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B.C. AGykenoBa*

Kapaeanounckuil ynugepcumem umenu akaoemura E.A. Bykemosa, Kapazanoa, Kazaxcman

*Aemop ons koppecnondenyuu: abu-veronika@yandex.ru

K 70-neTnio Hayajia HAyYHOM AeATEJbHOCTH JHTOMOJIOTA M APAXHOJI0Ta
Huxkonas bopucosuya IlibikoBa

Kaparanguackuit yauBepcuter nMeHn akazaemuka E.A. BykeroBa ¢ MOMeHTa CBOEro 00pa3oBaHUs OTIINYAI-
sl BBICOKOIPO()ECCHOHAIBHBIMI HAYYHBIMH M IIEJarOTMIeCKUMH KafpaMu. Bo MHOrom 3to GbUIO ompererne-
HO TPEEMCTBEHHOCTHIO TBOPYECKOTO MOoTeHnMana KaparaHamHCKOro mefarormyeckoro MHCTHTyTa. CraThs
HOCBSIIEHa HAYYHOMY TBOpYECTBY Onectsiero npogeccuonana — ouonora Huxonas bopucosuua Ilnbixo-
Ba, JOIeHTa (aKyybTeTa ecTecTBo3HaHus [leqarornueckoro HHCTUTYTA. [10ydYnB IPaKTHYECKYIO ITOJTOTOB-
Ky B Jlaboparopuu sHTOoMonoruu Muctutyta 300morun Pecryonuku Kasaxcran, IInbsikoB criocoGcTBOBa
Pa3BUTHIO SHTOMOJIOTHUECKUX U apaxHOJOTMYECKUX HCCIEeJOBaHMH B CBOeM By3e. Bbul mepBbIM 3aBelyro-
mmM Kadenpoi 30omoruu (akynbTeTa eCTeCTBO3HaHMS KaparaHIMHCKOTO MeIarorniecKoro WHCTHTYTA C
1960 mo 1965 rr. 3aHuMacs CTAaHOBIICHHEM HOBBIX HANpaBlICHUH HAYYHOW paboTHI, MOIOUpai KaaApsl U Ha-
TIPABJLUT MX Ha pa3paboTKy (QyHIaMEHTAIbHBIX 300JIOTHUECKUX YIeOHBIX KypcoB. Ero HayuHBIe MyOIMKauu
10 OMOJIOTHH TOTIONIEBHIX BpeAWTeNeH, (hayHe W KOJOTHH MAyKOB, CITyCTSI MHOTHE AECSTIIICTHS, OCTAIOTCS
AKTyaJbHBIMH U [IEHHBIMHM HCTOYHHUKAMHU MH(GOPMALUH JUIsl COBPEMEHHBIX y4eHbIX. BbICOKHiT ypOoBEeHb IIUTH-
pyemoctr nanHbiX H.B. IllnbikoBa — pe3ynbTaT YHUKAJBHOW TOYHOCTH U COJEPIKATEILHOCTH, 00pasel Ha-
YYHO-MCCIIEI0BATEIbCKON pabOThI ISl MHOTHX ITOKOJICHHH €r0 YUSHHUKOB.

Kniouesvie cnosa: xadenpa 30070rud  (akymbTeTa €CTECTBO3HaHHS KaparaHIMHCKOTO TMEIHHCTHTYTA,
H.B. llneikoB, Bpemurenu BuaoB poxa Populus, Phyllonorycter populifoliella, Phyllonorycter apparella,

apaxHodayHna 3amagaoit Cubupu.

Pa3BuTHe >HTOMOIOTHYECKOTO HAyYHOTO HampasieHus B Kaparanmus-
CKOM IIeJJarOTHYeCKOM HHCTHUTYTE, a MO3KE B YHHUBEPCUTETE WM. aKaJleMUKa
E.A. BykeroBa Bcerja ObUIO TECHO CBSI3aHO C JICATEIILHOCTHIO JlabopaTtopuu
sHTOMOJNIOorMU MHCTHTyTa 300510THH Pecryommku Kazaxcran.

C 1950 r. B JIabopaTopuu 3HTOMOJIOTHH 10/ PYKOBOJICTBOM Mpodeccopa
II.1. MapHuKOBCKOTO CTaKMPOBAJIMCh HAYMHAIOLINE HMCCIENOBATENIN HACEKO-
MbIX-QHUTO(hAroB, 0COOEHHO BPEAMTENICH IIOA0BO-SITOMHBIX KYJIBTYpP M JIpe-
BECHO-KYCTAPHUKOBBIX MOPOJ. Y KaXKJIOTO MOJOJOTO CHEHUATNCTa U3HAYAIb-
HO OBUT CBOW OOBEKT WCCIICIOBAHUS: BPEAUTEIH JIOXa U TaMapHCKa, HIbMO-
BBIX, cakcayna, enu, Tonoisi. Hukomnait bopucosuu IIapikoB mipoBOAHIT COOp
MOJIEBOTO MaTepuania Ha fore Kazaxcrawa, rie ompenernsi 00ecredeHHOCTh
KOPMOBBIMH PECYpPCaMU U BO3MOXKHOCTH PACCEJICHUS BPEIUTENEH TOMOIEBBIX
HacaxaeHuil. B 1952 romy mMomozoi 3HTOMOJIOT yCTEUTHO 3alIuTri B AlMa-
ATe apccepTalrio Ha COMCKaHNE YUYCHON CTEIICHU KaHuaaTa OM0JIOrnIeCKUX
Hayk «Hacekomblie, Bpelsiue TOMOJEBbIM HACAXKICHUSIM B KYJIBTYPHOU 30HE
HeKoTOpbIX paitonoB KOro-Bocrounoro u FOxnoro Kazaxcrana». CornacHo

MOTPEOHOCTSIM CTPaHbl, IEPBOCTEIICHHBIM OBLIO BBISBICHUE BPEAUTEINCH CEIbCKOXO03SHCTBEHHBIX KYJIBTYDP U
pa3paboTka METOJI0B OMOJIOTUYECKOH 3alIUThl pacTeHui. CenuaiucThl JAHHOTO MPOQUIIs ObLITH HapacXBat
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B.C. AGykeHoBa

B celbcKoXo3sicTBeHHON oTpaciu. U Bce ke H.b. IllnbikoBa Oojblie mpuBiekana HaAydHO-TIeAAaroruaecKkas
nesTensHOCTh. [lo mocTymneHus B acnupantypy B Anma-Ate, B roasl Benukoit OtedecTBeHHON BOWHBI, OH
HECKOJIBKO JIET paboTaj acCUCTEHTOM B [1eTponaBioBCKOM yUMTENbCKOM HHCTUTYTE U OXHOBPEMEHHO YUMII-
cs1 B OMCKOM NeIaroruyeckoM MHCTUTYTE.

ITocne 3amuTe auccepranyu KaparaHquHCKUI MeAarornaeckuii MHCTUTYT CTajl HOBBIM MeCTOM pabo-
ThI CHEIMATUCTa-IHTOMOJIOTA, NEJIUBIIErOCsl CBOMMHU 3HAHUAMHU CO MHOTUMH IOKOJEHUSMH YYEHHKOB, I10-
MOTaBIIEr0 UM HAlTH CBOI ITyTh B HayKe.

WNHoraa HaunHaromuye Mcciae1oBaTeNld CYUTAIOT, YTO BPEIUTENN PACTEHUHN YK€ XOPOIIO U3YUYEHBI U He
MIPEICTABIIIOT HAyyHOro nHTepeca. OHAKO U CEroHs He 3aBeplleHa MHBEHTapu3anus (payHbl HACEKOMBIX
KazaxcTtana, HEM3BECTHBI DKOJIOTHIECKHE OCOOCHHOCTH MHOTHX BHJIOB, HE PEIIECHBI MPOOeMbI OOpHOBI ¢
BPEIUTEISIMHA CEIbCKOXO03SHCTBEHHBIX, JECHBIX M JAEKOpaTHBHBIX KyInbTyp [1]. Kpome Toro, Henmb3st 3a0bI-
BaTh 00 U3MEHEHUSIX apeajioB HACEKOMBIX II0J] BO3ACHCTBHEM KIMMAaTHYECKUX MPOIECCOB, O COBPEMEHHOM
Ouye 3KOCHCTEeM — HMHBA3UAX BHUIOB-BCEJICHLEB, 00 YA3BMMOCTH aO0OPUIE€HHBIX SKOCHCTEM II0OJl HATHCKOM
MPOUCXOAINX H3MeHeHnl. HayuHble paboThl KaparaHJUHCKAX YYCHBIX BCETJa OKa3bIBAIM HEOLECHUMYIO
MIOMOIIb B U3Y4YEHUHU Ka3aXCTaHCKHUX 3KocucTteM. [Ipumepom Tomy saBmstorcs Tpynsl Hukomnas bopucosuya.

W3yuyenne pacmpocTpaHeHHsi a0OpUTEHHBIX €BPOA3MATCKUX BHIIOB BpPEOUTENEH — TOIMOJICBOW MOJH-
nectpsiaku  Phyllonorycter  populifoliella u  ocunoBoit  momu-nectpsuku  Phyllonorycter  apparella
(Lepidoptera, Gracillariidae) — mossosuno H.b. IIInbikoBy yTOUHUTH UX apeansl B Asuatckoii gactu CCCP.
Pacuminpenue apeanoB 3TUX BHUIOB SIBIIICTCA HPHUMEPOM aHTPOIOXOPHBIX MpoueccoB XX Beka. Bricokas
IUIOTHOCTh HOMYJISIUMH BpenuTeNed B ropoiax yxe Ooisiee moiyBeka oO0yCIIOBIEHAa JOMHUHHPOBAHHEM Je-
peBbeB pona Populus Ha ynunax, B1ojis aBToMarucTpaiei, B mapkax u ckBepax ropojaos crpan CHI, Heko-
TOpbIX cTpaH BoctouHoii EBponsl. HenmpuxoTauBOCTS, IETKOCTh Pa3MHOXKEHUS U JEKOPATUBHOCTD TO3BOJIH-
JU UM CTaThb OCHOBHOM KyJIBTYpOH B 03€JICHCHHU I'OPOAOB, a TAKKE B CO3AAHMM IOJE3ALIUTHBIX IOJIOC.
H.B. llInbikoBeIM BrepBbIE OBLIM JaHBI CBEIACHUS O XPOHHUUYECKOM XapaKTepe 0YaroB OCHHOBOW MOJIH-
necTpaHkH B KazaxcraHe W MJIOTHOCTH 3aceieHUs] BpeauTelNs B HaCAKICHHIX C Y4acTHEM OCHHBI B BOCTOY-
HOEBPOTIEHCKO-a3UaTCKOW dYacTH apeana. MM jxe OBUIO cIenaHo OJHO W3 TEepBHIX YIIOMWHAHWUN BHIA
Ph. apparella B Asuarckoii yactu CCCP B cBsi3u ¢ MOBPEKJACHUEM T'yCEHHI[AMUA OCHUHBI B AJIMa-ATHHCKOM
3al0BETHUKE, OKPECTHOCTSIX TOpoia Aima-ATHl U B Topax 3ammmiickoro Anatay [2].

OOmupHBIe TOONEBbIe MacCUBHI ropooB Kazaxcrana — Toxke MpUMep HepalMOHAJIbHOCTH «3€JICHOTO
ctpoutenscTBa» BpeMeH CCCP. O4eBuIHO, YTO MCCIETOBaHUS HACEKOMBIX, BPEIALINX TOIMOJEBBIM HacaX-
JCHUSIM, IO CHX TIOp OCTaroTCs aKTyalbHBIMH. TeM 0ojiee 4TO MaTepHalioB, OTPAXKAIOUINX HCTOPHIO BCITbI-
LIEK YMCIIEHHOCTH BpeauTesneld B Kakoh-mu0o reorpadmueckoi TOUKE, 10 CHX MOp HemocTtaTodHo. OOmas
KapTHHA 3KOJIOTUYECKUX MEXaHHU3MOB, OOECIIEUHBAIOIINX BOSHUKHOBEHHE M CYLIECTBOBAHUE XPOHHYECKHUX
0YaroB BPEIUTENCH, 1O CHX TIOP PacKphITa HE MOJTHOCTHIO [3].

[MosTOMYy AJist IPOBENICHHS 3AIUTHBIX MEPOIIPUATHI B JIIOOOM TOpOJIe Ha TEPPUTOPUH apeajia BpeanuTe-
JIsI, B&YKHO HCIIOJIb30BaHKEe (DEHOIOMMYECKUX JTaHHbIX, oydeHHbix s Buga Ph. populifoliella. H.B. T1bi-
KOBBIM OBUIO OTMEYEHO, YTO B mpexaeiax apeana CpeaHedl A3uM TOMOJEBasi MOJb-TIECTPSIHKA OTHOCUTCS K
OMBOJIETUHHBIM BHJIaM, CIIOCOOHBIM K ()OPMHUPOBAaHHUIO TPEThEro mokoseHus. B ycnosusx FOro-Bocrounoro
Kazaxcrana ObUIO ONpeiesieHo BpeMs MosiBiieHus epBbix 0abouek Ph. populifoliella mocne 3sumuero nmokos,
a TaKkXKe COINPSDKEHHOCTh MacCOBOT0 BbUIETa 0a00UeK U pacyCKaHHs JIUCTHEB JepeBa-xo3suHa [2].

IIpoGnemoii n3ydeHns BUIOBOTO COCTaBa M )KMU3HEHHOTO IMKJIAa IEPBUYHBIX BpeauTeneil Tonoiei B Ka-
3aXCTaHe aKTHMBHO WHTEPECOBAJNICA M KazaxcraHckwit sHTOMOJor H.I'. Cromma. B momonmuenue k paboram
neikoBa B 1957 rony oH omyOiIMKOBaN CBOM JaHHBIE MO OTAEIBHBIM BPEIUTENSIM, IOATBEPANB aKTyallb-
HOCTH (heHONIOTHYecKoro MOHUTOpUHTA BUAOB [4]. Takum oOpa3om, O6maronapst heHoJorndeckuM HabIroIe-
HUSAM U 000OIIEHUSIM B Ka3aXCTAHCKOW YacTH apeaja JJjis BPeIUTeNIeld TOMOJeH ObLIN OmMpesecHbl TaKue
Ba)KHbIE OMOJIOTHYECKHE OCOOEHHOCTH, KaK BpeMsi CIIapUBaHUsl, IEPUO]] OTKIAAKH UL, IPOAOJIKUTEIBHOCTh
SMOPHOHATILHOTO Pa3BUTHS U Pa3BUTHUS I'yCEHHI, 0COOCHHOCTHU paclpeieleHusl 0ocoOel Ha AepeBbsiX, HaYaI0
3WMHEHN JAHaray3bl, BpeMs U MECTO 3UMOBKH H JIp.

Co BpeMeH BeNHKOro HucciiepoBarenss HaceKoMmblx Kana-Aupum ®abpa denonormyeckue HaOmose-
HUS — 3TO M KJIACCHKA 3HTOMOJIOTMH, U BECbMa TpyAOeMKoe 3aHsaTHe. He cinydailHO TakuX JaHHBIX OY€Hb
MaJo ¥ OHHM MMEIOT HENPEeXOIIyI0 3HAYUMOCTh JJISi MMPOTHO3MPOBAHHUSA U MPOBEICHHS 3alIUTHBIX MEpO-
npustuii. Tak manasie H.B. IllnsikoBa n H.I'. Cxomuna o nuranuu Phyllonorycter populifoliella na getsipex
Buzax pona Populus (P. alba, P. laurifolia, P. nigra, P. tremula) B npenenax Kasaxcrana ObLIu NpUBICUCHBI
IVl CPAaBHUTEJIBHOIO aHaJIN3a YCTONYMBOCTH BHUJOB TOIOJICH 10 OTHOIIEHHUIO K MOJIU-MUHEPY B LIMPOKOM
Jaria3oHe ycloBuit [5].
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B 1960 roxy Hukomnaii boprucoBud ObLI1 Ha3HaueH 3aBeayromuM Kadeapoit 3001orun GakyabTeTa ecre-
CTBO3HaHMA. B TeueHue mATH JI€T OH 3aHUMAJICS] CTAHOBJIIEHHEM 3TOM HOBOM I By3a Kadenpbl, moadupai
KaJpel U pa3pabatreiBan yueOHble Kypcebl. Kak pasHocTopoHHHH Onosnor-uccienonatenb, LLnbikoB xopomio
3HAJ MHOTHE TPYIIBI )KUBOTHBIX. OH uuTan Ha Kadenpe Bce AUCHMILIMHBL IO OeCIIO3BOHOYHBIM. Pe3ynbra-
TOM €ro IIyOOKO# ApyIuITuU OBLIM TOCTAaHOBKH J1a00PATOPHBIX MPAKTUKYMOB IO 0€CIO3BOHOYHBIM JKHBOT-
HBIM ISl CTYAEHTOB, CICLUATU3UPYIOIUXCS Ha Kadeape 30010ruu. Pabora mpoBoaniace Ha JKUBBIX O0BEK-
Tax WM KOJUIEKUMOHHBIX 00pa3nax. CTyIeHThl YUUIHCH MOJIB30BATHCS ONMPEACTUTEISIMA U ONTUYECKOH am-
napaTypoi, ocBauBaiIy MpUeMBbl pabOTHI C pa3HBIMH 300JI0THYECKUMHU 00bekTaMu. LIINbIKOB Bianen MeToau-
Kam# cOopa U KamepabHON 00paboTKM MaTeprajia B COBEPIICHCTBE. DTOMY )K€ OH YUIII OyAyImuX OHOJIO-
rOB B NIEPHOJ TOJEBBIX MPAKTHUK IO 300JI0THU OECIIO3BOHOYHBIX. B 3TO Bpems, 3a cueT cOOpOB CTyIEHTOB,
coOHMpauch 00BbEKTHl YIEOHBIX ¥ HAYYHBIX KOJUICKIMH Ul OpraHu3alui 300J0THYECKOro My3ess HHCTHUTY-
Ta.

ITon pykoBoacrsom Hukonast bopucoBuua npoxoansio onpenesieHue U 3STUKETHPOBAHUE IK3EMILISIPOB,
a Takke oopMieHHEe KOJUIEKIHH OECIIO3BOHOYHBIX )KUBOTHBIX. DOPMUPOBAUCH HAYYHBIE TPYIIIBI €TUHO-
MBILICHHUKOB, YBJICYEHHBIX JHTOMOJIOTHEW CTYIEHTOB, CTPEMSIIMXCS Ha TOMCKM HOBBIX BHIOB. Ha ero
[IpUMEpe CTAaHOBUJIOCH MOHATHO, YTO OBITh HATYPAJIMCTOM ACHCTBUTEIBHO MHTEPECHO U 3TO BECbMa MHOIO-
rpaHHas AeaTeNbHOCTh. Kpome Toro, emy Oblia mpHcylia meaaroruyeckas YyTKOCTh, HHTEIUIMTEHTHOCTh U
BBICOKAS! TIOPSA0YHOCTb.

IIpenonaBatenu KaparanamHCKOTO me1aroruueckoro HHCTUTyTa (koHery 60-x rr. XX Beka).
B tpetbem psny cieBa Harpaso: noneHT T.M. Ay6akupos, nouent b.H. Myxades,
crapmuii npenogasatens [1.U. Kanskuna, nonient H.b. [IInbsikoB

Hayunbie unrepecs! [LnbikoBa ObUTH OYEHD IIUPOKH, & TPYJbl OTIUYAINCH TITYOHMHOW M COAEpIKaTeNb-
HoCThIO. [IpoomKas memaroruueckyro AesATeIbHOCTh Ha (paKyiabTeTe ecTeCTBO3HAHUS TIOMEHCKOTO rocy-
JapCTBEHHOI'O MeIarorn4eckoro HHCTuTyTa, Hukonait bopucosuy Obu1 uneHoM Penkosiernn Hay4HBIX TpY-
n0B «DayHHUCTHKA U SKOJIOTHS KHBOTHBIX», ITyOJMKOBABIIUXCS HA Kadenpe 3o0omoruu [6, 7]. ITomydns Bo3-
MOXHOCTh HcclieioBaTh (hayHy 3anagHoit Cubupu, I1InbIkoB 1 34€Ch TOCTHT 3HAYMMBIX HAyYHBIX Pe3yJIbTa-
TOB, 3aHUMasACh COOPOM MAayKOB M KYpHUPYS apaxHOJOTHYECKYIO KOJUIEKINIO 3ooMy3es [§].

Uzyuenne apaxnodaynsl 3anagnoir CubOupu Havanoch B 20-x rr. XX Beka. K nagamy 40-x rr. yxe
HMMeEJICS CTIUCOK, copepxamuii 51 Bun. B cepenune 70-x rr. Hukonait boprucosud oOpaboTtan cBou MaTepua-
7Bl 110 (hayHe perroHa M BIABWI 57 BUAOB NaykoB. PailoH mpoBeneHus ucciaeqoBaHUN BKIoYal neHTp Ty-
puHCKOU paBHUHBI (CBep UIOBCKast 001aCTh) U OKPECTHOCTH mocenka MasypoBo fSpkosckoro paiiona (Tro-
MeHcKas 001acTh). ®ayHa TyprHCKOH paBHUHBI H3yYajiach B IIIMPOKOM CIIEKTPE SKOJIOTMYSCKUX YCIIOBHIL: B
OepesHsKax, COCHOBO-OEpe30BBIX JIecax, Ha JIyrax, BEHHUKOBO-OCOKOBBIX 3a00JI0YEHHBIX JIYTaX, CyXOI0JIb-
HBIX JIyrax, cojloH4akax. B Ouoromax moiimbl pexu ToGon (Oepe3HsKk ¢ OCHHOM, Oepe3HsK C WBOM, JIyT)
np1K0BBIM OBUTM 3aperucTpUpoBaHbl 34 BUIa naykoB. HecMOTps Ha CIIOXKHOCTBH ONpEAEIeHUs] 3TOH IpyIi-
bl 6ecro3BoHOYHBIX, Hukonait boprucosny nonomumn ¢oHasr 300My3es TIIATENBHO HICHTU(GUIIMPOBAHHBI-
M# cO0paMH | TIOrOTOBHJI HECKOIBKO myOukaruii [9—11].
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[lepBuuHBIC pe3yabTaThl apaXHOJIOTOB MOCTEIIEHHO OBUIH JIOTIOHEHBI HOBOWM nH(popMaruei. [ToHbit
CIHCOK MMayKOB M3YYEHHOH MOA30HBI MOCIE MPOBEACHUS TAKCOHOMUYECKONW PEBH3HMH 3asBICHHBIX HAXOJIOK
cocraBisieT ceronus yxe okoyo 350 Bunos [12]. Harnsie H.b. lllnpikoBa okazanuch HEOOXOAUMOM COCTaB-
JISIIOIIEH B OMMMCAaHUK TAKCOHOMHYECKOT0 cBoeoOpa3us (hayHbl MayKoB F0KHOHU Taliru 3anannoit Cubupu u ee
OoTIN4us OT (hayH MpHUJIeKalnX pernoHoB. KpoMe Toro, aHajan3 peTpOCHeKTHBHBIX OMOTOIMMYECKUX Xapak-
TEPUCTHK apaxHO(hayHbI CIIOCOOCTBOBAJ BBISBICHUIO BApbUPOBAaHUS CTPYKTYPHI HACEIIEHUS U 0.-pPa3HO00Opa-
3Ws MAayKOB Ypaja Ha OMOIEHOTHYSCKOM U 30HAIbHO-PETHOHANBHOM ypoBHsX [9; 13]. Takum obpasom, mo-
TEHIMaJI TOBTOPHOI'O UCIIOB30BAaHUS paHee MOMTyUYEeHHBIX apaXxHOJIOIMUECKUX CBEIEHHI, B TOM YHCIIe MaTe-
puanos H.b. IIInbikoBa, oka3ajncs BeCbMa BHICOKHM.

Y MHOTHX aBTOpPOB, B CHJIY CIOKHOCTH WIACHTH()HUKAINN MPEJACTABUTENEH TPYIIIBI, BCTPEYAIOTCS OIIIH-
OOuHBIC ONpe/eeHus], BeAylIie K MyTaHHuLE B PAaCIPOCTPAaHEHUH BUAOB. 3HAUUTEIbHBIA IpOrpecc B TaKCO-
HOMHH TTayKOB MTOMOTAeT KOPPEKTHPOBATH OIpPEENICHNUs, BHIIIOJTHEHHBIE B MPOILIOM Beke. TeM He MeHee
yKa3zaHus BUIOB apaxHodayHsl, BeimonHeHHbIe H.B. ILITBIKOBBIM, 3a9acTyi0 XapaKTepU3yIOTCA KaK TOYHEIE
Y, 332 HEOOJIBIIIUM HCKITIOYCHHEM, HE MUMEIOT UCIIPABJICHHN COBpPEMEHHBIX crenuainucToB [12]. Beck mepe-
4yeHb Hay4HbIX nyOnukanuid H.B. IllneikoBa BkimoueH B bubnuorpaguio mo maykam Poccuu u pecmyOauk
ousirero CCCP, 1770-2011 [14].

OueBUAHO, YTO AWIEMMA 3HAYMMOCTH U KOJIMYECTBA HAYYHBIX MyONUKAIMK HE CTOsUIa Mepel] yUYeHbBIM
HInbIKOBBIM. YK€ ceMBECAT JIET B KPYIMHEHINX HAaYYHbIX W3gaHusx «KypHan oOmeli ouomorum» u «300-
JOTHYeCKHi XypHam», BectHukax Tromenckoro, Tomckoro, [lepMcKOro YHUBEpCHTETOB ITyOIUKYIOTCS CTa-
TBbU, B KOTOPBIX JAIOTCS CCBUIKM Ha €ro paboThl 0 OMOJIOTUW BPEOUTENeH, 1, TOYTH TSTHISCAT JeT, — Ha
paboTel N0 (ayHe maykoB. TakoBo Hay4yHoe Hacienue Huxonas Bopucosuua I1nbikoBa, CTUMYN U IpUMEp
IUTSL €70 YYEeHUKOB, 00pa3el] HaydHO-UCCIIeIOBATEIHCKONW PAOOTHI ISl IIOKOJIEHUH CTYIEHTOB.
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JHTOMOJIOT KIHe apaxHoyor H. b. IIIbIkOBTHIH
FBUIBIMHU KbI3MeTi 0acTadybIHbIH 70 KbLIABIFBIHA OpPaid

Axanemuk E.A. bexeroB arbiHmarsl KaparaHnsl yHUBepCHUTETI KypbUIFaH Ke3iHEeH OacTam »KOFapbl KaciOm
FBUIBIMH JKOHE II€IarOTUKaNIBIK KaapiaapMeH epekiueneHai. byn Kaparanapl neaarornkaiblk HHCTHTYTBIHBIH
MIBIFAPMAIIbUIBIK  QJI€YeTiHIH cabaKTacThIFBIMEH OaiimaHblcThl. Makana e3 icCiHiH Oinrip MamaHsl,
HEAaroruKajlblK HHCTUTYTTBIH XKapaTbulbicTaHy (akyibTeTiHiH noueHTi Hukonait bopucouu IIInbIkoBTHIH
FBUIBIMH 1IbIFapManibiibiFbiHa apHanFad. H.b. IIneikoB KasKCP 300m0rust HHCTUTYTBIHBIH 3HTOMOJIOTHS
3epTXaHaChIH/A TXKIPHOETIK NaWbIHABIKTaH OTII, 631 XKYMBIC icTereH (aKyJIbTEeTTe SHTOMOJOTHSUIBIK JKOHE
apaxHOJIOTHSUIBIK 3ePTTEYNEpAiH AaMyblHa yiec KocThl. 1960-1965 >xpuimap apansirsiHga Kaparaamst
NeJaroTUKaIblK WHCTHTYTHIHBIH JKapaThUIBICTAHy (DaKyNbTETiHIH 300JI0THS KadexpachbHBIH —OipiHmm
MeHrepymrici 6omapl. OCBl yaKpIT iIIIHIE OJI FHUIBIMH JKYMBICTHIH JKaHa OaFbITTapblH KAJIBINTACTHIPYMEH
afHaJIBICTHI, KaJpJlap/bl TaHJAI, iprelli 300JO0THSIIBIK OKY KypCTaphlH a3ipieyre OarbT Oepai. OHBIH Tepek
3USAHKECTEPiHIH  OHOJOTHACH, ©pMeKIIUepaiH (ayHachl KOHE OKOJOTHSACH  Typanbl  FBUIBIMH
JKapUsUTaHBIMIApHI KOTI XKBUT 6Tce e, Ka3ipri FalbIMAap YIIiH ©3€KTi jKOHE KYH/BI aKmapat Ke3i OoJbIm Kaia

Oepeni. H.b. LLnpkoB pgepeKTepiHiH OOWEKCO3IITiHIH JKOFapbl JeHreii — Oipereid OoNmiKk IeH
Ma3MYH/IBUIBIKTBIH HOTHIKEC1, OHBIH FBUIBIMH-3EPTTEY KYMBICHI — IIOKIPTTEPiHiH KONTEreH YpIaKTaphl yIIiH
yJIri-eHere.

Kinm ce30ep: 3o00n0rus  Kadeapackl Kaparauasl IeJarorvkaiblK HHCTHUTYTHIHBIH KapaTbUIBICTAHY
¢daxymereri, H.B. [Insikos, Populus rtykeimpaceineiy  3usiakecrepi,  Phyllonorycter  populifoliella,
Phyllonorycter apparella, Barsic Cibipain apaxaodayHacsl.

V.S. Abukenova

On the 70th anniversary of the beginning of the scientific activity
of entomologist and arachnologist Nikolay Borisovich Shlykov

Karaganda Buketov University has been distinguished by highly professional scientific and pedagogical per-
sonnel since its formation. This was determined by the continuity of the creative potential of the Karaganda
Pedagogical Institute. Nikolay Borisovich Shlykov the associate professor of the Faculty of Natural Sciences
was among the generalists of the Pedagogical Institute. He was a brilliant professional biologist. He received
practical training in the Entomology Laboratory of the Institute of Zoology of the Republic of Kazakhstan
and became a first-class scientist and teacher. He developed entomological and arachnological research at the
university. Shlykov was the first head of the Zoology Department of the Faculty of Natural Sciences of the
Karaganda Pedagogical Institute from 1960 to 1965. At that time, he was engaged in the formation of new ar-
eas of scientific work, selected personnel and directed the development of fundamental zoological training
courses. His scientific publications on the biology of poplar pests, fauna and ecology of spiders are relevant
and valuable sources of information for modern scientists. The high level of quotability of N.B. Shlykov's da-
ta is the result of unique accuracy and content. This is a sample of research work for many generations of his
students.

Keywords: Department of Zoology of Faculty of Natural Sciences of Karaganda Pedagogical Institute,
N.B. Shlykov, pests of species of the genus Populus, Phyllonorycter populifoliella, Phyllonorycter apparella,
arachnofauna of Western Siberia.
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HccienoBanne aHATOMHYECKOT0 CTPOEHH S HAJI3¢MHBIX OPraHOB
KAaTaJbIbI MPeKPacHoi 1-ro roga BereTanuu

JIpeBeCHO-KYCTapHUKOBAs PAaCTHTEIBHOCTh HMMEET KIIOUEBYI0 pPOJIb B O3EIEHEHHH TOPOJICKOW Cpebl.
Bricokne nexopaTHBHBIE KadecTBa KaTalbIbl IPEKPAcCHOH SIBISFOTCS KIFOUSBBIMH P BBHIOOPE IPEBECHBIX
pacTeHHH JUIi HMHTPORYKUMH B ycioBusx Kaparamguuckoil oGnactu. BrlpammBanne cakeHIEB Ui
OIIPE/ICJICHHOTO PETHOHA HEOOXOANMO OCYIIECTBISITE B MECTHBIX YCJIOBHUSIX JUISl HOBBIILCHUS UX aalTHBHBIX
cBoifctB. [lnsi Oojee TMONHOrO W3y4YeHHWs OWOJOTHMYECKUX OCOOCHHOCTEH BHAa OBUIO IIPOBEIECHO
AQHATOMHYECKOE HCCIIE[0BAaHHE MOJOMABIX PACTCHHH KaTalbIbl MPEKpacHOH. BpUIO yCTaHOBIEHO, YTO JIHCT
KaTalbIbl JOPCOBEHTPATFHOTO THIIA, YCTHHILA IUALUTHOTO THUINA, KICTKH SIHACPMUCA C H3BHIUCTBIMH
CTEHKAaMH, Ha HEM PACHOJIOKEHBI TPUXOMBI M 3()UPHO-MACIUYHBIE KETE3KU; YEPEeIIOK JIMCTa B OYCPTaHUU
OKPYTJIBIH, C XOPOIIO Pa3BUTHIMH MEXaHHIECKHIMH TKAaHSMH BOKPYT IPOBOISAMIMX IMydkoB. Ha BHyTpeHHEM
CTpOSHMH CTeOas W KOpHS HaOmomaercss Hadauo (OPMHUPOBAHUS TNPOOKOBOW TKaHM W IIEpexo] K
HEITy4KOBOMY THUIIy CTPOEHHs NpOBOJSMIEH CHCTeMBL. B 1enoM, CTpyKTypa KaTalbnbl IPEKPacHOM
CBHJETEIBCTBYET O ME30KCEpO(OUTHOM CTPOCHHM PAacTEHHs, YTO IOKa3bIBae€T €ro TpeOOBaTeNbHOCTh K
YCIOBUSM yBIaXHEHUs. JIMCT — CBETOBOro THIA, TO €CTh DPACTCHUs IpU IUIAHUPOBAHUU 3€JIEHOTO
CTPOHUTENCTBA HEOOXOAMMO pa3MemaTh Ha yJacTKaX C JOCTaTOYHBIM oOcBemieHHeM. IlomydeHHbIe
pe3yabpTaThl OyXyT JOMONHEHB! HCCISJOBAaHUEM aHATOMHYECKHX TOKa3aTelell pacTeHHH MOCIEAYIOIUX JIeT
pa3BUTHS.

Kuiouesvie crosa: Catalpa speciosa, mekopaTtuBHas KyJIbTypa, aHATOMHs PACTEHHs, BETETATHBHbIC OPTaHBI,
MHKPOCKOINYECKOE UCCIIEIOBAHME.

Beeoenue

Pactenus sBisitoTcst 6a30BBIM KOMIIOHEHTOM YPOOIKOCHCTEMBL; OHH HE TOJILKO 00ECIIeUHBAIOT MPHBIIE-
KaTeJIbHBIN JIEKOPATUBHBIM OOJIMK, HO U CO3JA0T OCOOBI MUKPOKIMMAT, OJAarOnpHUsATHBINA AJIS JKU3HU JT0-
neil. Baxxneimum ycinosueM cozanus 3G GEeKTUBHBIX 3€JIEHBIX HACAKACHUH SIBIsSETCSA 000 yCTOWYIMBOTO
ACCOPTUMEHTA TIOPOJ C UCIIOJIb30BAaHUEM WHOPAWOHHBIX KYJIBTYP, CIIOCOOHBIX 03I0POBHUTH CPEly OOUTaHUS
U JJUTEIBHO COXPaHATH AEKOPAaTUBHOCTH BUJOB U copToB [1]. Bo3zpacTaer ponb HHTPOOYKLIMHU pacTeHU —
BOBJICUEHHS BCE OoJiee MIMPOKOrO0 MX acCOPTUMEHTa B KYJbTYpPY, BBUIMBAIOLIETOCS B MAacCCOBBIH SKCIEpH-
MEHT B YCJIOBUSX KOHTPOJIHPYEMOW YEIOBEKOM Cpeibl OOUTaHUs. DTOT MpOIlece BEAET K YBEIHUCHUIO OHO-
JIOTHYECKOTO Pa3Ho00pa3usi paioHOB, K (POPMHUPOBAHHIO PETHOHAIBHBIX KYJIBTYpHBIX (uiop [2]. B cBszu ¢
pacTyimMm ri1io0aJIbHBIM CIIPOCOM Ha 3KOCHCTEMHBIE YCIIyTH, IPOU3BOIUMBIE IEPEBBIMH, MHOTHE OBICTpOpa-
CTYIIHE, CTPECCOYCTOMYMBBIE MM ITPOCTO KPACHBHIE BUABI IEPEBHEB OBUIM IIMPOKO BHICAKEHBI 32 Mpe/ena-
MH WX POIHBIX apeaios [3].

Hccnemyemslil BU KaTalbIlbl, IOMUMO YCTOMYHBOCTH K FOPOJCKHM YCIOBHUSIM, HMEET BBICOKHE JIEKO-
paTHBHBIE KadecTBa. B mepnon 1BeTeHMs KaTajbla JIEKOpaTUBHA CBOEH KPYITHOM, JAOLIEN Xopollee 3aTe-
HeHHUe MUCTBOM [4]. Bua xapakrepusyercs oOUIbHBIM [IBETEHHEM, KPYITHBIMH IIBETKAMH, TaK)Ke OTINYAETCS
TaKUMHU (pYHKIIMOHAJIBHBIMU CBOWCTBAMH, KaK 3aCyX0YCTOHYMBOCTb, )KaPOCTOMKOCTb, ra30CTOMKOCTH [5—9].

Karansna npekpacnas (Catalpa speciosa (Warder) Engelm., cem. Bignoniaceae Juss.) — nepeBo Bbico-
Toit 10 30-35 M ¢ mUpPOKOMUPaMHUIATIHHON KPOHONH W CPAaBHUTEIBHO CTPOMHBIM CTBOJIOM, TIOKPHITBIM Kpac-
HOBaTO-KOPUYHEBOU KOPOH KpynmHOoYenryiyaToro crpoeHus (puc. 1). JIuctes kpymnHble, Ha IIIMHHBIX Yeper-
Kax, SMIeBUIHO-TIPOJOJITOBATEIE C JAJIMHHO3A0CTPEHHON BEPIIMHOW M CIETKAa CEPLEBHIHBIM OCHOBaHHEM,
cBepxy Ounectsmue, 3eJeHble, TaJKue, CHU3y T'ycToonmymeHHble. L[BeTku KpymHbIe, [uaMeTpoM 10 6—7 cM, B
00X IIMPOKUX MeTenkax aauHoi 15-30 cm. LBeTku ¢ mpuaTHBIM 3amaxom. L[BeTeT B mroHe—HIOIe.
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Pucynox 1. Buemnwuii Bux ogHoneTHux pactennii Catalpa speciosa

[Tnoael — JIMHHBIC TIOBHCIBIC CTPYYKOBUIHBIE KOpOOOUKH, JuHOM 20—45 cM, Tommumuo#l 1,52 cMm,
BUCSAT Ha JICPEBE CO BTOPOI IMOJIOBUHBI JIETA U OCTAOTCS HA BETBSAX BCIO 3UMYy. JIydIiero pa3BuTHs JOCTUTACT
Ha IJI0JJOPOTHON TITyOOKO# BIIa)KHOW ITOYBE, HO PACTET M HA MECYAHBIX U TOBOJIBHO CYXUX TTUHHUCTHIX IMOY-
Bax. He mepeHOCUT 3HAYMTEIHHOTO 3aCOJCHHS. Y CTOMYMBA K JBIMOBBIM razaM. CpaBHUTEIBHO 33aCyXOYycC-
toiurBa. CeBepHEe B XOJIOAHBIC 3UMBI 3HAYUTEILHO O0OMEp3aeT M PacTeT B BHUJE KycTa, OTMEP3AIOMIETO 10
ypoBHs cHera. PasMHOXaeTcs MoceBOM M YepeHKaMH — KOPHEBBIMHU U JIETHHMHU, a TAaKXKe OTBOAKaMH. Ape-
an — CeBepHast AMepuKa, F0)KHas 9acTh OacceitHa p. Muccucumu [6].

Ienb HACTOSAIIETO UCCICAOBAHUS — M3YYUTh aHATOMHUYECKOE CTPOCHHUE BEreTaTMBHBIX OPI'aHOB OJIHO-
JIETHUX OCOOEH KaTasbllbl PEKPACHOW Ul MOHMMaHHs OMOJOrHMYecKHX ocoOeHHOCTEH BUaa u Ooliee yc-
MEMIHOM ajanTanuy B ycnoBusix LlentpansHoro Kazaxcrana.

Mamepuanst u memoosi

OObekTaMH HCCIICIOBaHUS SBISUIMCH Haj3eMHbie opranbl C. Speciosa. Matepuai [uisi UCCIIEIOBaHUS
(omHONETHHE pacTeHMs KaTalbllbl NPEKpacHOM) OB BHIpAallleH Ha KOJUIEKIIMOHHOM y4acTKe Ouojoro-
reorpaduyeckoro ¢axynprera Kaparannguackoro ynusepcurera uMeHHn akagemuka E.A. BykeroBa, cemen-
HOU Matepuais Obu1 mosyueH u3 JKe3kasraHckoro OOTaHHMYECKOro caja (mara coopa — 3 jekaja OKTAOps
2020 r.).

CoOpanHble Ha Koyulekuud B 1 nekane ceHTsOps 2022 r. o0pasubl OJHOJETHUX PACTCHUH (IHCTbHS,
cTeO)n U KOpHH) (PUKCUPOBAII B CMECH TIHUIepHHa, crupTa (96 %) W TUCTUIIMPOBAHHON BOJIBI B COOTHO-
menun 1: 1: 1 (cmech Crpayca—®@nemunra) [10, 11]. [Tomepeynslie cpesbl JIMCTa, Yepelka, KOpHS U cTeOs
W3rOTaBIMBAIN BpY4HY0. JJ1si cTebsisi MUKponpenaparsl U3roTaBIUBald W3 CPeJHEH 4acTh MOOEros; A
KODHSI — M3 BEpXHEH 4acTH, B 5 CM OT KOPHEBOH IICHKH; IS JIHCTa — W3 LEHTPAIBLHOW YacTh ¢ 3aXBaTOM
CPEAMHHOM >KUJIKM; [yl Yepelka — U3 cepeuHbl. Cpesbl IPOoCBETIIN NIpY IToMoly riuuepuHa. I[Ipenapa-
THl (hoTorpadupoBasin Ha MHKpockone Ajbramu ¢ udpoBoil kamepoit 3,1 Mm npu yBennueHun x64 u
%160, c ucroap3zoBaHueM cuHero cBeTodunbrpa. O6padoTKy GoTorpaduil BEIIONHIM B mporpamme Altami
Studio ¢ ucnonb3oBanuem Paint 10.0. ITpu onrcaHny aHATOMUYECKOI'O CTPOCHHS MCITOJIb30BAIM IPHUHITHIIHI,
H3JI0KEHHBIE B Tpyaax [12-14].

Peszynomamor u ux ob6cyscoenue

Anamomuyeckoe cmpoenue cmebna. Tomorpadust TOAMIHOTO MOOEra KaTaiabllbl MPEKPACHOH HMeEeT
CXOJIHOE CTPOCHUE C JPYTHMMHU MOKPHITOCEMEHHBIMU PACTCHUSAMH [ 12] 1 BKITIOYaeT B ce0sl SMUIEPMHUC, KOPO-
BYIO HAPEHXUMY, YYaCTKU KOJUJICHXHMBI, KAaMOHM, MPOBOISIIYIO 30HY, KOJBLO MEPBUYHBIX MEXaHHYECKHX
aneMeHTOB. boree noxpoOHOE onucanue NPUBEICHO HUXKE.
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[omepeunslii cpe3 OIHONETHETO MOOETa MOKPHIT OJHOCIOWHBIM 3MUACPMHUCOM (pHUC. 2), KIETKH €ro
MIPSIMOYTOJIEHOM MITH TIOYTH OBANBbHOM (popMBbl. THIHYHONH OCOOCHHOCTBIO SIBIISIETCSI OTCYTCTBHE YCTHHUII, YTO
XapaKTepHO JUIS KaTaJbIlbl [15], HO OTMEUYeHBI eMMHNYHBIE MIPOCTHIE MHOTOKJIETOYHBIE TpHXOMbIL. Demrema
MepUAEPMBI IBYXCIIOMHAs, MPEICTaBlIeHa MOYTH MPSIMOYTOJILHBIMU KieTkamu. [long mepunepmoii pacmoso-
’KEHa IJIAaCTHHYATas KOJUICHXHMMA, 33 KOTOPOW PacIoiiokKeHa XJIOPO(DHIUIOHOCTHAS MAPEHXNUMa, yIacCTBYIO-
mas B GoTtocunTese. [IpoBoasmias cucTeMa KOJIBIEBOTO THIIA, BKIOYAIONAs KOJIBIIO BTOPHYHOM (DII03MBI,
KaMOMii ¥ KOJIBIIO BTOPUYHON KcriieMbl. Ha Toqn4HBIX oOerax mpocMaTpUBAIOTCS MIEPEXOAHBIC 30HBI MEXK-
Iy TIyYKOBBIM M KOJBLEBBIM THUNOM. CaMma CKIepeHXHUMa MPEePBIBUCTAs, TO €CTh He (OPMHUPYET KOJbIIO, a
o0pasyeT rpymnmsl BOJIOKOH, IPUYPOUYCHHBIX K YIaCTKaM OBIBIIMX COCYIHCTHIX ITy4KoB. LleHTpanbpHas 4acTb
TOINYHOTO CcTeOJIS 3aI0THEHA PHIXJIBIMHU TAPCHXUMHBIMU KIICTKAMH.

1 — smuaepmuc; 2 — TPUXOMEBI; 3 — XIIOPO(PHUIIOHOCTHAS TAPSHXUMA; 4 — TUTACTHHYATAs KOJUICHXHMA,
5 — xcunema; 6 — ¢nosma; 7 — mapenxuma; 8 — sHIOIEpPMA

Pucynok 2. ITonepeunslit cpe3 romuynoro crebuis Catalpa speciosa. YB. x64

1 — smupepma; 2 — KOJUIEHXHMA, 3 — XJIOPEHXUMa,
4 — mpoBoOAIIUE TyYKH; 5 — Me30(QUILT

Pucynox 3. Ilonepeunslii cpe3 yepelka JmucTa
Catalpa speciosa. VB. x64
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Anamomuyecxkoe cmpoenue uepewka auUcma.
UYepemok aucTa B OYEPTAaHUM OKPYTJIBIA MU IIH-
POKOSIMIIEBUIHBINA, ¢ JABYMs HEOOJBIIMMH «YIIKa-
MH», PAacIONOKEHHBIMA C OpIOIMIHOH CTOPOHBI
(puc. 3). Ilepumetp uepemka OKpY>XE€H OIHOCIIOMN-
HBIM 3ITUACPMUCOM, KIIETKHU KOTOPOT'O tICTKOBI/I,HHOI‘/'I
(GOpMBI, C YTOJNIIEHHBIMH HAPYKHBIMH CTEHKaMHU H
KYTHKYJIOM Ha noBepxHocTU. He oTMeueHo nokanu-
3allUM YCTBUIl WIIM TPUXOM B CTPYKTypeE dIUAECPMHU-
ca. [lox snuaepMucom 3aneraer 1—2-ciioiiHas XJio-
peHXHMa, KOTOpasi MpephIBaeTCA yd4acTKaMU YTroJi-
KOBOH KojuieHXuMbl. llpoBogsmas cucrema —
IIy4ykoBoro tuna. Ilydku kosutaTrepalibHblE, 3aKphl-
ThI€, PacIIOJIOKEHbI 110 Kpyry. IlpoBosiue myuku
BKJIIOYAIOT (DJI03MY, OPHEHTHPOBAHHYIO K TIEpH-
METpy 4YepellKa, U KCUJIEMY, OPUEHTHUPOBAHHYIO K
LEeHTpy 4Yepenika. MexaHndeckas TKaHb COPMHUPO-
BaHA My4YKaMH CKJIEPEHXUMBI, MPUMBIKAIOIINMH K
¢nosme. LlenTpanbHas yacTbh uepelika oOpa3zoBaHa
TOHKOCTEHHBIMM M KPYIHBIMH IapEHXUMHBIMU
KJIETKaMHU.
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Anamomuueckoe cmpoenue 1ucma

JIucT KaTambITbl IPEKPACHOH POCTOH, CepIIIeBUIHON (OPMEI, C TIETHHBIM KpaeM, BEIeMYaThIM OCHOBA-
HHEM, 3a0CTPEHHOW BEPIINHOW M MEPHCTO-BETBUCTHIM XHIKOBaHHWEM. AJaKCHAIIbHAs TOBEPXHOCTH SPKO-
3eJieHas1, TTIaJIKasl, )KUJIKA Mano3aMeTHBIE H CBeTiee; adakchajbHas CTOpoHa Ooiee MaToBasi, CBETIee alak-
CHAITBHOM, C XOPOIIIO BHIPAKEHHBIMH JKHAITKAMH.

Ha moBepXHOCTHOM Ipermapare BEpXHEro SIHAePMIICa JIICTa KIETKH CO cTa00M3BIIMCTHIMA CTEHKAMH,
YCTBHIIa MHOTOYUCIICHHBIC, TUAIIUTHOTO THMa (pHUC. 4), MOBEPXHOCTh MOKPHIBACT TOHKHHA CIOW KYTHUKYIIBL
KieTkn HUKHEH SMUAepMbl CUIIBHOU3BHIIUCTHIC, YCTHHIIA PEAKUE (PUC. 5). DMUACPMUC HAJl KIITKAMU JTHCTa
MIPEACTABIICH KIIETKAMH ITPO3EHXUMHOM (POPMBI, C TOHKUMH H MIPSIMBIMU CTEHKaMH (pHcC. 6).

'
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1 — ycTbHla; 2 — OCHOBHBIE KIETKH dMHAEPMHUCA
Pucynok 4. Dnuaepmuc BepxHeit croponst siucta Catalpa speciosa. Ys. x160
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PucyHok 5. DnugepMmuc HwKHER ctoponsl jucta Catalpa speciosa. V. x160
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Pucynok 6. Yuacrok srmpepmuca jucra Catalpa speciosa nap sxuinkoit. VB. X160

Ha noBepxHOCTH JTHCTHEB MPUCYTCTBYIOT PEKUE MPOCThIE MHOTOKIIETOYHBIE TPHUXOMBI (puc. 7). Bnonb
JKUJIOK JTHCTA, HEOONBIIMMU CKOTIJICHUSMH, PACIIONIOKEHBI 3(PHPOMACTHYHBIC KEJIC3KU C MHOTOKJICTOYHOMN
roioBKoi. JKeJe3ku Ha HOXKKe, MIIOCKUE, MHOTIa HaXOIATCSI B YIITyOJIeHUe STIHICPMBI.

1 — s¢pupHOMacTHUHAS Kele3Ka; 2 — TPUXOMBI

Pucynok 7. Yuacrok snmaepmsi rcta Catalpa speciosa
¢ a¢upHOMacINIHBIMY Xkese3kaMu (A) u tpuxomamu (B). ¥YB. X160

Ha nonepeyHoM cpese JIMCT KaTallbIlbl JJOPCOBEHTPAIBHBII, HMEET J[Ba PsAa KICTOK MAIUCATHOTO Me-
3o¢ma (puc. 8, 9). Knetku snmaepmMuca Ha MOmepeyHoOM cpe3e OKPYTIIO-TIPSIMOYTOIbHBIE, C YTOJIIEHHBIMI
HapY>KHBIMHU CTEHKaMH H CJIOEM KYTHKYJIBL.
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5 el b i v el bk

1 — BepxHUil dnuUAEPMHUC; 2 — HIKHUE dnuAepMuc; 3 — crondvathiii Me3oduint; 4 — ryGuaTelii Me30(HLT;
5 — ckiepenxuma; 6 — ¢irosma; 7 — Kcrmiema

Pucynok 8. Iomepeunsrii cpe3 nucra Catalpa speciosa yepes o6nacts cpeHeil ;Kwikd. YB. X160

1 — BepxHUil dnUAEPMUC; 2 — HIKHUI dNHUAEPMHUC; 3 — TPOBOJAIIMIHA Iy4OK; 4 — cTon04aThii Me30dui;
5 — ry0Ouarsiii Me3odun

Pucynox 9. Ionepeunsrii cpe3 nucra Catalpa speciosa. Bokosoit ¢hparment. YB. X160
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Krnetku cronbuyatoro mMe3oduiria XapakTepU3yHTCs KPYIMHBIMU BEITSIHYTBIMU KJICTKAMHU TPSIMOYTOJIb-
HOM M 3JUTUTICOBUIHON (POPMBI, CTEHKH OOBIYHO Ooiiee ToJcThie. | 'yOuaThiii Me30(huiuT peacTaBIeH OKPYT-
JBIMA # c71a00-0KpameHHbIMU KIIETKaMH, HEOOIBIIIOTO pa3Mepa B OOKOBBIX YACTAX JUCTA, OoJiee KPYITHBIE B
00J1aCTH TJIAaBHOM KWIKU. ParoyioskeHbl KJIETKH TyO4YaToil TKaHW OOBIYHO PBIXJIO, 00pa3ysi KPYITHBIC MEX-
KJIETHUKH. [ paHUIIBI CII0EB HA TIOTIEPEYHOM Cpe3e MPOCIEKUBAIOTCS JOCTATOTHO YETKO.

[IpoBopsimye My9YKH OKPYTIION WU IMUPOKO-SIMIIEBUIHON (DOPMBI, KOJIaTepaIbHbIE, 3aKPBITOTO THIIA.
[Tyuku cOCTOSAT U3 y4acCTKOB (hJIOAMBI U KCHUJIEMBI, OKPYKEHHBIX KJICTKAMU CKJICPEHXHMBI U apMUPYIOIIHX
MTyYKH.

Anamomuyeckoe cmpoerue kopHsa. Mononoi (TOIWYHBIN) KOPEHb CHAPYKH MOKPHIT OCTATKAMH PH30-
JEPMBI, 32 KOTOPBIM CIIeAyeT KopoBas mapeaxuma (puc. 10), HabmogaeTcs Hadano GopMHpPOBAHHUS TMPOOKH.
[Tox xKOpOBOI MAPESHXUMOW PACIIONOKEH MPOBOASIIUEN WIMHAP KOpHSA. Ha ero BHemIHEH CTOPOHE JISKHT
(h05Ma, a OCHOBHYIO YacTh IMIIMHPA 3aHUMAET BTOPUIHAS KCHJIEMa, IIEHTPAIbHYIO YaCTh — Cep/IlIeBUHA.

1m 2um “

1 — ocratku puzoaepMBl; 2 — KOpOBas MapeHxuMa; 3 — kcmieMa,; 4 — ¢uosma; 5 — cepaneBuHa
Pucynox 10. TTorrepeunsrii cpe3 roauunoro kopus Catalpa speciosa. YB. x160

Raxnrouenue

[IpoBeneHbl UCCIEIOBAHUS AHATOMUM HAJI36MHBIX M MOJA3EMHBIX OPraHOB KaTajbIlbl IPEKPACHOU Imep-
BOro roja B ycioBusx T. Kaparaugsl. Pe3yiapTaThl mokazaim, 94T0 aHATOMHYECKOE CTPOSHHE BETETAaTUBHBIX
OpraHoB JaHHOTO PACTCHUs XapaKTEPHU3YeT €ro Kak Me30KCepO(UTHBIN BHI, TPEOOBATEIbHBIA K YCIOBHUIM
YBIIAXXHEHHsI, HO CIIOCOOHOTO TEePEeKUBATh HEMPOJOIKUATEIbHBIE 3aCyXU. JIUCThsI CBETOBOTO THIA C BBISB-
JIeHHOU nuddepeHimayei Me30(uiia, 4YTo CBUACTEIBCTBYET O HEOOXOJUMOCTH Pa3MEIICHUS PACTCHHUIA Ha
OTKPBITBHIX MMPOCTPAHCTBAX, C MUHUMAJIbHON CTETIEHBIO 3aTEHEHUSI.

[IpoBoarMbIe HCCIEMOBAaHHUS TO3BOJISIOT ONPEACIUTh OCOOCHHOCTH Pa3BUTHS OPraHOB PACTEHUS H
OIICHUTH BIIUSHUE (haKTOPOB OKPYIXKAIOIIEH Cpellbl HA pa3BUTHE pacTeHUil. PaboThI 1Mo MccIeIoBaHUIO aHa-
TOMHYECKOI'0 CTPOSHUS OYayT MPOIOJKESHBI ISl PACTCHUH TOCISIYIOIINX TO/I0B Pa3BUTHSL.

Hcenedosanus 6binonnensvl 6 pamrax Hympenne2o epanmosoco npoexma HAO «Kapazanounckuil ynu-
sepcumem umenu axademuxa E.A. Byxemosa» no meme «Paspabomka 000CHO8aHUS U MEMOOUKU OYEHKU
COCMOSIHUSL U AB8APUUHOCIU 3elleHbIX HacadcoeHull 2opoda Kapaeanovl u 20po008-cnymuuxkosy.
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A K. AitteimoB, M.C. SImOypoB

BererauusibIK Ke3eHHiH 1-mi skpLibiHaarbl Catapla speciosa
JKepPYCTi MYlLeJIepiHiH AHATOMMSJIBIK KYPbLUIBIMBIH 3€pPTTEy

Aram-0yTa eciMIiKTepi KalalblK OPTaHbl KeTalAaHIbIpy/aa MICHIyN pes aTKapaabl. OJeMi CoHarallbIHBIH
KOFaphl oceMIiK KacuerTepi Kaparauabl OONBICHIHBIH XKaFIailblHIa WHTPOAYKIMS YIIiH aFaml eciMIiKTepiH
TaHmayla MaHbI3Ibl OoNbIn TaObuiambl. benrimi Oip aiiMakka apHamFaH KeIIETTepi ecipy OJapiabiH
OeitiMzeny KacHeTTepiH jKaKcapTy YIIiH KepriliKTi arqainapaa xKyprizizyi kepek. TypaiH OHOJOTHSIIBIK
€PEKIIETIKTEPiH TOJBIFBIPAK 3epTTEy YIIiH 9JeMi COHAFAIIBIHBIH JKac ©CIMIIKTepiHE aHATOMHUSIIBIK 3EPTTEY
Kypriziani. CoHaralIbIHBIH JKAlbIparbl JTOPCOBEHTPANBIBl THUNTI, CAHBUIAYBl OHALUT THIITI, SMHAIEPMHUC
JKacyllaNapblHBIH ~ KaObIpFalapbl HMPEKTENreH, OFaH TpuUXoMmaigap MeH Jdupmii-Maitnel  6e3mep
OpHAaNIACKaH/IBIFBl aHBIKTANBI; KAMBIPaK CaFarbl JIOHTENIeK MilIiH[I, MIOFBIPIBIHBIH OTKI3TIII aifHaNachIHIA
KaKChl TaMbIFaH MEXaHHMKaNbIK yimnanapsl 6ap. Cabak meH TaMbIPABIH ilIKi KYPbUIBIMBIH/AA THIFBIH TiHIHIH
naiia G0NybIHBIH 0AaCTATybI XKOHE OTKI3TilI XKYile KYpbUIBIMBIHBIH LIOFBIpIaHOaFaH TypiHe Kelry OaiiKatabl.
Tyracraii anranaa, 97eMi COHAFAIIBIHBIH KYPBUIBIMBI ©CIMIIKTIH ME30KCePOMHUTTI KYPBHUIBIMBIH JONIEIACH/I,
OyJ1 OHBIH BUIFAIAHY XKaFJaliblHa JIeTeH KAXKETTNIrH Kepcerei. JKanblparbl — KapbIK THITI, SFHH JKachll
KYPBUIBICTBI JKOCHApiiay Ke3iHJe OCIMIIKTepHAi >KETKUTIKTI >KapbIKTaHABIPBUFAH Keplieple OPHAIACTHIPY
KepeK. ANBIHFaH HOTIKeJep KeHiHTi AaMy >KbULIapbIHIAFbl ©CIMAIKTEPiH aHATOMUSIIBIK KOPCETKILITEepiH
3€PTTEYMEH TOJIBIKTHIPBLIAIBL.

Kinm cesoep: Catalpa speciosa, coHmik eciMaik, ©CIMIIK aHATOMHSCHI, BEreTaTHBTI MyIIelep,
MHKPOCKOTHUSUTBIK 3ePTTEY.

A.K. Aitymov, M.S. lamburov
Study of the anatomical structure of the aboveground organs
of Catalpa speciosa of the 1st year vegetation

Woody-shrub vegetation has a key role in greening the urban environment. The excellent decorative qualities
of the catalpa are important when choosing a woody plant for introduction in the conditions of the Karaganda
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region. Seedlings for a particular region must be grown locally to improve their adaptive properties. For a
more complete study of the biological features of the species, an anatomical study of young catalpa plants
was carried out. It was found that the leaf of the catalpa of the dorsal-ventral type, the stomata of the diacytic
type, the cells of the epidermis with winding walls, trichomes and essential-oil glands are located on it; the
petiole of the leaf is rounded in shape, with well-developed mechanical tissues around conductive bundles.
On the internal structure of the stem and root, the beginning of the formation of cork tissue and the transition
to a non-bundle type of structure of the conductive system is observed. In general, the structure of the catalpa
is excellent evidence of the mesoxerophyte structure of the plant, which shows its demands on humidification
conditions. Leaves are light type, that is, plants when planning green construction must be placed in areas
with sufficient lighting. The results obtained will be supplemented by the study of anatomical indicators of
plants of subsequent years of development.

Keywords: Catalpa speciosa, decorative culture, plant anatomy, vegetative organs, microscopic study.

References

1 Babich, N.A., Zalyvskaia, O.S. & Travnikova, G.l. (2008). Introdutsenty v zelenom stroitelstve severnykh gorodov
[Introductors in the green construction of northern cities]. Arkhangelsk: Arkhangelskii gosudarstvennyi tekhnicheskii universitet [in
Russian].

2 Garanovich, I.M. & Rudevich, M.N. (2016). Kharakternye osobennosti sovremennogo ozeleneniia oblastnykh tsentrov
Belarusi [Features of modern landscaping of regional centers of Belarus]. Materialy Mezhdunarodnoi konferentsii, posviashchennoi
70-letiiu Tsentralnogo sibirskogo botanicheskogo sada — Materials of the International Conference dedicated to the 70th anniver-
sary of the Central Siberian Botanical Garden. Novosibirsk: Tsentralnyi Sibirskii botanicheskii sad [in Russian].

3 Castro-Diez, P. & Vaz, A.S. (2019). Global effects of non-native tree species on multiple ecosystem services. Biological Re-
views, 94; 1477-1501.

4 Galaktionov, I.I., Vu, A. & Osin, V.A. (1967). Dekorativnaia dendrologiia [Decorative dendrology]. Moscow: Vysshaia
shkola, 277, 278 [in Russian].

5 Arestova, E.A. (2011). Catalpa Scop. v zelenykh nasazhdeniiakh goroda Saratova [Catalpa Scop. in the green spaces of the
city of Saratov]. Vestnik Voronezhskogo Gosudarstvennogo Univesiteta, Seriia Geografiia, geoekologiia — Bulletin of Voronezh
State University, series geography. Geoecology, 2; 124, 125 [in Russian].

6 Lapin, P.l., Kalutskii, K.K. & Kalutskaia, O.N. (1979). Introduktsiia lesnykh porod [Introduction of Forest Species]. Mos-
cow: Lesnaia promyshlennost [in Russian].

7 Kurbaniyazov, B., Berdimuratov, G., Kholova, S.H., Safarov, A. & Safarov, K. (2021). Importance of catalpa groups in cul-
tural city of greening in the case of Uzbekistan. Web of Conferences, 258; Article ID 03026.
https://doi.org/10.1051/e3sconf/202125803026

8 Murzabulatova, F.K. & Poliakov, N.P. (2015). Opyt introduktsii vidov roda Catalpa Scop. v Botanicheskom sadu g. Ufy
[Experience in introducing species of the genus Catalpa Scop. in the botanical garden of Ufa]. lzvestiia Samarskogo nauchnogo
tsentra RAN — News of the Samara Scientific Center of the Russian Academy of Sciences, 17 (4); 245-247 [in Russian].

9 Serekeeva, G.A. & Doszhanova, G. (2019). Nekotorye biologicheskie osobennosti introdutsirovannykh vidov Catalpa
Speciosa v usloviiakh goroda Nukusa [Some biological features of introduced Catalpa speciosa species in the city of Nukusa].
Ekonomika i sotsium — Economics and Society, 5 (6), 1-5 [in Russian].

10 Prozina, M.N. (1960). Botanicheskaia mikrotekhnika [Botanical microtechnics]. Moscow: Vysshaia shkola [in Russian].

11 Barykina, R.P., Veselova, T.D., Deviatov, A.G., Dzhalilova, Kh.Kh., llina, G.M. & Chubatova, N.V. (2004). Spravochnik po
botanicheskoi mikrotekhnike. Osnovy i metody [Handbook of Botanical Microtechnics. Basics and Methods]. Moscow: Moskovskii
gosudarstvennyi universitet [in Russian].

12 Aneli, N.A. (1975). Atlas epidermy lista [Leaf Epidermal Atlas]. Thilisi: Metsniereba [in Russian].

13 Lotova, L.I. (2007). Botanika: Morfologiia i anatomiia vysshikh rastenii [Botany: Morphology and Anatomy of Higher
Plants]. Moscow: KomKniga [in Russian].

14 Rudall, P.J. (2007). Anatomy of flowering plants. Cambridge: Cambridge University Press.

15 Roi, Iu.F. & Boiko, V.I. (2021). Anatomicheskoe stroenie kory odnoletnego steblia Catalpa speciosa (Warderex Barney)
Warderex Engelm. v usloviiakh iugo-vostoka Belarusi [Anatomical structure of the cortex of the annual stalk Catalpa speciosa
(Warderex Barney) Warderex Engelm. in the conditions of southeastern Belarus]. Aktualnye problemy lesnogo kompleksa — Current
problems of the forest complex, 60; 147-150 [in Russian].

Cepusa «Bbuonorusa. MeguumHa. Meorpacmsa». Ne 1(109)/2023 21



DOI 10.31489/2023BMG1/22-27

UDC 631.589.2

A.Zh. Alimzhanova'", S.U. Tleukenova?, G.I. Kulikoval, N.S. Zinner?

!Karagandy University of the name of academician E.A. Buketov, Karaganda, Kazakhstan;
2Tomsk State University, Tomsk, Russian Federation
*Corresponding author: alimzhanovaaidana3@gmail.com

A literary review on the hydroponic method of growing some medicinal plants

An important component in the daily preparation of nutritious food, as well as in the preservation of products,
is spicy-aromatic plants. Essential oils and other physiologically active substances included in their composi-
tion excite the activity of the gustatory and digestive organs, cause appetite, enhance digestibility, favorably
affect metabolism, the activity of the nervous and cardiovascular systems, and the general condition of a per-
son. In order to obtain renewable raw materials that preserve the group chemical composition and biological
activity, this review examines a promising direction of a biotechnological method for obtaining a product —
hydroponics. Some advantages of using this method in the cultivation of medicinal plants have been identi-
fied. In most hydroponic systems, there is constant access to the roots, which allows you to solve possible
problems with pathogens. It was found that if the health of the plant is strengthened, then productivity and
yield will increase. And in the field of nutrition, many analyzes have been carried out, which consistently
demonstrate a large, often twofold increase in the amount of vitamins and mineral salts. This also applies to
the active substances in medicinal plants. The directions of further study are also clearly defined.

Keywords: medicinal plants, essential oils, biological active compounds, medicinal properties, hydroponics,
substrate.

Introduction

Currently, there is a steady trend of increasing interest in drug and spicy-aromatic plants and their active
substances. And this is not surprising. After all, man is an integral part of nature, and his life is inextricably
linked with the plant world, as a result of which natural compounds have become vital factors for all meta-
bolic processes for the human body [1].

The plant world is an inexhaustible storehouse of natural drug raw materials. For thousands of years,
since ancient times, plants have been the only remedies. And today medicinal plants and preparations from
them serve as an indispensable raw material for the production of a number of medicines. Every third medic-
inal product is prepared from drug plant raw materials. In addition, much attention is paid to local plant re-
sources [1]. Essential oil plants play an important role in this regard, many of which have an extensive range
and form a significant phyto-mass, which determines the prospects for their practical use.

The flora of Kazakhstan has got some huge opportunities as a source of promising medicinal forms. The
active research going on over the world in the field of chemistry of natural compounds is continually increas-
ing the number of pharmaceutical species. In the past years in Kazakhstan, new effective medical prepara-
tions from Kazakhstani species Aconitum L., Delphinium L., Thalictrum L., Leonurus L., Peganum L. and
others have been obtained [2].

As a result of the screening has been made an annotated list of drug plants of Kazakhstan which includ-
ing 1406 species related to 134 families of high flowering plants that makes up a one-fourth all the species of
flora in Kazakhstan [3, 4].

The greatest number of medicinal plants species include the family Asteraceae (196 species),
Rosaceae (89), Lamiaceae (78), Fabaceae (78), Ranunculaceae (75), Apiaceae (69) and Brassicaceae (63).
Four more families represented by 45-30 species (Polygonaceae (44), Caryophyllaceae (41), Poaceae (35),
Boraginaceae (30); 15 families contain about 10-21 species; 47 families contain from 9 to 3 species
(Berberidaceae, Iridaceae, Papaveraceae, Solanaceae, and etc.); 22 families are presented by 2 species
(Equisetaceae, Linaceae, Nitrariaceae, Verbenaceae, and etc.); by one species represented 35 or 26 %
(Aceraceae, Capparaceae, Datiscaceae, Juglandaceae, Polypodiaceae, and etc.). The average number of
specie per family is 10.6. The largest genera are Artemisia L. (40 species), Potentilla L. (24), Euphorbia L.
(18). Genera Ferula L., Polygonum L., Rumex L. accounts for the equal number of species (by 15).
Astragalus L. (14) and Ranunculus L. are quite essential [5].
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Experimental

The objects of research are some drug plants grown by the hydroponics method.

Plants can be grown in two ways: either when the bare roots grow in a nutrient solution, or in a non-soil
inert substrate. In some languages, the term “hydroponics” refers to the cultivation of plants in water. And
the term “groundless” refers to cultures on a substrate.

Webster's explanatory dictionary gives the following, surprisingly succinct definition of the term “hy-
droponics”: “a method of growing a plant without soil in water containing dissolved nutrients”. If the rules
are followed, the taste and nutritional qualities of fruits, vegetables and herbs grown on hydroponics exceed
the properties of the same products grown in the ground, and with less impact on the environment [6].

The use of hydroponics is especially beneficial when the main product obtained from the plant is the
root. In most medicinal plants, the active principles are (or are also) in the roots. In some cases, the active
principles in the roots differ from those contained in the aboveground part of the plant.

They cannot be extracted without destroying the plant itself. As a result, many wild medicinal plants are
subjected to predatory harvesting, sometimes up to their extermination.

In closed hydroponic systems, the roots are exposed and washed by a flow of nutrients. In such a situa-
tion, you can almost constantly collect a large number of roots without destroying the plant. Obviously, at
the same time it is necessary to cut the aboveground part to keep the plant in good balance. In some cases,
this green biomass itself is an additional source of extraction, in other cases it simply goes into compost. Col-
lecting roots by this method maintains their purity and does not require washing or other treatment before
extraction. They are also very rich in active principles.

Their concentration can be increased by adapting the nutrition of the plant to the type of molecule that
we want to get. Next, we can increase the growth of the roots ourselves by adjusting the level of dissolved
oxygen in the nutrient solution [6, 7].

Literature review

Hydroponics received practical application long before the formation of a theoretical knowledge base
about this method. The tribes of South America and Mexico already in 1100 used rafts made of reeds, on
which dirt from volcanic rock was laid, and plants were planted. These rafts were floated to the nearest lakes,
the water in which was of the required temperature. Minerals from the mud gradually passed into solution
and became available for plant nutrition. Similar structures have been found in other parts of the world. In
1275, Marco Polo met floating gardens in China. Exact information about the discoverers of this technology
is not known, but today these are the oldest hydroponic structures known to history.

William F. Gerick is considered to be the founder of modern hydroponics. He coined the term “hydro-
ponics” and proved the possibility of growing different types of plants in containers with nutrient solution.
During the Second World War, his technology was used to create the first industrial embodiment of hydro-
ponics. During the Pacific campaign, the US Army encountered difficulties in cultivating food on local rocky
and salt-saturated soils. Transporting food to remote corners was a very expensive and impractical idea, and
Japanese aviation, which periodically attacked transport convoys, also presented difficulties. Therefore, hy-
droponic plantations were urgently created on Wake Island, which brought 20 kg of tomatoes, 10 kg of
beans, 20 kg of corn cobs and 20 kg of green salad every week. The experience turned out to be successful,
so the same plantations were created at the Habbaniya air base in Irag and in oil-rich, but not food-rich Bah-
rain [7].

For quite a long time, ideas about plant nutrition were formed on the erroneous judgments of Aristotle.
In his writings, he argued that plants feed on organic substances and only ensure the redistribution of organic
matter. It was only in the XVII century that Johann Baptist van Helmond conducted an experiment that ques-
tioned Aristotle's ideas. In the XVIII century, Joseph Priestley and Jan Ingenhaus discovered to the world the
phenomenon of plant respiration and the assimilation of carbon dioxide. The final refutation of this theory in
1840 was presented in his book by the German agro-chemist Justus von Liebig. He wrote the following:
“Plant organisms, or, consequently, organic compounds are a means of nutrition and maintenance of human
and animal life. The source of plant nutrition, on the contrary, is exclusively inorganic nature”.

The most striking example of the use of hydroponics is the food industry of the Netherlands. The Neth-
erlands is the largest supplier of food in the world, which is slightly inferior in terms of production only to
the United States. However, the area of Holland is 42,508 square kilometers, and the area of the United
States is 231 times larger.
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Hydroponics is highly efficient agriculture. More than half of the country territory is used for agricul-
ture. The Netherlands is the world leader in the production of fruits, potatoes, onions and the second in the
export of vegetables. Most of the seeds produced in the world are also obtained in the Netherlands.

The following advantages of using this method for growing plants have been identified:

— regulation of recharge;

Only those elements that will be introduced into the water fall into the root zone, moreover, in the pro-
portions we have set. At any given time, it is possible to control the quality and quantity of nutrients dis-
solved in water.

— saving water;

Compared to plants growing in the soil, the water savings are very impressive. Recent improvements in
attitude — the transition from watering the entire field to delivering water to the base of plants — have sig-
nificantly increased the efficiency of water consumption in gardening. However, hydroponics is still much
more effective in this regard.

— saving nutrients;

Similarly, plants completely absorb all the consumed nutrients. Nothing goes into the ground, ground-
water is not polluted, and there is no impact on microbial life in the soil. Thanks to improved health and ac-
celerated growth, there is less need for pesticides.

—no need for herbicides;

There is nowhere for weeds to grow in plastic trays or gutters. Both circumstances: and that there is no
need for herbicides and that pests can be destroyed in less radical ways — makes hydroponics a very clean
technology.

—a plant originally grown by hydroponic methods is viable;

If you grow a mother plant on hydroponics for the purpose of further cloning and then transplant the
sprouts into the soil, they will be more viable than if they originated from a mother plant in the soil.

— the size increases, the quality increases;

It was revealed that if you strengthen the health of the plant, then productivity and yield will increase.
And in the field of nutrition, many analyzes have been carried out, which consistently demonstrate a large,
often double increase in the amount of vitamins and mineral salts. This also applies to active principles in
medicinal plants.

— stable access to the roots;

It is very useful to constantly check the condition of the roots. In most hydroponic systems, such access
is available, which makes it possible to solve possible problems with pathogens; with intervention at an early
stage, they are easily cured. The roots will also tell you a lot about the health of the plant and how it will de-
velop in the future.

— space is used more efficiently;

Root felt does not need to spread as in the ground. Plants can receive all the required nutrition in a lim-
ited area without entering into a competitive struggle with each other. As a result, plants can stand closer to
each other than in the ground. So you can get a “sea of greenery”. With this method, an incredible plant den-
sity is achieved — up to 60-70 plants per square meter [8].

In the light of the above about the limited space for the root zone, the choice of substrate becomes ex-
tremely important! It is also vital to adapt the irrigation schedule to the substrate schedule. In order for a sub-
stance to serve as a good substrate, it must meet certain requirements: it should not contain excess sodium
chloride — ordinary table salt. This is a constant problem with the substrate on coconut fiber. It should also
contain no elements potentially harmful to plants, and certainly no elements toxic to humans, such as heavy
metals.

A good substrate should have a durable structure and not hold mineral elements too much. Scientists
study in detail many parameters that are distinctive features of substrates. These are, among other things,
physical, chemical and biological parameters, for example, bulk density, porosity, particle size, as well as
exchangeable ions, pH, phyto toxicity. The most important thing for us is the moisture-holding capacity and
moisture capacity. These are two different properties, and they should not be confused. Moisture capacity is
the amount of water that a given volume of substrate is able to absorb.

Water retention is the force that holds water in the substrate. It is determined by measuring the reverse
force — the suction force that the roots must exert to absorb water; it is usually expressed in kilo Pascals. In
a good substrate, moisture retention should not be very strong. If the force holding water in the substrate is
greater than the roots can provide, then the plant will wither. On the other hand, if the moisture retention is
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weak, the substrate dries out too quickly. One of the main keys to success in hydroponics is the harmoniza-
tion of the irrigation cycle with the moisture capacity and moisture retention of the substrate [9]. The idea is
to provide a moist environment for plants, but one that will be frequently irrigated to create an influx of air
and water into the root zone.

Another important property of the substrate is its maximum neutrality. It should not affect either the pH
or the electrical conductivity.

The surface of the particles of some substrates has an electric charge that captures certain dissolved
ions, thereby modifying the nutrient solution. It is necessary to fill this gap with a mixture of a nutrient
adapted for this substrate. Not all elements are equally susceptible to such capture. For example, nitrate
(NOg3"), the main source of nitrogen in hydroponics, has high solubility and low attractiveness for positively
charged particles, so it is always available to plants. Conversely, another common source of nitrogen, ammo-
nia (NH,"), has a high attraction for negatively charged particles, which affects its availability.

This is just one example of the complex interactions between nutrient solution and substrate. It is much
worse when the elements reacting with each other and forming salts float in the same solution. In particular,
calcium (Ca”") and magnesium (Mg”") can react with phosphorus or sulfur to form phosphates or sulfates.
Over time, deposits of dead organic matter and dry salts disrupt the uniformity of many substrates, creating
sinuses in the environment that are unfavorable for the roots.

The substrate becomes less and less homogeneous and reacts more and more with the nutrient solution
through deposits of decomposing organic matter. The characteristics of the substrate will affect the bacterial
life that will develop on it, and how to deal with decomposing organic matter. There are two types of sub-
strates — inorganic and organic [10].

Based on these studies, we assume that the active substance of a medicinal plant grown by the hydro-
ponics method, provided that the required parameters are met, will be more promising in practical use.

Conclusions

The above studies indicate the need for a more detailed study of the properties of some medicinal plants
and to develop a scheme for a suitable hydroponic installation. In this regard, analyzing previous studies, it is
possible to study the component composition of essential oils of medicinal plants grown on a hydroponic
plant.
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A K. Anumxanosa, C.Y. Tneykenosa, I'.1. Kynukosa, H.C. 3unnep

Keii0ip popiuik ecimaikTepai ecipyaiH ruIpoNnOHUKAJNBIK dicCiHe 31e0H 1mIoJTy

KyHnemikTi KOpekTik Tarammap/Abl JaibIHAAyIaFbl, COHIAH-aK eHIMAEp/l caKTayAarbl MaHBI3/Ibl KOMIIOHEHT
— Xom wmicTi ecimMuikTep. D¢up Maimapsl jkoHE OJapAblH KypaMblHAa KipeTiH Oacka (H3HOJIOTHSIIBIK
OerceHi 3aTTap AoM MEH ac KOPBITY OpraHAaphIHBIH KBI3METiH KO3bIPaasl, TOOCTT] TyabIpaasl, CIHIMAITITIH
apTTHIpanbl, MeTaboJM3Mre, JKYHKEe J>KOHE JKYPEK-TaMblp OKYHelepiHiH KbI3METiHe, aJaMHBIH O KaJIIbI
JKargaibIHa KaFBIMIBL ocep eTeli. TONTHIK XUMISUIBIK KYpaMbl MEH OMOJIOTHSUIBIK OCNCEHIUNITH CaKTalThIH
JKaHAPTBUIATBIH IIMKI3aTTHl aly MaKCaThIHIA OCBHI LIONYAA OHIMAI alyAblH OHOTEXHOJIOTHSUIBIK TOCUTIHIH
MEPCIEKTUBAIIBI OAFbITHl — TUAPOIIOHMKA KapacThIpbuFaH. [lopiiik eciMaiKTepi ecipy Ke3iHAe OChl 9iCTi
KOJIIaHYIbIH KeiOip apTHIKIIBUIBIKTAPEl AHBIKTANABL. [ MOPONOHMKANBIK O KYHelnepaiH KeNUIiirinae
TaMBIpJIap YHEMi KOJI JKeTiMi, OyJI maTroreHaepMeH OaiaHBICTBI Macelelepi MIenryre MyMKIHIIK Oepeni.
Erep eciMIIKTIH JCHCAyJBIFBIH HBIFAUTCAK, OHNIA OHIMAUIIK apTaibl. TaMakTaHy canachlHAa KOINTEreH
CBIHAKTap XXYPri3iini, ojap YHeMi JopyMeHIep MEH MHHEepaIbl TY3/1ap CAaHBIHEIH €Ki ece apTybIH KopCeTe/i.
byn nopinmik ecimuiktepperi Oencenai 3arrapra na KarblcThl. OnaH api 3epTTey OarbITTapbl Ja HaKThI
AHBIKTAJIFaH.

Kinm ce30ep: nopinik eciMaixkrep, 3pup Maiiaapsl, OHOJOTHIBIK OEICEH I KOCBUIBICTAp, eMIIK KacHeTTepi,
THIIPOTIOHHKA, CyOCTpar.

A K. AmumxanoBa, C.Y. Tneykenosa, I'.1. Kynukosa, H.C. 3unnep

JluTeparypHblii 0030p Ha THAPONOHHBIN MeTOX BbIPAIIIUBAHMSI
HEKOTOPbIX JIEKAPCTBEHHBIX PACTEHUI

BaxHbIM KOMIIOHEHTOM B €X€JHEBHOM NPHUIOTOBICHUHU MUTATEIbHONW MUIY, a TaKKe€ B KOHCEPBUPOBAaHUU
HPOJYKTOB SIBIIFOTCS TIPSTHO-apOMaTHYECKUe pacTeHus. D(UpHbIe Macia U Apyrue (pU3NO0JIOTHYECKU aKTHB-
HBIE BEIIECTBA, BXOJIIHNE B HX COCTaB, BO3OY)KHAIOT IEATEIbHOCTh OPraHOB BKyCa U IUIIEBAPEHHUS, BBI3BI-
BAIOT aIEeTHT, TOBHIIIAIOT YCBOSIEMOCTh, OJIATONPHATHO BIHAIOT HA OOMEH BEIIECTB, ASSITEILHOCTh HEPBHOM
U CepAEYHO-COCYIHUCTON CHCTeM, obImee cocTosHue denoBeka. C IeNbio MOIydeHNs! BO30OHOBIIEMOTO CHI-
PBsI, COXPAHSIONIET0 TPYNIOBON XUMHUIECKHI COCTAaB M OMOJIOTHUECKYIO aKTHBHOCTB, B JAHHOM 0030pe pac-
CMOTpPEHO IEePCIIeKTUBHOE HAIpaBieHHe OMOTEXHOJIOIMYECKOTO Criocoba MoydeHns IPOyKTa — THIPOIO-
HUKa. BbUTH BBISBIIEHBI HEKOTOPbIE MIPEUMYIIECTBA UCIOIb30BAaHHS 3TOI0 METO/a IIPU BBIPAILMBAHUU JIEKap-
CTBEHHBIX pacTeHHi. B GONBIIMHCTBE TMAPOIOHHBIX CHCTEM HMEETCS MOCTOSHHBIN JOCTYI K KOPHSM, YTO
MO3BOJISIET PELINTH BO3MOKHBIE IIPOOJIEMBI C aToreHaMu. BIJIO YCTaHOBIIEHO, YTO €CIIN YKPEHHUTh 310POBbE
pacTeHus, TO yBEeIN4aTCs IPOTYKTUBHOCT M yPOXKAHHOCTb. A B 00JIACTH MHUTaHUS OBIIO MPOBEJCHO MHOXKE-
CTBO aHAIN30B, KOTOPHIE MOCIEAOBATENHHO IEMOHCTPUPYIOT OOJNBINOE, YacTO ABYKPATHOE yBEIMUCHUE KO-
JMYeCTBAa BUTAMUHOB 1 MUHEPAIBHBIX COJIEH. DTO TaKkKe OTHOCHTCS K aKTHBHBIM BEIIECTBAM B JICKAPCTBECH-
HBIX pacTeHHAX. Taroke 4eTKO ONpe ieNIeHbl HAaPaBIeHHUs JATbHEHIIeTO H3ydeHUsL.

Knrouesvle cnosa: JICKApCTBECHHBIC PACTCHUA, 3(1)I/IpHLIe Mmacia, OHOJIOTMUECKH aKTUBHBIC COCAUHCHUS, nieuen-
HbIC CBOﬁCTBa, TUAPOIIOHHUKA, CyGCTpaT.
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Morphological characteristics and anatomical features of the perennial herb
Ajania fastigiata (C. Winkl.) Poljakov (Asteraceae)

Medicinal plants are currently the most relevant objects of research. Since the final product that is obtained
from useful plants belongs to the most valuable medicines. Particularly interesting plants in medicine are
those containing essential oils, for example, species of the genus Artemisia, but few people know that closely
related species of the genus Ajania are also rich in essential oils. The genus Ajania belongs to the Asteraceae
family. Only 2 species of this genus are found in Kazakhstan: Ajania fruticulosa (Ledeb.) Poljak (shrub) and
Ajania fastigiata (C. Winkl.) Poljak (perennial plant).Our object of research is Ajania fastigiata, which is dis-
tributed throughout the mountainous territory of the Southern and Southeastern regions of the Republic of
Kazakhstan. It is little studied in terms of precise morphological and anatomical features, knowledge of which
makes it possible to quickly determine and refine the species. The nearest point in the Trans-Ili Alatau was
chosen for the prototype. The research methods were classical botanical and anatomical. When analyzing the
approximate population, the morphological data of the species for this territory were clarified. Anatomical
studies have shown that the leaves of Ajania fastigiata contain essential oil glands and receptacles for meta-
bolic products. The stems of this species have a characteristic arrangement of sclerenchyma in separate
strands.

Keywords: Asteraceae, Ajania fastigiata, morphology, anatomy, medicinal plants, essential oils, systematic
features, Trans-1li Alatau.

Introduction

According to the World Health Collective, it is assumed that over the next 10 years, the share of herbal
preparations for the provision of medicines to the population may be more than 60 percent. There are more
than 6000 species of plants on the territory of the Republic of Kazakhstan, from which it is possible to
produce the necessary medicines. So far, only 130 of their species have been used as raw materials for the
production of medicines. Determination of anatomical and diagnostic signs of vegetative organs of medicinal
plants improves the quality of selection of raw materials for use in pharmacology [1].

The flora of Kazakhstan is very rich in useful plants, including medicinal plants, which are considered
especially important. It is known that preparations from them are highly effective. As a result, phytotherapy
is developing significantly today. Recently, some medicinal plants have been wastefully, as a result of
abundant use, almost completely destroyed or destroyed. In this regard, we must not only use medicinal
plants, but also promote their protection to the next generations [3].

Currently, special attention has been paid to medicinal plants for the treatment of various diseases. Our
country is interested in the production of phytopreparations. Along with the extraction of medicinal raw
materials from nature, the introduction and cultivation of valuable medicinal plants is necessary. Knowledge
of the peculiarities of the formation of organs of medicinal plants allows them to be used more widely in
pharmaceutical production from a scientific point of view [2, 4].

For the proper use of medicinal plants, the most important thing is to know the biological characteristics
and chemical composition of each of their organs. The chemical composition of plants is also diverse. They
contain saponins, essential oils, tannins, flavonoids, glycosides, etc. biologically active substances.

In the world, obtaining the necessary volumes of plant raw materials is carried out in two main ways:
industrial cultivation and harvesting of wild raw materials of medicinal plants [5]. In Mongolia, essential oils
obtained from plants are used as antibacterial drugs [6]. Essential oils of species of the genus Ajania, has a
pronounced tuberculostatic, antimicrobial, antiviral, wound healing and fungicidal effect, etc. [7, 8]. The
need to obtain plant raw materials of this species determined the directions of its morphological and anatom-
ical research.
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The distribution of plants of the genus Ajania of Asteraceae family is characteristic of the flora of Cen-
tral Asia, Kazakhstan and Mongolia. On the territory of the Republic of Kazakhstan, there are two types of
ayania: Ajania fruticulosa (Ledeb.) Poljak and Ajania fastigiata (C. Winkl.) Poljak [9].

The most important features for the systematics of the genus Ajania are concentrated in the generative
sphere. Let's take a closer look at some of them. Baskets in the genus are mostly heterogamous, very rarely
homogamous — most often (in relation to 2 homogamous to 3 heterogamous on one plant) they are found in
the monotypic section Trifida. Ajania has very diverse corollas of disc flowers. For the species of the Ajania
section, narrow-conical with straight teeth are most characteristic, for Integrifolia — narrow-conical with
bent teeth, for the rest of the sections — narrow-conical with bent teeth. The bending of the teeth during
dusting, according to our assumption, was developed as a result of adaptation to anemophilia. Apparently,
the bending of the teeth contributes to a more efficient blowing of pollen from the tops of the folded blades
of the column in rare cases; the structure of the corollas of marginal flowers is of diagnostic importance. For
example, they are very peculiar in A. aureoglobosa — 5-toothed, noticeably two-lobed. In other species, they
are usually strongly reduced, 3—4-unequal [10, 11].

Achenes in the genus Ajania are of two types. In the species of the Ajania, Integrifolia, Trifida and
Eremanthemum sections, they are exactly the same and differ well from the achenes of the Cryanthemum
section. We will point out the most basic differences, in the first achenes 0.9-1.8 mm long, without real ribs,
when wetted they instantly become slimy (covered with a solid gelatinous substance), in Cyanthe they are
16-22 mm long, with more or less pronounced ribs (at least one of them is wing—shaped), when wetted they
do not become slimy. These types also differ well in anatomical features [11].

The shape of the basket wrappers, the outer leaves of the wrapper, the structure of the inflorescences
and, to a lesser extent, the shape of the flower bed and the structure of the stolons are also of important
diagnostic importance.

According to 14 species of the genus Ajania, pollen grains are monotonous and belong to the type and
subtype of Tanacetum described in the literature. Small differences are observed in quantitative parameters
[10, 11].

Stamens in the genus Ajania are also monotonous. In the vegetative sphere, the structure and shape of
the leaves and stipulate appendages, the type of pubescence, to a lesser extent the length of the stems, the
color of the caudex, the glandularity of the leaves, etc. are important for the systematic of Ajania [12].

The species of the Ajania section are mainly perennial rhizomatous grasses, the only species of the
Integrifolia section is a semi-shrub, the species of the remaining sections are semi-shrubs. In most cases in
the genus Ajania, species belonging to one or another section can be determined by life forms alone and
some features of axial organs [11, 13].

The structure of the hairs in the genus, with rare exceptions, is monotonously two-pointed pressed, usu-
ally oriented along the axes of the organs [6, 10].

Experimental

The object of the study is Ajania fastigiata, the species belongs to the section Eremanthemum Muld. the
genus Ajania Poljak, which belongs to the Asteraceae family [14].

For morpho-anatomical studies, the object was collected in the Trans-Ili Alatau, Almaty region,
Karasay district, along the upper highway behind the village of Ushkonyr, coordinates N 43°7°37"
E 76°30°45" h — 1440 m (Fig. 1).

Cross-sections of plants were made according to the generally accepted method of P.P. Barykina on the
freezing device OL-ZSO 30 (INMEDPROM, Russia) [15]. The raw material for anatomical sections was
fixed in 70 % alcohol. The cross-sections were made using conventional blades. The finished sections were
temporarily fixed with glycerin. The cross—sectional images were taken with the MS-300 microscope
(MICROS, Austria) with magnifications of x180, x720. Classical literary data were used to describe
morpho-anatomical features [16-18].
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Figure 1. The collection point of the material

Results and Discussion

Ajania is a perennial plant. The height of the plant in the generative phase varies from 25 cm to 95
(100) cm, grayish or bluish from dense pubescence with pressed hairs. Stems at the base are usually not lig-
nified, or sometimes plants of several years may become lignified, few are sometimes solitary, erect. The
plant is only densely leafy and branched in the upper part. The plant has basal leaves, usually rapidly dying,
petioles from 3.5 to 6.5 (7) cm long; and the width is from 2 to 5.5 (6) cm, petioles are very narrow winged,
at the base with linear ears. The plant plate is broadly triangular-ovate, twice pinnately divided, with 5-7
segments of the first order, the terminal lobes are lanceolate or linear, up to 2.5 mm wide, the tips are blunt,
the leaves are often reduced and less dissected; the sides are almost sessile. The inflorescence is a basket
with 15-30 flowers, on one stem from 25 to 70, collected in a dense and complex shield, legs up to 7-9 mm
long, with very small linear apical leaflets. Flower wrappers up to 2-4 mm in diameter, 3-5 mm in height,
felt at the base, herbaceous leaves, outer ovate or broadly lanceolate, with a narrow membranous border, in-
ner 2 times longer, oblong-obovate, with a wide, light membranous, expanded at the tip, in the form of an
appendage along the edge (Fig. 2). Flower corollas are tubular, flower discs from 1.5-2.5 mm long. The fruit
of the plant is an achene. Achenes are a plant from 1 to 1.5 mm long and usually about 0.5 mm wide, without
a crown.

Blooms and bears fruit in August-September. It grows on rocky slopes and in the steppe among shrubs.
Distribution in Kazakhstan. It is found in the Balkhash region, Tarbagatai, Trans-1li, Dzungarian, Kyrgyz,
Kungei and Terskei Alatau, khr. Ketmen, Western Tien Shan. The area — Central Asia, Western China, Af-
ghanistan [12].

Anatomical structure of the leaf — Ajania fastigiata (C. Winkl.) Poljakov

The hairs were found only on the lower side of the epidermis, and they were not found on the upper
sides in the epidermis, perhaps they will be present in other conditions. The upper and lower epidermis of the
outer side of the leaf is represented by one or two layers of tightly closed cells of the primuogolny elongated
type. The epidermis cells along the transverse axis of the leaf range from 20 to 40 microns. The outer walls
of the epidermis cells are thickened. The epidermis is covered from the outside with a thin cuticle, reaching a
thickness of 2—4 (sometimes up to 5) microns. The cells of the epidermis are transparent.

In the region of the central conducting beam, the sclerenchyme is located around it, and noticeably
passes into the primary xylem, which consists of vessels with a diameter of 2 to 7 microns, as well as the
wall thickness does not exceed 2—-3 microns. The conductive bundles have a shape from oval to rounded and
tightly folded. The total width of the xylem of the conducting beam reaches 200—-250 microns, and the height
is from 50 to 70 microns. The phloem is located at the bottom of the xylem with an even layer, which is rep-
resented by sieve-shaped tubes with a diameter of 4 to 10 microns. On the cross-section, the elements of the
conducting beam, namely the phloem, have an irregular shape.
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A — general appearance; B — stem bases; C — stem; D: 1 — leaves; 2 — stem; E — leaves; F — dense complex
shield (inflorescence): 1 — pistil; 2 — cadaverous flowers (corollas); 3 — basket pedicel; 4 — baskets

Figure 2. Ajania fastigiata

The size of the phloem in the dorsoventral direction reaches up to 40 microns, and the width of the
phloem in the conducting beam is about 170 microns. Closer to the underside of the phloem leaf is the
collenchymas with a thick layer, which folds in the dorsoventral direction in usually up to 6-7 layers and
sometimes reaches 75 microns. Sclerenchyma cells have a diameter of up to 17 microns, mostly rounded or
oval in shape, sometimes isodiametric, their shells are uniformly thickened and usually reach from 3 to 4 mi-
crons (Fig. 3).

The cuticle covers the outer part of the epidermis cells with a thin layer. The anatomical structure of the
sheet outside the conductive beam is significantly different. The epidermis of the leaf of this part is formed
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by cells elongated in the transverse direction, reaching up to 40 microns, in the dorsoventral direction their
size does not exceed 16 microns. The thickness of the cuticle for this species is about 2—-3 microns.

The thickness of the epidermis of the lower side of the leaf has no more than 10 microns, and the di-
mensions along the transverse axis ranges from 9 to 15 microns. The closing cells of the stomata are located
in the same plane with the main cells of the epidermis.

A — x180: 1 — hair; 2 — upper epidermis; 3 — lower epidermis; 4 — essential oil gland; 5 — mesophyll; 6 — xylem;
7 — phloem; 8 — mechanical tissue; B — x720: 1 — upper epidermis; 2 — mesophyll; 3 — parenchyma (mechanical
tissue); 4 — xylem; 5 — phloem; 6 — sclerenchyma (mechanical tissue); C-D — x720: 1 — mesophyll;

2 — parenchyma (mechanical tissue); 3 — xylem; 4 — phloem; 5 — sclerenchyma (mechanical tissue);

6 — epidermis; E — x720: 1 — stomata; 2 — epidermis; 3 — mesophyl|

Figure 3. Anatomy of a leaf

Anatomical structure of the stem — Ajania fastigiata (C. Winkl.) Poljakov

On the cut, the stem of generative shoots has a faceted shape. The sclerenchymal strands that make up
the rigid framework of the plant are scattered and are located opposite the conductive bundles. Small areas of
collenchyma are also found under the integumentary tissues of the stem. The arrangement of the conductive
bundle of stems refers to the type of estella. The conductive bundles are of a collateral type, located radially,
closer to the outer surface of the stem. The phloem lies closer to the edge of the stem, and the xylem is closer
to the center. Towards the center from the conductive rays there is a poorly developed zone of the
chlorenchyme, which gradually turns into a parenchyma with large cells (Fig. 4).

Preparations of the leaf plate allow us to consider the shape of the epidermis cells and glandular hairs.
During observation, the presence of epidermal cells of a tortuous shape was noted, among which stomata
with an anomocyte type closing apparatus were scattered. The shape of the epidermis cells indicates the eco-
logical characteristics and belonging of the studied plant. Thus, cells with a more sinuous shape of the walls
are found in species belonging to xeromesophytic forms.
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A — x180: 1 — epidermis; 2 — callenchyma; 3 — primary cortex; 4 — endoderm; 5 — sclerenchyma; 6 — phloem;
7 — xylem; 8 — core; B — x720: 1 — epidermis; 2 — primary cortex; 3 — endoderm; 4 — sclerenchyma;
5 — phloem; 6 — xylem; C — x720: 1 — epidermis; 2 — callenchyma; 3 — primary cortex; 4 — endoderm;
5 — sclerenchyma; 6 — phloem; 7 — xylem; D — x720: 1 — sclerenchyma; 2 — phloem; 3 — xylem; 4 — core;
E — x720: 1 — primary cortex (parenchyma); 2 — endoderm; 3 — sclerenchyma; 4 — phloem; 5 — xylem;
6 — core; F — x720: 1 — xylem; 2 — core

Figure 4. Stem anatomy

Conclusions

The leaves of the studied species contain essential oil glands and receptacles for metabolic products,
which indicate that the species belongs to essential oil crops. The stems of Ajania fastigiata have a character-
istic anatomical structure, which is characterized by the location of the sclerenchyma in separate strands and

the presence of conducting bundles of a collateral type. According to Raunkier's classification, both species
belong to hamefits.

Cepus «bronorusa. MeguunHa. Meorpadusi». Ne 1(109)/2023 33



G.A. Amertayeva, A.T. Mamurova, B.B. Osmonali

References

1 Das S.C. Studies of indigenous and tribal medicinal plants of hilly Tripura / S.C. Das, T. Prabhu, A.K. Deb, T. Biswas,
J. Prakash // Acta Hortic. — 2013. — Vol. 972. — P. 37-46. https://doi.org/10.17660/ActaHortic.2013.972.5

2 Seyidoglu N. Geophytes as medicinal and aromatic plants / N. Seyidoglu, D. Yayim // Acta Hortic. — 2009. — Vol. 826. —
P. 421-426. https://doi.org/10.17660/ActaHortic.2009.826.59

3 AxwmeroBa C.B. [IpoTHBOBOCIANMTENRHOE W PaHO3AKUBISIONICE a3zyieHcoaepkaniee 3¢upHoe Mmacino Ajania fruticulosa
(Ledeb.) Poljak / C.b. Axmerosa, I.T. Cagpipbekos, . A. Araxanosa, C.M. AnekeHoB // XUMHs, TEXHOJIOTUSI U MEAUIUHCKUE ac-
MEeKThI IPUPOHBIX coeanHeHnit. — Anmarsl, 2007. — C. 25-36.

4 Cwmarynos M.K. Buusiaue 3¢upHOro Macia asHAM Ha MUKpOQJIOpy THOHHO# panbl B 3kcriepumente / M.K. Cmaryios,
C.B. AxmeroBa, K.X. AnmarambetoB // Buotexuonorusi. Teopust u npaktuka. — 2006. — T. 1. — C. 48-54.

5 Mynnames A.A. Kpurndeckuit nepecmotp pozna Ajania (Asteraceae—Anthemideae) / A.A. Mynnamues // BoraH. xypH. —
1983. — T. 68. — C. 584-588.

6 Shatar S. Essential Oil Composition of Three Ajania species from Mongolia / S. Shatar, J. Staneva, S. Altantsetseg,
M. Todorova // Journal of Essential Oil Bearing Plants. — 2010. — Vol. 13, Ne 4, — P. 460-464.

7 Sharipova F.S. Study of the essential oil of Ajania fastigiata / F.S. Sharipova, T.K.Chumbalov, L.A. Elchibekova,
R.A. Zhubaeva // Chemistry of Natural Compounds. — 1975. — Vol. 10. — P. 104-105.

8 Chumbalov T.K. Flavonoids of Ajania fastigiata / T.K. Chumbalov, V.I. Glyzin, R.A. Zhubaeva // Chemistry of natural
compounds. — 1974. — Vol. 6. — P. 791-792.

9 Yusupov M.I. Sesquiterpene lactones of Ajania fastigiata / M.I. Yusupov, Sh.Z. Kasymov, G.P. Sidyakin, U. Rakhmankulov
/I Chemistry of Natural Compounds. — 1980. — Vol. 15. — P. 507-508.

10 Pellicer J. Palynological study of Ajania and related genera (Asteraceae, Anthemideae) / J. Pellicer, O. Hidalgo, S. Garcia,
T. Garnatje, A.A. Korobkov, J. Valles, J. Martin // Botanical Journal of the Linnean Society. — 2009. — Vol. 161. — P. 171-189.

11 MyxamerkanoB M.H. TIpoGieMbl paliMOHAIBHOTO HCIIOIb30BAHUS JIEKAPCTBEHHBIX U TEXHUYECKUX pacTenuii Kaszaxcrana /
M.H. MyxamerxanoB,  A.Jl. Karapmuukuit, C.M. AnexenoB, A.E. TypmyxamberoBa, C.M. Bepmennue, O.K. Kabues,
C.C. bokaega, K.JI. PaxumoB. — Anma-Ata, 1986. — C. 230-232.

12 AxmeroBa C.b. AHTHMHKpOGHasi akTHBHOCTh 3(upHOro Macna asaun Kycrapauukosoii / C.b. Axmerosa, M.K. Cmaryios,
K.X. Anmaramb6eros, C.M. AnekernoB, M.T. Anusiknapos // buotexunosnorust. Teopust u npaktuka. — 2004. — T. 1. — C. 72-75.

13 Chumbalov T.K. Flavonoids of Ajania fastigiata / Glyzin V.I., Zhubaeva R.A. // Chemistry of Natural Compounds. — 1974.
— Vol. 10. —P. 814.

14 ®nopa Kazaxcrana. — Anma-Ara, 1966. — T.9. — C. 71, 72.

15 Baprikuna P.I1. CnpaBouynuk mo 6oTaHn4eckol MukpoTexHuke. OcHOBBI 1 MeTons! / P.I1. bapeikuaa. — M.: U3n-Bo MI'Y,
2004. — 312 c.

16 BacunbeB A.E. boranmka, mopdonoruss u anatomus pactenuii / A.E. Bacunbes, H.C. Boponun, A.I'. EneHeBckui,
T.U. CepebpsikoBa. — M.: [IpocBenienue, 1988. — 480 c.

17 Pymsuues JI.E. Anartomus pacrenuii: yue6.-meton. noc. / /I.E. Pymsnues, A.b. 3arpeeBa. — M., 2021. — 94 c.
18 Cxymuenko B.b. Anaromus pactenwmii: yue0. moc. s By3oB / B.b. Ckymaenko. — CII6.: CII6I'JITA, 2004. — 180 c.

I'.A. Amepraesa, A.T. Mamyposa, b.b. OcMonanu

Ajania fastigiata (C. Winkl.) Poljakov (Asteraceae) keI:KbLIABIK TIPiTiKk eciMairinin
MOP(OJIOTMSJIBIK CHIIATTAMACHI 7KIHE AHATOMUSIJIBIK epeKIIeTiKTepi

Jopimik eciMmikrep OYTiHri KyHTe OeiiH €H ©3eKTi 3epTTey HbICaHAapbl OOJbIN TaObuTAmBL. OWTKeH,
MaiJabel ©CIMAIKTEP/ICH aJlbIHFAH COHFBI OHIM €H KYH[BI JOPUTIK Mmpenaparrapra xaraapl. KypaMeiama a¢up
Maiimapsl 6ap eCIMIIKTep MEIWIMHAJAFbl EepeKIIe KBI3BIKTHI OCIMIIKTEp OONBII CaHATaIbl, MBICAJIbI,
Artemisia TYKbIMIACBIHBIH TYpJiepi, COHbIMEH Karap Kem agam Oime Oepmeiitin Ajania TYKbIMIACBHIHBIH
JKAKBIHTYBICTAC TypJiepi e 3¢up MaiinapbiHa Oaii. Ajania Tysicel Asteraceae TYKbIMIAChIHA JKaTalbl.
Kasakcranma ocel TYBICTBIH Tek 2 Typi kesmeceni: Ajania fruticulosa (Ledeb.) Poljak (6yra) sxone Ajania
fastigiata (C.Winkl.) Poljak (xermkpuigpIk 1memnrecid). 3eprrey oobekrici — Kaszakcran PecryOnuKachIHBIH
OHTYCTIK KOHE OHTYCTIiK-IIBIFBIC OHIpJepiHiH OYKin Taynsl aymarbiHa Tapanrad Ajania fastigiata ecimpairi.
On HakThl MOP(OJOTHSIIBIK KOHE AHATOMMSUIBIK EPEKIIENIKTeD TYPFBICHIHAH a3 3epTTeireH, aiThUIFaH
MaFJIyMaTTap TYpIi Te3 aHBIKTayFa JKOHE HaKThUIayFa MYMKIiHIIK Oepeni. ToxipuOemik yiri ymria e
AnarayblHIaFbl €H JKakKblH HYKTE€ TaHOANABL 3epTTey OficTepi KIIACCHKANbIK OOTaHHKAIBIK IKOHE
AQHATOMHSUTBIK. [IOMYJSINMSHBI Tangay Ke3iHAe OChl ayMaK YLIiH TYpPAIH MOpP(QONOTHSIIBIK JepeKTepi
HaKThUTaHIbl. AHATOMHSUIBIK 3eprreyiep Ajania fastigiata sxanbipakrapeinga sdup Maiiel Oesmepi MeH
MeTabon3M eHIMJIepiHe apHanraH opblHAAap Oap ekeHiH kepcerTi. byn Typain cabakrapsiHga
CKJIPEHXUMAaHBIH )KeKe ClIeMIepiHiH OpHaIacy epekiueiri 6ap.
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Kinm cosoep: Asteraceae, Ajania fastigiata, mopdosorus, aHatomus, 1opinik ecimmaikrep, a¢up maiiapsi,
JKYHeIiK epeKienikrep, line Anaraysl.

I".A. Amepraesa, A.T. Mamyposa, b.b. Ocmonanu

Mopq)onornqecmm XaAPEKTEPUCTUKA U aHATOMHYECCKUE 0CO0EHHOCTH MHOTI0JIETHEr 0
JekapcTBeHHOro pacrenusi Ajania fastigiata (C. Winkl.) Poljakov (Asteraceae)

JlekapCcTBEeHHbIE pPACTEHHs HA CETOAHSIIHANA JE€Hb SBISIIOTCS CAMBIMH aKTYalbHBIMH OOBEKTaMu
uccieoBanus. Tak Kak KOHEYHBIN MPOIYKT, KOTOPBIA MONyYaeTcss OT MOJE3HBIX PACTEHHH, OTHOCHTCS K
CaMBIM IIEHHBIM JIEKapCTBEHHBIM mperaparaM. Oco00 MHTEPECHBIMH PACTCHHSAMH B MEIUIIMHE SIBISIOTCS
colepkame B cocraBe d(HpHbIE Macia, K IpUMepy BHIbI pojaa Artemisia, HO Mano KTO 3HAET, 4YTO
OJIM3KOPOJICTBEHHBIEC BB poja Ajania takke 6orartel apupHbIME Maciamu. Pox Ajania oTHOCHTCS K ceMeii-
cTBy Asteraceae. B Kazaxcrane BcTpeuarorcst Tonbko 2 Buga storo poaa: Ajania fruticulosa (Ledeb.) Poljak
(kycrapuuk) u Ajania fastigiata (C.Winkl.) Poljak (MHorOoneTHee pacrenue). HamuM oGObeKTOM HCCIIEa0Ba-
Hus sBisiercst Ajania fastigiata, koropast pacnipoctpadeHa no Beeit ropaoii Teppuropun HOxuHoro u FOro-
Bocrounoro pernonos Pecry6omukn Kasaxcran. OHa Mano M3ydeHa B IUIaHE TOYHBIX MOP(OJIOTHUECKUX U
AHATOMHYECKHX OCOOCHHOCTEH, 3HAHME KOTOPHIX JAI0T BO3MOXKHOCTH OBICTPOTO OMPEIEIECHUS U YTOUHEHHS
Buna. [lis omeITHOrO 0Opasma Obuta BeIOpaHa Onrkaiimmas Touka B 3amnmiickoMm Ajaray. Metonamu uccie-
JIOBaHHs OBUTH KJIacCHYeCKUe OOTaHHYeCKue U aHatoMuueckue. [Ipu pasbope mpuUMepHO MOMYISIIHA OBLTH
YTOYHEHBI MOP(OJIOTHYECKHEe MAHHBIC BHIA UL 3TOM TEPPHTOPHH. AHATOMUYECKHE WCCIIEIOBAHHUS
nokasainu, uto Jucths Ajania fastigiata comepixar s3pupHO-MacIHUHbBIE KENE3KH U BMECTHIIUIIA IS TIPOIYK-
ToB MeTabonm3ma. CTeGii JaHHOTO BHOAa MMEIOT XapaKTePHOE PACIIONOKCHHE CKICPEHXUMBI OTACTBHBIMH
TSDKAMH.

Knrouesvie crosa: Asteraceae, Ajania fastigiata, mop¢onorus, aHaToMus, JICKAPCTBCHHBIC PACTCHHS,
3¢hupHBIC Maciia, CHCTEMAaTHUECKHE 0COCOCHHOCTH, 3alITHICKUiT AnaTay.
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Powdery mildews fungi of trees of Karaganda, Balkhash and Temirtau cities

Karaganda region is a major industrial center of our country. In such cities of the region as Karaganda,
Temirtau and Balkhash there are large enterprises of ferrous metallurgy, construction, chemical JSC
“ArcelorMittal Temirtau”, JSC “Temirtau Electrometallurgical Combine”, LLP “Ecominerals”, JSC
“CentralAsia Cement”, “Agat-Service” LLP, JSC “Kazakhstan Invest Comir”, LLP “Kazakhmys Corpora-
tion”, LLP “MMC Kazpolymetal”, Metal-Kit Karaganda, LLP “Mining and Metallurgical Combine”, Non-
ferrous metals processing plant, etc. All technogenic factors lead to a decrease in plant productivity and often
to their death. The dynamics of seasonal development of phytopathogenic fungi depends on meteorological
conditions. Changes in the dynamics of factors corresponding to the season of the year occur in the habitat of
the species. Phytopathogenic fungi also directly depend on their own host-plants, the conditions of their de-
velopment and the growing season. The article presents information about the types of powdery fungi affect-
ing various types of trees growing in parks and squares of the cities of Karaganda, Balkhash, Temirtau. 4 spe-
cies of trees affected by powdery mildew were analyzed. And during the study, the following types of
phytopathogenic fungi were identified at various stages of development: Uncinula aceris Sacc.,
Microsphaera betulae Magnus, Microsphaera penicillata (Wallroth.) Leveille, Uncinula salicis Winter f.
populorum Rabenhorst. Phytopathogenic fungi of trees growing in parks and squares of the industrial cities of
Temirtau and Balkhash were studied for the first time.

Keywords: tree plantings, herbarium, phytopathogenic fungi, host-plant, powdery mildews fungi, seasonal
dynamics, appendages, chasmothecia.

Introduction

Plants in the city parks and squares are often exposed to various diseases and need to be protected. This
requires regular phytopathological studies. The main pathogens of tree diseases in the city are fungi that set-
tle not only on living plants, but also on plant residues. More often, fungal diseases are focal in character, but
sometimes they acquire the character of epiphytotics. Phytopathological researches are necessary to assess
the infestation of plants with fungal diseases, to identify the lesions of the disease and the causes of their oc-
currence.

Studies of garden and park plantings in cities and countrysides of Kazakhstan were carried out in differ-
ent years by various scientists. The study of the species composition and distribution of phytopathogenic
fungi of plants in large cities of Central Kazakhstan was carried out by A.D. Spanbaev and S.A. Abiev. The-
se scientists noted the significant harmfulness of a number of diseases caused by fungi for trees in the urban
environment [1].

In the cities of the Karaganda region, trees are affected by various fungal diseases. Only some patho-
gens causing leaf diseases are attributed to the types of fungi that develop on hardwoods.

Powdery mildews are a class of fungi of the Ascomycetes order, in which about 500 of their species are
known, they have specialized forms confined to certain plant species. These are obligate parasites of plants
that cause the disease — powdery mildew. Their mycelium grows on the surface of leaves, stems, and fruits in
the form of a white plaque. Later, fruit bodies of dark brown color appear on the plague — chasmotecia. The
source of infection is plant residues on which chasmotecia overwinter, as well as mycelium. The develop-
ment of powdery mildew is promoted by hot and dry weather. The pathogen develops a superficial myceli-
um, on which is formed the conidial stage. During the growing season, new conidia are infected plants,
which form several generations over the summer. They get on the leaves or other organs of susceptible
plants, germinate and cause their infection. On the surface of infected organs develops a mycelium, and on
it — conidiophores with conidia arranged in chains. At the end of the growing season, the marsupial stage of
closed spherical fruit bodies (chasmotecia) with a diameter of up to 1.5 mm with appendages develops. After
overwintering on fallen leaves, the spores in the ascocospores of chasmotecia ripen and provide primary in-
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fection of plants. Overwintering with mycelium is possible when it penetrates into dormant buds. In the
spring, the shell is ruptured and asci with ascospores are poured out, which infect plants [2].

Experimental

The objects of research are parks and squares of the cities of Karaganda, Temirtau and Balkhash. The
collection of research materials from parks and squares was carried out in the summer and autumn periods of
2020-2022. The study was provided by the route method. When choosing a route, the occurrence of plants
with signs of diseases in some areas, the presence of the most noticeable foci of diseases was taken into ac-
count. The material for the study was live leaves with raids, pustules, spots, with signs of drying and the
presence of fungal structures, fruit bodies of macromycetes.

The collected samples were herbarized, and the determination was carried out using the method of light
microscopy and standard determinants:

1. The key for determining the types of powdery fungi of Kazakhstan by families and genera of feeding
plants (2013). It is based on the system of U. Braun (1987), where the characteristics of the fruit bodies of
powdery fungi are decisive: the number of bags in the chasmotecia, the number of ascospores in the asci and
the type of appendages of the chasmotecia [3, 4];

2. Reference-guide “Flora of spore plants of Kazakhstan”, Volume 3 “Powdery mildews fungi”. The de-
termination of the species of powdery mildewsfungi in this key is based on the systematic position of the
host-plant, the symptoms of the affected plants and microscopic signs of fungi pathogens [5];

3. Determinants of other authors G.B.Cummins, Y. Hiratsuka, H.L.Barnett, B.B. Hunter,
T.L. Nikolaeva, A.A. Yachevsky, S.R.Shvartsman, D.N. Teterevnikova-Babayan were used to study
phytopathogenic fungi.

The collection of samples of plants affected by powdery mildew was carried out during the growing
season, starting in May, in various ecological situations of the city: in alley plantings, in squares and parks,
in green spaces in courtyards. For microscopic identification of the species of powdery mildew fungi, herbar-
ium samples of leaves of various plants with sporulation were collected (during the growing season — de-
pending on the formation of chasmotecia).

The determination of phytopathogenic fungi by fruit bodies, appendages, asci and spores was carried
out according to the method of I.1. Zhuravlev (1979). The method consists in examining the sporulation of
pathogens or affected plant tissues under a microscope [6].

The degree of lesion of woody plants by phytopathogenic fungi was determined by a 6-point scale of
Yu.V. Sinadskii:

1 — there is no disease lesion;

2 —single spots, up to 5 % of the plant surface is affected;

3 —up to 25 % of the plant surface is affected;

4 —up to 50 % is affected, the fructification of the fungus is clearly visible;

5 — more than 50 % of the plant surface is affected,;

6 — more than 70 % of the plant's surface is affected, the leaves are crumbling [7].

Results and discussion

In the cities of the Karaganda region, trees are affected by various fungal diseases: Uncinula aceris
Sacc., Microsphaera betulae Magnus, Microsphaera penicillata (Wallroth.) Leveille, Uncinula salicis Win-
ter f. Populorum Rabenhorst.

1. Species: Uncinula aceris Sacc. Host-plant: found on the leaves of Acer negundo L. Located in Ka-
zakhstan: Karaganda c., the square on Nazarbayev Avenue, GPS-coordinates: N 49.81364; E 73.08816;
Ethnopark named after 10" anniversary of Independence of Kazakhstan, GPS-coordinates: N 49.776648;
E 73.125413. Date of location: 10.07.-13.07.2021.

Mycelium on the surfaces of leaves, cobwebbed. Chasmotecia are scattered or crowded, spherical, 139—
145 um in diameter. The cells of the chasmotecia shell are unclear, about 10 um in diameter, multifaceted.
Appendages are multiple, located along the equator or in the upper part of the chasmotecia, short, colorless,
smooth, with a thick shell, fork-branched once or twice at the apex, with curved ends in the form of a hook
or spirally. Asci with a number of 6-10 in chasmotecia, spherical, on a short leg, with a thickened shell,
65.2-83.7x46.5-65 um. Spores number 68, ellipsoidal or improperly ovoid, 21.5-24.8x9-12 um (Fig. 1).
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A — leaves of Acernegundo L., affected by pathogenic fungi;
B — Uncinula aceris Sacc. under the microscope — 20x (asci, ascospores, appendages, chasmotecia)

Figure 1. Uncinula aceris Sacc

2. Species: Microsphaera betulae Magnus. Host-plant: found on the leaves of Betula pendula Roth.
Located in Kazakhstan: Karaganda c., Central park, GPS-coordinates: N 49.801128; E 73.077488;
E.A. Buketov Square, GPS-coordinates: N 49.770708; E 73.124901; Temirtau c., City Park of culture and
recreation “Vostok”, Square on the Avenue of Stroiteley, GPS-coordinates: N 50.057263; E 72.996888. Date
of location: 20.09.—25.09.2020.

Myecelium and conidial sporulation on both sides of the leaf in the form of a cobwebby plaque, usually
in the form of spots mainly on the upper side of the leaf. Chasmotecia in groups or scattered on both surfaces
of leaves, several, 80-95 um in diameter. Appendages 6-15, located radially and raised upwards, colorless,
80.5-94.5 um long, 3—4-fold fork-branched, with short, barely bent terminal branches. Asci are 4-5, ellip-
soidal or wide-ellipsoidal, 47-60%33.7—-50.2 pm, without a leg. The number of ascospores is 7-8, ellipsoidal,
19-21.5x12,9-16,2 um (Fig. 2).

A — leaves of Betula pendula Roth., affected by pathogenic fungi;
B — Microsphaera betulae Magnusunder the microscope — 40x (asci, appendages, chasmotecia)

Figure 2. Microsphaera betulae Magnus

3. Species: Microsphaera penicillata (Wallroth.) Leveille. Host-plant: found on the leaves of Ulmus
pumila L. Located in Kazakhstan: Balkhash c., Central square, Youth park, Park at the Eternal Flame Me-
morial. GPS-coordinates: N 46.839326; E 74.983356. Date of location: 21.09.-26.09.2021.

Surgical dark spots can be seen on both surfaces of the leaf. Chasmotecia are scattered on the sides, the
size is 80 um. The number of appendages is 4. The number of spores is 4-8; size is 19.2-20.2x12.8-16 um

(Fig. 3).
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A

A — leaves of Ulmus pumila L., affected by pathogenic fungi; B — Microsphaera penicillata (Wallroth.) Leveille.
under the microscope — 20x (asci, ascospores, appendages, chasmotecia)

Figure 3. Microsphaera penicillata (Wallroth.) Leveille

4. Species: Uncinula salicis Winter f. populorum Rabenhorst. Host-plant: found on the leaves of
Populus nigra L. Located in Kazakhstan: Temirtau c., Park of Labor Glory, GPS-coordinates: N 50.056381;
E 73.009632; Karaganda c., Park Pobedy, GPS-coordinates: N 49.784412; E 73.136772; Square on the Ave-
nue of Stroiteley, GPS-coordinates: N 49.776274; E 73.13603.

There are cobwebbed and black dot spots on the surface of the leaf. Chasmotecia are scattered every-
where, measuring 100-110 um. Appendages are various, long, with a hook-shaped bend, measuring 140—
38.5 um. Number of spores is 4-5, size is 13-15; 2x7-13 um (Fig. 4).

A B

A — leaves of Populus nigra L., affected by pathogenic fungi; B — Uncinula salicis Winter f. populorum Rabenhorst.
under the microscope — 20x (asci, appendages, chasmotecia)

Figure 4. Uncinula salicis Winter f. populorum Rabenhorst

Researches conducted in the cities of Karaganda, Temirtau, Balkhash in 2020-2022 showed that the
development of pathogens of phytopathogenic fungi directly depends on such factors: temperature, humidity,
amount of precipitation.

Seasonal dynamics of powdery mildew fungi development in the cities is observed in June-July with the
beginning of the conidial period and the maturation of chasmotecia in August-September. At Karaganda in
August-September 2020, the average air temperature is +19 °C, and in 2021 is +18 °C. In Temirtau in
August-September 2020, the average air temperature is +20 °C, and in 2021 is +19 °C. And at Balkhash in
August-September 2020, the average air temperature is +22 °C, and in 2021 is +21 °C. During this period, it
forms fruit bodies of various shapes adapted to wintering, overwintering in plant residues, bursting in spring,
and spores from them come out. In three cities, in 2020-2022, an average high air temperature was observed,
in 2020 and 2021, low humidity (on average — 56 %), and in 2021 and 2022 — this had a positive effect on
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spore germination, on the reproduction of powdery mildew, created ideal conditions for the development of
powdery mildew fungi (Fig. 5).
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Figure 5. Seasonal dynamics of the development of powdery mildew fungi depending on the air temperature

For the research, data on atmospheric air temperature, humidity and precipitation were taken from the
Karaganda Hydrometeorology Center from autumn 2020 to autumn 2022.

Conclusions

As a result of the studies of trees, 1 genus of Erysiphe and 4 species of powdery mildew fungi were
discovered and studied: Uncinula aceris Sacc. at Acer negundo L., Microsphaera betulae Magnus at Betula
pendula Roth., Microsphaera penicillata (Wallroth.) Leveille at Ulmus pumila L., Uncinula salicis Winter f.
populorum Rabenhorst at Populus nigra L.

When analyzing the dynamics of seasonal development of phytopathogenic fungi identified in the trees
vegetation of the cities of Karaganda, Temirtau, Balkhash, we came to the following conclusions:

Seasonal dynamics of powdery mildew fungi development in the studied cities is observed in June-July
with the beginning of the conidium period and the maturation of chasmotecia in August, September. Fruit
bodies of various shapes, adapted to wintering, overwinter on the remnants of growth. In spring, the fruit
bodies burst, and the spores on them come out. The most favorable conditions for spore germination and
reproduction were created by the high air temperature in June-July 2020-2022 and high humidity.

The study found that the dynamics of the development of powdery mildew fungi is similar in three
cities. They damage many trees of the city. As a consequence of the disease, the growth and development of
the damaged plant slows down, their decorative properties deteriorate.
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Kaparanabl, baakam, Temipray KajajgapbIHbIH
aFralTAPbIHBIH AKYHTAK CAaHbIPAYKYJIAKTAPbI

Kaparaags!r oOnbICH! enmiMi3fiH ipi eHepkacinTik opTanbirel. Kaparannsl, Temipray skoHe bamkamn cHsSKTHI
0OJBICTBIH ipl KaJaJapblHIa Kapa METALTYPTHAHBIH 1pi KOCIMOPBIHIAPHI, KYPBUTBIC, XUMHS ©HEPKIciOi, aTam
aiircak:  «ApcemopMurran Tewmipray» AK, «Temipray sIeKTpOMETaTyprisuibIK 3aybITe  AK,
«Qxomunepancy XKIIC, «enrpanasus Lement» AK, «Agat-Service» XKIIC, «Ka3akcran NMuect Kemip»
AK, «Kazaxmbic koprioparusics» KILIC, TMK «Kaznonumeramny XIIC, «Metami-Kommiekr Kaparanasiy»,
«Tay-ken metammyprus kom6uHatel» JKIIC, Tycti meranmapael eHJey 3aybIThl JkoHE T.0. OpHanacKaH.
bBapnelk TexHOreHmik (akTopnap OCIMIIKTepIiH OHIMIUIINiHIH TeMeHJAeyiHe jkoHe KkeOiHece oyapJblH
Oyninyine  okenmeni. duTomaToreHAl  CaHBIpAayKYJIaKTapAblH  MayChIMABIK ~ JaMy  JHHAMUKaChI
METEOPOJIOTHSIIBIK JKaFmainapra OaiimaHeicTel. TYpAiH TIPIIUTIK €Ty OPTachlHIA JKbIJI ME3TiNliHEe CcoiKec
(hakToprmapAbIH AWHAMUKACHIHAA e3repictep Oomaapl. dUTOMATOTEHII CaHBIPAyKYJIAKTap COHBIMEH Karap
©3/IepiHiH HENIK-0CIMAIKTEpiHe, ONApABIH AaMy >KaFIaiilapplHa >XOHE BETETAIMSIIBIK Ke3eHIHE TiKelen
OaimanbicTel. Maxkanana Kaparanapl, bankam, Temipray KanamapblHBIH casOakTapsl MEH CKBEpIIEpiHZEe
OCETiH 9PTYPJIi aralll TypJiepiHe acep eTeTiH aKyHTaK CaHbIpayKyJIaKTaphl TYpJiepi Typajbl aknapat OepiireH.
AKYHTaKTaH 3apjan IIeKKeH aramTapibiH 4 Typi 3epTrengi. 3epTrey OapbIChIHAA AaMyIblH SpTYpIi
Ke3eHJepinae (QUTONMaToreHAl CaHbIpayKyJIaKTapAblH Keeci Typrepi anbikramas: Uncinula aceris Sacc.,
Microsphaera betulae Magnus, Microsphaera penicillata (Wallroth.) Leveille, Uncinula salicis Winter f.
populorum Rabenhorst. Anram per Temipray jxoHe Bankain KajganapbIHbIH casOaKTapsl MEH CKBepliepiHzie
©CETIH aFalTap/bIH (PUTOMATOTeH/II CAaHBIPAYKYJIAKTAPhI 3€PTTEINI].

Kinm ce30ep: aram kemertepi, repOapwii, (QHUTONATOTEH/I CaHBIPAYKYJIAKTAp, HETIK-OCIMIIK, aKYHTaK
caHpIpayKyJIaKTapbl, MayCHIMABIK THHAMHKA, OCIHIIEP, KICHCTOTEIHA.

A. K. beiicemb6aii, A K. Ocmanosa, A. Kamu

My4HucTO-pocsinbie rpuodbI AepeBbeB ropoaos Kaparanasl, banxama, Temupray

KaparanauHckast 0071acTh SBISETCS KPYITHBIM HPOMBIIIICHHBIM LIEHTPOM Halllel CTpaHbl. B Takux ropomgax
obnacty, kak Kaparanna, Temupray u Banxain pacnonosxeHs! KpyIHbIe NPEANPUSTHS YePHOH METaIITypru,
cTpoutenbHble, xumuueckue: AO «ApcemopMurran Temupray», AO «TemupTayckuil 3meKTpomeTal-
ayprudeckuii kom6unar», TOO «dxomunepancy, AO «llentpanAsus Llement», TOO «Agat-Service», AO
«Kazaxcran Musect Kemip», TOO «Kopmopamus Kaszaxmbicy, TOO «I'MK Ka3znomumeramn», Merami-
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Kommnekr Kaparanna, TOO «'opHo-MeTautyprudeckuii kKomOuHaty», 3aBoj 0OpaOOTKH LIBETHBIX METAaJUIOB
u 1p. Bee TexHOreHHbIe (haKTOPBI IPUBOJAT K CHIDKEHHIO MPOIYKTUBHOCTH PACTEHUIT U 3a4acTyIO K ux rude-
. JIuHaMHUKa CE30HHOTO Pa3BUTHS (PUTOMATOTE€HHBIX TPUOOB 3aBHCHT OT METEOPOJIOTHUECKUX YCIOBUH. B
MecTe OOMTaHMS BHIAa INPOHCXOISIT W3MEHEHUsS IUHAMUKH (aKTOPOB, COOTBETCTBYIOIIMX CE30HY ToOJa.
OunTonatoreHHsle IpHOBI TaKKe HANPSIMYIO 3aBUCAT OT COOCTBEHHBIX PACTEHHH-XO3SMHOB, YCIOBHH HX
Pa3BHUTHS U CPOKa BereTanuu. B crarhe mpexacTaBieHa MHGOPMAIHSI O BHIAX MYYHHCTO-POCSHBIX TPHOOB,
MOpPaKAIONIUX Pa3IMIHBIC BUIBI JIEPEBHEB, IPON3PACTAIONINX B apKax U ckBepax roponoB Kaparanasl, bai-
xama 1 Temupray. beuio uccrienoBano 4 Buza 1epeBbeB, MOPaAKCHHBIX MYYHUCTOH pocoil. U B xoxe uccie-
JIOBaHUs ObUIM BBISBIEHBI CIEYIONIIHE BUABI (DUTONATOTEHHBIX I'PHOOB Ha PAa3IHYHBIX CTaJHAX Pa3BUTH:
Uncinula aceris Sacc., Microsphaera betulae Magnus, Microsphaera penicillata (Wallroth.) Leveille,
Uncinula salicis Winter f. populorum Rabenhorst. Briepebie ncciieioBanbl GUTONATOreHHBIE TPUOBI TEPEBb-
B, IIPOU3PACTAIONINX B ITapKax U CKBepax MPOMBIIIIEHHEIX TopoioB Temupray u banxama.

Kniouesvie cnosa: npeBecHble HacaIeHHUs, repOapuil, (QHUTONATOTeHHBIC TpPUOBI, pPACTCHHE-XO3SHH,
MYYHHCTO-POCSIHBIC TPHOBI, CE30HHAs ANHAMHKA, IPUIATKHU, KIeHCTOTeNH.
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Accouunanusi noaumopdusma rs12329760 rena TMPRSS2
¢ KOPOHABMPYCHOM MHpexuuei

B crartbe npencraBneHs! pe3yabTaTel reHOTHIMpoBaHua 00pa3os JHK, nmomydeHHBIX OT y4aCTHHKOB HCCIIe-
JIOBaHUS C YCTAQHOBJICHHBIM CTaTyCOM KOPOHAaBHPYCHOH MH(EKINH C MOMOIIBI0 HMMYHO(EPMEHTHOTO aHa-
mza (MUDA), no oguonykineotuaHomy nonumopdusmy rs12329760 (C/T) rera TMPRSS2. I'enotummuposa-
HHE OCYIIECTBIIIOCh METOOM MOJIMMEPA3HOH LEHON peakluK B PEKHME PEaIbHOTO BPEMEHH € HCIOIb30-
BaHHEM METOIMKH «AMILTH(UKALIUS pedpaKTOPHOH MyTaIllMOHHOH cucTeMb». [Ipoananu3npoBaHo pacrpe-
JIeJICHHE 4acTOT TeHoTHnoB u amienei rs12329760 C>T rena TMPRSS2 y 80 nroneit sxciepuMeHTanbHOU U
KOHTpOJIBbHOU Tpymm. OOHapyXeHO HAIMYWE 3HAYMMOCTH OJHOHYKICOTHAHOTO mojuMopdusma 1512329760
rera TMPRSS2 B romo3urotaom coctossHud u retepo3urotHoM (CT) u 06 oTCyTCTBHM 3HAYUMOCTH T€HOTH-
na TT. OGHapyXeHO CTaTHCTHYECKH 3HAYMMOE OTJIMYUE pacipeneacHus amienu T.

Kniouesvie crosa: SARS-CoV-2, TMPRSS2, COVID-9, SNP, omHOHYKICOTHAHBIH MOIUMOP(U3M, TeH,
BOCIIPHUMYHBOCTb.

Beeoenue

KoponaBupycsl — 3TO BUPYCHI, cojaepikaiiue oanonemnodeunyto (+) PHK, koropsie TakcoHOMUYEeCKH
oTHocsaTcsl K cemeiictBy Coronaviridae u momacemeiictey Coronavirinae [1]. Dto o6oso4edHbie BHPYCHI,
uMmeromue chepruuecKyro, OBabHYI0 WM IIeoMopHYyI0 (GopMy. S-0€JIKH KOPOHOBHPYCOB NPEACTABISIOT
co00i1 KOpOHOOOPa3HbIE MUITBI HA BHEIITHEHN MOBEPXHOCTH BHUpYCa C 3THM CBs3aHO UX Ha3BaHue. [logcemeii-
CTBO MOJKHO pa3/ielnTh Ha 4yeThipe poxa: Alpha-, Beta-, Gamma- u Deltacoronavirus, a-CoVs u 3-CoVs, B
OCHOBHOM, 3apa’karoT MJIEKOIHUTAIOMIMX, Toraa kak y-CoVs u 6-CoVs NperuMyIEeCTBEHHO 3apa’KatoT MTHIL
[2, 3]. SARS-CoV-2 otHocuTCs K -KOpOoHaBHpYycaM, KOTopbie HMeroT YeTthipe Jinanu (A—-D) ¢ SARS-CoV,
a Taoke SARS-CoV-2, npunajnexamue K JTMHUU B, KoTopas coaepxut npumepro 200 ceKBeHUPOBaHHBIX
BHPYCHBIX T€eHOMOB [4].

YroObl UMETh BO3MOKHOCTh HH(OUIIPOBATH, BUPYC JIOJKEH CHAYaIa CBSA3BIBATHCS C MOBEPXHOCTHIO XO-
3sIMHA W BITOCJIC/ICTBHMY WHUIIMMPOBATH CIIOXHBIM MEXaHW3M MPOHUKHOBEHUs. {751 B-KOpoHaBUPYCOB B3am-
MOJICHCTBHE C KIIETKOM-X035MHOM BKIIFOUAET MMPUCOCANHEHHE BUPYCHOTO craiikoBoro 6enka (S) k cneuudu-
YeCKOMY peIenTopy aHrnoTeH3uHnpespaiiaoiemy Gepmenty 2 (ACE2) kierku-xo3suHa [5] ¢ mocnemyro-
MM OTIOCPEZIOBAaHHBIM TpaHcMeMOpaHHOW ceprHOBOH mpoteaszoit 2 (TMPRSS2) pacmeriennem S-0enka
IS TabHEHIero MPOHUKHOBEHUS BUpyca B KIETKY-xo3siuHa [4, 6]. CTpykTypHbIii aHamu3 S-Genka ¢ 1mo-
MOIIBIO KPUOTEHHOM JIEKTPOHHON MUKPOCKOIIMY ITOKA3aJl, YTO 3TO TPUMEPHBI O€JIOK, KaXKAbIH U3 KOTOPBIX
COJIEP)KUT J1Be (yHKIMOHAIbHBIC CyObenuuuiipl: S1 u S2. Cyobeaunuiia S1 HeoOXoauMa ISl pacrio3HaBa-
HUS PEIeNTOPOB Ha IOBEPXHOCTH BOCTIPUMMYHBOM KIIETKU-X03SMHA, B TO BpeMsl Kak cyObequanIa S2 oTBe-
YaeT 3a CIMSHUE BUpYCa C KJICTOYHOM MeMOpaHO# KIIeTKH-X03siuHa [7].

I'en TMPRSS2 — TtpancmMemOpaHHOW CEpUHOBOW MpOTEas3bl 2 — KOAUPYET OJHOMMEHHBIA OENoK M3
cemeiicTBa cepuHOBBIX mporea3. TMPRSS2 pacnonoken Ha xpomocome 21q22, miuHoi ~ 44 k0, u comep-
xuT 14 3k30H0B [8]. ['en TMPRSS2 BrIcOKO3KCTIpECCHpyeTCs B cpenax, boraTbix anaporeHamu [9].

Bruto mokaszano, uro u3 skcnpeccupyromux TMPRSS2 knetok Beiaessiercs: OoJbliee KOJINYECTBO BU-
pycubix gactuit SARS—CoV-2, yem u3 Heakcnpeccupyromux kietok [10].

OO01men3BecTHO, YTO TEHBI XO35MHA BBHICTYIAIOT B KadecTBe (paKTopa, MMEIOIIETO OTHOIIEHHE Ha BOC-
MPUUMYUBOCTh M YCTOHUMBOCTH K BUPYCHBIM MHpEKIsIM. OZHUM U3 3HAUUMBIX (PAKTOPOB, ONPENEISIOUINX
BOCIIPUMMYHBOCTh U TsKeCTh 3aboyieBaHus KopoHaBupycHoi uH(eknuu (KBU) sustorcst reHeTH4ecKue
pazn4Hs MEXIY OTACIBHBIMHU JIFOJbMU. TaKUMU T€HETHUYECKUMH BapUAIMSIMU SIBISIOTCSI OJTHOHYKIICOTH/I-
Hble moauMopdu3mel (SNP) paznuunbix reHos [11].
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rs12329760 npuBOOUT K CHMKEHHUIO cTaOMIBHOCTH CTPYKTyphl O0enka TMPRSS2 u unrubupyer ero
cesi3piBanne ¢ ACE2 in silico. HapoTuB, OH Takke IEMOHCTPHPYET MOBBIIMICHHOE CPOJICTBO K JIOMEHaM S-
6enkal12].

Beuto obHapyskeHo, 4TO pacnpocTpaneHHas MucceHc-sapuanust TMPRSS2 rs12329760 ne yuacTtByer B
OPSIMOM B3aUMOJICHUCTBUH C S-0€JIKOM, HO MOTSHIMAIBHO BIUSIET Ha CTPYKTYpHOE moATBepskaeHue [13].

DKCHepUMEHT Ha MBIIIHMHBIX Mozelsx nokaszai, uyto skcnpeccust ACE2 u TMPRSS2 8 OE yBennunBa-
ercsi ¢ Bo3pactoM [14]. MccnenoBanue, moarorosienHoe Schuler et al. [15], mokaszano, uTo skcnpeccus
TMPRSS?2 B anuTenuu Jerkux Takke yBEJINIHUBAETCS C BO3PACTOM.

VY4eHple MPOAHAIM3UPOBAN YacTOTHl ayUleNiell JBYX HECHHOHWMHUYHBIX BapwaHToB 1512329760 wu
1s75603675 rena TMPRSS2, oOHapyXWiau 3HAYUTEIBHYIO B3aUMOCBSI3b MEXAY YacTOTOH CMEpTel OT
COVID-19 u yacroramu ayeneit asyx SNP. Kpome Toro, oHM moyumsin JaHHBIE, KOTOPBIE MMOKa3bIBAIOT,
9TO XKHATETH BocTouHO#l A3nnm MMEIOT 6ojee BBICOKHE 9acTOTHI aymiens rs12329760, yeM eBpomeiInl, u
MPEMOIOKHUITH, YTO 3TO MOXKET 00ecreuuTsh yeroiunBocth kK SARS-CoV-2 [16].

Woulandari L. u ap. coobmanocs 06 accoruanuu 1512329760 ¢ COVID-19 B uHAMICKOWH NOMyJISAIANA
[17]. Ananornunsiid pe3yibTaT Obul momydeH Andolfo I. 1 coaBTOpaMu B €BpOICHCKOMN MOMYJISIIUMN TeHETH-
yeckux npeakoB [18]. Hamportus, nccnenoBanne B HEMEUKOHN TMOIYJANWN HE BBISIBIIIO CBS3H 3TOTO TOJH-
Mopdusma ¢ puckom 3apaxkenuss SARS—-CoV-2 wmu tsmxectsio COVID-19 [19].

Mamepuanvl u memoosl uccredosanus

KpurepusimMu BKIIOUCHHS Ui yYACTHUKOB TAHHOTO MCCIIEAOBAHMS ABLUIMCH JIMIA, BO3PACT KOTOPBIX
crapmie 18 net; numa, He BakiuHUpoBaHHBIE MPoTHB COVID-19, mnm ¢ MOMeHTa BakIIMHAIIMH, TIPOIILIO HE
MeHee 12 MecsieB; IpeJCTaBUTEIM BOCTOUHBIX CIaBsH (YKpauHIbl, pycckue, oenopychl). OObEKT HCCieno-
BaHus — reHoMHas JIHK, Beimenennas w3 oOpasloB HeIbHONW BEHO3HOH KPOBH C WCIOIH30BAHHEM KOM-
mwiekta peareHToB s BeigeneHus PHK/JIHK w3 xmmHmdeckoro matepuana (xkpoBb) «PHUBO-copO»
(AmpliSens, Poccus). Beiienenne npoBoAMIOCh COrTaCHO MHCTPYKIMU mpou3BoauTes. Boinenennyro JJTHK
MOABEPTIIN aHAINU3Y C MOMOIIBIO0 MOIUMepa3Hoi nenHoi peakiuu (IILIP) B pexxume peanbHOro BpEMEHHU C
HCIIOJIb30BAHUEM METOMUKH «AMIUTU(HKAIHs pedpakTopHOi MyTaroHHOUW cucTeMby(ARMS) [20] s
BBISIBIICHHS IIEJIEBOTO OAHOHYKIeoTHaHOTO moumopdusma (SNP) rs12329760C>T.IILP B pexwmMe peaib-
Horo BpemeHu npoBoawnu B ammudukarope DTlite (AHK-Texnonorus, Poccus). TlocnenoBarenbHoCTH
yeThipex mpaiimepoB (Lumiprobe, Russia): FIP (5-AGGACTTCCTCTGAGATGAGTAAAC-3), RIP (5
CCAAACTTCATCCTTCCGA-3'), FOP (5-TTATAGCCCATGTCCCTGC-3'), ROP (5-AAAAAAAAA-
GAAAGAAACTCATGGA-3). Ycnosus nposeaenust [11P B peaqbHOM BpeMEHHU: HaYalIbHBIA IIUKI JICHA-
typauuu(94 °C B teuenue 3 muH), 3ateM 40 muxio aeHatypauuu (15 ¢ npu 94 °C) u omxur (30 ¢ npu
54°C).

beumn nccnenoBansr 80 mpo6 miazmMbl KPOBU HA HAJIMYHE WM OTCYTCTBHE HMMYHOTJIOOYIIMHOB Kilacca
M u G K KOpOHaBHPYCHOH MH(pEKIMH METOOM UMMyHOopepMeHTHOro aHanu3a (MDA) ¢ ucrnons3oBannem
tecT-cucteM «SARS-CoV-2-1gG-UDPA-BECT» (Bextop «bBECT») n1 «SARS—CoV-2-IgM-UDA-BECT»
(Bekrop «BECT», Poccust). C IOMOIIBIO JaHHOTO METO/1a MOXKHO CYIHTh O T€UEHHH 3a00JICBaHUS, a UMEH-
Ho IgM moka3biBaeT Hanuume ocTpoi uHdpeknnu, a IgG moaTBepkaaeT TOT (PaKT, 4TO YEIOBEK yxKe mepedo-
nen. Ilo pesynbraram UDA Mbl chopMUpOBai 3KCIIEPUMEHTAIBHYIO U KOHTPOJIBHYIO TPYIIIBI Y4aCTHHUKOB,
Kakaas U3 KOTopbix coctosiia u3 40 uenoek. PapHoBecue Xapaun—Baiin6epra (HWE) paccuntbiBanu B 3kc-
IEPUMEHTATBHON ¥ KOHTPONBHOM IPYIIIAX C HCIONb30BAHINEM KPUTEPHS (2, ¥ PEe3yIbTaThl PACCMATPUBAIICE
kak oTrionstomecss or HWE nipu yposae 3Hauumoctn P<0,05. [pu cpaBHEHHH 4acTOT TEHOTHUIIOB U aJljie-
JIed MPUMEHSITN TOYHBINA KpuTepuil @umepa. Acconmaru Mexay renoturamu/amensmu u KBU onenusa-
JHCh ¢ ToMoIpio oTHOMIeHus mancoB (OR) ¢ 95 % mosepurensabiM nHTepBasioM (95 % Cl). CpaBHeHue
KOJJMYECTBEHHBIX MPU3HAKOB CPEAM JIBYX TPYII BHIOJIHSIIOCH C MOMOIIbI0 Tecta ManHa—YwutHu. CraTu-
CTUYECKHU 3HAYUMBIMU cuMTanu paznuuus npu P<0,05. YuuTsiBas BO3MOXKHBIN PUCK JIOKHOTONIOKUTEIBHO-
ro pe3yibTaTa JUlsi KOHEYHOTO pe3yibTaTa, Oblla MpUMEHEeHa rnonpaBka boHbeppoHH AJs KOPPEKTUPOBKU
snaueHus P. [Topor 3Hauumoctu ¢ nonpaekoit bordepponu mns amieneit cunrancs 0,0253, m1s reHOTUIIOB
yka3zaH B Tabnuue 1. CtaTucTiuuecKyto 00paboTKy pe3yIbTaTOB UCCIEI0BaHUS IPOBOAMIM C TIOMOLIBIO IIPO-
rpammbl Graph Pad Prism 8.

Pezynomamul u ux obcysicoenue
XapaKkTepUCTHKA 3KCIIEPUMEHTANBHOW M KOHTPOJIBHOM TPYIITY YaCTHUKOB TIpE/ICTaBlIcHa B TadmuIe 2.

He 06Hapy>KeHI>I CTAaTUCTHUYCCKHUC pa3JIndus 1O MMOJY U BO3PACTy B UCCIICAYCMBIX I'pYyIIIIax.
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Tab6numa 1

Yacrora BcTpeyaeMocTH reHoTUnoB rs12329760C>T
B IKCMEPUMEHTAILHOI M KOHTPOJbHOW Irpynmax

OKcriepruMeHTaIbHAS KoHTposbHas rpyra
I'enoTumn rpyrmmna OR (CI95 %) P
n % n %
CC 29 72,5 38 95 0,1388 (0,02852-0,6752) 0,012
TT 3 7,5 1 2,5 3,162 (0,3147-31,78) p>0,05
CT 8 20 1 2,5 9,750 (1,158- 82,11) 0,0133
HpuMettaHue. CTaTHCTHYECKH 3HAYHNMBIE pas3n4usl YCTAaHOBJICHBI C MIOMOLIBIO TOYHOT'O TECTa (DI/IH_Iepa. *HOPOF 3HAYUMOCTH C
nonpaskoii bondepponu cunrancs 0,0170.

B Hamem uccie10BaHUH TOMO3UTOTHBIN BapraHnT TT Berpedascs B 3 pasa varie y i ¢ KBU (7,5 %),
4eM y JIUI TPyMIbl KOHTPoJs (2,5 %), 0HAKO pe3ysbTaT CTATHCTHYECKH HE 3HAUYUM, BEPOSTHO, B CBSI3H C
HeOOJIBIINM pa3MepoM BBIOOPKH. Hamr pe3ynbpraT mMeeT MOXO0XKYIH TEHICHIHIO CO CTaTUCTUYECKH 3HAYH-
MBIMH Pe3yJbTaTaMH JPYTHX UCCICIOBAHUH ¢ ydacTreM Oosbimx Beioopok. Hampumep, M. Rokni u apyrue
yCTaHOBWIH, 9TO ayiens T mommmopdusma rs12329760 okazana Hanbombiee BausHue Ha puck COVID-19
Cp€au M3YUYCHHBIX APYTUX OJHOHYKICOTUAHBIX BAPUAHTOB, KPOMEC 3TOI'O I'€HOTHUII TT mo CpaBHCHUIO C I'CHO-
tunom CC 3HaunTenbHo noseiiai puck COVID-19 [21].

Tabnuma 2

XapakTepucTHKa rpyNn y4acTHUKOB HCC/IeJ0BAHUSA

ITpusnaxu OkcnepyMeHTajbHas Ipynna KonTponenas rpynna P

i 0 0 *

o (, %) Mymcxo? 17 (42,5 %) 23 (57,5 %) p>0,05*

XKenckuit 23 (57,5 %) 17 (42,5 %) p>0,05
Min 18 32

Max 79 86 #

Bospacr Mean+SD 50,10+15,58 51,05+14,86 P>0.05
Median 51 49

=
Ipumeuanue. CTaTUCTHYECKU 3HAUUMBIC PA3JINUUs YCTAHOBICHBI C IOMOIIBIO KPUTEPHUS xz. #CraTncTHYECKH 3HAYMMBIE pasnu-
YHsl YCTAHOBJIEHBI C TOMOIIBIO TecTa MaHHa-YUTHHU.

Yacrota reHotunoB s12329760 B skcriepuMEHTAILHON I'PYIIIe COOTBETCTBOBAIa PABHOBECHIO Xap.Iu-
Baiin6epra (p=0,1493), Ho 6bUI0 HapyIIeHO B KOHTpOIbHOU rpymme (p=0,0002). YcTaHoBIEHO, YTO B 3KCIIE-
PUMEHTAIBHON U KOHTPOJIbHOHM rpynnax y reHotuna CC BbIcOoKas yactota BcTpedaeMocTH (Tadm. 1). B akc-
MepUMEHTANbHON rpynme yactoTa reHotuna CC y Myk4nH coctaBuia 76,5 %, y xenmmH — 69,6 %.B Ha-
eM HccieoBaHuy roMo3uroTHbIN renotun CC npeBanupoBai Haja reTepo3uroTHbiM CT U TOMO3HTOTHBIM
TT renotunamu. B xoHTponpHOH rpynne cpeau Myx4duH yactota reHotuna CC — 91,3 %, y eHImH —
100 %. B skcnepumMeHTanpHOM rpymme yactora reHotuna TT y Myk4uuH coctaBuia 5,9 %, y >KEHIIUH —
8,7 %. B koutponbroit rpymie reHotunsl TT u CT cpenu KEHIUH HE ObUIH BBISBIICHBI.

Kak BuIHO M3 pHCYHKa, CyIIECTBEHHBIX Pa3IMuuii B pacnpenencHud auienn C Mexay rpynmnaMmy He
Ha0JII01a10Ch.
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Pucynok. Pacnpenencuue amieneit rs12329760C>T rena TMPRSS2
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Craructuuecku He3HauuMbld pesynbrat (OR=1,220, 95 % CI0, 6698-2,176, p=0,5) nmoka3siBaeT OT-
cyrctBre accorpanuu amtenu C nonmumopduzma rs12329760 u KBU, B To Bpems kak y amnenu T oHa Oblia
naiinena (OR=6,641, 95 % CI1, 831-22,96, p=0,0052). B uccnenoBanuu S. Abdelsattar u apyrux gacrora
ayutenu T Tokasaja 3HauYMTeNIbHOE yBelnn4eHune B Tspkenoi rpymnmne COVID-19 [22].

Baxnouenue

Takum 00pa3zoMm, B pe3yabTaTe IPOBEACHHOTO MCCIIEA0BAHNS BEISBICHHbBIC TTOKA3aTENIN CTAaTUCTUIECKOH
3HAYMMOCTH CBHJETENBCTBYIOT O HAUIMYUN 3HAUMMOCTH noiuMopdusma rs12329760 renaT MPRSS2 B romo-
surotHoM coctosinu (CC) u rerepozurotHoM (CT) u 06 orcyrcTBum 3Hauumoct renoruna TT. OOHapy-
’KEHO CTATHCTHYECKH 3HAaUMMOe OTIMYHe pactpeneneHus awtenn T. M3-3a HeOombImoro pasmepa BIOOPKH
MBI HE MOKEM YTBEP)KIAaTh OTHOCUTEIHHO CBS3H MexX Ty rmonmmopdusmom s12329760 u KBU. [loatomy ais
TOYHOTO JIOKa3aTEeNIbCTBA HAIMYHMA WM OTCYTCTBUSI CBSI3M OJHOHYKICOTHAHOIO MOTUMOp(H3Ma TeHa
TMPRSS2 HeoO0X0uMO yBeIHYCHNE BEIOOPKH, a TAK)KE UCCIIEOBAHNE C YIeTOM (PaKTOpOB, TAKUX KakK IIOJ,
BO3pAacT, COITYyTCTBYIOIINE 3a00I€BaHHS H JIP.
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TMPRSS2 reninin rs12329760 moanmopguzm
KOPOHABHPYCTHIK HH(PEKIUSIMEH KAybIMIACTBIFbI

Makamaga TMPRSS2 reninig rs 12329760 (C/T) Gipuyxieotuari momuMopdusmi OoiblHIIA KOpOHa-
BUpycTHIK MHpeknusHeH (KBU) Genrinenren mapredeci Oap 3eprreyre KarblcymbbiapiaaH aibiaFaH JJHK
YJITiIepiH TEHOTHHTEY HOTWKesepi KentipinreH. ['eHotmnTey monmmMepasnsl Tiz0ekti peakuust (ITTP)
9MiciMEH HAKTHI YakbIT peKUMiHZE «PedpakTopIIbIK MyTAIMSIIBIK )KYHEH] KYIIEHTY» oiCiH KOJIIaHa OTBIPHII
JKY3ere achIpbUIAbl. OJKCHEPHUMEHTTIK jkoHe Oakpuiay TonTapelHblH 80 amameiama TMPRSS2 reninin
rs12329760 C>T reHoTunTepiMeH ajieNbAEpPiHiH KUUTIKTEPiHIH Tapalybl TalAaHAbl. ['OMO3UroTansl Kyiae
(CC) xome rereposurotansl (CT) TMPRSS2 reninig 1s12329760 6ip HyKI€OTHATI MOTUMOPGU3IMIHIH
MaHBI3ABUIBIFBIHBIH 00TyhI oHE TT TreHOTHIiHIH MaHBI3ABUIBIFBIHBIH OOJMaybl aHBIKTANABL. T ajienbiHig
TapaybIHBIH CTaTUCTUKAJIBIK MaHBI3/IbI allbIpMAIIBUIBIFG] TAOBUIFaH.

Kinm co30ep: SARS-CoV-2, TMPRSS2, COVID-19, SNP, 6ip HyKiIeoTHITI HOIUMOP(H3M, TeH,
ce3iMTalIbIK.

A.K. Bisseneva, G.P. Pogossyan, K.G. Li

Association of polymorphism rs12329760 of the TMPRSS2 gene
with coronavirus infection

The article presents the results of genotyping of DNA samples obtained from study participants with the es-
tablished status of coronavirus infection (COVID-19) using enzyme immunoassay for the single nucleotide
polymorphism rs12329760 (C/T) of the TMPRSS2 gene. Genotyping was carried out by polymerase chain
reaction (PCR) in real time using the technique “Amplification of the refractory mutation system” (ARMS).
The distribution of frequencies of genotypes and alleles rs12329760 C>T of the TMPRSS2 gene in 80 people
of the experimental and control groups was analyzed. The presence of the significance of the single nucleo-
tide polymorphism rs12329760 of the TMPRSS2 gene in the homozygous state (CC) and heterozygous (CT)
and the absence of the significance of the TT genotype was found. A statistically significant difference in the
distribution of the T allele was found.

Keywords: SARS-CoV-2, TMPRSS2, COVID-19, SNP, single nucleotide polymorphism, gene, susceptibil-
ity.
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IHonoBO3pacTHASE CTPYKTYPA MEJIKMX MJIEKONMTAKOINX
aHTponoreHHbIx paiionoB Ceepnoro Kazaxcrana

HccnenoBanue nposonuiiocs B BeceHHe-neTHU nepuoy 2021 r. na Tepputopuu CesepHoro Kazaxcrana, rae
pacnonaraercs [1aBnonapckast 061acTs. PaccmarpuBamich 0cOOEHHOCTH B IOJIOBOM M BO3PACTHOM CTPYKType
HOMYJISIININ, OOUTAIOIINX B OKPECTHOCTSIX JBYX KPYIHBIX HMPEANPHUSITHH TSKEIOW MPOMBIIIIIEHHOCTH ¥ KOH-
TPOJNBHOM yuacTke. McTouHMKaMu aHTPOIOTeHHOro Bo3jeiicTBus sABisuIMch [laBnonapckuil amoMHHUEBBII
3aBoJ M KazaxcraHCkuii snmeKTponu3HeIi 3aBo. Llens MccnenoBaHus — onNpeseneHne 3aBUCHMOCTH MOJIO-
BO3PACTHOM CTPYKTYPhI MEIKHX MIJICKONHUTAIOMHUX OT OJM30CTH K MCTOYHHUKY TEXHOT€HHOTO 3arps3HECHHS
apeana. Teppuropus ucciaenoBanus ObUIa MO/ENIEHA HA IMIIAKTHYIO, OydepHyro, GOHOBYIO H KOHTPOJIBHYIO.
Bbimm caenaHbl BRIBOABI O IEPMAaHEHTHOM BO3AEHCTBHHU 3arpSI3HAIONINX BEIIECTB HA OPTaHM3MBI MUKPOMaM-
Manuii. O0 3TOM CBHAETEIBCTBYIOT HAPYIICHHUS] B COOTHOIICHUH KOJIMYECTBA CAMOK M CaMIIOB B MOMYJISIIMAX
Ha y4acTKaX, PacIoJIOKCHHBIX B OKPECTHOCTAX 3aBofoB. Habironanoch noBbIIeHHE BOCIIPOU3BOACTBA OCO-
Oeil, IIIOTOBUTOCTH CAaMOK TEXHOT€HHBIX TEPPUTOPHIl ObLIA BEIIIE KOHTPOIBHBIX. OTINYANIOCH MPOLEHTHOE
COOTHOILICHUE CEroJIETOK, B3POCIBIX U MEPE3UMOBABIIMX KHUBOTHBIX. B MMIIaKTHBIX TEPPUTOPUIX 3aMEUCHO
camoe 0O0JIbIIOe KOJIMYECTBO MOJIOZBIX OPraHU3MOB U CaMOE€ MaJloe KOJIMYECTBO IEPE3MMOBABIIMX MHKpPO-
MaMManui. Ha KOHTPOJIFHOM y4acTKe OTMEUEHO MpeodaaJaHne B3pOCIbIX U epe3NMOBaBIIUX ocobeil. Bos-
pacTHasl rpyMIa JKHBOTHBIX OIpeIesiIach 10 Macce, pa3MepaM Tella, OTHOCUTEIbHBIM KauecTBaM, TAaKUM Kak
COCTOSIHHE IIepcTH. JlaHHBIE O BIMSHUM aHTPOIIOT€HHOTO BO3/AEHCTBHS HA MOJOBO3PACTHYIO CTPYKTYpY CO-
00IIEeCTB W MOMYJISAIMI JaHHOTO PETHOHA OTCYTCTBYIOT, IIO3TOMY BOIPOC HCCIEIOBAHUS SBISIETCA 0C000 aK-
TyaJIbHBIM. Pe3ynbTaThl HCCIIEJOBAaHUS MOTYT MCIOJIB30BaThCS B INIAHUPOBAHUU CEIMTEOHBIX 30H PErnoHa 1
OpraHu3alyy NPUPOAOOXPAHHBIX MEPONIPUATHI.

Kuiouesvle cnosa: Menkue MIICKOIUTAIONINE, aHTPOIIOIEHHOE BO3/ICHCTBHE, Pa3MHOKCHHE, IUIOJAOBUTOCTS,
HOMYJIALHH, COOOIIECTBA, MOJI0BO3PACTHAS CTPYKTYPA, BBDKUBAEMOCTb.

Beeoenue

Menkre MIIEKOMUTAIONINE PACIPOCTPAHCHBI HA TEPPUTOpHUHM CceBepHOTro KazaxcTaHa MOBCEMECTHO H
WUTPAIOT BOKHYI POJIb B OMOreoIleH03aX, COCTABIAIOT 3HAUUTENILHYIO 00 Ouomaccel. [IpencraButenu
JAHHOH TPYIIIEI )KUBOTHBIX 00JIaJal0T BEICOKUM METabO0IM3MOM, TUIACTUYHOCTRIO M BUIOBBIM pa3Ho00pa3u-
eM, Onarofapsi 4eMy 3aHHMAOT Pa3lIMYHbIE YKOJIOTUIECKHE HHUIH. MHUKpOMaMMallii XapaKTepPHU3YyIOTCS TIe-
PUOIMYECKUM YBEIMYEHHEM M YMEHBIIEHHEM IUIOTHOCTH momynsauuid [1]. IuHaMuKa YMCIeHHOCTH, TUIOT-
HOCTB, TIOJIOBO3PACTHASI CTPYKTYpa MOIYJIAINNA MOTYT U3MEHSTHCS IO/ BO3ACHCTBHEM aOMOTHYECKUX, OHO-
TUYECKUX U aHTPOIIOTCHHBIX KOMIIOHEHTOB. TakMMU MOTYT SIBISATHCS CTPYKTYpPa U YUCIEHHOCTH COOOIIECTB,
PENpPOAYKTHBHAS OCOOEHHOCTh CE30HHBIX IeHepalluii (CKOPOCTh POCTa, MOJIOBOTO CO3PEBAHUS U JIp.); B3aU-
MOOTHOIIICHHUE U BJIUSHUC HOHy.]'[?IHI/Iﬁ BUIOB, OGI/ITaIOHII/IX Ha 0IIH0171 MCCTHOCTH, IMOTOJHBIC YCJIOBUA, KOP-
MoBoe nojoxenue [2]. [lomoBo3pacTHas cTpyKTypa MOMYJSIHANA ¥ COOOMIECTB (YOPMUPYET CTAOMIU3AINIO
YUCIIEHHOCTH, TIPUBO/ISI €€ K ONTHUMYMY TI0CJI€ BPEMEHHOTO WA IEPMAHEHTHOTO BIIMSHUS CTPECCOBBIX (haK-
TOpoB [3], KAKMM MOXKET SIBISATHCS BO3ICHCTBUE NESATEIHLHOCTH YEJIOBEKA Ha CTPYKTYpPY apeana TOTO WA
nHoro Buna. [loaToMmy rccnenoBanue BIUSHUS aHTPONIOTEHHOTO BO3CHCTBHUS HA TIOJIOBO3PACTHYIO CTPYKTY-
Py MEJNKUX MJICKOIUTAIONINX, KaK BO3MOXKHOT'O WHAWKATOpPA 3arps3HEHHOCTU Cpelbl OOWTAHUSA, SBISICTCS
AKTyaJIbHBIM U MaJI0 U3YUYCHHBIM B CECBEPHOM Kazaxcrane.

Ha ceBepe Kazaxcrana HaxomuTcsi OOJIBIIIOE KOJHUYECTBO MPEINPHUATHN, M3TOTABIUBAIONINX MPOIYK-
LU0 TSDKENION MPOMBIIIIICHHOCTH. MECTHOCTh XapakTepu3yercss pasHooOpasHeiMu JaHmmadramu. Cpemu
HUX CeJIbCKOXO3SIMCTBEHHBIE J'IaHl];IlIa(bTBI, KOTOPBIC HCHOJB3YIOTCA B 3EMJICACIIUN U KUBOTHOBOJCTBE, HA
ceBepe HaOJII0JAeTCs JIECOXO3AUCTBCHHBIN JIaHAMADT ¢ HEOONBIIUMHU OEPEe30BBIMU KOJIKAaMH, Ha BOCTOKE
MPOU3PACTAIOT COCHOBBIE OOpPHBI; B paiioHe peku MPTHINI TEppUTOPHS HCIIONB3YETCS B BOJOXO3SHCTBEHHBIX
LETSIX; MPOMBIIUICHHBIN TUI: K HUM OTHocAT IlaBnomapckuil adroMuHueBbIl 3aBon, KazaxcTaHCKui 3iek-
TPOJHU3HBIN 3aBOJ, AKCYCKHI 3aBoj ¢deppociuiaBoB, IlaBaogapckuii HeTeXxuMUIeckuit 3aBoa, Exubdacrys-
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ckue [POC 1 u 2, Akcyckas [POC. AHTporioreHHOe BO3/ICHCTBHE HA JIAHAMA(T TAKKE MPOUCXOINUT B CEITH-
TeOHOU 30HE (TIOCTPOIKH XWJiIbs); basHaymsCKHUl TOCYAapCTBEHHBIN HAIMOHATBHBIA MapK OTHOCHTCA K He-
MHOTOUYHCIICHHOMY peKpearmioHHOMY TUITy Janamadra [4].

PenponykTrBHAsS CTpYKTypa MOMYJISAIMA MOXKET BBICTYIIATh B KAUECTBE MHIUKATOPA CPEIbl OOUTAHMUSL.
B HOpMaNBHBIX YCIOBUSAX CpEIbl, TP HEOOMBIINX CTPECCOBBIX (DaKTOpax COOTHOIIEHHE CAMOK M CaMIIOB B
MOMYJISIIHAAX ONTUMAIIEHO PaBHOBECHO MIJIM HEMHOTO CMEIICHO B CTOPOHY yBenmdeHus camok. Habmogaercs
MUHUMAJIbHAS Pa3HHIIA MEK/y KOJIMYSCTBOM CAMOK U CaMIIOB, TO €CTh TOJIOBOM TUMOP(U3M OTCYTCTBYET.
[Ipu oTpunaTeTbHOM BO3JCHCTBUN CPElibl COOOIIECTBA HCIIBITHIBAIOT CPEIOBOM CTPECC, MOATOMY HEOOXO0IH-
Ma MHKPOABOJIOIMOHHAS TAOMIFHOCTh. UTOOBI YCIENTHO CYIIIECTBOBATh B HETaTUBHOW Cpele, MOIMYIISAIUIM
cleqyeT M3MEHHUTH MOJIOBYIO CTPYKTYpY. OOBIYHO caMIIbl IEPBEIMHU PEarupyloT Ha BIUSHUE CPENbl: YBEIH-
YUBACTCS KOJHMYECTBO OCOOCH, B pe3ysbTaTe COOTHOIICHHE IMOJIOB CMEIIACTCS B MX CTOPOHY, BO3pacTacT
pa3HUIA MEXTy KOJIMYECTBOM CaMIIOB M CAMOK OJHOM momyssiiui. ClenyromuMy Ha H3MEHEHHUST OTBEYAr0T
CaMKH, yBEIIMYHMBAsi CBOE KOJMMIECTBO. J|aHHBIA BapHaHT CIIy4aeTcCsl TOJIBKO B YCIEIIHO MPUCIIOCOOMBIIEHCS
K HU3MEHSFOIIUMCS YCIOBUSAM CPE/IBI MOMyIISnH [5].

Mamepuanvt u memoowvl

Marepuan ms uccieaoBaHus ObUT MOIY4YeH B BeceHHe-eTHHH nepuos 2021 r. Ha teppuropuu Ilasmo-
JapCcKo 00JIACTH, PacIIOIOKEHHOH B ceBepHOM Kazaxcrane.

Peructpanust >KUBOTHBIX MPOBOJMIACH MPH MOMOIIM OTHOCHUTEIBHBIX CIOCOOOB yueTa C MCIOIb30Ba-
HHEM JaBHJIOK W JIOBYIIKO-IMHUH MO cTaHmapTHOW meroauke HoBukosa [6]. JlaHHBIH METOM MOBCEMECTHO
HCTIONB3YeTCs NP HKOJOTMUYECKUX HCCIIEAOBaHUAX. Pe3ynbraTel nccienoBaHui 1al0T HHPOPMALUIO O YHC-
JICHHOCTH, ITOJIOBOM Y BO3PACTHON CTPYKTYPE MOMYJISIIIUNA, OMOTOIMUYECKOM PaCIIPe/ICIICHUH.

VYyeTHble IMHUK PacHoJiarajiuCh HAa y4acTKax BOKPYT ABYX KpyIMHEHIIMX Opeanpustuil peruona: Ka-
3axXCTaHCKUM AneKTpoHHbIH 3aBoj (KO3) u [laBmomapckuii amromunmnessiit 3aBoa (I1IA3). KO3 pacnonaraercs
Ha paccrosHuM 12 kM ot T. [laBnomapa ¢ nHacenenuem cBeime 300 Toic. ITA3 pacnionaraeTcst Ha pacCTOSIHUU
2 KM OT ropoja. 3aBOJIbl PacloyIoKeHbI APYT oT Apyra Ha yaajgeHud 9—10 kM. KoHTponbHBIN yuyacTOK Haxo-
muics B [laBnogapckoit obmactu 51°55'11" c.aur. u 77°03'27" B. 1.

Tepputoprs BOKpYT Ka)I0ro 3aBoja aenuiack Ha: 1) ummnaktHyto (Ha yaanenun 0,5-3 kM oT 3aB0jIa);
2) 6ydepuyio (na yaamernn 3—5 km); 3) hoHoByro (Ha paccTosaun 20-25 kM). 3a iepro cO0pa MePBUUHBIX
JaHHBIX ¢ MapTa 1o okTI0ps 2021 r. orpadorano 1200 koHyco-cyTok n 6000 naBmiko-cyTok B paiione I1A3
u K33. B xonTponsHoii 30He ocBoeHO 200 xoHyco-cyTok u 1000 naBuiko-cyToK.

OpraHu3Mbl Ha Pa3IMYHBIX BO3PACTHBIX 3Talax aHaJM3WPOBAIMCH MO SHAOTEHHBIM (akTopam: MoJo-
KEHHE TeHEPaTUBHBIX OPraHOB, OTCYTCTBHE WIIM HAJTMUYNE MHOKECTBEHHBIX SMOPHOHOB B MaTKe CaMOK, Mac-
ca ¥ Pa3BUTOCTh MOJIOBBIX CTPYKTYP CaMIIOB, YMCICHHOCTh IUIALCHTAPHBIX MSATEH. 3BEPHKOB JIEIMIN Ha JIBE
TPYIIBI B 3aBUCUMOCTH OT COCTOSIHUSI TEHEPATHBHBIX OPTaHOB: Pa3MHOXKAIOMIHECs (TI0JIOBO3PETIbIE CeroieT-
KM U [IePE3UMOBABIIIME 0COOM) M HE YYaCTBYIOIINE B PA3MHOKEHUH (HEIOJIOBO3pebie cerojieTku). Mudop-
MAIHIO O CPEeIHEN TUIOIOBUTOCTH CAMOK TOJTy4alld, IOCYUTAB CPEAHEE KOIMYECTBO SMOPHOHOB CpeIn Ynciia
Pa3MHOXKAIOLIMXCS CAMOK TOH WM UHOH TEPPUTOPHUH.

Pesynomamot u obcysicoenue

Merkue MIICKOMUTAIOIIME MPEACTABISIOT OAWH U3 TNIABHBIX KOMIIOHCHTOB Ha3eMHBIX SKOCHCTEM CTe-
neii ceBepHoro Kasaxcrana, mpeicTaBieHsl, B OCHOBHOM, oTpsiioM ['pei3ynsl (Rodentia) u Hacexomosiirbie
(Eulipotyphla). Bcero 6su10 3apeructpupoBano 173 MeNKUX MIICKOITHUTAFOIIHX.

CaMbIM aKTHBHBIM MECSIIEM JUIS MEJIKAX MIICKOTIUTAIONIMX TEXHOTEHHOM 30HBI ABISETCS HIOIb. OKOJIO
MOJIOBUHBI JKMBOTHBIX, MOWMAHHBIX HA YYETHBIX JIMHHAX, IPUXOJUTCS Ha 3TOT Mecsil. K crieayromuM mno
NPOAYKTUBHOCTH MOKHO OTHECTH HIOHB M aBI'YCT, U MEHBIICE KOJIMYECTBO MIIEKOMHUTAOIINX TIPUXOUTCS Ha
Mail ¥ CEeHTSOph. UMCICHHOCTh MUKPOMAaMMAITHiA, 3apETUCTPUPOBAHHBIX C Mast 110 CEHTSIOpPb, MPOIEMOHCT-
pupoBaHa Ha pucyHKe 1.

50 BecTHuk KaparaHgmMHCKoro yHmBepcuteTa



[MonoBo3pacTHas CTPYKTYypa MeSIKUX MIAEKOMUTALWKX ...

40
x 35 A
)
E 30
o
g 25 // \\
2 20 94— KonnuecTBo KMBOTHbIX,
§ 1s \ 3aperncTPUpPOBaHHbIX NO
o mecALam
s 10
(%)

0

ma WIOHb nonb aBrycr CeHTAbpb
Mecsaupbl

Pucynox 1. YncneHHOCTh METKUX MJICKOMTUTAIOIUX TEXHOTCHHBIX 30H,
3apETUCTPUPOBAHHBIX B BeceHHe-NeTHUH mepuox 2021 rona

Huskas unciaeHHOCTh B Mae OOBSICHSIETCA €I1e He aKTUBHBIM PAa3MHOXKEHHEM CETOJIETOK, a HAINYHMEM
OTJIOKEHUH MOAKOKHO-KUPOBOW KJIETYATKH C 3UMHEr0 Ieproja. Bbicokoe KOIMYEecTBO B JIETHHE MECSIIBI
MPOAUKTOBAHO MUKOM PENPOAYKTUBHON aKTHBHOCTH, POCTOM YWCIIEHHOCTH MOIMYJISIINAN, HEOOXOAMMOCTHIO
HabpaTh Maccy Ha 3UMHUI nepuon BpeMeHH [7]. K KOHIly akTUBHOTO NmepHoAa pa3MHOXKEHHUS IPOUCXOAUT
CHIDKEHHE YMCIICHHOCTH 3a cYeT TMOeH Mepe3NMOBABIINX 0COOCH, B Pe3ysbTaTe Yero K 3MMOBKE OCTaeTCs
0K0J10 5 % ocobel, yuacTBOBAaBIINX B pa3MHOXCHUHU B BECCHHE-JICTHUH TTEPHO/I.

Bcero B uMmakTHOH 30HE OBLTO OTMEUYEHO 25 KUBOTHBIX, B OydepHoil 22 3BepbKa, B (HOHOBOU TeppH-
topun — 20. Ha TeXHOTeHHBIX yJ4acTKax 3a BeCEHHE-TIETHHH IePHO/I 3aperuCTPUPOBaHO 67 KMBOTHBIX. Ha
KOHTPOJIBHOM y4acTKe KOJMYECTBO MEJIKUX MIICKOIUTAIONIHMX ObIIo paBHO 104.

PenponyKTHBHBIN aHAJIN3 3aPETUCTPUPOBAHHBIX KUBOTHBIX ITOKAa3aJl IPEBBIIICHUE KOJINYECTBA CAMIIOB
Haja camkamu: 67 % u 33 % coorBeTcTBeHHO. CTOJIB OOJBIINE PA3IMYHS MOTYT IPUBECTH K JeCTAOMIN3aLUN
MOMYJISIIIAN J)KUBOTHBIX B TIOCJIEAYIOMIMX MOKOJCHUSIX M TOBOPST O MECCUMAIBHBIX YCIOBHUIX Cpe/ibl 00UTa-
HUSL.

Ha xoHTpOJIBHOM yuyacTKe CUTyauus ¢ HOJOBBIM JUMOP(PU3MOM HE CTONb oTpuLareibHas. KoanuecTo
TTOJIOBO3PENBIX caMOK ObUTO 42 1 cam1oB 58 %. CooTHOMIEHHE MEX Y CaMIIaMHA U CAMKaMU TE€XHOT'€HHBIX U
KOHTPOJIBHOM 30H N300pa’keHO Ha PUCYHKeE 2.

70
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Pucynox 2. KosnmuecTBo caMOK M CaMIIOB B HIMIIAaKTHOH, Oy(epHOii, poHOBOH 30HaX

Bricoxoe pas3ianiue MKy KOJINICCTBOM CAMOK M CaMIIOB B TCXHOI'CHHBIX TCPPUTOPUAX MOKCT 00BsC-
HATHCA pa3InvyusiMU B MeTa00IM3ME U HKOJIOTHHU: pasMepaMu OpraHnusma, CYTO‘IHOP’I AKTUBHOCTBIO, YHaCTUCM
B Pa3MHOXCHUM U, KaK CICACTBHUE, KOJIMYCCTBOM HOTpe6HHCMOI>i MUIIA € COACPKAHUEM ITOJUIFOTAHTOB, OHO
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TaKXKe MOXKET paznuuaTbes. OOBIYHO y CaMIOB KOJIMYECTBO NOTpebdsiemoi mumum Boime Ha 30-40 %, yem y
camok. Tak, Hanpumep y Arborimus longicaudus ormeuaeTcst mpeBbIllieHHE CBUHIIA B CKeJeTax camiloB [8],
10 CPABHEHHIO C CAMKaMH.

CaMKi TeXHOTEHHBIX 30H OTIHYaJINCh MAaKCUMaJIbHBIMU 3HAUYCHUSAMH TJIOJOBUTOCTH £6,1, BRICOKA OIS
YYacTBYIOMIMX B pa3MHOKeHUH caMokK (69,8 %). Ha KOHTpOIsHOM y4acTKe III0JJOBUTOCTh paBHA +5,28, mpu
KOJIMYECTBE PA3MHOXKAIOIIUXCS caMOK 33,6 %. B pasMHOXEHHH y4acTBYeT MMOJOBHHA ceroyieTkoB (50 %).

B uccnenosanmsix E.I'. Hlanpunoii u S1.JI. Bonsnepra [9], HaOmogaercs yBenudeHue cpeiHeil Benuyu-
HBI BBIBOJIKA y kpacHoi noneBku (Myodes rutilus), apean koTopoii moaBepraercst JUIMTeIbHOMY ME30aHTPO-
MTOTEHHOMY BO3JICHCTBHIO TOPHOAOOBIBAIOIIEH MPOMBIIIIIEHHOCTH. MBI Takke KOHCTaTHPYeM, 4TO ypOaHH-
3amys OKa3bIBAET BIMSHUE HA MOJOBO3PACTHYIO CTPYKTYPY TPHI3YHOB M HACEKOMOSIHBIX. JKUBOTHBIE, HCITHI-
THIBasl IOCTOSIHHBIN CTPECC, aAanTUPYIOTCSl YBETMYCHUEM IUIOIOBUTOCTH CAMOK U B TO JK€ BPEMsl YMEHbIIIe-
HUEM X TIPOTIOPIHNH B OOIIEH YHCIEHHOCTH.

OTHOCHTENBHBIA BO3PACT y MENKHX MJIEKONHTAIONINX MBI OINPENesUId [0 Macce Tejla KHUBOTHOTO.
BoNBIIMHCTBO MENKUX TPBI3YHOB XKUBYT HCIOJIT'O: MMOJECBKHU W MbIIIKW B CPEAHEM MCHbLIIC OAHOIO roaa, T.c.
10-11 mecsiueB. [1oaTOMy 3HaYMTENBHYIO YacTh CBOECH >KU3HU OHM MPOAOJDKAIOT PACTH M, CIEAOBATEIBHO,
Macca MX Tela YBEIHYMBACTCS, MMOITOMY KHBOTHBIC OBUIM pa3/elieHbl Ha BO3PACTHBIE TPYMIBI MO Macce C
OMPEICIICHHBIM UHTEPBAJIOM, HAaNpUMep, NojeBok a0 15 r, 16-20, 21-25, 26-30 u 1.a. [10]. IIpouenTtHOE
COOTHOIICHHUC BO3PACTHBIX T'PYIIII: MOJOABIX, B3POCJIBLIX W MCPE3MMOBABHIMX Ha TCXHOI'CHHOM YYAaCTKE —
18,9; 17,3 u 63,2 %, na xonTpomsHoM — 10,7, 11,3 u 78 %, coorBercTBeHHO. KONMHMYECTBO JKUBOTHBIX Kak-
JIO BO3pACTHOM IPYMIbl HA TEXHOTCHHBIX U KOHTPOJIbHOHM 30HaX MOKa3aHO Ha PUCYHKE 3.
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Pucynok 3. KonndecTBo >KUBOTHBIX (B 0CO0SX) 110 BO3PACTHBIM IPYIIIIaM: MOJIOJIbIE, B3POCIBIE U MIEPEe3UMOBABIIIHE

Bcero Ha TEXHOTCHHBIX TEPPUTOPHUSIX MOJOIBIX MEIKHX MIIEKOIHTAIOMINX ObUIO oTMeueHo 43 ocobwu,
B3pOCibIX 15 U elmie MeHblIe Nepe3UMOBaBIINX — 9 kuBOTHBIX. Habmogaercst TeHAeHIUS yBETMUEHHUS KO-
JINYECTBA MOJIOJIBIX KMBOTHBIX M PE3KOE YMEHBIIECHHE MIEPE3NMOBABIINX OPraHU3MOB Ha TEPPUTOPHAX, IPHU-
JIeTaloIMX K 3aBojiaM. Ha KOHTPONBHBIX ydacTKax (GUKCUPYIOTCS TIPOTHUBOIIOIOKHBIE PE3YIIBTAThI: MOJIOIBIX
JKUBOTHBIX 11 eawHwMII, B3pOCIBIX 65 U Mepe3nMOBaBIIHX 75.

Crapble nepe3nMOBaBIINE 0COOH BBITJIsIIENN O0Jiee B3bEPOIIEHO, YacTh HMIEPCTH MHOTAA NOTepTa, Ha-
MPUMED, Y CTAPhIX CAMIIOB MIOJIEBOK Ha OepaX BUIHBI OOHAKEHHBIC YaCTH Tella (JIBICHHBI).

MBI mpUXOaUM K BBIBOJY O BIMSIHUMA aHTPOIIOTEHHOTO BO3AECWCTBUS HA MPOJOJIKUTENBHOCTD KH3HU
Mukpomammanuii. B uccnegosanusix C.B. Myxauesoii, C.B. bezens u apyrux [11] umeerca undopmanus o
HAKOIJICHWW CBHHLA M KaJMUsl Y IEpE3MMOBABIINX MOJIEBOK B JIAOOPATOPHBIX YCIOBUSIX. Y MOJAEIBHBIX KH-
BOTHBIX PaJUOAKTHBHBIE U30TOIBI MPUCYTCTBOBAIN B COETUHUTENBHBIX TKAaHAX, 0COOEHHO B CcKeneTe. Y ce-
TOJIETOK, MOJBEP)KEHHBIX BO3JECHCTBHUIO MOJUTIOTAHTOB, BECh IOCTHATAJIBHBIN MEPHOJI OTMEYAlach HHU3Kas
occudukanys. BeuTy caenansl BBIBOJBI O MPOHUIAEMOCTH IIALEHTHI IS 3arpsa3HAonuxX BemecTB. OnHako
MOKA3aTeIH MOJIOJIBIX MIICKOIUTAIONNX ObUIM JOCTOBEPHO HHXKE, YeM Y B3pOCIBIX O0COOCH M OCOOEHHO y
nepe3nMoBaBIInX. B ckenere Monojpix Rattus mpucyTcTBHE CTPOHIMS U JPYTUX 3JIEMEHTOB OBUIO OT 4 10
10 pa3 MeHbIIle YpOBHS y B3pOCIBLIX ocoOeil. B cBoeli pabote aBTop [12] oTMEUaeT yBeTUYCHUE YPOBHS TS-
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JKEJIBIX METAJUIOB B IMOJIOBOW CHUCTEME Y IOJIOBO3PEIBIX B3POCIBIX MUKPOMaMMAJIUN, Yepe3 BHICOKHE KOH-
meHTpanuu B notpedissemoii mumie [13]. Kak u momoBast mpuHaIeKHOCTh, BO3PACTHOW KPUTSPHUHA TIPOSBIIS-
€TCSI TEM BBIIIIE, YEM BBIIIC YPOBEHb TEXHOTCHHOW HArPY3KH HA SKOCHCTEMY.

Baxnouenue

Taxum 00pa3oM, MENKHE MJIEKOIIUTAIOLINE MOTYT BBICTYIIMTh B KAU€CTBE MHIMKATOPA COCTOSIHUS KO-
CUCTEMBI: OOJIBIIION TPOIIEHT MOJIOBO3PENBIX 0c00el B COOOIECTBaX CBUAETENHCTBYET 00 aJanTHBHBIX pe-
AKX KUBOTHBIX K M3MEHEHHAM OKPYKaIOIIeH Cpeabl, MPUUMHON KOTOPHIX CTaj0 TEXHOTEHHOE BO3JEHCT-
Bue. PesynbTarel cOopa MEpBUYHBIX JAHHBIX MPEJOCTABHIM UHPOPMAIMIO O YHCIEHHOCTH, MOJIOBOM U BO3-
PacTHOH CTPYKType MOMYJISLUNA KaK HHIUKATOPOB OLICHKHU 3arpsI3HEHUS CPEIbL.

MaxkcuMaibHasi aKTUBHOCTh XXMBOTHBIX AHTPOIIOTECHHBIX Y4YacTKOB HaOoanach B JIETHUH HEpHOI,
MUK 3a(UKCHpPOBaH B HIOHE. BECHON M OCEHBIO YUCIO aKTHBHBIX MEIKHX MIICKONUTAIOIIUX 3HAYUTEIHHO
Hiwke — 13 % ot obmmero yncina. B TeXHOreHHBIX 30HaX HACEJIEHUE 3HAUUTENBEHO HIKE, 9eM Y KOHTPOJIBHO-
r0 y4acTka, u cocTaBisieT 39 % OT Bcex 3apernCTPUPOBAHHBIX MEJIKUX MJICKONUTAIOMUX U MPEACTABICHO B
OonplIell CTENEHH CETrOJIETKaMHU, Y4acTHe KOTOPHIX B BOCHPOM3BOJACTBE HHKE, YeM Y B3POCIBIX 0co0ei.
MO>HO TPeANoI0KHUTh, YTO HACENICHHE JAHHBIX MECT MOXKET (POPMHUPOBATHCS MUTPUPYIOLIMMHU 0COOSIMU U3
cocelHUX y4acTKoB. IIo Mepe oTmaneHust 0T HCTOYHUKOB 3arps3HEHUs] HaOII0aeTcsl MOBBIICHUE A0JIU I1e-
pe3UMOBaBIINX ocoOeil. MakcuMabHOE 3HaYeHUE B3POCIIBIX, MEPE3MMOBABIINX MIIEKOIMHUTAIOMINX HAOII0-
J1a7I0Ch B KOHTPOJIbHBIX y4acTkax (91,5 %), HauMeHblee — B UMIAKTHO# 30He (35 %).

JnuTtenbHoe BO3ACHCTBHE NPEANPHUATHI TSKEIOH MPOMBIIIICHHOCTH MOXXET NMPUBOAUTH K CHIDKEHHIO
JOJIM B3POCIBIX M MEPE3MMOBABIINX 0COOEH, 0COOEHHO 3TO HAOJIOAAETCs] CpeAr CaMOK MHUKPOMaMMAaJHH.
JaHHOe sBIICHHE JAEMOHCTPUPYET TpaHCPOPMAIMIO B TOMYJISIIMOHHOW CTPYKTYpE, TaKk Kak paccMaTpUBae-
MBbIE€ MECTa IUIOXO HCIIOJIB3YIOTCS MUKPOMaMMAaJIMsMH B KadecTBE IJIOMAZ0K A BocpousBoacTaa. Komu-
YECTBO CaMOK IOBEP)KEHHBIX TEXHOI'€HHOMY BO3JEHCTBUIO MPOMOPLHOHATIBLHO YMEHBILIAJIOCH IO MEPE CO-
KpallleHHs PacCTOSHUS OT MpeanpusaTuii. KonndecTBo caMOK KOHTPOJIBHOM 30HBI cocTaBisieT 67 % oT obuie-
T'0 KOJIMUECTBA 0COOEH HKEHCKOTO M0JIa OTMEUYECHHBIX B HCCIIETyEeMBIH TIEPHOI.

OObIYHO IPU NEPMAHEHTHOM CTPECCOBOM BO3ACHCTBHM Ha apeajbl BKIIOYAIOTCS MPOLECCHl 0OpaTHOM
cBs3u. IloBeIenne IJIOAOBUTOCTU CaMOK TEXHOI'CHHBIX YYAaCTKOB CBHUJCTCILCTBYET O BKJIFOUCHHWUN CaMOpeE-
TYJIUPYIOIIHUX MECXaHU3MOB HOHYHHHHﬁ, IIO3TOMY MBI Ha6.HIOJIaeM YBCIMYCHUUN TUIACHTAPHBIX IIATCH U OM-
OpHOHOB Y CaMOK, 3aperdCTPUPOBAHHBIX OJU3 3aBOAOB. B cpenHeM, MiI0JOBUTOCTh CAMOK KOHTPOJIBHOTO
yuacTka MeHblle Ha 0,82 caMOK TEXHOI'€HHOTO y4acTKa.

HepeqncneHHme BBIIIC OCOGCHHOCTI/I CBHUJACTCILCTBYIOT O HAlPsS)KCHHOCTU B3aMMOOTHONICHHI opra-
HU3MOB MEJIKMX MJICKONHUTAIOMIMX C OKPYXAIOLIeH Cperoi, MOJIBEprHyTOM aHTPONOreHHOW Harpyske. Ha-
OJI0aIMCh U3MEHEHHUS B ITOJIOBO3PACTHOM CTPYKTYpPE MENKUX MIIEKOMHUTAIOUIMX IPH AJIUTEIBHON aHTPOIO-
TeHHOM Harpyske, kotopas Habmoaaercs B CeBepHoMm Kazaxcrane. Tak, B IONMYJISNUSX IPUCYTCTBYET MH-
TeHCH(UKaIUs PEeNpOIyKTUBHON JESITEIbHOCTH, NHIUBHYAIBHOW IJIOAOBUTOCTA U COKpAIEHHH MPOOI-
XKHUTEIbHOCTH KU3HH.
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A.H. 3akanosa, H.T. Ep>xanos, FO.H. JIutBuHoB

Ka3akcTaHHBIH COJITYCTIK AHTPONOTeHAIK ayAaHIAPbIHAAFbI
YCaK CYTKOPEKTUIEPAiH *KbIHBICTBIK-KACTHIK KYPbLIbIMBbI

3eprrey 2021 KbUIABIH KOKTEMTi-)Ka3Fbl Ke3eHiHAe Ka3zakcTaHHBIH conTycririnae, srHM [laBrmomap
OOJBICHIHBIH ayMarblHAA JKYPTI3UIreH. AYBIP ©HEPKOCINTIH €Ki ipi KOCIMOpPHBI MEH OaKplIiay yJacKeciHiH
MaHailblHa MEKEHICHTIH NOMyJALMANApPIBIH JKBIHBIC JKOHE JKac KYpPBUIBIMBIHAAFBI CpPEKIIENiKTep
KapacThIpbUIFaH. AHTPOIOTeHIIK ocepAiH ke3aepi [laBmomap amomMuHUi 3aybIThl JkoHe Kasakcran
JJIEKTPOJIU3 3aybITHl 0OJIBI. 3epTTeyIiH MaKCcaThl: YCaK CYTKOPEKTUIEPIiH KBIHBICTHIK-)KAC KYPBHUIBIMBIHBIH
Tapally aiMarbIHBIH TEXHOTCHJIK JIACTaHy KOe3iHe KaKbIH OOJybIHA TOYENIUIIriH aHBIKTay. 3epTTey ayMarbl
UMIIAKTTHI, Oydepni, GOHABIK koHe OakpUIay aliMakrapbiHa Oenminai. MHUKpoMaMMaluii opraHu3MIepiHe
JIaCTayIIbl 3aTTapIblH TYPAKTHl ocepi Typasibl KOPBITBIHABI JKacayabl. ByFaH 3aybITTapIblH MaHBIHAA
OpHaJIaCKaH ydYacKesepJeri MOmyJisinusiIapAa ypraiibl MeH €pKEK CAaHBIHBIH apaKaThIHACHIHBIH OY3bUTYBI
nmonmen Oona amanmel. TeXHOTEHIIK aiMaKTapHarbl IapakTapAblH OCIMIUITIHIH apTybl, YpFamrbuIapIblH
TYKBIM/IBUIBIFBIHBIH MOJIAtObl Gakpllay HOPMAachbIHaH apThIN Kele jkaTKaHbl Oalikaianbl. JKac TesinepiiH,
epecek JKOHE KbICTaylaH IIBIKKAH d>KaHyapiapIblH MalbI3/IbIK apaKaThIHACBIHIA aflbIpMalIbUIbIK Oap.
VMnakTTel  aliMakTapia JKkac ~ OpPraHM3MIEpAiH ©H KOl  CaHbl JKSHE  KbICTayJaH  IIBIKKaH
MHKpOMaMMalusUIapAslH €H a3 caHbsl Oap. bBakpuiay aliMarbiHIa epeceKkTep MeH KbICTaylaH IIBIKKaH
JapakTapablH OackiM  Oonyel  Oaifkanmanmel. JKaHyaprmapblH kac TOOBI caiMarbl, JCHE MeJIIepi,
CaITBICTBIPMAIIBI  KACHETTEPi, MBICANBI, TYKTEPIHIH JKaFmaibl OoibIHINIA aHBIKTAIAbl. OCBl  OHIPIIH
KOFaMACTBIKTapbl MEH MOMYJSLIHUAIAPBIHBIH JKBIHBICTBIK-)KACTHIK KYPBUIBIMBIHA AHTPOIOTEHAIK 9CEePIiH
acepl Typaibl IEpeKTep >KOK, COHABIKTAH 3epTTey MoceJeci aca ©3eKTi. 3epTTey HOTIDKENepi OHIpIiH
KOHBICTaHYy afiMaKTapbhlH JKOCHApjay/ia >JKoHe TaOMFaTThl KOpFay ic-IIapajapblH  YHBIMIACTHIpYy/a
HaiijaaHbLTybl MYMKIH.

Kinm ce30ep: ycak CYTKOPEKTiIEp, aHTPOIOTCHIIK ocep, KoO0CH, TYKBIMIBUIBIK, MOMYJIAIUsIIap,
KaybIMJACTBIKTAP, KBIHBICTBIK KaHE )Kac KYPBUIBIMBI, TIPLILTIK €Ty.

A.N. Zakanova, N.T. Yerzhanov, Yu.N. Litvinov

Gender and age structure of small mammals of anthropogenic regions
of Northern Kazakhstan

The research was conducted in the spring-summer period of 2021 on the territory of northern Kazakhstan,
where the Pavlodar region is located. The features in the sexual and age structure of populations were consid-
ered. Populations live in the vicinity of two large heavy industry enterprises and a control area. The sources
of anthropogenic impact were the Pavlodar Aluminum Plant and the Kazakhstan Electrolysis Plant. Research
objective: to determine the dependence of the sex and age structure of small mammals on the proximity to the
source of anthropogenic pollution of the area. The study area was divided into impact, buffer, background and
control. Conclusions were drawn about the permanent effect of pollutants on the micromammalia organisms.
There is a violation in the ratio of the number of females and males in the populations as they approach the
sources of pollution. There is an increase in reproduction of individuals. The fertility of females of
technogenic territories is higher than the control ones. The percentage of fingerlings, adults and overwintered
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animals differs. The impact territories have the largest number of young organisms and the smallest number
of overwintered micromammalia. In the control area, there is a predominance of adults and pre-hibernating
individuals. The age group of animals was determined by weight, body size, relative qualities (condition of
the coat). There was no up-to-date information on the impact of anthropogenic impact on the gender and age
structure of communities and populations of northern Kazakhstan. The results of this research will be useful
in the process of planning a residential area of the region.

Keywords: small mammals, anthropogenic impact, reproduction, fertility, populations, communities, gender
and age structure, survival.
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Hoswrit Bux poxa Physocephala Schiner, 1861 (Diptera, Conopidae)
u3 Bocrounoro Kaszaxcrana

B 2021 r. B x01€ paboThl O U3y4YeHUIO 3HTOMO(DayHB! ['0Cy1apCTBEHHOTO HAIMOHAIBHOTO IPUPOTHOTO Map-
ka «Tap0araraii» B 10)XKHOM oTpore xpe6ta Tapbararaii ropax Kapabac Oblia 0TJI0BICHA Ha [IBETKAX JYIIHIIBI
obbikHOBeHHOH Origanum vulgare L. (cem. ScrotkoBbie (Lamiaceae) camka MyXu-OOJBIICTOIOBKH
(Conopidae) pona Physocephala, kotopast B Hacrosiiieii pabore onucana kak HoBbiid Bu Ph. zhanylkan sp. n.
Camka onuchiBaeMoro Buja Omuska camke Ph. zaitzevi Zimina, 1979, ot koTopoit OTiIHYaeTCsl OTCYTCTBHEM
[SITHA HA TEMEHH, MPOIOPLMIMHU YCHKOB M X000TKa, OKPACKOH KPBUIHEB, IIBETOM OIBUICHHUS OpPIOIIKA, pa3Me-
pamu 1 (HOpMOi TEKH.

Knroueswie cnosa: Physocephala, Conopidae, Hossiii Bua, Bocrounstit Kasaxcran, Tap0araraii, Kapa6ac.

Beeoenue

Myxu-6onpieronosku (Diptera, Conopidae) — HebosbIoe ceMeCTBO MapasuTHYECKUX IBYKPBUIBIX,
JIUYUHKH KOTOPBIX SBJSIOTCS BHYTPEHHHUMHM MMapasuTaMy SKaSIIUX mepernoHdaTokpbix (Aculeata), peaxo
npsimokpbubix (Orthoptera). CemeiicTBO pacpocTpaHeHO BCECBETHO, B MUPOBOI (ayHe omucaHo 6oiee 800
BujosB [1; 172]. B [laneapkruke nHacunteiBaercs 201 Bux [2]. CemeticTBo B [laneapkTrke JOBOIBHO XOPOIIO
M3Yy4eHO, B OCHOBHOM, Oyaromaps MHOTOeTHUM ucciegoBanusM JI.B. 3umunoi [2—-10]. Umaro xoporro me-
TaroT, ABJIAACH ONBUIUTCIIAMHA, BCTPCUYAIOTCA Ha LHBCTKAX pa3jIMYHbIX paCTeHHﬁ, TJIaBHBIM o6pa30M TpaBAHU-
cThIX. Jlepxarcs 0ObIYHO BOJIM3M THE3[ OOLIECTBEHHBIX NEPENIOHYATOKPBUIBIX. MyXH MOKUAAIOT WIN aK-
THUBHO Pa3bICKMBAIOT IEPETIOHYATOKPBUIBIX, KOPMSIINXCS Ha LBETYIIEH PaCTUTENFHOCTH, M OTKIIQABIBAIOT HA
HUX siina. B xo3suHe pa3BUBaeTCs OJHA JIMYMHKA MYXHU, KOTOpas OKYKJIMBAETCs B OPIOIIKE YK€ MEPTBOIO
HAaCCKOMOIo, i€ 1 3UMYCT. HeKOTOpLIe BUIbI UMCHOT XO3SIMCTBEHHOE 3HA4UYCHUEC, ABJIAACH BPECAUTCIIAMU ITYC-
noBojicTBa (Hanpumep, Physocephala vittata (Fabricius, 1794).

Physocephala zhanylkan Zlatanov sp. n.

Mamepuan. Tonorur: @, 07.07.2021, Bocrounsiii Kaszaxcran, xp. TapOararaii, ropel Kapabac,
46°49'36.6" N, 82°42'20.2" E, 749 m nag yp. M. (COopmuk b. 3naranoB). TumnoBoii sk3eMIusip XpaHUTcs B
koJuiekuuu Muctutyra 300morun KH MHBO PK, r. Anmartsl.

Onucanue. Camxa. [ onosa. JIuno, meku u 1006 xentsle. Ha ckynax Booib a3 B cpeiHeil uactu y3kas
crnabo3ameTHas IOJIocKa 0enoro onbUIeHus . JIuieBas BliajnHa MPOCBEYHBAIONIAs, B HU)KHEH YacTH B OesioM
omnbUieHnH. JIMeBOM Kuilb B BepXHeH yacTu cinabo BeipakeH. JI00, Mo U meKH BAOJb IJ1a3 MPOCBEUNBAIO-
mre. Tems 1 3aTBbUIOK B CpeHel yacTu Oypo->KenThle, MPOoCBeYnBatome. TeMst MeanaabHO ¢ OTHOCHTEIHHO
rIyOOKON TMPOAONBHONW O0p03/1KOH. 3aThIIOK 3a Tja3aMH TEMHO-OYphI, B HMXKHEW YacTH KPacHOBATO-
KOPHYHEBBIH.

Y CcHUKH HECKOJIBKO JJTMHHEE TOJIOBBI; 1-i WiIeHHK OypoBaTO-KOPUYHEBBIH; 2-i — TeMHO-OYpBbIid, TOUTH
YEepHBIH, C BHYTPEHHEH CTOPOHBI Y BEPIINHBI 1 CHU3Y KPAaCHOBATO-KOPUYHEBHIN; 3-i — OypOBaTO-KENTHIH,
TEMHEIOIINHA K BEpIIMHE A0 TEMHO-0YPOTro, TopcaibHo-uepHbIid. CooTHOWEHHE UIMH 1-T0, 2-T0 1 3-T0 uie-
HUKOB mpuMepHOo 1:3:2. 3-if wieHHMK pOMOOBUAHBIN; CTHIYC IBYXYJIEHHKOBBIH, JOPCO-BEHTPAIBHO YILIO-
IIEHHBII C 3aKPyTIeHHON BEpIIMHON (IIpH BHIE COOKY — 3a0CTPEHHBIN) M C OKPYTJION HIDKHEH JIOMACThIO
(puc. 1).

Xo000ToK Oojiee ueM B 2 pa3a JUIMHHEE ToJIOBbI, OypOBaTO-)KENThIH, HAYMHAS IPUMEPHO C CEPEANHBI C
MTOCTETIEHHO PaCIIMPSIOIIEHCs K BepIIrHe OypoH, 3aTeM YepHOM J0pcajbHON MOJOCOM; JIOMacTH yrojibHO-
YEpHBIE.

56 BecTHuk KaparaHgmMHCKoro yHmBepcuteTa



Hosbit B poga Physocephala Schiner, 1861 ...

Pucynoxk 1. Physocephala zhanylkan Zlatanov sp. n. Ycuk camku, Buz c6oKy.
JInanm YKa3bIBarOT I'PaHUIbI YICHUKOB

I'pyos. BypoBaTto-kopruneBas. CpenrHecIHKA TTocepenHe depHast (puc. 2), B KOPOTKUX MOTYIPHITOA-
HATBIX YEpPHBIX BOJIOCKaX. MeIuaTepruT IMOYTH IEIMKOM YepHBIH, JIaTepadbHO OypOBaTO-KOPUIHEBHIH.
[IneBpoTeprutThl c3a1u KHA3Y C YEPHBIM MPOAOJITOBATHIM IMSTHOM, CIMBAIOIIUMCS C YEPHOH MOBEPXHOCTHIO
Meaunotepruta. CpeHECTIMHKA, MEAUOTEPTUT U TUIEBPOTEPTUTHI cepeOpucTo-onbuieHHbIE. [IIuToK ¢ TemMHO-
OypbIMU Pa3MBITHIMH TISTHAMU JIATEPaTbHO KHHU3Y, C YIaCTKaMH cepeOpucToro onbuieHus. [IneBpsl ¢ momo-
COH cepeOpUCTOro OMBUICHHS, 3aHUMAIOIIET0 CBETIIOOKPALICHHYIO YaCTh CTEPHOIUIEBD LETMKOM H 33HIOI0
MOJIOBUHY Me301uieBp. ONbUIEHHE CTEPHOIUIEBP UMEET TOPU30HTAILHO MITPUXOBYIO TeKCTypy. [ITeporuies-
PBI y TIEpeIHEero Kpasi ¢ TPYIIION Pa3HOBENUKUX METHHOK. CTEPHOIUIEBPHI HAJ MIEPETHUME Ta3UKAMH dep-
Hble. HIKHUH yTo THTIOIIIeBp C YepHBIM OBalbHBIM MATHOM. Ha cTepHomieBpax 3 KOPOTKHX cirabo3ameT-
HBIX BOJIOCKA, PACIIOJIOKEHHBIX TIOYTH IO MPsiMoi (puc. 3).

Pucynoxk 2. Physocephala zhanylkan Zlatanov sp. n. Pucynox 3. Physocephala zhanylkan Zlatanov sp. n.
I'pynb camku, BUJ cBepxy I'pyns camkw, BUI COOKY clieBa

Kpvinea. Upnaupytomue; OypoBaTas 1MoJjioca pacroyiokeHa MEXy KOCTATbHONH U MEIHAIbHON JKUIIKa-
MHU; B STUCHKE I'3 3aX0IUT 32 )KWIKY Ry.3; B AUelKe I's 3aHUMaeT OoJblie OCHOBHOM TPETH, €331 OrpaHuYeHa
JIOXKHOM KIIKOM. SIueiiku C M SC HeCKONbKO Oojiee CBET/bIe; sueiku br, bm u mpoume — mpospaumnsie.
Slueiika br Boab nepenHero kpast y3ko Oyposaras (puc. 4). Best mOBEpXHOCTh KPbUTLEB B MUKPOTPHXHSIX.
Kyxokanbua Oenecsie, HOKKa KOPHYHEBO-KpacHas.

Pucynok 4. Physocephala zhanylkan Zlatanov sp. n. Kpsuto camku

Hozu. B XOpOTKHX OTHOCHTENBHO PEIKMX YEPHBIX BOJMOCKAX. Ta3WKu BceX Mmap HOT KOPUIHEBO-KEITHIE;
MIEPEHAX — CIIEPE/IH C Pa3MBITHIM OypOBaTHIM MATHOM, CPSIHUX U 33JHUX — CHaPYKHU TEMHO-OypHIE.
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Benpa Bcex map HOr KOPHYHEBO-XKEITHIC; 33 JHIEC — C3aM B BEPIIUHHBIX JIBYX TPETAX 00Jice TEMHBIC.

Bce rosieHu cBeTJIO-KOPUYHEBATO-XKENTHIE; TIEPETHUX M CPETHUX HOT — B OCHOBHOU TPETH KEITOBATO-
Oeneckle, 3aHUX — Oeneckle. B cpemHell 9acTu Bce TOJICHN OJIIDKE K BEpITMHE ¢ HEOOIBITUM PACIIHPEHUEM,
HanboJiee BBIPAKEHHBIM Y 3aHUX TOJICHEH, ¢ PyOIlOM, OXBATHIBAIONINM TOJICHL CHU3Y U ¢ 00KOB (puc. 5).
[epennve u cpeqHHUE TOJICHN CHAPYKU B OJECTSIEM cepeOpPHCTOM OMBUICHUH. 3aJTHUE TOJICHH MEXIy Cpe-
JVHHBIM PAcIIMPSHUEM M BEPIIMHON €33 U CHU3Y B I'YCTBIX KOPOTKHX YEPHBIX MOTYIPUTIOAHATHIX BOJIOC-
KaxX, TaK YTO TOT YYaCTOK BBITJIAIUT TEMHBIM.

OCHOBHBIC YICHHUKH BCEX JIATIOK CBETJIIO-KOPUYHEBATO-XKEIIThIC, HAUWHAS CO BTOPOTO, TIOCTENICHHO OY-
PEIOT K BEPIIMHE JIATKH.

a
6
B
Pucynoxk 5. Physocephala zhanylkan Zlatanov sp. n. Pucynoxk 6. Physocephala zhanylkan Zlatanov sp. n.
T'onenu Hor caMKu, BUJ ciepeq: a — MNepeaHeil; Komner Oproriika caMKu, BUJ] COOKY ClieBa

6 — cpenHel; 6 — 3aJHEH nap

Bprowko. B KopoTKHX 4epHBIX BOJIOCKAX, OoJiee AMMHHBIX K BepIInHe Opromika. bypoBaTo-kopudHeBoe,
HECKOJIbKO cBeTiiee rpyau. Teprutel |-V ¢ GonbmumMu TeMHO-OypbIMH, TOYTH YEPHBIMH NSTHAMU. 3aHHUE
kpast teprutoB |-l1l B uHTEeHCHMBHOM CcepeOpUCTOM ONBUIEHUH, JOPCATBHO Y3KOM, JaTepajbHO PaCIIUPSIO-
mmmMcsi. Cepebpucroe onblieHre tepruta 1V nqopcaibHO 3aHUMAET 33JHIOI0 €ro MOJOBUHY, JIaTePaIbHO CY-
xaetcsi. OCHOBHasI ITOJIOBHHA ATOTO TEPrUTa TaK)Ke B ONMBUICHHU, HO O4eHb ciiaboM. OmnbuieHne TeprutoB V
u VI 3aHuMaeT BCIO X AOPCAIBHYIO ITOBEPXHOCTh, HECKOJIBKO MEHEE MHTEHCHBHOE, YeM Ha MpeIbIIyIIHX
Teprurax; JiaTepajbHO He pacupocrtpansierca. Teprutr VIl ombuieH Tonbko y ocHoBaHus. Teka KopoTkas,
MIOYTH B 3 pa3a MEHBIIIE BBICOTHI TepruTa V, ee nepeHss MOBEPXHOCTh MOYTH npsiMast (puc. 6).

Jnvaa tena 10 M.

CamMmer He U3BECTEH.

Obcyorcoenue

Omnwmcannsrit Bug 01m30k Physocephala zaitzevi Zimina, 1979. JIns ymo6cTBa cpaBHEHMS BaXKHEHIINX
MPU3HAKOB 3TOT'0 BHJIA C ONMCAHHBIM, OHH CBE/ICHBI B TAOHILY.

Tabnuma
OcHoBHBIE pa3anyus Mexay camkamu Physocephala zaitzevi Zimina
u Physocephala zhanylkan Zlatanov sp. n.
Ph. zaitzevi Ph. zhanylkan sp. n.
(yacTMYHOE IMTHPOBAHHUE MO ornucaHuo [7]) (4yacTHYHOE UTHPOBAHHUE 110 OomucaHuto [7])
1 2

Ha temeHu MasieHbKOE€ KOPHYHEBOE TISATHO [IsTHO OTCYTCTBYET
YcukHy He JUIMHHEE TOJIOBBI Y CHKH HECKOJIBKO JUIMHHEE TOJI0BBI
2-i1 wieHnK (YCHKOB) NPUMEPHO B J1Ba ¢ MOJIOBHHOW pa3a|CooTHOMIEHHE JUIMH 1-T0, 2-T0 WICHHKOB U (uareimiomMmepa
JUIMHHEE 3-TO npumepHo 1:3:2
X000TOK B J1Ba pa3a AJIMHHEE T'OJIOBHI Xo0060TOK O0J1€€ UeM B 2 pasa JUIMHHEE FOJIOBBI
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IIpononxeHnue TabuuI bl

1 2
KocraneHasi, cyOkoctanmbHas u 00e OasanbHbIX suciiku|SIdeiiku C u SC OypoBatsie; sueiiku br, bm mpospaumsie
JKEJITOBATHIC (6ecuiBeTHBIC)
3amane kpas 1-5-ro cerMmeHTOB B jxenroBaroM OxiectsmeM |3anaue kpast Teprutos |-l B vHTEeHCHBHOM cepeOprucToM
OTIBIJICHUH OIIBUICHUH
Texa BaBoe Kopoye 5-T0 cerMeHTa, epeaHsis MoBepxHocTh| Teka moutn B 3 pa3a MeHbLIE BBICOTHI Teprura V, ee me-
CHJIBHO BBIITYKJIAst penHsisi IOBEPXHOCTh MOYTH NpsiMast

Omumonozus. Bua HazBaH nMeHeM pykoBojauTens OThena HayKH M SKOJIOTMYECKOr0 MOHHUTOPHHIA
['HIIIT «Tapbarataii» XKanbuikan KabneBHBI AJIeMCEUTOBOM, OKa3aBIel OOIBIIYIO TOJAEPKKY U TIOMOIIH B
MIPOBEJICHUH SHTOMOJIOTHYECKHX HCCIeN0BaHUM Ha Tepputopun HannoHanesHoro napka.

Paboma svinonnena npu ¢unancosou noooepacke Komumema nayku Munucmepcmea nayku u evicuie-
2o oopazosanusn Pecnybnuxu Kazaxcman (mema APO9259987 «Oyenka paznoobpasus ¢ayHvl Hacekombix
20Cy0apCcmeeHH020 HAYUOHATLHO20 NPUPOOHo20 napka « Tapbacamaily, ee MOHUMOPUHS, COXPAHEHUe U YC-
MOUYUE0E UCHONLIOBAHUEY).

Cnucok IuTepaTypsl
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T.61.— C. 196, 197.

9 3ummuna JI.B. 71. Cem. Conopidae — 6onbieronoeku / JI.B. 3umuna // Onpenenuress Hacekombix Jansaero Bocroka Poc-
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10 3umwuna JI.B. Onpenenurens mapasurndeckux ABYKpeutbix cem. Conopidae (Diptera) Cpenneit Asuu / JI.B. 3umuna // Du-
Tomostoruueckoe o6o3penue. — 2000. — T. 79. Beim. 3. — C. 723-733.

b.B. 31aranos

HIsireic Kazakerannan Physocephala Schiner, 1861 (Diptera, Conopidae)
TYKbIMJACbIHA KaTATbIH ’KaHa TYP

Maxkanana 2021 xbutel «TapOararaityy MeMieKeTTiK YITTBHIK TaOWFH mapkiHiH TapOaratail >KOTaCHIHBIH
oHTYCTiK ciremingeri Kapabac TaynapblHBIH SHTOMO(AYHACBIH 3€pPTTEY YKYMBICTAPBIH KYPri3y OapbIChIHAA
komimri kuikoThiHbIH Origanum vulgare L. (Afikpiaryngiiep — Lamiaceae TYKbIMIachl) — TyJijiepiHeH
aynmanraH, Physocephala tykeiMaaceiHa kaTaThiH ipibac 1siObiHbIHA (COnopidae) ocer sxymsicta Ph.
zhanylkan sp. n. sxana Typ peringe cunarrama Oepinred. Cunarrama OepiireH »aHa TypjiH aHaubiFsl Ph.
zaitzevi Zimina, 1979 >xbutFbl TYpAiH aHAJbIFBIHA YKCAC OipaK, OHBIH HEri3ri albIpMalIbLIBIFGl IIEKECiH e
JIaFbI J)KOK, MYPTIIaJTapbl MEH TYMCHIFBIHBIH OiTiMi, KAHATTAPBIHBIH TYCi, iII-KyBICHIHBIH TO3aHAaHY TYCIHJE,
JIOHEKEep YJIaJIbl KalTaMaHbIH KeJeMi MCH MilliHIHE.

Kinm ce30ep: Physocephala, Conopidae, sxana Typ, Ilbirsic Kazakcran, Tapbarataii, Kapabac.
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B.V. Zlatanov

New species of genus Physocephala Schiner, 1861 (Diptera, Conopidae)
from Eastern Kazakhstan

In 2021, in the course of studying the entomofauna of the Tarbagatai State National Natural Park in the
southern spur of the Tarbagatai Ridge, the Karabas Mountains, a female of large-headed fly (Conopidae) of
the genus Physocephala was caught on flowers of the common oregano Origanum vulgare L. (family
Lamiaceae) which is described in this paper as a new species Ph. zhanylkan sp. n. The female of the de-
scribed species is close to the female of Ph. zaitzevi Zimina, 1979, from which it differs in the absence of a
spot on the vertex, the proportions of the antennae and proboscis, the color of the wings, the color of the pol-
lination of the abdomen, and the size and shape of the theca.

Keywords: Physocephala, Conopidae, new species, East Kazakhstan, Tarbagatai, Karabas.
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Kyanbinaii TypJiepin 3akbIMaAaidTBIH BOtrytis cinerea caHpIpayKy/J1arbiH 3epTTEy

Makana XKuACKTepAiH ILIiHAe CYpaHbICKa >KOHE Maiaanbl KaCHETTepre Ue KYJINbIHAK JKEMICIHIH TypJepiH
3aKpIMIAWTHIH 3USH/IBI TATOTEHAI CaHBIPAYKYJIAK CYp LIPIK aypybIHBIH KO3IBIPFBIIBIH 3ePTTEYre apHaIIFaH.
3eprTey KYMBICBIHBIH MakcaThl — Fragaria moschata »xemiciHiH 3usSHIBI IATOrE€H i KO3ABIPFbILILI Botrytis
cinerea caHpIpayKyJ1aFbIH OOJIiIl ajIblll, OHBI 5KaH JKaKThl aHBIKTAy. SIFHH, MATOTEH i CaHBIPAyKYJIaK OCIHIICiH
0Ol aJIbIl, OHBI MOJICKYJIABIK-TCHCTHKAIBIK OMICTICH WACHTU(UKAIMAIAY JKOHE MATOTCHIUIINH KaiTa
WHOKYJISIHSIAY apKbUTbl ailkpiHAay. Cyp IIipik aypybl KYINBIHANR ©CIMITH TEK BETeTAIMSIIBIK KE3CHIE FaHa
3aKbpIMJIaMali, COHBIMEH KaTap JKMHAFaHHAH KeiiHJe OHIMHIH CalachlH HaIIapiaThill, OPacaH 30p 3USHBIH
turizeni. COHNBIKTaH, 3USHMBI CAHBIPAYKYJIAK KO3JBIPFBIIITAPBIH AHBIKTAI, YKAH-)KAKThI 3€PTTEY aypyIbIH
aIIBIH albIl, OHBIMEH KYpecy MIapanapblH YHbIMAACTBIPYFa MPAKTHKAIBIK MaHBI3BI 30p. 3aKbIMIaiFaH
KYJIIbIHAA JKEMICTepiHEH KaTThl KOPEKTIK OpTaja ecipy apKbLIbl JKUHAKTAYIIBI KOHE Taza OCIHAUIepIi
u3osnMsIan,  MOpP(OJIOTHSUIBIK-OCIPIHAI ~ KOHE  MOJICKYJANBIK-TeHETHKANBIK ~ O/iCTEp  apKbUIbI
UICHTH(UKAMACH Kacalpl, Tanjay HoTmwkecinme 99,62 % Botrytis cinerea typimen coiikec GOJIBL.
TlaToreHaimik KacweTi KYJINbIHAN KEMICIHIIE WHOKYIAIMSAIAY apKbUIbl JONENAcHl. EmiMi3aiH KyblHai
aJIKanTapblHa alTapJIbIKTai 3UsSH KENTipeTiH maTroreHai caHppayKyiak — Botrytis cinerea cansipayKysiarsl
3aMaHayH MOJICKYJIabIK-TCHETUKANIBIK JIiC apKbUTbI HEeACHTH(OUKAIMSIIAHBII, apbl Kapail OHBIMEH KYPECYIiH
nrapagapbiH YHBIMIACTBIPYFa HEri3 00Ja bl

Kinm ce30ep: Fragaria moschata ecimpuiri, Botrytis cinerea, MoieKynaabl-TeHETHKANBIK OiC, MHUIEIHI
KOpEKTiK opTa, KoHuaus, renomasik JJHK.

Kipicne

OsemMze JKOHE eNiMi3le KOMMEPLMSJIBIK MakcaTTa ecipUleTiH KYINbIHAWABl CHCTEeMAaTHKaJIBIK
TYPFBIChIHAH KikTecek Rosales katapei, Rosaceae Tykpimmacel, Fragaria tysiceina xarassi [1].

KynnbiHait sKuACKTepiHiH jKaHa IMICKEHI Je, OHJICITeH TYpPIMEH KaTap ©Te JKaKChl CYpaHbICKa He.
Kunexrepin cycwlH, WOTYpT, KYrepi YIIEKTepi, TYpJdi TOTTiiep MEH IImiMIIKTeple >XWi KOJIJaHBLTYHI
KYIIbIHAH CYpaHBICBIH OYpbIHFBIOaH na eceneil Tycti. CypaHBICTBIH KeOe€loiHe, COHBIMEH Katap
JKUJICKTEPIHIH JIeHCayJIbIKKA Maiaackl 1a acep eryuae [2].

ITicken kymmeiHaili xemici 90 % cynan xone 10 % cyna epuTiH Kyprak 3arTapiaH TYpaibl >KOHE
KYpaMbl KOpeKTik 3aTTapra Oail. bip mopuus (10 nana) KymnbIHai sxeMiciHze sxorapsl gapexene C gopyMeHi
Oap >koHe JAueTalblK Tajantapra 95 % coiikec keneni. Kynnbinaiina kaut 80 % Kypaiibl, ajl )Kajlbl KyprakK
canMarbl 40 % T0K03a MEH (pyKkTo3aHbl Kypaijel. COHBIMEH Karap, KYINbIHANAA 3JuUtar KbIIIKbLIbI
OonraHIBIKTAaH KaHIEPOTeHI'e Kapchl Jien caHaitasl. Herisri 3epTreyiep xemicTi ecipy jkoHe KMHAJIFaHHaH
KEiH OHBIH CallachlH JKaKcapTy MakcaThiHa OarbiTTayiraH Ooubinm Kejemi. CebeOi, jkMHANFaHHAH KEHiH
semicTiH 40 %-bI 1mipin KeTe.

Ken anankaiinapna ecipinreH KyJIIbIHAWIBIH OHIIPiCI MEH >KEMICTiH camachblH apTThIPy MakcaThIHIA
KONTEreH 3ePTTeY JKYMbICTaphl XKyprisinyae [3-4].

Botrytis Typaepi eH keH TapaiFaH eCiMIiK maToreHaepi MeH canpoduTTepiHiH Oipi OOJBIN caHalaIbl
[5]. Borputuc Typinepi miaHeTagarbl ©CIMIIKTEPAiH €H KOl TapajiFaH KO3ZBIPFBIITAPBIHBIH Oipi OOJBII
TaObUIAAbI KOHE OJapAbl KYKTHIPFaH KOXKaWbIH-6CIMIIK TYpJepi TPONHUKAIBIK apajjapJaH apKTHKaIbIK
TyHJpara JICHiH KOHE TPONMKAIBIK OPMaHAap/IaH Ielre JAeliH 0apIiblK KIMMATTHIK Oenjeyieplie Ke3aecei.
Borputnc Typnepi nanana jkoHe JKbUTbDKaWa aypyjap MEH eTiHHIH eIoyip KOFalyblH TYABIPaJbl; Onap
COHBIMEH KaTap Ycak *eMiCTepZeH OacTal KeClIreH ryijepre AeiiH, MUs3 )KoHEe capbIMCaK CHSKTBI OYJIIBID
JaKpUIIApFa JISHIH KONTereH JaKbUIIap bl )KYKTHIPATHIH MaHbI3/Ibl KO3ABIPFBIIITAD OONBIN TaObIIa b, TIMTI
OJIap/Ibl XKYKTBIPFaH TYKbIMIAPMEH JIe aHBIKTayFa 60asl [6].

Cyp 3eH (Botrytis cinerea) onemaeri 200 MoneHH ©CIMIIKKe Kayill TOHAIPETIH HEKPOTPODTHI TIPIILTIK
ereTiH matoreH. OHBIH €Mi YVIIIH KemnTereH (QYHTHUUA TaOblIFaHBIMEH, TEHETHUKAJIBIK BapHaLHsFa
0allTaHBICTBI COTCI3 asTKTANIBI [7].
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B. cinerea xouumusiiapbl ©Te JKHi aya apKbpUIbl Tapajiaasl JKOHE KOHUAMSIAPABIH KOIM OOJyhI
OCIMIIKTEpdiH ce3iMTal OeJlikTepiHe KOHY MYMKIHIITIH apTTBIpambl. by KoskaWbIHFa KETYIIH €H alKbIH
ToCim OOIFaHBIMEH, JKAJIFBI3 FaHa JKOJBI eMec. B. Cinerea xoHMAMSIAPBIH ce3iMTal OCIMIIK MYyIIEIepiHe
KOHMIKTEp e TachiMannaii amanel. JKaHa 3eMaHIUsUIBIK TYJd TPHICI JKY3iMre NaTOreH KOHUIUSCHIH
XKeTKi3ymm Gonein caHamanel [8]. I'aBaiismarel 3akeiMmanran Myrica faya sxemic HIOFBIpBIHAH >KHHAJIFAH
Amorbia emigratella sxome Cryptoblabes gnidiella epecexrepi Men emicrieH KOpeKTEHETIH AepHACimmepi
B. cinerea ripurinikke KabineTTi KOHUAMIIAPBIMEH aca 3akpiMaanran [9]. TlaroreHHiH Tipuritikke KadineTTi
KOHUAMsIIApE coHbIMeH Katap Drosophila melanogaster imki ac xopeiTy xojbiHad [10] skoHe epecek
CaHBIpAyKYIaK MaccajlapblHBIH CHIPTKBI aeHenepineH [11] Oeminin ansiarad. OHBIMEH Koca, Oyj1 Macajap
CYp MIpiKKe aca ce3iMTall KbUTKAH JKaIbIPaKThUIAPABIH 6CKIHACP] OCETIH KBUIBDKA1a MEKEH CTKEH.

B. cinerea dgepmenTTepi, COHBIH ilIiHC KyTHHA3a, TIEKTHHA3a JKOHE TpoTeasanap/bl KOIAaHy apKbLIbl
HeMece TaOWFH caHbUIaysap (MBICANBI, allbIK JICTITSCIKTEp) HE Kapajlapabl HaimanaHy apKbUIBI KOXKaWbIH
TiIHIAEPiHE TiKeeH eHe anaabl. Mudekus nporieci nana sxarmaibinaa MuauMaiabl 12 °C, ontumanasl 15 °C
TemIepaTypaia OHTaiibl mAamunbl. Anaiiga Bulger et al. xyimeiHail rymaepiHiH 3aKbIMIaHYbl YIIiH
onTuManasl Temmneparypa imamameH 20 °C OONaTBIHABIFBIH JKOHE 24 car bUIFanabUIBIK Kesinge 100 %
MH(EKITHS OPBIH aJlaThIHABIFBIH KopceTkeH. KyibrHait skeMicTepiHiH HHOEKITUACH 3aKbIMIaHFaH TYIAepacH
MUIETUHIIH Tapalybl apKeUibl skypeai [12-13]. Bristow KoHMusiap aHaNbIK ay3blHA KOHFAaHHAH COH
AHAJIBIK ay3bl CYHBIKTBIFBIHIA Kelle] oHe OacTalThIH/BIFBIH, ajlalifia aHAIBIKTaH TYJIIOFBIPFa JCHIH TOMEH
Kapail Tapaiaybl VIIiH 4—6 anTa KaKeT eTeTIHIITIH aHBIKTambl. Aaima Kasipri ke3ne WH(DEKIHUSHBIH CH
MaHBI3/IbI JKOJIBI aTANBIKTAH TOMEH Kapad TapalaThlH OHT€H KOHHMIWSIIApAaH JaMbIFaH MHUIEIHNA eKEHJIri
oenrini 6omapl [14].

JKac xynmerHai jkarbIpaKTaphl )KOHE JKEMIC TYIIIOFBIPBI CEKUI/II MYIIeNep e aTOTeH KaCchIPhIH HEMECe
THIHBIIITHIK KYHiHOeri uH(peKnus TyasIpysl MyMKid [15]. KyianbeiHaii xansipakTapsigaa Braun and Sutton
JKYPri3reH MHKpPOCKOMHMSIBIK OaKplIaynap CaHbIpayKyJIaKTap SHUACpPMalibIbl KIIEeTKajgapia Tipi KalyJbl
KaMTaMachl3 ETETIH KOCHIMIIIA MEXaHM3M OOIBII CaHAJaThIH THIHBIITHIK KYHIHAETT KEH, allbIK
MMATMEHTTENTeH TH(] TypiHme OOJATBIHABIFBIH aHBIKTAmel [16]. KwimbiHail keMiCiHIOE THIHBIITHIK KYi
JKETUIMETeH KEMICTEP/Ie KOFaphl KOHIICHTPALIMAA )KUHAKTAIATHIH MPOAHTOIMAHUINHICD CEKiIl pepMeHT-
WHTUOMpIIeylll TaHHWHAepre OaitmaHpicThl Oonbin TaObutaabl [17]. KoHuawsiiap To3aHHAH KOPEKTIiK
3aTTapbl ajna OTBHIPHIT OHEl JKoHe TU(Tep TYIIIOFbIpra Tapana Oacraiinbl. by sxepme OonaThiH KenTereH
(hyHTUCTATHKAIIBIK JKoHE (PYHTHUTOKCHUKAIBIK KOCHUTBICTAP TU(TAPIBIH OJaH 9pi TapaldyblH TeXeWi, Oy e3
Ke3eTiHJle THIHBIITHIK KYHTe oTyiHe cebermi Oonanasl. ['mdTep Kpicka (parMeHTTepre bLABIPAN/IBI KOHE
TEXKEYII KOCBUIBICTAp JEHreili TeMeHJen, KaHT JCHreil apTaTblH KeMic Ticyl Ke3iHe HeiiH
CaHBIPAayKYIAKTBIH ©cyi TOKTaiab! [18]. Byir skachIpeIH Ke3eH aIMypT, KWINbIHAK, TaHKYpal, Kapa Kapakar,
anMa, Ky3iM, Oasuiibl JKOHE MakaJaMus CEKIJJIi KONTereH aybll IapyallbUIbIK JaKbLIIaphl aypybIHBIH
OacTamkbl Ke3i OOJIBIIT caHaalbl KOHE OHIMJI JKMHAYy Ke3iHjae emn Oenri OalikaaMmaraH eHIMIepi
TackIMaliay HEMece caKTay Ke3iHe aca ayblp caliapiiapFa oKelil COFybl MYMKiH [19].

KynmbeiHait  xameipakrapbiHia OapiblK ChIHANFAH BUTFANABUIBIK JIEHTEHi VINIH cropa TY3YAiH
onTUMabl Temreparypackl 17 sxoHe 18 °C Gomnbin Tabbu1ab], 25 °C TemmepaTypaja cropa Ty3yl KeMu/i,
an 30 °C remrieparypaza Ty3iixy Tokraias! [20]. XKapbIKThIH KapKbIHABUIBIFRI 13, TYP1 JIe MaHbI3IbI 12 carar
COyJIeNIEHAIPY JKOHE OFaH JKaJIFACTBIPBIN § caraT KapaHFBUIBIKTA YCTay CIlopa TY3UIyiHe jKarmail »acaiiJibl.
KyneruBupiiey Ke3iHAe cropa Ty3idyiHe BIKIal jkacay YVIIIH ©Cy OpTachlHIa OCMOCTBIK KbICHIM
KOHIIGHTPAIMSICBIH apTTHIPY JKOHE TOJKBIH Y3bIHABIFEI 290—400 HM aKblH YIBTPAKYJITiH JKapbIFBIMEH dcep
ety, conbiMeHn kKarap NHy;NO; Hemece acmaparmH Kocy KojmaHbuiaabl [21-22]. Ontumanmsl skarnait
JKacaJlFaH COH CaHbIpayKyIaK ©3iHIH KIaCCHKAJBIK IMOJHUIUKIAI TaOUFaThIH KOpCeTe aialbl JKoHE Oip
nHpexnusnay nmukin 3—4 xyHae askraizansl [23].

Cknepounii caHBIPayKYIAKTBIH Y3aK MEp3IMAIK TipUIUIriH cakray YUIiH eH 3(QQEKTUBTI KYpbUIBIM
Oonbin TabObmanel [23]. OHbBIH Ty3inyiHe TemeH pH bikman eremi. BereraTwBTi ecy yIIiH MUHHMAJIBI
canpicThipManbl buFaAIBLIBIK (RH) 93 % xone munenuii 90-100 % RH, 0 °C Temmnepatypanga Oip Kbl
HeMece Of[aH Y3arblpaK TIPLIUIITiH CakTal anaThIHBIFbI aHBIKTANFaH. AJl ckiepourii Oy Temmneparypazna 6ip
KBUIIAaH acTaM yaKbIT CakTalla ajajbl, alaiifla MYHJall KOraphl BUIFAJIABUIBIK JEHIeHIepi oFaH Kepi ocep
eteni [24]. Munenuii Ty3UTyiHe BIKIIAT €TETIH TeMIIepaTypa CKISpOIni TYy3UTyiH TeKeH i )koHe KepiciHIIe.

I'topep Men JKolkyH aTThl FajibIMIAp KYJIbIHAWIAPIBIH JKAIIbIPAFhbl, )KEMICI, TAMBIPHI MEH TaMbIPBIHBIH
OaceIHIarbl aypyiapra ceOern 00JaThiH CaHbIpayKYJIaK (DakTOpIapblH aHBIKTAY JKOHE KYJITBIHAWIBIH KehOip
COPTTapbIHBIH OllapFa KapChl peakIMsACHIH OaKbUIAY YIIiH JKYprisinren 3eprrey skymbeiceiaaa Mycosphaerella
fragaria, Phoma leveillei sxamsipaxTa, Botrytis cinerea, Rhizopus stolonifer sxemicte, Fusarium spp. skone
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Pythium spp. tameipma aypy TyabIpaThiH OacThl caHbIpayKyJIakTap €KeHi aHbIKTaiambl [25]. 3eprreyre
anmplHFaH copTTap apaceinga Slimosa-15, SlmoBa-104 »xome Ammca coprrapsl Botrytis cinerea xome
R. stolonifer-re cesimran ekeHi aHBIKTAJIBI.

KynmeiHaiina cyp 3eH aypyblH TYABIPATHIH JKOHE opacaH 30p IIbIFbIHFA ceberm Oosarein Botrytis
cinerea-ra Kapchl Kail COPTTBIH TO3IMILIIT JKOFapbl €KEHIH aHBIKTay MAaKCaThIHIA 3€PTTEY IKYMBICHI
XKyprizumreH. by 3epTTey )KyMBICHIHAA KYITBIHANABIH 10 MogeHu copThIHBIH (Aliso, Annepolis, Maralina,
Elvira, Delmarwel, Muir, Tufts, Honeoye, Tudla, Tiago) maToreHik 3BOJIOHSICH Tekcepinai. Jemsmapsen
COPTBHIHBIH 0acKa COpTTapMeH CaJlbICTBIpFaH[a KeHiHipek ryijen, KehiHipek skemic OepyiHe OaillaHBICTHI
aypyra Te3imMjii eKeHiri oaikanasr [26].

TinTi ®nopumaga KyImblHAW ecipymIiiep KOpraymisl (yHTHINA TainadaHFaHnapblHa KapaMacTaH
Botrytis cinerea sxemictepaiy 15 %-H mbIFeiH eTKeHi Oenrini [27].

I'ynney ke3eHiHIE KOFapbl CANBICTHIPMANbl BUIFAIIBIIBIK HEMECE Kep Y3aK YakbIT bUIFan Oosca, ai
xemic 6epy keserinae 15-25 °C temneparypana mipuai. 15-25 °C teMmeparypaza sKablpak, bUIFaIbLIbIFbI
6 carartan 24 caraTka co3pUTFaHza cyp 3eH (Botrytis cinerea) xomwmusuiapsl nHeEKIHICHHBIH 90 %-ra
apTkanbl Oadikanabl. JKanbipak Oeri bUTFanabuibiFbl 16 carar Oomrapma 10-30 °C  temnepatypana
afiTapipIkTait mHQEKIws: 00IMalTEIHBIH, TeK 4 °C-Ta nHMEKIHUI OOTaTHIHBI aHBIKTANIB.

JKemicrepaeri cyp mIipik aypybIHBIH aCKbIHYbI )KEMICTEpP/IIH KOKTYHHEK KE3CHIHCH aJIFalllKbl KUBIHFA
neitin, srau 11-30 xyH imine sKaybIH-IIAIIBEIH MeJIIepine OainanslcTel 001ans! [28]. 3eprrey KYMEBICHIHAA
MaHBI3/IbI ayBUTIIAPYaNTbIIBIK OHIMAEPIHIH 0ipi KYJIIMBIHAWIBIH 0acThI AEPIiK Mpo0IeMachkl CYp 3eH aypybIHa
Ha3ap ayJaapbUiIbL.

Mamepuanoap men adicmep

Kagzipri ke3ae KynmmsHAWABIH Fragaria men ananassa Duch. OymaHIapbeIHBIH TYpIEpi eNiMi3iH HETi3ri
Typi OOJIBIT ecenTemet.

Cyp 3en (Botrytis cinerea) seprreynepi aypy *oHe cay JKeMICTi, Iipik HHOEKIMICHIH OaKblIay jKOHE
oJIapJibl )KMHAKTAY TYpiHAE *Kyprizuigi. Op 10 kyHae Oip Oenri cambiarad 30 eCIMIIKTI aypy ©CIMIIIK CaHBbI,
aypy *KoHE cay KeMicC xKoHe Cyp IIipik HHPEKIUACH TYPFBICBIHAH OaKbLIAI OTHIP/bI.

Botrytis cinerea Ko3ABIPFBIMIBIMEH 3aKbIMANFaH Oenrimepi Oap KyamslHadmapabH yiariaepi 2017
KBUIIBIH MaychiM aiibiaia Cemeit oOnbichinAarel Ctapas KpenocTs €11l MEKEeHiHIH JXKeMIC ajKanTapbiHaH
KUHAKTaJIBII anblHabl (1-cyper).

1-cypert. Crapas Kpenocts aiiMarsiHaH xHHaKTanFaH Botrytis cinereameH 3akpIMIanFaH KyIbIHA xkeMici

JKunekrepinae amiblK KOHBIP 3aKbIMIANyJapbl apbl Kapai YiKeHin, MUIETUiIepl ocim, cropaiap
Maccacel maina Oomagpl. Aypy Oenrinepi Oap caHpIpayKylaK YITUIEpiHEH aypy KO3IBIPFBILIBIHBIH
cropajapeld 3—5 auamerp Oemikrepre OGemim, 1 mmu 2 % NaOC| opraceIMeH 3aajichi3IaHIbIPHII,
kaprodenbai-aexcTpo3ansl arapra (PDA) nesunpekuusra 25 °C Temneparypaja 4—5 KyH HHKyOalusIan ibl.

Anparan ecinainepain 6uomaccacsinan JJHK Oenmy CTAB xartamachl apKbUIbl KYPTi3uigi. AJBIHFaH
MaTepHal reiib 3JIeKTpodope3ae KoHe CIEeKTPOPOTOMETPAE camnaiblK >KOHE CaHBIK AHBIKTAJIFaHAH KEeWiH
[ITP-ne ammudukausutanasl. O yiniH kenecifei omoeban mpaiiMepiiep ITS1-1TS4 (mukpomunertin ITS
aliMarblH CEKBEHHUpJIEY VIIiH) KoiamaHbuiael. Amiundukanusianradn JIHK ¢parmentrepi 1 %-asik TE
Oydepi KoNgaHbUTFaH arapo3fbl TelibIe aXbIPAaThUIBI, KOPBITHIHIBICH YIBTPAKYJTiH COYyJIECiHIH acThbIHIA
TEKCEePiIi.
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JAHK-HBI cexBeHupIieyne YiriHI TyHOara TYCipin ady MaHbBI3Ibl Ke3eH OOJbIN TaObUIaIbl. by ke3eq
KOHIIBIPFBIHBI JalbIHAaFaH (pupMaHBIH XaTTaMachblHa coiikec oTkizitemi. ITS OemkTepiH CEKBEHHUPIICY
mporeci 8 caraTka xanracanasl. CeKBEHHpICY asKTaFaHHAH KeWiH aJIbIHFaH CHKBEHHCTI Talaay >KOCIaphl
Oarmgapnanrag Chromas 2.33, Vector NTI Advands 10 maiimanana OTBIpBIN »Kacadaabl. AJIBIHFAH CHKBEHC
TajjaHaabl 1a, ajlblHFaH Hykjaeotuarep Katapbl BLAST OarmapmaMacel apKbUIbl ©HZACICHI; HYKICHH
KBIIKLUITAPEIHEIH —~ KATapeIHBIH KYPBUILIMBIH Ta0y MakcateiHga BLAST  xommsipreicel  GenBank
TOMOJIOTTapBIHBIH Ti30€KTepIMEH CaJbICThIpa OTHIPBIN TaJAAy KYPri3iiemi.

WHokynsusiay apKbUTbI OOJTiHII aJIbIHFAH CYP HIIPiK KO3ABIPFBIIIBIHBIH TATOTCHIUTITT aHBIKTAIABL. O1
VIIH  3apapchi3JaHIBIPbUIFAH  KYIMbIHAN JKeMicTepiHe apHaiiel bygpicTapra  1-10°  kommmms/mi
KoHIeHTparusaarsl PDA opraceiHmarsl 7 MM TuUaMeTpAeri KEeCiHAIAEeri cropaiapAbl apalacThpy KoHE
CaJIBICTBIPMaJIbl 0AKBUTAY YIITiIepiMEH 9PKANHCHICHI ITOJUATHIICH KAMIIIBIKTAPbIHA CAJIBIH]IBL.

3epmmey namuoicenepi

Ilerpu TabakmanapbIHAAFEl OCIHAUIESP aTFANIBIHIA TYCCI3 00Iaabl JKOHE KOHUINS TaCHIFBIIITAPBIHIAFbI
KOHHIUS (opanapsl MEH KOHWAWN AaMBIFaH COH CYp KOHE KOHBIp Tycke Oosuiasl. KoHuauiinepi menmepi
4,99 nen 9,36 x 3,70 Ten 6,36 MkM, oJiap TYCCi3JeH Oip JKacymaibl, 3JUIAIIC TOPI3/, IIap KOHE arall Topi3i
KOHUWS TACBIFBIIIITAPAAH TYpanbl (2-Cyper).

2-cyper. Botrytis cinerea koHuanitapbl MEH KOHUAHOCTIOPATAPHI

Canplpaykyiak OuomaccackiHan reHomablK JIHK Gemin amy CTAB KUBIHTBIFBI apKbUIBI JKy3ere
aceIpbuIbl. HoTmoke OoiiprHIIA 3-cyperTe Kepin oTeipraHiail, reHoMublK JJHK-meH Gipre xem memmepme
PHK monekymanapsl mga OeiHIN OIBIKKAHBIH 3JeKTpodoperpaMManan Oaiikayra Oonanel. JlereameH Oy
6eminren PHK monekymamapsr oman opi pudocomansik JJHK renmepin Komgana oTeipbin Botrytis cinerea
KO3JIBIPFBIIIBI epeKIeNikTepiH uneHTnukanusanayra keaepri kenripmeiai. CTAB omici caHpIpayKyJiax
onomaccaceiHad JJHK Geiy yImiH bIHFAMIIBI 9JIic, YATINEPl AabIHAAY KbICKA MEP3iMIIe KY3ere acabl )KoHe
JIHK-HBI Oeiryre KeTETiH YaKbITThI a3aHTaIbI.
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L —_—
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«— 2eHOMOBIKTHK
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3-cyper. CTAB amici apkeLibl OeiHin agpiaFad reHomabik JTHK

Canmpipaykyinak Botrytis cinerea men maentuduxanmsutanasl (Ellis, 1971). ITS1/ITS4 npaiimepiepin
(ITS15°TCC GTA GGT GAA CCT GCG G3’ xone ITS45°TCC TCC GCT TAT TGA TAT GCC3
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(https://www.ncbi.nlm.nih.gov/tools/primer-blast/)) kommanbpin imki Tpanckpubuusnanatei creiicep (ITS)
pubocomansik PHK atiMarsr aMImmnUIupiIeH I,

An 4-cyperre yarinepain ITS aiiMarbiHBIH aMmiudduKanusuianran eHimaepi 700 bp adimarbiHzma
opHanacKaHbIH Oaiikayra Oomaabl. Botrytis cinerea JTHK-ceiabiy ITS afiMarbiHBIH HYKJICOTHATEP PETTIMITIH
(cexBeHMpIICHI) aHBIKTAIABI. AJIBIHFAH CHKBEHC TOJBIKTall TanmaHburraH coH TizoekTi NCBI, GenBank
(https://www.ncbi.nlm.nih.gov/)  mepexTep KOpPHIHAAFBl  XalbIKApalblK KOMIBIOTEPIIK  MOIIIMETTED
TOMOJIOTTapBIHBIH Ti30eKTepiMeH canblcThlpy MakcaTbiHaa Fasta yaricinme NBLAST OGarmapnamaceina
CAJIBIHBIII, KOMTIK TEHECTIpy XKYPTi3uai.

1000 bp

900 bp

800 bp p—

700Db

600 bg aHMAaKTApPBIHBIH
KeCKiH

500 bp

4-cypet. Ammmndukanusianrad JTHK dbparmentrepi

CekBenupiiey mpolecinme anbiHran HoTmkenep BLAST Garmapimamaceina skcrmoprransin, GenBank
MoniMeTTep 0a3achiMEH HYKJICOTHUATEP PETTIIriH HEri3re aja OTHIPHIN CalbICTHIPBUIBI KOHE TallayIblH
HETi3iHAEe 3epTTeyre ajablHFAH H30JATTapAbIH HaeHTHpuKanusace xyprisizai (GenBank Accession No.
MT150132 (https://doi.org/10.1094/pdis-03-20-0525-pdn)).

Bipinmi kectene cekBeHupieHren karapasl GenBank momimerrep 6asaceimen BLAST nykneotuarep
CaJIBICTBIPMAaJIbl TaJZlay HETI3IHJE aJlbIHFaH WU30JIAT romojiorust B. cinerea (MH992149.1) Typimen 99,62 %
ekeHiH kepceTTi (1-kecte).

l-kecTe

CexBeHupJiey HaTHKeciHaeri HykJeoTuaTep KatrapblH BLAST apKblibl cajblcTBIPMAJIbI TAJAAY

Pubocomansix .| Typmig |Coalikec-
PHK aiimarbi Hyxneotunrep xaraps! (acta) ®dacra HOMEpI ataybi | TiK, %
21TS TTTATAGAAGTAAAAGTCGTAACAAGGTTTCCGTAGGT | MH992149.1 | Botrytis | 99,62
GAACCTGCGGAAGGATCATTACAGAGTTCATG cinerea

CCCGAAAGGGTAGACCTCCCACCCTTGTGTATTATTACT
TTGTTGCTTTGGCGAGCTGCCTTCGGGCCTT
GTATGCTCGCCAGAGAATACCAAAACTCTTTTTATTAAT
GTCGTCTGAGTACTATATAATAGTTAAAACT
TTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGA
ACGCAGCGAAATGCGATAAGTAATGTGAATTG
CAGAATTCAGTGAATCATCGAATCTTTGAACGCACATT
GCGCCCCTTGGTATTCCGGGGGGCATGCCTGT
TCGAGCGTCATTTCAACCCTCAAGCTTAGCTTGGTATTG
AGTCTATGTCAGTAATGGCAGGCTCTAAAAT
CAGTGGCGGCGCCGCTGGGTCCTGAACGTAGTAATATC
TCTCGTTACAGGTTCTCGGTGTGCTTCTGCCA
AAACCCAAATTTTCTATGGTGACCTCGGATCAGGTAGG
GATACCCAGCTGC

Ocbl MOP(OJOTHSIIBIK JKOHE HYKJIEOTHATEP TOMOJIOTHSJIBIK MOJIIMETTEp HeriziHme m3omsaT B. cinerea
JIeTT aHBIKTAIIIBI.

IMaTorenainiri Typansl Tectrep 20 3apapCchi3aHABIPEUIFaH KYJIIbIHAK jkeMicTep OeTkeilinme OenceHmi
ecyre kaOuzerti, aumametpi 7 MM PDA KeciHmijaepiMeH HHOKYIISLUANAY apKbLIbl KY3€re achIPbUIIBL
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4-cyperTe Kepin oTbIpraHjai, oHbl 25 °C TepMETHKANBIK TUIACTHK MAKETTePiHAEC MHKYyOalusaay apKbLIbl
JKy3ere aceIppUIAbl. bakputay yaTici peTiHAe kemicTepiH KoiutorustianOaraH PDA  kecimpinepin
TTakIaaHbIII, JKYPTi3imi.

Exi xyHHEH cOH OakpuIiay YVITICIH KOCTaFaHa MHOKYJISIUIAHFAH J)KEMICTEpJIe CYP MIIPIKTIH KaJbIIThI
CHMITTOMIAphl aHBIKTANAsl. KOX IMOCTYJIaThl COI JKeMicTepaeH B. cinerea caHplpayKyJiarbIH OeIIiIl amapia
KOJIIaHbUTIBL. B. Cinerea canpipayKysiarbl KYJITBIHAWIBIH KHbIH-TEPiHI aJIBIHIAAFbI )KEMICTEPIiH MIpyiH Ty-
JIBIPATHIH aypy OOJIBINT TaOBLIAIBI.

Kopvimuinowi

Enimisnin KyimpiHal ery ajgKanTapblHaH JKHHAKTAIFaH 3aKbIMIAIFaH JKEMIC YITUIepiHeH YATUIepAacH
MaTOTCHMII CaHBIPAYKYIAK aypy KO3ABIPFBIIIBI OOJIHINT aNBIHBIN, OJAPABIH MOP(OIOTHUSIBIK-OCIHII
cunarramacel kacaianbl. COHBIMEH KaTap, KarThl KOPEKTIK OpTaja ecIipUIreH OChl TMaTOreHHIH
6nomaccaceiHan reHoMIBIK JIHK OesmiHinm ambIHBIN, MOJEKYIATBI-TEHETUKAIBIK 9JIIC apKbUIBI 3epTTeyiep
Kyprizinin, unentudukanusianras Typ 99,62 % Botrytis cinerea canpipayKystarbiHa COHKEC KEIIi.

AHBIKTaJIFAaH ~aTaJIMBIII  TYPIiH MNATOTCHIUIIK KAaCHETI KYINbIHAK JKEMICTepiHE CIopayiapibl
WHOKYJISIUSIIAY apKbUTBI AQJIETICH I

Kazakcranma KyImbiHA — eHIIpICiHIH — apTyslHa OalIaHBICTBI  AWTApABIKTal  SKOHOMHKAJIBIK
WIBIFBIHAAPABIH  apTybiHa okenedi. COHABIKTaH 3epTTey OapbIChIHIA AaHBIKTaJFaH aypyMEH KypecyliH
Iapapajiapbl Typaibl TEPEHIPEK 3ePTTEY JKYPri3y KaKETTLUIIr TYbIHIAHIbI.

Enimizniy ankantapblHIarsl KyInblHaiiman OestiHinm anbiHFaH ockl BOtrytis cinerea ecinminepine
AHTOTOHUCTIK TYPJIEP/li aHBIKTayFa OaFbITTANIFaH 3€PTTEYIIEp alIaFbl yaKpITTa KYPTi3lIy JKOCmapiany/a.
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A.b. Ucmarynosa, K.A. Tynerenona, A.Jl. Cnan6aes, A.M. IllanaGaeBa

HccaenoBanue rpudka Botrytis cinerea, moBpe:kaammero BUIbl KIyOHUKH

VccnenoBanue Bo30yIuTENsE TPUOKOBOIT Cepoi THHIIM, BPEIOHOCHOTO MAaTOreHa, MOPAXKAIOLIETO II0bI BU-
JIOB KIIyOHUKH, KOTOPBIE MOJIB3YIOTCS HIMPOKHM CIIPOCOM, H STOJIbI KOTOPBIX 00JIa1atoT MOJE3HBIMH CBOCT-
Bamu. Llenp nccnenoBarensCckoi paboTsl — BeIAEIUTH Tpud BOtrytis cinerea, Bpeamsiil matoreHHsiit BO30y-
auTens miona Fragaria moschata u mpoBecTn ero BcecTOpoHHee UCClieJOBaHKE. 3arIlaHUPOBAHO BBIJCICHIE
MaTOTeHHBIX TPHOHBIX KYJIbTYpP, UX UICHTH(UKALUS MOJNEKYIIPHO-TEHETHYECKUM METOJOM M OIpeJelieHUe
MaTOreHHOCTH MyTeM MOBTOPHOM MHOKYJSIIMU. Boje3Hb cepoil THWIIM HAHOCHT OIPOMHBIN Bpea, HE TOJBKO
MOBPEXAasi pacTeHUE KIyOHWKH B TEUCHHE BCEro BEreTal[MOHHOTO MEepHoJa, HO M yXy/uas KauyecTBO Mpo-
JyKTa rociie coopa yposkast. [l03ToMy BBISIBIICHHE M BCECTOPOHHEE U3yUEHHE BPEIOHOCHBIX IPUOKOBBIX BO3-
OyzauTeneil sBISAETCSI OCHOBOW, HMEIOIIEH OOJBIIOe MPAKTHIECKOe 3HAUCHHE sl MPOQUIAKTHKA 3a00eBa-
HMS U OpPraHHM3allUKM MEPONPUATHH Mo 6opbhOe ¢ HUM. 113 MOBPEKICHHBIX IIOJOB KIYOHHKU MYTEM KYJIbTH-
BHPOBAHMS Ha TBEPABIX IUTATENIBHBIX Cpelax ObUIM M30JMPOBAHBI HAKONHUTENbHBIC M YHUCTHIE KYJBTYDHI,
HpoBeeHa UICHTU(UKAILMA MOP(OJIOro-KyIbTypalbHBIMH H MOJIEKYJISIPHO-TEHETHUECKMMH MeTojamu. B
pesyabrare anamusa 99,62 % coorsercTBoBanM TUITy BOtrytis cinerea. ITaToreHHOCTD J0Ka3aHa MHOKYJISIIUEN
B mwiogax kinyOuuku. [arorennsiii rpu6 Botrytis cinerea, KOTOpbIii HAHOCHT 3HAYMTEINBHBIH yIepO 3emiis-
HUYHBIM TOJISIM Halled CTpaHbl, MOABEPraeTcsl AEreHepaluy C IOMOIIBI0 COBPEMEHHOTO MOJIEKYISIPHO-
TeHETHYECKOr0 METO0J[a, YTO B JalbHEHIIeM CIy>KUT OCHOBOMH /Il OpraHU3allii MepoIpusaThii o 6oprbe ¢
HHM.

Knioueswie crosa: pacrenne Fragaria moschata, Botrytis cinerea, monekysipHO-reHETHUECKUI METOI, TUTa-
TeJbHas cpeja MuLenus, kouuaus, renomuas JJHK.

A.B. Ismagulova, Zh.A. Tulegenova, A.D. Spanbaev, A.M. Shalabayeva
Study of the fungus Botrytis cinerea that damages strawberry species

The paper studies the causative agent of fungal gray rot, a harmful pathogen that affects the fruits of strawber-
ry species that are in high demand and berries of which have beneficial properties. The purpose of the re-
search work: to isolate the fungus Botrytis cinerea, the causative agent of the harmful pathogen of the fruit
Fragaria moschata, and to study it comprehensively. That is, to identify the pathogen by separating fungal
cultures and identifying it by molecular-genetic method and determining its pathogenicity by re-inoculation.
The disease of gray rot causes enormous damage to the strawberry plant not only during the growing season,
but also after harvesting, worsening the quality of the product. Therefore, a comprehensive study and identifi-
cation of harmful fungal pathogens will serve as a practical basis for preventing the disease and organizing
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measures to combat it. Isolation of accumulative and pure cultures by growing in a solid nutrient medium
from damaged strawberry fruits and identification by morphological-cultural and molecular-genetic methods,
as a result of the analysis, 99.62 % corresponded to the species Botrytis cinerea. Pathogenicity is proven by
inoculation in strawberry fruits. The pathogen fungus Botrytis cinerea, which causes significant damage to
Strawberry Fields in the country, has been identified by modern molecular and gentian methods and serves as
the basis for organizing further measures to combat it.

Keywords: Fragaria moschata plant, Botrytis cinerea, molecular-genetic method, mycelium nutrient medi-
um, conidia, genomic DNA.
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Evaluation and comparison of three methods of DNA extraction
from Kazakh horse of the type Zhabe

Horse breeding is one of the main directions in the livestock industry of Kazakhstan. Horse breeding is an
economically important part of breeding, as horses have a high productive value. The purpose of this article
was to determine the most optimal from the point of view of economic efficiency of the scientific DNA isola-
tion method for genotyping of the Kazakh horse. In this study, we performed the first step (DNA extraction)
in genotyping the DNA of the Kazakh horse to further determine the signs of growth, meat and dairy produc-
tivity. Nowadays, new generation sequencing technologies have made scientific and technological progress in
research. Obtaining highly concentrated and non-contaminated DNA is the main stage of successful analysis.
For further genetic studies, a concentration of 50 ng/ml is required, which is considered minimal. In the study,
three different DNA extraction methods from tissue were subjected to comparative analysis in order to evalu-
ate and identify the most effective DNA extraction method from horse ear tips. Real-time PCR amplification
based on gel electrophoresis and spectrophotometric measurements (Nano Drop) were used to evaluate the
isolated DNA's quality and quantity. In addition, energy consumption, time, as well as the cost of analysis
were evaluated. According to the obtained results, extraction using the commercial kit protocol was simple to
use, effective, but relatively expensive. The phenol-chloroform and CTAB methods are the same in terms of
DNA quality, but given the danger of the phenol component used in the phenol-chloroform method, the
CTAB method turned out to be the most acceptable for genotyping, because it is safe, not expensive and ef-
fective.

Keywords: horse breeding, Kazakh horse, Zhabe, PCR, phenol-chloroform method, CTAB method, genotyp-
ing, DNA extraction, electrophoresis.

Introduction

Horse breeding is one of the main branches of livestock production in Kazakhstan. Horses have a great
productive value [1].

The country has great opportunities to take a leading position among other countries, as there are exten-
sive pasture lands that allow minimizing the cost of production, and, accordingly, the existing national tradi-
tions of horse breeding [2].

Archaeologists consider that the domestication of the horse occurred in the Neolithic and Bronze Age
on the territory of Eurasia and for the first time — most likely, between the Syrdariya and Amudaria riv-
ers [3].

According to the research of scientists of horse breeders, more than a thousand years ago a unique breed
of horses appeared on the territory of Kazakhstan, which later became known as the Kazakh horse. The breed
was formed with the year-round maintenance of the herd. The Kazakh horse of those times was unpreten-
tious to the conditions of maintenance and was considered universal [4]. The Kazakh horse has gained broad
popularity mainly due to its exceptional endurance, resistance to harsh climatic conditions, simplicity to feed
and year-round maintenance on pasture. These qualities of the Kazakh horse have been developed for centu-
ries. In winter, the horses had to get feed from under the snow, even during freezing or when blizzards blew
[5]. All this was genetically fixed in the breed and has practically reached our days. Therefore, today it is
important to study indigenous horse breeds at the molecular genetics level, which have rare alleles in their
genome.

The genetic capacity of local Kazakh horses is improved mainly using traditional methods and tech-
niques of breeding, creating new factory types and lines with high meat and dairy productivity. Horse breed-
ing in Kazakhstan in the future needs to focus on the genetic resources of the created high-value genotypes
of horse breeds [6].
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With the rapid introduction of DNA technology and the success of equine genome research, the total
number of marker genes detected in horses already exceeds several hundred, allowing reliable control of a
significant part of the genome [7]. Regardless of the purpose of genetic research, the quality of data
fundamentally depends on the method of primary extraction of nucleic acids [8]. Despite the importance of
the DNA extraction stage, protocols are often chosen without a clear justification and are not formally con-
firmed [9].

DNA isolated from various biological samples can be used for a wide range of subsequent applications,
in particular DNA sequencing, polymerase chain reaction (PCR), random polymorphic DNA amplification
(RAPID), genomic library construction, restriction fragment length polymorphism (RFLP), short tandem
repeat polymorphism (STRP), single nucleotide polymorphism (SNP), and variable number tandem repeat
application (VNTR) [10].

Several different extraction methods have been published. They all have the common property of over-
coming specific extraction problems such as high DNA shearing, high contamination, low purity and low
yield [11]. A minimum concentration of 50 ng/ml is also necessary in both microarray and NGS analy-
sis [12].

In addition to high quality, purity and quantity, a successful extraction method must meet the additional
requirements associated with the representative quality of the sample. Other indicators for scientists choosing
an extraction method are high reproducibility, low cost, simplicity and brevity of processing, as well as the
possibility of easy transfer to other laboratories [13].

Nowadays, there are many various available procedures for DNA extraction. Most DNA extraction pro-
tocols consist of two parts: 1. cell lysis and DNA dissolution; 2. enzymatic or chemical methods for remov-
ing polluting proteins, RNA or macromolecules. However, these procedures differ in the cost of consuma-
bles, laboratory equipment, the quality and quantity of the obtained DNA, toxicity, time and labor expendi-
tures [14].

Commercially available DNA extraction kits for purifying DNA from whole blood practical and high-
performance kits, but their use for processing large volumes of samples is often due to cost-related problems.
On the opposite, while traditional methods that utilize organic solvents are a cost-effective option to handle
large amounts of samples, the risk to the performer’s health often supersedes this advantage [15].

The phenol-chloroform method is a well-proven extraction procedure, although it is known to be time-
consuming compared to the alternative methods and contains toxic substance as phenol, requiring special
safety precautions in the laboratory. Although this method labor intensive, the output of DNA concentration
is high [16].

In 2009 K. Kerkhoff et al. considered that the CTAB procedure was reliable for DNA isolation from
hair follicles because it achieved the best results with regard to quantity and PCR suitability of DNA [17].

The purpose of this study was to evaluate three different methods for extraction of genomic DNA from
horse hair follicles in terms of DNA quantity, concentration, purity, integrity and real-time PCR suitability,
as well as utility and applicability for subsequent DNA genotyping, long-term storage, labor intensity and
cost.

Experimental

The material used for DNA extraction was the hair follicles of the Kazakh horse.12 samples were used
in the study. Samples were collected from agro firm “Akzhar ondiris” in Pavlodar region. Hair follicles from
the tail zone were used as biological material. All the samples were numbered according to the number of the
animal and were put in bags.

DNA extraction was carried out by 3 methods: according to the protocol of the Purelink Commercial
Kit, CTAB and phenol-chloroform.

DNA extraction. Commercial kit for DNA extraction “Purelink Genomic Kit”.

DNA from the samples was isolated by the Purelink Genomic Kit, under the protocol [18]. The
PureLink Genomic DNA Mini Kit allows you to extract genomic DNA (gDNA) with high yield and high
purity from a wide variety of sample types. It consisted of four steps: sample preparation, DNA binding,
washing and elution.

First of all, all the samples should undergo mechanical cleaning. To isolate DNA with a commercial kit,
5-6 good hair follicles will be required.

CTAB. The hair was mechanically cleaned and washed in alcohol. Added 300 ul of buffer + 6 ul of
proteinase K. Left in the thermostat for 12 hours at 37 °C (2.5 hours at 60 °C at 900 rpm). Chloroform was
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added 1:1 by volume, then vortexed and centrifuged for 10 minutes at 10000 rpm. The supernatant was trans-
ferred to a clean centrifuge tube. To the supernatant, add 0.5 of the volume of 5M NaCl and an equal volume
of frosted isopropanol or 90 % alcohol (1:1), vortexed and the sample was stored overnight at —20 °C (The
time can be reduced to 2 hours, but the concentration of DNA at the output will drop). Centrifuged for 15
minutes at 14,000 rpm(max), the supernatant was removed without touching the precipitate, 500 ul of 70 %
ethanol was added and vortexed for about 5 seconds. The tubes were centrifuged for 5 minutes at 14000 rpm.
(max). DNA in the form of a precipitate was dried on a thermoformed at 60—65 °C for 5-10 minutes, and
then re-suspended with 50 ul of TE buffer.

Phenol-chloroform. Extraction was performed by adding the same volume of saturated water buffered
phenol to an aqueous DNA sample, mixing the mixture, and centrifuging to ensure phase separation. The top
layer of water was carefully transferred to a new test tube, avoiding contact with the phenol. Chloroform was
then added to extract the remaining phenol from the aqueous phase. Ethanol precipitation was used to con-
centrate the DNA. The DNA granules were dried and dissolved in a low-salt buffer after being washed with
70 % ethanol [19].

Spectrophotometric analysis of DNA. Quantitation of all samples were extracted in quadruplicate. Ex-
tracted DNA was quantized by Thermo Scientific NanoDrop ™ 2000 Spectrophotometer (Thermo Scientific,
Germany) using 1 pl of each sample, measuring the absorbance of the DNA extracts at 260 nm, checking for
protein impurities at 280 nm. 1 O.D. at 260 nm equaling 50 g/mL DNA [20].

Results and Discussion

Spectrophotometric analysis clearly demonstrates the quantity and quality of the isolated DNA, which
is the key point for further analyses. The proportion measured at 260/280 nm, used as an indicator of protein
contamination, was within the limits of the range suitable for DNA analyses. Evaluating the wholeness of the
nucleic acid extracted by three methods, it had a high molecular weight, which is essential when sequencing
the whole genome (Table).

Table
Quantity and purity of horse DNA isolated by 3 methods
Method of extraction DNA concentration, ng/ml Unit A260/A280
1 Purelink 61.7 1.63
Commercial kit 2 Purelink 66.4 1.32
“Purelink Genomic Kit” 3 Purelink 62.6 1.09
4 Purelink 60.07 1.52
1 CTAB 59.2 1.04
2CTAB 57.0 1.28
CTAB 3CTAB 54.0 142
4 CTAB 55.4 1.00
1 Ph/chl 52.5 1.23
2 Ph/chl 62.2 1.12
Phenol-chloroform 3 Phichi 633 113
4 Ph/chl 58.4 1.20

After that, the samples were subjected to electrophoresis. Electrophoresis of DNA samples isolated by
the classical phenol-chloroform method shows that DNA does not have a clear band, which indicates its
small fragmentation (Fig. 1).
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1 — sample Ph/chl1; 2 — sample Ph/chl2; 3 —sample Ph/chl3; 4 — sample Ph/chl4
Figure 1. Electrophoregram of DNA samples isolated by phenol-chloroform method

The electrophoregram of DNA isolated according to the protocol of the commercial Purelink Genomic
Kit shows clear fragmentation (Fig. 2).

1 — sample 1 Purelinkl; 2 — sample Purelink2; 3 — sample Purelink3; 4 — sample Purelink4
Figure 2. Electrophoregram of DNA samples isolated using the Purelink Genomic Kit protocol

The electrophoregram clearly shows that mainly high-molecular DNA fragments were obtained using
the CTAB method (Fig. 3).

1 —sample CTAB 1; 2 — sample CTAB 2; 3 — sample CTAB 3; 4 — sample CTAB 4

Figure 3. Electrophoregram of DNA samples isolated by CTAB method
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Conclusion

As it is known, there are a lot of methods for extracting DNA from different types of biological sam-
ples. But, for analyses like genotyping, the quality of the isolated DNA plays an important role. It is also
necessary to take into account time and expenses.

In conclusion, the CTAB method is the most effective for extracting DNA from hair follicles. The puri-
ty is high, which makes it possible to widely use DNA for further genetic research, such as genotyping. The
use of this method allows receiving of high-molecular DNA with the coveted density and does not require
the use of phenol harmful to the organism. Furthermore, phenol/chloroform extraction is time-consuming,
and the multiple steps required make this DNA extraction method very susceptible to cross-contamination
[21]. Commercially available extraction Kits such as Purelink Genomic Kit are much easier to use and elimi-
nate the need for volatile organic solvents. Thus, they do not involve the same serious risks for furthermore,
such as phenol/chloroform extraction, and disposal of the reagents used in these Kits are also much more
convenient since no special precautions need to be taken to remove waste.

DNA extraction with the commercial Purelink Genomic Kit is faster than the other two methods, but al-
so more expensive. Accordingly, the CTAB method of DNA isolation turned out to be the most optimal in
terms of quality, effectiveness, safety and cost.
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J.W. Kabeutoekona, XK. Xamsuna, K.I1. Aybakuposa, A.A. Ubanyniaesa

Ka3akrbiH 0aKa 0acThl KbLUIKbICHIHBIH TYPiH JHK 3xcTpakuusiayabin
YL TYPJIi 9AiCIH CaNBbICTBIPY KIHe DaraJiay

JKpu1Kp! mrapyamsuiblFsl Ka3akcTaHHBIH Mall MapyallbUIbIFbl CaJlachIHBIH 0acThl OarbITTapAbIH Oipi. XKBUIKE
ocipy CeNEeKUIUSIHBIH YKOHOMHUKAIBIK MaHBI3IbI 06Jiri O0JIbI TaOblIabl, OMTKEH] KBUIKBUIAPABIH OHIMALTIT
JKOFapbl. MakajaHblH MakcaThl — Ka3aK JKBUIKBICBIH TeHoTHnTey yiniH JIHK-HBI skcTpakiusiiaynbiH
KOHOMHMKAJIBIK THIMJIUTITT TYPFBICBIHAH HEFYPJIBIM OHTAWIIBI FRUTBIME OJIICIH aHBIKTAy. byl 3epTTeyie kasak
JKBUTKBICBIHBIH ©Cy OeNrijiepiH, eT jkoHe CYT OHIMALNIiH onaH opi aHbikray ymiH JJHK renorunreyinig
Oipinmi kesenine (JHK okcrpakmuscel) kyprisinmren. bByrinri Tanma jkaHa OyblH CEKBEHHpIEY
TEXHOJIOTHSUIAPHI 3epTTEYNIepae FhUIBIMA-TEXHUKANBIK IIPOrpecKe KO JKeTKi3 i JKoFaphl THIFBI3IBIKTEI XKOHE
KOHTaMHuHaImsAra yiblpamaraHn JIHK coTTi TampmaynblH Herisri ke3eHi OONbIN caHamamel. Opi Kapai
TeHETHKAJbIK 3epTTeyJep YIUiH MUHHUMAJIbI IeTl caHadaThiH 50 HI/MKJI KOHLICHTPAIMACH! KaXeT. 3epTreyne
JKBUIKBUTApABIH mam GommukynanapeiHad JJHK amynein eH TuiMai omiciH Oaramay jXoHE aHBIKTAy YIIiH
JHK-HBI mam TyKTepiHeH aimyIblH YII TYPJi OMiCi calbICTBIpMaibl Typae TanmaHisl. Anbiaran JIHK-HBI
camaibl JKOHe CaHJpBIK Oaranay crnekTpodoromerpusuiblk emeynep (NanoDrop), rens siexTpodopesine
Heri3/ienreH HaKkThl yakblT pesxuMinge [ITP apkpuist xkyprizingi. CoHBIMEH KaTap, SHEprHs HIBIFBIHEL, YaKbIT,
COHJIal-aK Tajjgay KyHbl OaranaHIbl. 3epTTey HoTIKeaepi OOMBIHIIA KOMMEPIMSUIBIK )KUBIHTHIK XaTTaMackl
OOMBIHIIA DKCTPAKUMUS Kacay OHal oHe THiMIl, OipaK CcaJbICTBIPMAaJbl TYpA€ KbIMOAT OOJBI IIBIKTHL.
®Oenon-xmopodopm xone LITAB omicrepi KOMMEpIUSIIBIK KUHAK dficiMeH canbicTeipranga [IHK camacer
Oipzeit, Oipak (eHOM-XT0poopM dmiciHAe KONJAHBUIATHIH KOMIOHEHTTIH, ()EHOJIBIH KAYINTLIIrH ecKepe
oteipein, LITAB omici TeHOTHNTEY VIIIH €H KONAMIbl OOJNBIN IIBIKTHI, OWTKEHI ON Kayirci3, KeIMOaT emec
JKOHE THIMII.

Kinm ce30ep: )bUIKbI AP YyaIIbUTBIFBI, Ka3aK KBUIKBICH, 0aka 6acTsl kbUIKEL, [ITP, denon-xmopodopm aaici,
HTAB onici, renotuntey, JJHK akctpakiusice, anekrpodopes.

J.N. Kabsui6exona, XK. Xam3una, K.I1. Aybakupoa, A.A. UbanyninaeBa

Ounenka u cpaBHeHune Tpex MeToa0B 3kcTpakuun JHK
y Ka3axCKOM JIOIAAu THIIA Kale

KoneBozacTBo siBIsieTcss OJJTHUM U3 TIIaBHBIX HAIPaBIeHUH B )KHBOTHOBOAUecKoH oTpacin Ka3axcrana. Pa3se-
JICHUE JIONIazeH sIBIsIeTCs SKOHOMUYECKH BaYKHOM JacTHIO CENIEKINH, TaK KaK JIONIAN NMEIOT BBICOKYIO IPO-
IYKTHBHYIO IIeHHOCTb. Llenpro maHHO# ctaThu ObLTO omnpeseneHne Hanbosee ONTHMAIBHOTO ¢ TOUKH 3PEHHUS
IKOHOMHYECKOH 3¢ (ekTHBHOCTH HayuHOro Meroza sKkcrpakiun JJTHK st reHoTMNIHpOBaHHs Ka3aXxCKoit J1o-
maay. B 1aHHOM HccaenoBaHUK MBI BBIMOMHWIM NepBbii mar (3xkerpakuust JJHK) B renotunuposanun JJHK
Ka3axCKOM JIOIIa Iy JUisl TabHEHIIero onpeeseH s NPU3HaKoB POCcTa, MICOMOJIOYHOM MpoayKTHBHOCTH. Ha
CeFO}lHﬂLLIHI/Iﬁ JC€Hb TEXHOJIOTUHN CECKBEHUPOBAHUS HOBOI'O IOKOJICHUS IMTPOU3BEIIU Hay'-lHO-TCXHI/IquKI/lﬁ npo-
rpecc B HccaenoBaHusX. [lomydeHne BRICOKOKOHIIEHTPHPOBAHHOM 1 HekoHTamuHHpoBanHOI JIHK siBisiercst
TJIaBHBIM 3TallOM YCHENIHOTO aHamm3a. JUIs JadbHeHINX TeHeTHYEeCKHX HCCIEeIOBaHMH TpeOyeTcsl KOHICH-
Tparmus 50 HI/MKII, KOTOpasi CINTACTCS] MUHIMAIBHOHW. B mccieoBaHny OB MTOJBEPTHYTHI K CPAaBHUTENb-
HOMY aHaJM3y TPU pa3in4yHBIX Merona m3BinedeHus JJHK u3 Tkanu, 94ToOBI OIEHUTH W MACHTH(HUINPOBATH
Hanbonee 3¢ pexTuBHy0 MeToauKy BbiaeeHus JJHK n3 BomocsHbIx nykoBull jomanei. KauecTBeHnas u ko-
nuYecTBeHHas oneHka m3snedenHoit JJHK mpoBoaunack ¢ HOMOINbIO CIIEKTPOPOTOMETPHICCKUX H3MEPEHUit
(NanoDrop), ammudukarms [P B peanrbHOM BpeMeHH Ha OCHOBE refib-diekrpodopesa. [Tomumo atoro, k
OLIEHKE MO/BEPITINCH SHEPro3aTPaTHOCTh, BPEMS, a TaKKe CTOMMOCTh aHanu3a. [lo pesynbraTam mccnenoBa-
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HMS$1, SKCTPAKIIMSA 110 IIPOTOKOJTY KOMMEPUYECKOT0 HabOopa oKaszajlach MPOCTOH B MPUMEHEHUH U 3P )EKTUBHOH,
HO OTHOCHUTENBHO Joporoctosiuieii. denon-xmopodopmusiii 1 [{TAB metoast o kayectBy JJHK oauHakoBbl,
HO, YUHUTBIBasl OTIACHOCTh KOMIIOHEHTa (heHOIa, MpUMEHsAeMoro B ¢peHon-xnopodopmuom merone, LITAB me-
TOJ| OKa3aJics HanboJee IPUEMIIEMBIM JUI1 TeHOTUITUPOBAHMS, TaK KaK SBJIIETCs O€30IIacHBIM, HEAOPOTHM U
Pe3yIbTaTHBHEIM.

Kniouesvie cnosa: KOHEBOACTBO, KazaxcKas Jomans, sxade, [P, ¢penon-xmopodopmusiii meron, IITAB me-
TOJ, TeHOTUNIHpoBaHKe, skcTpakuus JJHK, sanmexpodopes.
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Study the germination of seeds of Sudanese grass (Sorghum x drummondii)
treated by ethylene glycol and propylene glycol cryoprotectants

The present study was conducted at an objective study of the seeds of Sudanese grass for cryopreservation
and viability of seeds. Laboratory studies were carried out on 4 varieties of Sudanese grass: Nika, Tigali,
Novosibirskaya 84, and Alina. The results showed that cryopreservation had a positive effect on germination
rates. Thus, in the Tugay variety, the best germination rates of 99 % were observed in the variant with
cryopreservation with defrosting of seeds in a water bath. A positive effect was also noted for the variety
Novosibirskaya 84, where cryopreservation during defrosting of seeds at room temperature increased
germination by 7 % and amounted to 89 %. For varieties Nika and Alina, cryopreservation had the opposite
effect, the indicators decreased by 27 %, by 10 %, respectively, compared with control. Under conditions of
seed defrosting at room temperature, cryopreservation with ethylene glycol and propylene glycol had a
positive effect on the germination of seeds for all varieties, with the exception of the Alina variety, where its
germination did not differ significantly from the control. Cryopreservation using ethylene glycol under
conditions of seed defrosting at room temperature showed that for the Tugay variety the recommended
concentration of the cryoprotectant is 5 % and 10 %. The germination rate was 98 %, and the germination
energy was 99 % and 96 %, respectively. Ethylene glycol concentration of 20 % significantly reduced the
germination rate and amounted to 47 %. For the Nika variety, we recommend using a concentration of 15 %;
but the concentration of 10 %, the germination rate is lower and amounts to 58 %. Almost 100 % germination
were observed in the Novosibirskaya 84 variety at concentrations of 5 % and 20 %. Thus, the recommended
method for thawing Sudan grass seeds after cryopreservation using ethylene glycol and propylene glycol
cryoprotectants is thawing at room temperature. These results can be used to create a cryo collection of Sudan
grass seeds.

Keywords: Sudanese grass, seeds, cryoprotectant, plants, ethyleneglycol, propyleneglykol, germination, lig-
uid nitrogen, cryopreservation.

Introduction

Analyzing the climate of Central Kazakhstan, its main features are its sharp continental; deficit of pre-
cipitation. Winter is moderately severe with little snow, summer is warm and hot. The cultivation of heat-
loving crops is impossible due to lack of moisture. Rains with a small amount of precipitation in summer
slightly moisten the soil, so the duration of the dry period increases significantly [1].

One of the promising drought-resistant crops that are suitable for growing in the arid conditions of Ka-
zakhstan in the Karaganda region is Sudanese grass (Sorghum x drummondii).

Sudanese grass is an unpretentious and plastic crop with high heat resistance, which in difficult condi-
tions is capable of forming 2-3 mowing of green mass. A distinctive feature of this crop is its exceptionally
high drought resistance; it uses well precipitation in the second half of summer and forms a large above-
ground mass. Along with this, the culture is distinguished by its high after math ability, good shoot-forming
ability, abundant bushiness and rapidity of regrowth. Drought resistance is ensured by a powerful root sys-
tem that allows using water from deep soil layers [1, 2].

With the introduction of Sudanese grass in culture, one of the important aspects is the preservation of
valuable varietal seed material. Seeds are the most optimal form of genetic material storage, as samples re-
quire little space and remain viable for a long period. There are several methods for storing plant seed. One
of the most inexpensive and effective methods is cryopreservation [3].

The conservation of plant genetic resources is fundamental for the development of agriculture [4]. The
pre-planting seeds treatment of agricultural plants with cryoprotectants is accompanied by the improvement
of seeds planting characteristics and increasing the crop capacity of treated cultures [5].

Ethylene glycol was found to be a key compound for the successful cryopreservation of shoot tips, in
light of its low toxicity as compared to other cryoprotective compounds [4].
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Our study was aimed to optimization of cryopreservation conditions using ethylene glycol and propyl-
ene glycol cryoprotectants.

Experimental

The objects of the study were Sudanese grass (Sorghum x drummondii) seed material, varieties Nika,
Tugay, Novosibirskaya-84, Alina (Fig.) and plants sprouts. Seeds were provided by LLP “Scientific and pro-
duction center of grain farming named after A.l. Baraev” (Shortandy, Kazakhstan).

| — Tugai; I — Nika; 11l — Novosibirskaya 84; IV — Alina
Figure. Seeds of Sudanese grass

Cryopreservation was carried out by immersing the seeds in plastic cryovials (Deltalab) into Dewar
flasks SDS-20 CryoMash with liquid nitrogen (-196 °C). Cryofreezing was carried out in two ways: a) the
seeds were immediately immersed in liquid nitrogen without any preparation; b) before immersion in liquid
nitrogen, the seeds were treated for 10 min with cryprotectiveethylene glycol and propylene glycol solutions
[3, 6, 7].

The prospective types of cryoprotectants were used ethylene glycol and propylene glycol due to the fact
that it has high cooling activity [8-10]. Defrosting of seeds were conducted two ways: i) at room temperature
ii) in a water bath. To prevent recrystallization of intracellular and extracellular ice in seeds, defrosting was
carried out in a water bath at a temperature of +40 °C until complete defrosting up to 15 min [3].

Efficiency of cryopreservation of Sudan grass was determined based on the analysis of seed germina-
tion and germination energy [6]. After thawing, the seeds were placed for germination in Petri dishes (diame-
ter 90 mm) of 40 pieces, 4 replications. The germination was carried out in a Binder climatic Chamber at a
temperature of +24 °C with constant illumination. Germination was assessed on the 10"day, germination
energy on the 5" day. Seeds without treatment served as control 1, cryopreservation of seeds without
cryoprotectant. Defrosting at room temperature served was as control 2, cryopreservation of seeds without
cryoprotectant. Defrosting in a water bath served as control 3 (Table 1).

Table 1
Abbreviations
Character Abbreviation
Seeds without treatment control 1
Cryopreservation of seeds without cryoprotectant. Defrosting at room temperature control 2
Cryopreservation of seeds without cryoprotectant. Defrosting in a water bath control 3

Statistical processing of the results of the experiment was carried out according to the Student-Fisher
method. Statistical the significance of discrepancies between the values was assessed using Student's t-test.
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Differences were considered significant at p < 0.05. In the work, 4 concentrations of the cryoprotectants from
510 20 % were used.

Results and Discussion

Analyzing the germination rates for varieties among the control, in the Tugay variety the best
germination rates of 99 % were observed in the variant with cryopreservation with defrosting of seeds in a
water bath (Table 2).

For the Novosibirskaya 84 variety, cryopreservation during seed defrosting at room temperature
increased the germination rate by 7 % and amounted to 89 %. For varieties Nika and Alina, cryopreservation
significantly reduced germination and germination energy by 27 % and 10 %, respectively, compared to
control 2.

Table 2
Germination and germination energy of seed in control variants
Variety Germination, % Energy O.f seed
germination, %
Tugai control 1 90+0 95 +5.77
Nika control 1 7750+ 5 87.50 = 9.57
Novosibirskaya 84 control 1 82.50+5 90 +11.55
Alina control 1 52.50 + 25 70 +18.26
Tugai control 2 90.50+1.29 88.75+2.99
Nika control 2 49.75+1.71 48.25+3.30
Novosibirskaya 84 control 2 89.75+1.71 96.50+3.11
Alina control 2 42.50+£9.57 454+5.77
Tugai control 3 99.75+0.50 99.50+1
Nika control 3 76.50+3.87 80.75+2.99
Novosibirskaya 84 control 3 80+2.16 80+3.56
Alina control 3 47.50+£9.57 47.50+5

In general, the germination of Sudanese grass in the control is adequate. The next step was to study the
germination using ethylene glycol cryoprotectant under defrosting conditions at room temperature.

Cryopreservation using ethylene glycol under conditions of seed defrosting at room temperature
showed that for the Tugay variety the recommended concentration of the cryoprotectant is 5 % and 10 %.
The germination rate was 98 %, and the germination energy was 99 % and 96 %, respectively. Ethylene
glycol concentration of 20 % significantly reduced the germination rate and amounted to 47 %. For the Nika
variety, we recommend using a concentration of 15 %; at a concentration of 10 %, the germination rate is
lower and amounts to 58 %. Almost 100 % germination in the Novosibirskaya 84 variety at concentrations of
5 % and 20 %.

The use of a cryoprotector significantly accelerated the energy of seed germination, with the exception
of the Alina variety, where germination was better in the control and amounted to 70 %, while with the use
of a cryoprotector 40 %, 50 % (Table 3).

Table 3

Germination and energy germination of seed treated by ethylene glycol (EG)
and defrosting at room temperature

Variety Germination, % Energy O.f seed
germination, %
1 2 3
Tugai EG 5 % room t. 98 + 1.83* 99,75 + 0,50
Tugai EG 10 % room t. 98.50 + 1.91* 96,50 + 3,42
Tugai EG 15 % room t. 90.25 + 4.92 97,50 + 2,08
Tugai EG 20 % room t. 4750+ 17.08* 99 + 0,82
Nika EG 5 % room t. 79 +3.92 97,25+ 2,22
Nika EG 10 % room t. 58.50 £ 5.97 99,25 + 0,96
Nika EG 15 % room t. 90.75 + 0.96* 95,75 + 3,50
Nika EG 20 % room t. 81 +2.58 97 + 2,58
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Continuation of Table 3

1 2 3
Novosibirskaya 84 EG 5 % room t. 98 +2.16* 99,75+ 0,50
Novosibirskaya 84 EG 10 % room t. 90.50 + 2.52 98,50+ 1,91
Novosibirskaya 84 EG 15 % room t. 96.75 + 2.75* 9950+1
Novosibirskaya 84 EG 20 % room t. 99.75 + 0.50* 98,50+ 1,29
AlinaEG 5 % room t. 40.25+0.73 40,75+0,99
AlinaEG 10 % room t. 50+1.05 40,75+0,55
AlinaEG 15 % room t. 50.50+0.75 60,75+1,71
AlinaEG 20 % room t. 40.75+0.55 50,75+0,55
*Significance of differences P < 0.05 compared with control 1.

The results showed that cryopreservation with cryoprotectant ethylene glycol during slow thawing at
concentrations of 5%, 10 % in the Tugay variety, 15 % in the Nika variety, 5%, 15 %, 20 % in the
Novosibirskaya 84 variety significantly exceeded the control values of 1, while at a concentration of 20 % in
the Tugay variety, cryopreservation significantly reduced the control indicators.

Next, we studied the germination of seeds using an ethylene glycol solution and the rapid thawing of
seeds after cryopreservation. The results show that seed germination has decreased compared to control 1
and the room temperature thaw test (Table 4). Compared with the control, the germination of seeds in the
Nika variety decreased by 40 %, in the Novosibirskaya 84 variety by 35 %, in the Alina variety by 32 %, in
the Tugai variety by 20 %.

Table 4

Germination and Energy of seed germination treated by ethylene glycol (EG)
and defrosting in a water bath

Variety Germination, % Eer:ir]?za?;ffiz
Tugai EG 5 % water bath 82.50 + 17.08 87.50 = 15
Tugai EG 10 % water bath 85+17.32 87.50 + 12.58
Tugai EG 15 % water bath 70 +8.16* 72.50 + 5*
Tugai EG 20 % water bath 8250+5 95+ 10
Nika EG 5 % water bath 47.50 + 9.57* 52.50 + 9.57*
Nika EG 10 % water bath 40 + 23.09 50 + 18.26
Nika EG 15 % water bath 37.50 +22.17 50 + 23.09
Nika EG 20 % water bath 62.50 + 22.17 67.50 + 18.08
Novosibirskaya 84 EG 5 % water bath 47.50 + 26.30 55+17.32
Novosibirskaya 84 EG 10 % water bath 70 + 28.28 75+ 17.32
Novosibirskaya 84 EG 15 % water bath 77.50 = 9.57 80 +8.16
Novosibirskaya 84 EG 20 % water bath 77.50 +17.08 82.50 + 20.62
Alina EG 5 % water bath 20.75+0.99 30.25+0.73
AlinaEG 10 % water bath 50.75+1.26 60.50+0.33
AlinaEG 15 % water bath 50.25+0.87 50.50=+1
AlinaEG 20 % water bath 30.75+0.73 40.50+0.58

*Significance of differences P < 0.05 compared with control 1.

Cryopreservation of EG during rapid thawing significantly exceeded the control values in the Tugay
variety at a concentration of 15 % and decreased in the Nika variety at a concentration of 5 %.

The study of the effect of propylene glycol on seed germination showed an increase in seed germination
compared to control 1, with the exception of the Alina variety, where germination decreased by 12-22 % at
concentrations of 5 %, 10 %, 20 %. Otherwise, the increase in germination in the Tugai variety is on average
7 %, while at a concentration of 15 %, germination decreased by 21 %.

In varieties Nika and Novosibirskaya 84, a positive effect of cryopreservation was observed in all
concentrations. Germination energy in all variants of the experiment is high (Table 5).
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Germination and Energy of seed germination treated by propylene glycol (PG)

and defrosting at room temperature

Variety Germination, % Energy O.f seed
germination, %
Tugai PG 5 % room t. 98.50 £ 1.91* 96.25 +3.30
Tugai PG 10 % room t. 96.75 £ 2.75* 98.50+1.91
Tugai PG 15 % room t. 69.75 + 4.65* 97.75+£1.71
Tugai PG 20 % room t. 97.75 + 2.06* 99+ 2
Nika PG 5 % room t. 90.25 + 1.26* 98 + 1.63
Nika PG 10 % room t. 97 + 2.58* 96.25 + 3.50
Nika PG 15 % room t. 89.50 + 4.80 97.75+1.71
Nika PG 20 % room t. 97.75+1.71* 98.75+ 1.50
Novosibirskaya 84 PG 5 % room t. 96.25 + 3.50 98.25+1.71
Novosibirskaya 84 PG 10 % room t. 98.25+ 1.71* 99 +1.15
Novosibirskaya 84 PG 15 % room t. 99.25 + 0.96* 99.50 + 0.58
Novosibirskaya 84 PG 20 % room t. 97.50 &+ 2.08* 98.25+1.26
Alina PG 5 % room t. 40.75+0.55 60+0.82
Alina PG 10 % room t. 30.25+0.29 60+0.47
Alina PG 15 % room t. 50.50+0.58 60+0.47
Alina PG 20 % room t. 40.75+0.96 50.75+0.55
*Significance of differences P < 0.05 compared with control 1.

Table 5

According to the results of table 4, the values are significantly higher than control 1 in the Tugai and
Nika varieties at concentrations of 5 %, 10 %, 15 %, in the Novosibirskaya 84 variety at a concentration of
10 %, 15 %, 20 %.

In the next experiment, we observed a decrease in germination to 25 % for the Tugai variety, up to
35 % for the Nika variety, and up to 22 % for the Alina variety. Thus, the cryoprotectant propylene glycol,
when defrosted in a water bath, reduces the germination of seeds of the studied varieties (Table 6).

Table 6
Germination and Energy of seed germination treated by propylene glycol (PG)

and defrosting in a water bath

Variety Germination, % Energy O.f seed
germination, %
Tugai PG 5 % water bath 72.50 + 12,58 80+8.16
Tugai PG 10 % water bath 77.50 £9.57 82.50 +12.58
Tugai PG 15 % water bath 67.50 + 15 72.50 +18.93
Tugai PG 20 % water bath 65+ 17.32 70+ 14.14
NikaPG 5 % water bath 35+17.32 45+17.32
NikaPG 10 % water bath 52.50 + 12.58 57.50 + 12.58
NikaPG 15 % water bath 42,50 + 15 47.50 £9.57*
NikaPG 20 % water bath 50 + 8.16* 55+ 5.77*
Novosibirskaya 84 PG 5 % water bath 50 +21.60 55+ 19.15
Novosibirskaya 84 PG 10 % water bath 62.50 + 17.08 65+ 12.91
Novosibirskaya 84 PG 15 % water bath 57.50 + 15 67.50 = 15
Novosibirskaya 84 PG 20 % water bath 70 +21.60 75+ 17.32
AlinaPG 5 % water bath 50+0.82 50.50+0.75
AlinaPG 10 % water bath 30.75+0.99 40.25+0.87
AlinaPG 15 % water bath 40.25+1.72 40.75+1.36
AlinaPG 20 % water bath 40.50+0.75 50+1.41
*Significance of differences P < 0.05 compared with control 1.

According to the results of the table, the performance of the Nika variety was significantly exceeded at

a propylene glycol concentration of 20 %.
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Conclusion

As a result of the study, the germination of seeds of Sudanese grass of 4 varieties was studied using
cryoprotectants ethylene glycol and propylene glycol by cryopreservation. Seeds were thawed in two ways:
at room temperature and in a water bath.

Under conditions of seed defrosting at room temperature, cryopreservation with ethylene glycol and
propylene glycol had a positive effect on the germination of seeds of all varieties, with the exception of the
Alina variety, where its germination did not differ significantly from the control.

Cryopreservation using ethylene glycol under conditions of seed defrosting at room temperature
showed that for the Tugay variety the recommended concentration of the cryoprotectant is 5 % and 10 %.
The germination rate was 98 %, and the germination energy was 99 % and 96 %, respectively. Ethylene gly-
col concentration of 20 % significantly reduced the germination rate and amounted to 47 %. For the Nika
variety, we recommend using a concentration of 15 %; at a concentration of 10 %, the germination rate is
lower and amounts to 58 %. Almost 100 % germination observed in the Novosibirskaya 84 at concentrations
of 5% and 20 %.

The use of a cryoprotector significantly accelerated the energy of seed germination, with the exception
of the Alina variety, where the germination rate was better in the control and amounted to 70 %, while with
the use of a cryoprotector it was 40 %, 50 %.

Defrosting in a water bath significantly reduces the germination of seeds compared to control 1. When
using the cryoprotectant ethylene glycol and rapid thawing of seeds after cryopreservation, the germination
of seeds in the Nika variety decreased by 40 %, and in the Novosibirskaya 84 variety by 35 %, in the Alina
variety by 32 %, in the Tugai variety by 20 %.

When defrosted in a water bath, cryoprotectant propylene glycol reduces the germination of seeds of the
studied varieties. Thus, the Tugai variety has up to 25 %, the Nika variety has up to 35 %, and the Alina va-
riety has up to 22 %.

Thus, the recommended method for thawing Sudan grass seeds after cryopreservation using ethylene
glycol and propylene glycol cryoprotectants is thawing at room temperature.
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A H. Manuesa, M.M. CunanTbeeBa

ITWIEHTJIMKOJb KJHE MPONUWIEHIJINKOJ/Ib KPUONIPOTEKTOPJIAPBIH KOJIJIAHY
Ke3iHge cyaaH meoiniH (Sorghum X drummondii) TYKbIMBIHBIH OHYIH 3€pTTEYy

3eprTey CyAaH MIeN TYKBIMIApBIHBIH OHTIIITIriHE KPHUOKOHCEpBAlMsUIay oCepiH aHBIKTAayFa apHaIFaH.
3epTxXaHalbIK 3€pTTeyiep cydaH IeOiHiH 4 copThl apackiHAa kyprisinmi. Omap «Huxka», «Tyrai»,
«HoBocubupckas  84», «AmnmHa»  coprrapel.  HoTmwkenmep  «AymHa»  COPTBIH  KOCIAraHIa,
KPHOKOHCEPBAIMsIAY IbIH HOTHXKeNepi OapibIK copTTap OOMbIHIIA TYKBIMIAPHIHBIH 6HYIHE OH dcep €TKeHiH
KepceTTi. Al «AJIIHA» COPTHIHBIH OHTIIITIr OakplIayaaH adTapiublkrail epekmeneaOeni. ConsimeH, «Tyraii»
COPTHIHJIA TYKBIMIAP/B! Cy MOHIIACKIH/IA JKiOITY apKBUIBI KPHOKOHCEpBalMsUIaHFaH HycKana 99% eH >kakchl
OHy KepceTkimrepi Oaiikannsl. benme TemmeparypachlHoa TYKBIMAApAbI epiTy KesiHnme eHrimTiri 7 %-ra
aptein, 89 % kyparan «HoBocuOupckas 84» copTeiHma na oH ocep Oaiikammbl. «Hwuka» MeH «AnmHa»
COpTTapblHa KPHOKOHCEpBalUs Kepi acep eTTi, KepceTKimTepi 6akpuiayMeH calbICThIpranaa 27 %-ra jxoHe
10 %-ra Temenneni. benMe TemmeparypachblHIAa TYKBIMIOApIbl €piTy SKarmaifblHAA OSTHICHTIHKOIb MEH
MPOIMICHIINKOIBMEH KPUOKOHCEPBAIUANAy «AIMHA» COPTHIH KOCHaraHAa, 0apibIK cOpTTapia TYKbIMHBIH
eHYiHE OH acep eTTi, Oipak «ANMHAHBIHY 6HYl OakplIayAaH alTapibiKTail epekmencHoeni. COHBIMEH Katap
OenMe TeMmeparypachlHOa TYKBIMAApIBl KiOITy >KaFgaiblHOA OSTHJICHIVIMKONBAI KOJAaHA OTBIPHII
KprokoHcepBamusnay «Tyrai» copTeiHa KPHONPOTEKTOPABIH YCHIHBUIATHIH KOHIEHTpAusch! 5% xone 10%
eKeHIH KepceTTi. OHy kpuimamMabeFbl 98 %, an eHy SHepruschl colikeciHme 99% xone 96% Oomnusl.
OruneHrMKoIbIIH 20% KOHIEHTPAIUACH OHY JKbULIAMIBIFBIH eoyip ToMeHaerin, 47 % xypansl. «Huka»
COpPTHI YIiH 15 % KOHIEHTpalMsHBI KOJIAaHy YCHIHBUIFaH, O0ipak KoHIeHTpanuscel 10 %, eHy KbIIIaMIBIFbI
TeMeH xaHe 58 % kypaiiabl. «HoBocuOupckas 84» copThiHbIH 5 % xone 20 % xoHueHtpanusiceiaga 100 %-
Fa KyblK eHyi Oaikammsl. OcbITaiiliia, STHICHTINKOND JKOHE INPOMMICHIVIMKONb KPHONPOTEKTOPIAPHIH
KOJIZJaHa OTBHIPHIN, KPUOKOHCEpBALMsUIAyIaH KeWiH cylnaH IMeOiHiH TYKBIMBIH €pIiTYHAiH YCBIHBUIFaH oici
OenMe TemImeparypachlHOa €piTy Oombinm TaObpUTafbl. By HoTmkenep cynaH MeOiHIH TYKbIMAAPHIHBIH
KPHOTEH/IIK KOJUICKIMSICHIH jKacay YIIiH IMaiilaiaHbUTybl MyMKIiH.

Kinm ce30ep: cynan 11e0bi, 6CIMIIKTEp, STHICHIIIUKOJb, IPOMIICHIIUKOIb, CYHBIKA30T, KPUOKOHCEPBAITHSL.

A H. Manuea, M.M. CunantbeBa

H3ydeHue BCX0KeCTH CeMsIH CyaHCKol TpaBbl (Sorghum x drummondii)
MPH UCMOJIH30BAHUN KPHONMPOTEKTOPOB ITHJICHIJTHKOJISI M MPOMUJIEHTJINKOJIS

Hacrosiiee uccieoBaHue MOCBSINEHO H3Y4YEHUIO BIUSHUS KPHOKOHCEPBAIlMM HAa BCXOXKECTb CEMSH
cynaHckoil TpaBbl. JlabopaTopHbIe HCClIeOBaHHUS MPOBOAMIMCH Ha 4 coprax cynaHcKoil Tpasbl: «Hukay,
«Tyrait», «HoBocubupckas 84», «AnmHa». Pe3ynpraTsl moka3alii, 4YTO KPHOKOHCEPBALHUS ITOJOKUTEIHHO
MOBJIMSIIA HA BCXOXKECTh CEMSH BCEX COPTOB, 3a MCKIIOUEHHEM COpTa «AIHMHA», Ie €€ BCXO0XKECTh 3HAaUH-
TENBHO HE OTIHMYanach OT KOHTpons. Tak, y copra «Tyrai» Hamaydmme mokasarenu BcxoxkecTd 99 % Ha-
Orofjanych B BapHaHTe ¢ KPMOKOHCEPBAIMeH ¢ pa3MOpaKMBaHUEM CEeMsH Ha BOASHOH Oane. [lomoxxurens-
HbIH 2 dexT oTMedeH u a1 copra «HoBocubupcekas 84, rie KpHOKOHCEpBaLKs IPH Pa3MOPO3Ke CEMSIH TIPH
KOMHATHOH TeMIieparype yBeJluuuia BCXoxecTb Ha 7 % u coctaBuia 89 %. Y coproB «Huka» u «AnuHay
KPHUOKOHCEpBalys Aana o0patHblii 23 dekT, mokaszarenu cHu3mINCh Ha 27 1 10 % COOTBETCTBEHHO IO CpaB-
HEHMIO C KOHTPOJBHOU Ipynnoi. B ycnoBusix pazMOpo3KH CEMsIH NPH KOMHATHOW TeMIEpaType KPpUOKOH-
CepBaIys STWICHIIIMKOJIEM W MPOIIICHIINKOIEM OKa3ajla IMOJ0KUTEIFHOE BINSHIE Ha IPOPACTAaHHE CEMSH
y BCEX COPTOB, 3a HUCKIIOYEHHEM COpTa «AJMHAY», T/Ie €ro MPOpacTaHue CYIIeCTBEHHO He OTIMYAIoCh OT B
KOHTPOJBHOH rpynme. KprokoHcepBanust ¢ HCHOIB30BaHAEM TIIICHITIIKOIS B YCIOBHAX Pa3MOPO3KH CEMSH
IpU KOMHATHOM TeMIiepaType Imokasana, 94To s copta «Tyrai» pekoMeHayeMmas KOHIIEHTPAIHs KPHOIPO-
TekTopa cocraBiseT 5 u 10 %. CkopocTs mpopactanusi cocTaBisiia 98 %, a sueprus npopactanus — 99 u
96 % cootBercTBeHHO. KoHueHTpamms stmneHrmukonst 20 % 3HaYUTEeIBHO CHIDKala CKOPOCTh MPOpPACTaHUsI
u cocraBnsia 47 %. [l copra «Hukay pekoMeHIyeM HCIOIb30BaTh KOHLEHTpauuio 15 %; HO KOHIEHTpa-
st 10 %, ckopocTh npopactanus Hke 1 coctaBisieT 58 %. [Toutn 100 % BcxokecTh HabmoAaNach y copta
«HoBocubupckast 84» B koHmeHtpamusax 5 u 20 %. Takum 0Opa3oM, peKOMEHIyeMBIi CIIOCO0 OTTauBaHUS
CeMSIH CYHaHCKOH TpaBhl MOCIIE KPHOKOHCEPBAIUK C HCIIOIB30BAaHUEM KPUOMPOTEKTOPOB STHICHIIIMKOINS H
MPOIJICHTINKONS SBISIETCS OTTAaUBAHUEM IIPU KOMHATHOH TeMmeparype. OTH pe3yibTaThl MOTYT OBITH HC-
MOJTb30BaHbI VIS CO3IAHMS KPHOTEHHON KOJUTEKIIMU CEeMSTH CyJaHCKOI TpaBhI.

Kniouesvle cnosa. cymaHckas TpaBa, PAcTEHHMs, OTHICHINNKOJb, NPOMWICHITIMKONb, JKUIKHI a30T,
KPHUOKOHCEPBALIHUSL.
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Onenka mytareHHoro 3¢g¢gexra npod BoAbl ¥ NOYBbI, COOPAHHBIX BOJIN3HN
OBIBIIMX XPAHUJIHI XJIOPOPraHNYECKUX MecTHIHNI0B B dKamObLIICKOM paiioHe
AJIMATHHCKOH 00/1aCTH ¢ HCI0JIb30BAHUEM PA3JIMYHBIX MO/AECJAbHBIX TECT-CHCTEM

VYcrapeBuine XJI0popraHUYecKue IEeCTUIUABI B HACTOSIIee BpeMs 3alpelleHbl KaK CTOHKHE OpraHuuecKue
3arpsI3HATENN OKpYyXaromiel cpexpl. He yTnim3upoBaHHBIE TODKHBIM 00pa3oM, OHHM NPOJOJDKAIOT 3arpsis-
HSTB TIOYBY ¥ BOJly, HAKAIIMBATHCS B ITUIIEBOU IIENIM U HAHOCHUTH BPEJ PACTEHHSIM, XKMBOTHBIM ¥ OPTaHU3MY
yenoBeka. Llenp MccnenoBaHus — OIEHHUTH 3arpsI3HEHHE BOJBI U ITOUYBBI BOKPYT CKIIAZ0B HEYTHIN3UPOBAH-
HBIMHU 3alpEeIleHHBIMH XJIOPOPTaHUYECKUMH TECTUIMIAMH U HX BO3MOXKHOE I'€HOTOKCHYECKOE IEHCTBHE.
Brumn oOcnenoBaHbl OBIBIINE CKIIAABI MECTHLUIOB B ABYX mocenkax JKaMOBUICKOTO paiioHa AIMaTHHCKOH
obnacti. XMMHYECKHH aHAIN3 MOKa3all 3arpsA3HEHNE MOYBBI BOKPYT CKJIAJ0B XJIOPOPTaHUIECKUMH MECTHIIH-
JaMH ¥ TSDKEJBIMH MeTautaMu. [IpoObl BOABI M MOYBEL, OTOOpaHHBIE BOJIM3HM XPaHWIHUIL, HCIOJIB30BAIICH
JUISL OLIEHKH 9KOJIOTMUECKOro pHCKa. [ eHoTokcHyeckoe aeiicTBre NMpoO BOABI U ITOYBHI OICHHBAIN Ha pas-
JMYHBIX MOJETbHBIX 06bekTax: Salmonella typhimurium, Drosophila melanogaster, Allium cepa, kynsTypax
JTMMQOIMTOB OBELl U YenoBeka. beino oOHapy)eHo, 4To 00pa3Isl BOABI M MOYBHI BBI3BIBAIM CIIA0OBI MyTa-
reHHBIH 3 deKT Bo BceX MOJEIBHBIX CHCTEMax, YBEJINYNBAs YaCTOTY MyTallMi 1 XPOMOCOMHBIX abeppariuii.
Xots reHoTOKCHYeCKHH 3()(eKT OBUT MPOJEMOHCTPUPOBAH I KaXKIOK M3 MOJETCH, pasHble MOAEIH HOKa-
3aJIM Pa3HYI0 TyBCTBUTENILHOCTh K JEHCTBUIO IECTUIMIOB U Pa3HyIO CTemNeHb peakuun. [losTomy mms amgex-
BaTHOHM OIIEHKH MYyTareHHOCTH IECTUIHAOB HEOOXOAMMO NPHUMEHSTH 0AaTapeio TECTOB C Pa3HBIMH MOJEINb-
HBIMH OOBEKTaMH. Pe3ymbTaThl HCCIEOBaHMH MOKa3ald, YTO OCTATKH YCTapeBIIMX MHECTHIUIOB II0O-
HNPEKHEMY 3arpsi3HIIOT OKPYKAIOIIYIO CPeay M JOJDKHBI OBITh CBOGBPEMEHHO YTHJIM3HPOBAHBI 0€30MaCHBIM
croco0oM, 4TOOBI U30eKaTh 3arpsI3HEHHST OKPYXKAIOIIEH Cpe/Ibl.

Kniouegvie cnosa: MyTareHHBIH 3((HeKT, XIOpOpPraHMIecKHe NeCTULHIbI, MOACIbHBIC CUCTEMBI, PELeCCHB-
HbIE JIETAIbHBIC MYTAllMH, XPOMOCOMHBIC abeppaiuu, KyjibTypbl Jumdonuros, Salmonella typhimurium,
Drosophilamelanogaster, Allium cepa.

Beeoenue

[llupokoe MCroIB30BaHNE TECTUIIUAOB B CEIBCKOM XO3SHCTBE MPUBOAMUT K WX HAKOIUIEHHIO B OKpY-
xaromeit cpene. Oco0yro OMacHOCTh TPEACTABISIOT XJIOPOPTaHUYECKUE MECTHIUABI, KOTOPBIE SIBISIOTCS
croiikumu opranndeckumu 3arpsiauresisiMi (CO3) u HAHOCAT CYIIECTBEHHBIN Bpe[l OKpysKaromiei cpene [1—-
3]. Onu He pasaratoTcsi B TEUEHHE JTUTEILHOTO BPEMEHH, HAKAIUIUBASICh B MTOYBE; MIEPEHOCSTCS 110 BO3/Y-
Xy ¥ C BOJIHBIMH MaccaMH Ha OOJIbIINE PACCTOSHHS, TIEPENAIOTCS 110 MUIEBLIM HETSIM KHBOTHBIM U YeJI0Be-
Ky [4-6]. CO3 mpeacTaBisiioT yrpo3y AJIs 3J0POBbS YeTOBEKA. DTO CBA3aHO HE TOJBKO C MX OOIIUM TOKCH-
YECKUM BO3JEHCTBHEM, HO TaKXe M JONTOCPOUHBIMHU MOCIEACTBUSAMH, CIIEKTP KOTOPBIX MOCTOSIHHO PACIIN-
psercsa. Kpome MyTareHHOTo M KaHLEpOTreHHOro 3¢ (ekToB, 3aperucTpupoBaH MMMYHOTOKCHUYECKHH 3P HEeKT
[7], a Takxke smureneTndeckue u3MeHenus [8]. B To ke Bpems maxke HeOOJbIIME M03bI MECTHUIHIOB MPU
XPOHMYECKOM BO3JICHCTBHU YIHETAIOT KU3HEHHBbIE (QyHKIMH opraHu3Ma [9], u OTCyTCTBHE MHTOKCHKAIIMU
HE O3Ha4yaeT OTCYTCTBUS M3MEHEHHUI Ha Oojiee TOHKOM ypoBHe. Hanbombas onacHOCTh NECTUIMIOB CBA3a-
Ha C UX T€HETUYECKO# aKTUBHOCTHIO. [I0Ka3aHO, YTO MHOTHE M3 HUX sBJstfoTcst Mytarenamu [10-12]. Tlpu
3TOM JIOJITOBPEMEHHBIE IKOJIOTUIECKUE TTOCIIEICTBHS IPUMEHEHUS MECTHIINIOB MPAKTHICCKH HE N3YUECHBI.

XJI0popraHuvecKue MeCTUIUABI B HACTOSIIEE BpeMsl 3alpeiieHbl K npuMeHeHuo. OHaKo B CHITy psiaa
MIPUYHH 3aIackl 3TUX YCTAPEBIINX MMECTHIIMIOB BCE €Ille MMEIOTCS B HEKOTOPHIX X03sicTBax. OHM He ObLTH
YTHJIM3UPOBaHBI JIOJDKHBIM 00pa30M, 3a4acTyI0 XPaHSTCS MOJ OTKPHITHIM HEOOM W IMPEJCTaBISIFOT YIpo3y
JUTSL OKpY>KaroIieu cpepl.

Jannas paboTa MocBsIeHa SKOTOKCHKOJIOTUYECKOM OIIEHKEe MyTareHHOTro AeHCTBHS MPoO BOABI U MOY-
BbI, COOpaHHBIX BOJIM3M OBIBIIMX CKJIaJ0B MECTHUIHMIOB B JKaMOBUICKOM paiioHe AJMaTHHCKOH 00jacTu
(moc. Ymberans! u noc. Kapakactek) ¢ UCTIOIb30BaHUEM MOAEIBHBIX CHCTEM Pa3HOTO YPOBHS OpTaHU3alHU.
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Pabora sBisieTcs MPOAOIKEHUEM HCCIEIOBAHUN TE€HOTOKCHYECKOro 3¢ddekra ycTapeBIIMX MECTHIHAOB.
AHaJOTHYHBIE UCCIEAOBaHNUS B TanrapckoM paiioHe AJMaTHHCKON O0JacTH IMOKa3aiH, YTO MPOOBI BOIBI U
MOYBBI, 3arps3HEHHBIC MTECTUINAAMH JIH00 MPOIYKTaMH MX pacmaja, 00JaJaloT MyTareHHBIM M TepaToreH-
HBIM JICWCTBHEM Ha MOZEJbHbIE OpraHu3Mbl. B moc. YMmOeransl u Kapakactek, aHamU3UpyeMBbIX B JaHHON
paboTe, 3amacel yCTapeBHIMX XJIOPOPTaHMYECKUX MECTHUIHAOB B HACTOSIIEE BpeMs HE OOHApPYKCHBI.
B noc. Kapakacrek 3manue CKilaga COXpaHHIOCh, HO MECTHOE HaceleHHe pa3ompaer (yHIAMEHT 3[aHusl.
GPS koopnunatsr cknana: 43°08'25.7" N — 76°06'14.7" E. Ha paccrosauu 100 M 0T ckiiaa pacmnooKeHbI
XKHUJIBIE JOMA, CKOT MaceTcsl BOKPYT ckiana. B moc. YMmberansl 3qanue ckiaga paspyieno. GPS xoopauna-
ThI: 43°16'55.9" N 76°19'58.9" E. Bokpyr ckiiafja IOCTPOEHBI KHUIIbIE I0Ma, PAIOM €CTh 03€p0, Te KyHaroT-
CsI IETH.

1 OLleHKH 9KOJIOTUYECKOW CHUTYaIlMH B AaHHBIX HACEIEHHBIX MyHKTax W CTEIEHU PHCKa JIJIs Hacene-
HUS OBLI IPOBEICH XUMHUUYSCKHHA aHAJIA3 TTPO0 BOIBI M TTOYBHI, COOPAHHBIX BOJIM3HM OBIBIINX CKIIAIOB ITECTH-
IIUJIOB C TOCTEAYIOIUM H3yYeHHeM MYTareHHOCTH COOpPaHHBIX NMPOO HA PA3IMYHBIX MOIEIBHBIX CHCTEMAXx.
[Tockonbky pa3zHble MOAEIBHBIE 00BEKTHI MOTYT O0JIAAATh Pa3IMYHON YyBCTBUTEIBHOCTBIO K MyTareHHBIM
addexTam, U UcceAoBaHus ObLUTH B3ATHI 5 MOJEIBHBIX 00BEKTOB Pa3HOr0 YPOBHSI OMOJIOrHYECKOl opra-
um3arun: Salmonella tiphymurium, Drosophila melanogaster, Allium cepa, kyapTypbI TUM(OIUTOB YeIOBE-
Ka 1 OBell.

Takol moaxo] MO3BOJSET MPOBECTH BCECTOPOHHIOK OIIEHKY BO3MOXXHOTO T€HOTOKCHYECKOTO BO3JEH-
crus. Salmonella tiphymuriumu Drosophila melanogaster Takxke sIBISFOTCS KIACCHYECKHMH TECTEPHBIMH
00BeKTaMu [yTsl onpeiesieHuss MytareHHocTH [13-15]. Moaenb 1po30¢iibl, KpOMe TOTr0, MO3BOJISET IPOBEC-
TH TECTUPOBAHUE HA TEPATOTEHHOCTh U OLIEHUTH d3PQEKT HAa YPOBHE BCEero opraHu3Ma. TecToBasi cucTemMa Ha
ocuoBe Allium cepa ocHoBaHa Ha M3y4YEeHHH XPOMOCOMHBIX HAPYILICHUI B KIETKAX alMKAIbHOW MEPHCTEMBI
KOPHSI JUIsl ONIPEJIeTICHHs] BIMSHUS TeHOTOKCHYHBIX BemecTB [16]. KyabTypsl TUMQOIMTOB YeioBeKa U HKH-
BOTHBIX SBJIAIOTCSA OI[HOI>'I u3 O6H3aTCHLHI>IX TECT-CUCTEM IIPU OLICHKE BIMUAHHA MYTAarCHHBIX (I)aKTOpOB OK-
pyxaromieit cpenbl. OMHUM U3 JTOCTOMHCTB 3TOM TECT-CUCTEMBI SABJISCTCS TO, YTO [0 HAOIIOJAEMbIM THUIIAM
abepparuii MOXKHO JTOCTaTOYHO ONPENeNICHHO WACHTU(HUINPOBATH THI MyTareHHOTo Bo3aeicTBus. Tak, Me-
TOJl aHAJIM3a XPOMOCOMHBIX abeppanuii B ®I'A-cTuMynupoBaHHbIX TuMdonuTax nepudepruyeckoil KpoBU
HIMPOKO MPUMEHSETCS B UCCIIEAOBAHUIX IN VIVO M iN Vitr0 Kak KOJMYECTBEHHBIH M KaueCTBEHHBIH METOJ
aHaIlM3a HapyLICHHUH, HHAYUPOBAHHBIX Pa3In4HbIMU (hakTopamu [17].

Mamepuanst u memoosi

Cbop npod ocymiecTBIsUM B Ioc. YMOeTtanbl u KapakacTek, B HETOCPEICTBEHHON OJIM30CTH OT CKJIAJI0B
XJIOPOPraHUYECKUX NMEeCTUIHIO0B. [ ananuza cobupanu oO0pasibsl TUTEEBOK BOABI (BOJONPOBOAHOMN) U BO-
Il U3 IPUPOAHBIX BOIOEMOB (KOTOPYIO IBIOT XKMBOTHBIE). [IpoOBI MUTHEBON BOABI MCIOIB30BANIN VIS TEC-
TUPOBAHMUS HA KYJIbTYpax JUM(OIMTOB YEIOBEKa, MPHUPOJHON — Ha KyJIbTypax JTHUM(GONUTOB oBell. [IpoOs
BOJIbl OTOMPAJIM B CTEPUIIbHBIC TUIACTUKOBBIC OYTHUIKH B KosimdecTBe 1 1. [IpoObl mouBsl (Becom 1-3 Kr) co-
Oupany B HEMOCPEACTBEHHOM OJIM30CTH OT OBIBIIMX CKJIaJOB YCTapPEBIINX NECTULIMIOB.

Xumuueckuii ananus Ipod BOABI, MOYB, IPOAYKTOB IMUTAaHUS MPOBOAMIIM COIJIACHO JIOTOBOPY B aKKpe-
JTUTOBAaHHOW ucHbITaTeNnsHOU TabopaTopun TOO «Hay4HbIi aHaATUTHYECKUI LIEHTPY.

Tloozomosky npo6 IPUPOAHON U TIMTHEBOM BOJIBI s Tecta Ditmca Ha Salmonella tiphymurium mpoBo-
vy BeimapuBanreM (500 mir) 1 mosryyeHneM cyxoro ocanka. Ocagok pactBopsuin B 2 mit JIMCO, koTopblit
Y UCTIOJNB30BAJM 7S aHau3a. /|1 ocTaabHBIX MOEIBHBIX CUCTEM MPOOBI BOIBI aBTOKJIABHPOBAIIH.

U3 npo6 movBbI TOTOBWIIM OSH30JIbHBIE (JIJISI CATbMOHEIUTBI U APO30(HMIIBI) OO0 BOJHBIE (ISl KYJIBTYP
auMporutoB yenoseka u oser, Allium-tecra) BeiTspkku. [l npurorosieHust OeH30JbHOM BBITSOKKH 10 T
OYMILIEHHON OT MpUMeced MOYBBI pacTUpaid B GpappopoBoil CTyIKe, IPOCEUBAIN Yepe3 CUTO, JA00aBISLTU
300 mu1 Gen3ona (X4) M BCTPSIXHMBAJIM B TEUCHHE 6 4 Ha BCTpsAXUBATeNe. 3aTeM (QHUIBTPOBAIM M ylapUBAIH
nocyxa B BakyyMHoM ucnaputene mnpu 40-50 °C. Ocagok pactBopstia B 2 ma IMCO u ucnonbs30Bainu Ais
ananu3a. st npurotoBieHuss BOAHON BHITSHKKU 10 T mouBs! 3anuBaiiv 50 M U3HMOJIOTHYECKOTO pacTBOpa
(TMCTHITMPOBAHHOW BOJIBI) U B TEUCHUE 3 MUH repeMernuBaii. [lociie oTctanBaHusi BOTHYIO (ppakIuro oT-
Oupanu, HeHTpU(YTUPOBAIH, CTEPUIN30BAIH U TOOABIISUIA B CPEy KYJIbTUBUPOBAHUS TUM(OIUTOB.

MyTarenHslit 3pdexT mpod BOAbI U MOYBHI OIEHUBAIH C MOMOIIBIO 5-TH MOJENbHBIX cuctem: Salmo-
nella tiphymurium, Drosophila melanogaster, Allium cepa, KyasTypsl THM(OLIUTOB YEIOBEKA U OBEIL.

Tecm Dimca TIPOBOJUIN TI0 CTAaHIAPTHOW METOAMKE C IpuUMeHeHmeM 2 mmrammoB Salmonella
typhimurium TA98 u Salmonella typhimurium TA100, HO3UTHBHOTO, HETATUBHOT'O U YUCTOT'O KOHTPOJICH 110
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crannaptHoit Metoauke [18, 19]. O HanM4YMu MyTareHHON aKTUBHOCTU CYIMJIM IO TPEBBIIICHUIO PEBEPTaH-
TOB HaJl yPOBHEM CIIOHTAHHOTO MYTHUPOBAHUS.

Drosophila melanogaster muanu gukoro tuma Oregon R BeIpamiuBaiy Ha MATATENBLHOM cpele ¢ Ho0aB-
JICHHEM aBTOKJIABUPOBAHHBIX 00pa3lioB BoAbl B Tpex KoHueHTpauusx (3, 5 u 10 %) n1ubo GeH30JIbHBIX BbI-
TsDKEK MmouBsl, pactBopeHHbIX B JIMCO (0,1; 0,3 u 0,5 %). B KOHTPOJILHBIX SKCIEPUMEHTAX HCIOIH30BAN
PBS/IMCO B Tex ke KOHIEHTpAIHAX JIH00 KopM 0e3 00paboTku. JIisl yuera perecCuBHBIX JIETAIbHBIX MY-
Tanui B X-XpoMocoMe CaMIioB Fo CKpeniBaiu HHAMBUAYaIBHO ¢ caMKkamu TecTepHoii iuaun doubleyellow,
coJiep)Kalliell 1Be CUEIJICHHbIE X-XpPOMOCOMBI U MO3BOJISIONICH YUUTBHIBATh JIETaIbHBIE MYTAllH B TIEPBOM
nokosieHnd [20]. O HamM4YKK JeTaay CyIUIH O OTCYTCTBHIO caMioB B F; JIiist peructpaiyu JeTaibHbIX My-
TalMi B ayTOCOMax CamIiloB Fo CKpemuBain HHAMBUAyanbHO ¢ camkamu juaun Cy/Pm; D/Sb., mo3sosisto-
IIeH yYUTHIBATh JICTAIbHBIC MyTallMU OJHOBPEMEHHO [21].

Oyenka mymazennozo nomenyuana npod 600bl 1 NO4Ebl HA KYAbMypax aumgoyumos uenosexa. I1poso-
IWITA aHAJIN3 XPOMOCOMHBIX abeppamnuii B PI'A-CTUMYNIHPOBaHHBIX JTUM(OIUTAX TepUPEPHIECKON KPOBH.
Hcnonb3oBanu o6pasibl KPOBU OT 370POBBIX JOHOPOB, KOTOPBIE OTOMPAN U3 JIOKTEBOW BEHBI B TEMapHHH-
3upoBaHHbIe (uakoHbl. KynbTuBHpOBaHWE NTUMGOLUTOB W MPUTOTOBJICHUE NPENapaToB MPOBOAMIHM II0
cTaHJapTHOI Metoauke [22]. B kynbTypbl mumdonuntoB nodasisuiu mo S win 10 % kaxaoro odpasua nuThb-
€BOU BOJBI (OT KOJHMYECTBA CpeAbl KyJIbTUBUPOBaHMs) (MPEABAPUTEIBHO CTEPHIN30BaHHbIE) TUOO BOIHOM
BBITSDKKHM TTOYBBI. Ha Kakayto TOUKY MCClIeIOBaHHS CTaBUJIM 110 3 KYJBTYPHI OT pa3HbIX TOHOpPOB. B kauecT-
BE€ KOHTPOJISl WCIOJNB30BAIM JUCTWIIMPOBAHHYIO BOAY M BOJHYIO BBITSDKKY W3 TOYBBI «YHHBEPCIBHBIN
rpyHT». )11 BHYTPEHHEr0 KOHTPOJISI TAKXKE MCIOIb30BANACh CTEPUIIbHAS AUCTHIUIMPOBaHHAsA Boda. [Ipemna-
patbl okpamuBanu 4 % kpacurenem PomanoBckoro-I'mmsza. [Ipu muroreHeTHdeckoM aHaiu3e OMpeAeIsuIn
YHCIIO KJIETOK C abeppanusMu, a TaKxKe 9uciio u Tul abepparwuii Ha 100 mpoaHamn3npoBaHHBIX MeTadas.

Ananuz mymazeHHoU akmueHoOCmu 6 Kyavmypax aumpoyumos ogey. VcnonszoBanu o0pa3usl nepude-
puueckoi kpoBu OT 15 3m0poBbix oBerl (10 oBen Equnbbatickoii mopos! 1 5 'uccapckoit mopoasl) U3 OTHO-
CHUTEJIBHO KOJIOTUYECKH YUCTOH 30HBI (TI0c. MbIHOaeBO, AnMaTHHCKass 00nacTh). KyapTuBHpOBaHHE JTHM-
¢boruroB nepudepuvIecKkoil KpOBHU OBEI[ MPOBOAWIN MO cTaHmapTHoi meromuke [23]. Ha 48 4 B KymbTypy
no0aBisin pasHele 4036l (3, 5, u 10 %) cTepunn30BaHHBIX IPOO BOJBI U BOAHBIX BBITSHKEK MOYBBI U3 2-X
HCCITEyEMbIX MECT, TaKXKe MOCTaBJICHA KyAbTypa it KouTpois ¢ mobasnenreM 0,9 % NaCl. [utorenern-
YecKHe Ipenaparbl OKpalliBail KpacuTesieM I umM3a, aHaTu3upoBaiIi 1101 MUKPOCKOIIOM U OIIPENesIsuIn yac-
TOTY KJIETOK ¢ abeppanusiMu, a Takxke Tun adeppauuid. [Ipurotosiens! 110 nuroreHeTHUECKUX MpenapaTos,
npoanaau3upoBansbl 1182 meradazHbIX TACTHHOK.

IIpucomosnenue 0agneHbIX NPenapamos MepucmemMamuieckux Kiemrxox kopeuikog Allium cepa. Ceme-
Ha Allium cepa npopamuBanu B 4amkax Iletpu npu temnepatype 22—24 °C B TeCTUPYEeMOM pacTBOpe 10
nosiBiieHust 2—3 cM kopemikoB. Otpe3annbie kopemku (1 cMm) nomemnanu B Gpukcatop (3TaHO/JIeIsHAS VK-
cycHas kucyiota 3/1) na 4-24 u. I'maponuzosanu B 1N HCI npu 60 °C B Teuenue 8—10 MUH ¥ OKpaIIvBaid
aIleTOOPCEMHOM B KuTisimeit O0ane 6—12 mMuH. M3 TeMHOOKpameHHOro KOHYWKa TOTOBUJIM JIABJICHBIN Mpera-
pat B Karuie 45 % ykcycHOHN KHcIoThl. [locne mpuroroBieHns npenapaToB MPOBOAUIN MUKPOCKOITUYECKHN
aHaJM3 U OILIEHKY IUTOTCHETHUYECKMX HAPYIICHWH B Pa3HBIX CTaJWs MUTOTHYECKOTO IMKIIA MPU MOJCUETe
1000 xi1eToK B 3-X MOBTOpHOCTSIX [24].

HpI/I AHAJIN3C IMOJYUYCHHBIX HJaHHBIX HCIIOJIB30BaJil CTAHAAPTHBIC METOJAblI CTATUCTHYCCKOIO aHan3a
[25].

Pesynomamot u obcysicoenue

Xumuueckuii ananuz pod MATHEBOW U MPUPOTHON BOABI MOKA3AJI, YTO COJEPKAHHUE MTECTHIIH/IOB B TIPO-
0ax He MPEBBIIIACT MPEJIETLHO JIOMYyCTUMBIX KOHIIEHTpaluid. Takke He oOHapyxeHo npesbimenust [1/1K Ts-
JKEJIBIX METAJIJIOB B COOPAHHBIX MPOOaxX BOJBI, KaK MPUPOTHON, TaK U MUTHEBOH.

Xumuuecknii aHaiau3 npoO mouBbl mokaszan npesbimenue 1K mis psga nectuuuaos B 2—18 pa3 B
000MX WCCIENOBAaHHBIX IMocenkax. Tak, B moc. Kapakacrek B mpo0ax MOYBBI OOHAPY)KEHBI MMOBBIIICHHBIE
koHueHTparuu o X, B I'XII, aneapuna, nenbapuna, 4,4-J1J9, 2,4-JAJ1, sHapuna, XjaopOeH3uiaTa,
4,4-NT u supocynbdana 2. B moc. YMOeransl OOHapYKEHBI T'eKCaxJIOpOEH30J, albAPHH, AEIbIPHH,
4,4-1109, 2,4-0 /1, sanpun, xnopoensunar, 4,4-J1JIT u sugocynshan 2 B KOHICHTPAIHAX, MTPEBBIIIAIOIINX
[IAK. HauOoubliiee npesbiiiieHHe 3aUKCUPOBaHO [T dHa0cyIbdana 2, suapuna u 4,4-J1J1T. Taxke B npo-
0ax mouBel oOHapyxeHOo mpesbimenue [1JIK Tsoxenbx meramios B 1,1-21,6 pas. Tak, B mpobax MOYBBI U3
noc. Kapakactek cogepxanue nunka npesbimaet [1JIK B 4,5 paza, cBunna B 1,1, mbimbska B 8,0, HUKens B
5,4, memu B 15,2, xpoma B 21,6 pa3. B npobax mouBbI u3 1. YMOETaJIbl TAKXKE MOBBIIIEHO COACPIKAHUE TSDKE-
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neix MetaisioB: nuaKa (4,9 IIIK), memmbska (4,7 TK), aukens (3,0 TIIK), meau (10,2 TTJK), xpoma (19,7
ITK).

Takum 06pa3om, mpoOBI TOYBBI U3 UCCIIEIOBAHHBIX MTOCEITKOB 3arpsi3HEHBI KaK MEeCTHIMIaMH, TaK U Ts-
’KEJIbIMU METaJIaMHU.

Jlanee ¢ HCHOJIIB30BaHIEM MOJICIBHBIX TECT-CHCTEM ITPOBECHA OIIEHKA TeHOTOKCHYECKOTO MOTEeHIHANa
MIPUOPUTETHBIX 3arPsI3HUATENICH BOMBI M MIOYBHI U3 1Moc. KapakacTek u Y MOeTaIH.

Oyenxa mymazennozo s¢pgpexma npob 600wl u nousvl 6 mecme Jimca. Pe3ynbTaTsl S3KCIIEPUMEHTOB 110
M3y4YCeHHUI0 MyTareHHOM akTUBHOCTH Ha Mojenu Salmonella typhimurium npencrasnenst B Tabnuie 1.

Tab6anuma 1

MyTareHHasi aKTUBHOCTb P00 MUTHEBOI BOJbI H MOYBBI B CTAHAAPTHOM TecTe JiiMca
Ha mrammax Salmonella typhimurium TA98 u TA100

Cpennee kon- | IIpeBbimeHue Cpennee kon- | IpeBbimeHue
Ne Pesynb- Pezynb-
. HanmenoBanue BO PEBEpPTaH- | HaJ KOHTPOJIEM tar |BO PEBEPTAHTOB| HAX KOHTPOIEM o
TOB HA YAIIKY (O/K) Ha YaIKy (O/K)
TA98 TA100
Kontpons crioHTaH- 25 29
HBIN (KOJHYECTBO pe-
BEPTAHTOB Ha YaIIKy
IMCO 24 24
ITo3UTHBHBIN KOHT- 355 552
porms (JUIT/IT)
noc. Kapakacrek
1 |Boma mis mroneit 72,3+1,05 2,9 + 83,3+1,7 2,9 +
2 |Boma mis )KUBOTHBIX 53,6+0,70 2,1 + 63,6+1,06 2,2 +
3 |Ilousa 74,3+1,9 3,0 + 73,6+0,92 2,5 +
mnoc. YMOeTanbl
4 |Bopa s mronei 86,0+2,4 3,4 + 74,0+0,72 2,4 +
5 |Boxa mist )KUBOTHBIX 62,0+1,08 2,5 + 67,0+£2,38 2,3 +
6 |Ilousa 84,0+0,87 3,4 + 86,3+2,54 3,0 +

N3ydenne MyTareHHOW akKTUBHOCTU B CTaHJAPTHOM TecTe DiiMca 6e3 MeTaboIMyecKoi akTHBAIllUU Ha
mrammax Salmonella typhimurium TA98 u TA100 noka3zaiio ciiadyto MyTareHHOCTb BCEX THUIIOB COOpPaHHBIX
npob (Boza MUTHEBast, BOJA MPUPO/IHAS, [T0YBA) B UCCIENYEMBIX Mocenkax. Takum o6pa3zom, 00pasiibl MHTh-
€BOI M NPUPOJHON BOABI, a Takxke 00pa3lbl MouBbl M3 noc. Kapakactexk u YMOerainbl oKas3blBalOT ciiaboe
MyTareHHoe jeiicTeue Ha S. typhimurium.

Oyenka mymaeenno2o u mepamozennozo 3¢hgpexma na Drosophila melanogaster. [lns oueHku myra-
T€HHOT'O M TepaToreHHOro 3 dexToB nucmnonp3oBanu umaro (Fo) B TeueHHe BCETO IMYMHOYHOTO MEPHO/IA MTH-
TaBIIMXCSI KOPMOM C 100aBKaMu. Pe3ylbTaThl 3KCIIEPUMEHTOB TPEICTABICHBI B TAOIHIIE 2.

Tabnuma 2

PesysbTaThl yueTra aHoMaJMii 1po30¢uibI MO BJAHSAHAEM 00pa310B BOALI U MOYBbI,
3arpsA3HEHHBIX MeCTHIHNIAMHA

YacToTa ayTOCOMHBIX Yacrorta
I'uGens xykomnok | CTepuIbHOCTH
Bapuasnt PEIECCUBHBIX JIETATBHBIX MOP(HOJIOTHUECKUX
M JINYUHOK, %0 camiioB, % o o
MyTanmid, % n3MeHeHu umaro, %
1 2 3 4 5
Kontpons
Bbe3 006paboTku 0,38+0,21 0,0+0,00 2,51+1,72 4.2+1,1
1xPBS 10 % 1,51+0,15 0,8+0,71 2,53£1,61 4,5+1,3
DMSO 0,5 % 2,75+0,28 1,0+0,90 5,0042,40 5,3+1,2
noc. Kapakactex
Boaa (imoan) 3 % 2,24+0,27 0,75+0,73 1,67+1,65 4,46+0,91
Bomaa (imoam) 5 % 1,294+0,19 2,26+1,28 1,79+£1,77 6,05+0,88
Boxa (imroan) 10 % 1,34+0,21 0,75+0,75 5,00+2,81 6,65+0,99
Boaa (GkuBOTHBIC)3 % 0,77+0,15 0,00+0,00 3,33+2,31 4,87+0,80
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1 2 3 4 5
Bosia (GKUBOTHBIC)S % 0,66+0,14 0,00+0,00 6,67+3,22 4,72+0,79
Boja (ckuBoTHBIC)10 % 0,98+0,18 0,78+0,77 1,67+2,73 7,09+1,09
mousa 0,1 % 1,61+0,21 0,00+0,00 3,57+2,48 4,53+0,80
mousa 0,3 % 1,47+0,19 0,00+0,00 8,93+3,81 5,11+0,73
mousa 0,5 % 2,63+0,27 0,78+0,77 3,85+2,67 7,65+0,91
rnoc. YMOeTabl
Boja (moan) 3 % 1,40+0,21 0,72+0,72 1,67+1,65 5,85+0,98
BoJia (ymoam) 5 % 1,56+0,22 0,75+0,75 5,00+2,81 5,25+0,84
Boja (moau) 10 % 1,31+0,21 0,74+0,73 3,85+2,67 6,07+0,90
Boa(>kuBOTHBIC)3 % 1,33+0,22 1,49+1,05 3,3342,31 6,65+1,09
BOa(>kUBOTHBIC)S % 0,62+0,15 3.17+1,56 3,57+2,48 5,91+0,84
Bona(>kuBoTHBIC)10 % 1,40+0,22 2,42+1,38 8,33+3,51 5,21+0,82
mousa 0,1 % 2,81+0,28 0,76+0,73 3,334+2,31 5,63+0.91
mousa 0,3 % 0,89+0,16 1,63+1,14 7,14+3,44 7,68+1,01
mousa 0,5 % 3,26+0,38 1,30+1,29 1,92+1,90 9,74+2,12

st otieHKH MyTareHHOTO 3eKTa mpod BOIBI U IMOYBHI U3 00CIETYEMBIX TIOCEIKOB MMPOBOIMIN CKPH-
HUHT PEIECCHBHBIX JIETaNbHBIX MyTaluii B X-XpoMocomax M ayTocoMax napo3oduibl. [lo pesympraram
CKpeIuBaHuii caMioB Foc camkamu tecteproii tuauu double yellow ycranosneno, uro npoObl BOABI U 10U~
Bbl HE MHIYLIMPOBAIN PELIECCUBHBIC JIETalIbHbIE MyTalluu B X-XpoMocoMe apo3o¢puibl. Bo Bcex BapuaHTax
9KCIEPUMEHTA 3apEruCTPUPOBaHbl rHOeNb 0co0eil Ha CTaguM JUYMHOK M KYKOJIOK, a TaKXKe CTEPUIIBHOCTh
cam1ioB. O/IHaKO 3TH NOKa3aTeIu He MPEBHIIIATN KOHTPOIHHOTO YPOBHS.

Bbumu cCKpUHUPOBaHBI PELIECCUBHBIE JIETAIbHBIE MyTAllUK BO BTOPOIl U TPEThEel ayTOCOMax IpO30(HIIbL,
WHAYLHPOBaHHbIC MPOoOaMH BOABI U MOYBBL. OHAKO YAaCTOTa BO3HUKHOBEHHMS JICTAJIbHBIX MYTaLUil B ayTo-
coOMax JOCTOBEPHO HE MpPEBHINIaa KOHTPOJIBHBIE MOKa3aTend. TakuM oOpa3oM, He 3aperUCTPUPOBaH JOCTO-
BEPHBII MyTareHHbIH (PEKT UCCIIETOBAHHBIX MTPOO BOJIBI M MIOYBHI HA 2yTOCOMBI IPO30(HITHL.

s oueHku teparoreHHoro s¢dexra Bcex umaro Fo mpocMarpuBain Ha Hajduuue MOPQOIOrHYECKUX
W3MEHECHUH W OTIPEEISUTH UX YacTOTy. Y CTAaHOBJIEHO, YTO MPOOBI BOJBI ¥ TOYBBI CIOCOOHBI HHAYIIMPOBATh
MopdoJornieckue u3MEeHeHHsT UMaro Jipo3oduisl ¢ yactoTol 4,46-9,74 %. IloBbiienHast wactota Mopdo-
JIOTMYECKUX U3MEHEHHH 3arkcupoBaHa B cirydae ucnoib3oBanust 10 % mpod npupoanoii Boas! u3 noc. Ka-
pakactek. Taxke MOBBIIIEHA YacTOTa MOP(OIOTHUECKUX W3MEHEHUH NPHU HCIIOIb30BaHUM NMPOO MOYBHI U3
000UX HCCIIEIOBAaHHBIX TIOCENTKOB. BBICOKHIT ypOBEHD HApyIIEHUH MOXHO OOBSCHUTH TIOBBIIICHHOW KOHIICH-
TpaLuen TSHKENIbIX METANIOB (CBUHEL, HUKEb, ME/Ib, XPOM, MBILIBSK) B ouBe noc. Kapakactek u YmOera-
Jbl. AHaNIM3 HACJIEAyeMOCTH BBISBICHHBIX MOP(OJOrHYECKHX M3MEHEHHH IMOKa3ajl, YTO HaOJIoJacMble U3-
MEHEHHS KPBUTBEB U TEPTUTOB SBJISIIOTCS] HEHACIIElyeMBbIMH, TO €CTh MOP(O3aMHU.

CrekTp M3MEHEHHH KPBUIbEB BKIIIOYUAN CMSTHIE, YKOPOUEHHBIE, pPacTOINBIPEHHBIE, U30THYTHIE, Hepac-
MpaBJICHHBIE KPBUIbS, Pa3HOOOpa3HbIe CKIIAAKH, BEIPE3KU Ha KPbUIbsX U Ap. (puc. 1). Hanbonee gacTeiMu u3
HaOJI0/1aeMbIX U3MEHEHUH ObUTH 1e(DeKTHI KPBUTLEB M TEPTUTOB.

Takum o0pa3om, TPoOBI BOABI ¥ TIOYBHI U3 MCCIIETOBAHHBIX HACEJICHHBIX ITyHKTOB CIIOCOOHBI BHI3BIBATH
HeHacjaeayeMble MOp(hoJoruyeckre U3MeHeHHst y uMaro 1po3oduisl. [IpoBeneHHbI HAMKU CKPUHHHT TO-
3BOJISIET TOBOPUTHh O F€HOTOKCHYECKOM JICHCTBHM MPOIYKTOB paclaza 3alpelieHHbIX MECTULUAO0B U TsKe-
JIBIX METAJUIOB HA OHTOTEHE3 JIPO30(HIIBI.

[lomydeHHsle pe3yabTaThl OTIMYAIOTCSA OT PE3yIbTAaTOB AHAIOTMYHBIX HCCIIEIOBAaHHM, MPOBEIEHHBIX
panee ans 5-tu nocenkoB Tanrapckoro paiiona AnmatuHckoil oOnactu. Tak, B Tanrapckom paiioHe ObLIo
oTMe4eHO OoJiee CHIIFHOE 3arpsS3HEHNE BOJBI M MTOYBHI OCTATOYHBIMHU KOJIMYECTBAMH MECTHIWIOB. SIBISAACH
XUMHYECKUMH MyTareHamH, MECTUINABI CIOCOOHBI OKa3bIBAaTh BIMSHUE HA TEHETUYECKHH amnmapaT U BHI3bI-
BaTh €r0 HacjeqyeMble IOBPEXACHUs, TO €CTh MyTallui. B mpeasiayieM nukie padoT HaMH BBISBJICHBI Ha-
ciieyeMble U3MeHeHHs1 (JOpMBI U pa3MepoB IJ1a3 y Ipo30(uil, KOTOPbIE MEpearoTcsi B oy MOKOJICHUH B
teuerne 4-x ner. Kpome Toro, OpUIM CKPUHHPOBAHBI PEIIECCHBHBIE JETAIbHBIE MYTAallMd B X-XpPOMOCOME
Jpo30(MIIbI, a YacTOTa PELECCUBHBIX JIETAJBHBIX MyTalMid B ayTocoMax Oblla 3HAUMTENFHO BBINIE, YEM B
HACTOSIINX UCCIIeAoBaHusIX [26]. bonee HU3Kas MyTareHHOCTh, 3a()UKCHPOBaHHAsI B JAHHOM HCCIICIOBaHHH,
CBsI3aHa, B IIEPBYIO OYEpEb, C TEM, YTO COAEPIKAaHHUE IIECTULUIOB B IIpoOax ObLIO Ha MOPAAOK HIKE, YEM B
Tanrapckom paitone. Takum o6pazoM, HaOIIOMaeTCS TMHEHHAS 3aBUCUMOCTh YaCTOTHI HApYyIIEHWH OT KOH-
LEHTpaLrH MECTHLIUAOB B Ipode.

88 BecTHuk KaparaHgmMHCKoro yHmBepcuteTa



OueHka myTareHHoro acpcdekta npob Boabl U MOYBHI ...

A — cMmsATOE KpBUTO, 5 % npupoaHoii Boasl, Kapakacrtek, 1x20; b — HapyIIeHHs B CTPOCHHHU TEPTUTOB,
10 % mpupozanoit Boasl, Kapakacrek, x10; B — KpbUI0O OTTONBIPEHO B CTOPOHY, BBIPE3Ka IO KParo KphLia,
5 % mutbeBoit Boabl, YMOeTainsl, 1X20; I”'— KpbUTbs CO CKIIQJAKAMU U 3aJI0MaMu, 5 % MPUPOTHON BOIBI,
Ymberansl, 1x20; [/ — KpbUIbsl pa3ABUHYTHI, HAPYIIECHHS B CTPOCHUH TEPruToB, 0,5 % moussl, YMOeTaIbI,
1x20; E — uckpuBJICHHUE MOCIEAHEro wieHnka Horu, 0,3 % nmoussl, YMOetansl, 1x20.

Pucynox 1. Mopdonoruyeckne n3MeHeHHs UMaro JIpo30Quiisl

Yuem yumozenemuueckux napywenuii ¢ knemrkax kopewxog Allium cepa. OCHOBHBIM THIIOM HapyIie-
Huil ipu npoBenennn Allium-tecra Gbut MEKpoOsiapa B MHTEpGha3HbIX KieTKaX. Takke BCTpeYalnch Hapy-
mieHus: B MeTtadaze (MUKpOsiIpa, BBINIABIINE XPOMOCOMBI) U aHadaze (MUKpPOSIpPa, OTCTABIINE XPOMOCOMBI,
MOCTBI) KJIeTOYHOro AeneHus. Ha cragusx mpodassl u Tenodassl HapylneHui He 3adukcupoBano. B cBssu ¢
3THM BBIBOJIBI O MYTareHHOW aKTMBHOCTH NMPOO BOABI OBUIM C/ENTaHBl HA OCHOBAHUH BBISIBIEHHOM YacTOTHI
HapyLWEeHUH Ha 3TUX CTAJUsIX KJIETOYHOro Lukia (Tadi. 3). Tunsl HUTOreHeTHYeCKUX HapyIIeHHH, HaOo-
JaeMBIX TP aHAIHU3E HCCIIETYyEeMbIX IIPO0, MPEICTAaBICHbI HA PUCYHKE 2.

Tabnuna 3
Hurorenernyeckue HapyueHus B KieTkax kopemkos Allium cepa

Bapuant Yacrora MUKPOSIIIEp B Yacrora Hapywenuii B | Yacrora HapyuieHuii B aHadase,
unrepdase, % meradase, % %
Bona mis monen
Kapaxkacrek 0,14+0,11 0,20+0,14 0,89+0,3
‘VYmMbeTaist 0,15+0,12 0,21+0,14 3+0,54*
dH,0 (xouTpoITB) 0,1+0,08 0,19+0,13 0,3+0,1
Tlougra
Kapaxkacrek 0,43+0,21 6,89+0,8* 15,38+1,14**
VmbeTais 0,3+0,17 4,17+0,63 12+1,03**
‘ucras, yHHBepcabHas 0,2740,1 1,54£0,2 1,2440,35
moyBa (KOHTPOJIb)

ITpumeuanue. * p<0,05; ** p<0,01.
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A B

A — MuKposipo B MHTepdase; 5 — BbINaBIias XpoMocoMa B MeTadase; B — XpOMOCOMHBINH MOCT B aHadaze
Pucynok 2. Llutorenernyeckue HapymeHus B kietkax Allium cepa

B npobax muTbeBoii BOJBI U3 00CIIEIOBAHHBIX MOCENKOB YAaCTOTa MUKPOSIEP JOCTOBEPHO HE OTINYa-
Jack OT KOHTPOJIHOTO YpOBHS (AMCT. Boxa). OMHAKO BBISBICHO 3HAYUTEIBHOE NPEBBIIICHUE BBISIBICHHBIX
Hapy]_[IeHI/Iﬁ CpPaBHCHHUIO C KOHTPOJIEM Ha CTaguu aHa(i)a%I, YTO CBUACTCIBLCTBYCT O HAJIMYHUU MUTOI'eHHOM
TOKCUYHOCTH.

AHanu3 BOJHBIX BBHITSDKEK ITOYB BBHISBUJI HEJOCTOBEPHOE MOBBIIICHHE UTOTCHETHIECKUX HAPYIICHUH,
10 CPAaBHEHHIO C YHUBEPCAIBHOW MOYBOW M JOCTOBEPHOE MPEBHIIICHNE 110 CPABHEHHIO C TUCTUILINPOBAHHOM
BOJIOH, OCOOCHHO ATO OTMEYEHO Ha cTaausx MeTtadasbl u aHadasbl. BrisiBienHoe 1,5-2-kpaTHoe mpeBsbIiie-
HHEC 4aCTOTBI MUKPOAACP BOAHBIX BBITSKCK I1OYB, OTO6paHHI)IX Ha N3y4aCMbBIX TCPPUTOPUAX, BOSMOXKHO, 3TO
CBSI3aHO C HAJIMYHMEM 3arps3HSIONMX coenuHeHHd. OHAKO IMOCKOJIBKY B JAHHOM TECTE aHAIM3UPYIOTCS HE
caMH IOYBbI, @ UX BOAHBIC BBITAKKH, TO IMPEBBIIICHUC YaCTOTbI MHUKPOAACP, BO3MOXHO, O6’I)$ICH$I€TC$I BO3-
JEHCTBHEM OBICTPO- U BOJIOPACTBOPUMBIX BEILIECTB, COJICPIKAIIUXCS B ITOYBE.

Takum 00pa3oM, SKCIIEPUMEHTHI Ha MOJICTH KJIETOK KoperikoB iyka Allium cepa nokaszanun myrareH-
HYIO aKTUBHOCTH 00Pa31I0B TIOYBBI U3 HCCIIEIOBAHHBIX MTOCEITKOB.

Humoecenemuueckuii ananusz aumpoyumos uenogexa. Pe3ynpbraTsl IUTOI€HETHYECKOTO aHAIN3a 4acTo-
TBI XPOMOCOMHBIX a0eppaiyii B KyJIbTypax JTUM(OLIUTOB YeJIOBEeKa MPe/ICTaBICHbI B TabmuIie 4.

Tabnuma 4

H3yyenne MyTareHHOH AKTHUBHOCTH P00 NUTHEBOI BOALI U MOYBBI
u3 noc. Kapakacrek n YMOerajibl Ha KyJIbTypax JUM(OLUTOB YeT10BeKa

[Ipoananu3upoBaHo Bcero XpOMOCOMHOTO XpomaTugHOro
Bapuant .
KJIETOK abepparmii, % tuma, % Tuma, %

Bona
VYmberansr 5 % 200 1+£0,70 1+£0,70
VYmberansr 10 % 300 1+£0,57 1+£0,57
Kapakacrek 5 % 250 0,8+0,56 0,8+0,57
Kapakacrek 10 % 300 1£0,57 1+0,57
CrnoHTaHHBI ypOBEHb 300 1+0,57 1+0,57
Hucr. H010 % 300 1+0,57 0,33+0,33 0,67+0,47

TTouBa
YwMmbetansl 5 % 200 5+1,54 240,98 3+1,2
Ywmberansr 10 % 200 8+1,92 0 8+1,92
Kapakacrek 5 % 200 4+1,38 0 4+1,38
Kapakacrek 10 % 200 8+1,92 0 8+1,92
CrnoHTaHHBI ypOBEHb 300 1+0,57 1+0,57
YHuBepcajibHasi HOYBa 300 240,81 0 240,81

[IpencraBieHHbIe TaHHBIE TTOKA3BIBAIOT, YTO NOOABICHHUE B KYJIbTYphl TuMdonutoB 5 u 10 % muthe-
BOI BOJBI M3 OOCIIEIOBAaHHBIX HaceleHHBIX MyHKTOB (Kapakactek m YMOerasbl) He BBI3BAIO TOBBIIICHUS
4aCcTOTHI XPOMOCOMHBIX abeppartuii.
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HobGasnenne 5 u 10 % BOAHBIX BBITSDKEK ITOYB B CpPedy U KyJbTHBUPOBAHUS JTUM(POLUTOB TOKA3AJI0
CTATUCTUYECKHU 3HAYMMBIN TeHOTOKCHIeCcKuit ekt mouB B mocenkax YmoOeransl u KapakacTek B cpaBHe-
HUU CO CIIOHTaHHBIM YPOBHEM MyTareHe3a. JloOaBieHre BOIHON BBITSDKKH M3 «YHHUBEPCATHHON MOYBBD» B
KYJIBTYpY JTUM(OIIMUTOB YEJIOBEKa YBEIMUMIIO YaCTOTY XPOMOCOMHBIX HapyleHui B 2 paza (p=0,05).

AHanm3 CreKTpa XpOMOCOMHBIX abeppanuii mokasan (puc. 3), 4TO BCTpEYAIMCh abeppaluy penMyIie-
CTBEHHO XPOMATHIHOTO THIIA, KOTOPHIE OBUIH MPEICTABICHB OJWHOYHBIMA Pa3phIBAMH WA (hparMeHTaMH.
Takast kapTUHa CTPYKTYPHBIX MOBPEXKICHUH XPOMOCOM XapaKTepHa MPH BO3JICHCTBUM XUMHYECKUX TEHO-
TOKCHKAaHTOB, KOTOPBIE CBUJETEIBCTBYIOT O HAJTMUMH B 00pa3Lax TSHKENbIX METAJLIOB.
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A —wmeradasHas IUIaCTHHKA C OJJMHOYHBIM pa3pblBoM; 5 — MeTadasHast INIaCTUHKA C JBOWHBIM Pa3phIBOM
PucyHok 3. XpoMOoCOMHbIE HAPYIIEHHS B KyJIbTYpax JIMM(OIMTOB YeIOBeKa

Takum oOpazom, oOaBiieHHE BOABI U3 00CIEIOBAHHBIX HACEICHHBIX IIYHKTOB B Cpelly KyJIbTHBHPOBA-
HUS JTAMQOIMTOB TepH(peprUuecKOil KPOBH YeJIOBEKa HE BBI3BIBAET I'€HOTOKCHUYECKHUX 3(PdeKToB, BOIHBIE
BBITSDKKU T10YB, HAIPOTHB, NMPHBOJIAT K CTATUCTUYECKH 3HAYMMOMY YBEIMUYECHHIO YaCTOTHI XPOMOCOMHBIX
aGepparuii 0 CPaBHEHUIO C KOHTPOJIEM, YTO CBHUIETEILCTBYET O HAIWYUHU B UCCIEJOBAaHHBIX 00pa3nax BO-
A0PaCTBOPHUMBIX TCHOTOKCUYCCKUX COGI[PIHGHI/Iﬁ.

Lumoeenemuueckuii ananus aumgpoyumos ogey. Pe3ynbraTel IUTOTEHETHIECKOTO aHANN3a JTUM(OLH-
TOB OBEIl IIPE/ICTaBIICHBI B Ta0IuUIIE 5.

Tabnuma 5

H3yyeHne MyTareHHoi akTHBHOCTH NPO0 NPUPOIHOI BOABI U NMOYBHI U3 noc. Kapakacrek n Ymé6erasnbl
Ha KyJbTypax JuM$onuTOB 0Bel

KonnuectBo npoananuzupo-| YacTora XpOMOCOMHBIX YacToTareHOMHBIX
Bapuant N o
BaHHBIX MeTadas abeppanmid, % MyTanui, %
Boma s s)KMBOTHBIX
Kapakactek 3 % 100 6+2.4 1,0£1,0
Kapakactek 5 % 100 12432 1,0£1,0
Kapakacrek 10 % 100 16+3,6 4+1,9
VYmberansi3 % 100 3+1,7 1,0,£1,0
Ywmberansr 5 % 100 5422 3+1,7
Ymberansrl0 % 100 6+2.4 2+1,4
Tlougra

Kapakactek 3 % 100 14+3,5 1,0£1,0
Kapaxkactek 5 % 100 12432 1,0£1,0
Kapakacrek 10 % 84 13+£3,7 2,0+1,5
Vmberansr 3 % 100 9+2.9 2,0+1,4
VMmberansr 5 % 100 11£3,1 1,0£1,0
Vmberansr 10 % 98 6,1+2,4 2,0+1,4
0,9 % NaCl (koHTpoJIB) 100 3+1,7
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Kak BumHO u3 Tabuuist 5, mpoOs! Boak! u3 noc. Kapakactek, B3steie B 5, 10 %, 1 mouBEeHHBIC SKCTPaK-
161 3, 5, 10 % KOHIEHTpanuM TMOKa3alu 3HauYMTeNbHO ToBBIMIeHHYIO (p<0,003) WacToTy XpOMOCOMHBIX
abeppanuii B TMMQOIUTaX OBEIl 0 CPaBHEHHUIO ¢ BHYTPEHHUM KOHTposieM. [1poOsI Bobl u3 oc. YMOeTas
BO BCEX KOHIICHTPAIVMSIX HE MPOSIBIISIOT MyTarcHHOW aKTUBHOCTH B TECTE HA MHIYKIIMIO a0eppanuii XpoMo-
coM. [louBeHHBIE SKCTPAKTHl MAaKCUMATbHON KOHIIEHTPAIWN W3 3TOW MECTHOCTH TOXKE€ MOKA3BIBAIOT ITOBBI-
IIEHHBII YPOBEHb XPOMOCOMHBIX a0eppariuii, HO HIbKe 4eM mpoOs!l u3 oc. Kapakacrek.

B ocHOBHOM OHM OBUTH OOHApYXEHBI adeppalii XPOMATUIHOTO TUIIA, IPEACTABICHHBIC OJMHOYHBIMU
pa3pbiBaMu WK (parMeHTaMu. TakKe YYUTHIBAIM KOJUYECTBO MOJIMIUIOMIHBIX KIeTOK. OOMEHBI HaiIeHbI
pu BozzaericTBuu 10 % KOHIEHTpaIwii 3arpsi3HEHHONW BOABI M ITOYBEHHOW BBITSKKH W3 TOC. YMOETamsl U
pu mobaBneHNn 5 % IMMOYBEHHOW BBITSHKKM U3 mMoc. KapakacTek B cocTaBe KyJIbTypanbHOH cpensl. MeTa-
(ha3HBIX KJIETOK C MOJHUIUIOMIHBIM HA0OPOM XPOMOCOM BBISIBICHO HE3HAYHTENbHOE KoIndecTBO. JloOaBe-
HHE MaKCUMAaJIbHOW KOHIIEHTPAIWU BOJIBI U TIOYBEHHBIX BBITSDKEK C MOJUTIOTAHTAMH BBI3BIBAJIO TTOBBITIICHNE
Yrciia XpOMOCOMHBIX abeppanuii Ha 100 merada3 mo cpaBHEHHIO ¢ BHYTPEHHHUM KOHTPOJEM (o0aBieHwme
tosibko 0,9 % NaCl). Taxke npu 100aBJICHUM BOJIHBIX BBITSKEK MOYBBI HAOJIIOMACTCS MUTOTOKCUYECKHIA
3¢ ekt (CHIKEHHE MUTOTHIECKOTO uHaekca). [Ipu s3ToM Habmronanack oOpaTHas MPOMOPIIUMOHATILHAS 3aBH-
CHUMOCTB: YeM OOJIbIIasi KOHIIEHTPANXs MPOObI BOMIBI OblIa T00aBIIeHa B KYJIbTYPAIbHYIO CPENLy, TEM MEHbIIE
6I>IJ'IO MCTa(i)aSHI)IX IJIACTUHOK, MPUTOAHBIX AJIA UTOTCHCTUYCCKOI'O aHaJIM3a.

BhIsIBIECHHBIH crIeKTp abeppalyii XxpoMOoCcoM ¢ TipeoOaganneM abeppanuii XpoMaTuaHOro THIIA CBH/IE-
TEIBCTBYET O XUMHUYECKOM 3arpsa3HeHun (puc. 4). BimusHue 3arps3HeHus] OCTaTKaMu MECTUIIOB B 3a0po-
IIEHHBIX CKIIAJaX B HCCIEMYEeMBIX ITOCEeNKax AJIMATHHCKOW OOJACTH Ha COMATHYECKYI0 HECTaOMIIBHOCTH
XpoOMOCOM, IMO-BUANMOMY, MOKHO O6’L$ICHI/ITI> CJIOKHBIMH B3aI/IMOIleI\/'ICTBI/I}IMI/I IIECTUIUIO0B U TAXKEIIbIX MC-
TaJUIOB, T.€. UX KOMOMHHPOBAHHOE JIEHCTBIE OKA3bIBACT CHHEPTHIHBINA Y (EKT.
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A — mertadasHas MIacTHHKA ¢ IPoOeIoM B METalleHTpUIecKoi xpomocome, noc. Kapakacrek 3 % Bona,;
b — meTtada3Has mmacTHHKA C XpOMAaTHIHBIM Pa3pbIBOM B aKpOIIEHTPUIECKOH XpoMocoMe, rmoc. Kapakactek
5 % mouBa

Pucynox 4. XpoMOCOMHBIE HApYIIEHHUS B KyJIbTypax JTUM(OIUTOB OBEIl

Komnnexcnasa oyenka mymazeHHOCMU HA pa3IudnblX mecm-cucmemax. B Tabmume 6 npencTaBieHsl pe-
3yNbTaTHl OLIEHKA MyTareHHOCTH MPOO BOJBI M TIOYBHI HA 5-TH MOJENBHBIX CHCTEMaX Pa3HOTO YPOBHS IeHe-
TUYECKOW OpraHU3aLnH.

Kak BumHO 13 Tabnuiis! 6, pa3Hble MOJICNILHBIE CUCTEMbI UMEIOT Pa3IMYHYIO YYBCTBHTEILHOCTD K JIEH-
CTBHIO XJIOPOPTaHMYECKUX TECTUIIUAOB. B CBSA3M ¢ 3TUM MpOBEJEHNE TECTUPOBAHUS TOJIBKO HA OJHOM-IBYX
MOJIEJISIX HE 1ACT OOBEKTUBHOW KapTHHBI IOCIICACTBUI BO3ACHCTBHS ECTULUIOB. P nccinenosateneit cun-
TarT, 4TO B CIy4ae HCIOJIb30BaHMS OAHOM TECT-CHCTEMBl MyTarcHHas aKTHBHOCTH BbLABIsieTCA A 40—
50 % wuccienyeMbIX TIECTUIUIOB, B TO BPeMsl KaK MSTh TECT-CUCTEM OOHApYKMBAIOT MYTareHHYIO aKTHB-
HocTh Oosiee ueM 90 % mectuuunoB [27]. [losToMy Al TOUHON MPOTHOCTUYECKOW OLIEHKH MYTareéHHOIo
a¢dexTa 1 He00X0AUMO UCIIONB30BATH HECKOJIBKO Pa3HBIX TECT-CUCTEM.
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TaGnuma 6

KomnjiekcHasi oneHKa MYTareHHOCTH C IPUMEHECHUEM 5-n Pa3/JITHYHBIX MOJECJIbHBIX CUCTEM

noc. Kapakacrek moc. YMOeTasbl
Bup tectupoBanus [IutbeBas | Ilpuponnas IIutbeBas IIpuponnas
a P PHPOI ITouBa PHPOA [Tousa
BOJA BOJA BOJA BOJA
Tect Ditmca + + + + + +
D. melanogaster B B B B B B
(X-xpomocoma)
D. melanogaster B B + B + +
(ayTocomsr)
D. melanogaster N N + + + -
TEPaTOr€HHOCTh
Kynetypsr mumdpormros | He tectn- + + He Tectu- ) +
oBel| poBayu poBanu
Kynbtyps! mum¢ponnToB ) He Tectu- + ) He Tectu- +
YeJI0OBEKa poBau poBaJIU
. He Tectu- He Tectu-
Allium-tect - + + +
poBanu poBaiu
Ipumeuanue. Het addexra; +cnadblit 3¢ddexT; ++ ymepeHHbIN 3 dekT.

CHGI{yCT OTMCTUTH TAKXKEC, YTO B HAIIIUX HCCIICAOBAHUAX B Hpo6ax IIOYBBI O6Hapy)KCHI>I HECKOJIBKO Ha-
HUMEHOBaHUH NECTULUAOB, @ TAKKC TAXKCIIbIX METAJIJIOB, IIO3TOMY UMECT MECTO MX CUHEPIrUIHOC ﬂeﬁCTBHe.
CucteMa TECTOB C HCIIOJIB30BaHUEM MOJEJCH Pa3sHOro YpPOBHS OpPraHU3allMU TaKXKe SBISIETCS MPEINovTH-
TeJILHOM AJI1 OICHKW CMHCPTHUIHOTO I[eﬁCTBHﬂ CMCCH pa3HbIX OIMACHBIX NECTUIIUAOB. HpI/IMCHCHI/IC HECKOJIb-
KHX TeCT-CHCTEM I0Ka3aj0, YTO MHOTOKOMIIOHEHTHAs CpeJla MOXKET He MMETh OJJHO3HAYHOTI'0 OTBETa BO BCEX
TecTax u3 6arapen, OBITH OOJiee BUIUMON B OJTHOM TECTE WJIH B JPYTOM.

Panee anamoruyHele HcciaeAOBaHUs OPOBOAMINCH HAIIEH MCCIIEA0BATENbCKON IPYyNIION B 5-TU mOCe-
kax Tayrapckoro parioHa AJIMaTHHCKOHN 00JIaCTH, T UMEIUCh CKIIAJbl YCTAPEBIINX IMECTUIUIOB, IIPH 3TOM
YaCTUYHO HE yTHIM3UPOBaHHBIX [26]. KoHIEHTpaly pa3HbIX HAUMEHOBAaHMI ITECTULIMIOB, KaK B BOJIE, TaK
U B M0YBE, OBIIM IOpa3/io BbILIE 3apETUCTPUPOBAHHBIX B AAHHOW paboTe, MpU 3TOM B IOYBE B HEKOTOPBIX
npobax cyMMapHbIe KOHIeHTpanuu nectuiinaoB npesbimanu [1IK 8 100-1000 pa3. 3apeructpupoBaHHBIN
MyTareHHbIH d3QQEeKT Ha MOJENBHBIX CHCTEMax BapbUPOBAIl OT YMEPEHHOTO 10 cuibHOTO. [Ipn 3TOM Yy nipo-
30(¢ Wbl OBUIN BBISIBIEHBI MyTalliu pazMepa U (opMbl I71a3, KOTOpbIe CTOMKO NEepeAaroTcs B PsiLy MOKOJIe-
HUMN YK€ B TCUCHUC 4-x ner. Hamummu komneramu YCTAaHOBJICHA CBA3b MEKAY COACPKAHUEM IMECTUIHUI0B B
NPOIYKTaxX MUTAaHHUS M YPOBHEM XPOMOCOMHBIX abeppaiuii y HaceleHHs MCCIEIOBaHHBIX MOCENKoB [28].
Tarxoke ObUIO TOKA3aHO MOBBIICHUE YPOBHS XPOMOCOMHBIX abeppaunii B TMMGOLUTAX OBEL U KPYIHOTO Po-
ratoro ckora [29]. B Halix HCCIeOBaHHUSAX 3apETUCTPUPOBAHHBIH MyTareHHbINH 3()(GEeKT ObLI 3HAYUTEIBHO
crnabee, 4TO MOATBEPKAACT JIMHEHHYIO 3aBUCHMOCTb OT JJO3bI HECTHIIUJIOB.

Takum 00pa3oM, KUCIOJIB30BAaHUE MOJEIBHBIX CHCTEM IO3BOJISICT aJCKBATHO OICHUTh MYyTareHHbBIN (-
(KT 3arpsA3HEHHBIX NPOO U MOKET OBITh MPOTHOCTUYECKUM KPUTEPHUEM AJIsl TOUHON OILIEHKH SKOJIOTHUECKHX
PHUCKOB, a TaAKKE JId SOKCTPAITOJIAINN JaHHBIX Ha APYIrUe€ HEICJICBBIC OPraHn3Mbl, B TOM YHUCJIC U HA YCJIOBCKA.

Baxnouenue

HecMmotps Ha Oosee yem JBaaUATHICTHHIA 3aNPET HA UCIOJIB30BAHUE XJIOPOPTAaHUIECKUX MTECTHUIIIIIOB,
HE YTWIN3UPOBAHHBIC 3aIPEILICHHBIC MMECTULUIBl BCE €ILIE SBIISIOTCS MCTOYHUKOM 3arpsi3HEHUS OKpYKalo-
et cpenpl B Kazaxcrane. OHM HAaHOCAT BpEJl SKOCHCTEMaM, IMTOCKOJIBKY MUTPUPYIOT U3 TMOYBHI ¥ BOJBI B
pacTeHus1, MoNaAaT MO MUIIEBOM LIENU B OPraHU3M JKUBOTHBIX U YeioBeka. M Hamum uccienoBaHus, MpoBe-
JICHHBIE B Pa3HBIX paiiloHaX AJIMAaTUHCKOW OOJIACTH C UCIOIH30BAHHEM T'€HOTOKCHUYECKUX TECTOB Ha MOJIe-
JISIX pa3HOTO YPOBHS OPTaHU3AITNH, 3TO TOATBEPIKIALOT.

Hanbonpryto omacHOCTh Cpear TOJTOCPOTHBIX TOCIEACTBIM BO3ACHCTBHUS TIECTUITHIOB MPEACTABIISIIOT
WX BO3MOXXHBIE MyTareHHbIE M TepaToreHHbIe 3PQekThl. [l03TOMy HE00X0MMO CBOEBPEMEHHO peliaTh BO-
MIPOCHl YTHJIM3AIMH yCTAPEBIITNX 3aMPEIICHHBIX MECTUIIU/IOB, a TAKXKe M3ydaTh BO3MOKHOCTHb pEeMETUaIlnd
MOYBbl U OYMCTKH BOJIbI B MECTaX PACIOJOXKEHUS XPaHWUIUI] NeCTUIUAOB. IIOCTOSSHHBIH MOHUTOPHHI U
CTPOTUI KOHTPOJIb 33 OIMMACHBIMU CyOCTaHIIMSIMH SIBIISICTCSI HEOOXOUMBIM ISl TIOJIFICpKaHus OajiaHca KO-
CHUCTEM U MUHUMU3ALIUU BpeAa, HAHOCUMOTO MPUPOJIE U YETIOBEKY.
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Paboma svinonnena npu noooepacxke Munucmepemea Hayku u gvicuieco oopasosanus Pecnyonuxu Ka-
s3axcman 6 pamkax uccredosamenvckou npoepammol OR11465435 — «Paspabomka u npumeneHue HOBbIX
2EHOMHBIX MEXHONI02UU 3AUWUMbl OP2AHUIMOE O MYMALEHHO20 GIUSHUSA, NOBLIULEHU NPOOYKMUBHOCU
NPUPOOHDBIX PECYPCO8 U YIVUULEHUS KAYeCMBA HCUSHU HACETEeHUSY.
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AJamartsl 00J1bIcbl ZKaMObLI ayAaHbIHAAFbI OYPBIHFBI XJI0POPTAaHUKAJIBIK
NeCTHHHMATEPAl CAKTAy KOMMAJIAPBIHBIH KAHBIHAH KMHAJIFAH CY KJHE
TONBIPAK YJTriJIepPiHiH MyTareHaik dcepiH IPTYpJii MoAeabAIK
TecT-Kyiesepai KOJIaHy apKbLIbl 0arajiay

Kasipri yakpiTTa ecKipreH XJ0pOpraHHKaIbIK NECTUIUATEPre TYPAKThl OPraHUKAIBIK JIACTAFBIITAp PETiHIES
KOJIIaHyFa THIBIM CalbIHFaH. ATaJNFaH 3aTTapibl KoJere jkapariaca, olap TONBIPAK IEH CyIbl JiacTarl,
KOPEKTIK Ti30eKTe >KHHANIBIN, OCIMAIKTepre, KaHyapiiapra jKoHE aJaMiapra 3WUSHBIH TUTi3eli. 3epTTeyadiH
MakcaThl — KOWManapiblH alHaJlachIHIArbl Cy MeEH TOINBIPAKTHIH JKOWBUIMAraH XJIOPOPTaHHKAJBIK
HNECTHIMATEPMEH JIACTAHYBIH XKSHE OJIap/iblH IeHOTOKCHUKAJBIK dcepiH Oaranay. Anmatsl o0ibIchl JKaMObLT
ay/laHbIHA KapacThl €Ki eJ/li MeKeH IeT] eCTULMATEePAiH OYPBIHFBI KOMMaapsl 3epTTeni. XUMUSUIBIK Talaay
KoWMasap/IpIH aiiHaJIaChIHAAFbl TONBIPAKTHIH XJIOPOPTraHUKAaJIbIK HECTUIIMATEPMEH KaHE ayblp MeTalgapMeH
JIaCTaHFaHBIH KepceTTi. Kopmiaran opTaHBIH KayiNTiliriH Oaranay yiIiH KoiManapIbslH jKaHBIHAH allbIHFaH Cy
MEH TONBIpaK yirirepi maimamansuinel. Cy JKoHE TOMBIpAK YITINEpPiHIH TEHOTOKCHUKAJBIK dcepi opTypii
Mozenbaik obbekrinepae 6aranangs: Salmonella typhymurium, Drosophila melanogaster, Allium cepa, koit
TIM(OLUTTEPiHIH KOHE afaM JIUMPOIHUTTEePiHIH JaKpuaapbl. Cy jKoHE TOMBIPAK YITiIepi OapbIK MOAETBIIK
XKy#Henep/e aici3 MyTareHiK acep TYFBI3BII, MyTalHsIap MEH XpPOMOCOMAJBIK abeppalysuiapAblH JKHITIrH
apTTHIPFaHbl aHBIKTAJIBL. MoenbIep IiH SpKaNChICH! YIIIiIH ITeHOTOKCHKAIIBIK 3Cep KOpCeTiice Jie, JereHMeH,
OpTYpJi MOJETbep MECTHIUATEPIIH JCepiHE OPTYPIi CE3IMTAIIBIKTHI KOHE OPTYPJi JKayam JIopEeKeCiH
kepceTkeH. COHJIBIKTAaH MECTUIMATEPAIH MyTareHIUTIrH aJeKBaTThl Oarayiay yIIiH opTypJii 00bekTinepi Oap
CBIHAKTap OaTapesiChlH KONJaHy KaKeT. 3epTTey HOTIDKeNepi MaiJalaHbUIMaraH €CKipreH HMEeCTHIUATEPIIH
oIl e KopIIaraH OpTaHbl JTACTAWTHIHBIH JKOHE KOPIIaFaH OPTaHBIH JIACTaHYbIH OOJIbIpMAy YIIIiH Jiep Ke3iHze
KayiIlci3 TypJie )KONBLTY KEPEKTIiTiH KOpPCETTi.

Kinm co3dep: MyTareHik ocep, XJIOPOPTAHUKAIBIK ECTHIUATED, MOAEIBIIK KyHeep, PELeCCHBTI JIETAIbIbI
MyTalusuIap, XpoMocoManapsie abeppammsuiapsl, tuMmdorurrepain nakpuapsi, Salmonella tiphymurium,
Drosophila melanogaster, Allium cepa.

N.V. Mit, O.G. Cherednichenko, A.S. Musaeva, O.Kh. Khamdieva, A.S. Amirgalieva,
M.O. Begmanova, A.D. Tolebaeva, A.L. Pilyugina, S.K. Nuraliev, S.B. Zaypanova,
G.A. Koishekenova, A.K. Bekitaeva, T. Kapasuly

Evaluation of the mutagenic effect of water and soil samples collected
near the former storage facilities for organochlorine pesticides
in the Zhambyl district of the Almaty region using various model test systems

Obsolete organochlorine pesticides are currently prohibited as persistent organic pollutants. If undisposed
they continue to pollute soil and water, to accumulate in the food chain and to harm plants, animals and hu-
man body. The aim of the study was to assess the pollution of water and soil around the warehouses by unu-
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tilized banned organochlorine pesticides and their possible genotoxic effects. Former warehouses of pesti-
cides were investigated in two settlements of Zhambyl district of Almaty region. Chemical analysis showed
contamination of the soil around the warehouses with organochlorine pesticides and heavy metals. Water and
soil samples taken near the storage facilities were used for environmental risk assessment. The genotoxic ef-
fect of water and soil samples was evaluated on various model objects: Salmonella typhymurium, Drosophila
melanogaster, Allium cepa, sheep and human lymphocyte cultures. It was found that water and soil samples
caused a weak mutagenic effect in all model systems, increasing the frequency of mutations and chromoso-
mal aberrations. Although a genotoxic effect was demonstrated for each of models, different models showed
different sensitivity to the action of pesticides and varied degrees of response. Therefore, for adequate as-
sessment of the mutagenicity of pesticides, it is necessary to use a battery of tests with different model ob-
jects. The results demonstrated that obsolete pesticide residues still pollute the environment and must be dis-
posed of in a safe way in a timely manner to avoid environmental pollution.

Keywords: mutagenic effect, organochlorine pesticides, model systems, recessive lethal mutations, chromo-
some aberrations, lymphocyte cultures, Salmonella tiphymurium, Drosophila melanogaster, Allium cepa.
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Iupukyasipno3s puca u MeToAbI H0PbLOBI

TopaskeHus: puca, Bbi3biBacMbie Magnaporthe grisea, sBIsIIOTCS OCHOBHOM GOJIC3HBIO, HAHOCAIICH yIepo
MOYTH BO BCEX CTpaHaX, BBIPAIIUBAIOIIUX PUC. DKOHOMHUECKas! 3HAYMMOCTb PHUCa OTpoOMHas, AJs 6ojee mo-
JIOBUHBI HACEJICHUS MUPA PUC CIYXKHUT KaK OCHOBHOM MCTOYHUK Kajopuil. B roasl snupuTOTHI TUPUKYISPH-
03 MOKET HaHECTH Pa3pyLINTEIbHOE BIUSHNE Ha IPOU3BOJCTBO puca B Mupe. Ha naHHBIN MOMEHT 3TOT ma-
TOTeH NPEBPATWICS B HOBAaTOPCKYIO MOJICNIBHYIO CUCTEMY JUIl UCCIENOBAaHUsS B3aUMOJCHCTBHUS «XO31UH—
naroreH». Benplnika 3a00eBaHus 3aBUCUT OT KIMMAaTHYECKHUX YCIOBHI pa3IMYHBIX PETHOHOB. Bo3HUKHOBeE-
HHEe 0OJIE3HN M CHMIITOMBI BapbHPYIOTCSI OT CTPaHbI K CTpaHe. BocnpuuMuuBEIe cOpTa HECYT OIPOMHEIE I10-
TepH ypoxkasi puca. OCHOBHOM NPUYHHON HAPYIIEHHs] YCTOMINBOCTH pHCa K MUPHUKYIISPUO3Y SBISIETCS BBICO-
Kasi CIIOCOOHOCTH NATOTeHA K U3MEHYMBOCTH. BUpylneHTHBIE MaTOTHITH BBI3BIBAIOT TSDKEIYIO (hopMy 3aboute-
BaeMoctu. IIpu uccnenoBaHUM MAaTOTEHHOCTH BO30YANUTE MOXKHO ONPEIEIUTh MATOTUIIBI, HCIONIB3YS KOJI-
JIEKIHIO Pa3JIMYHBIX COPTOB PHCA, KOTOPBIE OOBIYHO OTIMYAIOTCS APYT OT JIPYyra, HeCs pa3iIHdIHbIC T'€HBI yC-
ToiuMBOCTU. B HacTosIee BpeMs celeKIIMOHEepaMy MUpa IUPOKO MPAaKTUKYyeTCs MOJIUIeHHasl (IMpaMUIUpPO-
BaHME I'€HOB) YCTOMYMBOCTb BMECTO TPaAUIOHHOM MOHOIeHHOU. BhIpamuBanue copToB, MOMY4YEHHbIX My-
TEM CKpEelLIMBaHMs yCTOWYUBBIX COPTOB C BOCHPUUMUYMBBIMHU, C UCIIOJIb30BAHUEM MOJIEKYJIIPHOTO KOHTPOJISL
Hepexosia TeHOB Ha KaKJOM JTalle, MOXKET CIY)KHTh BBICOKOA()(EKTUBHEIM METOAOM OOpPBOBI C MUPUKYIIS-
puosom. ['enernaeckas rereporeHHOCTs M. grisea M0/DKHA yIUTBIBATHCS TPU CKPHHHUHIE YCTOMYMBBIX K IIH-
PHKYISIPHO3Y T€HOTUIIOB PHCa C MOMOIIBIO MOP(OIOrNIECKOT0, (PUTOMATOIOTHIECKOTO aHATIM30B U MOJIEKY-
JIIPHOM XapaKTEPUCTUKHU.

Knrouesvie cnosa: Oryza sativa, mupukynspuo3, Magnaporthe grisea, martoreH, BO30YAWTENb, T'€HBI
YCTONYHUBOCTH, BOCTIPUMMYIUBOCTb, 3JIAKH.

Beeoenue

Puc (Oryza sativa) — 3makoBas KyJbTypa, U3 cemeiictBa Poaceae, mpomspacrarorias B Aszun. K ocHOB-
HBIM PErMOHAM PHUCOCEesTHUA B MUpe oTHocATcsl Bocrounast u HOxuas Asus. Kuraii (6onee 209 miH metpu-
YeCKUX TOHH) SIBJISETCS BEAYIIMM MHPOBBIM MPOU3BOAMTEIEM pHca, 3a HUM cienyrotr Muaus, Munonesns,
banrmanemn:, Boetnam u ocranbsable cTpanbl mupa (PAO, 2019). Puc aensetcs npeoliaaialoniiM OCHOBHBIM
MpoAyKTOM muTanus B 17 crpaHax Asuu u obecrnieurBaeT 36 % OT MHPOBOIO JIMETHYECKOTO MOTPEOICHUs
Kajopuid. B Ommwkaiiinve roabl oXuaaeTcsl pe3koe yBeJIruueHue cupoca Ha puc. Mccienosanue, npoBeieHHOE
HccnenoBareabCKUM MHCTUTYTOM TPOJIOBOJIBCTBEHHON M CEIbCKOXO3SIMCTBEHHOM TMOJUTHKH, MOKA3bIBAEeT,
4yTO crpoc Ha nnIdoBaHHBN puc coctaBiseT 496 muH T B 2020 1. Bonee Toro Hacenenme A3uM TIO-
MPEeXHEMY OTIMYAETCS OTPOMHOI YMCIIEHHOCTBIO, I/le HAOMI0AaeTCsl 3HAUNTENbHBIN 1TOKa3aTelb HEYIOoBIe-
TBOPEHHOCTH CIIPOCa Ha PHC, HECMOTPS Ha 3TO, MPOU3BOJCTBO PHICa OCTAETCS Ha HU3KOM ypoBHe. Kak m3-
BECTHO, aOMOTHUYECKNE, TaK M OMOTHYECKHE (PAKTOPHI OTPHULIATENHHO BIUSIOT Ha ypOKail M BBI3BIBAIOT 3HA-
yHuTeNbHBIE NoTepu ypoxkas. K abuotndeckum ¢akTopaMm OTHOCSTCS 3acyXa, XOJOA, KUCIOTHOCTB, 3acoiie-
HUE, a K ONOTHYEeCKUM — BPEIUTENIH, COPHSKU U Oomne3nu. bosee 70 % 3a0oneBanuil BEI3BIBAIOTCS rpudamu,
BUpYyCaMH, OakTepusMu U Hemaroaamu. Cpean pa3IMIHbIX OoJIe3Hel prica MUPUKYIISPHO3 SBISIETCS CaMbIM
pa3pyLuTeabHbIM 3a007eBaHnEM B Mupe. Bo BceM Mupe 3To IpUBOIUT K HoTepe ypoxkas puca Ha 70—80 %.
[loBpexxaenne rpubOM METENKH MPUBOAMUT K YACTUYHOM WJIM TOJIHOW TOTEPE IMOJIE3HBIX BELIECTB B 3€PHAX
puca [1]. 3aboneBanre BhI3BIBacT Bo3Oyaurens Magnaporthe grisea (Anamorph Pyricularia grisea Sacc.,
cunonuMm Pyricularia oryzae Cav.). TToBpekieH#e JUCThEB U METEIIKH YKa3bIBaeT Ha TO, YTO OHA BBI3bIBACT
MOBPEXACHNE KaK BEreTaTUBHBIX, TaK M PENPOTYKTUBHBIX OPraHOB pacTeHH puca. B 3aBucuMocTH oT Me-
CTOTIOJIOKEHHUS M YCIIOBUM OKPYKAIOMIEH cpeanl 3a001eBaeMOCTh, a TAKXKE TSHKECTh MPOTEKAHUS MHUPUKYJIS-
pHO3a puca €XKEroIHO MEHSIOTCS. PUC BhIpaIIUBaIOT OOBIYHO B TEIUIBIX U MPOXJIATHBIX CYOTPOIMYECKIX
pEernoHax ¢ BBICOKOH BIIAYKHOCTBIO. TpONMMUECKUH BIa)KHBIN KIUMAT B A3MU BecbMa OJIaromnpuaTeH IS dIH-
JeMUH MHPHUKYIAPHO3a puca. Pa3BUTHIO MUPUKYISpUO3a CIOCOOCTBYET Psifi PakTOPOB, TAKUX KaK OTHOCH-
TENBHO BBICOKas BIaxkHOCTH (Oomee 80 %), Hm3kas Temmepatypa (15-26°C), macmypHas moroxaa, Oojee
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BIQKHBIC WJIH JOXIJIMBBIC THH, 00Jiee MPOIODKUTENbHAS MPOJODKUTEIBHOCTS POCHI, Cl1aboe JBHKEHHE
BETpa, HAJTMYIKE MMOOOYHBIX XO35€B U YPE3MEPHBIC 103bI A30THBIX ya00peHwuii [2, 3].

[TockonbKy maTOreH MOXET COXPaHAThCS B Pa3IMYHBIX OTXO0JaX MOCICyOOPOYHON HATYPHI CIIPABUTHCS
C HUM CTaHOBHTCS MpobaeMaTHyHO. bojiee Toro pasHoobpasue BUPYJICHTHOCTH BO3OYIUTENS MUPUKYIIIPHO-
3a 3aTPYAHSCT CENICKIIMIO Ha YCTOMYMBOCTD. TakuM 00pa3oM, B CENIEKITUH pUCa HA YCTOWYHBOCTD K MTHPHUKY-
TSIPUO3Y HEOOXOAMMO HCTIONB30BaTh KOHTPOJIb MOJICKYISIPHBIMA METOIAMHU.

ITo mnpornozam ®AO (ma wmoment 03.06.2022 r. omyOIUKOBaHHUS TOCIHCIHUX JAHHBIX
https://www.fao.org/worldfoodsituation/csdb/ru/), mpornosupyercst yBeauueHue NOTPEOICHUSA 3JIAKOBBIX
KYJIbTYp, B TOM yuclie ¥ puca. [lorpebieHue npoyKToB MUTAHUS HAMPSIMYIO 3aBUCHT OT HEYKIIOHHOTO POC-
Ta YUCJIICHHOCTH HaceleHus 3emin (Taor. 1).

Tadobnuma 1
IIporunoser ®AO 1o Npou3BOJACTBY pHuca o Bcemy MuUpy Ha 2023 roa

OtHomeHue
IIpousBoactso,
Tonpt MHPOBBIX 3aI1aCOB
MIJIH T 0
K HCIIOJIb30BaHMIO, %
2013/14 490,9 35,4
2014/15 490,5 35,5
2015/16 489,0 34,9
2016/17 497,1 34,9
2017/18 499,9 35,3
2018/19 508,2 37,2
2019/20 502,9 36,5
2020/21 517,0 36,7
2021/22 520,8 36,9
2022/23 519,5 36,4
Hcrounuk. https://www.fao.org/worldfoodsituation/csdb/ru/.

Ha nanHOM 3Tane u3ydyeHus U pa3BUTHS prca MUPUKYIISIPUO3 SBISICTCS OCHOBHOM M OMACHOM 00JIE3HBIO
pHca BO BCEX PHCOCEIONINX pernoHax Mupa. [IocKoIbKy prCc 3aHUMAaeT BTOPOE MECTO CPEIU 37TaKOBBIX KYJIb-
Typ (puc. 1), a Takxke 1m0 NOTPEOICHUIO KaJOPHA, U BCEX CEJIEKIIMOHEPOB MUpPA U3yUeHHUE BIUSHUS TaHHOM
0O0JIE3HU CTAHOBUTCSI OCHOBHOM 3a7a4eil.

httne-//www fan aro/fanstat/en/#data/OCT /fvisnalize

N

Pucynox 1. O6beMbI NpON3BOJICTBA pHUca IO BCEMY MUPY (PUCOBBIE MOJIS Ha JIOJIO CTPaH)

buonozus 6036youmens u pazsumus 6oaesHu

Bos0yaureneM nupUKyIIsSIpHO3a prca sisercs rpud Magnaporthe grisea. 9To HUTYATBIE ACKOMUIICTHI,
CIOCOOHBIE Pa3MHOXKATHhCS KaK MOJIOBBIM, TaK W OecnojbiM myTeM. [1010Boe pa3sMHOMKEHHE MPOUCXOIMT,
KOTJ]a JIBa IMTaMMa C MPOTHUBOIIOIIOKHBIMU THUIIAMHU CIIAPUBAHUSI BCTPEYAIOTCS, YTOOBI c(hOPMHUPOBATH ILIO-
JIOBYIO CTPYKTYPY, U3BECTHYIO KaK MEPUTEINI, B KOTOPOU 00pa3yroTcst ackocnopsl [4]. becmonblii sxu3HeH-
HBIW UK HAYMHAETCS, KOTa Tu(bI rpuba 00pa3yoT CTPYKTYPhI TUIOJIOHOIMICHUS U CIIOPHI, CO3/1aBasi KOHH-
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nun pazmepoM 20-22 MM x 10—12 MKM, ¢ 2 meperopoKamH, moIynpo3padHble U Cierka 3aTeMHeHHbIe. B
TabnuIle 2 mpeaocTaBicHa Oolee MoapoOHas XapaKTEePUCTHUKA BO3OYAUTEIS.

Tabnuma 2

Mopdoaornyeckasi XapakTepucTHKa Bo30y1uTe/Isl IMPUKYJIAPUO3a prca

IIpuzHnaku naTtoreHa Pazmep, hopma, nser Jluteparypa

HuameTtp ot 68,40 mo 83,50 mm
Kononnn xonmprieo0pa3zHoit GOpMBI C HEPOBHOH ITOBEPXHOCTHIO
BHemnuid BUA KOJIOHUH U MATKHUMH KpPasiMH, CepOBaTO-YSPHOTO IIBETA [5, 6]
Cpenusis nmHa oT 21,3 mo 28,5 MKkM
1 cpenHss mmpuHa oT 7,4 mo 14,8 MM
I'pymeBunnas popma, y3kuil KOHIUK, OKPYTIIO€ OCHOBAHUE,
OT MPO3PAYHOTO J0 CBETIO-0IUBKOBOTO, 18—23 X 8—10 MKkM

Konnanit
A 15-32 MkM B uiHY ¥ 6—9 MKM B HIMPHHY [6]
JumHa ot 17,6 no 24,0 MM u mupuHa oT 8,0 10 9,6 MKM
XmaMugocnops! (TeMMBI) 5-12 MKM B IBiaMeTpe, TOJIICTOCTEHHBIE
Conidium Spore tip mucilage
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Pucynox 2. CxemaTHueckoe H300paskeHne MPOrpecCHpOBaHMUs KJIETOUYHOTO LIUKJIA
BO BpeMsi pa3BUTHS anmpeccopuyma y rpuba M. grisea

I'pub 3apaxkaet pacTeHue criopamu, MPOPACTAIOIIMMHU B 00pa3yIOMIMMH anIpeccopuyM (CrennanbHas
rpuOKOBasi KJIETKA, C IOMOIIBIO KOTOPOH MIPOUCXOHUT 3apaKeHUE) Ha TOBEPXHOCTHBIX yYacTKax pacTeHHs, a
3aTeM pacCIpOCTPAHSIONUMH TayCTOpUH (ITUTATENIbHAsT CTPYKTYpa) B KIETKH pacTeHus. Bo BpeMs momana-
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HUS CIIOP Ha JIMCTBS U APYTHe TKaHW BOCTIPUMMYHMBOIO PACTEHHS, OHH MPOPACTAIOT U Pa3BUBAIOT alpecco-
puii, KOTOPBIN MPOHUKAET B PACTUTENHHYIO KIETKY, 00pa3ys KOJBIIIEK JUId MPOHUKHOBeHUs. JlaBieHue B
anpeccopUy yBEITMIUBACTCS, U CTPYKTYpPa B3PBIBAETCS, BHI3BIBAsS MPOHUKHOBEHNE Yepe3 KIETOYHYIO CTEHKY
BHYTpb KIeTKH [4—6]. 'pubok paspactaeTcs MEXKKIETOUHBIMH WM BHYTPHUKJICTOYHBIMHU TH(aMu BHYTpH
TucTa M 00pa3yeT pasiudHble mopaxeHus. [lepBoHadanbHOe 3apakeHHe MPOUCXOIUT Ha JTUCTHSIX OOBIYHO B
TIEPHOA KYIIEHHUS ¥ TPOSBISIETCS B BUIE POMOOBHIHBIX, KPYTIIBIX WM BEPETEHOOOPA3HBIX MOPAKEHHUH C 3a-
OCTpEeHHBIMH KOHIIaMHU. Kak TOJIBKO TpHOKOBBIE TH(BI 3aKpEIUISIOTCS HA PAaCTEHHH-XO3SUMHE, HAYMHACTCS
MIPOLIECC CIIOPYJIALNU U MPOU3BOJICTBA Oeconbix crop [7]. Bo30ynurens 3aBepmiaeT CBOM )KU3HCHHBIN UK
B TeueHne oaHou Henenmn. Kaxkmas u3 ¢as (cropoodpazoBaHne, BEICBOOOXKACHHE, POPACTaHUE U TPOHUKHO-
BEHHE) UTPAeT BAKHYIO POIb BO BpeMs SMU(UTOTUN U TPeOyeT Pa3InIHbBIX YCIOBHIA.

daza crnopymsALuM SBISACTCS MEPBBIM IIArOM, CIIOCOOCTBYIOIIMM PAa3BUTHUIO 3apaKeHUS! MUPUKYIISIPHO-
30M JIUCTHEB, MTOCKOJIBKY OHa OOecleYnBaeT MOsBIeHHEe WHOKYIITA [7, 8]. 3apakeHrne pacTeHHid pruca Ipo-
HCXOIHUT B OCHOBHOM MEXIY CTaIMsIMH BCXOAOB W MO3MHETO KymieHus. [lopaxenns HauuHAIOTCS ¢ HEOOIb-
X MIPOIMUTaHHBIX BOI[OI\/'I Y4aCTKOB Ha MOJIOABIX JIMCTBAX U 6bICTpO YBCJIMYUBAIOTCA BO BJIAJKHBIX TCIIJIBIX
YCIIOBHSX 10 POMOOBHIHON (POPMBI C CHHE-CEPBIM OTTEHKOM, KOTOPBIE SIBIISIFOTCS CIIOPaMH TpuboB (puc. 2).
OpHaKo B €CTECTBEHHBIX YCIOBHSX Ha CIOPOHOIICHHE OOIBINOE BIMSHUE OKa3bIBAIOT BO3PACT ypoXKas U
pa3sMep TMOopaKeHUs, a TaKKe COpT puca. B ciyyae TsDKEIBIX WM MHOXKECTBCHHBIX MH(MEKIIMHA MMOpaKCHHS
MOTYT CpacTaThcs, TOKPBIBas OOJBIIYIO YacTh JUcTa [9].

bnazonpusmusie ycnosus ons pacnpocmpanenus Oone3nu

Magnaporthe grisea ocoOeHHO XOpPOLIO Pa3BUBAETCS BO BIXKHBIX TEIUIBIX YCIOBHUSIX, B [UTUTEIIbHBIC
nepuoIsl pockl (6osee 9 4), ycuaMBaroUIrecs: n3-3a TyMaHa, TeHH WM YacThIX HeOombImux aoxaei. Kpome
TOTO, JUIA 3apakKeHus: TpedyeTcs Kak MUHUMyM § 4 Biaru. IlacmypHas moroza, BBICOKas OTHOCHTENbHAs
BiakHOCTH (9399 %), Hu3kas HouHas Temneparypa 15-20°C, Gonblias NPOAOIKUTEIBHOCTE POCHI SBIIS-
1oTcsi HanboJiee OJArONMPHUATHBIME YCIOBHSIMU JUISS BOSHHKHOBEHHUSI MUPUKYIspHo3a. [luraHwe pacTeHus
TaKXKe BIMSET Ha 3apaKCHUE MATOT€HOM, MOCKOJIBKY BOCIIPUUMUYNBOCTh YBEITHMUUBACTCS ¢ OoJiee BHICOKMMU
JI03aMH a30Ta, IOCKOJIbKY 3TO CIIOCOOCTBYET 00jiee aKTUBHOMY BET€TaTUBHOMY POCTY Ha paHHEH CTaguu U
YBEIMUUBACT TSHKECTh MPOTEKAHUS MUPUKYISpH0o3a. Takke U3BECTHO, YTO YPOBEHb a30Ta BHI3BIBACT YBEIH-
YeHHE TOJIIUHBI TI0JI0Ta, YTO TPUBOJUT K O0Jiee BHICOKOMY YPOBHIO BII2KHOCTH, HO 3TO SIBJIEHHE HanOoee
OIIACHO B FOPHBIX WJIM OCYIIEHHBIX yciaoBusX. ['pub obpasyeT MHOXKECTBO clIOp Ha cTeOJIEBHIHBIX CTPYKTY-
pax, Ha3bIBAEMBIX CIIOPAHTHSIMU, B IPUCYTCTBUH ONAarONpUSTHOMN Cpeibl M BOCOPUUMYHUBOIO XO3WHA U BbI-
3bIBACT MHOTOYHCIIEHHBIE HOBbIE MH(EKIIUH Ha MOJIe M coceTHUX Mosx. Cropsl NepeHOCsTCS BETPOM U BO-
oM Ha Oojpluve paccTosiHUA. VIHBIMH yCIOBUSIMH, ONaronpUsATCTBYIOIIMMH HUPHUKYISIPHO3Y, SIBIISIOTCS
necyaHble MOYBBI M TOJSA, OOCakeHHbIE IepeBbsAMH [9]. YkazaHbl Cilydyal BBISBJICHUS OTPHULATEIIHHOMN
KOPpEeISIHNA MEKIY COepPKaHNEeM Kalus B JIMCThIX puca B (ha3bl BCX0/1a B TPYOKY U IIBETEHUS U Pa3BUTHEM
Oone3nu. [Ipy BHeceHMM KaTWUHHOW MOJAKOPMKH Ha 3TOW (a3e yBETHMYUBAETCS YCTOWYMBOCTH PACTEHUH K
nupuKysipuosy [10].

Kpome Toro, apeHax Bojabl ciocoOCTBYeT 00pa30BaHHUIO HUTPATOB, YTO MPUBOAUT K CTPECCY OT 3aCyXH.
CornacHo Y. Kato ¢ coasropamu [11], puc Oojiee BOCIPUMMYUB K 3aCyXe, YeM JIPYTHe 3J1aKH, U3-3a €ro He-
CHOCOOHOCTH PEryJIMpoBaTh NOTEPIO TPAHCIIMPALUOHHON BOABI, CI1a00CTh, KOTOpasi MOXKET OBITh yCKOpeHa
aTakoHl puca NUpUKYJsipruo3oM. HampoTus, nmoceB B Boxy (Iocagka Ha OYEHb BIAXKHYIO II0YBY) PEKOMEHAY-
€TCs, TaK KaK 9TO YMEHBINUT Iepeaady 0ose3Hu ot ceMsH K mpopoctkam. Kak coobmraror H.K. Manandhar ¢
coaBTopamu [12], ympaBieHre BOAHBIMU PECYypCaMU MOCPEICTBOM 3aTOIUICHUS TaKKe PEKOMEHIYETCS s
YMEHBILIEHUSI TUIOIIAAN TIOPAXKEHHUS, B OTIIMYUE OT CIIy4yaeB HEXBATKU BOJBI.

[TaToreH MokeT MPOMOIKATh KHUTh B PACTEHUSX OT OJHOTO TIOCEBHOTO CE30HA K JIPYTOMY B TPOIMKAX
WM BBDKHMBAaTh B YMEPEHHOW 30HE Ha IMOciieyOOpOoUHBIX ocTaTkax OombHbIX pactenmid [13]. Cemena, kak
BTOPHYHBIE X035€Ba, TAKKE MOT'YT BBICTYIATh B POJIM NOTEHIUAIBHOTO HCTOYHUKA MEPBUYHOTO MHOKYJISTA.
Bo30yauTens 3uMyeT B Bl CHIOP Ha 3apakKeHHBIX pacTUTENbHBIX OcTaTKax. BecHoOH rpub mpon3BoauT HO-
BBIE€ CITOPBI, KOTOpPBIE TTOBTOPHO 3apaxaroT puc. CIOpbl Pa3HOCITCS BETPOM W KaIUIIMHU JOXKJS M pacipo-
CTpaHSIIOTCS Ha OOJIBIINE PACCTOSIHHUS.

Luxn 6one3nu nupuxyasapuosa puca

R. Sasaki BnepBsie coobumn o Hanuunu mramMmmoB M. grisea ¢ muddepeHuaIpHOM MaTOreHHOCTHIO
[14]. Ipu nuokymsmuu M. grisea Ha JIHCTBIX prca HabIIOgaNach MepeMEHHas MaTOreHHOCTh, CHMIITOMBI
MOSIBJIIFOTCS. HA JIUCTHSIX CHAadYaJia B BUJIC TOUYCUHBIX ISATCH, a 3aTEM PaCIIUPSIIOTCS, IPOA0ITOBAThIE HEKPO-
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THYECKUE TISITHA MPEBPALIAlOTCsl B Y3KHUE WIIM CIErKa 3JUTUNTHYECKUE MOpaXKeHUs, JUIMHON Oosee 3 MM, ¢
KOPHUYHEBBIM KPaeM, OKPY>KEHHbIE MEPTBBIMU IIOBEPXHOCTSIMH IIEIIEILHOIO LIBETA.

CormacHo C.A. Ma3sypuHy C cCOaBTOpaMH, pa3inyaroT Tpu (GOPMbI MAPHUKYIIPHO3a, TaKHe KaK JIHCTO-
Bas, creOneBas u Metenbyaras popmsl [15]. [Ipu nopaxennn M. grisea moaseprarorcsi pa3pymeHUI0 TOYTH
BCE€ OpPraHbl pacCTEHUH pHca, 3TO JIUCThA, CTEONH, MIEHKY, Y3/l M METENKH, Ha BCEX CTalUsIX POCTa U pa3BU-
TUS U3-3a CBOCH MONIMIMKINYECKOM mpupoasl. Ilpy npusemieHnn NepeHOCHMBIX 10 BO3AYXY KOHHMIMM Ha
pacTeHusl prca, OHU MPWIHINAIOT K MOBEPXHOCTU Yepe3 JHIKYIO CIIM3b, 00pa3yloulyocsi BO BpeMs ruapara-
LMY U3 BEPXHEro oTneia KoHunka koHuaus [16, 17]. Konuauu mpopacTaioT, KOorja Ha MOBEPXHOCTU pacTe-
HUSI-XO3MMHA IPUCYTCTBYET IOCTATOYHAS BIA)KHOCTh. 3apObllIeBas TPyOKa BBIXOAWT U3 CY>KAIOIIErOCs
KOHIIa KOHUMH U Pa3pacTaeTcs [0 MOBEPXHOCTH PACTEHUS.

Amnpeccopuii cofepkaT NOAOOHbIE XUTUHY M MENaHMHYMOJIEKYJbl B KJICTOYHOW CTEHKE XO3SIMHA, a
IIPUCYTCTBUE INIMLCPHHA MOBBIIIAET TYPrOPHOE AABICHUE, YTO MO3BOJIAET IPOHUKATh B KyTUKYJIY U KJIETOU-
HYIO CTEHKY pacTeHHs pHca, IpoAyLIupyeMomy anpeccopusimi [18]. Anpeccopuii npoxoasaT yepe3 yCThULA B
pactenue puca. ['Udpbl TUPUKYIIPUO3HBIX TPUOOB MPOHUKAIOT B TKAHU PACTCHUA W B KOHCYHOM HTOI'C BbI-
3BIBAIOT MOpakeHUs. VIHBa3Hs 1 KOJIOHM3AIMsI TKAaHEeH pacTeHUi 00ycCIIoBIIeHa TPHOKOBBIMH TH(haMH, KOTO-
pBle BTOPraroTcs B IJIa3MAaTHUECKYI0 MEMOpaHy, a TakxKe B KIETKU snuaepmuca. Crnennanu3upoBaHHbIE TH-
TaTeJbHbIE CTPYKTYPHI WM MHUTATeIbHBIE TH(HBI 00pa3yroTCs BO BpeMs paHHEH WHBa3UH B TKaHHU, YTOOBI MO-
MOYb KOJIOHM3UPOBATH TKAHW U IOJIYy4YaTb MUTATCIIbHBIC BECUICCTBA U3 JKUBBIX TKaHel paCTeHHfI. rH(I)I:I I1e-
pEeMeLIaTCsl B Pa3iIuYHbIe PACTUTEIbHbIE KICTKH Yepe3 IUIa3MoaecMbl. [lopakeHus MPOSBIIIOTCS B TEUe-
Hue 3—4 nHelt mocne 3apaxkenus [16, 17]. B ycnoBusix BEICOKOH BIQKHOCTH MUPHUKYISIPHO3 OBICTPO 00pasy-
€T CIIOPbI U BBIACIIACT 60.]'[])1]_[06 KOJINYECTBO KOHUAUHU. KOHI/IIII/II/I O6I>I‘-IHO NnepeaaroTCa BETPOM WUIIN 6pBI3Fa-
MU JOXIS Ha COCeIHHE PAaCTeHUs prca, 3amycKasl HOBBIM mUKI Oone3Hu [19]. 3aboneBaHue Takke MOXET
MIPOSIBUTHCS B BHJIE KOPUYHEBBIX POMOOBUAHBIX NOpakeHUH Ha cemeHax puca [20, 21]. Hwke B Tabmume 3
MPUBEACHBI CUMIITOMBI IIUPUKYJIAPUO3a pUCa.

Tabnuma 3

CuMnTomMbl, BbI3bIBaeMble MUPUKYISAPHO30M pHCca

ITopaxkaemas
4acTb CHUMITOMBI THPUKYIISPHO3a Jluteparypa
pacTeHust

Ouaru cepo-3eJI€HbIe, BOJSHHUCTBIE C 3€IeHON KaiMoii, 6Je1HOTO 3arapa ¢ HEeKpOTHYe-
CKHMHU KaliMaMu

Ha monoapix nucTesax (puoseToBbIe MATHA, BEPeTeHOOOpa3HbIe 00pa30BaHUS C CEPhIM
LHCHTPOM U OT (I)I/IOJ'ICTOBOFO A0 KOpUYHEBOI'O0 KOHIIA, HA CTAPBIX JIMCTHhAX KOPUYHEBBIC
IIsATHA

[TepBuuHbIC MOPaXXEHUSI UMEIOT LBET OT OEJIOro JI0 Cepo-3eNeHOro ¢ Ooyiee TEMHBIMU
KpasMH, Oojiee cTapble NMOpa)KeHUs! BBITILIAT Kak Oeno-cepble, OKPY)KEHHBIE KpacHO-
KOPHUYHEBBIM KOHIIOM M UMEIOT (hopMy pomba

[leiika mopaxkaercsi HHPEKINEH y OCHOBaHHSI METEIIKH, U OHAa HAYMHAET THUTh
TpeyronbHbIe ITypITypHBIE MOPa’KeHHUS, pacUIMpSIONIMEcs 10 00e CTOPOHBI HIEHHOTro
y3J1a, 3apakKeHHbIe O0JIee MOJIO/bIE Y3TIbI CO3/IAI0T OeNble METEJIKH T10 IIBETY.
[opakeHus1 yacTo MpPEACTABISAIOT COOOH CepOBaTO-KOPUYHEBOE 0OECIIBEUMBAHHE BET- [22]
BEll METENIKH, TPEYroibHbIE MypHypHbIE MOPAXKEHUs, CONPOBOXKIAIOIIUECS paclIUpe-
HHEM MO0 00EUM CTOpPOHAM IIEWKH. METENKH CTAaHOBSITCS OENBIMH, KOTJa MOJIOJbIE
HIEVKU 3apa’KEHBI

JIucTes

[21]

OcHoBaHue
METEIKHU

B mHactosimee BpeMs WMEIOTCS JOCTaTOYHO HWCCICAOBAaHMH HA TMATOTCHHOCTh BO30YAHUTEIS
nupukyisipuosa. Hanpumep, B uccieqoBaHUM, MPOJEIAHHOM HHAOHE3UUICKUMHU YYEHBIMH COBMECTHO C
(OWIMIMMHHCKAMU ¥ AMOHCKUMHM HAyYHBIMA WHCTUTYTaMH, OITMUCHIBAETCS XapakTep a TaKkKe THI
BO3OyAWTENS, BIMSHUE HA pa3IUYHBICE COpPTAa pHUCAa C Pa3IMYHBIMH Te€HAMH YCTOWYHMBOCTH, MEJICHUE
BO30yIuTENeH Ha M30JATHI, CO3J]aHUE SMHON TECT-CUCTEMBI 3alllUThl OT MUPHUKYISApUo3a u T.11. MHIoHe3us
OTJIMYANACh OT APYTUX CTPaH MO PEaKIUU Ha MUPUKYISIPHO3. B Ipyrux u3yueHHbIX 10 HACTOAIIETO BPEMEHU
CTpaHaX YacTOThl BCTPEUAEMOCTH H30JATOB M. Qrisea, BHUPYJICHTHBIX K Pa3HOBHIHOCTSM BO30YIHMTEN,

BapbHPOBAINCH, BBICOKHE 3HAYCHUSI 00HAPYKUBAIOTCS B KOHKPETHBIX PUCOBBIX SKOCUCTEMAX WM PETrHOHAX
[22, 23].
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Memoowst 6opbObl ¢ NUPUKYAAPUOZOM

Paznensitor HECKOJIBKO c110cOO0B OOpPHOBI ¢ MUPUKYJISPUO30M, TAKUE KaK YIPABICHUE IMUTAHUEM, XU-
MHYECKHUHA METO, OMOJIOTHUECKHI METO/I.

[TouyBa ¢ BBICOKMM COJEpKaHHEM OPTraHUYECKOTO BEIIECTBAa M OMOIOTHUECKON aKTUBHOCTBIO J€MOHCT-
pHUpPYET JIydIINi CTaTyc TUIOAOPOIMS, YTO IpeaoTBpamaeTr 3apaxenne [24]. Takum oOpa3om, ympaBieHHe
[IUTATEJIbHBIMU BELIECTBAMH MI'PACT BaXXKHYIO POJib B O0ph0€E C MUPUKYIAPHO30M puca. Perymsuus no3 nura-
TENbHBIX BemecTB kak a3o0T (N) u kpemHwmii (Si) BAMSAIOT HA 3a00J€BaEMOCTh U pa3BUTHE 3a0ojeBannil. He-
CKOJIBKO HCCIICIOBaHMHN MOKA3ald, YTO WHTEHCHBHOE WCIONB30BaHHE a30THBIX YAOOPEHUH MOBBIMIAET BOC-
MIPUAMYHUBOCTh pacTeHuil puca K mupukysipuosy [25]. D.H. Long ¢ coaBTOopamu mokasand, 9TO IpUMeHe-
HHUE a30Ta B ONPENEJICHHBIX J03aX YMEHBINAI0 YpEe3MEPHbIIl BEreTaTUBHBIN POCT B HaUajie C€30HA U TSKECTh
MPOTEeKaHUsl MUPHUKYIsipHo3a. Kpome Toro, mcciaeqoBaHusl BO3ACHCTBUS a30THBIX yAOOPEHUA U UX CBSI3U C
MUPUKYJISIPUO30M TAKKE MOATBEPININ HEOOXOAUMOCTh 00pabOTKH PACIICIUIEHHBIM a30TOM YyBCTBUTEIBHO-
ro copra [26]. Taxke cnemyer yHOMSHYTh, YTO YBIXHEHHE JUCTA OBICTPO YBEITUYHBAET POCT MUPUKYIIS-
pHo3a OCHOBaHMs METEIKH [27].

Kpemumii nmpoko U3BeCcTeH Kak «IOJIE3HbIN 3JIeMeHT» IS pacTeHui. MccnenoBanus nokas3siBatoT, 4To
BHECEHUE KPEMHHMS B MOYBY MPHUBOIUT K JOKAIHM3ALUKN Ha ITOBEPXHOCTHU JIUCTHEB, KOTOPbIE ACUCTBYIOT Kak
¢dusnueckuii Gapbep NpoTuB B3pbIBa [28]. Hakorienue Gombiero konnyecTBa KpeMHe3eMa Ha roderax puca
MPUBOJIUT K MEHBIIICH 3a00JIEBAEMOCTH MTUPUKYISIPUO30M. DTy TEOPHIO MOATBEPAHIN yueHble n3 denepainb-
Horo yuuBepcutera Yo6epnanauu (bpasumus) [29]. Kpome Toro, mpuMeHeHHE KPEMHUS AEMOHCTPUPYET MO-
TEHIMAJl YCTOMYMBOCTH K MUPUKYISIPUO3Y, HO HE YBeNW4HMBaeT ypoxkaitHocTs puca [30]. Kpemawmii qoporo
00XOAUTCSI B MPUMEHEHUH MTPOTHB JAaHHOHM OOJIE3HH, UTO SIBJISETCS SKOHOMHUECKH HEBBITOTHBIM. TakuM 00-
pa3oM, KpeMHUH SBJISETCS] OAHUM U3 JIy4YLIMX CPEACTB yNpaBiCHUS NMUTATEIbHBIMU BelleCTBaMU B OopnOe ¢
YCTOMUYMBOCTBIO K MUPUKYJISApHO3Yy. TOUHO Tak ke 3aTOIUICHHE PUCOBOTO MOJISI CO3/AaeT aHa3pPOOHbIE yCIIo-
BUS, KOTOPBIE YCTPaHSIOT OOJE3HHU, MOCKOJNBKY BOJa CO3[aeT HEOIArompHsITHBIC YCIOBHS JJisl MATOTCHOB
[31]. Cpenu 31ak0B puc HauOoJee BOCOPUUMYUB U UMEET HU3KYIO CIIOCOOHOCTH MEPEHOCHUTH TOTEPH BOJIBI
[IPY TOPAKEHNH MUPUKYIPHO30M PHCa.

®depMepsl TakKe UCTONB3YIOT XUMHUYECKHE TMEeCTHIUAB B 00phOe ¢ MUpHKYIIpHo3oM. B pesynbrare
MPOBEIEHHBIX dKcriepuMeHToB H. Jamal ¢ coaBTopamu clienanu BBIBOJ, YTO MaHKOLEO 3(h(hEeKTUBEH MPOTHB
MUPUKYJISPHUO03a TPU ompezelieHHol koHneHTpanuu [32]. ['pynma uccnempoBaTeneit cooOmmia, 4T0 ONpHI-
CKMBaHME JHMCTBBI M30MPOTHOIAHOM YMEHBIINMIO 3abosneBaeMocTh [33]. Ilpu npuMeHeHnn H30MpOTHOJIAHA
YPOXKAMHOCTh KakK 3epHa, TaK M COJIOMBI YBEIMYMIACH 110 CPABHEHHIO C APYTHMM KOHTPOJIEM. DKCIEPUMEHT,
nposeneHHblil P.B. Magar ¢ coasropamu B UutBane, Heman, moka3zan, 4To KOMOMHALUS TPULMKIIA30J1a U
reKCaKOHa30J1a, IPH UCIOJIB30BaHUN Ha CTaguu (as3bl BBIX0OJA B TPYOKY C HeleJIbHBIM MHTEPBAJIOM IIpOje-
MOHCTPUPOBAJIa CaMBbIli BBICOKHMH KOHTPOJIb Haja OonezHsmu (87,03 u 79,62 % npu mopaKeHHH JIUCTHEB U
OCHOBaHHS METEJIKH, COOTBETCTBEHHO) M CaMble BBICOKHE MTOKa3aTeNIn ypokaiHoctu (4,23 1/ra) [34]. Heoo-
XOAMMO OTMETHUTb, YTO B OOpHOE C MUPUKYIISIPUO30M METO/AbI OOpaIleH!s] K XUMHUUYECKUM BELIECTBAM HE SB-
JISIIOTCS. HU TIPAKTUYHBIMU, HU 3KOJIOTHYECKN O€301MacHBIMH.

[Tpu Guonornveckom Meroe OOPHOBI OTMEUAETCSI POJIb HEKOTOPHIX OMOJIOTHYECKUX areHTOB, KOTOpPbIE
CMOIJIM TOJIABHUTh POCT Bo30ymurens Oone3nu. ['pud Trichoderma spp. mHruOMpoBai pocT MULETHS TUPHU-
KyJsipuo3Horo rpuba [35]. B uccnemoBanuu, npoBeaeHHoM B Kutae, ObUIO A0Ka3aHO, 4TO SHIO(PUTHBIN
mramMm  Bacillus tequilensis mox wmasBammem GYLHOO01, BeigenmeHHbii w3 JIarwis  1aypcecKoro
(Angelica dahurica), o6nasaeT OOJBIIMM MOTEHIIMAIOM B Ka4deCTBE OHOJIOTHYECKOil OOPHOBI C MHUPHUKYJIS-
puo3zoM puca [36]. AHaTIOTHYHO OaKTEpPHsIM, BBIJICICHHBIM M3 PHUCOBOM IOYBHI, OBUIO OOHAPYXKEHO, YTO
ncesaomonana EA105 naubosee apdexruBro nmomasisuia poct M. grisea. O6HapyxeH 3pdeKT moJaBaeHust
pocra M. grisea ncesaomonazoii EA105 aHanmoruyHo HEKOTOPBIM OAKTEpPHSIM, BBIICICHHBIM W3 PUCOBOM
nouBsl [37]. [lo cpaBHEHHIO C APYTHMMHU METOAAMH OMOJIOTMYECKUI KOHTPOJIb OKA3bIBAET MUHUMAJIBHOE T1a-
ryOHOE BO3/ICHCTBHE Ha OKpYxKarolyto cpeay [38].

Hapsny ¢ TpainiioHHBIME METO1aMU OOPHOBI ¢ JAHHOW OOJIE3HBIO0 IPUMEHSIOTCSI COBPEMEHHBIE METO-
nel Marker assisted selection (MAS). Ha ceropusimnuii 1eHs uaeHTHQUIHPOBaHO 0k0j0 100 reHOB ycTOM-
yuBocTH K Magnaporthe oryzae, u MHorHe U3 HUX ObuTH KioHHMpoBaHbl: Pb-1, Pia, Pib, Pid-2, Pid-3, Pik,
Pik-h / Pi-54, Pik-m, Pik-p, Pish, Pit, Pita, Piz-t, Pi-1, Pi-2, Piz-5, Pi-5, Pi-9, Pi-21, Pi-25, Pi-36, Pi-37, Pi-
35, Pi-64, Pi-56, Pi-63 u PiCO-39 [39-47]. BoJbIINHCTBO TEHOB YCTOMYUBOCTH 00ECIIEYMBAET HEMOpaKkae-
MOCTB pHCa TOJIBKO K ONpeesIeHHbIM pacaM marorena. [Ipyn co3gaHum yCTOWYMBBIX COPTOB MyTEM CKPELIH-
BaHUs BOCIIPUMMYHUBBIX C YCTOHUUBBIMU COPTaMU MPOBOJUTCA KOHTPOJIb IEPEHOCA TEHOB MOJICKYIIIPHBIMU
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Mapkepamu. [y uaeHTUHUKALNN ONpeIeeHHBIX TEHOB YCTOHUMBOCTH MCIONB3YIOTCS MHUKPOCATEIUIUTHEIE
Mapkepbl. OIpenenstoTcs onpeaesieHHbIe JOKYChl TeHOB U TECHO CBA3aHHBIE C HUMM MapKephl, HallpuMep,
st reHa Pi2 6yayt ucnons3oBansl RM 527 u SSR 140, mist Pi-1 — RM 224, ns rena Pi-33 — RM 72 u
RM 310 [48]. Jlunuu, nposiBUBLIME YCTOWYMBOCTH KO BCEM YKa3aHHBIM pacaM M COXPaHHMBIIME BBICOKHE
TEXHOJIOTHUECKHE KauecTBa 3€pHA, IPOXOAAT AAJbHEHIINE HCIBITAHUS Ha YPO)KaHHOCTh KaK MEPCHEKTHB-
HBIE copTa. Bo BCe TO/IBI HCIIBITAHUA TPOBOIAT MOIHBIM TEXHOJIOTMYECKHI aHAIN3 3epHA BCeX TUHMI [49].

Kak u3BecTHO, OOJBIIMHCTBO I€HOB YCTOMYMBOCTH K MUPUKYISPUO3Y ONPEACISIIOT HEMOPaKaeMOCTb
pacTeHHii OrpaHMYCHHBIM YHCJIOM pac MaToreHa. B 3TOM ciydae M3IONB3yeTCsl METOJA MHTPOTPECCHH He-
CKOJIBKMX I'€HOB (MIMPaMUAMPOBAHKE) B BOCIPHUUMUUBBIE cOpTa. Takke BBIOMPAIOT I'eHbI, 1ETEPMUHUPYIO-
I YCTOWYMBOCTD ITUPOKOTO CIIEKTpa AeicTBUs, Takue Kak Pi-1, Pi-2, Pi-33 [50].

B Kazaxcrane puc Bo3nensiBaercs B AByX peruoHax: Kerzpuopauackoit (70—-80 Teic. Ta) u AnMatuH-
ckoit oomactsx (15-20 teic. ra). Cormacao M. KoiimmbaeBy mupuKyIspro3 BIiepBbie ObLT BHISIBIIEH B KbI3bI-
nmopAnHCKON obmacTtu B Hadane 1930-x rr., u 50-60 netr ynmomMuHaHUI 0 OOJE3HU HE MOCIE0Ba0. 3aTEM B
1998 r. ouaru 3amerunu B 2-3 paiionax KeipuiopauHckoit obmactu. [lo JaHHBIM TeppUTOPUATBEHONW HH-
cnekiun MCX PK nupukynsipuo3 6su1 BeisiBiieH B 2006 1. Ha 30,3 % miomianu (12 Teic. ra), Xapaktep pac-
mpocTpaHeHus: ObuT ouaroBeiM. Tak, B CrIpmapbuHCKOM paiioHe KBI3bUTOpAMHCKON 001acTH MacCOBBIH TT0-
ceB puca copta «Maprxkan» ObII MPEKpaIIeH 13-32 HEYCTOWYMBOCTH COpTa K MUPHUKYIAPHO3Y. B cBsi3u C Tem,
YTO PUC pacTeT Ha 3aTOIUICHHOW BOJIOW 3eMIIe, CO3/1aeTCcs MECTHBIN OIpPEETICHHBIH MUKPOKIUMAT C BBICO-
KHUM TI0Ka3aTeJieM BJIXKHOCTH, YTO ITOBBIIIAET IIAHCHl Pa3BUTUS U PACIPOCTPAaHEHUs JaHHOU Oone3HH. Tak,
B 2009 r. Magnaporthegrisea mopasui 4,1 teic. ra, a 8 2011 r. 1,6 ThIc. ra mocesos [51].

B Hayuno-nccrienoBaTenbckoM HHCTUTYTE ipobieM ouonornueckoii 6ezonacaoctn KH MOH PK npo-
BOAWINCH HCCIENOBAaHUS MOPQOKYIbTYypalbHBIX OCOOEHHOCTEH pocTa BO30yIUTENsl NUPUKYISPHO3a
Magnaporthegrisea. V3y4eHsl BIUsHHE Pa3UYHBIX MHUTATEIBHBIX CPEI HA POCT BO3OYAUTENS M METOJbI
KyJbTUBUPOBaHMs Tprda B ycinoBusx in Vitro. [lokazaHo, 4To cocTaB MUTATENLHOM CPEIbl MOXKET OKa3bIBaTh
KaK OTpHUIATENbHOE, TaK U MOJIOKUTEIBHOE BIUSIHIAE Ha POCTOBBIE XapakTepUCTUKH Tpuda. B Oymymiem 3Ha-
HUS B 3TOH 00J1aCTH MOT'YT OBITh MCIIOJIBb30BaHbI B CEJICKIIUHN HA YCTOWIMBOCTD K MUPUKYIAPHO3Y, & UMEHHO
MPU CO3/IaHUH MHPEKIMOHHBIX (OHOB, JUIsl 3apakeHUsI pacCTeHUI TpeOyeTcs HeMaloe KOJIHYECTBO MHOKY-
nroma [52].

B cBsi3u ¢ rnoGanbHBIM M3MEHEHHEM KJIMMaTa U BBICOKOH M3MEHYMBOCTBIO BHPYJIEHTHOCTH NATOT€Ha
HCCIIEIOBaHNE TMUPHUKYJISIPHO3a PHCa SBISETCS aKTyalbHBIM, a TAaKXKe MEPCIHEKTHUBHBIM HAIpPaBICHUEM, TaKk
Kak 00JIe3Hb B CTPaHE MOXKET Pa3BUTHLCS B JIIOOOW MOCEBHOM ce30H. TakKe MPUUMHONM BCIBIIIKK OOJIC3HH
MOJKET CITY’KMTh 3aBE3€HHBIN U3 APYTHX CTpaH 1moceBHOW mMaTtepuai. B Ka3zaxcTane HeT oTe4eCcTBEHHBIX COP-
TOB PHCa, KOTOPbIE MOTJIN OBl MPOSIBUTH YCTOMYNBOCTH OAHOBPEMEHHO K HECKOJIBKMM pacaM MaToreHa.

B PI'TI «MHcTuTyT O6MOiorum u Ouorexnosnoruu pactenunit» KH MOH PK nHawatel uccrnenoBanus mo
CO3JIaHHIO YCTOWYMBBIX K MUPUKYJISIPUO3Y JTMHUHN JIJISI CEJICKIIMM OTEUYECTBEHHBIX COPTOB pUCa B PaMKax Mpo-
exta AP14869300 — «IloBbimenune ycroiunBocTH pruca k Magnaporthe oryzae ¢ ucnosb30BaHHEM MapKep
acconuupoBaHHoOU ceneknuu (MAS)».
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J.0. Mein6aeBa, b.H. Ycen6ekos, A.K. Amupona, XK.K. XKXynycbaepa

Kypim nupuky/Jasipno3sl :kdHe Kypecy daicrepi

Magnaporthe grisea caHpIpayKyJarbl TyABIPATBIH 3aKbIMOAHyJIAp Kypilll ecipeTiH OapiblK esaepie
KE3/IeCeTiH HerTi3ri aypy 0oJbIn Tabbuia/ibl. OJeM SIKOHOMUKACHIHAA KYPIIITIH aJIaThIH OPHBI MaHBI3/IbI KOHE
JKep IIapbl XaJIKBIHBIH JKapThICBIHAH acTaMbl YIIIH KYpill Heri3ri kanopus ke3i. XXeuimap 6oitel snudutoTns
MHUPUKYISIPUO3bI €ric aJKanTapblHa Kepi 9CepiH THUTi3il, OHIMIUTIKTIH a3aioblHa ansin keiai. Kasipri tanna
OyJ1 maToreH-neciMeH MaTOTeHHIH 03apa dpeKeTTeCyiH 3epTTeyre apHaFaH JKaHAIIBULABIK MOJY/bIIK XKyliere
aifHanapl. AypynsiH Taiga OOodysl TYpii aliMakTapAarbl aya-pailbl KOHE KIMMAT JKaFJaiiapblHa TiKenel
OaitIaHBICTEL. Op enjie aypyaslH Maiaa 6oxysl MeH Genrinepi opTypii. AypyFa ce3iMTalAbIIBIK TaHBITATHIH
KYpIIl COPTTaphl JKWHAJATBIH CTiHHIH aWTapibIKTall IIBIFBIHFA YIIBIpayblHA ajbin Kenemi. KypimTiH
MUPUKYISIPUO3Fa TO3IMIUTINiHIH OY3bUTYBIHBIH HeTi3ri ce0edi KO3IBIPFBINITHIH ©3repriliTik KaOineTiHiH
JKOFappulaybl Oonblll  TaObumaabl. BupylaeHTTI matoTunTep aypyaslH aybslp (OpPMAachlH TYABIPAIbL.
[TaToreHainmikTi 3epTTey OapbICBIHAA, OPTYPJl TO3IMIUTIK TeHAEPiH TachIMAJINAWTBHIH KoHE Oip-OipiHeH
Mop(ho-(pU3HONOTHANBIK  cHIIAaTTaManapbl OOMBIHINA EpPEeKUICTCHETIH KOJUICKLIMSUIBIK KYPIlll COPTTapblH
HaiijaaHbll KO3ABIPFBIII MATOTUNTEPIiH aHbIKTayFa Oonafpl. AypyFa Kapchl TO3IMALTIKTI 3epTTeyae, dlieM
CEINICKIIMOHEepIIepl apachlHa JOCTYPJIi MOHOTCHII eMec MOJHUTeHAl (OipHele TeHal TachIMaaay) Te3IMILTIK
CEJIeKIMACH TaHBIMAI. Op Ke3eHJIe 'eHAep TaChIMAIIAHYBIH MOJIEKYJAJIbIK MapKepiIepMeH OaKplIay oMiCiH
KOJIJIaHA OTBIPBII, TO3IMII COPTTAp/bI aypyFa ce3iMTall COpTTapMeH OyJaHAacTBIpyIaH aJbIHFAH COPTTapIbI
ecipy NHUPUKYISIpUO30CH KypecymiH THIMAI oficiHe alHamybl MyMKiH. IIMpuKysspro3fa Te3IMIUTIKTI
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aHbIKTay OOWBIHIIA KYDIll FEHOTHIITEPIHE CKPUHUHT JKYPri3y Ke3iHae MOp(hONOTUsIbIK, (UTONATOIOTHIIBIK
JKOHE MOJIEKYIIAJIbIK Tanaaynap kemeriMmen M. Grisea-HbIH reHeTHKAIBIK TeTePOreH I ecKepiy Kepek.

Kinm ces30ep: Oryza sativa, mupukynsipuo3, Magnaporthe grisea, maroreH, KO3IBIPFBILI, OPHBIKTBHUIBIK,
TeHJIePi, Ce3IMTAJIBIK, JOH/II TaKbLIIap.

D.O. Mynbayeva, B.N. Usenbekov, A.K. Amirova, Zh.K. Zhunusbayeva
Rice blast and control methods

Rice infections caused by Magnaporthe grisea are a major disease that wreaks havoc in almost all rice-
growing countries. The economic importance of rice is huge, for more than half of the world's population,
rice serves as the main source of calories. During epiphytotic years, blast can have a devastating effect on
world rice production. Nowadays, this pathogen has evolved into an innovative model system for
investigating host-pathogen interactions. The outbreak of the disease depends on the climatic conditions of
different regions. The occurrence of the disease and symptoms vary from country to country. Susceptible
varieties suffer huge losses in the rice crop. The main reason for the violation of rice resistance to blast is the
high ability of the pathogen to variability. Virulent pathotypes cause severe morbidity. When examining the
pathogenicity of the pathogen, pathotypes can be determined using a collection of different varieties of rice,
which usually differ from each other, carrying different resistance genes. At present, the world's breeders
widely practice polygenic (gene pyramiding) resistance instead of the traditional monogenic one. Cultivation
of varieties obtained by crossing resistant varieties with susceptible ones using molecular control of gene
transfer at each stage, which can serve as a highly effective method for combating blast. The genetic
heterogeneity of M. grisea should be considered when screening for blast-resistant rice genotypes using
morphological, phytopathological and molecular characterization analyses.

Keywords: Oryza sativa, pyriculariosis, Magnaporthe grisea, pathogen, resistance genes, susceptibility,
cereals.
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«Kapkapaab» MemJjiekeTTiK YITTBIK TAONFH NapKiHiH
TONBIPAK TY3L1y (pakTOpJIapHI KIHE YAepicTepi

Maxkamana «Kapkapamspy MemekeTTik yiTTHIK Taburu mapkiHig (MY TII) tomslpak Ty3ity ¢axropriapsl
JKOHE YJIIepicTepiHe Tayay OOWBIHINIA KYPTi3UIreH XKYMBICTAp HOTIKeNIepi OepiireH. MeMIICKETTIK YIITTHIK
TaOUFH TAPKIHIH TOMBIPAK JKaMBUIFBICHIHBIH 3€PTTEITCH aiiMarbIHIa OJIAp/IbIH HETI3ri eKi (akTopaaH — TiK
30HAIBABLIBIK YKOHE aifMaKTHIH I€0JIOTHSIIBIK epeKIIeiKTepiHe OailIaHbICTEl SCepiHeH JaMHUTHIHBI OaliKasIbl.
AyIaH TOMBIPaFbl TPAHUT, TUOPUT XKOHE METAMOP(THIK THIFBI3 JKBIHBICTAPAAH KypaiFaH. BapiiblK exXenri
JKBIHBICTAP KYaTTBUIBIFBI Op TYPJIi TOPTTIK IIOTiHAIIEpIMEH >KaObUFaH. ATKapbUIFaH JKYMBICTap OakbuIay
HYKTEJIEepiHe MapIIpyTTap jKoHE 3epTTey OarmapiamMachlH KypacTelpyaaH Oactamrad. OcbliaH COH Oakpuiay
HYKTEJIEpiH 3epJerniey; TOMBIPaK KEeCIHAUIEPIH Kacay — TOMBIPAKTHIH MOPQOJIOTHSIBIK KaCHETIH CUIATTay,
TOPU3OHTTap OOMBIHINIA TOMBIPAK, YITLIEPIiH ATy KYMBICTapbl OpBIHAATABL. JKYpri3iireH JalaiiblK *KYMbBICTap
OpMaHJIbI, TayJIBI-OPMaHABI XKaHE JNanajiblK JaHamadpTrapaa oTTi. Ockl Jepiaeperi ChIHaMalIbIK HYKTeIepIiH
TOMBIPaK KeCiHAUIepi OOWBIHIIA ONapAbIH Tyci MaHCelul ImKajgackl OOMBIHIIA aWKBIHIAMIBL. TOMBIPAKTHIH
BUTFAJIIBUIBIFEI MEH I'PaHyJIOMETPHSIIBIK KYpaMBbl J)KOHE XJIOPJIBI CYyTEeKTeT] KaifHaybl aHBIKTAJI/bL.

Kinm ce30ep: MeMIIEKeTTiK YITTHIK TAOUFU MapKi, TOMBIPAK OMBIPTKACHI3IAPHI, OHOJIOTHUSIIBIK, (PU3UKAIIBIK,
XUMUSUTBIK YT1Ty, TayJIbI-OpMaHIbl, JaJallblK aiiMaK, TOTBIPaK KeCKiHi KabaTTapbl, ©CiMaiKTep OipiecTiri.

Kipicne

Jama ToOmBIpaFbIHBIH HETi3T «maimanel  Kaz0ackl» — Kapamripik. Kapamiipik — KOpeKTik
AIIEMEHTTEPIH KOPbI, O ©CIMJIKTED MEH OJNIapJIblH TeTepOoTPOPTAPBIH KOUBLIBII KETYAEH KYTKapajbl.
KaparipikTiH MOJIBIHAH TY3UIyl IIONTECIH OCIMAIKTEPIH epeKIle KbIpiapbiHa OaliIaHbICTHI.

Axanemuk B.U. BepranckuiiniH aiiTybl Oo#bIHINIA, <OKep OETiHIE ©31HEH KEeWiHTI1 KYMIPEeTTi BIKHAIIBI
KarbIHaH aJIFaH/ia Tipi OpraHu3MIepIeH 0acKa TYpaKThl dcep KacaWThIH XMMHSIIBIK KYLI %O0K» [1]. Tombipak
TY3UTyiHiH eH 0acTbl (pakTOpHhl, Tay JKbIHBICTAPBIHA Tipl OpraHU3MAEP/iH KOHbICTaHYbIHAH Oactanajsl. Ochl
yaepic JKep 3BONIOUMACHIHBIH OacTamnkbl Ke3eHIepi, SFHM Mane030H SPachlHBIH COHbI MEH Me3a30i
9pachIHBIH OacklHaH Oactay anraH. TONBIPaKTHIH KypaslyblHa OHBIH KypaMmblHAa OOJaThIH ©CIMIIKTEp MEH
OJIap/bIH TaMbIpJIapbl JKOHE MIpiriHe OPraHUKAIBIK KalJBIKTApbl, OCTIHIETi KOHIKTEp MEH XaHyapiap
YJIKeH acep etelli. OHBI KYpalThIH Kapallipik, MbIHJaFaH YCaK OpraHU3MJIEp MEH JKY3eTeH HaceKOMIap.

Tomnblpak Mmuxkpogopacet — KOFapFbl KadaTTarbl ©CIMIIKTEKTI OpraHusMmiaepieH Typansl. Omap
MUKPOCKOIITHIK  OanjpIipiiap, TOMBIPAK CaHBIpAYKYJIAKTaphl JKOHE aKTHHOMHIIETTED HEMece CoyJieni
CaHBIpAyKYJIAKTap KOHE TYHHEK OaKTepHsUIApBIHBIH KJIETKATApbIHAAFbl TANIIBIKTAD MEH OCiHJiep/IcH
Typaabl. TomblpakTa MEKEHACWTIH >KaHyapiap >KUBIHTBIFBIH ceoOuil nem artaiiapl. Jlama ToOIBIpaFrbIHBIH
reoOuiii con xepae MekeHiaeyre Tamamia OeifimzenreH. Bip Tamibel TONMbIpaK CybIHAA XKbUIOaM KeoOerore
Oeifim Oip KJIETKaNbI KapanaibiMaap HEeMece IPOTUCTEP KY KbIHAII JKYPE/i.

Tomblpak 30o0iorusacel  MekTeOiHiH HeriziH camymsl M.C. [misipoB  TomblpakTa Ke3AeceTiH
OMBIPTKAchI3Aap bl 4 TONKa OeJreH:

1. Hanodayna — wmemmepi 0,16-man 1,28 mm-re feiin ke3aeceTiH >xouiaikrep. Onap ToIbIpakra
Ke3JleCKeHIMEH (DM3MONOTHSIIBIK KACHeTi YKarblHAH CYy JKaHyapJjapblHaH aibIpMAIlbUIBIFBI XKOK (IIPOTO3a,
HEMAaToJTap, SXHHOKOKKTap);

2. Mukpopayna — ycak; 1,2-2 MM OoJaTblH TONBIPAK OMBIPTKACHI3IApPHL. TOMBIPAKTHIH YCaK
TYHIpIIIKTEPi apachIHIAFbI aya KybICTaphIHJIa KONITEreH KYHPBIK asKThUIap MEH KeHenep, KoJuieMooiap MeH
HemaroaTap MekeHnaeiai. bys oprann3MaepaiH SKOJOTHSIIBIK JKYHe YIIiH MaHbBI3bI aca 30p, ojlap Kaparipik
TY3yre KaTbICaJbl, TOIBIPAKTHI OaibITanbl, Mblcaibl: caybITThl KeHesep (Oribatei), KyHpBIK asKTbLIap
(Collembola).
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3. Meszogpayna — memmepi 1,28-10,2 mm-re aeitin. TomblpakTa TIipIIiTiK €Till, OHBIH OPTAChIH YHTIN
KaH-KAaKKa JKbUDKBITa ayIapbICTHIPBII OTBHIPATHIH 1pIPEK OMBIPTKACHI3 JKaHyapiap — Me30(ayHaHbl
Kypaiiael. Onap/plH ilIHAE €H TaHbIMAIAapbl OYBUITHIK KypTTapra — jkayblH Kyprtapsl (Lumbricidae),
suxutpeiinrap (Enchytraeidae), kenaskrouiap (KMBCSK, CyHeKTeK) MEH HaceKOMIap JepHacinaepi xkaHe T.0.
KaTaJbl.

4. Maxpotayrna — memmepi 10,2—81,6 MM-Te aeiiiH OOJMATHIH TOMBIPAK OMBIPTKAIBLIAPHI, OJIap: JKep
KypTTapsl, Tepmurtep [2-3].

TombIpak >xaHyapiapblHBIH IiIIiHJAE 0achIM KOIIUIrT OMBIPTKACKI3Aap Ooibin Kenemi. OnapibiH
O6momaccacel, OMBIpTKanmbIap OmomaccaceiHaH 1000 ece kem. TombIpak (ayHACHIHBIH TOTBIPAKTHIH
KypalryblHa acepi ap Typdi.

BipinmrizeH onap TONMBIpaKTaFrbl OpPraHUKANbIK 3aTTapAbl YriTeai, skeiai. ExinmrineH onap e3 OoibiHAA
AIIEMEHTTEP/Ii, dcipece a30ThI 6ap OCIIOKTHI 3aTTap Ikl MOFBIPJIAHALIPAALL. TipIIUTIITi asKTaaFaH COH OJIAPIBIH
OOMBIHIAFBl 3aTTap MEH OJHEPrus TOIBIPaKKa KaWTapsutanbl. Tomblpak (ayHaCHIHBIH KaJlIbIKTaphI
MHUKPOOPTraHU3MICPAIH KOHBICTAHBIIN, JaMyblHa ©T€ KOJaiibl opTa OOjbIN Kejiemi. TaOurar KyluTepiHeH,
acipece, TeMIlEpaTypaHbIH CY/IbIH, )KEJI/IiH, KYH COYJICCIHIH, KOIIIeI My3ap/IbIH TOMbIPaKKa aCepi epeKIIIe.

YrinymiH QU3NKaNbIK, XUMASIBIK JKOHE OHONOTHAIBIK Typiepi Oap [4]. Tay >KbIHBICTapbIHBIH
(U3MKaNBIK KOJIMEH Yrilyli Jel OHBIH XUMISUIBIK Kypambl e3repMeil, TeK opTypili MeXaHHKaJbIK
Oenmektepre OemiHyiH aifTagsl. OUMKANBIK YTidyepre KaTblcaThlH HETI3T1 KYIITep — TeMIIepaTypa, el
KYIIIi, TACKBIH CyJIap MEH KOIITeNi My3/1ap.

Ou3MKaIbIK JKoHE XUMUSIIBIK YTUTYJIepAiH HOTHXKECiHAe Taynap Oy3bUIbIN, MIBIHAap Myxitemi. Kym
MeH OaIIbIK CyFa KYBUIBIN-IIARBLIBII, Cy KYIIIHIH KEMyiHe )KoHe Xep OelepiHiH bIHFalibIHa Kapail merei.
Ken xymrimen ayara ymajpl, mambIpaiasl. by raceipiap O0HBI Y3HIKCi3 KYOBUTBICTHI €IITEHE /1€ TOKTATa
anMaiinel. Heceprerin KyitraH XKaHOBIp/IaH, KaTThl COKKAH XKeleH kep OeTi maMansl epicke Tycemi. Ecki
Joyipae Tipi JKOHAIKTEp MEH eciMIiKTep OonMaraH Ke3[e Mal[a YHTAaKTalFaH >KbIHBICTapAbl OipiKTipim,
JKEJIIMIIIE YCTAll TYPaThIH CIITEHE 0OJIMaraH, TONBIPAK MIIPIHJICI TY31IMEreH.

CoHBIKTaH TOMBIpaKTa Taina OomMaapl. OUIMKAIBIK YTITUTY OOJCHIH, XUMHSIBIK YTITITy OOJICHIH
©3IHIIIE TOMBIPaK Ty3e anMaizpl. TolbIpak Ty3uU1y KYOBUIBICHI — (U3UKAIBIK Ta €MeC, XHMHUSUIBIK Ta eMec,
OMOJIOTHSUTBIK KYOBUTBIC [S]. YTy HOTHXKECIHAC KAaTThl Tay MbIHBICTAPBIHAH KOIICHIFAH, bUFaJ CIHIPTIIITIK,
Cy OTKI3TIITIK KacueTi 0ap YHTaKTallFaH XbIHbICTAP Maiaa Oonaabl. OJeTTe, GUINKAIBIK KOHE XUMHSITBIK
yriny Ke3inje OocaraH, CyFa epirimi, eciMIiKTepre KOPEKTIK MUHEPAT 3aTTap ayKbIMIbl T€OJIOTHSUTBIK 3aTTap
alfHaJBIMBIHA TYCEl, JIe 9PTYpJi Cy arbicTapbIMeH, ©3eHIepre, TeHi3Aepre, TiNTi MYXWUTTapFa KOCBHUIBIIM,
MIOTIH/II KBIHBICTAPFA afHATATBI.

OcBhI KOIIChIFaH, YHTaKTAJIFaH JKbIHBICTApFa Tipi OpraHu3MIep KOHBICTaHa OacTaraH yakbITTaH OacTarl,
oNapAbIH JIeHeciHe KEpeKTi 3arTap OCIMAIKTep MEH MHKPOOPTaHW3MIEPIiH TaHAaMallbl CiHipyJepiHiH
HOTHXKECIHJIC KOJIEMJII TIeOJIOTHSUIBIK alHaNbIMFa KEJil TYCei, SFHH ayKbIMIbl T'COJOTHSUIBIK 3aT
allHaNTBIMBIHAH Killli OWOJOTHSUTBIK 3aT aWHalbIMBIHA Kemreni. OpraHukanblK 3aTTap Ccyda epiMenTiH
OonFaHIBIKTaH, OYJ1 3aTTapIblH KOPBI JKbUT caHan Moias Oepexni. COHBIMEH, KypaMbIHIa KOPEKTIK 3aTTapbl
KOK Tay >KBIHBICHI Tipi OpraHU3MJECpP MEKEHJETCHHEH KeWiH KOpPEKTIK OMOQHIIbAI MUHEpalabl JKOHE
OpraHMKAJIBIK a30TTHl 3aTTap/AblH KOpBbIHA aifHamaapl. backamia aiiTkaHnma, KYHapChl3 Tay JKbIHBICBIHBIH
OpHBIHA KYHAapJIbl TONBIPAK Maiga 0osa GacTailibl.

YriTinreH Tay JKBIHBICTApBIHAA OCIMAIKTEPHiH ece OacTaybl — TONBIpAK TY31Ty KYOBUIBICHIHBIH
Oacramacel. KoncbIiFaH Tay >KbIHBICBIH/IA ©CIMIKTEP/IIH MEKEH IeH OacTaybl JKalIbl (U3UKAIIBIK, XUMHSIIBIK
YTidynepai InanmaHJaThil, TONBIPAK TY3UTy KyOBUIBICHIH Te3feredi. EH Herisrici — ecimaikrep ece
OacraraHHaH KeHiH onap Tay JKbIHBICTAPbIHAH KONTereH OMOMMIIB/II SIEMEHTTEPIi 63 JICHeNIepiHe )KUHAIT, aJl
KYH COyJIECiHIH KYIIIMEH JarbIpaKkTapbl apKbUIbl (POTOCHHTE3) KONTEreH OpPraHuKajbIK 3aTTap Ty3im, JKep
OeriHe, ©31HIH Tamblpiapsl TaparaH JKep KaOaTbiHa, ONapAblH KOpPJIapblH KUHANWABI. AJI O] OpraHUKAaJbIK
3aTTap bLABIpAl, WIipil, ajJFaliKbl TOMBIPAK LIIPiHAICIH, KapamipikTi (rymycTsl) Ty3eni. bynm xyObuibic —
TOMBIPAK TY31TyiHIH aJFbIIIAPTHL.

buonoeusnviy axmopaap. OcimMuikrepiH, >kaHyapiaapAblH, MHUKPOOPTaHU3MIEPAIH JKOHE OJapIIblH
OipieckeH KbI3METiHIH, ONapIblH KaIJBIKTAPBIHBIH SCEpiHEH TOIBIPAaK TY3UlyiHiH 0acThl OybIHAApHl —
OpPTaHUKAIBIK 3aTTapJbIH KYPalybl, bUIbIpaybl, OMOMMIBII AIEMEHTTEPAIH TaHIAJIBIHBII HIOFBIPIAHYHI,
MUHEpaIIapAbIH  BUIBIpAyhl, TY3UIyl, 3aTTapiblH MIAWBUTYBl MEH JKHHAKTATybl Xypemi. Ocbuiapibiy
BIKIaJIBIMEH HETi3T1 KacueTi — KYHaPIIbUIBIFBI KaJIbIITaCa bl

3eprTey XKyprizinreH aitMak — KapkapanblHBIH TayJIbI-OpMaHIbI MACCHBTEPIHIH TOMBIparsl. Onap eki
(hakTOpABIH OCEpiHEH HIaMHUIBI: TIK 30HANBIBUIBIK JKOHE AalMaKTBIH TEOJIOTHSUIBIK epEKIICITKTEpiHe
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OaliaHpICTBl. AylaH TONBIPArbl TPaHUT, AHOPUT XOHE METaMOP(THIK THIFBI3 KBIHBICTAPAAH KypaliFaH.
Bapnpik exenri ®KbIHBICTAP KyaTTBUIBIFBI 9P TYPJIl TOPTTIK MIOTiHALIepiMeH KaObUTFaH.

Mamepuanoap men adicmep

3eprrey Hbicanbl — «Kapkapansy MYTII. MemiekeTTiKk YITTBIK TaOWFaT MapKTiH ayMarbl
OHMOJOTHSUTBIK JKOHE JTaHAMA(TTHIK SPTYPILIIKTI CaKTayFa, €peKile SKOJOTHSIIBIK TaOWFU KEeIIeHIep MeH
MEMJIEKETTIK TaOWFH-KOPHIK KOPBIHBIH OOBEKTUIEPiH TaOWFaT KOPFay, OSKOJOTHSUIBIK-aFapTy, FHUIBIMH,
TYPUCTIK JKOHE pEeKpealsUIbIK MakcaTTapia NaijanaHyra apHainraH. On pecmyOnMKanblK MaHbI3BI Oap
TaOWFaT KOpFay >KoHE FBUIBIMH MeKeMe MopTebeci 0ap epekile KopraaaTblH TaOMFU ayMaKTapbIHBIH eKiHIIi
CaHaThIHA JKaTaJpl.

Consiven katap MY TII TeppuTOpHSACHIHBIH TOIBIPAK KaMBUIFBICHIH/IA TOTIBIPAKTHIH MBIHAHAAW HET13Ti
TUNITEP] Ke3Jecei: KYHI1pT-KalllTaH, KalllTaH, COHBIMEH KaTap MIa0bIHABIK-KalITaH, IA0BIH/IBIK, Ta0bIHABIK
ca3faK TOMBIPAK TIPi3Zi MHTPO3OHAIBII KOHE COpP MEH COPTaH TOMBIPAaKKa XAaTaThH a30HANbBII Typiepi
TapajFraH.

TaymapaplH KYHTIpT-KalllTaH jKOHE KalllTaH TOIBIPAKTAPhI MIOKHI apaliblK KEHIiCTIKTepae Tapanran. by
TOTBIpaKTap ©CIM/IIK KaMBUIFBICHIHBIH KO TYPIIIIriMeH %KoHe OalbIFpIMeH epekmeneH0eiini. TonbpakThiy
KYpPaMBbIH/2 >KaJIIlbl CAIMAFbIHBIH KapThICHIH KYPAaNThIH Tacllaka MaTepuaisl 0ap.

TaymapnaeiH 0acka TONBIPAaFbl CHAKTHI KYHTIPT-KAITaH TOMBIPAKTaphl (U3UKAIBIK-XUMUSIIBIK JKOHE
TCHETHKAIBIK JKarblHAH OipTEKTi eMec, onap TyMyc KaOaThIHBIH KyaTTBUIBIFBI, TOCCHIII >KbIHBICTapIbIH
CHIIAThI, COPTAHIAY JKOHE KapOOHATTBIIBIK IOPEIKEC KaFbIHAH epeKinencHesi [6].

3epTTey HbICaHbI OOiibIHIIA OaKbLIaY HYKTenepi anbiHab! (1-cyper, 1-kecte).

WaprTe 6enri:

* Gakewnay HykTenepi MacwTrabui:
Yandex Satellite o 1 2 km

1-cyper. 3eprTey ayaansl, 0akpuiay Hykreaepi (Yandex Satellite oye FapbIITBIK TyCipimimi)

l-xecre
Bakbliay HyKTeJepiHaeri JaaabIK ;KYMbIC TYpJiepi :KoHe KeJieMi

Kywmsic Typiepi JKyMBICTBIH KoJIeMi
Bakpiay HyKTesepiHe MapHIpyTTap JKoHe 3epTTey OarapiaMachlH KYpacThIpy mamameH 21 kM
Bakpinay HYKTesepiH 3ep/eney: TonbIpaK KeCiHAIEePiH jkacay — TOIBIPaKThIH 18 GaxpuIay HYKTECI
MOP(OJIOTHSIIBIK KACHETIH CHIIATTay, TOPU3OHTTAp OOMBIHIIIA TONBIPAK YITUIEPiH airy 67 TombIpak yarici
Kap kaMbUIFBICHI YATLIEPIH aly 18 yuri
XKep Geti cynapbIHBIH YJITUIEPIH ally 9 yuri

Homuorcenep

JKypriziireH nanajiblK JKYMBICTAp HETI3IHIC 3EPTTEYy ayMarbl OPMAHObL, MAYAbl-OPMAHObL JHCIHE
0ananviK Net MapTThl TYP/e YII TOTKA TONTACTBIPbUTIbI [7].

Opmanowl anganmoly monvipazvl. Tynkini e3eHi OoiibiHaH, sFrHH akajgeMuk E.A. BekeToB aThIHAaFrbI
Kaparauapl YHHBEPCHUTETIHIH OKy 0a3achlHaH €CeNTereHe, CONTYCTIK Oathic OarbiTTa (2-kecte). TeHi3
neHreiineH ecenrereneri ouiktiri — 890 M. ['eorpadusuibik koopauHaTel N 49°26'05", E 75°29"25".
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2-KecTe
Kap-6-22cpiHaMabIK HYKTeCiHiH TONBIPaK KeciHAiCiHIH cumaTTamMachl
. . |Tombipak keckiHi| TombIpak KeCKiHi Mamncenn 10 % HCI
Kecinai I'panynomerpusi- o
. KabaTTapbIHBIH KabaTTapbIHBIH IIKAJIaChl blnranaeirer Kaiinaysl
amdpi . - . . JBIK KYpaMBbI
WHIEKCL TepeHairi (cM) OoMBIHIIA TYCI (19, KOK)
A 0-6 10YR-2/2 - - -
Kap-6-22 AnAl 6-10(11) 10YR-2/1 blnrangsr Opraia caszmak Kok
p Agn 10(11)-27(29) 10YR-2/1 bliranast Opraia caszmak Kok
AlCg 29-52(57) 10YR-2/1 Cypt Opraia caszmak Kok

Tynkim e3eHiHIH anKaOBIHIOA >KalIbl ©CIMIIKTEp >XaMBUIFBICHIHBIH 80 %-BIH acTBIK TYKBIMIAcTap
Kypaiinel. Omap op Typiai IIenTi OcCiMAIKTep KaybIMJACTBIFBIHAH Kaibinracaabl. OChl  amKanTarsl
TONBIPAKTHIH OETiHIH epeKIIeNiri — IIBIMHBIH KyaTThl KaOaThIHBIH OONyBI, 0 OITIK ©CKEH MIeNnTeciH
OCIMIIIKTEP/IiH oCepiHeH Maiina 60iFaH. byi ankanTeH eCiMAIKTepiHiH OMOIOTHSIIBIK KONTYPIIriHe TONBIPaK
KYpaMbIHBIH KOJIaiyibl ekeHMiriH kepceteni. TomnbipakThiH HCl-man kaitHayel Oaiikammaiinbl. Tombipak
KECKiHI Ka0aTTaphIHBIH TepeHAIri 57 cM Kypaiapl. TONBIPAaKTBIH TOJBIK aTaybl: AJLTFOBUAJIBIBI IIBIMIIbI,
COpTaH aJUTIOBHAIBIBI TY31LTICTEpAET] )KEHII ca3 OaIIBIKTHI TOTBIPAK OOJIBIN eCenTeNe .

Taynvi-opmanosl monsvipax. Kapkapanasl Taynbsl )KOTachkl, TeHI3 JACHIeHiHEH ecenTereHeri OuikTiri —

922 metp. ['eorpadusuibik koopauHatel N49°25'52" E 75°2828" (3-kecte).

3-xecTe
Kap-17-22 cpiHaMaJbIK HYKTeCiHiH TONBIPAK KeciHAiCiHiH cumaTTaMmacsl
_ TOHHP ax TombIpak KeckiHi Masncenn I'panyno- 10 % HCI
Kecinai KECKIHI1 o
. KabaTTapbIHBIH [IKAJIAChI blnrangeirel METPHSUTBIK Katinaysr
mupi | KaGaTTaphiLIY TepeHiri (cMm) OoiibIHIIA TYCI aMBbl (19, XO0K)
UHJEKCI pera Y KYyp , HKOK,
A° 0-3 10YR-3/3 - — -
Oprtama
Kap-17-22 An 3-5(6) 10YR-3/2 - J— Kok
Opraia
C 5(6)-12(13) 10YR-2/2 Kyprak A Kok

Ocsl ceiHaMaNbIK HYKTe Kapkapaipl KamacklHaH CONTYCTIK-OaThIcKa Kapail opHamackaH. O TeMeHTi
JCHYIAIMSIIBIK Ka3bIKTHIKTBIH OaThIC OOJIITiH albIl KaThIp JKOHE ajbIIUIIK KaTHapiaHy Ke3eHiHIe OoJiFaH
TEKTOHHKAIIBIK OEJICEHAUTIK HOTIKECIHIE KOTepuUIreH exenri Oer Oorblm TaObUIamel. bynm  aiimMak
0aiiIaHBICTHIK-METaMOP(O3/IBIK KBIHBICTAPIaH — MYWi3TacTap/iaH KalblnTtackaH. baypaiinapeiana OyTansi-
IIOINTECIH OCIMJIIKTI KaMBUIFbI JKOHE Jiajia OCIMIKTEpiHIH OipjecTiKTepl TyTacKaH HIbIM Ty3iiedi. Ochl
Kepiepae OalKalaThlH KOpPIiHIC, 071 0aypalsiblK YISpiCTEPMEH aHBIKTAJIATBIH — JCCEPILHS JKOHE JKENUIIK
3PO3UL.

Ketepinki Oaypaiinmap MeH TeOenepre Tomblpak XaObIHBI — KBI3FBUIT, ajl KOMHaynmapelHOa —
IIAJIFBIHABIK KbI3FBUIT TOIBIPAK.

Hananvix monwipax. Kapameip3a TaybslHbIH eTeri. Tombipak kecinnici Kapkapansl e3eHiHiH OoiibiHza,
Kapkapanb—Asire3 Tac >KoJbIHaH CONTYCTIK-OaThicKa Kapail mamameHn 235 M >kepJeri HYKTeAeH allbIHAbI
(4-xecte). Ocwl aliMaKTHIH TEHI3 aeHreifinen ecenrerenaeri ouiktiri — 840 M. I'eorpadusAIbIK KOOPIUHATHI

N 49°25'59", E 75°34'00".

4-kecTe
Kap-1-22 cpinamMaiIbIK HYKTeCiHiH TONMBIPAK KeciHaiciHiH cumaTramMmacel
o TOHH.pa.K TonbIpak KecKiHi Mascest I'panyno- 10 % HCI
Keciaai KECKIHI .
. KabaTTapbIHbIH IIKaJIaChl blnranneirel METPUSIIBIK Kaiinaysl
umpi KaarTapLibix TepeHAiri (cM) OolbIHIIA TYCI aMbl (19, 7KOK)
MHJIEKC PeHI Y Kyp , IKOK
1 2 3 4 5 6 7
Kap-1-22 Alca 0-18(19) 10YR-5/3 Kac XKenin caznak no
P Clca 18-(19)-41 10YR-5/3 bliranst Opraria ca3zak no
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4-KkecTeHIH )Xaarachl

1 2 3 4 5 6 7
[Al(sol)ca] 41-63(64) 10YR-3/3 Kac Opraria ca3znax Us
Kap-1-22 [Clsol, ca] 63-70(71) 10YR-5/3 Kac AybIp caznak Us
[C2so0l, ca] 70(71)-87(88) 10YR-5/3 Kac AybIp caznak Us
C3ca 88-114 10YR-4/2 Kac YKenin caznak U

Kapambip3a TaybIHBIH eTeriHIEri JajanblK J>Ka3blK alMakTBIH IIeNTeciH eciMIikTep OipiecTiri
mamamer 25 %-naH a3 6eTiH JKaybII XKAThIP.

Tombipak OeTiHiH epekmieniri — ainci3 mbiMaanrad. HCl-nan kaitHayel Teperairi 114 cM KypalThIH
TOJIBIK TOIBIPAK KECKiHi KabaTTapsima Oaiikanaasl (2-cyper). TOMBIPAKTHIH TOJNBIK aTaybl: ayTFOBHAJbIIBI
IIAFBIHABIK COPTAH aJUTFOBHAJIBIBI TY31ITICTEpAET] KYMalT TOIBIPAK.

2-cyper. Kap-6-22, Kap-17-22 sxone Kap-1-22 cbiHamMasnbIK HyKTeJIepiHiH TONBIPaK KeciHmici

Kopvimuinowi

«Kapkapansy MeMnekeTTiK YITTBIK TaOWFM TAapKiHIH ~ TONBIPaK TY3idy (akTopiapbl >KoHE
yAepicTepiHe Tanjuay OOHBIHINA J>KYPTi3iIreH JKYMBICTAp HOTHXKEIepi OOMBIHINA KEJIECIAeH KOPBITHIHIIBI
yacayra 0oJiaibl:

MeMIieKkeTTiK YIATTHIK TaOWFH MapKiHiH TOMBIPAK JKaMBUIFBICHIHBIH 013 3epPTTEreH aiiMaFbIHa OJIap.IbIH
HETi3ri eKi GaKTopJaH — TIK 30HANBABUIBIK >KOHE aMAaKTbIH I'€OJIOTHSUIBIK €pPEeKILEeTiKTepiHe OallaHbICThI
oCepiHEeH NaMHTBHIHBI OalKaiabpl. AyJaH TONBIpaK KabaTTapbl MPaHHUT, JHOPUT KOHE METaMOP(THIK THIFBI3
KBIHBICTapIaH KypairaH. bapiblK exenri >KbIHbICTAp KyaTTBUIBIFBI SPTYPJi TOPTTIK LIeriHAilepiMeH
*aObLUTFaH.

Ocpl TaOWUFU MAPKTIH TEPPUTOPHUSICHIHBIH TONBIPAK JKAMBLIFBICHIHAA TOMBIPAKTHIH HETi3ri THITEPI —
KYHTIpT-KallITaH, KalllTaH, COHBIMEH KaTap IAaObIHJIBIK-KAIITaH, Ma0bIHJIBIK, MIAOBIHJIBIK Ca3/laK TOIBIPAK
TOPIi3/li HHTPO3OHAJB/II )KOHE COP MEH COPTAH TOMBIPAKKA KATATHIH a30HAJIB/II TYPJICpi TapasFaH.

TaymapJplH KYHTIPT-KallITaH KOHE KalllTaH TOIBIPAKTAPHI MIOKbI apaliblK KEHICTIKTep/ie Tapairad. by
TOMBIPAKTAP OCIM/IIK dKaMbUIFbICHIHBIH KOTI TYPJIUIIFIMEH jKoHe OalyIbIFbIMEH epekiieieHOer . TomppakThiy
KYPaMbIH/Ia JKaJIIbl CAIMAFbIHBIH KaPTHICHIH KYPaHThIH TaclIakna MaTepuasibl Oap.

Jlananelk KYMBICTAp OPMAHBI, TAyJIbI-OPMAHBl JKOHE JananblK jaHgmadrrapaa otti. Ockl
JKepJIepJeri ChIHAMAJIBIK HYKTEJIEP/IiH TOIbIpaK KeCiHIinepi OOMbIHIINA OJIapAbIH TyCli MaHCeNI IKajachl
OOMbIHIA AHBIKTAIABL. TOMBIPAKTHIH BUIFAIIBUIBIFE MEH TPAHYJIOMETPUSIIBIK KYPaMbl JKOHE XJIOPJIBI
CYTEKTET1 KaifHAYbl aHBIKTAIIBI.

TyaKin e3eHi alKaObIHAAFBI TOMBIPAK OETi MBIMHBIH KyaTThl KAOATBHIHBIH OOYBIMEH €pEeKINeICH I, OJ1
OITIK ©CKEH IOITECiH OCIMAIKTEP/IiH ocepiHeH KaibimrackaH. OChl karFjaail Oyl alKanThlH eCIMIIKTEePiHiH
OMOJIOTHSUTBIK KOTTYPIITIHE TONBIPAK KYPAMBIHBIH KOJIAWIbl €KCHIITIH KepceTeli. AJ, Taylbl-OpMaHIbIK
TOMBIpaK KabaTTaphl OChl aWMaKTHIH OailIaHBICTHIK-METaMOP(O3/IbIK JKBIHBICTAPaH — MyHi3TacTapaaH
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KaJIBINTaCKAaHABIFBIH KepceTTi. Tay OaypaiiapbiHaa OyTalbI-IIONTeCiH OCIMIIKTI JKaMBbUIFBl XOHE Aajia
eciMIIKTepiHiH OipiecTikTepi TyTackaH mibIM Ty3emi. Ocbl JKepiepae oi, OaypailiiblK yaepicTepMeH
AHBIKTAIATHIH — JCCEPITIINS KOHE JKEIIIK dpo3usl KopiHici Oaitkamapl.

Jananeik aiimak Kapambip3a TaybIHBIH €TET1HJIET] Ka3bIKTa IIONTECIH OCIMAIKTEp OipJIecTiri maMaMeH
25 %-naH a3 OeTiH KaybIl KaThIp, OYJI aylaH/Ia COPTaH ATLTIOBUATBIbI KYMAUT TOMBIPAK KAILITACKAH.
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daxkTopsbI U NMpoIecChl MOYBOOOPA30BAHMS
KapkapaauHckoro rocy1apcTBeHHOT0 HAlIMOHAJIBLHOTO PUPOAHOI0 NMapPKa

B crarpe m3nokKEHB! pe3yNbTaThl MPOBEICHHOM paboTHI M0 aHanmu3y ()aKTOPOB M MPOLECCOB MOYBOOOPa30-
BaHns KapkapanmHCKoro rocyqapcTBEHHOTO HAIMOHAIFHOTO IPHUPOJHOTO Mapka. B mccimenyemoil 30HE
MOYBEHHOI'0 IOKpoBa HalMoHaabHOro mapka OTMEYEHO, YTO OHU Pa3BUBAIOTCA M3-3a JIBYX OCHOBHBIX
(haKTOpOB — BEPTHKATBLHOW 30HAJILHOCTH M I'€0JIOTNUeCKOH crieninuky pernoHa. [1ouBsl palioHa COCTOST U3
rpaHuTa, JUOPUTA U MeTaMOp(HUeCKnX IUIOTHBIX MOpoa. Bce npeBHHE MOPOABI HOKPHITH YETBEPTHYHBIMH
OTJIOKEHUSMH pa3uyHOi MomHocTu. IIposnenanHas paboTa Hayanach C COCTAaBIEHHS MapIIPyTOB K
KOHTPOJBHBIM TOYKAaM H HCCIEIOBaTeNbCKOH mporpammbl. Ilocime 3TOro ObIIM BBITOIHEHB! PabOTHI IO
W3Y9IEHHIO KOHTPOJBHBIX TOUEK: CO3IAHMIO MOYBEHHBIX Pa3pe30B — OIMHCAHUIO MOP(OIOTHIECKHX CBOHCTB
MO0YB, MOIYYEHHIO 00Pa3IOB MOYB 10 Topm3oHTaM. [IpoBoaiMBIE TIONIEBBIE pabOTHI TPOBOJMINCH B JIECHBIX,
TOPHO-JIECHBIX W CTEeNMHBIX JaHAmadTax. [Io mMouBeHHBIM pa3pe3aM NPOOHBIX TOYEK B ITHX MECTaX HX
OKpacKy ONpeensiu no mkane Mancenna. OnpesieNieHbl BIaXXHOCTh M TPaHyJIOMETPUUECKUI COCTaB MOYBBI
U KATIEHHE XJIOPHCTOTO BOJOPOAA.

Kniouegvie cnosa. KapkapalWHCKHI TOCylapCTBEHHBIH HAIIMOHAIBHBIA TPUPOJIHBIA MapK, IMOYBEHHBIC
0ecro3BOHOUHBIE, OHoNOornYecKoe, GU3NIECKoe, XMMHUIECKOe BBHIBETPUBAHKE, TOPHO-JIECHAs, CTEIHAs 30Ha,
MOYBEHHBIE TOPU30HTHI, PACTHTEIHFHBIE COOOIECTBA.

A.B. Myrzabaev, A.l. Amanzholov, D.L. Golovanov, M.T. Bodeyev, J. Urbaniak
Factors and processes of soil formation of the Karkaraly State National Natural Park

The article presents the results of the work carried out on the analysis of factors and processes of soil for-
mation of the Karkaraly State National Natural Park. In the studied area of the soil cover of the national park,
it was noted that they develop due to two main factors — vertical zoning and geological specificity of the re-
gion. The soils of the area consist of granite, diorite and metamorphic dense rocks. All ancient rocks are cov-
ered with quaternary deposits of varying thickness. The work done began with the preparation of routes to
control points and a research program. After that, work was carried out on the study of control points: the cre-
ation of soil sections — the description of morphological properties of soils, obtaining soil samples along the
horizons. The field work was carried out in forest, mountain-forest and steppe landscapes. According to the
soil sections of the test points in these places, their color was determined on the Mansell scale. The moisture
and granulometric composition of the soil and the boiling of hydrogen chloride were determined.

Keywords: Karkaraly State National Natural Park, soil invertebrates, biological, physical, chemical weather-
ing, mountain forest, steppe zone, soil horizons, plant communities.
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Frequency of rs2228570 single nucleotide polymorphism
of Vitamin-D Receptor (VDR) gene among the Kazakh ethnic group

The article presents the results of the study of vitamin D receptor (VDR) gene rs2228570 single nucleotide
polymorphism (SNP) genotypes and individual alleles frequency among the Kazakh ethnic group representa-
tives living in the Karaganda region. This SNP was determined by real-time polymerase chain reaction using
TagMan technology. The study relevance is due to the fact that genetic variations in rs2228570 affect the syn-
thesis of the VDR protein and its activity as a transcription factor that regulates the expression of other genes.
This mechanism determines the association of individual rs2228570 genotypes or alleles with susceptibility,
course, and outcomes of various diseases. The polymorphism frequency may be depending on ethnicity. Ac-
cording to the study results, the most common genotypes of rs2228570 SNP among the Kazakhs were AG
(32.8 %) and GG (25.2 %). The rarest are homozygotes TT (1.7 %) and CC (0.8 %). The frequency of all
rs2228570 alleles was detected simultaneously in the present study for the first time. G became the predomi-
nant allele (51.3 %), less common was A (31.0 %), and the C and T alleles were the rarest (11.8 % and 5.9 %,
respectively). The potential value of this SNP further study as a possible factor influencing the body’s suscep-
tibility to various diseases, including COVID-19, is shown.

Keywords: vitamin D receptor (VDR) gene, VDR gene single nucleotide polymorphism, rs2228570, genotype
frequency, allele frequency, Kazakh ethnic group, vitamin D, vitamin D receptor.

Introduction

Vitamin D is well known for its role in maintaining calcium and phosphorus homeostasis. It enters the
human body in two ways: through exogenous intake of food rich in vitamin D, or through its endogenous
synthesis in the skin under the influence of ultraviolet B (UVB) radiation. Both forms of vitamin D are inac-
tive, so its two-step activation follows: first in the liver (forming 25(OH)D or calcidiol) and then in the kid-
neys (forming 1.25-dihydroxyvitamin D; 1.25(0OH),D; or calcitriol) [1].

Calcitriol is a hormonally active form of vitamin D and has a wide range of extraskeletal biological re-
sponses, including inhibition of the progression of breast, large intestine and prostate cancer cells, protection
against a number of autoimmune diseases, including multiple sclerosis and inflammatory bowel disorder [2].
Also, there are many studies that prove the participation of vitamin D in the control of blood pressure, reduc-
ing the risk of type I and Il diabetes, multiple sclerosis, rheumatoid arthritis, heart disease and infectious dis-
eases, as well as in the regulation of immune responses [3]. All biological extraskeletal effects of calcitriol
are mediated by the nuclear vitamin D receptor (VDR), which belongs to the family of steroid receptors. Af-
ter binding to calcitriol, VDR heterodimerizes with the retinoid X receptor (RXR) and moves to the nucleus,
where it binds to the VDR sensitive element (VDRE) in target genes and controls the expression of more
than 500 genes [4]. At the same time, the activity and functioning of VDR depends on the structure of the
VDR gene located on chromosome 12g13.1 [5].

The VDR gene is polymorphic, with over 470 single nucleotide polymorphisms (SNPs) identified. One
of the most common and studied SNPs of the VDR gene is rs2228570 [6]. A number of studies have re-
vealed the association of individual genetic variations in rs2228570 with diseases such as dengue, bronchial
asthma, hepatitis B, Parkinson’s disease and tuberculosis [7-12]. There are also suggestions about its role in
susceptibility to COVID-19 [13, 14]. These facts make rs2228570 an important potential object for study.

Thus, in this study, for the first time, the frequencies of genotypes and all four alleles of the VDR gene
rs2228570 among representatives of the Kazakh ethnic group were studied.
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Experimental

In total, 119 samples of biological material (blood) taken from adult representatives of the Kazakh eth-
nic group living in the city of Karaganda and the Karaganda region were examined. The age range was 18—
77 years old (mean age is 43). The gender distribution was 39 men and 80 women.

Blood was withdrawn into an EDTA tube. The extraction of DNA from the blood samples was per-
formed by “RIBO-prep” (Amplisens, Russia) according to the kit manufacturer’s protocol. Genotyping of
VDR gene SNP rs2228570 was carried out by real-time polymerase chain reaction (Real-Time PCR) using
TagMan probes (Lumiprobe, Russia). The sequences of primers and probes, as well as the PCR conditions,
are shown in Table 1. All samples were analyzed on a Real-Time PCR DTlite instrument (DNA-Technology,
Russia).

Table 1
The corresponding data for rs2228570 genotyping

PCR protocol (denaturation,

Sequence (5"3) cycles, extension)

Primers

forward 5'- TCCACACACCCCACAGATCC-3
reverse 5'- GTGGGTGGCACCAAGGATG-3'

94 °C /3 min
(94 °C/ 15 sec,
62 °C /30 sec) x 40

TagMan

probe A 5'-CCGCCATTGCCTCCATCCCTGTAAGAA-3'
probe C 5'-CCGCCATTGCCTCCCTCCCTGTAAGAA-3'
probe G 5'-CCGCCATTGCCTCCGTCCCTGTAAGAA-3'
probe T 5'-CCGCCATTGCCTCCTTCCCTGTAAGAA-3'

The categorical variables are described as percentages. The chi-square test (x° test) was used to compare
categorical data. P <0.05 was considered statistically significant. All genotypes were tested for Hardy—
Weinberg equilibrium using chi-squared test. The statistical analyses were carried out by the GraphPad
Prism 8.0 program (Graph-Pad Software, CA, USA).

Results and Discussion

Previously, in review article, we compared rs2228570 frequency alleles and genotypes submitted in
dbSNP NCBI (National Center for Biotechnology Information, USA) with data published in peer-reviewed
publications [15]. It was found that rs2228570 is four-allelic, with a predominance of G (0.611257) and A
(0.388743) alleles [16]. However, most researchers simultaneously analyzed the occurrence of only two of
the four alleles in the following combinations: C>T or A>G [7-12]. In the present study, we simultaneously
determined all possible variants of the rs2228570 genotypes. The observed rs2228570 genotype frequencies
were consistent with Hardy—Weinberg equilibrium with p values greater than 0.05 (p = 0.9638).

401

- T...“H
AA CC GG TT AC AG AT GC GT

Figure 1. Frequency of rs2228570 genotypes in the Kazakh population
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As can be seen from Figure 1, the most common genotypes among representatives of the Kazakh ethnic
group are AG (32.8 %) and GG (25.2 %). Frequencies vary from 13.5 % to 4.2 % in GT, AA, AT and GC
genotypes. The rarest were TT and CC homozygotes (1.7 % and 0.8 %, respectively). The obtained data co-
incide with dbSNP in that genotypes with G and A alleles predominate [16].

Despite the large number of publications that studied the occurrence of CC, CT and TT genotypes [7—
11], it was not possible to compare them with the data obtained, since the frequency of these genotypes in the
Kazakh population is critically low. At the same time, data on the frequency of AC, AT, GC and GT geno-
types is practically absent in the literature.

Therefore, only the frequencies of the AA, AG, and GG genotypes (in % of the total number of occur-
rences; n = 80) could be compared with the results of other authors (Table 2).

Table 2
Comparative analysis of AA/AG/GG genotypes frequency of the VDR gene rs2228570
0
Ethnicity / country A Geno,tg/ge (%) GG P-value Reference
Kz 14 49 37
UAE 27 42 31 NS Osman et al. [6]
UK 48 41 11 Fokkx Bid et al. [17]
French 43 47 10 Fkkk Zmuda et al. [18]
Japan 37 51 12 Fkkk Bhanushali et al. [19]
North Indian 44 49 7 Fkkk Tokita et al. [20]
India 59 36 5 ol Bid et al. [17]
**** = < 0.0001; NS = not significant.

Table 2 presents the comparative data on three rs2228570 genotypes between the Kazakh population
and others. It can be seen that a statistically significant difference was not found only in comparison with the
UAE population [6], in all other cases it was maximum (p < 0.0001).

The results of the analysis of individual rs2228570 alleles frequency is shown in Figure 2.

60—

50

X 30

20—
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=

0 T T
A C G T

Figure 2. Frequency of rs2228570 alleles in the Kazakh population

It was found that the most common allele among the Kazakh population is G (51.3 %), and the A allele
is 20 % less common (31.0 %). The data obtained for two alleles are fully consistent with doSNP (assembly
155 dated April 9, 2021, aggregated data with sampling of 236272 samples) [16]. The occurrence of T and C
alleles was 11.8 % and 5.9 %, respectively, which is significantly higher than the dbSNP data (T=0.000000,
C=0.000000) [16], but inferior to the results of other studies [7, 11]. The comparative analysis of the occur-
rence of A and G major alleles (in % of the total number of occurrences; n = 196) is presented in Table 3.
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Table 3
Comparative analysis of A and G alleles frequency of VDR gene rs2228570
Ethnicity / country A Alleles (%) S P-value Reference
KZ 37.8 62.2
dbSNP total 38.9 61.1 NS [16]
dbSNP European 38.7 61.3 NS [16]
dbSNP Asian 43.8 56.2 NS [16]
UAE 48.04 51.96 NS Osman et al. [6]
UK 68.50 31.50 Fkkk Bid et al. [17]
French 66.50 33.50 ool Zmuda et al. [18]
Japan 62.50 37.50 Fkkk Bhanushali et al. [19]
North Indian 68.50 31.50 falalolel Tokita et al. [20]
India 77.00 23.00 falalelel Bid et al. [17]
**** = < 0.0001; NS = not significant

As it can be seen from the Table 3, the data on the prevalence of individual rs2228570 alleles obtained
in this study do not have statistically significant differences with the generalized doSNP NCBI data, as well
as separate results for European and Asian ethnic groups [16]. Also, the results are commensurate with those
for the population of the United Arab Emirates [6]. At the same time, there is a fundamental discrepancy
with the results of individual studies [17-20]. This can be explained by errors in these studies due to the fact
that they did not take into account two more possible alleles of rs2228570 (C and T).

Thus, this paper presents unique data on the overall prevalence of VDR gene rs2228570 genotypes and
four alleles among representatives of the Kazakh ethnic group.

Conclusions

After examination of the DNA samples of 119 Kazakhs living in the Karaganda region, it was found
that the most common genotypes of the rs2228570 single nucleotide polymorphism of the VDR gene are AG
and GG. The rarest genotypes are TT and CC. Accordingly, G became the predominant allele, A allele was
slightly less common, and the C and T alleles were the rarest. The results obtained are of interest as a general
population study and as a material for comparison. In addition, in the future, it is possible to predict the like-
lihood and course of diseases associated with certain genetic variations of VDR gene rs2228570 SNP among
Kazakhs. It is also planned to test the potential impact of this SNP for susceptibility to COVID-19.
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Ka3ak 3THHKAJIBIK TOOBIHBIH OKLIEpi apacbiHaa
OipHykJeoTuaTi mosmMop¢pusmHin rs2228570 D mopymeni
peunentopsl reninin (VDR) ke3necy kuimiri

Makanana Kaparansl 0OJBICBIHIA TYPAThIH Ka3aK 3THUKAIBIK TOOBIHBIH OKIIZEPi apachiHaa OipHYKICOTHUATI
nonumopdusmuin (SNP) rs2228570 reHotunrtepiMeH jKkekejlereH ameibaepiHiy D mopymeHi perentopst
rerinig (VDR) sxuinirin 3eprrey HoTmxkenepi kenripiareH. bepinren SNP-ni anbikray TagMan TexHoso-
TWSICBIH KOJIZaHa OTBIPBIN, HAKTHI YaKBIT PEXHUMIHIC MOJUMEpa3dbl Ti30eKTi peakuust 9JiciMeH jXy3ere
achIPBUIABL.  3epTTeyAiH e3eKTimiri rs2228570 reHeTHMKanblK BapHanusulapsl D IopyMeHi penenTops
aKybI3BIHBIH CHHTE31HE JKOHE OHBIH 0acKa TeHAEp.iH SKCIPECCUSACHIH PETTEHTIH TPAHCKPHIIISUIBIK (HaKTOp
petiHzeri OenceHainirine ocep eTeTiHAirine OainmaHbIcThl. byn Mexanmsm rs2228570 kxeke TeHOTHUNTEPiHIH
HEMeCe aJUIeNBACPiHIH OPTYpPIl aypylapIblH Ce3IMTAIBIFBIMEH, AaFblHBIMEH JKOHE HOTIIKEIEPiMEH
GaiinaHpIChIH  aHBIKTaWAbl. OcCbl  MONUMOPGU3MHIH  Ke3lecy JKUUIIN OTHUKAJBIK epeKIIeNiKTepiHe
GailaHBICTBl alTapJbIKTAil e3repyi MyMKiH. 3epTTey HoTkKenepi OoiibiHINA Kaszakrap apackiHga VDR
reinig rs2228570 OipHyKIeOTHATI HONMMMOPGU3MIHIH eH *kui ke3xeceriH renoruntepi AG (32,8 %) xoHe
GG (25,2 %) Gonmsl. En cupek kesmecerini — TT (1,7 %) xone CC (0,8 %) romosuroranapbl. Ochl
3eprreyae 1s2228570 GapibIK TOPT AJUIENBIIH Tapalybl allFall peT Oip yaKbITTa aHBIKTAIABL. backiM aiienb
G (51,3%) Gomms, A (31,0 %) — cupek keszzecenmi, an C »xone T amienbaepi eH CHpeK Ke3aeceai
(cotikecinme 11,8 % xoHe 5,9 %). Rs2228570 arzanblH opTyp:i aypynapra, coHblH iminge COVID-19-ra
OeliMaiirine ocep eTeTiH BIKTUMal (aKTOp pETiHAE OJaH opi 3epTTEYHiH BIKTUMAal MAaHBI3IbUIBIFbI
KOPCETLIreH.

Kinm coe30ep: D napymeni peuentopbibl (VDR) reni, VDR reniniH OipHYKI€oTHATI momuMopdusmi,
rs2228570, reHOTUNTEPHiH Ke3[lecy >KHUUIIri, ayulenbIepHAiH Ke3Aecy JKUiIri, Ka3zak STHHKAIBIK TOObL, D
IepyMeHi, D nopymeHi penenTopst.
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V.V. Protas, G.P. Pogossyan et al.

B.B. Ilpotac, I'.IL. ITorocsn, K.I'. JIu, M.I1. Jlanunenko

YacToTa BCTPE4aeMOCTH OJTHOHYKJIEOTHAHOT0 mojumMopduzma rs2228570
reta pemnentopa suramuna D (VDR) cpeau npencraBuresieii
KAa3aXCKOM Y THUYECKOM rpyninbl

B crarbe mpencTaBneHsl pe3ynbTaThl UCCIEIOBAHUS YaCTOTHI BCTPEUAEMOCTU T€HOTUIIOB M aiieneil ofHo-
HyKJIeoTHaHOTO nonmuMopdusma (SNP) 152228570 rena penenrtopa Butamua D (VDR) cpenun npencrasure-
JIel Ka3aXxCKOM STHUYECKOH IpyIbl, MpoxkuBaromux B Kaparananuckoit oonactu. ['eHoTUnMpoBaHue JaHHO-
ro SNP ocymecTBiIsIIOCh METOOM MONMMEPa3HOil MEMHOH peakinuy B PeXHUME PealbHOTO BPEMEHH C HC-
MOJTB30BaHMEM TeXHoJoruu TaqMan. AKTyanbHOCTh HCCIIENOBaHUS OOYCIIOBIEHA TEM, YTO I'€HETHUECKUE
Bapuaryy 152228570 BIUAIOT Ha cHHTE3 Oenka-perenTopa BuTaMuHa D 1 ero akTHBHOCTB KaK TPAaHCKPHIIIIH-
OHHOTO (haKTOpa, PEryIUPYIONIEro AKCIPECCHIO IPYTUX T'eHOB. [IaHHbIH MeXaHH3M 00yCIIOBIMBAET acCOIHa-
LU0 OTAETbHBIX TEHOTHUIIOB WK ajuienei 1s2228570 ¢ BOCIPUUMYUBOCTBIO, TEUCHHEM M HCXOAaMH Pa3iIiy-
HBIX 3a001eBaHKi. YacToTa BCTpeuaeMOCTH JaHHOTO MOJUMOP(H3Ma MOXKET CUIBHO BapbHPOBATHCS B 3aBU-
CHMOCTH OT 3THHYECKOH MpUHAATIeKHOCTH. [1o pesynpraram ncciaenoBaHus, HanboIee 4acTo BCTPEIaeMbIMH
TEHOTUIIAMH OJIHOHYKJICOTHAHOTO mosnuMopdusma rs2228570 rera VDR cpenn kazaxos cramu AG (32,8 %)
n GG (25,2 %). Cambeimu penxumu — romosurotsl TT (1,7 %) u CC (0,8 %). Cnenyer OTMETHTb, YTO B Ha-
CTOSIIIIEM HCCIIEIOBAaHWU BIEpBbIE ObUIa OJHOBPEMEHHO BBIIBJIEHA PAacCIpPOCTPAHEHHOCTh BCEX ayllenei
1r$2228570. [Ipeobnanaroreit amiensio ctana G (51,3 %), menee pacnpoctpanenHoit — A (31,0 %), a amenu
C u T — nambonee penxo Bcrpeuaemsre (11,8 % u 5,9 % coorBercTBeHHO). [Toka3aHO MOTEHIMANBHOE 3HA-
YeHre AajbHeimero m3ydeHus 1s2228570 kak BO3MOKHOTO (haKTOpa, BIMAIOMIEr0 Ha BOCOPUUMYHBOCTD Op-
raHu3Ma K pa3InvHbIM 3aboneBaHusM, B ToM gucie 1 COVID-19.

Kniouesvie cnosa: ren peuenropa ButamuHa D (VDR), omHoHykneoTumHslii mommMop¢usm rena VDR,
1$2228570, yacToTa BCTPEYaEMOCTH T'CHOTHUIIOB, YAaCTOTa BCTPEUAEMOCTH ajlIeNel, Ka3axCcKas dTHHYECKas
rpynna, ButamuH D, penentop Butamuna D.
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YNocyoapemeennviii npupodnuiii pesepsam «Hne-Banxawy, Baxanac, Kasaxcman;
Hucmumym 300n02uu, Anmame, Kasaxcman
Asmop ons koppecnondenyuu: aidyn.eszhanov@gmail.com

O naxoake kjaemeii Rhipicephalus leporis (Arai, Ixodidae)
B OkHoMm Ilpubanxambe

HWKcomoBble KIENH SABISAIOTCS MEPEHOCINKAMH MHOTHX TPAHCMUCCHBHBIX HH(EKIHH, B TOM 9HCIE 0C000
ormacHbIX. XOTS MEIUIMHCKOE M BETEPUHAPHOE 3HAYEHHE ITOM TPYINIBI KPOBOCOCYIIMX UICHHCTOHOTHX
TPYIHO TEPEOIIEHUTH, TEM HE MEHEE, U3BECTHO, YTO HHTEHCUBHOE U3ydeHHe (ayHbl MKCOIOBBIX Kiemei Ka-
3axcTaHa MPUILUIOCh Ha COBETCKUA mepuo, a mocie pacnana CCCP uccnemoBanus GayHbl U CHCTEMATHKH
MKCOJIOBBIX KJIEIIEH HOCHIIM JIHINb SMU30uueckuii xapakrep. Ceroans dayHa HKCOIOBBIX Kiernel Pecry6-
nukr Kasaxcran HacuuThiBaeT 42 BHIA KPOBOCOCYIIHX MayKOOOPA3HBIX, [IPH STOM 3a4aCTyIO CBEJICHHS I10
HEKOTOPBIM BHIaM KJelell HOCAT (hparMeHTapHblii Xapakrep. Tak, aBTopamu B pe3yibTare 00CIIeI0BaHus,
MPOBEICHHOTO Ha TeppuTopuu Mne-banxamickoro pesepsara Ha ¢iar, Bcero Ob10 coOpaHo 65 3K3eMIUTIPOB
MKCOJIOBBIX Kiemieil. B xo/ie HaeHTH)UKAIMHI YIaTI0Ch YCTAHOBUTD, YTO COOPAHHBIC KIICIIH MPHHAIIICKAIH K
poay Rhipicephalus, a npu BunoBoit nuddepenunanuu Bce cobpannsie Kiemu okasanuchk Rh. leporis. Knemm
KOHI[EHTPHPOBAJUCH B OCHOBHOM BOKDYT JKUIIBIX TIOMEIIEHHH, HO HAUOOIIbIIIAs YUCIEHHOCTh Oblla OTMEYEHA
OKOJIO BOJIbEpa, T1e copepxanuch Oyxapckue onenu (Cervus elaphus bactrianus). TIpumedaTebHbIM SBISET-
s TOT (paKT, YTO paHee HTOT BHJ KJIENIa Uil JaHHOW TEPPUTOPUH HE YKA3bIBAJCH, U OOHAPYKEH aBTOpaMH
31ech BepBbie. [ToydeHre HOBBIX CBEICHUI O (hayHe MKCOIOBBIX KICIIECH, OOUTAIOIINX HA TEPPUTOPHUH pe-
3epBara «Mne-banxam», MOXET UMETh BOKHYIO POJIb JUI TUIAHUPYEMOM MHTPOIYKIHH aMypCKOTO THIPa
(Panthera tigris tigris), MOCKOJIBEKY HKCOIOBBIE KIICIIH TIEPEHOCIT OOJIBIIOE KOJHYECTBO 300HO3HBIX 3a00J1e-
Banuil. TakuMm oGpazoM, 310 OyIeT CIOCOOCTBOBATH KOMIUIEKCHOM OL[EHKE PUCKOB ISl HHTPOLYKIIUH THTPA U
MOYKET TIOBBICHTD YCIIEX MUIAHUPYEMOTO MEPOTIPUSTHL.

Knrouesvle cnosa: Kiemy, IKTonapasuTsl, 0€CIIO3BOHOYHBIE, BUJ, apeall, HH(EKINH, NEPEeHOCUUK, HHTPOIYK-
1Hs1, GMOJIOTHYECKHE PUCKH.

Beeoenue

KpoBococyruye 4IeHHCTOHOTHE SIBISIFOTCS IMUPOKO PacIpOCTPaHEHHBIMH 3KTomapasutamu. llurascek
KPOBBIO, 3TH KPOBOCOCH HAHOCST 3HAYUTEIIBHBIN BPE 3J0POBBIO UEIOBEKA U KUBOTHBIX, BBI3BIBAS AJLICPTH-
YEeCKHUE PeaKklliy, UCTOIIEHNE W CHIKEHHE POCTa MOJIOJHSKA, a TP MacCOBOM TOPaXeHUH U cMepTh. Kpome
TOT'0, DKTONAPA3UTHI SBJISIOTCS MEPCHOCUMKAMU BO30YyIUTENIEH MHOTMX WH(EKIIMOHHBIX U HWHBA3MOHHBIX
3a0oneBaHuil. B mpupoaHBIX ouarax OHU ABJSIOTCS pe3epByapaMH M NMEPEHOCUHKAMU BUPYCOB, PUKKETCHIA,
OakTepHii, CIIUPOXET, TPUMAHOCOM, hutsipuii, muporuiazmu [1]. [Tpu nuTaHu| KPOBBIO KPOBOCOCHI CIIOCO0-
HBI BOCITPHHAMATb, IJTUTEIHHOE BpeMsl COXPaHAITh B CBOEM OpraHW3Me U IepeIaBaTh MOTOMCTBY BO30YAHTE-
JIel TaKuX OINACHBIX 3a0ojeBaHui, kKak KOHro-KpbIMCKasi TeMopparndeckas JTUXopajaka, KoJIopaacKas Kie-
meBas nuxopanka, Tororo, IloBaccaH, KesicaHypckas JiecHas OOJIe3Hb, KJICIIEBOH SHIEDANINUT, KICIEBOH
Ooppenuos, niu Oone3np Jlaiima, Ky-pukkercnos, AcTpaxaHCKash PUKKETCHO3HAS IATHUCTAs JIMXOPAJKa,
CBIITHOM KJIeIIeBOH TH(, BO3BPATHBIN KJIeIIeBO TU(, Ipinuxuo3, 0ade3n03, aHauIa3Mo3, guxopaaka Llymy-
ramym, CeBepoa3naTCKuil KIIEMIEBOH PUKKETCHO3, BE3UKYIE3HBIH PUKKETCHO3, IATHUCTAs JIMXOPaKa CKa-
JUCTHIX TOp, Mapcenbckast TUXopajKa, TyasapeMus 1 MHOTHe apyrue [2, 3].

3aboneBanus, BO3OyAUTENEH KOTOPBIX MEPEHOCAT MKCOMOBBIC KIICITH, TAK)KE HAHOCST 3HAYNTEIHHBIMA
yiiep0 U 3/I0pOBBIO JKMBOTHEIX. Ha MiekomuTaronmux napasutupyer 511 BUI0B UKCOAOBBIX KIIEIIEH, MHOTHE
Y3 HHUX SBJISIOTCSH CeNU()UISCKUME B OTHOIIEHUH KAKUX JINOO CUCTEMAaTHYECKUX KaTeropuid. boibmmHCcTBO
BHJIOB KJICILIEH MUTAETCA KPOBBIO TUKHUX KUBOTHBIX, CPEAN HUX €CTh HECKOJIBKO BUJOB, aAalTHPOBABLINXCS
K Mapa3suTHPOBAHUIO HA JOMANIHUX KHUBOTHBIX [4]. B Ka3axcrane ooutaet 180 BHIOB MIICKOITMTAIONINX, U3
KOTOpBIX Topsiyika 40 BUIOB HAXOJSITCS MOJ OXpaHoii rocynapcrsa [5, 6]. [IpuunHO# COKpalieH s Wi HC-
YE3HOBEHHUS HEKOTOPBIX BUIOB >KMBOTHBIX MOCITYXKUJIO YCHUJIEHHOE HCIOJNb30BAHUE YEIIOBEKOM MPUPOIHBIX
pPECYpCOB, a Tak)Ke BO3HUKHOBEHHE CPEJM HUX OMACHBIX MH(EKIIMOHHBIX M WHBA3MOHHBIX OOJIE3HEH, 4acTo
MIPUBOJSAIINX K THOENN )KUBOTHBIX. 3apakeHNEe U PacIpOCTpaHeHHE 3TUX OOJIe3HEN cpein TOMAIIHUX U JTH-
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KHX MJICKONHTAIOIIUX, IJI€ MOTYT HAXOAUTHCS HOCHTENN BO30YyAMTENCH 3a00NeBaHU M MX MEPEHOCUYMKH,
MOJKET IIPOMCXOANTE IIPH KOHTAKTe Ha macToummax [7].

Ha Gonpbeit wactn Kazaxcrana B HacTosiiee BpeMs (QYHKIMOHUPYIOT NPUPOJHbIE OYaru Takux 3abo-
JIeBaHWH KaK yyma, CHOMpCKas s3Ba, Opylesies, TyaspeMusi, OCIIeHCTBO, MUPOILIa3MHUI03bl, CTUPOXETO3HI,
puKkeTcro3bl U jp. [8]. EctecTBeHHBIMH HOCHTEISIME BO30yqUTENCH THX 3a00JI€BaHUI B MPUPOIHBIX OYa-
rax SIBISIOTCS AUKHUE KUBOTHBIE, B OCHOBHOM, TPBI3YHBI, a IEPEHOCYMKAMHU — UX IKTONApa3uThl (KpOBOCO-
CYIIME€ HaCEKOMBIE U KIIEIIH).

st coxpaneHust BUAOB JKUBOTHBIX, HAXOASIIMXCA MO YTPO30i NCUE3HOBEHMS, 1 BOCCTAHOBIICHUS UC-
Ye3HYBILUX BUAOB Ha TEPPUTOPUHN PECITyOIMKHN OpraHU30BaHbl IPUPOLOOXPAHHbIE OPraHU3aALNH.

B 2018 r. IlocranoBnenuem llpaBurensctBa Pecryonuku Kazaxcran B menbTe peku Wie, B FokHOU
yacTu o3epa banxam 6bu1 co3aan ['ocynapcTBeHHBIN npupoaHbIid pesepBaT «Mne-banxamy ¢ nenpto coxpa-
HEHMS 3TOT0 YHUKAJIBHOTO IPUPOAHOTO KOMIUIEKCA, a TAaKXKe MOCIIeIyoed HHTPOIYKINH OyXapCcKOro one-
us (Cervus elaphus bactrianus) u amypckoro turpa (Panthera tigris tigris), remernuecku cxomHoro ¢ oom-
TaBIIMM Ha 3TOW TEPPUTOPHU JIO CEPEIMHBI MPOLLIOro croneTus TypanckuMm turpom (Panthera tigris
virgata).

B cBs3u ¢ yeM BO3HHKaeT HEOOXOOUMOCTh B NMPOBEACHUH HAY4YHO-HCCIIEAOBATEIbCKUX PadoT, CBA3aH-
HBIX C MOHUTOPUHIOM M KOHTPOJIEM 3a MOMYJALUAMHU IEPEHOCYHUKOB B 3TOM PETHOHE, PAacHOJIOXKEHHOM Ha
TEPPUTOPUH TyraitHOTO oyara TyjasipeMun 1 CpegHeasnaTckoro NpupoJHOrO MYyCTHIHHOTO 04ara YyMbl.

Mamepuanst u memoosi

Martepuanom Ui HACTOSIINX HCCIIEIOBAHUI MOCITYKUJIM UKCOAOBBIE KIICIH, COOpaHHbIE Ha TEPPUTO-
pun Mne-banxamckoro pesepsarta ¢ 13—-16 centsiops 2021 roga. Hamu Obutn 00cinenoBaHbl OKPECTHOCTH
kopaoHoB Koranel, Kopeic 1 Kapamepren. Kiemm Oputn coOpaHBI ¢ pacTHTENBHOCTH Ha (biar, coriiacHoO
OOMIETIPUHATON METOMKE TI0 cOopy u uccienoBanuio kiemniei [9]. CoOpaHHbIi MaTepHal OTACIBHO C Kak-
JI0T0 MecTa cOopa OblT MOMEIEH B TUIACTUKOBBIE MPOOMPKU ¢ BUHTOBBIMHU KpBIIIKamMH, o0beMoM 10 M1, u
¢dukcuposaiucs B 70 %-HoMm pacTBope cnupTa-pektudukara. OnpeaencHue BUIOBOH NPUHAICKHOCTH KIle-
el TPOBOAMIM 10 MOP(OIIOTHUECKUM MPHU3HAKAM IIPH HOMOIIM MHUKPOCKOIIA OMHOKYJISIPHOTO CTEPEOCKO-
MUYECKOT0 ¢ MPUMEHEHHeM omnpenenuTenbHbix kioueit [10, 11]. Kpome Toro, /st cpaBHeHUST HaMH ObLTH
u3ydenbl 1147 sk3. xiemeit Rh. leporis Pom. u3 xomnekunonsoro ¢onma PTTI «MuctutyT 30000runy KH
MHBO PK. Bcero Ha uccneoBaHHON TEppUTOPHH HaMH OBLIO COOPAaHO M U3Yy4YEHO 65 3K3eMIUIIPOB MKCO-
noBeIx Kiemei (3799 u 288 3).

Pesynomamot u o6cyscoenue

IlepBoHayanbHO NpHU BHUIOBOW HMIACHTU(HUKALHMU COOpaHHBbIE KJIEHM OBUIM ONpeAesieHbl HaMU Kak
Rhipicephalus pumilio Shulze (1935), BBuay cuiibHO# cX0KeCTH 10 MOP(OIOrHIecKuM npusHakam. OHaKO
npu OoJiee TIATENbHOM U3YyYCHUU M CPAaBHEHHUH KJICHEH ¢ KOJUIEKITMOHHBIMH SK3EMIUISIPAMHU 0Ka3al10Ch, YTO
BCE OHU MpHHAUIeKaT apyromy Bumay — Rhipicephalus leporis Pomerantzev ( 1946) (puc. la, b). B otinuune
ot Rh. pumilio y camok, oGHapy»eHHBIX HaMHU KJIeleid, O0KOBbIe 6OPO3/IbI TIOBEPXHOCTHBIE C MEPEPHIBAMH,
HE JIOCTUTAIOT 33/IHEro Kpas cKyTyma (puc. le). I'enuranbHoe oTBepcTHe mupokoe. [leputpema ¢ JUHHBIM U
Y3KHM JIOpCaNbHBIM OTpocTKamu (puc. d). /nnHa BepmmHHOTO KOHYCa MeHbIIe mupuHbl (puc. 1c). Cnexyet
OTMETHTB, YTO paHee MPHU UCCIEAOBAHUAX, IPOBOAUMBIX B banxamickom paifoHe, B cOopax HaMm MONaJaJIuCh
toabko Rh. pumilio.

Rh. leporis Bnepsrie 6but onricad b.1. ITomepaHIieBbIM 10 KIIEIIaM, CHATBIM ¢ 3aiilia u3 Y30ekucraHa B
1936, 1938 1 1939 rT. [11], KOTOPHIA TaKKe YKa3bIBAECT Ha CXOKECTh ATUX JIBYX BUAOB. EMWHUYHBIEC SK3EMII-
JISIpbl MOTYT BCTpEYaThesl Ha exkax M Oonpmmx mnecuaHkax. I.B. Komonun, ccrutasce na Hoogstraal (1973),
yKa3bIBaeT Ha oOWMTaHHME 3TOrO BUA Ha 3aiIe-ToJiae, BOJKE, JIUCHUIIE, XOPbKe, MEePEBs3Ke, eXax, IPhI3yHax,
KOTIBITHBIX B TJIMHHUCTBIX M MECYaHBIX MyCThIHAX Adranucrana [12]. Bug oOHapykeH Ha 3aifmax, Jucunax u
KpPacHOXBOCTHIX NecyaHkax B 3anagHoMm Typkmenuctane [13]. B Y30ekucrane kiemuy Buaa Napa3uTUPYIOT
Ha exax, IMOJIyICHHOH 1 TpeOeHIIMKOBOM MecuaHKkax, Jlacke, 0apcyke, K03ax M OBLAX B MPUICIbTOBON YacTH
p. Amymapeu [14, 15]. B Kasaxcrane eIMHCTBEHHBIN 9K3eMITISP OBLT CHAT ¢ a3MAaTCKOr0 My(hJIoHa B YpOUH-
me Kapawmast, 6:m3 3anannoro ynaka Ycriopra. B Tangei-Kypranckoit (HelHe ATMaTHHCKON) 001acTy Kie-
1M oOHapykeHbI B 145 kM ceBepo-BocTouHee T. AnMartsl [16, 17]. B Ke3butopauHckoii obaactu kiemu Rh.
leporis 6buTH cOOpaHbI ¢ OONBILION MECYAHKH U €€ HOp, MAJIOrO TYIIKaHYHMKa, 3ailla ToJasi, BOJKA, CTEITHOTO
Xopsl, TepeBsa3Ku, Jacku [18].
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O Haxopke knewer Rhipicephalus leporis (Arai, Ixodidae) B FOxHom lMpubanxaiube

E (yBemmuernne 1000 mMxm) F (yBemmuenne 1000 Mxm)

A — camka, BuJ cBepxy; B — camka, Bun cHuzy; C — camen, Bun cBepxy; D — camen, Bun cHu3y;
E — nmanka I camxu; F — neputpema; G — ckytym camku; H — ajgaHanbpHbBIC IIUTKH CaMIIA;
| — meputpema caMku; J — mepuTpemMa camiia

Pucynoxk 1. Rhipicephalus leporis, oTioBneHHbie BOIM3H BOJIbepa ¢ GYyXapCKUMH OJICHSIMHE
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N3 KonnexuuonHoro ¢ouna Mucruryra 30omorum KH MOH PK namu m3ydenst 1147 3k3. knemeit
Rh. leporis, mo6eiThix akagemukom E.B. T'Bo3meBbiM (ompenenensl 10 Buaa akamemukom LI Tamy3o), ¢
ymacroro exa B 1941 r. B okp. moc. Ynunm (aetae nenn) KenbsmopanHackoit obmacta — 3 2k3., B 1944
r. — 32 9K3. ¢ 3alina-Tonas B okp. noc. bakanac AnmaTtuHckoi obmactu u B 1945 r. — 1112 k3. ¢ 3aiina-
TOJIast, BepOIIrOIa, KO3bI, YSIIOBEKA, YIIACTOTO eka, TOObIThIX TaM xe. Haxomku 1945 r. Rh. leporis B moiime
p. Wine nanu Ham ocHOBaHHWE Mpeonarath 00 0OUTaHUH STOTO BHUJIA U B JICNBTE PEKU.

Pesynbratel uccnenosanuii kienieid Rh. leporis u3 Komekiponnoro gonna MHCTUTYTA 30070THHU TIPH-
BeJleHbl B Tadimie 1.

Tab6anuma 1

Yucaennoctb Rh. leporis ma Lepustibetanus u3 baaxamickoro paiiona, cobpannbie B 1945 r.
(Kosunekunonnsiii pona Uncruryra 3o00s0run MOH PK)

Mecst KosruecTBO COOpaHHBIX KiIemiei
HCCIIEIOBaHUI 2 d N L Beero,
OK3. % OK3. % OK3. % DK3. % 9K3.
Mait 72 25,4 89 314 121,0 42,8 1,0 0,4 283,0
HroHb 178 47,7 172 46,1 11,0 2,9 12,0 3,2 373,0
Wronp 163 46,0 185 52,3 5,0 1,4 1,0 0,3 354,0
Agryct 22 28,2 8 10,3 5,0 6,4 43,0 55,1 78,0
CeHTs0ph 1,0 25,0 3,0 75,0 4.0
OKTs0ph 4 57,1 3 42,9 7,0

Cyast o maHHBIM TaOMUIEI 1, Bce Bo3pacTHBIE (ha3bl KIIEIel mapa3uTUPOBAIH Ha 3aiIiax ¢ Mas Mo OK-
TAOpb, MPUYEM MaKCHMallbHas YHCICHHOCTH B3POCIBIX Kielield Oblla oTMEueHa B MIOHe—Hioyie. B mae B
coopax mpeodnananu HUMOB (N), B aBrycte — auuuHku (L), B ceHTAOpe ¢ IByX 3aiilieB ObLTH COOpaHbI
TOJIFKO JJMYMHKH U HUMQBIL, 2 B OKTAOpE ¢ OJHOTO 3aiilia ObLTH cOOpaHbl TOIBKO UMaro. BBuay HU3KOH dmc-
JIEHHOCTHU 00CJIeIOBAaHHBIX B CEHTSIOpE M OKTSAOpE 3ailleB, Mbl HE MOXKEM IPEJICTABUTH MOJTHYIO KapTUHY 10
3apaKeHHOCTH MX B OTOT nepuo. [lo mutepaTypHBIM JaHHBIM, B ITecYaHOH mycThiHe BocTounpix Kapakymos
B3pOCIIbIE KIISIIN Mapa3uTUPYIOT Ha 3aiilie-lIeCYaHHUKE C MapTa 10 CEHTSOPb, C MMKOM YHCIICHHOCTH B HIOHE
[18]. B IIMHHUCTBIX M MECYaHBIX ITyCTHIHSX AraHucTaHa B3pOCIble KIEHH MapasuTupyror Ha Lepustolai ¢
ampets Mo aBrycT ¢ MAKCUMAIILHBIM ITMKOM YHCIICHHOCTH B Mae, a IMYMHKH U HUM(bI — € KOHIIA anpeds J10
KoHI[a utons [12].

COop kJiemield MbI IPOBOAMIIH B cepennHe aBrycra 2021 roma BOKpyTr NOMEIISHUH, TJie HAXOIUIACH CO-
TPYAHHUKH pe3epBara B paanyce 3 KM U BOKDPYT BOIbEpPA, TAe CoIepKanuch Oyxapckue oneHd. OTIOB U Oc-
MOTp >KMBOTHBIX He NpoBoamiIcs. Kiemu, B OCHOBHOM, €IMHUYHBIE SK3EMIUISPHI, MO alUCh Ha ¢uar B
BeuepHee Bpems, B 18.00-19.00 u, xoryma criagana JHEBHAS Kapa, HE JaIbIlIe KUIOMETPa OT KUIIBIX ITOCTPO-
ex.

Kak mokazaHo B Tabnuiie 2 Ha ¢uiar HaMm MONaaainch UCKITFOUUTEIBHO B3pocibie Kiemu. Hanbonbee
KOJIMUYECTBO KJIeIel ObLIO cOOpaHo BOJIM3H BOJIbEPA, IJIE COJICPIKAIUCH OYXapCKUE OJICHU.

Tabnuma 2
Pe3yabTatsl c6opa kiaemeii Rh. leporis B Mie-Banaxamckom pe3epBare

Mecto c6opa - Kgnmqecmo CO6p?:.\Il—IHBIX KIIelei, 31I<_3. — Jlara cGopa
Koraisr 4 5 — — 9 14.08.2021
Kopsic 5 8 — — 13 15.08.2021
Bomnbep 28 15 - - 43 16.08.2021

Raxnrouenue

Onm3ooTonoruueckoe 3HaueHue Rh. leporis 1o cux nop He n3ydeHo. B sxcnepuMeHnTax, MpoBOANMBIX B
Kapaxkanmnakuu, Ha 3apaXeHHOCTb KJienel Bo30yauTeneM Juxopaaku Ky MONoXKUTENBHBIX Pe3yIbTaToOB Ha
HOCHTEJILCTBO Bo30yautens y Rh. leporis BersiBneno He 6but10 [19].

Ha teppuropun NUne-banxamickoro pesepsaTta B HacTosIIIee BpeMsi OTMEUCHO 0OuTaHue 44 BUIOB MJe-
KOITUTAIOLINX, KOTOPHIE SIBIISFOTCS IPOKOPMUTEIISIMU JUTSl HKCOJIOBBIX KJICHIEH Ha Pa3HBIX CTAIUSIX UX Pa3BH-
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THS, TIOCNIEHHUE JX€ MOTYT OBITh pe3epByapamu psiga HHeKknuoHHBIX 3abomeBanuii [20]. Ckormenue
Rh. leporis BOam3u Bosbepa, rae coaepikarcsi 0yxapckue OJICHH, UMEET HEMaIOBaKHOE SMH300TOIIOTHYECKOES
3HAYEHUE ¥ B IMOCIEAYIOIIEM MOXKET UMETh HETATHBHBIC MTOCIIEICTBHS IS yCIIeXa HHTPOYKIIMU aMypCKOTO
turpa. [ToCKONbKY JOCTOBEPHO U3BECTHO 00 MHTCHCHBHOM KOHTaKTe Omaropoansix ojeneit (Cervuselaphus)
C BO30YAUTENSIMH KIIEIeBOro dHIedanuTa, KiemeBoro u Ky-pukeTciHo30B, JISNTOCIUPO30B H TYJIIPEMUU B
T'opHO-AuTaiickoii aBTOHOMHOM obactu [21], a B Ta/ykMKHUCTaHEe YCTAaHOBJICHA POJIb STOTO OJICHS KaK Mpo-
KOPMUTEJIS KITEIEeH, KOTOPhIe TIEPEHOCT MHPOILIa3MU03 KPYITHOTO poraTtoro ckora [7].

Jlannas paboma oOvina svinoanena ¢ pamxax npoexma MPH OR11465437 «Paszpabomka HAyuoHAIbHO-
20 2NIEKMPOHHO20 6AHKA OAHHBIX NO HAYYHOU 3007102U4ecKoll Koanekyuu Pecnyonuku Kazaxcman, obecnevu-
sarowe2o ux 3hekmusHoe UCNONb308AHUE 8 HAYKe U 00PAZ0BAHUUY.
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3.3. CaskoBa, A.B. EcxaHoB

3.3. CasxoBa, A.b. Ec:xxanos

Onrycrik Baakam manbsiaaa Rhipicephalus leporis (Arai, Ixodidae)
KeHeJIepiH Taldy TypaJibl

Wkcommun KeHenmep KeNTereH TPAHCMHCCHBTI WH(EKIMSUIApABIH, COHBIH IIIiHIE ocipece KayinTi
uH(EKIMIIApABIH TachIMaIIAYIIBICHl 00BN Tabbutanbsl. KaHCOPFBII OybIHASKTHUIAPABIH OCHI TOOBIHBIH
MEAULIUHAIBIK JKOHE BETEPUHAPJIBIK MAaHBI3IBUIBIFBIH Oarajiay aca KHUBIH OoiraHbIMeH, Ka3akCTaHHBIH
MKCOMUITI KeHeNepiHiH (ayHaCchblH KapKbIHIbI 3epTTey KEHECTiK Ke3eHae OosiraHapirbl Oenrimi, an KCPO
BIABIPAFaHHAH KEHiH MKCOAMATI KeHeNnepIiH GpayHachl MCH TAKCOHOMHSCHIH 3€pPTTEy TEK SMH30THIK CHIIATTa
rana Oonmel. bByrinri Tanma Kasakcram PecnyOnmukachlHIArsl WKCOOMITI KEHENEPHiH (ayHachl OCHI
KAQHCOPFBIII OPMEKIIITapi3nuiepaiy 42 TypiH KaMTHABL, al KeHeJepIiH KeiOip Typiepi Typaisl akmapar
keOiHece (parMeHTTIK cumarra kesneceni. MaceneH, [me-bankam TaOuru KOpFajbIMBIHBIH JKalayIlacklHa
JIEeHIHTl JKYPTI3UIreH 3epTTey HOTIDKEeCiHAe aBTopiap OapibIFbl 65 HKCOMUI KeHe YITICIH J>KHHaraH.
CoiikecTenipy OapbichiHIa kMHamFaH keHesnepaiH Rhipicephalus TykpiMmaceiHa KaTaThIHBIH aHBIKTayFa
MYMKIHIIK Ty/BI, all TYPi capanay Kesinue Gapiblk skuHanran kenesnep Rh. leporis Typine xatansl. Kenenep
Heri3iHeH TYPFBIH YH-Kailap/blH alHAlAachIH/Ia [IOFBIPIaHFaH, Oipak eH kel caHbl Kepmapangap (Cervus
elaphus bactrianus) ycranran kopa ManbiHIa OaiKaIIbl. Bip KBI3BIFBI, KEHEHIH OYJI TYpi OChI ayMaKTa OYpbIH
KOPCETIIMEreH JKOHE OHBI aBTOpJIAp ajFall PET OCHI )KepJeH TamnkaH. lne-Bankamr TabuFu KOPFaJIBIMBIHBIH
ayMarblHIa MEKCHAEHTIH MKCOMUITI KeHelepAiH (ayHachl Typajbl jKaHa MAJIIMETTep ally YIIiH aMmyp
sxonbapeiceid  (Panthera tigris tigris) »kocmapisl MHTPOAYKIHUSsUIAY MAaHBI3IABI 0OJybl MYMKiH, ©UTKEHi
MKCOMUITI KEHeJlep 300HO3ABIK aypyJapIblH KOIl MeJIepiH TachiManaiael. OcblUiaiiina skoa0aphICTapbl
MHTPOIYKIMSUIAYy YIIH KeIIeHIi ToyeKenni Oarajayra BIKIAl eTelli JKOHE JKOCIapiaHFaH KBI3METTIH
TaOBICTBUIBIFBIH APTTHIPYBI MYMKIiH.

Kinm ce30ep: keHenep, SKTONMapasHTIEp, OMBIPTKACHI3NAp, TYpiep, Tapaly ayMarbl, HHQEKIusIap,
TapaTyIIbl, THTPOAYKIHS, OHOIIOTHAIBIK KayinTep.

Z.Z. Sayakova, A.B. Yeszhanov

About the finding of mites Rhipicephalus leporis (Arai, Ixodidae)
in the southern Balkhash region

Ixiodid mites are vectors of many transmissible infections, including especially dangerous ones. Although the
medical and veterinary significance of this group of blood-sucking arthropods can hardly be overestimated,
nevertheless, it is known that intensive study of the fauna of ixodid mites in Kazakhstan fell on the Soviet pe-
riod, and after the collapse of the USSR, studies of the fauna and taxonomy of ixodid mites were only episod-
ic. Today, the fauna of ixodid mites of the Republic of Kazakhstan includes 42 species of these blood-sucking
arachnids, while information on some species of mites is often fragmentary. So, as a result of a survey con-
ducted on the territory of the lle-Balkhash reserve for the flag, the authors collected 65 specimens of ixodid
mites in total. In the course of identification, it was possible to establish that collected mites belonged to the
genus Rhipicephalus, and upon species differentiation, all the collected mites turned out to be Rh. leporis.
Mites concentrated mainly around living quarters, but the largest number was noted near the enclosure where
Bukhara deer (Cervus elaphus bactrianus) were kept. Noteworthy there is the fact that earlier these species of
mite was not indicated for this territory and was discovered by the authors here for the first time. Obtaining
new information about the fauna of ixodid mites living on the territory of the lle-Balkhash reserve may be
important for the planned introduction of the Amur tiger (Panthera tigris tigris), since ixodid mites carry a
large number of zoonotic diseases. Thus it will contribute to a comprehensive risk assessment for tiger intro-
ductions and may enhance the success of the planned activity.

Keywords: mites, ectoparasites, invertebrates, species, range, infections, vector, introduction, biological risks.
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Overview of health-saving skills developing technologies

The article reviews and compares the diversity of health-saving skills developing technologies in different
studies of educational process, that provide knowledge and skills to maintain well-being of students. First
year students face challenges that are threatening their physical and mental health, and undergo the new self-
destroying habits like smoking, drinking, alcohol, depravation of sleep, bad nutrition etc. First year students’
adaptation should be followed with attention to develop independent health-saving skills. The technologies
developing health-saving skills, like researched-based programs, theoretical base and skills are reviewed and
widely examined. The article contains analyzed information on health-saving skills, methods of developing
health-saving skills, socioeconomic status and health-related quality of life, and use health-related quality of
life (HRQOL) as criteria to differentiate level of impact on academic success of students. The role of efficient
and promising technologies of developing health-saving skills on changing attitude about wellbeing and
health, bringing understanding among freshman students about influence of health on academic success and
other aspects of life is overviewed. Compared technologies developing health-saving skills affect academic
success of students on the different level of approach, and it concludes that for a great change, it is better to
use skill-based method.

Keywords: health-saving skills, skilled-based education, research-based programs, theory-based education,
physical and mental health, first year students.

Introduction

Young people of age 16 to 21-year-old have to face life-changing transitions, between the two most im-
portant educational institutes — school and university. Provided with huge stress from the new environment,
studying processes, and change in social status, high school graduates are going through a lot of difficulties.
Studying at the university opens opportunities that were closed to first-year students, due to status and age.
The opportunities not only include new social encounters, more traveling and working, but also easier access
to smoking, drinking alcohol, and other self-destructing activities, that before were prevented by parental
supervision, for example, daily regime, constant both mental and physical examination, nutrition, etc. In re-
search of USA Mid-Western youth by M. Nichter, students in their first year of college start smoking and
drinking alcohol, even though the majority of first-year students hadn’t reached the legal age to buy ciga-
rettes or alcohol. They have fewer physical activities, first exams, and the necessity of learning a big amount
of information in a short time, resulting in stress, insomnia, and problems with mental and physical health.

The research was based on counting the number of times that students were exposed to cigarettes and
alcohol, and the times they drink and smoke in a month. Reaching numbers, 60 % were students, part-time
smokers, with the habit to drink when it’s not necessary, revealing pressure not only from student mates but
from the intense studying process too [1]. Health-saving technologies are one measuring system that con-
nects factors in the educational environment. Health-saving technologies are methods that include a special
function approach for physical and mental health, in the pedagogical process of the educational organiza-
tions.

As a result, students create critical knowledge about their health and how to maintain their well-being.
But researchers who only focus on mental health are not providing full reasoning and outcomes of the stress
and pressure that first-year students are going through. Excluding physical health damage often promotes
specific mental health agenda. Braun-Lewensohn and Mayer's work, which specialized on the issue of stress
and coping mechanisms provides salutogenesis strategies for educators to create the best socioeconomic sta-
tus (SES) for students [2].

Chunyan Fan provides the studies about the measurement of physical health problems of young adults
in China and concludes that examination of students’ physical health over the long distance (800 m for wom-
en, 1000 m for men), compared to short distance run (20 m), negatively effect on the value of inhaled oxy-
gen, within running measured data and physical health status. Given examples of Japan and Russia, Fan also
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emphasized that these countries prioritize physical health over mental health by creating the best environ-
ment for physical activities [3].

The overall connection between students’ health and academic success is very complex. The topic of
studies highlights broad relations between health and academic success by the World Health Organization
and many other official science groups. For example, associations between students’ poor nutrition and un-
stable sleep regimes give quick and immediate results, and without extended aims and health-saving methods
it could lead to obesity and sleep deprivation [4]. This paper will review different strategies for evaluating
health-saving knowledge and skills to define the operated one.

Experimental

Analysis of strategies to evaluate health-saving skills included literature sources, scientific studies
measured mostly in SES that indicates occupation measurement and physical health and in health-related
quality of life (HRQOL) that affected by educational level on physical, mental, emotional, and social grati-
tude of young people [5, 6]. Reviewed methods: researched-based programs, theoretically based and skill-
based, represent the most studied and researched strategies for developing health-savings skills in education-
al organizations.

Results and discussion

Participation and learning about health is the traditional way to integrate health-saving skills and
knowledge, democratic participation, and learning methods about health. Organize health-saving seminars
and exercises to increase physical activity among students. Use agitation about mental health that focuses on
the upfront connection from educational organizations (school, etc.) and students are not obliged to partici-
pate in the activities. Theoretical-based methods are used in the educational system very often, do not specify
for smaller groups of students, and exclude the factor of “the participation tyranny”. The token participation
also was a result of obligatory participation, caused focusing participants on information about health, con-
sequences, and effects of misconduct wellbeing, and made them ready to immediately change on lifestyle to
healthier behavior only for some individuals. Instead, genuine participation made known the process behind
the behavior, understood the personal meaning of the durable responsibility for health, and criticized social
constructs of health in specific topics. L.M. Buffart studied the genuine participation in health-related events
was different, depended on the theme of the event, and showed that general topics about health were the
most participated in daily activities, such as homework, lectures, were preventing students to go to these
events. And HRQOL of participants was low reached for men (p = 0.04) and for women (p = 0.02) is aver-
age for people 45-55 years old, and for young adults [7-10].

One of the newest technologies of the health-saving knowledge includes creating and programming re-
search-based methods for one university campus, with students' medical data provided by admission papers,
and additional medical data that will be updated in the future. Arranging and planning-based methods rely on
information in the database but meet a shortage of qualified staff to work with a program. Information on the
well-being and academic success of students should be saved, referenced, and divided into groups. This ap-
proach is very inclusive and targeted at specific groups of students with different health issues. The infor-
mation should be saved in the database, calculated, and monitored, and after that, the department of health of
a particular university should plan special events for these specific groups of students. Then, based on the
university's recourses and professional ability to arrange those special events, it will change the SES of stu-
dents. The organizers of the program should update the information regularly. But most of the time, an effi-
cient way to program and model the setting of HQROL, is usually made by students as part of the research,
and self-made databases and programs expire their novelty pretty soon for lack of professionally focused
staff. The following advance requires data and instruments to supply the information to organizers for course
adjustment and to record the effect. Whitman, in her review, emphasized that while being the new technolo-
gy in the late 90s and early 2000s, programed base health-saving modeling was showing decreased saturated
fat and cholesterol of both young men and women, but only focusing on the impact on physical health in
HQROL [11-14].

The theoretical base for skills-based health education is focused on the implementation and creation of
health-saving skills in the pedagogical process by creating an environment of need to learn communication,
copping, self-management and critical thinking skills to prevent some self-destroying habits and provide for
stoic knowledge of the importance of health, by regulating academic process (Fig.). The main goal of the
theoretical base method is the development of student who can recognize self-destructing activities and con-
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nect to not only their academic success but also long term health status. S. Nazarpour compares the skills-
based education and practice randomize trial health study, notes that skill-based education was more pro-
gressing among participants and more viable than just addressing information. Observed groups of teenage
girls in Tehran, showed a significant difference in the amount of knowledge, making the skill-based method
more efficient. The following increase from p = 0.002 to p = 0.045 in the skill-based group and p = 0.002 to
p = 0.034 of HQROL in the lecture-based group. After the experiment, it has shown that both methods were
making progress in informing students, but with different periods and quality of gained skills. For example,
small-focused tasks with specific involvement are more reliable than stated facts about the well-being of
young people. The lectures were similar to the most of the previous examples of events, where information
would be explained in facts and statements, resulting in some skill knowledge, yet weren’t effective as non-
direct learning seminars to teach about the health-saving skills [15-16].

Technologies developing
health-saving skills

Advantages

Disadvantages

theoretical base

classical organization of
educational lectures
needed minimum resources
wide broad audience of
listeners

relied on genuine
participation, that based on
general image of health
loose amount of participants
uncertain method result

researched-based programs

Creates a 4-5 year-long of
an organize data-base, that
contains medical
information

Includes planned interactive
events

Can be regulated by
students themselves
Approach inclusive and
targeted groups

heavy relied on additional
sponsorship

in need of qualified specialist
to create programmed data-
base; and constant
examination of data-base

in need of specific accesses
to the medical information

skill-based

needed minimum resources
teaches self-management
and critical thinking
develops critical thinking
skills towards self-
destructing behavior

heavy relied on methodical
work of teachers

not effective with non-direct
learning

ineffective with wide broad

audience of listeners

+« exclusive involvement of
specific groups of students

Figure. Major advantages and disadvantages of the three developing health-saving skills technologies

In the deep dive of integration assessments for skill-based health education, Francisca Chika Anyanwu
gave informal examples of bad and good assignments to promote better understatement of HIV/AIDS in Ni-
gerian schools. She emphasized the importance of personal experience through the humanization gquestions
that students answer with themselves and their close people in mind. But it should be short, without double-
barreled meaning. Different types of assessments provide: involving, demonstration, observation, or conver-
sation are necessary to create health-saving skills. But take into consideration that not every topic student can
experience, so often teachers use self-report instruments or assessments of learning knowledge or attitude,
mixing them up or using more than one. Developing attitudes and skills towards health importance is a com-
plicated system, where primal is skill-based education. In consideration, the perception of one student about
smoking can be revealing to his classmates, with acknowledgment towards the possibility of a compromised
response. Though, shared experiences and information through conversations can give students a base for
following behavioral choices [17-20].

Conclusion

It is important to create and develop health-saving skills for young adults, who are changing their envi-
ronment, and social circles and have no access to alcohol, cigarettes, etc. The reviewed health-saving tech-
nologies in this paper have advantages and disadvantages in the organizational, practical, and theoretical
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fields of the research. Some of them are outdated in the perspective of the renewed educational system we
have right now. Comparatively, skill-based technology to programed and theory-base are sufficient to use
with first-year students. It involves students in self-development and self-learning skills that were originally
presented in unrelated topics to health but eventually create habits and beliefs that help students take care of
their health. Therefore, educators should integrate skill-based technology into their pedagogical process to
create a better understanding of health, especially among first-year students.
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C.C. TynakmaeBa, A.M. Alitkynos, I'.O. XXy306aeBa

JleHcayJIbIK CaKTay AAFIbLIAPbIH KAJBINITACTHIPY TEXHOJOTHSUIAPHIHA IIOJTY

Makanana OUTIM aTymIbUIApABIH QN-ayKaThl MEH OKY JKETICTIKTepiH KONIay YINiH OiTiM MeH IaFAbUIapibl
KaMTaMachI3 eTeTiH OKy YHIepiCiH apTypili 3epTreyrepae OUTIKTUIK MeH JaFabUIapAbl AaMbITyFa apHaFaH
JEHCAyJBIK CaKTay TEXHOJNOTHSUIAphIHBIH allyaH TYPJIJIri TaJKbUIAaHFaH JXOHE calbIcThIppUIFaH. OKyra
KeJITeH Ke3Je OipiHIN Kypc CTYICHTTepi ©3lepiHiH (H3MKAJbIK >KOHE IICHXHKAIBIK IEHCAyJIBIFBIHA Kayill
TOHJIIpETIH Mocenenepre Tam Ooiaibl, COHBIMEH KaTap TEMeKi Miery, ImiMIOiK imry, YHKBIHBIH AYpBIC
OonMaysl, TyphIC TaMakTaHOay oHE T.0. CUSKTHI ©31H-631 OY3aTHIH jKaHa OETTEepre YIIBIpaiiabl. 3epTTey
OarmapyiaManapbl, TEOPUSUIBIK HETI3 JKOHE JaF/ibulap CHUSKTBHI JCHCAYJbIK CaKray JAaFibUlapblH IaMBITY
TEXHOJIOTHSUIAPBl  KApacThIPBUIBIN, KEHIHEH 3epTTeNreH. Makanana [eHCayJlblK CakTay Aarabliapbl,
JEHCAyJbIK CaKTay [aFAbUIapblH KaJbINTACTBIPY OMICTepi, QIEeyMETTIK-SKOHOMHKAIBIK MopTede JKoHe
JICHCAYJIBIKKA OailIaHBICTBI OMIp Carachl, COHJal-aK OLTiM amylIbUIapIbIH aKaJICMIBUTBIK )KETICTIKTEpiHE acep
eTy JCHIeHiH capamay KpHUTepHiiepi peTiHAe MAeHcaylblkka OaiimaHbicTel emip camackiH (HRQOL)
naiifianany Typajbl TalaHFaH akmapaT OepuireH. BipiHmm Kypc CcTyZmeHTTepiHAe cajayaTThUIBIK IeH
JICHCAYJBIKKA JIeTeH KO3KapacThl e3repTy, ICHCAYNBIKTBIH OKY YirepiMiHe jkoHe eMipiaiH Oacka Ia
aCTIeKTUIEepiHEe  ocepi  Typasibl  TYCIHIKTI  KaJIBINTACTHIpyZAa  JEHCAYJIBIKTHl ~ CaKTay JdaFdbUIapbIH
KaJbINTACTBIPYABIH ~ THIMII  JKOHE  IIEPCIEKTHBAIBI  TEXHOJNOTHSIAPBIHBIH  POJli  KapacCThIPBLIFaH.
CanbICTRIPBUIFaH JICHCAYJBIK JAFIbUIAPBIH JAMBITY TEXHOJIOTHSIAPHI CTYACHTTEPIiH OKY JKETiCTIKTepiHe
KO3KapacCThIH JPTYPJi JEHreHiHAe oacep eTeli JKOHE YIIKCH e3repicTep YIIIH JaFiblFa HETI3eNTeH OJiCTi
KOJIIaHFaH YPBIC JIETeH KOPBITHIH/IBI JKacalIFaH.

Kinm cesdep: pneHcaynblK cakray Iar[blIapbl, JaFiblFa HETi3[eireH OmicTep, 3epTTeyre HeriszenreH
OarapraMainap, TeOPHSIIBIK O11iM, (PU3UKANBIK J)KOHE IICUXHUKANBIK AEHCAYIIBIK, OIpiHII Kypc CTYyIeHTTEpI.

C.C. TynakmnaeBa, A.M. AliTkynos, I'.O. XKy30aeBa

O030p TexHosI0rNIl popMHPOBAHNS 310POBbecOeperauuX HABbIKOB

B craThe paccMOTpPEeHO M CPaBHEHO MHOT000pa3ue 310pOBbeCOEPETatoIX TEXHOIOTHH Pa3BUTUS YMEHUH 1
HABBIKOB B PA3JIMYHBIX HCCJIEIOBAHUAX 00pPa30BaTENBHOIO MpOIecca, NAIOIINX 3HAHUS U YMEHHS JUIS T0J-
JepKaHus OJIaronosydus 1 akaJeMUYeCKOro ycrexa cTyAeHTOB. CTyAeHThI-IEPBOKYPCHHUKH CTAIKMBAIOTCS C
npobieMaMy, KOTOPBIE YTPOXKAIOT MX (U3MIECKOMY M IICHXHYECKOMY 3/I0POBBIO, U MOJBEPTarOTCS HOBBIM
caMOpa3pyLIAONIMM IPUBBIUKAM, TaKMM KaK KypeHHe, YIOTpeOIeHHe aIKOTOoJs, JIMIIEHHE CHA, II0X0Ee MH-
TaHWe W T.J. AanTanys CTyAEHTOB-IIEPBOKYPCHUKOB JJOJDKHA CONPOBOXKIATHCS BHUMAHUEM K Pa3BUTHIO Ca-
MOCTOSITENIbHBIX 3I0pOBbECOEPEraronIX HaBBIKOB. TEXHOJIOTUH Pa3BUTHS 37I0pPOBbECOEPEratoNIUX HABHIKOB,
TaKHe KaK UCCIIe0BaTeIbCKUE NPOrpaMMBl, TeopeTHueckas 6a3a M HaBbIKH, PACCMATPHUBAIOTCS M IIUPOKO HC-
cienytoTes. B craTbe npuBeneHa MHGopMaIHs 0 310pOBbecOeperaroninX HaBbIKax, MeToax (GOpMHUPOBAHUS
310pOBbECOEPEraOIINX HABBIKOB, COLIHAIBHO-KOHOMHYECKOM CTAaTyCe U CBSA3aHHOM CO 3/10POBBEM KauecTBE
JKU3HH, a TAK)KE MCIIONIb30BaHUE KadecTBa KHU3HH, CBA3aHHOTO co 31opoBbeM (HRQOL), B kauecTBe KpuTe-
pueB auddepeHnany ypoBHs BO3ACHCTBYSA, Ha akaJeMHYeCKHe YCIeXu yyamuxcs. Paccmorpena pons 3¢-
(DeKTHBHBIX U MEPCHEKTHBHBIX TEXHOJIOTUH (OPMUPOBAHHS 370pOBbECOCPEratoNMX HABBIKOB B U3MEHEHHH
OTHOLICHHUS K ONarornoiy4uio U 3/10pOBbI0, (POPMHUPOBAHUH y NIEPBOKYPCHUKOB MOHUMAHUS BIMSHUS 310pO-
BbsI HA YCIIEBAEMOCTb U APYTHE CTOPOHBI kK3HH. CpaBHUBaEMble TEXHOJIOTHH Pa3BUTHUs 340pOBbecOeperato-
IMX HaBBIKOB BIIMSIOT HAa aKaJeMUUECKYIO YCIEIIHOCTh CTYJCHTOB Ha Pa3HOM ypoBHe nojaxona. Kpome toro,
CACJIaH BbIBOJ O TOM, UTO IJIA 60J'II>LLII/IX M3MEHEHHUI JIy4I1I€ UCIOJIb30BaTh METO/, OCHOBAHHBIN HA HABBIKAX.

Kniouesvle cnosa: 310poBbecOEperaloIiie HaBBIKH, METO/IbI, OCHOBAaHHBIE HAa HAaBBIKAX, IPOTPAaMMBI, OCHO-
BaHHBIC HA FCCIICIOBAHUX, TEOPETHIECKOe 00pa3oBaHue, (PU3NIECKOE U IICHXHIECKOE 37I0pPOBEE, CTYICHTHI-
MEePBOKYPCHUKH.
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CpaBHeHHE aHATOMHY€ECKOI0 CTPOCHH ABYX IOITYJISIHIA
peaukToBoro Buaa Populus pruinosa Schrenk (Salicaceae Mirb.),
NPOM3PACTAIIIEI0 B AKTIOOHHCKOH 00J1acTH

B crarbe npeacTaBiIeHBI Pe3yIbTaThl HCCIICIOBAHHS AaHATOMUH BEreTaTUBHBIX OPTaHOB (MOOETH, TOYKH, JIHC-
TOBBIC TUTACTHHKH U 4yepeiku) Populus pruinosa Schrenk. V3y4aemblii BHI BXOJHUT B COCTAB YSI3BUMBIX, Tpe-
THUYHBIX PENUKTOBEIX, HMeeT cTaTyc 2 (U) Bo ¢uiopucTnueckoM KomIniekce AKTIoOMHCKoH obnactu. Mccie-
JIOBaTENbCKUi MaTepual OblT coOpaH B JBYX momyisiiusx Populus pruinosa Schrenk: mepsas momyssinust —
pacter B Mprusckom paiione, B 10 kM Ha roro-Bocroke c. Tayun, 143 M Hax yp. M., 48,11267° c. m.,
62,11620° B. 1.; Bropas — B Wprusckom paitone B 35 km (MectHOoCcTh JKbUTaHBI) Ha 10KHON dacTu ¢. Hypa
167 m Haxg yp. M., 48,74523° c. 1., 62,51491° B. a. [Ipouspacraer BUI MO MECKaM U rajJedHHKaM, Ha COJIOH-
Yakax, OJJMHOYHO WJIM POLIMIIAMHU BJOJIb PEK, KOTOPbIE TIOJBEPIINCH aHATOMO-MOP(OIIOTHYECKOMY HUCCIIEI0-
BaHHIO HA MMKPO- H MakpOCKOIIMYECKOM YPOBHSX. BBIOOP TeMbl ObUT IPOHU3BECH B COOTBETCTBUH C y4ETOM
9HJEMUYHOCTH, 3HAYMMOCTH W aKTyallbHOCTH BOIPOCOB IO COXPaHEHHIO OHOpa3HOOOpasus, a MMEHHO
Populus pruinosa Schrenk mist dstopsr AkTro6uHCKOM 06aacTy. IIpUpoaHbIE MOMYISIIMA UMEIOT 0c000€ 3Ha-
YeHHE IS HCCIICIOBAHHUS, IOTOMY YTO OTPaKalOT MHOTHE aCleKThl, HHTEPECHBIC I HayKH, TAKHE KaK XKH3-
HEHHBI [UKJI, aHATOMHYECKOE CTPOCHHE, MPOAODKUTEIBHOCTD KHU3HH. [lomydeHHas uHpopmanus 06 oco-
OEHHOCTSIX aHATOMHYECKOTO CTPOCHHs BEreTaTWBHBIX opranoB Populus pruinosa Schrenk Gymer ucrosnb3o-
BaHa B JIaJIbHEHIIEM JUISl TUArHOCTHKH 3TOTO BHAQ, TIPU U3YUYCHUH ero HUTOXHMMHYECKOTO COCTaBa.

Knrouegvie crosa: Tomnoib cU3blif, NOOETH, TIOYKH, JIMCTOBBIC TIIACTUHKH M YEPEIIKH, aHATOMHYECKOE HCCle-
JIOBaHHE, aHATOMUYECKOE CTPOCHHE, MOP(OIOTHIECKOE CTPOCHHE.

Beeoenue

IIpobnema oxXpaHbl U PALIMOHAIBHOTO WCHOIB30BAaHUS TeHO(MOHAA PACTEHHH, B TOM YHCIIE PEIUKTOBBIX
BUJIOB, B HACTOsIIEE BpeMsl Iprodpenia akTyaabHOe 3HaueHue. s coxpaHeHus BUJOB PACTEHUI, COCTOSIHHE
KOTOPBIX B MIPHUPOJIC BHI3BIBAET CEPhE3HBIC OMACEHMUsI, TpEOYeTCsl y4eT BceX BUAOB PACTEHUH, HYKIAFOIIMXCS
B oxpaHe. [lyi1 coxpaHEeHUs] NMPUPOIHBIX CTEMHBIX 3KOCHCTEM, OMOpa3HOOOpa3us, OXpaHbl PEAKUX BHUIOB
(b10pBI ¥ MoJIEP)KAaHUS MX YCTOMUMBOM OMOJIOTMYECKOM MPOILyKTHUBHOCTH HEOOXOIUMBI 00IIMe MEpOnpusi-
THSL TI0O MEXIYHApOTHBIM M HAIMOHAIBHBIM CTPATErvsM COXpaHEHWs JaHAMAa(QTHOrO W OHOIOTHYECKOTO
pasHooOpasus. Hanpumep, TpeOyeTcst BBISIBICHHE IICHHBIX YYacTKOB, TEPPUTOPHIA, KOTOPBIE MOCITYKAaT dTa-
JIOHaMH OHMOTIPOAYKTHUBHOCTH, (DJIOPUCTHYECKOTO COCTaBa M CTPYKTYPBI CTEIHBIX COOOIIEeCTB Hamlel obiac-
tn. Takxke HE0OXOIMMO pa3BUBAaTh B AKTIOOMHCKOH OOJIACTH CHUCTEMY OXpaHbl MECTOOOMTAaHHMH Y3KO-
apeajbHBIX BUJIOB, Takux kak Populus pruinosa Schrenk [1]. Tlpupoanast momyssius umeet ocoboe 3Haue-
HHUE U UCCIIeIOBAaHUs, IOTOMY YTO OTpa)KaeT MHOTUE aclleKThl, HHTEPECHbIE Il HAYKH, TAKUE KaK >KU3-
HEHHBIM IUKJI, aHATOMHYECKOE CTPOCHHUE, POIOJDKUTENBHOCTD )KU3HHU, CTETIEHb Pa3BUTHSI BETETATUBHBIX U
TeHepaTHUBHBIX OPraHOB, KOJIMYECTBO 00PA30BABIINXCS CEMSH M MPOPOCTKOB, COCTOSIHHE TTOYB M 3KOJIOTHS, B
nenoM. Tak, TOMonb pa3MHOMKAeTCsl BET€TaTHBHO (YE€pPEHKaMH, KOPHEBBIMH OTHPBICKAMH), HO B NPHPOIE
Pa3MHOKEHHE POUCXOIUT CEMEHAMH, II03TOMY CTETIEHb UX PACIIPOCTAHEHMSI U BCXOKECTh UMEIOT 0OJIbIIOE
3HA4YEHHUE B HAYYHBIX IKCIIEPUMEHTAX.

O6BexTamMu MCCIeq0BaHus OBLIHM JBE MOMYJISAIKMK pennkToBoro Buma Populus pruinosa Schrenk, mpo-
u3pacraromme B AKTIOOMHCKOH obnactu. Hamu Ha Tepputopun AKTIOOMHCKO# 00siacTy ObLIM HalAEHBI TH-
NUYHbIE TOMYJISIMU penukroBoro Buaa Populus pruinosa Schrenk, koTopble moJBEpriMch aHATOMO-
MopdosoruyeckoMy ucciaenopanuto. [Ipu 3ToM nmpoBoauiack OLieHKa aOMOTHYECKUX (PAKTOPOB, a UMEHHO:
COCTaB MOYBBI, 3aCOJICHHOCTh, TEMIIEPATYpPa, BIaKHOCTb, KUCIOTHOCTD; OLIEHUBAJIHN MX BIUSIHMAE HA raOUTyC
Y aHATOMUYECKOE CTPOCHHE Ha KIIETOYHOM ypoBHE [2, 3].
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OOBEKTOM H3ydYeHHsl SBIISCTCS TOIMOJb CH3BIM, WM TypaHra cu3oiucTHas, — Populus pruinosa
Schrenk cemeiictBa Salicaceae Mirb. Iens mcciaeqoBaHuss — OMpeHeIeHNe aHATOMO-MOP(OIOTHIECKOTO
CTPOCHUS, KOTOPOE MOXKET TOCIYXKUTh OCHOBOM Tl OHOMHIMKATOPHOTO aHAIM3a U OICHKH COCTOSHHS OK-
pyxaromieit cpeapl [4, 5].

Mamepuanst u Memoosl ucciedosanuii

Martepuan 6bu1 cCOOpaH B IEPHOA MOJIEBBIX MCCIEIOBAHUNA MAPIIPYTHHIM METOAOM IO OOLICTIPUHSTOM
METOAMKE B COUYETAHWU C METOJIOM BBIOOPHBIX mpob [1]. B pesymnbraTe MapuipyTHbIX oOcienoBaHuii B Ak-
TIOOMHCKOIT 00siacTh ObUTM 0OHapYkeHbI 1Be nomyssiuu Populus pruinosa Schrenk:

1) nepBast momysiiust — pactet B Mprusckom paiione, B 10 kM Ha roro-soctoke ¢. Taywurm, 143 M Han
yp. M., 48,11267° c. m1., 62,11620° B. 1.,

2) Bropas nomyisinust — B Mprusckom paiione B 35 km (XKbutanmsl) Ha 1oxHOU yactu ¢. Hypa 167 m
HaJ yp. M., 48,74523° ¢. m1., 62,51491° B. 1.

Apean Buga npuxonurcs Ha LlentpanbHyro A3uro. JlepeBbs pacTyT Ha MECKaxX U COJIOHYAKaxX OJUHOYHO
WM POIlaMU BJOJb PeK, IO PEYHBIM A0NUHaM. M3ydaeMblil BUA BXOAWUT B COCTaB YSI3BUMBIX, TPETUUHBIX
penukToB, umeeT craryc 2 (U) Bo (haopucTrueckoM KoMIuiekce AKTIOOMHCKO# obmacTH [6].

Populus pruinosa otHocutcs K rajgoduiaM, mcaMMoGuTaM IO 3KOJIOro-0HOIOTHYECKOH Kiaccupuka-
uun pactenuil. [Ipencrasisier coOoli nepeBbs CpeHei BHICOTHI, OT 7 10 12 M, ¢ HEPOBHBIM CTBOJIOM, KpOHA
CpeAHel TycTOTH B (hopMe IIapa WM [IaTpa, Kopa ToJCTasi, HOOETH JKeNTo-0ypo-BOMIOYHEIE, TUCThS KPYII-
HBIE, 10 5 cM [7, 8].

OO0pasubl pacTteHnid Opany U3 repOapHOTO Marepuaia. AHATOMHYECKHE Tperaparbl (PUKCUPOBAIHA B
CMECH CIHpTA, TIHLEpUHa 1 BOJbI (B cooTHOmeHuu 1:1:1). [Ipu U3roToBICHUH NpEnapaToB HCIIOIb30BAINCH
NPHUHATBIC B aHATOMHHU pacTeHuid MeToibl [9]. AHaToMuYecKue penaparthl ObUTH H3rOTOBJICHBI BPYUHYIO —
C MOMOIIbI0 OOBIKHOBEHHBIX OpUTB. MHUKPOCKOIIMYECKUI aHAIN3 MPOMU3BEICH C IIOMOIIBI0 MHUKPOCKONA C
oobektuBamu 10%, 20% ¢ mocneayromum ¢otorpadupoBaHueM MOTYUYEHHBIX mpemnaparoB. [Ipu omucanuu
AQHATOMUM Y/CJISUTH BHUMaHUE Pa3BUTHIO TKAaHEH, Kope, TapeHXxUMe, Me30(pHILTY U T.1.

Peszynomamor u ux obcyscoenue

B nepgoii nmomymnsiunu nepeBbst BeicoToi 0T 10 10 12 M, BO BTOpOI — JIepeBbs HIKE, BBICOTA OT 7 JI0
10 M. OGa 3THX MOKa3aTesss B mpejenax HOpMbl U Ootanndeckoro omnucanus Buaa [10]. Ctout oTMeTHTS,
yTO KIUMaT B Mpruzckom paiioHe 3aCylUIUBBIA U KOHTUHEHTAJIbHBIN, C YMEPEHHO XOJIIOAHOW 3UMOM, Kap-
KHM U CYXHM JIETOM, BBICOTa CHEXXHOTr0 MOKposi gocturaet 40 cMm. Penbed MecTHOCTH mpencTaBieH depeno-
BaHHEM IUIOCKOBEPUIMHHBIX XOJIMOB M TJIMHUCTHIX PaBHUH, ABYMS 03€paMH M pedkoil. PacTutensHOCTH ITycC-
TBIHHASI, IPEJICTAaBICHA TPAaBaMH U KYCTaPHHKAMH, IEPEBbs PEIIKU U PacTyT pomamu. Vprusckuil paiion ot-
HOCHUTCS K CTENH, HNEPEXOSIICH B MMOMYIMYCTHIHIO, KJIMMAT KOHTHUHEHTAIBHBIN, pesibed) XOIMHUCTBIN, BCTpe-
qaroTcs o3epa u peka [11, 12]. TTousa mpejacTaBiieHa COJOHYAKAMH M MEJTOBBIMH OTIIOKEHHSIMH MaJIOMPH-
TOJHBIMU JIJIS1 PACTUTEIHHOCTH.

[Momynsimuu Tomosis B 000MX ciaydasx o0pa3yroT HeOOJbIINE POLIM BAOJb PEK, I'Zie M0YBAa CTAHOBUTCS
JydYIle U TOCTATOYHO BIAXKHAsl B NEPUOJ 3aCyXH JieToM. BHelHe 06e MOmynauui He UMEIOT CHIIBHBIX pas-
T4, ecTh HeOOJbIIIas pOCTOBasI TIMHAMHUKA, IPOSIBIISIONIASACS B (POPMUPOBAHHUHU ITOOETOB U 0OIIETO pocTa
nepeBa. Bece nepeBbs B MomysiAnusx UMEIOT HEPOBHBIM CTBOJ ¢ MCKPHUBICHUSAMH, KPOHA HETYCTasi, pa3BeCcH-
crasi, martpoBunHas [13]. Kopa toncras, cepoBaras, pwixias, ¢ TpemuHamu. [loGerm sxento-Oypo-
BOIJIOYHBIE, OAHOJETHUE 3€JIEHOTO WIIM CBETJIO-KEJITOBATOTO IIBETA, B BEPXHEH YaCTH HEPEIKO OIYIIEHBI.
JIucThs TIOYKOBUJIHBIE Y KOPOTKHX MTOOETOB C JIMCTOBOH IJIACTUHKOW B JUTUHY OKOJIO 5 CM, IIUPUHOH OT 3 10
4 cm. JIuctes ¢ pa3BUTOM KYTHKYJIOH, KOXHCTBIC, EbHOKpaiiHUe, BOJIHUCTBIE WM Clerka 3y0daTreie, Ha
KOHIIE OOBIYHO OCTPOKOHEYHBIE, TOKPHIThIE CU3bIM HaETOM [14].

Jluctess MIWHHBIX TOOETOB MPHOOPETAIOT JIAHIETHYIO (hOopMy, UepemKd HUMEIoT (GopMy IMIIHHIPA

(puc. 1).
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A — l-ag momynsanus; b — 2-as momymnsmus; 1 — nucToBas INIACTHHKA; 2 — YEPeIIKd
Pucynoxk 1. Borannueckoe crpoenne Populus pruinosa

[IpoBenéHHOE aHATOMUYECKOE HCCIECIOBAHWE BETCTATHBHBIX OPraHOB TYPAaHTH CH3OJMCTHOH Ipu
yBemmdennn %10, x20 mokaszano ciemyrone pe3yibTaThl: aHaATOMUYECKOEe CTPOCHUE TT00ET0B — B OCHOBA-
HHUM 3aMETHBI PYOLIbI, [UIMHA MEKI0Y3uil 1-2 MM, B ma3zyxax oOHapyKHMBAIOTCS PelylUPOBAaHHBIC MOYKH.
[Teprnepma cocTouT U3 2—3 CIIOEB, AMHUIACPMA LICIOCTHAS, KJICTKU BBITSHYTHI. [lepBUYHAs KOpa COCTOUT U3
6—7 psIOB OKPYIJIBIX KIETOK (pHC. 2).

1 — cepauesuna; 2 — kcwiema; 3 — aosma; 4 — apesecuna; 5 — kosuieHxUMa; 6 — ckiIepensl; 7 — Kopa
PucyHok 2. AHaTOMUYECKHii cpe3 o0eros

ITpu paccMOTpEeHHH aHATOMHUYECKOW CTPYKTYPBI IoOera ciieiyetT o0paTuTh BHUMaHKUE Ha KOPY, Kak Te-
pudepuvecKyro 4acTh, B KOTOPOH HAXOSITCS CICIbl BIMSHUS OKPYKAIOIIEH cpeibl ¥ KiuMaTa, B riejiom. Ha
yYacTKaxX KOPbI, MPUIICTAIONINX K KOJJICHXUME, MU GepeHIMPYIOTCS TPyl cKiepena. B BepxHel yactu
nobera 06oyioukn cnabo yrommeHbl. OT OCTalIbHBIX KIETOK KOPBI CKIEPEUIbl OTIMYAIOTCS pa3MepamMu U
obostoukoii. Kenema u hiosma — 3T0 MHOTOKOMITOHEHTHBIC TKAHU M3 PAa3HBIX AJIEMEHTOB: MPOBOJISAIINX,
MEXaHUUECKUX, MapeHXUMHbIX. OHU PACTIONOKEHBI TSKAMHU, COCTABISIONMMU TMPOBOASAIIME MydkH. [Ipo-
CTPaHCTBA MOy TKaHSMH 3arOIHEHBI MAPSHXUMOM. [TapeHXrMa COCTOUT M3 KIETOK M30JMaMETPHUSCKON
bopmbl. 3amacaroiias mapeHXuMa MpeICTaBjIeHa TOHKOCTCHHBIMH KHUBBIMHU KIICTKaMH C KPYITHBIMH BaKyo-
JISIMH, B KOTOPBIX COJIEPIKATCS YIII€BOIBI, OCIIKH, KUpbI [15].

Bo BTOpHYHO# (h103Me MHOTO OOJNBIIUX MAapeHXUMHBIX KiIeToK. K mepudeprn oT mpoBoasmumx sie-
MEHTOB (pJIOOMBI PACIIONIOKEHBI TPYIIIBI IEPBUYHBIX JTyOSHBIX BOJIOKOH (pHC. 3).
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1 — mapeHxuMa; 2 — BOJIOKHA; 3 — JIpeBecHHa; 5 — koxwua; 6 — mpodka; 7 — xopa

Pucynox 3. AHaTOMHUYecKHi cpe3 TOOeToB

Bruto BeIsIBIICHO, UTO momyJsinus 1 XapakTepusyeTcsi HEKOTOPBIMU OTIMYHSIMU. Tak, KIeTKH MapeHXu-
MBI TIEPBUYHOI KOPBI UMEIOT O0Jiee OKPYTITYI0 (JOPMY M PACIIONIOKEHBI YIIOPAAOUYEHHO MO CPABHEHUIO C IO-
nyssiuedt 2. KonndecTBo psiioB nepudepuieckux KIeTOK MEHbINE Yy 1-0i MOmyJIsiuy, pacnoiloKeHbl OHU
wioTHo. CriefoBaTenbHO, dK30/epMa o0pasyercsi Oosee TUIOTHAS B 3aCYHUIMBBIX MECTaX, BEPOSATHO, IS
YMEHBIICHUS TPAaHCIIMPaLUHU U ra3oo0MeHa. 3anacaromas mapeHxuMa SBHBIX OTIMYUHN B KJIIETOYHOM CTpOe-
HUU HE NMEET.

Ha pucynke 3 oTpaskeHO aHaTOMHYeCKoe cTpoeHue crebueit Populus pruinosa, ¢ iByx y4acTKOB mpH-
poaHoro npouspactanus. Ctebenb CHapyXU MOKPHIT MUAEPMON B 2 WU 3 CII0sI, IO KOTOPOH pacrosara-
eTca nepBuuHas kopa. CHapyXu cTe0enb UMeeT BBIPAKECHHYIO PeOpHUCTOCTb, TPEIIMHKH U MCYEPUEHOCTh
KOPBI, KOTOpasi BRIpaskeHa B OOJIbILEH cTeneHn y 2-0d momysinun. [lox anuaepMoil pacnonoxkeHa KoJjIeH-
XMMa U HECKOJIBKO CJIOEB MAapeHXUMHBIX KJIETOK. MexaHuueckas TKaHb IMpeJICTaBlIeHa TPyNIaMH KJIETOK,
KOTOpbIe Haubojee Y4ETKO MPOCIIECKUBAIOTCSA B yrojkax pedpucroctu credineid. [IpoBonsmue mydku siBHO
BbIpakeHbl. Mexay (prosmMoii u KcuiaeMoil pacronaraercst CJIo KaMOusi ¢ MEJIKUMH OKPYIJIBIMHU KJIETKaMU.
KonniecTBO KCHIEMHBIX COCYJIOB YBEIHYCHO y pacTeHUH 2-0i monmynsuuu. B camom mneHTpe crebst Haxo-
IUTCS CepJLIEBUHHAS NTapeHXUMa, KOTOpas UMEET YETKYIO CTPYKTYpYy B BHJIE OKPYIJIBIX KieTok. Ilo pa3Bu-
THIO TOJIWYHBIX KOJIEL] MOYKHO CY/IHTh O CTENEHU YBJIAKHEHHOCTH IIOYBEI, €€ Ka4eCTBE, IPUPOIHBIX YCIOBH-
SIX, BIUSIIOIIMX HA POCT pacTeHus. JlaHHbIe TOKa3bIBAIOT, YTO HAOIFOMAIOTCS JIyUIlIUe YCIOBHS [T Pa3BUTHUS
Populus pruinosa y 1-oi momyssiimu [13].

Jluctes Tonons HebonblMe, cpeanue. Mesoduin peixnbiid. [lanucagHas TkaHb ABYXCIOMHAs, Y Kpas
ncTta TpexcioitHas. ['youaTsiii Me30dmin peixiiblid, u3 4-5 cioeB. B HEKOTOPBIX yyacTkax ry04aToro mMe3o-
(duiia KJIETKA BEPXHEro CJI0s, MPUMBIKAIONIET0 K CTOJ0YATOW TKaHM, MPUOOPETAIOT MAIUCAIHYI0 GopMy.
Huxnss snuaepMa copep kUt ycThrna. BepxHasa anuaepMa MeEIKOKJIETOUHas, ¢ TpyniaMu BoslockoB. Ha-
py’KHasi MOBEPXHOCTH KJIETOK SMHAEPMBI JIMCTOBOM IIJIACTUHKH YTOJNIEHA 33 CYET TOJICTOrO CI0S KYTHUKYJIBI.
MexaHndeckasi TKaHb IIPEICTABICHA IPYIIAMH KJIETOK, KOTOPBIE 3aMETHBI K KPAlO JIMCTOBBIX IUIACTHHOK.
UYepewok B 3 pa3a MeHbILIE IO AJIUHE JUCTOBOM MIIAaCTUHKHU. Ha monepeyHoM cpe3e oH OKpYIJIbIH, 10 OoKkam
BBICTYIIBI U3 KOJUICHXHUMBI (pHC. 4).

boxoBble MOUYKH 1MOOETOB MEJKHE, HapyXKHas ITOYeyHas delrys U3 7—8 psiioB, 3aKpBhIBAaeT BCIO MOYKY.
Bepxymeunsle mouku kpymnaee (puc. 5). MeprcTeMbl COCTOSIT U3 MEJIKHX, CJIETKa YIIIOBATHIX 110 (hopMe Kile-
TOK, MEKAY KOTOPBIMH OTCYTCTBYIOT MEXKJIETHUKH. OO0JI0UKH TaKHX KJIETOK TOHKHE, UTOIIa3Ma BSI3Kasl,
3epHUCTasl. B nieHTpe Kierku pacnonoxeHo KpynHoe sapo. Knerku aktuBHo nesnsitesa. Bepxyieunsie (anu-
KaJbHbIC) MEPHCTEMBI, HaXOAAIINECS B KOHyCe HapacTaHUs 1o0era, 3a X CHeT OCYIIECTBIIETCS POCT mobe-
ra B JUIMHY.

ITouxu cHapy» M MOKPBITEI 2—3 CIOSMH 3MUIAEPMBI, WM MTOYEYHON Yelryeil, oJ KOTOPOH pacroJaraer-
sl KOHyC HapacTaHusi, 00pa3oBaTenbHasi TKAHb — MEJIKHE M KPYTJIble KIeTKH MepucteMbl. Craboe pa3BuTHE
Ma3yIIHBIX TOYEK YKOPOUEHHBIX MOOETOB XOPOIIO COIIAacyeTcsi ¢ TeM, YTO ATH MOOETH He BETBATCS. B He-
CKOJIBKMX CITy4asx Ha mo0erax ¢ MOBPEKICHHBIMH TEPMUHAIBHBIMH MOYKAMH HaOJIOAaloOCh YBEIMYCHHUE
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pa3MepoB caMOi BepXHEH Ma3yIlIHON NOYKH. DTH MOYKH COCTABICHBI 7—8 NBYXPSIIHO PACTIONIOKEHHBIMH T10-
YeyHBIMH MTOKpoBaMH. [10/] X 3amuToN HaxoauTcss 00BIYHO 1—2 Menkux 3auaTka nucrta (ux anwaa 0,05-0,2
MM). [lepBBIii U3 HUX KPYITHEE BTOPOTO.

1 — me3o¢wmur; 2 — ryduarsiii Me3oduint; 3 — croibuaTeiit Me3ohu;
4 — napeHxuMa; 5 — TPOBOASIINE TYYKH; 6 — BO3YIIHBIC TOJOCTH

PucyHox 4. AHaTOMUYECKHI Cpe3 JIHCTa

1 — Hapy)xHas moyeyHas yemys; 2 — KOHYC HapacTaHusi, 3 — aluKaJIbHbIE MEPUCTEMbI
Pucynok 5. Bepxyieunsle NOYKHU 10 MUKPOCKOIIOM

[pu comocraBiieHUN TOJNYYEHHBIX JaHHBIX M3 JIBYX MOIYJISIIUI ObUIM OTMEYEHBI CXOXKHE 0COOCHHOCTH
AHATOMHYECKOI'0 CTPOCHHS BEreTaTHBHBIX opraHoB Buaa Populus pruinosa. Hampumep, MHOrOCIOHHOCTH
KCHJIEMBI 1 ()JI09MBI, pa3BHUTast KOpa, MApPEHXHMA, IIPHU 3TOM OOHAPYKUBAIOTCS Pa3INyuusl B pa3Mepax KIETOK
y NEpBOM MOIYJISIIUK, KOTOPasi IPOPACTACT B JIYUIIHX YCIOBHSAX, YEM BTOpAs.

B crpoeHun smcra TONOINS BBISBICHBI YEPThl KCEPOMOP(HOCTH: HAIMYUE YTOJIIEHHOH KYTHKYIIBI, C
TYCTBIM OITyIIEHHEM, YTOJIIEHHE HAPYXHBIX CTEHOK SHHIECPMbI, MBIl 00BbEM MEXKJICTHUKOB, KIIETKH
UMEIOT MPOTOIUIa3My, OYCHb YCTOWYMBYIO K BBICOKMM KOHLEHTpAlMsAM cojiedl. JICThs, pa3BUBarOLIHECs Ha
SIPKOM CBETY, UMEIOT 00JIee BBICOKYIO CTEIIeHb KcepomMopdu3ma. Hapsiay ¢ 3TUM, BBISBICHA YepTa CTPOCHHS,
XapakTepHas JJisi Me30(UTOB: Tpeodialanue ryouaToil TKaH! HaJ| mainucaaHoi. JIMCThS U cTeOmu 00IaiaoT
MSICHCTOCTBIO. DTH NPU3HAKHU Takke XapakTepusyrot Populus pruinosa kak ramodui u ncammodur [14].
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Baxnouenue

W3 mpoBeneHHOTo MCcCIeI0BaHmsI MOKHO CIENaTh BBIBOJBI, YTO KaXKJ0€ PACTEHHE WMEET CBOM Ipeert
aJaNTUBHBIX BO3MOXKHOCTEH, UTO ompeaessieTcss MophoIoTHIeckoil 0COOEHHOCTRIO BHA U TIPEeTaMH pac-
KPBITUSI TEHETUYECKHUX 3a4aTKOB, BAPHATUBHBIN DS TOIMOJS HE MMEET CHIILHOW POTallMd M ONpeAessieTcs
reHoTHrnoM 0e3 CHIbHBIX Momudukammii. Populus pruinosa xapakTepusyeTcsi XOpoiiel aaanTHBHON CIO-
COOHOCTBIO K CTEIHBIM YCIIOBHSIM ¥ TIOJIOKUTENHFHON CIIeUaIn3anrell K 3aCylUINBOMY PETHOHY ¢ HeOaro-
npusTHOH nmoyBoi. [Ipu 5TOM 0OHapyKeHBI HEKOTOpPBIE PA3INYKsI B aHATOMHUYECKOH CTPYKTYpe HaA3eMHBIX
U TOA3EMHBIX BETETaTUBHBIX OpPraHaX pa3HBIX MOMYJSUHUA. BblIM BBISIBICHBI pa3inuius B CTPOSHHH MIPOBO-
TSIIAX TTYYKOB, KJIETOK TIEPBUYHON KOPBI, KIETOK JMUJEPMHCA; U3MEHEHHS CBS3aHBI C KOJIHMYECTBOM, TOJI-
IIMHOM, pa3MepaMu KIIETOK.

YcranoBneHo, yro nomyisius Populus pruinosa, npouspacratommas B ¢. Tayun Hprusckoro paiiona,
pasBuTa Jiy4iue, yem B JKbU1aHpl, 0okHOU yacTu ¢. Hypa.

brun BRISIBIEHBI 4epThl KCepOMOPHHOCTH, ME30(UTHOCTH, TATOGWIBHOCTH Y pacTeHuil. B cTtpoeHnn
JIUCTA TOTOJS BHISBICHBI YEPTHl KCEPOMOP(GHOCTH: HAIMYKE YTONIIEHHOW KYTUKYIIBI, C TYCTBIM OMYIICHUEM,
YTOJIICHHUE HAPYXKHBIX CTCHOK 3IUICPMEIL, MaJibIi O6’I)CM MCIKKJIICTHUKOB, KJI€CTKH MMCIOT IMPOTOILIa3My,
OUYeHb YCTOWYMBYIO K BBICOKUM KOHIIEHTPALUsAM cojieid. JIMCThs, pa3BUBArOMIMECs Ha SIPKOM CBETY, HIMEIOT
OoJiee BBICOKYIO CTeleHb kcepoMopduama. Hapsimy ¢ 3TUM BbISIBIICHA YepTa CTPOCHUS, XapaKTepHast is Me-
30(hUTOB: MpeodIIaaHye ry0uaTol TKaH! HaJl HalucagaHou. JIMCThs 1 cTe0nu 001a1al0T MSICUCTOCTBIO.
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CpaBHeHVIe aHaTOMMYEeCKOro CTPOeHNsa ABYX NONynsuun ...

b.A. Typamun, .M. AtaeBa, N.JK. Monnekosa, C.T. CeipbIMO€TOB,
A. Abnykapumos, K.T. A6uakynosa, H.B. Kyp6arosa, ©.K. Cackebaii

AKTe0e odabichiHAa oceTiH Populus pruinosa Schrenk (Salicaceae Mirb.)
peJII/lKTi TYpiHiH eKi NOoNMyJANMUSACBIHBIH aHATOMUSJIBIK KYPbBUIBICBIH CAJBICTBIPY

Makanana Populus pruinosa Schrenk ecimairinin BeretaTwBTi MymienepiHid (epkeH, OYpIIiK, >KarbIpak
TaKTachl (AJaKaHBl) JKOHE Cararbl) AHATOMISUIBIK KYPBUIBIMBIHBIH 3€PTTEy HOTIDKENepl KeNTipiireH.
3epTTeNeTiH TYp KOWBUTYFa Kayill TOHIN TYpFaH TYp, YIIIHIII PETTIK PeNINKTI TYp KypaMbIHA KipeTiH, AKTebe
obnbichiHbIH (nopucTrkanbk, keureHidiH 2 (U) craryceiHa ue. 3eprrey Marepuangapsi Populus pruinosa

Schrenk-TiH exi TOmyJsIIUsIChiHA OANIAHBICTBI JKUHAKTAIIB: OipiHIIN HOMySIIusichl — Toyil aybUIBIHBIH
OHTYCTiK OarbichiHbIH 10-11bI KM-7e, TeHi3 neHreifinen 143 Ouiktikre, N 48,11267° contycrik eHfikTe,
E 62,11620° wmeirpic Ooiinbikra, bIpFbI3 aymaHbiHIa ecemdi; ekiHmn momymsiuusicel — Hypa aybUIBIHBIH

oHtycTik Gemiriniy (XKeutanap! xepinae) 35-m1i KM-1e, TeHi3 AeHreiinen 167 merp Ouikrikre, N 48,74523°
contycrik enpikre, E 62,51491° wpirbic Ooiinbikta bIpFei3 aymaHbIHAA, KYMIapMeH KUBIPIIBIK TacTapja,
Ty3abl OaTmakrapia >oHE e3eHAep OoOHMBIHOAFrel TOFaillapaa, ©3¢H aHFaplapblHAAa ©celdi, OoJapra
MHKPOCKOIMSUIBIK JKOHE MAaKPOCKOIMSIIBIK JICHTeile aHaTOMHUA-MOP(OJIOTHSUIBIK 3epTTEY IKYMBICTaphl
JKYprizinai. TakpIpBIITH TaHAQY, 3€PTTENETIH TYP IHASMUKAIBIK TYP OKLIi KoHe OHOaTyaHTYPILTIKTI cakTay
MaHBI3AbUIBIFBIHAH TYBIHAAABL. TaOufu momyssmusuiap 3epTTey YLIH epeKile MaHbI3Fa e, OHTKeHI ojap
TIpIIUTIK Ke3€Hi, aHATOMHUSUIBIK KYPBUIBIM, OMIp CYPY Y3aKThIFbI CHSKTBI FBUIBIM/IBI KbI3BIKTBIPATHIH KOIITETCH
acniektinepai Geiineneiini. Populus pruinosa Schrenk-tin BererarwBTi MylIeNepiHiH AHATOMHSIIBIK
KYPBUIBICHIHBIH EpEKUICTIKTepl Typasbl alblHFaH MONiMeTTep OoJslamakTa OChl TYPHiH (DUTOXUMHUSIIBIK
KYPaMBIH 3epTTey Ke3iH/e AMarHOCTUKaJIay YIIiH ali1anaHbuiabl.

Kinm ce30ep: xek Tepek, opkeH, OYpIIiK, )KalbIpaK TAKTAChI (aJJaKaHbI) )KOHE CaFarbl, aHATOMHUSUIBIK 3EPTTEY,
AQHATOMMSUTBIK KYPBUIBIM, MOP(OIOTHSUTBIK KYPBIIBIM.

B.A. Turalin, G.M. Ataeva, |.Zh. Moldekova, S.T. Syrymbetov,
A. Abdukarimov, K.T. Abidkulova, N.V. Kurbatova, A.K. Saskebay

Comparison of the anatomical structure of two populations of the relict species
Populus pruinosa Schrenk (Salicaceae Mirb.) growing in the Aktobe region

The article presents the results of a study of the anatomy of the vegetative organs (shoots, buds, leaf blades,
and petioles) of Populus pruinosa Schrenk. The studied species are part of the vulnerable, tertiary relict
species has status 2 (U) in the floristic complex of the Aktobe region The research material was collected in
two populations of Populus pruinosa Schrenk: the first population grows in the Irgiz region, 10 km southeast
of the village. Tauip, 143 m a.s.l., N 48.11267°, E 62.11620° the second population is in the Irgiz region, 35
km (Zhylandy area) in the southern part of the village. Nura 167 m a.s.l., N 48,74523°, E 62,51491° the
species grows on sands and pebbles, solonchaks singly or in groves along rivers, which have undergone
anatomical and morphological studies at the microscopic and macroscopic levels.The choice of the topic was
made in accordance with the endemicity, significance, and relevance of biodiversity conservation issues. Nat-
ural populations are of particular importance for research because they reflect many aspects of interest to sci-
ence, such as the life cycle, anatomical structure, and life expectancy. The obtained information about the fea-
tures of the anatomical structure of the vegetative organs of Populus pruinosa Schrenk will be used in the fu-
ture for the diagnosis of this species when studying its phytochemical composition.

Keywords: Blue poplar, shoots, buds, leaf blades and petioles, anatomical study, anatomical structure, mor-
phological structure.
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Toxipubenik runoTupeo3 Ke3ingeri Kaakana 0e3iHiH KYpbLUIBIMbIH
KAJNbIHA KEJTIPYAiH KaHa KoJIapbl

Makanazia ToxipHOeNIiK THIIOTUPEO03 KEe31HIE KOHE KANIIbIHA KeNTipy JKaFIaibIHIa KalKaHa 0e3iHiH Mopgo-
(hyHKIMOHAIABI JKaFAaiibl MEH KYPBUIBIMBI Typaiibl MaiMeTTep OepinreH. ToxipuOenep 3THKANBIK CTaHIAPT-
Tapra coiikec canmmarel 25043 r OGomateiH 45 mana Spraque Dawley (SD) atanbIk ereykyiiphIKTapbiHA
KYprizinai. 3epTrey HOTHKEIEpi, SKCHEPUMEHTTIK THIIOTHPEO30CH aybIpaThlH ereyKYHpBIKTapFa YHTAKTaFbl
«Kapa mmmna mmroc» 6anb3aMbl )KoHe KypaMbIHa Hosl 6ap akka3TtabaH OMOAKTHBTI KOJITaHFaHIA KalKaHIIA
6e3iHiH (oIUMKynanapelHIa KacyllauapablH KIacTepiepiHiH (apalblKTapbIHbIH) Haliaa OoNybIH KepCeTTi,
Oyt kKankaHIa Oe3i TiHIHIH KanmnbHa Keryi. Kankanma 6e3iniy nepugepusuiblk 6enirinae Goiumikyia immimik
KOJUTOMATHI (OJUIMKYJIIap KOHE KAJIBINTHI KaH TOJNTHIPBUIFAH KaH KalWULIpIapbl aHbIKTanajabl. bipak Oy
aliMakTa (OJUTMKYJISPIBIK SIUTENHH aHBIKTaIMabl. BHOAKTHBTI KOMIIO3MIMSHBI KOJIIAaHFAaHHAaH KeiliH
GONMUKYIAPIBIK  SMUTENMINIH  nponudepanusichl  (OJUIHKYIIBIH —CaHbLIAYJIbl CEKPELUsIMEH HeMece
(hommmkyn KaObIpFachIHIA COMAKIIa TOPi3Al eciHaUIepaiH maiina O6oiysl TypiHAe cakraiaigsl. byn Oencenni
JKYMBIC iCTEHTIH THPEOLMTTEPAIH CAHBIHBIH apTYbIH KOPCETEIi JKOHE KOMIICHCATODJBIK CHIIATKA He.
JKanyapnapna Ty3eTyldeH KeiiH opTypii Memimepie THPOTIOOyaMH Oap (OJUIMKYNIap aHBIKTABIII,
(GONNMMKYISPIBIK KYPBUIBIMHBIH KalIblHa Kelyi Oalkanmbl. ToxipnOellik THIIOTHPEO3ABI TY3eTy Ke3iHIe
KOJIIaHBUIFaH yHTaKTarbl «Kapa mmna miocy 6anb3ambl jKoHE KypaMbIHAa HOabl 0ap akka3TabaH OMOaKTHB
KaJIKaHIIa O0e3iHiH KYpbUIbIMAApbIHA OH 9CepPiH KOPCETTI.

Kinm ce30ep: KaH, ereyKyHphIKTap, TY3eTy, KaJIKaHIIa 0e3i, THPOKCHH, TPUHOITHPOHHUH.

Kipicne

Kankanmnra 6e3i — anmam ar3achIHIArbl €H YJIKEH ilmKki cexperms 6e3i [1], on >KoFapel TaMBIpJIaHFaH,
KOHBIP KbI3BUI TYCTi, MOWBIHHBIH aJJIbIHFbI JKaFbIHJAFbl TOMEHT1 OeJIiriHIe OpHAalacKaH, S5-11i MOWBIH
JeHredineH 1-1i Keyle OMBIpTKajapblHa JACHIH CO3BUIBIN, Oip-OipiMeH OailflaHBICKAH CHUMMETPHSUIBI €Ki
OedikTeH Typassl [2].

Kankanmia Oe3iHiH aypynapbl SHIAOKPHHIIK MATOJIOTHIIAP apachlHIa MaHBI3IBI OPbIH anaiasl. Onap
TUIIOTUPEO3/IbIH HEMECE THPEOTOKCUKO3 CHHAPOMBIHBIH JaMYbIMEH KaJIKaHila 0e3 TOpMOHIaphl OHIIPIiCIHIH
Oy3purybiMeH Oipre »xypeai [3-4]. bykinm onemme »HIOKPHHIIK TATOJNOTHUSHBIH ©cyiHe OalTaHBICTHI
KallkaHIa Oe3iHiH MopQoJoruschiHA YIKeH KeHin Oeminynme. Kamkanmma Oe3iHiH NaTONOTHSCH KaHT
nual0eTiHeH KeHiH ekiHmn opbiHaa [S]. O rUHoTHpe03 CHUHAPOMBIHBIH HEMECE THPEOTOKCHUKO3/IBIH
JaMybIMEH KaJKaHIIa Oe31HiH TOPMOHIAPBIH OHIIPY/iH OYy3bLTybIMEH Oipre XKypesi.

l'unmotupeos KankaHia Oe3i aFr3aHbIH KOKETTUTIKTEPiH KaHaFaTTaHABIPy YILUiH KETKUIIKTI Typ/Je TOPMOH
eHJIipMereH Ie naiaa 0oJaTbiH aypy. by sxypek aypybina, OeieymiKKe KoHe MUJIbIH Halllap JaMybiHA KTyl
My™mkin. Kankanmia Oe3iHiH OapiblK aypylapblHBIH cebebi OYKia oleMMeH KOpIlaraH OpTajarbl Hoj
TaIIBUIBIFEL 0OJBINT TaObIaAB! [6]. ['MmoTupeo3 KaikaHmia 0e3i rOPMOHIAPBIHBIH TAIIBUIBIFEL, KAIIIBI
MATOJIOTUSUIBIK JKaFalbIH Olnipesni [7].

Kasipri yakpiTTa KajlkaHiia 0€3 aypy/lapblHbIH (apMakoTepanusachl MEAMIIMHA FHUIBIMBIHBIH JKOHE
MIPAKTUKAIBIK JCHCAYIBIK CaKTayJblH ©3€KTI Moceneci Ooibin TaObuaabl. Kopimaran opTaHbIH KOJNaiChI3
(bakTOpIapBIHBIH OCEpIHEH OHE TOIBIPAKTa, CyJa, a3bIK-TYJIIKTE WON TaIlIbUIBIFBIHA OaiIaHBICTHI
KaJKaHIa 6e3i aypyaapsIHbsIH Keberoi Gatikamams [8].

Kankaniia 0e3i aypyiapbIHBIH Y3IIKCI3 ©cCyiHe OalIaHbICTBI THPEOTPOITHI acepi Oap MIOMNTIK
MperapaTTap/bl naianany Kasipri TaHaa e3ekTi 0ok oThIp. By skarnaiiza OMOAKTUBTI Kocmanap, OHbIH
itminzge akkasraban (Potentilla alba L.) kaiinarmacei skacay taimuai omic [9].

Cepusa «Bbuonorusa. MeguumHa. Meorpacmsa». Ne 1(109)/2023 143



Y.H. KoxaHnusasosa, C.H. A6gpeLuos T.6.

Ty3etkim 3arrap KaJKaHia Oe3leri CTPOMO-TNIAPCHXUMAIIBIK OaiaHbICTap/bl, (OJUTHKYIaIap IbiH
MapaMeTpiiepiH >KOHE THPEOUUTTEPIiH YIbTPAKYPBUIBIMIAPHIH KaNIbIHA KENTipyAi KaMTamachl3 eTei.
Kankanmra Oe3iHiH TiHIEpiHIH JKOHE aWMAaKTHIK JuMda TYHiHI KYPBUIBIMAAPBIHBIH KYPBUIBIMIBIK JKOHE
¢dyHKIMOHANIB OeHiMAeTyiH BIHTATAHIBIPYIAH TYPATHIH (PUTOKOPPEKIHS dCePiHiH MOPHOIOTHSITBIK, oI
THUIOTHPEO3bIH 3aKbIMIAYIITBI SCEPiHIH KaWTHIMIBUIBIFBIMEH KEINTiPUITeH.

JKyMBICTBIH MakcaThl eMJIey HOTHKENEPiH jKaKcapTy HeTi3iHAe dKCIIEPHUMEHTANIB THIIOTHPEO3 Ke31HIe
OMOAKTUBTI KOCIaHbIH KAJIKaHIIIa Oe3iHIH KYPhUIBIMIAPbIHA OCEPiH 3ePTTEY.

3epmmey mamepuandapvl men 20icmepi

Toxipubenep ITHKaNBIK CTaHAApTTapFa coiikec camMarbsl 250+3 T GonaTeIH 45 CBI3BIKTHIK Spraque
Dawley (SD) atamslk ereyKyWpBIKTapbIHAa KYpri3umi. EreykyipriKTapapl KyTim-Oanray, TaxipuOenepi
YUBIMAACTBIPY JKOHE OJapAbl OJKCIEPUMEHTKE aiy, Kaita eHjaey, OHMO3TMKa MNPUHIUNTEPIHE Caif,
3epTXaHaNBIK ToXKipuOe epekerepi HETI3iHAE Xy3ere achIppUiAbl. 3epTTeydi Kaszak yiITThIK MeauImHa
YHHUBEPCHUTETIHIH KEPTiTiKTI STUKAIBIK KOMUCCHACH Makyiaaasl (Xarrama Ne 7 (71), 11.06.2019).

Ereykyiipsikrap 3 Tonka 6emninai: 1-ton (10 ereykyipsik) Oakpuiay ereyKyHpbIKTapblHaH TYPAbI; 2-1i
(15 ereyky#pblK) TONTap SKCIEPUMEHTANIbl THIIOTUPEO3Fa anblHAbl, aid 3-mi (20 ereykyipslk) TOm
JKaHyapliapbl THIOTHUPEO3Ibl aNABIH-ally HeTi3iHae Typili OMONOTHSUTBIK OeJCeH[i 3aTTapAbl KaObLIalbl.
ToxipuOemnik rUmoTUPeo3abl AaMBITY YiIiH xaHyapiap 100 r neHe canmarbiHa 20 MT 103318 MEPKa30JIHIIL
ayb3 cyMeH 21 kyH Ooiibl KaObiaanpl. Kankanma Oe3iHiH Oy3bUIBICTAPBIH TY3ETY YUIIH ToXipuOeHiH 22-mi
KyHiHeH Oacrtan 3-mri tonTarsl kanyapiapra 30 kyH Ooiibl 2 Mkr/100 T meHe camMmarblHAa YHTaK TYpiHAETi
ronbl Oap Owmonormsutelk OenceHni kocma «Kapa mmma tumoc» Oanb3aMbl KOHE aybl3 CYMEH TOYIIriHe
100 r-ra 50 mm akkastaban (Potentilla alba L.) tambipbiHblH KaiiHaTmackl Oepingi. 2-11i TOMNTHIH
ereyKYUPBHIKTapel Hoapl Oap OWONOTHSIIBIK OelceHnai Kocnamapnabl KaOsmimamaznbl. «Kapa mmumma tormocy
yHTaK-Oanp3amMbl KamWil  WomaThIMeH Oipre  BUTaMHHIEPIi, MHKpPOIJIEMEHTTEP/l, OpPTaHUKAaIBIK
KBIIKBUIAAPABl  KaMTHIbl,  MMMYHOMOAYJSIIMSIIBIK,  PaAHONPOTEKTOPIBIK,  KaObIHyFa  Kapchl,
AHTUOKCUIAHTTHIK, JeTOKCHKanusra OarpiTTanrad [10].

Mopdon0orusiIbIK, TUCTOJIOTHSUIBIK 3€pTTEYJIEpAe >KapblK MHKPOCKONMACH MailanaHbULIbl, O YIUiH
Kankanma 6e3i 10 % Oelirapantanran (GopMaivHre cajbHIbL. JKoFapel KOHICHTPALUSNAFbl CIHPTTEPIIE
TUCTOJIOTUSJIBIK 3EPTTEYICH KEWiH Marepuall KCHJIOJAA Ta3apThlIaJbl KOHE MmapaduHIre CHIIpUISII.
KaneHapiFer 5—7 MKM KallkaHIa Oe3iHiH TUCTOJIOTHSIIBIK KECIHIIepl TeMaTOKCHIIMHMEH XOHE D03MHMEH
Oosumanpl. ['mcTONOrMsUIBIK 3epTTey Kesinae Mukpockon «MukMen-1»-ra «MHKpOCKaH» KYpBUIFBICBIMEH
XKoHE MOP(OMETPHSIIBIK SJiCTep/li JKapThlIall aBTOMATTHI TYpJe KOJJaHyFa MYMKiHIIK OeperiH Image-
ProPlus 6armapnamacel maiganaHbUIbL:

a) QoMKyIa KybICEIHIAFbI, (OJUTHKYISIPIBIK KoHE (POIUTUKYIISAPIBIK SITUTEITHIIET1, HHTEPCTUIUIIET,
KaH JxoHe JuM(a TaMbIpIapbIHIAaFbl KOJUIOMATHIH KOJIEMJIK THIFBI3ABIFBIH aHBIKTayFa apHaJIFaH HYKTEIiK
caHay 9JIici;

0) OKYNSAPIBIK-MUKPOMETPHsT  (DOJUTUKYNAHBIH IIIKI KOHE CBIPTKBI JHAMETPiH, (QOJUIMKYISPIBIK
SMUTENUI JKacylalapblHBIH OWIKTiri (KaObIpFa KaJbIHIBIFBI), COJMAH KEHiH opTalia AWaMeTplli ecerTey,
(hoJUTMKYNaHBIH KaJMbl ayJaHblH, KOJUIOMITHIH ayJaHblH >KoHE (OJUIMKYISPIBIK JMUTEIHH ecenTeyiepi
Oenrini hopmynanap OOWBIHIIA XKYPri3ini;

B) TUPOLIMT SAPOCHIHBIH JHWAMETPiH eJlley >OHE OHBIH ayAaHblH HEMece KeJIeMiH ecenTey
KapUOMETPHS JIiCi apKbLIbI;

r) KaJIKaHiia  Oe3iHiH  HapeHXMMAChIHBbIH  (YHKIMOHAIABIK  OCJICCHIUIINHIH  MHTErPaJIIbIK
KOPCETKIIITEPiH >KoHE TeTeporeH - oKy IApIIbIK YHbIMIAcy HHAEKCIH ecentey [11].

3epmmey nHamuoicenepi

Kankanma 6e311i 3epTTey KopceTKeHAeH, THIIOTHPE03 Ke3iH e OHJa opTYpIli e3repicrep maiaa O6onaibl
XKoHE (DOIUTMKYISAPIBIK JKacylIaJapAblH OpraHeiaJapblHBIH CaHbl MEH KYPBUIBIMBIHAA aybITKYJap
Oaiikanansl. Kankanma Oe3iHiH (QyHKOMOHANABIK O€JICEHAUIINiHIH TeMeHIeYl OHBIH (OJJIMKYIAaChIHAA
ouninel. POUIMKYIIBIH KYPBUIBIMIBIK PEaKIUsIChl OaKblIayMEeH CalbICThIPFaHJa JIMAMETPIHIH, >KaJIlbl
KOJIEMiHIH, KOJUIOMATHI JKoHE (OJUIMKYJSAPJBIK SHUTEIMH KeJNeMiHIH TeMeHICYiMeH KepiHeni.
QOoNMNMUKYIApIBIK  KaObIpFaHbIH —KaJbIHIBIFBl opTYpii (oiumkynanapna Oipkenki emec. Doymkyi
KaObIpFrachiHBIH  KanbiHAaybl (1, 34 ece) jkacymailmmuniK KOJUIOMATHIH TY3UIyiMeH OailJIaHBICTHL
douukyngap opkaiiaHia Oip Me3riiie >Korapbuiay OenrijepiMeH e, (pYHKIHOHAIABIK OCICCHIUTIKTIH
TOMCHJICYIMEH Jic OaliKkamabl.
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biznmin Ty3eTymn 3arTtapipl KOJAaHFAHHAH KeWiH, KalKaHIa 0e3i KypbhUIBIMBbIHAA (OJUTUKYISPIIBIK
SMUTENUITIH KaTbIHACHIH/IA KOJUIOUATHIH KOJIEMAIK THIFBI3IBIFBIHBIH e3repicTepi Oaiikanansl. bakpinay sxone
TUIOTHPE03 Ke3iHJeri (DONTMKYIAPIbIK KEHICTIKTIK apajblK CaHayliap KOpCEeTKIIIN Ty3eTYIIi 3aTTapiabl
KaObUIAay Ke3CHIHC Kbl ayMakKThiH 6,5—8,1 %-bIH Kypabl.

Tyserkim 3arrapabl KaObUITaFaHHAH KEWIHTI KalblHA KENTIpy Ke3eHIHAe, MEpKa3oMWIAl E€HTi3y
OapbIChIHIA KalTKaHIIa 0e31 Oenriii 0ip e31HAIK KaCHEeTTEepiH CaKTall KajJaIbl.

KaH TambIpiapbIHBIH KOJEMIIK THIFBI3IBIFEI OaKpuiay TOOBIHA KaparaHna 1,21—1,73 ece a3aiiFaHbBIFHI,
XKoHe OipTe-OipTe TemeHereHi Oaiikananpl. COHBIMEH Karap, Oyl TMIOTHUpeo3ra kKaparaHma 1,1-2,06 ece
xorapbl. JluMmda TambIpIapbIHBIH KOJEMIIK THIFBI3ABIFBI 3epTTEYAiH OapiblK Ke3eHIepiHAe Oakpuiay
JEHTeHiHIe CaKTaambl )KOHE OJ1 KOPCETKII OONBIHINA THIIOTHPEO3 KarmalbiHa ykcac 1,4—1,5 ece xorapbl
eKeHJIITiH kepceTTi (1-kecte).

Tysery HoTMXKeciHIe Maiiga O0NaThH KalnKaHIa O0e3iHiH e3repicTepi (GYHKIIMOHANIHIK OEICeHIUTIKTIH
HHTETPaIABl KOPCETKIMTEPiHIH THHAMUKACHIH aHBIKTAN L.

l-xecrte
Taxipubesnik runoTupeo3 Kesinaeri ereyKyipbIKTap/ibl KAJANbIHA KeJTipy 6apbICbIHAA
KaJaKaHIa 0e3iHiH pyHKIMOHAIABIK OesICeHITIiriHin MHTerpaj bl KepceTkimrepi
HNupexe Baxpinay I'mnoTtupeos TyzeTy >KyMbICTapblHAH KEeHiH
KB (®KH) 0,18 +0,001 0,71 £ 0,006* 0,33 + 0,005*
oU (TON) 10,77+ 0,32 3,62+ 041* 12,56 + 0,36*
KXKH 5,39+ 041 1,81+ 0,02* 6,59+ 0,07*
CHu 0,56 £ 0,06 0,74 + 0,04* 0,62 + 0,09*
Vood Vit 6,53 0,45 5,77+ 0,40 5,29 £ 0,61
\A 0,24 £ 0,04 0,67 £0,08* 0,33+0,01*

Eckepmy: Kb — Kankanmra 0e3inig 6encenninirinig nanekci (Hemece @KU — oKy nsapiabIK-KOIIOUATHIK WH-
nekc); U — dynkmus uaaexci (Hemece TOU — Ttazapry-smurenuansasl uHACKC), KK — KoOITOHATH )KHHAKTAY

unjekci; CU — «cknepo3» kepcetkiii; V,g Vg, — (QOMIMKYIApIBIK *koHe MHTep(OMKYIAPIBIK SMUTETUHIIH
KONIEMJIK THIFBI3JBIFBIHBIE  KATBIHACKL, Vgo/V — (QOMIMKYIApIBIK SHUTENUH MEH KOJJIOMATHIH —KeJeMIiK
THIFBI3IBIFBIHBIH KATBHIHACKI, 0acka Oenrijeyiep MOTIHAE KOPCETLIreH, MyHma * — O0akpuiay TOOBIHBIH COMKEC

KOPCETKIllliHIH MOHIHEH aiiblpMambuIbFbl (3yTHpeo3) p<0,05 Ke3iHae CTaTHCTHKAIBIK MaHbBI3/bI.

Koppekimsuiblk 3aTTapasl KaObUgaraH 3-I0i TONTAFbl JKaHyapiapa KajJkaHIna Oe3/IiH OpTalbIK KOHE
meTKi OeJIKTEpiH/e /Ie a3/IaFaH NeCTPYKTUBTI e3repictep 0omiabl. Kenreren ¢ommukynanapaa xomwioua 0ap.
Kankanma Oe3iHiH Oyl aiiMakrapblHIa KaH aiHaJbIM TOPBI KONTIMIMEH cHMarTanajbl, Oyl (OJITHKyja-
JIapIbIH BaCKYJISIPH3ALUSICBIHBIH KOFapblIayblH KOPCETEIi.

Kankanmra Oe3iHiH QoiumKynagapblHIa OHMOAKTHBTI KOMITO3UIMSIHBI KOJJIAHY Ke3iHJe KaJKaHIIIa
0e3iHIH YINAChIHBIH PETeHEPALMSICHIH KOPCETETIH Kacylanap bl KHHAKTATYBIHBIH (apaiaapblHbIH) Makaa
Oomybl Oalikamaznpl. Kankanma Oe3iHiH mepudepusuiblk Oenirinae Qommkyngap WHTPagOILIHKYISPIIbI
KOJUIOMATHI JKOHE Kamwyuisipiapia Oiplmama KaibIIThl KaHHBIH TONYBI aHBIKTanmansl. bipak Oy alimMakra
apaibIK QOIITHKYIAPIIBIK SIUTENNH OaliKaIMai bl

Ty3ery omicTepi KalmnblHA KeNTIpy KesiHie (3-Tom) ereyKyHpbIKTapAblH KaJKaHiia Oe3iHiH
THCTOKYPBUIBIMBIHA OH ocep eTTi, Oipak HAeCTPYKTUBTI e3repicTepiH cakramnysl OaiikanraH. JKeke
TUponMTTEp Oa3anpapl MeMOpaHadaH aKbIparaH jkoHe OeJiHreH jkacymanap (QoIUIHKyIadapAblH KybIChIHIA
epKiH opHanacajpl. JKaHnyapiapaa Ty3eTyleH KeHiH opTypii MeJiiepae THPOrIoOyIuH 0ap (oJLIMKYJaap
aHBIKTaJIa/1bl, QOJUTUKYIIAPIIBIK KYPbUIBIMHBIH KaJIIIbIHA Kelyl Oailikasaapl. DojuuKynanap/IslH KO HIe
KoJouaTap 0onMaiiibl, ann Kkeiobipeysepi spTypii Mesepaeri TApOrio0yIMHMEH TONThIpbUIFaH. Kankanma
Oe3iniH Oy aiimakTapbiHIa (OJUIHMKYJIANIapAblH BaCKyJIIPU3AIMACHIHBIH KYIICIOIH KOPCETETIH, KaH
TaMBIpJIAPBIHIA KAHHBIH TOJTYBIMEH cunaTTanais (1-cyper).

DOUKYI: TUIOTUPEO3AbIH CalAapblH TY3€TYIIl areHTTep Ke3eHiHAe (OoJUIMKyIAapIarkl e3repicTepai
Oararnay Ke3iHAe opTYpJii ASpeKeie ONapIblH apXUTEKTYPaJIbIK KYPhUIBIMBIH, MTilIiHI MEH OJIIIEMIEPiH KaiTa
KypbuTbIMAay Oaiikamabl. OHANTY caThICBIH/A TY3ETYIII 3aTTapbsl KaObuiiay (HoJuMKyanapIslH MeJIepiH
XKOHE OJapAblH KaJIKaHIa Oe3iHiH KypbUIBIMBIHAA TapalyblH e3repreni (l-cyper). Pommkynanapisiy
ememaepi OOWBIHINA TapaldyblH TajnAay Ke3iHAe KajKaHma Oe3iHiH KYpbUIBIMBIHAA Killli JKOHE YJKEeH
(dhomrKyIap MeJIIepiHiH KOoFaphlIaybl aHBIKTAIABL. Ty3eTy Ke3iHe KIMTKeHTal (OJUTHKYIIapaplH 6achiM
00J1yBl KaJIKaHIa O€3iHiH MapeHXUMachiHIa MOPGOreHEeTHKAIIBIK HPOLECTEPIiH OCICCHIIPITyiH KopceTe .
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Iereporenninik xkepceTkimn OakpliayFa OHBIH MOHIHJETi TY3€Ty jkoHe Taciiiep ¢oHbIHAA apTanpl. Tysery
Ke3iH/Ie TeTePOTeH IUTIK KOPCETKINI XKOoFaphutan 0aKbUIay MOHIHE JKaKbIHIa bl

Benrinepi: Kankania 6e3inin apaigac GOUTHKYISPIIbI-KOJIOUATH TYPi. [ eMOTOKCHIIMH-303WHMEH OOSUIFaH.
¥Yaraiitkan Ok. 10%0,25; 06. 10%20; A — 6akpuiay T0ObI; B — runotupeo3 ke3eHi; C — Ty3eTyeH Keiin

1-cyper. KanbInTel, 3KkcriepUMEHTaI/Ibl TUIIOTUPEO03 KE31HAeT] KaHE 0JIap/bl TY3ETYACH KeHiHT1
ereyKYHPBIKTapIbIH KAJIKAHIIIA Oe31HIH THCTOIOTHSIIBIK KYPbLUIBIMBI

ToxkipuOenik TUIOTHPEO3 KE3CHIHIC ereyKyWphIKTapia «opramia» (OJUIMKYJABIH JUaMeTpi
43,9342 28 MKkM JieifiH ToMeHJIel, al OHOJNOTHSUIBIK OENICEH]II KOoCHalapMeH TY3eTy Ke3eHIHJIIE «OopTalia
dbommukyn wmemmepi  94,91£1,43 mxm-nern  100,89+10,0 mxm-re  nediin  ecti. ['mmotupeo3 xarmaliMeH
CaJIBICTBIPFaH/ia, KOPPEKIUsIAaH KeiiH (OJUIMKYJT KaOBIPFACBhIHBIH KaJIBIHJBIFBIHBIH ©3repyl OaiiKaiajpl,
KOITEreH THUPEOLUUTTEPIH aIluKaababl O6JiriHae, oacipece TaKIpUOE COHBIHAA KOJUIOUIATHIH YCaK
TaMIUbUIaphl aHBIK KepiHedl. OnapablH THPOLUUTTEpAiH OWIKTIriHIH yiIFalobiMeH Oipre mnaiiga Oo0irybl
OJIapJblH KBI3METIHIH JKOFapbUIaybIHbIH Oenrici Oombin Tabbuianbl. DOUIHKYIAPIBIK KaObIPFaHBIH MeJIIEpi
OakpuIay JeHreiiHae Kana/bl )koHe TY3eTyACH KeiiH 1,5 ece apraabl. byt e3 keserinae 6i3/1iH ToXiprOeIik
TUIIOTHPEO3 KEe3iHIe alAblH-aly >KYMBICTapbl OapbIChIHAA MaiianaHbUIFaH OWOJOTHAJIBIK OelceHml
KOCTaJap/IblH KaJIKaHIIIa Oe3iHiH KhI3METiH OipIiamMa KaJIblHa KEJITIPETiH acepi 0ap eKEHIr aHBIKTaJIIbI.

Tanxvinaynap

Toxkipubenik TUNOTHPEO3aa KalKaHa Oe3fie (OJUIMKYIANap/blH CO3BUIFAH JKOHE YJIFaliFaHbIH
AHBIKTA/IBIK, SMHUTEINN JKACyIIagapbl XKallak JKOHE Y3apThUIFaH, (DOJIMKyNIanapabiH KaObIpraiapbl aHBIK
eMec, YIKe#reH, iciHreH, ainci3 tycti. KankaHina Oe3iHiH TLIIMAEPIHAE KOJUIOMATHI MOJIIEPl a3 JKajFbI3
doimukyagap Oonanbl. KaH TambIpiapbl, acipece BEHO3IBIK TaMbIpjiap KEHEHWII, KaHHBIH KONTirl MeH
TOKBIPAYBIMEH CHITATTAJIA/IBI.

Kankanma Oe3iHiH eH MaHbI3AB MOPGO(U3NONOTHAIBIK KYPBUIBIMBI (OJUTMKYJIanap TOOBIH >KOHE
GOJTHKYJISp apaliblK KEHICTIKTI KaH jkoHe juMda alHaIbIMBIHBIH aBTOHOMJBI JKYHECIMEH OIpiKTipeTiH
WINAIBIK MAKpoayiaH 0oibin Tabbia sl [larorennik Gakropnap KalkaHia 0e3re acep eTKeH Ke3Je eH Kol
3apjarn IereTiHAe OChl YWINAIBIK MHKpPOAYAaHHBIH KYPBUIBIMAAPHI, OHBIH YJIajdapbl MEH MYyIIeJepiHzeri
MOPQOJOTHSIIBIK JKOHE METaOONMKAIIBIK e3repicTep/li KaMTramachl3 eTyJeri pelliH TeMeHAeTedi. by
THIOTUPE03 Ke3iH/Ier KajdKaHa Oe3iHIH MUKPOIMPKYIISIIUSUIBIK YIIMATBIK JKYHenepiH Oaranayaarbl THiMII
Tocimi [12-14].
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biznin 3epTreynepimizae KonAaHbUIFAaH YHTaK Typinzeri «Kapa mmma mimroc» Oalib3aMbl jKOHE OHBIH
(¥ion, xanwii Hoauai, KanbIWi, MarHANA) KYpambl, (POIUTHKYIa Ta3adbIFbl MeH (HOIDTHKYISPIBIK SITUTEITHIIIH
npoiudepanusacsl  KoHe (HOJUIMKYIAaHBIH KaOBIPFachlHAA WANMWULAPIB OCIHAUIepAiH maiaa OoysiH
cakTaiapl. bynm OemceHai JKyMBIC ICTCHWTIH THpPOLMTTEPHAIH CaHBIHBIH YJIFAIOBIH KOpCeTell JKoHE
KOMIICHCATOPJIBIK cumaTka ue. Kypambiana #om Oap 3arTapabl KOJNJaHFaHHAH KeWiH (QoJITHKyIIbIH
napameTpIiepi, aTan aiTKaH/1a, )KAIIbI ayJaHbl, KOJUIOUITHIH ayAaHbl, QOJITHKYISPIBIK SMTUTSIHUIIH KeIeMi
OakpLIay JACHreiiHe xaKbIHaaabl. OChbl OMOAKTHBTI KOMIIO3HIIUSHBI KOJIJaHFAaHHAH KEHiH KYHKe epiMAepiHIH
KOHTYPJIaphl MCH BapUKO3/bIK KAJIBIHIAYbI KAJIITbIHA KEJIM KOHE OJIapIbIH KaJIKaHIa Oe3iHe, TuMda TaMbIp
MOIHBI MEH TYHiHIH/E QITyOpPECIEHITUACH aHBIK Oaikamasr [11].

l'mmotupeo3gan keiiHri Ty3eTynae (OJUIMKYN KaOBIPFACHIHBIH KaNBIHABIFBIHBIH ©3repyl OaiKaiaibl,
KOITEreH THPCOUUTTEPIH amuKaababl OeNiriHme, ocipece ToKIpuOe COHBIHIA KOJUIOMATHIH YCaK
TaMIIBUIAPEl aHBIK KepiHenmi. OnapAplH THUPOUMUTTEPAIH OWIKTITIHIH YIIFaropIMeH Oipre maima Oomys
OJIApJIBIH KBI3METIHIH KOFapbhUIaybIHBIH Oenrici 0oibin Tabbutaapl. OoTUKYISPIBIK, KaOBIPFaHBIH MOIIIepi
OakpuIay JeHreliHAe Kanaabl )KoHe TY3eTyAeH Keiin 1,5 ece aprafpl.

Toxipubenik TUMOTHPEO3 Ke3iHAe, Oi3aiH  3eprreyiep OOWBIHIIA aKKa3TaOaHHBIH  aNKBIH
(hapmMakoTepanusIIBIK dcepi aHBIKTANIBL. AKKa3zTabaHHAH jKacalFaH IIONTIK JOPiHI €HTI3TeH/Ae KallKaHIIa
0e3i1HiH TOPMOHJAPBIHBIH JACHIeHi koHE MOP(OMETPHUSIIBIK TapameTpiepi, 0e3/iH KbI3METI MEH KYPBUIBIMBIH
OakplIay TOOBIHBIH JIEHTeWiHE JeliH KallblHA KENTIpyre BIKHAIbIH THrI3MI. Byin ocep ¢eHOIIbIK
KOCBUTBICTAP/IBIH, COHAANW-aK HOJ MeH WOAW] aHWOHBIHBIH, MUKPOIJIEMEHTTED (celieH, KoOaIbT, KPEeMHHUIA,
MBIC JKOHE MBIPHIII) KYpaMmblHa OailaHBICTBI, ONApABIH OONyBl OpTaHU3MIETi KaJlKaHIa Oe3iHiH
TOPMOH/IAPBIHBIH (PM3HOJIOTHSIIBIK KYMBIC icTeyi yiuiH KakeT. Akka3radanasl (Potentilla alba) kaObuinaran
ereyKYHpBhIKTapApl Oakpuiay TOOBIMEH CalBICTHIPFaHIA KallKaHIIa Oe3iHae CTpoMa ecyiHiH TeMeHIEyi,
MUAMETPIHIH YIJIFalobl, THPOIMTTEPIiH OpTama OWIKTIiriHiH TeMmeHaeyi Oaiikamamel. COHBIMEH Karap,
Oakpliay TOOBIHIAFBI THPOLUTTEPJIH OpTalla ayJdaHbIHBIH TOMEHJeyi Oaiikananel. Kanmkanima Oe3iHiH
OCJICCHAUTITIHIH MHICKCI OaKbUIayMEH cajbICThIpFaHaa 1,3 ece TemeHjaelai, Oyl KaikaHma Oe3i
YImanapblHIAFel  TUPEOIUTTEPIIH MpOoTuQepalusIcChHBIH TOMEHACYIH KepceTemi. bynm Kepcerkimrep
OakplIay TOOBIHIAFBI KaHyapJapJblH KalkKaHila Oe3iHiH KepceTKilTepiHe jkakbiH. KanmkaHiia Oe3iHiH
OeJICeHIUTIK MHACKCIHIH TOMEHICY1 KOHE KOJUIOMATHI JKHHAKTAY MHICKCIHIH OaKbUIay KaHyapiiap JeHreiine
NeiiH JKOFaphuIaybl OaiKanaapl, Oy (QOJTUKYISPIBIK SMUATENHNA ONCEHAUIITIHIH TOMEHCYIH KOpPCeTe/Ii.
3epTTey KYMBICTAphl KOPCETKCHCH, KAlTKaHIa Oe3/iH KhI3METI TOMEH/ICTCeH JKarIaiiblHIa cTpoMa asasiipl,
an  (OJUIMKYJIap JIOHISJICKTCHI'eH KaJbINThl IilmiHre ue Ooyaabl, Oy 63 Ke3erinae Oackana
3epTTEYIIIEPIiH )KYMBICTAPbIMEH ColiKeC KeNeTiHAIriH OaikaimbI3 [15].

Ocpinaiiima, >xaHyapiapablH KalKaHma Oe3iHiH (yHKIIMOHAIABIK XoHEe MOP(MOIIOTHSIBIK e3repicTepi
TUIIOTUPEO3/bIH CaJIJapblH TY3€I'CHHEH KEWiH OJIapJbIH Oe3re ocep eTYiHIH JKallbl OarbIThIH aHBIKTAJIbI,
napaMeTpiiepiH KaJllblHA KEITIpYy JKarJaiblHAa OHBIH (DYHKIIMOHAIIBIK OCICEHIUITHIH JKOFapbUIaybIMEH
OaiinanepicThl. YHTakTarbl «Kapa mmma rumocy HOATHI Oanb3aMbl MEH aKKa3Ta0aH —ChIFBIHIIBICHI
(OITMKYIAPIBIK SIUTENUH eceOiHeH KaikaHIa Oe3iHiH MapeHXHUMAaChIHAAFbl JKoHE (OIUTUKYIIaIapibiH
iciKTepiHiH Mpon(epaTHBTI MPOLIECTEPIH KYIICHTE/].

Kopvimuinowi

3epTTey HOTHKENEpi, SKCIEPUMEHTTIK THIOTHPE03 Ke3iHIeri ereykyhpbIKTapra yHTakTarel «Kapa
IIMIA TUTIOCY 0anb3aMbl KypamblHIa HOAbl Oap JKoHE akka3Ta0aH OMOAKTHBTI KOJIaHFaHIA KaJIKaHINIA
0e3iHiH (HoJUTMKYJIaIapbiHa JKacylaiapablH KiacTepiiepiHiy (apaliibIKTapblHbIH) Maiaa 00JIybIH KOPCETTI,
Oyl e3 Ke3eriHie KalkaHia Oe3i YINAchlHBIH KajilblHA KellyiH cumnartTaiael. Kankaxma Oe3iHiH
nepudeprsubIK OoniriHae (HoJUHKyNa MUK KOJUIOUATH (QOJUIMKYIJIAP KOHE KANBINTHI KalWILISpIIap]
KaHHBIH TOJYBIMEH aHbIKTaNaIbl. bipak Oy1 aitMakTa (hOJUTMKYISPIIBIK AMUTEINH aHBIKTAIMA/Ibl. BHOAKTHBTI
KOMIIO3MIMSIHBL KOJIAaHFaHHAH KEeHiH (QOJUTHKYJSPIBIK SOUTENUNAAIH nponudepanusicsl  (HOJUIMKYIABIH
CaHbpUIAYJIBl CEKpEeUMsCHl Hemece (OIIMKYN KaOBIpFachblHIA CONAKIIa TIPi3Ai eciHAUIepAiH maiina Oomysl
TypiH/e cakTananel. bys OelceHsi jKYMBIC iCTEHTIH THPEOIUTTEP/IH CAHBIHBIH apTYbIH KOPCETENi KOHE
KOMIICHCATOPJIBIK cUmaTka ue. JKaHyaprnapna Ty3eTyIeH KeWiH opTypJli MeJIlepAe THUPOriaoOymuH Oap
(douMKynAap aHBIKTANbI, (QOJIMKYISAPIBIK KYPBUIBIMHBIH KalnblHa Kenyl Oaiikamasl. ToxipuOemik
THIOTUPEO3/bI TY3EeTy Ke3iHje KOJJaHbUIFaH YHTakTarbl «Kapa mmma 1mocy 0anb3ambl j)KoHEe KYpPaMbIHIa
HWoxapl Oap akKasTabaH OMOAKTHB KAIKaHIA Oe31HiH KYPhUIBIMAAphIHA OH 9CEPiH KOPCETTI.
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V.H. Koxanuszora, C.H. Abapemos, I'.A. Jlemuenko,
H.II. brarosa, I11.C. IlIsiHpIOCKOBA

HoBasi koMno3unus AJ1si KOppeKUMU CTPYKTYP WIUTOBHIHOM Kesle3bl
NPH IKCNEPUMEHTAIBLHOM THIIOTHPE03E

B crarbe npuBeneHs! faHHBIE 0 MOPHOPYHKIIHOHAIEHOM COCTOSIHUHM U MUKPOCTPYKTYpE IIIUTOBUIHOM XKele-
3BI IPH SKCIIEPUMEHTAIFHOM THIIOTHPEO3€ U B YCIOBHAX KOPPEKIUH. DKCIIEPUMEHTHI TIPOBEICHBI Ha 45 JTH-
HeitHpix Spraque Dawley (SD) kpeicax-camiiax Maccoit 25043 T B COOTBETCTBHH € 3THYECKHMU HOPMaMH.
Pe3ynpTaThl HCCen0BaHMI MOKa3add Yy )KUBOTHBIX C 3KCIIEPUMEHTAIBHBIM THIIOTUPEO30M MPU MPHUMEHEHUI
OMOaKTUBHON KOMIIO3MLUH, cocToAuier u3 Jlanuatku Genoli u Hoxaconepikamero 6anp3ama «Bospoxnenue
TUTIOC» B MOPOIIKE, B (POJUIMKY/IAX LIUTOBHIHOM JKENEe3bl OTMEUAETCSl MOSBICHUE CKOMJIEHHH (OCTPOBKOB)
KJICTOK, CBH/IETE/IBCTBYIOLINX O pereHepalii TKaH! [IUTOBUIHON Kene3bl. B nepudepuueckoil 4acTu muTo-
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Toxipnbenik rMnoTMpeos kesinaeri kankaHwa 6esiHiH ...

BHUJJHOH JKeJIe3bl BBIABIAIOTCS (DOJUIUKYJIBI ¢ HHTPA(OIUKYIIAPHBIM KOJUIOUIOM U KPOBEHOCHBIE KAMILISAPBI
YMEPEHHOTO KpoBeHanogHeHus. OnHako MeX(OJUTMKYISPHBINA SMUTENN B 3TO 30HE He BhIsABIEH. [locie
IpUMeHeHHs1 OMOaKTUBHOM KOMIO3UIIMHU COXpaHseTcs mpoiudeparus (OIIUKYIIPHOTO SIMUTENH ¢ CeKpe-
el B IpocBeT (OIUTMKYIIa WM B BHJE MOSBICHHS COCOYKOBEIX BHIPOCTOB B CTEHKE (DOJUTHKYNA. DTO OTpa-
JKaeT BO3pacTaHNe KOJIMYECTBA AaKTHBHO (D)YHKIMOHHUPYIONIUX THPEOIIMTOB M HOCUT KOMIIEHCATOPHBIH Xapak-
Tep. Y JKMBOTHBIX ITOCIIE KOPPEKIUU BEIABISIOTCS (DOJUIMKYIEL, COJeprKalllie pa3IMdHOe KOJIMIECTBO THpE-
oryIo0ynMHa, HaOJII0aeTCsl BOCCTAHOBIICHNE MHTEP(QOILIMKYIIPHOH CTpYKTypHl. [loka3zaHO MONOKHUTETBHOE
JEeUCTBHE IPUMEHEHHBIX BEUIECTB HA CTPYKTYPHl ILIMTOBUIHOM JKETE3bl IpPU 3KCHEPUMEHTAIbHOM
THIIOTHPEO3E.

Kniouesvie cnosa: xpoBb, KPBICHI, KOPPEKIH, IMUTOBUIHAS Kelle3a, THPOKCHH, TPUHOATHPOHUH, IKCIIEPHU-
MEHTaIbHBIA THIIOTUPEO3.

U.N. Kozhaniyazova, S.N. Abdreshov, G.A. Demchenko,
N.P. Bgatova, Sh.S. Shynybekova

New composition for correction of thyroid structures
in experimental hypothyroidism

The paper presents data on the morphofunctional state and microstructure of the thyroid gland in
experimental hypothyroidism and under conditions of correction. Experiments were carried out on 45 linear
SpraqueDawley (SD) male rats weighing 250+3 g in accordance with ethical standards. The research results
showed in animals with experimental hypothyroidism, when using a bioactive composition consisting of
Potentilla white and iodine-containing Balm “Renaissance plus” in powder, in the follicles of the thyroid
gland there is the appearance of clusters (islets) of cells, indicating the regeneration of thyroid tissue. In the
peripheral part of the thyroid gland, follicles with an intrafollicular colloid and blood capillaries of moderate
blood filling are revealed. However, the interfollicular epithelium was not detected in this zone. After the
application of the bioactive composition, the proliferation of the follicular epithelium persists with secretion
into the lumen of the follicleor in the form of the appearanceof papillary outgrowths in the follicle wall. This
reflects an increase in the number of actively functioning thyrocytes and is of a compensatory nature. In
animals after correction, follicles containing different amounts of thyroglobulin are detected, restoration of
the interfollicular structure is observed. The positive effect of the applied substances on the structures of the
thyroid gland in experimental hypothyroidism has been shown.

Keywords: blood, rats, correction, thyroid gland, thyroxine, triiodothyronine.
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dapMaKoOrHOCTHYECKOE HCCIeioBaHue chIpbst Tripleurospermum inodorum (L.) Sch. Bip.

BBeneHre HOBBIX BHJOB PacTCHUIl B MEIMIIMHCKYIO IIPAKTUKY TpeOyeT NpoBeaeHHs (papMaKOrHOCTHYECKOTO
HCCIICZIOBAHMUS, B TOM YHCIIC ONPEIEICHUE MAKPO- U MUKPOCKOITMYECKUX MOKa3aTeleil paCTUTEIBHOTO CHIPBSL.
B crarbe M3JI05KEHBI Pe3yJIbTaThl aHATOMO-MOP(OIOTHYECKOr0 HCCIIEJOBAHNS HAJ3EMHBIX OPraHOB TpeXpe-
6epuuka Henaxydero (Tripleurospermum inodorum (L.) Sch. Bip.), co6panHOro B MPUPOJHBIX YCIOBHUSIX B
(asze nBereHUs. PacTeHne NpOSBISET aHTHKOATYJISIHTHBIE CBOMCTBA, 00JIalaeT MATYUTEIILHEIMY, CIIa3MOJIH-
THYECKUMHU U aHAJIbIe3UPYIONIMMH CBOHCTBAMH, a TaKkKe NMPOSBISIET aHTHOAKTEpHAIbHYI0 aKTUBHOCTH. 1o
UTOraM aHaln3a MOP(OJIOTHUECKUX M aHATOMHUYECKHX IMOKa3aTeliell TpexpeOepHHKa Hermaxy4ero onpezelne-
HBI IUArHOCTHYECKHE MPH3HAKU ChIPbS HA MAaKpO- U MHKPOCKOIIMYECKOM YpOBHsX. Tak, Ha MakpoCKOIHYe-
CKOM YPOBHE OIIPE/EICHBI CIeAYIONne NpU3Haku: (hopma, IBET CTeONs ¢ IMOBEPXHOCTH M LIBET HA M3JIOME;
(opma u cTeneHb pacceueH s JIMCTOBOI MIAaCTHHEL, ()OpMa KOHEUHBIX JIOJIEK JIMCTOYKOB; opMa BETOUHON
KOpP3WHKH, 0COOEHHOCTH CTPOEHUS JIMCTOYKOB OOBEPTKH, I[BETOJIOKA; CTPOCHUE U (opMa TPyOUaThIX U KO-
JIOKOJIBYATHIX IIBETKOB. Ha MHKPOCKONHYECKOM YpOBHE MpPHU3HAKK ChIpbsi Tripleurospermum inodorum cire-
nyromue: GopmMa U CTpYKTypa cTeliis, pa3MelleHHe OCHOBHBIX TKaHei; (jopMa U CTpoeHHe KJIETOK SMuiep-
MHCa BEHYHMKA [BETKA M JINCTOYKOB OOBEPTKH, PACIIOJIOKEHNE BMECTHIINI] U 3(DHPHO-MACITHYHBIX JKEIE30K.
IMony4yeHHbIe pe3ynbTaThl MOI'YT BOWTH B MPOEKT HOPMATHUBHBIX JOKYMEHTOB Ha PACTUTENBHOE CBHIPhE JaH-
HOTO BHJIA.

Knioueswie cnosa: Tripleurospermum inodorum, Asteraceae, nekapcTBEHHOE PACTEHHE, PACTUTENHHOE CBIPhE,
MaKpO- H MUKPOCKOTIMYECKH aHAIM3bI, ANATHOCTHYECKHE TIPH3HAKH.

Beeoenue

Pon tpéxpébepnux (Tripleurospermum L.) otHocuTCs K cemelicTBy AcTtpoBbie (Asteraceae), u Ha naH-
HBI MOMEHT mpezcTasiieH okosio 40 Bunamu [1, 2]. PacteHus naHHOro poja HIIMPOKO PAacIPOCTPAHEHBI,
nmpom3pacTaloT Ha Tepputopun CpemmzeMHOMOpPBs, EBporbl, LleHTpansHoit A3un, B CEBEPHBIX PETHOHAX
Awmepuku 1 AQpukn, HeKOTOpbIe Bl — B ABcTpaniu, Kurae u B Slnonuu [1, 3, 4].

Tpéxpéodepuuk Henaxyuuid (Tripleurospermum inodorum (L.) Sch. Bip.) — oano-nBysneTHee TpaBsHH-
CTO€ pacTeHHe, JOCTHUTaloIIee BHICOTH 25—75 cM. LIBeTeT ¢ uiois Mo CeHTS0ph, TIIOABI CO3PEBAIOT B MMPOME-
KYTKE MEXKIy MIoJIeM U OKTssOpeM. Bun mpomspacTaer Ha jJyrax M macTOMIIAx, MO OMyIIKaM U JIECHBIM TIpPO-
rajJuHaM, Ha JIECHBIX MOJIIHAaX, BAOJIb JOPOT, IO Oeperam pek, Ha MPUOPEKHBIX MECKax M rajJiedHuKax, Ha
COJIOHYAKaX, 10 TOPHBIM CKJIIOHAaM, B TTOCEBAX, KAK COPHOE — B HACEJIEHHBIX IyHKTax [4].

T. inodorum o6namaetT aHTUKOATYJITHTHBIMEA CBOWCTBaMH, OKa3bIBACT aHAIbI€3UPYIOIIEe, CIIa3MOIUTH-
YeCKOe U MATYUTENILHOE NeUCTBUS [5, 6]. BBIsSBIEHO, YTO SKCTPaKT U dpUpHOE MACIIO 00IaAal0T aHTHOAKTe-
pHATBHON aKTUBHOCTBIO, @ 33 CUET COAEPKAIMXCS B IIBETKAX MUPETPUHOB CIOCOOEH MPOSBIATH aKapHLIUA-
HYI0, MHCEKTHIMIHYIO U PENEIUICHTHYIO aKTUBHOCTS [4, 5]. Taxke ObUIO yCTAaHOBIICHO IIPUCYTCTBHE B TPaBe
3HAYUTENIFHBIX KOJIMYeCTB (DIaBOHOMAOB (UMHAPO3HUI U KOCMOCUUH), (EHONKApOOHOBBIX KHCIIOT, KyMapH-
HOB U TaHWJIOB, NYOUJIHHBIX BEIIECTB U OpraHHYeCKuX KUCIOT [4, 6—8]. TpéxpEOepHuk Hemaxyduii, B OcC-
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HOBHOM, HaXOAWUT NPUMCHCHHUC B HapO,Z[HOﬁ MCIHUIIMHE, B O(I)I/II.[I/IEUII:HOﬁ — JIMlIb B BUAC MMPUMECHU JIS pO-
Maiku anrreqnoit (Matricaria chamomilla) [5, 6].

HCJ’IBIO JaHHOI'O0 MCCIICAOBAHUS ABJIAJIOCH NPOBECACHUE aHAIN3a MAaKPOCKONMNYCCKUX U MUKPOCKOIINYEC-
CKMX ITOKa3aTenaeh Tpéxpé6epHMKa HEMaxy4ero U BLIABJICHUC NUArHOCTUYCCKUX IMPU3HAKOB PACTUTCIIBHOI'O
CBIPbBS.

Mamepuansi u memoosi

OOBEKTOM HCCIEOBaHUs ABJSUIMCH HA/l3eMHBIE YacTH (JIMCThS, COLUBETHA M CTEONN) TpEXpEOepHIKa
Hemaxydero, coopanHoro B (asze uBeTeHus: B okpecTHOCTAX DenopoBckoro Bonoxpanmnmma (Kaparanaun-
ckast obnacte) B aBrycre 2021 r. Koopmunater Touku coopa: 49,760634 c. ur., 73,075951 B. n. Bunosas
UICHTU(UKALIS pACTEHUS BBITOJIHEHA CTIeIManucTaMu Kadenpsl 6otannky KaparananHCKOTO yHUBEpCHTE-
Ta uMmeHH akaaemuka E.A. BykeroBa. TumoBoii oOpazenr xpanutcs B ['epbapHoM ¢oHme Ouonoro-
reorpaduueckoro akynprera.

Cyxue o6pa3sibl cbipbst hoTorpadupoBaiu ¢ nomoupio Mukpockona Levenhuk. Ipu BeimonHenun ana-
TOMHYECKOTO HCCIICIOBaHUS CyXue o0pas3ipl HaA3eMHBIX OPTraHOB pa3MauyuBalld B TOPSYCH BOJE U Pa3MsT-
Yany B CMECH TIUIepUH—CcUpT 96 %—Bona nuctuimuposanHas B cooTHomennn 1:1:1 [9, 10]. UsroraBnuBa-
JIM TIOBEPXHOCTHBIE MIPenapaThl U cpe3bl BpyuHyo. Mukpockonuieckue Gpororpaguu momnepeyHbix Cpe3oB
Ha/I36MHBIX OPTaHOB BBIMIOJIHEHBI ¢ TIOMOLIBIO MUKpockoma «buomen-4» ¢ okymsapamu x10, x20, nuH3aMu
x4, x10, x20, x40. O6padotky dororpaduii npooauan B mporpamme Paint 10.1. ITpu onucanuun Mopdoio-
TMYECKOr0 M aHATOMUYECKOT0 CTPOEHHUS WCHOJIb30BAIM NPUHLUIBI, M3JI0XKEeHHBIE B TpyAax B.H. Bexosa,
JL.W. JlotoBoii [11-13].

Peszynomamet u ux oocyscoenue

Mopgonozuueckoe cmpoenue. s onpeaeiaeHnss 0COOCHHOCTH CTPOCHUS TPEXPEOEPHHUKA HEMaxy4ero
HaMHM [IPOaHaIM3UPOBAHBI TOKA3aTEIN HAJA3EMHBIX OPraHOB U COCTABJICHO onucaHue (Tabm. 1).

Tadobnuma 1
Mopdosoruueckue nokasareju Haa3eMHbIX opranos Tripleurospermum inodorum

YacTtu pacteHus Onucanue
1 2
IToGer [psiMO#i, BOCXOASIINIA, ONUCTBEHHBIHN, MUIMHAPUICCKON (HOPMBI, IBET CBETIIO-3CJICHBIN C

OenoBaTeIMU pebpami, 1Mo (GopMe MOMEPEeYHOro CeYeHHs OOPO3aUaThiil, Ha H3TOMe — Oe-
TbIi. B HUWOKHEH 4acTy MOYTH HE OJIMCTBEHHbBIC, B BEPXHEW YaCTH — BETBHUCTHIC.

Onyienue [MoGeru rosbie, B BEpXHE#H MOJIOBHHE MOTYT OBITh PACCESIHHO OMYIIEHHBIMU
1100eros
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Ipononxenue tadbmumus 1

2

1

JIMCT >anunTHYeCcKOn q)OpMI)I, TPUIKABI-TICPUCTO-PACCCUCHHBIC, KOHCYHBIC NOJIbKN JIaHLICT-

®dopma nucrta

HOW WM JIMHEHHO-HUTEBUAHOW (OPMBI; 6—8 CM IJIIMHOM, Tojble, CHASINE WIH Ha YKOPO-
YEHHBIX YepelIKaX, paCIIUPEeHHBIX IPU OCHOBAHNH, C KOPOTKHAM 3a0CTPEHHEM Ha BEPXYIIKE.
—

‘ :
\ I
-
i

s

CtpykTypa BepxHei
HBIE 110 KParo JOJIbKH JIHCTA.

CTOPOHBI JIUCTa

IToBepXHOCTH IIEPOXOBATAS, KUIIKH CIIA00 BBIPAKCHBI, LIBET CBETJIO-3¢JICHBIH, 6oee TeM-

KUJIKaMH JIMCTa, OBET 3€JICHBIA WA TEMHO-

CrpykTypa HIKHEH
3€JICHBIN.

CTOPOHBI JIMCTA

HOBerHOCTB miepoxoBaras, ¢ BEIpaXKCHHBIMHU

HOJTyIIapo-

dopma couBeTHs

Cornperre Kop3uHKa, 2—2,5 ¢cM B auameTpe; oOBepTka 3-psaHas. L[BeTosoxe

HIBCTKH, 11O KpasAM SA3bIYKOBBIC IIBETKH.

BUHO-KOHHYECKOE, Tojioe, c1abo smuaroe. LIeHTpanbHy0 4acTb 3aHHMArOT TpyOdaThble
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OxkoHyaHue Tabnuube 1

1 2
LBerok TpyOuatbie BETKH KENTHIC, 10 3,5—4 MM amuHOM 1 0,5 MM IIUPUHON; TpyOKa B BepXHEH
TIOJIOBHHE CJIETKA pacIIMpeHHas, OKpacKa jKenTas. SI3pIYKOBBIC BETKH MECTHYHBIC, BEHUUK
OenbIii, ¢ OTroOM oT 5 10 10 MM.

ol

L
LYY 1
O6BepTKa JIuctbst 0OBEPTKU MPOJOIrOBaThie, JUIMHON 3—4 MM, mmpuHO#M 1-1,5 MM, ueHTpaibHas

4acTh TPaBSIHHUCTAs, Kpail — IUIEHYAThIH, OKpacka — OJIEJIHO 3eJIeHHAs!, IPH OCHOBaHUH M
0 Kparo — ¢ OypbIMU IS THAMHU.

Takum 00pa3oM, JMArHOCTUYECKUMH IMPHU3HAKAMH Ha MaKpOCKOIMYECKOM YpPOBHE OIIpejeNieHbI clie-
nyrome: GpopMa U OKpacka cTeOJis ¢ MOBEPXHOCTH M Ha M3JI0Me; GopMa M CTPYKTypa JHcTa (BEpXHSS U
HIDKHSISL CTOPOHBI), PACIIONIOKEHHE U CTETIEHb BBIPAXKEHHOCTH KHUJIOK; (hopMa colBETHS, CTPOCHUE U OKpacKa
IIBETKOB U OOBEPTKHU I[BETKA.

Anamomuueckoe cmpoenue. Cmebenp Ha 1O HNEPEUHOM Cpe3e OKPYIJIO-PeOpPHCTHIH, MyuyKOBOTO THUIA
(puc. 1). C HapyxHOH CTOpPOHBI cTeOenb MOKPHIT |-CIIOMHBIM 3MUAEPMHUCOM, KIETKH €ro OKpYyrjo-
npsMoyrosbHble. [lon anuaepmoii pacronaraercst 2—3-cloiHasi XJIOPEHXUMa, TIpephIBatoNIascs Mo pedpa-
MU y4acTKaMH yTOJIKOBOW KOJUIEHXMMOM. Mex 1y KOpoBOW M MPOBOAAIIEH 30HOM 3aneraer 1-cioitHas 3H/10-
nepMa. Ilyuku O6ukoiarepanbHble, OTKPHITOTO THIIA, IO (popMe — JIBYX THIOB: 1) KpyHHbIE, SIHLEBUIHBIC;
2) Gosiee MEJKUE MyYKH, OKPYTJION WITK OBaIbHOM (OpMbI. B 1ieHTpe cTeberb 3amonHeH PhIXJIbIME KICTKaMH
CepLICBUHHOMN TapEHXUMBI.

Ha nonepeunom cpese nojibKa JMCTa OBaJibHAs B OYEPTAHUH, JOP30BEHTPAIBHOIO THIA, C ME30(QMII-
JIOM, COCTOSIIIIMM U3 CTONIO4aTO# 1 ry6uaroii Tkauu (puc. 2). C 06erx CTOPOH JHCT OKPYKEH OJHOCIOWHBIM
SMUJIEPMUCOM, KIETKU €ro OKPYIJIO-IIPSMOYTOJIbHBIC, C YTOJILICHHBIMU Hapy>KHbIMU CTE€HKaMH. MecTtamu
pacHookeHsl 3(UPHO-MACIHYHbIE JKeJIe3KH, OrpyKeHHbIe B anuaepmy. [lox smuaepmucom 3aneraer 1—2-
CIIOMHBIA cTOJIOUATHI Me30( ML, TPEPHIBAIOLINICS MECTAMH YYacTKaMH MEXaHWYEeCKOH TKaHH — KOJIJICH-
xuMbl. LleHTpanbHas 4acTh 3amojiHeHa ryodyaTtbiM Me3o(uiuioM. B IeHTpanbHOM 4acTH JUCTa XOPOLIO BBI-
pakKeHbl HEHTPAIBHBIM 1 /Ba OOKOBBIX MPOBOIAIINX ITyYKa, OMKOJIATEPAbHOTO THIIA C HEOOJIBIINMH Ts-
JKaMH CKJIEpeHXUMBI. B Tonmie Mezoduiia oTMedeHbl CXM30T€HHBbIE BMECTHIIMINA, COoAepiKalne d(UpHbIE
Mmacia.
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1 — snupepmuc; 2 — yroiakopasi KOJJICHXHMA,;
3 — xnopenxuma; 4 — sHnoaepma; 5 — iosma;
6 — xamoOuii; 7 — kcuseMa; 8 — mapeHxumMa

1 — BepxHss onuaepMa; 2 — ryoyaras mapeHxuma,
3 — cronb4aTas mapeHxuMa; 4 — TPOBOISIIIH TyYOK;
5 — HWXHsI SnHAEepMa

Pucynoxk 1. [Toepeunsrtit cpe3 cTedis

- - Pucynoxk 2. [Tonepeunslii cpe3 iucta
Tripleurospermum inodorum. Ys. x60

Tripleurospermum inodorum. Va. x60

SI3BIYKOBBIE IIBETKH KOJIOKOJIBYATOW (POPMBI, C BBITSHYTHIM HOTOTKOM, Ha KOHIIC BEHUYHMK MMEET TPHU
3youa (puc. 3). [To moBepXHOCTH BEHUUKA OTUYETIMBO HAOIIOAAIOTCS MIPOBOSIIUE MYYKH, KIETKH KOTOPBIX
OoJiee TEeMHO-OKpallleHHbIEe. DMUAEPMHUC COCTOUT M3 OKPYTIIBIX HIIH CJIETKa BBITSHYTHIX, TIOYTH IPSIMOYTOIb-
HBIX KJIETOK, C M3BHJIMCTBIMU CTEHKaMHM, CBEPXY 3ajeraeT cjod KyTHKyJbl. 1o moBepxHOCTH pa3OpocaHbl
penkue 3pUpHO-MACITHYHbIE JKENE3KH, MPEUMYLICCTBEHHO B HI)KHEH 4acTH, TP OCHOBAaHUH BEHYHMKA OTMeE-
YeHbI Y/UIMHEHHbIE M TEMHO-OKPALIEHHbIE BMECTHIIHIIA.

1 — npoBoasIMe Ty4IKH 2 — 3(UpHO-MaCITUYHbIE KETE3KH 3 — BMecTHIIHIIA
A ) B

A — 3y0OLBI BEHYHUKA 1[BETKA; b — LIEHTpallbHas YacTh dnuepMuca; B — ocHoBaHue 1BeTKa. X150
Pucynok 3. [Ipenapar si3prakoBoro mserka Tripleurospermum inodorum ¢ moBepXHOCTH

LleHnTpanbHbIE IBETKH Y3KOKOJOKOJbYATHIC, 00OEIOIbIe, BEHYNK akTHHOMOp(HEI (puc. 4). TpyOka
BEHYMKA C CEPeJMHBI pacuiupsercs. Ha BepxHe# yacTu MMEITCS OTTUOBI, B KOTOPBIX PACIIONIOKEHBI BME-
CTHJIUINA OKPYTIIOH opMbl. DmHaepMuc TpyOUaTOro MBETKa COCTOMT M3 BHITSAHYTHIX KIeTOK. [Ipu ocHoBa-
HUH [IPUCYTCTBYIOT QUPHO-MACTHYHBIE JKEJIC3KH.
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B

1 — BMmectuuiie; 2 — 3(GpUPHO-MACTHYHBIC JKCIC3KH.
A, B — 3y01pl BEHUHKA [IBETKA;, B — OCHOBAaHHUE I[BETKA,
I’ — snumepMuUc BEHYHKA B [IEHTPaAIbHON yacT. YB. X60 u x150

Pucynox 4. [Ipenapar tTpy6uaToro 1setka Tripleurospermum inodorum c moBepxHocTH

Jlucrouek oOBepTKa IBETOYHON KOP3MHKH SHICBHIHON (QOPMBI, IICHTpajbHAs YaCTh — TPaBSHUCTAS,
Kpail — mieH4artsiid (puc. 5); COCTOMT M3 BBITSIHYTHIX KIETOK C MPSAMBIMH CTEHKaMHU. XOpOIIO BBIpakeHa
HEHTpaTbHAs JKWIKA. DMUICPMHIC C MOBEPXHOCTH MOKPHIT TOHKUM CJIOEM KYTHUKYIbL. Ha moBepxHOCTH pa3-
OpocaHbl HEMHOTOYHCIICHHBIE 3()UPHO-MACITUYHBIE JKEJIE3KH, BJIOJb JKUJIKH JINCTA — BMECTHIIMIIA C dPUp-
HBIM MacjOM, CXH30T€HHOTO ITPOUCXOMKICHUS.

b

1 — BMmecTwinie; 2 — 3QUPHO-MACTHYHBIC JKEIIC3KH.
A — BHeIHUH BUJ, b — y4acToK B 001aCTH LEHTpaIbHOM ®uiaku. X150

Pucynok 5. Ipenapar nucrouka 06BeptkH Tripleurospermum inodorum ¢ moBepxHOCTH
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MHUKPOCKOITUYECKHE TIPU3HAKHU ChIPhsI TPEXPEOEPHUKA HEMaxy4ero Oblir 0000IIEHB! B CBOAHON Ta0Iu-
e 2.

Tabnunma 2
Mukpockonu4ecKye NPU3HAKH HAI3eMHbIX opranos Tripleurospermum inodorum

Iloka3arenu Omnucanue

dopwma cTeburst Ha orepeyHoM cpese |OKpyTiIo-peOpHUCTHIA, ITy9KOBOTO THIA

JIuct OBaNBHBIN, TOP30BEHTPAIBFHOTO THIIA, ME30(IILI COCTOUT U3 CTOIOYATOM
1 Ty09aToi TKaHU

BukosmnaTepanbHOrO THIA, OTKPBITHIE, IYYKU ABYX THIIOB: KPYIHBIE (SHIEBUA-
HBIE); MEJIKHE (OKPYTIIbIC WA OBAJIHHEIC)

Knerkn mpsMOyrosibHBIE ¢ M3BWJINCTBIMU CTEHKaMH, (POpMa KOIOKOJIbYATas! C
BBITSHYTBIM HOTOTKOM, BJIOJb BEHYHKA PACIIOI0KEHBI IPOBOAAIINE MyUKH, 110-
KPBIT KYTHKYJIOH, IO TOBEPXHOCTH pa30pocaHbl peakue 3(pUpHO-MacIHIHbIC
XKEJIE3KH, IPH OCHOBAHWH MMEIOTCSI BHITIHYTHIC BMECTHIIMINA

Knerkn snupepMsl BHITAHYTBIE, (hopMa y3KOKOJIOKOJIbYATast, 00OCHOIBIN, BEH-
LenTpanbHble TpyO4aThle IBETKH YUK aKTHHOMOPQHEIN, B OTTH0aX PACIOJIOKEHBI OKPYTJIble BMECTUIININA, Y OC-
HOBaHMsI IPUCYTCTBYIOT d3()MPHO-MACIHYHbIE )KEIE3KU

Kierku BBITSHYTBIE C MPSMBIMU KJIETKaMH, (opMa sHIIeBUIHAS, 110 TIOBEPXHO-
CTH pa30pocaHbl HEMHOTOYHCIICHHBIE A(QUPHO-MACIUYHBIE >KEJIE3KH, BJOJb
JKHUJIKHM JIUCTa — BMCCTHJIMIIA C 3(1)I/IpHI)IM MacJIoM

Tun aucTa Ha HOIEPEYHOM cpe3e

Tun npoBoALIE cUCTEMBI

SI3BIYKOBEIC IIBCTKHU

Jlucrouyek 0OBEPTKH IIBETOYHOM
KOP3WHKH

AHanu3 NOJTy4YEeHHBIX JAHHBIX IO3BOJISIET ONPEACIUTh CIACIYIOIEe MUKPOCKONINYECKUE IUarHoCTHYe-
CKMe Mpu3Haku: (GopMa M CTpoeHHE KIETOK S3IUAEpPMHCA JIHCTAa U LBETKOB, PAaCIOJIOKeHHE 3(upHO-
MacCJIMYHBIX JKEJIe30K, CTPOCHHE JINCTa U CTEOs Ha MTONEPEYHOM cpe3e, a TaKKe TUIl MPOBOSAIIEH CUCTEMBI.

Raxnrouenue

Ilo uroram uccnenoBaHui OMpe/IeNeHbl MAKPO- 1 MUKPOCKOITMYECKHE IPU3HAKH ChIPhs TPEXPEOEpHUKA
HETIaxy4ero:

s cmebas. MakpoCKOTIMUYECKUE TTPU3HAKK: (hopMa U TUI CTEOJIs, €ro IBET U OKPac cpe3a, OMylIeHHEe
moberoB. Mukpockonuyeckre mpu3Haku: GopMa u CTPYKTypa cTeOiIs Ha IMONEepEeYHOM Ccpe3e, THUI MPOBOIS-
IIUX TyYKOB.

s nucma: Makpockonmyeckre MpU3HaKU: 1BET, (OopMa, PacCcedeHHOCTh JINCTA U BBIPAYKEHHOCTh JKH-
JIOK. MHUKpPOCKOTIMYECKHE TPU3HAKU: CTPOSHHE JIMCTa Ha TIONIEPEYHOM Cpe3e, TUTT TIPOBOISAIINX MyYKOB, pe/I-
K#e 3(UPHO-MACTHUYHBIE KEIE3KH.

s coysemus: MakpoCKOITUYECKHE MPU3HAKU: THIT M (JopMa COILIBETHUS, PACIIONIOKEHUE IIBETKOB M 00-
BEPTKHU

s yeemxos: MakpoCKOITMYECKHE IPU3HAKK: MTPUCYTCTBHE JABYX BHJOB LIBETKOB, TPYOUaThIe U SI3bIU-
KOBBIE, UX OKpac ¥ (popMa IBETKOB. MUKPOCKOIMUECKUE PU3HAKK: CTPYKTYpPa IBETKOB, KJICTKH 3IUICPMBI,
HaJINM4YUC MPOBOAALICTO ITyYKa B A3BIYKOBOM IBETKEC, BMCCTUIIMILA U 3(bI/IpHO-MaCJ'II/IT-IHBIe JKCJIC3KH IIPHUCYT-
CTBYIOT B 000MX I[BETKaX.

s aucmouxog 0beepmiu: MaKpOCKOIIMYECKUE MPU3HAKU: opMa U OKpac MOBEPXHOCTU. MHUKPOCKO-
MUYEeCKUE MPU3HAKU: (opMa KIIETOK 3IMUACPMHUCA, HAIUYKE BOJb JKUJIKH JINCTA BMECTHIIMIIA M KEJIE30K C
3(UPHBIM MACJIOM TIO TOBEPXHOCTH.

[TomyuenHbIe JaHHBIE MOTYT BOWTH B ipoekT AH/I Ha pacTuTenbsHOe Chipbe TPEXPEOEPHIKA HETTaXy4ero.
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I'.b. baitimaruposa, M.}O. Ummyparosa, I'.A. Ataxxanosa, M.K. Cmarynos

Tripleurospermum inodorum (L.) Sch. Bip. mukizaTbia
(apMaKkorHoCTHKAJBIK 3epTTEY

MenunuHaIBIK TOXKIpHOere ociMAIKTEpIiH XKaHa TYPJepiH eHri3y (apMaKOTHOCTHKAIBIK 3epTTey/i, COHBIH
ilIiHge OCiMAIK IIUKI3aTBIHBIH MaKpo- *KSHE MHKPOCKONMSUIBIK KOPCETKILITepiH aHBIKTAy/Abl Tajam eTeli.
Makanaza ryiaaeHy Ke3eHiHae TaOuFu Karaaiia sKuHanFaH Micci3 YIIKeIpisITyKbIMHEBIH (Tripleurospermum
inodorum (L.) Sch. Bip.) »epycti MymienepiHiH aHATOMHSIIBIK-MOPGOIOTHSIIBIK 3€pTTey HOTHXKENepi
OepinreH. OciMIik KaH YHBITIIAWTHIH KACHETTI KOPCETEl, )KYMCaK, CIIa3MOJIUTHKAIBIK KOHE aHATBI € THKAIIBIK
KacHeTTepre We, COHBIMEH KaTap OaKTepusFakapchl OelCeHIUTKTI kepceremdi. Micci3 YIIKBIPIBITYKBIMHBIH
MOPQOJIOTHSUIBIK JKOHE AHATOMHUSUIBIK KOPCETKIIITEPiH Taniay HOTIKeJIepi OOWBIHIIA Makpo- KOHE
MHUKPOCKONMSJIBIK ~ JCHrel[ie  INWKI3aTThIH  JHATHOCTUKANBIK  Oenrimepi  aHbIKTangsl.  COHBIMEH,
MaKpOCKOIHSUIBIK IeHTelie Keseci Oenrinep aHbIKTabl: cabak OeTiHiH MillliHi, TYCl )KoHEe CBIHFAaHIAFbI TYCI;
KambpIpak TaKTAChIHBIH (&NTaKaHBIHBIH) TUTIHYIHIH TIIIHI MEH JOpeXeci, >KambIpaKliagapIblH COHFbBI
OeuikTepiHiH TMilIiHi; T'yJl TOCTaraHIIACHIHBIH IillIiHi, JKamblpaKmagap TryJlopamaapbl, TyJITaOaHBIHBIH
KYPBUIBIMIIBIK €peKIIeTIKTepi; TYTIKIIENl JKoHe KOHBIPAyrysl TOpi3i TyNJepiHiH KypbUIBIMBI MEH MilliHi.
Mukpockonusutslk AeHredae Tripleurospermum inodorum muki3atsiHbIH Oenrigepi keiecimei: cabakThIH
MIIIiHI MEH KYPBUIBIMBL, HETi3T1 TiHAEPiHIH OpHAIACYBI; KallbIpaKIanap TyJiopaMaapsl MEH TYJI KeCTECiHiH
SMHUIEPMHIC KaCyIIaTapbIHBIH MIIIiHI )KOHE KYPBUIBIMBL, dQUPITi-Mailiel Oe3/1epIiH OpHalacy OpHBL AJIBIHFaH
HOTWOKEJIEp OCHI TYPAETi 6CIMAIK IIMKi3aThIHA apHAIFaH HOPMATHBTIK KyKaTTap >k00achlHa €Hyi MYMKiH.

Kinm cosoep: Tripleurospermum inodorum, Asteraceae, aopiiik eciMiik, 6ciMIiK MaTepuabl, MAKpO- JKOHE
MHUKPOCKOTIHSUIBIK TAIIAY, IMarHOCTUKAIBIK Oesriiep.

G.B. Baishagirova, M.Yu. Ishmuratova, G.A. Atazhanova, M.K. Smagulov

Pharmacognostic study of raw materials Tripleurospermum inodorum (L.) Sch. Bip.

Introduction of new plant species into medical practice requires pharmacognostic research, including deter-
mination of macro- and microscopic parameters of plant raw materials. The article presents the results of ana-
tomical and morphological study of aboveground organs of Tripleurospermum inodorum (L.) Sch. Bip., col-
lected in natural conditions in the flowering phase. The plant exhibits anticoagulant properties, has softening,
antispasmodic and analgesic properties, and exhibits antibacterial activity. According to the results of the
analysis of morphological and anatomical indicators of trice berries unpalatable determined diagnostic signs
of raw materials at the macro- and microscopic level. So, at macroscopic level the following signs are de-
fined: a shape, color of a stem from a surface and color on a break; a shape and degree of dissection of a leaf
plate, the form of final lobules of leaflets; a shape of a flower basket, features of a structure of leaves of a
coverlet, a flower spike; a structure and a form of tubular and bell-shaped flowers. At the microscopic level,
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the signs of Tripleurospermum inodorum raw material are as follows: shape and structure of the stem, place-
ment of the main tissues; shape and structure of the epidermal cells of the flower corolla and the wrapper
leaves, location of receptacles and essential-oil glands. The received results can enter the project of normative
documents on vegetative raw materials of the given kind.

Keywords: Tripleurospermum inodorum, Asteraceae, medicinal plant, plantmaterial, macro- and microscopic
analysis, diagnostic signs.
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Indirect method of histochemical assessment of insulin content
in pancreatic p-cells

Methods for analysis the state of histostructure and insulin and zinc content in pancreatic tissue allow to esti-
mate either a state of histostructure alone or visual insulin content in B-cells. Zinc content indicating the con-
tent of deposited insulin and the ability of B-cells to form this form of hormone is possible using an additional
method that increases the volume of work and complicates investigation. Authors have proposed a method
that allows to simultaneously evaluate both the state of the histostructure and the quantitative content of de-
posited insulin and zinc in B-cells of the pancreas. It has been experimentally confirmed that both the alde-
hyde-fucshsin method of insulin staining and Dithizone method for staining of zinc-ions in B-cells can be
separately used simultaneously for quantitative analysis of the content of deposited insulin and zinc in B-cells.
It has been experimentally confirmed that both the aldehyde-fucshsin method of insulin staining and the
Dithizone method of detecting zinc in B-cells can be separately used simultaneously for quantitative analysis
of the content of deposited insulin and zinc in B-cells. The use of both methods allows not only to assess the
state of the histostructure, but to assess the content and functional ability of B-cells to synthesize insulin, as
well as to form its deposited form using zinc.

Keywords: pancreas, 3-cells, insulin, zinc, Dithizon, histostructure, insulin synthesis.

Introduction

Pancreatic islets of a number of animals (rabbits, dogs, cats, hamsters, mice) contain significant
amounts of zinc ions [1]. There are indications that zinc has an important role in the formation of a deposited
form of insulin in B-cells [2, 3], so that the synthesized hormone is stored in cells and excreted into the blood
depending on the level of glucose in the blood. Meanwhile, today there are no direct experimental data con-
firming the formation of the Zn-insulin complex in B-cells. There are several methods for selectively as-
sessing the histostructure of pancreatic islets, the content of deposited insulin and zinc in B-cells, the use of
which in combination greatly complicates the conduct of research.

The purpose of the study: to study the relationship between the content of zinc and insulin in B-cells of
the pancreas, followed by the justification of the choice of one of the histochemical methods, which makes it
possible to assess as a condition.

Aim of work: to investigate the relationship between the content of zinc and insulin in B-cells of the
pancreas.

Experimental

Animals: 12 rabbits, 2150-2400 g were used. Aim of work:

i) to investigate histotopography of the localization of zinc and insulin in B-cells of pancreatic islets,
comparing the results of visual research;

ii) assess the content of zinc and insulin in cytoplasm of B-cells using quantitative histophotometric
analysis by comparing the obtained data;

iii) in experiments using the complete elimination of insulin from the cytoplasm of p-cells to estimate
the content of zinc and insulin visually and quantitatively comparing the results.

2 groups of animals: Group 1 — injection of 2 % water-ammonium solution of Diphenylthiocarbazone
(Dithizon, DZ), which forms the red granules of Zn-DZ chelat complex in B-cells observed in the sections of
the frozen gland of pancreas using of technique of dark field microscopy, which was previously confirmed
by the method of spectral analysis of the absorption spectra of extracted from [-cells of the complex in com-
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parison with the artificially obtained in vitro similar complex [4]; Group 2 — rabbits; elimination of deposit-
ed insulin from B-cells by repeated oral administration of Glibenclamide, 25 mg/kg within 3 days. 2 parts of
pancreas tissue were used: the first was frozen in cryostat with the subsequent microscopy of frozen sections
in a dark field. The second part was fixed for 24 hours in the Bouin liquid.

To evaluate the content of insulin in paraffin sections of the pancreas, an aldehydfuschine color method
is used, which allows to evaluate both the content of insulin in B-cells and the state of the islands of the is-
lands. The most important advantage of this method in comparison with others is the possibility of studying
the histotopography of insulin in B-cells. Slices with a thickness of 4 ym were painted on insulin with
aldehydfoxin [5], zinc content in B-cells was evaluated by a quantity assessment in the relative units of the
granite of the ZN-DZ complex.

For a quantitative assessment of the content of deposited insulin in -cells of light absorption, for which
the microfluorimetric complex [6, 7] was used based on FEU-31, combined through a micrograph with a mi-
croscope (Fig. 1).

The obtained digital data were processed statistically using Student's t-test.

—

Composition of the complex: ultraviolet lamp; microscope; micro-meter; power supply;
FEU-31 photo-electronic multiplier; microphotonage with the adjustable diaphragm built into the field,
which locks the central part of the islets containing p-cells

Figure 1. Hystophluorimetric complex for the quantitative assessment of the content of insulin and zinc in V-cells

Photometry was subjected to B-cells localized in places of hormone exocitosis around the islet capillar-
ies, which contain the largest hormone. The assessment of insulin coatings in the pancreatic islands was car-
ried out in relative units (O.E.) in terms of indicator of light absorption K, determined by the formula:
K = A2/Al, where Al is the size of the photo flow that arose when measuring the coloring density of insulin
aldehydfuxine in B-cells (in MKA) and A2 — the size of the photograph that arose when measuring the glow
of the cells of exocrine tissue. When using an aldehydfoxy — a new method, it was evaluated by the formula
with the reverse dependence (K1 = A2/A1, where Al is the intensity of the light absorption with B-cells con-
taining insulin and A2 — weakly absorption of exocrine tissue cells that do not contain insulin). That is, the
denser the coloring — the more light it is absorbed by a photometer, respectively, the lower the size of the
phototock and the higher the insulin content. When using a dytison method of zinc coloring, a direct propor-
tional dependence was used (K2 = A1/A2, where A1 — gluttonization of painted -cells and A2 — lltoy
glow of the surrounding fabric). That is, the more intense the color of the B-cells-the more light goes on a
photometer and vice versa [7, 8]. For each option, 30 measurements of zinc and insulin accumulations were
performed in B-cells located around the intra-regional capillaries.

Results

In painted by aldehydefucshine pancreatic tissue drugs of intact animals, saturated purple color indi-
cates the presence of a large amounts of deposited insulin in the cytoplasm of B-cells (Fig. 2.1), which con-
centrates in the places of hormone around the islet capillaries.
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1 — Pancreatic islet of intact rabbit. Aldehyde fucshine staining. Violet color of insulin; maximum concentration of hormone in
B-cells at the contact with the endothelium of blood capillaries; x280. 2 — Pancreatic rabbit islet after administration of 47.2 mg/kg
Dithizone; histotopography: Zinc-DZ granules are maximally concentrated around the capillaries, adjacent to the endothelium; x280;
3 — Pancreatic rabbit islet after insulin elimination from B-cells by Glibenclamide, 15 mg/kg repeatedly within 3 days. Aldehyde
fucshine staining; the absence of violet color indicates almost complete absence of insulin in B-cells; x280; 4 — Pancreatic rabbit
islet after elimination of insulin by Glibenclamide and followed administration of 48.6 mg/kg of Dithizone; almost complete absence
of Zn-DZcomplex in B-cells; there are only single granules of the complex; x280; 5 — Pancreatic island intact rat. Painting with
Victoria 4R reagent. Insulin is colored dark blue; in pink around the periphery — A-cells; x280; 6 — isolated intact pancreatic islet.
Painting with Victoria 4R reagent. Dark blue colored insulin; x280; 7 — Pancreatic island intact rat. Coloration by
immunohistochemical method. Insulin is colored brown. Histostructure unchanged; x280; 8 — isolated intact pancreatic islet. Color-
ation by immunohistochemical method. Insulin is colored brown. Histostructure unchanged, x280

Figure 2. Accumulation of insulin in B-cells
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In frozen sections of pancreas of intact animals after administration of 47.6 mg/kg of Diphenyltio-
carbazone (DZ) 5 min after injection, a large amounts of chelat complex of Zn-DZ visible as bright red gran-
ules that filled the cytoplasm of B-cells (Fig. 2) were formed in p-cells.

A visual study of the histotopography of zinc and insulin in the pancreatic islets showed: the maximum
amount of zinc and insulin were concentrated at the poles of -cells that directly contact with the endotheli-
um of capillaries (Fig. 2.1 and 2.2). Visually the localization of zinc and insulin did not differ. To obtain
more convincing objective data, a quantitative assessment of the results was carried out

The results of the quantitative investigation of the content of insulin in B-cells did not reveal any relia-
ble differences between the content of zinc and insulin in B-cells (Table), which is like confirmation of exist-
ing assumptions regarding the fact that insulin forms in B-cells a deposited form in the form of a complex
with zinc.

To obtain additional direct evidence, experiments were carried out with selective elimination of insulin
from B-cells by Glibenclamide. The results convincingly indicate that the excretion of insulin, accompanied
by a sharp lowering of its content, up to the complete absence in B-cells, was also accompanied by the re-
moval of zinc ions from B-cells in the same quantities (Table 1, Fig. 2), as evidenced by a negative reaction
to zinc in B-cells. There were no accurate differences at the same time.

Table
Quantitative assessment of the content of deposited insulin and zinc in $-cells (in relative units, O.E.)

Concentration of granules of complex | Concentration of granules of deposited

Ne Groups of animals Zn*%-DZ in cytoplasm of p-cells insulin in the cytoplasm B-cells (A%/A’in-
(AYA?index) (o.c.) dex) (o.e.)

1 Group 1 6.84+0.42 7.08+0.29

p n=28 n =30
Group 2 (mobilized by
2 insulin from B-cells by 1'31_ig'609 1'§8_ig'209
Glibenclamide - -
Discussion

The histological and specific histochemical methods of insulin staining in B-cells allow estimating its
content mainly on the basis of visual analysis using light-optical or luminescent microscopy. Equally im-
portant is the parallel analysis of the zinc content in B-cells, given the existing ideas that zinc is involved in
the formation of a deposited form of hormone in B-cells. In zinc-deficient conditions, or after zinc elimina-
tion together with insulin from B-cells by Glibenclamide mobilizing from f-cells together with insulin and
zinc, may be created to disrupt the formation of a deposited form of insulin.

Meanwhile, two main methods are used for histochemical detection of zinc ions: Dithizone staining
with the formation of a chelat complex Zn-DZ (4) in B cells in the form of bright red granules, or by using of
fluorochrome toluene (sulfonylamino) quinoline (TSC), which forms a high specific complex Zn-TSC lumi-
nescent with bright green fluorescence [8]. Both methods are high specific to the recovery of zinc ions. The
guestion arose: taking into account the experience we have accumulated earlier, which suggests that there is
a marked parallelism between the content of insulin and zinc in B-cells, to detect histochemically simultane-
ously insulin and zinc using the same method? Is it also possible to argue that zinc and insulin ions are not a
hormone and metal ions localized in the cytoplasm of B-cells separately, but a single complex that is a depos-
ited form of insulin? Now, there are positive opinions on this matter, but no specific experimental confirma-
tions of this have been given in the literature.

The results of the histopholuorimetric investigation by us are quite convincing that the insulin content in
B-cells of the pancreas not only visually, but also quantitatively coincides with the zinc content. In experi-
ments with elimination of insulin from B-cells showed that excretion of insulin is accompanied by simultane-
ous excretion of zinc. If zinc and insulin in B-cells were positioned as separately localized components, the
excretion of insulin should not be reflected on the zinc content. The obtained results indicate that zinc is in-
volved in the formation of the deposited form of insulin not just as a catalyst of the process, but as a compo-
nent that binds to insulin and forms its deposited form as a Zn-insulin complex. Thus, by the content of insu-
lin in preparations stained for insulin, the content of zinc can be estimated and vice versa: by staining of zinc
using a reaction with Dithizone, the content of insulin in - cells can be estimated in parallel. With regard to
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the question of whether it is possible to limit the use of only one of the methods in order to evaluate the con-
tent of the other component in B-cells, it is advisable to use both methods, taking into account the presence of
certain advantages for each of them. For example, the aldehydfucshine method allows staining not only insu-
lin, examining the histotopography of the hormone in B-cells, but also estimate of state of other cell struc-
tures of pancreatic islets and cells of the exocrine tissue, so that the value of information in describing the
state of the histostructure of the tissue increases significantly. A relative disadvantage of the Dithizone meth-
od of zinc staining is the short-term existence of sections of frozen sections of pancreas tissue. Its advantage
is the absence of the necessity of using a number of procedures in the process of preparation and staining of
sections of pancreas tissue.

The procedure for coloring pancreatic tissue with Gomori aldehydfuxin in our modification (time item
11.14 was specified, item 17 was added: 1) xylene — 5 min; 2) xylene No. 2 — 5 min; 3) xylene 3-5 min;
4) abs. alcohol 100° No. 1-5 min; 5) abs. alcohol No. 2—5 min; 6) alcohol 80° — 5 min; 7) distill. water —
5 min; 8) oxidizing agent — 2 min; 9) 2 % oxalic acid solution before discoloration; 10) distill. water —
5 min; 11) aldehydfuxin (“MERCK,” Germany; “SERVA,” Germany) — 5-7 min; 12) 70° acidified alcohol
1-differentiate; 13) 70-acidic alcohol No. 2-differentiate; 14) Halmi mixture — 1 min; 15) distill. water —
5 min; 16) distill. water 2-5 min; 17) abs. alcohol No. 3-5 min; 18) abs. alcohol — No. 4-5 min; 19) xy-
lene — 5 min; 20) xylene 2—5 min; 21) imprisonment in a balm. Result: insulin in B cells stains violet A-cell
yellow.

Conclusions

1. The results of visual and quantitative assessment of insulin and zinc content in pancreatic B-cells in-
dicate a complete correlation of results, which in turn confirms the participation of zinc as an integral part in
the formation of the deposited form of insulin.

2. The most preferred method of studying the content and histotographic distribution of zinc in the cy-
toplasm of pancreatic B-cells is the Dithizone method of its intra-vital color in -cells.
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IMankpeaTnkanpIK B-skacymaaapaarbl HHCYJIMH KYPaMbIH
THCTOXHMMHSIBIK OarajiayblH TikeJeilemec dfici

T'MCTOKYPBUIBIMHBIH Kai-KyHiH >oHe YHKbl 0e3i YINachlHAAFbl MHCYJIMH MEH MBIPBIITHIH KYpPaMbIH
GaranaynblH Kasipri oficTepi TMCTOKYPHUIBIMHBIH JKai-KYHiH FaHa Oaranayra Hemece [-)kacymraiapiarbl
MHCYJIMHHIH KYpaMbIH Ke30eH Kepin Oaramayra MYMKIHIIK Oepexi. [lenOHHMpIIEHTeH WHCYIMHHIH KypaMbIH
JKoHe [3-)kacyImanmapIbslH TOPMOHHBIH OCHl (pOPMACHIH KAIBIITACTHIPY KaOULIETiH KOPCETeTiH MBIPBHIITHIH
KYpaMBIH KOCHIMINIA SIICTiH KeMeTiMeH Oaranayra Oosansl. By skyMbIc KeJleMiH aifTapibIKTaidl apTTHIpambl
JKOHE 3epTTey KYPri3ydi KUbIHIATanbl. ABTopyap Oip Me3riiie TMCTOKYPBUIBIMHBIH JKali-KYHiH, COHIai-aK
yiikpl Oe3iHiH [-KacymmangapblHAAFbl JEMOHHUPJICHICH WMHCYJIMH MEH MBIPBIITHIH MeIIepiH Oaramayra
MYMKIiHZIIK OepeTiH oicTi maimananyasl yeblHAbL MHCYmHHAI O0syabIH anbaerua-QyKCHH 9fici, coHaaii-aK
B-xacymanapaarsl MBIPBIITH AHBIKTAYIBIH AWTH30HABIK dAici Oip Me3ringe NeMOHUPIICHIeH HHCYIMHHIH
KYpaMbIH CaHIBIK Tajay YIIiH MaiiianaHbpurybl MyMKiH. EKi omicTi maiimanaHy TMCTOKYPBUIBIMHBIH JKai-
KyHiHe Oara Oepinm KaHa KoiMail, B-)kacymianapablH MHCYJIMHAI CHHTE3Aey KYpaMbl MEH (YHKIMOHAIIBIK
KaOineTTepiH Oaranayra, COHIAal-aK MBIPHIII KOMETIMEH OHBIH ACHOHHpPJICHTeH (OPMAChIH KaJIBIITAaCTHIPyFa
MYMKIHIIK Gepeni.

Kinm ce30ep: yiikpl 6e3i, 3-kacynranap, HHCYJIMH, MBIPBIII, TUTH30H, THCTOKYPBUTBIM.

I'.T". Meiipamos, K.-/I. Konept, A.2K. [laitoex, ®.C. Abuxenona, K.C. Temupeesna,
K.K. basnosa, K. Enbminna, A.I'. MelipamoBa

Henpsimoit MeTOX THCTOXUMHUYECKON OLIEHKHU COIEPKAHUSA UHCYJIMHA
B MIAHKPeaTHYeCKUX f-KiIeTKax

Cy1ecTByIOIIHE METO/IbI OLICHKH COCTOSIHUS TMCTOCTPYKTYPBI M COACP)KaHUsS WHCYJIMHA U IIMHKA B TKaHU
HOJDKEITYI0YHO KeJe3bl MO3BOISIOT OLEHUBATH JHOO0 TOJIILKO COCTOSIHHE THCTOCTPYKTYPHI, MO0, B IydIIeM
clyyae, BU3yallbHO CoJepkaHue HHCYIMHA B B-kierkax. CoaepikaHue LHKaA, CBUIETEIbCTBYIOLIEE O COJEep-
JKaHWHU JAETIOHUPOBAHHOTO WHCYJIMHA M CIIOCOOHOCTH B-KIETOK (POPMHUPOBATH NAaHHYIO (POPMY TOPMOHA, BO3-
MOXKHO OLICHHTbH C TIOMOIIBIO JIOMOJHUTENBFHOTO METO/a. JTO 3HAYMTENHHO yBEJMYMBaeT 00beM paboThl U
YCJIOXKHSIET IPOBEACHUE HCCIEN0BaHUs. ABTOPAMHU IIPEUIOKEHO NPUMEHEHHE METO/1a, MO3BOJISIONIEro ole-
HHUBaTh OJIHOBPEMEHHO KaK COCTOSIHUE TMCTOCTPYKTYPHI, TAK U KOJMYECTBEHHO COJEpIKaHUE IENOHHPOBaH-
HOTO MHCYJIMHA U IIMHKA B B-KJIETKaX MOKETyI0YHON JKese3bl. DKCIePUMEHTAIBHO ITOTBEPXKICHO, YTO KaK
IpeTHI-QyKCUHOBBIM METOJ OKPAacKH WHCYJIMHA, TaK W JAWTH30HOBBIH METOJ BBISABICHHS LIMHKAa B [3-
KJIETKaX MOTYT IO OTAEJILHOCTH HCIIONB30BATHCS OTHOBPEMEHHO JUIS KOJMYECTBEHHOTO aHAIU3a CO/epIKa-
HHS ¥ JICTIOHUPOBAHHOTO MHCYJIMHA M [IMHKA B -KiIeTkax. [IpuMeHeHne 000MX METOIOB TI03BOJISICT HE TOJIb-
KO J1aTh OIICHKY COCTOSIHHSI THCTOCTPYKTYPBI, HO M OLICHUTh COJEpiKaHNue U (hyHKIMOHAIBHBIC CIIOCOOHOCTH
[-KJI€TOK CHHTE3MpOBaTh HHCYIIHH, A TAKXKE C TOMOIIBIO IIHHKA POPMHPOBATH €T0 JIEMOHUPOBAHHYIO (HOpMY.

Kniouesvle cnosa: momxkenynouHas xemnesa, P-KICTKH, MHCYJIMH, IUHK, IUTH30H, THCTOCTPYKTYpa, CHHTE3
WHCYJIMHA.
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Paeonia anomala (Paeoniaceae) component composition and antioxidant,
antiradical and cytotoxic activity

Paeonia anomala L. is a valuable medicinal plant in the world. The aim of this study was the study of com-
position of the plant P. anomala and its antioxidant, antiradical and cytotoxic activities. The underground part
of P. anomala was extracted with ethanol and the composition was determined using gas chromatography
with mass spectrometric detection (Agilent 7890A/5975C). Methyl salicylate (32.07 %), sucrose (11.23 %),
benzoic acid (9.12 %), cyclopropyl carbine (7.7 %), 2,5-dimethyl-4-hydroxy-3(2H)-furanone (4.77 %), ben-
zoic acid, 2,4-dihydroxy-3,5,6-trimethyl-, methyl ester (4.48 %), are the main components. The ethyl acetate
extract of the underground part (root) of P. anomala at concentrations of 0.25 and 0.5 mg/ml has a low con-
tent, and at concentrations of 0.75 and 1 mg/ml, an average antioxidant activity compared to the antioxidant
activity of ascorbic and gallic acids. The ethanol extract of the underground part of P. anomala at concentra-
tions of 0.25 and 0.5 mg/ml has an average, and at concentrations of 0.75 and 1 mg/ml the highest antioxidant
activity compared to the antioxidant activity comparators. Also, the ethanol extract of the underground part
P. anomala has the highest antiradical activity in all concentrations compared to the antiradical activity of
gallic acid. Ethanol and ethyl acetate extracts of the underground part of P. anomala in all concentrations do
not show cytotoxicity.

Keywords: Paeonia anomala, antioxidant activity, ethyl acetate extract, antiradical activity, concentration,
components, ethanol extract, cytotoxic activity.

Introduction

Since herbal medicine is becoming increasingly popular, it is critical to meet the needs of both consum-
ers and manufacturers in terms of high-quality herbal raw materials [1].

Paeonia (the only genus of Paeoniaceae) has 52 accepted members worldwide (36 species, 15 subspe-
cies, and 1 variety), and is primarily found in temperate Asia, southern Europe, and western North America
[2]. P. anomala is found from central China to Russia's Kola Peninsula, as well as northeast Kazakhstan and
northern Mongolia [4]. Many species in this genus roots or root bark are commonly used as traditional medi-
cines to treat a variety of diseases [3]. In Mongolian traditional medicine, P. anomala (Paeoniaceae) is used
to treat exhaustion, bleeding, nocturnal enuresis, indigestion, blood clotting, respiratory tract disorders, ab-
dominal pain, kidney disorders, bladder inflammation, and gynaecological diseases [5]. Furthermore, the
seeds of some Paeonia species contain high levels of unsaturated fatty acids and are a good source of edible
oil. Modern pharmacological research has shown that compounds and extracts obtained from the plants in
this genus exhibit an extensive range of biological activities, including antioxidant, anti-inflammatory,
antitumour, hepatoprotective, cardiovascular protective, and neuroprotective effects. It is one of the most
important crude drugs in traditional European and Asian medicine, including Russia, Mongolia, and China,
where it is used as an anti-inflammatory, analgesic, and sedative agent [6]. These species' various plant parts
(roots, root bark, flowers, leaves, seeds, and whole plants) have been widely used to treat a variety of diseas-
es, including female genital diseases (dysmenorrhea and amenorrhea), aches (head, stomach, eyes, and
waist), neurological diseases (spasm and epilepsy), infectious diseases (carbuncles), urinary system diseases
(hematuria, blood dysentery), inflammation (otitis media, append). The most commonly reported parts to be
used are the roots and root bark. The potential medicinal value of the Paeonia genus is currently gaining at-
tention [2]. The peony root, also known as “Baishao”, “Chishao”, and “Danpi,” has been used to treat de-
mentia and blood stagnation syndrome, as well as an antihyperglycemic, analgesic, anti-inflammatory [7]
and antispasmodic agent [8, 9]. The peony is an important ornamental flower that is widely planted in China,
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Japan, Europe, and the United States due to its high ornamental value [10]. Currently, plant roots are used as
medicines in pharmaceuticals. For example, there is a drug called “Tinctura Paeoniae anomalae” which is
used to treat vegetative-vascular disorders, sleep disorders, and increased nervous excitation, and is manufac-
tured in accordance with the instructions of the Republic of Belarus Ministry of Health [11, 12].

The goal of the study was to study the composition of the plant P. anomala and its antioxidant, antiradi-
cal and cytotoxic activity.

Experimental

Plant Material. The part (aerial and underground) of the plant P. anomala was collected in August 2019
from the mountain Eastern Kalba, 10 km southeast of the village. Asubulak territory of the Republic of Ka-
zakhstan. Plot coordinates: 49°31'38" N, 83°05'16" E D., height — 1196 m above sea level m. The total pro-
jective cover is 100 %. The area of the site occupied by the species is more than 3 hectares.

Analysis methods. Gas chromatography with mass spectrometric detection (Agilent 7890A/5975C).
Sample volume 1 pl sample injection temperature 250 °C without splitting. Separation was carried out using
a chromatographic capillary column DB-35 MS with a length of 30 m, an inner diameter of 0.25 mm, and a
film thickness of 0.25 um at a constant carrier gas (helium) velocity of 1 ml/min. The chromatography tem-
perature is programmed from 40 °C (hold 0 min) with a heating rate of 10 °C/min to 100 °C (hold 2 min),
then at a heating rate of 5 °C/min to 280 °C (hold 10 min), solvent delay 10 min analysis time 54 min. Detec-
tion is carried out in the SCAN mode m/z 34-750. Agilent MSD ChemStation software was used to control
the gas chromatography system, register and process the obtained results and data. Data processing included
the determination of the retention time, peak areas, as well as the processing of spectral information obtained
using a mass spectrometric detector. To interpret the obtained mass spectra, the Viley 7" edition and
NIST’02 libraries were used (the total number of spectra in the libraries is more than 550 thousand).

Antioxidant activity determination using the FRAP method. To 0.1 ml of the investigated substances in
the concentration range of 0.25; 0.5; 0.75; 1.0 mg/ml is added 0.25 ml of 0.2 M phosphate buffer (pH=6.6)
and 0.25 ml of 1% solution of potassium hexacyano ferrate (I11). The reaction mixture is incubated for
20 min. At 50 °C, the reaction is stopped by adding 0.25 ml of 10 % trichloroacetic acid solution. The mix-
ture is centrifuged for 10 minutes (3000 rpm). The top layer of 0.5 ml is mixed with 0.5 ml of distilled water
and 0.1 ml of 0.1 % FeCls. The optical density is measured at 700 nm. The antioxidant activity (AOA) of the
samples was compared with the AOA of ascorbic and gallic acids.

The dilution was carried out at the rate of 1 mg of the substance per 1 ml of the solvent. Each sample
was tested in three parallel experiments. Carried out at a temperature of 20+£2 °C, natural light period.

Antiradical activity determination using the DPPH method. To determine the inhibition of
2,2-diphenyl-1-picrylhydrazyl radical (DPPH) to 0.1 ml of an alcoholic solution of the studied solutions in
the concentration range of 0.1; 0.25; 0.5; 0.75 and 1.0 mg/ml were added 3 ml of 6-:10> M radical solution.
The test tubes were in a rack wrapped in black polyethylene. After vigorous stirring, the solutions remained
in the dark for 30 minutes; then, optical densities were measured at 520 nm. The values of the antiradical
activity (ARA) of the studied objects were determined by the formula:

ARA (%) = Ag— A/ Ay *100,
where A, is the optical density of the control sample; A, is the optical density of the working sample.

Determination of cytotoxic activity. To determine the cytotoxic activity, marine crustaceans Artemia sa-
lina were taken. This technique is based on establishing the difference between the number of dead Artemia
larvae in the analyzed sample (experiment) and water that does not contain toxic substances (control). The
criterion for acute lethal toxicity of a solution of a substance is the death of 50 % or more of the larvae in the
experiment compared to the control.

The dilution was carried out at the rate of 1 mg of the substance per 1 ml of the solvent. Each sample
was tested in three parallel experiments. Carried out at a temperature of 20+2 °C, natural light period. The
salinity of the control artificial water is 8.0-8.5 (pH). During biotesting, Artemia larvae were under the age
of 1 day. The stocking density of larvae is 20—40 specimens per tube.

Results and Discussion

The compositions of P. anomala in ethanol extract from the aerial part were analyzed by GC-MS
(Fig. 1). 52 main compounds were detected on a chromatogram with mass spectrometric detection (Agilent
7890A/5975C). The main components are: methyl salicylate (32.07 %), sucrose (11.23 %), benzoic acid
(9.12 %), cyclopropyl carbine (7.7 %), 2,5-dimethyl-4-hydroxy-3(2H)-furanone (4.77 %), benzoic acid, 2,4-
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dihydroxy-3,5,6-trimethyl-, methyl ester (4.48 %) as the major constituents. These results indicated that the

differences in the profiles of the species are primarily qualitative (Table 1).
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Figure 1. Chromatogram of ethanol extract from the underground part of P. anomala

Table 1
Component composition of the P. anomala (underground part)
Retention Identification

Ne time, min Component probability, % Content, %
1 2 3 4 5

1 8,28  |Benzaldehyde, 2-hydroxy- 93 2.71
2 8,52  |2,5-Dimethyl-4-hydroxy-3(2H)-furanone 73 4.77
3 9,14 D-Alanine? N-propargyloxycarbonyl-, isohexyl ester 76 2.01
4 11,01  |4H-Pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6-methyl- 87 3.66
5 11,30 |Cyclopropyl carbinol 63 7.70
6 11,60 |Benzoic acid 93 9.12
7 11,90 |Methyl salicylate 95 32.07
8 12,36  |2-Ethoxybenzyl alcohol 73 0.50
9 13,67 |Benzoic acid, 2-hydroxy-, ethyl ester 73 0.30
10 13,88 |2,4 (3H, 5H)-Furandione, 3,5-dimethyl- 64 0.17
11 14,04 |Thymol 69 0.21
12 14,46 |5-Hydroxymethyldihydrofuran-2-one 74 0.27
13 14,69 |1,2,3,4,5-Tetroxane, 3,3,6,6-tetramethyl- 70 0.50
14 14,83  |5-Hydroxymethylfurfural 92 6.08
15 15,53  |2-Methoxy-4-vinylphenol 84 0.34
16 17,02 |Benzoyl bromide 71 0.37
17 20,57 |2,4-Octadienoic acid, 3-methyl-, methyl ester 65 0.40
18 21,66 |Sucrose 74 11.23
19 22,13 |B-D-Glucopyranose, 4-O-3-D- galactopyranosyl- 62 0.15
20 22,40 |B-D-Glucopyranose, 1,6-anhydro- 79 1.86
21 22,79  |a-D-Glucopyranose, 4-O-B-D- galactopyranosyl- 67 0.38
22 23,75 |B-d-Lyxofuranoside, O-nonyl- 66 0.58
23 26,32 |Benzoic acid, 2,4-dihydroxy-3,5,6-trimethyl-, methyl ester 77 4.48
24 26,47 |3-Ethoxy-4-methoxybenzaldehyde 69 1.98
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Continuation of Table 1

1 2 3 4 5
25 26,75 |3,4-Methylenedioxypropiophenone 68 0.49
26 27,48 |Benzo[b]thiophene-2-carboxaldehyde, 7-methyl-, 74 0.67
27 28,37  |Hexadecanoic acid 86 0.74
28 28,52 |Hexadecanoic acid, ethyl ester 82 0.26
29 29,40 |Benzoic acid, 2-hydroxy-, phenylmethyl ester 82 0.28
30 31,11 |Methyl 9-cis, 11-trans- octadecadienoate 71 0.15
31 32,04 |Oleic Acid 60 0.16
32 32,22 |9, 12,-Octadecadienoic acid, ethyl ester 87 1.47
33 32,59 |9,12,15-Octadecatrienoic acid 79 0.32
34 33,59 11_-Oxatricyclo [5.3.0.1 (2,6)] undecan-4-one, 3 endo-5-endo-dimethyl- 65 0.52

9-isopropyl
35 37,10 |Benzoic acid, 4-acetylbenzyl ester 84 1.69
36 38,02 |Methyl 2a, 33-dihydroxyolean-12-en-28-oate 66 0.19
37 40,17 |Triphenyl phosphate 77 0.11
38 41,45 |Phosphoric acid, 4-methylphenyl diphenyl ester 65 0.12
39 48,31 |B-Sitosterol acetate 62 0.23
40 49,55 |Vitamin E 87 0.77

According to the study findings, the main components were discovered in the underground part. These
components are critical for the parts they discovered. For example, Esters are also essential compounds for
plants. They impart many distinct odors and flavours to plants. Esters play an important role in plant cell di-
vision and serve a structural function in plant cell membranes [13—-14]. Methyl salicylate (wintergreen oil) is
widely available over-the-counter in a variety of liniments, ointments, lotions, and medicated oils for the re-
lief of musculoskeletal aches and pains [15]. Sucrose esters are widely used in the food and cosmetic indus-
tries, and there is growing interest in their use in various pharmaceutical fields [16]. Plant benzoic acids
(BAs) serve as building blocks or essential structural elements for a wide range of primary and specialized
metabolites, including plant hormones, cofactors, defense compounds and pollinator and seed disperser at-
tractants [17].

The FRAP (Ferric Reducing Antioxidant Power assay) method is based on antioxidants reducing Fe
ions to Fe?". A reduction reaction with antioxidants Ks[Fe(CN)e] is used, which is accompanied by the for-
mation of yellow-colored K4[Fe(CN)g]. The measurements are based on antioxidants’ ability to suppress the
oxidative effect of reaction particles produced in the reaction mixture. Ascorbic and gallic acids were used as
reference drugs. Concentrations of 0.25, 0.5, 0.75, and 1 mg/ml were used to test the samples (Table 2,
Fig. 2).

3+

Table 2
Change in the optical density of solutions depending on the concentration of working solutions

Concentration optical density (mg/ml)

Ne Samples 0,25 05 0,75 10
11 |Ascorbic acid (AA) 1,5539 1,5928 1,6775 1,7738
32 |Gallic acid (GA) 1,4859 1,5423 1,6867 1,7665
33 |Ethyl acetate extract P. anomala (P.anom-1) 0,4626 0,6705 0,8864 1,1411
44 |Ethanol extract P. anomala (P.anom-2) 0,8981 1,1134 1,5621 1,7094
2
X
=
Z / ——AA
% 1 x/x N “ —m—GA
ﬁ n de==P anom-1
© 0,5 i === P anom-2
0]
1 2 3 4 conc. mg/ml

Figure 2. Influence of the concentration of substances on the change in antioxidant activity
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Based on the analysis of the data in Table 2 and Figure 2, it can be seen that the ethyl acetate extract of
the underground part of P. anomala (P.anom-1) at concentrations of 0.25 and 0.5 mg / ml has a low content,
and at concentrations of 0.75 and 1 mg/ml average antioxidant activity compared to AOA of ascorbic and
gallic acids. Ethanol extract of the underground part of P. anomala (P.anom-2) at concentrations of 0.25 and
0.5 mg/ml has an average, and at concentrations of 0.75 and 1 mg/ml, it has a higher antioxidant activity
compared to AOA reference drugs. E. Enkhtuya et al. investigated antioxidant activity. P. anomala, a 50 %
ethanol extract of peony leaf, demonstrated remarkable DPPH radical scavenging activity, ABTS radical cat-
ions, and superoxide anions, as well as significant ferric reducing antioxidant power. The extract also had a
high concentration of phenolics. The ethanol extract was successively separated using various polar organic
solvents to form hexane, diethyl ether, ethyl acetate, butanol and water fractions. The antioxidant capacity of
ethyl acetate and diethyl ether fractions is higher than that of the original ethanol extract [2].

The concentration-dependent optical density of the studied solutions (antiradical activity) was measured
on a spectrophotometer at a wavelength of 520 nm. Gallic acid was used as a reference drug. Samples were
tested with concentrations of 0.1; 0.25; 0.5; 0.75 and 1 mg/ml (Table 3).

Table 3
Change in the optical density of the studied solutions with a change in concentration

. Optical density values by concentration (mg/ml)
Ne Test substances 01 0.25 0.5 0.75 1.0
1 |Gallic acid (GA) 0.1396 0.1357 0.1257 0.1242 0.1155
5 Ethyl acetate extract of the underground part 0.7113 0.6790 0.6638 0.6240 0.6020
of P. anomala (P.anom-1)
3 Ethanol extract of the underground part 0.1734 0.1702 0.1617 0.1571 0.1541
of P. anomala (P.anom-2)

The antiradical activity of the studied solutions was compared with the antiradical activity of gallic acid
(GA). The values of the studied extracts of the antiradical effect, calculated by the formula, are given in Ta-

ble 4 and Figure 3.

Table 4
Antiradical activity (%) of extracts at different concentrations
Ne Test substances Extract concentration (mg/ml)
Gallic acid (GA) 80.35 80.90 82.3 82.51 83.74
2 Ethyl acetate extract of the underground part 16.52 20.30 2909 26.76 29.34
of P. anomala (P.anom-1)
3 Ethanol extract of the underground part 75.60 76.04 7724 77.90 78.31
of P. anomala (P.anom-2)
——GA

=8-—P.anom-1

P.anom-2

Antiradical activity

|

01 0,25 0,5 0,75 1

concentration. mg/ml

Figure 3. Dynamics of antiradical activity with a change in the concentration of substances
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Based on the analysis of the data in the table and graph, it can be seen that the ethyl acetate extract of
the underground part of P. anomala (P.anom-1) has a low content, and the ethanol extract of the under-
ground part of P. anomala (P.anom-2) has the highest antiradical activity in all concentrations compared
with the antiradical activity of gallic acid.

Cytotoxic activity. Cytotoxic activity was studied by the method of survival of marine crustaceans
Artemia salina. The flask was filled with artificial sea water and Artemia salina eggs were added. They were
kept for 3 days with a soft air supply until the crustaceans hatched from the eggs.

Paclitaxel-Teva was used as a reference drug. Samples were tested at concentrations of 10, 5 and
1 mg/ml. The results of studies of cytotoxic activity are shown in Table 5.

Table 5
Results of the study of cytotoxic activity
Concen- Number The number of larvae | % surviv- % SUrvIv- . Presence of
Test substances | trations .Of larvae in the sample ing larvae g larvae | Mortality, neurotoxicity
' in control . in the A, % '
mg/ml - - in control %
survivor| lost [survivor| lost | parallel sample
10 22 1 0 22 0 96 0 96 0
Paclitaxel-Teva 5 22 1 1 25 0 96 4 92 0
1 22 1 9 18 0 96 33 63 0
Ethanol extract 10 22 1 18 5 0 96 78 18 0
of P. anomala 5 22 1 24 3 0 96 89 7 0
1 22 1 25 2 0 96 92 4 0
Ethyl acetate 10 22 1 26 4 0 96 86 10 0
extract of 5 22 1 25 2 0 96 92 4 0
P. anomala 1 22 1 24 1 0 96 96 0 0

As a result of the study of cytotoxic activity, it was found that ethanol and ethyl acetate extracts of the
underground part of P. anomala do not exhibit cytotoxicity at all concentrations. Comparator drug Paclitax-
el-Teva in relation to marine crustaceans Artemia salina in all concentrations exhibits cytotoxicity — the
mortality of larvae is 63-96 %.

Conclusion

Eventually, the chemical composition of P. anomala aerial parts was determined. As a result of this re-
search, 52 plant components were quantified. Because of the presence of these bioactive components, the
plant extract could have a variety of properties. The ethyl acetate extract of the underground part of
P. anomala (P.anom-1) at concentrations of 0.25 and 0.5 mg/ml has a low content, and at concentrations of
0.75 and 1 mg/ml, an average antioxidant activity compared to ascorbic and gallic acids. Ethanol extract of
the underground part of P. anomala (P.anom-2) at concentrations of 0.25 and 0.5 mg/ml has an average, and
at concentrations of 0.75 and 1 mg/ml, it has a higher antioxidant activity compared to AOA reference drugs.
When compared to the antiradical activity of gallic acid, the ethyl acetate extract of the underground part of
P. anomala (P.anom-1) has a low content, and the ethanol extract of the underground part of P. anomala
(P.anom-2) has a higher antiradical activity in all concentrations. Furthermore, no cytotoxicity is observed at
any concentration.
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A K. Capkritbaea, C.A. Kybentae, M.C. Kypmanb6aesa, I'.C. AlinapxaHoBa,
XK.b. UckakoBa, M.2K. Xymaryn, A.b. Kycmanrasunos

Paeonia anomala (Paeoniaceae) kOMIOHEHTTIK KYpaMbl JKIHe
OKCHIAHTKAKAPCHI, PAINKAJIFAKAPCHI, HIMTOTOKCHUKAJBIK 0eJIceHaiTiKTepi

Paeonia anomala L. — nynuexysingeri Garansl aopiimik ecimuaik. 3eprreymin Makcatel — P. anomala
OCIMIITiHIH KYpaMbl MEH OHBIH OKCHIaHTKAKAPCHI, paJIHKAIFaKapChl jKOHE MUTOTOKCHKAIIBIK OCICCHITITH
taby. P. anomala »epactel Gesiri STaHOIMEH OOJiHIN ANBIHABI XOHE KYpaMbl MacC-CIEKTPOMETPHUSIIBIK
nererupneynid (Agilent 7890A/5975C) ra3 xpomarorpadusCEIHBIH KOMETiMeH aHBIKTaNIAbL. [{HKIorekcaHoH,
5-metun-2-(1-metunernunen)- (25,2 %), 1-menton (15,3 %), 2-merokcu-4-sunnndenon (6,7 %), OUIMK-
ao[3.1.1]rent-3-en -2-6ip, 4,6,6-tpumernin-, (1S)-(4,7 %), denon, 2-merun-5-(1-merumatun)-(4,2 %) —
Heri3ri kommoHeHnTTep. P. anomala sxepactsl GesiriHiH 3THIANeTaThl (TAMBIPBIHBIH) CHIFBIHABICH 0,25 KoHe
0,5 Mr/mMn  koHneHTpanusga TemeH, an 0,75 koHe 1 MI/MJI KOHIEHTpalMsAAa acKOPOWH JKOHE Talll
KBIIKBUTIAPBIHBIH ~ OKCHIAHTKAKAPChI  OCJIICEHIUTIMIMEH CalbICTBIPFaHAa OpTalla OKCHIAHTKA KapChl
Gencenmimikke we. P. anomala skepactsl OGediriniH coupTTiK ChIFBIHABICHT 0,25 xoHe 0,5 wMr/min
KOHIIeHTpalusiia oprama, an 0,75 sxoHe 1 MI/MII KOHIIGHTpAlMsga aHTHOKCHAAHTTBHIK OeceHmimiri Gap
CaJIBICTBIPY MpenapaTTapbIMeH CaBICTBIPFAH/IA €H JKOFapbl AaHTHOKCHAAHTTHIK Gencenaitikke ne. CoHgaii-ax,
P. anomala sxepactsl GeiriHiH 3TAHON CHIFBIHIBICHI TAJUT KBIIIKBUIBIHBIH AHTHPaIUKAT OeJICeHIUTiriMeH
casbICTRIpFaHa OapJblK KOHICHTpANMsUIapia €H JKOFapbl pajuKairakapchl Oencenaitikke we. P. anomala
JKepacThl OOMIriHIH 3TAHOJ JKOHE STUJIAIETATHI CHIFBIHIBLIAPHI OAPIIBIK KOHI[CHTPAUSIIAP/IA [IUTOYBITTHLIBIK
OenceHaiTiK KepceTneiini.

Kinm coe30ep: Paeonia anomala, OKCHIaHTKAaKapChl OCICEHALTIK, STHIALETAT CHIFBIHABICH, PAJUKaIFaKapChl
OeJCeHIITIK, KOHIIEHTPALHs, KOMIIOHEHTTEP, TaHOJ ChIFBIH/BICHI, HIUTOTOKCUKAJIBIK OCICEHIITIK.
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A K. CapkritoaeBa, C.A. Kyoenrtaes, M.C. Kypman6aesa, I'.C. AitnapxaHosa,
XK.b. Uckakosa, M.2K. XKXymaryn, A.b. Kycmanrasunos

KoMnoHeHTHBIH cOoCTaB U AHTHOKCUJIAHTHAasI, aHTUPpaAUKaJbHAas,
HHTOTOKCHYECKas aKTHBHOCTHL Paeonia anomala (Paeoniaceae)

Paeonia anomala L. — uenHoe nekapcTBeHHOE pacTeHre B Mupe. L{epio HacTOSsIIEero uecie0Banus ObUIo
U3ydeHHEe cocTaBa pacTeHust P. anomala u ero aHTHOKCHIAHTHOM, aHTUPAJUKAIBHON U [UTOTOKCHYCCKOM
aktuBHOCTH. HamsemHyro dacte P. anomala skcrparupoBaiy 3TaHONOM U OMpPEASISIA COCTaB C MOMOIIBIO
ra3oBoil xpomarorpaduu ¢ Macc-CreKTpoMerpudeckuM aerekruposanuem (Agilent 7890A/5975C). Lukio-
reKCaHoH, 5-Methi-2-(1-metrmTunuaeH)- (25,2 %), 1-menrton (15,3 %), 2-merokcu-4-gunmndenon (6,7 %),
ounukio[3.1.1]renr-3-eu-2-0H, 4,6,6-tpumernn-, (1S)-(4,7 %), denon, 2-metun-5-(1-metumtun)- (4,2 %)
SIBJISIFOTCS. OCHOBHBIMH KOMITOHEHTaMH. DTHIIALETATHBINA SKCTPAKT Mo3eMHON dactu (Kopers) P. anomala B
koHieHTpanusax 0,25 u 0,5 mr/mi obnamaet HU3KOM, a B KoHIeHTpanusax 0,75 u 1 Mr/min — cpeiHeil aHTHOK-
CHUJIAaHTHOW aKTHBHOCTHIO MO cpaBHEHHIO ¢ AOA acKOpOMHOBOW M rayutoBOi KHCIOT. CIUPTOBOI SKCTPAKT
noazeMuoit yactu P. anomala B konnentpanusx 0,25 u 0,5 Mr/mi o6nazaer cpeaHeii, a B KOHIIEHTPAIHIX
0,75 m 1 mr/mn — HanOoJbIIEH aHTHOKCHIAHTHOH aKTHBHOCTBIO IO CPABHEHHIO C MpEHapaTaMy CPaBHEHUS
AHTHOKCH/IAHTHOW aKTMBHOCTBIO. TakKe 3TaHOJBHBIN KCTPAKT Moja3eMHON yactu P. anomala umeer Hau-
OOJBIIYI0 aHTHPAJAUKAIFHYIO aKTHBHOCTH BO BCEX KOHIEHTPALMSAX MO CPABHEHUIO C aHTHPAAWKAIBLHOH ak-
THBHOCTBIO TAJUIOBOM KUCIIOTHL. DTaHOIBHBINA M ATUIAIETATHBIN SKCTPAKTHI MOA3eMHO# yactu P. anomala Bo
BCEX KOHIEHTPALMSX HE MPOSBIAIOT IUTOTOKCHYECKOW aKTUBHOCTH.

Knioueswie crnosa: Paeonia anomala, aHTnokcHIaHTHAsE aKTHBHOCTD, STHJIAIIETATHBIA YKCTPAKT, aHTUPAIU-
KaJIbHasi aKTUBHOCTb, KOHIICHTPALIMs, KOMIIOHEHTBI, STAHOJIBHBIH AKCTPAKT, IUTOTOKCHYECKAs! aKTUBHOCTD.
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Analysis of the content of heavy metal ions in the coastal zones
of the northern part of the Apsheron peninsula

The article is devoted to studies of heavy metal pollution of the soil cover of the coastal zones of the northern
part of the Apsheron Peninsula. Pollution of the coastal zones of the Caspian Sea, serving to a greater extent
as a recreational area for the population, by toxic substances is of great concern and to solve this problem, pe-
riodic studies of these zones for the presence of heavy metals are necessary. For the first time, a comparative
analysis of the content of heavy metals in different areas (Buzovna, Sumgait, Novkhany) of the northern part
of the Apsheron peninsula was carried out and the presumable causes of their accumulation were outlined.
The researched soils in the northwestern and northeastern part of the peninsula were grouped according to the
degree of concentration of heavy metals depending on the depth of the researched soils. Zinc (77.0 mg/kg, at
0-16 cm depth, transect Ne 03), copper, and cadmium (88 mg/kg and 0.36 mg/kg at 0—20 cm depth, transect
Ne 05) had the highest concentrations relative to other trace elements. Concentrations of zinc and copper in
the northwestern direction of the peninsula increase by 1.5 and 3-3.5 times, respectively, as compared with
the generally accepted norms. Average content of heavy metals, especially Ni, Cd, Pb in flooded soils at the
depth of 0-100 cm increased 2.7 times on average as a result of coastal flooding by waters of Caspian Sea.
The value of total heavy metals reaches a maximum in the northwestern direction.

Keywords: environmental pollution, heavy metals, Caspian ecosystems, sea level fluctuations, coastal soils,
consequences of soil flooding, shoreline ecology, toxic components.

Introduction

Pollution of soils by heavy metals has different sources, the main ones in urban areas are: transport-road
complex, industrial enterprises, unrecycled industrial and municipal wastes. The distribution of heavy metals
on the soil surface in Baku and Apsheron is uneven and is determined by many factors and, first of all, by the
density of the population. It also depends on the characteristics of pollution sources, meteorological features
of the region, geochemical factors and landscape conditions of the peninsula as a whole and many scientific
works of both foreign and Azerbaijani scientists are devoted to these studies [1-3].

Figure 1 presents a scheme of soil contamination of the Apsheron peninsula with heavy metals.

According to literary sources, character of migration of elements in soils depends on dynamic chemical
equilibrium between components of soil, physical and chemical properties of natural and anthropogenic wa-
ters draining landscapes and on a parity of water and biogenic migration of heavy metals [4].

Getting into the soil, heavy metals migrate, overcoming the geochemical barriers of both natural and an-
thropogenic nature. The character of migration of heavy metals is influenced by many factors. For example,
on fixation of heavy metals influence solid-phase barriers: aluminosilicate (Zn, Ni), ferrous (Cr), manganese
(Zn, Ni, Co, Cd, Pb) and carbonate (Cd, Cu) [5].

However, pollution of the coastal soils of the Apsheron peninsula with heavy metals also occurs due to
changes in the level of the Caspian Sea. The results of studies of scientists on the modeling of the Caspian
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Sea level for the period 2001-2050 for 12 variants differing by scenarios of climatic conditions and dynam-
ics of water consumption in the basin show that, despite a very wide range of possible climatic conditions by
mid-century and corresponding estimates of river flow, values of mathematical expectations of the levels
even by 2050 do not differ very significantly and do not exceed 1.0 m [6].

ol

v “- o N .

1 — uncontaminated lands; 2 — minimal pollution; 3 — weak pollution; 4 — medium pollution; 5 — heavy pollution

Figure 1. Scheme of soil contamination of the Apsheron peninsula with heavy metals
(according to the Ministry of Ecology of Azerbaijan, 2000)

The anomalously long sea-level fall from 1930 to 1977, followed by the anomalously long rise from
1978 to 1995, which occurred in the twentieth century and had dramatic consequences for the coastal popula-
tions, led to changes in coastlines and had a considerable impact on soil properties. Because of the 10-15-
year rise in the sea level, accompanied by the impact of oil drilling effluents, the groundwater table has risen
markedly up to 0.5-1.0 m from the soil surface and this, in turn, has led to severe ecological consequences
for some areas [7].

To date, waters containing a variety of harmful toxic substances resulting from anthropogenic activities
are discharged into the Caspian Sea [8].

Pollutants affect biological objects, vital functions and reproduction of hydrobionts, numbers of which
have significantly decreased in the last 20 years.

For many decades, scientists have been studying the role of anthropogenic and technogenic factors in
the formation of river flow and the causes of fluctuations in the level of the Caspian Sea. Entry of toxic sub-
stances into the sea (over 5 tons of compounds of heavy metals, about 145 thousand tons of oil products,
about 4.4 thousand tons of biogenic pollutants) with the river runoff is one of the main factors having a nega-
tive impact on dynamics of the Caspian Sea ecosystem. Changes in the level of pollutants in the waters of the
Caspian Sea should also be attributed to the sources of an increase in the level of pollutants in the Caspian
Sea, which are flowing with flooding of coastal territories and at the same time of toxic substances. Such a
confluence of circumstances has its negative impact on the health of the population. It is known that due to
the mild climate the coastal areas of the Apsheron peninsula are used by the population both for recreation
and for cultivation of various crops, especially gourds [9].

An important role in the saturation of the Caspian Sea waters with toxic components is played by the
atmospheric transfer of harmful exhaust gases from motor vehicles and industrial gas emissions, as well as
transport traffic in the Caspian Sea. In addition, during the modern period in the Caspian Sea, which is rich
in hydrocarbon reserves, works on the exploration and development of oil and gas fields are carried out [10].
This, in turn, will increase the number of tanker traffic in the future and serve as a potential source of pollu-
tion of surface waters with heavy metals, accompanying the processes of oil and gas production. Heavy met-
als are among the group of the highest priority harmful pollutants present in the waters of the Caspian Sea.
Such substances as manganese, nickel, zinc, iron, cadmium, lead, copper and their compounds have a feature
of long-term preservation and accumulation in water and in bottom sediments. Their danger is exacerbated
by the fact that they do not undergo chemical biodegradation, but only redistribute between abiotic and biotic
components and interact with them. On the one hand, the presence in moderate doses of heavy metals in fish
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organisms is necessary, because they participate in biochemical processes and are a necessary source of en-
ergy for aquatic organisms. But on the other hand, if their concentration is higher than the maximum allowa-
ble, they have an antibiotic effect on the manifestation of life processes and cause genetic changes. In this con-
nection information about forms of existence, migration, and bioaccumulation of heavy metals in links of eco-
systems becomes especially urgent. Taking into account the urgency of solving the problem of pollution of the
environment with heavy metals, the purpose of studying the background content and migration of heavy metals
in the soil cover of the coastal zones of the northern coast of the Republic of Azerbaijan was set.

Experimental

The sources of factual information were the materials of our own field studies on the presence of heavy
metals in the coastal zone of the Caspian Sea in the northern direction of the Apsheron Peninsula, which
were carried out........ 2021-2022 with...... Samples were taken from 0-20 cm, 20-50 cm and 50-100 cm
depths. Soil samples were packed in polyethylene bags and appropriate labels were attached.

The soil sampling technique for detecting the content of heavy metal ions and their analysis corre-
sponded to GOST 17.4.4.02-2017; GOST R 53218-2008; GOST R 50683-94 [11-13].

Experimental studies were performed on the AAS vario 6 instrument of “Analytik Jena AG”. To reduce
the influence of background at ETA and the level of errors due to multiple sample dilutions, we decided to
reduce the sample weight from 0.5 to 0.1 g (for Cu, Zn, Pb, Cd, Cr, Ni, Co) and to increase the sample solu-
tion volume. The sample suspension was preliminarily calcined in order to decompose the organic basis of
the sample. Treatment of the sample with hydrofluoric acid provides removal of silicon from the solution.
Next, the sample was treated twice with a mixture of acids HNOs: HCI (1:3) when heated to wet salts. The
wet salts were transferred to V = 50 ml of 0.2 % HNO;. The sample solution thus obtained was ready for
measurement in ETA. Absorption was carried out in a graphite cuvette heated with an electric current, in
which sample atomization and formation of atomic vapor occur. The spectrometer uses a transverse-heated
graphite furnace, which is the main unit of the electro thermal atomizer. Monochromatic radiation of the el-
ement being determined (in this case Cu) from a selective light source (hollow cathode lamp) with narrow
spectral lines is focused by the lighting system and passes through the atomic vapor. The atoms of the ele-
ment being detected absorb part of the intensity of the light from the selective source. The conditions for de-
termining metals from the obtained solutions are as follows. Slit width of the monochromator was 0.8 nm.
The supply voltage of the photomultiplier tube was 362 V, the lamp current was 3.0 mA. Measurements
were performed in an argon atmosphere; a deuterium background corrector was used. The resonance line of
324.8 nm was used. To determine the elemental composition we used the method of calibration graph and as
a reference solution — an aqueous solution of Cu (ll) ions in sulfuric acid. Graduated solutions of known
concentration were prepared and their absorbance was measured, by the results of these measurements the
graduation diagram was made. Correctness of definitions was checked with the help of the reference sample
taken from territory of the Botanical garden of Baku city. Analyzed 5 samples SDPS-1, for each sample per-
formed series n = 4, the error in the range = 10 %, with confidence probability P = 0.95. The results corre-
spond to the certified values.

Results and Discussion

Studies of the concentration levels of heavy metals (Cu, Zn, Pb, Cd, Cr, Ni, Co) in the soils of flooded
areas of the northwest (N-W) and northeast (N-E) directions of the Apsheron peninsula were conducted at a
depth of 0-100 cm in the Buzovna, Sumgait, Novkhana areas and the data are summarized in Tables 1-3.

Table 1
Content of heavy metals in soils of the N-W direction (Novkhany)
of the coastal zone of the Apsheron Peninsula
Land Cut | Depth of sam- Content of heavy metals, mg/kg
Ne pling, cm Cu Zn Pb Cd Cr Ni Co
1 2 3 4 5 6 7 8 9
Clarks 20 50 10 0.1-1.0 70 40 8
0-20 18.9 78.6 12.6 0.9 44.8 29 2,7
Ne 01 20-50 19.0 78.6 12.6 0.9 44.8 29.3 2,72
50-100 23.6 78.6 12.5 0.9 44.8 29.2 2,7
Average data 20,5+0,1 78.6+0.1 12.6+0.1 0.9+0.1 44.8+0.1 29.2+0.1 2.7+0.1
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Continuation of Table 1

1 2 3 4 5 6 7 8 9
0-20 19.6 69.3 13.9 1.0 51.1 33 5,6
Ne 02 20-50 19.7 69.02 13.7 0.98 50.4 30 54
50-100 19.7 69.3 13.6 0.99 50.4 31 54
Average data 19,7+0,1 69.2+0.1 13.7+0.1 1.0+0.1 50.6+0.1 31+0.1 5.5+0.1
0-20 21.6 73.4 11.6 1.0 43.4 26.7 47
Ne 03 20-50 21.1 73.0 115 0.9 42.7 26.5 44
50-100 20.0 73.1 115 0.7 42.7 26.4 43
Average data 21,2+0,1 73.2+0.1 11.540.1 0.840.1 42.9+0.1 26.5+0.1 4.5+0.1
0-20 28.7 74.9 13.8 1.1 65.8 37.0 7,4
Ne 04 20-50 28.4 74.7 13.7 1.1 65.45 36.9 7,4
50-100 28.3 74.3 13.5 0.98 64.75 36.9 7,3
Average data 28,5+0,1 74.6+0.1 13.7+0.1 1.1+0.1 65.3+0.1 36.9+0.1 7.4+0.1
0-20 26.0 62.9 12.8 1.3 59.2 38.3 7,3
Ne 05 20-50 25.7 62.5 12.7 1.2 58.4 38.0 7,1
50-100 25.6 62.6 12.7 0.9 58.4 38.1 7,0
Average data 25,7+0,1 62.7+0.1 12.7+0.1 1.1+£0.1 58.7+0.1 | 38.2+0.1 7.240.1
Table 2

Content of heavy metals in soils of N-W direction (Sumgait) of the coastal zone of the Apsheron Peninsula

Land Cut Depth of Content of heavy metals, mg/kg
No sampling, cm Cu Zn Pb Cd Cr Ni Co
Clarks 20 50 10 0.1-1.0 70 40 8
0-20 28.9 89.9 17.4 0.15 49.0 13.9 3,5
Ne 6 20-50 28.7 90.0 17.4 0.12 48.6 13.7 3,1
50-100 28.6 90.0 17.2 0.11 47.9 13.7 3,1
Average data 28.7£0.1 | 89.9+0.1 17.3+0.1 0.13+0.1 | 48.5+0.1 13.7+0.1 3.2+0.1
0-20 32.9 93.9 13.5 1.4 80.2 44.8 8,8
Ne 7 20-50 32.7 93.4 13.3 1.3 79.4 445 8,6
50-100 32.6 93.4 13.2 1.2 79.1 44.3 8,6
Average data 32.740.1 | 93.6+0.1 13.3+0.1 1.3+0.1 79.6£0.1 | 44.5+0.1 8.7+0.1
0-20 30.5 92.7 15.8 1.3 103.25 53.0 9,4
Ne 8 20-50 30.3 92.5 15.4 1.1 102.6 49.8 9,3
50-100 30.2 92.1 15.2 1.1 102.6 50.0 9,1
Average data 30.3+0.1 | 92.4+0.1 15.5+0.1 1.2+0.1 102.9+0.1 | 50.9+0.1 9.3+0.1
0-20 36.9 89.5 16.8 1.5 112.0 39.1 76,7
Ne 9 20-50 36.7 89.4 16.1 1.3 111.3 38.6 76,5
50-100 36.5 89.2 16.1 1.2 110.6 38.3 76,2
Average data 36.7£0.1 | 89.4+0.1 16.3+0.1 1.3+0.1 111.3+0.1 | 38.7+0.1 76.5+0.1
0-20 26.7 72.9 12.5 1.3 79.1 29.8 53,6
Ne 10 20-50 26.5 72.8 12.6 1.2 78.4 29.7 53,5
50-100 26.3 72.6 12.0 1.2 78.1 29.6 53,4
Average data 26.5+0.1 | 72.7+0.1 | 12.4+0.1 1.2+0.1 78.5+0.1 | 29.7+0.1 | 53.5+0.1
Table 3
The content of heavy metals in the soils of the N-E direction (Buzovna)
of the coastal zone of the Apsheron peninsula
Land Cut Depth of Content of heavy metals, mg/kg
Ne sampling, cm Cu Zn Pb Cd Cr Ni Co
1 2 3 4 5 6 7 8 9
Clarks 20 50 10 0.1-1.0 70 40 8
0-20 16.2 8.6 9.5 0.9 65.4 39 4,6
Ne 11 20-50 16.1 8.4 9.3 0.8 64.4 37 4,1
50-100 16.1 8.3 9.3 0.6 63.4 38 4.4
Average data 16,1+0,1 8.4+0.1 9.4+0.1 0.7+0.1 64.4+0.1 38+0.1 4.4+0.1
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Continuation of Table 3

1 2 3 4 5 6 7 8 9
0-20 18.7 39.7 8.5 0.9 58.8 36.8 4,7
Ne 12 20-50 18.4 39.4 8.2 0.7 58.4 36.5 4,5
50-100 18.3 39.2 8.3 0.6 57.7 36.7 4,1

Average data 18,5+0,1 39.4+0.1 8.3+0.1 0.7+0.1 58.3+0.1 | 36.7+0.1 4.4+0.1
0-20 16.7 36.9 10.9 0.7 63.7 41.6 5,9
Ne 13 20-50 16.5 36.6 10.7 0.4 62.6 41.3 57
50-100 16.5 36.2 10.8 0.5 61.6 41.2 5,6

Average data 16,6+0,1 36.6+0.1 10.8+0.1 0.5+0.1 62.6£0.1 | 41.4+0.1 5.7+0.1
0-20 20.8 55.5 10.0 1.2 66.1 28.8 7,4
Ne 14 20-50 20.4 55.3 9.7 1.1 66.5 28.7 7,3
50-100 20.4 52.2 9.6 1.1 65.1 28.5 7,1

Average data 20,5+0,1 55.3+0.1 9.7+0.1 1.1+£0.1 65.9+0.1 28.7+0.1 7.3+0.1
0-20 13.9 44.3 8.9 0.6 48.3 29.9 5,7
Ne 15 20-50 13.4 44.7 8.5 0.4 47.2 29.5 5,6
50-100 13.6 44.2 8.1 0.4 46.2 29.6 51

Average data 13,6+0,1 | 44.4+0.1 8.5+0.1 0.5+0.1 47.2+0.1 | 29.7+0.1 5.4+0.1

These parameters show the levels of heavy metals content, but do not give an answer about the degree
of relative enrichment of soils with certain trace elements in comparison with clarks of soils. According to
the data on the content of heavy metals the researched soils of the coastal territories of the Caspian Sea N-W
and N-E directions of the Apsheron peninsula can be grouped according to the degree of concentration. The
content of heavy metals (averaged over depth) in the soils of the N-W and N-W directions of the Apsheron

peninsula coastal zone is reflected in Figures 2 and 3.
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Zinc, copper, and cobalt have the highest concentrations compared to other trace elements. Presumably,
among the reasons mentioned above, the content of heavy metals in soils also varies depending on the loca-
tion of key areas from sources of technogenic release. Thus, deepening to the N-W direction of coastal zones
of the peninsula concentration of copper and zinc in 1.8 times, and cobalt in 9.5 times exceeds the really
permissible concentration according to clarks, generally accepted MAC.

Farther to the north at 500 meters their concentration is by order of magnitude higher: zinc —
93.4+72.6, cadmium — 1.3+0.12 (mg/kg). In the north-western direction, the concentration of copper is
markedly high, amounting in the upper part of the soil (0-20 cm) — 36.9 mg/kg, which exceeds the permis-
sible standard of 1.8 times. Along the eastern direction along the coastal zone, the concentration of heavy
elements decreases, being: zinc — 55.3+8.4, cadmium — 1.1+0.5, copper — 20.5+13.6 (mg/kg). Probably,
the excess of the concentration of elements in the soils, located in the western direction compared with a
point on the eastern direction (section number 15), is associated with an increase in the number of sources of
man-made pollution. To date, the prevailing power of industrial potential (over 70 %), which covers about
2.5 % of the total area of Azerbaijan, is located mainly in the territory of two cities — Baku and Sumgayit.
The concentration of such a large number of oil refining, petrochemical, oil production, metallurgy and pe-
troleum engineering enterprises in a limited territory has had a negative impact on the ecology of this region
[14].

Many heavy elements tend to be washed off the soil surface and accumulate in the lower layers, and
cadmium tends to accumulate in the upper soil layer and is poorly degradable in the natural environment,
which makes it very difficult to clean up [15].

The next group should include lead, indicators of which are close to clark units. This element has rather
high values in sediments, in some cases exceeding the geochemical background.

Lead concentration, which requires only strongly humusified soil to be fixed, is close to clark units in
Novkhana and Buzovna area (13.7+11.5 mg/kg and 10.8+8.3 mg/kg, respectively), exceeding MPC almost
1.7 in the western direction. The slightly increased lead content towards the direction of Sumgait is probably
due to the impact of the rise of highly saline chloride waters to the surface.

Chromium, copper, cobalt and nickel have higher content of elements in soils. The chromium content in
the Sumgait area is almost 1.6 times and cobalt 9.5 times higher than the permissible norms in all directions
of the superphosphate plant close to the Sumgait city.

Conclusions

Based on an analysis of the literature and factual data obtained, we can judge that the geochemical situ-
ation of the studied semi-desert coastal areas Absheron peninsula in general is unfavorable for the migration
of most trace elements, especially heavy metals deposited here, mainly in the form of insoluble hydroxides
and carbonates.

Under the influence of flooding, the average content of heavy metals (Cu, Zn, Pb, Cd, Cr, Ni, Co) in the
soil profile (0-100 cm depth) of flooded soils increased on average 2.7 times, with Cu, Zn, and Co predomi-
nantly accumulated here.

The soil cover of the coastal zone of the NW direction of the Apsheron peninsula is characterized by in-
creased concentrations (compared with previous years) of heavy metals, especially Cu, Zn, Pb [16, 17].

Changes in the level of the Caspian Sea and, as a consequence, periodic flooding of the coastal area by
sea water contributes to an increase in the concentration of heavy metals in the soil of coastal areas and this
increase, although not critically negative, but requires specific measures to eliminate the effects of heavy
metals in the coastal zones of the Absheron peninsula.
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AnuepoH TyOeriHiH coJaTycTik 06irinaeri skarajgay aiMaKTapbIHAAFbI
aybIp MeTaJIJ1 HOHJIAPBIHBIH KYPAMBIH TAJ1ay

Maxkana AmnmepoH TYOETiHIH CONTYCTIK OeIiriHIeri »karajay ailMaKTapbIHBIH ayblp METaIJapMeH XKep
JKaMBUIFBICBIHBIH JIACTAHYBIH 3€PTTEYTe apHaIFaH. XalbIK YIIH JeMalbic aiMarbl PeTiHAe KbI3MET eTeTiH
Kacrmif TeHi3iHiH jkaFanay aiMakKTapbIHBIH YJIBI 3aTTapMEH JAaCTaHYBl YIKCH alaHJAayIIBUIBIK TYFBI3aIbl
’KoHe OyJ1 MacesIeHi HIelly YIIiH OChl ailMakTap/bl ayblp MeTajjapra Mep3iMai 3epTTey KaKeT. AJFail peT
AmniepoH TyOeriHiH coarycTik Oemirinaeri aptypii aymanmapaarel (bysoBna, Cymrant, HoBxaHa) aysip
MeTaJap/blH KypaMblHa CAJBICTBIPMAIIBl Tajjay MKYPri3iImi dKoHE OJIap/blH JKUHATYBIHBIH OOJDKaMIIbI
cebenrepi aHBIKTAIAbL. TYOEKTiH COATYCTIK-O0ATBIC JXKOHE COJTYCTIK-UIBIFBIC OOIKTepiHAeri 3epTTEeareH
TOIBIPAKTAp 3€pTTENeTiH TONBIPAKTHIH TEpeHJIriHe OailIaHBICTBI ayblp MeTANAApAbIH KOHICHTpPAIUs
JIopexecine Kapai tonracTelpsuiabl. Mempeim (77,0 mr/kr, 0—16 cm tepenmikre, Ne 03 kecy), MBIC >koHE
kagmuit (88 wmr/kr xoHe 0-20 cm TtepeHmikre 0,36 mr/kr, Ne 05 kecy) 0acka MHKpPO3JIEMEHTTEPMEH
CaJIBICTBIPFAaH/a €H JKOFaphl KOHIEHTpanusFa ue 00iasl. TyOeKTiH conTycTiK-0aThIC GAaFbITBIHAAFE! MBIPHIIIT
TICH MBIC KOHIICHTPAIMSICHI JKaNIBI KaObUIIaHFaH HOPMaTapMeH CalbICThIpFaHaa colkecinme 1,5 sxone 3-3,5
ece apragpl. 0-100 cM TepeHmikTeri cy 0ackaH TONbIpaKTapAarbl ayblp MeTanaapisiH, acipece Ni, Cd, Pb
oprama Meiuiepi Kacnuii TeHi3iHiH cynapsIMeH jkarajay ayAaHIapbiH Cy 0acy HOTIIKECIHIE OpTa eCcernmeH
2,7 ece ecTi. AybIp MeTaAap IbIH KaIIbl KYPAMBIHBIH MOHI COJTYCTIK-0aThIC OAaFBITTa MAKCUMYMFa KETEIi.

Kinm ce3dep: nactany, ayelp Meranmap, Kacmmii TeHi3iHIH 3KOXKyienepi, TEHI3 AEHIEHiHIH ayBITKYBI,
JKarasiayJarbl TOMBIPAKTAp, TOBIPAK Cy OaCyBIHBIH CalIapbl, JKaranay SKOJIOTHSCHI, YIIbl KOMIIOHEHTTEP.
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AHaJu3 coiep:KaHUs MOHOB TSIKeJIBIX METAJLIIOB
B NPUOPEKHBIX 30HAX CEBEPHOI YACTH ATIIIEPOHCKOTO MOJIyOCTPOBA

CraThsl TIOCBSIIIEHA HCCIIEAOBAHMAM 3arps3HCHUS TSDKEIBIM METAJUIOM MOYBEHHOTO ITOKPOBA NPHOPENKHBIX
30H CEBEPHOM 4YacTH AIIIEPOHCKOTO MOJIYOCTpOBa. 3arps3HeHHe NpHOpexHbIX 30H Kacmumiickoro mops,
CITy’KaIlUX B OOJbIIEH CTENEHN peKpearioHHO 30HOM ISl HaceNeHNUs], TOKCUYHBIMH BEIIIECTBAMH BbI3BIBACT
0OMBIIYI0 032004E€HHOCTh, M AN PEIICHUS 3TOH MpoOiaeMbl HEOOXOOMMBI MEPUOIUYECKHUE HCCIECIOBAHUSA
3THX 30H Ha HAJIM4YME TSXKETBIX METaJIoB. BriepBrle ObLT IPOBECH CPAaBHUTENBHbIN aHANU3 COAEpP KAHUS TSI-
JKEJIBIX METaJUIOB B pa3HbIX paiioHax (by3oBHa, Cymrant, HoBXxaHBI) ceBepHOH 4acTH AMNIIEPOHCKOTO IOITY-
0CTpOBa M HaMeYeHHI IpeIoiaraeMble IPUINHBI UX HakoIuieHus. Mccieryemble OYBEL B ceBepO-3ara Hoi
U CEBEPO-BOCTOYHON YaCTSX IOJIyOCTPOBA CIPYIITMPOBAHEI IO CTEIIEHH KOHIIEHTPALMHA TSXKETBIX METAIIOB B
3aBHCHUMOCTH OT TIIyOWHBI HccieayeMbIx mouB. [uak (77,0 Mr/kr, npu rmyoune 0—16 cM, nepeceuenue # 03),
Menp 1 kagmuid (88 mr/kr u 0,36 mr/kr npu riayoune 0-20 cMm, nepecedenue # 05) MMenHn caMmble BEICOKUE
KOHIIGHTPALMK [0 CPaBHEHMIO C APYTHMH MHKpo3leMeHTamMH. KOHIEHTpanuu IMHKa M MEOH B CEBEpO-
3aIaJHOM HAIlIPaBJIEHHUH IOJyOCTPOBa yBENIUUUBAIOTCA B 1,5 1 3—3,5 pa3za COOTBETCTBEHHO IO CPAaBHEHHUIO C
oOmenpuHATEIMEA HopMamu. CpeiHee cofepKaHue TSHKENbIX MeTaiuioB, ocodeHHo Ni, Cd, Pb B 3aTomneHHBIX
noyBax Ha rimyoune 0—100 cM, yBenHumIoch B cpegHeM B 2,7 pa3a B pe3yJbTaTe 3aTOILICHUS MPUOPEKHBIX
paiioHoB Bomamu Kacnmiickoro Mopsi. 3HaueHHe OOLIEro KOJMYECTBA TSDKEIIBIX METAJUIOB JIOCTHIaeT MaKCH-
MyMa B CEeBepO-3allaJJHOM HalpaBICHHN.

Knroueswvie cnosa: 3arpsA3HCHUE, TAXKEIBbIE METAJJIbl, SKOCUCTEMbI Kacnwuiickoro Mops, KoJie0aHus YPOBHA
MopH, HpI/I6pe)KHLIe IIOYBBI, ITOCJICACTBUS 3aTOIIJICHUSA ITI0YB, DKOJIOTUA 6eper0301‘z’1 JIMHUH, TOKCUYHBIC KOM-
IIOHCHTHI.
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The impact of the green economy on the urban ecosystem of Almaty city

The article presents the impact of the green economy on the urbanized ecosystem of the city of Almaty. The
concept of green economy is considered as sustainable development with minimal risks to the environment
and the reduction of the negative impact of human economic activity on the environment, as well as the de-
velopment of this direction in the country and, in particular, in the city of Almaty. A phased process of transi-
tion to a green economy is shown, the implementation of the “Zhasyl Almaty” project, where, according to
the concept of transition to a green economy, according to the concept of “smart cities”, one of the main goals
of the development of Almaty is to preserve natural resources, comfortable living conditions for the popula-
tion and improve the quality of life in all areas of Almaty, which is the main requirement of a green economy.
In recent years, the growth of new buildings in the city of Almaty has intensified the processes of anthropo-
genic impact on the urban flora. The existing experience of green building in the city of Almaty does not fully
take into account the specific environmental conditions of various districts of the city and the level of their
technogenic pollution, and the issues of the state of plantations in residential and industrial areas, the re-
sistance of vegetation to the impact of the urban environment are ignored. Due to the increasing density of
urban development with multi-storey buildings (more than 20 floors), it is becoming increasingly difficult to
realize the concept of a green city of Almaty.

Keywords: Almaty city, green economy, green spaces, city urbanization, ecosystem.

Introduction

Recently, environmental factors have become increasingly important to mankind in modern conditions,
which have become increasingly important since the beginning of the scientific and technological revolution,
where mankind did not pay due attention to them, which in turn caused great environmental problems. To
overcome the growing global crisis in all spheres of human activity, including the climate crisis, the biodi-
versity crisis, the fuel, food, water, financial crisis, it was necessary to create a special new development
model that would not upset the balance of environmental, social and economic interests. The green economy
has become such a model, which emphasizes the need to reduce the negative impact of human activities on
the environment and which puts at the forefront the sustainability of development with minimal risks to the
environment. Many economically developed countries have already taken concrete steps in this direction.
The Republic of Kazakhstan in the National Strategy for Sustainable Development also expressed its inten-
tion to move towards the transition to a green economy. Currently, many scientists from different countries
are engaged in the development of the green economy [1-5].

The term “green” economy was first introduced into the scientific literature by British economists David
Pearce, Anil Markandya and Edward Barbier in a report to the UK Government in 1989 called “Blueprint for
a green economy” [6]. In the Kazakh language, this term is entirely borrowed from the English language,
that is, by translating the words of the original phrase. Another frequently used term is the green city associ-
ated with the protection and improvement of the ecological state of the city. The term green technology is
also widely used for various solutions that help to competently manage resources and reduce the negative
burden on nature. The term green jobs is considered as the activity of people aimed at reducing pollution,
conserving natural resources, and improving the environment. However, it should be noted that this problem
has not been sufficiently studied and, in particular, the theme of the green economy in the cities of the repub-
lic has been worked out. In general, the principles of the green economy have not been sufficiently imple-
mented yet, due to the fact that the transition to a green economy requires, to a certain extent, the rejection of
the traditional economy. The main goal of the green economy is to ensure economic growth and investment
growth, to improve the quality of the environment and social inclusion [7]. The objectives of the green econ-
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omy are: strengthening environmental protection, increasing the efficiency of resource use, improving social
integration, and improving sustainable economic development (Fig. 1).

Reducing carbon
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green economy

Improving Resource

Biodiversity conservation .
ty Efficiency

Figure 1. Investments in green economy

The purpose of the study is to assess the role of the green economy of Almaty as the main component of
green infrastructure in ensuring the sustainable development of the urban ecosystem.

Integrating environmental, social and economic concerns requires an integrated approach to designing
and ensuring the effective implementation of green economy policies, which require new business thinking,
a new level of skilled workforce and specialists. Investing in green economy research, technology develop-
ment and innovation are key points to the transition to a green economy (Fig. 2).
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Figure 2. Conditions for the transition to a green economy

Thus, the green economy is aimed at obtaining environmental, social and economic benefits in the areas
of using clean energy technologies, increasing the efficiency of resource use through investments in cleaner
production, and improving food security, use of sustainable agricultural practices and access to new markets
for green goods and services.

Experimental

To conduct the study, various methods were used to determine the prospects for the development of the
city of Almaty in the transition to a green economy. The method of studying primary and secondary statisti-
cal data was applied. For this, documents were studied and the following materials were considered: Devel-
opment Strategy “Almaty—2050”; “The results of the socio-economic development of Almaty for January —
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March 2021”; Development of the national project “Green Kazakhstan” for 2021-2025; Law of the Republic
of Kazakhstan “On the special status of the city of Almaty”; Decrees of the Government of the Republic of
Kazakhstan “On approval of the State Program for the Development of Regions until 2020”; “On Approval
of the State Program for the Development of Regions for 2020-2025” and others [8-13]. To conduct a com-
prehensive analysis, a comparison method was used, where changes in the structure and volume of GRP, in-
dices of the physical volume of industrial production, investments in fixed assets and other basic indicators
were compared.

Results and Discussion

As foreign experience and world practices of transition to a green economy show, the scale of the green
sector of the world economy is still relatively small. Today, the volume of employment in the field of green
economy around the world is within 10 million people. However, the contribution and investments in the
development of the economic complex of individual states are quite high (Fig. 3).

France s 0,32%
NOTWEY  — 0,40%

Germany ———— (0,50%

Japan 1,00%
Sweden 1.30%

Austria 1,30%

Saudi Arabia 1,74%

South Korea 3,00%

China 3,10%

Figure 3. The share of the green economy in the gross domestic product of the countries of the world

As can be seen from Figure 3, in the United States, the green economy provides more than 600 billion
dollars of products and services, employment there is estimated at 3 million people, in Japan 3.4 % of GDP
and about 1.5 million people, respectively, in the EU countries 2.5 % of the total GDP and more than 3.4
million people, in Germany these figures are even higher at about 4.8 %, and in the UK this figure is more
than 5.0 % [14]. In the Republic of Kazakhstan, the beginning of the official process of transition of Kazakh-
stan to a green economy is considered to be 2013, when the Concept of the transition of the Republic of Ka-
zakhstan to a green economy was signed. In 2014, a plan for the transition to a green economy was adopted
and active work began on the development and reform of legislation. In 2016, the law on the transition of
Kazakhstan to a green economy comes into force, where the process of reforming the legislation was accom-
panied by the development of strategic plans for various sectors of the economy for their transition to a green
economy [15]. In the Republic of Kazakhstan, a phased transition to a green economy is planned (Table 1).

Table 1
Stages of transition of the Republic of Kazakhstan to a “green” economy

Optimizing the use of resources and increasing the efficiency of environmental protection
activities creating a “green” infrastructure

On the basis of the existing “green” infrastructure, the reconstruction of the national economy will
2020-2030 begin, focused on careful water use, the construction of facilities based on high standards of
energy efficiency

The transition of the national economy to the principles of the so-called “Third Industrial
2020-2050 Revolution”, requiring the use of natural resources in the conditions of their renewal and
sustainability

2013-2020
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The total investment required to implement Kazakhstan's transition program to a green economy is
estimated at an average of $3—4 billion per year during 2017-2050. It is planned that most of the funding will
come from private investors. Since the adoption by the Republic of Kazakhstan of the concept for the
transition to a green economy, the following results have been obtained: given the geographical location and
climatic conditions of Kazakhstan, small hydropower plants, solar and wind energy are the most promising
renewable energy sources. According to experts, the total potential of renewable energy sources is 1885 bil-
lion kilowatt-hours per year. To date, 142 renewable energy facilities operate in Kazakhstan. Thus, the share
of electricity generation by renewable energy sources in the Republic of Kazakhstan is 3.7 %, hydroelectric
power plants (HPP) — 21 %, solar power plants (SPP) — 37 %, wind power plants (WPP) — 42 %, biogas
plants (BGU) — 0.2 % [16].

According to the Concept for the transition to a green economy, by 2030 the share of waste processing
in the Republic of Kazakhstan should be increased to 40 %, by 2050 — up to 50 %. Every year, Kazakhstan
generates 4.5-5 million tons of municipal solid waste (MSW). The share of recycled and disposed
production waste in 2020 was 36 %, solid waste — 18 %, 81 % of the country's population are provided with
waste collection and disposal services. In 2021, the government began to develop a Low-Carbon
Development Concept for the implementation of the second phase of the Concept for the transition to a green
economy. According to this concept, for the implementation of the national project “Zhasyl Kazakhstan”, the
country's forest fund will be increased by 2 billion trees within 5 years, and 15 million of new seedlings will
be planted in settlements. In 2021, trees were planted on an area of 66 thousand hectares (in the amount of
138 million trees). In the current 2022, it was planned to plant about 244 million trees (at the beginning of
this year, 280 million trees were planted), in 2023 — 411 million, in 2024 — 573 million and in 2025 — 643
million trees. Currently, 138 million tree seedlings have already been planted, and since the beginning of this
year, 280 million trees. For these purposes, in 2022, the state planned to spend 161 billion tenge [16]. It
should be noted that the state program “Digital Kazakhstan™ has been developed, the purpose of which is the
digitalization of the main sectors of the economy, which provides support for the creation of an unified state
information system for monitoring the environment and natural resources, automated monitoring of fish
resources, biodiversity, specially protected natural areas, water resources and water facilities [17].

Prospects for the development of the city of Almaty in the context of the transition to a green economy.
The main ways of developing a green economy in Almaty

Almaty is the largest metropolis of our country, an intensively developing city, which is the center of
business, economic, cultural life and occupies a special place in the development of Kazakhstan and Central
Asia. Almaty is distinguished by a favorable geographical location, connection with large transport arteries, and
a developed economy. According to the concept of transition to a green economy, according to the concept of
“smart cities”, one of the main goals of the development of Almaty is to preserve natural resources for a clean
environment, comfortable living for the population and improve the quality of life in all districts of Almaty,
which is the main requirement of a green economy. This program covered all the main areas of development of
the city, including the economy, social sphere, public safety and law and order, infrastructure, ecology and land
resources, public services and is formed taking into account 7 priorities (Fig. 4). Starting from 2017, after the
law on the transition of Kazakhstan to a green economy came into force, the city administration and experts of
the city of Almaty developed a program for the development of the city of Almaty — 2020. In 2022, a new pro-
gram for the development of the city of Almaty until 2025 and medium-term prospects until 2030 were devel-
oped. According to the concept for the transition of the city of Almaty to a green economy, first of all, it is nec-
essary to develop sustainable development and use of water resources, increase energy efficiency in industry,
housing and communal services; transport industry, development of renewable energy sources, electric power
industry, reduction of air pollution, conservation and effective management of ecosystems.

The green fund of the city for 2022 amounted to more than 2.3 million green spaces. Of these, 134,129
are coniferous trees, 1,932,807 are deciduous trees, and 164,199 are shrubs. For 2017-2019 more than 274
thousand green spaces were planted in Almaty. New rules for the maintenance and protection of green spaces
have been approved [18]. Thanks to this measure, compensation planting increased by 25 % or 10,000 trees.
Thus, according to the “comfortable city” concept, up to 1 million green spaces are planned to be planted in
Almaty by 2025, where the green area of the city will grow to 5,000 square meters. Today, the area of green
spaces for general use in the city of Almaty is only 894 hectares — 4.8 square meters per person; whereas in
the 80s this figure reached 10 square meters. The decrease is explained both by the growth of the territory of
the city and by the increase in the population [18].
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Figure 4. Key Dimensions of Green City for Sustainable Urban Development

In addition, the area of park and pedestrian zones is increasing annually in Almaty. In addition to the
existing Almaty Arbat, Terrenkur, new pedestrian zones were formed along Panfilov Street. The length of
this pedestrian part is 1400 m [19]. Another priority area of the green economy is the development of renew-
able, “clean” energy. The existing power supply system of the city of Almaty is characterized by a high level
of wear and tear and needs to be modernized. Coal remains the main source of heat production in the city.
Thus, the share of coal in the Combined Heat and Power Plant-2 and Combined Heat and Power Plant-3 is
99.4 %. Since 2017, Thermal Power Plant-1 has been completely switched to burning natural gas and fuel
oil. In general, according to 2017 data, heat production using solid and liquid fuels is 70 %. The administra-
tion of the city of Almaty is working on the transfer of Thermal Power Plant-2 to natural gas. According to
the chosen option of switching to natural gas, emissions will be reduced from 38 thousand tons to 6 thousand
tons [20]. This will have a great impact on reducing air pollution in the city of Almaty. According to the
concept of the city's transition to a green economy, work is also underway in Almaty on the construction of
renewable energy sources. Thus, by analogy with the project of the Finnish company Wello “electricity gen-
erators from waves and water”, a project is being implemented to build a small hydroelectric power station
on the Malaya river, where each of the installations will produce up to 4.5 MW per year. In addition, the im-
plementation of a project for the construction of biogas plants at sewage treatment facilities of the State utili-
ty company on the right of economic management “Almaty Su” has begun [21].

Almaty belongs to the cities of Kazakhstan with a high level of air pollution throughout the year. The
high level of pollution is due to both the natural and climatic features of the region and the anthropogenic
impact on the environment. According to the concept of green economy, it is planned to reduce air pollution
in the metropolis, where the main sources of pollution are vehicles and thermal power plants. To date, the
population of Almaty as of August 2022 is 2,135,365 thousand people. In this regard, about 530 thousand
cars are registered in the city; about 250 thousand more are entering from other regions, which create an
enormous burden on the city's ecology. In this regard, a large-scale transport reform is being carried out in
the city. According to the experience of developed countries, the key direction is public transport and reduc-
ing the use of private cars. The expenses of business entities aimed at protecting the environment in 2019
amounted to 4444.3 million dollars in 2020 in the amount of 4984.6 million tenge [22]. A significant part of
environmental expenditures (95.4 %) is carried out by industrial enterprises, mainly at the expense of enter-
prises of the Alatau and Zhetysu districts of Almaty. Since the official announcement of the course for green
growth in Almaty, a rapid rise in green business has begun. According to the Committee on Statistics, Al-
maty ranks the 1st in the country in terms of gross output and are a center for the development of small and
medium-sized businesses (Fig. 5).
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Figure 5. The share of gross output and output per capita of the city of Almaty (million tenge)

As noted above, improving the ecological state of the city of Almaty is one of the priorities in the de-
velopment plan of the city of Almaty for 2025-2030. Currently, the city has a difficult environmental situa-
tion, the growth of the economy, prosperity and consumption have increased the negative human impact on
the environment. In conditions of weak natural ventilation and a large number of mobile and stationary
sources, atmospheric air pollution is the most urgent environmental problem of the city of Almaty. At the
same time, there has been an increase in the rate of fleet renewal, the decommissioning of pollutants, and an
improvement in the resilience of the city's natural ecosystems. Every year there is an increase in the number
of electric vehicles, the activation of the use of small vehicles (electric bicycles, electric mopeds, electric
scooters). To reduce air pollution and the overall anthropogenic impact on the environment of the city of
Almaty, one of the most effective ways is to increase the area of green spaces, which is the most affordable,
simple and effective way to combat air pollution. The development of green infrastructure is primarily aimed
at preserving biodiversity, restoring urban natural landscapes, improving and greening areas near places of
residence, enhancing environmental education and educating the urban population. The improvement of the
ecological situation in cities is associated with the improvement of the landscaping system, which refers to
the scientifically based spatial placement of all components of urban landscaping in accordance with urban
zones, soil, climatic and other factors in order to achieve optimal environmental, sanitary, hygienic and aes-
thetic effects. As you know, the city of Almaty is the greenest city in our country, it belongs to a region with
a high level of urbanization, where the urban population, as noted above, is 2,147.1 thousand people as of
August 2022 [23]. The main elements of the landscaping system of the city of Almaty include parks, squares,
groves, boulevards, gardens, nurseries, an arboretum, green spaces along the streets, landscaping within mi-
cro districts, and lawns (Table 2).

Table 2
The total area of green spaces in the city of Almaty

City population,
. Total area of green | .. Share of green areas | Area for 1 person,
City spaces (ha) City area, km? in the city (%) méfperson thousand people,
08.05.2022
Almaty 1 050,97 682 154 7,0 21471

Today, there are about 2.3 million green spaces in Almaty. Of the 70.1 thousand hectares of the territory
of Almaty, 25.38 thousand hectares are covered with greenery. The coefficient of greenery in Almaty is
36 % on average. The area of green spaces is 1,050.97 ha. At the same time, the provision of public green
spaces in the districts of Almaty is unevenly distributed, ranging from 5-7 m”person in the western and
northwestern regions up to 17 m%person in the Medeu region. As you know, to provide oxygen to one per-
son, 1.54 trees are needed, where one tree absorbs the emissions of one car and neutralizes 80 kg of harmful
substances and 20 kg of dust. The area of plantations of common use in Almaty has increased for 1988—
2020. 1.5 times and amounted to 7.4 m2/person due to the inclusion of the lands of the Talgar, Ili, Karasai
regions and plantations growing along highways, driveways, roads and streets. In recent years, the growth of
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construction in the city of Almaty has intensified the processes of anthropogenic impact on the urban flora.
The existing experience of green building in the city of Almaty does not fully take into account the specific
environmental conditions of various districts of the city and the level of their technogenic pollution, and the
issues of the state of plantations in residential and industrial areas, the resistance of vegetation to the impact
of the urban environment are ignored. Due to the growing density of urban development with high-rise build-
ings (more than 20 floors), it is becoming increasingly difficult to realize the concept of a green city-
metropolis of Almaty. Monitoring the state of plantings in the city of Almaty (2010-2022) indicates positive
trends in the development of green infrastructure [24]. A system of gardening has been created and is being
developed in the city, funding has been increased, new green objects (parks, squares) have appeared, the area
of the nursery of ornamental crops has been expanded, and in the future it is planned to increase it by 1.4
times (Table 3).

Table 3
Area of urban green spaces in Almaty, ha
Object category Area, ha (2022) Project until 2025-2030 area, ha
Public landscaping
Parks 149,5 205,6
Squares 142,52 5,6
Groves 2,6 —
Boulevards 30,0 —
Green areas 270,986 153,0
Street plantings 143,72 150,0
Total: 739,326 514,2
Special purpose landscaping
Arboretum — 57,0
City nurseries — 30,0
Total: — 87,0
Specially protected natural areas
State Regional Natural Park “Medeu” 708,2 —
Ile-Alatau State National Natural Park 12219 —
Botanical Garden 103,6 —
Baum Grove 137,8 —
Total: 131686 —
Total: 132 428356 601,2

To remove the problem of disproportion in the provision of green spaces for general use, for the medi-
um term, the volume of planting of new seedlings is calculated: until 2025 1,158,380 trees, until 2030 —
about 1,300,000 trees (including felling and planting). An analysis of parks, boulevards, squares, alleys and
green areas in eight districts of Almaty showed their uneven distribution by district (Fig. 6).

0,
6% 1,6% 25,8%

/’//

12,3%

= Medeu Almaly Auezov Bosdantyk
= Zhetysu = Alatau = Turksib = Nauryzbai

Figure 6. Percentage of parks, boulevards, squares, alleys and green areas in eight districts of Almaty
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As can be seen from Figure 6, the first place in terms of the number of parks, boulevards, squares, al-
leys and green areas is led by the Medeu district, the total number of which is 48, which is 25.8 %. The se-
cond place in terms of the number of parks, boulevards, squares and green areas is occupied by the Almaly
district, only 35, which is 18.8 %. In third place in terms of the number of parks, boulevards, squares and
green areas is the Auezov district — only 23 or 12.3 %. The fourth place in terms of the total number of
parks, boulevards, squares and green areas is occupied by the Bostandyk and Zhetysu districts, 20 each
(10.7 %). Fifth place is Turksib and Alatau districts, 16 each (8.6 %). And the smallest number of squares (1)
and green areas (2), only 3, is located in the Nauryzbai district and is 1.6 %. The state of the green fund of
the city of Almaty is greatly affected by the lack of regular watering. Irrigation schemes are based on exist-
ing reserves of water sources. These are small rivers and reservoirs of the city of Almaty, groundwater re-
serves, rational use of rain and melt water. For irrigation of green spaces growing in citywide areas, the state
of ditches plays an important role. There are 1,525 km of ditch networks in Almaty, of which only 11 % —
168 km — are used for irrigation. Work is underway to organize a comprehensive irrigation scheme, includ-
ing the repair and construction of new sections of the canal network, which will increase the level of irrigated
areas through the canal network up to 40 %. New wells were built to irrigate green spaces in Almaty, an in-
ventory of the irrigation ditches was carried out, and work on irrigation was intensified. As is known, in an
urban environment, trees age much faster than in a natural environment, under the influence of many factors
(emissions from cars, engineering networks, reagents entering the soil during street cleaning, damage during
construction work, etc.).

As part of the Green Almaty program, planted trees and shrubs are cared for, the green fund is treated,
and biodiversity is maintained. The influence of urban conditions on the plant can be seen in various indica-
tors of life processes, appearance, structural features of its organs, and the longevity of the plant under these
conditions. The most common result of the influence of urban conditions on the vital activity of plants is a
decrease in their life expectancy. So, if in the mountain forests of the Trans-Ili Alatau, spruce lives up to
300-600 years, then in Almaty parks — up to 125-150 years, and on the streets — only up to 60—70 years.
The processes of photosynthesis are disturbed in urban trees, so they have a rarer crown, small leaves, and
shorter shoots. In heavily polluted conditions, the leaves dry out at the edges, brown spots appear on them —
areas of dead tissue, they curl. Lawn grasses are undersized. The crowns of coniferous trees are becoming
bald, their annual growth is lower than in unpolluted areas; phytomass productivity decreases. Active visits
by city residents to parks, gardens, and other green spaces lead to direct and indirect impacts on plant com-
munities. Direct impacts include damage to trees and shrubs, excessive gathering of flowering herbs, litter-
ing, and fires. Everywhere there is a strong compaction of the upper layer of the soil, and hence the violation
of its water-air regime. Plant roots suffer, growth processes are disturbed, dwarf forms are formed with ir-
regular branching and a decrease in leaves. In this case, the following should be taken into account: the urban
environment is alien to woody plants, they are not evolutionarily adapted to it; therefore, their survival de-
pends not only on the intensity of anthropogenic impact, but also on their ability to adapt to conditions that
are often extreme for all living things. To date, the usual for the green attire of the cities of our country are
such species as — Morus alba L., Ailanthus altissima (Mill.) Swingle, Gleditsia triacanthos L. and others
are introducers; at one time they arrived and successfully acclimatized in Almaty. In Almaty, more than 70
species of trees and shrubs were introduced into production recommended by the botanical garden. From the
trees: Phellodendron amurense Rupr., Faidherbia albida (Delile) A. Chev., Crataegus maximowiczii
C.K. Schneid., Ulmus laevis Pall., Ulmus parvifolia Jacg., Ulmus glabra Huds., Quercus robur L., Catalpa
bignonioides Walter., Aesculus hippocastanum L., Acer ginnala Maxim. ex Rupr., Juniperus virginiana L.
and others, from the bushes — Amorpha fruticosa L., Swida alba (L.) Opiz, Syringa vulgaris L., Spiraea
vanhouttei (Briot) Carri¢re and others.

Conclusions

Thus, in order to solve the problem of forming a green infrastructure in the city of Almaty, it is
necessary to implement the Green Almaty activities under the Almaty City Development Program until 2025
and medium-term prospects until 2030, and now concrete steps have already been taken in this direction for
its implementation by the city administration. The transition to a “green” economy is a necessary process to
maintain a viable state and improve the quality of urban plantings that perform important environmental,
sanitary and aesthetic functions. Urbanized territories, as part of the ecological system, affect not only the
landscape of the city, but also human health and the environment. Green spaces are indicators of the
sustainable development of urbanization. In the landscaping of the city of Almaty, only 25 % of the species
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diversity of local trees and shrubs is used. The natural and climatic conditions of the city of Almaty make it
possible to significantly expand the assortment for landscaping the city, both at the expense of local and
introduced trees and shrubs. In the landscaping of the city of Almaty, it is necessary to increase the number
of coniferous and valuable hardwood species, both local and introduced, which have proven themselves well
and feel great in urban conditions. The expansion of the range of local tree and shrub plant species in the
landscaping of the city of Almaty contributes to the promotion and conservation of the biodiversity of the
natural flora of the Republic of Kazakhstan.
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https://kaztag.kz/ru/news/okolo-t161-mird-planiruyut-potratit-v-2022-godu-na-natsproekt-zhasyl-aza-stan

19 Tunossle MpaBuia COACPIKAHMUS U 3ALIUTHI 3eJCHBIX HACAKICHNI M3JI0KEHBI B HOBOI peJakiuuu. — [DIeKTpoHHBIN pecypc].
— Pexxum mocrtyma: https://online.zakon.kz/Document/?doc_id=37868284

20 B 7,5 pa3 yBenmuUTCS KOJIMYECTBO BHICAKEHHBIX JEPEBbEB B AJNMaTel. — [DIEeKTPOHHBIA pecypc]. — Pexxum moctyma:
https://camonitor.kz/33839-v-75-raz-uvelichitsya-kolichestvo-vysazhennyh-derevev-v-almaty.html

21 TIatp xpymHeWmmx snexrpoctannuii Kazaxcrana B 2020 roxy yBeanmumiu BeIpaboTKy Ha 2,5 %. — [DnekTpoHHBIH pecypc].
— Pexxum nocryna: https://kz.kursiv.media/2021-03-15/pyat-krupneyshikh-elektrostanciy-kazakhstana-v-2020-godu-uvelichili/

22 B Anmarsl NOKa3ajid OYHCTHBIE COOPYKEHHS [IOC/Ie YaCTHYHOTO KarnpeMoHTa. — [DIeKTpOoHHbIH pecypc]. — Pexum mocry-

ma: https://informburo.kz/novosti/v-almaty-su-pokazali-ochistnye-sooruzheniya-posle-chastichnogo-kapremonta.html
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23 Yucnennocts HaceneHus Kazaxcrana mocturia 19,7 muH uenoBek. — [DneKkTpoHHbIH pecypc]. — Pexwum mocryma:
https://www.aa.com.tr/ru/Mup/9ucIeHHOCTh-HACETIECHUSI-Ka3aX CTaHA-0CTHT1a-19- 7-MITH-ueoBeK

24 CapgpipoBa I'.A. Yp6auusupoBanHnas ¢iopa ropona Anmater / I'.A. CansipoBa. — Anmarsr, 2017. — 279 c.

I'.A. CagsipoBa, I'.A. Canpipos, ['.O. Cagsip, I'.A. CansipoBa

«KacbL1» JKOHOMHKAHBIH AJIMATHI KAJACLIHBIH
ypOaHU3auMsUIaHFaH JKOKYHeciHe dcepi

Makanaga <KacbuD» SKOHOMHKAHBIH AJIMAaThl KaJIaCHIHBIH ypOaHHM3aIMsUIaHFaH dKOXYyHeciHe acepi
KenTipinreH. «Kacsur» S5KOHOMHKA YFBIMBI KOpIIaFaH OpTa YIIiH €H a3 ToyeKeIIepMeH OPHBIKTEI JaMy )KoHe
aJIaMHBIH SKOHOMHKAJIBIK KbI3MCTIHIH OHBIH TipIILTIK €Ty OPTAaChIHA TEPiC 9CEPiH KBICKAPTY, COHMAN-aK eI,
ararn alTKaHga AJIMaThl KaJachblHAA OChI OAFBITTHI IaMBITY PETiHJE KapacThIpbUIFaH. «Kacbun 3KOHOMHUKaFa
KOIIyJiH Ke3eHOIK mporeci, «Kacbu Anmarer» x00achlH iCKe achlpy Typasibl KOPCETLIreH, OHJA «KaChLD»
SKOHOMHKara KeIly TYXKbIpbIMJAaMachlHa COMKEC «aKbUIAbl Kajajapy» TYXKbIpbIMIaMachl OOMbIHIIA
AJMaTBIHBIH JAaMYBIHBIH HETi3T1 MaKcaTTapbhIHBIH Oipi — TaOWFH pecypcTapAbl CakTay, XaJBIKTHIH JKailIbl
TYpPyBl JKOHE KaJaHBIH OapiblK aylaHIapblHAa 6eMIp Cypy calachlH apTThIpy, SFHH OYJI <OKachbUD)
JKOHOMHKAaHBIH OacThl TanmaObl Oosibln  TaObutagsl. COHFBI OKBUIZApBl AJIMAThl KajlachIHBIH JKaHa
KYPBUIBICTApBIHBIH  ©Cyl ypOaHOo(opara aHTPOIOISHIIK acep €Ty INPOLECTepiH KYLIeHTTi. AJMaThl
KQJIACBIHBIH JKAacChUI KYPBUIBICHIHBIH Ka3ipri TaxipuOeci KalaHBIH OpTYpJi ayAaHJapbIHBIH 3KOJIOTHSUIIBIK
JKaFIaiIapbIHBIH SPEKIICTIriH KOHE OJapIblH TEXHOTCHIIK JIACTaHYy ACHTEHIH TOJBIK KeJeMIe eCKepMeni,
all TYPFBIH JKOHE OHEPKOCINTIK ayJaHIapAblH EKIIeNEepiHiH Kal-KyWi, oCIMAIK >KaMBUIFBICHIHBIH KaJlaJIbIK
OpTaHBIH dCepiHe TYPAKTBUIBIFBI Macejenepi HazapiaH Thic Kanaipl. Kaja KypbUIBICBIHBIH KeIl KaOaTThl
rumaparTapmer (20 xabaTTaH actaMm) THIFBI3OANYBIHBIH apTyblHAa OalmaHBICTBI AJIMATHIA KAchUl Kaia
TY)KBIPBIMJIAMACHIH iCKE achIpy KMBIHIAil Tycyne.

Kinm ce30ep: Anmatsl Kajachl, «’Kachbll» SJKOHOMHUKA, )KachUI XKeJIeKTep, ypOaHH3aIHs, SKOXKYite.

I'.A. CagpipoBa, I'.A. Cageipos, I'.O. Caneip, I'.A. CagsipoBa

Bansinue «3ejieH0i» IKOHOMUKH HA YPOAHU3HUPOBAHHYIO IKOCUCTEMY
ropojaa Aamartbl

B cratbe mpuBeneHsl (GaKThl BIMSHUS «3€JICHON» SKOHOMHMKH Ha YpOaHM3MPOBaHHYIO SKOCHCTEMY ropoja
AnmaTtsl. PaccMOTpeHO MOHATHE «3€JICHOI» SKOHOMHUKH KaK YCTOMUMBOE pa3BUTHE C MUHMMAJIBHBIMU PHC-
KaMH A7 OKpYKaIoIel Cpebl ¥ COKPAIIEHNST OTPUIATENFHOTO BO3IEHCTBUSI SKOHOMHIECKOH JIEITEIbHOCTH
4YeJIoBeKa Ha Cpely ero OOMTaHMs, a TAKXKE Pa3BUTHE 3TOTO HAMPABIEHHS B CTPAaHE U, B YACTHOCTH, B TOPOJIE
Anmarsl. [Toka3an mosTanHelii nporiecc nepexo/a K 3eJIieHOM SKOHOMHUKe, peanu3anus npoekra «Kaceun An-
MaTbl», T COTJIACHO KOHIIEMINH TIePeX0/ia K «3eNICHON» YKOHOMHUKE, 110 KOHIIEIIINH «YMHBIX TOPOJOB) OJI-
HOM M3 OCHOBHBIX IieJied pa3BUTHS AJIMaThl SIBISETCS COXpAaHEHHE MPHPOIHBIX PecypcoB, KOM(pOPTHOTO
IIPO’KUBAHUS HAaceJIEHHs U MOBBIILIEHUE KaueCTBa XKU3HU BO BceX pailoHax Anmatsl. B mocnennue roasl poct
HOBOCTPOEK ropoja AJIMaThl YCHJIMJI MPOLIECCHl aHTPOIIOTEHHOTO BO3JEUCTBUS Ha ypbanodiopy. Cymect-
BYIOIIHI OIIBIT «3€JICHOT0» CTPOMUTEIBCTBA rOpojia AJIMAThl HE YYUTBHIBACT B TOJIHOH Mepe crenupuIHOCTD
HKOJIOTHIECKHX YCIOBHH PAa3IMYHBIX PAaiOHOB TOPOJA M YPOBEHb NX TEXHOTCHHOTO 3arPsI3HEHHUS, a BOIIPOCHI
COCTOSIHUSI HACAXKJICHHH XKIJIBIX M MPOMBIIIICHHBIX pPaifOHOB, YCTONYMBOCTH PacTHTEIHHOTO MOKPOBA K BO3-
JIEHCTBUIO TOPOJCKOH cperbl ocTaroTcst 6e3 BHUMaHMs. M3-3a pacTymiero yrioTHEHHs! TOPOICKOH 3aCTpOHKN
MHOTO3Ta)XHBIMHU 31aHusAMH (Oomee 20 3Taxelt) CTAaHOBUTCS BCE TPYAHEE Peann30BaTh KOHIIEIIIHIO «3EJICHO-
ro» ropoja AJjmarsl.

Kmouessie cnosa: ropon AJ'lMaTbI, «3€JICHas» DKOHOMHUKA, 3€JICHBIC HAaCaXXKACHHUA, TOpoACKasd yp6aHu3au1/1$[,
JOKOCUCTEMA.
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OcHoBHbIE rHAporpaguyecKkue CBeJeHUsI 0 peKaxX U BpeMeHHbIX BOJ0TOKAaX
Bbaakanm-AjlakoJabcKoro dacceiiHa

B crarse npezacTaBieHs! OCHOBHBIE CBEJICHHS O COCTOSIHHM PEeYHOH ceTH B bankanr-Anakoisckom OacceliHe.
OHHU COCTOAT U3 TIEPEUHs PeK U BPEMEHHBIX BOJOTOKOB OT 5 KM B TOPHBIX U OT 10 KM B paBHHHHBIX paioHaXx,
a TaKke BKIIOYAIOT MH(OpManuio 00 MX OCHOBHBIX MOP(OJOTHYECKUX W MOPPOMETPHUYECKHUX XapaKTepu-
CTHKAaX, KOTOPBIE OBUTH MpeACTaBIICHBI TOJIBKO B 1970-¢ roapl, mo3anee 1970-X To0B Takue OOMIMPHBIE HC-
ClIeOBaHUS HE BENHUCh. Llenbio mccnenoBaHus SBIACTCS MACHTH(HUKAIMA PEK W BPEMEHHBIX BOIOTOKOB, a
TaKkKe IMyTeM IOJIEBBIX HCCIEIOBAHUN U ¢ TTOMOIIBI0 coBpeMeHHBIX [ IC TeXHOJIOornii nomydeHne OCHOBHBIX
rugporpaduueckux cBefeHni. s JOCTIKEeHNS 1esieil ObUIN MPOBEAeHbl KOMIUICKCHBIE TT0JIEBbIe paboTHI C
HCHOJIb30BaHUEM COBPEMEHHOT'O T'MAPOJIOTHYECKOro M Ieo/le3ndeckoro obopynoBanus U aemudpuposanue
KOCMHYECKHX CHUMKOB criyTHHKOB Sentinel 1,2 uactpymentamu u nporpammamu ArcGIS. 3arich o kaxmoi
peKe ¥ BPEMEHHBIX BOJOTOKAX MMEET YHHKAIbHBIH MICHTH(UKATOP IIPOCTPAHCTBEHHOI'O OOBEKTa B TCOMH-
(opmannonHoi cucteme. baza maHHBIX co3maHa IS M3BICKAHUH B 001aCTH Teorpaduu U IMPHPOIOIONE30Ba-
HUSI B TaKUX c(epax, KaK THAPOIOTHUS, SKOIOTHsA, IU(POBU3AIHNS, U ABIAETCS HHPOPMATUBHONH OCHOBOH JUIS
peanu3anuy MeponpusATHil T0 MOHUTOPUHTY M BOCCTAHOBJIEHHIO PEK, CHCTEMBI BOJOIONB30BaHUs B Oacceii-
HaxX TPAaHCTPAHMYHBIX PEK.

Kniouesvie cnosa. ruaporpadus, peyHas ceTh, 0acceliH, WCTOK, YCTbhe, TeOMH(OpMAIMOHHAs CHCTEMA,
YVHHUKAJTBHBIA HIICHTU(PHUKATOP, TUCTAHIIUOHHOE 30HAUPOBAHUE 3CMITH.

Beeoenue

Tepputopus Pecrybmukn Kasaxcras, 3aHuMaromast miomass 2 724 902 kv® ¥ BKIIOYAromas HeGolb-
[IMe TOpHBIE ¥ MPEATrOpHbIE PaBHUHBIL, TA€ MPOUCXOAUT (POPMUPOBAHUE OCHOBHBIX PEeK peciyOnuku, 1 00-
LIMpHbIE PAaBHUHHBIE MPOCTPAHCTBA, HAXOAALIMECS B LEHTPAJbHOM M CEBEPHOM 4aCTAX, Cpelu KOTOPBIX
UMEIOTCS 3HAYMTENIbHbIe OecCTOUHBIE paloHBI (palloHBI 3aMKHYTOTO CTOKa), paBHsercs okoino 1 500 000
KM% PaccmatpuBaemslii Bankaii-Anakonbckuii Bojoxo3siicTBeHHbIi Oacceitn (BXDB) pacosiosxkeH, B OCHOB-
HOM, B TOPHOM paiioHe, BO MHOTOM HOBEPXHOCTHBIE BOJOTOKH O€pyT HAyaJlo B OMOSCHIBAIOIIMX PErHOHAX
TOPHBIX 00JacTsIX — TOpHBIX Hensx Tanupray, JKonrapckoro Anaray u Tapbararas (puc. 1).

OUIMKO-MEOrPAGUUECKAS KAPTA
BAJNKALL-ANAKONIECKOTO BXB

= KAPRXAT

TATIGIKOPTAH

Pucynox 1. ®uszuxo-reorpaduueckas kapra bankam-Anakonsckoro BXb
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[epBrie cBemeHus mo ruaponioruu o3epa bamkam u pex Mne-bankaiickoro 6acceiiHa ObUTH MOTYYEHBI
emé JI.C. beprom Bo Bpems ero mytemecTsus mo Cpexnerr Asun B 1903 roxy [1]. Taxke Benmch uccieno-
BaHUsI TIO0 TUAPOrpadUUECKUM XapaKTepHCTHKaM. [umporpaduyeckne XapakTepUCTUKH PEK W BPEMEHHBIX
BOJIOTOKOB SIBJISIFOTCSI ICXOJTHOW OCHOBOW a0OCOJIFOTHO BCEX MHIKEHEPHO-THIPOJOTHUSCKUX OICHOK W pellie-
HUI MHOTHX BOJOXO3SHCTBEHHBIX 3aj1a4. [IJIsl pelieHus pa3InuHbIX BOJAOXO3SHCTBEHHBIX 33/1a4, B TOM YHUCIIE
myTeM nu(POBHU3AINH, MOKHO UCTIOIB30BATh CHCTEMY BeO-BEPCHH, UTO MOBBICUT IPPEKTUBHOCTH PabOTHI C
THIPOJIOTHYECKUMHU JaHHBIMH. [[JIs 3TOr0 HEOOXOIUMO MPOBECTH UIACHTU(UKAIMIO PEK Ha OCHOBE CIICITH-
QIBHOTO METOJMYECKOT0 00OCHOBaHUS C UCIIOJIB30BAHUEM JAaHHBIX KOCMUYECKON ChEMKHU 3EMITH.

Wnentndukamums pex MPEeAcTaBIsIeT cOOOW MpoIecc ONpeAcsieHns BOTHOTO 00heKTa — peku. Mac-
mTabHBIe padOTHI IO MACHTH(DHUKAIINN PEK MPOBOIMINCH B COBETCKOE BpEeMsI ITPH MOATOTOBKE padOT 110 TO-
CYJIapCTBEHHOMY BOJHOMY Kajmactpy. Tak, WiaeHTU(UKAIUS PEK MPOBOAMIACH B IIENIAX YTOUYHEHHUS THIPO-
rpadUUecKor CeTH, ee KOJIMYECTBCHHBIX H KaYeCTBEHHBIX MMOKa3aTelsX, KOTOpble paHee ObLIM MOJTYYCHBI B
1960-1970-¢ rT. Ha OcHOBE ToMOrpadUIecKUX KapT. AHAIH3 PE3yIbTaTOB NPEABTYIUX UCCIICAOBAHHHN TT0-
KaszaJl HaJIM4YuC pdaa HpO6erM B I/IILCHTI/I(i)I/IKa]_[I/II/I BOIHBIX 06’LCKTOB, 4YaCTb U3 KOTOPBIX CBA3aHa C HU3KOM
THJIPOJIOTHYECKOW W3YyYEHHOCTBIO U AOCTYNHBIMH B TO BpeMsl MeToJamMH OOpaOOTKH AaHHBIX a’dpodoTo-
CHhEMKH, a TAKIKE TIOCTPOCHHSI TOMOrpapuUECKUX KapT, YaCTh MPOOJIEM CBsI3aHA ¢ U3MECHEHUSIMU 3€MHOM T0-
BEPXHOCTH 32 MOCJICIHUE TI0JIBEKa BCIICJCTBHE MOTCIICHHUS KIIMMaTa U aHTPOIIOI'€HHOTO BO3JICHCTBYSL.

OcHosnas yacmo

UccnenoBanns ycnoBuil GOpMHUpPOBaHMS CTOKA W BOAHOTO peknMa pek Mie-bankamickoro Oacceitra
conepkatcst B padorax B.JI. Illymnsma [2], O.I1. Illernosoii [3], 3.T. bepkanuesa [4], A.®. JIutoBuenko [5],
N.C. Cocenona [6, 7], XK. Hoctaesa [8—10], JI.A. EMenssinoBoit [11] u mpyrux. bonbpmMHCTBO pek — TH-
MUYHBIE MOJIOJbIe OypHBIE TOPHBIE TOTOKHU C HHTEHCUBHO Pa3BUTOM ITTyOMHHOU 3pO3Hel, IPOIOIbHBIA Mpo-
¢np ux He BeIpaboTaH [12]. Beixoas Ha MpenropHyo paBHUHY, OTH PEKH CTAHOBSTCS MAJIOBOJHBIMU, a Te-
YEHUS UX — CIIOKOWHBIMU.

BonHbili pesxuM pek, TTIaBHBIM 00pa3oM, ONpeeNseTcss KIMMAaTHYeCKUME YCIOBHSAMH, a UMEHHO pe-
XKUMOM M KOJIMYECTBOM OCAJIKOB, paclpelieieHHeM TeMIIepaTypbl BO31yXa, UCIIAPEHHUEM, COOTHOLICHHEM
HCTOYHUKOB TIUTAHUSI PEK, XapakTepoM peibeda, a Takke THAPOre0OTHUECKUMU U JPYTUMHU 0COOEHHOCTS-
MU peyHbIX OacceiiHOB. OIHUM U3 OCHOBHBIX (DAKTOPOB CTOKA sIBIIsSIETCS peibed OacceHOB H, Mpekae Bce-
ro, abcommoTHast BeicoTa. C MOBBILIEHHEM a0COJIOTHOM BBICOTHI BOJOCOOPA U3MEHSIOTCS (haKTOPHI KIMMaTa
1 TOACTWIAIOIEH TOBEPXHOCTH, CIIEI0BATENILHO, M YCIOBUS IMHUTAaHUs peK. B To ke Bpems Kak B MUTaHUU
PEK BBICOKOT'OPHBIX paﬁOHOB CYIIECTBEHHYIO POJIb UI'PAIOT JICAHUKW M BEYHBIC CHEra, B CPECAHCTOPHOM MU
MPEArOPHOM MOsICax 3HAYUTENIHO YBEIMYMBACTCS 3HAYEHUE CE30HHOTO CHEXHOTO MOKPOBA, KUAKHX OCaj-
KOB W ToA3eMHbBIX BoJ [13, 14].

ITo Teppuropuu Oaccelina B pamMkax npoekra «Pa3paborka nacrmopra pek Kazaxcranay (2020-2022 rr.)
o nporpamme 254 «DddeKTHBHOE YyIIpaBlIeHNE BOAHBIMU pecypcammy». [loamporpamma: 103 «Oxpana u
pauMoHaJIbHOE HCIIOIb30BaHUE BOJHBIX pecypcoB» Ipu (hrHaHCOBOM noauaepxke Komurera mo BoaHBIM pe-
cypcam MOIIP Obuta mpou3BeneHa MAECHTH(UKALUS PEK M BPEMEHHBIX BOJOTOKOB, a TAKKE MpPEACTaBICH
CIIMCOK MJICHTU(UIIMPOBAHHBIX PEK M BPEMEHHBIX BOAOTOKOB. B 1enom, paboThl 10 UACHTU(UKALUN PEK
MO>KHO Pa3JeNUTh Ha CIEAYIOIINE 3Tallbl:

— cOop, aHANTM3 apXUBHBIX JAHHBIX U CO3JJaHHE apXUBHOTO IEPEYHs PEK;

— COIIOCTAaBJICHUE apXHMBHBIX JAaHHBIX C TOHOI‘pa(bI/IT-IeCKI/IMI/I KapTaMu, KakK IJid ONPCACIICHUA NEPCUHA
PEK, Tak U OTpeAeNIeHIsI HECOOTBETCTBHI B MACHTU(UKAIINH PEK;

— nemmppUpOBaHUE BOJHBIX MOBEpXHOCTEH Mo naHHBIM /133 1 ux naeHTUHUKaLKs Kak peK MO pe3ylib-
TaTaM BTOPOTO 3Tamna paboT M ¢ MCIOIBb30BaHHEM COBPEMEHHBIX KapTorpaduueckux BeO-cepBucoOB. Mtorn
I/I)IeHTI/I(i)I/IHI/IpOBaHI/ISI 1 YTOYHCHHBIC CBCACHUA 00 06H_IeM KOJIMYECTBC PEK U BPEMCHHbBIX BOJOTOKOB I10 I'pa-
JanysM JUIMH ¥ UX HM3YYEHHOCTH 1O BOJOCOOpHBIM OacceliHam B paspese bankam-Amnakonsckoro BXb
npencrasieHsl B Tabnuue 1. B nanHoMm nccienoBanuu ObUIM BBIAENEHBI BOJOCOOpHBIE OacceiHbl peKk Ipu
oMo rporpammel [ IC 1 ipeacTaBieHsl Ha pUCYHKe 2.
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BacceitH p. Vine u peku ee 6acceiHa
Bacceitnbl pek LWy-WUneiickux rop

BacceiiHbl pek 3anagHoro u ceBepHoro
noGepexun 03. bankaw

Bacceittbl pek AitHabynakckoi BnaavHbl

Bacceitx p. flencei

BacceitH p. Akcy

BacceitH p. Keiabinaraw

BacceitH p. Kaparan

Bacceiitbl pek Anakonbckoi BnagvHbl

s

s1's

788

Pucynok 2. Kapra-cxema pazneneHus BogocOopHBIX OacceiiHoB bankam-Anakonsckoro BXb

CBoJHbIe MOKA3aTeJIN KOJIUYeCTBA M NPOTSKEHHOCTH BOA0TOKOB bankaum-Anakoabckoro BXb

Taobnuma 1

Oobmiee Cymmapnas  |% OT 00111ero Koji-a Konn4ecTBOBO BOJIOTOKOB,
I'panauyu BOJOTOKOB
10 JUTHHe, KM KOJIMYECTBO JUTHHA BOJOTOKOB H HX Ha KOTOPBIX BEJIFICh WIIH BEAYTCS
BOJIOTOKOB | BOJOTOKOB, KM oOrIel TIHHEI THIPOJIOTHIECKOE HAOIIOICHAS
1 2 3 4 5
bacceiin p. Hne u pexu ee baccetina
Cambie no 10 1027 6996 52,9/23,3 59
MaJibie 10-25 670 10135 34,5/33,8 87
Martsie 25-50 194 6612 10/22,1 76
50-100 28 1878 1,4/6,3 16
100-200 17 2347 0,9/7,8 15
Cpennue 200-300 2 511 0,1/1,7 2
300-500 2 645 0,1/2,2
Bostbiiiie 500-1000 1 848 0,1/2,8 1
Bonee 1000
Bcero 1941 29972 100/ 100 256
bacceiinvl pex Bocmounoco cknona Illy-Hnetickux cop
Cambie no 10 138 967 46,2/20,1
MaJibie 10-25 116 1729 38,8/35,9 1
Mathie 25-50 30 1041 10/21,6 1
50-100 15 1078 5/22,4 5
100-200
Cpennue 200-300
300-500
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Ipononxenue tadbmumus 1

1 2 3 4 5
Bbonbime 500-1000
Bbonee 1000
Bcero 299 4815 100/ 100 7
bacceiinvl pex 3anaonoeo u Ceseproco nobepesicos 03. Bankaw
Cambie no 10 130 998 16,2/5,1
Majible 10-25 470 7238 58,7/36,7 3
Matsie 25-50 131 4604 16,4/23,3 3
50-100 52 3520 6,5/17,8 3
100-200 11 1366 1,4/6,9 3
Cpenuue 200-300 5 1185 0,6/6 3
300-500 1 304 0,1/1,5 1
Bobiiiie 500-1000 1 505 0,1/2,6 1
Bbonee 1000
Bcero 801 19720 100/ 100 0
bacceiinvl pex Atinabynaxcrkoii 6nadunvl
Cambie 1o 10 17 105 70,8/46,5
MaJible 10-25 6 94 25/41,6
Marsie 25-50 1 27 4,2/119
50-100
100-200
Cpennue 200-300
300-500
Bonbmme 500-1000
Bbonee 1000
Bcero 24 226 100/ 100 0
bacceiin p. Jlencu
Camsle o 10 85 574 53,5/20,2
MaJble 10-25 53 801 33,3/28,2
Matsie 25-50 16 581 10,1/20,5 1
50-100 3 225 1,9/7,9 1
100-200
Cpennue 200-300 1 201 0,6/7,1 1
300-500 1 457 0,6/16,1 1
Bounbmme 500-1000
Bbosiee 1000
Bcero 159 2839 100/ 100 4
bacceiin p. Axcy
Camble 1o 10 75 546 57,7/28,1 2
MaJble 10-25 44 631 33,8/32,5 1
Matsie 25-50 9 312 6,9/16
50-100
100-200 1 101 0,8/5,2 1
Cpennue 200-300
300-500 1 354 0,8/18,2 1
Bosbmme 500-1000
Bboisiee 1000
Bcero 130 1944 100/ 100 5
bacceiin p. Koizvinacaw
Cambie 1o 10 96 663 56,8/27 1
MaJible 10-25 58 820 34,3/33,4 1
Masie 25-50 9 310 5,3/12,6 2
50-100 3 202 1,8/8,2 2
100-200 2 253 1,2/10,3 1
Cpennue 200-300 1 208 0,6/8,5 1
300-500
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OxoHnyaHnue tabununse 1

1 2 3 4 5
Bbonbmue 500-1000
Bbosiee 1000
Bcero 169 2456 100/ 100 8
bacceuin p. Kapaman
Camebie q0 10 362 2445 63/34,2 14
MaJible 10-25 169 2452 29,4/34,3 22
Matsie 25-50 37 1267 6,4/17,7 11
50-100 4 259 0,7/3,6 2
100-200 2 301 0,3/4,2 2
Cpenuue 200-300
300-500 1 423 0,2/5,9 1
bonpmme 500-1000
Bosnee 1000
Bcero 575 7147 100/ 100 52
bacceiinvl pex Anaxonvckoul 6naounvi
Camble 10 10 467 3206 60,6/31 5
MaJible 10-25 237 3454 30,7/33,4 14
Marsie 25-50 46 1565 6/15,1 12
50-100 15 1098 1,9/10,6 12
100-200 3 373 0,4/3,6 3
Cpennue 200-300 3 659 0,4/6,4 3
300-500
Bonpmme 500-1000
Bonee 1000
Bcero 771 10355 100 /100 49
Bceeo no BXb
Cameble 10 10 2397 16500 49,2/20,8 81
MaJibie 10-25 1823 27354 37,4/134,4 129
Matsie 25-50 473 16319 9,7/20,5 106
50-100 120 8260 2,5/10,4 41
100-200 36 4741 0,7/6 25
Cpennue 200-300 12 2764 0,2/3,5 10
300-500 6 2183 0,1/2,7 4
Bosbiime 500-1000 2 1353 11,7 2
Boiee 1000 0
Bcero 4869 79474 100 /100 398

B mepedeHb BKIIIOUEHBI BCE BOJOTOKHU, TIOCTOSIHHO JIEHCTBYIOIUE M BpEMEHHbBIE, HMEIOIINE JIUHY OT
5 kM B ropubix u oT 10 kM Ha paBHMHax KazaxctaHa ¢ mepemagoM BBICOT MEXIY YCThEM M HCTOKOM [0
200 M, a Tak)e BOJOTOKH JUIMHOW MEHee 5 KM, KOTOpBIE MCCIICIOBAHbI MU Ha KOTOPBIX BEIYTCS WK paHee
BEJIMCh THAPOJIOTHYECKUE HAOMIOAeH!U. XapaKTepUCTUKU BOJAOTOKOB JTMHOM 10 KM 1 ©oJiee MpUBEAEHBI C
OKPYTJICHHEM [0 TIeJIOTO KujmoMeTpa, MmeHee 10 kM — ¢ TogHocThio A0 0,1 kM.

[lepedyeHb BOJOTOKOB MPEJICTABIICH B COOTBETCTBUU C TIOPSIIKOM MX PACIOJIOXKEHHs Ha THAporpaduye-
ckoii cxeme. CHavaja yka3bIBaeTcs IIaBHas peKa, 3aTeM ee NPUTOKHU, MPOTOKU U pykasa. IIpuToku mome-
LIAI0TCS B MOPSKE BIIAJCHUSI B OCHOBHYIO PEKY OT BEPXOBBS K YCTBbIO HE3aBUCHMO OT TOTO, C Kakoro Oepera
OHU BMaaroT. [IpOTOKM 1 pyKaBa MOMEIIEHBI TI0 MECTY OTXO/1a UX OT peku. BHyTpu OacceliHa Jisi IPUTOKOB
MOCTEIYIOUIHUX MOPSAKOB COXPAHSIETCS TOT K€ HPUHIIMI PACTIOJIOKEHHS.

[Ipu oOpa3oBaHNM peKH U3 ABYX PEK IOCJIE OCHOBHOM PEKH YKa3bIBae€TCS peKa, UMeromast OOJbIIyIo
mHy. [Ipy cnussHUM IBYX OJIMHAKOBBIX TI0 JUIMHE PEK IMOCie OCHOBHOM PEKH CHauaya MPHBOJIUTCS TpaBast
€€ COCTaBJISIoNIasd ¢ MPUTOKAMH, 3aTeM JieBas. Pexu, He TocTuraroImye OCHOBHOTO BOJOTOKA (TEpSIOIHEcs),
MOMEIIEHBI BMECTE C IPUTOKAMH, B IOPSAKE 0011l ruaporpaduaeckoi CXeMbl.

CseneHus 1Mo peKaM ¥ BPEMEHHBIM BOJOTOKaM (Tabi. 2), MOydeHbl MyTeM MX UISHTHU(HUKAIUHN B TIpe-
nenax bankaii- Aj1akoJIbCKOI0 BOIOXO03HCTBEHHOIO 0acceiiHa ¥ ObIIN OIPE/ICIICHbI CACAYIOIINE XapaKTepH-
ctuku: ID sodomoka (MPUCBOCHHBIC WICHTU(PHUKATOPHI (YHHKAJIbHBIC HOMEPA) BOAOTOKOB); HAUMEHOBAHUE U
mun 6o0omoxa (peka, pydeu, IpoToKa U T.11.); nops0ok gooomoka (TaBHas peka (IIepBoro NopsaKa) | mpu-
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TOKU BTOPOTO, TPETHETO U MOCICAYIONUX MOPSIIKOB); Ky0a gnadaem, eoepaguyeckue KoOpoOuUHamsl, 000~
XO3SUCMBEHHASL NPUHAOTIEHCHOCb, AOMUHUCTPAMUBHAS NPUHAOLEHCHOCHD.

Tabnuma 2

IMo1HOE HAaMMeHOBaHMeE BOJIOTOKA, THUII M €r0 NOPSAKoBas Kjiaccupukamus ¢ aAMUMHUCTPATUBHO-
BO/JI0XO0351iiCTBEHHOI1 IPUHA/JIEsKHOCTHIO (Ha mpumepe p. Tekec)

Ne n/n | 1
Bacceitn p. Wie u pexu ee bacceiina
ID BomoTOKa 2060002
HaunmeHoBaHHE U THIT BOJTOTOKA p. Tekec
ITopsimok BomoToKa 1
Kyna Bnagaer p. Une
C kakoro Oepera JIeBBIN
Verse CIII 42°34'4,909"
T'eorpadrueckie KOOpAUHATEH BJL 79°3826,234"
Herok CIII 43°35'15,557"
BJI 82°30'30,714"
BonoxossiicTBeHHas IPUHAICKHOCTD Paiion 02.01.2002
Vuactok 02.01.02.01
AIMUHWCTpATHBHAS TPUHAICKHOCTD Obnacty ATMATHHCKAA
Paiion KHP

Bce mapamMeTpsl U XapakTepHUCTHKH BOJOTOKOB OMPEACICHBI M YTOYHEHBI C MOMOIIBIO COBPEMEHHBIX
METOAMK U TEXHOJIOTUH T'€OMH(DOPMAIIIOHHBIX CHCTEM.

B Hacrosimem uccie0BaHNH TPEACTABICHBI OCHOGHbIE C8eOeHUsl O PEKax U BPEMEHHbIX 0OOMOKAX.
[IpuBeneHa NONOTHEHHAS U YTOYHCHHAS UHMOPMAIHS O PEYHOI cucTeMe OacceiiHa U BOJIOTOKAX, TIe Ompe-
JiefieHa MOpsIKOBas Kiaccu(UKalus BOAOTOKOB, YKa3aHbI CBEJCHHUS OTHOCHUTEIBHO NMPUHUMAIOIIETO BOJIO-
TOKa, a TAaK)Ke WX aJMHUHUCTPATUBHO-BOJJOX03IMCTBEHHAS TIPUHAJUIC)KHOCT U Teorpad)uuecKue KOOpAHHATHI
HCTOKOB U yCTheB. [IpUBOSITCA OCHOBHAS MH(BOPMAIUSA 0 MOPPOMETPUUECKUX U MOP(OITOTHIESCKUX XapaK-
TEPUCTUKAX BOJOTOKOB U MX BOJ0OCOOpOB (Tabi. 3, 4) U OCHOBHBIC CBEICHHS O TPAHCTPAHUYHBIX PEKax B
Bankamr-AnakonbsckoM bacceiine (tabdi. 5).

Mopgpomempuueckue xapaxmepucmuxu 000MOK08 U ux 6000cHopos. B kauecTBe MOPHOMETPUIECKUX
XapaKTepUCTHK BOJOTOKOB YKa3aHbI: JJIMHA MPUHUMAIONICH PEKH OT MCTOKA JIO BIAJCHUS PACCMATPUBAEMO-
ro BomoToka ¢ touroctsio 10 0,1 kM (L, km); miomans Bomocbopa (F, kM%); cpemmsisi BEICOTa BOZOCOOpa
(Hep., M); cperamii ykitoH (%o); HEHTP TKECTH PEYHOTO BOOCOOPa; IycTOTa PYCIOBOi ceTH (po, KM/KMP).

[IpuBeneHbI OTMETKH BBICOT MCTOKA U YCThSl BOAOTOKOB B MeTpax bC, cpenHuii u cpeaHeB3BEIICHHBIH
yKJIOH peku. CpelHui YKIIOH PEKH OTpeJiesieH KaK OTHOIIEHNE Pa3HOCTH BBICOTHBIX OTMETOK UCTOKA U ype-
3a BOJIbI B YCThE K COOTBETCTBYIOIIEH JuIMHE BOJOTOKA. CpelHEeB3BEIICHHBIN YKIIOH PEKH SIBISETCS yCIIOB-
HBbIM BBIPOBHCHHBIM YKJIOHOM JIOMaHOTO MPOQHIIS, PABHBIM CYMME YaCTHBIX CPEJIHUX YKIOHOB MPOQHISL
BOJIOTOKA. MI3BUITHCTOCTH BOJOTOKOB J1aHA B KM/KM’.

Mopdgonozuueckue xapakmepucmuku 000c60po8 BKIIOUYAIOT B ce0s KOJIMYECTBEHHBIC MTOKA3aTeNH, KO-
TOpBIE OIPEACISIOT OCOOEHHOCTH CTPOEHHUSI BOZOcOOpa: OTHOCHUTENIbHAS 03€PHOCTh; paclaxaHHOCTh; ypoOa-
HU3UPOBAHHOCTB; OTHOCHTENbHAS JIECUCTOCTh; OTHOCUTENbHAS 3a00I04€HHOCTD; 0JIEIEHEHHOCTb.

Bce 3TH xapakTepuCTHKHN ONpeNeNsiIiNCh KaK OTHOIIEHHE CYMMAapHOH Tuiomanu (Jecos, o3ep, O0JIOT U
Ip.) Ha BogocOOpe K IUTOMIaaM BCETO BojocOopa. JIJisi moaydeHuUs IMONHOIEHHBIX MAaHHBIX O MECTHOCTH,
penbede U BOJHON MOBEPXHOCTH, VIS COCTABICHHUS TONOrpadMUECKUX IUIaHOB U Npoduiier BOAHBIX 00bEK-
TOB CO BCEMH UX XapaKTEPHBIMH OCOOCHHOCTSIMH, ISl U3MEPEHUS] MOPPOMETPHUECKIX XapaKTEPUCTUK ObI-
JM TIPOM3BEJICHBl KOMIUIEKCHBIE ToJieBble paboThl. [loneBble paboThl HE 3aMEHSIOTCS HHU CaMbIM ITOTHBIM
W3yYCHHEM JIMTEPaTypPHBIX MCTOYHHWKOB, HU aHAJIM30M KapTorpaduyeckux marepuanoB. [lojesbie paboThI
MPOU3BOJMIIUCEH 151 BepU(PHUKALNHN BHIIOTHEHHBIX HASHTHU()UKAITMOHHBIX PaOOT.
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Tab6anuma 3

OcHoBHBIE rHApOrpadguuecKkne XapaKTepUCTHKH PeK U BpeMEeHHbIX BOJOTOKOB 1 BO10COOpOB
(Ha npumepe p. Texec)

Ha- MopdomeTpruieckne XapaKTepPUCTHKI
ID | nme- BOJIOTOKOB BOZI0COOPOB
No | BO- | HO- KaTeropm:“. OTMETKA BBICOT,|  yKJIOH CHTD THKECTH
* | 10- |Banne 1- HOCTOﬂHHbu:l., M EC peku, %o I p
wn TO- |M THII 2~ Bpeermniit |, K F, kv’ Hepo | Jep. |pedmOrO Bosmo- | po,
3 ~repmomuiics | oy cp. | m3B-m | ’ M %0 | coopa (CLI; |km/km®
Ka |BOMO- HCTOK | yCTBE | CP.
B3B. BJI)
TOKa
Bacceitn p. Une u peku ee Oacceiina
[N} Q
S| & 42°5322,321";
o ’ B
1 § e 1 458| 3606 | 792 |6,1|17,7| 1,74 |27550 | 2547 | 42,5 81°29'43 934" 0,08
N g,
Tabnuna 4
OcHoBHbIe rHApOrpadguueckne XapakKTepucTHKU PeK M BpeMeHHbIX BOJOTOKOB M BOA0COOpOB
(na npumepe p. Texec)
Hauwmeno- Kareropus: Mopdonoruyeckue XapakTepuCTUKI BogocOopa
Ne- | ID Bono- | Bamme u |1 TOCTOAHHEIH; pacraxan- | O Oamm- | ocue- | saboro- onesicHeH-
T TOKa THII BOJIO- | 2 — BpeMeHHbIi; | 036PHOCTH 31po-
ToKa 3 —repsompiics HOCTB | o ory | TOCTB | HCHHOCTH HOCTb
1 2 3 4 5 6 7 8 9 10
Bacceitn p. Une u pekn ee OacceliHa
1 | 2060002 | p. Texec | 1 | 0003 | 013 | 0008 | 0111 | 0 | 0,035

Tabnuma 5

OcHoOBHBIE CBe/ICHHSI 0 TPAHCTPAHUYHBIX pekax Baikam-Asakoabsckoro 6acceiiHa (Ha npumepe p. Tekec)

Ne ID Haumenosanwne u | Ilopsgok C xaxoro Pacnonoxerne "
Kyna Bnagaer IIpumeuanue
BOJIOTOKA THII BOJIOTOKA BOJIOTOKA Oepera | ucTOKa | yCThs
1 2060002 p- Texec 1 p. Nmm 1B PK KHP HTPK(EPPK i

Bepudwukanus — 310 cpaBHeHHE THAPOTpahUUECKUX XapaAKTEPUCTHUK, ITOIYIEHHBIX ¢ KOCMOCHUMKOB U
133 (aucrannmoHHoe 30HAMpoBaHUE 3emin) myteM oOpabatsiBanus ['MIC mporpammamu, ¢ pe3ylbTaTraMu
MOJIEBBIX M3BICKAHWN M M3MEPEHUil: JIMHEMHBIX, BBICOTHBIX M IUIOIIAJHBIX XapaKTEPUCTHK, C MOIyYCHHEM
MOTPEIIHOCTEH, Tepex0THBIX KO3 (HUIIEHTOB.

Paccmompenvr mpancepanuunvie pexu Banxaw-Anaxonvcko2o 6accelina M COCTaBICH COOTBETCTBYIO-
mmii crivcok. [lpejcraBiieHa JONOMHEHHAs: M YTOYHEHHass HHQOpMAIUs O PEeYHOH crucTeMe OacceiiHa u BO-
JOTOKax, TJ€ yKa3aHa MOPSAAKOBas KiacCH(UKAIMS BOJOTOKOB, CBEACHUS OTHOCHUTENHHO NMPUHUMAIOIIETO
BOJIOTOKA, & TAaKXKe PACIIOJIOKEHHUE HCTOKOB U YCTHEB C YUETOM HMX TpaHcrpaHndHoctu. Kpome toro, npea-
CTaBJieHa OCHOBHas HHGOpMaIus 0 MOPPOMETPUIECKIX U MOPPOJIOTHYECKHX XaPAKTEPUCTHKAX BOJIOTOKOB
U UX BOJOCOOPOB, B TOM YHCIIE JaHHBIE ISl CONPENEeNbHON TeppuTOpuu. JJonomHUTENnbHO naeTcs nHpopma-
IS O TOM, TIEpEeCceKaeT JIM BOJOTOK [ 0Cy1apCcTBEHHYIO IpaHMIly MITH POTEKaeT BIOJIb Hee (Talur. 6).

Bcero na Tepputopun bankami-Anakonsckoro BXb HaxoaaTcs 32 TpaHCTpaHUYHBIX BOJOTOKA.

[To BceM mpeacTaBIeHHBIM THAPOTPadUIECKHM CBEJICHUSM O PEKax M BPEMEHHBIX BOJOTOKAaX JJIs
3¢ (}eKTUBHOCTU W peUIeHUs psija 3a1ad pazpaboraHa ux BeO-Bepcus, B Buae «Cucrema nudpoBbIx mac-
MOPTOB PEK», TPEACTABIIONIass COO0NH MHTEPAKTUBHYIO KapTy CO MHOXKECTBOM JIOTIOJIHUTENBHBIX MOJY-
nei (puc. 3).
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TaGnuma 6

OcHoBHBIE MOp(oMeTpUUYECKHE XaPAKTEPHCTHKH TPAHCTPAHUYHBIX pek Bankam-Ajsakoibcekoro facceiina
(Ha npumepe p. Texec)

X Bomorokos Bogocbopos
ID | Hamme- ?QSK_ OTMETKA yimon | ko
- - 2 o
No BO- | HOBaHUE Tpatc- qnvHa L, KM | BBICOT, M pex, %o |3bd. F, km Hep, M Jep.r %0
0- | ¥ THI BC
TOKa| BOLOTOKA TatI- Bcee Uec- | Ye- C 1 Bce Bcee Bcee
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Pucynok 3. OcHoBHast BeO-CTpaHuIla paboThI ¢ U(POBBIMU MTACTIOPTAMU PEK

Be6-Bepcust npeHa3HaveHa Jiisi 00ecTieYeHus] aBTOMAaTU3UPOBAHHOW paboThI ¢ TAHHBIMU PEK, BPEMEH-
HBIX BOJIOTOKOB M UX BOJIOCOOPOB; MPEJOCTABISET BO3MOKHOCTh ITOMCKA M HABHTALIMY 10 331aHHBIM Iapa-
MeTpaM M XapaKTepPUCTHKaM, B TOM YHCJE [0 KPYIHBIM BOAOpa3zesiaM, BOIOCOOPHBIM U BOJOXO3SHCTBEH-
HBIM OacceiHam, 0 aIMUHUCTPATHBHO-TEPPUTOPHATIBHOMY JICTIEHUIO.

JanHas cucreMa MMeeT OTIMYHBINA TMOTEHIWAN ISl pacIIMpeHus] (YHKIHOHAIBHBIX BO3MOXHOCTEH,
JIOpabOTKU TeKYHMMX (YHKLUMH, co3AaHus HOBBIX (YHKUWH, MOAyJed, nHTepdeiicoB MpOrpaMMHOIO B3au-
mozeiictBus (API) ¢ npyrumu cucremamy, B TOM YKCIIE TOAOOHBIMU T€OMH(POPMALIIOHHBIMHA CHCTEMaMHU.

Baxnouenue

B nponiecce BoimosnHeHHOH paboThl B bankami-AnakonsckoM OacceliHe cTao BO3MOXXHBIM HIEHTH(U-
uupoBath 4869 pek pasM4HONW AJUHBI, KOTOPbIE MO TEPUTOPUAILHO-0ACCEHHOBOHN MPHUHAANIEKHOCTH U
CTPOCHHUIO TUAPOTpadUUECKON CEeTH MOAPA3ACIAIOTCS Ha 9 palloHOB. BONBIIMHCTBO peK OTHOCHUTCS K CaMbIM
MaJIbIM peKaM JJIMHOM:

— 110 10 xm otHOCHTCS 2397 pek;

— K MasibIM OT 25 1o 100 xm — 593;

—k cpeqaum ot 100 1o 500 km — 54;

— Kk 0osbimmM pekam amuHon S00—1000 kM Beero 2 peku — p. Mite u Asros.

Takas >xe wiaccudukanus mpencraBieHa Obuia B Pecypcax mosepxnoctHbix Bog CCCP (T. 13,
1970 r.), mo maHHBIM 3TOW MOHOrpaduu cample Maible peku uHON 10 10 kM — 50114, mansie — 503,
cpenaue — 53, 6onpmie — 1. Kak Buaum, mociie uaeHTU(GUKAIMKA COBpeMeHHbIMH Metonamu u [HC-
TEXHOJIOTHSIMH, CAMBIX MaJbIX PEK OKa3aJloCh 3HAYWTENFHO MEHbILIE, a Majble pekd Ha 90 pek, cpenHue u
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0osbinve Ha 1 peky MEHbIIE. DTO TaKKe MOXET OBITh CBS3aHO ¢ KIMMATUYCCKUMH YCIOBHUSIMU, BO3MOXKHO,
YTO MaJble U CPEHUE PEKH 0OMEIeIu.

OcHoBHbIE THAPOTpadhUIECKUEe CBEICHUS B TAKOM PACIIUPEHHOM, 3JIEKTPOHHOM (hopMaTe mpecTaBiie-
HbI BIICPBHIC U SBJSIOTCS YHUKAIBHBIM, OPHTHHAIBHBIM CIPAaBOYHBIM mocoOueM. Kakmas peka, BOIOTOK
UAeHTH()UIMPOBAHBI M UMEIOT MPUCBOSHHBIE HACHTH(PHUKATOPHI (YHUKAIbHBIE HOMEPA), KOTOPHIE OTPaKArOT
MOPSIJIOK UX PACIIONOXKCHHUS Ha TUAPOrpadHUECKON CXeMe C YIeTOM aJIMAHHCTPATUBHO-BOJOX03HCTBEHHON
MPUHAITICKHOCTH, BBICICHBI THITBI BOJOTOKOB (peka, MPOTOKa, pydeH u T.1.), yKa3aHbl KOOPIUHATHI HCTOKA
U YCThS BOJOTOKA, aJIMUHUCTPATUBHAS MPUHAJICKHOCTh (00JIACTh, PaliOH), BOAOXO3SICTBEHHBIN Y4aCcTOK
(paiion, yuactok). OmpeneneHnbl Bce MophoMeTpuuecKkue (niouads, cpedHss ebicoma 8000coopa, yeHmp
MSAICECMU PEYHO20 8000CO0PA U 2YCIMOMA PYCrogou cemu) U MOPQPOIOTHICCKUE. OMHOCUMENbHASL 03€ep-
HOCMb U pACNAXAHHOCMb, YPOAHUZUPOBAHHOCTY, OMHOCUTNENbHAS JIeCUCTOCMb, OTMHOCUNENbHAS 3A0010-
YEHHOCMb U 0I€0eHeHHOCMb) XapaKTePUCTHKH. [Ipe/icTaBIeHbl OCHOBHBIC CBEJICHUS MO TPAHCTPAHHUYHBIM
peKaM: pacroyIoKEHHE UCTOKOB M YCThEB C YUETOM WX TPAHCTPAHUIHOCTH, TIepecekaeT BOAOTOK ['ocynapcT-
BEHHYIO I'PaHULy WIH IIPOTEKAET BAOJIb HEE.

[MpencrasnenHast nHGOpMAaLUs MOJE3HA IS CIIEIHATUCTOB BOJAHOTO MPOQUIIS, a TAKKE TOCYAapCTBEH-
HBIX OPTaHOB, MPHHUMAIOIINX PEUICHUS B YIPABICHUH BOJHBIMH PECYpPCaMU U 3aHUMAIOIIMXCS BOJIOX O3S~
CTBEHHOH MHQPACTPYKTYPOM, ¥ MOXKET MPUMEHATHCS Pa3IUYHBIME 3aMHTEPECOBAHHBIMU I10JIb30BATEIISIMH,
OpraHaMU YIIPaBJIEHUS BOJOXO03SUCTBEHHON EATEIbHOCTHIO.
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A.A. Typcynosa, C.K. Anumkynos, A.b. Mbip3axmMeToB,
M.A. Kanaii, A.)K. Jlocraesa, I'. Micakan

Bankam-Anake cy mapyambLibIK a1a0bIHBIH HeTi3ri e3eHaepi
MEH YaKbITIIA CY aFbIHIAPbI TYPaJibl Heri3ri rugporpadusijibIK MJIiMeTTep

Makanana bankamr-Anaken cy MIapyalubUIbIK anaObIHIAFbl ©3€H JKENICIHIH JKaFmaalbl Typajbl HeTisri
MarniMerTep OepinreH. Onap Taynsl aiiMakTapiga 5 KM-ZeH jkoHe KasbIK skepiiepae 10 xM-meH OacraiaThiH
o3eH/ep MEH YaKbITIIa Cy AaFbIHIapBIHBIH Ti3IMIHEH Typajbl, COHBIMEH KaTap OJApAbIH HeTI3Ti
MOP(MOJIOTHSIIBIK KOHE MOPGOMETPISUIBIK CHIIATTaMallapbl Typanbl MANIMETTep[l KaMTHIBI, OCBIHIAH
MaiMerTep Tek 1970-mi sxsurnapsr 6epinred, an 1970-mm xeuinapaaH KeiiH ockIHAalH ayKBIMABI 3epTTeyiIep
JKYpPTi3iiMereH. 3epTTeyliH MakcaThl — ©3CHIACp MEH YyakbITIIa Cy aFblHAapAbl HICHTH(UKaIusIay,
COHBIMEH KaTap JaJaJbIK 3epTTeyiep apKbuIbl )koHe 3aMaHayH ['AXK TexHOIOoTrusnapbIHbIH KOMETriMeH HeTi3Ti
ruaporpadusIbIK aKnaparTsl any. KoibuiFan MakcaTKa *KeTy YIIiH 3aMaHayH THAPOJIOTUSUIBIK-TEOIE3USIIbIK,
KaOIBIKTap bl Kosiany sxoHe ArcGIS kypammapsl MeH OarmapiaManapsid Maiiganana oteipbin, Sentinel 1,2
CIYTHUKTEPIHIH FApBIITHIK CYpeTTepiH Aemmdpiey apKpUIbl KEMICHIl Jajia dKYMBICTaphl XKYpri3iiani. OpOip
©3C¢H MEH yakbITIa Cy arbIHBI reorpad suIbIK akmapar xylecinne Oiperell mueHTudukatopra ue. Jlepexrep
6a3acbl THAPOJIOTHS, YKOJIOTHS, TAOMFATTHl MalilallaHy caJachIHIAFbl alMaKTHIK 3epTTeyieple Naiifananyra
apHaJFaH, COHAal-aK ©3eHepAiH MOHUTOPUHIT MEH KaJIIbIHA KeNTipy, TPaHCIIEKapalblK 03¢H alanTapblHIa
Cy maiinanmaHyapl YHBIMIACTBIPY >KOHIHJETrl ic-IIapamapiabl JKy3ere acelpy YIIH akmapar ke3i OoJibn
TaObUIAb].

Kinm ceszoep: runporpadus, e3eH xyieci, cy mapyamsUIbK anadbl, KaifiHap Ke3, cara, Te0aKnapaTThIK Kyiie,
Oipereit nupenTuduKaTOp, XKepai KaIIBIKTHIKTaH 30HATAY.

A.A. Tursunova, S.K. Alimkulov, A.B. Myrzakhmetov,
M.A. Kanay, A.Zh. Dostaeva, G. Isakan

Basic hydrographic information about the rivers
and temporary watercourses of the Balkash-Alakol basin

The article presents basic information about the state of the river network in the Balkash-Alakol basin. They
consist of a list of rivers and temporary watercourses from 5 km in mountainous areas and from 10 km in
lowland areas, and also include information on their main morphological and morphometric characteristics,
which were presented only in the 1970s, after the 1970s such extensive research has not been done. The
purpose of the study is to identify rivers and temporary streams, as well as to obtain basic hydrographic
information through field surveys and with the help of modern GIS technologies. To achieve the goals,
complex field work was carried out using modern hydrological and geodetic equipment and interpretation of
space images of Sentinel 1,2 satellites using ArcGIS tools and programs. Each river and temporary
watercourse record has a unique feature identifier in the geographic information system. The database is
intended for use in regional studies in the field of hydrology, ecology, nature management, and is also an
information source for the implementation of measures to monitor and restore rivers, organize water use in
transboundary river basins.

Keywords: hydrography, river network, basin, source, mouth, geoinformation system, unique identifier,
remote sensing of the Earth.
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