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MoJsiekyasipHO-TeHeTHYeCKasi 1 OMOXMMHYeCKAasl OlleHKa
AHTHOKCUIAHTHOIO CTATyCA UBLINIAT-0poiliepoB (Gallus gallus domesticus)
NPH MCNIOJIb30BAHMU B KOPMJIEHHH Pa3HbIX (PUTOOMOTHKOB
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AHHOTANINA
OnHOW W3 KIFOUCBBIX MPOOIEM MTHIICBOICTBA SBISETCA O0pbda co cTpeccaMu pa3iIMYHON 3THOJOTHH, O0BEIUHSICMBIX
CIVHBIM OWOJOTMYECKAM MEXaHU3MOM — HAKOIUIGHHEM CBOOOIHBIX pAJWKAJIOB W OKUCIUTCIBHBIM CTPECCOM.

YCTaHOBIICHO, YTO 3HAYUTEIBHYIO POJb B OOphOE C OKCHAAHTHBIM CTPECCOM HIPalOT BUTAreHbl, TPaHCKPHUITLIMOHHAS
AKTMBHOCTb KOTOPBIX IIOBBIIIAETCS IOJ JEHCTBHEM pa3lIMUHBbIX AJIMMEHTAapHBIX (AKTOPOB BKIOYAs (DUTOOMOTHKH.
Hcxonst U3 3TOrO IEnb MCCIEJOBAaHUM 3aKiiodajach B aHaNIM3€ HKCIPECCHM T'€HOB, CBA3aHHBIX C AHTHOKCHIAHTHOM
samuroit (AO3), y ubimiaT-Opoitnepor (Gallus gallus domesticus) mpu HCIONB30BAHMU B MUTAHHU Pa3THYHBIX
(bUTOOMOTHKOB M B CPaBHEHHH IOJYYEHHBIX PE3YJbTaTOB C aHAIN30M OMOXMMHYECKUX napamerpoB AO3 B CHIBOPOTKE
KpOBH. bBBII MpOBENCH 300TEXHMUYCCKHI OMNBIT HA IBIUIATaX-Opoiiepax kpocca CmeHa 9, B paMKax KOTOPOTO
0CcO0SM KOHTPOJIBHOW TpPYNIBI CKapMIMBAJIM OCHOBHOH pamuoH, B KOMOMKOpMa 4 ONBITHBIX TPYIN BBOIWIN
pacTuTenbHBIe 3KCTPaKThl nukopust oobikHOBeHHOTO (Cichorium intubus L.), 3Bepo6ost mpoxpipsenernoro (Hypericum
perforatum L.), neB3en cadmopoBuanoit (Rhaponticum carthamoides L.) u Tumbsna nomsydero (Thymus serpyllum L.).
B Bo3pacte 22 cyTok oTOupami 0Opa3mpl KpOBH Il OMOXMMHUYIECKOTO aHajm3a, B Bo3pacTte 26 CyTOK — 00pa3mbl IeueHn
JUIs OIIGHKH OTHOCcHUTeNnbHON skcrpeccun reHoB SOD1 u PRDX6 meromom 272°CT) nyst dero mpoBOAMIM BBIICICHHE
PHK, obOparnyto tpanckpunuuio u III[P-PB ¢ pedepeHcHbIM reHoM «gomaminero xossiiictBa» ACTB. Pesymnbrars
UCCIIEIOBAaHUI CBUJETENbCTBOBAIM O MoBblIIeHUN 3kcnpeccun SOD1 B 4,47 paza mpu HCHONB30BaHMM JKCTPAKTA
muKopuss U B 3,53 pa3a mpu CKapMIIMBaHMM SKCTpakTa 3BepoOos. [Ipu aToM ¢naBoHOMIB! 3Bepo0OS MPOSBISLIN
HauOosiee  BHIMMBIH  BUTAareHCTUMYJIHUPYIOIIMA  3(GQEeKT, dYTo MOATBEP)KAAJIOCh HHU3KOW  BapHaOEIbHOCTBIO
skcnpeccun SOD1 u cHmwkeHueM 3HadueHHil mnokazateneil AO3 KpoBH, yKa3biBas Ha BO3MOXHOCTb OIpaHHUEHUS
WCIIONIb30BaHUSl OPraHM3MOM JIpYyTrHX (PU3HOIOTMYECKUX MEXaHW3MOB OOphOBI CO CBOOONHBIMH  paJIMKaJIAMH.
Pesynbratel  McciemoBaHMII MOCTYXXaT HYTPUICHOMHBIM — OOOCHOBaHMEM IIpH  pa3paboTke cocTaBa  HOBOMU
(uroKOMOMaHIINH.
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Molecular-genetic and biochemical evaluation of the antioxidant status
of broiler chickens (Gallus gallus domesticus) using different phytobiotics in the diet
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Abstract

One of the key problems of poultry production is the fight against stresses of various etiologies, united by a single
biological mechanism — accumulation of free radicals and oxidative stress. It has been established that vitagens play
a significant role in the fight against oxidative stress, the transcriptional activity of which is increased under the influence
of various nutritional factors, including phytobiotics. Based on this, the aim of the research was to analyze the expression
of genes related to antioxidant defence (AOD) in broiler chickens (Gallus gallus domesticus) when different phytobiotics
are used in the diet and to compare the results obtained with the analysis of biochemical parameters of AOD in blood
serum. A zootechnical experiment was carried out on broiler chickens of the cross Smena 9, in which the control group was
fed the main diet and four experimental groups were fed the mixed feed with plant extracts of common chicory (Cichorium
intubus L.), St. John’s wort (Hypericum perforatum L.), safflower (Rhaponticum carthamoides L.) and thyme (Thymus
serpyllum L.). At 22 days of age, blood samples were taken for biochemical analysis, and at 26 days of age, liver samples
were taken to assess the relative expression of SODI and PRDX6 genes by the 2T method, for which RNA isolation,
reverse transcription and PCR-RT with the ‘housekeeping’ reference gene ACTB were performed. The results showed
a 4.47-fold increase in SODI expression when chicory extract was used and 3.53-fold increase when St. John’s wort
extract was used. At the same time, St. John’s wort flavonoids showed the most visible vitagen-stimulating effect, which
was confirmed by the low variability of SODI expression and a decreased values of blood AOD indicators, indicating
the possibility of limiting the use of other physiological mechanisms of free radical control by the organism. The results
of the research will serve as a nutrigenomic justification for the development of the composition of a new phytocombination.
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C MHAYKIEH OTBETHOU peakiuy Ha cTpecc. Konmemnst
BUTAareHOB Hallllla CBOE IPUMEHEHUE B dKUBOTHOBOJICTBE.
K unciny Ki1roueBbIX BUTar€HOB OTHOCSIT I'€HBI, B PE3Y/IbTaTe
AKCIPECCUU KOTOPBIX 00pa3yrOTCs aHTUOKCHUAHTHEIC

BBenenue
Introduction

HTI/I].[CBO}_'[CTBO — HanOoJee UHTEHCHUBHAS oTpacib

JKUBOTHOBOJICTBA, YTO OOYCJIOBIMBAET MOCTOSHHOE
COIIPOBOXKICHUE TEXHOJIOT UM MTPOU3BOJICTBA MPOILYKIIUU
NTHUIIEBOJACTBA cTpeccamMu. K WX 4YHCITy OTHOCST
TPAHCIIOPTHBIC, BAKIIMHAIBHBIE, TCIUIOBBIC, PEyOOIHbBIC,
B HTOre OObeIUHSEMBbIE €IUHBIM MEXAaHU3MOM —
HAKOIJICHUEM aKTHBHBIX (DOPM KUCIIOPOJIA U MTPOTYKTOB
TICPEKUCHOTO OKUCIICHUS M PA3BUTHEM OKHCIHUTEIILHOTO
crpecca [1].

OnHUM U3 MEXaHU3MOB OOPBOBI C OKUCIIUTEIILHBIM
CTPECCOM SIBJISICTCS AKTHUBAllUsl TaK HAa3bIBAEMBIX
BUTAar¢HOB — I'CHOB, KOAUPYIOUINX OCJIKU, CBI3aHHBIX

(epMeHTHI (CynepoKCUIIMCMYTa3a, Ty TaTHOHIIEPOKCHAA3a,
Karanasa), OeJIK{ TETUIOBOTO IOKA U THOPEAOKCUHOBON
CHUCTEMBI, CHPTYUHHI [2].

OtMeueHo, 4To pa3nuyHble OMOIOTHYECKU AKTHBHBIE
COEIMHEHUS PACTEHHH CLIOCOOHBI aKTHBUPOBATh BUTATCHB,
HOBBIIIAs] PE3UCTEHTHOCTh OPraHn3Ma K HEraTUBHOMY
BIIMSTHUEO CBOOOJIHBIX PA/IMKAJIOB X ICTOYHUKAM Pa3IM4HbIX
crpeccos [3].

Takum 00pa3om, GUTOOMOTHKY — PACTUTEIHHBIC
OMOJIOTMUECKY aKTHUBHBIE JJOOABKH, TOMHMO YKPEIUICHHUS
MMMYHHOTO  CTaryca  JKMBOTHBIX,  IIOBBIIICHUS

7
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TPOIYKTHBHOCTH, Y/TyUILEHHUS IOTPEONICHHS, IEPEBAPHMOCTH,
YCBOSIEMOCTH HYTPUEHTOB KOPMA, HOPMAITM3AIMH KUITIEYHON
MHUKPOOHMOTHI M roMeocTasa [4], o0iamaroiue Takke
CTPECCIPOTEKTOPHBIMU U AHTHOKCUIAHTHBIMH CBONCTBAMHU
MOCPEJICTBOM aKTHBAITUK SKCIPECCHUH BUTATCHOB.Z

Hesn uccaen0BaHuii: MOJIEKYIIPHO-TEHETHUECKAS
(HyTpureHOMHas) W~ OHOXMMHYECKas  OLCHKa
AHTHOKCHJIAHTHOT'O CTaTyca UBILIAT-0poitnepos (Gallus
gallus domesticus) Ipy UCTIONB30BaHAH B X MTUTaHUU
PACTHTEIBHBIX SKCTPAKTOB C PA3IMIHBIME OHOJIOTUYESCKU
AKTHBHBIMU BEIIECTBAMHU.

MeToauka uccjaenoBaHui
Research method

Hcnonp3oBaHne  KUBOTHBIX B JIaHHOM
ucciiefioBanun oo0peno Kommccueit mo OHOATHKE
®I'BOY BO «Poccuiickuii rTocyaapCTBEHHBIN arpapHbIid
yHusepcuteT — MCXA nmenn K.A. TumupsizeBay (poTokoin
No 16 ot 30 staBapst 2024 ).

B cooTBeTcTBUE ¢ METOMMKOI TPOBEACHUS HAYYHBIX
Y TIPOU3BO/ICTBEHHBIX MCCIIEOBAHUHM MO KOPMJIEHHIO
cenbckoxo3sricTBenHoi mrrsl BHUTUII [5] B yenoBmsx
y4eOHO-TIPOU3BOJICTBEHHOTO NTHYHUKAa PTAY-MCXA
nmenn K.A. TumupszeBa Obul TpoBeneH HayYHBII
JKCIIEPUMEHT Ha  LBIUIATaX-Opoiiepax Kpocca
CwMmeHa 9. DKcIiepuMEHT BKITIOYaIl B ¢e0sl BECh TIEPHOLT
BBIPAIIMBAHS [BIUIAT U cOCTaBUI 35 cyTok. MHKyOamust
AL W BakOUHAIMS MOJIOJHSKA OCYLIECTBIIACh
Ha 0Oaze  CENeKIMOHHO-TEHETHYECKOTO  IIeHTpa
«3aropckoe DIIX» (Ceprues Ilocan, Poccus). [locne
TPaHCIIOPTUPOBKH IBITUIST METOJOM COaTaHCHPOBAHHBIX
TPyIIT-aHaIOToB OBLTO C(HOPMHUPOBAHO S TPyMII 11O 36 TOII.
B KaxxJ1011. [lonoBoe COOTHOLIEHHE B rpynnax HOCUIIO
paHJIOMU3UPOBaHHbBIN Xapaktep. CucreMa coJep kaHus
LBIUIAT — KJIETOYHAs!, KOPMJICHUE M TIOEHHE — BBOIIIO
C WCIOJB30BAHUEM BaKyyMHBIX/HUIMEIbHBIX MOUIIOK
1 OyHKEPHBIX/KEeIO0OKOBBIX KOPMYIIEK B PA3HBIE IEPHOIBI

BBIPALIMBAaHMS. TeXHOIOTHYECKHE TapaMeTPhI, BKITIOYast
IUIOTHOCTB IIOCAJKH, TEMIICPATypPHbIH U BIaXKHOCTHBIN
PEXKUM, PEKUM OCBEILIEHHOCTH, COIEP)KaHIE B KOMOMKOpMAaX
OOMEHHOW »JHEPrMHM M IHUTATENIbHBIX  BELIECTB,
COOTBETCTBOBAJIM PYKOBOJCTBY IO paboTe ¢ mTULEH
JIaHHOTO Kpocca [6]. DKCepUMEHTaIbHO CO3J/aHHbIE
(axTopsl cTpecca B UCCIIEAOBAHUSIX HE UCIIOIb30BAIH.

PammoH 1 KOHTPOITBHOI TPYNITEI OBLI MIPENICTABICH
NOJHOPALMOHHBIMH  (Da30BBIMM  KOMOMKOpMAaMHu:
«Crapm» — 0-10 cytok; «Poct» — 11-22 cyTok; «DuHULDY —
23-35 cytok. [ITuiie ONBITHBIX TPYTIIT B COCTaB KOMOMKOPMOB
JOIOJIHUTENFHO METOJIOM CTYIIEHYATOTO CMEIMBAHUS
BBOJWIIH CyXH€ PACTUTENIbHBIEC SKCTPAKTHI B COOTBETCTBUH
co cxemotii (Tadm. 1).

Oxcrpaxrt C. intubus L. craHzapTU3MpOBaH HA MHYIUH
(xonueHtpauus — 90%), cayxamuii TpeOMOTHKOM —
MUTATENBHBIM CyOCTPaToM sl Pa3BUTUSL HOPMaJIbHON
MUKPOOUOTHI KUIICYHUKA MITUILIBL. DKCTPakT H. perforatum L.
BKJIFOYAET B CBOM COCTaB (PIaBOHOM/IBI C KOHIICHTpAIUEH
7,3% B mepecuere Ha pyTuH, I. serpyllum L. — hnaBoHOHABI
C KOHIIeHTparwel 3,6% B mepecueTe Ha PyTHH U AyOIIbHBIC
BelecTBa C KoHIeHTpanued 18,4% B mepecuere
Ha TaHWHBL. Ha3BaHHBIE OHOJIOTMYECKH AaKTHBHBIC
BEIIIeCTBA UCIOIB30BAJIH B HCCIEOBAHUIX, TOCKOJIBKY
M3BECTHO, YTO OHHU OOJNaJar0T aHTHOKCHJIAHTHBIMH,
UMMYHOMOJYJTUPYIOIMMHU X aHTUMUKPOOHBIMU CBOICTBAMM.
OkerpakT R. carthamoides L. 6b11 cTangapTH3NPOBaH
Ha (huToCcTEpOU I IKANCTEH ¢ KoHTeHTpanuen 0,505%,
(bYHKIMS SKANCTEHA 3aKITF0YACTCS B aKTHBAIINN OMOCHHTE3a
Oenka W, COOTBETCTBEHHO, WHTEHCH(HUKAIMH POCTa
nTuLel. Bee ucnons3yemsle 100aBKK ObUIN HOTY4EHBI
B pe3yNbTaTe BOJHOMN SKCTPAKLMU: SKCTPAKT LIUKOPHUS
OOBIKHOBEHHOTO — M3 KOPHEBOM CUCTEMBI PACTEHUS Ha 0a3se
ounorexHonornaeckoro npeanpusatuss OOO Harypurr
(Mocksa, Poccust) B cootBeTcTBHM co craHmapTamu [SO
9001:2015 1 22000:2018, 3xcTpakTsI JieB3en cadropoBHIHONR
(xopHeBas cucTema), 38epo0ost MPOIBIPSIBICHHOTO (TI00ETH)
Y TUMBSHA TI0J13y4ero (mo0ert) — Ha OMOTEXHOIOTHIECKOM

Tabmuna 1
CxeMa BBeleHHS] PACTHTEIBHBIX JKCTPAKTOB B KOMOMKOpPMa IbITJIAT-0poiiaepos
Komo0Oukopm
I'pynna Crapr Poct Ouuui
(0-10 cyT.) (11-22 cyT.) (23-35 cyt)
1 xoHTpOIH -
2 OmbIT 450 r/T 5KCTpaKTa HUKOPUSL OOBIKHOBEHHOIO 560 r/T 3KCTpaKTa HUKOPUSI OOBIKHOBEHHOI'O
(Cichorium intubus L.) (Cichorium intubus L.)
3 ombIT 350 1/t axcTpakTa 38epo00st MPOABIPSIBICHHOTO 430 r/t aKcTpakTa 38epo00st MPOABIPSIBICHHOTO
(Hypericum perforatum L.) (Hypericum perforatum L.)
4 o 170 1/t 3kcTpakTa JieB3eu cadIopoBHIHON 210 r/t s3KcTpakTa jieB3eu cadaopoBUIHON
(Rhaponticum carthamoides L.) (Rhaponticum carthamoides L.)
5 OmBIT 200 /T 9KCTpaKTa THMBSHA TON3YYero 250 /T 9KCTpaKTa THMBSHA TTOJI3Y9ero
(Thymus serpyllum L.) (Thymus serpyllum L.)
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Table 1

Scheme of introduction of plant extracts into mixed feed for broiler chickens

Mixed feed

Group

Starter Grower

(0-10 days)

(11-22 days)

Finisher
(23-35 days)

1st control

450 g/t of common chicory extract

2nd experience (Cichorium intubus L.)

560 g/t of common chicory extract
(Cichorium intubus L.)

350 g/t of St. John’s wort extract

3d experience (Hypericum perforatum L.)

430 g/t of St. John’s wort extract
(Hypericum perforatum L.)

170 g/t of lewesia safflower extract

4th experience (Rhaponticum carthamoides L.)

210 g/t of lewesia safflower extract
(Rhaponticum carthamoides L.)

200 g/t of extract thyme

Sth experience (Thymus serpyllum L.)

250 g/t of extract thyme
(Thymus serpyllum L.)

npeanpusatun OO0 «Bucreppa» (Antaiickuii kpat,
Poccust) B coorBetcTBHH co ctangaprom [SO 22000:2005.
OKCTPaKThI HPECTABISAIOT COOO0M CyX1e MEKOIUCIIEPCHBIE
nopotku oenoro (C. intubus L.), cBeTIIO-KOPUIHEBOT'O
(H. perforatum L., T. serpyllum L.) u TEeMHO-KOPUIHEBOTO
(R. carthamoides L.) uBera.

C nenbro poBeieH!s OMOXMMIYECKOTO MOHUTOPHHTA
AHTHUOKCUJAHTHOTO  CTaTyca  MBILIAT-Opoiiepos
B BO3pacte 22 CYyTOK y 3 LBIUIIT CO CpeIHEN XKUBOM
MacCoM U3 KaKJOU I'pyNIbl U3 MOAKPBLILLOBOW BEHbI
OTOMpaIM KPOBB B MMPOOHPKY C aKTUBATOPOM CBEPTHIBAHUS,
HEHTPU(YTUPOBAITH 1 OTACISUIN CHIBOPOTKY. YKa3aHHBIN
BO3pacT ObLUT BEIOpAH B CBSA3U C OKOHYAHUEM POCTOBOM
(ha3bl BRIpAITMBAHKSA IBILIAT-OPOIICPOB 1 CTAOMITH3AITHEH
OMOXHMHYECKOTO COCTaBa KPOBH TEPE IO CIEYOIIEH
CMEHOMH palroHa.

Ha 6aze ®I'BHY ®UL] BUX nmenn JL.K. Opucra
OCYILIECTBIISUIN 1a00paTOpHbIE UCCIEI0BAHMUS CBIBOPOTKH
KpoBH. J{J1s XapaKTepHCTUKN aHTHOKCHAAHTHOTO CTaryca
ITHUILIBI OTIPEIeIIITN TAKUE MTOKAa3aTeNH, KaK KOHIIEHTPalUs
AKTUBHBIX MPOIYKTOB, PEArUpPYIONINX C THOOApOUTYPOBOIL
kucioroit (TBK-AII), ncons3ys npu aHanm3e HaOOPhI
000 «Arar-Men» (Poccus), QepMeHTaTHBHYIO
aKkTUBHOCTH Iepyioruiazmuna (L) cormacHo MeTomy
PeBuHa, cyMMapHy10 KOHIIEHTPALHIO BOAOPACTBOPUMBIX
antrokcunanToB (CKBA) ¢ mpumenenuem nprbopa Liper
Sy3a-01-AA c nerexropom (HITO «XumaBTomarukay,
Poccust) ammepomeTpuaeckuM MeTooM. [I0TOTHUTETEHO
paccuntbiBany cootnomenne THK-AIT k LI1.

C 11eTB10 OTHOCHTETHHON OIICHKH TPAHCKPHUITITHOHHON
aKTUBHOCTH T€HOB, CBS3aHHBIX C aHTHOKCHIAHTHBIM
nporIIeM MTHIIBI, U3 KaXK0W TPYTITEl OTOUpany 1o 4
ocobu co cpenHel KuBoi Maccoii rmo rpynme. Bozpact
OTHLBI HA MOMEHT B3sITHS1 00pa3LoB — 26 CyTOK — ObLT
000cHOBaH Hanbojee WHTEHCUBHBIM POCTOM IBITLIAT
B 3TOT NEPUOJ OHTOT€HE3a U IOTEHILHUANbHO Oojee
BBIPQXXCHHBIMH DPa3JIMYMSIMA B TPAHCKPHUIIIHOHHOM
aKTUBHOCTH HarOosee ()yHKIHOHAIFHO 3HAYNMBIX TEHOB.

B coorBercTBuM ¢ Pexomenpanmeit Komnerun
EBpasuiickoii 5koHOMUYECKOH KoMHCCHH OT 14 HOAOps
2023 1. Ne 33 «O PykoBozctBe 1o paboTe ¢ 1a00paTopHBIMH
(9KCTIepUMEHTAIILHBIMH ) )KUBOTHBIMH TIPH TPOBEIICHUN
JOKIIMHNYECKHX (HEKITMHIYECKUX ) UCCIIEIOBAHNID) IBITLIST
TIOJIBEPT TN SBTAHA3HH, TIPOBOJIIIIH BCKPHITHE U OTOUpAITH
00pa3ip! TKaHel nedeHn. C HeNblo MpexynpekIeHIs
pacnana PHK o0pasupr ¢ukcupoBanu ¢ momouiso
npenapara IntactRNA («Esporen», Poccus) n xpanunu
[0 TPOBEACHUS J1aOOPaTOPHBIX HCCIENOBAHUN MpU
temneparype —20°C.

MonekynspHble  HCCIEIOBaHUA  MPOBOIUIN
B YCIIOBUSIX JTaboparopuu pukiiaaHoi rederikn @IBHY
OHII «BHUTUII». B cooTBETCTBUU C NPUHSITHIM
MIPOTOKOJIIOM 00pa3Ilbl TOMOTEHU3NPOBAJIH, TIPOBOAMITH
JIM3KC KIETOK U Bblensu cymmapHyto PHK ¢ momorsio
Habopa RNA Solo («EBporen», Poccus). Jlanee npoBomumu
peakiuio 00paTHON TPaHCKPHUIILIUH, UCHIONB3YSI HA00D
Magnus («EBporen», Poccus) u ammmdukarop
GeneExplorer GE-96G (Bioer, Kurait). [{nst oreHku
konnuecTBa BbiaeneHHoM PHK u cuHTe3upoBaHHOM
k/IHK ucmonszoBamm diryopumetp Fluo-200 (Allsheng,
Kwurait) n Habop QuDu ssDNA (Thermo Fisher Scientific,
CIIA). [TonumepazHyo LENHYIO PEAKIHIO B peaJbHOM
Bpemenu (I[1L[P-PB) ocymectsisinu Ha ammundukarope
QuantStudio 5 (Thermo Fisher Scientific, CIIIA), ucnons3ys
B Kau€CTBE KOHTPOJILHOT'O T'eHA «JIOMAIITHETO X035HCTBaY
ACTB. Cmecs ms [P roroBmiu ¢ mpuMeneHrneM Habopa
5X qPCRmix-HS SYBR («EBporen», Poccus). Pexum
aMIUT(MKAIIN CIICTYIONINHI: 3 MUH IpH TeMteparype 95°C
(mpenBaputenbHbIA geraryparmst); 30 ¢ mpu 95°C; 30 ¢ mpu
60°C; 30 ¢ ipu 72°C (40 mukrioB). Bee ararmbl MonmeKysipHbIX
MCCIIeNOBaHUH OCYIIECTBISUIH C COOMOICHHEM PEKUMOB
MPOTOKOJIOB OT IPOU3BOAMTENEH HAOOPOB peareHToB. {i1s
OLIEHKH OTHOCHTEJBbHOI 3KCIIPECCHH T€HOB HCTIOIb30BAITH
Metox 27241 [7]. B Tabnurie 2 npecTaBieHa HyKIEOTHIHAS
MOCJIE0BATEFHOCTD MPaiMePOB, NCTIOIH30BAHHBIX IS
moctanoBkwu I1LIP.
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Maremarndeckasi 00paboTKa IaHHBIX OblIa
MIPOBEJIEHA C UCIIOIB30BAHUEM KOMITBIOTEPHOI POrpaMMBbI
Microsoft Excel 2021 ¢ momorisio omHO(GaKTOPHOTO
JUCTIEpCUOHHOTO aHanu3a U t-kpurepus CThIOAEHTA.
Paznocth cuntanu nocrosepuoit mpu p<0,05.

Pe3yabTarhbl 1 UX 00CyKIeHUE
Results and discussion

Ilo pesynbraTam BbIpaIlBaHus ObIJIO YCTAHOBIIEHO,
YTO LIBIIIATA-OPOIIEPhI ONBITHBIX TPYII PEBOCXOIMIN
KOHTPOJIb TI0 COXPAaHHOCTH IMOTOJIOBBS. Tak, 3HaueHHue
JTAaHHOTO TT0Ka3aTelis B KOHTPOJIBHOM TPpyIIIe COCTaBUIO
91,7%, B TO BpemMs Kak B ONBITHBIX TpyNIax —
97,2% B rpynmnax ¢ BKIIOYEHHEM B KOMOMKOpMa SKCTPAKTOB
neB3ed ¥ TuMbsiHa, 100% — npu UCHOIb30BAHIN SKCTPAKTOB
UKOpHs B 3Bepo0ost. [Ipy ckapMIMBaHUM LBIILISTAM
aKcTpakTa R. carthamoides L., craHIapTH3UPOBAHHOTO
Ha (UTOCTEPOM OIKAWCTEH, OBUIO YCTAHOBIIECHO
NPEBOCXOACTBO 0CO0EH OMBITHOM TPYMITHI Hajl KOHTPOJIEM
Ha 13,9 1 9,4% B 7 1 14 cytok coorBercTBeHHO (p<0,05).
[o pe3ynbraraM 3aKIIOYUTENHHOTO B3BEIIMBAHUS HE ObLIO
YCTaHOBJICHO JOCTOBEPHOM Pa3HOCTH, OIHAKO 0coOu
OTIBITHOM TPYyMNIIbI UMENH KHUBYIO0 Maccy Ha 4,1-7,5%
BBIIIIE, YeM IPU HCIOJIb30BAHUH KOMOUKOPMOB 0e3
BBOZIa IKCTPAKTOB. Kypoukw, MmosydaBIIHie DKCTPaKT
JIeB3€H, IPEBOCXOIMIIN KOHTPONIBHBIX Ha 11,0%. Taxoke
ClIeAyeT OTMETHUThH IOBBILIEHHE HOTPEOJICHUS KopMma
IBITUIITaMH OTIBITHBIX TPYIII, YTO YKa3bIBAaeT Ha BEPOATHOE
YAOBJIETBOPEHUE BKYCOBBIX MPEANIOUTEHUIN ITULIBI.

B rtabmume 3 mpexacraBieHBl pPe3yNABTATHI
MOJICKYJSIPHBIX ~ HCCIICIOBAHUH 10  OMNpEACICHUIO
TPaHCKPHIIIHOHHON akTuBHOCTH reHoB SOD I u PRDX6.

N3BectHO, uTO rernl ceMetictBa SOD — KITFOUEBEIS
BUTArcHbI, CBSI3aHHBIC C AHTHOKCHUIAHTHOW aKTUBHOCTBIO
OpraHn3Ma, OCKOJIBKY MPOIYKT UX 3KCIIPECCHH — (PePMEHT
CYNIEPOKCUAIMCMYTa3a — JIUCMYTUPYET MEPEKHCHbIE
paaukanbsl ¢ 00pa30BaHWEM KHUCIOPONA M TEPEeKHUCH
BOZIOPOIIA, KOTOpast IETOKCU(DHUIMPYETCs B AATbHEHIIIEM IO
JIeIiCTBHEM JIPYTHX aHTUOKCHAAHTHEIX (hepmenToB: GSH-Px
u CAT [2]. Pe3ynsrars! MccineJoBaHIN CBUICTEILCTBOBAIN
0 TOM, YTO HaWBBICIIAs dKcrpeccus reHa SOD/ Oputa
YCTaHOBJICHA B TKAHSAX MEYEHH LBILISAT-OpoinepoB 2
OTBITHOHM TPyHmBI (AKCTPaKT Iukopus) — B 4,47 paza
BbIlle KOHTpois, p<0,05. [locTroBepHOE NOBBINICHUE
TPaHCKPUTIIIUOHHON aKTUBHOCTH HA3BAHHOTO I'eHa OBLIO
YCTaHOBJICHO TaKK€ B 3 OMBITHOW rpymie (3KCTPaKT
3Bepo0os) — B 3,53 pasa Beimie koHTpods, p<0,01. Dto
YKa3blBaeT Ha BHUTAareHCTUMYIHPYIOIIHE CBOWCTBA
pacturenbHbIX 3kctpaktoB C. intubus L. u H. perforatum L.,
CBUJIETETCTBYSI O BO3MOXXHOCTH WX HCIIOJNE30BaHUS
B KadecTBe OHONOTMYECKH AaKTHBHBIX JO0OaBOK
C aHTHOKCHAAHTHOH M CTPECCTIPOTEKTOPHOH (DYHKITHEH.

Okcnpeccusd reHa PRDX6 B ONBITHBIX TpyHmax
OTHOCHUTENIFHO KOHTPOJII HECKOJIBKO MOBBIIIANACK,
HO U3MEHEHMs HE HOCHJIHM JIOCTOBEPHOTO XapakTepa.
3T0 MOXKET OBITH CBSI3aHO C HU3KOW YyBCTBUTEIBHOCTHIO
OKCIIPECCUM  HAa3BaHHOTO TE€Ha 10 OTHOLICHHUIO
K aJTIMCHTAPHBIM (DaKTOpaM, 9TO OIpeIeTICHHBIM 00pa3zoM
cooTBeTcTBYeT rumore3e Han et al. o paccmorpenun
PRDX6 B xauecTBe TeHa «IOMAIITHETO XO3sIHCTBay [9].

Tab6muma 2

HyRJ’IeOTH}IHaﬂ mocjaea0BareJbHOCTDb HpaﬁMepOB

I'en

IIpaiimepsl

ABTOp

ACTB (B-aktun)

F: CTGTGCCCATCTATGAAGGCTA
R: ATTTCTCTCTCGGCTGTGGTG

SOD] (cynepokcuamucmyTasa 1)

F: CGGGCCAGTAAAGGTTACTGGAA

Jlanres T'1O. u np.,

R: TGTTGTCTCCAAATTCATGCACATG 2023 [8]
F: GCATCCGCTTCCACGACTTCCT
PRDX6 (nepokcupeiiokeu 6) R: CCGCTCATCCGGGTCCAACAT
Table 2
Nucleotide sequence of primers
Gene Primers Author

ACTB (B-actin)

F: CTGTGCCCATCTATGAAGGCTA
R: ATTTCTCTCTCGGCTGTGGTG

SOD] (superoxide dismutase 1)

F: CGGGCCAGTAAAGGTTACTGGAA
R: TGTTGTCTCCAAATTCATGCACATG

PRDX6 (peroxiredoxin 6)

F: GCATCCGCTTCCACGACTTCCT
R: CCGCTCATCCGGGTCCAACAT

Laptev G. Yu. et al.,
2023 [8]
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Tabmmra 3

TenJioBasi KapTa IKCNPECCUU I'eHOB, CBA3AHHBIX ¢ AHTHOKCHJAAHTHOM 3a1LIUTOI OPraHu3ma,
Y UBIIIAT-0poiiyiepoB, n = 4, 26 cyT.

I'pynna
Ten
1 KoHTpOJIb 2 onbIT 3 ombIT 4 onpIT 5 onbIT
2-AACT, OE 1,00 4,47 3,53 2,63 2,00
Cv, % - 54,2 23,8 51,1 80,1
TN e
2-AACT, OE 1,00 2,12 1,56 8,84 2,52
Cv, % - 100,2 138,0 90,8 70,9
* ** _ Pa3HOCTH JOCTOBEPHA IO OTHOMICHHUIO K KOHTpoo mpH p<0,05, p<0,01.
Table 3
Heat map of expression of genes related to antioxidant defence in broiler chickens, n=4, 26 days old
Group
Gene
1st control 2nd experience 3d experience 4th experience 5th experience
2-AACT, OE 1.00 4.47 3.53 2.63 2.00
Cv, % - 54.2 23.8 51.1 80.1
2-AACT, OE 1.00 2.12 1.56 8.84 2.52
Cv, % - 100.2 138.0 90.8 70.9

* ** _ difference is reliable in relation to control at p<0.05, p<0.01

Hcnonp3oBaHre B MUTaHUN [BILIAT-OpOiiiepoB
JKCTPAKTOB JieB3eW CapIOpPOBUAHOM M THUMbsIHA
MOJNI3y4Yero He MPHUBENIO K JOCTOBEPHBIM W3MEHEHUSIM
TPAHCKPHUITIUOHHOW aKTUBHOCTH PaccMaTPUBAEMBbIX
BHTAarcHOB.

Pesynbrarsr HYTPUTEHOMHOTO aHam3a
B OIPEJCICHHOW Mepe IOITBEPKIAINCh HTOTaMu
OMOXUMHIUYECKOTO UCCIIEIOBAHUS, TOKA3aTeId KOTOPOTO
NpeACTaBIeHbI B Tabnuie 4.

CymMapHasi KOHIIEHTpAIUs BOJOPACTBOPHMBIX
AHTUOKCUJIAHTOB — MHTErPajbHBIA  IOKa3arelb,
TPE/CTaBIISIONINI COO0H OMH 13 HarOosIee MH(OPMATHBHBIX
MapKepOB YPOBHS aHTUOKCUIAHTHOM 3aIIlUTHI ¥ COCTOSHUS
TIEPEKHCHOTO OKHCIICHIIS JIUITUIOB B CHIBOPOTKE KpoBH [ 10].
LepynonnazmMuH — OUH U3 KIIFOUEBBIX HEUTPAIU3aTOPOB
BHEKJICTOYHBIX CBOOOIHBIX PAIHKAIOB, 00€CTICYMBAOIIII
CIIenMpUIECKOe MHTUOMPOBAHNE TOBPEIKICHIUS PA3TNIHBIX
Ouorornyeckux coeuueHui [11]. Menp 1 xene3o B cocTaBe

LepyIOILIa3MUHa CIOCOOCTBYIOT OCTAHOBKE OKHCIUTENIBHBIX
peaxknuii B OpraHu3Me, NpeNoTBpallas HAKOIUICHHE
okcuaaHToB [ 12]. HecMOTpst Ha OTCYyTCTBHE JOCTOBEPHBIX
pasnuyuii MeX Iy TPYIIIaMH [0 AaHHBIM MTOKa3aTeIsIM,
CJIeIlyeT OTMETHUTb, YTO B 3 OIBITHOMU IPYIIIIE, IBIILIATaM
KOTOPOH CKapMJIMBAJIM SKCTPAKT H. perforatum L., 3HaueHus
ObUIM HAaMMEHBIIUMU. BEposTHO, 3TO MOXKET OOBSCHATBCS
BBICOKOW aHTHOKCHIAHTHOW aKTHUBHOCTBIO II€YEHH,
YCTaHOBJICHHOM IO pe3yJibTaTaM aHaJIn3a dKCIPECCHU
rera SOD, 00yCIIOBITHBAIOIIEH OTCYTCTBHE HEOOXOIUMOCTH
B JONOJHUTEIBHBIX MEXaHU3MaX aHTUOKHUCIUTEILHON
3alIUThl opraHu3Ma ntunel. Ha 3To ykaseiBaet, B ToM
YHcIie, HAMMeHbIas BaprabeabHOCTh nokazarenein AO3
B 3 rpynme: Cv (ko3¢ duieHT Bapuaimu) sxcrpeccuu SOD
cocraBui 23,8%, B TO BpeMsI KaK B JPYTHX OMBITHBIX —
51,1-80,1%, Cv nmo nokazarento CKBA B 3 rpynmne —
6,8%, ipu 3Hauenmsx 15,3-40,1% B mpyrux, KOHTPOIBHON
Y ONBITHBIX, TPYTIax.
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Tab6mnuma 4
IMoka3zaTreu AaHTHOKCHIAHTHOM 3alIIUTHI CLIBOPOTKH KPOBHU LBINJISIT-0poiilyiepoB, n = 3, 22 CyT.
I'pynna
IToxka3zarennb

1 KOHTpOJIB 2 onbIT 3 onbIT 4 onbIT 5 ombIT
CKBA, mr/n 26,0+6,01 33,0+£5,70 20,6+0,81 20,7+1,83 35,4+6,00
Hepynoruia3mMuH, Mr/i 56,0+0,58 81,7+18,32 49,3+3,18 51,7+1,76 62,7+4,91
TBK-AII, MmxMounb/n 2,8+0,10 3,3+0,41 3,0+0,36 3,3+0,39 3,1£0,23
1IIT / TBK-AII 20,340,889 24,3+3,09 16,6+0,89* 16,2+1,34 20,1£1,94

* — pa3HOCTh JIOCTOBEpHA IO OTHOIIEHMIO K KoHTpoiro npu p<0,05; CKBA - cymmapHas KOHIEHTpalHs
BOZOPACTBOPHMBIX aHTHOKcHIaHTOB; TBK-AIl — akTHBHBIE NPOAYKTHI, pearupyromue ¢ THOOapOUTypOBOH KHCIIOTOH;
LIT / TBK-AIl — oTHOmIEHHEe KOHICHTPAIMH MEPYJIOIUIa3MHUHA K COAEPIKAHUIO aKTUBHBIX IPOIYKTOB, PEarupyroIInX

¢ THOOAPOUTYPOBON KHUCIIOTOM.

Table 4
Indicators of antioxidant defence of blood serum of broiler chickens, n=3, 22 days old
Group
Indicator
1st control 2nd experience 3d experience 4th experience | Sth experience
TCWA, mg/1 26,0+6,01 33,0+5,70 20,6+0,81 20,7+1,83 35,4+6,00
Ceruloplasmin, mg/1 56,0+0,58 81,7+£18,32 49,34+3,18 51,7£1,76 62,7+4,91
TBA-AP, uMol/L 2,8+0,10 3,3+0,41 3,0+0,36 3,3+0,39 3,1+0,23
CP/TBA-AP 20,3+0,89 24,3+3,09 16,6+0,89* 16,2+1,34 20,1+1,94

* — difference is reliable in relation to control at p<0.05; TCWA — total concentration of water-soluble antioxidants;
TBA-AP-active products reacting with thiobarbituric acid; CP/ TBA-AP —ratio of ceruloplasmin concentration to the content

of active products reacting with thiobarbituric acid

Jannas rumore3a TaKke  ONpEeSCHHBIM
00pa3zoM MOATBEPKAAETCS pe3ylIbTaTaMu ONpeeNICHUS
KOHIICHTPALUU aKTHBHBIX MPOIYKTOB, pearupyrommx
¢ THOOAPOUTYPOBOI KUCITOTOH, KOTOpas B 3 TpyIme Oblia
MUHHMMAJIBHOW B CPABHEHHH C APYTHMH OTBITHBIMH. Peakuis
¢ THoGapoutyposoii kucinoroii (TBK) ucnonesyercst st
OIIEHKH COCTOSHUS IEPEKUCHOTO OKUCIIEHUS JUIH/I0B
n ocHoBaHa Ha cmnocoOHoctn TBK pearnposats
C MaJIOHOBBIM JManberuioM (M/1A) — HI3KOMOEKYISIpHBIM
COCIAMHEHHEM, MPEICTABISIIOIIUM ITPOMEXYTOUHBIN
MPOAYKT 3H3UMATHYECKOTO OKUCIIEHUS apaxuI0HOBOM
KHCJIOTBI M KOHEYHBIA IIPOAYKT OKHCIHTEIbHOU
nerpamaruu aunuaoB [11]. PaccMmarpuBasi onmbITHBIE
IPYIIBEI B CPAaBHEHHUH, TAK)KE OTMETHIIN HAUMEHBIIYIO
koHueHTpauuto TBK-AII B 3 rpynme, 4To yka3sIBaeT
Ha 9 QeKTUBHBIE MEXaHU3MBI OOPHOBI OpraHU3Ma IITHIIBI
€O CBOOOTHBIMH paJIUKaNIaMHy U TIEPEKHCHBIM OKHCICHHEM
JUNUAOB, HHAYIHPYEMble ONOJIOIMYECKH aKTUBHBIMU
coeMHeHUAMH OKCTpakta H. perforatum L. ®axt
HaubonbLrero conepxkanus TEK-AIl B ombITHBIX Tpymmax
OTHOCHTEIIEHO KOHTPOJIS, BEPOSITHO, CBSI3aH ¢ Hanboee

MHTEHCUBHBIM JIMITUAHBIM META0O0IN3MOM U OTJIOKEHHEM
JKUPA Y TBIIIAT, TOMY4AOIMX GUTOOHOTHKH, TIO CPABHEHUIO
C KOHTPOJILHBIMH aHAJIOTaMH, YTO OBLIO YCTaHOBICHO
Hamu pasee [13].

BrimensnoxeHHOE MOATBEPKAACTCS 3HAUCHHEM
pacyeTHOro MoKa3aresi OTHOLIEHHS LepyJIoIIa3MUHa
K IIPOJLYKTaM, PEarupyroIIiM ¢ THOOAPOUTYPOBOM KUCIIOTOH,
KoTopoe B 3 ombITHOHM Tpymme Obuto Ha 18,2% Hike,
yeM B KoHTpoie (p<0,05).

Bo 2 omnbITHOM rpynme HeCMOTps Ha TO, YTO
skcnpeccust SOD Obliia BbIIIE KOHTPOJIS, COAEPIKAHNE
CKBA u unepynomiasMHHa TaKKe YBEJINYHBAIUCH,
B To Bpems kak koHreHtparus TBK-AIl Opura
HauBbICLIEH. BeposiTHO, 3TO CBA3aHO C TEM, YTO AKTUBALIHS
sKkcnipeccuu reHa SOD B 3TOH IpyIie IpOXCXOANIIa Mo
BIIMSIHUEM MHUKPOOHOTHI KHIIEYHHUKA, COCTaB KOTOPOH
CTaOMIIM3MPOBAJICS MO AeiicTBreM HHyHA. O0 aKTUBAIIN
BuTareHoB MmuKpoopranmmamu JKKT coobmanoch
B uccnenoBanusax [1.d. Cypas [5]. Takum oGpazom,
OpraHu3M NTHULBI 2 TPYIIIHI HY>KAAJICS KaK B aKTHBHOCTH
AHTUOKCH/IAHTHBIX (DePMEHTOB, KOUPYEMBIX OIMCAHHBIMU
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BUTareHaMH, TaK 1 B A€HCTBUY MPOYMX aHTHOKCHAAHTHBIX
COEIMHEHUH. BHOIOTrHYecKy aKTHBHBIE KOMIIOHEHTBI
akcTpakra Hypericum perforatum L. — prnaBoHOMABI —
JIeMCTBOBAJIM Ha TPAHCKPUIIIMOHHYIO aKTUBHOCTH SOD
HE OIOCPEZ0BAaHHO, a HAIIPSIMYIO.
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le/lMeHeHHe reHHOM HHKCHECPHUH 1JISl MOBBIICHUSA pa}lﬂoyCTOﬁ‘lHBOCTI/I paCTeHHﬁ
B YCJIOBUAX KOCMUYCCKHUX IMOJETOB

Hpuna BuxktopoBna YysunoBa, Banepuss Bnagumuposna beJioa

TamboBcknii rocynapcTBeHHbIH yHIBepcuTeT nMenH [.P. [leprkaBuna, Tam60B, Poccus
ABTOp, 0OTBETCTBeHHBIIi 32 nepenucky: Banepus Brnagumuposna benosa; vuz.lera@yandex.ru

AHHOTANHUS

B crartee nmpuBeneHO IOTCHUHMANBHOE  pEIICHWE MPOONEMBI  IMOBBIIICHUS  PAaAMOyCTONYMBOCTH  pPAcTEHHH
IIPY MX B3aUMOJEHCTBHH C TAJIAKTHYECKON KOCMHYECKON payaIiei ImyTeM IepeHoca MpOKaprHoOTHIECKUX TeHOB ()epMEHTOB
penaparmu JITHK u perynsTopHbIX IeHOB IMyTeil pemapaniu B pacTeHHs. B 4acTHOCTH, paccMaTpHBaeTcss BO3MOXKHOCTb
ucnonb3oBanust Deinococcus radiodurans B KauecTBe JOHOpa HEOOXOAMMBIX T€HOB BBHJLY BBICOKOH paJlMOPE3UCTEHTHOCTH
IaHHOI Oakrepun. Hamm mpemraraercs MpUMEHUTH IS 3TOW MEIH HeCKONBbKO TeHOB D. radiodurans (uvrD, irtE u pprM)
M0 NPUYMHE HaJIMYMs IOJOKUTEIBHOTO ONbITa WX MCIoib30BaHus. Vcmonb3oBanue rena irrE s Tpanchopmanmn
pacTeHuil yxe I0Ka3aHO, TOIJa Kak MpHUMEHEeHue reHoB uvrD u pprM Hyknaercst B JIONOJHUTEIBHBIX UCCICAOBAHUIX
M0 IPUYMHE HAJIMYHS ONBITOB TOJIBKO Ha MPOKapuoTax. BMecTe ¢ TeM Hy)KHO OTMETUTb, YTO CPEAN PACTUTEIBHBIX OCITKOB
cymectBytoT romonioru UvrD-xenukaser Escherichia coli, ipu 3TOM pacTHTENIbHBIE TOMOJIOTH 3TOTO (pepMeHTa comepsKar
TaKkue k€ KOHCEpPBAaTHBHBIC JOMEHBI, 4To M OakrepuanbHas UvrD-xennkaza. OT0 MOXeT OONerduts padoTy AaHHOTO
MPOKAPHOTUYECKOTO OeJKa, KOTOPbIH OyIeT CHHTE3UPOBATbCS B PACTCHUSIX, HMOJNYYCHHBIX IIyTEM T'€HHOM HHKEHEPHH.
BBuny npeo6iagaroniero HeraTHBHOTO BIMSHUS KOCMHYECKOTO M3JIyYCHMSI HA PAaCTEHHMS, HCIIOIb30BAHUE JJAHHOTO METO/A
SIBJISIETCSI MHOTOOOEIAfONIMM M OTKPBIBAET HOBBIE BOBMO)KHOCTH JIJISI CO3/JaHUSI YCTOWYMBBIX K JaHHOMY (pakTopy COpTOB.

KuarueBsble ciioBa
TeHHAsl MH)KCHEPHsI, TOPU30HTANBHEIN TiepeHoc TeHoB, Deinococcus radiodurans, Escherichia coli, kocMudeckas paauarus,
pPaanuoyCTOMUYUBOCTh PaCTEHUM
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Use of genetic engineering to improve radio tolerance of plants under space flight conditions

Irina V. Chuvinova, Valeria V. Belova

Derzhavin Tambov State University, Tambov, Russia
Corresponding author: Valeria V. Belova; vuz.lera@yandex.ru

Abstract

The article presents a potential solution to the problem of increasing the radiation resistance of plants in their interaction
with galactic cosmic radiation by transferring prokaryotic genes of DNA repair enzymes and regulatory genes of repair
pathways into plants. In particular, the possibility of using Deinococcus radiodurans as a donor of the necessary genes
is being considered due to the high radioresistance of this bacterium. We propose to apply several D. radiodurans
genes (uvrD, irrE and pprM) for this purpose due to the positive experience of their use. The use of the irrE gene for plant
transformation has already been proven, while the use of the uvrD and pprM genes requires additional research due
to the presence of experiments only on prokaryotes. At the same time, it should be noted that among plant proteins there
are homologues of Escherichia coli UvrD helicase, while plant homologues of this enzyme contain the same conserved

© Uysunosa U.B., benosa B.B., 2024 15
© Chuvinova I.V,, Belova V.V,, 2024


mailto:vuz.lera@yandex.ru
mailto:vuz.lera@yandex.ru

TumupsizeBckuit Ononornyeckuid xypHai. 2024. T. 2, Ne 4. C. 15-29

https://doi.org/10.26897/2949-4710-2024-2-4-15-29

domains as bacterial UvrD helicase. This can facilitate the work of this prokaryotic protein, which will be synthesized
in plants obtained by genetic engineering. Due to the prevailing negative effects of cosmic radiation on plants, the use
of this method is promising and opens up new opportunities for creating varieties resistant to this factor.
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BBenenue

Introduction

KocMmuueckass pagmaius COCTOUT W3 IMOTOKA
AIIEMEHTAPHBIX YacTHUI] (3IEKTPOHOB, IIPOTOHOB),
(hOoTOHOB (PEHTIEHOBCKOE M TAMMAa-H3ITyUeHHE), a TAKKE
snep aromoB [1]. Kak u3BecTHO, ramMma-m3mydeHUE
o0namaer MyTareHHBIM feiicTBueM [2]. Benenctaue
3TOTO B yCIOBUAX KOCMHYECKHUX IOJIETOB BO3HUKAET
HEOOXOIUMOCTh 3alUThl OPIraHU3MOB OT €r0 JCHCTBUS.
B ywacTHOCTH, pacTeHHs Ha OpOUTANBHBIX CTAHIIUSX,
UCTIONIb3yeMBbIE B THILY KOCMOHAaBTaMH B IEIAX
oOorarieHus paroHa BUTAMUHAME 1 MUKPO3JIEMEHTAMH,
TaK)K€ IOJBEPraloTCsA BO3AEHUCTBUI0 KOCMUYECKOH
panuanuu. Pe3ynbratoM Takoro BO3JEHCTBUS SABISIOTCS
pa3TUYHbIE TEHETUYECKUE HapYIIeHUs, MPUBOIAIINE
K CHIDKCHHMIO >XKu3HenearenbHocTu [2]. Iloatomy
MOBBIIICHUE PAIUOYCTONYMBOCTH PACTCHUH SIBISETCS
BOCTPeOOBaHHBIM pPEIICHUEM TaHHOU IMPOOIEMEL.

Ecin B pacTeHMH OTCYTCTBYET BPOXKICHHAs
CKJIIOHHOCTh K PaJuOyCTOWYHWBOCTH, TO €€ MOXHO
«IEepEeHECTH» U3 APYroro Opranu3Ma. ITo MO3BOJSET
cllenarh TeHHas MHKEHepHsl, Oaroqapst KOTOpOi MOXKHO
OCYILECTBUTh FTOPU30HTAIBHBIN IEPEHOC TEHOB MEKIY
OpraHu3MaMH, Jaxke JaJeKo OTCTOSIINX JPYT OT ApyTa
B CHCTEMAaTUY€CKOM OTHOIICHUH.

W3 mMupa MHUKpOOPTaHM3MOB XOPOIIO W3BECTHA
CBOGH pPaaroyCTOWYNBOCTRIO Oaktepusi Deinococcus
radiodurans [3, 4], 4To MO3BOJISIET HCIIOIB30BaTh €€
B KadecTBe JOHOPa HEOOXOMMMBIX TeHOB. V3BeCTHBI Kak
BUJIOCTICI(PUYHBIE, TAK M KOHCEPBATHBHbIE OCIKU periapaiin
D. radiodurans, a Taxxe KOTUPYIONTHE WX TCHEI [3].

K HacTostieMy BpeMeHH UMEFOTCS TIPOpaboTaHHbIe
METO/1bl TEHHON MH)XEHEPUH PACTEHUM, MO3BOJISIIOIITHE,
B YaCTHOCTH, IEPEHECTHU YYKEPOAHBIE T€HBI TPOKAPHOT
B pacTtuTenbHyl0 KieTky (puc. 1) [5]. HambGonee
PacmpoCTpaHEeHHBIMU METOIAMH SIBIISIFOTCS IPUMEHEHHE
BEKTOPOB Ha OCHOBe Ti-TutasMuyi arpoOaxkTepuit
u omobaumcTrka [5].

PactutensHble
KNETKU

ArpobaKkTepuanbHan
TpaHchopmaums

buobannuctnyeckan
TpaHchopmaums

PactutencHsble
npoTonaacTbl

Xumunyeckm
onocpefoBaHHas
TpaHchopmauua

ArpobakrepuansHasn
TpaHchopmauua

JnekTponopaums

MukpouHBbEKLMA

Puc. 1. Metoas! reHHON MHXEHEPUU pacTeHUH
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Agrobacterial
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mediated
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Fig. 1. Methods of plant genetic engineering

00  »ddexkTHBHOCTH  JaHHBIX  METOJOB
CBUJICTENECTBYET JIOKA3aHHAS B XOJIE OIBITOB BO3MOXKHOCTD
CO3MIaHMS CheAOOHBIX BAKIHH [6, 7] ITyTeM SKCIPECCHH
OakTepHatbHbIX aHTUTEHOB TEHHOMOANPUIIMPOBAHHBIMU
pactermsiMu (Tadn. 1). MbI 0cTaHOBUMCS Ha OaKTepHATTEHBIX
MHPEKIUAX (XOTSI UMEIOTCSl U PACTUTEIIbHBIE BAKLIMHBI
MPOTHB BUPYCHBIX 3a00/I€BaHMIT ), TAK KaK HAC MHTEPECYET
CUMTHIBAHWE TE€HOB IPOKAPHUOT B JYKAPHUOTHUYECKUX
OpraHu3Max.

MOo)XHO IPEATOI0KNTh, YTO TAKUM Xe 00pa3oM
yAacTCsl  MEPEHECTH  HNPOKAPHOTHYECKHE  T'eHBI
paluoOyCTONYUBOCTU B PACTUTEIBHYIO KIETKY. OTO

MIPHUBEJIET K O0Jiee BHICOKOH BEDKUBAEMOCTH PACTEHUI
B YCJIOBUAX KOCMUYCCKUX ITOJICTOB.

Heap ncciegoBanmnii: 000CHOBATH BO3MOXKHOCTD
niepeHoca reHoB JepMEHTOB perapalii U TeHOB PETYIALMH
myTed penapanuu D. radiodurans B pacTeHHS C B0
MOBBIIICHUS UX PAINOyCTONYNBOCTH.

3anaun uccaen0BaHus:

1. CoOparb 1aHHBIE O IEPEHOCE F'eHOB (PEPMEHTOB
penapany M T'€HOB PETYJSIUU TyTeH pernapanuu
D. radiodurans B npyrue OpraHu3MBlI.

2. CucreMaTu3upoBaTh HHPOPMAIIUIO O PEAKITUIX
pacTeHnii Ha KOCMHYECKYIO pagraInio.

Tabmuma 1
IepopajibHble (Chea00HbIE) BAKIIMHBI PACTHTEILHOIO MPOMCX0KIEHHS
Ne Bosbymureas u 3aosiesanue, koropoe PacTurenbHasi JKCIIPECCHOHHAsS CHCTEMA HcTounuxk
OH BbI3bIBaET
PesyxoBunka Tans (Arabidopsis thaliana (L.) Heynh.)
1 Mycobacterium tuberculosis (Tyoepkyne3) Canar-naryx (Lactuca sativa L.) [6]
MopKOBb ITOCEBHAS
(Daucus carota subsp. sativus (Hoffm.) Schiibl. & G. Martens)
2 Clostridium tetani (CTONOHSK) Kaprodens (Solanum tuberosum L.) [7]
3 Corynebacterium diphtheria (madrepus) Kaprodens (Solanum tuberosum L.) [7]
Kaprodens (Solanum tuberosum L.)
4 Escherichia coli (3uTepur) Puc nocesnoit (Oryza sativa L.) [7]
Canar-naryk (Lactuca sativa L.)
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Table 1
Peroral (eatable) vaccines of plant origin
Ne Pathogen and disease caused by it Plant expression system Source
Arabidopsis (Arabidopsis thaliana (L.) Heynh.)
1 | Mycobacterium tuberculosis (tuberculosis) Lettuce (Lactuca sativa L.) [6]
Carrot (Daucus carota subsp. sativus (Hoffm.)
Schiibl. & G. Martens)
2 Clostridium tetani (tetanus) Potato (Solanum tuberosum L.) [7]
3 Corynebacterium diphtheria (diphtheria) Potato (Solanum tuberosum L.) [7]
Potato (Solanum tuberosum L.)
4 Escherichia coli (enteritis) Rice (Oryza sativa L.) [7]
Lettuce (Lactuca sativa L.)

MeToauka uccjief0BaHuH
Research method

s moucka HaydHOU WMH(OPMAIMKM 1O TEME
WCCIIEZIOBAaHUI HCIIONB30BAMMCh 3 0a3pl JTaHHBIX.
Cpeny HUX K PYCCKOSI3bIYHBIM OTHOCHIIHCH eLibrary.ru
(https://www/elibrary.ru/defauitx.asp?) u Cyberleninka
(https://cyberleninka.ru/), a k anmmos3pr9HEIM — PubMed
(https://pubmed.ncbi.nlm.nih.gov/). [Touck ocymectnsim
0 CIIEMYIOIINM KITFOUE€BBIM CIIOBOCOUETAHHSIM: «T€HBI
pPaJiiOyCTONYMBOCTH  MUKPOOPTaHU3MOBY»,  «TCHBI
PaIOyCTONINBOCTH OAKTEPHID), «BIMSHUE KOCMUIECKON
paJiialliiv Ha PACTEHHs B YCIIOBHUSX KOCMUUYECKHX TIOJIETOBY,
«BIIMSHUE KOCMHUYCCKOW pajiualliyl Ha PacTCHUI.

Kpumepusimu onsa ombopa myOmuKanuii CIry KT
COOTBETCTBUE TEME HCCIICIOBAHU, HAJTMYNE KITFOUEBBIX
CIIOB B TEKCTE ITyOIMKAIINH, TIOTHOTA PACKPHITHS HYKHBIX
U1 MccienoBaHui ceeneHuidl. He paccmarpuBaiuch
TE3UCHI JIOKJIAJI0B Ha KOH(PEPSHIUX, JUCCEPTALIUHN U UX
aBTOpedeparsl, a Takxke myonukanuu 6e3 doi.

Xon oTOopa JaHHBIX MPEACTABJICH B Ta0IHIe 2.

[lo pesymbraram oTOOpa B CHUCOK JHTEPATYPHI
OBLIO BKIIFOYEHO 25 MyOIIUKAIHIA [T0 TEME UCCIICIOBAHUH.
Cpenu Hux 13 nmyOnukanuii npuxoauiochk Ha eLibrary.
ru, 10 myOnukanmii — Ha PubMed, 2 nyOnmukammm —
Ha Cyberleninka.

PesyabTarsl H HX 00Cy:KIeHHE
Results and discussion

Deinococcus radiodurans — 3T0 HemaroreHHas
Me30(uIbHas a3pO0HAast TPAMIIONOKUTENbHAS OaKTepHS,
He oOpa3ytomas cropsi [3]. KiteTku kokkoBHAHOH (hOpMBI
(hopMHUpYIOT Tra B! ¥ TeTpaabl. KOMOHMHM HMEFOT PO30BBIi
1BET. bblia BBISBIICHA YHUKAIBHASI CHOCOOHOCTD KYJIBTYPBI
D. radiodurans niepeHOCHTD BBICOKHE JI03bI HOHU3UPYIOIIEH
pammanmu 6e3 rudenu Kietok. Tak, 31a OakTepys BEDKUBACT
npu obmyuennn B no3e 10000 I'p, uro mpeBocxoaut

paluope3nUCTEHTHOCTh KYIbTYPBI KJIeToK Escherichia
coli B 30 pa3, a KyabsTypHI KIIeToK uesnoBeka — B 1000 pas.
Bnepsrie knerku D. radiodurans OBITN BBIACIEHBI
U3 MSICHBIX KOHCEPBOB, CTEPHITM30BaHHBIX HOHH3HPYOIIIM
n3nydenneM B 1o3e 15000 I'p [4]. PaguoycToitunBoCTh
kietok D. radiodurans cBsizaHa ¢ HaTMYHEM Kak 0COOBIX
(Bunocnierduyneix) pepmento penaparmu JJHK, Tax
U KIIACCUYECKHX OaKTEepUAIbHBIX CHCTEM penaparuu
(tabm. 3) [3, 4]. Bbuto 0TMeUeHo, 4To BUAOCHEM(DUIHBIC
(bepMeHTBI penaparyiv HOBBIIIAIOT CTPECCOYCTOMINBOCTh
kietok D. radiodurans, a kmaccudeckue (epMeHTh UMEIOT
HEKOTOPBIE OTIHYHSL.

Iloce oOTKpeITHS 3TON OakTepuy MOSBUIHCH
MEPCIICKTUBLl BCTPAWBaHHUS €€ YHUKAIBHBIX TCHOB
panuoOyCTONYMBOCTH B JPYyrHe OpraHusmel. Tak,
B PYCCKOSI3BIYHBIX HMCTOYHHUKAX TPEICTABICHA Cepus
OIIBITOB IO TIEPEHOCY TeHOB (epMenToB penapanmu JJHK
(recA n uvrD) u3 D. radiodurans B E. coli. B ciyuae
C TPAHCIIOPTOM TE€Ha TeCA HKCIIEPUMEHTHI MTOTEPIIEIIN
Heyady.

[To mamaeiM WM.B. baxmanoBoit ¢ coaBr. [&],
BKJTFOUCHHBIH B TUIA3MUIHBIN BeKTOp TeH recA D. radiodurans
He croco0eH MOIHOCTBIO 3aMEHUTh CO00I TOMOIOTHYHBIH
red recA u3 E. coli 1o IpydrHe CUIBHOTO (pepMEHTaTHBHOTO
KOHTpOJIsI CBOeH paboThl. Kak mpe/onararor aBTopbl CTaThH,
3TO 00BSICHACTCS TeM, UTo TeH recA D. radiodurans umeer
OTJIMYHBINA OT CBOETO TOMOJIOTa MEXaHHU3M perapalvy,
K KOTOPOMY HE MPHUCTIOCOOICHBI SH3UMATHIECKHE CHCTEMBI
E. coli. 910 nonTeepxkaaer pabora, omyOIMKOBaHHAS
nozauee [10].

ITo manueiM B.H. BepGenko ¢ coasrt. [9], mpu
nepeHoce mmiasmun pKSS5 u pKSrec30, necymmux,
COOTBETCTBEHHO, aJUIeNlb JUKOTO THUIA M MYTaHTHBIH
amnens reHa recA D. radiodurans moj KOHTpOIeM
JIAKTO3HOTO TPOMOTOpa B KJIETKU E. coli ¢ nenemueit
reHoB recA u SSB, HaOmomaeTcsi HEKOTOpOe
BOCCTaHOBJIGHHE PaJHOyCTOMYMBOCTH KIETOK E. coli.
OfHako pagvo3alUTHBI 3PPEKT 3TUX IUIA3MUJ
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Tab6muma 2
Cxema 0T0OOpa JAHHBIX I HCCJIEA0BAHMT
. Bkaroueno
ITouckoBbIit Oou1ee ynciao
KuioueBble cioBa Ilepuon B CIIHCOK Jyoaukarsl
3anpoc Pe3yJ1bTaToB
HCTOYHUKOB
3anpoc nanHbIx B eLibrary.ru
No 1 T'CHBI paJuO0yCTOUYUBOCTHU 3a BCe BpeMst 130 3 0
MHUKPOOPTaHU3MOB
Ne 2 TCHBT PaOYCTOMAMBOCTH 3a BCE BpeMs 153 2 Ot 3anpoca Ne 1: 3
Oaxrepuit
BIIHSTHUE KOCMUYECKOW paguaiuu
Ne 3 Ha PACTEHUs B YCIOBHAX 3a BCE BpeMs 1199 7 0
KOCMHYECKHX MOJIETOB
BJIUSTHUEC
Ne 4 KOCMUYECKOU pajualiu 3a BCE BpeMs 4469 1 Ort 3ampoca Ne 3: 6
Ha pacTeHUs
3anpoc nannbix B Cyberleninka
Ne | TEHBI PaIUOyCTONYNBOCTH a8 BCe BpeMA 3 0 Or 3anpoca Ne 1 u Ne 2
MHUKPOOPTaHU3MOB B eLibrary: 1
Ne 2 TeHbI Pa/lHOy CTOHYHBOCTH P —— 5 0 Ot 3anpoca NeluNe2
Oakrepuit B eLibrary: 1
BIIMSHUE KOCMHYECKOM paananun
Ne 3 Ha PAacTEHUs B YCIOBUAX 3a BCE BpeMsl 114 2 Or 3anpoca
- Ne 3 u Ne 4 B eLibrary: 2
KOCMHYECKHX MOJIETOB
Ot 3anpoca Ne 3
No 4 BJIMSHUE KOCMUYECKON paguanuu 3a BCe BpEMSA 336 0 B Cyberleninka: 1;
Ha pacTeHUs Ot 3anpoca Ne 3 u Ne 4
B eLibrary: 2
3anpoc ganubix B PubMed
genes of radioresistance
of microorganisms
Ne'l Hamnpasnenmne: transfer 2000-2025 12 1 0
of D. radiodurans genes
to other organisms
bacterial radioresistance genes
No2 Hanpalm.e}me: transfer 2000-2025 34 6 0
of D. radiodurans genes
to other organisms
Ne 3 influence of cosmic rafhatlon 2000-2025 6 0 0
on plants in space flights
No 4 influence of cosmic radiation 2000-2025 58 3 0
on plants
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Table 2
Data selection scheme for the research
Included
Search Keywords Period Total number in the list Duplicates
query of results
of sources
Request data in eLibrary.ru
genes of radioresistance .
Nol of microorganisms for all time 130 3 0
No2 bacterial radioresistance genes for all time 153 2 From request Nol: 3
influence of cosmic radiation on plants .
No3 in space flights for all time 1199 7 0
No4 influence of cosmic radiation on plants for all time 4469 1 From request No3: 6
Request data in Cyberleninka
Nol genes of radioresistance for all time 3 0 From request Nol and No2
of microorganisms in eLibrary: 1
No2 bacterial radioresistance genes for all time 5 0 From request NOI' and No2
in eLibrary: 1
influence of cosmic radiation on plants . From request No3 and No4
No3 in space flights for all time 14 2 in eLibrary: 2
From request No3
. . i . in Cyberleninka: 1;
No4 influence of cosmic radiation on plants for all time 836 0 From request No3 and No4
in eLibrary: 2
Request data in PubMed
genes of radioresistance of microorganisms
Nol |Direction: transfer of D. radiodurans genes | 2000-2025 12 1 0
to other organisms
bacterial radioresistance genes
No2 |Direction: transfer of D. radiodurans genes | 2000-2025 84 6 0
to other organisms
No3 influence of_ cosmic ragllatlon on plants 2000-2025 6 0 0
in space flights
No4 influence of cosmic radiation on plants 2000-2025 58 3 0

He MpeBbIman 1.25 npu nepeHoce B KIETKH JeTeIIMOHHBIX
MYTAHTOB I10 T'CHY recA u He BBIXOWJI HA YPOBEHb JUKOTO
tuna ABI1157. Takxe HU3KYIH0 BOCCTaHOBUTEIBHYIO
CHOCOOHOCTh JaHHBIC TIJIa3MHUIBI MPOSBHIN TpU
BCTpPaWBaHWU B TEHOM MTaMMa E. coli ¢ HETIpaBUIIbHO
¢ynkuuonupyomuM Oenkom SSB. B atom ciydae
paauo3anutHbei 3ddexkr coctaBmn Toabko 1.13.
B kauecTBe KOHTpOJNS WCHOIB30BANACH IUTA3MHIA
pUC19-recAl.1 c renom recA E. coli. Panuo3anurHbiid
3¢ deKT ITOH TIa3MUIBI COCTABII 8.17 IS MeTeTTMOHHBIX
MYTaHTOB E. coli mo reHy recA u mouTH ObUT paBeH
KoMy THiry. CiesoBarenbHo, 3Ta I1a3MU1a BHOCHIIA
OONBIIMI BKIIAA B TMOBBIIICHHE PaJHOYyCTOHYUBOCTH
IO CPpaBHEHUIO C OCTAJIbHBIMH, HCCYIIITUMU T OMOJIOTHYHBIN

reH recA D. radiodurans. Takum 00pa3oM, B TIPOBEIEHHOM
ombITe OBUIO JIOKa3aHO OTCYTCTBUE BKJIajJa reHa RecA
D. radiodurans B IOBBIIIIEHAE PaJINOYCTOMINBOCTH E. coli.
Bropas cepust ompITOB 1O mepeHocy reHa uvrD
Jlana TIOJIOKUTENbHBIE pe3yibTarsl. e uvrD kogupyer
penaparuBHyto JJHK-remuxasy 1. Kak m3BectHo, remikaza I1
YYacTByeT B SKCIM3UOHHOM M PEKOMOMHAIMOHHOH perapariyiy,
yAaJIeHHH! HEeTIPaBIIIHHO CIIAPEHHBIX OCHOBAaHHH, a TAKKE
B peruvkaiy [3, 10]. DToT epMeHT «CIIMBACT JIBYHUTEBbIC
paspsiBel JIHK mmyTem 00pa3zoBanms KOMITIEMEHTapHBIX ITap
HYKJICOTHIOB, YTO TIOBBIIIAET YCTOMYMUBOCTh OPraHu3Ma
K Pa3IMIHBEIM MyTareHHbIM (hakTopam cpemst [ 10].
PesynpraTel  3KCIIEpUMEHTa, TPUBEACHHOTO
B pabore [10], nokazanu cradbunbHyo paboTy rea uvrD

20



Timiryazev Biological Journal. 2024;2(4):15-29
https://doi.org/10.26897/2949-4710-2024-2-4-15-29

D. radiodurans B E. coli. B nanaoMm oneite Kitetku E. coli
¢ ynaneHHbIMU TeHaMu uvrD, helD u rep, koaupyronmmy,
COOTBETCTBEHHO, penapaTuBHyo renukasy II, renukasy
IV u pennukatuBHyto renukasy Rep, BoccranasiuBanu
CIIOCOOHOCTH K penaparyy nospexaeHui JIHK, BbI3BaHHBIX
yABTPa(HOIETOBEIM CBETOM U FaMMa-JIydaMu, B CiIydae
BCTpaMBaHUA B X reHoM miasMuasl pCR2.1-uvrD+,
Hecynuii romonoruuneiii ren uvrD D. radiodurans.
CrnocoOHOCTB K PaIH0yCTOHYMBOCTH ObLIA COTOCTABUMA
¢ TakoBoM y mukoro tina AB1157 ¢ gpyHKumoHupyrommm

reaoM uvrD. CnenoBarensHo, mepeHoc reHa uvrD
D. radiodurans B xnetku E. coli sBnsieTcs HE TOIBKO
OCYILIECTBIUMBIM, HO ¥ (DYHKIIMOHAIEHO BHITOIHBIM.
0O060cHOBaHNE BOSMOKHOCTH PA0OTHI B PACTATEIHHOM
opranuzMe TreHa UvrD-xenukassl, BBbIAECIEHHOTO
n3 Oaktepuii, nMmeercs B pabore [11]. B pacrenmsax
(na mpumepe pesyxoBuaku Tamust (Arabidopsis thaliana
(L.) Heynh.) u puca nocesnoro (Oryza sativa L.) Oblin
0oOHapyXeHBI TOMOJIOTH OaKTepHalbHOTO (epMeHTa
penapatun UvrD, nomydenHoro u3 Escherichia coli

Tabmmra 3

Bbeaxu penapauuu D. radiodurans

Tomonoruunsbie ¢ E. coli 6enku penmapanun

YHukajibHble 0€JIKH penapanuu

RecA D. radiodurans ny4iiie IprucoOeIUHICTCS

k apyuenodyeynoit JTHK, yem k omHoLenodedHo! (B oTnvne
ot romojioruyHoro 6enka B E. coli). 3To no3Bosnsier ycnemnee
YCTpaHHUTh OOJNBIIOE YUCIIO ABYIeOoUYeYHbIX pa3peiBoB JJHK.

RadA — romornor RecA. On yyacTByeT B FOMOJIOTHUHON
pEKOMOMHALINY, OJJHAKO HE MOXKET 3aMEHATh RecA

B 3TOM Tiporecce. [1oBbIIaeT yCTOHYMBOCTD KIETOK

K HOHU3UPYIOIEMY H3IIyYSHHIO.

RecJ — sx30nyKI1€a3a, ykopaunBatomas 5’ -koner JTHK.
Henenus rena rec] npuBoauT k rubenu kietok D. radiodurans.

RecD2, RecG, DR1572 — xennka3sl, QyHKIIHMH KOTOPBIX MOKA
JIOCTaTOYHO HE M3yUYEHBI.

UvrD — xenuka3sa, romosnoruynas RecQ B E.coli.

IIpu noBpexxnennu JIHK sta xenukasa pacrieraer ABOHHYIO
crnpalib OrxKe K MecTy paspbiBa. B oTiauume ot cBoero
TOMOJIOTa MOXET PadoTaTh B IBYX IPOTHBOIIOIOKHBIX
HarnpaBJeHUAX (Ha4MHAs KaK OT 3’-KOHIIA, TaK U OT 5’-KOHIIA).
IToMHrMO TOMOJIOTHYHOI pernapanuy, IPUHIMAaET y4acTue

B OKCIIM3MOHHOM U NMOCTPEITUKAaTUBHON perapanusx.

Pol X akTuBHpYyeTcs B IPUCYTCTBUH HOHOB Mn, KOTOpBIE
KJIeTKa HaKarBaeT npu crpecce. Pol X obnanmaer
9K30HYKJI€a3HOH aKTHBHOCTBIO, UTO MTO3BOJISIET YAAIATh
yuactku JJHK, oOpasyrolue «ImuibKiuy 1 MeXKICTOYCYHbIC
CIIVBKH.

Pol I u Pol III D. radiodurans BBINOTHSIOT TaKyO ke
(dyHKIUO, 4To U MX romosioru B E.coli. OHU y4acTByIOT

B yznaneHuu pa3peisos JJHK, Tem cambpiM ymeHbI1ast
YYBCTBHUTEJIBHOCTD KJIETOK K OOIyUEHHIO.

BakHBIM OTIIHYHEM SIBIISCTCS 3aBUCHMOCTH JeicTBust Pol |
OT MOHOB Mn, HakarumBaeMbIX KieTkamu D. radiodurans
npu ctpecce. Pabora Pol III Taxke nmeeT HEKOTOpbIE
ocobeHHocTH. Tak, Ha BHYTPEHHEH MOBEPXHOCTH JIBYX
cyowenunu Pol 111 Habromaercss nprOIM3UTEILHO
paBHas KOHIIEHTPANUS MTOJOKUTEIBHBIX U OTPHLATEIBHBIX
AMHHOKHUCIIOTHBIX OCTATKOB, YTO YMEHBILIAET B3aUMHOE
NPUTSDKEHHUE JIBYX CyObeINHUIL U 00JIer4aeT CKOIbXKECHUE
Pol IIT mo THK.

Kommutekc sbcCD ynanser yuactku JTHK, o6pa3yromiue
MEXKIEMOYEUHbIE CITHUBKH U «IIMUIBKH.

PprA (ren pprA) ycrpanseT asyHuteBsle pa3pbisbl JJHK mytem
IIPUCOEIMHEHUS K KOHIIEBBIM yuacTkaM AByLenodeunoi JTHK.

MutS1, MutL u UvrD npunuMaor y4acTue B yCTpaHEHUU
OLIMOOYHO CHAPEHHBIX OCHOBAHUM.

Benku, kopupyemsle reHamu ygiD U yeaZ, y4acTBYIOT
B YJaJ€HHH MEXIETIOYCYHBIX CIINBOK OIIaromaps
9K30HYKJIEa3HBIM U XEJIHMKA3HBIM CBOHCTBAM.

DdrA (ren ddrA) y4acTByeT B TOMOJIOTHYHOM PeKOMOMHALIUH
JHK, cBszbiBaercs ¢ ognouenoueunoit IHK (npucoenunsercs
K ee 3’-KOoHITy), mpensaTcTBys paspymenuio JJHK.

DdrB (ren ddrB) siBnsiercst SSB-6enkom, CIIMBaeT IByHUTEBBIC
pa3priBbl JIHK, cBsa3biBaeTcs ¢ onnonenoueunoit JJHK.

DdrD (ren ddrD) orBeuaer 3a yCTOHYHMBOCTH

K YIBTPadHOIIETOBOMY OOYUIEHHIO.

benox UvsE sBrseTcs sHA0HYyKII€a30, aKTUBUPYEMOI HOHAMH
Mn. UvsE npunnmaer ygacTre B SKCIIU3MOHHOM penaparu.
Dra 3HJOHYKJIea3a yCTpaHseT MMPUMHUANHOBBIC TUMEPHI,
BO3HHKAIOLIKE NIPU YIBTPaQHOICTOBOM OOITyUESHHH.

IMoTepst reHOB, KOMUPYIOIIUX YHUKaNbHBIE 111 D. radiodurans
0eJKH permapaiyy, X0Ts U He IPUBOAUT K THOENN KIIETKH,
HO CHMJKAeT €€ CTPeCcCOyCTONYUBOCTb.
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Table 3

Repair proteins of D. radiodurans

E.coli-homologous repair proteins

Unique repair proteins

RecA repair proteins of D. radiodurans binds better to double-
stranded DNA than to single-stranded DNA (in contrast

to the homologous protein in E. coli). This makes it possible
to eliminate a large number of double-stranded DNA breaks
more successfully.

RadA is a homologue of RecA. It participates in homologous
recombination, but cannot replace RecA in this process. It
increases cell resistance to ionizing radiation.

Recl is an exonuclease that shortens the 5’end of DNA.
Deletion of the Rec] gene rec] leads to the death of D.
radiodurans cells.

RecD2, RecG, DR1572 are helicases whose functions have not
yet been sufficiently studied.

UvrD is a helicase homologous to RecQ in E. coli. When
DNA is damaged, this helicase unwinds the double helix
closer to the site of the break. Unlike its homologue, it can
work in two opposite directions (starting from both the 3
‘end and the 5’ end). In addition to homologous repair, it also
participates in excisional and post-replicative repairs.

Pol X is activated in the presence of Mn ions, which the cell
accumulates under stress. Pol X has exonuclease activity,
which makes it possible to remove sections of DNA that form
“hairpins” and cross-links.

Pol I and Pol III of D. radiodurans perform the same

function as their homologues in E. coli. They are involved

in the removal of DNA breaks, thereby reducing the sensitivity
of cells to radiation.

An important difference is the dependence of the action

of Pol I on Mn ions, accumulated by D. radiodurans cells
under stress. The work of Pol III also has some special
features. Thus, an approximately equal concentration

of positive and negative amino acid residues is observed

on the inner surface of two Pol III subunits, which reduces

the mutual attraction of the two subunits and facilitates

the sliding of Pol III through DNA.

The sbcCD complex removes sections of DNA that form inter-
stranded cross-links and “hairpins”.

PprA (pprA gene) eliminates double-stranded DNA breaks
by attaching to the end sections of double-stranded DNA.

MutS1, MutL and UvrD take part in the elimination
of incorrectly paired bases.

DdrA (ddrA gene) participates in homologous DNA
recombination, binds to single-stranded DNA (attaches to its
3’ —end), preventing DNA destruction.

Proteins encoded by the ygiD and yeaZ genes are involved
in the removal of cross-links due to their exonuclease
and helicase properties.

DdrB (the ddrB gene) is an SSB protein that cross-
links double-stranded DNA breaks and binds to single-
stranded DNA.

DdrD (the ddrD gene) is responsible for UV resistance.

The UvsE protein is an endonuclease activated by Mn
ions. UvsE takes part in excision repair. This endonuclease
eliminates the pyrimidine dimers produced by UV radiation.

The loss of genes encoding repair proteins unique to D.
radiodurans, although not leading to cell death, reduces its
stress resistance.

Y OTHOCSILIETOCS K XeJIMKa3aM. PacTUTelbHbIC BAPUAHTHI
UvrD-xenukassl coiepkar TakKue k€ KOHCEpBaTUBHBIE
JoMeHBI (4 ToMeHa), uTo u OaktepuanbHas UvrD-xenmkasa,
HO OTIIMYAIOTCS B ZIeTaisix. Hanpumep, MonekynsipHas macca
UvrD-xemmkassl E. coli pasra 73 k/la (720 aMuHOKHCIIOT),
a ee roMoJ1oroB B A. thaliana u O. sativa— 129 u 130 x/1a
(1149 u 1165 aMHMHOKHCIIOT) COOTBETCTBEHHO.

B MHOCTpaHHBIX MCTOYHHUKAX TAKIKE OTPAXKEHBI
PE3YNBTaTHI OIBITOB T10 TIEPEHOCY TeHoB D. radiodurans

B JIPyTHE OpraHu3Mbl. B 3TOM HanpasiieHUH Tpeycrenu
KHTaickue yaeHsle. THTepecHo To, 9To TpanchopMarin
C PaBHBIM YCIIEXOM TTO/IBEPTaIHCh HE TOJIBKO MPOKAPHOTHI,
HO U DYKapHOTHIL.

PaccmoTpuM mepByIo TPYIITy SKCIEPUMEHTOB
0 CO3/IaHUI0 TPAHCTCHHBIX MPOKAPUOT.

B wuccnenoBannm Zhang Y. et al. [12] 6wmio
MOKa3aHO TIOJIOKUTENIBHOE BIUSHHUE DKCIPECCUU
rena irtE D. radiodurans B Zymomonas mobilis.
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[oBpImanace yCTOWIMBOCTB 3TOM TPaHCTEHHOHN OaKTepHH
K Pa3IMYHBIM a0MOTHYECKUM cTpeccaM (OCMOTHYECKOMY,
TEIUIOBOMY, KHCIOTHOMY). Takke OBUIO OTMEYeHO,
YTO JaHHBIA IITaMM MOT CYIIECTBOBaTh B YCIIOBHSIX
M30BITKA ATAHONA 3a CUET YBEIMYCHHs aKTHBHOCTU
AJIKOTOJTBAETHUIPOTEHA3HI.

B pabote Zhao P. et al. [13] Tarxoke monTeepkIanoch
samutHOE Aectue 6enka [rrE (Pprl) D. radiodurans npn
ero cuHrese B E. coli. 1ot mrraMm 001a1ai1 IOBBIIIEHHON
COJICyCTOWYMBOCTBIO Onarofapsi aKkTUBAlUK  psijia
TeHOB. B yacTHOCTH, B TpaHCTEHHBIX OpraHu3Max Oblia
OTMEYEHA SKCIIPECCHS TCHOB PEaKIMU HAa OKUCITUTETHBIN
u ocMoTHaeckuii crpecc: katE (oTBeT Ha moBpeKIcHME
JHK) u osmBC (otBet Ha cTpecc). Takxke B ycnoBHsix
n30bITKa NaCl B muTaTenbHOM cpeie Hadaim paboTarh
TeHBI, CBI3aHHBIE C BEIPAOOTKOM TPETaso3bl U IIHIEPHHA
(B wacTHOCTH, TeH OtSAB), ¥ TeHBI KHCIOTOYCTONUNBOCTH
(gadABC u gadWX).

I[lo ganaeiM Park S.H. et al. [14], cuHTe3
B E. coli 6enka PprM D. radiodurans criocob¢cTByeT
TIOBBIIIICHAI0 YCTOWYMBOCTH JTaHHOTO TPAHCTEHHOTO
OpraHu3Ma K OKHCJIMTETIbHOMY cTpeccy. B mpucyTcTBun
TIEPEKUCH BOJIOPO/Ia OTMEYAIN YMEHbBIIIEHHE 00Pa30BaHUS
TaKOro CBOOOIHOTO pajguKaa, KaK BHICOKOAKTHBHBIN
THJIPOKCHIIBHBINA paJInKal, a TAKIKE CHIYKEHUE CTETICHH
KapOOHWJIMPOBaHUSI O€JKOB. DTO OBUIO JAOCTHTHYTO
YBEJMUEHHEM AaKTUBHOCTH IMEPEHOCUYMKa MapraHia
(mntH) B 9 pa3, 4To cOCcOOCTBOBAIO BO3PACTAHHIO
CoJIepyKaHKs MapraHLia [0 OTHOLIEHHIO K XeNe3y (3HaueHue
cootHomennss Mn/Fe 0110 yBEeTH4eHO B 2 pasa).

Takum 00pa3oM, TPOKaPUOTHL, TpaHCHOPMUPOBAHHBIE
renamu D. radiodurans, o0nagaad IOBBIIIEHHOM
YCTOWYUBOCTBIO K PA3INIHBIM a0HOTHYECKUM CTPECCaM.

Bropas rpynma mpenctaBieHa pe3ynbTaTaMu
OTIBITOB TIO CO3/IaHUIO TPAHCTEHHBIX JYKApHOT.

B uccnenosanuu Pan J. et al. [15] 6bu10 0Ka3aHo,
yto BeIpaboTtka Oenmka IrrE (Pprl) D. radiodurans
y TPaHCTeHHBIX opranu3MoB (E. coli n Brassica napus)
MO3BOJIIET MM TEPEHECTH a0HOTUYECKHH CTpecc
pa3inuyHOW TPHUpPONBl (TEIIOBOM, OCMOTHYECKHUH,
OKHCIUTENbHBIN). Tak, TpaHCcreHHbIE pacTeHus B. napus
CIIOCOOHBI BEDKUBATE IIPH COICPKaHuH| B rmouBe 350 MM
NaCl, uTo 1151 APYTUX CEIbCKOXO3SHCTBEHHBIX KYJIBTYD
SIBISIETCSI HEOCYILIECTBUMBIM. [I0CKONBKY 1 IeTHpaTaIs,
M KOCMHYeCKasi paJfialys BHI3BIBAIOT OKUCITUTEIBHBII
CTpecc, KOTOPBIH CHOCOOHBI TIEPEHECTH JaHHBIC
TPaHCTEHHBIE OPTaHWU3MBI, MOXXHO CJeNlaTh BBIBOI
0 TOM, YTO YCJIOBUSI KOCMUYECKHX TTOJIETOB HE TIPHBELYT
K CHIDKEHHIO )KH3HECTIOCOOHOCTH 3TUX OPTaHU3MOB.

B patote Shi Y. et al. [ 16] noka3aHo nonoxuTensHOe
Biustaue 6enka Pprl D. radiodurans Ha BbDKUBaEMOCTb
KIETOK DHJIOTENHS IyNOYHOH BEHBI 4YelloBeKa
1 1abopatopHbIX Mblliei muHnM BALB/c. YMeHbanuch
MOKa3aTey amorTo3a, Bo3pacTaja peraparroHHas
cnocobHocts JHK, yBenmuumBamace BeIpaOoTka
AHTUOKCHIAHTOB. Takke OIaronpusiTHOE BO3ICHCTBIE Oeka
Pprl Ob110 TIOATBEPIKIIEHO B SKCIEPHMEHTE C OOIYIEHHBIMA
71ab0paTOPHBIMHU MbIIITAMH: YCHUIIHBAIIOCH IEJIEHUE KJIETOK
KOCTHOTO MO3Ta, BO3PacTaIo KOJTHIECTBO TPOMOOITTOB

¥ JIEHKOIINTOB, YMEHBIIATINCH PAIHAIIHOHHBIE TOBPEKICHNS
OpraHoB, YBEIIMYUBAIACH BBIPA0OTKA aHTHOKCHIAHTOB
B TKaHSIX.

B pabore Wen L. et al. [17] uccrenoBanoch
Biusiaue Oenka Pprl D. radiodurans Ha BEDKUBaEMOCTh
SMUTENNAIBHBIX KJIETOK Jierkux deioBeka BEAS-2B
u nabopaTopHblx Mblmeil nuHMn BALB/c mocne
o0mmydeHns. B srurenuaibHBIX KIeTKaxX JIETKUX YeT0BEKa
BEAS-2B skcnpeccus Oenka Pprl yBennumBana mx
paanoyCTONYNBOCT, YMEHbIIANA MPOLEHT aronTo3a
Y TIPeIOTBpaIliaia OCTAHOBKY KJIETOYHOTO IHKJIa Ha (haze
G2/M. Y TpaHCreHHBIX J1a00OpPaTOPHBIX MBIICH TUHUN
BALB/c noBbImanack BBDKHBAEMOCTH MOCIIE 00Ty IeHUS
32 CYET yMEHBIICHHS PaJUAIMOHHOTO MOBPEKICHUS
KPOBETBOPHOW CHUCTEMBI, JIETKUX, TOHKOW KHIIKH
Y peNpOAyKTUBHON CHCTEMBI.

Io ceenenusim Chen T.T. et al. [ 18], akcripeccus
reHa pprl D. radiodurans B opranuzMe 1a00paTopHBIX
Mbimieii muau BALB/c moBbImana BEDKHBaEMOCTH
nocine obmyuenus B 1o3e 6 ['p, BbI3bIBatoei rubeis
B KOHTPOJIEHBIX YCIIOBUSIX. YMEHBIIICHHE CMEPTHOCTH
OOBSICHSACTCS CHIDKEHHUEM CTETEHH aronTo3a THMOIIUTOB,
a TaKkKe KIETOK KOCTHOTO Mo3ra W cene3eHku. [lpu
3TOM BaXXHYIO POJIb WUTpacT YMEHBIICHHE BpPEMEHU
COKpareHus coaeprkanns tuMponuTos. [lomyueHHbII
addexr pagnoycroitunBocTH 00BSCHIETCS 00pa30BaHHEM
6enka Rad51 B nerkux, neuenu u moukax. bemok Rad51
sBIsieTcst romonoroM Oenka RecA D. radiodurans.

Takum 00pa3oM, pacCMOTPEHHBIE OITBITHI BTOPOH
TPYIIBl  TOKA3bIBAIOT BO3MOXKHOCTH A()PEKTUBHOM
TpaHchopMauu dyKapuoT reHamu D. radiodurans.
CrieoBaTenbHO, IPUIAHKE PAIH0YCTONIHMBOCTH PACTEHUSIM
C TIOMOIIBIO TAKOTO METO/Ia TIOITBEPKIACTCS TIPAKTHUKOM.

MOXHO OTMETHTh, 4TO TeH irrE ¢ ycrexom
WCTIOJB3yeTCs Ui TpaHCc(opMamuy Kak IMPOKapHOT,
TaK W DYyKapWOT, Torma Kak reHel pprM u uvrD
MIPUMEHSIOTCS ITOKa TOJBKO I TEHHOW MOAN(DHUKAITUT
npokapuoT. [loatomy s TpaHchopManuu pacTeHUN
Oosnee moaxoasauM saBistercd red irrE. Mcnons3oBanue
reHoB pprM u uvrD HyxXmaeTcss B IOMONHUTEIBHBIX
HCCIIEZIOBAaHUSIX.

[NapannensHO ¢ 3THM IPUBEAEM aHAIN3 COOPaHHBIX
HaMH CBEJICHHUH 110 BIUSHHUIO KOCMHUUYECKOTO U3ITyYeHUS
Ha pacteHus. B OonpmimHCTBE paboT oOmMUCHIBaeTCS
HEraTHBHOE JIEHCTBHE 3TOTO (PAKTOPa, OJTHAKO B €IMHIIHBIX
CITy4asiX TOBOPHTCS JIMOO O €T0 CTUMYITHPYIOIIEM BIHSHUH,
7100 00 OTCYTCTBUH BHANMBIX U3MEHEHHUH B PACTUTETFHOM
OpraHMu3Me IOJ] €TO BIUSIHUEM.

PaccMmoTpuM nepByro rpyniy CyxAcHHM.

B pa6ote C.C. IOpoga ¢ coasr. [19] uccnenopanocs
BIUSHUE Ha ceMeHa ToMata (Solanum lycopersicum L.)
KOCMITYECKOH paJialliv IPH UX XpaHEeHNN Ha IPOTSHKEHAH
6 JIeT B YCIOBHSX KOCMUYECKOTO OpOUTAIBHOTO KOMILIEKCa
«MUP». Ilocnme HaxoxkaeHus Ha OOpTy TaHHOTO
KOCMHYECKOTO ammapara CeMEHa IPOpPaIIUBAIHNCh
B J1a00OpaTOpHBIX YCIOBUSAX B TeueHne 70 CYTOK.
Janee paccany BbICa)XKMBall B OTKPBITHIA TPYHT IO
rieHKy. CeMeHa W3 3KCIIEPUMEHTAIbHON TpPYMIIBI
JoJbIe mpopactanu (depe3 14 cyTok) 1mo cpaBHEHHIO
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C KOHTpoJIeM (depes 5 cyTok). Taxoke 3Ti ceMeHa o0magai
MOHM)KEHHOM BCXOXKECThIO (BBKMBAEMOCTh CEMSH 0e3
CKPBITHIX U JIETAIBHBIX MyTallMi cocTaBisia 26,8%)
OTHOCHTEIbHO KOHTpPOJIbHOTO BapuaHTa (58,3%). bnaronaps
NPUMEHEHUIO BTOPUYHOTO OHMOTEHHOTO M3IYUYCHUS
YAAJIOCh JOOUTHCS MPOPACTAaHUA CEMSH CO CKPBITHIMU
MYTaLHAMH (MX BCXOXKECTh cocTaBmia 48,2% ot obriero
KOJTIMYECTBA CeMSH). 25% CeMSH MEIH JIeTaJbHbIe MyTaIlii
Y HE B3OLUIM JaK€ IOCJE BO3ACHCTBHSA BTOPHUYHOTO
OuoreHHoro u3iMydeHud. lIpu aHanm3e MPOPOCTKOB
CEMSIH CO CKPBITBIMU MYTalMsSMHU ObLIM OOHAPY>KEHBI
0e3MUCTHBIE 0COOH, MPUYEM 3Ta MyTaIHsI CO31aBaIach
MMEHHO KOCMHYECKOH paauaiuei, Tak Kak B 3eMHBIX
YCIIOBUAX HE HAOJIIONANOCh TAKUX M3MEHEHUH KaK pu
CIIOHTaHHOM, TaK ¥ TIPY HHAYIIHPOBAHHOM MyTareHese.

B craree E.W. IllarumapnanoBoii ¢ coasr. [20] mokazaHo
BJIMSIHHE KOCMUYECKOT0 M3Ty4eHHUs HA aHTHOKCHIAHTHBIH
cTaryc mpopocTkoB ssamens (Hordeum vulgare L.) copra
Haruna Nijo. Cemena sumensi, xpausimecs: 6onee 4-x
MecsileB Ha MeXyHapoJHOH KOCMHUYECKOW CTaHIUKU
(Momyb «3Be31a»), MPOPALLMBAIN B YCIIOBUSIX OpOUTAIBHON
opamxkepeu «Jlama». B xone sxcriepumenTa ObLI0 0TMEUEHO
HaKOIUIEHHE PAacTeHHEM psizia (pepMEHTOB-aHTHOKCHIAHTOB
(cymepokcuaarcmyTasa, Karanasa, yTaTHOHTpaHcdepasa,
ackopbarriepokcuiasa, (peHmIaTaHMHAMMOHUITHA3A),
YTO YKa3bIBAET Ha PAa3BUTHE CTPEcca MO/ BO3ACHCTBUEM
KocMHI4ecKkoi paguanuy. OIHAKO KOCMHYECKOE H3Ty4eHHE
HE MOBJIMSIIO HA BCXOXKECTh CEMSIH ¥ MOP(OMETPHIECKHE
MIPU3HAKK TPOPOCTKOB SUMEHS: 3HEPTUsl MPOpPACTaHUS
cocraBmia Ooinee 90%, a BeicoTa MOOETOB W BpeMs
TIOSIBIIEHNUS KPOIOILIETO JINCTAa HE OTIINYAJIUCH OT TAKOBBIX
B «3EMHOM» BapraHTe. ITO MOXXHO OOBSICHHUTH BBHICOKOM
CTPECCOYCTOMYMBOCTBIO STUMEHS: OH YCIELITHO aJaITHPYeTCs
K 3aCyX€ U 3aCOJICHHOM 1o4Be. Ero MOIHAs aHTHOKCHAHTHAS
crcTeMa 00pa3oBaach Kak MPICTIOCOONEHHE K NTHTETHEHOMY
00e3B0KHBaHNIO. [10CKOMNBKY U JieTuaparaliis, 1 KoOCMUYecKast
paauaIis BEI3BIBAIOT OKHCIUTENBHBIN cTpecc [4], To aTi
HeraTuBHble ()aKTOpbl He OyIyT MpPEemsTCTBHEM JUIS
TIOJTHOLIEHHOTO POCTA M Pa3BUTHS pacTeHui stuMeHs. OTHako
TaKOE YTBEPIKICHHE SBJIACTCS BEPHBIM TOJIBKO B OTHOIICHUH
pacCMOTPEHHOTO HaMH BHJa. B npyrom ciydae Moxer
HaOMOMaTHCST MHOM pe3ykTar. ClienoBaTeIbHO, Pe3yIIbTaThl,
nonydeHHele B uccnenosannu E.M. larumapnanoBoit
C COAaBT., HE HOCST YHHUBEPCAIBHOTO XapaKTepa.

B pabore B.I1. AGpamikuna c coasr. [21] omrcaHo
OTpULIATENbHOE BJIMAHHE KOCMHUYECKOW pajHalliuu
Ha MOP(OMETPHIECKHE IPU3HAKI MENHCCHI JIEKAPCTBEHHOM
(Melissa officinalis 1.) m pacTopommy TSATHACTON
(Silybum marianum (L.) Geartn). CeMeHa MeIHCCHI
JIEKapCTBEHHOM U TUIOABI PaCTOPOIIIIN MSTHUCTON ObLIN
BPEMEHHO pa3MelieHbl Ha O0PTY KOCMHYECKOTO anmapara
«BHOH-M Ne 1». [To3ke npoBOAXIN UX TPOpAIBAHIE
Ha OMBITHOM y4acTke boranuueckoro cajna CaMapckoro
TOCYAapCTBEHHOIO  yHHBepcuteTa. /[l  Memuccsl
JIEKapCTBEHHOW OBUIN XapaKTEPHBI MEJIKOUCTBEHHOCTD
¥ KOPOTKHE OOKOBBIE TIOOETH, UTO IPUBENO K YMEHBIIEHUIO
HaxoruieHus: ¢uromaccsl Ha 20-25% 1O cpaBHEHUIO
C KOHTpOJEM. Y PACTEHUH PACTOPOIIIN ISATHUCTOU
HaOTI0NAIOCH TIOSIBIIEHHE IBYX (PeHOTUTTHUYECKIX TPYIIT

B TICPBOM TIOKOJICHHU: TIpeodiiaaami 0coou 6e3 OyTOHOB
C OTCTaBaHHEM B Pa3BUTHU MO MOP(OMETPHYECKUM
MIpYU3HaKaM NMPUOTU3UTEIBHO B 2 pa3a OTHOCHTEIHHO
KOHTpONBHOU rpynmsl. VX mons cocrasuna 60%, mpraem
OBLTO OTMEYEHO, YTO (UTOMACCA ITOM TIEPBOM ONBITHON
TPYTIIBI TAKKE B 2 pasa ycTymaeT KoHTpormo. 40% cocTarisim
PacTeHUSI-TUTAHTHI, Y KOTOPBIX JUTHHA [IBETOHOCA Obliia
MEHBILE KOHTPOJIBHBIX 3Ha4eHHH. [ lonoBrHA peacTaBuTeneit
JIAHHOM OTIBITHOM IPYTITIBL, KaK U B IEPBOM CJTydae, OTCTaBasa
B MOP(OJIOTHUECKOM Pa3BUTHH.

B pabore FO.H. I'openosa ¢ coaBr. [22] maercs
npUMep HEOTHO3HAYHOTO BIMSHHS KOCMHYECKON paiialiin
Ha TpOopacTaHhe CeMsIH HEKOTOPBHIX BHUIOB PACTEHUH.
s mpoBeneHHs OMbITAa MCIOJB30BAJIUCH ceMeHa 9
BuIoB pacteHnid. CemeHa Haxomwinch 30 qHEH Ha OOpTy
kocMuyeckoro anmnapara «bruon-M Ne 1y, mocine yero ux
BBICAKUBAJIU B OTKPBITHINM IPYHT. B x01€ npopaiuysanys
ceMeHa 4-X BUJIOB MIMENH HU3KYIO BCXOXKECTh B CPABHEHUH
C HOpMOH. DTO OBUIO XapaKTepHO AJs KjeMaruca
uenbHonuctHoro (Clematis integrifolia L.), TBO3AMKH
AnpnpxeeBckoro (Dianthus andrzejowskianus Kulcz.),
CHHIOXH roi1y00ii (Polemonium caeruleum L.) v ipocTpena
packpertoro (Pulsatilla patens (L.) Mill.). Cemena 3-x BUoB
He JIali IPOPOCTKOB (acTpa anbruickas (Aster alpinus L.),
npuMyna KpyrnHodamedkoBast (Primula macrocalyx
Bunge) u munus mapraron (Lilium martagon L.)).
OnHaKo BCXOXKECTh AT CeMSH JIbHa MHOTOJIETHETO (Linum
perenne L.) n kacatuka kapnukoBoro (Iris pumila L.)
cocraBuna 67 u 78% COOTBETCTBEHHO, YTO OOJIBILIE HOPMBI
(30-50%). Taxxe cpemy IPOPOCTKOB JTbHA MHOTOJIETHETO
M KacaTrKa KapJIMKOBOTO OBLIH 3aMeUeHBI 00JIee KpYIHbIE
BCXOJIbI, OTIEPEIKAIOIINE TI0 CRBOEMY PA3BUTHIO OCTAIbHBIE
MPOPOCTKH.

B pa6ore JI.A. Tlerparmoroii u H.K. Bemuesoit [23]
MOKa3aHO HETaTUBHOE BIMSHUE KOCMUYECKOH palualin
Ha pactenust. [IpopocTku nyka pemuaroro (A/lium cepa L.)
MOMeNIaid B MapapuHOBYI0 Kamepy H TIOABEpTan
BO3ACHCTBUIO HEUTPOHOB ¢ dHeprusiMu < 50 Mbs,
KOTOpBIE MOZIEITPOBAIIN HEUTPOHHYIO YaCTh KOCMHUUYECKUX
nyqeid. IlapaduHoBast kamepa HCIIONIB30BANACH IS
3alIUTHI TPOPOCTKOB OT MPSIMOTO OOTY4EHHSI JaHHBIMU
HEUTPOHAMHM, YTO MO3BOJSIET NPHUOIN3UTH YCIOBUS
SKCIIEPUMEHTA K PeaIbHOMY CTPECCOBOMY BO3/ICHCTBHIO
Ha OMOJIOTHYECKHE OOBEKTHI Ha MPOTSHKEHIN KOCMUYECKUX
muccuii. [locie oOmydeHuss HEHTPOHAMH C BBICOKUMH
SHEPTUSIMHU ITPOUCXONIIO YBEINYECHHE HEXKENaTeIbHBIX
IUTOTEHETHIECKIX 3((EKTOB: CHIDKEHIE CKOPOCTH JISTICHUI
KJIETOK, 00pa30BaHHe XPOMOCOMHBIX MIEPEMBIUEK MEXKITY
JIBYMSI TIOJTFOCAMH KJIETOK B aHadase u Tenodase, ciananie
XpOMOCOM, 00pa3oBaHue KIETOK C AByMs SAPaMH WIN
MUKPOSIIPAMH.

B pabore A.B.3otoBa c coaBT. [2] moxa3aHO
T€HOTOKCUYHOE JEUCTBUE KOCMUYECKOM paaualuu
Ha IPOPOCTKH PAa3HBIX COPTOB JIyKa, BBIPAKEHHOE
B OTCTaBaHWU pPOCTa MX KopHeH. s mposeneHus
OTbITAa CeMEHa JyKa OBUTM BPEMEHHO pa3MEIICHbI
Ha kocMuyeckoM anmapare «@OTOH-M Ne 4» B 2-x
MOJIYJISIX: THITOMAarHUTHOM Y SKPaHHPOBAHHOM CBUHIIOM.
Bcero Opum mcciaeoBaHbl 6 COPTOB JyKa PEmdaToro
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(Allium cepa L.) («lllaman», «CepeOpstHBIA TTPUHID,
«Kapamenb», «CTpUryHOBCKMH MeCTHBI», «bemoe
niepoy», «KpacHslii canaTHbIii») U 1 cOpT TyKa-Tranora
(Allium ascalonicum L.) («/lenukarecy). Y mpopocTKoB
6 copToB OBLJIO 3aMEYCHO OTCTABaHHE POCTa KOPHEH.
Jlanrnsnii 3¢ dext He HabMOMasICsS TOMBKO ¥ copTa «bemoe
nepo». ABTOPHI CTaThbU CBSA3BIBAIOT 3aMEJIEHUE pOCTa
KOpHEHN ¢ YMEHBIIEHHEM CKOPOCTH KJIETOUHBIX JICJIEHUH,
YTO yKa3bIBaeT HAa TCHOTOKCUYECKUH AP(EKT KOCMIIECKON
paauanuu.

B npyroit pabore [24] omncaHa HeoAMHAKOBAS
peakius pa3IMyYHBIX BUAOB PAaCTEHUI MO0 OTHOIIEHHUIO
K KocMmuyeckod paamannu. CeMeHa KH3WIBHHUKA
yepHorutogHoro (Cotoneaster melanocarpus Fisch. ex
A. Blytt), amopdsl KycTapauKoBo#t (Amorpha fruticosa L.)
1 Kaparasbl 1peBoBuiHoH (Caragana arborescens Lam.)
HaXOJWJINCh MPUOTU3NUTENBHO B TEUEHHE 2-X MECSIIEB
Ha opOuTanpHOW cranmmu «PotoH M Ne 4y». Ilocne
9TOTO JaHHBIE CEMEHa MPOPaIIMBaIIU B TJa00PaTOPHBIX
YCIIOBUSIX, H3MEPSIIN YHEPTHUIO TIPOPACTAHUS U IITHHY
cTeOnst. Bputo OTMEYeHO, YTO CeMeHa KH3HMIIbHUKA
YEPHOILIONHOTO ¥ aMOP(bI KYCTAPHUKOBOH, BhIIEP)KaHHBIE
Ha 0OpTy KOCMHYECKOTO amnmapara, He B3onni. OgHaKo
ceMeHa KaparaHbl APeBOBUIHON UMeH Oosiee BEICOKHE
MOKa3aTeldy JHEPTHH TPOPACTaHHUSA IO CPABHEHHIO
¢ koHtponeM: 80% mporu 50%. OTMedann Takxke
yBeJIMYEHHE JIMHEHHBIX pa3MepOB MPOPOCTKOB KaparaHbl
JIPEBOBUIHON M3 SKCIIEPUMEHTAIBHOTO BapHaHTa. JTO
YKa3bIBa€T Ha HEOJMHAKOBOE JIEMCTBUE KOCMHUYECKOMN
paIFialiiy 10 OTHOIIEHHIO K PA3IIIHBIM PacTeHIAM. Takim
00pa3oM, cpeii HUX MOKHO BBIJIETIUTH YyBCTBUTEIILHbIC
¥ yCTOWYMBBIE K JAHHOMY HETaTHBHOMY (haKTOPY BHIBI.

B pa6ore B.M. JleGenera c coasr. [ 1] uccienoBanock
BIIMSIHUE CMOZEJIMPOBAHHOM KOCMHMYECKON paaualuu
(moTOK IeUTpOoHOB ¢ 3Heprueit 15.3 MaB) Ha mpopacranue
CEeMsIH U JUIMHY KOpHeil canara-naryka (Lactuca sativa L.)
copra MOCKOBCKHM MapHUKOBBIA. BbIJIO yCTaHOBIIEHO,
YTO JAHHOE U3Ty4EHHUE MTOABIISIET 3HEPTHIO TPOPACTAHUS
U BCXOXECTh CEMSH (MHTHOMpYIOIee JeHCTBUE OBLIO
MpsIMO PONOPLMOHANBHO MOMIOMIEHHON no3e: 60% —
mpu 65 I'p; 75% — mipu 0.55 xI'p; 90% — npu 5.5 Ip).
Taxke OBUTO OTMEYEHO YMEHBIICHHWE UIMHBI KOPHS
MIPOPOCTKOB 10 CPAaBHEHHUIO ¢ KOHTposieM. OTHaKo NpH
OJTHOBPEMEHHOM BIIHSHUH palaliii U THITIOMarHATHBIX
ycnoBui (TIOHOIIEHHAS MOJIENTb KOCMHYECKOTO TTOJIETA)
HaOJTFOAeTCsl CTUMYITUPYIOIIHI 3 (PEKT Ha MpopacTaHue
CeMsTH, 1 YacTHIHO (Tipu o3¢ 5.5 k[ p) — Ha poCT KOpHeH, 9To
BXOJIUT B IPOTUBOPEYHE C TOTYUEHHBIMH paHee JaHHBIMH.

B pabore B.A. Xapuenko c coaBT. [25] Oplia
MoKa3aHa HEPaBHOMEPHOCTh PEaKIMU Pa3HBbIX COPTOB
cajiaTa-JiaTyka Ha BO3IeHICTBHE KOCMUYECKOTO M3ITyYEHHSI.
CeMeHa B TeUeHHUE TO/Ia XPaHWIHCh Ha MeXTyHapoIHOH
KOCMMYECKOH CTaHLMHU. 3aTeM OCYLIECTBISIN HUX
TIpopamnirBaHue B TETUTHIE. Bcero B AKcriepuMeHTe ObLI0
3aneiicTBoBaHO 6 copToB canara-naryka (IlerpoBuy,
Cunre3, MockoBckuit mapHukoBbId, [Inkank, KaBanep
u bykeT). Bcxokue ceMeHa nMeno OONBIIMHCTBO COPTOB
(3a uckmouenuem coproB Kasasnep u byker). Hecmotps
Ha 970, y 3-x copToB (IlerpoBuy, Cunres u [IlukaNK) Op1T0

OTMEYEHO CHIDKEHHE YPOXKaHOCTH. JIHIIbs y ofHOTO copTa
(MockoBcKHi TAPHUKOBBIN ) BBISIBUIIH TIOJIOKUTEIBHBIN
OTBET B BUJIE YBEJINYCHUS YPOKAHHOCTH. TakkKe TOJIBKO
y 3TOTO copTa HaOMIOIa BO3pacTaHe KOHIICHT AN
(OTOCHHTETHUECKUX MHUTMEHTOB M HPOJHHA B OTBET
Ha CTpecc, CBA3aHHBIN ¢ MpeObIBaHNEM Ha MeKTyHApOTHOM
KOCMHMYECKOW CTaHIIHU.

Wmerorcss  pab®oTbl, THE  BBICKA3bIBaeTCA
TPOTHBOIIOJIOKHAS TOUKA 3pEHHS (MO0 OTCYTCTBUE BIHSHUSL
KOCMHMYECKOM paiialiii Ha JKU3HENESATEIIbHOCTh PACTEHHI,
MO0 CTUMYIMPYIOIIee BO3NEHCTBHE TAHHOTO M3TyYEHHs ),
HO OHH MPEJCTaBIAIOT COO0H eIMHUYHBIE ciydaun. Tak,
M.A. JIeBHHCKHX ¢ COaBT. [26] MOKa3bIBacT B CBOCH paboTe,
YTO PACTEHUS B YCIOBUAX KOCMHUYECKUX OpaHKepei
TIOJTHOCTBIO MTPOXO/ST LIMKJI OHTOTeHe3a 0e3 KaKuX-TH00
OTJIMYHMH OT CBOETO «3€MHOT0» BapHUaHTa CYIleCTBOBAHHSI.
[To pe3ynbraraM HaOMIOACHUH, BBITIOJIHEHHBIX B TIEPUOJT
¢ 1990 o 2011 rT. Ha OPOUTATBHBIX OpamKepesx «CBeT»
u «Jlaga», ObUIO TOKAa3aHO OTCYTCTBHE T€HETUYECKOTO
nomMophu3Ma y pacTeHHI Ha TIPOTSDKEHIH 4-X TeHeparuit
(TIOKOJTCHUIA).

B sty rpymnmy cyXIeHHH MOXHO YaCTHYHO
OTHECTH W PE3yIbTaThl WCCIEIOBaHWH, MOJTyUYCHHEIE
E.N. larumapnanoBoii ¢ coast. [20] u B.M. JleGenerbim
¢ coaBr. [1]. Tak, BO BTOpO# 94acTHW SKCIEPHUMEHTA,
npoBeneHHoro B.M. JlebeneBbiM C COaBT., CO3/1aBallach
TIOJTHOLIEHHAs] MOJIeNh KOCMHMYECKOTO TOJIeTa IyTeM
OIHOBPEMEHHOTO BO3CHCTBHS THITOMAarHUTHBIX yCIIOBUH
U KOCMMYECKOW pajHalliid Ha CEMEeHa M MPOPOCTKH
cajara-laryka. B 3THx yclmoBWsX HaOIomaIach
CTUMYJISILIUS BCXOKECTH CEMSIH U pocTa KopHel. B onbite
E.N. [IlarumapaaHoBoOi ¢ COABT. KOCMUYECKOE U3ITyUEHUE
He TIOBJIMSIIO Ha BCXOXKECTh CEMSH H MOP(OMETPHUYECKUE
MpPU3HAKK TPOPOCTKOB SUMEHS, YTO OOBACHSIETCS
aJalTUBHBIMHA OCOOCHHOCTSIMH TOTO BHJIA.

B nHOCTpaHHBIX HCTOYHUKAX TAKHKE OMTYOTHMKOBAHbI
CBEJICHHS O BIMSTHUH KOCMITYECKOH pafraIiiil Ha pacTeHus,
HO UX Pe3ynbTaThl IPOTUBOpeuUBhl. OHAKO U 3[1€Ch
MOYKHO YBWJIETh NaHHBIE, KOTOPBIE JOKA3bIBAIOT, YTO
YYBCTBHTEIHHOCTh K KOCMHUYECKOU paIiaIliy 3aBHCUT
OT BUJIa U COpTa pacTeHUsI.

B wuccnemoBanmm Zhang Y. et al. [27] Opiia
YCTaHOBJICHAa BUIOCICIUGUIHAS PEaKIVsl pacTCHUN
Ha KOCMHYECKyI0 paawmanuio. OmBIT MOAEIHPOBa
TaJIaKTUIECKOE M COJTHEYHOE KOCMUYECKOE H3IyICHNE
MyTEeM HCTIOJIb30BAHUS PA3IMYHbIX 3apsSKEHHbBIX YaCTHII.
Tax, MPOTOHBI, HOHBI TeNHs, KICIOPO/a, TUTaHA, KPEMHUS
U JKeJe3a MPUMEHSIINCH JUTsl HICKYCCTBEHHOTO CO3/1aHuUs
TaJakTUIeCKOW KOCMUYEeCKor pamuarmu. CreneHb
oOiyuenuss npu 3ToM coctasimsia go 80 clp. s
MOJZICJIMPOBAHMS COJIHEYHON KOCMHUYECKOW pagualuu
WCTIOJIB30BANIACH TTPOTOHHI ¢ 3Heprusmu 50-150 MaB/a
(ipu 3TOM cuita oomy4eHus cocrasisiia 200 clp). B xone
TIPOBENICHMS OITBITA TTOKa3aHa MIPSMO MPOTIOPIHOHATBHAS
3aBHCUMOCTh CHIDKEHHUS >KU3HECHOCOOHOCTH CEeMSH
OT DHEPI'UH 3apsHKEHHBIX YaCTHII M UX Beca. bompiryro
POJTH MTpaJl PeXKIM OOTyUEHHST: JKH3HECTIOCOOHOCTH OOJTbIIe
BCET0 YMEHbBIIAJIACh IIPH OCTPOM BO3/IEHCTBUH, YeEM NPH
HU3KOH MOIIHOCTH 1035l [0 pe3ynbsraram skcriepuMeHTa
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Mm3yHa (Brassica rapa var. japonica) oOKa3amach
OoJiee YyBCTBUTEIBHOM K OOMYyUYEHHIO TIO CPAaBHEHUIO
¢ pesyxoBunkoit Tans (Arabidopsis thaliana (L.) Heynh.).
Taxke OBIJIO YCTaHOBIEHO, YTO CyXHe ceMeHa Ooee
PaIoOyCTONYHBEI TI0 CPABHEHUIO C THAPATUPOBAHHBIMHU.

B pabore Kuang Q. et al. [28] mokassiBaeTcs
CTUMYIIUpYIOIIee ACHCTBUE KOCMHUYECKOH pannanuu
Ha pacTeHUs JIFOLIEPHEI ToceBHOU (Medicago sativa L.).
Cemena monepHbl copTa «/[pUuHbY OBUIH MOMEIIEHBI
BHYTPh pakeThl «YaHWKIH-5B» ®  mpeObBamm
Ha OKOJIO3€MHOM KOCMHYECKOM IPOCTpPaHCTBE 3 JHS.
INocie 3TOTO CEMeHa MPOpaIIUBAIH B 38MHBIX YCIOBHUSIX.
Iomy4eHHbIe pacTeHHUS 3aTeM pa3MHOMKAIN YepEHKaMH,
KOTOPBIE BHIPAIIUBAINCH B YCIOBUSX Opamxepeu. B xone
KyJABTUBHPOBAHUS JTaHHOTO COPTa BBISICHUIIOCH, YTO
BO3/ICHCTBUE KOCMHYECKOM pagualuy Ha JIOLEPHY
MPUBEJIO K MOSABIECHHIO OBICTpOpacTymiero myranra. [lpu
TIOMOLIY TPAHCKPUNITOMHOTO ¥ IPOTEOMHOTO aHaIi3a ObLI0
JTIOKa3aHOo, YTO MO BIMSHIEM KOCMUYECKON paaranun
HaOIIOanachk JKCIPECCUs TEHOB, OTBETCTBEHHBIX
3a CTPECCOBBIN OTBET (T€HBI, KOMUPYIOIINE PEIETTop
ABA PYL4 u Oenok, CBSI3aHHBIH C TAaTOTEHE30M).
Amnanu3 metabonoMa 1noka3ai H3MEHEHHUS B COZICPKaHUH
TOPMOHOB, KOTOPBIE SBISIFOTCS MPUINHON YCKOPEHHOTO
pocTa u OBICTPOTO HabOpa OMOMAacCHI.

MOoOXHO NpEeAnonoKUThb, YTO YPOBEHb MyTallUil
B CEMEHaX 3aBHCHUT OT BpeMEHH NpeObIBaHNs B KOCMOCE.
UeM MEHBIIIE CPOK, TEM MEHBIIE KOJHMYECTBO MY TaIlHA,
U Hao0opoT. Yem OoJbllle HAKAIIMBAETCS MYTaIHil
B XOJI¢ JUTUTEBHOTO TI0JIETa, TEM CHIIbHEE CHIDKASTCS
KHU3HECTTOCOOHOCTh.  CTHUMynupyloliee  BIUSHHUE
KOCMUYECKOH paiallii Ha ceMeHa JIFOLEPHbI 00bsCHSETCS
Kak 0COOEHHOCTSIMHU BH/A, TaK U 030U MOTyYEeHHBIX
MyTauuid. BunuMo, Maible 1036l paiuallid OKa3bIBAlOT
CTUMYIUPYIOMHHA 3()(EKT, eCITi yIUTHIBATh KOPOTKHUI
CPOK HaXOKJIEHHUS CEMSH JIIOLIEPHBI Ha OOPTY pPaKeThI
(Bcero 3 mHs).

Takum oOpa3om, B XOAe psija MCCICIOBAHUM,
MPOBE/ICHHBIX C IIEbI0 U3yUEHUS BIUSIHUS KOCMUYIECKON
paauaIyy Ha pacTeHus, ObUIN TTOTyYeHbI TPOTHBOPEUMBEIC
pe3ynbrathl. Peakuusi pacTeHnii Ha JaHHBIA (aKTOp
3aBHUCeNa OT BUA U copTa. J{rana3on oTBeTa BapbupoBall
OT CTUMYJIALIMU POCTA U PA3BUTHUA 10 YTHETEHUS 3THUX
nporreccoB. [IpeoOnanarorieii peakiyei OpLIO TToAaBIeHNE
JKU3HEIEATEIHbHOCTH PACTCHUN.

CrnenoBarenbHO, IepeHoc reHoB D. radiodurans
B pAacTEHHUS SBISIETCA MEPCIIEKTUBHBIM pPEIIeHUEM
npoOieMbl TIOBBILICHUS! BBDKMBAEMOCTH PAaCTCHHUN
B YCIOBHSX KOCMHYECKHX ToieToB. Kpome ToTO,
B TaKMX TeHHOMOJM(UIIUPOBAHHBIX PACTEHUSIX HE OyaeT
MPOUCXOANTh HUCTOIICHHWE TYTH TDIIOKO3UHOIATA.
I'moko3uHONMATEl  YYAacTBYIOT B 3alllUTE pPAaCTEHHI
OT PA3IMYHBIX MOBPEKAONIHX (PaKTOPOB OKPYKAIOIICH
cpenbl (MpEeUMyIIeCTBeHHO admotudecknx). OmHako
W3BECTHO, YTO CHJIBHBIN CTPECC MPUBOIUT K CHU)KEHHIO
COJepXaHWs DIIIOKO3WHONMAToB. Tak, B pabote
Dixit A.R. et al. [29] moka3aHo yMeHbIlICHHE 00pa30BaHUs
roko3uHONaToB mpu 40 clp. DTo oOBsicHIETCS TeM,
YTO Ui CHHTe3a OOJNBIIMHCTBA TJIIOKO3HHOJATOB

TpeOyeTCcsl TIyTaTHOH, KOTOPBIA TaKKE SIBIISIETCS
KITIOUEBBIM KOMITOHEHTOM aHTUOKCUIAHTHON CHCTEMBI.
CrieioBarenbHO, IPH OKUCIUTEIEHOM CTPECCE, KOTOPBIN
MOXKET OBITh BBI3BaH HOHU3UPYIOIICH pajnanueii, OueHb
BaYKHO NOJJEPIKUBATh BBICOKUN YPOBEHb IIyTaTHOHA.
[TosTOMY HMHBIE MYTH €r0 KHCIOJIb30BAHUS BPEMEHHO
omnokupyrotest. To e camoe pactpeielieH e CIIPaBeJTABO
W JUTSE METHOHHHA, KOTOPBIH SBIISIETCS BaXKHOM 4acThIO
JIByX KOHKYPUPYIOIIMX JAPYT ¢ ApyroM myted. Takum
o0pasom, B cirydae TpaHchOopMaIiy PaCTCHUA TeHAMH
D. radiodurans BO3MOXHBI HE TOJIbKO COXpPaHCHHE
a/IanTallMOHHOTO MMOTEHIMAaNa, HO ¥ €ro YBeJMUeHHE.

BriBoOaBI
Conclusions

B xone nmpoBeneHHsT HCCIIEI0OBAHNN HAMU OBbLITH
M3y4eHbI JaHHBIE IO TPaHC(OPMAIH KIETOK ITPOKAPHOT
¥ 9ykapuot renamu D. radiodurans. He Bce paccMOTpeHHbIE
OKCTIEPUMEHTHI 3aKOHYMIIMCh YCIeXoM (B YaCTHOCTH,
HE YJIAJIOCh JIOOUTHCS CTaOWILHONM PabOThI TeHa recA
D. radiodurans B E. coli). OmHako B OOJBITHHCTBE
paboT [OKa3bIBae€TCS OCYLIECTBUMOCTH JTAHHOTO
mporecca: ucnois3oBanne reHos irrE, uvrD u pprM
3apeKOMEH/IOBAIO ce0si Kak JEHCTBEHHBIH CIIOCO0
TPUOOPETEHNS YCTOHYMBOCTH OpraHU3MaMH-PEIAITHEHTAMA
KO MHOTUM abnotnieckuM (axropam. B Oymymem 3to
HaIpaBJICHIE MCCIEI0BAHUI MOKET MPHBECTH K CO3/IaHHIO
PaaroyCTONYMBBIX (POPM OPTaHU3MOB, TIOTyYEHHBIX ITyTEM
reHHol umkeHepuu. K npumepy, Takue GopMbl MOTYT
OBITH BOCTPEOOBAHBI B YCIOBHAX KOCMUYECKHUX ITOJIETOB,
KOTJIa OPTaHU3M TIO/IBEPTaeTCs JCHCTBUIO MY Tar€HHBIX
¢axTopoB. B wacTHOCTH, 3TO KacaeTcst pacTeHMA, KOTOPHIC
CITy’KaT OJTHUM H3 JIEMEHTOB CUCTEMBI KH3HE00eCIICUeHHS
KOCMOHABTOB. MOXKHO IMOTYEPKHYTh, YTO IPUMEHEHHE
reHa irrE m1st TpaHCOpMAaIiu pacTeHUH yKe JoKa3aHO
Ha MPaKTHUKeE.

Hamu Obu10 BEISICHEHO, YTO peakuus pacTeHHM
Ha KOCMUYECKYIO paJIHallii0 HOCUT Pa3HOHATIPABIICHHBIN
XapakTep, TaK Kak 3aBUCHT OT a/IAITHBHBIX BO3MOKHOCTEN
BHZa 1 copta. OHaKo NpeoOIaaroiM OTBETOM SIBIISETCS
YTHETEHHE POCTa U Pa3BUTHUS OPTaHN3Ma, UTO SBIAETCS
CEPBE3HBIM MPETSTCTBUEM ISl CYIIECTBOBAHHUS PACTEHHH
Ha OpOUTANBHBIX KOCMHUYECKHIX CTAHIUIX. Benencreue
3TOTO METO/IbI TEHHOM WHXKEHEPHUH SBJISIOTCS HanboIee
TOAXOJISIINM ITyTEeM PelICHHsI JAHHOW TPOOIIEMBI.

[IpemnoxxeHHbIii HaMu crOco0 TPHOOpPETEHUS
PACTEHUSMH PaUOYCTOHYHBOCTH ITyTeM UX TPaHCHOpPMALHH
reHamu D. radiodurans MOXeT MOMOYb IPEOIONIETh
CHI)KEHHE YPOXKAHHOCTU pACTEHUH MO/ BO3AECHCTBUEM
MyTareHHBIX () ()EKTOB KOCMUYIESCKOM paHallvH.

B 3akiioueHHME MOXXHO OTMETHTH, YTO 3TO
HamlpaBlIeHWE HAYYHBIX HWCCIIEAOBaHUI  TpelyeT
JANBHEHINETO PA3BUTHSL, TAK KaK PEOIONICHHE HETaTUBHBIX
peakuuil pacTeHU Ha «KOCMUYECKHID) CTpecC IyTeM
TeHHON WH)KEHEPUU OTKPHIBAET HOBBIC BO3MOXXHOCTH
TI0 a/IaNTaIMy OPTaHM3MOB K IAHHBIM yCIIOBUAM. CunTaem,
YTO 9Ta TeMa Oy/IeT MHTEpeCcHa IS CIIEIIUAIMCTOB B 00NIacTH
paguaIMOHHON M KOCMHYECKON OMOIOTHH.
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IKoreoxuMHYECKHE 0COOEHHOCTH aMIIeJIOIEHO30B
KaK 00beKTOB MOYBEHHO-IK0JI0TMYECKOIo MOHHUTOPHHI A

Hpuna BuxktopoBHa AHjpeeBa, Bajiepus BauecnaBoBua I'aGeuasi, AHpu Apmenosuy I[luBasss,
JAmutpuii Bnagumuposnu Mopes, UBan UBanoBnu Bacenen

Poccutiickuii rocynapctBeHHBIH arpapHbiii yauepeuteT — MCXA nvenn K.A. TumupszeBa, Mocksa, Poccust
ABTOp, OTBETCTBEHHBII1 32 nepenucky: Aunpeesa Mpruna BukroposHa; i.andreeva@rgau-msha.ru

AHHOTANNA

B crartbe aHaNMM3HPYIOTCS OTIUYHTENBHBIE JKOTCOXMMHUYECKHE OCOOCHHOCTH BHHOTPAIHHKOB KaK OOBEKTa
MTOYBEHHO-PKOJIOTHYECKOTO MOHHUTOPHHTA Ha TpUMepe COOCTBEHHBIX HCCIICIOBAHWN aBTOPOB, MPOBEIEHHBIX B TEUCHHE
2021-2024 . B psAfe BUHOJEIBUECKUX XO3SHUCTB Ioro-zanaaHod dyactu Kpeima u paiiona ®pymka [opa ABTOHOMHOTO
kpast BoeBomuna PecniyOnuku CepOusi. C yu4eToM BBIPAKCHHOTO IMPOSBICHHS 3KOJOTMUYCCKUX PHUCKOB M HEOOXOAMMOCTH
MPUMEHCHUST KOMIUICKCHBIX METOIUYECKHUX IMOAXOMOB JJIi CUCTEMHOTO aHAJIN3a MPOOJIEMHBIX YKOJOTHMYCCKUX CUTYAI[HA
npejaraeTcsi JOMOJHUTh KJIACCUYECKYI0 MPOTpaMMy IMOYBEHHO-IKOJOTMYECKUX U3BICKAHUH HKOr€OXUMUYECKUMHU
U 9JKOTOKCHKOJIOTWYCCKIMH HCCICIOBAHUSAMH C BBIIBJICHHEM JHUMHTHPYIOIINX IMOKa3aTeliell 3arpsa3HEHHs II0YB
aMIENIONEHO30B W OIICHKOW PHCKOB MHUTpAIlMK 3arps3HSIOINX BemecTB B cucteme «llouBa — BuHOTrpamHas
J03a — MPOAYKIMS BUHOTPAIApCTBa W BUHOMESIHS». B KadecTBe MUArHOCTUYECKOTO MHCTPYMEHTA PAHHETO BBISBICHHS
HETaTHBHBIX M3MEHEHHI B arpO3KOCHCTEMAaX BUHOTPATHUKOB MOXKET BBICTYITUTH ONPE/ICIICHUE OMOIOTHUECKON aKTUBHOCTH
MOYBBI IO TOKA3aTeNIsIM IOYBCHHOTO JIbIXaHWS M PACCUYUTAHHBIX HA WX OCHOBE 3KO(DHM3HOIIOTUYECKHX HWHJICKCOB,
JIEMOHCTPHUPYIOIIUX TEKYIIHHA CTaTyC TIOYBEHHOTO MUKPOOHOMA.

Karouesbie ciioBa
BUHOTPAJHUK, CKJIOH, JIAHIIA(T, 3arpsi3HEHUE, MUTPaLHs, 3po3usi, OHOoNornuecKas akTHBHOCTh HOYBBI, TECOXUMHYECKHE
uccnenosanus, Pecryonuka Kpeiv, Boesoanna, Pecrryonmka Cepbust
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Ecogeochemical features of ampelocoenoses as objects for soil-ecological monitoring

Irina V. Andreeva, Valeriya V. Gabechaya, Anri A. Pivazyan, Dmitriy V. Morev, Ivan I. Vasenev

Russian State Agrarian University — Moscow Timiryazev Agricultural Academy, Moscow, Russia
Corresponding author: Irina V. Andreeva; i.andreeva@rgau-msha.ru

Abstract

The article analyzes the peculiar ecogeochemical features of vineyards as an object of soil-ecological monitoring
on the example of the authors” own research, conducted in 2021-2024 in a number of wineries in the south-western part
of Crimea and in the Fruska Gora district of the Autonomous Province of Vojvodina, Republic of Serbia. Considering
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the pronounced manifestation of environmental risks and the need to apply integrated methodological approaches
to systems analysis of problematic environmental situations, it is proposed to supplement the classical program
of soil-ecological surveys with ecogeochemical and ecotoxicological studies with the identification of limiting indicators
of soil contamination of ampelocoenoses and assessment of risks of migration of pollutants in the system “soil —
vine — products of viticulture and wine-making”. A diagnostic tool for the early detection of negative changes in vineyard
agroecosystems can be the determination of soil biological activity through soil respiration indicators and ecophysiological

indices calculated on their basis, demonstrating the current status of the soil microbiome.

Keywords
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BBenenue
Introduction

JlarmmadhTel ¢ BUHOTpaIHUKAMU OOIICTTPU3HAHHO
CUMTAIOTCSA OIHUMH M3 CaMbIX 3aMeuaTeJIbHBIX
naHqmapTHBEIX (QOpPM, BO3HUKIIMX B pe3yiabrare
YEIIOBEUECKOW JIEATSIIbHOCTH, MHOTHE U3 KOTOPBIX
BKITtoueHbI B Criucok BcemupHoro Hacneaus FOHECKO.
BuHOTpagHUKH SIBISIOTCS BAKHBIMHI YIKOHOMHYIECKIMH,
KYJIBTYPHBIMH M 9KOJIOTHYECKUMU CUCTEMaMU BO MHOTHX
O6moMax yMEpEeHHOTO KIMMaTa, MPEeAO0CTABISIONIMMHU

o0rmiecTBy MHOTOYHCIICHHBIS SKOHOMHYECKUE,
HKOJIOTHYECKHE U KYJBTYPHBIC Ollara, Wi SKOCHCTEMHbIC
yeryru  [1-3].  Bmaromaps  mpomoBOJIECTBEHHOM,

KYJIBTYPHOM M 3KOHOMHMYECKOH LIEHHOCTH BUHOTpaja
oTpaciib BUHOTpaJapcTBa U BUHOAETHS TPaJIUIIMOHHO
OTPENENAET COLUATBHO-3KOHOMHYECKYIO CHCTEMY MHOTHX
BHHOJIENIBYECKUX PETHMOHOB Mupa [4-6].

Kaxk u st ipyrux arporieHo30B, ULl aMIIEIOLEHO30B
XapaKTePHBI Te JKe OCNaOISOIIMe HX YCTOWUUBOCTh (PakTophl
(MOHOKYNBTYpa, HU3KOE OMOpa3Hoo0Opasue, yXyaeHne
arpoXMMHUYECKHX 1 IKOTOKCHUKOJIOTUUECKHX TIOKa3aTenel
MOYBBl M1 MHOTHE APYIHE), HO OTIMYUE 3aKII0YaeTCs
B TOM, 4TO HU JJI OJIHOM JPYroi CebCKOX03sMCTBEHHOM
KyJAbTyphl COYETaHHE KJIMMaTa, MOYBBl M MECTHBIX
NaHqapTHBIX YCIOBUN HE UMEET TAKOTO PEIArOIEero
BO3/ICHCTBUS Ha MPOTYKTUBHOCTB U KaYECTBO MPOIYKIIHH,
KakK JUIs BAHOTPAJHOM J103b1. DTO OTIMYHUE HALIO CBOE
BOIUJIOIIEHUE B MOHITUHU «TEPPyap» — COBOKYIHOCTU
PETHOHAITBHBIX KIIMMATHYECKUX, TeOMOP(OIOTUIECKIX,
NEeI0IOTUIECKUX (PaKTOPOB BMECTE C TPAAUIIMOHHBIMU
JUIsL TAaHHOTO PErroHa arpoTeXHUYECKUMH MpHEMaMu
BO3JIEJIBIBAHUSI BUHOI'PaJa, KOTOPbIE B COBOKYITHOCTU
OIIPENENAIOT YHUKAIbHbIE BKYCOBbIE XapaKTePUCTUKU
BHHA KOHKPETHOTO BUHOMEIHIECKOTO peruona [7-9].

BuHo, monydyeHHOE B YHUKAJIbHBIX YCIIOBHUSX
Teppyapa, Ha3bIBalOT TEPPYapHBIM, OHO MMEET 3AIIHIIEHHOE
HalMEHOBAaHHE MECTa NPOMCXOXKIEHHA. Takue BHUHA
XOPOLIIO M3BECTHBI U BBICOKO LIEHATCS IKCIIEPTaMHU PhIHKA
U MOoTpeOuTensMu. B 3Toi cBsI3u 1751 arposKocucTeM

BHHOI'PAJIHIKOB MPHOOpeTaeT 0co00e 3HaUCHNE BBISBICHIE
(aKTOpOB 3KOJIOTMYECKOTO PHUCKA, JTUMUTHPYIOLINX
MIPOAYKTUBHOCTB JIO3BI U YCTONUMBOCTH ITPOM3BOICTBA
BHHOJEJIBYECKON TIPOTYKIUH.

KirroueBbIM 371€MEHTOM pELIECHUs 3TOW 3a1a4u
BBICTYIIA€T CHCTEMHBIH aHalIM3 OKOJIOTMUYECKHX
0COOCHHOCTEH KOHKPETHOTO aMIICNIONICHO3a U BBHIOOD
ONTUMAJIBHBIX METOINYECKHX MTOIXOAO0B A1 UCCIIEIOBAHNUS
€10 POOIEMHOM SKOOTHIECKOH CHTyarH. OTIHYHUTENbHbIE
9KOTEOXMMHUYECKHUE 0COOCHHOCTH BUHOTPAJIHUKOB KaK
00BEKTa MOYBEHHO-3KOIOTHYECKOTO MOHUTOPHHTA CTAJTH
MPEIMETOM aHaJINW3a JAHHOM CTaTbW — Ha HpHUMeEpe
COOCTBEHHBIX HCCIIEOBAaHUI aBTOPOB, MPOBENEHHBIX
B TeueHue 2021-2024 rr. B psAae BHUHOJEIBUECKUX
x03s11cTB CeBacTomnobekoro paona Pecyomikn Kpbeim
u paiiona @pymika 'opa ABroHoMHOro0 Kpas Boesoanna
Pecny6muxu CepOwst.

1. O0mue MeToA0JIOTNYECKHUE TOAXO0/bI
K NMPOBeJeHHI0 MOYBEHHO0-IKO0JIOTHYECKOTr0
MOHHTOPHHTA aMIIeJIOIIEHO30B
1. General methodological approaches
to soil-ecological monitoring of ampelocoenoses

OcHoBHas 3agad4a ITOYBCHHO-OKOJOIMYCCKOI'O

MOHUTOPUHTa — CHCTEMHBIH aHalu3 TPOOIIEMHBIX
OKOJIOTHYECKUX CHUTyallMii B  3€MJICIIOJIb30BaHUHU
¢ pa3paboTKOW pEeKOMEHIAHMA 10 O0O0ECIEUCHUIO
COXPaHHOCTH TOYB, JICHCTBCHHOMY  KOHTPOJIO

3a UX COCTOSTHHEM, MPEJOTBPAIICHUIO U YCTPaHCHHIO
AHTPOIIOTEHHBIX H3MEHEHNH, KOTOPBIE MOTYT HAaHECTU
yiepb oKpysKaronieii cpejie v Bpejl 30POBbI0 YeIOBeKa.
Oco60e 3Ha4eHNe TOYBEHHO-IKOIOTMYECKUI MOHUTOPUHT
MPHOOPETACT B CBS3HM C TEM, UTO JIIOObIE M3MECHECHHMS
COCTaBa M CBOMCTB ITOUB OTpaXaroTCs Ha BBIIIOJJHCHUN
WUMH CBOHX YKOJIOTHUECKUX (DYHKITHIA U B UTOTE BITUSIFOT
Ha YCTOMYMBOCTH SKOCUCTEM B OHOC(EpHI B TIETIOM.

B nocnenHue rofpl B HAyYHOW JIMTEPaType 4acto
WCIIOJB3YETCS] TEPMUH «3I0POBbE MOUBBD). 310pOBast
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MoYBa CIIOCOOHA YCTOMYMBO (PYHKIIMOHHPOBATh KaK
AIIEMEHT HA3€MHON SKOCHUCTEMBI, MOIACpPKUBasL €e
OHMONPOTYKTUBHOCTh, COXPaHsIs KAYECTBO OKPYKarOIIEH
Cpeibl 1 3I0pPOBbE PAaCTEHUI, JKUBOTHBIX U uesoBeka [10].

C DJKOJOTMYECKHUX TMO3ULIUNA BUHOIPATHUKHI
BBIJIETISIIOTCS u3 BCEX JIPYTUX oTpacieit
CEJIbCKOXO03SIICTBEHHOTO MPOU3BOACTBA MOBBIILIEHHOMN
MHTEHCHUBHOCTBIO HCITONIH30BAaHUS CEIILCKOXO3IMCTBEHHOM
TEXHUKHU M arpOXUMHUKATOB. B cenbCKOX03sUCTBEHHAS
JIESITCIIbHOCTD CBsI3aHA c JKOJIOTMYCCKUMHU
pHCKaMH M HCTOIICHUEM MPUPOIHBIX PECYPCOB,
HO B IUTaHTaLIOHHO-CA/I0BBIX arpO3KOCUCTEMAX, K KOTOPhIM
OTHOCATCA BI/IHOI'paI[HI/IKI/I, nux HpOSIBHeHI/IC MaKCHUMAJIBHO

(rabm.) [11, 12].

JKONOTUYECKHUi MOHUTOPHHT TTOYB aMITEJIONCHO30B
MMeeT KOMIUIEKCHBIN XapaKTep U BKIIIOYaceT B ceOst:

— KOHTPOJIb MUKPOOHMOJIOTHYECKOTO COCTOSHUS
TI0YB, KOTOPBIH ITO3BOJISIET OBICTPO BBISBIIATH HAYAIIBHBIE
HEraTHBHBIE H3MEHEHHS TIPY BBINOITHEHUN TI0YBAMH CBOUX
IKOJIOTHYECKUX (DYHKITHIA;

— arpOXMMHUYECKUE HCCIICIOBAHUS JIMHAMUKHI
COZIEPKaHMS U 3aMacoB TyMycCa M DJIEMEHTOB MTUTAHUS
pacTeHui;

— DKOTCOXMMHYECKHE W JKOTOKCHUKOIOIMYECKUE
WCCIIE/IOBAHMS C BBISIBIICHUEM JIMMUTHPYIONINX TOKa3aTesei
3arps3HEHHSI TI0YB AMITEITOLICHO30B 1 OLICHKOH PHICKOB MATPALIAH
3arps3HSIOINX BellecTB B cucteMe «[louBa — BUHOrpaHast
71032 — MPOTYKIMST BUHOTPAapCTBa U BUHOCIIHSD.

Tabnuna

®daxTopsl GOPMHPOBAHHUS IKOJIOTHYECKHX PHCKOB B aMIIeJI0LEeH03aX
¥ OCHOBHBIE MOCJIEICTBHS UX peaTu3aiun

®akTopbl GOPMHPOBAHNSA
IKO0JIOrHYeCKHX PHCKOB

IlocneacTBUA 1151 IKOCUCTEM

MHoroneTHss: MOHOKYJIBTYpa

CHuxeHue 6MopazHo00pas3ust 1 ONOJOTHYECKOH AKTHBHOCTH MOYB
aMIIETIOIICHO30B

PacrioioxeHue Ha CKIOHOBBIX JIEMEHTax pesibeda

[lorepu npoayKTUBHOI Bi1ark, MHTEHCUBHBIE SPO3HOHHBIE IPOLIECCHI,
(usnyeckas U XMMHUYECcKas ACTpaJalus MOYBEHHOTO TTOKPOBa
U CONPE/IENbHBIX Cpell

ITonBepKeHHOCTh KyJIBTYpBI aTakaM cO CTOPOHBI
MaTOTCHOB U HACEKOMBIX-BpPEUTEICH

3aI‘pH3HCHI/Ie OCTAaTOYHBIM KOJITUYCCTBOM IECCTUIIUAOB, HX MeTaboIuTaMu
U TAXCIJIIBIMH MCTaJlJlaMU, OnoIornyecKas JAcrpaganus 1o4s

HpI/IMeHeHI/IC HMHTCHCHUBHBIX arpOTCXHUYCCKUX
MPpHUEMOB € UCII0JIb30BAHUEM MEXaHU3allNU

VYII0THEHHE TTIOYBBI B MEKAYPAIbSIX, HAPYILICHUE €CTECTBEHHOTO
CIIOKEHHUS ¥ CTPYKTYPBbI, BOAHO-BO3LYLIIHOTO PEKUMA, TIOBBILICHHAs
MHUHEpaIH3alKs OPraHMYECKOTO BEIIECTBa, (POPMUPOBAHUE KILTYKHON
MOJIONIBED C aKTUBH3ALKEl TOBEPXHOCTHOTO CTOKA, 3PO3UH, CHIDKECHHE
3a11acoB MPOAYKTHBHOM BiIark U OMOJIOrHYeCcKOi aKTUBHOCTH TIOYBbI

I'mobanpHbIC H3MEHEHHUS KIIMMAaTa

AKTI/IBI/I3aIll/I$[ IMOBECPXHOCTHOT'O CTOKA, OpO3MH, CHUXKCHUE 3aIl1aCOB
HpO)IyKTPIBHOfI BJIard ¥ OMOJIOTHYCCKON aKTUBHOCTH TTOYBEI

Table

Factors of ecological risk formation in ampelocoenoses and main consequences of their realization

Factors of ecological risk formation

Consequences for ecosystems

Perennial monoculture

Decrease in biodiversity and biological soil activity of ampelocoenoses

Location on sloping terrain element

Loss of productive moisture, intensive erosion processes, physical
and chemical degradation of soil cover and adjacent environments

Exposure of the crop to attacks from pathogens
and insect pests

Pollution by pesticide residues, their metabolites and heavy metals,
biological degradation of soils

Application of intensive agronomic practices
with mechanization

Soil compaction in inter-rows, disturbance of natural composition

and structure, water-air regime, increased mineralization of organic matter,
formation of “plough sole” with activation of surface runoff, erosion,
reduction of productive moisture reserves and biological soil activity

Global climate change

Activation of surface runoff, erosion, reduction of productive moisture
reserves and biological soil activity
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MeTonoa0r1s1 BKOr€0OXMMHYECKOT0 MOHUTOPHUHT A
BKIIIOUaeT B ce0s COMpSDKCHHBIH aHaNIW3 OCHOBHBIX
KOMIIOHEHTOB  JJIEMEHTAPHBIX M KACKaJHBIX
JAHAIIAPTHO-TEOXUMUYECKUX CHCTEM, H3y4eHHUE MUTPaLUH
B HUX XUMHUUYECKUX YIEMEHTOB C YUETOM POJIH JIOKAIBHBIX
TEOXUMUYECKUX OapbepoB.

[maBHBIM IPEUMYIIECTBOM 3KOT€OXUMUYECKOTO
NOXO/IA IPU MOHUTOPHHIE [10YB BUHOTPATHUKOB SIBISETCS
TO, YTO OH IO3BOJISIET IPOBECTH aHAJIN3 BEPTUKAIBLHOMN
Y TOPU30HTATIBHOM TEOXUMUYECKOM CTPYKTYphI TaHmmadra
(R-, L-ananm3). OKOreoXxMMU4YeCKHH MOHHTOPHUHT
TMOJIPa3yMEBACT TAKKE aHaIM3 ()OHOBOM reOXMMUIECKON
CTPYKTYpBI JTaHAmadTa, He0OXOOUMOH 1 CPaBHUTEIBHOM
OLIEHKH T€0OXUMHYECKOTO COCTOSIHUSA U OTBETHBIX PEAKLINI
arponanamadTa Ha BHEIIHEE BO3IEHCTBHE.

[TpaBuiibHO CIJTAHMPOBAHHBIN U OpraHU30BaHHBIN
MOYBEHHO-IKOJIOTHYECKUI MOHUTOPHHT aMIIEIO0LEHO30B
JIOTDKEH O0EeCIeunTh BBISBICHHE DPA3INYHBIX BHIOB
HeONMaronpyUsATHBIX N3MEHEHNH COCTOSIHUS [I0YB B pE3YJIBTaTe
arpOr€HHOW U aHTPOIIOT€HHOU AESTEIbHOCTH C Y4ETOM
cneun(pUIecKuX IPUPOTHBIX YCIOBUH, YCHITUBAIOLINX
HEraTvBHBIE TOCNECTBYUS JaHHBIX Bo3AeicTBIi. B ciydae,
Koryia 00BEKTOM MOYBEHHOTO SKOJIOTMYECKOTO MOHHTOPHHTA
BBICTYIIA€T BUHOI'PAIHUK, 3aJI0TOM YCIIEXa CTAHOBUTCS
BCECTOPOHHHUI KOMIUIEKCHBII aHAIN3 MOTEHIIUAIBHBIX
MPOOIEMHBIX KOJIOTHYECKIX CUTYaINH, XapaKTePHBIX
JUIsl aMIEJIOLEHO030B, KaK MPaBUIIO, PACIONIOKEHHBIX
B YCJIOBUSX CKJIOHOBOTO JIaHAIa(TA.

2. OCo0eHHOCTH aMIIeJIOLIEHO30B
KaK 00beKTa MOHUTOPHMHTIA

2. Features of ampelocoenoses
as a monitoring object

BuHOrpagHuKu  SBISIOTCS  CENH(UYESCKUM
00BEKTOM SKOIOTUYECKUX HccienoBanuil. CI0KHOCTh
UX MCCIICI0BAHUH ONPEAEIIEeTCSI MHOTOKOMIOHEHTHON
TeOXUMUYECKON CTPYKTYpOH arponasamadToB, 3aHATHIX
BUHOTPAZHUKaMH, IOBBIIIEHHON HEOJHOPOAHOCTHIO UX
TTOYBEHHOTO TIOKPOBA, pa3HOHATIPABIEHHBIM BIUSHUEM
KOMITIEKCa BHEIITHAX PETHOHATBHBIX 1 JIOKATBHBIX (JaKTOpOB
Ha TpoIecchl B 0a30BbIX KOMIIOHEHTAX JaHHOTO THIIA

arpo3KOCHCTEM.
CyIleCTBEHHO  YCIIOXKHSIIOT — CPaBHUTEIBHBIM
aHallM3 OSKOJIOTUYECKOTO COCTOSIHUS HCCIIEILyEeMBIX

AMIIEJIOIICHO30B M PA3IMYHbIE OPraHU3alIOHHO-IIPABOBbIC
(hOpMBI BUHOTPaTapCKUX X03sTCcTB. C OMHON CTOPOHBI,
3TO MOTYT OBITh HEOOJIBLINE, TPUHAATIEKAIINE YACTHBIM
BHHOJICITBHSIM YYaCTKH MPSIMOYTOJIEHOM, TparielueBUTHON
WM HEMPaBUIILHOH (HOPM, COCEACTBYIOLIIE APYT C IPYTOM
WIIK pa3JieNieHHbIC 3eJICHBIMHU U3TOPOASMH, TUIOAOBBIMU
HACAKICHHUSIMH WM JTyTOBBIMH (DUTOLICHO3aMH M IPUIAIOIINE
nanamadTy cneunpuyecKuii MO3andHbIN PUCYHOK.

C gpyroii  CTOpOHBI, TaK Ha3bIBacMbIe
IPOMBIIUIEHHbIE BUHOTPAJHUKH, KOTOPBIMU BIIAJCIOT
KPYIIHBIE BUHOZEJIFIECKIE IPEIPHUSITHS, KaK IPaBUJIO,
MMEIOT TIPABIIbHYIO (POPMY M MOTYT 3aHUMATh OOIIMPHBIE
TEPPUTOPHHI. DKOHOMUYECKAs I OPraHU3aIIMOHHO-TIPaBOBAS

(dhopMa BHUHOIEITFIECKOTO TIPEIANPUITHS B KOHTEKCTE
MIPOBEICHUS TOYBEHHO-IKOJIOTUYECKOTO MOHUTOPUHTA
BIMSET MIPEKAE BCETO HA HHTEHCUBHOCTD PUMEHSEMBIX
B XO3SICTBE arpOTEXHOJOTHI BhIpaIllMBaHU BUHOTpAIa
U UX CUCTEeMHOCTb. [loj mocneaneit moapazyMmeBaeTcst
CIIEZIOBAHME TIPH 3aKIIAJIKE M IKCILTyaTallui BUHOTPaJHUKOB
PETHOHANBHBIM TEXHOIIOTUYECKAM KapTaM, pa3paboTaHHbIM
JUIsi OOTapHBIX, OPOILIACMBIX, PABHUHHBIX YYaCTKOB
U CKJIOHOB OIPENIEJICHHOIO PETHOHA BO3/ACIbIBAHMUS.

[IpucTtynas K U3y4eHHUIO TTOYB BHHOACTHICCKUX
MPEANpPUSATHAN pa3HOTO pazMepa U GopM COOCTBEHHOCTH,
MBI UCXOJIWJIA U3 TOTO, YTO MHTCHCUBHBIC TEXHOIOTHH
BEIPAIIMBaHUS HECYT 3aBEIOMO OOJBIIYIO arpOreHHYTO
Harpy3Ky Ha KOMITOHEHTHI arpO3KOCHUCTEM BHHOTPATHUKOB
U conpezenbHble cpeabl. OIHAKO UCCIIEI0BAHNUS TOKA3aIY,
yTo aApyrue (aKTophl, HApUMEp, IUTEIBLHOCTh
BO3/ICNIBIBAHUS BUHOTPATHUKA Ha TAHHOU TEPPUTOPHH,
cxeMa MPUMEHEHHS TIECTUIIUI0B U MOP(OIOTHIECKIE
XapaKTEePUCTUKH CKJIOHOB, MOTYT CHJIBHO CKOPPEKTHPOBATh
OKuJIaeMbIi pe3ynbrar. B 5Toil CBs31 U3 BCeX MCCIEI0BaHHbIX
WHIUKaTOPOB MOHUTOPHHTa HAU0OJIEE MOKa3aTeIbHBIMU
OKa3aJIMCh MUKPOOHOIOTUYECKIE, CAMbIe HI3KHE 3HAYEHNS
KOTOPBIX ObLIH OOHApYKEHBI B IOYBE BUHOTPAJHHUKOB,
BO3/IEJIBIBAEMBIX 110 UHTEHCUBHBIM TEXHOJIOTHSIM.

B pernonansHOM MacmiTabe BHHOTPaJapCKHM
TMaHAmAQT MpeCTaBIIeT CO00H KOMITIEKC HepapXMIeCKH
CTPYKTYPHPOBAHHBIX  DJIEMEHTOB, OOBEAMHEHHBIX
(YHKIIMOHATEHBIMU CBS3IMHU. Ha MUKpOpernoHaabHOM
YPOBHE KaXJblii MX 3TUX BJIEMEHTOB BHOCHUT CBOM
WHIUBUYaTbHBIA BKIa B (QOPMUPOBAHUE CIICITUPUKU
MeCTa ¥ PEeTHOHAIBFHOW NACHTUIHOCTH.

B xadyecTBe KOHCTPYKTHUBHBIX KOMIOHEHTOB TAKUX
JmaHAmaTOB BRICTYIIAIOT:

— TOYCUHBIC JICMEHTHI (OCTOHHBIE, METAJITHICCKHE
VI JIEPEBSIHHBIE CTOJOBI IJIS TIOANEP>KKH IIPOBOJIOB,
K KOTOPBIM KPEMATCS JI03bI);

— NIWHEHHBIE  JJeMEHTH  (pAOsl  IHmanep
Y HaXOJISIIIIUECS MEXKTY HUMU MEXKIYPSIbsI, 3aCESIHHBIC
TPaBSHUCTON PACTUTEIBHOCTHIO WIIH IPEACTABISIOLIUE
co0O0¥1 YepHBIE Mapbl, a TAKKE TEXHOIOTUYECKUE ITPOE3IbI
IUISL CEITbCKOXO3SHCTBEHHON TEXHUKH);

— UHQPACTPYKTYPHBIC DJIEMEHTHI (3IaHUS IS
nepepaboTKy, XpaHEHHUS W MPOJaKW BUHOAETBIECKOM
MPOAYKIUH B BUJIC BUHOJCIICH, TIOTPE00B, TEXHUYESCKUX
MTOMEIICHHUH U T.1.).

Pa3sHoe coueTaHue JIOKAJIbHBIX 3JIEMEHTOB
(hopMHUpyeT HETIOBTOPUMBIN Ml KaXKI0W MECTHOCTH
PHCYHOK, OTPaKaIOLIHH pETHOHAIEHO-TUIIOIOTHIECKIE
0COOCHHOCTH aMIIEJIONEHO03a, KOTOPBIA TOIJICKHUT
TIIATETFHOMY U3yYEHHIO IIepe]] COCTABICHUEM IPOrPaMMBI
MTOYBEHHO-3KOJIOTMYE€CKOTO0 MOHUTOPHHTA.

B nenoM Ha MOArOTOBUTENIBHOM 3Talle Mepen
MPOBEJCHUEM MOJIEBBIX PadOT HEOOXOAMMO coOparh
U3 OTKPBITBIX MCTOYHUKOB M apXUBHBIX MaTepUajoB,
a TaKke MyTeM OMpOoca CIEUAINCTOB BUHOJEIBIECKOTO
X0341CTBa HEOOXOMUMYIO HCXOTHYIO0 HH(OPMAIIHIO:

— KIIMMaTU4eCcKHe yCIIOBHS, arpOKIMMATHUECKUE
pecypcbl  TEppPUTOPUHM, YacTOTa U Xapakrep
HEONAronmpHUATHBIX MOTOJHBIX SBJICHUH, 0COOCHHOCTH
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PErHOHAJIbHBIX MPOSBICHHH [NI00ATBHBIX KIMMATHUECKUX
W3MCHEHUI;

— XapaKTepUCTHKA 30HATBHOHN PaCTUTEIHHOCTH;

— THII, TIOJATHII IIOYBbI, I'PaHYJIOMETPUUYCCKUI
COCTaB, IIOYBOOOPA3YIONIas TOPOJIa, HAJIMYKE U YPOBEHb
3POAUPOBAHHOCTH;

— penbed) MECTHOCTH, TEOXUMUYECKIE 0COOEHHOCTH
TeppuTOpuM  (HampuMep, HaJlM4YMe  MPUPOIHBIX
OMOTCOXMMUYECKIX TIPOBUHIIMI), XapaKTEPUCTHKA
COCeIHUX JIaHAMAPTOB, HAJTHYKE MOOIU30CTH BOTHBIX
HUCTOYHUKOB;

— TIPH PaCTIONOKEHUN N3y9aeMOT0 BUHOTPATHIKA
Ha CKIIOHE — XapaKTePUCTHUKA CKJIOHA (IKCIIO3UITHS,
KpPYTH3HA, IPOTSHKEHHOCTh, (hopMma (Tipsimasi, BOTHyTas,
BBIMYKJIasi, CJIOXKHAA);

—UCTOpUs  3EeMJICTIONB30BaHUS  (XapakTep
3eMJICTIONB30BaHUS 32 MHOTOJICTHUM TEpHOJ], HAYalo
SKCILTyaTaluy 3eMeIbHOTO (POHIa, TMHAMUKA YPOBHEH
XUMHU3AINAA U T.I1.);

— BO3pPACT MCCJICAYEMOTO BHHOTPAJHUKA, COPT
BHHOTPAA, YPOXKAMHOCTH (3KeJIaTelbHO B JUHAMUKE),
TEXHOJIOTHYECKasl XapaKTePUCTUKA ATO]] (KUCIIOTHOCTb,
CaxapuCTOCTh), METOJI BEICHUS KyCTa;

— 0COOCHHOCTH IPUMEHSEMBIX arpOTEXHOJIOTHH:
coJieprkaHue MEXAYPs i (YEPHBIH Tap WK 3aITy)KeHHe),
MEXaHU3UPOBAHHBIC MPHEMBI 00PA0OTKH ITOYBHI U yXO1a
3a KyCTaMmH, crioco0bl 00pe3KH KYyCTOB U YTHIIM3ALUU
OpPraHMYECKHUX OCTATKOB, IPUMEHEHHE OPOLICHUS U T.1I.;

— IIepeYeHb HAMOOJIEE PACIIPOCTPAHEHHBIX OONIE3HEH
Y BpeIuTENeH;

— YpOBEHB 3200J1€BAEMOCTH M CTETICHD MOBPEKICHUS
pacTeHHU;

— cxeMa MPUMEHEHUS CPEZICTB 3alUThl PACTCHUMN
(nmepedeHs, yacToTa, BpeMs 00pabOTKH, JT03BI);

— cXeMa MPUMEHEHHUS MUHEPAJTbHBIX K OPTaHUYECKUX
ynoOpeHui (TepedeHs, YacToTa U BpeMsi BHECEHUS, JI03b1);

— HaJIMYKE JIOKAJBbHBIX U PETHOHAJIBHBIX (PaKTOPOB
HKOT€OXUMHUYECKOTO PUCKA, KOTOPBIC MOTYT TOBIHUSATh
Ha COAEpKaHWE 3arps3HSIONIMX BEIIECTB B IOYBE
U paCTCHHSX BUHOTPAA.

[Ipn HEoOxomuMmocTH ydYeTa crennu(puIecKux
MECTHBIX YCIIOBUN JaHHBIA CIHUCOK MOXET OBITh
pacmipen. [TomrMo BeienepedncieHHoNH HHQOPMAIIUH,
MHOTO TOJIC3HBIX JJAHHBIX MOKHO MOJYYHTh, TO1I00paB
KapTorpaduuecKuii MaTepuai UCCIeayeMOi TEpPUTOPHH,
B TOM YKCJIE B JMHAMKKE 33 pa3Hblie Tofpl. [1oydeHHY 0
Ha MOJITOTOBUTEIIEHOM 3Tare HH(OPMAIUI0 00padaThIBAIOT,
COTIOCTABIISIIOT CO CIIPABOYHBIMH MaTepHaIaMH H TIIATEIHHO
aHATM3UPYIOT.

PaccMoTprM mprMephl BIHSHUS TTEPEIHCISHHBIX
BBIIIIE PUPOJTHBIX U arPOTCHHBIX (DAKTOPOB Ha IPOrpaMmy
arpo3KOJIOTUIECKOTO MOHUTOPHHT A, AHAIIM3 U HHTEPIIPETALIIO
€ro pe3y/bTartoB, a TaKkXke Ha BBHIOOP HHIUKATOPOB
MOHUTOPHHTA, KOTOPhIE OTPAKAIOT JKOJIOTHUECKOE
COCTOSIHHE TIOYB aMIIEJIOICHO30B, HX B3aUMOCBSI3b
C COTIPEIENTEHBIME CPEIaMU M YCTOMYHBOCTD arPO3KOCHUCTEMEI
BUHOT'Pa/THYKA B [IEJIOM Ha IPHMEpE HaIllNX MCCIIeIOBAaHII
B CeBacromonbckoM paiione PecnyOnmuku  Kpeim
n ABToHOMHOM Kpae BoeBonuna Pecrryonmku CepOms.

3. Ilpumepsl yueta pakTOpOB
JKO0JIOTHYEeCKOI0 PUCKa NPH MPOBeIeHNH
N04YBEHHO-IKO0JIOTHYeCKOro MOHHTOPHHIa

B aMIIeJI0IeH03aX

3. Examples of consideration of environmental
risk factors in soil-ecological monitoring
in ampelocoenoses

3.1. [lousenno-kaumamuyeckas 30Ha
U pecUOHAIbHbIE NPOSIGTICHUS
2NOOANIbHBIX KIUMAMUYECKUX USMEHEeHUL

3.1. Soil-climatic zone and regional manifestations
of global climate change

BoNBIIMHCTBO ~ BHHONENBYECKUX  XO3SMCTB
MHpPa DPACIIONIOKEHO B YMEPEHHBIX KINMAaTHYECKHUX
30Hax: B EBporne ckoHueHTprpoBaHsl Mexay 40 u 50°
MIMPOTHL, B AMepHKe U B HOKHOM MonyImapuu — MexXIy
30 1 40° mmpoTHL. DTO CIOCOOCTBYET ONTHMAJIHHOMY
HaKOIUIEHHIO U COOTHOIIEHUIO COJEpPaHMS CaxapoB
U KHUCJIOT B SITOAAaX BHMHOIPaAa, HEOOXOIMMOIO ISt
co3nanus Hanboee Ka4eCTBEHHBIX BUH. B 9ThX mmporax
BUHOTpaJHAas Jio3a HAOMpaeT HEOOXOMUMYIO CyMMY
aKTUBHBIX TEMIIEPATypP, 0COOEHHO €CIIM BUHOT P THIUKH
pacronararoTcst Ha CKJIOHaX, IPUMBIKAIOIIUX K PEUHBIM
apTepHsIM, YTO MO3BOJISIET MOMYYaTh JONOTHUTEIbHYIO
WHCOJISIIIHIO.

OnHako TeppUTOPUH, BXOASIINE B 0003HAYCHHBIN
BUHHBIM I0SIC, MOTYT CYILECTBEHHO pa3JINyuaTbCs
MO0 KOJIMYECTBY BBIMAJAIOMINX 32 CE30H OCAIKOB.
BrnaxxHocTh MOYBBI, 0COOCHHO B CPEAN3EMHOMOPCKOM
THIIE KJIMMATa, 4aCTO BBICTYIIAET INIABHBIM JTUMUTUPYIOLIUM
(axTOpOM, CHIKAIOIIUM OHONOTHYECKYIO aKTHBHOCTb
MOYBBI, OTPAHUYUBAIOIINM IPOLYKTUBHOCTH BUHOTPA/ia
¥ 3HAYUTEIIbHO BIUSIOIIMM Ha Ka4eCTBO BUHOMATEPHAJIOB.

[ns mpoBeneHHs MOYBEHHO-3KOJIOTHYECKOTO
MOHHUTOPUHTa ObUTM BBIOpaHBI [1BA HCTOPHYECKUX
BHUHOJENBUECKUX peruoHa: CeBacTOMOIBCKUI paiioH
Pecnybnmuku Kpeim u pernon HaunmonanpHOro mapka
Opymika ['opa ABroroMHOTO Kpast BoeBomuiHa PecryOmuku
Cep6us (oxono . Cpemcku KapiioBum), pacnonokeHHbIX
B ropHoM nangmagte. O0a pernoHa HCCIEAOBAHUS
HAXOIATCS MPAKTUIECKH Ha OMMHAKOBOH mmpote (puc. 1),
YTO MPEIONPENETUIO0 CXOKUNU TEMITEPATYPHBIA PEXKUM.
OpHako pa3Has ylajJeHHOCTb OT OK€aHa U BHYTPEHHUX
MOpEH TTOBNIHSIIA Ha TO, UTO KiauMar CeBacTOMOIbLCKOM
30HBI BUHOJNENHUS OTHOCUTCS K CYOTpPOIUYECKOMY
CPEAN3eMHOMOPCKOTO THIIA, TOrAa Kak B I CpeMcku
KapnoBiiu — yMepeHHO-KOHTUHEHTAJIbHBIN C 3JIEMEHTaMH1
CyOTYMHUTHOTO 1 ME30TEPMHUYECKOTO KITUMaTa.

PaccuntanHbple TEmIOBOM MHAEKC YHUHKIEpa
(cymMMa akTUBHBIX TeMIiepatyp, npesbimaronux 10°C,
B TE€YEHHE BEreTAllMOHHOTO TIEPHO/IA) U TENHOTEPMIYECKUI
MHIEKC XyIIMHA, XapaKTEePU3YIOIETO0 TEIUIOBOH
Y UHCOJISIIIMOHHBIN MOTEHIINAJ TEPPUTOPUH, TIOKA3aIIH,
4YTO HCCIeqyeMble paioHbl 00JIaAal0T JOCTATOYHO
BBICOKMM YPOBHEM TEILI000€CIIEYEHHOCTH C HEKOTOPhIM
TIPEBBIILIEHHEM JJAHHOTO MTOKa3aresisi B ABTOHOMHOM Kpae
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Boesonuna [13] u GnaronpusTHHI 10 JaHHOMY MTOKa3aTemto
JUIsL KyJIBTUBHPOBAaHUS BUHOTPATHOM JIO3BI.

Br160p HaHHBIX PETHOHOB UHTEPECEH TeM, UTO IIPU
BEChbMa OJIM3KHX MapaMeTpax TEMIIEPAaTypHOTO PeKUMa

KOJIMYECTBO OCAJKOB HAa MX TEPPUTOPUH CYIIECTBEHHO
ommyaercs (puc. 2). Jlero Ha Tepputopry CeBacTONONBCKOM
30HBI BUHOZIENHS XKapKOe 1 3aCyIUTHBOE, CPEHET00BOE
KonnyecTBo ocankoB uaMensercs or 300 o 400 mMm

Puc. 1. PacnonoxxeHre perioHOB UCCIEN0BAHNS OTHOCUTENBHO 45-1 mapanienu ceBepHO IUPOTEHI
Fig. 1. Location of the study regions relative to the 45th parallel of northern latitude

Puc. 2. CpaBHuTENbHAS TUHAMIKA CPETHEMECSUYHBIX TEMIIEPATYP U CPEAHEMECSYHOTO KOJIMYECTBA 0CaIKOB
B I. CeBacromnone u . Cpemcku Kapnosun (https://weatherspark.com)

Fig. 2. Comparative dynamics of average monthly temperatures and average monthly precipitation
in Sevastopol and Sremski Karlovci (https://weatherspark.com)

35


https://weatherspark.com
https://weatherspark.com

TumupsizeBckuii Ouonornyeckuid xypHai. 2024. T. 2, Ne 4. C. 30-45

https://doi.org/10.26897/2949-4710-2024-2-4-30-45

B T0]I, B TO BpeMs Kak B I. Cpemcku KaprnoBiy qannbrit
MOKa3aTesb BABOE BBILIE M COCTABIIET HOpsiaAKa 760 MM.

KOHTpacTHOCTh ~ pETMOHOB  HCCIIEIOBaHHS
JEMOHCTPHUPYIOT DPAacCUYUTaHHBIE HAaMM IIOKa3aTesn
ko3 duitnenTa yBnaxueHus Msanora-Beicorkoro (1,13
npotuB 0,39) u rugporepmudeckoro ko3ddunreHTta
yeiaxHenus Censaunosa (0,86 npotus 0,54 B . CpeMcku
KapmoBum w 1. CeBacTomoje COOTBETCTBEHHO).
MecsiuHble CyMMBI 0CaJIKOB OCEHHE-3UMHETO TIEpHOAa
B CeBacTonoabCKOM PErvoHE CYIIECTBEHHO BBILIE MX
CPEeIHErOOBBIX 3HAYCHHI, 8 BECEHHE-JIETHEr0 — 3HAYUTENHHO
HIDKE, I03TOMY KOJHMYECTBO OCAJKOB BBICTYIAET
B Ka4€CTBE JIMMUTHPYIOLIETO SKOJIOTHYECKOTro (hakTopa
pacTeHHEeBO/ICTBA.

Kynbrypa BUHOTpaza OTHOCHTEIIBHO YCTOWYIHMBA
K 3aCYLLJIMBBIM yCJIOBHSIM, OHAKO TPH OPOLICHUU €e
NPOAYKTUBHOCTh 3aMETHO IMOBBIILACTCA. B KoHTEKcTE
MOYBEHHBIX  XaPAKTEPUCTHK pa3IUYHbIC yCIOBHUS
YBIQKHEHUS OTPaXalOTCs B IEPBYIO Ouepenb
Ha OHWOJOTWYECKOW aKTUBHOCTH IIOYBBI, CTENCHU
BBIPOKEHHOCTH 9PO3UOHHBIX IIPOLIECCOB U MHTEHCUBHOCTU
MUTpall MOOWJIBHBIX BEIIECTB B CONPSKEHHBIX
aneMeHTax Mesopenbeda. Tak, HamM wccieq0BaHHS
MOKa3ajH, YTO BENWYMHA 0a3aJbHOTrO ABIXaHMS MOYB
aMIIeJIONEHO30B  ABTOHOMHOTO Kpass BoeBonuHa
Pecry6muku CepOust okazanack B 6-11 pa3 Beie (1), uem
B [T0YBaX aMIIEJIOIEHO30B FOro-3anaqHoi yacta Kpeima.

Pa3Hoe KOMUYECTBO 0CaIKOB OKA3bIBAET IPSMOE
BIMSIHHC U HA IPUMEHSIEMBIC B BUHOZIETBIECKUX XO3SHCTBAX
arpoTexHUYecKue Ipuemsl. B ycioBusx HemocTarka
MOYBEHHOW BJard B JIETHHE MECSIbl BUHOTpaIapu
NPaKTUKYIOT IIOJaBJIEHHE B MEXIYPSIbsX COPHBIX
pacTeHHid, COCTaBIAIOMINX KOHKYPEHIMIO BUHOTPAHOM

JI03€ 3a BOJY W ITUTATENIbHBIC BEIIECTBA, IIOCPEICTBOM
KYJBTUBAIIN MEKITYPSTHN U IECTAIIMITHBIX 00padoToK [ 14].

Mex 1y TeM JTaHHbBIC arpOTEXHUUYECKUE TPUEMBI
TPUBOJIAT K MOBBIIICHHON MIHEPATM3aI[HH OPTraHUYECKOTO
BEI[ECTBA B IOYBAX BUHOIPATHAKOB, CHIDKEHHUIO MOYBEHHOTO
TUTONOPOIIUSI, PA3BUTHIO SPO3UOHHBIX TIPOIIECCOB, 0COOCHHO
Ha CKIIOHOBBIX (hopMmax penbeda, YIUIOTHEHHIO TOYBBI
U CHW)KCHHIO €€ OHONOTNYeCKON aKTHBHOCTH.

B cBs13u ¢ 3TUM 0053aTeTLHBIMHA UHIUKATOPAMU
TIOYBEHHO-IKOJIOTMYECKOT0 MOHHTOPUHTA B aMITEIOIIEH03aX
SIBJISIFOTCS TIOKA3aTeJH MMOYBEHHOTO IJI00poans. MHOTO
MOJIC3HOW MH(OPMAIIUU C IS0 PAHHETO BBISBICHUS
(haKkTOpPOB pHCKA YIS arpO3KOCUCTEM BUHOTPATHUKOB
MOXKHO MOJTYYHTh U ITPU aHATHU3E COCTOSHHUS MUKPOOHOTO
coobiiecTBa mouBsI [15].

3.2. Penvegh mecmrnocmu, eeoxumuyeckue
ocobennocmu anowagpma

3.2. Terrain relief, geochemical features
of the landscape

AMITEIONEHO3bI HEPE/IKO PA3MEIIIAIOT B TOPHBIX HITH
XOJIMUCTBIX PaiiOHAaX, T/Ie OHU COCEZICTBYIOT KaK C [TaXOTHBIMH
3eMJSIMH W JIPYTUMH MHOTOJICTHUMH KYyJIBTYPHBIMU
HAaCa)XJCHUAMH, TaK U C MPUPOAHBIMH 3KOCHCTEMaMHU:
JiecaMy, KyCTapHUKaMH, BOXHBIMA MCTOUHHKAMH.

BenenctBue  T€OXMMHYECKOTO  COMPSDKEHHS
ATEMEHTAPHBIX JIAHIATOB CKIIOHOB HAOMIONAOTCS AKTUBHBIC
TPOLIECCHI JIATEPAIBLHOTO IIEPEMEIIICHHS BELIIECTB B BHJIE UX
MEXaHMYECKON MUTPALX 1 PACTBOPOB C MOBEPXHOCTHBIM
(puc. 3) ¥ BHyTPUIIOYBEHHBIM CTOKOM B HIDKEJEKaIle
3JIEMEHTHI penbeda U cocennue Janamadrsr [16].

Puc. 3. HaHOoCh! TOYBBI B HU)KHEH YacTH CKJIOHA IO/l BUHOTPAIHUKOM OKOJIO CEIBbCKOTo nocenenus J{oopuiosary
ABroHOMHOTO Kpas BoeBoquna Pecyomuku Cepoust (dpoto 1.B. Annpeesoit)

Fig. 3. Soil deposits in the lower part of the slope under the vineyard near the rural settlement of Dobrilovac
in the Autonomous Province of Vojvodina, Republic of Serbia (photo by I.V. Andreeva)
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B 1iemsx KoppeKTHOTO MPOBEICHISI MOHUTOPHHTOBBIX
UCCIIeJOBaHUI BayKHO IOHUMATb, YTO HAKOIUIEHHUE BIIATH,
BOJIOPACTBOPUMBIX COJICH M TBEPIBIX BEIIECTB, KOTOPHIC
TIEPEMETIAFOTCSI TI0 CKIIOHY BMECTE C BOXHBIMHU MTOTOKAMH
O] ISHCTBUEM CHJIBbI TSDKECTH, TPOUCXOAUT HanboJee
WHTEHCUBHO B HIDKHHUX YaCTSIX CKIIOHOB, B MEXKITYPSIIBSIX
BUHOTPaJla, 0COOCHHO PACIOJIOKEHHBIX BJOJh CKIOHA
Y HE 3aHATHIX PACTUTEIHLHOCTHIO, a TAKXKE B Mpeaeiax
TEXHOIIOTUYECKUX JOPOT, IT0 KOTOPHIM TIepeMeIIaeTcs
TEXHUKA JUISI TIPOBEACHHUS YXOJOBBIX TMPOILEAYP
3a BUHOTpaaoM (puc. 4, 5).

DPpO3UOHHBIE MPOLIECCHl HA CKIOHOBBIX MOYBAX
MOJT BUHOTPAJHUKAMH MOTYT YCHJIMBATh BBICOKOE
CpEeIIHEroI0BOE KOJIMUECTBO 0CaAKOB [ 18], moBhIlIcHHE
YacTOThl OJKCTPEMalbHBIX OCAJKOB, COOMparolIHe
¥ BBITYKJTbIE ()OPMBI CKIIOHOB, JIETKUH TPaHyIOMETPHIECKHIA
COCTAaB MOYB C HEBBLICOKUM COJIEPKAHUEM OPTraHUIECKOTO
BEIIIECTBA, PACTIONOKEHHE PSIOB BHHOTPAIa BIOJb CKIIOHA,

OTCYTCTBHE TTIOYBOIIOKPOBHEIX KYJIBTYP B MEKIYPIIBIX
U UX UHTEHCUBHYIO KylbTHBanumo [19-21].

Oco0y0 TpeBOry BBI3BIBAET OTMEUaeMast
B HAy4YHOH JIHUTepaType ISl MOYB aMIIENIOIEHO30B
MUTpaIMg MO CKJIOHY OPraHWYECKOrO BEIISCTBa,
AIIEMEHTOB TTUTAHMS PACTCHUH M TSDKEITBIX METAJIIOB,
YTO CIIOCOOCTBYET YCHIJICHHIO TPOCTPAHCTBEHHOM
HEOJHOPOMHOCTH  arpodKOJOTHYECKOrO0  KadecTBa
MOYB aMIeoIeHo030B [22]. Tak, Hallu ucclienoBaHus
B CKJIOHOBBIX JIaHJmadrax ropHOU Tpsasl Opyrika
ropa ABTOHOMHOTO Kpasi BoeBonuHbI nToKa3aliu, 4To
B BUHOJICJIBYECKOM XO3SHCTBE C UHTCHCUBHOM CUCTEMOIA
BBIpAITBAHUS BUHOTPaIa HanOoJiee HIU3KOE CONEPKAHUE
OpPTaHMYECKOTO BellecTBa O0OHAPYKEHO B BEPXHEH YaCTH
cKkJIoHa co 3Ha4eHusMu ot 1,02 mo 1,36% B 3aBHCHMOCTH
OT TOPU30HTA, TOTNA KaK B IMIOYBE CpEeTHEH U HUKHEH
yacTell CKJIOHA IaHHBIN MOKa3aTelb ObLI CYIICCTBECHHO
BBIIIIE ¥ HAaXoauJics B auana3oHe ot 2,70 no 3,33%.

Puc. 4. PazBuTHe 3p03MOHHBIX MPOIIECCOB Ha BUHOTpaaHuKax (ncrounuk: Pijl et al., 2021 [17])

Fig. 4. Development of erosion processes in vineyards (source: Pijl et al., 2021 [17])

Puc. 5. MenkocTpyituaTblil pa3MbIB IIOUBHI B IIpefiesiaX TEXHOJIOTHYECKOM Koler BUHOTpaJHUKa B ABTOHOMHOM Kpae
BoeBonuna Pecrryommkn CepOust mocite Mpo1oDKUTENIBHBIX JIMBHEBBIX ocankoB (¢orto M.B. Annpeesoit)

Fig. 5. Fine jet erosion of soil within the technological track of a vineyard in the Autonomous Province of Vojvodina,
Republic of Serbia, after prolonged heavy rainfall (photo by I.V. Andreeva)
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OTMEUeHHYIO TEHICHITUIO TIOBTOPSUT U ITOKA3aTeIh
CKOPOCTH 0a3aIbHOTO JIBIXAaH¥SI, KOTOPBIN B TIOBEPXHOCTHOM
ropu3onTe 0-5 cM ocIe10BaTeIbHO BO3pAcTal OT BEpXHEH
YacTH CKJIOHA K HIkHEH. Kpome Toro, Halii uccieIoBaHus
TIOATBEPIIAIIN TECHYIO KOPPETISIMOHHYTO CBSI3b CONEPKaHUS
OPTaHUYECKOTO BEIIECTBA M METH, KOTOpast HAKATUTUBACTCS
B ITOBEPXHOCTHBIX TOPH30HTAX BUHOTPATHAKOB BCIIC/ICTBHC
WHTEHCHUBHOTO HCIONB30BAaHUS  MEILCOMCPIKAIIUX
MECTULIU/IOB JIJISI KOHTPOJISI TPUOKOBBIX 3a00JICBAHIIMA.
Kaxk cnencteue, Meas METpHpPOBaJia IO CKJIOHY B COCTaBe
KOMITJIEKCOB C OPTaHUYIECKUM BEIIIECTBOM, B PE3yJbTaTe
Yero MPOMCXONIIO HAKOTUICHUE HIIEMEHTA B CPEIHEHN MITH
HIDKHEH 9acTU CKIIOHA B 3aBUCHUMOCTHU OT ITapaMeTPOB
€ro Me30- 1 MUKpopeibeda.

3.3. Ucmopus 3emnenonv3o6anus
U 8o3pacm HacaxicoeHull

3.3. History of land use and age of plantations

B cuctemMe noYBEHHO-3KOIOTUYECKOrO MOHUTOPUHTA
BUHOTPATHUKOB HEOOXOAUMO YYUTHIBATH KaK BO3PACT
TEKYILUX HACAKICHUMN, TaK U MO BO3MOXKHOCTH — UCTOPUIO
3€MJICTIONB30BAHUS HA y4acTKe. DTO BaXKHO HE TOJIBKO
C TOYKHM 3PEHUSI OLICHKU BIUSHUS NPUMEHSBILUXCS
arpOTEXHOJIIOTMYECKUX TPUEMOB, HO U B CBA3HU
C pacrnpoCTPaHEHHON MHUPOBOI MPAKTUKON UPOKOTo
UCIIOJI30BaHUSI B CHCTEME 3allUThl BUHOrpaaa
MebcoepKamx GyHruauaoB [23].

Xopomo wu3BecTHa 3()(PEKTHBHOCTh NTaHHBIX
MpenapaToB JJIsl KOHTPOJS OUJUYMa, MUJIIBIO U CEpoil
THIWIM — 3a0oyieBaHMIi, HAHOCIIIMX HaHUOOJBIINI
SKOHOMUYECKHUH yIepO BHHOTPaAapsiM BO BCEM MHpE.
Hcropus npuMeHeHNs, HalpuMep, 00pI0CKOH KUIKOCTH
HACUYMTHIBAET, KAK MUHUMYM, [IOJITOPBI COTHU JIET, YTO
CBA3aHO C OTHOCHUTEJIIBHO BBICOKOM TOKCHYHOCTBIO
JUIS TIAaTOTCHOB, JICIICBU3HOM, MaJIOW TOKCHYHOCTHIO
JUISl TEIJIOKPOBHBIX XUBOTHBIX W YEJIOBEKA, a TaKKe
CO CIOCOOHOCTBIO B TE€UECHHE IJITUTEIHHOTO BpEeMEHH
0CTaBaThCs HA IOBEPXHOCTHU PACTEHUH MOCIIE IPOBEICHUS
00paboTKH.

B pesynsrare omHoit m3 Hamboliee cepbe3HBIX
9KOJIOTHYECKUX MpoOIeM Ui MOYB BUHOTPATHHUKOB
CTaJIO HAKOIUICHNE MEJY B BEPXHUX FOPU30HTAX I1OYBBI,
COJIEP’)KAHUE KOTOPOM CYIIECTBEHHO BBIIIE B IIOYBE
BUHOJIEJIFYECKUX PETHMOHOB C JUIMTEIbHOM HCTOpUEH
BUHOTpa/iapcTBa U BuHOAEHS [24-26]. K Takum pernonam
OTHOCSTCS, HalpUMEp, CTapeilme BHHOTPATHUKH
Byprynauun u Illamnamun Bo @Ppanuuu, IIsemonTa
u JlomGapanu B Mtanmu, Tokait B BeHrpun u T.1.

Hammm  wuccnemoBanusi Takke MPOBOIWIHCH
B HCTOPHUYECKUX IIeHTpax BuHOmeusI. IlepBeie
BHUHOTPATHUKHU Ha ckJIoHax Opymiku [opsl ABTOHOMHOTO
kpas BoeBonuna Pecriy6nuku CepOust MOSIBHIIKCE €11ie
BO BpEeMEHa MPaBICHUS PUMCKUX UMITEPaTopoB. B pesynsrare
MPOBEICHHOTO HAMU aHaIN3a JAaHHBIX Ha TMPUMEpPE
pazHoBo3pacTHBIX (0T 15 mo 200 ymeT) amMmenoneH030B
C IPEMEHEHUEM METOJIOB HETTApaMeTPUUECKOM CTaTHCTUKU
YIAJI0Ch YCTAaHOBUTH PEHIAIONTYIO POJIb JUTUTEIEHOCTH

BO3/IC/IBIBAHMS BUHOTPa/Ia B HAKOTUICHHH U PaCTIpeIeTICHIN
MEJI B ITOYBE 10 CPABHEHHUIO C IPYTUMH arpOreHHbBIMU
U TeoreHHbIMHU (paxTopamu. IIpy 3T0M ypoBeHb HAKOIUIEHHUS
Y TPOCTPAHCTBEHHOE BapbUPOBAaHHE B MOYBE JPYTHX
TSOKETBIX METaJIOB (MapraHila, XpoMa W KoOaybTa)
ObuUIM CBsI3aHBI IVIABHBIM 00pa3oM C YCJIOBHSIMU
Me30- ¥ MUKpopenbeda (KpyTU3HON, TPOTHKEHHOCTHIO
1 OpMOIi CKIIOHOB).

BBuay mnMTeNpHONW MCTOPUM TNIPUMEHEHHUS
MenbcoiepKaux (QYHTUIUIOB OCOOBIH HHTEpec
NPEACTARIISIOT MOHUTOPHHIOBBIE CCIIEOBAHIS HAKOTIICHHUS
U MUTpAalUH MeOu B DKOCHUCTEMax BHUHOTPAJHUKOB
Bo3pactoM Oonee 100 et [27]. Hanpumep, B pe3ynbTare
MOJOOHBIX HCCIICIOBAHUI Ha OOOTAIIEHHBIX MEIbI0
M0YBaX BBISIBICHBI IPU3HAKU €€ (PUTOTOKCUYHOCTH IJIs
BHHOT'PA/THBIX PACTEHUI U TIOYBEHHOM OMOTHI, U3MEHEHE
(bopMBI 1 OMOOCTYITHOCTH MEH B pu3oc(epe pacTeHHH,
CHIDKEHHE CKOPOCTH PAa3JIOKECHUS OPraHU4eCcKOro
BEIIECTBA W JaXe€ HM3MEHEHHE MHHEPATOTHYeCcKOrO
COCTaBa ¥ FEOXMMHUYECKUX CBOMCTB 00OTAIEHHBIX MEIBIO
MOYB, YTO PACCMaTPUBAIOT KaK OJUH U3 (aKTOPOB MX
Jerpajaliyd U UCTOYHHMK JKOJIOTHYECKOTO PUCKA IS
cocennux janamadros [28, 29].

[TouBEHHO-PKOIOTUYECKUI MOHUTOPHUHT
Ha TEPPUTOPHH BUHOTPATHUKOB KEJATEIIbHO COUETaTh
C d3JeMeHTaMHu (POHOBOTO MOHUTOPHHIA, KOTOPBIH
NPEAOCTaBISeT MEHHYI0 HHpOpPMaIHIo 00 3TajoHax
OKPYKAroLeH cpelbl ¢ LEJIbI0 BBISIBICHHUS TEHIACHINN
UX U3MECHEHHsSI HA HCCIIEYEMBIX TEPPUTOPHSIX.

B coBpeMeHHBIX YCIOBUSIX OOIICIIAHETAPHOTO
3arps3HeHHs (DOHOBBIE TEPPUTOPUH OMPEICIISIOTCS
HE KaK 30HbI OTCYTCTBHUS aHTPOIIOT€HHOTO BO3ACHCTBHS,
a KaK TeppUTOPUH, B HAUMEHbIIIEH Mepe T0/IBEpIKEHHbIC
JIOKaJIbHOMY W pETHOHANBHOMY 3arpsizHeHnto. OHaKo
B HCTOPUYECKHX BHHOJIEIBYECKUX PETHOHAX MOIYT
BO3HUKHYTH TPYITHOCTH C HOAOOPOM (POHOBOTO y4acTKa.
Tak, B mouBeHHOoM mipoduie 0-140 cM BBEIOpaHHOTO
HaMH B KauecTBe (J)OHOBOTO Y4acTKa C €CTECTBEHHON
JIyTOBOM PacTUTENBHOCTBIO, PACIIOIOKEHHOIO HEJAJIeKO
OT MCCIIEyeMbIX BUHOTPAAHBIX HACAKICHUH Ha CKIIOHAX
Opymkun  Topel, comepkaHue MeAW Koyie0aIoch
B OTHOCHUTEIILHO Y3KOM Jiuamna3oHe ot 49,2 10 57,8 mr/kr
1o iryounst 0-80 cm. Jlums HaunHas ¢ riryOuHB! 80 cM
coJiep>KaHKe AIIEMEHTa MOCIeI0BaTeIbHO CHUKAIOCh
W TIOCTUTANIO cpenHel BenmnuuHbl 18,5 mr/kr. Huskoe
collep)kaHhe MeAM B IOYBOOOpasyrolieil mopoze
YKa3bIBaJIO HA HAJMYME aHTPOIIOTEHHBIX MIIM CKOpEe
arporeHHbIX HCTOYHUKOB 00OTAIeHUS] MENIBI0 BEpXHEH
YacTH MOYBEHHOTO MPOQHIIL. AHATOTUYHYIO KapTHHY
BHYTPUIIPODUIBHOTO pacTpe/Ie]ICHUS MEIH B TOM JKe
paiione uccnenoBanus oOHapyxuiau Ninkov et al.
(2012) mns 3ayie’KHOU TTOYBBI, HA KOTOPO BUHOTPA
KyJlbTHBHpoBancs nopsaaka 50 ner Hazax [30]. ITostomy
BIIOJIHE BEPOATHO, 4YTO paHee [aHHBIH YYacTOK
WCTOJNB30BAJICS AJs  BHIpalllMBaHWs BHHOTPana,
U B MOHUTOPHHIOBBIX HCCIIEJOBAaHUSAX €r0 MOXHO
paccMaTpHBaTh KaK yCIOBHO (POHOBBIM.

Yartie BCero B CTaTbsIX C Pe3y/IbTaTaMi MOHUTOPUHTA
aMIIeTIOIEHO30B B KadecTBe (DOHOBOH TEPPUTOPUH
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WCTIOJB3YIOTCS JIECHBIE YYacTKH WIIM JIECOIOJIOCHI,
KOTOPBIE PACIIONOKEHBI B HETIOCPEACTBEHHON OIM30CTH
OT TEeppUTOpUH BHUHOTpamgHWKa. OTMewaercs, dTO
TakMe Y4YacTKH TrapaHTHpoBaHHO mopsjaka 200 ner
HE UCTIOIBH30BAJIICH IS KYJIIbTHBHPOBAaHUS BHHOTPAIA,
Y [IOTOMY PE3yJbTaThl, MOJTy4YEeHHbIE Ha TAKUX YIaCTKaXx,
MIPUTO/THEI B KadeCTBe ()OHOBBIX JISI OLIEHKU CTETIEHU
arporeHHo# TpancGopMainy MoYB BHHOTPATHUKOB.

KpBIM B 3TOM OTHOILIEHMH NPEACTABISET COOOH
eme Oosiee TMPOOIEMHYIO TEPPHUTOPHIO, ITOCKOJIBKY
ABIIAETCS JIpEeBHE3EMIIEACTIBUECKIM palioHOM.
CuuTaercs, 9TO MEPBBIC JIO3HI MOSBUIUCH 3/1€Ch EIIle
BO Bp€MEHa aHTHUYHBIX IPEYECKUX KOJIOHUN PUMEPHO
B V-VI BB. 110 H.3. KynbrypHBIE clTon U Hamu4we OOJIBIIOro
KOJIMYECTBA CTAPONAaxXOTHBIX IIOYB, COXPAaHUBIIUX
TIPU3HAKHY MPEXKHUX 3eMJIISIeTBUECKUX HarPy30K, CHIIbHO
OCIOXHSIOT moa0op (oHoBoro yudactka [31]. Kpome
TOTO, Ha TMHAMHUKY IJIOMAJEH 10J] BUHOTpaJHUKAMHU
Ha IaHHOH TEPPUTOPUH CIIIBHOE BIHMSTHUE OKa3bIBAJIH
neprogryeckue SNuGUTOTHH 3a001eBaHNH (HanpuMeD,
(hmIToKCcepoii), ConmuarbHO-dKOHOMUIe KU cran 90-X IT.
XX B., KIMMaTHYECKUE KaTaKJIN3Mbl, aHTUAJIKOTOJIbHAS
kamnanus 1985-1988 rr. B pesynsrare cpennuii Bo3pact
BHHOTPAIHBIX HacaxaeHui KppiMa Ha HacTOSIIIHIA
MOMEHT COCTaBISE€T OKOJIO 25 JeT. 3HauyuTelIbHas
MPOCTPAHCTBEHHAS! HEOTHOPOTHOCTh IT0YB U MPHCYTCTBHE
apreakToB 3aTPYAHSAIOT WHTEPIPETALUIO JaHHBIX
1 OLIEHKY BIMSHUS OTIENBHBIX (PAKTOPOB HA PE3yIIbTaThl
UCCIIEOBaHUMN.

Emie oqHIM Ba)KHBIM METOANYECKUAM aCIIEKTOM,
CBSI3aHHBIM C UCTOpHEN 3eMJIENIOIb30BAHNUS, ABIAETCS
ycToHuMBasi  TEHAGHIUS  TepenpoMIMpOBaHUSL
BUHOTPAJHUKOB. Tak, B ABCTpaJUM U B HEKOTOPBIX
€BPOIEHCKIX CTPaHAX [IIABHBIM 00Pa30M 110 SKOHOMHUYECKIM
NPHYMHAM YacTh 3eMeJb M0 BHHOT PaTHUKaMH TTEPEBOAAT
TI071 BBIpAIMBAaHKE IPYTHX KyJIBTYp, Tora Kak B PeciryOmmke
Kpeim HaOmromaeTcst oOpaTHas TEHISHITHS: aKTUBHOE
BOBJICUCHHUE 3AJIEKHBIX 3€MEIb B CENBCKOXO3IHCTBEHHBIH
000pOT 10T 3aKJIAAKy BHHOTPAJIHUKOB. DTO BBI3BIBAET
00MBIION HCCIIEAOBATENLCKUN MHTEPEC CO CTOPOHBI
Hay4IHOTO COOOIIECTBA, CBI3aHHbIHN C M3yYeHHEM H3MEHEHHIT
(U3NKO-XMMUYECKHX U OHOJIOTHYECKUX IMOKa3arelnei
TIOYBBI B PE3yNbTaTe CMEHBI 3eMJICTIONIb30BaHus [32, 33].
Harmpumep, ycTaHOBIIEHO, YTO HAKOTIJIEHHAS B PE3yNbTaTe
JUIUTENBHOTO BRIPAILMBaHUSA BUHOTPAJa MEAb B BEPXHUX
TOPU30HTAX MTOYBHI OKa3bIBaIa (PUTOTOKCHYECKOE AEHCTBIE
Ha pacTeHUs MIIECHUIHI [34].

Hamwm nccnenoBanus B KpeiMy mokaszaiu, 4To
3a TpH T0f1a C MOMEHTa BOCCTAHOBJIEHHS [TOCTarPOreHHOM
TIOYBHI 11O 3aKJIAJIKy BHHOTPAIHUKOB B HEll CHU3MIIOCH
coJiep’)KaHHE OPraHWYEeCKOro BEIIECTBA, a BaJIOBOE
COIEp)KaHUE MenW, IMHKAa M TOABM)KHOH cephl,
HaIpoTUB, Bo3pocio. Kpome Toro, Ha mouBax 3aexei,
Ha KOTOpbIX paHee okoio 40-60 yeT BbIpalIMBaINCh
BUHOTPAJHHUKH C IPUMEHEHHEM XUMHYECKOM 3aIUThI
PaCTeHUIA, yCTAaHOBJICHBI HU3KUE TIOKA3aTe I MUKPOOHOU
OMOMACCHI, TBIXaTeTbHON aKTUBHOCTH TTOYBHI X BHIXOMISIIHE
3a MpeyIesTbl ONTHMAIIBHBIX 3HAYESHUH SKO(DH3HONOTTIECKIE
WHJIEKCHI, YTO YKa3bIBAET Ha HEOMAronpUsATHBIC YCIOBHUS

(YHKIIMOHUPOBAaHUSI MHUKPOOHOTO COOOIIEecTBa 3THX
MOYB, HECMOTPSI Ha 001I[ee HAKOTUICHHE OPTaHHYECKOTO
BemiecTBa [35].

3.4. Tun zemnenonvzosanus
U azpomexHuyeckue npuemsl GblpauUueaHus

3.4. Land use type and agronomic practices
for cultivation

IMpu Bcem MHOTOOOPAa3UH MOIXOOB K YIIPABICHHIO
BUHOTPAJHUKAMU B LIEJIOM OHH CBOJSITCS K TPEM CHCTEMaM:
TPaJUIIUOHHOM, OPTaHUYEeCKON W OMOJMHAMHUYECKOH.
B TpamuiiroHHOM BUHOAETHH UCTIONB3YETCS ITHUPOKUI
CIEKTP XUMHUYECKHX MPETapaToB Pa3InIHBIX KJIACCOB
M CTEMEeHH OMACHOCTH KaK ISl MPO(UIaKTHYECKAX
00paboTOoK, Tak U JUIs JEYSHHUS PACTEHUI BUHOTPAJa.
HHTepec K abTepHaTUBHOMY BHHOTPAIAPCTBY M BUHOICIHIO
B MIOCJIC/IHKE TOJTBI BO3POC B CBSI3U C BHUMAHUEM OOIIECTBA
K Ipo0JieMaM 0XPaHbl OKPYKAIOILECH CPE/Ibl U CHIKCHUEO
TEMIIOB JAErpajallid IMOYB U TMOBBHIIIEHHEM CIIpoca
Ha DKOJIOTUYECKH 0€30ITaCHY0 MPOIYKIIHIO.

Opranuveckoe 3emiIeIesie IPeacTaBIseT co0oit
CHUCTEMHBIN MOAX0JI, HAlIPaBJICHHBIA Ha MOJAIep>KaHNe
3/I0POBBS ArPOIKOCUCTEMBI B TI€JIOM, M TIOYBBI — B YaCTHOCTH,
AKTHBHOE UCIOJIb30BaHUE OMOJIOTMYECKOTO METO/IA TPH
yAOOPEHUU U KOHTPOJIE BPEIAHBIX Opranu3moB [36]. s
HEKOTOPBIX EBPOIEHCKUX CTPaH, TJIe PHIHOK OPraHMYeCKOM
MPOAYKIIUU XOPOIIO CHOPMHUPOBAH, BUHO COCTABISET
BXHYIO YacTh 3TOTO PhIHKA ¢ foeit bonee 10% ot obrero
o0beMa BUHOJENBYeCKON pomyKiuu [37].

OcHoBHas ues ONOAMHAMIYECKOTO 3EMIIEACIIH
3aKJII0YAaeTCs B TOM, YTO KaXablil 00pabaTbIiBaeMBbIil
YY4acCTOK pPAacCMAaTPUBAETCS KaK >KHUBas, CJIOXHAs,
camMoperyaupyemMast 3KOCHCTEMa, HEpa3phIBHO CBA3aHHAS
€ KOCMOCOM U sBIIsifonasics ero yacteio [38]. HecmoTpst
Ha TO, YTO OWOJMHAMUYECKUE CTaHIAPTHI TOXOKH
Ha TIPUHIUIBI OPTaHUYECKOTO CEIhCKOTO XO3SHCTBA,
OHH OTIMYAIOTCS HWCIONB30BAHUEM  CIIEIIHAIBHO
pa3paboTaHHBIX OMOAMHAMHYECKHX IPEHapaToB s
pacTeHui, MouBbl 1 KOMIOCTOB. Kpome Toro, B oTiinuune
OT OPTaHUYECKON OMOTMHAMUYECKAS CHCTEMAa HAXOAUTCS
BHE C()epbl TOCYIAPCTBEHHOTO PErYJIUPOBAHUS, U IO
TaKoO! MPOAYKIUU HA PHIHKE HEBEIUKA.

B cBoro ouepens, TpaaUIMOHHBIE CHUCTEMBI
BBIPAIIMBAHKS XapaKTEePH3YIOTCs OONBIIMM pa3HOOOpazueM
CIOCOOO0B PACIONOKEHNS BHHOTPAJHAKOB Ha MECTHOCTH,
00pabOTKH ITOYBHI M YXO/Ia 32 BUHOTPATHBIMHU JIO3aMH.
‘YpoBeHb arpOTEXHUKH ¥ TIPIMEHSIEMbIE arpOTEXHOIOTHH
3aBHCSIT OT pa3Mepa X035HCTB, PUHAHCOBBIX BOSMOXKHOCTEH
TPEANPUATHS U YPOBHS KOMIICTEHTHOCTH CIICIIMAIMCTOB,
MOYBECHHO-KIMMATUUECKUX YCIOBUH M JIaHAIMA(THBIX
0COOCHHOCTEW TEPPUTOPHUH, HA KOTOPBIX PACHONIArar0TCs
BUHOTPAJITHUKH, H TPOYUX (PAKTOPOB.

BimstiHIIO arporeHHbIX ()akToOpoB B OTIEIBHOCTH H MX
COUYETaHWS Ha MPOAYKTUBHOCTH BHHOTPA/Ia M KOMITOHEHTEI
OKpyXXaroliel cpeapl B XO3SMCTBaxX C pa3sHbIMU
CHUCTEMaMH 3eMJICTIONH30BAHMS TIOCBSIIIEHO MHOKECTBO
Hay4YHBIX UccienoBanuii [39]. bonpmuHCTBO aBTOPOB
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CXOJSTCSI BO MHEHHH O TOM, YTO ITOYBbI OPraHMYECKUX
BUHOJICITFIECKUX XO3HUCTB UMEIOT OoJiee ONaronpusTHIC
(hU3UKO-XMIMHUYECKIE 1 MAKPOOHOIOTHIECKUE TIOKA3aTeITN
IO CPABHEHUIO C TPATUIIMOHHBIMU [40]. AHATOTHYHBII
BBIBOJ] OBLI ClIEJIaH 110 Pe3yJbTaraM HallliX UCCIIeT0BAHNH,
nposeneHHbIX mon CeBactomoneM [35].

B To e Bpemsi HEOOXOMUMO YYWUTHIBaTh TOT
¢axt, uTo MeabconepKaipe QyHTUIHIbI Pa3peleHb]
K FICTIONTB30BAHHIO, B TOM YHCJIE B OPraHMYECKHX XO3SHCTBRAX,
I7Ie OHH SABJISFOTCSI ITOYaC €IUHCTBEHHBIM (D (HEKTUBHBIM
CPEICTBOM ISt OOPHOBI C OONE3HIMU BUHOTPATHOM JIO3BI.
IToaTOoMy TIpoOIiTeMa Mei B OpTaHUIECKUAX X03IHCTBAaX
HE TONBKO He CHUMAETCsI, HO M 3a4acTYI0 CTOHT Oosiee 0CTpo
3a CYEeT TOTO, YTO allbTEPHATUBEI B BU/IE OPTaHUIECKIX
MECTULIUIOB JJISl TAKUX XO3SHUCTB HE cymiecTByeT [41].

Jaxe B 3a0pomeHHsIX 100-7IeTHHX BUHOTPATHIKAX,
Ha KOTOPBIX MEILCOJICPIKAIIIME MTPETapaThl HE MPUMEHSITUCH
B TedeHue nocuennux 40 net, Mpl HaOMODAMH d3PPEKT
UX IOCJIENECHCTBHSI, KOTOPBIM 3aKIOYAICS HE TOJBKO
B HAKOIUIEHUW MEIH B IOYBE BBIIIEC yCTAHOBICHHBIX
HOPMAaTHBHBIX 3HAYECHHH, HO B PSJIE CIIY4aeB M B OMACHBIX
KOJIMYECTBaX — B SIroiax BUHOTpaza [42].

OTOT (haKT HEOOXOIMMO YIUTHIBATE TP ITEPEBOIC
BUHOTPATHUKOB C TPAJUIIMOHHONW HA OPraHUYECCKYIO
CHUCTEMY 3eMIICIeTHS, a TaKke TIIPH BBEIECHUHN
B CEJIbCKOXO3AWCTBEHHBIH OOOPOT 3alie)KHBIX TOYB
TIOCJIE JUTUTETBHOTO BO3/ENBIBAHIS HA HUX BHHOTPAIHBIX
HacaXX/ICHUH paHee.

Harmm viccnenoBanust BEISIBIIIH U 3aMETHO OOJTbIIIEe
co/iepKaHMe TOABUKHOM cepbl B IMOYBAX XO3SHCTB
C OpPraHMYECKON CHCTEMOW 3eMIICIIOIb30BAHUS, YTO
TaKXe CBA3aHO C pa3pellIeHHbIM IPUMEHEHHEM JJAaHHOTO
3NIEMEHTA TPH POU3BOJICTBE OPTaHUYECCKON MPOITYKIINU
B COCTaBe (DYHTHITNIOB, aKAPHUIIHIOB M PETIEIUIEHTOB.

Cucrema BeJCHUS KyCTa U PAaCIIOJIIOKCHHE
BHUHOTPAJJHMKA Ha CKJIOHAX HE TOJIBKO BIHUSIOT HA YCIOBUS
WHCOJISILIMA M TPOJYBAEMOCTH KYCTOB, HO U HUMEIOT
OTIpe/ieJICHHbIE JKOJIIOTHYECKHE TOCHenCTBUA. Taxk,
B HallIMX UCCJICNOBAHMSIX HA BUHOTPAIHUKAX HHTCHCHBHOTO
Tina B BoeBomwHe NOKa3aHO, YTO PacHoOJIOKEHUE
psA70B BHHOTpaaa (BepTUKajbHAs IIIanepa) BIOJb
CKJIOHA KPYTH3HOH 5-13° cocoOCcTBOBaIO aKTUBHOMY
Pa3BUTHIO 3PO3HOHHBIX MPOIIECCOB, YTO YCYTYOISIIOCH
HEOIHOKPATHOM KYJIbTUBAIMEH MKy PSIUN B TCUCHUE
BEre€TalMOHHOTO MTEPHO/IA.

Bompoc 0 Heo0XoIMMOCTH MEKITYpSTHBIX 00pabOTOK
BHHOTPAJIa TAK)Ke OCTAETCS AUCKYCCHOHHBIM U ITHUPOKO
00CyX1aeTCs B HAyYHBIX TIEPUOANYECKHX u3anusX. [Ipu
MPOBEICHNH ITOYBEHHO-3KOJIOTHIECKOTO MOHUTOPHHTA
Y aHAIIM3¢e Pe3yJIbTaToB HCCIEI0BAHNH 00513aTeIbHO HYKHO
YUYUTHIBATh IPUMEHSEMYTO B BUHOEIBUECKOM XO3SIHCTBE
CUCTEMY YITPABJICHHS MEXIYPSIbIMU.

[penmyiiecTBOM CHCTEMBI YEPHOTO Mapa SBISETCS
CHIDKCHHE KOHKYPEHIIUH CO CTOPOHBI COPHBIX PaCTCHUI
3a BOAY, OCOOCHHO B PETHOHAX C HEAOCTATOYHBIM
KOJTMYECTBOM aTMOC(EpHO# BIIary, CO3MaHNe YCIIOBHM JIs
JIYYIIEeTO MPOHUKHOBEHUSI M COXPAHCHHUS BJIary B MOYBE,
o0JreryeHrst KOHTPOIIS 32 YHCIEHHOCTHIO BO30yIHTeNeH
3a0oJeBaHMl U BpeauTesei [14].

CTOpOHHUKH  COXpPAHEHHS  MEXAYPSIHON
PacTUTENBHOCTH, 0COOEHHO ¢ 6000BBHIM KOMIIOHEHTOM
B €€ COCTaBe, HA00OPOT, ApTyMEHTUPYIOT 3TO YITYqIICHHEM
(u3nUeCcKUX U OHOOTHYECKUX CBOMCTB TTOYBBI, CO3IAHUEM
Oosee OaroNpUATHBIX MUKPOKINMATHIECKUX yCIOBUH
JUISl paCTeHUI BUHOTPa/a, MOBBILIEHUEM UX YCTOMYMBOCTH
K Oose3HsM u Bpeautessm [43].

Cucrema BeieHUS MEXTyPAINA MOXKET OKa3aTh
CYIIECTBEHHOE BIHMSHWE HA ITUIOTHOCTh TIOYBBHI, €e
OHMOIOrHYECKyI0 aKTUBHOCTb, TEMIIBI MUHEPATHU3AIIUI
OPraHUYECKOTO BEIIECTBA, €r0 KOJIWYECTBEHHBIE
Y Ka9eCTBEHHBIE XapaKTePUCTUKH, CKOPOCTh U CTETIEHb
pa3BUTUS  DPO3MOHHBIX  IPOIECCOB,  MOIIHOCTh
TJIOOPOTHOTO CITOS | T.10. [44].

[lupoko mpuMeHseMas B BHUHOTPaJHUKAX
MexaHu4ecKast 00paboTKka MoYBHI (Ce30HHAsI TITyOOKast
BCIIAIlIKa, YN3eJIeBaHNe, Pa3HOITyOHMHHBIE KyJIBTUBALIUU
U TEepUOANYECKOe OOHOBJCHHME IUIAHTaXka) MOTYT
WU3MEHUTh KapTHHY HAKOILJICHUS U BHYTPUIIPOGUIEHOTO
pacrpeneneHuss MeIu M JIPYTHX TSDKEIBIX METajuIoB
B MTOYBE aMITEIOIEHO30B.

Heo0xommumo y4auThIBaTh 1 €KErOIHO MPaKTUKyeMoe
B OTIPE/ICIICHHBIX KIIMMAaTHYEeCKIX 30HaX YKPBITHE KyCTOB
3eMJISIHBIM BaJIOM (II€peMEIICHUE TIOYBBI U3 MEXITYPS AU
K psAgaM ¢ PacTCHHSIMH) C TOCIEIYIOIMICH OTIaIIKOM
YKPBIBHBIX BaJIOB B BECEHHUU Iepuoj. Ban BbICOTOM
20-25 cM mpu3BaH 00ECTIEUNTh HAISKHYTO 3aIIUTy KyCTOB
OT MOpO30B.

Bo3morkHO, IepeMeInBaHue TIOUBBI B PE3yIbTaTe
e TMIOCTOSTHHOTO MEPeMEIIeHHUST 13 MEXIYPAANI K KycTam
1 00paTHO SIBISAETCS IPHIUHOMN OTCYTCTBHS JJOCTOBEPHBIX
pasIuUMil B COAEpKAaHUU MENU B MOYBE, OTOOpaHHOM
B psax BHHOTPaJa U MEKAYPSIAbIX, OTMECUCHHOMN
B HMCCIIEAOBAHUAX (B TOM YHCIIC B HAIIUX), HECMOTPS
Ha 00paboTKy XMMUYECKHMU CPEZICTBAMU 3aLLUTHI PACTCHUH
B psinax [30]. 11 BUHOTpaJHUKOB ¢ 00padaThIBacMBIMHU
MEXyPAIbIMH 3TO MO3BOJISET COKPATUTH MPOTPAMMY
MOHHUTOPHHTOBBIX UCCIIEIOBAHHHN U COKOHOMHTH PECYPCHI.
B To ke Bpems MexaHWUYecKue, PU3UKO-XUMHUIECKHE
Y MUKPOOHOJIOTHYECKHE TTOKA3aTeNH TI0YBBI B MY PSIBIX
C TIOCTOSIHHBIM 33JIEPHEHHEM MOTYT UIMETh CYIIIECTBEHHBIE
OTIMYUSL OT TOYBBI, OTOOPaHHOW HEMOCPEICTBEHHO
B psnax [45].

[myOokast Beralika 1 Yu3esieBaHue TOYBbI IPOBOIATCS
oceHpl0 Ha miyomHy mo 30-35 cMm, mepuommdeckoe
OOHOBJICHHE IIaHTaXKa — OJIMH pa3 B 3-4 Toj1a Ha TITyOUHY
no 70 cm. IlpousBoaumoe MpU ATOM BEPTHUKAIBHOE
nepeMeleHre BEPXHUX CIOEB MOYBBI CHOCOOCTBYET
TIPOHUKHOBEHHIO MEJIH 1 APYTHX 3arPS3HSIONINX BEIIECTB
B ITyOb [TOYBEHHOT'O MPO(UIIS U €€ PACTIPEICITICHHIO B HEM,
YTO ¥ HAOJTIONAIOCH B 3AJISKHOM TTOYBE MOCIE JTTUTEHLHOTO
KyJIbTUBUPOBaHMA BUHOTpasaa B peruone Opymka [opa
COIIACHO IPHUBEIEHHOMY BhIIIE onucanuto. [loaromy npu
MIPOBE/ICHNH MTOYBEHHO-3KOJIOTHIECKHUX HCCIIeOBAaHUI
Ha BUHOTPA/IHUKAX 11e7I€CO00pa3HO HE OTPaHUYUBATHCS
ropuszonToM 0-30 cM m oTOmparh o0Opas3ibl U3 Oojee
DIyOOKUX CJIOEB MOYBHI JUIsl OOJIBINCH HHPOPMATUBHOCTH
W Jy4IIeTO TMOHWMAaHHWS IMPOUCXOIIIINX IPOIECCOB
MUTpaly TOKCUKAaHTOB. /{71 KynbTypbl BUHOTpaja 3T0
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uMeeT 0coboe 3HaYeHUEe, TaK KaK KOPHH BUHOTPAJHOTO
pacTeHus MOTYT PaCpPOCTPAHATHCS Ha TITyOHUHY B HECKOJIBKO
METPOB B TIOMCKaX BJard, 4TO OCOOCHHO OTYETINBO
MIPOSIBIIIETCS B YCIIOBHAX 3aCYILTHBOTO KIIMMATa.

I'myOokast mexaHWuYeckas o0OpabOTKa TMOYBBI
BUHOTPA/THAKOB, TUIAHTAXKHAS BCTIAIIKA [IPH TTePe3aKITaIKe
BUHOTPaJHUKAa M OOHOBJIEHUM IUIAHTaXa IPUBOASAT
K KOPEHHBIM H3MEHEHHUSIM T€HETHUYECKOTO CIIOKEHHS
TIOYBBI CO B3aUMHBIM NEPEMELIIEHHEM CIIOEB ¥ TOPU30HTOB
B BEPTUKAJIbHOM HarpasieHuu. [lepemeniBanue maxoTHOro
Y MOJNaXOTHOTO TOPU30HTOB MOUBBI MOXET NMPUBECTH
K HEpaBHOMEPHOMY paclpeielIeHHI0 OPTaHuYEeCKOTO
BEIIECTBA IO MPOQII0 C MUKOM B HIDKEIEKAIINX
CIOSIX TOYBBI  BCJENCTBHE COpachbIBaHWS BHHU3
000TaIeHHOr0 TYMYCOM BEPXHETO CIIOS. DTH 0COOCHHOCTH
arpoTeXHOJIOTMYECKIX MPFEMOB Ha TTI0YBAX aMITENIOIEHO30B
Taroke He0OXOMMO YIUTHIBATH MPH TPOBEJCHIN aHaIN3a
MoKasaTeJiel ITOYBEHHOTO III0IOPOANSI, OMOIOTHYECKOH
AKTUBHOCTH IIOYBBI, JIATEPAIbHOTO W PaIUaIBHOTO
pacrpeeleHus BAIOBOTO COJEPXAHUS M CONCPIKAHUS
MOABWXHBIX (POPM TSDKETIBIX METaJIOB, COIEPKAHUS
OCTaTOYHBIX KOJUYECTB MECTUINIOB U T.1.

B ammenoneHo3ax arporeHHele (GakTOpbl TECHO
NEeperieTaloTcsl € JIOKAJBHBIMH ~ OCOOEHHOCTSIMU
nanqmadToB. [IpumeHsieMble arpoTeXHOJIOTHYECKHE
MpUEMbl  BBIpAIIMBaHHWA BUHOTPaga B  KaXJIOM
BUHOJICIBUECKOM XO035HICTBE HMEIOT CBOIO CIICIUPUKY:
OHH MOTYT YCHJIUTh WM, HATIPOTHUB, OCIIA0HTH MPOSIBIICHNE
naaamadTHRIX XapaKTepPUCTHK MecTHOCTH. Hanpumep,
B peruone @pyika ['opa B BoeBonrHe Mbl HccnenoBaiu
HEeOOITBIION YaCTHRIN BHHOTPATHIK, KOTOPBIA B TEUECHHE
nopsaka 200 ner KyJabTHBUPOBAJICS IO apXauyHOU
TEXHOIIOTUU B BHJE INTaMOOB — OTAEIHHO CTOSIIMX
KYCTOB BUHOIpa/ia 6€3 o1op, paBHOMEPHO PaCIIONOKEHHBIX
M0 BCEMY BBIPOBHEHHOMY, MOCTOSIHHO 33JIEPHEHHOMY
€CTECTBEHHON JIyrOBOM pacCTHUTEIBHOCTBIO CKJIOHY
kpytuzHoit 10°. Xapakrep pachpenesneHuss Meau,
MapraHia, XpomMa 1 koOaibTa 1mokasal npeoodiaganme
UX paJraiIbHON MUTPAIMH HaJl TaTepalbHOM, BO3MOXKHO,
B CBSI3M C HX 3aKpeIyIeHHEM B KOpPHEOOHTaeMOM 30HE TTOUBHI
¥ aKTUBHBIM BBIHOCOM JIyTOBOM PAaCTHTENHFHOCTHIO. Tem
He MeHee OblTa yCTaHOBIICHA U BRIpayKeHHas JTaTepaibHas
MUTPAIUS MEITU C 30HOH aKKyMYJIALINH B HU)KHEH 9acTH
CKJIOHA CO 3HAYCHHAMH KOI(PDHUITNEHTA JIaTepaTbHOM
mahdeperimanyy B ropuzonte 15-30 oM, TocTUTArOIIMA
4,00 u 5,57 B nepuMeTpe KPOHbI KYCTOB M MEXIY KyCTaMHU
coOoTBeTCTBeHHO. He00X0AMMO OTMETHTD, Y4TO B YCIIOBHUSIX
OTCYTCTBHS MEXaHHUYECKOH 0OpabOTKH conxepKaHue
OPraHUYECKOTO BEIIeCTBA B II0YBE MOTYMHSAIOCH
€ro KJIaCCHYECKOMY MNPOQHILHOMY paclpeaAcIeHUI0
C MaKCUMyMOM B IIOBEPXHOCTHOM ropusonTte 0-5 cm.

BriBoabI
Conclusions
ITouBEeHHO-3KOJIOTUYE CKUH MOHHUTOPHUHT

aMIIEJIOLEHO30B IIPEJ0CTABIISAET 3aUHTEPECOBAHHBIM
JIMIIaM BCIO HEOOXOIMMYIO aKTyalbHYyI0 HH(OpMaIHIo,

MO3BOJISIONIYI0  NMPUHUMATh  arpo’dKOJOTHYECKH
000CHOBaHHBIE  pEIIEHUsS 1O  YNPaBICHUIO
BUHOI'paJHUKaMMU B NLEIAX HOPCAOCTABICHUA HMHU
HSKOCUCTEMHBIX YyCIYI W COXpaHEHUs KadecTBa
OKpy>Karollel MpUpOAHOIL cpenbl. B ctarbe paccMOTpeHbI
JUIIHL HEKOTOPBIE aCHEeKTHI, KOTOpbIe HEeoOXOIUMO
IMPUHHAMATh BO BHUMAHHWC ITPU NOATOTOBKE U MPOBECACHUN
MOYBEHHO-IKOJIOTUYECKOTO MOHUTOPHHTA B YCIOBUAX
arpo3KOCUCTEM BUHOTPAIHUKOB, C KOTOPBIMHU MPHUIILIOCH
CTONKHYTHCSI aBTOpaM IpPH MPOBEACHUH MOTOOHBIX
uccnenopannit B Kpeimy u Pecnybmuke CepOum.
OnHaKo OHH HATJISHO JEMOHCTPHUPYIOT CIOXHOCTH
Y MHOTOTPAHHOCTH JaHHOTO 00BEKTa HCCIIeIOBaHUH,
YTO B CBOIO 0YEPE/Ib MPEAONPEALIISICT KOMIUICKCHOCTh
METOJIMYECKUX TMOJIXOMAOB K MOHUTOPHUHTY U €Tro
arposKOJIOTMYECKON OICHKE.

Kaxapiif BUHOTpaZHUK — 3TO YHHUKaJbHBII
pe3yibpTar B3aI/IMOIleI>'ICTBHH JIOKaJIBHBIX KIIMMaTUYCCKHUX,
TOHorpauIeCcKuX, »SNapuUecKuXx © arporeHHBIX
(haKTOpPOB, KOTOPBI B BHUHOMACIHMH MPHUHITO CUUTATh
teppyapom. Hamoxxerne 3tux (akTopoB ApYT Ha Apyra
B COUCTAHUH C BO3JICHCTBUEM Pa3IMUHBIX TEXHOTCHHBIX
HCTOYHHUKOB MOXET IIPUBOAUTL K HCEOJHO3HAYHBIM
WU3MEHEHUSIM KOMIIOHEHTOB OKpYXKAaIoIlel cpembl
B [IpeJieIax BUHOIPAIHUKA U CONPSKEHHBIX TEPPUTOPUI,
HE XapaKTePHBIX IS IPUPOIHBIX JTaHIIIa(TOB.

B YaCTHOCTH, MOT'YT 3HAQYUTCIIbHO MCHATHCA COCTAaB
Y UTHTEHCHBHOCTh TEOXMMHYECKHX IOTOKOB TEXHOTEHHBIX
BEILIECTB YepPe3 arpOIKOCUCTEMBI ¢ (POPMUPOBAHUEM 30H
aKKyMYJAIINA W PaCCEMBAHMUSA, XapaKTep HAKOTUICHUS
U TepepacnpeiejicHus 1Mo MPOQUII0 OPraHUuYECKOTO
BEIIECTBA M €T0 KaueCTBEHHBIH COCTaB, YCHIIMBATHCS
TIOBEPXHOCTHBIA CTOK Ha SPO3HMOHHO OMACHBIX YYaCTKAX,
OXBAaTBIBAIOIINX B IIEPBYIO OYEPENb MEXIYPAIbs
Y MarucTpalibHbIE IOPOTH BUHOTPAJIHIUKOB, PACTIONIOKEHHBIX
B TOPHOM JaHmagTe.

[lepeuricneHHbIE U POYHE ACTIEKTHI BBHI3BIBAIOT
HEOOXOIMMOCTh TIIATEIIFHOTO M3YYEHUS B paMKax
arpodKOJIOTHYECKOTO ~ MOHHUTOPWHTA  JIOKAITBHBIX
0coOeHHOCTEH B3auMOJICHCTBHIS PUPOAHBIX, arPOreHHBIX
Y TEXHOTEHHBIX (DAKTOPOB, a TAKKe BCECTOPOHHEH OIIEHKH
KOMOMHATOPHKH IPOU3BOIMIMOTO UMH SKOJIOTHYECKOTO
s derra — Kak MoJOKUATEITHHOTO, TAK U OTPHUIIATEITBHOTO.

Pesynbrarsl IpoBEIEHHBIX CCIIEOBAHMI TOKA3aIH,
YTO KJIACCHYECKOE ONPE/ICTICHHE TOKa3aTeNIe COCTOSHUS
TIOYB B CITy4ae C aMIIENIONeH03aM1 HeOOXOIUMO JIOTIONHSITh
OKOT'COXMMHUYCCKNMU UCCIICTIOBAHUAMU, 0COOEHHO B 4acTH
YpOBHEH HAKOIJICHUS M MUTPAIUN COSTUHEHHUA MeIn
U TIOJIBYXKHOM CEPBI C YUETOM JIAHIIIATHBIX 0COOCHHOCTEH
TEPPUTOPHH, a TAKXKE MMOKA3aTEeNIMU OHOIOTHYECKON
AKTUBHOCTH IIOYBBI, KOTOPHIC BBICTYIAIOT PaHHUMH
WHIUKATOPaMH TPOUCXOSAIINX HETaTHBHBIX H3MEHEHHUIH
B arpo3KOCUCTEME BUHOTPATHUKOB. B mocnieHem ciyvae
B KaQUE€CTBC I/IH(I)OpMaTI/IBHOI“O U TIOJIE3HOI'O MHCTPYMECHTA
CHUCTEMHOTO aHainu3a MPOOJIEMHBIX ASKOJIOTHYECKUX
CI/ITyaIII/Iﬁ BBICTYIIAIOT BKO(i)I/ISI/IOJIOFI/ILIeCKI/Ie HHIOCKCHI,
JIEMOHCTPHUPYIOIIUE aKTyaJbHBIH CTAaTyC MMOYBEHHOTO
MHUKpOOHOMa.
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IPPekTUBHOCTD KUAKUX OOPHBIX MUKPOYI100pPEeHUIl B TEXHOJIOTHU BO3/1€IbIBAHUSA CON

Mapuna ®@enpoposna Kperiosa, Bagum Asekcanaposuny Kpeuios,
Ousbra I'aspusioBHa BosiodyeBa, Cepreii Jleonunnosuu bBesionyxos

! Poccuiickuii rocynapcTBeHHbIH arpapubiii yauBepcuteT — MCXA umenn K.A. TumupsizeBa, Poccus
ABTOp, 0TBETCTBeHHBII 3a mepenncky: Bagum Anexcanaposud Kpeuos; kryloff.vadim2015@yandex.ru

AHHOTALMA

B Hacrosimee Bpemst cost proOperaeT OObIIOe 3HAYEHHE KaK BBICOKONPOMAYKTHBHAs OENIKOBasi U Map)KHHAIIbHAS KYJIBTYpa.
[ToceBHble TIOmAMM 1O COEH B HamIel CTpaHe €XKEroJHO YBEIWYMBAIOTCS. Pemaroiiyio ponb B MOMYYEHHH CTaOMIBHBIX
¥ Ka4eCTBEHHBIX YPOKAacB COM HIPAIOT MPHUMEHSIEMbIC arpoTeXHONOrHH. ViccnenoBanus MPOBOAMIN C LETBIO ONMpeeTICHNs
addexTuBHOCTH KHUAKNX OOpHBIX MHKpoynoOpenuit M3arpu bop u Jle6o3om bop B TeXHOJOrMH BO3AENBIBAHKS COU COpPTa
Buproza. B pesynbrare mpoBeeHHOTO IPOM3BOACTBEHHOIO OIBITa B yCIOBUsIX OpIJIOBCKOIM 0071acTH Ha TEMHO-CEpOil JIeCHON
TIOYBE YCTAHOBJIEHA IIOJIOXKHMTEIbHAsT POJb OOPHBIX MHUKpPOYAOOpEHWH Ha IPOAYKTUBHOCTH coM. HekopHeBas o0OpaboTka
MHKpPOYIOOpEeHHsMH COH B (ha3y OyTOHHM3AIMK CIIOCOOCTBOBaJIa M3MEHEHHIO CTPYKTYPBI YpOKasi, HOBBIIICHHIO KOJIMYECTBA
06000B Ha omHO pacteHue M Macchl 1000 cemsiH. BBISBIEHO BIMSIHHE XUIKUX OOPHBIX MUKPOYAOOpEHHI Ha YPOXKAMHOCTH
COM B pe3ylbrare IPOBEACHUS MEXaHW3UPOBAHHOW YOOpKM KyinbsTypbl. OTMedaeTcss YBEIMYEHHE YPOXKailHOCTH cou
Ha 3,6-3,8 11/ra 1o OTHOIICHHE K KOHTPOITIO. B OITBITax MO/ BIMSHNAEM JICTOBBIX YIOOPEHHH YITyUIIIIOCH Ka9eCTBO MPOTYKITHHL.
HHcTpyMeHTalTbHBIC METOIBI aHAJTU3a TIOMOIIM YCTaHOBUTh, uT0 npuMmeHeHue M3arpu bop u JIebo3om bop crocobcTroBaio
YBEJIMUESHHIO COIepKaHus Oelka 1 kupa B 3epHe cor Ha 1,5-2,5% 1o oTHomeHuIo K BapHanTy 6e3 o0paboTky.

KutoueBble ciioBa
cost, O0p, KHUAKHE MHUKPOYIOOPEHHsI, YPOXKaHHOCTh, KaueCTBO MPOMYKIIMU, HEKOpHEBas o0paboTKa, BO3AEIbIBAHUE COH,
MPUMEHCHHUE MUKPOYIOOPCHHUN B BO3/ICIIBIBAHUH COU
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Efficiency of liquid boron microfertilizers in soybean cultivation technology
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Abstract

Nowadays, soybean is gaining great importance as a high-yielding protein and margin crop. The soybean area in our country
is increasing every year. The applied agro-technologies play a crucial role in obtaining stable and high quality soybean
yields. Studies were conducted to determine the effectiveness of liquid boron microfertilizers Izagri Bor and Lebozol Bor
in the technology of soybean cultivation of Biryuza variety. The results of the conducted production experiment on dark
gray forest soil in the conditions of the Oryol Region established the positive role of boron microfertilizers on the soybean
productivity of soybeans. The foliar treatment of soybean with microfertilizers in the budding phase contributed
to the change in the yield structure, increase in the number of beans per plant and Thousand Seed Weight. The effect
of liquid boron microfertilizers on soybean yield as a result of mechanized harvesting of the crop was revealed. An increase
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in soybean yield by 3.6-3.8 c/ha over the control was observed. In the experiments with foliar fertilizers, the quality
of the products improved. Instrumental analysis showed that the use of Izagri Bor and Lebozol Bor contributed to an
increase of 1.5-2.5% in the protein and fat content of the soybean grain compared to the non-treated variety.

Keywords

soybean, boron, liquid microfertilizers, yield, product quality, foliar treatment, soybean cultivation, use of microfertilizers
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BBenenune
Introduction

Cos (Glycine max (L.) Merrill) — oHa 13 OCHOBHBIX
CEITECKOXO3SIMCTBEHHBIX KYJBTYP B MUPE, KOTOpas UMEET
NOMYJISAPHOCTh Onarofapsi BBICOKOMY COIECPKaHUIO
Oenka. B cpemnem conmepxanue Oenka B 3€pHE COM
u3MeHsiercs: B mpenenax 35-45%. Ee Bo3menbiBaoT
B KaueCTBE IIHIIEBOM, KOPMOM H TEXHUYECKOU
KynsTyp [1, 2].

IToceBuble mnommanu mmox coeit B PO u3 roxa B rox
yBennuuBarotcs. Tak, o0mas moceBHas IIIOMIAb IO
JaHHyo KynsTypy B 2015 I cocraBuna 2,1 miH ra, B 2020 0 —
2,9 miH ra, B 2024 . — 4,3 MIIH T4, U 110 IPEABAPUTENHEHBIM
JTAaHHBIM, [TOCEBBI B 2025 . NPOTHO3UPYIOTCS HA YPOBHE
qyTh Oonee 5 MitH ra. CTOUT OTMETHUTD, YTO reorpadus
COM Ha CETOAHAIIHUHN JeHb JOCTATOYHO MINPOKA, H €CITH
paHbIIIe BeAyIHE O3UIMH [0 00beMY IIIOIIAIeH 3aHIMaI
Hanpauit BocTok, B 9acTHOCTH, AMypcKasi 00JacTs,
TO Teneps Gokyc cMecTmics B LleHTpanpHo-UepHo3eMHy 0
30HY — Oosee 1,5 mutH ra. OpiioBckast 00J1acThb SIBIISETCSI
HE HCKJIIOYEHHEM B 3TOM OTHoUIeHUHU. B 2024 . moceBHbIe
wiomaan B OpiaoBckoi 001acTH Mo COX0 COCTABUIIN
197 TBIc. Ta, W HAa 30% OoONBIIE TIO CPaBHEHUIO
C MPEBIAYIINAM rooM .

3Ha4UTENbHAS POTb B YIIPABIEHUN IPOTYKTUBHOCTBIO
COM OTBOZUTCS arpoTexHoiormsM. Hayano obocHoBaHHOE
U aJanTHUBHOE NPUMEHEHHE pa3jIMYHBIX COpPTOB,
CpENCTB XMMHYECKUX CPEACTB PacTeHHH, yIOOpeHHH,
POCTPEryIUPYIOIINX BEIIECTB, O0OpabOTKM TIOYB
U T.JI. TO3BOJISIET MUHUMHU3HPOBATh PUCKH, CBA3aHHBIE
C HeONMaronpUATHBIMU (haKTOPAMH, H TIOYIHTh HAHOOIBIIIHIA
BBIXOJ] IPOIYKIUH C €IMHMIBI TUIOMIAIN C BBICOKHM
conepxanneM Oenka [3-6]. [lockoiabKy cost OTHOCUTCS
K 000OBBIM KyNObTypaMm, OHa MpPEIbsBIIET O0COOBIE
TpeOOBaHMS K ANIEMEHTaM ITUTAHNUS, KOTOPBIE IPHHIMAIOT
ydactue B a30THOM oOmene [7-9]. OmHUM M3 Takux
3NEMEHTOB ABIsieTCs 60p. OH UrpaeT CyIECTBEHHYIO POJIb
B TIPOIIeCCax OTUTOJOTBOPEHMSI, TPOPACTAHUS TBLIBIIEI,
OTTOKa aCCHMUJISIHTOB, 00pa3oBaHusi KIyOeHBKOB. OJJHAKO

! TIoceBHBICTLIONIA M, BAIOBBIC COOPBIN Y POXKAHHOCTh
CEJILCKOXO3SIMCTBEHHBIX KYJIBTYp B Poccuiickoit denepaunu
B 2024 romy (mpenBapuTeibHBIC NaHHBIC): bromneTeHb.
https://rosstat.gov.ru/compendium/document/13277.

ycBOEHHE Oopa coell M3 OBl HE BCEIIA IIPOHCXOANUT
JOJKHBIM 00pa3oMm.

Henn uccnenoBanmii: onpeseneHye 3pQGeKTHBHOCTH
XKHUAKUX OOpHBIX MUKpoyroOpenuit Mzarpu bop u Jlebozon
Bop B TexHoNOrMM BO3AenbIBaHHS cou copTa buprosa.

MeToauka uccjie0BaHuH
Research method

Uzyuyenne 5((GEKTHBHOCTH JKUAKHX OOPHBIX
MUKPOYIOOpEHH Ha CO€ TPOBOAMIOCH B YCIOBHUSIX
Opmnogckoii obmactu OproBckoro paiiona, 11. Koznbl, Ha 6ase
I'K(®)XMUII Kymermos FOpwuit HukomaeBmd (koopauHaThI
ydacTka: 52.781054, 36.008663). ArpoMeTeopooruieckue
ycioBust B ce30He 2024 T. CKIIaIpIBATNCEH ONArompusITHO JUIS
pocTa ¥ pa3BUTHS COM. KonmuecTBo BRIMABIINX OCAIKOB
C MIIOHS IO CEHTAOPH coCcTaBIIo 249,1 MM, YTO XapaKTepHO
IUISL CPEeTHEMHOTOJICTHUX TToKazareieit. Hanbompmiee
KosmuecTBO ocakoB Bbimaio B I nexane urons u Il nexane
ntonst. HanMeHnplee KoJIMIecTBO 0CaIKOB OTMEYAIIOCh
B aBrycTe. B Mae Temmeparypa arMochepHOTo Bo3myxa
Obwa BeIe Ha 4 °C 110 CPaBHEHHIO CO CPEHEMHOTONIETHEH
TeMIeparypoil. B ocTanbHbie MECSILBI BECOBBIE OTKIIOHEHUS
B TeMIleparype aTMOC(HEPHOTO BO3AyXa HE BBISBJICHBI.

IlouBa yuacTka — TEeMHO-cepass JecHas
cpenHecymiHKCTas. [1ouBooOpasyroLye 1 HOACTHIIAIONINE
MOPOJbl — OTJICCHHBIC MOKPOBHBIC CYDIMHKU (IATHA
OTIIeeHHs BCTPEYAroTCst ¢ MIyOnHBI 75 cM). CKIIOH —
I0T0-3aMaIHON dKCMo3uLMHU KpyTu3Hoi 0-3°. Penbed
y4acTKa BEIPOBHEHHBIH. ATPOXHMHUYECKIE XapaKTePUCTUKH
nouBsl: pH coneBoil BRITSHKKHY — 5,6-5,8; TUAPOIUTHYECKAST
KHCIOTHOCTH — 2,2 Mr-3kB/100 T mouBkI, rymyca — 3,8%;
COZIep)KaHWEe IIEMEHTOB TIUTAHMUS B TIOYBE, MI/KT TTOYBHI:
cpenHee cofiep KaHue JETKOTHAPOIN3yeMoro a3ota —42,9;
TIOBBIIIIEHHOE cofieprkanne (110 YNpHUKOBY) MTOABIKHOTO
docdopa — 127,7, oOmeHHOTO Kayms — 155,5.

ATpOTEXHHKA OIBITHOTO Yy4YacTKa THIWIHA
JUIss JaHHOTO peruoHa. Jlara ceBa KymbTypbl —
18.05.2024 . Hopma BreiceBa — 700 Thic/Ta. I'myOuna
3a7enKku ceMsH — 3-4 cM. B ombiTe ucnonb3oBancs
copr cou buproza. IlpeamiecTBEHHUKOM SBJISIACH
o3uMas mreHutia. O6padoTKa IMOYBHI BKITIOUAsIa B CEOS
OCEHHee JyIIeHHEe CTepHH U OOpOHOBAHWE IOYBHI
BECHOM C MOCIeAyIoIEeN NPeANOoCEBHON KyIbTUBALIUEH.
IIpu moceBe BHOCHIINCH ynoOpeHUs a3zodocka MapKu
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16:16:16 B moze N,,P,K,,. B kagectBe 3ammTHBIX
MEPOIIPUSATHI OT BPEAHBIX OPTaHM3MOB ObLIa MPOBEIeHA
repOuIIHAs 00padoTKa cMechio mpemnaparoB Hekcyc,
BP + Tpeiicep, KD. Ybopka kyneTypa mpoBelncHa
MEXaHU3UPOBAaHHBIM CITOCOOOM ITPH MTOMOIIN KoMOaitHa
ACROSS585S.

O0paboTKa KUIKUMU OOPHBIMU YIO0OPEHUSIMHU
KyJIBTYpBI IPOBOAMIACH B a3y OyToHU3anuu. B onbite
MCIIOJIb30BAJICS IPULICITHOM ONIPBICKUBATENh Amazone
UX 5200 Super. YmoOpeHHs BHOCHIUCH OTACIHEHO
OT HecTHIHMAHBIX 00padoTok. Hopma paGouero pactBopa
cocraBmia 200 y/ra. B kagecTBe OOPHBIX yAOOpECHMI
ObuTH BRIOpaHB! TpoAyKTH Kommanuii OO0 «U3arpm»
1 000 «JIe6030m». HopMa mprMeHeHns] MEKPOYIOOpEHIMIA —
1 7/ra. Tum ombITa — IPOU3BOACTBEHHBINH, pa3Mep OIBITHON
JernstHk coctanist 0,5 ra. 3akiazika OmbITa U IPOBEICHUE
YYETOB  BBIMOJIHSIUCH COTIIACHO — OOIIETIPUHSITHIM
Merogukam [10, 11]. Hdnga ompeneieHus: CTPyKTYphl
ypoXasi COM Ha KaXIOM BapHaHTE OINbBITa OBUIH
0TOOpaHBI pacTUTENBHBIE 00pa3ip ¢ 1 M? B 5-KpaTHOi
nmoBTopHOCTH. KadecTBeHHBIE [OKa3aTely 3epHa
OIpeIeIIsUTH IIPH TOMOIIN HH(PAKPAaCHOTO aHAIN3aTopa
Mmapku Spectra Star ™XT. Pesynbrarsl nccieqoBaHuit
00paboTaHbl MpHM TIOMOIIM NPOTPAMMHOIO TIaKeTa
Microsoft Office Excel.

Pe3yabTathl M ux 00cyxaeHHe
Results and discussion

AHann3 NOoNy4YeHHBIX JAHHBIX TIOMOT YCTAHOBUTH,
YTO TMPUMEHEHNE JXUAKUX OOPHBIX MHUKPOYIOOpEeHUIH
0Ka3aJI0 MOJIOKUTENTLHOE BIMSIHUE Ha CTPYKTYPY yporKast
com (Tadm. 1).

Yucno 60008 Ha OTHOM PacTeHHH YBETHIMBAIOChH
B CPAaBHEHUH C KOHTPOJIEM Ha BapuaHTe M3arpu bop
Ha 10%, a Jle6o301 bop — 14%. Yucno 3epen B 600e
CYIIECTBEHHO HE M3MEHSIIOCH [0 BapUaHTaM OIIbITa,
3HAYEHUS HaXOIUIUCh Ha ypoBHe 2 mT. DonmapHas
00paboTka ymoOpEeHUSMU COM TOBJIMSIIA HAa Maccy
1000 cemsiH. Ha KOHTPOJABHOM y4acTKe Macca CEMSIH
cocraBuia 141,2 1, B TO BpeMsl KaK Ha OIBITHBIX
BapuanTax Macca 1000 cemsH ObIIa BBITIIE U COCTaBUIIA
149,8-151,5 . YueT Ouonoruyeckoil ypoxaiHOCTH
cou mepell yOOpKOH KyIbTYpbl IMO3BOJMII BBISIBUTH,
YTO HAUMEHbIAasl YPOKAWHOCTh B OTBITE OTMEYAIach
Ha BapuanTe 0e3 oopadotku — 28,73 1/ra. OJHOBPEMEHHO
C OTHM Ha BapWaHTaX C MNPUMEHEHHEM OOpPHBIX
MUKpOyZOOpeHUll Ouojornyeckas ypoKalHOCTh
yBennuuiack Ha 3,3-4,0 1m/ra mo CpaBHEHHIO
C KOHTPOJIBHBIM YYaCTKOM.

[IpoBenenne JIUCTOBBIX 00paboTox
MUKPOYIOOpPEHHSIMH TOBIHUSUIO HAa ypOXKaHHOCTH

Tabmuua 1
CTpyKTypa ypo:Kasi COM B 3aBUCUMOCTHU OT IPUMEHEHH S KUTKUX OOPHBIX MUKPOYI100peHuii
YucJ0 60608 Yuciio 3epen Macca Buonoruyeckas
Bapuanr .
Ha 1 pacTeHuu, mIT. B 000e, IIT. 1000 cemsin, T YpO:KalHOCTB, L/Ta
KonTpoins (6e3 06pabotku) 20,91 2,10 141,2 28,73
W3zarpu Bop 23,03 2,17 151,5 32,03
Jle6o30m1 bop 23,86 2,12 149,8 32,77
HCPOS5 1,63 0,18 53 1,15
Table 1
Soybean yield structure depending on the application of liquid boron microfertilizers
Ovtion Number of beans Number of grains Thousand Seed Biological yield,
p per plant, pcs. in a bean, pcs. Weight, gr c/ha
Control (without treatment) 20.91 2.10 141.2 28.73
Izagri Bor 23.03 2.17 151.5 32.03
Lebozol Bor 23.86 2.12 149.8 32.77
LSDO05 1.63 0.18 53 1.15
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con. Ha BapuanTte 6e3 00pabOTKH ypoxKailHOCTh CON
3a(uKkcupoBaHa Ha ypoBHe 26,8 1/ra. [IpumeHeHue
6opubIX MHKpoynoOpenuit Mzarpu bop u Jlebozon
bop mocToBepHO MOBBICHIIO YPOXKAHHOCTh KYIBTYPHI
(Tabmn. 2). B onmBITHBIX BapuaHTaX ypOXKaiHOCTH COM
MOBBICHJIACH B cpeaHeM Ha 3,7 1/ra, uwiu Ha 13,8%.
Mesx1y OIBITHBIMH BapHAHTaMH Pa3HUIA B YPOKaHHOCTH
HE OTMeYanach.

[Tpumenenne 6opcoaepKaux MEKPOYI0OpEHHIA
OKa3ajo TMOJIOKUTEIBHOE BIHMSHUEC HA YIyYlICHHE
KaueCTBEHHBIX MOKa3aTelel 3epHa cou (tadim. 3).

OTMeEYeHO yBEIMYCHHE COMCPKAHUS MPOTEHHA
Ha 2,5%, xupa —Ha 1,5-2% ot npumenenus Mzarpu bop
u Jle6o3on bop. [lokazatenu comep)kaHust KIeT4aTKH
(5,8-6,2%) u 30151 (6,2-6,4) N3MEHSITUCH HE3HAYUTEITHHO
MO BCEM BapHUaHTaM OIIbITA.

Tabnuna 2
Bansiaue skuakuxX 60pHBIX MEKPOYAO0OpeHHIT HA YPOXKAIHOCTD COH
Bapuant Ypoxkaiinocts, u/ra [puéaBka k KoHTpPOIIO, I/Ta | TIpubdaBKa K KOHTPOJII0, Yo
Kontpous (6e3 00paboTku) 26,8 - -
W3zarpu bop 30,6 3,8 14,2
Jle6o301 bop 30,4 3,6 13,4
HCPO5 1,2 -
Table 2
Effect of liquid boron microfertilizers on soybean yields
Option Yield, c¢/ha Increase to the control, c¢/ha | Increase to the control, %
Control (without treatment) 26.8 - -
Izagri Bor 30.6 3.8 14.2
Lebozol Bor 30.4 3.6 13.4
LSDO05 1.2 -

Tabmmma 3
BausiHue KMAKHX OOPHBIX MHKPOYT00peHH i HA KaYeCTBEHHbIE MOKA3aTe/ N 3epPHA COH
Bapuant Bejok, % Kaeruarka, % Kup, % 3o0aa, %
KonTtpomns (6e3 00paboTkm) 38,15+0,62 6,23+0,34 19,15+0,37 6,43+0,42
W3zarpu Bop 40,66+0,35 5,81+0,42 19,15+0,37 6,15+0,35
Jle60301 bop 40,53+0,51 5,75+0,29 19,15+0,36 6,21+0,38
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Table 3
Effect of liquid boron microfertilizers on quality indicators of soybean grain
Option Protein, % Fiber, % Fat, % Ash, %
Control (without treatment) 38.15+0.62 6.23+0.34 19.15+0.37 6.43+0.42
Izagri Bor 40.66+0.35 5.81+0.42 19.15+0.37 6.15+0.35
Lebozol Bor 40.5340.51 5.75+0.29 19.15+£0.36 6.21+£0.38
BriBoasi 1o 3,8 1/Ta OTHOCUTENHHO KOHTPOJIHHBIX 3HAYCHUH.
Conclusions TToMHrMO KOTMUECTBEHHBIX MTOKA3aTENEN, HCIIOJIh30BAHUE
OOpHBIX  MHUKDOYIOOpEHMI  OKa3ajlio  BIIUSHHE
Pe3ynbraTbl MCHBITAHUM JKMIKUX OOPHBIX Ha KAa4eCTBEHHBIE IIOKA3aTeNld COM, YBEJIUYMUIOCH

MUKpOYAOOpEHUH TOKa3ajdu, 4YTO OIHOKpaTHas
obpaboTka cou B a3y OyTOHHM3ALUH SIBISETCS
s dexTrBHBIM pHeMOM. VIcronb30BaHIE KOMMEPYECKHIX
Mukpoynoopernii Mzarpm bop u Jle6ozom bop
CIT0COOCTBOBAJIO TTOBBIMICHHIO OOIIEH ypoKalHOCTH
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coneprkanue Oenka (oxouo 2,5%) u xupa (oxono 2%).
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Boranuko-reorpadguyecknii anaau3 1eHApPoJIoOpsbI JaHAAPTOB ycanaed

onocgepHoro pesepsara «Kosiorpusckuii jgec»

Adexcanap Bsiuecnasouy Jleoenen'?

' Poccuiickuit rocymapcTBeHHblii arpapubiii yausepcuteT — MCXA nmenn K.A. Tumupsizesa, Mocksa, Poccust
2TocynapcTBEeHHBIN MPpUpOAHBIi 3amoBenuuk «Komorpusckuii necy» umenn M.I. Cununrpiaa, Komorpus, Poccnst

ABTOp, 0OTBETCTBeHHBIIi 32 mepenucky: Anekcanap Bsaecnasosuu Jlebenes; alebedev@rgau-msha.ru

AHHOTALMSA

HWccnenoBanus aeHapoQIIopsl ycaned sBIsIIOTCS aKTyalIbHBIMU U TTO3BOJISIIOT BBISBJISITH HANOOJIEe YCTOHUMBBIE K MECTHBIM
YCIIOBUSIM BHJIbI, UX OHOJIOTO-3KOJIOTHUECKUE OCOOCHHOCTH, pa3padaThiBaTh MPAKTUYECKUE PEKOMEHIAIMU O OXpaHe
¥ BOCCTAHOBJICHHIO HCTOpHYeCKHX NanamadTos. Llens uccnenoBanuii — mpoBeaeHne 60TaHUKO-TeorpaMIecKoro aHaIn3a
JIeHIpodIIopsl B CHUCTEME O3€JIEHEHWS] CTAPHHHBIX ycaje0d, pacloOKEHHBIX B 30HE COTPYAHHYECTBAa OHOC(HEpPHOTO
pesepBata «Komorpusckuii gec» (Koctpomckast o0macts). OOBEKTOM HCCIICAOBAHHUN SIBIAIOTCS 14 MBOPSHCKUX ycaaeo,
PacIONOXKEHHBIX B TPAaHHUIIAX 30HBI COTpyAHMYECTBa OMocgepHoro pesepsara «Komorpusckuii smec». Marepuamamu
JUIS WCCICNOBAaHUS TIOCTY)XKWJIM JaHHBIC HATYypHBIX 00cClenoBaHWi, mpoomuBImmxcs B 2022-2024 1T, u CcBemCHUS
0 MPOCTPAHCTBEHHO-IUIAHMPOBOYHBIX OCOOEHHOCTSX Yycaned, NpelncTaBlIeHHble B HCTOYHUKAX JHUTeparypsl. Bce
coOpaHHBIE MaTepualibl O BBHICAKHBAEMBIX PAHEE AEPEBBIX M KYCTAPHHKAX CHCTEMATH3HPOBAINCH, & OTHECEHHE BHIOB
K (hrropucTHUECKUM KOMIUIEKCaM M THIIAM apeajioB BBIIOJIHSIIOCH C UCIIOIb30BAaHUEM JIAaHHBIX M3 OTKPBITBIX AEKTPOHHBIX
pecypcoB. IlpoBeneHHbIE HCCIEJOBaHMS MOKa3ald, 4YTO JEHApoQIiopa IBOPSIHCKUX ycaned 30HBI COTPYAHUYECTBA
6moceproro peseprara «Komorpusckuii jgec» BkiodaeT B ceOst 43 Buaa u THOpuAa, OTHOCSIIUXCS K 15 cemencTBaM.
HauGonpiree xommyecTBO BUAOB BKIIOYAIOT B cebs Takue cemeiicTBa, kak Rosaceae (11 BunoB), Pinaceae (5 BUmOB)
u Salicaceae (5 BunoB u rubpuoB). bonee nonoBuHb! BUNOB (58%) OTHOCHUTCS K aIBEHTHBHBIM (HEO(HTHI), a00OpUTCHHBIE
BUJIBI COCTaBIIAIOT 28%, KynbTypHbIe — 9%, TnOpuanbie — 5%. Ha nckyccTBeHHBINH 0TOOp APEBECHBIX BUOB U3 A00OPUTCHHON
(hstopBl, 00TaTAIOMINX BHICOKUMH JIEKOPAaTUBHBIMU CBOHCTBAMM WJIM MMEIOLIMMH IHIIEBOE 3HAUYCHHE, YKA3bIBACT OOJNbIIIas
nonst HeMopaibHoi rpynnsl (33%). 13 aJBEeHTHBHBIX B 03€JIEHEHHWH HCIOJIb30BAIUCH MPEUMYIIECTBEHHO BHIBI (Ooiee
2/3), nnst KOTOPBIX €CTECTBEHHBIN apean orpannuuBaetcs: 1) EBpomnoii; 2) EBponoii u Cubupsto; 3) EBponoii u Asueit mim
WX OTIENBHBIMH OOTaHHKO-TeorpaduiaeckuMu 30HaMH. TakuMm o0paszoM, AeHapoguopa ycaaed UMeeT NPU3HAKH CHITbHON
AHTPOIOIeHHOH TpaHchopMaIH.
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Koctpomckast obnacth, ABOpSHCKHE YCaabOBI, AEpEBbs, KyCTapHHWKH, IIHPOTHAs TPYIa, NONTOTHAS TPYIIA, aHAIH3
nernpoduiopsr, Komorpueckuii jiec
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Botanical and geographical analysis of the dendroflora in the landscapes of the estates
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Abstract

Studies of the dendroflora of estates are relevant and allow to identify the species most resistant to local conditions, their
biological and ecological features, and to develop practical recommendations for the protection and restoration of historical
landscapes. The aim of the study is to carry out botanical and geographical analysis of the dendroflora in the landscapes
of old estates located in the cooperation zone of the Kologrivsky Forest Biosphere Reserve (Kostroma Region). The objects
of the study are 14 noble estates located within the boundaries of the cooperation zone of the Kologrivsky Forest Biosphere
Reserve. The materials for the study were data from field surveys conducted in 2022-2024 and information on the spatial
planning features of the estates presented in literary sources. All the collected materials on previously planted trees
and shrubs were systematized, and the assignment of species to floristic complexes and habitat types was carried out using
data from open electronic resources. The conducted study showed that the dendroflora of the noble estates of the cooperation
zone of the Kologrivsky Forest Biosphere Reserve includes 43 species and hybrids belonging to 15 families. The largest
number of species belongs to such families as Rosaceae (11 species), Pinaceae (five species) and Salicaceae (five species
and hybrids). More than half of the species (58%) are adventitious (neophytes), of which 28% are native, 9% are cultivated
and 5% are hybrids. The large share of the nemoral group (33%) indicates the artificial selection of tree species from the native
flora, which have high decorative properties or having food value. Among the adventitious species used in landscaping there
are mainly species (more than 2/3) whose natural range is limited to Europe (1), Europe and Siberia (2), Europe and Asia (3)
or their individual botanical and geographical zones. Thus, the dendroflora of the estates shows signs of strong anthropogenic
transformation.
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BBenenue Scnas monsna B Tymbckol obnmactu [6], ycaanba

Introduction

B HacTosmee BpeMsi MHOTHE ycaqeOHbIe TapKH
HaxXoIATCsl B COCTOSHHM YHajJKa W Jerpajaluu,
YTO CIOCOOCTBYeT yTpare CQOPMHPOBABIINXCS
B JIOPEBOIIOLMOHHON Poccnu Tpaauimii mapKocTpoeHHs
u  JaHamadTHO-apXHUTEKTYpHOro  00ycTpolcTBa
tepputopuii [1]. K Haubonee n3ydeHHbIM OTHOCATCS
KpyITHbIE ycaieOHbIe KOMIUIEKCEI, CBSI3aHHBIE C IMECHAMHU
BBIIAIOLINXCS TOCYIaPCTBEHHBIX AESTENeH, YUCHBIX,
nycaresiei, XyJO)KHUKOB U T.J., HApUMep: ycaapda
MuxankoBo B Mockse [2], napk-ycaabpba BomkoHckux
B Boponexckoii obmactu [3], ycans0nl M3Bapa [4],
Benoropka [5] B Jlenunrpajickoi oOnactu, ycaanba

[ensikoBo B KocTpomckoit obnactu [7] u MHOTHE
Ipyrue. Bmecte ¢ TeM B mociegHue IeCATHIETUS
CTan BO3pacTaTb MHTEPEC K MPOBUHIHMAILHBIM
ycanp0aM, KOTOpbIe ONPeesaioT HAMOHATbHBIN 00IHK
Y ayTEHTUYHOCTb PYCCKUX KYJIBTYpHBIX Tpaguiui [8-11].
BonpmmHCTBO ycanmed B COBpEMEHHBIX TpaHUIAX
KocTpomckoit obmacTé OBUTH MEIKOITIOMECTHBIMH,
a MapKOBBIE U AJJIEHHBIE CTPYKTYPHI B HUX SBIISUTHCH
CBOE0OpPa3HBIMH «BU3UTHBIMHU KapToukaMm». HaumHast
¢ 2000-x TT. B peruoHe MPOBOMSTCS HCCIICIOBAHUSI
M0 W3YYCHUIO TMPOBHHITMATLHEIX ycamed [12-17],
OJTHAKO MHOTHE U3 HUX, 0COOCHHO B CEBEPO-BOCTOUHOM
JacTH obmacry, MPOAOIKAIOT OCTaBaThCs
B 3a0BEHUH.
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WNHBeHTapu3ammsi BceX 3JIEMEHTOB  OHMOTHI
B ycaZicOHBIX KOMIUICKCAX SBIISICTCS BRXHOU 3ajiauci,
MMOCKOJIBKY ~ CTapOBO3pAcTHBIC  JCPEBhS, MHOTHE

U3 KOTOPBIX YacTO SBIAIOTCS HHTPOLYLICHTAMH,
dhopMupYIOT 0COOBII PUTOKITUMAT U pa3HOOOpa3HBIC
cnekTpbl MectooOuTanuit [18]. CrapuHHBIE ycaanObl
BBITIONHAIOT ~ 00pa3oBaTeNbHYIO, pPEKpPEearMoHHYIO,
CaHUTAPHO-TUTHEHHYECKYIO0, SKOJIOTHUECKYIO (DYHKLIHH,
a TaKXXe CITIOCOOCTBYIOT MOBBIIIEHUIO TYPUCTUIECKOTO
noreHuuana peruoHoB [19-21]. Hccnenosanue
PacTUTEIHHOTO TTOKPOBa ycaed MO3BOJSET BISIBISAThH
M TIONJCp)KUBaTh OHMOJOrHMYEcKoe pazHooOpaswe,
COXPaHATh KYJIETypPHO-UCTOPUYECKOE HACIIENE, OLIEHUBATh
BO3/ICUCTBHE aHTPOIIOTCHHBIX U KIIMMATHIECKHX (haKTOPOB
Ha COCTOsTHHME OMOIIeH030B [22]. Pe3ynbTrarsl H3yueHus
OeHAPOQIOPsl ycaaeOHbIX TEPPUTOPHHA IO3BOJISIOT
BBIABJISITH HaNOOJIee YCTOIUUBBIE K MECTHBIM yCIIOBUSIM
BUABI, WX OMOJOrO-3KOIOTHYECKHE OCOOCHHOCTH,
pa3pabarbIBaTh MpPaKTHYECKHE pEeKOMEHIaIun
M0 OXpaHE M BOCCTAHOBJIEHHIO HCTOPHUYECKUX
nauamadTos [23-26].

Heanb ncenenoBanuii: 60TaHUKO-reorpaduyuecKui
aHanm3 AeHIPO(IOPHI B CHCTEME 03€I€HEHHS CTAPUHHBIX
ycane0d, pacrloJIOKEHHBIX B 30HE COTPYIHHYECTBA
ouochepHoro pesepBara  «KoIOrpuUBCKUE  Jiecy
(Koctpomckast o0macTsb).

MeToauka uccjieq0BaHUH
Research method

OOBEKTOM HCCIEeI0BAHUI SBISIOTCS 14 TBOPSHCKHX
ycaje0, pacroyIoKeHHBIX B TPAHUIIAX 30HBI COTPYIHIIECTBA
ouocdepHoro peseprara «KomorpuBckuii jiecy, OonbIas
4acTh U3 KOTOPOH HAXOAWUTCS Ha TEPPUTOPHUH OBIBIIIETO
Konorpusckoro ye3na Koctpomckoii rydbepauu (puc. 1).
B cooTBeTCTBHY C aIMUHHUCTPATHBHO-TEPPUTOPHATEHBIM
ycTpoiictBom KocTpomckoii obmactu J1Be ycaabObl
HaxXoJATCsl B MaHTYPOBCKOM MYHHIIMTIATBHOM OKpYTe
(Otpama u llleBsku), uerbipe — B UyxiioMCcKOM
MyHHUITUTIATbHOM paitioHe (BBemenckoe, KomoTmioso,
KiyceeBo, OcTpokHUKOBO), BoceMb — B Konorpusckom
okpyre (Exumieo, XKypanoso, iBanoBckoe, Kopaommy,
Jlyakuno, IlamneBo, IlaeBo, IlloprytoBo). Onu
XapaKTepHU3yIOTCS Pa3sHOW CTEMEeHBbI0 COXPAaHHOCTH
JPEBECHBIX HACAKIEHHUI: HAIIPUMED, TTAPKOBBIE CTPYKTYPBI
pocMaTpuBaroTcs B ycanbbax MBanosckoe, Otpana,
Kuyceeso, Kopabmu, ExumnieBo (¢pparments! ycaaeoHOro
napka M CTPYKTYpPBI Mapka, 00yCTPOSHHOTO B KOHIIE
XIX — nagane XX BB. npu opranusanuu Hwusmero
CenmbCKOX03siicTBeHHOTO yuruiia nveHn @.B. Umxosa)
U J1p., aJUleiHbIE CTPYKTYpHI — B ycannbax IlleBsiku,
KypaHOBO; eIMHUYHBIE JIEPEBbSI COXPAHIINCH B MECTaX
ycane6 Lllopryroo, [laniHeBo; MOIHOCTIO yTpaueHa
ycaapba JlyukuHo.

Puc. 1. Pacrionoxxenne 00bEKTOB MCCIIETOBAHUI
(1o 1aHHBIM aBTOPA)
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Fig. 1. Location of research objects
[according to the author]

s HCCIeI0OBaHUHN
MOCIY)KHJIM  JaHHBIE HATYpPHBIX 00OCIemoBaHU,
npoBoguBmuxcss B 2022-2024r., u  cBeneHUs
0 TPOCTPAHCTBEHHO-TLIAHUPOBOYHBIX OCOOCHHOCTSIX
ycaie0, peICTaBlICHHbIC B MICTOYHMKAX JIUTEpaTyphl ™.
B xonme moneBeIx paboT IS OmpeneracHUsT BHIOBOM
MPUHAJISKHOCTH JIPEBECHBIX M KyCTapHUKOBBIX
pacTeHHI UCTIOIB30BANINCH OTIPEICITUTENHN U CIIPABOYHBIE
mwnanwus’ 27, 28]. Bee Matepralibl 0 BUIAX BICAKHBACMBIX
paHee JIePEBhEeB U KYCTAPHUKOB CHCTEMATH3HPOBAJIHCH.
CemeiicTBa M BXOASIIME B HHUX BHJbI MPHUBEICHBI
mo cucteme APG IV [29]. OtHecenme BHIOB
K (IOPHCTUYECKHM KOMIUIEKCAaM W THIIaM apeajioB
BBITIOJHSJIOCH C UCIIOJIb30BAHUEM JIAHHBIX U3 OTKPBITHIX
anekTpoHHbIX pecypcoB: GBIF (https://www.gbif.org),
POWO (https://powo.science.kew.org), INaturalist
(https://www.inaturalist.org/), EuForGen (https://www.
euforgen.org). Borpoc oTHECEHUs BUIOB K ITUPOTHBIM
Y JIOJITOTHBIM TPYTIIaM YacTo SIBISIETCSI IMCKYCCUOHHBIM
U MOXET I0-Pa3HOMY pEIIaThCsid PErHOHAIBHBIMU
dopuctamu [30].
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Yenuk O.A. Onpedenumens 0epesves u KyCmapHuKos.
M.: Arponpomusaar, 1985. 232 c.

Pe3yabTarhl 1 UX 00Cy:KIeHUE
Results and discussion

Bboranuko-reorpaduyeckue oKa3arenu
neHapodops! ycaned 30HbI COTpYIHIIECTBa OMOChHepHOTO
pesepBara «KonorpuBCKuii Jiecy Mpe/CTaBICHBI B TAOIHIIE.
ITo cpaBHeHMIO C paHee OMyOJIMKOBAHHBIM MEPEUHEM
JIPEBECHBIX ¥ KyCTAPHUKOBBIX BHJIOB, BCTPEYAFOIIUXCS
B OBIBIMX ycap0ax [25], mobaBwics oquH Bu (Sambucus
racemosa L., ypounme Kopabmu). Takum o6pazowm,
neHapodopa npeacTasieHa 43 BUIaMu v TUOpUIaMH,
oTHOCsIMMUCS K 15 cemeiictBam (Pinaceae Lindley,
Berberidaceae Juss., Betulaceae Gray, Fabaceae Lindl.,
Fagaceae Dumort., Ulmaceae Mirb., Hydrangeaceae
Dumort., Caprifoliaceae Juss., Salicaceae Mirb.,
Viburnaceae Raf., Cornaceae Bercht. & J. Presl, Malvaceae
Juss., Oleaceae Hoffmanns. & Link, Rosaceae Juss.,
Sapindaceae Juss.). HaubomnpIlee KOJTUIECTBO BUIIOB
UMEIOT TaKWe ceMeWcTBa, kKak Rosaceae (11 BHIOB),
Pinaceae (5 BunoB) u Salicaceae (5 BugioB v THOPUIIOB).

BONBIIMHCTBO MPEICTaBICHHBIX BUIOB TPUMEHSIIOCH
JUISL O3€JICHEHUS TeppuTopuid ycaned. M3 HuX MOXXHO
BBIJICTIMTEL HanOoJiee yacto Berpevatoruecst: Tilia cordata
Mill., Betula pendula Roth, Picea abies (L.) H. Karst.,
Pinus sylvestris L., Larix sibirica Ledeb., Caragana
arborescens Lam., Syringa vulgaris L., Ulmus laevis Pall.
Yacts BusioB (Malus domestica (Suckow) Borkh., Prunus
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domestica L., Pyrus communis L., Prunus cerasus L.,
Ribes uva-crispa L., R. rubrum L., R. nigrum L., Rubus
idaeus L.) nmeeT muIieBoe 3HAYCHUE, U OHU (HPOPMHUPOBAIIU
30HY IUIOAOBOTO caja (He COXPaHWIIHCH JI0 HACTOSIIIETO
BPEMEHH HU B OJIHOM U3 ycaieo).

Pacnipenenennie jnepeBeB W KYCTapHHUKOB,
BBISBJIICHHBIX B Yycanh0ax Ha TEPPUTOPUH 30HBI
coTpyaHMUecTBa OHOChepHoro pe3eppara «KomorpuBckuii
Jecy, Mo oTHoIIeHuto K Guope KoctpoMmckoii obmactn
U crioco0y BOSHMKHOBECHHS [TOKa3aHO Ha pucyHke 2. bomnee
MOJIOBUHBI BUIOB (58%) OTHOCHUTCS K aABCHTHBHBIM
(10 BpeMeHHM TIOSBJICHUS Bce HEO(DUTHI). AGOPUTCHHEIC
BAIBl COCTaBIAOT 28%, KymbTypHBIE (Prunus
cerasus L., Pyrus communis L., Prunus domestica L.,
Malus domestica (Suckow) Borkh.) — 9%, a rubpuansie

(Salix x fragilis L., Populus x sibirica G.V. Krylov &
G.V. Grig. ex A.K. Skvortsov) — 5%. [Ipu co3nanumn
CHUCTEMBI O3€JIeHeHHs ycazed B MpOuuIOM (TJIaBHBIM
00pa3oM, Ha9MHAS CO BTOPOi MOI0BHHBI XX B.) aKTHBHO
UCIIONIb30BAINCH BUJIBI, HEXapaKTEPHBIE I MECTHON
¢mopsl. o aABEHTHBHBIX, KYJIBTYPHBIX i THOPHTHBIX
BHJOB B JeHnpodiope ycaned coctasmseTr 72%.

B pacnpeneneHnn  a0OpPUI€HHBIX  BHJOB
110 pJIOPUCTHUECKUM KOMITIEKcaM (puc. 3) mpeodiaiaroT
taexHas (Abies sibirica Ledeb., Pinus sylvestris L.,
Cornus alba L., Ribes nigrum L.) nu HeMopaibHas
(Corylus avellana L., Quercus robur L., Ulmus laevis
Pall., Tilia cordata Mill.) rpynmsl, coctasinss o 33%.
Bunwsr u3 mopraexxuon (Picea abies (L.) H. Karst.,
Alnus incana (L.) Moench) n nmopuzonansnoit (Betula

Tabnna

Boranuko-reorpajgpuyeckasi CTpyKTypa 1eHAPO(IopHI ycaaed 30HbI COTPYIHMYECTBA
ounocgepnoro pezepsara «Kosorpusckuii Jiec» (110 TaHHBIM HCCIIEIOBaHUHI aBTOPA)

Bun

IIpoucxoxaenue

DIopuCTHYECKHUIA

Tun apeana
KOMILJIEKC

1. Otnen ronocemennsie (Gymnospermae)

1.1. CemeiictBo cocHOBbIE (Pinaceae Lindley)

Enb eBponetickas (Picea abies (L.) H. Karst.) AOOpHUreHHBIH BUJT TTonTaexHslit EBponetickunit
g ANBEeHTUBHBIN N BocTounoeporneiicko-
Jlucreennuna cubupckas (Larix sibirica Ledeb.) A ’ TaexHbIi poric
Heour cuOUpCKuit
L N N BocTounoeBporneiicko-
ITuxra cubupckas (4Abies sibirica Ledeb.) AOOpUTeHHBIH BUI TaexHbIi porie
cuOupCKui
. o ABEHTUBHBIN N BocTounoesporneiicko-
CocHna kenpoBas cubupckas (Pinus sibirica Du Tour) A ’ TaexHbIi poric
HeopUT cubOupckuit
CocHa oObikHOBeHHAs (Pinus sylvestris L.) AOOpHUreHHBIH BUJT TaexHbIi EBpasuiickuii
2. Otmen nokpeitoceMenHsle (Magnoliophyta)
2.1. CemeiictBo GapOapucoBsie (Berberidaceae Juss.)
. . . AIBEHTUBHBII N
Bapbapuc oObikHOBeHHBIH (Berberis vulgaris L.) A Heo(uT ’ - IOxHOeBponeiickuit

2.2. CemeiictBo OepesoBrbie (Betulaceae Gray)

Bepesa nosucnas (Betula pendula Roth) AGopurennslii Bua | [lmopuzoHanbHblil | EBponeiicko-cuoupckuit
Jlemmna o6bikHoBeHHast (Corylus avellana L.) AGopureHHbIi B HemopanphsIit EBporteticknit
Onbxa cepas (Alnus incana (L.) Moench) AOOpHUreHHBIH BUJL TTonraexHbIi EBponeiicko-cuOupckuii

2.3. CemeiictBo 6000BbIC (Fabaceae Lindl.)

AJIBEHTUBHBIH,

Kaparana npesosunnas (Caragana arborescens Lam.) Heo(uT - 3anaaHOCHOUPCKUit
ABEHTUBHBIH BocTounoeBporneiicko-

Kaparana xycrapuukoBas (Caragana frutex (L.) K. Koch) A ’ - P N

HeopUT 3anaJHOCUONPCKUI
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[Iponomxkenne Tab.

Bun

Ipoucxoxnenue

DiopUCTHYECKUI

KOMILIIEKC

Tum apeana

2.4. CewmeiictBo OykoBbIe (Fagaceae Dumort.)

Jy6 yepeuruarstii (Quercus robur L.) AOopurenHslii Bun |  HemopanbHblit EBponeticknit
2.5. CemeiictBo BsizoBble (Ulmaceae Mirb.)
Bs3 maakuit (Ulmus laevis Pall.) AbGopurensslii Bun |  HemopanbHblii EBpomneiickuii
2.6. CemeiicTBo roprensueBbie (Hydrangeaceae Dumort.)
o . . ABEHTUBHBII IOxHOeBponeiicko-
UyOymnuk oObikHOBeHHBIN (Philadelphus coronarius L.) A ’ - P .
HEOpHT [oro3amnaaHoa3naTCKui
2.7. CemeiictBo xxumonoctHeie (Caprifoliaceae Juss.)
. . ATBEHTUBHBIN Bocrounoespomneiicko-
YKumonocts Tarapckas (Lonicera tatarica L.) A ’ poric
Heour cuOupckuit
2.8. CemeticTBo uBOBBIC (Salicaceae Mirb.)
WBa nomkas (Salix x fragilis L.) Tubpun - -
. . AIBEHTUBHBII .
Tonosne Ganszamuueckuit (Populus balsamifera L.) A HeoduT ’ - CeBepoaMepUKaHCKUil
. BEHTUBHBII EBpomnetlicko-
Tomons Genbii (Populus alba L.) An ’ - p .
HEopuT 3amatHoa3uaTCKui
. . AJIBCHTUBHEI, .
Tomons MakcumoBuua (Populus maximowiczii A. Henry) Heo(uT - JlaibHEBOCTOUHBIN
Tomonb cubupckuii (Populus x sibirica G.V. Krylov & TuGpun
G.V. Grig. ex A.K. Skvortsov) P
2.9. CewmeiictBo kanuHoBbIe (Viburnaceae Raf.)
BEHTUBHBII N
By3una kpacnas (Sambucus racemosa L.) An HeoduT ’ - EBponetickuit
2.10. CemetictBo kusmnoBblie (Cornaceae Bercht. & J. Presl)
. o N Bocrounoespomneiicko-
Hepen 6enbiii (Cornus alba L.) AOOpHUreHHBIH BUJT TaexHbli porH
a3UaTCKUi
. . ATBEHTUBHBIN .
Kusunpauk Onectsnmii (Cotoneaster lucidus Schltdl.) A HeoQuT i - A3suarckuii
2.11. CemeiicTBO KpbDKOBHUKOBBIE (Grossularia Mill.)
AP . AJIBEHTUBHBIH, . o
KpbokoBHHUK OOBIKHOBEHHBIH (Ribes uva-crispa L.) aeodbuT - 3amnasHOEBpOIeHCKIiA
o . . BEHTUBHBIN N
CmopoauHa anbrnuiickas (Ribes alpinum L.) An Heo(uT ’ - EBpomneiickuit
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Oxonuanue Tadi.

B n DiopUCTHYECKUI T
101 poMCXOKIeHHNEe WII apeaJjia
KOMILIEKC
. ANBEeHTUBHBIN N
CwmopoauHna kpacHas (Ribes rubrum L.) A Heo(uT ’ - 3amnaiH0eBPOICHCK I
Cmoponnna yepHas (Ribes nigrum L. AGOpHUTEHHBIN BU]T Taexupri EBpazuiicknii
P P g P P
2.12. CemeiictBo ManbBoBbIe (Malvaceae Juss.)
- . . . EBponeiicko-
Jluna cepnuesunnas (7Tilia cordata Mill.) AbGopurenssiii Bun |  HemopanbHblii P .
3a1aIH0a3UaTCKUit
2.13. CewmeiictBo MaciunoBbIe (Oleaceae Hoffmanns. & Link)
. Lo ABEHTUBHBII N
Cupens BeHrepckas (Syringa josikaea J. Jacq. ex Rchb.) A Heo(uT ’ - IOxHOeBponenckuit
. . AIBEHTUBHBII N
Cupenb o0bIkHOBeHHas (Syringa vulgaris L.) A HeoduT ’ - 3anagHoeBponenckuit
N . . AJIBEHTUBHBIN N
Slcenb 0ObIKHOBEHHBIH (Fraxinus excelsior L.) A HooQuT ’ - EBponeiickuii
2.14. CemeiicTBO po3oBbie (Rosaceae Juss.)
o . ABEHTUBHBIH, BocTounoeBpomneiicko-
BosipsiHuk kpoBaBo-kpacHblii (Crataegus sanguinea Pall.) - -
Heour cuOupcKuit
. . . ABEHTUBHBIN N
Bosipeimnuk yepHstit (Crataegus nigra Waldst. & Kit.) A HeoduT ’ - 3amnasHOeBpOIIEHCKIA
Bumns nomamuss (Prunus cerasus L.) KynsrypHOe — -
I'pyma nomautsss (Pyrus communis L.) KynstypHOE - -
. . ABEHTUBHBII .
HWpra xonocucras (Amelanchier x spicata (Lam.) K. Koch) A Heo(uT ’ - CeBepoaMepUKaHCKUil
Manuna oOsikHOBeHHAs (Rubus idaeus L.) AbGopurennsiii Bup | [Tmopusonanshsiil | EBponeiicko-cubupckuii
CnuBa nomanssis (Prunus domestica L.) KynsrypHOe — -
. . ANBEeHTUBHBII BocTounoeBporneiicko-
Cnmpes xyOpaBkonucTHas (Spiraea chamaedryfolia L.) A ’ - P .
HeoUT 3araIH0a3HaTCKH
. e ANBEeHTUBHBII .
Criupest uBonuctHas (Spiraea salicifolia L.) A HeoduT ’ - JlaibHEeBOCTOUHBIN
. . . ABEHTUBHBIHI BocTounoeporneiicko-
Criupes cpennsisi (Spiraea media Schmidt) A ’ - P .
Heo(uT 3arnagHoa3auTCKUM
Sl6nons nomamruss (Malus domestica (Suckow) Borkh.) KynerypHOe - EBponetickuit
2.15. CemeticTBo canuHnoBbie (Sapindaceae Juss.)
. . ABEHTUBHBIN N
Knen tarapckwuii (Acer tataricum L.) A meodHT ’ - BocrounoeBporeiickuii
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Table

Botanical and geographical structure of the dendroflora of estates of the cooperation zone
of the Kologrivsky Forest Biosphere Reserve [according to the author’s research]

Plant species Occurrence f(l)?;‘;)slt;; Type of habitat
1. Gymnosperm order (Gymnospermae)
1.1. Pine family (Pinaceae Lindley)
Norway spruce (Picea abies (L.) H. Karst.) Native species Boreal-nemoral European

Siberian larch (Larix sibirica Ledeb.) Adventitious, Boreal East European-Siberian
neophyte
Siberian fir (4bies sibirica Ledeb.) Native species Boreal East European-Siberian
oo . . e Adventitious, o
Siberian pine (Pinus sibirica Du Tour) Boreal East European-Siberian
neophyte
Scots pine (Pinus sylvestris L.) Native species Boreal Eurasian

2. Angiospermous plants (Magnoliophyta)

2.1. Barberry family (Berberidaceae Juss.)

Common barberry (Berberis vulgaris L.)

Adventitious,
neophyte

Southern European

2.2. Birch family (Betulaceae Gray)

Silver birch (Betula pendula Roth)

Native species

Plurizonal

European-Siberian

Common hazel (Corylus avellana L.)

Native species

Nemoral

European

Grey alder (4/nus incana (L.) Moench)

Native species

Boreal-nemoral

European-Siberian

2.3. Bean family (Fabaceae Lindl.)

Siberian peashrub (Caragana arborescens Lam.) A(Iil\;rll)tg?eus’ - West Siberian
Russian peashrub (Caragana frutex (L.) K. Koch) A(Iil‘;rg;};?ss’ - East European-West Siberian
2.4. Fagus family (Fagaceae Dumort.)

English oak (Quercus robur L.) Native species Nemoral European
2.5. Elm family (Ulmaceae Mirb.)
European white elm (Ulmus laevis Pall.) Native species Nemoral European
2.6. Hortensia family (Hydrangeaceae Dumort.)
English dogwood (Philadelphus coronarius L.) Ai‘éi%tlilt}i,?;s’ - Europeans-ggflhtlelrvlvles ¢ Asian

2.7. Honeysuckle family (Caprifoliaceae Juss.)

Tatarian honeysuckle (Lonicera tatarica L.)

Adventitious,
neophyte

East European-Siberian
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Table continued

Plant species Occurrence Floristic Type of habitat
complex
2.8. Willow family (Salicaceae Mirb.)
Crack willow (Salix % fragilis L.) Hybrid species - -
Balsam poplar (Populus balsamifera L.) Adventitious, - North American
) neophyte
Silver poplar (Populus alba L.) Adventitious, - European-West Asian
) neophyte
Japanese poplar (Populus maximowiczii A. Henry) Adventitious, - Far Eastern
) neophyte
Siberian poplar (Populus % sibirica G.V. Krylov & . .
G.V. Grig. ex A.K. Skvortsov) Hybrid species - B
2.9. Moschatel family (Viburnaceae Raf.)
Adventitious,
Red elderberry (Sambucus racemosa L.) neophyte - European

2.10. Cornel family (Cornaceae Bercht. & J. Presl)

Siberian dogwood (Cornus alba L.)

Native species

Boreal East European-Asian

Shiny cotoneaster (Cotoneaster lucidus Schltdl.)

Adventitious,
neophyte

Asian

2.11. Gooseberries family (Grossularia Mill.)

. . Adventitious,

European gooseberry (Ribes uva-crispa L.) neophyte - Western European

Mountain currant (Ribes alpinum L.) Adventitious, - European
neophyte

Red currant (Ribes rubrum L.) Adventitious, - Western European
neophyte

Black currant (Ribes nigrum L.) Native species Boreal Eurasian

2.12. Mallow family (Malvaceae Juss.)
Small-leaved linden (7ilia cordata Mill.) Native species Nemoral European-West Asian

2.13. Olive family (Oleaceae Hoffmanns. & Link)

. . . Adventitious,
Hungarian lilac (Syringa josikaea J. Jacq. ex Rchb.) neophyte - Southern European
. . . Adventitious,
Common lilac (Syringa vulgaris L.) neophyte - Western European
European ash (Fraxinus excelsior L.) Adventitious, - European
neophyte

60



Timiryazev Biological Journal. 2024;2(4):52-66
https://doi.org/10.26897/2949-4710-2024-2-4-52-66

Table finished
Plant species Occurrence Floristic Type of habitat
P complex P
2.14. Rose family (Rosaceae Juss.)
o . Adventitious, o
Siberian hawthorn (Crataegus sanguinea Pall.) - East European-Siberian
neophyte
Hungarian thorn (Crataegus nigra Waldst. & Kit.) Adventitious, - Western European
’ ' neophyte
Sour cherry (Prunus cerasus L.) Cultivated species - -
Common pear (Pyrus communis L.) Cultivated species - -
Low juneberry (Amelanchier % spicata (Lam.) K. Koch) Adventitious, - North American
A neophyte
Red raspberry (Rubus idaeus L.) Native species Plurizonal European-Siberian

Plum (Prunus domestica L.)

Cultivated species

Germander meadowsweet (Spiraea chamaedryfolia L.) Ai‘é?;ﬁ;?;s’ - Eastern European-West Asian
. . g Adventitious,
Willow-leaved meadowsweet (Spiraea salicifolia L.) - Far Eastern
neophyte
. . . . . Adventitious, .
Russian spiraea (Spiraea media Schmidt) - Eastern European-West Asian
neophyte

Apple (Malus domestica (Suckow) Borkh.)

Cultivated species

European

2.15. Soapberry family (Sapindaceae Juss.)

Tatarian maple (Acer tataricum L.)

Adventitious,
neophyte

East European

AJIBEHTUBHBIE BUIbI
58%

S
&

AOGOpHUreHHBIC BUIIBI
28%

g

5%
KynLTprIe BHJIBI
9%

Puc. 2. Pacnipenienenre BUIOB 10 OTHOLICHHIO K (Iiope
Kocrpomckoit obnact 1 crioco0y BO3HUKHOBEHUS

(pacueTsl aBTOpa IO TAHHBIM TAOJHIIEI)

k I'uGpunsl

Native species

28%

Adventitious species

\_ Hybrids
| 5%
Cultivated species
9%

Fig. 2. Distribution of species in relation to the flora

of the Kostroma Region and the mode of occurrence
[author calculations based on data from Table]
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TToaTraexHbIii
TaeXHbBIN 17%

33%

\
—

Hemopanbhsbli

TImopu3oHanbHbIN
33%

17%

Puc. 3. Pacnipeneneane abopureHHBIX BUIOB
10 (pIIOPUCTHIECKUM KOMILIEKCAM
(pacueTbl aBTOpa MO TAHHBIM TAOJHIIBI)

pendula Roth, Rubus idaeus L.) rpynmn umetot 1o 17%.
Ha uckyccTBeHHbIH 0TOOp IPEeBECHBIX BHIOB M3 MECTHON
¢iopel, 0OMajgarOmUX BBHICOKMMHU JAEKOPAaTUBHBIMU
CBOWCTBAMHM WJIH HMEIOIIMMH IHIICBOE 3HAYCHHE,
yKa3plBaeT OoJblnas A0JA HEMOPAJIbHBIX BHIOB.
Hanpuwmep, Bo ¢uope 3amosegnuka «Komorpusckuit
JIeC» HEMOpAaJbHbIE BUJBI COCTABILIIOT TOJIBKO 5%,
a Ipeo0IagatoIMHU SIBJIAIOTCS IUTIOPH30HANBHBIE (47%)
u taexHbie (28%) [31, 32].

Pacnpenenenue a/IBEHTUBHBIX BUJIOB
10 THIIaM apeasioB MoKa3aHo Ha pucyHke 4. Hanbomnee
IPEACTaBICHHBIME  THIIAMH  apeajioB  SBJIIFOTCS
BOCTOYHOEBpomeiicko-cubupcekuii (16%), eBponeickuit
(12%) u 3anagHoeBporneiickuit (12%). CymmapHO K HUM
otrHocutcst 40% Bunos. Ilo 8% BHUIOB MMEIOT Takue
TPYIIIBL, KaK CeBEpOaMEpUKaHCKasl, JalbHEBOCTOUHAS,

B . 1O0sxHOeBpOMEHCKHit
OCTOHOCBpOMIEHCK 3%
0-3al1aIH0a3MaTCKUIi
8%
Bocrounoesponeiick

0-3aMMaIHOCUOUPCKUit

4% /

\ Esponeiicko-

\ |
Bocrounoespomneiick BocquoeBpéI{%i/iCK

3amaHOA3HATCKUI

2178
4%

0-CHOMpPCKHI
16%

Boreal-
nemoral
Bscgr';fl : 17%

Nemoral
Plurizonal 33%

17%
Fig. 3. Distribution of species among floristic complexes

[author calculations based on data from Table]

3anagHoCUONpPCKast, FPKHOEBPOIEHCKast U BOCTOYHOEBPOIIE
HcKo-3anaiHoa3uaTcKas. B 11enom Ha BUbL, NPOUCXOSIINE
TONBKO 13 EBPOTIBI (BOCTOYHOEBPOTICHCKHIA, EBPOTIEHCKHIA,
3aMaHOEBPONEHCKHH, I0XKHOEBPOTIEHCKHI THITBI apealioB),
npuxonutcs 36%, n3 EBpornbl u Aznn (BOCTOYHOEBPO
MeHCcKo-3amaIH0a3uaTCKui, KHOEBPOIIEHCKO-I0ro3arn
aJIH0a3MaTCKUM, €BPONECKO-3anaH0a3UaTCKUI TUIIbI
apeanoB) — 16%, u3 EBporsl u Cubupu (BocTOUHOEBpOIIEH
CKO-3aMaTHOCHOUPCKIH, BOCTOYHOEBPOIIEHCKO-CHOMPCKHUIA
Tunbl apeanoB) — 20%, u3z Cudupu — 8%, n3 Azuu — 4%,
¢ [ansrero Bocroka — 8%, n3 CeBepHoit AMepHUKHU —
8%. Taxum 00pazoM, B 03€IEHEHUH HCIIOJIb30BAIHChH
TPEMMYIIIECTBEHHO BUIBI (Oomee 2/3 OT BceX aIBCHTHBHBIX ),
JUTS KOTOPBIX €CTECTBEHHBIN apeall orpaHn4uBaeTcs: 1)
Espomnoii; 2) Esponoii u Cubupsto; 3) EBponoii u Azueit
WM MX OTAETBHBIMH OOTaHUKO-Teor paIeCKUME 30HAMH.

IOxHOeBpomeiicko-
FOr03anaHoa3uaTCKi 3amaHOCHONpCKIi
i 8%
4% A3smnarckuit

4%

JlampHEBOCTOUHBIN
/, 8%

CeBepoaMepHKaHCKI
i
8%

3amaiHOEBpOEHCKI

\ EBponeiickuii it

12% 12%

Puc. 4. Pacnipenenenre ajBEeHTHBHBIX BUJIOB 10 THIIAM apealioB
(pacueTsl aBTOpA IO TAHHBIM TAOJHIIEI )
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East European-West
Asian
8%

8%

East European-West
Siberian
4%

South European

South European-  west Siberian
Southwest Asian 8% Asian

4% 4%

Far Eastern
8%

East European
49

%

East European- European-West Asian
Siberian 4%
16%

North American
8%

Western European
European 12%

12%

Fig. 4. Distribution of adventitious species by habitat types
[author calculations based on data from Table]

Hepe‘IeHL BBIABJICHHBIX BUJI0B HE OTPaKa€T BCETO
MHOT000pa3Hsl APEBECHBIX PACTEHUH, HCHIOIB30BABIINXCS
JUTSE CO31aHust ycaaeOHbIx JaHamadToB. OH COAEPIKUT
TOJIBKO CBEIEHMSI O COXPAHMBIIMXCA A0 HACTOSIIETO
BpPEMEHH CTapOBO3PACTHBIX JIEPEBbSIX U a1ANTHPOBABLINXCS
K MECTHBIM YCJIOBUSIM KyCTapHHKAX, a TAKXKE YIIOMUHAHHS
0 BUJIaX, KOTOPBIE IPUBOASATCS B UCTOUHHUKAX JIMTEPATY DB,
yacTo 0a3MPYIOIIUXCS HA JOKYMEHTaX U3 apXUBOB,
JIOPEBOJIIOITMOHHBIX (poTOrpadrsx, BOCTOMUHAHMSIX
oueBnaLeB. Hanbornee momHbIM acCOPTUMEHTOM PaCTEHHUI
ycap0b1 00magam B mepros cBoero pacipera. C MoMeHTa
HalMOHAIN3aLlUH ABOPSIHCKOM COOCTBEHHOCTH IPOILJIO
oomee 100 neT, mosTOMy MHPOPMAITUS O MHOTHX BUIaX
sBJIsieTCsl 0E3BO3BpaTHO yTpadeHHOH. HecMoTpst Ha 3TO,
UCCIIeIOBaHUE MOKa3ajo, 4To IeHnapodopa ycaned
NPOAOJKAECT UMETh IPU3HAKU CHIIbHON aHTPOIIOTCHHON
TpaHc(hOpMaLUH.

AHANOTUYHO JpPYrUM HCCIEAOBaHUAM [22]
npoBeeHne OOTaHUKO-reorpauyecKoro aHaausa
OeHapodopsl  ycamed  30HBI  COTPYIHHYECTBa
ounocgepHoro pesepnara «Konorpusckuii gec» umeer
3HAUYUTEIILHYIO HAYYHYIO U MPAKTUYECKYIO LEHHOCTb.
CooTHOIIEHHE MEXIY TUIIAMU apeajoB aJABEHTHBHBIX
BUJIOB OTPaKAeT HCTOPHKO-OOTAHUYECKYIO JTHHAMUKY
naHqmagpToB, CHOCOOCTBYET HMOHMUMAHHUIO BIIMSHUS
TOPTOBBIX M KYJBTYPHBIX CBs3el Ha (IOpUCTHUECKOE
pasHooOpasue. CBeneHus 0 BUIOBOM COCTaBE ICPEBhEB
¥ KyCTapHHUKOB MOTYT OBITh HCTIONb30BaHBI IIPH Pa3padoTKe
PETHOHANBEHOM CTpaTerny COXpaHEeHHUs OMOJIOTHYECKOTO
Ppa3Ho00pasys, a COXpAHHUBIINECS HHTPOMYLCHTHI SBJISFOTCS
LCHHBIM UCTOYHUKOM I10JTyYCHHA aKKIIUMATU3UPOBAHHOTO
H0CaJJ0YHOTO Marepraia. Pesymnsrarsl necnenoBaHuii MOTYT

UCIIONIB30BATHCS B 00pa30BaTENBHOMN 1 MPOCBETUTETBCKON
JEATENbHOCTH, CII0COOCTBOBATD MPHBICUCHNIO BHUMAHHS
OOIIECTBEHHOCTH K HEOOXOIMMOCTH COXpPaHEHUs
KYJIBTYPHOTO HacJIeus perioHa. IMEeHHO ¢ Takux 00beKTOB,
KaK MPOBUHIIMAJIBHBIC IBOPSHCKUE YCAABOBI, TOIKHO
HauyMHATHCS (pOopMUpOBaHNE TyBCTBA JTFOOBH K PonmnHe,
OOLIHOCTH 110 OTHOLICHUIO K HICTOPUH U KYJBTYPE CTPaHBI
B mesoM [11].

BriBOaBI

Conclusions

[IpoBeneHHbIE HCCIEOOBAHUS MOKA3ajH, 4YTO
JeHpodIIopa TBOPSIHCKUX ycaneO 30HbI COTPYIHUIECTBA
ouocdepHoro peszeppara «KomorpuBcKuii 1ec» BKIIKOYaeT
B ce0s 43 BUIa ¥ rMOpH/IA, OTHOCSIIMXCS K 15 cemelicTBaM.
Haunbonp1uee konmu4yecTBo BUIOB BKIIOYAIOT B ce0sl TaKue
ceMeiicTBa, kak Rosaceae (15 BuoB), Pinaceae (5 BUIOB)
u Salicaceae (5 BunoB u rubpumoB). bonee monoBUHB
BUIOB (58%) OTHOCUTCS K aJBEHTUBHBIM (HEO(DUTHI),
a0OpUreHHBIE BUIBI COCTABIIAIOT 28%, Ky/IbTypHbIE — 9%,
rubpuanbie — 5%. Ha nckyccTBEeHHBIH 0TOOP APEBECHBIX
BHUJIOB M3 a00pUTEHHON (DITOPBI, 001 1aI0IINX BEICOKAMH
JEKOPATUBHBIME CBOWCTBAMH WM IMEIOLIMMH MTUILEBOE
3HAYEHHUE, yKa3bIBaeT OOJIbILIAs 1011 HEMOPAJIbHOM IPYIIIIbI
(33%). U3 aiBEeHTHBHBIX B 03€JICHEHUH UCITOIb30BATUCH
MIPEUMYIIIECTBEHHO BHIBI (Oonee 2/3), miust KOTOPHIX
€CTECTBEHHBII apean orpanuuusaercs: 1) EBponoi;
2) EBpomnoii u Cubupsio; 3) EBponoit u A3ueit wim ux
OTZIENBbHBIMY OOTaHUKO-TeorpadueCcKUMH 30HaMH. Takum
o0pasom, ieHapoduiopa ycaned UMeeT NpH3HAKKA CHIIBHON
AQHTPOIIOTEHHON TpaHC(HOPMALHH.
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OneHka 1eKOPATHBHBIX KAa4eCTB HEKOTOPBIX BUAOB poaa OepeckJier (Euonymus L.)
NMPHU UHTPOAYKUMHU B MOCKOBCKOM pPeruoHe ¢ Y4€TOM Ce30HHBIX 0CO0eHHOCTel

Hapexna BragucnasosHa Kopmynosa, UBan AJsekceeBny CaBUHOB

Poccuiickuii rocynapctensslii arpapusiii yauBepcuter — MCXA nm. KLA. Tumupszesa, Mocksa, Poccust
ABTOp, 0OTBEeTCTBeHHBIIi 3a nepenucky: Hanexna Brnagucnasosua Koprrynosa; nkkorshunova96@gmail.com

AHHOTANMA

HccnenoBanuss ~ mpoBOAMIM € [ENbI0  aHalNM3a  XapaKTepHUCTHK W TPU3HAKOB  pasHBIX  BHJOB
oepeckieroB (Euonymus L.), OEHKN WX AEKOPaTUBHBIX CBOWCTB. PaccmoTpens! 10 BumoB OepecKiIeToB, BEIPAIINBACMBIX
B MockoBckoM pernoHe Ha Tepputopuu Jenaponornueckoro caga um. llpenepa Poccuiickoro rocyaapcTBEHHOTO
arpapHoro yHuBepcurera uMeHH K.A. TuMmHpsi3eBa, U HEKOTOpbIE JIpyrue, HanOoIee PacipOCTPAaHEHHBIC B O3E€ICHEHUN
BUABL. JIJIs1 OLIEHKH JEKOPATHBHOCTU OEPECKIIETOB aBTOpaMHM aJaNTHPOBaHAa IKala rpajJannii IPU3HAKOB JEKOPAaTUBHOCTU
JIPEBECHBIX PACTEeHHH B TEUYEHHE TOJa C YUYETOM CE30HHBIX OCOOeHHOCTEW. IIpu oIleHKe NeKOPaTMBHOCTH YUMTHIBAJIH
[[BETOBYIO TaMMY JICTBBI, ()OPMY, pa3Mepbl U TEKCTYpPY JINCTHEB, IEKOPATUBHOCTD IJIO/IOB, KOTOPBIC MPUAAIOT PACTEHHIM
JIOTIOJTHUTEIbHYIO TIPUBJIEKATeIbHOCTh B pa3Hble Ce30HbL. IlodydeHHBIE pe3yabTaThl IO3BOJSAIOT PEKOMEHOBATh
K IIMPOKOMY HCIIOJIb30BaHUIO T€ BUBI OEPECKIICTOB, KOTOPHIE, IO HTOTAaM IPOBEICHHOW OLIEHKH, 00J1a1atoT HanOOoIbIINM
KOJIMYECTBOM JICKOPAaTUBHBIX CBOMCTB B W3YYEHHBIH NMEpUOA rofa. JTo cliexyromme BUnsl: Euonymus latifolius Mill.,
Euonymus japonicus Thunb., Euonymus europeus L. u Euonymus macropterus Rupr.
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Assessment of decorative qualities of some species of the spindle-tree (Euonymus L.) during
introduction in the Moscow region taking into account seasonal features
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Abstract

The research was conducted to analyze the characteristics and features of different species of the spindle-tree (Euonymus L.)
and to assess their decorative properties. In the research, 10 species of the genus grown in the Moscow region on the territory
of the Dendrological Garden named after R.I. Schroeder of the Russian State Agrarian University — Timiryazev Agricultural
Academy were studied, as well as some other most common species used in landscaping. To assess the decorativeness
of the spindle-trees (Fuonymus L.), the authors adapted a gradation scale of the decorativeness of woody plants throughout
the year, taking into account seasonal features. Decorativeness was assessed taking into account the range of foliage
colors, shape, size and texture of leaves, as well as the decorativeness of fruits, which give additional attractiveness
to plants in different seasons. The results obtained allow to recommend for wide use those species which, according
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to the assessment, have the greatest number of decorative properties. These are the following species: Euonymus latifolius
Mill., Euonymus japonicus Thunb., Euonymus europeus L. and Euonymus macropterus Rupr.
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BBenenue
Introduction

CewmetictBo  OepeckiietoBbix  (Celastraceae)
BKJTFOUaeT B ce0s okosro 99 poxoB m 1376 Bumos [1],
NPEUMYIIECTBEHHO KYCTAPHUKOB M HEOOJIBILHX ICPEBLEB.
DTO CceMelCTBO pachpoCTpaHEHO B TPOIMHUYECKUAX
U CyOTPONMYECKUX PErHMOHAX, XOTS HEKOTOPHIC BHJIbI
BCTPEYAIOTCS U B YMEPEHHBIX 30HaX. OJIMH U3 IHPOKO
PacpoCTpaHEHHBIX POJJOB ATOTO CEMENCTBA — OEPECKIIET.

o HenaBHETO BpeMeHU OepecKiIeT He TOTb30BaNICS
OOJIBIIION MTOITYJIIPHOCTRIO B TaHAMIA(THOH apXUTEKTypE,
OJJHAKO B HACTOfALIEe BpeMs AaHHOE AEKOPaTUBHOE
JIPEBECHO-KYCTapPHUKOBOE PaCTEHHE BCE Yallle IPIMEHSETCS
nuzarinepami. [ToaTBepKaeHNEM 3TOr0 MOXKET CITYKUTh
0OIBIIIOE KOIMYECTBO MPOEKTOB, B KOTOPBIX HCIOIB3yeTCS
OepeckieT W KOTOpBbIE HEPEIKO PaccMaTpUBAIOTCS
COBpEMEHHBIMH aBTopaMu. Hanpumep, B pabote AHTOHOBOH
u ['omy0 [2] oTparkeHa BBINOIHEHHAS OLICHKA HACAKICHUI
napka-namaTHuka «OcTpasi MOTHIIay, IO UTOTaM KOTOPOH
aBTOPBI PEKOMEHIYIOT 3aMEHHUThH CyXOCTOW H ITOPOCIb
HA HOBBIC TCHEBBIHOCIUBBIC KyCTAPHUKH, B YHCIC
KOTOpeIX — Euonymus fortunei, copra — «Emerald
and Gold» n «Harlequiny.

B Hacrosimee Bpemsi OepecKieT TNpHUBIEKAaeT
BHUMaHUE MHOTHX y4YeHbIX. Tak, MOp(OIoruuecKue
TPU3HAKH JIATTbHEBOCTOYHBIX BHJIOB OEpECKIIeTa OMCaHbBI
B pabote [3]. ABTOpHI BBIABHIN MOP(OIOTHUECKHE
npu3Haku 11 BumoB Oepeckiiera u paspaboraiu
KITIOY JIJIsl IX TIOJIEBOTO OTPEENICHNs, YASTUB 0c000e
BHUMaHHE MPHU3HAKaM (OPMBI II0A0B-KOpobodek. [s
JIOCTYDKEHUS TIeNT TaHHOH paboTHI OOJIBIION HHTEpEC
npencrasisier Euonymus pauciflorus Maxim. B CBs3U
C 0COOEHHOCTAMH JISKOPATUBHBIX CBOICTB H JIOCTYITHOCTBEO
JUISL M3YYEHHs, TAK KaK JJAaHHBIH BUJI UMEETCS B KOJUICKIIUU
Henaponornueckoro caga umenu Llpenepa, uto ynporaer
U3y4YeHHE BUJIA.

CTOUT OTMETUTh, YTO COBETCKHE YYEHBIC
TaKkKe BHECIHM 3HAYUTEIBHBIA BKIAJ B HU3yYEHHE
6epeckneroB. Tak, B kuurax E.U. [llumanoBuu [4]
u T.I. JleonoBo# [5] onucaHbl pa3iu4HbIE €r0 BUIbI
Ha Teppuropuu 6s1BIIET0 CCCP.

CoBpeMeHHBIE  y4YEHBIE TaKXe TOBOPAT
0 CIIOCOOHOCTH HEKOTOPBIX BHIOB OEpPECKIIETOB CHHKATh
KOJIMYECTBO TBEP/BIX YacTUIl B Bo3ayxe [6]. [Ipu sTom

KOpHH, CTEOIIN M JIUCThS KyCTapHUKA 00J1a1a10T BBICOKOM
CHOCOOHOCTBIO K 00OTAICHUIO TSKEIBIMU METAIUIAMH,
YTO JIENIAET UX LIEHHBIM BUJIOM B 03€JICHEHUU TopoioB [7],
OJTHAKO CaMU PaCTEHUs TOJBEPIKEHBI 3200JICBaHHSIM.
[ToaTOoMy mLenBId PsiA TPYIOB TOCBSIICH OOJE3HIM
pactenms [8-10].

JlekopaTuBHEIE CBOWCTBA PACTEHUS OTMEYCHBI
aBropamu [11], 1o MHEHHUIO KOTOPBIX, pacTeHHE 00JaaeT
0c000i1 TPUBIIEKATETBHOCTHIO U 0CO00 MOAYEPKUBACTCS
KpacoTa OCEHHel OKpackKu.

Kpacory OepeckiieToB 0TMEYAIOT U COBPEMEHHEIC
uccaenonareny. Tak, B crarse [12] roBopHUTCs 0 CO3MaHUU
TMaHAMAPTHRIX KOMITO3UIIHMHA, BKIIOYAIONIMX B ceOs
BEYHO3EJICHbIE KYCTapHHKH. B cTarbe BbIeNsieTCS
pon Euonymus, paccMaTpUBarOTCS €ero 0COOEHHOCTH,
B TOM YHCJIE JEKOpaTHUBHBIC MpHU3HAKH. OTMEUEHO
Takke [13], 9To BOIIPEKH pacpoCTPpaHECHHOMY MHEHHIO
0 TOM, YTO BEYHO3EJCHBIC PACTCHUS, MPUMEHSICMBIC
B O3€JIEeHEHUH, 9TO, Kak IIPaBWIIO, XBOMHBIE,
COBpPEMEHHBIC TU3aiiHEPhl UMEIOT JIOCTATOYHO OOTaThI
ACCOPTUMEHT TPABSHUCTHIX H JIPEBECHO-JICKOPATUBHBIX
pacTeHnii W3 TPYMIBI JUCTBEHHBIX — B YaCTHOCTH,
OepeckIeToB.

bepeckieTs! BappHpPYIOTCS 110 pa3Mepam, CTPYKType
KPOHBI ¥ OKPACKE JINCTHEB, UTO TIO3BOJISICT UCTIONB30BATh
UX B Pa3JIMYHBIX JaHIIIA(THBIX KOMITO3UIUAX. OTHAKO
JIEKOpaTUBHBIC KauecTBa OEPECKIIeTa, KaK U 'y MHOTHUX
JIPYTUX PACTEHUI, 3aBUCAT OT PsAJia BHEIIHUX MPHU3HAKOB
U U3MEHSIOTCS Ha MPOTSHKEHUH >KU3HEHHOTO IIHKIIA.
B 3T0i1 cBA3M BaxKHO pacCMOTPETh, KaAK COBOKYITHOCTh
3TUX XapaKTePUCTHK (POPMUPYET OOIILYI0 JEKOPATUBHOCTh
pacTeHuil B LIEJIOM.

B 11e110M 1eKOpaTHBHOCTH — TIOHATHE HCTETUIECKOE,
O3HaJampIee, 4YTO0 OHO CyObekTmBHO. OOrmas
JIEKOPATHBHOCTH PACTCHUN OMIPEACTISETCS KOMILUIEKCOM
BHEIITHUX XapaKTEPUCTUK. TeM He MeHee B HACTOsIIIee
BpeMs pa3paboTaH psiJi METOUK OLICHKH JICKOPATUBHOCTH
pacTeHui, KOTOpbIE B CBOIO OYEPEIb COAEPKAT IIKAIIbI
onenkn. Tak, B crarbe O.}JO. EMenpssHOBONM ommcaHa
YHUBepcaJdbHas METOJUKa KOMIUIEKCHOW OIEHKH
CTENEHH JIEKOPATUBHOCTH JIPEBECHBIX PACTEHUI C YIETOM
JTUHAMHKHN U3MEHEHUS IEKOPATHBHBIX KaueCTB, IIIKaja
Tpaiaryii IpU3HAKOB U KO QHUITEHTH 3HaYUMOCTH [ 14].
Or11eHKa OCYIIECTBISIETCS KEMECSIIHO 0 6 KPUTEPHUSIM
C TpUMeHeHUeM 5-OaiibHOU mikanbl. [lomydeHHBIE
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PE3YNBTATHl MO3BOJISIOT CTPOUTH TpadKH, HATIISIHO
JIEMOHCTpPUPYIOIIUE N3MEHEHHS B YPOBHE JIEKOPATUBHOCTU
pa3nuyHBIX BUAOB ((popM M COPTOB) Ha MPOTSHKEHUH
BCETIO rofa.

Cymectyer Takxke Meronuka H.B. Kotenosoit
u O.H. BunorpanoBoii [15], Brirowaromass B ceOst
€KEMECSIUHYIO OLIEHKY 10 5 KPUTEPUsIM: apXUTEKTypa
pacTenws1, opMa 1 IBET JIMCTHEB, pa3Mep M [IBET LIBETKOB
U TUI0AOB, a Takke (akrypa n 1BeT kopbl. OueHka
MIPOBOAMTCS 10 S-0aJUTHHOHM IKaje Ha MPOTSKCHUH
Bcero rofa. [lomyyeHHble 0asibl O KaKA0MY KPUTEPUIO
YMHOXaI0TCs Ha KO3 QUIMEHT 3HaYUMMOCTH, TIOCIIE YEro
PE3yNIbTaThl CyMMHUPYIOTCS U JEJIATCS Ha OOIIYI0 CyMMYy
k03 pureHToB. 3HaueHHe KO3 PHULIEeHTa 3HAYUMOCTH
konebnercs ot 1 10 4 B 3aBUCUMOCTH OT KOHKPETHOTO
npu3Haka. s KaXI0ro Mecsla BBIYUCIIAeTCS CPEqHss
BECOMOCTb, YTO MO3BOJISIET CO3JaTh IpauiKk CE30HHON
nexoparuBHOCTH. CyMMHpPOBaHHE OLICHOK 33 MECSI] IacT
BO3MOKHOCTb OIIPEAETIUTh OOIIYI0 TOAOBYIO OLEHKY
(P), xotopas ucmonb3yercs JUId CPaBHEHUS YPOBHS
JEKOPAaTHBHOCTHU Pa3IMYHbBIX BUJIOB U COPTOB.

OnHKUM 13 MHTEPECHBIX NPU3HAKOB JEKOPaTUBHOCTH
SBJISIETCSL pacKphITas KopoOouka miozaa. B 3aBucumocTn
OT BHJIa OHAa OyZIeT CUIIBHO OTIINYAThCs KaK MO LBETY, TaK
1 110 (hopMe, UTO ¥ TIPHBIICKACT PA3INIHBIX aBTOPoB [ 16, 17].
B niepBoii paboTe onmucaHbl ¥ WUTIOCTPHUPOBAHBI III0/IBI
u cemeHa 30 MIMPOKO KyJIBTHBHPYEMBIX BHJOB,
BCTPEUAIOIINXCA B KOJJIEKIUAX pacTeHuid [leHTpanbHoit
EBpomnsl, BO BTOpOI CTAaTbe NPUBEIEHBI PE3YIBTATHI

JIETAIBEHOTO MCCIIEIOBAHNS CTPYKTYPHI TUIOZIOB U CEMSTH
10 BuzoB OepeckieroB noapona Kalonymus. Pe3ynbrarsl
BTOPOI pabOTHI TaKKe OBLIM OTPAYKECHBI B PUCYHKAX.

Heanr mccnenoBaHmii: aHaIN3 XapaKTEPHUCTHK
W TIPU3HAKOB BHJOB poaa Oepeckiuer (Euonymus L.)
U OIICHKA UX JICKOPATHBHBIX CBOWCTB C yYETOM CE30HHBIX
0COOEHHOCTEH.

MeToauka uccjief0BaHuH
Research method

BunoBble XapaKTepUCTUKH OBLIM COCTaBIICHBI
Ha OCHOBaHWH M3YYSHHOH JIUTEPATYPhI H MIPAKTHUYECKOTO
HaAOJIONIEHNS], UX OIMCAHUS aalTUPOBAHBI MO IETH
pabots1. HaGmonenus HaJ1 JKMBBIMU PACTEHUSMU TIPOBOAIITA
ocenpto 2024 r. B JlenaponmoruueckoM cagay HWMEHH
P.M. [Ipenepa Poccuiickoro rocy1apCTBEHHOTO arpapHOro
yauBepcutera uMenn K. A. Tumupszesa (PTAY-MCXA
umenn K.A. TumupsizeBa). B riccnenoBaHusx NCIonb30BaHbI
Takue BUIBL, Kak Fuonymus europaeus L. [18] (puc. 1),
Euonymus latifolius (L.) Mill. [4], Euonymus fortunei
Hand. — Mazz., u3BectHslii Takxke kak E. radicans Sieb. ex
Migq., wu E. gracilis Sieb. [11], Euonymus macropterus
Rupr. [5] (puc. 2), Euonymus pauciflorus Maxim. [5],
Euonymus sacrosanctus Koidz. [4] (puc. 3), Euonymus
verrucosus Scop. [ 18], Euonymus japonicus Thunb. [4],
Euonymus alatus (Thunb.) Siebold [11] (puc. 4), Euonymus
nanus M. Bieb. [11] (puc. 5).

Puc. 1. Euonymus europaeus L. n3 xommexmmu Jleaaponormaeckoro cama uM. Llpenepa (¢poto aBTopoB)

Fig. 1. Euonymus europaeus L. from the collection of the Dendrological Garden named after R.1. Schroeder
[photo by the authors]
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Puc. 2. Euonymus macropterus Rupr. u3 xomnekiuu Jleaaponoruueckoro caga uM. [lpenepa (¢poTto aBTopos)

Fig. 2. Euonymus macropterus Rupr. from the collection of the Dendrological Garden named after R.I. Schroeder
[photos by the authors]

IIIkama omeHKH AeKOpaTHBHOCTH ObITa pazpaboTaHa
aBTOpaMU Ha OCHOBE IIKAJBI TPalalliid IPU3HAKOB JISI
KOMILUTEKCHON OIIEHKH JEKOPATUBHOCTU JAPEBECHBIX
pacTeHuii B TeueHue rofa [ 14] u agantupoBaHa ¢ yueToMm
0COOEHHOCTEH TepPUTOPHUH MPOU3PACTAHHS U CE30HA
roga (OCeHb).

Pe3yabTarsl
Results

11 OLleHKH 1eKOpaTUBHBIX KauecTB Euonymus L.
B OCEHHUI Iepro/] ObUTH YUTEHBI CIIETYIOIIHE TPU3HAKU
(tabm. 1):

* OKpacKa JIUCTBBI B TIEPUO]] BETCTAIIHH;

* OCEHHSIS1 OKPACKa JINCTHEB;

* IEKOPaTUBHOCTH IJIOAOB-KOPOOOUEK;

* JIGKOPaTUBHOCTH PACKPBITHIX ILIO0B-KOPOOOUECK;

* JUTMHA JINCTA;

* IUPHHA JIUCTA.

OTH XapaKTEePUCTHKHU OTPaXKAIOT OCHOBHBIE BHIOBHIE
0COOEHHOCTH PAaCTEHHsI U Pa3HOOOpa3He NEKOPATUBHBIX
CBOWCTB B OCEHHMI NIEPUOJI ToAa.

UroObl  OICHHTH JCKOPAaTHBHBIC KadeCTBa
MaKCHUMAaJIbHO KOPPEKTHO, COCTABHM IIIKAITy OICHKH,
B KOTOPOIA OyZieT MompoOHO OIMCAHO, 33 UTO TPUCYKIACTCS
Kaxaplid 0amur. Ocoboe BHUMAaHUE ClienyeT o0paTHTh

Ha IIBETOBYIO TaMMY JIFICTBEL, ()OpPMY U TEKCTYpY JIFICTHEB,
a TaKXkKe Ha JICKOPATUBHOCTh TUIOJIOB, KOTOPBIC IPUIAIOT
pacTeHHsIM [IOTIONIHUTENHHYI0 TIPUBJIEKATEIhHOCTh
B Pa3HbIE CE30HBIL.

[IIxana oueHkHU:

1. Okpacka iucTheB B iepuon Bererarmu (0-2 Oarna)

— 0 — HemprMeyareLHas (HarpuMep, ONeTHO-3eTIeHAs )

— 1 — oObruHas

— 2 — apkas (HarpuMep, HEOJHOPOIHAS)

2. Ocennsis okpacka nuctheB (0-2 6ana)

— 0 — HenmpuMeyarenpHas (HarprMep, OIeTHO-KEeITast)

— 1 — oObI4Has (HarIpuUMep, JKeTast)

— 2 — spkas (Hanpumep, KpacHasl, Sipko-KpacHasi)

3. lexoparuBHOCTh TU10110B (0-1 Gamr)

— 0 — HenmpuMmeuaTenbHbIE

— 1 — cpenusia

4. Inmuna nucra (0-2 6amna)

—0—-po5cm

—1-5-7 cm

—2 —0Oonee 7 cm

[IpomexyTouHble  3HauU€HUS JJId  JAaHHOU
XapaKTePHCTUKH OyIyT 00YyCIIOBIEHBI TEM, YTO OTACIbHbIE
BUJIbI UMEIOT JIUCThS PA3JIMYHBIX Pa3MEpPOB, KOTOPHIC
MOJJOWYT MO HECKOJIBKO ITYHKTOB Cpasy.

5. lllupuna nucra (0-1 6am)

—0—mo4cm

—1—o0t14 cM u Gosee
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Puc. 3. Euonymus sacrosanctus Koidz. u3 xomnexiuu Jlenaponormnueckoro cana um. Llpenepa
u napka my3est K.9. [{uoskosckoro, I. Kanyra (¢hoto aBTOpoB)

Fig. 3. Euonymus sacrosanctus Koidz. on the territory of the Schroeder Arboretum
and on the territory of park of the K.I. Tsiolkovsky Museum in Kaluga [photo by the authors]

[IpoMexxyTouHblE  3HaYeHUs [ JAHHOM
XapaKTEePUCTUKU OyIyT 0OyCIOBIEHBI TEM, YTO OTACIbHBIC
BUIbI UMCIOT JIUCTBA Pa3INYHbIX pasMEpPOB, KOTOPLIC
NOAOMIYT MO HECKOJIBKO ITYHKTOB CPasy.

6. PackpsiTas kopobouka riona (0-2 6amna)

— 0 — xopoOoUYKa B PACKPHITOM BHUE BBITIIAIUT
HEaKKypaTHO

— 1 —kopo6ovKa B paCKpHITOM BHIE IMEET TIPHATHEBINA
BUJ, HO HUYEM HE BBIJIEJISETCS

— 2 — packpbITas KOpoOoUKa KpaifHe JeKOpaTuBHa,
UMeeT HeOOBIUHYIO U MTPHUBIIEKATEIbHYIO (hopMy

MaxkcumarpHasi CyMMa 110 yKa3aHHbBIM [TPU3HAKaM
cocrasster 10 6aoB. Jta cucTeMa Mo3BOJISET KOMILIEKCHO
OIICHHTH JIGKOPATHBHEIE KauecTBa OepecKIIeTa, YIUTHIBAS KaK
BH3YaJIbHbIE, TAaK U CTPYKTYPHbIE XapaKTEPUCTUKH (TalL. 2).

Haubonbryto cymmy 6aimioB nonyury Euonymius
latifolius Mill., Euonymus japonicus Thunb., Euonymus
europeus L. n Euonymus macropterus Rupr. Vicxons u3 atoro,
MOJKHO CUUTATh, YTO JJaHHBIC BUJIbI 00J1a1at0T Hanbomee
JIEKOPaTUBHBIMI OCOOCHHOCTSIMH B OCEHHUI NEPUO] TO71a,
a Fuonymus nanus M. Bieb., Euonymus verrucosus Scop.
u Euonymus sacrosanctus Koidz. — HanmeHee JeKopaTiBHBIMA.
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Puc. 4. Euonymus alatus (Thunb.) Siebold u3 xomnexkunn Jlenaponorugeckoro caga um. lpenepa (horo aBTOpOB)

Fig. 4. Euonymus alatus (Thunb.) Siebold from the collection of the Dendrological Garden named after R.I. Schroeder
[photo by the authors]

Puc. 5. Euonymus nanus M. Bieb. u3 xomnekiuu Jlenaponoruueckoro caga uM. [llpenepa
Y Ha TEPPUTOPUH YacTHOTO cana (poTo aBTOPOB)

Fig. 5. Euonymus nanus M. Bieb. from the collection of the Dendrological Garden named after R.I. Schroeder
and on the territory of the private garden [photo by the authors]
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Tab6muma 2
Oue}ma AEKOPATUBHOCTHU OTACJIbHBLIX BU/10B 6epecKJ1eTa U3 KOJUVICKIIUHN
Jenaposornyeckoro caga um. llpenepa PTAY-MCXA um. K.A. TumupsizeBa
B OCEHHUIi nepuoj, 6aJbI (COCTaBIEHO aBTOPaMH)
Oxpacka Jouna | lllupuna | PackpobiTas
Bu JuctbeB | Ocennsisi | leKkOPaTHBHOCTH mcTa mera. | KopoBouxa Cymma
A B MepPHOJI | OKpacKa TLIO0B ’ > P fajioB
M M njioaa
BereTanuu
Euonymus europaeus L. 1 2 1 1,5 0,5 1 7
Euonymus fortunei Hand.-Mazz. 2 1 1 0 0 2 6
Euonymus latifolius (L.) Mill. 1 2 1 1,5 1 1 7,5
Euonymus macropterus Rupr. 1 1 1 1 1 2 7
Euonymus pauciflorus Maxim. 1 1 0 1,5 0,5 2 6
Euonymus sacrosanctus Koidz. 1 2 1 1 0 0 5
Euonymus verrucosus Scop. 1 1 0 1,5 0 1 4,5
Euonymus japonicus Thunb. 2 2 0 1 0,5 2 7,5
Euonymus alatus (Thunb.) Siebold 1 2 1 0,5 0 1 5,5
Euonymus nanus M. Bieb. 1 1 0 0 0 1 3
Table 2

Evaluation of decorativeness of individual species of Euonymus from the collection
of the Dendrological Garden named after R.I. Schroeder of the Russian State Agrarian University —
Timiryazev Agricultural Academy in the fall season, points [compiled by the authors]

Leaf
Species co(;?lz?;lon Fall leaf | Decorativeness| Length Width | Disclosed | Total
P & coloration of fruits of the leaf | of the leaf | fruit box score
the growing
season
Euonymus europaeus L. 1 2 1 1.5 0.5 1 7
Euonymus fortunei Hand.-Mazz. 2 1 1 0 0 2 6
Euonymus latifolius (L.) Mill. 1 2 1 1.5 1 1 7.5
Euonymus macropterus Rupr. 1 1 1 1 1 2 7
Euonymus pauciflorus Maxim. 1 1 0 1.5 0.5 2 6
Euonymus sacrosanctus Koidz. 1 2 1 1 0 0 5
Euonymus verrucosus Scop. 1 1 0 1.5 0 1 4.5
Euonymus japonicus Thunb. 2 2 0 1 0.5 2 7.5
Euonymus alatus (Thunb.) Siebold 1 2 1 0.5 0 1 5.5
Euonymus nanus M. Bieb. 1 1 0 0 0 1 3
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[TpoBeneHHOE UCCIIENOBAHUE PA3IMYHBIX BHIOB
Oepeckiera MmoKas3aio, 9TO KaKIbIH U3 HUX 00JajacT
VHHKaJbHBIMUA XapaKTEPHCTHKAMH, KOTOpPhIE MOTYT
OBITh YCIICIITHO MCIIOJIb30BaHbI B JIAHIIIA()THOM AU3aliHe
u o3eneHenun. Tak, Euonymus latifolius Mill., Euonymus
europeus L., Euonymus alatus (Thunb.) Siebold, Euonymus
sacrosanctus Koidz. u Euonymus macroptera Rupr.
MOTYT SIBIATHCS HEHTPOM JIaHAIa() THOH KOMITO3ULINY;
Euonymus japonica, Euonymus verrucosa Scop., Euonymus
fortunei Hand. — Mazz., Euonymus pauciflora Maxim.,
Euonymus latifolia Mill. u Euonymus nanus M. Bieb.
MOTYT BBICTYTATh B KAYECTBE COMYTCTBYIOIIUX BUIIOB;
Euonymus japonicus Thunb., Euonymus fortunei Hand. —
Mazz., Euonymus verrucosa Scop., Euonymus macroptera
Rupr. u Euonymus nanus M. Bieb. momoimyT mist co3nanus
JKUBOM m3roponu. Euonymus japonicus Thunb., Euonymus
fortunei Hand. — Mazz. u Euonymus nanus M. Bieb.
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BriBoOaBI

Conclusions

BrisiBieHHBIC BUJIBI — Takue, Kak Euonymus latifolius
Mill., Euonymus japonicus Thunb., Euonymus europeus L.
u Euonymus macropterus Rupr., IpoJeMOHCTPUPOBAIN
CBOIO BBICOKYIO JEKOPaTWBHOCTh, YTO JAeJaeT HX
HEPCIICKTUBHBIMU [UISl HCIIOJB30BAHUS B TOPOACKOM
o3eneHeHUH. PekoMeHIyeTcs nanbHeilnee n3ydeHne
3TUX BUJIOB B OCTAJIbHBIC CE30HBI T0/1a ¥ BBISIBIICHHE UX
TIOTEHIIMANA JUTs IPUMEHEHHS B PA3IMYHBIX KIIMMATHYECKAX
YCIOBHSX U JAaHIMA(THBIX POSKTaX.
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AHHOTALUSA

CanbMOHEIUTB SBISIIOTCS, KaK M IPEXIe, OCHOBHOM NPUYMHON BO3HUKHOBEHHUS TOKCUKOMH(EKIMH MpH YHOTpeOIeHHH
NPOIYKTOB )KHUBOTHOTO IPOUCXOKACHHMS. [ITHIIa, B TOM YHCIIe CETbCKOX03SMCTBEHHAS, MOXKET OBITh CaJIbMOHEIUIOHOCHTEIIEM
0e3 TpOSBIICHHS KIMHUYECKUX IIPU3HAKOB, MOITOMY MsCy ITHIBI OTBOAWTCA o0co0as pojib B BO3HUKHOBEHHHU
TOKcHKonHQpeKkmii. B 1mexe y0os, mpm mnepepaboTKe TakKOW MTHIBI, IOBEPXHOCTh TYIIEK MOXKET OOCEeMEHSTHCS
CaJIbMOHEJUIAMH: 33 CUET MX CMBIBaHHUSI C 3arps3HEHHBIX HOT W IIEPhEBOrO IIOKPOBA; IPU pa3pbiBe KHUIIEYHUKA, 300a
U TNONaJaHUH MX CONCP)KMMOTO Ha TYNIKH; Ha ONEpPalMsIX CHATHA ONEPEeHHs M OXJAKACHHS (OCOOCHHO BOISHOTO).
[TosTOMY KOHTpOINIO HAIW4Ms CaJbMOHENI B MPOMYKTaX M3 Msica NTHLBI yrnensercs ocoboe BHUMaHue. Ha peiHOk PO
BBUAY CaHKHI/Iﬁ B CBA3U C IPOBCIACHUCM CHCL[HaJILHOﬁ BOEHHOH onepanru pAld MATATCIBHBIX CPEJl, UCIOJIB3YEMBIX I
BBISBIICHHUS CAJIbMOHEIUI, B HacTosmiee BpeMs He mocraBisiercs. OIHAKO MOSBHJIMCH MOCTABIIMKH MUTATENBHBIX CPel
U JUArHoCTUYCCKUX CUCTEM M3 JAPYKECTBCHHLIX CTpaH, KOTOPBIC MOIYT HCIIOJIbB30BaThLCA B MI/IKpO6I/IOJ'IOI‘I/I‘IeCKI/IX
UCCIICIOBAaHUSX NPH BBIABICHUHM CaJbMOHEUI M3 MUIIEBBIX IpoxykToB. OmHOW M3 Takux cpen ssisercs [lomioxka
MicroFast® Salmonella Count Plate (SAL) (II-SAL). II-SAL — 3To roToBas mnuTaTeibHas rejeoOpa3Has cpena,
cozeprkaiias B KadecTBe MHIAMKATOpa TPU(EHWITETPA3ONUH XJIOpUA. B MaHHBIX MCCIIENOBaHUAX H3y4Yald BOSMOXKHOCTBH
ucrionb3oBanust [1-SAL i1 BbIIeNneHHsl caJbMOHENT B Msice NTHIBL. [IpH BBIIONHEHMH HCCIIEAOBAaHUA B KauyecTBE
MOJIEJIbHBIX 00pa3loB MCIOIb30BAIU (aplil, MOJYYEHHBIH U3 TPYHAOK LBIUIAT-OpONHIEepOB, CBOOOIHBINH OT MOCTOPOHHEH
Mmukpodopsl. [Ipu npoBexeHNH UccienoBaHUE ObUTO C(HOPMUPOBAHO ABE TPYMIEI 00pa3oB (110 25 KaXK/10ii): ONBITHBIE
00pa3ibl — KOHTAMHHHPOBaHHBIM ¢apm (25 r ¢apma comepxkano 30-50+0,08 KOE S.enteritidis); KOHTpOJBHBIC
o0pasisl — (apmr, He KOHTaMUHHpOBaHHBIN S.enteritidis. CpaBHuTenbHbIe ucnbiTanus [1-SAL u Bucmyr-cynbhutHOTO
arapa (BCA) npoBoauiy MOCi€ CEJICKTHBHOTO O0OTaIeHUs Mpo0. YCTAaHOBUIIM, YTO HCIIOAB30BAHUE SIS OOHAPYKCHUS
caimpmoneiut B papine BCA mo TOCT 31468-2012 u [1-SAL mo3BoJIsI€T HOXYIUTE CONIOCTABUMBIE pe3ynbTaThl. Pe3ynbrarsr
UCCJIEI0OBaHUI CBHJETENLCTBYIOT O BO3MOXKHOCTH Hcronb3oBaHuU [1-SAL 1uist BBISABIEHHS CaJbMOHENI B MsICE ITHIIBI,
YTO TO3BOJIUT OOECIIEYHTh BOSMOXKHOCTH BBIOOpA M OCTYIHOCTH NHUTATENBHBIX CPEeXl IpU NPOBEACHUH HCCIENOBaHUH
IO BBISIBIICHHIO CaJIbMOHEI.

Knrouesbie ciioBa
(apm, campMoHeTEL, mUTarenbHBIC cpenbl, momiokka MICROFAST® SALMONELLA COUNT PLATE (SAL),
COIOCTaBUMbIE PE3YJIBTAThl, OOHAPYKEHHE CATbLMOHEIT B MSICE IITHUIIBI

Jns uuTupoBaHus

Kozak FO.A., Koszak C.C., CruéBa U.H. Bo3moxnocts wucnomp3oBanus momioxkek MICROFAST® SALMONELLA
COUNT PLATE (SAL) myst oOHapy»eHus canbMoHe1 B Msice // Tumupsizesckuu duonoeuueckutl scypran. 2024, T. 2, Ne 4.,
C. 78-82. https://doi.org/10.26897/2949-4710-2024-2-4-78-82

78 © Kozak 10.A., Kozak C.C., CerueBa 1.H., 2024
© Kozak Yu.A., Kozak S.S., Sycheva I.N., 2024


mailto:kozak@rgau-msha.ru

Timiryazev Biological Journal. 2024;2(4):78-82
https://doi.org/10.26897/2949-4710-2024-2-4-78-82

MICROBIOLOGY

Research article
https://doi.org/10.26897/2949-4710-2024-2-4-78-82

Possibility of using MICROFAST® SALMONELLA COUNT PLATE (SAL)
for the detection of Salmonella in poultry meat

Yulia A. Kozak, Sergey S. Kozak, Irina N. Sycheva

Russian State Agrarian University — Moscow Timiryazev Agricultural Academy, Moscow, Russia
Corresponding author: Yulia A. Kozak; e-mail: kozak@rgau-msha.ru

Abstract

Salmonella remains the main cause of toxic infections associated with the consumption of products of animal origin.
Poultry, including farm poultry, can be a carrier of Salmonella without clinical signs, therefore poultry meat plays a special
role in the occurrence of toxic infections. In the slaughterhouse, when processing such poultry, the surface of the carcasses
can be seeded with Salmonella: by washing them off contaminated legs and feathers; by getting the contents of ruptured
intestines, crops on carcasses; during the operations of removing feathers and cooling (especially water cooling). Therefore,
special attention is paid to the control of the presence of Salmonella in poultry products. A number of nutrient media
used for the detection of Salmonella are currently not supplied to the Russian market due to sanctions in connection with
the special military operation. However, there are suppliers of nutrient media and diagnostic systems from friendly countries
that can be used in microbiological studies to detect Salmonella in food. One such medium is the MicroFast® Salmonella
Count Plate (SAL) (P-SAL). P-SAL is a ready-to-use nutrient gel medium containing triphenyltetrazolium chloride as an
indicator. In this research, we investigated the possibility of using P-SAL to isolate Salmonella in poultry meat. Minced
meat from broiler chicken breasts free of foreign microflora was used as a model sample. During the research, two groups
of 25 samples were formed: test samples — contaminated minced meat (25 g of minced meat contained 30-50%0.08
CFU of S.enteritidis); control samples — minced meat not contaminated with S.enteritidis.. Comparative tests of P-SAL
and Bismuth Sulfite Agar (BSA) were conducted after selective enrichment of samples. It was found that the use of BSA
according to GOST 31468-2012 and P-SAL for the detection of Salmonella in minced meat allows to obtain comparable
results. The results of the studies indicate the possibility of using P-SAL to detect Salmonella in poultry meat, which will
ensure the possibility of choice and availability of nutrient media when conducting studies on the detection of Salmonella.
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detection of Salmonella in poultry meat
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CaJIbMOHEIITBI MOTYT HAHECTH YIIEPO SKOHOMIUECKOM
CTa0MIIBPHOCTH NITHIIEBOAYCCKON OTpaciy B Ipolecce
MIPOU3BOJICTBA B CIy4ae 3apa’keHUs U MOCIEIYIOIIETO

BBenenue
Introduction

CaJtbMOHEJIIBI, KaK 1 IPEXJIE, SBIISIOTCS OCHOBHOM
NPUYMHOW BO3HUKHOBEHHS TOKCHKOMH(MEKIUI mpu
yIOTPEOICHUH ITPOLYKTOB YKUBOTHOTO ITPOMCXOXKICHHUS.
IItua, B TOM YHCIIE CEIbCKOXO3SHCTBEHHASA, MOXKET
OBITH  CAIEMOHEIUIOHOCHUTEIIEM 03  MPOSIBICHHUS
KIMHUYECKHUX MPU3HAKOB, II03TOMY MHOTHE UCCIISIIOBATEIN
OTBOJISIT MACY MITHIIBI 0COOYIO POJIb B BOBHUKHOBCHHUU
TOKCHKOMH(eKIwmii [ 1, 2].

B nexe y6os1, npu nepepaboTKe TAKOW MTHIIBL,
HIOBEPXHOCTb TYIICK MOXKET 00CEMEHATHCS CalbMOHEILIAMU:
3a CYET UX CMBIBAaHUS C 3arPS3HCHHBIX HOT ¥ IEPHEBOIO
MIOKPOBA; MPHU Pa3pbIBE KUIIIEUHHKA, 300a M MOMaTaHHH HX
COJIEPIKMMOTO Ha TYIIKH; Ha OTIEPAIIUSIX CHATHUS OTICPEHUS
1 OXJIAKIEHUS (0COOCHHO BOASHOTO) [3, 4].

3a00ieBaHmsl JIFONEH. OTH CiIydal MOTYT TIPUBECTH
K CyZIcOHBIM Pa30UpaTeIbCTBaM, a MEJUIIMHCKUE PACXOJIBL,
KOTOPBIE MOTYT BOSHUKHYTh y TIOTPEOUTENEH, BRI3BIBAIOT
CephE3HYI0 03a004eHHOCTh. KpoMme Toro, HecriocoOHOCTh
JIOJDKHBIM 00pa3oM HICHTH(HUIIMPOBATh MATOTCHHBIE
MHUKPOOPTaHU3MBI ITHIIIEBOTO MTPOUCXOKICHUS, TaKHe,
KaK CaJIbMOHEJUIBI, B MPOIYKTaX U3 Msica MTUIIBI 4aCTO
TIPUBOIUT K SKOHOMITYECKUM TIOTEPSIM TT0 TPUIHHE OT35IBA
MPOAYKIIMU U OOIIET0 CHIXKEHHS BBIXO/A ITPOAYKIIUH.
[To3TOMYy KOHTPOITIO HATHMYHS CATBMOHEIIT B TIPOIYKTAX
13 MsiCa ITHIIBI YIeNsIeTcs 0co0oe BHUMaHue [5, 6].

B nacrostmee Bpemst B PO MuKpoOHOITOTHIE CKIiA
KOHTPOJIb CyOTIPOIYKTOB, MsiCa IITHITHI M POAYKTOB HA €T0
OCHOBE TPH BBISBIICHUH CATbMOHEIUT IIPOBOJISIT COTMIACHO
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T'OCT P 57480-2017', B KOTOpOM IIpeaycMaTpUBacTCs
ucronb3oBanue TecT-tuiactud [7]. Ha poiHoxk PO
BBUJIy CAHKIIMI B CBSI3U C MIPOBEICHUEM CITCIIUATBHOM
BOCHHOHM OIEpalru psJ MHTATENbHBIX CpPel, B TOM
YHUCJIe TECT-IIACTUH, UCTIOIB3YEMBIX IS BBISIBICHHUS
CaJbMOHENJI, B HACTOSIIEE BPEeMsS HE IMOCTABIISIETCS.
OnHako MOSIBUIKMCH MOCTABIIMKYU MUTATEIBHBIX CPEl
U TUATHOCTUYECKUX CHCTEM M3 IPY’KECTBEHHBIX CTPaH,
KOTOPBIE MOTYT UCTIONB30BaThCS B MUKPOOHOIOTHIECKIX
HCCJICIOBAHUSIX TIPH BBISIBIICHUY CATBMOHEIUT U3 ITUIIEBBIX
npoaykroB. OqHoOU U3 Takux cpen spisercs [lopioxka
MicroFast® Salmonella Count Plate (SAL) (IT-SAL).
B 310l cBSI3M mpecTaBis UHTEPEC HMCCIEN0BAHUE
BO3MOXKHOCTHU ucnonb3oBanus [I-SAL st Beiaenenust
CaTbMOHEIIT B MSICE TITHITBL.

ey nccieToBaHUiA: BRISBICHIE BO3MOXHOCTH
ucnonb3oBanus [I-SAL my1st BBIABICHUS CaTbMOHEIT
B MSICE TITHIIBI.

MeTtoauka uccjaenoBaHuu
Research method

B pabore B kauecTBe TECT-IUTaMMa UCIIOJIB30BAIIH
S. enteritidis mT. 5765 (S. enteritidis).

B KadecTBe MOJIETTBHBIX 00Pa3IIoB HUCIONB30BATH
(ap1, moIyYeHHBIH U3 TPYAOK UBIIIAT-OpoiinepoB. [
noxy4eHus (apina UCIONB30BalIM TPYIKU (C KOXKeid)
IBIIIAT-OpoiiepoB  (manee — capmi), CBOOOAHBII
OT caibMOHeI. lHaKTUBaMIO cajJbMOHEIT B dapiie
obecrieunBaan 2-KpaTHBIM €Tr0 aBTOKJIABUPOBAHHEM
(1 9) yepe3 24 4. beuto copMupoBaHO BE TPYIIIBI
00pa3ioB. B kagecTBe OMBITHBIX 00pa310B ObLT (api,
conepxamuit  20-50+£0,08 KOE/25 1 S.enteritidis;

KOHTpPOJIBbHBIE 00pa3Ip — (hapiil, He KOHTAMUHUPOBAHHBIN
S.enteritidis. O6pa31pl pactacoBbIBaIM B INIACTUKOBBIE
€MKOCTH, KOTOPBIE TEPMETU3UPOBAIIH C UCTIONB30BAaHUEM
napaduna, uneHTHdGUIIpoBany 1 Xpanwm npu (0+0,5) °C.

[pu BEIOTHEHNH UCCIIENOBAHUI PYKOBOJCTBOBAJIMCH
neticreyrommeit HII TOCT?3.

PesyabTarsl
Results

[IpoOsI apira KOHTPOIBHBIX U OIBITHBIX TPYTIIT
Maccoit (25+0,1) r 11 npeBapUTEIHHOTO 00OTAIIICHUS
HWHOKYJTMPOBAJIA B HECETIGKTUBHYTO cpemy — 3a0yhepeHHyTo
nenToHHyto Boxy. Ilocie wWHKyOanuMu KyIbTypbl
MePeCeBaNd B CPE/y CEJICKTUBHOTO 000TalleHHs — OyIbOH
Pammamnopra-Baccummazamca (RVS).

IMocne ceneKTHBHOTO 00OTaIeHUs PO0 MPOBOAMIH
cpaBaUTENBHBIC HCTbITaHus [[-SAL 1 BucmyT-cynsdutHOTO
arapa (BCA).

I[Ipu npoBemennm wuccnenoBanuii  II-SAL
MPUMEHSJT COTJIACHO HWHCTPYKIIMHA TPOU3BOTUTEIIS.
[Tocne TepmocTtatupoBanusi moceBoB mpu (36+1,0)
°C B Teuenue (24+2) 4 IpOBOAWIN yUET PE3YIIbTATOB.
HaIl-SAL otmeuany Hanu4ue po30BbIX KOJIOHUH pa3HON
WHTEHCHBHOCTH OKPACKH U pa3MepoB, KOTOPbIE, COTTIACHO
WHCTPYKITUH TPOU3BOAUTEIIS, SBISIOTCS THITYHBIMU JJIST
Oakrepuii poga Salmonella. Kynsrypanbhsie cBolicTBa
S. enteritidis Ha [I-SAL mpencraBneHsr Ha pUCYHKE.

IIpu orcyrcTBHHM pOCTa TUIHUYHBIX KOJOHHM
Ha [1-SAL KoHEUHbII pe3ysbTaT MPUHAMATH KaK OTCYTCTBHE
CaJIbMOHEIJ B aHAJTM3UPyeMOi mpooe.

[Ipu wucnone3oBanmun BCA ydeT pe3ynbraToB
TIPOBOJIVIIH B JIBA ATAlA: IPEBAPUTENHHBIN — depe3 (2443)

Puc. Kynerypanbnsie cBoiicTBa S. enteritidis Ha [T-SAL

Fig. Cultural properties of S. enteritidis on P-SAL

'TOCTP57480-2017. [TpomyKThl yOOS ITHIBI, TPOLY KIS U3 MCA ITHIBI M 00BEKTHI OKPYKAIOLIESH TPOU3BOACTBEHHON
cpenpl. MeTon BRISIBICHHUS CaTbMOHEII YCKOpeHHBIM criocobom: Ben. 2018-01-07. M.: Crangaptundopm, 2018. 6 c.

2TOCT 7702.2.0-2016. TIpomyktbl y6osi mTHIBI, monyhabpHUKaThl U3 Msica TTHIBI B OOBEKTHI OKpYKaromiei
MPOM3BOJCTBEHHON cpesibl. MeTonsl 0T60pa Ipod U MOATOTOBKAa K MUKPOOHOJIOTHYECKUM HcclienoBaHusM: Been. 2018-01-

01. M.: Crarmaptunadopm, 2016. 25 c.

3TOCT 31468-2012. Msico mTHIist, CyOpOIyKTHI M TOTY()aOpHKATHI M3 Msica IITHIIBI. MeTO BBISIBIICHHS CaTbMOHEIT:

BBea. 2013-01-07. M.: Cranmaprurdopm, 2019. 10 c.
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4, OKOHYATeNbHBIN — yepe3 (48+3) u. Ha BCA ormeuamn
HaJINYME TEMHBIX KOJIOHUH ¢ METAITIMYECKUM OJIeCKOM
U C TOYEePHEHNEM TIUTaTeTbHON CPeIbl O/ HUMH, KOTOpPbIE,
COTJIACHO WHCTPYKIIUH TIPOU3BOMUTENS, SBISIOTCS
TUMIUYHBIMHE JUI OakTepuii poaa Salmonella.

Wnentndukanmm 1 y4eT pe3ylsTaToB, TOTydeHHBIX
npu ucnonszoBanuu II-SAL n BCAIO npownsBoaunn
o ['OCT 31468-2012.

beun  BBIIONTHEHA CpaBHUTENbHAsT —OIICHKA
II-SAL u BCA 1o 'OCT 31468-2012 n1st BEIABICHHUS
CaJIbMOHEJIT B TECTHPYEMBIX 00pasuax (apira. Pesymsrarsr
NpEeACTaBICHBI B Ta0JIHIIE.

W3 maHHBIX TaOIHUIIBI CIIETYET, YTO HCIIONBE30BAHUE
JUIsl OOHAPYKEHUsI CaIbMOHEILT B TECTHPYEMBIX 00pasiiax
¢apima BCA o 'OCT 31468-2012 u [1-SAL no3Bosnser
MONTy4aTh COTMIOCTAaBUMBIC PE3YIbTATHI.

CorimacHO pe3ynbTaraM UCCIEIOBaHUI Bce
TeCTHpyeMBbIE 00pa3Ibl MMOCIe dTana CEJIEKTUBHOTO
oboramnieHusl, Kak «KOHTPOJIHEIEY, TaK U «OTIBITHBICY,
OBLTH TTPABUIILHO PACIIO3HAHBI C TIOMOIIIBIO MTOIIIOKEK
SAL. Ilpu wucmnons30BaHUH O00OOUX METONOB 25
OTBITHBIX 00Pa3IOB OBLIM HICHTU(UIIMPOBAHBI KaK
«O0HapyxeHo», 25 KOHTPOJBHBIX 00pPa3OB — Kak
«He oOHapykeHo.

Tabnmuna
CpaBuuteabHas oneHka BCA u II-SAL 1151 BeIsSIBJIEHHS CAJIBLMOHENLT (n = 25)
HaunmeHnoBanme cpen
BCA II-SAL
Oo6pa3usl
BrisiBieHMe caJbMOHENT
OoHapy:xeHbI He obHapy:xeHbI Oonapy:xkeHbI He o6Hapy:xeHbI
KonTponbuble 0 25 0 25
OnbITHBIE 25 0 25 0
Table
Comparative evaluation of BSA and P-SAL for the detection of Salmonella (n=25)
Name of differential diagnostic environments
BSA S-SAL
Samples
Detection of Salmonella
Discovered Not found Discovered Not found
Control 0 25 0 25
Test 25 0 25 0
BoiBoabl Pe3ynprarsl HCCIEA0BAHUIN CBUJIETEJILCTBYIOT
Conclusions 0 BO3MOKHOCTH HCIIOJIB30BaHUsA MOMIOKKHA SAL s

Hcnonp3oBanne 1S BBISBICHUS CAlbMOHEILT
B (apie, NONY4YEHHOTO U3 TPyAoK (C KOXKeH)
puLsIT-OpoiiepoB, BCA mo 'OCT 31468-2012 u momioxkek
SAL no3BosisieT MONYYUTh COMIOCTABUMBIE PE3YJAbTATHI.
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Hcnosb3oBaHne HCKYCCTBEHHOM HEMIPOHHOM CeTH /ISl paclO3HABAHUSA
KJIETOK KPOBH OCETPOBBIX PbI0 HAa MHKPOCKONMMYECKHX CHUMKAX

Anna BaaaumupoBHa YkoioBa, /lennc BurajibeBud bbikos,
Marnaanna AnekceeBHa AKMMYIIKHHA, AHApeil Hukonaesnu Kapaces,

Jar Ban Yan, baspma llargaposna JlammueBa, Asiekcanap EBrenbeBud4 YIbIHKHH

Poccuiickuit rocynapctBeHHbIH arpapHbiil yauBepcuteT — MCXA umenu K.A. Tumupszesa, Mocksa, Poccus
ABTOp, 0OTBETCTBEHHBIIi 32 mepenucky: Jleanc BuranseBuu brikos; bykovdv(@rgau-msha.ru

AHHOTAUMA

B craree paccmarpuBaerca mpoOnemMa TPYZOSMKOCTH IIpOLEcca ONPEeNCHNs JICHKOIMUTapHOH (OpMyNsl KpOBU
pBIO TIpHM ee OXHOBPEMEHHOW BBICOKOH 3HAYMMOCTH M HEOOXOAMMOCTH C TOYKM 3PEHUS] MOHHTOPUHTA 310pPOBbS
ocoOell. ABTOpaMHM TIPEACTaBIEH IIOAXOJ K aBTOMATH3alMM COCTaBJICHUS JICHKOIUTapHOH (OpMyIsl KpOBH
pbIO (Ha TpHMepe OCETPOBBIX) C HCIIOIB30BAHMEM MOJICIH CBEPTOUYHOM HEWPOHHOW CETH, CIOCOOHOH OOHapyXHBaTh
U WACHTU(ULUPOBATh KIETKH HAa MHUKPOCKOIIMYECKOM CHHMMKE KpoBH. PaccMarpuBaioTcs oOlias cxema reMorionssa,
HOpPMaTUBBl T'eMaTOJOTMYECKUX II0Ka3aresied OCeTpoBbIX pbIO. OmnHchIBaeTCs Npoleaypa IMOArOTOBKH H300pakeHuH
Juisl 00ydYeHHs] MOJIENIM MCKYCCTBEHHOI HEHpOHHOI ceTH Ha OCHOBe pa3MmeTku. [IpuBoanTcs ommcanue mporpaMMHBIX
WHCTPYMEHTOB JUISl B3aUMOJCHCTBUSL C HM300paXEHHSAMH W C MOJEGISMH HCKYCCTBEHHBIX HEHPOHHBIX CETeH.
B pesynbrare ucciienoBaHUH MOATOTOBICHO 14 MHKPOCKOIMYECKMX CHUMKOB KIJICTOK KPOBH PbIO Ha OCHOBE pPa3METKH,
o0ydeHa MONENb CBEPTOYHOW HEWPOHHOW ceTH, oOmast cpemHss TodHocTh uaeHTH(ukamun (MAP, Mean Average
Precision) xotopoit cocrtaBmina 0,33. Ilpu »ToM oO0mas TOYHOCTH OOHApY)KEHHsI KJIETOK Ha OTICIBHBIX CHHMKAaxX
B cpegHem coctaBmwia 0,92, TOYHOCTH pacmosHaBaHus dSpurporutoB — 0,94. Pesymprarel wccieqoBaHHA MOTYT
CIIy’)KUTh OCHOBOW JaJIbHEHIIEr0 W3y4eHHUs, pa3pabOoTKM W WCIOIB30BAHUS CBEPTOYHBIX HEHPOHHBIX CeTed I
ABTOMATH3AIMHA COCTABJICHUS JICHKOIUTAPHONH (HOPMYJIBI HA OCHOBE BBICOKOTOYHOIO PACIIO3HABAHHUS KICTOK KPOBH PbIO
Ha MUKPOCKOIIMYECKUX CHUMKaX.

KaroueBrnle ciioBa

JEHKOrpaMMa, KJICTKH KpPOBH, OCETPOBBIC, PBIOBI, HCKYCCTBEHHBIC HCHPOHHBIC CETH, pPAaCIO3HAaBaHUEC OO0pa3oB,
WUCKYCCTBCHHBI WHTEIUICKT B Ouonoruu, MU B Owmonormm, ucnomb3oBanme MW i pacmo3HaBaHWSI CHHMKOB,
pacro3HaBaHHE KIETOK KpOBH ¢ TomMoripio N
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Using an artificial neural network to recognize sturgeon blood cells
in microscopic images

Anna V. Ukolova, Denis V. Bykov, Magdalina A. Akimushkina, Andrey N. Karaseyv,
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Abstract

The article considers the labor intensity of the process of determining the white blood cell count of fish, which
is simultaneously being highly significant and necessary in terms of monitoring the health of individuals. The authors
present an approach to automating the compilation of the white blood cell count of fish (using sturgeon as an example)
using a convolutional neural network model capable of recognizing and identifying cells in a microscopic blood
image. The general scheme of hematopoiesis and standards for hematological parameters of sturgeon are considered.
The procedure for preparing images for training a markup-based artificial neural network model is described. Software tools
for interaction with images and artificial neural network models are described. As a result of the research, 14 microscopic
images of fish blood cells based on markup were prepared, a convolutional neural network model was trained, the overall
mean average precision (MAP) of which was 0.33. At the same time, the overall accuracy of cell recognition in individual
images was 0.92, and the rate of red blood cell recognition was 0.94. The research results can serve as a basis for further
study, development and application of convolutional neural networks for automating white blood cell count compilation
based on high-precision recognition of fish blood cells in microscopic images.

Keywords
Leukogram, blood cells, sturgeon, fish, artificial neural networks, pattern recognition, artificial intelligence in biology, Al
in biology, using Al for image recognition, blood cell recognition using Al
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BBeienne HEWPOHHBIX ceTel. AKTYaJIbHOCTh ABTOMATU3ALIUK JAHHOTO
. TpoIiecca MoATBEPIKIAETCS B CBSI3U C HEOOXOMMOCTHIO
Introduction o
IU(QPOBHU3ALIMH CEIBCKOTO X03sicTBa [ 1, 2].
Ipu BBIPALLMBAHNI, BOCIIPOM3BOJCTBE, B pamkax mpoBOIMBIINXCS paHee HCCIeOBaHIHA

oOyueHHas
CeTH,

a TaKKe CEIICKIIMH PBI0 HEOOXOIMMO OIpEeICHIHE MOACIb  CBCPTOYHOM  HEHPOHHOMU

reMaToJIOTMUECKHUX TapaMeTpoB IS PH3HOIOTHYECKOTO
MOHHWTOPWMHTa W paHHEH [IUarHOCTHKH OoJe3HEeH.
CocraBieHne SpUTPOLUTAPHON U JIEHKOLUTapHOH
(bopMya KpPOBH OCETPOBBIX KpaiiHe BaKHO, TaK Kak
B OOJBIIMHCTBE CITy4aeB OHH BBIPALMBAIOTCS B YCTAHOBKAX
3aMKHYTOT0 BofocHa0xkeHus (Y3B) B yClOBHSX BRICOKOH
IUIOTHOCTH TIOCAJIKH, @ 3HAYUT, yBEJIMYUBAIOTCS CKOPOCTh
pacrpocTpaHeHusi MHQEKIMH ¥ MPOU3BOACTBCHHBIC
pucku. OZHAKO MPOIECC COCTABICHUS TaKUX (OPMYI
ABJSIETCSL AOCTATOYHO [UINTENBHBIM, TPYHOEMKHM,
TpeOYIOLINM TPUBIICYCHHUS BHICOKOKBATU(PHUIIPOBAHHBIX
CHELUAINCTOB-(PU3HOIOrOB, 4YTO  OOYCJIOBIMBAET
aKTyaJIbHOCTb €T0 aBTOMATU3aL1H, OCYIIECTBUTH KOTOPYIO
MOYKHO C HCTIONIb30BAaHHEM TEXHOJIOTHH HCKYCCTBEHHBIX

pa3paboTaHHas C HCHOJNB30BaHUEM S3bIKa
nporpamMmmupoBanus Python u crnenumanu3upoBaHHOM
oubmmorexu TensorFlow, mokasana HTOrOBYIO TOUHOCTh
pacmio3raBanus (accuracy) 0,71 u 0,75 mo obyuaromemy
u BaJIHJALIMOHHOMY Habopy n300paxxeHnit
cootBeTcTBeHHO [3]. OmHako Takas MOelb He ObLIa
CrocoOHa 00HAPYKHMBATh KJIETKU Ha CHIMKE KPOBH, a TAKOKe
YUYUTHIBATH Pa3Mep KIIETOK, YTO TIOBITHSIIO Ha HEOCTATOYHO
BBICOKYIO TOUHOCTb. {JIsl JOCTHKEHUSI BRICOKMX METPUK
KayecTBa TpeOyIoTCs MpUMeHeHe 0oee KOMITTIEKCHBIX
MoJeIeit ¥ MHOM MOIXO K TIOATOTOBKE M300paKCHMI
Ha OCHOBE Pa3METKH.

Heas uccaenoBanmii: pazpaboTKa METOAUKU
JUIS1 OTIGHKH (PU3UOJIOTHUECKOTO COCTOSTHHSI OCETPOBBIX
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pBIO B aKBaKyJIbType Ha OCHOBE JIEMKOTpaMMBI KPOBH
C MCIIOJIb30BAHUEM MCKYCCTBEHHBIX HEMPOHHBIX CETEM.

3a1a4u KCCeIoBaHNIA BKIIFOYAIOT B Ce0S1: TIONTOTOBKY
MUKPOCKOITMYECKUX CHUMKOB KJIETOK KPOBH OCETPOBBIX PBIO
Ha OCHOBE Pa3MEeTKH 1Sl 00y4IEHHS MOJIENTN CBEPTOUHOM
HEHPOHHOM CeTH; ITIOCTpOoeHHE, 00yUeHUE U TPUMEHEHHE
MOJIEJIH CBEPTOYHON HEHPOHHOM CeTH AJ11 0OHAPYKEHHS
1 HISHTU(HUKAINKM KIETOK KPOBH Ha HM300pa’kKeHHH;
aBTOMATH3ALMIO TIpoIlecca TO/ACYETa KIETOK KpPOBH
Ha 00pabOTaHHOM MOAEIBI0 H300paKEHUH.

MeToauka uccjaenoBaHui
Research method
I[I/Ial" HOCTHUKA COCTOAHUSA ) KUBOTHBIX HAYMHACTCSI

co cOopa 0Opas3IOB KPOBU M3 XBOCTOBOM BEHBI, MOJTOTOBKH
HPEnaparoB JUIsi MUKPOCKOIIMYECKOTo UccienoBanus. Jlaee

MPOBOJUTCS OIIEHKa (POPMBI M KOJTMYECTBA Pa3IMIHBIX
THUIOB JIEHKOIUTOB (pHC. 1), 4TO MPU OCYIECTBICHUN
BPYYHYIO MOXKET 3aHUMAaTh JJO HECKOJIHKUX YacOB.
CocraB 1 MPOLEHTHOE COOTHOIICHHE (POPMEHHBIX
areMeHTOB (Tabun. 1) CBUAETEIHCTBYIOT O HATMYHUHN HITH
OTCYTCTBUH NATONOTMi B opranm3me. OTKIOHEHHE 0T HOPMBI
TIPOUCXOJIUT BCIEACTBUE 3a00IeBAHII PA3IITIHON IIPUPOJIBL,
HEONAronpHATHBIX YCJIOBUI OKPYKAFOIICH CPEIb, CTpecca.
[IpuMmeHeHne HCKYCCTBEHHOTO  WHTEIUIEKTa
TI03BOJISIET TTONYUYUTb PEe3YJbTaThl aHAN3a KPOBU MTHOBEHHO
nocJie 3arpysku ¢ororpaduii Masko. [Ipu sTom TouHOCTH
Pacro3HaBaHMA KJIETOK KPOBH MOJIENISIMU MCKYCCTBEHHBIX
HEHPOHHBIX CEeTel paBHA M 1a)Ke MPEBbILIAET TOYHOCTh
paboThI KBATHU(HUITHPOBAHHOTO CIEIHaNHCTa [6, 7].
OcHOBO 0a3bl JaHHBIX CTaK 335 CHUMKOB KPOBH
OCETPOBBIX PHIO: CTEPIISAIH, JEHCKOTO, PYCCKOTO OCETpa, —
HOJTy4YEHHBIE C MTOMOIIBIO IIM(POBOro MUKpockoria bronabd
11 JIrom npu yBenuuenuu 600, okpacka no [lanmenreiimy.

Puc. 1. Cxema remornon3a (CoOCTaBI€HO aBTOpaMH Ha OCHOBe [4])
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Fig. 1. Scheme of hematopoiesis (compiled by the authors based on [4])

Tab6muma 1
HopmaTuBbI reMaTo10rn4yecKux noka3aresieii 0CeTpoBbIX Pbid
(cocTaBieHo aBTopamMu Ha OCHOBE [5])
HeiiTpoduasl
J03nHOPUIBI Bazoduast JIlum¢pouuThI MoHouuTbI
l'la.ﬂo'mosnz[epnble CerMeHTo;u]epm,le
0-14% 0-19% 0-15% 0-1% 72-91% 0-9%
Table 1
Standards of hematological parameters of sturgeon
(compiled by the authors based on [5])
Neutrophil
) Segmented Eosinophil Basophil Lymphocyte Monocyte
Band neutrophil .
neutrophil
0-14% 0-19% 0-15% 0-1% 72-91% 0-9%
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Hns  pasmerkn wu300pakeHUIl MPUMEHAIACH
nporpamma Labellmg, mins moctpoenus, oOyueHUs
U IPUMEHEHUS MOJEIIA CBEPTOYHON HEHPOHHOHU CeTH
UCIIONIB30BAJIMCH SI3BIK IIporpaMMupoBanust Python,
crienanu3upoBanHbie oudmoreku OpenCV, scikit-image,
PyTorch.

PesyabTaTsl U HX 00Cy:KIeHHE
Results and discussion

HcxonHble MUKPOCKOITMTYECKHAE CHUMKH KPOBH PhIO
MPECTABISAIOT cO00H n300paskeHus B GopMaTe «.jpg».
Bruto otobpano 14 Hanbosee Ka4eCTBEHHBIX CHUMKOB,
2 W3 HUX MPEACTABICHBI HA PUCYHKE 2.

JInisi TOATOTOBKH MHKPOCKOTIMYECKMX CHHUMKOB
KJIETOK KPOBH OCETPOBBIX PBIO K TOMY, YTOOBI MOJEIH
CBEPTOYHOM HEHPOHHON CETH MOTJIa Ha HUX 00ydJaThCs,
ObL1a MPOU3BE/ICHA PA3METKA BCEX UCXOHBIX H300PKCHHUIH
(puc. 3). Ha xaxxgoM M300paskeHUH C HCIIOIb30BAaHHEM
KOMIThIOTEpHON TporpamMmbl Labellmg oOHapyxeHbI
1 3a(pUKCHPOBAHbI KJIETKH KPOBH 9 KIIacCOB: 3peIbIi
spurporut (eritrocit), 303unodui (eozinofil), Hopmobnact
(normoblast), manouxosnepHbIii HerTpodun (sticknucleus
neitrofil), cermenTosepHbIii HelTpodm (separatednucleus
neitrofil), rpombormT (trombocit), MoHOIIUT (MoONoCit),
mumdonut  (limfocit), »purpobmact (eritroblast).
[MpucyTtcTByeT amcOanaHC KJIACCOB — JPUTPOLUTHI
0XHJIAEMO BCTPEYAIOTCS] HAanOoJIee 9acTo.

A

JanmpHeimmass pabora ¢ TOATOTOBICHHBIMHU
M300paKEHUSIMHU TIPOBOMIIACH C MICTIONB30BAHHUEM SI3BIKA
nporpammupoBanus Python, 6ubmnorexk OpenCV!,
scikit-image?. IMIopTUpOBaHHbIC B Cpeay pa3pabOTKH
Python pazmeueHHbIe H300pakeHUs BBITIISAIAT TaK, KaK
MoKaszaHo Ha pucyHke 4. Ha momoOHOM n300pakeHUH
Kak/1asl KJIETKa KPOBH BBIJIEIICHA B PAMKY, HaJl KOTOPOi
yKa3aHa MeTKa Kjacca, TO €CTh Ha3BaHHWE THUIA
KJIETKH. YacTH OTACIBHBIX KIETOK, KOTOPBIC BBIXOJST
3a TPaHUIly CHUMKA, He ObLIU BBIJICIICHBI B PaMKY IIPU
MOJITOTOBKE M300paKeHUH, TaK KaK yCTAHOBHUTh MX THII
3aTPYAHHUTEIHHO.

HaGop u3 14 mOArOTOBICHHBIX H300paKCHHI
0511 pa3dbut Ha olyyaromyio (70%), TectoByio (20%)
n BanranuoHHyto (10%) BEIOOPKH.

C ncronp30BaHNEM HHCTPYMEHTApHS ONOINOTEKH
PyTorch na TpeHnpoBodHOM Habope OblIa TOOOyUeHA
Momenb cBeprouHoi HelpoHHOH cetm (R-CNN,
Region-based Convolutional Neural Network) «fasterrcnn_
resnet50 fpny»?. Tlapamerpsr ontumuzaropa: Ir = 0,0001,
momentum = 0,9, weight decay = 0,005; gucno 3mox
o0yuenus — 100. Cpenusist Tounocts (MAP, Mean Average
Precision) naeHTUQHUKAIIN KIIETOK MOJICIBIO COCTABUIIA
0,33 1st TeCTOBOI M BANMUIAIIMOHHOM BRIOOpOK. Ha naHHbIi
MOMEHT Ka4eCTBO MO/ICII HE MTO3BOJISICT UCIIOIh30BATh
ee JJIsl TIOJTHOW aBTOMAaTH3aluK POLIEcca COCTABICHUS
JICHKOIUTApHOUW (POPMYJIBI, OJHAKO C €€ IOMOIIbIO
MOKHO aBTOMaTHU3UPOBATH MPOLIECC TOCUETa KIETOK.

B

Puc. 2. VicxonHble MUKPOCKOIMYECKNE CHIMKH KJIETOK KPOBHU OCETpa:
A — canmok Ne 1; B — caumok Ne 2 (cocTaBneHO aBTOpaMu)

Fig. 2. Original microscopic images of sturgeon blood cells
(A —image No. 1, B — image No. 2) (compiled by the authors)

'Opencv-python 4.10.0.84 // pypi.org — Python Package Index (PyPI) penozumopuil npoepammHo2o obecneueHus
oA azvika npoepammuposanus Python. URL: https://pypi.org/project/opencv-python/ (mata obpamenwst: 22.12.2024).

2Image processing in Python // scikit-image.org — ogpuyuanvroti catim 6ubnruomexu 051 06pabOmMKU U300paANHCEHUT
scikit-image x a3viky npoepammuposanusi Python. URL: https://scikit-image.org/ (nata obpamenus: 22.12.2024).

3Fasterrcnn_resnet50 fpn // oguyuanvuviii caiim @peiimeoprka mawunnozo o6yuenuss PyTorch. URL:
https://pytorch.org/vision/main/models/generated/torchvision.models.detection.fasterrcnn_resnet50 fpn.html (nmara

oOpamenus: 22.12.2024).
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B

Puc. 3. Pazmerka 1aHHBIX ¢ moMonibio mporpammsl Labellmg:
A — canmok Ne 1; B — caumok Ne 2 (cocraBieHO aBTOpaMm)

Fig. 3. Data labeling using Labellmg
(A —image No. 1, B —image No. 2) (compiled by the authors)

Haunbonee TouHo MOzI€Nb UICHTUPUIUPYET SPUTPOLIHTEI,
TPOMOOLIUTHI ¥ TUM(OLIUTHI.

Ha pucynke 5 mnpeacraBiieHbl pe3ynbTaThbl
MPUMEHEHUS MOJIEJI CBEPTOYHON HEHPOHHOMU CETH.
OO0OHapyXeHHbIE MOJENbI0 KIETKH BBIACISIIOTCS
B paMKH, MOCJIE YeTO MPOUCXOJUT UACHTHPUKAIUS
OoOHapyXeHHBIX KIETOK. B pesynbraTe KieTke
NPUCBaNBACTCSl METKA U YKA3BIBAIOTCS BEPOSTHOCTH

WIH «CTENEHb YBEPEHHOCTU» MOJEIIN HEMPOHHON CETH
B CBOEM OTBETE. BEpOATHOCTh PacCUUTHIBAETCS KaK
OTHOIIIEHHE UCXOJIAIIETO CHTHANA HeWPOHA k Ha BBIXOJHOM
CJI0€ HEPOHHOU CETU K CyMME UCXOISAIIUX CUTHAJIOB
BceX 9 HEHPOHOB Ha BBIXOAHOM CJIO€ B COOTBETCTBUU
¢ 9 Tunamu kiaetok. Ilpu sToM HelpoH k sBAsETCA
HEHPOHOM C MaKCHMAaJIbHBIM HUCXOMASIINM CUTHAJIOM
cpeau Bcex 9 HEHPOHOB BBIXOJHOIO CIIOS.
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A

B

Puc. 4. PazMeueHHbIe MUKPOCKONIMYECKHE CHUMKH KJIETOK KPOBU OCETpPA:
A — canmok Ne 1; B — caumok Ne 2 (coctaBieHO aBTOpaMu)

Fig. 4. Labeled microscopic images of sturgeon blood cells
(A —image No. 1, B — image No. 2) (compiled by the authors)

A

B

Puc. 5. O6paboraHHbIe MOJEITHI0 MUKPOCKOITMUECKUE CHIMKH KJIETOK KPOBHU OCETpa:
A — canmok Ne 1; B — caumok Ne 2 (cocraBieHO aBTOpaMm)

Fig. 5. Model-processed microscopic images of sturgeon blood cells
(A —image No. 1, B — image No. 2) (compiled by the authors)

MBI BUIIUM, YTO TIOYTH BCE SPUTPOLIUTHI PACTIO3HAHBI
MOJZIETIBIO TIPAaBUIIBHO, BEPOSITHOCTH B OONBIIUHCTBE
ciydaeB koneOnercs B maTepBatie ot 0,95 mo 1,00. ds
HEKOTOPBIX HETHUIHYHO BBHINIISAIIAX SPUTPOIUTOB
BEpPOATHOCTD omyckaetcs 10 0,54. DTo o3HayaeT, uTo
MOJIENTh IOMTYCKaeT IPyTHe METKH TS 9TOU KIETKH KPOBH
(BEpPOATHOCTH TOTO, UTO JUIS TAKOH KJIETKH IIPOrHO3UpyeMast
MOJICIIBIO METKA HE OYJIET SIBIIATHCS METKOH «eritrocity,
cocrasysiet 0,46).

PesynpraTsl pyd4HOTO W aBTOMAaTH3HPOBAHHOTO
MoJICYeTa KJIETOK MPEICTABICHKI B Ta0muIax 2, 3.

303WHO(HIT ¥ HEKOTOPbIE HETUITUYHBIE TI0 (hopMe
SPHUTPOIUTHI HA CHUMKE Ne 1 MOZIEIBIO pacIio3HaHbI He ObITH
TaK ke, KaK 1 MOHOIIUTBI, 303MHO(UIIBI, CETMEHTOSIEPHEIC
HelTpodmibl Ha cHUMKe Ne 2 (puc. 5).

W3 pansbix Tabmun 2, 3 Takke ClemyeT, 4To
PE3yIETaThl aBTOMATHYECKOTO TOZICUeTa OOIIETO KOMMIeCTBa
KJIETOK U, B YaCTHOCTH, SPUTPOLIUTOB JOCTATOYHO OJIU3KU
K pe3yJabTaraM pyyHOTo MOACYEeTa.

Ha caumMke Ne 1l mopenpio ObL1 BhISBIEH 81
sputpouut u3 91 (touHocts cocrasister 0,89). Beero
MOJIeNTb oOHapy)kmiIa 89 KIeTOK KpoBU U3 97 (TOUHOCTH
coctasyseT 0,92).

ITo Tabmuie 3 MOXHO HAOIOAATD, YTO MPH MEHBLIEH
TUIOTHOCTH PACHOJNIOKEHHUS KJIETOK Ha CHUMKE MOJIEINb
Jydie 0OHAPY>KUBACT SPUTPOITUTHI (M3 52 SPUTPOITUTOB
ObLT 00HapYkeH 51, TouHocTh cocranmset 0,98). Beero
Mozenb Ha cHUMKe Ne 2 oOHapyxmia 57 u3 62 KIeToK
(Trounocts cocrasinset 0,92).
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Tab6muma 2

Pe3yabTaThl py4HOro 1 aBTOMaTU3HPOBAHHOIO HA OCHOBE MO/ie/IN CBEPTOYHON HEelPOHHOI ceTH
MO/ICYETA KJIETOK KPOBH OceTpa Ha cHUMKe Nt 1 (coCTaBIeHO aBTOpaMu)

Tun xkaerkn

Pyunoii noxcuer

IHoacyer Ha ocHOBe MoaeIH
CBEePTOYHOIi HEHPOHHOI1 ceTH

Yacrora Hons Yacrora Hons Beggsii:::n
3penblii 3pUTPOLUT 91 0,938 81 0,910 0,943
D03uHOPIIT 1 0,010 - - -
Hompobnacr - - - - -
[Manouxosnepusiit Heditpodun - - - — _
CerMeHTOsIepHBII HeHTpOdII - - - - _
TpomOouut - - 4 0,045 0,789
Mononut — - _ _ _
Jlumdouut 5 0,052 4 0,045 0,936
Oputpodnact - - - _ _
Bcero 97 1,000 89 1,000 0,935
Table 2
Results of manual and automated counting of sturgeon blood cells in image No. 1
based on the convolutional neural network model (compiled by the authors)
Manual counting Counting based on convolutional neural
network model
Cell type
Frequency Proportion Frequency Proportion p::)‘;gl?igl:ty

Erythrocyte 91 0.938 81 0.910 0.943
Eosinophil 1 0.010 - - -
Normoblast - - - - -
Band neutrophil - - - — _
Segmented neutrophil - - - - -
Thrombocyte - - 4 0.045 0.789
Monocyte - — — — -
Lymphocyte 5 0.052 4 0.045 0.936
Erythroblastus - - - _ _
Total 97 1.000 89 1.000 0.935
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Tabmmra 3

Pe3yabTaThl py4HOro 1 aBTOMaTU3HPOBAHHOIO HA OCHOBE MO/ie/IN CBEPTOYHON HEelPOHHOI ceTH
MO/ICYETA KJIETOK KPOBH OceTpa Ha cHUMKe Nt 2 (COCTaBJICHO aBTOpaMH)

Tun kiaerku

Pyunoii mogcuer

Iloacyer HA OCHOBE MO/IeJIM CBEPTOYHOM

HeHPOHHOI1 ceTH

YacroTta Hoast Yacrora Houast Be([i([)) ;i::zz“
3penblii 3puTpOLUT 52 0,839 51 0,895 0,961
D03uHOIIT 2 0,032 - - -
Hompobnacr - - - - -
[TanouxosnepHbIi HEUTpOPUT - - - - -
CermeHTOsIepHBIH HEUTPODUIT 2 0,032 - - -
Tpombonut 2 0,032 1 0,018 0,657
Momnomut 1 0,016 — — —
JInmdorut 3 0,048 5 0,088 0,919
Opurpobnact - - - _ _
Bcero 62 1,000 57 1,000 0,952
Table 3
Results of manual and automated counting of sturgeon blood cells in image No. 2
based on the convolutional neural network model (compiled by the authors)
Manual counting Counting based on convolutional neural
network model
Cell type
Frequency Proportion Frequency Proportion pﬁ)‘;)e;l?igliety

Erythrocyte 52 0.839 51 0.895 0.961
Eosinophil 2 0.032 - - -
Normoblast - - - — _
Band neutrophil - - - _ _
Segmented neutrophil 2 0.032 - - -
Thrombocyte 2 0.032 1 0.018 0.657
Monocyte 1 0.016 - - -
Lymphocyte 3 0.048 5 0.088 0.919
Erythroblastus - - - — _
Total 62 1.000 57 1.000 0.952
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B mHacTosimmii  MOMEHT OOydYeHHAsT MOHEHb
HEZOCTaTOYHO TOYHO OOHAPYKUBACT U NACHTH()UIUPYET
KJIETKH, BCTpEUaroIfecs peiko Ha CHUMKaX KPOBH JINOO
UMEIOIIHE CXOKYI0 (OpMy € IPYTMMH TUIIAMH KJICTOK:
903UHO(UIIBI, CETMEHTOSIIEPHBIE HEUTPODHITBI, MOHOLIUTEI,
TPOMOOIMTHI, TUMGOIMTHL. 751 yBenn4eHus KadecTsa
OOHApY)KeHUsI U HWICHTU(HKAIMK KJICTOK Ha CHUMKE
HEOOXOAMMBI JaNTbHEHIINE HCCIICAOBAHNUS, CBSI3aHHBIC
C TIOMCKOM OTITUMAJTBHBIX apXUTEKTYP ¥ THIIEPIIapaMeTPOB
MOJIeIIel ICKYCCTBEHHBIX HEHPOHHBIX CETEH MPH FX O0YUCHHH,
C MIOZITOTOBKOM JIOTIOTHUTETBHBIX HAOOPOB MUKPOCKOITIUECKUX
CHUMKOB KJIETOK KPOBH [UIs1 O0y4YEHHS] MOZIEIICH.
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Conclusions

[Tony4yeHHble  pe3ynbTaTbl  MCCIEIOBAHUN
MOTYT CTaThb OCHOBOW JJIsl JaJbHEHILIEro HU3y4deHHs
BOIIPOCOB Pa3paboOTKH, OOyUEHUS M HCITOIb30BAHUS
MOJICJIEM CBEPTOYHBIX HEHUPOHHBIX CETEM C LEIBIO
ABTOMAaTHU3AIlNU COCTABIICHHUS JEHKOIIUTAPHON (HOPMYJTBI
Ha OCHOBE BBHICOKOTOYHOTO OOHAPY)KEHH s ¥ PaCTIO3HABAHUS
KJIETOK KPOBH PBI0O Ha  MHUKPOCKONMHUYECKHX
CHUMKaXx.
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Comprehensive assessment of musculoskeletal pain in riding horses
under different housing systems
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Abstract

The article focuses on the effect of housing systems on the development of musculoskeletal pain in horses working
under different conditions (competitions, rentals, equestrian sports and tourism). The relevance of the work is due
to the insufficient attention paid to the assessment of pain in horses, especially under conditions of intensive workload
and limited movement. The aim of the study is to assess the degree of pain in horses depending on the housing
conditions using several scientifically grounded methods: the Ridden Horse Pain Ethogram (RHpE), the Horse Chronic
Pain Scale (HCPS) and the Horse Grimace Scale (HGS). The study analyzed the data collected from two equestrian
enterprises in Russia and one in Qatar. The research methods included observations and the use of ethological
scales to assess the condition of horses both in motion and at rest. In particular, the differences in the pain condition
of horses in different housing conditions were studied: at the CSKA Equestrian Complex (with limited time outdoors),
at Suhail Sports Center (where horses had almost no access to paddocks), and at Itkaya Horse Base (where horses had
the opportunity to move freely for long periods). The results showed that horses in restricted movement conditions had
high levels of chronic pain and lameness, while horses with regular exercise and more freedom of movement had fewer
signs of pain. The conclusion of the study emphasizes the importance of providing horses with quality exercise, which
prevents the development of musculoskeletal pathologies and contributes to the animal welfare. The results confirm
the need to apply comprehensive assessment methods to improve housing and training conditions for horses and to increase
attention to their welfare in professional equestrian sports.

Keywords
horse, welfare, pain, musculoskeletal pain, ethogram, the Ridden Horse Pain Ethogram, the Horse Chronic Pain Scale,
the Horse Grimace Scale, stall barn housing, exercise, lameness, equestrian enterprises, mental well-being
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KommuiekcHast onieHka 0011 B ONIOPHO-ABUIaTeJIbHOM aNnapare y BepXoBbIX JIOIIAAeH
MPHU PA3JIUYHBIX CHCTEMAX COJePKAHUA

Anxenuka AsiekcanaposHa KcenogonroBa, [losmmuaa BsiuecniapopHa Kpacasuna,

JIio6oBbr BasentunoBna lllopuna, KcenodonroB AmMutpuii AHaTtojibeBUY

Poccuiickuii rocynapctBeHHbIN arpapHbiil yausepcureT — MCXA umenu K.A. Tumupszesa, Mocksa, Poccus
ABTOp, OTBETCTBEHHBIIi 32 mepenucky: JIro6oBs Banentunosna Illopuna; shorinaliubovl5@gmail.com

AHHOTALMSA

CraThsl TOCBSAIICHA W3YYCHHUIO BIUSHHAS CHCTEM COACPKAHUS HAa pa3BHUTHE OOJIM B OMOPHO-IBHUTATEIEHOM allllapare
y Jomanei, paboTaIINX B Pa3IMYHBIX YCIOBHUAX (COPEBHOBAHUs, MPOKAT, KOHHBIA CIIOPT U TYpHU3M). AKTYalIbHOCTb
paboThl 00ycroBIeHa HEAOCTATOYHBIM BHUMAaHHEM K OLIEHKE 0O0JIEBOTO CHHApPOMA Y JIOMIAAeH, 0COOEHHO B yCIOBHSIX
WHTCHCUBHOW HAarpy3Kd M OTPaHHYEHHOTrO ABI>KeHHs. VccliemoBaHHe MPOBOIMIIN C LENbIO OLIGHKH CTETICHH OO0JIEBBIX
OLIYIIEHWH y Jomanedl B 3aBUCHMOCTH OT YCJIOBUH COZEp)KaHUSI C IOMOIIBI0O HECKOJIbKMX HAYyYHO OOOCHOBAHHBIX
METOJAMK: dTOrpaMMa 00JIM y BEPXOBBIX JIOIIAJICH, IIKajla XpOHHYECKOW 00N Y JIoIIajiel U IIKajla rpuMachl y JIOmaaeu.
B xome uccnenoBaHus ObLTM NMpOaHAJW3WPOBAHBI JIAaHHBIE, COOpaHHBIE Ha JIByX KOHHBIX Hpeanpustusx B Poccunm
u ogHoM B Karape. Metonsl uccienoBaHusl BKJIIOUAIN HAONIOACHHUS M HCIOJIB30BAaHHE 3TOJIOTMYECKHX IIKaJ IS
OIICHKHU COCTOSTHUSA JIOIIaiel B IBMKCHUM U IIOKOe. B 4acTHOCTH, H3ydamuch pa3nuyus B 60JI€BOM COCTOSHUU JIOHIafAeH
B pa3HBIX YCJIOBHAX coaep)kaHMs: Ha Oa3e koHHO-crnopTuBHOro kKomiuiekca I[CKA (¢ orpaHnyeHHBIM BpeMeHEM
npeObIBaHUs Ha YIUIIE), B CIOPTUBHOM IIeHTpe «Cyxaiyby (Te y Jomaaei mpakTH4ecku He ObII0 T0CTYyIa B MaI0KH)
1 Ha KOHHOI1 6a3e «WTkas» (Tae Jomaay IMeNId BO3MOKHOCTh CBOOOIHO ABUTATHCA B TEUCHHE ITUTEILHOTO BPEMEHH).
PesynpraTsl mokasany, 4To y JOMIaael, HAXOAUBIINXCS B YCIOBUSX OTPAaHMYCHHOTO JBHKCHHS, HAOMIOAANCS BRICOKHA
YpPOBEHb XPOHHYECKOH OONMM W XPOMOTHI, B TO BpeMs KaK y Jomaned ¢ peryaspHBIMA (pU3HUECKHMH Harpy3KamMu
u Oompmieil cBOOOMON ABMKECHHS HpHU3HAKW OONMM OBLTM BBIPa)KEHBI B MEHBIICH CTeneHW. BBIBOABI MOAYEPKHUBAIOT
BaXHOCTH OOECIIEUCHHsI JIOMIaneli KaueCTBEHHBIMH (PU3MYECKUMH Harpy3KaMH, KOTOPBIE NPEIOTBPAIIAIOT Pa3BHTHE
MATOJIOTHI OIOPHO-IBUTATEIBHOTO ammapaTa W CIOCOOCTBYIOT oOmeMy Onaromoixyduio XHBOTHBIX. [loxydeHHBIE
JAHHBIC ITONTBEPIKIA0T HEOOXOMWMOCTh NPUMEHEHHS KOMIUICKCHBIX METOJOB OILICHKH OOJIEBBIX COCTOSHHH IS
YIydImIeHUsT yCIOBUW COAEpXKAHWSA W TPEHUHTA JIOMIaJNel, a TakKe MOBBIIICHHS BHUMAHUS K WX OJIarOMOIyYHIO
B IIPO(EeCCUOHATTEHOM KOHHOM CITOpTE.
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Jomazap, Omaromonydue, 00yib, O00Jb B OMOPHO-ABUTATEIHLHOM arlapare, dTOrpaMMa, dTorpaMma OONH y BEPXOBBIX
Jommasei, mKaja XpOHWYECKOH Oomy y JiomajaeH, IIKajia TpUMackl y JIOMmaneH, CTOMIOBOE colepKaHue, YIpaKHEHHS,
XpOMOTa, KOHHBIE TIPEIIPUATHS, ICHXUIECKOe OIaronomydne

Jast uuTMpoBaHUsA

KcenodonroBa A.A.,  Kpacasuna [1.B., lopuna J.B., Kcenodonror /I.A.  KommiekcHas  oneHka  Oonwu
B OMNOPHO-JBUTATEIILHOM allllapare y BEPXOBBIX JIOMIAJEH MPU Pa3IUYHBIX CUCTEMax cojepxaHus. Tumupszesckuil
buonocuueckut scypran. 2024. T. 2, Ne 4. C. 94-102. https://doi.org/10.26897/2949-4710-2024-2-4-94-102

significant progress has been made in understanding
the physiology and treatment of pain in animals over
the past 20 years, the assessment of pain in horses during
training for competitions, as well as those used in rentals,

Introduction
BBenenue

Man domesticated horses around 5,000 years ago,

but have not managed yet to fully meet their needs without
causing harm — the five freedoms of animal welfare are
violated everywhere, whether a horse is kept in a stable
or is performing the Olympic dressage with a rider on its
back. Freedom from disease, injury and pain is one
of the most critical aspects of welfare, but appropriate
feeding and housing conditions and the ability to express
social behaviors are also important components. Although

riding schools and tourism, is often overlooked and not
considered due to a lack of awareness of its benefits
among the broader equestrian community. Currently,
leading trainers, riders and veterinarians are combining
efforts to address welfare issues in equestrian sports, as
the mistreatment of horses and obvious signs of animal
pain can no longer be ignored. Pain is one of the most
significant challenges in international equine clinical
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veterinary medicine, as it results from various factors
depending on the nature of training, its frequency and the
trainer’s competence. Incorrect care, a sedentary lifestyle
or excessive physical load can lead to musculoskeletal
pathologies in horses, accompanied by chronic pain
of varying intensity, which significantly reduces the animals’
welfare [1]. The expression of discomfort or pain is often
overlooked or misinterpreted by humans, because horses,
as prey animals, instinctively try to hide their suffering.
Therefore, it is necessary to apply objective methods
for assessing the physical welfare of sport horses during
work and at rest. However, those who work with horses
are often unaware of the signs of pain expressed during
movement or in the animal’s facial expressions. Even
at international competitions, a horse showing obvious
signs of pain and discomfort may still be scored highly,
which allows the owner to remain unconcerned about
the horse’s welfare.

One of the factors contributing to the development
of musculoskeletal pathologies in horses, accompanied
by pain, is the lack of quality exercise, which should
fully satisfy the horse’s natural need for a wide range
of movements except for training hours, which are
often insufficient in modern stables. For horses living
in the wild, it is considered normal to be in motion
for 16 hours a day, while in stabling conditions, their
movement is limited to 1-3 hours, which negatively
affects not only the musculoskeletal system, but also
the functioning of the cardiovascular system. This
results in limb swelling, tendon strains and minor tears,
and since it is psychologically challenging for the horse
to remain stationary, abnormal behaviors (crib-biting,
weaving) may develop.

As a result, a horse that spends most of its time
in the confined space of a stall is unable to follow its
natural movement patterns, resulting in muscle spasms
that cause pain, which, if not diagnosed and treated
in a timely manner, clinically manifests itself as lameness
that hinders the animal’s working potential and requires
veterinary assistance.

However, the mental welfare of horses has only
recently received attention; the animal’s emotions
and movement patterns are indicators that can be
used to assess its mental and physical well-being.
Research into the mental state of horses, based
on the assessment of facial expressions, the nature
of movements during training, communication with
conspecifics and their general condition, has proved
useful and is particularly relevant as it may indicate
non-obvious skeletal muscle pain due to excessive loading
and possible inconsistencies in training approaches before
the appearance of obvious pain sites and subsequent
lameness.

The research aim is to determine the effect of equine
housing systems on the development of musculoskeletal pain.

The objectives of the article are to:

1. determine the presence/absence of pain during
exercise using the Ridden Horse Pain Ethogram;

2. assess pain in a static position using the Horse
Chronic Pain Scale;

3. assess the presence of pain using the Horse
Grimace Scale.

Equine Welfare. In recent years, the welfare
of domestic horses has received considerable attention
from the scientific community. It has been recognized
that traditional riding and stable housing methods are
inconsistent with the physical and behavioral adaptations
of horses. Therefore, there is a need to understand how
modern housing affects their welfare, specifically their
physical and emotional states.

To understand why horses might experience
elevated stress and anxiety levels in human-made stable
environments, as well as during training and under saddle,
it is important to consider their ethology and physiological
characteristics [2]. The evolution of the modern horse began
about 65 million years ago. Horses grazed on open plains,
traveling long distances to different pastures, and lived
in herds with clear hierarchies. The social community
within the herd and the distribution of functions among
individuals, as well as communication among conspecifics,
played a key role in ensuring that horses felt comfortable
and relatively safe, while at the same time being able
to send danger signals and defend themselves against
predators'. A well-defined complex social structure within
the herd, maintained by subtle behavioral interactions
that evolved over time, is impossible in modern stables
due to the stall-based confinement that severely limits
their communication [3].

As most animals under human control are
selected on the basis of specific traits that can affect
their behavioral repertoire, it is necessary to have an
ethogram to analyze their behavior for signs of possible
discomfort in living conditions. The Animal Welfare
Indicator (AWIN) welfare assessment protocol for horses
developed in 2015 by specialists from leading European
and American universities, institutions, and colleges,
highlights aspects to consider when assessing welfare
and can stimulate solutions to future problems in equestrian
development [4]. Welfare assessment protocols provide
a set of practical indicators for assessing horse welfare.
A scheme has been developed whereby the needs
of animals, including horses, are characterized by four
principles: “Good feeding”, “Good housing”, “Good
health”, and “Proper behavior”, each comprising
several criteria.

The AWIN methodology is based on the concept
of the “Five Freedoms”, although initially it focused
primarily on physical health; the concept of welfare has
gradually evolved to include psychological well-being
and ethological behavioral signs. Currently, the welfare
of horses is a complex discipline that encompasses their
physical health, psychological comfort, housing conditions,

"What does a horse’s body say? URL:
https://equiflow.ru/horsebodytalk (accessed on: May 35,
2024)
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nutrition, and relationships with humans and that is based
on the Five Freedoms.

The Pain Issues. The correct methods of training
horses and pain issues have become pressing concerns,
easily noticeable in the animal’s movements and facial
expressions that violate the welfare principle of “freedom
from pain and discomfort” and cannot be ignored.
The International Association for the Study of Pain
defines pain as “an unpleasant sensory and emotional
experience associated with actual or potential tissue
damage”. Pain is one of the key issues in international
clinical veterinary medicine for horses, as it results
from numerous factors related to training nature, its
frequency, the amount of daily movement of the horse,
the housing conditions and the satisfaction of the specific
needs of the animal. The experience of pain hinders
the achievement of the goals set for horses in competitions
of various levels, trials in breeding farms, and directly
influences the animals’ welfare and their mental
and physical health [5].

Since the horse is a prey animal by nature, it
typically does not show signs of pain or discomfort
to avoid predation, making early diagnosis difficult.
Consequently, riders and trainers must use methods that
help preventively identify possible sources of pain, as
many factors influence pain occurrence, from the choice
of tack to the rider’s style. Prolonged pain experienced
by the animal leads to changes in behavior, relationships
with conspecifics and humans [6].

To achieve the desired results in any equestrian
sports discipline, horses must meet both physical
and emotional criteria. However, the demands placed
on horses in modern equestrianism have significantly
increased the physiological stress on their bodies,
resulting in a significantly higher risk of injury and the
development of musculoskeletal pathologies. If an animal
experiences pain for an extended period, the immune,
endocrine and nervous systems may begin to malfunction,
causing the body to struggle with environmental stressors.
Chronic exposure to factors causing anxiety and pain
provokes physiological responses, such as tachycardia,
decreased immunity, increased respiratory rate and longer
recovery times after exertion, which is often accompanied
by characteristic changes in emotional states, specifically
changes in the horse’s facial expression. Even minor
human maneuvers can provoke aggression in the animal.
Thus, anxiety (stress) and pain directly affect the body’s
homeostasis.

To diagnose pain or prevent lameness, one
must analyze the character of the horse’s movements,
how rhythmic they are, and whether there is stiffness
in various gaits and on different types of ground during
turns and transitions from trot/step to gallop/trot.
Careful palpation of the back muscles and lower limbs,
including assessing pain during flexion, is essential.
Monitoring the animal’s behavior and its responses
to human manipulations is also critical, as some problems
can only be observed during saddle work, allowing
for proactive adjustments to eliminate actions that are

detrimental to the horse’s health. It is vital to remember
that certain aspects of the horse’s movement may indicate
discomfort, that, if not addressed, can escalate into pain;
for example, tail swishing and very slow, stiff trots, as
well as attempts to throw the head back, can lead to the
development of facial wrinkles due to muscle tension,
psychological discomfort and reluctance to approach
humans in the stall.

Often, inactive or aggressive behavior in a horse,
identified as undesirable, may be an indicator of pain,
which is always crucial to consider. It is advisable
to perform a pain assessment using ethograms,
which can help diagnose the presence of ongoing
or chronic pain that has not yet manifested itself
as clinical signs such as obvious lameness or other
problems related to acute pain caused by improper
training methods or poorly fitted tack that heavily
influences the character of the horse’s movements
under a rider.

The use of horses in different equestrian sports
is conditioned by their anatomical and physiological
characteristics, formed through evolutionary processes,
which enable these animals to utilize a very broad speed
range in daily life. Any improperly utilized tack elements
that ensure the swiftness and efficiency of horse’s
movements can also make them more susceptible
to injuries.

The most commonly diagnosed pain in the athletic
horse is back pain. Most veterinary recommendations
usually include comments on strengthening and relaxing
the back muscles. Therefore, one must be proactive
about the quality of the horse’s training for long-term
comfort and performance without pushing it for swift
results, which is a common issue in the equestrian
field [5, 7].

Research method
MeToauka uccjaenoBaHun

The research was conducted in 2023 at three
equestrian enterprises:

1. CSKA Equestrian Complex (Russia);

2. Suhail Sports Center (Qatar);

3. Itkaya Horse Base (Russia).

CSKA Equestrian Complex. Located in Moscow, it
specializes in providing services for equestrian training
and preparation for competitions in classical equestrian
disciplines: a riding competition, dressage and eventing.
Some horses belong to the CSKA Children and Youth
Sports School of the Olympic Reserve and their training
is supervised by qualified specialists in specialized
facilities. The base includes paddocks. The study
was conducted on 27 adult sport horses, which are
always in regular work under saddle and are owned
by the riding school.

Suhail Sports Center. This equestrian center is
located in Qatar, 20 km from Doha, and specializes
in riding lessons for children and adults, as well as
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rentals. Training is supervised by trainers. The stable has
no designated areas for exercising horses or facilities
for walking them. The study was conducted on 33 horses
in daily work.

Itkaya Horse Base. Located in the Chemal district
of the Altai Republic, its primary focus is horse tourism,
providing horseback rides along routes of varying
difficulty based on the terrain and duration. Horses
are used for horseback rides for 5-6 months a year,
depending on weather conditions. Horses graze for at
least 12 hours a day. During the remaining 6-7 months,
outside of the tourist season, the horses are kept in a herd
on pasture forage, except during harsh winters when they
are fed on pre-prepared hay. The study was conducted
on 33 horses in daily work.

Currently, there are several scientific methods
for assessing pain in horses, each recommending specific
pain indicators. However, only a comprehensive assessment
of the animal’s condition will provide convincing data
on the presence and intensity of pain, specifically assessing
the presence of pain in the horse during movement, at rest,
and through facial expressions.

Ridden Horse Pain Ethogram. One of the most
significant inventions and studies is the Ridden Horse
Pain Ethogram, which most clearly represents changes
in horse behavior when in pain. The Ridden Horse
Pain Ethogram consists of a list of 24 behavioral
patterns, many of which are observed ten or more
times more frequently in horses with musculoskeletal
pain. Research has shown that if a horse exhibits
seven or more of the 24 behaviors listed in the Ridden
Horse Pain Ethogram, it is likely suffering from
musculoskeletal pain [8].

Horse Chronic Pain Scale. The Horse Chronic
Pain Scale, developed by leading European universities,
is used to assess the presence of pain and the quality
of life of horses at rest and during relaxation. The Horse
Chronic Pain Scale is a validated method consisting
of 15 questions that assess various aspects of the horse’s
behavior on a numerical rating scale. The total pain score
ranges from zero (no signs of pain) to 45 (maximum pain
score). Seven questions assess the effect of pain on overall
activity and enjoyment of life, including interactions with
conspecifics, attitude towards food, changes in behavior
towards peers, reactions to humans, skin sores, ability
to easily bite carrots/apples, and head position. Five
questions assess pain severity based on body position,
weight distribution, weight shift between the fore and hind
limbs, and pain responses to standard flexion and movement
of the fore and hind limbs. In addition, three questions
assess body condition, muscle status, and pressure points
on the skin [7].

The horses most frequently demonstrated pain based
on the following indicators: “General Appearance” (rated
on a scale: the animal interacts calmly with conspecifics
(zero points); the animal shows mild depression and/or
anxiety and/or reduced interaction with other horses
(one point); the animal is moderately depressed and/or

aggressive or unresponsive to members of its species (two
points); the animal is severely depressed — unresponsive
to very clear and obvious signals such as movement
or sound (three points)), indicating indifference that
characterizes the animal’s mental state in relation to its
environment; “Head Position” (rated on a scale: ear base
above the level of the withers or eating/drinking from
the ground (zero points); ear base at the level of the withers
(one point); ear base below the level of the withers
(two points); horse’s nose on the ground, no eating
activity (three points)), indicating the presence/absence
of pain; “Reaction to Observer” (Reaction to the observer
and ear movements towards the observer (zero points);
slight decrease in reaction or ear movements towards
the observer (one point); moderate decrease in reaction
or ear movements towards the observer (two points);
no reaction or ear movements towards the observer
(three points)), reflecting the animal’s loyalty and interest
in humans; “Pain Reaction to Back Palpation” (no reaction
to deep palpation (zero points); weak reaction to superficial
palpation (one point); moderate reaction to superficial
palpation (two points); strong reaction to superficial
palpation — ears turned back, tendency to bite (three
points)), characterizing the condition of the spine and back
muscles. Pain indicators include “Body Condition
Score” evaluating condition, and “Movement” checking
for lameness on the AAEP (American Association of Equine
Practitioners) scale.

The Horse Grimace Scale. The Horse Grimace Scale
was described as a pain coding system that evaluates six
different facial expression characteristics: “ears turned
back”, “tension above the eyes”, “orbital tightening (facial
wrinkles)”, “protruding and tense chewing muscles”,
“a tense mouth with a pronounced chin”, and “tense
nostrils with a flattened profile”.

Assessing pain is critically important for horse
welfare and the simplest method of assessment is
the animal’s facial expressions. Each pain marker is
rated on a scale from 0 to 2, where zero points indicate
the absence of the sign and two points indicate clear
presence [10].

This ethogram allows assessment of the horse’s
condition as soon as a person approaches its stall,
significantly simplifying the rider’s understanding
the animal’s well-being based on its facial expressions.
However, a complete analysis requires a comprehensive
assessment of the horse’s condition, which is why several
methods are used during the experiment.

The purpose of this research was to evaluate the use
of ethograms to provide an objective, data-driven method
of recording ethological and physiological data for horses
used in various types of work under saddle. Behaviors
indicative of compromised welfare were identified in horses
used in different types of work and under different living
conditions, with particular emphasis on behavioral changes
during movement under saddle and the animals’ responses
to palpation of specific body areas.
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Pe3yabTathl M HX 00CyxAeHHE
Results and discussion

The findings from the horse population at Suhail
Sports Center in Qatar revealed that a total of 33
horses were assessed using three methods. Based
on the Ridden Horse Pain Ethogram, 30 out of 33
horses were recorded in the group scoring seven
and above. The most prominent marker, occurring
in 24 horses, was “horse’s head divergence from
vertical (>30°)” indicating that the horse avoids
rein contact and experiences discomfort as a result
(Fig. 1). The result of a constantly elevated head is
a lack of muscle engagement in the back, which has
a significant impact on the horse’s health due to the
risk of developing osteoarthritis [7]. Other prominent
markers included “ears turned back” and “tense gaze”
noted in 21 and 15 horses respectively, indicating
animal fatigue and experienced discomfort or pain.
The behavior of “multiple mouth openings” observed
in 22 horses reveals how gently or harshly the rider
uses their hands; opening the mouth under rein pressure
indicates pain, encouraging the horse to avoid rein
contact by altering its head position [8]. “Tail swishing
in various directions” recorded in 27 horses, also signifies
rough handling where the rider uses the heel or whip
as punishment for disobedience instead of applying
pressure with the leg. “Multiple stumbling” noted in 27
horses during riding indicates a lack of impulse, but may
also signal incorrect shoeing, improper hoof trimming
and inappropriate saddles [8].

When assessing horses using the Horse Chronic
Pain Scale method, it was found that the animals most
often showed pain responses in the following areas:
“General Appearance” noted in 10 horses; “Head Position”
indicating discomfort, observed in 15 horses; and “Reaction
to Observer” which should reflect the animal’s loyalty
and interest in humans, but the scores indicating a negative
reaction were recorded in 13 horses, four of which exhibited
aggression. This behavior suggests that painful sensations
during training lead to negative associations for the
horses, as the lack of response to a person in the stall or
the opposite, aggression, are instincts of self-preservation
and attempts to protect themselves from pain caused
during exercise [7]. “Pain Reaction to Back Palpation”
was expressed in 23 horses (Fig. 1). Pain indicators
such as “Body Condition Score” assessing conditioning,
and “Movement” checking for lameness on the AAEP
(American Association of Equine Practitioners) scale,
were recorded in nine horses.

The number of animals demonstrating pain as
assessed by the Horse Grimace Scale, which assesses
pain in horses through changes in facial expression, was
24 out of 30 horses (Fig. 1). Many horses exhibited
“orbital tightening (facial wrinkles)” and “tension
above the eyes”, as well as “protruding and tense
chewing muscles”. Therefore, the data obtained are
consistent with the ratings from the Ridden Horse
Pain Ethogram and the Horse Chronic Pain Scale,

indicating the presence of chronic musculoskeletal pain
in these animals.

In the second group, scoring less than seven points
on the Ridden Horse Pain Ethogram, three out of 33
horses were identified as showing no signs of pain
during the time of assessment. Pain assessment using
the Horse Chronic Pain Scale revealed minimal scores
(zero points) on all indicators except for one horse that
showed a pain response to back palpation and received
one point. The number of animals demonstrating
facial pain on the Horse Grimace Scale accounted
for two out of the three animals (Fig. 1). Despite being
classified as healthy, these horses displayed minor signs
of pain; however, at the time of assessment, they had
been removed from rental duties and were worked
exclusively by trainers, favorably influencing the results,
indicating that a change in training had a positive effect
on the score.

For example, the vast majority of horses at Suhail
Sports Center, 30 out of 33 in fact, are prone to lameness
when kept exclusively in the stable with no opportunity
for exercise, experiencing varying degrees of pain (Fig.
1). Intensive work under saddle without free exercise
negatively impacts their health and does not support
the natural recovery of the body through relaxation during
free movement outside of work [7].

The results from Itkaya Horse Base evaluated
33 horses using the three methods. In the first group,
scoring seven points or more points on the Ridden Horse
Pain Ethogram, six out of 33 horses were identified.
The most pronounced pain signaling indicators were
“head throwing”, and “mouth opening”, occurring in four
horses, indicating poor rein influence and discomfort in the
horses, which, if not corrected, may lead to a swayback
and osteoarthritis. “Ears turned back” was also noted
in four horses, signaling fatigue and overexertion,
while “tail borne to the side” in three horses indicated
discomfort in the back and lumbar region, and “slow
gait” and “unwillingness to move forward” expressed
by four horses could signify hoof and leg problems or
the emergence of new problems in the form of lameness
due to lack of necessary cushioning during extended rides
without active movement. The behavior of “multiple
stumbling”, noted in four horses while riding, indicates
a lack of stimulation, as well as possible incorrect
shoeing, improper hoof trimming and inappropriate
saddles; in the mountainous terrain of the Altai this
could lead to hoof punctures and the use of a horse
without shoes (Fig. 1).

The most prominent pain indicators based on the
Horse Chronic Pain Scale included “Head Position”,
reflecting how fatigued the horse feels (five horses),
and “Pain Reaction to Back Palpation”, indicating
conditions of the spine and back muscles (five horses)
(Fig. 1). Only one animal indicated pain based on facial
expressions according to the Horse Grimace Scale, which
communicates the duration of pain.

The second group of animals, based on the Ridden
Horse Pain Ethogram, comprises 27 out of 33 horses that
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scored less than seven points. Upon assessment of these
individuals using the Horse Chronic Pain Scale, it was
found that 24 of the 27 horses had positive responses
to “Pain response to back palpation”. Additionally, seven
horses had their heads positioned below the withers
(“Head Position”) at rest. None of the animals in this
group showed lameness. The number of animals showing
pain on the Horse Grimace Scale was two horses out
of 27 (Fig. 1).

Consequently, the results, based on the results
of the Ridden Horse Pain Ethogram, indicated that
27 out of 33 horses were not predisposed to lameness.
Although the use of horses in tourism has a negative effect
on their back conditions, this does not affect the incidence
of lameness in this stable because during the working
season, the horses graze for approximately 12 hours a day,
which has a positive effect on their musculoskeletal system.
While grazing, the horses relax and can satisfy their need
for natural movements. Furthermore, outside the tourism
season, the animals rest from work for 7 months, which
allows them to recover (Fig. 1).

The assessment results from the CSKA Equestrian
Complex showed that 27 horses assessed by the Ridden

2
CSKA 3
Equestrian 11
Complex 27
2
Itkaya Horse 24
Base 27
33
2
Suhail Sports 1
Center 3
33
0 20 40
CSKA
Suhail Itkaya Equestri
Sports  Horse an
Center Base  Comple
X
HGS>5 2 2 2
HCPS, pain in
back 1 24 3
RHpE<7 3 27 11
Total horses 33 33 27
B HGS>5 © HCPS, pain in back

Horse Pain Ethogram led to the discovery of pain
syndrome in 16 horses, as they scored 7 or more points
(Group 1). The most prominent pain indicators were
“mouth opening” and “horse’s head divergence from
vertical,” exhibited by 16 horses, indicating incorrect
rein influence that prevents the horse from achieving
the necessary head position; without behavioral corrections,
this results in back pain detectable through the Horse
Chronic Pain Scale. “Ears turned back”, noted in 15
horses, indicated fatigue and overexertion, while “tail
swishing in various directions” in 15 horses indicated
back and lumbar discomfort. “Mouth opening” during
riding in 16 horses indicated excessive work on the reins
causing pain (Fig. 1).

The highest number of pain indicators by the
Horse Chronic Pain Scale was noted in the “Reaction
to Observer,” indicating the horse’s attitude towards
humans (12 horses) and the “Pain Response to Back
Palpation,” which reflects spine and back muscle conditions
(12 horses).

The number of animals scoring higher than five
points on the Horse Grimace Scale, indicating the duration
of pain, was 13 horses.

13
CSKA 10
Equestrian 16
Complex 27
1
Itkaya S
Horse Base 6
33
) 24
Suhail 23
Sports 30
Center 33
0 20 40
. CSKA
Suhail = Itkaya .
Sports ~ Horse Equestria
Center Base C
omplex
BHGS>5 24 1 13
HCPS, pain
in back 23 > 10
RHpE>7 30 6 16
Total horses 33 33 27
RHpE>7 Total horses

Fig. 1. Comparison of the populations of three horse breeding enterprises
for comprehensive musculoskeletal pain using three methods according to RHpE
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Puc. 1. CpaBHeHne IMOT0JIOBbA TPCX KOHECBOAUCCKUX Hpe[[HpI/IHTI/Iﬁ 10 KOMILJIEKCHOM 00JIn
B OITOPHO-ABUI'aTCJIbHOM arirapare no TpeM MeToJlaM B COOTBECTCTBUU C RHpE

In the second group, based on the Ridden Horse
Pain Ethogram, 11 out of 27 horses scored less than
seven points. The most notable markers from the Horse
Chronic Pain Scale included indicators for “Reaction
to Observer” (four horses) and “Pain Response
to Back Palpation” (three horses). Two horses scored
more than five points on the Horse Grimace Scale
(Fig. 1).

Thus, the stall barn housing, albeit with
limited turnout, represents a middle ground between
the two stables assessed above. Based on the Ridden
Horse Pain Ethogram results, 16 out of 27 horses
had lameness or related problems, which constituted
just over half of the horse population studied

(Fig. 1).

Conclusions

BriBoabI

In summarizing the results of the study conducted
across three equestrian enterprises, patterns between
housing systems and the presence of pain in horses were
identified. At Itkaya Horse Base, where horses could move

freely most of the time, the methodology of the Ridden
Horse Pain Ethogram indicated that the animals were
less prone to lameness and chronic pain, as determined
by the Horse Grimace Scale, than those in a stall-only
environment like Suhail Sports Center, where most
horses exhibited facial “grimaces of pain” and showed
characteristic behavioral pain indicators when working under
saddle. Similarly, outcomes from the CSKA Equestrian
Complex showed better results in the comprehensive
assessment of musculoskeletal pain than those observed
at Suhail Sports Center, due to the provision of extended
grazing time in the paddocks allowing horses to relax.
Pain scores on the Horse Grimace Scale were average
compared to other facilities, with approximately half
of the horses showing signs of persistent pain. The results
from Suhail Sports Center showed the highest rates
of pain indicators.

Therefore, quality and extensive exercise is vital
to a horse’s life and health. Physiologically, horses are
not adapted for long periods of standing in stalls, as
this can impair blood circulation and reduce tendon
elasticity. The most appropriate housing for horses is
a herd system that does not restrict their movements
to 1-3 hours.
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OpuntodayHa okpectHocteii o3epa IabToH (IlannacoBckuii paiion Boarorpaackoii o61acTu)
B BeceHHuii mepuon 2023-2024 rr.
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AHHOTAUMA

OKpecTHOCTH 03epa DJIFTOH UMEIOT BKHOE 3HAUEHHE /IS NTHIl B Ka4eCTBE MECT THE3/10BaHNSA M OCTAHOBOK Ha IPOJIETE.
OHHM BXOZIST B CIIMCOK KIIFOYEBBIX opHuTONMOrmdeckux teppuropuii (KOTP) mexmynaponnoro 3HaueHus B EBpomneiickoit
Poccun (O3epo Dawsron — BI'-002). B crarthe mpuBOasATCS pe3ylbTaThl OPHUTOIOTHICCKUAX UCCIICTOBAHUM, BHITIOJTHEHHBIX
B OKPECTHOCTSIX 03epa DJbTOH B BeceHHHe ce30HbI 2023 m 2024 rr. Mapmpyramu ObUIM OXBa4YeHBI yYacTKH CEBEPHOTO
¥ BOCTOYHOTO OEpEeroB 03epa M OKPECTHOCTH IMOCENKa DNbTOH. e paboThl — MPOBENCHNE PETYISIPHOTO MOHUTOPUHTA
JUIs BBISIBJICHUSI M3MEHeHuH B opHHTOodayHe M cocrosHuM mnomyrauuii nrtuiy Ha KOTP BI-002 «Ozepo Dnbrony.
B xone uccnenoBanuil ormeueHo 108 BHOOB nTHL, B TOM uucie 44 — THE3OAIIMECS WM BEPOSTHO THE3ISIIMECS.
Cobpanbl JaHHBIE O BECEHHEH (hayHEe peAKHX BHIOB NTHIl, B TOM YHCIE PsAla BUAOB THEBHBIX XHUIIHBIX ITHII U COB,
CTpenera.
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Avifauna of the vicinity of Lake Elton (Pallasovsky District, Volgograd Region)
in the springs of 2023-2024
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Abstract

The vicinity of Lake Elton is important for birds as nesting and migratory stopover sites. They are included in the list
of Important Bird Areas (IBA) of international importance in European Russia (Lake Elton — VG-002). The article
presents the results of ornithological studies carried out in the vicinity of Lake Elton in the springs of 2023 and 2024.
The routes covered sections of the northern and eastern shores of the lake and the vicinity of the village of Elton. The aim
of the work is to carry out regular monitoring to identify changes in the avifauna and the state of bird populations at IBA
VG-002 “Lake Elton”. A total of 108 bird species have been recorded, including 44 species that are likely to breed or
nest. Data were collected on the spring fauna of rare bird species, including several species of diurnal birds of prey
and owls, as well as the little bustard.
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Ornithology, avifauna, bird population, monitoring, Elton, Elton region, steppe bird communities, steppes, arid
communities, Important Bird Area
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HyKaeTCs B €KETOJIHOM MOHUTOPHUHTIE, YTO 00YCIIOBIMBAET
AKTyaJIbHOCTh HAIIMX HMCCIEAOBAaHMUHN, BBHIIOJIHEHHBIX
B Becennue ce30Hbl 2023 u 2024 IT. B TeX K€ TOUKaX,
gto ¥ B 2021-2022 1T, miu Ha HEOOIBIIOM yIATICHIH
OT HUX.

Tepputopus IIpusaIbTOHBS BXOOUT B COCTaB
IIpukacnuiickoii HHU3MEHHOCTH M pPacloiaraercs
B TMIO/A30HE TOJYKYyCTapHUYKOBO-JIEPHOBUHHO3IIAK
OBBIX cTeneil. B pesynbrare mepesblliaca MeCTaMH
(hOpMHPYIOTCS COOOIIECTBA ONMYCTHIHEHHBIX CTEICH.
[IpeobnanaroT 3acoNeHHbBIE CBETIO-KAlITAHOBEIE ITOYBHI,
OOBIUHBI CONIOHIIBI M cosioHdaku. [To Geperam ozepa
OnbTOH 00pa3yloTcs OOLUIMPHBIE 3aCOJICHHBIC TPS3EBbIC
WISHKU. JIOMUHBI PeK 1 BpEMEHHBIX BOJOTOKOB TITyOOKO
BpPE3aHbl, 4acTo ¢ (OPMUPOBAHUEM OEPETOBBIX OOPHIBOB.
B nofimax pex 1 o3epa GopMUPYIOTCS TOJIOCH TPOCTHUKOB
mpuHoi 1o 150 M. K ceBepy oT 03epa coxpaHMINCH

BBenenune
Introduction

OKpecTHOCTH 03epa DIIBTOH BXOAST B CIHCOK
KITFOYEBBIX OpHHUTONoTHYeckuX Tepputopuii (KOTP)
MEXIYHapoJHOro 3HaueHus B Espormelickoil Poccun
(O3epo Dnpron — BI'-002)!. D10 TeppHTOPHM, HMEFOIIHE
Ba)KHEHIIlee 3HAYEHUE MAJI1 NTUL B KaueCTBE MECT
THE3IOBaHUS M OCTAHOBOK Ha IIPOJICTE.

®dayHa NTHII JaHHOTO paiiOHA M COTIPENEThHBIX
TEPPUTOPHIA H3yJaIach paHee MHOTUMH HCCIIEIOBATEIISIMHI,
B TOM YHUCIIE B ocneanue roasl [ 1-11]. ABropamu gaHHOM
CTaThU OPHUTOJIOTUICCKUE HAOIONCHHUS B OKPECTHOCTSIX
03. DIBTOH OBLIN MPOBEICHBI B MEPBBIX JIEKajgax Mas
2021 u 2022 rr. [12, 13]. BmecTe ¢ TeM cOCTOSIHHE
nomyysituit ity Ha KOTP BI'-002 «O3epo OmsToH»

'KOTP o3zepa Dmsron — BI'-002. Pexxum moctyma:
https://rbcu.ru/kotr/vg002.php.

¢dparMeHTHl JIeconooc u3 Bsaza manoro. [lo Gankam
pa3BUTa paCTUTEIBHOCTh Oaiipaunoro tuma [14].
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K ceBepy or mocenka DibpTOH, B CTOPOHY I. Yiaras,
HaXOAATCA pa3pekeHHBIE JIECOOCAAKHU C IpeoliajanieM
noxa y3koiuctHoro (Elaeagnus angustifolia) n Bsiza
Maioro (Ulmus minor) ¢ pa3BUTBHIM KyCTapHUKOBBIM
SPYCOM.

Heans ucciienoBanmnii: NpoBeACHUE PETYASIPHOTO
MOHHTOPHHTA JUTS BBISIBJICHHS U3MEHEHNH B OpHUTO(ayHe
1 cocrostanu onyisiumii itai #Ha KOTP BI'-002 «O3epo
OJIBTOHY.

MeTonuka uccJjie10BaHUH

Research method

IloreBble riccne0BaHMs IPOBOMIIA B OKPECTHOCTSIX
o3epa ONBTOH B paMKaxX HayIHO-0Opa30BaTEIBHBIX
akcrenunuid Kiry0a 10HbIX reorpadoB u Iy TEIIECTBEHHIKOB
Ilentpa «Ha J[louckoity I'BOY  «BopoOneBbl
rope». B uccrnenoBaHusix, Kpome MpernojaBaTeiei,
CIIEIMATTICTOB-OPHUTONIOTOB, IPHHAMAJIH YIaCTHE YICHBI
FOHHATCKUX KPYKKOB.

Hannrpie mo ¢dayHe u pacrpeneneHHIo MTHI]
OKpeCcTHOCTEH 03epa DIMBTOH OBIITH COOPAHBI B IIEPHOIbI
07-13.04.2023 . m 01-05.05.2024 1.

MapmipyramMu ObUTH OXBadeHbI:

1) yyacTok, TpWIETAIONMA K  IOKHOMY
M FOTO-BOCTOYHOMY Oeperam 03. DJIBTOH, C JIOJIMHAMH
pex Manast Camapona u Kapantunka (2023 r.);

2) y4acTOK, IPUIIETAIONINI K BOCTOUHOMY Oepery
03. OnbToH Mexy p. Camapona (CMoporna) u r. Yiarax,
B TOM YHCIIE JIECOITOCAIKH K CEBEPO-BOCTOKY OT MOCEITKa
u 6anku Copoubs (2023 1 2024 rr.);

3) y4acTok, IpHIIeraruil K cCeBepHOMY Oepery
03. DnbTOH, ¢ monuHaMu pek YepnaBka (UepHsBka),
Xapa (Brirodas KpynHele Oanku buomormueckas
u Jlucea), Jlanyr u CosnsiHka, a Takke pparMeHTapHbIC
pa3pe’KeHHBIE JIECOMOJIOCH! BIONb JOPOT, BEAYLIMX
K p. Xapa (2024 ).

B 2023 1. uccnenoBaHus IPOBOAWIUCH B Ooee
paHHEe BpeMs, B YCJIOBUSAX NMPOXJIAJHON U BETPEHON
noroasl. B nmepBoit nekane mast 2024 r. cTosiia Teriast
Cyxas TMoroma NpU CTaHAAPTHBIX (PEHOJOTHMYECKUX
cpokax. O0Imas YMCIEHHOCTb MBIILIEBUIHBIX TPHI3YHOB
U CyCIIMKOB B 00CIemOBaHHBIX paiioHax B o00a
ce30Ha ObUIa HEBBICOKOH (OLEHKa MO YHCIYy BCTped
Ha MaplIpyTax).

CymMmapHasi IpOTsKEHHOCTh MapIIPyTOB COCTaBUIIA
oxoso 150 kM.

Onpenenenue NTUL OCYLIECTBISIOCHh BU3YaJIbHO
C WUCIOJIb30BaHUEM OWHOKIICH, 3PHUTEIBHBIX TPYO
¥ TI0 0cOOEHHOCTSIM BoKam3aluu. [Ipu HeoOxoqumocTn
ucrnonb3oBanuck  ompenenutenu — B.K. Pabunesa
«[Ttuuer EBponetickoii wactu Poccun» [15]. OcHOBHO#
3ajauell paboThl ObLIA OIIEHKA COCTaBa OPHUTO(AYHHI,
KOJIMYECTBEHHBIE METO/Ibl yUeTa MTHUI] HE TPUMEHSITUCH
B CBSI3M C OTPAaHMYEHHOCTHIO BPEMEHH HCCIIEJOBAHUH.
B nensx npuBeieHus BO3MOXKHO ITOJIHOM HHPOPMAITUU

O BCTPCUCHHBIX BHJAaX MCIIOJIb3BAJIaCh OJKCIICPTHAA
OasibpHas OII€HKa o0unus C T paganusMu: G,Z[I/IHI/ILIHLIf;I,

penKuii, HEMHOTOYMCICHHBIH, OOBYHBIN OO
MHOT'OYMCJIEHHBIA BAI.
Pe3yabrarsl U UX 00CYyKIeHHE
Results and discussion
B 2023-2024rr. ©Ha wMapmpyTax OBLIO

orMmeueHo 137 BuUmOB mTHIl (BKJIIOYAsh PETHUCTPAIHH
M0 OCTaHKaM M THE3ZIOBBIM ITOCTPOIKaM), B TOM YHCIIe
62 BUIa — THE3ASIINECS WIIM BEPOSITHO THE3IAIIAECS
(mapa HaOIrOIAIaCh B THE3IOBOE BPEMSI B TIOAXOSAIIEM
JUIST  THE3[OBaHUS  OWOTOIE;  TEePPUTOPHUATBHOE
MOBEJIEHNEe CcaMIla Ha OIpPENeICeHHOM y4YacTKe
B TeUeHHE OoJiee YeM OHOTO JHS; OpadHOe MOBEIEHUE
Y IEMOHCTPAINH; 00HAPYKEHO JKUJIOE THE3/IO C KITaIKOH
WIM TITCHIIAMH; BCTPEYCHBI CIIETKH; HaWJeHa CBeXas
CKOPJIyTIA STHII).

AHHOTHPOBAHHBIH CITUCOK BHJIOB IITHI] OKPECTHOCTEN
o3epa OnbToH B BeceHHmid ce3oH 2023 u 2024 rr
NPUBEJICH HUKE.

Cepas kyponatka Perdix perdix Linnaeus, 1758.

2023 1. JIBe ocoOu ObUTH BCITYTHYTHI B CTETIH PSIZIOM
¢ Copoubeit OaKoii.

Hepenen Coturnix coturnix Linnaeus, 1758.

2024 . Oana 0co0b HaOIOANIACh Ha BOIOPA3Ieie
p. Jlanmyr u p. Constaka 4 mas.

Jleoenb mumyn Cygnus olor Gmelin, 1789.

2023 1. Ilponeraromas mapa OTMedanach
7 ampens Haja I0TO-BOCTOYHBIM Oeperom 03. DIBTOH.
Eme omna mapa naOmromanace 9 ampens Ha Tpymy
y noc. [Ipno3sepHslii.

Jlebennb-kaukyn Cygnus cygnus Linnaeus, 1758.

2024 1. 1 ocoOb ObUIa OTMEYEHA B YCThE P.
Jlanmyr 4 mas.

I'ycw 6en0g00b1it Anser albifrons Scopoli, 1769.

2023 1. Crau yncneHHocThI0 okoo 130 u 100
nTUIl oT™MedaInch 9 u 10 ampens Hal F0T0-BOCTOYHBIM
GeperoM 03. DIBTOH.

Oraps Tadorna ferruginea Pallas, 1764,

2023 r. bein penox B p-uHe p. Manas Camapoaa
B mnepuox 7-10 ampens. becnoxosiauecs mapel
HE HaOIIOAIIHCE.

2024 r. HemHorouncieH mo KoHycaM BBIHOCA
PEK U PEUYHBIM JI0JMHAM. bonblias yacTh BCTpeueHHBIX
ocobeit aepkanack mapamu. Ha 1 KM peuHBIX JOIHMH
Habmomazock 10 4 map.

Meranka Tadorna tadorna Linnaeus, 1758.

2023 r. beuta oObluHa B paifoHe p. Mamas
Camapona B nepuon 7-11 anpens u penka B paifoHe noc.
OnsToH B epuof 11-13 anpens. becriokosimuecs napbl
He HaOJIIONAIUCh.

2024 r. bpita 00bI4Ha, OOMNBIIAs YaCTh BCTPEUCHHBIX
ocobell aepxkanach mapamu. Ha mapripyrax Baoiib
PEUYHBIX MOJMH HAONIOAanoch 1o 5 map Ha 1 KM.
Ha xonyce BbIHOCa p. Xapa peryispHO HaOmoaaIoch
1o 30 map.

105



TumupsizeBckuii bnonoruueckuit sxypran. 2024. T. 2, Ne 4. C. 103-121

https://doi.org/10.26897/2949-4710-2024-2-4-103-121

CBus3b Anas Penelope Linnaeus, 1758.

2023 r. bpina 0ObraHa Ha ipyAax y noc. [IprosepHbrii
Y peZiKa B YCTBSIX BOIOTOKOB Ha IOT0-BOCTOYHOM Oepery
OnpTOHA.

Cepas yTka Anas strepera Linnaeus, 1758.

2023 1. OObIYHA Ha BCEX THIIaX BOIOEMOB B paiioHe
FOTO-BOCTOYHOTO Oepera DIsToHA.

2024 r. bruta 06b19Ha Ha Beex pekax. [lo pednbiM
JTIOJIMHAM BCTpeUanoch 6-8 map Ha 1 kM MapmipyTa.

KpsikBa Anas platyrhynchos Linnaeus, 1758.

2023 r. HeMHorouucsieHHa B yCThsIX BOOOTOKOB
Ha IOTO-BOCTOYHOM Oepery DIbTOHA M pelKa B YCThE
Copoubeii Oanku.

2024 r. HemHOrO4McCIEHHa, AepKalach apamu.
Ilo peunsiM nonuHaM BeTpeuanoch 4-5 map Ha 1 kM
MapIipyTa.

Yupok-cBHCTYHOK Anas crecca Linnaeus, 1758.

2024 1. 2 Mas BE Hapbl CBUCTYHKOB OTMEUEHBI
B ycThbe p. JIaHmyr.

Ynpok-TpecKyHOK
Linnaeus, 1758.

2023 1. b oObrueH Ha npyaax y noc. [IprosepHsrit
Y PEOK B YCThSIX BOAOTOKOB HA I0I0-BOCTOUYHOM Oepery
OJbTOHA.

IIupoxoHocka Anas clypeata Linnaeus, 1758.

2023 1. briyia HEeMHOTOYMCIIEHHA Ha TIpy/ax y moc.
IIpno3epHblii 1 Ha YCTBEBBIX yYacTKaX BOJOTOKOB
Ha I0T0-BOCTOYHOM Oepery DIbToHa.

2024 r. Onaa camka HaOmIOmanach B YCThE P.
Jlannyr 4 mas.

Anas querquedula

KpacHorosnoBelii  HbIpok  Aythya ferina
Linnaeus, 1758.
2023 r. Beu1 HEMHOrOYMCICH Ha Mpyaax

y noc. IIpuo3epHblidi U peloK B YCThAX BOAOTOKOB
Ha I0T0-BOCTOYHOM Oepery DIIbTOHa.

Cepas namis Ardea cinerea Linnaeus, 1758.

2023 1. Habmonanock 4 0coOu B YCThEe PEKH P.
Manast Camapona 9 anpenst 11 omHa 0co0b — Ha BpeMEHHOM
BozmoeMe B crenu 10 anpensi.

2024 r. Habnromanocsk 5 ocobeil B cpejHEM TeUEHUH
p. Jlanmyr 4 mas.

Povikas nanast Ardea purpurea Linnaeus, 1766.

2024 1. OnHa ocoOb HaOMIONaIach B CpeaHEM
tedeHnd p. Jlanmyr 3 mast.

Cepomekasi  NOraHka
Boddaert, 1783.

2023 r. Equnnunas ocobp HabmMIomazace Ha p.
Manas Camopozna B npuycTeeBoOM ydacTke 11 apmesns.

O0bIkHOBeHHAas1 mycTeabra Falco tinnunculus
Linnaeus, 1758.

2023 r. HemHoOrOuMCiaeHHbBIE OAUHOYHBIE ITHIIEI
BCTPEUYAIHCH BJIOJIb IOTO-BOCTOYHOTO Oepera DIbToHa.
OO0bluHAa B Jlecornocaakax B OKpPECTHOCTSX TOC.
OneToH. Ha mociaenneM ydacTtke 2 pa3a HaOIIOTAIHUCH
Oecriokosuecss Tapbl, JepXKaliuecss y IMyCTBIX
COpPOYBUX THE3.

Podicepsgrisegena

2024 . OnHa ocoOp Habmiomanack 4 mas Haj
MocToM uepe3 p. JlaHmyr.

Yepuvliii kopuayH Milvus migrans Boddaert, 1783.

2023 r. OObIYeH BAOJIH BCEX yYacTKOB Oepera
03. OnbTOH ¢ 9 anpens. IIpoucxoausl MHTEHCHBHBIN

MpOJIET, KOTOphI ObUI  Hambonee  AaKTUBHBIM
10 1 11 ampens.
OpJan-6es10XBoCT Haliaeetus albicilla

Linnaeus, 1758.

2023 . OpumHOYHBIE MOJNOABIE OEIOXBOCTHI
HaOmomanmuch Ha Tnpyny y moc. [lpuosepnsrit
Y B OKPECTHOCTSIX MOC. DJIBTOH.

Bonornblid ayns Circus aeruginosus Linnaeus, 1758.

2023 1. bbut oObrveH B paiione p. Manas Camapona
U HEMHOTOUYHCJICH B OKPECTHOCTAX IIOC. OJIBTOH.
CooTHoIIeHne HaOTIOIABIINXCS CaMIIOB M CAMOK OBLITO
MPUMEPHO PaBHEIM.

2024 1. TepputopuanbHas Tmapa JepKanach
B TPOCTHUKOBBIX 3apociisix Ha ycTee p. Jlanuyr J[Be
CaMKH Y OJIMH CaMell BCTPEYCHBI Ha MapIIPyTaX MEXITy
pekamu Xapa u Jlanuyr.

Hoaesoii xyns Circus cyaneus Linnaeus, 1766.

2023 . MHorouucinen B paioHe p. Manag
Camapona; TPOUCXOMWUT  WHTCHCUBHBIM  TPOJIET
BIOJIb FOTO-BOCTOYHOTO Oepera o3epa. CoOTHOIIEHHE
HAOMIONABIIMXCS CaMIIOB W CaMOK COCTaBJISLIO
npumMepHo 1:4.

2024 1. /Ipe caMKu HaOITFOATHCH B PaifOHe HIDKHETO
TeyeHus p. JlaHyr.

Crennoii nyns Circus macrourus S.G. Gmelin, 1770.

2023 1. OTnenbHBIE caMKH 3 pa3a HaOIIoAIHNCh
Ha TpOJIETEe BJOJbh IOrO-BOCTOYHOIO Oepera o3epa
10-11 ampens.

2024 r. OTmeueHa oOnHa caMKa B YCTbE P.
Jlanuyr 4 mas.

JlyroBoii aynnb Circus pygargus Linnaeus, 1758.

2023 . OnuHO4YHBEIA camelr] OBUT BCTPEYCH
Ha TMPOJIETE BIOJb FOTO-BOCTOYHOTO Oepera DIIBTOHA
10 ampers.

2024r. OTmeueHa onHa caMKa B YCTBE P.
Jlanmyr 4 mas.

EBponeiickuii TOBUK Accipiter
Severtsov, 1850.

2024 r. OqHOYHBIN caMell, OXOTSIIHMICA Ha MEJIKHX
BOPOOBUHBIX B JIECOTIOCAIKAX C MO3AHMIHBIM KYCTAPHUKOM
BOKpPYT BPEMEHHOTO BOJIOEMa B OKPECTHOCTSX MOCEIKa
DnBTOH, OTMEYEH 5 Masi. B 3ToM ke MecTe caMel] TIOBUKa
orMmeueH B 2022 1.

HepenensitHuk Accipiter nisus Linnaeus, 1758.

2023 r. OguHOYHBIE OCOOM, KaK CaMIIbl, TaK
M CaMKH, OTMEYAIINCh OXOTAIIMMICS Ha BOPOOBMHBIX
TTHUI] B TIOJIOCE TPOCTHUKA BIOJb FOTO-BOCTOYHOTO Oepera
03. OnbToH 9 1 11 ampensa. OObI4eH B OKPECTHOCTAX
nmocenka DNBTOH. B meconocankax HailIeHbl OCTaHKH
OJTHOM MTHUIIBI, OCTAHKU HE MEHEE IBYX IEPEHEIITHUKOB
HaHJCHBl Ha CBEXKUX KOPMOBBIX CTOJHMKaxX (uiuHa
B Copoubeii Oarke.

brevipes
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Kanrok Buteo buteo Linnaeus, 1758.

2023 . B paiioHe 1Oro-BOCTOYHOTO Oepera 03.
OnpTOH OBUT OOBIUEH Ha MpoJieTe BO BceX OMoTOmax
8-11 ampens.

2024 r. I1apa Ty Habmoaack B pailoHe CEBEPHOTO
Oepera 03. DIbTOH 3 Mas.

Kypraunmnk Buteo rufinus Cretzschmar, 1829.

2023 r. bbut 0ObIYEH B OKPECTHOCTSAX IOCENKa
OJBTOH.

2024 . OmrHa 0co0b HAOMIOMANAch B palHoHE CPETHETO
TedeHus p. Jlanoyr 3 mas.

CrenHoii open Aquila nipalensis Hodgson, 1833.

2023 r. OmuHOUYHAs1 0cO0B OTMEUCHA TPOIIETAIOIICH
Haj noiauHol p. Manas Camapoza 10 anpens.

2024 r. )Kumnoe rHe31o ¢ HaCHKUBAOLIEH KIaIKy
CaMKOI OTMEYEHO Ha p. Xapa B ypouuuie «HepToB MOCT».
OxoTsimuecst 0coOM PeryasipHO OTMEYaIUCh B palioHe
cpemHero TedueHwus p. JlaHoyT u B BepXoBbsix p. ColsiHKa
4-5 mas.

Moruasnuuk Aquila heliaca Savigny, 1809.

2023 r. XKunoe THE370 C IByMs SHIIAMH OBLIO
HallIcCHO B JIECOMNOJIOCE BAOJb HKEJIE3HOAOPOKHBIX
nmyTel ceBepHee moc. DnbToH. I'He3noBas mocTpoiika
pacrionarangach Ha BEpIINHE Bsi3a MaJoOro BBICOTOI 9 M.
Juamerp moctpoiiku — npumepHo 1,5 M, BeicoTa — Oosee
1 M. Ha ynanenun 200-300 M pacnionaranucs 2 ctapble
TIOCTPOMKH B aHAJIOTMYHBIX MecTax. OXoTa camIia 13 JaHHOH
napbl HAOJTIOAIach Ha CKIIOHAX BO3BBIICHHOCTH YIIaraH.
B paiione rHe3na oTMEUEHBI OCTAHKH YIIACTHIX exXel
Y MaJbIX CYCITUKOB.

2024r. 5 w™Mag HaWOEeHO JKWIOE THE3I0
C HACIXMBAIOIIEH KIaJKy CaMKOW Ha Bsi3e MajioM
BBICOTOH okoJio 10 M B Jecomocaake ceBepHee TOcC.
OnpToH. JlaHHOE THE310 pacnoiarajgoch Ha yOaJIeHUN
0,6-0,8 XM OT THE3IOBBIX IIOCTPOEK, KOTOpbIE
MormibHUKH 3auuMann B 2021 u 2023 r. Oxora camiia
U3 JaHHOW maphl HaONIo#asach Ha CTEMHBIX CKIOHAX
C KOJIOHUSIMH MaJioro cyciuka Ha ynaneHun 0,5-1 kM
OT THE3/a.

Kpacaska Anthropoides virgo Linnaeus, 1758.

2023 . Ilapa nTunm ortmedena 11 ampens
B OKPECTHOCTAX IMOC. DIBTOH. 3 0COOM HaOIIONAIHICh
y JIeconocaZoK BIOJb KEJIE3HOH noporu 12 ampens.
[Mapa, nep>kaBiiascst Ha OJHOM y4acTKe B TEUEHHE KaK
MHUHUMYM HECKOJIBbKHX YacoB, HaOOaIach B paiioHe
yctbst Copoubei 6anku 12 anpens.

2024 r. 4 mas HaOrOANIach TIapa Ha BOAOpaszese
pek Jlaamyr u ConsHka.

BonsiHoii  macTymok
Linnaeus, 1758.

2023 r. 8-11 ampens 6611 OOBIYEH B TPOCTHUKAX
o pycnam pek Man. Camapona u Kapantisaka. AKTUBHO
BOKaJIU3UPOBAJL.

2024 1. b1 00BIYEH 110 TPOCTHHKOBBIM 33P0 CIISIM
B pycinax pexk Xapa u JlaHmyr, cammbl aKTHBHO
BoKkanmzupopanu. OrMmeuanuch 4-5 ocobeit Ha 1 kM
MapIIpyTa BI0JIb 3apPOCIIUX TPOCTHUKOM PyCell.

Rallus  aquaticus

JIvicyxa Fulica atra Linnaeus, 1758.

2023 . 2 ocobu oTMeyeHbl 9 ampens Ha Mpyay
y noc. IIpuosepHslii.

2024 r. OmHa 0co0b OBIIa BCTpeUeHa B YCThE P.
Consika 4 mas.

Crpener Tetrax tetrax Linnaeus, 1758.

2024 1. OTHOCHUTETHLHO OOBIYCH Ha BOIOPA3IeiIax
pek YepHaska, Xapa, Jlannyr, Constaka. Ha maprpyTax
HEOJHOKPAaTHO BCTPEYAJUCh OJUHOYHBIE IITHLIBI
u HeOompmme Tpynmel. Ha p. UepmaBka 4 wMas
B 2 KM BBILIE YCThs HaOMOAaIUCh 3 B3pocible ocodu
M MHHAMYM OIWH Oerarommii mnreHen. Taxxke
HalJCHbI OCTAHKU ChEICHHbBIX XUIIHUKAMHU CTPEIICTOB
B 5 pa3HBIX TOUKaX.

XomyJI0YHHUK
Linnaeus, 1758.

2023 r. I'pynmet u3 5 1 8 ocobeit orMeueHs! 9 anpens
Ha npyay y noc. IIpro3epHsIid.

2024 r. OOBI4eH 1Mo KOHycaM BBEIHOCA U HIKHEMY
teuenuto p. Jlanmyr. Habmonanuce Gecriokospecs mapsl.
Ha xonyce BriHOCa p. JIaHITYT HAOIIONATOCH CKOTUICHUE
oxoJ110 30 ocobeii.

HInnoka0BKa
Linnaeus, 1758.

2024 r. HeMHOro4ucneHHa Ha KOHycaX BEIHOCA PEK
Jlanyr u Xapa. Ha 1 km MapupyTa B1oiabs OeperoBbix
WIMCTBIX OTMEJIEH BCTPEHAnoch A0 5-6 GECTIOKOSIIMXCS Tap.

Yuouc Vanellus vanellus Linnaeus, 1758.

2023 . OtaenbHBIE 0cOOM HAOMIONANMCH PETYIIAPHO
B mepuox 8-11 ampenst Ha mpymax u BpPEMEHHBIX
BOJOEMaxX Pa3HOTO THUIA B OKPECTHOCTIX p. Mamas
Camapona.

2024 r. B nemnowm 6611 00b14eH. 4 Mas HaOIMOIATI0Ch
oxoio 30 oco0eii B paiioHe ycThs p. JIaHIyT.

Tlancryunux Charadrius hiaticula Linnaeus, 1758.

2023 r. OaHa 0co0b 0OTMEUEHA 9 anpeis Ha IpyILy
y noc. [Ipuo3zepHslii.

Mauwtii 3yek Charadrius dubius Scopoli, 1786.

2024 r. [lapa ntun HabIIOAAIach HA 3aJIUBE P.
Camaponsl 6 mas. utepecHo, uro BecHou 2021 .
€MHCTBEHHAsi BCTpeueHHas Oecrokosmiasics mapa
MaJIbIX 3yHKOB OTMEYajach TaKkke Ha OTMEJISIX TAHHOTO
3aJIuBa.

Mopckoii
Linnaeus, 1758.

2023 1. OTaenbHBIE 0COOH PEIKH MO OTMEISIM BIIOJb
I0r0-BOCTOYHOTO Oepera 03. DnbToH. TeppuTopHanbHbIX
nmap He HaOII0IaIoCh.

2024 r. Ha mapupyTtax 2 Mas HEMHOTOYHCIIEH.
4 mast oObr4eH B ycThe p. JlaHiyr. 2 mMas B ycThe p.
Xapa HaiiieHpl OpOIIeHHAS KIIaaKa U3 IBYX SHUITl (OIMHO
paszburoe), Kilaka U3 Tpex Aull, KJIaJKa U3 OJHOTO S
¥ THE3/I0BBIE IMKH B IT0JIOCAaX TPOCTHUKOBBIX Ky4 Ha KOHYyCE
BBIHOCA P. Xaphl.

Hleroas Tringa erythropus Pallas, 1764.

2023 r. OquHOYHAs MTHIIA BCTPEUCHA B HIDKHEM
tedernn p. Camapoza 6 masl.

Himantopus himantopus

Recurvirostra avosetta

3yek Charadrius alexandrinus
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Tpasuuk Tringa totanus Linnaeus, 1758.

2023 . O0bIYeH 110 BCeM THIIaM BOIOEMOB B paiioHe
FOT0-BOCTOYHOTO Oepera DibToHa 1 1oc. [Ipro3epHBIi.
Hemuorouncnen B ycrbe Copoubeit 0anku 12 amperns.
[IpoucXoaUT NHTEHCUBHBIN IPOJIET.

2024 r. HemHorouucieH Ha p.
TokoBaHue 2 masl.

Mopyueiinuk Tringa stagnatilis Bechstein, 1803.

2023 . OguHOYHAas 0co0b OTMeueHa 8 ampens
Ha npyny y noc. IIpno3epHsli.

Yepubiu 7ringa ochropus Linnaeus, 1758.

2023 r. Pemok Ha mpyzmax B OKPECTHOCTSX ITOC.
IIpro3epHslil ¥ 10 yCTHSIM BOOTOKOB FOTO-BOCTOYHOTO
Oepera 03. DIIBTOH.

®udm Tringa glareola Linnaeus, 1758.

2023 1. EnpaiaHbIe 0cO00M BCTPEYaNCh B YCTHIX
Man. Camapozst u Kapantuaku 8 u 10 ampens.

IepeBo3uuk Actitis hypoleucos Linnaeus, 1758.

2023 r. I'pynna u3 6 NTHIl OTMEYEeHA Ha MPYLY
B OKpeCTHOCTSIX noc. [Iprno3epHslii 9 ampens.

2024 r. O6prueH Ha JlaHITyTe W PEelOK Ha PEKe
Consaka.

Typyxrtan Philomachus pugnax Linnaeus, 1758.

2024 r. Habmroganack ogHa cTast YMCIEHHOCTHIO
oKoJI0 15 caMIIOB Ha TIpoJeTe.

Xoxoryubsi Larus cachinnans Pallas, 1811.

2023 1. I'pynma u3 4 ocoOeit n onrHOYHAS NITHIIA
OTMEYEHBI B paifoHe ycThsi Man. Camapoasl.

Yaiikonocass kpauka Gelochelidon nilotica
J.F. Gmelin, 1789.

2023 r. OnuHOYHAs NTHUIA OTMEYEHa B paloHE
ycTbst Man. Camaposbl.

2024 r. 2 mas HabOmromanock okono 10 ocobeit
B paiioHe ycTh4 p. JIaHIyT.

Cusbrii ronyos Columba livia Gmelin, 1789.

2023 r. bbuT 00BIYEH B OKPECTHOCTSX ITOCETKOB
IIpuo3zepHslit 1 DIBTOH.

2024 r. OmHa 0co0Bb OTMEYEHA Ha JKENE3HOOPOKHOM
mwiaropme. Takke HaWIACHBI B TOCAM XHI[HHKA
Ha Bogopaznene p. Jlaamyr u p. ConsHKa.

Bsaxups Columba palumbus Linnaeus, 1758.

2023 . OnuHOYHAS IPOJIETHAS TITHIIA HAOTIOAIach
10 anpens B paiione yctbs Man. Camaponst. beut pemox
B JIECOMNOCAAKaX BOKPYT MOCENKa DIIBTOH.

2024 1. beut OOBIYEH B JIECOMOCAKAX CEBEPHEE
moc. DNBTOH. 5 Mast HalIeHO JKUJIOE THE30 C KIIaaKOH
W3 OByX Adll. [He3mo pacmomaraiock Ha Bf3e
MajoM BBICOTOM 8 M, Ha BBICOTE 5 M HajJ 3eMieH
B MECTE OTXOXICHHS HECKOIBKHX BETBEH CpEIHETro
pasmepa.

®duamnn Bubo bubo Linnaeus, 1758.

2023 1. Ogaa 0co0b HEOMHOKPATHO HAOIIOIATIACH
B kaHboHe Copoubeii 6anku 12 anpens. Ha cxionax
HaWJEeHO MHOTO TPHCaJ U KOPMOBBIX CTOJHKOB
C OCTaHKaMH TePETeIITHUKOB, KPACHOTOJIOBBIX HBIPKOB,
VIIACTHIX €XeH (5 IMIT.), TPHI3YHOB Pa3IMdHOIO pa3Mepa.
B xome oOcnenoBanus Oanku ¢ OOJNIBITUHCTBOM €€
OTBETBIICHHH TEPPUTOPHUATHHYIO TMapy OOHAPYKUTH
HE yAaJloCh.

Jlannyr.

2024 r. OmHa ocob6p HabMIOmanach Ha OOpBIBE
B HibkHeM TedeHuu p. ComsHka. Ha ckioHe JOnHMHBLI
ConsHKkr HaWACHBI TEPhsl U TOTAIKUA JAHHOTO BHJA.
OTnenpHbIE MIephs TAHHOTO BHJIA OBUTN HAWIEHBI TAKKE
B cpexHeM TeueHud p. Jlaniyr. B xome obcnenoBanmst
JIOJIMHBI U TIPIJIETAIOIIIX MEJKHX OAOK TePPHTOPHATEHYIO
napy oOHapyHUTh HE YIaJI0Ch.

Ymacras coBa Asio otus Linnaeus, 1758.

2023 r. Haiineno 12 ampenst Kujioe THE3I0
B Jnecomocanke B 500 M ot moc. DnwsroH. ['HE3mO
pacmojiaraJiocb B CTapoll copoubeld MOCTpOiike
Ha JIOXE JUIMHHOJIMCTHOM B TIIyOWHE KPOHHBI. B THE31¢e
HAXOJMJIACh KJIAJKa M3 5 SUIl, KOTOPYIO HAaCH)KHBaJa
camka. FEme ogHO JKWJIo€ THE3I0 C CaMKoi,
HaCIDKMBarolei 3 sina, 6puto HaiineHo B Copoubeit
Oaske, TakXKe B COPOUYbEH MOCTPOIKe B NTyOWHE KPOHBI
J0Xa JUIMHHONHUCTHOTO. PAoM C THe3moM aepikaiics
camerl.

BoaorHas coBa Asio flammeus Pontoppidan, 1763.

2023 . JIBe OMMHOYHBIX OCOOM OTMEYAINCH B TOMME
U JIOJTFHE HIDKHETO TedeHws p. Manas Camapona. B xypriHe
TaMapucKa B IMONME PEeKH OTMEYallaCh BOKAIM3aIUs
B HOYHOE BpeMs.

O0bIKHOBeHHBII Ko3010ii Caprimulgus europaeus
Linnaeus, 1758.

2024 1. TokoBaHHe HAOMIOAATIOCH HA JIEBOM Oepery
p. Jlaamyr, B 0,5 KM BbIIIE YCThS, 2 Masl.

CusoBoponka Coracias garrulus Linnaeus, 1758.

2023 r. OcraHKH OIHOH O0COOM, ChEIECHHOM
HAa3€MHBIM XMUIIHUKOM, HaliICHbI Ha BO3B. YJIaraH.

3onorucras mypka Merops apiaster Linnaeus, 1758.

2024 r. 3 u 4 Mas HabIOMAMCH HEOOBIINE CTAH
1o 4-15 ocobeii B HIXKHEM TeueHHHU pek Xapa U JIaHyr.
C 5 mas cranu o0br9HEI Ha p. Jlarmyr, B 0,5 kM BbImIe
YCThSL.

Ynon Upupa epops Linnaeus, 1758.

20231.  OtmenbHBIE  0cOOM  PETYIAPHO
BCTPEUANIUCh HAa TMPOJIETE IO TPOCTHHUKAM BJOJb
FOTO-BOCTOYHOTO Oepera 03. AmbToH 8-11 anpenst 2023 1
9 ampens oTMe4yaloch TOKOBaHUE B 1oc. [Ipro3epHsiit.
OOBIUEH B OKPECTHOCTSIX TOCENKa DIBTOH B TEPHOL
11-13 anpemns.

2024 r. OTaenbHBIE 0COOHM TOKOBAIH B TIOCEJIKE
OnwroH 1 Mas U B cpeniHeM TedeHue p. Jlanyr 3 mast.

CrenHoii skaBopoHOK Melanocorypha calandra
Linnaeus, 1766.

2023 . bbIT MHOTOUTICIIEH B CTETISIX OKPECTHOCTEH P.
Manas Camapona. B okpecTHOCTAX OC. DNBTOH IaHHBIH
BH/JI OBLJT HEMHOTOYHCIICH. AKTUBHO TIOIOT.

2024 r. Beu1 00BIYEH MTOBCEMECTHO, ITOET. 4 Mast
OTMEYCH JICTHBIH BBIBOJIOK U3 MUHUMYM TPEX MTCHIOB
Ha Bogopaznene p. Jlaamyr u p. ConsHKka.

Mauawrii saBoponok Calandrella brachydactyla
Leisler, 1814.

2023r. HemHorouumcnen B  pailioHe P.
Mamag Camapoga. B 0oCHOBHOM BCTpedaHCh
B OMYCTHIHEHHBIX COJIOHYAKaX O3E€PHOTO MOOEpexkbs
Y 10 OMYCTHIHEHHBIM CTEIISIM BIOJb IMOJIEBBIX JOPOL.
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B okpecTHOCTSIX TIOC. DIBTOH JAHHBIA BUJ OBLT PEIIOK.
AKXTHBHO TOIOT.

2024 r. Ogna noromast 0co0b OTMEYEHA B TOIHHE
cpenHero TeueHus p. Jlanmyr 4 mas.

Cepplii  xkaBopoHok Calandrella rufescens
Vieillot, 1819.

2024 r. HaGmronanach eiMHUYHAS MOOIIAS 0CO0b
Ha Bomopaznene p. Comstaka u p. JIanmyT 5 Mast.

XoxJyarelii  kaBOpoHOK Galerida cristata
Linnaeus, 1758.

2023 1. B 1Byx MecTax Ha OKpauHe Ioceka DINBTOH
HAOTIOMANUCh OECTIOKOSAIINECS Taphl, OTBOAWBIIHE
HaOTIO/ATe s OT THE3/a.

2024 r. HemHOTOUncIeHHBIE 0COOU; TIEITN HA OKPANHE
noceska DJIbTOH 5 Masl.

IlosieBoii  KaBOPOHOK
Linnaeus, 1758.

2023 1. MuorouncieH B paitiore p. Mamas Camapona.
Bbl1 HEMHOTOUYHCIIEH B CTEMSAX B OKPECTHOCTSIX TOC.
OnbTOH. AKTUBHO TIOIOT.

2024 r. HemMHOTOYHMCIIGH Ha BOJOpa3Meie pPeK
Jlannyra u Xapsl.

BeperoBymka Riparia riparia Linnaeus, 1758.

2024 r. 2 mast ObUTO OTMEUeHO 8 0cobeit Ha p. Xapa.

JepeBenckasi Jactouka Hirundo rustica
Linnaeus, 1758.

2023 r. Hemnorouncnenna B paifone Maioif
Camaponbl 1 00BIYHA B TIOC. DIBTOH.

2024 . O0BIYHA IIOBCEMECTHO. 2 Masi Ha0JIIOLAIACh
cTasl YUCJICHHOCTHIO 0KoJIo 150 ocoleii.

Boponox Delichon urbicum Linnaeus, 1758.

2023 . OnHa 0co0b OTMEYEHa B yCThe Maioii
Camapons! 8 anpens.

IoseBoii konek Anthus campestris Linnaeus, 1758.

2024 1. 4 mas oTMeueHa OnHA TOIOIIas 0co0b
Ha Bogopaznene p. Jlanmyr u p. ConsHka.

KpacHo306b1ii KoHek Anthus cervinus Pallas, 1811.

2023 1. HeMHOrO4MCIIeH Ha POJIETE 10 TPOCTHUKAM
B paiioHe ycTbst Manoit Camapossl.

Kenras Tpsicoryska Motacilla flava Linnaeus, 1758.

2023 r. Omaa 0co0b OTMEUEHA B yCcThe Maioit
Camaponsb! 8 anpensi.

2024 1. beuta HEMHOTOYHCIIEHHA 1O Oepery p.
Jlanmyrt, BcTpedanucs mo 2-3 TeppuTOpHaIbHBIC AP
Ha 1 KM JIOJIMHEL.

Maunas :xestorosnoBasi Tpsicoryska Motacilla
werae Buturlin, 1908.

2023 r. OObIYHA MOBCEMECTHO B paitone Maioit
Camaponpl.

Benas tpsicoryska Motacilla alba Linnaeus, 1758.

2023 r. OOGBI4HA IO BCEM BOJOEMAaM B paiioHE p.
Manas Camapona. beiia HeMHOTOUHCIIEHHA B OKPECTHOCTSIX
MOC. DNBTOH.

2024 1. IBe ocobu Habmoganucey Ha p. JlaHmyT,
B 0,5 kM BbIIIIE YCTHS, 2 Mast. Tpu ocoOn HaOMOAATICH
Ha Oepery o3epa DibToH 4 Masl.

Alauda  arvensis

Yepnnsiii 1po3n Turdus merula Linnaeus, 1758.

2023 . HemMHOTOUYHCIIEHHBIE TIPOJIETHBIE 0COOH
HaOJTFONIATUCh 10 TPOCTHUKAM B paiioHe ycTheB KapanTuHku
1 Masnoi Camaponebl.

2024 r. OgHa caMKa OTMEYEHa B JTOJIMHE PEKHU
CossiHKa B KypTHHE TEpHA.

BenodopoBuk Turdus iliacus Linnaeus, 1766.

2024 r. HaiiieHbl OCTaHKH ChEACHHON XUILIHUKOM
ntuipl Ha p. ConsHKa.

MeBunii apo3n Turdus philomelos Brehm, 1831.

2023 r. EnquanynHas nTHma oTMEUeHa B yCTHE
Copoubeii 6anku 12 ampers.

2024 r. Haiinensl ocTaHKH ChEeICHHON XUIIHUKOM
NTUITEL B bronmornaeckoit 6ake.

Psiounnux Turdus pilaris Linnaeus, 1758.

2024 1. HaiineHpl OCTaHKH ChEAEHHON XUIITHIKOM
NITULIBI HA p. Xapa.

TopuxBocTka-nbicymika Phoenicurus phoenicurus
Linnaeus, 1758.

2024 r. OOBbIYHA MO TPOCTHUKOBBIM 3apOCISIM
Ha peKax M Mo KyCTapHUKaM B Oajkax.

Coaoseii Luscinia luscinia Linnaeus, 1758.

2024 r. OTMeueHa BOKanu3alUs IBYX CaMIIOB
B Pa3HBIX MECTax B KyCTapHHUKax Ha p. JIaHITyT.

Bapaxkymika Luscinia svecica Linnaeus, 1758.

2023 . B paiione p. Manas Camapona oObr4Ha
MTOBCEMECTHO TI0 TPOCTHUKOBBIM 3apocisiM. 10 amperst
OTMEYEHBI ITepPBBIC TIECHH.

2024 r. OnHa ocoOp BCTpeyeHa B TPOCTHUKAX
Ha p. Jlanyr.

3apsiuka Erithacus rubecula Linnaeus, 1758.

2023 r. EnpanvHast 0co0b 0TMEUEHa B TPOCTHHKAX
o pyciy p. Manas Camapona 9 anperns.

JlyroBoii yekau Saxicola rubetra Linnaeus, 1758.

2024 r. 3 mas BcTpeueHsl 2 napsl Ha p. JIaHyr
u B buonorudeckoii 6anke. 4 mas okono 8 ocoOeit
Habronanuck B ycrbe p. ConsHka.

Kamenka oobikHOBenHasi Oenanthe oenanthe
Linnaeus, 1758.

2023 . [Tapa ormeueHa 12 ampens Ha oKpauHe
MoceIKka JIBTOH.

2024 1. Tpu caMua v OTHa CaMKa OTMEYEHBI B YCThE
p. ConsiHka 1 OIMH caMel] — B pailoHe CPEIHETO TeUCHUs
p. Jlanyr.

Kamenka-nisicynbst
Temminck, 1829.

2024 . OGblYHa TIOBCEMECTHO Ha OKpaWHax
mocenkoB, Bmonb JIOII m mopor. CamIel akTHBHO
TOIOT.

Cepas myxonoBka Muscicapa striata Pallas, 1764,

2024T. Opmna ocobb oTMmedeHa 3 Mad
B bruonornyeckoii 6anxke.

MyxonoBka-nectpymka Ficedula hypoleuca
Pallas, 1764.

2024 r. /Ige camku HaOMrogamiuch B bronorndaeckoit
Oasike u Ha p. ConsiHKa 3 Masi B KypTHHAX TEPHA.

Oenanthe  isabellina
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ConoBbuHBI cBepuOK Locustella luscinioides
Savi, 1824.

2024 r. IleHue HECKONBKUX CaMIIOB PETYISIPHO
0TMeYajoch 2-4 Masi B TPOCTHHKAX B HIDKHEM TE€UECHUH
p. JlaHyt.

KambimoBka-0apcy4yox
schoenobaenus Linnaeus, 1758.

2024 . HabGmronasicsi oiuH MOFOIIHIN B TPOCTHUKAX
camertl B ycThe p. Jlaniyra 4 masi.

HNuaniickas kambImoBka Acrocephalus agricola
Jerdon, 1845.

2024 . HabGmromaJicsi ofiuH MOOIIMH B TPOCTHUKAX
camel| B ycThe p. Jlaniryra 3 masi.

Jpo3noBuaHasi KambllIOBKAa Acrocephalus
arundinaceus Linnaeus, 1758.

2024 1. Habmromascst onyH TOOIIHI B TPOCTHHKAX
camer| B ycTbe p. Jlanmyra 3 mas.

CeBepHast  0opMOTYyIIKa
Lichtenstein, 1823.

2024 r. 5 mas HaOmromanach cras MPOJIETHBIX
OOpPMOTYIIEK 4YHCICHHOCThIO oOkoio 10 ocobeit
B KyCTapHUKax B paiioHe ycTb4 p. Jlaamyr. Oxna ntuma
aKTUBHO TIeJa.

Ilenouka-Becuuuxka Phylloscopus
Linnaeus, 1758.

2024 r. 3 mas HaOmromaauch 2 IMOIONIUX caMIla
M0 KyCTAPHUKOBBIM 3apOCIsiM B YCThAX pek JlaHIyr
u ConsHka.

[enouxa-tenbkoBKa Phylloscopus collybita
Vieillot, 1817.

2023 r. Penka mo KycTapHUKaM MO JOJIUHE P.
Manas Camapopa. 2 oTieNbHbIe 0COOM OBLTH BCTPEUCHBI
B JIECOTOCA/IKaX B OKPECTHOCTSAX MOC. DIIBTOH.

2024 1. 2 mas HaOmomajach eMWHUYHAS 0COOb
B KyCTapHHUKax Ha Oepery o3epa DJIbTOH.

CiaBka-3aBUpPYIIKA Curruca
Linnaeus, 1758.

2024 1. Habmonanuck 3 TeppuUTOpHaIbHbIE Maphl
B TPOCTHHKAaX HIXHEro tTeueHus p. Jlaniyr. Camiipl
AKTHUBHO TIEJIH.

Yearas cunuua Panurus biarmicus Linnaeus, 1758.

Acrocephalus

Ilduna  caligata

trochilus

curruca

2023 . Omgmaounass 1nTvia HaOIrOmanach
B TPOCTHUKOBBIX 3apOCIIAX B yCThe p. Manas Camapona
10 anpens.

Peme3 Remiz pendulinus Linnaeus, 1758.

2023 r. HeMHOro4uciieHHa MO TPOCTHUKOBBIM
3apociiiM BAOJb Beero pycna Mamnoit CaMaposibl.

Kynan Lanius collurio Linnaeus, 1758.

2024 r. Ogaa 0co0b BCTpEUeHA B KyCTApPHHUKOBBIX
3apocCiIAX B HWKHEM TedeHuH p. ComsHKa.

Copoka Pica pica Linnaeus, 1758.

2023 r. Penka B paitone p. Mamnas Camapona,
YTO MOXET OBITh CBSI3aHO C HEJOCTAaTKOM (PparMEeHTOB
KyCTapHUKOBOM pPAaCTUTEIBHOCTH. MHOrounciaeHHa
Ha THE3JJ0BaHUH B OKPECTHOCTSIX HOoC. DIbTOH. B ruesne
B Jieconiocajike 11 arpenst oOHapy»x eHa KiajKa u3 2 siuil.
HacmxuBanve He Hayanock. B rHe3se, ocMOTpeHHOM

12 ampenst, 6mm3 yctbst Copoubeii 0amku 0OHapyKEeHbI
8 sIUI, caMKa HaCYDKHMBaeT KiaaKy. Bee HaliieHHbIe THe31a
pacrojyiaraJiuch B KpOHax JIOXa JITUHHOIUCTHOTO.

2024T. HemHOroumcieHHa  TIOBCEMECTHO.
OTmedanock He MEHee OJHOM mapel Ha 1 kKM MapuipyTa.
4 mas Ha p. ConsgHKa HaliieHO THE3/I0 Ha TepHe C 5
SIMLIAMU.

I'anka Corvus monedula Linnaeus, 1758.

2023 r. Kopmsimuecs U MPOJETAIONIUE MITUIBI
ObTm  OOBIYHBI TIOBCEMECTHO B  OKPECTHOCTSX
MOC. DNBTOH.

Cepas Bopona Corvus cornix Linnaeus, 1758.

2023 . Penxa B moc. Ilpmosepnswrii. Pemka
MIOBCEMECTHO B JIECOTIOCA/IKAX OKPECTHOCTEH MOC. DIIBTOH.
[Tapa mepxanach 11 ampens y THE3A0BOM MOCTPOUKH
0e3 KJIAIKH SHII.

I'pau Corvus frugilegus Linnaeus, 1758.

2023 . Hemuorouncnen B moc. IlpuozepHsril.
OOBIUeH B TTOCEIKE DINBTOH U €T0 OKPECTHOCTSX.

Bopoun Corvus corax Linnaeus, 1758.

2023 1. Penox moBceMecTHO.

CxkBopen Sturnus vulgaris Linnaeus, 1758.

2023 r. O6srueH B noc. [Ipuosepusit. MuorounciIeH
B ITOCEJIKE DIIBTOH M €T0 OKpecTHOCTAX. Habmomanoch
aKTUBHOE THE3/I0CTPOEHHE.

Po3oBbliii ckBopen Pastor roseus Linnaeus, 1758.

2024 1. Cras u3 17 ocobeii oTMeueHa 2 Mast B paiioHe
HIDKHETO TedeHus p. Jlanmyr.

JdomoBbIil  BopoOeit
Linnaeus, 1758.

2023 r. HeMHoOrouucsiaeH B IOCEJIKE OJbTOH.
AKTHUBHO MOET.

3sa6auk Fringilla coelebs Linnaeus, 1758.

2023 r. OOBIYeH HA TPOJIETE TIO TPOCTHUKOBBIM
3apocIsIM BIOJb pycen p. Manas Camapona, Kanpantruaka
Y BJIOJIb TIOOEPEXKbsI 03. DINBTOH.

Ileroa Carduelis carduelis Linnaeus, 1758.

2023 r. Enunnanas ocoOb; nena B oc. [IpruosepHbIid.

CapoBasi  oBcsiHka  Emberiza  hortulana
Linnaeus, 1758.

2024 r. OT™MEUYEeH OJUHOYHBIM caMell B paloHe
HIDKHETO TeUeHus p. Xapa 3 Masl.

KambimoBas oBesinka Schoeniclus schoeniclus
Linnaeus, 1758.

2023 . O6BpIYHA TIO TPOCTHHUKOBBIM 3apOCIIAM
B OKpecTHOCTIX pekn Mamas Camapona.

2024 1. Penka mo TpPOCTHUKOBBIM 3apOCIisM
10 ToJIMHE peku JIaHmyr.

Hpocsanka Miliaria calandra Linnaeus, 1758.

2024 r. OObIYHA TOBCEMECTHO B AOJIMHAX PEK.
Penxa Ha Bomopasaenax. HaGmonatoTest TepputopransHbe
napbl. CaMIlbl aKTHBHO TIOIOT.

B LEJISIX MOHUTOPUHTA HW3MEHECHUI
opHUTO(hAyHbI B BECCHHUE CE30HBI HUKE TPUBOIUTCS
B BHJE TaOIUIel cpaBHeHHE AaHHBIX 2023 u 2024 rT.
C JaHHBIMH, TOJYYEHHBIMHU B BeCEHHUE ce30HBI 2021
n 2022 rr. [12-13].

Passer  domesticus
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Tabmuma
BI/I)II)I nTUll, OTMECICHHBIC B OKPECTHOCTSX 03. JIbTOH
B BeceHHMe ce30HbI 2021-22 rr. [12-13] u 2023-24 1.
Ne Bun 1-8 mast 1-8 mast | 7-13 anpens 1-5 mas
2021 r. 2022 r. 2023 r. 2024 r.

1 Cepas xyponarka Perdix perdix + +

2 [epenen Coturnix coturnix + + +
3 Jle6enp-munyn Cygnus olor +

4 Jle6enp-knukyn Cygnus cygnus +
5 I'ycb GenonoOwiit Anser albifrons + +

6 Cepslii TyCh Anser anser +

7 Oraps Tadorna ferruginea + + + +
8 [eranka Tadorna tadorna + + + +
9 CBusizb Anas penelope + +

10 | Cepas yTka Anas strepera + + + +
11 | Kpsxsa Anas platyrhynchos + + + +
12 | Yupok-CBUCTYHOK Anas crecca +
13 |Yupok-TpecKkyHOK Anas querquedula + + + +
14 | Iupoxonocka Anas clypeata + + + +
15 | KpacHoromnoBelit HBIpOK Aythya ferina +

16 | Mopckas uepHeTb Aythya marila +

17 | Cepas nanns Ardea cinerea + + + +
18 | Pepxas nanns Ardea purpurea +
19 | Cepomexast moranka Podiceps grisegena +

20 | OObIKHOBeHHas mycTenbra Falco tinnunculus + + + +
21 | Kobuuk Falco vespertinus + +

22 | Camcan Falco peregrinus +

23 |Yepnslii kopuryH Milvus migrans + +

24 | Opnan-6enoxsoct Haliaeetus albicilla + + +

25 | Bbonoruslit nyHs Circus aeruginosus + + + +
26  |Ilonesoit myns Circus cyaneus + + + +
27 | Crennoit nyns Circus macrourus + + +
28 | Jlyrosoii nyHs Circus pygargus + + + +
29 | EBpomneiickuii TIOBUK Accipiter brevipes + +
30 |Ilepenenstauk Accipiter nisus + + +
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[Ipomomxenwue TadI.

Ne Bu 1-8 masn 1-8masa | 7-13 anpens| 1-5mas
2021 2022 r 2023 r 2024 1.

31 | TerepeBsiTHUK Accipiter gentilis +

32 | Kantok Buteo buteo + + + +

33 | Kyprauuuk Buteo rufinus + + + +

34 | 3umnsk Buteo lagopus + +

35 | CrenHoii open Aquila nipalensis + + + +

36 | Morunbuuk Aquila heliaca + + + +

37 | Open-xapnuk Hieraaetus pennatus +

38 | KpacaBka Anthropoides virgo + + + +

39 | BonsHoi mactymok Rallus aquaticus + + + +

40 | Kambimauna Gallinula chloropus +

41 | JIsicyxa Fulica atra + + + +

42 | Crpener Tetrax tetrax + + +

43 | Xonynounuk Himantopus himantopus + + + +

44  |IllunoxitoBKa Recurvirostra avosetta + + +

45  |Yubuc Vanellus vanellus + + +

46 |3onorucras pxxanka Pluvialis apricaria +

47 |Tancryunux Charadrius hiaticula + + +

48 | Maunwrii 3yek Charadrius dubius + + +

49 | Mopckoii 3yek Charadrius alexandrinus + + + +

50 |Wlerons Tringa erythropus + +

51 | TpaBuuk Tringa totanus + + + +

52  |Ilopyueitnuk Tringa stagnatilis + + +

53 | bonbwoii ynut Tringa nebularia +

54  |Yepwnsiu Tringa ochropus + + +

55 | ®udu Tringa glareola + + +

56 |IlepeBo3uuk Actitis hypoleucos + + + +

57 | Kpyrnonocstit miaBynuuk Phalaropus lobatus +

58 | Kynuk-Bopobeit Calidris minuta +

59 | Benoxsocteiii necounuk Calidris temminckii + +

60 | Yepnoszobuk Calidris alpina +

61 | TypyxraHn Philomachus pugnax + + +
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[Iponomxkenne Tab.

No Bu 1-8 masn 1-8 masi | 7-13 anpeast 1-5 man
2021 2022 r 2023 r 2024 1.

62 | Crennas Tupkyuika Glareola nordmanni 2 +

63 | XoxoryHbs Larus cachinnans + ? +

64 | YaiikoHocas kpauka Gelochelidon nilotica + + + +

65 | Cusplii ronyos Columba livia + + + +

66 | Baxupws Columba palumbus + + + +

67 | Kompuaras ropmuna Streptopelia decaocto + +

68 | OObikHOBeHHas Kykyuika Cuculus canorus +

69 | ®wnuH Bubo bubo + + + +

70 | Vacras coa Asio otus + +

71 | BonotHas coa Asio flammeus + +

72 | OObIKHOBeHHBIH ko300 Caprimulgus europaeus +

73 | Yepuslil cTpux Apus apus +

74 | 3umoponok Alcedo atthis +

75 | CuzoBoponka Coracias garrulus + +

76 | 3omotucras urypka Merops apiaster + + +

77 | Yoon Upupa epops + + + +

78 | Cpemuwuii nectpsiit naren Dendrocopos medius +

79 | CrenHoii xaBopoHok Melanocorypha calandra + + + +

80 | Uepwnslii s)xaBOpoHOK Melanocorypha yeltoniensis +

81 | benokpbuiblii )xaBOpoHOK Alauda leucoptera +

82 | Manslii xxaBoponok Calandrella brachydactyla + + + +

83 | Cepurit xaBopoHok Calandrella rufescens + + +

84 | Xoxnarslii )xaBopoHok Galerida cristata + + + +

85 |Ilonesoii xaBopoHok Alauda arvensis + + + +

86 | beperoByuika Riparia riparia + + +

87 | depeBenckast nacrouka Hirundo rustica + + + +

88 | Boponok Delichon urbicum + +

89  |Ilonesoii koHek Anthus campestris +

90 | KpacHo0300b1i1 kOHEK Anthus cervinus + + +

91 | XKenras tpscoryska Motacilla flava +

92 | Manas xenToroiosas Tpscoryska Motacilla werae +

2 PEANOI0KUTCIIBHOC OIPEACIICHNUE BU A
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[Ipomomxkenne Tab.

No Bu 1-8 masn 1-8 masi | 7-13 anpeast 1-5 man
2021 2022 r 2023 r 2024 1.

93 | benas Tpsacoryska Motacilla alba + + + +

94 | Yepnsii gpo3n Turdus merula +

95 | benobpoBuk Turdus iliacus +

96 | IeBuwnii npo3n Turdus philomelos +

97 | Pabunnuk Turdus pilaris +

98 | TopuxBocTka-nbicyiika Phoenicurus phoenicurus + + +

99 | Comnogeit Luscinia luscinia + + +

100 |Bapaxymka Luscinia svecica +

101 |3apsuka Erithacus rubecula +

102 |Jlyroroii uekaH Saxicola rubetra + + +

103 | YepHoronosslii uexan Saxicola rubicola +

104 | Kamenka oObikHOBeHHass Oenanthe oenanthe + + + +

105 | Kamenka-msicyubst Oenanthe isabellina + + +

106 | Cepas myxonoBka Muscicapa striata +

107 | MyxonoBka-necrpyuika Ficedula hypoleuca + ? +

108 | MyxonoBka-6enorueiika Ficedula albicollis +

109 | Myxonoska Manas Ficedula parva + +

110 | ConoBwunsblii cBepuok Locustella luscinioides +

111 | OGbikHOBEHHBIH cBepyOK Locustella naevia +

112 | Kamebrimoka-6apcydok Acrocephalus schoenobaenus + +

113 | Wunwiickas xambloBka Acrocephalus agricola + +

114 | TpocTHUKOBas KaMbILIOBKa Acrocephalus scirpaceus + +

115 | Ipo3noBuaHas KaMbIOBKa Acrocephalus arundinaceus + +

116 | Cesepnas 6opmoryuika Iduna caligata +

117 |Ilenouka-Becuuuka Phylloscopus trochilus + + +

118 | Ilenouka-tenbkoBka Phylloscopus collybita + + + +

119 | CnaBka-3aBupymka Curruca curruca +

120 | Ycaras cununa Panurus biarmicus + + +

121 |Pemes Remiz pendulinus + + +

122 | bonbmas cunnma Parus major +

123 | Kynan Lanius collurio + + +

124 | Copoxa Pica pica + + + +
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Oxonyanue maon.

No Bu 1-8 masn 1-8 masi | 7-13 anpeast 1-5 man
2021 2022 r 2023 r 2024 1.
125 |Tanka Corvus monedula + + +
126 | Cepas Bopona Corvus cornix + + +
127 |I'pau Corvus frugilegus + + +
128 | Bopoun Corvus corax +
129 | CxBopen Sturnus vulgaris +
130 | PozoBsrii ckBopen Pastor roseus + +
131 | HomoBeIit BopoOeit Passer domesticus + + +
132 | 3s6muk Fringilla coelebs + +
133 | Illeron Carduelis carduelis +
134 |Yeuesuua Carpodacus erythrinus +
135 | CanoBas oBcsuka Emberiza hortulana + +
136 | KawmslmoBas oBcsiHKa Schoeniclus schoeniclus + + +
137 |Ilpocsuka Miliaria calandra + +
Bcero BunoB: 93 100 69 71
Table
Bird species recorded in the vicinity of the lake Elton in the springs of 2021-22 [12-13] and 2023-24
No. Species 1-11;\,/[ 2021 1-21;\,4 2022 7-1%?21(:23 1-?,4 2024
1 Gray partridge Perdix perdix + +
2 Quail Coturnix coturnix + + +
3 Mute swan Cygnus olor +
4 Whooper swan Cygnus cygnus +
5 White-fronted goose Anser albifrons + +
6 Greylag goose Anser anser +
7 Roody sheld duck Tadorna ferruginea + + + +
8 Shelduck Tadorna tadorna + + + +
9 Wigeon Anas penelope + +
10 | Gadwall 4nas strepera + + + +
11 |Mallard duck Anas platyrhynchos + + + +
12 | Teal Anas crecca +
13 | Garganey Anas querquedula + + + +
14 | Shoveler Anas clypeata + + + +
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Table continued

No. Species 1-};\,/[ %21 1-:1;\,4 ;gzz 7-11?,);223 1-2,4 %24
15 |Pochard Aythya ferina +

16 | Bluebill Aythya marila +

17 | Grey heron Ardea cinerea + + + +
18 | Purple heron Ardea purpurea +
19 |Red-necked grebe Podiceps grisegena +

20 |Kestrel Falco tinnunculus + + + +
21  |Red-footed falcon Falco vespertinus + +

22 | Peregrin Falco peregrinus +

23 | Black kite Milvus migrans + +

24 | White-tailed eagle Haliaeetus albicilla + + +

25 | Marsh harrier Circus aeruginosus + + + +
26 | Hen-harrier Circus cyaneus + + + +
27 | Pale harrier Circus macrourus + + +
28 |Montagu’s harrier Circus pygargus + + + +
29 | Levant sparrow hawk Accipiter brevipes + +
30 | Sparrow hawk Accipiter nisus + + +

31 | Goshawk Accipiter gentilis +

32 | Buzzard Buteo buteo + + + +
33 | Long-legged buzzard Buteo rufinus + + + +
34  |Rough-legged buzzard Buteo lagopus + +

35 | Steppe eagle Aquila nipalensis + + + +
36 |Imperial eagle Aquila heliaca + + + +
37 | Booted eagle Hieraaetus pennatus +

38 | Demoiselle crane Anthropoides virgo + + + +
39 | Water rail Rallus aquaticus + + + +
40 | Moorhen Gallinula chloropus +

41 | Coot Fulica atra + + + +
42 |Little bustard Tetrax tetrax + + +
43 | Black-winged stilt Himantopus himantopus + + + +
44 | Avocet Recurvirostra avosetta + + +
45 | Bastard plover Vanellus vanellus + + +
46 | Golden plover Pluvialis apricaria +

116



Timiryazev Biological Journal. 2024;2(4):103-121

https://doi.org/10.26897/2949-4710-2024-2-4-103-121

Table continued

No. Species 1-};\,/[ %21 1-:1;\,4 ;gzz 7-11?,);223 1-2,4 %24
47 | Ringed plover Charadrius hiaticula + + +

48 | Little ringer plover Charadrius dubius + + +

49 | Kentish plover Charadrius alexandrinus + + + +
50 |Spotted redshank Tringa erythropus + +

51 |Radshank Tringa totanus + + + +
52 | Marsh sandpiper Tringa stagnatilis + + +

53 | Greenshank Tringa nebularia +

54 | Sandpiper Tringa ochropus + + +

55 | Wood sandpiper Tringa glareola + + +

56 |Sandpiper Actitis hypoleucos + + + +
57 |Red-necked phalarope Phalaropus lobatus +

58 | Little stint Calidris minuta +

59 | Temminck’s stint Calidris temminckii + +

60 | Dunlin Calidris alpina +

61 | Ruff Philomachus pugnax + + +
62 | Black-winged pratincole Glareola nordmanni ” +

63 | Caspian Gull Larus cachinnans + ? +

64 | Gull-billed tern Gelochelidon nilotica + + + +
65 | Rock pigeon Columba livia + + + +
66 | Wood pigeon Columba palumbus + + + +
67 | Collared turtle dove Streptopelia decaocto + +

68 | Common cuckoo Cuculus canorus +

69 |Eagle owl Bubo bubo + + + +
70 | Long eared owl Asio otus + +

71 | Short-eared owl Asio flammeus + +

72 | Eurasian nightjar Caprimulgus europaeus +
73 | Swift Apus apus +

74 | Kingfisher Alcedo atthis +

75 |Roller Coracias garrulus + +

76 | Bee-eater Merops apiaster + + +

3 presumptive identification of species
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Table continued

No. Species 1-};\,/[ %21 1-:1;\,4 ;gzz 7-11?,);223 1-2,4 %24
77 |Hoopoe Upupa epops + + + +
78 | Middle spotted woodpecker Dendrocopos medius +
79 | Calandra lark Melanocorypha calandra + + + +
80 |Black lark Melanocorypha yeltoniensis +
81 | White-winged lark Alauda leucoptera +
82 | Short-toed lark Calandrella brachydactyla + + + +
83 | Lesser short-toed lark Calandrella rufescens + + +
84 | Crested lark Galerida cristata + + + +
85 | Sky lark Alauda arvensis + + + +
86 | Sand martin Riparia riparia + + +
87 | Swallow Hirundo rustica + + + +
88 | Martinet Delichon urbicum + +
89 | Tawny pipit Anthus campestris +
90 |Red-throated pipit Anthus cervinus + + +
91 | Blue-headed wagtail Motacilla flava +
92 | Citrine Wagtail Motacilla werae +
93 | Pied wagtail Motacilla alba + + + +
94 | Blackbird Turdus merula +
95 |Red-winged thrush Turdus iliacus +
96 | Song-thrush Turdus philomelos +
97  |Fieldfare Turdus pilaris +
98 | White-fronted redstart Phoenicurus phoenicurus + + +
99 | Nightingale Luscinia luscinia + + +
100 | Blue-throated robin Luscinia svecica +
101 | Robin Erithacus rubecula +
102 | Whinchat Saxicola rubetra + + +
103 | Stonechat Saxicola rubicola +
104 | Wheatear Oenanthe oenanthe + + + +
105 |Isabelline chat Oenanthe isabellina + + +
106 |Spotted flycatcher Muscicapa striata +
107 | Pied flycatcher Ficedula hypoleuca + ? +
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Table finished

No. Species 1-};\,/[ %21 1-:1;\,4 ;gzz 7-11?,);223 1-2,4 %24

108 | Collared flycatcher Ficedula albicollis +

109 |Flycatcher Ficedula parva + +

110 | Savi’s warbler Locustella luscinioides +

111 | Grasshopper warbler Locustella naevia +

112 | Sedge warbler Acrocephalus schoenobaenus + +

113 | Jerdon’s reed warbler Acrocephalus agricola + +

114 | European reed warbler Acrocephalus scirpaceus + +

115 | Great reed warbler Acrocephalus arundinaceus + +

116 |Booted warbler Iduna caligata +

117 | Willow warbler Phylloscopus trochilus + + +

118 | Chiffchaff Phylloscopus collybita + + + +

119 | Whitethroat Curruca curruca +

120 |Bearded reedling Panurus biarmicus + + +

121 | Common penduline tit Remiz pendulinus + + +

122 | Great titmouse Parus major +

123 | Red-backed shrike Lanius collurio + + +

124 | Magpie Pica pica + + + +

125 | Jackdaw Corvus monedula + + +

126 | Gray crow Corvus cornix + + +

127 |Rook Corvus frugilegus + + +

128 | Crow Corvus corax +

129 | Starling Sturnus vulgaris +

130 |Rose-coloured starling Pastor roseus + +

131 |House sparrow Passer domesticus + + +

132 | Chaffinch Fringilla coelebs + +

133 | Goldfinch Carduelis carduelis +

134 | Rosefinch Carpodacus erythrinus +

135 | Ortolan bunting Emberiza hortulana + +

136 |Reed bunting Schoeniclus schoeniclus + + +

137 | Corn bunting Miliaria calandra + +
Total species: 93 100 69 71
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BriBoabI

Conclusion

Uncno OTMEUEHHBIX BUJIOB B TEPBYIO ACKaIy
Mmast 2024 1. ObUTO OIyTUMO HUXe, yeM B 2021 [12]
1 2022 [13] T, 4TO, BO3MOYKHO, CBSI3aHO C 3ara3ibIBaHUEM
(hEHOIOTHYECKHUX CPOKOB IO CPAaBHCHHIO C CE30HAMH
2021-22 rr.

Bwmecte ¢ Tem B 2024 1. Habmomancs psij BUIOB,
HE OTMEYABIIUXCS HAMU B TIpeAbIAyIIHE ce30HbI. Cpenu
HUX — KaK BO3MOKHO THE3AIIHECS (CIIaBKa-3aBUPYIITKA,
COJIOBBMHBIN CBEPUOK, TTOJIEBO KOHEK), TaK U, BEPOSTHO,
npoJyieTHbIC (ceBepHas OOPMOTYIKA, OOBIKHOBCHHBIH
KO30J10H, pbKast LAILIsL, YUPOK-CBHCTYHOK, JIEOC/Ib-KIIMKYH).
Becnoii 2023 1., B Ooltee paHHHE CPOKH, HAOTIONATHCH
Ha IpoJieTe TaKKe BUBL, KaK 3apsHKA, Mayast dKEeJITOroJIoBas
TPSCOTY3Ka, CEPOILIEKasi TOTaHKa ¥ KPACHOTOJIOBBIM HBIPOK,
HE OTMEUABIINECS B JPYTHE CE30HEI.

Pa3mirums B MOrOIHBIX YCIOBHSIX U (hDEHOOTHUECKIX
CPOKax BECEHHMX CE30HOB 00YCIIOBIIMBAIOT ACTICKTUPOBAHHE
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pasHbBIX BHJIOB TpPaBSHBIX PACTEHHUH B CTEMHBIX
COOOIIECTBaX, HYTO, BO3MOXKHO, TaKKe OTpakaeTcs
Ha cocTaBe opHuTo(dayHsl. Tak, B 2022 . HaOMIOAAIOCH
aCMEeKTUPOBAaHUE HA CTEMHBIX YYacTKaxX MSTIHUKA
TyKOoBUYHOTO [13], mpakTUYecKu OTCYTCTBOBABIIEIO
B 2021 r. [12]. B 2024 r. naHHBII BU]Il aCTIEKTHUPOBAI
B JIONIMHAX PEK, Ha BOZOpa3/iesiax BCTpedacs pparMeHTapHO.
BozMoxHO, ¢ accoruanusamMu, B KOTOPBIX JOMUHUPOBAI
JMAHHBIA BUJ, CBA3AHO NPUCYTCTBHE B OpHUTO(dayHe
MIPOCSIHKH.

CpaBrenue qaHHBIX ce30HOB 2023-24 IT. ¢ TaHHBIMU
ce30H0B 2021-22 rr. [12, 13] moka3sIBaeT onpeaeacHHOe
pazIyKe BUIOBOTO COCTABA IITULl OKPECTHOCTEH 03. DNBTOH
B BECEHHHMIA IEPUO U TIOATBEPKIAET HEOOXOAUMOCTh
PETYIASIPHOTO MOHUTOPHHTA MX TIOMYJISINI Ha TaHHON
TEPPUTOPHH.

IMponomxenwe n3ydeHns opHUTOhayHbI [ [pHATETOHBST
3arTaHupoBaHo Ha Maii 2025 r. Kpome m3ydeHHBIX paHee
YUYaCTKOB, 3aIUIAHMPOBAHO 00CIIe0BaHIe paiiloHa 03epa
Bynyxra k 3amaay ot o3epa OIbTOH.
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Biusinue TPeHUPOBOYHBIX HATPY30K HA CEPAEYHO-COCYIHCTYIO CHCTEMY
B CHJIOBBIX BHIAX CIIOPTa

Cepreii lOpseBuy Hukntuenko, /Imurpuii Banepsesuu Kapnos,

Hcemaunn Caug-Xacanosuu MycaeB

Poccuiickuii rocynapctBeHHblIl arpapHbiil yausepcureT — MCXA umenu K.A. Tumupszesa, Mocksa, Poccus
ABTOp, OTBETCTBeHHBIIi 32 mepenucky: Hukutuenko Cepreii FOpbeBud; naukaisport@mail.ru

AHHOTANNA

B crartee paccmarpuBaeTcs BIMSHUE PETYASPHBIX TPEHHPOBOYHBIX HArpy30K Ha COCTOSIHHE CEpAECYHO-COCYAMCTOH
CHUCTEMBI Yy CIOPTCMEHOB, 3aHHMMAIOIIMXCS CHJIOBBIMH BHJaMH cropra. [IpoaHaau3upoBaHbl (U3NOIOTHUECKHE
W3MEHEHHsI, BO3HUKAIOIIUE B OTBET Ha WMHTCHCHBHbBIC (DM3UYECKHE HATPYy3KH, PACCMOTPEHBI HOTCHIHMAIbHBIE PHCKU
M CIIOCOOBI MX MHUHHMHM3AIMHM B MPOIECCE CTAHOBJICHUI CIIOPTHBHOTO MAacTepcTBa. B KauyecTBe SMIHMPHUYECKOH Oas3bl
WCCIIeIOBAaHUH MCIIOIb30BaHbl JaHHbBIE, ITOJydYeHHbIe B Xoae obOcienoBanus 90 cryneHtoB-cnoprcMeHoB PIAY-MCXA
uM. K.A. TumupsizeBa, 3aHUMAIOIINXCSl CHIIOBBIMH BHIAMHU CIIOPTa, B ycioBusX LleHTpa QyHKIMOHAIBEHON AMarHOCTUKU
B NIEpUOJ YIIyOJIEHHOro MeIULIUHCKOro oOcnenoBaHus. llenb uccnenoBaHuii — BBIABICHHE OCOOCHHOCTEH amanTanuu
CEPACYHO-COCYANCTOI CHUCTEMBI K TPEHHPOBOYHBIM Harpy3kaM B CHJIOBBIX BHJax cropTa. IIporpamma mccienoBaHHMN
MpeAIoarajia HCIONb30BaHUE MEIUKO-OMOIOTHYECKIMX METOA0B C HM3MEPEHHEM YacTOTHI CEPICYHBIX COKpAIICHHH,
apTepHaIbHOTO AABJICHUS, HHIEKCa MacChl MHOKap/a JieBoro xenynouka, DKI' n OxoKI st oneHkH (yHKIIMOHAIBHBIX
U3MEHEHUH M aJanTallid cepAlla K Harpy3kaM C POCTOM CIIOPTUBHOTO MacTepcTBa. B pesymsrare uccienoBaHUM
BBISIBJIEHO, YTO C POCTOM CIOPTHBHOI'O MacTepCTBa MIPOUCXOAST aJalTalllOHHbIE U3MEHEHUS B MUOKap/e, apTepHalbHOM
JABJICHUU U 9aCTOTE CEP/IEUHBIX COKPAIIEHUH: S3KOHOMU3AIMA JIESITEIbHOCTU CEPIEIHO-COCYAUCTON crcTeMbl — 10 20%.
OnHako HpU HEIOCTAaTOYHOM KOHTPOJE MOXKET MoBbImaThes 10 30% puck rumepTpodun MuUOKapaa ¥ THIEPTOHHH.
B pabote ompezneneHsl ciocoObl MPOQHUIAKTHKN MEPErPY30K U JAaHBI PEKOMEHIAINH 110 Oe30macHOMy U 3P (QEKTHBHOMY
MOCTPOCHHIO TPEHUPOBOYHOTO TIpoliecca. Pe3ynpraTsl IpoBeAeHHBIX NCCIIeI0BAaHMI MOTYT OBITH MOJIE3HBI CIIOPTCMEHAM,
TpEeHepaM, BpayaM CIIOPTHBHOW MEIUIMHBI M CHENUAINCTaM 10 (PU3HMYECKON peaOrINTaIlH.

KroueBnle ciioBa
CEPICYHO-COCYIUCTAsi CUCTEMA, CHJIOBBIC BUABI CIIOPTA, TPEHUPOBKH, THIIEPTpOPHsI MUOKap/a, apTepUaTbHOE TaBICHHUE,
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Effect of training loads on the cardiovascular system in strength sports

Sergey Yu. Nikitchenko, Dmitry V. Karpov, Ismail S.-Kh. Musaev

Russian State Agrarian University — Moscow Timiryazev Agricultural Academy, Moscow, Russia
Corresponding author: Sergey Yu. Nikitchenko; naukaisport@mail.ru

Abstract
The article examines the effect of regular training loads on the cardiovascular system of athletes involved in strength sports.
Physiological changes arising in response to intense physical activity are analyzed, potential risks and ways of minimizing
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them in the process of developing athletic skills are considered. The empirical basis of the study was the data obtained
during the examination of 90 athletes, students of Russian State Agrarian University — Moscow Timiryazev Agricultural
Academy, involved in strength sports, in the conditions of the Functional Diagnostics Center during the period of in-depth
medical examination. The aim of the study was to identify the features of cardiovascular system adaptation to training
loads in strength sports. The study program included biomedical methods with measurement of heart rate (HR), arterial
blood pressure (BP), left ventricular mass index (LVMI), ECG and EchoCG to assess functional changes and adaptation
of the heart to loads with the growth of athletic skills. The study revealed that with the growth of athletic skills, adaptive
changes occur in the myocardium, arterial blood pressure and heart rate: economization of the cardiovascular system was
up to 20%. However, with insufficient control, the risk of myocardial hypertrophy and hypertension may increase up
to 30%. The work defines methods for preventing overloads and gives recommendations for the safe and effective training.

The results may be useful for athletes, coaches, sports medicine doctors and physical rehabilitation specialists.
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BBenenune
Introduction

Brusaue (hmznueckux Harpy3oK
Ha CEepJCYHO-COCYIUCTYIO CHUCTEMY OCTaeTCS OTHOM
U3 KITIOUEBBIX TEM CIIOPTUBHON MEAUIIMHEL. CHUIIOBBIE BUIBI
criopTta (Tay3piau THHT, TshKeIast aTIeTHKa, OOTNOWITINHT)
TPEABSBILIIOT BEICOKHE TPEOOBAHMS K OPTaHI3MY, BBI3bIBAS
3HAYUTENbHBIC aaNTallMOHHbIC H3MeHEeHUs. OTHAKO TaKue
TPEHUPOBKH COMPOBOKIAIOTCS MOBBIICHHBIMH HArPy3KaMU
Ha Ceprie, 9TO MOXKET YBEINUNBATh PUCK TUIICPTOHUH,
TUNEPTPOGUN MHOKap/a U APYTUX MATOIOTHH.

B nocnennue necatuneTrs B MUpe HaOMONACTCS
POCT OMYJISIPHOCTH CHJIOBBIX TPEHUPOBOK CPEIU MOJIOMEHKH,
OTHAKO JI0 CHX TIOp HEIOCTATOYHO HCCIICTOBAHUM,
TIOCBSIIIIEHHBIX IONTOCPOYHBIM d(peKTam 3THX Harpy3oK,
BIUSIIOLUX HA CEPACUHO-COCYAUCTYIO cuctemy [1].

CoBpeMeHHbIE UCCIIEIOBAHMSI TTOKA3AIIH, YTO TIPH
MIPaBHUIHLHOM OpraHU3alliy TPECHHPOBOYHOTO TIpoIiecca
CHJIOBBIE HarPy3KH MOTYT CIIOCOOCTBOBATh YITyUIIIEHHIO
CEPICYHO-COCYTUCTOTO 3I0POBbS, OHAKO H30BITOUHBIE
Harpy3Kd U HEMPABUIBHBIA PEXUM BOCCTAHOBICHHUS
MOBBIMIAIOT PUCKU [2].

Y cniopTcMeHOB, 3aHUMAIOIIIIXCS CUITOBEIMH BHIAMHI
CIOpTa, Y9acTo HAOIIOaeTCs pa3BUTHE THIEPTPOGUN
MHUOKap/Ia JIEBOTO KETYJI04Ka, YTO MOXKET OBITh CBSI3aHO
C MHTEHCUBHBIMH W BEICOKOHAT PY30YHBIMH TPEHUPOBKAMH,
MPUBOAALIMME K M3MEHEHHUIO CTPYKTYpPbI CEepAECYHOI
Mbinsl [1]. Psag uccnenoBanuil mOATBEPKIAET, UTO
CHUCTEMAaTHUYECKUE CHUJIOBBIC TPEHUPOBKH MPUBOASIT
K  KOHIICHTPUYECKOW  THIEPTPOPUH  MHOKap/a,
TO €CTh YTONIIEHHUIO CTEHOK JIEBOTO JKEIMymouka 0e3
3HAYUTEIBHOTO yBENWYeHUs ero oowema [1, 3, 4].
B omimume ot a3poOHBIX Harpy30K, KOTA HAOIH0IaeTCs
JKCIIEHTpHUUECKast TunepTpodus (YBeIMUeHHE pa3MepoB
Kamep CepiIia), y CHIIOBBIX aTJIETOB CEPIIIIC aalTHPYETCS
K KpPaTKOBPEMEHHBIM, HO IKCTPEMAITEHBIM Harpy3KaMm.

HccnenoBanus yka3pIBatoT Ha TO, YTO UHTCHCUBHbIE
CUJIOBBIC YIPAXHEHHS BBI3BIBAIOT KPATKOBPEMEHHOE

TIOBBILLIEHHE apTepruaibHOr0 AapeHus 10 250-300 MM pr. T,
YTO 3HAYUTENIHHO MPEBBIIIAET HOPMBI U MOXKET CTaTh
NPUYIUHON TUTIEPTOHNH Y TIPEIPACIIONOKEHHbIX JIFozIei [5].

Taxke BBISBICHO, YTO YMEpPEHHBIE CHIIOBBIC
TPEHHPOBKH B COYETAHUH C a9POOHBIMH YIIPAKHEHUSIMH
CTIOCOOCTBYIOT YKPETUIEHHIO CEPIIEYHO-COCYIHCTON CHCTEMBI
U CHIDKCHHMIO pUCKa arepockiiepos3a [6]. BpaueOHbrit
KOHTPOJIb ¥ TUTAaHUPOBAHKUE TPEHUPOBOYHOTO MpoIecca
B CWJIOBBIX BUJaX CIIOPTA BaXKHBI 17151 CHHXKEHUS PUCKOB,
CBS3aHHBIX C TEPEerpy3KaMH CepAeYHO-COCYTUCTOM
CHCTEMBI, a TAKOKe U1 MUHUMH3AIUH KapAUOIOTHISCKIX
PHUCKOB BAXKHBIM SABJIACTCA CO6JIIOI[€HI/IC peKuMa oTabIxa
Y BOCCTaHOBJeHuUs [7, 8].

Leanb uccnenoBanmii: BHISBICHUE 0COOCHHOCTEH
aJIaITaI|y CePIETHO-COCYIUCTON CHCTEMBI K TPEHHPOBOYHBIM
Harpy3Kam B CWJIOBBIX BUAX CIIOPTA.

MeToauka uccjief0BaHu
Research method

HUccnenosanus npoBoauitich Ha 6aze PTAY-MCXA
M. KA. Tumupsizesa cpean 90 cTyneHTOB-CIIOPTCMEHOB
18-25 ner, 3aHUMAIOIIKUXCS CUIOBBIMU BUJIAMU CIIOPTA:
nay3pIUQTHHTOM — 26 Yell., TAKEN0H aTneTukoi — 28 ve.,
oomubmnuHroM — 36 ven. [1o ypoBHro kBanmpukauu
rpymsl ObITH CPOPMUPOBAHBI CIEIYIOIIM 00pa3oM:
B TPYIITY A BOIIUIM HAYMHAIOIIHE CIIOPTCMEHBI (MEHee
1 rona TpeHupoBok, n = §80), B rpyniy b — cnopTcMeHsl
¢ yposaeMm noarotoBk 11 u 111 pazpsna (1-3 roma, n = 90),
B rpynity B — npogeccuonanst (KMC, MC) (6onee 3 ner
TPEeHHUPOBOK, n = §0).

[Iporpamma mccnemoBaHmit, KOTOPBIE MTPOBOAMIH
MpU  TPOXOXKACHUH CIHOPTCMEHAMU  €XETOAHOIO
YIIyOJIEHHOTO MEAMIIMHCKOTO 00ciieoBaHus Ha Oa3ze
(YHKIIMOHAILHO-TUATHOCTUYECKOTO  IieHTpa MBY
NHO OMBI M. A.U. bypnazasaa ®MBA Poccun
B TONTOTOBUTENLHBIA TEPHOA TOAMYHOTO IHKJIA,
Ipeoaraia UCrojIb30BaHUEe MEANKO-OHOIOTMIECKUX
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MeTozoB. Bee nmokasarenu hUKCUpoBaHCh 0e3 (PU3MISCKUX
HAarpy30K W 3aHOCWINCh B MEAUIMHCKHE KapThl
HCTIBITYeMbIX. JI7s u3ydeHust o0pasa KU3HHU, PeKHMa
MHUTAHKS, PSKUMa TPEHUPOBOK HCIIOIb30BAJICS aHAMHE3.

UHCTpyMEHTATbHBIC METOABI  HCCIICTOBAHHIA
TPEIIIOJIAralid i3MEPEHHE YaCTOThI CEPICUHBIX COKPANICHUH
(UCC), aprepuannroro aasnenus (A/l), naaexca Macchl
Mmuokapaa neBoro xenygouka (MMMJIDK), OKI u OxoKI"
JUTSL OLICHKY (DYHKITHOHATHHBIX U3MEHEHHH U aJIan Ty
CepAla K Harpy3Kam ¢ pOCTOM CIIOPTHBHOTO MacTepPCTBa.
Menuko-0HoIorniueckoe TECTUPOBAHUE MPOBOIIOCH
Ha CTICIHATLHOM 000PYIOBAHUH MEITHITMHCKIM MEPCOHAIOM
(YHKIIMOHAIBHO-THarHOCTUYECKOTO LIEHTPA.

OneHka TMoOKazaTelell CepAeIHO-COCYANCTON
CHCTEMBI y CIIOPTCMEHOB OCYILECTBIISIIACH HA OCHOBE
AHAITM3a UX METUIIMHCKUX KapT, MPEIOCTaBICHHBIX TOCTe
MTPOXOXKICHUS MEAUIIMHCKOTO OCMOTPa, ¢ 00pabOTKO#
METOJaMH MaTeMaTUYECKOH CTaTUCTUKH.

Pe3yabTathl M ux 00cyxaeHHe

Results and discussion

daxTruecKue pe3ynsTaThl H3MEpEeHUs oKa3aTesel
PpaboThI CepEIHO-COCYIUCTON CHCTEMBI Y CHOPTCMEHOB,
3aHUMAFOIIIMXCS CUIIOBBIMH BUIAMH CIIOPTA, Y HCTIBITYEMBIX
TPYIII MPEJCTaBICHbBI HA PUCYHKE.

Pesynbrartel MccienoBaHMI NMOKa3bIBAIM, YTO
C YBEIIMUCHUEM CTaXKa 3aHSATUI U POCTOM CLIOPTHBHOTO
MacTepcTBa MPOHUCXOAHUT CHIDKCHHE IOKa3arelis
UCC B mokoe Ha 6,7 yn/muH (9,7%) y HaYMHAIOIINX,
Ha 13,8 yo/mut (19,4%) — y BEICOKOKBaTM(PULIIPOBAHHBIX.
3T0 CBUIIETENBCTBOBANIO 00 YITYUILIICHHH CEPAECIHOTO TOHYCA,
Oonee 3 heKTUBHOM padoTe CepaeUHO-COCYIMCTON CUCTEMbI
U o0IIel TPEeHUPOBAaHHOCTH OpraHW3Ma B Mpoliecce
MHOTOJICTHHX TPEHUPOBOK. TakiKe 9TO SBISETCS TaKKe
BaKHBIM MapKePOM 3710POBbsI, KOTOPbIi IIOKa3bIBACT HaM,
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YTO CepAlle Y UCTIBITYEMBIX CTAJIO CHIIbHEE 1 SKOHOMUYHEE
B CBOEIi paboTe y CIIOPTCMEHOB CHIIOBBIX BUIOB CIIOPTA.

[ToBrILIEHHE CUCTOTUYECKOTO U JUACTOINYECKOE
A]l dJarmie Bcero ABISAETCS MOKa3aTeIeM €CTECTBEHHON
aJlanTalyy K CHCTEMaTHYECKUM (U3MYECKIM Harpy3KaM.
OT HOBHUYKOB JI0 MacTEepOB CIIOPTa MEXKTYHAPOAHOTO
KJlacca MPUPOCT CUCTONMIYECKOTO AJ] MOXET COCTaBUTh
12,9 MM prT. cT., auactonmmdeckoro AJl — 9,8 MM pT. cT.
OnHAaKo MpU 3HAYUTETBHOM UM YCTOXYHMBOM HOBBIILICHUU
JIaBJICHUs, KOTOpPOE BCTpEYaeTcs y MNpencTaBUTENEH
CWJIOBBIX BHJIOB CIIOpPTA, BaXXHO KOHTPOJIMPOBAThH €r0,
YTOOBI H30€KaTh IONTOCPOYHBIX HETATHBHBIX TTOCIEICTBUM
JUTSI CepIIia ¥ COCY/IOB.

I'mmrepTpodust MrOKap/a B HAIINX NCCIIETOBAHMSIX
OBlIa BRIpaKEHA CHIIbHEE Y Mpo(deccroHaloB, O 4eM
cuperensctByeT nosplenne MMMUIDK wa 29,6% B rpymme
B. loBeimenne UMMJIK y cropTcMeHOB CHIIOBOM
HaNpaBICHHOCTH — JTO TMOKa3aTelb HOPMaJIbHOM
aJlanTalyy K BICOKIM Harpy3KaM U C pOCTOM CIIOPTUBHOM
KBAMM(IKAIMH B (DaKTUYECKHX SMHUILIAX MOXKET JOCTUTaTh
40 r/m%. OmHAKO €CM WHIEKC BBIXOOUT 3a TPEAeIThI
(hM3HOIIOTUYECKOH HOPMBI WM COTPOBOXKIIAETCS
MOBBIIICHHBIM  JTaBJICHUEM, HAPYIICHUEM pPUTMa
cepAla WiIh CHWKeHHeM (pru3ndeckoil BBIHOCIHBOCTH,
HEOOXOMM NaTbHEUIINI CUCTEMAaTHYSCKHI BpadeOHbIH
KOHTPOJb.

Du3HYeCKUEe HarPy3KU PA3HBIX THIIOB IO-Pa3HOMY
BIIUAIOT Ha CEPICUHO-COCYUCTYIO cucTeMy. B 3aBrcuMocTu
OT TmpeoONajaromero BHAA TPEHUPOBOK CepALe
aJlanTHPYeTCs 3a CUeT MO0 yBEeIHMUYCHUsT KaMep, T100
YTOJIICHUsS CTEHOK MHUOKap/a (Taodm. 1).

[Ton Bo3meiCTBHEM PETYISIPHBIX TPEHUPOBOK
B LIMKJIMYECKUX BUJAX CIIOPTA YBEIMYUBAOTCS pa3MeEPbI
KaMep cep/la, 0COOEHHO JIeBOTo kenynouka [9]. Takoe
W3MEHEHHE Ha3bIBACTCS AKCIIEHTPUICCKON runepTpodueit
MHUOKap/a. YBEIUYCHHBIH 00bEM Cepjiia IMO3BOJSET
MPOKAYMBATH OOJIBINIE KPOBH 32 OUH yAApP, YTO CHIDKAET
YaCTOTy CEPACYHBIX COKPAIICHUN B ITOKOE.

VipaxHeHHUs ¢ OTATONICHUSIMH CO3AI0T Oojice
BBICOKOE COIPOTHUBIICHUE AJI1 CEPAECYHO-COCYAUCTOMN
CUCTEMBI, BBI3bIBas PE3KOE MOBBIIICHHUE APTEPUATBHOTO
JIaBJICHUSI BO BpEMs IMOIbEMa TSKECTEH, a cepiue
aIanTHPyeTCs] 3a CYET YTONIICHUS CTEHOK JIEBOTO
KEITy0UKa. YBEIMUCHHAS TOIINHA CTCHKH ITO3BOJISIET
CepAlly MpeoaosieBaTh BBICOKOE COMNPOTHUBIICHUE
1 3Q(HEKTUBHO MPOKAIMBATH KPOBB IIPH CHJIOBBIX HAIPY3KaX.

Pasnbie BuibI pu3nueckoli akTHBHOCTH BBI3BIBAIOT
paznuyHble aJanTaldOHHBIE W3MEHEHHUS Cepaua.
VY a’poOHBIX CHOPTCMEHOB CEpJAIC YBEIUYMBACTCS
3a cYeT paciMpeHus kamep st 3 PEKTUBHOM epeKaduku
KpOBH, & Y CHJIOBBIX aTJIETOB OHO CTAaHOBHTCS Oojee
MOIITHBIM 32 CYET YTOMIIEHHS CTEHOK, YTOOBI CIIPABISATHCS
C PEe3KHMH CKauyKaMu Harpy3ku. O0a Trma runeptpodun
CUUTAKOTCS (PU3HUOTIOrUYECKOM HOPMO#L, HO TIPU YPe3MEPHOM
YTOJIICHUH CTEHOK cepiia TpedyeTcs KOHTPOJIb, TaK
KaK 3TO MOXET MOBBICUTH PUCK CEPACUHO-COCYAUCTHIX
3abonesanwmii [10, 11].

B npouecce aHann3a 1aHHBIX HHCTPYMEHTAIBHBIX
uccinenosanuii OKI' u OxoKI' 6puta chopmupoBana
PacpOCTPaHEHHOCTh MATOIOTUUECKHUX CITyYaeB OTKJIOHEHHUI
CO CTOPOHBI CEpPIICTHO-COCYIICTON CUCTEMBI Y HCTIBITYEMBIX
CIIOPTCMEHOB, KOTOPBIC IPUBEICHBI B TA0IHIIE 2.

Tabmuna 1
CpaBHHTeJ’[LHBIﬁ AaHaJU3 ¢ pas/indHbIMU BUAAMHU Cl'lOpTa1
Buna cnopra YCC B nokoe T"“;‘;gig;g gtlmn Puck runepronuu
ber Ha nnuHHBIE AUCTaHLIIUU 50-55 yn/muH DKcLeHTpHYecKas Huzkuit
IInaBanme 52-58 yn/mun OKCLEHTpHYECKast Huskuit
TayspiudTunar 58-65 yn/mun Konnenrpuueckas Bricoxwmit
Bonnbunauur 60-68 yn/muH KoHnenTprueckas Cpennuii
Kpoccdur 55-62 yn/muH CMemnaHHbII Cpennuit

'BaeBckuii PM. AnantannoHHbIe BOSMOXKHOCTH OpTaHHU3Ma U pHCK 3aboneBannii. M.: Meaununa, 1997. 234 c.
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Table 1
Comparative analysis to different sports?
Sports type Resting HR hy[l)\;[l?rt(:'f)?)lild;ilype Hypertension risk
Long distance running 50-55 bpm Eccentric Low
Swimming 52-58 bpm Eccentric Low
Powerlifting 58-65 bpm Concentric High
Bodybuilding 60-68 bpm Concentric Medium
Crossfit 55-62 bpm Mixed Medium
Tabmnna 2
PacnpocTpaHeHHOCTH cepae4YHO-COCYIMCTHIX OTKJIOHEHH I
IlaTosorus I'pynna A I'pynna b I'pynna B
Tunepronus (>140/90) 5% 15% 30%
T'uneprpodus Muokapaa 8% 20% 35%
Aput™Muu 3% 8% 18%
Table 2
Prevalence of cardiovascular abnormalities
Pathology Group A Group B Group C
Hypertension (>140/90) 5% 15% 30%
Myocardial hypertrophy 8% 20% 35%
Arrhythmias 3% 8% 18%

2Baevsky R.M. Adaptation capabilities of the organism and the risk of diseases.

1997:234. (In Russ.)

Moscow, Russia: Meditsina,
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Hecnenosanms mokasan, 910 y 30% npogeccroHambHbIX
aTyIeTOB Pa3BUBAETCS THIIEPTOHUS, a Y 35% — runeprpodus
Mmuokapzaa. IlpoBeneHHbIe McCaeIoBaHNs TOATBEPXKIAET
HEraTUBHOE BIIMSIHUE U JOITOCPOYHBIH 3((eKT OT Harpy30K
Ha CepIIEIHO-COCYIICTYIO CHCTEMY C POCTOM CIIOPTHBHOTO
MacTepcTBa. UeM BhIIIIe YPOBEHE CIIOPTUBHOM KBAT(DIKAIAY,
TEM BBIILIE PHCK NATOJIOTUYECKUX H3MEHEHUH CO CTOPOHBI
CEPIEYHO-COCYAUCTON CUCTEMBI.

dakTopamMy prcKa MaTOJOTHYECKUX U3MECHEHHUH
SIBJISIFOTCSI: HEKOHTPOJIMPYEMbIe Ype3MEepHBIE CHIIOBBIC
Harpys3ku 0e3 aIeKBaTHOTO BOCCTAHOBJICHUS; HEJOCTATOK
a3pOOHBIX TPEHUPOBOK; HETIPABIIIbHOE MUTAHUE (M30BITOK
COJIH, J)KMPOB, HEJIOCTATOK KAJIHS M MATHHS ); HCTIONh30BAHIE
(bapMaKkoJIOrMYecKuX  CpeAcTB  (aHabOIMYEeCKHX
creponnoB) [12, 13].

[TpodunakTHdecKUMHI MEpaMH MOTYT CIIy>KHTb
CJIEIYIOINE PEKOMEHAAIINN: PETYIAPHbIA KOHTPONb A/l
n UCC; nobasieHme adpoOHBIX TPECHUPOBOK 2-3 pasa
B HEJIEIIIO; IMEeTa C OTPAaHNYCHUEM COJIM M HACHIICHHBIX
JKUPOB; UCIIONH30BaHIE BOCCTAHOBUTEIBHBIX METOUK
(Maccax, COH, KOHTPOIIb CTpecca), a TAKKe MPOXOXKICHHE
PeryAsSpHOTo YriyOleHHOTO MEAUIIMHCKOTO OCMOTpa JIBa
pasa B roJl B yCJIOBHSIX CIIELMAIM3UPOBAHHBIX JJA00PATOpUsIX
(bYHKIHMOHATBHON TUarHOCTHKH.
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BriBoabI

Conclusions

HccnenoBanus nokasaiu, YTo peryaspHbIe CUIOBbIE
TPEHUPOBKHU BBHI3BIBAIOT 3HAYUTENbHBIC M3MEHEHUS
B CEPJICYHO-COCYTUCTON CUCTEME, XOTsI OOIBIINHCTBO
a/IaNTalMOHHBIX IPOLIECCOB ABISETCS MOIOKUTEIBHBIM —
HKOHOMHU3AIUS AESTETLHOCTH CEPIEIHO-COCYAUCTOM
cucteMsl cocTtaBisieT 10 20%. OnHako upe3MepHBIe
Harpy3ku MOTYT MoBbIATh 10 30% prck runepTpodun
MHUOKap/a ¥ THIIEPTOHUU. J{J11 MUHUMHU3AINH PUCKOB
HEOOXOJUMBI PEeTYyJSpHBIN BpauyeOHBII KOHTPOJD
1 cOaaHCHPOBAHHBIN TPEHUPOBOUHBIN peskiM. Taroke
cienyer oOpaTHTh BHUMaHHE Ha POJb adpOOHBIX
HArpy30K B NPOQMIAKTHKE CEPAECYHO-COCYIUCTHIX
3a00JIeBaHUN.

B nanpHeiimem nenecoodpazHo U3yUUTh BIUSHIE
pasHBIX TPEHUPOBOYHBIX MeTomuK (Kpoccdura,
TUPEBOTO CIopTa) Ha cepane. Takxke HEOOXOAMMO
WCCIIeZIOBaTh  BIMSHUE  CHJIOBBIX  TPEHHUPOBOK
Ha JKEHCKYIO Cep/IeTHO-COCYIUCTYIO CHCTEMY, TOCKOIIBKY
Ha JaHHBIE MOMEHT MCCIEIOBAaHHNA B JTOH 00JIaCTH
HEI0CTaTOYHO.
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