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POAb TUMUH AHK-TAUKO3MAA3bl HEAOBEKA
B SNMMUIEHETUYECKOM PETYAAUMNU TPAHCKPUTTLUNUN
M CTABUAbBHOCTU TEHOMA

C.M. TaiinakoBa

Tummn AHK-ramkosmaaza (TDG) npuBaekaa K cebe BHMMaHMe GAaaropapst CBOEM CrocoBHOCTU
YAQASITb TUMWH, T.e. HOpMaAbHoe ocHoBaHue AHK, 13 G:T HenpaBMAbHbIX Map. JTO yKa3blBaAO Ha
ero (hyHKUMIo B 3KCUM3MOHHOWM penapaumuun ocHoBaHuin AHK B BoccTtaHoBAeHMM nap ocHoBaHui G:C
MocAe Ae3aMMHUPOBaHUSI 5-MeTUALMTO3MHA. M3-3a OUEBMAHOM KaTaAMTUUYECKON Hea(heKTUBHOCTH,
HekoTopble cumMTaan TDG naoxmm dpepmeHTom penapaumm AHK 6e3 BaXkHOM 6MOAOTMYECKOn DYHKLMM,
OAHako 6bIAO MPOAEMOHCTPMPOBAHO, YTO 3TOT (DEPMEHT MOXKET AEMCTBOBATb KaK KAOUYEBOW MIPOK
B TPAHCKPWIMLUMOHHOM PEryAsuMM yepe3 B3aUMOAENCTBUE C PA3AMUYHBIMU SAEPHBIMU peLenTopamu
M hakTopamu TPAHCKPUMLMM YTO YKasblBaeT Ha ee (DYHKUMIO B PEryAdUMM FeHOB, KOTopasl, mno-
BMAMMOMY, UMEET peLLatolLiee 3HaYeHMe B NpoLeccax pa3Butma. Apyrue nokasaam, yto TDG yuacteyet
B 3MUIreHeTMUYEeCKOM peryAsaummn akcnpeccumn reHoB 3awmiias CpG-6oratble mpoMoTopbl OT de novo
AHK MeTnarpoBaHMs 1 MOXKET MHMUMMPOBATb abeppaHTHYIO perapaumio. HeaasHue nccaeaoBaHMS
Ha >KMBOTHbIX BbISIBUAM CBS3b MeXAY noTtepert TDG n HayaAoM onyxoaeobpasoBaHms. Taknm obpasom
LeAblo AaHHOrO o630pa SBAsIeTCS cOOpaTb BOEAMHO pPe3yAbTaTbl PAa3AMYHbIX IKCMEPUMEHTOB, B
KOTOPbIX MCccAepa0Barach TMMUMH AHK-rAnko3naasa c MOMeHTa ee OTKPbITUS, U OLEHUTb UX BAUSIHUE AS
ornpeAeAeHns BO3MOXHbIX (DM3MOAOrMYECKMX POAE 3TOro (hepMeHTa.

KatoueBble caoBa: TumnH AHK-rankosnaasa, penapaumns AHK, aemetuanposanme AHK, pakoBble
3aboAeBaHus.
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The role of human thymine DNA glycosylase
in epigenetic regulation of transcription and genome stability

Thymine DNA glycosylase (TDG) attracted attention because of its ability to remove thymine, i.e.,
the normal DNA base, from G:T irregular pairs. This indicated its function in DNA base excision repair in
the repair of G:C base pairs after deamination of 5-methylcytosine. Because of its apparent catalytic inef-
ficiency, TDG was considered by some to be a poor DNA repair enzyme without an important biological
function. However, it has been demonstrated that this enzyme can act as a key player in transcriptional
regulation through interactions with various nuclear receptors and transcription factors, indicating its
function in gene regulation, which appears to be crucial in developmental processes. Others have shown
that TDG is involved in the epigenetic regulation of gene expression by protecting CpG-rich promoters
from de novo DNA methylation and can initiate aberrant repair. Recent animal studies have revealed an
association between loss of TDG and the onset of tumorigenesis. Thus, the purpose of this review is to
bring together the results of various experiments in which thymine DNA-glycosylase has been studied
since its discovery and to assess their implications for determining the possible physiological roles of
this enzyme.

Key words: Thymine DNA glycosylase, DNA repair, DNA demethylation, cancer.
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TpaHCKPUMUMSA MeH FTeHOM TYPAKTbIAbIFbIH 3MUIeHeTUKaAAbIK, PeTTeyAe€ri
apaamHbiH, TumuH AHK-rAMKo3mAa3acbiHbIH, POAi

TummHaik AHK' ramkosmaaza (TDG) G:T carikec keamenTiH >kyntapaaH AHK-HbIH KaAbINTbl
Herisi TMMMHAI KOt KabireTiHe 6GalAaHbICTbl ©3iHe Hasap ayAapAbl. ByA OHbIH 5-METMALMTO3MH
Ae3ammHaeHreHHeH KeriH G:C >KynTapblH KAAMblHA KEATIpyAeri HerispaepaiH akcumsmsaablik, AHK
penapaumscbiHAaFbl  KbI3METIH KepceTTi. KepiHeTiH KaTaAMTMKaAbIK, TWIMCI3AiriHe 0GaiAaHbICTbl,
kenbipeyrep TDG MaHbi3Abl OMOAOTMSABIK, Kbi3MeTi ok, Hawap AHK penapaumscbiHbiH, hepmeHTi
A€M CaHarAbl. AereHmeH OyA (hepMeHT 8pTYPAI SAPOAbIK, PELENTOPAAPMEH >KBHE TPaHCKPUILMS
(hakTOpAapbIMEH ©3apa epeKkeTTecy apKbIAbl TPAHCKPUMLMSIAbIK, PETTEyAe Heri3ri  OMbIHLIbI
peTiHAE SpEeKeT eTe aAaTbiHbl KOPCETIAAI, OYA Aamy MpPOLECTEPIHAE MaHbI3Abl GOAbIN KOPIHeTIH
reHAIK petTeyaeri peaai kepceteai. backaaapbl TDG CpG-re 6an npomotopaapabl de novo AHK
METUAAEHYIHEH KOpPFay apKblAbl FeH 3KCMPeCCUSICbIHbIH, SMUIreHeTUKAAbIK, PeTTeAyiHe KaTblCaTbIHbIH
>koHe abeppaHTTbl penapaums 6actayra KabiAeTTi ekeHiH kepceTTi. XKaHyapAapra >Kypri3iAreH COHFbl
3eptreyaep TDG >KorFaAybl MeH iCikTiH 6acTaAybl apacbiHAAFbl 6aMAAHBICTbI aHbIKTaAbl. OcbiAaniua, GyA
LLIOAYAbIH MakcaTbl Tummnd AHK-rAMKo3maasa albiAFaHHaH 6epi 3epTTeAreH apTypAi 3epTTeyAepAiH
HOTUXKeAepiH BipiKTIpy >koHe oAapAbIH OCbl (DEPMEHTTIH MYMKiH 6OAATbIH (PU3MOAOTUSIABIK, POAAEPIH

aHblKTayfa acepiH 6aranay.

Tyiin ce3aep: Tummn AHK-ramkosmaasa, AHK penapaumsicbl, AHK AeMUTUAAEHYI, KaTepAi icik

aypyAapbl.

BBenenue

MeTunupoBaHue IUTO3MHA Ha 5-M yTIiepoze
(5-mC) siBnsieTcst pacnpocTpaHeHHOW (GopMol Mo-
mupukanun  JIHK y mitekonuTaromux, KOTopas
HEoOXOAMMa ISl Pa3IUIHBIX OMOIIOTUYECKHX TPO-
[[ECCOB, TAaKWX KaK HMHAKTHBALUSA X-XPOMOCOMBI,
TeHOMHBIM HMMOPUHTHHT, OuddepeHunanns Kie-
TOK W TIOJIaBJICHNE MOOWMIIBHBIX TEHETHYECKUX dJie-
menToB (Bird) [1]. Kpome Toro, abeppantHoe Me-
tunupoBanue JTHK sBisercss pacnpocTpaHEHHBIM
MOJIEKYJIAPHBIM TTOBPEXKIECHUEM TIPH PAKOBBIX 3a-
0oeBaHMsIX, OOBIYHO BBI3BIBAIOIINM TJI00ATBEHOE
TUIIOMETWINPOBAHNUE U JIOKYC-CHEeUU(UUECKOE TH-
MIEPMETHIINPOBAHNE TEHOB-CYIIPECCOPOB OIYXOJIH.
5-mC BcTpedaeTcs IPeNMYIIECTBEHHO B KOHTEKCTE
octpoBoB CpG, KOTOpBIE MPEACTABISAIOT COO0M KO-
pOTKHeE, TIepeMesKarolrecs, 0oraTble IUTO3UNHOM H
ryannHoM peruonsl JIHK, nepBonadanpHO HjeH-
TU(GHUUUPOBAHHbIE KaK HEMETWIMPOBAaHHAs 4acTb
reroMuoi JIHK mbrmm [2]. OctpoBa CpG 00b19HO
umeroT anuHy 500-3000 map ocHoBaHUN M Haxo-
JSITCS BHYTPU WIIM PAJIOM C IIOYTH ITOJIOBUHOW MPO-
MOTOPOB T€HOB Milekormraromux [3]. Hampumep,
BCE T€HBI JOMAIITHETO X035CTBA CBA3AHbI C TPOMO-
topHbiMH CpG-0CTpoBaMH, KOTOpblEe 00OTaIlEHbI
paspematomumu - H3K4me3 (TpumernnupoBaHue
rucrona H3) MeTkamMu THCTOHOB, COJIEPKAT MHOKE-
CTBO CalTOB CBS3BIBAHUS TPAHCKPHUIILIMOHHBIX (hak-

TOPOB M OOBIYHO He MeTuiupoBansl [4]. OctpoBa
CpG Taxxke MOTYT OBITh HAWIEHBI B YHXAHCEPHBIX,
MEXI'CHHBIX ¥ MHTPOHHBIX O0JIACTAX M 4YacTO CBS-
3aHBI C TPAHCKPUNIIMOHHOW DPETYJISINEed COOTBET-
CTBYIOIINX T€HOB.

HenocrarkoMm 3TOH SIMUTEHETHUYECKON peryJis-
LU SIBJSIETCS TO, YTO CIIOHTAHHOE JICAMUHUPOBAHHE
5-mC mpuBOIUT K 00pa30BaHUIO THMUHA, B PE3YIh-
taTe yero Bo3HukaeT G:T HECOOTBEeTCTBIE, KOTOPOE,
€CJI ero He BOCCTAaHOBUTH, IIPUBOJIUT K TPAH3UIIUN
C—T B munykineornnax CpG. dakTudecku, ObLIO
BBICKA3aHO MPEINOJIOKEHHE, YTO HHU3KOE COJMep-
xaHne CpG B reHOMaxX MIIEKOIHUTAOIIUX CBSI3aHO
¢ BeICOKOH MyTabenpHOCTRIO S-mC [5]. B kmeTkax
miekonuTaomux TuMuH-J{HK-rmuko3unaza (TDG)
n OCJIOK METHJI-CBsA3BIBaroIIero momeHa 4 (MBD4/
MED1) npenoTBpamarmT MyTareHHOE BO3CHCTBIE
neamMuHApoBaHus 5-mC MmyTeM BbhIpe3aHusl THMUHA
n3 G:T HenpaBubHBIX Nap B kKoHTekcTe CpG, Ko-
TOPBIA 3aTeM 3aMEHsSEeTCS ITUTO3WHOM B IPOIECcCe
SKCIM3MOHHOU penapanuu ocHoBaHuii (BER)[6,7].
Ha nytu BER JJHK-rnuko3unasza pacrnosHaer aHo-
MaJbHOE OCHOBAHHE M KaTAIN3UPYET PaCIICTICHIE
CBsI3HM OCHOBaHUsI ¢ caxapoM (N-IIHKO3HIHYO), 00-
pasysi aba3uCHBIN CaliT, KOTOPHIH B CBOIO O4YEepelh
BOCCTaHABIMBACTCS  allypHHOBOH/AMPUMHUINHO-
Boit (AP) snnonyxkieasoii [8,9].

3a nocnenHee necatunerue ucenenosanns TDG
TTOJTyYMJIM BIIEYATIISIONIEE PA3BUTHE B PA3IUIHBIX



Ponb TimuH I[HK-FJ'II/IKO3I/IJ'I33I)I YeJI0BEKa B DITMTCHETHYECKOM PETyIsiiuu TPAHCKPUIIIIUU U CTa0UILHOCTH TEHOMA

qucuuiianHax. depMeHTaTUBHBIE M CTPYKTYpPHBIE
WCCIIEIOBAHNS TIO3BOJIWJIM TIOHSTH Pa3IUYHBIC
ACTeKTHI ero PyHKIIMOHATLHOCTH. BEIsBIIeHNE 1 Xa-
paKTepUCTHKA TOMOJIOTOB U OPTOJIOTOB B (hUIIOTE-
HE3€ MPOJIUIIM CBET Ha 3BOJIIOLIUIO 3TOI0 CEMENCTBA
JHK-rnuko3una3 u crnocoOCTBOBANM MOSBICHUIO
MEPBBIX TEHETHYECKUX TOJIXOAO0B K DPACKPBHITHIO
Oononornuecknx (yHKUuMd. XOTS 10 CUX MOp BCE
ycunus He mo3Bosin cBszate TDG wenoBeka c
YETKO ONPEICICHHBIM KIETOUYHBIM IPOLECCOM, OHU
MT03BOJIMJIM YCTAHOBUTH JIMHHUHU J10KA3aTENIbCTB, KO-
TOpBIE TIOJIEP)KUBAIOT TP OCHOBHEIE padodue T'H-
noTe3sl. buoXuMu4eckne u CTpyKTypHBIE CBOICTBA
TDG nopnepuBaroT (PyHKIWIO B penapanuu Io-
BPEXKJICHHBIX MM MOIU(DUITUPOBAHHBIX ITHPUMHU-
nuHOBBIX ocHOoBanuid (BER)[10]; 6noxummyeckue
Y KJIETOYHBIe, OMOIIOTUYECKHE AaHHBIE MPe/Ioa-
ratoT posib B aKTUBHOM yzaaneHuHu 5-mC U3 MeTH-
nmupoBauHblx CpG munykneoruno B JJHK [11]; a
[12,13]. U3 Bcex 3TUX HCCIEIOBAaHUN CTAHOBUTCA
sicHo, uTO, Oyayun JIHK-rmmkosunazoii, TDG 06-
JIaJaeT AOBOJIBHO HEOOBIYHBIMH CBOHCTBAMM, U YTO
OHH MOTYT yKa3bIBaTh Ha CBSI3b MEX/y penapanuei
JHK, koHTpoOJIeM SITUTeHETHIECKOH MOTU(PUKAITAN
JHK u perynsauueil akcnpeccun reHos. Bompoc o
TOM, MOXHO JIM M KaK-HHOYIb COTJIacoBaTh ITH,
Ka3aJIoCh ObI, HECOBIAJAIONINE ACTIEKThI (DyHKITHH
TDG B paMkax €IMHONW MEXaHHUCTHYECKOU Moje-
U, TIPEJICTOUT PeluTh B Oyaymiem. Llensto nannoit
CTaThH SIBJSIETCSl 0030p PE3yJbTAaTOB MOCIEIHETO
necstuinetus uccnenosaunii TDG u orieHKa BO3HU-
KaIOLINX KOHLENLIUN OMO0IOrn4ecKkoi QyHKINH.

Pe3yabTarhl n 00cy:x1eHue

Ponv ghepmenmos TDG u MBD4 ¢ penapayuu
Henpagunvno cnapennvix G/T

YuureBas pons TDG B BOCCTaHOBIIEHHH Me-
TupoBaHHbIX map G:T mocne ne3aMUHUPOBAHUS
5-meC, HEeoOXOMMO NMPHUHATH BO BHUMAaHHE BTO-
pyto JHK-rmmkosmmnasy co crmocoOHOCTBIO Tpo-
neccura G:T, mpUCYTCTBYIOIIYIO B KJE€TKax IIO-
3BOHOYHBIX. DTOT (epMeHT, HazBaHHbII MBD4/
MEDI, npuHameXuT K CeMEHCTBY OCIKOB ¢
MeTi-CpG-cBsi3piBatomiuM - jomeHoM  (MBD) u
coctouT U3 N-koHueBoro MBD-nomeHna, KoTopsblit
cBszaH ¢ C-xonneBbiM JIHK-rnuko3unasHeiM J110-
MeHOM. HecMoOTpsi Ha CTPYKTYpHYIO HEpOJICTBEH-
Hocts, MBD4/MED1 obnanaet ¢pepMeHTaTUBHBIMU
CBOMCTBaMH, OYCHb MTOXOXXUMH Ha cBoiicTBa TDG;
oH BbIcBOOOXKmaeT T u U u3 G:T u G-U HecooT-
BETCTBHH, COOTBETCTBEHHO, M 00padaThIBacT Pl
npyrux cybcrparos, obmmx ¢ TDG [7,14]. B ka-
KOH cTemneHu yo0ast U3 STHX TIMKO3WIIa3 BHOCHUT
cBoit Bruan B mporeccudr G:T B KUBBIX KIIETKaX,

HeusBectHo. Hapymenne MBD4/MEDI1 y wmbim
BbI3bIBaeT HeOonbmoe yBenmmueHne C—T myta-
muit Ha CpG caiiTax, 94TO COOTBETCTBYET NEPEKTY
B BOCCTAHOBJIGHHMH Jie3aMHHUpoBaHHOTO 5-meC,
KOTOPBIM HE MOXXET OBITh IOJHOCTBIO KOMIIEHCH-
posan npucytcteueM TDG [15]. C npyroit cropo-
HBI, OBIIO OOHapy>keHo, yTo nHakThuBanus TDG B
SMOPHOHAJIBHBIX CTBOJOBBIX KiIeTKax v Gpuodpodia-
ctax Mplmy cHrxkaeT G:T mpoueccuHr B KIETOU-
HBIX 3KCTPAKTaX HMXKE YPOBHS OOHAPYKEHHs, UTO
yKasbpiBaeT Ha To, yTo TDG obecrneunBaeT npeol-
JaJlal0Ily0 AaKTUBHOCTh NPOTHUB NPOIYKTOB [Je€3a-
MunupoBanus 5-meC B 3Tux kietkax [16] B cBere
3TOTO OYEBHIHOTO HECOOTBETCTBUS €AMHCTBEHHOE
TBEPIOE 3aKIIOUYCHHE, KOTOPOE MOXKHO C/ENaTh Ha
JTAaHHBI MOMEHT, 3aKJII0YaeTCsl B TOM, YTO CIOCO0-
HocTh K penapaunu G:T B KeTKax MO3BOHOYHBIX
oOecrieunBaeTcs MO0 KpaiiHel Mepe IBYyMs pas3iiny-
HbiMu JIHK-rimko3sunasamu, KOTOpble MOTYT JIEH-
CTBOBATh YACTUYHO AYOIUPYIOLIUM 00pa3oMm.

B npucyTcTBUM TakoW MOLIHOM 3alUThI, OJHA-
KO, KQ)KETCSl YAUBUTEIBHBIM, YTO METHJIMPOBAHHBIC
CpG sBISIIOTCS TOPSIYUMH TOUKAMHU MYTaIMi B TE€HO-
M€ MJICKOIIMTAIOLIMX, 1 uT0 nepexoasl C—T B Takux
MecTtax yacto Berpevatorcst B JJHK pakoBbIx kieTok
yenoBeka [17]. MOXXHO yTBEp»K/aaTh, 4TO, YUUTHIBAS
JIOBOJIEHO HEd(hEKTHBHYIO 00pabOTKy CyOCTpaToB
G:T ¢ momomnisro TDG 1 MBD4/MED1, xonuuectBo
cyOcTparoB, 00pa3yIoNMXcs B pe3yibTaTe JIe3aMu-
HUPOBAHUS, MOXET TMPEBHILIATh penapalvoHHbIe
Bo3MOxkHOCTH KileTku. Omubku G:T, u30exaBiiue
perapanyy, MOTYT IPUBECTH K MyTaLUsM Mepexozaa
C—T mnpu permukaimu JIHK. B xauectBe ambrep-
HATUBBI, MOCTPEIUIMKATHUBHAS CHCTEMa perapanyun
HecooTBeTcTBUI (MMR) MOkeT mosryyaTh TOCTYI K
takuM G:T mapam Bpemsi OT BpeMEHH U, He Oymaydn
B COCTOSIHUM OTJIMYUTH MyTaHTHYIO MOCIIE0BATEb-
HOCTh OT TMOCJIEZI0BATEIBLHOCTH TUKOTO THIA B KOH-
tekcte Heperummpyromeiics JIHK, ommbouno 00-
pabateIBaTh IeTlb B cocTaBe KOTopoil Haxomutest G
U, CJICI0BATEIbHO, UCIIPABIISITH MY TALHIO.

Eme onna rumoresa, KOTOPYHO CTOMT PaccMoO-
TPETh, 3aKIIIOYAETCS B TOM, 4TO TiuKo3miazel G:T
JEHCTBYIOT HE TI00aJIbHO B TEHOME, 2 HAlPaBJICHBI
Ha KOHKpETHBbIE yd4acTku. JleiicTBUTENBHO, CO00-
manock, yto TDG B3auMOIEHCTBYET ¢ TPAHCKPUII-
IUOHHBIMH (DAKTOPAMHU M PETYJIUPYET IKCIPECCHIO
TCHOB Ha ONPENENIEHHBIX IPOMOTOpax. AHAIOTH4-
HO OBLIO mOKa3aHo, yro MBD4/MED1 nopasiser
TPAHCKPUIIIIUIO PEMOPTEPHOr0 TeHa, KOHTPOIIH-
PYEMOro THUIEPMETHIMPOBAHHBIMU IMIPOMOTOPaMU
pl6INK4a u hMLHI1 [18]. Dt pe3ynabTarhl co-
riaacyrorces ¢ TeM, uro G:T-penapanus ¢ moMouso
TDG u MBD4/MED]1 orpanuuena omnpeaeineHHbI-
MH 00JacTsMH T'€HOMa W CBsi3aHa C OIpEICIICH-
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HBIMH (PU3UOJIOTUIECKUMH TPOLIECCAMH, KOTOPBIE
BKITIOYAIOT AKTHUBAIUIO WM HWHAKTHBAIIAIO TEHOB.
CrnenoBaresibHO, HEKOTOPBIE yYacTKHA reHoMa Oy Iy T
0oJee BOCTIPUMMYHBEI K MyTareHe3y 4epes Je3aMu-
HupoBaHue 5-mMeC, B TO BpeMs Kak Apyrue OyayT
sammensl TDG n/uim MBD4/MEDI.

Hakonen, XoTsi Bce 3TH OOBACHEHHS KaXyTcs
JIOTUYHBIMH C MEXaHUCTUIECKON TOUKH 3peHUs, He-
00X0JIMMO PaccMOTPETh eIlle OJIHYy BO3MOXKHOCTD,
KOTOpasi CTaBUT IO COMHEHHE OOIICHPUHSTYIO
JIOTMY O TOM, YTO Ae3aMuHupoBanue 5-meC sBIsIeT-
Cs. OCHOBHOM NPUYMHON YMEHBIIEHUS KOJINYECTBA
muaykineotunioB CpG B renome. IlosiBisieTcs Bce
0O0JIBIIe TOKA3aTENECTB TOTO, YTO METHIINPOBAHHBIC
CpG He TOJIBKO TUIEPUyBCTBUTEIbHBI K JI€3aMUHH-
POBaHMIO, HO U K Pa3IUYHBIM (hopMaM 3HJOTCHHOTO
M DK30T€HHOTO0 T€HOTOKCHYECKOTO CTpecca, KOTO-
pBIi MOXKET TPUBECTH K MYTareHHBIM IOBPEXIe-
HUSIM, He sBisitomumest cyoctpatom mist G:T rom-
kosmina3 [19]. IlpeamodruTenbHbId MyTareHe3 Ha
MeTunupoBaHHbIx CpG depe3 mMyTH, KOTOpHIE HE
BKJIIOYAIOT WM HE MUCKIIOYUTEILHO BKIIOYAIOT Je-
3amuHUpOBaHHE S5-meC, Mor OBI, TAKMM 00pa3oM,
pELINTh JUIEMMY, TOYEMy MYTAallMd BO3HHKAIOT B
9THUX calTax, HECMOTPSl Ha MPHUCYTCTBHE (epMeH-
toB penapanuu G:T TDG u MBD4/MEDI.

bonee nperanpHOE wHccienoBaHWE AKTHBHOCTU
¢depmenra nokazaino, uro TDG obnagaer mmpokoit
cyOcTpaTHOW crieupUIHOCThIO, BbIpe3as 3,N4-
areHoruTo3uH [20], TMMUH-TIHKOIE [21], S-Tuapok-
cuuuto3un [22], 7,8-guruapo-8-okcoaneHud [23],
HecriapeHasiid U [11] u ero CS5-MoauduImmpoBaHHbIS
npousBoaubie [22]. Hanporus, MBD4 o6manaer
y3KOM cyOcTpaTHOH criequ(pUIHOCTBIO, YAAJSIs U3
JHK, T, U, 5-¢ropypammi 1 S5-THAPOKCHMETHITY-

Hecneuyuguuecknn koMnnekc

5 ' KaTanMTHYecKHid moMeH

pammn B koHTekcte XpG [24,25]. EnuHcTBEeHHOE
uckmouenne, MBD4, pacniozHaer HenmpaBUIIbHbIE
napsl G:T 1 apyrue NoBpexaeHus! CO CrienupuIHO-
cThto 11 yuactkoB CpG [7,26].

Crnemmnduanocts k CpG mpenrmonaraer, 9To
npeoOIIagaonM OHMOIOTHIECKUM CyOCTpaTOM st
hTDG moryt ObiTh HecoBnanenust G:T, Bo3HHKa-
OIIME NpU Je3aMHUHHPOBaHUU S5-mC, TOCKOJBKY
METWIMPOBAaHHE IIMTO3MHA IPOUCXOJUT H30Upa-
TenbHO Ha caiitax CpG B KiIeTKaxX MO3BOHOYHBIX.
B cBa3u ¢ Ttem, uto hTDG BeIpe3aeT TUMUH, OHA
TaKKe JIOJDKHA HMCIOJIb30BaTh CTPOTHH MEXaHH3M,
4TOOBI M30€XaTh BO3JCHCTBUS Ha OrPOMHBIA (B
MHJUTHOHBI pa3) HW30BITOK HEMOBPEKICHHBIX ITap
ocHoBauuit A:T. Drohat u Op. mokazanu, 4To ax-
tuBHOCTE hTDG B 18 000 pa3 vmwxke mig map A:T
potuB G:T 1 pe3Kko cCHWKEHa IS APYTUX TTOBPEXK-
nennii B kontekcre ApX npotus GpX [28]. OgHako
MIPEUMYLIECTBEHHAS SKCIIM3HUSI OCHOBAHHUH B mape ¢
G Taroke TpeOyeT HaIM4Yusl MeXaHu3Ma Il MUHU-
mu3zaiuu dkciu3uun C u3 Hopmanbhbix mnap G:C. /
HccnenoBanus MOKa3pIBaIOT, 4TO CHEIM(DUIHOCTD
st G:T o cpaBHeHHIO ¢ Tapamu G:C B OCHOBHOM
00BsICHsIETCST OONbIIeH CTaOMIILHOCTBIO CBSI3U OC-
HoBaHue-caxap (N-TIIMKO3UAHAS CBA3b) ISl IE30K-
CUIIUTHIMHA TI0 CPABHEHHIO C JIE30KCUTUMHUINHOM,
a He M30MpaTeNIbHBIM PACO3HaBAHWEM OCHOBAHUUN
i HeciocoOHocThio hTDG nepeBepHyTh IUTO3MH
B CBOW akTWUBHEIN caiiT [22]. B aTOoM ke mccmeno-
BaHUM OBUIO MPEJOMEHCTPUPOBAHO, YTO (EPMEHT
TDG cBs3piBaercs ¢ JIHK cybcrpaTom B KoMIuIekce
2:1: ogHa cyObequHMIIa Ha aba3ucHOM caite (Tipo-
JTYKIIMOHHBIA KOMIUIEKC), a Apyrasi — Ha HeTOBPEXK-
JCHHOM caiTe (Hecenu(pUIecKnii KOMIUIEKC) Kak
MIPOJIEMOHCTPUPOBaHO B Pucynke 1.

3 [
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1 KaTanuTuyecknid foMeH

MpoAYKUMOHHBIM KOMMNNEKC

Pucynok 1 — Cxemarndeckuii 0630p B3aumoneiicteuii pepmenrta ¢ JTHK
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Ponv TDG 6 abeppanmmnoii penapayuu

HenaBHo ObUIO IPOIEMOHCTPHUPOBAHO, YTO
TDG u MBD4 uHUIMMPYIOT a0eppaHTHYIO perna-
pamurio myteM BbIpe3aHusi T B mape ¢ MOBpeX/IeH-
HBIM OCTAaTKOM aJieHuHa B nyruiekcHout JJTHK [28].
TDG nauenen Ha HenoBpexaeHHyo HUTh JJHK n
3¢ dexTrBHO BbIpe3aeT T, MPOTHBOMONOXKHBIN I'-
nokcantuny (Hx), 1,N6 -aTenHoanenuny (¢A), 8-ok-
COA u calita AP B KOHTEKCTE MOCIIEN0BATEIEHOCTH
TpG/CpX, rae X — MOOU(PHULIUPOBAHHBIA OCTAaTOK.
MBD4 ynanser tonsko T 3 map ¢ €A, Ho He ¢ Hx
WIK JAPYTHMMH TIOBPEXICHHBIMU OCTaTKaMH afe-
HuHa. Beinenenusiii kartaautnyeckud nomen TDG
(octratkm 111-308), nmumennsrii N- u C-XBOCTOB,
COXpaHsAs aKTUBHOCTh YyJAJI€HUs ypaluia, O4eHb
cmabo ymanser T m3 aTuxX cyOCTpaToB, 4TO MO3BO-
JIeT MPEAIONIOKNTh, 4TO N- 1 C-KOHIIEBBIE YacTH
TDG Heobxomumsbl Juid abeppaHTHON aKTHUBHOCTH.
Boccoznanue in vitro mokasaino, 9To KaTaJlu3upye-
Masi TDG abeppaHTHast SKCIU3UST OOBIYHOTO THMHU-
Ha, MPOTUBOIOJIOKHOIO ocTatky HxX, mHMImupyer
penapanuoHHbIi CUHTE3, KOTOPBIM UCHIOIB3YET MO-
BpexacHHbIN 1madnon JIHK, uto B cBOrO odepens
npuBoauT K MyTaimu T—C B OTCyTCTBHE peIlIMKa-
nuu IHK [28]. BuonHpopMaimoHHbiii aHaau3 6a3sl
JAHHBIX ~ OJHOHYKJICOTHIHBIX  IOJIUMOP(PHU3MOB
(SNPs) genoBeka mokasaj, 4yTO CHEKTPbl CIIOHTaH-
HBIX MyTarnuii Ha octpoBax CpG HEMOHCTPHUPYIOT
cwibHOe cmelenue B ctopony TpG, CpA—CpG
MyTalui, 0 CPAaBHEHUIO ¢ OOIIET€HOMHBIMH CIIEK-
Tpamu MyTaruii. Otu npeodnanatomme T—C myTa-
uuu B octpoBax CpG MO3BOMSIIOT MPEIIOTIOKHUTD,
gto Katammupyemas TDG abeppantaas BER mo-
XKeT ObITh BOBJICUCHA B CTAOMIM3ALUIO U YBEIHYC-
Hue coxepkanus CG B mpomoTtopax, 6orareix CpG,
in vivo [28]. Takum o0pa3om, MpH OIpeIeICHHBIX
yenoBusix TDG MoXkeT kaTamu3npoBaTh 3aBUCSAIIEE
OT KOHTEKCTa IIOCJIeIOBATEIbHOCTH a0eppaHTHOE
ylajeHue TUMHHA, YTO MOXKET MPUBECTH K MyTa-
mmsm TpG, CpA—CpG. B coBokynmHOCTH 3TH Ha-
OJIOCHUST TIO3BOJISIIOT HPEAINOIOKUTh, YTO B OT-
cyrctBue 3()(EKTUBHON penapaiuu SHIAOTCHHBIX
okucautenpbHo nospexacHHbx JHK, Takux kax
Hx, €A u 8-0X0A, MOCTMUTOTHYECKHE KIETKH MO-
I'yT HaKaIjIMBaTh MyTallUU U3-3a KaTaJIU3UPYEeMOIo
TDG/MBD4- abeppaHTHOTO BBIpe3aHHsI OOBIYHBIX
ocHoBanuil JIHK, npoTMBONOIOKHBIX ITOBPEXIEH-
Hou Hutn JJHK.

Taxoke OblIO mpenmnonoxeno, utoTDG moxer
abeppaHTHO BBIpe3aTh T CIapeHHBIH ¢ apUCTOJIaK-
taMOBbIMU afnykramMu (dA-AL), reHepupyemsbie
101 BO3ICHCTBUEM apUCTOIOXOBBIA KHCTIOTHI (AA),
KOTOpasi MOJy4uja BHUMaHHWE HAY4YHOTO cOoOIe-
ctBa B Hauasue 1990-x rogoB. Torma 6onee uem y 100
OeIBrUICKUX KEHIIMH Pa3BUINCh XPOHUUECKHE 3a-

OoJsieBaHMS TIOYEK U ypPOTENHAIbHBIC KapLHHOMBI
rociie mpueMa InpenapaTa JJis MOXYAEHUs, COolep-
kamiero Aristolochia fangchi [29]. B modeuHbIx
U YpOTEIHabHBIX TKAHSIX 3THUX MAIMEHTOK OBUIN
oOHapyxeHbl aJyIyKThl apuctonakrama (AL)-IHK,
YTO MOATBEPAKIAET MPEALIECTBYIOIIEe BO3AeICTBHE
AA [9,30]. Cungpom, iepBOHaYAIbHO HA3BaHHBIN
Hedpomnatuer kutalickux TpaB (CHN), mozxe Obu1
MEepEeMMEHOBaH B He(PONAaTHIO apHCTOIOXOBOH
kucnotel (AAN). AAN xapakrepusyetcst TyOyIo-
WHTEPCTUIHATIBHBIM HEPPUTOM C YPOTEIHATbHBIMU
KapLXHOMaMK BEPXHUX MOYEBbIX IIyTEH, pa3BUBAIO-
umucs B 50% ciayyaes [31]. BnocneacTsuu Bo BceM
MUpe OBUIO 3apETUCTPHPOBAHO MHOKECTBO CITy4acB
AAH. ApucronoxueBble KHUCIOThl aKTUBUPYIOT-
csl KJICTOUYHBIMU HHUTpOpeaykTazamu [32], oOpazys
PEaKTHUBHBIC IPOMEKYTOUHBIE IIPOAYKTHI, KOTOpPbIE
koBasieHTHO cBs3bIBatoTeda ¢ JIHK. TTo aTomy Mexa-
ausMy AAL u AAIL 06pasyloT ciemyromue aaayKThl
JHK: 7-(nezoxcuaneno3nH-N6-win)apuctoiaktam |
(dA-ALI), 7-(ne3oxcuryano3uH-N2-ui) apucTo-
maktam I (dG-ALI), 7-(me3okxcmaneHo3uH-NO-1IT)
apuctonakram 11 (dA-ALIIl) u 7-(ae30kcuryano3us-
N2-un) apucromaktam Il (dG-ALII). Agnykrer dG
u dA Onokupyrot perukanuo JHK u npossistor
cBoiicTBa mepekoaupoBku [33-35]. Ammyktel dA-
AL 3HauuTensHO 00Jiee MyTareHHBI W/WIN YCTOM-
4uBbl, 4eM auykThl dG-AL, 4TO OTpaeHO B Ha-
OJIFOICHUH, ITO XPOHUYECKOE Bo3AccTBHE AA Ha
YesloBeKa NMPUBOJUT MPEUMYIIECTBEHHO K TpaHC-
Bepcusim A — T B T — A [36,37]. [Ipumeyaresb-
HOW 0coOeHHOCThIO dA-AL amayKToB sBIsIeTCS UX
YCTOWYMBOCTH B TKAHSAX-MHUIIECHSAX TPHI3YHOB U JIIO-
neit [30,36,38,39], yTo MO3BOJISAET MPEANOJIOKUTD,
YTO 3TH aJJAyKThl, II0 KpalHEHd Mepe, 4aCTUYHO
YCTOMYHUBBI K perapaiui.

Ponv TDG u TET 6 akmuenom Oememu.iu-
posanuu /THK

MetunupoBanue murosuna (5-mC) ocyiecTt-
BIISIETCST BO BpeMst SMOproHaIpHOTo pa3BuTusa JJHK-
metuaTpancepazamu 3a/3b de novo (DNMT3a/3b),
KOTOPBIE KaTATH3UPYIOT MMEPEHOC METUILHOU TPYyII-
el ¢ S-afneno3unmernoHnHa (SAM) Ha yriepon C5
nuro3uHa [40]. 5-mC TOYHO BOCIPOM3BOIUTCS B
TEYCHHE ITOCIICJIOBATEIBHBIX IHKIIOB PETUTUKAIIIN
nomnepxuBaromier  JIHK-merunrpancdepasoit 1
(DNMTT1) B accommaruu ¢ Y OWKBUTHH-TIOA00HBIM
KodakTopom, coiepkammMm PHD (momen romeo-
natuu pacteHuii) 1 RING manbiieBeie JOMEHBI 1
(UHRF1) [41]. XoTs 5-mC nonroe Bpemsi cuuTaics
OTHOCHUTEJIILHO CTa0WIBHOM SMUICHETHYSCKOM MET-
KOH, B psijie MCCIIEIOBAHNH OBUIO YCTAHOBJICHO, YTO
metmmpoBanue JIHK, kak u monudukanuu rucro-
HOB, SIBJISICTCS] TMHAMHUYHEIM [42,43].
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Y MIJIEKONUTAIOMIMX CYLIECTBYET IBa OCHOB-
HBIX MEXaHH3Ma YYaCTBYIOIIUX B yIaJCHUN METKHU
5-mC: maccuBHOE M aKTHUBHOE AEMETHJIMPOBAHUE
JHK. IIpu maccuBHOM J1eMETHIIMPOBAHUN METHITHU-
poBanHas JIHK pa3basisiercst B TeueHUE TOCTIEI0BA-
TETBHBIX [IUKJIOB PEIUIUKAIINY 32 CUET ACAKTUBALIUU
WIN SIACPHOTO WCKITIOUEHUS TOJICPKUBAIOIICTO
DNMT!1 nnu csizannoro ¢ uuM kodaxkropa UHRF.
DTO 04YEeBHIHO BO BpeMs SMOPHOHAIBLHOIO pas-
BUTHS, KOIJId MaTEPUHCKUNA T'€HOM IOJBEPracTcs
naccuBHoMy aemerunupoBanuio JJTHK myTtem simep-
HOTO WCKJIIOYEHHS CHenH(pPUIecKoro Ui OOIUTOB
UHRF1 [44].

MexaHn3mbl, TocpeacTBoM KoTopeix TDG
onocpexayetr aemerunuposanue [JHK, no konua He
M3YYECHBI, 1 BO3MOKHO, YTO B MPOIIECC BOBJICUCHEI
HECKONIbKO TyTed. Dalton M ap. B dKCIIEpUMEHTaX
Co-IP ¢ ucnonp3oBanueM KIETOYHBIX JuHuii P19
obnapyxwunu, uro TDG o6pazyet kommieke ¢ AID
u GADDA45a, a takxke uro AID B3aumonelictByer
¢ GADDA45a ne3aBucumo ot TDG. Takke oHH Ha-
Omonanu cHkeHue skcrpeccnn AID B kireTkax ¢
MOHWKEHHBIM ypoBHEM TDG, mo3TOMy BO3MOKHO,
YTO 3TO B3aWMOJICHCTBUE in Vivo UMEET (PYHKITHO-
HalbHEIe ocaeacTeus ;s AID u, Bo3amoxuo, TDG
perymupyet ypoBHH AID miam ero craOWIbHOCTH
[45].

CBsi3aHHBIH TyTh JEMETUIMPOBAHUSA, B KOTO-
pom mMoryT ydactBoBath TDG m AID/APOBECsS,
KacaeTcsl HEAaBHO HICHTU(DUIMPOBAHHOTO OCHO-
Banus J{HK, S-ruapoxcumernnimrosnna (5-hmC),
MPOAYKTa OKHUCIICHUS S5-METHIMTO3MHA, 00pa3y-
romerocs nmoxa aeiicteueM TET-oxcupas (TET1-3)
[46]. TET1 Obm mpeHTHUIMPOBAH Kak TeH, BO-
BiaeyeHHeld B t(10;11) (TpaHciokauusi IecsiTb-
OIMHHA/INIATh) TIPH OCTPOM MHEJIOTEHHOM JIEHKO3e
[47]; TET2 wacTo MyTHUpYy€ET IPU MUEITOAUCIIIIACTH-
geckoM cuazIpome [58]. benku TET BoBieueHB B
aktuBHoe AemetunupoBanue IHK, mpoucxonsimee
BO B3POCJIOM MO3T€, MPOIECC, KOTOPBIA TAKXKE 3a-
BucHT oT neamuHaz AID/APOBEC[49]. Takum 00-
pa3oM, BO3MOXKHO, uTo ShmC ne3aMuHUpyeTcs 110
S-ruapokcumerunyparmia (5-hmU), cozmaBas He-
cootBerctBre G:5hmU [49]. TDG oGnanmaer cuib-
HOM TJIMKO3WJIA3HOM aKTUBHOCTHIO B OTHOLLIEHUH
5-hmU [45,50,51]. dakTruecku, B TO BpeMs Kak
JIBE NpyTye TIUKO3WIa3bl HKCIU3MOHHON pemnapa-
nmnu ocHoBanuii, MBD4 u SMUGI, >¢ddexTuBHO
ynansitot HecoBmageHue T u ShmU, coorBeTcTBeH-
Ho, TDG sBIIIeTCS € AMHCTBEHHOM TJIMKO3MIIA30H C
CWJIBHOHM aKTHBHOCTBHIO B OTHOIICHWU OOOMX Je3a-
MUHHPOBaHHBIX ocHOBaHuM [45]. CoBceM HeTaBHO
B JIpYr'uX JabopaTopusix ObLT BBISBICH TPETHH, He-
3aBUCUMBIM OT J€aMHHA3 MyTh JEMETHUIHUPOBAHUSA,
pu kotopoM S-hmC mocae0BaTeIbHO OKUCISICTCS

10 S-¢popmunuurosuna (5-fC) u S-kapOoxcuamTo-
3uHa (5-caC) okcunazamu TET [52-55]. Xors BO3-
MO’KHO, YTO CYIIECTBYET yCIIOBHas JAeKapOOKCHIIa-
3a, KOTOpasi HEMOCPEICTBEHHO mpeBpariaetr 5-caC
B IIMUTO3WH, OBUTIO TOKa3aHo, yTo TDG mposBiser
CHeM(PUUECKY0 TJIUKO3WIA3HYI0 aKTHBHOCTh B
orHomenun 5-fC u 5-caC [52,55]. daktuyeckw,
KpucTaIuiorpadu4ecKre TaHHbIe CBHJIETEILCTBYIOT
0 ToM, 9TO 5-caC 3aKperuiseTcs B aKTUBHOM Caii-
te TDG Onaromapsi MOJMSPHBIM B3aUMOJICHCTBHSIM,
YYaCTBYIOIIMM B PAClO3HABAHUU S5-KapOOKCUIIb-
HOW MoOJIeKyJbl. biarogapsi 3TUM 3KCKIIFO3UBHBIM
CTPYKTYpHBIM cBoiicTBaM TDG siBisieTcst mepBoit u
SIMHCTBECHHON TIMKO3MIIA30H, CIIOCOOHOM M30mMpa-
TENBHO CBA3bIBaTh U ynamark S5-caC u 5-fC u3 ny-
mekcHor JIHK [56].

ImbpuonanvHan 1emanibHOCHb, C6A3AHHAA C
unaxmusayueii TDG 6 mvluunoii 3apooviuiesoii
JAUHUU

Jlyumee nonumanue poiu TDG B nemetunupo-
Banuu [IHK, snurenernyeckoil peryiasiuuu U pas-
BUTHHM MJICKOIIMTAIOMIMX MOKHO OBUIO IONYYHTh
TOJIBKO IIOCJIE TOTrO, KaK TPU HCCIIEAOBATEIbCKHE
IpYMIIBL, BKIOYAs rpynnsl Primo Schdr, Yoshihiko
Uehara wn Alfonso Bellacosa [16,57,58], BbIBeau u
OXapaKTepU30BaIM MbIIICH ¢ HAIIPABJICHHONW MHAK-
tuBanmeit TDG B 3apoAbIIeBOM TUHUN.

B nponecce coznanus HokayTHbIX 10 TDG MbI-
mield He HaOJIIONANOCh POYKACHUS JKUBBIX MBIIIAT
Tdg -/-. CBoeBpeMeHHBIE CIIapUBaHus MeXAy 1dg
+/- MBIIIAMH TIOKA3aJIH, YTO 3MOpUOHBI 1dg null 3a-
JIep)KUBAJIMCh B Pa3BUTUHU HA YMOPHOHAIBHBIN JICHb
(E) 11.5 co crnoxubIM (heHOTHITOM. MaKpOCKOIH-
YecKHe aHOMAIIUK BKJIIOYAIT KPOBOMBIHAHUS B Tie-
YeHb M IMEpPUKapJ, TMIIOILNIACTUYECKUE BETBHCTHIE
IYTH, 33JIepKKY Pa3BUTUSI KOHEUHOCTEH, 3aMETHBIC
TesedHIedaTnIeckue my3blpbku 1 AU y3HbIE Te-
MOpparudeckue MOpaXeHus, a MUKPOCKOITMYECKOE
HCCIIeIOBaHUE TI0KA3aJio crieuduyeckue NeQeKThl
(hopMupoBaHUs cepla, CTCHO3 JOPCAIbHON a0PThI
1 aHOMAJbHOE Pa3BETBIICHHE COCYA0B BHYTPEHHUX
COHHBIX U KOPOHAPHBIX apTepuii [57]. OMOpruoHah-
Has JIeTabHOCTD 1dg null 53MOPHOHOB ObLIA TaKKe
onncana Cortazar u Op., yIadUBIIUMU SK30HBI 6 1 7
[16], u Saito u xonneramu, UCIOIb30BABILIMMU Tap-
TeTHBII BEKTOP, KOTOPBIHM 3aMEHIIT 4aCTH SK30HOB §
n 9, COOTBETCTBYIONINE YaCTH JOMEHA, HE0OX0I1-
MOTO JUISI aKTUBHOCTH TJIMKO3MJIa3bl, a TaKKe JUIs
B3aUMOJICUCTBUS in Vitro C TPAaHCKPUILMOHHBIMU
(hakropamu RARo 1 RXRa [16].

Bbuto  oTMeueHo, 4TO HEKOTOpbIe crenugu-
yeckue (eHorunuieckne ocodbeHHoctn Tdg null
SMOPHOHOB, BKIIIOYas CEPACYHO-COCYAUCTHIE Jie-
(exThl, HAOMHHAIOT Je(EeKThl Pa3BUTUS, paHEe
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OTMEUYCHHBIC Y 3MOpPUOHOB, HYJEBBIX IO alleTh-
Tpancdepazam ructoHoB p300 u CBP, a taxke mo
(akTOpaM CHTHAJBHOTO MYTH PETUHOEBOW KHCIIO-
ThI, TakuM Kak RAR, RXR u Raldh2 [59-62]. Oto
HaOMIOACHUE OBLIO MTOATBEPKIACHO MOJICKYJISIPHBI-
MU aHaJH3aMH{, TPOJIEMOHCTPHPOBABIIMMHU POJIb
TDG B RAR/RXR- n p300-3aBucuMoii TpaHCKpHII-
nun. Takum 00pa3om, EHOTHI JETATBHOCTH, CKO-
pee Bcero, 1o KpaiHel Mepe 4aCTUYHO, 00y CIIOBIICH
OTCYTCTBUEM 3TOH CBSI3aHHOU C TpaHCKPHUIIUEH
¢yakmun TDG, HEoOxomuMmon Ui TPaBHILHOTO
SMOPHOHATILHOTO Pa3BUTHSI.

C npyroit cTopoHbl, Saifo U KOJUIETH OTMETHIN
CXOJICTBO SMOPHOHATLHOM JETATEHOCTH C TaKOBOM
y mbiied ¢ pepuiurom GATA3[58]. Coobimaer-
Csl, 9TO SMOpHOHANIFHAS JIETAIBHOCTh MYTaHTHBIX
mbimieit GATA3 BbI3BaHAa HEIOCTATKOM IOdaMHUHA
1 HOpaJpeHanHa [63], KaTeX0JaMUHOB, KOTOPHIE,
KaK TOJTBEPKICHO, HEOOXOJMMEBI IJIi HOPMailb-
HOro pazButwsax [3-5]. s mampHeimiero msyde-
HHUS OTOTO CXOJICTBA Saito M KOJUJIETH OOHAPY KU
CHIDKCHHBIE YPOBHHU JNo(aMuHa U, 0COOCHHO, HO-
paapenanvHa y Tdg null smOprnoHOB. 3areM OHU
n3mepin ypoau MPHK depmenToB Omocunresa
KaTeXO0JaMHHOB, TUpo3uHTHIpoKcuia3sl (TH, mpe-
Bpamaromeil L-tupo3un B L-JIODA), mexapOok-
CWJIa3bl JIapOMaTHYecKux amuHokucioT (AADC,
nexkapookcunupyomeit L-JIOPA B podamun) u
nodamuH-OeTa-ruapokcmiazsl (DBH, mpesparma-
foleit fopamMuH B HOpaapeHanuH). OHU COOOIIMIH
o 3HauntensHoM uctomenun MPHK DBH B 7Tdg
null sm6pronax 58]. beuto mokazano, uto GATA3-
MYyTaHTHbIE AMOPHOHBI C JeQHUIUTOM HOpaJape-
HaJIMHa MOTYT OBITh CHACEeHbI IyTeM KOPMJICHHS
CaMOK TIpeANIECTBeHHUKAMH HOpPaJpeHalINHa, Ta-
kuMu Kak D,L tpeo-3,4 qurunpokcudeHnincepuHom
(DOPS), KOTOpBIi HEMOCPEACTBEHHO ITpEeBpallacT-
¢ B HopampeHanmwH moj aerictBueM AADC [63].
Saito n xomnern o6Hapyxwm, uto DOPS, koTopsiM
KOPMHIJIM OEPEeMEHHBIX T'eTePO3UTOTHBIX CaMOK
Tdg, cmor wactnyHO criacti 7dg null >MOpHOHOB,
MIPOJITUB WX BBDKWUBaHUE 10 14,5 meHb mocie cou-
tus (n.a.c.) [58]. YacTuuHOe criaceHue ¢ TIOMOIIBIO
DOPS npenmosaraet, 9To JIeTaTbHOCTh SMOPHOHOB
mytanta TDG nuie 4acTHYHO 00yCIOBJICHA CHH-
YKCHHEM yPOBHS HOPAJIpCHAIMHA.

Yuacmue 6 pezynayuu mpanckpunyuu, nocm-
mpancaayuonnon moougpuxayuu TDG denkamu
CBP/p300, SUMO u PKC

TDG conepkuT BBICOKO KOHCEPBATUBHBIH ICH-
TPaJbHBIA TJIMKO3WUJIA3HBIA JIOMEH, (DIaHKUPOBAaH-
HBIH pacXOSAITUMUCS aMHUHO- U KapOOKCH-KOHIIe-
BbIMH oOnactsMu [64]. AMHHOKOHIIEBast 001acTh
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TDG MIJIEKOMUTAIONIUX COJNEPKUT THAPODUIHHYIO
mu3uH-0oratyro obmacts (ocratku 70-118), xoTo-
pas aneruiupyercs CREB-cBsi3biBarommm 0€aKom
(CBP) u p300 (CBP/p300), a xapOOKCHKOHLIEBas
obnacte MoamduIUpyeTcs MyTeM KOBAJIEHTHOTO
MPUCOCAMHEHHUS MaJoro YOMKBUTHH-1IOI00HOTO
monupukaropuoro (SUMO) Oenka [65]. Awmu-
HOKOHIIEBass 0O0JIaCTh HEOOXOAMMa JIJIsi HEeCIell-
npunyeckux B3aumoneicteuit ¢ JIHK, a Taxke mis
TUIOTHOTO CBSI3bIBAHUS C a0a3UCHBIMU CalTaMH H
00paboTku HenpaBWIbHBIX Tap G:T [64-67]. ITnoT-
Hoe cBs3biBanre TDG ¢ aba3ucHBIM caiiToM Tociie
9KCIIM3UM OCHOBAHUS NpeAoTBpaaeT ooopot dep-
MEHTa, TeM CaMBIM OTrpaHudHBas d(PPEKTHUBHOCTH
00paboTKN HENMPaBUIIBHBIX ap [66].

CBP/p300 u TDG ob6pazytor ¢ AHK in vitro
TPOWYHBIE KOMITIEKCHI, KOTOPBIE COXPAHSIOT CIIO-
COOHOCTh K 9KCIU3UHM OCHOBaHHMU W aleTHIINPOBa-
HUIO THCTOHOB, YTO TIO3BOJISIET MIPEIITOIOKUTH, YTO
npusicueane CBP/p300 in vivo mMoxer croco0-
CTBOBaTh PEMOJICITMPOBAHUIO XPOMAaTHHA B MeECTe
penapauu [12]. Kpome Toro, TDG crumynupyet
CBP-3aBUCHUMYI0 TPAaHCKPUIILUIO 34 CUET IPHUCY-
meit emy SUMO-cBsi3pIBaromie akTuBHOCTH [12].
KoBanentnas konproramuss SUMO ¢ kapOokcu-
KOHIIEBBIM OCTATKOM JH3WHA 3(H(HEKTHBHO OTME-
uset ces3piBanue ¢ JJHK u accommaruio ¢ CBP, a
aleTIIINPOBAHUE aMHUHOKOHIICBOWH OOJIACTH MOXKET
peryIMpoBaTh B3aMMOCHCTBHE C BCIIOMOTATEIb-
HeiMH (akTopamu [12,66,67]. CooOrianock, 4ToO
anetrupoBanue CBP/300 Biwsier Ha akTUBHOCTB
¢epmentoB BER (TDG, Polff n suaonykieasza 1)
[12,68,69], 9TO MO3BOJSAET MPEAMOIOKUTH BAKHYIO
pois CBP/300 B koopaunauuu BER.

WccnenoBanmst Um u Op. mokazamu, aro TDG
¢dochopunupyercst B )KUBBIX KieTkax [70], a ana-
i3 in silico BBISBHI HECKOJBKO TPEIIOIaraeMbIX
caiToB ochopraupoBaHUs TMPOoTeHHKHHA30i C
(PKC) a/b/g B aMUHOKOHIIEBOM JIM3HH-00TaTOM pe-
rynsaropHom nomene. PKC npencrasnser co0oii ce-
MelcTBO M3 11 pOICTBEHHBIX CHUTHAJILHBIX OCITKOB
C pa3NIMYHBIM pacrpejeliecHHeM 0 TKaHsIM U Tpe-
OoBaHUSIMU K KO(aKTOpaM, KOTOPHIE Y4acTBYIOT B
Pa3IMYHBIX KIETOYHBIX MPOIeccax, TAKUX Kak Mpo-
mudepanus, anonto3 U auddepeHmanus KiIeTok
[71]. CurnanusupoBanue PKC aktuBupyercs okuc-
JUTEBHBIM CTpeccoM [72], | eCTh T0OKa3aTeIbCTBa
TOT0, uTO Polff 1 OenKu penapaiyu HeCOOTBETCTBH
Msh2 u Msh6 perynupyrotes mocpeactsoM gocgo-
pumupoBanneM PKC [73,74]. B cBomx wmcciemno-
BaHUsAX Mohan u Op. BBISIBUWIN HOBBIH MEXaHU3M
MEPEKPECTHOTO B3aMMOJICHCTBUS MEXKAY OCIKaMu
CBP u PKC, xotopsrii perymupyet ¢pynkiuu JHK
penananuyd HEenpaBUIbHO CHAPEHHBIX OCHOBAHUIA



JI. MaHankeI3sl ¥ Ip.

¢depmentom TDG nocpecTBOM B3aMMOUCKITIOUAIO-
el KOBaJCHTHOW MOAM(PUKAINA aMHHOKOHIIEBOM
obOmactu[73].

[IpumeuvatensHo, yTo aneruiauposanue CBP/
p300 m3bmpatenpbHO oTMeHsieT mporeccuur G:T,
B TO Bpems kak ¢ocopunupoBanne PKC moxer
COXpaHsiTh 3Ty (QyHKUMIO in Vivo, IpeAoTBpalas
CBP-onocpeoBanHoe anetwinpoBanue. Hamum pe-
3yJNbTaThl OKA3bIBAIOT, YTO MTPOTUBOIIOIOKHBIE pe-
ryasitopasie ponn CBP/p300 u PKC moryt nmerts
riryookoe BiugHue Ha ¢yakimn TDG B moanepka-
HUH cTaduIbHOCHTH CpG U AIIMICHETHUECKON pery-
JsUuU B opranusme [75].

WHTepecHo, 4TO U CyMOMJIMPOBAaHUE, U alleTH-
mupoBanue noj jaeiicrBuem CBP/p300 ormensiroT
cesa3biBanue ¢ JJHK u mponeccuHr HenpaBuIbHBIX
nap G:T. OgHako, B OTAHYHE OT CYMOHMIUPOBAHMUS,
KoTopoe MoxeT npoucxoauts Ha JIHK, 6buto mo-
kazaHo, yro CBP-onocpenoBaHHOe aleTHiIMpoOBa-
Hue tpedyer orcoenunenus TDG or JIHK. bomnee
toro, anermwirpoBanuelii TDG (acTDG) coxpansiet
CHOCOOHOCTH 00Pa30BBIBATH CTAOMIIBHBIC KOMILICK-
CblI ¢ a0a3UCHBIMU CaiiTaMH, O YeM CBUICTEIbCTBYET
CTaOWIIbHOE CBSI3bIBAHME, HAOIIOAaeMOe 1ociie 00-
pabotku HempaBuiabHBIX map G:U. MoxHo mpen-
HOJIOXKUTh, YTO ALECTWIMPOBAHHE CIIOCOOCTBYET
OTrpaHUYEHHBIM KOH()OPMAIMOHHBIM H3MEHEHHUSIM
B aMHUHOKOHLICBOW YacTH B OTJIMYHME OT Oojiee 00-
LIMPHBIX W3MEHEHUH, CBSI3aHHBIX C CyMOMJIMPOBA-
HueMm. MHTepecHo, uTo 3aMeHa Tu3nHOB 94, 95 u
98 Ha anmaHMHBI He UMHTUpPOBaa 3P deKT aneTnim-
poBanus Ha cBs3piBanme JIHK, u 3TOT MyTaHT OBLT
ycToiunB K BbITecHeHHI0O APE1 mpu cBs3piBaHUM
¢ aba3uCHBIMU calTaMu. JTH JaHHBIC CBHUJCTENb-
CTBYIOT O TOM, YTO 3TH OCTAaTK{ JIM3MHA UIPAIOT
BaXHYI0 posib B cBsisbiBanuu JIHK u oOpaboTke
HETPaBUIBHBIX Map, a 3QQEKT aleTHINPOBaHUs HE
CBSI3aH C IMOTEpEH MOJOKUTEIBHOrO 3apsijaa. bbuin
NpECTaBICHbl OMOXUMHYECKHE JI0OKa3aTebCTBa
B3aumogeiicteust CBP/p300 u PKC B momymsiunn
JHK-penapupyromux pyukuuit TDG, naBas npen-
CTaBJIEHUE O CIIOKHOM POJIM MOCTTPAHCIAINOHHBIX
MOJU(UKALUN B PEryIALUHN MOJACPKAaHUSI TeHOMA
W ITyTel dKcTpeccuu reHoB. ToT ¢akT, 4To CUTHAIb-
uele mytn CBP/300 nu PKC npeperynupytorcst npu
OHKOTeHe3e[76], MO3BONSICT MNPEANOIOKUTh, YTO
TDG MoxeT ObITh MUIIEHBIO HUCXOJSIINX ITyTeH,
KOTOPBI MOXKET ObITh (PYHKIHOHAIBHO CKOMIIPO-
METHPOBAaH M CHOCOOCTBOBaTb T'€HOMHOW HECTa-
OMIBHOCTH, CBS3aHHOW ¢ pakoM. MHTepecHO, 9TO
HelaBHO ObUIO TokazaHo, uto TDG addexTnBHO
ynanser S-¢propypaumn u3 JHK u urpaer pons B
KJIETOYHOM OTBETE Ha 3TOT LIMPOKO UCIOIb3YEMBbIH
XUMUOTepareBTUIecKuii areHt [75]. MccnenoBanus

Mohan u Op. MOKa3bIBAIOT BO3MOXHOCTh H3MEHE-
wus ¢ynkmuit TDG mo o0paboTke MOBpEXISHUHA
JHK in vivo nmyTtem BO31€HCTBUS HA CUTHAJIbHbBIE
MyTH, KOTOPbIE OIOCPENYyIOT aleTHIUPOBAHUE WU
(hochopumupoBanme 3Toro dpepmenta [67].

Ponv TDG 6 pazeumuu pakoevix 3a00.1€6anuil

Yuactue TDG B curnaine p53 ObUTO OIHUM W3
CaMbIX paHHUX TMPHU3HAKOB Toro, 4ro TDG sBis-
€TCsl MOTEHLUAIBHBIM OIYyXOJEBBIM CYIPECCOPOM.
brino ycranosneno, uro TDG ctumynupyert cursan
p53, KOTOpBIH, B CBOIO OUYEPE/b, PETYIUPYET €ro
coOcTBeHHYt0 dKcpeccuto [77]. Takxke ObUIO ycTa-
HOBJIeHO, 4T0 TDG HEoOXomuM IS SKCIPECCHr
HECKOJIbKHUX T€HOB-CYNPECCOPOB OMYXOJIEH in vitro,
Takux Kak pliink4b, Hicl, Rarf n NrOb2 [78,79].
Heckonpko wuccnenoBaHuil yCIOBHOTO HOKayTa
TDG, npoBeieHHBIX Ha MBIIIAX, TOTBEPIMIN POJIb
TDG kak omyxoneBoro cynpeccopa in vivo [78,80].
B oaHom u3 mccnegoBaHuii ObUIO ITOKa3aHO, YTO
KuieuHo-crernuduueckas noreps TDG y wbliien
ApcMin, Xopomo M3y4eHHOH MOJENTH Hpeapacio-
JIO)KEHHOCTH K OITyXOJISIM, TIPHBEJa K ABYKPATHOMY
YBEITUYCHUIO aJICHOM TOHKOTO Kuineunuka [80].
OTOT (QeHoTun HaOIIOAANCs MPEUMYLIECTBEHHO Y
CaMOK MBIIIEH, YTO MO3BOJISET MPEAIOI0KHUTh, YTO
MOJIOBOW JMMOP(GU3M MOXKET BHOCHTH BKIIaJ B 3a-
OoseBaeMOCTb pakoM B oTBeT Ha norepto TDG. Uc-
0J1b3Yysl HOBYIO MOJIENIb YCIOBHOrO HOKayTa TDG,
comepxarniyro TaMmokcudeH-uHaynuoenpHbii Cre-
ERT2 nna BpemenHoro yaanenuss TDG Bo Bcex
TKausax [78], maboparopus Torchia u Op. mpome-
MOHCTpPUpPOBaJIa, YTO ycioBHOe ymanenue TDG y
B3pocibIX Mblel (7dgeKO) npuBOIUT K pa3BUTHIO
mo3aHeH remaroneutoisapHoi kapuuHoMbl (I'LIK)
u renatobnactomsl (I'B). IHTEepecHO OTMETHTD, YTO
y mblei 7dgeKO nabmoaancs mepekoc B 3a00J1e-
Baemoctu ['IIK mo nmosoBoMy nmpH3HaKy: y caMLOB
MmblmIei 3adoneBaemocts 'K yBennunBanace npu-
MEpHO B 2 pa3a [0 CpaBHEHHIO ¢ camkamu. boiee
TOT0, Y caMIioB MbItiel 7dgcKO Habmoaanoch yBe-
JIMYEHUE Macchl Tella U HEeMepPEeHOCHUMOCTh TJIIOKO-
361 — OOIINE CUMIITOMBI, CBSI3aHHBIE C OKUPEHUEM U
muadeToM 2 Thma, KOTOPBIE SBISIOTCS OCHOBHBIMH
(haxTopamu pucka pazsutus I'LIK [81]. DTromoru-
yecku, noreps romeoctasza XKK siBisercs o0CHOBHBIM
(haxropom pazsutust I'LIK y mermieii u mroneit [82].
CooTBeTCTBEHHO, ¥ caMIoB MbIel 7dgcKO ¢ B03-
pacToM YyBEJIMYMBAETCS COJEPIKAHUE MEUECHOUYHBIX
1 CBIBOPOTOYHBIX kKemdHbIX KucioT (JKK). Ummy-
HOTUCTOXMMUSI TTeueHU Mblteil 7dgcKO mokasana,
YTO OKpamuBaHue S-kapOokcuianuro3uHa (5-caC)
OBLTO OOJIee MHTEHCUBHBIM B CYOTIOMYIISIIUH KIETOK
B TME€YEHU. DTO CBUJETEIHCTBYET O TOM, UTO JEJie-
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s Tdg MoxxeT OJ0KHPOBAaTh aKTUBHOE JIEMETHIIH-
posanne JIHK, uro nmpuBoaut k HakomieHuo 5-caC
B IIEYCHHU B JIOTIOJIHEHUE K TIOTEPE PEKPYTHPOBAHUS
KO-aKTHBaTOPOB U CBA3AHHBIM C 3TUM TPAHCKPHII-
[MOHHBIM TIOCIENCTBHEM. biaromapsi BEICOKOTIPO-
M3BOJUTEIFHOMY  TPAaHCKPUITOMHOMY  aHAJHU3y
reueHu camioB 7dgcKO ¢ mocneayomuM aHalln-
30M oOorarnieHuss HAOOPOB T€HOB, META0OIN3M OBLI
orpesiesieH Kak HauOoJiee TUCPETyIISITOPHBIN MyTh
y wmbime 7dgcKO. YuutbiBasg, 4to (hapHE30U/I-
Helii X-penentop (FXR) sBnsercs riaaBHBIM pery-
JIATOPOM Pa3IMIHBIX METa0OIUYECKHUX TPOIIECCOB,
BKJIIOYasl MeYeHOUHbIH BA M MeTaboiM3M TIroKo-
3bl, BIIOJIHE BEPOSTHO, YTO KOAKTHUBUPYIOIIAS POJIb
TDG B FXR-curnanusanyuu urpaet 3HaUUTEIbHYIO
pOJIb B MOAJEPKaHUM MEUYEHOYHOTO0 TOMEOCTa3a.
[Homobro TdgcKO wmbimaM, y HOKayTHBIX MBIIIEH
Fxr taxxke pazsuBaetcs I'LIK ¢ mo3gaum Havamom
Y TIPOSIBIIAIOTCS CHMITTOMBI, CBSI3aHHBIE C O)KHPEHH-
eM 1 1uabeToM 2 TUIa, BKIIoYasi HeIepeHOCHUMOCTh
[UIFOKO3BI M HAKOTUIEHUE MEPBUYHBIX JKETUHBIX KUC-
10T ¢ Bo3pactoM [47,77]. BaxkHO OTMETUTH, YTO
BHYTPHOPIOLIIMHHOE BBEACHUE MBbIIIAM aroHHCTa
FXR GW4064 BBI36IBAIO OBICTPOE TIPUCOCTUHEHNE
koMmiuiekca FXR, cocrosmero u3 FXR, TDG, nau-
suH-anetunTpancdepassr CBP u TET2 x moamHo-
skecTBy reHoB-muiieHet FXR. B coBokynHoctu
9TH PE3yJIbTaThl IOKA3bIBAIOT, UYTO MOTEPs 7dg npu-
BouT K aucperyisiuuu ocu FXR-SHP B nedenu u
4yT0 y MbImed 7dgcKO HabnroaaeTcs MOBBIIICHHAS
pacmpoctpanernHocTh 'K Ha (oHe moBBITIEHHOTO
YPOBHS CBIBOPOTOYHOTO ¥ BHYTPUIIEUEHOUHOTO BA.
BosnukHoBeHne paka medenu y wmbimei 7dgcKO
OBUTIO YAMBHUTEIHHBIM, YUYUTHIBASI, YTO DKCIIPECCHUS
Tdg sBnsieTcs TIOBCEMECTHOM M PE3KO OTIMYAEeTCS
oT HokayToB TET, KoTOpble MPUBOAAT K IIPEUMY-
LIECTBEHHO '€MOMNOATHUECKUM aHOMAJIUAM U 3JI0Ka-
YECTBEHHBIM OIyXoysiM [47]. B oTnmame ot KpoBeT-
BOPHOH CHCTEMBI, TENaTOIUTHl MPU HOPMaIbHBIX
(U3NOTOTUYECKUX YCIOBUSX, MHTOTHYECKH CIIsi-
IIFie ¥ B OCHOBHOM HaXOJATCS B COCTOSHUH TTOKOS
(G0). DTo Moxker obecreuuTh OOsIee OIaromMpPUsIT-
HyI0 cpeny il Hakoruienus 5-fC/5-caC B meuenu
TdgcKO BO Bpemsi aKTUBHOTO JE€METHIIMPOBAHHUS
JHK, koropoe sBisieTcsl peIuIMKallMOHHO-HE3aBU-
CUMBIM TIPOIIECCOM.

B ominume oT ero omyxoJjemnojaBiISIONUX
CBOWCTB, JiBa MCCIEA0BaHUA Iokaszanu, uro TDG
MOJKET CIIOCOOCTBOBATH OIYXO0JIEBOMY T'€HE3y U MO-
JKET OBITh MOTEHINATBHON MHUIIEHBIO I Teparuu
paka. IlepBoe mccienoBanue nokaszano, uto TDG
CBEPXIKCIPECCUPYETCST B MOJATPYMIE IalMeHTOB
¢ komopekTabHEIM pakoM (KPP)[80]. TDG neii-
CTBYET KaK MO3UTHUBHBII PETyNIATOp CUTHAIU3ALNUN
WNT, byHKIHOHHPYS B KadecTBE adalTePHOTO
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Oenmka Juist TpaHCKpunnuoHHoro (akropa TCF4
u pexpytupyss CBP/300. Bonee toro, craOuibHas
tparchexnust TDG shRNA B HeckoiabKo KiIeTOY-
uveix nuHuid CRC monasisiia pocT KiIeToK. BaxkHo
OTMETHUTh, YTO CTAOWIIHHBIN HOKAAayH dg CHMXKaeT
cnoco6oHocTh Kinetok CRC 00pa3oBbIBaTh OMyXxonu
B KCEHOTPAHCIUTAHTAI[MOHHBIX aHAIN3aX, 4YTO IO-
3BOJISIET MPEANON0KHTh, uTo TDG Heobxomum s
nponudeparnmu kietok CRC in vivo. HenaBHo Ha
MOJIEJIH KJIETOYHOW JIMHUU MENaHOMBI OBIJIO TIOKa-
3aHO0, 4TO0 uMHakTuBauus TDG BBI3BIBAET OCTAHOB-
Ky KJIETOYHOTO ITMKJIAa W CTapeHHe, a TaKkKe yBe-
nuyenne mertunupoBanus JIHK B moamuHokecTBe
CpG-caiitoB[48]. Kpome Toro, Ob1J10 TOKa3aHO, 9TO
HOKJayH 71dg momaBisieT oOpa3oBaHHE OIyXOJei
KJICTOYHBIX JIMHUH MEIaHOMBI B KCEHOTpaHCIJIaH-
TAIlMOHHBIX MOJIENSIX, YTO TO3BOJSET TMPEAIIONO-
JKUTh, YTO aKTUBHOCTh TDG sIBNIsI€TCA KPUTHUECKOU
JUTSI BOSHUKHOBEHHUSI W/WIIM TIPOTPECCUH OITyXOJIH.
Hcnonb3yst BBICOKOMPOU3BOAUTEIBHBIA CKPUHUH-
TOBBIM aHAJIN3, 3aBUCSIINN OT KaTaTUTUUYECKOU aK-
tuBHOCTH TDG, aBTOPHI OMpEAETIIIN HHTUOUTOPHI
TDG nepBoro noxojaeHus, KOTOPbIE CHUKAIH JKH3-
HECTOCOOHOCTh M KJIOHOTEHHYIO CIIOCOOHOCTH JIH-
HUN METaHOMBI.

Ha ceronnsiimnauil IeHb TOMO3UTOTHBIE My TallMU
y OOJBHBIX PaKOM HE BBISBJICHBI. | eTepo3uroTHas
MHUCCeHC-MyTanust B 7dg, cBS3aHHAs CO CHIDKCHH-
em ypoBHs Oenka TDG, Oblia BbIABIIEHA MPHU pakKe
npsmoit kumku [50]. V nmromeil HECKOJIBKO OJHO-
HYKJIEOTHIHBIX moiuMmopdusmoB (SNPs) B rene
Tdg ObTH CBSI3aHBI C TOBBIMIEHHBIM PUCKOM pa3-
Butus paka. Hanpumep, SNP rs4135054 cBszan ¢
TUIOCKOKJIETOYHOH KapiimHoMoit mumeBoaa (ESCC)
[51]. KpoMe TOr0, HECHHOHMMHYHBIN KOIUPYIOIINMA
SNP 152888805 (myrtanus V367M) U WHTPOHHBIHN
SNP rs4135150 cBsi3aHbBI C MOBBIIIEHHBIM PUCKOM
pa3BuTus HemenaHOMHOTO paka koxu (NMSC) u
JIpyTHX BHIIOB paka [52]. B Oonee mo3aHem uccie-
JIOBaHUM OBLIO YCTAHOBJIEHO, YTO JiBa Ipyrux SNP
(rs4135113 u rs1866074) cBs3aHBI C TTOBBIIICHHBIM
PHUCKOM pa3BUTHA KOJIOpEKTalIbHOro paka [53]. I'e-
HoTu AA SNP rs4135113 yBenmmuuBanm puck pas-
BUTHSI paka TOJICTOM Kumiku Oosiee yeM B 3,6 pasa,
TOTJ]a KaK MMHOPHBIH ajienb A yBeIHYHBal PUCK B
1,6 paza. B COBOKYITHOCTH 3T JaHHbIE CBUACTEIb-
CTBYIOT O TOM, 4yT0 TDG o0nagaer kak omyxosnermno-
JTABJISIFOIIAMHA 1 OHKOT€HHBIMU CBOWCTBAMH B 3aBH-
CHMOCTH OT THUIIa paKa.

3akJil0ueHue
TDG BbITIONHSAET KIIFO4YEBHIE (PYHKIIMHA B pera-

pauuu [IHK, nemermnuposanuu JIHK u B kauecTse
KOAKTHBATOpa TPAHCKPHUIINHU. ITH (QYHKINH TIepe-
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KPBIBAIOTCA B PETYJIALIMH T€HOB Yepe3 acCOoLUalluu
C pa3jIUMYHbIMU B3aUMOJICHCTBYIOIIMMU IapTHEPA-
Mmu. Taxxe ObUTO TIPOJAEMOHCTPUPOBaHO, uTo TDG
oOnamaer abeppaHTHOH aKTUBHOCTHIO, KOTOPOE
MOXET MPUBOJUTH K MYTALUSIM B ONPEIEICHHBIX
koHTekcTax mnocienoarenbHocTu JIHK. HenaBuue
WCCIICJIOBAaHUS YCIIOBHOTO HOKayTa 7dg pOIeMOH-
cTpupoBaiu poiab TDG kak OIyXoieBOro cymnpec-
copa in vivo U Kak IIPOMOTOpa OILyXOJIU B HEKO-
TOPBIX KOHTEKCTaX, MOAYEPKUBAS BaKHOCTb POJIU
TDG B momaepxaHUU HOPMAJILHOTO KJICTOYHOTO
romeocrtasa. Bce 3tu Habm0ieHNE TOBOPAT O TOM,
YTO OTHOCHUTENbHAsI BaXKHOCTH TDG B pa3nuyHbIX

KJICTOYHBIX TIPOIIECCaX, OMUCAHHBIX BBINIC, OYIeT
OTIpeJIeiICHa, W 3TH 3HAHUSA, B Tape C MCIOIh30Ba-
HUEM CHCTEM JKUBOTHBIX JIJISi BOCCO3AaHUs (HU3HO-
MaTOJIOTMUYECKUX MEXaHU3MOB U MOJCIUPOBAHUS
3a00/IeBaHUIl YeIOBEKa, TO3BOJISIT BBHISBUTH IYTH
JiedeHust 3a00JIeBaHU#, CBI3aHHBIX C (PYHKIIMOHATb-
Hoii 3HaunMocTei0 TDG.

DuHAHCUPOBaHHE
Ota pabora Oplna mpoduHaHCHpOoBaHA MUHH-

cTepcTBOM oOpa3oBaHus U Hayku PecryOnmku Ka-
3axcTaH, rpanT NeAP13067762.
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OBb30P POAA TULIPA L. ®AOPBI UEHTPAABHOTO
N CEBEPHOTO KA3AXCTAHA

B aaHHOM 0630pe NMpUBOAMTCS M3YUeHHOCTb posa Tulipa L. caopbl LleHTpaabHoro n CesepHoro
KazaxcraHa, BKAlOYas WCCAEAOBaHMS KAacCUMKaALMM poAQ U CUCTEMATUUYECKOM  MOAOXKEHWUM
HEKOTOPbIX BUAOB BHYTpU poaa Tulipa. MiccaepoBaHMs MOKasaAu, UTo Mo mMepe yrayBbAeHus 3HaHWI Nno
MOPOAOTMU, LUTOAOTUM 1 SIMOPUOAOT MU BHOCUAMCh M3MEHEHMSI B COCTaB POAOB noacemenctsa Lilioi-
deae 1 npeaAaraAMcb M3MeHEeHUs B NMOCTpoeHre cucTembl cemenctsa Liliaceae. B pabote npeacrasaeH
KoHcnekT poaa Tulipa LleHTpaabHoro 1 CeBepHoro KasaxcraHa Ha OCHOBaHUM AUTEPATYPHbIX AAHHbIX.
B KOHcnekTe AAS KaXXAOro BMAQ MPUBOAMTCS PACMpPOCTPaHeHMe Mo (PAOPUCTUUYECKMM paioHam
KazaxcraHa, 3koAormyeckas npuypoyveHHOCTb, CBEAEHMS MO MHTPOAYKUMOHHBIM MCCAEAOBAHMSM
TIOABMAHOB W OXPaHHbIA CTaTyC BMAOB corAacHo KpacHon Khurn KasaxcraHna. o pesyabTaTam
aQHaAM3a AMTEpaTYPHbIX MCTOYHWMKOB, B MCCAEAYEMOM PErnMoHe Npom3pacTtaloT 9 BUMAOB TIOAbMAHOB.
BbisiBAeHbI (hbAOpUCTMYECKME paifOHbl, B KOTOPbIX, HECMOTPS Ha HaAMuMe CBEAEHWIA O MPUCYTCTBUM
U3y4aemblX BUAOB Ha MX TEPPUTOPUM, repOapHblii MaTepraA OTCYTCTBYeT. PasHoo6pasne TIOAbMAHOB
LlentpaabHoro n CeepHoro KasaxcraHa COCTaBASIOT KaK Y3KO3HAEMUUHble, Tak M GoAee LIMPOKO
pacnpocTpaHeHHble BUAbI. [1peACTaBAeHHbINM COCTaB U3 9-TU BUAOB NpeAcTaBuTeAeit poaa Tulipa L., u
3KOAOro-reorpauueckme 0Co6eHHOCTH BCTPEUAIOLLMXCS B MPEAEAAX AQHHOW TEPPUTOPUM B TON UAM
MHOWM CTeneHn NMOATBEPXKAQAIOT ee 3KOTOHHbIN XapakTep.

KaoueBble croBa: Tulipa, Liliaceae, CeBepHblit 1 LleHTpaAbHbi KasaxcraH, BUA.
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Review of the genus Tulipa L. in the flora
of Central and Northern Kazakhstan

In this review, the investigation of the genus Tulipa L. in the flora of Central and Northern Kazakh-
stan is presented, including research on the classification of the genus and the systematic position of
some species within the genus Tulipa. The research has shown that as knowledge of morphology, cytol-
ogy, and embryology deepened, changes were made to the composition of genera within the subfamily
Lilioideae, and proposals were made for alterations to the structure of the family Liliaceae. The work
presents a synopsis of the genus Tulipa in Central and Northern Kazakhstan based on literary data. The
synopsis includes distribution information of each species across the floristic regions of Kazakhstan,
ecological preferences, details on tulip introduction studies, and the conservation status of the species
according to the Red Book of Kazakhstan. According to the analysis of literary sources, nine species of
tulips are found in the investigated region. Floristic regions have been identified where, despite informa-
tion about the presence of these studied species within their territories, herbarium specimens are lacking.
The diversity of tulips in Central and Northern Kazakhstan comprises both narrowly endemic and more
widely distributed species. The presented composition of nine species of the genus Tulipa L. exhibits
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various ecological and geographical characteristics within this territory, confirming its ecotonal nature
to some extent.
Key words: Tulipa, Liliaceae, Northern and Central Kazakhstan, species.
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Opranbik, xaHe CoatycTik KazakcraH dpaopacbiHAAFbI
Tulipa L. TybICbIHa LLIOAY

Ocbl woayaa OpTanbik, xeHe CoaTycTik KasakcraH paopacbiHaarbl Tulipa L. TybICbIHbIH 3€pTTeAYi,
COHbIH, iWiHAe Tulipa TybICbIHbIH, iLiHAETT Kernbip TYPAEPAIH SKIKTEAYI MEH XKYMEAI OpHAAACybIH 3epTTey
KeATIpiAreH. 3epTreyAep KOPCETKEHAEN, MOPQOAOIUs, LMTOAOTUS >KOHE 3MOPUMOAOITap TypaAbl
6inimaep TepeHaereH caiibiH Lilioideae TykbiIMAAC TapMarbiHbIH TybIC KypamMbiHa ©3repicTep eHrisiain,
Liliaceae TyKpIMAACBIHbIH >XYMEeCiH KypyAa GipHelle e3repictep ycbiHbiAFaH. XXymbicTa OpTaAbIk, )KoHe
ConTycrik KasakcraHaarbl Tulipa L. TybICbIHbIH KOHCMEKTICI 9Ae6MeTTep AepeKTepi HeriziHae 6epiAreH.
KoHcnekTiae op Typre, KasakcTaHHbIH (DAOPUCTMKAABIK, ariMaKTapblHAQ TapaAybl, 3KOAOTUSABIK,
wekTeyi, Kbi3FarAaKTapAblH MHTPOAYKUMSABLIK, 3epTTeyAepi >koHe KasakcrtaHnHbiH Kbi3biA KiTabbl
GOVbIHLLIA TYPAEPAIH CaKTaAY >KaF Aarbl TYPaAbl MOAIMETTED KEATIpiAreH. DAeOM AePEKKO3AEPAT TaAAAY
HeTMXKeciHAe 3epTTeAin oTbipraH OpTaablk aHe COATYCTiK KasakcTaH ariMakTapbliHAQ KbI3FAaAAAKTbIH,
9 Typi eceai. 3epTTeAeTiH TYpPAEpAIH OAApPAbIH ayMarbiHAQ GOAYbI TypaAbl MOAIMETTEPAIH GOAYbIHA
KapamacTaH, repbapui mMatepuasbl XOK, (DAOPUCTUKAABIK, ayAaHAQP aHbIKTaAAbl. OpTaAblK, >keHe
CoaTycTik KazakcraHAarbl Kbl3FaAAAKTapAbIH aAyaH TYPAIAIr Tap SHAEMMKAAbIK, X8He OAaH Aa KeH,
TapaAraH TypAepAeH Typaabl. Tulipa L. Tybic eKiAAepiHiH 9 TYpiHiH YCbIHbIAFAH Kypambl >K8He OChbl
ayMaKTapAa Ke3AECETiH 3KOAOTUSAbIK-TeorpausAbIK, epekLIeAikTepi OHbIH 3KOTOHAbBIK, cunaTbiH 6ip

ADPEXEAE pacTarAbl.

Ty#in cesaep: Tulipa, Liliaceae, CoaTycTik >kaHe OpTaabik, KasakcraH, Typ.

BBenenue

[Ipobnema oxpaHbl OKpyKaloUlel Cpeabl SBIs-
€TCsl OJHMM W3 BaKHBIX HANPaBICHUW COBpPEMEH-
HOTO pa3BUTHA o0mecTtBa. Oco0yi0 3HAYMMOCTH B
9TOM OTHOILEHHHU NMPHOOPETAIOT TEPPUTOPUH, KOTO-
pBI€ CUUTAFOTCSI IPUOPUTETHBIME B c(hepe N3ydeHUs
Y COXpaHEHHUs OMOTHI, U B TIEPBYIO OUYEPEIb ITO Ka-
CaeTcsl peIKUX U UCUYE3arOIINX BUIOB PACTCHHH.

TronbpIaHbl OTHU W3 JIPEBHHUX PACTEHUH, BO3-
aukmme 6onee 10-20 mwr. met Hazaxa. Ilpemcras-
JICHHE O TIOJIbIIaHAX MHOTHE CBSI3BIBAIOT C | oJutaH-
mueit. CerojHsi, MUJLTHOHBI JTYKOBHUI[ KYJIbTYPHBIX
COPTOB W Cpe3aHHbIE IBETHI U MapagHbIX OyKe-
TOB PacXoJsATcs MMEHHO U3 9TOH CTPaHbI 10 BCEMY
Mupy. MHOTHE CYMTAOT, YTO BCE-TAKH HACTOSIIICH
poauHo# TroJibIaHOB siByisieTcst Kazaxcran. ['opHbie
paiioHbl U MycThIHHBIE TeppuTopuu Kazaxcrana n
CpenHell A3uM IpH3HAHBI LEHTPOM BO3HUKHOBE-
HUS TIOJBITAHOB M CAMBIMHU OOTaTHIMH 10 BHIOBO-
My pazHooOpasuio [1]. /o cux mop MHOTHE YYEHbIC
3aTPYIHSIOTCS YCTAaHOBHUTH, KaKHE BH[IBI SBIISIIHCH
MpeKaMyd TUKOPACTYIINX TIOJIBITAHOB, BO3MOXKHO
sto Obim TrONMBIAHBI Lpenka (Tulipa schrenkii) n
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I'ecuepa (Tulipa gesneriana), pacmpocTpaHEHHBIE
B Mauoit u Cpenneii Azun [2]. W3ydenuro pojaa
Tulipa L. u Bcero cemetictBa Liliaceae nmocBsaTumm
1enas miesiia Kak 3apyO0eKHbIX, TaK U OTEUECTBEH-
HBIX HCCIIeioBaTeIeld, © OHO HOCHJIO TepHOANYEC-
ckuil xapakTep. Kaxaslil nccnenoBarenb B 3TOH 00-
JIACTH B CBOMX cOOpax WMeN psAJ MpecTaBuTeNeit
3TOTO OJHOT0 W3 CaMOTO PacIpOCTPAHEHHOTO Ce-
MeHCTBa (IIOPHI, a UX UCCIEAOBAHUS HOCHIIH JIUIIb
o0muii xapakrep. YdeHble B 00JacTH OOTaHUKH,
nzyuasiue (GIopy HOBBIX Tepputopuii Kazaxcrana,
a TaK)Ke OIMCHIBABIIUE OT/ACIbHBIE TAKCOHOMUYE-
CKH€ €TMHHIIBI, BHOCHJIM HOBYIO JIEITY B H3YUCHHE
cemeiictBa Liliaceae pecryOnauku. B mocneanue
JECATUIICTHSI TIPOSBISieTCsl OONBLION MHTEpeC pas-
HOTO HaIlpaBJICHUS B M3y4eHHUE BUAOB poaa Tulipa,
B OCOOCHHOCTH OMOMOP(OJIOTHH, MOMYJISIIHOHHON
9KOJIOTUU ¥ MOJICKYJISIPHOU T€HETHKH.

B cB3M ¢ yHHYTOKEHHEM €CTECTBEHHBIX
pacCTHTENBHBIX  COOOIIECTB,  CEHOKOLICHHEM,
nepeBbIacoM, cOOPOM  BBICOKOAEKOPATHBHBIX
pacTeHul ¢ IeNbio MPOJAKU MPECTAaBUTEIH JaH-
HOro ceMeicTBa OBICTPO BBHINAJIAIOT U3 COCTaBa
LEHOMOMYJISALUH.



C.K. Myxry0aeBa u jap.

B Hacrosiee BpeMst 1O JIMTEpaTypHBIM CBEJie-
HUSIM M TepOapHbBIM MaTepuajaM Ha TEPPUTOPUH
Lentpansnoro u CeBepHoro KaszaxcraHa BbIfB-
neno 9 BunoB Tulipa: Tulipa biflora Pall., Tulipa
biebersteiniana Schult. et Schult.. T. patens Agardh.
ex Schult., 7. schrenkii Legel., Tulipa borszczowii
Regel, Tulipa alberti Regel, Tulipa altaica Pall. ex
Spreng., T. turgaica Perezhogin u T. auliekolica
Perezhogin. BonbIIMHCTBO BUOB OTHOCSITCS K YHC-
JIy OXpaHsieMbIX pacCTeHUI BO MHOTHX pernonax Ka-
3axcraHa u Bouwu B KpacHyro kuury Kaszaxcrana
[3], ¢ kateropueit penxoctu II u 111 — «peaxuii Bum».
B aT001 cBsI3M yriayOneHue 3HaHWK MO HKOJOTHU U
Omoyorny BechMa akTyaJbHO ISl pa3pabOTKU Mep
0 UX OXpaHe U JAJIbHEHIIIeMYy COXPaHEeHHUIO.

MeToabl 1 MaTePUAJIBI

OOBEKTOM HCCIIEAOBAHMS SBISIOTCSI BUJIBI PO/
Tulipa L., nmpouspactaromue Ha tepputopun Ce-
BepHoro u LlenTtpansHoro Kazaxcrana. beumn uc-
MOJIL30BaHbl (hyHIIAMEHTAIbHBIC (IIOPUCTUICCKUE
cBoaku: «Dopa Kazaxcranay [4], «Onpenennrens
pacrennit Cpenneit Asun u Kazaxcrana» [5] u apy-
rue. 1o n3yueHnto AMKOpacTyIuX TIOJIBIIAHOB MC-
MOJIb30BAIMCH OCHOBHBIE PaOOTHI OTEUECTBEHHBIX
y4eHbIX Takux aBTopoB Kak: M.C. Baiirenona [6],
A.A. Usamenko [7-9], FO.B. Ilepexxoruna [10], a
Takke maHHble caira «lLrantapuym» [11].

HWcnonws3oBanuck repbapubie Gpouasl Kazaxcra-
Ha: (AA) UHcTuTyTa GOTAaHUKHA U (DUTOMHTPOIYK-
iy (1. AmMatsel), (NUR) AcrarrHCKOTO OOTaHMYe-
ckoro cana (r. Actana).

Pe3yabTaThl M 00Cy:KI€HHE

Pon Tulipa L. — onun U3 KPYIHBIX POJIOB B Ce-
MeticTBe Liliaceae, IO CBEICHUAM Pa3IMIHBIX aBTO-
pos, coctapisier 100—160 Bumos. Haubonee nexo-
paTuBHbIe — 66 BUIOB PACIPOCTPAHEHBI B TOPHBIX
paiionax Kazaxcrana u Cpenneit A3uu, 48 BUJI0B U3
HUX COCTaBIIAIOT dHAeMH4HbIe. M3 aToro cinexyer,
YTO 3/1€Ch HAXOAUTCA OJMH M3 LIEHTPOB BHJIOBOIO
pasHooOpasms poja TIONBIAHOB [2]. Apean pona
MMEET OTPOMHYIO MPOTSKEHHOCTh C 3arajia Ha BOC-
TOK — ot [lopTyranuu u ceBepHbIX palioHOB Adpu-
KM, MPOXOJIUT YEPE3 BECh €BPA3UUCKUNA KOHTUHEHT
IO FOKHBIX OCTpOBOB Amnonuu [14].

TeppuTtopus pacnpocTpaHeHHs TIOIBIIAHOB MOY-
TH COBIIQJIa€T C TPAHUIAMH JBYX (DIIOPUCTHIECKUX
obnacreit — cpeanzemHomopckoii u Mpano-Typan-
CKOMH, a TakKke BKJIIOYAET OKHbIC paiioHbl [upkym-
OopealTbHON M I0T0-BOCTOYHBIC pailoHBI BocTodHO-
Asmnarckoit propuctuueckux odnacrei [13].

[Io MecTOOOMTAaHUIO TIOJIBIAHBI TPUYPOUYCHBI
MIPENMYIIECTBEHHO K pailoHaM C KapKUM U CYXHM
JIETOM, OTHOCHUTENILHO XOJIOJHOM 3MMOM M HEOOIE-
LIMM KOJIMYECTBOM OCa/IKOB BECHOU M OceHblo. Bee
TIOJIBIIAHEI SIBIIAIOTCS BECEHHUMH d(eMEepOHIaMHu.

Wzyuenuem tronenanoB Cpenneit Asum u Ka-
3aXCTaHa 3aHUMAJIUCh C JaBHUX BPEMEH, U B HACTO-
sIee BpeMs HACUUTHIBASTCS 3HAUUTEIIHHOE KOIHYe-
CTBO pabOT KaK HHOCTPAHHOM, TaK ¥ OT€YE€CTBEHHON
JTUTEPAType, MOCBSILIECHHBIX Pa3JIMYHBIM BOIPOCaM
OMOJIOTHH, CHUCTEMATHKH, TE€HETHKH, CENEeKIHUU W
KyJBTYPBI 3TOTO pOJa.

[To nanneiM A.A. VBamenko [9]: «HayuHoe u3-
y4eHHE JUKOPACTYIINX Ka3aXCTaHCKUX TIOJIBIIAHOB
ObUI0 HayaTo TOJNBKO B KoHIE XVIII cromerusy.
[Teperie repOapubie komtekiuu I1.C. Tlamraca na-
tupytorcst 1741 r. Ho Hanbonee akTHBHO M3ydeHU-
€M TIOJIBIIaHOB, BKIIOYasi HHTPOAYKIIMOHHBIE U Ce-
JIEKIIMOHHBIE ACHEKThl UCCIIEAOBAaHUN, 3aHUMAJINCh
B COBETCKHI NIEPUO/I.

B nocrcoBeTckuii nepuoj U3y4eHUEM THOJIbIIA-
Hamu 3aHuMmanuce lapunos A.X. u IIparos V.II.,
W3TIOKUBIINE PE3yNbTAaThl CBOMX HCCIIEIOBAHUM
B MoHorpaduu «Tronpnans [14]. B 2006 r. npu
y4acTHH 3THUX aBTOPOB, a Takxke Amrypmerosa O.A.
n ToxwubaeBa K.II. Obpi1 WM3maH HaydHBIA TPYA
«Tronpmans! 3anagaoro Tsab-Ilansy [15].

[lepByto xe cucremy pona Tulipa npemioxuI
E. Regel [16]. Bce nzBectHbIe B Ty TIOpY BUIHI (26)
OH pa3JIeWI Ha JIBe Irpynsl. BHyTpu nepBoii rpyr-
bl OH BBIJEISET YeThIpe MoArpynmsl: 1) mo ¢op-
M€ JINCTOYKOB OKOJIOIBETHHKA; 2) OMYIICHHOCTH
[IBETOHOKKH U TIOJIOKCHHIO IIBETKA; 3) OKaiimiie-
HUIO JIUCTHEB; 4) OMYUICHUIO JIYKOBUYHBIX YCIIyH.
IToznHee 31y cucreMy ycoBepiuieHCTBOBad bekkep
[17]. On cTtanm menauTh TIOABIAHBI Ha JBA MOAPOAA
(Eutulipe u Orithyia) o crenenu pa3BUTHs CTOIOU-
ka. [lepserii moapox Eutulipe mompazaensercs um
Ha 1Tk cexuuid. [To3xe byacbe BHeC peayioKeHus
o knaccuukanuu pona [ 18], koTopsli pactpese-
JIVIT BUZBI HA TPH CEKITNH.

O0pabotky pona s «Doper Kazaxcranay [4]
ocymectBmia A.A. JImutpueBa. M nannas kiaccu-
(hukanus JUKOPACTYIIMX TIOJBIIAHOB JIO HACTOS-
IIETO BPEMEHHU He yTpaTuia CBoero 3HaueHus. s
Hentpansaoro n CesepHoro Kazaxcrana eto oTme-
YaroTcsi 7 BUIOB TIOJIBIIAHOB.

Pon Tulipa L., cormacHo kinaccupukanuu
N.A. Beenenckoro [19] nenutcs Ha MIECTh CEKIUIA:
Tulipanum, Tulipa, Spiranthera, Lophophyllon.
Eriostemones, Orithyia. YacTh CHCTEMaTHKOB Ha
3anaze npunepxusaercs knaccupukamun L. Xon-
ma [20], coryiacHO KOTOPOW TIOJBIIAHBI, BCTpEUa-
IolIecs B HCCIEIyeMOM pEeruoHe pas3jelieHbl Ha
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00630p pona Tulipa L. pnoper Liearpansroro u CeBeproro Kazaxcrana

nBa nonpona: Eriostemones ¢ TpeMs CEKUHSMHU U
Leiostemones ¢ ISATHIO CEKIUSAMHU, a TAKKE 100aBOY-
HBIH MO/Ipa3fiesl ¢ OJIMHOYHBIMU BUIAMH, HE BXOJIS-
LIMMU HU B OJIHY U3 3TUX ceKuuil. BBegenckuit A.1.
onucan ¢ teppuropun Kazaxcrana 6 BHUIOB THOJIb-
MaHOB U CUUTAET, 4To Kiaccudukamys pona Tulipa
L. 3arpynHeHa B CBS3M C JaBHOCTBHIO BBEJICHUS €TO
NpEACTABUTENIEH B KYJIbTypy M UX MNOCIEAYOLIEH
CEJICKLMH, COINPOBOXKIABLICICS HaTypalIn3anueit
MOCIEAHUX ¥ 3HAYUTEIHHOW MOJIUMOP(HHOCTHIO
TrOJIbIIaHOB [19].

B.1M. TammeB [21] cumraer, YTto Tpymnmna
Silvestris cexiuu Eriostemones Bo3uukin B LleH-
TpaJIbHbIA A3HMM, U MPOU3PACTAIOIINE HA HCCIEHY-
emoii Teppuropun BunoB (Tulipa biflora v Tulipa
bibesteiniana) oH Bunen nse BetBu — Bifloraeformes
u Silvestriformes, M yCTaHOBWJ TPOMEKYTOYHBIE
THUIIBI BUJIOB.

ABTOpBHl eaMHBl BO MHEHWH, uTo Tulipa
bibesteiniana w Tulipa biflora oTHOCSATCS K CEK-
uuu Eriostemones (Bois) Engl., Tulipa gesneriana
(Tulipa schrenkii) — x cexuun Tulipa [19-23). B To
YK€ BpeMs BOIPOC O TAKCOHOMUYECKOM TIOJIOKEHHUH
u panre BunoB Tulipa bibersteiniana, BHyTPU CEK-
LMW OCTACTCS JIO CUX TIOP CIIOPHBIM.

B Kazaxcrane cekiusi Eriostemones npeacTaB-
nmeHa 18 Bumamu, BKITIOYAsl BHUABI BCTPEUAIOIIHX-
cs Ha ucciexyemoit teppuropun Tulipa biflora n
Tulipa biebersteiniana. Tlpu cpaBHEHHH TIEpPEUHS
BUJIOB M3 PaCCMaTPUBAEMOM CEKIIUH, IPUBEIACHHBIX
. Xomnom u A.M. BBeneHCKUM, BBISBIISCTCS, YTO
B Kazaxcrane mnpomspacTarOT NpenMyIIeCTBEHHO
BUIbI, KoTOphle JI. Xomn otHocut K III moacexkuuu,
umenyemoii Biflorae. Cpenu 00bEKTOB HAILIETO HC-
cienoBaHus K ojaceknnu Biflorae otaocsites Tilipa
biflora Pall. B Kazaxcrane Tulipa biebersteiniana,
Hapsiy C emé JByMs BUJIaMU, OTHOCHUTCS K IIEPBOM
TOJICEKIINN.

B xome nmanbHelfmero  BH000pa3oBaHUA
U paccelieHHss 000COOMJIMCH [JIBE€ MOJCEKIUU:
1. Silvestriformis, X KOTOpO OTHOCHTCS W HAaIlA
00BekThl uccneaoBanust Tulipa biebersteiniana, n
2. Bifloriformis — Tulipa biflora. lanee, mo MHEHUIO
aBTOpa, BHIBI TIOceKIMU Silvertriformis MUTpUpO-
Bai u3 Asum B EBpomy. Ilo muenunio A.M. Bge-
nenckoro [19], . Xomna [20], M. Kpucrtenxysa u
coaBTopoB [23] Tulipa bibersteiniana IBAAETCS CH-
HouuMoM Tulipa sylverstris subsp. australis.

Bonpoc o Bo3moxkHOcTH BKmoueHus Tulipa
biebersteiniana B coctaB Tulipa sylverstris no Ha-
CTOSIIIIETO BPEMEHHU SIBJISICTCSI CIIOPHBIM [23, 24], aB-
Topel cuntaroT Tulipa biebersteiniana oTneIIbHBIM
BHJIOM, TTIOCKOJIbKY pa3HHUIla Macc TeHOMOB Tulipa
biebersteiniana w Tulipa sylvestris TOCTaTOYHO Be-
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JIMKA, YTO JaeT OCHOBAHWE OTHOCUTH UX K Pa3HBIM
BHJIAM.

W3 uccnenoBaHHbIX B Hallei paboTe BUIOB BO-
POC O BHJIOBOM paHre mnpu3Haercsi 0e3 COMHEHUs
st Tulipa biflora, onucannoro B 1776 r. I1. [1anna-
coM. OfHaKo, TaHHBIA BUJ OY€Hb U3MEHYHB, UMEET
OoJiee 1ecsTH CHHOHMMOB, KOTOPBIE paHee MpHU3Ha-
BaJICh OTACINBHBIMU BHJIaMH. HeoOX0nUMBI aib-
HelfIee rccie0BaHue Mo MOTUMOpP(U3MY JaHHOTO
BH/JI.

[lomHbIe MaHHBIE TIO CpelHEa3WaTCKUM BUAAM
npuBonstcst B MoHorpadun 3.11. boyannesoit [22],
HccIeIoBaBIIe BOIPOCkl MOp(OI0Tur, ONOJIOTHH,
CHUCTEeMATHUKH, KapHUOCHUCTEMATHKH, MPOPOCTAHUS
cemsiH, Mopdorene3a u (HOpMOOOpPaA3OBaHUS O]
BIMSTHUEM BHEIIHMX ycioBuil. Ero e xopomio uc-
ciemoBaHa MOP(QOJIOTHYECKas W3MEHUYUBOCTH H
(hopM00Opa30BaHUE KYJIBTYPHBIX COPTOB THOJIb-
MaHOB M HEKOTOPBIX AMKOPACTYIIMX BHJIOB B yC-
JIOBHSIX MHTPOIYKIIMH. MeHbIlle BHUMaHUS B 3TOM
TUTaHE YJENsI0Ch TMKOPACTYIIIUM BUIaM ITpOu3pac-
TaIOIIKX B €CTECTBEHHBIX YCIOBHX [22, 25, 26]. I1o
Mepe TPHOOpeTEeHUS TIIYOOKHX 3HAHHH 110 MOpdo-
JIOTHH, IIATOJIOTHU ¥ SMOPHOJIOTUH BHOCHIIUCH H3-
MEHEHHS B COCTaB pojioB nozacemeiictsa Lilioideae
W M3MEHEHHs B TMOCTPOEHUE CUCTEMBI CeMeicTBa
Liliaceae [27,28].

[lepBble cnMCKK TO TIOJNBIAHAM 1O 00JACTAM
entpanbaoro u CepepHoro KazaxcraHa Haxoaum
y X. @. Jleccunra [29]. ABtop, oOcienys pacTu-
TEJIBHOCTH Y pasna coBepiml n3 Opcka SKCKypCUH B
MpuJieTalone paioHbl AKTIOOMHCKOTO ye3aa, Io-
CETUB IIpU 3TOM peku bosbmoit u Manstiit Manaiu-
0aii, p. Kaparanne u xonmsl Karannyps. UM naercs
CITUCOK Hamnboliee PeKNX W MHTEPECHBIX BHUJIOB C
TOYHBIM yKa3aHHEM MECTOHAXOXJIEHUH, U3 HUX Ha
nomto LlentpansHoro u CeBepHOrO PErMOHOB MpH-
xoautcs 10 20 pacTeHuM, rje NPpUBOJIATCS U THOJIb-
TIaHBbI.

Lennslii repbapuit Typraiickoil oGmacth, co-
nepkamuii B cede no 400 BumoB, OBIT 00paboTaH
B.A. ®enuenko, u B CBOIHON pabore “PacTeHus
Typraiickoii o0mactu” [30] Brepsbie B criricke 120
BHJIOB pacTeHUU oT™MeueH Tulipa patens niis Teppu-
topun Haypaymckoro 6opa. HeGonbmioit marepuan
no ¢uope, rae B CHUCKE NPUBOASTCS TIOIBIIAHBI
CTETTHOM YacTH 3allOBEeTHUKA COEPIKUTCS B paboTte
C.J. DOpnepr [31].

B 60-¢ rosibl TOTIOTHUTENBHBINH CITUCOK T10 (II0-
pe Haypaymckoro 3amoBenHrKa OBUTA TPUBEIECHBI
I1. T'. Ilyrauéseim. B 1979 on ke mogHuMan mpo-
OJeMbl OXpaHbl PEIKHX BHJIOB PAcTEHHH OCTPOB-
HBIX O0poB Typraiickoif BHaWHBL, TA€ TAKXKE B CITH-
CKe 3HayvaTcs BUJbI TFOJbITaHOB [32-33].



C.K. Myxry0aeBa u jap.

B 70-x rogax B Kazaxcrane m3y4eHueM JIyKO-
BUYHBIX, B TOM YHCJIE TIOJBITAHOB AKTHBHO 3aHUMa-
nmack A.B. IllupokoBa. OCHOBHBIM pe3yJbTaTaMm ee
UCCIIeJIOBaHUH TocBsimeHa cTaThs «Tronbnans Ka-
3aXCTaHa U UX OHOJIOTHYECKHE 0COOCHHOCTHY [34].

B 1986 r. BhIlLIa padora “B mMupe peakux pac-
tenul” M. C. baiiteHoBa [7], rae ykasbBaercs
peKHe U NCYe3arolIne s UCCIEyeMOT0 pernoHa
Bugb TIobnana lpenka u T. buGepireiina. Lien-
HBIC CBEJICHUSI O PACTUTEIIBHOM ITOKPOBE JTAHHOTO
permoHa comepxkutcs B pabdortax JILA. JlemueHKO
[35], H.T. Jlanasa u ap. [36]. B 1998 r. CutnaeBoii
I''T. [37] Obln cocraBieH KoHcmekT ansi Typraii-
CKOM 00acTH, T/Ie OHA MPUBOIUT B CITHUCKE 2 BHIA
TroJIbNIaHOB — T. schrenkiana v Tulipa biflora.

Bonpimoit Bkam B M3ydeHUE PEIKUX U DHJIE-
MHYHBIC TIpeicTaBuTeNelt BuaoB pona Tulipa L. Ka-
3axcTaHa ocymecTBmia A.A. MBamenko. Haubonee
Ba)KHBIE PE3YJIbTAThl HCCIIETOBAHUI N3TIOKEHBI B €€
MoHorpadun «TrompnaHbl U JIpyrHe JTyKOBUYHBIC
pactenus Kazaxcranay [8].

B 2019 r. BBIXOAUT WITIOCTPUPOBAHHAs KHHUTA
«Kazaxcran — PouHa TI0JIb0aHOBY, II€ €10 MPUBO-
mutcsa 42 Buja TionbiaHoB Kasaxcrana, u3 Hux 4
Buna: Tulipa shrenkii, T. patens, T. biebersteiniana
u T. biflora npuBonsarcsa ans Llenrpansaoro u Ce-
BepHoro Kasaxcrana.

B 2013 r. O.B. Ilepexxorun omucan 2 HOBBIX
Buna n3 CemepHoro Kazaxcrana — 7. auliekolica
Perezhogin sp. Nov., omuskuii Bun x 7. biflora n
T. turgaica Perezhogin, 6x1uskwuii k 7. biebersteini-
ana [10].

ITo mocnemunm panabiM A.A. KymnpusHosa,
I'. CynranrasuHa Ha TEPPUTOPHUU BCTPEUAOTCS 7
BHJIOB U3yJaeMoro cemerictna [38].

Pa3nooOpa3ue HalIMX AUKKUX THOJBIIAHOB CEro/I-
Hsl eIlle HEeJIOCTAaTOYHO U3YYEHO, TOJILKO 32 MOCIIEe/-
Hue 10 jeT onucaHbl 5 HOBBIX JJIs1 HAYKU BUJOB Ka-
3aXCTaHCKMMHU U 3apyOSKHBIMU crieripanuctamu. 1
XOTsI BHJIOBYIO CAMOCTOSTEIIBHOCTh HEKOTOPBIX U3
HUX TIPU3HAIOT HE BCE CHCTeMaTHKU. HeT comHeHus
B TOM, 4uTO Kazaxcran 3aHMMaeT epBoe MECTO cpe-
JI1 BCEX JPYTUX CTPaH Mo OOraTrcTBy W pa3HooOpa-
30 TUKOPACTYIIUX TIOJIBITAHOB.

Bosbiioli nccnenoBaTenbcKuii UHTEPEC K Poay
Tulipa L. MOXHO OOBSCHUTH BBIAFOIICHCS JEKO-
PaTHBHOCTBHIO M BHJIOBBIM DPa3HOOOpa3HeM TIOJb-
MAHOB, MIUPOKUM PACIPOCTPAHEHUEM U TIPUHA]-
JISKHOCTRIO K Ta0UTYCy JIYKOBUYHBIX TeO(HTOB.
O0630p nHTEpaTyphl B CHCTEMATHYECKOM TIOJOXKE-
HUU UCCIIEAyEeMbIX BUIOB B poje Tulipa ceMeicTBO
Liliaceae, x KOTOpOMY OTHOCSITCSI OOBEKTHI HAIIIETO
WCCIIEJIOBAaHMUS TIOKa3ajl, YTO MO Mepe YriyOieHus
3HaHUH 110 MOP(OJIOT UM, LIUTOJIOTUU U IMOPHOIIOTH

BHOCHIIUCh M3MEHEHHS B COCTaB POJIOB IOJICEMEHi-
ctBa Lilioideae, a Taxke MpeIaraanch N3MCHEHHS
B ITIOCTPOCHHUE CUCTEMBI ceMmeiicTBa Liliaceae [39].

PaGoter B oOnacTu MOMYJSIUOHHOW OUOIIO-
TUH TIOJIBIIAHOB M3ydalIHuCh (parMeHTamu. Takwue
pabotel Obutn mpoBeneHbl E.A. KoGosepoit [39],
H.U. tlopunoii [40]. OxHoil U3 Ba)KHBIX 3a7a4 SIB-
JSieTCS BBISBJICHUE TIOMYISAIMOHHBIX aJalTallii K
CYIIECTBYIOLIUM IICHOTHYECKUM U 3KOJOTHUCCKUM
YCIIOBHSIM Ha OCHOBE CIOCOOOB CTpaTeTWil BHI-
JKUBAHUSI BHUJOB, CaMOMOJACPKAHUS, BO3PACTHBIX
napaMeTpoB MOMYJISIUN, UX JAUHAMUKA B Pa3jind-
HBIX JKOJIOTO-IICHOTHYECKUX YCIOBUsX. Hauwnnas
¢ 1999 roga KOMIUIEKCHBIE MCCIIE0BaHUs MPOBO-
matest 0.3, MyiabaeBoi, M3ydaBiied B pa3HbBIX
MIPUPOJIHBIX 30HaX [IPpHUBOIKCKON BO3BBIMICHHOCTH
OMOMOP(OJIOTHIO W TOIMYJIAINOHHYIO DKOJIOTHIO
Tulipa biebersteiniana [41]. ABTOPBI POBENH WC-
CIIeIOBaHUS JeMOTrpauIecKord XapaKTEPUCTUKU
LEHOTIONYJISIMA JTaHHOTO BHUIA, HW3MEHYHUBOCTH
KaYeCTBCHHBIX M KOJHYECTBEHHBIX MOpdosornye-
CKUX NMPU3HAKOB M UX CEMEHHYIO MTPOAYKTUBHOCTD.

B 1965 r. T.A. IlomoBa [28] u3y4ana 1eHOIIO-
nyisiuuu  Tulipa patens B BOCTPELOBO-TYKOBHY-
HOMSITIUKOBO-YEPHOIIOJIBIHHBIX COO0O0IIeCTBAX,
KOBBUIKOBBIX M TBIPCOBBIX cTemsix LleHTpansHOTO
Kazaxcrana. B cucremaruke Kpucrenxysa u coas-
TopoB Tulipa patens cunraercs cuHoHUMOM Tulipa
sylvestris [23]. B cucrematuke BaH Paamcion-
ka u ge Ppuza cuutaerca cUHOHUMOM Tulipa
biebersteiniana, a Tulipa alberti oH BKJIIOYaET Kak
cuHonumsl Tulipa vvedenskyi, Tulipa butkovii.
[43]. A 3onueBenpaoM u Kpuctenxys3om u ux co-
aBTOpaMH AT (DOPMBI TPU3HAOTCS MTOTHOIIEHHBIMU
Bunamu [23]. Ban Paamcnonk u ne @pu3 cuutaror
Tulipa altaica v Tulipa kolpakowskiana rereporun-
HbIMH CHHOHMMaMmH. M3 JABYX BHJOB OHHU IpH3HA-
10t Tulipa altaica no npuopurery Ilamnaca. {pyrue
CUCTEMAaTUKHU NPU3HAIOT 00a 3TUX BHJIA.

Tulipa schrenkii m T. suaveolens 30oHHEBEIb-
JIOM OTMEYar0TCs KakK JIBa POJACTBEHHBIX, HO PA3HBIX
BUJIa, TIOCJICIHUN OH OTHOCHT HMCKIIFOUUTEIBHO K
KyJBTYpHBIM copTaM rpynmsl ‘Duc van Tol’, a Ha-
3Bauus Tulipa schrenkii MCKITIOYNUTENHHO K AUKAM
dbopmawm [23].

W3 BBIICONMTUCAHHOTO MOYHO C YBEPEHHOCTBIO
CKa3aTh, YTO TIOJBIIAHBI W3MEHYMBBIC DPACTEHUS,
MOTYT JIETKO MPUCIIOCA0INBATHCS K Pa3HbIM YCIIO-
BHUSIM OOWTaHUsl, MOP(HOJIOTHYECKHE MPU3HAKU WX
BaphUPYIOT B TpejesiaXx BUAa W MOTOMY HE MOTYT
ObITh aOCOJIIOTHBIM KPHUTEPHEM B OIPEACICHUU
Buja. CoBpeMeHHbBIE aBTOPBI OTMEUAIOT YPE3BHI-
JalHyI0 CJIOXKHOCTH CHCTeMaTuku pona Tulipa,
TaK KaK MHOTHE BHJIbI TIOJIBIIAHOB B €CTECTBEHHBIX
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YCIIOBUSIX OOWTAHUS CKPEHIMBAKOTCS W 00pa3yroT
YCTOHYMBBIE MEXBHIIOBBIE THOpHUABL. B paifoHax
COBMECTHOr0 oOWTaHHus 0a30BBIX BHIOB (OpPMHU-
PYIOTCSI KOMIUICKCHI THOPHIHBIX ()OPM C HESICHBIM
TaKCOHOMHYECCKUM TTIOJIOKCHHEM [44].

CeroJiHs B TEKYIIEM III00aTbHOM KOHTPOJIBHOM
cnucke ynomuHaercs 580 BunmoB Tulipa, u3 KOTO-
pbix 104 BxitoueHsl BO BceMUpHBIN KOHTPOJIbHBIN
CIHCOK M30paHHBIX CEeMENCTB pacTeHuil. MHorue
YYEHBbIC CHCTEMATHKH BHUJIBI CETOMHS HJICHTHU(U-
IMPYIOT Ha OCHOBE OOIIENPUHATHIX BUIOBBIX Ha-
3BAHUH cOTJIacHO 30HHEBENBIY [24], a TAKCOHOMU-
YECKUU CTaTyC MepenpoBepstoTcs: o BeemupHomy
KOHTPOJIBHOMY CITUCKY M30paHHBIX CEMEWCTB pac-
TeHuit «Pactenusm mupay [45].

YuuThIBas aKkTyalbHOCTh HW3YYCHHUS THOJIbIIA-
HOB, B HacTosmiee BpeMs B lHcTHTyTEe OOTaHWKH 1
(PUTOUHTPOAYKIIMM BCE aKTHBHEE 3aHHUMAIOTCSI BO-
MIPOCaMH XOPOJOTUHU, SKOJIOTUU U OXPaHbl BUIIOB
pona Tulipa L. B psine HayIHBIX MyOIUKAIINK TAKUX
aBTopoB, kak Koxopesa U.U., Crenuna U.A. [46,
471 oTpaxxeHbl HEKOTOPBIE PE3YJIBTATHI ATUX UCCIIC-
JoBaHUU. M3ydyeHHe peakux 3HIEMHUYHBIX BHUJIOB
TionbranoB Llearpansaoro u CesepHoro Kazaxcra-
Ha SIBJISICTCS TIOTUYHBIM IIPOJOIKEHUEM UCCIIeI0Ba-
HUH 1 HaIlpaBJIeH Ha MOJIy9eHHE HOBBIX JaHHBIX O
9KOJIOTO-TeorpadMuecKoll MPUYPOUYESHHOCTH HX Ha
tepputopun Kazaxcrana.

CymectByer oxosio 150 BHIOB THONBIAHOB,
MPEJICTARISIONNE COO0H OOJBIIONH T'eHETHYCCKHIA
pecypc A HEMPEPhIBHOU CEICKIUU U yIyUIICHUS
COPTOB TIOJBIIAHOB. XJIOPOTIACTHI — ATO OpTraHe-
11, HeoOxomumble st poTtocuHTe3a. CTpyKTypa
U COCTaB IUIACTUIHBIX T€HOMOB CTaJId IIUPOKO HC-
TTOJIB30BAThCS /ISl BBISIBIICHUS! YHUKAJIbHBIX TeHE-
TUYECKUX W3MEHEHUN W DBOJIOIHOHHBIX B3aMMO-
OTHOILEHUH pasNu4HbIX Tpyni pacTeHuid. CeronHs
CEKBEHMPOBAJIM TIOJHBIM XJIOPOIJIACTHBIA T€HOM
Tulipa patens (uHBeHTapHblii HoMep Genbank:
MT327740), uToOBl TPENOCTaBUTH OOJBINE IEp-
BHYHON TeHETHYECKOH WHGOpPMAIMK I aHaan3a
(bMITOreHEeTUYECKHUX OTHOILICHUH pOJia U APYTUX CO-
OTBETCTBYIOIINX UccienoBaHui [48].

B mocnenHue necsATwiieTus apean MHOTHX BH-
noB Tionenana B Kazaxcrane, Cpenueit, 3ananHoit
A3un u 3akaBKa3be COKPATUJICS M3-32 UHTCHCHUB-
HOTO aHTPOTIOTEHHOTO BO3JeHCTBHs. OCHOBHBIMH
OTrPaHUYHUBAIOIIMMU (PAKTOPAMU SIBJISIOTCS HEKOH-
TPOJHMPYEMBI COOp JIYKOBHII U IBETYIIMX pacTe-
HUM, Ype3MEpHBIN BbINIAC CKOTA, OCBOCHUS 3eMENb
MO/ CEIBCKOXO3SMCTBEHHBIC YTOABS, MOPOTH, Ka-
pBepBI, HePTEITPOBOIBI, TPOMBIIILIICHHBIE TIPE/IPH-
SITAS ¥ TIOTepst cpeibl oouranus. Tak, mpu pacrari-
Ke HEeTUHHBIX 3eMelb B Llentpansaom n CeBepHOM
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Kazaxcrane ObuIM YHMYTOKEHBI MHOTHE 3apOCIIU
crenHoro Trobiana [Ipenka.

B cBsa3u ¢ aTuM Hamnbomnee yrpoxaemble BHIBI
OXpaHSIOTCS Ha HallMOHAJILHOM YpoBHE. B "acTHo-
cty, B Kpacayto kaury Kazaxcrana [3] 3aneceno 18
BHJIOB TIOJILIIAHOB, B TOM YHMCJIE€ U BUJIbI, IPOU3pac-
TaIOIINE B UCCIIETyEMOM PETHOHE.

Hwxe mpuBo MM TOJIHBIA CIIUCOK BUJIOB poOJia
Tulipa L., Bctpevaromuxcsa B Llentpansaom u Ce-
BepHOM KasxacTane:

Tulipa borszczowii Regel Bull. Soc. Nat. Mosc.
XLO, 1 (1868) 438. — Tronsnan boprosa. Pegkuii
1 BBICOKOACKOPATHUBHBIN BHJ, HEodHAEMHUK Kazax-
crana. Becennuii ahemepown, 3aHeceHHbBIN B Kpac-
Hyto kaury Kazaxcrana [3] u pexomeHmyeTcs s
pernonansHON oxpansl [71]. IIpouspacraer B mec-
YaHBIX MAaCCUBAaX, MO JIECCOBBIM ILIeH(aM myCThIH-
HBIX CONOK M YMHKOB. BecTpeuaercs B Typralickowm,
[Ipuapansckom, K3pinm-Opannckom n KbI3BIIKyM-
ckoM (rmopuctndeckux paiioHax Kazaxcrama [4].
WuaTpoayuupoBan B OOTaHUYECKUX Ca/iaX TOPOIOB
Anwmarsl, Tamkenra, Jlymanoe, Kuesa [14].

T. schrenkii Legel. (T. gesneriana L.) A. Y.
P. 1T (1873) 452. Penkwii, ya3BUMBIN C COKparia-
IOLUMCSI apeajioM BUJ, 3aHeceH B KpacHyro KHHTY
Kazaxcrana [3]. JlexkopaTHUBHBIH ITyCTBIHHO-CTEIT-
HOM BH/JI, TPOU3PACTAET B CTEIAX, MOTYIYCTHIHAX U
MCTBIHSIX CEBEPHOTO, EHTPAIBHOTO U 3alaJHOro
pationoB Kazaxcrana [4]. B mpupozae BcTpedaercs
peaxko. Ha tepputopun Kazaxcrana HMHTpomyLu-
posan B I'bC (1. Anmmatsr), XKBC (1. XKe3kasran) u
KBbC (r. Kaparanma) [14]. YacTs apeana HaXOIUTCS
B Kopramkunckom u B oxpaHHOW 30He Haypsym-
CKOT'0O 3aII0BE/THUKOB.

T. biebersteiniana Schult. Syst. VII (1829)
382. — T. bubepmreitnoBckuii. CTemHoil aexopa-
TUBHBIA BHJ, COKPALIAIOLUIMICS B YHCICHHOCTH.
Pacter B cTemsx, NyroBBIX CTENHBIX 3allajMHAX,
Cpelu KyCTapHHUKOB, JIECHBIX IOJITHAX M OMYIIKaX.
Haxoaurcs mox yrpo3oil Mcue3HOBEHUs, BKIIOUECH
B Kpacnyro knury Kaszaxcrana. Berpeuaercs B 3a-
[aJJHOM, HEHTPAJIbHOU 1 ceBepHOM yactu Ka3axcra-
Ha. YHCIEHHOCTh COKpaIIaeTcsl, BCIEACTBIE cOopa
pactennii Ha OykeTsl. C 1958 r. BeIpammBaics B
OoTaHnveckux cajgax AnmMatsl u JKeszkasrana, oTMme-
4aeTcs, 4To ci1abo ycToWuuB B Kynbrype. [3]. Ox-
pansiercs Ha Tepputopun Haypsymckoro 3amoBen-
HUKa. YTpO3a COCTaBIsieT BHIPYyOKa KYCTapHHKOB,
pacmaika mToHMEHHBIX JIyTOB, HHTEHCHBHBIHN BBITIAC
CKOTa, cOOp Ha OYKETHI.

T. patens Agardh. ex Schult. Syst. VII (1829)
384. — TronpIiad MOHUKAIOMMK. Penkuil, sHIeMUY-
HbIH, COKpaIaoIIUICs B YHUCICHHOCTH CTEITHOMN
Buia. Bo ®nope Kaszaxcrane ykasbiBaerca B To-
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Oomno-Ummmckoid  HU3MeHHOCTH, [lpuupThiibe,
Typraiickom, KokderaBckom n K3pui-OpaumackoM
pernonax, 3amagHoM M BocTouHOM Menkocomou-
nuke, Kapkape, 3aiicane, [Ipnapanse n Ha Antae.
B.®. CemeHOB MPUBOAUT OJHO MECTOHAXOKICHHE
— B KoxkueraBckom yesne [49]. 3.B.Kapamebrmea
u E.M.PaukoBckas [50] cuurtarot, 4TO 3TOT BUJ HE
BcTpedaercss Ha KOKYeTaBCKOM BO3BBIIEHHOCTH.
BerpeuaeTcst B mosioce CyXux CTeNed, KOBBIIBKO-
BBIX CTeIsIX, KaMEHHCTO-IIEOHUCTHIX, TIUHUCTHIX
CKJIOHaX MEJIKOCOIIOYHUKA U Ha COJIOHIIAaX. 3aHece-
HO B KpacHyro kuury Kasaxcrana u cerogHs oxpa-
HseTcs Ha Teppuropun HapysyMckoro 3anoBeqHu-
Ka 1 HauuoHanbHOro napka Koxkmeray. Buj uzyuen
cnabo. MuTpoaynupoBan B OOTaHMYECKHX cajiax T.
Anwmartel, Kaparangsr, Punnepa [3].

T. biflora Pall. Reise 111 (1876) 727. [lycTbin-
HO-CTCITHOM Ka3aXxCTAaHCKHUI BHU, HAXOASIITHUHACS O]
yrpo3oii ucuesHoBeHus. Bxmrouen B KpacHyto kHu-
ry Kazaxcrana [3], Bctpedaetcs ot [Ipukacnus 1o
Kazaxcranckoro Anras. OxpaHsieTcsi Ha TEPPUTO-
pun Haypsymckoro, Kyprampmkuackoro n 3amaj-
HO-AnTaiickoro 3anoBeAHUKOB. Ha Teppuropun Ce-
BepHOro u IlenTpanbHoro Kazaxcrana BcTpeyaercs
paccessHHO MM HEOOJBIIMMH TPYNIIaMH B COCTaBe
CTETHBIX, JIEPXOTIONBIHHBIX U YEPHOTIOIBIHHBIX CO-
o0IIecTBax, 3aCONEHHBIX TJMHUCTBIX, MEOHUCTHIX
M KaMEHHUCTHIX ITOYBAX, COJIOHIIAX. 332 COCTOSTHHEM
MOMYJISIMNA HEOOXOIMMO B Pa3JIMUHBIX TOUKAX ape-
ajia yCTaHOBUTH KOHTPOJIb.

T. auliekolica Perezhogin sp. Nov. bot. XKypH.,
12 (2013) 1558. CrenHoil, BUKapUPYIOMIHNA BUI,
pacteT BocTouHee Myro/kKapcKux rop u He mepe-
cekaromMcst ¢ apeasniom 6imskoro Buaa 1. biflora,
npouspacTarolero 3anaaiee rop Myromxap. Cy-
IIECTBEHHBIN MPU3HAK WX OTIMYHE: YHCIIO IBETKOB
M OKpacka J0NM OKoJouBeTHHKa, y 7. aulicolica
1-(2)-3-10, a y T. biflora no 6, nonmu XenTvle, a y
T. biflora onn Oenple MPU OCHOBAHHUU C KEITHIM
naTHOM. W BHYTpHBHIOBas MX HM3MEHYHMBOCTH HE
npeacrasisierca Bo3MoxkHbIM [10]. B Kycranaii-
CKOIl 0o0yacTh OTMEYaeTcsi TOJNBKO | MOmymsms,
3a COCTOSIHHEM KOTOPOTO HEOOXOAMMO YCTaHOBHUTH
CTPOTHH KOHTPOJIb M PEKOMEHOBAaTh B HOBOE W3-
nanune Kpacnoit kauru Kasaxcrana.

T. turgaica Perezhogin sp. Nov. bot. XypH.,
12 (2013) 1561. DykcepoduTHBI BHI, BCTpeda-
eTCsl B CyXUX TIMHHCTBIX OIMyCTHIHEHHBIX CTEIISX.
bausknii Bun x I. biebersteiniana Schult., oTinya-
eTCsl TeM, 4TO 00pa3yeT MHOTOIIBETKOBBIE (DOPMBI,
3aBsI3b PaBHA WJIN NPEBBIMIAET THIYMHKU. TIOJIbIaH
bubupmreitna sxe sBISETCS ME30UTOM, pacTeT B
JIECHBIX JIy’Kallkax, Ha JIyrax B JOJMHax pek. L[Bet-

KM y Hee OJJMHOYHEBIE, 3aBsI3b KOpoue ThIunHOK [10].
B Kycranaiickoii o0mactu oTMe4aeTcs TONbKO 2 T10-
MyJISIIMS, HEOOXOMMO TaKKe 32 COCTOSIHUEM YCTa-
HOBUTH CTPOTHI KOHTPOIIb U PEKOMEH/IOBAaTh B HO-
Boe u3nanue Kpacuoit knuru Kazaxcrana [3].

T. alberti Regel A.H.P. V (1877) 5:264. — Tiomnb-
naH Anb0epra. Penkuii, sHIEMUYHBIN BUII, 00Ia1a-
IONUIl BBICOKMMH JCKOPATHBHBIMH KauecTBaMH,
3aHeceHHbIN B KpacHyro kaury Kazaxcrana [3]. Bo
®nope Kazaxcrana ykaseiBaercs st FOxuaoro [pu-
Oanxamnbe, Jxynrapckom Amaray, Uy-Unuiickux
ropax, CeipmapsuHckoro Kapatay, F0KHOW dHacTu
nycteind bernak-/lana. Ormeuaercs 3.B. Kapambi-
meBoil u E.M. Paukosckoit B IlenTpanbHom Kazax-
CTaHe Ha IpaHMLE CTENHON U MyCTBIHHON o0nacTel
(25 xm k KO3 ot moc. Kapasxai, cpeau KycTapHUKOB
B HIDKHEH yactu ckioHa conku) [50 ]. Oxpansiercs
B 3amoBenHuKe Akcy-)KaOarielL.u Ha TEPPUTOPHH
ANTBIH-DOMENBCKOTO HAIIMOHAJIBHOTO TPUPOIHO-
ro mapka (ymr. Tafirak Uymakckux rop). Pacrer Ha
IeOHUCTO-MEITKO3EMHUCTBIX CKIIOHAX, OCBISIX M
HU3KOTOpbsiX. MHTpoayuupoBaH B AJIMaTHHCKOM,
Anraiickom, JKe3kazranckoM 00TaHMYECKHUX Calax.

T. altaica Pall. ex Spreng. Syst. II (1825) 63.
— T. anraiickuii. Peako BcTpeuaromelicsa Bua. Bo
O®nope Kazaxcrane ykaspiBaeTcs B 3alicaHCKON
koTnoBuHe, Antae u TapOararae. 3.B. Kapampimie-
Boit u E.M. PaukoBckoil otmeuaerca B LleHTpanb-
HoM Kazaxcrane (20-35 kM k FO3 ot moc. Kapasxai)
[50]. MBamenko A.A. 3amagHyto TPaHUITY PACIIPO-
CTpaHEHUs 3TOTO BUJA MPHUBOJUT U1 BOCTOYHBIX
okpauH Kazaxckoro menkoconounuka. ['opa bekra-
yaTa HaxOJUTCs Ha CThIKe 3amajgHoro u BoctouHo-
T'0 MEJIKOCOTIOYHHKA, Ha HEl 3aKaHYMBACTCS 3arajl-
Has rpaHuna apeana Iulipa altaica Pall. ex Spreng.

3akiIouyeHnne

[lo pe3ynpTaTaM MHOTOJIETHUX HCCIEAOBAHUM
nocie m3ganus «Paopa Kazaxcrana» ObUTH BBISB-
JIeHBIl HOBBIE MecTooOMTaHusi BUAOB pona Tulipa
L. na teppuropun lLlentpampHoro u CeBepHOro
Kazaxcrana, a Takxke CMCOK pojia MOMOJHUICS 2
HoBbIMH Buaamu s CeBepHoro Kaszaxcrana. Pas-
HooOpasue Tronbnanos LlenTpanasaoro u CeBepHo-
ro KazaxcTtana cocTaBisIOT KaK y3KOdHIEMHYHBIE,
Tak 1 Ooyiee IMIUPOKO PACHPOCTPaHCHHBIC BHIBI.
[IpencraBieHHbIil cocTaB U3 9-TH BUAOB MPECTA-
Butenei pona Tulipa L., n sxonoro-reorpagpuye-
CKH€ OCOOEHHOCTH BCTPEYAIOIMIMXCSA B TIpeaenax
JTAHHOM TEPPUTOPUU B TOM MM MHOM CTENEHU MO-
TBEPXKIAIOT €€ SKOTOHHBIA XapakTep. A CTENeHb
sHAeMu3Ma TionbnaHoB CesepHoro u LleHTpans-
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Horo Kazaxcrana, coueraromnasics ¢ UxX peKoCTblO, DuHAHCUPOBaHME
C YBEPEHHOCTHIO MOXHO TMPEAINOIOXKUTh, YTO U
MOCJIe MHOTOJIETHEH HCCIIENOBATEIHCKONH PadOTHI Hannoe wnccnenoBanne ¢uaancupyercs Ko-

¢drnopsr Hentpansaoro n CeBeproro KaszaxcraHa,  MHTETOM HayKH MUWHHCTEPCTBA HAyKH M BBICIIE-
B OCOOCHHOCTH OT/C/IbHBIC €€ TAaKCOHOMHYECKHE ro oOpaszoBaHus PecmyOnmukn Kaszaxcran (rpaHT
SJAMHUIIBI HYXKIA0TCs B OoJiee TmatenbHoM uzyue-  NeAP14870712) moroBop Ne 216/30-22-24 ot
HUH U aHaIu3e. 18.10.2022 rona.
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CbIPAAPUA KAPATAYbIHAA KE3AECETIH
ALLOCHRUSA GYPSOPHILOIDES (CARYOPHYLLACEAE)
MONMYASUNAAAPbIHbIH MOP®OMETPUSADIK
XKOHE TOIbIPAK KOPCETKILUTEPI

Kasakcranaarbl Allochrusa gypsophiloides Taburu nonyAsumsiAapbiHa S>KYPri3iAreH AQAAAbIK,
3epTTeyAep aHTPOMOreHAIK SpeKeTTEPAIH HOTUXKECIHAE TYPAIH Taburn apeasblHAAFbl AyMaKTblH
ANTaPAbIKTaM KbICKApFaHbl aHbIKTaAFaH. TYPAiIH Kasipri >karaaibiH GiAy TypaAbl MOAIMET OAAPAbIH
eMip Cypy nepcrieKTMBaAapbiH HaKTblAQy YLIiH MaHbI3Abl. Makarapa cupek, aHaem A. gypsophiloi-
des eCiMAITiHIH NOMyASUMIAAPbIHbIH MOPMOMETPUSIABIK, XKSHE TOMbIPak, KOPCETKIWTepi cuMnaTTaAFaH.
TypaiH >KaAnbl 3 nonyAdumschl (4 ueHononyAsums) 3eptreaai. T-nonyagaums — Coipaapust Kapataybl
— Casicy watkaabl; 2-nonyagums: Coipaapus Kapataybl — Kyiik acybl; 3-nonyasums: Kapartay asabl
>Kasblfbl BipAiK ayblAbl MaHbiHaH TabbiAAbl. 3epTTey Ke3iHAe TabblAFaH YLl MOMyASUMsIHbIH OpHaAacy
KapTacbl >KacaAAbl. 3epTTey >KYPri3y YLIiH MapLIpyTTbIK, AQAAAbIK, 3€pTTey BAICTepi KOAAAHBIAABI.
KoppeaAdumsablk, Taspay YWiH ueHononyasiumsaap (LIM)  apacbiHA@Fbl  aiiblpMaLLbIABIKTAPAbBIH,
MaHbI3ABIAbIFbIH TEKCEPY YLUIH TYAAEHY Ke3iHAeri reHepaTuMBTi AapakTapAblH OMIKTIri, AapakTap
CaHbl, OPKEH >X8He TYAAEp CaHbl TaHAAAbIM aAblHABL. [MMPCOH KoppeAsuusicbiH Gararay KesiHae
FYAAEHY 6apbiChbiHAQ AapakTapAbiH opTawa 6uikTiri LIM2, M3 xeHe L[4 epkeHaep caHbl >kaHe
F'YAAEP CaHbIMEH Typa KOPPeAsiuMsAaHFaHblH KepceTTi. Tombipak, Tuni GoMblHIA nonyAdums-1 —
Tay GeTkeniHAEeri K9AIMIi Cyp COATYCTIK TOMbIPaFbl, MOMYyAsiLMs-2 — TayAbl CYP-KOHbIP TOMbIPaFhl,
nonyAsums-3 — tay GeTkeriHAeri Cyp KOAIMri OHTYCTIK Tombipafbl. Tay GeTkeniHaeri Kaaimri cyp
COATYCTIK TOmMbIpak, (MonyAsums-1) — awblk, Cyp TYCTi, KYMOQALUbIKTbI, ThIFbI3AAAFAH, LIAHABI,
TYMIPLWIKTI KYPbIABIMABI, KYPambIHAQ TacTap Ker Ke3aeceAi. TayAbl Cyp KOHbIP TOMbIpak, (MOonyAsiLms-2)
— TbIFbI3BAAAFAH, TYMIPWIKTI, bIAFAAABIAbIFbI TOMEH, TaCTbl KOCbIAbICTapFa 0ail, KbILKbIAAAH KaiHay
Adpexeci ToMeH 60AbIN TabblAaAbl. Tay 6eTKeMiHAEr KOAIMIT Cyp OHTYCTIK Tombipak, (nonyAsums 3)
— aubIK, Cyp, opTala KYMOAALLIKTbI, TYRIPLIIKTI, ThiFbl3, KbILKbIAAAPAAH KANHAY ABPEXECH XOFapbl
TOMbIPAK, BapAbIK, Yl NONYASLUMSAAD TOMbIPAKTAPbIHbIH XUMUSABIK, KYPaMAapbl 6OMbIHLLA YKCAC, T'YMYyC
MOALLEPAEPI TOMEH, KOPEKTIK IAEMEHTTEPMEHAE TOMEH KAaMTbIAFaH, TOMbIPAK, OpPTachl peakumschl
opTallia XXeHe KYLUTi CIATIAI GOAABI.

Tynin cesaep: Allochrusa gypsophiloides, aHaem, nonyasums, LEHONONYASLMS, KOPPeAsuus,
TomMbIpax,
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'Kazakh National University named after al-Farabi, Kazakhstan, Almaty
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Morphometric and soil indicators of populations
Allochrusa gypsophiloides (Caryophyllaceae) found in Syrdarya Karatau

As a result of field studies of Allochrusa gypsophiloides populations on the territory of Kazakhstan
revealed significant reductions in the natural range of the species as a result of anthropogenic activities.
Information on the current state of the species is important for clarifying the prospects of their existence.
The article describes morphometric and soil indicators of populations of rare, endemic plants Allochrusa
gypsophiloides. 3 populations (4 cenopopulations) of the species were studied. 1-population — Syrdarya
Karatau-Sayasu Gorge; 2-population — Syrdarya Karatau- Kujik Pass; 3-population — Karatau foothill
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plain, near the village of Birlik. During the study, a map-scheme of the three populations was drawn up.
Field and route-reconnaissance research methods were used to conduct the research. For correlation
analysis, the height of generative individuals during flowering, the number of individuals, the number of
shoots and flowers were selected to check the importance of differences between cenopopulations. The
Pearson correlation assessment showed that the average height of individuals during flowering directly
correlated with the number of shoots and the number of flowers of CP2, CP3 and CP4. The type of soil
growing in the first population is ordinary gray soil, the second population is mountain gray-brown soil,
the third population is ordinary gray. Ordinary gray soil (population-1) is light gray, loamy, compacted,
dusty, granular, with large amounts of stones. Mountain gray-brown soil (population-2) — compacted,
granular, with low humidity, rich in stony compounds, with a low degree of boiling from acid. Com-
mon gray (population 3) — light gray, medium loamy, granular, dense, with a high degree of boiling due
to acidity. The chemical compositions of the soils of all the studied populations are similar: the humus
content is low, the nutrients are low, the reaction of the soil medium is alkaline and highly alkaline.
Key words: Allochrusa gypsophiloides, endemic, population, cenopopulation, correlation, soil.
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MopdomeTprueckme u noyBeHHbIE MOKa3aTeAU MonyAsiLnim
Allochrusa gypsophiloides (Caryophyllaceae), Bctpeuatoumxcs
B CbipaapbuHckom Kapatay

B pesyabTate noaeebix mccaepoBaruin nonyasumii Allochrusa gypsophiloides Ha tepputopum
KasaxcTtaHa BbIIBAeHbl 3HauMTeAbHble COKpALLEHWS TeppuTOpUMM B MPUPOAHOM apease BMAQ B
pe3yAbTaTe aHTPOMOreHHOM AeSTeAbHOCTU. MHgopmaums o Tekyllem COCTOSHUM BUAQ BaXKHa AAS
YTOUYHEHMS MEepCrekTUB MX CyleCcTBOBaHMs. B cTaTbe onmcaHbl MopchomMeTpuueckme M MoYBeHHble
rokasaTeAn MOMyAsUMin PeAKMX, 3HAeMMuYHbIX pactenuin Allochrusa gypsophiloides. WccaepoBaHo
3 nonyAasuuun (4 ueHononyasiumm) Buaa. T-nonyadumst — CbipaapbuHckoe KapaTay-yueabe Cascy;
2-nonyasumsa — CbipaapbuHckoe Kapartay- nepean Kyimk; 3-nonyasiums — KapaTtayckas npearopHas
paBHUWHA, BOAM3M ceAa bupank. Bo Bpemsi uccaeAoBaHus OblAa COCTABAEHA KapTa-cxema 0OHapyKeHHbIX
Tpex nonyAdumn. AA9 MNPOBEAEHMS WCCAEAOBAHMI  MCMOAb30BAACd MOAEBOM M MAPLUPYTHO-
PEKOrHOCLMPOBOYHbIA METOAbI MCCAEAOBAHWMI. AAS KOPPEASILMOHHOrO aHaAm3a OblAM BblOpaHbI
BbICOTa reHepaTMBHbIX 0COOei BO BpPEMsi LIBETEHMS, KOAMYECTBO OCOOer, KOAMYECTBO MoOeros um
LBETKOB, YTOObl MPOBEPUTb BAXKHOCTb PA3AMUMIA MEXKAY LeHomnonyAaumsmm. OueHka KoppeAsumm
lNnpcoHa nokaszasa, 4YTO CPEAHsis BbicoTa 0cobelt BO Bpems LBETEeHMs MPSMO KOppeAupoBaAa C
KOAMYeCTBOM rnoberos n koamyectsoMm usetkos LIM2, LIM3 wn LM4. Tun nousbl npomspacTaHusi
nepBoM MOMyASUMii — 0BObIKHOBEHHAsi cepasi NMoYBa, BTOPOM MOMYASLMIA — -TOPHasi CEPO-KOPUYHEBas
noYBa, TPETben MoMnyAsiumini — o6bluHOBeHHasi cepast. O6bikHOBEeHHasi cepast noysa (nonyAsiums-1) —
CBETAO-Cepasi, CYrAMHUCTAsl, YNIAOTHEHHASI, MblAbHasl, 3epPHUCTAs!, C OOABLLMMM KOAMYECTBOMM KaMHEN.
[opHasg cepo-kopuuHeBas nousa (MONyAduUms-2) — YNAOTHEHHAs, 3epHUCTAs, C HU3KOM BAQXHOCTbIO,
foratas KaMeHUCTbIMM COEAMHEHWSIMM, C HU3KOM CTEeMeHbi0 KUMEHWsl OT KUCAOTbl. OObIKHOBEHHas!
cepas (nonyAsiums 3) — CBeTAO-cepasi, CpPeAHECYTAMHUCTAs, 3ePHUCTAst, MAOTHAs, C BbICOKOW CTerneHblo
KUMeHUs 13-3a KUCAOTHOCTU. XMMMYECKre COCTaBbl MOYB BCEX UCCAEAOBAHHbBIX MOMYASLIMM CXOAHDI:
coAepyKaHMe rymyca HM3Koe, MMTaTeAbHbIX BELEeCTB HU3KOe, peakLmsi MOUYBEHHOM CPeAbl LLeAOYHbIe 1
CUABHOLLLEAOYHbIE.

KaoueBblie croBa: Allochrusa gypsophiloides, anaem, nonyasiums, LEHOMOMYASILMS, KOPPEASLMS,
rousa.

Kipicme Allochrusa gypsophiloides (Regel) Schischk.
(Acanthophyllum gypsophiloides Regel.)-

KazakcranublH ipi >koHe KapkblHAbI Aamblran  Caryophyllaceae Juss. TYKbIMJAChIHA IKATATHIH
aitmakTapberaby O0ipi OHTycTik Kaszakcran Oomeim  «KasakcranHblH —~— KbI3bul — KiTaObIHa»EHII3UITCH
TaObLIa/bl, OHbIH ayMarblHAa KasakcTanHblH oHAeM  dHAEM TYp [2]. Byn Typ menteciH monukap-
TYpJepiHiH >kanmnbl canbHbIH 41%-b1 oceni [1]. OTHl KOIDKBUIABIK OCIMIIK. OCIMIOIKTIH MBIKTEI
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©3EKTi TaMbIpbI Oap, an sxep OetTi Oeiri — Korapbl
TapMakranFaH map 1apiszi [3]. Typ y3ak emip cypy
Y3aKTBIFBIMEH JKOHE caliMarbl 2-3 Kr-fa JKETETIH
KYIITi TAMBIPBIMEH €pPEKIIeIICHEII.

Allochrusa  gypsophiloides ~ —  TaMbIpiBI
KOIDKBULIBIK ~ ociMiik.  Tambipcabarbl  Y3bIH,
KaJIBIHJIBIFBI 7 MM-T€ JIeHiH; cabaKTapbIHBIH OMIKTIT1
50-80 cm, TY3y, aKIIBUT HEMece KYJTiH TYCTi, Y3bIH
OyTakTapbl 0ap; KaIblpakTapbl Y3bIHABIFEL 1-2 cM
xoHe eHi 0,5-3 MM, CBI3BIKTBI-013Topi3/i, KbICKapFaH
epkeHaepi Oap; TyJicabaKTapbIHBIH — V3BIHIIBIFBI
5-10 mMM; JkambpIpakmianapbl aKk HEMeCe KBI3FBUIT
TYCTi, TOCTaFaHIIagad 1,5 ece y3bIH, KeH Y3bIHINA,
YKOFapFHI )KaFbIHAH MOHTeIeKTeHTeH [4,5].

Kazakcraunarel A. gypsophiloides Taburu 110-
MyJISUSUTAPbIHA JKYPTIi3UITeH AallallbIK 3epTTeyIiep
AHTPOITOTCHIIK OPEKETTEPIiH HOTHXKECIHAC TYPHIH
TaOUFH apeajblHIAFhl ayMaKTBIH aWTapiIbIKTal
KBICKapFaHBIH aHBIKTAJIBI [6]. 1981 sxburnan OacTar
A. gypsophiloides «Kazax KCP Kp3bu1 KiTaObIHA»
eHri3UIreH [7], OHAA IIMKI3aT >HHAY KOJIEMiH
xbutbiHa 100 TOHHA KYpFaKk TaMbIpra JEHiH MICK-
TEy JKOHE TYpAIH TaOWFHM JKaHApYBIH OaKblUiay
YCBIHBUIIBL. benrineHreH epexenepai cakramai,
TaMBIPJIAPAbl KAPKBIHJABI JKUHAY TYP CaHBIHBIH
KYPT KbICKapyblHa FaHa €MecC, COHBIMEH Karap Ta-
pairy aliMaFbIHBIH Jla KaTTbl KbICKapyblHa OKEIIII.
Honymnsiuusiabiy, a3 raHa Oediri Akcy->KaOaraier
xoHe KapaTay KopbeIKTapbeIHIa KOpFanaasl [8,9].

Kaparay Ttay wxotacel — TsHb-lIlaHbHBIH
COJITYCTIK-0aThIC cineMi, OHBIH KypambiHa KapaTay
MI6JISUT JKOHE Jlaja anaca TayJapblHBIH CYp KOHE
KOHbBIp TombIpakrapsl Kipeai [10]. Ocbl OeTkeimin
ycrinae OemmieKkTedareH Tayiel pensedi  Oap
Oeiex MaccuBTep oOpHanmackaH. OCBl MacCHBTEp-
JIe J)KOTa TOpi3Ji CyalpbIKTap, TiK KOHE KapTaCThl
Oetkeiiepi Oap. TompIpak TY31y >KaraaiaapbIHBIH
opTypJiiiriHe OailllaHBICTHI Tay €TETiHAET! JKa3bIK
MeH Tay CiIeMiHiH OOJIKTEepiHIH TONBIPaK JKaMbLI-
FBICHI JKOFapbl OPTEKTITIKIIEH epekmeneneni [11].

Kapatay oxoracelH Kopmanm >KaTKaH Tay
eTeTIH/eT] XKa3bIKTapaa (CONTYCTIK-0aThICTaH) CYp-
KOHBIP I16J1 TOMBIPAKTAPhl MEH aIllbIK COITYCTIK CYP
TONBIPAKTap TY3UITEH, OJIAp OHTYCTIKTE OHTYCTIK
CYp TOIBIpaKTapbIMEH anMacaibl. Tayiapnaa Taysbl
aIIIBIK JKOHE KQJIIMT'1 CYp TOTIBIPAKTAp KOII Ke3/Iece i
[12,13].

Opraneik ~ Kaparaynel  OHTYCTiK-0aThICTaH
KOpILIaFaH Tay eTeriHJeri jKa3bIKTapja COJTYCTIK
ambplK CYp TombIpakTap kem kesmecemi. Omap
OHTYCTIKKE Kapail OHTYCTIK CYp TOIBIPaFrbIMEH all-
macazabl. Conrtycrik sxoHH OHTycTik KaparaynbiH
TIK JKoHE eHic OeTkelnepinae Ty3ganOaraH Tay cyp
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TOMBIparbl KCH TapalfaH, ajl Tay eTETiHiH TOMEHTI
OediriHae KeH JKepiepie Cyp TOMbIpaKTap TapayFaH.
AJaca Tayibl, OpTa TayJjbl XKepiepe Taybl KOHbIP,
TayJbl aKIIBUI-KOHBIP TONBIpakTap TaparaH. Onap
JITIOBUANB/IBI-JICTIOBUN/IBI  KUBIPIIBIK TACTBI Ca3-
nmapaa  tysumren  [14,15]. JKoTaHblH OHTYCTIK
OeTKeHiHiH TONBIPAK KaMBUIFBICHI COJITYCTIK OeTKeH
TOTIBIPaFbIHA KaparaHJa a3 KyaTThl OOJBINT Kelesi.
Kocbimiia GeTkeiini koHe TPYHTTHI bUIFaJIBUTBIFBI
Oap penbed ToMeHIeMyiH KapThiIai THAPOMOPQTHI
NIAJIFBIHIBI-CYP TOMBIPAKTAP aJbIN KaThIp. Tayisl
KOHE OeTKeHIli ©3¢H KaWbUIbIMBI KOHE JKalblIMa
Teppaccanapbl THAPOMOPQTHI KAl bUIMa-1IaIFbIHIbI
JKOHE KaWbIJIMa OPMaH/IbI-INAIFBIH/IBI TOMBIPAKTAP
Ty3iired. Omap Oip-OipiMeH oHE >KapThUIall T'-
IpOMOP(THl  TOMBIPAKTAPMEH KOHE  30HAJBIK
TONBIpAKTapMEH KOMOMHAIUSIap Kypaiasl [16].

Ceipmapuss  Kaparaybl jkakblH TEppPHTOpHSI-
JapAbIH aya-paibl KOHE KIIMMATTBIK
KOPCETKIMTEPiHEe VIKEH BIKNam Turizemi. Kanrap
aiipraarel oprama temreparypa— 10°C. Conrycrik-
HIBIFBIC  JKOHE OHTYCTIK-Oarbic  OeTKeHepiHiH
oprama  KaHTapJarbl  TeMIIepaTypalapbIHbIH
aiipipmacel- 4-6°C. By KepceTkilml OHTYCTIK-
OaTpic OeTKEHJIEPiHiH KBUIBI aya MaccajlapbIMeH
tycimmipineni. Tay ereriniH OeTkeiiepinmeri
KaybIH-IIAIIBIHHBIH OpTalla KbUIIBIK MOJIIepi —
200—400 mm, an sxorapsicel — 400-600 mMm. benrini
Oip KITUMATTHIK XKaFaaiaa oCiMIIK )KaMBUTFBICBIHBIH
KEHICTIKTIK TapayblHbIH HETi3ri (akTopbl OOJBII
penbed, TOMBIPAK >KaMBUIFBICHI JKOHE BUIFAJaHy
pexxnMi Oorbit TabbuTansl. Taymapaa Tay KbIHBI-
CTapbl JIUTOJOTHSCHI, JKbUTY MEH BUIFaJIJBUIBIK,
onapbIH OeTKEH SKCIO3UIHSICBIHA KOHE a0COTIOTTI
OwikTirine OaWIaHBICTBI e3repici (KIMMATTHIK)
YIIKeH pen atkapansl [17,18].

KymbicTeiH 3epTTey Makcathl peTinge Crip-
mapus  Kaparayerama  kesgecetin — Allochrusa
gypsophiloides OCIM/IIT1HIH OMOMETPUSIIBIK
KOPCETKIIITepi MEH TOMBIPAK JKarIaiibIH Oarainay.

3epTTey MaTepua Aapbl MeH daicTepi

3epmmey atimaewl Jicane Ke3eHi

3eprTey KyMmbIchl 2022 KBUIIBIH MaMbIp-May-
ceiM aimapeiaga OHtycTik KasakcTan aymarbiHaa
Coipnapus Kaparaysiaaa xxypri3iiui.

3eprrey  oObektici  —  Caryophyllaceae
TYKBIMJIAChIHA JKATaThIH, KOIDKBUIJIBIK IIOINTECIH,
cupek ke3zecetiH Typ — Allochrusa gypsophiloides.

Herisri 3epTTey MiHAETTEpI PETiHAE OCHI TYPAiH
Tapally aliMarbIHJAFbl TYPIiH OMOMETPHUSIIBIK MEH
TOTIBIPAK KOPCETKIIITEPiH CUIIATTaYy.
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1-cyper — A. gypsophiloides momyasiunsIapbIHBIH KapTa-CXeMachl

(1) Ceipmapus Kaparaysr —

Casicy markansl; (2) Ceipaapust Kaparaysr —

Kyiiik acysr; (3) Kaparay assl xa3birbl, Bipiik aybiibl MaHbI)

Jananvlx 3epmmeynep dicoHe  3epPMXAHATBIK
a0icmep

Tonblpak KeciHaijepiH canxy Oakpuiay ajaH-
JApbIH 3EpTTEYJICH JKOHE TaHJayJaH OacTaijbl:
Kep Oeliepi, KIMMATThIK KOPCETKIIITEpP JKOHE JKep
JKAMBUTFBICHI.  MapHIpyTThIK —JanajiblK  3epTTey
KE3CHIH/IC TOMBIPAKTHIH JaJaJIbIK JTHArHOCTUKACKI-
HBIH CEHIMJIUIINT MEH HETI3JUIITIH, TOINBIPAKThIH
MOPQOIOTUSIBIK KACHETTEePiHIH cunarramaiapbiH
KaMTaMachl3 €TeTiH MOP(OIOrusuibK daictep [19]
KOJIJJAHBUI/IEL.

AcmanTbIK 9/1icTep/li KOJMAaHY ipiKTENreH YIIri-
JIep/IiH 3epTXaHAJbIK aHAJMTHUKAIBIK 3epTTeyepi-
MeH OailJIaHBICTBI, JKAJIbl KaObUIJIAHFAH QJICTEP
ootibiama [20,21]: Tropun OoiibiHina rymyc, Kbenb-
Jlah OOMBIHINA KaIMIBl a30T, pH — MmoTeHImoMeT-
PUSUTBIK OJTiCIICH, CO,—xanpuumeTpmMeH KYPri3i.

3eprreyaig AHAJNTHUKAJIBIK smicrepi
TOMBIPAKTHIH XUMHUSUIBIK, (DU3UKATIBIK-XHMHSLIIBIK
KacueTTepi OOWBIHINA ajbIHFAH HAKThl MaTepual-
JIapIbl JKAIMbUIAy Ke3eHIHIe KOJTaHbIIIbI.

Honymstuusnapasl kaptara Tycipy ArcGIS 10.4
(ESRI Inc.) 6armapnamaceinga xyprizinagi. DEM
KapTacelH KypacTtblpy ywiH SRTM  rapblmThIK
cypertepi Koaaanbuiasl (2014).

Cmamucmuxanvlk 0epekmepoi manioay

[Mupcon KOPPEISIHSICHI MOy JISIIHsIAp
apachlHIarbl  MOP(OIOTHSIIBIK  [apaMeTpiiepii
Tangay yurnH R CTaTHCTHKAIBIK MIaT(hOpPMaChIH
KOJJIaHy apKpUIbl Jky3ere acwipbuinel (R-Studio
2020) [22].

3epTTeEy HITH:KEJIEPi KIHE 0JIap/bl TAJIAAY

3eprrey kyMmbicTapbl 2022 SKBUIIBIH MaMBbIp-
MaycelM  aitmapeiHga  Onryctik  Kaszakcran
aAyMarblHBIH  OPTYPIl  DKOJOTHS-IICHOTHKAIBIK
xKarmanapeiaaa okyprizingl. Omap, Ceippapus
Kapatays! — Cascy matkansl; Ceipnapust KapaTtaysl
— Kyiiik acysl; Kapartay amapl aseirbl — Bipitik
aybul Maubl. XKannwet Allochrusa gypsophiloides
OCIMIITIHIH 3 TOmynsusachl (4 IEHOMOIYJIAIUS
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aHBIKTAJABI (CypeT 1).

1-xecte — A. gypsophiloides 3epTTenTeH EHONOMYIAIIIAPEIHBIH reorpadusuIbIK OpHATACyhI

Ne OpHauacybl

TI'eorpagusijibIK KOOPAUHATTAPbI

Henononynsus 1
Lenonomymnsuus 2
Lenonomymsinus 3
Henononynsauus 4

Ceippapus Kaparaysl, Cascy markais
Cripnapust Kaparayst, Kyiiik acysr
Kaparay anbl sxa3bIfbl, Bipiik aybuTbl MaHbI
Kaparay anbl sxa3bIfbl, Bipiik aybuTbl MaHbI

42°53°52.1»N 70°42°51.1»E
42°45°33.0»N 70°58°40.0»E
42°59°01.1»N 69°31°16.4»E
42°59°00.0»N 69°31°18.2»E

Honmymsimms 1 (uenonomymsuusa 1) — Ceipaa-
pust Kapataysl, Cascy matkansl. [lomymsoust ay-
JaHbl DKcnosuims: mibirbic, 400 kenbey Oerkeiine
opHanackaH. KayeiMmacTeik: JKycaHmpl-OyTaibl,
MOMYJISALMS ayJaHbl kobameH 1-1,2 kM? Kypaiiasl.
Typaepain xo0anbik sxadbiabl: 70-80%, TONBIparbl
— Tay anabl CYp KOHBIP, TacCThI-KHBIPIILIKTHI,
KYpaMBIHAAFBI YIKEeH TacTapAbiH yieci 60-65%.

Honymnsiimst 2 (neHonomysinust 2) — Celpaa-
pust Kaparaysr, Kyiiik acysl, Dkcmosumus: 0aTbIC,
30° kenbey Oetkeiine opHanackaH. KaybIMaacThIK:
KapakaTTblH KaTbICYbIMEH 9PTYPJIi ILIOIITi; HOIMYJIs-
st ayanbl — 1 km? Kypaidabt. TypiepaiH xKo0abik
xaObIHBL: 80%, TONBIPAFsl — Tay alibl CYp KOHBID,
TaCThI-KUBIPLIBIKTBI, TACTUIBIFBI — 30-40%.

[Monynsmust 3 (nenonmomnysimus 3,4) — Kaparay
QB Ka3bIFbl, BipJiK aybUTbl MaHBIHAH €Ki LIEHOIO-
MyJISAUs. TaOBUIBL: (LEHOTOMYJIAIHs 3) — Oemnecti
Kas3blK; KaybIMAACTBIK: ACTBIK-)KYCaHIBI OpPTYPIIi
LIeNTi; TYpJAepAiH XKoOanblK >kaObHbL: 70-75%;
TOTBIPAFbl — Tay ajjbl OHTYCTIKTIK KOIIMTL Cyp,
OJICI3 TRIFBI3AANIFaH; KoopauHATTaphl: 42°59°01.1»N
69°31°16.4»E; (uenomomynsimust 4) — Oenecti
Ka3blK; KaybIMAACTBIK: ACTBIKTHl SPTYPJi IL6NTi;
TYPIEPIiH XK00abIK >KaObIHBI: 75-80%); TOTBIpaFrsI
— Tay angsl OHTYCTIKTIK KOIIMIl cyp, oJCi3
TBIFBI3JANIFAH, JKAHFAKTBI-YHTaKkThl;, llomymsiuums
aymanbl 1,5 KM? Kypaiipl; EHOMOMYISIHSIAPIbIH
apanbirel 100-110 M-ai Kypaiabl.

Mopgomempusivix manoay

Koppensinusiiiblk — Tayjay YIIiH — IIEHOIOIY-
JMSUMATap  apachlHAArbl  albIPMAlIbUIBIKTAPIBIH
MaHbBI3bUIBIFBIH TEKCEPY YIIIH T'YJAEHY Ke3iHaeri
TEHEPATHUBTI NapaKTapablH OWIKTITI, 1apaKTap CaHbl
(1m?), epKeH KoHE T'yJIIep CaHbl TAHIAJIBII ATbIHIbIL.

Mopdororusnslk  Oenriepi  OoiipiHIIA 11€-
HOTIONYJISIIMSUIAD  apachIHIAFbl  KOPPEISIUSIIBIK
Tangayra ColiKkec, TEHEpaTWBTI JapajapbIH
Omiktiri Oodpiama IIT1 >xone LII13, LII12 »xone
LII14 apaceiHma 911ci3 Kepi KOPPEsIIus OaifKamasl.
Hapaxkrap cansl 6otibiama L{I11 men LII12 apackin-
Ja Qici3 Typa Koppessiuus Oaiikanisl. lapaxrap
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canbl OofipiHma L{I11 MeH HeHOnmOmy AU 3 JKOHE
4 apacelHJa oJICi3 Kepl Koppensuus OaiKayibl.
I'ynpnep canwr Ootipramra L(I11 men LI12, LII12
meH L[4 apacwinga Typa Koppensius oaiKkanasl
(2-cyper).

A. gypsophiloides eciMaikTepiHiH T€HEpaTUBTI
JIapaKTapbIHBIH ~ O€NTiiepi  TONTAphIHBIH — ©3apa
OalIaHBICBIH aHBIKTAy YLIH 013 MOPQOIOTHSIIBIK
napamerpiiep OOWBIHIIA KOPPENSLMIIBIK Tangay
Kacaaplk (3-Cyper).

[Mupcon koppemsiuMsCHIH Oaranmay KesiHAe
ryJieny 0apbIChIHA JapaKTap IblH OpTalia OWiKTir
LI12, LIT13 >xone L[14 epkenaep caHbl )KOHE TYILIACP
CaHBIMEH Typa KOppEISLMsUIaHFAaHBIH KOPCETTi.
Bapnbik neHononymsuusiiapAa ryjileHy Ke3iHaeri
JlapaKTapabIH OMIKTITI JapaKTap CaHBIMEH Kepi Kop-
pensuusIanasl. OpKeHAep caHbl TYIACp CaHbIMEH
eH KYIITi Typa Koppesinusra ue 6onapl, Tr04 =0,99.
HIT2 sxome LI14-Te reHepaTWBTI mapaKTapabIH
OMIKTIr1 J)KOHE OPKEH CaHbl CeKinai Oenrinep ymriH
OH Koppessiuus OalKaibl.

OpKeHIepaiH caHbl MEH TYJIEPAIH CaHBI apa-
CBIH/Ia, COH/Ial-aK TeHEPaTUBTI Japaiap bl OMiKTIr
MEH TYJIZICp CaHbl apachlHAa KYLITI )KOHE KaJIbIIIThI
Typakoppemsms 6arikanasl. Kenreren LI 6enrinep
apachIHAAFbl OpTama KOPpesIIMsSIMEH CHIaTTaia-
nel. EH TeMeHri KoppemsimusiiblK KO3 QHUIIHeHT-
Tep aya palbIHBIH KOJIAWCKHI3 JKaFJdalbIHIA ©CETIiH
nomynsusiaapra ToH. Kopiaran opra skaraaiiaapst
e3repill, HalapiaraHia KOPPEJSLUSIHBIH opTalla
JIopexkeci TeMeHJeyl MYMKiH, OYJ1 eCIMAIKTepIiH
OelliMzieny peakMsAChIH KOPCETYl MYMKIH.

Tannay HOTHKENIEP] TeHEPaTUBTI KYPbUIBIMHBIH
HEHONONYJISAIMSIIAPhl  apachlHIarel R Koppens-
st koddunuenti 100% KypalTBIHBIH KOPCETTI,
Oyn craructukanblk MaHeBIel  (P<0,05). byn
TeHEepaTUBTI  MyIIeNepAiH  JnaMysl  KeOiHece
BEreTaTUBTIK KYPBUIBIMIAPABIH JaMybl Ke3iHze
KOPEKTIK 3aTTapra OaillaHBICTHI €KeHIH KepceTe/i,
ce0eb1 BereTaTuBTIK MYIIESICPAiH MAaKCUMAJIIbI J1a-
MYbI ©CIMIIKTIH T€HEpaTUBTI MYLIEIEPIHIH IYpBIC
JlaMybIHa MYMKIHAIK Oeperi.
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3-cyper — LII11-1{I14 napaxrapabiH MOpHOMETPHSIIBIK apaMeTpiepi MEH CaH/bIK KOPCETKIIITEePiHIH KOPPENSLMSIIBIK Taj1aybl.
P < 0,05 xoppensuusicsl TycrieH epexmerneHeni. Tyc Typa (kex) Hemece Kepi (KbI3bLUT) KOpPEISIHSHBI KopceTei
Tr01 = T'ynueny Ke3iHjeri reHepaTuBTi Aapakrap/abiH OHikTiri, cm; Tr02 = epecek aapakrap caHsbl, AaHa/M?;
Tr03 = 6ip mapakTarsl @pKeHAEp caHbl, AaHa; Tr04 = 6ip mapakTarsl TYJIACp CaHbI, JaHa.

Tonvipaxmer manoay

Tay 6emxkeilindeei Kalimei Cyp COAMYCMIK
monvipax (nonymsiuust 1). Tomeipak keckini CoIp-
nmapust Kapataysl, Cascy IIaTKadblHAa >KacallbIH-
oel. 43°08°36.3” N 79°11’46.3” E. Dkcnosu-

nust: wmeiFeic, 40° kenbey OeTkeiie OpHalacKaH.

Typaepain sx00anbIK >xadbiubl: 70-80%.
Tay Oerkelingeri cyp Komimri

COIITYCTIK

TOTBIPAK, >KaMBUIFBICHIHIAFEI TOIBIPAK KECKIHIHIH

MOp(bOJ'IOl" USJIBIK CUITaTTaMachl:
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A 0—-10 Kyprax, amsIk-cyp TycTi, KyMOAIIIBIKTEI, IaHIBI-TYHIPIIIKTI, 00C, JKIHIIIKe CaHbLIAYIIBI, XKiHIIIKe
10 TaMbIpiIap KeIl TapajFaH, TacThl KOCBUIBICTAp 0ap, Ty3 KBIIIKBUIBIHAH KaliHAMaWIbl.
10—30 Kyprax, kapa-cyp, KyMOAIIBIKTBI, TYHipIIIKTi, THIFBI3, KATTHI, TAMBIPJIApP ©TE KOII Ke3AeCe/l, TaCThI
AB—mm KOCBUIBICTap 0ap, KbIIIKbUIIAH KalfHAMAIbI.
20
35-70 Ky0a, sxoraprbl Kab 6 HiprikTi
B s PFBI KabaTTapra KaparaH/ia bUIFaJIbl, KyMOAIIIBIKTBL, TYHIPIIIKTI KYPBUIBIM/IBI, THIFBI3IBIFBI
3c KaTThI, TAMBIPJIap CHPEK Ke3Jece/li, TACThl KOCBUIBICTAp Oap, KBIIIKbUIIAH a3/all KaiHaHIbl.

TomnpIpakTbIH MOPQOIOTHSIIBIK TYPFBIIAH Kajl-
bl KAPaCTBIPCAK alllbIK CYP TYCTi, KyMOAJIIIBIKTHI,
TBIFBI3TANFAH, IIAHJbI, TYHIPIIKTI KYpPBUIBIMIIBI,
KYpaMbIH/Ia TacTap Kem Ke3Jecelli, KeCKiH OOMbIH-
ma 35 M TepeHIIKTeH OacTam a3jarn KbIIKbULIAP
ocepiHeH KaifHaybl OaiKasabl.

Tay OeTkeliHIeri KOIIMI1 CYp TOMBIPAKTAFrbl Ty-
Myc MeJiiepi TeMeH adpexene 1,52-2,62% apaibl-
FBIHZA, KOPEKTIK SJIEMEHTTEpPMEH KaMTBLTybIIa TOMEH,
asot 140-160%, pocdop 0,172-0,192 %, kanmii 3,125-
3,312 %, TonbIpak OpTachl peakuusiChl OpTala CLITiT

pH 7,72-7,98, CO, memmepi a3 — 0,26-0,42 (cyper 4).
MexaHUKaNbIK Kypambl OOHMBIHIIA KyMOAJIIBIKTHL.
Tyznap xubHTBEFE  0,019-0,026%  apanbFeiHia,
TONBIPAKTBIH TY3/1aHOAFaH IBIFBIH KOPCETTI.

Taynvl cyp-goyvip monvipax (momymsauus 2).
Tomsipak keckini Ceipnapust Kaparaysi, Kyitik acy-
pIHAA skacanbIHabl. 42°45°33.0»N 70°58°40.0»E.
Okcnosuiusi:  Oateic, 30° kenbey OeTkeline
opHanackaH. TyprepiH >ko0anbik xaObiHbL: 80%.

Taynbl cyp-KOHBIP TOMBIPAK >KaMbLIFBICHIHIAFbI
TOTIBIPaK KECKiHiHIH MOP(OJIOTHSIIBIK CHITATTaMaChI:

0—10 Cyp peHJli KOHBIP TYCTI, THIFbI3AJIFaH, AHIBI-TYHIPIIIKTi, bUFAJIBUIBIK MOJIICP] TOMEH, KYPFakK,
A JKIHIIIIKE TaMBIPJIap MEH TacThl KOCBUIBICTAP KOII TapaliFaH, KbIIIKbUIIAP/IaH KaliHaybl OaiiKaaMai b,
10 Kelieci KabaTka aybICybl aHBIK eMec.
10—24 C . . L .
AB VP PEHJIi alllbIK-KOHBIP TYCTI, THIFBI3AJIFaH, AHbI-TYHIPIIIKTi, bUTFAABUIBIK MOJIIICPi TOMEH, SFHU
14 KYpFaK, TaMbIpJIap KONTEI Ke3/1eCel, TaCThl KOCBUIBICTAap 0ap, KBIIIKBUIAAH KaifHay Tapekeci Jici3.
24—60 : e :
B AUIBIK KOHBIP TYCTI, THIFBI3AIFAH, TYHIPIIIKT, )KIHIIIKE TaMbIpIap Ke3AeCce i, KUBIPIIBIKTHI Tac )KOHEe
36 TacThI KOCBUIBICTAp Ke3/1eCe/li, KaifHay Jopeskeci acis.

Taynbl cyp KOHBIp TOIBIPAK THIFBI3AAIFaH,
TYHIPIIKTI,  BUIFAJABUIBIFBI ~ TOMEH,  TaCThI
KOCBIIBICTapFa 0ail, KbIIIKbUIIAH KaiHay Jopexeci
TOMEH OOJIBIN TaOBLITAIb].

Taymel cyp KOHBIp TONBIpAaKTa TyMyC a3
KaMmTburaH 2,62-2,96 %, KOpPEKTIK >3JIeMEHTTEp-
ne a3 memmepae, asor 0,100-0,120 %, docdop
0,160-0,172 %, xammii 3,250 — 3,312 %, TombIpax
OPTACBIHBIH peakuusAchl opTama cintimi pH 7,85-
7,98, CO, 0,26-0,51 apanbIrbiHia, sFHY a3 MOJILEPIE
(cypert 4).

MexaHuKanblK Kypambl OOWBIHIIA KyMOa-
meIKTEL.  Ty3map kweiHTEIFEL  0,017-0,029 %
apaJbIFbIH/A, TONBIPAK TY3/1aHOaFaH.

Tay bemxetlinoeci cyp ka0imei OHMycmiK monvipax;
(momymsimmst 3). Tombipak keckini Kaparay ammst
Ka3pFbl, BIpJiK aybuthl MaHBIHIA YKacalbIHABI (IO-
mymsis 3). 42°52°27.17N 79°44°58.4”E. TonkeIHABI
Ka3bIK, TyprepaiH »Ko0abIK ka0bIHEL: 70-75%.

Tay OerkeiiHmeri Cyp KOAIMIT OHTYCTIK
TONBIPAK >KAMBUTFBICBIHIAFB TOTBIPAK KECKIHIHIH
MOP(OIOTHUSIIBIK CHITATTAMACHI:

0—10 N
— AIIBIK — Cyp, KYPFaK, OpTalia OalIibIKThl, MAHbI — TYHIPIIiKTi, a37aM THIFBI3AAIFaH, OpTalla
A 10 CaHbUIAYJIbI, OCIMJIIK KaJIILIKTaphl Ke3/1eCe/li, KbIIKbUIIapAaH KaTThl KaitHAWIbI.
1026 TP
AB——— Kyo0a, Kyprak, opramra KyMOaIIIBIKTHL, IaHIbI- KyO TOpi3Ai TYHIpIIIKTi, THIFBI3ABIFBI KATTHI, OpTalla
16 CaHBIIAYIbI, a3/all TaMbIpIap Ke3aece i, KbIIIKbUIIApAaH KaTThl KaifHaWabL.

38



A.A. TacranOexoBa koHE T.0.

26—80

KompIp perai kyba TyCTi, Kyprak, TYHipIIIKTI KYpbUIBIMIbI, a37all ThIFbI3/aJIFaH, OpTalla CaHbLIayIbl,

B aK JKimurenep Kesaecesi, OyHaKIeHeTIepAiH JKoiaps! OaiKanaabl, TaMbIpiiap CUPEK Ke3ece/i,

54

KBIIIKBUIAP/IaH KaifHay Topexeci JKOFapbl

ATIIBIK CYp, OpTarra KyMOAIIIBIKTHI, TYHIPITIKTI,
TBIFBI3, KBIIIKBUIIAPJaH KallHAYy A9pEKeci KOFaphl
Tomblpak. Tay OeTkelinmeri KoAiMIi Cyp TONBIPAKTa
rymyc 0,83-0,96 % apanbiFbiHma, SFHH, ©Te
TOMEH MeJIIep/ie, KOPEKTiK AIIEMEHTTEPIC TOMCH
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Tenmepae Kamteurra, a3ot 0,040-0,050 %, dochop
0,144-0,160 %, xanmuit 2,187 — 2,312 %, TombIpaK
OPTACBIHBIH PEAKLMACH! KYLITI CUITLIIK KOPCeTTi —
pH 8,55-8,69, CO, memmepi oprama — 4,91-7,04
(cypert 4).
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4-cypeTt — AHAJIIUTHKAJBIK KOPCETKIIITEpi
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d). XKanmer N (azor), sxammet PO, (hocdop), %.
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MexaHMKaJIbIK Kypambl OOWBIHIIA —OpTara
KyMOammbeIKTEl. Ty3map >kubHTEFE (0,024-0,029
% apaJbIFbIH/Ia, SIFHU OYJ1 TOIBIPAK KECKIHIHEH Jie
TOIBIPAKTHIH TY3/1aHOAFaHABIFbIH OaliKaiiMBbI3.

KopbITbIHABI

Cripnapust KapataysiHaa >KypriziiareH 3eprre-
yiep OombiHIa xanmsl Allochrusa gypsophiloides
eciMAIriHig 3 momyJsiuusacekl (4 LEHOMOMYJISIHA),
onap; Casicy markansr; Kyifik acysl; bipimik aybun
MaHpl. bapnbik 3 momymsinus (4 LEHOTOMYJISAIHS)
OoiibiHIIA OCIMAIKTIH MOP(GOMETPUSUIBIK KOHE
TONBIPAK KOPCETKIMITEP] CUITATTAJIIBI.

Mopdonorusutelk Oenrinepi OOMbIHIIA IEHOTIO-
MyJISLIUSIIap apacklHAAFbl KOPPEALMSIIBIK TajlaayFa
Coifkec, TeHepaTUBTI AapayapablH OWIKTIrl OOWBIH-
ma [I11 sxome LIII3, LII2 sxone III14 apaceiama
onci3 kepi Koppemsiuus Oaiikanapl. [Iupcon koppe-
TAIMAACHIH Oaraniay KesiHAe TYIIeHY OapbIChIHIA
napakTapabiH optama Owikriri LI12, TII13 >xoHe
LI14 epkeHnep caHbl *oHE TYJIAEP CaHbIMEH Typa
KOppeJsILUsIaHFaHbIH KepceTTi. bapiblK LeHomno-

OyJAuusiapia  TYJJIeHy Ke3iHzeri AapakTapiablH
OMIKTITI JapaKTap CaHBIMEH Kepi KOPPEIAIMIIaHIbI.

Casicy martkaibl OOMBIHINA TOTBIPAK TUIT — Tay
OeTkeliHIeri KOAIMIT Cyp CONTYCTIK TOIBIPAFHI.
MopdoTOTHUAIBIK CUIATBl — amIblK CYp TYCTI,
KYMOAJIIIBIKTBI, THIFBI3IAJIFaH, [IAHJbI, TYHIPIIIKTI
KYPBUIBIM/IBI, KYpaMblHAa TacTap Kel Ke3JAeceli.
Kyfiik acysl OOWBIHINIA TOMBIPAK THII — TayJIbI
CYP-KOHBIP TOTBIParbl, MOP(OIOTHUSIIBIK CHIIATHI
— TONBIPAK CYP KOHBIP, THIFbI3AAIFaH, TYHIPIIiKTi,
BUTFAJIIBIIBIFBl TOMEH, TAaCThI KOCBUIBICTApFa 0Oai,
KBIIIKBUI/IaH KaifHay Topekeci TOMEH OOJIBII TalObl-
nanel, TONBIPAK Ty3AaHOaraH. bBipiik aybur MaHbl
OOWBIHIIIA TOIBIPAK THII — Tay OCTKEHIHIETI Cyp

KOJIMI1 OHTYCTIK TOIBIParbl, MOPQOIOTHSIBIK
CUNaThl — allblK Cyp, OpTama KYMOAJIIBIKTHI,
TYHIPIIIKTi, TBIFBI3, KBIIKBUIIAPAAH  KaifHay

JIOpEKECi JKOFaphl TOIBIPAK.

Bapnvik 3 momynsuusinap (ueHomomynsuust 4)
TOMBIPAKTAPBIHBIH XUMMSAJIBIK Kypamaapbl OOMbIH-
11a yKcac, TyMyc MeJIIIepIIepi TOMEH, KOPEKTiK 3J1e-
MEHTTEPMEH/Ie TOMEH KaMTBUIFaH, TONBIPAK OPTACH
peaKImsICHI OpTalia KoHe KYIITI CUITLTI OOJIIBL.
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SPECIES DIVERSITY OF WETLAND
AND COASTAL AQUATIC FLORA OF THE KETPEN RIDGE

An analysis of the wetland and coastal aquatic flora of the Ketpen ridge is provided in order to study
the composition and distribution of plant species adapted to certain conditions of the area. As a result
of the study, it was revealed that the flora of the Ketpen ridge is represented by a variety of species
adapted to wet and swampy conditions. The most common types of wetland flora of the Ketpen ridge
are various types of sedges, reeds, cattails and reeds. Rare aquatic plant species such as white-water lily,
species from the Gentianaceae family and others were also discovered. An ecological analysis of the
distribution of wetland species showed that most of these are species of reservoirs, swamps and streams,
where there is a sufficient amount of moisture, but there are species found on land, in drier conditions.
The study and analysis of wetland flora and coastal aquatic flora of the Ketpen ridge made it possible to
identify 211 species of vascular plants belonging to 101 genera and 39 families. Low species richness
of families characterizes this flora, and it is 5.4. Among the 11 largest families with the largest number
of species, including 151 species and 83 genera, of which 6 genera are large and polymorphic, such as
Carex (15 species), Ranunculus (11 species), Juncus (7 species), Rumex (7 species), Epilobium (6 species)
and Potamogeton (6 species). These genera make up 39.3% of the total number of species of wetland
and coastal aquatic flora.

Key words: flora, Ketpen ridge, diversity, wetland and coastal-aquatic floristic complex.
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KeTrneH >KoTacbiHbIH, CYyAbI-0aTNaKThl XKOHE XKararayAafbl
chAopaCbIHbIH, TYPAIK SpPTYPAIAIri

AyAaHHbIH OeAriAi 6ip >karAanAapbiHa GeMiMAEATEH BCIMAIK TYPAEPIHIH Kypambl MEH TapaAybiH
3epTTey MakcaTbliHAQ KeTneH >KoTacbiHbIH CyAbl-6aTnakTbl K8HE >KaFaAayAblK, Cy PAOpachbiHA TaAAay
’KacaAraH. 3epTTey HaTuXKeciHAe KeTrneH )oTachIHbIH (hAOPACHI bIAFAAABI )KOHE 6aTnak Thl >KaF AaiAapFa
6eliMAEATeH aAyaH TYPAEPAEH TypaTbiHbl aHbIKTaAAbl. KeTreH >KOTacbiHblH CyAbl-6aTnakThbl Xep
cbAOpacbIHbIH €H Kern TaparaH TYPAepiHe ap aAyaH KbIpbIK, KambIC, KYMPbIK, KambIC >kaTtasbl. CoHaai-
ak, ak, cy Aaaaryai, Gentianaceae TyKbIMAACbIHbIH TYPAEpPi >koHe 6acKkaAapbl CUSIKTbl CUPEK Ke3AeCeTiH
cy ecimaikTepi ae Tabbiaabl. CyAbl-6aTMakThl aAKANTaPAbIH TYPAEPIHIH TapaAybiH SKOAOTUSIAbIK, TAAAQY
OAAPABIH, KOMLWIAIri Cy KOMMaAapblHbiH, 6ATNaKTbl XX8HE aFblHAbI CYAAPAbIH TYPAEPi eKeHiH KepceTTi,
OHAQ bIAFAAADBIH, XKETKIAIKTI MBALIEpi 6ap, Hipak, KYPAbIKTa, KypFak XKarAanAa KE3AECETIH TypAepi 6ap.
KeTneH >koTacbiHbIH CyAbl-6aTnak Tl (DAOPACHI MEH >KaFaAayAarbl Cy (PAOPACHIH 3ePTTEY XKOHe TaAAdy
101 TyKbIMAQC MeH 39 TYKbIMAACKA XKATATbIH TaMbIPAbl ©CIMAIKTEPAIH, 211 TYpiH aHbIKTayFa MYMKIHAIK
6epai. ByA dhAopaHbl cvnaTTaiTbiH TYKbIMAACTAPABIH, TOMEH Typ 6aiAblFbl, OA 5,4. EH ken Typi 6ap 11
ipi TYKbIMAQCTAPABIH iWiHAE, OHbIH iWiHAe 1571 Typ >keHe 83 TyKbIMAAC, OHbIH, iLiHAE 6 TYKbIMAACHI ipi
>KaHe noAMMopdThl, Mbicabl, Carex (15 Typ), Ranunculus (11 Typ), Juncus (7 Typ), Rumex (7 Typ), Epilo-
bium (6 Typ) xeHe Potamogeton (6 Typ). ByA TekTep cyAbl-6aTnakTbl XXaHe >KararayAarbl Cy pAopachl
TYPAEPIHiH >KaArMbl CaHbIHbIH 39,3 %-bl.

Tyiin ce3saep: aopa, KeTneH >KoTacbl, 9PTYPAIAIK, CyAbl-OaTnakTbl >KOHE >KaraAdayAarbl Cy
(PAOPUCTUKAABIK, KELLIEH.
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BuaoBoe pa3HooOpa3ne BOAHO-00AOTHOM
M NpubGpPeKHO-BOAHOM hAaopbl XxpedTa KetneH

[prMBOAMTCS aHaAM3 BOAHO-OOAOTHOM M MPUBPEXKHO-BOAHOM (hAopbl xpebTa KetneH ¢ LeAblo
M3YyYeHMsl COCTaBa M PaCrpPeAEAEHUsI PACTUTEAbHbIX BUAOB, MPUCMIOCOBAEHHBIX K OMPEAEAEHHbIM
YCAOBMSIM AQHHOI MECTHOCTU. B pe3yAbTate uccaeaoBaHmst GbIAO BbISIBAEHO, UTO (hbAaopa xpebTa KeTneH
NnpeACTaBA€Ha PasHOOOPa3HbIMM BMAAMM, aAANTUPOBAHHBIMM K BAQXKHbIM M BOAOTUCTBIM YCAOBUSM.
Hanboaee pacnpocTpaHeHHbIMU BUAaMM BOAHO-60AOTHOM (hAOPbI XpeOTa KeTneH SBASoTCS pa3AnYHble
BMAbI OCOK, TPOCTHMKA, POro3a 1 Kambliwa. Takke ObIAM 0OHAPY KEHbI PEAKME BOAHBIE BUAbI PACTEHMIA,
Takme Kak 0eAast KyBLUMHKA, BMAbI M3 cemerncTBa Gentianaceae n apyrme. IKOAOTMYECKMIA aHaAM3
pacrnpeAeAeHnsi BOAHO-60AOTHbBIX BMAOB MOKa3aA, YTo B GOAbLUMHCTBE 3TO BMAbI BOAOEMOB, GOAOT
1 py4YbeB, rAe UMEeTCs AOCTAaTOUYHOE KOAMYECTBO BAAru, HO eCTb BMAbI, BCTpeYalolMecss Ha Cylle,
B 6oAee Cyxmx ycaoBusx. MccaepoBaHme M aHaAM3 BOAHO-00AOTHOM (DAOPbI M NPUBPEKHO-BOAHOM
Aopbl xpebTa KeTrneH no3BoAUA BbisiBUTL 211 BUAOB COCYAMCTbIX PACTEHMI, MpUHasAexKalumx K 101
poay m 39 cemeinctBam. Huskas BMAOBas HaCbILWEHHOCTb CEMENCTB XapaKTepusyeT 3Ty dAOpYy, M OHa
coctaBasieT 5,4. Cpean 11 KpyrnHemwmx ceMencTB ¢ HaMbOAbLLMM YMCAOM BUAOB, BKAKOYaoLWMX 151
BUMA 1 83 pOAOB, U3 KOTOPbIX 6 POAOB SIBASIOTCS KPYMHbIMWU U MOAMMOPMHbIMM, TakuMm Kak Carex (15
BMAOB), Ranunculus (11 BuaoB), Juncus (7 BuaoB), Rumex (7 Buaos), Epilobium (6 BuaoB) n Potamoge-
ton (6 BUAOB). DTN POAbI COCTaBASIOT 39,3 % OT O6LLEro YMCAA BUAOB BOAHO-GOAOTHOM M NPUBPEXKHO-

BOAHOWM (bAOpbI.

KatoueBble caoBa: aopa, xpeber KertneH, pasHoobpasme, BOAHO-GOAOTHbBIA M MPUBPESKHO-

BOAHbI (PAOPUCTUUECKMIA KOMIAEKC.

Introduction

The Ketpen ridge belongs to the Northern Tien
Shan, which is located in the southern part of Ka-
zakhstan and extends along the border with China.
According to geographic zoning within Kazakhstan,
the ridge under study belongs to the Central Asian
country, Tien Shan region, North Tien Shan prov-
ince, Chilik-Ketpen district [1]. The length of the
Ketpen ridge in Kazakhstan is more than 150 km,
and its width is about 40-50 km. The highest point of
the Ketpen ridge reaches 3680 meters in the eastern
part on the border with China. In the west, the height
of'this ridge gradually decreases to 3400 meters. The
Ketpen ridge has no glaciers and no peaks that reach
the snow line. It borders with the Dzungarian Alatau
in the north, separated by the Ili depression, with the
Kungey Alatau in the west and smoothly passes into
the Temerlik ridge in the east, which merges with
the Boro-Khoro mountain system [2].

In the last decade, scientific interest in the study
of aquatic vegetation has noticeably increased
[3.4,5,6,7,8,9,10,11,12,13,14].

Materials and methods

The main methods for studying the species of
wetland and coastal aquatic flora of the Ketpen

Range include: classical methods of botanical and
floristic research: include the study of the morpho-
logical and anatomical characteristics of plants, as
well as their taxonomy and floristics. Traditional
methods of geobotanical research: include the study
of plant communities of wetland and coastal aquatic
flora and their interaction with the environment. To
do this, a detailed geobotanical description of the
communities present at points recorded using GPS
is carried out. Route-reconnaissance method: in the
field, the method of walking along routes is used to
locate and collect plants. This allows you to cover a
large area and study the diversity of species. Collec-
tion and processing of herbarium material: collected
specimens of wetland and coastal aquatic plant flora
are placed in herbarium folders with a description
of the place of collection, date and collector. After
field work, the material is dried and viewed under
binocular loupes. The collection and processing of
herbarium material is carried out according to the
generally accepted method of A.K. Skvortsov [15].
Species identification and taxonomy: carried out
in the laboratory after field work. For this purpose,
multi-volume reports and reference books are used,
such as “Flora of the USSR [16], “Flora of Kazakh-
stan” [17], “Plants of Central Asia” [18], “Identifier
of plants of Central Asia” [19], “Illustrated direc-
tory of plants of Kazakhstan “[20] and others. The
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species and generic names of wetland and coastal
aquatic plants of the studied ridge are given accord-
ing to S.K. Cherepanov and S.A. Abdulina [21,22].
To analyze life forms, the classifications of K.
Raunkier and I.G. were used. Serebryakov [23].

Results and discussion

Taxonomic analysis

Taxonomic analysis of wetland and coastal
flora showed the presence of 211 plant species that
belong to 101 genera and 39 families. Of the total
number of species, 124 belong to dicotyledonous
plants, and 83 species belong to monocotyledonous
plants. The ratio of wetland and coastal aquatic flora
species is 39:101:211. There are on average 2.0 spe-
cies per genus. The species richness of families of
wetland and coastal aquatic flora is low and amounts
to 5.4. There are no endemic species in the study
area, which indicates the absence of autochthonous

trends in the development of the flora. The absence
of polymorphic genera and the negative value of
the autonomy index (-0.707) indicate the predomi-
nance of allochthonous species in the development
of the flora of the wetland and coastal aquatic flo-
ristic complex. These data allow us to draw con-
clusions about the composition and characteristics
of vegetation in the studied complex. The wetland
and coastal-aquatic floristic complex of the studied
Ketpen ridge according to A.L. Takhtadzhyan [24]
consists of 10 subclasses, of which 3 subclasses
(Alismidae, Arecidae, Commeliniidae) belong to
Liliopsida and 7 subclasses to Magnoliopsida (Mag-
noliidae, Ranunculidae, Caryophyllidae, Rosidae,
Lamiidae, Dilleniidae, Asteridae). From the class
Magnoliopsida, the richest in species composition
were the subclasses Lamiidae, Rosidae, Dilleniidae,
Caryophyllidae, Ranunculidae, Asteridae, and from
Liliopsida, these were Alismidae, Commeliniidae
and Arecidae (Fig.1).

Ramunculidae

Caryophyllidae

9.0%

Dilleniidae

9.0%

Rosidae 10.4%

8.5%

Magnoliopsida
58.,7%

Lamiidae
14.5%
Caryophyllidae
Dilleniidae 2.0% Liliopsida
9.0% 39.3%0

Rosidae 10.4%6

Lamiidae
14.5%

Figure 1 — Wetland and coastal-aquatic floristic complex in the proportions of systematic groups

Of the families of wetland and coastal aquatic
flora of the Ketpen ridge listed below in Table 1,
the richest and largest families in terms of the
number of species were: Cyperaceae (30; 14.2%),
Poaceae (27; 12.2%), Ranunculaceae (18; 8.5%),
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Asteraceae (13; 6.1%), Lamiaceae (12; 5.6%),
Polygonaceae (11; 5.2%), Fabaceae (9; 4.2%),
Gentianaceae (9; 5.2%). 4.2%), Caryophyllaceae
(8; 3.8%), Juncaceae, Scrophulariaceae (7 species
each, 3.3%).
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Table 1 — Leading families of wetland and coastal aquatic vegetation of the Ketpen ridge

o,

Families Number of genera Number of species o of tost;lcni:;nber of
1.Cyperaceae 9 30 14,2
2.Poaceae 12 27 12,7
3.Ranunculaceae 7 18 8,53
4 Asteraceae 9 13 6,1
5.Lamiaceae 9 12 5,68
6.Polygonaceae 3 11 5,21
7.Fabaceae 5 9 4,26
8-9.Gentianaceae 5 9 4,26
8-9.Caryophyllaceae 5 8 3.8
10-11.Juncaceae 1 7 33
10-11.Scrophulariaceae 3 7 33

Total: 68 151 71,5

As can be seen from the table, in the families
Cyperaceae, Poaceae and Ranunculaceae there are
75 species or 35.5%, and in the twelve leading fami-
lies there are 151 species (71.5%) (Figure 2). The
following families: Potamogetonaceae, Onagrace-
ae, Primulaceae (6 species each, 2.8%), Apiaceae
(5; 2.3%), Equisetaceae (4; 4.3%). Four families

contain 3 species each (1.42%). Three families con-
tain two species each (Saxifragaceae, Lemnaceae,
Sparganiaceae). Twelve families: Nymphaceae,
Ceratophyllaceae, Salicaceae, Haloragaceae, Hip-
puridaceae, Callitrichaceae, Butomaceae, Zan-
nichelliaceae, Najadaceae, Primulaceae, Lythrace-
ae, Apogynaceae contain one species each (5.6%).

14.2%
12.2%
8.5%
61%  566% @ 5.2%
i - 4.2%
I I I I | 4i% 3i% 1
&@o d’?& ce‘%e o“& cf?a oz“b& 02‘%& o&@ odb@ o‘i"b{’
& & 3 & - & & & NG o
§ & e £ $ 3 & & &
%) N v W ) & & &
C 53

Figure 2 — Proportions of the largest families of wetland and coastal aquatic vegetation of the Ketpen ridge

By the number of genera, the most leading
families are: Poaceae (12; 5.6%), Cyperaceae
9; 4.2%), Asteraceae (9; 4.21%), Lamiaceae

(9; 4.2%), Ranunculaceae (7; 3.3%), Fabaceae,
Gentianaceae, Caryophyllaceae (5 genera each;
2.36%).
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Table 2 — Leading genera of wetland and coastal aquatic vegetation of Ketpen

Genera Number of species % of total number of species

1. Carex 15 7,1

2.Ranunculus 11 5,2

3-4. Juncus 7 33

3-4. Rumex 7 33

5-6. Epilobium 6 2,84
5-6. Potamogeton 6 2,84
7-8. Primula 5 2,36
7-8. Piccinella 5 2,36
7-8. Veronica 5 2,36
7-8. Equisetum 4 1,9
9-10. Cirsium 4 1,9
9-10. Persicaria 4 1,9
9-10. Poa 4 1,9
Total: 83 39,3

The richest genera in terms of the number
of species were: Carex (15; 7.1%), Ranunculus
(11; 5.2%), Juncus (7; 3.3%), Rumex (7; 3.3%),
Epilobium (6; 2.8%), Potamogeton (6; 2.8%),
Primula (5; 2.3%), Puccinella (4; 2.3%), Veronica
(5; 2.3%), Calamagrostis (4; 4.3%), Equisetum,
Poa, Cirsium, Persicaria (4 species each). These
thirteen genera contain 83 species (39.3%). 3
species (17.2%) each contain 7 genera, 2 species

29.0%

each contain 20 genera, and finally, 60 genera each
contain 1 species (28.4%) (Fig. 3).

In the wetland and coastal water complex, there are
16 species of true species that are characteristic only for
this complex. The main true species include: Butomus
umbellatus, Potamogeton pectinatus, P. natans, P.
filiformis,  Bolboschoenus —maritimus, Triglochin
maritimum, Scirpus tabernaemontanii, Eleocharis
meridionalis, Blusmus compressus and others.

mLarge
@ Oligotypics
OMonotypics

Figure 3 — Proportions of large, oligotypic and monotypic genera
wetland and coastal aquatic vegetation of the Ketpen ridge

Biomorphological analysis

Biomorphological analysis of life forms revealed
a predominance in the wetland and coastal aquatic
flora of flowering herbaceous plants (210; 99.5%), of
which most belong to herbaceous polycarpics (172;

46

81.5%). Herbaceous monocarpics are represented
by only 38 species (18%) of the entire composition.
This complex contains only one shrub. The wetland
and coastal aquatic floristic complex is characterized
by the absence of woody, semi-shrubby, tuberous
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and onion plants (Figure 4). Of the polycarpics,
rhizomatous — 23 species (24.7%), short rhizomatous
— 26 species (12.36%), long rhizomatous — 53
species (25.1%), short rhizomatous — 50 species
(23.7%), cystic rhizomatous — 5 species (2.3%).
Annuals predominate in the families Gentianaceae
(9), Polygonaceae (5), Asteraceae (4), Poaceae (5),
Fabaceae (2), Ranunculaceae (1), Caryophyllaceae
(2), Lamiaceae (2), Callitrichaceae (1), Najadaceae

18.0%

2.3%

23.7%

(1) and Juncaceae (2). Perennials predominate
in the families Cyperaceae (30), Ranunculaceae
(16), Potamogetonaceae (6), Primulaceae (5),
Onagraceae (6), Poaceae (22), Equisetophytina
(4), Typhaceae (3) Alismataceae (3). The remaining
families contain 2 and 1 species. In relation to
humidity, mesohygrophytes dominate — 124 species
(58.7%) and hygrophytes — 62 species (29.3%),
hydrophytes — 25 species (11.8%).

24.7%

E Rhizomatous

B Long-rhizome
@ blhort-rhizome
B Brush

rhizomatous

25.1% B Annuals

Figure 4 — Proportion of life forms in wetland and coastal aquatic vegetation

Geographic analysis

As part of this flora, 23 geographical elements
were identified, united in 5 groups of areas (Fig.5).

The next largest are species that have a
significant range within the Palaearctic — the boreal
group, numbering 64 species (30.3%), of which with
arange throughout the Palaearctic — 35, in its eastern

part — 22, in the western part — 7. Group species with
wide ranges are represented by 60 species (28.4%),
where pluriregional — 12, Holarctic — 48. The ancient
Mediterranean group is represented by 18 species
(8.5%). And the mountainous Central Asian group
is represented by a small number of only 9 species
(4.2%).

31.2%

8.5% 4.2%

28.4%

30.3%

B Mountain Middle Asian
EBoreal

@\Wide range group
OAncient mediterranean

mMountain Central Asian

Figure 5 — Distribution of species of wetland and coastal aquatic vegetation of the Ketpen ridge by habitat type

Table 3 — Distribution of species of wetland and coastal aquatic vegetation of the Ketpen ridge by habitat type

Area name

Number of species % of the total number of species

1. Pluriregional 12 5,6
2. Holarctic 48 22,7
3. Palearctic 30 14,2
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Table continuation

Area name Number of species % of the total number of species
4. West Palearctic 7 3,31
5. East Palearctic 22 10,4
6. Ancient Mediterranean 0,94
7. Eastern Ancient Mediterrancan 1,9
8.European-Ancient Mediterranean 12 5,6
9.Eurosiberian-Kazakhstan 5 2,36
10. Mountainous Middle Asian 28 13,2
11. Mountain- middle asian-Iranian 3 1,42
12. Mountain middle asian- mountainous middle asian 5 2,3
13. Mountainous middle asian -Himalayan 3 1,42
14. Altai-Himalayan 1 0,47
15. Altai-mountainous middle asian 7 3,31
16. Tarbagatae-mountainous middle asian 3 1,42
17. Siberian-mountain middle asian 5 2,36
18. Tien Shan 4 1,9
19. Tien Shan-Pamir-Alai 11 5,21
20. Altai-Tienshan 2 0,94
21. North Tien Shan 1 0,47
22. Gornosiberian-Tienshan 2 0,94
23. Chinese 2 0,94
Total: 211 100

The next largest are species with a significant
range within the Palearctic — the boreal group,
numbering 64 species (30.3%), of which 35 species
with a range throughout the Palearctic, 22 in its
eastern part, and 7 in the western part. species with
wide ranges are represented by 60 species (28.4%),
where pluriregional — 12, holarctic —48. The ancient
Mediterranean group is represented by 18 species
(8.5%). And the Middle Asian mountain group is
represented by a small number of only 9 species
(4.2%).

Conclusion
The analysis showed that the wetland and coastal
aquatic floristic complex of the Ketpen Ridge is an

important element of the biological diversity of
this region, providing shelter and food for many
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species of animals and playing an important role in
maintaining ecological balance. Representatives of
the wetland and coastal aquatic floristic complex in
the study area of the Ketpen ridge are adapted to
the constant presence of water in the soil or constant
waterlogging and are confined to various habitats:
reservoirs, banks and river valleys, where they form
aquatic, wetland and meadow (riparian) -water)
ecological and geographical groups. The distribution
of swamps on the Ketpen ridge is associated with
a strong dissection of the mountain topography;
small fragments of swamps are present in the high-
mountain belt; in the foothill plains they are found
along river valleys, in places where groundwater
emerges. As noted by N.I. Rubtsov high-mountain
swamps are essentially a relict formation. during the
Pleistocene glaciation, they were apparently much
more widespread in the mountains [25].
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M3YYEHUE NMONMYASAUNN FERULA FOETIDA (BUNGE) REGEL,
MPOUN3PACTAIOLLEN B TOPAX XAH-TAY

Nl

Hanboaee BarkHOe 3HaueHME AAS HAPOAHOM M OMLIMAAbHOM MeAMUMHbI umeeT Ferula foetida
(Bunge) Regel (1877), npor3pacraioumii B MPUPOAHbIX ycAoBMax KasaxcraHa. AaHHOE AeKapCTBEHHOe
pacTeHue pacrnpoCcTpPaHeHO B MSTU pasAMuHbIX obAacTax KasaxctaHa. B cBS3M € He3akOHHbIMM
3aroTOBKaMM M HM3KOM CEMEHHOM PErnpoAYKLMEN, B HEKOTOpbIX pernoHax F. foetida oTHeceHa K
ncuesaouiemy Buay. Ha tepputopumn LLy-Maenckoro Huskoropbsi, 6An3 rop Xax-Tay, HEAQAEKO OT
OAHOMMEHHOTO ayAa, B 377 KM OT ropoAa AAMaThbl, Hamm 0BHapPY>KeHbl MPUPOAHBIE MOMYASLMMN (hepPyAbl
BoHiouen. OnpeaeAeHue TOUHOIO MECTOMOAOXKEHUS PACTUTEAbHbIX OOBLEKTOB MPOBOAMAM uepes
CMYyTHMKOBYIO CMCTeMy rAoGaAbHOro nosuumonmnposanms (Global Positioning System). C nomouibio
nporpammbl GoogleMyMap paspaboTaHa KapTa METOHAXOXKAEHWS XaHTAyCKOM MOMYASILMU.

BnepBble NpeACTaBAEHbI PE3YAbTATbI U3MEPEHUI KOAMYECTBEHHbIX MPU3HAKOB BEreTaTMBHOM YacTH
hepyAbl XaHTayCkor nonyAgaumm. B cpeaHem BbiCOTa pacTeHuit pepyAbl cocTaBmaa 36,9 +7,26 cm,
LIMPMHA NPUKOPHEBOI PO3eTKM AUCTbEB 107,6 +22,45 cm. O6LIEe KOAMYECTBO NMPUKOPHEBbIX AUCTHEB
6bIA0 7,0 £1,71 CM, @ UX LUMPUHA M AAMHA 63,4 +£11,27 cMmmn 61,1 £9,86 CM, COOTBETCTBEHHO. AAMHA
KOPHEBOM CUCTEMbI pacTeHuin (pepyAbl B CpeaHeM cocTaBuaa 204,2 +55,82 cm, Toraa Kak AAMHA
penoBmMAHOro kopHesmwa 33,4 £6,58 cm.

MMEHHO M3 YTOALLEHHOTO KOPHEBMLLA, BBIAEASETCS CMOAQ, KOTOpasi UCMOAb3YyeTCs B MULLEBbIX
LeAsX. AMameTp peroBMAHOM YacTn KOPHS ObIA B cpeaHem 19,3 6,83 cm. Cbipasi Macca MOAEAbHbIX
3K3EMIMASPOB KOPHS BapbupoBaAa B npeaenax 1,61-7,75 kr. CpeAHsiS YPO>KalMHOCTb CbIPOro CbIpbS
XaHTayCKoM mnonyAsumm ¢epyabl coctaBuaa 469 kr/ra. HecMoTpsi Ha He3HauMTeAbHbIl pasmep
MCCAEAYEMOM MOMYASILMN, MPEACTABASIOTCS NEPCreKTUBHBbIMU AAAbHEWLIME MCCAeAOBaHMS Bcex 10
ParoHOB AAS OLLIEHKM OOLLMX 3aMacoB AEKaPCTBEHHOM hepyAbl XKaMObIACKOM 06AACTU, KOTOPbIE TAKXKE,
Kak 1 TypkecTaHCKMe NONyAsLMM MOABEPraloTCS HE3aKOHHbIM 3aroTOBKaM W BbIBO3Y 3a NMPEAEAbI Hallew
Pecny6amku.

KatoueBble cAoBa: Ferula L., ncuesaiowmii BUA, AEKAPCTBEHHOE PACTEHUE, CbiPbE, KOPHEBULLE.
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Studying Ferula Foetida (Bunge) Regel population distributed near
to Khan-Tau mountains

The Ferula foetida species (Bunge) Regel (1877) growing in the natural conditions of Kazakhstan is
the most important for traditional and official medicine. This medicinal plant is distributed in five differ-
ent regions. The F. foetida is classified as an endangered species in some regions because of its illegal
harvesting and low seed reproduction. On the territory of the Shu-lle lowlands, we discovered natural
ferula populations near the Khan-Tau mountains, not far from same named village, and in 377 km far
from Almaty. Determination of the exact location of plant objects was carried out through the satellite
Global Positioning System. A map of location of the Khantau population was developed by the Google-
MyMap program

For the first time, measurement results of quantitative traits of vegetative part of the Khantau popula-
tion are presented. On average, the height of ferula was 36.9 + 7.26 cm, the width of basal leave rosette
was 107.6 + 22.45 cm. The total number of rosette leaves was 7.0 + 1.71 cm, and their width and
length were 63.4 £11.27 cm and 61.1 £9.86 cm, respectively. The length of ferula root system was
204.2 + 55.82 cm in average, while the length of turnip rhizome was 33.4 + 6.58 cm.

The resin is released from this thickened rhizome, and common using for food. The diameter of the
turnip-shaped root was on average 19.3 + 6.83 cm. The fresh weight of model root specimens was vary-
ing from 1.61 to 7.75 kg. The average yield of the raw material from Khantau population was 469 kg/ha.
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W3zyuenne nomynsiunu Ferula foetida (Bunge) regel, mpouspacraromieit B ropax Xan-Tay

Despite the small size of studied population, further studies of all 10 districts seem promising to assess
the total reserves of medicinal ferula in the Zhambyl region, which, like the Turkestan populations, are
subject to illegal procurement and export outside our Republic.

Key words: Ferula L., endangered species, medicine plant, raw material, rhizome.
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XaH-Tay TayAapbIHbIH )XaHbIHAA eceTiH
Ferula Foetida (Bunge) Regel nonyasiuusicbiH 3epTrey

KasakcTaHHbIH Tabuin >karFaabliHAQ eceTiH Ferula foetida (Bunge) Regel (1877) XaAbIKTbIK, >XoHe
pecMm MeAMLMHA YLLiH aca MaHbI3Abl MBHIe Me. ByA AspiAik eciMAik Kasak cTaHHbIH TYpAi 6eC 06AbICbIHAQ
TapaAfaH. 3aHCbI3 eriH >kKMHayfa >koHe TyKbIMHbIH a3 kebOeioiHe 6GaiiAaHbICTbl Kenbip anmakTapaa
F.foetida »xoibIAbIn KeTy Kayni TeHreH Typre xataapl. LLIy-Iae araca TayAaapbiHbiH aymarbiHAd, XaH-Tay
TayAapbiHbIH, >KaHbIHAQ, aTTacC aybIAAbIH alfiHaAaCbiHAQ, AAMATbI KaAacbiHaH 377 LakbIpbiM XepAe, 6i3
cacblk, (hepyAa eCiMAIriHiH TabrFM MOMYASUMSCbIH TanTbiK,. OCIMAIK 06beKTIAepiHiH HaKTbl OPHAAACYbIH
aHblkTay Faramabik, nosmumsiaay cnyTHUKTIK >kyieci (Global Positioning System) apkbiAbl XXyprisiaai.
GoogleMyMap 6araapAaMacbiHbiH, KOMEriMeH XaHTay MonyAsUMsCbiHbIH TapaAy anmarbiHbIH KapTachl
>KACaAAblI.

AAfau pet hepyaa XaHTay NOnyAsiUMSCbICbIHbIH BEreTaTMBTi OOAIriHiH CaHAbIK, 6EAriAepiH eALley
HaTMXeAePi YCbiHbIAABL. DepyAa ecimaikTepiHiH, opTala 6uikTiri 36,9 +7,26 cM, 6a3aabAbl >Karbipak,
po3eTkacbiHbiH, eHi 107,6 £22,45 cMm 60AAbI. 6a3aAbAbl XKarblpakTapAblH >KaAMbl CaHbl COMKECiHLLIe
7,0 £1,71 cM XoHe eHi MeH y3blHAbIFbl 63,4 +11,27 cm xoHe 61,1 +£9,86 cm 6oaabl. Depyaa
OCIMAIKTEpPIHIH, TaMbIp >XYMECiHIH, Y3blHAbIFbl opTa ecenneH 204,2 +55,82 cM, aA pena TamblpbIHbIH,
Y3bIHAbIFbI 33,4 +6,58 cM 60AAbI. BYyA XKyaH TambIpAaH TamMak, YiliH KOAAQHbIAQTbIH LLAMbIPp GOAIHEA.
TambIpAbIH WaAKaH OeAiriHiH anameTpi opTa ecenneH 19,3 +£6,83 cMm 60AAbI. TaMbIpAbIH, YATIAIK
KenTipiAMereH bIAFaAAbl Maccachl 1,61-7,75 Kr apaAblFbiHAQ ©3repAi. XaHTay hepyAa NONyASLMSICbIHbIH
KenTipiAMereH LMKi3aTbiHbIH OpTalla eHIMAIAIrT 469 kr/ra Kypaabl. 3epTTeAeTiH MOMNyASUMSHbIH
LLIaMaAbl MOALLIEPiHE KapamacTaH, XKambbiA 0OAbICbIHbIH ADPIAIK (DEPYAAChIHbIH XKaATbl KOPbIH HGaFasay
ywiH 6apabik, 10 ayaaHAbl OAaH 8pi 3epTTey eTe MaHbi3Abl OOAbIN CaHaAaAbl, cebebi TypkicTaH
anmarbiHAQ eceTiH DepyAaa NonyAsauMscbiH 6i3aiH, Pecnybankambl3Aa 3aHCbI3 AQbIHAAABIM XKOHE LeT
eAAEpre LWbIFapbIAbIM XaTbIp.

Ty#in ce3aep: Ferula L., xoibiAbin 6apa >kaTkaH TYPAEp, ABPIAIK OCIMAIK, LMKi3aT, TaMmbIp.

CokpameHusi 1 0003HAYEHUS

KM — KHJIOMETpP, CM — CaHTHUMETp, KI' — KHJIO-
rpamm, ra — rexkrap, CV — koappuuuenT Bapuanun

BBenenue

Pon Ferula Tourn. ex L. mpuHAmIeKAT K ce-
MeicTBY Apiaceae Lindl. (reTepoTHITHBI CHHOHUM
Umbelliferae Juss.) [1]. [1pu 3TOM, YCTaHOBIIEHO, Y4TO
13 30HTUIHBIX poJT pepya SABIsIeTC HanOoIee mpe-
craBieHHbIM B Cpenneit Azun u Kazaxcrane [2]. He-
KOTOpBIE aBTOPHI BBLACIAIOT B Ipeiesiax 3TOro poja
140 BUI0B, TOTJ]a KaK B MEXTYHAPOIHOMN AJIEKTPOH-
Hoii 6a3e Plants of the World Online (powo.science.
kew.org) yka3eiBaeTcs Ha 221 takconos [3]. Corunac-
Ho cBonke C.K. UepemanoBa B mipeieiiax TepPUTOPUN
obiBiiero CCCP Berpeuatorest 105 BuyoB depyi [1].
B Hpane Bctpeyvarorcst okono 30 BUIOB, a B HaIEH
(hmope 6omee 47 takcoHoB (epyisl [4, c. 385-416].
Kpacnoxumwxkusimu B Kazaxcrane cunrarores F. gla-
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berrima Korov., F. iliensis Krasn., F. involucraia Ko-
rov., F. leucographa Korov., F. sugatensis Bajt., F.
taucumica Bajt., F. xeromorpha Korov. [5, 6].

Haubonee BaxkHOe 3HaueHme mmeer F. foetida
(Bunge) Regel (1877), mpouspacraronuii B mpu-
ponubix ycnoBusix Mpana, Adranucrana, Kazax-
craHa, Kuprusuu, Ilakucrana, Tamxukucrana,
Typkmenucrana, Y3bekucrana. Pepyma umeer
JUTUTONTHBIH Habop xpoMocom (2n = 2x = 22) [7].
OTeuecTBEHHBIMH YUCHBIMH IIPOBEICHO H3yUYCHHE
aHATOMHYECKOTO CTPOCHHMS JIUCTHEB M KOpHEH de-
pyJipl BOHIOUEH pasnuuHbix nomyssuii [8]. Toraa,
kak ¢ momornipio SCoT, SRAP u ISSR mapkepos 06-
Hapy>KEHO I'eHETHUYECKOEe Pa3HOOOpas3ne U HAINYKe
MOTOKa T€HOB MEXIy MomyisiuusMu F. asafoetida
[9-11]. M3ydeHne TeHETUYECKOTO pa3HOOOpa3us 1
CTPYKTYpBI HEOONBIINX MOIMYJSAINNA HCUE3aI0ONINX
BUAOB (pepynbl HEOOXOOUMO ISl UX COXPaHEHHUS U
YIIPaBJICHUS UX YUCICHHOCTBIO [12].

®Depysa BOHKOYAS BXOIUT B 1'0CYNapCTBEHHBINM
peecTp JiekapcTBeHHbIX pacteHuil Kazaxcrana [13].
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B TpaguumoHHON MeOUIMHE HMCIOJIB3YETCS MOy-
YeHHass W3 KOpHeH (epynbsl MacisHUCTas CMoJa,
o0aaromniast cria3MoOJIMTHYECKAM, apOMATHYECKHM,
CeaTHUBHBIM, aHAIBI'€TUYECKUM, TIPOTUBOBOCTIAIIN-
TEIBHBIM W JIpyrMMu cBoicTBamu [14]. Apomaru-
YECKHE CMOJIBI BBIACITAIOTCA N3 MAaCCUBHBIX KOpHeﬁ
(epynbl M U3BECTHBI 1O/ Ha3BaHUEM acca-(eTuaa
[4]. B MeaumuHCKUX IEISIX TaKKE HCIOJIB3YETCS
Ha/j3eMHasi yacTh (epylibl, HanpuMep, B Y30eKu-
CTaHe Ha OCHOBE JINCThEeB U cTeOnen Ferula kuhis-
tanica Eug. Kor. nojiyueH 3CTpOreHHbI npenapar
Kydactpon [15].

Panee 3amacel cwipbst F. foetida, mpouspacra-
1o1iel Ha Tepputopun Kazaxcrana, onpeaessuiuch
npu pecypcoBenueckux ucciaegoBanusax [16]. Ilo
MHEHHUIO HEKOTOPBIX HCCliefoBareield, Hanbomee
MPOAYKTHUBHBIE 3apociii (DepyIIbl COCPETOTOUCHBI B
HOxno0-Kazaxcranckoii oonactu (HpiHe TypkecTan-
ckoit) [17].

Y4eHBIMI-00TaHUKaMHU €XKETOJTHO TTPOBOISATCS
pecypcHbIe MCCIeJOBaHusl, HO HET JaHHbBIX [0 H3-
YUEHHIO OMOJIOTHUECKUX OocoOeHHocTel F. foetida
Ha YPOBHE Pa3IMYHBIX MMOMYJISAINHI, 00ecreunBaro-
IIMX €ro CTA0OUJIBHOCTh U YCTOHYHMBOCTH B TIPUPOJIC.
XoT4 TIIaTENbHOE U3YUCHUE U OIHCcaHue Mopdoio-
TUYECKHX MMPU3HAKOB PACTEHUH MPUBOJIUT K OTKPHI-
THIO HOBBIX BHIOB [ 18]. [IpoBeneno nzydenne Mop-
(donornyeckoil M3MEHYMBOCTH Pa3HOBO3PACTHBIX
0co0eii IBYX MOy KpaCHOKHIKHOTO BHIA F.
iliensis Krasn. ex Korov. [19]. Ilpu n3ydenun tpex
NPUPOAHBIX TOMYJISIUA HPAHCKOTO SHAEMHUKA F.
cupularis (Boiss.) Spalik et S. R. Downie, moka3a-
Ha, YTO TOJILKO OJTHA M3 HUX COJICPKHUT HauOOJIbIIIee
KOJINYECTBO 3(PUPHBIX Macesn U 00JagaeT BHICOKOH
AHTUOKCHUIAHTHOW aKTHBHOCTHIO [20].

B HekoTopbeix peruonax, F. foetida, oTHOCUTCS
K HcYe3arolleMy BHIY, TaK KaK B MPUPOJAE PEAKO
BCTpEUaETCS B BHJY IIJIOXOTO 3aBSI3bIBAHUS CEMSH,
a TAK)Ke eKETOIHBIX HE3aKOHHBIX 3aTOTOBOK (WWW.
kazpravda.kz). Llenbto nccienoBanus siBsieTcs U3-
y4eHrne MoOp(hoMEeTpUYeCcKHX ITOKa3zaTesleld XaHTay-
cKoi monyJisiiuu (hepyIibl BOHIOUEH U ONpeieicHHIe
ee 3aracos.

MaTepnanbl U ME€TOJbI

[IpoBeneHO MapHIPYTHO-PEKOTHOCIIMPOBOYHOE
obcrnenoBanue lllyckoro u MoHBIHKYMCKOTO paii-
onoB JKamObuickoit obOnactu. OmpeeneHne Tod-
HOTO MECTOIIOJIOKEHHUSI PACTUTEIFHBIX OOBEKTOB
MIPOBOJIMJIM Y€PEe3 CITyTHUKOBYIO CUCTEMY T100aib-
Horo no3urmonupoBanus (Global Positioning Sys-
tem). Kapra pa3paboTaHa ¢ TOMOIILI0 TTPOTPAMMBI
GoogleMyMap (https://www.google.com/maps/).

TakcoHOMHUECKHE HAaUMEHOBAaHUS CEMEWCTB,
pOIlOB M BUAOB OGOPMIICHBI COTJIACHO IT€PBOWC-
TouHukaM [1]. 3amachel JIeKapCTBEHHOTO pPacCTeHUS
oTpeeNsuid 1Mo odmenpuHsaTod Meronuke [21]. B
XOJIe AKCIEAUIINN MTPOBEICHO O00YYEHHE MOJIOABIX
crienuanucToB YpasanuHoi A. u bunnbaeroit b.K.
METOJIMKE ONPEJENICHUs] 3allacoB JIEKAPCTBEHHBIX
pacTeHui ¢ 3aKIaKON ydYeTHBIX nensHoK. OOpa-
0OTKa KOJMYECTBEHHBIX JJAHHBIX MPOBOJIMIIACH CTa-
TUCTUYECKUMH METOAaMH U mporpammbsl Microsoft
Excel [22].

Pe3yabTaThl u 00cy:KI€eHUE

B pamkax skcnenuiuu B JKamMObUICKY 0 00J1aCTh
MpoBeeHO MapupyTHoe oOcnenoBanue lllyckoro
u MoilblHKyMckoro paiionoB. bius rop Xan-Tay,
HE/aJIeKo OT OAHOMMEHHOTI0 ayina, B 377 KM OT Tro-
pona Anmartsl, Ha BbicoTe 485-556 m +3m, ¢ Koop-
nuHataMu N44°15°4477 E73°47°5"" n N44°18°33y,
E73°44°32» wamu OOHapyXeHBbI TPHUPOJHBIE ITO-
nyJsiuy Gepyisl BoHIoueH (pucyHok 1). Jlannas
teppuropust otHocutest Kk Iy-MnelickoMy HU3KO-
ropbl0, KOTOPOE 3a MCKIIOYEHHEM €ro CeBepHOM
4acTH, ABISETCS MPOJODKEHHEM CeBepO-3amaHon
cuctembl CeBepHoro Tsab-111ans [23].

Ha pucynke 2 npezcrapieHa XxaHTaycKast IOIyJisi-
s Ferula foetida, mpounspacraroiiasi Ha TJIMHUCTO-
KaMEHUCTOW TOYBE W MMEIOIIAs MPOTSHKEHHOCTh 2 X
2 kM. Ha aTOM paBHUHHOM y4acTKe ObUTH 3aJI0KEHBI 5
YUYETHBIX JIETSIHOK, Kaxkaas pazmepoM 10 x 10 M (pu-
cyHOk 2b). CpenHee KommdecTBO pacTeHui (epysisl
Ha y4ETHOM IUToNIazKe coctaBuio 22 +4,5 mryk.

Pactenust depynbl Ha MOMEHT HCCIIEIOBaHHUS
HaXOAWINCh B (ha3e BereTalnu, a TAKKE [IBETCHUsI-
iopoHomenust (pucyHok 3A u 3b). Ha pucynke
3, TpelnCcTaBleHbl BEreTHUPYIOLIME MHOTOJCTHUE
KYCTbI ()epyJibl ¢ KPYIHBIMHU 3€JICHBIMU U KEITCI0-
MU PO3ETOYHBIMH JINCTHSIMH, & TAKIKE IK3EMILISI-
pHl B aze uBeTeHHMs, UMEIOLIHE MOIITHOE COLBETHE
30HTHK C OJIeHO-)KENThIMU LBeTKamMu. Kak co00-
ajach paHee, UMEHHO Ha 7-9-0M rojy >KU3HH (e-
pyJa oOpa3yeT TOJCTbI KOHYCOBHIHBIN CTEOCNb 1
B 9TOT NEPUOJ Pa3BUBACTCS MPUKOPHEBAsl PO3ETKa
nuctheB [24]. Hamu oTMeueHo, 9To KyCThl (epyibl
XaHTayCKOW MOIMYJSIUUK C KPYIHBIMH COLIBETHSIMU
B (haze OyTOHM3AIMHU-IIBETEHUS, TOCTUTAOT 50-65
CM B BBICOTY, @ TaK)X€ TEPSIOT MPUKOPHEBBIE PO3e-
TOYHBIE JIUCTBS, KOTOPBIE OBICTPO KEITEIOT, 3aChI-
XalT U YHOCSITCSA BETPOM B CTOPOHY OT OCHOBHOI'O
creOusi. Toraa Kak BereTUpyroIue KycThl QepyIibl
C KPYIHBIMH PO3ETOYHBIMU JIUCTBSIMH HE HMEIOT
B LEHTPAJIbHOI YacTH OCHOBHOI'O HPSIMOCTOSYErO
CTeOJIsI C COLIBETHEM.

53



W3zyuenne nomynsiunu Ferula foetida (Bunge) regel, mpouspacraromieit B ropax Xan-Tay

Khantau i
XaHray 1
e . |
Birlik Chu-Tle Mountains i
BipJiiK - !
d - |
| A-358 ]
)KMEQHGET \
7
Shu \
Wy 27
o Otar
Otap
oy
\
{3 \
| )
i
e v
R,
Terrain D bepikTac

View topography and elevation

/\)‘ﬁ"\:

E— Y

! i . KAsKaIan™™
3 Map data ©2022  Kazakhstan Terms Privacy Send feedback  20km

Qonae
OHa¢
K o

+\©’

Almaty '_4

Uzynagash,

§ THE |
VAT i} CEE =~
e |

Pucynoxk 1 — Kapra pacnonoxenns rop Xanray (Khantau), roe npouspacraer Ferula foetida

e —————

A

b

PucyHok 3 — Dx3eMIutsapsl pacTeHuil (hepyisl B Gasze IBEeTeHHUA-TIIOJOHOIICHHUS



M.2K. Kauposa u ap.

HauOonpiee mpakTuueckoe 3HAYCHHE HMEET
MOJI3eMHAsl 4acTh pacTeHuil F. foetida. 13 xopHe-
BUILIA BBIAEJISIETCS MIIEUHBIA COK, KOTOPBIA 3aCThI-
BaeT Ha BO3/yX€ U IpeBpaliaercs B JaTekc. CMomy
(hepyrsl coOMparoT Ha 8-MOM T'OJT KHU3HU PACTEHUSL.
[MosTomy, Hapsity ¢ u3MepeHHeM OHOMETPHUECKUX
MapaMeTpoB BETETATHBHOM YacTH PAacTEHUH, HAMU
IPOBEICHBI 3aMEPBI PA3MEPOB U MAcChl KOPHEBUILA
hepyIbl.

s u3ydeHHs: KOpPHEBOW CHCTEMBI XaHTay-
CKOIl momynsuuu (epysibl IPOBOANIACH BBIKOIIKA
pactenuii. Pazmepsl sMbI-TpaHiiei, He0OX0IUMOMH
JUTSL BBIKOTIKH LIEJIOTO KOPHEBHILA (PepyIibl JOCTH-
ramu 140-160 cm B mmpuny u 50-60 cM B rnyOuny
(pucynox 4). KopueBasi cuctema mM3y4aeMoin mo-
MyJAIUA MUMEET Pa3pOCIIMNCS pPENOBUIHBIA KO-
peHb, pacIoNoKeHHBI Ha TiyOuHe He Ooxee 60
cM (pucyHok 4 A), HO OT OCHOBAaHHSA ATOTO KOP-
HEBHIIA OTXOJAT PacXoAsIIHecs U U3BUBAIOIINECS
B [I0YBE€ B I'OPU30HTAJIBHOM HANpaBICHUU, OUYEHb
JUTMHHBIE pa3BeTBiIeHUs. [o Hammm n3mMepeHusm,

JUIMHA OCHOBHOTO KOPHSI MOJENBHBIX pacTeHHUN
(hepyner BappupoBana B npenenax 123-258 cMm w,
B cpeaHeM coctaBuia 204,2 +£55,82 cMm, Toraa Kak
JUTMHA YTOJIIEHHOT0 KOpHEBHIIA Oblia 25-42 cM 1
33,4 +£6,58 cMm, B cpeaHeM (pucyHok 4 b). Omuca-
HUEe MOP(]OIOrHUECKUX 0COOCHHOCTEH KOpHEH de-
PYJIBI HIMEET BaKHOE TAKCOHOMUYECKOE 3HAYCHHE.
Hnst cpaBHeHus, y HOBOTO BHaa dhepynsl F. kara-
kumica Geld. TnaBHBIN CTep)KHEBOH KOpEHb HMEET
HECKOJIbKO paccTaBiICHHBIX yTonmenuil [18]. Jua-
METp PEIOBHUIHONW YaCTH KOPHS XaHTAayCKOW IO-
nysinun 0si1 12-28 cm u B cpeprem 19,3 £6,83
cM. CrIpast Macca MOJEIIBHBIX 3K3EMIUISIPOB KOPHS
(hepymer BappupoBaina B nipepenax 1,61-7,75 kr u B
cpemHeM coctaBuia 4,69 £2,37 kr. M3BecTHO, 4TO
HaubosIee MOLTHBIMU PACTEHHSI CTAHOBSTCA B (hazy
LBETEHUsI, HO B CBSI3M C BOCCTAHOBJICHUEM IIOITYJISI-
Ui GepyIibl B IPUPOJIE TOIBKO CEMEHHBIM CIIOCO-
OOM M TUIOXHMM HX 3aBSI3bIBAHHUEM, KaTETOPUUYECKU
3ampenieH coop pacteHui B (pa3bl BETCHHS-TLIO-
noHommenus [17].

Pucynok 4 — Pa3mepsl sIMBI-TpaHILIeH JUTsl BHIKOIIKY LIEJIOr0 KOpHEBUIA pacTeHuii F. foetida

[IpoBeneHo nzyueHne MOpHOMETPHUUECKUX Ma-
pamMeTpoB pacTeHHUH (epyIIbl HCCIEAYEMON IOy JIs-
1Y, IPOU3pACTAIOLIEH Y MTOAHOXKbs rop XaH-Tay.
VYV XxaHTayCKOW MNOMYJISIMH JIUCThSI NMPUKOPHEBOM
PO3ETKH ObUIN KPYIIHBIE, HA TOJICTBIX U KOPOTKHX
yepelkax, TpolyaTo-pacceueHHble ¥ MHOTOKpaT-
HO TIEPUCTOPACCEYEHHBIMH Ha MPOAOJITOBaThHIE,
MPOJIOJIrOBATO-JITAHLETOBUIHBIE U JIAHLETOBHIHBIC
nonu. Torma kak cTeOieBbie JIMCTh Qepyiibl ObUTH
3HAYUTENBHO MEHBIIE, YEM IPUKOPHEBBIE PO3ETOY-
Hble. Kpome TOro, y BereTUpyromux pacTeHUi F.

foetida umeroTCs BEpXHHUE JIMCThS O€3 TUIACTHHBI,
KOTOpbIE COOpaHbl B BUJIC IJIOCKUX U SHIICBH/HBIX
Brnaranmiy [4, c. 385-416].

Pe3ynpraThl  M3MEpEeHWH  KOJMYECTBEHHBIX
MIPU3HAKOB BEreTaTUBHOW yactu F. foetida mpen-
cTaBlieHbl B Tabnmie. Hexkoropele mccienoBaTenu
YKa3bIBAIOT, YTO B (a3y OTpacTaHHsl U BEreTaruu
BBICOTA pacTeHuil (epyibl C PO3ETKON JIHCTHEB JI0-
cruraet 30 cMm. B Hammx uccieloBaHMUSIX, BBHICOTA
pacteHuil B cpeaHeM coctaBuia 36,9 £7,26 cMm, a
IMpHUHA TPUKOPHEBOH po3eTku Obua 107,6 £22.45
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cM. M3BECTHO, YTO YHCIIO JIUCTHEB PEPyIIbl 3aBUCHT
OT BO3pacTa 0COOM M MOXET JOCTHTaTh OT 7 70 22
mTyk [17].

Tak, HAMHM yCTaHOBIICHO, YTO 00IIEe KOJIUYe-
CTBO IPUKOPHEBBIX JIUCThEB cocTtaBmiio 7,0 £1,71
CM, MX IIMPHHA, & TaKXKe WX JUIMHa Obuin 63,4
+11,27 cm u 61,1 £9,86 cMm, cooTBeTcTBeHHO. [[71s
OIICHKM CTENEeHW BapHaOeTbHOCTH Pa3HOPOIHBIX
MPU3HAKOB PACTCHUI HAMH HCIOJIb30BaH K03 du-
nuent Bapuanuu CV (coefficient variability). Paz-
Max BapbHpPOBAHUS TaKWUX NMPU3HAKOB XaHTAyCKOU
(dbepyJsibl, Kak BbICOTA PACTCHMSI, IIUPUHA IPUKOP-
HEBOW PO3ETKHU JHCTHEB, KOJIMUYECTBO JINCTHEB, a
TaK)Ke UX JIJIMHA U ITUPUHA, HAXOIHUJICS B TIpeIeax
ko3 unmenta Bapuanuu 16,12 — 24,57%. D10
COOTBETCTBYET CpPEIAHCH BEIMYMHE BapbHPOBAHUS
KOJIMYECTBCHHBIX MPU3HAKOB [22]. B cpaBHEeHHH C
Mop(homeTpueil BeretraTuBHOM YacTu (epydsl, Be-
JIMYMHA BapbUPOBAHUS TIPU3HAKOB JIJTMHBI OCHOB-

HOT'O KOPHS, IIMPUHBI PETIOBUHOTO KOPHEBHILA U
ChIpasi Macca KOPHEBOI CUCTEMBbI OBLIM B IIpeesax
27,33 — 50,50%, 9TO COOTBETCTBYET BHICOKOI CTe-
neHu BapuabenbHOCTH. Bricokas BapnabenbHOCTh
KOJIMYECTBEHHBIX IIPU3HAKOB KOPHEBOM CHCTEMBI
XaHTaycKkol (epyssl BOZMOKHO CBsi3aHa ¢ Majion
BBIOOPKOH, MPU KOTOPOIl B pacdeT B3ATHl 6-9 Mo-
JIeJIbHBIX 9K3eMIUIIpoB. Toraa, Kak npu U3ydeHUn
MOp(HOMETPUYECKHUX TapaMeTpPOB BETeTaTHBHON
yactu F. foetida, oobem BbIOOpKM cocTaBui 30
WHIUBUIYYMOB (cM. Tabmwuiry). OTHaKo, HECMOTPSA
Ha OTpaHHUYEHHOE KOJMYECTBO MOJIEIBHBIX 00pa3-
OB KOpHEH (epyiibl, MpU3HAK JUIMHA PEIIOBUIHO-
ro KOPHEBHUIA HMEJl CPEIHIO BapuadeIbHOCTh
u cooTBercTBOBan ko3pduiuenty CV 19,17%.
HccnenoBarenn u3ydanu MOPQOIOTHUECKYIO H3-
MEHYUBOCTH Pa3HBIX NomyJsiuit F. iliensis Krasn.
ex Korov., HO He yKka3bIBaJIOCh KaKO# ObLIT pa3mep
BBIOOpKH [19].

Taoauua 1 — MophomeTpuueckue nmapaMeTpbl pacTeHHH XaHTaycKoi onyssiiun depynbl BoHOYeH

No Bhicora Ilupuna 3 IIpukopHeBbIe IUCTHS
IK3eMILIsIpa pacTenus, cM [PHKOPHEBON Konnuecrso, mr. Juna, cm Illupuna, cm
PO3ETKH JIUCTbEB, CM

1 2 3 4 5 6

1 32 116 8 71 62
2 41 126 7 73 53
3 31,5 138 6 88 60,5
4 35 125 6 72 66
5 37 129 9 66 70
6 23,7 79 4 41 43,2
7 26 93 6 65 56
8 43 134 8 81 59
9 35 115 8 63 62
10 38 126 5 74 73
11 35 69 4 54 41
12 35 137 8 72 74
13 45 100 7 73 66
14 43 117 7 74 63
15 33 104 9 63 83
16 33 97 9 54 60
17 52 115 6 64 62
18 37 77 5 59 52
19 46 101 7 57 67
20 30 67 4 40 46
21 51 132 9 69 58
22 37 129 11 67 72
23 52 104 7 63 72
24 27 91 6 53 55
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Ipooonxcoenue madnuywl

N Buicora Mupuna ) IIpukopHeBbIe JIUCTHS
IK3eMILIsApa pacTenus, cM HPHKOPHCEBOM KoauuecTBo, mIT. Jauna, cm upuna, cm
PO3€TKH JUCThEB, CM
25 36 118 8 66 68
26 34 81 6 54 58
27 35 78 6 48 44
28 28 75 6 45 61
29 39 137 8 69 70
30 37 119 9 64 57
Cp. 3HaYeHUE 36,91 107,63 6,97 63,40 61,12

IIpenBapuTenbHblil aHaIU3 NOIYJISLUH, MTOKa-
3aJ1, 4TO pacTeHus hepyJibl BOHIOUEH Mpou3pacTain
B aCCOIMAIMH C TIOJBIHHO-3IAKOBOH PaCTHTENb-
HOCThIO. CONMYTCTBYIOIIMMH PACTEHHUSIMHU, TPOU3-
pacTalomuMi B OJTHOM OHOILIEHO3€ C TMOIMYJISIUEH
Ferula foetida wm wambomee pacmpocTpaHeHHbBIE
Ha Tepputopun 61u3 rop Xan-Tay OBIIH COJITHKH
(manpumep, Salsola arbusculiformis Drobow), mo-
netau (Artemisia spp.) u msatimku (Poa spp.). Ha-
psly ¢ HUMH, Ha KallITAHOBBIX, COJIOHYAKOBBIX H
TJIMHUCTBIX TI0YBaX PAacCcesHHO BCTPEYAIOTCS PO-
raa Ceratocarpus sp., OypadyoK IyIIUCTOILIOIHBIH
Alyssum dasycarpum Stephan ex Willd., xoctep
Bromus sp., Moptyk Eremopyrum sp., K031000poJi-
HuK Tragopogon sp., 3usucdopa Ziziphora sp., xo-
BBUIb KUPTU3CKUH Stipa kirghisorum P.A. Smirn.,
BacwuctHUK Thalictrum sp. Kpome Toro, BcTpe-
YaJIUCh €IMHUYHBIE SK3EMILISAPHI IPYTUX PACTEHUH,
Takux Kak Bacwiek (Centaurea pseudocoriacea
Dobrocz.), tmun Carum carvi L., BUIpl TyKOB (Ha-
npumep, Allium borszczowii Regel.).

3akiaoueHnne

[Inomane Ha KOTOpOW BCTpedaeTcs HcCCiemye-
Masi ommyJsius Gpepyiisl B MOHBIHKYMCKOM paiioHe
JKam6puickort obmactu cocraBuia 400 ra. Cpen-
HSSL YPOXKaWHOCTH CHIPOTO CHIPHs (epynbl 469 kr/
ra. CyMMapHBIi SKCIUTyaTallMOHHBIN 3a1ac ChIporo
CBIpbsl HA MOMEHT MapIIPYTHO-PEKOTHUCTHPOBOY-
HOTO 00CJIeTOBaHUS TepPUTOPHUH Otr3 rop XaH-Tay
coctaBui 18,76 T. DTO HUXKE, YEM €KETOMHBIC 3a-
nachel CoIpbsi Ferula foetida B8 MaHTBICTayCKO# 00-
JIACTH, KOTOphIe nocturaioT 51 T u Beime. Jlaaaoe
JIeKapCTBEHHOE pacTeHne oOHapyskeHo eme B 1971
r. B 3awniickoM AJjiaTay, a TakKKe MPOHU3PACTAET
B Ke3putopaunckoir obmactu. Kpome stmx o0ma-
cTeid, Oonpinue momynsiuuu acaderunsl (pepysst
BOHIOYEW) BCTpedaroTcsi Takke B TypkecTaHCKOU

oOxactu, Birodass Capslaramickuii 1 OTeIpapcKuit
paioHbl, IZle MPOUCXOIUT €r0 HEe3aKOHHBIH cOOp 1
BbIBO3 (Www.kazpravda.kz). Imernno B FOxHO-Ka-
3aXCTaHCKOU 00JIacTH 0OHAPYKEHBI HanboJee Mpo-
MBICIIOBBIE 3apociiu epysibl. MIX cymmapHBbIii 00b-
€M BO3MO>KHOH r0JI0BOI 3arOTOBKHU CHIPbIX KOPHEH
ObLT B 5-0 pa3 BhIlIE, YeM Y U3yUYEHHOW MOIYIISIIAN
F. foetida [17]. Haumenpmumu o0beMaMu 3ar0TOB-
Kku KopHe# ¢epynbl cuntatorcs 10 Tonn. OmHako,
KpoMe XaHTayCKOW MOMyJsluU, JaHHOE JeKap-
CTBEHHOE pacTeHHe BCTpedaercs, Bo Bcex 10 paii-
onax JKamObickoit obnactu (www.gov.kz). Takum
00pa3oM, IIpH N3YYEHUHU CBOWCTB MUCCIIEAYEMOM I10-
ITyJISIUU MOXKHO CZEJIaTh 3aKIIFOYCHHE, UTO HEKOTO-
pBI€ KOJTMYECTBEHHBIE IPU3HAKH BETETATUBHOM Ha/l-
3eMHOM W TIOJ3eMHON HacTell pacteHuit F. foetida
HUMEIOT CPEIHIOI BapualeIbHOCTh ¢ KO PHUILINECH-
ToM Bapuauuu 16,12 — 24,57%. OueHka creneHu
M3MEHYMBOCTH TOTO WJIM MHOT'O TaKCOHOMHYECKH
BaXHOTO MpPH3HAKA MUMEET OOJbIIOe 3HAUYCHHE IS
YCTaHOBJICHUS €r0 CTAOMILHOCTH (KOHCTAHTHOCTH )
B T€X WJIM HHBIX YCIOBUSX IPOU3PACTAHMS PACTCHHUS
U, B IIEJIOM BJIUSCT HA YCTOHYUBOCTH BuAa [12, 25].
Panee m3yuyenme MoppOMETpPHUECKUX MPHU3HAKOB
hepynbr XKamOBIIICKOH 007aCTH HE TPOBOIMIOCH,
XOTS 3TO HEOOXOJUMO JIJIsl BBISBIICHHSI OHOJIOTHYE-
CKHX ocoOeHHOcTel nomysuu. M3-3a orcyTcTBUs
KJIOHAJIBHOT'O Pa3MHOXEHHS, YUCICHHOCTh PErpo-
OYKTUBHBIX pacTeHuil F. foetida cuiIbHO 3aBUCHUT
OT BECEHHE-JIETHUX OCaJ/IKOB U 3aI1acOB CEMSH B I10-
gyBe [26, 27]. B memom, manpHEHIINE UCCIICTOBAHUS
Bcex 10 pationoB JKamObUICKO# 007aCTH TIO3BOJIST
OTIPEIeTUTh OOIIME 3aIackl JISKAPCTBEHHOU (epy-
JIbl U BBIABUTH HAaWOOJIC€ KPYIHBIC MPUPOJIHBIC €€
nomynsinud. [Ipu aTom, coxpanenue Buna F. foetida
HaIpsMYIO CBSI3aHO C MOHUTOPUHTOM T€HETHYECKH
pa3JIMYHBIX MOMYJSIUMNA HAa MCXOJHOH MPUPOIHOU
cpene oOMTaHMsI, C YMEHBIICHHEM BbIIaca CKOTa U
AHTPOTIOTE€HHOTO BMEIIATEIILCTRA.

57



W3zyuenne nomynsiunu Ferula foetida (Bunge) regel, mpouspacraromieit B ropax Xan-Tay

Kondaukt narepecon

KoH(pnukT nHTEpECOB Y aBTOPOB CTATBU OTCYT-
CTBYET.

Baaropapuoctu

Orpomuas 6marogapHocTh BoauTeno Y A3 XKu-
eHOaeBy T.A. 3a akKTHBHOE ydJacTHE TIPH IPOBEIE-

paiionoB JKamObuICKOW 00JaCTH M HPU BBIKOIIKE
KOPHEBOH CHCTEMBI pacTeHUH (pepyIbl.

HcrouyHuk puHAHCHPOBAHUSA

HayuHo-ucciieqoBarenbckoil  pabora mpoBe-
JIcHa B paMKax XO3siUCTBEHHOro noroopa Ne 23
«CocCTaBlIeHHE PECYPCHOIO KaJacTpa Ba)KHEUIINX
pactenuii aecHoro ¢onaa KamObIIICKOW 00JaCTH C

HUU MapIIpyTHO-PEKOTHOCHUPOBOUHBIX HCCIIEN0-
BaHui Teppuropun lllyckoro m MoUBIHKyMCKOTO

W3IaHUEeM KHUTH Ha FOCYJApCTBEHHOM M PYCCKOM
si3bIKax» B 2022 T.

Jluteparypa

1. Cocymuctsie pactenust Poccun u conpenensabix rocyaapets / C.K. Uepenanos. KemOpumxk, 1995. — 518 c.

2. Pimenov M.G. Updated checklist of the Umbelliferae of Middle Asia and Kazakhstan: nomenclature, synonymy, typifiation,
distribution // Turczaninowia. — 2020. — 23. — 4:127-257

3. Golmohammadi F. Traditional knowledge and economic importance of Ferula assa-foetida in the rural areas of southeastern
Iran // African Journal of plant science. — 2022. Vol.16(6). — PP. 148-156

4. ®nopa Kazaxcrana. T. 6. Anma-Ata: U3n-Bo AH KazCCP, 1963. C. 385-414

5. Kpacnas xaura Kazaxckoit CCP. — Anma-ATa, 1981. —U.2. — 264 c. — C. 137-141

6. [1sarerii HanmoHanbHEIH noktan Pecryonuku Kazaxcran O GmonorndeckoM pazHooOpasuu. — Acrana, 2014. — 148 c.

7. Firoozi N., Karimzadeh Gh., Sabet M.S., Sayadi V. Intraspecific karyomorphological and genome size variations of in vitro
embryo derived Iranian endemic Asafoetida (Ferula assa-foetida L., Apiaceae) // Caryologia, 2022. — 75(4). — PP. 111-121, https://
doi.org/10.36253/caryologia-1721

8. CarpiaabikoBa M.C., ImanbaeBa A.A. U3zyuenne anaromudeckoro crpoenus Ferula foetida pazHoro BozpacTHOTo coctaBa i
npoucxoxaenus // Bectauk Kapl'V. Cepust «buonorus. Meauuuna. ['eorpadus». — 2020. — Ne 1(97) — C. 73-78

9. Tajbakht P., Talebi M., Rahimmalek M. Genetic diversity among and within Ferula asafoetida H. Karst. populations using
molecular and phytochemical markers // Phytochemistry. 2018. — 155:19-29. doi: 10.1016/j.phytochem.2018.07.004.

10. Sadeghi R., Omidi M., Azizinezhad R., Etminan AJTIBadi H.N. Evaluation of structure and genetic diversity of wild popula-
tions of Ferula assa foetida L. medicinal plant fasing ISSR molecular marker // MGj, 2021. — Vol. 16. — Issue 4. — PP. 309-319. http://
mg.genetics.ir/article-1-1708-en.html.

11. Hossein Jafari S., Sepehry A., Soltanloo H., Karimian A.A. Genetic differentiation between bitter and sweet asafetida plants
using ISSR markers. // Mol. Biol. Rep., 2019. — 46(1):1069-1078. doi: 10.1007/s11033-018-4565-1.

12. Yang L., Hisoriev H., Kurbonova P., Boboev M., Bobokalonov K., Feng Y., Li W. High genetic diversity and low differen-
tiation of endangered Ferula tadshikorum Pimenov in Tajikistan // Global Ecology and Conservation. — 2021. — Vol. 28. — e01627.
— https://doi.org/10.1016/j.gecc0.2021.e01627

13. TocynapcTBeHHBIH peecTp JeKapcTBEHHBIX cpencTB Pecnyonmuku Kazaxcran, 2013: // IlepeueHb JeKapCTBEHHBIX CPE/ICTB,
3aperUCTPUPOBAHHBIX U Pa3peUICHHBIX K TpuMeHeHH o U mpon3BoacTBy M3 PK. URI: http://www.adilet.zan.kz

14. Sirizi M.A.G., Alizadeh Ghalenoei J., Allahtavakoli M., Forouzanfar H., Bagheri S.M. Anticancer potential of Ferula assa-
foetida and its constituents, a powerful plant for cancer therapy. / World J. Biol. Chem. — 2023. — 14(2):28-39. doi: 10.4331/wjbc.
v14.i2.28.

15. MamatxanoBa M.A., AxmenoBa X., Korenko JI.JI., Xamunos P.M., XKaysiabaesa K.C., ManukoBa M.X., Paxman0OepasieBa
P.K., MamarxanoB A.Y. Cranmaprusanus HanzemHoit gactu Ferula kuhistanica / ®apmaneBTrdeckuii BecTHHK Y30eKHCTaHa. —
2017. — Bem. 4. — C. 18-23

16. T'ememxueBa H.I'. AHanu3 BUIOBOTO M peCypCHOTO IOTEHIMANA JeKapcTBeHHOH (iopbr Kasaxcrana / Mar. XIV mexmy-
Hap. Hay4.-nipakT. KoH}. [Ipobnemsr 6otanuku Oxuoit Cubupu u Monronwu. — bapuayn: Usn-so Antl'Y, 2012. — C. 173-181

17. F'ememxueBa H.T'., Ky3smun O. B. CoBpemenHoe coctostaue neHonomyisinuii Ferula foetida B IOxuom Kazaxcrane // Ma-
tepuainsl [I MexayHap. Hayd. KoH]. JlekapcTBEHHBIE pacTeHUs: (yHAaMEHTAIBHBIC W MPUKIagHbIe pooieMbl (20—22 oKTaOps
2015 r.) // HoBocu®6. roc. arpap.ys-T. — HoBocubupck, U1 HoBocubupckoro I'AY «3omoroii komocy, 2015. — C. 9-12

18. ITaBnenko A.B. Ferula karakumica (Apiaceac) — HOBBII Bua u3 Typkmenucrana // HOBOCTH cHCTEMaTHKH BBICIIAX pac-
tenuit. — 2019. — 50: 141-147

19. Abunkynosa K.T., MyxutmuaoB H.M., AmeroB A.A., TeiHbi0ekoB .M. Mopdomnorndeckas XxapakTepucTuka pasHOBO-
3pactHbIX 0cobeit Ferula iliensis Krasn. ex Korov // Bectank KasHY. Cepust skomorunueckas. — 2012. — Ne3 (35). — C. 22-26

20. Narimani R., Tarakemeh A., Moghaddam M., Sourestani M.M. Phytochemical Variation within Aerial Parts of Ferula
cupularis Populations, an Endangered Medicinal Plant from Iran // Chem Biodivers. — 2021. — 18(12): ¢2100551. doi: 10.1002/
cbdv.202100551

21. Metoauka onpeeNeHrs 3arnacoB JiekapcTBeHHBIX pacteHuid / ['ockomurer CCCP mo necHoMy X034icTBY 1 MUHMEI0M0-
mpom. — M., 1986. — 51 c.

58



M.X. Kauposa u ap.

22. KyxoB A.A., Munen JI.M. Bruomerpust. OnmcarenbHas ctatiucTuka: nocooue / Munck: BI'Y, 2019. — Y.1. — 100 c.

23. Nyticenbaesa T.H. KpaTkas xapaxrepucruka npupousix yenosuii Lly-Wneiickux rop / Ucropus n Apxeonorus Cemupe-
gbs. — 2020. — Bem. 7. — C. 7-21

24. Ca¢una JL.K. @epynst Cpenneit Azun n Kazaxcrana. — Anmartsr, 2012. — 243 c.

25. Crpuonosa O.B. M3menunBocts Mopdosoruueckux npusHakoB Veronica spicata L. Ha FOro-Bocroke Ykpauusr // IIpo-
MbluIeHHast 6otannka. — 2003. — Beim. 3. — C. 64-67

26. Lendvay B., Kalapos T. Population dynamics of the climate-sensitive endangered perennial Ferula sadleriana Ledeb. (Apia-
ceae) // Plant Species Biology. — 2012. — Vol. 29. — Issue 2. — PP. 138-151. https://doi.org/10.1111/1442-1984.12003

27. Rahali F.Z., Lamine M., Gargouri M., Rebey 1.B., Hammami M., Sellami I.H. Metabolite profiles of essential oils and
molecular markers analysis to explore the biodiversity of Ferula communis: Towards conservation of the endemic giant fennel. //
Phytochemistry. 2016. — 124:58-67. doi: 10.1016/j.phytochem.2016.01.012.

References

1. Abidkulova K.T., Mukhitdinov N.M., Ametov A.A., Tynybekov B.M. Morfologicheskaya kharakteristika raznovozrastnykh
osobey Ferula iliensis Krasn. eks Korov // Vestnik KazNU. Seriya ekologicheskaya. — 2012. — Ne3 (35). — S. 22-26 [in Russian]
(Abunkynosa K.T., MyxutaunoB H.M., AmeTtoB A.A., TeiapiOekoB b.M. Mopdonoruueckast XapakTepuCTHKa pa3HOBO3PACTHBIX
ocobeii Ferula iliensis Krasn. ex Korov // Bectauk KasHY. Cepust sxonoruyeckas. Ne3 (35). 2012)

2. Cherepanov S.K. (1995) Vascular plants of Russia and adjacent states. Cambridge, 518 p. [in Russian]

3. Duysenbayeva T.N. Kratkaya kharakteristika prirodnykh usloviy Shu-Ileyskikh gor // Istoriya i Arkheologiya Semirech’ya.
—2020. — Vyp. 7. — S. 7-21 [in Russian] (Dujsebayeva T.N. Short description of nature conditions of Shu-Ile mountains // History
and Archeology of Semirechye. — 2020. — Vol. 7. — PP. 7-21 ([lyiicen6aeBa T.H. Kpatkas xapaxTepucTHKa IPUPOJHBIX yCIOBUI
Hly-Uneiickux rop // Ucropus u Apxeonorust Cemupeubs. — 2020. — Bpi. 7. — C. 7-21)

4. The Fifth National Report of the Republic of Kazakhstan on Biological Diversity (2014) — Astana, — 148 p. [in Russian]

5. Firoozi N., Karimzadeh Gh., Sabet M.S., Sayadi V. Intraspecific karyomorphological and genome size variations of in vitro
embryo derived Iranian endemic Asafoetida (Ferula assa-foetida L., Apiaceae) // Caryologia, 2022. — 75(4). — PP. 111-121, https://
doi.org/10.36253/caryologia-1721

6. Flora Kazakhstana (1963). Alma-Ata: Nauka. — Vol.6. — PP. 385-414 [in Russian]

7. Gemedzhiyeva N.G. Analiz vidovogo i resursnogo potentsiala lekarstvennoy flory Kazakhstana / Mat. XIV mezhdunar.
nauch.-prakt. konf. Problemy botaniki Yuzhnoy Sibiri i Mongolii. — Barnaul: I1zd-vo AltGU, 2012. —S. 173-181 [in Russian] (Geme-
jiyeva N.G. Analysis of specific and resource potential of the medicinal flora of Kazakhstan // Mat. XIV mezhdunar. nauch.-prakt.
konf. Problemy botaniki Yuzhnoy Sibiri i Mongolii. — Barnaul: 1zd-vo AltGU, 2012. — P. 173-181)

8. Gemedzhiyeva N. G., Kuz’min E. V. Sovremennoye sostoyaniye tsenopopulyatsiy Ferula foetida v Yuzhnom Kazakhstane //
Materialy II Mezhdunar. nauch. konf. Lekarstvennyye rasteniya: fundamental nyye i prikladnyye problemy (2022 oktyabrya, 2015)
/I Novosib. gos. agrar.un-t. — Novosibirsk, ITZ Novosibirskogo GAU «Zolotoy kolos», 2015. — S. 9-12 [in Russian]

9. Golmohammadi F. Traditional knowledge and economic importance of Ferula assa-foetida in the rural areas of southeastern
Iran // African Journal of plant science. — 2022. — Vol.16(6). — PP. 148-156

10. Gosudarstvennyy reyestr lekarstvennykh sredstv Respubliki Kazakhstan, 2013: // Perechen’ lekarstvennykh sredstv, zareg-
istrirovannykh i razreshennykh k primeneniyu i proizvodstvu MZ RK. URL: http://www.adilet.zan.kz

11. Hossein Jafari S., Sepehry A., Soltanloo H., Karimian A.A. Genetic differentiation between bitter and sweet asafetida plants
using ISSR markers. // Mol Biol Rep. — 2019. — 46(1):1069-1078. doi: 10.1007/s11033-018-4565-1

12. Krasnaya kniga Kazakhskoi SSR. (1981) Alma-Ata: Kainar, Part 2. — 264 p. — PP. 137-141 [in Russian]

13. Lendvay B., Kalapos T. Population dynamics of the climate-sensitive endangered perennial Ferula sadleriana Ledeb. (Apia-
ceae) // Plant Species Biology. — 2012. — Vol. 29. — Issue 2. — PP. 138-151. https://doi.org/10.1111/1442-1984.12003

14. Mamatkhanova M.A., Akhmedova Kh., Kotenko L.D., Khalilov R.M., Zhauynbayeva K.S., Malikova M.Kh., Rakhman-
berdyyeva R.K., Mamatkhanov A.U. Standartizatsiya nadzemnoy chasti Ferula kuhistanica // Farmatsevticheskiy vestnik Uzbeki-
stana. —2017. — Vyp. 4. — S. 18-23 (Mamatkhanova M.A., Akhmedova Kh.Kh., Kotenko L.D., Khalilov R.M., Zhauynbaeva K.S.,

Malikova M.Kh., Rakhmanberdyeva R.K., Mamatkhanov A.U. Standartisation of aerial part of Ferula kuhistanica // Pharma-
ceutical bulletin of Uzbekistan. —2017. — Vol. 4. — S. 18-23) [in Russian]

15. Metodika opredeleniya zapasov lekarstvennykh rasteniy / Goskomitet SSSR po lesnomu khozyaystvu i Minmedbioprom. —
M, 1986. — 51 s. (Methodology for determining reserves of medicinal plants / USSR State Committee for Forestry and the Ministry
of Med. Bioprom — Moskow, 1986. — 51 p.) [in Russian]

16. Narimani R., Tarakemeh A., Moghaddam M., Sourestani M.M. Phytochemical Variation within Aerial Parts of Ferula
cupularis Populations, an Endangered Medicinal Plant from Iran // Chem Biodivers. — 2021. — 18(12): ¢2100551. doi: 10.1002/
cbdv.202100551

17. Pavlenko A.V. Ferula karakumica (Apiaceae) — novyy vid iz Turkmenistana // Novosti sistematiki vysshikh rasteniy. — 2019.
—50: 141-147 (ITaBnenko A.B. Ferula karakumica (Apiaceae) — HoBbIi BuI 3 TypkmenucTana // HoBOCTH cuCTeMaTHKU BBICIINX
pacrennit. — 2019. — 50: 141-147) [in Russian]

18. Pimenov M.G. Updated checklist of the Umbelliferae of Middle Asia and Kazakhstan: nomenclature, synonymy, typifiation,
distribution // Turczaninowia. — 2020. — 23. — 4:127-257

59



W3zyuenne nomynsiunu Ferula foetida (Bunge) regel, mpouspacraromieit B ropax Xan-Tay

19. Rahali F.Z., Lamine M., Gargouri M., Rebey 1.B., Hammami M., Sellami [.H. Metabolite profiles of essential oils and
molecular markers analysis to explore the biodiversity of Ferula communis: Towards conservation of the endemic giant fennel. //
Phytochemistry. 2016. — 124:58-67. doi: 10.1016/j.phytochem.2016.01.012.

20. Sadeghi R., Omidi M., Azizinezhad R., Etminan A’ TBadi H.N. Evaluation of structure and genetic diversity of wild popula-
tions of Ferula assa foetida L. medicinal plant fusing ISSR molecular marker // MGj, 2021. — Vol. 16. — Issue 4. — PP. 309-319. http://
mg.genetics.ir/article-1-1708-en.html

21. Sagyndykova M.S., Imanbayeva A.A. Izucheniye anatomicheskogo stroyeniya Ferula foetida raznogo vozrastnogo sostava i
proiskhozhdeniya // Vestnik KarGU. Seriya «Biologiya. Meditsina. Geografiya». — 2020. — Ne 1(97). — S. 73-78 [in Russian]

22. Safina L.K. Feruly Sredney Azii i Kazakhstana. — Almaty, 2012. — 243 s. (Safina L.K. (2012) Ferule of Central Asia and
Kazakhstan. — Almaty, 2012. — 243 p.) [in Russian]

23. Sirizi M.A.G., Alizadeh Ghalenoei J., Allahtavakoli M., Forouzanfar H., Bagheri S.M. Anticancer potential of Ferula assa-
foetida and its constituents, a powerful plant for cancer therapy. / World J. Biol. Chem. — 2023. — 14(2):28-39. doi: 10.4331/wjbc.
v14.i2.28

24. Strionova O.V. Izmenchivost’ morfologicheskikh priznakov Veronica spicata L. na Yugo-vostoke Ukrainy // Promyshlen-
naya botanika. — 2003. — Vyp. 3. — S. 64-67 [in Russian]

25. Tajbakht P., Talebi M., Rahimmalek M. Genetic diversity among and within Ferula asafoetida H. Karst. populations using
molecular and phytochemical markers // Phytochemistry. 2018. — 155:19-29. doi: 10.1016/j.phytochem.2018.07.004

26. Yang L., Hisoriev H., Kurbonova P., Boboev M., Bobokalonov K., Feng Y., Li W. High genetic diversity and low differen-
tiation of endangered Ferula tadshikorum Pimenov in Tajikistan / Global Ecology and Conservation. — Volume 28. — 2021, e01627.
— https://doi.org/10.1016/j.gecc0.2021.e01627

27. Zhukov A.A., Minets L.M. Biometriya. Opisatel’naya statistika: posobiye / Minsk: BGU, 2019. — Ch.1. — 100 s. [in Russian]

60



ISSN 1563-0218; eISSN 2617-7498 Experimental Biology. Ne4 (97). 2023 https://bb.kaznu.kz

MPHTMU 34.35.25 https://doi.org/10.26577/eb.2023.v97.14.06

Ty, Ty,
1D =
) )

"HAO «TopaiirsipoB yausepcuteT», Kaszaxcran, . [TaBiomap
‘e-mail: mszarinam@mail.ru

K BOINPOCY O COCTOSAHUN O3EAEHEHHbIX
FrOPOACKUX TEPPUTOPUN U UX BAUAHUNUN
HA KAYECTBO CPEADI I. AKCY

3.M. Cepra3zunoBa'” , A.H. Kykymesa'

B AaHHOM cTaTbe NprBeAeHa OLeHKa COCTOSHMNS 3eAEHbIX HACAKAEHWI . AKCY, paCroAaraloLerocs
B [laBAopapckon obaactv Ha ceBepo-BocToke Pecnybamkm Kasaxcrtan. [opoa AKCy — OAMH M3
NMPOMBILLIAEHHO-PAa3BUTbIX FOPOAOB CeBEPO-BOCTOUHOro KasaxcraHa. Ero Teppmutopms xapaktepmsyetcs
YCAOXHSIOLENCS 3KOAOTMUECKOM OOCTAHOBKOWM, M COOTBETCTBEHHO — YXYALLIEHWEM COCTOSIHMS
3eAeHbIX HacaxaeHuit. C KaXXAbIM TOAOM MPOOAEMbl MOAAEPXKAHUS CTPYKTYpbl M KauvecTsa
rOPOACKMX HACaXKAEHWI CTAHOBSITCS O6bEKTOM BCe 6oAee MPUCTAAbHOTO BHMMAaHMUS CreLMaAncTos,
AAMVHUCTPALMKM  FOPOAQ, O0OAACTM M LIMPOKOM OOWEeCTBEHHOCTU. WHBEHTapu3aums 3eAeHbIX
HACAXKAEHUI TeppuTOpUMM roposa AKCY OOYyCAOBAEHA HEOOXOAMMOCTbIO obecrneueHus yCAOBUIA
AAS CO3AQHMS YCTOMUMBOM M 3(PAEKTUBHOM CUCTEMbI O3EAEHEHMS TEPPUTOPUM FOpoAAd. AHaAM3
pe3yAbTaTOB OCHOBAaH Ha AOCTOBEPHbIX AAHHbIX, MOAYYEHHbIX B pe3yAbTaTe CMAOLLIHOM MOAEPEBHOM
MHBEHTapu3auuu, npoBeAeHHOM B 2022 roay. [NpoaHaAn3mMpoBaHO COBPEMEHHOE COCTOSIHNE APEBECHO-
KYCTapHMKOBbIX HACa>KAEHUI FTOPOAQ, YCTAaHOBAEH MX BUAOBOI M BO3PACTHOM COCTaB, C OMpeAeAEHMEM
KOAMYECTBa, KaTeropuu, Tuma M >KM3HEHHOro COCTOSIHMS HACaXKAEHWIM, COCTAaBAEH MpPOrHo3 B
KPaTKOCPOYHOM M AOATOCPOYHOM MepCnekTnBe n3meHeHus. [1poBeaeHa oLeHKa CTeneHn O3eAeHeHus
K AemMorpagurueckon eMKocTh r. AKcy. OTMeuUeH BbICOKMIA YPOBEHb MPOAYKTUBHOCTU TEPPUTOPUM MO
kucaopoay. Nokasateab o3eaeHeHust COCTaBUA 13,5 KM2 3eAeHbIX HaCaXK AeHUi 06LLEero NoAb30BaHusl
Ha OAHOIO XKMTEAS ropoAa AKCY. [opoa AKCYy MMeeT XOPOLLMIA MOKa3aTeAb MO MAOLLAAM O3EAEHEHWS, HO
B MepCrnekT1Be Kak KPAaTKOCPOUHOM, TakK M AOAFOCPOYHOM, HEOOXOAMMO B3aMeH CTapeloLIMX pacTeHUit
CBOEBPEMEHHO 3aKAAAbIBaTb MOCAAKY HOBbIX.

KAloueBble cAoOBa: ropos, O3EAEHEHHOCTb, HACa)KAEHMS, PaACTEHWMS, CUCTEMA O3EAeHEeHWUs,
YCTOMUYMBOE pa3BUTHE.

Z.M. Sergazinova'", A.N. Kukusheva'

NAO “Toraigyrov University”, Republic of Kazakhstan, Pavlodar
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On the issue of the state of green urban areas
and their impact on the quality of the environment of Aksu

This article presents an assessment of the state of green spaces in Aksu city, located in Pavlodar re-
gion in the north-east of the Republic of Kazakhstan. Aksu city is one of the industrially developed cities
of northeastern Kazakhstan. Its territory is characterized by an increasingly complex ecological situation,
and, accordingly, a deterioration in the condition of green spaces. Every year, the problems of main-
taining the structure and quality of urban plantings become the object of increasingly close attention of
specialists, the city administration, the region and the general public. the inventory of green spaces in
the city of Aksu is due to the need to provide conditions for creating a sustainable and effective system
of landscaping in the city.The analysis of the results is based on reliable data obtained as a result of a tree
inventory conducted in 2022. The current state of tree and shrub plantations of the city was analysed,
their species and age composition was established, with the determination of the number, category,
type and vital state of plantations, the forecast in the short-term and long-term perspective of changes
was made. The degree of greening to the demographic capacity of Aksu city was assessed. A high level
of oxygen productivity of the territory was noted. The indicator of landscaping was 13.5 km2 of public
green spaces per one resident of Aksu city. The city of Aksu has a good indicator for the area of greenery,
but in both the short and long term, it is necessary to promptly plant new ones instead of aging plants.

Key words: city, greening, plantings, plants, greening system, sustainable development.
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K BOIIPOCY O COCTOAHNU O3CJICHEHHBIX TOPOACKUX TeppHTOpI/Iﬁ 1 UX BJIMSIHUU HA Ka49€CTBO CPEAbI I. AKCy

3.M. CeprasutoBa'’, A.H. Kykywesa'

«TopairblpoB yHuBepcuteTi» KEAK, KazakcTaH, NaBAoaap K.
*e-mail: mszarinam@mail.ru

KeraapaHAbIpbIAFaH KaAa aliMaKTapbIHbIH, YKaFAaibl
)K9He OAApPAbIH, AKCY KaAACbIHbIH, KOpLLAFaH OpTa carnacbiHa acepi TypaAbl

byAa makanapa KasakcraH Pecrny6AMKaCbIHbIH, COATYCTIK-LbIFbICbIHAAFbI [1aBAOAAP OOAbICHIHAQ
OpHaAackaH AKCY KaAaCbIlHAAFbl >KACbIA >KEAEKTEPAIH >Kai-kyhiHe OGara 6epiAreH. AKCy KaAachbl
ConTycrik-LUbiFbic  KazakCTaHHbIH MHAYCTPMAAAbl AaMblfaH KaAaAapbiHbiH,  6ipi. OHbIH aymarbl
3KOAOTUSIABIK, >KaF AQMAbIH KYPAEAEHYIMEH >KOHEe COMKECiHLIEe >ACbIA YXEAEKTEPAIH HallapAaybIMeH
cunartTanaAbl. XXbIA carblH KaAaAbIK, eKMEAEpPAIH KYPbIAbIMbI MEH carnacbiH cakTay npobAaemasapbl
MaMaHAAPAbIH, KaAa, 0OAbIC KIMLLIAITIHIH XK8HEe >KaAMbl XKYPTLWbIAbIKTbIH Ha3apbiHAQ 60AyAd. AKCy
KAAaCbl ayMafblHbIH, >KaCbIA >KEAeKTEepiH MHBEHTapu3auusAay KaAa ayMarblH KeraaAaHAbIPYAbIH
OPHbIKTbI XX8HE TUIMAT XXYMECiH KYPY YLLIH >XaFAaiAapAbl KaMTamacbI3 eTy KakeTTiAiriHe 6aiAaHbICTbI.
HaTunxenepai Tanpaay 2022 >KblAbl XKYPri3iAreH araliTapAbl TOAbIK, TYreHAEY HOTMXECIHAE aAblHFAH
ceHiMAI AepekTepre HerizpeAreH. Kaaaparbl araw-6yta KeweTTepiHiH, Kasipri >karAarblHa TaAAay
JKaCaAbIM, KeLWeTTepAIH CaHbl, CaHaTbl, TYPi XX8He eMIPAIK XaFAanbl aHbIKTAAbIMN, OAAPAbIH TYPAEpI
MEH >KaCTbIK, Kypambl OEATiA€HAI, KbICKa >KOHe y3ak, Mep3imAeri esrepicrepre 60AXKaM >KaCaAAbl.
AKCY KaAaCblHbIH AEMOrpadmsAbIK, CbIMbIMAbIAbIFbIHA KATbICTbl KOraAAAHABIPY AdpexkeciHe Oarasay
SKYPri3iAAi. AYMaKTbIH, OTTEri OHIMAIAITIHIH XKOFapbl AeHreni atan eTiAal. KeraaaaHAbIpy KepceTkilui
AKCY KaAacblHbIH 6ip TypfbiHbiHA 13,5 KM2 >KaAmblFa OpTaK, >KacblA ayMakTbl KypaAbl. AKCY KaAachbl
KeraAAaHAbBIPY aAaHbl 6OMbIHLIA XKaKCbl KOPCETKILLIKe ne, Bipak, KbiCka MEP3IMAI A€, Y3aK, MEP3IMAI Ae

nepcrieKkTMBaAa KapTaiFaH 6CiMAIKTEPAIH OPHbIHA YKaHAAAPbIH YaKTbIAbl OTbIPFbI3Y KaXKeT.
TyiHiH ce3aep: KaAa, KOraAAAHABIPbIAY, KOLIETTep, 6CIMAIKTED, KOraAAQHABIPY >KYHMeci, TypakThbl

AaMmy.

BBengenne

l'opon AkcCy — oaWH U3 MPOMBIIIICHHO-PA3BU-
TBIX TOPOJOB ceBepo-BocTouHoro Kazaxcrana. Ou
Haxomutcs B IlaBiaomapckoil o0jacTH M SBISETCS
TEPPUTOPHUEH C BBICOKUM YPOBHEM 3arpsi3HCHUS.
B oGnactu Ha TeppuTOpHHIO roposia AKCY MPUXO-
muTcst 28 % BaJOBBIX BRIOPOCOB 3arpsI3HSIONINX Be-
IIECTB B aTMOC(EPHBIN BO3IYX, POPMUPYIOIINXCS
OT TMPOMBINUICHHBIX NpennpuiaTuil (AKCyckuii 3a-
Box (eppocmnaBoB (A3®D), ['ocymapcTBeHHas paii-
onHas anekrpocraniys (I'POC) u np.). K ocHos-
HBIM 3arpsA3HSIONIMM 3JIEMEHTaM MOKHO OTHECTH:
TMOKCH]T a30Ta, TUOKCH Cepbl, PEHOII, OKCH]T yTIe-
poma u ap [1]. Takum o6pazom, TEpPUTOPHSI TOPOAA
XapaKTEPU3yeTCs YCIOKHSIIOMIEHCS YKOIOTHYECKON
00CTaHOBKOHW M COOTBETCTBEHHO — YXY/IIIIEHUEM CO-
CTOSIHUS 3€JICHBIX HacaxaeHU. C KaKIbIM TOJIOM
POOJIEMBI TTOJJICPKAHUSI CTPYKTYphl M KauyecTBa
TOPOJICKUX HACAKICHUN CTAHOBITCS OOBEKTOM BCE
OoJee MPUCTATFHOTO BHUMAHUS CTICTIMATTUCTOB, aJl-
MUHUCTpAIUK Iropojia, 00JacTh U MIUPOKOH 00IIe-
CTBEHHOCTH.

[ToaTroMy HEOOXOJMM MEXaHH3M, O0CCIeYH-
BAIOMIMM BO3MOXKHOCTh ONEPATUBHOIO TMOIYYCHUS
nH(bOpMAIUH TSI IPUHATHS YIPABICHUECKUX pe-
meHuit. s 3Toro Hy»kHa OlLIEHKA, a TOUHEE — WH-
BEHTAPU3ALIMS HACAKICHUN U CO3IaHUE DICKTPOH-
HOM 0a3bl NaHHBIX MO0 HUM, YTO OYIET SBIATHCA
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Ba)XKHBIM, OCHOBHBIM HHCTPYMEHTOM B 3TOM Me€-
xaam3me. Kpome TOro, MHBEHTapH3aIus 3€JIeHBIX
HaCaX/ICHUH TEPPUTOPUHU Topona AKCy 00ycloB-
JieHa He00XO0AUMOCTBIO 00ECTICUEeHUS! YCIOBUI ISt
CO3JIaHMs YCTOWYMBOH M I(PPEKTHBHOW CUCTEMBI
o3elleHeHus. Teppuropuu ropoga. CBoeBpeMeHHOE
BBISIBJICHUE OCJIa0JICHHBIX PACTEHUI HA TOPOJCKUX
00BEKTaX TMO3BOJISIET MPOBOJUTH MpoduIaKTHIe-
CKHE€ MEpONpPUATHUS, HallpaBJICHHbIE HA MTOBBILICHNE
YCTOMYMBOCTH CYLIECTBYIOLIMX 3€JICHBIX HACAXKIE-
Huil ropona. [loatomy 1enb paboThl 3aKir04aIach B
OIIEHKE COBPEMEHHOT'O COCTOSIHUSI 3€JIEHbIX HaCaXk-
JIEHUU TeppUTOpUU ropona AKcy.

3eneHble HaCaXICHUS — O3TO 00s3aTeNbHbIC
naHmqma@Tel B TOPOJCKOH CTPYKType, KOTOpBIE
00ecreYnBaloT €CTECTBEHHYIO Cpelly U YCKOPSIOT
JIpyTrHe Kn3HeHHbIe coObITHA. HanpoTus, He3ama-
HUpPOBaHHas ypOaHW3alMs M MEPexXo] OT 3eJCHBIX
CTPYKTYP K TEXHOT€HHBIM HAHECIH yLIepO NpUupoa-
HBIM pecypcaMm OKpy»xarouiei cpensl. Mccnenosa-
HUS, MIPOBEJICHHbIE MOJI pa3HbIMU YIJIaMHU 3pEHMUS,
MOJUEPKHYJIM BAXXHOCTh T'OPOJCKUX 3€JICHBIX Ha-
CaKJEeHUHN [uid OJIArOCOCTOSIHUSL 4YeJIOBeKa, HO Te-
nepb He0OXOIUMO OTIPECIUTh UX POJIb B COOTBET-
CTBMM C IOTEHLUHUAIOM. TpeOoBaHMs K FOPOACKUM
3eJICHBIM HACAXKICHUSAM MOTYT Pa3INuaThCs B 3aBH-
CUMOCTH OT M3MEHEHHs YMCIEHHOCTH HaceleHUs,
THUIIOB FTOPOJACKOM CTPYKTYPBI, paCIIMPEHUS ropoa,
BBICOTBI MECTa U reorpaguyecKoro moyoxeHus [2].
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3eneHble HACAKACHUS MOTYT MOMOYb IPEIOT-
BpaTHUTh MOTEHINAIbHbIC HETATHBHBIE MTOCIIEICTBUS
IUISL 37I0POBBSI B PE3yIbTAaTe W3MEHEHHS KJIMMAaTa
u ypbanmzanmu. ['OpojicKue 3eleHbIe HaCAKICHUS
MOTYT CHH3HUTh PHUCK CEpACYHO-COCYAMUCTHIX 3a00-
JICBAHUM, yCYyTyOJIseMbIX TEIUIOBBIM CTPECCOM HJIH
nryMoMm, Oyarojaps WX KIMMaTHUYeCKOMY peryJiu-
POBaHHUIO ¥ IOTEHIMAITY TIOJIaBJICHNUS ryma. I opo-
CKHE 3eJICHble HACaXKICHHS MOTYT TaKKe CI0co0-
CTBOBaTh (PU3UYECKOIN aKTUBHOCTH U COLUATBHOMY
B3aMMOJICUCTBUIO W, TakKUM 00pa3oM, yIydIIaTh
¢u3nuecKoe W TCHUXUYECKOE 3JI0POBbE JKHTEINEH,
KOTOpBIC, KaK TIPABWIIO, HCIBITHIBAIOT OOJBIIHIA
cTpecc B TOpoACKoi cpexe [3].

Boree momoBUHEI HACETCHUSI MUPA TIPOKUBACT B
TOpPOJICKUX palioHax M, Mo mporuosam, k 2050 roxy
3TO YHUCIIO YBEIUYUTCS JO JIBYX M3 TPEX HYEJOBEK.
IToaTomy obGecriedeHne 3eeHbIX HacaXIeHUH CITo-
COOHBIX MPOU3PACTATH B TOPOJICKUX palioHAX UMEET
MIePBOCTEIICHHOE 3HaueHue [4].

Ha nannbiii MOMEHT HaceneHue . AKCy COCTaB-
asteT 43 004 yenoBek. OOIasg IIomIaAb 3€IE€HBIX
HacaxJeHU Ha TeppuTopuu ropona B 2022 rony
cocraBmna 579 061 ra. OcHoBoli opmupoBaHus
CUCTEMBI 03CIICHEHUSI Ha TEPPUTOPUH TOpoaa AKCY
SIBIISIIOTCS. MMEIOIITNECS 3€JICHbIE U PeKPealliOHHbIC
30HBI, CYIIECTBYIOIAsl 3aCTPOMKa TEPPUTOPUU TO-
poJia, TPaHCTIOPTHBIN KapKac, COlMaNbHAs U HHKe-
HepHas nHppacTpykTypa. OCHOBHBIE 30HBI TOPO/IA,
Ha KOTOPBIX PACIOJIOKEHBI 00BEKTHI, (POPMUPYIO-
IIME ero CUCTeMY OJIarOyCTPONCTBA M O3EJICHEHUS
— 9T0 OOIIECTBEHHO-/IEJIOBBIC, KUIIbIE U PEKpealn-
OHHBIE.

Marepuajbl H METOABI HCCIETOBAHMS

B 2022 rony BmnepBble OCYIIECTBISUIA MOJHYIO
(cTITONTHYT0) WHBEHTAPU3AINIO 3€JIEHBIX HaCaKIe-
HUI T. AKCy, paHee MHBEHTapH3alus He MPOBOIM-
nack. lHBeHTapu3anys MpoBeAeHa B COOTBETCTBHU
C JEeHCTBYIONINM 3aKOHOJATENLCTBOM B 00JacTu
O3€JICHEHUS U SBJISETCSI OCHOBOW ISl peanu3aiuu
OCHOBHBIX HANpaBICHUH Ppa3BUTHA NPUPOTHOTO
KOMIUIEKCa B paMKax T. Akcy [5—12].

MuBeHTapu3amnus 3eIeHbIX HaCaXKICHUHN (Io-
JIepEBHBIN TepeyeT) — KOMIUIEKC MEPONPHUSITHI 1O
y4eTy 0OBEKTOB O3eJIEHEHHs C MOAPOOHBIM OITHCa-
HUEM KOJHMYECTBEHHBIX W KaYeCTBEHHBIX XapakTe-
PHCTHK, a TaKke rpadguyeckoe 0TOOpakeHHE Kaxk-
JIOTO DJIEMEHTa O3eJICHEHWs Ha IIaHOBOH OCHOBE
[12].

[lonmnas (crutomHasl) MHBEHTApHU3alUUs MPOBO-
JUTCSI TTyTEM CILIONITHOTO TIepedeTa JIepPeBheB, Ky-
CTapHHUKOB U JIMaH Ha BceM 00CIIeyeMOM yJacTKe.

CrmnomHast  (TIoJiepeBHasi) HWHBEHTApU3alds, Kak
MIPaBUIIO, YYUTHIBAET HACAKICHHSA, pa3MEIICHHBIC
B 4epTe ropoja (cajpl, Mapku, CKBEpbI, OyJIbBaphbI,
HaCa)XICHUS BIOJb YJUL, BHYTPH XUJIbIX KBapTa-
JIOB, HACAKJCHHS OTPAaHMYEHHOTO MOJB30BAHUS H
crieruaibHOro Ha3HaueHwus ) [12].

[Ipu mpoBeneHUHM WHBEHTApU3allMU IS YA00-
CTBa y4eTa JIPEBECHBIX U KyCTaPHUKOBBIX HACAK/IE-
HUW TEPPUTOPHIO TOPOJIA PA3EIIA Ha TPH ydacT-
Ka (pucyHok 1). IlepBriii yyacTok pacmonaraics B
CEBEPO-BOCTOYHON WacTh roponaa (246 ra), BTopoit
y4acTok — B 10HOHU (334 ra), TpeTuii — B ceBepo-
3amagHOu (229 ra). OOcnenoBaHue OCYIIECTBISIIH
MapuIpyTHO-BU3YAJIbHBIM METOJIOM C KadecTBEH-
HOM OIIEHKOW U KOJIMYECTBEHHBIM MOACUYETOM.

e3Hoaep!
BOK3anN

Axgy

Pucynox 1 — YuacTku MHBEHTapHU3alUU 3€J€HbIX
HacaKACHU I. Akcy

Bcero Obio yureHo 38 0OBEKTOB OrpaHu-
YEHHOI'O I0JIb30BaHUA, 15 OOBEKTOB YIMYHO-I0-
POXKHOM ceTH U 5 00BEKTOB OOIIETO MOIB30BAHUS
(mapkn).

Ha tepputopuu r. Akcy ompeneneH BHIOBOM
COCTaB JPEBECHO-KYCTapHUKOBOW PAaCTHTEIHHOCTH,
MOJICYMTAHO KOJMUYECTBO HK3EMIUISIPOB KaKJ0TO
Bua. Bo3pacTHO cocTaB onpenesnsuiu o TpeM Ka-
TErOpUsiM:

- MoJsiozible HacaxaeHus 1o 10 ner;

- JIepeBbsl MPOAYKTHUBHOTO Bo3pacTa 10 40 jer,

- IepecToiHbIe 1epeBbs crapiie 40 Jer.

63



K BOIIPOCY O COCTOAHNU O3CJICHEHHBIX TOPOACKUX TeppHTOpI/Iﬁ 1 UX BJIMSIHUU HA Ka49€CTBO CPEAbI I. AKCy

OneHky KU3HEHHOTO COCTOSIHUS MPOBOIMIIN 110
7 6ampHOU mIKamne: 1 6amn — YCIIoBHO 370pOBEIe, 2
6amra — Cabo moBpexneHHsble, 3 6amna — Cpenne
noBpexxieHubie U 4 — CWIBHO MOBPEXKICHHEIE, S5
OamnoB — CBexuii cyxoctoit, 6 — Ctapslii CyXoCTOH,
noOaBieHa 7 kareropusi — ABapuiHBIE.

OrneHnBamu COBPEMEHHOE COCTOSHHE JIpeBeEcC-
HBIX HACAXK/IEHUI Ha JaHHBII MOMEHT U MPOTHO3HU-
pOBaJIM COCTOSIHME B KPATKOCPOYHOM U JOITOCPOU-
HOM MepCIIeKTHBE N3MEHEHMUS:

- TIPHM OIICHKE COCTOSHUS JIPEBECHBIX HACaXKe-
HUI Ha JAHHBII MOMEHT — BBICUMTBHIBAINA OO
MIPOLIEHT MPOTYKTUBHBIX JIEPEBHEB 3@ HCKIIIOUEHU-
€M aBapUIHBIX U CYXOCTOHHBIX;

- TIPU OIIEHKE COCTOSTHUS JIPEBECHBIX HACaXKe-
HUWA B KPaTKOCPOYHOMN NEPCIEKTUBE U3MEHEHUS —
BBICUMTBHIBAJIM OOIIMI MPOLEHT MPOILYKTHBHBIX Jie-
PEBBEB 3a UCKITIOYEHNEM aBAPUIHBIX, CYXOCTOMHBIX
Y CHJIBHO TTOBPEXICHHBIX (4 Oana);

- TP OLIEHKE COCTOSHHUS JIPEBECHBIX HacCaX-
JEHUH B JOJTOCPOYHOM TMEpPCIEKTUBE HW3MEHe-
HUS — BBICUMTHIBAIM OOIIMH MPOLEHT NPOIYK-
TUBHBIX JIEPEBbEB 3a HCKIIOYCHHEM aBapUHHBIX,
CYXOCTOMHBIX, CHJIIBHO MOBPEXACHHBIX (4 6amuia) u
MEePECTOUHBIX.

Bce nanHbIe HHBEHTapU3alluN PETUCTPUPOBAIH
B MEPBUYHBIX KypHajaX, 3aTeM BHOCHJIA B JJIEK-
TPOHHBIH peecTp WHPOPMALIMOHHON 0a3bl IO 00b-
€KTaM 03€JICHEHHs TEPPUTOPUH T. AKCY.

Pe3y.]'leaTLl " 06cym11elme

WHBeHTapu3anus 3eJI€HbIX HacaX/IeHUH Ha Tep-
puTtopuu ropoga Akcy nposoauiack B 2022 rogy Ha
mwromaau 579 061 ra, B ToM yucie:

- TEPPUTOPUH OTPAHMUEHHOTO IMOJb30BAHUS —
278 709,5 ra;

- O3eJICHeHHbIE TePPUTOPUH YIHMIHO-OPOKHON
cetd — 111 544 ra;

- TEPPUTOPUM 3€NICHBIX HaCaXICHH 00mIero
nosik3oBaHus (rapku) — 188 807,4 ra.

[1n0THOCTH HacAKACHNUN B CPEIHEM COCTABIISET
102,5 sx3/ra.

Bcero B pesynbpraTe CIUIONIHON HHBEHTapH3a-
U ObUTO 3aperucTpupoBano 82998 3eneHbIX Ha-
CaXXJICHWH, B TOM YHCIIE:

- 36851 9K3eMITISIPOB IPEBECHBIX HACAKICHHUIA;

- 42286 »K3eMIUISIPOB KyCTapHUKOBBIX HaCaX-
JICHUI,

- 686 3K3eMIUISIPOB IJI0IOBBIX HACAKICHUM.
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[Tpu ananuse BHIOBOTO COCTaBa, B y4eT Opanu
TOJIBKO JKHBBIE HACAXK]ICHUS, NCKITFOYHMB aBapHIHbIE
1 cyXocTOiHBIE. TakuM 06pazom OBLI0 3aperucTpH-
poBano 21 Buj AepeBheB, 18 BUIOB KyCTAPHUKOBBIX
HACaXJCHUH W 6 BUJIOB IUIOJIOBBIX KYCTapPHUKOB
(Tabmuma 1).

Bosnbiiasi 4acth 3€I€HHBIX HACaXJIEHUW HC-
cJelyeMoil TEepPUTOPUM HCKYCCTBEHHOTO IIPOMC-
XOXKJCHHS, CTPYKTypa PacTUTEIBHBIX COOOIIECTB
HE BBIPOBHEHHAs, C TpeodiIaJlaHueM OJHOTO WIIH
JIByX AOMHHAHTOB. Tak B cTpyKType cooOiecTBa
JIPEBECHBIX HACaXJIeHUH JOMHUHATOM BBICTYIAET
kieH (40,6 %), cydbqoMuHanTOM — TOmous (22,2 %).
S6nons (9,2 %), 6epesa (6 %), cocHa (5,4 %), Bu-
Ha (4,7 %), usa (4,4 %), enb (4,4 %) oTHOCSTCS K
BTOpOCTENeHHbIM BuAaM. OcTalbHbIe BUABI JIEepe-
BbEB Masio3HaYMMBbl. COOOILECTBO KyCTapHUKOBBIX
HaCaXJeHUH OTMEYEeHO KaK MOHOIOMHHAHTHOE,
aOCOIOTHBIM JOMHWHAHTOM BbIcTymaer Bs3 (87,1
%), BTOPOCTETIEHHBIM BHI0M OTMeUeHa CUpeHb (8,2
%), OCTaJIbHBIC BUJIBI KYCTAPHUKOBBIX HACAXKICHHM
MaJIO3HAYHMMBI, CPETN KOTOPHIX HANOOJIBIIIYIO JTOITEO
3aHUMAaeT MHUMOBHUK (2,7 %). Cpeau MmiI00BbIX Ky-
CTapHUKOB cMOpoauHa (65 %) sBIseTcst abCOoMIOT-
HBIM JIOMHHAHTOM, CyOJOMHUHHUPYIOT >KHMOJIOCTbH
(18 %) n manmna (16,3 %). OcTranbHbIE BHJIBI TIIIO-
JTIOBBIX KYCTapHUKOB Masio3Ha4unMBbI. [1o BHIOBOMY
COCTaBy 110 y4acTKaM 3HAYUMBIX OTJINYMNA HET.

U3 Bcero o0ObeMa 3eaeHbBIX HaCaKIECHUH XBOIi-
HbIX nopoa — Bcero 10%, 3Toro HeAOCTaTOUHO, TAK
KaK XBOWHBIE JI€PEBbsSI BBLACISIOT KHUCIOPOJA TPH
temrepatype Bbime 0 °C, Torma Kak JHCTBCHHBIC
— TOJIBKO B BereTalMoHHbIN nepuos. IloaTomy He-
00X0IMMO YBEITHMYUTh BBICAAKY XBOWHBIX IOPOJI
— IPEUMYIIECTBEHHO COCHBI OOBIKHOBEHHOW M €1
cubupckoii. Takxke ciemyer Mpu BO3MOXKHOCTH CO-
CeJCTBA C JPYTMMHU MOPOJIaMHU B MECTaxX pocTa aBa-
PUITHBIX IEPEBBEB U CYXOCTOS B3aMEH HUX BBICAIKH-
BaTh XBOMHBIE.

Cpenu npeBecHBIX HACAXKACHUM MO BO3PACTHO-
My COCTaBy Npeo0JafaloT MoJoAble aepeBbs (58
%), nepeBbsi MPOAYKTUBHOTO BO3pacTa COCTABWIIH
31 %, MeHbIIyIO AOJIO 3aHUMAJH riepecToitable (11
%). Bo3pacT KyCTapHHUKOBBIX HACAKICHUN Xapak-
TEepU3YyETCs CIEAYIOIMMMHU MOKA3aTeIsIMU: MOJIO/IbIE
— 63,7 %, nponyktusnbie — 30 %, nepecrolinbie 6,3
%. Cpemn TUIOAOBBIX KyCTapHUKOB IpeoOsIamxain
Mosoneie HacaxaeHus (90 %), He3HAUUTETHHYIO
JIOJII0 COCTAaBMIIM MPpoAyKTUBHBIE pacTenus (10 %),
TIepPEeCTOMHbIE OTCYTCTBOBAIH (TabmuIa 2).
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Tadmuua 1 — BunoBoii cocTaB 3es1eHbIX HaCaXKICHUH I. AKCy

N Bux KosmmuecTso, 3K3. O6mee MpouenTHas
1 yyactok | 2 yyacTok 3 yuacTok KOJIHIECTBO, IK3. Ao
JlepeBbst
1 | Abpukoc 1 0 0 1 0,0
2 | bepesa 802 818 560 2180 6,0
3 | Bums 819 698 179 1696 4,7
4 | I'peuknii opex 0 0 1 1 0,0
5 |Tpyua 22 8 1 31 0,1
6 | dy6 116 72 36 224 0,6
7 |Enn 540 368 663 1571 4,3
8 |UBa 230 749 618 1597 4,4
9 | Kamrran 7 2 0 9 0,0
10 | Knen 9364 1651 3772 14787 40,6
11 |JIuma 0 2 6 8 0,0
12 | MaHpwKypCKHii opex 0 3 2 5 0,0
13 | Onbxa 2 22 296 320 0,9
14 | Ocuna 1 3 1 5 0,0
15 |Pabuna 94 58 67 219 0,6
16 |Cnusa 12 10 0 22 0,1
17 |CocHa 779 626 546 1951 5,4
18 | Tomons 2804 900 4389 8093 222
19 |Yepemyxa 124 45 15 184 0,5
20 | sIonoHs 1155 1337 871 3363 9,2
21 | Slcenn 102 5 38 145 0,4
HWroro: 16974 7377 12061 36412 100
KycrapHukoBbie HacaKIeHUst
1 | Axkanus 143 34 43 220 0,5
2 | bosipeimauk 9 41 2 52 0,1
3 | Bomuanka 97 0 0 97 0,2
4 |Bss 23079 2743 10857 36679 87,1
5 |Toprensus 0 1 1 0,0
6 |Upra 1 5 17 23 0,1
7 | Kanuna 22 5 11 38 0,1
8 | Koxus 5 5 0,0
9 | KppixoBHHK 0 1 1 0,0
10 | Jlemuna 0 1 1 0,0
11 |Jlox 71 2 36 109 0,3
12 | Munpans 41 8 49 0,1
13 | MoxoKeBEIIbHUK 2 2 0,0
14 | OGnemnuxa 12 3 18 0,0
15 | Po3a vaitnas 1 41 42 0,1
16 | Cupens 2003 565 894 3462 8,2
17 | Cymax 98 96 0 194 0,5
18 | [llumoBHHUK 792 96 243 1131 2,7
Hroro: 26369 3646 12109 42124 100
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Ipooonscenue mabauywvl

Ne But Konmuectso, 3K3. O6ee IpouenTHast
1 yuacTok 2 y4acTok 3 yuacrok | KOJIMYECTBO, 3K3. Aot
IInonoBbIe KyCTAPHUKHU

1 | Bunorpan 1 0 0 1 0,1

2 | ExxeBuka 1 0 0 1 0,1
3 | XKumomaocth 1 1 119 121 18,0

4 | KpppxoBHUK 1 1 0 2 0,3
5 |Manuna 63 45 2 110 16,3
6 | CmoponuHa 239 108 91 438 65,1
Hroro: 306 155 212 673 100

Ta6auua 2 — Bo3pacTHOI cocTaB 3eJCHBIX HACAKICHUI

Bospact 1 yyacTok, 3K3. 2 y4acToK, IK3. 3 yyacTok, 3k3. | O0uuii mokasareib, IK3.
JepeBbs
Moutoasie 42 78 54 58
[IponyxTuBHBIC 51 16 26 31
[lepecTtoiinbie 7 6 20 11
KycrapHHKOBBIE HACKACHHS
Mosnoasie 28 86 77 63,7
[IponyxTuBHBIC 68 4 18 30
[epecroitabie 4 10 5 6,3
IInonoBble HacaxaeHUs
Moustoasie 71 100 99 90
[IponykTuBHBIE 29 0 1 10
[lepecroiinbie 0 0 0 0

[IpomieHT TPOTYKTUBHEBIX IPEBECHBIX HACAKIE-
HUI Ha JAaHHBIM MOMEHT cocTaBuia 96,2 %, u3MeHe-
HHUE COCTOSHUS B KPATKOCPOUYHOU M JIOJTOCPOYHOM
niepcniektuBe coctaBuiau 89,4 % u 80,5 % cooTBeT-
CTBEHHO.

[IporeHT MPOAYKTUBHBIX KyCTapHHKOBBIX Ha-
CaXJIEHUN Ha JAaHHBIM MOMEHT cocraBmi 98,3 %,
U3MEHEHHUE COCTOSIHUSL B KPATKOCPOUYHON U JIOJTO-
CpouHOil nepcnekTuse coctaBmin 91,6 % u 85,5 %
COOTBETCTBEHHO.

[IpotieHT MPOaYKTUBHBIX ITUIOJOBBIX KyCTapHU-
KOB Ha JIaHHBIA MOMEHT coctaBui 98,7 %, n3MeHe-
HHE COCTOSHUS B KPATKOCPOYHOU U JTOJITOCPOTHOMN
MEePCIEKTUBE COCTABUJIN OJIMHAKOBBIM IMOKA3aTelb
— 95,5 %, B CBSI3U C TEM, UTO OTCYTCTBOBAJIM IEpe-
CTOMHBIE HACAKICHHUSI.

Bricokue mokazaTenn COXpaHEHUS COCTOSHHUI
HaCaXXICHUl B JOJrOCPOYHOM U KPaTKOCPOUHOU
MIePCIEKTUBAX 3apEeTUCTPUPOBAHBI, B PE3yJIbTaTe
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TOTO, YTO B BO3PACTHOM COCTaBE MPEOOIIaIaid MO-
JIOJIpIE ¥ TIPOYKTUBHBIC HACAKICHUSI.

U3 oOrero 4ncna 3eeHbIX HAaCaKICHUH 00Ib-
1y 4acth (92,3 %) COCTaBIsUIH PACTCHUS yCIIOB-
HO-37I0POBBIC M MOBPEKIICHHBIC B Pa3HON CTENEeHU
(ot 1 mo 4 6aymioB), MEHBIIYIO YaCTh — CYXOCTOM-
ueie (7,1 %) u aBapwuitasie (0,6 %).

Cpenu )KHUBBIX HacaXIEHHH OOJIBIYIO YaCTh CO-
CTaBWJIM KyCTapHUKHU U AepeBbsi. Cpean cyxocTou-
HBIX U aBapUIHBIX OOJbIIAs YacTh ObuTa 0e3 orpe-
JIeNIeHHs BUAOBON IPUHAIC)KHOCTH (PUCYHOK 2).

[IpoBeneH CpaBHUTENBHBI aHATU3 COCTaBa
3eNIeHBIX HACAXKJCHHH 10 ydacTKam, B pe3yibTa-
T€ KOTOPOTO BBISIBIICHO, YTO pacIpelieieHnue 3e-
JCHBIX HACaXICHHH MO TEPPUTOPUH TOpoaa He
paBHOMepHOe. Hamboiiee o3ejeHEHHBIM OKa3alics
MEPBBIN y4acTOK, CPeTHUE MOKA3aTENIN BBISBICHBI
y Tperbero ydactka. Camble HHU3KHE TOKa3aTeln
3apETUCTPUPOBAHBI HA BTOPOM y4YacTKe (PUCYHOK
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3). K coxanenuto, HEOIHOPOJAHOE pacIpeeeHue
TOPOJCKUX 3€JICHBIX HACaKIEHUM BHYTPU COBpE-
MEHHBIX TOPOJIOB, a TaKyKe HEpPaBEHCTBO B Kade-
CTBE TAKMX MPOCTPAHCTB MPUBOJIAT K HEKOTOPBIM
ABJICHUSIM OTUykIeHus. KauecTBeHHbIC OLEHKH

MOTYT BBISIBUTH KPUTHYECKUE (DAKTOPHI BHYTPH I'O-
POIICKOI1 cpeibl, TOTJa KaK KOJIMYECTBEHHBIE OLICH-
KM MOTYT BBISIBUTH PaiiOHBI TOPOJIOB, JTUIICHHBIC
MPEUMYIIECTB FOPOACKUX 3€JIEHHBIX HACAXKACHUM
[13].

Pucynoxk 2 — OnieHka )KU3HEHHOTO COCTOSIHHUS 3€JICHBIX HacaxaeHul . Akcy (%)

Pucynok 3 — CpaBHHTEIBHBII aHAIN3 COCTaBa 3eJICHBIX HaCaXXACHUH 1Mo yuyacTkam (%)
1— nmepBbIif y4acTok; 2 — BTOPOH y4acTok; 3 — TpeTHii yuacToK

[Moxcuurana nemorpaduueckas EMKOCTh Tep-
pUTOpUH T. AKCy MO 3€JeHbIM HacakaeHusMm. [le-
Morpapuueckasi €MKOCTb — 3TO MaKCHMaJlbHOE
KOJIMYECTBO JKUTENIEH, KOTOPOE MOXKET MPOKHBATH
B TpaHMLAaX paiioHa, TPHU YCJIOBHH OOECTIeYCHUs
NOTPEOHOCTEH HACENEHUs] U COXPAHEHUSI HKOJIOTH-
geckoro paBHoBecus [14]. Ona coctaBmma 62 941
JKUTeNel, uto Ha 32 % Oomnbiue GaKTHUECKH TPOKH-
BAIOIINX, OTPEOHOCTH KOTOPBIX MOT'YT OBITH 00€-
CIIEYEHBI 3a CUET PECypCoB TEPPUTOPHU IIPH COXpa-
HEHHHU DKOJOTMYECKOTO paBHOBecHs. B memom 3To

TOBOPUT O JOCTATOYHO BBICOKOH NMPOIYKTUBHOCTH
TEPPUTOPHUH IO KUCIOPOAY, OJTHAKO, KpOME Hacelle-
HUS1, HEOOXO0ANMO YUUTHIBATh MOTPEOICHUE KUCIIO-
poia aBTOTPAHCIIOPTOM M KOMMYHAJIBHBIMH CITYXK-
Oamu [14]. Bonee Toro r. AKCy ¥ €ro OKpecTHOCTH
XapaKTEePU3YIOTCs BBICOKUM YPOBHEM TE€XHOI'C€HHON
Harpys3KH, 00eCIedrBaeMbIM IS TEIBHOCTBIO KPyTI-
HBIX TPOMBIIUICHHBIX MPEANPUATHN CO 3HAYUTEIb-
HBIMH MOLTHOCTSIMU IIPOU3BOJICTBA, KOTOPBIE TAKKE
PacxonyloT KHCJIOPOA M SIBISAIOTCS HCTOYHHUKAMHU
BpEIHBIX BEIOPOCOB B OKPYKAIOLIYIO CpeLy.
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B pesynbprare aHanu3a nogy4eHHBIX TaHHBIX, HA
OJTHOTO JKHTEJIs ropoaa AKCy npuxoautes 13,5 km?
3€JICHbIX HACAXJCHUH OOIIEero IMoib30BaHus (Ipu
YCTaHOBJICHHON HOpMe 9,2 KM? Ha YelloBeKa), ITO
JIOBOJIBHO BBICOKHI ITOKa3aTelb O3eJIEHEHHOCTH,
OJHAKO, Y4YHUTbIBasd HHU3KYI INUIOTHOCTL M OYCHDb
OeHbBII aCCOPTUMEHT HAcaXICHH, KaK U UX JKU3-
HEHHOE COCTOSIHHE, HACAKICHHS T. AKCY TpeOyroT
CEpPbE3HON PEKOHCTPYKIIMU U HOBBIX MOAXOJO0B B
03CJICHCHUH.

B mnHacrosmee Bpems CyIIeCTBYeT MHOMXECTBO
Pa3IUYHBIX CIIOCOOOB O3EJIEHEHHsI TOPOJCKHX Tep-
pHUTOpHI, C IPUMEHEHHEM METOIOB HKOJIOTHUECKOTO
03eJICHEHUsI, KOTOPBIE HE UCTIONB3YIOT MHTEHCUBHBIN
TMOJIMB ¥ XUMUUECKHE YIOOPCHUSI, & COXPAHSIOT BOIY
U CTUMYJIMPYIOT €CTeCTBeHHbIE Npolecchl. OaHUMHU
W3 CaMbIX TOMYJISIPHBIX SIBIISTIOTCS CO3/ITaHUE CKBEPOB
W 3aKJIaJKa CaioB Ha/Jl OJ3EMHBIMH rapaskamu, Kpbl-
[IaMy 37aHUH, aKTyaJbHa CUCTEMa MHOTOSIPYCHBIX
CKBEpPOB, B psijie TOPOJOB TAKKE MPAKTUKYETCS CO3-
JIaHUE BEPTHKAIBLHOTO O3€JICHEHHS, KOTOPOE MO3BO-
JSIET WCIOJIb30BaTh BEPTHKAIBHBIC TUIOMIAJKHA JUTS
BBIpanTMUBaHus pactenuii [15—18].

O3seneHeHNE TOPOACKHUX TEPPUTOPHIA TTOMOTaeT
CMSITYUTH OTPHULIATENBbHBIC MOCIEACTBUS ypOaHu3a-
LMW, TaKWe KaK 3arps3HeHHe BO3IyXa, CHIDKEHHE
Ka4ueCTBa MMOYBLI U ACTpaJdallvuio MPUPOJHBIX 9KOCHU-
CTeM. DJTO CIIOCOOCTBYET CO3JaHHIO OoJiee 3710po-
BOM MPHUPOJHONW M COLMAIIBHOM Cpeibl ISl KU3HU
TOpOXKaH, a TAaK)Ke CIOCOOCTBYET COXPaHEHUIO KO-
noruueckoro 6anmanca B ropoze [19-23]. CornacHo
nccinenosannto B CtpacOypre (Ppanius), 3eneHbIe
Hacaxaenus ynansor PM, (7%) u 88 TonH 3a-
TPA3HSIONIMX BEIIECTB U3 aTMOC(Ephl €KETr0JIHO.
HccnenoBanne mpunuio K BHIBOAY, YTO TOPOJCKAS
3eJIeHb MIPaeT KIIOUEBYIO pOJIb B OOecreueHHH
KHUTEJNEH YUCTHIM BO3JYXOM, a TAaKXe TO, YTO 3€-
JIEHBbIE HACAKICHHSI HE MOTYT O0OECIIE€YUTh TOJTHOE
pelieHne npoodieMbl 3arpsi3HEHHs BO3/1yXa, HO MO-
T'YT OJAEPKUBATh YCTOWYHBYIO FTOPOACKYIO CpELy.
Tem HE MeHee, MBI MOYKEM JIOCTHYB TIEJI CO3/IaHuUs
YCTOWYHMBOM TOPOJICKON Ccpefibl, cOANaHCHPOBaB 3e-
JICHbIe HACAKICHUS W AHTPOIIOTEHHBIC MCTOYHUKU
[24]. bputo 00HApYIKEHO, YTO COCTAB TOPOACKOH 3e-
JICHW U CTPYKTYpa JIEPEBHEB UTPAIOT BAXKHYIO POJIb
HE TOJBKO B (UIBTPALMM BO3YyXa, HO M B PETYJIH-
poBaHuH Kiaumata [25].

Takum 00pa3zoM, TMpoBeJeHHAs WHBEHTapU3a-
LS TIO3BOJIUT 3AJI0KUTh OCHOBY MOHHUTOPHUHIOBBIX
HaOIIOJICHN 3a COCTOSIHUEM 3eJIEHBIX HacaK[e-
HUI T. AKCy, YTO MNpeaycCMaTpUBaeT CIeIyIoLIHe
JEUCTBUS: yIIydyllIeHHEe KauyeCTBEHHOTO COCTaBa 3e-
JICHBIX HACAXKICHWU, MPUMEHEHHE B O3€JICHEHUH
ACPEBLEB U KyCTAPHUKOB, yCTOﬁ‘IHBle K BJIHUSAHUIO
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AQHTPOIIO- M TEXHOTEHHBIX (DaKTOPOB, COBEPILICH-
CTBOBAaHHME CHCTEMbl yXOJa 3a 3€JICHBIMM HACaX-
JIEHUSIMH 1 TIOBBIIIEHWE YPOBHS MPHUMEHSIEMBIX
CPEACTB ¥ METOAOB JIAHAA()THOTO Tn3aiiHa.

MuBeHTapu3aius 3eJeHbIX HACAKIECHUN TeppHU-
TOpUHU Topojia AKCY TOCIYXKMT OCHOBOHW ISl pas-
pabOTKK mporpamMM M IUIAHOB JIeHCTBUH AKuMmara
ropoja IO Pa3BUTUIO CHUCTEMbI O3EJICHEHUS €ro
TEPPUTOPHUH, TPAKTUUYECKON esTeTbHOCTH Mpe.-
MPUATAN M OpraHU3alfii, OCYIIECTBIISIOMINX CBOIO
JeSITEIbHOCTD B PETHOHE.

3akioueHne

Ha tepputopun ropoma AKCy 3aperucTpupoBa-
HO 21 BUJ nepeBbeB, 18 BUIOB KyCTapHUKOBBIX Ha-
CaXJCHUM U 6 BUIOB IUIOIOBBIX KYCTapPHUKOB.

B cTpykType cooOriecTBa IpeBECHBIX HaCaK/Ie-
HUH TUINPYIOT KJICH U TOnodb. SI0noHs, 6epesa, co-
CHA, BHIITHS, UBa, €JTb OTHOCSITCS K BTOPOCTEIICHHBIM
BunaM. CooOIIECTBO KyCTAPHUKOBBIX HACAKICHUN
OTMEUEHO KaK MOHOJOMHMHAHTHOE, aOCOIOTHLIM
JIOMHHAHTOM BBICTyTaeT Bsi3. Cpeny TI0A0BhIX Ky-
CTapHUKOB CMOPOJIMHA SIBJISICTCS a0COTFOTHBIM J10-
MUHAHTOM, CYyOJOMUHHUPYIOT )KUMOJIOCTh M MaJTMHA.

Ilo BO3pacTHOMY cocTaBy OTMedeHO Tpeobia-
JIaHUE HACaXJICHUU MOJIOJOr0 M MPOAYKTHBHOTO
BO3pacrTa.

[lo >KM3HEHHOMY COCTOSHHIO OTMEYEHO IIpe-
o0JalaHue YCJIOBHO 370POBBIX HACAXKICHHUM U IO-
BPEXKJICHHBIX B pa3HOH crerneHu (ot 1 10 4 6amios),
MEHBIIIas 9acTh OblJIa OTMEUEHA B KATETOPHH CYXO-
CTOS U aBapUHHBIX, TAK KaK Ha UCCICAYEMbIX TEp-
PUTOPHSIX BCET/Ia MPOBOSAT YXOMHBIC PaOOTHI.

B pesynbraTe MHBEHTapHU3alMd OCHOBHBIX 00h-
€KTOB OOIIETO ITOJIL30BAHKS BBLISBICHO, YTO HA OJ-
HOTO KUTENsI ipuxoautes 13,5 Mm%, (pu MUH. HOP-
Me — 9, 2 M?), uT0 46,7 % BHIIIIE HOPMEL.

I'opox Axcy mmeer XOpomuii MokKaszarenb IO
TUTIOIIAIU O3€JICHEeHHUs, HO B MIEPCIIEKTUBE KaK Kpa-
TKOCPOYHOH, TaK W IOJTOCPOYHOH, HEOOXOIMMO
B3aMEH CTapeIOIIMX PACTCHUH CBOECBPEMEHHO 3a-
KJIAIBIBATh ITOCAJIKY HOBBIX.

Baaronapnocth

3aKa34rKOM B MIPOBECHUH U (DHHAHCHPOBAHHUH
paboTHI 110 UHBEHTAPHU3AIMY 3€JICHBIX HACAXKICHU
TEPPUTOPUHN HCCICIOBAHUS BBICTyMail AKUMAT T.
AKkcy.

Kondaukr narepecon

ABTOpBI HE UMEIOT KOH(IMKTA HHTEPECOB.
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CREATION OF AN IMMOBILIZED PROBIOTIC BASED
ON BACTERIAL CELLULOSE FOR THE CORRECTION
OF THE INTESTINAL MICROBIOME

The structural features of bacterial cellulose (BC) make it very popular to use it for creating compos-
ite materials. Immobilization of bacteria of the Bacillus genus in BC polymer gives the carrier matrix new
functional properties that help restore and maintain a favorable balance of microflora in the gastrointesti-
nal tract. The addition of sodium alginate had a positive effect on the synthesis of BC by K. xylinus C-3,
providing a polymer yield of 12.11 g/I. The “adsorption-incubation” method was used for surface and
spatial immobilization of Bacillus subtilis, which provides a high concentration of cells — 108 CFU per 1
g of carrier. The BC/Bacillus biocomposite inhibited the growth of E. coli, S. typhi, S. typhimurium, Citr.
aerogenes, and P. vulgaris up to 85.4% after 24 hours of contact, and after 72 hours completely inhib-
ited the growth and viability of test organisms in vitro. Immobilized probiotics significantly exceeded the
suspension of free microbial ells in terms of resistance to gastric juice. The activity of probiotics in vivo
determined on models of experimental dysbiosis. Probiotic microgranules of BC/B.subtilis can be used
to correct the microbiocenosis of the large intestine.

Key words: bacterial cellulose, B. subtilis, dysbiosis.
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ek MMKPOOGMOMACDHIH TY3€eTY YiUiH 0aKTePUSIAbIK, LLIEeAAIOAO3A HeTi3iHAe
MMMOOHAMBALIMSIAAHFAH MPOOMOTHK XKacay

KYPbIABIMABIK,  KaCMETTepiHiH  epekile  GOAFaHAbIFbIHA  0aMAAHBICTbI  KOMMO3ULIMSAbIK,
MaTepuranAapAbl JKacay YiliH 6akTepusaablk, LeAAoAo3aHbl (BL) koaaaHFaH biHFainAbl. Bacillus Tektec
GakTepusaAapAbiH BLL noAMmepiHe MMMOGMAM3aLMSIAGHYbI, TaCbIMAAAAFbILL MaTpULAFa ackasaH-ilek
SKOABIHAQFbI MUKPOMAOpPaHbIH, TeMne-TEHAITH KaAMblHA KEATIpYiHe >koHe cakTayfa bIKMaA eTeTiH »KaHa
byHKUMOHAAABIK, kKacneTTep 6epeai. bLI-ra HaTpuit aAbrmHaTbIHbIH KOCbIAYbI K. xylinus C-3 cuHTe3siHe
OH ocepiH Oepai >aHe 12,11 /A NOAMMEP LWbIFbIMbIH KaMTaMacbl3 eTTi. «AACOPOUMSA-MHKYOaLms»
aaici Bacillus subtilis-TiH 6eTKi »oHe KeHICTIKTIK MMMOOMAM3ALMACHI YILIH KOAAAHbIAABI, OYA 1 T
TacbiMaapaylibira 108 KTB/ 1 r TacbiMaAaAarbilKa »KOFapbl Xacylla KOHLUEHTPaUMICbIH KamTamachl3
eteai. BC/Bacillus 6uokomnosuTi 24 caratTbik, GanAaHbicta E. coli, S. typhi, S. typhimurium, Citr.
aerogenes, P. vulgaris ecyiH 85,4%-Fa aeitiH 0acaabl, aA 72 caraTTaH KeliH in Vitro >araanblHAQ
TeCT-6aKTEPUSAAAPADBIH  ©CYi MeH OMIpPLUEHAIMH TOAbIFbIMEH Texeai. MMMOOMAM3aUMSAAHFaH
NPOOMOTUKTEP aCKas3aH COAIHE TO3IMAIAIM OoMbiHIIA 6OC MUMKPOG XKacylUaAapbiHbIH CYCMNeH3MsCbiHa
KaparaHAa anlTapAbIKTanm >kKorapbl 60AAblL. [TpOOGUOTUKTEPAIH GEACEHAIAIr in Vivo 3KCMEepUMEHTTIK
AMCOMO3 YATIAEPI apKbIAbl aHbIKTaAAbl. TOK, iEKTiH MMKPO6MoOLEHO3bIH Ty3eTy yid BLI/B.subtilis
NPOGMOTUKAADBIK, MUKPOTrPaHyAaAapPbIH KOAAAHYFa BOAAAbI.

Tyiiin ce3aep: 6akTeprasabl LEAAIOAO3a, B. subtilis, ancbaktepunos.
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Co3aaHMe MMMOOUAM30BAHHOIO NMPOOMOTHUKA HA OCHOBE 6AKTEPUAAbHONM LLEAAKOAO3bI
AASl KOPPEKLIMHU KULLIEYHOTO0 MUKPOOMOoMa

CrpyKTypHble 0CO6EHHOCTU 6aKTEPUAAbHOM LLEEAAIOAO3bI (BLI) 06ecneunBaioTOOAbLLYIO MOMNYASPHOCTb
€e UCMOAb30BaHMS AASl CO3AAHUS KOMMO3UTHBIX MaTepraroBs. MiMMoburam3aums 6aktepuin poaa Bacillus
B noAammepe BL| npraaeT mMaTtpuLie-HOCUTEAID HOBble (DYHKLIMOHAAbHbIE CBOMCTBA, CMOCOOCTBYIOLLIME
BOCCTaHOBAEHUIO U MOAAEPXKKE GAaronpusaTHoro 6asaHca mmkpodaopbl B XKKT. BHeceHme aAbrmHarta
HaTPUst MOAOXKMUTEABHO BAMSIAO Ha cuHTe3 bLlL K. xylinus C-3, obecneumBas BbIXOA MOAMMEpPA —
12,11 r/a. VIcnoAb30BaH MeTOA, «aACOPOLUMU-MHKYDALIMU» AAS MOBEPXHOCTHOM M MPOCTPAHCTBEHHOM
mmMmo6buamsaumm Bacillus subtilis, o6ecneunBaioLmin BbICOKYIO KOHLIEHTpaumio Kaetok — 108 KOE Ha 11
HocuTeAst. buokomnosut bLI/Bacillus noaasasia poct E. coli, S. typhi, S. typhimurium, Citr. aerogenes, P.
vulgaris A0 85,4% nocae 24-4acoBOro KOHTAKTa, a Mo UCTeYEHUM 72 YaCoB MOAHOCTbIO MHIMOMPOBAA
POCT 1 >KM3HECMOCOBHOCTb TECT-OPraHM3MOB B YCAOBMSIX in Vitro. VIMMOBUAM30BaHHbIe MPOOUOTUKM MO
YPOBHIO PE3MCTEHTHOCTM K BO3AEMCTBUIO XKEAYAOUYHOIO COKA 3HAUMTEAbHO MPEBOCXOAMAM CYCTMEH3MIO
CBOOOAHBIX KAETOK MUKPOOPraHM3MOB. AKTMBHOCTb NMPOBUOTMKOB B YCAOBMSIX iN VIVO OMPEAEASIAU Ha
MOAEASIX KCMEPUMEHTAALHOIO AMcOakTeprosa. [MpobuoTnueckime mmkporparyAbl BLI/B. subtilis moryT

ObITb MCMOAb30BaHbI AASI KOPPEKLIMM MMKPOOMOLIEHO3a TOACTOrO KULLIEYHMKA.
KAloueBble croBa: GakTepmasbHas LEAAIOAO3a, B. subtilis, ancOakTepros.

Abbreviations

BC — bacterial cellulose, gastrointestinal tract —
gastrointestinal tract, GPB — granules with probiotics

Introduction

The design features of bacterial cellulose (BC):
micro- and nanofibrillar structure, high porosity
and crystallinity create a huge potential for creating
various composite materials based on it [1-2]. A
characteristic structural feature of the BC is that the
aggregates of fibrils occupy an insignificant part of
the volume, which makes it possible to introduce into
the BC not only a variety of substances, including
those with biological activity, but also cells of
prokaryotic or eukaryotic organisms. They give the
cellulose carrier matrix new functional properties.

One of the promising areas of modern
biotechnology is the development of medicines
based on biologically active substances produced by
bacteria, including representatives of the Bacillus
genus [3]. According to recent studies, the use of
Bacillus species as probiotics has gained great
interest [4]. These bacteria are effective in preventing
respiratory infections and gastrointestinal disorders,
as well as in overcoming symptoms associated with
irritable bowel syndrome [5-6]. The presence of B.
subtilis contributes to the maintenance of a favorable
balanced microbiota in the gut and enhances the
growth and viability of probiotic cells of lactic

acid bacteria [7]. It has also been suggested that
these probiotic properties are related to its ability to
stimulate the immune system [5] and the production
of antimicrobial substances [8-9], or even to induce
signal interference against pathogens [10]. Such
purposeful correction of disturbed biochemical and
physiological processes by introducing the necessary
saprophytic bacteria that produce biologically active
substances is commonly called the “microbial
saprophytic pharmacopoeia”.

Successful immobilization of bacteria [11-13]
on BC with the preservation and even increase
of their physiological activity served as the basis
for conducting this study aimed at creating a
biocomposite material with antimicrobial and
probiotic properties by including bacterial cells of
the Bacillus genus in BC. The aim of the study is to
develop an immobilized probiotic for the correction
of microecological disorders in the intestine.

Materials and Methods

2.1 Research objects

1. Komagataeibacter xylinus C-3 — BC strain
producer;

2. Bacillus subtilis 3H strain isolated from Bac-
tisporin preparation;

3. Test microorganisms, obtained from the
American type culture collection: E.coli, S.typhi,
S.typhimurium, Citr.aerogenes, P.vulgaris.

4. 40 male mongrel rats weighing 180-220 g.
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2.2 Obtaining BC in submerged culture cultiva-
tion conditions

Cellulose synthesis by strains of acetic acid bac-
teria was carried out on nutrient media containing
aqueous solutions of yeast extract, glucose, peptone,
ethanol, and NaAlg at concentrations determined as
a result of optimizing the nutrient medium with a pH
of 5.9-6.0. The inoculum was a 48-hour culture of
acetic acid bacteria grown on a medium containing
yeast extract and beer wort in a ratio of 1: 1 with 2
wt. % glucose 1 vol. % of ethanol. Cultivation was
performed on a Biosan ES-20 orbital thermoshaker
at 30°C for 7 days. The globules were then washed
from the NaOH solution with distilled water, 0.5%
acetic acid solution, and again distilled water un-
til a neutral reaction was achieved. The resulting
globules were stored in distilled water at 5°C. The
biomass of BC globules was determined after pre-
liminary drying in a dry-fire thermostat at 80°C to a
constant sample weight.

2.3 Immobilization of Bacillus subtilis 3H bac-
teria into BC matrix by “adsorption-incubation”
method

At the stage of “adsorption”, the biomass of a
48-hour culture of Bacillus subtilis bacteria was sus-
pended in a phosphate buffer solution (cell titer 101
CFU/ml). BC granules were autoclaved at 0.35 bar
at 110° C for 30 minutes. Then BC granules were
added to the cell suspension and incubated for 96
hours with continuous weak stirring (120 rpm). The
liquid was decanted, and the globules were washed
from weakly attached cells with sterile saline solu-
tion.

At the “incubation” stage, BC with immobilized
bacterial cells were placed in sterile Erlenmeyer
flasks with liquid nutrient broth and incubated at 30
°C for 96 hours.

After the immobilization procedure, the wet
granules were freeze-dried at 40 °C, 5 mbar for 48
hours (Telstar LyoQuest-55, Spain). After lyophili-
zation, 10 ml of saline solution was added to each
sample and cell viability was determined by seeding
serial dilutions of the resulting suspension on nutri-
ent agar. Colony forming units were counted after
24-hour incubation at 37 °C.

2.4 Determination of the number of live cells in
BC granules

Granules with bacterial cells were washed with
sterile saline solution and cleaved with the cellulase
enzyme (100 ml/1 0.05 M citrate buffer, pH 4.8, Sig-
ma Aldrich). The bacterial suspension obtained by
splitting the globules with cellulase was suspended
in 1 ml of a phosphate buffer solution. The number
of immobilized microorganisms was determined by
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two methods: (a) by the optical density of the cul-
ture suspension at a wavelength of 650 nm (Infinite
200 PRO NanoQuant, Tecan, Switzerland) and (b)
by inoculation of consecutive ten-fold dilutions on
nutrient agar (Biocorp). After incubation of the di-
lutions for 24 h at 37 ° C, the grown colonies were
counted and the content of live bacteria in 1 g of
cellulose was calculated. The optical density of the
bacterial suspension was used to determine the num-
ber of viable and dead bacteria, while inoculation on
bacteriological media allowed us to determine only
viable microbial cells.

The efficiency of immobilization of bacterial
cells in BC was quantified by the method described
by Leboffe and Pierce [14]. The average cell den-
sity (cells/g) was calculated as follows: the number
of cells immobilized inside the BC polymer + the
number of cells adsorbed on the BC surface/ weight
of the cellulose film. Immobilization efficiency, % =
total number of cells immobilized on BC/total num-
ber of cells in the inoculum * 100%.

2.5 Determination of the antagonistic activity of
BC granules

The antagonistic activity of BC granules based
on it was determined by the method of co-cultiva-
tion of target microorganisms with experimental
samples (Time-kill test).

This test is described in detail in the M26-A
CLSI document [15]. BC biocomposites weighing 1
gram were placed in test tubes with a liquid nutrient
medium inoculated with target microorganisms with
a cell concentration of 5 x 10° CFU / ml, and then
incubated in a shaker at 37°C for 24 hours. The me-
dium with the test strain without adding BC samples
was used as a control. The percentage of dead cells
relative to the growth control was then calculated at
various time intervals (0, 1, 6, 10, and 24 hours). To
do this, 50 ul of bacterial suspension was taken from
each tube, inoculated on nutrient agar, and incubated
at 37 °C for 48 hours to count colony-forming units
and determine the number of living cells (CFU/
ml). The decrease in the number of bacteria was es-
timated by the following formula: R (%): AB/A x
100%, where R is the percentage of the number of
bacteria, A is the number of bacteria in the control
group (without adding cellulosic materials), and B
is the number of bacteria grown in test tubes with
biocomposites. The bactericidal effect of samples is
considered when 90% of cell lethality is achieved in
6 hours, which is equivalent to 99.9% of bacterial
lethality in 24 hours [16].

2.6 Induction of experimental dysbiosis in rats

Before the introduction of the antibiotic, feces of
intact animals were plated on differential diagnostic
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media to determine the content of the main groups
of indigenous bacteria in the intestines of rats.

Starting from the next day, after the preliminary
study, animals divided into 4 groups (5 individuals
each) received ampiox intragastrically for five days
at a dose of 40 mg per day for 5 days. The first group
received only an antibiotic, the second — BC/Bacil-
lus microgranules after etiotropic therapy, the third
— free Bacillus cells after taking ampiox, the fourth
group — intact animals.

The analysis was performed 5 days later (imme-
diately after discontinuation of the antibiotic) and
20 days after the start of the experiment. The main
criteria for the bacteriological effectiveness of this
method were the population level of bifidobacteria,
lactobacilli and Escherichia with unchanged enzy-
matic properties, as well as qualitative and quanti-
tative characteristics of the content of opportunistic
microorganisms in feces. The results of microbio-
cenosis correction were evaluated by the traditional
bacteriological method [17].

Results and Discussion

3.1 Preparation of bacterial cellulose globules
with probiotic bacteria

The most general definition of probiotics
is microorganisms that, when administered in
adequate amounts, have a beneficial effect on the
host’s body. Their beneficial effect is achieved by
restoring and maintaining the gut’s own microflora,
i.e. they eliminate dysbiotic disorders and associated
gastrointestinal dysfunctions [18]. Recently, bacteria
of the Bacillus genus, especially B. subtilis, have
gained great interest as probiotic microorganisms
due to their ability to maintain a favorable balance
of microflora in the gastrointestinal tract. This is due
to the antagonism of B. subtilis against a wide range
of pathogenic and opportunistic microorganisms,
self-elimination from the gastrointestinal tract,
stimulating effect on digestion, anti-allergenic,
antitoxic, sanitizing and restorative effects on the
body [19; 4]. In this regard, the second way of using
BC considered in this paper is the development
of an immobilized probiotic for the correction of
microecological disorders in the intestine.

Probiotics are available in various forms: food,
capsules, sachets, or tablets, but what they have in
common is that they are administered orally [20-21].
To be able to influence the gut microbiota, probiotic
microorganisms must survive in the consumed food
during the shelf life and transit period in acidic
conditions of the stomach and resist degradation
by hydrolytic enzymes and bile salts in the upper

intestine. Available information on the viability
of probiotics containing Bacillus bacteria in the
gastrointestinal tract is contradictory. On the one
hand, since B. subtilis spores are able to survive in
conditions of extreme pH and low oxygen content,
a large number of dormant but viable microbes can
reach the lower parts of the intestine and carry out
beneficial effects [7]. On the other hand, a number of
studies have established that not all the introduced
bacteria reach the target niche — the large intestine
[8]. Providing probiotic living cells with a physical
barrier against adverse conditions is an approach
that is currently receiving considerable interest.
One of these methods is their immobilization
on a polysaccharide matrix. A promising matrix
is bacterial cellulose (BC), which is attracting
increasing interest from the scientific community due
to its suitability for cell immobilization processes,
including probiotics. Researchers working on this
problem immobilized strains of Lactobacillus spp.
It was found that this method provided high-level
protection of these microorganisms from the effects
of gastric juice and bile salts [22-23]. However, a
view of the available literature has shown that so
far no studies have been conducted to assess the
feasibility of using BC as a carrier for immobilizing
Bacillus bacteria.

The use of probiotics implies their use per os. In
this regard BC granules in the form of granules were
obtaied, in which probiotic bacteria were included
by spatial immobilization.

Cultivation conditions affect the morphology
of BC. Under static conditions, bacteria accumulate
on the oxygen-rich surface of the nutrient broth to
form intertwined ribbons with a low organizational
structure. This morphology can be improved by
producing BC in a submerged agitated culture,
where the bacteria are well dispersed in the
suspension of the culture medium. Under such
cultivation conditions, cellulose can be obtained as
a suspension of fibrils, irregular globules, granules
or spheres.

BC production by this method was carried out
under mixing conditions on an orbital thermoshaker
Biosan ES-20 at 180 rpm.

It is believed that the submerged method of
obtaining BC allows achieving higher productivity
[24-25]. However, BC is an insoluble polymer
in water, so with increasing its concentration, the
viscosity of the culture medium increases.

Therefore, when cultivating producers in this
way, the cellulose synthesized by them often forms
large lumps, irregular globules, and amorphous
filaments. This leads to a decrease in the supply of
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nutrients and oxygen to bacterial cells. As a result,
the yield of cellulose decreases, and it can often
have an uneven structure and altered properties.
Recently, there have been several reports that
the addition of water-soluble polymers such as
xanthan, agar, polyacrylamide-co-acylic acid, and
acetate can reduce the shear stress, i.e., prevent
BC coagulation during cultivation, inducing the
formation of homogeneous small granules [26-27].
Given that sodium alginate is also a water-
soluble polysaccharide, and since it contains many

-COOH and -OH groups, it was suggested that
adding it to the culture medium can stimulate the
level of synthesis and obtain a polymer of regular
structure. To determine the effect of sodium alginate,
the BC producing strain was cultured in a medium
with different concentrations of NaAlg and without
it.

The results of the experiment on obtaining BC
by strain of K.xylinus C-3 in a medium containing
NaAlg in the concentration range of 0-0.1% are
shown in Figure 1.
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Figure 1 — Effect of adding sodium alginate to the medium on the synthesis
of bacterial cellulose under submerged conditions

It was found that the introduction of alginate
has a positive effect on the formation of BC by
K. xylinus C-3. Moreover, the optimal NaAlg
concentration is 0.04%. So, if the BC yield in the
medium without sodium alginate was 6.7 g/, then
in the presence of 0.04% NaAlg in the medium,
the synthesis was significantly higher — 12.11 g/l.
It should be noted that a further increase in the
concentration of sodium alginate to 0.1% leads to a
gradual decrease in the level of BC synthesis. Most
likely, a higher concentration of sodium alginate
increases the viscosity of the medium, which reduces
the efficiency of biosynthesis of this polymer by the
producing strain.

The time intervals of cellulose production, cell
concentration, and total sugar content in the mixed
cultures are shown in Figure 2.

In the absence of NaAlg, cells grew exponen-
tially after a 24-hour lag period and linearly be-
tween 48 and 72 hours of culture time, then reached
a stationary phase. However, the addition of 0.04%
NaAlg shortens the lag period and accelerates cell
growth in the early phase of culture. In addition,
when the culture reached the logarithmic period,
cellulose also began to form and increase due to
continuous cell growth regardless of the presence of
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NaAlg in the medium. Total sugar consumption in
the medium with and without sodium alginate was
similar. However, the total sugar consumption of
K. xylinus C-3 in the medium with the addition of
0.04% NaAlg was 2.0%, than 1.5% in the control
medium without NaAlg. In addition, the final cellu-
lose yield was 27% of the total sugar initially added
in the presence of 0.04% NaAlg, compared to 24%
in the control. Thus, the addition of 0.04% NaAlg
promoted cell growth and enhanced BC production
in shaker flasks.

BC formed in submerged conditions in a medium
without alginate is a large oval or irregular globules,
may look like disordered and fibrous clusters, large
lumps (Figure 3A). When alginate is added, small
oval globules are formed. Cellulose globules formed
in a stirred culture in a medium with the addition
of NaAlg are shown in Figure 3 B. The globules
were separated and periodically washed with 0.5-
1% aqueous NaOH solution at boiling until the
cells were removed. The cellulose globules were
then washed from the NaOH solution with distilled
water, 0.5% acetic acid solution, and again distilled
water until a neutral reaction was achieved. The
resulting cellulose globules were stored in distilled
water at 5°C.
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Figure 2 — Dynamics of cellulose synthesis by Komagataeibacter xylinus C-3 strain in submerged culture
(A — standard medium; B — jmedium with NaAlg)

Figure 3 — BC globules formed under submerged cultivation conditions (A — BC globules obtained during cultivation
of the producer without alginate; B — with the addition of alginate; C — wet globules after purification; D — dried cellulose samples)

Alginate can reduce the viscosity of the
broth, reducing the shear stress, and, due to this,
prevent BC coagulation during cultivation. Small
granules formed in the alginate medium are more
advantageous for transferring nutrients and oxygen
to bacterial cells located inside and on the surface of
the cellulose matrix. This is one of the reasons for
stimulating BC synthesis in a medium with alginate
or other water-soluble polysaccharides [26].

Cellulose synthesized during agitated culture
can often have an uneven structure and altered
properties: a lower degree of polymerization,
mechanical strength, and crystallinity than those
produced during static cultivation [27-28]. Since
the structure of cellulose varies depending on the
state of the culture, such as additives, the structural
characteristics of BC obtained in media with and
without NaAlg are compared using scanning electron

microscopy (SEM). The structural characteristics of
the BC synthesized in the medium with and without
NaAlg addition were analyzed using a scanning
electron microscope are shown in Figure 4.

The fibers of the film obtained under agitated
culture conditions in the control medium without
NaAlg were characterized by a more compact and
strongly elongated structure than in the medium
with the addition of NaAlg.

There were a lot of NaAlg particles on the
surface of the matrix. The inner layer consisted of
many ultrathin fibrils that were bent and twisted
with each other. The fibers had a large width. Since
the width of the fibers affects such properties of
BC as water retention and mechanical strength,
the consumer qualities of this type of cellulose
increase. This will expand the scope of application
of the BC.
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Figure 4 — Scanning electron micrographs of bacterial cellulose obtained under agitated culture conditions
(A — standard medium; B — medium with NaAlg)

BC obtained in a medium with the addition of
sodium alginate consisted of a three-dimensional
matrix with a large number of pores. Compared to
smooth surfaces, the three-dimensional structure of
BC creates favorable conditions for cell adhesion.
The number of pores in the BC is influenced by
the conditions of post-processing, which is carried
out to purify it. A recent study showed an increase
in total porosity after alkaline treatment of the
BC with NaOH. This was due to the fact that this
purification helps to release the space normally
occupied by producer cells [29]. The addition of
porogens to the growing culture during the BC
biosynthesis process can regulate the pore size
and porosity of the final structure. An increase

in the pore diameter was observed when alginate
was incorporated into the BC structure [30]. This
may be due to the breakdown of hydrogen bonds
between cellulose fibers due to mixing with another
component.

Toimmobilize the Bacillus cells, the “adsorption-
incubation” method described was used. In wet and
dry globules, the BC weight was 1 mg and 15 mg,
respectively. The size of the granules is 130-140
microns, i.e., in fact, they are microcapsules of the
matrix type. The difference between the weight of
the wet and dry forms of BC was mainly due to
water absorption. It was found that a greater number
of immobilized microorganisms were registered in
the wet BC (Figure 5).
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Figure 5 — Efficiency of immobilization of Bacillus subtilis 3H cells in BC globules

This phenomenon can be explained by differences
in the location of fibrils in wet and dry BC. From the
chemical point of view, BC is highly hydrophilic
and therefore can absorb a large number of water
molecules, whereas from the physical point of view,
BC is a three — dimensional network with a large
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number of pores [31]. In the hydrated form, BC
exhibits higher water absorption, lower density, and
less interconnected microfibrils compared to its dry
form, which can promote cell penetration into deeper
layers of the carrier [32]. Differences in the number of
immobilized cells may also result from the developed
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porosity of wet BC cells. The porous structure of wet
cellulose provides more space for immobilization
and facilitates the diffusion of substrates from the
medium into the interior of the carrier structure,
providing a moist, favorable environment for cells
[33-34]. It is also well known that BC synthesized

1 \ \r\? ‘=E

B. subtilis 3H

surface

Cells on the

under various cultivation conditions (static or mixed)
is characterized by wvarious physical properties,
including nano-and macroscale, crystallinity, or
mechanical strength [35].

In pellets, the ratio between surface area and
volume is also optimal (Figure 6).

Cells inside
the matrix

Figure 6 — Immobilization of Bacillus 3H bacterial cells in BC granules

Probiotic microorganisms enter the cellulose
granules. Moreover, more bacterial cells were
concentrated in the middle of the globules, while only
individual Bacillus cells were found on its surface.
The total number of bacterial cells immobilized
by this method is 8 x 10" CFU/g. After freeze-
drying, the bacterial titer decreased by 2 orders
of magnitude. Ready-to-use BC microgranules
contained 108 CFU/g of viable Bacillus 3H.

3.2 Determination of the antimicrobial and
probiotic activity of an experimental sample of a
biocomposite

Antimicrobial activity is the most important
characteristic of the effectiveness of probiotic
microorganisms, so it seemed appropriate to
determine this indicator in vitro conditions.

Probiotics based on bacteria of the Bacillus
genus are “self-eliminating antagonists”, i.e. their
main purpose is to suppress intestinal pathogens.
Their etiological cause is microorganisms such as
Salmonella and colibacteria. In this regard, clinical
isolates of Salmonella typhi (PM1, PM2, PM3a),
Salmonella typhimurium (W1, W4, W5, PMla,
PM2a), Citrobacter aerogenes (PM1, PM2), and
Escherihia coli (W3, W4), Proteus vulgaris (PM1,
PM2) were used as target microorganisms to

study the antimicrobial activity of an immobilized
spore probiotic. In this series of experiments,
the antimicrobial effect was determined after co-
culturing target microorganisms with BC/Bacillus
granules in nutrient broth for 24 and 48 hours with
cells of test strains. 1 g of the preparation was added
to the system. They were added to the suspension
of test strains (10% cells/ml) in nutrient broth. The
inhibitory effect of the preparation was determined
by the percentage of surviving cells of test strains
(Table 1).

The BC/Bacillus biocomposite suppresses the
growth of test strains up to 85.4%, i.e. the cell sur-
vival rate after 24 hours of contact with the bio-
composite is on average 14.6%. After 48 hours of
cultivation with the biocomposite, only 1.5% of
cells remain alive. According to the requirements of
Pharmacopoeial articles on probiotics, the number
of live cells of test strains after 72 hours of co-culti-
vation with probiotic bacteria should not exceed the
level of 2 % compared to the control [8-9]. An im-
mobilized spore probiotic has a similar effect after
48 hours of co-cultivation with target microorgan-
isms. After 72 hours, the biocomposite completely
suppresses the growth and viability of these test or-
ganisms in vitro.
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Table 1 — Antibacterial activity of BC/Bacillus biocomposite

% survival rate of test organisms
Targets Contact time
24 hours 48 hours
E. coli W3 9 0.6
E.. coli W4 11 0.8
E. coli PM1 13 1.1
E. coli PM2 19 1.9
S. typhi PM1 14 1.4
S. typhi PM2 13 0.9
S. typhi PM3a 20 1,3
S. typhimurium W1 18 2,2
S. typhimurium W4 17 2,0
S. typhimurium W5 12 1,9
S. typhimurium PM1a 10 1,2
S. typhimurium PM2a 18 1,8
Citraerogenes PM1 15 2,9
Citr.aerogenes PM2 12 2,1
Pvulgaris PM1 15 0,7
Pvulgaris PM2 17 1,8
Mean 14,6 1,5

The activity of probiotics in vivo is usually de-
termined either by artificial infection of laboratory
animals, or on models of experimental dysbiosis.
Dysbacteriosis in experimental animals can be in-
duced by the introduction of lead salts, or by using
broad-spectrum antibiotics such as kanamycin, gen-
tamicin, cefazolin. However, the most commonly
used antibiotic is ampiox [36-37]. Therefore, the
effectiveness of three series of experimental sam-
ples of the material was studied in outbred rats with
ampiox-induced dysbiosis.

This antibiotic was administered intragastrically
at a dose of 40 mg per day for 5 days. 1 g of granules
with bacilli (10* microbial cells) was administered
intragastrically for 10 days.

The laboratory animals were divided into four
groups (5 animals in each):

Group 1 — animals with experimental dysbiosis
(negative control);

Group 2 — animals that received BC/Bacillus.

Group 3 — animals that received free Bacillus
cells (comparison group);

Group 4 — intact animals (positive control).

The intestinal microflora was studied by bacte-
riological methods before the introduction of the an-
tibiotic, 5 days after its withdrawal, and at the end of
the course of treatment with bacterial preparations.

80

Before the introduction of the antibiotic, feces of
intact animals were plated on differential diagnostic
media to determine the content of the main groups
of indigenous bacteria in the intestines of rats.

Since a sufficient amount of information has been
accumulated to date on the specific disorders in the
microbiocenosis caused by ampiox [38], it made
sense to determine the population level of only such
microorganisms as lactobacilli, bifidobacteria, oppor-
tunistic enterobacteria, staphylococci, and yeast fungi
of the Candida genus. These data, as well as the re-
sults obtained after determining the composition of
the intestinal microflora in rats treated for 5 days with
the antibiotic ampiox, are shown in Figure 7.

Aftercompletionofantibiotic therapy, opportunistic
enterobacteria were detected in increased amounts
in the distal part of the rat intestinal tract — up to 10°
CFU in 1 g of feces. The concentration of hemolytic
microflora and lactose-negative  enterobacteria
increased. Plasmocoagulating staphylococci and
Candida fungi were detected in high titers. Otherwise,
the population levels of bifidobacteria and lactobacilli
increased by several orders.

Data on determining the effect of probiotics
on the microbiocenosis of laboratory animals in
experimental dysbiosis are shown in Table 2.

The main criteria for the bacteriological effectiveness
of drug administration to experimental animals were the
population level of bifidobacteria and lactobacilli, as
well as qualitative and quantitative characteristics of the
content of opportunistic enterobacteria, staphylococci
and candida fungi in the large intestine.

Analysis of the microbial landscape of feces of
laboratory animals showed that the use of granules
with a probiotic (GPB) — based preparation led to
normalization of the microbiocenosis of experimental
animals. After administration of GPB to experimental
animals, even for 5 days, the microbial profile indicators
improved. It was found that microflora similar to that
present in animals included in the positive control
group (intact rats) is released from the intestines of
rats treated with GPB. Laboratory animals treated with
GPB were found to have balanced concentrations of
the total amount of aerobic and anaerobic microflora
and a small amount of opportunistic enterobacteria
and yeast fungi, the number of which decreased by
three orders of magnitude after GPB administration.
At the same time, the level of content in the intestine
of representatives of native microflora — bifidobacteria
and lactobacilli — was restored. Moreover, when they
were used, there was a rapid increase in the number of
populations of bifidobacteria and lactobacilli, and their
level remained even after the drug was discontinued.
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Figure 7 — Composition of intestinal microflora in animals with experimental dysbiosis

Table 2 — Composition of the intestinal microflora of rats with antibiotic-induced dysbiosis after the use of lactose-containing

probiotics
Group Population level, g CFU/g
Ofglli?fnr:f: Y Bifidobacterium Lactobacillus e?ft)f FZ}ZZZ;ZZZ Candida Staphylococcus
1-DB 5,24+0,12 4,3,35+0,24 5,54+0,22 5,86+0,22 6,81+0,08
2 -GPB 10,25+0,16 7,03£0,18 2,82+0,19 1,93+0,28 5,13+0,27
3 -FPB 8.67+0,19 7,05+0,14 3,28+0,11 3,34+0,13 5,44+0,30
4-1A 9,82+0,81 7,62+0,19 2,25+0,22 2,34+0,14 5,27+0,19
Note: DB — animals with experimental dysbiosis; GPB — animals that received probiotic granules; FPB — animals that received
free probiotic cells; IA — intact animals.
The results were significant compared to the control group at p <0.05.

However, the introduction of a simple suspension
of probiotic cells included in the microbiological
basis of GPB did not provide such therapeutic
effectiveness. It follows that the increased probiotic
effectiveness of GPBs is not only due to the fact that
their microbial components have an antagonistic
effect, but also due to other mechanisms.

The enhanced probiotic effect of GPB can be
explained by the fact that the cells of probiotic
microorganisms immobilized in the BC carrier freely
pass through such unfavorable upper parts of the
digestive tract as the stomach and duodenum, during
transit through which most of the microbial cells die.

In this regard, experiments with a “ stomach
model “ were performed to determine the

protective effect of BC on the cells attached to it.
For this purpose, gastric juice (pH 1.5-2.0) was
used, which was obtained during gastroscopy.
It was added to a culture of bacilli in nutrient
broth containing 10% cells/ml and incubated for
one hour. Under the same conditions, 1 g of GPB
was incubated, then desorption was performed,
after which the number of surviving cells was
determined. With such a stressful effect on
the suspension of bacterial cells, their biotiter
decreases by 4 orders of magnitude (Figure 8).
This means that when a suspension of even a
spore probiotic is administered orally, only a small
fraction of their viable cells should be expected to
reach the large intestine.

81



Creation of an immobilized probiotic based on bacterial cellulose for the correction of the intestinal microbiome

Before treatment

Options

After treatment

B GPB

M Free cells

0 2 4

Viable cell titer Ig CFU/ml

6 8 10

Figure 8 — Effect of an artificial gastric environment on the viability of free and immobilized Bacillus cells

The use of immobilized cells rather than free cells
in experiments with a “model stomach” indicates
their increased resistance to the bactericidal action
of gastric juice. The number of viable cells in this
case is reduced only by an order of magnitude. The
increase in resistance observed in the experiment
may be due to the fact that the cells that are part
of the microcolonies formed in the sorbent are
protected by a supporting matrix — BC. Therefore,

immobilized probiotics significantly exceed the
suspension of free cells of microorganisms in
terms of resistance to the effects of gastric juice
and can easily overcome the “gastric” barrier when
administered orally.

This information allows us to formulate possible
mechanisms of action of sorbed probiotics. It seems
that their correction of intestinal microbiocenosis is
carried out in several ways (Figure 9).

Bacillus
subtilis

Synthesis of antimicrobial substances

Protection against intestinal
pathogens

Strengthening of non-specific and
specific immunity

Stimulating the growth of normal
intestinal microflora

Elimination of dysbiosis with
antibiotic therapy

Release of digestive enzymes

Increased digestion and promotion of
food

Figure 9 — Scheme of probiotic activity of Bacillus subtilis [14-15, 17-19, 243]
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Thus, the high antibacterial effect of the BC/
Bacillus biocomposite can be explained by the
synergistic action of microbial (antagonistic,
proteolytic, immunomodulatory) and protective
(protection of microbial antagonist cells)
components. The obtained data allow us to consider
the BC/Bacillus biocomposite as a new sorbed
probiotic for the regulation of microbiocenosis as a
means of correcting intestinal dysbiosis.

Conclusion

Immobilization into globules of cells of the Bacillus
subtilis antagonist microorganism resulted in a probiotic
biocomposite containing up to 10® microbial cells
per 1 g. The sorbed probiotic restores the intestinal
normoflora of laboratory animals with antibiotic-

induced experimental dysbiosis with absolute reduction
and elimination of opportunistic microorganisms from
the intestine. The inclusion of Bacillus subtilis cells in
the BC matrix provides their increased resistance to the
bactericidal action of gastric juice.
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PHYLOGENETIC ANALYSIS OF THE RBCL GENE SEQUENCE
OF THE PLANT GENUS AEGOPODIUM L.

Herbal plants have been used in the treatment of many diseases since ancient times. The need for
medicinal plant research is growing day by day. In this context, the study, identification of effective
prospective medicinal plants will be relevant. Genetic taxonomic identification is more important than
morphological identification of herbal plants. It is known that one of the markers of chloroplasts used in
plant species identification and phylogenetic studies is the sequences of the rbcL gene. The purpose of
our work is to study phylogenetic analysis by bioinformatic methods using rbcl markers.

The article presents the result of a phylogenetic analysis conducted to determine the relationship of
Aegopodium alpestre Ledeb plants. according to the sequence of the rbcL gene with other species of the
genus Aegopodium L., as well as with representatives of the Apiacea family from the database.

Key words: rbcl, Aegopodium L., Aegopodiumalpestre Ledeb., isolation DNA, phylogenetic
analysis.
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Aegopodium L. TybICbIHA )KaTaTbIH 6CIMAIKTEPAiH, rbcL reHiHiH,
6ipi3AiAikTepiHiH (bUAOreHeTUKAABIK, TaAAQYDI

KentereH aypyaapAbl eMAEYAe ASPIAIK OCIMAIKTEpP epTe Ke3aeH 6acTan KOAAAHbIAbIM KEAEA.
ABpiAiK 6CIMAIKTEPAI 3epTTEYAIH, KQXKETTIAIr KYHHEH-KYHre apTbin oTblp. OCbl TYPFblAQ, NEePCNeKTUBTI
ABPIAIK BCIMAIKTEPAT 3epTTeN TUIMAIAEPIH aHbIKTAY >KOHE OAapPAbl MAEHTUMDMKALMIAQY ©3eKTi GOAbIN
TabblAMakK. ASPIAIK 6CIMAIKTEPAI MOPMOAOTUSABIK, MAEHTU(MUKALMAAAYFA KapaFaHAQ, FeHETUKAABIK,
>KaFblHaH TAKCOHOMUSIABIK, aHbIK TaYAblH MaHbI3AbIAbIFbl )KOFapbl. ©CIMAIK TYPAEPIH MAEHTUMMKaLMIAQY
MEH (PUAOrEHETUMKAABIK 3ePTTEYAEPAE KOAAAHbIAATBIH XAOPOMAACTbIK, MapKeApepAi 6ipi — rbcl
reHiHiH OipisiaiAikTepi ekeHi 6eAriAi. JKyMbICbIMbI3AbIH MakcaTbl: rbcl mMapkepiH KoAAaHa OTbIpbI,
61OMH(OPMATUKAABIK, DAICTEPAIH, KOMEriMEH (DMAOTEHETUKAABIK, TAAAQY XKacayAbl 3epTTey.

Makanaaa npecnektmneTi Aegopodium alpestre Ledeb. aspiAik ©CiMAIriHIH XanbiparbiHaH OOAin
aAblHFaH rbcl reHiHiH cekBeHCI >Kacaablin, aepekkopAarbl Aegopodium L. TybiCbiHa >KaTaTblH 6CIMAIK
TYPAEPIMEH >8He COHAaM-aK, LaTbIPryAAIAep TYKbIMAQCBIHbIH OKIAAEPIMEH TYbICTbIK, KaTbIHACLIH
aHbIKTayAQ >KYPri3iAreH (hMAOreHeTMKaAbIK, TaAAQy HOTUXKECT GepiAreH.

Ty#in ce3aep: rbcl, Aegopodium L., Aegopodiumalpestre Ledeb., AHK 6eain aAy, dpmaoreHeTnka-
ABIK, TAAAQY.
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®DuAoOreHeTMYECKMI aHAAM3 MOCAEAO0BATEAbHOCTH reHa
rbcL pacrenmii poaa Aegopodium L.

Mpy MHOrMX 3a00AEBAHMSX AEKAPCTBEHHbIE PACTEHWMS MCMOAb3YIOTCS B AEYEHWU C APEBHUX
BpemeH. [1oTpebHOCTb B MCCAEAOBAHMSX AEKAPCTBEHHbIX PACTEHU pacTeT AeHb OTO AHSl. B
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MepCrneKTUBHbIX AEKaPCTBEHHbIX PACTeHUi. [eHeTuYeckas TakCOHOMMYECKas MAEHTUMDMKALMS UMeeT
GoAblLEe 3HaYEHME, YeM MOPGOAOTMYECKas MAEHTUMUKALMS AEKAPCTBEHHbIX PAaCTeHWI. M3BecTHO,
UYTO OAHUM M3 MapKEPOB XAOPOMAACTOB, MCMOAb3YeMbIX B MAEHTU(MKALMM BUAOB paCTEHUA U
hbMAOreHETUUECKMX UCCAEAOBAHMSIX, IBASIETCSI MOCAEAOBATEALHOCTM reHa rbel. LleAb Hawen paboTbi:
n3yyeHue PUAOTEHETMYECKOrO aHaAM3a OMOMHOPMATUUECKMMM METOAAMU MCMOAL3YS Mapkepa rbcl.
B cTatbe npeAcTaBAeH pe3yAbTaT (OMAOrEHETUUECKOTO aHaAM3a, MPOBEAEHHOTO MPK ONpPeAeAeHNH
poacTBa pactenuin Aegopodium alpestre Ledeb. no nocaeaoBateabHoCTM reHa rbcl ¢ Apyrimm Buaamm
poaa Aegopodium L., a Tak>Ke C NMPeACTaBUTEASIMU CEMENCTBA 30HTUUHBIX 13 6a3bl AAHHbIX.
KaoueBble caoBa: rbcl, Aegopodium L., Aegopodiumalpestre Ledeb., Bbiaeaenne AHK,

(prAOreHeTMUeCKMii aHaAU3.

Introduction

Aegopodium L. is a genus of perennial plants
of the Apiaceae family, widely distributed in
Europe and Asia. Currently, 12 species of this
genus are known [1], and in Kazakhstan, there
are two species: common ashweed (4egopodium
podagraria L.,) and alpine ashweed (4degopodium
alpestre  Ledeb.).Representatives of plants of
the genus Aegopodium L. have long been used
in folk medicine to treat various diseases (gout,
inflammatory diseases). Also, common ashweed is
included in drugs for the prevention and treatment
of oncological diseases [2].

The Apeaceae are a large family of angiosperms,
including many medically important species. The
ability to identify these species and their admixtures
is important, but difficult to do due to subtle
morphological differences in the fruits and the
frequent lack of diagnostic characters in surviving
specimens [3].Species identification and assessment
of intraspecific genetic polymorphism are the most
important tasks not only of modern plant genetics,
but also of plant science. To solve these problems,
many different methods of search and research of
taxonomically significant sections of DNA were
developed, which were called molecular or DNA
markers. [4].One of these markers is the chloroplast
marker rbcL gene [5-7]. DNA barcoding techniques
combined with metabolomics, transcriptomics
and proteomics can enable the authentication of
plant products [8]. Plant barcoding can be used to
distinguish species within a genus and to preserve
DNA from the same species[9, 10].

DNA barcoding is one of the methods for rapid
species identification using a short DNA fragment
containing 400-800 bp.The Consortium for the
Barcode of Life (CBOL) [11] recommended ribulose
bisphosphate carboxylase/oxygenase (RbCl) as one
of the candidate loci with high potential for plant
barcode generation. This is because the RbCI gene
has been well characterized, so primer design can

be easily improved. In addition, RbCI has high
versatility and high discrimination ability [12, 13]

The work carried out a molecular genetic
analysis of AegopodiumalpestreLedeb. using
modern methods of molecular biology to determine
the genetic relationship of this plant with other
species of Aegopodium L., also with the Apiaceae
family.

Materials and Methods

DNA isolation and amplification of the rbcL
gene

DNA was obtained by a modified CTAB
method from leaves of AdegopodiumalpestrelLedeb.
plants [14-16]. The detergent ~ CTAB
(cetyltriethylammonium bromide) is good at
breaking down the cell membrane and separating
DNA from polysaccharides. DNA quality and
quantity were checked by electrophoresis [17, 18] in
a 1.4% agarose gel in 1x TAE buffer (0.04 M-Tris
HCI, 0.02 M CH,COONa, 0.01 M, EDTA, pH 8.0).
To prepare a 1.4% agarose gel, take 1.4 g of agarose
per 100 ml of 1x TAE buffer. The mixed agarose
and buffer were brought to a boil in a microwave
oven at high power until the agarose was completely
dissolved. The mixture was cooled to 40-50°C and
7 wl of ethidium bromide at a concentration of 10
mg/ml was added, mixed, and poured into the mold.
A comb was placed to form wells for applying
samples, then the gel was cooled until it hardened.

PCR was performed using MyTaq red mixe
(Bioline) [19, 20]. The forward primer used in this
study was RBClaf (5'-ATG CCA CAA ACA GAG
ACT AAA GC-3") and the reverse primer was
RBClar (5'-GTA AAA TCA AGT CCA CCA CG-3")
with a total PCR volume of 30 ml. The PCR program
was 95°C for denaturation, 55°C for annealing and
72°C for degradation and 72°C for final degradation.
The ZymocleanTM DNA Gel Recovery Kit (Zymo
Research) is used to obtain purified PCR products.

Phylogenetic analysis
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Phylogenetic analysis of the rbcl gene sequence of the plant genus Aegopodium 1.

The following programs were used to analyze
the obtained data:

1. BLASTn was used to compare the resulting
sequence with DNA sequences from GenBank.
The program compares user-entered nucleotide
or protein sequences with all available nucleotide
or protein sequences in the NCBI database, and
calculates percentage statistics of the total matching
of each pair of compared sequences.

2. Sequences were aligned and analyzed using
the Clustal Omega program. Phylogenetic trees
were constructed using the Neighbor-Joining (NJ)
and Maximum parsimony (MP) methods in the
MEGA 11 program. The stability of phylogenetic
trees in NJ and MP analyzes was assessed using the
bootstrap method.

The neighbor joining (NJ) method in
phylogenetic analysis can describe the clarity of
species identification; the difference is limited

Ladder 1A*
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to cluster and node. A sample can be in the same
cluster, even if they are from different areas [21].

Results and Discussion

DNA barcoding is one way to contribute to
the Barcode of Life database aimed at collecting
reference sequences [22, 23]. This work used
variation in short, standardized gene regions
to identify new species [24]. The first step in
DNA barcoding was to extract the total DNA
from the sample. DNA was isolated from the
leaves of AegopodiumalpestrelLedeb. The next
step was to determine the quality and quantity
of DNA using a DNA spectrophotometer and
agarose gel electrophoresis. We determined the
concentration of isolated DNA and its purity using
a spectrophotometer (Fig. 1).

Big Aimaty Big Almaty Big Almaty

1A 1A

Figure 1 — Electropherogram of the rbcL gene of Aegopodium alpestre Ledeb.

After determining the concentration and
purity of the rbcL gene of Aegopodium alpestre
Ledeb. performed sequencing.rbcL is a fragment
of the coding region of the chloroplast gene. The
rbcL fragment has low species resolution, but in
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angiosperms it has relatively high species resolution
[25].

The RbCI gene that was successfully amplified
from the Aegopodium alpestre Ledeb plant accession
in this study was 610 bp in length.
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>A.alpestre

NNNNGNNNCTANGCAGGTGTTGGATTCAAAGCT
GGGGTTAAAGATTACAAATTGACTTATTATACTCCGG
ACTATGAAACCAAAGATACTGATATCTTGGCAGCATT
CCGAGTAACTCCTCAACCCGGAGTTCCACCTGAAGAA
GCGGGGGCCGCGGTAGCTGCCGAATCTTCTACTGGTA
CATGGACCACTGTGTGGACCGATGGACTTACCAGCCT
TGATCGTTACAAAGGGCGCTGCTACGGAATCGAGCC
CGTTGCTGGAGAAGAAAATCAATTTATCGCTTATGTA
GCTTACCCATTAGACCTTTTTGAAGAAGGTTCTGTTA
CTAACATGTTTACTTCCATTGTAGGTAATGTATTTGG

QoopEO0CDEOOOROOOD

GTTCAAAGCCTTGCGCGCTCTACGTCTGGAAGATCTG
CGAATCCCCGTTGCTTATGTTAAAACTTTCCAAGGAC
CGCCACATGGCATCCAAGTTGAGAGAGATAAATTGA
ACAAGTATGGTCGTCCCCTGTTGGGATGTACTATTAA
ACCTAAATTGGGGTTATCCGCTAAAAACTACGGTAGA
GCGGTTTATGAATGTCTCCGCGGTGGACTTGATTTTA
CGTCATACNTGGTTTTTCCTGANN

Then, using BLAST, we searched for similar
nucleotide sequences (Fig. 2).

Accassinn

Figure 2 — Sequence analysis of the rbcl gene of Aegopodium alpestre Ledeb. in the BLAST program

As a result of searching for similar sequences
using the BLAST program, it was revealed that the
nucleotide sequences of Adegopodium alpestre Ledeb.
coincides with sequences from the database with
Aegopodium podagraria (MT561044.1) by 99.83%,
with Adegopodium podagraria (KM360614.1) —
99.65%; with Aegopodium alpestre (MH658249.1)
— 99.82%, and with some plants of the umbrella
family — 99.13%.

The neighbor joining (NJ) method in
phylogenetic analysis can describe the clarity of
species identification; the difference is limited
to cluster and node. A sample can be in the same
cluster, even if they are from different areas [7]. The
relationship of species based on genetic similarity is
shown in the phylogenetic tree.

In order to determine the genetic relationship of
Aegopodium alpestre Ledeb. with the Aegopodium
family, including Aegopodium L., a phylogenetic
tree was constructed and analyzed using the
sequences obtained from the gene database.

In order to reveal the genetic relationship of
the plant Aegopodium alpestre Ledeb. with the
umbrella family, including the genus Aegopodium
L., aphylogenetic tree was constructed and analyzed
(Fig. 3).

The sequence similarity of the rbcL gene of P.
anisum plants (KP866817.1) is higher than that of
related genes in the other clade. This is a 90% large
branch (marked in green by Large Clade), which is
considered a bootstrap analysis that is repeated 1000
times. The plants in this green square all belong to
the genus Aegopodium L.

Those marked in yellow themselves form one
large branch (Clade), but their similarity to the rbcL
gene sequences of the A. alpestre plants (sequenced
by us) is distant.

Boostrap values:

Strong: >90%

Well: <70-90%

Weak: 50 -70%

No: <50%

91



Phylogenetic analysis of the rbcl gene sequence of the plant genus Aegopodium 1.
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Figure 3 — Tree built using the nearest neighbor method with bootstrap support
(Bootstrapped Neighbor-Joining Tree)

Conclusion

The RbCl gene that was successfully amplified
fromthe Aegopodium alpestre Ledeb. plantaccession
in this study was 610 bp in length. The sequence was
99.83% similar to sequences from the Aegopodium
podagraria database (MT561044.1) and 99.83%
similar to Aegopodium alpestre (MH658249.1).
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HYXEPOAHbIE BUADBI Pblb B P. KAPALLIMK
(bACCEUH P. CbIPAAPbWN)

YyskepoAHble BUAbI CTaAM LLIMPOKO PACMpPOCTPAHEHHbIM M BAUSITEAbHbIM (DAKTOPOM MAOGAAbHbIX
M3MEHEHWI1 OKPY>Kalolen CpPeAbl, Bbi3BaHHbIX 4YeAoBeKoM. Boaoembl  Apano-CbipAapbUHCKOrO
6acceiHa UCMbITbIBAIOT MOBbILIEHHYIO aHTPOMOrEHHYIO HarPy3Ky B CBSA3M C U3bITUEM DOAbLIMX 00bEMOB
BOAbl AASl OPOLUEHMS M HEHAaMEPEHHbIM BCEAEHMEM OOABLIOrO YMCAA YY>XXKEPOAHbIX BMAOB Pbib.
LleAlo MpoOBEAEHHOIO MCCAEAOBAHUS SBASAOCH M3YUeHMe PasHoOOpasms Yy>KepOAHbIX BUAOB pbib B
p.Kapalumk. AaHHag peka IBASeTCsS eAMHCTBEHHbIM NMPUTOKOM ¢ rop KapaTay, KOTOpbliii B MHOrOBOAHbIE
roabl Moxet aocturatb p.Coipaapbi. Ha ocHoBaHMM aHaAM3a (pOHAOBbBIX MaTEPMAAOB, COBPaHHbIX
B 2007-2017 rr., n ot6opa npob ¢ mapta no okta6pb 2022 r 1 B mioHe 2023 r. BOAM3M FOPOAOB
TypkectaH 1 KeHTay ycTaHOBAEHbl M3MEHEHMs B COCTaBe Yy>KePOAHbIX BUMAOB pbl6. BOAbLIMHCTBO
(PM3UKO-XUMMYECKMX MOKa3aTeAe! BOAbl ObIAM Ha YPOBHE, OAAronpuUsSITHOM AAS KM3HW BCEX BUAOB
NpPecHOBOAHbIX pbl6. OAHAKO BO MHOIMX 06pasliax OTMEYEHO MOBbILLEHHOE COAepyKaHMe HUTPATOB,
YKa3blBalolLlee Ha aHTPOMOreHHoe 3arpsa3HeHme 3Ton pekn. OOHAPYXKEHO 6 BUAOB UY>KEPOAHbIX Pbl0,
HE MMEIOLLMX MPOMbICAOBOM LieHHOCTM: abboTtuHa Abbottina rivularis, ropuyak Rhodeus ocellatus,
nceesaopac6opa Pseudorasbora parva, aneotpuc Hypseleotris cinctus, kutanckuin 6bl4ok Rhinogobius
cheni, kutanckas meaaka Oryzias sinensis. V13 HUX TOAbKO nceBaopacbopa NMoCTosHHO BCTpevaeTcs
B peKke, pasHoobpasue APYrmx 4y>KePOAHbIX BMAOB MEHSeTCs Mo roaam. buoaormueckmin aHaams
MoKasaA, YTO YCAOBMS OOMTaAHMS MO3BOASIOT YY>KEPOAHBIM BMAAM YCMELLIHO BOCMPOM3BOAUTLCS, HO
NPEensSTCTBYIOT AOCTMXEHMIO GOABLUMX Pa3sMepPOB, XapaKTEPHbIX AAS BOAOEMOB C BGAAronpusiTHbIMM
YCAOBUSIMM OBUTaHMS.

KAloueBble CAOBa: uUy>KepOAHbINM, pblba, WHBa3Mg, 3Kocmuctema, CbIpAapbUHCKMIA  BaccerH,
MHAMKATOP.

G.S. lbrayeva

Al-Farabi Kazakh National University, Kazakhstan, Almaty
e-mail: mira_75kz@mail.ru

Alien fish species in the Karashik river
(Syrdarya basin)

Alien species have become a widespread and influential factor in global environmental changes
caused by humans. Water bodies of the Aral-Syrdarya basin are experiencing an increased anthropogenic
load due to the withdrawal of large volumes of water for irrigation, and the unintentional introduction
of a large number of alien fish species. The purpose of the study was to study the diversity of alien fish
species in the Karashik river. This river is the only tributary from the Karatau mountains, which in high-
water years can reach Syrdarya. Based on the analysis of stock materials collected in 2007-2017 and
sampling from March to October 2022 and in June 2023, changes in the composition of alien fish species
were established near the cities of Turkestan and Kentau. Most of the physico-chemical parameters of
the water were at a level favorable for the life of all freshwater fish species. However, in many samples,
an increased content of nitrates was noted, indicating anthropogenic pollution of this river. 6 species of
alien fish with no commercial value were found: Abbotina Abbottina rivularis, rosy bitterling Rhodeus
ocellatus, topmouth gudgeon Pseudorasbora parva, beautiful sleeper Hypseleotris cinctus, Chinese goby
Rhinogobius cheni, Chinese rice-fish Oryzias sinensis. Of these, only the topmouth gudgeon was con-
stantly found in the river, the diversity of other alien species varied over the years. Biological analysis has
shown that habitat conditions allow the alien species to reproduce successfully, but prevent the achieve-
ment of bigger sizes, known for water bodies with favorable habitat conditions.

Key words: alien, fish, invasion, ecosystem, Syrdarya basin, indicator.
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Kapauubik, e3eHiHAeri 66TeH 6aAbIKTapAbIH, TYPAEpi
(Cbipaapus e3eHiHiH, 6acceiiHi)

beTteH 6aAbiK TYpAEpPi aAaMAAPAbIH KOAbIHAH TyblHAAFaH YKahaHAbBIK, 3KOAOTMSAbIK, ©3repicTepAin,
KEH TapaAfaH >K8He bIKMaAAbl (PakTopbiHa arHaAAbl. ApaA-Cbipaapus 6accenHiHii, Cy alAbIHAAPDI
Cyapy YLUiH YAKEH KOAEMAETT CYAbIH aAblHYbIHA XKeHe 6eTeH GaAblK TYpAepiHiH Keberoi apHaibl emec
OTbIPFbI3bIAYbIHA 6AMAQHBICTbI AHTPOMOrEeHAIK >KYKTEMEHIH, >KOFapblAayblHA YilbIparAbl. 3epTTeyAiH
Makcatbl Kapatublk e3eHiHaeri 6eTeH GaAblk, TYPAEPiHiH aAyaH TYPAIAIriH 3epTTey 6oAabl. bya e3eH
Kaparay TayAapbl aFbICbiHaH KEAETIH, Cy MOA >KbiAAapbl CbipAapVst ©3eHiHE XXETETiH XKaAFbl3 cana BOAbIM
Tabbinaabl. 2007-2017 KbIAAAPbl XXKMHAKTAAFAH KOP MaTepuasAapbiH Taaaay >keHe 2022 KbIAAbIH
HaypbI3AaH Ka3aHFa AeiiH xeHe 2023 XXbIAAbIH MayCbIM aribiHAQ TypkicTaH >kaHe KeHTay KaAaAapbiHbIH
MaHbIHAQ CbiHAMAAApAbI ipikTey HerisiHAae 6erae 6aAbIK, TYPAEPIHiH Kypambl ©3repeTiHAIM aHbIKTaAAbI.
CyAblH, (PUBMKO-XMMMSIAbIK, KOPCETKILLTEPIHIH, KOMWIAITi Tywbl Cy 6aAbiKTapbiHbiH 6APAbIK, TYPAEPIHiH
TipWiAiK eTyiHe KOAamAbl AeHremae 60AAbl. bipak, KenTtereH cbiHamaAap YATiA€PIiHAE OCbl ©3€HHIH
AQHTPOMOreHAIK AaCTaHyblH KOPCETETIH HUTpATTap LuamacbiHbiH >KOFapbiAaybl 6arnkasabl. KecinTik
KYHABIABIFbI >KOK, 66TeH 6aAblkTapAbiH 6 Typi: abbotmHa Abbottina rivularis, ropuak Rhodeus ocel-
latus, nceBaopacbopa Pseudorasbora parva, aneotpuc Hypseleotris cinctus, kpitain 6y3aybac 6aAbifbi
Rhinogobius cheni, kbitan meaakacbl Oryzias sinensis 6ap eKeHAIri ankbiHAaAAbl. OAAPAbIH, ilLiHAE TeK
nceeaopacbopa e3eHAE TYPaKTbl KE3AECTI, 6acka Aa 66TeH OaAbIKTap TYPAEPAIH OPTYPAIAITT XKbIA CaiibIH
©3repin OTbIPAbl. BMOAOIMSABIK TaAAQy KOPCETKEHAEM, MEKEH eTeTiH opTa 66TeH GaAbIKTap TYPAEPIHiH
coTTi KebeliHe MyMKIHAIK 6epeai, Oipak, KOAaMAbI TIPLWIAIK €Ty >KafaaAapbl 6ap Cykormaapfra ToH
OAAPAbIH, YAKEH MOALLIEPTe XXETYAEPiHE KOA GepMenAi.

Ty#in cesaep: 6eTeH, Oaabik, MHBa3Ms, akoxye, Coipaapus 6acceiiHi, MHAMKaTop.

BBenenue

[IpecHOBOMHBIE pBHIOBI BO BCEM MHUpE CTall-
KHBAIOTCSA C TENBIM PSIIOM YTPO3, CBSI3aHHBIX CO
CTPOMTENILCTBOM IUIOTHH, (PparMeHTanme pex, 3a-
IpSI3HEHHEM, YpPE3MEpPHON JKCIUTyaTaleil W B3a-
MMOJICHICTBHEM C HHTPOAYIIUPOBAHHBIMU BHIAMH.
Takoe Bo3zmeHCTBHE OCOOCHHO PacIpOCTPAaHEHO B
TYCTOHACEJICHHBIX CTPaHaX, MEPEKUBAIOIINX CTpE-
MUTENFHOE Pa3BUTHE, U €T0 MOCIEACTBHU Hanboee
CHJIBHO OIIlYIIAIOTCS TaM, IJIe peTHOHAJIBHOE pa3Ho-
oOpasue psIO Benuko [1,2].

UyxepoaHble BHJIBI CTAIIN ITUPOKO PACIpOCTpa-
HEHHBIM U BIUSATEILHBIM KOMIIOHEHTOM BBI3BAaHHBIX
YEIIOBEKOM TIIOOAbHBIX W3MEHEHHI OKpYIKaromien
cpensl. UykepomHble BUABI PHIO OKa3bIBAIOT 3HA-
YUTEIbHOE BO3/IEHCTBHE HAa 3KOCHCTEMBI MPECHO-
BOJIHBIX BOJIOEMOB BCEX KOHTHHEHTOB HCKITIOYast
Anrtapkrumy [3-5]. OmeHka 53KOJIOTHYECKUX TI0-
CJICICTBUI BTOPIKEHHS MPEACTABISIET cOO0H MHO-
JKECTBO MPOOJIEM, KOTOPBIE YCyryOJSIOTCS B TeX
4acTAX MHpa, TIe MecTHas ¢ayHa III0X0 M3BECTHA
[6,7].

Pexa Crelpnapps — oqHa u3 miaBHbIX pek Llen-
TpansHOU A3un. [lepBrie dyHIaMeHTaIbHBIE pado-
THI 110 UXTHO(ayHe peku ChIpaapbsi ObUIH BHITTOHE-
Hbl K.®. Keccnepom B konie XIX Beka [8,9], 3atem
yrmyonensl JI.C. beprom [10] u I'B. Huxomsckum
[11]. Ucropus u3yuyenuss uxtuodayHbl OacceliHa

pexu CoIpAapbsi U paccelieHHs YyKEpOJHBIX BU-
JIOB PbIO O KOHIA MPOLIJIOr0 CTOJETHSl OMHCaHa
I'M. JlykpaBuom u B.II. Murpodanoseim [12].
OCTpBIii SKOJOTHYESCKHUNA KPU3HUC MPOU3OIIET 3/1€Ch
B nocyieiHel ueTBepTy XX BeKa B pe3ysbTare Hepa-
[IMOHATHHOTO MCIONb30BaHus BoAw! [13,14]. B mo-
ciennee pecsatunerne [IpaButenscTBo PecryOnuku
Kazaxcran npennprHUMaeT psiJi MEp 10 CMSTYEHUIO
JKOJIOTHYECKOW cuTyanmu B pernoHe [15,16]. Ilo-
9TOMY (PaKTHYECKOE COBPEMEHHOE COCTOSIHHE Pa3-
HooOpa3ust uxtuodayHsl OacceliHa p. Celpaapbu
nMeeT OOJNBITON HAYIHBIA 1 IPAKTHICCKUH HHTEPEC
[17].

Pexa Kapammk Geper cBoe Hauaio Ha [Oro-3a-
MmajHoOM cKIIoHe XxpeOta Kaparay, mpoxomut depes
ropoga Kentay m TypkecraH U B MHOTOBOJHBIC
ronsl BagaeT B p.Coipaapes. M3ydenuro nuxruoda-
VHBI 3TOH PEKH OBIIO MOCBAIECHO HECKOIBKO Ty OITH-
Kanuii [18-20].

Lenpio mpoBeneHHON Hamu paOOTHI SIBISIETCS
M3yYeHHE COBPEMEHHOTO COCTOSHHS PEKH M aHa-
T3 U3MEHEHUI pa3HooOpa3us YyKepOIHBIX BHUIOB
pHIO.

MarepuaJbl 1 METOIbI
MarepuanoMm mist paboOTEI TTOCHYXKHINA (HOHJIO-

BbIe MaTepHualibl Kageapbl OnopazHoodpasus u Ouo-
pecypcoB, cobpannbie B 2007-2017 rr. Uzydenue
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COBPEMEHHOT0 cOCTOsiHUSI peku Kapammk Obuto
MIPOBEZICHO ¢ MapTa Mo OKTA0ph 2022 r u B HIOHE
2023 . Bomu3u roponoB Typkectan u Kenray (pucy-
HOK 1). 'uapoxuMudecKue moka3areiny n3yJainuch B
OCHOBHOM Ha MECTE.

OT100p P00 BOABI JIsl THAPOXUMHYECKOTO aHa-
JIn3a MPOBEJH MO cTaHAapTHON MeToauke [21]. Tem-
neparypa Boabl, pH 1 o01ast MuHepain3anus BOIbI
HU3MEPSUIMCh Ha MECTE ¢ TIOMOIII0 pubopa Combo
PH&EC, crenenp MyTHOCTM HM3Mepsiach € IIO-
Mmoo Microprocessor Turbidity meter Hi 93703

(Hanna Instruments). I{BeT u 3amax BozbI ompese-
JISUTACH OPTaHOJICTITHYECKH.

st omiioBa phIO MCIOJIB30BAUCH MEJKOSIUCH-
HBIi Ope/icHb W PHIOOJIOBHBIC CAYKU Pa3IHMYHON
KOHCTPYKINU ¢ sigeeit 3-5 mM. Poi0y dmkcupoBanmm
B (opMajiMHe M JalibHEHIyr0 00pabOTKY IMPOBO-
I B taboparopun. TackoHOMHUYECKHUE Ha3BaHUS
pBIO JaHBI B COOTBETCTBHE C MEXTyHAPOAHBIMHU
HUXTHOJIOTHYECKUMH Oa3amu JaHHbIX [22]. buoio-
THYECKHI aHAIIN3 PBIO MTPOBECH MO TPAIUITHOHHOM
cxeme [23].

Pucynoxk 1 — Kapra ¢ ykazaHnuem paiioHa UCCIIeI0OBaHUMI

Craructndeckyto 00OpaOOTKy HaHHBIX IPOBO-
T cornacHo pykoBozcTBaM [.@. Jlakuna [24] u
Press W.H. et al. [25], ucoib3ysi KOMIIBIOTEPHYIO
nporpammy Excel.

Pe3ynbTarhl U 00Cy:K1eHUE

Ha yuactke ot 1. Kenray no r. Typkecran peka
Kapamuk nporekaer B INIMHUCTOM HIMPOKOM JIOTY,
IJie BbIMacaeTcsi CKOT. J[peBecHasl pacTUTENBHOCTD
BIOJIb OEperoB JerpagupoBaHa M IPeCTaBICHA
[IPEUMYLIECTBEHHO OTAEIbHO CTOSILUMH AEPEBbs-
MU HBBI U y3KOJMCTBEHHOIO JIOXa, KYyCTapHHUKOBAs
— OTHENbHBIMU HEOOJBIIMMHU TPYNIaMHU YMHIHIIS,
Tamapukca u munosHuka. Illupuna pexu cocrasis-
et 3-5 M ¢ mnécamu mmpuHOM 10 20 M U TITyOMHON
6omnee 1,7 M. /IHO pekn nuimcToe, WINCTO-TIECYaHOe
U IecuaHO-TraJleuHuKoBoe. Pa3BuTa norpyxeHHas
BOJHAsI pACTUTENBHOCTh (Xapa, POTOIMCTHHK, PACCT
Kyp4aBbli, IEPUCTOINUCTHUK). DU3UKO-XUMUIECKIE
[10Ka3aTeJy BOJbI 32 IOCJIEAHUE [BA IO IPELICTAB-
JieHbl B Tabnuue 1.

Becnoit 2022 r. ypoBens Boabl B pekax Kapa-
IIMK OBUI JIOCTATOYHO IOJHBIM, BOjAa OblIa Tpo-
3payHas OecLBETHas, BOAOPOIHBIH MoKa3aresb ObLI
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O0nmu30K K HeWTpanbHoMy. OJTHAKO, paHHEH BECHOM
0 CPaBHEHUIO C IPYTUMH pekaMu Bojia p. Kapammk
ObL1a OJIM3Ka K CIIA0OKKCIION cpelie U uMena Ooee
BBICOKHI ypOBEHb MyTHOCTH U3-3a MOYBEHHON 3PO-
31UH, O0YCIIOBIIEHHOW OJIM30CTHIO K TOPO/IaM H Celb-
CKOXO3SMCTBEHHbIM YIO/ibsiM. BecHOW M OCEHbIO
BoJia B p. Kapammk Obuta Onuska kK HEUTpaIbHOM, BO
BCEX OCTaIBHBIX MP00ax Boja ObLIA CIAOOIIEN0Y-
HOH. MuHepanu3aius Bonbl B p. Kapammk cuibHO
Bo3pocna yserom 2022 r., Ho B 2023 1. ocTaBanach
Ha OJJHOM YpOBHE. Pe3koe MoBBIIIEHHEe MUHEpPAIH-
3anuu 0e3 BUJMMOTO COKPAI[CHUsI CTOKA YKa3bIBAET
Ha HaJM4Me KaKOro-TO BHEIIHEr0 HCTOYHHKA IO-
CTYIUICHHS coJiell B peky. Bo Bcex mpobax orme-
YEeHO MOBBIIIEHHOE CO/EP)KaHUEe HUTPATOB, UTO HE
XapaKTEepHO IJIsi 0c000 OXpaHSIEMBIX TEPPUTOPHM.
Bo03MOXHBIMU MCTOYHHKAMU HUTPATOB MOTYT OBITH
BBICOKasl KOHIEHTPAIMsl KPYIHBIX ITO3BOHOYHBIX
JKUBOTHBIX (ZOMAIIHEro CKOTa) U CMBIB YAOOpEHHIH
C CEJIbCKOXO3SIMICTBEHHBIX MOJICH, TOYBEHHAsI 3PO-
3us1 OeperoB, MPsSMOE MOCTYIUICHHE CTOYHBIX BOJ
W BO3IYULIHBIA MEPEHOC M3 KPYMHBIX HACENECHHBIX
MyHKTOB [26-28]. Takum o0Opa3zoM, B HacTosIIEe
BpeMs peKa HCIBITHIBAET 3HAYNTENIFHOE AHTPOIIO-
TEeHHOE BO3JIEHCTBHE.
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Taomuua 1 — duszuko-xumMmuyeckre rokasarenu Boasl p. Kapamuk (2022-2023 rr.)

OO0BeKT r.Typkecran r.Kenray
nara 08.03.2022 | 09.05.2022 | 12.06.2022 | 29.09.2022 | 25.03.2023 | 21.06.2023 | 25.03.2023 | 22.06.2023
t°C 17.0 243 25.9 15.9 18.3 21.5 17.0 23.7
= pH 6.83 7.93 7.40 7.17 8.16 7.40 8.22 7.84
g ppt 0.640 0.240 0.660 0.680 0.591 0.694 0.221 0.211
&
g FTU 2.15 221 1.11 0.4 13.05 7.76 2.37 1.3
= | NH/ 0 0 0 0 0 0 0 0
NO; 8.860 12.404 17.720 12.847 9.746 4.873 6.202 0
Tpumeuanue — «0» — comepkaHue HIDKE pasperaronieii criocodHocTu npudopa (8% 10~ mr/i), ppt — o0wias MUHEpaIU3aus
(mr/m), FTU — myTtHOCTB, NH," — KOHIIEHTap1Mst HOHOB aMMoHusl, NO,” — KOHUCHTPALHs HUTPaT-HOHOB (MI/J1)

Bcero 3a Bpemsi uccnenoBanuili B peke Ka-
pamuk ObUTO OOHApPYX)eHO 6 BHIOB YYKEpPOI-
HBIX PBIO, OTHOCAIIUXCA K 3 oTpsiaam (Tadm. 2).
HaunGonmbmum YuCIOM BHUAOB MpPEICTaBIEH OT-
psan  xapmooOpasupie Cypriniformes: a66oTnHa
Abbottina rivularis (Basilewsky, 1855); ropuax
Rhodeus ocellatus (Kner, 1866); amypckuii yeba-
40K, WU TIceBmopacbopa Pseudorasbora parva
(Temminck & Schlegel, 1846). Otpsn okyHeo-
Opa3HbIX Perciformes mpencraBieH 2 BHJIAMU:
aneorpuc Hypseleotris cinctus (Giinther, 1873)
u3 cemeiictBa Odontobutidae u kuTaiickuii ObI90K

Rhinogobius cheni (Nichols, 1931) u3 cemeiicTpa
O0prukoBEIX Gobiidae. Memaka OTHOCHUTCS K OTPSITY
capranooOpa3sHbIX Beloniformes, ceMEUCTBY OpH-
3ueBbix Oryziatidae. HenaBHee MoneKynspHO-Te-
HETUYECKOE UCCIIeIOBAaHNE HHTPOAYIIHPOBAHHBIX B
BosoeMbl KazaxcraHa U coONpeiebHbIX CTPaH Mo-
MyJSAUE 3Toro Buja [29] mokasano eAMHCTBO IPO-
HCXOXKIEHUS U MTPUHAIIICKHOCTD K BUTy KUTaHCKas
Menaka Oryzias sinensis Chen, Uwa & Chu, 1989.
W3 mepeuncineHHBIX BUIOB TOJIBKO aMypPCKHM Ye-
0adok n ab0boTHHA BcTpedanuch B p.Kapammk mo-
CTOSIHHO.

Tadmuua 2 — BetpeuaeMocTs dyskepoaHbIX BUIOB peI0 B p. Kapamuk B 2007-2023 rr.

r.Typkecran r.Kenray
Buasi pui0 N n < " © ~ N o o~ ©" © ~
— — — —_ — — N It o — — —
) ) o ) ) ) o o S ) o o
Q Q Q Q Q Q Q Q Q Q Q Q

OTPs ]I KAPIIOOBPA3HBIE CYPRINIFORMES, CemeiictBo kapnosble Cyprinidae

A06GoTHHA (JDKETIeCKaph)

ocellaus (Kner, 1866

Abbottina rivularis 0 3 0 4 3 0 4 8 5 4 4 0
(Basilewsky, 1855)

TlceBmopac6opa

Pseudorasbora parva (Temminck 15 5 1 14 38 3 22 18 8 0 22 0
& Schlegel,1846)

I'mazuatelii ropuak Rhodeus 0 0 0 0 74 0 0 | 0 0 0 0

OTPAJ] OKYHEOBPA3HBIE PERCIFORMES

Oneorpuc Hypseleotris cinctus

(Giinther, 1873) 0 0 0 0

1 0 3 0 0 0 3 0

KHTalCKUi Obr90K Rhinogobius

cheni (Nichols, 1931) 2 0 0 0

2 1 28 1 2 0 28 0

OTPAJ] CAPTAHOOBPA3HBIE BELONIFORMES CemeiicTBo opusueBsie Oryziatidae

Kuraiickas menaxa Oryzias sinensis

Chen, Uwa & Chu, 1989 0 0 0 0

1 1 0 0 0 0 0 0
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[TocTosiHHBIM peaCcTaBUTENEM YYKEPAHBIX PHIO
B p. Kapammk sBnsercs nceBropacbopa, wim amyp-
ckuii yebadok. MopdoOronornueckue Mmokazaresin
BBIOOPOK MpezacTasieHsl B Tabmuie 3. B 2014 rogy
Obl1a OTIIOBJIECHA JIMIIBL OfHA 0COOb 3TOro Bupa. EE
aOcosroTHAs JJIMHA paBHsU1ack 38,8 MM, uiMHa Oe3

xBocta — 32,4, macca — 0,48 1, yOUTaHHOCTH IO
®yneToHy — 1,41. MakcuManbHbI pa3Mep 3a BECh I1e-
PHUOJ MCCIEOBAHUN OKa3ajcsi HAMHOTO MEHBIIIETO,
M3BECTHOTO JUIS ATOTO BHJa B BojjoeMax Kazaxcrana
[30], guTo yKa3pIBaeT Ha HEONATONPHUITHBIC VIS ITPO-
JTOJDKUTEIBHOM KHU3HU YCIIOBHSI CYIIIECTBOBAHHUSI.

Taoiauua 3 — MophoOunonornueckue mokasaTeIn aMypckoro yedadyxa

INoka3arenn Tomsr n min max M +s Ccv
2007 Kenray 21.7 29.8 24.6 3.18 12.94
2012 Typkecran 15 23.7 32.0 26.4 2.53 9.59
2013 Typkecran 5 20.0 26.2 22.6 2.62 11.58
2015 Typkecran 14 21.0 46.0 34.6 8.24 23.82
SL, Mm 2016 Typxecran 38 26.0 56.6 36.8 8.50 23.07
2016 Kenray 22 11.0 26.2 19.4 3.82 19.69
2017 Typkecran 3 222 40.5 317 9.17 28.93
2022 TypkecTan 22 21.5 31.5 25.4 2.69 10.60
2023 TypkecraH 18 22.6 45.8 272 6.06 22.29
2007 Kenray 8 0.18 0.46 0.27 0.119 43.61
2012 Typkecran 15 0.20 0.69 0.33 0.136 41.10
2013 Typxkecran 5 0.14 0.37 0.24 0.095 40.02
2015 Typxkecran 14 0.18 2.38 0.98 0.659 67.07
Q,r 2016 Typkecran 38 0.34 3.97 1.13 0.861 76.22
2016 Kenray 22 0.01 0.37 0.15 0.093 63.76
2017 Typkecran 3 0.32 1.28 0.69 0.514 74.01
2022 Typkecran 22 0.18 0.61 0.30 0.118 39.12
2023 Typkecran 18 0.19 1.93 0.42 0.450 106.13
2007 Kenray 8 1.56 2.06 1.75 0.166 9.46
2012 Typxkecran 15 1.34 2.11 1.72 0.204 11.85
2013 Typkecran 5 1.75 2.07 1.97 0.137 6.96
2015 Typkecran 14 0.99 2.70 2.07 0.434 20.99
Fullton 2016 Typkecran 38 1.42 5.10 1.96 0.605 3091
2016 Kenray 22 0.19 1.02 0.50 0.367 21.30
2017 Typkecran 3 1.41 2.94 2.09 0.779 37.23
2022 Typkecran 22 1.48 2.14 1.75 0.140 7.99
2023 Typxkecran 18 1.45 2.03 1.74 0.165 9.49

YHCIIEHHOCTh KUTAMCKOI0 ObIYKa HCIIBITHIBAET
CHJIBHBIE MEXXTOHOBbIe Kojebanusa. B 2017 u 2023
IT. OBLJIO OOHAPYKEHO TOJBKO 110 OTHOMY IK3EMITIS-
py kuTaiickoro Obraka. Hanboiee MHOTOUHCIICHHBIM
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aToT BUIsI 06T B 2016 u 2022 romax (Tabmuma 4).
Pa3MepHO-BeCOBbIE MOKA3aTeNId TaKkKe OKa3aKCh
3HAUUTEILHO MEHBIIIE MAKCUMAIIBHO U3BECTHEIX IO
JTUTEepaTypHbIM JaHHBIM [31].
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Tadanua 4 — Mopdobronorinyeckne mokasareian KUTaiickoro Obraka

TTokazarenu Tonpl n min max M +s CV
2007 Kenray 2 23.5 34.5 29.00 7.78 26.82

2012 Typxecran 2 313 32.0 31.65 0.49 1.56

SL, MM 2016 Typkecran 2 223 36.0 31.20 7.72 24.73
2016 Kenray 28 23.4 41.7 31.82 5.74 18.05
2022 TypxkectaH 28 20.5 38.2 28.55 5.73 20.07

2007 KeHray 0.21 0.75 0.48 0.379 78.63
2012 Typxectan 0.45 0.55 0.50 0.071 14.14

Q,r 2016 Typkecran 0.20 1.28 0.86 0.579 67.28
2016 Kenray 28 0.19 1.02 0.50 0.254 51.18
2022 Typkecran 28 0.14 1.35 0.46 0.329 70.24

2007 Kenray 2 1.65 1.83 1.74 0.125 7.22
2012 Typkecran 1.37 1.79 1.58 0.297 18.77
Fullton 2016 Typkecran 1.80 2.74 2.35 0.488 20.77
2016 Kenray 28 1.27 1.97 1.44 0.179 12.46

2022 TypkecraH 28 1.43 242 1.69 0.210 12.38

Peunass ab0oTHHA HE SBISICTCS MHOI'OYMCIICH-

p-Kapammk pei6 HaMHOTO MEHbILIE M3BECTHBIX LIS
npyrux BomoeMoB Kasaxcrtana [32]. OmHako ymm-
TaHHOCTH pbIO B 2015-2016 1. ObUIA BHINIE paHee
u3BectHoro it Kazaxcrana 3sHaueHusl.

HOHM, HO TIpeACTaBJICHa B OOJBIIMHCTBE BBIOOPOK
(tabmuma 5). Taxke Kak My JABYX HPEABIIYIIHX
BUJOB, MAaKCHUMaJbHbIC pa3Mepbl OTJIOBICHHBIX B

Tadmuua 5 — MopgoOuonormueckie nokasareinn ab00THHBI

Iloxazarenu Tonpr n min max M +s CV
2007 Kenray 5 21.2 29.0 25.06 2.89 11.52
2013Typkecran 3 23.20 28.10 25.33 2.51 9.91
2015 Typkecran 4 335 57.0 40.63 11.10 27.33
SL. 2015 Kenray 4 45.0 56.0 51.38 4.71 9.18
2016 Typkecran 3 29.0 52.0 37.33 12.74 34.13
2016 Kenray 4 24.0 26.1 25.05 1.48 5.93
2022 Typkecran 4 20.0 40.0 28.23 9.56 33.87
2023 Typkecran 8 20.5 60.4 29.48 12.79 43.38
2007 Kenray 5 0.13 0.41 0.26 0.110 42.74
2013 Typkecran 3 0.23 0.41 0.30 0.099 33.00
2015 Typkecran 4 0.69 3.78 1.60 1.464 91.63
2015 Kenray 4 1.72 3.84 2.86 0.871 30.49
Qr 2016 Typkecran 3 0.41 3.09 1.38 1.488 108.8
2016 Kenray 4 0.25 0.33 0.29 0.057 19.51
2022 Typkecran 4 0.08 1.04 0.45 0.443 98.89
2023 Typkecran 8 0.14 3.96 0.75 1.302 174.14
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Ipooonscenue mabauywvl

[okazarenn Tomer n min max M +s CvV

2007 Kenray 5 1.31 1.71 1.55 0.190 12.31
2013 Typkecran 3 1.75 1.86 1.81 0.055 3.04
2015 Typkectan 4 1.84 2.14 2.00 0.127 6.38

Fullton 2015 Kenray 4 1.88 2.25 2.05 0.196 9.55

2016 TypkecraHn 3 1.68 2.20 2.00 0.277 13.89

2016 Kenray 4 1.81 1.86 1.83 0.034 1.84
2022 TypkecraH 4 1.00 1.63 1.44 0.299 20.70
2023 TypkecTan 8 1.56 1.86 1.76 0.108 6.13

OneoTpuc TakXke HE SIBISETCS MHOTOYHCIIEH-
HbIM BuaoM B p. Kapammk. B 2016 rony B paiione
. Typkecran HaiifieH TonpKo 1 aneoTpuc. ero abco-
moTHas amuHa 40.0 MM; qauHa 6e3 XBocTa 32.2 MM;

Tabauna 6 — Mopghobronornueckre nokasareiy 3I1e0Tpuca

Macca tensl 0.89 r; Ho ynuTaHHOCTh 1o DYIBETOHY
BbICOKast — 2.67. Ilokazarenn BBIOOPOK IPYTHX JIET
npeacTaBieHsl B Tabnuie 6. Bee mokazarenu coot-
BETCTBYET M0 JIUTEPATyPHBIM JaHHBIM [33].

IToxa3arenu Tonpr n min max M +s (6AY
SL 2016 Kenray 3 18.8 24.0 21.10 2.65 12.57

. MM
2022 TypkecTaH 3 19.0 24.0 21.17 2.57 12.12
9 2016 Kenray 3 0.13 0.26 0.19 0.067 35.79

.T

2022 TypkecTaH 3 0.13 0.26 0.18 0.071 38.38
2016 Kenray 3 1.90 2.02 1.95 0.060 3.09

Fullton
2022 TypkecTaH 3 1.82 1.93 1.88 0.055 2.90

['mazyarskrii ropuak ObLT MHOTOYHCIICHHBIM TOJTh-
ko B 2016 1. DToit BEIOOpKE ObLTa TIOCBSIICHA OT-
nenbHas myonukarus [18]. B 2023 romy BONM3u
r.Typkecran HaiineH Toibko 1 Tropuak. ero abco-
JIIoTHas mrHa 47.2 MM; myiMHa 0e3 XxBocTta 36.6 MM;
Macca tena — 1.55 r; Ho ynutaHHOCTh 110 PYIBTOHY
BbICOKas — 3.16.

Menaka Orizias sinensis Obuta oOHapy)KeHa
Tonbko B 2017 r p. Kapamuk B paitone 1. Typkecrtan.
Eé abcomrorHas mymaa — 27.3 MM. utiHa 0e3 XBOCTa
— 23.2 mM. macca tena — 0.18 1.. yOUTaHHOCTH TIO
@ynbToHY — 2.72. DTH NOKa3aTelu COOTBETCTBYET
W3BECTHBIM JUTsl BomoeMoB KaszaxcraHa nureparyp-
HBIM JTaHHBIM [34].

B pesyasrare mNpoBENEHHOIO HCCIEIOBaHUA
YCTaHOBJICHO TIOCTOSIHHOE OOWTaHUE HECKOJIBKUX
qy)XepoIHbIX BUJIOB B p. Kapamumk. Ha ocHoBe
aHaJIM3a MHTPOAYKIUU B PA3IUYHBIX 4acTAX MUPA
OBUIO YCTAaHOBIIEHO. YTO HApYIICHHS 3KOCHCTEM
OnarompusATCTBYIOT BTOp)KEHHSIM. B cBOTO 0ouepenp.
YyKEPOJHBIC BUJIbI MOTYT CUJIBHO U3MEHSTh THUIPO-
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JIOTHIO. OMOTCOXUMHMYECKUH LUK M OMOTHYECKHUN
COCTaB 3aCEJICHHBIX SKOCUCTEM U 3a CUET ITOTO MO-
JYJIUPOBaTh BO3/ACHCTBHE IPYTrUX HEOIArompusT-
HbIX Bo3zaeicTuil [35-37]. IloaTromy mpucyTcTBUE
qy’>KEPOIHBIX BUJOB PBIO paccMaTpuBaeTCs KaK MH-
JIMKAaTOp HEONaronpHusaTHBIX M3MEHEHHH OKpYKaro-
el cpespl.

3akjoueHue

B pesynsrate mpoBenE€HHOTO WCCIETOBAHUS
OBUIO YCTaHOBJICHO aHTPOIIOTCHHOE BO3JICHCTBHE
skocuctemy p. Kapammk. B pesynbsrare storo pas-
HOOOpa3HbIe KOPOTKOIMKIMYHBIC BUILI PHIO CTATH
MOCTOSIHHBIMU OOMTATENIIMU 3TOW PEKH. YCTaHOB-
JICHO TIPUCYTCTBHE B peKe 6 TpecTaBUTENeH aMyp-
CKOTO KOMITJIEKCA PBIO. OTHOCAIIUXCSA K 3 OTpsaam:
peuHasi ab00OTHHA. TIceBaOpacOoOpa. Mia34yaThiid TOp-
YaK. KUTalCKas MeJaKa. SJICOTPHUC U KUTalCKU ObI-
yoK. VM3 mepeunciieHHbIX BUJOB TOJHKO aMypCKUH
4e0auOK MOCTOSTHHO BCTPEYAIOTCS B PeKe. YCIOBHS
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CYIIECTBOBAHUS MO3BOJSIOT 3TUM BUJAM YCHEIIHO bnarognapHocTth
BOCIPOM3BOUTHCS. HO HE CIOCOOCTBYIOT MPOIOJ-
SKUTETHHOU KU3HU M JOCTIKEHUIO MAaKCUMAaTbHBIX Bripaxkato 61arojapHOCTh OTE€YECTBEHHOMY Ha-

pasmepoB. [locTossHHOE MPHUCYTCTBUE UYKEPOAHBIX  YYHOMY PYKOBOIUTENIO KaHIUIATy OMOJIOTHYECKUX
BUJOB SIBJISICTCSI MHAMKATOPOM HEOJIArONpHATHOIO  HAayK, acCOLMHUpOBaHHOMY mpodeccopy Mammuio-
BO3AeicTBUs Ha p. Kapamuk. By H.IIIL
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ASSESSMENT OF THE STATE OF THE WATER ECOSYSTEMS
OF THE TERRITORIES OF THE TURKESTAN REGION AT THE LEVEL
OF “ZERO BACKGROUND”, LOCATED IN CLOSE PROXIMITY
TO THE NUCLEAR POWER PLANT UNDER CONSTRUCTION
IN UZBEKISTAN

The article describes the radiobiological state of open reservoirs, drinking water in the settlements
of the Turkestan region, which are potentially affected by the nuclear power plant under construction in
Uzbekistan, as well as some biota objects that can serve as indicator organisms. The relevance is due
to the fact that the settlements of the Turkestan region of the Republic of Kazakhstan, located near the
border with Uzbekistan, fall under the potential impact of the future nuclear power plant. The objects
of the study were samples of drinking water from 5 settlements, bottom sediments and hydrobionts
(pike-perch — Sander lucioperca), carp (Gyprinus carpi), lake frog (Pelophylax ridibundus), water samples
taken from open reservoirs of the Turkestan region. On the basis of an accredited the test laboratory of
radiochemistry and radiospectrometry of the Institute of Radiobiology and Radiation Protection con-
ducted tests on the content of radionuclides. The results obtained on the content of radionuclides at the
stage of “zero background” before the construction of the nuclear power plant are generally within the
normal range, with the exception of samples of drinking water from the village of Zhyly-su , where the
total alpha activity exceeds 1.5 times the maximum allowable concentration. The results obtained will
allow us to estimate the probable dose loads of the population from the intake of radionuclides through
food chains and various scenarios. Data on the content of radionuclides in open water bodies and in
drinking water will be used as one of the criteria, for a full assessment of the “zero pho on the territories
of the Turkestan region.

Key words: “zero background”, drinking water, open reservoir, nuclear power plant, radionuclides.
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O36€eKCTaHAA CaAbIHbIMN XXATKAH aTOM 3AEKTP CTaHLMSACbIHA XXaKblH OPHAAACKAH
TypkicTaH 06AbICbI ayMaKTapbIHbIH, CY 9KOXKYHeAepiHiH, XKaFAaibIH
«HOAAK (DOH» AeHreliHAe OaFraray

Makanapa ©36ekcTaHaa CaAbIHbIN XKaTKaH aTOM 3AEKTP CTAHCACbIHAH bIKTMMAaA 3apAar LekKeH
TypKicTaH OBGAbICBIHbIH, €AAI MEKEHAEpIHAEri aliblk Cy KOWMaAapbiHbIH, aybl3 CYAbIH, COHAQM-ak,
MHAMKATOP OPraHmM3MAEep KbI3METiH aTKapa aAaTbiH Keibip 61oTa HbiCaHAAPbIHbIH PAAMOBUOAOTUSIABIK,
JKaraarbl  cunatTaAFaH. ©O3ekTiAiri ©36ekcTaHMeH Llekapara >KakblH OpHaAackaH Kasakcrad
Pecny6Amnkachl TypkicTaH 0GAbICbIHBIH EAAT MEKEHAEPIHIH HOAALLIAK, aTOM SAEKTP CTAHCACIHbIH bIKTUMAA
9CePiHiH acTbIHAQ KAAybIMeH GalAaHbICTbI. 3epTTey 0ObeKTiAepi PETIHAE 5 eAAI MEKEHHIH aybl3 CYbIHbIH
CbiHamMaAapbl, Ty6i weriHairepi MeH rmapobuoHTTapbl (wopTaH — Sander lucioperca), Tykbl (Gyprinus
carpi), keA 6akacbl (Pelophylax ridibundus), TypkicTaH 0OGAbICbIHbIH, alLbIK, CY KOMMaAapbliHaH aAblHFaH
CYy YATiAepi aAblHAbI. PaamMo6uoAOrus xeHe pasMaumsisaH KOpFay MHCTUTYTbIHbIH aKKpEAUTTEAreH
PaAMOXMMMS XKOHE PAAMOCTIEKTPOMETPUS ChiHAK, 3epTXaHachbl 6a3acbiHAQ PAAMOHYKAUATEPAIH KypPambl
GoiblHILIA CbiHaKTap >Ypriziaai. ADC KypblAbICbl 0acTaAFaHFa AEMiH «HOAAIK (DOH» Ke3eHiHAeri
PaAMOHYKAMATEPAIH KypamMbl GOMbIHLIA aAbIHFAH HOTMXKEAEp >KaAMbl aaFaHAd, YKbiAbl-CY ayblAbIHbIH
aybl3 Cy CblHamMaAapblH KOCMaraHAQ, KAAbIMTbl AManasoHAQ. aAbga OeAceHAIAiri wekTi pykcar
eTiAreH KoHUeHTpauusiaaH 1,5 ecepaeH acaabl. AAbIHFAH HOTUXKEAEP PAAMOHYKAUMATEPAI KOPEKTiK
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Ti3beKTep apKbiAbl KAObIAAQYAAH >KOHE 8PTYPAI CLieHapuiAep GOMbIHLLIA XAAbIKTbIH, bIKTUMAA AO3AAbIK,
JKYKTeMeAepiH Oararayra MyMKiHAIK 6epeai. TypkicTaH OOAbICbIHbIH ayMakTapbl GOMbIHILA «HOAAIK
hoHbI» TOABIK, GaraAay YyLIiH KpUTEPUIMAEPAIH Oipi peTiHAe allbIK Cy alAbIHAAPbIHAAFbI, aybl3 CyAafbl
>KaHe TMAPOBUMOHTTAPAAFbl PAAMOHYKAMATEPAIH KYPambl TypaAbl AepekTep NainAaAaHbIAAAbI.

TyviiH ce3aep: <HOAAIK (hOH», aybI3 Cy, ALLIbIK, CY KOMMAChl, aTOM AEKTP CTAHLMSICbl, PAAMOHYKAMATED.

A.M. FaHnHa", M.M. baxtuH, E.T. KauikuHbaes,
N.K. Kasbimbet, A.C. MNb6paesa, M.H. Aymaankosa
HAO «MeanumMHCKMIA yHMBEPCUTET ACTaHa», MHCTUTYT paano6uoAormm

1 PaAMaALMOHHOM 3alwmThl, KasaxcraH, r. ActaHa
*e-mail: anastassiya_smelova@mail.ru

OueHKa COCTOSIHUS BOAHBIX 3KOCUCTEM TeppuTopuii TypkecTaHCKOH 00AaCTH
Ha YpOBHe «HyA€BOro poHa», pacrnoAOXKeHHbIX B HEMOCPEACTBEHHOM 6AM30CTH
ot cTposierica ADC B Y3bekucrtaHe

B cratbe onuchiBaeTCS pPaAMOBUMOAOrMYECKOe COCTOSIHME OTKPbITbIX BOAOEMOB, MWUTbEBOM
BOAbl B HAaCEAEHHbIX MyHKTax TypKecTaHCKOW 06AacTM, KOTOpble MOMaAioT MoA MOTEHLUMAAbHOE
BAMsHMe cTposierics ADC B Y3bekucTaHe, a Takke HeKOTOpbIX 0ObEeKTOB OGMOTbI, KOTOPbIE MOTYT
CAY>KUTb MHAMKATOPHbIMW OpraHuM3Mamu. AKTYaAbHOCTb OOYCAOBAEHA TEM, UTO HACEAEHHbIE MyHKTbI
TypkecTaHckon obaactu Pecny6amkin KasaxctaH, pacnoAoskeHHble BOAM3M rpaHuLbl ¢ Y36eKMCTaHOM,
rae naaHupyetcs ctpouTteabctBo ADC. O6bekTamm MCCAEAOBaHUS ObiAM NMPOObI MUTHEBOM BOAbI 5
HaCeAEeHHbIX MyHKTOB, AOHHbIE OTAOXEHMUSI U TMAPOOMOHTBI (Cyaak — Sander lucioperca), casan (Gyp-
rinus carpi), o3epHas Asryuwka (Pelophylax ridibundus), npo6bl BoAbl, O0TO6GpaHHbIE M3 OTKPbITbIX
BOAOEMOB TypkecTaHCkoi obOaacTv. Ha 6ase akKpeAMTOBAHHOM WCMbITaTeAbHOM AabopaTopmm
paanoxummn 1 paamnocnektpometTpun HAO «MeAMUMHCKMIA  YHMBEPCUTET ACTaHa» MpPOBEAEHDI
MCMbITaHWUS HAa COAEpPIKaHUe PAAMOHYKAMAOB. Pe3yAbTaTbl COAEpIKaHUS PAAMOHYKAMAOB Ha CTaAMM
«HyAeBOro oHa» A0 cTponTeAbcTBa ADC, B LIEAOM HAxXOASITCS B MPEeAEeAax HOPMbl, 32 UCKAIOUYEHMEM
npo6 nuTbeBol BoAbl noceaka XKbiAbl-Cy, rae obuiee aAbda-akTMBHOCTb npesbiwaetr B 1,5 pasa
MAK. TloAyueHHble pe3yAbTaTbl MO3BOASIT OLEHUTb BEpPOSITHbIE AO30Bble HArpy3kv HACEAEHWs OT
MOCTYMAEHUSI PAAMOHYKAMAOB MO MULLEBbIM LIEMSIM U PA3AMYHbIM CLIeHapUsM. AaHHbIE O COAEP KaHUM
PAAMOHYKAMAOB B OTKPbITbIX BOAOEMAX, MUTHEBOM BOAE M MMAPOBMOHTAX MCMOAb3YIOTCS KAk OAMH
M3 KpUTEpUEB MOAHOWM OLIEHKM «HYAeBOro (hoHa» Ha TeppuTopum TypKeCTaHCKOW 06AacTu nepea
cTponTeAbCTBOM ADC Ha NpUrpaHNYHO TEPPUTOPUN.

KAtoueBble cAoBa: «<HyA€BOM (POH», MUTbEBAs BOAQ, OTKPbITbIA BoAoeM, ADC, paAMOHYKAMUADI.

Introduction

In early September 2018, the governments of
Uzbekistan and the Russian Federation signed an
agreement on cooperation in the construction of
nuclear power plants in the territory of the Republic
of Uzbekistan. Rosatom State Corporation plans to
build a complex of two generation 3+ power units
with VVER-1200 reactors. The site near Lake
Tuzkan in the Jizzakh region, located 50-80 km from
the Zhetysay district of the Turkestan region of the
Republic of Kazakhstan, was chosen as the priority
site for the construction of the station. In accordance
with the IAEA radiation safety requirements and the
legislation of the Republic of Kazakhstan, radiation
monitoring should be carried out around nuclear
power facilities [1-3].

Lake Tuzkan belongs to the Arnasay system of
lakes. When using lake water for heat exchange,
it can lead to pollution, which is also regulated by
the IAEA safety requirements [4]. The specificity
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of natural water bodies Tuzkan and the chain of
lakes Aydarkul, created as a result of recharge and
underground water lenses, is such that contamination
of water bodies with radionuclides may lead to their
spread to the area of underground lenses downstream
[5].

Lake Tuzkan in the Jizzakh region, located
about 40 km from the Turkestan region, the most
densely populated region of Kazakhstan. Near
Lake Tuzkan is the Shardara reservoir, a source
of drinking water and a reservoir of strategic
importance, located on the transboundary Syr
Darya River, the longest in Central Asia (flowing
into the Aral Sea).

The Shardara reservoir with a capacity of 5.2
billion m3 was put into operation in 1967, it is fed
by the Syr Darya, which is used by the agricultural
lands of two regions: Turkestan and Kyzylorda
[5]. As can be seen from the table 1, the distance
from the center of the Jizzakh region to the studied
settlements is from 73 to 126 km.
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Table 1 — Characteristics of the location of the study and the distance from the NPP under construction

Distance to the
Ne | Locality name Location Note center of Jizzakh
region of Uzbekistan
The admmls.trat.lve center of the The farms of the district contain 12.6%
Myrzakent | Maktaaral district of the Turkestan . . .
1 . . of cattle in the region, the textile and 85,9 km
settlement | region. 403 km southwest of the city of o .
clothing industries are developed.
Turkestan.
The center of the Zhetysay district of There are co.ttor.l—cleam.ng., beerand
. . . bread factories in the city; workshop
2 | Zhetysay city |the Turkestan region, the distance from . 84,3 km
X for the production of vegetable and
Turkestan is 393 km. .
cottonseed oil.
3 Shardara cit The administrative center of the Production of building materials. Food 126.1 km
Y | Shardara district of the Turkestan region. | businesses. Shardara HPP. ’
Zhvlv-su A settlement in the Maktaaral district of | The main occupations of the population
4 Yy the Turkestan region of Kazakhstan. It is |are seasonal cotton production and 84,4 km
settlement o )
part of the Zhylysu rural district. farming.
Zh. Kalshoraev A village in the Maktaaral district qf the The population is engaged in cattle
> settlement Turkestan region of Kazakhstan. It is breeding, clothing and textile industries 73,5 km
part of the Abai rural district. & & '

Earlier, within the framework of the international
project, large-scale studies of the level and nature of
pollution of the Syrdarya river basin in the territory
of the Republic of Kazakhstan were carried out.
The results obtained made it possible to generally
characterize the radioecological situation in this
region. In the eastern part of the Shardara reservoir,
near the territories of the uranium deposit in the
Syrdarya River, arecas were identified where high
concentrations of technogenic radionuclides of
the uranium and thorium series were identified.
Elevated concentrations of heavy metals were found
in the bottom sediments of the Shardara reservoir
and in the vicinity of the large cities of Shymkent
and Saryagash, which have a negative impact on
the state of the water of the Syrdarya River [6-7].
It should be noted that the available data on the
pollution of the Syrdarya River must be taken into
account in the final formation of data for the “zero
background” assessment.

Thus, the purpose of this work is to assess the
state of aquatic ecosystems, drinking water in the
settlements of the Turkestan region, located in
close proximity to the nuclear power plant under
construction. This study is part of a comprehensive
radioecological monitoring to ensure the radiation
safety of the population and comparison of zero
background data with data obtained at each stage of
the operation of the future nuclear power plant.

Materials and methods

Taking into account the distances of the
settlements of Kazakhstan to the priority site of the
nuclear power plant under construction, samples of
environmental objects (water, bottom sediments)
from open reservoirs and drinking water were taken
from the settlements of Kalshoraev, Zhetysay,
Zhyly-Su, Myrzakent, Shardara of the Turkestan
region.

The analysis of literature data on the study of
hydrochemical parameters of the Shardara reservoir
was carried out.

Water samples were taken in accordance with
the guidelines of GOST 17.1.5.05-85 “Nature Pro-
tection. Hydrosphere. General requirements for the
sampling of surface and sea waters, ice and precipi-
tation” GOST R 51592-2000. “Water. General re-
quirements for sampling”. Each sample was taken
with a volume of 5 liters. Water samples taken for
the determination of radionuclides were filtered,
then evaporated, and the dry residue was ashed at
a temperature of 350 °C. Then the method of radio-
chemical analysis was applied.

When sampling bottom sediments, we were
guided by the standards of GOST 17.1.5.01-80.
“General requirements for sampling of bottom
sediments of water bodies for pollution analysis”.
Samples were taken with a special sampler at a dis-
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tance of 5 meters from the shore and a depth of
20-30 cm.

A survey was conducted to determine the food
basket of the population. When analyzing personal
data, it was found that the main food ration of the
inhabitants of the selected territories is: meat, pasta,
from cereals: rice, in the summer — vegetables and
melons. For residents of the city of Shardara, fish
is also included in the diet. In this regard, zander
(Sander lucioperca), carp (Cyprinus carpi) from the
Shardara reservoir were selected for laboratory anal-
ysis. The lake frog (Pelophylax ridibundus) was also
taken for laboratory analysis.

Laboratory radiospectrometric and radiochem-
ical research methods.

Laboratory radiochemical and
radiospectrometric analyzes of water samples,
bottom sediments, biosamples were carried out in
the Testing Laboratory of Radiospectrometry and
Radiochemistry of the Institute of Radiobiology
and Radiation Protection of NJSC “Astana Medical
University”, which is accredited in the accreditation
system of the Republic of Kazakhstan for compliance
with the requirements of GOST ISO / IEC 17025-
2009 “General requirements to the competence of
testing and calibration laboratories™.

The determination of the total alpha, beta activity
of water samples was carried out in accordance with
the “Methodological recommendations for radiation
hygiene”, as well as “GOST 31864-2012. Drinking
water. Method for determining the total specific
alpha activity of radionuclides”, “ST RK ISO 9697-
2006 Water quality”.

The total alpha and beta activities of bottom
sediment samples were measured using the UMF-
2000 low-photon radiometer (No).

Measurement of the specific activity of
radionuclides in samples of bottom sediments
was carried out using the spectrometric complex
“Progress-BG” gamma with beta spectrometric
tracts, according to the method “Method of
measuring the activity of radionuclides using a
scintillation gamma, beta spectrometer with the
software” Progress “, No. KZ. 07.00.00303-2004.
Before that, the dried sample was crushed, dried and
poured into the Marinelli vessel.

Radiochemical analysis to determine the
specific activity of 1*’Cs and *°Sr in drinking water
samples was carried out in accordance with the
“Methodological recommendations for sanitary
control over the content of radioactive substances
in environmental objects” approved by the Ministry
of Health of the Republic of Kazakhstan MUK No.
5.05.008.99.
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The content of uranium in the bones and tissues
of bioassays was determined by inductively coupled
plasma mass spectrometric method on Agilent-7800
equipment using regulated analysis methods.

Statistical processing of the results was carried
out by standard methods using the Student’s criterion
and a package of documents submitted by Microsoft
Excel programs.

The LIETDOS-BIOS software was also used to
calculate the oral dose when a person consumes fish
from the Shardara reservoir.

Results and discussion

The Shardara reservoir has an important
influence in the studied regions. Samples were taken
from the left bank (flat, dissected by bays and bays).
The total content of dissolved substances showed
that the water is brackish [8], with a predominance
of sulfates and sodium ions. In the zone of influence
of the river flow of the Syr-Darya, the amount of
sodium, magnesium, calcium and sulfates slightly
increased. The highest concentration of potassium
was registered on the left bank of the reservoir.
The concentration of biogenic compounds in the
water was at a low level and did not exceed the
maximum allowable concentration established for
fishing in the territory of reservoirs [9]. The content
of phosphates in water varied within a small range.
Thus, the water in the reservoir can be characterized
as slightly alkaline, with a concentration of sodium
sulfates, and brackish. These data, in turn, require a
detailed study to establish the influence of the above
indicators on the degree of impact of the studied
radionuclides on biocenoses and biota.

The reservoir is fed from the water of the
Syrdarya and Keles rivers. The transparency of the
water reached 0.4-3.2 m, the temperature of the
surface layers was 25.6-30.7°C, pH was 8.5-8.

The phytoplankton of the Shardara reservoir
was studied, which is formed mainly from green
and diatom algae (Chlorophyta, Bacillariophyceae),
as well as blue-green algae (Cyanobacteria).
Phytoplankton was analyzed by comparative
floristic similarity of different algae species.

Zooplantcon is mainly represented by rotifers
(Synchaeta stylata Wierzejski) [10-11]. Thus,
the authors of [10-11] characterize the Shardara
reservoir as freshwater, with sources of pollution
from rivers and agricultural canals.

According to the research results of the authors
[12], salinity increased from depth to the surface of
the water due to high evaporation in the arid climate
of southern Kazakhstan. The low content of mineral
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phosphorus in the reservoir is due to regional
and climatic features, as in most reservoirs of
Kazakhstan, primarily the absence of phosphates in
bedrock. Among the analyzed heavy metals, copper
and zinc were the most abundant [12].

The data can be used in assessing the
environmental conditions of the reservoir to the
potential impact of man-made pollutants before the
start of operation of the Uzbekistan NPP.

Further, samples of drinking water taken from 3
settlements of the Turkestan region were analyzed
and showed that the content of *’Cs and *°Sr was
within the acceptable range (Figure 1).

In a sample of drinking water from the Zhyly-su
settlement, an excess of the value of the total specif-
ic a, B activity by 1.5 times was revealed compared
to the permissible intervention level for drinking
water (table 2).
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order No. 155 dated February 27, 2015.

Picture 1 — Content of ’Cs and *°Sr in samples of drinking water (Bg/1)

Table 2 — Values of total specific a-, B-activity of water samples (Bq/dm?)

Ne Place of selection, locality Geographical coordinates Oz-}gaqc/té:;g’ Ezbzc/g:gg, ’
1 |Zhyly-su column (drinking water) Diprsens 0,30 0,27
2 | Shardara column (drinking water) I]\EI g;giggg ;) 0,04 0,15
3 vszﬂz}rl)oraev column (drinking T]\EI g;gigssg) 0.20 0.19
Intervention level (IL) for drinking water [13]. 0,20 1,0
4 gﬁzgzz’resewoir I]\EI gégf?;gg 0,18 0,27
5 | Zhetysay, open reservoir I; gg ?gﬁgg% 0,42 0,01
6 | Zhetysay, open reservoir é\] 6%024:)614;%% 0,09 0,04
7 | Kalshoraev, open reservoir I]::I gz(g) ?;; ggz 91 0,26 0,05
8 | Myrzakent, open reservoir 1\11546%1;053224263 0,52 0,07
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This excess is possibly due to the location of
uranium deposits in the Shu-Sarysu and Syrdarya
provinces.

In terms of hydrogeology, according to G. M.
Shor [14], a complex artesian basin (Shu-Sarysu)
is formed in this territory, in which several aquifers
and aquifers are distinguished, which can contribute
to the spread of radionuclides in aquifers.

Based on their literature data, the leading radia-
tion factor in uranium-ore provinces with an indus-
trial type of seam-infiltration uranium deposits is the
natural contamination of groundwater of ore-bear-
ing aquifers with uranium series radionuclides.

The assessment of the radionuclide composition
of bottom sediments is important not only for as-
sessing the contamination of an open water body,
but also for assessing the contamination of ground-

water, characterizing the functioning of aquatic eco-
systems, given the fact that bottom sediments affect
the vital activity of benthic organisms, as well as
in assessing the migration of radionuclides. In ad-
dition, bottom sediments are more stable in their
performance, unlike water masses. Using transfer
coefficient calculations, it is possible to establish the
degree of transfer of the studied radionuclides from
water to bottom sediments. Due to the high absorp-
tion capacity and strong fixation of radionuclides
in them, bottom sediments precipitate and retain a
significant part of the radioactive substances coming
with water, becoming the main source of irradiation
of benthic organisms [15-16].

Further, the specific activity of radium-226, tho-
rium-232, potassium-40 and cesium-137 in samples
of bottom sediments was established (table 3).

Table 3 — Specific activity of radium-226, thorium-232, potassium-40, and cesium-137 in bottom sediment samples of the Shardara

Reservoir (Bg/kg)
232Th ZZGRa 40K 137CS
Sample code Geocoordinates
Specific activity values

n.141°12°17»

Sh-DO-1 ] 67°55°52 62,6+26,3 13,5+11,2 178,5+116,2 12,549,7
n.1 41°20°449»

Sh-DO-2 o1 67°92°984y 45,4+16,3 15,3+9,26 145,3+£99,2 9,546,66
n.141°20°365»

Sh-DO-3 o1 67°93°036» 61,9+23.9 18,4+7,22 330,4+178.3 13,4+9,56

For a comparative assessment of the specific
activity of thorium-232, potassium-40 and radi-
um-226, literature sources on the content of radio-
nuclides in bottom sediments from reservoirs locat-
ed on the territory of the United Arab Emirates and
Ukraine were studied. The first reservoir is located
in the background location of the Baraka Nuclear
Power Plant (Gulf Coast, UAE). The results of the
specific activity of bottom sediment samples had the
following values: *Ra —4.73+3.1, **Th — 18.3+1.6,
YK — 130.14+105.2. The calculated concentrations
of activity in this study, according to the authors,
were lower than the world average and lower than
the levels recorded in neighboring countries [17].
Further, information about the Sofievsky reservoir,
located in the area of the Ingul River in the Nikolaev
region (Ukraine), was considered. In this case, the
authors did not exclude the influence of the Cher-
nobyl NPP, but the results indicate the values of
the specific activity of radionuclides included in the
conditional reference interval: 2*Ra — 20.3, 2Th
-49.2, “K —420.1 [18].
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In accordance with the literature sources, the
specific contents of 22°Ra, 2?Th, “°K and *’Cs in our
studies are in acceptable values compared to the
world values, which are: for 226Ra from 4.9 to 60
Bq/kg, for 232Th from 11 to 64 Bq/kg kg, for 40K
from 140 to 1700 Bg/kg, for 137Cs from 5 to 30 Bq/
kg. [19, 20, 21].

Based on the reviewed literature data, it can be
concluded that the results of the specific content of
radionuclides in bottom sediments indicate moder-
ate activity [22].

We have established the total specific activity in
samples of bottom sediments of the Shardara reser-
voir (Table 4).

The result of total specific activity of alpha-
emitting radionuclides in bottom sediment samples
taken from three different points of the Shardara
reservoir ranges from 564,2 Bq/kg to 699,1 Bg/kg.

Analyzing the biological objects of the Shardara
reservoir, it is possible to establish the migration of
radionuclides along the corresponding food chain.
According to the literature data, uranium isotopes
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are unevenly distributed in the fish body [23]. The
highest concentration is observed in the body and
head of fish, based on this, tissue samples from the

body of fish (Sander lucioperca, Cyprinus carpi)
were analyzed for the content of U and the

Table 4 — Total specific activity of alpha-emitting radionuclides in bottom sediment samples (Bq/kg)

following results were obtained (table 5).

Ne Geocoordinates Sample code Total specific activity of alpha-emitting radionuclides, Bq/kg
1. 2% ‘6‘;; ;;: Sh-DO-1 5414+ 1074
2. 2} g;zgg:ggz: Sh-DO-2 564.2+111,5
3. 2% 2;5(3)(3)22: Sh-DO-3 526,1+129,6

Table 5 — Content of 2%U in fish from the Shardara reservoir

. . . 28U concentration 28U concentration Worldwide range*
Ne | Inhabited locality | type of product (ng/l) (mkBg/kg) of 238U, uBq/kg
_ bones-183,768
1 Shardara fish- zander bones-14,88
meat-1,92 meat-23,71
bones-69 bones-852,15 100000
2 Shardara fish- ca
P meat-6,54 meat-80,769

After determining the uranium-238 content, calcu-
lations were performed in the LIETDOS-BIOS system
for the distribution of preoral dose, the results indicate
that the annual effective dose to humans will be only
0.1 puSv, which is typical for background values.

Determination of the content of uranium-238 in
the bones and muscles of the lake frog (Pelophy-
lax ridibundus) showed that the results obtained
are included in the conditional reference values of

the concentration of the natural content of uranium
in the body of animals and humans (in terms of
mgl/1-0.00033 for bones and 00001- 0.0002 pg/1 tis-
sue) [24] (Picture 2). Frogs have thin skin that has
good water absorption capacity, thereby being ex-
posed to radionuclides from the environment both
inside and outside [24]. Therefore, from a biological
and ecological point of view, frogs can serve as a
good bioindicator of radioactive contamination.

bones

soft tissues ‘

0 5E-05 0,0001

0,00015

® max norms of natural content of uranium-238 (ug/1)

detected concentration of uranium-238 (ng/l)

0,0002  0,00025 0,0003 0,00035

Picture 2 — The content of uranium-238 in the bones and soft tissues of the lake frog
(Pelophylax ridibundus)
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The literature indicates that uranium is found
in small amounts in many tissues and organs of
humans and animals [24-25]. Amphibians and
other objects of aquatic fauna can be used as a
bioindicator of changes in the radioecological
situation in the study area during certain periods of
reservoir monitoring.

Conclusion

Based on the results obtained, it can be concluded
that most of the water and bottom sediment samples
taken from the settlements of the Turkestan region
from the Shardara reservoir correspond to the
reference values. With the exception of the sample
from the Zhyly-su village, where the total alpha
activity of drinking water samples exceeds 1.5
times the maximum allowable concentration. This
is probably due to the influence of uranium deposits
in the Turkestan region (Shu-Sarusuy and Syrdarya
uranium-ore provinces). The obtained data will be
used for the results of a full assessment of the “zero
background” of the territories under the potential
influence of the NPP. In addition, at each stage of
NPP operation (commencement of operation, annual

monitoring, completion of operation), the obtained
data can be used for comparative assessment and
monitoring. In view of the fact that the Shardara
reservoir and the Arnasay system (a priority site
for the construction of a nuclear power plant on
the shore of Lake Tuzkan) of lakes are connected
by a water artery, the established concentrations of
radionuclides in water samples, bottom sediments
and some objects of aquatic fauna are the key point
for further calculations of the intake of radionuclides
by food chains. The concentration of uranium-235 in
fish (Cyprinus carpi), as well as bones and tissues of
a frog (Sander lucioperca, Pelophylax ridibundus) is
at the background level.

Taking into account seasonality, it is necessary
to monitor water samples from the Shardara
reservoir at least 1-2 times a year, with the study
of natural (during the pre-operational period) and
man-made (operational period) radionuclides. It
is also necessary to monitor fish products once a
year, because in this region, fish is a product often
eaten. If concentrations are found in the fauna of
the Shardara Reservoir above the background,
measures are necessary to prevent the migration of
radionuclides along the associated food chains.
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BUAOBOWM COCTAB U XAPAKTEPUCTUKA ®AYHDbI
MEAKUX MAEKOTTUTAIOLLMX CEBEPO-BOCTOYHOTIO KA3AXCTAHA
C PABAMMHOU TEXHOTEHHOW HATPY3KOM

MaekonuTatoLLme pacnpocTpaHeHbl MOBCEMECTHO Ha TeppuTopum [NaBaosapckor obaacTu. B ctaTbe
npeACTaBAeHbl AQHHblE O BUAOBOM, NMOAOBOM 1 BO3PACTHOM COCTaBe hayHbl MEAKMX MAEKOMMUTAIOLLMX
CeBepO-BOCTOYHOrO pervoHa KasaxcraHa Ha pasAMUHOM YAQAEHMM OT KPYMHeMwmx 3aBoAoB. Lleabto
paboTbl SIBASIAACH PETUCTPALMS M3MEHEHMIN B COOBLLECTBAX MUKPOMAMMAaAMHI MO Mepe NpuBANKeHUs K
MCTOMHMKAM 3MUCCUN.

C60p 06BHEKTOB OCYLLIECTBASIACS MPY MOMOLLIM KarkaHOB — AABUAOK TuMa [epo 1 AOBUMX KaHaBOK Mo
meToay HosurkoBa .A. c npuMeHeHneM CTaLMOHaPHBIX YYETHbIX AMHUI 1 TpaHcekT. OTMeueHo 15 BMAOB
>KMBOTHbIX Ha Bcex yyacTkax. OTpsia Rodentia HacumtbiBaeT 11 BUAOB, peAcTaBuTeAen otpsiaa Eulipotyph-
la o6Hapy>eHo 4 Braa. HabaopaeTcsl yMeHbLLeHWE BUAOBOTO PasHOOOPasms MEAKMX MAEKOTUTAIOLLMX
no mMepe npurobAMxKeHus K 3aBoaam. Obluee 06MAME HAa TEXHOMEHHbIX YUYaCTKax HMXe KOHTPOABHOIO B 2
pasa, AOMUHMPYIOT BUAbI Microtus gregalis 1 Sicista subtilis. 910 MOXeT CBUAETEALCTBOBATb O BbICOKMX
AAQMTMBHbIX KaYeCTBaxX M 3KOAOTMUYECKON MMOKOCTU AOMUHUPYIOLLMX BUAOB. Ha KOHTPOABHOM yvacTke
4acTo BCTpeuvaaacb 0ObikHOBEHHas Gypo3yOKka, marast 6yposybka u TyHapsHas 6yposybka. Mo mepe
NPUOAMIKEHMS K 3aBOAAM YBEAMUMBAAACh AOAS CaMLIOB B COODLLECTBAX, 0COOEHHO Y BUAOB AOMUHAHTOB
(cTenHas MbILLOBKA M y3KOYeperHas MoAeBka), HabAIOAAAOCh AOMMHUPOBaAHME MOAOAbIX ocobert (64 %)
HaA, B3poCcAbiMUK (22 %) 1 nepe3nmoBasLummm (13 %) opraHmamamm.

INpobAema 3arps3HeHust aTMocepHOro Bo3ayxa B ropoae lNaBaoaape SBASETCS 0AHOM 13 Hanboree
aKTyaAbHbIX. [MoAyYeHHble AaHHblE O BAMSHUWM TMPOMBILIAEHHBIX aTMOCHEPHbIX 3arps3HUTEAei Ha
OTAEAbHbIE TPYMMbl MUKPOMaMMaAMI MOTYT CAY>KUTb OCHOBOM AASI MPOEKTUPOBaHMS @aHTPOMOreHHbIX
0ObEKTOB Ha CEBEPO-BOCTOKE PECTYDOAMKM.

KAroueBble cA0Ba: MeAKME MAEKOMUTAIOLLME, aHTPOMNOreHHOe 3arpsi3HeHre, BUAOBOI COCTaB.
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"Toraigyrov University, Kazakhstan, Pavlodar
?Institute of Systematics and Ecology of Animals, Russia, Novosibirsk
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Diversity and characteristics of small mammals
in the north-east Kazakhstan with various anthropogenic pollution

Mammals are widespread throughout the Pavlodar region. There are data about the species, sex
and age composition of the north-eastern region small mammals depends on various distances from the
largest factories. The aim was register changes in the micromammalia communities as it get closer to the
emission source.

The objects collection was carried out with Gero traps — crushers and trap grooves according to
Novikov method. Stationary accounting lines and transects was used. 15 species of animals were ob-
served in all areas. The order Rodentia has 11 species, the order Eulipotyphla has 4 species. There is a
decrease in the species diversity of small mammals as its approach the factories. The total abundance in
technogenic areas is 2 times lower than the control, Microtus gregalis and Sicista subtilis species domi-
nate. This may indicate the high adaptive qualities and ecological flexibility of the dominant species.
There are many Sorex Minitus, Sorex araneus, Sorex tundrensis in the control area. Proportion of males
increased especially in dominant species (Sicista subtilis, Mictotus gregalis) in the nearest area to the
plants. There is the dominance of young animals (64%) in the anthropogenic zone.

The air pollution problem is one of the most urgent in the Pavlodar city. The data of the industrial
pollutants impact on individual groups of micromammals can serve as a basis for designing anthropo-
genic facilities.

Key words: small mammals, anthropogenic pollution, species composition.
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K.azakCTaHHbIH, COATYCTIiK-LLbIFbIC ayAAQHAAPbIHbIH,
OPTYPAI TEXHOIEHAK XKYKTéMeCiMeH ycak, CYTKOpPeKTiAepi
chayHacbIHbIH, TYPAIK KYpambl MeH cMnaTTamachl

CyTkopekTinep  [laBAopap  OOAbICHIHBIH — GApAbIK,  aymakTapblHAQ — TapaAFaH.  Makaaaaa
Ka3akCTaHHbIH, COATYCTIK-LUbIFbIC aiMarbiHAQ OPHAAACKaH ipi 3aybITTapAaH op TYPAI KALUbIKTbIKTaFbl
ycak, CYTKOpPeKTiAepi (hayHacblHbIH TYPAIK, >bIHbICTbIK, YX8HE >acC Kypambl TypaAbl MOAIMETTep
KeATipiareH. JKyMbICTbIH, MakcaTbl 3MUCCUSI Ke3AepiHe >KakblHAAFAH CailiblH  MMKPOMaMMaAUi
KaybIMAACTbIKTapbIHAAFbI ©3repicTeEPA Tipkey GOAAbI.

O6vekTirepai kmHay [.A. HoBukoB eaici 6ombiHwa Fepo TUATI KaknaH — KblCKbILTaPAbIH
JKOHE TOCKAYbIA >KblpallblKTapAbIH, KOMEriMeH CTaLMOHAPAbIK, eCErnKe aAy >KeAiAepi MeH TpaHCeKTiHi
KOAAQHY apKblAbl XY3€ere acbipbiAAbl. BapAbiK yuackeaepae >kaHyapAapabiH 15 Typi 6arkasabl. Ro-
dentia otpsabiHbiH 11 Typi 6ap, Eulipotyphla oTpsabiHbIH eKiaaepi 4 Typai Tantbl. 3aybiTTapra
>KaKbIHAQFAH CaiiblH YCak, CYTKOPEKTIAep TYPAEPIiHiH a3alobl Gaiikarasbl. TEXHOTEHAIK yyackeAepAeri
SKaAMbl MOALLIbIABIK, 6akbiAay aAeHreriHeH 2 ece TemeH, Microtus gregalis sxeHe Sicista subtilis Typaepi
6acbiM. byA 6acbiM TypAepAiH XoFapbl 6eiMAEAY KacMeTTepi MEeH SKOAOTUSIAbIK, UKEMAIAITIH KepceTyi
MYMKiH. bakblaay aiiMarbiHAQ KapanaibiM Gyprbiaay, Killi 6ypFblAay XKeHe TYHAPaAbIK, OYpPFbIAQy >Kui
Ke3AeceTiH. 3ayblTTapFa >KakblHAAFAH CaliblH KQybIMAACTbIKTapAAFbl epKEKTEPAIH YAECi apTThl, 8cipece
AOMUHAHT TYPAEPIHAE (AaAa ThILIKAHbI XXOHE CYMEK KybICbl Tap KeMIprill), >Kac AapakTapAblH, (64 %)
epecekTep (22%) MeH KbICTanTbiH (13%) opraHM3maepre KaparaHAa YCTEMAIT 6anKaAAbl.

[MaBAOAQP KaAaCbIHAAFbI aTMOC(EPAABIK, ayaHblH AACTaHy MPOBAEMAChl eH 63eKTi MaCEeAEAEpPAIH
6ipi 6oAbIN TabblAaAbl. OHEPKSCINTIK aTMOCHEPaAbIK, AACTAFbILTAPAbIH  MMKPOMaMMaAMSIAAPAbIH
JKEKEeAEereH TOMTapbiHa 8Cepi TypaAbl aAblHFAH AepeKTep pecryOAMKaHbIH COATYCTIK-LUbIFbICbIHAAFbI

aHTPOrOreHAIK 00bekTiAepai xKobaAay yuliH Heri3 60Aa araAbl.
Ty#iH ce3aep: ycak CYTKOPeKTiAep, aHTPOMOreHAIK AaCTaHy, TYp Kypambl.

CoxkpaieHusi 1 0003HAYEHUSI

ITA3 — TlaBmomapckuii AJFOMHUHHUEBBIA 3aBOT;
K33 — Kazaxcranckuit DneKTpOIU3HBIN 3aBOT; U.JI.
— WHJIEKC JoMUHUpOoBaHwus; D — nHAeKC pazHooOpa-
3ust Cumricona; E — maekc BeIpaBHEHHOCTH CHUMIT-
coHa; H — nnzekc pasnoobpasus lllennona; J — un-
nekc BeipaBHeHHOCTH LlleHHOHA

BBenenue

ATMochepHBIe 3arps3HEHUST MOTYT CTaTh IMPH-
YHHOW M3MEHEHUS KauecTBa BO3AyXa M BECTH KaK K
CaMbIM OYEBUAHBIM ITOCIIEICTBHUSAM, TAKHE KaK CMOT,
TaK W JI0 HE3aMEeTHBIX Ha TMEPBBIN B3I, HANPH-
Mep, MOBBIIIIEHHE TEMIIEPaTypbl B TOPOJIaX, U3MEHE-
HUS B BBINaJeHUU ocagkoB B perroHe [1]. Cormac-
Ho I'poza M.M., Epmuenko A.B., B [laBnogapckoit
00JlacTH BBIOpACHIBAIOTCSI B aTMOC(EPHBIX BO3IYX
OKHCB yTJIEpoa, a30Ta, XJIopa, TOKCHYECKHE BeLle-
CTBa, COJIEpIKaIfecs B aBTOMOOMIILHBIX BBIXJIONAX,
meUTh [2]. B mocnennee Bpems HabOmroaeTcs mpeood-
pa3oBaHUE PACTUTEIBHBIX COOOIIECTB BCIEICTBHE
AHTPOITOTCHHON aKTMBHOCTHU [3], M KaK pe3yJbTar,
Ha yJacTKax BOJHM3M 3aBOJIOB MPHCYTCTBYET 3PO3HUs
1 AECTPYKTypHU3aLus HIOYBEHHOIO IOKpoBa [4].
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MukpoMaMMaJIid UTParOT 3HAYUMYKO POJIb B
Tpo(pUUECKUX YPOBHAX U MOAIEPKAHUHN SKOCHCTEM.
KonudecTBeHHBIC TTOKA3aTEIN METKUX MJICKOIIUTA-
FOIIUX MOTYT UCIIOJIb30BATHCSI B IKOJIOTHUECKUX UC-
CJIETOBAaHUAX, B YACTHOCTH JJISl OTIPENIEIICHUS YPOB-
HSl aHTPOTIOT€HHOM Harpy3ku Ha TeppuTopuu [5].
I'epr; ¢ koyieraMu B MPOLUIOM CTOJCTUU MPHILEIT
K BBIBOJIy, YTO HE BCE MEJKHE MJIEKOIHTAIOIINE
OJIMHAKOBO PEAarupyioT Ha YBEIUYCHHE TOKCHYC-
CKHX BellecTB B atMocepe. DTO CBUICTEIIBCTBYET
0 BIUSHUW Pa3HOTO THUIA MUTAHUS W SKOJOTHU Ha
CTETEHb TMPOSIBJICHUS MPU3HAKOB HAKOIUICHHSI T10-
JIOTAHTOB [6]. Y MIJICKOMUTAIOMIMX B PAL[UOHE IH-
TaHUs, KOTOPBIX NMPEUMYIIIECTBEHHO 3€JICHbIE Hal-
3eMHBIC YAaCTH PACTECHUH (HampuMep, MOJIEBKU poja
Microtus) nposiBIsitOTCst 00Jiee CHIIbHBIC TIPU3HAKH
BIUSHUS adPOTCHHBIX BBIOPOCOB IMPOMBIIIICHHO-
CTH, YeM y THUIUYHBIX 3€PHOSIHBIX BUIOB (HAIPH-
Mep, JIECHbIC MBIIIN) [7].

B ITaBmomapckoii o6macta 1 CeBepHom Kazax-
CTaHe B IIEJIOM, PaCHpOCTpPaHEHBI 3BEPHKH, BEHY-
M€ Ha3eMHBI 00pa3 *Ku3HU, HanpuMep Microtus
gregalis, Sicista subtilis, Phodopus sungorus [8].
[Tonmxkenne wWin yBETUYCHHE UYHUCICHHOCTH TEX
WM MHBIX BUJIOB OOBIYHO CBUJICTEIILCTBYIOT O BIIH-
STHUM OMOTHYECKUX, a0HOTHUYECKHX WU aHTPOIIO-
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TeHHBIX (PaKTOpax Ha apeasibl MEJIKUX MJICKOIUTA-
romux [9]. Ecam Omotnueckne wim aOMOTHICCKUE
3JIEMEHTHI JOCTAaTOYHO Xopomo n3ydeHsl Ha Ce-
Bepo-Boctoke Kazaxcrana [10, 11], To BiausHUE
MTOCTOSIHHO PACHIMPSIONINXCS aHTPOIIOT€HHBIX HC-
TOYHHKOB 3arpsi3HEHUS CIEAyeT U3YYHTh M N1aTh
oneHky Qaxrtopy. Ha CeBepe-Boctoke Kazaxcrana
HaXOAWTCS OOJIBIIOE KOIUIECTBO MPOMBIIIIICHHBIX
TUTAHTOB, OCYIIECTBISIONINX MPOU3BOICTBO U JIO-
OBIYy TOPIOYETO TOILIMBA, METAIIJIOB, SIEKTPOIHEP-
rui. Takwe xkak AO «Amomunuii Kazaxcranay,
TOO «[laBnogapckuii HeYTEXUMUYCSCKUI 3aBOIY,
I[I® TOO «Kactunar», AO «IlaBaogapsnepro»,
AO «KazaxcTaHCKUI AIEKTPOIU3HBIN 3aBoay, [1D
TOO «KSP Steel» u apyrue npowmssoacta. Co-
IJIACHO JaHHBIM YTIPaBJICHUS TPEIIPUHUMATEIb-
CTBa ¥ MH/yCTPHAIHLHO-UHHOBAIIMOHHOTO Pa3BUTHUS
ITaBnogapckoit o0mactn 62,6% MNPOMBIIUIEHHOCTH
peruoHa cocraisieT oOpadateiBatommas, 23,4% rop-
HomoOBIBaromiast, 13,3% anekTpocHabkeHHne, MECHEE
1% mnpuxonutcs Ha BomocHaOxkenwe. [lonst Beeit
MPOMBIIUIEHHOCTH COCTaBisieT 6onee 7% OT Bcero
MIPOU3BOJICTBA CTPAHBI.

Uccnemyemble OMOTEONEHO3BI SIBISIOTCSL  OT-
KPBITBIMH ~ CHCTEMaMH, IIOCTOSHHO B3aUMO/ICH-
CTBYIOIIIME C OKPY’KaIoIIel cpenoil myTteM oOMeHa
SHEpruei, OpraHuuecKoro U HeOpPraHMYeCcKoro Be-
miectBa [12], mostomy Ui onucanusl GpyHKIMOHH-
poBaHus 3Koornyeckux cuctem Ceepo-BocTtoka
Kazaxcrana Mbl mpuOEriu K MeToJaM CHCTEMHOMU
skostoruu. OCYIIECTBISIICS CUCTEMHBIN aHAIIN3, Ha
OCHOBAHHHM KOTOPOTO TPOM3BOIMIACH 00pabOTKa
MIEPBUYHBIX IOJIEBBIX JIAHHBIX, OJYUYSHHBIX C OCE-
Hu 2020 roga no ocens 2021 roxa. B pamkax npume-
HEHUs TaHHOTO METO/Ia OCYIIECTBISIIINCH H3YUCHHE
TEPPUTOPHH, OIpEJIeIeHNe ee KOMIIOHEHTOB U B3a-
MMOCBSI3€H MKy OpraHru3MamH, IMOUCK HH(POopMa-
uU 0 (HYHKIIMOHUPOBAHUH YKOJIOTHYECKON CHUCTE-
MBI, aHAJIU3 MOJTYYeHHOU UH()OPMAIIUH, BHIBEJCHHUE
3aKOHOMEPHOCTEH, OLEHKAa pe3yJbTaTOB AaHANIU3A.
[lepeuncnennple ACHCTBUS MO3BOJUIM OLEHUTh
(YHKIIMOHUPOBAHUE SKOJIOTUYSCKUX CUCTEM.

Takum 00pa3oM, XapaKTEPUCTUKA MEIKUX MJIe-
KOMUTAOIINX, TTPOKUBAIONINX HA Pa3HON yaajeH-
HOCTH OT UCTOYHHKA aHTPOTIOTEHHOTO 3arps3HEHUS
ceBepo-BocToka Kazaxcrana (Ha mpumepe [laBio-
JTAPCKOM 00JIACTH) TP ITOMOIIN KOJMYECTBEHHBIX
roKa3aTesiell BUI0BOTO COCTaBa,CTalla TJIaBHBIM BO-
MIPOCOM HAIIEero UCCICIOBAHUS.

MaTepnanbl U ME€TO/JbI

Coop wmH(bOpMAIMK TSI WCCICAOBAHUS HAYH-
HaJsicsi co cOopa OOBEKTOB B NMPHPOZE: HA HCCIe-

nyembix Tepputopusix 3aBoaa Nel (IlaBmomapckmii
AmomuaneBsid 3aBog — [1A3) n Ne2 (KazaxcraH-
CKHI DNeKTponu3Hbii 3aBoa — KO3), Haxoasammx-
cs1 BOm3m ropoaa [laBnogapa u Ha KOHTPOIBHOM
ydacTKe, TJIe aHTPOIIOT€HHOE BO3JIEHCTBHE Ha KO-
CUCTEMY 3HAYUTENIbHO MEHbIIEH CTENeHH, YeM Ha
TEPPUTOPHSIX, IOJ] BO3/ICHCTBHEM HETaTHUBHBIX (pak-
TOpoB. KOHTPOJIbHBIN yUacCTOK pacroiarajics Bo3je
cenma uMeHn Mamanta Owmaposa, [laBmonmapckoit
o0nacTH, pacmolokeHHBIM Ha 51°55'11" cesep-
HOU mupoThl U 77°03'27" BOCTOUHOM AONATOTHI.

C nesnpro KOMIUIEKCHOTO aHaju3a uccieayeMon
TEPPUTOPHH, PACCMOTPEHO PacTUTEIBHOE CO0OIIIe-
cTBO B paguyce 30 kM ot ropoxa IlaBnonapa, co-
CTaBJIEH CIHCOK JIOMUHHUPYIOMHX BHUAOB. [louBHI
B OKpaMHax ropojia MOJBEp>KEHbI aHTPOIOI€HHOU
Harpy3ke: MHOTOJIETHEW pacHlamkd TEeMHOKAIlTa-
HOBBIX [TOYB, HAIMYHEM PSIIOM KPYITHBIX aBTOMAaru-
CTpajel 1 pasnu4HbIX Mpou3BoACTB [13]. MHorue
3eMIIH cefigac BBIBEIICHBI 3 CEBOOOOPOTA M HAOIIO-
JIAFOTCsl TIOCTETIEHHBIH MpoIecc CYKIECCHU U (PHUTO-
LIEHO3bI HAXOISTCS Ha Pa3IMYHBIX 3Talax BOCCTa-
HOBJICHUSI.

Cormacao Myxaueoii C.B., laBeimosoii F0.A.
(2017), yuacTku JUIsl HCCIIEIOBAHMSI OBLITH ITO/IETIC-
HBI HAa IMITAKTHYTO, Oy(epHYyI0, OHOBYIO COTIIACHO
Tabmuue 1 [14]. [loayueHHBIE TaHHBIE CpaBHUBA-
JIMCh C JAaHHBIMU KOHTPOJILHOTO Y4acTKa.

Tadsumuua 1 — PacrionoxxeHue y4eTHBIX JIMHUH

Teppuropus Pacnosio:kenne

0,5 — 3 KM OT HCTOYHHKA

HmmnakTHas 30Ha .
TEXHOTEHHOH Harpy3Ku

3-5 KM OT UCTOYHHKA

Bydepnas 30Ha "
TEXHOTEHHO Harpy3Kku

20-25 KM OT HCTOYHUKA

donoBas 30Ha .
TEXHOTCHHOH Harpy3Ku

100 KM OT MCTOYHHKA

KOHTpOJILHaSI 30Ha o
TEXHOTCHHOU HArPpy3KU

COop 0O0BEKTOB OCYIIECTBIISUICS TPU TOMOIIU
KarKaHoB — JaBHIIOK TUMA ['epo 1 JOBUMX KaHaBOK
o meroxy Hosukora I'.A. ¢ mpumMeHeHNEM CTaIN-
OHApHBIX YYETHBIX JIMHUH 1 TpaHcekT [15]. Ha Tex-
HOTEHHBIX U KOHTPOJIHHOM Y9aCTKaX BBICTABIISIIHCH
I10 /IB€ YUYETHBIX JHHUN C JaBUJIKAMH M BBHIKAITbIBA-
JUCh 1O JIB€ JIOBUME KaHABKW ¢ LWIMHApaMu. Ta-
KHM 00pa3oM, B TEXHOT€HHOM 30HE pacroiiarajrch
6 y4eTHBIX JMHUH C JaBHJIKaM{ U 6 JIOBUMX KaHa-
BOK. Ha KOHTpOJIBHOM yyacTKe pacrojiarajuch 2
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yYeTHBIC JIMHUH C TIPUMEHCHHEM JIaBUJIOK M 2 JIOB-
Yie KaHaBKH C UCTIOJIh30BAaHUEM KOHYCOB.

ITepBuuHBIi MOJEBOM 3TAN UCCIIEA0BaHUSA TTPO-
BOJWIICS B BECEHHE-JIeTHEE BpeMs. B Teroe Bpemst
HaOIO/JaeTcd MUK aKTHBHOCTH M TE€HEPATUBHOTO
Mepuoia MUKPOMaMMAaIIUi, MPOKUBAIOIINX HA W3-
ydaemoii Teppuropun. COOp MpOBOUIICS HA TIPOTSI-
xennn 4 mecsnes B 2021 roxay. OTiaBIrBaHue Ku-
BOTHBIX MPOU3BOAMIIOCH Ha MpoTskeHHH 10 cyTok
1 pa3 B Mecs1r ¢ Mast Tio ceHTs0pb. KoHTpoIh JT0BY-
IIeK BBITOJHSJICS B MEPBOM MOJOBUHE CYTOK (YeM
JKapde, TeM paHbIIe) IS MPeIOTBPAIICHUS Pa3io-
JKEHHsI OpraHu3Ma, CheJICHUE XUIIHUKAMU WX Ta-
JTATBIIMKAMH. TIOCJIe ITEPBUYHOTO IOJIEBOTO dTara
HCCTIEIOBAHUS, OCYIIECTBIISUIACH CTATUCTUUCCKAS
o0Opabotka matepuaina. [IpoBeicHBI TTpeIBapUTEITh-
HBIE pacueThl W OIPENeIeHbl 3aKOHOMEPHOCTH B
KOJIMYECTBCHHBIX XapaKTePUCTUKAX OHOPa3HOO-
Opasus MEIKUX MIICKONUTAINIUX OKpPauH Topoja
ITaBnonapa.

Hcnonb3yst COBOKYITHOCTH CITy4aiHbIX HAOIO-
JICHWIA, pacCUMThIBaJIach TEHEpajdbHas COBOKYII-
HOCTb OTHOCHTEIIFHO MOJIaIbHOCTEH: BHIOBBIX, I10-
JIOBBIX M BO3PACTHBIX MPU3HAKOB. B 3aBuCHUMOCTH
OT MECTOIOJIOKEHHS U3y4aeMOTO y4acTKa, BBIOOP-
ku OpuTH Mautas (n < 30) mu6o 6ompmras (n < 100).
Takum 00pa3om, Mbl MOKEM HaOJIFOIaTh BHIOOPOY-
HBII MeTon ucchefoBaHus. PaccmaTpuBanuch co-
CTOSIHUSI XapaKTePUCTHK HOMHUHAIBHBIX JTAHHBIX B
MPOIIEHTHOM COOTHOIIeHHH. Hampumep, gacTtora
BCTPEYACMOCTHU ONPECICHHOIO BUA.

Pacuér w aHanmm3 pasNMYHBIX WHAEKCOB
pa3HO00pa3us MO3BOJISET JCTCPMUHUPOBATD IIPOKUC-
XOJISIINE U3MEHEHHS B OMOIIEHO3aX O] ICHCTBHEM
AHTPOITOTCHHBIX W abmoTtmueckux (axTopon [16].
WHnexkcsl TOMUHUPOBAHUS W BRIPOBHEHHOCTH TIpe-
JIOCTaBJISIFOT MH(OPMAITUIO 00 OOIINUX U PA3INIHBIX
MpU3HAKaX COOOIIECTB, SBISIOTCS JTOCTOBEPHBIMH
WHIUKATOPAMH PA3IHUUNA MEXKIY TEPPUTOPUSIMU
WM BEIOOPKAMH, KOTOPBIC HE 3aMETHBI Ha TIEPBBIH
B3tz [17].

Hcnons3oBanuck cieayromiue Gopmysisl [18]:

1
D=——
e (1)
D
E=2 2
S (2)
H=) FRInp 3)
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J=— (4)

rue:

D — mHmexc paznooOpas3us Wik TOMUHUPOBAHMS
CuMIicoHa;

E — unnexc BoipaBHeHHOCTH CUMIICOHA;

H — manexc pasaoobpasus [llenHona;

J — unnexc BeipaBHeHHOCTH [1IeHHOHA;

S — BHI0BOE OOraTCTBO;

P, nonst i-0ro BMaa B CyMMapHOW YUCIEHHOCTH.

Kpome uncioBoro 3HaueHuss BEIOOPOK KUBOT-
HBIX, pPacCMaTPUBAINUCh, B 3aBUCUMOCTU OT Kaue-
CTBEHHBIX IMPU3HAKOB: BHEIIIHEE COCTOSIHUE Opra-
HH3Ma, BO3PACTHBIC U TOJOBBIC XAPAKTECPUCTUKHU
JKUBOTHBIX.

Pe3y.]'leaTI>I Hu 06cy>x}1e}me

Y4eHBIMHI XOPOIIIO OMMUCAHO BIMSHUE KaTacTpo-
¢uueckux (aKTOPOB Ha TMOMYJISIUH TepruodayHbI
[19], HO craOble TOCTOSIHHBIC BO3JCHCTBHS aHTPO-
MTOTEHHBIX SMUCCHH MTPAKTHYECKN HE NCCIIEIOBAHEI,
XOTs C TEOPETUYECKOW U MPAKTUYECKOU TOUKH 3pe-
HUSl ¥ HE MEHEe IIEHHBI. AHAJIN3 KOJIMYECTBEHHBIX
Y Ka4eCTBEHHBIX JAHHBIX BHIOOPOK B COBOKYITHOCTH
MIPEIOCTABIISET JaHHBIE JUISl SKOJIOTHYECKOTO U T0-
nyJsIMMOHHOro MoHutopunra. CornacHo Opymy
[20] Omopa3HOOOpa3me OpraHW3MOB, B TOM YHC-
Jie MENKUX MJICKOMUTAIONINX, JaeT HMH(OpMAIIHIO
0 Onaromonmyuynu 3kocuctembl. llpu Bo3aelcTBUN
AHTPOTIOTCHHBIX, OMOTHYECKNX WU aONOTHYECKUX
(hakTOpOB Ha COOOIIECTBA TPOUCXOUT TIEPECTPOIi-
Ka BUJJOBOM CTPYKTYpHI [21].

[TaBmonmapckast obmacTe, Te TMPOBOAMIOCH HC-
cnenoBanue, pacnonaraercss Ha Cesepo-Bocrtoke
CTpaHbl Ha Oepery OIHON W3 CaMbIX KPYIHBIX BO-
JIHBIX apTepuil peruoHa — peku Hptoeimn. Xapakrte-
pu3yeTcs B OCHOBHOM XOJIOJHOM, CHEKHOU U BETpe-
HOM 3UMOM, MPOJOIKUTEIBHOCTBIO 10 7-8 MECSLIEB.
Camas HH3Kasg TeMIlepaTypHas TOYKa OTMEJaeTcs B
sHBape. CpenHecyrouHas Temreparypa -13-19 °C.
Camblil IMK HU3KUX MOTOAHBIX YCIOBUH (HKCHUPO-
Bajics Ha -48 °C. Terioe BpeMs roma 0OBIIHO MEHEe
MIPOIOJKUTENIBHO, YeM 3MMHEe, C CaMbIM KapKHM
MecsiieM utosieM. Jleto xapakTepusyercs: KapKUMH
Y 3aCyIUTUBBIMH IHAMH. CpemHecyTodHas TeMiepa-
Typa Bapbupyetcs B paiione ormeTkn +20 °C. OTHo-
CUTEJbHAs BJIAXKHOCTB BO3yxa paBHa 70-75% [22].

C reorpaduyeckoil TOUKH, 00JACTH OOJBIIYIO
CcBOIO0 YacTh (mpeumyiectBeHHO CeBepo-BocTtou-
HYI0) pacroyiaraetcss Ha caMmOM OOJIBIIIOM PaBHUH-
HOM yYacTke IuiaHeThl: 3amagHo-Cubupckoit. Ca-
MBIE BBICOKHE TOUKH A0xomsaT mo 100-150 merpos
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HaJx ypoBHeM Mops. KazaxcTaHCKMI MemKocomod-
HHUK 00pa3yeT Ioro-3amajHyio 4YacTh, HMOIHUMAIO-
muiica Haja ypoBHeM Mops oT 200 mo 350 metpos,
00pa3ysi HEOOIBIIIYIO TOPHO-JIECHYIO TEPPUTOPUIO.
HmeroTcss BOOHBIE pe3epBYyaphl, IMPEACTaBICHHBIC
03epHBIMH KOTJIOBaHAMH, HEOOJBIINMH XOJIMaMHU
u TpuBaMu. Ha Teppurtopum oOmactu mpoTekaer
KpymHas pexa VpTsIi, nMeroTcest 00JbII0e Komnye-
CTBO COJIEHBIX 03€p U 10 COTHH IPECHBIX, PACIIOJIO-
JKEHHBbIE IPEUMYIIIECTBEHHO B NOiiMe peku [23].

[IpOMBIIITIEHHOCTH PErHOHA COCPEIOTOUYECHA B
Tpex roponax: [laBimonmap, Dxubactys u Axcy. B
COBOKYITHOCTH OCHOBHBIMHU OTPACIISIMU SIBIISTFOTCS
ropHojno0ObIBaroIas, HedTenepepadaTrIBaOMIas,
XUMHUYECKas, 4YepHass W LBETHas MeTajulyprus
[24]. Ha npeanpusituss DkubacTy3a MPUXOIUTCS
10 46% Bcex BBHIOPOCOB pEruoOHa, MPEANPHUATHS
Axcy wu IlaBmomapa mo 25-26% [25]. Cmucok
KPYIHBIX TPEINPHUITHI 00JacTH pacIoIOKEH B
Tabnuue 2.

Tadauna 2 — Kpynasie npennpusarus, pacnonoxeHHsle Ha Tepputopun CeBepo-Bocrounoro Kazaxcrana (ITaBnogapckast 061acTs)

MecTtopacmno- I'on BBOa B
3aBon O0BbeM Npon3BOACTBA OcHOBHAA 1eAITEJILHOCTD
JI0JKeHHe IKCIIyaTAINIO
[TaBnopapckuit 1,4 MJTH TOHH IIMHO3EMA Boinyck mmHozema
Aapet Tasnoxap ’ 1964 Y ’
AIIOMHUHHEBBII 3aBOJL B TOJL ANEKTPOIHEPTUH
Kazaxcranckuit 250 TBIC. TOHH [IpousBoacTBO amOMHUHUS
. [aBmomap 2007
AJNIEKTPOJIM3HBIN 3aBOJT QIIIOMUHHEBOTO JIUTHS B TOL HEoOpaboTaHHOTO
[TaBnogapckuii Tponssozcrso
Aap . [aBnomap 5,1 MiTH. TOHH HE()TH B TOJ 1978 HE(PTENPOLYKTOB, 100BIYa
He(QTEXMMHUUESCKHUI 3aBOJ
MHHEPAIBHOTO CHIPbS
Beipabotka TemoBoit u
[MaBmomapckas TOLI-3 [aBnomap 555 MBt 1972 P .
INEKTPUIECKOH SHEPTUH
IIponsBozncTBo Gecio
KSP Steel [TaBnonap 2007 POM3BONCTE HHOBHBIX
TpyO u cTamu
Kactunr (CranenureiHsrit
[TaBnomap 345 ThIC. B TOZ 1994 Brimyck cranu
3aBON)
VYromnbHeli paszpe3 borareips Dkubacry3 50 MJIH TOHH YIS B TOX 1965 JloObrva yrist
YronbHBI pa3pe3
pasp Dkubacry3 30 MJIH TOHH yIJIS B TOJ 1985 JloObrva yrist
Bocrounsrit
300 000 mTyk /1 KoJec Bbinyck xene3HOI0pOKHBIX
TIpommamkoMIIIIeKT Dkubdacty3 YA 2018 y A1op
B TOJL Koec
Oxkubacrysckas [POC-1 Dxkubdacty3 3500 MBT 1980 BripaboTka 35eKTposHeprun
Okmnbacrtysckas [POC-2 Dkunbacrys 1000 MBT 1990 BeIpaboTka aneKTposHeprum
BeipaboTka TemnoBoii u
Dknbacrysckas TOL] Dkunbacrys 12 MBt 1956 P .
IMEKTPUIECKON SHEPTUH
Axkcyckuii 3aBo,
4 A Akcy 1968 TIpousBozacTBO heppocIuiaBoB
(eppocruiaBoB

B coBokynHoctu B CeBepo-BocTouHoM peru-
one Kazaxcrana pelictByer okosio 1000 mpomsiti-
neHHbIX TpomsBoacTB [25]. M3 nux Oonee 70%
o0beMa MPOU3BOAUMON MPOAYKLIMH HPUHAICKHUT
NPEANPUSITUSM, TIPEJCTaBICHHBIM B Tabuie 2.

Ha paccrostaun 30 kM ot ropona IlaBmnomapa
HaOIoaeTcs TnpeolIalaHie JUKOPACTYIIUX pac-
TeHHH. B pailoHax C NUOHEPHBIMH PACTUTEIIbHBI-
MU coo01IecTBaMH HaOIIOAI0TCS COPHBIE OJHO- U
NIByJIETHUE BHIBL: Jebema crpenoBumgHas (Atriplex

sagittata), mapb 6enas (Chenopodium album), mu-
puna 3anpokunyras (Amaranthus retroflexus), nyp-
HHIIHUK OOBIKHOBEHHBIN (Xanthium strumarium),
Oaccuss BenwuHas (Kochia scoparia), llactymibs
cymka obbikHOBeHHast (Capsella bursa-pastoris),
UKOTHUK cephlii (Berteroa incana). Ha ydactkax,
HaxXOJSIIMUXCS Ha CIEAYIONIeH CTanh BOCCTAHOB-
nenust utoneHo3a (0T 4 10 6 JIET) JOMUHHPYIOT
TUIIUYHO CTEIHBIC BHJBI: TOJIBIHb aBCTPHICKAS
(Artemisia austriaca), IONBIHL TOpbKas (Artemisia
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absinthium), KOBBUIb — BOJIOCATHK (Stipa capillata),
koBbuth Jleccwnra (Stipa lessingiana), oBcsHUIIA
BaJUTHiicKass win Tumuak (Festuca valesiaca). 11o
nanaeiM Jlynaps FO.A. cpok BoccTaHOBJIEHUS CTeIl-
HBIX (PUTOLIEHO30B, TAKUX KaK Pa3HOTPABHO-KO-
BBUTBHBIX, THITYaKOBO-KOPEHHBIX, 3aHUMAaET OoJjee
25-30 net [26].

3a Bech cpok cbopa mHbopManuu OBLTO 0Opa-
6orano 1200 konyco-cyTok u 6000 1aBUIKO-CYTOK
B paiioHe BYX 3aBOJOB. B KOHTpOJIBHOI TeppuTO-
puu ocBoeHo 200 konyco-cyTok u 1000 naBuiko-
CYTOK.

1400 xonyco-cytok u 7000 naBMIIKO-CYTOK 3a-
peructpupoBanu 173 mukpomammanuii. Ha wnwm-
MaKTHON TeppuUTOpHUN 3ahUKCUPOBAHO 2,25 KHUBOT-
Horo Ha 100 noBymek (KOHYCO- U JaBHIKO-CYTOK).
Ha Oydeprom ydactke 4,6 MENKHUX MIIEKOMTUTAFO-
mux Ha 100 moBymek. Ha ¢ponoBoit Teppuropun 6,7
MukpoMmamMManuii Ha 100 noBymek. Ha xoHTposb-
HOM yyacTke 21 )KUBOTHOE.

BumoBoit coctaB He oTiMUanCs OOJBIINM pa3-
HooOpa3ueM. Bcero Obuto ompeneneHo 15 BuIOB,
MIPUHAICKAIUX ABYM OTpsdaM KJlacca MIIEKOIH-

Tabauua 3 — YacTtora BCTpe4aeMOCTH BUAOB B UMITAKTHBIX 30HAX

TalomMX. bOINbINas 4acTh NPUHAIJICIKUT OTPSIILY
I'pe3ynsr (n1at. Rodentia): HacuntbiBaetcsa 11 Bu-
noB. 4 BUAa OTHOCATCS K OTpsiay HacekomosiaHbie
(mat. Eulipotyphla). beumn nonydeHsl ABa BUJa BbI-
OOpOK: Ha BCEX TEXHOTEHHBIX ydacTkax maias (25
OpraHu3MOB ¥ MEHBIIE), HA KOHTPOJIBHOM Y4acTKe
Oospmrast (cBeime 100 opranmsmos). Ilepedens u
KOJIMYECTBO OPTraHU3MOB HMMITAKTHOH, OydhepHOil,
(oHOBOH 30H 3a()MKCUPOBAHHBIX MPU TTOMOIIN JIa-
BUJIOK M KOHYCOB B paiionax [1A3 nu KO3. B tabnu-
11e 3 IpPUBOASTCSA YAaCTOTHI BCTPEYaEMOCTH BHJIOB B
BBIOOpKaX, MOJyYEHHBIX TPU ITOJIEBOM HCCIIEIOBA-
HUU UMIIAKTHBIX 30H. O0ObeM NepBOI BEIOOPKH pa-
BCH n=6. MUHUMAIbHBINA X . = 1 U MakCHMaJIbHBIH
x . =10.

B Tabmune 4 npuBoaMTCS TpUMEp pacyeTa 4a-
CTOTHI BCTPEYa€MOCTH BHJIOB B BBIOOpKaX, IOIY-
YCHHBIX NPU U3yueHUH Oy(hEepHBIX 30H. MUHUMAIb-
HBIA X = | 1 MakcuManbHbId X =14,

B tabmuime 5 mpuBomuTCS MpUMEpP pacdera da-
CTOTBI BCTPEYaEMOCTH BHJIOB B BBIOOpPKAX, IMOIY-
YCHHBIX TPU M3y4eHUH (DOHOBBIX 30H. MHUHHUMAaIb-
HBIA X . = | ¥ MakCHUMaJIbHBIH X _ =5.

No Bun KommuecTBo Yacrora Yacrora
OpraHu3MoB BCTPEYaeMOCTH BCTPEYaEMOCTH
Otnen I'poi3yHs! (n1at. Rodentia)
1 | DxyHrapckuii Xomstuok Phodopus sungorus Pallas, 1773 1 0,04 4%
2 | Manas necHas MbIib Apodemus uralensis Pall., 1811 1 0,04 4%
3 | O6wsikHOBeHHas moneBka M. arvalis Pall., 1779 5 0,2 20%
4 | Crennas meimoBka Sicista subtilis Pall., 1773 10 0,4 40%
5 | V3kouepennas noneska Mictotus gregalis Pal., 1779 8 0,32 32%
Otpsin Hacexomosinusre (nat. Eulipotyphla)
1 | Manas 6enosy6ka Crocidura suaveolens Pall., 1811 1 0,04 4%
>, 0c00b 25
Ta6auna 4 — YacTora BCTpe4aeMOCTH BUIOB B Oy(hepHBIX 30H
No Bux KommuecTBo Yacrora Yacrora
OpraHu3MoB BCTPEYaeMOCTH BCTPEYaeMOCTH
Otnen ['pe13ynsl (nat. Rodentia)
1 | Crennas nmecrpymka Lagurus lagurus Pall., 1773 1 0,05 4,5%
CremnHasi MBIIIOBKA
2 Sicista subtilis Pall., 1773 > 0,23 23%
3 | ¥3kouepenHas noneBka Mictotus gregalis Pal., 1779 14 0,63 63,4%
Otpsin Hacexomosinuste (n1at. Eulipotyphla)
4 | Tynppsiras Oypo3yOka Sorex tundrensis Merriam., 1900 2 0,09 9,1%
>, 0co0b 22
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Taomuma 5 — Yactora BcTpeuaeMOCTH BUIOB (DOHOBBIX 30H

Ne Bun KoinuectBo Yacrora Yacrora
OpPraHu3MOB BCTPEYaeMOCTH BCTPEYaeMOCTH
Ortxen I'pe3ynsl (at. Rodentia)

L | Phodopus ngorin P, 1773 2 0 10%
2 |Mamnas necnas MeImb Apodemus uralensis Pall., 1811 1 0,05 5%

3 | O6bikHOBeHHas cnenyiioHka Ellobius talpinus Pall., 1770 1 0,05 5%

+ | S sy Pl 1773 ’ 015 1%
5 | Crennas necrpyuika Lagurus lagurus Pall., 1773 2 0,1 10%

6 | Y3kouepernHas noneBka Mictotus gregalis Pal., 1779 5 0,25 25%

Otpsn Hacekomosiausie (nart. Eulipotyphla)
1 | Mamas Genosybka Crocidura suaveolens Pall., 1811 1 0,05 5%
2 | Tynapsiaas Oypo3yoOka Sorex tundrensis Merriam., 1900 5 0,25 25%
>, 0co0b 20

YacToTa BCTpe4aeMOCTH B MMIAKTHBIX 30HAX
JUKYHTapCKOIO0 XOMSYKa, Majloil JIECHOM MBIIIH,
Majol Oeno3yOKM CHH)KEHAa IO CPaBHEHMIO C
OOBIKHOBEHHOW ITOJIEBKOW OojbIle, ueM B 5 pa3
M MHOTOKpaTHOH ycrymnaer (>28%) naByM Buaam
JOMHHAaHTaM (CTEIHasi MBIIIOBKA, y3KOUepenHas
mojeBka). B Oy(dhepHBIX 30HaX CTEIMHYIO ECTPYIII-
Ky U TYHJIPSIHYIO0 Oypo3yOKy MOKHO BCTPETHTbH C
OTHOCUTENBHOU BeposTHOCTbIO 13,6%, octanb-
Has IPUXOINUTCS HA BUABI JOMHUHAHTHL. DOHOBBIC

Tadmuua 6 — Yactora BCTpe4aeMOCTH BUI0B KOHTPOJIBHOI 30HBI

Y4aCTKH OTMEUAIOTCS JOMHUHUPOBAHMEM Y3KOUe-
pEeNHOM TMONEBKH W TYHIpPSHOW Oypo3yOku (1o
25%). OcranabHble BUABI NPOSIBISIOTCS CIIOPaan-
YECKU.

B Tabnuue 6 mpuBoaMTCS MpUMEp pacyera ya-
CTOTBI BCTPEYAEMOCTH BHIOB B BBIOOpKax, MOJYy-
YEHHBIX TIPU U3YICHUH KOHTPOJIbHOH 30HEI. O0BeM
YeTBEPTOM BBIOOPKK (KOHTPOJbHAS TEPPUTOPHS)
paBeH n=13. MunuManbHbIi X . = 1 0 MakcuMab-
HBIA X =49,

a;

Ne Bu KosnuecTBo Yacrora Yacrora
: A OpraHu3MoOB BCTPEYaeMOCTH BCTPEYaeMOCTH
Otnen ['pe3ynsl (1at. Rodentia)
BocrouHoeBpomnelickas mojeBka 0

! Microtus levis Miller, 1908 ! 0,01 1%
JKyHrapckuii XoMsiuok o

2 Phodopus sungorus Pallas, 1773 2 0,02 2%

3 | Meimb mamtotka Micromys minutus Pall., 1771 2 0,02 2%
OOBIKHOBEHHAs MOJICBKA o

4 M. arvalis Pall., 1779 9 0,09 9%

5 | O6sixkHOBeHHas cienymonka Ellobius talpinus Pall., 1770 0,03 3%

6 | Ilonesas mbibs Apodemus agrarius Pall., 1771 2 0,02 2%
TToneBka — sxoHOMKa Microtus oeconomus Pall., 1776 0,03 3%
CrenHasi MBIIIOBKa .

8 Sicista subtilis Pall., 1773 3 0,05 %

9 | Crennas nectpymka Lagurus lagurus Pall., 1773 7 0,07 7%
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TInpooonsicenue mabnuyot

No Bux KonnuectBo Yacrora Yacrora
OpraHHU3MOB BCTPEeYaeMOCTH BCTPEYaeMOCTH
10 | V3kouepennas noneBka Mictotus gregalis Pal., 1779 49 0,47 47%
Otpsin Hacekomosinueie (nat. Eulipotyphla)
11 | Manas 6yposyOxa Sorex minitus L., 1766 5 0,05 5%
12 | O6bikHOBeHHAs Oypo3yOka Sorex araneus L., 1758 2 0,02 2%
13 | TynnpsiHas OyposyOka Sorex tundrensis Merriam., 1900 14 0,13 13%
>, 0co0b 104

JlaHHbBIE O YNCIEHHOCTH KMBOTHBIX B TIEpece-
Te Ha 100 JOBYyIIEK MOKA3bIBAIOT MOCTENIEHHOE yBe-
JINYEHUE KOJIMYECTBA )KUBOTHBIX TI0 Mepe yIalleHUS
OT HCTOYHHUKOB sMmuccui. CpenHee KOJIHMYECTBO
JKUBOTHBIX HAa PACCTOSIHUU JI0 25 KM OT 3aBOJIOB
cocrasiser 4,5 xus. / 100 noByiek, uto B 4,7 pa3
MEHBIIIE YYaCTKOB KOHTPOJBHOW 30HBEL. COriiacHO
uccnenopanusm Serafini V.N., Bajaru S.B. u np.
[27, 28] Ha KOJIMYECTBO MIICKOMUTAIOIIUX B OIpe-
JIEJIEHHOM apeaiie BIUSAIOT COBOKYITHOCTh HECKOJb-
KHX (paKTOPOB, TAKUX KaK JJOCTATOYHOE KOJHUECTBO
MUK, Pa3HOOOPa3HOCTh MPUPOJHOTO JaHAmAadTa,
KadecTBO MIOYB, OOJIBIIIOE 3HAYEHUE MTPHUIAETCS pac-
TUTEIILHOMY COOOIIECTBY TEPPUTOPHIA, AKTUBHOCTh
yenoBeka. Bee nepeuncieHHble PaKTOPHI SBISFOTCS
KOMITOHEHTaMH OMOTOIIa ¥ HAPSMYTO BITUSIOT IPYT
Ha qpyra [29]. B apeanax ¢ OegHBIM (PUTOIIEHO30M
HaOII0/JaeTC YMEHBIICHHE KOJINYEeCTBAa MIIEKOIH-
TAIONINX, YTO TOBOPUT HE TONBKO O AETpagalIliu
MECT OOWTaHHUS PSJOM C UCTOYHHUKAMH 3arpsi3He-
HUH, HO M O JICTIPECCUBHOM COCTOSIHUM MECTHOM
tepuodaynsl. CormacHo mpasmry JKakkapa, duc-
JICHHOCTh JKUBOTHBIX YMEHBIIIAETCS [10 MEPE yBEIIHU-
YEeHHs OJIHOPOJHOCTH apeaia, 4To W HaOIanoch
Ha WUMIAKTHBIX U Oy(PQEpHBIX TEePPUTOPHSIX, TIe
npeobiiazana CoOpHas OJIHO- W JIBYJICTHSISI PacTH-
TENBHOCTb, C PEAKUMH KyCTaAPHUKAMHU U JICPEBSHU-
CTBIMHU PaCTCHHUSIMH.

Mpbl MoOXKeM HaOI0AaTh, OIS YacTOTHI BCTpe-
yaeMocTH oTneia HacexkomosiqHble Ha 3arpsi3HEH-
HBIX y4JacTKax MeHbIIe B 2 pa3a, 4eM [ phI3yHOB.
DTO CBUJIETENBCTBYET O CEHCUOMIM3AIMH K IMUC-
cun HacexoMOsITHBIX, OHH MOTYT BBICTYIIaTh B Ka-
YeCTBE OMOWHINKATOPA.

B HekoTophIx paboTax mpeasaraercs B Kaue-
ctBe Hanbojee FPPEeKTUBHBIX 00BEKTOB OMOMHAN-
Kallid HCIOJb30BaTh KOHCYMEHTOB BBICIIMX IIO-
PSAZIKOB, B YaCTHOCTH HACEKOMOSIIHBIX M XHIIHBIX
*KUBOTHBIX [5, 30]. JlaHHOe siBiieHuEe OOBsCHSICTCS
HaJTU9IAeM Pa3HOOOPa3HBIX MECT OOMTAHUS IJIS Ha-
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CEKOMOSTHBIX JKMBOTHBIX BIANH OT aHTPOIOTEH-
HOW Harpysku, Oosiee MIMPOKOW KOPMOBOW 0Oa3oi
[0 CPaBHEHHUIO C HMMIIAKTHBIMH 30HamH. [Ipeob-
JlaJlaHue KOHCYMEHTOB 0oJiee BBICOKOTO TOPSIKa
Ha KOHTPOJIBHBIX TEPPUTOPHUSIX MOXKET TOBOPUTH O
MpeodIalaHuy KIIMMaKCHOTO COOOIIEeCTBA BJIaIH OT
TEXHOT€HHBIX 30H.

Wnnexc noMuHHMpOBaHUS (M.1.), TPEAJIOKEH-
Held Baorom, orpaxaer uHpOpMauuio o0 10ie
Buaa B momyssaiun [31]. B TeXHOTEHHBIX TeppH-
TOPUSIX UHAEKC JOMUHUPOBaHUA HacekoMosaHbIX
He cocTosut Oorble 3HadYeHus 1. JloMHHAHTOM BO
BCEX BBIOOpKAx, KPOME MMITAKTHOMW, SABIAETCS Y3-
Ko4epernHasi MoJieBKa. MHAeKC TOMHUHHpPOBaHUS
Mictotus gregalis B OydepHoii, poHOBOH U KOH-
TPONBHOW Tepputopusx coctasmsun 0,64, 0,25,
47,12 cOOTBETCTBEHHO. B HMIIaKTHO 30HE HHIEKC
coctaBui 0,32. JIOMMHaHTOM B [TaHHOM YYacCTKe
siBisiIack Sicista subtilis u.1.=0,4. Cpenn Hacexo-
MOSITHBIX HauOOJBIIMKA WHACKC TOMHHHUPOBaHUS
nmena Sorex tundrensis u.n.=13,46 B KOHTPOJIb-
HOM yYacTKe.

CuuTtaercs, 4To BHI0BOE€ OOTaTCTBO pacTeT IO
Mepe MPOJBIKEHHSI OT BBICOKMX HIMPOT K 9KBATO-
py [32]. B Cemepo-3amama Kazaxcrana, pacmoio-
JKEHHOT'O B CEBEpPHBIX JTMANa30HaX, C IEPEMEHHBIMU
XOJIOJHBIMU, JTOKUVIMBEIMA U CYXUMH BpEMEHAMH
rojia, HaOJIFOMaeTCs CYNIECTBOBAHNE JOMUHAHTHBIX
BUJIOB C BBICOKOM YHCJIEHHOCTBIO M PEIKHX BUOB
¢ MaJIbIM 4HCIIOM ocobeil. BunoBoe GorarcTBo, Kak
WHANKATOP YCTOMYMUBOCTH JKOCHCTEMBI, CBSI3aH C
MHEKCOM JOMUHHUpPOBaHMs. Mbl Habt0JaeM HaJIH-
Yye IPKUX JOMHUHAHT Ha BCEX MCCIIEIYyEMbIX TEPPH-
Topusx. CTemHas MBIIIIOBKA M y3KOUYepeIrHas TOJIeB-
Ka YCIEIIHO MPHUCIIOCOOMINCH K MPOKUBAHUIO Ha
AHTPONOreHHbIX TeppuTopusx [33]. Ha xkoHTpoOib-
HOW TEPPHUTOPUH y3KOUYepeITHas MMOJIeBKa MpaKTHIe-
CKHe 3aHMMaeT MmoJioBuHY (47%) oT Bceil BEIOOPKH.
Jlomnst crenHON MBIIIOBKY B UMIIAKTHON TEPPUTOPUHI
cocraBnsier 40%. Bpemsi BoccTaHOBIEHHS W pa3-
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HOOOpa3ue OMOTONA HANPSMYIO BIMSET Ha BUIOBOE
00raTCTBO M MPHUCYTCTBUE BUIOB JIOMUHAHTOB CBHU-
JIETEIBCTBYET O OBICTPOH cHenuanu3anui OJIHUX
npeacTaBuTeneld TepuodayHsl U BHITECHEHHH APY-
rux. CormacHo OnayMy, Takue SKOCHUCTEMBI MOTYT
OBITh YCTOHYMBBIMH U CITIOCOOHBIMH YCIICIITHO aJIar-
TUPOBATHCSl K HETaTHBHBIM YCJOBHUSIM Cpelbl MpH
PETryJISIPHOM TIOCTYIUIEHMHM WCTOYHUKOB SHEPIHU.
B Takux ycinoBusix HU3Koe pazHooOpazue mo Cum-
COHY cuuTaeTcsi HanOoJsee O0JIaronpUsTHBIM C TOUYKH
3pEeHUS PHEPro3aTpar. YUUThIBask IPUCYTCTBHE BH-
JIOB JIOMHHAHTOB U CIIOPAIUYECKYI0 BCTPEUAEMOCTh
OCTJIBHBIX MUKPOMaMMaJIMil TEXHOTCHHBIX TEPPH-

TOpUH, IPU HEJOCTATKE SHEPTUU, OHA HE PacTpayu-
BacTCs U MOXET TpaHC(HOPMHUPOBATHCS B OPraHM3-
Max — JoOMHHaHTax [34].

JlaHHBIE OTHOCHUTEIHLHO IOJIOBOW MOJAIBHO-
CTH, KaK Ha TEXHOTCHHBIX y4acTKax, TaK M Ha KOH-
TPOJIBHOM IIOKAa3bIBAIOT MMPEO0JaaHueM CaMIIOB,
O0COOCHHO y BUJIOB JIOMHHAHTOB (CTEITHASI MBIIIIOBKA
W y3KouepernHas nojeBka). Jloyisg caMIloB U caMoK
TEXHOTEHHBIX 30H cocTtaBisieT 67% u 33% coot-
BETCTBEHHO. Ha KOHTpPOJILHOM y4acTKe pa3HHIIA B
mumopdusm Menbine: 58% u 42%. CooTHOIEHHUS
CaMOK M CaMIIOB Ha BCEX ydYacCTKax MPECTaBICHO
Ha Pucynke 1.
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PHCyHOK 1 — KonmuecTBo CaMIIOB U CaMOK TE€XHOT'C€HHBIX U KOHTPOJIbHBIX TeppHTOpHﬁ

Chitty, eme B cepeauHe MPOILIOTO CTOJETHUS
MPEIIOKIIT TEOPUIO O CAMOPETYIISIHH MOy IS,
Jlajiee 3Ty Her0 1opadoTall OTHOCUTEIBHO MIICKO-
nutaroimux [1IBapi B 60-x rr. YciioBus cpesipl BIu-
SFOT Ha YHCJICHHOCTh JKUBOTHBIX OMOCPETIOBAHHO,
yepe3 KauyeCTBEHHbIC HM3MEHEHHsS 0coOeH, cocTaB-
JSIONMX HacelieHue Tepputopun. [lpu mnepexu-
BaHUH CTPECCa, YUCICHHOCTh TepruodayHbl MOXKET
OBITH HAITPaBJICHA HA YMCHBIIICHUE U KaK CJICACTBUE
YMCHbIIIEHUE KOHKYPCHIIUU ITyTeM CHUKCHUS POXK-
JTACMOCTH, HATNpUMep, yIUTMHEHHEM CPOKOB TOJIO-
BOT'O CO3PEBAHMUS, YBEIUICHIEM THOCTT YMOPHOHOB
u T.10. [34, 35]. [loxoxee sBJICHHE MBI HAOJIIOIAIH
Ha yJacTKax, MPUOIKEHHBIX K 3aBojaM. OTIudus
MEX]Iy KOJIMYECTBOM CaMIIOB TEXHOI'CHHBIX M KOH-
TPOJIbHBIX 30H cocTaBisiia 9%.

Bospact )KHBOTHBIX ONPEACTSIICS IO PSIY KOC-
BEHHBIX SKCTEPbEPHBIX MTPU3HAKOB. MEJIKHE MJICKO-
MUTAOIINAE UMEIOT MPOJIOJKUTEIBHOCTh JKU3HU OT
roja 10 AByX. [Ipu OTCYTCTBHM BparoB, CTPECCOB,

JOCTaTOYHOH KOPMOBOW 0a3bl HEKOTOpBIE KHUBOT-
HbIE MOTYT MpOXUTh 110 4-5 net. Ha nmporsxkenuun
0oJbIIel YacTW CBOEH JKM3HM, MEJKHE MIICKOIH-
TalolIMe MPOAOIIKAIOT PACTH, IO3TOMY Macca Teja
CTaja IJIaBHBIM KPUTEPHEM IJIsl OLICHKH BO3pacTta
KHUBOTHOTO. OOBIYHO MOJICBOK PA3JICNIIOT Ha TPYII-
IIbI TI0 MacCe € ONPEeIEHHBIM HHTEPBAJIOM, HANIPH-
Mep, nosieBok a0 15 r, 16-20, 21-25, 26-30 u T.4.
[37]. YauThIBaIOCh COCTOSTHHUE MIEPCTH: MTEPE3UMO-
BaBLIME 0COOM OOBIYHO HMEIOT 3aJIBICHHBI B 00JIaCTH
Oenep 1 OCHOBAaHMH XBOCTA, IEPCTh Ooee peaKas u
Joxmaras 1o cpaBHEHHIO ¢ ceroneTkamu. [lo mpen-
BAPUTEIBHBIM JTAHHBIM NPOLIEHTHOE COOTHOILIEHHE
B BO3PAaCTHOM CTPYKType MOJOABIX, B3POCIBIX U
MEepPEe3MMOBABIINX COCTABISUIA HAa TEXHOTEHHOM
yuactke — 64%, 22% u 13,4%, Ha KOHTPOJIBLHOM —
11, 65 1 29%. CpaBHUTEIBHBIN BO3PACTHON aHAIIN3
npencrtaBieH Ha Pucynke 2. TouHblii BO3pacTHOM
JuMophu3M OyAeT ycTaHaBIUBATHCS MO COCTOS-
HUIO YEPEoB U 3yOOB )KUBOTHBIX.
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PﬂCyHOK 2 — KosinuecTBO )KMBOTHBIX — CCETroJIETOK, MOJIOABIX U IIEPEZUMOBABIINX
TEXHOI'CHHBIX U KOHTpOJ'ILHOﬁ 30H

IIpu uccrnenoBaHum BO3paCTHON CTPYKTYpPHI Ha-
OmoaeTcst yBeIMUYEHHE KOJIMYECTBA CErOJIETOK Ha
3arpsi3HEHHBIX ydacTKax (Bcero 43 opranusma), Ha
KOHTPOJIGHOHM 30HE TMPOCIEKUBACTCS TCHICHITHS K
YBEJIUUEHHIO B3POCIIBIX U MEPE3UMOBABILINX 0COOEH
(65 1 75 )KUBOTHBIX COOTBETCTBEHHO).

Pa3Hnia B 4mcie cerojeTok TeXHOTEHHBIX 30H
U KOHTPOJBHBIX cocTaBuina 54%, 4TO TOBOPHUT O
KOMIIEHCATOPHBIX SIBJICHUSX, IPOUCXOSIIUX B MO-
MyJAMUAX, MPOKUBAOIINX B YpOAaHUCTHUECKUX
paiioHax. UHCIEHHOCTb B3POCIBIX II0JOBO3PEIIBIX
oco0eit 6oxpme Ha 40% B KOHTPOJBHBIX TEPPUTO-
pHSIX, 9TO CBUJETEIHCTBYET O HU3KOW BHIKHBAEMO-
CTH MOJIOZIBIX OCOOeil B palioHax BOJIM3U 3aBOJIOB.
[IpuunHOI MOTYT SIBIATHCS HHU3Kasi KOpMOBas 0asza
B BHJY OJHOOOPa3HOTO PAcCTHTEIHHOTO TOKPOBA,
OTKPBITOCTh MECT OOMTaHHS M MEHbLICH BO3MOXK-
HOCTH YKPBITUSI OT XMLIHUKOB, BIMSHUE BHIOPOCOB
TOKCHKAHTOB, TaKMX Kak OeH3(a)TMpeH, KOTOpbhIe
HMMEIOT CBOWCTBO K HAKOIJICHUWIO B OpraHuU3Max
MHOTOKJIETOUHBIX >KMBOTHBIX [38]. CyiecTByioT
WCCIIEIOBAHNS O BIIMSHUU TIOBBIIICHHON paInoaK-

TUBHOCTH Ha (OJUTHKYJIIBI MEJIKHX TPBI3YHOB, TAKAX
KaK TO0JIeBKU. Pe3epBHBIE BO3MOKHOCTH SIMYHHUKOB
CaMOK IT0JIEBKH, IIPO’KMBAIOLIUX B pallOHE TOKCHYE-
CKHX BBIOPOCOB, OTpPaHUYEHBI, OJTHAKO KOJIHMYECTBO
pactymux (GOJITUKYJIOB B SIUYHUKAX JOCTOBEPHO
MPEBBIIATIO KOHTPOJIbHBIE 3HaueHus [39]. 3pe-
JIOCTH JKENTHIX TeJ U MOTEHIINAIbHAS TI0JOBUTOCTb
CaMOK C 3arpsi3HEHHBIX TEPPUTOPHUIl BBIIIE, YEM Y
KOHTPOJIbHBIX 0co0eit [39]. HccrenoBanusi, mpoBo-
nuMbIe B pecryOnmke Komu, ToaTBep ) /1atoT HAITH
3aKJIIOYEHHS], YTO YBEJIWYEHHE POKTAEMOCTH MO-
JKET SIBJIATHCSI CIIOCOOOM aanTaliy MBILIEBUIHBIX
TPBI3YHOB K HEOIArOMPHUSTHBIM YCIOBUSAM OKpYXKa-
fomel cpensl B parioHax Ceepo-Bocrtoka Kazax-
CTaHa.

Jlns mocToBepHOU OIEHKH pa3HooOpa3usi u
BBIPABHEHHOCTH MHMKpOMaMMalldii Ha Hcclenye-
MBIX TEPPUTOPUSIX HCHOJIb30BANKCH HH(OpMAIH-
OHHBIE WHJEKCHI COOOIIECTB MEIKHUX MIIEKOIHTAa-
IOIUX, TPOKMBAIONIUX HA PA3HBIX TEPPUTOPHUSX.
PesynbTatel pacueToB npeacraBieHsl B Tabmuue 7
u Pucynke 3.

Tabauna 7 — 3HaueHNe UHIEKCOB Pa3HOOOPa3ust ISl BRIOOPOK M3ydaeMbIX TePPUTOPHIA

D E H J
MMmnakTHBIE 30HBI 3,92 0,65 1,42 0,69
Bydepusie 30HbI 2,26 0,56 0,98 0,67
DOHOBBIE 30HBI 7,6 0,95 1,89 0,82
KoHTponbHbBIE 30HBI 3,96 0,3 1,86 0,49
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PI/ICyHOK 3- I/IH(bOpMaHHOHHI:Ie HUHJCKChI COO6H.[CCTB MCJIKUX MJICKOITUTAIOIIHNX,
IMPOXUBAOUIUX Ha TEXHOTCHHOW U KOHTpOJ'IBHOﬁ TEPPUTOPUAX

CpaBHUBas 3HaueHHUS WHACKCOB JIOMUHHPO-
BaHUS W BbIpoBHeHHOCTH CmmricoHa u lllenHoHa,
MbI Ha0JIFOJIae€M YBEJIMYCHUE KOJIMYECTBA BHIOBOTO
pasHooOpasus (S) mo mepe ygajneHus OT 3aBOJOB.
S .. =14 B xouTponbHoO# 30He U S_. =4 B Oy(hepHON.
B OydepHoM yuacTke OTMEYaeTCs YMEHBIICHHE
3HaYeHUH MHIEKCOB pa3HooOpasus Cummcona (D)
n lllennona (H), BeipaBHeHHOCTH Cmwmriicona (E)
u ennona (J): 2,26 u 0,98, 0,56 u 0,67 cooTBeT-
crBeHHO. 3Hauenus D, E, J Taxke nmoHmKamTCsI B
KOHTPOJLHOM 30HE: 3,96, 0,3, 0,49 COOTBETCTBEHHO.
Ha ynanennn 20 kM oT 3aB0J10B ((POHOBBIE yUaCTKH)
HAOIIOJAr0TCS OJIM3KUE 10 3HAYEHHUIO K KOHTPOJIb-
HOMYy yuacTky mamsele: H=1,89 D=7,6 E=0,95
J=0,82. Ha 6mmwkaiiiem ynaneHud OT HCTOYHUKOB
TEXHOT'€HHOTO 3arps3HEHUs MHIEKC Pa3HOOOpasHs
IllerHOHA MEHBIIIE KOHTPOJIBHOTO U paBeH 1,42, WH-
Jiekc pa3HooOpa3usi CUMIICOHA PaBEH C KOHTPOJIb-
HbIM: 3,92, uHIEKC BbIpOBHEHHOCTH CHMIICOHA U
lllernona BBIIIE, UeM y KOHTpoJsHOTO: 0,65 1 0,69.

BenuunHa wuHAeKca pa3HOOOpa3usi WHCKCA
Cumrncona (D) 3aBUCHT OT YnciIa BHIOB B COOOIIIE-
ctBe U ux cooTHoweHus. Muaexc IlleHHOHa 3a-
BUCHUT OT COBOKYITHOCTH 3HAYCHUU JIOJIU KaKIOTO
BUJa B cooOmiectBe. Mi3MeHEeHNs B CTOPOHY YMEHb-
IICHNS CBUJIETENILCTBYET O HAPYIIEHNUH B CTPYKTYpe
U YCTOMYUBOCTH co00IecTB [18].

Y4uuThIBas Maayr BBEIOOPKY TEXHOTCHHBIX 30H,
CBSA3aHHYIO C OCOOEHHOCTSIMH MECTOIIONOKEHHUS
TEPPUTOPHIA, MPHU OIEHKE COOOIIECTB MUKPOMaM-
MaJIMi, pacCMaTpPUBAIACh COBOKYITHOCTh 3HAYCHHU
BCEX PACCMOTPEHHBIX HHJIEKCOB.

[Ipu HaNMYMKM BUIOB — JOMHHAHTOB, KOTOPKIC
MMOJABIISIIOT OcTaimbHBIE (cTpemaTcs K (), WHACKC
Cumrnocna u Illennona MPUHUMACT MCHBIICC 3HA-
YeHHe U Tak ke crpemurcs K 0. IHaeKc BhpaBHEH-
Hoctn CHMIICOHa WMEeT MUHUMAIIbHBIE 3HAYCHHS
Ha BCEX y4yacTKaX, KpoMe ()OHOBBIX.

Wunexc BbipaBHeHHOCTH CHMIICOHA (POHOBBIX
Y9acTKOB CTPEMHUTCS K |1 M IPUHUMAET MaKCHUMallb-
Hoe 3Hauenue uHaekc Illennona. Ha nnunekc Illen-
HOHA TaK JXK€ BJIMAET M KOJMYECTBO 3apETHCTPH-
POBaHHBIX BHIIOB BBIOOpKH. PaccmaTpmBasi BbIIIe
KOJIMYECTBO 3aPErMCTPUPOBAHHBIX BUJOB MHKPO-
MaMMaJIuld TEXHOTEHHBIX 30H, MbI BBISBWIIH, UYTO
SpKWEe TOMHHAHTBHI OTCYTCTBYIOT Ha (DOHOBBIX TE€p-
PUTOPHUSX, NOJIU BCEX BUIOB IPUMEPHO paBHBL. Tak
)K€ B JAHHOM 30HE HAOII0/IAETCSI BEICOKOE 3HAUCHHE
HHJIEKca pazHooopasus CUMIICOHA, 9TO 00YCIIOBIIe-
HO 6OJ'[I)HII/IM KOJIMYECTBOM BHUJIOB IIPpU MaJIoil umc-
JICHHOCTH. BhIiensercs CBOMM HU3KUM 3HaYeHHEM
nHIEKC pa3sHooOpas3us lllerHona OydepHOR 30HBI.
DKOCHUCTEMBI C MaJIbIM HHACKCOM IIlennona HUHTEP-
MIPETUPYIOTCS KAK IKOCUCTEMBI, IT0/IBEPKCHHBIC He-
TaTUBHOMY BIIUSTHHUIO Pa3IMIHBIX akTopos [40].

3akiIoueHne

ITepBble KpynHbIE NPEATPUATHS B UCCIELYEMOM
pErHOHE HAYAIH MOSBIATLCS B CEPEIUHE MPOIILTOTO
crometus (Dxmbacty3ckas TOLl, 1954). Tsokenas
MNPOMBIIIJICHHOCTh BJIMACT Ha MCJIKUX MJICKOIIMTA-
IOIIHUX OTMOCPEJIOBAHO, YePe3 LEMH MUTAHUS, YIPO-
1ast CTPYKTYPY MECTHBIX 9KOCHCTEM.
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Bcero BeisiBneno 171 xuBotHoe. M3 HUX 61%
MIPUHAJICKUT O0COOSIM KOHTPOJIBHBIX TEPPUTOPHH.
Habnronaetcs HebOomnplasi pa3HUIA B CYyMMapHOM
3HAYEHUH >KMBOTHBIX MO MEpE YAaJeHHsl OT 3aBO-
JI0B, HO BHJIOBOM COCTaB M HAJIMYWE BUIOB AOMH-
HAHTOB MOYKET CBUJICTEIbCTBOBATH O Pa3HOW aHTPO-
MIOTEHHOW Harpy3Ke B UCCIEAYEMbIX yHacTKax.

Bcero ormeueno 7 BunoB I'pei3yHOB U 2 BUaa
HacexomosqHBIX Ha TEXHOTEHHBIX yd4acTkax, 10
BuaoB I'per3yHoB u 3 Buma HacexoMosimHBIX Ha
KOHTPOJIbHBIX yuacTkax. Ilo mepe ynanenus ot
KPYITHBIX 3aBOJIOB YBEIMYMBACTCS UYUCICHHOCTh
HacekoMOsHBIX KMBOTHBIX M BHJOBOE OOTraTCTBO
I'peI3yHOB. DTO MOKET CBHUAETENBCTBOBATH O HAKO-
TUIGHUH BPEIHBIX 3JIEMEHTOB C MOBBIIICHHEM TPO-
(uueckoro ypoBHsS B IIENU MUTaHUS U 0Oojee BBI-
COKYI0 aKKyMYJISILIMIO B OPTaHM3MaxX KOHCYMEHTOB
OoJiee BBICOKOTO MOPSIIKA.

Wnpekc NOMHHHMPOBAaHHUS MOKa3al, YTO HUM-
MaKkTHBIE ¥ OypepHbIe YIACTKA TEXHOTCHHOW 30HBI
CKJIOHHBI K MOHOJIOMHHAHTHOCTU. B NaHHBIX 30-
HaX MPHUCYTCTBYIOT BUbI JOMHHAHTBI: y3KOUEpEII-
Has TOJIEBKA M CTenHasl nmecTpymka. B ¢oHoBbIX
TEPPUTOPHSIX BHJOB JOMHHAHTOB HET: 3HAUYCHHE
WHACKCOB BblpaBHeHHOCTH Cumrncona u LllenHo-
Ha MaKCHUMaJIbHO II0 OTHOLICHHIO K OCTaJbHBIM
ydacTKaMm.

VYpbaHuzaiusi OKa3plBaCT BIMSHHAE HA TOJIO-
BO3PACTHYIO CTPYKTYPY TPBI3yHOB M HACEKOMOSI-
HBIX. JKUBOTHBIE MCHBITHIBAS IOCTOSIHHBIN CcTpecCC,
AN TUPYIOTCS MO TYTH YBEITUYCHUS TI00BUTOCTH
CaMOK H B TO )K€ BPEMsI YMEHBIIICHUS UX [IPOMOPIINU
B 0OIIIEH YHCICHHOCTH.

B paboTte mpOBOMIICS MOHHTOPHUHT MECTHOMU
HKOCHCTEMbI TIPH MOMOIIHA METO/1a OMOMHINKAIINH.
CyIecTByeT KOPPENAIUOHHAsT 3aBUCHMOCTE MEKIY
YPOBHEM 3arpsi3HCHUST U 00CTHCHHBIM OHMOJIOTHYE-
CKUM pa3HooOpa3ueM. JlaHHbIC O KOJINYECTBEHHBIX
MOKa3aTeNsaX BHIOBOTO COCTaBa MOTYT OBITH HC-
MOJIb30BAHBI B MPUPOAOOXPAHHBIX MEPOIPUATHSIX U
IUITAHUPOBAHUH aHTPOIIOTCHHBIX OOBEKTOB Ha CeBe-
PO-BOCTOKE peciyOJIuKe.

Kondaukr untepecon

Bce aBTOpBI mpounTai U 03HAKOMIICHBI C CO-
JICp)KaHUEM CTaThbU M HE UMEIOT KOH()JIMKTA MHTE-
pecoB.

HNcTounuk puHaHCMPOBAHUS

PaOora ObLi1a BBIIOJIHEHA 33 CUET COOCTBEHHBIX

CPEJICTB aBTOPOB M HE UMEET UCTOYHUKA (DHHAHCH-
poBaHu.
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STUDY OF THE IMMUNE SYSTEM PARAMETERS
IN WRESTLERS AT DIFFERENT STAGES
OF THE TRAINING PROCESS

The objective of this study was to identify the effect of the training process on the parameters of the
immune system in wrestlers at various stages of training. It was established that in the preparatory and
competitive periods of the training macrocycle, under the effect of physical loads in athletes, the total
content of CD3 + -, CD4 + -, CD8 + — lymphocytes decreases in the peripheral blood with the formation
of a relative hyper suppressive variant of the immunodeficiency state. There is no complete normaliza-
tion of the parameters of the subpopulation composition of lymphocytes in the transition period. The
inclusion of an additional transitional period in the training macrocycle contributes to a more complete
recovery of the studied indicators. The use of restorative agents in the transitional period of the train-
ing process not only contributes to the optimization of several immune indicators of wrestlers, but also
significantly reduces the impact of the seasonal factor on those wrestlers. The biggest effect of recovery
measures happens in the spring, the optimization of the immune status of moderate severity took place
in the winter and summer periods of the year. It should be mentioned that in the transition period of the
training cycle of a significant reduction in intense physical and mental stress in wrestlers, the correction
of the immune status with the help of a complex of rehabilitation measures was effective, regardless of
the season with a maximum effect in the autumn.

Key words: immunity, physical loads, athletes, lymphocytes, wrestlers, cellular immunity.
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JKatTbipy npoueciHiH, TYpAi kKe3eHAepiHAeri
6ayblpAapAaFrbl MMMYHABIK, XKYyie napameTpAepiH 3epTrey

byA 3epTTeyAiH MakcaTbl >KaTTbIFyAaPAbIH 9PTYPAI Ke3eHAepiHAeri GaAyaHAAPAaFbl MMMYHADIK,
>KYMEHIH, napameTpAepiHe XaTTbIFy NMPOLECIHIH 8CepiH aHbiKTay OOAAbL. YKaTTbIFyAblH MaKPOLIMKAIHIH
AAbIHABIK, K8HE >KapbiC Ke3eHAepiHAe (U3MKaAbIK, GEACEHAIAIKTIH ocepiHeH cropTubiAapAa
CaAbICTbIPMaAbI TMMepCynpPecCcUsaAbIK BAPUAHTTbIH Ty3iAyiMeH WweTkepri kaHaa CD3 + -, CD4 + -, CD8 +
— AMMOUMTTEPAIH >KaAMbl MOALLEPI TOMEHAENTIHI aHbIKTAAAbl. MMMYH TarllbIAbIFbl XKaFAanbl. OTIN
6apa >xaTkaHAa. OTneAi keseHAe AMMOLIMTTEPAIH CYyBMONMyASLMSIAbIK, KYPaMbIHbIH, MapameTpAepiHiH,
TOAbIK, HOPMaAaHybl >O0K. OKbITY MaKpOLMKAIHE KOCbIMIIA ©TreAi Ke3eHAI eHridy 3epTTeAreH
KOpPCETKIWTEePAIH TOAbIK KaAMblHa KeAyiHe bIKMaA eTeAi. JKaTTbiFy MNpOUECiHiH, eTneAi KeseHiHAe
KAAMbIHA KEATIPETIH areHTTepAi KOAAaHy OaAyaHAApAbiH OipkaTap MMMYHABIK, KOPCETKIlTepiH
OHTaMAQHAbIPYFa bIKMaA €TiM KaHa KOMMalAbl, COHbIMEH KaTap OAapfa MayCbIMAbIK, (paKTOPAbIH
aCepiH anlTapAbIKTak TemeHAaeTeAl. KaAnbiHa KeATipy LWapaAapbiHbIH, €H YAKEH 9Cepi KOKTEMAE OpbIH
aAaAbl, KAABIMTbI aybIPAbIKTaFbl UMMYHABIK, YKaFAalAbl OHTAMAQHABIPY XKbIAABIH, KbICKbI XKOHE >Ka3fbl
Ke3eHAEPIHAE OpbIH aAAbl. AMTa KETy Kepek, >KaTTbIfy UMKAIHIH ©TrneAi keseHiHae GaAyaHAapAarbl
KAPKbIHABI (PM3MKAABIK >KOHE MCUXMKAAbIK, CTPECCTiH alTapAbIKTal TOMEHAEYI, KaAMblHA KeATipy
LIapaAapbl KEeLeHiHiH KOMEriMeH MMMYHABIK, KafAanAbl TY3eTy MayCbiMFa KapamacTaH TMIMAI GOAABI.
MakKCHMMaAAbI 8Cep Ky3Ae.

Tyiiin ce3aep: MMMYHMTET, (PM3MKaAbIK BEACEHAIAIK, CMoOpTWbIAAP, AMMAOLMTTEP, MaAyaHAAP,
>KaCyLLAAbIK, UMMYHUTET.
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M3yyeHne napameTpoB UMMYHHOI CUCTEMbBI Y 6OpPLLOB
Ha pa3AMYHbIX 3Tanax TPEHMPOBOYHOIO Mnpouecca

LleAblo HacTosILLEro MCCAEAOBAHMS SIBUAOCH BbISIBAEHWE BAMSHMS TPEHMPOBOYHOrO NpoLiecca Ha
napameTpbl UMMYHHOW CUCTEMbI Y GOPLIOB Ha PasAMUHbIX 3Tanax NMoOAroToBKWM. BbIAO ycTaHOBAEHO,
YTO B MOATOTOBMTEABHOM W COPEBHOBATEABHOM MEPMOAAX TPEHMPOBOYHOIO MAKPOLIMKAQ MOA
BAUSIHMEM (DU3NUECKMX HArpy30K Yy CMOPTCMEHOB B Nepnepruyeckon KpOBU CHUXKAETCS aBCOAIOTHOE
copepkaHne CD3+ -, CD4+ -, CD8+- AumdoumtoB c ¢HopMMpoBaHMEM OTHOCUTEABHOIO
runepcybpeccopHOro BapMaHTa MMMYHOAEMMUMTHOrO COCTOsIHMS. B nepexoAHOM rnepuoae He
NMPOMCXOAMUT TMOAHOM HOPMaAM3aLMu rokKasaTeAer Cy6ronyAsUMOHHOro cocTaBa AMMCOLMTOB.
BkAloueHre B TPEHMPOBOUHbIN MAKPOLIMKA AOMOABHUTEABHOTO MEPEXOAHOIO Nneproasa CrocobCcTByeT
6oAee MOAHOMY BOCCTAaHOBAEHMIO M3yUaemblx rnokasateaeil. MCnoAb3oBaHWe B MEPEXOAHOM MEpUOAE
TPEHUPOBOYHOIO MPOLIECCA BOCCTAHOBUTEAbHbIX CPEACTB CMIOCOOCTBYET HE TOABKO ONTMMM3ALIMKU PIAA
MMMYHHbIX MokasateAer 60opLoB, HO 1 CYLLECTBEHHO CHUXKAET BAMSIHME Ha HUX CE30HHOTrO (hakTopa.
Hanboabluon 3dekT BOCCTAHOBUTEAbHbIX MEPONPUSTUIA UMEET MECTO BECHOW, OMNTUMM3ALMs
MMMYHHOW CTaTyca CpeAHel CTeneHW BbIPaXXEHHOCTbM MMEAA MECTO B 3MMHEM U AETHEM NepuoAax
ropa. Hapo oTMeTUTb, UTO B MEPEXOAHOM MEPUOAE TPEHNMPOBOYHOIO LIMKAQ CYLLLECTBEHHOIO CHUXKEHWS
MHTEHCUBHbIX (PM3NUECKMX M MCUXMUYECKMX HArpy3ok y 60pLoB, KOPPeKLUMs MMMYHHOrO cTaTyca npwm
MOMOLLIN KOMMAEKCA BOCCTAHOBUTEAbHbIX MEPOMNPUSTHIA BbIAO 3(PPEKTUBHOMN, HE3ABUCUMO OT CE30Ha

roAa ¢ MakKCMMyMOoM 3 ekTa OCeHbIO.

KAtoueBble CAOBa: MMMYHUTET, (DU3MYECKME HArpysku, CIOPTCMEHbI, AMMQOUMTbI, GOPLibI,

KAETOYHbIN NMMMYHUTET.

Introduction

In modern life circumstances, million people
are engaged with physical culture and sport and
their number is growing day-by-day. Such exercises
essentially reduce morbidity, increase life expectancy
and the body’s resistance to various kinds of adverse
environmental factors. However, modern sport of
the highest achievements is sometimes associated
with loads on the limit of a person’s physiological
capabilities, and under these conditions, the
incorrect organization of the training process, its
insufficient individualization, the combination of
sports training with intense work and study, even in
the presence of compensated defects in health, can
lead to the emergence of pathological conditions.
To the opinion of some experts, the sickness rate of
highly qualified athletes has been growing in recent
years [1-6].

We are well informed regarding the important
role of immunity in maintaining the constancy of
the internal environment of the body, in maintaining
homeostasis and, at the same time, the role of
immunological mechanisms in the formation of
several diseases. Immunity enables protection for the
internal constancy of the body from microorganisms
and other outsider cells and micromolecules, from
a wide variety of genetically other substances.
Considering the significant role of the immune

system in maintaining homeostasis mechanisms, it
is relevant to study the immune status of athletes.
Within long and intense physical loads, they may
experience serious fluctuations in the parameters of
immunity from the phagocytic, T- and B-cell links
[4-6], which in certain cases leads to the development
of secondary immune-deficiency conditions that
limit physical performance [2]. Distractions in the
function of the nervous and immune systems are
one of the important factors in the imbalance of
neurohumoral regulation of homeostasis in general.
There is a relationship between motion activity
and the function of the immune system, which is
controlled by the endocrine system [2; 7].

Certain data was revealed regarding the cellular
and molecular mechanisms of the effect of physical
loads on the immune system [8-9]. VA. Kolupaev
(2009) describes the link between the immune status
of athletes with the nature of the energy supply of
muscle activity. Thus, when making a clarification
regarding the relationship between physical
activity and the function of the immune system, it
is necessary to consider not only the presence of
stress, but also the nature, that is, stress leads to an
increase (eustress) or depression (distress) of the
immune system. So, R.S. Suzdalnitsky et al. [9]
determined the main phases of the immune system
reaction, which consequently arise from activation,
compensation (stabilization), decompensation, and
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recovery stresses. A significant inhibition of most
of the studied humoral, secretory, and cellular
parameters of immunity is recorded in the phase
of decompensation, which indicates a failure of
adaptation, depletion of immunity reserves, called
“stress immunodeficiencies”, which are secondary
immunodeficiencies. It was found that the titers
of immunoglobulins and “normal antibodies” are
reduced to zero, that is, there is a functional paralysis
of the immune system. This circumstance has been
called “the phenomenon of disappearing antibodies
and immunoglobulins”.

Currently, it is generally recognized that actual
immunological reactions, the state of the T- and
B-immunity systems own particular importance in
against infectious protection [3; 8; 10-11].

The establishment of the research of the T-
and B-systems of immunity is one of the unique
accomplishments of contemporary immunology.
The immune system is one of the same systems as the
neurological, circulatory, excretory, etc. systems, as
was previously explained. It is made up of peripheral
and central lymphoid organs and tissues, which
communicate with one another through lymph and
blood. The lymphocyte, the main “figure” of the
immune system, is a mobile genetic information
carrier whose cytoplasm is organized to allow for
unrestricted mobility throughout tissues and the
ability to sense environmental stimuli through
unique molecular structures called receptors. There
are approximately 10" such lymphocytes that
enter to a wide variety of tissues by penetrating
the capillary wall, migrating between endothelial
cells. Lymphocytes constantly circulate through the
lymphoid organs from the blood to the lymph, such
recirculation is their most important property, since
it is the recirculating lymphocytes that encounter
microorganisms and other foreign cells and particles
[12-14].

The condition of the T-system determines
the body’s capacity for adaptation. Deficits in
the T-system are the cause of several illnesses.
A component of the immunological monitoring
system is the measurement of T-lymphocyte counts
and subpopulations’ functional activity.

B-lymphocytes are the precursors of antibody-
producing cells. All immunoglobulin molecules
that are synthesized by one antibody-producing cell
belong to the same class. When the antigen reacts
with B-lymphocytes bearing specific receptors, with
the participation of microphages and T-lymphocytes,
a clone of cells arises due to proliferation and
differentiation (clonal selection theory of antibody
formation). It is worth to mention that immunoblots
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and large lymphocytes also contribute to the
formation of antibodies [4; 12].

As we have already talked regarding this issue,
the main functions of the immune system are
resistance to infection, removal of old damaged,
genetically foreign cells, and prevention of tumor
growth. Immunological reactivity is one of the most
important mechanisms to ensure homeostasis, both
structural and functional unity of the body. Not
only the T-immunity system, but also the B-system
and humoral immune play a very essential role to
ensure relevant immunity to infection and cancerous
neoplasms [6; 9].

The differentiation of B-cells takes place directly
in the bone marrow, where B-cell precursors mature
into pre-B-cells, which are able to synthesize
IgM but lack the appropriate receptors on the cell
membrane. The emergence of such receptors marks
the formation of bone marrow B-lymphocytes in
peripheral blood, lymphoid organs, and tissues. In
addition to receptors related to immunoglobulins
M, G, A, mature B-lymphocytes carry IgD on their
surface. B-lymphocytes differentiate into plasma
cells, like a factory of immunoglobulin antibodies
that provide their synthesis. According to some
investigators, B-lymphocytes are divided into
subpopulations (subpopulation of B-suppressors)
like T-lymphocytes [5; 7-8; 14-15].

Correspondingly, the humoral immune system
is represented by B lymphocytes and plasma
cells. Upon exposure to antigen, the secretion of
specific immunoglobulin antibodies increases. The
5 types (types) of immunoglobulins that have been
identified — M, G, A, E, D — have not only structural
characteristics but also different clinical significance,
which sports physicians should know. As we said,
IgA plays a certain role in the local immune state.
IgG makes up the majority of immunoglobulins in
the blood (about 70 to 75%), with a length less than
1% that of IgD, while IgM makes up about 10%.
The production of antibodies to the tissues of real
organism — antibody outage is an important index
of the function of the B-system of immunity. The
disturbance of the state of immunological tolerance,
the function of T-lymphocytes-suppressors,
associated with increased activity of T-lymphocytes-
helpers facilitate the formation of antibodies,
therefore, it is appropriate to consider materials on
the presence of the role of out antibodies in athletes
[2; 16].

The regular growth of sports achievements
requires the implementation of training loads of
increasing volume and intensity, which makes it
more difficult to individualize the training process.
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This may become excessive and contribute to the
emergence of various diseases while achieving
maximum sports results.

Due to the important role of the immune system
in maintaining homeostasis, studying the immune
status of athletes is essential. Under prolonged and
intense physical loads, they may be exposed to
severe fluctuations in the immunological parameters
of the phagocytic connection of T and B cells,
leading in some cases to development of a secondary
immunodeficiency state that limits physical activity.
As we have already mentioned, moderate loads
contribute to the stimulation and normalization of
the immune response and reduce the incidence of
diseases, while large loads and an unreasonable
build-up of training can be disruptive. immune
disorders and increased disease incidence. Increasing
expertise, level, and duration of training cycles — all
these factors influence immune performance.

Therefore, the study of dynamics, changes in the
athlete’s immune state depending on the duration
and intensity of exertion and the development of the
classification of stages or “phases” of the condition
athlete’s stress, immunocompromised state. When
studying the causes of immunodeficiency related to
sports stress, much attention is paid to the study of
metabolic processes.

High levels of metabolism in the context of
physical exertion lead to stress on the immune
system during the removal of large amounts
of breakdown products resulting from redox
reactions. The intensification of metabolism in the
most immunocompetent cells themselves leads
to disruption of the formation and accelerated
disintegration of directly immune structures, which
contributes to dysregulation of the immune system
[2-3]. At the same time, it should be remembered
that there are certain genetic determinants that detect
the individual threshold level of physical loads for
the body of an athlete; the excess of this threshold
leads to metabolic and immune disruptions. Another
way to say it is that “sports activity serves as the
background against which immunity failure is
revealed, which is largely associated with a genetic
or acquired decrease in stress resistance” [2].

The objective of the study. To investigate
the specific features of immune system changes in
wrestlers during various periods of training process.

Materials and methods
We examined 40 wrestlers aged 18-22 over

three years. For studying the effect of anaerobic and
aerobic physical activity on the body of wrestlers, we

selected athletes who use exercises of the appropriate
direction in their training. The interpretation of the
indicators was carried out considering the seasonal
conditions of natural light [10-13; 15-16]. In the
annual cycle, depending on the nature of changes in
the length of the day, 4 qualitatively unique periods
of different duration were distinguished. The first
period (December-January) with the minimum
length of the day is characterized by small values of
their daily changes. The second period (February-
March) is characterized by a progressive increase
in the photoperiod. The third period (April-June)
is characterized by an increase in the length of
the day. The fourth period (October-November) is
characterized by a decrease in the length of the day.
The conducted studies covered 4 seasons, excluding
the period from July to September, which was due
to the training of athletes outside the city (the city of
Gusar, the Olympic base of “Shahdag”.

During the experiment, the leukocyte blood
formula, and characteristics of the functional state
of leukocyte subpopulations (phagocytic activity,
activity of neutrophils and monocytes, the level of T-
and B-lymphocytes) were determined in wrestlers.
The methodology for studying the functional state of
blood leukocytes is described in detail in the works
of L.Ya. Ebert et al. (1993) and V.V. Rybakov et al.
(1995).

To carry out the tasks set in the study, we used
hematological methods, in order to determine the
content of lymphocytes in peripheral blood, and
their quantitative and qualitative characteristics. For
proper arrangement of the study, the athletes were
also divided into 4 periods in training macrocycle:
first, pre-competition (preparatory) period, duration
— 3 months, with the frequency of training 3 times
a week for 2 hours each; second — competitive
period, 2-3 days, with the number of sparring 2-6
for the entire duration of the competition; third —
transitional period, transitional, lasting 10 days with
light training 2 times a week; fourth — additional
transitional period, with light training 2 times a
week. 8 practically healthy, but not trained men of
18-22 age constituted the control group. The study
was carried out while complying with all provisions
of bioethics. Blood sampling for the study was
carried out at the beginning and at the end of each
period (in the first hour after exercise). Lymphocytes
were isolated on a ficoll-verogaphine density
gradient according to a modified Boyum method
[17-18; 19-21]. Determination of the number of
total T-lymphocytes, T-helpers (inducers, cytotoxic
T-suppressors, natural killers and B-lymphocytes)
was carried out by the method of indirect immune
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fluorescence  using  monoclinal  antibodies,
respectively CD3, CD4, CDS, produced by the
research and production center “Medbio-spectrum”
(Moscow, RF) Determination of interleukins (IL-
2, IL-10), gamma interferon (IFN) was carried
out in lymphocyte supernatants using commercial
ELISA kits (Medgenix Diagnostics, Belgium).
Tumor necrosis factor (TNF) activity in lymphocyte
supernatants was determined by a modified Ruff b
Gilford method. The cytotoxicity index (CI) was
calculated by the formula:

(Dpra.:'r_ Deontror)-100

IC=

max

where D . — optical density at the maximum
lysis of human erythrocytes at a concentration of 4
million/ml.

The derived digital material was processed
by generally accepted methods of mathematical
statistics, using the dispersion method and

correlation analysis.
Results and discussion

The content and quantity of the main
subpopulations of peripheral blood leukocytes in
wrestlers in different periods of the annual cycle are
provided in Table 1.

Table 1 — Influence of training sessions on the number and content of peripheral blood leukocytes in wrestlers (M+m, n=40)

) Study periods
Indicators
I I v p

Quantity, Leukocytes, x10%/1 5,95+0,22 5,02+0,14 4,49+0,16 6,10+0,40 <0,001
Content, NF, % 44,2542,11 42,37+1,46 39,84+1,71 45,46+2,8 <0,01
Quantity, NF, x10%/1 2,63+0,16 2,11+0,10 1,91+0,11 2,90+0,20 <0,001
Content, MN, % 6,07+0,50 5,73+0,44 6,84+0,58 6,70+0,50 <0,05
Quantity, MN, x10%/1 0,36+0,05 0,28+0,025 0,32+0,03 0,43+0,4 <0,05
Content, LF, % 45,66+2,67 48,67+1,54 48,94+1,65 44,70+2,9 <0,01
Quantity, LF, x10%/1 2,72+0,23 2,35+0,90 2,314+0,90 2,92+0,28 <0,05
Note: p — reliability of differences between groups in the corresponding period

As it is seen from Table 1, the general variation
trend in the number of neutrophils in wrestlers was
to reduce the level of circulating cells in the spring-
summer period and increase the number in the
autumn-winter period. Against this background, the
observed differences in the dynamics of the level of
neutrophils in wrestlers could be associated with the
different nature of the neuroendocrine regulation of
the functional state of athletes due to the different
dynamics of the intensity of their sports training.
At the same time, more pronounced changes in the
average level of neutrophils in wrestlers could be
associated with the phenomenon of cross-adaptation
of thermoregulation mechanisms during regular
physical exertion, reflecting a higher level of their
resistance in athletes whose physical activity is
carried out in a natural environment. The absence of
differences in the dynamics of the level of monocytes
in wrestlers suggests that the main reason for the
observed changes was the known hormonal changes
in the body, initiated by seasonal fluctuations in
environmental conditions [21-22; 25].
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Reciprocal variations in the level of lymphocytes
in the wrestlers in the 3rd and 4th periods were
probably due to the influence of the mechanisms
of neuroendocrine regulation of the functional state
of the body during the use of anaerobic and aerobic
physical loads. Consequently, it can be assumed
that the nature of physical activity can have a
modifying effect on the seasonal rhythm of the
level of lymphocytes. The dynamics of indicators of
the functional state of blood leukocytes in athletes
in different periods of the year are presented in
Table 2.

As it is obvious from the table, during the first
half of the year, the dynamics and the level of the
absolute index of neutrophil phagocytosis (AINP)
in wrestlers were significantly high (p<0.01).
During the studies conducted in the second half of
the year, the differences between the periods were
not significant. It can be assumed that, during the
period of increasing day length, the mechanisms of
neuroendocrine regulation of the functional state of
the body in the modes of anaerobic and aerobic loads
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had a modifying effect on the level of phagocytic
activity of neutrophils.

The main difference between the dynamics of
the absolute indicator of monocyte phagocytosis
(AILNA) in athletes is the shift of the extremes of
this indicator in the annual cycle. In wrestlers, a
maximum was observed during the period of a re-
gressive decrease in the length of the day and a peri-
od of its minimum values (4th and 1st, respectively)
a minimum with a regressive increase in the length
of the day (4th period) [20-22; 24].

The specifics of the neuroendocrine regulation
of the functional state when using physical activity
of anaerobic and aerobic orientation had a signifi-
cant impact on the nature of changes in the abso-

lute index of lysosomal neutrophil activity (AILNA)
during the most intensive increase in day length (1-3
period). During the period of day length decrease,
the nature of motor activity, as well as in relation to
the absorption function of neutrophils, did not sig-
nificantly affect the seasonal dynamics of the lyso-
somal activity of these cells. The dynamics of the
absolute index of lysosomal activity of myocytes
(AILNA) did not depend on the specifics of the mo-
tor activity of athletes and was characterized by a
significant decrease in the level in the spring-sum-
mer period and its increase in the autumn-winter pe-
riod. At the same time, in the spring period, the level
of this indicator among wrestlers was significantly
lower (p<0.001).

Table 2 — Dynamics of changes in indicators of the cellular link of immunity (g/1) in wrestlers at various stages of the training process

(M£m)
Indicator Control group Beginning of the period End of the period
Preparatory period
Leukocytes, 10°/1 6,30+0,04 6,70+0,80 6,90+0,30%*
Lymphocytes,10°/1 1,55+0,07 1,68+0,08 1,60+0,70
Monocytes, 10°/1 0,32+0,08 0,20+0,10 0,18+0,20%*
Neutrophils,10°/1 2,9040,02 3,240,25 4,05+0,20%
CD3, 10°/1 0,85+0,07 0,90-£0,04%*%* 1,184,03%%%
CD4, 10°/1 0,56+0,04 0,64+0,03**%* 0,73+£0,02%***
CDS, 10°/1 0,4240,02 23,0+0,8% 0,35+0,01%%*
Competition period
Leukocytes, 10°/1 5,6540,30 5,60+0,0% 5,20+0,25
Lymphocytes,10°/1 1,75+0,04 1,70+0,03* 1,60+003
Monocytes, 10°/1 0,075+0,05 0,04+0,05* 0,09+0,05
Neutrophils, 10°/1 4,80+0,20 3,60+0,3* 4,90+0,20
CD3,10°/1 0,53+0,07 0,88+0,03*** 0,9540,03%**
CD4, 10°/1 0,46+0,04 0,53+0,02%** 0,7540,20%**
CDg, 10°/1 0,43+0,02 0,25+0,01** 0,32:+£0,01***
Transitional period
Leukocytes, 10°/1 6,0+0,30 5,62+0,30 5,90+0,30
Lymphocytes,10°/1 1,35+0,007 1,20+0,06 1,40+0,05
Monocytes, 10°/1 0,18+0,08 0,15+0,07 0,16+0,07
Neutrophils,10°/1 3,30+0,20 3,20+0,20 3,0+0,03
CD3, 10°/1 0,63+0,07 0,72+0,03%** 0,88+0,03 %%
CD4, 10°/1 0,60+0,04 0,5540,02**%* 0,70+0,018***
CDS, 10°/1 0,45+0,02 0,38+0,01%* 0,5240,01%%*
Note: * — p<0,05; ** — p<0,01; *** — p<0,001
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Changes in the number of HCT (Hematocrit)-
positive neutrophils in wrestlers, the average level
of this indicator increased in the autumn-winter
period and decreased in the spring-summer period.
In wrestlers, the number of HCT-active monocytes
significantly changed only during the period of the
minimum day length.

The specific characteristics of the change in the
level of T-lymphocytes was a significant decrease in
this indicator in wrestlers during the period of a sta-
ble decrease in the length of the day (4th period). At
the same time, in wrestlers, a decrease in the number
of T-lymphocytes was due to a decrease in the level
of circulating lymphocytes. Significant fluctuations
in the level of B-lymphocytes in wrestlers were re-
corded during the period of shortening of the day.
During the period of increasing day length, the level
of these cells remained stable.

The carried-out correlation analysis enabled to
identify direct links between the amount of physical
activity used and indicators of the functional state of
blood phagocytosis in athletes. Simultaneously, an
inverse relationship was observed between the level
of the latter and the parameters of daily illumination.
The presence of reciprocal influences from physi-
cal activity and seasonal environmental conditions
on the state of blood leukocytes, in our opinion, is
essential for the rational organization of the train-
ing process of anaerobic and aerobic orientation in
various sports.

The analysis of the obtained results of the sub-
population composition of peripheral blood lympho-
cytes of wrestlers in the preliminary and preparatory
periods is provided in Table 2.

It was determined that at the beginning of the
preparatory period, the absolute content of CD3+
lymphocytes were 1.45 times lower than in the con-
trol group (p<0.001). Analysis of the subpopulation
composition of T-lymphocytes made it possible to
highlight the presence of an imbalance in the system
of CD4+ — and CD8+ — cells, which corresponded to
the relative hypersuppressive variant of secondary
immunodeficiency. At the beginning of the prepara-
tory period of the training process, there is a decrease
in the number of CD3+ — B-cell lymphocytes and an
increase in imbalance in the CD4/CD8 system.

The study of the population composition of lym-
phocytes of the peripheral composition of wrestlers
in the competitive period is presented in Table 2.
Indicators of CD3+ -, CD4+ -, CD8+ — lymphocytes
at the beginning of the competitive period did not
deviate significantly from those at the end of the
preparatory period. Re-examination of the immune
status at the end of the competitive period allowed
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us to note that physical activity had a negative effect
on the population composition of peripheral blood
lymphocytes.

Table 2 provides the results of the study of the
population composition of blood lymphocytes of
athletes in the transition period. At the beginning of
the transition period, the number of CD3+ — lym-
phocytes increased by 1.35 times compared to the
figure at the end of the competitive period (p<0.05),
however, remained lower than the figure in in the
control group by 2.0 times (p<0.001), which indi-
cated the persistence of T-lymphopenia. The rela-
tive content of these cells at the beginning of the
transition period fluctuated within the limits of the
values of the control group. At the end of the transi-
tion period, the absolute content of CD3+ — lympho-
cytes was 1.25 times higher than their initial level at
the beginning of the period (p <0.05) and 1.65 times
lower than in the control group (p <0.001), which
also indicated on the preservation of T-lymphopenia
(table 2).

At the end of the macrocycle, all athletes were
granted with an additional transitional period of 10
days, at the end of which their immune status was
studied (Table 4). It was established that the pro-
longation of the transition period had a positive ef-
fect on the population composition of the peripheral
blood lymphocytes of wrestlers. This was expressed
in higher absolute numbers of T-, B-lymphocytes
and natural killers and in a less pronounced imbal-
ance of the main immunoregulatory subpopulations
of T-lymphocytes. The registered absolute numbers
of'the studied populations of lymphocytes in athletes
were significantly higher than those at the beginning
of the preparatory period (for CD3+ and CD4+ cells
— 1.20 times, for CD8+ — lymphocytes), and higher
than those at the end of the transition period (for
CD3+ — lymphocytes in 1.30 times, for CD4+ cells
1.40 times, for CD8+ lymphocytes 1.20 times). The
CD4/CD8 immunoregulation index at the end of the
additional transition period was almost the same as
at the beginning of the preparatory period and was
1.2 times higher than at the end of the transition pe-
riod (p<0.01). At the same time, an increase in the
duration of the transition period did not lead to a
complete normalization of all indicators of the pop-
ulation composition of athletes’ blood lymphocytes,
the changes of which occurred under the influence
of physical activity during the preparatory and com-
petitive periods of the training macrocycle [23-25].

Results of the study of the secretory and cyto-
toxic activity of peripheral blood lymphocytes of
wrestlers during the training macrocycle are pre-
sented in Tables 3 and 4.
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It has been established that under the influence
of physical activity, the functional activity of pe-
ripheral blood lymphocytes of athletes decreases,
which is expressed in a decrease in the spontaneous

secretion of IL(Interleukin)-2, IL(Interleukin)-6,
IL-10, TNF (Tumor necrosis factor)-o, TNF (Tu-
mor necrosis factor)-p and gamma (y)-IFN (Inter-
feron).

Table 3 — Effect of training sessions on cytotoxic and secretory activity of peripheral blood lymphocytes of wrestlers in precompetitive

and competitive periods (M+m)

Study groups Periods

Control group . .
Indicator Pre-competition Competition
IL-2, ng/ml 10,80+0,5 8,50+0,30%* 4,85+0,15%**
IL-6, ng/ml 1,95+0,4 1,46+0,06%** 0,85+0,04%**
IL-10, ng/ml 1,65+0,05 1,37+0,06* 0,55+0,03%**
TNF-a, ng/ml 3,90+0,15 3,35+0,12%* 1,76+0,07%**
gamma (y)-IFN, ng/ml 3,37+0,14 2,92+0,10%* 1,50+0,06***
TNF-B, ng/ml 7,97+0,8 6,95+0,25* 3,5040,15%**
UL, % 35,8+1,6 29,941,07** 21,1+0,67%**

Note: * — p<0,05; ** — p<0,01; *** — p<0,001

Table 4 — Secretory and cytotoxic activity of peripheral blood lymphocytes of wrestlers in the transition and additional transition

periods (M+m)
Study groups End of the period
Control group . . .
Indicator Transitional Additional transitional
IL-2, ng/ml 10,80+0,5 7,4540,25%** 10,15+0,35
IL-6, ng/ml 1,95+0,1 1,75+0,07* 1,88+0,08
IL-10, ng/ml 1,65+0,05 1,32+0,05%** 1,60+0,06
TNF-0, ng/ml 3,80+0,15 3,1540,12%%* 3,78+0,15
gamma (y)-IFN, ng/ml 3,37+0,12 2,50+0,08*** 3,25+0,12
TNF-p, ng/ml 7,97+0,4 6,15:£0,23 %% 7,95+0,28
UL, % 35,80+1,6 27,8+1,0%** 33,9+1,14
Note: * — p<0,05; ** — p<0,01; *** — p<0,001

Variations in the secretory and cytotoxic activity
of lymphocytes depend on the intensity of physical
activity: they are moderate in the preparatory pe-
riod, the largest in the competitive period, and start
declining in the transitional period of the training
macrocycle. The inclusion of an additional transi-
tional period in the training process contributes to
the complete normalization of the functional activ-
ity of lymphocytes.

The indicators of the immune system can go
beyond the physiological boundaries and be patho-
logical under the influence of highly physical and
psycho-emotional stress, causing an increase in

morbidity and a decrease in sports performance.
For the rime being it is known that the suppression
of individual manifestations of immune defense
often does not affect the final resistance of the or-
ganism. When reviewing immune disorders in ath-
letes, it is often necessary to consider the role of
the processes of fatigue, overwork, overstrain and
overtraining. The data obtained are of great practi-
cal importance and are consistent with the study
of other researchers, who also revealed significant
immune changes in both wrestling athletes and
athletes involved in middle-distance running and
other sports [24-26].
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Conclusion

Thus, it was determined that in the preparatory
and competitive periods of the training macrocycle
under the influence of physical activity in athletes
involved in freestyle wrestling, the absolute con-
tent of CD3+ -, CD4+ -, CD8+ — lymphocytes in
the peripheral blood decreases with the formation
of a relative hypersuppressive variant of the im-
mune-deficient state. Immune disruptions are as-
sessed as moderate in the preparatory period and as
the greatest in the competition. In the transitional
period, there is no complete normalization of the
indicators of the subpopulation composition of
lymphocytes. The inclusion of an additional tran-
sitional period in the training macrocycle contrib-
utes to a more complete recovery of the studied
indicators. Under the influence of physical activ-
ity, the functional activity of peripheral blood lym-
phocytes of athletes decreases, which is expressed
by a decrease in the spontaneous secretion of IL-2,
IL-6, IL-10, TNF-0, TNF- and gamma (y)-IFN,
as well as a decrease in cytotoxic activity CD16+
— cells. Variations in the secretory and cytotoxic
activity of lymphocytes depend on the intensity of
physical activity: they are moderate in the prepara-
tory period, the largest in the competitive period,
and tend to be declining in the transitional period
of the training macrocycle. The inclusion of an ad-

ditional transitional period in the training macro-
cycle contributes to the complete normalization of
the functional activity of lymphocytes. A thorough
immunological examination of the activity of the
lymphocyte population of warriors helps to assess
the individual’s physical activity threshold, the ex-
cess of which leads to metabolic and immune dis-
orders. The use of recovery agents in the transition
period of training not only contributes to the opti-
mization of some immune indicators of wrestlers,
but also significantly reduces the influence of sea-
sonal factors on them. The greatest effect of restor-
ative measures occurs in the spring, optimization
of the immune condition of moderate severity oc-
curs in the winter and summer of the year. It should
also be emphasized that during the transition phase
of the training cycle, the intensity of physical and
mental stress in wrestlers is significantly reduced,
the regulation of the immune state using a variety
of measures recovery worked, no matter the situ-
ation. Maximum effectiveness is in the fall. Data
collected, processed and extracted during the study
will be used to incorporate training sessions into
the training process to minimize loss of training
time due to reduced wrestler rates. In addition, the
results obtained will be useful for the development
of non-pharmacological methods to correct cellu-
lar immune disorders in athletes participating in
spring and winter wrestling.
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BLOOD CIRCULATION IN LARGE VESSELS
AND IN THE ABDOMINAL ORGANS DURING THE EXPERIMENT

The purpose of this study was to study the blood circulation in large blood vessels and in the ab-
dominal organs during inflammation of the abdominal cavity. Using the method of rheograph and laser
ultrasonic dopplerography, the blood flow velocity in the abdominal aorta and inferior vena cava was
studied. The circulatory system maintains the stability of the body in violation of internal organs and
tissues.In large blood vessels and organs of the abdominal cavity, inflammation leads to disruption of
blood supply in the microvasculature of the vessel. The rate of blood flow in the main vessel in acute
inflammation of the abdominal cavity decreased compared to the control group. The resistance index
in the main vessel Rl decreased by 38.3%, which is associated with an increase in the diameter of the
main vessel. With inflammation of the abdominal cavity, an increase in the velocity of blood flow in the
portal vein and abdominal aorta was recorded.As a result of a decrease in the tone of blood vessels after
a violation of liver function, the blood supply to the abdominal cavity decreased. The decrease in the
functional properties of arteries and veins led to a decrease in blood flow in the abdominal cavity, which,
in turn, manifests itself as a result of the preservation of microcirculatory disorders.

Key words: hemodynamics, abdominal cavity, blood circulation, blood vessels, blood flow, inflam-
mation.
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Toxipube KesiHaeri ipi TaMbIpAap MeH il KYbICbIHAAFbl KaH aifHAAbIMbI

3epTTeyAiH Herisri MakcaTbl — il KybICbIHbIH KabblHybl KE3iHAEr ipi KaH TamMblpAapbl MEeH Kypcak,
KYbICbIHAQFbI KQH aiHaAbIMbIH 3epTTey. Peorpacus XXxeHe Aa3epAik YAbTPaAbIObICTbIK, AOMAepOrpacus
BAICIMEH iWTIH KOAKAQ MEH TOMeHri KybIC BeHapaFbl KaH aFbICbIHbIH >KbIAAAMABIFbIH 3EpPTTEAAI.
KaHaiHaAbIM >Kyieci ilKi Mylieaep MeH yAnasapAblH 6Gy3biAybl Ke3iHAE aF3aHblH TypPaKTbIAbIFbIH
cakTarabl. Ipi KaH TambIpAapbl MeH il KybICbIHAAFbl KabblHy Ke3iHAe KaH TaMbIpAapAbIH
MUKPOLIMPKYASITOPABIK, aPHACBIH KQHMEH KaMTamachl3 eTyAiH 6y3blaybiHa okeAe. [luTiH KeAeA KabblHybl
Ke3iHAE MarnCTpaAbAbl TaMbIPAAFbl KaH aFbICbIHbIH, XXbIAAAMAbBIFbI 6aKblAay TOGbIMEH CaAbICTbIPFAHAQ
TOMEHAEAI. MarncTpababl TaMblpAapAarbl keaepri uHaekci Rl 38,3 % — Fa TomeHaeAl, OyA 63 keseriHae
MarmcTpaAbAbl TaMbIPAAPAbIH AMaMETpPiHiH YAFaloblHa 0GalAaHbICTbI.  lWTiH KabblHybIMEH Kakma
BEHACbIHAQ >KOHE KYpCaK, KOAKACbIHAQ KAH aFblCbiHbIH apTKAHAbIFbI GarkaraAbl. bayblp Kbi3MeTiHIH
Oy3bIAYbIHaH KEeMiH KaH TamMbIPAAPbIHbIH TOHYCbIHbIH GasiyAay HOTUXKECIHAE il KybICbIHbIH KaHMeH
KamTamacbl3 eTiAyi TOMeHAEeAl. APTepUS MeH BeHA TaMblpAApPbIHbIH, (PYHKUMOHAAABIK, KACMETTEPiHIH
TOMEHAEYI HOTUMXKECIHAE Kypcak, KybICbl alfiMaFblHAQ KaH aFfblCbiHblH TOMEHAEYiHe aKeAai, OyA o3
Ke3eriHAe MUKPOLMPKYASTOPAbIK, 6Y3blAyAapAbIH 6OAYbIHAH KOPIHEA|.

Ty#iH ce3aep: reMoAAMHAMMKA, KaOblHy, KaH aiHaAbIMbl, KaH afFbiCbl, KaH TamblpAapbl, Kypcak,
KYbICbl.
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Blood circulation in large vessels and in the abdominal organs during the experiment
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KpoBoob6patueHune B KpynHbIX COCyAaX M
opraHax OGpIOLLIHONM MOAOCTH MPU SKCIEepUMEHTe

LleAb AQHHOrO MCCAEAOBAHMSI SIBASIAOCH M3YUWTb KPOBOOOpALLEHWME B KPYMHbIX KPOBEHOCHbIX
COCYyAaxX M B opraHax GpIOLLHOM MOAOCTM MPK BOCMAAEHMU GPIOLIHON MOAOCTU. MeToaOoM peorpadbl
M AQ3epHblil YAbTPA3BYKOBOW AOMMAEpOrpaum MCCAEAOBAaAM CKOPOCTb KPOBOTOKA B OPIOLIHOM
aopTe M HWXKHeN noAaoi BeHe. KpoBeHOCHas cucTema MoAAEP>KMBAET YCTOMUYMBOCTb OpraHn3ma npwm
HapyLIEeHUN BHYTPEHHUX OPraHOB M TKaHeil. B KpymnHbIX KPOBEHOCHBIX COCYAAX M OpraHax OproLHOM
MOAOCTM MPU BOCMAAEHWM MPUBOAUT K HapyLLEHUIO KPOBOCHAOXKEHMS B MUKPOLIMPKYASTOPHOM PYCAe
cocyae. CKOpoCTb KPOBOTOKA B MAarucTPaAbHOM COCYAE MPU OCTPOM BOCTIAAEHMM GPIOLLHOM MOAOCTH
CHM>KaAaCb MO CPaBHEHMIO C KOHTPOAbHOM rpynmnoi. MHAEKC CONMpOTMBAEHWS B MarMCTPAaAbHOM
cocyae Rl cHu3nAaca Ha 38,3%, 4TO CBSA3AHO C YBEAMYEHMEM AMAMETPA MarMCTPaAbHOro cocyaa. [pwm
BOCMaAeHUM GPIOLWHOM MOAOCTH 3aMKCUPOBAHO YBEAMYEHUE CKOPOCTU KPOBOTOKA B BOPOTHOM BEHE 1
GptoLiHOI aopTe. B pe3yAbTaTe CHUMMKEHMS TOHYCa KPOBEHOCHbBIX COCYAOB MOCAE HapyLleHUst (DyHKLMM
neyeHrn YMEeHbLIMAOCL KPOBOCHabeHue 6pioliHon noAoctu. CHuxxeHne yHKUMOHAAbHBIX CBOMCTB
apTepuii U BEH MPUBEAO K CHUXKEHMIO KPOBOTOKA B 06AACTM GPIOLLIHONM MOAOCTM, YTO, B CBOIO OYEPeAb,

NPOSIBASIETCS B PE3YyAbTaTe COXPAHEHNS MUKPOLIMPKYASTOPHbIX HAPYLUEHUIA.
KAloueBasi cAoBa: reMoAAMHaMMKa, BOCMAAEHME, KPOBOOPOLLEHMS, KPOBOTOK, KPOBEHOCHbIE

COCyAbl, GpoLLIHAs MOAOCTb.

Introduction

Peritonitis is an inflammation of the peritoneum,
which can cause pathology of various body functions,
pronounced local changes and intoxication.
Inflammation of the abdominal cavity remains one
of the most urgent problems of modern medicine. At
the same time, lethality from widespread peritonitis
continues to be high, reaching 20-70% [1]. The
urgency of this problem is determined by the reaction
of the microvasculature to the influence of factors
of the external and internal environment, ensuring
the adaptation of local hemodynamics in accordance
with the needs of the body. The septic state of the
body is simultaneously stressful, characterized
by impaired central hemodynamics and regional
circulation disorders in the form of centralization of
blood flow. When the level of tissue blood flow drops
below the threshold values, the occurring metabolic,
biochemical, and enzymatic cellular disorders
lead to the development of multiple organ failure,
and, without adequate treatment, to death [2]. The
microcirculatory bed is a sphere where, ultimately,
the transport function of the cardiovascular system
is realized and transcapillary exchange is provided,
which creates tissue homeostasis necessary for
life [3]. As is known, microcirculation is not only
a structural and functional unit of the circulatory
system, in which the exchange between blood and

146

tissues takes place, but also the most important
source of information about the state of tissues,
organs, and the body as a whole [4].

Inflammation of the abdominal cavity
is a multicomponent complex of severe
pathophysiological reactions with  impaired

functioning of all systems, which is based on a
progressive infectious and inflammatory process,
initially localized in the abdominal cavity [5]. One
of the main pathogenetic factors of hemodynamic
disorders are hypoxia and endotoxemia [6]. The
severity of peritonitis, with rapidly advancing
intoxication, is due not only to the action of microbial
toxins, but also to a violation of local and systemic
microcirculation [7]. Microcirculation disorders
serve as a trigger for the development of central
hemodynamic disorders in peritonitis, organically
associated with the development of hypovolemia,
hypoproteinemia, a decrease in circulating blood
volume, loss of electrolytes and active enzymes [8].

The leading cause of the progression of
peritonitis with subsequent adverse outcomes is
enteral insufficiency — a violation of the excretory
functions of the abdominal cavity [9]. Intoxication
increases capillary permeability, toxic substances
lead to the formation of inflammatory exudate [10].
With endotoxication of peritonitis in the toxic and
terminal phases of its development, it is a complex
multicomponent phenomenon in which factors



S.N. Abdreshov et al.

associated with unresolved sources of intoxication
(damaged peritoneum and intestines in a state of
deep paresis), factors associated with circulation in
the internal environment of the body (blood, lymph,
urine) toxic products of inflammatory destruction
and factors arising from the effects of toxins on
various organs and tissues [11].

The mesenteric blood flow plays a significant
role in the general hemocirculation system. The
amount of blood in the intestine is from 30 to 40%
of all circulating blood; blood circulation of the
intestine is provided by the vessels of the basin of
the superior and inferior mesenteric arteries and
veins [12]. Circulatory disorders in abdominal
inflammation are among the most severe diseases
and are accompanied by high mortality (up to 80%
or more) [13].

It has been shown that in acute peritonitis against
the background of the development of endotoxicosis,
the functional activity of the liver is impaired [14].
The arterial blood supply of the stomach is carried
out due to the branches of the celiac trunk, which,
starting from the abdominal aorta at the level of the
XII thoracic vertebra, with a short trunk of 1-1.5 cm,
immediately splits into its three main branches — the
left gastric artery, the splenic artery and the common
hepatic artery involved in the blood supply of the
stomach [15]. Liver dysfunction leads to an increase
in systemic intoxication, damage to other body
systems, changes in protein, lipid, enzyme, mineral,
water metabolism, discoordination of protective,
compensatory and reparative reactions [16].

There are various methods for studying
microcirculation:  reflected  spectrophotometry,
orthogonal polarization spectroscopy, dark-field
spectroscopy, sublingual capnometry, laser Doppler
flowmetry. The detection of pathology in the
microcirculation is of great practical importance
when choosing and evaluating the effectiveness of
intensive care methods, especially in emergency
cases [17]. However, one should not forget that not
only changes in central hemodynamics characteristic
of each variant (hypodynamic or hyperdynamic type
of blood circulation) occur, but they also have their
own characteristics and microcirculation disorders,
which differ depending on the cause that led to this
condition. The study of the nature of hemodynamic
disorders in inflammation of the abdominal cavity
will reduce their manifestations by acting on the
leading pathogenetic factors. Purpose of the study:
to study blood circulation in large vessels and organs
during experimental inflammation of the abdominal
cavity in animals.

Material and methods

The experiments were carried out on male
Wistar rats weighing 250-270 g. The animals had a
veterinary certificate. All animal experiments were
carried out in accordance with the requirements of
the directive. European Parliament (1986) and set
out in the Guidelines for the protection of animals,
for the care and use of laboratory animals used
for scientific purposes, and approved by the local
ethical commission of the Institute of Genetics
and Physiology protocol No. 4 of 12/18/2021. All
groups of animals were in the same conditions of
feeding and keeping in vivarium conditions. The
experiments were carried out on 35 white laboratory
male rats weighing 250 + 5 g. 2 groups of rats were
formed, the Ist group — 15 control rats, the 2nd
group with inflammation of the abdominal cavity
(20 rats). We have chosen a method for modeling
inflammation of the abdominal cavity by introducing
fecal matter, which is similar in terms of peritonitis.
Acute peritonitis in rats was caused by introducing
fecal suspension into the abdominal cavity at the
rate of 0.5 ml of a 10% solution per 100 g of animal
body weight [18]. Animals for study were taken
44-48 hours after fecal injection. Anesthetization
of animals was carried out by inhalation with ether
through a mask into which a cotton wool with ether
was placed. Animal thermometry was carried out
with an Omron electronic thermometer.

The blood flow velocity in the abdominal
aorta and inferior vena cava was studied by laser
ultrasonic dopplerography against the background
of inflammation of the abdominal cavity using the
Sanomed-300 device (Russia). The study of the
main arteries of the body was carried out with an
ultrasonic probe (8 MHz) in the mode of constant
wave radiation. Dopplerogram value, determination
of the average systolic frequency, showing the
weighted average blood flow velocity over the entire
diameter of the vessel. The maximum (Vmax) blood
flow velocity, the pulsation index (HR) were studied,
the stress index or Purcelo circulation resistance
(RI) was calculated [19, 20].

The blood flow wvelocity in the abdominal
aorta and inferior vena cava was recorded by laser
ultrasonic dopplerography against the background
of acute peritonitis.

The quantitative assessment of blood flow in
the arteries is based both on the direct changes in
the Dopplerogram (amplitude, frequency, frequency
distribution, impulse variations based on their
various indices.
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When calculating medical indices, the values of
blood flow velocity curves at characteristic points are
used. The parameters of blood flow are determined
from the values of the curved characteristic points:
V_ . 1s the maximum blood flow velocity in systole,
V., is the final diastolic blood flow velocity, V
is the average blood flow velocity over the cardiac
cycle, V  is the rate at which the systolic wave
begins to rise. The resistance index will be:

RI=(V, -V

X min

)/ V.

From there comes the index of circulatory
resistance, 1i.e., resistivity, a group of indices
includes: 1. Index of circulatory resistance
(resistance) — RI (Purcelo index), by the ratio of the
difference between the maximum systolic (A) and
the final diastolic and systolic frequency (Dk):

RI=(A-Dk)/A

Pulsation index calculation formulas PI = (Vmax
—Vmin) / Vav: from there comes the pulsation index
— PI (Gosling index), is the ratio of the difference
between the maximum systolic (A) and maximum
diastolic frequencies (D, ) to the average frequency
for the cardiac cycle (Fc):

PI=(A-D )/F,

The digitization of data coming from the
ultrasonic device was carried out using the computer
program «Statistica 8».

To determine the parameters of hemodynamics
in the abdominal organs, the method of tetrapolar
rheography was used and the data of differential
rheograms characterizing the rate of change
in the blood filling of the studied area were
used;registration of rheograms was carried out
using the hardware software rheographic complex
«Mizar-Reo» (Russia).

To study the blood filling of the wvessels,
impedancemetry of the carotid artery of animals
was carried out; to study the blood filling of tissues,
impedancemetry was carried out using a Mizar-
Reo rheograph (Russia). To register the results
of studies in the abdominal region, methods were
used based on preventing the full effect of electrode
polarization during tetrapolar testing by the method
of rheohepatography and rheorenography.The
rheogram was carried out according to the generally
accepted method, directing ultrasonic electrodes
to different parts of the body so that they do not
diverge. Registration of the rheography index was
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recorded automatically via a computer [20, 21]. The
data of the differential rheogram characterizing the
rate of change in the blood filling of the study area
were used.The following indicators were calculated:
systolic wave amplitude (ASV, Om/s), rheographic
index (RI, Om), average blood filling rate (SVR,
Om/s), dicrotic index (DCI, %). The anesthetized
animal was placed on a heated table to maintain
normothermia throughout the experiment. Access
to the abdominal cavity was carried out through
a median laparotomy.After that, a section of the
abdominal aorta was isolated, on which a bandage-
type sensor was applied. Statistical processing of the
results was carried out using the Excel program. The
results were expressed as mean = standard error of
measurement. To assess the statistical significance
of differences, a t-test was used at a significance
level of p <0.05.

Results and Discussion

Inflammation of the abdominal organs, this is
due to the fact that the number of patients, includ-
ing those with severe forms of this disease, is con-
stantly increasing. It is observed with inflammation
of the parietal and visceral layers of the peritoneum,
which is accompanied by a severe general condi-
tion of the body. In animals with inflammation of
the abdominal cavity after the introduction of fecal
suspension, we observed a change in the behavior
of the animals. Animals throughout the observation
period were inactive, symptoms characteristic of
acute diffuse peritonitis: lethargy, disheveled wool,
increased respiration, shortness of breath, refusal to
eat, stool retention and bloating. The rats concen-
trated in one of the corners of the cage. When mod-
eling acute inflammation of the abdominal cavity in
our experiments on rats, after 48 hours the lethality
was 18% of the total number of animals. In the fol-
lowing days, the percentage of lethality of animals
increased and by day 5 was 57%, accumulation of a
large amount of fluid was observed in the abdominal
cavity. The temperature of the animals increased to
40.6+1.20 C (control 38.5+0.40°).

Using modern ultrasound dopplerography dur-
ing the study of the abdominal cavity, it is possible
to determine the blood flow velocity of the abdomi-
nal cavity and the extraperitoneal space. The influ-
ence of the inflammatory process on the parameters
of systemic hemodynamics is shown in Table 1, and
on the indicators of blood supply to the abdominal
organs — in Table 2.

When opening the abdominal cavity, 2 to 5 ml of
inflammatory exudate of a serous or purulent nature,
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sometimes with a hemorrhagic component, were
found. The rheography showed a slight increase in
the blood accumulation of the muscles of the body.
In animals with inflammation of the abdominal cav-
ity, an increase in blood flow velocity in the abdomi-
nal aorta of 31.6+0.04 cm/s was found, in the con-
trol group it was 27.14+0.06 cm/s.The study of blood
flow velocity in the main vessel (portal vein) against
the background of acute inflammatory processes
showed an increase in the linear blood flow velocity
in the inferior vein, which amounted to 22.4+0.03
cm/s (in control -19.4+0.02 cm/s).

The study showed that in case of inflammation
of the abdominal cavity, the blood flow velocity in

the main vein by laser ultrasound Dopplerography
showed an increase in the linear frequency of blood
flow in the main vein by 22.4 £+ 0.03 cm/s (normal —
19.4 £ 0.02 cm/s ). As can be seen from Table 3, the
resistance index in the main vessel RI decreased by
38.3%, which is associated with an increase in the
diameter of the main vessel.In acute inflammation
of the abdominal cavity, an increase in blood flow
velocity in the maxillary artery was recorded, which
amounted to 31.6+0.04 cm/s, and in inflammation
of the abdominal cavity, the blood flow velocity
was 27.1£0.06 cm/s. The rhythmic (pulse) index de-
creased by 16-21% both in the main vein and in the
abdominal artery (Table 1).

Table 1 — Parameters of blood flow in the vessels of the portal system in rats with experimental inflammation in the abdominal cavity

and gentle vena cava.

Groups Blood flow velocity, cm/s

PI (pulsation index) | RI (resistance index)

parameters in the portal vein

Control group 19,4+0,02 1,06+0,01 0,65+0,05
group \?v1th mﬂ?mmatlon of the 22.440,03 0.8940,07 * 0.40+0,02*
abdominal cavity

indicators in the abdominal aorta
Control group 27,1+0,06 4,56+0,03 0,84-+0,003
group Wlth 1nﬂgmmat10n of the 31,640,04 3,6840,07%* 0.66+0,002%*
abdominal cavity

Note: significantly compared with control, -p<0.05*, -p<0.001*

Doppler studies were carried out, which showed
that after the introduction of a fecal suspension of
changes in the walls of the vessels of the abdominal
aorta, in the surrounding tissues. On the organs of
the abdominal cavity and on the mesentery of the in-
testine, there are separate small-focal hemorrhages.
The loops of the intestines are swollen, filled with
dark-colored masses, in some places the intestine
is edematous, the vascular pattern of the intestinal
wall is enhanced. An accelerated blood flow in the
abdominal aorta was observed with inflammation of
the abdominal cavity after the introduction of fecal
suspension (Figure 1).

The study of the integral rheography of the
body of rats in the control group, the amplitude
of the systolic wave decreased compared to the
control group of rats to 0.011£0.005 Q/s, the
rheographic index decreased by 0.36+0.02 Q,
which indicates a deterioration in the elastic-tonic
properties of the wall of small arterial vessels
and medium caliber. The rate of rapid blood

filling decreased compared to the control group.
The elasticity of the vessels decreased sharply,
by 82% of the control. These indicators indicate
changes in the blood supply to the tissues of the
body of rats. At the same time, an increase in
the speed of fast blood filling up to 0.11+0.004
Ohm/s, and the speed of slow blood filling up
to 0.03+0.004 were observed. The modulus of
elasticity of peripheral vessels decreased slightly.
The dicrotic index (DCI) was 81%, indicating
insignificant changes in the arterial system (Table
2). According to rheographic data, it can be
seen that in rats with acute peritonitis, there is a
decrease in slow and fast blood supply by 16%
in the liver, in the stomach — by 11%, due to an
increase in the diameter of the vessels compared
to the control group of animals. The increase in
DCI (dicrotic index) compared with the control is
due to spasm of the arterial (up to the capillaries)
bed of the splanchnic blood flow and, above all,
the arteries of the mesenteric vascular basin.
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Figure 1 — A fragment of the experiment with dopplerogram of the abdominal aorta in rats

Table 2 — Indicators of volumetric blood flow in the liver and stomach with inflammation in the abdominal cavity
. T Acute peritonitis
Name Controlg roup (liver) | Acute peritonitis (liver) | Control group (stomach) (stomach)
Systolic waye 0,013+0,001 0,011:£0,005 0,017+0,001 0,015+0,005
amplitude, Ohm/s
Rheographicindex, Ohm 0,540,002 0,320,003 0,24+0,002 0,410,003
Average rate of blood 0,20+0,003 0,14+0,003" 0,270,003 0,190,003
filling, Ohm/s
Systolic wave 0,09+0,0032 0,017+0,004" 0,1120,0032 0,024:0,004"
amplitude, Ohm/s
Rheographicindex, Ohm 0,010,005 0,001£+0,0002" 0,01+0,005 0,007+0,0002"
Average rate of blood - -
filling, Ohm/s 100 45,7 100 57,2
DCI, % 100 67,3 100 78,3
Note: significant compared to control, -*p<0.05, -**p<0.001*
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In the course of the study, we clarified that
the liver and stomach have a number of additional
sources of blood supply. According to the indicators
characterizing the ratio of inflow and outflow, a
decrease in dicrotic, diastolic indices and peripheral
resistance index was revealed. The dicrotic index
decreased significantly after acute peritonitis in
animals. The decrease was 33.7% in the liver
and 21.7% in the stomachs (p<0.001), which
characterizes the decrease in peripheral resistance.
Peripheral resistance index, i.e. the theographic index
also turned out to be statistically significantly lower
in the liver by 64%, in the stomach of rheographic
shifts there is a different-sized and multidirectional
nature of vascular reactions, in comparison with the
control group after acute peritonitis it increased by
70.8%. The amplitude of the systolic wave decreased
by 15.2-12% respectively in the liver and stomach
in animals. The data we obtained of monotonous
rheographic shifts in the stomach testify to their
gastric binding, as well as the phase nature of the
functional vascular reactions in the stomach that we
identified, and this can be assumed to be the nervous
regulation of gastric circulation.

With peritonitis, rapidly advancing intoxication
is caused not only by the action of microbial
toxins, but also by a violation of local and systemic
circulation [22].

The conducted studies have shown that the use
of Doppler ultrasound examination of large vessels
in animals with peritonitis makes it possible to
identify significant circulatory disorders, which,
along with disorders of systemic hemodynamics,
microcirculation and metabolism, play an important
role in the pathogenesis of a severe abdominal
infectious and inflammatory process. With
peritonitis, significant morphofunctional changes
occur in the vessels. In the presence of an infection
in the abdominal cavity and the development of
a stressful state, there is a further deepening of
macro and microcirculatory disorders, which leads
to an increase in arterial blood flow. Circulatory
disorders are most clearly seen in the portal vein
system and consisted of an increase in linear blood
flow velocities, a significant increase in blood flow
velocity in the abdominal aorta, in comparison with
the control group.

The study of methods for the integral assessment
of blood circulation in organs and their areas showed
that rheography is the most informative and safe of
them [23]. A significant advantage of rtheography is
the ability to simultaneously study the circulation of
various areas of the body, which makes it possible
to evaluate the patterns of general hemodynamics

in studies. Of particular value, rheography allows
diagnosing early disorders in the circulatory system
[24].

One of the pathogenetic factors of hemodynamic
disorders in peritonitis, identified in the experiment,
is the deterioration of rheographic parameters. As
follows from Table 2, the rate of rapid blood filling
decreased and changed significantly compared to
the control group.

The study showed that the rate of rapid blood
filling and the elasticity of peripheral vessels
decreased compared to the control group. Studies
have shown a decrease in slow and fast blood
circulation in the liver and kidney, and thus a
decrease in blood circulation in these organs.

Peritonitis is considered by many researchers
as peritoneal sepsis, in which the focus of infection
is the abdominal cavity. Any septic condition is
simultaneously stressful, characterized by a typical
violation of central hemodynamics and disorders of
regional circulation in the form of centralization of
blood flow and aggravation of the periphery, first of
all, mesenteric blood flow and skin circulation suffer
[25, 26] .

Thus, the rheographic study of the abdominal
cavity blood circulation, based on the new principle
ofrheography, is areliable, non-invasive, technically
simple and unlimited in time method for recording
relative pulse fluctuations in the blood filling of the
arterial basin of the abdominal cavity, in the liver
and stomach.

The data obtained show that significant changes
in the circulatory system during experimental
inflammation of the abdominal cavity caused by
fecal matter in animals were observed centralization
in the circulatory system of an increase in the blood
flow of the abdominal cavity in the large vessels of
the abdominal aorta and abdominal vein, a decrease
in blood circulation in the abdominal organs.

In inflammatory processes in rats, after 48
hours from the start of the simulation, a significant
decrease in vascular tone and blood supply to tissues
and organs was observed in the blood circulation.
That is, a decrease in the blood circulation of the
abdominal organs and an increase. Increased blood
flow in the abdominal artery and inferior vena cava
is shown.

Conclusion
It has been established that in experimental
inflammatory processes, after 48 hours from the

beginning of peritonitis modeling, the total blood
flow in the abdominal aorta increases, the diastolic
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blood flow velocity. Also, an increase in the linear
velocity of blood flow in the inferior vena cava, a
decrease in the resistance index in the vessels. The
resistance index RI in the abdominal artery to the
portal vein also decreased in the portal vein by 38.3%

With inflammation of the abdominal cavity, the
blood supply to the abdominal organs decreased
and the blood flow velocity in the main vessels
increased, as well as the stroke index and cardiac
index decreased, and the minute volume of blood

and 19.2%, respectively, this is due to the fact that  circulation in the liver and stomach decreased.
inflammation of the abdominal cavity increases the
diameter of the vessels of the portal vein.

Using the method of tetrapolar rheography,
hemodynamic parameters of the liver and stomach
were evaluated. The formation of hypodynamic

blood circulation in the abdominal organs is shown.
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CO3AAHUE KOAAEKUHMU IN VITRO TUBPUAOB BUHOIPAAA
AAS MMPOBEAEHUA MOAEKYASAPHOTO MAPKUPOBAHMUS
N NMOAYYEHUA BbICOKOINPOAYKTUBHOTIO COPTA
CTOAOBOTIO HATIPABAEHUA
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il

C.B. KymnapeHnko'

Lleabio  3KkcnepumeHTa  OblAa  ONTUMM3AUMS  OAHOFO M3 3TANoB  MOAYYEHWsS  HOBOro
BbICOKOMPOAYKTUBHOIO COPTa BUHOIPAAA — BBEAEHME M PA3MHOXEHWE B KyAbTYpe in vitro noberos
rmbpuaos. B pesyabtate mccaepoBanmii B TOO «Kasaxckuin HayUHO-MCCAEAOBATEALCKMIA MHCTUTYT
NAOAOOBOLLEBOACTBA» CO3AAH TMOPUAHBIA (DOHA BMHOrpaAa CTOAOBOIO HarpaBAeHusi. [poBeaeHbl
heHorOrMueckme HaABAIOAEHUS UM MO KOMIAEKCY XO3SIMCTBEHHO-LEHHbIX MPU3HAKOB, BbIAEAEHbI 3
rmbpmaHble hopmbl BUHorpaaa: KV-2/35, KlI-1/29 n DV-10/11, roToBble AAg nepeAayun B NepBUUYHOE
copTouCnbiTaHue. YCTaHOBAEHO, UTO MOCAE 3 MECSILIEB XPAHEHMS YEPEHKOB BUHOTPaAa Npu Temreparype
4°C npouUeHT rnpopacTaHms No6eros 13 cnawmx noyvek Boiie (50,4%) Yem y YEPEHKOB MOCAE 2 MECSLEB
xpaHenust (30,1 %). ONTUMaAbHOM AAUTEABHOCTbIO CTEPUAM3ALIMM MOBErOB, MPOPOLLEHHbIX M3 YEPEHKOB
B AabopaTopHOIi KOMHaTe, siBAsieTcst o6paboTka B TeueHne 5 MuH B (0,1%) HgCl, (kmnsHecnocobHocTb —
27,2%). AAS MPOPOCLLNX B YCAOBMSIX MMTOMHMKA NOGEroB ONTUMAAbHON AAMTEABHOCTbBIO CTEPUAM3ALINY,
6bina obpabotka B TeuveHue 7 muH B (0,1%) HgCl, (km3HecnocobHocTe — 20,6%). He BbisiBA€HA
KOHTaMMHaLMs BUHOMPAAQ B YCAOBMSIX in Vitro MOCAEe KOHTPOASI Ha CMeLmaAn3MpoBaHHOM cpeae 523.
AAS MMKPOKAOHAABHOIO PasMHOXeHUs BblAa BblAEAEHA MUTaTeAbHasl cpepa: Mypacure n Ckyra ¢
AobaBaeHnem 30 /A caxaposbl, 1 Mr/A 6-6eHsmAammubonypuHa (BAIT), 0,1 Mr/A MHAOAMAMACASIHOW
KMcAoTbl, 0,1 MA/A Ttn66epeanoBoi kncaoTbl (TK), 1,5 r/a axxeapaiita, 4 r/a arapa, pH 5,7. YcTaHoBA€HO,
yto pH 5,7 9BASETCS ONTUMAAbHBIM AASI POCTA M PA3BUTUS in vitro noberoB BrHorpaaa. AobasaeHve
B MUTaTeAbHylo cpeay Gaktepuumaa Plant Preservative Mixture™ BbI3bIBaAO HEKPO3 MPOOGUPOUHBIX
pacTeHun. YBeAanueHune KoHueHTpaumu BATT Ao 1,0 MI/A akTUBM3MPOBAAO MOSIBAEHKME HOBbIX MOGEroB.
YBeanuenue koHueHTpaumm [K 1 TuanasypoHa Ha KoahULMEHT Pa3MHOXKEHUS M KauecTBO noberos
BAMSIHUS HE OKA3aA0.

KatoueBble caoBa: BuHorpaa, rubpuabl, CeAekums, COpPT, OMTUMM3ALMS MUKPOKAOHAALHOIO
pPa3MHOXEHMUS, KOAAEKUMS in Vitro.
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Creation of in vitro collection of grape hybrids for molecular marking
and obtaining a highly productive variety of table direction

The aim of the experiment was to optimize one of the stages of obtaining a new highly productive
grape variety — the introduction and propagation of in vitro hybrid shoots. As a result of research, a hy-
brid fund of table grapes was created in the Kazakh Scientific Research Institute of Fruit and Vegetable
Growing. Phenological observations were also carried out on a complex of economically valuable traits,
3 hybrid forms of grapes were identified: KV-2/35, KlI-1/29 and DV-10/11, ready for transfer to primary
variety testing. It was found that after 3 months of storage of grape cuttings at a temperature of 4° C,
the percentage of shoots germination from dormant buds is higher (50.4%) than that of cuttings after
2 months of storage (30.1%). The optimal duration of shoots sterilization sprouted from cuttings in the
laboratory room is treatment for 5 minutes in (0.1%) HgCl, (viability — 27.2%). For shoots germinated in
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the nursery, the optimal duration of sterilization was treatment for 7 minutes in (0.1%) HgCl, (viability
—20.6%). No contamination of grapes was detected in vitro after control on a specialized medium 523.
For micropropagation, was optimal the nutrient medium: Murashige and Skug with the addition of 30
g/l sucrose, 1 mg/l 6-benzylaminopurine (BAP), 0.1 mg/l indolylbutyric acid, 0.1 ml/l gibberellic acid
(GA), 1.5 g/l of Gelrite™, 4 g/l of agar, pH 5.7. It was found that pH 5.7 is optimal for the growth and
development in vitro of grape shoots. The addition of the bactericide Plant Preservative Mixture™ to the
nutrient medium caused necrosis of test tube plants. An increase in the concentration of BAP to 1.0 mg/I
activated the appearance of new shoots. An increase in the concentration of GA and thidiazuron had no
effect on the multiplication factor and the quality of the shoots.

Key words: grapes, hybrids, selection, variety, optimization of micropropagation, in vitro collection.
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AcxaHa 6aFbITbIHAAFbI XKOFAPbl OHIMAI COPTTbI aAy YLUIH MOAEKYAQAbIK, MapKepPAeYAi
XKYPri3y XoHe XY3iM O0yAQHAAPbIHbIH, in Vitro KOAAEKLMSICbIH KYPY

IKCNEePUMEHTTIH MaKCaTbl XKaHa YKOFapbl OHIMA >KY3iM COPTbIH aAy Ke3eHAepiHiH OyAaH eckiHAepiH
in vitro xarAanbiHa eHri3y >kxoHe KebelTy caTblAapblH OHTaMAAHABIPY. 3epTTey HoTuxkeciHAe «Kasak,
KEMIC-KOKOHIC  LapyalliblAbIFbl  FblIAbIMU-3epTTey UHCTUTYTbl» JKLLIC-ae acxaHa 6afbITbiHAQFbI
SKY3IMHIH TMBPUATI KOPbI KYpbiAAbL. LLlapyalubiAbIK-KYHABI 6EATIAEp KeleHi 6orblIHLLA (DEHOAOTUSIABIK,
GakblAayAap >KYPrisiAin, 6acTankbl CYpbINTbIK, CbiHAKKA Gepyre AamblH >KY3iMHIH 3 TMOPUATI Typi
GeAiHail: KV-2/35, KII-1/29 xeHe DV-10/11. XKy3im kecinairepin 4°C TemnepaTypaaa 3 an cakTaraHHaH
KeniH (50,4%), ThIHbIWTBIK, KyiAeri OypLIiKTepAEH 6CKIHAEPAIH OHY Naibi3bl 2 ai CaKTaFaHHAH KeMiHri
(30,1%) KeciHAiAepre KapaFaHAa >KOFapbl EKEHAIT aHbIKTaAAbI. 3ePTXaHAAbIK, 0OAMEAET| KECIHAIAEPAEH
aAblHFaH ©CKiHAEPAIH 3apapCbi3AaHAbIPYAbIH OHTarAbl y3akTbiFbl HgCL, (0,1%) epiTiHaiciHae 5
MUHYTTbIK, 8HAEY GOAbIN TabblAaAbl (OMipLIEHAIK — 27,2 %). XKbIAbIXKait XKaFAaMbIHAA aAbIHFAH ©CKIHAEP
YWiH 3apapCbi3AAHABIPYAbIH OHTalAbl y3akTbiFbl HgCL, (0,1%) epiTiHAICiHAR 7 MUHYTTBIK ©HAey
EKEHAITT aHbIKTaAAbI (emiplueHAiri — 20,6%). XKyprisiareH 6akpirayAaH KeiliH MaMaHAAHABIPbIAFaH 523
KOPEKTIK opTacblHAQ iN Vitro >KarAamiblHAQ >KY3iMAE KOHTaMMHaUMS aHblKTaAMaAbl. MUKPOKOHaAbABI
Ke0enTy MakcaTblHAQ KOPEKTIK opTa o3ipAeHal: Mypacure >xoHe Ckyrka 30 r/A caxaposa, 1 Mr/a
6-6eH3nAammHonypuH (BAI), 0,1 MI/A MHAOAMAMAI KbILLKbIAbIL, 0,1 MI/A TM66epPEAAMH KbilKbiAbl ([K),
1,5 r/A axkeApanT, 4 /A arap KocbiHabicbl, pH 5,7. PH 5,7 >Ky3iM ecCiHAIAepiHiH, in Vvitro araAaibiHAQ
ecyi MeH AaMybl YLLUiH OHTalAbl eKeHAIri aHblKTaAAbl. KopekTik optara Plant Preservative Mixture™
GaKTEPULMAIHIH KOCbIAYbI N Vitro 6CIMAIKTEPIHAE HEeKPO3 TYAbIPaTbIHAbIFbI aHbIKTaAAbl. BAIT
KOHLEHTPaUUSACbIHbIH 1,0 MI/A AeiliH apTybl XKaHa 6CKIHAEPAIH naiaa 60AybiH GeaceHaipai. [K sxaHe
TUAMA3YPOH KOHLEHTPALMSCHIH ©3repTy eCIiMAIKTEPAIH Kebeio KoahhuLMeHTIHE XaHe BCKiHAEPAIH
caracblHa acep eTKeH >KOK,

Ty#in ce3aep: Xy3siM, ByaaHAap, cypbinTay, COPT, MUKPOKAOHAAbABI KOOEMTYAI OHTaMAAHABIPY,
in Vitro KOAAEKUMSIChI.

BBenenue

Bunorpan xkynetypusiit (Vitis vinifera L.) — xy-
CTapHUK CO CIAaJIKUMHU TUT0JIaMH (sirogaMu). Srojsl
BUHOIpajJia 3HAYMMBIA THUIIEBOM MPOJYKT, ChIPbE
JUIST BUHOMEIHS, B TOM YUCJIE PACTEHUE WCIIOJNb3Y-
eTcs Kak JiekopaTtuBHoe. [moapr u mpoayKThI miepe-
paboTKM BUHOTpaIa XapaKTePU3YIOTCS ICHHBIMU
BKYCOBBIMH, MTUIIEBBIMY (JINETHYECKUMH) U JieueO-
HBIMH KadecTBaMu. SIronel OOraThl caxapamu, Op-
TaHUYCCKUMHU KHUCIIOTaMH, MHHEPATHLHBIMH BEIIIC-
CTBaMH, IICKTHHAMHM, a TaK)ke BUTamMuHamu A, Bl,
B2, B6, C, P, PP. [Tomumo 3TOro, BUHOrpaj CIy>KUT
HCTOYHHMKOM HE3aMEHUMBIX JUIsl YEJIOBEKa aMu-

HOKHUCIIOT. AMHHOKHCIIOTBl YYaCTHHUKH J>KA3HEHHO
BaXKHBIX TPOIIECCOB B OpraHu3Me (CHHTE3 OCJIKOB,
BHUTaMHUHOB, TOPMOHOB, MOUEBUHBI, PETYJIUPOBAHIE
JUMHIHOTO OOMEHa, CTUMYJIHUpPOBAaHUE WHTEHCHB-
HOCTH POCTOBBIX TPOIECCOB M Jpyrux). [lomude-
HOJIbHBIEC BEIIECTBa, COJEpKAIIecs B BUHOTPAJE,
YCKOPSIOT MeTaboim3M. AHTOLMAHBI, KaTEeXWHBI,
MIEKTUHOBBIC BEIIECTBA U ()JIABOHOJIBI CHUXKAKOT Ty-
OuTenbHOE BO3JECHCTBUE paaUalli Ha OpPTaHH3M,
SIBJISTFOTCST aHTHOKCUIaHTaMH [ 1].

Bunorpan BeIpammBaeTcss 4eIOBEKOM C JO-
HACTOPUYECKHUX BpeMeH. MI3BeCTHO MHOMKECTBO €ro
COpTOB W THOpMIOB. MeXayHapoAHas OpraHH-
3aIisl BUHOTPajJa M BHHA COOOIIAET YTO B MUPE

157
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Ha BUHOTpagHuKH npuxoautcs 9,5-10,0 muH. ra,
00BEeMBI TPOM3BOICTBA BUHOTpaAa Aocturaiot 60-
70 miaH. T. B rof. IIpon3BOUTENBHOCTE CTOJIOBO-
ro BUHOTPaJa B MHpE Ha CErOJHSAIIHUN JeHb CO-
cTaBiseT 7 MiH. T. [lepBeHCTBO 1O BEIpALIUBAHUIO
CTOJIOBBIX COPTOB BHHOTpajga 3aHuMaer Mramus
— 1o 1,5 maH. T B rox, 3atem CHI" — o 1,0 muH.
u Typuust — no 0,8 mMiH. T. BRICOKHX pe3ynbpTaToB
ypoxaitHoctu npoowiuck B CILIA, Utamuun u Ap-
reHTuHe. Jlnaupyer no xauectBy cuurtaercs Mra-
JBSIHCKUM CTOJIOBBIN BUHOTPA.

[Ipombimuiennoe BUHOTpagapcTBo B Kazax-
crane Oepé€t cBoé Havano ¢ 30-X roJl0B MPOILIOTO
Beka. Ha maHHBIN MOMEHT 1Mo JaHHBIM OaiaHca 3e-
Meinb (OCHOBHBIE TOJOXKEHUsI | eHepanbHON CXeMBbl
opranuzanuu tepputopun Pecmybmukn Kazaxcran
(manee — PK)) na 1 Hos16pst 2020 rona, B PK uuc-
mutest 15,9 Teic. ra. BuHOrpagHUKOB, 98% W3 HHUX
cocpennoToueHo B TypkecTaHCKOW, AJMAaTHHCKOM,
Kamb6puickoit n Ke3putopauackoit odmactsx [1,2].
B Kazaxcrane peanusyercs mporpamma BOCCTa-
HOBJICHUS] BUHOI'PaIHUKOB. B oruete Komurera mno
YIPaBIEHHUIO 3€MENBHBIMU pecypcaMu MuHHCTEp-
cTBa cenbckoro xo3sictBa PK 3a 2020 rox coob-
LIAETCsl, YTO TOCYNAPCTBO YAaCTUYHO CYyOCHIUpYET
3aTpaThl Ha OCBOCHHE W PEKOHCTPYKITUIO HOBBIX
IIomIaied, Ho, HECMOTPS Ha 3TO, MJIOLIaJN BHHO-
TpaIHUKOB He yBenmuwumBaioTcs [3]. B pesynbprare,
BajioBoi cOop BuHOrpana B Kazaxcrane Bcero 71,7
THIC. TOHH [1].

Jnist CHUKEHUSI MIMIIOPTO3aBUCHUMOCTH HE00X0-
JUMO YBEJIWYHUTH TUTONIAAb 3€MeITb O] BBIPAIIBa-
HUE BUHOTPAJa, a TAKKE HAPACTUTH 00BEM MPOU3-
BOJICTBa BHHOTPa/Ja B TOM YHCJIE OTCUECTBEHHBIX
coptoB. [lInpokuii accopTUMEHT COpPTOB U POPM BHU-
HOTpaJia MO3BOJISIET OCYIIECTBIATh CENEKITMOHHBIN
0TOOp ¥ BHEIPEHUE COBPEMEHHBIX BBICOKOTIPOAYK-
TUBHBIX COPTOB /ISl YBEJIMUYEHHUS BaJIOBOTO cOOpa
1 TnoBbllIeHHs ero kauectBa. [Ipumenenne JHK-
TEXHOJIOTUH Ha JTarax CeJIEKIMOHHOTO Iporecca
MO3BOJISAIOT CO3/1aTh HOBBIM YCTOMYMBBIN K MaTOTe-
HaM 1 HETaTUBHBIM (paKTOpaM BHEIIHEN Cpesibl COPT
[4]. MonekynspHO-TeHETHYECKAsl XapaKTepUCTHKA
Ba)KHA TIPH CO3JaHUM YCTOWMYUBBIX COPTOB K BO3-
OyauTensm pasnuuHbIX OonesHei. s BuHOrpana
HauboJee BpeIOHOCHBIMHU 3a00JI€BAHUAMU SBIISIFOT-
csl —napiua (Bo3Oyaurens Venturia pirina Adern.) u
MUJIIBIO (BO30ynutTens Plasmopara viticola (Berk.
& Curt.) Berl. & de Toni.) [5]. Bonbmryro onacHOCTh
JUTS. BUHOTPaJIapCcTBa MPECTABIISIOT TPHOKOBEIE 3a-
0oJieBaHMsI, KOTOPBIC BBI3BIBAIOT OI1AAaHUE JTUCTHEB,
MTOBPEXICHNE TJIOJI0B, B KOHEYHOM HTOTE MOTYT
MIPUBECTH K MOJTHON rubenu ypoxas [6]. Moneky-

158

JISIpHBbIE MapKephl, CLEIUIEHHBIE C IIEHHBIMH T'€HaMH,
o0ecrnednBaloT HOBBIM HHCTPYMEHTAPUH JUIS CENeK-
uoHepoB [7]. OTOOp mepcreKTUBHBIX THOPHUIIOB €
nomotpo JIHK mMapkupoBanusi O3BOJIUT CO31aTh
BBICOKOIPOAYKTUBHBIH COPT BUHOTPaAa C 3KCKIIIO-
3UBHBIMH Ka4€CTBCHHBIMHU MTOKA3aTEIsIMU [ 8].

Jng nanpHEWIero npoaBHKEHHs MEepCIEKTHB-
HBIX THOPUIOB 1 TIOJYYEHHOTO COpTa, moTpedyercs
MX MacCOBOE BHEJJPEHUE B CEJIEKIIMOHHBIN MpOIECC.
I'maBHas mpobiema BHHOTpPaZapcTBa — MPOW3BOJ-
CTBO Ca)XEHIIEB C IMOMOIIBIO MPUBUBAHUS pacTe-
HUH Ha OTPOMHBIX IIJIOMIA/ITX MAaTOYHUKOB, UX T1O-
CTOSIHHOE OOHOBIICHME M Tepe3akiajKa SBISEeTCS
JUTITEIBHBIM | 3aTPaTHBIM IpolieccoM. Pemenuem
JAHHOM 3a/1auM CIyKaT METOAbI OMOTEXHOJIOTHH, a
MMEHHO METOJT MAaCCOBOTO KIIOHMPOBAHMS PACTECHHH
B KYJIBTYPE in Vitro, KOTOpbIE MO3BOJISIOT OBICTPO U
3¢ (eKTHBHO pa3MHOXKATH JIOHOPHBIE pacTeHus [9].
Jlns mony4eHns KaueCTBEHHOI O OCaJOYHOI0 MaTe-
pHala CIob3yeTCsI MUKPOKIOHAIBHOE pa3MHOKe-
HUE KaK HaJEKHBIM METO/I pa3MHOKEHHS pacTeHUH
— OJIHO JTOHOPHOE pacTeHHE TIO3BOJISET IMOIYYNUTh
JI0 MUJIJTMOHA cakeHIleB. HayuHble nccienoBaHus
B 00JIAaCTH MHKPOKJIOHATBHOTO PAa3MHOXKECHHS BH-
HOTpaJia MPOBOAATCS MHOTUMH YYEHBIMHU 110 BCEMY
mupy [10,11], B Tom umncne n B Kazaxcrane [12].
B nmabopatopun KpHOCOXpaHEHHS TI€pPMOILIa3Mbl
WBBP npoBoasarcs paboTsl 110 Macc-KIIOHUPOBAHUIO
Pa3INuYHBIX IUIOAOBBIX, OPEXOIUIOAHBIX, ATOJHBIX
KyJbTyp, B TOM 4Hciie U BUHOTpana. CoTpyaHUKH
n1a00paTopuu MPOBOIAT 03I0POBICHHUE PACTEHUH in
Vitro pa3IMIHBIMH CITOCOOAMU U TTOJTYIA0T CBOOOI-
HbIE OT MATOTCHOB caxkeHIwI [13-19].

B mannO# cTaThe omMCcaH OJWH U3 ITANOB (BBE-
JICHHE W Pa3MHOXEHUE B KYJIBTYpPE in Vitro THOpH-
JIOB BHHOTPA/Ia) TOJXYYCHHUS HOBOTO KPYITHOILIOM-
HOT'O, YCTOMYMBOTO K TPUOHBIM 3a00JICBAaHHAM,
a7anTHPOBAHHOTO K MPUPOTHO-KINMATHIECKUM yC-
JIOBMSIM FOXKHBIX pernoHoB Kazaxcrana copra BUHO-
rpaza. ABTOpPHI TUIAHHUPYIOT MPOBECTH arpoOnoIo-
TMYECKYIO OLIEHKY, OTOOp TMOPUAHBIX PACTECHUH C
nomopro JIHK MapkupoBaHusi, KOTOpPbIE TO3BOJISAT
CO37aTh BBICOKOMPOTYKTHUBHBIA COPT BHHOTPaAa
CTOJIOBOTO HAIPAaBIICHHS, OTBEYAIONIUI COBPEMEH-
HBIM TpeOOBaHMSAM MPOM3BOACTBA U TOTPEOUTEINS
JUTSE Tiepeadn Ha [ocymapcTBeHHOE COPTOMCIIBITA-
Hue. [lomy4yeHHbI copT TUTaHUpPyETCSl Pa3MHOXKHTD
B KYJIBTYPE in Vi{ro, ¥ TIOJIyYUTb CAXXCHLBI IS 3a-
KJIQJKU CEJIEKIIMOHHBIX TUTOMHHUKOB.

Henbio ncciae0BaHus SBISETCS ONTHMU3AIINS
OJIHOTO M3 3TANoB MOJYYEHHs] HOBOI'O BBICOKOIPO-
JTyKTHBHOTO COpPTa BHHOTPaja — BBEIEHHE W pas-
MHOEHHUE B KYJIBTYPE in Vifro M0OeroB ruOpuaoB.
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3agaum uccie0BaHNAS:

1. Onenka 1 0TOOP MEPCIEKTHBHBIX THOPUIOB
BUHOI'paaa 1o XO3$II7[CTBCHHO-HCHHBIM IIpU3HaKaM B
MOJIEBBIX YCIOBHUSX U MO YCTOMYUBOCTH K OMTACHBIM
TPUOHBIM 3200JICBAHUSM.

2. Pa3paboTka TEXHOJIOTHH MAacC-KIOHAIBHOTO
PasMHOXKEHHMsI M COXpaHEHHUs OTOOpaHHBIX Iep-
CIIEKTUBHBIX THOPUIOB BUHOTPAIA.

CoTpyIHHUKH MCCIIEIOBATENBCKOM IPYIIITBI HMe-
10T HAy4HBIH 3a7ie71 B 00JIaCTH BBIBEICHUSI HOBBIX
COpPTOB, M3yYEHUS W O3/IOPOBJICHUS PACTEHHHA OT
MHEKIMOHHBIX Bo30yauTesneld. C moMOIIbIO METO-
JIOB MUKPOKJIOHAJIBHOTO Pa3MHOXCHUSI U MOJICKY-
JISIPHOTO MapKUPOBAHUS MCCIIEIOBATEH TIOTYYAOT
CBOOO/THBIE OT MATOTEHOB Ca’KEHIIBI.

HoBu3Ha ucciaeq0BaHusA COCTOUT B TOM, YTO
BIIEpPBBIE I BUHOTpaaa B ycnoBusax Kazaxcrana
MPOBEJCHO MUKPOKJIIOHAILHOE Pa3MHOKEHHUE C TI0-
CJIEIYIOIUM MOJIEKYJISIPHBIM MapKHpOBaHHEM Ha
YCTOMYUBOCTH K TPUOHBIM 3a0oneBanusM. OTOOD
THOPHUIHBIX CESIHIIEB, YCTOMYMBBIX K CTpeccam H
3a00JIeBaHUSIM, OTJIMYAIOMIMXCS BBICOKUM Kade-
CTBOM IUIOZIOB HA PAHHUX OJTalax pa3BUTHSA, TO-
BBICHT 9()(h)EeKTUBHOCTH CEJIEKIIMOHHOTO TPOIIecca.
Cy1iecTBeHHBIM MOMEHTOM JIaHHOTO HCCJIETO-
BaHMS IIOCIYXIJIa BO3MOXHOCTb OpTraHU3aIluU
MacCOBOI0 IMPOU3BOJCTBA W3 PACTEHHUU in Vitro
Ca)XXCHIIEB B KOHTEMHEPHOU KYyJIbType C 3aKpbITOH
KOPHEBOW CUCTEMOW HOBOI'O COPTa U MEPCIIEKTUB-
HBIX THOPUIOB BBICOKOHM KaTErOPHH YHCTOTHI, KO-
TOpoe OyJeT BHEAPEHO AJIS 3aKJIaJlKU CEeJICKIIMOH-
HOTO TUTOMHHKA.

MaTepI/IaJ'lbl U METOAbI HCCJ’Ie}IOBaHHﬁ

Tlonesvle uccredosanus eubpudos sunocpada

Jns vHuIMaumu B KyJIbTYpY M Vitro UCTIOJb30-
BaJIM yepeHKH 18 oToOpaHHBIX 00pa3LoB (THOPHUIbI)
BHUHOI'PaJa, MOJIyYCHHBIX METOJOM THOpHIU3aLUU
U Pa3MHOXCHHBIX BEreTaTHBHBIM CIIOCOOOM Ha
onbITHBIX ydyacTkax TOO «Ka3zaxckuii HayyHO-UC-
CJICIOBATEIbCKUN MHCTUTYT IJIOZOOBOILEBOJICTBAY
(KazHUUIIO) B AnmvatuHckoi n TypkecTaHCKOH
obnactsax (pucyuox 1): 7/17, DV-10/11, 111-02-22,
111-7/15, 1V-4/74, 1V-6/9, K11-1/29, KIV-1/64, KV-
2/9, KV-2/35, KVI-1/10, V-7/9, VII-6/72, VIII-
3/45, X1-13/90, XI 14/9, XI1-9/3, XII-17/2. de-
HOJIOTMYECKHE HaOMI0CHHs, arpoOnOoIoruyecKue
y4eThl, ONpe/ieJIeHHe CHIIbI POCTa, CTENEeHb BbI3pe-
BaHUs MOOETOB, 3UMOCTOMKOCTB, MPOAYKTHBHOCTD
1100eroB, pacueTHasl yposKallHOCTb, yBOJIOIUYeCKast
OLIEHKa yposkasi ObIIM MPOBEIEHBI 110 OOLICTIPHHSI-
ThIM MeToaukam [20-23].

Beeoenue 6 kynemypy in vitro éunocpada

Uepenku pazmepom 40-50 cM cpesanu B HOsIOpe
CO CITALIMMH [TOYKaMH U aripesie-Mae ¢ IpOpOCIINMU
noberamu (1-2 cm) (pucyrnox 2). OcHOBaHUS YepeH-
KOB, Cp€3aHHBIX B HOsIOpe, MOrpy>Kajld B eMKOCTh
¢ BOAOH Ha rayOuHy 15 cM. Bepxymiku 4epeHKoB,
HE MOTPY’KEHHBIC B BOAY, 3aKPbIBAIN IUIOTHOMU, HE
MpOITyCKaroIiel cBEeT TKaHbIO JJIs MPEI0TBPALICHUS
MIPEXIEBPEMEHHOT0 IpopacTanus noderos. Yepen-
KM XpaHWIN B XOJOJUIbHON KOMHATE IIPU TeMIIepa-
Type 4°C B Teuenue 2-3 MecsleB, Kax/aple 2-3 He-
JIeNT y YePEHKOB OOHOBJISUTH CPE3bl M MEHSIN BOLY.

Pucynok 1 — IToneBas xoyutekuus rTHOpUIAHBIX POPM BHHOTPAIa
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Pucynok 2 — Yepenku rudpuioB BUHOTpaia
A — YepeHku, cpe3aHHbIe B HOSIOpE MeCsIIe CO CISIINMHU TOYKAMH;
b — Xpanenue 4epeHKoB B X0IOAUIbHOM KoMHaTe; B — [Ipopociine yepeHky B OJNEBBIX yCIOBUAX

[To ucreuenuu 2 u 3 MecsLIEB YEPEHKU U3BICKIU
13 XOJIOJIMIILHONW KOMHATBI, 00paboTaid MbUIbHBIM
pacTBOPOM IO/ IPOTOYHOU BOAOH, ITOCIE YETO MPO-
BEIM TIOBEPXHOCTHYIO CTEPWIIM3AIMIO PacTBOPOM
(1:1) orbenuBatens «benuszHa» B TeUCHHE 5 MUH.
[IpopamyBanie 4epeHKOB OCYIIECTBISUIA B Ja0o-
paTOpHON KOMHATE MPH €CTECTBEHHOM OCBEIIEHUU
B €MKOCTSIX C BOJIOW mpu Temmepatype 24+1°C, y
YEpEHKOB €KEHENIEIbHO MEHSIN Cpe3, €XKeHEBHO
OOHOBIISIITH BOJTY.

Jns vHUIIManuu B KyJbTYPY M Vitro UCTIOb30-
Baiu noberu pasmepom 1-2 cM, IPOPOLICHHBIE U3
CISIIIMX TIOYEK B JIAOOPATOPHBIX YCIOBUSX M TIO0E-
T'H TaKOTO K€ pa3Mepa, B3STHIE B MOJIEBBIX YCIOBH-
sx. [ToGern mpombIBany ¢ MBIIOM, MOCTE Yero 00-
pabareiBanu 0,1% HgCl, B cTepUIBHBIX YCIOBHAX
JaMrHapHOTO O0oKca B TeueHue 5, 7 u 10 MuH.

Muxkpoknonanvroe pazmuodicenue 8uHo2paoa

OnTUMU3UPOBAH COCTAB MTUTATEILHON CPEJIBI JUIS
VHUIWAINYA BUHOTPAa B KyJIbTYPY i1 Vitro 1 MUKPO-
KJIOHAJIBHOTO pa3MHOkeHud. Ilpu mpuroroBnenuu
MMUTATEIILHOW CPEeIbl MCIIOJIE30BAIM MHHEPAJIbHbIE
koMItoHeHTHI 10 Mypacwure u Ckyry (MC) [25]. Ba-
PBHPOBAIIM COCTAB M KOHLIEHTPALHIO (PUTOTOPMOHOB,
a TaK)Ke KACJIIOTHOCTh MMUTATEIbHON CPEJIbI:

1) MC ¢ no6asnenuem 30 1/ caxaposbl, 1 mMr/i
6-6enzmnamunonypuna (BAIT), 0,1 mr/n namomu-
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MacisiHo#t kucnotel (MMK), 0,5 mu/n rud6epenio-
Boit kucnotsl (I'K), 1,5 r/m mxenpaiita, 4 v/ arapa,
pH 5,7; 2) MC ¢ no6asieruem 30 1/ caxapossbl,
1 mr/n BAII, 0,1 mr/n UMK, 0,1 m/n T'K, 1,5 /0
JoKenpaiita, 4 r/n arapa, pH 5,3; 3) MC ¢ no6as-
nenrem 30 r/n caxapossl, 0,5 mr/n BAIL, 0,1 mr/a
UMK, 0,1 ma/n 'K, 1,5 r/n mxenpaiita, 4 r/a ara-
pa, pH 5,7; 4) MC c no6asiennem 30 /i caxapossl,
0,5 mr/n BAIIL, 0,1 mr/n UMK, 1 mr/n I'K, 1,5 /i
JoKenpaiita, 4 r/n arapa, pH 5,7; 5) MC ¢ no6as-
nennem 30 r/m caxapossr, 0,5 mr/m BAIL, 0,1 mr/a
UMK, 0,1 ma/n T'K, 1,5 r/n mxenpaiita, 4 r/a ara-
pa, pH 5,3; 6) MC ¢ nobasnenuem 30 r/m caxapo-
3e1, 0,5 mr/it BAII, 0,1 mr/n UMK, 0,1 mn/n I'K, 2
mr/n Plant Preservative Mixture™ (PPM™), 1,5 r/n
JoKenpaiita, 4 r/n arapa, pH 5,7; 7) MC ¢ no6asne-
uHuem 30 1/1 caxapossrl, 1 mr/a BAIL 0,1 mr/n UMK,
0,1 ma/n TK, 1,5 r/n mxenpaiita, 4 r/n arapa, pH
5,7; 8) MC ¢ no6aenenuem 30 1/1 caxapo3sl, 1 mr/i
BAIL 0,1 mr/m UMK, 0,1 m/n 'K, 1 mr/n THInasy-
pouna (T/13), 1,5 r/n mxenpaiita, 4 r/n arapa, pH 5,7,
9) MC ¢ nmo6asnenuem 30 r/n caxapossl, 0,8 mr/i
BAII, 0,1 mr/n UMK, 0,1 mn/n T'K, 1,5 t/n mxen-
paiita, 4 r/n arapa, pH 5,7; 10) MC ¢ no6aBiieHuem
30 r/n caxapo3ssr, 0,8 mr/n BAIL, 0,1 mr/n UMK, 0,1
mi/n UK, 1 mr/m TA3, 1,5 r/71 mxenpatita, 4 r/1 ara-
pa, pH 5,7.
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Pactenus in vitro KyabTUBUPOBAIU TIPU TEMIIe-
parype 24+1°C, ocemenrnocts 40 pE-m?s™!, horo-
nepuoa 16/8. Ilepecaaky IpOBOIUIN C UHTEPBAJIOM
3-5 Henens.

Bce noGern, WHUITMMPOBAHHBIE B KYIBTYPY in
Vitro OBUIA IPOTECTHPOBAHBI HA HATMYWE SHAOPUT-
HOU MHUKpPOQJIOPHI Ha CIIENHMAIM3UPOBAHHON cpere
523: 10 1/n caxapo3bl, 8 I/1 THApPOIM3aTa Ka3enHa,
4 r/n npoxokeBoro skcrpakta, 2 r/m KH,PO,, 0,15
r/n MgSO,-7H,0, 6 r/n mxenpaiira, pH 6,9 [23].
[loGern, y KOTOpHIX B TedeHne 1-2 Henenr 0OHapy-
JKABAJIM TIOMYTHEHHUE CPEJIbl UJIU 5K€ POCT KOJIOHHUH,
OTOPaKOBBIBAIKMCH U3-3a HAIMYKSI KOHTAMHIHAIINH.

Koapdumment pasmuoxenus (KP) in vitro mo-
OeroB paccuuthiBanu 1o (opmyre: P=a/Bc («a»
— KOJIMYECTBO HOBBIX MOOETOB, «B)» — KOJIUYECTBO
HCXOJIHBIX TTOOETOB; «C» — KOJTUIECTBO MACCaXEH ).

B wuccnepoBanuax no pacuery KP wucnosnb3o-
BaJM 1O 5 in vitro mo0OeroB, KCIEPUMEHT IPOBO-
Ia TpexkpatHo (n=15). CTaTHCTUYECKUH aHaTN3
MPOBOJIMIIN, COTIACHO METOJHMKAM, OMHCAHHBIM B
nocobun I'.®. JlaknHa W B MpOrpaMMHOM TIaKeTe
SYSTAT [26].

Pe3yabTaThl u 00cy:KI€eHUE

Tlonesvie uccnedosanus 2ubpudos guHocpaoa

B KasHUUIIO mnpoBoauTcss ceneKuuOHHAs
paboTa MO yBEIWYEHHIO COPTUMEHTa BUHOTpala
M0 CO3/IaHWIO0 HOBBIX CTOJOBBIX COPTOB, OTJIMYa-
IOLIUMHUCS: KPYIMHBIMHU TUIOJAMH, Pa3HBIM CPOKOM
CO3pEBaHMs, YCTOMYMBOCTBIO K OOJE3HSIM, XOpO-
el TpaHCTOPTa0eNbHOCThIO, KOTOPBIE MOTJIH OBl
KOHKYpUPOBaTh C W3BECTHBIMU KOMMEPYECKHMHU
copramu. B pesynprare maHHOW padbOTHI co3fa-
Ha THOpHIHAS KOJUIEKIUS BHMHOTpaza CTOJIOBOTO
HaNpaBICHHs, U3 KOTOPOH OTOHMPAIOTCS JydIlIne
00pasIpl, TOTOBBIE IS TIepeadydl Ha COPTOMCITHI-
tanue. Ciemyer oTMeTUuTh, B 2023 romy B mepBoi
JIeKajie Mapra TemIeparypa BO3JyXa JHEM IOJ-
Humanachk g0 +10+15°C, onHako B amperne-mae B
TIEpPUO/1 IIBETEHHS BO3BpATHBIE 3aMOPO3KH 110 -3°C
MIPHUBEIU K THOEIN MOJIOJIBIX PACTEHUI BHHOTPA/IA
B AnMaTtuHCKOM obmactu. B pesyibrare ¢eHomI0rH-
yeckue Habmonenus 2023 roja MPOBOIUIN TOJIb-
ko B TypkecraHckoit obmacTu. Y BCeX TMOPUIHBIX
¢opmM crerneHb mepe3suMoBKH Obla BeImre 60%, pac-
MyCKaHUe TMOYeK Y THOPUIAHBIX (JOPM BBISBICHO C
19 no 24 mapra.

ITo wroram (eHoNMOTHYECKUX HAOMIOMCHUN B
2021-22 rr. B Anmatunckoir u TypxectaHckoit
00MacTsIX M3 CEJIEeKUMOHHOrO (poHIA BBIIEIEHO 5
MePCICKTUBHBIX THOPHUIHBIX (hopMm BuHOTpama. I1o
cpenneil macce rposzaeit 450-480 r otoOpaHbI TH-

opunnsie popmbl: KV-2/35, KII-1/29. Tlo ypoxaii-
HOCTH C KycTa — 5,7 Kr BbIJleNieHa THOpuaHas Gop-
ma — KV-2/35. [IpoBesieHa gerycranioHHas OlleHKa
rHOPUAHBIX (POPM IO COAEPIKAHUIO caxapa B SIrojax
BO BpeMs cheMa ypokas. CaxapucToCcTh COKa STOJ
y rubpugasix Gopm KV-2/35 — 19%, DV-10/11 n
KII-1/29 — 18%. B pe3ynpTare Mo KOMILIEKCY XO-
3SIICTBEHHO-IIEHHBIX TIPU3HAKOB Ui TEpeavyd B
NEPBUYHOE COPTOUCITIBITAHUE BBIJCICHBI 3 THOPHI-
HBIX (opmbl BuHOTrpaaa: KV-2/35, KII-1/29 u DV-
10/11.

Beeoenue 6 kynomypy in vitro sunoepaoa

[lo pesyinpraTaM HCCIEOBaHUS IO MPOpAaIH-
BaHUWIO TIOOETOB M3 CISIINX MOYEK Yy THOPUIOB BU-
HOTpasia ObUIM C/IETaHbl BBIBOJBI, YTO Y YEPEHKOB
mnocie 2 MecsieB XxpaHeHust npu temmneparype 4°C
MIPOIIEHT Tpopociux nmoderoB coctasmi — 30,1%,
TOr/Ia Kak Tocie 3 MecsieB XpaHEHHs IMPOICHT
mpopacTanus OblT HeCKoJIbKO BbItIe — 50,4%. I1po-
pacTanne OBUIO JOCTATOYHO MEJJICHHOE, TEepBBIE
11o0O€eru MosBUIMCH TOJIBKO Ha 18 eHb.

Bb110 BBISIBICHO, YTO ONTUMAIBHOHN JJTUTEIHHO-
CTBIO CTEPIIIN3AIINH TOOETOB, TIOTYYSHHBIX U3 TIPO-
POLICHHBIX B Ja0OPaTOPHBIX YCIOBHSIX YECPEHKOB
BMHOrpajia, sBjsercs obpadorka B (0,1%) HgCl,
B TeueHnue 5 muH. [Ipn manHOW 00pabOTKE HEKPO3
noberoB cocraBui — 58,2%, MHQUIUPOBAHHOCTH
— 14,6%, npoueHT xuzHecrnocooHocTHn — 27,2%.
IIpn o6paborke B HgCl, nnmrensrocThio 7 MuH
MPOILIEHT HEKpo3a yBenuduBaics a0 78,9%, mpu
10-MunyTHOH 00padoTke 10 95,4%. Hns moberos,
MIPOPOCHINX B YCIOBUSX MUTOMHHUKA ONTHMAIIbHON
JUTMTEIILHOCTBIO CTEPUIIM3alliy, Obllla 00padoTKa B
(0,1%) HgCl, B Teuenue 7 MUH ()KU3HECTIOCOOHOCTH
20,6%) (pucyrnok 34).

KnroueBoldk MOMEHT MUKPOKJIOHAJIBHOTO pa3-
MHOXEHHUSI — KOHTPOJIb YHCTOTHI SHIO0(PUTHON HH-
(hUupoBaHHOCTH TIPOOHUPOUYHBIX pacTeHH. B pe-
3yJbTaTe MPOBEPKH Ha CIICMAIM3UPOBAHHON cpejie
523 OBLJIO yCTAHOBJICHO, YTO BCE BBEACHHBIC B KYJIb-
Typy in vitro modern BUHOTpajna, ObUTH acenTHye-
ckumH (pucynox 3b).

MuxpoxnonanbHoe pasmHodICeHUE BUHOSPAOA

OnTUMU3HPOBAHHBIM COCTaB, C BEPHO I0JIO-
OpaHHBIMU KOHIICHTPAIIMSIMH KOMIIOHEHTOB OKa3bl-
BaeT periatoniee 3Hauenue Ha KP 1 kauecTBo pa3su-
TS PACTEHUH NP MHUIIUAINH B KYJIBTYPY in Vitro u
MUKPOKJIOHAIEHOM pa3zmMHokennu [11-13,17,19,27-
28]. B pesynbrare NaHHOTO WCCICHOBAHUS OBLIH
npotectupoBanbl 10 Bapualuii mUTaTeNIbHBIX CPE/l,
K03 (PUIMEHT pa3MHOXKEHUsI BUHOTPa/a, Ha KOTO-
PBIX IIpeAcTaBieH B Tadmuue 1.

J1s MUKPOKJIOHAIBHOTO Pa3MHOKEHHUS BHHO-
rpaga ObIJIO HMCOBITAHO 2 BapUaHTa KHCIOTHOCTH
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nuTaTenbHou cpensl: 5,3 u 5,7. B pesynbraTe ycra-
HOBJIEHO, 4TO pH 5,7 sIBiIsSIETCS] ONTUMAIbHBIM.
MHorue BUIbl pPacTEHUN XapaKTepU3YyIOTCA
BBHICOKMM YPOBHEM KOHTAMHHALMM NPU MHHULIHA-
IHUH B KYIBTYpY in vitro [16,24,29]. bakrepumua
mmpokoro aeiicreus PPM™ mno3Boniser ocBo6o-
JUTh TPOOMPOYHBIC PACTEHUS OT SHAOPUTHOU
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nH]eKnuu, TeM HEe MEHEe B JaHHOM HCCIEI0-
BaHWU ATO MPHUBENO K HEKPO3Y in Vvitro moOeros
[20,31]. B nanpHelimeM ObLIO BBISBICHO, YTO
MPOICHT WHPUIIMPOBAHHOCTH MOOETOB OKa3alcs
JIOCTATOYHO HHU3KUM, MTOATOMY HE OBIJI0O HEO0OXO-
JIUMOCTHU B MOCIEAYIONIEH ONTUMHU3AIUN KOHIICH-
Tparuu PPM™,

Pucynok 3 — Beegenue BUHOTpaga B KyJIbTypy in vitro

A — Pasutue noberos nocie crepunsaiuu B pacrsope HgCl, B Tedenne 5 mun;
b — IIpoBepka pactenuii Ha HaaM4Ke HHGUIMPOBAHHOCTH Ha cpeae 523;
B — ITo6eru rudpuaa Bunorpaaa KV-2/35 na nurarensHoii cpene Ne 7

Tabauna 1 — Brustane cocTaBa NUTaTeIbHON Cpenbl Ha KOI(DGUIIMEHT Pa3MHOKEHUSI BUHOTPA/IA B KYIIBTYPE in Vitro

Bapuant Kon-Bo Kon-Bo 3(1:{2, z[:;ilz Kon-Bo Kon-Bo S{zzléiii
MUTaTeTLHOI KyJIBTHBH- pereHepupoBas- | . P KyJIbTHBH- PEreHepupoBas- | 1. P ——
cpesl pyeMbIX KX MO0EToB, N — PyeMBIX IIUX TOOETOB, paSMHONCHEA,
moOeroB, MIT. 1IT. P=a/Bc mo0eroB, IIT. IT. P=a/Bc
DV-10/11 KV-2/35
1 15 30 2,0+0,3° 15 31 2,1+0,2°
2 15 18 1,2+0,3b 15 18 1,240,3"
3 15 23 1,5+0,6° 15 24 1,6+0,6°
4 15 23 1,5+0,3° 15 23 1,5+0,3°
5 15 15 1,0+0,2¢ 15 17 1,1£0,2¢
6 15 9 0,6+0,44 15 10 0,7+0,4«
7 15 31 2,140,3° 15 32 2,140,3%
8 15 30 2,0+0,1° 15 30 2,0+0,1?
9 15 27 1,8+0,1%® 15 27 1,8+0,1%®
10 15 27 1,8 £0,2% 15 28 1,9 £0,22
VICTOYHHK: MCCITeIOBAHUS ABTOPOB.
[Mpumeuanne — 3HaueHus P, 0003HAUCHHBIC pa3HBIMU OyKBaMH, TOCTOBEPHO Pa3IMYAOTCs MEX Iy co0oit mpu p < 0,05

uu — 0,5 mr/n, 0,8 mr/m u 1,0 Mr/n1, ycTaHOBIEHO,
YTO YBEJIMYCHHUE KOHIICHTPAIIMU 3TOr0 (UTOropMo-
Ha TPHUBOAMT K 00pa30BaHUIO HOBBIX MoOeroB. Ha

W3 naurepaTypHBIX MCTOYHUKOB M3BECTHO, YTO
Ha PeryJisIuI0 pocTa in vitro noberos Biuser BAIL.
boun uccnenoBaHbl ClAEAyIOUIME €ro KOHIEHTpa-
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nobiieane KP BrusieT Takke ecTeCTBEHHBIH Top-
MoH pocrta I'K. VBenuuenue konueHtparuu 'K B
JaHHBIX 3KcniepuMeHTax Ha KP u xadectBo moOe-
rOB BIUSHMS HE OKazano. [Ipu nobGaBneHun B mH-
TarenbHyto cpeay T3, KOTOpbI Takxe SBISETCS
PETYIIATOPOM POCTa M CIIOCOOCTBYET OPraHOTeHE3y
pacTeHuii, KaKUX-TM00 U3MEHEHHH BO BHELITHEM CO-
crosHUH U yBenmueHnn KP y moberos He OBIIO OT-
MEYEHO.

Ycranosneno, yro s rudpugo DV-10/11
n KV-2/9 KP na muratenpHbIX cpemax: Ne 1, 7, 8
OBUT MakcUMaJIbHBIM. B pesynbrare BhIIE/EeHA TH-
TatenpHas cpena Ne7, Ha koTopoi mokazarenu KP
M KadecTBa MPOOUPOYHBIX pacTeHHWd y 00oHMX 00-
pasioB Obuto Hammy4muMu. Kpome Toro, Ha 3TOM
BapHUaHTe MUTATELHON CPE/ibl BHEIIHEE COCTOSIHNE
pacTeHnii ObIJI0 HECKOJIBKO JTydIle, II00eTH in Vitro
OTJIMYAIIUCh NHTCHCUBHON OKpacKoil, He ObLIO OT-
MEUEHO BUTPU(PHULIUPOBAHHBIX MOOETOB U HEKPO-
3a pa0oTa MO ONTUMH3ALKU COCTaBa MUTATEIbHON
cpembl mpoaokaeTcs (pucynox 3B).

BriBoabI

B pesynprare MHOTONIETHEW CEIEKIMOHHON pa-
60161 B TOO «KASHUHNUIIO» co3nan THOpuUIHBII
¢doHa BUHOTpasa CTOJIOBOro HampasieHus. [Ipose-
JIeHbI CHOJIOTHUECKUE HAOMIOACHHUS U 0 KOMILICK-
CY XO3SIICTBEHHO-IICHHBIX MPU3HAKOB 3 THOPUIHBIX
¢dopm BuHorpaga: KV-2/35, KII-1/29 u DV-10/11,
KOTOpbIE TOTOBBI JJISI TEpeaydl B MEPBUYHOE CO-
pTOUCIIBITAHHE.

B pesynbrate ncciaenoBaHMil IO MpOpalUBa-
HUIO TIOOETOB M3 CIISIIMX MOYEK Y THOPUIOB BUHO-
rpaja ObLJIO YCTAHOBJECHO, YTO TMOCJIE 3 MecsIeB
XpaHeHus 1pu TemnepaTtype 4°C mpoIeHT npopac-
tanus Boiie (50,4%.), 4eM y 4epeHKOB 1mociie 2 Me-
caneB xpanenns (30,1%).

Haumbonee onTumanpHOW  ATUTEIBHOCTHIO
CTEPHWJIN3AaIA TT00EroB, TOJYyYEHHBIX H3 IMPOPO-
HICHHBIX B JJAOOPATOPHOM MOMEIIEHUH YEPEHKOB,
siBisieTcst oOpadoTka B teuenue 5 muH B (0,1%)
HgCl, (npouent perenepaunu — 27,2%). Ilpn 00-
pabotke B HgCl, murensrocTero 7 MuH u 10 mun
OTMEYEH BBICOKMM MpOLEHT Hekposa: 78,9% u
95.,4% cootBeTcTBeHHO. /{7151 TOOETOB, TPOPOCIIHX
B ITIUTOMHUKE ONTHMAaJIbHON JJIUTEILHOCTHIO CTe-
puin3anuu, Obuta 00paboTKa B TeueHHe 7 MUH B
(0,1%) pacteope HgCl, (20,6% xu3HeCIOCOOHBIX
moOeroB).

He BbIsiBJICHa KOHTaMUHAINHSA in Vitro 1moOeros
BHHOTPAJIa TI0CJI€ KOHTPOJIS YHCTOTHI Ha CIIeTHAaIIH-
3UpOBaHHOM cpene 523.

JlJIs MUKpPOKJIOHAJILHOTO Pa3MHOXKEHUS OBLIH
npoTecTupoBaHbl 10 BApUaHTOB MUTATENbHBIX CPE/I.
Ycranosneno, uto pH 5,7 ABnsieTcs onTUMaibHbIM
JUISL pOoCTa M pa3BUTHS in Vvitro moberos. JlobaBme-
HUEC B MHUTATEIbHYIO cpely Oakrtepurmma PPM™
BBI3BIBAJIO HEKPO3 MPOOMPOYHBIX paCTeHUN. Y BEH-
yenue KoHuentpauu BAII no 1,0 mr/a 6naromnpu-
SITCTBOBAJIO TIOSIBIICHUIO HOBBIX ITOOETOB. Y BeJye-
uue xonmentpanuu 'K u T3 na KP u xauectBo
o0OEeroB BIHMSIHUSL HE OKa3aJlo.

BrisBiieHo, uto mis THOpHIOB BHHOTpama DV-
10/11 u KV-2/9 Beicokuii KP Obu1 Ha nmuTaTeabHON
cpexne: Ne 1, 7, 8. bblia BelieTIeHa MUTAaTENNbHAS Cpe-
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K¥YPAMbBIHAA ®OC®OP BAP TEXHOTEHAIK KAAADBIKTAPADIH,
TMAPOBHUOHTTAPTA OCEPI

JK.I11. PaxumoOepaueBa’ , A.W. KymanynaeBa’

KypambiHaa docop 6ap KaAAbIKTapAblH TMAPOOMOHT ar3arapra ocepi 6GoibiHIWIA 3epTTey
HaTuXeAepi KeaTipiareH. KypambiHaa ochop 6ap KaAAbIKTapAbiH (LIAGMAAP MEH  LIAAKTap)
rMAPOGMOHTTApFa acepiH 3epTTey Ke3iHAE TMAPOOMOHTTAPAbIH SPTYPAI >KYMEAi TonTapbl TecT-
HbICaH aF3aAap peTiHAe MainAaAaHbIAAbL: AMATOMAbI GaaablpAap: Sinedra ulna, Navicula gracilis,
Amphora ovalis, Pinnularia viridis, 6ip »acywaabl xacblA 6arsbipaap: Scenedesmus guadricauda;
Scenedesmus protuberans, Chlorococcum sp., Chlorella vulgaris, unanobaktepusinap: Oscillatoria
limosa, kapanarnbimablrapaaH: Amoeba proteus, Amoeba limax, Euglypha acanthophora, Parame-
cium sp., Vorticella convallaria, ombipTKacbizpap: Colpoda steinii, Rotatoria, Calldina, Aeolosoma,
Nematoda. KypambiHaa docchop 6ap KaAABIKTAPAbIH, CbiHAMaAapPbIHbIH YbITTbIAbIFbIH OMOTECTIAEY
apKblAbl 6araay HOTMXKEAEpi MAAHKTOHADBI XKaHe BGEHTOCTbI aF3aAapFa YbITTbl 8Cepi CaHAbIK-CanaAbik,
napameTpAepiHe 6anAaHbICTbl eKeHiH kepceTTi. KypambiHAa hocdop 6ap WAAKTap MEH WAAMAAPAbIH
1,0£0,1% KOHUEHTpaUMSICbl TecT-aF3aAapra GeACEHAIAIKTepiH apTaTtbiH acepi 6ap KOHUeHTapuus
€KeHi aHbIKTaAAbI, KAAAbIKTap KOHLIEHTPaUMSICbiHbIH oAaH api 10,0+0,9% AeliH apTybl ybITTbl 8cep
eteai. CoHbIMeH KaTap, KypambiHAa hocdop 6ap wAam WAakKa KaparaHAa YAbl GOAbIN TabblAAbL. Syn-
edra ulna, Amphora ovalis, Rotatoria, Calldina sp., nHAMKaTOp aF3aAap peTiHAE aHbIKTaAAbI.

TyitiH ce3aep: KypambiHAa hocchop 6ap Liaam, KypambiHaa dochop 6ap LWAAK, OTKIp YbITTbIABIK,
CO3bIAMaAbI YbITTbIAbIK, FTMAPOBUMOHTTAP.

A. Akhmet', A.U. Issayeva'’, Zh.K Ospanova? K. B.Tlegenova?,
Zh.Sh. Rakhimberdiyeva', A. I. Zhumadulayeva?
1TM. Auezov South Kazakhstan University, Kazakhstan, Shymkent
2Central Asia Innovation University, Kazakhstan, Shymkent
3Shymkent University, Kazakhstan, Shymkent
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The effect of phosphorus-containing technogenic
waste on hydrobionts

The results of studies on the effect of phosphorus-containing waste on hydrobiont organisms are
presented. When studying the effects of phosphorus-containing waste (sludge and slag) on hydrobionts,
different systematic categories of hydrobionts were used as test objects: species of diatoms: Sinedra
ulna, Navicula gracilis, Amphora ovalis, Pinnularia viridis, unicellular green algae: Scenedesmus gua-
dricauda; Scenedesmus protuberans, Chlorococcum sp., Chlorella vulgaris, Cyanobacteria Oscillatoria
limosa, protozoa: Amoeba proteus, Amoeba limax, Euglypha acanthophora, Paramecium sp., Vorticella
convallaria,, invertebrates: Colpoda steinii, Rotatoria, Calldina, Aeolosoma, Nematoda. The results of
biotesting samples of phosphorus-containing waste showed that the toxic effect on planktonic and ben-
thic organisms depends on the quantitative and qualitative parameters of phosphorus-containing waste.
It was found that the 1,0£0,1% concentration of phosphorus-containing slags and slurries turned out to
be non-toxic, a further increase in the concentration of waste to 10,0+ 0,9% has an acutely toxic effect.
At the same time, phosphorus-containing sludge turned out to be more toxic than slag. Indicator spe-
cies were identified: Synedra ulna, Amphora ovalis, Rotatoria, Calldina, which are eliminated from the
composition of hydrobiocenosis.

Key words: phosphorus-containing sludge, phosphorus-containing slag, acute toxicity, chronic tox-
icity, hydrobionts.
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Kypawmbiana pocdop 6ap TeXHOTSHIIK KalABIKTapIbIH THIPOOHOHTTApFa dcepi
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Bansinne chocdropcoaepikalliMx TeXHOreHHbIX OTXOAOB
Ha TMAPOOMOHTDI

[MpuBeAEHbl pe3yAbTaTbl MCCAEAOBAHMI MO BAMSHUIO hochopcoaepyKaliMx OTXOAOB Ha
OPraHM3MbI-TMAPOOMOHTLI. [pn M3yueHun BO3AENCTBUS (POCHOPCOAEPIKALMX OTXOAOB (LIAaMa M
LUAAKA) Ha MAPOOMOHTbI, B KauyecTBe TeCT-OObeKTOB MCMOAb30BAaAMCh pPasHble CUCTEMATMYECKUe
KaTteropmMm rmApoOUMOHTOB: BMABI AMATOMOBBLIX BOoAOpocAen: Sinedra ulna, Navicula gracilis, Am-
phora ovalis, Pinnularia viridis, 0AHOKAETOUHbIX 3€AeHbIX BOAOPOCAen: Scenedesmus guadricauda;
Scenedesmus protuberans, Chlorococcum sp., Chlorella vulgaris, umano6aktepuin Oscillatoria limosa,
npocrenwmx: Amoeba proteus, Amoeba limax, Euglypha acanthophora, Paramecium sp., Vorticella con-
vallaria, 6ecnossoHoutbix: Colpoda steinii, Rotatoria, Calldina, Aeolosoma, Nematoda. Pe3yAbTaTbl
oroTecTnpoBaHmna npo6 (ochopcoaepKalMX OTXOAOB MOKA3aAM, UYTO TOKCMYECKOE BAMSIHME Ha
MAQHKTOHHbIE M OEHTOCHbIE OpPraHM3Mbl 3aBUMCUT OT KOAMYECTBEHHO-KAUECTBEHHbIX MapameTpoB
dochopcoaeprKalmx oTxoA0B. YcraHoBAeHo, uto 1,0+£0,1% KoHueHTpaums docchopcoaep KaLlimx
LUAAQKOB M LIAAMOB, OKa3aAaCb He TOKCMYHOM, AAAbHENLIee yBEAMYEHME KOHLEHTPaLMM OTXOAOB
A0 10,0+0,9% okasbiBaeT OCTpO TOKcMyeckoe aenctsue. [pu 3ToM, dochopcoaeprkatlimii waam
0Ka3aAcs 60Aee TOKCUYHDIM, YEM LLAAK. BbisIBAEHbI MHAMKATOPHbIE BUAbI: Synedra ulna, Amphora ova-

lis, Rotatoria, Calldina, koTopble 3AMMUHMPYIOTCS M3 COCTaBa rMAPOGMOLIEHO3a.
KatoueBble croBa: hocchopcoaep kallimii lWaam, pocopcoAep>Kallimif LAAK, OCTPas TOKCUMYHOCTb,

XpoHN4yecCcKad TOKCMYHOCTb, FI/IApO6MOHTbI.

Kipicne

Kazakcranma Tay-KeH OHIIpiCIH urepyacH
KaJIFaH MUHEPAJJIBIK TEXHOTEH/II KaJlJbIKTapIbIH
apTybl  ayKbIMJIbI  SKOJOTHSUIBIK  MOCEJeNepre
artnanrad. CTaTUCTUKAIBIK MOJIMETTep OOMBIH-
ma pecrny0Oiauka TeHiperinae 31,6 MIPA T XKYBIK
OHEPKICINTIK KAIIABIKTAp, OHBIH immiHae 700 MbIH T
actaM KypaMbIaaa (ochopbl 0ap nuIaK KaJaabIKTap
JKuHaKTanrFad [1, 2]. AmBIK aya acThIHIA KATKaH
OHIIPICTIK yNbl KaJABIKTap KeJ, >KaHOBIp cal-
JapblHAH Kep acThl JKOHE XKep YCTi Cy KesaepiHe
etir, (UTOLEHO3 OCH 3001IEHO3/IapFa, €H 0acThICHI
ajaMjap JeHCayJIbIFbIHA 3anaigap kentipexdi [3,4].
®docdop KOCBUIBICTapHl yIIbI, OHBIH 8,2-8,4 Mr/1
meutiepi I[TJIK —naH ceri3 ece korapbl. M.F.J1., TIPO-
(heccop N.O. baiinayier )ypri3areH MeAUIIMHAIBIK
3epTTeyJIepiHe 03 METiHeH aCKaH KOHIICHTPAIIHs1a
(hocdop KOChUIBICTAPHI aIaAMHBIH XKYHUKE, aC KOPBITY,
TBIHBIC Ay, KYPEK-TaMbIp, CYHEK, PerpoyKTHBTI
JKOHE DHIOKPHHIIK KYHenepiHiH (YyHKIHUICHIH
3aKbpIM/Ial, ara3aja MHTOKCUKAIUS TYbIH/IaTKaHbIH
KepceTkeH [5,6], anm docdop 1,2 mr\n memmepae
(hroopo3 ayweIpbIH TYIOBIpansl [7,8]. YIBUIBIFBEIHA
KapamactaH, (ocdop cy OaaabIpbl KOpETiHIH
HEri3ri ko3l OONBIN CaHalajabl, anaiaa OHBIH
peTCi3 MeJIIepiHiH apTybl dBTPOPUKANNS YPIiCiH
TYFbI3aJIbl, CaJilapbIHAH CyJarbl OHOreHHI 3Jie-
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MEHTTEp >KOFapbUIall, KOK-)KAChLI OallbIpiiap IbiH
KeOeIOHe oKeTe i, oJTapaad 0eJTiHIeH TOKCHHICPIHIH
OCEepiHEH OTTeri IKEeTICHEeYUIIri  TybIHJalIbl
Jla Cy ar3alapblHbIH KbIPbUIYbIHA cebern Ooia-
oel [9,10]. Onmemaik Toxipubenep MHHEPATIBIK
TEXHOTCH/TIK Ty31TiMaepIiH YBITTBIIBIFBIH
Oarayiayya OMOTECTiNICYy OMICIH THIMJI EKEHMITiH
KOPCETTi, HETI3ri HBICAH PETIHIAE — TECT-HBICAH
ar3anapapl KOJJaHzAbl. buorecriney MeH OwWo-
WHJMKAIMS ~ CajachlHAarbl KOINTEereH IIeTeNIIK
JKOHE OTaHJBIK 3epTTeyjep, COHbIMEH Karap (oc-
($op  KalIBIKTApbIHBIH  YBITTBUIBIFBIH — Oaranay
HOTIDKEJepi  OOMBIHINIA  FBUIBIMA  JKYMBICTap
ke3meceni [11-15]. erenaik 3eprreynepae doc-
(Gop KaNJIbIKTAapbIHBIH KYpPaMbIHIA CHPEK IKep
anemenTrepiniy (CXD) Mmemnepi »orapbl 001IATHI-
HBI Kepcetiteni [16,17], LLIBIMKEHT K. KypaMbIHIA
dochopsl  Oap  KaIJABIKTAPAbIH  AJIEMEHTTIK
KypaMblH/Ia CHPEK JKep AJIEMEHTTEpiHEH, acipece
La, Ce, Nd yeci »orapsl 00JaTBIHBI, (ochOopIIbI
KaJJIBIKTapbl KYpaMbIHIa TapajfaH MUKpoar3ajap
apKbUIbl Oaraibl KOMIIOHETTEpHi Oeim aryIbIH
THIMIUIIT] 3€pTTEINIMN, TaHBICTRIPHUIALI [ 18], cOHBI-
MeH KaTap LLIBIMKeHT K. (hochop KaIbIKTapbIHIAFbI
MUKpOAar3ajap  MONYJSIUSICHIHBIH  TapajbIMbI
ampikTanael [19]. CXKD keiibip Mukpoar3airap
YIIiH YBITTHI OOJBIN KeTyi MYMKIH, KaJJILIKTap IbIH
KypaMblH/Ia Ke3[eceTiH Oacka MeTajl HOHJapblHA



A. Axmer xoHe T.0.

Tipi aF3anap ce3iMTaJIbIFbl 9PTYPIIi AeHTeliae Ooma-
1e1 [20-22]. OceiFaH opaif 3epTTey KYMBICBIMBI3IBIH
MiHETTepiHiH Oipi O0NbIT KypaMbiHAa (GOChOpHI
0ap KaJABIKTapJAblH TECT-HbICAaH aF3ajapra dcepiH
Oaranay apKbUIbl OMOJOTHSIIBIK KAaCHETIH 3epTTey
007 71BI.

3epTTey MaTepuaAapbl MeH JicTepi

3eprTeyaiH Heri3ri HbicaHbl periHae LbmM-
KCHT K. OpHajackaH (ochopibl KaJIBIKTAp Maii-
JanaHbpUIIBl. BHoTecTiney Kypridyne TecT-HbICaH
ar3a peTiHAe Cy ar3alapbiHBIH OpTYPIi KyHemik
TONTapbl KOJIAHBUIIBI, oiap: Oip jKacyImaibl jka-
ChUT MUKpOOansipiap: Scenedesmus guadricauda;
Scenedesmus  protuberans, Chlorella vulgaris,
Chlorococcum sp., >acbul >Kimmreni OammsIp-
nap: Spirogyra porticalis, Cladophora glomerata,
opTypUii Oip *Kacymansl AUATOMABI OaAbIpIapIbIH
Typaepi: Synedraulna, Naviculasp., Amphoraovalis,
Pinnularia viridis, nunano6axrepusinap Oscillatoria
limosa, Oscillatoria  tenius, KapanaibIMIbLIap
Amoeba  proteus,  Euglypha  acanthophora,
Paramecium multinucleus, Vorticella convallaria,
ombipTKaceaap: Colpoda sp., Rotatoria, Callidina,
Aeolosoma, Nematoda.

3eprreynepae KOJIIaHBUIFaH BIIBICTAP
0aKTepUOJIOTUSUIBIK OaFapiaMaiaHFaH aBTOKIaBTa
(CIII'A-100-1-HH Ne 141) 3amancei3nasHappy Ta-
JanTapblHa cail 3aiaiChI3AaHIBIPIIAbL. DKCIepH-
MEHTTEP KYPri3y/ie 3a1aichI3anIbIpbuFan 250 it
KoJ0amapra MuIaK JKoHE IIIaM TypiHzeri ¢ocdop
KaJJIBIKTapbIHAH ~ChIHAMAJIAP OJIIICHIN aJIbIHBII,
THIFBI3ABIKTHIH CYUBIKTHIKKA (T:C) 1:1 KaThIHACKIHIA
1,0+£0,1%, 5,04+0,3%, 10,0+0,9% nurak >xoHE 1LIAM
KOCBLIFaH epiTiHAIep MaibiHaanabl, JaiibiHaanran
epitigainepai 30 MuH. IIaiikanTmaga apanacThl-
peuiael, pH mopexeci 7,0+£0,7-8,5+0,8 omnci3 cinrimi
JIOpEKEH] Kypajbl.

Taxconomusanviy ~ 3epmmeyaep:  BEHTOCTBI
ar3aJIap/IblH KaJABIKTAP/IbIH YBITBIHA OCEPIICHICIH
aHbIKTAy apHaibl  QMICTEMENK  HyCKayJapra
cyiieHe OTBIpbIn [23] KYpri3uigi, THAPOOHOHTTHI
ar3aJlapIblH TYPJIIK TaKCOHOMHUSCHIH aHBIKTAy/a
apHaiibl AHBIKTAFBINTAD KOJNAAHBUIABI [24, 25].
«Komkap ara» ©3¢HIHEH alblHFaH THIPOOH-
OHTTAp aj’paTtopiiapbl Oap MIBIHBI aKBapUyMIap-
nma ecipimmi. OHraiisl Temmeparypa 22-25°C.
Okcnepumentrep kyprizyae eotkip (0-men 3
caraTka JIeHiH) JKOHE CO3BUIMANBl  YBITTBUIBIK
(12, 24, 48, 96 carar) OakbUIaHIbl. [ MIPOOHOHT-
THI aF3ajapiblH JKalmbl caHbl Jlpyne mkanacel-
MeH Oaranmauap! [26]. Docdopisl MUTaM MEH IUTaK
YITUIEpiHIH TeCcT-HbICAaH ar3ajlapFa  YBITTBUIBIK

ocepiH aHbIKTayAa jKacyllajapAarbl LUTOIUIA3-
Ma MEH IPOTOIUIACTAPBIHBIH ©3Tepici, IMIa3MOIH3
KYOBUIBICHI, XpoMaTo(opanap MEH KacylalapIbH
TYCCI3[IeHyl, KOPEKTeHY, 9JCi3 KO3FalbIC, XEMO-
TaKCHC, Kacymanap MOP(GOIOTHICHIHBIH JKOHE
CaHJBIK  KOPCETKIIITEpPiHIH  e3repici, IMCTa
Ka0aTTapeIHBIH Maiga Oonybl, OeliHy, KeOer,
OeifiMIey Tk ypaicTepineri e3repictep Oakpiia-
HBIII, €CETIKe aNBIHABL. [ MAPOOHOHTTHI aF3aiapaarsl
MOp(GOMETPUKAIBIK ©3repicTepai 0aKplIay MHKpO-
CKOIMSITBIK OMIiCTep apKbUIBI skyprizimm, MCX100
Ne3-101752 Micros (Austria), MukMen-5 (Peceit),
Tayoda (Japan) mapkajiel MHUKpPOCKONTap Maijaa-
TaHBUIARL. Toxipubenep yImI peTTeH KaWTalaHBIIL,
CTaHJIAPTThI aybITKY MoHIH 0,95>P>0,80 nenreitinme
ecenTeninai. Op ToKipuOe OaKplIayFa ColKec Kei.
Bbaxpinay perinae Taza cy maiinaiaHbUIIbL
Cmamucmuxanwly — manday. 3eprreyiepiy
CTaTUCTUKAJIBIK OHJeYyJepiH xyprizyne Microsoft
Excel 2010 xommbproTepiik OarmapiaMachbIHBIH
«JIepeKTepAl Tanjgay» KOCBIMINACH KJJIAHBUIIBI.
JlepekTep I KHUBIHTBIFBIHAAFBI  AMBIPMAIIBLIBIKTAD
IYPBICTRIFBIH Oaramayna 5% nerreitinne Crbio-
JICHTTIH t-KPUTEPHidl KOJIaHBLIBII, ecenTei [27].

3epTTey HITHKeIEPi MeH Tajaayaap

3epTTey  HOTWXKeNepi KepceTkeHaed  doc-
tdop xanmgplkTapeiHBIH (nwiak, muam) 1,0+0,1%,
5,0£0,3%, 10,0+0,9% KOHIIEHTpAIUAChIHA TECT-
aF3aJlap/IblH  9CEepJICHICTepl opTypii JAspexene
oonael. Ilmak Typingeri ¢ocdop KalabIKTapIbIH
YBITTBUIBIK Jopexecin Oaranmayna 1,0+0,1% kon-
LIEHTpalUsi— TeCcT-aF3ajapra OeJCeHIipyI acep
oeperini, am 10,0£0,9% xkoHIlEHTpamus MIIaM
TYpiHIle— YBITTBI, TEXEYyIli KOHIEHTpauusi 00-
JIBITT KYPTi3UITeH 3epTTeysiep HOTHKEIEPl apKbUIbI
HAKTHUTAH/IbI.

1,0£0,1% w™emmepne ¢dochop mLIAKTapBIH-
na Oip skacymansl skaceln Oanmelp C. vulgaris
KO3FAJILICTAphl ~ OCJICEHIN, TIPIIIIK OpeKeTiHe
BIHFAMIBI ocep OeperiHi aHbikTajica, an 5,0+0,3%
KOHIIeHTpaIus1a 48 caraTTaH KeiiH TecT ar3ajapia
WHITUCTHPIICHY YpAiCiHE TyCyi KeOeilin, arzamapra
QJICi3 YBITTBI ocep OepeTiHi aHBIKTANBIHABL. Al
nutakteig 10,0£0,9 % xememai Menmiepii KOH-
[IEHTPAIUACHl aJIFalIKel 1-2 caraTTa oJIci3 IIIa3-
MOJIU3 ocepl TYBIHIATAAbl, OTKIP YBITTBUIBIK
Oenrici Oaiikamanel. 24-48 caraT apaibIFbIHIA
KapanaibIMIbUIap/IblH CAHJBIK KOPCETKII «KOTD»
KOPCETKIIITEeH «OpTalla» KOPCETKIIIKE TOMEH IETeH1
Oaifkanpl, Tek Kapamaibivabuiapasie 10,0+0,9%,
OanapipnapasiH 33,44+0,3% TYpaKTBUIBIK caKTai
annel (1-cypert).
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20 20 20

Typ.1epain canbl
[
o

17 it

12
15 6
10
: e
0

GaxpLIay

Ilmax 1%A Illmak 1%bB  IIlmak 5%A IIltak 5%b IIlmax 10%A IIlnak 10%b

ToxipHGeHIH HycKanapbl

B amprodropa

TpoTo300(hayHa+OMBIPTKACHI3ap

Eckepry: lnax 1,0 % memmepi A — 24 carar; llnax 1,0 % memmepi b — 48 carar. Illnak 5,0% Mermepiti KOHIIEHTPAIUSCH
A — 24 carar; lnak 5,0 % xonuentpanusicel b — 48 carar. llnak 10,0 % memnmepi A — 24 carar;
[nak 10,0 % xoHneHTpanusice b — 48 carar.

1-cypeT — ['MIpOOHOHTTEI TeCT — aF3aNapAbIH TYPIIK XKOHE CAHABIK KypaMbIHA
(ochop KaABIFBI NITAKTaP/IBIH dPTYPIIi KOHIIEHTPALMSICBIHBIH ocepi

HInmaxter 5,0+0,5% w™emmepae amramksl 1-2
cararTa TecT—ar3ajap/a OTKip YBITTBUIBIK Oenrinepi
xpomarodopanapbiHbIH JKUBIPbUTYbIHAH OalKaJIbl.
24-48 carar apalbIFbIHAQ KYPTTap TYBICHIHBIH
Rotatoria, Callidina, Aeolosoma,  Nematoda
OKiJepl MHIMCTHpIEHY Yypaicine tycti. Keiibip
KapanaisIMabLIap XKacymmacel P.aurelia, P.caudatum,
P.putrinum, P. omrelia, P. multinucleus, S. mytilus,
C. steinii, V. convallaria, B.lens Tycci3aeHirl, KAMBLT
KO3FaJIBICTAphI OastyiaraHbl Oaiikaica, Oip KacyIma-
JIaJIbI MUKPOOAJIIBIpIIap/Ia 9JICi3 IJIa3MOJIN3 PeaKily-
SICBI TIaii1a OOJIIBI.

10,040,9 % xoHIEHTpaIusa TecT-ar3aJap/IbIH
Kayarm ocepi, Ce3IMTalABIFbI OpPTYpi  OOJIIBL
Anramkel 1-2 caraTTta ©TKIp YBITTBUIBIK HBIIIAHBI
OJIAPBIH KACYIIACBIHIAFbl XPOMAaTOPOpaIapbIHbIH
TYHIpIIiKTENin, TUIa3MOJIM3  peakuusIapblHa
TYcyiHeH KepiHai (2-cyper). 24 caraT ©TKEHHEH
KeWiH TecT-HbICaH Iap/ia BAKYOIICP IiH HKHUBIPBLTYI,
KO3Fajibic Oastynaybl, COHAAW-aK KapamanbiMap
MeH OanablpiaplblH  CaHABIK  KepPCeTKiTepi
«KOT»  KOPCETKIMTEH «CHPEK»  KOPCETKIIITE
TOMEH/IETeH/IeTeH1, KeHOip TecT-HbICaH ar3aiapIblH
MYJIJIEM SKOUBLIFAHBI Oenrini 60yael. Al Oy peTTe
Oip JKacymramsl >KachUl OaimbIpiapiiapAblH Kacy-
miajgapelHaa TYCCI3/IeHY YPAICIHIH HBIIIAHBI Tai-
na Oongpl, LUTOIUIA3Ma, BaKyoJepi MEH jKacylua
M HIHIH CO3bUTYBI OalKaael. 48 caraTTaH acKaHIa
Oip ’kacymrajbl JKachUl OalibIpiap MEH I[HaHO-
OakTepusiiapaa OeHiMACYLIUK peakuusIapbIHbIH
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KaJBINTACYbl, JKACyllallap CaHbIHBIH apTybIHAH
KepiHic anapl. An muanoOaktepusuiap O. limosa,
O. tenius KaJaIbIKTap YBITTHUIBIKTBIH OapJIbIK KOH-
NEHTPALMSICHIHIA TYPAKTBUIBIK KOPCETTi, ar3a
KacylanapblHIa eIIKaHAald Kapchl peaxiusiiap
OalKasMabl.

Anatina 48 caraTTelKk Oakpimay MeH 30 KyH
apanarbiana Chlorococcum sp., C. vulgaris 0an-
IOplpiap oKacymiacblHIa —OeHimaeyminik — peak-
OUsIap  KaJIBIMTacKaHbl  OalKalIbl, TipIIUTIKTIK
OeJiceHAlTiKTepl apThIN, JKacyllaiap CaHBIHBIH
keberoi OalikanbiHABl (3-CypeT), caHIblK Oaranay
KOPCETKIII «OTe KOID» KOPCETKIMIKE KOFAPBLIAILI.
OcpsiraH opaii inanobakrepustiapaad O. limosa, O.
tenius, muatToMasl P. tricornutum, C. ventricosa, 0ip
JKacymaisl xaceln Oammeipiap Chlorococcum sp.,
C. vulgaris Te3IMILIIK JEHredl KOFapbl ar3anap
KaTapbIHA JKATKBI3BUIIbI.

2-1m1i 3epTTey HBICAHBI PETiHIE ajblHFaH (oc-
¢dopibl  UIAMHBIH ~ TeCT-aF3ajlapFa  YBITTBUIBIK
ocepin 3eprreyaeH 1,0+0,1% -5,0+0,3% omnci3 ybIT-
161, 10,0+£0,9% KOHIIEHTpaMsITaH KOFAPHI YBITTHI
KOHIICHTpAIHsI OOJIBIN aHBIKTAIIIbI.

1,0+0,1% xenemai Memmiepsi KOHLEHTpaLUs-
Chl 0aKpIIay HYCKAMEH CalBICTBIPFaHIa THAPOOH-
OHTTHI ar3aJiap/ibIH CaHJIbIK KOPCETKIIII e3repiccis,
aNFalIKpl MUHYTTapJa TECT-aF3a JKacyllanapblHaa
QJICi3 TYHIPIMIKTENY PEaKIus HBIMIAHBI OaifKasmbl,
Oyl KyOBUIBIC OTKip YBITTBUIBIK JKayanTapbIMeH
TYCIHAIpLII.



A. Axmer xoHe T.0.

Eckepry: a — Toxipubere nieiiinri; 9,0 — ToxipuOeeH Kerinri

2-cyper — TecT — ar3anap »acylIachbIHIaFbI AJICI3 JIa3MOJIN3 PEAKIUsIAPbI

A

)
a — Tokipubere JeiiHTi ; @ — 24 cararTaH KeifHri; 6 — 48 carartan keiinri; B — 30 xyHze.

b B

3-cyper — C. vulgaris 6GanasIpbIHBIH KypaMbIHa Gochopbl 6ap KaIAbIKTapIbIH
10,0+0,9 % KOHIEHTpAUACHIH/A 6CY TMHAMUKACHI

5,0+0,3 % kenemai Memiiepsi KOHLICHTPALUS-
na 1-2 cararTta ar3anap jKacyllachlHIa Kapchl XKa-
yar 9CepJICHICTEPIHEH OTKIp YBITTBUIBIK Oelriyiepi
naia OosFaHbl OaliKanbl, XpoMaTo(opasapbiHbIH
TYHIPLIIKTENy, BaKyOJs JKHUBIPBUIYbI, KO3FaJIbIC
OeNICeHIUTIKTEPiHIH TeMeHaeyl Oaiikanapl. OTKIp
VBITTBUIBIK 9cepl JKachll OKiIIIen Oanasipiaap
C.glomerata, S. porticalis >xacymacelHIa OpPbIH
aJIFaH TUIa3MOJIU3 peakusIChiHAH Oaiikanabl (4-cy-
peT). 24 ToyMiKTEH acKaHJia TecT-aF3anapIblH Kacy-
1Iajgap caHbl OpTalla KepCeTKIlIKe TOMEHIET, Keoip
ar3ayiap JKOMBUIFaHbI Oalikanubl. banasipiapibia
KO3FaJIBIChl Oastylaijipl, ®acymia xpoMarodopaa-
pBIHAA TYHipIIiKTeNy TIiTIpKEHICTEepl OpBIH ajbl.

KacyllachblHIa Maiaa OoJIFaH 9JICi3 TIa3MOJH3 pe-
AKIMSICBIHAH KOpyTe 00ajibl

24 caraTTa KapamaiWbpIMaap ar3achlHla Co-
3bUIMAJIBI  YBITTBUIBIK 9cepi maiija Oongpl, A.
proteus, A. limax, Aspidisca sp., E. acanthophora,
P.aurelia, P.caudatum, >xacymanapbl Killlipewuirl,
KO3FaJIbICTaphl TOMEH/IETEHI OpbIH anjbl, 48 carar
eTKeHAe LucTasaHapl. 24 cararra Oip ’kacymia-
el S. guadricauda, S. protuberans caHbl cupei
TycTi, an Kprrapaan Aeolosoma sp., Nematoda
sp., Rotatoria sp., xacymamapsl KOWUBUIIBI,
KOPCETILIreH TeCT-aF3ajiap yhITTHUIBIKKA TO3IMJILIIT
TOMEH ar3ajap KarapblHa JKaTKbI3buiIbl. CO3bLI-
MaJslbl YBITTBUIBIK Oenrinepi 48 caraT KeseMiHze
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Oiminai, Oanaplpiap >KacylIachIHBIH XpoMmaTodo-
pamapsl TYWIpIIIKTETyiMEH Karap, >acyllajapbl
TYCCI3ACH/I.

An 10,0+£0,9 % KOHLIEHTPALUSHBIH YBITTHUIBIK
ocepiH Oakpurayna ajFamkbl 1-2 caraTTarbl OTKIp
VBITTBUIBIK dCEpl TecT-ar3ajiap/ia JICi3 IUIA3MOJNN3
peaKIMsChl apKbUIBl KOpiHai. 24 caraTra OakpuIay
HyckaceiMeH canbicTeipradna 10,0+0,9 % mmam
KOCBUIFaH HYCKanapJa TecT-ar3ajaplia CO3bUIMAIIbI
VBITTBUIBIK Oenriiepi opbelH anfpl, Oip jKacyllasisl

skaceul Oangwipnap Chlorococcum sp., C.vulgaris
JKacyIanapsl TyccizzieHe Oacranel. 48 caraTTaH co-
3BUTMAJIBI YBITTBUIBIK TYBIHAAIBI, MHKPOOAIIBIPIAp
S. guadricauda, S. protuberans nien quatoMpl Oa-
nbipaapnad S. ulna; A.ovalis. xacymanap KypbUIbIMbI
OY3bUIBIN, TO3IMCI3MIN CaHJIBIK KOPCETKIIMITEPIHIH
TeMeHzeyiHeH Oaiikanapl CaHABIK KepCeTKilmTepi
«KOTD» KOPCETKIMITEH «CHPEK» KOPCETKIIIKe TYCTi.
48 cararrta S. guadricauda, S. protuberans, xen0ip
KYpTTap ar3achl )KOUBbLIIBL (5-Cyper).

a — OakpuIay (meitinri), o — Toxipuoe (KeHinri)

4-cypet — C. glomerata (1), S. porticalis (2) pochopisl MUTAMHBIH
5,0+0,3 % xexemi MemmIepiIi KOHIEHTPAUSACHIHA 1-2 caFraTThl OTKIpP YBITTBUIBIKTEIH dCEPIHE PEaKIHSCH

10,0+0,9 % xoHIIEHTpanKA1a KapamalbIMIbLIIap
ar3achl YUIH /€ YBITTBI caHanabl. MH)y30pusuibI-
Jap THUMIHIH OKUIAepl YBITTBUIBIKKA TO3IMILUTIT]
TOMEH ar3ajap KaTapblHa >KaTKbI3bULABI, ceOeli
nH}y30pusUIbLIapAbGIH,  Kemuriyiri 24 cararrta
KOWBLIABI, anm E. viridis >acymamapblHBIH ©cy
KOHE JlaMy KepCeTKilli TypakTel Oomnabl. 30 KyH
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apaipIFblHAa  Oedimueymiinmik — Oenrijepi  maiina
Ooupln, emipmieHmikrepl Ty3iami. Omap: 1mMaHo-
baxrepusimap O. limosa, O. tenius MEH Kachll
oanasipnap. Chlorococcum sp., C. vulgaris 6ansip-
Japbl TIPWITIKTIK OelICceHAITIKTepl MEH KapKbIHbI
KoOeI0iH KaMTaMachl3 eTeTiH OeHIMICYIIIITIK peak-
LUSUTAphl KAJIBINTACKIIN, Oarajiay KOpCETKIlll «oTe
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KeI» KOPCEeTKIIIKe >KOFapbUIaraHbl aHBIKTAJJIBL.
JuaroMasl OanaplpiapiAblH  OKUIAEpiHAE IIIa3-
MOJIN3 peaKIMsUIapbl TYBIHAAMIBI, JKacylIagapbl

TYCCI3JICHIN, KO3FajbIChl Oasynaabl, 48 caraTTaH
KeHiH kacymanapaa OeHiMIeyIiTiK peakusIapbl
KaJIBINITACHII, KOOSO YPAIC OpbIH ajibl (CypeT 6).

a — Oakpuiay; o — 24 carar, 0 — 48 carar
a — OakpuIay (meitinri); 9,06 — ToxxipuOe (keifinri)

5-cypet — HlnamusiH 10,0+0,9 % KOHICHTpAIMSICBIHA THATOMIBI OANIBIpIAD
JKaCyIIAChIHBIH TOXIpuOere EHiHT1 ®KoHe KeHIHT1 JKaFJaibl

Crustacea xnacwelHbIH okingepi G. lacustris,
D. magna 5,0£0,3%  KOHUEHTpaUUsACBIHAA
KHMBLI-KO3FalbIChl  Oasynam,  IIamiiaHIbIFbl
temenneni, an 10,0+0,9 % koHuenTpauusga, 24
caraTTaH KeWiH JNeTanJbl >Karaaiifa YIIbIpajibl.
Kosarev A. V. et al. [28] 3eprreynepinuae
masHTopi3ainepaeH D. magna men S. quadricauda

MuKpobanasipaapel Mn?* 0,05 mr/n KoHIEHTpa-
[HUSCHIHIA CE3IMTAIJBIFBI CO3BIIMABI YBITTHUIBIK
OenriiepiMeH OaiikasraH.

namaerg 10,0+£0,9 % KoHIEHTpaIUsACHIHIA
TECT ar3aJiapJblH CaHJbIK KOPCETKIIIN TOMEHJEIl,
KapananbIMABUIApAbIH, OamabipiaapasiH 27,7 %
TIPIIUTIK KaOlneTTepin cakran Kausl (7-cyper).
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a, B — OakpuIay (meiinri) 9, 0, T, F — ToxipuOe (KeHiHri)

6-cypet — ®ocop KanabIKTapbIHa JUATOMIBI OalABIPIAP/BIH PeaKIusIIapbl

Typrepin caHbl

bakbinay  LWnam 1%A  LWnam 1%6  Wnam 5%A  LWnam 5%6 Wnam 10%A LWnam 10%6

TokipHOeHIH HyCKaTaphl

W ancrodnopa

I NpOTO300(ayHa+OMBIPTKACKI3AAP

Eckepry: b — 6akpuiay; A — 24 carar; b — 48 carar

7-cypet — [uApOOHOHTTHI TECT — aF3aiap/blH TYPIIK jKOHE
caHJIpIK KypaMbiHa (HochOop KaAbIFbI HITAMAAPABIH dPTYPITi KOHICHTPALUSICHIHBIH dcepi

buorectiney  HoTmKenepi  KepceTKeHIeH,
maktelH  1,040,1%-  Gencenpmipymi ocepi  Gap
KOHIIGHTpAlMsi €KeHi 3epTeyjiep HOTHKECIMEeH
HakThuauabpl, 5,0+0,3% KoHIEHTpauuscel Oai-
ObIpIap MEH KapamadbIMIbUIap —ar3achl  YIIiH
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kayinciz,  10,0+£0,9%  xonnentpamusra  O.
limosa, O. tenius, Chlorococcum sp., C.vulgaris
CEe3IMTaJJIBUIBIFBI YKOFApPbl, TYPAKTBUIBIK KOPCETE
amagpl. COHBIMEH KaTap LUIAKTBIH IUIaM TYpiHe
KaparaHJia YBITTBUIBIFBl TOMEH OalbITHIHBI 3€PTTCY
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HOTIDKENEepl KepceTTi, an 1uaMm Typinae ¢ochop
KQJIIBIFBIHBIH YBITTBUIBIK KOPCETKIII JKOFapbl 00-
st kesi. Ocwiran opaid, 1,0+0,1% koHIeHTparust
VBITTBUIBIFBI JKOK, Oencenaipetin, 5,0+0,3% opra-
ma yeITTh, 10,0+0,9% mumamM yeITTBUTBIFBI )KOFAPHI
KOHIICHTpAITUS OOJIBIN CaHAJIIbI.

KopbIThIHABI

®dochopabl  KaJNABIKTapJbIH  YBITTHUIBIFBIHA
TO3IMILIITI KOFaphl ar3ajap KaTapblHa ITHaHOOAK-
tepustnap: O. limosa, O. tenius, *acwln OanmbIp-
nap Chlorococcum sp., C. vulgaris, nmuatomisl
OanmbpIpIapabIH KeHOip Typiiepi jKaTassl.

S.  guadricauda, S.protuberans, S. ulna;
Aeolosoma sp., Nematoda sp., Rotatoria, Callidina,
Crustacea exinguepi, G.lacustris, D. magna dochop
KaJIJIBIFBIHBIH  YBITTBUIBIFBIHA TO3IMIIUTIK JICHT el
TOMEH ar3ajap KaTapblHa JKaTKbI3bUIBI, OHO-
WHIMKAIUS MaKCaThIHJA MaijaiaHyra jKapaMbl
ar3aJiapra JKaTKbI3bLLIbL.

®dochopmer KanaprkrapaeH 1,0+0,1% koHICH-
TPaLMsChl TECT-aF3ajapra bIHTAJIAHIBIPYIIBI dCEpi
Oap, KanueiKkTap KoHIeHTparuschiHbiH 10,0+0,9%
JIeiiH apTybl OapJIbIK TECT-HBICAH aFr3aiapFa YhITThI
JICTAJIBIK dcepi Oap KOHIICHTpAIUsl OOJBIN CaHa-
161, ocdopiibl NIaM [UIAKKA KaparaHaa yibl 00-
JIBITT TAOBUIEL.
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