbHBIX IITAMMOB MOJIO)KUTENbHBIE CUTHAJIBI HE BBISBIICHBL

YacToTa BCTpEuaeMOCTH HYKJICOTHIHBIX NMOCJIEA0BaTeILHOCTEl renoB BupyaeHTHocTu Lactobacillus spp.
IpH ACCOHUATHBHOM B3auMoJeiicTBHH ¢ GiacTouuctamu B. hominis

[Frequency of occurrence of nucleotide sequences of Lactobacillus spp. virulence genes in association with

B. hominis]
KomugecrBo accoru- | YacroTa BCTpeyaeMOCTH aMILUIUKOHOB, abc./%
UPYIOIIUX GaKTepuii papH papC sfaG sfaA fimA Eae hlyB
C asupyseHTHEMH 0 0 0 0 14/191* | 0 0

6macrouucramu (n=73)

C yMepeHHOBUPYICHTHBIMH

_ 12/6.3* 13/6.9* | 37/19.6* | 40/21.5* | 113/59.8* | 2/1.1 | 7/3.7*
6racrorucramu (N=189)

C BBICOKOBUPYJICHTHBIMH

_ 15/11.2 | 17/12.7* | 46/34.3* | 43/32.1* | 91/67.9* | 14/7.4* |31/23.1*
6racrorucramu (N=134)

KOHTpOJIBHI:Ie 3TaJIOHHBIE 0 0 0 0 0 0 0
nrramMmbl (N=112)

[pumeuanue. * — p = 0.001.
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IIpu acconuaTHBHOM B3aMMOJACHCTBUH iN VIVO NaKTOOAKTEpPHil C BHICOKOBUPYJICHTHBIMH OJAaCTOLUCTAMHU
HaOroaeTcs yBeIMYEHUE YacTOTHl 00pa30BaHUs aMIUIMKOHOB T€HETHUYECKHUX JETEPMHUHAHT MHIE00pa30BaHUs
10 CPAaBHEHMIO C MPEABIYIIMMHU TPYIIIaMU B CpeIHEM B 2 pas3a, YTO MOXKHO paccMaTpuBaTh Kak CTpecc-
MHIYKIUIO aJaNnTaldOHHBIX MEXaHW3MOB K BBICIAHHIO XWIIHUKaMU-TIpocTeHmnMu. Tak, reHeTH4ecKue aerep-
muHaHTHI fiMA BbsiBIeHB! Y 91 mitamma (67.9%); sfad — 43 mrammoB (32.1%), sfaG — 46 wrammos (34.3%);
papC — 17 mitammos (12.7%); papH — 15 mrrammoB (12.7%) (p=0.001). TlonoxuTeapHbIe pe3yabTaThl 3apUKCH-
POBaHbI U B OTHOLIEHHUH JAPYTUX M3y4aeMbIX neTepMuHanT. 3 134 mporecTnpoBaHHBIX IITAMMOB C IpaiiMepaMu
K €aeA TeHy MONOKUTEIbHBIN CUTHAT TONyYeH TONBKO ¢ 14 kynbprypamu (7.4%). Jlunamuka peructpanuu hlyB
TeHa TOKCHHOOOPa30BaHus yBenuumiack B 4.4 pasza (¢ 7 1o 31 mramma).

HccnenoBanne GpopMUpoOBaHHs TeHETHUSCKUX KOMOMHAIMIT B TeHOMe MHUKpoacconnanTos Lactobacillus spp.
(pUCYHOK) BO BCeX MHKPOCHMOMOIIEHO3aX MOKa3al0 CTATHCTHYECKH JOCTOBEPHOE JOMHHHPOBAHHE ITAMMOB C
reHom fimA (218 mrrammoB).
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BerpeuaeMocTs KOMOMHALMI TEHOB MATOTEHHOCTH NMPH (HOPMHUPOBAHNH MOJIUBHUPYICHTHBIX IITAMMOB
Lactobacillus spp. B accormaTuBHOM MHKPOCHMOHOIICHO3€ ¢ TipocTeitumu B. hominis in vivo

[The occurrence of combinations of pathogenicity genes in the formation of polyvirulent strains of Lacto-
bacillus spp. in associative microsymbiocenosis with protozoa B. hominis in vivo]

B obwmem myse mrammoB sakrobakrepuit y 97 (24.5%) Ot BeUsiBICH TOabKO (parment fimA rexa. Cos-
MECTHOE BBIBJICHUE (PParMEHTOB I'€HETHYECKHX NETEPMUHAHT MAaTOM€HHOCTH OTMEYEHO C TaKMMH T'€HaMH:
papC, papH, fimA — 63 (15.0%), papC, papH, fimA u hlyB — 58 (14.6%), papC, fimA u hlyB — 47 (11.9%), papC
u hlyB — 25 (6.3%), eaeA — 17 (4.3%), eaeA, hlyB — 12 (3%), papC, eaeA, hlyB — 7 (1.8%), papC, sfaG u fimA —
11 (2.8%) mTaMMOB COOTBETCTBEHHO. MEHbIIIE BCEr0 OTMEUEHO MPUCYTCTBHE B T'CHOTHUIIE JIAKTOOAKTEpHil
(parMeHToB, KOHTPOIUPYIOIUX SKCIPECCUIO HHTUMHUHA — 36 IITaMMOB.

BriBOABI

1. Tpocreiitne GIACTOIUCTHI BEICTYIAIOT B POJIA SKOJIOTHYECKOTO CTPECCOBOTO (paKkTOpa BHYTPH accolra-
THUBHOW MHUKPOCHCTEMBI. [IpOMCXOSIIast MOX MX BIMSHUEM CEJIEKITHS 0 MPU3HAKY BUPYIEHTHOCTH H TTOCIIETY-
folllee pa3sMHOKEHHE 6oJiee YCTONUMBBIX K MTEPEBAPUBAHUIO OAKTEPHil TIOMTBEPKIAETCSA YBEIUUCHUEM YaCTOTHI
BCTPEYAEMOCTH TEHETHYECKHX JAeTEPMHHAHT (hakTopoB maroreuroct PapC, papH, sfaG, sfaA, fimA, eae, hlyB y
npencrasurerneit Lactobacillus spp.

2. TlpucyTcTBHE B KHIIEYHOM KOHCOPIUYME IMAIMEHTOB MPOCTEHIINX OMpEICIAeT HATIPaBICHHE CEECKTHB-
HOTO 0TOOpa MHKPOACCOIIMAHTOB B CTOPOHY YCHJICHHS CTETICHH alre3UBHOCTH, KOJIOHH3AINH U TOKCHHOOOpa30-
BaHMs, YTO TIOATBEPKIACTCSA TOJIOKUTENBHON JUHAMHUKON BBISBICHHS TEHETHYECKHX JIECTEPMHHAHT, OTBET-
CTBEHHBIX 3a SKCIPECCHUIO JaHHBIX ()aKTOPOB BUPYICHTHOCTH.

3. Uccnenoranne HopMHUpPOBaHUs TEHETHUECKNX KOMOWHAIMI B TeHOMe MuKpoaccorranTtoB Lactobacillus
SPpP. BO BCEX MUKPOCHMOMOIIEHO3aX MMOKA3AJI0 CTATHCTHYECKH JIOCTOBEPHOE IOMUHUPOBAHUE IIITAMMOB C TEHOM
fimA, komupyromum cyobenuauIly pumopuit FimA. HanMerbiiiee aqanTuBHOE 3HAYEHHE UMEIOT TEHETHIECKUE
JIETEPMUHAHTHI eaed TeHa, KOHTPOJIUPYIOIIHe BEIPAOOTKY HHTHMHUHA.
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Annomayusn. ViccnenoBana Mukpogiopa naTogorn4eckoro MaTeprala MaldeHTOB C T0CIe0nepaliOHHbBIMHU
I/IH(I)CKHI/IHMI/I U MPOBEACH aHAJIU3 yCTOﬁ‘IHBOCTH BBIJICJICHHBIX IITAMMOB K HpOTI/IBOMI/IKp06HI)IM npenaparam.
OueHKy OHOJIOTHYECKUX CBOMCTB M aHTHOAKTEPHUAIbHYIO YYBCTBUTEIBHOCTh BBIIEICHHBIX OaKTepUalIbHBIX
IITAMMOB OCYIIECTBIISUTM 110 OOMICHPUHSTHIM METOAMKAM, PETJIAMEHTHPYIOIMM PadoTy MUKPOOUOIOrHUeCcKOn
naboparopuu. B nccnenoBaHue ObUTH BKIIIOUEHBI 83 MalieHTa OT/eNIeHHs] a0JOMUHAIBHON OHKOJIOTHH, POXO0-
TUBIIUX Xupyprudeckoe nedenue B 2017-2021 rr. B maTojorndeckoM maTepualie mpeodiaaaia rpaMOTPHIIa-
tenbHast Mukpoduiopa (p < 0.05), B wactHoctH, Acinetobacter baumannii, Citrobacter braakii, Enterobacter as-
buriae, Enterobacter cloacae, Escherichia coli, Klebsiella pneumoniae, Pseudomonas aeruginosa, Pseudomonas
putida, Proteus mirabilis, Serratia liquefaciens, Stenotrophomonas maltophilia. KI. pneumoniae, E. coli u Aci-
netobacter baumannii sersutich Beaymmmu matoreHamu. [ 'pammonoxutenbHas Mukpodiopa 8 20172021 rr.
OblTa mpeacTaBiicHa B ocHOBHOM sHTepokokkamu (E. faecalis, E. faecium u E. gallinarum) u craduiokokkamu
(S. hominis, S. haemolyticus, S. sciuri, S. epidermidis, S. aureus). E. coli sBisiace omHEM W3 JOMUHUP YIOIIAX
MHUKPOOPTaHU3MOB B HCCIIEIOBAaHHOM nepuoze. E€ mraMMbl 001aany HoIupe3sUCTEHTHOCTBIO IO OTHOIICHHIO K
OCHOBHBIM MPOTUBOMHKPOOHBIM Mpenaparam (nedrasuauMy, aMIUIUUIMHY, aMOKCUIIMJUTHHY/KIaByJlaHATY,
TPUMETONPUM/CYITb(aMeToKCca3ony, UnpodIokcanuay). YyBCTBUTENIFHOCTh mMTaMMOB E. COli coxpaHsiiace K
TalreUKINHY, MepolieHeMy U LedTazuaum/aBubaktamy. st mporiIakTUKK TOCTONEPAIIMOHHBIX OCIOKHEHU
B OTJCJICHUU a0JJOMHHAILHON OHKOJIIOIMH HEOOXOJUMO MPOJOKUTH MUKPOOHUOIOrMYE€CKU MOHUTOPHHT, YCH-
JIUTh KOHTPOJIb 32 TPaMOTPHUIATENILHON MUKPO(IOPOi U UCIIONB30BaTh AJIsl JeUCHUS] ¥ NPOQUIAKTHKH MOCIIe-
OIepPaMOHHBIX OCIOKHEHHM, BbI3BaHHBIX E. COli, Taiirermknmn, MeporneHeM u e Ta3uanm/aBubaKTaMm.

Knrwueesvle crosa: mukpodiopa, mocieonepaironHble UHPEKIMH, YCTOWYUBOCTh K IPOTHBOMHUKPOOHBIM
mpernaparam

Jna yumuposanus: XapakrepucTika MUKPO(IOPHI MAIMEHTOB OHKOJIOTHYECKOro Mpoguisi ¢ mocrornepa-
IMOHHBIMU HHpeKIHOHHBIME ocnokaeHusmu /| H. A. TlpaBocynosa, B. JI. Mensaukos, JI. H. Ursesa, E. H.
[NanreneeBa // Becruuk Ilepmckoro ynuBepcurera. Cep. buomorms. 2022. Bem. 4. C. 294-299.
http://dx.doi.org/10.17072/1994-9952-2022-4-294-299.
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Abstract. The microflora of the pathological material from patients with postoperative infections was studied
and the resistance of isolated strains to antimicrobial agents was analyzed. The biological properties and antibac-
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terial sensitivity of the bacterial strains isolated during the studies was assessed according to generally accepted
methods that regulate the work of a microbiological laboratory. The study included 83 patients of the abdominal
oncology department who underwent surgical treatment in 2017-2021. During this period, gram-negative micro-
flora prevailed in the pathological material (p < 0.05): Acinetobacter baumannii, Citrobacter braakii, Enterobac-
ter asburiae, Enterobacter cloacae, Escherichia coli, Klebsiella pneumoniae, Pseudomonas aeruginosa, Pseu-
domonas putida, Proteus mirabilis, Serratia liquefaciens, Stenotrophomonas maltophilia. KI. pneumoniae, E.
coli and Acinetobacter baumannii were the leading pathogens. Gram-positive microflora in 2017-2021 was rep-
resented mainly by enterococci (E. faecalis, E. faecium and E. gallinarum) and staphylococci (S. hominis, S.
haemolyticus, S. sciuri, S. epidermidis, S. aureus). E. coli was one of the dominant microorganisms within the
period under study. The strains of this microorganism had polyresistance to the main antimicrobial drugs
(ceftazidime, ampicillin, amoxicillin/clavulanate, trimethoprim/sulfamethoxazole, ciprofloxacin). E. coli strains
remained susceptible to tigecycline, meropenem, and ceftazidime/avibactam. For prevention of postoperative
complications in the abdominal oncology department, it is necessary to continue microbiological monitoring,
strengthen the control of gram-negative microflora (as it is expected that it will remain the leading etiological
agent of postoperative infections in this department) and use tigecycline, meropenem, and ceftazidime/avibactam
for the treatment and prevention of postoperative complications caused by E. coli.

Keywords: microflora, postoperative infections; antimicrobial resistance
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Beeaenue

WHdeknnu, cBA3aHHbIE ¢ OKa3aHueM MemuiuHckoi momornu (MCMIT), — 370 mo0ble KITMHUYECKH BhIpaskeH-
Hble 3200J1€BaHHsT MUKPOOHOTO TMPOUCX OKJICHUSI, KOTOpPbIE TIOPaXKatoT OOJIBHOTO B Pe3yNbTaTe ero NOCTYILICHHUS
B 6OJ'IbHI/IL[y NN O6paLl_I6HI/I$I 3a Me}IHHHHCKOﬁ IIOMOIIIBIO BHE 3aBUCUMOCTH OT ITOABJICHUA CHUMIITOMOB 3aboie-
BaHMs y MaIMEHTa BO BpeMs NpeObIBaHKs B CTAIIMOHAPE WIIM TOCIe ero BhIMUCKU [ TyrenbsH, AKUMKUH, Mapb-
uH, 2019]. Ocobenno octpo mpodnema UCMII crout B otnenenusx xupypruueckoro npopuis. B [Tenzenckoii
06u1. B 2020 r. 3apeructpupoBato 837 ciy4aeB WH(EKINH, CBI3aHHBIX C OKa3aHUEM MEIUIIMHCKOMN MTOMOIIH, 3
Hux 37.8% — B xupyprudeckux cranuonapax [O cocrossud ..., 2021].

Bakrepun o6afaroT BEICOKOH IJIACTUYHOCTBIO ¥ CIOCOOHOCTBIO OBICTPO MpUCTIOCatIMBAThCA K PA3IMYHBIM
YCIIOBUSIM OOMTaHUS. B MEIMIMHCKHX YUPEKACHUAX PAa3IHMYHOrO NPOQHIS BOSMOXKHO ()OPMHUPOBAHHE ONpese-
JICHHOT'O MHUKPOLIEHO3a, PECTABUTENN KOTOPOTr0 CIIOCOOHBI BBI3BIBATH HH(EKIIMOHHBIE OCIOKHEHHUS Y MTallUeH-
ToB. Ha (hopMupoBanne MUKpomeHo3a Je4eOHbIX YUpPEeKICHUH BIMAET MUKPO(IOpa MalUeHTOB, COTPYAHHKOB
JedeOHBIX YUPEXKISHUI U 00bEKTOB OKpYyKaromel cpeapl. HeoOX0quMo yduThIBaTh, YTO B OTIEICHUSIX Pa3HOil
HaINpaBJICHHOCTH (POPMUPYETCsl ONPEAENeHHbII Ha00p MUKPOOPTaHU3MOB, 3aBUCAIINHA OT BUAA XUPYPIUUECKOTO
BMetnatenbcTa [[IpaBocynosa u ap., 2016; Kymnaii u ap., 2022]. Kpome toro, mukpodiiopa edeOHbIX yupe-
JKJICHUH MTOCTOSHHO MOJBEPraeTcsi BO3JICHCTBUIO aHTUMHUKPOOHBIX IMpenapaToB. B cBsA3M ¢ 3TUM MHUKPOOHBIH
nei3axk OTAENEHHs, YCTOWYMBOCTh OaKTepHii K aHTUMHKPOOHBIM IperapaTaM MOTYT MEHSThCS. MOHUTOPUHT
MHKPOQJIIOPE! B OTAENEHUAX JTeUeOHBIX YUPEKICHUH ABIIETCSA 00s3aTeNbHBIM MeToioM npodmiaktiku VICIIM
[CeerimmuHas u ap., 2014; 3axBaTosa u 1p., 2022].

Lenp Hacrosmed paboThl — aHAIW3 MHUKPO(IIOPH MALMEHTOB ¢ MOCTOINEPALMOHHBIMA HH()EKINOHHBIMHU
OCJIO’KHEHUSIMH.

MartepuaJj 1 MeTOAbI HCCIeI0BAHMIT

PaGora BeImonmHeHa Ha 6a3e OTHEIeHUs a0IOMIHATIBHON OHKOIOrnd OHKOJIIOTHYECKOro Aucradcepa T. IleH-
31. C 2017 mo 2021 . Op1IO 3aperucTpupoBaHo 83 cirydas IMOCIIeONepPaliOHHBIX OCTI0KHEHUN B 3TOM OT[elIe-
HUH. Y TAaHMeHTOB OBLIN M3ydEHBI Ma3KH U3 paH, OPIOITHOM MOJIOCTH, TPaXeH U IPCHAKEH.

IToceB kIMHUYECKOrO0 MaTepHana MPOBOAWIN Ha TUIOTHBIE TUTATENbHBIE CPebl (KPOBSHOM arap, arap DHIO,
Cabypo, )KCA, LIIX-arap) u B cpensl oboramieHns (TIIOKO3HBIN OyIhOH, TMONYKAAKYI0 MOIUPHUIMPOBAHHYIO
cpemy CKC-199).

OueHKy OMOIOTMYECKNX CBOWCTB M aHTHOAKTEPHATBbHYIO YyBCTBUTEILHOCTh BBIACICHHBIX OaKTEpHAIbHBIX
IITaAMMOB OCYIIECTBIISUIA TI0 OOLIETIPUHSTHEIM METOJUKAM, PErIaMEHTHPYIOIUM paboTy MHKpPOOHOIOIHIECKOH
nmabopatopun [OmpeneneHne TyBCTBUTENBHOCTH ..., 2015, 2018]. B mponecce naeHTH)UKAIMN IITAMMOB HC-
TIOJTK30BaHEI HAOOpEI peareHToB «llmactrHa OmoxmMmdeckas, quddepenuupytromas saTrepodbakrepun (I1612)»
(OO0 «HIIO «/Inarnoctuueckue cucteMbl», Poccus), «IlnactruHa Onoxmmmdeckas, auddepeHnupyromas cra-
¢umoxokku (ITBAC)» (OO0 «HIIO «/lmarHocTHUeCKHe CHCTEMBD, Poccrst) m MUKpOOHOIOTHYECKUI aHAIN3a-
top VITEK 2 — compact («bioMérieux», @panis). OnpeselicHre 4yBCTBUTENFHOCTA K aHTHOAKTEPUATbHBIM
npenaparam AucKo-1u(dy3nOHHBIM METOAOM HPOBOIMIM HA cpene Miomepa—XHuHTOHA C TIOMOIIBIO ammapaTa
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JUIsL OTIpeJieIeHHsl CTaHmapTa MyTHocTH OaktepuanbHoi B3BecH (DensiChek plus «bioMérieux», ®panuus) u
auckoB ¢ antuonotukamu (BIOANALYSE, Typuust u Mast Group Ltd., BenukoOpuranus).
CTaTHCTHIECKYIO 00pabOTKY JaHHBIX BBHITIOIHAIH, MCTIONB3YS 52,

Pe3y.]'[LTaTBI H UX 06cy>1<nelme

Pacnipenenenue pa3IMYHBIX TPYIIT MHUKPOOPTaHU3MOB B MATOJIOTHYECKOM MaTepHale Y TalUeHTOB OT/elle-
HUsI a0IOMUHANBHON OoHKonornu B TeueHue 2017—2021 rr. mpencrasineHo Ha puc. 1. B ykazaHHBIA nepron B
[IAaTOJIOTHYECKOM MaTepHale Ipeodiaana rpaMmoTpuiatenbHas Mukpoduiopa (p<0.05). IlopblieHue yncia BbI-
JIETICHHBIX IITAMMOB MUKpOOpraHm3mMoB B 2018 T. cBs3aHO HE TOJIBKO C POCTOM KOJMYECTBA MAIMEHTOB C IO-
cronepanoHHbIME ociokHeHUIME (ITON) (eM. puc. 1), HO U C popmupoBaHHeM nonuuHbeKIHi (Tabauia).

KonuyecTBo ciryyaeB nocjieonepanuoOHHbIX 0ca0:kHeHni U mojuungexuuii B 2017-2021 rr.
[The number of postoperative complication and polyinfection cases in 2017-2021]

Iloka3aTenn

2017

2018

2019

2020

2021

Konnyectso cnyuaes IION

18

25

11

7

22

KonmuectBo nonnuabexmii

5

17

6

3

11

Fitl
: n
50
40
30
20

10

2017 2018 2015 2020 2021

P RO O FPAMOTRWL, I 00 D) —r A UECTRO NOH W2 Toicaay unepﬂu,uﬁ:

Puc. 1. Pacnpenenenne Mukpodiops! (%) B HaTOIOrHYECKOM MaTepHae y HalleHTOB OTICICHU
a0IOMUHAJILHOM OHKOJoruu B TeueHue 2017—-2021 rr.

[Distribution of microflora in 2017-2021]

B o0cnenoBaHHOM MaTepHane rpaMOoTpUIlaTeNIbHbIe OAKTepUH OBLUTH MPECTABICHBI CICAYIONMMU BHIAMH:
Acinetobacter baumannii, Citrobacter braakii, Enterobacter asburiae, E. cloacae, Escherichia coli, Klebsiella
pneumoniae, Pseudomonas aeruginosa, P. putida, Proteus mirabilis, Serratia liquefaciens, Stenotrophomonas
maltophilia. B 2017 r. momunuposanu npezacrasutend Kl. pneumoniae (35%, p < 0.01) u E. coli (23%, p <
0.01), 8 2018 r. — KI. pneumoniae (47%, p < 0.01) u E. coli (34%, p <0.01), 8 2019 r. — E. coli (40%, p < 0.01)
u A. baumannii (20%, p < 0.01), 8 2020 r. — E. coli (31%, p < 0.05) u KI. pneumoniae (25%, p < 0.05), 8 2021 r.
—E. coli (45,5%, p < 0.01) u A. baumannii (18%, p < 0.01).

I'pammonoxurensHas Mukpoduopa B 2017—2021 rr. Obuia npejctaBieHa B OCHOBHOM SHTepokokkamu (E.
faecalis, E. faecium u E. gallinarum) u cradunoxoxkamu (S. hominis, S. haemolyticus, S. sciuri, S. epidermidis,
S. aureus) (puc. 2). Kpome Toro, 6suta Beiaenersr Corynebacterium xerosis, Streptococcus parasangunis.

®dopMupoBaHIEe MUKPOOHOIIEHO3a B OTJENCHIH abJOMUHAIBHON XUPYPTUN OOBACHICTCSA TEM, YTO MPU OIe-
pamusix Ha OpFOUTHOM MOJOCTH TIPEACTABUTENNA HOPMAIBHON MHUKPOQIIOPH KHINEYHUKA (IHTEPOKOKKH, JHTE-
pobakTepuu) MOTYT BBITH 3a TIpeZeNsl CBoero obsraHoro apeana. [lpucyrcrsue Kl. pneumoniae acconmuposa-
HO IPEXKAC BCETO C armaparaMu HCKyCCTBCHHOfI BECHTUIIANNHA JIETKUX, U NIPEACTAaBUTEIIN JaHHOI'O BHUIAa BCTPE-
YaroTCA y NTAllMCHTOB, NIEPEBECACHHBIX B OTACIICHNE pEaHUMAIINH.

HOJIyTICHHLIC 3a IATH JIET ZAHHBIC IMTO3BOJIAOT IPEAITOI0XKNTH, YTO B H&HLHCfIH.ISM BEAYHIMMHU ITIaTOIr€HaAMHU 'y
IMalIIMEHTOB  OTOr0  OTACICHHUA MOIYT CTaTb TIpPaMOTPULIATEIBHBIE MHKPOOPraHU3MBI W3 ceMencTBa
Enterobacteriaceae.

Ha ¢opmupoBanre MUKPOIICHO30B B JICUEOHBIX YYPEKICHHUAX BIHUSIOT Pa3iMyHbIC aHTHOAKTEpUAIbHBIC
TpernapaTel, KOTOPBIE MCIIONB3YIOTCS KakK IS JICUEHHs, TaK U s npodmiakTukd uHpekuuid. [ maBHOM depToit
TOCIIMTAJIBHBIX IITaMMOB 6aKTepm”1 ABJIIETCS MHOXXECTBEHHAsA PE3UCTCHTHOCTH K PA3JIMYHBIM I'pyIIiaM aHTH-
MUKpPOOHBIX npernaparoB [CyxopykoBa u ap., 2019]. B cBsi3u ¢ 3TM HamMu ObUT IPOBEAEH aHAIN3 YyBCTBUTEIb-
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HOCTHU K aHTI/IMI/IKpO6HLIM npenaparaM y miraMMoB E. CO", KOTOPBIC BBIACIIAINCDH Y ITANUCHTOB 3TOI'O OTACJICHUA
B TCUCHUEC KaXXJ10ro roja.
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Puc. 2. PacnipezerneHue rpaMIionoxkuTeIbHoi MUKpodops! (%) B TATOJOTHYECKOM MaTepHale ¥
MMalMEHTOB OTACIEHUS a0IOMUHAILHON OHKOJIOrHH B Teuenune 2017-2021 rr.

[Distribution of gram-positive microflora (%) in 2017-2021]

Ha pucyHke 3 npeacTaBieHO KOIHMYECTBO PE3UCTEHTHHIX MITAMMOB (B %) K ONpeNesieHHOMY aHTHOAKTepH-
QIPHOMY Tpernapary. B aHanu3 BKIIOYEHBI Mpenaparbl U3 rpynmsl HedanocrnopuHoB (uedrazuanm, nedrazu-
JIMM/aBUOAKTaM), MEHUIWUIMHOB (aMIUIMUINH, aMOKCHIIMJUIMH/KJIaByJaHaT), KapOareHeMoB (MeporeHeM),
cynb(haHUIaAMUIOB (TPUMETONPUM/CYNb(AMETOKCA30M1), TETPAUMKINHOB (TaHrenuKkinH) U (GTOPXUHOIOHOB
(tmmpodiokcaryH).
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Puc. 3. Konuuectso (%) BoineneHHbix mramMMoB E. COli, pe3ucTeHTHBIX K aHTUMUKPOOHBIM Ipernaparam
[Number (%) of E. coli strains resistant to antimicrobials]

B TeueHne n3y4eHHOro IIepHo/Ia COXPAHIIACH TyBCTBUTEIFHOCTD BhIICICHHBIX mraMMoB E. coli k nedrasu-
JIMMYy/aBUOaKTaMy, TPENCTABISIIONIMM CO00i KOMOWHHMPOBAHHOE AHTHOAKTEPUAILHOE CPEICTBO, COYETAOIICEe
aHTUOMOTHK — HedTa3uauM U MHruouTop OeTa-nmakramas — aBubaktam. CuHTe3 Oera-iaktamas — ()epMEHTOB,
KOTOpBIE pa3pymIaroT Oera-TaKTaMHOE KOJBIIO AHTHOMOTHKA M MHAKTHBUPYIOT €ro, SBISIETCS HauOoJee 4acTo
BCTPEYAOIIUMCS MEXaHU3MOM aHTHOMOTHKOpe3ncTeHTHOCTH [Ocunos u np., 2013]. Kpome Toro, y BbIneneH-
HbIX mTaMMoB E. Coli coxpansutace 4yBCTBHTEIBHOCTD K TAUTCHMKINHY U MeporeHeMy. COOTBETCTBEHHO, 3TH
TIpenapaTsl peKOMEHIO0BAHBI JUIS JICUYSHUS U NPOQIIAKTHKH TTOCTONIEPAMOHHbBIX OCIOKHEHHH B OTAEICHUH a0-
JIOMHUHAJIBHONM OHKOJIOTHUH.

297



BrIBOaBI

1. B otnenennn abaoMuHambHOM oHKOMoruu B TedeHne 2017—2021 rT. U3 maTolOrM4eckoro Marepuaia oT
TMIAIMEHTOB C ITOCIIEONEPANMOHHBIMI OCIIOKHEHUSIMU IIPEUM YIIIECTBEHHO BBIIEISUINCH TPaMOTpULIATENIbHBIE OaK-
TEpUH.

2. lpeacrasurenu Kl. pneumoniae, E. coli u A. baumannii serisuck BeAynuMu MaTOreHAMH.

3. Boienennsie mrammbl E. coli ObUTH pe3ucTeHTHBI K BO3/ACHCTBUIO HIe(Ta3UIMMa, aMITUIMIIIAHA, AMOKCH-
IWUIMHA/KIIaByJIaHaTa, TPUMETONPUM/CylTb(aMeToKca3ona, UIMPOoQIIOKCalliHa 1 YyBCTBUTENILHBI K TalTeluK-
JIMHY, MEPONeHEMY U e Ta3uIuM/aBUOAKTaMYy.

4. 1 npoMIIaKTHKY [TOCTONEPAMOHHBIX OCIOKHEHUH B OTAEICHUH a0JIOMUHAIBHONW OHKOJIOTHH HEO0XO0-
JIMMO TIPOJIOJDKUTH MUKPOOWOJIOTNYECKHI MOHUTOPUHT, YCHIIUTh KOHTPOJIb 33 TPaMOTPHLATENbHONH MUKPOHIIO-
poii (Tak Kak MpeaoyiaraeTcs, 4To OHa OYy/AeT OCTaBaThCs BEAYIIUM 3THONormdeckuM areHtoM [IOU B aTom
OT/IEJICHUH) W UCIIONB30BaTh /IS JISYEHHS U MPOPIIAKTUKH MTOCIEONEPAlIMOHHBIX OCJIOKHEHHH, BRI3BAHHBIX E.
coli, TalirenuKIIMH, MEpOIIEHEM U Iie(Ta3uIuM/aBUOAKTAM.
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Ycnosua v CPOKUN XpaHEHUA NNOPUAU3ZUPOBAHHBIX NONN- U
MOHOKJ/IOHA/IbHbIX aHTUTOKCUYECKUX NEePOKCUAA3ZHbIX KOHDBIOFaToB

0. A. Sixymesal, JI. I1. Anekceesa’, B. B. Esnoxumona®, B. I1. 3103una®,

M. 2. Aroskun’

8 PocroBckuii-Ha-J[oHY TIPOTHBOYYMHEI HHCTHTYT, PocToB-Ha-/{ony, Poccus

ABTOpBI, OTBETCTBEHHBIC 3a mepenucky: Onbra AnekcanapoBna Skymesa, yakusheva oa@antiplague.ru u Beponunka
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Annomayusn. TlonoOpaHbl ONTUMAJbHBIE YCIOBHS JTMO(QMIN3ALNH TIONK- U MOHOKJIOHAJILHBIX MEPOKCHIa3-
HBIX KOHBIOTATOB, MCIIOJIb3YyEMBIX B MPSMOM BapuaHTe mMMyHOodepMmeHTHoro ananuza (MPDA), npeanazHayeH-
HOM JUTS JICTEKIIUH XOJNIEpHOro TokciHa y mrammoB Vibrio cholerae O1, O139. K uucny b dextiBHbIX cTabu-
JIU3aTOPOB, BKIIIOYEHHBIX B COCTaB 3allIUTHBIX Cpel, oTHOcATCs 1%-Hast caxaposa, 1%-Hblil THOCYIb(AT HATPHS,
0.5%-Hb1i1 ssmunbli anbOyMuH Wik 0.5%-HbIi ObIYMIT CHIBOPOTOYHBIN adbOyMHUH. VX MCIIONb30BaHHE YBEIUYU-
Ba€T CpPOKU XpaHCHHs, IMOBLIIIACT CTa6I/IJ'lI)HOCTI), CHOCOGCTByCT COXPAaHCHUIO BBICOKOM YYBCTBUTCIIBHOCTU U
CHCHI/I(I)I/I'-IHOCTI/I IMOJIN- U MOHOKJIIOHAJIBHBIX TIEPOKCHUIA3HBIX KOHBIOT'ATOB. O]_ICHKa CepOJ'IOFPI‘-leCKOﬁ AKTUBHO-
CTH aHTUTOKCHYECKHX KOHbBIoratoB B UMDA mnocne nuodunusanuu B 3alIMTHON Cpesie cO CTabMIIM3aToOpaMHu I10-
Ka3aya, YTO OHAa OCTAaeTCs Ha UCXOAHOM YpPOBHE. Pe3ynbTaThl MpoBepKH JHOGHIN3UPOBAHHBIX KOHBIOTATOB B
ponecce XpaHECHUs MO3BOIAIOT T'OBOPUTH O BO3MOXXKHOCTHU UX NPUMEHEHUS B TCUCHUE ABYX JIET 663 N3MCHCHUA
OCHOBHBIX ITOKa3aTesei.

Knrwouesvie cnoga: xonepHbI TOKCHH, NMOJUKIOHAIBHBIH M MOHOKJIOHAJIBHBIM MEPOKCHIA3HBIH KOHBIOTAT,
uMMyHO(epMeHTHBIN ananu3, noT-UdDA, nruodunnzanys, 3ayTHas cpelia BbICYIIHMBAHHUS

Hna yumupoeanun: YCIoBUS U CPOKH XpaHEHHS JMOGHIM3UPOBAHHBIX MOJU- U MOHOKIOHAJBHBIX aHTH-
TOKCHYECKHX Mepokcuaasubix konbtorato / O. A. Skymesa, JI. I1. AnekceeBa, B. B. EBnokumosa, B. I1. 3103u-
Ha, M. O. Srokun // Becrnuk Ilepmckoro ynuBepcutera. Cep. buomorus. 2022. Bem. 4. C. 300-308.
http://dx.doi.org/10.17072/1994-9952-2022-4-300-308.
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Storage conditions and terms of lyophilized poly- and monoclonal
antitoxic peroxidase conjugates
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Abstract. The article discusses the selection of optimal conditions for the lyophilization of poly- and mono-
clonal peroxidase conjugates used in the direct version of the enzyme immunoassay intended for the cholera tox-
in detection in Vibrio cholerae O1, 0139 strains. Effective stabilizers included in protective media comprise 1 %
sucrose, 1 % sodium thiosulfate, 0.5 % egg albumin, or 0.5 % bovine serum albumin. Their use increases the
shelf life, increases stability, and contributes to the preservation of high sensitivity and specificity of poly- and
monoclonal peroxidase conjugates. Evaluation of the serological activity of antitoxic conjugates in ELISA after
Iyophilization in a protective medium with stabilizers showed that it remains at the initial level. The results of
testing lyophilized conjugates during storage allow us to speak about the possibility of their use for two years
without changing the main indicators.

Keywords: cholera toxin, polyclonal and monoclonal peroxidase conjugate, enzyme-linked immunosorbent assay,
dot-ELISA, lyophilization, drying protective medium
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BBenenue

Xonepa, ocTpas nuapeiinast 60j1€3Hb, BbI3bIBaeMasi TOKCUreHHbIMU mTaMMamu Vibrio cholerae, npogomkaer
0CTaBaThCsl MPHOPUTETHOM MPOOIEMOli MUPOBOTO 37paBOOXpaHeHMs. B Hacrosiiee BpeMsi cymiecTByer Oosee
200 pa3nUYHBIX CEPOrpYII XOJEPHBIX BHOPHOHOB, OJHAKO TONBKO TOKcHreHHble mTamMMbl O1 m 0139 cepo-
TpYIII CHOCOOHBI BBI3BIBATH dnuaeMun xounepsl [Safa, Nair, Kong, 2010].

Ha ocnoBanmn Onosnorndeckux cBoiicTB mpencraButeneid Ol ceporpymnisl AenaT Ha OMOTHUITEI — KJlacCHYe-
ckuit u El Tor, koTopbie pa3an4aroTcst Mo THITY MPOAYIIMPYEMOro TOKCHHA, a TAKKe M0 HyKJICOTUIHOMH Moce/10-
BaTeIHHOCTH TeHOB CtXB, xommpyrommx ero OmocuHTe3, U ObUIM 0003HAYEHB! y KIACCHYECKUX BUOPHOHOB Kak
CtxABL, y Bubpuonos El Tor — ctxAB3 [Kim et al., 2014].

B pe3ynbrare 3BONIONUOHHBIX MTpeobpa3oBaHuii KinHUYeckux u3oisatoB V. cholerae El Tor o Bcemy mupy
TIOSIBUJTCH TEHOBAPHAHTHI, KOTOPBIE CoziepkaT B onepoHe CtXAB, xoaupyromem OMOCHHTE3 TOKCHHA, Crielu(u-
YECKHi I KilacCu4ecKkoro OuoBapa reH cyobeauHuisl B (CtxB1l). Beumn takke oOHapy:KeHbI KIIOHBI OJHOM 13
TCHETHYECKUX OCOOCHHOCTEH, y KOTOPhIX ObUIO Hamuuue B omnepoHe CIXAB HoBoro amiens rena CtxB — ctxB7
[Kerketta, Kar, Khuntia, 2019].

Xonepusiid TokcuH (XT) sBIsieTcsl OHUM W3 OCHOBHBIX (DAKTOPOB MATOr€HHOCTH XOJEPHBIX BUOPHOHOB M
orpe/iesIsieT OCHOBHBIE NposiBieHus xoiepbl. s BoisBieHuss XT, kak B PD, tak u 3a pyOexom, HCHONB3YIOT
TeHHO-MarHOCTUUECKHE METO/bI (aMIUTH(UKaIMs, H30TepMUYEcKast aMIUTH(UKAIMS U TTOTHOTeHOMHOE CeKBe-
HHPOBAHHUE), KOTOPBIE OTHOCATCS K KOCBEHHBIM METOJaM M ITO3BOJISIIOT OOHAPYKUTh y MCCIIETYEMBIX IITAMMOB
TeHEeTHYECKYIO JeTepMHUHAHTY BUpyieHTHOCTH — reH X T (CtxAB) [Lyon, 2001; Gubala, Proll, 2006; Koskela et
al., 2009; Kim et al., 2015; [zumiya et al., 2019]. [IpumeHeHne TeHHO-TUATHOCTUYECKUX METOJIOB, HECMOTPS Ha
UX BBICOKYIO YYBCTBUTCIBHOCTH U Cl'Ie}_II/Id)I/I‘-IHOCTI), HUMECT pAa OFpaHH‘IeHHﬁ, HalpuMeEp, HaJIN4YMUE r¢HoB, 1C-
TEPMUHUPYIOLIIMX cuHTe3 X T, He Bcernaa sBISeTCs MoKa3arelieM SKCIPECCUH CaMOro TOKCHHA, KpOME TOro, C
MIOMOIIBIO ATUX METOJIOB HEBO3MOXHO ONPENENUTh €ro KOJMYECTBO U B KaKOH (popMe OH MPOAYLHPYETCs. DTOT
IIoKas3aTejb ONPEACIAOT C NMOMOLIBIO BBICOKOYYBCTBUTEIBHBIX MMMYHOXUMHUYECKUX METOHOB, B 4YaCTHOCTH,
ummyHopepmentHoro ananuza (MDA). B 3apybexxHbix nydnukanumsax orMmeudaercs, yto MDA -cuctemsl ocraror-
sl HanboJee UCIOIb3yeMbIMHI U JOCTOBEPHBIMH, IPH 3TOM Uil oOHapyxenus X1 NpuMeHsIoT pa3inyHble Bapu-
aHThl UMMYHO(EPMEHTHOI0 aHanu3a («cOHABHY» BapuaHt noT-UDA, nBoiiHoit «conaBuun-MDA) [Tuteja et al.,
2007; Meza-Lucas et al., 2016; Bayat, Khabiri, Hemati, 2018].

B umMMyHO(hEpMEHTHOM aHaIIM3€ MMPOKO HCHONB3YIOT KOHBIOTATBI aHTUTEN C Mepokcuaazoit xpera (I1X), uro
00YCIIOBJIEHO JOCTYIHOCTBIO CHIPbS U1 BBIIETICHHS 3TOro (pepMEHTa, OTHOCHTEIBHOW JIETKOCTBIO OYHUCTKH U
KOHBIOTAIINH, & TAKKe OOJIBIINM YHCIOM XpOMO(DOPHBIX 1 (IIFOOPOXPOMHBIX cyocTpaTtoB [[TupoxkkoB u ap., 2010].
Opnnako JaHHBIN (epMeHT SBIISeTCSA YyBCTBUTENIBHBIM K PNy (PaKTOPOB, 4TO MPUBOIUT K IIOTEPE €TO KaTaluTH4e-
CKOM aKTUBHOCTH B IIPOLIECCE XPaHEHUS ¥ YMEHBLICHUIO CIIOCOOHOCTH aHTUTEN CBSA3BIBATHCS C COOTBETCTBYIOLINM
AQHTHT€HOM. BO3MO)XKHBIMH NPUYMHAMH SBISIOTCS HEOOpaTHMOe M3MEHEeHHe KOH(opMalmy OeIKOBBIX MOJEKYI,
MoauduKarys (HampuMep, OKUCIeHNE) (QyHKIMOHAIBHBIX TPYIIT OSITKOB, OTBEYAIOIINX 32 NPOSIBICHHE KaTaJIUTH-
YEeCKON aKTUBHOCTH I CIIOCOOHOCTH OOpa30BBIBATH CIIEIU(PUISCKHE UMMYHOKOMILIEKCHI, MUKPOOHAsI KOHTAMH-
Hanys ¥ Mocienyromas aerpafanus OenkoB. depMeHT uMeeT cIaboKeCTKYI0 CTPYKTYPY U IOABEPKEH OTPHLa-
TENIbHOMY BIIMSHHIO BHEITHUX BO3ACHCTBUM, B CBSA3H C YeM CPOK €r0 FOAHOCTH OIPaHMYEH U COCTaBISET 6 Mecs-
LIeB, YTO 00YCIIOBIMBAET U HU3KUI CPOK TOHOCTH TECT-CHCTEMBI B LIEJIOM, B TO BpeMs KaK CPOK TOJHOCTHU OCTAIIb-
HBIX KOMIIOHEHTOB TeCT-CHUCTeMbI B 2—3 pa3a Bemue [[lat. RU2232190C2 ..., 2004]. B cBsi3u ¢ 3TUM CyIIECTBYET
HEOOXOIMMOCTh TTIOA00pa YCIIOBHH M METOJOB, MOBBIMIAIONIIMX CPOK FOJHOCTH UMMYHOIIEPOKCHIA3HBIX KOHBIOTA-
TOB, U Pa3pabOTKH MMOJXOJOB K BO3MOXHOM CcTaOMIHM3aIiy OMONOTHMYecKOi akTUBHOCTH (epmenta [KykimHa n
ap., 2011]. DddexTuBHBIM METOIOM, YBEINYHBAIOIIUM CTAOMIBHOCTD TAKUX MPENapaToB, SBISETCS JTHODHITH3a-
ust. MI3BeCTHO, UTO MPUCYTCTBHE B CpeaX BBICYIIMBAHMS TAKHX KOMIIOHEHTOB, KaK CHIBOPOTKA SMOPHOHA TEJICHKA
[KerrmanoB u ap., 2018], ruaponmsaT ntuabero anpOymuna [[lat. RU216.013.4820 ..., 2015] B coueranuu ¢ 1%-
HBIM TOJIUBHHIJIUPPOIUIOHOM U ¢ 1%-HBIM THOCYIBb(AaTOM HaTpus [3arockuna u ap., 2015], w/umu 0.2 %-HpmM
MPOIIMOHATOM KAJBIM OKa3bIBAaeT 3aMETHBIH cTaOMmmBupyronmii a3¢pdekt. Beenenne caxapossl nepes JTHoQHiu-
3aIel KOHBIOraToB IPEAOTBpallaeT NageHue ONOMOrHYeCKOi aKTHBHOCTH TIEPOKCHAA3HI U CIOCOOCTBYET 00pa3o-
BaHUIO 00BbEMHO TabneTKku mpu nuodmmmanuy u xpanenun [[Llamoposa, 2009].

Ha 6a3e ®KVY3 PocroBckoro-Ha-/loHy MpOTHBOIYMHOT0 MHCTUTYTa PocrmoTpeOHam30pa morydeHsl dKCIie-
PUMEHTAJIbHBIE CEpUH IEPOKCHIA3HBIX KOHBIOraTOB Ha OCHOBE IOJM- M MOHOKJIOHAJIBHBIX AHTHTOKCHYECKHX
anTuTen [Skymesa u ap., 2020a]. DTu mpenapaThl MO3BOISIOT BEIIBIATh X1 Y TOKCUTEHHBIX XOJIEPHBIX BUOPH-
onoB O1, 0139 ceporpym.

Lenp pa®oTBI — OLEHUTH B Mpoliecce XpaHEHHs! (PU3UKO-XUMHUUECKYIO M CIIeIU(PHUIECKYI0 aKTUBHOCTD JIHO-
(WIBHO BBICYIICHHBIX MOJH- U MOHOKIJIOHAJBHBIX NMEPOKCHAA3HBIX KOHBIOTATOB, NPEJHA3HAYCHHBIX JUIS JIETEK-
mun XT B mpsimoM BapuaHTe TwaHmeTHoro UOA u gor-UDA.

301



MaTepna.m,l H MeTOAbI HCCJIe0BAHUIA

B pabore ucronp3oBany 25 mTaMMOB XOJEPHBIX BUOPHOHOB M 6 MITAMMOB T€TEPOJIOTMYHBIX MHKpPOOpTa-
HHU3MOB, TTOJTy4E€HHBIX N3 KOJUIEKITUH My3est )HBBIX KyJIbTYp C IIEHTPOM MAaTOTEHHBIX JUIS YeJI0BeKa BUOPHOHOB
®KVY3 PocroBckoro-Ha-J{oHy npoTHBOYyMHOro HHCTHTYTa PocnorpebHamzopa (tabu. 1). Iltammer V. cholerae
O1 1 0139 ¢ pa3aUYHBIM T€HOTUIIOM OBUIH ITOJO00PaHbI COTIACHO MX MACTIOPTHBIM JaHHBIM.

KynbTypsl BUOpHOHOB XpaHWIN B cTonouke monyxuakoro (0.3+0.1%) arapa MapreHa mpu TemIiepaType
2042°C, KynbTyphl T€TEPOIOrMUHBIX MUKPOOPraHU3MOB — B 0.3%-HOM MOTYXHIKOM MSICO-IIEITOHHOM arape ¢
pH 7.1-7.2. Bce nuccnenyemple mraMMbl ObUIN THITMYHBIME IT0 MOP(OIOTHUECKUM, KYJAbTYPaJIbHBIM, OHOXHMU-
YECKUM U CEPOJIOTMYECKUM CBOWCTBAM.

Tabmuua 1
BapuaHTBI reHOTHIIOB IITAMMOB X0J1epHbIX BUOpHoHOB O1 1 0139 ceporpynm, ncnobs30BaHHbIe B padoTe

[Genotype variants of O1 and O139 serogroup V. cholerae strains used in this study]

IIITamMmbBI | T'enorun | HcTouHNK BRIACIEHUS | T"ox BEIICICHHS I MecTo BEIJICTICHHS
Vibrio cholerae O1 ceporpymisl kiaccuyeckoro 6roBapa
569B ctxABI+, tcpA+ 4eJIOBEK 1950 Wunusa
500 ctxABI+, tcpA+ - 1968 [Takucran
1763 ctxABI1+, tcpA+ 4eJIOBEK 1947 Wunokurait
Vibrio cholerae O1 ceporpymist Dab Top 6HoBapa
1310 CtxAB3*, tcpA* YeJIoBeK 1966 Wpak, r. bargan
3119 ctxAB3+, tcpA+ YeJIOBEK 1970 r. Ozecca
5879 CtxAB3+, tcpA+ 4eJIOBEK 1972 r. Taranpor
12214 CtxAB3+, tcpA+ YeJIOBEK 1976 -
13020 CtxAB3+, tcpA+ YEJIOBEK 1986 r. A30B
14383 CtxAB3+, tcpA+ YeJIOBEK 1990 PocroBckas 0011. x. KomysaeBo
14455 CtxAB3+, tcpA+ YeJIOBEK 1990 r. CraBponoib
14460 CtxAB3+, tcpA+ YeJIOBEK 1990 r. CraBponoib
14464 CtxAB3+, tcpA+ YeJIOBEK 1990 r. CraBponoib
Vibrio cholerae O1 ceporpymmst D116 Top OnoBapa (TeHOBapHaHTBI)
17917 ctxABI+, tcpA+ BOZIA 1999 BOJIA
19667 ctxAB7+, tcpA+ YEJIOBEK 2014 r. MockBa
Vibrio cholerae 0139 ceporpymmst
16070 ctxAB+, tcpA+ - - Wnnus
16063 ctxAB+, tcpA+ YeJIOBEK 1993 PocroBckas 001. T. A30B
16064 ctxAB+, tcpA+ YEJIOBEK 1993 PocroBckas 001. T. A30B
Vibrio cholerae O1 ceporpymmst Db Top 6HoBapa
19766 ctxAB-, tcpA— BOZIA 2015 r. Dnucra, npyna 3asuuit
19778 ctxAB-, tcpA— BOJA 2015 HUpkyrckas o0i. p. Aarapa
19791 ctxAB-, tcpA— BOJIA 2015 KpacHonapckuii kpaid, p. Arypa
19813 ctxAB-, tcpA— YeJI0BEeK 1998 r. Mapuynonb
19875 ctxAB-, tcpA— BOIA 2015 r. DrucTa, npya 3asuuii
Vibrio cholerae 0139 ceporpymmst
17675 ctxAB—, tcpA— BOJIA 1997 r. MockBa, p. MockBa
17677 ctxAB—, tcpA— BOJIA 1997 r. MockBa, p. MockBa
17678 ctxAB—, tcpA— BOJIA 1997 r. MockBa, p. MockBa
I'eTeponoruyHble MUKPOOPIaHU3MBI
Escherichia coli 1961 - 1965 -
Escherichia coli 1962 - 1965 -
Aeromonas hydrophila P-143 BOJIA 1944 r. Pocros-na-Jlony, p. lon
Aeromonas hydrophila P-1269 BOJIA 1959 r. Cankr-Tlerepbypr, p. Hea
Salmonella typhimurium 1288 - 1960 r. JIoH0H
Salmonella typhimurium 4446 - - r. JIoH0H

B kauecTBe MCTOYHMKA TOKCHHA HCIIOIB30BAJIM CyNEPHATAHTHl TOKCHUTCHHBIX ITaMMoB. MccremoBanus c
MIPUMEHEHHEM IaTOreHHBIX Omomnormuecknx areHToB [[-III rpymn maToreHHOCTH OCYIIECTBISUIA COTIACHO Tpe-
6oBanmsaM carutapHbix mnpasmin CIT 3.3686-21 «CanurapHO-3MIHASMHOIOTHYECKHE TPEOOBAHMS 110 TPOQHIIaK-
TKe MHGEKIHOHHBIX OomesHei», CIT 1.3.2322-2008 «be3omacHocTh paboTsl ¢ Mukpoopranmsmamu III u IV
TPYIII TaTOTeHHOCTH (OMACHOCTH) M BO30OYAUTENSIMU MTapa3uTapHBIX OOIe3HE.

[To orpaboranHo#t cxeme [AxymeBa u ap., 20200] ObUIM MPUTOTOBICHBI SKCIIEPUMEHTAIBHBIE 00pa3IBI 1M0-
JIM- ¥ MOHOKJIOHQJIBHBIX MEPOKCHIA3HBIX KOHBIOTATOB TSI JETeKIMK X B CylepHAaTaHTaX TOKCUT€HHBIX IITaM-
mog V. cholerae O1, 0139 ceporpymm. KoHsrorarsl Ha OCHOBE MOHOKIOHATIBHBIX aHTHUTEN UMENTH pabouee pas-
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BefeHue 1:32, a nonukiaoHanbHele — 1:64, Ipu 3TOM MX YyBCTBUTEIBHOCTH B IpsiMoM Bapuante TU®DA u not-
DA passsnaces 10 Hr/mi.

[Toxgbop onTHMaNbEHOrO CTAOMIM3AaTOPa OCYIIECTBISUIN ITyTEM OLIEHKH YEThIPEX BApPUAHTOB CPE/bl BBHICYIIH-
BaHUSL:

nepebiid BapuaHt (1) — 1%-nas caxaposa, 1%-Hblil HOMTUBUHIIMHPPONUIOH, 0.5%-HbIH SIMYHBIH anbOyMUH;
Bropoii (1) — 1%-nas caxaposa, 1%-Hblii THOCYIbDAT HaTpusi, 0.5%-HbIil suuHbli ansOymuH; Tpetuit (1) — 1%-
Hasl caxaposa, 1%-Hblii TOMUBHHWITIUPPOIHIOH, 0.5%-Hbli Obrauii ceiBopoTouHBIH ansOymuH (BCA); yerBep-
1o1it (1V) — 1%-Has caxaposa, 1%-Hblii THOCYIb(AT HaTpus, 0.5%-Hb1ii BCA. KoMmoHeHTsI cTabunu3aropa pac-
TBOpsUTH B (ocaTHO-coneBom Oydepe PH 7.2 xoMHaTHOI TemriepaTypsl NPH MOCTOSIHHOM IepeMEeNINBaHHH.
[omyuennsrii pactBop ¢unsTpoBanu yepes Gpuibtpsl Millipor ¢ pasmepamu mop 0.45 MKM ¢ TIOCIIEAYIOLIMM 0~
0aBJICHHEM B HEro paBHOrO o0beMa KOHBIOTaTa.

Kunkue nepokcumazHble aHTUTOKCHYECKHE KOHBIOTAThl B 3aIUTHOM Cpe/ie BBHICYIIMBAHHS Pa3JIMBaIH 110
¢rakonam 1o 1 M1 00bEMOM 5 MJI ¢ PE3WHOBBIME NPOOKaMK M 3aMopakuBaii. JInodunmzanuio npoBoanny Ha
ammaparte i cyonmmaronaoro BeicymmBanus Heto PowerDry PL9000, Thermo Scientific (/lanust), B TeueHue
11 4., nmaBHO U3MeHss TeMneparypy cymku ¢ —25 10 +30°C. AHaIOru4HbIM 00pa30M JTHOPHUITH3UPOBAIH TTOJTH-
Y MOHOKJIOHAJIbHBIE NEpOKCHUIa3Hble KoHbioraThl K XT 0e3 mobaBnenust cradunuzaropoB. [lo okoHYaHuu nmo-
¢ummzanmy (GIakoHbl yKYOPUBAIM B cpesie aTMoc(epHOro Bo3nyxa. I oToBbIi npenapat xpanuiu mpu 4°C.

®duznyeckre CBOWCTBA MOJIH- U MOHOKJIOHAJIBHBIX KOHBIOTaTOB (PacTBOPUMOCTD, IIBETHOCTD, PO3PA4YHOCTh,
MoTepsl B Macce MpH BHICYINIMBAaHWN) U UMMYHOXUMUYECKHE (crenuduueckasl akTHBHOCTb, YyBCTBUTEIBHOCTB)
KOHTPOJIMPOBANIH JI0 U 1ocie jgnopunnzanun. Cpoku XpaHeHHs THOPIITHM3UPOBAaHHBIX KOHBIOTATOB OIICHUBAIN
B JIOJITOCPOYHBIX UCHBITaHUSAX uepe3 6, 12, 18, 24 Mec. B yCIOBHUIX CyXOro 3alUIIEHHOTO OT CBETa MECTE MpH
temrnepatype 4°C. KonnuecTBeHHOe orpezienieHue Oenka MpoBOANIN METOJIOM CPaBHEHUS TOTJIOIEHHsT OSITKOB
npu 260 u 280 uM Ha npubdope Bio-Rad SmartSpec Plus.

B ombITax MCIOab30BaIu OJHU U TC KE 3aB€IOMO OTpHUUATEJIbHBIC U MTOJTOXKUTCIbHBIC l'[pO6bI, AJIMKBOTHI KO-
TOPBIX XpaHWIKch npu temiepatype —20°C. Crnenuduyueckyto akTHBHOCTh U YYBCTBUTEIBHOCTh MPOBEPSUIN Ha
Cyn€pHaTaHTaX TOKCUI'€CHHBIX, HCTOKCHUI'CHHBIX XOJICPHBIX BI/I6pI/IOHOB H TE€TCPOJOrMYHbIX MHUKPOOPraHU3MOB,
KOTOpBIE TIONTy4alii B pe3yJbTaTe BhlpaiiyBanus mrammoB B cpene AKI no cranpaprHomy mMerony M. lwanaga
[Iwanaga, Kuyyakanond, 1987]. Cneuduieckyto akTHBHOCTh PETHIPATHPOBAHHBIX KOHBIOT'ATOB ONPEICISUTH B
npsimoM TUDA u not-UDA.

[MocranoBky nor-MDA ocymiecTBisiii Ha HUTpoLesUTono3Hoi Memopane (HLIM) ¢ nuamerpom mop 0.45 mm
(Bio-Rad) [SkymreBa u ap., 2020a].

[psmoit TUDA npoBoauiu B 96-nyHounbix nanensx «Costar» (USA), TyHKH KOTOPBIX CEHCHOMITU3UPOBAIIH
B TeyeHue 2 4. npu 37°C cOOTBETCTBYIOIIMMH cyriepHaTtaHTaMu B pa3Benenun 1:2 B 0.01 M dochaTHo-coneBom
oydepe (PCB), pH 7.4. B xauecTBe MOJOKUTEIBHOTO KOHTPOJISI UCIIONIB30BaJIH TpernapaT oduiienHoro XT 50
Hr/mi [Anekceesa u ap., 2019], a orpunarensHpiM KoHTponeM sBisuiack cpeaa AKI. Hecneunguueckyro copo-
o Onokuposanu 1%-HeiM pactBopoM BCA B Teuenue 30 muH. npu 37°C.

Jns passenenus konbtorara ucnomnb3oBanu 0.01 M ©Cb (pH 7.4) ¢ no6asnennem 0.05%-noro Tsun 20.
JnuTeIbHOCTE HHKYOAIMN TOKCHHCOAEPKALINX 00pa3IoB ¢ KOHbIoraTaMu He npesbimana 30 muH. [locne kax-
JIOTrO 3Tama ciefoBaia mporenypa orMbiBanus IaHmera @Cb pH 7.4 ot HecBsA3aBIIUXCS KOMIIOHEHTOB peak-
u. Cy0cTpaToM CIIyKHJIH CBEXeNpurorosieHHsle pacTBopsl TMb (3.3'.5.5'-rerpamermnoensuaun) u 0.03%-
HOUM mepekucu Bomopoaa B 50 MM mutpat-pocdarHom Oydepe (pH 5.0). Peakumio ocranaBnuBanu 4epes 10
MUH. JI00aBlieHueM B JIyHKH 2 M pacTBopa cepHoOil Kucinotel. Pesynbratel MDA perucTprupoBaiy ¢ mMOMOIIBIO
cnekrpodoromerpa «Bio Tek EL 800» (Bio Tek Instruments, CIIIA) npu miuHe BonmHbl 450 HM (pedepeHc-
BonHa 630 HM). Bce nccnenoBanus mpoBOAWIN HE MEHEE YeM B TpeX MOBTOpHOCTAX. [Ipu aHam3e pe3yapTaToB
OBLTH UCTIONB30BaHbI MapaMeTpudeckue cratuctuaeckue Metons (p < 0.05). [Ammapun, Bopobres, 1962].

Pe3yabTaThl 1 MX 00CyXKIeHHE

[IpuroroBnennbie HaMu paHee [SkymeBa u np., 2020] ’xcriepuMeHTaIbHBIE 00pa3IBl MONMH- U MOHOKJIO-
HAJIbHBIX [IEPOKCHIA3HBIX KOHBIOTATOB UL AeTeKINH X1 B CyllepHATAHTAaX TOKCUTeHHBIX mTamMMoB V. cholerae
01, O139 HaxomUIUCh B KHIKOM COCTOSHHH M XpaHwinch npu 4°C. B atoMm ciydae cpoku ux 3Q(HeKTHBHOTO
WCTIONB30BaHUs OrPaHUYMBAIINCH OJHON Henenel, mpu XparneHnu npu temiepatype —20°C — mectsio Mec. Jluno-
(UIbHOE BBICYIIMBAHME TIONH- M MOHOKJIOHAIBHBIX MEPOKCHAA3HBIX KOHBIOTaTOB 0Oe3 crabmim3aTopa He obec-
MIEYHMBAJIO YBEJIMYCHHS CPOKOB MX XPAHECHHSI.

[TosTOoMy crnemyromuM 3TaroM Hamed paboThl OBUT MOMOOP CTAOMIM3HUPYIOMIEH Cpenbl s THOPUIEHOTO
BBICYIIMBAHMS MOJU- 1 MOHOKJIOHAIBHBIX MEPOKCHUIA3HBIX aHTHTOKCHYECKHX KOHBIOTAaTOB, CHIOCOOCTBYIOIICH
COXPaHEHHIO UX (PU3UKO-XMMHUYECKUX CBOWCTB U CIIEHNU(PHYECKOH aKTHBHOCTH. VICIIBITAHHMIO MOABEPIIINCH Ye-
TBIpE BapHaHTa crabminupyromeil cpenpl. [1ogbop BapHaHTOB 3alIMTHBIX cpel Oa3sMpOBaJICS Ha pe3yibTaTax
NpeBAPUTEIBHBIX HCCICIOBAHUN, CBHACTENBCTBYIONIMX O BO3MOKHOCTH MCIIONB30BaHHS TPAJAUIUOHHBIX KOM-
TIOHEHTOB: C€axXapo3bl, THOCYAb(aTa HATPHA, MOIMBUHWIIHUPPOIUIOHA, SMYHOTO M OBIYBETO CHIBOPOTOYHOIO
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aIpOyMHUHA, KOTOpBhIE 00ECTIEUHBAIOT BHICOKHI YpOBEHb COXPAHHOCTH NPENapaToB NPH PA3IMYHBIX PEeXHMax
cymku. Kak nokaszamu pe3ynpratel TUDA, pabounii TUTP ¥ IyBCTBUTEIHHOCTh MOHOKIIOHATHFHOTO U TTOJUAKIIO-
HAJIFHOT'O TIEPOKCHIa3HOr0 KOHBIOTATOB OCTAJIMCh HAa MCXOJAHOM YPOBHE IOCiE J00aBJICHHSI K HUM Pa3JIMIHBIX
crabmwmmupyromux cpef. CornacHo IONydeHHBIM JaHHBIM, BCE BBINICYKa3aHHbIE KOMIIOHEHTHI, BXOSIINE B
COCTaB Cpell, He IPEMATCTBOBAIH CBSI3BIBAHHIO MMMYHOIJIOOYJIMHOB C aHTUTEHOM, a Takke oOecrieunuBali BO3-
MOXXHOCTb IPOHUKHOBEHHS CyOCTpaTa K aKTUBHOMY LIEHTPY ITEPOKCHIA3HI.

Brua npoBenena mopuu3anys MoJu- 1 MOHOKJIOHAIBHBIX MTEPOKCUAA3HBIX KOHBIOraToB K XT ¢ HCnomnb30-
BaHHEM CTAOWIM3UPYIOUIMX CPEJ] M OIIEHEHBI UX OCHOBHBIE (DU3NKO-XUMHYECKUE M OHOJIOTHYECKHE TTOKa3aTeNH.
[penapartsl mocie nroGUIN3aANNK NPEACTABIUTA COO0H FOMOIeHHYIO KOMITAaKTHYIO Maccy B Buze Tabnerku Oe-
JIOTO IBETa, PABHOMEPHO MpHJIETaronield K BHYTPEHHEH MOBEPXHOCTH (hIaKoHa, KOHBIOTaThl 0e3 crabuii3aropa
uMenu cepblii orTeHoK. OcTaToyHas BIIAXKHOCTh CYXHMX KOHBIOTaTtoB He mpeBblmana 2%. ITocne moGaneHus
HE00X0ANMOro o0beMa pacTBOPHUTEINS (IUCTUIUIMPOBaHHAs BOJA) TMO(QHUIN3HPOBaHHBIE MPeTapaThl XOopoIo 0e3
ocaJika pacTBOPSUTHCH B TedeHue | muH. pu temmneparype 20...25°C.

PerunparrpoBaHHbIe penapartsl IPeICTaBIsUIN COO0H rOMOTEHHbIE, ClIa00 OMaJIECHUPYIOLINE KUIKOCTH, OT
OeclBETHOM 10 c1aboXKeNTol OKpackH, 0e3 XJIONbEB U KOMKOB. Pe3ynbTaThl HCCIIEOBaHUI MTOKa3aIu CHU)KEHHE
3HAYEHHUH ONTHYECKOH IIOTHOCTH B npsiMoM TUMDA st moiu- 1 MOHOKIIOHAJIBHBIX TIEPOKCHIa3HBIX KOHBIOTa-
TOB, JINO(PUIIN3UPOBAHHBIX 0€3 CTAOMIN3UPYIOLIEH cpe/ibl. AHAJIOTHUHYIO PEaKIMio HaOJII0Aa Il U B OTHOLICHUH
JTMOQHIN3ATOB NEPBOW U TpeThell crabmm3upyronmx cpen (tabun. 2). B npenapaTtax moiu- 1 MOHOKJIOHATBHBIX
KOHBIOTaTOB, JIMOPHIM3UPOBAHHBIX 0€3 CTAOMIM3HUPYIOLIEH CPebl, OTMEUEHO CHI)KEHHE COJiep KaHus Oerka Ha
10.5+0.04 u 9.9+0.09% coorBercTBeHHO. [ToKa3aTens moTepu OeNKa KOHBIOraTOB MOCHE JTHO(UIH3AIMY B TIep-
BOW M TpeThell CTaOMIM3MPYIOIIUX cpefax cocTaBmi 5.5%. MUHMMabHOE CHU)KEHHE KOJIMYecTBa OeNka ycTa-
HOBJICHO B Ipenaparax JIMO(QHIN3aToOB BTOPOH M YEeTBEpPTOi crabminnsupyroomux cpen. [locnennue, kak mokasa-
1 pe3yiabtaTel UDA, B Gomnbleil cTeneHn crocoO0CTBOBAIM COXPAaHHOCTH CIiel(UUECKOd aKTHBHOCTH Mpera-
paToB, TOrJa Kak JUIst IEPBOT0 U TPETHET'0 BAPUAHTOB Cpe]] ObLIO 3apErUCTPUPOBAHO €€ CHU)KEHHE.

Tabmura 2
Onenka cnienupnyecKkoii aKTHBHOCTH U co/lepKaHUe 0eJIka B MEPOKCHIA3HBIX KOHBIOTaTaxX 10 U nocJjie
JHOQWIBHOTO BHICYIIHBAHUS

[Assessment of specific activity and protein content of peroxidase conjugates before and after lyophilic drying]

Jlo nuodunuszaium Tocne muopunmzanuu
C OI1 B THDA ¢ Toreps Genka, OIl B TUDA ¢ c/u
TaOUIN3UPY- Conepxanue | c/uV. cholerae Crabunmsupy- o
omas cpeia oenka, % O1 El Tor ctx- Iomas cpenia o OT obuiero V. cholerae Ol
> AB* colepIKaHus El Tor ctxAB*
OtcyTcTBYET 8.4+0.12 1.543+0.02 OTtcyrcTBYET 10.5+0.04 0.888+0.01
é E | 9.5+0.08 1.545+0.02 | 5.5+0.04 1.268+0.05
% E Il 9.3+0.04 1.540-+0.02 I 1.2+0.04 1.538+0.03
53 1l 9.4+0.08 1.544+0.02 1l 5.4+0.04 1.248+0.04
g ,; [\ 9.3+0.20 1.539+0.02 v 1.4+0.04 1.527+0.01
é E [TonoxuTenpHbIA KOHTPOIb 1.680+0.02 ITonoxuTenpHbI KOHTPOIIb 1.665+0.01
OTpunaresibHbIi KOHTPOIb 0.089+0.01 OTpunarenbHblii KOHTPOIIb 0.091+0.01
OrcyrcrByer 9.2+0.08 1.202+0.02 OrcyrcrByer 9.9+0.09 0.719+0.01
5 E | 10.4+0.37 1.291+0.04 [ 5.1+0.04 1.113+0.05
z E Il 10.2+0.12 1.298+0.01 1 1.3+0.09 1.268+0.02
535 11 10.4+0.16 1.203+0.03 11 5.5+0.01 1.097+0.03
2 ,; v 10.3+0.08 1.297+0.02 v 1.1+0.03 1.268+0.01
zo E [TonoxuTenpHbINH KOHTPOIb 1.404+0.01 ITonoxuTenpHbI KOHTPOIIb 1.386+0.01
OTpunaresbHbIii KOHTPOIb 0.089+0.01 OTpunarenbHbIi KOHTPOIIb 0.083+0.02

[Ipumeuanue. [IpencraBiensl cpeanue 3HaueHus onTuyeckux miotHocrer (OIN) u cranpapTHOE OTKIIOHEHHE.

[pu ucnons3zoBannu B MDA nmuodumn3upoBaHHBIX KOHBIOTaTOB Oe3 crabmnm3aropa nokaszatenun OIl Obun
HIDKe. Pe3ynbraTel mpoBepku akTUBHOCTH U crieruuaHocTd B TUDA Ha mmpokoM Habope mTaMMOB MOKa3a-
JIM, YTO IO JHO(UIBHOTO BBICYIIMBAHHMS ITOJIM- U MOHOKJIOHAJIBHBIE KOHBIOTaThl CHEHU(UIHO pearupoBan ¢
CyliepHaTaHTaAMH TOKCHUTEHHBIX mraMMoB V. cholerae, mpu atom nokazaremu OIT s V. cholerae O1 Classical
CtXABL1" u reHOBapMaHTOB, COMAEPKAIIMX CIEHUPUIECKHI IS Kilaccuueckoro GroBapa reH (CtxABL®) u ren
(ctxAB7*), 6utr 1.628+0.006 u 1.428+0.001 coorBeTcTBeHHO. ONITHYECKAsK IUIOTHOCTH JIYHOK, CEHCHOMIN3UPO-
BaHHBIX cymepHatantamu V. cholerae O1 El Tor, comepxammx crnerupuueckuit mis G6uoapa El Tor ren
CtxAB3" u V. cholerae 0139 ctxAB* u HHKYOHpPOBAHHBIX C ITOJH- ¥ MOHOKJIOHAIBHBIMH KOHBIOTATAMHU, HAXOIH-
nack B npenenax 3HadeHmi 0.585+0.003 u 0.412+0.007. [Tonu- 1 MOHOKIIOHAJIEHBIE KOHBIOTATHl HE BCTYIIANN B
PEaKIHIO C CyNepHAaTAHTAMN HETOKCUT€HHBIX IITAMMOB U T€TEPOIOTHYHBIMI MUKPOOPTaHU3MaMH, U TOMY ITOJI-
tBepkaceHue moka3atenu OIl, paBasie 0.108+0.001 T.e. Ha ypoBHE OTPHLIATENHFHOrO KOHTpOIL. Jlmodummsupo-
BaHHbBIC BO BTOPOH M YETBEPTOH CTAOMIM3MPYIONMX CPeAax IMOJH- M MOHOKJIOHAJIBHBIE KOHBIOTAaThl TIPH B3aH-
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MmogeiictBun ¢ cymepHatanTamu V. cholerae O1 Classical ctxABl* u reHeTnueckn M3MeHEHHBIMH BapHaHTaAMU
(ctxAB1* u ctxAB7*) umenu OIT 1.620+0.001 u 1.421+0.002, y V. cholerae O1 El Tor ctxAB3* u V. cholerae
0139 ctxAB™ OII 6butu 0.579+0.002 u 0.408+0.003. DT 3HAYEHHUSI COMOCTABMMBI C HCXOIHBIM YPOBHEM aKTHB-
HOCTH TpernapartoB. [lonoxnuTenbHas peakiys TakKe 3aperHCTPUPOBAaHA B OTHOIICHUH TIOJIM- U MOHOKJIOHAJIb-
HBIX TIEPOKCH/Ia3HBIX KOHBIOTaTOB, JTMOMIIMN3HPOBAHHBIX B TIEPBOM M TpeThel CTAOWIN3UPYIONMX CpeAax, Of-
Hako npu 3toM OIl 3HayMTENBHO CHU3WIKCH. Tak, mas cymepHarantoB mrammoB V. cholerae O1 Classical
CtxABL1" u renoBapuantoB (CtXABL* u (CtXAB7*) onn Haxoauwiuchk B auamnaszone 1.185+0.002 - 1.061+0.002. s
OorbIlIel YacTH CyNepHAaTaHTOB TOKCMTeHHBIX mTtamMMoB OIl perucrpuposanuce B mpenenax 0.345+0.003 —
0.25740.005, cBueTENbCTBYS O CHIYKEHHH aKTHBHOCTH KOHBIOTATOB T10CIE TUODIIM3AINH B IEPBOW M TPETher
CTaOMIM3UPYIOIIUX Cpeax.

DKcneprMeHTaIbHbIe 00pa3bl MOJAH- U MOHOKJIOHAIBHBIX KOHBIOTATOB A0 JHO(GHIBHOTO BBICYIIMBAHUS H
Tocsie Hero Takke ObUIM M3ydeHbl B peakuuu JoT-MIDPA Ha mmpokoM Habope CyINEepHAaTaHTOB IITAMMOB
V. cholerae Ol. X akTHBHOCTH OIICHMBAIN MO UHTCHCHBHOCTH OKpAIIMBAHUS IATEH B MECTaX HAHECEHHUS TOK-
CHHCO/JIEpIKaIIUX 00pas3IioB MOCIIE BHIOIHEHUS IOT-MMM yHOAHAITU3A.

Pe3ysbTaThl CpaBHUTENBHOM OLEHKU JTHOPHUIN3AaTOB ITOJU- U MOHOKJIOHAIBHBIX KOHBIOTATOB MOKa3aJH, 4TO
BCE KOHBIOTATHI JI0 JHOGHUIM3AINK 00JIaZal0T CIIOCOOHOCTBIO CBSI3BIBATHCS C CyNEpHATAHTAMH TOKCHI'€HHBIX
urraMmoB V. cholerae O1, 9To mMOATBEpPIKAAETCS HATMYHEM CHTHAJIA TOJBKO B MECTAX HAHECECHHs TOKCHHCOJEp-
xammx o0pasioB. OTcyTcTBHE OKpalieHHbIx msred Ha HIIM y cynepuarantoB mrammoB V. cholerae Ol, ue
coJiepKallux B reHoMme gerepMUHaHT XT M CyNepHAaTaHTOB TeTePOIOTMYHBIX MUKPOOPTaHU3MOB — MOKa3aTelb
OTpHIIATENIbHON peakiuu 10T-MDA U CBHIETENBCTBO CTPOroH Cenu(p)UIHOCTH KOHBIOTaTOB.

Tabnuma 3
Onpenenenne cneuuduyeckoii AKTUBHOCTU KOHBbIOraToB B UM A mnocJie xpaHeHusi B TeueHue 6, 12, 18, 24
MecsilieB
[Determination of specific conjugate activity in ELISA after storage for 6, 12, 18, 24 months]
CraGummsu- | Temnepa- Tutp mHodHm3HpO- Tutp muodunn3npoBaHHbIX KOHBIOraToB B MDA
pyromas Typa Xpa- BaHHBIX KOHBIOI'aTOB Hepes 6 Hepes 12 Hepes 18 Hepes 24
cpena e 5 VDA 10 xpaneHis MecsIEeB MecsIEB MecsLEeB Mecsiia
XpaHeHus XpaHEeHUus XpaHEHUs XpaHEHUs
, c OTCYTCTBYET 4°C 1:64 - - - -
E R | 4°C 1:64 1:64 1:32 1:16 1:8
E E % Il 4°C 1:64 1:64 1:64 1:64 1:64
S E 11 4°C 1:64 1:64 1:32 1:16 1:16
v 4°C 1:64 1:64 1:64 1:64 1:64
, . |orcyrerByer 4°C 1:32 - - - -
= i I 4°C 1:32 1:32 1:16 1:16 1:8
=) E E Il 4°C 1:32 1:32 1:32 1:32 1:32
§ s E 11 4°C 1:32 1:32 1:16 1:16 1:8
v 4°C 1:32 1:32 1:32 1:32 1:32

[IpumeyaHnue. - peaklys OTpULATENbHASL.

BszaumoneiictBue cymepHaTtanToB TOKCcHreHHbIX mrammoB V. cholerae Ol ¢ momu- U MOHOKIOHAIBHBIMU
KOHBIOTaTaMH, JTHO(MIM3UPOBAHHBIMH BO BTOPOH M 4eTBEPTOl CTaOMIM3MPYIOIIUX Cpeaax, COMpPOBOXKIAIOCH
nosiBJIeHHEM KopuuHeBbIX IsiTeH Ha HIIM. B To e Bpemst mHTEHCcHBHOCTH peakiwu 1oT-UDA cHmkanace, ecinu
CylepHaTaHThl TOKCUreHHbIX mrTamMoB V. cholerae Ol Berymanu B peakuuio ¢ HOMH- ¥ MOHOKIOHAIBHBIMU
KOHBIOTaTaMH, JHOQWIN3UPOBAHHBIMH B IIEPBOW M TPEThEeil CTaOMIM3HPYIOIHX Cpefax, B KOTOPBIX Hapsmy C
caxapozoit, BCA win an4abM anTs0yMUHOM, TPUCYTCTBOBAN MMOJMBHHWIIHPPOIUIOH, B OTIMYNE OT BTOPOH U
YeTBEPTOH, COIEepIKAIUX THOCYIb(pAT HATPHSI.

AHaNOrHYHbIC PE3YIBTATH C CyIIEPHATAHTAMH TOKCHIeHHBIX mrammoB V. cholerae O1 momydeHs! B peakiuun
n0T-UDA 1npu Bcnonb30BaHNH MOMU- 1 MOHOKJIIOHAJIBHBIX KOHBIOTaTOB, THO(DUIN3UPOBAHHBIX B cpeae 0e3 cra-
Onnn3aTopa, U NPOSBIATIACE OHA B BHJE MEHEE OKpalIeHHBIX IsiTeH. Heo0XoanmMo Takke OTMETUTh OTCYTCTBHE
CHTHAJa PEaKlUUH Y BCEX HCCICAYEMBIX JIMO(PUII3aTOB C CylIepHATAHTAMH HETOKCHUI€HHBIX mrrammoB V. chol-
erae Ol u npeacTaBUTENIMH TeTePOITOTHYHBIX MUKPOOPTaHHU3MOB.

[IpeacTaBnsina Taxke NPAaKTHIECKUH MHTEpPEC OIEHKA CTAOMIBLHOCTH JIMOMWIN3UPOBAHHBIX KOHBIOTATOB B
mporecce xpaneHus B Tedenue 6, 12, 18, 24 mec. npu 4°C. Pesynprater B UDA mokazand, 9To THODUIAZHPO-
BaHHbIC KOHBIOTAThI COXPAHSIN NCXOAHYIO CIIeNN(HIECKYI0 aKTUBHOCTh MIPH MCIOIB30BAHNH BTOPOI U 4eTBEp-
TOM crabmmm3upyromux cpen (tabdmn. 3). [Tokasarenn THTPOB KOHBIOTATOB B 3TOM CIy4ae OCTAaBaJNCh HAa MCXOJ-
HOM ypOBHE. XpaHEHHE IMOJIH- ¥ MOHOKJIOHAJIBFHBIX KOHBIOTATOB, JIMOGU3HNPOBAHHBIX B TIEPBOI M TpeTbel 3a-
HIUTHBIX CPelax, CONPOBOKAATIOCH CHIKEHHEM pabouero Tutpa ao 1:8-1:16.
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3akiIroueHue

Takum 00pa3oM, Ha OCHOBAaHWH JAHHBIX, MOTYYCHHBIX B JOJTOCPOYHBIX HCIBITAHUSIX, MOXKHO PEKOMEHIIO-
BaTh CPOK HCIOJNB30BaHUS MOJM- U MOHOKJIOHAIBHBIX KOHBIOTATOB B JHOMIIH3UPOBAHHON (hopMe B TCUCHHE
JBYX JIET. DKCIIEPUMEHTAIBHO JOKa3aHO, YTO B TCUCHHE ATOTO IEPHOAAa BPEMEHU CEPOJIOTHUSCKUE W (DHU3HKO-
XUMHYECKHUE TIOKA3aTeNH JIMO(QHIM3UPOBAHHBIX KOHBIOTATOB B 3alllUTHOM cpene, comepxarineii 1% caxapossl,
1% tuocynbdara Hatpus, 0.5% suunoro ansoymuna win 0.5% BCA, ocTaroTcst Ha ypOBHE, COOTBETCTBYIOIIEM
TpeOOBAHUAM, TIPEIBABISIEMBIM K JUATHOCTHUCCKUM TIpEIapaTaM.
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Annomayusn. TIpoBefeHO M3yYeHHE COBPEMEHHBIX DKOJIOT0-3MU300TONIOTHYECKUX H SITHIEMHOIOTHYECKUX
ocobeHHocTel 3aboneBanuii OemencTBoM B OMckoi 0071. B Hadane XX B., TpaUIIIOHHO HEONaronoiny4Hoil mo
stoit nHpekmu. OxapakTepu3oBaHsl 3a0oneBanus tosieit OemerncTBoM B OMckoit 0011. ¢ 1962 r. u ycraHOBIIe-
HBI OCOOCHHOCTH OOpAallleHHs] HACEICHUsI 32 aHTHPaOMUYECKOl ITOMOIIBIO TOCIE TPABMATHUECKUX KOHTAKTOB C
*UBOTHBIMH 32 2001-2020 rr. M3yueHbl 0COOCHHOCTH 3MU300THYECKOr0 Mpoliecca B 3TOT mepuomn. [Ipoananu-
3MPOBAaHA YHCIICHHOCTb JIMCHUIIBI 1 €HOTOBUIHON COOAKH — OCHOBHBIX MPHUPOIIHBIX X035€B M pacpoCTpaHHUTENEH
OerieHCTBa. BBISBIICHBI HHACKC SMU300TUYHOCTH U IUIOTHOCTH MH(EKIMK B Pa3HBIX paiioHax obOiacTu. Beimor-
HEHO COBPEMEHHOE 3IUIEMHONIOTHYECKOe paHOHUPOBAHNE W YCTAHOBIIEH PUCK 3a00JI€BaEMOCTH OCIICHCTBOM B
pasHbix paiioHax Omckoi oOis. YcraHoBieHo, yto B Hadane XX| B. anmu300THYECKH Tpoliece OCHICHCTBA Ha
TEPPUTOPUH 00JIACTH MpeTepIies 3HAYUTENbHbIe U3MEHEeHHs. YHCIo BBIABIAEMBIX 3a00I€BaHUH KHUBOTHBIX HMe-
€T TPEH/ K BEIPAKCHHOMY CHIDKCHUIO. DTMN300THH (POPMUPYIOT CTOMKHE OYary, JOKAIU3YIOIHecs B H3y4aeMblii
NepHOJ] MPEHMYIIECTBEHHO B IIOJ30HE CEBEPHOI JiecocTeny. JTa paHee He HaOiofaeMas 0COOEHHOCTh JaH/I-
maTHOM NPUYPOUYEHHOCTH O4YaroB, MO-BUANMOMY, CBS3aHA C M3MEHEHNUEM CTPYKTYpPbI HACETIEHHs MPUPOIHBIX
X03s51eB MH(EKIMN ¥ 3HAYUTEIBHBIM POCTOM YMCIEHHOCTH €HOTOBUAHON COOAKH. Y CTaHOBIEHO, YTO VIS ONTH-
MH3aLUH IPOPUIAKTHYECKUX MEPONPUATUH TpeOyeTCs yIeIUTh BHUMAaHUE BaKIIMHALIMK BCEX IPYIII )KUBOTHBIX,
BOBJICUEHHBIX B 3MU300TUYECKUM IpOIECC, MPOJOMIKATh OpAlbHYI0 BAKLMHALMIO AMKUX XHUIIHUKOB. Cyle-
CTBYIOT YCIIOBUS AT (OPMHUPOBAHHSA CTOMKHMX NPHUPOJHBIX OYaroB MH(MEKIHUH M BO3MOKHOCTH aKTHBU3ALUH
SMU300THH. DTO 00YCIOBIMBAET aKTYaJbHOCTH ITOCTOSIHHOTO MOHUTOPUHIA IUIOTHOCTH MOIYJISUUI M CIIOHTaH-
HOU 3apak€HHOCTH BUPYCOM OCIIIEHCTBA JIMCHUILIbI, EHOTOBUIHOM COOaKH, Kopcaka 1 Oapcyka.
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Abstract. The aim of the work is to study modern ecological, epizootological and epidemiological features of
rabies in the Omsk region at the beginning of the 21st century, as this region is traditionally considered a rabies-
prone territory. The paper describes the cases of rabies infection in human in the Omsk region in 1962-2020 and
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determines the features of treatment-seeking behaviour after traumatic contacts with animals in 2001-2020. The
features of the epizootic process within the period 2001-2020 were studied. The number of foxes and raccoon
dogs, i.e., the main natural hosts and distributors of rabies was analyzed. The epizootic index and infection den-
sity in different districts of the region for 2001-2020 were revealed. A modern epidemiological zoning was car-
ried out and the risk of rabies incidence in different districts of the Omsk region was determined. The epizootic
process of rabies in the region was determined to undergo significant changes at the beginning of the 21st centu-
ry. A pronounced downward trend was revealed in the number of detected animal diseases. Epizootics form per-
sistent foci, localized during the study period mainly in the subzone of the northern forest steppe. This previous-
ly unobserved feature of the landscape confinement of foci to the northern forest-steppe zone is apparently asso-
ciated with a change in the population structure of natural hosts of the infection and a significant increase in the
number of raccoon dogs. Conclusions: to optimize preventive measures, it is necessary to pay attention to the
vaccination of all groups of animals involved in the epizootic process, to continue oral vaccination of wild preda-
tors. There are conditions for the formation of persistent natural foci of infection and the possibility of epizootics
to get activated. This determines the relevance of constant virological monitoring of the populations of foxes,
raccoon dogs, corsacs and badgers, as well as monitoring the density of populations of these species.

Keywords: rabies, Omsk region, raccoon dog, epizootology, ecology, epidemiology, rabies spontaneous in-
fection, spreaders
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Beeaenue

BeleHcTBO — 3TO 300aHTPOIIOHO3, TO3TOMY KOJIOI0-3MH300TOIOTHYECKas M AHUAEMHUOIOTHYECKask XapaKTe-
PHCTHKA MPUPOAHBIX 04aroB pabHuecKoil HHPEKIIMN HAXOJUTCS B MPSIMOW 3aBUCHMOCTH OT TEPPUTOPUAITILHOTO
pactipezeneHuss 1 0COOEHHOCTEW KOJIIOTMH OCHOBHBIX NMPHPOAHBIX X03s€B ATOro Bo3Oyaurens [KaHtopoBuy,
1965; Yepkacckwuii, 1985; Winkler, 1975]. K HacrosimieMy BpeMeHH YCTaHOBJIEHO, YTO [UIS XapaKTEPHCTHKH
NPUPOIHOTO OvYara 3ToM OOJIE3HH YCTaHABIUBAIOTCS BHIIOBOE pa3HOOOpa3ue, INIOTHOCTh MOMYJISIHN, aOCOoI0T-
Has YUCJICHHOCTb, JIaHAMAa(THO-TEPPUTOPHAIIBHOE PACIIPEAEICHUE U OMOTHYECKUE OTHOIICHUS JTUKUX XHUIIHBIX
MIIeKkonuTatonumx cemericta rncoeix (Canidae) [Cenumo, 1987; Benepuukos, 1987; BorBunkun, 1992; Cuno-
poB, 1995]. TIpuponHblii odar GemeHCcTBa — ATO CAMOPETYJIMPYIOLIAsCsl apa3uTapHasi CUCTEMa, BIIMChIBAIOIA-
sica B KJIaccu4ecKkue 3akoHsl skonoruu [Onym, 1975; bensakos, Kamunckmii, Kamunckas, 1987; Ilunos, 2000].

B ycnoBusx rora 3amagHoii CHOMpH OCHOBHBIE pe3epByapHbIe X035ieBa pabUUecKoro BO30yIUTeNs — 3TO JIH-
curia (Vulpes vulpes), enorosumnas cobaka (Nyctereutes procyonoides), kopcak (Vulpes corsac) u Bonk (Canis
lupus). Llens paGoOTBl — H3YYUTH COBPEMEHHBIE IKOJIOr0-IMU300TOIOTHIECKUE U IMUIASMUOIOTHICCKUE 0COOCH-
HOCTH IIPOSIBJICHUS] IPUPOJHBIX 04aroB OenieHcTBa B OMckoi 06i. B Havane XXI| B. BO B3aMMOCBSI3H C TUIOTHO-
CTBIO NOMYJISIIMHA ¥ IMHAMHUKOH YUCIEHHOCTH JIMCULIBI M €HOTOBUIHOM COOAKH.

Teppuropust OMmckoit 0611, HaxoauTest B 3amnaHo-Cudupcko-KazaxcraHcKoM MPHPOIHO-0YaroBOM PEroHe Oe-
IIEHCTBA, YTO OMpe/IersieT HeOIaromomyare 00JIacTy 1o CMepTeIbHO onacHoMy 3a0oneBanrto [borunkuH, 1992).

[epesie cBenenus o OemencTBe B OMckoit 00n. gatupyrotest 1913 r., korna rumpododueit 3a6onen 21 geno-
Bek. B 1914-1916 rr. coobianock o 3aboneBaeMoctu cobak u komek. B 1918—1932 rr. B obnactu ObLIO 3ape-
THCTpUpPOBaHO 13 ciydaeB ruapooONy U MOCTOSHHO PErHCTPHPOBATIOCH OEIICHCTBO Y KMBOTHBIX, IIPEUMYIIIe-
CTBEHHO y cobak u BonkoB [Ko3muH, 1916; Pynakos, 1971]. B nepuon 1932-1960 rr. 3aboneBaeMocTh ot u
JKMBOTHBIX B 00JIACTH HE pErucTprpoBanack. B koHie aexkadps 1961 r. 3abosena u nana oT OSlIeHCTBA JIOMIA b
[TurkoB, MBanoBa, MapkapsH, 1963; Pymakos, 1971]. U ¢ 1962 mo 2022 r. Ha Tepputopun OMCKoH 001acTH Ha
npoTsbkeHnd 60 JIeT, OYTH He IPEephIBasCh, TO aKTHBU3HPYETCS, TO 3aTyXaeT aKTHBHOCTH IPHPOIHOTO o4ara
9TOi UH(DEKIUH.

[MpuponHslid ouar GenieHCTBa B 00JACTH, €ro0 3KOJIOr0-BUPYCONIOTHYECKYIO U SIUIEMHOIOTHYECKYIO CTPYK-
TYpy, TEpPUTOPHATEHO-BPEMEHHBIE 0COOEHHOCTH aKTUBHO m3ydanu ¢ 1960-x rr. [PymakoB, 1971; I'pubanosa,
1975; Tlonmemyk, 2005; Cunoposa, 2009; Cumopos u np., 2014]. B MHOrONETHEM AMHU300THYECKOM IIPOIIECCE
OBUIM BBIIENICHB! TPU SKOJOT0-3IH300TOJIOTHYECKHX MEepPHOa, XapaKTePH3YIOIIUECs CBOUMH OCOOSHHOCTAMHU
[Cunopoga, 2009; [Tonemryk, Cumopos, 2010]:

[epsrrit mepuon (1962—1990 rr.), — MOTBEMBI SIU300THH OTMEUAIH 4epe3 2—3 Tona, pEerucTpUpoBaId B
cpemaeM 49.5+£9.5 cimydaeB B roa. Hambombiee gucimo 3a00eBIHX KUBOTHBIX (227 ci1.) yctaHOBWIK B 1972 1.
Huskue nokaszarenn (meree 10 xuBoTHBIX) ObUH 3apukcupoBaHbl B 1964, 1967-1968, 1970 rr. Cpeaneronosoe
YHUCIIO OCIIEHBIX XKMBOTHBIX, BBIIBJICHHBIX B O3TOT IIEPUOJ, NMPEBBIIIAN0 CPEIHEMHOTOJICTHHI MOKa3aTelb 3a
1962-2020 rr. (37.3+£5.3) B 1.3 paza. K koHIly 9TOro neprojia HaMeTHIach TCHICHIIUS CHIDKCHUS! aKTUBHOCTH
SMU300THYECKOTO MPOLEcca.

B 1970-e rT. OBUIa BEISABICHA TEPPUTOPHAIBHAS TIPHYPOUCHHOCTh SMU300THH OCIICHCTBA K FOKHBIM H IEH-
TpaJbHBIM palloHaM 00JiacTh. BBIIO yCTaHOBJIEHO, YTO Ha CTEMHYIO, JIECOCTEITHYIO M Tae)HbIE 30HBI 00JacTH

310



MIPUXOAUTCS, COOTBETCTBeHHO, 60, 40 1 10% ciryuaes OerieHCTBa y *KUBOTHEIX [I prbaHoBa, Manbskos, 1978]. C
TIEpHOINIHOCTBIO 6—7 JIeT HaOMI0qaoch BOIHOOOPa3HOE MepeMeIIeHHE AU300THIECKUX BOJH M3 CTEIHBIX H
I0)KHO-JIECOCTEHBIX PaliOHOB B CEBEPHOM HAIIPaBJICHUH K ITOJI30HE OCHHOBO-0EPE30BhIX JIECOB U I0XKHOW Taru
[Pe16ak, Cunopos, Ky3emun, 1992].

3a0oneBaHus TUKUX KUBOTHBIX B 00JTACTH HadaH BRIBISATE ¢ 1962 1. Jlo 1972 r. 31U cnydan ObUIH 3ITH30-
qmdeckumu. B 1972 r. BeisiBun 47 MHQUIMPOBAHHBIX JUKHUX XKUBOTHBIX, B 1973 — 38. C 1979 r. GemeHcTBO Y
JIMKUX KUBOTHBIX CTAJIN PETUCTPUPOBATH PETYIISAPHO.

VY nenbHBIN Bec JUCHUIIBI B 0OLIEH CTPYKTYpE BBISBICHHBIX WH(QUIMPOBAHHBIX XMBOTHBIX B IIEPBBIA HEPHOX
cocraBysut 21.9+1.1%, xopcaka — 2.5+0.4%, Bonmka — 0.4+0.2%, cobaku — 13.940.7%, korku — 2.6+0.3%, KPC
—34.2+1.0%, nomaneit — 3.6+0.5%, apyrue xuBoTHbie He peBbianu 1% [Cunoposa, 2009].

Bropoit nepuon (1991-2000 rr.), — XapakTepuU30BaJICs PE3KUM CHIIKEHHEM aKTHBHOCTU 3TH300THYECKOTO
mporiecca, BIUIOTh JO MOJHOI'0 OTCYTCTBHUS PETHCTpAIlK OCIICHCTBA Y ®HUBOTHBIX B 1991, 1992, 1993 rr. D10
SIBJICHUE COOTBETCTBOBAJIO CUTYallMM Ha Bcel Tepputopun Poccuy M OBUIO CBS3aHO C MEPENPOMBICIOM AWKUX
xuIHUKoB [Cunopos, 1995; Tonemyxk, Cunopos, 2010; Cunopos, Ilonemyk, Cunoposa, 2019]. Peructpupona-
au ot 1 1o 20 cmyuaeB O€IICHCTBA Y KMBOTHBIX (B cpeaHeM 6.0 ciaydaer). DTOT mokaszarenb ObLI1 B 6.2 pasza
MeHblIe cpeaHeMHoroieTnero 3a 1962-2020 rr. u B 8.5 pa3 MeHblie MHorosnetHero 3a 1962—1990 rr. 3nayu-
TEJILHO BBIPOC YJIETbHBIA BEC 3apEernCTPUPOBAHHBIX OerreHbIX jucuil — 38.3+6.3%, kopcakoB — 8.343.6% u co-
0ak — 23.3+5.5%. Jlons uHGUIMPOBAHHBIX KoIIek coctaBmia 3.3+2.3%. 3aboneBaeMOCTh CEITbCKOXO3SICTBEH-
HBIX JKUBOTHBIX, I10 CPABHEHMIO € IPEABIIYIIUM nepuonoM, cHuzmiachk: KPC — 25.0+5.6%, MPC — 1.7+£1.7%.

Tpernit nepuon (2001-2020 rr.) Xapakrepu3oBajics pe3KoW aKTUBU3AIMEH SMHM300THYECKOro mpolecca C
2001 r. ¥ MOCTENEHHBIM CHM)KEHHUEM aKTUBHOCTH 3mu3oo0Tuil mocne 2007 T., 4TO OTMEYaal A TePPUTOPUU
Bceld Poccun B nenom [Ilonenryk, Cunopos, 2020]. Puck 3apakenus jironei OemeHctBoM B OMcKoi 001. B
Mmacirtade Poccuiickoit deneparmu B oTAeHbHbIC Iepruoasl Havaga XXI B. OlleHUBANICSA KaK CPEIHUIA U BBICOKHIA
[TTonemtyk u ap., 2019]. DToT Nepro XapaKTePHU30BAJICS AKTUBU3ALMCH OCIICHCTBA B ICHTPAILHON U CEBEPHOM
JIECOCTENU U M3MEHEHUEM BUJIOBOW CTPYKTYPBI HCTOYHUKOB MH(EKIIMH, YTO 00YCIOBUIO HEOOXOJAUMOCTh H3Y-
YEeHHUs] aBTOPaMU HOBBIX, COBPEMEHHBIX OCOOEHHOCTEH NpOSBIICHHS MPHUPOAHOro oyara OemeHcTBa B OMCKOI
00611. TTocTOSIHHO perucTpupyeMblie KOHTAKThl HACEJICHUS ¢ OCIIeHBIMH J)KUBOTHBIMHU, POCT 3a00JIEBAEMOCTH JI0-
MaIllHUX U CEeJIbCKOX 03SICTBEHHBIX )KUBOTHBIX 00YCIIOBIMBAIOT aKTYaJIbHOCTh MOHHTOPHHIA COBPEMEHHOMW DI~
JIEMUYECKON M AMU300TOJOrMYECKON CUTyaluu 1o pabuueckoil nHpekuun B OMCKOIM 0011., aHAIIU3 ee peruo-
HAJIbHOM 0COOEHHOCTH.

MaTepuajbl 1 METOIbI

B pabote oxapakrepuzoBanbl 3a00neBaHus Jroel OerreHcTBoM B OMckoit 001. B 19622021 rr. 1 ycraHOB-
JIeHBI 0COOCHHOCTH OOpalleHHsl HACEJIeHHs 3a aHTUPAOMYECKOH MOMOIIBIO NOCTIe KOHTAKTOB C JKUBOTHBIMHU 3a
2001-2020 rr., 3a607€BaEMOCTH YKHBOTHBLIX OEIIEHCTBOM M YHCICHHOCTH JMCHIEI M €HOTOBUIHON COOaKH 3a
20012021 rr.

Marepuaisl 1o 3a001€Ba€MOCTH JIFOJeH M )KUBOTHBIX OCIIEHCTBOM, CTATUCTHKA IIOKYCOB U INIOTHOCTB IIOITY-
JISIMH JIMCHUIIBI U €HOTOBUIHOW COOAKH 1O JaHHBIM 3UMHUX MapmpyTHeiX (3MY) U BeceHHe-JIETHUX Y4eTOB
nonyuensl B PocriorpebHaizope, Yrpaenenun Pocriorpednanzopa mo Omckoi obnactu, B [lenapramente Bete-
punapun, ®I'BY «llenTpe BerepuHapun» MUHHCTEPCTBA CEIBCKOro X03sicTBa Poccun, YmpasneHun BeTepu-
Hapuu 1o Omckori 001., ®I'BY «DenepaibHOM LEHTPE Pa3BHUTHS OXOTHUYLETO XO35HCTBa», MUHHUCTEPCTBE
NPUPOIHBIX pecypcoB U Konoruu OMcKoit 001

BbIsiBI€HBI 0COOCHHOCTH COBPEMEHHOT0 AIIM300THYECKOro Tpoiiecca B nepuoa 2001-2020 rr.

TepputopnanbHble 0COOCHHOCTH PACIIPOCTPAHEHUS SITU300TUI M IPOCTPAHCTBEHHO—BUA0BAs CTPYKTYpa HC-
TOYHUKOB MH(EKIIMH 0XapaKTePU30BaHbI TAKIKE 32 TPU BBIIEIEHHBIX SMTM300THYECKHX IIHKIIA!

e 20012009 rr. (427 cny4aeB OGELICHCTBA), UK XapaKTePU30BaJICs PE3KON aKTUBU3AIMEH SMH300THYEC-
ckoro nporecca ¢ 2001 r., MakcuMabHOH 3a001eBaeMOoCTh0 JKUBOTHBIX B 2007 1. (105 cimygaes);

e 20102014 rr. (173 cn.), moawem 3aboneBaemoctu Habmoaaics B 2010 r., (58 ciayuaes);

e 2015-2020 rr. (105 cn.), c moagpémom B 2015 1. (31 ciyuaii).

3a yKka3aHHBIC BpEMEHHbIE NIEPHOABI IPOAHANN3NPOBAaHA YHUCICHHOCTD JINCHUIBI U EHOTOBHIHOM co0aku — oc-
HOBHBIX pe3epBYyapHBIX X03s5ieB OemreHcTBa B OMCKO# 0071

OmnpeneneHsl HHAEKC SIH300THYHOCTY (OTHOIICHUE YHCIa HeOIArOMOMYYHBIX JIET K YUCITY JIET HaOITFOICHIS )
U MIIOTHOCTh UH(EKIUK (CPEeIHEro0BOE YUCIIO BhIABIEHHBIX cilydaeB Oemenctsa Ha 1000 kM?) Bo Beex paifo-
Hax Omckoit 00s. 3a 2001-2020 rr. Ha ocHOBaHMH KOMIIIEKCHOTO aHAJIH3a HKOIOr0-3MN300TONOIHIECKHUX TI0-
Kazarenel MpOBEAEHO COBPEMEHHOE SMMIAEMUONIOTHUECKOe PaHOHNPOBAaHNE M YCTAaHOBIICH PUCK 3a0oieBaeMo-
ctu OEIIEHCTBOM B pa3HBIX paifoHax OMcKkoit 001. PalioHIpoBaHre BHITOTHEHO HA OCHOBAHWH aBTOPCKOW METO-
IIVIKH, UCTIOIB3yeMOU TipH padoTe Ha TeppUTOpHH Kak Beeil Poccuiickoit @eneparnmn, Tak ¥ B OTAEITHHBIX PErHO-
Hax cTpaHbl ¢ 1994 r. B 0CHOBY METOAWKH TIONIOKEHO pAaHKHAPOBaHHE IMOKa3aTeNed pUCKa 3apaKeHUs JFOACH
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ruapodoOueit: HHIEKC AMU30MUYHOCTH, NIOTHOCTh MH(EKINH, HHTErPaJIbHBINA [TOKa3aTellb TUIOTHOCTH TIOIYJIs-
uui xuHUKoB [Ilonenryk u ap., 2019].

JlanmmadtHOE nenenne tepputopur OMCKo# 00671. npuBeaeHo 1o Atiacy ... [1999]. O6paborka TaHHBIX U
COCTaBJICHHE KapTOTpaMM MPOBEAEHHI C MCIIOIb30BaHUEM ITaKeTa CTATUCTUYECKOro MpOrpaMMHOr0 obecrede-
uus Microsoft Excel u QGIS Desktop 3.16.5. TeppuropuanbHoe pacrpesiefieHue cirydaeB OCIICHCTBa Y KHBOT-
HBIX [TOKa3aHO B BHJIE TEIUIOKAPT, XapaKTEPU3YIOIINX UX KOJIMYECTBO B 04are, ¥ COCTaBIICHHBIX ¢ TToMoIbio [10
SAunexc. Kaptel [bror ...]. Marepuans 00paboTansl craTucTideckumMu Merogamu [Jlakun, 1980].

Pe3yJ’[bTaTLI H UX oﬁcym)lelme

B Owmckoii 0611, ¢ 1962 mo 2020 rr. 66ut0 3adukcupoBano 10 ciydaeB OemieHcTBa y aroaei: B 1962, 1964,
1966 (3 ciyaas), 1974, 1975, 1980, 1998 u 2004 rr. Ot obmiepoccuiickoro mokazarens [Ilonemryk u ap., 2019]
3TO cocTaBUio 1.6%.

B mectu ciydasix oan 3apakaquch MpU KOHTaKTaxX C TUKUM JKUBOTHBIM (5 ymcun M 1 Kopcak), B TpEX — ¢
noMarrHuM (2 cobaku u 1 komika). OQWH UCTOUYHUK YCTAHOBJICH HE OBUI, BEPOSITHO, 3TO OBUIO CEIbCKOXO3sIii-
CTBEHHOE KMBOTHOE (CM. HHKe). Tpu ueroBeka 3apakaJiuch P CHATHH HIKYP.

Bce ymeprme ot GenieHcTBa — MYXKCKOrO T0JIa U3 CEJIbCKOW MECTHOCTH, B Bo3pacte oT 8 no 58 jer. Jlereit
tpoe (8, 13 u 15 nert). [IpuBUBKH OT OCNMIEHCTBA HUKOMY HE CTABMIIACH — 9 YENIOBEK 3a METUIIMHCKOW MTOMOIIBIO
He 00paIaNyrch, a OTHOMY YeJIOBEKY IPUBHBOK HE Ha3HAUMIIM, HECMOTPS Ha KOHTAKT C TUKUM >KUBOTHBIM.

[Mocnennuii cyyaii cMepTH yenoBeka ot OenieHcTBa B OMCKOi 0011, ObUT 3aperiucTpupoBaH B Hosiope 2004 1.
B 1. Kamuarka KpyruHCKOrOo p-Ha OBUT BBISBIIEH 3a00JIEBIIMIA — IIKOJIBHUK § JeT. ['ocnurann3upoBaH ¢ mnoao-
3peHHEM Ha KaTapalbHYIO aHTHHY, 3aTeM ocTpblii ractput. Ha 12-it nens 6one3nu (01.11.2004) pe6énok moruo,
NOCMEpTHAasl JIMarHOCTHKA YCTaHOBWJIA AMArHo3 ruapopoduu. KoHTakTa ¢ MOAO03PUTENbHBIMH JKHBOTHBIMHU B
aHaMHe3e He ObL10, ofHaKo B ceHTsi0pe 2004 r. B 1. Kamuarka Obl1 00BsIBIIEH KapaHTHH 10 OCIIEHCTBY oOliie-
CTBEHHOTr0 cTaja KpynHoro poraroro ckora (KPC). M3BecTHo, uTo morndmmii pe6EHOK moMoran poauTeNsM B
yxoze 3a KPC Ha nmogBopbe, 4To MOTJIO CTaTh MIPUYUHON WH(PHUIIUPOBAHHSL.

Crnydau TpaBMHUPOBAHHS YKUBOTHBIMH JIFOACH B 00acTu He peaku. B 2016—2020 rr. ot HamaaeHus OCIICHbIX
YKMBOTHBIX, C JJa00OPaTOPHO IMOATBEPKACHHBIM JHArHO30M, TIOCTPAIaliv U ObLIH BakIMHUpOBaHbl 203 uenoBeka.

EsxeromHo B o0acTyl 32 MEAUIMHCKON IIOMOIIBIO ITOCTIE OIACHBIX KOHTAKTOB C KMBOTHBIMH 00paIaioTcs OT
3952 o 5 386 nocrpanaBmux, uto cocrasnsger 300 yen. Ha 100 Thic. Hacenenus. U3 Hux oxono 37+6% cocras-
Js10T Aety 10 17 netr. HasHauenne Ha MMMYHONPO(MIAKTHKY B pasHble Tofsl nonydain ot 96 no 100% obpa-
tuBIIuxcs. Habmogaercs ymepeHHast TEHISHIUS K CHIDKEHHUIO YMciia TpaBMUpoBaHHbIX Jinil: ¢ 2009 no 2020 rr.
00palaeMocThb 1o MOBOLY YKYCOB M OCIIOHEHHH )KMBOTHBIMH cokpatiiack ¢ 270 1o 203 yen. na 100 Thic. Hace-
senus, Teq=—1.23%.

Benymias ponb B cTpyKkType oOpallieHHi 110 MOBOAY TPaBM, HAHECEHHBIX KMBOTHBIMH, MPUHAUICKUT MOTY-
YEeHHBIM OT JIOMAIIHUX BIIAJIENbYEeCKUX KUBOTHBIX — 6 7014802 oT 00miero 4yucia odparieHuii, YT0 COCTaBIIsAET
169 cmygaeB Ha 100 ThIC. Hacenenus. OTHAKO YAaCTOTa HAMAACHUN STUX KUBOTHBIX HA JIFOAEH BBIPAaKEHHO CHU-
x)aercd, Teo= —5.25%.

Bropoe mMecTo 1o uncity HaHeCEHHBIX TPaBM NMPHUHAIICKUT OpoasunM codakam u komkam — 30.3+5.5%, uro
cocrapisier 78 oOparenuii Ha 100 ThiC. HaceNeHUs] COOTBETCTBEHHO. DTH TI0Ka3aTelld yMEPEHHO PacTyT BO Bpe-
M Beero nmeprona Habmoaenus (Tnp= 1.97%).

HaumenbImii porieHT oOpalieHui TPUXOIUTCS Ha CIydan Hala/JIeH!il Ha YelloBeKa JIMKUX 3Bepeil U CHHaH-
TPOIHBIX TPBI3YHOB (2.7+1.6%, 7 cirydaeB Ha 100 TbIc. HaceJIeHUS), YTO COOTBETCTBYET OOIIEPOCCUIICKUM JlaH-
HBIM (2.5£1.5%, 6 uen. va 100 ThIC. HaceneHust) n AaHHBIM 1o Cubupckomy denepansHOMy OKpyry (2.2+1.4%,
5 gen. Ha 100 TeIc. Hacenenns) ([Toneuryk E.M. u ap., 2019). OxgHako, HECMOTpPs Ha HE3HAYUTEIHHBIA YICTbHBIH
BEC, 00paIaeMoCcTh TPaXKIaH 10 TOBOAY TPABM, HAHOCHMBIX AUKHUMH KUBOTHBIMH M CHHAHTPOITHBIMU TPBI3yHa-
Mmu, 3a 2009-2020 rr. Beipocna (Tp=5.29%) (puc. 1).

o pesynbratam aHaim3a 00paIaeMOCTH HAaceleHMsl CyObeKTOoB Poccru 3a MEIUIIMHCKON MOMOIIBIO MTOCIE
KOHTaKTOB € HBOTHBIMH 32 2013-2018 rr., ycraHOBIeHO, 9T0 OMCKast 0. SBISETCS PErMOHOM C Ype3BBIYaifHO
BBICOKHMM IIOKa3aTelIeM YHCIIa JIMI, MOCTPAJaBIINX OT AUKUX JKMBOTHBIX, & CPEIHET0IOBON ITOKa3aTeNlb 3a yKa-
3aHHBIe TOABI cocTaBmi 12 Ha 100 TeIc. Hacenenus [[lomemyk u ap., 2019]. Yamme Bcero obpamarommxcs 3a mo-
MOIIIBI0 OMHUYeH TpaBMHpoBasn Oenku (33.6+5.7%), Apyrue QuKWe ¥ CHHAHTPOMHbIE TPhI3yHBI (34.6+5.8%), a
taroke jucuipl (17.144.1%).

Ha ¢one BbimeonucanHON 3MUIEMHOIOIHIECKOA CHTYAIIMH, OCOOYIO OMACHOCTH IPEACTABIISET HAIlAICHHE
Ha JIFOJIC TUKUX XUBOTHBIX. Tak, B nekabpe 2020 r. B mocénke Kpacusrii Sp Jlroburckoro p-ma OMckoit o01.
OemeHas MUcHIa YKycria 3a mEKy 14-1eTHIo MmKOoIbHUIY. JleBoduka momydrmina HeoOXOauMyro aHThpadude-
ckyto omomb [CaBkuna, [Tonemyk, Cunopos, 2021].

3a 1962-2020 rT. cpemHee MHOTOJIETHEE KOMMIECTBO CITydaeB OCIICHCTBA Y )KUBOTHBIX B OMCKO# obnacTu
coctaBmino 37.3+63.7, unu 1.2% or Bceit 3a0oneBaemMocTr xkMBOTHBIX B Poccnu [[lonemyk u ap., 2019] (puc. 2).
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Puc. 1. O6parmaemocts xwureneir OMCKO# 00J1. 32 OMOIIBIO MOCIe KOHTAKTOB CO BCEMHU BHIAMH JKHUBOT-
HBIX U C JUKUMHM >kUBOTHBEIMU B 20092020 rr.

Ocu opAMHAT OTpaXKaroT KOIMIecTBO YenoBek Ha 100 ThIc. HaceeHusI, OOPaTHBIIMXCS 32 MEIUIUHCKOH OMOIIBIO
TI0CIIe KOHTAKTOB CO BCEMH YKUBOTHBIMH (JIEBast OCh OPAMHAT) U ITOCNIe KOHTAKTOB C TMKUMH JKHBOTHBIMH (TIpaBast OCh)

[Applicability of residents of the Omsk region for help after contact with all animals and with wild ani-
mals in 2009-2020, per 100 thous. population.

The ordinate axes reflect the number of people per 100,000 population seeking medical care after contact with all an-
imals (left axis) and after contact with wild animals (right axis)]
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Puc. 2. Jlunamuka 3a00eBaHuUi )KUBOTHEIX OemeHcTBoM B OMcKoii 0611, B 1962-2020 rr. (abc.)
[Dynamics of animal diseases with rabies in the Omsk region in 1962-2020, (abs.)]

MHoroneTHuil aHaIW3 CTATHCTUKH 3a00JEBaHUI >KMBOTHBIX J1all BOSMOXXHOCTH BBIIENUTH TPU IKOJIOTO-
snm3ooTrdeckux nepuona: 1962—-1990 rr.; 1991-2000 rr.; 2001-2020 rr. (puc. 2). Hmke aHaTm3upyroTcs oco-
6enHoCcTH coBpeMeHHOro reprona 2001-2020 rr.

[ocne meprona OTHOCUTENEHOTO Oaronoay4ns 1mo OemeHcTBy B 1990-¢ IT., CBI3aHHOTO C TIEPEpOMBICIIOM
TVKUX XHUITHAKOB, 3apukcupoBarHHOro Bo Beeit Poccru [[Tonmemyk, Cumopos, 2010; Cunopos, Tonemyk, Cumo-
posa, 2019], aktuBHOCTS 31II300THI ¢ 2001 T. pe3ko Bo3pocia. Beero 3a 2001-2020 rr. ObUTO 3apeTHCTPHPOBa-
HO 705 Oemenprx kuBOTHBIX. C Hawama XXI| B. mompeMbl 3a00eBaHA )KUBOTHBIX OoTMedann depe3 1-3 roxa.
Exeromgno peructpupoBanu ot 7 no 105 crydaeB. B cpennem 35.2+5.9 cirygaeB, 9TO CTAaTHCTUYECKH COOTBET-
CTBOBAJIO YPOBHIO CPEIHEMHOTOJIETHETO TIoKazatesst 3a 1962-2020 rr. (37.3+5.3 cin.) (t =0.97, p > 0.05).

313



Amnanus 3a6oneBanuid )KUBOTHBIX 32 2001—2020 TT. MO3BOIMIT BEICIHUTE TPU SKOJIOTO-3TIH300THICCKHX ITHK-
ma: 2001-2009 rr., 2010-2014 rr., 2015-2020 1T. (pHc. 3). [TepBbIif TUKIT XapaKTepH3yeTcs: HAHOOIBIINM SIIH-
300THYECKUM HEOIarononydyueM. B Kakaplii MOCIeqyIOMNK 3MU300THYECKUH UK Ha TeppuToprn OMCKOM
o0J1acT OTMEYaIH yMeHbIIeHHe KoiaudecTBa OemeHblx ®HUBOTHBIX. C 2001 mo 2009 rr. 3TO YMCIO COCTaBHIIO
427 ocobeii (B cpennem 47.4+7.9 xxuBotHBIX), ¢ 2010 o 2014 rr. — 173 (B cpennem 34.6+9.0), ¢ 2015 mo 2020
rr. — 105 (B cpennem 17.5£3.9). Paznuuust cratucriuyecku HepocroBepusl, t = 0.35, p > 0.05.
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Puc. 3. Hucino 3aperucTpupoBaHHbIX CITydacB OelieHCTBA )UBOTHBIX B OMckoii obnactu B 2001-2020 1. (abc.)
[The number of registered cases of animal rabies in the Omsk region in 2001-2020, (abs.)]

CpeHeMHOTrOJIETHHUH MOKa3aTelb 3a00JIEBIUX HKUBOTHBIX, BbIsIBICHHBIH B 2001-2009 rr., npesbiiian cpen-
HEMHOrosieTHHE mokaszarenu 3a 1962-2020 u 2001-2020 rr. B 1.2 u 1.4 pa3a coorBercTBeHHO. CpeqHee 4nciio
©KETOTHO BBIABIIEMBIX OCIIeHbIX )KUBOTHBIX B 20102014 IT. COOTBETCTBOBAJIO IIOKA3aTENAM 32 MHOTOJIECTHHUE
nepuoas! 1962-2020 u 2001-2020 rr., HO yMeHbIIWIOCH B 1.4 pa3a otHocutensHo 2001-2009 rr. B nocneanue
5 5eT exerofHo peructpupoBaiiv o 17.5+£3.9 GoNbHBIX KUBOTHBIX, YTO B 2.2 U B 2.0 pa3 MeHbllIe, 4eM B MHO-
roneruue nepuoasl 1962-2020 rr. u 2001-2020 rr., a Takxe B 2.8 pa3 menbiie, yem B 2001-2009 rr. B 2021 r.
B OMcKo#i 00:1. BbIsBIEHO 30 OmEeHbIX )KUBOTHBIX.

KomnnuecTBo OemICHBIX >KUBOTHBIX B T'OABI MAaKCHMAJIBHOW HANPsDKEHHOCTH SMU300THYECKOro Ipolecca
(2007; 2010; 2015) u3 pa3a B pa3 cokpamranock B 1.8—1.9 pa3.

[Mocne 2008 r. Ha TeppuTopun OMCKO# 00:1., KaK ¥ 1o Beei Poccuu, HaOM0AaI0Ch yaydIlieHue SIU300THYe-
ckoii cutyanuu. 3a Bech niepuoj 2001-2020 rr. B perroHe HaOII0IaIN CHIDKEHUE YHCIIa 3200JIeBIINX HKUBOTHBIX
(Tew= —5.94%). Takas ocoOeHHOCTH XapakTepHa i Bcel Teppuropun Poccun [Ilonemyk u ap., 2019]. Koad-
(GUIEHT KOPPETALIMN MEXIY KOJTHYECTBOM CIIydaeB OCIICHCTBA )KUBOTHBIX, 3apeTHCTPUPOBAHHBIX Ha TEPPHUTO-
puu Poccun u B Omckoii 00:1., cocrasisut 0.6 (p<0.05), 4To CBHIETENHCTBOBAJIO O 3aMETHON KOPPEJISIIMOHHOMN
CBSI3U U NOJATBEPIKIAJI0 OTMEYCHHOE PAaHEe CXOACTBO AMHAMUKH 3INU300TUH B IPUPOIHBIX oyarax OMcKoi o0um.
u Poccru B nienom [Cuzmopos u ap., 2014].

C 1962 r. no xonma XX B. snu300THH OemreHcTBa B OMCKO# 00J1. 0OBIYHO HAYMHAINCH B FOKHBIX M FOTO-
BOCTOYHBIX paliOHaX CTEIH M F0)KHOM JIECOTENH. 3aTeM BOJIHBI 3ITM300THI MPOABUTAINCH B CEBEPHOM HaIpaBIIe-
HUH B 30HBI IIEHTPATHHON U CEBEPHOM JIECOCTEITH, a TAKKE K OCHHOBO-0epE30BBIM JiecaM | MoATaire. 1o OBLIO
CBSI3aHO C MHUTPAIMIMHI OCHOBHBIX IMPHUPOJHBIX XO35I€B BUpYca JIMCUIBI M KOpcaka. DMM300THYECKOe HeOmaro-
MIOTyYHe B IIEHTPAIHHON U CEBEPHO-IECOCTETHOM 30He HaOII0Ianoch yepes 2—7 Jer, B cpenHeM uepes 3.5 rona
U CMEHSJIOCHh CTaOMIM3alMel CUTyalluu. 3aTeéM paclpOCTPaHEHHE 3MU300THH C I0Ta Ha CEBEP MOBTOPSAIOCH.
EnuHudnsie cirydan OemIeHCTBa CIIOpaANYEeCKH PETUCTPUPOBAIN B TIOA30HAX MOATAUTH U F0XKHOH Tairu [PriOak,
Cunopos, Ky3emun, 1992].

B nauvane XXI B. TeppUTOpHAIEHOE pacIpOCTpaHEHNE dNH300THIl B OMCKOW 00II. m3MeHmI0ch. CoBpeMeH-
HOE€ TEPPUTOPHAIFHOE PACIPEACICHHE CIydacB OCIIEHCTBA, 3aPETMCTPUPOBAHHBIX B AMN300THUECKUX OYarax,
n300pakeHo Ha TeriokapTax (puc. 4).

Huxr 2001-2009 rr. oTiMyaeTcs aKTUBH3aNWeH, He HAOM01aeMol paHee, CTOMKHAX MPHUPOIHBIX OYaroB Ha
TEPPUTOPUH CEBEPHOMN JiecocTenn obmacT. 3ech mocie MHOroneTHero Omaromonyqaus B 1990-e rr. OemencTso
HaydaJn eKETOAHO PETUCTPUPOBATh Ha TeppUTOpHH bompmepedeHckoro 1 MypoMiieBckoro p-HoB. Takum o0Opa-
30M, gepe3 40 JeT mocine Havaia IpUpOIHON IMHU300THH BIIEPBBIE OBIIO 3a(DUKCHPOBAHO YKOPEHEHHE TIPUPOI-
HOT'O oyara Ha TEppUTOPHHU CeBepHOH Jecoctenn OMcKoi 0011 (puc. 4, a).
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Puc. 4. TepputopuaiibHoe pacnpeneieHue caydacB OCICHCTBA KUBOTHBIX, 3aPEIUCTPUPOBAHHBIX B 3ITH-
300THUecKuX ouarax OmMckoit obmactu B mepuons 2001-2009, 2010-2014, 2015-2020 rr., (abc.).
Homepamu ykazaHbl MyHUIIMIIATbHBIE paiioHbI obmactu: 1 — 1. Omck; 2 — [MaBnorpaxackuii; 3 — Pyccko-TlonsHckuii; 4
— Mypomuesckuii; 5 — Kanaunnckuit; 6 — Onecckuit; 7 — CenenbHUKOBCKUM; 8 — ['opbkoBckuit; 9 — VIcHIbKYIbCKHIA;
10 — Verp-Unmmcknii; 11 — Omcknit; 12 — Yepiakckuit; 13 — Bonsmiepedenckuit; 14 — Tapekuid; 15 — HmkHeoM-
ckuid; 16 — OxoHemrHUKOBCKHH; 17 — MapbsHoBckuid; 18 — AzoBcknit; 19 -Kpyruncknii; 20 — 3namencknit; 21 — Ta-
Bprudecknii; 22 — Caprarckuit; 23 — Kopmunosckwit; 24 — Konocoscknif; 25 — MockaneHckuii; 26 — Ionrascknit; 27
— JIroOunckuii; 28 — HaspiBaeBckuit; 29 — TeBpusckuii; 30 — bonbimeykoBckuit; 31 — Trokanuucknit; 32 — [lepOa-
Kynbcknif; 33 — HoBoBapmasckuii

[Territorial distribution of animal rabies cases registered in the epizootic foci of the Omsk region in the
periods 2001-2009, 2010-2014, 2015-2020, (abs.).
The numbers indicate the municipal districts of the region: 1 - Omsk; 2 - Pavlogradsky; 3 - Russko-Polyansky; 4 -
Muromtsevsky; 5 - Kalachinsky; 6 - Odessky; 7 - Sedelnikovsky; 8 - Gorkovsky; 9 - Isilkulsky; 10 - Ust-Ishimsky;
11 - Omsky; 12 - Cherlaksky; 13 - Bolsherechensky; 14 - Tarsky; 15 - Nizhneomsky; 16 - Okoneshnikovsky; 17 -
Maryanovsky; 18 - Azovsky; 19 - Krutinsky; 20 - Znamensky; 21 - Tavrichesky; 22 - Sargatsky; 23 - Kormilovsky;
24 - Kolosovsky; 25 - Moskalensky; 26 - Poltavsky; 27 - Lyubinsky; 28 - Nazyvaevsky; 29 - Tevrizsky; 30 - Bol-
sheukovsky; 31 - Tyukalinsky; 32 - Shcherbakulsky; 33 - Novovarshavsky]

Panee, Ha nporsoxenun 1960-1990-x rr., CTOMKMX 04aroB MH(GEKIMHA HA TEPPUTOPHU CEBEPHOM JIECOCTEIH
HE BBIBIISUIN, @ PETUCTPUPOBAIIN TOJIBKO CIOpaIMYecKHe Cy4ad 3aH0Ca HH(EKIMH TT0CIe aKTUBU3ALUHN SITH30-
ortuit Ha tore obnactu. Takue KpaTKOBpEMEHHBIE BCIBIIIKKA OTMe4ain B MypoMiieBckoM p-ue B 1972—1973 rr.
(15 u 11 cayuaeB), B bonpmepeuerckom p-ue B 1988 r. (10 caydaeB). OHu coBnajamyu ¢ akTHBHOCTBIO 3ITH300-
TH B I0)KHO-JIECOCTEITHBIX U CTEITHBIX PaiioHaX 0OJIACTH.

B nepsrie 9 ner ¢ nadana XXI| B. B bonbiiepedeHCKOM p-HE B CpPEeHEM €KETOJHO PETUCTPUPOBAIH 7 CiIyda-
eB OeleHcTBa y ®HUBOTHBIX (0T 2 10 15), B Mypomuesckom — 4 (ot 1 mo 15) (puc. 4, a). B 2001-2009 rr. B
BorpmiepeuerckoM 1 MypoMIIEBCKOM p-Hax BBIBIIIN 66 1 35 OOJNBHBIX KMBOTHBIX COOTBETCTBEHHO, YTO COCTA-
BUIIO 25% OT Bcex ciydaeB OelIEHCTBA, 3apErHCTPUPOBAHHBIX B O0JIACTH.

B ceBepHoii necocTenu Taxke cTand (GUKCHPOBATH MOYTH €KETOIHYI0 aKTUBHOCTH SMH300THH B TrOKamnH-
ckoM (ot | mo 7 cnyqaeB) u KomocoBckom p-Hax (ot 1 10 4 caydaeB). Ha 3Tux TeppUTOpHSIX B CPEIHEM BBISBIISI-
71 10 2 OeIlIeHBIX KUBOTHBIX B TONl. Beero B ykazaHHBIN mepuos 3/1eCh ycTaHOBWIN MHUIUpoBanue 17 u 16
JKHBOTHBIX COOTBETCTBEHHO (pHcC. 4, a). Jlo Hadana XXI B. B 3THX paiioHaX (PUKCHPOBAIU TOIBKO PEIKUE CIIydau
OeIeHCTBa, 3aHOCHMBIE C Fora 00JIacTH.

AKTHBH3aLs SMH300THYECKOT0 Tpoliecca B IXKHBIX M IIEHTPAJIBHBIX paiioHax 00JacTH BCET/a CIIOCOOCTBO-
BaJla PacIpOCTPaHEHHIO HEOIATrONOoNy4dHs HA OTJCIbHBIE TEPPUTOPUH JIECHOW 30HBL, TA€ BCHBIIIKH HPOITOIDKa-
Jck He 6onee 1-2 JeT, HO CONpOBOXKIAMNCH BBISBICHHEM 3HAYNTENBHOTO YHCIa HHPHUIIUPOBAHHBIX )KUBOTHBIX.
Tak, B mepuon mombema 3mu300THA B 1972-1973 rr., B 3HAMEHCKOM p-HE BBISBIUIA 14 OEIIeHBIX JKUBOTHBIX
(1972 r.), B bonpmeykoBckoMm — 10 1 5 (1972 u 1973 rr.), B CenenpHuKOBCKOM — 8 (1973 1.).

B npyrux ceBepHBIX JecHBIX paiioHax obmactu B 2001-2009 rr. GemeHcTBO HeperysIpHO PETUCTPUPOBAIH B
BompmeykoBckom (1-2 ciaydast B rox), Tapckom (1-6), 3namerckom (1-2) u CenenpankoBckoM (1 ciydgait) p-
HaX. B cpexHem 3a ykazaHHBIN TIEPHOA HA TEPPUTOPUAX ITUX PaiioHOB BBIABILUTH OT 0.1 1o 1 uHUIIIpOBaHHOTO
YKUBOTHOT'O €KEromHo (puc. 4, a). Panee B 3THX JIECHBIX paliOHAX OeleHbIe JKUBOTHRIC 00HAPYKUBAIHCH KpaliHe
penKo, HalpuMep, B TOIBI PA3IUTHIX w300t (1972—-1973 ., puc. 2).
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B roxxHO-necoctenubix paiioHax (TaBpudeckuit, Onecckuii, Yepnakckuii, OkoHEeNTHUKOBCKUH, KopMuios-
CKHif) 1 paiioHax neHTpainbHOl necocrenn (HaspiBaeBckuii, JlroOunckuii, Kamaunuckuit) B 2001-2009 rr. exe-
rozHo peructpupoBaiy 1o 2-3 (ot 1 10 9) u 2—4 (ot 1 no 10) cirydas GemeHcTBa COOTBETCTBEHHO (puc. 4, a).

[Tocne 4aCTHUYHOTO «BBITOPAHMSD) CTOHKHUX 04aroB paOMuecKoil HHPEKIMH B CeBEPHOH JIeCOCTENH, Habto1a-
eMbIxX Ha npotsbkenun 9 net (B 2001-2009 rr.), k 2010-2014 rr. HaNpsHKEHHOCTH AMU300THYECKOT0 MPoIiecca B
1enoM B obmactu cHu3mWiIachk (puc. 4, 6, B). HeOmaromnony4ne coxpaHsioch TOJIBKO Ha OTIENIBHBIX TEPPUTOPUIX
crenu (Onecckuii p-H), HeHTpanbHOH Jecoctenu (HmwkHeoMckuii p-H) 1 B OCHHOBO-0ep&30BbIX Jiecax bomblre-
peuenckoro u Tapckoro p-uHoB. HenpepbiBHO Ha npoTsbkeHnH 40 JieT HeOIaromnoayIHbIM OCTaBaJIC [EHTPaNb-
Ho-JecocTenHoli HaspiBaeBckwmii p-H (puc. 4, 0).

B nepuoxn 2010-2014 rr. B bonbmepedeHckoM 1 MypOMIIEBCKOM p-HaX B CPEJHEM €XKETOJHO BBISBIISIIM 3 U
2 ciy4ast O€IeHCTBa Y )KUBOTHBIX COOTBETCTBEHHO.

B 2015-2020 rr., Ha 3TUX TEPPUTOPHSIX HMPOJODKAIN PETHCTPUPOBATh EIUHNYHBIE — 2 U 1 ciaydan OemieH-
CTBAa Y KMBOTHBIX. BEIIEHCTBO Y )KUBOTHBIX Ha TeppUTOpUH BolbiiepedeHcKoro p-Ha 00HapYKUBAIIN €KETOTHO
B TedeHue 2001-2020 rr.

Ha teppuropuu xe coceanero ¢ HuM MypomiieBckoro p-Ha nocie 2012 r. uHGUIMpOBaHHbBIE )KUBOTHBIE pe-
THCTPUPOBAJINCH TONBKO cropaaudeckd. CTOMKMN NMPUPOIHBIA OYar, MpOSBISIOMMI aKTUBHOCTh B CEBEPHOM
necocreny Ha npotsokenun 11 ner, HaunHas ¢ 2012 r., cran 3aTyxats (puc. 3, 4).

B necnoti 30He B 2010-2014 rr. HeGnaromnoiayune oTMe4anud B 3HAMEHCKOM p-HE, TA€ B CPETHEM pErHCTpH-
poBai 1o 4 citydast OCIICHBIX KUBOTHBIX B rof. OmHako ¢ 2015 mo 2020 rr. 3a00neBaHus )KUBOTHBIX 37I€Ch HE
BeLBISLTH (Puc. 4, 0, B).

Campble ceBepHbIe TaéxHbIe palloHbl 00nacTi — Y cTb-UmmmMckuit 1 TeBpu3ckuid, pacronokeHHbIe B TIOI30HE
I0)KHOM Talry, ObLIM OTHOCUTENBHO OJIaromoiy4Hbl Ha MPOTSDKEHNH Beero neprona 1962—1920 rr. B atux paid-
OHax B OTACJIbHBIC I'OAbI PErUCTPHUPOBATIN CAMHUYHBIC 336OHCB3HI/I${ JKHUBOTHBIX. }ll/lHaMI/IKa BBISIBJICHHUA 6CI]_ICH-
ctBa B TeBpH3CKOM p-HE MpECTaBisieT UHTepeC IS JallbHEeHIero HadmoneHus. B 9ToM, TpaauiuoHHo Onaro-
HOJIyYHOM, palioHe 3aperucTpupoBain 2 ciiydast OemreHcTBa KUBOTHBIX B 2010-2014 rr. u 3 cnywas — B 2015—
2020 rr. 3nech ke OTMEYeHa caMasi CeBepHasi TOYKa perucTpaniy MHQEKIun y »UBOTHBIX B OMcKoi 001., —
57°34°29’c.m. (C. YT1bMa TeBpusckoro p-Ha, 2019 r., omams).

B 2015-2020 rr. 3a0oneBaHusl )KUBOTHBIX B OCHOBHOM NPHXOAMINCH Ha paiioHbI LIeHTpalibHO# (1—4 ciydas
B rof), 1oxkHOH necocrenu (1-3 ciaydas) u crenu (1-2 cimyuas). 3a 6-neTHuil nepuoa HaOIOAeHUN HauOoIIbIIee
4yuCIo 3a00J1eBaHUI KUBOTHBIX YCTAHOBWJIM B IIeHTpasibHO-JiecocTenHbix CaprarckoMm (12) u Jlro6uHckoM (6
clIydaeB) p-HaX, IokHO-necocTenHbix Kamaumnckom (7), Omckom (7) u MappsiHOBCKOM (5 ciydaeB) p-Hax, B
crentHoM OpnecckoMm p-He (7 cirydaes).

Ilo HameMy MHEHHIO, MOSBJICHHE CTOMKHX O4aroB OCLIEHCTBA B CEBEPHBIX paliOoHaX o0JacTH MOIJIO OBITH
CBSI3aHO C U3MEHEHHEM BU/IOBOM CTPYKTYpBI AUKUX XUIIHUKOB, MOAJEP)KUBAIOIINX LIUPKYISAIHIO BUPYCa B IIPHU-
poZe U 3apakarolUX JOMAIIHUX U CEIbCKOXO03SHCTBEHHBIX KMBOTHBIX. AHAIN3 BUIOBOW CTPYKTYpBI 3TUX pe-
3epByapHBIX X035€B PAONUECKOr0 BO30YANUTENS BBIBUII CICAYIOLINE OCOOCHHOCTH.

B 1960-x rr. XX B. y IUKUX )HUBOTHBIX B OMCKOW OOJI. pErMCTpHPOBAIIN eUHUYHbIC Cilydan OemieHcTa. C
1972 r. oTMeuanu pocT 3a00JIeBaeMOCTH JAUKUX TUIOTOAAHBIX. B 1ienom 3a 1960—1980-e rr. monst mukux B o0mIeit
CTPYKTYPE BBIABICHHBIX HH(QHIMPOBAHHBIX KUBOTHBIX cocTaBisiia 21.6%, nomamuux — 15.0%, cenbckoxo3sii-
cTBeHHBIX — 58.9%. B 1990-¢ rT. ynenbHbI BeC TUKUX KUBOTHBIX yBenHumics 1o 46.7%. JlomamiHnue u cenb-
CKOXO35IICTBEHHBIE )KUBOTHBIE B 3TOT IepHOJ cocTaBuin 1o 26.7% [Cunoposa, 2009]. B 2001-2020 rr. pons
JMKUX SKUBOTHBIX B SMIM300THAX O€IIeHCTBA BhIpocia 10 61.6%. [l foMamHuX 1 ceIbCKOX03SHCTBEHHBIX KU~
BOTHBIX JTOT ITOKa3aTeab CHU3MICS 10 19.6 1 18.9% cooTBETCTBEHHO.

W3 nukux >KUBOTHBIX OCHOBHBIM PACIPOCTPaHUTENIEM paOHYecKoro Bo30yauTens sBisercs Jucuna. B cremn-
HBIX paifoHax K HeW J00aBiseTcss KOpCaK, aKTHBHO BOBJIEKASICh B IMPKY/SIIUIO BUpYca BO BpeMsl IIObeMa SIIH-
3ootuit [Cumopos, 1995; Ionemyk, 2005; Manbkos, ['pubanosa, 1979]. B mepron 2001-2020 rr. poib TUCHITBI
B CTPYKTYype 3a00JIeBaHuUi )KUBOTHBIX OBLTa MEPBOCTENICHHA, HO HEOJJUHAKOBA B BBHIJEIICHHBIE IEPHOBI (pHC. 5).

3nagenne Toro Buaa ¢ 60.0% B mepBHIi HKOIOT0-3MU300THIECKUH TTEPHUOl CHU3WIOCH A0 34.6% B TpeTuil.
[Iponsonuo 310 Ha GoHE YBETUUCHHUS YIEIBHOTO Beca ciaydaeB OemieHcTBa y cobak (¢ 12.1 mo 25.0%), komek
(2.6 mo 7.7%) u xpymHoro poratoro ckora (¢ 12.3 no 21.2%) (puc. 5). Ilpu 5ToM B nukoit payne OMcKo# 00
TIOSIBUJICSI HOBBIM pe3epBYapHBIN X03A1MH BUpYyca — EHOTOBHIHAsA coOaKa.

EnoroBunnas cobaka mo koHma XX B. B OMckoii 00i1. He oburana. VIcXomHBIH HCTOPHYECKIA apean obura-
HUSI €HOTOBHUIHOM COOAKH MPUXOAWICS TOIBKO Ha BOCTOK M IOT0-BOCTOK A3uH, omHAKo ¢ 1929 mo 1955 rr. €€ ¢
LIeNTbI0 00OTAIeHN OXOTHHYBEH (hayHBI CTpaHbl paccemuiu B 150 aIMHUHHCTPATHBHBIX paioHaX OBIBIIETO
CCCP, B ToM uucie B eBpoIeiickoit yacTu coBpeMerHoi Poccun. [lociie aToro Hagamoce caMoCTOsSTETFHOE pac-
CelieHNe XWITHMKA Ha 3amaj BIUIOTh 10 Jla-MaHmma u B BOCTOYHOM HanpaBieHUH 3a Ypan u B 3ananayo Cu-
oups. [lepefina Ypain, enoroBunHas codaka gomuia B 1975 r. mo Kypranckoii, a B 1980 r. no TromeHckoii 061. B
1994 r. xumrHUKa BriepBble 0OHApY W B OMCKoi 001. B mepByro ouepenp 3BEph 3acCeNnil TEPPUTOPUH IICH-
TpaJbHON M CEBEPHOH JIECOCTENHN 00IAaCTH, HAa KOTOPBIX Cpa3y aKTUBH3HPOBAIICS SMHM300THUYECKUI mpomecc Oe-
meHcTBa [Cunopos u 1p., 2009] (puc. 4, 7).
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Puc. 5. Y ienbHBIHM Bec pa3HBIX BUIOB U IPYII YKUBOTHBIX B 3a001€BaeMOCTH OEIIEHCTBOM Ha Tepputopun OM-
ckoit 0071. B 2001-2020 1T, %

[The share of different species and groups of animals in the incidence of rabies in the Omsk region in
2001-2020, %]

BrepBrie OeleHCTBO Y €HOTOBUAHBIX cobak B OMcKoit 00:1. 6bu10 BhIsIBIIEHO B 2004 T. B MypOMIIEBCKOM p-
He [[Tonemryk, 2005]. Ha npotsbkenun XX B. ynenbHbI BeC STOro XMBOTHOTO B CTPYKType 3a001eBaeMOCTH
BoIpoc ¢ 0.7 10 2.9% (puc. 5). B 2001-2009 rr. GemIeHCTBO SHOTOBUAHBIX COOAK PErHCTPUPOBAIOCH Ha TEPPU-
TOPHSIX HAUOOJIBIIEr0 3MU300THUECKOro Hebnaromnony4uus (puc. 4, a) B bonpliepeueHckoM 1 MypOMIIEBCKOM,
HaspiBaeBckom 1 CapraTtckom p-Hax.

C 2000 r. u o HacToslIIiee BpeMsi eHOTOBU/IHAS co0aKa, Hapsily C JIMCHIIEH, Ha TeppuTopuu Poccun siBisercs
OJTHMM M3 OCHOBHBIX MCTOYHHMKOB MH(ekuuu [[lonemyk u ap., 2019; Cunopos, [Tonemyk, Cunoposa, 2019;
[oneuryk, Cunopos, 2020]. B 2017-2020 rr. YUCIEHHOCTD KUBOTHOI'O YBENIUYMIach B 3—5 pa3 (puc. 6). Apean
XHIIHKMKA PACIIUPHIICS B CEBEPHOM, BOCTOUHOM U FOXKHOM HalpaBieHusx (puc. 7).

THIC
ooodedd
12
10,2
10
8
[i]
4
2
0
T, TR = A R G T T T - L T - )
oy W r r v " s L, o -
S FEFE S TS S S
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Puc. 6. V3meHeHue aGCOMIOTHOM YMCIIEHHOCTH €HOTOBMIHOM cobaku v jmcHiisl B 2001-2020 rr. (Thic. 0cobei)
[Change in the absolute number of raccoon dogs and foxes in 2001-2020 (thous. ind.)]
C 2001 mo 2020 rr. abcomroTHasT YUCTICHHOCTh CHOTOBUAHOM cobaku B obmact Bepocia ¢ 0.8 mo 7.7 ThIC.
ocobeit. B 2012-2014 rr. B cpeaneM exxeronHo yauTsiBaiu 1.8 Teicsta ocobeit xuBoTHOTO B rox (0.14 ocobeit Ha

10 KMZ), B 2015-2020 rr. — 6.5 ThiC. 0cobeii B rox wiu 0.52 ocobu ra 10 kM2, MakcuMmasbHasi YHCICHHOCTD ObI-
na 3aduxcuposana B 2018 r. u gocturna 10.2 Teic. ocobeii (0.81 ocobeit Ha 10 km?). HecMOoTpst Ha OTCYTCTBUE
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YYETHBIX JaHHBIX O IMOTOJIOBhe eHOTOBHIHOM cobaku B 2007 u 2010 rr. (puc. 6), O4EBHICH TPEHI HAa KOIHYE-
CTBEHHBIH PUPOCT 3TOr0 KUBOTHOTO (Typ = 14.91%).
JluHamMuKa TeppUTOPHAIILHOTO pacIpe/ieieH!si eHOTOBUAHOM coOaKH ¥ JIMCHIIBI B pa3HBIX paiioHax o0iacTu

B aHAJIU3UPYEMbIE MU300THIECKUE IUKIIBI MPECTaBIEHa HAa KAPTOrpaMMaxX OTHOCHUTEIBHON YHUCICHHOCTH STHX
XUITHUKOB (puc. 7, 8).

2012-2014 2015 - 2020
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a) 3 6) SRS
oueHb Hu3Kas — 10 10,0 nuskas — 10,1 - 20,0 cpennsis — 20,1 — 35,0 Bbicokas — 35,1 — 55,0 O4YeHb BbICOKas — 55,1 u >
[very low — up to 10] [low—-10,1 - 20,0]

[medium - 20,1 - 35,0] [high — 35,1 — 55,0] [very high — 55,1 and more]

Puc. 7. OTHOCHTENBbHAS YKCIEHHOCTh EHOTOBHHOW co0aku B paiioHax Omckoi 00:1. B 2012-2014 u
2015-2020 rr. (ocobeit na 1000 km?).
Homepamu ykazaHbl MyHUIMIIATBHBIE paiiOHBI 00IaCTH KaK Ha puc. 4
[The relative abundance of the raccoon dog in the districts of the Omsk region in 2012-2014 and 2015-
2020 (ind. per 1000 sq. km).
The numbers indicate the municipal districts of the region as puc. 4]

2010 - 2014 2015 - 2020

[ ] |
OYeHb HU3Kas — 10 25,0 uuskas — 25,1 — 40,0 cpennsis — 40,1 — 70,0 BoIcokast — 70,1 — 100,0 oueHb Bbicokas — 100,1 u >
[very low — up to 25,0] [low — 25,1 — 40,0]

[medium — 40,1 - 70,0] [high — 70,1 — 100,0] [very high — 100,1 and more]
Puc. 8. OtHOCcHTEIbHAS YUCTICHHOCTD JIMCHIIBI B paifoHax Omckoii 06i1. B 2001-2009, 2010-2014, 2015—
2020 rr. (ocobeit Ha 1000 km?).
Homepamu yka3zaHbl MyHUIMIATbHBIE PAHOHBI 00IaCTH KaK Ha puc. 4
[The relative abundance of the fox in the districts of the Omsk region in 2001-2009, 2010-2014 and 2015-
2020 (ind. per 1000 sqg. km).

The numbers indicate the municipal districts of the region as puc. 4]
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EHoToBHIHAs cOOaka aKTHBHO paccelsieTcsi 0 TEPPUTOPUH 00IACTH, TUTOTHOCTD €€ MOMYJISIINK BO3PACTaeT.
C 2012 r. Hayancs yJdeT YHCICHHOCTH CHOTOBUIHON cobaku B Kax oM paiione Omckoit o6, K 2020 r. xumHuK
3aceNTIT TIPAKTUYECKN BCIO 00J1acTh, JOCTUTHYB YHCIEHHOCTH 8.7 ThIC. ocodeil. MakcumalbHasl IIIOTHOCTD €ro
nomynsumii (1.1-2.3 ocobeii Ha 10 kM?) B 5ToM rojy ouenuBanach B Konocopckom, Bombmepedenckom, 3Ha-
MeHckoM, CaprarckoM, TrokamuackoM, OmckoM, JIroOuHckoM, KpyTHHCKOM p-HaX, a Takke BonbieykoBckoM,
HaswiBaeBckoM, Kanaunnckom p-Hax, rae yamu 0.7-0.9 ocobeit Ha 10 kM2 B cpeaiHeM Ha TeppuTOpHH 00J1aCTH B
2020 T. TWIOTHOCTH TIOMYJISIMU EHOTOBH/IHOM cobaku cocTabisna 0.67 ocobeit Ha 10 km2. B 2021 r. abconoTHas
YHCJICHHOCTh XUIIHUKA B 00JIACTH OCTaBaIach, Kak u B 2020 T., Ha BEICOKOM ypoBHE — 8.4 TBIC. 0CO0ECiH.

Uucnennocts aucuisl B 2001-2020 rr. ocTaBasnach B COCTOSIHUM T'OME0CTa3a, INIOTHOCTh €€ MOMYJIALUN 13-
MeHsIach B npenenax 0.3—0.7 ocobeit Ha 10 xM?, B cpeaneM cocTapiss 0.48 ocobeit Ha 10 kM2, B HEKOTOPBIX
paifoHax JIecOCTENH OTHOCUTENbHAS YMCIIEHHOCTh KHBOTHOTO cocTapsuia 1.0 u 6onee nucun Ha 10 km? (puc. 7).
B 2020 r. a6conoTHAas YHCIEHHOCTh XHUIHUKA COCTABIsANa 7.6 Thic. ocobeit wu 61 Ha 10 kM2 B 2021 1. Ha Tep-
putopun obaacty ObUTO yuTeHO 9.3 THIC. JIMCHLL.

W3meHeHne npocTpaHCTBEHHOW CTPYKTYPHI HOMYJISIIMNA XUITHUKOB B 00JIACTH, CB3aHHOE C POCTOM YHCIICH-
HOCTH €HOTOBHIHOM COOaKH, HECOMHEHHO, SIBJISIETCS] MPUYMHON HOBBIX IPOCTPAHCTBEHHO-BPEMEHHBIX OCOOEH-
HOCTEH 3MTU300TUYECKOr o ITpoliecca Ha Tepputopun OMCKOoi 00J1.

AOGcoiroTHast YUCIACHHOCTD JUCUIBI B OMCKO# 00J1. MHOTHE JECSATHIETHS MPOI0JDKaIa OCTaBaThCs CTaOWITb-
Hoii. B 2001-2020 rr. mo manabeiM 3MY oHa BapbHpOBaia B mpejenax ot 5.7 mo 9.3 Teic. ocobeii B Toi, B cpel-
HeM — 6.8 Thic., ¢ HeMensromumcst TperaoM (Trp/ca = 0.48%, puc. 8).

W3zBecTHO, uTO OMHUM M3 (HAKTOPOB aKTHBHM3ALMH SMHM300THH OEIIEHCTBA SIBISETCS CyMMapHas IIOTHOCTD
HOHyJ’IHHHﬁ JUKHUX XHUIIIHUKOB. N3meHenune BH}IOBOﬁ CTPYKTYpPBI HACCJICHUS MOUKHUX IUIOTOAAHBIX PETUOHA,
HapacCTaHHC UX YUCJIICHHOCTH, YBEJINYCHNE CyMMapHOﬁ TUIOTHOCTH IOITYJIAITNN CHOCO6CTByCT AaKTHUBHU3alluH DIIN-
300THYECKOTO MPOIIECca, a TAKKE BO3MOXKHOCTH TOSIBJICHUS] HOBBIX TIPHUPOJIHBIX 04aroB 0OJI€3HU Ha paHee Oia-
TONoONy4HBIX Tepputopusx [Cumopos, 1995; Kysemus u ap., 2002].

Hanuuue ycnoBuid, criocoOCTBYIOIMX (POPMUPOBAHUIO CTOWKHX MPHUPOIHBIX 04aroB OCIICHCTBA B CEBEPHBIX
paiionax OMCKO# 0071., aKTyaJIn3upyeT HeoOXOIUMOCTh MOCTOSHHOTO BUPYCOJIOTMYECKOr0 MOHUTOPUHTA TIOITY-
J'IﬂIlHﬁ JAUKUX IICOBBIX.

H3BectHO, uTo B 1967—1977 rT. Ha tore 3amaanoi CHOMPH CITIOHTaHHAS 3apaKEHHOCTh TOMYJISIIUHA JINCHIIBI
(monst MHGUIMPOBAHHBIX JKUBOTHBIX M3 OOLIEr0 4Hcia 0coOeH, MOOBITHIX B XOJI€ OXOTHHYBErO MPOMBICIA) B
OTJeNbHBIE TofBI JocTHrana 5.6, kopcaka — 3.7, Bonka — 1.2% [I'pubanoBa, Maneskos, 1978]. Bo BTOpoit momo-
BuHe 1980-X IT. 3apakK€HHOCTH JIMCHUIIBI, 110 HAIIUM JaHHBIM, COKpaTuiaack 1o 1.8, kopcaka — no 1.0%, mpu o6-
CJIE/IOBaHUH JTOOBITHIX BOJKOB 3apaKeHHbIE 0cO0M He OblTH 00HapyxeHbl [borBuHkuH, 1992]. B 1990-x rr. no-
Ka3zaTenb Ay jucunbl coctaBmi 0.8, ms kopcaka — 1.4, mns Bonka — 0%. Ilpu obcnenoanun 920 3K3. KyHBUX,
637 5K3. TPBI3YHOB U 3aiiieo0pa3HbiX U 112 9K3. pyKOKPBUIBIX BUPYC OCIICHCTBA, 10 HALIMM JaHHBIM, BbIJIEIICH
He Obu1 [Ky3bMuH u ap., 2002]. Pe3ynbTaThl BUPYCOIOTHYECKUX MUCCIICJOBAHUN COINIACOBBIBAIUCH C AMU300TO-
JIOTHYECKUMH TOKa3aTeIAMH (CM. pHC. 2).

B 2001 r. B mepuon ouepeaHoro moabpEMa 3a0071eBaeMOCTH KUBOTHBIX B Poccun, crioHTaHHAs 3apakEHHOCTH
JUCHUIIBI U Kopcaka B OMCKO# 00JacTH JOCTUIIIa cOOTBETCTBEHHO 10 4.7+1.5% (n = 212) u 8.944.2% (n = 45)
[Monemyk, 2005]. Tlo MaTepuanaM BHPYCOJOTMYECKUX UCCIICIOBAHUI, MPOBEICHHBIX B JIAOOpaTOpHu OellieH-
crBa Omckoro HUU npuponHo-ouaroBeix uHpekuuit B 2001-2009 rr., crioHTaHHAs 3apa)KCHHOCTh JIUCHIIBI B
Owmckoii 0011. exxeroqHo usmensuiach oT 0 (n = 92) B 2004 . 10 4.7% (n = 212) B 2001 1., y KopcakoB ot 0 (n =
en.) B 2003 u 2004 rr. 10 8.9% (n =45) B 2001 r. B 3TOT neprio/1 OEIIEHCTBO BBHISIBIIIN Y OJHOW U3 2 €HOTOBH/I-
HBIX co0ak, m0o0bIThIX B 2004 . IIpu obcnenoBannu 15 6apcykoB, noObiTeix B 2001 r., undekims OblIa ycTa-
HOBJIeHa Yy ofiHOM ocodu. B 2010-2014 rr. cnoHTaHHas 3apayKEHHOCTH JIMCHIbI cocTaisiia ot 0 (n = 40) B 2014
r. 10 6.1 1 6.6% (n =49 u 75) B 2010 m 2011 rr. 13 obcnenoBanHbIX 17 €HOTOBUAHBIX COOAK, AJOOBITHIX B 2013
T., OemeHcTBO BBIBICHO y 2 ocobeit. B 2015-2020 rr. mpu obcnenoBannu 37 nucui B 2018 u 25 mucun B 2019
rT., OemencTBo He BbBIUIH (0%). BBICOKHE MOKa3zaTenn CHOHTAHHOW 3apa)KeHHOCTH MOMYIIINN XWITHHUKA
ycranoBieHH B 2016 1. — 8.3% (n = 24), a Takke B 2015 —4.1% (n = 48) u B 2020 — 4.4% (n = 45). IIpu exe-
rogHoM ooOciegoBannu oT 4 10 19 ocobell eHOTOBUAHONM coOaky OemeHcTBO He BeIABIUIN. B 2021 1. B X01€
MOHUTOPHHTa oOcienoBaiy 28 JHCHUI, U3 KOTOPHIX y 4 ocobeill ObUI OOHapykeH BO30yIWTENh OCIIeHCTBA
(14.2%). Taroke ObLTH OOCIEOBaHbI 14 €HOTOBUAHBIX co0aK, U3 KOTOPBIX 1Be ocodu (14.2%) okazanuch uHpH-
nupoBaHHEIME pabpoBupycom [[lonemryk, Cunopos, 2022].

BaxHO OTMETHTB, YTO HECMOTPS Ha TIOBCEMECTHO YBEIMYUBAIOIIYIOCS OO JIUCHIL B CTPYKType 3aboeBae-
MOCTH JKHBOTHBIX OemeHcTBoM Ha Tepputopru Poccun [Ilonemyk u ap., 2019; Cumopos, [lonemyk, Cumoposa,
2019], ciorTaHHAS 3apaKEHHOCTH JIUCHIIBI Ha fore 3anaaHoit Cubupu B mepsoe aecsatmietrne XX B. He PeBHI-
mrasna nokasateneit 1960-1990 rr. [borBunkuH, 1992; I'pubanosa, 1975]. Hauunast ¢ 2010 r., B OTeIbHBIE TOBI
ITOKA3aTeH CIIOHTAHHON 3apaKEHHOCTH TIOMYIIANWHN JHCHIBI Hadalld TMPEBHIIIATh TAKOBBIE, YCTAHOBICHHBIC B
XX B. B 370 BpeMst Hauanw BBISBIATH BHICOKYIO CIIOHTAaHHYIO 3apa)K€HHOCTh y €HOTOBHIHOM cobaku. CoBep-
IICHHO HETUIUYHBIM [UI 00nacTtu okazaiucst 2021 T., Korjga npu 00CIIeOBaHNH CTIOHTaHHON BEIOOPKH BCEro 42
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XHIIHUKOB, OEMICHBIMH OKa3aJIMCh 4 JIMCHIBI U 2 €HOTOBUAHBIE COOaKH, TOOBITHIE B paliOHaX FOKHOH M IIeH-
TpanbHOH Jecocrenu [[Tonemyk, Cunopos, 2022].

W3BecTHO, 4TO CrIOHTaHHAs 3apa’kEHHOCTH KOpcaka M €HOTOBHAHOW COOAaKM BO3PACTaeT BO BPEMsI aKTUBHU3a-
MM SMU300THYECKOro nporecca. EcTh 0CHOBaHMS Moiarath, 4YTO 3TO CBOWCTBEHHO W IS MOIYJISIIUE Oapcyka.
JIJ1s1 OLIEHKH COCTOSIHUS MOIYJISIIME YKa3aHHBIX BHJIOB I10 STOMY ITOKa3aTeNio He0OX0IMM MOHHTOPHHT pemnpe-
3€HTATUBHOW BHIOOPKH BHPYCOJIIOTHYECKOTO MaTepralia KaKI0ro HUX.

B cBs13u ¢ 3THM, a TaKkXkKe B CBSI3U C N3MEHEHNEM BHJIOBOT'O COCTaBa JAWKUX ICOBBIX, CBSI3aHHOTO C MOSIBJICHH-
eM B (bayHe 00JIaCTH €HOTOBHTHOM COOAKH, YUCICHHOCTH KOTOpoi B 2020 T. Ha oHEe 0OIMIEPOCCHIICKHX TTOKa3a-
TeNlell OIEHNWBAETCsl KaK BBICOKAsl, HEOOXOANM TOCTOSHHBIH MOHHTOPHHI COCTOSIHUSI B PETMOHE YHCIEHHOCTH
JIUCHUIIBI, KOpCaKa M €HOTOBHIHOH COOAKH.

st yuera OXOTHHYBHX PECYPCOB YTBEpP)KICHBI METOJMYECKHE yKa3aHHs, COTJIACHO KOTOPBIM OIIEHKY WX
YHCIIEHHOCTH BBHIITOTHSAIOT METOIOM 3MMHHUX MapHIpyTHBIX y4deToB (3MYVY) [@opmozoB, 1932; O6 yrBep:kaeHUH
.., 2012].

W3BecTHO, 4TO MOKa3aTeNy MJIOTHOCTH TOMYJISIMU JINCHUIIBI, KOPCaKa, EHOTOBHIHOM COOAKH IOciie Ce30Ha
pa3MHOXeHusl (anpesb, Mail) Ha TeppuTopurd OMCKON 00J., KaK M Ha TEPPUTOPUH BCEro apeasia uX oOWTaHMS,
BO3pACTalOT B 3—5 pa3 3a cUeT POAMBILETOCS MOJIOJHSKA, [0 CPABHEHHIO C YUCICHHOCTHIO, YCTAHOBJIEHHOH 110
naHabM 3MY (stHBapb, (eBpais) [Cumopos, 1995].

EnoToBuHAsS coOaka — 3UMOCTISIIHM BUI U €€ HEBO3MOXKHO yuecTh MeTonoM 3MYVY, Kak JIMCHIlY, Kopcaka U
MHOTHUX JIDYTHX IPOMBICJIOBBIX )KMBOTHBIX. DTOr0 XHIIHUKA YYUTHIBAIOT B BECEHHE-JIETHUI MEPHOJL 11O BHIBOJI-
KOBBIM U JKHJIBIM YOSXKHILAM.

VY4eT 4uCIeHHOCTH XUIIHUKOB 110 HOpaM MO3BOJISIET MOJYYHUTh Oosee 0ObeKTUBHBIE MoKa3aTenu [UnpkoBa,
1952], oneHuTh 0OCOOEHHOCTH MX TEPPUTOPHAIBHOIO PACIIPENENICHUS] U UCIIONb30BaTh MOJTYYEHHYIO HHOpMa-
IMIO TIPY TUTAHMPOBAHUHU OpaJIbHOM BakuuHaIwu ot oenrencrsa [Cunopos, [onemyk, Cunoposa, 2021].

E>xerosiHO OJHM U T€ k€ HOpPhI MOTYT 3acellsiTh Pa3Hble BUJBI MUIOTOsAHBIX. Ha Teppuropun OMmckoi 0011
(oHI yOSKUIIl XUIITHUKOB COBMECTHO UCIONBb3YETCs JINCHUIIEH, KOpcakoM, 0apCyKOM M €HOTOBHHOM cobakoi
[TTonemyk, 2005; Cunopos, [Toneuryk, Cunoposa, 2021].

HO3TOMy BECEHHE-JICTHUHN aHaJIU3 YMCIEHHOCTH HaceJleHUs l'lOl'lyJ'[HLII/Iﬁ 9THUX XUBOTHBIX IMO3BOJIAECT IPOBO-
JUTHh OIHOBPEMEHHBIN y4eT cpa3y 4eThIpeX BHIOB — JICHUIIBI, KOopcaka, Oapcyka U eHOTOBUAHOHM coOakH, urpa-
IOIIMX OCHOBHYIO POJIb B IIOJUIEP)KAaHHUH SMHU300THYECKOTO Ipolecca OemeHcTBa Ha Tepputopud OMCKol 00
ITpu 3TOM, KaK ¥ €HOTOBHUAHYIO CO0aKy, TaK M 3UMOCIIALIEro OapcyKa BO3MOXHO YYECTh TOIBKO 3THM METOIOM
[Cunopos, [onenryk, Cunoposa, 2021].

OueHKa YMCIEHHOCTH 110 HOpaM PEKOMEHAYETCs K IPUMEHEHHIO AJIsl OIIEPaTUBHOTO y4eTa OTHOCUTEIBHON U
aOCOJIIOTHOH YHMCIICHHOCTH OCHOBHBIX IPHPOIHBIX pacHpocTpaHuTesell Bupyca OClIeHCTBa, aHAIM3a UX BHYT-
PHUBUIOBBIX 1 MEXBHIOBBIX OMOTHUECKHUX OTHOLIEHUH M UCIIONB30BAHUSA 3TOH HH(OPMALMY NIPH [IAaHUPOBAHUU
MEpONPHUATHI MO OpajibHOM BakumHanuu XUIiHUKOB [Cumopos, Ionemryk, Cumoposa, 2021]. Ha teppuropuu
Owmckoii 0011, corpynnuku Pedepenc-l1lentpa mo monuropunry 3a 6emencrsom u3 Omckoro HUW npupoaso-
oyaroBbix HHGeKmid B 2016 r. 00y4HiIn 3TOH METOANKE OXOTOBEMIYECKUI KOJIUIEKTUB 00JIaCTH U CIOCOOCTBOBA-
JIM OpTaHU3aLMK Ka4eCTBEHHOI'O y4eTa YHCIEHHOCTH YKa3aHHBIX MICOBBIX M Oapcyka.

[Nonaraem, 4To poib Gapcyka, UMEIOIIErO TECHbIE OMOIIEHOTHYECKHE CBSA3M C JIMCHIEH M KOPCAKOM, B LIUPKY-
JSIIUM BUpyca OelIieHcTBa HAa TEPPUTOPHUH OOJIACTH HEIOOLEHUBAETCS, BBHUAY HEIOCTATOUYHOCTH BHPYCONOTHYE-
CKHUX HMCCIIEJOBAaHHI 3TOT0 )KUBOTHOT0. BHpyconoruueckuii MOHUTOPUHT COCTOSHHS MOMYJISIIUM AUKUX XUIITHUKOB
B COYETAHHH C OLEHKOW MX YHCIEHHOCTH SIBJIAIOTCS OCHOBaHHEM IUIAHHMPOBAHUS NPOQUIAKTHYESCKHX MEpPOMpHs-
THUH, B YaCTHOCTH, MEPOIIPUSTHUIH 110 OPraHU3aIMK OpaIbHON BaKIIMHALMH JUKHUX IFIOTOSJHBIX KUBOTHBIX.

UYncaeHHOCTh HAceNeHHs X03s51eB NH(PEKINY, Hapsly ¢ TAKUMH ITOKa3aTeIsIMH, KaK HHAEKC SIH300THIHOCTH
U IUIOTHOCTh MH()EKIINH, ONPEIEISIOT PHCK 3apakeHNs OCIICHCTBOM B Pa3JIMYHBIX paiioHax o0JacTH.

3a mepuon 2001-2020 rr. BEICOKHE U CpeAHNE 3HAUCHHS WHACKCA SMMM300TUYHOCTH HAOMIOMaN B palioHax
LIEHTPAJbHOW U CEBEPHOM JIECOCTENH, & TAKXKE B OTAENBbHBIX PallOHAX FOKHO-JIECOCTENHOM, CTENHOW U JIECHOU
30H. HanbonpImas, BEICOKas M CPEIHSSI INIOTHOCTh MH(EKIMH YCTAaHOBJICHA IMTaBHBIM 00Pa3oM B CTEMH, F0XKHOM
Y IEHTPAJBHOM JiecocTemu, a Takxke bompmepedenckom, MypomueBckoMm, KomocoBckom n 3HaMEHCKOM p-HaX
(puc. 9).

Mo3zangHoe TeppUTOPHATIBHOE pacIipeeeHIe YUCICHHOCTH JIMCUIIBI M €HOTOBUIHOM COOaKM, BBIABISIEMBIX
ciTyqaeB OCIICHCTBA Y JKUBOTHBIX, ONPEACIISIOT HEPABHOMEPHBIH PUCK 3apa’KeHUs OCIIIEHCTBOM.

B xozne aHann3a KoMIIIEKca 3MHM300TONOTHUECKUX M AKOIOTHYECKUX (DAKTOPOB PHCKA YCTAHOBWIIH, YTO B
Mmacmrabe Bceit Poccun Omckast 0071. B Hadane XXI| B. omeHHBanach kak teppuropust cpeanero (B 2004—2006
rT.) 1 BeIcokoro (B 2007-2011 rr. u B 20122018 1T.) prcka 3apaxkenus 6emenctsoM [Ilomemyxk u ap., 2019].
Hanbonpmmit armaeMuonormaeckuii puck otMedeH st bonemepeuenckoro, Caprarckoro, JIroounckoro, Kamna-
grHCKOTr0, TaBpmdaeckoro, Oxecckoro, a Takxke HazpBaeBckoro, Kopmmiosckoro, Omecckoro, A30BCKOro p-HOB
(puc. 10). IlepBocTeneHHOro BHUMAaHU B IIaHE MPO(PIIAKTHKH OEIIeHCTBA TPeOYET BCS TEPPUTOPHSI CTEIHOHN 1
JIECOCTEMTHOM 30HBI.
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]

oueHb Hu3kas — 70 0.20 Huskas — 0.21 - 0.40 cpennsis —0.41 —0.50 Boicokas — 0.51 — 0.60 oueHb Bbicokast — 0.61 u >
[very low — up to 0.20] [low —0.21 - 0.40] [medium - 0.41 — 0.50] [high — 0.51 — 0.60] [very high —0.61 and more]
Puc. 9. TTokazares UHIeKCca SMIM300THYHOCTH OeteHcTBa (A) v miotHocTH uH(eximu (cay4./1000 km?) (B) as
paznIHBIX paiionoB OMckoii 001. 3a meprion 20012020 rr.
[The indicator of the index of epizootic rabies (A) and the density of infection (cases / 1000 sg. km) (B)
for various districts of the Omsk region for the period 2001-2020]

] B I

O4YeHb HU3KHH — 3 — 5 HU3KHH — 6 — 7 cpemuuii — 8 — 10 Beicokmif — 11 — 12 oueHp Boicokuii — 13 — 15
[very low — 3 5] [low —6-7] [medium — 8 — 10] [high —11-12] [very high — 13 — 15]
Puc. 10. PaiionrpoBanne OMCcKo#t 00J1. 110 CTernieHn prcka 3apaxkenus oereHcTsom B 20012020 rr.
(pamXupOBaHHE KOMILIEKCHBIX SKOJIOrO-3MM300TOIOTHYECKHX TTOKa3aTeNei)
[Zoning of the Omsk region according to the degree of risk of rabies infection in 2001-2020 (ranking of
complex ecological and epizootological indicators)]]
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Takum 00pa3oM, M3ydeHHE PErMOHAIBHBIX OCOOCHHOCTEH SMHIEMHUYECKOTO M HKOJIOr0-3MH300THYECKOTO
MpoLleCCOB ~ OEIIEHCTBA,  B3aWMOJCHCTBHE  HAyYHBIX M HPAKTUYECKHX  CTPYKTYp  CaHWUTApHO-
SMHUAEMHUOIOTHYECKOT 0, BETEPUHAPHOI'0 HA/130pa M CIIEUAINCTOB MUHUCTEPCTBA IPHPOIHBIX PECYPCOB M 3KO-
joruu OyzIeT crioco0CTBOBATh HAYYHOMY OOOCHOBAHMIO M ONTUMM3AIMK NPOPIIAKTUIECKUX MEPOIPHUITHI 110
OemeHcTBY Ha TeppuToprn OMCKOMH 0011

BrIBOBI

1. C 1962 1o 2020 rr. B8 OMckoii 00:1. Ob1TO 3apeructpupoBano 10 ciydyaeB THOETH JIFOICH, YTO COCTABUIIO
1.6% obmepoccuiickoro mokasarens u 2 200 cimywyaeB OenieHcTBa y 16 BUIOB KUBOTHBIX (B cpemHeM 37.3+6.7
CITydasi ©KEro/IHO), 4To cocTaBmwiIo 1.2% OT Bcel 3a001eBaeMOCTH KUBOTHBIX B Poccuu.

2. B Hawane XXI B. HanOonpIas HANPsHKEHHOCTH SMTHU300THYECKOro Ipoliecca OenIeHcTBa B 00IaCTH BBISB-
nerna B 2001-2009 rr., oTHOCHTENFHOE YIY4IIEHHE CUTYalluu YCTAaHOBIICHO B mocienytomue nukist (2010-2014
rr. u 2015-2020 rr.). C 2008 r. 4nciio BBISBIAEMBIX 3200JI€BaHUI Y KMBOTHBIX UMEET TPEH/ K BBIPAKEHHOMY
cawkenno (Tca= —5.94%), 4TO CXOMHO ¢ AWHAMMKOW 3MU300THI B MPHUPOIHBIX ouarax Poccuu B menom (I =
0.6; p <0.05).

3. C navana XXI B. OTMEYEHO M3MEHEHHE TEPPUTOPHUAIILHBIX OCOOEHHOCTEH AMHM300THYECKOro Mporecca B
peruone. B 2001-2011 rr., BriepBbie ¢ 1962 r., HaOMOAaIM NOSBICHHE CTOMKUX 04aroB MH(EKINH B CEBEPHOI
JIECOCTEIH, aKTUBHBIX Ha MpOTsHKeHuH 11 ser Ha Tepputopuu bombmepedeHckoro 1 MypoMIIEBCKOTO p-HOB
Owmckoii 0011. Camasi ceBepHasi TOUKa pericTpanyy OSIeHCTBA Y )KUBOTHBIX B OMCKOH 00J1. 3aperucTprp oBaHa B
c. Y1eme TeBpusckoro p-ua, 2019 r., nomazs (57° 34' 29" c.m.).

4. 3a nocnennue 20 et (2001-2020 rr.) BiepBbie YCTAHOBJICHO U3MEHEHNE BUIOBOH CTPYKTYpPHI 3a00JeBae-
MOCTH )KUBOTHBIX:

a) B OOIIEM 4HMCIIe 3aperuCTPUPOBAHHBIX OCIICHBIX KMBOTHBIX COKPATHIICS yAenbHBIN Bec nmucuil ¢ 60.0 B
2001-2009 rr. m0 34.6% B 2015-2020 rr.;

0) ynmenbHbIi Bec nomaniaux kuBoTHbIX U KPC, HamporuB, BeIpoc. [lons cobak yBemuumnack ¢ 12.1 mo
25.0%, xomek — ¢ 2.6 1o 7.7%, KPC — ¢ 12.3 no 21.2%, COOTBETCTBEHHO;

B) B 3MM300THYECKHH nporiecc B OMCKOM 00J1. Hayalia akTUBHO BOBJICKAThCSl EHOTOBH/IHASI COOAKa, 3aCelHB-
mast Cpennee [Ipunpteimse B koHne XX — Havajge XXI BB. [[oms 3TOro XumHNKa B CTPYKType 3a00NEBIINX
#UBOTHBIX 32 2001-2020 rr. BbIpocna ¢ 0.7 10 2.9%.

5. C 2001 mo 2020 rr. eHOTOBUIHAS cobaKa 3aceynia Bce paioHbI 001aCTH, IIOTOJIOBRE XUIIIHUKA B PETHOHE
BeIpocio ¢ 0.8 no 7.7 Teic. ocobeil. YCcTaHOBIIEH TpeH KOIMYECTBEHHOI'O MPUPOCTa 3TOro XUBOTHOTO (Trp =
14.9%).

6. UucnenHoctb sucuibl B OMckoit 00i1. ctabunbia. B 20012020 rr. 9TOT NOKa3aTesinb BapbUpOBal B Ipe-
nenax ot 5.7 10 9.3 Thic. ocobei, ¢ Hem3MeHHBIM TPEHAOM (T p/en= 0.48%).

7. CrioHTaHHAas 3apaXeHHOCTH MOIMYJISAINK JTucHIb, HauuHasi ¢ 2010 r., B OTIeNbHBIE TOAB IpEBHIIIaia 1Mo-
Ka3aTelny, ycTaHOBJIEHHBIE B XX B. B 3T0 ke BpeMs Haualli BBIABJIATH BBICOKYIO CIIOHTAHHYIO 3apa’k€HHOCTDb y
€HOTOBHJIHOWM coOaku. MakcHMalbHbIe MOKa3aTenu ycraHoBieHbl B 2021 r., korma u3z 28 mucuil, BO30yauTeNnb
OerieHcTBa 0OHapykmiu y 4 ocobeit, u3 14 uccnenoBaHHBIX €HOTOBHIHBIX cO0aK, MHPUIMPOBAHHBIMU pabIo-
BHUPYCOM OKa3aJIHCh JIBE OCOOH.

8. HaubOonpmmii 31muaeMHonoro-3nu300TOIOTHYECKUi pUCK XapakTepeH s bonbmepeuenckoro, Caprat-
ckoro, Jlrobunckoro, Kanmaunnckoro, Taspudeckoro, Omecckoro, a Tarke HaspiBaeBckoro, Kopmumosckoro,
A30Bckoro p-HoB. IlepBocTeneHHOro BHUMaHUS B IUTaHEe MPOQMIAKTHKH OCMEeHCTBA TpeOyeT BCs TePPUTOPHS
CTEIIHOW U JIECOCTETHOM 30H.

9. Ipu Hanuuuu ycnoBui st OPMHUPOBAHHS CTOMKHUX MPHUPOAHBIX 04AroB MH(PEKIIMK B CEBEPHOI JIeCoCTe-
1, BO3MOKHOCTU aKTUBU3ALMU 3MHU300TUI B JIECHOW U MOATAa&XHOM 30HAX, aKTyaJeH MOCTOSHHBIA BUPYCOJIO-
TMYECKUH MOHHTOPHHT MOMYJIALMH AWKNAX TCOBBIX M 0apcyka, a TaKkKe MOHHUTOPHHI IUIOTHOCTH HOMYJIALUH
3THX BUAOB METO/aMH KaK 3MIMHET0 MapIIPyTHOIO y4eTa, TaK W IIyTeM BECEHEE-IETHUX YIETOB UX YHCICHHOCTH
T10 BBIBOJKOBBIM HOpPaM.
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Annomayus. Pecriy6vka BankopTocTaH, miomaso okoo 143 Teic. kM2, pacnionoxkena Ha IOxHoMm Ypane, rae
reoMopdoyiornieckasi HeOAHOPOAHOCTh TEPPUTOPHH, BO3ACHCTBHE BO3IYIIHBIX MacC ATIaHTHYCCKOIO OKEaHa, BHYT-
peHHHX paiioHOB ApKTHKH 1 CHOHPH (POPMHUPYIOT CYIIECTBEHHYIO BHYTPH- U MEXKTOMOBYIO U3MEHUHUBOCThH TEMITepa-
TypsI U ocaakoB. Llens paboThl — aHATIM3 JUHAMHUKA BO BPEMEHHU M MPOCTPAHCTBE ITHX JIBYX BOKHEHIINX IKOJIOrHYe-
ckuxX (hakTopoB Ha (hOHE PE3yNIBTATOB, MONYYCHHBIX IPH HCCICIAOBAHUM I'CHETHYCCKHUX PA3IMYMI MOMyJIIui ayba
gepenryaroro. st TCHETUYECKOTrO aHAIM3a PACTUTENIBHBIN MaTepuai oToOpaH B 14 eCTECTBEHHBIX HAaCaXKICHUIX pe-
THOHa, UCTIONB30BaHbI 412 JIOKYCOB OJHOHYKJICOTHAHBIX monumopdusmos sineproit THK. Taroke Mcnons3oBaHa WH-
(dhopmaius Mo TUHAMUKE TEMITEPATyp M KOJIUYECTBY OCAJIKOB B pa3pe3e MECSICB Ha H0KHOM, LIEHTPAIbHOM!, CEBEPHOM
1 3anagHoi yactax pecryonuku B 20042019 r. TlokazaHo, 4To TeMIepaTypbl BO BCEX METEOPOIOTHYECKUX CTAHIUIX
BapbUPYIOTCS 10 MECSILIaM U ToJlaM JOCTaTOYHO CHHXPOHHO. [10 pexuMy U KOJIMUECTBY 0CaIKOB UCCIIEAOBAHHbBIC Tep-
PUTOPHH Pa3IMYaINCh HAMHOTO OOJIBINE; Pa3iuyus NOXOIWIM N0 CTaTUCTUYECKH JOCTOBEPHOro ypoBHSA B 59.7%
(IpeuMyIIECTBEHHO B MECSILbl BET€TALIMOHHBIX CE30HOB) CPABHEHUSIX Iap METEOCTAHLUI IO OTAENbHBIM MecslaMm.
[Tpu 3TOM NoNyssLuyU ayda Yepenr4aToro ooaaarT OJIM3KUMHU YPOBHSIMH T€HETHUECKOTO pa3HOOOpa3usl U IeHeTHYEe-
CKH OTHOCHUTEIIbHO Cl1a00 AudepeHIMPOBaHbl, YTO JTOKA3bIBAET YCTOMYMBOCTh CHCTEMBI K BO3JICHCTBHIO (PaKTOpPOB
OKpY)KaloIlleil cpesbl B YCIOBHUAX INIOOATBHOI'O M3MEHEHHs KIMMaTa. BhISBIEHHBINH (EHOMEH MOXKET ObITh CBSI3aH C
3¢ GEKTHBHOCTBIO T€HETUUECKU PEaTM30BAHHOIO IOTOKA MBLIBLEI, B TOM YHCIE MEXAY YIaJICHHBIMUA HACaKACHUAMU.
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Abstract. The geomorphological heterogeneity of the Southern Urals, the impact of air masses from the Atlantic
Ocean and internal territories of the Arctic and Siberia form a significant intra- and interannual variation of tempera-
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ture and precipitation in the Republic of Bashkortostan, which is a Russian region with an area of about 143 thousand
square kilometres. The aim of the present study is to analyse the spatial and temporal dynamics of these two most im-
portant environmental factors in the light of the results obtained in the study of genetic differences in pedunculate oak
populations. For genetic analysis, plant material was sampled in 14 natural stands of the region, 412 loci of single nu-
cleotide polymorphisms of nuclear DNA were used. Information on the dynamics in 2004-2019 of temperatures and
precipitation in the southern, central, northern and western parts of the Republic of Bashkortostan is also used in the
context of months. We have shown that temperatures in all meteorological stations vary by months and years quite
synchronously. The studied territories differed much more in the mode and amount of precipitation, the differences
reached a statistically significant level of 59.7% (mainly in the months of the growing seasons) of monthly compari-
sons of pairs of the stations. At the same time, the populations of pedunculate oak have similar levels of genetic diver-
sity and are genetically relatively weakly differentiated, which proves the system's stability to environmental factors
under global climate change. It is discussed that the phenomenon revealed may be related to the effectiveness of a ge-
netically realized pollen flow, including between remote stands.
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BBenenue

OJIHI/IM nus3 HOCJ’IC}]CTBI/Iﬁ F.]'IO68.J'II)HOFO HU3MCHCHUS KJIIMMaTa SBJIACTCA IMOBBIMICHUE TEMIIEPATYPhl Ha 3emute.
ITo undopmarmn BecemupHoit MeTeoponoruueckoii opranm3aimu, 2015-2019 rr. u 2010-2019 rr. cranu caMbl-
MU TEIUIBIMHU 32 BCE BpeMs mpoBefeHus Mmereonabmoaenuit [Joxman..., 2020]. B nenom, Haunnas ¢ 80-x TT.
NPOIIIOrO CTONETHS, KaXKJI0e HOBOe JecsaTrieTne Obuio Oonee TeruibiM. ClieoBaTeNbHO, BO3ICHCTBUE HA KH-
BbI€ OPTaHU3MBbI TAKMX 3KOJIOTHUECKHX (PaKTOPOB, KaK TeMIlepaTypa OKPYKaloIei cpepl U TECHO CBSI3aHHBIE C
HEM KOJUYECTBO U PEXKUM O0CAAKOB U3MCHAIOTCA, BBIXOJA, B TOM YMCIIC, 3a MPEACIIbl ONITUMAJIbHBIX 3HAYEHU N
[Ucaes, 2001]. Pacrenusi, 0cOOEHHO BHIIbI JIECHBIX JIPEBECHBIX PACTEHHUI, MaJIO MPUCIIOCOOIIEHBI 1Sl OBICTPON
MUrpanuy B 6osee O1aronpusaTHbIE YCIOBHA cpensl. [10 3Toii npuyKrHe OHU BBIHYXKACHBI aIalITUPOBATHCS K Me-
HSIOIMMCS YCIIOBHUSAM NPEUMYILECTBEHHO 110 MECTY CBOETO IpouspacTanus. [Ipu 3ToM moTeHuman s aganTa-
MK 00ECTICUYNBACTCS CYIICCTBYIONIMM B MOMYJISAIIMSX TeHETHUECKAM pasHoobpasuem [Degen et al., 2021]. Cie-
JIOBATEJIbHO, €TO BBIBICHUE, BMECTE C aHAJIM30M JAWHAMUKH KJIMMAaTa BO BPEMEHH, MO3BOMIAIOT IPOrHO3UPOBATh
BO3MOXHBIE aJaNTallIOHHbIE MPOLECCHI MOMYISILIOHHOTO YPOBHS. MccinenoBaHus POIM SKOIOTHYECKHX (PaKTO-
POB B (hOPMHUPOBAHUH MOMYJIALMOHHBIX I'€HO(DOHIOB paCTeHUI CTaal 0c000 HOMYJISPHBIMHU U PE3YAbTaTUBHBIMH
M3-3a TIOSBJICHUS TCHETHYECKUX MapKepoB HoBoro mokonenus [Peterson et al., 2012; Leroy et al., 2019] ¢ uc-
IIOJIb30BAaHUEM B KaueCTBE I'€HETHYECKHX MapKEpOB JIOKYCOB OJHOHYKJIEOTHIHBIX moiauMmop¢usmoB [Degen et
al., 2021].

Pecmybnuka bamkopToctan — pacronoskeHHbIH Ha FOxHOM Ypase poccHilcKuii pernoH ¢ IIOmaabio OKOIIo
143 ThIC. KM?, rje TeoMOpP(ONIOrHIecKas HEOAHOPOAHOCT TEPPUTOPHH, BO3AEHCTBUE BO3AYIIHBIX Macc ATIaH-
THYECKOr0 OKeaHa, BHyTPEHHHUX PailoHOB ApKTHKH U CHOMPH (OPMHPYIOT CYIIECTBEHHYIO U OTIMYAIOIIYIOCS
OT JIPYTHX PETHOHOB BHYTPU- M MEKIOJOBYIO U3MEHUYHMBOCTh TEMIIEPATYpPBl U OCAJKOB. DTO OOCTOSATEIHCTBO
BJIMsET Ha (popMupoBaHue reHo(OHIa MOMYISIMK AUKOPACTYIINX JPEBECHBIX pacTeHHH Ypaia U uxX reHeTHde-
ckoe paznoobpasue [[Ipumansckas, Kpacunbaukos, boponnukosa, 2016]. Llenp paboTel — aHaNNU3 AUHAMUKA BO
BpeMeHH U IpocTpaHcTBe Ha FHOxHOM Ypane (B bamkoproctane) 5THX ABYX BayKHEHIINX SKOIOTHYECKUX (hak-
TopoB B 2004-2019 rr Ha QoHE pe3ynbTaTOB, MOTYUCHHBIX MPH UCCICIOBAHUN B IOXKHOM YaCTH yPaIbCKUX TOP
TEHETHYECKHUX PAa3IMYMil MOy Isnit 1yba deperrdatoro (Quercus robur L.). HacaxmeHus JTaHHOTO SKOHOMHYE-
CKH ¥ 9KOJIOTHYECKH BayKHOTO BHA CHJIBHO TIOCTPAJald BO BPEMsI 3KCTPEMAalIbHO XOIOIHBIX 3UM XX B., CONPO-
BOXKJAEMBIX YBEIMYEHHEM KOJMYECTBa SHTOMOBpemuTenei u Oomesneit [Llapamynra, @ypmenkoBa, Kprokosa,
2015], ocobenHo Ha BOCTOYHOH Tpanuile apeana B bamkoproctane [[Tomo, 1980]. OxHako morerieHue KimMa-
Ta MOXET JaTh 3/1eCh AyOy YepenrdyaToMy C €ro HCKIFOUUTEIBHON 3aCyX0YCTOMIMBOCTHIO BO3MOKHOCTh BOCCTa-
HOBJICHUsI HACAXK/ICHUI U CMEIIICHNUS TPaHMIIBI apeaiia Ha ceep [Albert et al., 2018].

MarepuaJjbl 1 METOABI HCCIEAOBAHUSA

O06pa3irsl st 1TabopaTOPHOTo aHaMM3a oToOpaHkl Ha 14 mpoOHBIX TUIOmAAIX qyba yepemnrdaToro. Hacaxme-
HUS I UX 3aKnanku (puc. 1, Tabm. 1) BEIOpaHbI, UCXOO W3 AAHHBIX O PACIPOCTPAHEHUH TyOpaB Ha TEPPUTO-
pun bamkoprocrana [[Toro, 1980]. Huzkoropses 3amagroro makpockiona KOxHoro Ypana (31eck mpencraBie-
HBI OCHOBHBIE TIOIIAAN M 3aMachl 1y0a 4eperrdaToro, BUA B APEBOCTOSX MOXET JOMHHHPOBATH, OCOOCHHO Ha
tore bamkopTocrana) npencrasnens! Beroopkamu 31, APX-1, APX-2, APX-3 u UI'JI. Ha ¥Y¢dumckom mmaTto
(BHI BXOIUT B COCTAB TEMHOXBOHHO-IIIMPOKOJIMCTBEHHBIX JIECOB) 3as10XKeHb! poOHbIe miomaan MIIK n KP.
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OcrasbHble y4aCTKU NMPEACTABIIAIOT KOJIOUHBIE U OCTPOBHBIE CTEIHBIE U JIECOCTENHBIE HacaxIeHus bamkupcko-
ro [pexypanss (TM3, WL, BYP, BPC, BJII" u BBII) u Mscoryrosckoii secocrenu (CJIB). OnHOBpeMeHHO
W3y4YeHHBIE TyOpaBbl NPEJCTABISIIOT I0XKHYIO, IEHTPaIbHYIO, CEBEPHYIO U 3amaanyto yactu Pecrryomuxu bam-
KOpPTOCTaH, COOTBETCTBEHHO U Pa3JIeJIeHbl PacCTOSIHUSIMHA B 432 (c. 3unaup — ¢. Ackuno) u 292 kM (c. Manosiz —
r. TylimMa3ssl) B IIMPOTHOM U JJOJITOTHOM HampaBieHHsX. B OonbIrHCTBE MPOOHBIX IUIoMmazel orodpans! mo 10
JIEPEBbEB PEIIPONYKTUBHOIO Bo3pacrta (B 3miaupckom jecHudectBe ¢ 40) He meHee 4eM B 50 M Jpyr oT apyra
JUTA YMEHBIICHUS 3P eKTa ceMeiHol kiactepusanui. C HUX 0TOOpaHbl 00pa3isl kKaMOust st Beiaencaus JTHK
[Dumolin, Demesure, Petit, 1995].

Puc. 1. Pacnionoxenue ncciae0BaHHBIX BIOOPOK /1y0a YyeperrdaToro Ha cxeMaTH4eckon kapTe 1yOpaB
Pecybnuku bamkoproctan [mo ITonosy, 1980].
CBC,E[@HI/ISI (8] BLI60pKaX TNIpUBEACHBI B TaoJL 1; HacaXaeHus ¢ JOMUHUPOBAHUEM U YHaCTUEM ny6a gepeuraToro B co-
CTaB€ APEBOCTOCB 3aKpalll€Hbl U ITOKa3aHbI mTpHXOBKOﬁ, COOTBETCTBCHHO
[The location of the pedunculate oak samples studied on the species schematic map in the Republic of Bashkortostan
[according to Popov, 1980].

Note: information about the samples is given in Table 1; stands with the dominance and participation of the peduncu-
late oak in the stands are painted over and shown with hatching, respectively]

Tabnuma 1
Teorpaduyeckue KOOPAUHATHI H TeHETUYECKOE Pa3HO00pa3ue BLIGOPOK Ay6a yepeuryaToro

[Geographical coordinates and genetic diversity of the pedunculate oak samples]

PafiomEL BriGopkn Jonrora, mUpo- ITokazareny TeHeTHIECKOr0 Pa3sHOOOpa3Hst _
Ta Ae Ho He Fis

1. APX-1 57.255, 54,517 1.339 0.204 0.199 —0.038
ApXaHTeNbCKUi 2. APX-2 57.116, 54.449 1.349 0.215 0.204 —0.057

3. APX-3 56.798, 54.420 1.326 0.209 0.191 -0.077
HrnuHckuit 4. UT'JT 57.029, 54.838 1.342 0.222 0.201 —0.093
3unaupckuit 5. 3UJ1 57.320, 52.230 1.351 0.208 0.206 -0.015
TyiiMa3HHCKHU 6. TM3 53.512, 54.441 1.344 0.215 0.204 —0.048
Wnemesckuit 7. I 54.478, 55.362 1.334 0.205 0.197 —0.039
BypaeBckuii 8. BYP 55.647, 55.862 1.335 0.214 0.196 —0.085
MHuUIIKUHCKUHI 9. MIIIK 58.318, 55.490 1.349 0.217 0.206 —0.065
Bupckuii 10. BPC 57.029, 54.838 1.345 0.216 0.205 —0.051
BraroBapckuii 11. BJIT 57.029, 54.838 1.331 0.212 0.196 -0.073
BrnaroseneHckuii 12. BBII 58.317, 55.489 1.341 0.202 0.201 -0.016
Kapaunenbckuii 13. KP]] 58.319, 55.491 1.337 0.204 0.197 —0.038
CanaBaTckuii 14. CJIB 58.237, 55.172 1.330 0.210 0.197 —0.062

[pumeuanue. Ae — sddexTrBHOE uncno amneneir, Ho n He —Habmiomaemast U oxugaemMasi €Tepo3UroTHocTh, Fis — uH-
nekc (ukcanuu Paiita (koadduuuerT nHOpUANHTa 0COOM OTHOCUTEIBHO MOIMYJISIIIUH).
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Juist aHanmM3a TUHAMHUKH KIMMaTHYECKUX ITOKa3aTelieil B PEernoHe HMCCIIEAOBaHUS UCIIOIb30BaHa MH(pOpMa-
ust, coOpanHasi 3WIaupCcKuM, ApXaHTelbCKUM, ACKHHCKUM M TylMa3WHCKUM MeTeoCTaHIMsAMHU bamkupckoro
YIIpaBJIeHUS 110 THAPOMETEOPOJIOTUH 1 MOHUTOPHHTY OKPYKaIOIIeH cpenbl. J{Isi MEeTeopoIorHIecKuX JaHHBIX
(MecstyHBIe 3HAUCHHUS TEMIIEpATyp M KOJIMYECTBA OCA/IKOB) BBHIUMCIICHBI CPEJHNE 3HAUECHHS, MEAUAHbI, TIPEIEITbI
W3MEHEHMs ToKa3aTened n kodpduiueHt Bapuanmu. s ananumsa BbiOpaH nepuoa 2004-2019 rr, xoropsrit
BXOJIUT B MEPHOJ HAMOONBIIEro rirodasHoro noremieHus [Jloknan..., 2020]. Cratuctuyeckasi JOCTOBEPHOCTh
pa3nuuuii BapHaIlMOHHBIX PSJIOB, C YUETOM MX HElapaMeTpUYecKOro pacrpeieieHus, onpeelieHa ¢ MpuMeHe-
HueM koaddunmenra koppensuun Crnupmena. Bee Beruncienust BeimoiHeHs! B mporpamme STATISTICA 13.3.
JleranpHoe onpcaHre METONIOB JIAOOpaTOpHBIX aHATN30B ObUIO NpuBeneHo paHee [Degen et al., 2021]. I'enern-
YeCKUe CpPaBHEHHS TMOMYJISIIUI NPOBEAEHBI ¢ MPUMEHEHNEM B KayeCTBE M€HETHMYECKMX MapKepoB OIHOHYKIIE-
tuaabix noaumopduzmos (SNP, Single Nucleotide Polymorphisms) u3 HemasHo paspabGoranHoro namu [Degent
et al., 2021] mabopa 412 nokycos snepuoii JJTHK. Jlns xakaoi BBIOOPKH BeIMHCIIEHBI 3()(DEKTHBHOE YUCIIO ajlje-
neii (Ae), HabromaeMast n oxxunaeMas rereposurorHocts (Ho 1 He, coorBeTcTBeHHO) M KOAQPUIIMEHT HHOPH-
JMHTa 0co0M oTHOcHTENbHO momyssiinuH (Fis). YpoBeHb TeHeTHUeCKHX Pa3Iuuuii MKy MOMYJISIHUIMH OlEHHU-
BajJICs C HCIOJb30BaHHEM TeHeTnueckoro paccrosHusi ['peropuyca d0 [Gregorius, 1984].CoorBercrBytomue
BbIuncieHus nposeneHsl B mporpamme GDA NT [Degen, 2022]. Onpenenenue yucia TeHeTUYECKUX TPy UC-
cleoBaHHBIX BeIOOpKax mposeaeHo B nporpaMmMme STRUCTURE [Pritchard et al., 2000], a rpadudeckoe npen-
craBnenue pe3yabratoB — B iporpamme CLUMPAK [Kopelman et al., 2015].

Pe3y.m,TaT1,1 H UX oﬁcymelme

Cpennemecsunas Temmneparypa 2004—2019 rr. usmeHsercs o JaHHBIM 4eTblpex MeTeoctaniuit or 3.0+0.9
10 4.7+0.9; ona BeIlIe B ApxanrenbckoM (4.6+0.9°C) u TyiimasuackoM p-Hax (4.7+0.9°C) ¢ Gonee 6maronpusT-
HBIMH 17151 1y0a ueperrdartoro [[Tonos, 1980] necopacturenbHpiME yciioBusiMH. Kak B ceBepHOi 4yacTH uccieno-
BaHHOW TEPPUTOPHHU (METEOCTaHIIUS B C. ACKMHO), TaK ¥ Ha TPaHUIIE CO CTENHOI 30HO# (c. 3uaanp) nokasaTeib
Hwke — 3.0+0.9, u 3.2+0.9°C, coorBercTBeHHO. TeM He MeHee, 3TU Pa3uuus HE CTOJIb BBIPAKEHBI MO0 CpaBHE-
HHIO C JAHHBIMH IO CPEAHEMECSIUHOMY KOJIMYECTBY OCaJKOB. DKCTPEMaNIbHO HU3KHX TeMmepaTyp Hike —40°C,
00YCIIOBHBIINX MaccoBO€ yChIXaHHe JyOpaB BO BTOPOii monoBuHe mpouutoro Beka [[Tonos, 1980], He Habmoxaa-
J10Ch. AHaJIM3 JUHAMMKU TEMIIEpaTyp MOKa3al, YTO OHM B JAHHBIX METEOCTAHIUN M3MEHSIOTCS 110 MeCAlaM B
LEJIOM CHUHXPOHHO. M3 BCeX TeopeTMueckd BO3MOXKHBIX 72 Cllyd4aeB IONapHBIA KO3(GQUIMEHT KOppensilun
CrnupMeHa ObIT CTATUCTHYECKH JJOCTOBEPHBIM Ha PA3HbIX YPOBHIX 3HaYMMOCTH. [lpyras KapTUHA HaOronaercs
IIpU CPaBHEHUU BAPHAIMOHHBIX PAIOB C JAHHBIMHU 10 MECSYHOMY KonudecTBY ocaikoB 3a 2004-2019 rr. B
CpeIHeM 3a MecSI] paCCMOTPEHHBIX 16 neT BhImanano ocankoB 51.14+2.2 (c. Apxanrensckoe), 48.9+2.2 (c. Acku-
HO), 41.0%1.9 (c. 3umanp) u 39.8+1.9 mm (1. Tyitma3zer). OgHaKo cpefHNEe BETUYHHBI HE AIOT NPECTaBICHUS O
pa3Maxe W3MEHYHBOCTH IIPU3HAKA — OH BapbUpPYETCs B MPEAEIax OTACIbHBIX MECSIEB B IIMPOKUX Ipeseiax — B
npenenax 0.5-170.8 mm, 2.7-156.7 MM, 1.2-110.8 mm 1 0.8-170.4 MM, cooTrBeTcTBeHHO. bonee Toro, yacto Mme-
CSLBI ¢ OOMJIBHBIMU OCaJKaMH WIIM MaJbIMHU HX KOIMYECTBaMH B Pa3sHbIX paiioHax He cOBMamaioT. B tabmume 2
NIpUBEJICHa MaTpUIIa, MoKasbiBatomas 43 n3 72 uzydeHHbIX MecsieB (59.7 %), Mo KOTOpeIM JUHAMMKa KOJIUYe-
CTBa OCa/IKOB B MTapax METEOCTAHIMH He SBJIAETCS CTATUCTUYECKU JOCTOBEPHOH — TO €CTh HE CHHXPOHHOM.

Tabnura 2
Mecspbl CO CTATHCTHYECKH JOCTOBEPHBIMH Pa3IMYUAMH KOJIHYeCTBA 0CAJKOB Nap MeTeoCTaHIMii
Bamkoprocrana
[Months with statistically significant differences in precipitation of pairs of weather stations of Bashkortostan]
MerteoctaHmn ACKHHO 3uanp Tylima3zbt
Mapr, ceHT0pb, OK- Artipenb, UIOHB, HIOJIb, Mapr, utoJb, CEHTAOPE,
ApxaHTenbcKkoe TA0pB, HOSIOPB, IeKaOpb aBTYCT, CEHTSOPB, OK- OKTAOpb, HOSOPE, JIe-
TA0pB, HOSIOPB, IeKaOpb KaOpb
- Maprt, UtoHb, HUIOJIb, aB- Mapr, amnpens, Ur0JIb,
ACKHHO TYCT, CEHTSAOpb, OKTSAOph, | aBrYCT, CEHTSIOPH, OK-
HOSIOPB, TeKabphb TA0pB, HOSOPB, NeKaOph
- - Aripensb, UIOHB, HIOJb,
Sunmanp aBTYCT, CEHTSOPBH, OK-
T0pB, HOSOPB, eKaOpb

Hawnbornee otnmmyaeTcss OT APYrux MO 3TOMY MOKA3aTeNo FOKHASA, 3MIaNpCKas METEOCTAHIHSA, PacIIONOKeH-
Hasl Ha TPaHMIIE CO CTEMHOH 30HOH. KommuecTBo 0cagkoB B pa3sHbIX METEOCTAHIMAX CTATHCTHYECKH 3HAYHMO
KOpPETNPOBAIIO JIWIIb B sHBape U (eBpane. M, HaoOOpoT, ¢ ampers mo OKTAOph (B BETreTallMOHHBIA TEPHO.)
muddepeHnrama U3ydeHHBIX JacTel bamkopTocTana mo HUM CTaHOBIIIMCH HAMHOTO Ooiee BhIpaKeHHO. Ta-
KAM 00pa3oM, KOJIMYECTBO M BPEMsI BBIAJCHHUS OCAJKOB MOXKET OBITh U Ay0a 4epenryaToro CpaBHUTEIBHO
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OoJiee KPUTHYECKUM SIBJIICHHEM, BO3JICHCTBYIOIIMM Ha COCTOSHHE AyOpaB depe3 JelcTBHE O0TOOpa, 4eM Mecsd-
HBIE TeMIlepaTypsl. B To ke Bpemsi, BIMSHHE TeMIIepaTyphl, JPYroro BaKHOTO 3KOJIOTHYECKOro (akropa, Ha
TIOMYJISAIIUA MOXKET OKa3bIBATHCS OTIOCPEAOBAHHO YEpE3 €ro BO3JEHCTBHE HA PEXXUM M KOJIHMYEeCTBO ocaakoB [Mc-
aes, 2001]. B cpenmnem mist 14 m3ydeHHBIX monysiuii 3pQeKTHBHOE YHCIIO aJuTelie COCTaBIIO 3HaUeHne Ae =
1.339+0.002, Habmogaemast u oxxuaaemast rereposuroraocts, Ho = 0.21140.002 n He = 0.200+0.001, xoachpu-
nueHT nHOpuaunTa Fis = —0.054 £+ 0.06. /{anssie Ta0un. 1 u Beraucinenue kodddumnumentor apuarmu (0.6, 2.8 u
2.3% nnsa Ae, Ho u He, COOTBETCTBEHHO) TIOKA3BIBAIOT CYIIECTBEHHOE CXOJCTBO YPOBHEH M'EHETHYECKOTO pas-
HOOOpa3usi Kak B COCEACTBYIOIINX HAaCaKACHHSX, TaK M B yJaJICHHBIX JPYT OT Apyra ayOpaBax. ['eHeTmueckoe
paccTosiHie Mexay BeIOOpkaMu B cpeHeM 1o 412 mokycam SNP cocraBmiio 3nauenne d0 = 0.069+0.001 ¢ us-
MeHeHusMU Mex 1y apamu ot d0 = 0.054 o dO = 0.084. [Ipu 5TOM reHeTHYecKne pa3innius HOIYJISIIUN B npe-
Jieniax [EeHTpPaIbHOM, 3amaHoi U ceBepHOW yactel bamkoproctana BeIpaykeHBI Ha YPOBHE, CONOCTABUMBIM C
reHeTnueckor muddepennmanyeil 0onee yaaaeHHBIX APYT OT JApyra BBIOOpOK, MHOTAA HpeBbimas ee. Bo Becex
BBIOOpKAaX OTMEUYEH HEeOOJBIION IKCIEeCC HAOII0IaeMOM reTepo3UroTHOCTH. Pe3ynbTaThl paboThl B IpOrpaMmax
STRUCTURE u CLUMPAK mnoareepauiu cnadyro reHeTHIECKYI0 ITopa3/ieseHHoCcTh 1yOpaB bamikoprocrana.
Ha pucynke 2 nns Hanbonee nadopmaruBaeix K = 2 u K = 3 nokasano, 4ro nccienoBaHHble BEIOOPKH He (op-
MHUPYIOT pa3Hble I'€HETHUECKHe IPYNIbl U He 00pa3yloT OTJIMYalolIyecs Kiactepbl. TakuMm oOpa3om, Oim3Kas
JIMHAMMKa MECAYHBIX TeMIIEpaTyp B MCCIeJOBaHHBIX YacTAx bamkoprocrana B 2004-2019 rr. coBnamaer ¢ pe-
3yJAbTaTaMU I'€HETUYECKHX WCCIEIOBaHMI ayda deperrdaTroro, JEMOHCTPUPYs OTHOCHTENBHO cinadyro nudde-
pEeHIMAIMIO U OJIM3KHE YPOBHU I€HETHYECKOro pa3HooOpaszus momyssiuid. VI Hao0opoT, CXOACTBO MOMYJISIIHU-
OHHBIX T€HO(OHJOB Ha ITOH TeppUTOpUHM Habirojaercs Ha (pOHE BBHIPAKEHHBIX W CTATUCTUYECKH 3HAYUMBIX
pa3nu4uii F0XKHON, IIEHTPAIbHOM, 3aMaiHOM U CEBEPHBIX YACTSIX PETHOHA TI0 PEXMMY U KOINYECTBY OCAJIKOB.

=2

K=3

- 8 9% - . = = = "
By Be B m = o e A M & 5 5
< 2 2 B E B BB 2 = O -

Puc. 2. TlonmynsumoHHas CTpyKTypa Ay0a uepeldaroro 1o pe3yibrartam aHanusa B mporpamme STRUCTURE.

BepTI/IKaJ'ILHLIC OJIOCHI TTOKA3BIBAIOT 0COOCH BBI60p0K, NpEACTaBJICHHBIX Pa3HBIMHU IBETAMU MPOINIOPLHOHAIIBHO
NPUHAMIC)KHOCTU K TOMY WIU UHOMY KJIaCTEPY

[The population structure of the pedunculate oak according to the results of the analysis in the STRUCTURE program.

Note: vertical bars represent by different colors individuals of samples in proportion according to belonging to a
particular cluster]]

O10T peHOMEH TpeOyeT MONMONHUTENBHOIO HUCCIENOBAHHUS H, MO-BHAUMOMY, MMEET MOA COOOH KOMIUIEKC
NPUYHH, B TOM YHCJIE TEHETHYECKHX, CBSI3aHHBIX ¢ 3()(EKTHBHOCTHIO T€HETHYECKU PEaIn3yeMOro IOTOKa IbLIb-
uel. Hamu, Mo taHHBIM HaXOMAIIETOCsA B OTKPBITOM AOCTYyIE (callT MUHUCTEpPCTBA JIECHOr 0 X03sicTBa bamkop-
toctana, URL: forest.bashkortostan.ru) Jlecuoro mana 2016 r., ObUT MPOBEAEH aHAIU3 COOTHOLICHUSI TLTOMIAIEH
HaCaX/ICHUH 24 JIECHUYECTB, TAE NMPEACTaBICHbI INPOKOINCTBEHHBIE IPEBECHBIE PACTCHNS PETHOHA. Y CTAHOB-
neHo (tabum. 3), 4To Bo Beex xo3siicTBax momuaupyer Tilia cordata, a moms qpyrux BUIOB CYIIECTBEHHO Bapbu-
pyercs. Hons HacaxaeHuii ¢ fomuHupoBanreM Q. robur cpaBHHUTENBHO Maja BO Beex JiecHudecTBax — B 45.8%
n3 Hux 3aHIMatoT 0.6-3.0% necomokpsIToil miomaan. Tem He MeHee, OH BO BCEX CIyJasX SBISETCS HENPEMEH-
HBIM CITyTHUKOM JIPYTHX TPEICTaBUTENEH IMPOKOIMCTBCHHBIX JIECOB. BO3MOXKHO, 3TH J€pEBbs MPENCTaBISIOT
«TEHHBIE TPOIBI», KOTOPHIE TAIOT BO3MOKHOCTH IIOTOKY I'€HOB BBIPDABHMBAThH YAaCTOTHI aJjielied U COMMKaTh re-
HO(OHIBI M YPOBHH I'€HETHYECKOro pa3HooOpasus momyisinuil Bcero OkHoro Ypana. Bpsin i MoxeT 3TOT
TIporecc ObITh peasu30BaH ITyTEM PACIPOCTPAHEHNUS TSDKENbIX JKemyaen 1ybda yepenrdaToro.
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Tabmuma 3
JoJyin Haca:KaeHUI NMPOKOINCTBEHHBIX IPEBECHBIX PacTeHMil B JiecHn4ecTBax PecnyGiankn
BamkopTocTtan (B %)

[The proportion of broad-leaved stands in forestry enterprises of the Republic of Bashkortostan (in %6)]

Buns Cpennss IIpenenst 3MeHeHUH Menunana | Koadduuument Bapuanuu, %
Quercus robur 4.2+0.6 0.6-10.4 3.7 68.1
Tilia cordata 86.7£2.2 61.4-98.4 89.3 12.3
Acer platanoides 6.9+1.7 0.1-30.4 2.7 128.6
Ulmus glabra, U. laevis 2.6+0.5 0.1-7.9 1.8 92.8

Hamu panee 0bu10 mokazano [Bushbom, Yanbaev, Degen, 2011), 4To ycrmeniHbIi TeHETHUSCKUH MTOTOK MO-
JKeT 00eCIeYnBaThCs 3a cYeT IPPEKTUBHOCTH MOTOKA «OTI[OBCKHUX) aJlJIeJieH Ha NAJTbHUE PACCTOSIHHS TIPH TO-
MOIIY MBUIBIBI. PEKOHCTPYKIIUS MEHOTHIIOB 3aPOJBIIICH MPU MOMOIIH MUKPOCATEIUTUTHBIX TCHETUUECKUX Map-
KEepOB B YJaJCHHOM Ha MHOTO JICCATKOB KHJIOMETPOB OT IPYrHX JyOpaB MaJiOi MOMYJISAIMH BBIIBUIIA, YTO IO
KpaiiHeid Mepe 35% IbUIBLIBI [TONTAJIM B HACAXKJCHUE U3 JATbHUX UCTOYHUKOB. B Hacrosmiee BpeMs HacaKACHHS
IIMPOKOJIMCTBEHHBIX JIECOB BalKkopTocTaHa CyIMIECTBEHHO (hparMeHTHPOBAHBI B MMPOCTPAHCTBE, B MEPBYIO Ove-
penb, P CeNbCKOX03HCTBEHHOM OCBOCHUU TeppuTopru. TeM He MeHee, YMCHBIIICHHE JISCUCTOCTH TIOYTH B J1Ba
pasa MpoM30IILIO JIMIIE 32 HECKONBKO MocheaHux BekoB [[lomos, 1980]. 3To, BeposITHO, €llle He MPUBENO Y JA0J-
TOXXKMBYIIETo Jy0a YepenrdaToro K 3aMeTHOMY 00€THEHHIO TeHO(OH/IOB MOIMYIISIINKA, OKa3aBIIUXCS B IPOCTPaH-
CTBEHHOH HM3OJSIIIMU OE3JIECHBIMU TEPPUTOPHSAMH, M K YBEIMYCHHIO T'€HETHYeCKOW Nu(QepeHIrayu Mex1y
HUMU. DTH CIIEHAPUU MOT'YT JIS)KaTh B OCHOBE MOKa3aHHOT0 HaMH (heHoMeHa OJIM30cTH reHO(OH OB yIaIeHHBIX
HOMYJISIMNA PErHOHa C OTHOCHUTENBHO OONBIIOH M3MEHUYMBOCTBIO KJIMMaTa — BBIPRXKEHHOW AMHAMHKOW B IMpPO-
CTPAHCTBE U BO BPEMEHH KOJIMYECTBA OCAIKOB.

BriBoabl

1. TemmepaTypa B F0)KHOMW, IEHTPAJILHOM, CEBEpHOI ¥ 3amaHoil yacTsax Pecnyonuku Bamkoprocran Bapbu-
pyercs 1o MecsilaM M rojiaM B LIEJIOM CHHXPOHHO, YTO JOKa3bIBAETCs ITOJIOKHUTEIBHON CTATUCTUYECKH JOCTO-
BEPHOW KOPpEISILIUEN €€ 3HAUCHUM.

2. KonmnuecTBO 0caJIkoB MO MECSIAM U rofiaM sBIsEeTCs 6ojee U3MEHUUBBIM I10Ka3aTelleM, aCHHXPOHHOCTD
(craTUCTHYECKHM AOCTOBEPHAsI HA PAa3HBIX YPOBHSAX 3HAUMMOCTH B 59.7% cpaBHEHMH map MeTeocTaHLUi) BbIpa-
’KEHa NPEUMYIIECTBEHHO B MECSIb BEreTallMOHHOIO neprosa. TakuM o0pa3oM, JaHHbIA MOKa3aTelb MOTEHIH-
aJIBHO ABIISETCA OOJIee KPUTUYECKUM SKOIOrMYECKHM (haKTOPOM JUIs MOMYJIAIHMI 1y0a YepenrdaToro.

3. [IpumeHeHne reHeTHYeCKUX MapKkepoB 412 JIOKYCOB OIHOHYKJICOTHUAHBIX momuMopdu3moB siepHoi JJTHK
MIO3BOJIMJIO BBISIBUTH CPaBHUTENIBLHO HU3KYIO T'€HETHUYECKylo AuddepeHmanyio nonysauui 1yda yeperdaToro
perroHa M OJM3KME 3HA4YEHMS MOKas3aTelled MX TeHETHYECKOro pa3HooOpasms, HECMOTpS Ha OTHOCHUTENBHO
0O0JIBPLIYIO JMHAMUKY B IPOCTPAHCTBE W BO BPEMEHHM KOJIHYECTBA OCAIKOB. DTOT ()EHOMEH AEMOHCTPHPYET
YCTOHYHMBOCTB ITOMYJIALMOHHON CHCTEMBI K BO3IEHCTBHIO 3TOr0 KIIMMAaTHYECKOro (haKTopa.
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AHHoTauus. brnaromapsi pa3Butuio cdepbl UHOOPMALMOHHBIX TEXHOJIOIWH JJIsi MHOTHX HCCIeloBaTeNeH
CT@HOBSITCS JIOCTYITHBIMHM HOBEHIIIME METO/IbI B HAOIOACHHH, (PHKCAIMH, 8 TAKKE aHATU3E Pa3HOro pojia MaccH-
BOB JIaHHBIX. TaK, KOMIBIOTEPU3UPOBAHHBIN aHAIM3 HA OCHOBE HOBBIX aJTOPUTMOB CIIOCOOCTBYET COIOCTaBIIE-
HHUIO Pa3HbIX CXEeM MOBEIEHHs, BKIIOYAs W3y4E€HHE IAMHAMHKHA aKTHBHOCTH J>KUBOTHBIX MO BO3/EHCTBHEM
HEWPOTPOIHBIX ITperapaToB, MPUMEPOM KOTOPBIX MOXET CIyXHTh (eHazenam. Llenp uccnemoBanusi — comno-
CTaBJICHHE MATTEPHOB IOBEJCHUS JBYX I'PYIII JIAOOPATOPHBIX KPbIC: KOHTPOJIBHON I'PYNITBI U TPYIIIBI MOJ] BO3-
HCﬁCTBHCM (beHa3erlaMa, C NPUMECHEHUEM CHUCTEM KOMIIBIOTECPHOI'O aHajin3a, a TaKKC HM3YyUCHUC BJIMAHUA (be-
Ha3ernama Ha IOBEJCHHE KPBIC KakK TakoBoe. B pesynbraTe uccieqoBaHHs ObUTH BBISBICHBI OCOOCHHOCTH B
YPOBHE BBIPaXXEHHOCTH OOIIIEi TPACKTOPHH JIBHXKEHHSI KPBIC B XO/I€ TECTUPOBaHUs. Takxke MpUMeHeHHe pa3pa-
OOTaHHBIX HAMH TPHEMOB IIBETOBOI'O BPEMEHHOI'0 KOJAMPOBAHHUS MTO3BOJIMIIO OOHAPYXKHUThH CYLIECTBOBAHHE KOp-
peNsIMY B MOBEACHUN MEXY JIBYMs BpeMeHHbIMH no3uiusmMu. Cdepa nmpuMeHeHuns: pa3paboTaHHbIX HAMH Me-
TOJIOB HE OrpaHMYeHa Hay4HO-JIa0OpaTOpHOM NMPakTUKOH. MHOTME W3 3TUX METOAOB NMPHUMEHHMBI K JIIOZSM,
0COOEHHO, K MaIlMeHTaM, CTPIAIOIIIM HEBPOJIOTHYECKUMH U MOTOPHBIMU PACCTPOWCTBAMH IIMPOKOTO CIIEKTpa.
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Abstract. Due to the development of information technology, many researchers have received access to the
latest methods in the observation, recording, and analysis of various kinds of data arrays. Thus, machine analysis
based on new algorithms facilitates the comparison of different patterns of behavior, including the study of the
dynamics of animal activity under the influence of neurotropic drugs, an example of which is phenazepam. The
aim of our study was to use computer analysis systems to compare the behavior patterns of two groups of labora-
tory rats: the control group and the group following phenazepam, as well as to study the overall effect of
phenazepam on the behavior of rats. As the study showed, features were revealed in the level of expression of
the general trajectories of rat movement during the testing. In addition, the use of home-developed color time
coding techniques, made it possible to detect the existence of a correlation in behavior between two time posi-
tions of the same animal. The scope of the methods developed by us is not limited to scientific and laboratory
practice. Some of these methods are applicable to humans, especially patients suffering from a wide range of
neurological and motor disorders.
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Introduction

The study and analysis of the behavioral aspects of animals is one of the most complex tasks in modern neu-
roscience. It requires the formation of qualified experience on the part of the observer, painstaking observation
and a lot of time. Fortunately, the use of automated analysis systems creates the conditions for significant facili-
tation and timesaving in research. Thanks to the introduction of new analysis, it seems possible to more deeply
study the various behavioral patterns of groups of laboratory animals, including rats [Andreev et al., 2021].
Moreover, prospects for the use of the developed methods in the diagnosis and treatment of various neuropathol-
ogy in humans are opening up.

For many years, animal behavior has been studied through visual observation, which imposes certain re-
strictions on the research process, thereby affecting the data and results obtained during the analysis. However,
in recent decades, a trend in the use of artificial intelligence systems has become noticeable, making it possible
to optimize the processes of observation, recording and analysis of arrays of received data [Godec P., et al,
2019]. In particular, the comparison of behavioral patterns and dynamics of animal activity under the influence
of neurotropic drugs is greatly simplified and objectified. As an example, in our study, a widely known drug in
the clinic, phenazepam, has been used.

Phenazepam is a tranquilizer developed at the end of the last century and has a pronounced anticonvulsant,
muscle relaxant and soporific effect. It is a white crystalline powder, insoluble in water and slightly soluble in
alcohol. The mechanism of action of phenazepam is to facilitate the inhibitory action of gamma-aminobutyric
acid (GABA\) on the signal transmission of brain [Hepsomali at al., 2020, Oyemade, 2012]. In medical practice,
phenazepam is prescribed for the treatment of nervous, neuropathic, psychopathic conditions accompanied by
anxiety, fear, and increased irritability [Maskell, 2012]. In this study, the goal was to study the effects of
phenazepam on the behavior of rats using the methods of home-developed computer color-coding.

Materials & Methods

Animals. Outbred laboratory rats were kept in standard cages, strictly observing the rules of animal maintan-
ance in accordance with the international convention "International Convention for the Protection of Animals"
[URL: https://www.animallaw.info/treaty/international-convention-protection-animals], following the Order by
the Ministry of Health of the Russian Federation from April 1, 2016 No. 199n “On Approval of the Rules for
Good Laboratory Practice”. The animals were provided with suitable nutrition, stable temperature conditions and
veterinary care. The day/night cycle was set at 12/12 hours.

To achieve the goals of the study, a series of experiments was carried out on 20 outbred rats, divided into 2
groups according to the administered drug. The rats of the control group were injected with a physiological solu-
tion of 0.5 ml. Rats of the second group were injected with phenazepam in a volume of 1 mg/kg, with a similar
injection volume [Sysoev et al., 2022]. The exposure time of the drug before registration was 20 minutes.

Experimental setup and registration. The "open field" setup was a round, flat arena of black color,
equipped with sides of sufficient height to prevent the escape of animals, 97 cm in diameter, divided into 19 sec-
tors of equal area, with a number of small holes in the floor, attractive for their exploration by rats. Video record-
ing was carried out using a Canon 5D camera, at a frequency of 30 frames per second, for 3 minutes, at 320-lux
illumination. The camera was controlled remotely, without a person being in the room, with the image of the
field displayed on the monitor.

Methods of image acquisition. In the course of a study conducted with each of two groups of rats, a number
of behavioral parameters were analyzed in the open field test [Walsh and Cummins, 1976; Crusio, 2001;
Seibenhener and Wooten, 2015]: mobility, anxiety, and orienting-exploratory behavior.

Each animal test was recorded on a video camera, resulting in 20 video recordings. The resulting videos were
processed in the Google Colaboratory service [URL.: https://colab.research.google.com]. Each video was pro-
cessed using the program code. These video files included images consisting of three time positions expressed
using color coding. To obtain a color video recording, each video was divided into frames. Thus, at each moment
of time, 3 frames were combined: 1st frame - the present time, 2nd frame - the near future (in 10 frames relative
to the first one or after 0.33 s), 3d frame - the distant future (in 50 frames relative to the first, i. e. after 1.66 s).
Further, all three frames were combined into a single frame in sequence while maintaining the frame rate. The
need to introduce color coding was to determine the relationship between behavior patterns in the near and dis-
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tant future. Then the goal was to predict the individual patterns of animal behavior based on the combined
frames.

In addition to the above methods, when studying the behavior of rats, an additional analysis tool was used,
which allowed analyzing motor activity in general, without taking into account specific patterns. For these pur-
poses, using Fiji software from ImageJ [Schindelin et al, 2012] we created a Java code that processed 540 frames
obtained from test video files at equal intervals, with a total recording duration of 3 minutes. As a result, after the
execution of the program code, a single collage of six images per video file was obtained.

Results and Discussion

The temporal color coding method made it possible to trace the dynamics and trajectory of movements of in-
dividuals in the control and phenazepam groups of rats throughout the entire video recording (Fig. 1). The video
file with each animal was divided into 6 parts of 90 frames each (that is, a total of 540 frames) using the original
program code we created.

Ml

Fig. 1. A montage showing the trajectory of an individual rat during a three-minute recording ((Temporal
Color Code).

To form a collage, every tenth frame was used, that is, 540 out of 5400 consecutive frames. For the formation of each
of the six elements of the collage, 90 selected frames were used. Thus, the entire recording period was divided into
six 30-second segments. The beginning of the movement in each element was indicated in dark blue, then in blue,

green, yellow, orange and red. The absence of one or another color in the trajectory of movement meant the imposi-
tion of several shades, which occurred when the animal froze in one position

From the images generated in this way, it can be seen that the orienting-exploratory activity of each of the
control animals was generally very intense: most of the rats during the behavioral test made long runs both in the
center and around the periphery of the arena. Thus, the temporal color coding of the control group of laboratory
rats showed quite diverse and rich dynamics of movements, which in all cases corresponded to normal orienting-
exploratory activity.

The use of temporal color coding for the phenazepam injection group revealed significantly different results.
First, in this group, abnormal orienting-exploratory behavior was clearly manifested, expressed in long runs,
mainly along the periphery of the arena. Moreover, most of the animals moved exclusively in a circular trajecto-
ry throughout the recording. Secondly, by the end of video recording, most treated animals showed a noticeable
decrease or complete absence of motor activity. In many cases, the animals would suddenly stop moving, enter-
ing a state known as "freezing". Animals became almost completely immobile, only occasionally sniffing the
environment or floor holes.

Thanks to another approach, namely frame-by-frame temporal coding with the combination of the current
position, near and far future in one frame, it was possible to study the patterns of rats at different time positions.

To analyze the correlation between these time points, 4 standard patterns of movement were chosen: farther
forward, turns right, left or back. As predictors of these future movements, we paid attention to the position of
the tail, head, and body of rats in the context of their co-directional position and alignment with future move-
ment.

Subsequent statistical analysis [Stanton et al, 1998] showed significant differences in percentage of positive
predications between the "forward" pattern and the "right", "left" or "back" patterns in the control group of rats
as well as in the group injected with phenazepam (Fig. 2).

This finding indicates that tail, head, and body positions may serve positive predictors of farther forward
movement. Moreover, in the anxiolytic group, this trend was even more pronounced (see higher level of statisti-
cal significance for phenazepam group, compared to control). At the same time, considering the remaining three
patterns (to the right, to the left, and back), we concluded that the positions of the tail, head, and body of rats
were not reliable predictors of actual motor patterns in both the near and distant future. In our opinion, this inno-
vative method of dynamic analysis has demonstrated significant potential in the analysis of the effect of psycho-
active substances on the nervous system and behavior of the laboratory animals tested.

Thanks to the development of new research methods, we found that phenazepam, as a tranquilizer, inhibits
exploratory activity in rats. We have established the features of the level of expression, related to the general
trajectories of rat dynamics in “open field” test, executed in two different groups. It has been demonstrated that
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phenazepam in most cases promotes stereotypic circular motion along the arena wall, and in some cases com-
pletely suppresses the exploratory interest of the animals.

wo [ -

- Ii

i

.

40

| |

F-Farward Other F-Forward Other
Control group Phenazepam

Fig. 2. Comparison of indicators predicting the patterns of animal dynamics in the “open field” test, such
as movement straight forward (marked as “F-forward”) and turns right, left and back taken together
(marked as “Other”) in the "Control group” (light gray) and "Phenazepam" (dark gray). When the posi-
tions of head, body or tail of the animal were co-directed with its near or farther future movements they
were considered as “positive predictors”. Y-axis - overall percent of positive predictions cases

Some more unexpected results were obtained by using color temporal registration of frames, which made it
possible to detect the presence of a correlation in behavior between two time positions. In particular, it turned out
that the pattern of forward movement can be reliably predicted based on the position of the animal's head, body,
or tail. Moreover, this trend is true for both studied groups of rats. In general, the future coding method can be
used in studies whose purpose is to reveal the dynamics of the behavior of entire range of laboratory animals
after the use of different psychoactive substances.

The combination of both of our innovative machine-based behavioral analysis methods opens up exciting
prospects for the early diagnosis of neurological movement disorders in human patients. We are confident that
the color coding of different motor phases and general motor patterns of patients will allow further development
of methods for the early diagnosis of neurological disorders.
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Annomayus. IlpencraBieHo IpUMEHEHHE HOBOIO IIOX0/a K aHAIN3Y IOBEIEHHS 1a00paTOPHBIX KPbIC, OC-
HOBAHHOTO Ha IIBETOBOM KOJIMUPOBAaHHH BUEOPsIa. BbUIN BBISIBIEHBI OCOOEHHOCTH TIOBENIEHUS Y KPBIC, HHBEIH-
POBaHHBIX TAJONEPUAOIOM. Y SKCHEPHUMEHTAIBLHON TPYIIBI IBUTATEIbHAS aKTUBHOCTh Ha Tepudepun okaza-
J1ach JOCTOBEPHO HUDKE KOHTPOIBbHOU. bonee Toro, mpocnexxuBanach TCHACHIUA K CYIIECTBEHHOMY CHIDKEHHIO
JIBUTaTeNIbHOM aKTUBHOCTH BO BTOPOH MOJOBHHE TECTOBOTO TEpHoAa. Y KOHTPOJIBHOW M IKCIIEPUMEHTAILHON
IpYNI HaOJI0AaIach BEIpaKEHHAs Pa3HUIA B TaKUX IaTTEPHAX, KaK MPOJBIKEHUE BIIEpe/l, IIOBOPOTHI BIPABO,
BJIEBO U Pa3BOPOTHI Ha3aA. Cpefu CTaTHUECKUX KPUTEPHEB, JOCTOBEPHAS Pa3HULA B MOJIb3Y KOHTPOJIS HaOMI0-
J1aJ1ach B IPONOPLUH CIEAYIOIINX TUIIOB MTOBEIEHU: OOHIOXUBAHUE BO3/lyXa, CTCHOK, 110J1a, 00CIeI0BaHUE TTy-
HOK apeHbl, CTOMKH Ha 3aJHUX Jamax ¢ onopoi u 6e3. [IpuMeHeHue pa3pabOTaHHOIO HAMH METOJIa COBMELICHU S
B OJTHOM KaJIpe TPEX BPEMEHHBIX TOYEK: HACTOSIIETo, ONvbKaiiiero u oonee OTJaJeHHOro OyaylIero, BIIEpBbIe
NO3BOJIMJIO YCTAHOBHTH PsiJi BXKHBIX 3aKOHOMepHOCTeH. Tak, y rpymribl, MOJYyYMBIIEH Tanonepuaol, ropasio
CUJIbHEe, YeM B KOHTpOJIE, OKa3ajlach BBIpaXKeHa IPelICKa3aTeNbHOCTh OyMyIIEero JBUIAaTeIbHOrO MaTTepHa Ha
OCHOBE€ TEKYIICTO IMTOJIOKEHUS I'OJIOBBI I/I/I/IJ'[I/I TYJIOBUIIIA )KUBOTHOT'O. KpOMC TOro, AJisd )XUBOTHBIX, HHBELUPO-
BaHHBIX TaJIONECpUI0JIOM, 61)1.]'[8. CBOMCTBEHHA BbIpa)KCHHAsA CTCPCOTUITHOCTDH MOTOpHOﬁ AKTUBHOCTHU C JOMHUHU-
POBaHHEM OJHOHAIIPABJICHHOTO JIBIDKEHHA. MeTol coBMelIeHus KaapoB crocobeH obecneynTh 0ObeKTHBHOCTD
U BBICOKYIO HAaJEKHOCTb IPH HauOolee CIOKHOM BHAE MOBEJEHYECKOTO aHaNn3a, BBIABICHUM AMHAMHYECKHX
naTTepHOB. B nanpHelIneM 3Tu cBeAeHHUS MOTPeOyIoTCs s OITyYEeHHs ONTHMAJIbHOTO MacCHBa U MIPUEMIIEMO-
ro pa3HooOpa3us JaHHBIX A7 IPUMEHEHHS K HUM METOAOB MALIMHHOTO 00y4eHHs M aBTOMaTH3alliy Hpolecca
pacro3HaBaHUs IATTEPHOB.

Kniouesvle cnoga: Tanonepunon, TECT «OTKPHITOE II0JI€», ATTEPHBI TOBEACHNUS, BPEMEHHOE [IBETOBOE KOIIH-
pOBaHMe, ABUTraTeIbHas aKTUBHOCTh, SKCTpaNupaMHUAHBIE PACCTPOHCTBA
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bnazooapuocmu: Bripaxxaem OnaromapHocts CaHKT-IleTepOyprckoMy roCyHapCTBEHHOMY XHUMHKO-
(apMaleBTHYECKOMY YHUBEPCUTETY M JINYHO JOKTOPY MEIUIMHCKUX HAYK, Mpodeccopy, 3aBenyromemMy Kaden-
poit hapmakosoruu u knmuandeckor papmakonoruu CIIXDY Okosuromy Cepreto BrnamumupoBudy 3a mnpeno-
CTaBJICHHbIE SKCIIEPUMEHTAIbHbIe MaTepPHAIIBI.
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Abstract. The application of a new approach to the analysis of the behavior of laboratory rats based on the color
coding of the video frame sequence is presented. Behavioral features were identified in rats injected with haloperidol.
In the experimental group, motor activity on the periphery of arena was significantly lower than in the control group.
Moreover, there was a tendency to a significant decrease in physical activity in the second half of the test period. In the
control and experimental groups, there was a pronounced difference in such patterns as moving forward, turning right,
left and turning back. Among the static criteria, a significant difference in favor of the control was observed in the
proportion of the following types of behavior: sniffing the air, walls or floor, examination of the arena holes, rearings
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with and without support. The application of the self-developed method, combining three time points in one frame: the
present, the nearest and the more distant future, allowed us to establish a number of important rules. Thus, in the group
that received haloperidol, the prediction of the future motor pattern based on the current position of the head and/or
body of the animal turned out to be much stronger than in the control group. In addition, for animals injected with
haloperidol, a pronounced stereotype of motor activity was characteristic. The combined frames were able to provide
objectivity and high reliability in the most complex behavioral analysis, the dynamic patterns. In the future, this infor-
mation will be required to obtain an optimal array and an acceptable variety of data for applying machine learning
methods and automating the process of pattern recognition.
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Introduction

Traditionally, experiments conducted on laboratory animals for various scientific purposes retain a high level
of importance and relevance. First, the data obtained in such studies are needed in the pharmaceutical industry
[Sysoev et al., 2022], since the life and health of human patients depend on the results, evaluating the effective-
ness and safety of drugs.

Schizophrenia is a serious and still insufficiently understood mental disorder that affects about 1% of the
general population [Harris et al., 2013]. Despite the fact that the true causes and mechanism of development of
this disorder have not been well established, there are quite effective medical approaches of the treatment that
can supress many of the schizophrenic symptoms. However, a complete cure of such patients is not yet possible,
although in some cases a long-term remission can be achieved. The most common medicine that has been suc-
cessfully used for a long time to treat the symptoms of the schizophrenia spectrum is the antipsychotic drug
haloperidol. Nevertheless, a number of features and side effects [Irving et al., 2006] characterizes the action of
the drug. In experimental practice, when evaluating the pharmacological effect, it is customary to rely on the
degree of suppression of disorders at the behavioral level [Drozdov et al., 2011].

Behavior is an objective indicator of the functioning of the nervous system and the effects of pharmacologi-
cal drugs on the body. Understanding the activity of the brain as a whole is based not only on the study of mo-
lecular, genetic, physiological and other aspects, but also on behavioral features that clearly reflect the key func-
tion of the brain — control of movements and motor activity in general.

One of the main difficulties in interpreting the results of behavioral tests is the subjectivity of the assessment
of certain isolated criteria by different researchers [Tecott, Nestler, 2004]. Often it results in an oversimplifica-
tion and one-pointedness of the range of selected analysis methods. In our study, we made an attempt to get as
close as possible to the automated method of recording and processing animal behavior patterns, using the video
sequence color coding method [Molodij, 2020]. Thus, the purpose of our study is to reveal the effects of
haloperidol on the formation of behavioral patterns in laboratory rats in the open field test using novel self-
developed color-coding method.

Materials & Methods

Animals. The study was carried out in accordance with the principles of the Basel Declaration and the Order
of the Ministry of Health of the Russian Federation dated April 1, 2016 No. 199n “On Approval of the Rules for
Good Laboratory Practice”, as well as the recommendations of the Russian Ministry of Health. The rats were
kept under standard vivarium conditions on a 12-hour day/night cycle and with free access to water and food.
The experiments were carried out on 20 outbred male rats weighing 250-300 g.

Animal sampling and description of experiments. The animals were divided into 2 groups of 10 rats in
each. Experimental animals were injected with a solution of haloperidol intraperitoneally at a concentration of
0.3 mg/kg, with an injection volume of 0.5 ml. As a control, physiological saline was administered, also in a
volume of 0.5 ml. The drug exposure time was 20 minutes [Sysoev et al., 2022]. Next, the rats were placed in the
“open field” setup, which was a round black experimental arena, 97 cm in diameter, divided into 19 sectors of
equal area, and equipped with holes in the floor. Video recording was carried out using a Canon 5D camera, at
the rate of 30 frames per second, for 3 minutes, at 320 lux illumination. The camera was controlled remotely
using the EOS Utility software. The images of arena were displayed on the experimenter's monitor.
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Visualization and data analysis. The following behavioral patterns were recorded: moving forward, turning
the head/body to the right, to the left, turning back, standing on the hind legs with and without support against
the wall, examining holes, sniffing the space, grooming, and freezing.

Most of the video recordings were viewed in their original form. At that time, the main patterns were identi-
fied, described and counted. Further, using the Python programming language in the Google Colab environment,
the records were processed using the OpenCV library. Color-coding of video recordings made it possible to dis-
play the present (t=0), the near future (t=0.33 s) and the more distant future (t=1.66 s) in different colors and
combine all three in one frame. Thus, each frame was the result of the augmentation procedure.

Statistical analysis. Statistical processing of the results was carried out using the Student's t-test or the
Mann-Whitney U-test using the Past and Excel computer programs. The normality of data distribution in the
samples was determined using the Shapiro-Wilk test. For the actual presentation of the obtained data, such indi-
cators of descriptive statistics as the arithmetic mean + standard error of the mean (SEM) were used. Differences
between groups were recognized as statistically significant if the probability of the calculated difference between
the samples was p < 0.05. If the significance limit was exceeded, the differences were considered non-significant
(N.S.). In addition, when studying the dependence of the expression of motor activity in experimental rats on the
time factor, one-way analysis of variance (ANOVA) was used, followed by a pairwise post hoc comparison
based on the Tukey’s test. Differences were defined as significant at p < 0.05.

Results and Discussion

The open field test makes it possible to analyze motor activity, exploratory behavior, and anxiety in rats and
mice [Carola et al., 2002]. The analysis of motor patterns of behavior is one of the main reasons for conducting
this test. Therefore, from the total volume of the revealed patterns, we first studied the motor ones. Among the
variety of dynamic patterns, to assess the overall motor activity in the center and on the periphery of the arena,
we took into account the following simple ones: forward movement, turns to the right, left and 180°, as well as
the direction of the head forward, right or left. Injection of the antipsychotic drug haloperidol resulted in signifi-
cant differences in the motor activity of the animals compared to the control, and mainly at the periphery of the
arena. In the group that received haloperidol, motor activity in the periphery was significantly lower and
amounted to 19.341.18 cases of any dynamic patterns compared to 42.2+4.24 in the control; p <0.001 (Fig. 1). It
is interesting to note that there were no significant differences in motor activity in the center of the field between
the groups, since the representatives of both groups spent a relatively small part of the time in the central sectors
of the arena compared to the time spent near the walls of the field.

A Periphery of the open field B Center of the open field

e

I < ]

Averaged number of behavioral patterns

|
0 || I “

Control Haloperidol Central Haloperidal

Fig. 1. The average number of overall dynamic behavioral patterns on the periphery (A) and in the center
(B) of the «open field» arena of the «Control» (left columns) and "Haloperidol" (right columns)

In general, many researchers determine the restless behavior or anxiety of animals by the proportion of time
spent in the open space of the arena compared to hiding in the shelter [Wahlsten, 2011]. However, as a rule, the
very fact of a shorter stay in the center is explained by natural causes, since rodents tend to avoid large, open,
and brightly lit spaces [Prut and Belzung, 2003].
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We calculated the average sum of patterns for consecutive 30-second segments of a total 3-minute-long re-
cording. Thus, the total registration time was reduced to six discrete time points. During the first minute of regis-
tration, the activity in both groups was the same. Later, in animals injected with haloperidol, a gradual decrease
in activity began, and by the last minute of the recording, their activity fell to minimal values.

This tendency to decrease in activity may indicate insufficiency in the action of the dopaminergic system of
the brain, antagonized by haloperidol. It is well known that dopamine plays a key role in the modulation of mo-
tor functions. The lack of its synthesis, overproduction, as well as blocking of dopamine receptors, leads to the
development of pathological forms of some forms of behavior, manifested in violations of locomotion. Thus,
dopamine deficiency leads to hypokinesia, as in Parkinson's disease [Zvezdochkina et al., 2004].

Based on the dispersion analysis of recorded time points, it was found that the dynamics of changes in the ac-
tivity of two groups differ significantly at three time points: 4, 5, and 6, which corresponded to the last 1.5
minutes of recording. It follows that animals treated with haloperidol cease to reveal curiosity and normal activi-
ty much earlier than control animals. The calculated probabilities of differences for the mentioned time points
were: p < 0.0006, p <0.0002, and p < 0.0001 for the points 4, 5 and 6, respectively.

It has been previously found that treatment with haloperidol, as well as with similar antipsychotics, pro-
nounces extrapyramidal disorders [Strange, 2008]. Side effects of a dynamic nature that affect motor activity are
associated with symptoms such as tremor, bradykinesia, muscle rigidity, etc. Indeed, while observing the video
files, we have identified a number of cases that confirm mentioned phenotypes. For example, most treated rats
often stood still or freeze for various periods, while convulsively shaking their heads or, as it were, “nodding”. In
general, their movements were slowed down, with repeated cases of uneven gait and atypical paw placement or
"sliding" on their side to the left or right against a background of general unsteadiness.

Figure 2 shows a pairwise comparison of the main motor patterns in two groups of rats. Analysis using the
Student's t-test showed that the p-values of the differences in the number of head turns to the right and left were
statistically insignificant (in all cases p > 0.05).

The average number of movements in the control group was as follows: forward 12.2+2.4, 180° turns
3.3+0.4, right and left 11.8+1.9 and 11.642.2, respectively. For the group treated with haloperidol, these parame-
ters were: forward 3.6+1.0, backward 1.840.5, right and left 3.2+0.6 and 3.6+0.6, respectively. Statistical analy-
sis demonstrated that the numbers of shifts forward and turns to the sides and back in the treated group were sig-
nificantly smaller compared to the control: p<0.004, p<0.001, p<0.002 and p<0.028, respectively.

In addition to the mentioned motor patterns, the following indicators were also calculated: sniffing the walls,
floor, air, grooming, rearing with and without support on the wall, etc. Applying the Mann-Whitney test, we
found that the differences between the control group and the haloperidol-treated group were significant for most
indicators: air sniffing 4.74£0.65 vs. 12.1£2.9 (p < 0.05), wall sniffing 2.9+0.8 vs. p < 0.001), floor sniffing
0.4+0.2 vs. 2.240.5 (p < 0.02), rearing with support 1.2+0.5 vs 4.4£1.0 (p < 0.4) and without support 0.2+0.1 vs
1.6£0.6 (p < 0.02). The cases of grooming among groups did not differ statistically (p > 0.05). The "freezing"
pattern was recorded only in the group injected with haloperidol solution.

Such indicators of behavioral activity, which are mentioned above, as a rule, indicate the degree of orienting-
exploratory activity, anxiety, and the emotional component as such. Thus, a study conducted by Zvezdochkina et
al. [2004] revealed a pronounced decrease in orienting-exploratory behavior in laboratory rats after injection of
haloperidol in the open field test, as well as a decrease in the number of grooming acts, which has considered
indicating an increase in anxiety and the development of inhibitory processes in the CNS. However, such an in-
dicator as grooming cannot be defined as an unambiguous factor of anxiety, since it can also mean a comfortable
and calm state in which the animal is. Based on this, the variability of this parameter should not be considered as
a marker of the effect of haloperidol, or any other pharmaceutical preparation of a similar family. It is also unde-
niable how important the role of the emotional component in motor functions is, since it has been found that it is
the mesocorticolimbic pathway that modulates the responses that are associated with fear and anxiety [De Souza
Caetano et al., 2013].

A study by Drozdov et al. [2011] also confirms a decrease in locomotor activity in rats after haloperidol ad-
ministration. It appears that our results are not random, but reflect an objective trend. The dose factor of the ad-
ministered drug, as we assume, is also of great importance. Studies have not found a minimum dose that would
cause the effect of reducing motor functions. Nevertheless, the inhibition of motor activity in rats in the study by
Amtage and Shmidt [2003] was registered already following the introduction of 0.1 mg/kg of haloperidol. This
does not exclude the onset of catalepsy. As a rule, it is initiated at doses higher than previously described, how-
ever, at a dose of 0.1 mg/kg, the development of catalepsy is not excluded.

Using color-coding corresponding to three time points, we tried to predict the future position of rats based on
the position of the head, tail, or torso. To do this, we have chosen four patterns that will happen in future: shift
forward, 180° turn, right and left turns. The collected quantitative data were divided among these four groups. It
has been suggested that the turn of the tail in one direction or another serves as a sign by which one can deter-
mine the likelihood of certain patterns in the near future. It also drew attention to the fact that animals often turn
their tail and/or head in the direction of future movement. For analysis, three parts of body were selected in the
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present: the position of the head, tail and torso. Each of the factors was related to the future in the following way:
can the position of each part of the body serve as a predictive guide for future movement to the right, left, for-
ward or backward?
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Fig. 2. Comparison of the average number of dynamical patterns between control (dark gray) and
haloperidol (light gray) groups.

A, 180°, back; B, forward movement; C, turns right; D, turn left; E, head turned right; E, head turned left

The position of the tail as a predictive criterion was not justified. Using the t-test, we found that only the head
and torso were predictive for the four selected patterns. Indeed, we recorded a rather high probability that
haloperidol-injected rats increased the predictive power of head and/or trunk position compared to control group
(p<0.008). In addition, it was noted that in the haloperidol group there were fewer failures in predictions.

The color coding method used here has shown its effectiveness in data analysis and processing. The results
obtained are consistent with data from various sources, in which both traditional imaging methods and modern
ones were used. This concerned the factor of the side effect of haloperidol on the decrease in motor activity, ori-
enting-exploratory behavior, and features of the trajectory of motor activity. Thus, the color coding method
opens up new perspectives in working with biological images using a relatively simple technique. For the effi-
cient operation of neural networks, the creation of a larger database is required. We hope that in the near future,
the combination of traditional methods for studying the brain and the effect of drugs on it, with modern methods
of machine learning and computer vision will make it possible to identify motor disorders and other neurological
disorders in patients at the early stages of pathology development. It may also help in the search for new drugs
and methods for the treatment and prevention of brain diseases in humans.
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Annomayus. TIouck 1 U3ydeHne HOBBIX HEWPONPOTEKTOPHBIX CPEICTB SIBJISAETCS aKTyalbHOW 3amayeii Ouo-
MCEIULIMHCKUX HCCJ’IC}IOBaHHﬁ. BBI/II(y HHU3KOI'0 TPAHCIIAOUOHHOTO IMOTCHIHAaJIa PE3YJIbTAaTOB SKCIEPUMEHTAIIb-
HbBIX U JOKIIMHHUYCCKHUX HCCJ’IeZ[OBaHHﬁ, HCO6X0}11/IMI)I HOBBIC IMOAXOAbI JJIsI OLICHKU 3(b(beKTI/IBHOCTI/I HOBBIX CO-
CﬂHHCHHﬁ, OKa3bIBalOUX IOJOKUTEIIBHOE BJIUAHHE IIPU COCYAUCTBIX WKW TPaBMAaTHYCCKUX IOPAXKEHHUAX I'O-
JIOBHOTO Mo3ra. Meton dapmakosuiiedanorpadpun (hapmako-23I") — oguH 3 HEHPODHU3IUOIOTHICCKUX METO-
JIOB WCCJIEJIOBAHMS, KOTOPBIH MO3BOJSIET OLCHUBATh (DYHKIIMOHAILHOE COCTOSIHHUE TOJIOBHOIO MO3ra IO mMapa-
METpaM ero OMOIJIEKTPUYECKONW akTHBHOCTH. HecMOTpsi Ha HEOOXOAMMOCTh XHUPYPIrHYECKOTO BMEIIATEIbCTBA,
(apmaxo-D31" B SKCIIEpUMEHTANIBHON HelpoOHonoruy obnagaeT psaaoM NPerMyLIecTB 0 CPABHEHUIO C TPpaIu-
IIMOHHO HCIIOJIb3YEMBIMH IIOBEJCHYECKHMH TECTaMH, a TaKkKe OMOXMMHMYECKMMH WIM MOJEKYISIPHBIMU-
reHeTHYeCKHMMH MeToJaMu. B maHHOM 0030pe paccMaTpuBalOTCs MPUMEpHI HCIOIB30BaHU JTaHHOTO METOA AL
OLICHKH HEHPONPOTEKTOPHOM aKTHMBHOCTH JICKAPCTBEHHBIX CPEACTB HAa MOJENAX YEPEIHO-MO3TOBOH TPaBMBI U
HHCYJBTa y TPhI3yHOB. HO OCHOBaHMM pe3ynbTaTOB OMYOJIMKOBAHHBIX MCCIEAOBAHHN MOXKHO CIENATh BBIBO,
yro (papmaxo-O3I" sBIseTCA YyBCTBUTEIBHBIM METOJOM JUIA OLCHKH 3((EKTOB MpenapaToB Ha TeYEHHE IaTa-
JIOTMYECKUX MPOLECCOB IPH MOPAXKEHUH TOJOBHOI'O MO3Ta Yy KPBIC M MOXET PaccMaTpUBAThCA KaK MOJIE3HOE
JOTIOJIHEHUE K TPaJULIMOHHBIM SKCIIEPUMEHTAIBHBIM IIOAXO0AaM.
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Abstract. The search and study of new neuroprotective agents is an urgent task of biomedical research. Due
to the low translational potential of the results of experimental and preclinical studies, new approaches are need-
ed to evaluate the effectiveness of new compounds that have a positive effect on vascular or traumatic brain le-
sions. The method of pharmacoencephalography (pharmaco-EEG) is one of the neurophysiological research
methods that allows you to assess the functional state of the brain in terms of its bioelectrical activity. Despite
the need for surgical intervention, pharmaco-EEG in experimental neuroscience has several advantages over
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traditionally used behavioral tests, as well as biochemical or molecular genetic methods. This review considers
examples of the use of this method to assess the neuroprotective activity of drugs in models of traumatic brain
injury and stroke in rodents. However, based on the results of published studies, it can be concluded that phar-
maco-EEG is a sensitive method for assessing the effects of drugs on the course of pathological processes in
brain damage in rats and can be considered as a useful addition to traditional experimental approaches

Keywords: pharmacoencephalography, neuroprotection, rats
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method of pharmacoencephalography for the assessment of neuroprotective drug activity. Bulletin of Perm Uni-
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Introduction

Central nervous system disorders resulting from traumatic or vascular injuries have a high social signifi-
cance. In view of this, the search and development of effective methods for the experimental evaluation of the
effec-tiveness of new neuroprotective agents is an urgent task of biomedical research. The most common exper-
imental models for assessing neuroprotective activity are models of ischemic stroke (temporary or permanent
occlusion of the middle cerebral artery circulation, photothrombosis, etc. [Li, Zhang , 2021]) and traumatic brain
injury (model of controlled cortical impact, fluid-percussion impact, etc.) [Marklund, Hillered, 2011]) in rats.
Since traumatic and vascular injuries of the brain are accompanied by the appearance of a focus of necrosis
(dead cells) and penumbra (cells with pronounced functional and metabolic disorders), the classical version of
the positive effect of the studied drug in the experimental conditions on rodents is the preservation of the viabil-
ity of penumbra cells while reduc-ing the severity of neurological deficit, accompanied by motor, emotional-
behavioral and cognitive impairments.

In view of this, to assess the effects of neuroprotective agents in small laboratory animals, as a rule, behavior
al and functional tests are used [Schallert, 2006] to assess the degree of motor impairment (for example, the Cyl-
inder and Beam walking test), emotional and behavioral changes (Open field, Elevated plus maze) or cognitive
function (Morris water maze, T-maze, etc.). The results of these tests are usually verified by methods of as-
sessing the volume and histomorphological pattern of the lesion [Berger et al., 2008], as well as by biochemical
and molecular genetic methods [lino et al., 2003]. The data obtained allow us to comprehensively assess the ac-
tivity of the tested drugs and draw a conclusion about the appropriateness of the proposed pharmacotherapeutic
approach. Howev-er, all of these methods have their limitations, which, in the future, may affect the objectivity
of the conclusions drawn. For example, the results of behavioral and functional tests are often subjective and
their results are most dependent on the "hands" of the experimenter. Compliance with testing conditions, such as
time of day, lighting and room temperature, pre-handling, etc., is of great importance. Equally important is the
sequence of tests, as well as the time intervals between them. The disadvantage of histomorphological, biochem-
ical and molecular ge-netic methods may be the need to remove animals from the experiment in order to take the
necessary material for research, which does not allow tracking the course of the pathology in dynamics within
one particular animal.

Neurophysiological methods such as electroencephalography (EEG) or electrocorticography (ECoG) allow
assessing the state of the brain of small laboratory animals in terms of bioelectric activity parameters (amplitude-
spectral characteristics, coherence of lead pairs, etc.). Despite the need for surgical intervention (implantation of
EEG or ECoG electrodes), they do not have a number of disadvantages of the above methods, allowing testing of
one animal as often as necessary. In view of this, it is interesting to use EEG/ECoG methods to assess the neuro-
protective activity of new drugs in models of vascular and traumatic injuries in small laboratory animals. This
paper presents some examples of such studies, as well as our own experience in evaluating the neuroprotective
activity of the alpha-2-adrenergic agonist mafedine in a controlled cortical impact model in rats.

Pharmaco-EEG as a tool for evaluating the effects of drugs in models
of ischemic stroke and traumatic brain injury in rats

The possibility of using neurophysiological methods in in vivo experiments to assess the neuroprotective ac-
tivity of new drugs is an important issue for biomedical research. In rats with TBI in the study by G.A. Volo-
khova, the administration of deproteinized dialysate from the blood of calves in the post-traumatic period con-
tributed to positive changes in the EEG pattern, which correlated with the normalization of vertical and horizon-
tal motor activity in the Open Field test [Bomoxosa, CtostHos, 2015]. In a study by other authors on a model of
cerebral ischemia in rats (bilateral occlusion of the carotid arteries), was shown a positive effect of the preven-
tive use of a combination of vinpocetine with melatonin on the parameters of EEG rhythms in surviving animals.
At the same time, this combination of drugs increased the survival rate of rats after ischemia up to 80.0% (com-
pared to 34.8% of the group of control animals) [['arurops, Maxknskos, Xmnomonus, 2015]. We have shown in a
series of pilot studies that open severe TBI in rats is accompanied by persistent changes in the parameters of the
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bioelectrical activity of the brain, which are detected on the 3rd and 7th days after injury [CsicoeB, Kpomikuna,
OxoButsliii, 2019a; CeicoeB u ap., 2019, 2020, 2020a]. Among the key features of the ECoG signal of injured
animals, a decrease in the amplitudes and indices of 8-, a-, and B-rhythms, as well as an increase in the activity
of the slow-wave 6-rhythm were noted [Cricoes, Kpomkuna, Oxoutsiii, 2019a]. These changes were accompa-
nied by a disruption in the operation of interhemispheric and intrahemispheric connections, as evidenced by a
drop in the cross-correlation coefficient [CricoeB u mp., 2020a]. It should be noted that these changes were rec-
orded not only in the impact area, but also in remote areas of the cortex. Another important feature of the bioe-
lectrical activity of injured animals was the change in the reflex responses of the cerebral cortex to photo- and
somatosensory stimulation. Therefore, in injured rats, the amplitude of the P2 peak of VEP curves on the 3rd day
after TBI in areas of the cortex remote from the impact site was higher than in healthy animals, and on the 7th
day in the area of injury, it was lower [CeicoeB u np., 2020]. Also, in rats with injury, the amplitude of early (N1,
P2) and late responses (N2, P2, N3) of the cortex to somatosensory stimulation was reduced, as well as the laten-
cy of early responses increased and late responses decreased compared to the conditionally healthy group of an-
imals [CricoeB u zp., 2020b].

In the course of further studies [Sysoev, 2021], it was found that the administration of the sodium salt of the
alpha-2 adrenoreceptor agonist mafedine 1 hour after TBI and in the next 6 days led to the normalization of
interhemispheric connections of brain regions remote from the area of damage and intrahemispheric connections
of the healthy hemisphere by the 7th day after injury. In addition, positive changes in the responses of the cortex
to photo- and somatosensory stimulation were noted in such animals. The results obtained confirmed the previ-
ously identified cerebroprotective activity of the sodium salt of mafedine [Sysoev, 2019], and the suitability of
recording and analyzing ECoG to assess the effect of pharmacological agents on the course of TBI in laboratory
animals.

Conclusions

Thus, based on the results of the work of other authors, as well as the data of our own studies, we can con-
clude that the recording and analysis of EEG/ECoG in rats is a sensitive tool for assessing the functional state of
the brain after traumatic and vascular injuries. This makes it possible to use these methods to identify the neuro-
protective effects of drugs, complementing traditional behavioral, functional, or molecular genetic research
methods.
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Annomayun. ®apmaxo-O3I" sABIAETCS MEPCIEKTHBHBIM METOIOM HCCICIOBAHUS JIEKAPCTBEHHBIX MpENapaToB
(JIIT), HampaBIeHHBIM Ha BBISBICHUE X CIEIU(PHUUSCKOTO BIUSHUS Ha JIEKTPOPHU3NOIOTHIECCKYIO aKTHBHOCTD TOJIOB-
HOro Mo3sra. JIaHHBIH METOJ MOXET ObITh HCIONB30BaH KaK JJisi CKPUHUHTA HOBBIX MOJICKYI, TaK ¥ JJISl BBISBICHHS
eme Hem3ydeHHoro BiusiHus Ha [THC maBHO HCMONB3yeMbIX B KIMHHUYECKOW MpaKTHKe mpernapatoB. OcoOblit HHTEepec
B KOHTEKCTE M3YUCHHS MOCICTHUX MPEICTABIIACT BBISIBICHUE 10303aBUCHMBIX 3(dexToB, Tak kak O6omburuacTBO JIIT,
okaspiBaronux BiausHue Ha [THC, MOryT Ha3HAYaTHCS MAIIMEHTAM B Pa3JIMYHBIX JO3UPOBKAX B 3aBUCHMOCTH OT TsDKe-
CTH WJIW TPUPOBI 3a00JIEBaHMUS, YTO CBS3aHO JHMOO C MOBBINICHHEM d(PPEKTUBHOCTH WX NEUCTBHUSA, JTHOO C BO3ICH-
CTBHEM Ha JIOMIOJHUTENbHBIC MUIIeHH. Tak Kak OONbIIas 4acTh MCUXOTPONHBIX WM HefpoTpornHbix JIIT mepBhIx Mo-
KOJICHUH SIBJISICTCS HECEIEKTUBHOW M MOXET CBA3BIBATHCS C OOJIBIINM KOJIMYECTBOM MUILIEHEH, UCCIEN0BaHUE C I10-
Moo papmako-O3T MOXKET MO3BOJIUTH BBISBUTh KaK OCHOBHBIC, TaK M TIOOOYHBIE f0303aBUcHMbIC A3 dekThl. [Ipo-
METa3uH SBISETCSl aHTUTMCTAMUHHBIM IIPENapaToM IEepBOrO MOKOJIEHUS, U MoMHMO Onokansl H1-penentopos, ero
JICWCTBHE TaKKe 00YCIOBJICHO 0JI0KaI0i M-XOJIIMHOPEIENTOPOB, C YEM U CBS3aH LIMPOKUMN CIIEKTpP JIEHCTBUS JaHHOTO
npenapata. B naHHOM uccnenoBanuu Oblia MpOBE/IEHA OLIEHKA BIUSHUS MPOMETAa3HHA B pasHbIX go3ax (0.5 mr/kr, 5
MI/Kr 1 20 MI/KT) Ha aMIDTMTYIHO-CIIEKTPAIbHBIC XapaKTEPUCTHKH AJIEKTPOKOPTUKOTPAMM Y KPBIC C MOCIEIYIOLIIM
aHaJIM30M IJIaBHBIX KOMIIOHEHT. B pe3ynbpTaTe ObUIO YCTaHOBJIEHO, YTO IIPOMETA3HH BBI3BIBAET J10303aBUCHMOE yBeE-
JIMYEHHE 3HaYeHUH riiaBHOM KoMmnoHeHThl PC1, oTpaxkarolield aMIUIUTY/AHbIC XapaKTEPUCTUKU 3JIEKTPOKOPTHKOIpa-
¢duueckoit aktuBHOCTH. [Ipy 3TOM 3 (heKTH npenapaTa Ha CIIEKTPAIbHBIE XapaKTEPUCTUKU PETHCTPUPYEMBIX CHUTHA-
JI0B OBLIM pa3HOHAIIPABIICHBI U HE UMENH CTaTUCTUIECKON 3HAUMMOCTH.

Knroueswie cnosa: dapmaxodnextposHiedanorpadus, 371eKTpOKOPTUKOrpadus, MPOMeTa3uH, aHTUTUCTAMUHHbBIC
cpencraa
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rpamm y kpsic / J1. 1. HIum, M. M. ITyuuk, B. A. TIpuxoasko, FO. 1. Ceicoes, C. B. OkoBurtsiii / Bectauk ITepmckoro
yauBepcutera. Cep. buosnorus. 2022, Beim. 4. C. 352-356. [Ha anra.]. http://dx.doi.org/10.17072/1994-9952-2022-4-
352-356.
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characteristics of electrocorticograms in rats
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Abstract. Pharmaco-EEG is a promising method for the study of drugs aimed at identifying their specific ef-
fect on the electrophysiological activity of the brain. This method can be used both for screening of hew mole-
cules and for detecting the still unexplored effect on the central nervous system of drugs used in clinical practice
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for a long time. The identification of dose-dependent effects is of particular interest in the context of studying the
latter, since most of the drugs affecting the CNS can be prescribed to patients in different dosages depending on
the severity or nature of the disease, which is associated either with an increase in their effectiveness or with an
effect on additional targets. Since most of the psychotropic or neurotropic drugs of the first generations are non-
selective and can bind to a large number of targets, a study using pharmaco-EEG can reveal both the main and
side dose-dependent effects. Promethazine is a first-generation antihistamine, and in addition to the blockade of
H1 receptors, its effect is also due to the blockade of M-cholinergic receptors, which is why a wide range of ac-
tions of this drug is associated. In this study, the effect of promethazine at different doses (0.5 mg/kg, 5 mg/kg
and 20 mg/kg) on the amplitude-spectral characteristics of electrocorticograms in rats was evaluated, followed
by analysis of the principal components. As a result, it was found that promethazine has a dose-dependent in-
crease in the values of the main component PC1, which reflects the amplitude characteristics of electrocortico-
graphic activity. At the same time, the effects of the drug on the spectral characteristics of the recorded signals
were multidirectional and did not have statistical significance.

Keywords: pharmacoelectroencephalography, electrocorticography, promethazine, antihistamines

For citacion: Shits D. D., Puchik M. M., Prikhodko V. A., Sysoev Yu. I., Okovityi S. V. Effects of prometh-
azine on the amplitude and spectral characteristics of electrocorticograms in rats. Bulletin of the Perm University.
Biology. Iss. 4 (2022): pp. 352-356. http://dx.doi.org/10.17072/1994-9952-2022-4-352-356.

Introduction

Pharmaco-electroencephalography (pharmaco-EEG) is an effective method of pharmacological research,
which makes possible to classify psychotropic drugs of different groups and determine their effect on the central
nervous system by analyzing the amplitude-spectral characteristics. This method is widely used in various fields
of biomedicine to assess the effect of psychotropic drugs on the electrophysiological activity of the brain, both in
clinical [Jobert, 2012, 2015] and preclinical (non-clinical) [Drinkenburg et al., 2015, Koncz et al., 2021,
Dimpfel, 2008, 2013] studies.

First-generation antihistamines (FGAH) are often used in clinical practice due to their wide spectrum of ac-
tion. The pharmacological effects of this group of drugs are due to the blockade of central and peripheral H1
receptors, as well as M-cholinergic receptors. Thus, promethazine, a derivative of phenothiazine, in addition to
antiallergic, has a sedative, antiemetic, anxiolytic, and hypnotic effect [Bopucora, 2005].

Given the variety of effects of this drug, it is of great interest to identify its dose-dependent effects. For ex-
ample, in the vocalization test in rats, promethazine at low doses (1.25 mg/kg to 5 mg/kg) facilitated nociception,
and at high doses (10-40 mg/kg) had an antinociceptive effect [Paalzow, Paalzow, 1985].

The pilot electrocorticogram records we obtained in rats using promethazine at high doses (20 mg/kg) were
distinguished by a very interesting set of effects, so we decided to decrease the dosage of the administered drug
to study its effect on electrocorticograms in different dose ranges.

The purpose of this work was to study the effect of promethazine in 3 dose ranges (0.5, 5 and 20 mg/kg) on
the parameters of electrocorticographic activity in rats.

Materials and methods

Materials. The study was carried out in accordance with the principles of the Basel Declaration, the Order of
the Ministry of Health of the Russian Federation No. 199n dated 01.04.16 “On the Approval of the Rules for
Good Laboratory Practice” and the recommendations of the Bioethical Commission of the SPCPU of the Minis-
try of Health of Russia. The rats were kept under standard vivarium conditions on a normal diet with free access
to water. All experimental and control animals were taken from the same batch and were quarantined for 14
days.

The experiments were performed on 10 outbred male rats weighing 250-300 g obtained from the Rappolovo
Federal State Unitary Enterprise (Leningrad region).

Methods. The manufacturing process and procedure for implanting electrodes, as well as the features of
postoperative care for animals, were described in detail in a previously published work [Sysoev, 2022]. Elec-
trodes FP1 and FP2 were placed in the region of the primary motor cortex (AP = 0.0, ML = 2.5, DV = 1.0), C3
and C4 were placed in the primary somatosensory cortex above the hippocampus (AP = -4.0, ML = 2.5, DV =
1.0), and O1 and 02, secondary visual cortex (AP = —7.0, ML = 2.5, DV = 1.0). The reference electrode was
placed in the nasal bone, and the ground electrode was placed under the skin in the neck area.

Recording of electrocorticographic activity was carried out no earlier than 7 days after surgery using an 8-
channel Neuron-Spectrum-1 encephalograph (Neurosoft, Russia) with a bandwidth of 0.5-35 Hz and a quantiza-
tion frequency of 500 Hz. The signal was recorded simultaneously with the video recording of behavior in a
home cage under artificial lighting. The duration of the recording was 2 hours and included 30 minutes of back-
ground activity (before the administration of the drug or saline) and 1.5 hours after the injection. For further
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analysis, two 60-second sections of the recording were selected: immediately before the introduction and 20
minutes after. During the selected fragments of electrocorticograms, the animals were in a calm waking state, in
the absence of locomotor or exploratory activity, grooming or scratching [Hansen et al., 2019].

Promethazine (EGIS, Hungary) was administered intraperitoneally at doses of 0.5, 5, and 20 mg/kg. As used
physiological solution in a volume of 0.5 ml. For each of the groups, 6 entries were made.

The obtained records were analyzed using the Neuron-Spectrum.NET program (Neurosoft, Russia). For all 6
leads (FP1, FP2, C3, C4, O1, and 02), an amplitude-spectrum analysis was performed with a total of 132 param-
eters calculated, including the average and maximum signal amplitude, standard deviation, and compression ra-
tio according to Lempel-Ziv, average amplitude of wave rhythms, indices and average powers of rhythms. From
the signal were isolated 3- (0.5-4.0 Hz), 6- (4.0-8.0 Hz), a- (8.0-14.0 Hz) and B-rhythms (low-frequency, LF —
14.0-20.0 Hz, and high-frequency, HF — 20.0-35.0 Hz). The data were expressed as ratios of the values of the
parameters before administration of the drug to the values of the corresponding parameters after administration
(from 0 to 1).

Statistical analysis. Processing and subsequent analysis of the received data was carried out using an add-in
for MS Excel XLSTAT 2016. The dimensionality of the data was reduced using the principal component meth-
od. The numerical data shown in the figures are presented as average + SE.

Results and discussion

During the analysis of the PCM data, it was revealed that 82.8% of the total variance describes the first three
components (PC1, PC2 and PC3), which were used for further calculations. The values of the factor loads of the
EEG indicators used showed that the PC1 component (64.3% of the variance) depends on the amplitude charac-
teristics of the signal, regardless of the lead. The PC2 component (13.1%) was formed by the ratios of the values
of the indices of 6-, 6-, a- and B-rhythms. Similarly, this component did not depend on the localization of the
recorded signal. PC3, describing 5.4% of the variance, was formed by the average amplitude and the index of the
0-rhythm in the region of the leads C3 and C4 (somatosensory cortex above the hippocampus).

Comparison of the average values of the main components PC1, PC2 and PC3 showed that promethazine
dose-dependently increases the value of PC1 The values of this component were higher in groups of rats admin-
istered promethazine at doses of 5 and 20 mg /kg compared with the control (p<0.05 and p<0.01, respectively).
The effects of the drug on PC2 and PC3 components were multidirectional depending on the dose and were not
statistically significant (Figure).
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Values of the main components PC1, PC2 and PC3 for brain electrical activity in animals of the NaCl
(control) and promethazine groups at doses of 0.5, 5 and 20 mg/kg

* —p<0.05, ** — p<0.01

[Buauenus riraBubix kommoneHT PC1, PC2 u PC3 anekTpokopTHKOrpaduuecKoiil aKTHBHOCTH KHBOTHBIX
rpymt NaCl (koutposb) u mpomerasuna B q1o3ax 0,5, 5 u 20 Mr/kr]
Conclusions

Promethazine induces a dose-dependent increase in the values of the main component PC1, which reflects
the amplitude characteristics of electrocorticographic activity in rats. As a result, the effects of the drug on the
spectral characteristics of the recorded signals are multidirectional and statistically insignificant.
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INPABUJIA O®POPMJEHUS CTATEHR 4
OIIYBJAUKOBAHHUA UX B ’KYPHAIIE «BECTHHK
HEPMCKOI'O YHUBEPCUTETA. CEPUA BUOJIOTI'US»

PenaxkuuoHnHass KojulerHs HAy4HOro >KypHaia
«Bectauk Ilepmckoro ynusepcurera. Cepust buomo-
THsD» IMPOCUT aBTOpOB pykoBozacTBoBateess I'OCT P
7.0.7-2021 mpu MOATrOTOBKE PYKOIMCH K MEYaTy.

1. Odopmiienne pykonucu

1.1. Craths momkHa OBITH MPENCTABIICHA B 3JICK-
TPOHHOM BHjIe (Ha JIMCKE WITH I10 JJIEKTPOHHOH MOYTE)
U 00s13aTeNbHO B BUJIE paclieyaTaHHOW Ha NpPUHTEpE
xornu (opmaTta A4. DIeKTpOHHAS BEPCHs 3aIUChIBa-
ercs B popmare Microsoft Word (sepcuu 6.0, 7.0, 97,
2003) wnu RTF. Pa3amepsl BepXHEro U HIKHETO Mojied
— 2.6 cM, npaBoro u ieBoro — 2.5 cM. PaccrosHue 1o
BEPXHETO M HI)KHEro KOJOHTUTYIOB — 1.25 cm.
HIpudpT Times New Roman. MexcTpouHbIii HHTEpBa
— oauHapHbii. AO3auseiii orcryn — 0.5 cm. Ilpum
0(hOPMITCHHH CTAThU HEOOXOIUMO Pa3IudaTh aeduc (-) u
Tupe (—). B xagecTBe 3HaKa «MHUHYC» HaJ0 UCIOJIB30-
BaTh THpE, & B KAUeCTBE Pa3[CIMTENs B IECATHYHBIX
Ipo0six — TOUKY (a He 3armsTyi0). B Tekcre cratbu uc-
MI0JIb30BAaTh KaBBIYKU «En0uka». IlepeHochl B ciioBax
JienaTh TOJIBKO B TEKCTE CTaThH, HE JOIyCKAIOTCS Iie-
PEHOCHI B HA3BaHUU CTAaThH, 3ar0JIOBKaX BCEX YPOBHEH
1 Ha3BaHWAX TaOmuu. CTpaHHLBl JODKHBI HMETh
CKBO3HYIO HyMEpaLHIoO.

1.2. Cratpu 6e3 crcka MPOLUTUPOBAHHON JIUTe-
patypsl He paccMaTpuBaroTcs. CIIHCOK IIUTHPOBAHHOM
JUTEPATYpH! NOJDKEH BKIIIOYATh, KaK NPaBUIIO, HE Me-
nHee 10-15 nybnukanumii. Koadduuument camouurupo-
BaHUs He J0JDKeH mpesbiath 30%.

1.3. Pykonucu J0JKHBI OBITH TIHIATETHHO BIBEPE-
HBI U OTPEAAKTHUPOBaHbI aBTopom (aBropamm). [lpm
9TOM MaTepuall IOJDKeH OBITh CTPYKTYPHPOBAH, H3-
JIO’KEH SICHO U MOCIIEZIOBATEIBHO.

1.4. Pykonmch CTaThu IOMDKHA OBITH TOAIMCAHA
aBTOpaMH.

1.5. O6Bém pykormcu CTaThH (BKIIIOYAs TaOIUIIHI,
PHUCYHKH, TIOAIMCH K PUCYHKaM, OHOIHOrpadaecKuii
CIIFICOK) He JOIDKeH ObITh Oomee 15 c., anms uHpOpMa-
UOHHBIX MyONMUKAIMK W peteH3uii — 1-5 c., KpaTKux
coobmienuit — 1-3 ¢. CymmapHsiii 00bEM TaOIUIl U
PHUCYHKOB HE JIOJDKEeH TpeBbIaTh 1/3 00béMa cTaThi.

1.6. OOGuwmii MOPsIIOK PACHONOKEHUsI YacTeil cra-
TBU U UX opopMIIeHHE (CMOTpH 00paser):

* Paznien xypHaia.

 Tum cratey (HaydHast, 0030pHasi, peAaKIHOHHAS,

CTaThsl, IEPCOHAIINH, PELIEH3Us Ha KHUTY, pelieH3Hs Ha
CTaThIO, KPATKOE COODIICHHE)

* V]IK (pa3zmep mipudra 12, Kypcus).

» Hazpanue crateu (pazmep mpudra 14 momyxup-
HBI, KaK B TPEITIOKCHHUSIX).

* Nms, otuectBO u (pammims aBTopa (aBTOPOB)
(pasmep mpudTa 12, moayKUpHbIi).

* Mecra pabotsl aBTOpoB (pasmep mpudra 10 nr),
anektponHas moyra U ORCID (nmpuBomst B dopme
ANIEKTPOHHOTO ajpeca B cetn «lHTepHEeT»), aapec
AIEKTPOHHOM TMOUTHI (00s3aTENBbHO, OJHOTO M3 aBTO-
POB YKa3bIBAIOT B KayeCTBE aBTOpA, OTBETCTBEHHOI'O
3a MEPETUCKY).

* Annortanus (pasmep mpudra 10, 066éM 10 250
CIIOB; OHa JIOJDKHA BKJIFOYATh KPAaTKy HH(OpMAIHUIO
0 1esX, 00BbEeKTe M METO/laX MCCIEIOBaHUs, KpaTKUe
Pe3ynbTaThl ¥ 3aKITI0UCHHE).

* CnoBocoueranne «KiroueBeie cioBay (pasmep
mpudta 10, MOTYKHUPHBIA KypCHB), CAMH KITIOUCBbIC
cmoBa (mo 15 ciioB, MPAMBIM CBETJBIM HIPH(TOM)
JOJDKHBI OTAENATECS APYr OT ApyTra 3aIlsTou.

* M3, ot4ecTBO U (haMuiInu, MecTa paboThl aBTO-
pOB, Ha3BaHWE CTaTbH, €€ AHHOTALMSA M KIIOYEBBIE
CIIOBa Ha aHTJIMHCKOM S3bIKE JOJDKHBI IIOJHOCTBIO CO-
OTBETCTBOBATh HMIpH(TAM U 00BEMY Ha PYCCKOM SI3bI-
Ke.

» Tekcr crateu. B cTaThax 3KCIIEPUMEHTAIBHOIO
XapakTepa JOJDKHBI OBITH BBIIETEHBI pasneibl: Bpe-
neHne (MOkHO 6Ge3 3aroioBka), MartepHaibl (uiu
O0beKT) 1 MeTOABI HccaeloBaHMil, Pe3yabTaThl 1
ux o0cy:xxkaeHue, BpiBoapl (w1 3akiiodeHue).
HaGop Tekcra craThy IPOU3BOIAUTCS B OHY KOJIOHKY.
OcHoBHO#M TekcT Habupaercs mpupTom Times New
Roman Cyr, pasmep — 10 nr. JlaTuHckue Ha3zBaHUs
TaKCOHOB (70 CeMeWCTBa BKIIOYUTEIHHO) JIOJDKHBI
OBITH HAOpaHBI Kypcugom (KpOMe aBTOPOB TaKCOHOB).
JluTepaTypHBIE CCBUIKH NalOTCs Ha ()aMHINH aBTOPOB
Y PACIIONAraloTCsl B XPOHOJIOTHYECKOM TTOPSIIIKE.

* 3arooBKM pa3/eiioB HaOpaTh B JIEBBIN Kpaid,
pasmep tipudTa 12, HOIYKUPH. CTPOUHBIE. 3ar0IOBKH
MOZIPA3/ICIIOB, €CIIM TAKOBBIE €CTh, HAOMPAIOTCS B Jie-
BbIi Kpait (pa3mep mpudra 10, xupH. Kypcus).

* brnaromapHoctTn u (QuHAHCHpOBaHUE (pa3Mmep
mpudra 10).

* Cnomcok IMTEpaTypHBIX HCTOYHUKOB (pa3mep
mpudra 10). JlureparypHble HCTOUYHMKH B CIHCKE
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OPUBOITC MO al(aBUTy, CHa4yajla Ha KUPHLUIMIE,
3aTeM Ha JIATUHHWIIE; HyMEpalus WCTOYHHUKOB CKBO3-
Hasl.

* [IpucraTeifHpli COUCOK JIUTEpATyphl Ha JTAaTHHU-
ue (References), momermaercs cpasy 3a bubauorpadu-
YECKUM CITHCKOM, JINOO BMECTE C JIPYroi aHIJIOSI3bIY-
HOM YacThlo, pa3Mmemaemoil 3a cratbedl. He nomycka-
€Tcsl CMENIMBATh PYCCKOS3BIUHYIO M aHIJIOSI3BIYHYIO
YacTh B OJHOW CCBUIKE, TOYHO TaKXKe, KaK COKPAIIaTh
PYCCKOSI3BIYHBIA CHHMCOK JIMTEPATypHBIX HCTOYHHKOB,
MepeHocsi BCe aHIJIOA3bIuHbIe CCchUIKM B References.
Hymepanuss MCTOYHHKOB JOJDKHA COOTBETCTBOBATH
PYCCKOSI3bIYHOMY CITUCKY.

e [Toctynuia B pemakiiuio (1aTta CTaBUTCS OTBET-
CTBEHHBIM pPEIAaKTOPOM BBIITyCKa, pa3Mmep wipudra
10).

e ®.MN.0. aBTOpa WM BCEX aBTOPOB (TOJHOCTHIO,
0e3 cokpallleHuil), yaéHas CTEICHb, YIEHOE 3BaHHC U
JOJDKHOCTD KakJoro apropa. CBeneHus O BKJaje
Ka)XJIOTO aBTOpA, €CJIHM CTaThsl HMEET HECKOJIBKO aBTO-
pOB. DTUM CBeIEHMSAM IPEIIeCTBYIOT ciioBa «Bkian
asropo:» (“Contribution of the authors:”). ITocne
dbaMWwIMd ¥ WHWUIMAJIOB aBTOpa B KpaTkoil (opme
OIMCBIBAETCS €TI0 JTUUYHBIA BKJIaJ B HAaITMCaHUEC CTAThbU

Odhopmnenue popmyn, pucynkoe u mabdauu.
dopmyel HabuparoTes B penaktope Microsoft Equa-
tion ¢ BeIpaBHUBAHKEM [0 [IEHTPY U MPOOETaMu CBep-
Xy u cHH3y 1o 6 nt (Homep (opmysibl, eciu Gopmyn
HECKOJIBKO, BBIPaBHUBAETCS IO IIPABOMY Kparo KOJIOH-
ku). Pazmepsl 1 HauepTaHUEe BCEX IEMEHTOB (HOpMYI
JIOJDKHBI OBITh OAWHAKOBBIMH C MX NPEICTaBICHUEM B
TekcTe (ocHOBHOW pasmep 10 nT, WHAekce 7 TT,
Hanpumep, Aj). B Texcte cTaThu U B MaTeMaTHYECKUX
ypaBHEHUSIX KOI(D(MULIMEHTHI U apryMeHThl (QyHKIMI
HAOUPAIOTCS HAKAOHHbIM —IIPUPTOM, BEKTOPHI —
HAKOHHBIM Hcupholm TIpAPTOM, TUGPEI — OOBIY-
HBIM IpsAMBIM pudroMm. Ecnu ypaBHeHHe He BXOXUT
B OJIHY CTPOKY, TO €T0 MOXKHO Pa30HTh Ha JIBE WU 0O-
Jiee CTPOK. XUMHUUYECKUE CUMBOJIBI U (POPMYIIBI HAOH-
paroTcs MPSIMBIM HIPUGTOM.

TaGmuue! 1 PUCYHKH HYMEPYIOTCS B HOPSIIIKE YIIO-
MHUHAHUS HX B TEKCTe, Kaxaas TaOnuma M PHCYHOK
JIOJDKHBI UMETh CBOM 3arojioBok. Hanmucu m nmoanucu
K TaONuIaM ¥ pUCYHKaM HPHBOIAT Ha SI3BIKE TEKCTa
CTaThU M MOBTOPSIOT HAa aHIJIMICKOM S3BIKE. 3arojo-
BOK TaOIHUIIEI 00s3aTeNIeH U HAaOUPAETCs TIOTYKUPHBIM
cTpouHbIM, pasmep mmpudpTa 10 0T, TEKCT TabIHIBI
HaOupaercst mpudrom pazmepom 10 wnu 9 nr. Ecnu B
3aroJIOBKE HCIIOIB3YIOTCS JIATHHCKUAE HA3BAHMS TaK-
COHOB, OHH HabOuparTcs Kypcusom. Bce cTonOIsl
JOJDKHBI MMETh 3arofioBkd. L{upsl B crombmax Tabd-
JILBI JIOJDKHBI OBITH BBIPOBHEHBI O TOYKE JIECSATHY-
HBIX Jpo0Oel WIIM 1Mo eIVHHLE MIAILIero paspsia.
Tabmuma MOXKET COMpPOBOXKIATHCSA NPHUMEYAHHSIMH.
Tabmume! B arb00MHOM (opMaTe HEe JOMYCKAKOTCS.

PucyHku cnenyer nenath 3KOHOMHO, €CITH OHU BBI-
TIOJTHEHBI M3 OTJENBHBIX DJIEMEHTOB, TO JOJDKHBI OBITH
crpynmupoBassl. [lonmucen K pUCyHKaM 00s3aTeNIbHBI
1 HaOMparoTcsi OOBIYHBIM MPSMBIM TEKCTOM pasMepoM

mpudra 10 nT; 0003HAUYEHHS U TPUMEYaHNE K PUCYH-
Ky — pasmep mpudprta 9 nr. HazBaHus TakcoHOB B
MOAIMCAX JAIOTCS TOJNBKO O JIATBIHH, KYPCUBOM.
OpuruHaiel pUCYHKOB JIOJDKHBI MTPEACTABISTH COOOH
¢aiiner popmaror gif, jpg nmuodo tif. ABTopam cienyer
y4ecTb, YTO B JKypHalle HE MpEeIXyCMOTpEHa IIBETHas
neyarb, MOJTOMY PHCYHKH, KaK HpPaBWIO, JIOJDKHBI
OBITh MOHOXPOMHBIMH. 3a TIOTEPI0 KadecTBa IPU TH-
norpa)ckoil mevaTH IBETHBIX OPUTHMHAJIOB PENAaKIIUs
OTBETCTBEHHOCTH HE HECET.

Crenyer nzberath IpsIMOTO MMIIOPTA JUAarpaMM B
9JIEKTPOHHBIM OPUTHHAI CTAaThU U3 penakropa MS EX-
cel 1 eMy MOIOOHBIX MYTEM KOMHMPOBAHHS W BCTaBKH.
He nomyckaercst BcTaBka CO CBSI3bIO C OPUTMHAJIOM.
JlaHHBlE nUArpaMMbl JOJDKHBI OBITH J10paOOTaHBI aB-
TOPOM B TpaUIecKOM pelaKTope.

[Tpn ucnonb30BaHWM IS CO3/IaHUSI B TEKCTE CTa-
TBM CXeM W JMarpaMM BCTPOEHHOTO rpauuecKkoro
penakropa MS Word mo oxoHuaHuu pabOThI Han
n300pakeHneM 00s3aTeNIbHO TPYNIUPYHTE BCE €ro
obwekThl B popmare gif, jpg nubo tif. Pamku Bokpyr
M300paKeHnH, B T. 4. AUArpaMM H JIETSHJI TUarpamm,
He Jnomyckarorcs. PexomeHayercss oOpamate ocoboe
BHHMaHHe Ha KOHTPACTHOCTh PHCYHKOB BO M30e)KaHHE
norepb MH(GOpPMaIMK MpH TevaTH. B ciydyae HemocTa-
TOYHOW KOHTPACTHOCTH HMCXOJHBIX MaTepuasioB OHa
MOJKET OBITh MMOBBIINICHA B TpaUUECKOM pPEIaaKTope.
Crenyer u3berath OOJNBIIOrO YMCia IBETOB (MOIYTO-
HOB) Ha M300pa)KeHUH, a TaKkKe BbIOOpa OJM3KHX TO-
HOB 3allMBKU PSIOM DACIIOJIOXKEHHBIX JJIEMEHTOB
M300paKeHHUSI.

EnuHCTBEHHBIT B CTaTheé pPUCYHOK (Uiu €IOHH-
CTBEHHas TabIuWIa) NOMKEH UMETh TOJIBKO 3ar0JIOBOK
Y He 0003HaYaThes Kak puc. 1 (uau tabdmn. 1).

Ecnu tabnuna He momeniaeTcst Ha OJHY CTPaHHILY,
TO Ha cienyromeil crpanuie - «IIpomomxenue (Wwim
Oxkonuanue) Tabm. 1».

Cokpawienua. PazpemaroTcs TUIIb OOIIEHPUHS-
TBHIE COKpAIeHHs - Ha3BaHHA Mep, (U3NYECKHX, XU-
MHYECKHX M MaTeMAaTHYEeCKHX BEIWYUH U TEPMHUHOB U
T.II. Bee cokxpameHns JOmKHBI OBITh paciIn(pOBaHHl,
3a UCKIIOYCHHEM HEOONBIIOro Yucia o0meynoTpeou-
TenbHbIX. Ha3BaHus ydpexIeHuil Npu NEPBOM YIIO-
MHHAHUH HX B TEKCTE JAIOTCS IOJHOCTBIO M Cpasy xke
B CKOOKax MPUBOOUTCS OOIICTIPHHATOE COKpAIICHUE,;
IIPY TOBTOPHBIX YIIOMUHAHMSX JAETCSI COKpaIlEHHOE
Ha3zBaHUe yupexnaeHuil. [lpumep: Ilepmckuii rocynap-
CTBEHHBII HAllMOHAJIBHBIN HCCIENOBATENbCKUN YHU-
Bepcuter (IITHUY), moBropro — [ITHUY, B I'epba-
puu IITHUY u 1.1

Bnazooapnocmu. B >10it pyOpuke BBIpaykaeTcs
NPU3HATEIFHOCTh YaCTHBIM JIMLAM, COTPYAHHKaM
yupexIeHnid u (OHAAM, OKa3aBIIMM COICHCTBHE B
NPOBEJICHHN HCCICAOBaHUI M TOATOTOBKE CTAaThH, a
TaKKe YKa3bIBAIOTCA HCTOYHUKH (DUHAHCHPOBAHHSA
Hay4HBIX HCCIICAOBAaHHH, €CITH TAKOBBIC UMEIOTCSL.

Odchopmnenue cnucka numepamypot. Y OeIUTETEHO
NPOCHM TIpH O(OPMIICHUH CTaTeldl PYKOBOICTBOBATHCS
HOBBIMH TipaBriaMy. CITHCOK JIMTEPaTypHI JOIDKEH OBITH



o¢opmier crporo B coorserctBun ¢ ['OCT P 7.0.5-2008
«bubnmorpaduyeckast cChUTKaY.

Juist cBsizu Oubmmorpaduueckux CChIOK C TEKCTOM
CTaThbH HCIONB3YIOT HWACHTU(HIUPYIOIINE CBEACHMS:
(amums aBTOpa (ABTOPOB) WJIM Ha3BaHHE IMyOJIHKa-
UM, TOJ W3JaHHs, NpPU HEOOXOAMMOCTH CTPaHHILY,
OTCBUIKM B TEKCTE 3aKIIIOYAIOT B KBaJpaTHBIE CKOOKH
[Israeli, Shaffer, Ligthart, 1993, c. 142]. Ha3Bauus
MEePUOANYECKUX M3JaHUN He COKPAIaloTcs. 3a mpa-
BIJIBHOCTh W TIONHOTY IIPEIOCTaBIIEHUs] OHOIIMOrpa-
(pMuecKnX JaHHBIX OTBETCTBEHHOCTH HECET aBTOP.

BuHumanmne! EQuMHCTBeHHBIM KpHTepHeM /sl
nyoaukanun B okypHajge «BectHuk Ilepmckoro
yHuBepcutera. Cepus buosorns» siBasiercs
HAY4YHBI ypoBeHb PalOThI, BBISBJIsIEMbI NpU eé
peleH3HPOBAHUH.

2. llpeacraBieHne W peJaKIMOHHAS TOATOTOB-
Ka PyKONucH

Pykomice MoXeT ObITh Ipe/ICTaBIIEHa JIMYHO, ITPHU-
CllaHa Ha TOYTOBBIA aJpec peJakiu WM 1O SJIeK-
TpouHo# moure (Vestnik_psu_bio@mail.ru). Pykorich
perucTpupyercs Ipy MOJy4YECHUH OTBETCTBEHHBIM CEK-
perapem xypHaia. K pykonucu npuknanpiBaercs Jin-
HeH3HOHHBIIi 10r0BOP.

ABTOpOM(aMH) TOIMUCHIBACTCS TOrOBOP O COTJIa-
CHUM Ha HUCIOJBb30BAHHUEC CTATbU B OTKprTOﬁ rneyaTu.
ABTOpBI TapaHTHPYIOT, YTO CTaThsl SBJISIETCS OPUTH-
HaJIbHBIM IIPOU3BEICHUEM, paHee He MyOJIMKOBaJach,
U OHM O00JaJalOT HCKIIOYHMTENBHBIMUA aBTOPCKUMHM
npaBaMu Ha Heé. Dopma JIMLIEH3MOHHOTO IOroBOpa
HaXOJUTCA Ha caite JKypHaJa
(http:/Amww.psu.ru/nauchnye-zhurnaly/series-biology).

Cratbs acrimpanTa (0€3 COaBTOpPOB) TOJDKHA UMETh
OT3bIB HAYYHOT'O PyKOBOHUTEIIS.

BwMmecte co craTheil mogaeTcs ee 3IEKTPOHHBIN Ba-
pHaHT, Ha3BaHHBIA 1Mo (amumuM aBTOpa(oB), HANpPH-
Mmep, MBanos, [lerpos, Cunopos.doc. s nutepaTyp-
HOTO M TEXHHYECKOTO pelaKTHPOBAHUS TIPECTaBIISIET-
Csl TIeYaTHBIH BapHaHT CTaTbU CO BCEMH HEOOXOIH-
MBIMH 3JIEMEHTaMH, C TEKCTOM, Pa3MEIIEHHBIM B OIHY
KOJIOHKY, OTIHe4yaTaHHbId 12 pa3mepom mpudra c
MEXKCTPOUHBIM HHTEpBajIoM 1.5.

Pykomuck nomkHa OBITH TIIATENHEHO BBIBEpPEHA,
OTpEeaKTHPOBaHa U MOAIMCaHa aBTOPOM(aMH).

[locme momydeHwss penaknueil craTeH, OHa
HarpaBlsieTcst Ha penieH3upoBanue. [Ipu Hanuunm 3a-
MEYaHHH K PYKOITHCH OHA OTChLIAETCsI aBTOpY (aBTO-
pam) Ha JA0paboTKy.

Pykonmcu paccMaTpuBaroTCsl B TOpSAKE WX IIO-
CTYIUICHHUS B Te4eHHe 1—6 MecsleB B 3aBUCUMOCTH OT
CIIOKHOCTH CHTYallul U 00beMa padoThl.

[Tocne peaakuMOHHON TPaBKU PYKOMHCh NpPHU
HEOOXOJMMOCTH BO3BPAIIAETCSl aBTOPY JUIS COrJIaco-
BaHus (cpok — He Oosiee 2 aueit). [lociae ucnpaBacHUs
BCEX 3aMEYaHWil aBTOp MOJANKCBHIBAET CTATBIO K Teda-
TH.

Jnas npaBuiabHoro ogopMiIeHHsI CTATBUH HC-
NOJIB3YiiTe 3JIEKTPOHHYI0 ()OpPMY HACTOSIIMUX Mpa-
BHWJI TIOCJIEIHETO BBINMYCKA, BHIJIOKEHHOT0 Ha caiiTe
JKypHaja.

Peoaxkyuonnasn Konnezus
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OBPA3ELl OOOPMIJIEHUA CTATBU
BOTAHUKA
VIK 581.9
HayuHnas cratbs

Ha3zBanue crarbpu

Upan UBanosuy UBanos'™, Merp Merposuy Merpon?,

Cemen CemenoBu4 Cunopos’

12 Tlepmckmii  TOCYNapCTBEHHBI  HAUMOHANGHBIN  WCCIIENOBATENBCKUI  yHHBepeuTeT, Ilepmb, Poccws,

ivanovii@mail.ru, https://orcid.org/XXXX-XXXX-XXXX-XXXX

MOCKOBCKH# ToCymapcTBeHHbIN yHuBepcuteT, MockBa, Poccust, PPetrov@yandex.ru, https://orcid.org/XXXX-
) 0.9.0.0.9.0.9.0.0.9.0.¢

WHCTUTYT OSKOJOTMM W TreHetwku MukpoopranmsmoB  YpO PAH, Tlepmb, Poccms, Sid709@iegm.ru,
https://orcid.org/ XXX X-XXXX-XXXX-XXXX

Annomayusn. B anHotaumu (pedepare) OTpaxaeTcsi OCHOBHOE COJCPIKAHUE CTaThbU. AHHOTAILHUS JIOJDKHA CO-
nepxatb He Gomee 250 cioB. Hampumep: ompenenéH mokasaTellb KU3HECMOCOOHOCTH JTHOPHIN3UPOBAHHBIX
kyneTyp Rhodococcus Ssp. mocine UTUTenbHOr0 XpaHeHHsl, TOCTATOUHbIH [T BOCCTAHOBIICHHS KIICTOYHOM MOIy-
nsipn. KoHcepBaIyio ankaHOTPO(MHBIX POTOKOKKOB PEKOMEHOBAHO MPOM3BOHMTH B YCIOBHSAX IMPEIBAPUTEIb-
HOTO WX KYJIbTHBHPOBAHMS HA MUTATENBHBIX cpemax. KIOUeBbIX CIOB MM CIOBOCOYETAHHN JOMKHO OBITh HE
6onee 15; OHM TOJDKHBI OTAENATHCS APYT OT APYra 3aIsTol, TOYKa HE CTABUTCA.

Knioueswie cnosa: ohopmnenne, ctaths, mpaBuia

Jlna ywumupoeanusn: Vsanos U. 1., Ilerpos I1. I1., Cunopos C. C. Ha3zpanue crathu // BectHuk IlepMckoro

bnazooaprnocmu: texct. Tekcer. Teker. Tekct. Tekcr. Tekcr. Tekcer. Tekcer.
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Abstract. Viability level necessary to recover cell populations upon long-term storage was measured. It is
recommended to preserve alkanotrophic rhodococci pre-cultivated on nutrient hydrocarbon-containing media.
The duration of rhodococci storage could be increased using protectants. The most effective lyoprotectants are
shown to be a sucrose-gelatine agar or gelatine agar supplemented with Rhodococcus-biosurfactants.
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