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B.C. AGyKkeHOBa"

Kapaeanounckuii ynusepcumem umenu akademura E.A. Bykemosa, Kapaeanoa, Kazaxcman
*Aemop 0ns xoppecnondenyuu. abu-veronika@yandex.kz

I[HouBeHHast Me30(payHa YePHOOJIbXOBBIX JiecOB Ka3axckoro MejKoCcOnoYHuKAa
B YCJIOBUSIX PeKPEANMOHHON U MACTOUIIHON TUTPecCuu

N3yvanachk mouBeHHas Me30(ayHa YEpPHOOIBXOBBIX J1eCOB Ka3aXCKoro MenkoCOMOYHHKA, KaK IMOKa3aTelb
(GyHKIMOHANBHBIX 0COOCHHOCTEH HacaxaeHuid Alnus glutinosa Ha 10ro-BOCTOYHOMN TpaHuLe apeana. Jleca He
00pa3yloT MacCuBOB OOJIBIION IIJIOLIA/H U CBSI3aHbI C TUIOM penbeda, J0JIMHAMU PYYbeB U peueK, TIyOnHon
3ajeraHysl TPyHTOBBEIX BoA. O IpeBHEM IPOUCXOXKACHHU M BaYKHOM 3HAUEHWH YCPHOOJIBIIAHUKOB, KaK pedy-
THyMOB, CBHIETEIBCTBYIOT PEIUKTOBBIC BUABI (GIIopkl 1 dayHbl. [lox BIusSHEEM peKpeallnoHHOW Harpy3Ky 1
BBITIACA JICCHBIE COOOIIECTBA M3MEHSIOTCS, YTO TpeOyeT CKOpeHIel OLEHKN COCTOSHUS Ha3eMHBIX OHOIeHO-
30B. YCTaHOBIICHO, YTO YCPHOOJIBXOBEIE JIeCa MEJIKOCOIIOYHUKA XapaKTepU3yIOTCsl BRICOKOH o0Imel Grmomac-
coit mezodaynst (ot 13,6 r/m? 10 42,1 t/m?), re Gosee 85 % 300MaCCHl IPUXOAUTCS HA CATTPO(HIBHBINH KOM-
nexc. [II0THOCTh TIOYBEHHOTO HacesleHus 3HauuTenbHa (0T 272,6 5kx3/M? 10 503,55 5K3/M2), T.€., B LIEJIOM,
Jieca COXpPaHSAIOT YEPThI 30HATBHBIX MIUPOKOIHCTBEHHBIX (opMaluii. BhIsIBIEHB aHTPONUUECKUE U3MEHEHUS
CTPYKTYPBI N1€I0OMOHTOB B UE€PHOOJBIIAHUKOBBIX ACCOIMAIMAX, HAXOAIIMXCS HA Pa3HbIX CTAAUAX peKpea-
IIMOHHON M TacTOMIHON murpeccuu. HaOmromaercs mocienoBaTelIbHOE YMEHBIICHHE MHIEKCA IUIOTHOCTH
nouBeHHOro Hacenenus (P=145,6; 80,19; 69,7) u nomu jgecHpIX BUIOB. OTMEUEHBI CMEHA KH3HECHHBIX (OPM U
UX COOTHOIIEeHUH B MonenbHbIX (Carabidae) u nomunupytomux (Lumbricidae) rpymnmax, pocT YHCIEHHOCTH
300(aroB, CHIKEHHE 00mIero oOmms 1 oOeHEeHNe BUAOBOTO cocTaBa canpodaros. [louenHas Me3ohayHa
OTpakaeT B CBOEH CTPYKType OMOIEHOTHYECKOE CBOE0Opa3He PEIUKTOBBIX YEPHOOBIIAHUKOB CTEITHON 30HBI
U CYKIECCHIO OMOIIEHO30B.

Knioueswie cnosa: mouBeHHas: Me30odayHa, JTIOMOPHLIU/IBI, YEPHOOJIBXOBBIC Jieca, PEKPEaLlOHHAsT TUTPECCHs,
Kazaxckuii MEJIKOCOIOYHHK.

Beeoenue

JlaramagpTHO-9KOIOTHYECKHEe 0COOCHHOCTH Ka3axckoro MelkoCONOYHUKA CO3/IAI0T yCIoBuUs st (op-
MUPOBaHHUS YHUKAIBHBIX MPUPOJHBIX (UTOICHO30B C BHICOKHMM OHOPa3HOOOpa3veM, 3HAUYUTEIHHO OTJINYa-
IOIUXCS OT 30HANBHBIX. B pedyruanpHbIX 30HaX COXPaHMINCh HEMOPAIBHBIE U OOpPEaIbHBIC PEITUKTHI MPO-
IUTBIX TEOJIOTUYECKHUX 3I0X. BBICOKMM pa3HoOoOpa3ueM OTIMYaeTcs OWOTa IMOYB, BAKHEHINNN KOMIIOHCHT
HA3eMHBIX SKOCHCTEM W WHJIWKATOp WX WU3MECHEHUs B HACTOSIIEM W TpouuioM. Hammuwe crienuduyueckux
«OMOMapKepoB» W3 YHUCIa MEAOOHMOHTOB TO3BOJSCT CYAWTh O JUHAMHKE KIMMATHYCCKUX, dAa(pUUCCKUX,
OMOTHYCCKUX U3MCHEHUH, UCTOPUHU (POPMHUPOBAHHS JTaHIIA(QTOB 1 OUOIIEHO30B.

Cpenu YHUKAIIBHBIX SKOCHCTeM Ka3axcKoro MemKocOmoYHUKa OOIBIION WHTEpeC MPEACTaBISIOT Yep-
HOOJIBIIIAHUKH, PACTUTENBHBIE COOOIIECTBA C 0COOBIM PEKMMOM YBIOKHEHHUS B JIOJHHAX PYyYheB H TOHMax
HEOOJBIINX peYeK. DTO CaMble H0KHBIE MECTOOOUTAHHUS OJIbXYM YEPHOH, €CTECTBCHHBIN apeall KOTOpOoi 00-
IIUPEH, HO AU3bIOHKTHBEH. dutorieHo3bl Alnus glutinosa (L.) Gaertn npeAcTaBisioT HauboJee IPSBHUM THIT
JIECHOM PacTUTEILHOCTH, TPEKIE IMIHUPOKO pacmpocTpaneHHor [1-3]. B HacTosee BpeMs COXPaHMIUCH
YYaCTKH KOPCHHBIX CYOKJIMMAaKCOBBIX YCPHOOJBIIAHWKOB B basHaynbcko-Kapakapamuackux u Hussz-
EpMeHTayckux HU3KOTOPBSX, TJIe MECTa MPOU3PACTaHMsI PEIIMKTa MalleOTeHOBOTO mepuoaa 4. glutinosa ot-
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HOCSTCSI K OXpaHHBIM TEPPUTOPHUSIM HALMOHAIBHBIX MPUPOIHBIX MapkoB basHaynsckuit 1 Byiipartay. [upo-
KOJIMCTBEHHBIC MIPUPYYBEBBIE JIeca HMEIOT cpenoobpasyronryio ¢ynkuuro. Co3aaBasi MO3aUdHOCTh YCIIOBHIA
U YCHJIMBasl pa3HOOOpa3He HKOTOMOB, BBIOIHSIS MOYBO3ANIUTHYIO M BOJOOXPAHHYIO POJIb, OHH YYacTBYIOT B
COXpaHEHUH U TOAJIEpKaHUU OMOpa3HooOpasusi Gpropsl u (ayHBI.

OcTpoBHBIE HaropHBIE JIeCa, COTIACHO Pe3yJIbTaTaM ITOYBEHHO-300JI0TMYECKUX HccienoBanuii B Kap-
KapaJIMHCKUX HU3KOTOPBAX, ABIAIOTCS peyrnyMaMn 0oOIIEeBPOIECHCKIX HJIEMEHTOB M 3JIEMEHTOB 3aIla{HO-
naJleapKTUIeCKoro (hayHUCTUIECKOro Komiuiekcea [4, 5].

Wndopmanus o mouBeHHOH (ayHEe YEPHOOIBXOBBIX JIECOB HU3KOTOpHA BechbMa CKyHa. Llenpio Hammx
UCCIIE0BaHUl OBIJIO CPaBHUTEIBLHOE M3YUYCHHE HACEICHHS MOYBEHHBIX OSCIIO3BOHOYHBIX B Psly peKpeary-
OHHOHU Jurpeccuu GUTOIICHO30B OJIbXH YepHOH B Ka3axcKoM MEITKOCOTIOUHHUKE.

Pation uccredosanus u npobnvie niowau

Kazaxckuif MEIKOCOTIOYHHK BXOJUT B COCTaB MOIIHOTO CTEMHOTO (IOPO-IIEHOTHYECKOTO MEHTpa —
ATalicko-MOHT0IBCKOH 00JIACTH, CHIIPABIIErO 3HAYUTEIBHYIO pOJib B (OPMHUPOBAHUM CTCIHON (JIOpHI
EBpazun. C muoreHa 1o TUIMOICH PaCTUTEIILHOCTD 3TOM TEPPUTOPHH TpruoOperia XxapaKTep XBOWHOTO Jieca,
CJIOKWJTUCH OJIATONPHUATHBIC YCIOBUS NIl MPOHUKHOBCHHS B MEIKOCOMOYHUK OOpEaTbHBIX JIEMEHTOB (hiIo-
pBI B3 ceBepHOM YacTh 3anagHo-Cubupckoii paBHUHBI, ¢ Antas u ¢ FOxHoro Ypana [6, 7].

BonpmmHCTBO 60peanbHBIX PEIUKTOB BCTPEYACTCS B MEIKOCOTIOYHHUKE CIIOPAJNYECKH, 3aHUMas B pac-
TUTENBHBIX COOOINECTBAX MOYMHEHHOE TI0JI0KECHHE, HO 0JIbXa YePHAS BBHICTYIIACT B POJIM JJOMUHAHTA, 00pa-
3ysl JICHTOYHBIE Jieca B JIONIMHAX PYYbeB. B apHIIHBIX yCIOBUSAX CTEITHOW 30HBI (PUTOIICHO3BI OJbXU YEPHON
CYIIECTBYIOT U B 3a00JI0UEHHBIX, U B CYXOJOJNbHBIX MecTooOnTaHmsX. CoBpeMeHHasl TUIOIMab YePHOOIIbIIa-
HUKOB cocTaBigeT okojo 500 ra. Hapsay ¢ onbxoil 4epHOU B LIEHO3aX MPEACTaBICH KOMIUIEKC KyCTapHUKO-
BBIX OOpeaNbHBIX PeNMUuKTOB (Ribes nigrum, R. hispidulum, Viburnum opulus) m TpaBsHUCTBHIX (Pyrola
rotundifolia, Matteuccia struthiopteris, Athyrium filix-femina, Heracleum sibiricum, Circaea alpina n ap.).

JlecHble MacCHBBI TOJBEPTaIUCh AHTPOIIOTCHHOMY IIPECCY, M HE HAPYIICHHBIX YEPHOOJBIIAHUKOB
MPaKTUYECKU HE COXpaHWIOCh. HanbombIiee BIMsHUE HA COOOIIECTBA OJIBXH YSPHOW OKa3aJid BBINIAC KPYTI-
HOTO POTaToro CKOTa, a TaKKe BRIPYOKa /IEPEBHEB U BHITANTHIBAHHE. PeuKkTOBBIE YepHOOIBbIIAHUKHY B LleH-
TpasibHOM KazaxcraHe mpe/cTaBIeHbI aCCOMUAIUSIME, HAXOASIUMUCS HA Pa3HBIX CTAJIUAX PEKPEallMOHHOMN
Y acTOUIIHOM qurpeccuu [8, 9].

Crmabo HapyIICHHBIA YePHOOJBITAHUK CTPAyCHUKOBEIN (I) — B cocTaBe TpaBOCTOS JOMHUHHUPYIOT CTpa-
YCHUK OOBIKHOBEHHBIH (Matteuccia struthiopteris) n uncroren o6onpmoit (Chelidonium majus). CtpaycHUK
OOBIKHOBEHHBIH XapaKTEPEH JIJIS JICCHOUM 30HBI U TUIOXO TIEPEHOCHUT BhIMac. [10UBEI 1€pHOBO-TJIEEBBIE CYTIIH-
HUCTBIE, YBI&KHEHHE 0OMIHbHOE, HHTEHCUBHO-TIPOTOYHOE.

Ueproonpmanuk OynpoBsiid (II) — B TpaBsHOM sipyce JOMHHHPYIOT Oyapa tumomeBuaHas (Glechoma
hederacea) u rpaBunat ropoackoit (Geum urbanum). CocTaB NMOYB M PEKUM YBJIAKHEHUS OJM3KU MPEIbI-
nyamM. [1o skomornyeckuM yciioBusM rpymmna audGepeHInaNbHbIX BUAOB OTHECEHBI KO BTOPOM CTajuu
MacTOUITHON Aerpagarui. Uncio CHHAaHTPOIHBIX BHIOB B COCTABE TPABSIHOTO MOKPOBA BO3PACTaET; HEKOTO-
poie 3 Hux (Urtica dioica, Chelidonium majus, Glechoma hederacea, Galium verum) BEIXOAST Ha TIO3UITUIO
KOJOMHHAHTOB, TIPOEKTUBHOE MOKpBITHE 5-25 % mmu 25-50 %. KonmvecTBo OOpeanbHBIX PEIMKTOB B CO-
craBe TpaBocTos 8—10 BHIIOB.

VYBennueHue peKkpearroHHbIX U MAaCTOWIIHBIX HArpy30K MPUBOIUT B MECTOOOMTAHUSX C WHTCHCHBHO-
MPOTOYHBIM YBIOKHEHUEM K (opmupoBaHuto 4YepHOONbITAHUKOB KkpanmuBHBIX (III). ITouBbl nepHOBO-
MIEPETHOWHO-TJICEBbIC CYTIMHUCTHIC. J[0JIsi OOpealbHBIX PEMKTOB CHIDKASTCS 0 3—7 BUIOB, 2 CHHAHTPOII-
HBIX BUJOB Bo3pacTaet 70 15-29. Ha teppuropuu basHaynsCKOro HaIIMOHAIFHOTO MapKa BCTPEYAIOTCS Yep-
HOOJIBIIIAHUKY BCEX IMPHUBEICHHBIX BHIIIE TUIOB. B HarmoHanpHOM mapke byliparay cOXpaHWIHCH TOJBKO
CWJIBHO HapYIICHHEIC JIeCa U3 OJIbXH YSPHOM.

Memoovr u mamepuanv

Marepuanamu JUis TaHHOH pabOThI MOCITYKHIIU PE3YJIbTaThl COOPOB, TIPOBOJUMBIX B pa3HOE BpeMs Ha
TEPPUTOPUHN HAIMOHATBHBIX MAPKOB. DKCICPUMCHTAIBHBIC YYACTKH 3aKIIaJBIBAINCH B TPEX aCCOIHMAILUIX
YEPHOOJIBIIAHUKOB Ha JEPHOBO-TIIEEBBIX TOYBAX, IIPOMU3BOIHBIX OT OOIIEro TUIa, CymecTBoBaBmero 200—
250 ner Hazaxa. B psmy OMOIIEHO30B BRIpaKEHA TCHICHITHS Pa3peKUBAHUS APEBOCTOCB, OCIA0ICHUS TO3UIIAN
JISCHBIX BUJIOB, CHHAHTPOITU3AIUS PACTUTEIBHOCTH, YMEHBIIICHUS MOITHOCTH MOJICTHIIKY, OCTa0JICHHS TPO-
1eccoB JiepHoBaHus. KonmuecTBeHHBIE COOPBI M YUETHI BBITIOJIHEHBI MO OOMIENPUHATON METOJUKE TTOYBCH-
HBIX packorok [10]. Pazmep mouBeHHBIX pod — 50x50 cm. Pa3zbopka npoBoauiack BPYyYHYIO, TOCTIOWHO.
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CHauana y4yuTHIBagu 4YepBedl M APYrux OEClO3BOHOYHBIX, HAXOASALIMXCS B IMOJCTHIIKE, 3aTe€M pa3z0oupain
BepxHHIT cioi (0—5 cM) MOYBEI, IMOCJIE YETO TaKXKe IO CIOSM IPOBOAMIACH pa300OpKa MOYBHI 10 TUIYOWHBI
BCTPEYAEMOCTH TIeT0OMOHTOB. Unciio mpob mpu KakaoM oOcieaoBanuu ObII0 HE MeHee 16 (Mali—OKTsIO0pb).
Jnist aHanM3a IpuBICYEH TaK)Ke MaTepuall OTJIOBa JoBymkamu bapOepa.

Martepuan guxcupoBaiicss 90 %-HbIM ITHICHTIHKOIEM. [10Ka3aTeu YMCIEHHOCTH U OMOMACCHI JIaHbI B
CpeIHEM 3a BeTreTalMOHHBIN nmepuoa. Tpoduueckyro ciennaan3aniio JOMUHUPYIOMIUX BUOB M TPYIII IOY-
BEHHBIX OECTIO3BOHOYHBIX YCTAHABIUBAIIN COITIACHO JUTEpaTypHbIM AaHHbM [11, 12]. 13 mokazaTeneit oou-
JIMsI UCTIONIB30BAJICS. MHAEKC MJIOTHOCTH HACEJIEHHUsI COOTBETCTBYIommEeH rpynmsl (P). @aynuctiueckoe cxoa-
CTBO KOMILIEKCOB OIIEHHBAJIOCh ¢ oMomibio uHekca XKakkapa (K) [13]. Ilpu onpeaenenun roMOpunny u
JUISL XapaKTEePUCTUKU MOP(O-IKOIOTUIECKAX (POPM HCIOIH30BaIH COOTBETCTBYIONIUE PYKOBOJICTBA U OIIpe-
nenutenbHbie Tabmuuel [14, 15]. XKuznennsie ¢popmel xyxenul qansl o cucreme WM. X. laposoii [16].

CrarucTrueckyro 00paboTKy MaTepHaioB IMIPOBOIMIM C UCITOIB30BAaHHUEM IIporpaMMEl Statistica 6.0.

Peszynomamot u ux obcyscoenue

Mesodayna nousB B uyepHOONbIIaHWKe cTpaycHuKoBoM (I) mpencraBnena 11 orpsmamu u 39 cemeid-
ctBamu. O0MIas YUCIEHHOCTh 6eC03BOHOUHBIX 503,55 Kk3./M%, 6Guomacca 42,1 r/m?. KonbyaTble 4epBH ce-
MmeiictBa Lumbricidae cocraBnsior 59,34 % Bceii dayHbI 1o uncity ocobeit u 92,52 % no 6uomacce (puc. 1).
Cpeny 4JIeHHCTOHOTHX YHCICHHO AOMHUHHUPYIOT oTpsinel Coleoptera, Aranei, Diptera. Ilo obunuio cpenu
JKECTKOKPBUIBIX mpeobnagaror Curculionidae (67,1 3x3./M%), Scarabaeidae (22,75 >x3./M?), Staphilinidae
(11,5 5k3./M?), IEMOHCTPUPYS M BBICOKHE ITOKAa3aTelId MHAEKca MIOTHOCTH Hacenenus (P=167.3; 133,04;
19,91).
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COoogcTanea 150-5cw O5-15 cm
Cuctemarudeckue rpynmsl: [ — Lumbricidae; 2 — Aranei; 3 — Lithobiidae; 4 — Hemiptera, 5 — Carabidae (i, 1);
6 — Curculionidae (i, 1); 7 — Staphilynidae (i, 1); 8§ — Scarabeidae (i, 1); 9 — Elateridae (i, 1); 10 — Silphidae (i, 1);
11 — Formicidae; 12 — Tipulidae (1); 13 — Bibionidae (1); 14 — Tabanidae (1); 15 — Sciaridae (1);

16 — Syrphidae (1); i — umaro; | — auauHKN

Pucynok 1. Ctpykrypa Me30HaceneHus1, oOniIre 0ECTIO3BOHOYHBIX H pactpeeiieHue o IPOodUITIo ToYB
B IIEHO3aX YE€PHOOJBIIAHUKOBBIX acCOIMAIUii: | — 4epHOOJIbIIaHUK CTPAYCHUKOBBI;
Il — gepHOOMBIIaHKUK Oy ApOBHIH; [I1 — YepHOONBIIAHNK KPATTUBHBIH
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Jlmunaku Curculionidae pazmematorcs B mouBeHHOM ciioe 0—5 cM. Berpewasice B 92 % mouBeHHBIX
po0, OHU CBUIETENHCTBYET O BHICOKOH 33JIepHOBAHHOCTH TTOYB B ATOM TuIle jieca. Hanbonee MHOTOUNCIICH
Polydrusus (Eudipnus) mollis (Stroem, 1768) u3 rpynmsl AeHAPOTAMHOOHOHTOB, JICCHOH MHOTOSTHBIN BUI,
MPEMOYNTAIONINN CTAaOWIBHBIN TOYBCHHBIN pekuM. Tpoduueckn MpHypoOYeH K PACTCHUSM U3 CEMEHCTB
Betulaceae (B cocTaBe mprMecH K OCHOBHOMY JIPEBOCTOIO) U Rosaceae (B cOCTaBe TOIJICCKa) B OMOTOIIE.

JIMYMHKA TUTACTUHYATOYCHIX KYKOB Scarabaeidae Takke YyBCTBUTENbHBI K KOJIEOaHHWAM BOIHO-
TEIUIOBOTO PEXHMMa U HE BCTPEUAIOTCS B MOJCTUIIKE, COCPENOTOUYMBasICh Ha riayoune 5—10 cm. [Ipesamupy-
IOIUM BHUJIOM CPEIIU HUX SIBJISETCS OOUTATEIh CTEITHOM, JIECOCTEITHOW M TaeKHOUM 30HBI, MHOTOSTHBIA Bpe-
mutens Serica brunnea (Linnaeus, 1758), ooHapyxeHHBIH B 82 % mpo6. CpemHsas 4HCIEHHOCTh BHIA J0-
BOJILHO BBICOKA — 19,6 5K3./M%. OOBIYHBI TaKKe NpeACTaBUTENN poaa Aphodius.

PazHooOpa3ue KOPOTKOHAJAKPBUIBIX KYKOB HEBEIHMKO. XapakTepHbl Menkue (opmel Staphilinidae
(P =19,91), npuypodcHHBIC K MUKPOOOUTAHUSM B TTOACTHIIKE H TIOBEPXHOCTHOM CJIOC TTOUBBI.

MeTo/1pI TTOYBEHHO-300JI0THUECKUX HMCCIEIOBAHUNA JAI0T BO3MOXKHOCTH BBISIBUTH paclpe/iesieHue I0-
MUHaHTHBIX BUA0B Carabidae, Kak WHANKAaTOPOB peKpeannoHHoOro Bo3aeicTBus [17-20]. B uenozax yepHo-
OJIBIIIAHUKA CTPAYCHUKOBOTO 3aperucTpupoBano 14 BumoB xyxemuil u3 10 pomos. MHACKC TUIOTHOCTH Hace-
nenus P =17,34.

B cnekTpe xu3HEHHBIX (POPM TOMUHHPOBAIU 300()aru CTpaTOOMOHTHI-CKBAKHHUKY TOACTHIOYHBIE. J]0-
JI1 BUJIOB 3TOM rpymmsl coctasisuia g0 30 %. Yamie apyrux BCTpeyanuch Jieco-0000THEIE Epaphius secalis
(Paykull, 1790) u Pterostichus (Phonias) strenuus (Panzer, 1797) Buaibl eBpOneicKo-CHOMPCKOTo apeaia.

B »ToM nmecHOM OHMOIIEHO3€ pa3HOOOpa3Ha M ApyTas TPYIIIa — CTPATOOMOHTHI 3apBIBAIOIITHECS TTOICTH-
JIOYHO-TIOYBEHHBIC, JOJIA ATHX BUAOB okoio 50 %. Jlomuuupyetr Pterostichus (Bothriopterus) oblongo-
punctatus Fabricius, 1787, necHoit 300(dar mUPOKOro TpaHCHaaeapKTUYECKOro apeana. KomxoMHUHAHT —
Pterostichus (Platysma) niger (Schaller, 1783), eBpomeiicko-cuOUpCcKuid JIeCHOM BHI. JIECHBIME SBIISIOTCS
64,3 % 3aperucTpUpOBaHHBIX BHUOB, OCTaJIbHBIE OTHOCSTCS K JYTOBO-TOJIEBBIM M JYTOBBIM. EBpomencko-
cuOupckux BUAOB He Oornee 28,6 %.

IIpensimymmmM ceMeicTBaM KECTKOKPBUTBIX Om3ku 1o oommmto Coccinellidae (P = 16,79) u Elateridae
(P =17,74), obuTareny NOACTUIKA U BEPXHHUX TIOUYBEHHBIX TOPU30HTOB.

W3 otpsana nBykpeuibix (Diptera) B TOYBEHHBIX MPOOax Mo OMOMAacce TOMHHUPOBAIM JTUYUHKH KOMa-
pos-nonronoxek Tipulidae (8,25 ox3./mM%; 0,82 1/M%). B 75 % 1po6 otmeuenst Buanl ponos Tipula (Tipula
varipennis Meigen, 1818) u Nephrotoma. Tlpoune muuanakn canpodaru maiounciaeHssl (0,13-0,87 sk3./m?).
XulrHble JTMYUHKU TBYKPBUIBIX U3 ceMelcTB Therevidae, Tabanidae, Dolichopodidae naiinenst B 25-50 %
npo6 co cpemHell 00IIElH YMCIEHHOCTEIO 5,25 9K3./M2.

Cpenu Apyrux y4YTEHHBIX TPYII, HETOCPEIACTBEHHO CBS3aHHBIX C JIECHOW ITOACTHIIKOW, PEryisipHO
BCTPEUAIOTCS MHOTOHOXKHU-KOCTSHKH (Lithobiidae). B MecTax CKOIUICHMS MOACTUIIKY OOHAPYXKCH MaHIale-
APKTUYECKUI MOJM30HAIBHBIN 3BpUTONHBIN BuI Monotarsobius curtipes (C. Koch, 1847), Becbma TpeboBa-
TEJHHBIN K YCIOBHSIM BIQXKHOCTH M MPEITOYNTAIOIINN JIECHbBIE MECTOOOUTaHHS, B KOTOPBIX SBISETCS OJHIM
U3 JOMHUHAHTOB B COOOIIECTBaX Iea00noHTOB. CpeHss YHCIEHHOCTh M. curtipes B mpo6ax 15,6 5K3./M2.
Bonpmas gacth mouBeHHOr0 HaceneHus (0ojee 93 %) B 4epHOOINBIIAHUKOBBIX accoluanusx | B TeucHue
BETETAIIMOHHOTO MEPHOa COCPEIOTOUECHA B JIECHOHM MOJCTHIIKE M BEPXHEM MOYBEHHOM cjioe 10 5 cM. B ro-
PU30HTaX TOYBHI 5—15 CM 3aperucTpUpPOBAHBI JIMYMHKH JKECTKOKPBUIBIX W JIoMOpumwael (6 %). ['myOxe
15 cM oTMedaeTcs eUHIYHAS BCTPEYaeMOCTb.

B Tpoduueckoii cTpykType coobmiectBa 0ecro3BOHOUHBIX Mpeobmanarot campodaru (94,56 %). Oc-
HOBHBIMH aKTHBHBIMH TyMH(HKATOpaMHy JIECHOW TOACTHIKHA B 3TOM OHMOIIEHO3€ SBISIFOTCS JIOMOPHUITHIBL.
Kak 3HaumMbIX campogaroB MOKHO TaK)KE pPacCMaTpUBaTh JUYMHOK JBYKPBUIBIX ceM. [ipulidae wu Bibi-
onidae. lons purodparoB — 3,39 %, B OCHOBHOM 3TO KyKH-HA0AroHOCUKHU (Curculionidae) n mnacTuHYaToO-
ycbie (Scarabaeidae). Xumauku cocTaBisiioT 1,54 % Bcex 3aperncTpupoBaHHBIX OOHWTATENEH, 3TO pa3HO00-
pasHbIe TayKu U BUABI ceMecTB Lithobiidae, Staphilinidae, Carabeidae, Tabanidae n np. CooTHOIICHHE
Tpo(pHUECKUX TPYIII MOKA3BIBACT, YTO METOOMOHTHI aKTUBHO BKIIIOUEHBI B ACTPUTHYIO MUIICBYIO IIeTh OHO-
[IeHO3a.

ITousennoe HacenmeHue B uepHOONbIIaHuke OyapoBoMm (II) Bxmouaer 10 otpsmos, 33—36 cemelcTs.
OO0mee oOmKe MOYBEHHBIX 0ECIIO3BOHOYHBIX HECKOJIBKO YMEHBIIMIOCH MO0 CPABHEHUIO C MPEABIYIINM Iie-
HO30M (272,6 5K3./M%*; 6Guomacca 23,59 r/m?). T103ULuI0 JOMUHAHTOB CPEIH MEJOOHMOHTOB COXPAHSIOT JIFOM-
Opuruabel. Ha Hux mpuxoautcs 60,56 % obmeit unciaennoctr u 93,51 % cpeaneit 6momaccsl. 1o motHOCTH
HACEJIEHUs BBIIEISAIOTCS JKECTKOKPUIbIE (29,25 3k3./M%; 0,76 1/M?), HOMYKeCTKOKpbUIbe (22,88 5K3./M%;

10 BecTHuk KaparaHgmHckoro yHusepcurteTa



Mo4yBeHHas Me3o¢)ayHa YEepPHOOJ1bXOBbIX J1eCOB ...

0,13 r/m?) u mayku (19,1 2x3./M%; 0,12 r/m?) (puc. 1). U3 sKeCTKOKPBUILIX Haubosee oOWIbHbI Scarabaeidae
(P =65,24), Carabidae (P = 20,25), Staphylinidae (P = 13,81).

B coobmectre 11 3apeructpupoBano 8 BUIOB KyKeTUIl w3 6 pomos. M3 rpymsl 300¢haru crpaTto0noH-
THI-CKBRXKHUKH TMMOACTUIOYHBIC Yallle APYyTUX oTMmedancs sBputonseiii Calathus melanocephalus (Linneus,
1758), myroBo-10JI€BOM BUJ TpaHCHAICAPKTUUECKOTO MOIN30HAIBHOTO apeana. C. melanocephalus — tu-
MUYHBIA O0WTATENh PYJCPATBHBIX COOOIIECTB, XapaKTePEH JIJIsl OTKPHITHIX MPOCTPAHCTB M PEKPEAIIMOHHBIX
HacaxJieHni. CHIDKEHUEM YMCIICHHOCTH Ha U3MEHCHUE TIPOSKTUBHOTO IMOKPHITUS U MOITHOCTH JICCHOM TO/I-
CTWIKH pearupyet E. secalis. Ha mo3unuy KogOMHHAHTa MEPEXOANT JIeCHOH BUI Pt. oblongopunctatus w3
IPYIITBI CTPATOOMOHTHI 3aPhIBAIOIIHECS TTOJACTHIOYHO-TIOYBEHHEIE.

[MosiBNsITOTCSI HEMHOTOYHCIICHHBIE BUJIBI OTKPBITHIX JaHAmadToB. YacTs U3 HUX OTHOCUTCS K TPYIIIE
CTpaTOOMOHTOB-CKBRXXHUKOB TMOBEPXHOCTHO-TIOJICTHIIOUHBIX: Notiophilus aquaticus (Linnaeus, 1758), ro-
JMAPKTUYECKUN TyroBoU Agonum sexpunctatum (Linnaeus, 1758), TpanceBpa3naTcKuii, JTyroBo-0010THBIN. K
JIyFOBBIM BUAAaM OTHOCHUTCS Takxke u Dyschirius globosus (Herbst, 1784), ronapkTHuecKuil BUI U3 TPYIIIIBI
T€OOMOHTOB POIOIIHX. JIyTOBO-TIONEBBIX KYKEIUI] MUKCOPUTO(DArOB MPEICTABISIET €BPONCHCKO-CUONPCKHIA
Bun Anisodactylus binotatus (Fabricius, 1787), reoOXOpTOOUOHT rapIaOuTHbIH.

BuIbl OTKPHITHIX JaHIMAPTOB OTPAXKAIOT MPOIECCHl ONYTOBEHUS JaHHOTO THMA Jyieca. Jons JEeCHBIX
BUI0B — 62,5 %, ocTaNbHBIC OTHOCATCS K BUJIaM OTKPBITHIX IPOCTPAHCTB.

Obunue Diptera neBenuko (P=2.4). CaMbIMM MHOTOYMCIIEHHBIMH M3 JABYKPBUIBIX OBUTM JTMYHHKH Ce-
meiicTB Bibionidae (3,75 >x3./M%), Dolichopodidae (2,25 x3./mM*) u Tabanidae (2,13 5k3./M).

KoadduiineHTsl MIOTHOCTH HacelleHus oTpsnoB Hemiptera u Aranei 6musku (1,72; 1,51). Cpenu mo-
JYKECTKOKPBUTBIX (DOHOBBIMH OOUTATENIMU MOACTHIKU Obm Drymus sylvaticus (Fabricius, 1775) u
Drymus brunneus (R. Sahlberg, 1848), monudurodaru cemerictBa Lygaeidae ¢ apeanaMu 3amagaHoro oope-
ATBHO-CYOTPOTIMIECKOT0 M TPAHCTIAICAPKTUICCKOTO OOpeaTbHO-CyOTpOnMIecKoro Tumna. B nrcroBoit moa-
CTHJIKE HanboJiee BIaKHBIX MECTOOOUTaHUH yaie Bctpewaercs D. brunneus. DTH BUABI ¢ IIMPOKUMH Oope-
QIBHBIMH apeallaMu SBISIFOTCS CBSI3YFOIIMM 3BEHOM MEXKIY pa3iMyHbIMU 3KocucTteMamu. CIIoCOOHOCTh 3a-
CeIlsITh DKOTOHHBIC OMOTONBI MMO3BOJSET MM OCTABAThCSI CTAOMIBHBIMH KOMITOHEHTaMHU (DayHUCTHYSCKHX
KOMILIIEKCOB JICCHBIX 3KOCUCTEM Pa3HBIX MPUPOJHBIX 30H [21].

PacripocTpaneHue MHOTOHOXEK-KOCTSIHOK B COOOIIECTBE, COTJIACHO YacTOTe BCTpedaeMocTH (66 %),
MEHEE OJHOPOJIHO, X YMCIEHHOCTD (2,75 2K3./M%) OKa3anach 3HAUMTENBHO HIKE, YEM B IIPEAbIAYIIEM TUIIE
Jeca, OTpaxkas MO3auYHOCTh YCJIOBHH BIIAXKHOCTH M COXPAHHOCTH TOJICTHIIKH.

B depHOoBIIaHNKE OYAPOBOM MOYBEHHBIC OECIIO3BOHOYHBIC 3aCEIISIOT MOJICTUIIKY U BEPXHHUE MTOYBCH-
HBIE TOPU30HTHI JI0 TIIyOUHBI 5 cM. PazHooOpa3ue 6ecrio3BOHOYHBIX YMEHBINASTCS MPU MEPeXo/ie K HIKee-
JKaIIM CJIOSIM TIOYBHI, T/Ie Ha riryouHe 10 cM oOHapy»KeHBI TOIBLKO COOCTBEHHO-TTOYBCHHBIC TOXKICBBIC Uep-
BU U Mermithidae.

Bceex uneHTHOUIMPOBAHHBIX OCECIIO3BOHOYHBIX MOXHO OTHECTH K TPEM OCHOBHBIM TPO(OUYCCKUM
TpymIaM, a TaKkke BBIJCTUTh TPYIITY «CMEIIaHHOW criennanu3anuiy». [IpeobnagaroT, Kak U B MPebIAyIeM
Tune seca, canpodaru (94,1 %). B ocHOBHOM 3TO JOXkJIeBbIe YepBU. B COOTBETCTBUU € MHIIECBBIMU TIpede-
peHAyMaMH TOMUHHPYIOIIUX BUIOB cemeiicTB Curculionidae, Scarabaeidae, otpsina Hemiptera u npyrux,
rpymma ¢putodaros B o0IIeH CTpyKType 1ieH03a cocTasisier 13,17 % mo uncnennoctu u 3,05 % no 6uomac-
ce oburarenelt mouBsl. UncneHHast 701 300¢aroB yBemmuuBaetcs 10 21,46 % (2,76 % obmieii Onomaccsr).
OcHoBHasg Macca XHUIIHBIX (OpPM TMpeAcTaBlIeHa BUAAMHU OTPSAAOB Aranei, a Takxke ceMeWcTB Lithobiidae,
Carabidae, Staphylinidae, Formicidae.

B nouBeHHBIX npobax uyepHoonbnanuka kpanusHoro (I1I) maiineno 357,38 5k3./M? 6eCIO3BOHOYHBIX
o01ei Guomaccoii 13,6 r/m?, otHocsammxcs K 12 orpsgaM u 37 cemeiicTBaM. JI0kKIEBbIE YEPBU COCTABIISIOT
39,7 % uucnennocty u 86,03 % OGuomaccel mouBeHHOH (ayHbl. POHOBBIMU OTPSJAMH WICHHCTOHOTHX SIB-
nsmotcs Coleoptera (58,49 sx3./m?), Aranea (54,5 >x3./m?), Diptera (38,38 sx3./M%), Hemiptera (30,1 5x3./Mm%).
B neHo3ax sroro tuna neca onpesesieHo 14 ceMeHCTB KeCTKOKPBUIBIX, HAN00JIee MHOTOYUCIICHHBI TIPEJICTa-
sutenu Staphylinidae (43,38 5k3./M?).

Kyxemuusl (Carabidae) Bcrpedarores B 63 % npo6, cpemuss YucieHHocTs 4,25 sk3./m?. Cpenn neBsatn
BHJIOB, HAlZICHHBIX B YEPHOOJBIIAHUKE KPAITHBHOM, Hanbosee oObIdeH OopeanbHblit tecHoit Carabus granu-
latus Linnaeus, 1758, 300¢dar snureoOMOHT XoAsuuid. 3HAYUTENBHO peXe, YeM B UEPHOOJBIIAHUKE CTpaycC-
HUKOBOM, BCTpEUAETCS JICCHOU eBporelicko-cuoupckuii Bu Pt. niger (Schaller, 1783).

B depHOOBIIaHUKE KPATMBHOM, HAPSITy C BUIAMH OTKPBITHIX MPOCTPAHCTB, 3aPETHCTPUPOBAHHBIMU B
YepHOOJIbIIAHUKE OYJAPOBOM, BCTpeuaeTcs ayroBoit Notiophilus palustris (Duftschmid, 1812), crparobuonT-
CKB2)KHUK TIOBEPXHOCTHO-TIO/ICTUIIOYHBIN €BPOIEHCKO-CUOUPCKOTO apeana.
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K eBpormelicko-cHOMpPCKOMY BHIY TPHHAJICKUT W 3BPUTONHBIA MHUKCOPUTO(DAr TE€OXOPTOOHOHT
Harpalus rufipes (De Geer, 1774), me3o¢ui, BecbMa XapaKTEPHBIN A1 HAPYIICHHBIX Y€JIOBEKOM KOCUCTEM
1 arporeHo30B [22]. JIecHbIe BUIBI COCTABISIOT 55,6 %.

[TouBeHHBIC JTMYMHKYU ABYKPBUIBIX B YESPHOOJBIIIAHUKE KPAIMBHOM OTHOCSTCS K JICBATH CEMEWCTBaM,
cpenHsis 4MCIEHHCTh 300(QaroB — 20,6 5k3./M%, canpodaroB — 44,2 5k3./M%. 3HAYHMTENBHO OOWIHE
npeacTaBuTenel cemericts Sciaridae (P = 47,63), Syrphidae (P = 36,73), Tabanidae (P = 13,94).

B nieno3ax uepHOoOMbIIaHUKOBBIX acconmaruii 111 GonbIast yacTh meJOOMOHTOB OOUTACT B MOACTHIIKE.
3HAYUTENIFHO PETYyJsSpHEe, YeM B YECPHOOJNBIIAHWKE OYyIpOBOM, B Mpo0ax BCTpEYAeTCS MHOTOHOXKKA
M. curtipes (95 %), a ee YMCIEHHOCTH yBeIUUMIach 10 19,6 ok3./M>. MeHee 3aceseH TEpPBbIA MOYBEHHBINH
cioii (0-5 cm), ryie wieHHCTOHOTHE cOCcTaBISIIOT 21,3 % yuTeHHBIX 0ecro3BOHOUHBIX. [ITyOke 5 cM Me3ore-
JOOMOHTHI HE 3aPETUCTPUPOBAHBI.

JleiicTBUE peKpeallMOHHBIX (PaKTOPOB U BBIMIACA B YEPHOOJBIIAHAKE KPAITMBHOM BBI3BIBACT 3aMEJICHUC
MPOIIECCOB PA3NIOKEHUST PACTHTEIBHBIX OCTATKOB W JICPHOBAHHUS. Y MEPEHHBIN BBINAC CIIOCOOCTBYET cOXpa-
HEHUIO CTPYKTYPHI MOYBHI, a, CIIe0BaTeNIbHO, U Me3odayHbI [23]. [lepronndeckue 3aTOIUICHUS TAKXKE OIpe-
JETSIOT 3aCENEeHHOCTh MOJCTHIIKH.

B Ttpodwuyeckoit CTpyKType ITOYBEHHBIX OECIIO3BOHOYHBIX BO3pOCia YHCIEHHAs OO0 300(aros
(41,27 %). Hons durodaror cocraBuna 9,79 %, canpodaroB — 46,5 %. buomacca canpodaros ocraercs
BBICOKOH — 87,96 %.

B cocraBe canpo6iioka o4YBeHHON Me30(hayHbl HCCIIEAOBAHHBIX (DUTOIEHO30B HAUOOJIbIICE BIMSHUC
Ha KPYrOBOPOT OHMOTECHHBIX 3JIEMEHTOB U JIMHAMUKY TOYBEHHBIX MPOIIECCOB OKA3bIBAIOT JIOKICBBIC YEPBU.
Hx 6momacca coctasmusiet ot 87 % 10 95 % oO1eit 300mMacchl B oyBe. B ycrnoBHsX 4epHOOIBIIAHUKOB MEJI-
KOCOTIOYHHKA JIOXK/IEBbIC YEPBU pa3iiaraloT pacTUTEIBHBIN Omnaja 10 Tymyca, OOJbIIas 4acTh KOTOPhIX OTHO-
curcs K tunty Lumbricidae. IX MOXXHO paccMaTpuBaTh KakK KIFOYEBBIC BHJIBI, B COOTBETCTBHH C HX POJIBIO B
noyBeHHOM OnoanHamuke. K cpenoobpasytomieit AesTenbHOCTH AOKICBBIX YepBE OTHOCUTCS MHTEHCH(H-
Kanus OWOJIOTUYECKHUX DPEaKIUi W aKTUBU3AIUS MUHEPATH3AIMOHHBIX MPOIECCOB B TMOYBE B PE3yJIbTaTe
oboraieHus JIECHOW MOJCTHIKU OOTaThIMH T'yMYCOM M BOJOIPOYHBIMH KOIIPOJUTaMHU. JIFOMOPHUIHIIBI MO-
TUQPUITIPYIOT Cpexy OOWTaHMsS MPEJCTaBUTENEH MOYBEHHOW (hayHBI, CTPYKTYpPUPYS IOYBY, CO37aBas 300-
TeHHBIC HULIH AJ11 MUKPOMIOpEI U ap. [24-26].

CpaBHUTENBHBIN aHANN3 BUAOBOTO coctaBa Lumbricidae mokasal, 4To B YepHOOJBIIAHUKE CTPAyCHU-
KOBOM MHOTOYHCIICHHBI BHIIbI, MTUTAIONIHAECS HAa IMOBEPXHOCTH TMOYBHL: Dendrobaena octaedra (Savigny,
1826) u Dendrodrilus rubidus tenuis (Eisen, 1874) (puc. 2).
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Mo4yBeHHas Me3o¢)ayHa YEepPHOOJ1bXOBbIX J1eCOB ...

Hocrarouno penok noactunounslii Al/lolobophora parva Eisen, 1874, npeacraBurens APEeBHETO poJa,
c(OpPMHPOBABIIIETOCS €Ille B ME3030€ M BKJIFOYAIOIIEro MHOTHE 3HAeMu4Hble Buabl FOxHoro Kaszaxcrana
[12]. Buapl, nuTaromyiecs MOYBEHHBIM IeperHoeM, cocTaBisiioT 10 % momOpuiina B ienosax | (Eisenia nor-
denskioldi pallida Malevi¢,1956; Aporrectodea caliginosa caliginosa (Savigny, 1826).

B uepHoonbiannke OyIpOBOM IUIOTHOCTH HACENEHHS JIOMOPHWIIMA IOYTH B 2 pa3a HUXKE, YeM B
CTPayCHHKOBOM, HO COOTHOIIIEHHE BUJIOB U JIOJICH JKU3HEHHBIX ()OPM TTOYTH HE MEHSETCs. 3aKOHOMEPHO OT-
CYTCTBUE B YEPHOOIBIIAHUKOBBLIX coobmiecTBax Il Buga 4. parva, n3BeCTHOTO Kak OOUTATENs] HEHAPYIIICH-
HBIX IpUPOAHBIX IeH030B LlenTpansHoit 1 FOro-Boctounoit Azum [13].

B depHoonbIIaHWKE KpanMBHOM HAOIIOJaeTCsl YMEHbIIEHHE O0mIel MoK canpogaros, B 4aCTHOCTH,
OmoMaccel M YHCICHHOCTH JIOMOpHUIA. BcCTpedeH TONBKO TMOJICTHIOYHBIA KHCIOTONIOOUBBIA BHJ
D. octaedra. YepBu 00pa3yroT HEOObINE CKOIUICHUS BOJMU3W CKAIBHBIX OOHAXXCHWIA, BJIOJb BETBSIIHXCS
pycen METKUX Py4YbeB, Y KOMIIS IepeBa.

B mouBax MIMpOKOIMCTBEHHBIX JIECOB €BPOINCHCKON wacTn EBpaszmm kirodeBas poiib B mepepaboTke
omaja NPUHAIUICKUT JUYMHKAM HACEKOMBIX, MOXKIEBBIM 4YEpBsIM, AUILIONONaM, MOKpuuam [27-29].
B GopeanbHbIX Me30(MIBHBIX FOKHO-TACKHBIX T'€OMaX THUIMUYHBIMH JIOMHUHAHTAMU SIBIISTFOTCS OJHTOXETHI
[30-32]. OTAMYUTEIbHBIMU YepTaMH JTFOMOPHUKO(ayHbl HCCIICIOBAHHBIX HaMU CO00IeCTB Alnus glutinosa
Ha FOT0-BOCTOYHOH TI'paHUIle apeaja B CTESIHOW 30HE SIBIISIOTCS: BBICOKAS ITUIOTHOCTh HACEJICHUS, HATUYHC
ABTOXTOHHBIX a3UaTCKUX BUAOB (E. nordenskioldi u A. parva), coxpanenue 6opeanbHbIX BUnoB (E. n. pallida
u D. octaedra).

Raxnouenue

B acconmanusix 4epHOOJNBIIAHUKOB basHayIhCKUX HHU3KOTOPUN HA JEPHOBO-TJICEBBIX CYTIIMHUCTHIX
MOYBax ¢ OOMIILHBIM, HHTEHCUBHO-TIPOTOYHBIM YBJIA)KHEHNEM BBISIBJICHBI OECTIO3BOHOYHBIE, OTHOCSIIIUXCS K
43 cemeiictBaM 1 14 oTpsimaMm. B nmeTHHMI mepro]] BepTHKAILHBIC MUTPAITUN OCCTIO3BOHOYHBIX OCITa0JICHBI,
OHU OOWTAIOT B MOJCTHUIKE M BepXHEM MouBeHHOM cioe 0—5 cM. OCHOBHAs Macca TTOYBEHHOT'O HACEIICHUS
MPEJICTaBICHA MMOBEPXHOCTHO JKMBYIIMMHU BHJIAMHU WA OOUTAIONIUMH B BEPXHHX MOYBEHHBIX TOPH3OHTAX.
Hacenenne HanMeHee HapyIIEHHBIX YEPHOOIBIIAHUKOB KOHIEHTPUPYETCH B closx 5—15 cm, 9To 00ycioB-
JICHO JIOJICH MOYBEHHBIX BUIOB JIOK/IEBIX YSPBEH M TMUYNHOK HACEKOMBIX.

WnTpazoHanbHbIe YePHOOIBXOBBIE Jeca XapaKTEePU3YIOTCs BEICOKON 001eli 300Maccoit Me3o¢ayHsI (10
42,1 r/m?), a 6osee 85 % 300Macchl MPUXOAUTCS HA CAMPO(UIBLHBIN KOMIUIEKC, YTO XapaKTEPHO IS 30HAIb-
HBIX IMUPOKOJIMCTBEHHBIX JIeCOB. MUHMMAaNBbHAs 00IIasl MIIOTHOCTh MOYBEHHOW Me30(ayHbl 3aperucTpupo-
BaHa B YEPHOOJIbIIAHUKE OYApOBOM (272,6+18 3K3./M?), MAKCUMalIbHAs — B YEPHOOJIBLIAHUKE CTPAYCHHUKO-
BoM (503,55422 5k3./M?). CoXpaHeHHe 3HAYUTENBHON JOJIM JIECHBIX BHIOB (JUIS JKyXKemul oT 55,6 % 1o
64,3 %), TUrpoGUIIOB, CBUJIETEILCTBYET 00 ONMpPEACICHHONW YCTOWYMBOCTH M CAMOTIONJIEPKAHUU YEPHOOITb-
XOBBIX OMOIIEHO30B.

B uepHOOBITAHNKAX psAla TACTOUIIHON TUTPECCUN OTMEUYESHO TIOCIIEI0OBATEILHOEC YMECHBIIICHUE UHIICK-
ca IUIOTHOCTH Ho4YBeHHOro Hacenenus (P =145,6; 80,19; 69,7) u cmena tpoduyeckux mnpedepeHIyMoB, B
YaCTHOCTH, 3HAYUTENBHBIA POCT YHCIeHHOCTH 300(aroB no 41,27 %, 4To cpaBHUMO C M3MEHEHHEM CO000-
IIECTB MMOYBEHHBIX OECIIO3BOHOYHBIX MPU ocymieHuu [17]. [Ipu cpaBHUTEIEHO BBICOKOM YUCIEHHOCTH BUIOB
WHAEKCHl MX BUIOBOTO Pa3HOOOpPa3wsi B YEPHOOOIBIIAHUKAX HEBEIWKH, a N3MEHEHUE CpeAbl OOMTAaHUS BBI-
3pIBa€T CMEHY MEHee IOJOBHHBI BHIOB. PacueT cTemeHM CXOJCTBAa MEXIYy KOMIUIEKCAMH TOYBEHHBIX
0CCIIO3BOHOYHBIX Ha OCHOBE Koddduimenta JKakkapa BBIABISCT OJNM30CTh IICHO30B 10 COCTaBYy
xecTkokpbubix (Kj= 0,53; 0,5; 0,5) u neykpsuisix (Kj= 0,5; 0,6; 0,5).

VYcunenne pexpeannoHHON U MacTOUIITHONW TUTPECCHH B YEPHOOIBXOBBIX JIECAX OIMpPEesieT 0COOCHHO-
CTH CTPYKTYpPBI MOJENbHOU rpymmsl Carabidae: TOBBIIAETCS CTATyC BCTPEUAEMOCTH JIyTOBO-TIOJICBBIX BH-
JIOB; U3MEHSIETCSI COOTHOIICHUE EBPOIEHCKO-CUOMPCKUX, TPAHCTIAJICAPKTUYCCKUX U TOJIAPKTHUSCKUX BUOB;
MPOMCXOJUT POTAINHUS JOMHHAHTHBIX JKU3HEHHBIX (OpPM (CTPATOOMOHTHI MOJCTHIOYHBIC W TIOACTHIOYHO-
TTOYBEHHBIC CMEHSIOTCS ATIMTCOOMOHTAMH U T€OXOPTOONOHTAMHM).

CMmemaHHbBIN (IOPUCTUYCCKHN U (DAyHUCTUICCKHUIA COCTAB YUEPHOOJBIIIAHUKOB BBISIBIIICT UX SKOTOHHOE
MTOJIO’KEHUE B MHTPA30HAIBHBIX YCIOBUAX CPEIH CTEIHOM pacTUTENbHOCTH. B X0/e HayaBmencs cyKieccuu
HaOrofaeTCsl CHIKEHHE oO0Iero oOWius M OOCTHEHHWE BHIIOBOTO COCTaBa BaKHEUIUX carpodaroB —
JFOMOpHUIIU ¥ (POPMUPOBAHHE MOHOBHIOBBIX COOOIIECTB, C TEHACHIIUCH JTUMUHAIIUN TPYIIIBI U3 KOMITICK-
ca nenoOUOHTOB. B Haunboyiee aHTPONOr€HHO M3MEHEHHBIX YEPHOOJBIIAHUKAX Top EpMeHTay H0KIEeBhIX
YepBel He HaMIeHO, a TepepadoTKa IEPBUIHOMN MPOAYKITMH B JICTHAN TIEPHO UAET 0 MACTOUIITHOMY THITY.
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B apumHBIX yCIIOBUSIX 30HBI CTEIEH MOXKACBBIE YSpBH HanOOJIiee MHOTOUHCIICHHBI TOJBKO B MECTOOOU-
TaHUSIX, IMEIOIINX PETYJSIPHBINA pekUM YBIaKHEeHUs. UepHOOIbX0BBIE Jieca basHayIbCKOTo JIECHOTO 0a3uca
CIIy’KaT CBoeoOpasHbIM yOexkuieMm it Lumbricidae B 1oxHOM yactu Kaszaxckoro menkocomnounuka. O0-
IIUPHAS THIPOJIOTHYECKAs CETh TOPHO-JIECHOTO MACCUBA CIIOCOOCTBYET PACIPOCTPAHCHUIO JOXKICBBIX Yep-
Bel B Me30(DUTHBIE COCHSIKH, OCHHHHKH, BTOPHYHBIE OCPE3HSKH, TJIe OHU 00CCIICUNBAIOT aKTHBHOE QYHKITH-
OHUPOBAHUE JETPUTHOTO OJOKA MUIIEBOW IIETH CYKIIECCHOHHBIX JIECHBIX (PUTOIIEHO30B, pehyruyMoB Oope-
anbpHOM (yopel U (ayHbl. UepHOONBIIAHUKY 3HAYUTENBHO MOBBIMIAIOT OMOpa3HOOOpa3ne B 30HE CTENH U
HYKJIAIOTCS B MOHHTOpUHTE U oxpaHe. [Iporiecchl macTOMIIHON U peKpealliOHHON TUTPECCHH, HECOMHEHHO,
BIIMSIOT Ha JUTUTEILHOCTD CYIIECTBOBAHUS STHX YHUKAIBHBIX JIECHBIX DKOCHUCTEM.
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PekpeanusiibIK KIHE KAUBLIBIMABIK TUTPECCH JKAFAANIAPbIHAA
Ka3ak ycak mOKbLIAPBIHAAFBI KApa KaHAbIaFAIll OPMAHAAPbIHbIH
TONBIPaK Me30(ayHacChl

Makanamga Tapany aWMarbHBIH OHTYCTIK-IUBIFBIC IeKapachlHIarbl Alnus glutinosa exnenepinig
(GYHKIMOHANIBIK epeKIIeTiKTepiHiH kopceTkimi perinae Ka3akThlH ycak IOKbIIapbIHAAFEl Kapa KaHIblaFaml
OpMaH/IapbIHBIH TONBIPaK Me30odayHackl 3epTreared. OpMaHaap YIKEH ayMaKThl MACCUBTEp KypMaiipl xoHe
penbed TypiMeH, arbIHOAD MCH ©3€HICpAIH aHFapiapbIMEH, JXXep acThl CYyJapbIHBIH TepeHIiriMeH
GaitmaneicTEl. Driopa MeH (ayHaHBIH PENMKTI TYPJIepl eXeNri MIBIFY Teri MeH Kapa KaHIbIaFall TOFalbIHBIH
pedyruiii peTiHae MaHBI3IBI MOHIH KepceTe/i. PekpeansuibIK sKyKTeMe MeH >KalbUIBIMHBIH 9CepiHEeH OpMaH
KaybIMAACTBIKTaphl ©3repeli, Oy skeperi OMOoIeHO3Iap AbIH KaFJallblH Te3 Oarayaybl KaXeT eTemdi. ¥cak
IIOKBLIBI KAHIBIAFall OpManap Me30(hayHaHbIH KOFaphl sKambl GuomaccacsiMet (13,6 r/m2-nen 42,1 t/m>-re
JieiliH) cHnaTTalaThIHBl aHBIKTAJIABI, MYH/A YH jKaHyapyapbl MaccachlHbIH 85 %-maH actambl canpoduibi
KemeHnre caiikec. TONBIpaK MOMYJSUMACHIHBIH THIFBI3ABIFEL €1yip (272,6 nana/m?-nen 503,55 mana/m>-re
JeiliH), IFHM TyTacTall aJFaHia OpPMaHAAp aiMaKThIK KEH JKalbIpPaKThl (OpMalHUsIIapIbIH €peKLIeNiKTepiH
cakTaiapl. Pexpeanusnblk kKoHe KallbUIBIMIBIK JUTPECCHSIHBIH OPTYPIi caThlIapblHAA OpHAlTacKaH Kapa
KaH/(blaFalll OPMaHBIHBIH KayBIMAACTHIKTAPJAaFbl IIeTO0OHOHTTAp KYPHUIBIMBIHBIH aHTPOIUKAIBIK ©3repicTepi
aHBIKTANIBL. TOMBIPAK TMOMYJSIVSCHIHBIH THIFBI3ABIFBIHBIH UHICKCT (P = 145,6; 80,19; 69,7) xoHe opmaH
Typiepi yieciHiH TemeHueyi Oaiikamran. Mopensnik (Carabidae) xone nomusHautTsl (Lumbricidae)
TONITApJarsl TIPIIUIK (hOpMalIapbIHEIH ©3repyi, )KaHyapKOPEeKTiIep CaHBIHBIH Ke0eloi, MipiKKOPeKTLIepaiH
JKaJIMbl KONTICiHIH TOMEH/EYi KaHe TYpiep KYpPaMbIHBIH a3ybl aHbIKTalNFaH. Tombipak Me30(hayHachl e3iHiH
KYPBUIBIMBIH/IA Jlajla alMarblHbIH DPEJMKTI Kapa KaHIblaralllbIHBIH OMOLCHOTHKAJIBIK EPEKIISINIriH XKoHe
OuoneHO31apabIH ca0aKTaCTBHIFbIH KOPCETEl.

Kinm ces30ep: TONBIPAaKTHIK Me3o¢ayHa, TIOMOpUIMITEp, Kapa KaHIbIAFalll OpMaHIap, PEKpearsIbIK
qurpeccus, KazakTeIH ycak IIOKbIIapEL.

V.S. Abukenova

Soil mesofauna of black alder forests of Kazakh upland
in conditions of recreational and pasture digression

The soil mesofauna of the black alder forests of Kazakh upland is studied as an indicator of the functional
features of Alnus glutinosa plantings on the southeastern border of the area. Forests do not form massifs of a
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large area and are associated with the type of relief, valleys of streams and rivers, and the groundwater. Relict
species of flora and fauna testify to the ancient origin and importance of black alder forests as refugia. The
forest communities are changing under the influence of recreational load and grazing. It requires an early as-
sessment of the state of terrestrial biocenoses. It has been established that black alder forests are characterized
by high total biomass of mesofauna (from 13,6 g/m? to 42,1 g/m?), where more than 85 % of the zoomass
falls on the saprophilic complex. The density of the soil population is significant (from 272,6 copies/m? to
503,55 copies/m?), i.e., in general, forests retain the features of zonal broad-leaved formations. Anthropogen-
ic changes in the structure of pedobionts in black alder forests associations at different stages of recreational
and pasture digression are revealed. There is a consistent decrease in the density index of the soil population
(P =145,6; 80,19; 69,7) and the proportion of forest species. A change of life forms in the model (Carabidae)
and dominant (Lumbricidae) groups, an increase in the number of zoophages, a decrease in the total number
and depletion of the species composition of saprophages are noted. The soil mesofauna reflects in its structure
the biocenosis originality of relict black alder forests of the steppe zone and the continuity of biocenoses.

Keywords: soil mesofauna, lumbricoides, black alder forests, recreational digression, Kazakh upland.
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IlenTaHbIe MOCAEA0OBATENLHOCTH IJIfl 0€JI0K-0€JIKOBBLIX B3aUMOAeHCTBUH
CKOJIL3SIIIEro 3a:;KuMa

AHTHOMOTHYECKAsT PE3UCTEHTHOCTD MATOI€HHBIX MUKPOOPTaHM3MOB HA CETOJHSIIHUN JE€Hb CTAaHOBHUTCS BCE
Gosiee omacHoOif mpoOIeMol BO BCeM MHpE, BMECTE ¢ TeM BO3pacTaeT HeOOXOIMMOCTh B Pa3pabOTKe HOBBIX
aHTHOaKTepHaIbHBIX MuIIeHeil. C MOMEHTa OTKPBITHS CKOJIB3SIIUX 32)KUMOB y OakTepHi OBUIO IPOBEICHO
00JIBIIIOE KOJIMYECTBO HCCIENOBAHUM, B X0/I¢ KOTOPHIX OTKPBUINCH €r0 HEIIOBTOPHMBIE CBOHCTBA — CHOCO0-
HOCTb cBs13bIBaThes ¢ JIHK 1 yBenmuuBaTh akTHBHOCTB U 9((QEKTHBHOCTH OEJIKOB penapariii 1 peruiiKaiy,
YTO MOJYEPKHUBACT €ro OOJNBIIYIO POJIb B MOAJCPKAHUM YCTOHUMBOCTH OakTepuii k mospexxaeHusm JIHK.
B HacroAmuii MOMEHT KOTHYECTBO OENKOB-TIAPTHEPOB, C KOTOPBHIMU CKOJB3AIIMI 3aKHM CIOCOOEH cOo3/a-
BaTh (yHKIIMOHAIBHBIC KOMIUIEKCHI IPOJIOJDKACT PACTH, U IOTOMY [-32)KUM SBIISIETCS 0OBEKTOM Ul BHUMA-
HHS KaK MOTEHIMAIbHOE PEIlIeHNe ISl MOMCKA HOBBIX aHTHOMOTHKOB. B 0030pHOI cTaThe MpHBENEHBI HEKO-
TOpBIE MCCIEIOBAHNS, OCBEIIAIOIINE ETO CTPOSHHE, CTPYKTYPY M MEXAaHH3M JIEHCTBUS, a TAKKe ero Cnocoo-
HOCTH 00pa30BBIBaTh KOMIUIEKCHI CO MHOTUMH OelIKaMU-NTapTHEPaMU C IIOMOIIBI0 YHUKAIFHOTO MOTHBA CBSI-
3BIBaHMS [3-3a)KMMa, KOTOPBIH SBIISIETCS KOHCEPBATUBHBIM U aHAJIOTUYCH JUIS BCEX OEJIKOB-TIapTHEPOB.

Kniouesvie cnosa: P-3axxum, OakTepusi, aHTHOMOTHKY, pernapanus, 6enku, ycroiuuocts, JJHK, pesucrent-
HOCTH ITaTOT€HHBIX MUKPOOPTaHH3MOB.

Bseoenue

CKOJB3SATINN 32KUM — 3TO OCOOBIN OJTUTOMEPHBIA OCITKOBBIN KOMITICKC, SBIISFOIIUNACS CyOheIMHUIICH
JHK-nonuMepas n umeromuii GpopMmy Kosblia MoneKyssipHoi Maccoit ~82 k/Zla [1-3]. Onu oOHapy>KeHbI
MPAKTUYECKN Y BCEX OPTraHW3MOB, BKIIOYAsi HEKOTOPBIE BUPYCHI, M HA3BIBAIOTCS SIICPHBIM aHTUTEHOM IIPO-
nudepupyromux kinetok (PCNA) y sykapuotT u -3axuMoM y npokapuoT [4]. M1 X0oTs BoO BceX 3THUX Tpex
CTPYKTypax *HU3HU KOJBIEBBIC 32KUMBI HE MUMCIOT TOMOJIOTUM B aMHUHOKHCIIOTHBIX ITOCJICIOBATCIBHOCTSX,
M0 CTPOCHUIO W CTPYKTYPE OHU MPAKTHUYCCKU UACHTUYHEI. Y OaKTePHil CKOMB3SIINHA 3KUM SIBIIICTCS JTUME-
POM, OH COCTOUT U3 IBYX [-CyOBEIWHUI], OTKYyZa U MOTyYUII CBOE Ha3BaHUE B-3aKuUM. Y apxei u 9yKapuoT
3KHUMBI SBIIIOTCS TpuUMEpoM U3 TpEX Moiekysn PCNA. @ar T 4 Takke UMeeT TPUMEPHYIO CTPYKTypy 3a-
’KUMa U HasbiBaeTcs gp4s [5].

[To cBoelt mpupoIe CKONB3SIINE 3KUMBI SBISIOTCS BAKHEUITHM KO()AaKTOPOM MPOIIECCUBHOCTH TIOJIU-
Mepasbl, yBEINYHBAasi CKOPOCTh MPUCOEAMHEHNSI HYKJICOTHIOB K pacTyIlel Lenmu B ThICSYU pa3. Bo Bpems
perumukanuu JJHK HE0OX0MMMO TOYHO CHHTE3MPOBATH 10 MUJLTHApPA HYKJICOTHIIOB 32 KOPOTKUU MEPHOJ
BPEMEHH, HO CBS3b MEXKIY MMOJIMMEPa30il U MaTpUIICH TOCTATOYHO HEYCTOWYHMBA U MOTOMY PEIUTUKATUBHBIC
JHK-onmumMepassl caMu 1Mo ce0e HeMpephIBHO CHHTE3UPYIOT BCEr0 HECKOJBKO HYKJIEOTHIOB, MPEXKIE YeM
OTIAJAF0T W3 MATPUIlbL. UTOOBI yBEIIMYUTH CTENCHD MPOLIECCUBHOCTH st 3¢ deKTuBHON perumkanuu, JJHK-
MOJIMMEPA3bI CBS3BIBAIOTCS C KOJIBIEBBIMH CKOJB3AIIUMHE 32)KHMMaMH, KOTOPBIC TIPU MTOMOIIH CBOSH KOJIbIIe-
BOH (hOpMbI CIIOCOOHBI IJIOTHO OXBaTHTh MaTpuuHyo JIHK u kpenko yaepkuBath MoiMMepasy, TEM CaMbIM
npenoTepaiias ee guccormanuo ot JJHK. D10 Takke ykasplBaeT Ha TO, 4TO OCIIOK — OEJIKOBOE B3aUMO/ICH-
ctBue Mexay JJHK, cCKomp3sImM 3aKMMOM | MTOJIMMEPa3oii 00see CIeIUpUIHO 110 CPABHEHUIO C TEM, KOT/a
JIHK B3ammMopeiicTByeT TOMBKO ¢ ouMepa3oil. OgHako, HECMOTPS Ha 3TO, CKOJIB3AMINAN 3aKHM, B OTJIHYNE
OT JAPYTUX CyOBEAMHUII, HE IPUKPEIUICH K MOJUMEPa3e Ha MOCTOSHHOM OCHOBE [4].

Jlnst Toro, 4TOOBI 3arpy3UTh 3aMKHYTYHO KOJBIICBYIO CTPYKTYPY CKOJNb3siero 3axuma Ha JIHK, HeoO-
XOJIUM CIICITUATBHBIA MEXaHU3M, CIIOCOOHBIH KaTaIM3UPOBATh BPEMEHHOE OTKPBITHE, COOPKY U 3aMBbIKaHHE
Bokpyr JIHK. Takyioo paboTy BBINOIHICT MYJIbTHCYObCIUHMUYHBIA (epMeHT u3 cemeiictBa ATdaz—
norpy3uuk B-3axxuma (clamp loader). ITorpy3unk ckonp3siux 3axkuMoB (paxrop perukanuu C y syKapu-
ot) ucnoab3zyer ATD s pa3MBIKaHUS CKOJIB3AIIUX 32KUMOB M PA3MEIICHUS UX BOKPYT 3'-KOHIIA MaTPHIIHL.
[ToMuMoO 3TOTO, MOTPY34YHK [-32KMMOB HaIpaBiIseT WX HA ydacTku mHunuanuu cuaTe3a JIHK, a Taxke mo-
MoraeT Bo B3aumoericteuu B-3axuma ¢ JJHK-monmmmepazamu [5].
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He tax naBHO psig OTKPBITUH MO3BOIMI Y3HATH, UTO, TOMUMO B3aUMOCHCTBUS C MOIUMEPA3OM, CKOJIb-
3SIIHME 32)KUMBI MOTYT y9acTBOBATh B MPOIIECCaX PEIUTHKAIIHN, Moaudukannu u pemapanuu JJHK, cBsa3piBa-
sick 1 ¢ apyrumu 6enkamu Ha JIHK (mommmo PolS). Onocpenyer 3Ty cBsi3b y O€IKOB-TIAPTHEPOB JTMHEHHBIN
MOTHUB, COCTOSIIIIMNA U3 MATH aMUHOKHMCIOTHBIX OCTaTKOB ¢ KOHCEHCYCHOHM mocienoBaTeabHOCThi0 QL[SD]
LF [1-3].

Ynueepcanvnwiti CBM-momug y npokapuom

C B-3axxuMoM 00pa3yioT KOMIUIEKC MHOTHE perapalioHHbIE U MOJUMepa3Hble Oenky, Takue kak DnaE,
PolC, PollV (DinB), PolV, Poll, MutS, UmuC, DinB1, MutL, XthA, /IHK nuraza u Hda. Bce atu 6enku
HMEIOT YHHBEpCANIbHBIN P-3akuM-CBsi3bIBaroInii MoTuB (clamp-binding motif, CBM) ¢ KOHCEHCYCHOM I10-
cnenoBarenpbHOCTRIO QL [SD] LF, wame Bcero pacmonokeHHbIM Ha C- win N- KOHIIAX W WHOTJA BHYTPH
Oenka. /laHHBII MOTHB UTPaeT PELIAIOUIYIO POJIb B 00pa30BaHUH CTAOMIBHBIX (QU3HYECKUX U (PYHKIHOHAIb-
HBIX CBSI3eH ¢ [-3akuMoM. [ TaBHBIM 00pa3oM, 310 THAPO(HOOHBIE ApOMATHIECKUE AMUHOKHCIIOTHI, KOTOPHIE
CBSI3BIBAIOTCSl C KOMITJIEMEHTAapPHBIMH OCTaTKaMH, NMPEUMYIIECTBEHHO Ha MENTH/I-CBSI3bIBAIOIIEM KapMaHe
(PBG) u pexxe Ha C-KOHIIE KOJBIIEBOTO 3auMa [6].

B pabote [6] aBTOpBI BEIPOBHSUIN 001aCTH, COAEPIKAIIIE KOHCEHCYCHBIE aMUHOKUCIOTHBIE TTOCIIE0Ba-
TebHOCTH 250 OENKOB-TAPTHEPOB KOJBIIEBOTO 3)KUMA. belKku-apTHEPhl OTHOCHIINCH K 6 Pa3HBIM CEME-
crBam PolB (15 mpumepos), PolC (22 npumepa), DnaE1l (72 mpumepa), DinB1 (62 npumepa), UmuC (20
npumepoB) 1 MutS1 (59 npumepoB) syOGakTepHii, 3yKapuoT U apxei. Pe3yibpTaT mokasan HEKOTOpPOE CXO-
CTBO MEXIY CBS3BIBAIOIINMH MOTHBAMHU 3yOaKTEPHAIBHBIX W dyKapuoTHUecKuX cucteM. IlomuepkrBaercs
HaJIMYUe BBICOKOTO YpOBHA coxpaHeHns Gln B mepBoi mo3uImu — JaHHAS aMHHOKHCIIOTA BCTpEYanach C
gactoTor 76,4 %, 1 odeHs penko 3amensuiack Glu (1,6 %), nanee Leu, koropas BcTpeyanacs B 41,6 % Bo
BTOPOI TMO3WLIMH, B TpeThel mo3unmu 310 Obtu Ser (34 %) u Asp (22,8 %), yerBepTas U MIATast MO3UIUU
ortnasanu npeamnourenue Leu (81,2 %) u Phe (76,8 %). Takum 00pa3oM, aBTOPHI BBIBEIM KOHCEHCYCHYIO
nocnenosatensHOCTs — QL [SD] LF. IlpumeuarensHo To, 4TO OeNOK penapanuy omrO0YHOro CrapiuBaHus
MutS1 =He comepxut coBnagennii c CBM-MOTHBOM, B TO BpeMs KaK €ro SyKapHOTHYECKHH aHaJIOT crioco0eH
cBs3piBaTcs ¢ PCNA [6- §].

B uccnenoBanuu [9] aBTOpEI cO3AaBaly in Vivo U in Vitro KOMIUIEKCH MEKAY dHIOHYKIea30i MtbXthA
u 3axuMoM MtbB-Clamp. XthA y4acTByloT B HauanbHOH M KOHEYHOH CTaAWsAX SKCLU3HMOHHOHN pernapanuu
ocHoBanuit 6akrepuansHoii JIHK (BER). B xone BeipaBHUBaHUS HOcienoBaTeabHOcTeit MtbXthA ¢ ero AP-
SHIOHYKJICA3HBIMA TOMOJIOTAMH y APYTHX OakTepuil psmaom c caiitom cBs3eiBanusa JJHK Ovin ycTanosieH
MotuB 239QLRFPKK?245, KoTOpEI COOTBETCTBOBaI KOHCEHCYCHOW IOCIIEIOBATCIHLHOCTH B pabore [6].
st ero MOATBEpKACHUS aBTOPhI HCIONb30Baiu MyTaHT MtbXthAPIP, xoTopblii comepal MyTalluio
F242S B npeanosnaracmoM MoTrBe. C MOMOIIBI0 (DIIyOpecleHTHOro aHanu3a Obula u3MepeHa ero adduH-
HOCTH cBsi3bIBaHUs ¢ MtbB-Clamp, BriocieacTBuu 4ero aBTopbl HAOIIOaIN YMEHBIIEHHE CTENICHN CPOJACTBA
Mex 1y OemKkaMu. DTO MOATBEPINIIO, YTO MPEATIOIaracMblii MOTUB, @ UMCHHO F242, urpaeTt BaXXHYIO POJIb BO
B3aMMOJCHCTBUN MEXAY NBYMs OelKaMu, U HaJIW4YHe MyTalliil B JTaHHOM MOTHBE HapyIlaeT CBS3bIBAHHE.
Kpowme toro, sKkcriepuMeHT NPy CTaHJAPTHBIX YCIOBHUIX PEAKIIMH CO CTUMYIISIIIMEH SHAOHYKIICA3HOW U 9K30-
HyKJea3HoH akTuBHOCTH MtbXthA mocpenctBom mobasienus Mtbf-Clamp nokasai, 4To KOJbLEBOH 3aKUM
npuBouT K 75 % pacmeruiennto JJHK cyOcTpara npu sHIOHYKII€a3HOW aKTUBHOCTH, a 0€3 KOJBIIEBOTO 3a-
xurma — MtbXthA pacrieruisin cyoerpar Ha 15 %. [pu sx30HyKIIea3Hoi akTuBHOCTH MtbXthA B KOMIUIEK-
ce C KOJIBLIEBBIM 3a)KMMOM pacIlerisl cyocTpaT Ha 65 %, 6e3 kombLeBoro 3axkuma Jimiub Ha 11 %. Eme
OJVH MPOBEACHHBIN IKCIIEPUMEHT B 3TOH pabote Tarke mokaszai, yto Mtbf-Clamp cnocoben B3aumopei-
cTBoBaTh ¢ MtbXthA, kak yepe3 00po3aky cBs3biBanus nentuaa (PBG), mokanusupoBanusiii y Mtbp-Clamp
Ha cyOcaiite I, Tak u yepe3 C-xonen cyOcaiita III. Tak, B npucyrcreun JJHK-cyOcTpaTa xoMiuieke oopaszo-
Bajics HemocpeAcTBeHHO yepe3 C-konen, B orcytcTBre JJHK Oenku B3ammopeiictBoBanu uepe3 PBG, uto
yKa3bIBaeT Ha T0, 4To y B-Clamp, kak u y ero sykapuoTHueckoro anajgora PCNA ecTb MHOKECTBEHHBIE CITO-
cOOBI B3aMMOJICHCTBHS ¢ OeTkaMHu-TTapTHEPaMH [9].

B uccnepoBanumsx, rae karanutuueckas cyowrenuanna JJHK-monmumepassr V TpaHCIe3HOHHOTO CHHTE-
3a-UmuC E. coli B3ammopeiicTByeT ¢ -3axxumom, O0bu1 oarBepxaes CBM-motne—357QLNLF361, koto-
phIit paree 0puT uAcHTHUITIPOBaH B [6]. UmuC B komiuiekce ¢ UmuD'; 00pa3yroT «CKIOHHYIO K OITHOKam»»
JHK-nonumepasy V, sBisronytocs BaxHelmeld yacteio SOS-cucTeMbl U 001aaonel CHiIbHBIM MyTareH-
HBIM MTOTEHIMATIOM, KOTOPBI, B CBOIO Ouepelb, 00ECIeUYNBAET YCTOMYMBOCTh OaKTepuil K aHTHOMOTHKAM.
JIunHeitHOe BRIpaBHUBAHME [TOKa3aj10, 4To Y PolV mpeamonaraeMpiii MOTHB HaXOAUTCS BHYTpH O€liKa, a HE Ha
C-xoHue. J{71s1 ero moATBepKACHHUs aBTOPHl HHKYOHPOBAJIM CUHTETHUECKUIM MEUYEHBIN MENTH, COAEPKAIINT
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CBM-motuB—357QLNLF361 ¢ B-3a:kuMOM, BIOCIEACTBIH Y€T0 00pa30BaHHBIH KOMIUIEKC OBbLT KPUCTAJUIU-
3UPOBaH U WACHTHU()HUIIUPOBAH METOJOM relib-prinbTpanui. CpaBHEHHE MOTHBOB CBSI3bIBAHUS KOJIBIIEBOTO
saxkuma y Pol 11, Pol III, Pol IV ¢ UmuC moka3zaio, uro UmuC aeMOHCTpUPYET YHHKAIbHOE pa3iHuue: B
OTIIMYHKE OT JPYTHX MOJIUMEPA3, €ro KOHCepBaTUBHEIN Phe-361 He momamaeT B MENTUI-CBI3YIOIIUN KapMaH
3aKHMa, HO 3TO KOMIICHCHpYyeTCs B3anMoeicTBrueM Mexay Asn—359 3 UmuC u Arg—152 Ha moBepXHOCTH
3aKMMa, TaK KaK MPH CBA3BIBAHUH JIAHHBIE OCTAaTKU HAaXOIATCS Onm3Ko Apyr K Apyry. OHHM Mpennonarawor,
YTO CYIIECTBYIONUE MHOXXECTBCHHBIC BapUAIIMH CBS3bIBAHUS KOJIBIIEBOTO 32)KMMa MOTHBOM Yy Pa3HBIX TO-
JUMepa3 OMOCPENyeTcs OCTaTKaMK Ha MOBEPXHOCTH UMEHHO KOJBIEBOTO 3KUMa, U HAMIPSIMYIO 3TO CBSA3aHO
¢ npucytctueM JIHK [10].

B wuccnenoBanmsax B3ammogeiicteus P-3axuma ¢ JIHK-murazoit v Helicobacter pylori, psmom ¢ C-
KoHIloM Oenka Obu1 uaeHTH(UIUpoBaH MoTUB S54QEFIRSLF561, cooTBeTCTBYIONMUIT KOHCEHCYCHOM ITO-
ciengoBatenbHocTU. JJHK-1urasel urparoT oHy M3 KIIOYEBBIX POJIEN B cHUCTeMax peIuIMKaluil U penapanui
JHK, kak y mpoKapuoT, Tak U Yy 3YKapuoT, U, B OTJIMYHE OT 3yKapUOTUUYECKOM JINTa3bl, BO B3aUMOICHCTBUU
¢ PCNA ponb koiblieBoro 3axxuma Bo B3aumoaeicTBusix ¢ JHK-nurazoit y Gaktepuii mimoxo usyuena. s
MOATBEPK/ICHUSI CYIIIECTBOBAHUS CBSI3M aBTOPHI KpHucTaumsupoBanu HpB-clamp ¢ cuHTEeTHYECKMM MenTH-
oM, comepskanuM TpeamnonaraeMeiii MoTuB 5S54QEFIRSLFS6 u3 JIHK-nuraser. Pesynbprar mokasan Hamw-
Yre KOMIUIEKCa B TO, YTO OH TaK K€, KaK 1 OOJBIIMHCTBO OENKOB, OMOCPEAyeTCs IPEUMYIIECTBEHHO THAPO-
(oOHBIME OCTaTKaMH. ABTOpPBl OTMETHJIM Ba)KHOCTh TaKMX OCTaTKOB Ha MoTHBe, Kak Ile557, Leu560 u
Phe561, noguepkuBas, 4To KIMEHHO OHH B3auMoaekcTBYOT ¢ PBG kosbiieBoro 3axuma. [IpuMeyaTensHo To,
YTO paHee aHaJOTHYHBIM OSKCIEPUMEHT Ha Hajauuue Komiuiekca MtbLigA-Mtbp-clamp OenkoB y
M. tuberculosis ne Hamen noaTBepxaeHus [11].

PesynpTarel aHanms3a B3auMojAeicTBHus [(-3aknMMa M OEIKOM HEraTWBHOHM PEryJsluy WHHUIHAIUN pe-
mwinkaiu Hda (6enok, poactBenHsiit DnaA) y E. coli moarBepauniau, uro Hda Hanpsimyro cBsi3biBaeTcs ¢ [3-
32KUMOM 4epe3 uaeHTuuimpoBanubii KoHceHCcycHbE CBM-motuB QL [SP] LPL, koTopslii panee ObLT Tak
xe uiaeHTuuIupoBaH B [6]. BeipaBHHBaHME OCTaTKOB MOKA3aJI0 TO, YTO, B OTJIMYME OT OOJNBIIUHCTBA APY-
rux OeJKoB, MpeAroiaracMpiii MOTHB y OenkoB cemeiictBa Hda pacmosaraercst mpenMyinecTBeHHO Ha N-
KoHIie. /1yt Toro, 4TOOBI 10Ka3aTh SBISICTCS JTH BBIACICHHBIN MOTUB CBSI3YIOIIMM KOJIBIICBOHN 3aKHM, aBTOPHI
WHAyIupoBanu MyTanuu Ha rekcranetune Hda: 3amenmiu QLSLPL Ha QASAPA B mepBoM MyTaHTe U
QLSLPL na QLSAAL B0 BTOpOM MyTaHTe. Pe3ynbTaTsl MoKa3any, 9To JaHHBIC 3aMEHBI HAPYIIIaId CITIOCO0-
HocTh Hda cBs3bIBaThCS € KOJBIIEBBIM 33KUMOM. BO BTOpOM BKCTIeprMEHTe ObLITH MCIIOJIb30BaHbl CHHTETH-
YECKUE TENTUIBI, COACepKaIllie MOTUB, aHAJIOTUYHEIN rekcanentuay motiuBa Hda. ABTOpsl nmpemnonaranm,
YTO JaHHBIE MENTHABI OyIyT KOHKYPHPOBATh 3a KOJbIleBOW 3akuM ¢ Hda, TemM caMpiM Hapymiasi croco0-
HOCTbH TIOCTIETHUX 00pa30BBIBaTh KOMILIEKC. B pe3ynprare O0bu10 mocturHyTo 50 % HHrHOMpOBaHUE CBS3BI-
BaHUs Mexay Hda u f-3auMoM, TOATBEPKAAIOLINM TO, YTO MOTHB SIBJISIETCS -cBA3yromuM [12].

PCNAPIP-momus y aykapuom

VY sykapHOT U apxeil siAepHbId aHTUTeH npoaudepupyronux kietok (proliferating cell nuclear antigen,
PCNA) cobupaeTcss B TOMOTpUMEPHBIC KOJIBIIA, KAKIIBIH IIPOTOMEDP COCTOWT M3 ABYX MICHTUIHBIX JOMCHOB,
COCIMHEHHBIX MeXJIOMeHHOU coenuuuTenbHoi metiel (IDCL) [5, 13]. PCNA, kak u ero anaior y 0akrte-
puii, B3aMMOJIEHCTBYET C OeIKaMH-TIApTHEPAMH TIOCPEACTBOM CBs3biBaHusa depe3 PIP-motmB (PCNA-—
interacting protein motif, PIP-box). ¥ PCNA ux HeckonpKko, 310 KaHoHn4Ieckuit PIP-motre — QxxHxXAA,
rne H — oto amudaruveckuit ruapodoOHeii ocratok (wame Bcero I, L wmm M); 4 — apomaruue-
ckuit runpodobuslit octarok (F, W unu Y); x — mobas amuHokuciora [14, 15]. V HekoTopsix OenKoB pe-
napanyvyd U peIUIMKanuy OblI WACHTU(UIIMPOBAH HOBBIA MOTHB, B3auMmojeicTByomuii ¢ PCNA, KOTOpbIi
nonyuni HazBaHue KAbox. JlaHHbINM MOTHB BCTpedaeTcs peske IPYyrHxX U COCTOUT U3 ocTatkoB KA-(A /L /1)
—(A/L/Q —xx—(L/V)][l6,17].

B uccnenopanuu [18] aBTOpBI MACHTH(PHUITNPOBATN HOBEIN aTbTEPHATHBHBIA MOTHB B3aUMOJICHCTBHS C
PCNA-APIM (R/K-F/W/Y-L/1/V/A-L/1/V/A-K/R). On comepxut 10 10 N-KOHIICBBIX aMHUHO-
KHCIIOT C BBICOKOKOHCEPBATUBHEIM Phe 1 MMPOKO pacipocTpaHeH Tak ke, Kak U Kiaccuueckuii PIP-mortus,
HO, B OTJIMYHE OT Kiaccumdeckoro PIP-mMoTmBa, KOTOpBIN NMPUCYTCTBYET BO MHOTHX O€NKaxX PEIUTHKAITAN
JHK, APIM uarie BcTpedaeTcs B pelapaliioHHBIX OellkaX, a TakKe y OCNIKOB, YYaCTBYIOIIMX B KOHTPOJIC
kinerounoro nukina [18]. Kak u knmaccuuecknii motus, APIM cszbiBaercs ¢ PCNA, yepe3 ero KoHCepBaTHB-
HBI TICTITH/I-CBI3BIBAIOINNN KapMaH, KOTOPBIA HAXOIUTCS HUXKE MEXKIOMCHHOW COCIUHHUTEIBHON IETIIH
(IDCL) [19, 20].
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Cam OenkoBbIid Komb1ieBOH 3axuM PCNA, B oTanune ot 6akTepuanbHOro B-3a)knuMa, Uil B3aUMOAeH-
ctBus ¢ PIP-MOTHBOM MMeeT TpH MIESHTHYHBIX IO CTPYKTYPE U (DYHKITUOHUPOBAHUIO TICTITU/I-CBSI3BIBAIOIIIHX
kapmanoB (PBG). Kaxmerii kapMaH HaXOIHUTCS IO OJHOMY Ha KaKIOM MoHOMepe Oenka, u motomy PCNA
CHOCOOCH OJTHOBPEMEHHO CBSI3bIBATh TPH Pa3HBIX JuraHia [21].

3aepy3zuuk 3adxcuma

CKop3s1Iie 32KUMBI HE MOTYT CBOOOMHO CBs3biBaThes ¢ JIHK m3-3a cBoel 3aMKHYTOM KOJIBIIEBOM
¢dopmel [1, 22, 23], ans atoro um TpedyroTcas ATd-3aBUCHMBIE KOMILIEKCH — 3arpy34MKH 3aKUMOB. By-
nyun uieHamu AAA+ cynepcemetictBa ATda3, mposBiIsAs MOTOPHYIO M TeTMKa3HYI0 aKTUBHOCTh M CIIOCO0-
HOCTH pa30uparh OETKOBBIE KOMIUIEKCHI, 3arPy3YHKH 3)KUMOB KaTATH3UPYIOT PACKPBITHE CKOIB3SIIETO 3a-
’)KuMa, 3arpyxatotr ux Ha JIHK u 3aMbIKatoT KOJBIIO BOKPYT HEro. Y 3yKapuoT W apXxeil 3arpy3umK 3aKMMOB
HazeiBaeTcst paxtop perumkanuu C (RFC), y 6akrepuii — 3T0 KOMILIEKC Y/T, a y BUpycoB — gp44/62 [24,
25]. O6sraHO AAA+ AT®a3wr co3maroT reKcaMepHble KOMITIEKCH, HO B KOMITIEKCE P-3aKMMOM 3arpy39uK
3KHMOB SIBJISIETCS TIeHTaMepoM. B orcyTcTBre AT® 3arpy3dnKu 3aKuMa O4YeHb C1ab0 B3aMMOJICHCTBYIOT €
KOJIBLIEBBIMHU 32KMMaMHU, a 1pH cBsi3biBaHul AT® oHM mpeTtepneBaioT KOHGOPMAaLMOHHBIE H3MEHEHHS, KO-
TOpbIe 00ECIeUNBAaIOT ONTHMANIbHOE B3amMojeiicTBue ¢ C-KOHLIEBOW MOBEPXHOCTHIO 3aKMMa M CIIOCO0-
CTBYIOT €T0 MOCIICAYIOIIEMY PacKpBITHIO [26, 27].

3arpy3unk OakTepHaIbHOTO 3aKMMa COCTOUT M3 TpeX CyObeAnHUL — 0, &' U Y/T, KOTOphIe COOMparoTCs
B rereponieaTamep d8'(y/1) [26, 28-31]. XoTs cyObeIUHUIBI Y U T KOOUPYIOTCS OTHUM H TEM YK€ T€HOM, OJI-
Hako cyObeIWHUIA T HE YYacTBYeT MPH 3arpy3Ke 3aKuMa, M ero ype3aHue TPAHCISIMOHHBIM CIBUTOM paM-
KU CUYUTHIBAHMS JaeT CyObenmuHUIYy Y. Takum o0pa3oM, 3aKUMHBIM 3arpy3ddK, COCTOSIIHA U3 00"y, HOCUT
Ha3BaHHe y-KoMIulekc. Kaxxaast cyObequHMIA Y-KOMITIEKCa UMEET OJUHAKOBYIO apXUTEKTYPY, COCTOSIIYIO
W3 TpeX OTHEIBHBIX MOMEHOB [26]. CyOBeAMHHIIBI BCETO Y-KOMIUIEKCA CBS3BIBAIOTCS C [-3aKUMOM, HO O-
cyOBeIuHUIIA SBISICTCSI OCHOBHOW TOYKON KOHTAKTa W OTBEYAET 3a PacKphITHE Kojblla. B oTrcyrcTBHie ATD
O-cyObeIMHNUNA CcTIpsTaHa BHYTPH Y-KOMIUIEKCa, U CBA3aHa ¢ coceqHer o'-cyobenaununei. [Ipu cesa3piBaHNH
AT® B3aumopeiicTBue Mexay O U 0’ HapylIaeTcs, NOACTABISIA O Al cBsi3H ¢ C-KOHIEBON MOBEPXHOCTHIO
3aKpeITOrO P-3aknMa. Jlanee CBM-MOTHB Ha O-CyOBEAWHHMIIE BIIOCICICTBHH CBS3BIBACTCS C JIFOOBIM IICTI-
TUA-CBSI3BIBAIOLINM KapMaHOM Ha 3aKUMe, JecTaOMIM3UPYET U OTKPHIBACT -3akUMHOE KombIIo. [locne 3To-
rO JAHHBIH KOMIUIEKC C OTKPBITBIM KOJBIEBBIM 32)KUMOM crienuduyeckn pacrno3HaeT u cBss3biBaet JJHK,
MOTOM TPOUCXOMUT TUApoin3 AT®, KoTopsIii BO3BpaIllaeT 3arpy3urK 3a)KUMa B HU3KOA(UHHOE COCTOSHHE,
KOTOpOE MPUBOJUT K €ro orcoeanHeHuto, ocrasiisisi JJHK BHyTpu packpeiToro komisia. [Tocne otcoennHenus
3arpy3ddKka 3JIeKTPOCTATUYECKHE B3aHMMOJCHCTBUS MEXAY IOJOXKHUTEIbHO 3apsbKEHHON BHYTpPEHHEH Mo-
BEPXHOCTBIO KOJIbLIA CKOJIB3AIIETO 3aKUMa W OTpulaTeiabHo 3apsbkeHHo JIHK mpuBomAT K 3aKpbITHIO
CKOJB3sIIero 3akuMa Bokpyr JIHK [32-35].

Tlemns medncoomenno2o coeounumens

B-3axuM mpencraBisieT cOOOH AUMEp, KaXKAbI MOHOMEDP KOTOPOTO COCTOHMT M3 TpeX INIOOYIISPHBIX J0-
MeHOB [1]. Mexay moMeHaMu KaXKIOTO MOHOMEpa €CTh MO YETHIPE MEeTIM MEXKIOMEHHOTO COSTMHUTEINS
(Inter-domain connector loop, IDCL). JluMepHOE CONpPSKEHUE COCTOMT M3 CBS3M [-HUTH MMEIOLIUX ITPHH-
LU COETUHEHUS «TOJIOBAa K XBOCTY», B pe3yJibTaTe 4ero oopasyercs Konblesas popma. Obmactb nentua-
CBSI3YIOIIETO KapMaHa, B3anMoeicTByromero ¢ CBM-motuBomM, Haxomutcst Bo3ine IDCL momenos II u III (
cM. puc.). JlaHHBIA KapMaH COCTOWT M3 JIBYX CcyOcaiToB: cyOcaiita I mexxmy momeHamu Il m III, riryOuna
~8 Ax10 A u 8,5 A, u B nomene 111 menee riy6okoro ~ 4,5 A-cy6caiira II.

KanonnueckuM MOTHBOM TienTUIHOTO B3auMozekcTus sapisietcsa QL [SD] LF, rue ocrarku LF cBsi3bI-
BaroTCcA ¢ cyOcaiiTom | menTua-cBA3BIBAIONIET0 KapMaHa Ha BTOPOM JIOMeHe, B TO BpeMs kak QL opueHTHpO-
BaHKI Ha CyOCalT 2 MenTHI-CBA3BIBAIOIICTO KapMaHa B TpeTbeM aomeHe [36—39].

Ha pucynke Huke npeacTaBlieHbl apXUTEKTYPHBIE Pa3Iniys B MPOKAPUOTUUCCKUX U DYKAPHOTHUECKUX
JHK-3axumax, o0nacTu cBsI3bIBaHUSA Oellka Ha 3akuMax. JlIOMEHHas apXHTEKTypa CKOJB3SIINX 3aKHMOB
JHK: (I) npoxapuorndecknii MoHOMEp B-3akuma PCNA cocTouTt n3 3 JOMEHOB, KKIBIH U3 KOTOPBIX CO-
enuHeH neried mexxaomenHoro koHHektopa (IDCL). (II) aumep OakrepuanbHOoro 3axkuma. Kaxnas cyOb-
eMHUIIA 3[IECh OKpaIleHa mo-pasHoMy. OOmacT B3aMMOAEHUCTBUS ¢ OeTKaMu Ha 3a)KMMe MOKa3aHbl Kpac-
HBEIM ¥ TOIyOBIM 1BeTaMu. KpacHbIM oTMedeH cyOctaiiT I, a romy6eim — cyb6caiit II Ha C-kon1e. Bmecre
OHH SABJSIIOTCA MenTHI-cBsi3bBatomuM kapmanoMm (PBG). (III) 3axum sykapuortnueckorr JJHK, monomep
saepHOro antureHa nponudepupyronux kietok (PCNA), cocrout u3 AByx noMeHOB, coennHeHHBIX [IDCL.
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(IV) PCNA yenoBeka siBnseTcs TpumepoM. Obnactu, B3aUMOACHUCTBYIOMINE ¢ OelKaMu, Takke 0003HaYCHBI
Kak cyocait I (kpacusblit) u cyocaiir 11 (romy06oit) [9].
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PucyHOK. ApXUTEKTYpHBIE pa3JInuusl B IPOKAPHOTHYECKHUX M dykapuoTHyeckux JJHK-3axumax,
o0nacTy cBA3bIBaHUS OelKa Ha 3aKMMax

Raxnouenue

BakTtepuanbHas perumcoma SBJISIETCS BKHBIM OOBEKTOM JUIS pa3pabOTKU HOBBIX aHTHOWOTHUKOB IS
OOpBOBI ¢ JIEKAPCTBECHHO-YCTONYMBBIMY IITAMMaMHU, U OaKTepHANIbHbIC [3-32)KUMBbI BbI3BAIM OOJIBIION HHTE-
pEeC Kak MOTCHIUATIBHBIC MUILIEHH JIJIsi aHTHOAKTEPHATBHON TePAITUH, IIOCKOJIBKY SBISIFOTCS] BAXKHBIM KOMITO-
HEHTOM PEIUIMKAaTUBHOIO U perapaluoHHOro Mexanusma: Bce math JJHK-nonumepas, BKIItouas MHOXKECTBO
IPYTUX OCIKOB-TIAPTHEPOB, YUCIO KOTOPHIX MPOAODKACT PACTH, B3AUMOICHCTBYIOT C OJTHUM M TEM XKE Caii-
TOM Ha 3aKHME, U, YTO OCOOCHHO BaXKHO, HHIMOUTOPHI CBA3bIBAHUS IPOKAPHOTHUCCKHUX OCIIKOB HE BIIMSIOT
Ha B3auMojeicTBus sykapuoTudeckux PCNA-CBSI3BIBAIOMIMX MAapTHEPOB M3-3a OTCYTCTBHSI TOMOJIOTHH B
mociieoBaTeNIbHOCTAX. OTCIO/Ia CeMyeT, YTO MOMCK HOBBIX OCJIKOB MAPTHEPOB, CIIOCOOHBIX CO3/aBaTh KOM-
IJIEKCHI C KOJBIIEBBIM 32)KUMOM Yepe3 YHHKAIbHBIC MENTHIHBIC TOCIEI0BATeIFHOCTH, — JIOBOJBHO aKTy-
aJIbHOE HAIpaBJICHUE B HAYYHOU cpenie. MBI yxe YBHUJENH, TO, 4T0o ocTaTku Leu u Phe aTux mocnemxoBatens-
HOCTEH SIBJIAIOTCS HEOTHEMJIIEMOM YAaCTHIO CBI3BIBAIONICTO B3aMMOJCHCTBHUS. PallMOHANILHBIN TH3aiiH MHTH-
OMTOPOB MENTHUI-CBA3BIBAIOIIETO KaAPMaHa Ha OCHOBE TAKMX TOHKHX aCIIEKTOB CBSA3BIBAHUS MOTHBOM MOKET
MPUBECTHU K pa3pabOTKe, KaK aHTHOMOTHKOB IIIMPOKOrO CIEKTPa, TAK ¥ BUAOCIICIIU(UIHBIX aHTHOHOTHUKOB.

Hccnenoanue B mepByIo ouepenb AEIAeT BKJIAA HE TOJIBKO IS JalbHEHIIEro NOHUMAaHUs BHYTPUKIIE-
TOYHBIX MEXaHU3MOB OaKTEPH, HO W, B YACTHOCTH, JJIS MOAPOOHOTO M3YUCHHUS OaKTepHaIbHOU permapaliiu
u perukanuu JIHK xak kimroda 771 MOHUMaHMs YCTOMYHMBOCTH MATOT€HOB YEJI0BEYECKOI0 OpraHu3ma.

Hccneoosanue svinonnerno npu gunancogoti noodepoicke Komumema nayku Munucmepemea oopaszosa-
Hus u Hayku Pecnyonuxu Kazaxcman. (I panm Ne AP08856811).
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AKYbI3-aKYbI3/IbIH ChIPFbIMAJIbI KbICKBILI dpeKeTTecyi YIliH NenTUATIK Tiz0eKkTep

Iarorennik MUKpOOpraHU3MACPAIH aHTHOHMOTUKTEPre TO3IMIUIr OYriHri KyHi OYKia oneMzae OapraH caibIH
KayilnTi Mocelere alHadysla, COHBIMEH Oipre j>kaHa aHTHOAKTepHaJAbl HBICAHIAPIB! d3ipiey KasKeTTLUIIri
apThin Keneni. Bakrepusiiap[aH ChIPFBIMANbI KBICKBIILITAp allbUIFaH COTTEH OacTan KONTereH 3epTreyiiep
JKYPri3zi, onapiblH OapbiChiHIA OHBIH epekiue Kacuerrepi ambugsl — JIHK-meH GaiinaHpicy, KallblHa
KENITIPY JKOHE peIUIMKALMS aKybI3JapbIHBIH OCJICeHIUNri MEH THIMIUITIH apTThIpy MYMKIHIIr, Oy
6akrepusinapabie JJTHK 3akpiMaanysiHa TO3IMALNIMH cakTayaarbl yIKeH peusiH kepcereni. Kasipri yakpiTta
CBIPFBIMAJIBI KBICKBIII (DYHKLMOHAI/BIK KEIICHASpP jkacal aJlaThlH CEepiKTeC-aKybI3ap/blH CaHbl OCYJE,
COHJIBIKTAaH B-KBICKBIII JKaHA aHTHOMOTUKTEPl 134€y/IiH aeyeTTi memimMi peTiHae Ha3ap ayAapaThlH HbICAH
Gonbin TabbLIaabl. Makanana OHbIH KYPHUIBIMBIH KapbIKTaHIbIPY, KYPBUIBICBIH JKOHE 9CEp €TY MEXaHU3MiH,
COHBIMEH KaTap, OHBIH OapibIK cepikTec-OelOKTaphl YIIH KOHCEPBAaTHBTI XkoHe ykcac Oipereit PIP B-
KBICKBILITHI OailIaHbICTBIPY MOTHBIH TaiianaHa OTHIPHIN, KONTETeH CEPiKTEC-aKybI3IapbIMEH KELIeH KYpy
Ka0iIeTiH KopceTeTiH Kelbip 3epTTeyiep YCHHBUIFaH.

Kinm ce30ep: B-KbICKbIII, OakTepusuiap, aHTHOMOTHKTEp, pemaparms, akysi3map, tesimaimik, JHK, PIP-
MOTHB.

R.B. Aznabayeva, A.M. Turgimbayeva, U.O. Zein, S.K. Abeldenov

Peptide sequences for protein—protein sliding clamp interactions

Today antibiotic resistance to pathogenic microorganisms is becoming an increasingly dangerous problem all
over the world. At the same time, the need for the development of new antibacterial targets is growing. Since
the discovery of sliding clamps in bacteria, a large number of studies have been carried out during which its
unique properties, such as the ability to bind to DNA and increase the activity and efficiency of repair and
replication proteins, have been discovered, which underlines its important role in maintaining bacteria
resistance to DNA damage. At the moment, the number of partner proteins with which the sliding clamp is
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able to create functional complexes continues to grow, and therefore the B-clamp is the object of close
attention of scientists as a potential solution for finding new antibiotics. This review article presents some
studies highlighting its structure, structure and mechanism of functioning, as well as its ability to form
complexes with many partner proteins using a unique P/P B-clamp binding motif, which is conservative and
similar for all partner proteins.

Keywords: B-clamp, bacteria, antibiotics, repair, proteins, resistance, DNA, P/P-motif.
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Influence of flax seeds on the reproduction rate of lactic acid bacilli
when used in the experiment

When taking probiotics, probiotic bacteria do not always successfully take root in the human body, and
prebiotics are used to stimulate their growth and metabolic activity. A wide range of biologically active
substances of natural origin used as prebiotics is of special interest and positively impacts the probiotic
bacteria. In this regard, priority is currently given to this problem in the leading scientific centers around the
world. The research in the field of microbiology is acquiring special relevance: obtaining dairy products for
healthy nutrition and preparations of biologically active living cultures of probiotic bacteria of a new
generation with prebiotics. This article presents the study on the influence of flax seeds on the reproduction
rate of lactic acid bacilli when used in the experiment. The modern microbiological methods were engaged in
conducting the given experiment. MALDI-TOF MS was used to identify lactic acid bacilli. It has been found
that the whole flaxseeds added into a fermentation medium for probiotic cultures stimulate cell proliferation
of lactic acid bacilli LAh13, Lpl-5. This indicates some application potential for using a probiotic with some
prebiotic added in the form of whole flax seeds.

Keywords: lactic acid bacilli, dietary fiber, culture media, cultivation, nutritional requirements, biomass,
prebiotics, identification.

Introduction

For microbiological industry, it is paramount to expand a range of stock culture and improve the
technology for obtaining and accumulating it. Some features of this process are focused on achieving the
highest rate of biomass growth and producing probiotic cultures with high biological activity [1]. The
biomass of probiotic crops accumulates in a nutrient medium containing sources of carbon, nitrogen,
minerals, and vitamins. As the production of probiotic cultures grows bigger, the search for alternative raw
materials to prepare nutrient media takes the leading place. The use of such raw materials, rich in
carbohydrates, proteins and minerals, dietary fiber, allows for reducing costs and increasing the profitability
of the enterprise [2—4].

The bacteria of the Lactobacillus, Lacticaseibacillus, Lactiplantibacillus, Limosilactobacillus genus are
particularly susceptible to complex microorganisms [5]. The lactobacillus requires the substrates, which are a
source of nutrition, do not grow on simple nutrient media, and need amino acids, vitamins, fatty acids,
carbohydrates and nucleic acid derivatives to be introduced into them (individual for each type of lacto-
bacillus) [6]. In addition to amino acids and vitamins, there are a number of other organic compounds, as
well as the plant substrates required for the growth of lactobacillus or stimulating growth.

In the process of growth and reproduction, lactobacilli in their nutrient medium need stimulants of
various natures. The use of plant-based and natural biologically active additives (BAAs) is known for its
stimulating nature in the growth properties of lactic acid bacteria and is well-described in the scientific
literature. A suspension obtained from soybean grains, walnut flour, Laetiporus sulphureus Ls 1-06
mycelium biomass obtained by various types of cultivation, including liquid phase cultivation in the
stationary phase can be considered as good examples [7—11].

Burmasova et al. [12] tried to obtain probiotic drugs with natural antioxidants. They studied the effect
of low concentrations of Chaga mushroom’s melanins on the growth of lactobacilli. The experiment showed
that the action of melanins manifests itself in the exponential phase. Melanins at the concentrations of 1071
g/cm® and 107 g/cm? contribute to the formation of more lactobacilli compared to the control group with a
higher result of seeding, which is confirmed by the data of the mentioned study.
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The Spanish researchers Pozuelo et al. investigated the ability of grape antioxidant dietary fiber to
affect the microflora in the cecum in the experimental rats. Grape antioxidant dietary fiber is rich in
polyphenol amines. The results showed that the consumption of grape antioxidant dietary fiber stimulates the
growth of lactobacilli and affects the composition of bifidobacterial species, but only to an insignificant
extent. It was also found that grape antioxidant dietary fiber has a stimulating effect on Lactobacillus reuteri
and Lactobacillus acidophilus in vitro [13].

Warnakulasuriya et al. [14] studied the fermentation of dietary rice fiber with the joint cultivation of
probiotic cultures of lactobacillus and bifidobacteria. The combined cultures grew on fiber from both rice
varieties (LD356-RR1, red in color, brown rice, peel-free, and AT353-RR2, red in color, unpolished)
achieving high rates of cell biomass accumulation. The study revealed some synergistic relations between
these bacterial cultures. In this study, the high number of cells in the starter cultures provided high initial
levels of cell count in the medium: 108-10° CFU/ml. Adding the fibrous substrate to the culture medium had
a marked effect on the culture growth and viability, especially at 24-hour incubation, and in all culture
combinations. This indicates the ability of co-cultures to use rice fiber as a growth-stimulating substrate.
However, some joint strains of lacto-and bifido-bacterium cultures have shown a preference for glucose over
fiber as a substrate. The microorganisms constituting the combinations reached the die-off phase after a short
stationary phase, between 24 and 48 hours. The pH dropped down rapidly in all media reaching the lowest
level after 6 hours of cultivation.

Akalin et al. [15] studied the microflora of probiotic ice cream with various enriched dietary fibers
(apple, orange, oats, bamboo, and wheat) and the viability of cultures stored at -18 °C for 180 days. The
experiment established a viable amount of Lactobacillus acidophilus >7 log CFU/g during storage with the
exception of samples having orange and bamboo fiber in them. It was also found that the amount of
Bifidobacterium lactis in these samples was>6 log CFU/g up to 150 days of storage.

Thus, a comparative literature review of pro- and pre-biotics, which can be used to cultivate lactic acid
bacteria, demonstrates that the success of growing these microorganisms depends on the quality and
composition of the medium, as well as the specifics of the stimulating components.

Polysaccharides of flaxseed are referred to as mucus-like high-molecular polysaccharides, in other
words, mucus soluble in water. Along with a high content of polyunsaturated fatty acids (PUFAs) and
protein, flax seeds are characterized by the presence of a significant amount of soluble dictary fiber based on
mucus polysaccharides. Flaxseed mucus also attracts attention as a source of biologically active
oligosaccharides [16].

Linumus itatissimum L. or flaxseed is an important functional food ingredient as it is rich in a-linolenic
acid (ALA, omega-3 fatty acid), lignans and fiber, which are potentially beneficial to human health. Due to
the high content of polysaccharides, the decoction of flax seeds has an enveloping and bactericidal effect.
The F, A, E, B vitamins and flax seeds are excellent external sources of important vitamin F, which is
actively involved in fat and cholesterol metabolism. The five main nutritional components of flaxseed are
fiber, protein, lignans, oil, and vitamins, which are determined by the methods of gas chromatography and
high-performance liquid chromatography (HPLC) [17-18].

Coarse flaxseed is rich in biologically active compounds, and its extracts have a strong anti-radical
activity [19]. It contains the largest amount of secoisolariciresinol diglucoside (SDG) of plant lignan [20].

Numerous studies have shown that the consumption of flaxseed leads to an improvement in the
metabolism of glucose or lipids [21, 22].

The current study on flax seeds is at the center of increased interest in the field of research on the health
benefits associated with its individual components and their biological activity.

The given work aims to optimize the intensity of reproduction of lactobacillus cells by rational
cultivation with raw extract of flaxseeds added in various concentrations.

Experimental

The lactobacillus isolates of L. helveticus-13(Lh-13) and L. plantarum-5 (Lpl-5) isolated from national
lactic acid products, which are produced by artisanal traditional method in different districts of the
Karaganda region were used for the experiment. The obtained isolates were identified by MALDI BioTyper
[23].

To assess the growth of Lk-13, Lpl-5 lactobacillus isolates with added raw extract flaxseeds (whole
flaxseed used from Zerde Phyto-tea), a growth curve was used. Further, a sterile enzymatic medium was
used for probiotic cultures [24] to cultivate the Lh-13, Lpl-5 lactobacillus isolates with added raw extract of

Cepusa «brnonorusa. MeguunHa. Neorpadcusa». Ne 2(106)/2022 27



Zh. Amirkhanova, R. Bodeeva et al.

flaxseeds. For the control group, 50 pl of inoculate containing 10° CFU/ml of Lh-13, Lpl-5isolates was added
to the enzymatic medium for probiotic cultures with no raw extract of flaxseeds.

In the experimental groups, the raw extract of lax seeds was used at the concentrations of 5%, 10%,
15% in the enzymatic medium for probiotic cultures (100 ml) with 50 pl of inoculated suspension containing
10° CFU/ml of Lh-13, Lpl-5 lactobacillus isolates. After suspension, it was cultured at 37°C under anaerobic
conditions.

The growth rate was determined by the increase in optical density. Throughout the culture cycle, the
samples were well mixed in a magnetic stirrer at regular intervals. The fermented liquid was taken from the
samples under study, and the optical density of the suspension was measured by the TecanEVolizer100
(Tecan) laboratory robot at the wavelength of 490 nm. The trials were carried out three times with the results
expressed in the form of an arithmetic mean.

The control microscopy was performed in the control and experimental groups during cultivation. The
samples were taken for microscopy every 0, 8, 16, 24, 36, 48, 72 hours. The Gram stain method was used.

Results and Discussion

Based on the obtained data, growth curves were constructed within 72 hours. When analyzing the
constructed growth curves, it can be concluded that when raw extract is added to the medium, the growth of
Lh-13, Lpl-5 lactobacillus isolates increases. In all experiments and in the control group, the optical density
values varied.

Some significant increase in the optical density of the culture fermented liquid was recorded in 8 hours
of cultivation in the experimental groups. Nevertheless, the control groups showed an increase in cells only
after 8 hour.

After 8 hours of cultivation, growth is accelerated due to the faster growth of LA-13, Lpl-5 isolates and
the consumption of nutrients from the culture fermented liquid (Fig. 1, 2).

After 16, 24, 36 hours of cultivation with 5%, 10%, 15% of raw extract of the flaxseed added to it, the
reproduction rate of cell increases. In 48 hours of cultivation, the biomass of the cells reached its maximum
in each experimental group in all concentrations.

In the experimental groups with the addition of 5 %, 10 % raw extract of flaxseeds after 48 hours, one
could observe the onset of the growth inhibition. Meanwhile, the growth of lactobacillus is constant in case
of the addition of 15% raw flaxseed extract with the optical density being slightly varied. In the control
groups, a decrease in values is well observed during cultivation of 48 hours with some decrease in the
biomass. There was an imbalance and rapid death of cell biomass observed.

The study on the effect of the accumulated maximum cell count of LA-13, Lpl-5 isolates with the
addition of 5%, 10% concentration of raw flaxseed extract was conducted at the acidity value of the medium
varied from pH 5.6; 5.8; 6.0; 6.1 and at the temperature of 37°C (8-72 h).
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Figure 1. Dynamics of optical density of cell multiplication of Lk-13 isolate in the enzymatic medium
with added raw extract of flaxseed at the concentrations of 5%, 10%, 15%
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Figure 2. Dynamics of optical density of cell reproduction of Lp/-5 isolate cells in the enzymatic medium
with added raw extract of flaxseed at the concentrations of 5%, 10%, 15%

In the medium with a 15% concentration of raw flaxseed extract added to the Lh-13, Lpl-5 isolates, the
acidity activity of the medium varied from pH 5.5-6.2. In 2448 hours, the acidity of the medium was
maintained at the pH level of 5.5-5.7. In the control samples, the acidity of the medium ranged from 5.7—6.0.
The analysis of the presented results shows that the highest cell content was as follows: LA-13 isolates OD =
3.73 (48 h) and Lpl-5 OD = 3.52 (48 h).

This study is fully consistent with other researchers who have similarly reported that the use of
prebiotics helps to stimulate cell growth of lactobacillus. By combining these two components in so-called
synbiotic products, one can expect a positive effect on the intestinal microflora [25-27].

In our opinion, dietary fiber is an additional substrate with a certain set of substances capable of
satisfying the nutritional needs of lactobacillus: vitamins, micro- and macro-eclements, which are
indispensable factors for the growth of lactobacillus.

In the course of research, it was found that introducing such prebiotics as raw extract of flaxseeds in the
concentrations of 1-5% into the nutrient medium allows for maximizing the development of the studied LA-
13, Lpl-5 isolates. This is expressed in an increase in the rate of cell reproduction, which is a rational
management process. Whereas 5-10% of the added stimulant for 72 hours causes a decrease in the culture
growth (OD). The analysis of the obtained data demonstrates that the intensity of reproduction of the studied
isolates depends on the type and amount of growth stimulant introduced.

In the control and prototype samples, microscopy showed that the gram-positive rods of the cell are
located: singly, in pairs and in clusters. They were immobile and typical for lactic acid bacilli, forming no
spores.

According to the results of this study, raw flaxseed extract (Linum usitatissimum L.) may be a potential
prebiotic to stimulate the growth of bacteria in the colon. The raw flaxseed extract is a promising nutritional
basis to cultivate lactobacillus. Therefore, flaxseed mucus has prebiotic properties, which, in turn, allows us
to consider the possibility of including it in functional products.

Thus, in case of correct selection of dietary fiber (raw extract of the flaxseed), an attempt was made to
achieve significant results in cultivating the Lk-13, Lpl-5 lactobacillus in an experiment to increase the
stimulating properties of probiotic cultures.

Conclusions

The up-to-date microbiological technologies dictate the relevance of the use of flaxseed dietary fiber.
They have a unique composition and are rich in dietary fiber, which can meet the nutritional needs of
lactobacillus. The use of flaxseed dietary fiber stimulates the growth of lactobacilli and will help to
determine the appropriate growth-stimulating concentrations of dietary fiber by randomized selections in the
experiment while improving the nutritional value and biological activity of starters to be used in the finished
product. The beneficial effects of dietary fiber can be improved when combined with prebiotic cultures.
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3BIFpr TYKBIMBIHBIH CYTKBIIIKBLIIAbI TASKIIAJTAPAbIH
K00e10 KapKbIHAbLIBIFBIHA acepi

[TpobuotukTepai kabbuigay KesiHae MpOoOHOTHKANBIK OakTepusuiap ajaM ar3achblHIa opAailbiM coTTi Oona
OepMelini >koHE NPEOMOTHKTEp OJAPABIH ©Cyl MEH MEeTaOOJNHKAIBIK OCICEeHIUIrIH BIHTAJaHABIPY YIUiH
KonjaHeiagsl. [IpeOnoTukrep periHge NpoOHOTHKANBIK OakTepusulapra OH dcep €TeTiH TaOuru
OMOTOTHSIIBIK OeNCeH Il 3aTTapAblH KeH JKHBIHTHIFBIH KOJIIAHy €peKIle KhI3bFYIIBUIBIK TyAbIpanbl. Ockiran
0aliyIaHBICTEI, Ka3ipri yakbITTa OyJI Mocese oJeMHIH JKETEKII FBUIBIMH OPTANBIKTaphIHIAa ©3CKTiTIKKe He
Gonbin oTlp. OHBIH iLTiHAE MaHBI3IbLIBIFBI OOHBIHIIA MUKPOOUOJIOTHS CalachlHAArbl 3epTTeyJIep aifpbikiia
OpBIH ajyna, SFHU OMOJOTHSJIBIK KacuerTepi OolibiHIIAa GeiceHai NpOOHOTHKANBIK OakTepusuiapiblH Tipi
JAKBUIBIH JKOHE HPEOMOTHKTEPAl CYTKBIIKBUILABI OHIMAEp MEH >aHa OybIHAbI IpenaparTapra eHrizy
KapacThIpblTy1a. Makanaia 3bIFbIp TYKBIMBIHBIH CYTKBIIIKBUIABI TasKIIaTapAblH KeOS0 KapPKbIHIBUIBIFbIHA
acepi 3epTTenmi. DKCIEPHUMEHTTe MHKPOOHONOTHSIIBIK 3epTTey oicTepi KOmmaHbUIABL CyTKBIIKBUIIBI
taskmanapasl  uneHtupukanumsuiay MALDI-TOF MS  omici  apKbUtbl  aHBIKTaIIBL  [IpOOHOTHKAIBIK
JaKplIapra apHaiFaH (EpMEHTaTUBTIK OPTaFra 3BIFBIP TYKBIMBIHBIH IIHKi CHIFBIHABICBIH KOCY apKbUIBI CYT
KBIIIKBUIABI TasKIIa N30 TTapbIHGIH LA 13, Lpl-5 ke0eloiH bIHTaTaHABIPATHIHEI AHBIKTAIBL, OYJI HOTHOKENIep
3epPTTEI OTBIPFaH MPOOUOTUKAIBIK U30JIATTAPbIH 3bIFBIP TYKbIMBI 0ap NPEOUOTHKTEPMEH KOJJIaHy Typaibl
KeJIeIIeTiH aifFaKTal/ibl.

Kinm ce30ep: cyT KbIIIKbUIABI TasKIIaIap, TaraMJbIK TAIIIBIK, KOPEKTIK OPTa, NAKbULLAHABIPY, KOPEKTIK
KaXeTTUIiK, OMomacca, peOUOTUKTEp, UACHTH(DUKALIHSL.

K. Amupxanosa, P.boneeBa, C. AxmeroBa, C. Koxxaxmetos, A. Kymryrynosa, JI. Axsneananu

Biausinusi ceMsiH JIbHA HA HHTEHCUBHOCTDb PAa3MHOKCHUSA
MOJOYHOKHUCIBIX MAJOY€E€K B OKCICPUMEHTE

IIpn npueme npoOHOTHKOB MPOOHOTHYECKUE OaKTEpPUH HE BCET/A YCIENIHO IPIKUBAIOTCS B OPTaHU3MeE de-
JOBEKa, U NI CTUMYJLILIMH UX POCTa M METaOOJIMYECKOH aKTMBHOCTU HCHOJNB3YIOT npebuoTtuku. IIpencras-
JsieT 0coObli MHTEepeC MPUMEHEHHE B KauecTBE MPEOMOTUKOB IIUPOKOro Habopa OMOJIOrMYEecKH aKTHBHBIX
BELIECTB IPUPOJHOTO IIPOUCXOKICHHS, OKa3bIBAIOIIUX HA MPOOUOTHUECKHE OAKTEPHUH IOJI0KUTEIEHOE BIU-
sHHE. B cBA3M ¢ 3TUM, B JaHHOE BpEeMs NPHOPUTET OTAACTCS STOW NpoOIeMe B BEAYIIMX HAyYHBIX LIEHTPAX
MHpa, 0COOYI0 aKTyaJbHOCTb MPHOOPETAIOT UCCIIENOBAHMS B 00JIACTH MUKPOOHOJIOTHH: MONTyYeHHE MOJIOY-
HBIX MPOIYKTOB 3I0OPOBOTO IHUTAaHMS M IPENapaToB HOBOTO ITOKOJICHHMS, COJEPKAaIIUX OHOJOTHUECKU
AKTHUBHBIE )KUBBIE KYJIBbTYPbI IPOOHOTHUECKUX OakTepuil ¢ mpednoTHKamMu. B crathe npencraBieHo H3ydeHHne
BIIMSTHHSL CEMSIH JIbHA Ha MHTCHCHBHOCTH Pa3MHOXEHHS MOJIOYHOKHUCIBIX NMAJIOYEK B HKCIIepUMeHTe. B xoxe
9KCHEPUMEHTA PUMEHSIINCH PA3INYHBIC MUKPOOHOIOTHYECKHEe METObl. MneHTHhHUKaL MOJIOYHOKHUCIIBIX
nanoyek onpexaensau MerogoM MALDI-TOF MS. Beuto ycraHoBieHO, 4TO A0OaBIEHHE CHIPOTO SKCTPaKTa
ceMeHa JIbHa B (JEPMEHTATUBHYIO CPEy Ul NPOOHMOTUYECKHUX KYJIBTYP CTHUMYJHPYET Pa3MHOMKECHHE KJICTOK
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U30JIITOB  MOJIOYHOKUCIBIX manodek Lhl3, Lpl-5, 4T0 CBUOETENBCTBYET O MEPCHEKTHBHOCTH JaHHBIX
MPOOUMOTHYECKHX KYJIbTYp Ul UCIOIb30BAaHUSA NPOOHOTHKA C JOOABICHUEM NIPEOUOTHKA — CEMSH JIbHA.

Kniouesvie cnosa: MONOYHOKUCIBIC MANOYKH, MUIICBbIC BOJIOKHA, MUTATEIbHBIC CPEIbl, KyJIbTHBHPOBAHNE,
MUTaTeNbHas MOTPEOHOCTh, OMoMacca, NPeOUOTHKY, UACHTHDUKAIIHSL.
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Vitamin D and its influence on human immune system

This review presents modern domestic and foreign studies of vitamin D levels effect on the human immune
system. Numerous data are presented on the participation of vitamin D in the regulation of immune
responses. In recent years, more and more attention has been paid to the problem of vitamin D deficiency in
the body of patients with autoimmune diseases. The significance of vitamin D in immune regulation is
confirmed by the results of many experimental studies, clinical and epidemiological observations that
demonstrate the relationship between low levels of the vitamin D and increased susceptibility to various
infections, as well as the activity of the infectious process of viral, bacterial, and fungal etiology. Vitamin D
acts both directly and indirectly on immune cells such as B and T lymphocytes, dendritic cells and
macrophages. The review focuses on the molecular mechanisms of activation of the immune response under
the influence of vitamin D. Vitamin D exerts its effect through binding to the vitamin D receptor (VDR),
which, in turn, together with other proteins, activates the transcription of protein genes involved in the body’s
immune response. In this regard, it is necessary to draw the attention of researchers to the problem of the
daily intake of vitamin D, especially in a pandemic situation.

Keywords: vitamin D, calcitriol, vitamin D receptor (VDR), innate immunity, adaptive immunity,
autoimmune diseases.

In recent years, there has been a global trend of deterioration in the health of the population, which is
associated with environmental disasters, deterioration of food quality, an increase in viral infections, and
social instability in society. Currently, a special place in the development of various human pathologies is
given to VD, which is considered a multifunctional hormone that regulates numerous processes in the human
body at the gene level [1-3].

The VD status in the human body is assessed by measuring blood levels of 25(0OH)D, since its serum
concentrations are more stable and are less influenced by hormonal mechanisms and by changes in calcium
and phosphorus levels, as compared to 1,25(OH),Ds [4]. Most researchers agree that 25(OH) D levels below
10-12 ng/mL (25-30 nmol/L) represent clinical deficiency, which is considered a global health problem [5-7].

VD deficiency provokes the development of diabetes mellitus (DM), cardiovascular diseases, multiple
sclerosis, and other autoimmune diseases, chronicity of infectious diseases such as tuberculosis and
periodontal disease [1, 8]; it is associated with an increased risk of colorectal and bladder cancers, while for
breast, ovarian, and prostate cancers, this association appears to be more controversial [9].

This review focuses on the current data on the effect of VD on various parts of the immune system in
normal conditions, as well as in autoimmune diseases. The purpose of the review is to study the VD effects
on the mechanisms of both innate and acquired immunity.

VD is a secosterol produced endogenously in the skin due to sunlight or obtained from the outside
(food, drugs) [1-3]. In the human body, VD is hydroxylated. The first stage of hydroxylation occurs in the
liver and converts VD to 25-hydroxyVD (25(OH) D), also known as calcidiol. The second stage of
hydroxylation occurs mainly in the kidneys (with the participation of the enzyme CYP27B1 —
a-hydroxylase), and its result is the synthesis of the physiologically active D-hormone, 1,25 dihydroxyVD
(1,25(0OH),D) [8]. The level of calcitriol in the blood is determined mainly by the activity of CYP27B1 in the
kidneys and the action of parathyroid hormone, it is tightly regulated by negative feedback, which is closed
by the inhibition of CYP27B1 by a high concentration of calcitriol itself and fibroblast growth factor 23.
Stimulation of the CYP24A1 enzyme also acts as a limitation in the formation of the active form of the
vitamin (24-hydroxylase), which converts calcitriol into an inactive, water-soluble form of calcitric acid,
which is subsequently excreted from the body with bile [10]. Immune cells also express CYP27B1 and are
able to convert a circulating in the 25(OH)D into 1,25(OH);D in an autocrine and paracrine manner. It is
noteworthy that it is in immune cells such as macrophages and dendritic cells (DC), unlike kidney cells, that
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there are no negative feedback mechanisms, which makes it possible to produce very high, but local
concentrations of calcitriol for the needs of immunomodulation [11].

1,25(0OH).D; exerts most of its biological effects through the activation of the nuclear VD receptor
(VDR) transcription factor, which can lead to the activation of more than 1000 genes [12, 13]. In recent
years, scientists have scanned parts of the human genes that mediate the action of VD. These regions, called
VDRE (VD response elements), are adjacent to genes activated by the VDR protein complex [14].

Strong evidence from epidemiological data and laboratory and animal studies suggests that VD plays an
important physiological role in the normal functioning of the immune system. The evidence to date shows
that VD inhibits adaptive immunity but contributes to innate immunity. VD inhibits cell proliferation while
stimulating cell differentiation. However, the mechanisms of VD action on the immune system and its
therapeutic potential in pathology require further study. Prevention of VD deficiency helps not only to
optimize mineral metabolism, but also to reduce the risk of the formation of many chronic diseases [15].

The key to the wide-ranging effects of VD is intracellular 1-a-hydroxylase, which is found in cells
throughout the body. The exact role that VD plays in every cell is not yet clear, but researchers are working
on possible mechanisms. There are two main effects of VD on immunity: increased immunity against
antigens and modulation of the autoimmune response. These actions of VD are achieved through a variety of
mechanisms. Below is a basic explanation of the mechanisms as we understand them today [16].

Liu et al. explained the mechanism of increased immunity against antigens [17]. They implemented a
series of experiments on human macrophages and showed that 25(OH)D is converted intra-cellularly to
1,25(0OH).D in response to the interaction of a Toll-like receptor with a bacterial antigen. This interaction
activates the expression of 1-a-hydroxylase and cathelicidin genes. This results in increased production of
cathelicidin, a bactericidal peptide, but only in the presence of 25(OH)D or 1,25(OH).D. Cathelicidin is
effective against bacteria and viruses [18] such as herpes simplex [19] and influenza [20]. They also showed
a dose-dependent effect of 25(OH)D in human serum. Serum containing higher levels of 25(OH)D (mean:
78 nmol/L) doubled cathelicidin gene expression compared to serum with lower levels of 25(OH)D (mean:
22 nmol/L). This explains the use of circulating 25(OH)D for intracellular production of 1,25(OH).D, so the
person is not at risk of hypercalcemia due to high systemic levels of 1,25(OH),D. When this intracellular
mechanism is activated, the enzyme responsible for 1,25(OH).D catabolism is also activated, keeping the
production and catabolism of 1,25(OH),D completely self-sufficient. This mechanism explains the role that
VD may play in other types of cells. Other cells are likely activated by a stimulus and, in the presence of
adequate 25(OH)D, express genes specific to that cell’s function (e.g., T cells and cytokines).

VD prevents inflammation too much by blocking the interaction of immune cells through cytokines.
VD immune suppression has opened up new possibilities for the therapeutic use of this substance and its
analogs for the control of autoimmune diseases, presumably associated with cytokine overproduction. VD
deficiency increases the risk of developing autoimmune diseases. Among such diseases are type 1 diabetes
mellitus, multiple sclerosis, systemic lupus erythematosus, rheumatoid arthritis, chronic inflammatory
diseases of the gastrointestinal tract. The anti-proliferative and differentiation-stimulating activity of VD
suggested a role for this hormone in suppressing neoplastic processes (colon, breast, lung, pancreas, ovarian,
prostate cancer) [21]. Considering the aforementioned intracellular 1-o-hydroxylase, the effect of VD on
autoimmune disease occurs through several mechanisms, each of which is specific to the cell it targets. VD
acts both directly and indirectly on several immune cells, including B and T lymphocytes, dendritic cells, and
macrophages. T lymphocytes (T cells) play a central role in autoimmune diseases. When stimulated with
such antigens as tumor cells or viruses they produce inflammatory cytokines IFN-y, IL-2 and TNF-o. There
are two types of T-helpers: Thl and Th2. 1,25(OH).D directly suppresses proliferation of Thl cells and
decreases the production of their cytokines [22]. In mouse models, if VD is deficient or VDR is absent, Thl
effects are more pronounced [23, 24]. In vitro treatment with 1,25(OH).D suppresses Thl cell production
and promotes Th2 cell development [25]. The overall effect of T cells is to increase self-tolerance [26].
B lymphocytes (B cells) are also affected by VD. Cell cultures show some inhibitory effects of 1,25(OH).D
and 25(OH)D on B cell responses, including proliferation, cell differentiation, and immunoglobulin
secretion, especially IgG and IgM [27].

The effect of VD on innate immunity

The research was distributed roughly 25 years showing that 1,25(OH).D unequivocally stifles the
multiplication of the irresistible microorganism Mycobacterium tuberculosis (M. tuberculosis) in human
monocytes [28]. At that point, the physiological meaning of this was muddled. It was realized that patients
with tuberculosis (TB) regularly had an overproduction of 1,25(OH),D [29]. Be that as it may, this was not at
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first connected with the capacity of CYP27B1 monocyte movement to help intracrine killing of M.
tuberculosis. Rather, helpful organization of 1,25(OH).D or engineered non-calcemic analogs 1,25(OH).D
was relied upon to give the best channel to translational VD usage in patients with tuberculosis. Information
from Liu et al. displayed interestingly that the localized synthesis of 1,25(OH);D by monocytes is a
necessary piece of the normal innate immune function of these cells. Current works uncover in more detail
the instruments by which calcitriol improves the antimicrobial impact of macrophages and monocytes, which
are significant effector cells in the battle against microbes like M. tuberculosis.

Calcitriol builds the chemotaxis and phagocytic capacity of immune cells [11]. It should be noticed that
VD likewise actuates qualities encoding endogenous antimicrobial peptides — catalicidin and defensin-2,
which have antimicrobial action against numerous microscopic organisms, viruses and fungi [21].
Monocytes presented to M. tuberculosis show a solid acceptance of 1a-hydroxylase, or CYP27B1, and the
VD receptor after acknowledgment of microbes by cost-like receptors, which prompts an adjustment of
quality articulation for cathelicidin creation [17]. Notwithstanding cost-like receptor flagging, it was found
that different cytokines like interferon-y or IL-4 additionally influence the statement of CYP27BI1 [30].
Human cathelicidin (hCAP18), which is divided from IL-37 (the 37-buildup dynamic cationic peptide) and is
expanded in people in light of irresistible specialists. Its fundamental activity is the destabilization of
microbial films, regarding which it has a lytic impact on microorganisms, viruses, and parasites [31].

In extreme diseases, the level of enrollment of granulocyte cells, for example, neutrophils is
exceptionally high. Early discoveries recommended that neutrophils are the primary wellspring of
cathelicidin, yet current proof debates this guarantee because, although neutrophilic granulocytes
communicate VDR, they do not seem to have CYP27B1, which keeps them from changing 25(OH)D into a
bioactive structure vital over to start articulation of the cathelicidin quality [32].

Research results show that VD status directs antimicrobial protein levels, which might assume a basic
part in battling contamination. For instance, in cross-sectional research, the degree of 25(OH)D in ill patients
with sepsis was fundamentally lower, and this is related to abatement in the grouping of the antimicrobial
protein cathelicidin [33].

It is currently realized that LL-37 is not the main antibacterial objective for VD in monocytes. The other
antibacterial protein, B-defensin 2 (DEFB4), contains VDRE in an advertiser locale correspondingly to LL-
37 [34]. Late information has shown 1,25(OH),D -VDR acceptance of DEFB4 in mix with enactment of
another record factor, NF-kB. Acceptance of NF-kB after treatment of monocytes with cytokines, for
example, IL-1b [35] or as a result of motioning through the acknowledgment receptor of an intracellular
microbe, non-large diabetic 2 (NOD2) [36], has been displayed to improve 1,25(OH),D-intervened
enlistment DEFB4. In addition, VD establishes a climate wherein monocytes kill microorganisms.
Monocytes treated with 1,25(OH),D show an expanded degree of autophagy [37]. Autophagy and the
development of related autophagosomes are significant as a system for the intracellular disconnection of
microorganisms and their resulting destruction by antibacterial proteins [38]. VD-intervened enlistment of
autophagosomes in monocytes is related to an expanded limit with respect to intracellular obliteration of M.
tuberculosis, yet is intervened through an expansion in LL37 record [39]. Ensuing investigations have shown
that steady with introductory investigations of LL-37 enlistment by intracrine M. tuberculosis, TLR2/1-
intervened autophagy enlistment seems to include acceptance of 25(OH)D digestion by means of CYP27B1
[40], recommending that this system would likewise be strong relies upon changes in VD status.

In a new randomized controlled preliminary, VD3 supplementation of 100,000 IU month to month in
322 solid grown-ups did not diminish the rate of upper respiratory plot diseases [41], which might be
because of the impediments of the exploration work, specifically the incorporation in the investigation of the
individuals who had adequate blood VD level at pattern (mean 25(OH)D level 29 ng/ml). As opposed to this
review, a randomized controlled preliminary involving invigorated milk in 247 Mongolian kids with extreme
VD lack (standard mean 25(OH)D 7 ng/ml) recorded a huge decrease in the frequency of intense respiratory
contaminations more than a 3-month follow-up period [42].

Notwithstanding the immediate battle against organisms, monocytes and other antigen-introducing cells
(APCs) of natural resistance, specifically dendritic cells (DC), are significant focuses of the
immunomodulatory activity of VD. APCs are answerable for starting a versatile insusceptible reaction by
introducing antigens to T-and B-lymphocytes. They are additionally ready to adjust the resistant reaction by
sending either an immunogenic or a tolerogenic signal utilizing cytokines and the statement of costimulatory
atoms [43]. The consequences of different investigations have shown that calcitriol and its analogs can
change the capacity and morphology of DCs to instigate their more tolerogenic, youthful state [44]. Youthful
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DCs are portrayed by a lessening in the level of class II significant histocompatibility mind boggling and the
outflow of k-animating atoms (CD40, CD80, CD86), which prompts a decline in antigen show, a reduction
in IL-12 emission and an increment in the development of tolerogenic IL-10. Calcitriol represses T-cell
cytokines, for example, IL-2 and IL-17, as well as cost can imagine receptors on monocytes [11]. The
utilization of high dosages of calcitriol in sound individuals — 1 pg two times per day for seven days,
prompts a huge diminishing in the degree of proinflammatory cytokines IL-6, orchestrated by fringe
mononuclear cells. All things considered, the blend of this large number of impacts causes the acceptance of
potential administrative T cells, which are significant for the control of the resistant reaction and the
improvement of auto-reactivity [45].

Dynamic and local VD, calcitriol, and cholecalciferol are equipped for instigating tolerogenic properties
in DCs since these cells likewise express the CYP27BI1 catalyst. Articulation of this compound permits them
to accomplish a high neighborhood convergence of dynamic types of VD, which are important for
immunomodulatory activity. The aftereffects of in vitro examinations are additionally upheld by the
consequences of studies on strains of mice taken out by the VDR and CYP27B1 qualities, showing a huge
expansion in the quantity of mature DCs and impeded chemotaxis in them [11]. A new clinical review where
95 patients got high dosages of VD or fake treatment notwithstanding standard TB treatment showed a sped-
up goal of fiery responses [46].

The effect of VD on adaptive immunity

VD has an improving impact on the working of vague protection instruments and versatile resistance. It
is realized that, no matter what its inborn resistant action, VD can likewise go about as a strong controller of
the versatile invulnerable framework [47]. One of the principal perceptions connecting VD to the versatile
safe framework was that T cells and B lymphocytes (B cells) express VDR [48], with these levels expanding
as T or B cells multiply. As a result, introductory investigations of the impacts of VD on T cells zeroed in on
the capacity of 1,25(OH) 2D to stifle T cell multiplication [49]. Nonetheless, resulting studies have
demonstrated that VD may likewise influence the aggregate of T cells, specifically by repressing Thl cells, a
subset of CD4+ effector T cells firmly connected with cell invulnerable reactions [50]. Alongside this,
1,25(OH) 2D has likewise been displayed to potentiate Th2 cell-related cytokines, a subset of CD4+ T cells
related to humoral insusceptibility [51].

Also, ongoing works have affirmed the immediate impact of calcitriol on B-cell hematopoiesis,
including hindrance of their separation into memory cells and plasma cells, as well as advancing apoptosis of
immunoglobulin-delivering B-cells [11, 27]. Such control of B-cell initiation and expansion might be
clinically significant in immune system illnesses since B cells that produce auto-reactive antibodies assume a
significant part in the pathophysiology of autoimmunity.

Versatile insusceptible T cells are additionally perceived as a significant objective for the immune-
modulatory activity of different types of VD. A new audit [52] proposed four expected instruments by which
VD might influence T cell work: foundationally coursing calcitriol;

* direct, intracrine transformation of 25(OH)D to calcitriol in T cells;

» direct, paracrine impact of calcitriol on T-cells because of the change of 25(OH)D to calcitriol in
monocytes or DCs;

* roundabout impact on antigen show to T-cells through nearby APCs animated by calcitriol.

Openness to VD prompts a change from a favorable to fiery to a more open-minded insusceptible
status. Calcitriol represses multiplication and separation of Th and regulates their creation of cytokines [53].
Specifically, treatment of T cells with calcitriol or its analogs represses the discharge of pro-inflammatory
cytokines Thl (IL-2, IFn-y, cancer rot factor a), Th9 (IL-9) and Th22 (IL-22) [11] and along with
consequently advances the emission of mitigating Th2 cytokines (IL-3, IL-4, IL-5, IL-10) [51]. IL-17, which
produces Th17 cells, is likewise impacted by VD. Hindrance of Th17 movement assumes a significant part
in the treatment of immune system sicknesses, as has been displayed in a strain of mice with diabetes,
however not stoutness (nOD, non-obese diabetic mice) [54]. As of late, it was found that calcitriol
straightforwardly hinders the development of IL-17 at the degree of record of this cytokine; enacted human T
cells presented to calcitriol emit essentially lower levels of IL-17, [Fny and IL-21 [55].

VD and autoimmune diseases

World literature information demonstrates that the issue of VD lack is acquiring pandemic extents and
matches with an expansion in the pervasiveness of immune system illnesses. Regardless of whether this
reality demonstrates a causal connection between occasions involves broad discussion. A few immune
system infections (various sclerosis, type 1 diabetes mellitus, fiery gut sickness, rheumatoid joint
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inflammation) are occasionally and geologically reliant. Their commonness is higher in northern scopes and
is contrarily relative to UV light, which may by implication show the investment of VD in the indication of
these sicknesses [56, 57]. Consistently, a number of distributions given to the arrangement of VD in patients
with immune system sicknesses, the impact of prophylactic admission of VD on the danger of pathology and
remedial dosages of nutrients — on its course is developing. Right now, the relationship of VD lack with the
advancement of immune system sicknesses, for example, type 1 diabetes mellitus, various sclerosis,
rheumatoid joint pain, fundamental lupus erythematosus, foundational scleroderma, and incendiary gut
illnesses are being examined [58].

Various examinations done in creature models have shown a conspicuous reduction in safe movement
when VD or its metabolites are managed in mice with immune system illnesses [59]. Studies on patients with
immune system issues have not found correspondingly precise sustained results. Specifically, in the survey
articles by Kriegel et al. and Antico et al. committed to the examination of the degree of serum VD and its
metabolites in various illnesses of immune system beginning, they got results are exceptionally
heterogeneous, and on their premise, it is difficult to reach unambiguous inferences about the relationship of
the centralization of VD in the blood serum with the event of immune system pathology [60, 61].

Hence, the clearest connection was viewed between VD lack and the advancement of type I diabetes
mellitus and different sclerosis. In the main case, the degree of VD was lower in patients with an
ineffectively controlled course of the sickness, ketoacidosis, arising nephropathy, and tubulointerstitial harm.
In various scleroses, diminished levels of the VD metabolite have been related to moderate infection,
expanded danger of repeat and inability. The connection between a reduction in VD levels and the
improvement of sicknesses, for example, foundational lupus erythematosus, scleroderma, and Crohn’s illness
have been shown less convincingly. In rheumatoid joint pain, in the greater part of the investigations
remembered for the evaluated audits, serum VD levels were not measurably altogether unique between the
debilitated and sound gatherings. Simultaneously, a few creators show a constructive outcome of the
presentation of a functioning metabolite of VD (alfa calcidiol) in the course of rtheumatoid joint pain [62].
Patel et al. observed a solid reverse connection between gauge serum 25(OH)D levels in patients with
recently analyzed rheumatoid joint pain (45% had a sickness history of under a year) and pattern illness
movement (on the DAS28 infection action scale and wellbeing status poll) [24]. The expansion in 25(OH)D
level for each 10 ng/ml was portrayed by an abatement in DAS28 by 0.3 and in the degree of C-responsive
peptide by around 25%. Nonetheless, the plasma convergence of 25(OH)D did not associate with the
presence of auto antibodies in theumatoid joint pain.

The works committed to the investigation of the danger of creating immune system infections with
prophylactic VD admission in adolescence are intriguing. Accordingly, Antico et al. leading a meta-
examination, showed that the danger of type 1 diabetes mellitus is essentially lower in kids who involved VD
in adolescence contrasted and youngsters who did not get it (all-out chances proportion 0.71, 95% certainty
stretch 0.60-0.84 [61]. Likewise, the review showed the impact of the circumstance of VD supplementation
on the occurrence of type 1 diabetes mellitus. Thus, the age time frame from 7 to a year is thought of as
particularly good for the counteraction of the illness, since it is then that the development of obtained
insusceptibility responses happens. It may be expected that other immune system infections are portrayed by
a comparable reliance. This end could track down incredible reasonable application, particularly in pediatric
practice. The found portion reliance on the impact of VD is additionally significant. Current proposals
recommend an OK limit worth of 25(OH)D; in blood serum of something like 20 ng/ml. Simultaneously, an
abatement in the level of the VD metabolite under 30 ng/ml animates the creation of parathyroid chemical by
the parathyroid organs, which shows the inadequacy of the laid out “typical” level of VD [63, 64].
Furthermore, a new report showed that the support of the limit worth of serum 25(OH) Ds; degree of
somewhere around 30 ng/ml is expected for the execution of the immune-regulatory work, which is
accomplished while utilizing an everyday portion of VD of around 2000 IU [65]. The introduced information
brings up the issue of the need to reconsider the Russian standards with respect to the suggested every day
admission of VD. The importance of this issue is connected with the worldwide commonness of VD
inadequacy, remembering for our country. As indicated by A. Hossein-Nezhad and M. Holick from 43 to
63 % of the populace in Russia has a serum 25(OH)D degree of under 20 ng/ml, which shows a lack of huge
VD among Russians [58]. Additionally, a new multicenter study “Rodnichok” directed in Russia showed that
VD levels >30 ng/ml happen in just 60% of kids matured 6 a year, under 30% of kids matured 2 years of life
and just in 13% of offspring of the third year of life [66, 67]. Low serum 25(OH)D levels were additionally
connected with more unfortunate visualization in patients with hematological malignancies, including
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leukemia and lymphoma [68, 69]. Studies given in Central Kazakhstan show that plasma 25(OH)D degrees
of yet untreated grown-up patients with various sorts of leukemia had a lack of VD (10.8+7.0 ng/mL)
contrasted with a fringe adequate VD status (21.6+7.8 ng/mL) in paired solid volunteers (p < 0.0001) [70].

Subsequently, the elements of VD are different and diverse, and that implies that its inadequacy will
influence the condition of numerous organs and frameworks of the body, including the insusceptible
framework. In such manner, it is important to draw the consideration of scientists to the issue of standards
concerning the suggested every day admission of VD for different geographic locales, particularly in the
gathering of kids with a high danger of creating immune system sicknesses. Prophylactic admission of VD in
portions satisfactory for the immune-regulatory capacity might add to a diminishing in the predominance of
immune system infections or be an essential for a less articulated seriousness of the neurotic cycle.
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A. Apsicran0aii, A.I'. )Kymuna, B.O. Kinynnas

D nopymeHi :koHe OHBIH aJaMHbIH HMMYH/BIK KyleciHe dcepi

Makasana aaMHBIH HMMYH/BIK Ky#ieciHe D nopyMeHi JeHreiiHiH ocepi Typaibl 3aMaHayd OTaHIBIK JKOHE
LICTEJIIIK 3epTTeyJiep YChIHbUFaH. VIMMYHIBIK jKayanTtapibl perreyre D BHTaMHHIHIH KaTbICYbl Typajibl
KOIITereH Jiepekrep KenTipinren. COHFBI JKBUITAPEl ayTOMMMYHIIB! aypynapsl 0ap HayKacTapAblH JCHECIHAae
D nopymeniHin xericreyminiri Macenecine kebipek keHin Oeninyne. IMMyHABIK perteyaeri D nopymeHiHig
MaHbI3JbUIBIFBIH  pAacTay BHUTAaMUHHIH TeMEH JeHreili MeH opTypii HHQEKUMsIapra Ce3iMTaIAbIKThIH
JKOFapblIaybl, COHAH-aK BHUPYCTBIK, OaKTEPHSUIBIK JKOHE CaHbIPAYKYJIaK 3THOJIOTUSCHIHBIH HH()EKIUSIBIK
npolLeciHiH OeNceHainiri apacslHaarbl OalIaHbICTHI KOPCETETIH KOMTEreH IKCIEPHUMEHTTIK 3epTTeYNIepIiH,
KJIMHUKAJIBIK )KOHE JITHIEMHUOJIOTHSJIBIK OaKbLIayIapIblH HOTHKeaepi 6oubin Tabbuiaasl. D nopymeni B sxone
T numdouutrepi, TEHAPUTTI Kacylranap jKoHE Makpodarrap CHAKTHI MMMYHJBIK jKacyllanapra Tikenen
JKoHe jkaHama acep ereni. CoHbIMEH KaTap D IopyMeHIHIH dcepiHeH MMMYHJBIK JKayanTsl OelceHIipyIiH
MOJIEKYyJIaJdblK MEXaHM3MIEpiHe epeKlle Hasap ayjapeUraH. D mopymeni o3 ocepin D mopymeHiHiH
peuentopbiMeH (VDR) GaiilaHBICTBIPY apKbUIBI KOpCeTeli, o ©3 Ke3eriHme Oacka akybI3mapMeH Oipre
OpPraHM3MHIH HMMMYHIBIK pEaKUUAChIHA KATBICATBIH  AaKYBI3AApAbIH TIEHJACPIHIH TPaHCKPHUILHACHIH
6encennipeni. OcpiFaH OaiylaHBICTBI, ocipece MaHAeMus JKarmaibiHza D IopyMeHiH KYHIENIKTI TYTBIHY
HOpMaJlapbl MaceseciHe 3epTTeyIIIep/IiH Ha3apbliH aylapy Kaxer.

Kinm ce30ep: D ButamuHi, kanpuutpuos, D Butamunini peuentopsl (VDR), Tya OiTkeH MMMyHHTET,
aJlalTUBTI HUMMYHHTET, ayTOUMMYH/IBI aypyJIap.

A. Apsicran0aii, A.I'. )Kymuna, B.O. Kinynnas

Butamun D u ero Biusinue Ha HMMYHHYIO CUCTEMY Y€JI0BEKaA

B nacrosmem nurepatypHOM 0030pe HMpeCTaBICHB! COBPEMEHHbBIE OTEUECTBEHHEIE U 3apyOesKHbIEe UCCIIEN0-
BaHM, IIOCBSIICHHBIC BIMSHUIO YPOBHS BUTaMHUHA D Ha IMMYHHYIO CHCTEMy deloBeka. [IpuBeeHsl MHOTO-
YHCIICHHBIC JlaHHbIe 00 y4acTMH BUTaMHMHAa D B peryssiiuMu MMMYHHBIX peakuuid. B nocnemnme roasl Bce
Ooubllle BHUMaHUS yensercs npobieme aeduunta BuraMuaa D B opraHn3Me MalueHToB ¢ ay TOMMMYHHBIMU
3aboneBaHusMU. [loATBEpKICHHEM 3HAUUMOCTH BUTaMUHA D B HMMYHHOI! Peryysiinuu sBISIOTCS Pe3yJIbTaThl
MHOTOYHCIICHHBIX 3KCIIEPUMEHTAIBHBIX UCCICA0BAHNH, KIMHUYECKUX U SITHIEMHOIOTHYECKUX HAOJI0ICHHH,
KOTOpBIE IEMOHCTPHUPYIOT CBSI3b MEXy HU3KMMH YPOBHSIMHU BUTAaMUHA U HOBBIIIECHHOI BOCIIPHUMYHUBOCTEIO
K Pa3IMIHBIM MHQEKIIM, a TaKXKE aKTHBHOCTHIO MH(EKIIMOHHOTO IIpoIiecca BUPYCHOH, OaKTepHalnbHOH 1
rpubKkoBoi stHonoruu. Butamun D neficTByeT kak npsiMo, Tak M KOCBEHHO Ha MMMYHHBIE KJIETOK, TaKHe Kak
B- u T-mumonuTel, NeHAPUTHEIE KISTKH M Makpodaru. B 063ope ocoboe BHUMaHHE YAEICHO MOJNEKYISIp-
HbIM MEXaHMW3MaM aKTHBALlMM MMMYHHOTO OTBETa I10J| BIMsHUEeM BuTamuHa D. Butamun D oka3biBaer cBoi
addekT nocpeacTBoM coeauHenus ¢ peuentopom BuramuHa D (VDR), koTOpsIi, B CBOIO 0Yepe/b, COBMECT-
HO C ApyruMH OelKaMu aKTUBUPYET TPAHCKPHIILUIO TCHOB OEJKOB, y4acTBYIOLIMX B MMMYHHOM OTBETE Op-
raHusMa. B cBs3u ¢ 5TMUM HE0OXOJMMO NPHBIICYb BHUMAHUE MCCIEOBaTeNeil K mpobiemMe HOpM CyTOYHOTO
norpedienus ButaMuHa D, 0coGEHHO B yCIIOBUSIX ITAHJEMUH.

Kniouesvie cnosa: sutamun D, xanerurpuon, penentop ButamuaHa D (VDR), BpoXIeHHBI MMMYyHHTET,
aJlaNTUBHBII NMMYHUTET, ayTOUMMYHHBIE 3a00JIeBaHNSL.
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BakTepusiiibIK 00bIPABIH Ta3a IITAMbBIH AJIbIN aFalll TeKTeCcTepre
HH}eKIUAIBIK 0eJICeHALTITIH in vitro ;KarnalbIHAA 3epTTEY

TomnblpakTsl KyHaplaHABIPAThIH, KON MeJIIepAe OTTeri OOl MIbFapaThlH KallblH JKOHE OpTYPJIi HYy
opManapasH 60imysl MemiekeTke maiinansl. KP Tynrsimm IMpesunenti H. Hasap6aes Hyp-Cynran xanacsH
JKOHE MaHaibIHIarpl afiMakrapibl abaTTaHIbIpy KeHiHAe Gacrama kerepreH OosaTeiH. «XKaceur Gemmey»
K00ACHIHBIH MaKCaThl — KaJla/ia )KOHe MaHaMbIHIarbl ayaHaap/aa JKachll KEJICKTi KabIITACTBIPY )KOHE OHBI
cakray. XKacsur Genjey i 1aMbITy GarbIThl OOMBIHINA KONITETeH JKYMBICTap XKyprizinai. Hyp-Cynran kanacex
&Kackl1 Oesjeyre aliHaNAbIPy YIUIH Kajla aifiHajacklHa TYTeJied opMaH aramrapsl erinred. OHbIH aylaHbl —
100 mbIH rexTapapl KamTHAbL. JKaceun Oenneyae AyphiC eriuireH araliTeKTec OCIMIIKTep ayaHbl OTTeriMeH
OaiibITyaH, JeKOpaTHBTI Oe3eHIipinreH neisaxaapaaH 6acka, aiiMakTapibl JKeJJeTyre, JACTaHFaH ayaHbl
TYPFBIH Yii MEH OHAIPIiCTIK aliMakTapaaH OypyFa, Tik aya TOFBIHBIH Maiiia OOIybIHA )KOHE JTaCTaHFaH ayaHbIH
arMoc(epaHbIH HEFYPJIBIM JKOFapbl KabaTTapblHJa LIAIIbIpayblHAa, COHAAW-aK ayaHbl op Typui
a’3po30JbIep/cH, aHHaH, Kylie MeH bICTap/laH Ta3apTyFa xkopraeMaecyre THic. OChI Kachll KeIeKTepIiH 031
epeKme KyTiMAI KaxeT ereni. Anaima, Oyin TaOuru OaliNBIKTHIH OapiblFbIHA KEHIHEH TapaiFaH, Oipak a3
3ePTTENreH aypy — aFall TYKbIMIApbIHBIH OaKTepUsUIBIK OOBIPBIHBIH Tapaiybl YIIKEH Karep TYAbIpY[a.
Kasipri ragna mynnaii aypy bamkyprcran, bantsik ennepi, Tarapcran, Anpireii PecriyGnikanapblHaa sKoHe
Pecelinin eypomnainblk OesriHae, COHbIMEH Karap DBpsHCK jkoHe ofaH ipremec alimakrappia Oalikamyna.
ATanraH enjepie arail TYKbIMIApBIHBIH OCBl aypyFa YUIbIpaybl YIFalbIl Keleni, Oyl araur AiHISpiHiH
keOyiHe HakThl Kayinm Tynsipyna. Kazakcranma fa arail TYKbIMIAPBIHBIH OaKTepPHsUIBIK OOBIPBI Ke3ecei.
Ocpiran OaifIaHBICTBL, Oy aypyAbl 3epTTey ©Te ©3€KTi, OHTKeHi arallTapAblH 3aKbIMJAy epeKIIelIiri,
aypyablH JHarHOCTHKAChl, OPMaH/bl ©CIpy-TaKCALUHUSJIBIK KOHE JaHAMA(TTHIK Karaaiiaapra OailiaHbICThI
OHBIH Tapallybl TOJbBIKTall 3epTTenMereH. MakananslH Makcatel — Hyp-CyitaH KajacklH Kopluai
otelpe3bUTFaH JKaceur Genpey OpMaH IIApyallbUIBIKTApBIHAA OCETiH, OaKTepHsUIBIK OOBIp (BOJSHKA)
Genrinepi Gap cyitenai kaibiHHbIH (Betula pendula Roth.) miHiHeH e3ek yIrijepiH aibl, ojapiaH OeiHin
QJIBIHFAH OaKTepus OCIHAIIEPIH KOPEKTIK opTaapja ecipil, aypy KO3AbIPFBIILIBIHBIH Ta3a MTaMIapbiH allbII,
pubocomasik PHK 16S HykiaeoTuaTik Ti30eriHiH MOJIeKyJIanbIK HACHTHGHUKALMACHIH jxacay. COHbBIMEH Kartap,
aNIbIHFaH OaKTepHsl LITaMIapbIHBIH MOJICKYJIAIBIK CHIIaTTaMaapblH Xanbikapaislk Gene Bank 0a3achiHiars
tuntik Dickeya dadantii Typine colikec KelyiH aHBIKTay. 3epTTey OapbICBIHIA OCBHI OAKTEpHs INTAMBIHBIH
Oacka sma arall TeKTecTepre MHOEKIVSUIBIK OEJICCHIUIr in vifro >karmadblHAa 3epTTeiil. bakrepusuibik
o0bIpFa yIlbIpaMaraH KailblH arallTapbIHbIH JKalbIPAKTapbl MEH CBIPFANAPBIH [N Vilro KarjailblHIa e3iMi3
Oemin anran Dickeya dadantii mTaMaapbIMEH WHOKYJISLUSUIAY TATOTCHHIH TXKipuOere anblHFaH KailblH
HOMYJISLMSACHIHA TOJBIKTAH BUPYJICHTTITIH, SIFHA HHQEKIHSIBIK OCICEeHAIIIr KOPCeTiIreH.

Kinm coe30ep: 6akrepus, 6akTeprno3, OakTepusIIbIK 0OBIp, XKapa OLIaFbl, e3¢k yirici, mtamm, JTHK.

Kipicne

baktepusutbIK 00BIp — OpMaH OTHIPFBI3BUIBIMIAPBIHBIH apachlH/a KEH TaparaH xykelni 6akreprno3. by
(uToaypy eCciMIIKTIH TeK Oip FaHa O6ITiH 3aKbIMIaMaiIbl, 01 ©CIMIIKTIH OHTOTeHEe3 OaphICHIHAA TaMUTHIH
OYKi OpraHu3MHiH aypybl, OaKkTepHsUIBIK OObIp OapiblK OCIMIIK YiNajapbiH, SFHU (lodMa, KCUiIeMa,
KaMOuH, arallThIH MiHIH, OYTachblH, TaMBIPBIH, OCIMIIKTIH TI'E€HEpaTHBTI MYIICICPIH TOJBIKTAH 3aKbIM-
naiine [1]. CaxplpayKyiaktap MH(EKIMSICH aFalll e3eriHiH Kacylla KaObIpFachlH TOJBIK KOWBII Hemece
JKapThUlall 3aKbIMIAHABI, OaKTEpHsIMEH 3aKbIMAANFAaH aFalll ©3€TiHIH JKacyma KaObIpFachl e3repicci3
KaJIlIBIHIA CaKTalazbl. Aaliaa KieTKa apajiblk OalaHbIC Y31, KiIeTKanzap O0ip-OipiHeH axbIpaiasl, ce0eli
0aKTepHUsIIBIK OOBIP MATOICHBI JKacyllagaH ThIC (pepMeHT Oelie/i, 0J1 OpTalbIK IJIACTHHAHBIH JCrpaarius-
nmaHyblHa okenedi. OpTalblK TUTACTUHAHBIH 3aKBIMAANYBl OCIMJIK YIINMACHIHBIH —MallepalysuiaHybIHa,
KaTlapliaHyblHa OKENeli, araml JbIMKBUI >KYMCAKTaHBIT MUKPOOPTaHU3MICP VIIIH KOJIAHIBI OpTara
alfHanmapl, MUKPOOPTaHU3MIIEp KIIeTKa KaObIpFachIHAAFbl IUTHUH MEH IIeJITI0I03aHbI BIABIPATHII, 3aKbIMIAY
YAepiciH asKTais [2].

AypyIblH CBIPTKBI OemiyiepiHe KeleTiH Ooycak, araml JiHiHAe XKoHe OyTanapblHaa OOJATHIH MIBIPBIIITHI
CYWBIKTBIK aKKaH HEKPOTHKANBIK JABIMKBII JKapajap MeH axbIpakrap. CyHBIKTBIK Tra3Jaliblll,
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KOIPIIIKTCHIeH, alllbIFaH KBIIIKBUT WICTI O0yajbl. AypyFa IIaNABIKKaH aFallTap/blH JKarblpaKkTapbl MCH
WHEJIEpl TyCTepi KOHBIPKAH TyCke e3repelli. baKTepusiIblK KYHIK aypyMEH CalbICTBIPFaHIa, O0aKTEPHSIIBIK
0OBIPMEH aFaImTapIbIH TOMEHT1 00JTiri 6achIM 3aKbIMIaHATEI.

BaxTepusnblk 0OBIPABIH iIIKI CHMOTOMIApPhIHA KEJIETiH 0OJCaK, JIHACT ABIMKBLUI TOMAaJaK, dKYJABI3IIA
TOPi3Mi MATOJOTUSIIBIK PO, OyTamapbl, TaMBIPJBI JIa 3aKbIMJIAI, KATTHl KYIIICH XHHAIFAH Ta3 apKbUIbl
JIHJIET] )Kapajiap MEH aKbIpaKTap apKbUIbI CHIPTKA MIBbIFajbl. KaTThl 3aKpIMIaHFaH YIIIanap/ia HEKPOTHKAIIBIK,
MallepanysIaiFal KYMCAaK IIBIPBINTHI MIPIK Kanbimracaabl [1]. Aramrapaa OaKTEpUSUTBIK OOBIPIIBIH
Oenriyiepi KOKTEMHIH aJIFalllKbl allapblHAa KepiHe OacTaipl, OYJ1 ME3rijie aramnl JiHIHeH 3KCCYAaTKa TOJBI
icikTepai OaifkaybIMbI3Fa OoJanpl. bakTepro3mapablH KapKBIHIABI KO3BIT 1AMy YaKbITHI KOKTEM JKOHE KY3
amapsl gen OepinreH, ceb6edi 0Chl ME3TUIAepE aFall TiHIHACTI KpaxMal MeH KaHT KOHCEHTPAMSICHl 0aChIM
Oomansr [3].

BakTepusutblk 00BIp KOHE OHBIH KO3ABIPFBINBI E. multivora-uel anFam per KCPO-ma Kputkan
JKaIBIPAKThl JKOHE JKambIpakThl TYKeMmapaa Illepoun-Ilapdenenko 1963 »xputel cumarraran [4]. Ier
ennepae eH amram Oonbim Carter, 1945 kapaaramn TYKbIMIIAPBIHBIH OaKTEPHSUIBIK OOBIPHI MEH OHBIH
KO3NbIpreIbiHA (B, mimipressuralis) cumarrama Oepmi  [5]. VYkpawHa opMmaHBIHAAZ — KaJak
KanbIpakTeiIapasiH, Opta Cidipae KpUTKaH JKaIbIPaKThUIAPABIH 0aKTepHSIIBIK OOBIPBIH 3epTTey OaphICHIHIA
E. nimipressuralis OHBIH TIATOTEHI peTiH/AC aHBIKTANABI. blramapl aram (MOKpasi ApEeBECHHA) aTThl AyPYIbIH
OenrinepiHe AiHAET] XapbIKTap, ra3 TY3UIyl )KoHE LIBIPHIIITHIH aFbll KeTyi Oaiikanapl. TiHAepAiH BIABIPAYHI
KOHE Mallepanuschl, KaOBIFBI MEH TaMbIPJIAPBIHBIH, TYKBIMJIAPBIHBIH 3aKbIMIAHYbl OaliKaiMaiabl. ATanFaH
aypy CHMITOMAAphl OaKTEePHsUIBIK OOBIPABIH OenrijiepiMeH caii Keiameyi, (QHUTONATONOrTap apachiHIa
aypyJIbIH KO3BIPFHIIITAPEI Typasbl OipliaMa CYpak TYBIHIATTHI.

BakrepusutapaplH KacHETTEpiH CaNBICTBIpA OTHIPHIN, E. multivora 6akTepUsIBIK OOBIp MAaTOTCHE3IHIH
OapibIK Oec OenTiiepiH TYIABIPATBIHBIH (KOMIpCYIapIblH allybl, Ta3 TY311yi, EKTOIUTHKAIBIK (epMEeHTTED
eHpipici), an E. nimipressuralis — Tek anfamikpl ekeyi (KOMipCylapIblH allbIFybl JKOHE Ta3[blH Maiina
00JyBl) TyIOBIpaTBIHBI AonenneHai. [lekThHa3a, MPOTONEKTHHA3a JKOHE IEKTAT JiHa3bl (ePMEHTTEPiHIH
¢duTonaroreHi OaKTepHUSsIIAPABIH CHUHTE3Jeyl KalblIMHd TEeKTATTapblHAH TYPAThIH OPTAHFBl TaKTaHBIH
CYWBUTYBIHA, JKACcyllaapallblK KaNKaHIApIbIH OY3bUTybIHA okeneni. [lapeHXUMaHBIH >KacylaiapblH
*KaOBICTBIPATHIH TEKTUHIIK 3aTTap IIBIPBINIKA aiHanaubel, TIHACPAIH Malepanusichl maiga Oomassl
(TYKBIMIIApABIH, JKeMiCTepAiH JKYMCakK IIipyi), jKacylla MapeHXUMACBHIHBIH TaJIIBIKTapFa BIABIpAyHl (aFarm
neH 0acThIH CiHyl), kKacylia KypaMbIHBIH 3KCCYIATTapMEH, HIBIPBIIINEH )KOHE CYHBIKTHIK TaMIIBUIAPHIMEH
Oeninyi. byn ery >kxoHe OMOXMMHSIIBIK CBHIHAKTapMeH OipHemie per pactanraH E. multivora GakrepuschiHa
TOH Kacuertep. E. nimipressuralis TIEKTOTUTHKAIBIK GepMeHTTEp TY30€H i JKoHE TIHACPIIH MaIlepasIChIH
TyneipMaiapl. KO3ABIPFBINT peTiHIeTi Typiep eNIKamaH TaMbIpiapliaH, TONBIPAKTaH, KeIeTTeplIeH,
KEMICTep/ICH, TYKbIMIapJaH, ryiaepAcH TtaOwbiiMmaraH. lller emmep oneOuertepinae E. nimipressuralis
OaKTepUsACHI JKEKE TypJiep KaTapblHAa YCBIHBUIFAH JKOK, OHBI aTHUIUKANBIK (Erwinia TEKTeC YIIIiH)
«TATOTEH/IIK KacHeTTepl KyMoHAl Typ» Aen aransl [6]. TypaiH uaeHTH(GUKAIUIACHIHA, OJapIbIH MaTOTCHIIIK
KACHUETTEpiH eckepMell OaKTepusulbIK OOBIp MEH BUIFaIJBl aFalll aypyJapblHbIH KO3IBIPFHIIITAPHI
E. nimipressuralis nen xepceTinmi, anaiina TypiaepAiH ITaMAaPhl XalbIKapaJIblK TeHETUKAIBIK OaHKTepAe —
ATCC 9912, ICMP 1577, LMG 10245 xone NCPPB 2045 xomnexknusuiapsiana yesiasuiein, JJHK-JIHK men
JHK-pPHK Oymarmacteipy (rubpumusammsuiay), 16S rRNA, MLSA >xoHe T.6. MOJIEKYJIaIbIK-TEHETHKAIBIK
oficTepiH KOJZaHy TYPHiH KalTa >KIKTelNyiHe oKenmi, HoTwke OolbiHIIA Erwinia nimipressuralis —
Enterobacter nimipressuralis TypiHe >XaTKbI3Obl. Enterobacter TYpiHIH TNEKTOIMTHUKAIBIK (EpMEHTTED
eHIIpMeyiHe OainmaHbICThl, E. nimipressuralis — Enterobacter nimipressuralis TypiHe >XaTKbI3BLITYbI
OaKTepUSUTBIK OOBIP ATHOJOTHSCHIHAA CIIKAHJIAN e3repic TybIHAATIAAbl. E.nimipressuralis TaToOTEHIUTIT
Oacka 3epTTeymiiepMet ae pactanMaran. Typ dbeHorunTik xarbiHad Ent. cloacae-ra xakpi keneni [7]. Exi
TYPIIH TEHETHKAIbIK KaThIHAC JeHreii sxorapel 6omapl (o 52 go 67 % mo JHK-rubpunnzanun),
HoTwkecinae E. nimipressuralis «E. cloacae complex» TonTacThIpbUIabl. Byin Typaepni Ent. cloacae
CUHOHUMI Jien caHayFra Heri3 O6onsel [8]. Tarbl qa Oip ¢uTOMaTOMOTTAPBIH KAlTa KIKTEYiHIH HOTHKECIH/IE
E. nimipressuralis Enterobacter-man aneiabin, [5] Lelliottia nimipressuralis arayslH XalbIKapaiablK
katasorrapaad anasl (JCM; LPSN sxone T1.6.) [9]. Kazipri Tagma Lelliottia nimipressuralis 6akTepHsITBIK
OoOBIp MEH BUFANABl aFall aypylapblHbIH KO3JBIPFBINIBEI PETIHJAE KapacThIPBUIMANIBI, 3epTTEeyiep
OapreiceiHaa L. nimipressuralis mipiTy HaTonoruschblHa KaTBICHL OK, canpo®uTTi (UTOIHZOPHUT eKeHiri
nonennerai. KCPO ke3inae >kemic aramTapblHBIH OaKTEPHSUTBIK OOBIPBIHBIH KO3IBIPFBINIEI E. carotovora
nen cunattangsl [10], an A.®. Doituyk emen niHiHeH E. nimipressuralis 6emin angel. E. carotovora anbIHFbI
3eprTeyiep OapbicblHOa Oa OakTepHsUIBIK OOBIpFa KaTbIChl Oap eKeHAIrl KapacThIpbUIFaH, KeHiHHEH
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E. nimipressuralis men E. carotovora 6ip Typre xatkpi3buis [11]. 1963 xbuter A.JL. lepoun-Ilaphenenko
22 Typre »KaTaThblH KBUIKAH J>KAIbIPaKThUIapAaH OaKTEepPHSUIBIK OOBIPABI AaHBIKTAI, KO3IBIPFBIIITAPhIHA
rpaMTepic, cropa Ty30eiTiH Erwinia multivora nen cumarrama Oepmai. OTKeH FachIpabiH 70-1I1 KbUIIAphI
xyprizinren 3eprreynep OHnrycTik bateic-Cibip xone Contycrik KaszakctaH opmaHAapblHAAFbl KalblH
aramTapbeiHaa OaKTepUSIIBIK OOBIPABIH KAapKBIHIBI Tapayia OactaraHelH KepcerTi [4]. Kazakctanma Oy
aypyaplH Tapany aimakrapeiHa Kocrtamait, Contycrik Kazakcran, IlaBmomap oOGmbicTapel kipemi. COHFBI
Ke3Jllepi JkapusUtaHFaH MaiMeTTepre KasakcraH epiHae KablH aralliTapbIHAAFBl OOBIP KO3IBIPFBILITAPHI
KaWJbl alFallkel 91e0M MATIMETTepAe KeNTipuireH rpamTepic (akyabTaTUBTI a3poOThl Oakrepus Erwinia
multivora emec, 6acka Pseudomonas sp., Enterobacteriaceae sp., Pectobacterium caratovorum xXoHE
Dickeya dadantii cerann! 6akTepusiap aHBIKTAIFAHIBIFI KeNTipiareH [12].

Erwinia tyvicel Enterobacterales xarapbiHa xataTblH QuTomaTorenai O6akrepusuiap Toosl. Kememi 1-
3x0,5 1 MKM TpaMTepic TasKia Topi3ai, GpakyapTaTuBTI aHadpooTap. by Tysictel Winslow et al. [13] 1917
JKBUTBI aHBIKTAIl, OFaH aMepHKaIbIK maTojgoranatoM Erwin F. Smith ecimin Gepmi. 1945 xbumer Waldee [6]
Erwinia tywicein Pectobacterium pen aybICTBIpynsl YCbiHABL 1968 kel Dye [14] OMOXUMUSIIBIK

cUMaTTaMalapblH HeTi3re aja OTHIphIN, Erwinia TybIchIH TepT Typre Oenmi: Erwinia amulavora — anma
aralibIHBIH JKOHE 0acka Na paylmaH TYKBIMIACTapBIHBIH — Rosaceae (Spiraeoideae) matoreHi, >xemic
OCIHANEepiHIH OaKTepUsUTBIK KYHiK aypyBIHBIH KO3ABIPFBILTApH; Erwinia carotavora — SpTYpAi TYBIC

OKIIIEpiHiH, OHBIH ilIiHAEC KapTONTBIH, KEPYCTI OONIKTEpiH, COHIAi-aKk >KepacTbl OOJIKTEepiH A€, OHBIH
IITiHAC TYWHEKTEPiH 3aKbpIMIal, YINaJapblHBIH Kaparobl MEH MIpYiH, KambIpaKTapAblH IMTUPATEUTYBl MEH
CapraloblH TybIHAATanbl, Erwinia herbicola acThIK TYKBIMIACTAPBIHBIH OaKTEPHO3bIHBIH KO3IBIPFBIIIHI.
CoHFBI TOPTIHILI TONKA TYPJIK aTay OepiiMeil OHBI «epekiie Erwinia» ToObl genm TontacThipisl. Kemeci
®bLIbl (1969) con Dye [15] Erwinia TysicbiH Oecke Oenmi: E. amylovora (var. amylovora, var. salicis, var.
traceiphila, var. quercina, var. nigrifluens, var. rubrifaciens); E. herbicola (var. herbicola, var. ananas);
E. uredovorus; E. stewartii xone E. carotovora (var. carotovora, var. atroseptica, var. rhapontici,
var. chrysanthemi, var. cypripedii). Ocbl kbuiel Dye-HbIH yCBIHBICHI OoifbiHIIa Bergey’s Manual of
Determinative Bacteriology 8-mii GacwuibiMbIHIa Erwinia carotavora Typi KeNeciiel Typiep MEH Typ
TapMakTapbelHa JKiktenni: Erwinia cypripedii, Erwinia rhapontici, Erwinia carotovora var. atroseptica,
Erwinia carotovora var. carotovora sxone Erwinia chrysanthemi [16].

Atanrad Typ TapMakTapbIHBIH immmiHAe E. chrysanthemi eH TaTOTEHII OakTepwsuiapAblH Oipi OOBIIT
TaHpUIABl. Kelinri 3eprreynep OapbhichiHIa OHBIH 16 KOCkKapHAKTHI JkoHe 10 mapakapHAKTBI ©CIMIIIK
TYKbIMAACTapblHAa OaKTepro3 aypyblH KO3AbIpaThiHbl aHbIKTanFaH [17]. CoHpmali—ak OHBIH KenTereH
TPOTIMKTIK KOHE CYOTPOIMUKTIK aliMaKTapIbIH OCIMIIKTEePiH 3aKbIMIANUTRIHEI OeTiTi. OCIMAIKTIH TaMBIPBIH,
TYHHEKTEpiH, IIBIPBIHIAL €TXKCHII MYyIIenepid Oy3aThlH >KYMCaK IIipiK aypyblH KO3IBIPAIbl, TaMBIP
KCHJIEMAaChIH OTaplial, ©CIMAIKTI JKYHeli Typae 3aKbIMIaIbI.

Dye [18] 1978 xbutel E. chrysanthemi-aiH TATOJOTHSIIBIK XOHE OMOXMMHSIIBIK KaCUETTEPIH HETi3re
ajyia OTBIPBIN, OHBI OipHEIe MaToBapuaHTTapra Xikremi (pv. zeae, pv. dieffenbachiae, pv. parthenii >xkoHe
pv. dianthicola). 1980 sxbutel Dickey »xoHe Victoria GaHaH ©CIMIITIHEH aHBIKTaJFaH jKaHA MaTOBapUAHT
pv.paradisiaca-ue1 E.chrysanthemi-ven Oipiktipai. 1998 xwuter 16S p/IHK Hykneotuarik Ti30eriH Herisre
ana otelpbin, Hauben et al. [19] E. chrysanthemi-ni xaHa atay anraH Pectobacterium TybICBIHA Kipri3imn
P. chrysanthemi nem ataynabl yceinabl. Kedtinnen E. chrysanthemi pv.paradisiaca-Hbel Brenneria paradisiaca
JIeTI aTall JkaHa TaKCOHABIK cTaTyc OepAi *oHe Typ AeHredine ketepai [19]. 2005 xbutbl (HEHOTHNTIK TeCT,
IOHK-THK ruOpuausanus, ceponorus skoHe 16S p/IHK nykneotuarik Tiz0eriH Tangay xemeriMeH Samson
etal. E. chrysanthemi-ni Erwinia TysIcbIHAH OeJIin aibIl, ofaH Oenrin mukpobuonor R.S. Dickey ecimin
Oepim, sxaHa cratycka Dickeya typichiHa kerepmi [17]. ConaH coH, ockl Tybicka Pectobacterium
chrysanthemi men Brenneria paradisiaca-uwl xiprizai. ConsiMeH, on Dickeya TybicbiHa 6 Typai ’KaTKbI3Y bl
yeutHanl: D. chrysanthemi, D. dadantii, D. dianthicola, D. dieffenbachiae, D. paradisiaca xone D. zeae.

3epmey a0icmepi men Hamudicenepi

3eprTey Marepuangapbl MapIpyTTBIK Oakpiiay OapeickiHAa Hyp-Cyntan KamacklH —KOpIIai
OTBIPFBI3bUIFAH kacaHabl JKaceln Oesfey OpMaH IIapyalllblIbIKTapblHaH aiblHAbL. Kacbul Genney
HIapyallbUIbIKTapbIHIa KailblH araliTapbl KOIITEN OTHIPFBI3BUIFAH JKOHE OJIapAbIH jKac IlaMallapbl dpKaiai
(15-30 sxbur). Ocbl OpMaH IIApyalIbUIBIKTap ayMarblHAa eprepekte, XX FachlpablH 70-Ii SKBIIIAPEI
OTBIPFBI3BUIFAH KOHE OJIApMEH apajlac ©CKeH TaOMFU KaibIHIBI LIOK opMaHnmap na ke3zeceni. JKacaupbl
JKachlT OENIeyIeri eKIe OTHIPFRI3BIIBIMIAPAAFEI KOIITETeH aypy TYPJepi, OHBIH imIiH/e 0aKTePUSIIBIK OOBIp
7ia, OCBI €CKi IIOK OpMaHJapAaH Tapaiybl 90JeH BIKTUMAI.
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3eprrey xkymbictapsl JL.H. 'ymuneB ateingarsl Eypasust yATTBIK YHHBEPCHTETiHIH OHOJOTHS JKOHE
TeHOMHKa KadenpachlHa KapacThl 3epTXaHaga >KoHEe YJITTHIK OHOTEXHOJOTWS OpTAJbIFBl 0a3achlHIA
KYPri3ini.

AypynsiH Oenrici 6ap, MOp(GOIOTHSIIBIK ©3repicKe YIIblparaH KailblH arallTapblHBIH AiHIHEH apHaubl
oyprel Haglof xypansr (y3. 100500 MM, aM 4,3 MM) apKbUIbI KOJJICHEH OaFrbITTa ©3€K YITiIepi albIHJIbI
(1-cyper). Anpiaran e3ek yirizepi (3x12 cm) ceipteiHad 90 %-ABIK AT CHHPTIMEH CYPTLIIN, CTHPHIBII
IIBIHBI TYTIKKE CaJbIHBIN, NaiiataHFaHfa JeiiH TOHA3bITKbINTa 3—4 °C-Ta cakramapl. O3eKk YyITiiepiHeH
aypyfa INANJIbIKKaH aFfall JiHiHIH KaObFbIHAH (TO3, mepuiepma) Oactanm KaMmOWIIiH, CYPEKTIH, OHIAFBI
TpaxesuTblK 3JEMEHTTepIiH ((iooMa, KcuiieMa), CYpeKTIK TaIbIKTap (JIMOpudopMa) MeH HMapeHXHUMAaHBIH
KOHE O3CKTIH 3aKbIMJIAJaTBIHBIH Kepyre Oonanbl. Byn aypynbslH TYTIKTi-TapeHXUMallbl 1HJET EKEeHiH
Jonenaeiai. ©3ek yiuriiepineH aypy KO3AbIpFBIITapAbl 06l ajbil, olapAblH Taza IITaMIapblH aly YIIiH
OpTYpIIi ’KacaHAbl KOPEKTIK OpTayap MaiiaJaHbUIAbl (CTAHAAPTTHI arap, KaponThl arap, eT-NeNTOH/IbI arap,
9H10). CTHPIITBI )KaFnaiiia, TaMHHAPIIBIK OOKC KaMepachIHa 63¢KTEeP IiH Y3bIHA OOMBIHBIH P JKepiHiH ilIKi
TychiHaH kesemiepi 0,8—1 MM OonaTeiHmaii Oemmiektepi Kecinm anbiHbI, [leTpu TabakmiamapbIHIAFbD
KOPEKTIiK opTajiapra OTBIPFbI3bUIAEL. OCbUIail HHOKYJISIIMSIIAHFaH KOPEKTiK opTajiap TepmocTarra 26,5 °C-ta
uHKyOarsIanapl. KopekTik opTamarsl OakTepust KOJOHHMSIIAPBIH Oacka MHMKPOOPTaHM3MACPACH Ta3apTy
YIIIiH KaiTa ce0y oJIici, ©pMeK Topi3ai ery o/1ici KOIIaHbLUIab! (cypeT 1).

Cyper 1. A — KenjieHeH OarbITTa AJIBIHFAH KEPH; b — KOPEKTIK OpTajarsl OakTepHs

AnbIHFaH OaKTepHsIap ITaMbliHa ¥ITTHIK OnoTexHoIorHs opTalibiFbl 6asaceiHga JJHK Gemy, 16STRNA
reHi (parMeHTIHIH aMITTH(UKAUAICH] CUSIKTHI )KYMBICTAp PETIMEH aTKapbUIIBL.

lennix TunTey makcateiHAa Oaxtepust ecingiuiepineH JIHK-Hbl Geminm amy yIIiH ainjbIMEH IIbIHBI
TYTIKTEr1 ©CIHALIEeP I MIACTHKAIBIK TYTIKKE ayBICTBIPBIN, OCIHIIepIiH 1 M1 Meiepi nainananpuiasl. by
yaepic Kate Wilson [5] omiciMen icke acelpbUiAbl. AnblHFaH Yari deHTpudyrara 10 MuHyTKa
12000 mun/atinaneivra kodbuiasl. TyaOara 500 mxn TE Oydepin apamacteipsin (cycrieH3usian), oran 20
MKJI JTH30uuM Kocklr, 37 °C-ta 1 carat nakyOammsaasik. Conan con 30 Mk memmepae 10 % SDS xone
3 Mk K nporennasa (20 mr/mun) kocThik. OFaH jxacyiia MeMOpaHaChIHBIH (DparMeHTTEpiH, HOoIHcaxapuaTep
MEH aKybI31apAblH KanablFbiH k010 yiriH 100 mxn SM NaCl kocsuinel. BopTekcTe apanacThIpbUIbII, YCTiHES
80 mxn1 CTAB (10 % CTAB-ta 0,7 M NaCl) epitiagici koceinasl. KaiiTagan BopTeKcTe apaiacThIPHII
65 °C-ta 10 munyT uHKyOarusaaek. Coman coH Oeminin anemran JIHK ¢enon/xmopodopm omiciMeH
tazananapl. On yuriH ansiarad cycnensusara 700 Mk ximopodopm/uzoamun cupTid (24/1) Koceln, miaikar
12000 mwun/afiHansivaa 10 MUHYT neHTpUQyranaaslk. bemiHreH cy OeJiriH jkaHa IIBIHBI TYTIKKEe KYHBIT
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aneln, Tarel ga ¢enon/xiaopodopm (1:1) KocmacklH KOCHIN, HeHTpHYTanamn, eciHAiHIH 0i3re KaKeT eMec
Oacka OeJIOK >KOHE KIIeTKa MEeMOpaHACHIHBIH KaJAbIKTapbIHAH Ta3atanblK. COHAaH COH OHBIH J>KOFapFhI
CYHMBIKTBIK Oeuirid (1,5 M) jkaHa IIbIHBI TYTIKKE KYHbII aibin, oFaH 600 MK M30MPOIMI CIIUPTIH KOCHII
JHK-ue1 TyHabIpein anasik. Lemen TyTikTiH TYOIHAE TyHFaH JHK-HBI 70 % 3THn cnimpTiMeH mIabln ajibl,
tazanmanrad JIHK yarimepine 100 mxim TE Oydepin kochim — 20°C—Ka MY3IaTKBIIIKA CAIBIT KOHIBIK.
beninin amemran JIHK yarimepinid KoHIEHTpamusachiH 260 HM TOJKBIH Y3BIHABIFRIHIA NanoDrop
CHEKTPOMETPAIH KOMETiIMEH aHBIKTAJIJIBI.

16StRNA reni ¢parmentinin ammudukanusicsl, IITP kenecigeit omOebanm mpaiiMepiepMeH
xkyprizummi: 8f 5’-agagtttgatcctggetcag-3 xone 806R-5’ggactaccagggtatctaat. [laiimamaHbIFaH peaxiys
KocrnachlHbIH Mejepi 20 Mxi-ra TeH 6onzapl. [ITP kocmacer 150 ur IHK, 1 06ipmik Taqg DNA Polymerase
(Fermentas), ap Oipine 0,2 mM gHY® (ne3okcunykieosonoymdocdar), 6ip perrik [ITP Oydep (Fermentas)
2,5 mM MgCl,, ap 6ipine 10 nmoss npaiimep Kocbuiasl. ITTP ammndukanusaceiHbiH OaraapiaMach OipiHii
95 °C-ta 7 MUHYT apaJIbIFBIHAA AeHaTypanws, 30 mukiamMen ke3ekreceTiH — 30 cexynn, 55 °C — 40 cekyHz,
72 °C — 1 MunyT, 7 MuHyT 72 °C TemnepaTypaMeH COHFBI DJIOHTAlUsIMEH asgKTaIa/bl.

Hyxneoruarik Ti30exTi anbiktray. baiimansicnaran mnpaiimepiepaeH IITP eniMiH Tasanmay yuriH
depmenttik omic Exonuclease I (Fermentas) men cintimik ¢ocdaraza (Shrimp Alkaline Phosphatase,
Fermentas) maiimanansuinel. An cekBenaey peakuusicsl BigDye® Terminator v3.1 Cycle Sequencing Kit
(Applide Biosystems) enpmipymiHiH Kongany epexeci OoitprHma 3730xI DNA Analyzer (Applide
Biosystems) aBTOMAaTThl TEHETHKAIBIK aHAIM3aTOPAa, HYKJICOTHATIK Ti30CKTi (parMeHTTepre peTiMeH
OeeTiH CeKBEHATOPBI KOJITAHY apKbUIbI )KY3€Te acThl.

3epTTeNreH MITaMHBIH HYKICOTHUATIK Ti30€TiHIH MOJIeKynanbslk uaeHTudukanuscel MeH Gene Bank
MaJTiMeTTep 0a3achIHBIH aHajIM3l OapbIChIHAA JKOFAapFbl KepcetkilineH Dickeya dadantii Gaktepus TypiH
JIBII, OHBIH KalbIH aralllbIHbIH OaKTE€PHUO3BbIHBIH KO3BIPFBIIIBI €KEHIH aHBIKTAbIK.

JaiibiH 6akTepUsIIBbIK OOBIp KO3ABIPFBILIBIHBIH IITAMBIH Cay KalblH arallTapbIHBIH JKallbIpaKTapbl MEH
CBIpFaapblHa MHQOEKUUSUIBIK OCJICEHIIIITIH i1 Vitro XaFAalblHAa 3epTTEy MaKcaThlHIa aypy Oenrijiepi KoK
KaWblH KalblpaKTapbl MEH ChIPFaJIapbl CTUPMIIbII KOHTEHHEpJIepre >KUHAKTaIAbl. ATaJIMBIII MaTepUaigap
Kacwin Oennmey opMaH MmapyallbUTBIKTApbIHAH Ka3 ainapbiHaa KuHaIbL. JKansipakrap ceipTeiHan 90 %-
JBIK 3THJ CIHPTIMEH CYPTiMNilN, apThIHAH JUCTENBIACHTeH cyMeH maibuiapl. CoHaH coH onap Oip perTik
KoJmanpicTa OonaThiH IleTpu TabakimachblHa OpHajdacThIpbUIAbl. Eki Oeiikke OejiHreH 3 Tabakmiara 6
JKambIpaK OpHAIACTBIPbUIALL. 1-Tabakmara 50 M cyra 5 Mi1 OaKTepus IITaMbl apalaCThIPBUIBII KYABUIIBI, 2-
TabaKIWaHbIH >kapThl Oemirine 50 MiI cyFa KepHHEH CTUPWIBII JKaFAaiiia aiblHFaH S5 MIJI JKCyAar
apajaacThIPbUIBIN KYHbUIABL. 3-TabaKmaHbIH €Ki Oejirine ae (Kyprak TaOakiia) OpHAIACTRIPBLIFAH JKAIbIPaK
aJlaKaHbIHBIH OcTiHe OaKTepHs INTaMbl >KarbLIAbl. bapiblK TaOakmangap tepMoctatka 25 °C KOMBUIIHL
Bakpuay op 2, 5, 7 KYH calibIH XYPri3iiin oTBIpAb! (CyperT 2).

08

o

Cyper 2. A — 2, 5, 7 KYH apaJIbIFBIHAAFB! OaKpUIay HOTIOKENepi (50 mMi1 cy + 5 M1 aKcyaar);
5 —2,5, 7 xyH apanbsIFsIHAAFE OaKbUIAY HOTHKENepi (KepHHEH CTUPWIIBII JKaFaaiiia alsIHFaH KCyaT)

bakTepusutbIK 00BIp KO3ABIPFBINILIHGIH WHKYOAIUSUIBIK YAaKbITBI 5—7 KYH apalibIFbIHJIA OTTi. 2-CypeTTe
A — xarapsl 50 mi ¢y + 5 mit Dickeya dadantii mtaMbl KOCBIUIFaH CYMBIKTBIKTA, OaKbLIayAbIH 2 KYHIHIE,
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OaKTepUsUIBIK OOBIPFa MIANIBIKKAH KalbIH aFallibl JiHIHAET1 KaTThl, KOHBIP TYCTI JaKKa yKcac Topaja Jakrap
naiima Oonmmpl. S5-mmi GakpLIay KYHI aTalMBIII JAKTap JKanblpak alaKaHbIHBIH OPTAaHFbI OOJIriH TONBIKTAM
KAMTBIJIBI. 7-1 KYHI KambIpaKThIH YCTIHT YKOHE aCTHIHFBI OCTIHJIETI, XKachll OaraHaibl XKoHE OOPIBUIIAK
yKacylrajgapIslH HHOKYJTFOM OaKTepHsi 9CEpiHeH 3aKbIMIIaHFaHbIH OaiKaIbIK.

B-karaper, IleTpm TabakmacelHBIH OipiHIII Kyprak OeniriHze (Kamblpak alakaHblHA OJKCynIaT
TaMbI3BbUIFaH) TAMIIIBI TAMBI3BIIFAH XKAIBIPAK aliMaFbIHBIH KapalFaHbIH aHFAP/IBIK, 5- 111 KYHI OJI IipiI OHBIK
JKapa Ke3iHe aiHanapl. 7-m1i OakbUlay KYHI TaMIlbl aMarbIHBIH TOJBIKTAaW WIPIil KETKCHIH aHFap]IbIK
(Tammibl TUMETEH aiimak cay). [lerpu TabakmiaceiHbIH ekiHm 50 M dKCynmaT KyWbuwaH Oenirinme 2-mii
0aKpUIay KYHI CONIFBIH JIAKTap Maiia OoJIbl. 5 KYHI oap Kapa-KOHbIp JaKTapra alHaIbl. 7 KYHI JaKTap/IbiH
KOJIEMiHIH YJIKEHiN, »XamblpaK alaKaHBIHBIH OaraHalbl >KOHE OOpPIBUINAK >KacyIIaJapbIHBIH KYPBUIBICHI
OY3BUIIIBL.

KaliblH aralllbIHBIH JKalbIPaKTapbIMEH JKYPTi3UITeH €Ki TYpJi JKYMBIC OapbICHIHAAFBI YKCACTBIK, OJ
naiiga OonFaH JaKTap CHIaTTaMalapsl MEH HHKYOAaMsIIaHFaH yakbITHI (5—7 KYH). AJl, TUCTEIbACHI€H CyMeH
OakTepus mTaMbl apanackad [leTpy TabaKIIachIHAAFbI XKaINbIpaKTap/IblH, aFalll JiHIHCH aJlbIHFaH dKCyIaTIeH
3aKpIMJIATy TPOIECiHeH (yaepici) aliTapnbikrail epekimeniktepi Oap. On OipiHIII >KacalbIHFAH XYMBICTA
JKaImplpak TaKTalamapblHaa maiiia OoiFaH 3aKpIMAaly aiMakTap op TYpil Kesemje, eKiHIIiIeH Tasa
9KCYJAT JKaIbIPaK JKacyllalapblH Py AeHreliHe JeHiH jKeTKizyi.

Kerneci sxacanblHFaH JKYMBIC KaiblH aFalllbIHBIH CHIPFAJIApBIHBIH OaKTepusl IITAMBIHBIH JCepiHEH
e3repicke YIIbIpayblH Kajaranay. CTepwiibai sKarnaiiia >KUHAKTAIFaH KaiblH ChIpFaliapbl 7 KYH iITiHJIE
KENTIpiIAi, YIiTUTIN aNbIHFAaH ChIpFa AoHAEpiH 90 %-IbIK 9THI CIUPTIMEH INAHbIN, apThIHAH AUCTEIBICHTeH
CyMEH XYBUIIBI (CypeT 3). 2 caraT illiHAe KaiiTa KeNmTipiiil, 3IeKTPOHIB Tapa3bIMEH OJIICHAl. AJIbIH-ana
JaibpIHIaFal eki Oeikke Oeninred 3 I[letpu TabakimanapbiHa 2 T KENTIPUITeH JIOHASP callbiHabl. Bipinmrici
Ta3a JIUCTEINBICHTEH Cy KYHBUIBIN, OaKbUIay Jer OeNriieH i, Kanran 4 0eikke OaKTepHsUTBIK 0ObIp OakTepus
mrambiHaH 5 Mi1 + 50 MJI AMCTENBACHTEH Cy KOCHIN KYWbUINBL. bakeimay op 2, 5, 7 KyHOepi yprizimin
OTBIPJIBL.

Bagauay

Cyper 3. 4 — 5-mi xyH 6akputay; b — 7-m1i KyH Oaxsliay

KaiibiH arambiablH  chipFachlH  Dickeya dadantii mitambiMeH 3aKkbiMIay OapbIChIHAA Kelnecineit
epekmienikTepai OaiikanpIk: 2-11i OaKpUIay KYHIHE elIKaHal e3repicrep 0oaMassl, S-1i 6aKpiiay KyHi eKi
Oaxpinay [letpu TabakmranmapblHIAFel KeWOIp MOHACPAIH Kapa—KOHBIP TYCKE alHaIFaHBIH KOPIiK, 7-IIi
0akpUIay KYHI 3aKbIMJIQJIFaH JIOHJEPAIH caHbl keOelie TycTi. bacTankpl Taza cyja opHAIACTBIPBIIFAH JOHACD
e3repicci3 Kalibl. 3aKpIMIAIFaH TOHIEPIH TYci OaKTepHsUTBIK OOBIpFa IMIANIBIKKAH KAMbIH aFaiibl JiHiHICT]
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Kapa Ke3lepiHiH TycimMeH caii kenai. bip epekweniri Iletpu TabakmacelHAarsl ASHAED TOJBIKTAM
3aKbIMJIAJIFAH KOK, COHFBI OaKpliay KYHI1 HOTHXKE OOHbIHINIA Tabakiragarbl moHAepi 35—40 maibI3bl raHa
3aKbIMIAJIIBI.

Kopuvimoinost

Hyp-Cynran kanacelH Kopmiaid opHajackaH JKacwein Oenmaeyne ecim TypraH KalbIH aramTapblHIA
Ke3leceTiH OaKTepUsUIbIK OObIpAaH OeJiiHIN aliblHFaH OaKTepHs IITaMIAPbIH MOJICKYJIANbIK T'€HIIIK
3epTTEYJIep HOTIKECIH/IC XKOHE XabIKapallblK [ 'eHOaHKTET Colikec TYPJICPMEH CaJIbICThIpa Taliay HETi3iHae
Pectobacteriaceae TykpiMaacweiubiH Dickeya TybICBIHA ®aTaThiH TYp — D. dadantii €eKeHiH aHBIKTAJIBIK.

baktepusutbIK OOBIpFa YINbIpaMaraH KaWblH aFallTapblHBIH JKalbIPaKTaphl MEH CHIPFallapbIH in Vitro
JKarmalbIHAa o3iMi3 Oemin anran Dickeya dadantii itaMmaapbIMeH WHOKYJIANASIIAY ITATOTCHHIH TOXipuoere
QJIBIHFAH KaWblH MOMYJISAIMUACHIHA TOJIBIKTAl BUPYJICHTTITIH, SFHU WHQOEKIUSIIBIK OCIICEHAUTITIH KOPCETTI.
CoHBIMEH, MOJIEKYJIANBIK TeHIIIK JKOHE in Vitro >KaFmaibIHIIA KacaHIbl 3apapiay TOCUIAEPIMEH JKYpri3iireH
ToxipuoOe xymbictapsl Hyp-CyniTan KamachlH Kopiiaii opHaackaH JKaceln Oenmeyzie ecilm TYpFaH KaiblH
aramTapbhlHa aHBIKTAIFaH 0aKTepruo3 — OaKTEePHSUIBLIK OOBIp, CKiHIN aTaybl CYJIbl OaKTEpPHUO3, all OHBIH
KO3IBIPFHIIEI D. dadantii ekeHi TonenIeH .
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IMosryyeHue YMCTOro0 WITAMMA BO30YAUTE/ISl 0AKTEPHAIBLHOI0 paKa
U M3yYeHHe ero MH(PEeKINOHHOW AKTUBHOCTH Y IPeBECHBIX MOPO/I
B YCJIOBUSIX in Vitro

Hanuaune rycTeIX ¥ pa3sHOOOpa3HBIX AEBCTBEHHBIX JIECOB, KOTOPBIE MUTAIOT MOYBY, BBIACISIIOT OOJBIIOE KO-
JIMYECTBO KHCIIOPOJa, SABIAETCS MEUTOH Kaxzaoro rocyaapcra. Ilostomy mnepseiii IlpesuneHT crpanbl
H. Hazap6aeB pacnopsiauics cuenats Bokpyr Hyp-Cynrana Gonplnyio 3eneHyio 30Hy. MOXHO ¢ YBEpEHHO-
CTBIO YTBEPXKJaTh, YTO JAHHBIN MPOEKT C KaXKIBIM T'OJIOM COBEPIICHCTBYETCSI, 00JIaropakuBaeTcs, a 3eJIeHBIH
JIeC OKpYy’kKaeT BCe BOKPYT Hamlel MOJIOJ0H cTonunbl. JJaHHBIH IPOEKT NpHU3BaH NPeBpaTHTh croniy Kaszax-
crana — ropox Hyp-Cynran — B 3eieHbIH 1OsIC, BOKPYT TOpOAa IOJTHOCTHIO 3acesTh JIECHBIE MAacCHUBBHI,
IUIONIaab KOTOpBIX cocTaBisieT 100 Thicsia rekTapoB. [IpaBUiIbHO MPUBHUTHIC APEBECHBIE PACTEHUS B 3€JICHON
HoJioce, KpoMe 00oraleHus! BO3lyXa KUCIOPOAOM, A€KOPATUBHO O(OPMIICHHBIX JIaHIA(TOB, JOJKHBI CIIO-
coOCTBOBATH MTPOBETPUBAHUIO 30H, OTBOJY 3arpsA3HEHHOTO BO3/AyXa OT XKUIIBIX U MIPOM3BOACTBEHHBIX 30H, 00-
Pa30BaHHUIO BEPTUKAIBHBIX BO3IYLIHBIX MOTOKOB M PACCEUBAHUIO 3arPA3HEHHOTO BO3/yXa B Ooiee BBICOKHX
CIIOSIX aTMOChEpBI, a TAKXKe OUHIIEHUIO BO3yXa OT Pa3IMYHbIX a3p030JIeil, IIbIIN, CaXHU M jkapbl. TeM He Me-
Hee, BCe ITU NPUPOJIHbIE OOraTcTBa HaXOAATCS IO OONBIIONH yrpo30il U3-3a pacHpOCTPaHCHHOCTH IIMPOKO
H3BECTHOTO, HO MaJOM3y4eHHOTo 3a0oieBaHuss — OaKTepHAIBFHOTO paka IPEeBECHBIX MOpoA. B Hacrosmiee
BpeMst Takas OoJsie3Hb Habmomaercs B bamkopTocrane, crpanax banrum, Tarapcrane, PecryOnmke Anpiree,
eBporelickoit yactu Poccny, a Takke B bpsiHCke M npuieraomux pernonax. B aTux crpanax yBemHIMBaeTCs
OXBaT TMOPOJ JEPEBLEB 3TUM 3a00I€BAHUEM, UTO CO3/AET PeaabHYI0 YIpO3y YChIXaHHIO CTBOJIOB JepeBbeB. B
Ka3zaxcrane Taxxe BcTpeuaeTcs OaKTepHalbHBIM pak APEBECHBIX MOpoJ. B cBs3u ¢ 3TUM H3yueHUE TaHHOTO
3a00J1eBaHUs ABJIAETCS BEChbMa aKTyallbHBIM, TaK KakK, B CHIy OCOOCHHOCTEH MOpa)keHUs! JepeBbEB, THArHO-
CTUKH 3a00JIeBaHMsI, JIECOPACTUTENbHO-TAKCAIIMOHHBIX M JIAaHAMA(THBIX YCIOBHH, €ro paclpocTpaHeHUE
n3y4eHo He 10 KoHma. Llenbio Hamell paboTh sBiseTcs B3sTHE 00pa3LoB KepHa U3 Oepessl (Betula pendula
Roth.), koTopast mpouspacTaer B JECHBIX XO03sHCTBaxX 3eJIeHOro rosca, okpyskaromux ropox Hyp-Cynran, ¢
TIpu3HaKaMH OaKTepHaIbHOTO paka (BOJSHKA); MONydYeHHe 00pa3loB KepHA M3 CTBOJIA; KyJIHTHBHPOBAHHE
BBIJICTICHHBIX U3 HUX KyJIbTyp OakTepuil Ha NMUTATEIbHBIX cpefax; cOOp YHCTHIX MITaMMOB BO30OyauTeNs 00-
JIe3HU; MOJIEKYJIIpHasl HASHTHUKAIMS HykieoTuaHo! nenn pubocomHuoit PHK 16S. Kpome Toro, onpenene-
HHE MOJIEKYJISIPHBIX XapaKTEPUCTHK MOIYyYEHHBIX IITAMMOB OaKTepHil B COOTBETCTBUH C THUMNUYHBIM THIIOM
Dickeya dadantii 8 MexnyHaponHoit 6a3ze GenBank. B xozne uccnenoBanusi 6buta n3ydeHa nHQpEKIHOHHAS
aKTUBHOCTB 3TOTO IITaMMa OakTepuii Ha ApyTHe JIPEeBECHbIE aHATOTU B YCIOBHAX in vitro. IHOKymsAMs 1H-
CTBbEB U CEpexeK Oepes, He MOABEPriIuxcs OakTepHalbHOMY paky, wTammamu Dickeya dadantii, BelieneH-
HBIMH HaMU B YCIIOBUSIX in Vitro, I0OKa3aja MNOJHYIO BUPYJICHTHOCTh BO30YIUTEIS K SKCIIEPUMEHTAIBHOIT 1Mo-
Iy Ay Oepessl, T.e. NHYEKIMOHHYI0 aKTHBHOCTb.

Knioueswvie cnosa: 6Gaxrepun, 6akTepno3, 6akTepHAILHEIN pak, sA3Ba, SAIpo, YUcTas KylIbTypa, mramm, JJHK.

A K. Baubekova, S.A. Abiyev, R.Z. Asilkhanova

Obtaining a pure strain of bacterial cancer pathogen and studying
its infectious activity in tree species under in vitro conditions

Dense and diverse primary forests, which nourish the soil, emit a large amount of oxygen, are the dream of
every state. Therefore, the first President of Kazakhstan N. Nazarbayev ordered to make a large green zone
around Nur-Sultan, which is being improved and refined every year. This project is designed to turn the
capital of Kazakhstan, the city of Nur-Sultan, into a green belt, completely sowing forests around the city, the
area of which is 100 thousand hectares. Properly grafted woody plants in the green belt, in addition to
enriching the air with oxygen, decorating landscapes, should contribute to the ventilation of zones, the
removal of polluted air from residential and industrial zones, the formation of vertical air flows and the
dispersion of polluted air in higher layers of the atmosphere, as well as air purification from various aerosols,
dust, soot, and heat. Nevertheless, all these natural resources are under great threat due to the prevalence of a
little-studied disease-bacterial cancer of tree species. Currently, such a disease is observed in Bashkortostan,
the Baltic States, Tatarstan, the Republic of Adygea, the European part of Russia, as well as in Bryansk and
adjacent regions. In these countries, the coverage of tree species with this disease is increasing, which creates
a real threat of the tree trunks drying. Bacterial cancer of tree species is also found in Kazakhstan. In this
regard, the study of this disease is relevant, since due to the characteristics of the lesion of trees, the diagnosis
of the disease, forest-taxational and landscape conditions, its spread has not been fully studied. The purpose
of our work is to take core samples from birch (Betula rendula Roth.), which grows in the forests of the
Green Belt surrounded by the city of Nur-Sultan, with signs of bacterial cancer (dropsy); obtain core samples
from the trunk, to cultivate isolated bacterial cultures on nutrient media; to obtain pure strains of the causative
agent of the disease, molecular identification of the nucleotide chain of ribosomal RNA 16S. In addition, the
determination of the molecular characteristics of the obtained bacterial strains in accordance with the typical
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type of Dickeya dadantii on the international basis of Gene Bank. In the course of the study, the infectious
activity of this strain of bacteria on other woody analogues was studied in vitro. Inoculation of birch leaves
and catkins that have not undergone bacterial cancer with Dickeya dadantii strains isolated by us in vitro
showed complete virulence of the pathogen to the experimental birch population, i.e. infectious activity.

Keywords: bacteria, bacteriosis, bacterial cancer, ulcer, core, pure culture, strain, DNA.
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CoBpeMeHHOe COCTOSIHUE TONMYJISIUI U pecypcebl Salvia stepposa
B lenTpanbnom Ka3zaxcrane

MupoBoil OmIbIT MPUMEHEHHs JTEKapPCTBEHHBIX CPEACTB IMOKA3bIBAET MEPCIEKTUBY pa3pabOTKH MPEnapaTos,
OCHOBAHHBIX Ha MPUMEHEHHU PAaCTUTENIBHOTO CBIPBS, B TOM YHCIIE AUKOpacTymiero. B aTom acrexkre Heo6X0-
JMMBI TI0JIEBbIE MCCIEIOBAHUS MO OLEHKE COCTOSHMS NOMYJISLHUN JIEKAPCTBEHHBIX PACcTeHHN A OpraHu3a-
I[MM CHCTEMBI PALlHOHATBHOTO UCIIOIb30BAHHS M COXPaHEHHsI OHOIOTMYECKOro pazHooOpasus. Jis momys-
uuii Salvia stepposa HaMu OLICHUBAIHCh OOTaHUYECKHE OCOOCHHOCTH, OHTOTCHETHUECKUI CIIEKTP U pecypc-
HBIE [TOKA3aTeNIN pacTeHui. VI3ydeHsl cTpyKTypHBIE ITOKa3aTesu 4-x nomysinuii S. stepposa B ropax YibITay,
Kapkapaisl, Ciacckux conkax u KopaeeBckux secax. OnpeseneHo, 9To BHIOBOH cocTaB cOOOIECTB HACUH-
ThIBa) OT 25 10 44 BunoB. [lonynauuu B ropax Yiaeitay u Kapkapalisl 10 COOTHOIIEHHIO OHTOT€HETUYECKUX
TPYIII ONIPEAENeHb! Kak Moo sle; momysiun B KopreeBckux necax u CacCKuxX cOIKax — KakK CPEeTHEBO3-
pacTHble. Bece momymsiuuu HaxoAsATCs B YIOBIETBOPUTEIBHOM COCTOSIHUM U MOT'YT HCIOJIB30BaThCS IJIsI Op-
TaHU3ALUK 3aTOTOBOK JIEKAPCTBEHHOTO PACTUTENBHOTO ChIphsi. COBOKYyMHAs TUIOMIAAb M3YyUSHHBIX 3apociei
Ha Teppuropun KaparanamHckoil obmactu coctaBuia 45,4 ra, ypokailHOCTh HM3MeHsulach oT 284 nmo
462 xr/ra. VITOroBbIil 9KCIUTyaTallMOHHBIN 3anac oieHeH B 16677 kr, 00beM Bo3MOkHOTo cbopa — 8339 kr.

Kniouesvie cnosa: Salvia stepposa, cocTossHue TOMYJISIAHN, (GIOPUCTHYECKUH COCTaB, BO3PACTHOH CIIEKTD,
CBIpBEBEIE 3anackl, Kaparanmuackas o6macTs.

Bseoenue

Pacmmpenue colppeBOii 0a3bl IEKapCTBEHHBIX PACTEHUH MO3BOJISIET YCICITHO NPUMEHATh MECTHOE pac-
THTETLHOE CHIPhE B KadecTBe MCTOYHMKA (purompenaparoB [1, 2]. B Kazaxcrane mpouspactaet 6osee 1000
BHJIOB JICKAPCTBCHHBIX pacTeHUH [3], U3 KOTOPHIX B OMHUIIHATHLHON METUITMHE TIPUMEHsIeTCs okoyo 165 [4].
Tax, IUPOKO UCMONIB3yEeMBbIM OQHUIHUATEHBIM JIEKapPCTBEHHBIM CHIpbEM siBIsieTcst Salvia officinalis L. (Lami-
aceae). OTHAKO AaHHBIN BUJ yCIIEIIHO BhIpamuBaercs Ha Teppuropun IOxHoro u FOro-Bocrounoro Kazax-
ctaHa [5, 6], HO B OoJlee CEBEpPHBIX PETHOHAX BEIMEp3acT B 3UMHUI niepuo [7].

B Kaparananackoii 00acTy B Ka4ecTBE 3aMEHUTENS YKa3aHHOTO BBILIE JIEKAPCTBEHHOTO CHIPhS MOKET
BeIcTyNaTh Salvia stepposa Des.-Shost. Bun mmpoko pacrpocTpaneH B MPUPOAHBIX COOOIIECTBAX, YCIIELTHO
HHTPOJYIUPYETCS B KyJIbType [7], HaJ3eMHass Macca UMEeT CXOIHBIH XHMHUYECKUI cocTaB ¢ mandeeM je-
KapcTBeHHBIM [8—10].

B napoanoit meguuuHe mandeid CTEMHOW NMPUMEHSETCs Ui JICUCHHUs BEPXHUX JbIXaTeNbHBIX MyTEeH,
MpU aHTHUHAX, JUIS MOJIOCKAHWS MPH CTOMATHTaX, TMHEKOJOTHMYSCKHX 3a00JICBaHUAX, BOCIAICHUH ITOYEK,
BOCTHAJIEHUH MOYEBOTO ITy3BIPS, IS CHIDKEHUS JIAKTAIllH, TIPU CYCTaBHOM peBMaTH3MeE, KaK OOIIEYKperuIs-
IOIIEE CPEJICTBO, HAPYKHO — MPHU XPOHUIECKHUX 3a001eBaHUsIX Koxku [11].

OKCTpaKThl 00J1a1al0T SPKO-BBIPAXKEHHON aHTHIIPOTO30MHON, OaKTEPHOCTATHUECKON, aHTU(YHT aTIbHOM
U aHTUMHUKPOOHO# akTHUBHOCTHIO [10—12], uTO MO3BONSIET paccMaTpUBATh CHIPhE KaK MEPCIEKTUBHBIN HC-
TOYHHK JIEKaPCTBEHHBIX MpenapaTtoB. s MOATBEpKACHNS HATWYHS CHIPEBON 0a3bl B MPUPOIHBIX YCIOBH-
X He0OXOAUMBI UCCIIEJOBAHHA M0 U3YUCHUIO PACIPOCTPAHEHHUS U 3a11acOB.

Lens HAcCTOSAIIErO MCCIENOBAHIS — OIICHUTH COCTOSIHUE MOMYJISALNN U CHIPbEBBIX 3aIacoB S. stepposa
Ha Teppuropun Kaparanauackoit oomactu (LlenTpansabnii Kazaxcran).

Mamepuansl u Mmemoost

UccnenoBanuss B TMOJEBBIX YCIOBUAX TMpoBeAcHHl Ha Tepputopun Kapkapanunckoro, byxap-
JKBIPAYCKOTO U YIBITayCcKoro parioHoB Kaparammmackoi obmactu. IIpoananm3upoBaHo COCTOSTHHE 4-X TI0-
Iy
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a) momynsinus 1: masndgeiHo-31akoBo-pasHOTpaBHOE cooduIecTBO B ropax Yisitay; GPS-koopauHatsr:
48,61317 c.m.; 67,01364 B.11., 465 M Hag YPOBHEM MOPSI;

0) momyysiMs  2: THUITYaKOBO-IIaiIdeiHo-pa3HoTpaBHOoe coobiiectBo B Chacckux comkax; GPS-
koopauHatel: 49,48335 c.u1., 73,28106 B.1., 552 M HaJ ypOBHEM MOPSI;

B) TIOMYJIAINSA 3: CKaOMO30BO-pa3HOTpaBHOE coodmecTtBo B KopHeeBckux necax; GPS-koopmuHAaThL:
50,37514 c.m1., 73,84192 B.1., 419 M Haxm ypoBHEM MODS;

r) nomynsua 4: mandgerHo-pa3zHoTpaBHOE coolbmectBo B ropax Kapkapansl, GPS-koopauHats:
49,48331 c.m1., 75,42450 B.4., 648 M Hax ypoBHEM MODSL.

[lpu ommcanuy MOMYJSINUN TPUMEHSUTH TPAJUIUOHHBIE METOJBI Te000TAaHHYECKOTO O0CIeI0BaHUS
[13]. Ha xa) 0¥ TIOMyJISLUK 3aKIaabiBaay 12 yd4eTHBIX miomanok pasmepoM 10x10 M2, Ha mromasnxke mpo-
BOIWIN Y4eT ocobedl S. stepposa TO BO3PACTHBIM TPYIIaM, OMHCHIBAIM (IIOpHUCTHYECKUi cocTaB [14].
Omnpenenenne BuaoB npoBoan no «Piope Kazaxcrana» [15], Ha3BaHME pacTeHUH TPUBOIWIA B COOTBET-
ctBue co cBogkamu C.K. Uepemanosa [16].

[Ipu onmcanum OHTOTE€HE3a MCIIONIB30BATIN METONUKY A.A. YpaHoBa [17], TUIl MOMYJSALMH ONpPENEIsUTN
no T.A. PaGotHoBy [18]. YunutsiBanu cienyromme Bo3pacTHbIE TPYIIbI: IOBEHWIBHBIE pacTeHUs (j), UMMa-
TYpHBIC (i), B3pOCIbIC BETETATUBHBIC (V), MOJIOABIC TEHEPATHBHBIC (g/), CpeAHEBO3PACTHRIC TEHEPATUBHBIC
(g2) u cTapble TeHepaTUBHBIE (23).

Uzyuenne pacrpocTpaHeHUsl, ypPOKaHHOCTH U CHIPHEBBIX 3allacOB MPOBOIMIN C IMOMOILBIO OOIIENpu-
HATBIX METOIWYCCKUX yKazanui [19, 20]. DkcmryaTalinOHHBIA 3a11ac PaCCUMTHIBAIN TOJIBKO VIS TEHEPATHB-
HBIX AK3EMIUISIPOB, ITyTEM YMHOKEHUS TUIOIAIN 3apociieil Ha ypoxKaiHOCTh. O0beM BO3ZMOXKHOTO cO0pa ChI-
pbsi oueHuBaimu Kak 50 % OT 3KCIUyaTalMOHHOTO 3amaca. Bce pacdeTsl OCyIIECTBISUIM Ui BO3IYIIHO-
CYXOTO CBIPBS.

CTaTHCTHUYECKYIO 00pabOTKY pe3yIbTaTOB IIPOBOIMIIHM IIPH IMMOMOIIH MporpaMMsl Statistics 10.2011.

Pesynomamot u ob6cysicoenue

S. stepposa B IPUPOTHBIX COOOIIECTBaX OOUTAET B CTEISX, JIYyTOBBIX COOOIIECTBAX, MO CKIOHAM CTEll-
HBIX TOp, COIOK, B MEKCOMOYHBIX MOHIKEHUSIX, TI0 OMYIIKaM KOJKOBBIX JIECOB, CPEAHN KYCTapHUKOBBIX 3a-
pocueii [15].

Tonynayus 1 pactnionoxena B qoiuHe p. YIkeH-)Ke3bl (Topbl YIIbITay) B COCTaBe Man(eiH0-31aK0BO-
pasaotpaBHoro (Herba varia — Agropyrum cristatum — Salvia stepposa) coobmectBa. [louBbl kamTaHo-
BhIe, cynecyanbie. O0IIee MPOESKTUBHOE MOKPBITUE PACTHTEIHLHOCTH olleHeHO B 85 %. PacTurenbHBIN mMO-
KpOB CJIOKeH B 2 sipyca: BbIcokuX (50-80 cm) u Huskux (1o 45-50 cm) TpaB. JloMmuHanTOM sBIseTCs S. step-
posa ¢ obunueM sp-copl, COMOMUHAHT — Agropyrum cristatum — sp. OCTaJIbHbIe BUBI ABISIOTCS KOMIIO-
HeHtamu: Glycyrrhiza uralensis, Filipendula vulgaris, Phlomoides tuberosa, Gypsophila patrinii, Gallium
verum, Galatella punctata, Hypericum perforatum u npyrue. [lonynsius S. stepposa oxapakTepru3oBaHa Kak
MOJIO/Iast C IOMUHHPOBAHUEM BUPTHHILILHBIX ¥ MOJIOJIBIX T@HEPATUBHBIX pacTeHuid (puc. 1A).

B cocraBe monyJsiuu oOHapykeHo 25 BuIOB pactenuii u3 18 pomgos u 11 cemeticts. Ha o0cnenoBan-
HOM y4YacTKe HE BBISBJIICHO CJIEI0B aHTPOIOTeHHON HapyIIEHHOCTH, BCE BHJIbI UMENN KU3HEHHOCTH OT 4 10
5 6amos.

Jannast mpupoaHas MOMyJLIIHS MPUTOIHA U1l OpraHW3allMyd 3aTOTOBKH CHIPbS HA/J3€MHBIX OpPTaHOB.
[Tomanp 3apocineii orieHeHa B 8,5 ra, ypoKaiHOCTh T'€HEPaTUBHBIX 0co0elt — 354 kr/ra. DKCIUTyaTaluoH-
HbIi 3amac coctaBui 3009 kr, 06beM Bo3MoxHOTO coopa — 1505 kr (Tabm. 1).
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CoBpeMeHHoe CocTosiHMe nonynsaumn u pecypcel Salvia stepposa ...
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A — mandelHo-31aK0BO-pa3HOTPaBHOE; b — THITYaKoBO-1IaI(eiHO-pa3HOTPaBHOE;
B — ckabuozoBo-pa3HoTpaBHoe; /I — mangeiHo-pa3HOTPaBHOE

Pucynok 1. CooTHOIIeHHE BO3PACTHBIX (a3 B IPUPOIHBIX COOOIIECTBAX € YUacTHeM S. stepposa

Tabnuma 1

Iliomans 3apocieii U chIpbeBble 3aMachl HAA3eMHBIX OPTaHOB S. sfepposa
Ha Tepputopuu Kaparanannckoii 061actu (B nepecyere Ha BO3AYLIHO-CYX0ii Bec)

[Momy- YpoxkallHOCTh, | DKCIUTyaTanuoHHbIH |{O0beM BO3MOKHOTO
HasBanue cooOriectBa ITmomane, ra
JISILIAST Kr/ra 3amac, Kr cOopa ChIpbsl, KT
1 [Hargeiino-snaxoso- 8.5 354246 3009 1505
pasHOTpaBHOE
o |Tmmuaxoso-mandeiito- 12,3 46255 5683 2841
pasHOTpaBHOE
3 |Ckabno030BO-pa3HOTPABHOE 9,6 388+64 3725 1863
4  |[TandeiiHO-pa3HOTPABHOE 15,0 284+12 4260 2130
Htoro 45,4 16677 8339

Honynayus 2 npouspactaetr B CIacCKUX COMKax B MEXKCOMOYHOM TOHIKEHUH, Ha JYTOBBIX 3apOCIIsX
BJIOJIb PY4bs; GOpPMHUpPYET THITYaKoBoO-IandelHo-pasHoTpaBHoe (Festuca valesiaca — Salvia stepposa —
Herba varia) coobmectso (puc. 2).

Pucynok 2. [[geryuiue ocobu S. stepposa B CriacCKux COIMKax

[TouBBI TEMHO-KAIITAHOBBIE, KAMEHUCTHIE, MECTAMH — C MeOEHUCTHIMU BhIXOAaMu. OO0IIee MpOeKTHB-
HOE€ MOKPBITHE PACTUTEILHOCTH cocTaBmiio 95—100 %; ¢popmupyer 3 sipyca: BepXHUN KycTapHHKOBBIN (90—
120 cMm BBICOTOI) cocTaBieH ocobsmu Spiraea hypericifolia, Caragana frutex; spyc Boicokux (50—-60 cm) u
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Hu3kKUX Tpae (mo 40—45 cm). JloMmuHaHTOM B cooOIiecTBe BeICTynaeT Festuca valesiaca ¢ obumuem copl,
COIOMHHAHT — S. stepposa ¢ obwnueM sp. BumoBoii coctaB coobmiecTBa npeactaBieH 42 BUIAMU COCYIH-
cThIX pacteHwuii u3 34 ponos u 14 cemerictB. Hanbomnee yacTo BcTpeyaromuecs TaKCOHBL: Serratula coronata,
Thalictrum flavum, Fragaria viridis, Iris songarica, Bromopsis inermis, Galatella tatarica, Filipendula vul-
garis, Plantago media, Nepeta cataria, Gypsophila paniculata, Ferula tatarica, Rhinanthis minor, Linaria
ruthenica n npyrue. OOMINE KOMIIOHEHTOB COCTaBMIIO OT S0l 110 sp, )KU3HEHHOCTH 3—5 OaioB.

Homynsauust S. stepposa oxapakTepu3oBaHa KaK CPEAHEBO3PACTHAs yCTOWYMBAs C JOMHHUPOBAHHUEM
CPeIHEBO3PACTHBIX T'€HepaTUBHBIX pacTeHuid (puc. 15). TeppuTopusi akKTUBHO HCIOJB3YETCS U BhINaca
JIOMAIIIHET0 CKOTa, CTENIEHb aHTPOIIOI'€HHON HapYIIEHHOCTH HU3K0e — 0KoJio 10-12 %.

[Mnomane 3apocneii onpenenena B 12,3 ra npu ypoxallHOCTH HaJ3eMHBIX OpraHoB 462 kr/ra (Tadum. 1),
00BeM DKCIITYyaTallMOHHOTO 3a1aca OLeHeH B 5683 Kr, 00beM BO3MOKHOTO cOopa chipbs B 2841 Kr.

Tonynayus 3 BbIABIEHA Ha JYTOBO-CTEIIHBIX paBHMHAX MEXIY KOJIKOBBIMU Jiecamu KopHeeBckux Je-
coB. OO11ee MPOEKTHBHOE MOKPHITHE CKabN030BO-pa3HoTpaBHOro (Herba varia — Scabiosa ochroleuca) co-
obmectBa coctaBuio 100 %. [TouBbl TEeMHO-KAIITAHOBEIE, CYTJIIMHUCTHIC, MECTAMH — CJIa003acoJicHHbIe. B
COOOIIIECTBE PACTUTEINLHBINA MOKPOB 00pasyer 2 sipyca: Bbicokux (50-100 cm) un Huskux (1545 cm) Tpas.
Scabiosa ochroleuca sBAsieTCS JOMUHAHTOM C OOMIIMEM coOpl-Sp, OCTANbHBIE BUIBI SBISIOTCS KOMITIOHEHTA-
MU C OOMIIUEM Uun-sol-sp 1 KU3HEHHOCTBIO 4—5 0asioB. AHanu3 repOapHbIX cOOPOB IMO3BOJUII BBISIBUTH 44
Buga u3 37 ponoB u 15 cemeiictB. TUNMMYHBIMU TPECTABUTEISIME SIBISLIUCE Serratula coronata, Polygala
comosa, Thymus marschallianus, Agropyron cristatum, Plantago lanceolata, Rumex crispus, Calamagrostis
epigeios, Festuca arundinacea, Medicago falcata, Melilotus albus v npyrue.

AHanu3 COOTHOILIECHHS BO3PACTHBIX TPYI S. Stepposa mokaszaio mpeolnaganye BCcex TPy reHepaTuB-
HBIX pacTeHu#t (puc. 1B), 4yTo MO3BOJISIET XapaKTepU30BaTh MOMYJIALMIO KaK YCTOMUMBYIO U CPEIHEBO3pacT-
HYIO.

YpoxallHOCTh CBIPbs cOCcTaBHIa 388 Kr/ra, SKCIUTyaTallMOHHBIHN 3amac Ha Imiomany 3apociu 9,6 ra pac-
cuMTaH Ha ypoBHE 3725 Kr, 00beM BO3MOXKHOTO cOopa coctaBui 1863 kr (Tada. 1).

THonynsyus 4 onncana B ropax Kapkapansl B coctaBe mandeitno-pasHorpaBaoro (Herba varia — Sal-
via Stepposa) cooOlIecTBa, pacTeT MO OMyIIKe CMEMIaHHBIX JiecoB. [1o4BbI JecHble yepHO3eMHBIe. OO0IIee
MPOEKTUBHOE MOKpHITHE 95 %, cynecuanoe. Kak u B CraccKuX COMKaXx, paCTUTEIbHBIA MOKPOB CIOXEH B 3
spyca: KyctapHUKOBBIH (90—120 cm BbicoTOI), BhicOKHX (50—80 cM) n Hm3kux TpaB (2040 cm). Jomunan-
TOM siBisieTcs S. stepposa ¢ obwimeM copl, 2 (puc. 3).

Pucynok 3. IIBerymuue ocobu S. stepposa B ropax Kapkapaisr

Bunosoii cocraB npenctasieH 38 takcoHamu u3 33 poxoB u 14 cemeiictB. KoMmoHeHTH coobmiecTBa
uMenn o0WiHe So-sp, )KU3HEHHOCTh 3—5 OamwioB. TunudHbie mpencraButenu: Spiraea hypericifolia, Rosa
spinosissima, Filipendula vulgaris, Patrinia intermedia, Rumex confertus, Phlomoides tuberosa, Festuca
valesiaca, Centaurea scabiosa, Tanacetum vulgare, Ferula tatarica, Glycyrrhiza uralensis, Achillea mille-
folium, Galium verum, Thalictrum simplex, Fragaria viridis, Thymus marschallianus, Dracocephalum nu-
tans, Gentiana pneumonanthe 1 Ipyrue.
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[omynsaust Monoxaasi, pa3BUBaloUIascs ¢ MpeodiIataHueM BUPTHHWIBHBIX U MOJIOJBIX T'€HEPATUBHBIX
ocobeii (puc. 17"). Tepputopus He UCTIOIB3YETCS AT XO3IUCTBEHHOTO MCTIOIB30BaHUS, IIOOTOMY IPHU3HAKOB
AHTPOITOTCHHON nedopManmu He oTMedeHo. Ilnomanp 3apocnn B ropax Kapkapamsr coctaBmma 15,0 ra,
YpO’KalHOCThH olLieHeHa B 284 Kr/ra. DKcIUTyaTallMOHHBIH 3amac paccuuTad Ha ypoBHe 4260 kxr, o0beM BO3-
MOXHOTO cOopa chipbst — 2130 kT.

Raxnouenue

B nenoM, usyuenmne 4-x momyssuuil JIEKapCTBEHHOTO PAcTeHMs S. stepposa TOKa3ajlo, 4TO BCE OHHU
HaXOIATCS B yIOBICTBOPUTEILHOM COCTOSSHUM M MOTYT HMCIIOJIB30BATHCS AJISl OPraHU3alUu 3arOTOBOK Jie-
KapCTBEHHOI'O PACTUTENILHOT'O ChIPhs C COOIIOIEHUEM PEXXUMOB U IEPUOAUYHOCTH 3aIrOTOBKY ¥ MOHUTOPHH-
roM BO3pacTHOro cuekrpa. [lomymnanuu B ropax Yusitay u Kapkapaisl onpezaeneHsl kKak Mosonsle, B Crac-
CKHUX comnkax U KopHeeBCcKuX Jiecax — KakK CpeHEBO3PACTHBIE.

CoBokynHas IUIOMIagb M3YyUCHHBIX 3apocieid Ha Teppuropuu KaparanauHckoil oOmacTu cocTaBuia
45,4 ra, ypokaiiHOCTh M3MEHsIach OT 284 1m0 462 kr/ra. TOroBwlii 9KCIUIyaTallHOHHBIM 3aIlac OLCHEH B
16677 xr, 00beM Bo3MOKHOTO cOopa — 8339 k.
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M.K. byrym6aeBa, M.M. CunantseBa, C.C. TripkaHOBa,
M.A. Hopuesa, I' K. TypasioexoBa

Opraasik Kazakcrannarsl Salvia stepposa TapajbIMAapbIHBIH
Kasipri sxkail-kyili MeH pecypcrapbl

Hopimik 3arTapasl KONAAHYABIH ONIEMIIK TXipuOeci eciMAiK IIMKIi3aThlH, OHBIH ilIiHAEe IKabailbl
eciMIiKTepi KOJIaHyFa HEri3[elreH npenapartapibl 33ipiey IMepCleKTHBAchiH Kepcereni. by acmekrine
OUOJIOTHSIIBIK SPTYPJIUTIKTI YTHIMIBI MaiilallaHy KoHe cakray JKyHeciH YHbIMIAcThIpy MaKCaThIHIA ISPk
oCIMIIKTEep TOMYJSUMACHIHBIH JKaFfailblH Oaranay YVIIIH [anaiblK 3epTreyiep Kaxer. Salvia stepposa
TIOMYJIALMSIAPEl  VIIIH ©CIMIIKTEpAiH OOTAaHMKAIBIK EpEeKIIeNIKTepl, OHTOICHETHUKAIBIK CIIEKTpi MEH
PECYpCTBIK KepceTkiluTepi OaranmaHraH. ¥Yibitay, Kapkapansl TaynapsiHaarbl, CIacck MIOKbLIAPBIHIAFEI
xoHe KopHeeB opMaHBIHIArbl S. stepposa TOMYISILUSCHIHBIH 4 KYPBUIBIMABIK KOPCETKIMITEpi 3epTTEeIi.
KaysIMpacTeIKTappIH TYpIIiK Kypambl 25-TeH 44 Typre Aeilin 0onaThiHbl aHbIKTadFaH. OHTOrCHETHUKAJIBIK
TONTap/bIH apa KaTblHAachl OoiblHIIA YibiTay koHe Kapkapaibl TaysapblHIarbl NMOMYJISLUSIap — Kac
perinze; an KopueeB opmannapsl MeH Criacck IMIOKbUIAPBIHAAFBI MOIMYJISLMSIIAD — OpTa KacTarbl PeTiHIe
aHBIKTAJIFAH. BapiblK MOMyJISLUUsIIapAbIH JKaFqaiibl KaHAFATTAHAPIIBIK JKOHE IOPUTIK OCIMIIK IIHKI3aThIH
JafibIHay /16l YHBIMIACTBIPY YIIIH MaifanaHbutybl MyMKiH. KaparaHapl 0ONbICHl ayMaFbIHIAFbl 3ePTTENETIH
TOFalIapABIH Kanmbsl ayaansl 45,4 ra Kypansl, eHimainiri 284-ten 462 kr/ra-ra aeitin e3repai. KopbIThIHIIB!
naiinanany Kopsl 16677 kr GarallaHFaH, bIKTHMAI )KAHAY KejeMi — 8339 kr.

Kinm ce30ep: Salvia stepposa, monmynsnysIapAblH SKai-KyHi, (IOPUCTUKANBIK KypaMbl, jKac CIEKTi,
mIMKizaT Kopiapsl, KaparaHmbsl 0OJIBICEL

M.K. Butumbayeva, M.M. Silanteva, S.S. Tyrzhanova,
M.A. Nortseva, G.K. Turlybekova

Current state of populations and resources of Salvia stepposa
in Central Kazakhstan

World experience in the use of medicines shows the prospect of developing drugs based on the use of plant
raw materials, including wild-growing ones. In this aspect, field studies are needed to assess the status of
medicinal plant populations to organize a system of rational use and conservation of biological diversity. For
Salvia stepposa populations, we evaluate botanical features, ontogenetic spectrum, and resource indicators of
plants. Structural indicators of four populations of S. stepposa in the Ulytau, Karkaraly Mountains, Spassky
Hills, and Korneev forests are studied. It is determined that the species composition of communities ranged
from 25 to 44 species. Populations in the Ulytau and Karkaraly Mountains are defined as young by the ratio
of ontogenetic groups; populations in the Korneev forests and Spassky Hills — as medium-aged. All
populations are in satisfactory condition and can be used to organize preparations of medicinal plant raw
materials. The total area of the studied thickets in the Karaganda region amounted to 45.4 hectares, the yield
varied from 284 to 462 kg/ha. The final operating reserve is estimated at 16,677 kg, the volume of possible
collection is 8339 kg.

Keywords: Salvia stepposa, state of populations, floristic composition, age spectrum, raw materials reserves,
Karaganda region.
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Bunsinne puznuyeckux (paKTOpPOB Ha KU3HECIOCOOHOCTH
ceMeHHOro marepuaJna Echinacea purpurea copt «JIuBaaus»

B crartbe npeacTaBieHsl JaHHBIE O MPOpAcTaHUU ceMsaH Echinacea purpurea copt «JluBagus» B pe3ynbTare
BusiHUS (pusudeckux (aktopoB. CeMEHHOH MaTepHa IpeaBapuTeNIbHO MOJBEpraics KPHOTCHHOMY XpaHe-
HUIO B TEUCHUE CYTOK, 3aT€M CEMEHa MOJBEPTaINCh JIa3epHOMY OOJIydEHHIO U BO3JEHCTBHIO MarHUTHEIX I10-
Jell B TeUCHUE ONPeIeTICHHOTO BPEMEHH, a TaKXKe B SKCIIEPUMEHTE OBbUI IPUMEHEH MeTo]| 6apO0THPOBAHHUSI.
B pesynpraTe mpoBeAeHHBIX MCCIEIOBaHUH OBIIO YCTAaHOBJIEHO, YTO CEMEHA, MCIBITHIBAIONINE BO3/CHCTBHE
MarHUTHBIX IIOJIEH, COXPAHSIOT CBOIO JKM3HECIOCOOHOCTh, HO HE HAOIIONASTCS YIyYIISHHUS ITOKa3aTeweit
MpOPACTaHMs 110 CPABHEHHUIO C KOHTPOJIBbHOM Tpymnmoii. [lonoxuTensHas qUHaAMUKa B MPOPACTAHUU CEMSH U
HpoxoxaeHnH (a3 oHToreHe3a HabMIOANACh B BAPHAHTAX OIbITA C NPEABAPUTEIBHBIM KPHOTCHHBIM XpaHe-
HHEM CEMSH U MOCIEIyIoUMM 6apO0THPOBaHNEM B TEUEHHE CYTOK, MOKA3aTEeNlH BCXOXKECTH OKa3alInuCh CPaB-
HUMBIMH C KOHTPOJIbHBIMH 3HaueHUsAMH. CeMeHHOU MaTepuai, o0ny4yeHHbI He-Ne nmasepHbIM JTydoMm, Ipo-
JIEMOHCTPUPOBAJl CHU)KEHHE TT0Ka3aTellel IpopacTaHus 10 CPABHEHHIO ¢ KOHTPOIbHOM IPyIIION.

Knioueswie cnosa: cemenHoit Marepuai, Echinacea purpurea, MaruuTHoe 1osie, 6apooTHpoBaHue, 00IydeHNe
He-Ne nasepoM, kpuoxpaHeHUEe, BCXOKECTb.

Bseoenue

Wzydyenne BnusiHus (uzndeckux (aKTOPOB HA OMOJIOTHIO MPOPACTaHUS BUJIOB PACTCHHMA, UMEIOIINUX
JICKapCTBEHHOE 3HAYCHUE, HA CETOHSAIIHAN JICHh UMEET BAKHOE MPAKTUIECKOE U TCOPETUUCCKOE 3HAUCHUE.
Tak kak JIeKapCTBEHHbIC pacTEHHSI HEOOXOAMMBI JUIsl 00eCTICUeHHs 3anmacaMu (papMareBTHUECKON MPOMBIIII-
neHHocTH KazaxcraHa JiekapCTBEHHBIM PAaCTUTEBHEIM ChIPhEM.

CornacHoO TUTEpaTypHBIM JaHHBIM, (PU3UYeCKHe (DAKTOPHI MOJOKUTEIILHO BIMSIOT HA MMPOPACTaHUE Ce-
MEHHOTO MaTepHaia pa3IHYHbIX CEIbCKOXO3IHCTBEHHBIX W JICKAPCTBEHHBIX KyJIbTyp. OnHHM H3 (usnde-
CKUX (haKTOPOB, BIUSIOMIMX Ha JKU3HENESITEIFHOCTh PACTEHHH, SBISETCS JIA3epHOE M3ITyUeHHE, KOTOpoe, B
CBOIO O4Yepelib, B HACTOAIICE BPEMsl SBISCTCS MAJIOU3ydeHHBIM (pakTopoM. Ho mpu 3TOM Hay4HO TOKa3aHO,
MTOJIOKUTEIIBHOE BIUSHIE MOHU3HUPYIOIIETO M3IIyYCHUS Ha POCT U Pa3BUTHUE MPOPOCTKOB ceMsH. [Ipu obOmy-
YeHWH CEMSH HaAOIIoJaeTcs CHIKeHHe (pyHTHMIuaHONH M OaKTepHabHOM aKTHBHOCTH, a TAaKKe YIIydIIeHHE
MoKazaTeyield OMOJIOTMYeCKON MPOJAYKTUBHOCTH BUAOB. B KieTkax 3HIIOCIIEpMa U 3apObIIia CEMSH MPU HX
Ja3epHON 00pabOTKE MPOUCXOAMT IPOIECC TOTIIOMICHHS H3ITyYeHUsT U HAOII0MaeTCsl €ro BTOPUYHOE H3ITY-
YeHHUe, 3a cyeT 4ero obecreynBacTcsl MKy ceMeHaMH dHeprooOMeH. JlazepHoe H3NmydeHHe o0JiajaeT Ta-
KHMH CBOICTBaMH, KaK MOHOXPOMATHYHOCTH. [lOTJOIIEHNe MOHM3HUPYIOWIETO H3IYYCHUS MPOU3BOJAHUTCS
OTIPEICTICHHBIMI KOMIIOHEHTAMHU CEMEHHOW KOXXYPHI, 3apOMABIIIEM M 3HJIOCIIEPMOM, YTO CITIOCOOCTBYET 3a-
MyCKy OMOXHMHUYECKUX MPOIIECCOB, CTUMYJIUPYIOIINX POCT U pa3BUTHE.

OnuauM 13 3P PEKTUBHBIX METOJIOB, TIO3BOJISIONIHMX TTOJYYUTh JTYUIITYI0 BCX0XKECTh CEMSTH, B YaCTHOCTH,
TYTOBCXOXKHX, sIBIIsieTCsl OapOoTupoBanue. [lokazareny mpopacTaHusi CEMsH YIIYYIIAIOTCS 32 CUET MOBBIIIE-
HUS POHHUIIAEMOCTH 3aIUTHOTO CJIOS CEMEHHOW 00OJOYKH M BHIMBIBAHUS ITy3bIPhKaMHU BO3JlyXa HH(EKITH-
OHHBIX areHTOB, BEIBOJIUT 3apPOJIBIII CEMEHH U3 COCTOSHUS MOKOSI, B PE3yJIbTaTe Yero HaOI0JaeTcst yCKope-
Hue (a3 onTorere3a. OOpabOTKa CEMSIH OCYIIECTBIISETCS B BOJIC, HACBIIICHHON KUCIOPOOM, C UCTIOIh30Ba-
HUEM KOMIIpeccopa, B TeueHHe CyTok. [IpeumymecTBa 0apOOTHPOBaHUS 3aKIIIOYAIOTCS B CIEIYIOIIEM: CO-
KpallleHne BPEeMEHHU MpopacTaHus, Ooyiee APYKHOE MpOpacTaHHEe CEMEHHOTO MaTepHalia, aKTHUBH3HPYETCS
POCT MPOPOCTKOB, BOBMOXKHOCTH MOTYYCHUS OoJiee paHHUX YPOIKAEB.

Jpyrum pusndeckuM GhakTOpoM, BIHSIONIUM HA MPOPACTaHUE CEMSH, SBISETCS MarHuTHoe mose. [lox
€ro BIUSHUEM B PACTCHWH HHAYLIUPYIOTCS TPOLECCH XU3HEACSITEIHLHOCTH PAaCTUTENHHOTO OpPTaHMU3Ma.
B Hay4HOM co0OmIecTBEe TOKA3aHO MOJIOKUTEIBHOE BIMSHUE BO3JICHCTBHUSI MATHUTHOTO IOJIS HA TIpopacTa-
HUE CEMSIH Pa3IMYHbBIX KYJIBTYP.
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Cnenyetr orMmeTuthb, uTo B Kazaxcrane mpouspactaer nopsaka 500 BUIOB JEKapCTBEHHBIX PACTEHUMH,
OJTHAKO MHOTHE W3 HUX HAXOAATCS TOJ yrpo30il mcue3HoBeHHs [1—4]. YuuTeiBas TIOOANBHEIN XapakTep
poOeMBbI, HEOOXOAMMO 3a/eHCTBOBAHME HAYYHBIX ITIOJXOJOB COXPAHCHHSI PACTUTEIBHBIX PECYypCOB,
HalpuMmep, TAKUX Kak KPUOKOHCEPBallUs CEMSH MPU TEMIIepaType KUIAKOTO a3oTa [5, 6].

B nacTosmmee BpeMs Mao U3y4eHO BIMSHUE (U3NIECKUX (aKTOPOB HA MPOPACTAHNE CEMEHHOT'O MaTe-
puaia JIEKapCTBEHHBIX pacTeHUi. JIeKapCTBEHHBIC PACTEHUS SBIIAIOTCS IIEHHBIM OMOJIOTHYECKUM MaTepHa-
JIOM, TaK KaK aKTHMBHO UCHOJB3YIOTCS B (hapMalleBTUYECKON MPOMBINIICHHOCTH, & TAKXKE B TPAIUIIUOHHON H
HapoaHoU Memuimae. OTHUM U3 TaKWUX pacTeHudl sBusietrcst Echinacea purpurea, obnamaromas IMMYyHOMO-
Ty JIAPYIOIIAM, TIPOTHBOBUPYCHBIM, TPOTHBOBOCIIATMTEILHBIM M IIPOTHBOOITYXOJICBBIM JeHicTBAEM [7].

Mamepuanst u Memoowl uccie008anus

OOBeKTOM IS UCCNEOBAaHUH SBISUICS CEMEHHOU Matepuan Echinacea purpurea copt «JluBagus» w3
cemeirictBa Asteraceae. Copt JIMBaguss — TpaBSIHUCTOEC MHOTOJIETHEE 3aCyXOYCTOMYHMBOE W 3MMOCTOMKOE
pacTeHue, mocturamomee B BbICOTY A0 100 cM, ¢ ZOCTaTOYHO KPYMHBIMH ITypIyPHO-PO3OBBIMU IIBETKAMHU
nuamerpom 7,0—7,5 cm.

Brlna mpousBeieHa MOCTAHOBKA OMBITOB 110 U3YYCHHUIO BIUSHUS (DU3HUSCKUX (PAKTOPOB HA MOKA3aTEIH
MpopacTaHusi CEMEHHOT0 MaTepHaja MCCielyeMoro Buaa. bapOoTupoBaHne ceMsH OCYIIECTBISIIOCH B TKa-
HEBBIX MEIIOYKaX B MEPHOM ILIACTHKOBOM IHIUHAPE 00beMoM B 1000 M1 ¢ MOTpy>KEHHBIM B HETO KOMIIPEC-
copom. /IBa BapuaHTa ombITa IO 0APOOTUPOBAHUIO OBLIO 3AJI0KEHO: C MPEBAPUTEIIBHBIM XpPaHCHUEM CEMSH
B cocyze /Jlproapa B mapax >KHAKOTO a30Ta B TE€UEHHE CYTOK M MOCIEAYIONINM IIpoIleccoM 0apOOTHPOBaHMUS
MIPOJIOJDKUATEIHLHOCTRIO 24 9; 0apOOTHPOBAaHME CEMSH OCYIIECTBIIIOCh B TKAHEBBIX MENIOYKAX B TCUCHHE
CYTOK.

BrIo nccnenoBaHo BIMSHUE MarHUTHBIX ITOJIEH HAa BCXOXKECTh CeMsH Echinacea purpurea copt «JIu-
Banus». CeMeHa B INTACTHKOBBIX MPOOHMPKAX OB pa3MEIIeHbl B YCTAaHOBKY, CHAOKCHHYIO MarHuTaMu Ha 1
1 3 cyTok. B maHHOW ycTaHOBKE CEMEHHOUN MaTepuall MOABEPTaJiCsl BO3ACHCTBUIO MOCTOSHHOTO OJJUHAPHOTO
Y IBOMHOTO MAarHUTHOTO MoJisi. Takxke ObUTH TPOBEICHBI JIBE BapHUAILlUU OTBITOB: C MPEIBAPUTEIHHON KPHO-
KOHCepBaluel ceMsH 1 0e3 Hee.

N3ydeHo BiusiHUE JTa3epHOTO M3IYYCHUS HA TPOpACTaHUE CeMSH uccieayemoro Buaa. Cemena o0iyya-
JINCh TeJINi-HEOHOBBIM JIA3€POM C [UTMHOM BOJIHBI 632,8 HM MHTEHCUBHOCTBIO 5 MBT/cM? B Tewenue 30 ¢, 1, 2
n 4 muH. Takxe ceMeHa ObUTH MPeIBAPUTENHHO MOTPYKEHBI B CKIKEHHBIA a30T HA OHH CYTKH, 3aTEM IIO/I-
BEPTHYTHI 00TyUICHHIO.

3aMopaKuBaHUE CEMEHHOTO MaTepraia MPOU3BOAMIHN B ITACTHKOBBIX KPHOIIPOOUPKAX C MOTPYKEHHEM
B JKHAKHH a30T B cocya Jlproapa Ha OJHU CYTKH. PazMopakuBain mpu KOMHATHOM Temmeparype +22 °C,
+24 °C [8].

[ToceB ceMsiH TPOM3BOAMICS Cpasy TOCIE MPOBEACHHBIX YKCIIEPUMEHTOB. B 1ab0paTOpHBIX YCIOBUIX
CEMEHHON Marepwai npopamuBaiv B 4amkax [letpu B 4-KpaTHO# MOBTOPHOCTH Ha 2-X CNOSX (DUIBTPO-
BaJlbHON OyMarw, CMOYEHHOH IUCTHIUTHpOBaHHOW Bomod. CeMeHa NpeaBapUTEIIbHO Ie3MHGUIINPOBAIIN
0,5 % KMnO4. Yamku [letpu ¢ ceMeHHBIM MaTepHaIoM IMOMEIATH B KIMMAaTHYECKYI0 KaMepy MPH TeMIIe-
patype +24 °C. [Insi 3KCIEPUMEHTOB CIEIUAILHO CEMEHA HE OTOMpPAaid, OTOPAKOBBIBAIM TOJBKO TOBpE-
JKJIEHHbIE, C ©3MEHEHHON OKPACKOU WJIM MyCThIE.

HccnenoBanne mokasareneil BCX0KECTH W YHEPTHH MPOPACTAHHUS CEMEHHOTO MaTepuaia MpON3BOINIH
o MeTtoaudeckuM ykazanusm M.C. 3opunoii u C.I1. Kabanoga [9], M.B. Manbuesoii [10]. Habmronenue 3a
POCTOM W pa3BUTHEM MPOPOCTKOB MPOBOIWIN B TeueHne 14—18 nueil. CraTucTuueckyo o0paboTKy pesyib-
TaToB Beau o meroauke H.JI. Ymonbckoii [11] u ucronb3oBanueM caiita www.medstatistic.ru [12].

Pesynomamot u ux obcyscoenue

[Ipoananu3upoBaB MpoOBEICHHBIE HCCICAOBAHHUIO M0 M3YYCHHUIO BIMSHUS MAarHUTHBIX TMOJICH Ha BCXO-
XKecTh CEMEHHOro Matepuana Echinacea purpurea copta «JIuBaausp OBUTO YCTAHOBIIEHO, YTO CEMEHA, TTOJI-
BEPrHYTHIC BO3JICHCTBUIO JIBOMHOTO MArHUTHOTO IOJISi B TEUCHUE CYTOK, MPOJEMOHCTPHPOBAIN JIYUIIYIO
BcxoxkecTb — 80,0+0 %. BexoxecTs B kKoHTposie coctaBuia 90,0+4,71 %. be3 npensapurenbHOro XxpaHeHHs
CEMEHHOTO MaTepHaja Jy4IlylH0 BCXOXECTh MPOJEMOHCTPHPOBAIM CEMEHA, MOJBEPIIIHECs BO3ICHCTBHIO
JBOMHOTO MarHUTHOTO 1o B TeueHne cyTok — 80,0+0 %. Ilo cpaBHEHUIO ¢ KOHTPOJIBHBIMHA 3HAYCHUSAMHU
MOKA3aTeJI MTPOPACcTaHusl CHU3WINCH B cpeiHeM Ha 11,5 %. B BapuaHTax omnbITa ¢ MpeBapUTEIbHBIM XpaHe-
HHEM CEMSH B Mapax XHIKOTO a30Ta W MOCIEAYIOUIMM BIMSHHEM MAarHUTHOTO TIOJIS, JydIlas BCXOXKECTh
HabJroMaIach y CeMsH ¢ 3-CyTOYHBIM BO3/ICHCTBHEM OJMHAPHOTO MarHUTHOTO ot — 75,25+3,5 % (taba. 1).
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Taonuma 1

BiansiHHe MATHUTHBIX M0JIeH HA )KM3HEeCNOCOOHOCThL ceMsIH Echinacea purpurea copta «JInBagus»

be3 kpuokoHcepBanuu
OJIMHApHOE T0JIe JBOMHOE MoJIe
lcyrku | 3 cyrok | I cyrku | 3 cyTok

62,5+9,86 |150,0+20,0(75,0+5,77|65,0+5,77

C xpuokoHcepBauuei
OJIMHApHOE T0JIe JBOMHOE MoJjIe
1 cyTku 3 cyToK 1 cytku | 3 cyToK

75,0+11,06|69,25+0,55|75,0+14,53{60,5+6,35

ITokazaTenn

pocta KonTpons

OHeprus npo-

pactanus, % 77,0+0

Bcexosxects, % |90,0+4,7165,0+11,06(55,0+17,3| 80,0+0 |65,0+5,77|75,0£11,06| 75,25+3,5 |75,0+14,53{60,5+6,35

IIpoananmu3upoBap MOMyYEHHBIC JAaHHBIC, OBLUIO YCTAHOBIICHO, YTO CEMEHA, MCITBITHIBAIOIINE BO3ICH-
CTBHE MarHMTHOTO TOJIsl, COXPAHSIOT CBOK) KU3HECTIOCOOHOCTh, HO HE HAONIOAeTCs yIIydIlIeHHus TIoKa3aTe-
Jiel mpopacTaHus O CPABHEHHUIO C KOHTPOJILHON Ipynmnoi. TeM He MeHee HAWIYyUlIyl0 BCXOXKECTh MpOje-
MOHCTPHPOBAIHN ceMeHa 0e3 IPeIBapUTEIHLHOrO TOTPYKEHUS B MAPhI )KUIKOTO a30Ta U IMOABEPTIINECS BIIH-
SIHUIO TOCTOSHHOTO JBOMHOIO MAarHUTHOIO MOJiA B TEUEHUE CYTOK. DHEpPrusi MpopacTaHus COCTaBUIIA
65,0+5,77 %, Bcxoxkecth — 80,0+0 %.

IIpoBens aHanmu3 MUHAMHKH MPOPACTAHUS CEMEHHOTO MaTepHaja MCCIIeTyeMOro BHIa, OBIJIO yCTaHOB-
JIEHO, 9TO B KOHTPOJIGHOH TPYIITIE CEMEHAa HAUMHAIOT MPOPACcTaTh Ha 4-i JEHb MOCIIE TI0CEBAa, BCXOXKECTh CO-
craBuia 6,0+4,0 %. CemeHa, KOTOpbIe OBUIM TMTOABEPTHYTHI BO3JICHCTBUIO JIBOWHOTO M OJIMHAPHOTO MAarHHT-
HOTO TIOJIA B T€UCHHUE 3 CYTOK 03 MpeaBapHUTEIbLHON KPHOKOHCEPBAIIUH, IPOACMOHCTPUPOBAIIA BCXOKECTh
Ha 4-¢ cyTku. [IprdeM BCXOKECTh CEMSH TOCIIE BO3ICHCTBUS OAMHAPHOTO MAarHUTHOTO TTOJIS BBIIIE, YeM TIPH
BO3JIeiicTBIM JBOWHOTO. Ha 5-¢ cyTkum Hawanm mpopactaTh ceMeHa 0e3 MpeaBapUTEeILHOTO0 KPUOTEHHOTO
XpaHEHUSs, MMOJABEPTHYTHIC BO3JICUCTBUIO OJWHAPHOTO M JIBOMHOTO MAarHWTHOTO TOJIS B TEYCHUE CYTOK, a
TaKKe MOCIIe TPEeIBAPUTEIHFHON KPHOKOHCEPBAIMH U TTOCIEAYIOMIET0 BO3ICHCTBUS B TCUCHNE 3 CYTOK OJIH-
HapHBIM U JBOWHBIM MarHUTHBIMY TOJsiMH. Ha 6-¢ cyTKM Havamu mpopacTaTh CEMEHA, IPEIBAPUTEIBHO T10-
TPY’)KCHHBIC Ha CYTKH B COKIDKKCHHBIM a30T W OKAa3aBIIHMECS IO BIUSHUEM JBOWHOTO W OJMHAPHOTO Mar-
HUTHBIX TIOJICH B TEUEHHUE CYTOK. J[py>KHOE MmpopacTaHue CEMEHHOTO0 MaTepualia Habto1aeTCs B KOHTPOJIb-
Ho¥t rpymme — 87,5+2,89 %; 75,0 % BcxokecTH XapakTEpHO IS CIEIyIOIIUX BAPUAHTOB OMbITA: 0e3 mpea-
BapUTEILHONW KPUOKOHCEPBAIIUU U BO3JACUCTBHUEM JIBOMHOTO MarHUTHOTO TIOJISl B TEYCHUE CYTOK, C Mpe/Ba-
PUTEIHHBIM KPUOTEHHBIM XpaHCHUEM M TIOCIEAYIOMINM BO3CHCTBHEM OJUHAPHOTO W JBOWHOTO MarHUTHBIX
roJeit (Taour. 2).

Taonuma 2
JAunamuka npopactranus cemsan Echinacea purpurea copta «JIuBagus»

JHu Bcexoxkects, %

po- KoHTposs 0e3 KPHOKOHCEpBAlL c KpPIOKOHCCpBaHPIefI

pac- OJIMHApHOE NoJe JIBOWHOE NoJe OJIMHApHOE T0JIE JIBOMHOE IoJIe

TaHUsA 1 cyTkH 3 cyToK 1 cyTku 3 cyTok 1 cyTku 3 cyToK 1 cyTku 3 cyToK
1 _ _ _ _ _ _ _ _ _
2 _ _ _ _ _ _ _ _ _
3 _ _ _ _ _ _ _ _ _
4 6,0+4,0 - 15,0£11,06 - 5,045,77 - - - -
5 159,25+0,87] 10,0+6,67 | 27,5+11,9 |15,0£11,06|21,0+13,55 - 5,0+3,33 - 15,0+3,33
6 159,25+0,87|30,0+11,75] 27,5+11,9 |50,0+14,91|21,0+13,55|25,0+14,53|35,0+10,34|52,5+17,24| 20,040
7 159,25+0,87|30,0+11,75|34,5+16,34|55,0+11,06|21,0+13,55]|70,0+14,91|50,25+0,29| 70,0+20,0 | 25,0+3,33
8 77,0£0 50,0+14,91|35,0+16,67| 75,0+£5,77 |22,5+15,18(70,0+14,91| 65,0+2,75 | 70,0+20,0 [50,25+0,73
9 [87,542,89 | 62,5£9,86 | 50,0£20 | 75,0+5,77 | 60,0+9,43 |75,0+£11,06| 65,0+£2,75 | 70,0+20,0 |50,25+0,73
10 ]90,0+4,71 | 62,549,86 | 50,0£20 | 75,0+5,77 | 65,0+5,77 |75,0+11,06|69,25+0,55| 70,0+20,0 | 60,0+6,04

Takum 00pa3oM, U3y4YHB BIUSHHEC MAarHUTHBIX IOJICH Ha BCXOXKECTh CEMEHHOT0o Matepuana Echinacea
purpurea copta «JIuBaaus», OBUIO YCTAaHOBICHO, YTO CEMEHA B JOCTAaTOYHON Mepe COXPaHSIOT KHU3HECIO-
COOHOCTH, HO, TTI0 CPAaBHEHHUIO C KOHTPOJIBHOHN TPYIINON, 3TH 3HAYCHHS HIDKE. UTO kKe KacaeTcs MPOX0KIeHHUS
(a3 oHTOTEeHE3a, OHH HE OTIMYHMMBIE OT KOHTPOJIHHOW TPYMIIBI, B HEKOTOPHIX BapHaHTaX OmbITa Habmroma-
Jach 3aJiepyKKa ImpopacTaHusi ceMeHu Ha 1-2 cyTtok. He pexomMeHayeTcs uCrosib30BaTh JAHHBIM METOJ Opu
XpaHEeHUH B Mapax >KUIKOTO a30Ta, a TAaKXKE OH He MOKasajl YIyd4IIeHHUS TOoKa3aTele MpopacTaHusl CeMsH,
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TaK KaK BCXOXKECTh 3HAYUTEIBHO CHUXKACTCS, YTO OOYCIIOBICHO HETAaTHBHBIM BIIMSHUEM Ha MPOpAaCcTaHUEC
CEMEHU M Ha Pa3BHUTHUE MTPOPOCTKA.

[IpoBens ceprto ONBITOB 1O U3YUYCHUIO BIUSHHUS Mpolecca 0apOOTHPOBAHKS HA TTOKA3aTeld popacTa-
HUSI CEMEHHOTO MaTepraia UCCIIeyeMOTro BI/Ia, ObLIa YCTAHOBJICHA MOJIOKUTENbHAS JUHAMUKA B IIPOpACTa-
HUM CeMSH W TPOXOXKICHWH (a3 OHTOreHe3a. BcXokecTh ceMsH Tpu 0apOOTHPOBaHHHM COCTABHIIA
83,0+3,92 %, uTo HIKe KOHTPOJIBHBIX 3HaUeHUH Ha 7 %, a B BApHAHTE OMbBITA C MPEABAPUTEIFHON KPHOKOH-
cepBanuedl W MOCHeAyonMM 0apOOTHPOBaHUEM B TEUEHHE CYTOK ITOKA3aTeM MPOPACTAaHUS COCTABIIN
89,25+8,99 % (Tabdm. 3).

Taonuma 3
Ioxa3aTtenu npopacranus ceMsaH Echinacea purpurea copta «JInuBagus» nociae 6apooTupoBaHus

BapuanT omnbiTa Oueprus mpopactaans, % Bcexoxects, %
KoHTpoin 77,0+0 90,0+4,71
Bap6otupoBanue 73,049,30 83,0+3,92
KpunokoHceppauus + 6apO0THPOBaHHE 70,25+7,89 89,25+8,99

W3yuuB muHaMUKy MPOPACTaHUsI CEMSH MCCIETyeMOTo BUIa, ObIJIO OMpEAEICHO, YTO CeMeHa OBICTpee
HAYMHAIOT TMPOPACTAaTh IOCJIE XPAaHEHHs B IMapax >KWJIKOTO a30Ta B TEUCHHWE CYTOK W TIOCIIEAYIOIIETO
OapOoTupoBanus. HakneBbiBaHUE ceMEHH HAOMIOJANOCh Ha 2-€ CYTKH. B KOHTpPOJIEHOW Tpymie ceMeHa
HavaJld MpopacTaTh MO3/JHEE 2-X CyTOK. B BapmaHTax ombita ¢ 0apOOTHpOBaHMEM 0€3 MPeIBapUTEIHLHOTO
XpaHEHHs B ITapax JKUIKOTO a30Ta CeMeHa IIPOPOCITH TOIBKO JIMIE Ha 5-€ CyTKH (Tadm. 4).

Tabnuuma 4

JuHaMuka npopactaHusi ceMeHHOro matepuaia Echinacea purpurea copra «JIuBagus»
nocJjie 6apooTHPOBAHUS

npopgg;[aﬂm Bbap6orupoBanne | KpuokonceppauusitoapootupoBanne | KoHTpomb
1 _ _ _
2 - 20,75+14,4 -
3 - 20,75+14,4 -
4 - 70,25+7,89 6,0+4,0
5 51,5¢11,25 70,25+7,89 59,25+0,87
6 51,75+¢11,43 70,25+7,89 59,25+0,87
7 62,5+5,09 83,25+7,78 59,25+0,87
8 70,0+7,82 89,25+8,99 77,00
9 73,0£9,3 89,25+8,99 87,5+2,89
10 78,0+5,85 89,25+8,99 90,0+4,71

B BapmanTte ombiTa ¢ KpUOKOHCEpBalMEH M TOCICIYIOIUM 0apOOTHPOBAHUEM HCCIEIyEeMBIC CeMeHa
MPOJICMOHCTPUPOBAJIH JIy4Illee MPOXOXKIACHNE (Pa3 OHTOTEHE3a B CPeIHEM Ha 1—2-¢ CyTKH, IO CPaBHEHUIO C
JIPYTUMH BapHaHTaMHU OIBITA, YTO CBSI3aHO C TIOJIOKUTCIHHBIM BO3ICHCTBHEM OKCTPEMATBHO HH3KHX
TEMIIEPATYP U MOCICIYIONUM HACKHIIIEHUEM CEMEHHON KOXKYPHI MMy3bIphKaMU BO3AyXa.

Takum oOpazom, s yckopeHus (a3 pa3BUTHS MPOPOCTKA M MPOPACTAHUS CEMSH PEKOMEHIYETCS
MIPUMEHATH 0apOOTHPOBAHUE CEMSH, HO MPEABAPHUTEIHLHO HEOOXOANMO UX XPAaHUTh B TIapax >KUIKOTO a30Ta.

B mabGopaToOpHBIX HCCIETOBAHUAX OBIIIO H3YYCHO BIUSHHE JIA3EPHOTO OOJyUeHUsS Ha TPOPOCTaHHE
CEMCHH M TUHAMUKY MTPOX0XKICHHUS IPOPOCTKOM ATanoB pa3sutus. Cemena Echinacea purpurea copta «Jlu-
Banus» obmydannch He-Ne mazepom B Tedenue ot 30 ¢ mo 4 muH. [lokazarenu mpopacTaHus CpaBHUBAIH C
KOHTPOJBHOHN TPYIIION MpopocTKOB. 1o mMcTeUeHNM HAOMIOACHHS 3a MPOPACTAHUEM CEMEHH M Pa3BUTHEM
MPOPOCTKA Jla3epHass OMOCTUMYIIAUS MMOKa3aja, YTO HAWIY4IIMM BPEMEHEM BO3JCHCTBHS JJISI BCXOXKECTH
ceMsiH sBiseTcst 1 muH. BexoxkecTh B TaHHOM BapuaHTe omnbiTa coctaBuia 80,5 %, 4TO HIKE KOHTPOIBHBIX
3HaueHui Ha 9,5 Y%, sHEeprus mpopacTaHus okasanachk Hke Ha 22 % (tadm. 5)
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Tadonuma 5
BiansiHue 1a3epHOro o0Iy4eHUs: Ha IOKa3aTe 1y npopacranust Echinacea purpurea copra «J/IuBagus»

IToka3zarenu O — be3 kpuokoHcepBanuu C xpHuokoHcepBauuei
pocra P 30c¢ 1 Mun | 2 MuH 4 muH 30c¢ 1 MuH 2 MUH 4 muH
Oueprus Hopo— 77,0£0 | 45,010 | 55,0+10 | 50,0+0 | 55,0+3,33 | 55,0+5,77 | 65,0£3,33 | 60,0+13,33 | 50,0+0
pactanus, %
Bcexoxects, % | 90,0+4,71 |70,0+6,67| 80,513 | 70,0+0 | 70,0+0 |60,0+9,43|65,0+3,33 | 60,0+13,33 | 75,0+3,33

IIpu cpaBHEHMM BapUaHTOB OIbITA C IPEABAPUTENIBHBIM KPHOT€HHBIM XPaHEHUEM CEMEHHOI'0 MaTepua-
na 1 6e3 Hero, MOCIEAYIOMNM O0JIydYeHHEM JIa3ePHBIM JIy4OM OBIJIO OTpeaesieHO, YTO HaMy4Ilie MmoKa3aTe-
JIM IpopacTaHus HAOJIOAAI0TCs B BApUaHTaX ONbITa 0e3 KPHOKOHCEPBALlUK ceMsH. Tak, HalpuMep, B SKCIe-
PUMEHTE ¢ ceMeHaMM 0e3 KpUOI'€HHOI'O XPaHEHUs, HaWIy4Illyl0 BCXOXKECTh NPOAEMOHCTPUPOBAIN CEMEHA,
oOyueHHble Ja3epoM B Tedenue 1 mun, — 80,5+1,3 %. A B BapuaHTe OMbITa C IpeJBapUTEILHBIM XpaHCHH-
€M CeMsIH B COKIDKEHHOM a30Te JIyUYIIyI0 BCXOXKECTh MPOJEMOHCTPUPOBAIN CEMEHA, 0OTy4YeHHBIC B TEUCHUE
4 muH, — 75,0+3,33 %.

[IpoBens cpaBHUTEIBbHBIN aHAIU3 10 AUHAMHUKE BCXOXKECTH CEMEHHOI0 Matepuana Echinacea purpurea
copta «JIuBaaus» B pa3NUYHBIX BapHaHTax SKCHEPHUMEHTa, OBLJIO YCTaHOBIEHO, YTO MpOpacTaHHE CEMSH,
00JTydeHHBIX B TeueHue 4 MUH 06€3 KPHOKOHCEPBAIlNH, HACTymnaeT 3-¢ CyTKH. I1o CpaBHEHHUIO ¢ OCTATLHBIMHU
BapHaHTAMU OIIBITOB, POpacTaHue 3ajepkuBaeTcsa Ha 1-2 cyTok. CeMeHHOM MaTepuall 6e3 KpHOKOHCEPBU-
poBaHUsl, OOJlyYeHHBIH B TeUCHHE 2 MUH, IPOPOC Ha 5- JCHb, a TAKXKE CEMEHa C KPHOTCHHBIM XpaHEHUEM,
MOJBEPrHYTHIE BO3ACHCTBHIO Ja3epHOTo yda B TeueHue 1 MuH (Tadm. 6).

Taonuma 6

JluHaMMKa npopacTaHus ceMeHHOro Mmatepuana Echinacea purpurea copra «JIuBagus»,
00JIy4eHHOT0 J1a3ePHBIM JIY40M

Bcexoxects, %
npop,/i?;/laHHﬂ KoHTpost 0e3 KpHOKOHCEpBAIIH c KplnoxoncepBauHeﬁ
30c 1MuH 2 MuH 4 MuH 30c¢c 2 MuH 4 MuH
MMH
1 _ _ _ _ _ _ _ _ _
2 _ _ _ _ _ _ _ _ _
3 - — - - 5,0+3,33 - - - -
4 6,0+4,0 |5,0+£3,33| 15,0+10 - 10,0+6,67|10,0+6,67 - 10,0+6,67 | 15,010
5 59,25+0,87| 35,0+0 | 55,010 |35,0+3,33|55,0+3,33|55,0+5,77|30,0+6,67 | 60,0+13,33|45,0+3,33
6 59,25+0,87| 35,0+0 | 55,010 |35,0+3,33|55,0+3,33|55,0+5,77|30,0+6,67 | 60,0+£13,33|45,0+3,33
7 59,25+0,87| 35,0+0 | 55,010 |35,0+3,33|55,0+3,33|55,0+5,77|30,0+6,67 |60,0+13,33|45,0+3,33
8 77,0£0 | 45,010 | 55,010 |45,0+£3,33| 60,0+0 |60,0£9,43| 45,0+10 |60,0+13,33| 50,0+0
9 87,5£2,89 | 65,010 {80,0+13,33| 50,00 70,0+0 |60,0+9,43|65,0+3,33]|60,0+13,33|65,0+3,33
10 90,0+4,71 | 65,0£10 |80,0+13,33| 50,0+0 70,0+0 |60,0+9,43|65,0+3,33]|60,0+13,33|65,0+3,33

Takum obpazom, npu obmydeHnu cemsin Echinacea purpurea copra «JIluBamus» He-Ne mazepom B 10-
CTaTOYHOH Mepe COXPaHSIETCs KUIHECTIOCOOHOCTh, TPOPOCTOK MPOXOIUT Bee a3kl cBoero pazsutus. Onru-
MaJbHBIM BPEMEHEM BO3JICHCTBHS JIA3€PHOTO OOIYUYCHHS, TO3BOJIIONIUM JOCTHYh HAWTYYIIUX ITOKa3aTeneH
npopactanus, sBisiercs 1 muH. He pekoMeHayeTcst ceMeHa peABapuTENbHO XPaHUTh B Mapax KUIKOTO a30-
Ta, TaK KaK 3TO MPUBOJNT K CHIKCHHUIO BCXOXKECTH ceMsH. Merox obirydenus He-Ne sazepom He akTyasneH
JUTSL HCCIIETyEMOT0 BUIA, ITO-BUUMOMY HOHU3UPYIOIIEe 00JIyIeHUE OTPHUIIATEIBHO CKa3hIBACTCS Ha Mpopac-
TaHWU CEMEHHU U Pa3BUTHH IMMPOPOCTKA.

[IpoBenss cpaBHUTENBHBIA aHAW3 BO BO3JCHCTBUIO (QH3MUYECKHX (HAKTOPOB HA IKHUIHECTIOCOOHOCTH
ceMeHHOro matepuana Echinacea purpurea copta «JluBanus», ObUTO ONpEIEIIEHO, YTO IS JAOCTHXKCHUS
MaKCHMaJIbHBIX TIOKa3aTesei mpopacTaHusi CEMEHH HEOOXOIMMO MPUMEHSTh MPeIBapUTEIHbHOE KPUOTEHHOE
XpaHECHHNE CEMECHH B TCUCHUE CYTOK U 3aTE€M HCITOJIB30BaTh MeTOT OapOooTupoBanus (Tadm. 7, puc. 1).
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Taonuma 7

Bausnune ¢pusudyeckux (pakTopoB HA MOKA3ATEIH MPOPACTAHUSA
ceMeHHOro matepuaia Echinacea purpurea copra «JluBaaus»

M JHeprua npopactanHun,%

JIBoliHOE MarHuTHOE bes kpuoxpanenus,
IMokazatenu Kpuorennoe xpanenue +
Kontpons nose (1 cytku) 6e3 obiryuenue nazepom He-Ne
IpopacTaHus 6apOoTrpoBaHue
KPUKOKOHCEpBalUU (1 mun)
OHeprus npo-
paCTI:lHI/IH o 77,040 75,045,77 70,25+7,89 55,010
s /0
Bcxoxects, % 90,0+4,71 80,0+0 89,25+8,99 80,5+13
90
80 -
70 -
60 -
50 -
40 -
30 -
20 -
10
0
N2 (e} A >
& & & &
K & N
S & © <
*\0 \b \st >
S 3 @
& o X
N R N
N\ o R
N £ >
o R o
& &
&
S &
&
v

M BcxoskecTb, %

Pucynox 1. Bexoxxects cemenHoro Marepuana Echinacea purpurea copta «JluBagus»,

MPOLIEANIEro 00padoTKy Ppu3nIecKuMH pakTopaMu

IIpn cpaBHEHNM HaWIYYIIMX MOKa3aTele NMpopacTaHUs CEMSH MCCIENyEMOro BUA, UCIBITHIBAIOIINX
BIMSHHUE Pa3IMYHBIX BapHaluid ¢u3udecknx (akTopoB, OBUIO ONpPEIETICHO, YTO CEMEHa HAYMHAIOT
npopactath OBICTpee M COOTBECTBEHHO JTallbl OHTOI'CHE3a HACTYIAIOT paHbIIE B BapHAaHTE OIBITA C
MpeIBapUTENbHBIM XpaHEHHEM CEMsIH B Tapax >KHIKOTO a30Ta M MOCIeIylomuM OapOOTHpOBaHHUEM B
TEYeHUE CYyTOK. B KOHTpOJNLHOU TpymIe U B SKCHEpUMEHTe ¢ 00nydeHneM ceMsiH He-Ne nazepHbIM TydoM
IIPOPAcCTaHUE CEMEHU HaOII0anoch Ha 4-¢ CyTKH, a B SKCIIEpUMEHTE C BO3/IEHCTBUEM Ha CEMEHa JBONHOIO
MarHMTHOTO TIOJII OHH MTPOPOCTAIIK Ha 5-¢ cyTkH (Tabd. 8, puc. 2).

Tabnuuma 8

Bimmsnne ¢pusnyeckux GpakToOpoB HA MOKA3aTeJIH IPOPACTAHUSA CEeMSIH
ucciaenyemoro suaa Echinacea purpurea copta «JIlupagus»

Jun Kpuo+ bes xpuo + bes xpuo +
KoHnTpons
TIPOPACTAHHS OapOoTHpoBaHue nasep (1 mun) 2 marauTHOe ToJie (1 cyT.)

1 _ _ _ _
2 — 20,75+14,4 - -
3 — 20,75+14,4 - -
4 6,0+4,0 70,25+7,89 15,0£10 -
5 59,25+0,87 70,25+7,89 55,0£10 15,0£11,06
6 59,25+0,87 70,25+7,89 55,0£10 50,0+14,91
7 59,25+0,87 83,25+7,78 55,0£10 55,0+11,06
8 77,00 89,25+8,99 55,0£10 75,0+£5,77
9 87,5+2,89 89,25+8,99 80,0+13,33 75,0+£5,77
10 90,0+4,71 89,25+8,99 80,0+13,33 75,0+5,77
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Pucynox 2. Jlunamuka npopacTaHusi CEMsiH B Pa3iIMYHbIX BapHaHTax oneita Echinacea purpurea copta «JIuBamusm»

Raxnouenue

CornacHo MPOBEICHHOMY IMaTEHTHO-MH()OPMAIIMOHHOMY TIOUCKY, OBLUTO YCTAHOBICHO, YTO (PU3NICCKUC
(aKTOpHI TOJIOKUTETBHO BIHMSIOT Ha BCXOXECTh CEMEHHOTO MaTepuala W Ha pPa3BHTHE IPOPOCTKOB.
B pesynbraTe mpoBeeHHBIX UCCIIEIOBAHUN OBLIO OTpENeNieHO CHIDKEHHE MoKa3aTeliel mpopacTaHus B Ba-
puaHTax ombITa ¢ 00myueHuem cemsH He-Ne nazepHbIM JTydoM M BO3JCHCTBHEM MAarHUTHBIX TOJCH C TIpe-
BapUTEIHLHBIM XPaHEHUEM B TIapax >KHIKOTO a30Ta u 0e3 Hero. B cpeiHeM BCXOXKECTh B Pa3JIMYHBIX BapUaH-
Tax omnelta cHU3MWIach oT 10 1o 40 %, Mo cpaBHEHUIO C KOHTPOJIBHBIMU 3Ha4eHUAMU. [lonoxuTensHOE BIUS-
HUE Ha MPOpacTaHUE CEMEHHU OKa3all Iporecc 0apOOTHUPOBaHUs, B BapHAaHTE OIBITA C TPEABAPUTEIILHBIM
KpUOTEHHBIM XpaHEHUEM B T€UCHHE CyTOK. [lokazarenu nmpopacTaHus OKa3aluCh CPABHUMBI C KOHTPOJIbHBI-
MU 3HaueHUsIMU. TakuM 00pa3oMm, mMeToj] 6apOOTUPOBAHUST MOXKET OBITh PEKOMEHIOBAH TPH OpPraHU3aluu
0aHKa KPaTKOCPOYHOTO U JIOITOCPOYHOTO XPAHEHHUS CEMSTH.

Jlannvie uccredosanus 6binoaHeHbl 8 pamkax epanmosoco npoekma KH MOH PK AP09259548.
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E.A. I'aBpunskoBa, C.Y. Tneykenona, P.T. Mycuna, A K. Kanu

Ou3ukaJIbIK (pakTOpIapABIH TYKBIM MATEPHAJbIHBIH
Echinacea purpurea «JIuBagus» cOpTbIHBIH 6MipLIeH/IriHe dcepi

Maxkanaga ¢usukaiblk (GakropuapiblH HoTikeciHne «JluBamus» copteiHaH Echinacea purpurea
TYKBIMAAPBIHBIH ©HY1 Typajbl Jepekrep KearipiireH. TYKbIMABIK MaTepuan ajibiH-ana Oip Toyik Ooib
KPHUOTCH/IIK CaKTayFa YIIBIpaabl, COMaH KeiiH TyKpiMmap Oenriai Oip yakpIT ilIiHge Ja3epiliK coyseneHyre
JKOHE MAarHUT epicTepiHe YIIbIpagbl, COHBIMEH Karap OSKCIepPUMEHTTe Kemipurkrti (6apboTupney) omic
KOJIaHbUIAbL. JKYpPri3iireH 3epTreyiep HOTHKECIHAE MAarHUTTIK OPICTEpHiH SCepiHe YINbIpaFraH TYKbIMIap
©3JIepiHiH OMIPIICHIIrIH CaKTAHTBIHBI AaHBIKTANAB], Oipak Oakpulay TOOBIMEH CaJbICTBIpFAHIA OHY
KOPCETKIIITEPiHIH KaKkcapybl OalikaimManbl. TYKBIMHBIH OHIMJIUIITT )KOHE OHTOTEHE3 KE3CHJCPIHIH OTyiHIeT]
OH JIMHAMHKa TYKbIMJApABI ajbIH-aJIa KPHOTCHMAI CaKTayMeH KoHe Oip Toyiik imiHzxe 6apOoTupiey MeH
ToxipnOe HycKalapblHAa OalKanipl, eHy KepceTKimTepi Oakpiiay MoHAepiMeH caimblcThIpeULnsl. He—Ne
Jazep COyJeciMEH COyJeNCHIIPIIreH TYKbIMABIK Marepuai Oakpliay TOOBIMEH CalbICTBIPFaHIA ecy
KOPCETKILITEPiHIH TOMEH/ICTeHIH KOPCETTi.

Kinm cesdep: TykpIMIBIK MaTepuan, Echinacea purpurea, maraut epici, 6ap6orupney, He-Ne nazepmen
CoyJieNieHy, KpHOCaKTay, OHIMILIIK.

E.A. Gavrilkova, S.U. Tleukenova, R.T. Musina, A.K. Kali

The influence of physical factors on the viability of the seed material
Echinacea purpurea variety “Livadia”

This article presents data on the germination of Echinacea purpurea seeds of the variety “Livadia” as a result
of the influence of physical factors. The seed material was previously cryogenically stored for a day, then the
seeds were exposed to laser irradiation and magnetic fields for a certain time, and the bubbling method was
also used in the experiment. As a result of the conducted studies, it was found that seeds exposed to magnetic
fields retain their viability, but there is no improvement in germination indicators compared to the control
group. Positive dynamics in seed germination and the passage of ontogenesis phases were observed in
experimental variants with preliminary cryogenic storage of seeds and subsequent bubbling for one day,
germination rates were comparable with control values. The seed material irradiated with a He-Ne laser beam
showed a decrease in germination rates compared to the control group.

Keywords: seed material, Echinacea purpurea, magnetic field, bubbling, He-Ne laser irradiation,
cryopreservation, germination.
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AHAJIU3 PUCKOB PacnpoCTPaHEHNs KaTapaJbHOi Juxopaaku oBell B Kazaxcrane

Kazaxcran cumraercss crpaHoii, 6maromnony4yHoil mo xarapaibHoi nuxopanake oser (KJIO). B To xe Bpems
Mokpensl pona Culicoides, sBsiomuecs OCHOBHBIMU NIEPEHOCUHMKaMU BUpYyca, BbI3biBatomero KJIO, pacmpo-
CTpaHEHBI B CTpaHE NpaKkTHYecKu rmoBceMecTHO. Ha rore Kaszaxcrana cioxuimch uieanbHbIe yCIOBHS IS
pacnpoctpanenust KJIO B ciryuae 3aHoca BUpyca M3 JIPYTHX CTpaH, BKJIIOYAIONINE ONTHMAJbHBINA IS pas-
MHOXKEHHSI MOKPEIOB KJIMMAT, BHICOKYIO INIOTHOCTh BOCHPHHMYHUBOIO K BHPYCY CKOTa U IOCTOSIHHBIA IIpH-
TOK UMIIOPTHPYEMOTO IUIEMEHHOTO CKOTa M3 PaliiOHOB, IZie MH(MEKIUS SBISIETCS dHAEMUIHOH. HexonTpomm-
pyemoe pacnpoctpanenue KJIO nHa Tepputopun Kasaxcrana MokeT OBITH CONPSDKEHO C KOJOCCATbHBIMHU
SKOHOMHYECKHMU TOTEPSMH B CHITy TOTO, YTO OBIEBOJICTBO MMEET UPE3BBIUAMHO BAKHOE 3HAUEHUE JUIS OTe-
YECTBEHHOTO XMBOTHOBOACTBA. DKOHOMHMYECKHE 3aTPaThl B 3TOM Cllyyae He OyIyT OTrpaHHYMBATHCS JIHILIb
MaJexoM KHBOTHBIX: CYIECTBEHHBIN yIiepd MOXKET ObITh HAHECEH MMHIKY Hallel CTpaHbI KaKk SKCIOPTEPY
GapanuHbl. B HacTosmmem 0030pe MpUBEIEHBI CBEICHUS, IIOMIEPKUBAIOIINE 3HAYMMOCTD IIPOTPaMM IO KOH-
tpomo KJIO B Ka3zaxcrane u smmaeMHOIOTHUSCKUI aHAIN3 PHCKOB PACIPOCTPAHEHUS JAaHHOH MHPEKINH B
CTpaHe.

Kniouesvie crosa: kaTapanpHas TUXOpajKa OBeL], BUpyC OJIIOTaHTa, pUCK pacnpoctpanenus, Culicoides, snu-
JEMHOJIOTHS, ’)KUBOTHOBOACTBO.

Bseoenue

Karapansnas muxopanka oseri (KJIO, Omroranr, cuHuil 361K, 00e3Hb Moppo) — WH(MEKITMOHHOE
TPaHCMHUCCHUBHOE BUPYCHOE 3a00JICBaHNE, TIOPAKAIOIICE TOMAITHUX U JUKUX dKBAYHBIX KUBOTHBIX (B OCHOB-
HOM OBE€II, KO3, KPYIHBIHA poratbiii CKOT, OyHBOJIOB, OJicHEH M BepOJIIOA0B), BbI3BIBAas IeMOPPArHueCKue U
SI3BEHHBIC TIOPAXXCHUS CIM3UCTOW 000JOYKH POTOBOW MOJIOCTH W KETYJOYHO-KHIIIEYHOTO TPAKTa, BOCIaje-
HUE KOXH W JIUTENHS BEHUYUKA KOIIBIT, JIETCHEPATUBHBIC U3MCHCHHUSIMHU CKEJIETHOH MYCKYJAaTypbl, HEKPO3
CKEJICTHOM UM CEepACYHON MBIIIIBI, TIEpUKApANATIbHBIC, TUIEBPAILHBIC U OpPIONIHBIC BHIMOTHI, OTEK JIETKUX, a
TaKxke abOpThl MM POXJICHHE OCIabIeHHOr0 MOTOMCTBA. TshKecTh 3a00JIeBaHUsI BApbUPYET y Pa3HBIX BH-
JIOB, TIPH 3TOM TSDKEJIOE TCUCHUE HAOIF0IaeTCs, B OCHOBHOM, Y OBEII, YTO IMPUBOJIKUT K THOETH, ITOTEPE Beca U
HapyIIeHUIO0 pocTa mepcty [1, 2]. B mepBUYHBIX 3MH300THYECKUX OYarax JICTAIBHOCTh B CIIy4ae OBEIl MO-
xeT gocturats 90 %, mpu 3TOM B cTallMOHAPHBIX OHA 00BIYHO He TpeBbimaeT 30 %. Becemupnas opranmza-
IUS TI0 OXpaHEe 370POBBS KUBOTHBIX (paHee MekayHapOoIHOE 3MH300THYECKOe 0lopo — MOB) oTHOCHIIO
KJIO x kateropun A Hambojee onmacHbIX OOJIe3HEH KUBOTHBIX. J[MarHo3 CTaBAT MO SMU300TOJOTHICCKHUM,
KIIMHUYECKHUM, IMaTOJIOTOAHATOMHYECKUM U JIA0OPATOPHBIM JaHHBIM. KiMHUYeckas KapTHHA: KPOBOU3IHSI-
HUS U S3BBI B MTOJIOCTH PTa U BEPXHUX OTAENaX >KEeIyI0YHO-KHIIIEYHOTO TPAKTa; KOPOHUT; CyOMHTHUMAaIBHOE
KPOBOUBIIUSHUE B JICTOUYHYIO apTEPHIO; OTEK JICTKUX, BEHTPAJILHOU IMOAKOXKHOW KIIETYATKH W (haCIIHid MBIIIIIT
IIeu ¥ OPIONTHOW CTCHKH.

K Bupycy Omoranra (BTV) nHanbosee BocnpuumunBbl OBIbI. KOpOBbI, OyHBOJIBI, KO3bI M JUKHE JKBay-
HBIE IJIUTEIHHOE BpeMsi MOTYT ObITh BUPYCOHOCHTENSAMH, HE TPOSABIAS KIMHHYECKUX MPU3HAKOB OO0JIe3HU
[2]. [Tocearee 0OCTOSATENBCTBO, & TAKKE HATMYHE ME30TCHHBIX IITAMMOB, KOTOPBIE U Y OBEIl MOTYT HE BHI-
3bIBaTh BUJMMBIX CHUMIITOMOB, OCIIOXKHSIET OIEHKY PHCKa BO3HMKHOBEHHS DMM300THH, CBS3aHHBIX C JTOU
nHpeknueidr. KpoMme 3TOro, TpaHCMHUCCUBHBIA XapakTep MH(EKIIUN CYIIECTBEHHO OCTIOXHSIET KOHTPOIHPY-
IOII[UE MEPOIIPHUATHS IO CICPKUBAHUIO M NCKOPECHEHUIO MH(EKIMY HA 33JaHHON TEPPUTOPHH.

XoTs HeT oUIMATBHBIX JAHHBIX O CIydasx ONFOTAaHTa B HaIlCH CTpaHe, B JINTEPAType UMCIOTCS CBH/IC-
TEJIHCTBA, YKa3bIBAIOIME Ha MIPUCYTCTBHE CEPOIIO3UTHBHBIX )XMBOTHBIX Ha Tepputopun FOxuoro Kazaxcra-
Ha [3]. OTCYTCTBHE KIMHUYECKUX MPOSBICHUN Y WHQUIIMPOBAHHBIX YKHBOTHBIX ITO3BOJIACT MPEATIOI0KHTD,
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4T0 HMpKyIupytouue mno teppuropun PK mramMmer BTV sBAst0oTCS ME30T€HHBIMH, JTUHUM KOTOPBIX UCIOJNb-
3YIOTCS U1 CO3/IaHUsI aTTeHyUPOBAHHBIX U MHAKTUBUPOBAHHBIX BakKLMH. [IUpKyIsA1MA 110 TEPPUTOPUH CTpa-
HBI JIMIIb BaKIMHONOJAOOHBIX reHoTHNOB BTV He sBisercs npuuuHON JHUILCHUS €e cTaTyca «0laronoiyy-
HOU 1O MHEKIUM» U HEe TpeOyeT BBEACHHs OTPaHNYUTEIbHBIX 30H U KapaHTUHHBIX Meponpustuii [4]. [o-
nobOHbIe cirydam ObuTh 3apeructpupoBadbl B 2009 1. B ['epmanmm n Hunepmangax (BTV-6); B 2009 r. B
benerun (BTV-11); B 2012 r. B JIutse, JlarBun, Icronnu, [Tompme u B 3anagaeix obmactsax Poccuun (BTV-
14) [5]. Ognako cymiecTByeT OMacHOCTh 3aHOca matoreHHbIX mramMmmMoB BTV Ha teppuropuro Kazaxcrana c
3aBO30M CKOTa M3 JPYTUX CTPaH.

Hecmotps Ha TO, uTo B Ka3axcraHe Ha MOCTOSIHHOM OCHOBE IIPOBOAMTCSI TECTUPOBAHUE UyBCTBUTEIIb-
HbIX K KJIO XKMBOTHBIX CEpPOJIOTMYECKUMH METONAMH, JaHHBIE HCCIIEAOBAaHUA OIPaHUYECHBbI, B OCHOBHOM,
UMIOPTUPYEMBIM cKOTOM. Kpome 3Toro, rocymapcrBeHnsie nporpamMmsl mo koHTpoiro KJIO B Kazaxcrane
HE TMPEeayCMaTpUBAIOT TECTUPOBAHWE OCHOBHBIX TNepeHOCUYNKOB mHbekmuu, Culicoides sp. Taxxke oHM He
3aTparuBaOT JUKHUX JKBAYHBIX KUBOTHBIX. [Ipn 3TOM IHKHME KMBOTHBIE MOTYT CTaTh pe3epByapoM HH(EK-
LIUH, TIOBBILIAsI PUCKK OBICTPOTO paclpoCTpaHeHUsI BUpyca.

B nacrosiiem 0030pe npuBeneHBI CBeICHUS 00 3MM300TOJIOTMYecKON cuTyanuu B Kasaxcrane mo kara-
panpHOH Juxopazake osell B KazaxcraHe, pe3ysibTaThl SIUAEMHOJIOTHYECKOM OLIEHKU PUCKOB PacIpOCTpaHe-
HUS MH(EKIUN Ha TEPPUTOPHHU CTPAHBI, a TAKKE OLEHKA pa3Mephl BBIOOPKH 00pas3loB OT KPYIHOTO M Majioro
poraroro cKoTa AJisi IPOBEACHUS MOHUTOPUHIOBOM MPOrpaMMbl U3Yy4eHHsI LIUPKYISALUN JaHHOW HHPEKIHN B
CTpaHe.

Mamepuanvt u memoosi

Onudemuonocuyeckue memoodul. Bce pacueTsl SMUAEMUOIOTHUECKUX [TaPaMETPOB MPOBOIMWINCH B IIPO-
rpamme Epilnfo v. 7.2.2.2 (CDC).
OOnwmii pa3Mep BEIOOPKH JUTsl TPOBEICHHUSI MOHUTOPHHTOBOTO UCCIICIOBAHUSI B OTHOIICHUH KaTapallb-

HO# JTMXOpajKe OBell ObLT OMpe/IeNeH 10 hopMyIIe:
1 —_
Z’p sz )
Pasmep BeI6OpKH (1) = N 3 € , (1)
1 —_
N-1+2"Tp Mf’ )
e

rne N — pasMmep TONyJSIUHN;, Z — KPUTHYECKOE 3HAYCHUE HOPMAILHOTO pacTpeieNieHusl IPH TpedyeMoM
YPOBHE JIOCTOBEPHOCTH; p — 0XKHJIAEMbIH YPOBEHb MPEBAICHTHOCTH, %0; ¢ — JOMyCTUMAasl TOTPEITHOCTb.

Ananuz pucxos. J1ns aHamm3a prcka ¥ IpOTHO3UPOBAHHS HCIIOJIB30BAH HaICTpoiKy B Microsoft Excel
— Decision Tools Suite 6.0 Professional (Palisade).

Pesynomamot u obcyscoenue

Onucanue supyca, cnocobuvl e2o nepedauyu u pacnpocmparnenusi. PHK-conepxammii Bupyc OmaroTanra
(BTV) otHOCHTCS K ceMelCTBY Reoviridae, pomy Orbivirus. Bupuon mumén munuaaoi obonouku. Bupyc
JIOCTATOYHO YCTOWYWB BO BHEIIHEH Cpefie, a B CIYCTKaX KPOBH OH MOJKET COXPaHITh KU3HECTIOCOOHOCTH B
TEUCHHE HECKOJIbKHX JIET.

T'enom BTV npejncrapiieH aecsAThio TMHEHHBIMU IBYX1lenouHbIMU cerMeHTaMu PHK. BupycHblil reHOM
KomupyeT 1Tk HecTpYKTYpHBIX (NS1, NS2, NS3, NS3A, NS4) u cemb ctpykTypHBIX (VP1-VP7) 6enkoB [6].

CerMeHThl BUPYCHOTO TEHOMA 3HAYHUTEIBHO OTIUYAIOTCS 110 CTENICHH KOHCEPBATHMBHOCTH. BTOpoii cer-
MEHT, KOAUPYIOIINH OCHOBHOW MOBEPXHOCTHBIN BUPYCHBIN Oenok VP2, sBnsieTcs Hanboinee BapuaOeIbHBIM.
VP2 sBrsieTcsi OCHOBHO# MHUIIICHBIO TSI HEUTPATH3YIOIINX aHTUTEN, © UIMEHHO OH, B OCHOBHOM, OIIPEACIIsCT
cepoTun Bupyca. B GopMupoBaHMH CEpOTHIIA TaKKe NMPUHUMACT YYaCTHUE BTOPOUM MOBEPXHOCTHBIN OEIIOK
BHUpyca VPS5, XOTS ¥ B 3HAUMTENHHO MEHbILIEH CTeNeHN [1].

B Hacrosmiee Bpems BRIICISIIOT 29 THIUYHEBIX cepoTumioB BTV, B paMkax KOTOPBIX MOTYT BBIJIEIATHCS
OTJENbHBIE TOMOTHIEI [7], a TaK)Ke M3BECTHO HECKOJBKO MPETEHJCHTOB HAa HOBBIE CEPOTHIIBI, BILIOTH JO
BTV-36, koTopble HAa3bIBAIOT ATUITUYHBIMU CEPOTUIIAMHU [8, 9].

CrpyxkrypHable 6enku, hopmupytonue dactunsl BTV (VP1, VP3, VP4, VP6 u VP7), a Takke HECTPYK-
typable Oenku (NS1, NS2, NS3, NS4 u NS5) sSBisfioTcss 3HaUNTEIHHO 00Jiee KOHCEPBATUBHBIMHU B CpaBHE-
HUH C TIOBEpXHOCTHRIMU Oenkamu VP2 u VPS.

KomnereHTHRIMU TIEpEHOCUMKAMK BHpYCa SBIISIOTCS KpOBOCOCyIre MOKpelsl poaa Culicoides. U3 60-
nee yeM 1400 BHIOB MOKPEIIOB 3TOTO PO, TOIBKO ISl HECKOJIBKUX AECATKOB BUIOB JJOKa3aHa CIIOCOOHOCTh
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Kk ammmudukanuu u neperocy BTV [10]. Bupyc Taxke MOKeT nepenaBaTbcsi MEXaHHYECKUMH MEPEHOCUH-
KaMH, B KOTOPBIX OH HE aMIUTH(DHUIUPYETCs, TAKUMH KaK MyXHU-KpoBOCOCKH [11], Myxu-kuraiku [12] u He-
KOTOpBIE BUABI Kirereit [2, 13]. [TomruMo TpaHCMHCCHUBHOTO IYTH TIEPEHOCA BUPYCA, OMHMCAHBI CIIydal Bep-
TUKanpHOW mepenaun BTV ot marepu 1mony, a Takke ¢ aTTeHyMpOBaHHOM BakuMHOM npotus BTV [14].
Onun u3 ceporunoB Bupyca (BTV-26) MokeT niepenaBaThCs B OIYIITUAX K03 6€3 BEKTOPOB.

CriocoOHOCTH BHpYyCa BBI3BIBATH MEPCUCTUPYIONIYIO0 MH(MEKITHIO Y HEKOTOPHIX 0COOEH MM BHUIOB KO-
MBITHBIX )KHBOTHBIX H JUTUTEIILHOMY COXPaHEHUIO B BEKTOpax JAeJacT 00JIe3Hb TPYTHO UCKOPEHUMOI [ 15].

Memoowsl ouaznocmuxu oaromanza

B HanOosbIieii KOHIIEHTPAITUH BUPYC 0OHAPYKUBACTCS MEKIY MSATHIM W OJUHHAANATHIM JTHIMHE MTOCIIC
MHQUIUPOBAHUS B CeJIe3¢HKE U TMM(ATUIECKUX y371aX, 3aTeM B KPOBH *KHBOTHBIX. BUpYyC TOBOJBHO 10JITO
MOXET IHMPKYJINPOBaTh B WHOUIIUPOBAHHOM OPraHU3ME M MOXKET MPOIOJIKATH JIETCKTUPOBATHCS B KPOBU
JTaXe 10 JOCTHKEHUHN BBICOKOTO TUTPA HEUTPATH3YIOIINX aHTHUTE.

J1s mMarHOCTUYECKUX IeJIei MMPUMEHSIOTCS Pa3INdHbIE CePOIOTHUECKUE METOJBI: PEaKIus NMMYHO-
mdy3un B arapoBoM rene, UMMyHO(pepMeHTHBIH aHanu3 (UMDA), meton (hayopecrieHTHBIX aHTHTEN, PeaK-
LM CBA3BIBAHUS KOMIUIEMEHTA, peaklus HEeUTpalu3aluu, peakius HempsmMou remarriaotuHanuu [1]. Ho B
Hacrostiee BpeMs UDA MpakTHUECKH MOJTHOCTHIO BBITECHUI JIPYTHUE CEPOTOTHICCKUE METOIBI, XOTS peak-
LYs HEUTpamu3aluy IpoJoiKACT OCTaBaThCS «30J0ThIM CTAHIAPTOM» MPHU OMPEIEICHUN CEpOTUIIa BUpYCa.
MDA no3BoisieT Mpocue:KuBaTh TUHAMHUKY Pa3BUTHS UMMYHUTETA U OTJIMYACTCS OBICTPOTOMN M yI0OCTBOM B pa-
6ote. [ TaBHBIM HETOCTATKOM 3TOTO METOJIA SIBJISIETCS TO, YTO OH MO3BOJIICT ACTCKTHPOBATH aHTUTENA Ha BO30Y-
JUTES, HO HE caM BO30yauTens. Habophl, B OCHOBE KOTOPBIX JISKUT KOHKYpeHTHBIH MDA, OoJiee 9yBCTBUTEIH-
HBI ¥ MOTYT OBITh HMCTIOJIL30BaHbI JUIS TECTUPOBAHUS PA3IMYHBIX BUJIOB KHBOTHBIX, BKITFOYAS JUKHUX KBAYHBIX.
Ha6ops1, ocHoBaHHBIE HA MeToie HenpssMoro MDA, 0ObIIHO IPUMEHSIOTCS TSI BEISIBIICHHS aHTHUTEI B MOJIOKE.

N3 ceponorngecKkux METOIOB JIUIIb PEaKIThs HEHTPaATU3alui BUPYCa MOXKET OBITh YCIICITHO HUCITOJIB30-
BaHa i quddeperimaniu ceporunio BTV, OqHako 5TOT METOT UMEET CBOM OTPaHUYCHUS: €r0 3aTPYIHH-
TEJIHHO WCIOIB30BaTh MPU CMEIIAHHBIX MH(EKIUAX U B CIydyac BBISABICHHUS HOBHIX CEPOTHUIIOB BHpYCa, OH
SIBJISICTCS] UPE3BBIYATHO 3aTPATHBIM, TPYAOSMKHUM U CIIOXKHBIM IS peaTu3alliu.

MeTo/1pI Ha OCHOBE TUOPUIN3ANNN HYKICHHOBBIX KUCIOT TO3BOJISIOT AU QPEPEHIIMPOBATh CEPOTHUITBI H
tonotunsl BTV. B To ke BpeMst BCe OHU SIBIISIFOTCS IOCTATOYHO CIIOKHBIMU B UCTIOTHEHUH, TPEOYIOT HaIU-
U CHEIUATBHOTO 000PYIOBAaHUS M MPOBEACHUSI ONTUMHU3AINH YCIOBHA TECTUPOBAHMSI, YTO CYIIECTBCHHO
OTpaHUYHMBACT MX MIPUMECHECHHE HA MMPAKTHUKE JJIST PYTUHHOW MHArHOCTUKY Ororanra [16].

Mertonst Ha ocHoBe I1L[P xoporo 3apexoMeH10Banu ceOs U IPH JETSKIIUN BUPYCa B MOHUTOPHHTOBBIX
WCCIIEAOBAHMSIX, U B TIOATBEPKIAIONIEH Ta00paTOPHOM AMATHOCTHKE, U B ONPEICIICHUH CEPOTHIIAa BUPYCa, U
JUTSI TeHeTHIecKor xapakrepu3annd BTV. OHU MO3BOJISIOT BEISBIATH BUPYC HA CAMBIX PAaHHHUX CTaIUAX 00-
JIC3HW Y TABIIUX YXUBOTHBIX, MIPH MEPCUCTCHIIMN BUPYCa B OpraHu3Me ocoOel co cabbiM UMMYHUTETOM, B
JATCHTHOM cTaauu 0OJe3HU, a Takke B opraHuzMax BekTopoB BTV. Baxno, uto Metonsl Ha ocHOBe [I1[P
TTO3BOJISIOT JJOCTOBEPHO Pa3INvaTh BaKIIMHHBIC M HEBAKITMHHBIC MMTaMMBI BUpyca [1].

Ananusz puckoe pacnpocmpanerus KamapaibHou auxopaoku osey 6 Pecnyoauxe Kazaxcman

Hecmotps Ha TO, uTO Tepputopus PecnyOnuku Kazaxcran siBisiercst Onarononyunoi no KJIO, cyme-
CTBYET PUCK 3aHOcCa BO30yIUTENs U3 IPYI'HX CTpaH, B IEPBYIO OuUe€pelb, CBSA3aHHBINA C 3aBO30M CKOTa W3
CTpaH, rje uupkyiaupyet supyc BTV, unu ¢ Tepputopun conpeneibHbIX rocyaapcTB. B ciyuae 3aHoca UH-
¢exuun n3BHe, puck pactpoctpaneHust KJIO Ha TeppUTOpuH CTpaHbI 3aBUCUT OT HECKOJIBKUX IMapaMeTpPOB:
KJIIMMaTHYECKUX XapaKTEPUCTHK, PacIpOCTPAHEHHOCTH MOTEHLUANBHBIX M KOMIIETEHTHBIX INEPEHOCUYHMKOB
MH(EKIMOHHOT0 areHTa U IJIOTHOCTH BOCIIPUUMYHUBBIX K BUPYCY )KMBOTHBIX.

Ananu3z Kiumamuyeckux napamempoe u pacnpocmpaHerHocmu nepeHoc4uxKos

[IpencraBuTen KOMIETSHTHBIX MTEPEHOCUYUKOB Onrotanra, Culicoides spp., paclipOCTpaHEHbI ITOYTH 10
Bcell Tepputopun KaszaxcraHa, HO MakCHMallbHas UX YHMCIICHHOCTh HAaOIIOJaeTcsi B paioHax, TJe JIETO He
OYeHb cyXxoe, a 3uMa Terias. Ha pucynke 1 mpezicraBieHa kiuMatndeckas kapta Pecriyonmkn Kazaxcran u
comnpenenbHbIX pernoHoB no Kemmen-I'eirepy. Hanbomnee onTumanbHble 30HBI IS pPA3MHOXKEHUS U Pa3BU-
st Culicoides sp. u3 TeX, 9To MPUCYTCTBYIOT B Kazaxctane — Dsa u Dsb. DTv 30HBI 3aHUMAIOT TOCTATOYHO
3HAYUTEIBHBIC TeppuTOpHH TypKecTaHCKOH, JKaMObUICKOW 1 ATMAaTHHCKOH oOnacteit (puc. 1).
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[7] BWE (evxoii, mycThimubi, Xo101HB1i)
:I BSK (cyxoii, cTenHoil, X0 10IHEI)
[:l Cfa (yMepeHHBIIL, Ge3 cyX0ro cel0na, Kaproe J1eTo) - Dfa (KON THHEHTATLHBLI, (23 CYX0ID Cel0HA, FAPROE 1eT0)

- Dwh (koHTHHEHTAIBHBIIL, CYXa% M, TEIL10E 16T0)
- Dwe (ROHTHHEHTAIBHLIL, CYXAR 1M, XOTOIHOE 1eT0)
|:| Csa (yMEPeHHBIl, © CYXHM HAPKHM JTET0M) - DAl (ROHTHHEHTAILHBELL, (el CYXoro ceHa, TerL10e J1e1o)
B Do (sonumenTaabubii ¢ cyxin aaprans aeros) [ Dfc (KoRTIenTA TSI, fe3 cyXOTD ces0ma, Xn101H0e 1eT0)
- Dsb (KOHTHHEHTAIBHEIN € CYXITM TEILTRIM JIETOM) - ET (nocsprbii, Tynapa)

Pucynox 1. Kimmmatnueckas kapta Kazaxcrana u conpenebHBIX TEPPUTOPHI
no knaccudukannu Kenmnen-I'eiirepa (http://koeppen-geiger.vu-wien.ac.at)

B Kazaxcrane pacnpocTpaHeHBl TPEICTABUTENN CIEAYIOMNX MOAPoaoB MokpenoB: Culicoides:
Avaritia (C. obsoletus, C. dewulfi, C. chiopterus, C. scoticus, C. glushchenkovae, C. fulvus, C. dewulfi), Cu-
licoides (C. punctatus, C. Newsteadi, C. pulicaris, C. grisescens), Hofmania, Monoculicoides (C. riethi,
C. puncticollis, C. helveticus, C. nubeculosus), Remmia (C. oxystoma), Oaecata (C. heliophilus,
C. longipennis, C. mongolensis, C. kurensis, C. pictipennis, C. shaklawensis, C. cubitalis (kibunensis)),
Wirthomyia (C. minutissimus, C. reconditus), Silvaticulicoides (C. fastivipennis, C. subfascipensnis,
C. pallidicornis), Beltranmyia (C. desertorum, C. sphagnumensis, C. circumscriptus) [17].

CornacHo JuTeparypHbIM naHHbIM, B FOxHOM Kazaxcrane namGonee mMHorouwcieHusl C. punctatus,
C. newsteadi n C. obsoletus [18]; B Llearpansaom Kazaxcrane — C. obsoletus, C. dewulfi u C. montanus
[18]; B CeBepHoM Kazaxcrane — C. obsoletus, C. punctatus v C. chiopterus [19]; B Bocrounom Kazax-
crane — C. grisescens u C. obsoletus [19].

[ToMrMO KOMTIETEHTHBIX TIEPEHOCUYUKOB, BUPYC OJIOTAHTa MOXKET IMMEPCHOCUTHCSI MEXaHUIECKU Pa3iiid-
HBIMH KPOBOCOCYIIUMH JABYKPBUIBIMU: MOKpelamu mnofpona Lasiohelea poma Forcipomyia, myxamu-
KPOBOCOCKaMH, CJICITHIMH, MyXaMU-KUTaIKaMHi. Bce 3TH KPOBOCOCYIIIHME JBYKPBUIbIC HACEKOMBIC HITHPOKO
pacnpocTpaHeHsl Ha Teppuropru KazaxcraHa B pasinyHBIX KIMMATHYECKHX 30HaX. [[03TOMYy MOTEHIMAIb-
HBII apean pacnpoctpanenuss BTV mMoxeT ObITh mupe, yeM MOKperioB poaa Culicoides. BaxxHo, 94To clienHu
CIOCOOHBI MOJHUMATRLCS HAa JOCTATOYHO OOJIBIIHE BBICOTHI, KyAa APYTHE KPOBOCOCYIIHME BYKPBIIBIC HUKO-
rJia He MOJHUMal0TCs. BHIMMO, IMEHHO 3TH KPOBOCOCYIIIUE MYyXH TIEPEHOCSIT BUPYC OJNFOTAHTa B TOMYJISIIU-
SIX BBICOKOTOPHBIX STKOB.

Pucku 6 cesa3u ¢ yuucieHHocmsio no20106bs B60CNPUUMYUUBHIX K KJIO sicusomnuix

W3BecTHO, 4TO 4eM BBILIE IIOTHOCTh BOCIIPUMMYMBBIX K BUPYCY >KUBOTHBIX, TEM BBIIIIE PUCK NOTEHLIU-
QIBHOTO BO3HMKHOBEHUS M PaclpOCTpaHEHUs] MHPEKIUH. XOTS OCHOBHBIMH XO35€BaMH IS BHpyca OJIio-
TaHra SABJSIOTCS OBIBI, IJIOTHOCTh NPEACTABUTENEN IPYTHX MAPHOKOIBITHBIX, & TAK)KE MO30JIEHOTHX, KOTO-
pBle MOTYT OBITH HOCUTENSIMH BUpYyca ONIOTAHTa M HE MPOSBISTH MPH 3TOM BUAUMBIX KIMHUYECKUX HPOSIB-
JICHUH, TakXKe IOJDKHA YYUTHIBATHCA IMPH OIeHKe prcka pacrpoctpaneHus KJIO. BaxHyio pons B pacmpo-
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CTpaHEeHUH OJIIOTaHTa MOTYT UTPaTh AWKWE KUBOTHBIE, HO JOCTOBEpHAsi WHPOpPMaLUs 00 UX MOTOJIOBbE Ya-
CTO OTCYTCTBYET B OTKPBITBIX HCTOYHHKAX MH(OPMAIHN.

B Tabmune 1 npencrasnena uHpOpPMAIHSA 110 YUCIEHHOCTH BOCIPUMMYHMBOTO K BUPYCY OJIIOTaHTa J10-
MAIITHET0 CKOTAa 110 00JIaCTSAM CTPAHBL.

Taonuma 1
IorosoBbe BocnipuumMuuBoro k BTV ckora no odactsim

TloronoBse ITorosoBbe ITorosoBbe OO0111ee OroI0BhE
Oo0iacTh MPC, ThIC. KPC, TrIC. BepOIIOIOB, | BocipuuM4HBEIX K BTV
TOJIOB TOJIOB TEHIC. TOJIOB JKUBOTHBIX, THIC. TOJIOB

AxmonuHcKas, BKaodast r. Hyp-Cynran 727,113 538,9 0,1 1266,056
AKTIOOMHCKAst 1464,524 632,5 19,2 2116,196
AJMaTHHCKas!, BKJIIOYast I'. AJIMAThI 4809,915 1315,1 8,9 6133,885
ATbIpayckas 714,361 209,3 36,0 959,655

Bocrouyno-Kaszaxcranckas 2210,174 13234 0,6 3534,198
JKamObuICKast 3702,388 533,7 8,5 4244,651
3amagHo-Kazaxcranckas 1466,599 753,9 2,5 2222,921
KaparannuHckas 1382,277 808,7 1,8 2192,786
Kocranaiickas 551,109 532,5 0,3 1083,869
KoI3puTOpAMHCKAS 847,370 387,1 57,5 1291,977
MaHrbicTaycKast 603,099 28,7 84,8 716,558

[TaBmonmapckas 740,717 568,1 0,1 1308,866
CeBepo-Kazaxcranckas 623,083 495,2 0,0 1118,331
Typkectanckas, Bkitodas T. [IIbIMKeHT 5944,736 1407,8 39,8 7392,398
Pecnyoauka Kazaxcran 25787,47 9534,88 260,00 35582,35

Ha pucyHke 2 npencraBieHo pamkupoBanue oosactedd Pecryonmku Kazaxcran mo mioTHOCTH BOCTIPH-
HMMUUBOTO K BUPYyCY OJIIOTaHra CKOTY.

TaoTHocTs croTa Ha 1 ky?

0-5§
§-10
10-25
25-50
>S50

Pucynok 2. Pamxuposanue obnacreit PHK mo mioTHOCTH nOmy sty
BOCIIPUUMYHBBIX K BUPYCY ONIOTaHTa JOMAIIHUX )KUBOTHBIX

Ananus puckoe 3anoca 6rromanea Ha MePPUMOPUIo CMpPAanbL U3 ConpedenbHulx 2ocyoapcme. XoTs 00-
1Iee MOrojioBbE JUKUX MOJOPOTHX W MO30JIEHOTHX B HAllled CTpaHe HE COMOCTAaBUMO C OOLIMM MOTOJIOBEEM
JIOMAIITHETO CKOTa, BocipuuMuuBoro K BTV, »Tu xuBoTHBIE, TEM HE MEHEE, MOTYT UTPaTh BaXXHYIO POJb B
3aHOCEe MH(EKINN C TePPUTOPHH PETHOHOB CONPENeNbHBIX rocyaapcTs, B KoTopelx KJIO pacmpoctpaneHa.
Jlukue siku, TOpHBIE KO3JbI U OapaHbl CIIOCOOHBI JIETKO MPEOA0IeBATh TOPHBIC XPEOTHI, SBIAIOMINECS eCTe-
CTBEHHOMW Mperpanoi sl JOMalIHuX XUBOTHBIX. C 3TUMU KUBOTHBIMU MH(EKLUS BIIOJTHE MOKET MIEPEHTH C
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tepputopun Kuras, roe uupkynupytor Oonee aecarka ceporunos BTV (BTV-1, -2, -3, -4, -5, -7, -9, -12,
-15, -16, -25, -27) [20, 21]. Tak, 6suUTO TIOKA3aHO, 4TO ceporpeBaieHTHOCTh K BTV cpean sikoB B CHHBIRSIH-
ViirypckoMm aBTOHOMHOM paiioHe Kuras coctaBmsger ot 2 10 5 % [22], 9TO yKa3bIBaeT Ha LUPKYJISIUIO BH-
pyca B 3TUX NOMYJSAUUAX KUBOTHBIX. B 2014 r. nosBuiuck ganueie o nupkynauud BTV B nomynsiusax sikoB
B Kuprmsuu [23]. Y30ekucTan He MPEAOCTaBIACT OTKPHITOW MHPOPMAIIUH OTHOCHTEIHFHO IMUPKYIISINHN Ha
ero teppuropur BTV, HO HE00X0IMMO TIPU3HATH, YTO OCOOCHHOCTH KJIMMAaTa 3TON CTPaHbI ONITUMAJTLHBI JJIS
Pa3MHOKEHUS] KOMIIETEHTHBIX NIEPEHOCYUKOB BHpyca Omroranra u pacipoctpanenus KJIO.

HawnGonpmuii ke pucK B OTHOIICHUH 3aHOCA HH(DEKIIMY Ha TEPPUTOPHUIO HAIICH CTPaHBI MPEACTABISCT
AMITOPTHPYEMBIA 13 EBponsl mreMenHoi ckot (Oombmieii yacteio KPC). Mmenno B EC Gmotanr pacmpo-
CTpaHEH OYeHb HIMPOKO, TaM €XKETOHO (UKCHUPYIOTCS BCIBIIIKKA 3TOW HHMEKITUH, TPUYEM BBISBIISIOTCS Ca-
MbIe paznuuHbie cepotunsl BTV. brnaromaps ['ocyaapcTBeHHO# mporpamMMe MO pa3BUTHIO OTEYECTBEHHOT'O
CEJIbCKOTO XO3SHCTBA ISl MECTHBIX (DepMEPOB CO3/AI0TCS OJarompHUsATHBIE YCIOBHS AJIS 3aB03a CKOTa M3-3a
pybexa (bmaromaps cyoCcuamsIM Ha MPUOOpETEHHE CKOTA U MTPOBEICHIE TECTUPOBAHIS 3aBO3UMOT0 CKOTA).

Bonbuie Bcero mieMeHHOTO CKOTa UMIIOPTHPYETCS B HAIlly cTpaHy U3 Poccuu, HO cleyromuMH mocie
Poccun kpynHbeiMu umnoptepamu ckota B PK sBistiroTcst ['epmanus u ABctpus, rie 00Je3Hb SBISCTCS dHIC-
MUYHOH. Ba)XHO, 9YTO KOPOBBI IepeHOCAT HH(EKIHI0O OOBIYHO OECCUMIITOMHO, U MPH 3TOM BO MHOTHX €BPO-
neickux cTpaHax ot Omroradra npuBuBaeTcsa He Toabpko MPC, Ho u KPC (ocoOeHHO OT IeBSTOro cepoTua,
CIOCOOHOTO U Y KOPOB BBI3BIBaTh BBHIPAKEHHBIC KIMHUYECKUE MPOSBICHUS), TOATOMY CEPOJIOTHYECKIMHU Me-
TOJJAMH HEBO3MOXKHO HACHTHOUIIMPOBATH HHPHUIINPOBaHHBIX BTV jKMBOTHBIX (BaKIIMHAIIMS IITAMMOM OJTHOTO
cepotrma BTV 00BIMHO HE 1aeT HUKaKOUW KPOCC-PEaKTUBHOM 3aIIUTHI OT APYTHUX CEPOTHIIOB BUPYCA).

B psage crpan EC nmpuMeHstoTcs aTTeHyrpoBaHHbIe BakIMHBI IpoTuB BTV, uro cozmaet yrposy mnpo-
HUKHOBEHUS Ha TeppuToprio PK xoTs ObI ME30reHHBIX IITaMMOB BHpyca. PacmpocTpaHeHHne TakvX IITam-
MOB Ha TEPPUTOPHH CTPAHBI €CIIH HE PUBEIET K CEPhE3HBIM IKOHOMHYECKHUM TIOTEPSIM, TO CO3AaCT HEMaJIbIe
CJIO)KHOCTH TP MOHHTOPHHTOBBIX MCCIIEIOBAHUSX, MOCKOJBKY CEPOIOTUYECKUMH METOJAMH HEBO3MOXKHO
¢ hepeHIMPOBaTh BAKIUHHBIE ME30TCHHBIC MITAMMEI BUPYCa OT HEME30TCHHBIX ITOJICBBIX IIITAMMOB.

Bonpiie Bcero mieMeHHOTO CKOTa B TeUEHHE MOCIENHUX TPEX JIET UMIIOPTHUPYETCs B AIMATHHCKYIO
obnacte. JlocTaTO4HO MHOTO CKOTa Tarkke uMmmopTtupyercsa B CeBepo-KazaxcTanckyro, AKMOJIMHCKYIO, AK-
TIOOMHCKYI10 1 BocTouHo-Ka3zaxcTanckyro odnactu.

3onuposanue meppumopuu PK no yposHio pucka pacnpocmpanenus onomanea

OCHOBBIBasICH Ha JaHHBIX O MJIOTHOCTH TOTOJIOBBS BocmpuuMuuBOro k BTV ckoTa, KmuMaTndecKux
napameTpax, apeanax pacupoCTpaHCHUs KOMIIETCHTHBIX M MEXaHUYECKUX MEPEHOCYMKOB BUPYCa, KOJIUYE-
CTBE TOJIOB HMIIOPTHPYEMOTO €KEr0JJHO CKOTa U pe3yibTaTax aHalIHM3a pHUCKa 3aHOca MH(EKINH U3 TpHUrpa-
HUYHBIX PETHOHOB, INTEPATYPHBIX JAHHBIX O BBISBJICHUH CEPOTIO3UTHUBHBIX )KHBOTHBIX, a TAKXKe HA JAHHBIX
J1a00PATOPHBIX UCCIIEAOBAHUM MOHUTOPUHTOBOTO mcciaenoBanus KJIO Ha tepputopun PK, mposoxumoro B
2018-2020 rr. MunmcTepcTBOM cenbekoro xo3aicTBa PK, B koTopoe Hama ucciaenoBatesbckas rpymnmna Obl-
Jia BOBJICUCHA, MBI IIOCTPOMIIN KapTy pucKoB pactpoctpaneHus KJIO B Kazaxcrane (puc. 3).

CrnemyeT OTMETHTH, YTO B Mocieanne roasl B Kazaxcrane HaOdromaeTcsi 3HAYUTENBHOE TOBBIIICHHE
Temneparypsl Bo3ayxa (B cpeanem Ha 0,31 °C kaxzapie 10 net) [24]. MeTeoposiory 3aMeTUIIN TEHACHIUIO
M3MEeHEeHHUs kimMara 3a nepuoy 1976-2021 rr. B oro-BoctrouHoMm Kazaxcrane, BKiIroUast: 1) TCHACHITHIO K
YMEHBIIIEHUIO TIOBTOPSEMOCTH MOPO3HBIX AHEW (KOr/a CyTOYHas MUHHUMAJbHAs TeMIlepaTypa OIyCKaeTcs
HWKE HyJIS) B THEH C CUIIbHBIMU 3aMOpO3KaMH (Temrepatypa Bo3ayxa ke —20 °C) (TeHAeHIus XapakTep-
Ha JUIsl BCEW TEPPUTOPHUH CTPaHbl); 2) 3UMOIA, BECHOH U JIETOM HaOJIFOJIAeTCs TCHICHIUS K YBEITUYCHUIO KO-
gudectBa ocankoB Ha 1,3-3,8 MM/10 jeT (Ha OCTaJbHOW TEPPUTOPUH CTPaHBl CUTyalus oOpaTHas);
3) CHIDKAETCs YacTOTa CIIyd4aeB HOYHBIX U JIHEBHBIX 3aMOPO3KOB (TCHJICHIIMSI XapaKTepHa JJIsl BCEH TeppUTO-
puM CTpaHbl); 4) YBEIMUYUBACTCS MPOIOIKUTEIHLHOCTh BET€TAIIMOHHOTO Teproa (Tpu TeMIepaType BBIIIC
10 °C) (TeHmeHITHS XapaKTepHA JJIA BCEH TEPPUTOPHH CTPAHBI); 5) HAOIIOMAETCS OTPHUIIATESILHEIN TPEHIT CY-
TOYHOHM aMIUTUTYABI TEMIIEpPAaTyphl (Ha 3amajie CTPaHbl CUTyalus oOpaTHas, Ha OCTaJbHOW TeppHuTOpun 063
3aMETHBIX U3MEHeHHH) (puc. 4) [24].

[loBbImIEHNE TEMIIEPATYPHI, CMSATUYEHHE KIIMMaTa M YBEITHMYEHHE KOJTMYECTBA OCAIKOB B IOr0-BOCTOYHOM
pernoHe KazaxcTana cmOCOOCTBYIOT TOBBIIIEHHIO TEMIIOB PAa3MHOXKEHHS, aKTHBHOCTH W BBDKHBAEMOCTH
momek Culicoides, CKOpOCTH PEIUIMKALIMH BHPYCa U MOTYT YCHJIMTh BEKTOPHYIO CIIOCOOHOCTH MOKPEIIOB.
Takum o0Opa3oM, MH(EKIUS MOXKET MPOHUKHYTH B HOBBIC PalOHBI K CEBEPY OT Ka3aXCTaHCKO-y30EKCKOM
TPaHUIIBL.
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O - Huskuii puck 3 - Cpennnii puck @l - Boicoknii puck [l - Dupxyasnns BTV ycranosiena

Pucynok 3. KapTta pucKoB B OTHOIICHHUH 3aHOCA U PACTIPOCTPAHCHHS KaTapaibHOW JTHXxopanku osell B Kazaxcrane

A

I T I

< 130 140 150 160 170 180 190 200 210 220 230 > mMHeX

B

0 10 20 30 40 S0 60 70 S0 > JHER

< 100 120 140 160 200 300 400 500 1000 rpxdX

A — KOJIUYECTBO JHEU co cpeHecyTouHOU Temnepatypoii Beire 10 °C (TM10a-unznekc);
b — konmyecTBO IHEH ¢ CIIBHBIME 3aMOpo3KaMu (Temreparypa Boznyxa Hmke —20 °C) (FDm20-unzaexc);
B — xomuecTBo ocaaxos 3a 2020 r.

Pucynok 4. Knumarnueckas kapta Kazaxctana ¢ ykazaHHEeM METEOPOIOTHUECKHUX XapakTepucTuk 3a 2020 r. [25]
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Onpedenenue pasmepa 6blOOPKU U cOOP NOAEBbIX 0OPA3YO8
0/151 MOHUMOPUH2A KAMAPATbHOU TUXOPAOKU 08el

Kak BHIHO W3 JaHHBIX, MPEJICTABICHHBIX HA PUCYHKE 3, HanOoJiee PUCKOBBIMH 0 MH(PEKIUH OKa3a-
muck Typkecranckas, KamObuickas U AnmMaTiuHCKas o0sactu. IMEHHO B 3THX 001acTsAX OBUIO PEIIeHO TPo-
BecTH cOOp 0OpasmoB UIsi MOHUTOpPWHTA pacmnpoctpaneHus BTV B paMkax BBITIOJHEHHS IPOCKTA
AP09259102.

Jlns onpeneneHus o01ero pasmMepa BEIOOPKH JIJIs TPOBEACHUS MIUPOKOMACIITAOHOTO MOHUTOPHHTA IO
KJIO B Kazaxcrane oOImiee mHOrojoBbe KPYITHOTO M MAajOro pPOTaToro CKOTa OBUIO TMPHUHITO PaBHBIM
33972,6 teicstd roioB (Ha 1 staBapst 2022 1.) [26]. s anuaeMHoI0orHIeCKUX HCCIISAOBAHIN TOBEPUTEITLHBIN
WHTEPBaJ B TOAABIIAIONIEM OOJBIINHCTBE CIyYaeB MPUHUMAETCA paBHBIM 95 %, MO3TOMY IpH pacderax Hc-
MOJIB30BAIM ATO 3HAYCHHUE. BenmnunHy 10mycTUMON MOrPEIIHOCTH MpUHsUM paBHOU 5 %. Ilpu pacuerax mo-
Jlarajgy, YTo OKMAaeMas MPEeBaJCHTHOCTh B MOMYJISAIMH KPYITHOTO M MEIKOTO pOraToro CKOTa Ha TEPPHUTO-
pun Kazaxcrana cocraBmser 50 % (cormacao pexomeHmanmsiM MOB). Obmiuii pasmep BBIOOPKH COCTaBHI
400 >KUBOTHBIX (B TOM Cllydyae, €CiM B OJHOW TO4Ke cOopa oTOMpaTh Mo ABaauath o0pas3uoB). Mcxons u3
PE3yJITATOB aHallM3a PUCKOB, OBUIO PEIICHO MPOBECTH COOP 00pa3IoB MO 00JACTSIM, KaK yKa3aHO B TaOIu-
e 2.

Tabnuma 2
IInan mo coopy 06pa3umoB 0T KPYMHOI'0 W MEJKOr0 pOraToro CKoTa JIJisi nejieid MOHUTOPHUHIA

[oronosse Ha 01.01.2022 r.,|  Pa3mep BbIOOpKH,
Ob6nacTpb
TBIC. TOJIOB TOJIOB
TypkecTanckas 6980,5 180
JKambObLackast 4201,5 180
AnMmaTHHCKas 59473 140
HTroro 500

O6Luee YHUCJI0 3aZ[eI>’ICTBOBaHHBIX B UCCIICOJOBAHNHN ) KMBOTHBIX OBLIO PCUICHO YBCIUYUTL O0 500, YTOOBI
00€ecreyuTh BO3MOKHOCTh 0T6paKOBKI/I 06pa3u013 (HaHpI/IMep, TCMOJIM3UPOBAHHBIX CI:IBOpOTOK).

Raxnouenue

B 0630pe npeacTaBIeHbl Pe3yIbTaThl MMPOBEICHHOTO aHAIN3a 300 TOJIOTHYecKo cutyaruu mo KJIO
Ha TeppuTopun Kaszaxcrana, mpoBeieHa SMUAECMUOIOTHYECKAs OIIEHKAa PUCKOB B OTHOILIEGHUHU 3aHOCA U pac-
MpocTpaHeHus: NH(PEKINN B CTpaHe, ONPEeNIeH pa3Mep BBIOOPKH Ui mpoBeneHuss Moautopunra no KJIO u
MpoBeieH cOop ONOITOTHYECKOro MaTepraia OT KUBOTHBIX IS IIeJeil MOHUTOPHHTA.

Paboma evinonnena 6 pamxax epanma KH MOH PK AP09259102 «Ienemuueckas xapakmepusayust
uzonsamos supyca bromanea, eviasniemvlx ¢ Kazaxcmaune, u paspabomxka omeuecmeeHno mecm-cucmemsl
07151 ux OuppepenyuanbHol OemeKyuuy.
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Ka3zakcranna KoisiapablH KATapaJabAbl KbI30ACBIHBIH TAPAJIY KayIliH TaJaay

Kazakcran koitnmapabiH mH(eKknusubiK katapaibasl Kbzdacel (KKK) sxok en Gonbin canananpl. COHBIMEH
Katap, KKK Ko3asIlpaThlH BUPYCTBIH HETi3T1 TachManfaylublIapbl 0oJbin TaOeutaTelH Culicoides KyMBITHI
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TYKBIMIACBIHBIH KAHCOPFBIII JKOHAIKTEpl emiMi3giH Oapiblk JKepiHAe KeH TapanraH. Ka3akCTaHHBIH
OHTYCTIriH/e BUpYC 0acKka eJiepAeH OoKeTiHIeH jKarjaiina, OHbIH iNIHAE KYMBITBUIAPABIH KeOeroi yIuiH
OHTAHJIbl KIMMAT, MaJJblH BUPYCTbl KaObUIlaylarbl >KOFapbl THIFBI3/bIFbI JKOHE MH(EKIUS SHIEMHSIBIK
Gonbill TaOBUIATHIH ayAaHAApAaH HUMIOPTTAJIAThIH achbUl TYKbIMIbI MaiblH TypakTbl arblHbl KKK-HbIH
TapalxyblHa Tamalna >xarmail kameinrackaH. Kazakcran aymarbiana KKK-HeIH 0OakpiiaychI3 Tapaimybl KOH
LIapyanibUIbIFBIHBIH OTaH[IBIK MaJl [IApyallbUIbIFGI YIIIH ©Te MaHbI3[bl MOHTe e OONyblHa OaiiIaHBICTBI
opacaH 30p SKOHOMHKAJBIK LIBIFBIHAAPMEH YIITACYBl MYMKiH. Byi1 kaFiaiina S9KOHOMUKAJIBIK IIBIFBIHAAD TEK
MaJIblH ©JyiMeH WIeKTenMeiini. SIFHu KenTipinreH IbIFbIH Oi3MiH eTiMI3iH KOW eTiH SKCIOPTTayIIbl
peringeri OexeniHe aWTapibIKTail 3usH KenTipyi Mymkin. Makamaga Kasakcrangarst KKK 0akbuiay
OarnapyiaMalapblHbIH MaHBI3ABUIBIFBIH KOPCETETIH aKIapar jKoHE eNie OChl MH(EKUMSIHBIH Tapaly KayliHe
SMUJIEMHOJIOTHSIBIK Tajljay JKacallFaH.

Kinm coe30ep: KOWIBIH KaTapaibIbl KbI30achl, OMIOTaHT (KOK TiI) BHPYCHL, Tapany Kaymi, Culicoides,
SMHAEMHOJIOTHSI, MaJ MAPYaIlbITBIFL.

A.V. Zhigailov, Y.O. Ostapchuk, Y.V. Perfilyeva, N. Abdolla,
E.R. Maltseva, D.A. Naizabayeva, S. Kuatbekova, A. Mashzhan,
A.S. Nizkorodova, Z.A. Berdygulova, Y.A. Skiba, S.M. Mamadaliyev

Risk assessment for bluetongue virus spread in Kazakhstan

Kazakhstan is considered to be free from bluetongue. At the same time, biting midges of the genus
Culicoides, which are the main vectors of the bluetongue virus, are widespread in the country. An optimal
climate for biting midge breeding, a high density of livestock susceptible to the virus, and a constant influx of
imported breeding stock from areas where the infection is endemic in southern Kazakhstan cumulatively
constitute favorable conditions for the spread of bluetongue in the case of virus transmission in Kazakhstan
from other countries. The uncontrolled spread of this infection on the territory of Kazakhstan can be
associated with colossal economic losses since sheep breeding is paramount for domestic animal husbandry.
In this case, economic costs will not be limited only by the death of animals; significant damage can be
caused to the image of our country as an exporter of lamb. This review provides information highlighting the
importance of bluetongue control programs in Kazakhstan and an analysis of the risks of the spread of this
infection in the country.

Keywords: malignant catarrhal fever, bluetongue virus, spread risk, Culicoides, epidemiology, livestock.
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Bbupaiinbin capsl Tat (Puccinia striiformis f.sp. tritici) aypybiHa
AsnmMaTtbl 00J1bIchI 00ibIHIIA 2019-2021 Kbliagaphl XKYPri3ijireH MOHUTOPHUHT |

Capsl Tat (P. striiformis f.sp. tritici) acipece, canakpIH KIUMaTTbI xepiepae ounaiasix (Triticum aestivum L.)
MaHBI3/IbI aypysl 60ibIn Tabbutansl. OpTanslk A3us enaepinae, coHbH iminae Kasakcranma capsl Tat aypysl
6upaii eric ankanTapblHa aca KayinTi aypynaapasiy Gipi 6ombin cananagsl. 2019-2020 xbuiFbl 3epTTEyaepae
Anmarsl  oOnbiceiHbIH - JKamObmn, Kapacait, Tamrap aypmanmapemga — P. striiformis — naroreHine
JKOFapBITO3IMIUIIK TaHBITKaH, aypy kepcerkimTepi IT-0 IMMyHIBIK KopceTKeH copTTap ipikreninreH. Omap
oumaiinsy «Bacca», «Hasy, «bezocras-1», «Canansn sxene «Tputukane» coprrapbl. OUTONOTOIOTHSIBIK
Oarayay >KyMbICTapbl OapbICBIHA aHBIKTaMFaHmal, JKaMObUI ayJaHBIHEIH eric ankaObHaarsl «borapHas 56»
COPTHIH/IA aypPYAbIH Tapallybl XKOFapFbl JACHreiae, sFHu 26 %-1pl KepceTTi, an 3ananganyst 9,90 % Kypansl.
Tanrap aynansinaa «Kazaxcranckas 10» copTeiHna aypyasiH Tapainysl 6 %, an 3anangany kepcerkimi 0,52 %
6onasl. Kapacaii aynanbiHga capbl TaT aypybIMEH JKOFapFhl JeHrelae 3ananganran «Kapacait» copTel 60mmpl,
aypyablH Tapaiybsl 22 %, an 3ananganysl 1,04 %-ap1 kepcerti. CoHbiMeH Katap, 2021 XblIbl XKypri3iiren
MOHHUTOPHHT KYMBICTaphl HOTHKECIH e OapIIbIK 3epTTENiHreH Ounail copTTapsiHa P.striiformis MaTOreHiHIR
embip aypy Oenrinepi TabbuiMansl, cebedi aya padbIHBIH KYPFaK >KOHE JKayblH IIANIGIHHBIH, BUIFAIIBIH a3
OoiryblHa OaifIaHBICTEI aypyFa TO3IMALIIr Korapsl Oonmbl. 3epTTey HOTIDKENEpiHAe capbl TaT aypyblHa
Te3iMi kaHa OMgai copTTapblH aHBIKTayFa, MOHHTOPUHT KYMBICTAPBIH 9JIi 1€ JKaJIFaCTHIPY IBIH KQKETTUIITiH
kepceTin oteip. HoTmxkecinae AnmaTbl oONbIChIHAA OHIail COPTTApbIHBIH OachiM Oeuiri Tat aypyJapbiHa
TO31MCi3 eKeHIr aHBIKTAJIBII OTBIP.

Kinm ce30ep: xy3mik Oumail, capsl TaTr, TO3IMALTIK, COPT, (UTOMATONOrUs], SMUGUTOTHS, MOHUTOPHHT,
[aTOTCH.

Kipicne

Puccinia striiformis caHpIpayKyJIaFbIHaH TYBIHAAFaH capbl TaT aypybl OWmai eHmipiciHe alTapIIbIKTai
Kayill TOHIIpenl KoHe OMmaibIH OHIMILIINT MeH camachbiHa ocep eremi [1; 2]. bumait oeM XaJKbIHBIH
KYHICIIKTI eMipiHAe MaHBI3bl 30p KOHE 7,5 MUJUIMApATAH acTaM XaJbIK YIIH a3bIKTHIK KaJIOPHSIAP/IbIH
21 %-bIH x0He ipoTenHHIH 20 %-bIH KaMTaMackI3 etemi [3].

AyBUIIIapyalibUIbIK JaKpUIIAPBIHA SIETTE KONTEereH 3HWAHKEeCTep Kayil TOHMAIpedl JKOHE MaHBI3IBI
aypyJiap/Iel TyBIPAThIH (MBICATIBI, CAPBI TAT, KOHBIP TaT, TJs) PKOHOMUKAJIBIK MIBIFBIHIAPFA allbil Kenei [4].

Aypy KO3IBIpFBIIBI — P. striiformis West caHplpayKyiarsl (CHHOHUM Puccinia glumarum Erikss. et
Henn). Kazakcranga capbl TaTTBIH Tapaldy alMaFbl HETI3iIHCH OHTYCTIK OHIPAIH Tay OOKTepiHae >KOoHE
OHTYCTIK-IIBIFBIC ayJaHAapbIMEH IICKTEITeH, MyHAa KeHOIp *KbUimapbl Ky3[aik Oumaima SmU(GUTOTHSIIBIK
JeHTeire aeiin maMue [5].

PecnyGikaHbIH OPTANIBIK KOHE COJITYCTIK alMaKTaphIHIa JKa3IbIK Ouaiiaa aypy eTe CHpeK Ke3Iece/I.
XKamnbipakrapsl MeH onapiblH KaOBIKTaphl 3aKbIMJIAIAIbBI, OHJA JMMOH-CAphbl MyCTYyJanap, allbIK-KbI3FBUIT
capbl, HYKTEIi CBI3BIKTAap MEH COKKBUIAD TYPIHJE, COHJai-aK CcaHbIpayKyJIaKTap YpPeIUHUOCIIOpATapbIMCH
TOJITHIPBUIFAH CIIMKEJIET Tapa3bliaphl Naiina 0omaabl, HOTHKECIHIIE TYKbIMIAP XKEHIT JKOHE )KYMCaK 0OoJab.
Bereranust ke3eHiHIH COHBIH/IA YPEIMHAO OPHBIH/IA TEIHOCTIOpaiapbl 0ap Kapa Tenus namunsl. Kazakcranaa
capsl TaT KO3IBIPFBINIBIHBIH apaliblK Heci, oJeMHIH 0acka enAepiHIeriied aHBIKTAIFaH KoK [S]. bumait
Opranblk A3usSHBIH 0acTbl KOpeKTeHY oHiMi Oonbi Kananbl. CTaTHCTHUKANBIK MONIIMETTEpiHE KYTiHETIH
0oJjicak, JKOFapblja aTajifaH aiiMak OHmalbpl TYThIHY OoHbIHINA bLIbiHA 200 Kr Kypam OThIp. Afimak
OOlbIHIIA eJIIep/ie OHIMHIH *OHE aCTBHIKTBIH TaIlChIPYy KeyieMi opTypJi Ooubin kenedi. KasakcTan Oumaiapi
OacTel SKCHoOpTTAaylbUIApABIH Oipi Oonbin kemexdi, Oipak Toxikctan »xone KpIprbizctan Owpmai, AoHAI
JaKpUIIap MEH YHHBIH HMMIIOPTBIHA KAaTThl Tayenai [6]. Alimakra Ounmaii enmipyne ¢epmepiep yikeH
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KUBIHJBIKTApTapFa Tan OOJIFaH, COHBIH iUIiHAE OMOTHKANBIK CTpecc (paKTOpiapIblH OHIMIe acepi, JoHIL
JaKpUIAap TYCIMIH HaIIapiaTaThlH TaT aypyJIapbIHBIH AaMy KapKbIHIBUIBIFBIH atan KeTy Kepek. CoHFbl 15
KBUTIA aliMaKTa capbl TaT aypyBIHBIH OHIMHIH IIBIFRIMBIHA OKEIIN COKKaH Oec dSMudUTOTHSACH 0011b! [7; §].
Capsl Tat aypy Ounaii ecipinerin alimMakTapaa Kem Ke3leceTiHi 0enrini, aaemaeri 60 enfeH actaMm, COHBIMEH
Katap KazakcTanma eH MaHBI3IBI Oumail aypybl OOdBITT TaOBUIAARI [9]. OTe ce3iMTan copTTapaa KoHE aya-
palibIHBIH KOJAMIBI JKaFIabIHAA capbl TaT aypybIHBIH Maiga Oomysl sxorapbl, eHiMAuUTikTi 100 % neitin
TeMmeHaeTyi MyMkiH [10]. Erinmrimikre, aysiimapyalibulblK AaKbUIAAPBIHBIH Op TYPJi €cy Ke3eHAepiHIe
OCIMIIK aypyJlapblH YaKTbUIbI aHBIKTAY SKOHOMHKAaHBI JKOHE aybUl IIapyallbUIBIFBIH THIMII Oackapy YLIiH
eTe MaHbI3IbI [11].

3eprreyaiH Makcatel: AmMatrhl 0OJBICH JKarmaibiHga 2019-21 >Kpln apaibIFbIHAQ, OWTAWIBIH aca
Kayinri P.striiformis aTOTeHiHIH 3ajaJaHybIMEH Tapaily JCHI€HiH aHBIKTaY.

3epmmey mamepuandapel mer a0icmepi

AmMatel oOJBICH altMakTapbeIHAa capbl TaT (P. striiformis f.sp. tritici) aypybIHBIH Tapaily JCHTeHiH
aHbIkTay MakcaTthiHna Kapacaii, YKamObin >xone Tanmrap aymaHAapblHBIH Iapya KOXKaJIBIKTapbIHIA
MOHHTOPUHT JXKYMBICTaphl XKyprizimmi. Capel TaT aypybIMEH 3aJiajIaHFaH JKalbIpakK YJTUICPiH OWIaiIbiH
Oaiaye3gaHblll CYTTCHY Ke3eHIHIe KUHAMBL. JKehMCTiH mKanzacel OoWbprHIIa KeM nereHme S50 Oumait
OCIMJIIKTEPiH XKUHATI, aypybIHa Kapal KeKe-)KeKe Taliay KacalbiH b [12].

bupait ecimuikTepiH jkuHay oaici OOHBIHIIA eric ankaOblHA Kipil, OpTacklHAa Kapail AuaroHajb
ooripiMen 200 MeTp kypin 50 eciMIiK KMHAJIBII adbIHIBI, aypyblHa YKEKe-)KeKe (DPUTOMOTOJIOTHUSIIBIK Oara
Oepimeni. AypynblH TapanyblH (P)-meH, an 3ananmaHyslH (R)-MeH Oenriiemik. OCIMAIKTIH aypybIHBIH
Tapallybl MCH 3aJlaJIJaHybl MbIHA (DOpMYJIa apKbUTBl AHBIKTAIABI;

*1. P — aypyabiH Tapaiy gopmyiacel: P = n*100/N, myana N — cblHaMagarbl ©CIMIIKTEP/iH JKajIIbl
CaHbl; 1 — aypy OCIMIIKTEp CaHBI.

*2. R — aypyIblH AaMy KapKbIHIBUIBIFBI MbIHA (OpPMyJIaMeH aHBIKTadagsl: R =Y ab/N, mynaa Y ab —
3ayaNaHFaH OapIIbIK ©CIMIIKTEPIIH COUKec OapIIbIK KOCHIHABICBIHBIH COMMACHI XOHE OHBI N-T¢ 061y Kepek.

3epmmey namuoicenepi MeH 01apovl MAIOAY

AnmMaTtel OONBICHI €TiC aNKaNnTapblHBIH KY3Iik Oumail coprrapeiHa 2019-21 XbU1 apaibiFbIHIA
MOHUTOPHHT >KYMBICTaphl KYprizinani. bupmaiinein caper tat (P. striiformis f.sp. tritici) aypybIHBIH
3USHABUIBIFBl MEH Tapalybl KoHe (UTONATOJOIMUIBIK Oaranay »xymbicTapsl KamObu1, Kapacail xoHe
Tanrap aymaHmapblHBIH Iapya KOKaJIBIKTApPBIHIAA KYPri3iigi. MOHUTOPHHT MayChIM aWBIHBIH CEKiHIII OH
KYHIITIHOEe 3epTTeminii. 3epTrey OapbichiHna P.striiformis maToreHiMeH 3ajajjaHfaH Oupail yirinepiHneH
MHQEKIUATBIK ~ MaTepHalAbl  aHBIKTAY  apKbUIBI  aypyFa  (QUTOMATONOTHSUIBIK ~ Oara  Oepinmi.
OUTOMATONOTHSIIBIK ~ OaFaiay JKYMBICTAphl KY3MiK OWIAMABIH BETETAIIMSUIBIK KE3CHIHIH MacaKTaHy
¢dazaceiHna Oenrinenai. Aya pailbIHBIH KOMaWnbl OodyblHAa OailaHBICTBI JKYPri3iireH MOHHUTOPHHT
HOTHXeECiHAE Keil0ip aymanmapia aypy Oeinrisiepi TaObUIBIN OTHIpABL. 3€pTTEy HOTIDKECIHAE, capbl TaT
aypyBIHBIH Tapadybl MEH 3alalIIaHy EeHreill aHBIKTaIBIHAB (KecTe 1-3).

Kecte 1

2019 kbLIFBI ATMATHI 00JIBICHIHBIH €Tic aJKanTapbIHAaFbl capbl TaT (P. striiformis f.sp. tritici)
aypybIHBIH TapaJIybl MeH 3aJaJIaHybIHA )KYPTi3ijireH MOHUTOPHHT HITHIKeJepi

[lapya KosKabiFbI Coprrap Angpiaret ecipinren | Capbl TaT aypybIHBIH 3ajaj/1aHy MHAEKCI, Yo
aKbLI P | R
O6abic: Anmartsrl; aynaH: XKamo6bur; koopauHartapsl: N 48°08'379' E 076°05'457' B 1034

a/o KapaxpIcTak «borapnast 56» Kys3nik 6unai 26 9.90

a/o KapaxpIcTak «Bacca» Kys3nik 6unai 0 0

a/o KapaxpicTak «Haz» Kysnaik Onpmaii 0 0

Oo6unbic: Anmarsl; ayaan: Kapacaii; koopaunarraps: N 43°10.201' E 076°27.644' B972
a/o Anmanpi0ak | «besoctas 1» | Kysnaik Oupmaii | 0 | 0
O6abic: Anmartsr; aynan: Tanrap; koopauHarrapsl: N 43.398810 E 77.165308 B 681

a/o KapaOynak «Kazaxcranckas 10» Kys3nik 6unai 6 0.52

a/o KpI3buiry «Tpurukane» Apna 0 0

Eckepmynep: P — tapanysl, R — 3ananganysl; a/o — aybll OKpyTi; /K — I1apya KOXaJIbIFbl.
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Ke

cte 2

2020 :xb17b1 ATMaThI 00bLIBICHI Kapacaii aynanbl AnTMalibl0ak aybUIBIHBIH €ric aJKanbIHIA capbl TAT
(P. striiformis f.sp. tritici) aypybIHbIH TapaJybl MeH 3aJaJIIaHybIHA JKYPri3iJireH MOHUTOPUHT HITHKeJIepi

Angpiagsl ecipinren | Capbl TaT aypybIHBIH 3aaJaHy HHIEKC, %
IMapya KoxKaIbIFbI Coprrap AKbLT P R
O6abic: Anmartsr; aynan: Kapacaii; koopaunatel: N 43°14.292'E 076°41.784' B 774
a/0 AnmanbiOaK «AJIManbDy Kysnaik Oupgaii 12,0 0,94
a/0 AnmanbiOaK «Camabi» Cos 0 0
a/o AnManbioak «KpI3bL1 OH1a1» Kysnaik Oupmaii 16,0 1,52
a/0 AnmanbiOaK «CtexitoBuaHas 24» Kysnaik Oupmaii 12,0 0,90
a/o Anmapibak «Kapacaii» Apmna 22,0 1,04
Ecxepmynep: P — tapanysl, R — 3ananganysl; a/0 — aybul OKpYTi; II/K — IIapya KOKAIBIFBL
Kecte 3

2021 xbLabI AJMaTHI 00J1bICHI OOHbIHIIA OUAAHABIH capsl TaT (P. striiformis f.sp. tritici)
aypybIHBIH TapaJIybl MeH 3aJaJIaHybIHA )KYPTi3iJireH MOHUTOPHHT HITHIKeJepi

. Capbl TaTTHIH Tapaybl )KoHE
IMapya KoxKaIbIFbI ANIBIHFBI ©CIPUITEH o Kep
. CopTTrapablH aTaysl 3ajaj/iaHy uHIeKci, %o ;
Aybl1 OKpyTI1 JaKbLI P | R KeseMi (ra)
O6abic: Anmartsr; aynan: Kapacaif; koopaunarraps: N 43°14'333" E 076°41'657" B783
a/o AnmaipiOak | «Kazaxcranckas 10» | Apmna | 0 | 0 | 40
O6abic: Anmartsr; aynan: Kapacaii; koopaunarrapsi: N 43°14291" E 076°41'521" B786
a/o AnmabiOak | «Anmans» Cos | 0 | 0 | 20
O6abic: Anmartsr; aynan: Kapacaii; koopaunarraps: N 43°14'168" E 076°41'376" B786
a/o Anmanpi0ak «KpI3b11 Oumain Apna | 0 | 0 | 30
O6nbic: Anmartsl; ayaan: Tanrap; koopauHarTapsl: N 43°22'690" E 077°06'304"
a/o Ilangwunos | «Kazaxcranckas 10» | Apmna | 0 | 0 | 60
O6nbic: Anmartsl; ayaan: Tanrap; koopauHarTapsl: N 43°24'326" E 077°09'854"
a/o Ilangwunos | «borapnast 56» Cos | 0 | 0 | 55
O6nbic: Anmartsl; ayaan: Tanrap; koopauHarTapsl: N 43°23'890" E 077°09'577"
a/o KapaOynak «Kerticy» Apmna | 0 | 0 | 80
O6nbic: Anmartsl; aynan: Tanrap; koopauHarTapsl: N 43°24'802» E 077°12'875»
a/o Kolimeibex | «Haz» CyJibl | 0 | 0 | 30
O6unbic: Anmartsl; aynan: Tanrap; koopauHarTapsl: N 43°22'324» E 077°05'653»
a/o KpI3buiTy | «CrexsoBuHast 24» Apmna | 0 | 0 | 60
O6unbic: Anmartsl; aynan: Tanrap; koopauHarTapsl: N 43°24'718» E 077°22'115»
a/o Ecik «be3octas 1» bunait | 0 | 0 | 50
O6abic: Anmartsrl; ayaa: XKamObur; koopanHartapsl: N 43°13239» E 076°28'702»
a/o CaybIHIIBI | «Bacca» Cyibl | 0 | 0 | 30
O6abic: Anmartsrl; ayaaH: XKamObur; koopanHartapsl: N 43°13'418» E 076°23'571»
a/o Kapraisl | «Haz» CyJibl | 0 | 0 | 40
O6abic: Anmartsr; ayaan: XKamObur; koopanHartapsl: N 43°10'833» E 076°20'042»
a/o ¥3bIHaram | «CrexnoBunnas 24» Cos | 0 | 0 50
O6abic: Anmartsr; ayaa: XKamObur; koopanHartapsl: N 43°13282» E 076°21'046»
a/o ¥3bIHarai | «borapnast 56» | Cos | 0 | 0 | 20
O6abic: Anmartsr; ayaa: XKamObur; koopanHartapsl: N 43°13'314» E 076°21'101»
a/o ¥3bIHaram | «Tputnkane» Cos | 0 | 0 | 20
O6abic: Anmartsr; ayaa: XKamObur; koopanHartapsl: N 43°13'349» E 076°21238»
a/o ¥3pIHaram | «besoctas 1» Cos | 0 | 0 20
O6abic: Anmartsrl; ayaaH: XKamObur; koopanHartapsl: N 43°08264» E 076°05'377»
a/o KapaxpicTak | «bezoctas 100» | bunait | 0 | 0 | 320
Eckepmynep: P — tapanysl, R — 3ananganysl; a/o — aybll OKpyTi; /K — I1apya KOXaJbIFbL.

Anmatel  0ONbICHIHBIH JKamObin aynmanel KapakpICTak aybUIIBIK OKPYTIHIH €ric  ajkKanTapbiHIa
JKYPTi3UITeH MapIIPyTTHIK 3€PTTEY KYMBICTAPBl HOTIXKECIHAE P.striiformis matoreHiHiH qamysl «borapHas
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56» copteiHaa 9,90 %-1b1 KepceTTi, an aypynblH Tapaidybl 26 %-AbIK TO31MCi3 HOTHXKE TaHBITTHL. Capbl TaT
aypybIMEH eIl 3ayaiandail »xorapsl TO3IMIUTIK KepceTkeH «Bacca» xone «Hasz» ky3mik Oujail copTTapbl
anbIKTaBIHABL (1 cypeT). AypyabiH Oenritepi Tanrap aynanel, KapaOynak aybliIblK OKpYTiHIH eric
ankanrapsiaaarel «Kazaxcranckas 10» ky3nik Oujait copThiHaH Oaiikanbel, MyHIa aypyabH namysl 0,52 %-
IIbI KYPaJbl, all aypyAbIH Tapairysl 6 %-1bIK HoTIKe KopceTTi. ConsiMeH, Kpi3but Ty xone Kapacaii aysuiasik
okpyrrepinie OumannbiH «Tputhkane» sxkoHe «besoctas-1» coprrapbl P.striiformis maToreHiHE KOFapbhl
TO3IMILTIK TAaHBITTHL, aypy Oenrinepi OalikaaMabl.

Kapacait aynmaHbiHma JKYpri3iireH 3epTTeyiepiMizie Ky3diKk Oumail copTel camanbl P. striiformis
nmaToreHiMeH  3anaijaHOail, aypyra Te3IMIUITIMEH  epeKINeNeHIN, HMMYHIBUIBIKTEI — TaHBITTHL.
«CrexsoBuiHas 24» XoHE «AJMaibl» COPTTapbIHIA capbl TaT AypybIHBIH Tapamy aeHreii 12,0 %-mbIk
aypyfa oprama OeHimaenrimti kepcerTi. COHBIMEH KaTap, Oy copTTapia aypyMeH 3allaijaHy HHICKCI
0,90-0,94 % xypanel. Ocbiran ykcac «Kpi3bu1 Ounaii» copTsl capbl TaT aypybIMeH 15 %-IbIK opTa fopexene
3ananganraHbl Oakanasl. «KpI3pu1r Onmaiy cOpThIHIA aypyAblH Tapamysl neHreii 16,0 %-mpl Kypaca, ai
3ajmanmaHy wuHuekci 1,52 %-mpik HoTIKe KepcerTi. Kapacail aynaHblHOa KYpPri3iireH MOHHUTOPHHT
HOTHXKECIHE capbl TaT aypybIMEH >KOFaprbl JcHrehze 3ananganraH «Kapacaid» cOpTBI aHBIKTAIbIHIHL,
aypyIslH Tapanysl aeHreii 22 %, an 3ananganys 1,04 % kepcerTi.

4, 7

Cyper 1. MOHUTOPHHT )YMBICTAPBIH KYPTi3y OapbIChIH/A, 3€PTTETIHIE€H eric allKanTap/a TYCIpiIreH capbl Tat
(P. striiformis f.sp. tritici) aypybIMeH 3aJlaliIaHFaH Ouail yIriepiH Kkepe anacei3aap

Biznin 3eprreynepimizne Kapacait, Tanrap sxone XamOwin aynannmapeiagarsl «Kazaxcranckas 10y,
«Anmaney, «Kpi3eut Oumaii», «borapnas 56», «XKerticy», «Ha3, «CrekmoBunmnas 24», «Baccay,
«Tpurukane», «bezoctas 1», «bezocras 100» Ounait copTTapblHaH capbl TaT aypybIHBIH Oipe-0ip Oenrinepi
Oaiikanmaipl. bapibik 3epTTenninreH coprrap peakiusaHblH [T—0 UMMYHJIBIK TYPiH KOPCETTI.

ConbIMeH, AJMaThl OOJBICHI OOMBIHINA KYPri3iIreH MOHUTOPUHI >KYMBICTAphl HOTHXKECIHAE OapibIK
3epTTeNiHreH Ounai coprrapeiHal P.striiformis naToreHiHig emwoip aypy Oenrinepi TadbuIMazpl, cededi 2021
KBUIBI aya palbIHBIH KYPFaK >KOHE >KaybIH INAIIBIHHBIH, BUIFAIBIH a3 OOMybIHA OaillaHBICTBI COPTTAP/bIH
aypyFa Te31MJILTIT 5KOFapbl OOJJIBL.

Kopoimuinowsi

3eprrey HOTIKenepi OoWbIHINA, AnMaThl OONBICH aiiMakTapblHIA JKYPTi3UIreH MOHHUTOPHHT
KYMBICTApBIHBIH, HOTWKeCiHAe OunmaiineiH capwl Tat (P. striiformis f.sp. tritici) aypyblHa Te3IMIi Ky3miK
Oounmaii coprrapel ipikreminmi. 2019-2020 xpuimapel Anmatel oOnbICHIHBIH JKamObin, Kapacaii, Tamrap
ayJaHnapeiHna P. striiformis naToreHiHe TO3IMALTIK TaHBITKAH, aypy kepcerkimTepi [T—O0 UMMyHIBIK
JKOFapbl TO3IMALTIKTI kepceTkeH «Baccay, «Hasy», «beszocras-1», «Canans sxoHe «TpUTHKaAIE) COPTTAPHI
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0ap. ConbimeH KaTap 202 15KbUIBI XKYPri3UITeH MOHUTOPUHT JKYMBICTAphl HOTHKECIH/IE OAPIIBIK 3ePTTEIIHICH
Oupmaii coprrapbiHad P. striiformis naToreHiHig emoOip aypy Oenrijgepi TaObuiMaabl, ce0eOi aya parbIHBIH
KYpFaK >KOHE >KaybIH MAIIBIHHBIH, BUFIILIH a3 00MybIHA OaMIaHBICTHI aypyFa TO3IMIUIITI )KOFaphl OOJIIBL.
KopeiThiHapLTal Kene, aypynapFa Te3iMIi cOpTTap — acTHIKTHI KOPFayIblH Kelleleri 6ap aaictepiniy Oipi,
SIFHA OHBIH THIMAUIITT aypynapra Te3iMaiumk Kacuerti. OchIHIal Karmaiia opTamra Te3IMAUTIKTe Oaraib
Oomanpl. Toxipube HOTIKenIepi ANMaThl OOJBICBIHIAFRI OWmalt COPTTAapBIHBIH OackiM OOJiri capel TaT
aypyblHa Te3iMCi3 €KEHiH, COHbIMEH KaTap 3epTTey *KYMBICTAPBIH QJIiJIC KAIFACTHIPYABl KaXKET CKEHJITiH
KepceTei.

Kaporcvinanovipy

3eprreynep «KoHBIp koHE capbl TaT KO3IBIPFHIINTAPBIHBIH KAyINTUIIK IEHICHIH *XOHE OWIaiiabIH
Kamblpak JakTapbl aypyJapblH aHbIKTay oHE OWAalAblH OHIENETIH CYPHINTAPBIHBIH TO3IMALIITiHIH
TEHOTHIITIK QJICYETiH aHBIKTAYy VIIIH aypylapAblH JaMy MOHHTOPHHTI» »obackl OoiibiHma Kazakcrax
PecrryOnukaceiapiy, bimiM kKoHE FBUIBIM MHUHHUCTPJITT FBIIBIM KOMUTETIHIH «Aca KayinTi aypyiapabl
COMKECTEHIIPY KOHE aybll LIapyaIlbUIBIFBl JaKbUIIApbl TO3IMIUNICIHIH T€HETHUKAJBIK 9JICYeTiH apTTBIpY
YIUiH JKOFaphl THIMII IHMArHOCTHKa >XYHENepiH 93ipiey >KoHe eHri3y» arThl barmapiaMaliblK-HbICAHAIIBI
KapXKbUIaHJBIPY MIeHOepiHIe KapXKBUIBIK KOJIayAbIH KOMETIMEH JKY3€ere achIpbUIIBL.
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K.C. Kenmmunos, A.M. KoxmeroBa, M.T. Kymap6aesa, JI.K. XKany3ak, I1I.C. Pcanues

MOHHMTOPHHT KeJITOH p:kaBuUMHBI NeHUuNbI (Puccinia striiformis f.sp. tritici)
B AJIMATHHCKOM 00J1acTH, npoBeaeHHblil B 2019-2021 rogax

XKenrast pxasunna (Puccinia striiformis f.sp. tritici) oTHocuTCS K Hauboiee BPEIOHOCHBIM 3a00JICBAHUSIM
mmeHuns! (Triticum aestivum L.), 0coGeHHO, BO BIaXXKHOM H IPOXJIagHOM Kimmate. B crpanax LlenTpansroit
Aszum, B TOM gmcie U B Kazaxcrane xenras pskaBuMHa IIPOJOJDKAET OCTABAThHCS CEphe3HOH O0JIe3HBIO HA I10-
CEBHBIX IUIOMAAAX HmeHunsl. B mHammx wuccmemoBanmsix 2019-2020 rr. B AnMaTUHCKOH 001acTé B
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JKamOruickom, Kapacaiickom, Tanrapckom paiioHax ObUTM OTOOpaHbl copTa, oOJafaronIve BBICOKON
YCTOWYUBOCTBIO K BO3OYIMTENIO striiformis, KOTOpbIe MPOSBUIM MMMyHHBIH THIT peakunun «IT-0: Baccay,
«Haz», «besocras—1», «Camanel»y u «Tpurtuxaze». Bwmecre ¢ TeM, Ha OCHOBaHHH JaHHBIX
(PUTOMOTOIOTMYECKOTO MOHUTOpPHHTA, B JKaMOBUIICKOM paiioHe HamOoJbIee paclpocTpaHeHHe OOJIe3HH
Habmopanocs y copta «borapHas—56», pacrnpocTpaHeHHOCTh cocTaBmia 26 %, a ypoBEeHb 3apaK€HHOCTH
pasasca 9,90 %. B Tanrapckom paiione y copra o3umoi mmeHuns! «Kaszaxcran—10» pacrpocTpaHeHHOCTb
OoJe3HN KenTasl p>kaBuMHA cocraBmia 6 %, a yposeHs 3apaxennocta — 0,52 %. B Kapacaiickom paiione y
copta «Kapacaii» BBIBIEH BBICOKHH YPOBEHb 3apa)KEHHOCTH JKENTOH P)KAaBUMHOH, PacHpOCTPaHEHHOCTD
Gone3nn coctaBuna 22 %, a 3apaxeHHocte — 1,04 %. Kpome Toro, B pesynbTare MHpOBEIEHHOIO
MoHuTOpuHra B 2021 r. ObUIM HONy4YeHB! JaHHBIE O TOM, YTO BCE HCCIEJOBAaHHBIE COPTA MIIEHHULBI ObLIN
ycToiuuBBIe K BO30OyauTento P.striiformis, B CBSI3M C CyXOH MOToJOM M OTCYTCTBHEM OCAIKOB, HHU3KOU
BIQXKHOCTBIO YCTOWYMBOCTH K 3a00JIeBaHMIO ObuIa BBICOKOH. VcciemoBaHMsI IOKA3bIBAIOT HEOOXOAMMOCTH
TIPOJIOJDKEHHST PaOOTHI, OCHOBAHHOW Ha MOMCKE HOBBIX MCTOYHHKOB YCTOHYMBOCTH K JKENTOH piKaBUMHE.
PesynbraThl SKCIIepUMEHTa MOKa3bIBAIOT, YTO B AJIMaTHHCKON oOnacté OoJblIas 4acTb COPTOB IIIECHHIBI
BOCHPHUIMYNBA K JKEITOH pXKaBUMHE.

Kniouesvie cnosa: o3umast NIIeHUa, Kejiras pKaBunHa, yCTOﬁ‘IHBOCTL, COopT, q)HTOHaTOIIOI‘I/ISI, 3HI/I(1)I/ITOTI/ISI,
MOHHUTOPHHTI, IATOI'CH.

Zh.S. Keishilov, A.M. Kokhmetova, M.T. Kumarbayeva, D.K. Zhanuzak, Sh.S. Rsaliyev

Monitoring of yellow rust (Puccinia striiformis f.sp. tritici) of wheat
in the Almaty region conducted in 2019-2021

Yellow rust (P. striiformis f.sp.tritici) is an important disease of wheat (Triticum aestivum), especially in cool
and moist weather conditions. In Central Asian countries, including Kazakhstan, yellow rust remains a
serious disease in wheat crop area. In our research 2019-2020 in the Almaty region in Zhambyl, Karasai,
Talgar regions, cultivars were selected, that have high resistance to the P. striiformis pathogen, which showed
the immune type of reaction “IT — 0: Vassa”, “Naz”, “Bezostaya-1”, “Sapaly”, and “Triticale”. At the same
time, based on the data of phytopothological monitoring, in the Zhambyl region, the greatest spread of the
disease was observed in the cultivar “Bogarnaya 56, the prevalence was 26%, and the level of infestation
was 9.90%. In the Talgar region, in the winter wheat cultivar “Kazakhstan—10”, the prevalence of yellow rust
disease was 6%, and the level of infection was 0.52%. In the Karasai region, the cultivar “Karasai” was found
to have a high level of yellow rust infestation, the prevalence of the disease was 22%, and the infestation was
1.04%. In addition, as a result of the monitoring carried out in 2021, the obtained data demonstrated that all
the studied wheat cultivars were resistant to the P. striiformis pathogen due to dry weather and lack of
precipitation, low humidity resistance to the disease was high. Research shows the need for continued work to
find new sources of yellow rust resistance. The results of the experiment show that most of the wheat
varieties in the Almaty region are not resistant to rust diseases.

Keywords: winter wheat, yellow rust, resistance, cultivar, phytopathology, epiphytotia, monitoring, pathogen.
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CpaBHUTe/ILHBIH AHAJIU3 KOPMOBOIi IEHHOCTH
COPTOB CyJIaHCKO# TpaBbl B yciaoBusax Kaparanaunckoi odJsactu

B cratee mpencraBieHbl pe3yNbTaThl HKCIIEPHMEHTAa MO BO3AENBIBAHUIO TPEX COPTOB CyAAaHCKOW TPaBbI B
ycnoBusix T. Kaparannsl. CynaHckast TpaBa — TeINIONIOOHMBasi IEHHAst KOPMOBAsi KyJIbTypa, OTIHMYAIOIICHCS
BBICOKOH 3aCyXOYCTOMUYMBOCTBIO. Bo3nenbiBacTcs A5l MOMYUYEHUs 3€JICHOr0 KOpMa, ceHa, cuiaoca. borarsiii
HUCTOYHUK BUTAMUHOB, IPOTEUHOB, MUHEPAIOB. JITOrM MOJIEBBIX ONBITOB MOKA3alM, YTO KPHUOKOHCEPBALUSL
CEMsIH CYJAHCKOU TpaBbl IOJI0XKUTEIBHO IOBIKAIA HAa IPOAYKTUBHOCTh HaJ3¢MHOM Macchl. [IpeBbinienue mno
ToKazateNsiM ypoxaiitnoct st copra «HoBocubupcekas—84» — 38,85 wra Ha ceipoii Bec u 58,80 m/ra Ha
cyxoii Bec; mist copra «Hukan — na 23,55 u 41,25 1/ra cooTBecTBeHHO; st copta «Tyraitv— 8,55 u 8,55
1/Ta COOTBETCTBEHHO. AHAJIM3 KOPMOBOH LIEHHOCTH MOKa3aJl, BCE TPU COPTa CYAAHCKOH TpaBbl MOKA3aJIH XO-
POILYI0 MUTATEIBHOCTh HAA3EMHBIX opraHoB. CopTa HE3HAUUTENbHO OTIMYAIOTCS 110 HAKOIJIEHHIO KpaxMmara,
caxapa, CHIPOTO IIPOTEHHA, 30JIbl, KAPOTHHA, Kaiblud U (ocdopa. IIpeaBapuTenbHble AaHHBIE MO3BOJISIOT
BeIeUTh copT «HoBocubupckas—84», obnamaromuii MakCUMAaNbHON yposkaHOCTBIO, a copT «Tyrait» ¢
MaKCHUMaJbHBIM HAKOILUICHUEM DJIEMEHTOB KOPMOBOM LIEHHOCTH.

Kniouesvie cnosa: xopMoBas IIEHHOCTb, CylaHCKast TpaBa, copT «Huka», copt «Tyrait», copt «HoBocubup-
cKas—84», I0JIEBOU OIBIT, IPOILYKTUBHOCTb, YPOKaHOCTb.

Bseoenue

Texymas cutyanus Mo riiod0aTbHOMY WU3MEHEHUIO KIMMAaTa JUKTYET HeoOXOIMMOCTh IIOMCKA W BBE/Ie-
HUSA B KyJBTYpY HOBBIX 3aCyX0yCTOMUMBBIX KyJIbTyp [1].

Cynanckas tpaBa (Sorghum x drummondii (Nees wx Steud.) Millsp. & Chase), ceM. Poaceae) sBasercs
OJTHOW W3 TPAAWIIMOHHBIX OJHOJETHHX KYyIbTyp, OTBEYAIONIEH BCeM TPeOOBaHUSIM BBICOKOIPOIYKTHBHOMN
KYJBTYPBI: XOPOIIasi OTAaBHOCTh (MOXKHO IOJTy4aTh JI0 2-X YKOCOB B TOJI), BBICOKAs MUTATENbHAS IEHHOCTb,
3aCyX0YCTOMYMBOCTb U BBICOKAs YPOXKAHHOCTH 3e7eHOM Macchl [2]. TpaaulinoHHO CyAaHCKas TpaBa UCIOJIb-
3yeTcs IS MOTydeHUs TpyOnIX (CEHO, CeHaX) M COYHBIX KOpMOB (3eneHast macca) [3]. Ilo mutatenbHOCTH U
YPOXKAWMHOCTH CyNaHCKas TpaBa 3aHUMAeT MEPBOEC MECTO CPEIU OIHOJETHHUX KOPMOBBEIX KyNbTyp. Tak, B
100 xr 3eneHoit Macchl coaepxutcs 19,0 KOPMOBBIX €IMHHUIl U 2,3 KI' TIepeBapuBaeMoro mporeuHa [3, 4].
Crioco6HO (hOpMHUPOBATh 3€JICHYIO0 Maccy 3a KOpoTkuii nepuog — ot 100 mo 110 nHell npu yposkaiHOCTH
TpaBel 4055 T/ra u ceMeHHOr0 Matepuana — 1,5 1/ra [5, 6].

B Kazaxcrane cymaHckyro TpaBy ycmnemHo WHTpomxynupoBanu B CeBepHoMm u 3anmagHoMm KaszaxcraHe
[7, 8] ¢ ucmpITaHUEM CIEIYIONTNX COpTOB, Kak «Kmaembckas—100», «HoBocubupckas—84» u «Tyrait». On-
Hako B LlenTpansHom KazaxcTana nanHas KynbTypa paHee HE UCCIIe0Baach.

ens HacTOsAIIEr0 WCCICIOBaHMSI — OICHUTH CTPYKTYPY YPOXKas U KOPMOBYIO IIEHHOCTh CyJIaHCKOM
TpaBbI B ycIoBusx T. Kaparauebl.

Mamepuanvt u memoost

OOBeKTOM HCCIeoBaHUs SIBISUIMCH ceMeHHOM Mmartepuan (copta «Hukay, «Tyrait» u «HoBocubup-
ckasi—84») u pactenus. Cemena Obun npeactasineHsl TOO «Hay4yHO-IpOM3BOICTBEHHBIN LIEHTP 3€pHOBOTO
xo3siicTBa M. bapaeBa» (moc. llopranmsn). IloneBrie U 1abopaTopHbIC WCCICIOBAHUS OBUTH MPOBEACHHI B
2020-2021 rr. Ha KOJUIEKIIMOHHOM y4YacTKe OHojIoro-reorpaduueckoro ¢akynbrera KaparanamHCKOro yHH-
BepcuTeTa UM. akagemuka E.A. Bykertosa.

Pasmep mensHOK 15 M2, TIOBTOPHOCTH Gbuta 4-KpaTHas. [10UBbI HA YYacTKe KALITAHOBBIE, TJIMHKUCTHIE,
cnabozaconennsie. [loceB nmpoBoaumu B nomsumane (3-s nekama okTsaopst 2020 r.) u Becennne (2-1 aexana
mast 2021 r.) cpoku. Hopmbl BeiceBa — 0,001 kr/m?. CeMena 10 moceBa XpaHWiv B 2-X BapuanTax: 1) Oy-
MaxxHast Tapa pu temnepatype +12 °C; 2) B cocyne Jroapa B xxuakom azote [9].

YXonHbIE MEPOIIPUATHS CIIEAYIOIINE: TTOJIUB 4—6 pa3 B Mecsll, HOPMBI IIOJIMBA — A0 5 J1 HA JIEJISHKY;
MIPOIOJIKAa OT COPHOW PACTUTENBHOCTH, MOAKOPMKA B 1-i1 ekae HIoHs.
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Ouenky ypoxxaiHocTu mpoBogmwiu B aBrycte 2021 r. [10]. [dnst kaxaoro copra OIEHUBAIN CHIPOM U
CyXOH BEC COIBETHS W BCEW Ham3eMHOW Macchl. CKaIlTMBaHWE 3CJICHOM MAacChl IJIS OICHKH IHUTATEeILHOMN
[IEHHOCTH MPOBOAWIH B (pase 00pa3oBaHUs METENKH, CKAIIMBAHNE OCYIIECTBISUIA HAa BBICOTE 5—7 CM OT I10-
BEPXHOCTHU TOYBBI.

HccnenoBanue nuraTesibHOM IIEHHOCTH HAJA3€MHOM Macchl BCEX COPTOB CYJAHCKOW TpaBbl OCYIIIECTB-
nsM Ha 0a3e McHbITaTeNnbHOro HeHTpa Kasaxckoro Hay9dHO-HCCIEI0BATENbCKOTO HHCTUTYTA KUBOTHOBO/I-
CTBa M KOPMOIIPOU3BOACTBA. 110 BapuaHTaMm OmbITa OLCHUBAIU COACPXKAHUE CYXOrO BEIIECTBA, MPOTCHHA,
KJIETYAaTKH, KpaxMana, KapoTHHA U Apyrue nokaszarenu [11].

Cratuctuueckyio 00pabOTKy pe3yibTaTOB MPOBOJMIN C TPUMEHEHHEM OHJIAMH KaJbKyJIsITOpa
https://medstatistic.ru/calculators.html.

Pesynomamot u ux obcyscoenue

AHanu3 MoJNeBBIX OIMBITOB IMOKA3aJl, YTO MOJ3UMHHUE CPOKHU MOCeBa HE Jaiu BCX0A0B. [loceBbl B BeceH-
HUE CPOKHU OKazanuch Ooliee 3 PeKTHBHBIMHU, BCXOXKECTh cocTaBuia 85-90 %.

CpaBHEHHE BapUaHTOM OIBITOB C MPUMEHEHUEM CEMSH, XPAaHUBIIUXCS TPH Pa3HBIX YCIOBHSX, ITOKa3a-
JI0, YTO MPOJYKTHUBHOCTh PACTCHHM, TTOMYYSHHBIX M3 CEMSIH IOCJIC KPUOKOHCEPBAIIUY, OKA3aJIach BBIIIC, YEM
Y CEeMSH, XpaHUBIITUXCS MPH OOBITHBIX YCIOBHX (Tab. 1).

Tabnuma 1

IIpoayKTHBHOCTH HA/I3eMHOI MacChl COPTOB CYaHCKO#i TPaBbI
B 3aBHCHMMOCTH OT CII0c00a XpaHeHHsI CEMEHHOI0 MaTepuasa B ycaoBusix r. Kaparanani

Ceipoii Bec B epecuere Ha | Cyxoil Bec B mepecuere .
Y poxkaliHOCTb, 1/Ta
Copr Bapuanr OJTHO pacTeHue, T Ha OJIHO PACTEHHE, T
XpaHEHHs CeMsH HaJ3eMHast HaJ[3¢MHAsi | Ha CBIPOU |HA CyXOoW
COLBETHUS COLIBETHS
4acTh 4acTh BEC BeC
e | 2596151 | 6450290 | L735097| 3795168 | oo | segs
HoBocubupckas— 0,29 0,56 0,19 0,32 ’ i
84 S 3.6242.44 9.04+5.38 | 3.1542.19| 7.714+6.42
0242, ,04+5, L1542, 7146,
Kpuoxpanenue 0.65 1.44 0.57 1.66 135,60 115,65
o | 2088106 | 5874299 | 3794168 | 3A34LTT | gq s | sy
HOTOMITEALHON 0,24 0,57 0,32 0,34 ’ .
Huxa TeMIeparype
2,73£1,93 7.44+5,02 |3.01+£2,29| 6.184+4.74
Kpuoxpanenue 034 0.87 0.40 0.84 111,60 92,70
Hoﬂomlgggmoﬁ 2204164 | 5334398 | LI8:LIS| 3.67238 | ooc | ssos
. 0,41 0,99 0,31 0,62 ’ ’
Tyrait TEeMIIepaType
2,29+1,85 4,76+4.08 |2,25£1.80| 4.24+3.88
Kpuoxpanenue 032 0.70 0.40 0.87 71,40 63,60
*[Ipumeyanue. B uncnuresne M + m, B 3HaMeHaresne omuoOka P.

Tak, nns copra «HoBocuOupckas—84» mpeBbllieHHE YPOKaWHOCTH HAA3€MHOW Macchl B BapHaHTE
XpaHEHHUs! CeMSH NP MOJIOKUTENBHBIX TEMIIepaTypax Ha ChIpoil Bec coctaBmio 38,85 1/ra, Ha cyXxoil Bec —
58,80 1/ra; mis copra «Huka» — Ha 23,55 u 41,25 n/ra, COOTBETCTBEHHO; It copta «Tyrai» — 8,55 u
8,55 1y/ra, coorBeTcTBeHHO. TO €cTh /I BCeX COPTOB CEMEHA IOCIEe MPUMEHEHUS! KPHOKOHCEPBALMH AN
JOCTOBEPHO 00Jiee BHICOKYIO MPOAYKTUBHOCTD U YPO>KaHHOCTh HaI36MHON MAacCHl.

CpaBHEeHHE ypOXAaWHOCTH COPTOB IOKa3ajio, YTO MaKCHMalbHBIC 3HAUYeHHs 3aHCHUPOBAaHBI y cOpTa
«HoBocubupckas—84» — 115,65 1/ra B mepecueTe Ha cyxoi Bec. Bropyio mo3uiuio 3anumaet copt «Hukay»
— 92,70 kr/ra B mepecyere Ha cyxoi Bec. Camasi HU3Kas ypoxKaiiHOCTh oTMeueHa y copTa «Tyrai» — 63,60
1/Ta COOTBETCTBEHHO.

Pe3ynbTathl Ol1eHKH KOPMOBOMH LIEHHOCTH COPTOB CYAAHCKOW TpaBbl IIPE/ACTaBIIEHb! B Tabauuax 2—4.
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Taonuma 2

KopmoBas neHHOCTHh HaA3eMHOI Macchl CyJaHCKO TpaBbl copTa Tyraii, BbIpanieHHoii U3 ceMsH,
XPaHUBUINXCS MPHU MOJ0KUTETBHBIX M CBEPX KPUTHYECKMX HU3KHUX TeMIlepaTypax

XpaHeHMe IpHY NOJIOKUTCIIbHBIX

ITocne KPUOKOHCCPBAallUn

Ne HaumenoBanue TeMIEpaTypax
n/n nokasarenen B kopMe HaTypanbHOH BIaXKHOCTH B kopMe HaTypanbHOH BIaXKHOCTH
coJiepXkaHue, I | conepxanue, % coJiepXkKaHue, T cojepxkanue, %
1 |Cyxoe BelecTBO 850 85 850 85
2 |OpraHudeckoe BEeLECTBO 786 - 794 -
3 |BmaxHOCTb 150 15 150 15
4 |Ceipas 30512 64 6,4 56 5,60
5 |Celpo#i npoTenH, 113 11,3 116 11,6
6 [BTE nepeBapuBaeMblit 59,07 5.91 60,64 6.06
IPOTEUH
7 |Ceipoit xxup 33 3,30 34 3,40
8 |Colpas kiieTyaTka 328 32,80 329 32,9
9 |BDB,rBT.4 312 31,20 315 31,5
10 |Kpaxmai, % 1,50 0,60
11 |Caxap, % 7,55 9,50
12 |KapotuHn, Mmr 21,50 22,60
13 |Kanbuwmid, % 1,14 1,14
14 |Dochop, % 0,32 0,29
[MuraTenpHas HIEHHOCTh KOpMa
15 |Obmennas aueprusi, MJx 7,34 7,42
16 |OKE 0,73 0,74
17 |KopmoBasi equHHIa 0,48 0,49
Tabnuna 3
KopmoBasi HeHHOCTH Ha/13eMHOIi Macchl cyJaHCcKoil TpaBbl copTa «Huka», BbIpallleHHOH U3 ceMsiH,
XPaHUBUINXCH NPH NMOJ0KUTENBHBIX H CBePXKPUTHYECKUX HU3KHX TeMIlepaTypax
XpaHEeHHUE NPU MOJOKHUTEITBHBIX
ITocne xpuokoHcepBau
Ne Haumenosanue TeMIleparypax
n/n nokasarenen B kopMe HaTypanbHOM BIaKHOCTU B kopMe HaTypanbHOM BIaKHOCTU
coJiepXkKaHue, T conepxanue, % coJiepXkKaHue, T conepxanue, %
1 |Cyxoe BelecTBO 850 85 850 85
2 |Oprannyeckoe BelecTBO 793 - 784 -
3 |BmaxHOCTb 150 15 150 15
4 |Ceipas 30512 57 5,70 66 6,60
5 |Ceipoii npoTeuH, 111 11,10 105 10,50
6 [BTE nepeBapuBacMblii 58.03 5.80 54.89 5.49
MIPOTEHH
7 |Ceipoii xxup 33 3,30 32 3,20
8 |CelIpas kireT4aTKa 328 32,80 325 32,50
9 |B9B,rB T4 321 32,1 322 32,20
10 |Kpaxmai, % 2,50 0,90
11 |Caxap, % 6,14 5,59
12 |KapotuH, MT 21,60 21,60
13 |Kanbiui, % 1,14 1,50
14 |®ochop, % 0,33 0,27
[TutaTenpHas HEHHOCTh KOPMa
15 |O6mennas saeprus, MJIDK 7,40 7,30
16 [9KE 0,74 0,73
17 |KopmoBas enmuHUIA 0,48 0,48
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Taonuma 4

KopMoBasi ieHHOCTb HaJ3eMHOM Macchl CyIaHCKOi TpaBbl copTa «HoBocudupckas—84», BoIpalleHHOH 13
ceMsH, XpaHUBIIUXCSA MPH MOJI0KUTEIbHBIX U CBePX KPUTHYECKHX HU3KUX TeMIlepaTypax

XpaHEHUE MPU MOJIOKHUTEITBHBIX
[Tocne xpuokoHcepBaLMK
No HaumenoBanue TeMIepaTypax
nokasaresiein B kopMe HaTypanbHOM BIaKHOCTU B kopMe HaTypanbHOM BIaKHOCTU
coJiepXkKaHue, T conepxanue, % coJiepXkKaHue, T conepxanue, %

1 |Cyxoe BeliecTBo 850 85 850 85
2 |Opranuueckoe BEIIeCTBO 780 - 773 -

3 |BiaxHocTh 150 15 150 15

4 |Ceipas 30112 70 7 77 7,70
5 |Celpoii npoTeuH 106 10,6 99 9,90
¢ BT repeBapuBaeMbIii 55.41 5,54 51,75 5.18

POTEHH

7 _|Celpoii xup 33 3,30 32 3,20
8 |CelIpas xieTryaTKa 325 32,50 332 33,20
9 |B9B,rBT.4 316 31,60 310 31
10 |Kpaxwmain, % 1,50 1,20

11 |Caxap, % 5,50 3,97

12 |Kapotun, Mr 21,70 22

13 |Kanpuuii, % 1,17 1,01

14 |Dochop, % 0,33 0,32

[TuTatenpHast ICHHOCTh KOpMa

15 |Oomennas sneprus, MK 7,27 7,19

16 |9KE 0,73 0,72

17 |KopmoBas enuHuna 0,47 0,46

Pe3ynpTaThl moka3anu BBICOKYIO MHUTATENBHYIO IIEHHOCTh BCEX TPEX HCCIETYEMBIX COPTOB CYAAaHCKOM
TpaBbl — 0T 0,46 10 0,49 KOPMOBBIX €IUHHII.

Hns copra «Tyraii» He BBISIBIEHO IOCTOBEPHOM pa3HUIIBI MEXK]ly BapUAHTAMM OIbITA 10 HAKOIJIEHUIO
CBIPOTO TIPOTEWHA, XKHUPa U CHIPOH KileT4aTku, Gocdopa u kanpiuia. OTMEUEHO, YTO B PACTEHUSX, ITOIYICH-
HBIX W3 CEMSH, XPaHUBIIHUXCS TPU IMOJOKUTEIBHBIX TEMIIepaTypax, CoJepaHHe Kpaxmalla OKa3alioch B
2,5 pa3a BbIllle, YeM B BapHaHTE C CEMEHaMH Tocje KpuokoHceppanuu. OO0Iiee cojep aHue OpraHnIecKux
BEIIIECTB OKa3ajach BHIINIE MOCce KpruoKoHcepBarui — Ha 8 T Ha 100 r Ham3eMHON MacChl, COEpKAHUE ChI-
poro nporenHa — Ha 0,3 %, B ToM umcne nepeBapuBaemoro nporenHa — Ha 0,15 %. IIuraTensHas nes-
HOCTh OTIn4anach He3HaunTeabHo — 0,48 1 0,49 KOPMOBBIX €IMHUII.

Hns copra «Huka» mo KOTHYECTBEHHOMY COAEP)KAHUIO MPOTEHHA JYYIIWNA Pe3yibTaT MOJMY4YeH I
HaJ3€MHON MaccChl, MMOIyYEHHOW U3 CEMSH, XpaHUBIIHXCS IPH MOJN0KUTENbHON Temnepatype — 11,10 %, B
BapHaHTe nociue kpuokoncepsauu — 10,50 %, aHaJOrMYHO 10 KOJMYECTBY NEPEBAPUBAEMOTr0 MPOTENHA —
5,80 u 5,49 % coorBercTBeHHO. [IUTaTeNbHAS IIEHHOCTh KOpPMa IO BapHaHTaM OIBITA HE OTJIWYalach U CO-
craBuia 0,48 KOPMOBBIX €IMHMII.

VY copra «HoBocubupckas—84» BapuaHT ¢ XpaHEHHEM CEMSIH TP MOJIOKHUTENbHBIX TeMIIepaTypax He-
3HAYUTENFHO MPEBHIIIA] BapUAHT C MPUMEHEHHEM KPHOKOHCEPBAIMH MO0 HAKOIUJICHHIO OPTaHUYECKHUX Be-
IIECTB, CHIPOTO U MEPEBAPUBAEMOT0 MTPOTEHHA, CBIPON KJIETUATKH, caxapa, KapOTHHA, KaJIbI[Hs, MMTaTeIbHON
LIEHHOCTH.

CpaBHEHME Tpex COPTOB MOKa3ajlo, YTO CyAaHCcKas TpaBa copTa «Huka» mpeBblana ocTanbHbIE COpTa
[0 TaKUM TIOKa3aTelsiM, KaK HaKOIUICHHE OPTaHWYECKHUX BEIECTB, CHIPOTO JKMpa, KpaxMmasia U KapoTHHa. Y
copta «Huka» oTMe4eHO MaKCHUMabHOE COJIepKaHue CBhIPOi 30I1bl, pochopa u kampnus; y copta «HoBocu-
Oupckas—84» BBISIBICHO MaKCHMAIBHOE HAKOIUICHHWE CHIPOM KileT4aTkH. lluTaTenbHas IIEHHOCTh MEXIY
COpTaM¥ OTINYAETCS HE3HAUUTENBHO, TO UX MOXKHO MPUMEHSTh KaK HCTOYHHUK KOPMOBBIX PECYPCOB.

Baxnouenue

Takum 00pa3oM, pe3ynbTaThl TOJEBBIX OIMBITOB IPOJIEMOHCTPUPOBAIIN, YTO KPUOKOHCEPBAIUS CEMSH
CYIaHCKOM TpaBbl MOJOXKUTEIBHO MOBIMsIA HA NPOAYKTUBHOCTh U YPOXKANHOCTH PAaCTCHUN Ha OMBITHOM
y4acTke B ycnoBusax T. Kaparannel. Pactenus, BelpalieHHbIe U3 CEMSH TOCIIE KPHOKOHCEPBAIH, HMEH 00-
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Jiee BBICOKHE MOKa3aTeNH MPOAYKTUBHOCTH. MakcuMmanbHas ypoxkailHOCTh oTMeueHa it copta «HoBocu-
oupckas—84».

AHann3 KOpMOBOW [IEHHOCTH CyJaHCKOM TpaBbl TPEX COPTOB MOKA3aJl, YTO COPTA U BAPUAHTHI MTOJIEBOTO
AKCIIEPUMEHTA OTIIMYAIOTCS MEXKAY COOO0M COEepKaHUEM KpaxMalia, caxapa, ChIporo IpoTeHHa, ChIPOI 30ITbI.
Jlydmme pe3ynbTaThl IO HAKOIJIEHUIO KOPMOBBIX 3JIEMEHTOB OTMEUEHBI Juisi copta «Tyraity». IlutatensHast
[IEHHOCTh MEXy COPTaMH 1 BapHaHTaMH OIBITA OTIIMYANIACh He 3HAYUTENHHO.

[IpenBapuTenbHble aHATH3BI TOKA3BIBAIOT NEPCIIEKTUBHOCTh NMPUMEHEHUs copTta «HoBocubOupckasi—84»
JUTSL TPOU3BOICTBA KOPMOBOM Macchl B yclousix KaparaHnnHCKo# 00macTu.
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A.H. Manuesa

Kaparanasbl 00J1bIChI :KaFalibIHAA CY/AaH 11001 COPTTAPBIHBIH a3bIKTHIK
KYHJBUIBIFBIH CAJIBICTBIPMAJIBI TAJIAY

Makanaga Kaparanapl KanacblHbIH OKaFgaiblHIa CyaaH I[1e0iHiH Yyl COpTHIH ocipy OoibIHIIa
JKCIIEpUMEHTTIH HoTmkenepi Oepinren. Cynan me0i — KypFakKUIBUIBIKKA TO3IMAUTIMEH epeKIIeeHeTiH
JKBUTY CYHTIII KYHIBI JKEMIIen Jakpuibl. JKachLl jkeMm, Lien, cyp uen amy yuiH ecipigemi. Kypamsr
JopyMeHIepre, IPOTESHHIECPTe, MUHepaiapra 0ail. Jlanansik ToxxipubenepIiH KOPBITHIHIBICH CyIaH Me0iHIH
TYKBIMAApEIH KPHOKOHCEPBALMATAY >KEPYCTI MacCachIHBIH OHIMIUIrIHE OH ocep eTKEHIH KOpCeTTi.
Omnimainik kepcerkimi OoibrHma «HoBociOip 84» copThIHBIH mmKi canMarel — 38,85 m/ra jkoHe Kyprak
cammak 58,80 w/ra; «Huka» copthl OolibiHmIa THiciHme 23,55 xone 41,25 n/ra; «Torait» copThl OOMBIHINIA
tuiciHme 8,55 xoHe 8,55 apreik. JKemiuenm KyHABUIBIFbIHA Tajjayda CynaH IeOiHIH OapiblK 3 cOpThI
JKEPYCTI MyILeNnepiHiH jKaKkchl KOpeKTilirin kepcerti. Coprrap Kpaxmai, KaHT, LIHKI IPOTEHH, KyJI, KAPOTHH,
KaJIbIMi sxoHe ocdopAbIH KUHATYBI OOMBIHINA IaMallbl epeKIIeeHe . ANIbIH ana MATiMeTTep OHIMILIIr
sxorapel «HoBociOip 84» COPTHIH oHE a3bIKTHIK KYHABLIBIK dJIEMEHTTepi OapbiHIIa XuHaKTanFaH «Torai»
COPTHIH 06JII KepceTyre MyMKIHIIK Oepei.

Kinm cesoep: xxeMien KyHIBUIBIFB, cyaaH me0i, «Huka» coptsl, «Toraity» coptsl, «HoBoci6ip—84» copTsl,
JlaJajblK TXIprOe, KYHapIIbUIBIK, OHIMIILIIK.
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Comparative analysis of fodder value
of Sudanese herb varieties in the Karaganda region

The article presents the results of an experiment on the cultivation of three varieties of Sudanese grass in the
conditions of Karaganda city. Sudanese grass is a heat-loving valuable food crop with high drought
resistance. It is cultivated to produce green feed, hay, silage. It is a rich source of vitamins, proteins, minerals.
The results of field experiments showed that cryopreservation of Sudanese grass seeds had a positive effect
on the productivity of the aboveground mass. Excess in terms of yield indicators for the “Novosibirsk 84”
variety is 38.85 c/ha for raw weight and 58.80 c/ha for dry weight; for the “Nika” variety — by 23.55 and
41.25 c/ha, respectively; for the “Tugai” variety — 8.55 and 8.55 c/ha, respectively. According to the fodder
value analysis, all three varieties of Sudanese grass have good nutrition of aboveground organs. Varieties
differ slightly in the accumulation of starch, sugar, raw protein, ash, carotene, calcium, and phosphorus.
Preliminary data make it possible to distinguish the “Novosibirsk 84 variety with the maximum yield, and
the “Tugai” variety with the maximum accumulation of elements of fodder value.

Keywords: fodder value, Sudanese grass, Nika variety, Tugai variety, Novosibirsk—84 variety, field
experience, productivity, yield.
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AHaToMHn4ecKoe CTpoeHue A3bIMK0BOro uBetka Echinacea purpurea (L..) Moench

B crathe mpuBeneHBI pe3yibTaThl HAYYHBIX HCCIICIOBAHUI 110 ONPENENICHUI0 aHATOMHYECCKOTO CTPOCHUS
SI3BIYKOBOTO IIBeTKAa Echinacea purpurea (L.) Moench, naTpoaynpoBaHHOTO B yCIIOBHAX fora Kazaxcrana.
JIJis IpUroTOBJICHUST MUKpOTNpenapara ObUTM B3SITHI S36IYKOBEIC IIBETKU PACTEHHsS, OHH IypITypOBbIC, 2,5—
6 cM anuHBL, BHyTpeHHHE 4 MM anuHbl. [IIeHKH 1BeToJ0Xa JTaHIeTHO-IwIoBHAHbIe, 1-1,5 cM mnuHEbl, 1-
1,5 MM mMpuHEL, ¢ IPAMOI KoJroueil BepXymkoil. Panee Hamu ObUIH M3yYeHO aHATOMHUYECKOE CTPOCHME JIU-
cTa, cTeOysl U KOPHsS dXHMHaleu myprypHoil. Llenb mccnemnoBaHus — M3y4eHHE aHATOMHUYECKOTO CTPOCHUS
SI3BIYKOBOTO 1BeTKA E. purpurea ¢ BBISBICHHEM XapaKTEPHBIX ISl JAaHHOTO BHIA THArHOCTUYECKHUX MPHU3HA-
KOB, HEOOXOAUMBIX U1 pa3paboTKu 3PPEKTUBHBIX U MaJOTOKCHYHBIX OTCUECTBEHHBIX NpemaparoB. s
MTOJTHOM JIMATHOCTHKH JICKAPCTBEHHOTO PACTUTEIHLHOTO CHIPhS IPUBEICHBI CBEACHUS 00 aHATOMUYECKHX 0CO-
OCHHOCTSIX T'C€HEPAaTHBHBIX OPTaHOB HCCIICIYyEMOTO BHJA, KOTOPHIC MOXHO BHJIETh Ha MHKpO(hOTOrpadusx,
C/ICIaHHBIX KOMIBIOTEPHOW MUKPO(POTOHACAIKON. BBISBICHBI ClleAyIOIINe aHATOMUYECKHE MTPU3HAKH, HE0O-
XOAUMBIC [UISl UACHTH()UKALUK CHIPbS, T.€. 3TO JUAarHOCTHYECKHE HMPH3HAKH, 110 KOTOPBIM OPraHbl PACTEHHI
MOYKHO OTJIMYUTDH OT aHAJOTHUYHBIX OPraHOB JPYroro PacTeHHs: OYePTAHUE KICTOK BEpPXHEH JMHIepMBbI Mpsi-
MOJIMHEHHOE, TPOSKLHUsI UX MHOTOYrojbHasl, Ha HIKHEH OHO ClIabOM3BHIMCTOC; YCThHIA HEMOTPYKEHHBIE,
AQHOMOLIUTHOTO THIIQ; CTPOCHHE Me30(hHIUIa S3BIYKOBOTO I[BETKA — a9PEHXMMHOE C XOPOILIO BBIPaXKCHHBIMHU
MEXKKICTHUKAMH U3 JIAKYHbI, HATNYNE IDIACTHHYATON KOJUICHXUMBI 10/ a0aKCHATBHOW 3MUACPMOM; POBO-
JIIUE TyYKA 3aKPBIThIE KOJUIaTepalIbHBIC;, PACIIONOKCHUE CXH30I'€HHOTO THIA CEKPETOPHBIX BMECTFLIHIL
HaJT IPOBOASIIIMH ITy9IKaMH.

Kniouesvie cnosa: nekapCTBEHHBIC PAaCTEHHs, MACHTU(HKAINS, S3HIYKOBBIC IIBETKH, aHATOMMS, SIHAEPMa,
YCTBHIIA, MAPEHXHMa, TPOBOAAIINE My YKH.

Bseoenue

B mHacTosiiee BpeMs 4enoBEYECTBO BO BCEM MHpPE CTPaAaeT OT OYpHOTO pOCTa W PacHpOCTPAHECHHS
BHPYCHBIX 3a00JICBaHU, y)KE€ U3BECTHBIC BUJbI BUPYCOB MYTHUPYIOT, M OpPTraHU3M YeJIOBEKa HE CIPABIISICT-
Csl C HEM3BECTHBIMH areHTamu. MIMeHHO Iifon co cnaObIM IMMYHHATETOM U MHOYKECTBOM COITYTCTBYIOIIHX
00JIe3He 0YEeHD THKENIO TIEPEHOCAT WHPEKIINIO, YBEIMIUBAIOTCS JIETAIbHBIC CIydan. B CBs3M ¢ 3THUM 3Ha-
YUTEJIBHO MOBBICUIICS CIIPOC Ha JIeueOHBIC MpenapaThl, KOTOPHIC YKPEIUISIOT U TOBBIIIAIOT UMMYHUTET Ye-
JIOBEKA.

B 5TOM OTHOIIEHNH Ha CETOMHANIHUN JE€Hh CAaMBIM MOITYJIAPHBIM JIEKapPCTBEHHBIM PACTEHUEM SIBIISIETCA
AXHHAIles MypITypHas, MpenapaThl KOTOPOH YCHUIIMBAIOT 3alUTHBIE (DYHKITMH OPTaHOB M TKAHEH 3a CUET CTH-
MYJISIIUA BOCIIPOM3BOJICTBA UMMYHHBIX KJIETOK. DXWHAICI0 MYPIYPHYIO JUIS JISYCOHBIX IIeNIeH Havall WC-
rostb30BaTh emie B X VIII B., aTo pactenne 6pu10 3aBe3eHo B EBpory B XIX B., a B XX B. — B cTpans! CHI'.
VY nac B KazaxcraHe ee BeIpanuBaioT ¢ KoHIa XX Beka [1].

B pone OxuHatiess HACUUTHIBACTCS 5 BUIOB, 2 U3 KOTOPHIX B JUKOM BHUJIE TIPOM3PACTAIOT B MEKCHKe, a
3 — B CeBepHoit AMepuke. DXHHales MypIypHas H3HavaabHO Oblia onucaHa K. Jluadeem B 1753 r. BHaua-
Jie o HazBaHWeM PynOekwst myprnypHas — Rudbekia purpurea L. B 1794 1. K. Moench Beimenmn sxuHa-
IICI0 B OTJICNBHEIN POJI, MCIIOJIb30BaB B KAUECTBE OTIMYUTEIBHBIX MPU3HAKOB HAIMYUE MyPIYPHBIX WIA Ma-
JIMHOBBIX IIBETKOB, KECTKHX KOJFOYWX, IIWIOBUIHO-3a0CTPECHHBIX NPUIBETHUKOB. Ha3BaHue «dXHUHAIEsS»
MPOM30ILIO OT CJIOBA «echinosy — «koirouuity. B Meaunuue ucnonbytotes 3 Buaa: Echinacea purpurea
(L.) Moench, E.pallida (L.) (Nutt) u E.angustifolia (L.) Dc., oTHOcsIIHecs K OOIIMPHOMY CEMEHCTBY
Asteraceae. JlukopacTyIiuii BUJ 3XHHALIEH MypITypHOH pacTeT B CeBepHOH AMepHKe, TaM OHA BCTpedaeTcs
B CYOTPOITMYECKOM 30HE, B CMEIIaHHBIX U B JINCTBEHHBIX JIecaX, Ha paBHUHAX M Topax [2].

JlekapCTBEHHBIM CBHIPHEM SIBJISIIOTCSI BCE OpPraHbl pacTeHUi. BripaliuBaHueM 3XuHalEn MypIypHOR J1ist
3aroTOBKH OOJIBIIMX 3aI1acOB JICKAPCTBEHHOT'O PACTUTEIILHOTO ChIPhsS 3aHUMAIOTCs Ha YkpanHe u CeBepHOM
Kasxka3ze 3oHanbHbIC onbITHEIE cTaHn BUJIAP, a Takxke B Camapckoit u benropoackoii oomactsix [3].

Cepusa «brnonorusa. MeguunHa. Neorpacusa». Ne 2(106)/2022 95



P.Y. MambikoBa, I".T. [>xamanosa u gp.

JledyeOHOE neiicTBHE SXUHAIEH MTyPITYPHOU CBS3aHO C HAJTMYUEM B KOPHSIX U B TpaBE MHOTUX OMOJIOTH-
YEeCKH aKTHBHBIX OPTaHMYECKUX BEUIECTB, B YACTHOCTH, IMOJMCAXAPUAOB, AIKOJIOUIOB, TIIOKO3bI, HHYJIHHA,
CalloHMHOB, MHUKpOo3JeMeHTOB. CojepkaHue 3QHUPHBIX Macel He3HAYWTEIbHO: B HAJI3EMHBIX OpraHax (OT
0,05 mo 0,15 %, B momzemusbix opranax — 0,20 % [4].

Kpowme 3Toro, ycraHoBiieHO, 4TO 3XWHAIEs] MyPIyPHAS COAEPKHUT OOIBIIOE KOTUIECTBO HE3AMEHUMBIX
AMUHOKHCIIOT, BXOJISAIINX B COCTaB OeiKa, MpUYeM X KOJIMYECTBO PaBHOIIEHHO C TAKUMH KYJIbTypaMH, KaK
ropoX, JIIOIepHa U BHKA, U IIO3TOMY €€ BBIPAIIMBAIOT B KOPMOIIPOM3BOJCTBE B KauecTBe QPuUTON00aBKH [5].
Bnaronapst nonromy nepuony usetenus Echinacea purpurea nepcieKTHBHA KaK MEIOHOC MPU MO3IHUX CPO-
Kax B3ATKa.

Hanmuue B 9xuHAamiee Makpo- 1 MUKPOIJIEMEHTOB CIIOCOOCTBYET BHICOKOMY MPOSBICHUI0 HMMYHOCTH-
MYJIUPYIOIIEH aKTUBHOCTU. B HacTosiee BpeMsl YUYCHBIMU yYCTAHOBJICHO, UYTO TAKHE€ MHKPOAJIEMEHTHI, Kak
JTUTHH, IIMHK, CEJIeH, MapraHell, KoOanbT, jKelIe30 HOPMAIN3YIOT (YHKIIMA UMMYHHOU CHCTEMBI. A UMEHHO
JXMHAIles] KaKk pa3 OoraTa STUMH JJIEMEHTaMH, MIPUYEM 0CO00 BaXKHBIE TP JJIEMEHTA, TaKHe KaK IHUHK, KO-
0aJIbT U CEJICH HAKAIUTMBAIOTCS BO BCEX OpPTraHaX JaHHOTO PACTCHHS OJHOBPEMEHHO [6].

B Hacrosimee Bpemsi B HAYYHOH MenuIIMHE MPUMEHSIOTCS Oosiee 50 mpernapaTtoB 3XWHAICH, OHU Ipe-
MMYIIECTBEHHO 3apy0eKHOTO MPOM3BOACTBA. B CBS3M ¢ 3TUM pa3paboTka OTEHYEeCTBEHHBIX UMMYHOCTHUMY-
JUPYIONINX MPETapaToB Ha OCHOBE 3XUHAIICH CTalla aKTyallbHOW 3a/1a4ueil B 00JIacTi OMOJIOTHH, (hapMaIuu 1
MEUIMHEL. B Hapo HOW MEAWIIMHE U3 CHIPhS 3XWHAIICH TTOTYYarOT JJIsl BHYyTPEHHETO MPUMEHEHMYSI: pa3iiny-
HBbIE KaK BOJHBIE HACTOM, TaK U OTBAPHI, CHUPTOBBIE HACTOWKH, JIJISI HAPY)KHOTO IIPHUMEHEHHUS: Ma3H, 1iened-
HBIE Maclia, KpeMsl [7].

Takum 00pa3om, JEKapCTBEHHBIC PACTCHUS POJIa IXUHAICS SBISIFOTCS OOBEKTAMHU TSI KOMILIEKCHOTO
BCECTOPOHHETO M3Y4YeHHS B 00JacTh OWMOJIOTHH, arpOHOMHH, (hapmarmy C IeNbI0 CO3JaHus MpernapaToB C
MMMYHHOMO/IEINPYIONIEH aKTUBHOCTHIO.

Mopdorenes no hazam ontTorenesa Echinacea purpurea Obul uzyden B.M. MeHbmoBoli Ha YkpauHe
[8]. B ycnoBusix Cpennero Ypana mophoOromornyeckasi XapakTepUCTUKA ¥ OMOJIOTHSI I[BETCHUS DXHHAICH
MypIypHOM W y3KoJuCTHOM BrepBble m3ydeHsl E.C. BacdmioBol, 0cOOCHHOCTH BOAHOTO peXHUMa —
O.A. UneunackuMm [9, 10]. B npearopHoii 30He 3annuiickoro Anatay paccCMOTPEHO MHAMBHIYaJIbHOE pa3BH-
THE 3XUHAIEH TypIypHOU B KynbType [11].

Ha cerogusmauil 1eHs TpaBa dXUHAIEH MypHypHOH KynbTuBHpyeTcs Ha OO0 «Biritminvesty B Y30e-
KHCTaHe.

Uzyuensl Mmopdonornueckne 0COOCHHOCTH U pa3paboTaHbl arpOTEXHUYECKHE CIIOCOOBI BBIPAILIMBAHUS
9XMHAIleN MypPIypHOU B MPEAropHOH 30HE rora KazaxcraHa, 9To MO3BOJISET paccMaTpuBaTh BO3MOXKHOCTH
WCTIOJIb30BaHMS KYJIBTYPHBIX 3apOCIiei B KAUeCTBE CHIPhEBOW 0a3bl s (hapMareBTHUECKON MPOMBIIIIICHHO-
CTH.

VYcranoBieHo, uro B ycnoBusix HOxnoro Kaszaxcrana E. purpurea OTIu4aeTcs BBICOKOM CEMEHHOMU
MIPOAYKTHBHOCTBHIO, Aa€T OOJBIION YpoXKall ChIPhA U, SIBIISAACH MEPCIEKTUBHBIM JIEKAPCTBEHHBIM PAaCTEHHEM,
BeIpammBacTcs B CalipaMckoM paiioHe TypkecTaHCKOH 00JacTH B KPECThIHCKOM X03sHcTBe Takmmaxamar.
Pe3ynbTaThl HaydHBIX UCCIICAOBAaHUI OBUTM BHEAPEHBI B TPOU3BOICTBO TIPU CO3/IaHUU PA3JIUYHBIX JICUEOHBIX
HarmutkoB B AO « BU3UT» [1].

Becbma BaXHBIM MOMEHTOM Ha IIYTH OOECTICUEHUS JIEKAPCTBEHHBIM PACTHTEIHHBIM CBHIPHEM SIBIISETCS
o0ecrieyeHue UX KauecTBa, 3PPEKTUBHOCTH U 0E30MaCHOCTH Ha 0y1aro 340poBbs HaceneHus. C 3TOH Lebio
HEO0XOIMMO MPOBOAUTH MUKPOCKOIIUIO JIEKAPCTBEHHO-PACTUTEIBHOTO CHIPhAL.

MHUKPOCKOITMYECKUNA aHATN3 — JTO CaMbIi HEOOXOIUMBIN METOI IS OIpeneieHusT J0OpOKaYeCTBECH-
HOCTH M3MEJIbUYEHHOTO JIEKAPCTBEHHOTO CHIPBSl — PE3aHHOTO (Ip0OIEHHOr0), MOPOLUIKOOOPa3HOro, B OpHKe-
Tax u Apyrux Gopmax. J[aHHBINM aHATN3 OCHOBBIBACTCS HA UCTIOIH30BAHUH 3HAHHUN CTPYKTYPHBIX MPH3HAKOB
pacTeHHui A TOTO, YTOOBI ONPEAETHNTh, KaK aJdaNTallMOHHBIC TPU3HAKH, MPOSBISIONINE IPU UHTPOTYKITHH
pacTeHHH, a TaKKe JUATHOCTUYECKHE MMPU3HAKH, 10 KOTOPHIM MOXXHO OTPEAETUTh aHATOMHYECKOE CTPOSHHE
Pa3NUYHBIX OPraHoOB, HEOOXOIUMBI TS UACHTH(GUKAaIUK ChIpb [12].

Kak m3BecTHO, 4acTh aHATOMUYECKUX U MOPQOJIOTHUYECKHX NMPHU3HAKOB (PEHOTUITUUECKU H3MEHYHBA.
B onpeneneHHBIX yCIOBHUSIX MPOM3PACTAHHSI OHW MOTYT OBITh BBIP@KEHBI WIJIM OTCYTCTBOBATH (OIMyIICHHE,
OKpAacKa JINCTHEB, BEIPAXKCHHOCTH IIMITOB, KOJMYECTBO JKEIE30K U T.1.). B CBs3U ¢ 3TUM BaHO 11 OUIIH-
HAJIBHBIX BHJIOB YCTAHOBUTH KOHCTAHTHBIC MPU3HAKH, CIIOCOOCTBYIONIUE YETKOMY TUATHOCTHPOBAHUIO ChI-
pes [13].

Psi aBTOpOB M3ydanu aTOMHYECKOE CTPOCHUE TPABhI 3XUHAIICH ITyPITypHOM. B 9acTHOCTH, ¢ HCITOJB30-
BaHUEM IH(PPOBOY MUKPOCKOIHMH B CPABHUTEIBHOM ILIaHE M3YYCHBI OCOOCHHOCTH aHATOMUYECKOTO CTPOE-
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HUS JINCTHEB, S3BIYKOBBIX U TPYOUATHIX IIBETKOB, TLIOMOB (TaK KaK HEOOJBIIOE X KOJUYSCTBO MOXKET IPH-
CYTCTBOBATh B CBIPhE), CTEOJICH dXUHAIICH MypIypHOU B Camapckoit oomactu [ 14].

IIpoBeneHo Mopdoiioro-aHaTOMHYECKOE HM3yUYCHHWE HAI3EMHBIX OpraHoB (JIUCT, YEpPElIOK, CTEOEIb)
SXMHAIIEU MypIypHOH, KyIbTHBUPYEMOH B ¥Y30ekucrane B TamkenTckoii odnactu [15].

Panee HamMu OBIT MPOBEIACH MHUKPOCKOIMMYECKAN aHAIHM3 KOPHEBOW M MOOETOBOM CHCTEMBI dXWHAIIEH
MypITypHON, MTUATHOCTUYECKUMH TPWU3HAKAMHU TIOCITYKWJIHM JJIUHHBIE MHOTOKJIETOYHBIE TPHUXOMEBI JIFICTA C
IIUIHKAMHU, JOPCUBEHTPAIBHBINA C [-M psAaOM NanvcaaHON MapeHXUMBbI ME30(HUILT JIUCTA ¢ KPYITHBIMU APY-
3aMH B LEHTpPE, CTEOENb ¢ YYaCTKaMH KOJUICHXUMBI, YEPEAYIOIUMH C XJIOPO(OUITIOHOCHON TapeHXuMou. B
KOpPHE — PACITOJIOKEHUE TIPOBOIAIINX IMyYKOB MPEPHIBUCTHIMHU U CIUIOIIHBIMH KPYTaMH, pa3JeIeHHBIX TaH-
TEeHTATBHOU TTapeHXUMOH [ 16]. AHATOMHUYECKOE CTPOCHHUE TEHEPATHBHBIX OPTaHOB HE U3YICHO.

B cBsi3u ¢ 3THM, AJIS TIOJTHOM TUArHOCTUKH JICKAPCTBEHHOTO PACTUTEIHLHOTO CHIPhS BIepBhie B Kazax-
CTaHe MPOBEIEHBI NCCIIEIOBAHNS aHATOMUYECKOTO CTPOEHHS TeHEPATUBHBIX OPTaHOB, B YACTHOCTH, S3BIYKO-
BBIX I[BETKOB dXUHAIIEH MypIypHOH. [[oaTOMy MpoBOANMbIE HAMHU MCCIIEAOBAHUS SIBIIIOTCA AKTyalIbHBIMU.

Memoowvl u mamepuanst

B HazapbaeB MHTemnekTyalbHOH MIKOJNIE XHUMHKO-OMOJIOTMYECKOTO HampaBieHUs co3fgaH Hayuno-
MIPOM3BOICTBEHHBINA YICOHBIN EHTP, T/IC IPOBOAMIIN UCCIICIOBAHUS pacTeHUI pona Echinaceae.

OOBeKTOM HccIeJOBaHus MOCTY KM SI3bIUKOBBIE IIBETKU Echinacea purpurea, coOpaHHbIe B TIEPHOA
aKTHUBHOI'O I[BETCHUS, — MI0Jab 2021 1.

MUKpOCKOITMYECKHE TPU3HAKH S3bIYKOBBIX IIBETKOB E. purpurea yCTaHABIMBAIN B COOTBETCTBHH Tpe-
OoBaHMAMHU (apMaKOIIEWHBIX cTaTe «MeToabl aHAIM3a PACTUTEIBLHOTO CHIPhsI», « TeXHIMKa MUKPOCKOITHYE-
CKOTO U MHUKPOCKOIHUYECKOTO MCCIEN0BAaHMUS JEKApCTBEHHOTO pacTUTeNsHOro colpbsi» I'® PK [17]. Jnd co-
XPaHHOCTH BOJIOCKOB JIHJIEPMHCA UCCIIEAYEMOT0 00bEeKTa HEKOTOPHIE MOJI0KEHHs ObUTA N3MEHEHBI, B 4aCT-
HOCTH, MBI HE TIPOBOAMIIN KUIISTYEHUE CHIPhSI B PACTBOPE €AKOTO HATPHSI.

OnHOBpEMEHHO ¢ MOP(OIIOTHUECKUM OMUCaHUEM ObLT MPOBeleH METO (PUKCUPOBAaHUS TeHEPATUBHBIX
OpTaHOB OMBITHBIX 00pa3LoB B 70 %-HOM 3TWJIOBOM CHHPTE C LENbI0 AETAIBHOTO U3yUYCHHS aHATOMHYECKHX
napameTpoB. MuKporpenapaT OblI H3TOTOBIIEH CleAyonM 00pa3oM: B GpaphopoBoil Jalike H3METbUUIN
coOpaHHbIE S3BIYKOBBIC IIBETKU. J{J151 MPOCBETICHUS CHIPbE KHUITATHIIN, PEABAPUTEILHO 3aJIUB JUCTUILUIHPO-
BaHHOHM BOJIOM, 3aT€M, OTJIUB BOZY, SKCIIEPUMEHTAIbHBIE 00pa3ibl HACTAUBAIUCH Ha CIIMPTO-TIULEPHUHOBOM
CMEcCH, B3TOW B PaBHOM COOTHOIIEHHH. HemocpencTBEHHO 3Tan MUKPOIIPETIapHPOBAHMSI TIPOBOIUIICS C BBI-
6opa omBITHOTO 00pa3siia HeOOIBIINX Pa3MEPOB, HAa MPEIMETHOE CTEKIIO MPEABAPUTEILHO KaraeM BOIY HITH
TIIUIEPUH, TOMEIAeM OOBEKT, HAKPHIBAEM €ro IOKPOBHBIM CTEKIOM M CMOTPHM 0] MEKPOCKOIIOM TIpH Ma-
JIOM ¥ OOJIBIIIOM yBEJWYEeHUH. V3yueHne mpoBOaMIN Ha ABYX cpe3ax: MapaJiepMalbHBIX U TonepeyHsbix. [lo-
MepeyHbIe Cpe3bl ObUTH cAeNaHbl yepe3 cepeanHy. OKpallleHHbII METHIICHOBOW CHHBIO TIPeTapat 3aKJIeHBaIN
B INIMLEPUH-KeNaTuHy [17].

Pesynomamot u obcysicoenue

B xojie uccnenoBanuil M3y4aeMbIX OMBITHBIX OOPa3ioB OBUTH WACHTH(UITUPOBAHBI CIEIYIONINE MOp-
(horornyeckme XapakTepUCTHKH: BO-TIEPBBIX, KPaeBble SI3bIYKOBBIE IIBETKH, UMEIOIINE IBYX-TPEeX3yOuaThIit
OTru0, MEeCTUYHbIe, OeCIUIoOAHbIE 2,5-6 CM IUIMHBI, a BHyTpEHHHE — 4 MM, CHapyXH OITyIICHHBIC, BO-
BTOPBIX, JJIMHA U IIUPHHA IJICHKHU I[BETOI0XKa 1—1,5 ¢M, GpopMa JTaHIIeTHO-LIHMIIOBHIHAS, C IIPAMOM KOJIFOUeH
BEPXYIIKOH. B cyxoM Buzie IIBET CHIPbA HE MEHSAETCS, OH OCTAeTCS MypPITypPHBIM.

Ha mapanepmansHOM cpe3e ouepTaHue KISTOK, KaKk HIKHEW (a0akcalbHOM), TaK U BepXHEH (ajakcaib-
HOW) SMUACpPMBI, psAMOiIuHerHOe. [IpoeKIusi MHOTOYrolibHAs HA aJaKCUAIbHOM CTPOCHUH, UMEET BOJTHH-
cTyto (popmy — Ha abakcuanbHOM. KileTkn agakcuanbHON SIHIEPMBI HAMHOTO KpyITHEe, 4eM abaKkcHanbHON
(puc. 1). DnunepmanbHbIe KICTKH XJI0PO(QUIUIOHOCHBIC, 3aII0THEHBI PA3IMYHBIMU BenlecTBamu. Ha abakcu-
aJIBHOM CTOPOHE PMUIECPMBI BCTPEUAIOTCS MIPOCThIC NIUHHBIC, 1 —3-X KIIETOUHBIC TPUXOMBEI.

Ha snmmepme BeTpedaroTcs yCThHIIA, OHA OBAIbHOM (DOPMBI M PACTIONIOKEHBI TTOTIEPEYHO K TMPOIOIBHOM
ocH JIMCTa. 3aMBIKAIOIINe KJIETKH YCTHHIl HETIOTPY>KEHHBIE W BCTPEYAIOTCS PEIKO TOJIBKO Ha abaKCHaIbHOU
CTOPOHE AMUACPMEI. Y CThUIA HETIOTPYKCHHBIC, OAMHAKOBOM JJIMHBI, BOKPYT KOTOPBIX BUIHBEI 4—6 OKOJO-
YCTBUYIHBIX KJIIETOK, T.€. aHOMOITUTHBIN THTI (puc. 1).
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g A 50 MKkM > 50 MKkM

a-6-0 — aJjakcuanbHas SIUIepMa; 6-2 — abaKkcuallbHas S1UIepMa; 0 — KOHYCOBHJIHBIE COCOUKH SIHECPMBI;
D —smuaepma; Y — ycrbuna; T — Tpuxoma

Pucynox 1. Ctpoenue snuaepmsl I36I9KOBOTO LIBETKA Echinacea purpurea
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Ha momepeunom cpese mMe30(uiuIa sI3BIYKOBOTO IBETKA SMUACPMHUC MOKPHIT CKIAAYaTON KyTHUKYJIOH.
Knerku agakcuanbHOM SMTUIEPMBI B BHJIE KOHYCOBUIHBIX COCOUYKOB. KileTkn abakcHanbHOM SIHIIEPMBI MEJ-
KHe, OKpyTJbie (puc. 2).

a 100 MKkM o 100 MKkM

6 50 MKM 2 50 MKM

0 50 MM

a — o0muit BUA Me30(HILT SI36IYKOBOE [IBETKA Ha MIOIEPEYHOM Cpe3e; O — IIIaBHAs KHIIKA; @ — JCTalb;
2 — 3MIHJepMa U IIIACTHHYATAs KOJUICHXMMA; 0 — TIPOBOJSIINE ITyYKH U CEKPETOPHBIC BMECTIIININA,
€ — a’PEHXUMa C BETBUCTHIMH KIETKAMH M XOPOIIO BHIPAKEHHBIMU MEXKJICTHUKAMU W3 JAKyHBI; A9 — a’3pCHXNUMA,
KJI — xonnenxuma; MK — mexkneTHuky; 1111 — npoBosmuii mydokx; CB — CeKpeTOpPHBIE BMECTIIIHINA;
CJ[ — cocynpr, @ — nosma; D — snmaepma

Pucynox 2. Ctpoenue me30(huiuia si36I9KOBOTO LBETKA E. purpurea
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[Monx amakcuanbHOW M HaTa0AKCHATLHOW MUICPMON PaCIONOKEHA MAPSHXUMHAS TKaHb — adpPeHXUMa
C BETBHCTHIMH KJIETKAMH W XOPOIIO BBIPAKCHHBIMH MEXKJICTHUKAMH M3 JIAKyHBI, KOTOPBIE COCTOAT W3
7-8 psanoB. Mexmy MPOBOIANTAMH ITyIKaMH M adPEHXUMHOM KJIETKOU PACIIONOXKEHBI CEKPETOPHBIC BMECTH-
JIAIIA CXU30TC€HHOTO THUIIA, KOTOPhIE UMEIOT AIUTENHANIbHBIC KIeTKU. CeKpeTOpHbIE BMECTIIIUIIA KPYIIHBIE,
OHHU COCTOSIT U3 5—06 SMUTENNATHHBIX KIETOK.

[IpoBopsmas cuctemMa IpeAcTaBieHa KOJIaTepaibHBIMA 3aKPBITBIMA ITyYKaMH, OHH MHOTOYHCIIEHHBIE,
¢ 6-10 cocyngamu. Ilpuyem riaBHas >KUIIKa sI3bIYKOBOrO LIBETKA HA MOMEPEUHOM Cpe3e MapEeHXUMHAs, U OHa
BBIJIACTCSl HA HIDKHEH CTOPOHE SMUJIEPMBI, IOl KOTOPO UMeeTCsl MeXaHW4YecKas TKaHb B BUJC IIACTUHYA-
TOH 2—3 pAIHON KOJJICHXUMBI, IIPUIAIONIAs YCTOWINBOCTD IIBETKY .

Raxnouenue

B pesynbTare M3ydeHHS aHATOMHYECKOTO CTPOCHHS SI3bIYKOBOTO CBETKA AXHMHAICH MyPHYPHOH OBLIH
BBISIBJICHBI CIIEAYIOINE TUArHOCTHYECKUE TPU3HAKH: OUYEepPTaHHE KIETOK KaK HIDKHEH, TaK M BepXHEU HIH-
JepMBbl TIpsMoNTHEHHOe. [IpoeKIusl MHOTOYTONIbHAsI Ha aIakKCHAILHOM CTPOCHUH, UMEET BOIHHUCTYIO (op-
My — Ha a0aKCHaJIbHOM, YCThUIIA HETIOTPYKCHHBIC, aHOMOITUTHOTO THIIA, CTPOCHUE Me30(UILIa SI3BIYKOBOTO
LIBETKAa — a9PEHXUMHOE C XOPOIIO BBIPAXKEHHBIMU MEKKICTHUKAMH W3 JIAKYHBI;, HaMYUE IIACTUHYATON
KOJUIEHXHMBI T107] a0aKCHaIbHON AMHIEPMOH; MPOBOIAIINE IMyYKH 3aKPBIThIE KOJUTaTepHAJIbHBIE; PACIIOINO-
’KEHUE CXU30T€HHOTO TUIIA CEKPETOPHBIX BMECTUIIUII HAJl TPOBOSAIIMME MyuykaMu. B CBSI3U ¢ 3TUM MBI CUH-
TaeM, YTO BBISIBIICHHBIC TIPU3HAKH B aHATOMHYECKOM CTPOSHHUH HCCIICIYEMbIX 00pasnoB E. purpurea MOTYT
OBITh PEKOMEHJIOBaHBI C MTPAKTUIECKOW LEIBIO TSl MACHTH()HUKAIINY JIEKAPCTBEHHOTO PACTUTEILHOTO CHIPHSI.

Buisoowl:

1. BriepBrie mpoBeieHO MOP(OJIOT0-aHATOMHYECKOE H3YUCHHE S3BIYKOBBIX IIBETKOB E. purpured, Kyib-
THBHpYEMBIX Ha fore Ka3zaxcrana.

2. B pe3ynbpraTe mcciieoBaHUs BBIABICHBI HATHOCTUYECKH 3HAYMMbIE TIPU3HAKU I[BETKA E. purpurea,
UMeroniero (papmMarieBTHYECKY0 IEHHOCTb.

3. [lomydeHHBIC pe3ynbTAThI MOTYT OBITH TPUMEHEHBI JUUIS JTOTIOJTHEHUS CTaThu «MUKPOCKOIUS CHIPhS
OxuHaleu nypnypHoi» B ['ocynapctBenHol dapmakomneu PK.
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P.Y. MawmsikoBa, I'.T. I>xamanoBa, A.E. butemuposa,
K.B. Axun6ekona, XK.E. Opbia6ait

Echinacea purpurea (L.) Moench ecimairinin
Tijle ryJJiHiH AaHATOMHUSJIBIK KYPbLIBICHI

Maxkanana Ka3akcTaHHBIH OHTYCTITIHIH XKaFqaiibiHa sxepcingipinren Echinacea purpurea (L.) Moench tinme
TYJiHIH aHATOMIUSUIBIK KYPBUIBIMBIH aHBIKTAy OOWBIHINA FHUIBIMHU 3€pTTEYJICPIiH HOTIDKEIepl KeNTipilreH.
MukpornpenaparThl AaifbIHAAY YIIiH €CIMAIKTIH TUIIIE TYJIAepi albIHAbL, 0Jap KbI3bUIKYPEH, Y3bIHIBIFI 2,5—
6 cm, imki y3biHABIFBI 4 MM. ['yi1 TaOaHBIHBIH IUICHKaJIaphl KaHIAybIp-0i3Topi3mi, TIKYIITHI TiKEHEKTI,
y3piHabFel 1-1,5 oM, eni 1-1,5 mm. Bynan OypblH KYHTIPT KBI3bUIKYPEH OCIMIITIHIH JKaIlblparsl, cabarbl
JKOHE TaMBIPBIHBIH aHAaTOMMSUIBIK KYPBUIBIMBI 3€PTTEIreH. 3epTTeYAiH MaKcaTbl — THIMII KOHE a3yBITThI
OTaHJBIK MperapaTTapAbl jkacayFa KaXeTTi OCHl Typre TOH [UAarHOCTHUKAJBIK Oelriiepai aHbIKTay
MakcaTeiHAa E. Purpurea TiMe TYJIHIH aHATOMUSUIBIK KYPBUIBIMBIH 3epTTey. Jlopiiik eciMmiK MIMKi3aThIH
TOJIBIK JUArHOCTHKAJIAy YIIIH 3€pPTTENICTIH TYPHiH FeHEpaTHUBTI MYIIENICPiHIH aHATOMUSUIBIK epeKIIeTiKTepi
Typajbl MOJIIMETTEp KEITIPLIreH, oJapasl KOMIBIOTEPIIK MHKPO(MOTOKOHABIPFRIMEH XKacaaFaH MHKPO(OTO-
cyperrepaeH kepyre 6omazapl. uki3arTsl uneHTHUKALMSIAY YIIIH KaXXETTI MbIHA aHATOMHSUIBIK Oenriiep
aHBIKTAJI/IBI, SIFHU OyJ1 eciMiik MymiesepiH 0acka ©CIMIIKTIH yKcac MyIIeliepiHeH aKbpaTyra OOJaThIH
JMarHOCTUKAIBIK Oenriyiep: »KOFapFbl SMHMAEPMA JKACYLIANAPBIHBIH CBI3BIFBl TY3Y CBI3BIKTBI, OJIApJIbIH
HPOEKLMACHI KONMOYPHIITHI, TOMEHI] jKarblH/la a3lall KUFaIll; THIHBIC CAaHbLIAYbl OiTENIMEreH, aHOMOLMTTI
THUITE; TUIME TYJHIH Me30(WIiHIH KYpbUIBIMBI — CaHBUIAYMEH KAaKChl AHBIKTAJIFAaH >KacyNIaapalibIK
AIPUHXUMAIIBIK, abaKCHaiabl SIHICPMAHBIH AacThIHAA KATHapibl KOJUICHXMMAaHbIH Oap OOJybl; jKaObIK
JKaHaMa OTKI3Tilll IIOKTap; OTKI3Till IOKTAPIBbIH YCTIHACTI TY31HALIEp OPHBI CXH30TCHMIIK TYP/e OpHaIacKaH.

Kinm coe30ep: nopimik eciMmikTep, HWICHTHQHKAIWS, TUINE TYyJAepi, aHATOMHS, SIHAEPMa, THIHBIC
CaHbUIAYJIApPHI, TAPEHXUMa, OTKI3TIlI MOKTap.

R.U. Mamykova, G.T. Jamalova, A.E. Bitemirova,
Zh.V. Akinbekova, Zh.E. Orynbay

Anatomical structure of the reed flower Echinacea purpurea (L.) Moench

The article presents the results of scientific research on the determination of the anatomical structure of the
reed flower Echinacea purpurea (L.) Moench introduced in South Kazakhstan. To prepare the
micropreparation, the lingual flowers of the plant were taken; they are purple, 2.5-6 cm long, inner 4 mm
long. The films of the flower are lanceolate awl-shaped, 1-1.5 cm long, 1-1.5 mm wide, with a straight
prickly tip. Previously, the anatomical structure of the leaf, stem and root of Echinacea purpurea were
studied. The purpose of the study is to examine the anatomical structure of the lingual flower of E. Purpurea
to identify diagnostic signs characteristic of this type, necessary for the development of effective and low-
toxic domestic drugs. Information about the anatomical features of the generative organs of the studied
species is given for a complete diagnosis of medicinal plant raw materials, which can be seen in
microphotographs taken by a computer microphotometer. The following anatomical features necessary for the
identification of raw materials have been identified, i.e., signs by which the studied object can be
distinguished from similar parts of another plant: the outline of epidermal cells on the adaxial structure is
rectilinear, the projection is polygonal, on the abaxial — weakly branched; stomata are not submerged,
anomocytic type; the structure of the mesophyll of the lingual flower is aerenchyma with well-defined
intercellular lacunae; the presence of lamellar collenchyma under the abaxial epidermis; conducting bundles
are closed collateral; the location of schizogenic secretory receptacles above conducting bundles.

Keywords: medicinal plants, identification, lingual flowers, anatomy, epidermis, stomata, parenchyma,
conducting bundles.
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The biological role of zinc in the pancreas, prostate and in submandibular glands
and influence of its complex salts with chelators on the state of glands tissue

The article provides data on the biological role of zinc in humans and animals. The main part of zinc is
concentrated in three glands: Pancreas, prostate, and submandibular glands. The authors provide data on the
role of zinc value and its role in each of the described glands. For the first time, zinc in the prostate and
submandibular gland has been shown to interact with chelating substances, forming intra-complex salts that
are well detected using histochemical methods. Analyzing data on the effect of chelators on the tissue of the
prostate and submandibular glands, the authors provide data indicating that they are capable of having a
damaging effect on them, causing the development of various histological changes, which serves as an
indication that the damaging effect of zinc-binding complexing agents is not specific to pancreatic B cells
alone; on which they have a direct damaging effect, causing their necrosis and destruction. This is also
evidenced by the presented data, according to which zinc-binding chelators in the endocrine tissue of the
pancreas itself have a damaging effect not only on B cells, but also on endothelial cells of blood capillaries,
which is accompanied by impaired microcirculation in pancreatic islets. We provide evidence that zinc-
binding substances, in particular 8-oxyquinoline derivatives, are included in some antimicrobial drugs, which
need to be noted.

Keywords: zinc, zinc binding chemicals, pancreas, prostate, submandibular glands.

Review

In the human body, the total amount of zinc content is 2-3 g. The largest amount is detected in the
pancreas and prostate glands. More than 80 years ago, Scott A. and Fischer D. informed that insulin in
pancreas is located in the form of a zinc-insulin complex, suggesting that zinc ions determine the
physiological activity of insulin [1]. Apart from humans, a large amount of zinc is revealed in the pancreas in
many birds, dogs, rabbits, mice, horses, and some species of fish, hamsters, cats, and amphibians [2-5].
Okamoto K. for the first time said that zinc in the pancreas is concentrated in B-cells producing insulin [6,
7]. According to modern opinions, zinc takes part in the processes of formation of insulin storage complex in
B-cells [8]. Storage form of insulin is important in the regulation of carbohydrate metabolism, in particular,
in maintaining glucose homeostasis, ensuring the relative level of its blood. The high level of blood glucose
via glucose receptors stimulates dissociation of zinc-insulin complex and release of insulin in blood. There is
a proportional relationship between the zinc content in B-cells and the amount of insulin in cytoplasm.
Decrease in the amount of insulin in B-cells is accompanied by a decrease in amount of zinc [9, 10]. Zinc at
an earlier stage of insulin synthesis in B-cells takes part in two important processes: Process of the formation
of insulin hexamer and process of crystallization of insulin in B cells [11].

The content of zinc in B-cells is significantly reduced in animals with experimental diabetes, regardless
of what caused it [12—-17]. Using the electron histochemistry method, Okamoto K. and Kawanishi H.
confirmed that in B-cells zinc ions are localized in B-granules, the contents of which are the deposited form
of insulin [18, 19], in particular, in the central part of the granules, on the periphery and partially in the shell
in granules [20].

Zinc ions contained in cytoplasm B-cells have a coordination number equal to 4 and 6 and are able to engage
in interaction with a number of substances with the ability to form with them not conventional salts based on
valence bonds, but form complex salts (chelates), in which the zinc atom is firmly fixed between several adjacent
atoms, forming chelate compounds by more durable covalent hybrid bonds [21], capable of causing destruction
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and cell death to a short period of time [22, 23]. Zinc atoms are fixed between nitrogen, sulfur, or oxygen atoms.
According to the ability of complexation, zinc significantly exceeds the metals of the main group.
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a — 2,4-dimethyl-8-hydoxyinoline, 35 mg/kg; b — 5-phenylazo-8-oxychinoline, 20 mg/kg; in — 5-p-(toluene)-8-
oxychinoline, 20 mg/kg; g — 5-o-(toluene)-8-hydoxyinoline, 40 mg/kg; d — 8-oxychinoline, 50-60 mg kg;

e — 5-p-(hydroxyphenylazo)-8-hydoxyinoline, 20 mg/kg; z — 5-m-(hydroxyphenylase)-8-hydroxy xinoline, 30 mg/kg;
s — 5-p-(dimethylaminophenylase)-8-hydoxykinoline, 45 mg/kg; u — 5-p-(diethylaminophenylazo)-8-hydoxyinoline,
5 mg/kg; k— 8-oxychinaldine, 10 mg/kg; | — 5-p-(aminophenylazo)-8-oxychinoline, 10 mg/kg;

m — 5-amino-8-oxychinoline, 30 mg/kg; # — 5-p-(diethylaminonophenylase)-8-hydoxykinoline, 40 mg/kg;

0 — 8-oxy-7-iodhinoline, 50-60 mg/kg; p — 4,8-dihydroxychinoline-2-carboxylic acid (xanuturenic acid);

r — 8-p-(toluenesulfonylamino)quinoline, 40-50 mg/kg; s — 8-p-(benzenesulfonylamino)quinoline, 30—-100 mg/kg;

t — 8-p-(methanesulfonylamino)quinoline, 40-81 mg/kg; y — diphenylthiocarbazon, 45-50 mg/kg

Figure 1. Complex salts of diabetogenic B-cytotoxic complex of forming substances with zinc ions

The largest amounts of zinc in the body are contained in B-cells of the pancreas and prostate glands.

Rubbo S. and Albert A. [24] found that the toxic effect of oxyquinoline is associated with its ability to
form in the cell toxic chelate complex with metals, which was subsequently repeatedly confirmed. They
showed that the presence of this complex in the cytoplasm of B-cells for a short time is accompanied by their
damage. In experiments using various isomers of azaoxyquinoline (azainer) — 8-oxyhyquinoline
derivative — the isomers forming chelates 1:1 possess the greatest toxicity with metal to have logarithm of

104 BecTHuk KaparaHgmHckoro yHusepcurteTa



The biological role of zinc in the pancreas, prostate and ...

resistance constants, equal to 7.6 and higher, to 9.4, while the toxicity of complexes of other isomers of
azaoxine with a smaller value of the resistance constant of 5.8-6.7, significantly lower [21]. It is also shown
that having high toxic complexes of 8-hydroxyquinoline derivatives with zinc ions have a high stability
constant, equal to 8.5. Later Weitzel G. et al. [25] experimentally confirmed that the complex of composition
1:1 contains 1 molecule of 8-oxychinoline and one zinc atom is the most toxic for cells (Table 1). Formation
of complexes 2: 1 constant indicator of stability of the latter depends in addition on the degree of affinity of
the chelator to the metal, further from the two characteristics of the chelators and metal. The presence of
additional radicals in the para-positions of the complex of the chelator, especially in areas close to those that
interact with the metal ion, contributes to the occurrence of the steric effect, as a result of which the two of
its molecules cannot get together so much that it became possible to fixation metal in a stable ring. If the
latter cation has a small diameter, then the ring is not able to form at all. The zinc atom has a radius value of
0.74 nm and occupies the median position between beryllium (0.31 nm) and rubidium (1.49 nm), the same as
a nickel (0.72 nm) and cobalt (0.74 nm) [4]. The high strength of the zinc-dithizone complex of the
composition 2:1 is due to the spatial extension of the dithizone molecule and the arrangement of two phenol
rings at the ends of the molecule, which does not interfere with the sulfur and nitrogen atoms located in the
center of the dithizone molecule, close to the zinc atom.

In addition, the zinc atom is adjusted between two nitrogen and sulfur atoms with respect, to which the
zinc affinity is high and somewhat exceeds the affinity of the ions of this metal to oxygen. Finally, two
dithizone molecules are involved in the interface, having a total large number of double bonds. As for
complexes of composition 1: 1 with 8-hydroxyhyxicinoline derivatives, their strength is due to both a large
number of double bonds in the molecule of the complex agent and the formation of a four-membered ring
(Fig. 1). In addition, the sulfur atom participates in the conjugation of 8-shealfonylaminohynolines. The
additional strength of the zinc-xanthurenic acid complex gives the conclusion of a zinc atom between two
oxygen atoms.

The prostate gland total contains the largest amount of zinc. In the prostate fluid, its number reaches
590 pg/g. In the peripheral zone of the gland, its content is 2.5-3 times higher than in the central [26]
reaching 290 pg /g. Zinc is an inhibitor of 5-a-reductase — an enzyme converting testosterone into the more
active hormone dihydrotestosterone, which contributes to the growth of the prostate (Fig 2). The
physiological role of zinc contained in the liquid of the prostate gland is to implement the mechanisms of
disagreement between the head and the tail of the spermatozoa. The indicator of the functional state of the
prostate gland is the content in its secretion of citric acid and zinc ions [27]. Zinc affects the activity of sex
hormones, the production of spermatozoa, the development of male genital glands and secondary sexual
signs. Citric acid formed in the prostate gland contributes to sperm soluble, the activation of hyaluronidase,
and the latter contributes to the penetration of sperm in the egg. Zinc is a specific inhibitor of the
mitochondrial aconitase of prostate epithelium, which is accompanied by an increase in citrate concentration
due to the inhibition of its oxidation in mitochondria [28].

The influence of a zinc-chelate complex forming in the cells of the cellular structures.

The direct effect on the B-cells of the pancreas of chelate active chemicals possess a high affinity to
zinc and is accompanied by the formation of a zinc-chelator complex (Fig. 2.1; 2.2), which causes damage
and destruction of 80-90 % of cell-matrix of B-cells 15-30 min after injection of chelator (Fig. 1.5; 1.6).

It has been established that since zinc in B-cells is concentrated in B-granules, where in storage form of
insulin is formed and accumulated, the destruction of cells begins with damage and destruction of B-pellets
after 5 minutes after the formation of the complex.

The investigation of histotopography of zinc in B-cells made it possible to establish that its maximum
amount in the form of a zinc insulin complex is observed around inside islet blood capillaries (Fig. 2.3; 2.4).

Is the destructive influence of the chelator strictly specific effect on the influence of B-cells? As it was
later shown, the places dense adjacent to the zinc-chelator complex to the walls of the capillaries develop
damage to the endothelium in combination with the development of circulatory microcirculation disorders
[29]. Developing changes in the endothelium of capillaries is an indication and indicate, thus, in favor of the
non-specificity of the damaging effect of the chelator. It should be noted that these changes are developing
during the first few days after the impact of the chelator and cannot be attributed to the number of late
vascular complications observed in diabetes.
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Figure 2. Zinc-Dithizone complex (bright red granules) in B-cells of pancreas (/) and in cells of the prostate gland (2);
The similarity of the histotopographic localization of insulin (3) and zinc (4) in B-cells of the pancreas;
5, 6 — electron microscopy: normal cell matrix of B-cells with B-granules of oval form containing a zinc-insulin
complex (5) 30 min. after action of the Dithizone: destruction of matrix and of B-granules formation
of massive zones of destruction f B-cells (6)

Histological investigation of tissue of submandibular glands as of prostate, also containing zinc, deeper
changes were revealed: hyperemia, accompanied by stasis and lysis of leukocytes in blood, fibrinoid changes
with signs of destruction of the walls of arterioles, plasma impregnation, destruction and necrosis of and
epithelial cells of ductus, dystrophy of Intra ductus tissue, vacuolization and pycnosis of cell nuclei [30]. The
question arises: whether these changes are the result of a direct damaging effect of the zinc-chelate complex
[1], or do they relate to the number of late complications of diabetes [2] not directly related to the direct
influence of the chelate? The minimum time required for the development of histological changes in islet
tissue after exposure to the substances under study is 3—4 days, while the late vascular complications in
animal experiments, in particular on rabbits, are detected only in a few weeks (a person is usually in a few
years). The above-described changes were detected [30] in animals after 6 days after the effects of the
chelate. This gives grounds to believe that these changes are due to the direct toxic effect of the zinc-chelate
complex. In turn, the response to another question depends on the final answer to this question: whether the
damaging effect of the zinc-chelate complex is specific to only B-cells of the pancreas, or it is nonspecific
and capable of providing a damaging effect on other tissue cells containing zinc.
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Conclusions

Currently, about 20 complexes of forming chelators are capable of forming toxic complexes, causing
destruction and cell death, with zinc. First of all, it is the glands containing zinc, in particular, endocrine
pancreatic cells. These include 16 oxyquinoline derivatives (arylaz derivatives, arensulfonylaminoquinolines,
diphenylthiocarbazon). Oxyquinoline derivatives are included as the main component in a range of
antibacterial action drugs intended for the treatment of skin diseases. The antibiotic tetracycline
hydrochloride possesses a high affinity to zinc and high doses accompanied by hyperplasia and in-cell
damage. Similar properties have the drug enteroseptol, intended for the treatment of intestinal diseases. Now
the contact of a person with various chemical compounds in everyday life has increased significantly.
Among them, it is impossible to eliminate the presence of chelators having a high affinity to zinc and having
high stability constant of the logarithm. 18 of them due to the chelating of zinc in cells cause their death. It is
necessary to keep attention to chemical compounds of this group as potentially capable of rendering an
adverse effect on the endocrine pancreatic tissue and on the prostate gland.
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OMOJIOTUSLIIBIK POJIi 2KdHE OHBIH XeJaTTY3€eTiH 3aTTapMeH
KellleH/IiK KOChLIBICTAPBIHBIH 0e3/1ep YJINAaChIHbIH XKali-KyiliHe dcepi

Makasaza MBIPBILITEIH aJaM JKOHE JKaHyapiiap OpraHW3MiHJeri OHOJIOTHSJIBIK pelli Typajbl MOIMETTep
KenTipinreH. MBIPBIITHIH Heri3ri Oeiri ym Oe3xe IIOFBIpIIaHFaH: YHKBI 0€3i, KyBIKACTBI JKOHE JKaKacThl
Oe3zepi. ABTopap cunarTanFaH 0e3iepiH OpKaiChICHIHAAFB MBIPBILITHIH POJIi )KOHE OHBIH MaHBI3bI TyPaibl
nepekrep KenTipreH. KybIKacTel JKoHE JKaKacThl Oe3lepiHAeri MBIPBILTHIH XeNaTTY3eTiH 3aTTapMeH
OPEKETTECiI, THCTOXUMUSIIBIK 9/1iCTEPMEH JKaKChl aHBIKTANATHIH KOMIUIEKCIIILTIK TY3/ap TY3€TiHi anFail per
KepceTinai. XeaaTopiaapablH KybIKACThl JKOHE JKaKacThl Oe3fepiHiH TiHAepiHe ocepi Typajbl AepeKTepai
Tajjiail OTBIPBIN, Makaja aBTOPJIAPBI OPTYPJi THUCTOJOTHSUIBIK ©3repiCTepIiH AamyblHa ceben OoJaThIH,
oJlapra 3UsIHABL 9Cep ETETiH MAIIMETTepAl KeITipreH, MbIPbIII—0aiiTaHbICTRIPAThIH KEIICHTY3YIII 3aTTap/AblH
3aKbIMIAYIIBl 9Cepi TEK KaHa YHKbl Oe3iHiH B-kacyiranapbiHa FaHa TOH eMec, OJap TiKeJieH 3aKbIMJIayIibl
ocep erim, oapiblH HEKPO3BIH KOHE OYy3bUIYBIH TyAbIpanbl. KenTipiireH monmiMerTepre CoiKeC MBIpBILI-
0aliIaHBICTEIPATHIH XeNIaTopJlap YHKEI Oe3iHIH SHIOKPUHIIK TiHAEpiHAe Tek B-xacymamapsiHa FaHa eMec,
COHBIMEGH Karap KaH KalWULIPJIApbIHBIH SHIOOTENMH JKacyllalapblHa Ja 3USHIBI ocep eremi, Oy
HAaHKPEATHSJIBIK apaiiapia MUKPOLMPKYJIILUAHBIH Oy3bUTybIMeH Oipre >xypeni. COHbIMEH KaTap MbIPbIII—
GailaHBICTBIPATHIH 3aTTap, aTall alTKaHIa 8-OKCHXHWHOJMH TYBIHIBUIAPEI MUKPOOKa Kapchl acepi Oap keitbip
J9pi-ASpMEKTepAiH KypaMbIHa Kipei, oapra 1a Ha3ap ayapy Kepek.

Kinm ce30ep: MbIpbILL, MBIPBILI OAiIaHBICTBIPATBIH 3aTTap, YHKBI 0€31, KYBIK acThl 6€3i, )KaKacThl Oe3i.

I'.I". Meiipamos, B.1. Kopuun, K.-/I. Konepr,
AKX laitbex, @.C. Abukenona, A.I'. MeiipamoBa

Buonoruveckasi pojib IMHKA B NMOIKeJIYA0YHOI U MPeACTATEIbHOM Kejle3ax
U BJIMSIHME €r0 BHYTPUKOMILIEKCHBIX COeJHHEHHH ¢ Xe1aT000pa3yiomuMu
BellleCTBAMHU HA COCTOSIHME TKAHM KeJie3

B cratse NPpUBEACHBI TaHHBIC O OHOJIOTHYECKO PO IMHKA B OpTaHU3ME YCJIOBCKA U JKUBOTHLIX. OcHoBHas
YaCcTh IUHKa CKOHLOCHTPHPOBAHA B TPEX KEJIC3aX: HOII)KeIIyIIO‘{HOfI, HpeIICTaTeHbHOﬁ U B IOAYCIIIOCTHBIX
JKele3ax. ABTOpaMI/I NPUBEACHBI JAHHBIC O 3HAUYCHUU INUHKA U POJIK €0 B KaKJIOW U3 OIHCHIBAEMBIX XKEJe3.
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Brnepsble noka3zaHo, YTO LMHK B MPEACTATENBHON U MMOTYETIOCTHOM XKele3ax B3aUMOICHCTBYET ¢ XeIaToo0-
pa3yIoIMMH BelecTBaMy, (HOpMUPYsT BHYTPHUKOMIUIEKCHBIE COJIM, KOTOPHIE XOPOLIO BBIABIISIOTCSA C IIOMO-
MIbI0 THCTOXUMUYECKUX METONOB. AHAIM3UPYs JAHHBIE O BIUSHUM XE€NIATOPOB HAa TKAHb MPEACTATENbHOH U
TIOTUEITIOCTHEIX JKEJe3, aBTOPHI NPHUBOJIAT JaHHBIEC, CBUICTEILCTBYIOMNE O TOM, YTO OHU CHOCOOHBI OKAa3bI-
BaTh MOBPEKAAIOLICE BO3JCHCTBUE HAa HUX, BBI3bIBAs PAa3BUTHE PA3IMYHBIX T'MCTOJOIMYECKUX U3MCHCHHIA,
YTO CIy’KUT yKa3aHHEM Ha TO, YTO HMOBPEXIAIOIIee NeHCTBHE IIMHK-CBSI3BIBAIONINX KOMILIEKCOOPa3yIomuX
BEIIECTB HE SBISICTCS CIEIU(UIHEIM TOJIBKO B OTHOIICHUH B-KI€TOK MOKeTyIOTHON Kese3bl, Ha KOTOpbIe
OHM OKAa3bIBAaIOT NPSIMOE IOBPEKAAIOIIEe BO3JCHCTBHE, BBI3bIBAsS MX HEKPO3 U aecTpykiuio. OO 3ToM xe
CBUJIETENBCTBYIOT NPHBOIMMBIE JAHHBIE, COTJIACHO KOTOPBIM LIUHK-CBS3BIBAIOIINE XEIaTOPhl M B CaMOil 3H-
JIOKPMHHOM TKaHM IMOJUKETYIOUHOM >KeJe3bl OKa3bIBaIOT IOBPEXKIAIOLIEe ACHCTBUE HE TOJIBKO Ha B-kierkw,
HO W Ha KJIETKH 3HIOTENUs] KPOBEHOCHBIX KAIMIUIAPOB, YTO CONPOBOXKAACTCS HAPYIICHUEM MUKDPOLHUPKYIIs-
11U B IAHKPEATUYECKUX OCTPOBKAX. ABTOPBI IPUBOAAT JAaHHBIE O TOM, UTO IIUHK-CBS3bIBAIOLIMC BEIIECTBA, B
YaCTHOCTH, NPOU3BOJHBIC 8-OKCUXUHOJIMHA BXOAAT B COCTAB HEKOTOPBIX JIEKAPCTBEHHBIX [IPENApaTOB aHTH-
MHKpPOOHOTO ISHCTBHUS, Ha YTO HEOOXOAUMO 00OpaTUTh BHUMAHHE.

Knouesvie cnosa: IUHK, IMAHK-CBA3BIBAIONIWE BCIICCTBA, MNOKEIYyJOUHAA KEJIC3a, MPEACTaTCIbHas Keje3a,
OAYCIIFOCTHBIC XKEJIC3bI.
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Investigation of tritium assimilation by sunflower crop at uptake through root

This study presents a quantitative assessment of tritium assimilation by sunflower (Helianthus annuus L.)
crop at HTO uptake by root in vitro. It is found that at chronic uptake of tritium radionuclide as tritiated water
(HTO) by sunflower through root system mean value of OBT/TFWT ratio during vegetation was 0.21. The
conversation rate of tissue free water tritium (TFWT) to organic matter as organically bound tritium (OBT)
varied from 0.08 to 0.044 % h™!, with a maximum in the leafage phase. Translocation index (TLI) for sun-
flower crop at root uptake of tritium was 65 %. The distribution nature of tritium in sunflower parts at lasting
root uptake of tritium for tissue free water tritium and organically bound tritium decreases in the next rows
consequently: “roots>inflorescences>stems>leaves” and “inflorescences>stems>leaves>roots”. At root up-
take of tritium by sunflower as HTO form values of TFWT activity closely correlate with the activity of the
isotope in water using for plant irrigation (» = 0.89). Established regularities of tritium assimilation and distri-
bution in sunflower parts and OBT/TFWT ratio are of practical importance to biomonitoring of environmen-
tal contamination with tritium at impact territories of nuclear fuel cycle enterprises.

Keywords: sunflower, tritium, tritiated water, root uptake, assimilation, tissue free water tritium, organically
bound tritium, conversion rate, ratio, translocation index.

Introduction

Tritium is produced during the operation of nuclear reactors of all types [1]. Currently, there are no effi-
cient ways of capturing tritium, therefore the radionuclide together with discharges and releases from nuclear
fuel cycle enterprises enters aquatic and terrestrial ecosystems and thus food chains, in which man can be the
end link. The main depot of naturally occurring tritium isotope is water; therefore tritium together with a wa-
ter flow and water vapors from places of primary contamination easily travels long distances [2—4].

A significant stage of tritium transfer is plants that are able to absorb man-made tritium incorporated in
water through roots [5]. Next, as a result of identical chemical properties of ordinary water molecule (H,O)
and tritiated water (HTO), tritium is readily involved in photosynthesis processes, which result in its transfer
to organically bound tritium (OBT) [6, 7]. Organically bound form of tritium is capable of being retained in
cell structures for a long time, and its dose coefficients are roughly three times as high as tritiated water
(HTO) ones [5, 8]. In this context, the study of problems of radiological and hygienic hazard of man-made
tritium from the perspective of its uptake, distribution and incorporation in crop products, is a relevant task
for developing strategic measures and predicting radioecological consequences in case of radiation accidents.
However, risk assessment in case of contamination with trititum has remained a challenge up to now with
many unknown quantities. Reasons are insufficiency, inconsistency of most in vitro and in vivo quantitative
data describing processes of uptake, distribution and incorporation of man-made tritium. The paper is aimed
at a quantitative assessment of the process of root uptake of HTO by plants in vitro the case of sunflower
crop.

Experimental

Sunflower (Helianthus annuus L.) was chosen as an experimental plant because it is actively cultivated
in the Republic of Kazakhstan as an oil crop. Research into quantitative indices of incorporation of tritium at
HTO root uptake by plants was undertaken in vitro.

Drainage system, then background light-chestnut loamy soil, in which sunflower was germinated in
vitro, were placed in plastic vegetation vessels (V=35 1). A total of 10 vessels were prepared. Seeds similar in
size and weight were used for the experiment. 3 plants at most were cultivated in the same vessel. For tritium
root uptake simulation, plants were watered with water with HTO high activity concentration for the duration
of vegetation. Water with a high activity concentration of tritium was sampled in the territory of Semipala-
tinsk Test Site every 10 days to simulate natural dynamics of HTO in the soil solution of vegetation vessels.
Experimental plants were watered with a regular portion of tritiated water 3 to 5 times for 10 days. In morn-
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ing hours — with water at a pre-calculated rate maintaining optimal moisture of soil at the level of 60 % of
the total moisture capacity [9].

Rather similar growth conditions of experimental plants were ensured by a phyto-lighting and ther-
moregulation system. The ventilation system in the laboratory premises was employed to exclude aerial up-
take of tritium during the experiment owing to evaporation of HTO by soil after watering and transpiration
activity of plants. The activity concentration of tritium in water and in plant samples was controlled simulta-
neously every 10 days.

The experiment lasted as long as the growth phase of sunflower seeds (when ripening begins) was 65
days. During the entire experiment, sampling of sunflower leaves was randomized every 10 days in three
replications. At the end of the vegetation period, at the ripening stage, sunflower parts were additionally
sampled (stems, leaves, inflorescences, roots) to establish the nature of tritium distribution in tissue-free wa-
ter (TFWT — tissue-free water tritium) and in the organic matter (OBT — organically bound tritium). The
weight of each plant sample averaged 100 to 150 g.

The activity concentration of tritium was measured in tissue-free water and the organic matter of plants.
Free water from plants was separated through a special facility [10]. The facility represents a pressurized
transparent vessel for feeding plant samples, connected with a cool metal surface and a receiver to collect
condensate extracted from a sample. A 10-15 ml condensate collected was prepared for B-spectrometric
measurement of the activity concentration of tritium with a liquid scintillation spectrometer.

Plant samples for measuring the activity concentration of OBT were prepared using a technique of
combusting a dry plant sample with a “Sample Oxidizer 307" facility (Perkin Elmer, USA) followed by
preparation of resulting water for B-spectrometric measurement of the activity concentration of *H with a
liquid scintillation spectrometer.

The activity concentration of tritium in test samples was determined by liquid scintillation spectrometry
using a “QUANTULUS 1220 spectrometer (Perkin Elmer, USA) [11]. Just before the analysis, all samplese
passed through ha filtration stage to remove mechanical impurities. Then a 3 ml aliquot was collected from a
measured sample and placed in a 20 ml plastic vial adding a scintillation cocktail in the ratio of 1 to 4.
A scintillation cocktail Ultima Gold LLT specifically developed for measuring tritium in natural samples
(tritium registration efficiency was in the order of 60 % ranging from 0 to 18 keV) was used to analyze sam-
ples. The measurement time of each sample was about 120 minutes. A beta-spectrum was processed, and
tritium activity concentration was calculated with “Quanta Smart” software. The minimum detectable activi-
ty of tritium for the radiometric instrumentation used ranged as follows: for OBT — 4.5 to 7, for HTO — 2.7
to 5 Bq kg

Activity concentration ratio was determined as the ratio of activity concentrations of OBT and TFWT
[12, 13].

The rate at which OBT is produced was calculated as per the formula [14]:

dc,
VXCTFWT = d(;BT 4 (1)

where Copr — activity of OBT in sunflower leaves, Bqgkg'; Crrwr — activity of TFWT in leaves, Bgkg™;
t — observation time (exposure time), h; v — the rate at which TFWT turns into OBT, % h..

For a quantitative assessment of OBT transfer to the plant, the translocation index was employed, which
was determined by the following ratio [15]:

TLI:ﬁxloo%, ()
TFWT

where Copr — activity of OBT in plant parts, Bq kg!; Crrwr — activity of TFWT in leaves.
Results and Discussion

During the experiment with sunflower crop, climatic changes affecting biological productivity of plants
were measured (temperature and relative humidity). Air temperature varied from 23 to 32 °C, relative air
humidity — 35 to 55 % and as a whole corresponded to normal growth conditions of sunflower. The dura-
tion of the experiment was 65 days before ripening began.

Values of the activity concentration of tritium in water (for watering) during the experiment varied from
95 to 540 kBq kg (Fig. 1). As a whole, the variation range was 1 order of magnitude. Thus, natural dynam-
ics of HTO was simulated in vitro.
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Figure 1. Measurement of the activity concentration of tritium in water (for watering)

Figure 2 illustrates the measurement results of TFWT and OBT activity concentration into sunflower
leaves throughout the experiment.
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Figure 2. TFWT and OBT activity concentrations in sunflower leaves

According to provided data, values of OBT activity concentration (n-10%) are one order of magnitude
lower compared to TFWT values (n-10°) for sunflower leaves during vegetation.

Based on derived quantitative parameters of TFWT and OBT, the conversation rate of TFWT to OBT in
sunflower leaves was estimated (Fig. 3). During vegetation, rate values were varying between 0.080 and
0.044 % h™'. The maximum rate at which OBT is produced was found in the active growth phase of sunflow-
er, and at the end of vegetation (stage of seeds growth), the index of the rate at which OBT is produced de-
creased almost twice. A similar regularity was found when studying quantitative parameters of aerial uptake
of tritium in vivo [16]. High rate of OBT formation at the early stages of plant development is attributed to
intensive biosynthesis and consequently photosynthesis [5, 17]. A drop in the rate of tritium incorporation
into organic structures of plants at the end of vegetation was probably caused by ageing of laminae and, ac-
cordingly, green plastids in which photosynthesis occurs [17].
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Figure 3. The conversion rate of OBT in sunflower leaves

Dependence derived from the conversion rate of OBT points to the fact that the process of *H incorpo-
ration is largely attributed to specific nature of the entire complex of internal processes physiological pro-
cesses in the course of vegetation development of the plant.

To analyze experimental quantitative parameters of tritium uptake by sunflower crop, a non-parametric
statistical technique was applied — rank correlation analysis. According to obtained data, a significant trust-
worthy correlation (at p < 0.05) dependence was only revealed between values of activity concentration of
tritium in the source of uptake (water that was used for watering) and TFWT (» — 0.89, »r — 0,89, at
p <0.05).

Based on experimental data, values of OBT/TFWT ratio were derived for sunflower at root uptake (Fig.
4), which can be employed as tritium contamination markers.
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Figure 4. Values of OBT/TFWT ratio for sunflower at root uptake of HTO

The mean OBT/TFWT ratio over the vegetation period for sunflower was 0.21.
Figure 5 provides the nature of tritium distribution in parts of sunflower at root uptake at the end of the
vegetation period.
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Figure 5. Tritium distribution in sunflower parts

As seen from Figure 4, at root uptake of tritium the distribution of TFWT and OBT in parts of sunflow-
er is different. For example, the TFWT activity decreases in the series “roots>inflorescences>stems>leaves”,
and that of OBT — in “inflorescences>stems>leaves>roots”. According to earlier studies [16], at aecrial HTO
uptake, tritium distribution is opposite, and maximum activity concentrations of TFWT and OBT are ob-
served in aboveground plant parts. This fact indicates that tritium distribution in the plant is affected by radi-
onuclide pathway.

The translocation index at root uptake of tritium was 65 %, which is almost 2 times higher than a simi-
lar value at aerial uptake of the radionuclide [16].

Conclusions

Experimental quantitative parameters of uptake and incorporation of tritium in the case of sunflower
crop demonstrated that the TFWT activity depends on the activity level of tritium in the source whereas that
of OBT is a quantity being dependent on plant vegetative growth.

Practical utility of research findings is that regularities established for tritium distribution in parts of
sunflower and OBT/TFWT ratio values can be used in biomonitoring of contamination with tritium, in par-
ticular, to reveal the source of entry of this radionuclide into the environment. Values of translocation index
derived for OBT to the yield can be used in assessing radiation exposure of the population living in nuclear
facility impacted areas.

Acknowledgements

This research was funded by the Ministry of Education and Science of the Republic of Kazakhstan
(Grant No. AP08956713 “Research into radiation-hygienic hazard by man-made tritium when accumulated
by crop products for assessing radiation exposure of the population™).

References

1  Weinberg A.M. The future of nuclear energy / A.M. Weinberg // Phys. Today. — 1981. — Vol. 3 (34). — P. 48-56.

2 Hukomuu O.A. Tputuii B BOJHBIX SKOCHCTEMaX YpalbCKOTO PErHoHa: aBToped. Juc. ... kaHx. ouoin. Hayk / O.A. HukommH.
— Exkarepun0ypr, 2008. — 22 c.

3 Merphy C.E. Tritium transport around nuclear facilities / C.E. Merphy, C.W. Sweet, R.D. Fallon // Nucl. Saf. — 1999. —
Vol. 23(6). — P. 77-684.

4 Synzynys B.. Radiological Problems of Tritium / B.L. Synzynys, O.A.Momot, O.A.Mirzeabasov, A.V.Zemnova,
E.R. Lyapunova, Yu.M. Glushkov, A.A. Oudalova // XIII International Youth Scientific and Practical Conference “FUTURE OF
ATOMIC ENERGY — Atom Future 2017”. — Obninsk, 2017. — P. 249-260. https://doi.org/10.18502/keg. v3i3.1624

5 Boyer C. Tritium in plants: a review of current knowledge / C. Boyer, L. Vichot, M. Fromm, Y. Losset, F. Tatin-Froux,
P. Guetat, P.M. Badot // Environ. Exp. Bot. — 2009. — Vol. 67 (1). — P. 34-51. https://doi.org/10.1016/j.envexbot.2009.06.008

6 Garland J.A. Incorporation of tritium in grain plants / J.A. Garland, M. Ameen // Health Phys. — 1979. — Vol. 36. — P. 35—
38.

Cepus «Bbuonorusi. MeaumuuHa. Meorpacusi». Ne 2(106)/2022 115



Ye.N. Polivkina, L.F. Subbotina, F.F. Zhamaldinov

7 Diabate S. Organically bound tritium / S. Diabate, S. Strack // Health Phys. — 1993. — Vol. 65 (6). — P. 698-712.

8 UNSCEAR Report. Annex C. Biological effects of selected internal emitters — Tritium. — New York, USA: United Na-
tions, 2017. — P. 241-359.

9 Hapymesa E.A. MeToapl uccieqoBaHusi B arpOXUMUU: KpaTKUi Kypce JIEKUMH U acMpPaHTOB HAIPaBJICHUS MOJTOTOBKU
«Cenbckoe xo3siictBoy / E.A. Hapymesa. — Capatos: Caparosckast ['AY, 2014. — 120 c.

10 Jlykamenko C.H. Patent Ne 29721/ C.H. Jlykamenko, H.B. Jlapuonosa, B.I1. 3apem6o. — 2015.

11 ISO 9698:2010. KayectBo Bombl. OmnpezeneHne 00beMHOM aKTHBHOCTH TPUTHUSL. MeTOIbI TTOACYeTa CHMHTHIUIAIUNA B KHIKON
cpene. — Acrana: KazInSt, 2010. — 32 c.

12 Hui-fang S. Study of ratio of tritium concentration in plants water to tritium concentration in air moisture for chronic atmos-
pheric release of tritium / S.Hui-fang, Y.Ren-tai // Energy Procedia. — 2011. — Vol.5. — P.2421-2425.
https://doi.org/10.1016/j.egypro.2011.03.416

13 Sang-Bong K. Investigation into tritium behavior in Chinese cabbage and Rice after a short-term exposure of HTO / K. Sang-
Bong, L. Myung-Ho, C. Gun-Sik // J. Korean Asso. Radiat. Prot. — 1998. — Vol. 23 (2). — P. 75-82.

14 Atarashi-Andoh M. Conversion rate of HTO to OBT in plants / M. Atarashi-Andoh, H. Amano, M. Ichimasa, Y. Ichimasa //
Fusion Sci. Techn. — 2002. — Vol. 41 (3). — P. 427-431.

15 Strack S. Organically bound trittum formation and translocation in crop plants, modelling and experimental results /
S. Strack, S. Diabat, J. Muller, W. Raskob // Fusion Techn. — 1995. — Vol. 28. — P. 951-956.

16 TTomuekuna E.H. Onenxa asposomsroro nornomennst NTO kynstypoit Helianthus Annuus B ycnoBusx CeMunanaTuHCKOro
ucneitatensHoro nmomurona / E.H. Tlomuskuna, H.B. Jlapronosa, O.H. JIsxoBa // Pamuanus u puck. — 2020. — Ne 1. — C. 79-89.

17 Sxymkuna HJ. ®usnonorus pacrenunit / H.U. Sxymkuna, E.JO. baxtuna. — M.: BTTAJIOC, 2004. — 312 c.

E.H. IlonuBkuna, JI.®. Cy66otuna, @.®. )KamanauHos

KyHn0arbic 1aKbLIBIHBIH TAMBIPBIMEH CiHIpY Ke3iHe
TPUTHIIII MHKOPNIOPANUSIJIAYAbI 3ePTTEy

Makanana kyHOarbic nakbUibiHbIH (Helianthus annuus L.) tameippiven HTO in vitro cidipy ke3inze
TPUTHIIIH MHKOPIIOpaUUsIaHybiHa Meepiik 6ara Gepinren. Kyubarsictien tputuii cyst (HTO) typinzeri
TPUTHH pagHOHYKIHIIHIH CO3BUIMANBI TYPAE TAMBIPMEH CiHIpiiyi ke3inzae Bererauus keseinge OCT/TCB
apaKaThIHACBHIHBIH oprama MoHI 0,21 KyparaHsl aHbIKTangel. TiHpepamin 6oc cysmpmarsl Tputuiiaig (TCB)
opraHuKainblK Oaitnmansickan Tputuiire (OBT) aifHamy >KbUIIaMABIFEI JKalbIpakTaHy (a3zachblHAa MaKCHMyM
0,08-nen 0,044 % car'-re neiiin e3repi. TpUTHIl TaMBIP apKBUIBI CIHIpUIreHIe KYHOAFbIC OHIMIHE apHAIFaH
tpancnokanusa uapekci (TLI) 65 % kypansl. Tputuiiin KyHOArbIc MYyIIeNepiHAE TaMBIPIapbIMEH Y3aK
cinyimen Ttapany cunarbl TCB yuriH — «raMeipiaap > TYJILIOFBIp > cabakrap > jkambipakrap», an OCB
YIUiH — «TYJILIOFBIp > cabakTap > jKamblpakTap > TaMbIpiap» KaTapblHAa a3asasl. TpUTHHIIH KyHOarbiC
JaKbUIBIHBIH TaMbIpbIMeH CiHipinyi ke3inge TCB meHmIikTi OenceHaniriHia MoHI TaMbIpJIapMeH CiHIpiLIeTiH
CyAarbl pagUOHYKIHATIH OenceHaimiriMeH ToiFbI3  Oaimaneictel (r — 0,89, p <0,05). Kynbarsic
MYIIenepiHae TPUTHIAIH TapallybIHBIH Oenrienred 3apapiibiKTaps! xkoHe OCT/TCB apakaTeIHACH! SAPOIIBIK
OTBIH IMKJII KOCIMOPBIHAAPEIHBIH MMIAKT ayMaKTapbIHIAFbl KOPIIAFaH OPTaHBIH TPUTHHMEH JIaCTaHYBIHBIH
OMOMOHUTOPHHTI YIIiH KOJJaHOAIEl MOHTE He.

Kinm coe30ep: XyHOAFBIC, TPUTHUH, TPUTHIICHTEH Cy, TAMBIPJBIH CIHIpLTYi, aCCHMUIALNS, TPUTHH TIHIECPIIH
0oc CybIHIOAarbl TPUTHH, OpraHMKAJbIK OalNaHBICKAH TPUTHIL, KOHBepcHs KO3(QQUIMEHTI, KaTbIHAC,
TPAHCIIOKALUS UHACKCI.

E.H. IlonuBkuna, JI.®. Cyb6otuna, ®©.D. XXamanguHos

I/Iccnesza}me KOPHEBOTO NMOIJVIOIICHUSI TPUTHUS Ky.]'ILTypOﬁ MNHOACOJIHCYHHUKA

B crarke mpencraBieHbl pe3yabTaThl HCCIETOBaHUS KOPHEBOTO TOTJIOMICHHS U ACCHMWISAIIMH TPUTHUS KYJIb-
Typo nmoaconHeunuka (Helianthus annuus L.) B yCIOBUSX MOJEIBHOTO SKCIECPHMEHTA. Y CTAHOBIICHO, YTO
MIPH JUTATEIIFHOM KOPHEBOM TOTJIONICHUH H30TOIA TPUTHS B pacteHus 3HaueHus: cooTHomenuss OCT/TCB B
TEUeHHE BETeTallMOHHOTO LMKJIa u3MeHstorcs B nuanaszone 0,1-0,27, cpennee 3Hauenue coctaBuino 0,21.
CKOpoCTh 06pPa30BaHMsl OPraHUIECKH CBS3aHHON (opMbI TpuTHs m3Mensinach ot 0,08 mo 0,044 % u'!, noctu-
rasg MakcuMmyMma B (paze oOJHCTBIICHHUS MOJICONHEYHUKA. MHACKC TPaHCIOKALUK AJIsSL KyJIbTYphl MOJCOTHEY-
HHMKa TPH KOPHEBOM TOCTYIUIEHHH TPHUTHUSI COCTaBUI 65 %, 4TO 3HAYUTENBHO BBIIIE (IOYTH B 2,5 pasa) 1o
CPaBHECHUIO C adPaJbHBIM MOTJIONICHUEM PaIUOHYKIHIA. XapaKTep pacipeleliCHUs] TPUTHS 10 OpraHaM IO~
COJIHEUHHUKA IPU XpOoHHUEcKOM KopHeBoM mnoriouienun Tputus ais TCB nu OCT ymeHbliaercs B cieqylo-
X PAJaX COOTBETCTBEHHO: KOPHH>COLBETHS>CTCONM>IUCThS W COLBETHS>CTCONN>IUCThI>KOpPHUA. B
YCIIOBUSAX KOPHEBOT'O MOCTYIUICHUS TPUTHS B MOJCOJNHEYHHK 3HAYCHUs yaenbHOW aktuBHOCTH TCB TecHo
KOPPEIHUPYIOT C yIEIbHON aKTUBHOCTHIO H30TOIA B COCTaBE TPUTUPOBAHHOM BOJIBI, HCIIOJIB30BAHHOM [UIS IO~
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muBa pactenuit (r — 0,89, mpu p <0,05). BeigBaeHHBIE 3aKOHOMEPHOCTH IOTJIOLICHUS, TPAHCIOKALUKN U
pacnpezenernst GOpM TPUTHA 10 OpraHaM IOJCOJHEYHHUKA UMEIOT IPHUKIAJHOE 3HAYCHHE I OMOMOHHTO-
pHHIa TPUTUEBOTO 3arpsA3HEHUS OKPY KaIOLIEH Cpellbl HA UMIIAKTHBIX TeppUTOpUsx npeanpustuid ATLI.

Kniouesvie cnosa: TOACONHEYHWK, TPUTHH, HACBHIICHHAas TPUTHEM BOJA, KOPHEBOE IIOTJIOIICHHE,
ACCUMMWIISIIINS, TPUTHUIT CBOOOTHOM BOABI TKAHEH, OPraHWIECKH CBS3aHHBINH TPUTHH, KO (DUIINEHT KOHBEPCHH,
coorHomenue OCT/TCB, nanekc TpaHCIOKAINL.
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Onenka HCXOHOI'0 MaTepuaJjia 1Jid NoJy4YCHHUd puca
C BBICOKHM COJI€PKAHUEM AaMHJIO3bI

Puc — onMH 13 OCHOBHBIX 3€PHOBBIX KyJbTYp, UMEIOIIUX CTPAaTErMYecKH BakHoe 3HaudeHue. I[lotpebnenne
puca B KazaxcraHe MoBbILIAeTCS, 10 CPABHEHUIO C APYTMMH KpynaMmu, U gocturaeT 6Gonee 65 %. Ha cero-
JTHAMIHUKA JI€Hb, B CBA3U C YBEJIMUEHUEM MMIIOPTAa PUCOBOII KPYMbl, MPEACTABIACTCS aKTyalbHBIM pa3BUTHE
TIPOM3BOJICTBA PUCA, HOBBIMICHUE €€ KOHKYPEHTOCIIOCOOHOCTH M CO3JaHHe OTEYECTBEHHBIX COPTOB pHCa C
YIIy4IIeHHBIMH IHINEBBIMA U KyJIHHapHBIMH KadecTBaMU. KiroueBEIM (hakTOpoM, OIpenessiomuM KadecTBO
pHuca, SIBISETCS IIPOLEHTHOE COJIEpPKaHNe aMIJIO3bl B KpaxMaie 3epHOBKU prca. B cBsi3u ¢ 3TUM maHHas pa-
00Ta IOCBSIIIIEHA TIOUCKY JIOHOPOB MIPU3HAKA «BBICOKOE COJEPIKaHUE aMIJIO3bD) CPEIH COPTOB W JIMHHUH OTe-
YEeCTBEHHOMU U 3apyOexxHoi cenexuuu B kosuiekiuu puca PI'TI na [IXB «MucTuTyT OHOI0THN M GHOTEXHOIIO-
ruu pacteHuit». CKpuHUHT 172 3apyOeXHBIX U OTEYECTBCHHBIX COPTOB M JIMHUN pHCa Ha COAEP)KaHUE aMH-
J03bI MO3BOJIMII MICHTU(GUIMPOBATH 9 BBHICOKOAMHUIIO3HBIX COPTOOODPA3LOB, U Cpeau HUX OOHApYXEH OAMH
OTEYECTBEHHBII CTapolaBHUN COPT Ka3axcTaHCKo# cenekuuu «K3077 Kazaxuy», KOTOPbIH MOXKET MOCITYKUTh
JIOHOPOM IIpU3HAKa «BBICOKOE COAEpXkKaHHe aMmIo3bl». OHAKO HEKOTOpPEIE 3apyOeiHbIe COPTOOOPA3LBI BEI-
TIaJI U3 CIHCKa KaHJMJAaTOB, TaK KaK HE yCIEBAIOT CO3PETh B KIMMATHYECKHX ycnoBusx Kazaxcrana ms-3a
JUIMHHOTO BETETAI[MOHHOTO NIEPHO/Ia, B CBSA3U C ATUM O0TOOpaHbI Beero mecTh: «Maspy» (26,8 %), «TaitboneT»
(25,4 %), «Ilapurer» (27,0 %), «K3612 Kapa-Ksureix» (25,0 %), «K3077 Kazaxu» (25,1 %) u «Comnneu-
HbI» (25,4 %). HazBanHbIe BbIIIE COPTA M IMHUHU PHCA C BHICOKUM COJIEP)KAaHUEM aMUJIO3bI OyyT HCIOJIB30-
BaHbI B Ka4eCTBE JIOHOPOB MPHU3HAKA «BBICOKOE COJIEPIKAHUE aMUIIO3bI» JUIS CENIEKLIUH PUCa.

Knioueswvie cnosa: puc, comepxaHue aMMIIO3bl, YIydIIEHHE KauyecTBa, OTEUECTBEHHAas M 3apyOexHas
CEJIeKIHs pUca, COPTo00pasIbl, TOUCK JOHOPOB, KITMMaTHUECKUE yCIOBHSI.

Bseoenue

Puc (Oryza sativa L..) — BTOpas BakHas 3epHOBas KyJlbTypa, KOTOPasl YCTYIAET TOJIEKO MIICHUIIE, H
CJIy’)KMT OCHOBHBIM MPOAYKTOM TMUTAHUS JUIs OOJBINMHCTBA JIFOJICH BO MHOTHX cTpaHax mupa [1]. B cBs3u ¢
POCTOM YHCIIEHHOCTH HAcCeJIeHUsI Ha 3eMJie CIIPOC Ha PYC MPOJOJIKAET MOBHIIIATHCS, U BO3PACTaeT HE0OXO-
JTUMOCTh CO3JIaHUSI HOBBIX COPTOB pHUCa C YJIYYIICHHBIMH IHIEBBIMA U BKYCOBBIMH Ka4eCTBAMH, BHICOKOU
YPOXKANHOCTHIO U YCTOMYMBOCTBIO K OMOTHYECKHM U abuotmyeckuM ¢akropam [2]. B cBoro ouepenb, 310
TpeOyeT MOCTOSHHOTO OOHOBJICHUS M PACITUPECHHSI TEHETHIECKOTo Oa3uca ceneknuu puca [3, 4].

B nocnennee BpeMs MCCIIeOBaHMS MO YIIYYIIEHUIO KA4eCTBA prica MPHUBIIEKAET BCE BO3PACTAIOIINHA WH-
Tepec YUCHBIX Pa3HbIX CTPaH-TIPOU3BOAMTENCH puca [5, 6]. HeoOxomuMocTh ynydlieHus: KayecTBa puca CBsi-
3aHa C TPEANOYTCHUSIMHU IOTPEOUTENCH M TMOJydYeHHEeM NPUOBUIH TMpou3BomuTeNssMu. KauecTBo puca, B
MEPBYIO OYepelb, 3aBUCUT OT COCTaBa Kpaxmaina [7], KoTopasi COCTOMT U3 IBYX THUIIOB MOJMMEPOB: aMUJI03a
n amuyonektuH. Hanbosee BaKHBIM OMOXUMHYCCKUAM MMOKA3aTEIeM CUUTACTCS KOJTUYESCTBO aMHUIIO3bI, KOTO-
pasi OKa3pIBacT BIMSIHME HA KadecTBO puca. CopTa prca, B 3aBUCUMOCTH OT COJICPIKAHUS aMUIIO3bI, ACITSTCS
Ha rimotrHo3HBIE (0 %) 1 Beicokoammno3usie (25-30 %). BeTpeuyaroTest HEKOTOphIe cOpTa MHIAMHCKOTO MOJI-
BHJA pHCa, TI€ KOJIMYECTBO aMIIIO3bI JocTuraet a0 35-37 % [8]. Ha aMuIoneKTHH MpUXO0IUTCS OCTABIIASCS
4acTh Kpaxmaya 3€pHOBKU puca u coctaBiser 65—70 %. HecmoTpss Ha TO, 4TO CONEp:KaHHE aMUIIO3BI B
KpaxmaJjie 3epHOBKH prICa HIDKE 110 CPABHEHUIO CO BTOPBIM MOJIMMEPOM, aMIJIONEKTHHOM, MMEHHO aMHJI03a
OTIpeJIeNIeT KyJIMHAPHBIC CBONCTBA pHca, TAKHE KaK CIOCOOHOCTh 3epHA K HAOYXaHUIO M CTAOMIH3aIluH BSI3-
KOCTH KJICHCTEpOB. AMHII03a 00J1a/TaeT BBICOKOM KIIeHCTepU3aIel, 4eM OOJIbIIIe COJIepKaHUEe aMUIO3b], TEM
BBIIIE TMANa30H Temneparyp kierctepuzanuu (70—75 °C). Huzkoe copepkaHre aMHIIO3bI CBSI3aHO C MSITKON
TEKCTYpOU, XOpoliel KIEUKOCThIO U HEXHBIM U TJISHIIEBBIM BHEIIHUM BUJOM NPUTOTOBJIEHHOTO puca. BbI-
COKUU OPOLEHT COACPMKAHUS aMHIIO3bI MPUBOAUT K KECTKOM TEKCType U HU3KOU BSI3KOCTH, U MOCIE MPUTO-
TOBJICHUS PUC BBHITJISIUT CYXHUM, TBEPJIbIM, MYIIIHCTHIM U PACCHITYATHIM [9].
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B 3aBHCHMOCTH OT KOJTMUECTBAa aMHUIIO3Bl UCCIIEIOBATENIN COPTA PHUca NOAPA3ACISIOT Ha: TIIOTHHO3HBII
(ot 0 % mo 2 %), HermoTHHO3HEBIH (>2 %), oueHb HU3KOAMIIIO3HBIH (0T 2 % 10 9 %), HU3KOaMHIIO3HBIH (OT
10 % mo 19 %), cpenneamunozusiii (ot 20 % no 24 %), 1 BeIcOKOaMIIIO3HBIH (>24 %) [8, 10].

Kak u3BecTHO, KauecTBO ONIOJ U3 pHca 3aBUCUT OT COJEp)KaHUs aMHUJIO3bl B 3€pHOBKe puca. Tak, riro-
TUHO3HBIA pUC, COAEPKAIIUI MOYTH HYJIEBOH MPOLIEHT aMUJIO3bl, UCIIOJIB3YETCS B IIPUIOTOBICHUH TaKUX
0111011, KaK PU30TTO, I1a3Jbs U OO AETCKOr0 M JUETUUECKOr0 IUTaHUs, KaK AeCepThl U 3aKycKu. OTMEUeHO,
4TO COpTa puca ¢ HU3KOH ammino3oit (15—-19 %) mocie Bapku CTaHOBATCS MATKHMH W JIMIIKHMH, K HEMY OT-
HOCSTCA BCE YMEPEHHBIE cOpTa puca japonica [9], KOTOpble IOAXOAAT B OCHOBHOM I TIPUTOTOBIICHUS CY-
i, pomn u 1.74. [11]. Cpengaeamunosssie copra puca (2024 %) xapakTepu3yloTcsl MATKOM, HO HE KIEHKOU
TEKCTYpO# [5], U IPUMEHSFOTCS M1l PUTOTOBJICHHS KAaIlld, MPEATIOYUTAEMON OOJIBITMHCTBOM MOTPEOUTE-
neil. BeicokoaMuIIo3HbIe COpTa pHCa, T IPOLEHT COIEPKAHNS aMHUIIO3bI COCTaBIsIeT >24 %, HCIONB3YIOTCS
B OCHOBHOM JIJIsl IPUTOTOBJIEHUS TaKuX OJIOX, Kak IUIOB. BeIcokoe conepxaHue aMuIO3bl ITOBBIIIAET Kade-
CTBO puca, 0iarozaps KOTOpOMY PUC IOJIy4aeTcsl He JIMIKUNA M COXPaHSAET CBOKO PAacChIYaTocTh U IyILIU-
CTOCTH TOCJIC TPUTOTOBIICHHUS, OXJIAXKACHUS U TMOCIEAYIOMEro Pa3orpeBaHusl IUIOBa, YTO SIBJISIETCS OYCHb
BBITOJTHBIM TIPY NIPUTOTOBJICHUH OJION U3 pHca B KyJIHMHAPUU U pecTopaHax. Kak BUIHO W3 3TOrO ONUCaHU,
9TOOBI YIOBJICTBOPUTE KYJIMHAPHBIC TTOTPEOHOCTH Pa3HBIX MOTpeOHTENeH, HEOOXOIUMBI COpTa pHca C pas-
JUYHBIMHU KauecTBaMHU.

Knumarugeckue yciaoBus B mepuos GOpMUPOBAHUS 36PHOBKH pUCA UTPAIOT KIIOYEBYIO POJIb B HAKOII-
JICHUU U KoJe0aHUU COAEPKaHMsI aMIIIO3bl B copTax. Tak, BBIBIEHO, YTO OTOAHBIE YCIOBUS IIPU BO3EJIBI-
BaHUM pHCA OKa3blBAIOT BJIMSHHUE HA NPOLEHT COJECP)KAaHUs aMUIO3bl, U MOCIEIHEE MOXKET BapbUpPOBaTh B
pasHele rozbl 10 6 % g Kaxkaoro onpenenenHoro copra [12, 13]. Huzkas temneparypa Bo Bpemsi co3peBa-
HUS 3€pHA IPUBOJUT K YBEJIMUYEHUIO KOJMYECTBA aMIJIO3b], @ BHICOKOTEMIIEpaTypHbIe KJIMMAaTHUECKHE YCIIO0-
BHSI — K €€ CHIKeHmIo [ 14—16].

Takum 00pa3oM, OIHUM H3 KIIOYEBBIX (PaKTOPOB, ONPEACISIIONINX KA4eCTBO PHUCA, SBISIETCS MPOLIEHT
coJiep>kaHusl aMuJIo3bl. Tak, BEICOKOE €€ COIepKaHuEe MPUBOAUT K YIYUILICHUIO KYJIMHAPHBIX Ka4eCTB PHCA.
JanHas pa0oTa IOCBsILEHA OUCKY JOHOPOB IPU3HAKa «BBICOKOE COIEPXKaHHUE aMUIIO3bD» CPelu COPTOB U
JUHAN OTEYECTBEHHON M 3apyOe:KHOU cenekiuu B Kouekuuu puca MBBP nist cenekunu puca ¢ BHICOKHM
coJiep>kKaHUEeM aMHJIIO3bI.

Mamepuanvt u memoosi

OO0BeKTaMU UCCIICNOBAHUS CITYKHIH 172 copTa ¥ IWHUHU PrCca OTCYCCTBEHHON U 3apyOEKHOM CEIeKITII
n3 komekuuu puca PI'TI na [IXB «MucTuTyT OMOnoruu m OuotexHonoruu pactenuin» (PITI na I1XB
«BEPy).

KonmgecTBO aMIIIO3BI B 36pHOBKE prica OMPEISISUIH 00IIen3BeCTHRIM MeTotoM Jlkymmano [17]. s
storo k 100 Mr uzmensueHHON MyKku pruca qo6assuin 1 mi ataHona (96 %) u 9 ma 1N NaOH. 3arem cmech
HarpeBany Ha BogsgHO# Oane (100 °C, 10 MUH) M myTeM MOCTOSIHHOTO MEpEeMEIINBaHUA JTOBOAMIN 00beM
TUuCTHILTpoBaHHOU Bomow mo 100 mur. [anee k 5 M1 cMecH Ka)xaoro o0pasiia, TIIATeILHO TepeMeITuBasl,
nmobapis 1 mur 1N ykeycHOM KUCIOTH M 2 Mi HomHoro peareHta (KI+J,), u o6beM 00pas3IoB TOBOAMIN
nuctipoBaHHoi Bogo# 1o 100 mut. Tlocne o6pasisl octaBmsu Ha 20 MuH B TemMHOTe. ConepKaHue aMu-
710361 m3MepsuH 1pu A = 620 aM Ha criekTpodoTomerpe GENESYS10 uv (ThermoSpectronic, USA).

Cormacao metony JIKynmano, Kpaxmai IpH B3aUMOICHCTBHH C HOAOM OKpPAITUBACTCS B CHHHUM ITBET B
NPUCYTCTBUM aMuiIo3bl [18], a aMHIOneKTHHA — B KpacHO-(HONETOBBIN LIBET, YTO MO3BOJSIET OTJIMYUTH
¢pakuuy aMHIONEKTHHA OT ()PAKIMK aMHJIO3bI M BBISIBUTH BHICOKOAMMJIO3HBIE M HH3KOAaMHIIO3HBIE COpTa.
Crnenyer OTMETUTh HHU3KOE BIMSHHME aMWJIONEKTHHA B JKCIIEPUMEHTE, TaK KaK MaKCUMYM IIPOIYyCKaHUs
ammtonekTruaa A = 520-550 um) [19].

Pesynemamot ucciedosanuii u ux oocyxcoenue

B namem skcrieprMeHTe B pe3yNibTaTe peakiiy Kpaxmala ¢ HOJO0M IMOTyYeHbI IIBETHBIE PaCTBOPHI, Xa-
pakTepu3yIOIIUe pa3HOe MPOLIEHTHOE COJIepyKaHNe aMUIO3bI B 3aBUCUMOCTH OT copTa (cM. puc.). Paznuunbie
LIBETa OKPAIICHHBIX PACTBOPOB YKA3hIBAIOT HA PA3HUILYy B MPOLIEHTHOM COJEP:KaHUM aMUJIO3bI B 3aBUCUMO-
CTH OT COpTa U JTMHUM puca.

Ha mpucyTrcTBre aMUII03bI YKa3bIBAIOT PA3IMYHBIE OTTEHKH CHHETO, OT CBETJIO-CHHETO JI0 CHHETO I[Be-
Ta, KOTOPhIC TPUOOPETAIOT PACcTBOPHL. [IpH OTCYTCTBMU M HU3KOM COJICPIKaHUU aMHUJIO3BI PACTBOP OKpaIllu-
BaeTCs OT KPAaCHOBATOrO JI0 KOPHYHEBO-(DHMOJIETOBOTO IBETA, YTO YKa3bIBaeT Ha IMpeo0IiafjaHie B PacTBOpPe
aMIIOTIEKTHHA, KOTOPBII OOBIYHO MPH PEaKIUU C HOIOM MPHOOpPETaeT KpacHO-(hHOIETOBYIO OKPACKY.
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i 2 3 4 5 6 7 8

1 — «Kpacusrii pucy 26,28 % (Qumunmunsl); 2 — «Ctargapt 30 %; 3 — «Buoxerray — 1,65 %;
4 — «Toxammu Kypoxkm» — 19,2 %; 5 — «Crammapt» 0 %; 6 — 5 %; 7— 10 %; 8 — 15 %; 9 — 20 %; 10 — 25 %

Pl/IcyHOK. Paznuunbie IBCTa OKpAIlICHHLIX PACTBOPOB
B 3aBUCMMOCTHU OT MPOLUCHTHOI'O COACPIKAHUA aMUJIO3bI B COPTAX pruca

B manHO#1 paboTe, OCHOBBIBasCh Ha KiIacCU(hUKALUU PHCA IO COACPKAHUIO aMHJIO3bI, TIPEJIOKEHHOH B
pabote D.10. [TamymoBotii [8], MpoBOAUIN pa3/ieieHUEe COPTOB U JTHMHHIA.

B pesynpTaTe mepBoro 3tana CKpuHUHTa 88 COPTOB U JIMHUH pHca OBIJIO YCTAaHOBIEHO, YTO B KOJIJIEK-
uuu puca PI'TI Ha I1XB «MBBP» npeobnagaioT HU3KOAMHJIO3HBIE, M HAN00JI€e MaJOYMCICHHBI TJIIOTHHO3-
HBIE ¥ BBICOKOAMUJIO3HBIE cOpTa U JuHuH [ 13].

Bo BTOpOM 3Tare CKpuHUHTA IIPOAHATU3UPOBAHO elie 84 HOBBIX COPTOB W JIMHHK. Beero, B xoze mpo-
BEJIEHHOTO JIBYXATAITHOTO CKPUHUHTA Ha CO/IeP)KaHNE aMHIIO3bI, TPOaHAIN3UPOBaHo 172 copTa v JMHUU PH-
Ca OTEYECTBEHHOMW U 3apyOEKHOM CEICKIINH, TIOJTHBIN CIIMCOK KOTOPHIX MIPUBE/ICH B Ta0JIHIIE.

TaG6nuna

Coaep:xanue aMUJI03bl B COPTO0Opa3uax (COpTa, KONJIEKIIHOHHBIE 00pa31bl U JIUHUU)
pHca oTedyecTBeHHOM U 3apy0e:xHoii cenexuuu u3 koiekuuu UGBP

o OpurrHaTop copTa  /Uiau o OpurrHaTop copTa u/min
HaumenoBanwne oAM= | e TouHmK KOJUIEKITMOHHO- |  HamMenoBanue /o amu- HNCTOYHHK KOJIICKIIHOHHO-
TIO3BI ro o0pasna u JIMHUK JTO3EI ro obpasia u JIMHUH
I sTan ckpuHuHra Il 5Tan ckpuHuHTa
1 2 3 4 5 6
Buonerra 1,9 BHUU puca Yatanamochi 0 Snonus
Buosna 1,8 BHUU puca Bypstii puc 0 -
He Tiang 2,8 Kuraii JlebOenp 0,8 [Ipumopckuit HUM CX
Kuro-mochi 3,0 Snonus Jetu BeTpa 1,3 pumopckuit HUN CX
Black rice 3,0 IRRI Hokriku mochi 2,0 Snonus
Yancapu 3,0 Y3HHUU puca Ouumochi 2,0 Snonus
W3ympyn 10,0 BHUMU puca K 3942 9,4 Ka3sHMU puca
Jlyrosoi 10,0 pumopckuit HUU CX K 30-50 10,0 Ka3sHMU puca
Bosipun 10,0 BHUMU puca PyOun 10,0 BHUU puca
Kypuanka 10,0 BHUMU puca Ko 296 10,0 Ka3sHHMU puca
CepnanTun 10,2 BHUMU puca K-84-28 10,0 Ka3sHHMU puca
Conara 10,3 BHUMU puca JlazypHslit 11,3 Y3HUU puca
Apbopuo 10,4 Uranust Sarasm 11,3 TamxukucTan
CHexHHKa 11,7 BHUMU puca Mis 2013 11,4 Typuus
Manyas
Arnant 11,8 BHUMU prca Vildas 11,7 Upan
Junamant 11,9 BHIMU puca HBymmika 11,6 BHIMU puca
Komannop 12,2 BHUUN3K 4421 Halian Variety | 11,7 Wpan
9-09 nuHus 12,3 ITpumopckuit HUM CX Bigaincise 12,0 Typuus
CeneHnyM 2,4 Wranust Tosya Gunesi 12,1 Typuust
Deshan B 12,5 Kurait ITaBnoBCKMIA 12,1 BHIMU puca
Yir 5815 12,5 | HUucruryt puca HAAHY | Kou. 06p. 04-09. 12,3 [Tpumopckuit HUN CX
11933 12,7 [Tpumopckuit HUN CX Kpenbim 12,3 BHUMU puca
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IIpomonxenue TabdHIIBI

1

2

3

4

5

6

Panan 12,8 BHUMU puca Apan 202 12,3 Ka3sHMU puca
Xankaiickuii 429 12,9 pumopckuit HUU CX K 2822 Yensit 12,5 Aszepbaiimkan
Anpenbckuil 13,2 BHUMU puca R 5524 12,9 Ka3HMU puca
BHUUWP 10173 13,2 BHUMU puca Koun. 00p. 34-09 134 [Ipumopckuit HUM CX
OnpITHBIN 13,2 KazHWN3uP KpacHblif MuKC 14,1 -
Tapant 13,3 BHUMU puca, OcmaHuuk 14,1 Typuus
32-09 nuHus 13,3 pumopckuit HUU CX BHUMP 10177 14,2 BHUU puca
Mu-07-1055 13,3 pumopckuit HUU CX Tyrucken 1 14,2 Ka3sHMU puca
Yir 8458 13,4 | UnctutyT puca HAAHY IOxHbII 14,3 BHUUN3K
4909 nunus 13,5 pumopckuit HUU CX UepHsblii puc 14,7 Kuraiit
Crpenen 13,5 BHUUM3K ITak JIn 14,8 KasHUN3uP
Hapuii 23 13,5 pumopckuit HUU CX BHUUP 10178 15,0 BHUU puca
doHTaH 13,6 BHUMU puca Penap 15,3 BHUU puca
Peryn 13,7 BHUMU puca She 1. Akidawara 15,3 Snonus
Norin 13,7 BHUMU puca Kas3Ep 6 15,4 Ka3HMU puca
Crnanpuuk 13,7 BHUMU puca IIpuo3zepusiii 61 16,1 pumopckuit HUN CX
Mapxkan 13,7 Ka3sHMU puca Akidawara 16,1 Snonus
Manuna 13,9 UBBP K488 TOI:;HM Kypo- 16,1 IIpumopckuii kpait
CrnassiHenl 13,9 BHUU puca K 487 KsipMbI3bI 16,4 Y3HUU puca
KpacHonmap-ckuit 424 | 14,0 BHUMU puca Aii-Cayne 16,4 Ka3sHMU puca
Mu -07-980 14,1 [Mpumopckuit HUM CX Jpyxublii 16,5 BHUMU puca
PasnonbHbIi 14,2 BHUU puca Odaebuyeo 16,5 Kopes
JIunep 14,3 BHUMU puca Ko 298 16,6 Ka3sHMU puca
46-09 14,4 [Ipumopckuit HUM CX Ko 287 16,6 KasHUU puca
S. Andrea 14,5 Wranus Jinbubyeo 16,7 Kopest
banbno 14,8 Wranus Ko 183 16,9 KasHUU puca
Kennzo BUP 14,9 | UnctutyT puca HAAHY Bakanac-ckuit 17,1 HNEBP
30-09 14,9 [Ipumopckuit HUM CX Ko 198 17,5 KasHUU puca
Caaxo 15,0 pumopckuit HUU CX AnteiHait 17,7 HNEBP
AmnHaut 15,2 BHUMU puca Kyoosip 17,8 BHUUN3K
Yir 1462 15,3 | UrctutyT puca HAAHY K 4693 Sollano 18,4 Wcnanus
AmeTuct 16,1 BHUMU puca Busur 18,5 BHUMU puca
1-09 nunus 16,1 pumopckuit HUU CX IN'ymxaxon 18,5 Y3HUU puca
Long Ting 175-2-09 | 16,1 Kurait K 3875 Akyna 18,5 Aszepbaiimkan
dnarmMan 16,1 BHUMU puca K-01836 19,0 -
SAnTaps 16,3 BHUMU puca CserJblil 19,1 BHUUN3K
10-09 16,5 pumopckuit HUU CX IOxanun 19,3 BHUUN3K
Dumrt 16,5 BHUMU puca K 5105 Cagpu 19,4 Upan
Hogarop 16,6 BHUMU puca BHUMP 5242 20,0 BHUU puca
58-09 16,6 [Ipumopckuit HUM CX Ko 395 20,1 Adranucran
ApoMaTHbIi 16,9 BHUUN3K Apbaner 20,2 BHUU puca
IIpuBonbH-b1it 04667 | 17,0 BHUUN3K K 584 Capei-Kbumuuk | 20,6 Aszepbaiimkan
Hynaii 17,0 BHUUM3K K 4694 Balocco 20,8 Hcnanus
29-09 17,3 pumopckuit HUN CX HB 9106 21,1 IRRI
JInman 17,3 BHUMU puca K 2483 Xoxxkaino 21,1 TamxukncTan
[Hapm 174 BHUMU puca lana 21,1 BHUMU puca
JlazypHblit 174 Y3HHNU puca Xomxa Axmer 21,2 TamxukucTan
KasHUMUP 5 17,6 KasHUU puca Hes3upa 21,3 | VY306ekucraH (cTapoaas.)
MyCTaKmInK 18,0 Y3HUMU puca K 1323 21,4 Y306ekucran
IN'ymxaxon 18,0 Y3HHUU puca MSB 2 21,7 Ka3sHMU puca
Xazap 184 BHUMU puca Kybanckuit 21,8 BHUMU puca
Hctukbon 18,5 Y3HHNU puca Ko 245 22,4 Ka3sHMU puca
VY3Poc 7/13 18,5 Y3HHNU puca K 3830 IManaun 22,8 Ka3sHMU puca
ABaHrapn 18,5 Y3HHUU puca HB-1 black rice 23,0 Ka3sHMU puca
Ky0anb 3 18,7 BHUMU puca Kpacsslii puc 23,2 IRRI,
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OKoHYauHue TaOIIMIE

1 2 3 4 5 6
HcTuknon 19,0 Y3HUMU puca K 3903 JIun-Csin 234 Kurait
HUckannap 19,6 Y3HHNU puca K3612 Kapa-Ksuitbik | 25,0 Y3HUU puca

CrpunTt 19,6 BHUMU puca K3077 Kazaxu 25,1 Kasaxcran (crap\nas.c.)
Oo6pasen Anekceenko| 20,0 BHUMU puca HB 9093 25,1 IRRI
Apy 20,6 Ka3sHMU puca CouiHeuHBIH 25,4 BHUU puca
Bbapakar 21,1 Kwurait Ko 293 27,0 IRRI
Axnana 21,1 UBbP HB 9114 27,0 IRRI
Wnrop 22,8 Y3HHNU puca
Masgp 26,8 BHUMU puca
TaiiboneT 25,4 CIIA
[Tapuret 27,0 BHUU puca

Cormacao xnaccubukamum O.10. IlamynoBoii [8], m3ydeHHble HaMu 172 copTa W JUHUI prca OBLIH
pa3zesicHsl 0 COAEP KaHUIO aMIJIO3bl Ha TPyl B pesynbraTe 0OHapyKE€HO, YTO B KOJUICKIIMH PHUCA TIIIO-
TUHO3HBIE COCTaBISAIOT 3,5 %, oueHb HU3KOaMuUIo3Hble — 3,5 %, Hu3koamuinosuele — 74,4 %, cpenHeamu-
no3usle — 13,4 % u BeIcOKOaMuIIO3HBIE — 5,2 %. Kak BUIHO M3 pe3ynbTaToB, KOJUIEKIIMOHHBIN MaTeprat
puca PI'TI na IIXB «MUBBP» cocToUT B OCHOBHOM W3 HU3KOAMUJIM3HBIX U CPEAHEAMUITIO3HBIX COPTOB U JIH-
Huit. [IpeoGmanaromiee OOIBITMHCTBO B KOJUICKIIUU COCTABIISIOT HU3KoaMmiIo3Hbe (74,0 %), a BRICOKOAMHU-
JIO3HBIE COpPTa M JIMHUU BCTPEYAIOTCS B HAaMMEHbIIeM KonndecTBe (5,2 %). VMeromiiecss B KOIJIEKIH BCe
BBICOKOAMMJIO3HBIE COPTA U JIMHWW TIPUHANJIEKAT 3apyOexHON CENEeKIUH, KPOME OJHOTO OTEYEeCTBEHHOTO
cTapoJaBHEro copTa kaszaxctaHckoi cenekuuu «K3077 Kazaxu», KOTOPBIM MOXET CIYXUTh OJHHUM W3
JIOHOPOB TIPU3HAKA «BBICOKOE COJIEPKAHUE aMUIIO3bI.

Bceero, B pe3ynbrare ABYX 3TaloOB CKPUHUHra COPTOB U JIMHUH W3 KoJuiekiuu puca PI'TI na IIXB
«IBBP» BbineneHs! 9 BEICOKOAMUIIO3HBIX COPTOB M IHHUU: «Map» (26,8 %) «Taitboner» (25,4 %) u «lla-
puter» (27,0 %), «K3612 Kapa-Keuiteik» (25,0 %), «K3077 Kazaxm» (25,1 %), «HB 9093» (25,1 %),
«Comuaeunsrit» (25,4 %), «Ko293» (27,0 %) u «<HB 9114» (27,0 %).

OpnHako BEreTallMOHHBIN MEPHOA HEKOTOPHIX 3apyOeKHBIX COPTOB W JIMHUH HE COOTBETCTBYET KIIMMa-
THYeCKUM ycnoBusiM KazaxcraHa, u He ycreBaloT co3peBaTh. Tak, pailoHbl pucocesiHus AIMaTHHCKOM 001a-
CTH HE COBCEM MOIXOST JJISi CO3PEBAHMSI PHCA, 3/1€Ch IMOCTIEBAIOT B OCHOBHOM TOJIKO paHHECIIEJIbIEe copTa
puca ¢ nmeproaoM Beretaruu 100—105 mHeil. B cBs3m ¢ TUM B Ka4eCTBE JTOHOPOB MPHU3HAKA «BBICOKOE CO-
JepyKaHue aMUIO3bD» ISl CEJIEKIIMOHHBIX pa0oT U3 IEBATH WACHTU(PHUINPOBAHHBIX COPTOB U JIMHUNA 0TOOpa-
HBI mecTh: «MaBpy, «Taitboner», «I[laputer 04059», «K3612 Kapa-Ksunteik», «K3077 Kazaxu» u «Comn-
HEYHBIID.

Kak m3BecTHO, B CBOMX paboTax MHOTHE H3BECTHBIC yueHBIC-cenekinonepnl (P. beikyami, B.C. Ily-
croBodT 1 [LII. JIyKbsIHEHKO) MPUAEPKUBAINCH MIPABUIIA CENEKIUH «CKPEIIUBANTE TOJIBKO JyYIlee ¢ JIyd-
muM...» [20-22], © MBI cuuTaeM, 9TO IEJIECO00pa3HO OyIeT MPOBOANUTH THOPHUIN3AIMIO OTOOPAHHBIX HAMU
BBICOKOAMHIJIO3HBIX COPTOB W JIMHUH prca MeXIy co0oi. OqHaKo coaepKaHNe aMIIO3bl — MPHU3HAK MOJH-
TeHHOW MpUPOBI U cTabmnn3upyercs Tonbko B Fe F7 mokonenusix [23]. Hapany ¢ ucnoiap3oBaHUEM METOIOB
TPaIUIIMOHHON CENEKINHU B LIEIIX YCKOPEHUs CENeKIMOHHOTO Iporecca OyayT MpUMEHEHbl METOIBI Tarlio-
WIHOW OMOTEXHOJOTHH, YTO MO3BOJIUT CTAOMIM3UPOBATH JIMHUN C MHTEPECYIONINM HAC MPHU3HAKOM «BBICO-
Koe cofiepkanue aMmmio3sl» B Fo_F3 mokonenusx.

Ecnu paccMoTpeTs mo cTpaHaM, TO MOKHO 3aMETUTh OTJIMYME U MHTEHCHUBHOCTH MIPOBOJAMMBIX HCCIIE-
JIOBaHWW B 3aBHCHUMOCTHU OT TMPEIMOYTEHUA TPAIUIIMOHHOW KyXHH pa3HbIX cTpaH. CopTa W JIMHUHM puca U3
BHUMU puca u [Ipumopckoro HUUCX, conepxamuecs: B koyutekiuu puca PI'TI va ITXB «BBPy, oxBaTsI-
BaIOT BCE IISITh TPYIIII N0 COACPKAHUIO aMUIIO3bI, YTO YKa3bIBACT Ha MAacCIITA0OHOCTh MPOBOJUMBIX HCCIEI0-
BaHUH POCCUHCKMMU CEJIEKIIMOHEPaMH 10 YIIYYIIEHHIO KadecTBa pruca. B KommeKkuy BCTpeyaroTes: copTa u
nuani u3 Y3HWUMU puca, KoTopbIe 10 COAEepPKaHNI0 aMHUII03bI HAXOASATCS MPUOIU3UTEIHLHO Ha OTHOM YPOBHE
17,4-19,6 % (HM3KOaMHIIO3HBIE COPTOOOPA3Lbl), UMEIOTCSl OJUH CpelHeaMmIo3HbIi copT «nrop» (22,8 %)
U BbICOKOaMMIIO3HBIN copTroOpasen; K3612 Kapa-Kemnteix» (25,0 %). B konnekuu takxke coaep:Karcs rIo-
TUHO3HBIE ¥ HU3KOAMUJIO3HBIE COPTa M JIMHUU W3 SIMOHMM, YTO XapaKTEepPHO JUIA TPAAULMOHHON KyXHHU 3TOU
ctpanbl. Cpean 23 cOpTOB M IMHUK pHCa Ka3aXxCTAaHCKOM CENEKIUH MpeolIagaroT Hu3KoaMuio3Heie 69,6 %,
B HEOOJBIIOM KOJIMYECTBE BCTPEUaOTCs cpeaHeammiosnbie — 26,0 % U BBIIBICHO OTCYTCTBHE COPTOB C
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BBICOKUM COJCpPKaHUEM aMUJIO3bl, KPOME OJHOT0 cTapoAaBHEero kazaxckoro copta «K3077 Kazaxw»
(25,1 %).

Takum 00pa3om, MONyUCHHBIC JaHHBIC CBHICTEILCTBYIOT O TOM, YTO COPTa C BHICOKUM COJEpPKAHUEM
aMUJI03bl OTCYTCTBYIOT B OTCUYECTBEHHOM CeJEKUMOHHOM Martepuaine. B Kazaxcrane mpoxuBaeT MHOrO
HaIlMOHAIBHOCTEH, W MOCKOJIBKY TPAIWIIMOHHAS KyXHS Pa3HBIX HAITMOHATBLHOCTEH OTIMYAEeTCs, Tpebyercs
CO37IaHUE COPTOB pHCa C PA3IUIHBIMA BKYCOBBIMHM W KYyJIMHApHBIMH KadecTBaMu. lloTpeOiienue puca B
Haliel CTpaHe BBILIE MO CPABHEHMIO C APYTMMH 3€pPHOBBIMU KyJbTypaMu. Ha cerogusuiHuil AeHb UMOOPT
pHuca pa3HbIX KAa4eCTB YBEIMUMBAETCS, B OCHOBHOM, 3aBO3ST INIFOTHHO3HBIA pUC ISl AETCKOTO U JUCTUYE-
CKOT'O TUTAHUS W BBICOKOAMHUIIO3HBIA PUC, KOTOPBIA MCITONB3YETCS JIs MPUTOTOBIICHHS TUToBa. Heobxomu-
MOCThH TIPOBEJCHHUS HCCICAOBAHMM IO BBIBEICHUIO JIMHHWHA JUISI CO3JAHUS Ka3axXxCTAHCKUX COPTOB pHICA C
YAYUYIICHHBIMA MHUIICBBIMA U KYJIWHAPHBIMU KaueCTBAMU MPOAUKTOBAHA OTCYTCTBHEM COPTOB C BBICOKHUM
colepkaHNEeM aMIJIO3bl. Pa3BUTHE MPOM3BOACTBA PHCA, MOBBIIMICHUE €T0 KOHKYPEHTOCTIOCOOHOCTH SIBJISIOT-
CSl aKTYaTHbHBIMH JUTSI OTEYSCTBEHHOM CEJICKIIMH pPHca.

Raxnouenue

B nenom, B Xxo1e IpOBEJEHHOTO IBYX3TATHOTO CKPUHHUHTA HA COJEp)KaHUE aMUIIO3bI MTPOaHaI3HPOBa-
HO 172 cOpTOB W JIWHUN pHica OTEUYECTBEHHOHN M 3apyOekHOU ceneknuu n3 koymeknuu puca PI'TI ma IIXB
«UBBPy». CornacHo kiaccupuKamuu 1Mo COAEpKaHUIO aMHIJIO3bl Cpeld KOJUICKIIMOHHOTO MaTepHaja puca
npeo0ragaroT HU3KoaMuino3Hele (74,4 %), 3ateM crenyroT cpeaneamuiiosnsie (13,4 %), U B HE3HAUUTETLHOM
KOJIM4YECTBE BhICOKOaMHIIO3HEIE (5,2 %), TimoTuHO3HEIE (3,5 %) 1 oueHb HU3KOammIo3HbIe (3,5 %) copTo06-
pasIpl.

Bcero, B pesynprare HACHTUPHUIUPOBAHO 9 BHICOKOAMHUIIO3HBIX COPTOB M JHHUH: «Map» (26,8 %),
«Taitboner» (25,4 %), «Ilaputer» (27,0 %), «K3612 Kapa-Kemteix» (25,0 %), «K3077 Kazaxm» (25,1 %),
«HB 9093» (25,1 %), «Comreunsiit» (25,4 %), «Ko293» (27,0 %), «HB 9114» (27,0 %). 13-3a TorO0, 9TO HE
Bce 3apyOeKHBIE COpPTa CO3PEBAlOT B KIMMATHUYECKHX ycloBUsAX Kazaxcrana Iuis CeNeKIMOHHBIX paboT B
KayecTBEe IOHOPOB IMPHU3HAKA «BBICOKOE COAEP)KAaHHE aMUJIO3bI» M3 ACBSITH UIECHTU(UIUPOBAHHBIX 0TOOpa-
HEI mecTh: «MaBpy, «Taitboner», «llapurer 04059», «K3612 Kapa-Kemnteik», «K3077 Kazaxu» u «Coin-
HeuHbI». OAUH U3 HUX CTapOJaBHUN copT KazaxcTraHckoi cenekuuu «K3077 Kazaxuy.

Cmamus evinonnena 6 pamxax npoekma I'DS5/AP 05132714 « Puzuonozo-buoxumuueckue u MoieKy-
JISIPHO-2EHEMUYECKUE OCHOBbl NOAYYEHUS. OMEUYECMBEHHBIX COPMO8 PUCA C OKPAUEHHbIM HePUKAPRoOM»
(MOH PK).
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AMMJI03aCHhI KOFaPbI KYPIilll 71y YIIiH 0acTanKbl MaTepuaaabl 6arajaay

Kypim — cTparerusiiblk MaHBI3EI Oap HETi3ri AoHI Aakpuiapabiy Oipi. Kasakcranma xypimri TyTeIHY Oacka
JKapMaJlapMeH CaIbICTBIPFaH/a KOFaphl xKaHe 65 % -maH acanbl. Byrinri KyHi Kypimn )kapMachl IMIOPTHIHEIH
yIFaloblHa GalTaHBICTHI KYPIll OHAIPICIH JaMBITy, OHBIH OaceKere KaOUIeTTUINH apTTEIpy, TaFaMIbIK KoHE
acHasblK KacHeTTepi JKaKCapThUIFAH OTAHABIK KypIlll COPTTAapblH IIBIFApy ©3€KTi Macese OOJbIN OTHIP.
Kypiuriy camacklH aHBIKTaHTBIH HETi3ri (GakTop Kypill JoHIHIH KpaxMaiblHAAFbl aMHJIO3aHBIH MalbI3/IbIK
meumiepi  Oombin  Tabbutamsl. OcbiFaH  OailmaHbICTBl Oy JKYMBIC «OCIMAIKTEp OHOJOTHSICHL IKSHE
6uorexuonorusicel MHCTUTYThIHBIH» LIKK PMK («MBBP» HIKK PMK) «kypill KOJNICKIHSCHIHIAFbI
OTaHJBIK JKOHE MLIETENAIK CEeJICKLHAHBIH COPTTapbl MEH JIMHUSIAPHl apachlHla «aMUJIO3AHBIH HKOFaphl
MeJepi» OeNriciHiH JoHOpIapsIH i31eyre apHanFad. Kypimrig 172 meTtenaik 5koHe OTaHABIK COPTTaphl MEH
JMHUSIApbIHA aMIJIo3a MeJlmepi OOWBIHINA CKPUHUHT SKYPTri3y 9 »KOFapsl aMWIIO3albl COPTYIriIepi
aHBIKTayFa MYMKIHIIK Oeplii >KoHE OHBIH INIHAE «aMMI03a MeJIIepi >KOFapbeDy OeNriCiHiH JOHOpPHI Oosa
QIATBHIH Ka3aKCTaHIBIK CEICKIUSACHIHBIH eCKi oTaHAbIK copThl K3077 Tabbuimel. Anaiina keiOip mietenmik
COpPTTap BEreTalMsUIbIK KE3CHIHIH Y3aKThIFbIHA OaiilaHblcTbl Ka3aKCTaHHBIH KIMMATThIK JKaFAalblHAa Micin
YJITepMEUTIHAIKTEH YMITKepiep Ti3iMiHEH IIBIFBIT Kal/bl, ONapIblH TEK aiTaybl FaHa TaHAaIAbl Masp
(26,8 %), Taitboner (25,4 %), Iapurer (27, 0 %), K3612 Kapa-Kpuitsix (25,0 %), K3077 Kazax (25,1 %)
xoHe ConHeunslit (25,4 %). IpikTen anbIHFaH aMHII03a MeJILIEPi XKOFapbl Kypilll COPTTapbl MEH JIMHUSIIAPHI
«aMUJIO3aHBIH MeJIIepi Xorapbl» Oenrici 6ap DOHOP peTiHIe KYpill CeNeKIMACHIHIA MaimalaHbUIaThIH
0oJ1abL.

Kinm cesdep: xypimi, amMmino3a, camaHbl )KaKcapTy, OTAaHIBIK JKOHE IIETENTIK KYpIIl CeNeKIHACH, Kypill
COPTTapBbI, KIMMATTHIK JKaraaiinap.
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OueHka ncxogHoro MaTtepuana gnd nony4vyeHua puca ...

B.N. Usenbekov, A K. Amirova, Kh.A. Berkimbay, Ye.A. Zhanbyrbayev,
D.T. Kazkeev, U.B. Zhaisankulova, I.A. Sartbayeva

Evaluation of initial material for the obtaining of high-amylose rice

Rice is one of the main crops of strategic importance. Rice consumption in Kazakhstan is increasing
compared to other cereals and reaches more than 65 %. Today, due to the increase in imports of rice cereals,
it seems relevant to develop rice production, increase its competitiveness, and create domestic rice varieties
with improved nutritional and culinary qualities. A key factor in determining the quality of rice is the
percentage of amylose in the starch of the rice grain. In this regard, this work is devoted to the search for
donors of the trait “high amylose content” among varieties and lines of domestic and foreign breeding in the
rice collection of the RSE on the REM “Institute of Plant Biology and Biotechnology” (RSE on the REM
“IPBB”). Screening of 172 foreign and domestic varieties and lines of rice for amylose content made it
possible to identify 9 high-amylose variety samples. Among them one domestic ancient variety of Kazakh
selection K3077 Kazakhi was found, which can serve as a donor of the trait “high amylose content”. Because
of the climatic conditions of Kazakhstan and the long growing season, only six foreign varieties and lines
were selected: Mavr (26.8 %), Taibonet (25.4 %), Parity (27, 0 %), K3612 Kara-Kyltyk (25.0 %), K3077
Kazakhs (25.1 %), and Solnechny (25.4 %). The selected varieties and lines of rice with a high content of
amylose will be used as donors of the “high amylose content” trait for rice breeding.

Keywords: rice, amylose content, improvement of rice quality, rice varieties of domestic and foreign
breeding, variety, climatic conditions.
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HoBble cBeieHusi M0 pacnpoCTPAHEHHI0 CKOPIHOHOB
pona Anomalobuthus B Kazaxcrane

ITayxoo6pasusie (Arachnida) — oOmMpHBI Ki1acc WICHHCTOHOTUX OECIO3BOHOYHBIX, HACUUTHIBArOmMi 114
TBIC. BUJIOB, IIPH 9TOM Han®oJiee MHOTOYHCIICHHBIMU 110 YHCITy TAaKCOHOB SIBIIOTCS NMayKH (Aranei) ¥ Kiemu
(Acari). TlaykooOpa3Hble BCTpEHalOTCS Ha BCEX KOHTHHEHTAaX 3€MHOTO IIapa M SIBISAIOTCS BTOPOH IIO
KOJIMYECTBY TAKCOHOB TPYMIION IOCNIE HACEKOMBIX. JTa TPyIIa >KHBOTHBIX HMEET BBICOKOE 3HAUCHHE B
(YHKIMOHUPOBAHUH YKOCHCTEM, TOCKOJIBKY ITayKOOOPa3HbIE HTPAIOT BaXKHYIO POJIb B TPOPHIECKHX LETISIX, a
TaKXKe SABIAIOTCS IEPEHOCYMKAMU IIMPOKOro CrieKTpa MH(eKuui, B ToM uucie ocobo omnacHbix. Hakower,
MpECTaBUTENH HEKOTOPBIX OTPSIIOB 3THUX WIEHHCTOHOTHX SIBISIOTCS IIEHHBIMH SAONpPOAyLEeHTaMHu. Tem He
MEHee 3Ta rpymnmna 6ecro3BOHOUHBIX H3yueHa KpaiiHe HEpaBHOMEPHO M 3a4acTyIO CBEICHUS O Pa3INYHbIX BU-
Jlax TMayKkooOpa3HbIX HOCAT (parMeHTapHbI xapakrep. Tak, Hampumep, paHee CYMTANOCh, YTO Ha TEPPHUTO-
pun Kazaxcrana o0HTaeT JIMIIb OAWH MOHOTUIIMYHBIH POJ| C €AMHCTBEHHBIM BUAOM — Anomalobuthus rick-
mersi (Kraepelin, 1900), xotopsrii 6611 3anecen B Kpacuyro Kuury crpansr. OmgHaKko, COTJIacHO MOCIHICIHUM
JaHHBIM, CTaJI0 M3BECTHO O BBIICJICHUH eIlle 3 BUIOB 3Toro poja mist Kazaxcrana. Bmecre ¢ Tem nmeromascs
nH(pOpMAIH 0 BHOBb OIIMCAHHBIX BUJIAX OTHOCHTCS JIMIIB K HECKOJIBKUM HaxoJkaM B KazaxcraHe, Toraa kak
CBeICHHs 10 apeaiy poaa Anomalobuthus ocTaloTcs MaJOYUCICHHBIME U ()parMeHTapHbIMU. J[aHHAsT CTaThsI
IpeAcTaBisieT coboit cooduieHne 06 00HapYKEHUH paHee HEM3BECTHOTO MOCEIEHHs CKOPIHOHA poaa Anoma-
lobuthus (npeanonoxurensuo A.lowei Teruel, 2018) na npaBoGepexbe p. e roro-socrounoro Kasaxcrana,
MPUBOASATCS CBEICHUSI O MECTHOCTH, Ti€ OBbLT 0OHAPYKEH CKOPIHOH, €T0 MIOTHOCTb.

Kniouesvie cnosa: cKOpIHOH, apaxHUIbI, OECIIO3BOHOYHBIC, BH], apeall, TpyIna 0eCII03BOHOYHBIX, MAyKOO00-
pas3Hble, IEPCHOCYHNK WH(EKIINH.

Bseoenue

[NaykooOpasusie (Arachnida) — OOWMPHBIA Kiacc YICHUCTOHOTHX, BTOPOH TMOCIE HACEKOMBIX
(Insecta), n3BectHO OoJjice 114 THIC. BUIOB MayKOOOPA3HBIX, U3 HUX OKOJIO 2 THICAY SIBJISIOTCS MCKOIAeMBIMHU
[1, 2]. Hanbonee MHOTOYHUCICHHBIMH IO YHCITy TAaKCOHOB SBISIOTCS Tayku (Aranei) — Oonee 40 ToIcsSun
BUJ0B U Kiemu (Acari) — 6onee 50 Teicsy BUIOB [2, 3]. SBNsAsACH BTOPOH MO KOJIMYECTBY TAKCOHOB TPYIIION
Mmoclie HaceKOMBIX ([nsecta), naykoobpasubie (Arachnida) BCTpe4arOTCs Ha BCEX KOHTUHEHTAX 36MHOTO IIa-
pa [3]. 3aHMMas BaXHOE MECTO B TPO(PHUUECKUX IICISAX, & TAKIKE SBIISAACH PEryJIATOPAMHU YUCICHHOCTH Hace-
KOMBIX U JIPYTHX OCCII03BOHOYHBIX, apaxXHUJIbl UMEIOT BAXHOC 3HAYCHHE B (DYHKIIMOHHPOBAHWU MHOTHX
akocucteM [4—7], 6oee Toro, MHOTHE BUJBI NTAYKOOOPA3HBIX SABJSIOTCS MEPEHOCYMKAMH IIIUPOKOTO CIEKTpa
300HO3HBIX HH(EKINH, B TOM 4Hcie 0c000 omacHbIX [8—11]. HakoHen, npeacTaBuTe I HEKOTOPBIX OTPSA0B
ATUX WICHUCTOHOTHX CIIY)KaT IIEHHBIMH SAOTIpoayIieHTamMu [ 12—14].

s Kazaxcrana nmpuBoUTCs 00JI€e THICSYH BHIOB apaxHU, OOJbINAs YacTh U3 KOTOPBIX MPHXOTUTCS
Ha maykoB [3, 15], Torga Kak CBeACHHUsS IO APYTMM IPEICTABUTEISAM 3TOTO Kjacca HOCAT (hparMeHTapHBIN
xapakrtep [16-23]. Tak, HampumMep, paHee CUMTAIOCh, 4TO (DayHa CKOpIMOoHOB KazaxcraHa mpeiacraBicHa
4eThIpbMs BUaMu — Mesobuthus caucasicus, M. eupeus, Orthochirus scrobiculosus n Anomalobuthus
rickmersi, oTHOCAIUXCS K ceMeicTBy Buthidae. OmHako, COTJIaCHO MOCIEAHUM JTAHHBIM, 3TO HE COOTBET-
CTBYET JICHCTBHTEIILHOCTH, TOCKOJIBKY 3a TIOCIIEIHUE JICCATHICTUS ObLIa MIEPecCMOTPEHa CHCTEMAaTHKa CKOP-
MUOHOB, OOHMTAIOMMX B AaHHOM peruone [21-25]. [locnennsist peBusust poga Anomalobuthus, KOTOpPbIA pa-
HEE CUMTAJICS MOHOTHUIUYHBIM [23], BRISIBWIA HAJIUYKME HE MEHee 6 BHUIOB ATOr0 poja, NpUYeM 3 U3 HHUX
orrcansl i Kazaxcrana [24] (puc. 1).

IIpencraButenu pona Anomalobuthus (puc. 2) — 3TO CKOPIHOHBI HEOOJBIIOTO pa3Mepa, JUTMHON Tela
10 40 MM, KOTOpBIE OTHOCSATCSI K CeMEUCTBY Buthidae, TATOTEIOT K TIECYaHBIM MacCHUBaM, IMIOCKOIBKY SIBJISI-
I0TCS SIPKO BBIPaXXCHHBIMU ricaMmmoduiiamu, B LlenTpansHoii A3uu u KazaxcraHe 3TOT poja pacnpocTpaHEH
Mo3andHo [23-25], a Anomalobuthus rickmersi panee 6p11 3aHeced B KpacHyto kaury PecnyOnmkn Kazax-
ctad [26]. Huxe npuBoasTCs cBeieHUs 00 00OHAPYKEHHOM JIO CHX TIOP HEU3BECTHOTO IMOCEIICHUS CKOPITHOHA
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pona Anomalobuthus (npeanonoxurensHo A.lowei Teruel, 2018) na mpaBobepexbe p. e 10ro-BocTO4HOTO
Kazaxcrana.
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Pucynok 1. Pacipoctpanenue pona Anomalobuthus, o Teruel R., Kovatik F., Fet V. [47], A.krivochatskyi sp. n. (1),
A. lowei sp. n. (2), A.paviovskyi sp. n. (3), A.rickmersi (4), A. talebii (5), A. zarudnyi comb. n. (6).

Pucynok 2. Cxoprimon Anomalobuthus lowei

Mamepuanvi u Mmemoovl ucciedos8anus.

[onessie pabdoTel mpoBoaunuck B 2020-2021 rr. Ha mpaBoOepexse p. Mie, B ee cpeaHEM TEUCHHH,
180 kM Boime Kammaratickoit '9C, B neckax Kymkana. JlangmadT npeacrasisin coboit Mo3auky u3 Oyrpu-
CTO-TPSZIOBBIX TIECKOB, BBICOTOM 514533 M Hanm ypoBHEM Mopsi. ['psSabpl MecKoB 4epeaoBaIiCh BKPAIICHHS-
MH PaBHUHHBIX TJIMHHCTO-JIECCOBBIX YYacTKOB C OOHMJIBHO PACTYIIUMH KCEPOGUTHBIMH M ME30()UTHBIMH
pactenusmu: depHwiii (Haloxylon aphylum) w Oenwiii cakcayn (H.persicum), mxysryn (Calligonum
aphylum), Typanroii cuzonuctHoit (Populus pruinosa) u T.1. (puc. 3).
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Pucynox 3. Mecra oburanus Anomalobuthus lowei B neckax Kymkana

VYuersl u ¢60p apaXxHHUI NPOBOIIINCH PA3THMIHBIMU CIIOCOOAMH, TaK T€OOHMOHTHI YUUTHIBAINUCH C I10-
MoIIbio JIoByHieK bapOepa [27], JOBYHIKH BBICTaBISUIMCH B JIMHHIO TOMEPEK 3JIEMEHTOB JaHAmadTa, Ipu
3TOM JAWCTAHIUS MEXKTY OpYAMSAMH JioBa coctaBisuia 10 M. TaMHO- M XOpPTOOMOHTHI YYUTHIBAINCH HPH TO-
MOIIIM SHTOMOJIOTHYECKOTO cadka [28].

[onck maykooOpasHBIX C CyMEpEYHO-HOYHOM aKTUBHOCTBIO (ceM. Lycosidae, Buthidae, Galeodidae)
MPOBOJMIICS € 3aKaToM coiHIa, mpuOiam3utensHo B 21:00 u mpomomkancs ao 5:00, mpu 3TOM HCIOIB30Ba-
nuch cBeroaunoanbie HatoOHbIe poHapu (CREE XM-L T6) u pyunsie hoHapu ¢ yabTpapHOIETOBEIM CBETOM
(Hitachi F6TS BL). YdeTsl apaxHua NMpOBOJMINCH TPAHCEKTAMHU, & MIMPHHA YYETHOW IMOJIOCHI COCTAaBIISIIA
nopsiaka 30 M, Torza Kak o0masi MpoTsHKEHHOCTh MapiIpyTa coctaBumia 151 M, a o0mmas miomas, MOKpeITas
yueramu, paBHsutack 284 m2. TpaeKkTopust y4eToB M KOOPAMHATHI JIOKAIMWA, Ha KOTOPHIX OBUIM OTMEYEHBI
CKOPITHOHBI, coxpaHsiack Ha Garmin 64S, mocne dero 3aHocwinch B 0a3y aaHHbIX B BaseCamp u Excel.
OOHapyXeHHBIE NTayKOOOpa3HbIe COOMPANCh YIHTOMOJIIOTHYECKUM aCIIUPATOPOM JIMOO MUHIETOM M (PHUKCH-
poBanuck B 70 % pacTBOpe STHIOBOTO CIUPTA, 32 MCKIIOUYEHHEM CKOPIHUOHOB poaa Anomalobuthus, mo-
CKOJIbKY paHee 3TOT PO CKOPIHMOHOB CUUTAJICS MOHOTUIIMYHBIM M Haxoawuicsa B KpacHoii kaure Kazaxcrana
[25,26]. Takum oOpa3om, Bce OOHapy>KEHHBbIE HAMH CKOPIIMOHBI pona Anomalobuthus He M3BIMAIUCh W3
MPUPOABI, HAIIPOTHB, 00CIEA0BAaHUE KUBOTHBIX MMPOBOIMIN BUTAIBHO, ONPEEIISUICS UX TMOJ (caMmel, caMmKa)
U BO3pacT (IOBEHWIbHBIE, IIOJIOBO3PEIbIE), IPU HAJTMUUKU 0cOOOro IOBEAEHUS (II0JI0BOE M OXOTHHYBE I1OBE-
JICHUE, MOeIaHNe JKEePTB U T.J1.) HHpOpMAnsI 3aHOCUIIACh B XKypHaJ HaOmoaeHnii. Hanmmane ckopnroHoB Ha
MECTHOCTH TaKXe OMPEeIISUIOCH [0 0CTaTKaM KyTHKYJI, THHOYHBIM IIKYpKaM H T.JI.

Peszynomamot u 0b6cyscoenue

B xone o6cienoBanus nmecuanoro MaccuBa Kymkana, 6mu3 tepputopun ['HIIIT « AnTeiH OMenby BIOIb
ceBepHOro mobepexnbst Kanmaraiickoro BogoxpaHuwinina, Obui 0OHApYKEHBI MECTa OOMTaHHsI CKOPITHOHOB
(cMm. Tabm.). Beero 0bu10 otMeueHo 46 ocobeit 4. lowei, HanOombIIas €ro KOHIECHTPAIUs OTMeYalach y Tpu-
rormyHkTa Ne 523, a cpenssist imotHOCTH cocTtasmia 0,2 ocodeit Ha 1 M. Ilpu 3TOM CTOUT OTMETHTB, YTO TIpe-
MMYIIECTBEHHO OTMEYaINCh IOBEHWIBbHBIE 0c00M — 29 (63 %), Torna Kak ajylibTHBIC COCTaBIsLTH 36 %,
unu 17 ocobeit.

B xozme y4eToB ynanock IpoCieINTh OXOTHUYbE MOBEICHNE CKOPITHOHOB. Tak, ObUIN OTMEYEHBI CIICHBI
OXOTBI 3THX XHIIHUKOB Ha JINYNHOK MypPaBBHHBIX JIEBOB (ceM. Myrmeleontidae) u MypaBbeB-KHEII0B Messor
sp. Bo Bpems 0XOTBI CKOPIIMOHBI 3aTalBaJIMCh, HE COBEPIIas HUKAKUX IBMKEHUH MPOAOKUTENBHOE BPEMS,
HEePHONYECKH Pa3MaxyBasi XBOCTOM (METAacOMOH) M3 CTOPOHBI B CTOPOHY, 3aT€M IIOCIE OOHAapyXECHUS
’KEPTBBI CTPEMUTENFHO Opocannch Ha Hee. [IpudeM, B cirydasx, KOr/ia )XepTBOH ObIIM JINYNHKH MYpPaBbHHBIX
JIbBOB, CKOPITMOHBI BEIXBATHIBAJIM X U3 BOPOHOK-YKPBITHH.

TaOonuma
Touku o0Hapy:kenusi Anomalobuthus lowei
No Toukmu Koopaunatet TIpumeuanus
1 N43°56.604° | E79°16.526° Byrpucro-rpsimoBsie necku, necku Kymkana npaBobepesxbs p. Mie
2 N43°56.515° | E79°15.737° Byrpucro-rpsimoBsie necku, necku Kymkana npaBobepesxbs p. Mie
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Raxnouenue

[IpoBenenHass HamMu TIpeJBapUTEIbHAS HICHTU(DUKAIMSA HA OCHOBE MOP(HOIOTHUYECKHX TMPU3HAKOB, a
TaKKe JTUTEPATypHBIE CBEICHUS O MeCTax OOHApYKeHHsI CKOPITHOHOB poja Anomalobuthus B llenTpanpHON
Asun u Kazaxcrane [25] MO3BOJSIOT MPEAIoarath, YT0 0OHAPYKCHHBIC HAMH CKOPITUOHBI OTHOCSATCS K He-
NaBHO ommcaHHoMy Buay A. lowei. Tak, Omwkaiineld TOYKOHM, rae ObUT OOHAPYKEH W OTKyJa OIKMCaH
A. lowel, sBnsercs 10xHbIA Oeper Kammaraiickoro Bogoxpanunuiia [25]. Bmecte ¢ TeM mojyuyeHHbIE AaH-
HBIC O IJIOTHOCTU U BO3PACTHOM COCTaBE CKOPIHOHOB TIO3BOJISIOT YTBEPKIATh, YTO HA JAHHOM yYaCTKE CY-
IIECTBYET CTAOWIIbHAS U TTOJIHOIICHHAS MTOMYJISAIMS 3TOr0 BUAa. TeM He MEHEe, YUUThIBAs CIIOKHOCTh TaKCo-
HOMHYECKOTO ITOJIOKEHUS TIpeacTaBuTeNieil pona Anomalobuthus B 1leHTpansHOM A3um, MBI CYUTAEM, ITO
JaNbHEHIass SKCIepTH3a TIOMOXET MPOSCHUTH JNAHHBIM BONpPOC. Takke OCTaeTcs OTKPBITHIM BOIPOC 00
OXPaHHOM CTaTyCE BHOBb OMHMCAHHBIX CKOPIIMOHOB 3TOT'0 POJIA, IOCKOJNBKY paHee A. rickmersi cauTaics BU-
JIoM, 3aHeceHHbIM B KpacHyto kaury PK.

llaunas paboma 6wvina evinonnena 8 pamxax npoexma MPH OR11465437 «Paspabomka Hayuonaibho-
20 IEKMPOHHO020 OAHKA OAHHBIX HO HAYUHOU 300102uyeckoll konexyuu Pecnybnuxu Kaszaxcman, obecneyu-
8aiowWe20 ux IPpexmusHoe UCNONBLIOBAHUE 8 HAYKE U 0OPAZOBAHULY.

Crmcok aTepaTypsl

1  Dunlop J.A. A summary list of fossil spiders and their relatives / J.A. Dunlop, D. Penney, D. Jekel // The world spider cata-
log. Version 16.0. — 2015. Retrieved from https://wsc.nmbe.ch/resources/fossils/Fossils15.5.pdf

2 Zhang Z.Q. Phylum Arthropoda. Animal Biodiversity: An Outline of Higher-level Classification and Survey of Taxonomic
Richness (Addenda 2013) / Z.Q. Zhang // Zootaxa. — 2013. — Vol. 3703, No. 1. — P. 17-26.

3  World Spider Catalog (2021). World Spider Catalog. Version 22.5. Natural History Museum Bern. Retrieved from
http://wsc.nmbe.ch/

4 Wise D.H. Spiders in ecological webs / D.H. Wise. — Cambridge University Press, 1995. — 246 p.

5 Nyffeler M. Field studies on the ecological role of the spiders as insect predators in agroecosystems (abandoned grassland,
meadows, and cereal fields) / M. Nyffeler // Thesis PhD in Biology. — Zurich, 1982. — 155 p.

6 Rehacek J. Ecological relationships between ticks and rickettsiae / J. Rehagek // European journal of epidemiology. — 1989.
— Vol. 5. — P. 407-413.

7 Hoogstraal H. Argasid and nuttalliellid ticks as parasites and vectors / H. Hoogstraal // Advances in parasitology. — 1985. —
Vol. 24. — P. 135-238.

8 Bratton R.L. Tick-borne disease / R.L. Bratton, G.R. Corey / American family physician. — 2005. — Vol. 71, No. 12. —
P. 2323-2330.

9 Randolph S.E. Tick-borne disease systems / S.E. Randolph // Rev sci tech Offint Epiz. — 2008. — Vol. 27, No. 2. — P. 1-
15.

10 Perfilyeva Y. Tick-borne pathogens and their vectors in Kazakhstan—a review / Y. Perfilyeva, Zh.Zh. Shapiyeva,
Y. Ostapchuk, A.M. Dmitrovsky // Ticks and Tick-borne Diseases. — 2020. — Vol. 11(5). — P.101498.
https://doi.org/10.1016/.ttbdis.2020.101498

11 Knust B. Crimean-Congo hemorrhagic fever, Kazakhstan, 2009-2010 / B. Knust, Z.B. Medetov, K.B. Kyraubayev,
K.S. Ospanov // Emerging infectious diseases. — 2012. — Vol. 18, No. 4. — P. 643-645. https://doi.org/10.3201/eid1804.111503

12 Jackson H. Spider toxins: recent applications in neurobiology / H. Jackson, T.N. Parks // Annual review of neuroscience. —
1989. — Vol. 12, No. 1. —P. 405-414.

13 Radis-Baptista G. Arthropod venom components and their potential usage / G. Radis-Baptista, B. Konno // Toxins. — 2020.
— Vol. 12 (2). — P. 82. https://doi.org/10.3390/toxins1200082

14 Peigneur S. Toxins in drug discovery and pharmacology / S. Peigneur, J. Tytgat / Toxins. — 2018. — Vol. 10(3).
https://doi.org/10.3390/toxins10030126

15 Logunov D.V. Spiders of Kazakhstan / D.V. Logunov, A.V. Gromov, V.A. Timokhanov. — Manchester, UK: Siri Scientific
Press, 2012. — 232 p.

16 Marusik Y.M. New faunistic records of spiders from East Kazakhstan (Arachnida: Aranei) / Y .M. Marusik, D.V. Logunov //
Arthropoda Selecta. — 2011. — Vol. 20, No. 1. — P. 57-63.

17 Fomichev A.A. New data on spiders (4rachnida: Aranei) of East Kazakhstan / A.A. Fomichev, Y.M. Marusik // Arthropoda
Selecta. — 2013. — Vol. 22, No. 1. — P. 83-92.

18 Tchemeris A.N. Taxonomic notes on Acanthomegabunus Tsurusaki, Tchemeris & Logunov 2000 (Arachnida: Opiliones:
Phalangiidae), with a description of the new species A. altaicus sp. n. from the Altai Mountains of Russia and NE Kazakhstan /
AN. Tchemeris // Zootaxa. — 2015. — Vol. 3990, Mo. 4. — P. 567-574.

130 BecTHuk KaparaHauHckoro yHusepcuTeTa



HoBble cBegeHus no pacnpocTpaHeHUo CKOPNMOHOB ...

19 Gromov A.V. Solpugids of the genus Eusimonia Kraepelin, 1899 (Arachnida: Solifugae, Karschiidae) of Central Asia /
A.V. Gromov // Ekologia. — 2000. — Vol. 19. — P. 79-86.

20 Hruskova-Martisova M. Biology of Galeodescaspius subfuscus (Solifugae, Galeodidae) / M. Hruskova-Martisova, S. Pekar,
A. Gromov // The Journal of Arachnology. — 2007. — Vol. 35, No. 3. — P. 546-551.

21 Gantenbein B. The first DNA phylogeny of four species of Mesobuthus (Scorpiones, Buthidae) from Eurasia / B. Gantenbein,
V. Fet, A.V. Gromov // The Journal of Arachnology. — 2003. — Vol. 31, No. 3. — P. 412-420;

22 Fet V. Revision of the Mesobuthus caucasicus complex from Central Asia, with descriptions of six new species (Scorpiones:
Buthidae) / V.Fet, F.Kovarik, B.Gantenbein, M.R. Graham // Euscorpius. — 2018. — No.255. — P. 1-77.
https://doi.org/10.18590/euscorpius.2018.vol2018.iss255.1

23 Teruel R. The first record of the genus Anomalobuthus Kraepelin, 1900 from Iran, with description of a new species (Scorpi-
ones: Buthidae) / R.Teruel, F.Kovarik, S.Navidpour, V.Fet // Euscorpius. — 2014. — No.192. — P. 1-10.
https://doi.org/10.18590/euscorpius.2014.vol2014.iss192.1

24 Fet V. A new genus and species of psammophilic scorpion from eastern Iran (Scorpiones: Buthidae) / V. Fet, EM. Capes,
W.D. Sissom // Scorpions. — 2001. — P. 183-189.

25 Teruel R. Revision of the Central Asian scorpion genus Anomalobuthus Kraepelin, 1900, with descriptions of three new spe-
cies and a generic synonymy (Scorpiones: Buthidae) / R. Teruel, F. Kovaiik, V. Fet // Euscorpius. — 2018. — No. 270. — P. 1-45.
https://doi.org/10.18590/euscorpius.2018.vo12018.iss270.1

26 Murses W.Jl. YousurensHeli Mup OecnozBoHouHBIX. [lo crpammmam Kpacwoit kumrm Kazaxcrama / W.JI. Murses,
P.B. Slmenko, B.JI. Kazenac. — Anmartsl: AnMarsikiTar, 2005. — 400 c.

27 Waage B.E. Trapping efficiency of carabid beetles in glass and plastic pitfall traps containing different solutions /
B.E. Waage // Fauna Nor.(B). — 1985. — Vol. 32. — P. 33-36.

28 Aproxun K.C. Merox komenust sutTomonorndeckum caukom / K.C. Aproxun // 3amuTa u kapantus pactenuit. — 2010. —
Ne 11. — C. 45-48.

A.A. ®enopos, A.b. Ecxxanos

Kazakcrannarsl Anomalobuthus Textec capbllIasiHIAPAbIH
Tapajybl 00HBIHIIA KAHA MAJIIMeTTEpP

Opwmekuitopisainep (Arachnida) — OybIHAsIKTBI OMBIPTKACHI3APABIH YJKCH KJIachl OOJBIN TaObLIaIbI,
onapabiH caHbl 114 MBIH TypAi Kypaii/ibl, ajl TaKCOHIAPBIH CaHbBI JKaFbIHAH €H KOIl CaHbl — OpPMEKIIiIep
(Aranei) xone kenenep (Acari). OpMeKLIITIPI3AITIEP KEp MIAPHIHBIH OapIbIK KOHTHUHEHTTEPIHAE Ke3aecei
JKOHE TAaKCOHIAPABIH JKOHIIKTEpACH KeiiHT1 eKiHIIi YIKeH ToObI 0ombin caHaa bl JKanyapaapasiH 6y ToObI
SKOXYHEeNepAiH KbI3MET eTyiH/e YJIKCH MOHIe Me, OMTKeHI OpMEKIIITopi3aiaep KOPEKTIK Ti30eKTe MaHbI3/IbI
pen arkapaipl, COHBIMEH KaTap KEH ayKbIMABI WHQEKISIApAbIH, COHBIH INIHAE ocipece KayinTi
MHQEKIMSITAPIBIH  TaChIMAIIAyIIbIcKl  Oonbi  TaObuianel. CoHpal-ak Oyl OyBIHASKTBUIAPIBIH KeHOip
OTpSATApBIHBIH OKingepl yusl keneni. OcblFaH KapamacTaH, OMBIPTKACHI3ApABIH Oy TOOBI eTe OipKenki
3epTTEIMEreH JKOHE OPMEKIIITapi3aiiep/AiH SpTypii Typiiepi Typajbl akmapar kebOiHece Y3iHAI TypiHze
ke3zneceni. Muicanbl, OypbiH KazakcranHblH aymarbiHIa Oip FaHa Typi 06ap jKaufbl3 MOHOTHITI TYKbIM —
enaiy Kp3bun kitabbina enrizinren Anomalobuthus rickmersi Kraepelin, 1900 mMexenze#iai nen ecenTenrex.
JlerenmeH, COHFBI MaiMeTTep OoiibIHIIa, Ka3akcTaH yIIiH OChI TYKbIMIACTBIH Tarbl 3 Typi OesiHreHi 6enrini
6onnpl. COHBIMEH KaTap, )KaHaJlaH CHIATTAIFaH TYP Typaisl Koipa Oap akmapar KasakcraHmarbl aznaraH
oJDKaFa FaHa KaTbICThl, al Anomalobuthus TYKbIMIACHIHBIH Tapaly ailMarbl Typajbl akIapar a3 sKoHe y3iHai
TYpiHne ke3meceni. Makanaga Ka3zakCTaHHBIH OHTYCTIK-IIBIFBICHIHIAFBI [1¢ ©3€HIHIH OH JKaraiayblHIa
Anomalobuthus TYKbIMAAchIHA >KaTaThIH capblUasHHBIH (OomkaM OolbsmHma A.Jowei Teruel 2018) OypsiH
Genrici3 KOHBICH TaOBUIFaHBI TYPAJIBl €cell OepiireH, capbliiasH TaObUIFaH ayMakK Typasibl MAJIIMETTED JKOHe
OHBIH Tapajy ThIFbI3JbIFbI OEpiIreH.

Kinm  co30ep: capblliasiH, apaxHUATEP, OMBIPTKAChI3AAp, TYp, apean, OMBIPTKACBI3ap TOOB,
OPMEKILITapi3aisiep, MHPEKUUS TaChIMaayibl.

A.A. Fedorov, A.B. Yeszhanov

New information on the distribution of scorpions
of the genus Anomalobuthus in Kazakhstan

Arachnids (Arachnida) are an extensive class of arthropod invertebrates, numbering 114 thousand species,
while the most numerous in terms of the number of taxa are spiders (4ranei) and ticks (4cari). Arachnids are
found in all continents of the globe and are the second largest group of taxa after insects. This group of
animals is of great importance in the functioning of ecosystems, since arachnids play an important role in
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food chains, and are also vectors of a wide range of infections, especially dangerous ones. Finally,
representatives of some orders of these arthropods are valuable venom producers. Nevertheless, this group of
invertebrates has been studied unevenly, and information on various species of arachnids is often
fragmentary. For example, it was previously believed that only one monotypic genus with a single species
lives on the territory of Kazakhstan — Anomalobuthus rickmersi Kraepelin, 1900, which was included in the
Red Book of the country. However, according to the latest data, it became known about the description of 3
more species of this genus for Kazakhstan. At the same time, the available information on the newly
described species refers only to a few finds in Kazakhstan, while information on the range of the genus
Anomalobuthus remains scarce and fragmentary. This article is a report on the discovery of a previously
unknown settlement of a scorpion of the genus Anomalobuthus (presumably A4.lowei Teruel 2018) on the right
bank of the Ile River in Southeastern Kazakhstan, provides information about the area where the scorpion was
found, and its density.

Keywords: scorpion, arachnids, invertebrates, species, area, group of invertebrates, arachnida, vector.
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Association between Endocan, PAI-1 and intima media thickness
in patients with high diabetes risk

There is no information in the literature on the ratio of the concentrations of Endocan, PAI-1, and intima
media thickness (IMT) in patients with high diabetes risk. This study aims to investigate the relationships
between endothelial dysfunction biomarkers: Endocan, Plasminogen Activator Inhibitor-1(PAI-1), insulin
resistance (IR) indicators, and IMT of the common carotid artery (CCA) in patients with risk of type 2
diabetes mellitus (T2DM). A case-control study was held, including 184 individuals, aged from 18 to 65
years. According to FINDRISC scale, patients were divided into 2 groups: Group 1 (n = 138) — low risk of
T2DM (<12 points) and Group 2 (n =46) high risk of T2DM (>12 points). IMT more than 0.9 mm on
ultrasound considered as an atherosclerosis. Significant differences were found when studying the level of
Endocan, PAI-1 biomarkers with their predominance in the group of patients with a high risk of T2DM,;
concentrations of Endocan comprised (mean+SD) 1698.2+576.2 pg/ml; p=0.01; PAI-1-32307.15+19947.12
pg/ml; p=0.05 to compare with low risk of T2DM. In addition to, mean values of IMT prevailed in patients in
the group with a high diabetes risk and comprised right IMT CCA-0.90+0.15 mm; p = 0.05, left IMT CCA-
0.91£0.14 mm; p=0.02. Interrelations between Endocan, PAI-1, and IMT CCA have been determined by
correlation analysis. These findings indicate that in patients with high diabetes risk the elevations of the
Endocan, PAI-1 is associated with a subclinical atherosclerosis. Furthermore, both biomarkers Endocan and
PAI-1 has been demonstrating significant correlation with insulin, IR-HOMA index, C-peptide, HbAlc, and
fasting glucose in patients with high risk of T2DM. We found significant relationships between the ED
biomarkers with IMT and IR in patients with high risk of T2DM. We suggest that rising of IR leads to
Endocan and PAI-1 elevation, subclinical atherosclerosis and thereby increase ED and cardiovascular risk in
these patients.

Keywords: Endocan, PAI-1, endothelial dysfunction, intima media thickness, high diabetes risk.

Introduction

Type 2 diabetes mellitus (T2DM) is one of numerous risk factors for the development of cardiovascular
events (CVE), leading to the progress of endothelial dysfunction (ED), and subsequently to mortality from
macrovascular complications [1]. CVE assassinates millions of people every year, and cardiovascular
diseases (CVD) still occupy a leading position worldwide in terms of morbidity and mortality from non-
communicable diseases. According to the WHO, in 2016, 17.9 million people died from cardiovascular
diseases, 31 % of all deaths in the world [2]. In Kazakhstan, this indicator was also at a high level and
amounted to 25.9 % [3].

Insulin resistance (IR) is the main pathogenetic link of prediabetes and T2DM, contributes to the
development of hyperinsulinemia, leading to endothelial dysfunction (ED) followed by an increase in blood
pressure (BP), progression of atherosclerotic vascular changes, impaired hemostasis. The issue of in T2DM
has been studied in numerous studies. Complex intersections of the metabolic pathways of insulin resistance
(IR) and ED simultanecously affect the atherosclerosis, with no possibility to say exactly which of these
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processes increasingly damages a vessel wall. At the same time, hyperglycemia in DM induces the
endothelial dysfunction through oxidative stress, and also contributes to the accelerated atherosclerosis
[4, 5]. Thus, the ED and vascular disorders result in macroangiopathy and CVE in T2DM patients.

CVE in patients with prediabetes are not well understood since prediabetes itself is a poorly diagnosed
condition, and, accordingly, CVE due to the presence of prediabetes are also little understood. It was found
that an increase in the level of glycated hemoglobin of more than 6 % is associated with development not
only of diabetes, but also of CVE [6].

To assess the risk of T2DM, FINDRISC scale was chosen [5]. This scale estimates the 10-year risk of
T2DM, including asymptomatic diabetes and impaired glucose tolerance (IGT), with 85 % accuracy. This
scale is validated, adapted to our population (considering the nature of diet, physical activity), low-cost and
easy to use.

There are several studies on cardiovascular risk (CVR) in patients with a high risk of diabetes on the
FINDRISC scale [6-8], it was established high diabetes risk was associated with not only impaired insulin
secretion and insulin sensitivity, but also with high cardiovascular risk. This is also consistent with the
results of our previous study on CVR in patients at high risk of T2DM [9]. Results have demonstrated that
patients with the high diabetes risk contemporanecously have the high cardiovascular risk on the SCORE
scale.

There is only one study examining IMT in patients with T2DM risk. The results of study [10] show that
patients with a high risk of T2DM and prediabetes have all ultrasound signs of subclinical atherosclerosis.
However, no studies have been conducted to assess the ratio of the levels of the Endocan, PAI-1
(plasminogen activator inhibitor), and IMT, and effect of biomarkers on the IMT in patients with T2DM risk.

In our present study, we pursued the goal of assessing subclinical atherosclerosis by studying the intima
media thickness (IMT), which is a sensitive indicator of the risk of CVE.

Thus, the scientific novelty and research issue of our study is the assessment of endothelial function by
measuring the IMT in conjunction with the measurement of the Endocan, PAI-1 biomarkers concentrations
in patients with T2DM risk, as well as the effect of IR on ED, as a result the development of subclinical
atherosclerosis in these patients.

The paper aims to study the association of IR, Endocan and PAI-1 biomarkers and the IMT in patients
with risk of T2DM.

Experimental

The unmatched case-control study was carried out among the population of Karaganda city,
Kazakhstan, from January 2019 to December 2019, in polyclinic of the city. The study involved 184
respondents. There were 73 (39.6 %) males and 111 (60.4 %) females.

The respondents were divided into 2 groups:

Group 1 “case” — respondents with a high risk of T2DM on the FINDRISC scale n = 46 (25.0 %);

Group 2 — “control” respondents with a low risk of T2DM was, r = 138 (75.0 %) [5].

Sample size.

Sample size was calculated using the Kelsey method, EPI info software for case-control studies without
matching. The two-sided confidence level was 95 %, the statistical power was 80 %; the ratio of unexposed
cases to exposed cases was two. According to literature review, we took data about prevalence patients with
T2DM from previous studies. Thus, after calculation the minimum number of respondents with a high
diabetes risk was 46 people (case), patients without or low diabetes risk (control) — 92 people.

Assessment risk of T2DM on the FINDRISC scale.

The risk of T2DM was assessed using the FINDRISC scale, the questions of which included
information on age, BMI, WC, having at least 30 minutes of physical activity daily, taking antihypertensive
drugs, data on the presence of diabetes in relatives, data about previously increased blood glucose levels,
daily consumption of fresh vegetables [S]. This scale allows determining the ten-year risk of developing
T2DM with 85 % accuracy. All respondents were divided into 2 groups: low and high risk of T2DM. The
group of low risk T2DM included respondents with number of points less than 12, and the group of high risk
T2DM — included respondents with number of points more than 12 on the FINDRISC scale.

Respondents:

Inclusion criteria:

Males and females aged from 18 to 65 years, without a previously diagnosis of T2DM, after filling out
their informed consent.
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Exclusion criteria:

— Patients with a previously diagnosed T2DM or newly diagnosed diabetes by an oral glucose tolerance
test, or patients with random plasma glucose level of 11.1 mmol / L (200 mg / dL) or higher were
excluded from the study.

— Patients with a previous history of acute and decompensated heart disease, including myocardial
infarction, cerebral stroke, confirmed by coronary angiography and CT were excluded from the study.

— Patients with chronic kidney disease and renal dysfunction based on a glomerular filtration rate
(GFR / CKD-EPI) less than or equal to 90 ml / min / 1.73 m2 were excluded from the study.

Pregnant women, people with severe mental and oncological diseases also were excluded from the

study.

Before starting the study, all respondents completed their informed consent.

Ethical approval.

Research Protocol No. 309 has been approved on September 19", 2017 by the Local Ethical Committee
in accordance with the ethical principles of scientific research provided by the World Medical Association in
the Declaration of Helsinki.

The study included questionnaires, anthropometry (measurement of height, weight, waist circumference
(WC), calculation of body mass index (BMI), measurement of blood pressure (BP), determination of
biochemical parameters: glycated hemoglobin (HbAlc,%), C-peptide, Insulin, fasting capillary blood
glucose, lipid profile: low density lipoprotein (LDL), high density lipoprotein (HDL), triglycerides, total
cholesterol, Endocan and PAI-1 biomarkers, IR-HOMA index was calculated.

The survey included questions of socio-demographic characteristics, heredity, history of chronic non-
infectious diseases, and drug intake.

Blood pressure (BP) was measured in accordance with the WHO guidelines using a mechanical
tonometer (Microlife BP AG1-10) on both arms with a preliminary rest period of at least 10 minutes. The
smallest of three consecutive measurements was taken for calculations.

Height and weight were measured using a digital weighted stadiometer (TBEC RS-232). Body mass
index (BMI) was calculated using the formula: body weight divided by the square of height in meters
(kg/m?). Waist circumference (WC, cm) was measured using an inelastic measuring tape at the midpoint
between the lower edge of the last palpable rib and the top of the iliac crest. BMI was graded according to
“Centers for Disease Control and Prevention™: from 25.0 to 30.0 kg/m? as overweight, more than 30.0 kg/m?
as various degrees of obesity. Abdominal obesity was considered if WC was over 94 cm in males, and over
88 cm in females.

Measurement of biochemical parameters.

The plasma with Ethylenediaminetetraacetic acid (EDTA) was conserved in vials by aliquots and
quickly frozen. The samples were stored at -70 degrees Celsius for no more than 3 months. Determination of
fasting lipid profile blood test (Total cholesterol LDL, HDL, triglycerides) was done from blood plasma by
the method of selective precipitation with phosphotungstate and magnesium. HbAlc was determined from
capillary whole blood by reflectometry using the Nyco-Card test system. Determination of insulin, glucagon,
C-peptide was carried out by multiplex immunological analysis using xMap technology on Bioplex 3D.

Measurement of endothelial dysfunction biomarkers: Endocan, PAI-1.

The method of magnetic bead-based multiplex immunoassay using xMap technology was used for
Endocan and PAI-1. The standard Milliplex map Human Cardiovascular Disease Magnetic Bead Panel 1
(Millipore) kit was used to determine concentration of listed metabolites in accordance with “Override
protocol” instruction of manufacturer. The study protocol included incubation of unknown, standard, and
control samples with magnetic beads loaded with primary antibodies, revelation using detecting antibodies
and Streptavidin Phycoerythrin Conjugated. Final step of the protocol was fluorescence registration using
Bioplex 3D equipment (Luminex software). The coefficient of variation was less than 20 % for all detected
analytes with minimum detectable concentration of Endocan — 430.55 pg/ml, PAI-1 — 3489.3 pg/ml.

Measurement of Intima Media Thickness

Carotid artery IMT measurement was performed by one well-trained, certified specialist. IMT of the
carotid artery was defined as the average result of measuring the thickness of tunica intima media of the right
and left common carotid artery (CCA), which was visualized as a double-line sign longitudinally CCA.

Ultrasound studies were carried out, in B-mode, real-time ultrasonography using the Philips EPIQ 7
equipment.
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According to the ESC / ESH guideline, the ultrasound value of carotid IMT is more than 0.9 mm, the
maximum of the two values (right and left) was considered the presence of an atherosclerosis [11]. In
addition, the visualization of the plaques themselves was considered also as an atherosclerosis. Carotid
plaque was defined as focal extrusion into the lumen of the artery by at least 0.5 mm or 50 % of the
surrounding IMT of the carotid artery, or> 1.5 mm thick.

Assessment of cardiovascular risk using the SCORE scale.

The SCORE scale allows assessing the ten-year risk of developing CVE and mortality from them. Risk
calculation was carried out using an online calculator, as well as using risk scales that are freely
available [12].

Calculation of IR-HOMA index.

The IR-HOMA index was calculated using the formula (fasting insulin (uU/l) x fasting glucose
(mmol/L) / 22.5), values greater than 2.7 were considered as IR.

Statistical analysis.

The data were tested for normal distribution using the Kolmogorov-Smirnov test. The distribution was
abnormal. Variables with an abnormal distribution were transformed to normal distribution. The statistical
significance of the differences between the groups (high / low diabetes risks) was assessed by the Student's
t-test; the differences were considered statistically significant at p<0.05. Data were presented as Mean + SD.

Evaluation of the relationship between the parameters of IMT, Endocan, PAI-1, biochemical,
anthropometric parameters, blood pressure with the risk of diabetes, atherosclerosis, was carried out using
correlation analysis. The Pearson's correlation coefficient was used (IMT, PAI-1, LDL, HDL, fasting
glycemia, Diastolic BP) for data with a normal distribution. As for abnormal distribution, the Spearman's
correlation coefficient was used (BMI, WC, Systolic BP, IR-HOMA index, SCORE, C-peptide, Insulin, total
cholesterol, triglycerides).

Binary logistic regression analysis was done to assess the factors affecting the IMT, dependent variable
was the presence/absence of atherosclerosis, the adjustment was done by gender, age, and the presence of
arterial hypertension. The results were considered statistically significant at p<0.05.

Statistical analysis was performed using IBM SPSS Statistics, 22.0.

Results

Table 1 presents the characteristics of the respondents.

Table 1
Characteristics of respondents with various risks of type 2 diabetes
. Low risk of T2DM, High risk of T2DM,
Variables n=138 & 1w =46 p-level

Age, years 45.114+12.59* 54.62+9.97 0.07
BMI, kg/m2 26.37+5.02 32.37+5.41 0.03
WC, cm 88.03+14.21 104.27+12.52 0.02
Systolic BP, mm of mercury 117.3+18.9 131.6+15.2 0.05
Diastolic BP, mm of mercury 76.8+11.6 83.32+10.4 0.06
Fasting glucose, mmol/l 5.59+0.7 5.86+0.9 0.05
HbAlc,% 5.59+0.74 5.76+0.32 0.05
Insulin, mU/1 8.95+10.7 13.97£15.02 0.05
IR-HOMA index 2.44+3.8 3.88+4.8 0.05
C-peptide, pg/ml 1334.07+2894.2 1506.9+899.7 0.05
Total cholesterol, mmol/l 5.85+1.98 5.92+1.65 0.07
LDL, mmol/l 3.72+1.07 4.0£1.04 0.08
HDL, mmol/l 1.2040.40 1.13+0.5 0.06
Triglycerides, mmol/l 1.224+1.04 1.2840.81 0.07
SCORE, % 2.5£2.84 3.35+0.99 0.01
PAI-1, pg/ml 29042.13+17490.91 32307.15+£19947.12 0.05
Endocan, pg/ml 803.7+143.2 1698.24+576.2 0.01
Right CCA IMT, mm 0.74+0.22 0.90+0.15 0.05
Left CCA IMT, mm 0.75+0.16 0.91+0.14 0.02
*Data are presented as Mean+SD
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Differences between the groups were found, so BMI and WC predictably prevailed in the group with a
high risk of type 2 diabetes. It reflected the presence of obesity 1 degree; BMI-32.37+5.41 kg/m?, p = 0.03,
abdominal obesity; WC-104.27 + 12.52 cm; p = 0.02 compared to group of low diabetes risk.

Systolic BP predominated in the group with a high risk of T2DM, and reflected in this group the
presence of arterial hypertension of 1 degree, according to the American Heart Association guidelines.

The predominance insulin resistance indicators and carbohydrate metabolism, what included fasting
glycemia, glycated hemoglobin, insulin, C-peptide, and the IR-HOMA index was also established in patients
with a high risk of T2DM.

There no differences were found in the groups in the study of lipid metabolism (lipidogram). However,
dyslipidemia occurred in both groups, more pronounced in the group of patients with high diabetes risk.

Cardiovascular risk (CVR) according to the SCORE scale was also higher in the group of patients with
a high risk of T2DM 3.35 + 0.99 %; (p = 0.01), and reflected a moderate CVR (23.24).

Concentrations of the biomarkers Endocan and PAI-1 prevailed in the group with a high risk T2DM and
amounted to 1698.2+576.2; p = 0.01 and 32307.15+19947.12 pg/ml; p = 0.05 respectively.

Ultrasound examination of CCA IMT revealed the following differences. The prevalence of CCA IMT
of the left was established in patients in the group of high diabetes risk, compared with group of low diabetes
risk. Thus, CCA IMT of the right was 0.90+0.15; p = 0,05 mm; CCA IMT of the left was 0.91£0.14 mm;
p = 0.02 and reflected the presence of subclinical atherosclerosis.

Correlation analysis of factors affecting intima media thickness (subclinical atherosclerosis), Endocan
and PAI-1 levels in patients with a high risk of T2DM are presented in Table 2, Figures 1 and 2.

The increase of CCA IMT, in addition to well-known indicators such as (BMI, WC, Systolic BP,
Diastolic BP, total cholesterol, HDL, triglycerides), was found to be influenced by an increase in FINDRISC
scores (r = 0.41; p =0.05), on the SCORE scale (r = 0.69; p = 0.001), fasting glycemia (r = 0.98; p = 0.001),
increased glycated hemoglobin (r=0.49; p=0.02), insulin (r=0.36; p=0.03), IR-HOMA (r=0.47;
p = 0.05), Endocan (r = 0.86; p < 0.001), and PAI-1 level (r = 0.39; p = 0.05), (Fig. 1 and 2).

Correlation analysis has established factors affecting the increase in the Endocan and PAI-1 level,
(Table 2). To increase both biomarkers of endothelial dysfunction affect increasing scores on FINDRISC
scale, an increase in BMI and WC, hyperglycemia, hyperinsulinemia, increasing IR-HOMA index,
increasing concentrations of C-peptide and LDL. A subclinical atherosclerosis development is affected by an
increase in the level of Endocan (r = 0.85; p = <0.001), (Fig. 1) and PAI-1 (r = 0.39; p = 0.01), (Fig. 2).
Moreover, the correlations of IMT are stronger with the biomarker Endocan. Both biomarkers lead to
increasing cardiovascular risk in the SCORE scale.

Table 2

Correlation analysis of factors affecting the intima media thickness (subclinical atherosclerosis),
the level of Endocan and PAI-1 in patients with a high risk of T2DM, (r)

*IMT>0.9 mm
Variables (ath: yes/no) p-level Endocan p-level PAI p-level
r r r
1 2 3 4 5 6 7
FINDRISC (high/low risk T2DM) 0.41 0.05 0.51 <0.001 0.31 0.05
BMI, kg/m> 0.21 0.05 0.27 0.04 0.22 0.02
WC, cm 0.27 0.02 0.32 0.03 0.33 0.03
Systolic BP, mm of mercury 0.88 0.004 0.36 0.03 0.09 0.1
Diastolic BP, mm of mercury 0.68 0.05 0.08 0.1 0.04 0.5
HbAlc, % 0.49 0.02 0.23 0.04 0.36 0.02
Fasting glucose, mmol/I 0.98 <0.001 0.22 0.02 0.24 0.002
Insulin, pU/1 0.36 0.03 0.27 0.02 0.41 0.008
IR-HOMA index 0.47 0.05 0.37 0.01 0.47 0.003
C-peptide, pg/ml 0.17 0.04 0.23 0.02 0.39 0.01
Total cholesterol, mmol/l 0.36 0.05 0.07 0.5 0.05 0.9
LDL, mmol/l 0.54 0.04 0.37 0.03 0.27 0.01
HDL, mmol/l —0.05 0.8 0.06 0.3 —0.03 0.7
Triglycerides, mmol/l 0.41 0.03 0.27 0.03 0.05 0.4
SCORE,% 0.69 0.001 0.57 <0.001 0.45 0.05
Right CCAIMT, mm - - 0.62 <0.001 0.23 0.05
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Continuation of Table 2

1 2 3 4 5 6 7
Left CCA IMT, mm - - 0.85 <0.001 0.39 0.05
Ath., (yes/no) - - 0.85 <0.001 0.39 0.01
PAI-1, pg/ml 0.39 0.05 - - - -
Endocan, pg/ml 0.85 <0.001 - -

* Ath. — atherosclerosis, BMI — body mass index; WC — waist circumference; BP — blood pressure; HOMA — IR:
homeostasis model for insulin resistance; LDL — low density lipoproteins; HDL — high density lipoprotein; SCORE:
cardiovascular risk; CCA IMT — common carotid artery intima media thickness
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Figure 1. Relationships between intima media thickness and concentrations of Endocan
in patients with high diabetes risk
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Figure 2. Relationships between intima media thickness and concentrations of PAI-1
in patients with high diabetes risk

Figure 3 illustrates the results of binary regression analysis.
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Erioean ° 2836  0.458-3.446  0.01
PAI-1 & 2,711 0.423-20.933 0.02

IR L 4
1.3 0.127-7.893 0.05

0 1 2 3 4 5 6
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Figure 3. Binary regression analysis. Effect of hyperglycemia, IR, Endocan, PAI-1 concentrations on intima media
thickness (development of a subclinical atherosclerosis) in patients at high diabetes risk. Dependent variable presence /
absence of an atherosclerosis. The adjustment was done for gender, age, and the presence of hypertension

Binary regression analysis with correction for sex, age, and the presence of hypertension has revealed
the following. Hyperglycemia by 3.4-fold (p<0.001) elevation concentrations of Endocan by 2.8-fold
(p=0.01), and elevation of PAI-1 by 2.9-fold (p=0.02), Insulin resistance by 1.3-fold (p=0.05) affect the risk
of development of a subclinical atherosclerosis. The results are presented as the Odd Ratio (OR). 95 % of
confidence is interval for each OR.

Discussions

The results of our study showed that patients with high diabetes risk have a high CVR due to the
presence of insulin resistance, subclinical atherosclerosis, as well as the presence of endothelial dysfunction,
which is simultaneously confirmed by high levels of the Endocan and PAI-1 biomarkers and their effect on
IMT in patients of the studied group.

Assessment of the endothelial dysfunction biomarkers such as Endocan and PAI-1 in patients at risk of
T2DM using the FINDRISC scale has not been performed. Moreover, the simultaneous assessment of the
Ratio of IMT and levels of Endocan, PAI-1 biomarkers in patients with diabetes risk has also not been
studied previously.

Biomarker — Plasminogen activator inhibitor-1 (PAI-1) is a vascular factor [13], a fast-acting inhibitor
of fibrinolysis, is considered as one of the risk factors triggering atherosclerosis [14] and, as a result, the risk
of CHD. Endocan is an early biomarker of ED, which is influenced by insulin resistance, various disorders of
carbohydrate metabolism, including hyperglycemia and impaired glucose tolerance [15].

PAI-1 biomarker is considered a predictor of T2DM. According to the study [16], the PAI-1 biomarker
predicted the development of T2DM, regardless of IR and other known risk factors (body mass index, waist
circumference, gender, age). Diabetes developed in 140 (16.6 %) of 843 people after a 5-year follow-up
period [16]. The question whether the endothelial dysfunction affects the increase in diabetes is not fully
clarified examined despite many scientists studied Endocan only in patients with the verified T2DM [17-19].

There is a single study examining IMT in patients at risk of T2DM [10]. In the study, Kiss et al. found
an increased chance of developing subclinical atherosclerosis in patients at high risk T2DM. These findings
are also consistent with the results of our study.

The effect of PAI-1 level on IMT was studied in separate studies in patients without carbohydrate
metabolic disorders. Thus, a study by Marchesi et al. [20] established the effect of PAI-1 on IMT in patients
with hypertension. Carratala et al. [21] established the effect of PAI-1 on IMT in patients with
hyperlipidemia. Also, Endocan has been studied in patients without impaired carbohydrate metabolism; in
CVD, such as ischemic heart disease, [22, 23] acute myocardial infarction [24-26], and arterial hypertension
[27]. Our study reveled the relationship between the levels of PAI-1, Endocan, and IMT CCA, the impact of
carbohydrate metabolism disorders, IR on the development of ED, and as a result, the development of
subclinical atherosclerosis.
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Furthermore, as the PAI-1 biomarker is a vascular factor [28], one of the risk factors triggering
atherosclerosis [14], PAI-1 is produced by various cells of adipose tissue, including preadipocyte, mature
adipocytes, macrophages, endothelial, and smooth muscle cells [29].

Besides, hyperglycemia can affect the PAI-1 level. Maiello et al. [30] identified that high glucose level
reduced the fibrinolytic capacity of endothelial cells. In an experimental study on rats, Chen et al. [31]
demonstrated that hyperglycemia stimulated the activation of the PAI-1 gene promoter in vascular smooth
muscle cells.

There is no study on the assessment of the relationships between the Endocan biomarker level and CCA
IMT in patients with diabetes risk or prediabetes. However, there are similar studies on patients with T2DM,
with varying degrees of compensation for hyperglycaemia [15, 18], where the level Endocan was increased.
Thus, a positive association was determined between the level of Endocan and IMT, respectively, and
subclinical atherosclerosis in patients with T2DM [19]. Probably, the high level of Endocan was a result of
the accomplished endothelial dysfunction in this category of patients with T2DM. Pathogenetic mechanisms
of the relationship between the Endocan biomarker and impaired carbohydrate metabolism in patients not
only with prediabetes but also with T2DM are still not fully understood. Thus, the main question as follows:
Is the elevation of Endocan in patients with T2DM evidence of angiopathy, or a manifestation of incipient
endothelial dysfunction, aggravated by impaired carbohydrate metabolism (hyperglycemia)?

In our study, we obtained correlations between the Endocan, PAI-1 level, and blood glucose, IR
indicators. This also highlights the contribution of impaired carbohydrate metabolism to the development of
ED in patients with high diabetes risk.

The study [32] revealed the simultaneous presence of IR and worsening insulin sensitivity in patients
with ED and without diabetes. PAI-1 levels were higher in patients with ED [33]. In our study, the PAI-1
level was higher in the group of patients with a high risk of T2DM and increased the likelihood of
development subclinical atherosclerosis in this category of patients by 2.9-fold. This determines the
importance of studying this marker at the stage of diabetes risk or earlier to prevent the development of both
T2DM and cardiovascular events, and targeting the factors that affect the increase in this biomarker.

Further monitoring of the identified high-risk group of T2DM is necessary to track the development of
both T2DM and vascular events, and future changes of concentrations Endocan and PAI-1. It is necessary to
conduct further prospective observation of the study participants to assess the development of ED, T2DM,
and cardiovascular events in the studied group.

Conclusions

The presence of IR and disorders of carbohydrate metabolism was found in patients with a high risk of
T2DM. Endothelial dysfunction was established in the form of a subclinical atherosclerosis and an increase
of Endocan, PAI-1 concentration, in this study group of high risk of T2DM.

An elevation of biomarkers endothelial dysfunction, Endocan and PAI-1 increases the likelihood of the
development of a subclinical atherosclerosis in patients with a high diabetes risk.

The high levels of Endocan and PAI-1 biomarkers in those examined with a high diabetes risk
determines the importance of planning a clinical strategy for the timely identification of this category of
patients and conducting targeted therapeutic interventions, which will prevent both the development of
T2DM and endothelial dysfunction, and reduce further cardiovascular risk.
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B. IlapaxuHna, E. Jlapymmuna, O. Ilonamapesa

Kaunt nua6eri kayni :xxorapsl HaykacTapaa Endocan, PAI-1
JKOHe HHTUMAa—MeIUACBIHBIH KAJbIHAbIFbI apachbIHAaFbl 0aiJIaHbIC

Kanr quabertinin namy Kaymi sxorapbl Haykactapaa Endocan, PAI-1 6uomapkepriepiHiH KOHICHTpALHUSIAPbI
MeH HHTHMa-Meaua KanelHAbFel (MMK) apaceiHmarsl Oaitmanbic Typanel oneOHeTTepAe IepeKTep
JKeTKiTiKei3. Makcar: sunorenuii aucdyHKiuschiHbH Onomapkepiiepi: Endocan, PAI-1 xoHe nnTHMa—Menua
KaJIbIHABIFEI, 2 TUNTI KaHT AWMAOCTiHIH JaMy KayIi >KOrapbl HayKacTapAarbl XaJIbl YHAKbI apTepHACHIHBIH
nHcymmHre To3imuuniri (UT) nunngekcrepi apacsiHIarsl OaimaHBICTHI 3epTTey. bakbuiay-xaraaiisl oxiciMer 18
OeH 65 xac apanbiFsiHAars! 184 amam 3eprrenai. FINDRISC mikanmacs! GoHbIHIIA peCIOHASHTTEP 2 TOMKA
6emingi: 1-ton (n = 138) — K/I2 xayni Temen (<12 6an) sxone 2-Ton (n =46) — KJ/I2 kaymi >xorapsr (>12
6amr). UMK Oottsrama 0,9 Mm-nen sxorapsl UMK arepockieposnbH OONybl peTiHIE KapacTHIPHLIIHL.
Endocan, PAI-1 Ouomapkepnepiniy AeHreitin 3eprrey kesinge omapapiH KJ2  kaymi  xoFapbl
PECIOHICHTTEpAIH TOObIHAA OackiM OONybIMEH alTapiblKTail alblpMalIbUIBIKTAap aHbIKTalas;; Endocan
koHuentpauusicel (Mean + SD) 1698,2 + 576,2 ur/mi; p = 0,01; PAI-1 -32307,15£19947,12 nr/mn; KA2
TOMeH Kayil ToObIMeH cajblcThipy yuriH p = 0,05. ConbiMen kartap, K/I2 sxorapbl Kayinm TOObIHA jKaTaThIH
pectiornentrepae UMK oprama moHzepi 6ackiM OObl skoHE MBIHaHBI Kypaabel: oH xak UMK CCA —
0,90+0,15 mm; p = 0,05, con xxaxk UMK OCA-0,91+0,14 mwm; p =0,02. Endocan, PAI-1 xone CCA UMK
JeHreii apachlHIarbl OaiJIaHBIC KOPPEJSIMSUIBIK TaJAAyAbl KOJJAaHY AapKbUIBI OPHATBULIBI. AJIBIHFaH
HOTIDKeNep 2 TUNTI KaHT JuabeTiHiH >koraphl Kaymi Oap Haykactapaa Endocan, PAI-1 Guomapkepiiepinin
JCHIeiiHIH JKOFapbUIaybl CyOKITMHUKAJIBIK aTepOCKiiepo30eH OaitmanpicThl ekeHiH kopceTTi. COHbIMEH Katap,
exi Endocan 6uomapkepiepi, PAI-1 uncynuamen, IR-HOMA wunnekcimen, C-nentunimen, HbAlc xone 2
THINTI KaHT quaberTi Kaymi >Korapbl HayKacTapia all KapblHFa IJIIOKO3a JCHIeHi MaHBI3/Ibl KOPPEIALMIHBI
KOpCeTKeH. 2 TunTi KaHT auaberi kaymi skorapsl Haykactapaad]ll Oumomapkepnepi men UMK sxone NP
apacblHIa MaHBBIBI Oaimanbic aHbIKTANABL. bi3 MPEndocan xone PAI-1 nmeHreiinepiHiH KOFapbUlaybIHa,
CyOKJIMHHKAIBIK aTepOCKIepPO3Fa oKeJel Jien OoipkaiiMbl3, ochulaiimma Oy HaykacTapaa D]l KoHe JKypek-
KaH TaMBIpJIapbl KAayIiH apTTHIPabL.

Kinm cesoep: Endocan, PAI-1, sHnorenuanasl quchyHKINS, HHTUMAa-MeIa KaJIBIHABIFEL, KaHT AUaOCTiHIH
JKOFapBI KayTi.
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B. IlapaxuHna, E. Jlapymmuna, O. Ilonamapesa

Accounanus mexxay Endocan, PAI-1 1 To/ImuHON HHTUMBI MeIHAa
y HALMEHTOB ¢ BLICOKMM PUCKOM AuadeTa

B nmureparype HexocTaTOYHO NAHHBIX O COOTHOIICHHWH KOHIEHTparuii 6nomapkepoB Endocan, PAI-1 u ton-
muHbl uHTUMBI-Meaua (TYM) y manueHToB ¢ BBICOKMM PHCKOM pa3BUTHUS caxapHoro auabeta. Llens — usy-
YHUTh B3aUMOCBSI3b MEXIy OHOMapkepamu 3HpoTenuansHoi aucdynkuun: Endocan, PAI-1 u TomuuHbl nH-
TUMBI-ME/INa, MoKa3aTensIMu uHcynuHope3ucteHTHocTd (UP) u TUM ofmeit connoii aptepuu (OCA) y na-
LIIEHTOB C BBICOKUM PUCKOM pPa3BUTHA caxapHoro auabera 2 tuma (C/2). IIpoBeneno uccienoBanue tuna
«CIy4ali—KOHTpOJIbY», BKItouarolee 184 yenoseka B Bozpacte oT 18 no 65 ner. Ilo mkane FINDRISC pe-
CIIOHJEHTHI OB pa3JieieHsl Ha 2-e Tpynmnsl: 1-s rpynma (n = 138) — musknit puck CJ12 (<12 6aytos) u 2-s
— (n =46) — BoIcokuii puck CJI2 (>12 6amnos). TUIM 6oxnee 0,9 MM, o nanusM Y3U, paciieHnBanock, Kak
HaJIM4YHe aTepockiepo3a. JlocToBepHbIe pa3iHdysl BRIIBICHHI NP M3ydeHUH ypoBHs Onomapkepos Endocan,
PAI-1 ¢ mpeo6naganueM UX B IpyIe PEeCHOHISHTOB ¢ BRICOKUM puckoM CJ/I2; xonnentpanuu Endocan co-
craiwan (Mean + SD) 1698,2 + 576,2 nr/mu; p = 0,01; PAI-1 -32307,15£19947,12 ur/mi; p=0,05 st cpas-
HeHus ¢ rpynnoii Huskoro pucka C/12. Kpome toro, cpennue 3nauenus THM nmpeoOnaganu y pecrioHISHTOB
rpynmnsl Beicokoro pucka C2 u cocramsu: mpasas TUM OCA — 0,90+0,15 mm, p=0,05; nesass TUM
OCA-0,9140,14 mm, p=0,02. B3aumocss3p mexxay yposaem Endocan, PAI-1 1 TUM OCA ycraHoBIIeHa C
TIOMOIIBIO KOPPEISIMHOHHOT0 aHanu3a. [lomydeHHble pe3ynbTaThl IPOAEMOHCTPHPOBAIIH, UTO y TAI[UEHTOB C
BeICOKMM puckoM CJI 2 tuma moseimenue yposHst 6uomapkepos Endocan, PAI-1 accommupoBanocs ¢ cy0-
KIIMHIYECKUM arepockiiepo3oM. Kpome Toro, oba 6momapkepaEndocan, PAI-1nponemMoncTpupoBanmu nocro-
BEPHYIO KOppEIH0 ¢ HHCYIMHOM, HHAekcoM IR-HOMA, C-nientunom, HbAlc u ypoBHEM TIIFOKO3BI HATO-
IaK y MAIMEHTOB C BHICOKUM puckoM CJI 2 tuma. brula Halinena 3HauMMasi B3aUMOCBsI3b OnoMapkepoB D/] ¢
THUM u UP y nanmentoB ¢ BoicokuM puckoM CJI 2 tuna. Mel npeanonaraeM, yto VP npuBoauT Kk moBsliIe-
Huto ypoBHs Endocan u PAI-1, cyOKIMHHUECKOMY aTepOCKIepPO3y, TEM caMbIM yBenuuuBas D/ u cepaedHo-
COCYAUCTBIN PUCK y JJAHHBIX MALlUEHTOB.

Knioueswvie cnosa: Endocan, PAI-1, sanorenuanbaas qucyHKINS, TONIIHHA HHTUMBI-ME/IHA, BBICOKHI PHCK
caxapHoro juabera.
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Kiunnyeckne ucnbITAHUS JIEKAPCTBEHHBIX CPEICTB Yy OepeMeHHbIX
O030p

B cratee npencraBieH 0630p Mo HEOOXOJUMOCTH U 3THYECKHX BONPOCAX, CBSI3AHHBIX C KIIMHUYECKUMH HC-
TBITAHUSAMH JIEKApPCTBEHHBIX CPEACTB y OepeMeHHbIX. OOpalieHne K JaHHOMY HCCIEA0BAHHUIO MPOJUKTOBAHO
TEM, 4TO, HECMOTPSI Ha MOCTOSIHHBIA POCT JOJHM KEHIIHH, YIOTPEOIAIOIUX JIeKapcTBa BO BpeMsi OepeMEHHO-
cTH, GepeMeHHbIE MO-TPEXKHEMY HCKIIOYEHBI U3 HCIBITAHUH JIEKApCTB, U CYILECTBYET OOJBIION Hay4HBIH
npoGer, TpeOyIomuil 3HaYUTEIFHOTO YBEINUCHUS HCCIIEIOBAaHUI JIEKapCTB BO BpeMst OepeMeHHoCcTH. Tem He
MeEHee CYIIECTBYIOT Cepbhe3HbIe IPOOJIEMBI B IIPOBEACHUH STUX UCHBITAHUH JEKapCTB IPH OEpPEeMEHHOCTH.

Knrouesvie cnosa: 6epeMeHHbIe, JICKaApCTBEHHBIC CPEACTBA, KIIMHUYCCKNUEC UCIIbITAaHHUA.

Bseoenue

C Touku 3peHus papmakorepanuu (CIIEOBATENBHO, U B OTHOIICHUH KIMHUYCCKUX HCCIICIOBAHUN Jie-
KapCTBEHHBIX CPEICTB) OEPEeMEHHOCTD MPEACTABIACT co00il crienuduieckyro a3y KU3HU, KOTOpas OTJINYa-
eTcs OT BCeX Jpyrux (a3 jKM3HU MO MEJMIMHCKHM, dTHYECKHM W MPABOBBIM OCHOBaM. Ha ceromssmiHuit
JICHb IIUPOKOE HCIIOJIb30BaHUE JIeKapcTBeHHBIX cpeacTB (JIC) npu neueHnn OepeMeHHBIX — OOBECKTUBHAS
peanbHOCTb, ornpenesnsieMas HabIIoAaI0MUMCS CHIKEHHEM YPOBHS 3I0POBbS *KEHIIWH AETOPOIHOTO BO3pac-
Ta ¥ yBEIMYCHUEM CPEIHETO Bo3pacTa nepBopoasmux [1].

W3ydenne TepaneBTUIECKUX CPEACTB Y OEpPEMEHHBIX KEHIIWH Ha MPOTHKCHUH NECSITUIICTHIA MPpaKTH4e-
CKU HE TIPOBOJMIIOCH. XOTS IMOJIOBBIC Pa3INyusl B PACIPE/ICIICHUN JeKapCTB ObLTH MPU3HAHBI B TCUESHUE T10-
YTH CTOJIETHS, U U3BECTHO, YTO OEPEMEHHOCTh B 3HAUUTEIHHON CTETIEHN YCYTYONISE€T 3TH Pa3Iuyms, OCTaeT-
Csl MaJIo JIaHHBIX, KOTOPBIE MOTIIH OBl TIOMOYb MPAKTUKYIOIIAM BpavyaM OMpPECTUTh PAaBUIILHYIO JO3UPOBKY
JICSKapCTB M KOHCYJIbTUPOBATh MAIIMEHTOB OTHOCHTEIBHO 0€30MacHOCTH U 3()()EKTUBHOCTHU JICKAPCTB BO Bpe-
Ms 6epemMeHHOCTH. [Ipeapiaymie ciry4an, Takiue Kak TSKENbIe TOPOKU Pa3BUTHS IJI0JA ¢ UCTIOIh30BAHHEM
tamuaomuna B 1950-1960-x rT. u HHIYIIMpPOBAaHHAS JUATHICTHIOCCTPOJIOM BarmMHAIbHAS aJcHOKapIIMHOMA
y JKCHIIIUH, TTOJIBEPTABIINXCS BHYTPHYTPOOHOMY 00mydeHuto B 1970-x TT., mpuBean K ToMy, 4ro B 1977 .
VYnpasneHue no KOHTpoJo 3a npogykramu u jekapcrBamu CHIA (FDA) nckimroumnsio KeHIHH JeTOPOIHOTO
BO3pacTa U3 y4acTHs B IIEPBOM M paHHEH BTOPOH (pa3ax UCHBITAHHM, KOTIa OLICHUBAIOTCS HavanbHas (hapma-
KoJorus, 3Q(PpeKTHBHOCTH, 1 0€30MaCHOCTh TepaneBTHUECKOTo arenra. @apmarieBTudecKue KOMIIaHUH U HC-
CJIEAOBATEIbCKOE COOOIECTBO PACTIPOCTPAHMIIM 3TO MCKIIIOUEeHHE Ha dTansl 3 u 4. Brocnencreuu, B cepe-
muHe 1990-x rr., mangatom KoHrpecca ObUTO yUpexeHO YTpaBieHHUE IO CAHUTAPHOMY HAI30py 3a IMOJIO0-
xeHneM skeHImuH FDA mis 3amuTel y9acTusi KeHIIWH B KIMHUYECKUX MCTBITAaHUAX. BriocnencTBun xeH-
IIUHBI C IETOPOJHBIM MOTEHIINAIIOM CHOBAa OBUTH BKIIOYCHBI B MCCIICAOBAHUS JICKAPCTBCHHBIX IMPEIapaToB
BMECTE C aJICKBATHBIMH MEpPaM¥ MPEAOCTOPONKHOCTH (HAIIPUMEpP, TECTUPOBAHUE HA OSPEMEHHOCTh U aJIeK-
BaTHAas KOHTparemnus) [2].

JIro6oe BMeIaTenbeTBO B ¢hepy 370POBbs YEIOBEKA MOJIKHO OBITh MOJKPEIUICHO MTPaBOBON OCHOBOM,
KOTOpasi B 3HAYUTEIHHON CTENEHN 00eCreurBaeT 3alluTy IpaB U CBOOO YeJIOBeKa U TPaKIaHUHA, YEM SIB-
JSIOTCS MEXKIYHApOJHBIE M OOIIErocyIapCTBEHHbIE JOKYMEHThI. Tak, coriacHo cT. 7 MexIayHapo HOro
MaKTa 0 IPAKIAAHCKUX M MONUTHYECKUX mpaBaX (1966) [3—6], HOpMBI KOTOPOH HAILILUIM CBOE OTOOPayKEHUE B
Konctutynuu Poccun (1993), B u. 2 ct. 21 ykazano: «HukTo He MoxeT OBbITh 06€3 T0OPOBOIBHOTO COTIACHS
MOJIBEPTHYT MEIUIIMHCKUM, HAYYHBIM HIIM MHBIM OIbITaM» [3].

Hropubeprckuii Koeke ctai IepBbIM MK TyHApOJHBIM JOKYMEHTOM, OTHCHIBAIOIIMM IPUHITHUITHI TTPO-
BEJICHUS MEAWIIMHCKUX OTIBITOB Ha JFOMSIX, BBOJSIIUM 3TUYCCKHE HOPMBI JIJIS YUCHBIX, 3aHUMAIOIINXCS Me-
TUIIMHCKUMH 3KciepuMeHTamu [4]. [Ipuaimnel, chopmynupoBanubie B HIopHOEprckoM Kojiekce, CTallu Oc-
HOBOH TSI MHOTHX MEXTyHapOJHBIX ¥ HAIIMOHAJIBHBIX 3aKOHOJATEIBHBIX aKTOB B 00JIACTH MTPOBEACHUS Me-
JTUIIMHCKIX MCCIIEIOBAaHUI Ha YEJIOBEKeE.
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Cornacno IIpeambyne Xenbcunckoii Jexnapaunun BecemupHON MeAMIMHCKON opraHu3anuu oT 1964 r.
[5], MenMIMHCKHE UCCIeTOBAaHM OCHOBBIBAIOTCS Ha STHYECKHUX CTaHIApTaX, KOTOPHIMH MPOBO3TIIAIIAIOTCS
YBa)XXEHUE KO BCEM JIIOJISIM W 3alllTa UX 3J0pOBbs U IpaB. B mocneanuid pa3z XenbcuHKckas Jlexnapanus
nepecMarpuBanack B 2013 r. HoBast pemakiysi CyIeCTBEHHO OTJIMYACTCS OT MPEIbIIYIICH: paciupeHa cde-
pa mpumeneHus Jlexnapanuu, KOTopasi Teeph 0XBaThIBAET UCCIIEOBAHNS Ha OMOMaTepHasax 4elloBEe4ecKo-
ro MpoucxXokaeHus (CT. 1), ycuieHa 3aImTa yA3BUMBIX KaTeropuil Tpaxaan (CT. 8), CYIIECTBEHHO PaCIIPEH
00beM HH(opMaIK, KOTOPYIO HCCIIe0BaTeNb JOJDKEH MPEJOCTABUTh B THUECKHA KOMHTET (cT. 13) u mp.

OTCyTCTBUE aHHBIX O OEPEMEHHOCTH NMPHU MPUMEHEHUN OOJBIIMHCTBA TEPAIEBTUYCCKUX CPEJICTB SB-
JISieTCs pe3yNbTaTOM MHOXKeCTBa (hakTopoB. TpaanimoHHO OepeMEHHBIM JKEHIIMHAM U KeHIIUHAM JIETOPO/I-
HOTO BO3pacTa 3alpeniaioch y4acTBOBAaTh B UCHBITAHWAX [-# (a3pl, M ToibKo B Hadaie 1990-x rr. FDA
Hayaja 3ampalivBaTh aHAIHW3 JaHHBIX 1O 0e30macHOCTH M A(PGEKTUBHOCTU IS BCEX HOBBIX MPUMEHCHHMA
JIEKapCTB C YYETOM TeHIEPHBIX (aKTOpOB, a Takxke HalmoHadbHBIA WHCTUTYT 3PaBOOXPAHEHUS] HAYAT 3a-
MpanuBaTh BKIIOUCHHE JKEHIWH B MCCIICAOBaHMS Ha Joasx [6]. Kpome Toro, gapmaieBTHUECKHE KOMIIa-
HUU HE TMPOSBISIOT MHTEpECa K BKIIOYCHHUIO OCPEMCHHBIX JKCHIIMH B CBOM UCCIEAOBaHUS IO Pa3padOTKe
JICKaPCTBEHHBIX IMPEMapaToB U3-3a psija MEIUKO-IIPABOBBIX PUCKOB U STHYECKUX COOOPaKCHUH, a TaKKe H3-
3a OTCYTCTBHSI SHTY3HMa3Ma, MMOCKOJIBKY OepeMeHHBIC KEHITMHBI COCTABIAIOT HEOOIBIION MPOIEHT MaIlUeH-
TOB HACEJICHHSA, Ha KOTOPOE OPUECHTUPOBAHBI 3TH KOMITAHUU. DTU U Apyrue GakTOPbl MPUBEIHA K TOMY, YTO
OepeMeHHBIE JKEHIIUHBI ObUIM MCKIIOYCHBI M3 HAYYHBIX HMCCICIOBAHUIA, B IIETIOM, M (DapMaKOJIOTUYECKHX
HCCIIEJOBAHNM, B YACTHOCTH.

Ob630p

B 0030pe Bcex MPOTOKOJIOB, MPEACTABICHHBIX B EAMHYI0 WHCTHTYIIMOHAIBLHYK) KOMHCCHIO IO pac-
cvotpernto (IRB), Lllondenbn u apyrue oOHAPYKUIH, YTO OCPEMEHHBIC YKEHIIUHBI ObLIH HUCKIFOYEHBI M3
6oxee ueM 75 % Bcex MPOTOKOJIOB HcciienoBanus u u3 6osee ueM 90 % Bcex MPOTOKOJIOB, CBA3aHHBIX C HC-
CJICIOBAaHUSIMUA HAPKOTUKOB. J1JIs1 OOJBIIMHCTBA 3TUX MPOTOKOJIOB JKEHIIHHBI JIOJDKHBI OBLITH JIMOO CIIATh OT-
pUIIATEITBHBIA TECT Ha OEPEMEHHOCTB, JIN0O UCIIOIB30BaTh MPOTUBO3aYaTOYHEIC CPE/ICTBA, TIPEK/IC YEM TIPH-
HAMATh y9JacTHe B HAYYHBIX UCCIEAOBAHMX [7]. AHaJIOTHIHBIM 00pa3oM, B 0030pe BCEX MHTEPBEHITMOHHBIX
uccienopanuii [V-ii (a3bl, BKIFOYAIONIUX JICKAPCTBEHHBIC CPEICTBA, KOTOPBIC, KAK CUUTAIOCH, HE SBIISIOTCS
TEPaTOreHHBIMH, OXBATHIBAIOT JKEHIIIHUH C AeTOpOoAHBIM noTeHImanoM B CIIA, u omy0IrKoBaHHbIC HA CalTe
www.ClinicalTrials.gov B iepuon ¢ okTs6ps 2011 r. o suBaps 2012 1., Shields et al. oOHapy»uiu, 4to 00-
nee 95 % 3THX ucciea0BaHUI HUCKITIOYAl0T OepeMEeHHBIX JKEHIIHH [8].

Oco0eHHOCTRIO, 3aTpyaHstoNIeH oneHky BiusHus JIC Ha OEpEeMEHHOCTD U TUIOJ, SIBJIICTCS OTCYTCTBHE
JOCTATOYHON JTOKa3aTeJIbHOM 0a3bl 1Mo 3 (GEKTUBHOCTH U 0€301aCHOCTH (hapMaKOTEpaIllii B Pa3InYHbIC IIe-
PHOJIBI TECTAIMH, TIOCKOJIBKY OepeMeHHBIE BRIHYKACHBI OCTABAThCS ayTcaliepaMi KPYIHBIX paHIOMHU3UPO-
BaHHBIX KOHTPOJUPYEMBIX KIMHUYeckux ucciemoBanuii (KI), 3a uckimrodenuem tex cimydaen, koraa JIC
MpeIHA3HAYCHO JIJIS UX JICYCHUS.

bepemeHHbIe JKEHIIIMHBI B HACTOSIIIEE BPEMSI TIOJBEPTalOTCs BO3ACUCTBHUIO B cpenHeM 2,6 JIeKapCTB, OT-
IMyCKaeMbIX IO PenenTy u 0e3 perenTa, Bo Bpems 6epemeHHocTH [9]. 90 % OepeMeHHBIX JKEHIIIH MOIBEp-
raroTcs BO3JCHCTBUIO Kak MHHUMYM | mpemnapara, a 80 % cooO0IiamT 0 BO3JCHCTBHH B TECUYCHUE MEPBOTO
TpUMecTpa, epruona oprasoreresa [10]. MHOrHe U3 3THUX JKSHITUH HYXKIAIOTCA B JIEKAPCTBAX IS JICUEHUS
3a00s1eBaHUH, IMCIOMIMXCS 10 OepeMeHHOCTH. [10CKONBKY OMABIISIONIEEe OONBITUHCTBO OEPEMEHHBIX JKCH-
IIUH TOJBEPTAIOTCS BO3JICHUCTBUIO JICKAPCTB, BPayd JIOJDKHBI TONy4YaTh WH(OPMAIUIO O JIO3UPOBKE Jie-
KapcCTB, KOoTopas obecnieunBaeT Oe3omacHoe U d((EKTUBHOE UCIIONIB30BAHNE 3TUX JICKAPCTB I HAIUX T1a-
ueHToB. K coxkaneHnro, B HECKOJIBKUX HEJaBHUX MCCIIEOBAHUAX OBUIO 0OHapykKeHo, 9To > 98 % nexkapcTB
HE UMCIOT WM HE UMCIOT JJOCTATOYHBIX JAHHBIX O 0€30MacHOCTH W/WiH (hapMaKOKHMHETUKH JJIs OTIpejIeie-
HUS JO3UPOBKH BO BpeMsl OepeMEeHHOCTH U KOpMJileHus rpyabto [11, 12].

Y MHOTHX XEHIIWH BO BpeMs OEPEMEHHOCTH HACTYIAeT 00OCTPEHHE XPOHUYECKHUX 3a00JIEBaHUM HIIH
MOSIBIIAIOTCS HOBBIE Oome3Hu. CyIecTByeT 3HAYUTEIHHOE KOIWYECTBO HCCIEIOBAHUM, HAIPAaBICHHBIX Ha
JICYCHUE BO3HUKAKOIIUX BO BpeMs OCpeMEHHOCTH 3a00JieBaHUH (HampuMep, XpOHUYECKast apTepuabHas Td-
MepTEeH3Hs, TeCTallMOHHBIN nuaber). MlHOrma, HeCMOTps Ha MpPOBENEeHUE CTAaHIAPTHOM Teparvu, yXyalIleHne
COCTOSIHHSI 3[TOPOBBSI MaTepH JieIaeT HeOOXOJUMBIM MTPOBEEHUE IKCIIEPUMEHTAILHOTO JIedeHust. B HacTos-
1ee BpeMsl JOJDKHBI OBITh TIPEKPAIICHBI BCE HCCIICIOBAHMS, KOTOPHIC BBISBIISIOT, YTO TIOJh3a 3I0POBBIO Ta-
IUEHTKU OT MPOBOJAUMON Tepanmud MUHUMAIIbHA, & BO3MOXKHBIN PUCK JUIA II0Ja BHICOK. OJIHAKO €CITU UC-
CJIeTyeMbIi TIpenapaT KU3HEHHO HeOOXOINM JIJIs yITyUIIeHNs COCTOSHUS OepeMEHHOM KEeHIIUHBI, €€ CoTJia-
CHSI MOKET OBITh JOCTATOYHO ISl pa3pelICHUs €r0 MPUMEHEHUS — JaXKe €CJIM PUCK TSl TUI0/Ia HEU3BECTCH
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WJIM MPEBBINIACT MHHUMAIbHBIH. MUHUMANBHBIA PUCK O3HAYAET, YTO MOTSHIMATBHBIA PUCK JUIS TUIOAA HE
0oJIbIIe, YeM MPH BHINIOJHEHUH CTaHAAPTHBIX MPOIEAYpP NMPH HOPMAIBLHOW WIIM OCIIOKHEHHOW OepeMeHHO-
CTH, U CPAaBHUM C TaKOBBIM IIpu obcienoBanuu. [y yuactus B KM 6epeMeHHO# KEHIMHBI B PsI/Ie CIydacB
HE00X0TMMO UH(POPMHUPOBAHHOE COTJIACUE OTIIA.

Brxrouenne OepeMEHHBIX B KIMHUYECKHE HCCIIENOBAHUS AOIMyCTUMO IMPH COOJIOACHUH TMPABOBBIX U
STHYECKUX HOPM IMPOBEIACHUS MccieaoBaHus ¢ yuyactrueM uesoBeka (Good Clinical Practice (GCP) npaBuna
HaJIexalel KIIMHUYEeCKOU NpakTuku EBpasuiickoro skonoMuuyeckoro corosa [13]. Knunauueckue uccneno-
BaHUS C y4acTHUEM JKCHIIWMH, KOTOPbIC HA MOMEHT IMPOBEICHHS HCCICIOBAHUS SBISIOTCS OCPEMEHHBIMH,
JOJDKHBI HAXOTUTHCS MO/ OCOOBIM KOHTPOJIEM KOMHTETOB IO 3THKE. YdJacTHe OepeMEHHBIX KEHIIWH B HIC-
CIIEIOBAHMUAX JOJDKHO ONPEAEINSATHCS CHEIHATbHBIMU PETIaMEHTHPYIOUIUME TIOJIOXKEHISIMH, KOTOpPbHIE B
HACTOSAIIEEe BpeMsl TOJNBKO pa3pabareiBatoTcs. CTONb MpHCTaIbHOS BHUMAaHHE K MOCTaBICHHOHN mpolieMe
OOBSICHSICTCS HAIMYMEM TPEThe CTOPOHBI (TJ10/a), KOTOPBIH (DaKTUYECKH NMPUHAMAET y4acTHE B HCCIIEIO0-
BaHWH, HO HE MOXKET JaTh HA 3TO COTJIACHE, U MTOITOMY HYXAAeTCs B MAaKCUMAIIbHOW 3al[UTe OT BO3MOKHOTO
HAHECCHHS BpE/ia €ro 370pPOBbI0. DTH HCCIEAOBAaHUS TPEOYIOT 005S3aTEIIEHOTO MOIYYeHUS HHPOPMHUPOBaH-
HOTO COTJIacHs, COACPIKAIIETO BCKO JOCTYIMHYIO HH()OPMAIIUIO O BO3MOXHBIX MOCIEACTBUSIX, BO3HUKAIOIITNX
BCJIE/ICTBHE TTPOBOAMMOTO JICUEHHUS WIIH MEIUITUHCKUX TPOLETYp IS 3M0POBbS JKEHIIMH, a TaKkKe IS 3710-
POBBs SMOPHOHA, TUIOAA WK OYIyIIero peOeHKa.

lenu uccnemoBaHus U yCIOBUS €TO MPOBEICHUS WHOT/A MPEICTABISIOT OOJIBIIYIO CIIOXKHOCTH IS
MPOBEICHUSI AITUIECKOM 3KCIIEPTU3bI BBUY HATMYNS «KOH(MIMKTA HHTEPECOBY MEXIy YYaCTHUKAMH HCCIe-
noBaHUs (OepeMEHHasl KCHIWHA W TUI0M) M MKy yJYaCTHHKAMH WCCIIECIOBAHUS U MX ONMKAWIINMHA POJI-
CTBEHHHKaMHU. B 3TOM citydae He00X0AUMO 0OpaTUTh BHUMAHKE Ha CJICAYIONUE MOMECHTHI:

— HaIPaBIICHO JIM MCCIICIOBAHUE HETIOCPEICTBEHHO HA YIIYYIICHUE 3I0POBBS )KCHIIIUHEI,

— ONpeIeNiCHa JIU CTETICHb PUCKA JIIS TUIO/IA;

— TpeOyeTcs I corjacue OTIa Ha MPOBEICHHUE UCCIICI0BaHUS.

BaxasiM yciioBreM NpUHATHS DTHIECKOM Komuccueit (JK) pemenns o mpoBeACHUH HCCIICIOBAHUS SB-
JISieTCs OIEHKa BO3MOXKHOTO PHICKa JUISI 3M0pOBbs Tuiona. llpaBuipHOE omnpeneneHrne MUHIMAIBLHOTO PHCKa
JUTSL 3JI0POBBS IIJI0J]a HAKJIABIBACT OOJBIIYI0 OTBETCTBEHHOCTh Ha BceX WieHOB DK. MUHMMAaNBHBIN pHCK
03HAYaET, YTO MOTCHIMAIBHBIN PUCK JUIA 1012 HE OOJIBIIIE, YEM MPH BBITOJHEHUN OOBIYHBIX MPOLICAYP MPH
HOPMAaJIbHON WJIM OCJIO’)KHEHHON OEpeMEHHOCTH, M CPaBHHUM C TaKOBBIM Iipu oOciemoBanmu. Ecmn DK He
MOXKET TOYHO YCTaHOBUTH, UTO PUCK JUIS IUI0Ja MUHHMAJICH, TO TIPU OMPEACICHHBIX YCIOBUSIX BO3MOXHO
MPUHSATHE PEIICHUS O MPOBEICHUY UCCIICIOBAHUS.

Ecnu nccnemoBanre cOOTBETCTBYET CTaHAApTaM MUHHMAaIBLHOTO pHcKa, DK BBEIHOCHT pelieHne OTHO-
CUTENBFHO ero og00peHus. TpebyroTcs cormacus MaTepy U OTIA HA MPOBEIEHUE JAaHHOTO MCCIEeTOBAHMS, 32
WCKITIOYCHHUEM TeX CIIy4aeB, KOTJa:

— [IeJIh UCCIECIOBAHMSI — 3TO TIOMOIIb 3JJOPOBBIO MATEPH;

— IUYHOCTP OTIIA HE YCTAHOBJICHA WM HE TIOJATBEPKJICHA;

— OEpPEMEHHOCTb SBJISCTCS PE3yIbTATOM H3HACHIOBAHUSI.

HecMoTpst Ha MOCTOSHHBIN POCT MOJN KEHIIWH, YIIOTPEOISIONINX JIEKapCTBa BO BpeMsl OEpEeMEHHOCTH,
OepeMeHHbIE KEHITUHBI MO-TIPEKHEMY HCKITIOUEHBI U3 UCIIBITAHUH JIEKapCTB, M CYHIECTBYET OONIBIION HAyd-
HBII po0en, TpeOyIoMi 3HAYUTESILHOTO YBEITHYCHUS UCCIICIOBAHUHN JICKapCTB BO BpeMs OCPEMEHHOCTH.
Tem He MeHee, CYIIECTBYIOT CePhe3HbIC MTPOOJIEMBI B IIPOBEICHUYU 3THX UCTIBITAHUN JIEKAPCTB MPU OEPEMEH-
HocTh. K HUM OTHOCSTCS HU3KHMHA YPOBEHb 3a4MCIICHHS NAIEHTOB W HEXEJIaHWE MHOTHUX OepeMEHHBIX
JKCHIIMH JIaBaTh COTJIACHE B 3JJ0POBOM COCTOSIHHHU, (PU3NOJIOTHYECCKHE aJanTaluyu OCpeMEHHOCTH, IPe/oia-
racMblil pUCK TMpUeMa JICKApCTB I OCPEMEHHBIX JKCHIIIMH U UX ILI0JI0B/MIIaJICHIICB, OTCYTCTBUE HMHTEpECa
CO CTOPOHBI (papManeBTHYSCKUX KOMIIAHUH M OTCYTCTBHE CHIILHOW 3aKOHOJIATEIBHON CITyK0a MOJUICPIKKH.
Uto0Obl 000MTH 3TH HPEMATCTBYSI, MOTCHIIUATIBHBIC PEIICHUS MOT'YT BKJIIOYaTh pa3paboTKy Gosee 3pPeKTHB-
HBIX CTpaTeruii ordopa mpod U METO/IOB (papMaKOKUHETHUECKOro / (hapMakOAMHAMUYIECKOTO MOJICIHPOBa-
HUS, JENAOMNX MpoBeAeHNe (HapMaKOKHHETHIECKIX HCIBITaHUN Oonee ocymecTBUMBIM. Kpome Toro, cy-
IIECTBYET HACTOATENbHAS HEOOXOAMMOCTh B YBEIHMYEHWH TOANEPKKH (hapMaKOKHHETHYECKHX HCCIEI0Ba-
HUN Tpu OEPEMEHHOCTH Yepe3 YacTHHIC/TOCYAAPCTBCHHBIC (DMHAHCHPYIONIUE OpPTaHW3alluu, a TAKKe IS
MOMJCPKKA CYIIECTBYIONMX (MM OyIymux) ceTrel, KOTOPhIM IOPYYEHO IMPOBEJACHUE aKYIIEPCKO-
(heTambHBIX (hapMaKOIOTHUECKHUX HcciieqoBaHuil. UTo emie Oojiee BaKHO, CYIIECTBYET HEOTIIOKHAS MTOTPEO-
HOCTh B 3aKOHOJIATEIbHON pedopme, 4ToObI MO0y IuTh hapMarneBTHICCKHEe KOMITAHUH BKIFOYATh OepeMeH-
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HBIX JKCHIIIUH B CBOM HMccienoBanus. Mbl HajieeMcs, uto HoBoe nipaBmiio FDA, kacarorieecs kiaccudukarmm
JIEKapCTB, TIPEICTaBIIICT COO0 OrPOMHEIN MEPBHIi IIar B TOOIPEHUH HCCIICAOBAHUNA B dTOM 00IacTH.
JKenmmHbl 1 MeaunUHCKHAE PaOOTHHUKH JOJDKHBI OBITH BOOPY)KEHBI AOCTYIHOW MH(popManuei o BO3-
NEHCTBUM JIGKApCTB MPU HX MPUMEHEHUU BO BpeMsi OEPEMEHHOCTH. DTO BONPOC OOIIESCTBEHHOTO 3/IpaBO-
OXpaHEHHS TI0 HECKOJIBKUM IPUIHHAM:
1) >KEHITMHBI TPUHUMAIOT B CpeIHeM 2,6 TIpemnapara BO BpeMs OepeMEHHOCTH;
2) MHOTHE OEpEMEHHBIC JKEHIIUHBI CTPAIAlOT IKCTPArCeHUTAIBHON MaTOJIOTHEH, TaKUMH 3a00JIeBaHUS-
MU, KaK acTMa, apTepualibHas THIICPTCH3UsI, ACTIPECCUs WIH AUa0eT, KOTOPhIE TPEOYIOT OT HUX MPOJIOIIKE-
HUS TIpreMa JIEKapCTB, KOTOPBIE OHM IPUHUMAIN 10 OEPEeMEHHOCTH;
3) MOTYT BO3HHUKATh HOBBIE MPOOIEMBI CO 3IOPOBHEM WIIH O0OCTPATHCS CTaphle BO BpeMs OCpEeMEHHO-
CTH, YTO TPeOYeT Havyasia MEIMKaMEHTO3HOTO JICUCHHUS;
4) opraHu3M >KEHIIIMHBI H3MEHSIETCA B TEUEHHE BCETO CPOKa ee 0EpeMEHHOCTH, YTO MOXKET MOBIIMATH Ha
7103y, B KOTOPOI OHa HY>KJTaeTCsI, KOHKPETHOTO TpemnapaTa.
B mocnennee nmecstunerne FDA mpomomkaer moguepKuBaTh HEOOXOAMMOCTHh BKITIOUCHHS YKCHIUH
(OepeMeHHBIX U HEOCPEMEHHBIX) B MPOTPaMMBbI PA3BUTHS, BBITYCKACT PYKOBOJAIINE yKa3aHUS JI IMPO-
MBIIIJIEHHOCTH 10 CO3/IaHUIO PEECTPOB OEPEMEHHOCTH M pa3padaThiBaeT PYKOBOAAIINE IPUHITUIIBI IS TIPO-
BeJieHUs (hapMaKOKMHETUYECKUX U (hapMaKOJUHAMHUYCSCKUX HCCICIOBAaHUM B OepeMeHHbIe KeHIUHBI. Of-
HAaKO JI0 CHX TOp HET JCHCTBYIOIIETO 3aKOHOAATEIhCTBA, KOTOPOE CTUMYJIMPOBAJIO ObI WIIK 00SI3BIBAJIO TIPO-
BOJUTH MCCIICTIOBAHUS JICKAPCTB Y OCPEMEHHBIX M KOPMSIITNX KEHIITHH [ 14].
[eHTpHl 10 KOHTPOITIO U pOoHUITAKTHKE 3a00JIeBaHIIA Pa3padboTair HHUIHATHBY «JIedeHue Jisl TBOUX:
0osee O0€30MacHOE MCIIOJIB30BaHUE JICKAPCTB TIPU OEPEMEHHOCTHY. JTa MHUIIMATUBA HAIpPABJICHA Ha MIPEI0T-
BpallleHHe BPOXKACHHBIX Ne(EKTOB M yIyUIICHNE 3I0POBhS MaTepei MMyTeM OMpeesIeHUs] HaWTydIInX Tepa-
MEBTUYECKUX CTPATErwil JIJIs JICUEHUS! PacIpOCTPAHEHHBIX COCTOSHHUHA BO BpeMs OEpEeMEHHOCTH M B JIETO-
poaHoM Bozpacte [15]. ['pynma skcnepToB, co3BaHHas AJsl pa3paOOTKH STON PYKOIHUCH, PEIIUTEIbHO TOA-
JIEPXKUBACT Pa3padOTKy CTpATeTHil Ui MOJydYeHHs 0oJiee MOMHBIX JaHHBIX O Mperaparax, 0ObIYHO UCTIONb-
3YEMBIX IPU OEPEMEHHOCTH.
Kak e pemraetcs BOIPOC 0 BKIIOUCHUH B KIIMHUYECKUE UCCIICIOBAHUS OEPEMEHHBIX XKEHITUH B Mex-
IOyHapoIHOM Hay4HOM coobmiectBe? B okTs6pe 2010 r. HaunoHanbHBIH HHCTUTYT HCCIEIOBAHUS JKEHCKOTO
smopoBbs (National Institute of Health Office of Research on Women's Health, CILIA) nmpencTaBui oTYeT 1O
STHYECKHM, PETYIATOPHBIM M HAYYHBIM BOIPOCAM BKIIIOUEHHS OEpEeMEHHBIX JKEHIINH B KIMHUYECKHE HC-
cienoBanus [ 16]. OToT oTueT — «/IBMKEHME B Oyayliee ¢ HOBBIMU U3MEPECHUSIMHU U CTPATETUSAMU: TICPCIIEK-
THBBI MCCIIEOBAHMS JKCHCKOTO 310poBbs 10 2020 Tromay — SBHWIICA PE3yIbTaTOM MHOTOJIETHEH pabOTHI
0O0JIBIIOTO KOJNMYECTBA YUEHBIX, KIMHHUIIMCTOB, SKCIIEPTOB B OONACTH JOKIMHUYECKUX U KIMHUYECKUX HC-
clIeIoBaHMM, aaBOKaTOB [17]. BT cienan BaKHBIN BBIBOJ O TOM, YTO UCCIEAOBaHUS HEOOXOANMEBI, TIpecie-
IYIOT TEPAIEBTUYCCKUE 1ENH 11 OEPEMEHHBIX KEHIIUH U MOTYT «IPOJIUTH CBET» Ha 3I0POBhE OCPEMEHHBIX
KEHIIMH U UX JIeTeH B OyayIIeMm.
[IpuHIKITEI BKIFOYEHUS OEPEMEHHBIX B OHOMEIUIIMHCKHE UcClieqoBanus chopmyauposansl Council for
International Organizations of Medical Sciences (CIOMS) (CoBeT MeXIyHApOIHBIX OpraHU3alMi MeIu-
nuHCKUX HayK) [18]. bepeMeHHbIE IMEIOT IPABO y9aCTBOBATH B OMOMEIMIIMHCKUX UCCIIECAOBAHSIX
— MCCIIEZIOBAHUS MPU OEPEMEHHOCTH MOTYT IIPOBOAUTHCS TOJIBKO €CIIM 3TO HEOOXOAMMO ISl 3OPOBBS
OepeMEHHBIX JKCHIIWH WU e IUIoZa, WU 3TO HeOOXOIUMO JUIS 3J0POBbS MOIYJISIUU OCpEeMEHHBIX JKCH-
IIVH, 1 UMEIOTCS 3aBEPIIICHHBIC YKCIIEPUMEHTAIILHBIC NCCIICIOBAHNS HA KUBOTHBIX, 0OCOOEHHO B OTHOIICHHUU
PHUCKOB T€PaTOr€HHOCTH U MyTareéHHOCTH;
— IIpOoTOKONBI ATHX UCCIIEAOBAaHUHN JOJDKHBI BKJIFOYATh TUIAH MOHHTOPUPOBAHUS UCXOJ0B OCpEeMEHHO-
CTH, BKITIOYasl 3I0POBbE MATEPH, a TAKKE KPATKOCPOUHYIO U JOJITOCPOYHYIO OIICHKY 3/IOPOBBS peOCHKA.
Ha cerognsmmamii 1eHb CYIIIECTBYET MHEHHUE dKCIepToB [19-21] o0 ToM, 9TO BKITIOUEHUE OCPEMEHHBIX B
KIIMHUYECKHUE UCCIIE0BAHUS TOIDKHO MTPOBOAUTHCS B CIEAYIOUINX CITydasx:
— cnenupuieckne JIC mpemHazHadeHbl JIS MPUMEHEHUS Yy OCpEeMEHHBIX WIH KOPMSIIUX MaTeper
(Hampumep, paznudHbie TokoauTHueckue JIC mpu mpexaeBpeMeHHBIX POJiax);

— KU JIC, koTopbie HEOOXOMUMBI ISl 3M0POBbsS OCPEMEHHBIX JKCHIIWH H/WITH 11012/ HOBOPOXKIEHHOTO
(manpumep, 6epemenrbiec ¢ BUY nHbekme uim ApyTuMHA yTPOSKAOIIMMHE KA3HU COCTOSTHUSIMH );

— KU JIC, xoTopble MOTYT yJIy4IINTh 3J0POBhE OCpPEeMEHHON H/WIIN TepUHATATBHBIC HCXO/IBI TIO CPAaB-
HEHUIO C CYIIECTBYIOINIEH Tepanueii;

—JIC, nnst KOTOPBIX YCTAaHOBIIEH PHUCK JJIsl KCHIMHBI W/ WM TUT0JIa HA OCHOBaHHMH JIAaHHBIX Y HeOepe-
MEHHBIX M B 9KCIICPUMEHTATLHBIX UCCIICIOBAHMSIX;
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—HoBble JIC nmu JIC o HOBBIM TMOKa3aHHSIM, MPUMEHEHNE KOTOPBIX, KaK OXKHIAETCS, TOJDKHO OBITh

3¢ PEKTHBHO Y OEpEMEHHBIX;

— KU npu yyactum 6epeMeHHBIX JAOJLKHBI OBITh UCCIEIOBAHMSIMU MOTEHIHAILHOMN TONB3bI I 340PO-

BbSI )KEHITMHBI Win 1oaa. JIrobast moip3a Ui miona JoJHKHA pacCMaTPUBATHCS TIPOTHB BO3MOKHBIX
PHUCKOB 117151 O€peMEHHOM KEeHIITUHBI;

—JIC, xorga oxxumaeMbId PHUCK ISl TT0JIA HE MPEBBIIIAET PUCK CTaHAAPTHOW TEparuy MPU HEOCTOXK-
HEHHOH OepeMEHHOCTH, HJIH €CIH OEepeMEHHOCTh MPOTEKAET C OCTIOKHEHUSIMH, 1IETIbIO 3TUX UCCIIEN0-
BaHUH SABISETCS Pa3BUTHE OMOMEIWIIMHCKUX 3HAHWH, KOTOPHIC HEJB3S MONYYUTh HUKAKUM JPYTUM
My TEM.

BBumy npo0OenoB B Hay4yHBIX 3HAHUSIX, Kacarommxcs (hapMaKOKHHETUKU JICKAPCTBEHHBIX CPEICTB U
KpPaTKOCPOYHOH M JOJITOCPOYHON O€30MacHOCTH NMpH OEpEeMEHHOCTH, JISKUT HEOOXOAWMOCTh HM3YUEHHS
(hapMaKOKHMHETUIECKUX CBOMCTB MHOTHX JIEKApPCTBEHHBIX CPENICTB, UCIOJIB3YEMbBIX B HACTOSINEE BpEeMs IS
Pa3IUYHBIX aKyIIEPCKHUX IMMOKa3aHWH (HampuMmep, Cyib(aTa MarHus), a TakkKe C MOTCHIMATBHBIM BO3JICH-
CTBHEM Ha IEJEBbIC MOJICKYJSPHBIC IYTH, BOBJICYCHHBIC B HATOPHU3HOJNOTHIO Pa3IMYHBIX aKyIIEPCKUX
OCIIO)KHEHHH (HAImpuMep, CTaTHHOB) [22], WM HOBBIE JICKAPCTBEHHBIC CPEACTBA JUIS JICUCHHS PACIIPOCTpa-
HEHHBIX 3a00JIeBaHUi OEpeMEHHBIX JKCHITUH (HAIpUMEp, HOBBIC JIEKapCcTBa MPOTHB remnatuta C, HOBHIE TIe-
popaibHble aHTHKOAryJISTHTHI, aHTUAMICTITHYECKHE JIeKapcTBa U T.4.) [23]. Dto npuBeneT k 6onee 3ddek-
TUBHOMY JICUEHUIO OEPEMEHHBIX KEHIMH PH OJHOBPEMEHHOM CHUYKCHUH PUCKA HEXKENaTeNbHBIX SIBICHUN
[24].

B pykoBoactse European Medicines Agency (EMA) xoHCTaTHpyeTCs, 4TO KOHTPOIUPYEMBIE paHIOMU-
3upoBaHHbIe KInHUYeckue uccienoBanus (PKU) nexapcTBeHHBIX cpencTB HEOOXOAMMO MPOBOIUTH, KOTIa
OXHJaeMas 1olib3a OT MPUMEHEHHUs MPerapaToB OJWHAKOBA KaK JIIsl MaTepH, Tak W JIJIsl 3MOpUOHA/TITONA
(manpumep, OpouxuanbHas actma, BUY undexius). Lensro Takux PKI MoxkeT ObITh TakiKe JT0Ka3aTEIbCTBO
OnaronpustHoro Bo3neicteus JIC Ha mwiox (Hampumep, IpuMeHeHHe (HOTUEBOM KHCIOTH B MPEKOHIELIH-
OHHBIH repuoj u B I-M TpuMecTpe OepeMEHHOCTH TSt TPOGUIAKTHKY 1e(heKTOB HEPBHOM TPyOKH) [25].

B 2013 r. Llentp mo kouTpomo u npodunakruke 3adonepanuii (CDC, Center for Disease Control and
Prevention) co3Bas TpyIIy 3KCIEPTOB I Pa3pabOTKU CUCTEMHOIO MOAXO0Aa K Oe30MacHOMY HCIIOIb30Ba-
HUIO JIKApCTB BO BpeMsi OEpEeMEHHOCTH. DTa TpyIIa dKCIEPTOB MPEIIOKMIA OIOK-cXeMy, YToOBI OAep-
KaTh SKCIIEPTH3Y UMEIOIUXCS (PaKTHUECKHX JaHHBIX IO OMpEACICHHBIM JICKAPCTBEHHBIM TperapaTaM, 4To-
OBl TIpeAOCTaBUTh MOTPEOUTENSIM M BpauaM MPOBEPEHHYIO0 MHPOPMAINIO, YTOOBI PEHINTh, CIENyeT JH HC-
MOJIb30BaTh TOT WJIM MHOM mpemnapaT BO BpeMsi OEpeMEHHOCTH. DTa NpeAjoKeHHas CcTeMa ellle He peaju-
30BaHa, ¥ Ha 3TOM IIOCIIETHEM CEMHUHApE JOTIOIHUTENFHO H3JI0KEHBI HEKOTOPBIE KPUTHUYECKHE TOTPeOHOCTH
B 00JIACTSAX MPHUHSTHS KIIMHAYECKUX PEIICHUN, UCCIICTOBAHUHN M TIOJUTHKY [26].

3ayactyro OEpeMEHHOCTD SBJISIETCS! MPOTUBOMOKA3aHUEM [JIsi BKIIOUCHUS B KIMHUYECKUE UCTIBITAHUS
HOBBIX JIeKapcTB. TeM He MeHee, MHOTHE WIEHBl KOMHCCHU OTMETHIIN, YTO HEITHYHO HCKITI0YaTh OepeMeH-
HBIX JKEHIIIMH W3 UCTIBITAHUN JIEKapCTB, TaK KaK OTCYTCTBHE KPUTHYECKHUX IAHHBIX OTPAHMYUBAET BO3MOXK-
HOCTH Bpaueil mpuHHUMaTh 0OOCHOBaHHBIE pemieHua. Kpome Toro, HeagekBaTHOE WM HEHaJIeXallee Hc-
MOJIb30BAHUE JIEKAPCTB MOXKET YBEIMUUTH PUCK IS MAaTEPH M IJI0AA. DTH 3TUYECKUE U TIOJIUTHIECKUE TIPO-
0JIEMBI KPaTKO M3JI0KEHBI B IMMOCISTHUX MyOauKkanusx [27, 28].

B cucremarnueckom 0630pe Rixile Hlongwane, Wendy Phoswa (2021), mocBsiiieHHOM paHIOMH3HPO-
BaHHBIM IUTANE00-KOHTPOIMPYEMBIM HCIIBITAHUSM aHTHICIIPECCAHTOB, HA3HAYEHHBIM OCPEMEHHBIM JKCHIITH-
HaM, ObII C/IeTIaH BBIBOJI O TOM, YTO TaKHe MCIIBITAHMS OBLTH 3TUYECKH onpaBaaHbl. [loaxoa, ocHOBaHHEIH Ha
apryMeHTax, MOJYEepPKUBAET dTHUYECKYI0 OCHOBY, KOTOPOW JOJDKHBI CIEOBATh HAYYHBIE HCCIENOBaHHUA. B
0030pe ObUIa MOATBEP)KACHA BaXKHOCTD MPOBEACHUS TAKMX WUCIBITAHUH, MOCKOJIBKY OHH OyIyT CIIOCOOCTBO-
BaTh HaJUIeXKAalIeMy JICYEHHUIO, U YKPEIISAT YBEPEHHOCTh B CIOCOOHOCTH Bpaya Ha3HAyaTh aHTHIEIPECCAHTHI.
3anonHEeHnEe TPOOETOB B 3HAHUAX € MTOMOIIBIO XOPOIIIO CIUIAHMPOBAHHBIX MCCIETOBAHUNA MOKET MTPUBECTH K
HOBBIM HAYYHBIM 3HAHHSIM AJIS1 YAOBJIETBOPCHUSI HACYLIHBIX MOTpeOHOCTEH OepeMEHHBIX KEHIIMH U CIOXK-
HOCTEH, CBSI3aHHBIX C UCIIOJIb30BaHUEM JieKapcTB [29].

VYnpasieHue Mo KOHTPOIIO 3a MHIIEBBIMH MPOAYKTaMu U JekapcTBeHHbIMU cpencTBamu CIIA (Food
and Drug Administration — FDA) u apyrue rio0aibHbIe peryIsITOPHbIC OPraHbl COTPYIHUYAIOT ISl YCTpa-
HEHHS HEJOCTATKOB B KIIMHMYECKHX MCCIIENIOBAHUSAX, U3-32 KOTOPBIX OEpEMEHHBIM U KOPMSIIUM I'PyIbI0 HE
XBaTaeT JaHHBIX, HA OCHOBAHWU KOTOPBIX MOXKHO OBUTIO ObI MPUHUMATh MEAWIHUHCKHE pemeHus. [ mobdans-
HBIE PETyJIATOPHBIC OPTaHBI MPHU3BIBAIOT K CMEHE MapagurMbl B KIMHUYECKUX HCCIEIOBAHHUAX U YOEKIAI0T
(apManieBTHUEeCKEe KOMIIAHUH BKJIIOUYATh OCPEMEHHBIX M KOPMSAIIMX TPYIbIO B CBOM HCCIICIOBAHMUS, YTOOBI
«yCTPaHUTh HEAOCTATKU B UCCIICAOBAHUAXY.
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B cBoem 3asBnennu 3anHTepecoBaHHble Jna FDA yTBep»&AaioT, 4TO CIMIIKOM 4acTO OEpEMEHHBIM H
KOPMSIIIMM TPYIbIO, @ TAKXKE UX IMOCTABIIMKAM MEIULUHCKUX YCIYT MPUXOAUTCS NPUHUMATh BaXKHbIE KJIM-
HUYECKHE PEIICHUS Ha OCHOBE NMPAKTUYECKH HYJIEBBIX JaHHBIX O 0€30MacHOCTH WM 3((EKTHBHOCTH JIeKap-
CTBEHHBIX CPEICTB, UCIIOJIB3yEMBIX B EPHO] OepeMEHHOCTH M BCKOpe Tocie ponoB. Ilo ux cioBam, 3To CBS-
3aHO JIaXKe C JICUCHUEM Cephe3HbIX 3a00JIeBaHUM, TaKUX KaK OpOHXMalbHAs acTMa, SMUIEIICHs], Jepeccus U
COVID-19.

3anHTepecoBaHHble CTOPOHBI FDA MOJYepKHYNIM, 4TO areHTCTBO M €ro TJI0OaNbHBIC PEryJsTOPHbIC
MapTHEPHl MPEANPUHAMANN IIaru Uil MOMCKa MOAXOMO0B K M3YyYCHHIO MEIMLMHCKHX MPOIYKTOB B ATHX
TpyIax HaCeJICHHsI B TeUCHHE mociaeaunx jgeT. Omaako tekymas manaemus COVID-19 noOykmaer k gamb-
HermuM neiictBusaM. [lo cioBam mpencrasuteneit FDA, GepemMeHHBIE TTOBEPKEHBI TIOBBIIIICHHOMY PHUCKY
Pa3BUTHS TSDKEJBIX 3a00JI€BaHUI U CepPbEe3HBIX HEOMArOMpHsTHBIX aKyIIEPCKUX UcxoaoB u3-3a COVID-19.
Tem He MeHee, HECMOTPsL Ha OTCYTCTBUE KOHKPETHOI'O UCKIJIIOUEHHUs, OEPEMEHHbIE HE Y4aCTBOBAJIM B KJIMHU-
YECKHUX HCCIeIoBaHUAX pemaecuBupa s jgedenns COVID-19. Kpome Toro, HecMOTpsI Ha TIOOIIPEHHE Pe-
TYJIHPYIOIIMX OPraHoB, pa3paborunky BakuuHbl TpoTuB COVID-19 He BkItouanu GepeMEeHHBIX B IpeaBa-
puTenbHble HccnenoBaHus BakuuHbl mpoTHB COVID-19 (B Tom umcne ans BakuuH Pfizer/BioNTech,
Moderna wmm Janssen), 3asBwiu ipeactasuten FDA.

Jiis 60pb0BI € 3TUM HepaBeHCTBOM 3KcrepThl FDA, a Takke MX MeXIyHapoaHble Koyuiern u3 EBpo-
MEeCKOro areHTcTBa Mo JiekapcTBeHHBIM cpeactBaM (European Medicines Agency — EMA) u ATeHTCTBO 110
PEryJUpOBaHUI0 JICKAPCTBEHHBIX CPEICTB M IPOLYKTOB Ul 3apaBooxpaHeHus BenukoOpuranun (UK
Medicines and Health care products RegulatoryAgency — MHRA) ony0uKoBaiu CTaThio, 03arjiaBIcHHYIO
«Obecmeuenue gocTyna K 0€30MacHbIM JIeKapCcTBaM NpU OEpEeMEHHOCTH U KOPMIICHHU TPYABIO» B W3JaHUU
«Clinical Pharmacology &Therapeutics» B ¢eBpaiie 2021 r. [laHHas CTaThs COACPIKUT COUHBIN MPHU3BIB K
NeUCTBUIO B OTHOLICHUU TOTO, KaK MEAUIMHCKUE HCCIIEIOBATEIM JODKHBI IMOAXOAUTH K OEpeMEHHbIM U
KOPMSILIUM TPYbIO IIPY MPOBEAECHNN KIMHUYECKUX UccaeaoBanuii [30].

Raxnouenue

Takum 00pazoM, UcCiIeOBaHUS Ha OCPEMEHHBIX JKCHITUHAX JTOJDKHBI MPOBOIUTELCS TOJIBKO B TEX CIIy-
Yasx, KOTJa HeOOXOAUMbIC JaHHBIE HE MOTYT OBITh TMOJYYCHBI Ha JPYTHX KaTErOpusX MAIUEHTOB M KOTJIa
1IeJTh UCCIIEIOBAaHUS OTBEUACT MOTPEOHOCTSAM 3I0POBBSl MATEPHU U ILIOJA, @ PUCK JIJISL UX 37I0POBbSI TIPU STOM
MHUHHUMAJIEH. OTH HCCACIOBaHUS TPEOYIOT 00A3aTENBHOTO MOJIY4YeHHS MH()OPMHUPOBAHHOIO COTJIacHs, CO-
JIEpIKaIlero BCIO JOCTYIMHYH HH(GOPMAIMIO O BO3MOMKHBIX IOCICACTBUAX, BO3HUKAIOIIUX BCJCICTBUE IPO-
BOJMMOTO JICUCHUS WA MEIUIIMHCKHUX MPOIEAYP IS 370POBbsI )KEHIIVMH, a TaK:Ke JUIS 30POBbs SMOPUOHA,
mona wim Oymymiero pederka. K JomKeH onpeaeuTh BO3MOKHOCTh YIaCTHSI MaTepH B UCCIICIOBAHUN B
CBSI3M C BO3MOXXHBIM PHUCKOM JUISI 37I0OPOBBS €€ IIona Wik pedeHka. B HekoTopweix mapyrux ciuydasx DK
JIOJDKHBI OBITh YBEPEHBI B TOM, YTO HEOCPEMEHHEBIC )KCHITUHBI OyTyT MPEAOXPAHATHCS OT OEPEMEHHOCTH BO
BpeMsl ITPOBEJICHUS UccieoBaHus. bojee Toro, COOTBETCTBYIOIINE CYOBEKTHI JJOKHBI U3BECTUThH UCCIIEIIO-
BaTelsl O IUTAHUPYEMOW OEpEeMEHHOCTH, TaK KaK 3TO MOJYKET NMPUBECTH K HEHY)KHOMY IOIOJHUTCIHHOMY
pucky. MHorma, HecMOTps Ha MPOIJICHUE CTAaHAAPTHOW Tepalu, YXyAIICHUE COCTOSHUS 3I0POBbSI MaTepH
JieJTaeT HEOOXOAUMBEIM TPOBEICHUE DKCICPUMEHTAIILHOTO JICYCHUs. B HacTosiIee BpeMs MpeKpaiieHbl Bce
HCCIIEAOBAHMSI, KOTOPBIC BBISBIIIOT, UTO TI0JIb3a 370POBBIO IMAIIMEHTKH OT IMPOBOIUMOMN TEpaTiyl MUHUMAITb-
Ha, a BO3MOXKHBIM PUCK JJIS TJ10/1a BEICOK. OTHAKO €CITA MCCIIEAYEeMBIi Mpernapar )KU3HECHHO HeOOX0 UM ISt
YIIyYIlIEHUS COCTOSIHUS OCPEMEHHOM JKEHIIMHBI, €€ COTIIACHS MOXET OBITh JIOCTATOYHO JJIsl Pa3pelICHUs €To
MIPUMEHEHUSI — Ja)Ke €CIIU PUCK JJIS TUI0Ja HEM3BECTEH WM MPEBHIIIaeT MUHUMATBHBIN [31].
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KyKTi oMesinepae TIPislik 3aTTapAbl KIMHAUKAJBIK ChIHAY
oy

Makanazna XXYKTi sifenepnie Topilik 3aTTapabl KIMHUKAJIBIK ChIHAYFa OalIaHBICTBI KOXKETTUIrHE XKoHE dTH-
KabIK Macenenepine moiry Oepinren. [lomyna xyKTinik ke3iHae Aopi-TopMeK KOITaHATHIH dHenIep YIeciHiH
TYpaKkThl ~©CyiHe KapamacTaH, > KYKTi oienmep OYypBbIHFBICHIHINA  [Opi-IOpPMEKTEpIi  ChIHAYIaH
HIBIFAPBUIFAHABIKTAH JKOHE JKYKTUTIK Ke3iH/Aeri Iopi-IopMeKTep/l 3epTTey/i enayip WiFailTyapl Tajgan eTyae
YJIKEH FBUIBIMH OJIKBUIBIKTBIH OOJFAaH/IBIFBI Typasibl alThlIFaH. JlereHMeH, 1opi-1opMeKTep i KYKTiIIK Ke3iH-
Jie ChlHaysa e3eKTi Macerenep Oap.

Kinm ce30ep: xyKkTi offennep, Topiik 3aTTap, KIMHUKAJIBIK CBIHAKTAP.

N.K. Diusembaeva, Sh.S. Kalieva, E.A. Yukhnevich, Zh.V. Miasnikova

Clinical trials of medicinal products in pregnant women (overview)

The article provides an overview of the necessity and ethical issues associated with clinical trials of medi-
cines in pregnant women. Despite a constant increase in the proportion of women who use drugs during preg-
nancy, pregnant women are still excluded from drug trials, and there is a large scientific gap requiring a sig-
nificant increase in drug research during pregnancy. However, there are serious challenges in conducting
these drug trials in pregnancy.

Keywords: pregnant women, medicinal products, clinical trials.
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Ecological and economic assessment of the ecological situation transformation
in the Republic of Kazakhstan regions in 1990-2020

The article is devoted to problems of stating the complex index of anthropogenic impact (IAI) formation es-
timating the ecological stress level in regions of Kazakhstan. A system of indicators of anthropogenic stress
for ecological monitoring is justified as different methods of normalization and aggregation of indices. Re-
sults of various estimations are provided. Factors of transformation of territorial structure of pollution are re-
vealed. IAI shows that in the post-Soviet period, inherited ecological problems and new sources of impact de-
termined the anthropogenic impact spatial shift at the regional level from the North and East to the South and
West. Industry is losing its status as the main source of anthropogenic impact (Al), so densely populated areas
and the increase in associated impact indicators have caught up with industry. The population outflow in
Northern Kazakhstan has a positive effect on the Al level and increases Al in Southern Kazakhstan. The en-
tire variety of scenarios for the dynamics of the impact of material production on the environment can be re-
duced to four types: ecological degradation, when an economic downturn is accompanied by increased envi-
ronmental pollution; depressive development, when an economic downturn is accompanied by decreased pol-
lution; extensive ecological development, where economic growth is accompanied by increased pollution;
balanced development, when economic growth is accompanied by decreased pollution. During crisis years,
there was a decrease in industrial pollution, the volume of atmospheric emissions and polluted wastewater,
and, to a lesser extent, water consumption; conversely, vehicle emissions, the volume of toxic waste, the area
of disturbed lands, and forest fires do not depend on the change in GRP. Despite the fact that for the country
as a whole, the dependence of the level of pollution on the level and dynamics of economic development is
weakening, with each new crisis, there is an increasing number of regions where the environmental state con-
tinues to deteriorate despite the economic downturn.

Keywords: ecological and economic analysis, pollution indicators, integral index ecological stress, ecological
situation, anthropogenic impact, complex estimation.

Introduction

Ecological status is gradually becoming a significant factor of regional growth in former Soviet coun-
tries. Large-scale social and economic, institutional and technological changes since the early 1990s occur-
ring in the course of the economy's adaptation to market conditions and inclusion of post-Soviet countries in
the world market have considerably affected the environment, especially at the regional and city level. The
past quarter of the century has seen dramatic changes in the ecological status (ES) in Kazakhstan. New con-
ditions have made their appearance and the importance of ES formation factors has changed: The role of
technological factors has gradually decreased; the role of structural industry shifts has increased since it was
relatively high-tech processing industries that experienced maximum output reduction. The greater raw-
material orientation of economy in Kazakhstan has amplified anthropogenic impact on mining regions, while
the largest cities faced a rapid growth of automobilization being an important factor of anthropogenic impact.
Institutional mechanisms have not succeeded in producing ES territories; environmental payments do not
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stimulate a greener economic activity though large private business possesses considerable financial re-
sources for production modernization.

At the same time, the environmental conditions in the industrially developed former Soviet countries
rich in natural resources, in particular, Kazakhstan, still bear the features inherited from the period of the So-
viet industrialization. Their role can be revealed through a comparative study of the two countries, the indus-
trial complex of which was formed within a single space.

Integral index of anthropogenic impact has been developed to assess changes in environmental condi-
tions in the regions of the Republic of Kazakhstan. The scale and method of the research were chosen based
on availability of statistical information for various levels and time periods, comparability of environmental
indicators in Kazakhstan and adequacy of the available statistics. In addition to the analysis of the impact of
key factors and trends in the ecological status, a comprehensive assessment of the transformation of envi-
ronmental and economic situation caused by changes in branch and territorial structure of the regional econ-
omy is needed. The comprehensive assessment lays the basis for a greater efficiency of environmental in-
vestment.

Experimental

Integral indices of environmental conditions started to appear almost simultaneously in the USSR and
in the West. However, differences in development conditions of this research method and its purposes, im-
possibility of sharing practices predetermined separate ways at the initial stage of formation of complex indi-
ces. Generalizing the available experience of foreign scientists, governmental and international commissions
in this field, it is possible to identify a number of features. First, the use of basic indicators (GDP, gross do-
mestic savings, net domestic product) is normalized based on the cost estimate of depletion of natural re-
sources, ecological damage, natural capital [1-3]. Second, there are integral indicators of sustainable devel-
opment (ecological sustainability, real progress, etc.) including both indicators of quality of life and ecologi-
cal indicators [4, 5]. The third important feature is the initial orientation towards the search of indicators re-
flecting a contribution of the countries to global problems, i.e., ecological footprint, living planet index [6].
Finally, proper environmental indices based on either indicators of anthropogenic impact (air emissions,
waste water) or "environmental efficiency” (impact of an ecological factor on human health and ecosystems)
[7-9].

Kazakhstan needs a multi-scale environmental research: Country assessments lacking a regional com-
ponent are unacceptable for countries as vast as they are. Sub-regional assessments are even more promising;
however, the ecological statistics at the level of districts and municipalities is too scarce for a comprehensive
complex assessment of anthropogenic impact over time. Thus, two levels have been chosen for the research:
country and regional, allowing assessment of industry-specific and territorial shifts of areas of anthropogenic
impact over time.

Key problems which researchers face while elaborating a technique for impact assessment at the re-
gional level are a weak statistical base, frequent change of calculation procedures and incomparability of
some indicators within inter-country comparisons due to various approaches to measurements and calcula-
tions. For example, a key group of indicators highly relevant for the assessment of anthropogenic impact
connected with the impact on forest resources is less relevant for Kazakhstan. Considering a common group
for conventional forests and haloxylon desert woodlands in the Kazakhstan statistics, use of indicators of
impact on forest resources demands a careful approach and expert adjustment [10, 11].

Stage 1 included the methodology for the integral assessment of the anthropogenic impact level
and the creation of the integral index.

— Selection of priority components. Ecological indicators of almost all significant sources of impact
were considered: production sector, power industry, motor transport, agriculture and forestry, population as a
source of impact (through household waste and indirectly through other indicators), indicators of radiative
effects, and others.

— Selection of indicators for each group was based on the principles of systematicity, reliability, availa-
bility of statistics, pronounced territorial differentiation, clearly interpreted dynamics. Each type of anthro-
pogenic impact has a set of absolute and relative (specified in brackets) indicators: A; — density of air emis-
sions of the production sector and motor transport per the acreage of the cities, production sector, transport;
A, — coefficient of emission toxicity calculated as the ratio of emission volume normalized to a single tox-
icity to the gross air emission volume; B; and B, — share of water consumption and wastewater discharge in
surface-water supply, respectively; C; — solid waste density taking into account their hazard class; C, —
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share of disturbed industrial lands; D; and D, — share of cultivated and reclaimed lands respectively; D3, D4
and Ds — mineral, organic fertilizers and pesticides respectively per 1 hectare of arable lands; Ds — cattle
livestock per the area of pastures; E; — share of total standing volume of cut timber; E; — the area of felling
per calculated cut; E; — share of unauthorized felling; F; — share of inhabitants in radioactive contamina-
tion zones; F» and F; — soil pollution density with '3’Cs radionuclides of the forests and the area, respective-
ly; F4 — share of lands of the cities, production sector, motor transport polluted by radionuclides; Fs — share
of lands of former nuclear test sites and major accidents related to radioactive pollution.

— Translation of initial value matrix for assessment indicators into values normalized for addition of dif-
ferent-sized indicators. The following criteria can be used while selecting normalization principles: the na-
ture of asymmetry of separate indicators, their contribution to the final assessment and interpretation of the
totals. While searching for an optimum normalization principle, three most widespread methods were ap-
plied: ranking, linear scaling, and logarithmic scaling. Logarithmic scaling proved to be the most acceptable
method for the integral index. For the first time, suggested for assessment of territorial differences of anthro-
pogenic impact in the Russian regions, this method not only removes excessive differences of indicators, but
also adequately reflects the increasing pollution level parallel to the growing integral index [12].

log, X

min

=——_—— y;,— index value in i region. (D)
longin X, max
— Integral index of anthropogenic impact (1Al) is calculated through the aggregation of group average
values for the above mentioned normalized indicators according to the formula:

]A[=(A1 +A2j+(Bl+sz+(C1 +C2j+[D1 +D2+D3+D4+D5+D6J+
2 2 2 6

+(El +E, +E3j+(ﬂ+ﬂ+1’3+ﬂ+ﬂ}_
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Stage 2 is the environmental and economic assessment. The discrepancy between the rates of eco-
nomic growth and consumption of resources or environmental pollution is one of the most important criteria
for a «green» economy development. The effect of decoupling is assessed (Df) [13]:

D — 1 _ Et/Yt

t b

Ey /Y,
where £y and E; are indicators characterizing the negative impact on the environment in the base and current
periods (volume of emissions, wastewater, waste, volume of water consumption); Yy and Y; are GDP in com-
parable prices of 2005 in the base and current periods, respectively. A positive value of the coefficient D;
indicates that the increase in value added is accompanied by a decrease in the burden on the natural envi-
ronment, and a negative value indicates the absence of a decoupling effect.

Stage 3. Correlation between changes in IAI and dynamics of economic indicators.

The entire variety of scenarios for the dynamics of the impact of material production on the environ-
ment can be reduced to four types: (1) ecological degradation, when an economic downturn is accompanied
by increased environmental pollution; (2) depressive development, when an economic downturn is accompa-
nied by decreased pollution; (3) extensive ecological development, where economic growth is accompanied
by increased pollution; (4) balanced development, when economic growth is accompanied by decreased pol-
lution [14].

2

Integral assessment of anthropogenic impact

Integral IAls were calculated for four time periods: 1990 — the beginning of the transition period,
1998 — the end of crisis, 2003 — the end of the first stage of compensatory growth, 2014 — the most recent
available statistics. In general, the results demonstrate the adequacy of the developed technique for identifi-
cation of territorial differentiation of environmental conditions in large countries (Fig. 1).
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Figure 1. Changes in the integral index of anthropogenic impact in 1998-2020

Note — Compiled by the author based on (Agency for Strategic planning and reforms
of the Republic of Kazakhstan Bureau of National statistics Attps://stat.gov.kz/)

The total index has shown a high, though reducing degree of interregional distinctions in terms of the
intensity of environmental pressure on the territory of the two countries (from 3.6 to 1.7 times during 1990—
2020). Various changing trends in individual factors have also determined the dynamics of the complex re-
gional index after the collapse of the Soviet Union.

Decreasing Al has become an underlying trend, and internal fluctuations corresponded to the dynamics
of economic indicators. At the same time, in the early 2000s, during the maximum increase in oil prices, pol-
lution volumes moved to the extracting regions with low population density. Unlike the majority of old de-
veloped regions where pollution is localized in the cities, the impact is dispersed across the territory in newly
developed extracting regions.

Use of pollution density indices (as compared to absolute values of volumes) moves three types of re-
gions down in rankings. First, large regions with an intense, but rather localized Al (Karaganda). Second,
regions with large rivers under serious anthropogenic pressure, but with low density of impact (Atyrau).
Third, strong agro-industrial regions (Kostanay) have seen an advancing production decline in the leading
agricultural regions with the most intensive agriculture since the 1990s. On the contrary, industrial regions
with localized and cities of republican status rise in ranking. Agricultural pressure exacerbates ecological
stress in traditionally agrarian regions of Kazakhstan — North Kazakhstan and Akmola.

However, centres of ecological stress, unevenly spread across the territory, are the same for any as-
sessment method. In Kazakhstan, the centre of ecological stress, Pavlodar-Karagandy-East Kazakhstan area,
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has actually begun to smear during the considered period due to decreasing impact in the East Kazakhstan
region and new centres of ecological stress: oil-extracting West and densely populated South of Kazakhstan.

As in most EAEU countries, in the early 1990s, Kazakhstan experienced a decrease in anthropogenic
impact, since 2000, a gradual increase in emissions began and there was a slight decrease in subsequent
years. Kazakhstan regions developed differently both during the crisis and during the years of economic
growth. A high level of cheap hard and brown high-ash coal availability, ferrous and non-ferrous metal ores
has led to a heavy industrial structure formation and the highest levels of anthropogenic pollution for decades
in Central and North-Eastern Kazakhstan. All major centers of atmospheric pollution are concentrated here
(73 % of air emissions from stationary sources). In metallurgy, the utilization level of toxic substances is tra-
ditionally at an average level and, as a result, the regions of its deployment are the emissions source of the
most toxic substances. In the Pavlodar region, the largest polluters are the centers of refineries, thermal pow-
er plants (Aksu and Pavlodar), and since the 1960s, an energy-intensive aluminum industry has appeared
here, which has created a toxic environment in the city. Energy-intensive ferroalloy production appeared on
imported quartzites from the Urals in Aksu and Ekibastuz. The emissions’ volume in the region was 3 times
less than in the Karaganda region, also because there is a high level of emissions purification, mainly due to
the utilization of solid compounds from the high-ash coals combustion. However, the Karaganda region has
significantly reduced emissions and is now in the second place after the Pavlodar region.

The powerful development of thermal power engineering also determined the largest water intake and
wastewater volumes (over a quarter of wastewater discharges in Kazakhstan). Although a significant part of
CHP effluents are cooling relatively clean water, with such a high coal mining concentration, metallurgy,
chemistry and heavy engineering enterprises, warm water discharged from CHPs creates the problem of syn-
ergistic impact.

The consequence of accelerated industrialization to nowadays is environmental problems in the east of
the country. The smelting of titanium, magnesium, lead and zinc is a source of highly toxic emissions in Ust-
Kamenogorsk and the oldest center of the lead-zinc industry in Altai — Ridder city, operating on their own
concentrates. This form of organizing the non-ferrous metals production in the form of large full-cycle plants
is associated with the peculiarity of their ores — a low content of pure metal (1-5 %), and even less than one
scattered.

Thus, inherited development has determined the territorial concentration level of the most «dirty» in-
dustries, the creation of large-scale industries without the required level of purification, etc. in the regions of
Central, Eastern and partly Northern Kazakhstan. However, their current growth, which has also led to an
increase in pollution since 1996, is associated with the demand for their products on the world market. Ka-
zakhstani metals are bought in more than 30 countries of the world. Therefore, the second factor in the terri-
torial dynamics of the ecological state was the globalization impact and the inclusion of regions and cities of
Kazakhstan in the world market. It covers the territory of the country unevenly «choosingy the largest cities,
regions with the extraction of resources that are in demand on the world market. If for the former inclusion in
the global economy led to a decrease in pollution, then for the latter changes in prices for metals and raw ma-
terials on the world market had a negative impact on the environmental situation. For the rise in energy pric-
es in stable economies stimulates a reduction in their consumption, and in the conditions of a transforming
economy, the focus of which on the export of energy carriers and other resources is only increasing. It leads
to the opposite result — a significant increase in resource intensity within the country and an increase in pro-
duction.

The influence of this factor especially affects the growth of anthropogenic load in the Western Kazakh-
stan regions. The development of the Embinsky and Mangystau oil and gas provinces and nickel ores in the
Aktobe region led to the fact that to this particular region is shifting anthropogenic impact. Only two oil re-
gions (Atyrau and Aktobe regions) in terms of atmospheric pollution by 2005 exceeded the level of 1990.
Pollution features in the Western Kazakhstan regions are low anthropogenic impact localization, its exit be-
yond the city limits into hydrocarbon production areas and the lowest volumes of trapped and neutralized
harmful substances due to the low level of associated petroleum gas (APG) utilization. Oil industry enter-
prises account for the main air pollution share (80-85 %) in Atyrau and Mangistau regions, where the burned
gas amount at oil producing enterprises increased from 62 to 65 million m? in the last year alone.

The massive development of hydrocarbon raw materials is a potential threat to increase the pressure on
natural waters, especially the program for the development of offshore fields in the Kazakh sector of the
Caspian Sea. The State Program for the Development of the Caspian Shelf provides for special studies to
determine the maximum possible level of hydrocarbon production without damaging marine and coastal eco-
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systems, the implementation of geodynamic monitoring, the elimination of abandoned oil wells and other
historical pollution.

Unique and typical factors in the Al spatial structure formation in the Republic of Kazakhstan deter-
mined the identification of regions types according to the time of Al sources formation. The inherited devel-
opment factors of Kazakhstan regions continued to determine the Al levels in most of the old industrial re-
gions: Pavlodar, Karaganda and East Kazakhstan, however, over 25 years of independence, they appeared as
new growth centers Al, in which growth is provided by relatively new factors. At the same time, the modern-
ization of metallurgy has led to a significant reduction in pollution in these regions, especially in the East
Kazakhstan region.

Population growth, for example, in the South Kazakhstan region, where population growth has changed
significantly (15 thousand people per year from 1989 to 1999, 65 thousand people per year from 2009 to
2017), similar processes in Jambyl and Almaty regions, significantly increase the level of anthropogenic im-
pact in these regions. The growth of the rural population most often leads to an increase in pressure on pas-
tures, an increase in sown areas, and in the south of Kazakhstan it causes the greater water withdrawal.

New industrial centers, which include Kostanay and Kyzylorda regions, are still slightly changing the
Al map, but in the future, their role will continue to grow. However, the most important factor determining
the regional features of the AB transformation is oil and gas production and its environmental consequences
in Western Kazakhstan.

The unique factors in the formation of the environmental situation in Kazakhstan are two macro-
regional inherited environmental problems — the territory of the Semipalatinsk nuclear test site and the Aral
Sea. Unique for the post-Soviet space is the transferring the capital factor, which contributed to the active
economic development of the Astana agglomeration, which led to significant environmental consequences
throughout the Akmola region. The presence of the Almaty agglomeration, located in complex geological
and geomorphological conditions, where the problems of inadequate development of the foothills exacerbat-
ed the problem of deteriorating air quality is also one of the unique factors. Among institutional factors there
is a greater openness of the economy and, as a result, the work of foreign companies in the extractive indus-
try, which are much more efficient than Kazakhstani and Russian enterprises in terms of specific indicators
of emissions, wastewater discharges and waste generation per unit of output.

From the spatial distribution point of view the anthropogenic impact, in addition to the existing central
«ridge» of regions with high anthropogenic impact (Pavlodar, East Kazakhstan, Karaganda and South Ka-
zakhstan), another one an oil-producing area in Western Kazakhstan is being formed. Despite the fact that so
far only the Atyrau region has average impact indicators, it is obvious that the development and reaching the
peak production of large fields (Kashagan, Tengiz, Karachaganak, and others) will move the Western Ka-
zakhstan regions higher in the areas ranking with the highest anthropogenic impact level.

In 8 out of 14 regions of the Republic of Kazakhstan, the integral index has increased over the past 25
years, with Aktobe region becoming the leader in terms of impact growth (there oil and gas fields, expansion
of existing metallurgical industries are being active developed). The greatest reduction in the anthropogenic
impact level at the regional level is typical for the North Kazakhstan region, where the population has de-
creased, the impact from agricultural sources has decreased and a number of machine-building enterprises
have closed.

The atmospheric impact level increased in three types of regions:

— areas for the development of new mineral deposits (oil fields in West Kazakhstan, Atyrau and Aktobe

regions);

— copper deposits (in Central Kazakhstan);

— agglomerations of large cities (Astana, Almaty, Shymkent);

— areas for the start of new large-scale production (Pavlodar, Khromtau, Aktobe).

On the contrary, a decrease in the impact was typical for industrial and agricultural regions of the north
(Akmola, Kostanay, North Kazakhstan regions); Rudny Altai (city-factories — Ridder, Zyryanovsk); and
areas of decline in mining (Mangistau region).

The impact on water sources has decreased due to positive trends in the reduction of irrigated land in
the southern regions (the highest level of reduction in water intake was observed in the Almaty region. The
reduction amounted to more than 3,682 million m?, almost 54 %. Energy regions (Karaganda and Pavlodar
regions) are in second place in terms of reducing the load on the water basin as a result of the recycling water
supply introduction. On the third place there are irrigated lands of the Center and the North, where in general
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the share of irrigated lands was much less and significantly decreased in recent years, which caused a reduc-
tion in water intake (in Akmola region the reduction was by 12 times, in Kostanay region by 4 times).

An impact on land resources analysis showed an increase in impact in 4 types of areas: agglomerations

of large cities; industrial centers with the growth of production capacities (Karaganda region, Pavlodar re-
gion); new oil centers of the West; areas of hazardous wastes from agriculture and industry (Nauyrzym dis-
trict of Kostanay region). The decrease in impact was typical for old industrial centers, including the Rudny
Altai and areas of declining mining (Mangistau region, a number of districts of the Karaganda region).

In the field of radiation exposure, there is a general trend of reduction due to natural purification in the

absence of large new sources; there is a decrease in the impact in the zone of the Semipalatinsk nuclear test
site (regions of the East Kazakhstan region), abrupt changes are impossible in the considered period of time.
The hypothesis of an increase in impact with an increase in uranium production (Sozak district of the South
Kazakhstan region) and Stepnogorsk city of the Akmola region is not confirmed.

The agricultural impact on the environment

The agricultural impact on the environment in the regions of Kazakhstan is defined, first of all, by

the agrarian specialization and the intensity of agricultural production. However, the regions of Kazakhstan
are strongly polarized since the majority of regions are developing extensively, but the types of intensive and
suburban agricultural complex are presented as well.

The territorial structure of the agrarian complex changed considerably during the transition period, there

were both interregional and intraregional shifts along the “North—South” axis, that is, dependent on the natu-
ral potential, along the “centre—periphery” axis, shifting loading to the central cities [15, 16]. As a result,
since the Al was generally reducing, the loading was redistributed considerably.

An almost overall decrease in impact of agriculture during 1990-1998 was replaced by its growth in

several regions, not always specializing in agriculture, in 1998-2008 and then by an almost overall growth in
recent years that is connected both to the boosting agricultural production and its growing intensity. There-
fore, the two leading groups (with a very high and high impact of agriculture) incorporate regions with dif-
ferent types of production growth (2020 as compared to 2008). Kazakhstan has only one leader, the Jambyl
region, and two regions in the second group, the South Kazakhstan and Kyzylorda regions (Fig. 2). The in-
tensity of Al grew by 20—100 % in all leading regions during 2010-2020.
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Figure. 2. Assessment of the agricultural impact in the regions of Kazakhstan, 2020

Note — Compiled by the author based on (Agency for Strategic planning and reforms
of the Republic of Kazakhstan Bureau of National statistics Attps.//stat.gov.kz/)
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The moderate impact of agriculture characterizes areas of North Kazakhstan and Almaty regions.
Most regions of this type have also witnessed Al growth in recent years. Lowered, low and constantly lower-
ing Al level is typical of the majority of regions of Kazakhstan.

The highest rates of Al in the Republic of Kazakhstan are characteristic of two groups of regions. The
first group comprises western and northern districts of the Akmola region, northern districts of the Kostanay
region and a number of districts of the North Kazakhstan region in the north of Kazakhstan. They have the
largest area of the reclaimed lands (up to 90 %), however the agricultural industry is insufficiently intensi-
fied. It is mainly fields under cereal crops, most of them belong to agroholdings and large farms where pesti-
cides are scantily used, and the volume of fertilizers is small. The second group includes southern districts of
the Jambyl and South Kazakhstan regions, eastern districts of the Kyzylorda region and a number of districts
of the Almaty region. High Al rates here are connected with the maximum share of irrigated lands and water
consumption in agricultural industry, application of fertilizers and pesticides on the irrigated fields where
vegetables, cotton and cucurbits are grown.

It is possible to identify certain zones of impact concentration based on impact of agriculture. Initially
they were attributable to the natural environment conditions. The sub-regional level in Kazakhstan demon-
strates that the loading is allocated more evenly in the northern regions and still covers large areas, shaping
the ecological situation in the regions. On the contrary, the southern regions with a higher Al bigger level are
mosaic due to the specialization of territories and, as a result, various resource intensity and volumes of
waste.

Structural shifts in national economy, emergence of vertical agroholdings owning areas comparable to
the area of some European countries led to serious changes in the structure of agricultural production. For the
last 20 years, since 2000 the greatest gain in agricultural production was typical of the Pavlodar and South
Kazakhstan regions in Kazakhstan (a gain of 120 %).

The comparative analysis of the rate of change in agriculture in reference prices and the Al integral in-
dex provided for several scenarios:

— Environmentally extensive development is characteristic of the majority of regions (65 %) where the
growth in agricultural production increased the impact of the agrarian complex. These are the regions with
the share of agriculture in GRP of about 20 % (Jambyl, South Kazakhstan). Their fast growth rates are gen-
erally ensured through production intensification in individual farms and large agroholdings.

The increase in agricultural production by 7-100 % led to a proportional growth of impact in some re-
gions with a less intensively developing agrarian complex (North Kazakhstan, East Kazakhstan). The share
of agricultural industry in these regions is 5-15 %. The majority of indicators defining Al either increased
slightly (volume of mineral fertilizers) or decreased (volume of organic fertilizers, pesticides) during the
considered period.

— Environmentally balanced development, when the increase in agricultural production is combined
with the reduction of impact, was observed in the regions of North and West Kazakhstan (West Kazakhstan,
Atyrau, Pavlodar, Kostanay regions). Their share of agricultural industry in GRP is only 1-6 % and is de-
creasing. Production growth in some of the regions is explained by the effect of a low base, Al indicators are
low, perhaps some impact is just underestimated in this group of extensively developing regions: despite the
considerable ploughing the degree of erodibility is not considered. In this case it would be better to discuss
not the quality of growth, but the underestimation of ecological consequences of extensive development.

In general, the factor of production growth remains the leader in the formation of ecological impact of
the agrarian complex. The script of environmentally balanced development is based rather on the defects of
relative indicators in the regions far from agrarian specialization. The trend when with a growth of intensifi-
cation, the loading is growing twice more slowly than production appears to be the most positive scenario.

Despite considerable economic shifts and transition to a new type of economy, the inherited factors still
play a crucial role in the ranking of regions. Almost all regions with a very high level of anthropogenic im-
pact have large industries since the USSR that determine specialization of the region.

Environmental rankings of regions based on the complex index are an efficient way of determining the
priorities of environmental policy. The integral index provides new insights into the complexity and versatili-
ty of the environmental conditions. But a clear understanding of calculation specifics of the complex indica-
tor is necessary to make the ranking a convenient decision-making tool in terms of environmental control
and environmental management. The selected Al measurement technique considerably affects the outcome.
It is important to use Al density for large countries with isolated intense sources of impact and extensive un-
affected territories. Moreover, Kazakhstan that has experienced essential changes of agricultural areas (ara-
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ble lands, pastures have reduced in the regions by 30-50 %) and urban lands during the land reform has the
territorial structure of the intensity integral index considerably changed towards increase since 2003, while
the indices for 1990 and 1998 prove to be underestimated.

Correlation between changes in IAI and dynamics of economic indicators

The dependence of GDP growth in Kazakhstan on industrial growth is still strong (the correlation coef-
ficient is 0.95), but the dependence of pollution indicators on GDP is gradually decreasing. In 2000, a “de-
coupling” effect appeared, when emissions and sinks increased many times more slowly than industrial pro-
duction.

Structural shifts in industry, assessed by the indicator of changes in the heavy industries share as a
factor in the atmospheric pollution dynamics, naturally showed that countries with the least heavy industrial
structure (Moldova, Belarus) reduced the amount of emissions into the atmosphere to the maximum. At the
same time, the share of heavy industries itself remains constant because of the development in all countries
with hydrocarbon resources, their active production. However, the decoupling coefficient, on the contrary,
shows that the development of the industry in Russia and Kazakhstan, with more modern technologies intro-
duction, in particular, the utilization of associated petroleum gas, leads to a more environmentally friendly
development of both the industry and its regions of deployment (Tab. 2).

Table 2

Assessment of the structural shifts in the industry impact on changes in the emissions volume
into the atmosphere in the EAEU countries 2005-2020

EAEU Air Emissions Index | The average value of the Heavy industry share Decoupling
countries 2005=100 % share of heavy industries, %| index, 2005=100 % index, Dt
Armenia 22,2 50,9 82,9 -0,21
Belarus 39,3 14,5 52,0 -0,01
Kazakhstan 54,9 77,4 97,0 0,29
Kyrgyzstan 33,5 67,1 92,6 -0,15
Moldova 4,7 12,7 90,9 0,30
Russia 55,0 45,3 87,9 0,28
Note — Compiled by the author based on (Interstate Statistical Committee of the Commonwealth of Independent States,

http://new.cisstat.org/web/eng Interstate)

The scenarios for a change in IAI with respect to GRP have in terms of space a greater mosaic pattern
than for individual indicators; the structural dependence coefficients show hardly any dependence. The max-
imum level of dependence was observed during the crisis period of 1991-1998. In almost all regions, the IAI
decreased, but in oil and most depressed regions, it increased; as a result, a degradation scenario developed.

During the 2008-2009 crises, the IAI continued to decline in half the regions, forming a mosaic pattern
of different scenarios. The greatest decrease was in the volumes of emissions and Al on water sources, for-
ests, and agricultural load. In the regions dominated by the mining industry in the structure of sources of im-
pact, the IAI continued to increase with decreasing GRP (Fig. 3).

In contrast to air pollution and, to a lesser extent, surface water pollution, the IAl index demonstrates a
significantly lower dependence on the dynamics of GRP and industrial production. However, particular indi-
cators also do not correlate with GDP or industrial production: in general, for 1990-2020, a statistically sig-
nificant correlation coefficient is observed only with the volume of polluted wastewater in industry. Howev-
er, in 1990-1998, most of the environmental load indicators (except for the volume of toxic waste) are char-
acterized by a high degree of dependence. During the 1999-2008 economic growth period a high correlation
was preserved for the volume of emissions and polluted wastewater in industry, and after 2008, for the vol-
ume of polluted wastewater and waste.

In the early 2000s, when growth rates were at their highest, GRP increased in all regions. However,
most regions also increased the level of pollution during this period. Decrease in IAI with an increase in GRP
was observed only in Pavlodar, North Kazakhstan and East Kazakhstan regions as a result of reduced pollu-
tion. Astana's rapid growth has also not been accompanied by an increase in pollution.
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T

Figure 3. Ratio of changes in Al index and GRP during crisis periods, % compared to previous period

Note — Compiled by the author based on (Agency for Strategic planning and reforms
of the Republic of Kazakhstan Bureau of National statistics Attps://stat.gov.kz/)

The largest number of regions developing according to the balanced scenario is typical for the period of
stable economic growth in the 2010s, when most regions of northern and central Kazakhstan continued to
reduce the impact level. However, since not all enterprises underwent modernization, the energy sector in
these regions retained coal as a fuel, economic growth slowed down, and the regions returned to an extensive
development scenario. In addition, the 2020 crisis linked to the COVID-19 pandemic slowed economic
growth while maintaining pollution. As a result, the southern and western regions developed according to a
depressive and even degradation scenario.

Conclusions

The integral index showed that in the post-Soviet period, inherited environmental problems and new
sources of impact determined the spatial shift of anthropogenic impact at the regional level from the North
and East to the South and West. Industry is losing its status as the main source of Al- densely populated are-
as and the increase in associated impact indicators have caught up with industry. The outflow of the popula-
tion in Northern Kazakhstan has a positive effect on the level of Al and increases Al in Southern Kazakh-
stan. By 1991, a «framework» of regions with the highest anthropogenic impact level was formed in the Re-
public of Kazakhstan, which included the Central-Eastern part of Kazakhstan (Pavlodar, East Kazakhstan
and the north of Karaganda region) and the North (with a lower anthropogenic impact level). Nevertheless,
in subsequent years, there was a shift in anthropogenic impact in two directions:

— Southern direction. An anthropogenic impact growth was associated with a sharp increase in the pop-
ulation and, accordingly, an increase in population density, the level of motorization, household waste, and
in rural areas such as an increase in the area of irrigated land and water intake;

— Western direction. The growth of anthropogenic impact was associated with an increase in oil produc-
tion — especially in the Atyrau region, and, accordingly, there was an increase in emissions into the atmos-
phere, changes in the toxicity of emissions, the area of disturbed lands, etc.

Key factors maintaining territorial structure of Al areas in Kazakhstan:

1. Inherited development. The largest Al centres in the territorial structure are still the regions where the
industrial base was developed and formed back in the Soviet period: Pavlodar and Karaganda regions. De-
spite low efficiency and insignificant economic feasibility related to production and extraction of some min-
erals, a number of large enterprises, seriously harming the environment, continue to exist. It is all the fault of
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the existing structure of population settlement (miner's towns) and impossibility to move people from de-
pressive monotowns.

The influence of the inherited factors is clearly demonstrated in the following areas:

— energy intensity of the leading industries combined with the structure of fuel balance in power indus-
try and housing and public utilities in the eastern part of the country. The greatest energy intensity is
still typical of large industrial regions with a high level of environmental stress, and of the most envi-
ronmentally safe regions generally because of the increased coal consumption by municipal services;

—industrial specialization, age and quality of assets. The institutional environment and the policy of
companies define the extent of asset modernization; the velocity and sometimes the direction of the
process vary. The industrial impact is decreasing, most rapidly in the oil sector, but the industry re-
mains a leading and most dynamic factor influencing the ecological status;

—accumulated radiation pollution is a specific factor in a number of regions, but its role is gradually de-
creasing.

2. Institutional factor. Despite the stated models of the free market and general privatization, only few
foreign companies could establish full control over large industrial enterprises which has contributed to the
stability of the territorial structure of Al areas.

Factors influencing transformation of Al territorial structure:

1. Becoming part of the global resource market. Soaring hydrocarbon prices have caused active devel-
opment of oil and gas fields in the Western regions of Kazakhstan. It created new Al centres in the Western
Kazakhstan: increase in oil production of the Atyrau region from 2.5 million tons in 1990 up to 31.9 million
tons in 2014, development of the Karachaganak oil and gas field in the West Kazakhstan region caused in-
crease in oil production from 4 million tons in 1990 to 13 million tons in 2014.

2. Institutional factor. Emergence of the western companies in mining and manufacturing industry of
Kazakhstan has reduced the level of environmental impact in terms of specific indicators, for example, Ka-
zakhstan has emissions almost twice less than Russia per unit of oil produced. It influences the territorial
structure of pollution areas: new industrial centres in Kazakhstan are less significant on a national scale than
in Russia (based on relative measures).

3. State environmental policy.

4. Reaching the limit of ecological capacity in some regions. Most of regions in Kazakhstan are located
within semi-arid and arid zones where ecological limits of water sources, pastures and arable lands are al-
most reached. When using relative measures, the Mangystau and South Kazakhstan regions demonstrate high
specific rates of anthropogenic impact on limited water sources and land resources. Therefore, any minimum
increase of anthropogenic impact in regions with ecological capacity close to its limits leads to a serious deg-
radation of the environment.

5. Demographic changes as a factor transforming the territorial structure of anthropogenic impact are
typical of Kazakhstan that has Al increasing in the South due to population growth and falling in the North
due to depopulation.

Therefore, integral assessment of environmental conditions in the regions of Kazakhstan has re-
vealed — the solution to modern environmental problems lies in a compromise between the demand for an
intense economic development and the need for environment protection. Despite considerable positive
changes in the national environmental policy, advance economic development regions possessing competi-
tive advantages still tend to have a high Al level.
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B.P. butrokosa

KP 1990-2020 :xbliagapaarbl 3KOJOTHSIIBIK KAFAAHTBIH
e3repyiHe IKOJIOTMSUIBIK-DKOHOMHUKAJIBIK 0ara Oepy

Makana Kazakcran eHipiepiHAeTi SKOJOTHSIIBIK KyH3enic AeHreiiH OaralaifThiH aHTPONOTCHIIK acepai (AD)
KaJIbIITacThIpy abIH KeueHai uuuekcin (KM) aiikpinaay npooieManapbiHa apHaiFaH. DKOJOTHSUIBIK MOHHTO-
PHHT YIIIH aHTPOIOTeHIIK KYi3esic KOpCeTKIMTepiHiH Kyieci Heri3Aenre, OUTKeHI KOPCEeTKIIITEpAl Kabl-
nKa KenTipy MeH OipikTipyAiH opTypii SmicTepi KapacThIpbUiFaH. OpTypiii OaranayiapAblH HOTHKenepi
kenripinred. JlacTaHyJblH ayMaKTBIK KYPBUIBIMBIH TpaHc(opmauusiiay (akTopiapbl aHbIKTadFaH. AO
HOCTKEHECTIK Ke3eHJIe Mypara KaJIFaH SKOJIOTHSJIBIK NpolieManap MeH jkaHa acep ery keszuepi Conrycrik
ned [IereicTan OHTYCTIK IeH BaTbicKa eHipIlik AeHrelae KEeHICTIKTIK JKBUDKYIBIH aHTPOIOTEHIIK dcepiH
AHBIKTaFaHBIH KOPCETTi. ©OHEpKaCil aHTPONOTEHMAIK ocep eTYJIH Herisri ke3i MopTeOeciH >KOFanTajibl,
COHIBIKTAH TBHIFBI3 KOHBICTAHFaH ayJaHIap >KOHE BIKHAT eTYJiH iJecre KOpCeTKIIUTEpPiHiH YJIFalobl
enepkacinmen TteHecti. Contycrik Kazakcranma xamslkTeiH keryi KW nmeHreiiine OH ocep eTemi KoHE
Onrycrik Kasakcranga AO-Hbl yiraidTagpl. Matepuangap OHIIpICiHIH KopIIaraH opTara ocep eTy
JMHAMHUKACHI CLCHApHIIEpiHiH OapiblK CHEKTPiH Heri3iHeH TepT Typre Oemyre Ooyiaabl: IKOHOMHUKAIIBIK
KYIIbIpay, SFHM KOpIUAaraH OPTaHbIH JIACTAHYBIHBIH KYIICIOIMEH KOCa MYPETiH KOJIOJOTHSUIBIK TO3Y;
JKOHOMHKAIBIK KYJABIpay JlacTaHy [CHIeiliHiH TOMEHJEyiMeH KaTap JKYPETiH [CHpecCHBTI Iamy;
SKOHOMHKAIIBIK ©CYy JIACTaHy/Ibl KYIICHTYMEH KOCa YKYPETiH OPHBIKTHI 9KOJIOTHSUIBIK JaMy; SKOHOMHKAJIBIK
oCy JIaCTaHy/IbIH a3al0bIMEH KOCa )XYPETiH TeHrepiMai famy. JlaFmapbic KblIaapbl ©HEPKICINTIK JTacTaHyIbIH,
arMoc(epaiblK MIBIFAPBIHIBUIAD MEH JIACTAHFAH CAPKBIHIBI CyJlap KOJIEMIHIH JKOHE a3 Jopexene Cyabl
TYTHIHYABIH TOMEHJeyl OalKanIbl; KOHE KepiciHIle, KOJiK KypalAapblHbIH MIBIFAPBIHIBUIAPEI, YJIbI
KaJIZIBIKTap/IbIH KeseMi, OyJIiHIeH jkepliepAiH ayaaHsl sxoHe opman eptrepi KU e3repyine GaiinaHbICTbI emMec.
Xanmel en yuriH sactany ICHreiiHIH SKOHOMHKAIBIK IaMy MACHIeii MEH JUHAMHUKAChIHA TOYyeJIiIiri
QuncipereHiHe KapamacTaH, opOip jkaHa JaFiapbICIIeH S3KOHOMUKAJIBIK KYJIbIpayFa KapaMacTaH 3KOJOTHSIIBIK
yKal-Kyi#ii Hamapan 6apa yaTkaH eHipiep caHbl ocy/ie.

Kinm ce30ep: 3KONOTHSIIBIK-3KOHOMUKAJBIK TaJay, JIACTAaHY KOPCETKIIITepi, SKOJOTHSUIBIK KYIH3eTicCTiH
HMHTETPAIIbIK HHIEKCI, 9KOJIOTHSIIBIK KaFJail, aHTPOIIOTeH/IK acep, KeIIeH/ Il Oaranay.
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JKOJI0r0-IKOHOMHUYECKAS OLIeHKA M3MEHEeHHUsI
IKkoJ0ornyeckoii curyanuu B Pecnyosnuke Kazaxcran B 1990-2020 rr.

Cratbst TOCBSIICHA IPOOIEMaM OIPEeNICHUs] KOMITIEKCHOTO HHJIeKca ()OPMHUPOBAHUS aHTPOIIOT€HHOTO BO3-
neiicteus (K1), oneHnBaromero ypoBeHb 3KOJIOTHYECKOro cTpecca B peruoHax Kazaxcrana. O6ocHoOBaHa cu-
cTeMa MoKa3aTeJIed aHTPOIOIeHHOro CTpecca A SKOJIOIHYECKOro MOHUTOPUHI'A, TIOCKOJIBKY PACCMOTPEHBI
pa3IUYHbIe METOJbl HOPMAJM3alMU M arperupoBaHus Nokasarteneid. [IpuBeneHbl pe3yibTaThl Pa3IMYHBIX
OLICHOK. BrIsiBieHb!I hakTOphl TpaHCHOpPMALK TEPPUTOPUATBHON CTPYKTYpHI 3arps3Henus. [lokasaHo, 4To B
TIOCTCOBETCKUI MEepHOJ YHACJIEHAOBAaHHBIC SKOJOTMYECKHE IPOOIEMBI W HOBBIE MCTOYHUKH BO3JICHCTBHUS
OIIPEIENINIIN aHTPOIIOTEHHOE BO3JIEUCTBUE MTPOCTPAHCTBEHHOTO CIIBUT'a HA PErHOHAIBLHOM ypoBHE ¢ CeBepa 1
Bocroka na IOr u 3anan. [IpoMBIIIIEHHOCTH TepsieT CBOM CTAaTyc OCHOBHOTO MCTOYHMKA aHTPOIIOI€HHOTO
Bo3zeHcTBHs (AB), mO3TOMY TrycTOHAceNeHHbIE PAHOHBI M yBEINYEHHE COITyTCTBYIOMINX IOKa3aTeled BO3-
JNEHCTBUS CPaBHSUINCH C NPOMBIIIIEHHOCThI0. OTTOK Hacenenust B CeBepHoM KazaxcraHe IOJIOXHTENHEHO
cka3piBaeTcs Ha ypoBHe KU u yBennuuBaer AB B IOxHoM Kaszaxcrane. Bechk cniekTp crieHapueB JTUHAMHUKH
BO3ZICHCTBUS MPOM3BOJCTBA MAaTEPHAIOB HA OKPYXKAIOLLYIO CPELy MOXKHO, B OCHOBHOM, CBECTH K UYETBHIPEM
THIIAM: KOJIOJIOTHYECKAsl Ierpajalius, KOraa SKOHOMHUYECKHH Craji CONPOBOXKAACTCS YCUIICHHEM 3arps3HEeHUs
OKpY’Kalollel Cpezbl; ACMPECCHBHOE Pa3BUTHE, KOTJa SKOHOMHYECKUH CIIajl CONPOBOXKAACTCS CHIKEHHEM
YPOBHS 3arpsi3HEHUS; YCTOWYMBOE JKOJOTUYECKOE Pa3BHUTHE, TA€ IKOHOMHYECKHH POCT CONPOBOXKIACTCS
YCHUJICHHEM 3arpsi3HEHHS; COaJaHCHPOBAHHOE pa3BUTHE, KOTJA SKOHOMHYECKHH POCT COIPOBOXKIACTCS
yYMEHBIICHHEM 3arps3HEeHUs. B kpusucHbIe rofpl HaOII0JaI0Ch CHIDKEHHE NPOMBIIUICHHOTO 3arps3HEHUS,
00BEMOB aTMOC(]EpHBIX BEIOPOCOB U 3arps3HEHHBIX CTOYHBIX BOJ, M, B MCHBIIEH CTENEHH, OTPEOICHNS BO-
IIbl; 1 HA000POT, BHIOPOCHI TPAHCIIOPTHBIX CPEICTB, 00bEM TOKCHYHBIX OTXOJIOB, IUIOIIA/b HAPYILIECHHBIX 3€-
MeJlb H JIECHBIE MOXKapbl He 3aBUCAT OoT u3MeHeHus: KM, Hecmotps Ha TO, 4TO JUIS CTpPaHBbI, B 11€JIOM, 3aBUCH-
MOCTb YPOBHS 3arps3HEHHS OT YPOBHS M JMHAMHUKH 3KOHOMHYECKOTO Pa3BUTHS OCIA0EBACT, C KaXAbIM HO-
BBIM KPU3HCOM PACTET YUCJIO PETHOHOB, I'/IE SKOJIOTUYECKOE COCTOSHUE MPOAOIDKACT YXYALIATHCSA, HECMOTPS
Ha YKOHOMHYECKHH craj.

Knrouegvie cnosa: 3K0I0OTO-35KOHOMUYECKUAN aHaJIn3, MMOoKa3aTeiki 3arpsA3HCHUA, HHTeraIIbeIﬁ HUHJCKC DKO-
JIOTUYECKOTO CTpeCCa, SKOJIOrniecKas CuTyalus, aHTpoIioréHHOe BO3HCﬁCTBHe, KOMIIJICKCHas OLICHKA.
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PacrenuneBoacreo CeBepo-Ka3zaxcranckoii odsacTn
KAaK OCHOBA CeJIbCKOXO03SIHICTBEHHOI0 KJIacTepa 1 odecrneyeHus
NPOAOBOJILCTBEHHOM 0€301IaCHOCTH HACEJICHUS

B craTtbe paccMOTpeHBI OCOOSHHOCTH pa3BUTHA M pasMmenieHus pacteHueBojacTBa CeBepo-KaszaxcraHckoid
o0nacTy, sBASIOIIEiicS OCHOBHOW KJIIOYEBOM OTPAcCiblO CEbCKOX03HCTBEHHOTO KJacTepa pEernoHa U OCHO-
BOI o0ecredeHns: IPOIOBOIILCTBEHHOI Oe30macHOCTH HaceneHus. L{enbro paboThl SIBUIIOCH BBIIBICHHE CO-
BPEMEHHOT'O COCTOSIHUS U TEHJCHIMH pa3BUTHS OTpacid. [IpuMensst SkoHOMHKO-Teorpaduaeckuii MeTos uc-
CJICIOBaHMUS, aBTOP HPUXOAUT K BBEIBOJY, YTO JUIl OOECIIEUEHHS IPOAOBOJILCTBEHHOH OE30IIaCHOCTH, Kak
HaCeJICHUS OTJEIbHON 00IacTH, TaK U CTPAHBI, B IIEIOM, BO3MOXKHO C IIOMOIIBIO PEIICHUS ABYX OCHOBHBIX
3a7a4. DTO Mepexo/l Ha HHOBAIIMOHHBINA MyTh Pa3BUTHS U yCKOPEHHE UMIIOPTO3aMelleHus mpoayKuun. Bee
o10 craBuT nepen AIIK BaxHyI0 CTpaTermuyeckyro 3ajady MOBBILECHHSA 3()QGEKTHBHOCTH NPOMU3BOACTBA B
CeIbCKOM X03sHCTBE, B TOM YHCIIE U B pacTeHneBoAcTBe. CeBepo-Kazaxcranckas 00macTh, sSIBISISICE OTHUM U3
BEJlYIIUX PETHOHOB B CTPYKTypE CENbCKOXO35HCTBEHHOTO Mpou3BojcTBa Pecrybmuku Kasaxcran, sBisercs
HanboJiee MHTEPECHOH ¢ HayYHOI TOUKHU 3pSHUsS IJIsl U3YYEHHs IIOCTABICHHBIX 3a/1a4.

Knrouesvie crosa: CeBepO-Ka3aXCTaHCKa$I 06HaCTL, CEITbCKOXO03SUCTBEHHBII KJIacTep, KiIaCTCpHad IOJIUTHKA,
arpaprIﬁ CEKTOp, Koomnepanus, paCTCHUEBOACTBO, 3eMebHBIN q)OH,II, BaJjloBas HpOAYKIHsA, CTPYKTypa IIO-
CEeBHOU momanu, BaJIOBOM C60p, ypOKaﬁHOCTL KYyJbTYp, arpOTE€XHOJIOI' U, CEJICKOXO3SHCTBEHHBIC WHBE-
CTUIIUH.

Bseoenue

CoBpemenHbIii Ka3zaxcTtaH SBISETCS TOCYAapCTBOM, OOJNAIAfONIMM MOIIMHBIM TOTEHIMAIOM, YTOOKI
CTaTh BEAYIIMM MHPOBBIM TPOU3BOJIUTENIEM CEIhCKOXO3SHCTBEHHON NPOAYKIMU B 30Xy OOIIEMUPOBOM
SKOHOMHYECKON HeCTaOWILHOCTH, KITMMATUYECKUX W3MEHEHUH W IJIaBaOMIed CUCTEMBI IEHOOOPa30BaHHS.
B cTpaHe ucTOpHUvecKr CIOXKHIITUCH CHITbHBIE CENbCKOXO03SIMCTBEHHBIC TPAIHIIUH.

Cennckoe xo3siicTB0 KazaxcraHa sIBIsICTCSI OTHOM U3 BaXKHEUIIMX OTPACiel 3KOHOMHUKHU rOCYyAapCTBa.
YpoBeHb pa3BUTHS arpapHOr0 CEKTOpa BCET/a BHICTYMHAN W MPOJOKAET OBITh OMPEACISIONINM (haKTOPOM
SKOHOMHYECKON W OOIIEeCTBEHHO-TIOJUTHICCKON CTAOMIBHOCTH TpaxkmaH PecmyOmmkn Kaszaxcran. Crout
OTMETHUTh, YTO EXKETOJHO CEIbCKOE XO3SWCTBO MPUHOCUT 38 % COBOKYITHOTO HAIIMOHAIBHOTO JO0XO7A.
B nannoii cepe 3ansaTo okoino 17 % paboueit cuibl rocynapersa. [locneaHue rofbl ObUTH OTMEUEHBI XOPO-
NIMMHU YPOXKasIMH 3epHa, U 9TO MoMorio KazaxcraHy yCHIMTh CBOM II00aibHbIe CIOCOOHOCTH B cdepe cTa-
ommmsanuu neH B CHI' u ymydmuTh ¢cBOM NEPCIIEKTHBEI B IUTaHE 00ECIIEUEHUsS MPOJTOBOILCTBEHHON 0e3-
OIMAaCHOCTH B PETHOHAX CBoel cTpaHbl. B crpane pabotaet 6osiee 31000 cenbCKOXO3SMCTBEHHBIX PEIIPHS-
THi (aKIIMOHEpHBIe 00IIECTBa, XO3IMCTBEHHBIC TOBapHIecTBa), 0kojo 32000 kpecThIHCKUX ((hepMEepCKuX)
x03sHcTB. HacunteiBaeTcs 6osree 2 MITH JIMYHBIX XO3SHCTB/TTOABOpHif HaceneHws [1].

locynapcTBeHHas ToJIep KKa arpapHOro CEKTOpa, KOOMEepaIus, U B TOM YHCIIE CO3JaHUEC U Pa3BUTHE
KJIaCTepHOM monuTuku B KazaxcraHne, cCiocoOCTBYeT OJIarONpUsITHBIM MPOTHO3aM Pa3BUTHS CEIBCKOTO XO-
3siiCTBa CTpaHbl, B TOM duciie 1 B CeBepo-KazaxcraHckoi o6macTu.

0630]9 COCMOSIHUSL CEIbCKO20 XO03AUCMEBA

CoCTOsIHUE CETBCKOTO XO3M1CTBA HEMOCPEJACTBCHHO BIHUSICT Ha IMPOJOBOJHCTBEHHYIO 0€30MacHOCTD
HaceneHus. J[J1s1 9KOHOMHKO-TeorpaguecKoi OIIEHKH COCTOSIHUS CENTbCKOXO03IHCTBEHHOTO KJIacTepa W Mpo-
JIOBOJILCTBEHHOW Oe3onacHocTH HaceneHus CeBepo-KazaxcTaHCKOl 00JacTH paccCMOTPUM TTOKA3aTelH, Xa-
PaKTEPHU3YIOIIUE COCTOSHUE CETBCKOTO X035CTBa 001aCTH, B YACTHOCTH, PACTCHUECBO/ICTRA.
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CeBepo-Kazaxcranckas 0061acTh — 0IHAa U3 BEIyIIUX 001acTed B CTPYKTYPE CEIBCKOXO3SIMCTBEHHOTO
npomu3BoacTBa Pecrybnmuku Kazaxcran. Tepputopus 007acTH BXOIUT B MIIEHUIHBIN MTOSIC CTPAHBI U IO TIpa-
BY OTHOCHTCS K IIETHHHBIM 00JIacTsIM.

Cesepo-Kazaxcranckas obnacte 3anumaet 3,6 % tepputopun Pecnyonuku, mpu 3Tom gaet 16 % Bano-
BOH MPOJTyKITUH CEITHCKOTO XO3IUCTBA, MK 26,5 % cOopa 3epHOBBIX KYIbTYDp [2].

Cesepnbiii Kazaxcran omnnyaercs npeo0iaiaHueM pacTeHHEBOJICTBA, KOTOPOE B CIOKUBIIIMXCS COITH-
QIBHO-KOHOMUYECKUX W MMECIOIIUXCS MPUPOJHBIX YCIOBHAX OOJIACTH OKa3alloch HAauOO0Jee KOHKYpPEHTO-
CIOCOOHBIM M CyMEJIO 3aHATh CBOK HUIIY Ha phiHKax ctpadH CHI™ u nmanbHero 3apy0exbs.

PactenneBoicTBO — OJ1HA U3 OCHOBHBIX OTpaciiel CelbCKOX03sIICTBEHHOr0 npou3BoAcTBa KazaxcraHa.
OTpacip 3aHUMaeTCsl BO3/IENBIBAHIEM KYJIBTYPHBIX CETbCKOXO3IHCTBEHHBIX PACTEHUI W SBISETCS Ba)KHEH-
IIMM TIOCTaBIIMKOM MPOJYKTOB IMUTAHUS JJIS YEIIOBEKa, KOPMOB JUISl )KUBOTHBIX M TEXHUYECKOTO CBHIPhS IS
MIPOMBIIIIIEHHOCTH.

N3 9,8 muta Ta obme#t mromanu CeBepo-Kazaxcranckoit o6macTu 8,4 MITH Ta COCTaBIISIOT 3€MITH CElTb-
CKOXO3SIMCTBEHHBIX YTOMIA, U3 KOTOPBIX HA MAlTHU npuxoautcs 4,2 MiH ra (tabmn. 1).

Tabnuma 1
Hanunune n ncnosn3zoanne 3eMeasHoro gponga Cesepo-Kasaxcranckoii odractu**

Ne Kateropis semm TInomanp, C/x yronps, B T.4. mamnn, o
/1 THIC. TA THIC. T ra

1 |3emu ceNbCKOXO3sIMCTBEHHOTO Ha3HAYCHMS 6406,9 6144,2 4138,0 65,4

2 |3eMim HACEJICHHBIX ITyHKTOB 936,9 767,5 17,6 9,6

3 |3emun TpaHCIIOPTa U HHOTO 62,9 13,0 0,0 0,6

(HECEebCKOX03SIMCTBEHHOT0) Ha3HAYSHUS

4 |3emiam 1e9e0HO-03JOPOBUTEIHLHOTO Ha3HAYCHUS 0,2 0,0 0,0 0,0

5 |3emun necHoro donma 680,8 68,0 4,1 6,9

6 |3emu BoggHOTO (hOHIIA 142,4 1,5 0,0 1,4

7 |3emuu 3amaca 1574,2 1399,2 67,6 16,1

8 |HToro 3emenn 9804,3 8393,4 42273 100
**[Ipumeuanue. COCTaBICHO aBTOPOM 110 JaHHBIM [3].

HpO&HaHI/BI/IpOBaB BAJIOBYIO IMPOAYKIUIO paCTCHUCBOACTBA U JKUBOTHOBOACTBA CCBCpO—KaBaXCTaHCKOﬁ

00J1acTH, MOXHO CJENIaTh BHIBOJ, YTO 00BEM BaJIOBOW MPOIYKIINN CEIIbCKOTO X03siicTBa mo utoram 2019 r.
coctaBmi 630995,6 muH Tr (6€3 ydeTa yciayr), 9To ouTH B 2,4 pa3za mnpesbimaeT yposeHb 2013 1. (puc. 1).
HauOonpimas noias mpow3BOACTBA MPHUXOIWTCS HA MPOAYKUMIO pacTeHuneBoactBa — 470836,3 muH T1r
(75 %), Torma xKak TMpOAYKIIHS KHBOTHOBOJACTBA cocTaBisieT 25 % ¢ o6vemom 160159,3 muH Tr. JnHamuka
BaJIOBOTO BHIMYCKa IMPOAYKIIMHA CETHCKOTO XO3SICTBA MMEET MOJOKUTENBbHYIO TEHISHIIHIO, MpEeuMyIIe-
CTBEHHO 3a CUET paCTEHHEBOJICTBA.
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Pucynox 1. BamoBast mpoayKIust pacTeHUEBOACTBA U )KUBOTHOBOACTBA CeBepo-Kaszaxcranckoii o0macti

3a 2013-2019 rospel, B MJIH TT (COCTaBJICHO 110 TaHHBIM [4—6])
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B peiitunre pernoHoB Pecnyonuku KazaxcTan mo BasoBoMy cOOpY 3€pHOBBIX U 36pHOOOOOBBIX KYJIb-
Typ (momst 26,5 %) n MacneHWIHBIX KyiabTyp (mois 28 %) mo mroram 2019 r. CeBepo-Kazaxcranckas o0-
JacTh 3aHUMaeT 1-e mecto B PeciyOnmke. [lo BamoBomy cOopy oBomeit (omst 5,5 %) obmacTs 3aHUMaeT 5-¢
MECTO, B TOM YHcie 1o coopy kaprodens (qons 15,2 %) — 2-e [3].

Hawubonpiras yposkallHOCTh IO 3¢pHOBBIM KyJbTypam B riepuoa ¢ 2013 mo 2018 rT. monydyeHa B cieny-
romux parioHax: KespupkapckoM, EcumsckoM, M. JKymabaeBa n AKKaWbIHCKOM. B gucie qumepoB mo ypo-
KaHOCTH MIIeHUIBI OKazanuck Keizpunkapekuii, M. JKymabaeBa, AKKailbIHCKUI paiiloHbI.

3epHO M MPOAYKTHI €ro MepepadOTKH UMEIOT 0COO0YI0 BaXKHOCTh B MPOJOBOJIBECTBEHHOM OOECTICYeHUH
HaceneHus1. bonee 40 % nHeBHOI moTpeObHOCTH B ene, oT 40 1o 50 % — B Oenke u yrieBogax yIOBIETBOPS-
€TCs YEJIOBEKOM 32 CUET MPOIYKTOB PACTEHUEBOJICTBA. 3€PHO W €ro MPOU3BOJICTBO MMEET OOJBIIYIO COIH-
JIbHYI0 3HAYUMOCTh, 00YCIIOBICHHYIO CIEAYIOIUMH (haKTaMuU:

— o0ecrieynBaeT HaceJIeHUE XJIeOOM M XJIEOHBIMH M3/ACIUAMHI, HIYeM HE 3aMEHUMBIX MPOAYKTOB MHTa-

HUS TIOBCETHEBHOTO CIIPOCa;
— BO3MOXXHOCTBIO CO3/IaHHsI PE3EPBHBIX (DOHJOB KaK COCTAaBHOM YacTH MPOJIOBONBCTBEHHON O€30MacHO-
CTH CTpaHBHI.

[Ipeobnananue Bo3neNbIBaHUS 3€pPHOBBIX KYJIBTYP B HCCIEIyeMOM PErHoHe OOBsICHSETCS psiioM (ak-
TopoB. [lepBbii pakTop — OnaronpusTHbIE TPUPOIHBIE YCIOBUS, MTO3BOJISIOIINE BHIPALINBATH BEICOKOKAYE-
CTBEHHOE 3€pHO, W3 KOTOPOTO BIIOCIEACTBHU IEpPepabdOTKH IONy4al0T MYKY MEPBOTO W BBICIIETO COpTa
(Tabn. 2). Bropoit dakrop — Hambonee HU3KOE COOTHOLICHHE TMO (QOpMYyJie «3aTpaTbl—OTHauay, TO €CTh
HaunOoJee HU3Kas ce0eCTOMMOCTh CPEN PACTEHHEBOTUECKUX KYJIbTYP.

Taonuma 2
Ctpykrypa noceBnsbix miaomanaeii CKO 3a nepuoa 2013-2019 rr. (ThIC. ra)*

No K Tonpl

/i YIRTYPa 2013 2014 2015 2016 2017 2019
1 |IloceBHas maoIiazs BCETO 4362,3 4346,5 4370,2 43727 4317,6 4238,9
2 |3epHOBEIC B 3epHOO0OOBBIC 35722 32737 3212,9 32193 3090,6 2861,6
3 |MacnuuHbie 437.8 597.,0 470,5 508,2 709.,6 969.,0
4 |KopMmoBBIC 319,7 443 4 653,7 612.4 484,6 368.2
5 |Kaprodenn 27,5 27,2 27,9 27,5 27,8 34,0
6 |OBomm 5,1 5,2 5,2 5,3 5,0 6,2

*IIpumeuanue. COCTaBICHO aBTOPOM M0 JAaHHBIM [4, 7].

W3 Tabnuie! 2, BUAHO, YTO CTPYKTYpa NMOCEBHBIX Imiomianei B CeBepo-Kazaxcranckoit o0nactu He3Ha-
YUTETFHO MEHSETCS B CTOPOHY YBEIMUYEHHUS TOCEBOB MACIMYHBIX, KapTodens U oBomeld. Tem He mMeHee
OOJIBIITYTO YaCTh MIOCEBHBIX IIOMIAIEH 3aHUMAIOT 36pPHOBHBIE M 36pHOO00O0BBIE KYIBTYPHI [7].

B 2019 r. no cpaBrenuro ¢ 2013 r., Bcs moceBHast IIOLAAb CEIbCKOXO03SICTBEHHBIX KYNbTYp, B LIEJIOM,
yMeHbImIach Ha 123,4 THIC. Ta M coctaBmia 4238,9 ThIc. Ta. Takoe pe3koe COKpalleHrne TUIOaan IToceBa
CBSI3aHO C yBEIIMYCHHWEM IUTOIIAIH 3eMJIU IO map. B arpoTexHuKe pa3IndHBIX KyJIbTYp MPUCYTCTBYET TO-
HSTUE MPABUIBHOTO YE€PEIOBAHMS CEMEHHOI0 000pOTa U BCIAIIKH MAITHY C [[EJIbI0 YHUUTOKEHUS COPHSIKOB.
[lap sBAsieTCST Ba)XKHBIM 3JEMEHTOM arpoOTeXHUKU KyiabTyp. OH mpencTamisieT cOo0OW BCHaxaHHOE IOJIE,
OCTaBIISIEMOE Ha OFHO JIETO HezacessHHBIM. [lap moMoraeT coXpaHuTh M BOCCTAHOBHUTH €CTECTBEHHOE TIII0JI0-
polue MOYBHI.

B Cesepo-Kazaxcranckoii o0iacTi ycHemHo HCIONb3yeTcsl TEXHOJOTHs KyJIMCHOTo mapa. Ha moue,
MIpeaHa3HAYCHHOM ITOJ KYJIHCHBINA I1ap, ¢ OCEHU 00padaThiBaioT mouBy Ha riyouny 10—-12 cm. Ha ciemyro-
MU TOJ BECHOW WM JIETOM BBICEBAIOT KYJIHCHBIE pacTeHUs (KyKypy3y, IOJICOJHEUYHUK | 1p.). BecHo# 10
noceBa KyJHCHBIX PAacTeHUH MpoBoAsAT OopoHoBaHuWe. JIeToM 3akiafKy KyJHC COBMEIIAIOT C O4YepeTHON
KyJIbTHBaNWEH mapa. JIeTHHe moceBrl 00JIerdaoT yXO/ 3a MapoM BECHOH M B Hadaje JieTa (10 3aKiIaIKd Ky-
JIUC) W MEHBIIIEe WCCYMArOT MOoYBY. J[aHHBIM MeTON SBISAETCS OJNHUM W3 HAAEKHBIX CPEICTB ITOBBIIICHUS
YPO’KaiHOCTH 3€PHOBBIX KYJIBTYDP B 3aCYLUIMBBIX paliOHAX, OCOOCHHO B TOJIbI C CYPOBBIMH 3UMaMH U HEJO0-
CTaTOYHBIM CHETOBBIM MOKPOBOM [8].

IImomane 3epHOBBIX M 3¢pHOO00OBEIX KyIbTyp B 2019 T. CHU3MIIACh OTHOCUTENBHO MPEIBIIYIIETO TIe-
puojna u cocraBuia 67,5 % ot Bcell MOCEBHOH Imuomiany ooiactu. B 3ToM ke rony yAenbHBIA BEC Macind-
HBIX KyJBTYp B IIOCEBHOI miommany coctaBui 22,8 %, kopMmoBbIX — 8,6, kapTodens — 1 u oBomeir — 0,1
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% (puc. 2). Takue u3MeHEHUS CBS3aHbBI C TeM, YTO MUHUCTEPCTBO CelIbCKOr0o x03stiicTBa Ka3axcraHa yBs3bI-
BaeT CTA0MIBHOCTE arpapHOH OTPACH C HEOOXOAMMOCTBIO €€ TUBEepCU(UKAITIH.

1% __0,1%

8,6 %

B 3epHOBBIE U 3¢pHOO00OBEIE
B Macnau4Hble

Kopmossie
® KapTodens

B Opoun

Pucynok 2. Ctpykrypa noceBHbix miomaznein CKO 3a nepuon 2013-2019 rr. (ThIC. Ta)

B mpunsToii B perpame 2017 1. I'ocynapcteennoit mporpamme passutus AIIK PK ma 2017-2021 rozast
0003HAaYCHA KOHKPETHAs 3a/laya B 3TOM HAIPaBJICHUM: CHU3UTH JIOJIO MIIEHUIIBI B Ka3aXCTAaHCKOW MaIlHE ¢
HetHEMHUX 64 % 1o 46 %, 3aMeHUB €€ MaCIWYHBIMH, (YpakKHBIMH, KOPMOBBIMH, 00OOBBIMH KYJIBTYypa-
mu [9].

OTKa3 OT MIICHUIIBI U MEPEX0]] HA ATBTEPHATUBHBIC KYJIbTYPHI MTO3BOJIAT 3apab0TaTh HAMHOTO OOJIBIIIE,
YeM Ha TPaJUIMOHHOM BBIPAIUBAHUY 3¢pHA. Tak ke, M0 JaHHBIM arpOHOMHYECKUX HCCICIOBAHUM, IITH-
TEJIhHOE BO3IENBIBAHNE 3€PHOBBIX KYJIBTYp (B OCHOBHOM, IIICHUIBI) B YEPEJOBAHUN C MAPOM, HETaTHBHO
CKa3bIBaETCs Ha IUIOJOPOJUH TOYBBI, YTO OCIA0ISIET YCTOHYMBOCTD 3emiienenus. JuBepcudukanus pacre-
HUEBOJICTBA, ITyTEM BO3JICIbIBAHUS ATbTCPHATUBHBIX KYJIBTYD, MOXKET CIIENaTh BKJIAJ B PEIICHUE 3TOU MPO-
OmeMbl. DTH KyIbTYpBI MOTJIM OBI TaK)K€ 3aMEHHTh YacTh Mapa, W3-3a KOTOPOTO yCHIIMBAETCS BETPOBAas W
BoAHAA 3po3uu. JnBepcudukanms pacTeHHEBOACTBA, WM BBHIPAIIMBAHWE IMAPaUIETIbHO IPYTHX KYIBTYD,
MOJXKET OKa3aTh ITOJIOKUTENBHEIN 3(()EeKT Ha CHIKEHHE pHcKa B arpodusHece. [Ipu 3TOM KOHEUHBIH TOXO.
Mpou3BOANTENS OyAeT 3aBUCETh HE TOJIBKO OT MIIEHHIIbI, HO TAKXKe U OT IPYTHUX KYIBTYP.

B Ceepo-Kazaxcranckoit obnactu auBepcuduKaus B paCTeHHEBOICTBE HAIPaBIeHa Ha MOBBIIIEHIE
JIOJIM 3eMJIM UMEHHO TI0J] MacJICHHYHBbIC KYJNbTyphl. K TakuM KyJabTypam OTHOCSITCS PacTeHHUs, CEMEHA U
TUIOJIBI KOTOPBIX OOTaThl pACTUTEIBLHBIM XKHUPOM (MaciaoM). PacTurenbHOe Maciio, Hapsiy C JKHBOTHBIMU KH-
pamu, nMeeT OO0JIbIIIoe MHUIIEBOe 3HAUEHUE KaK BRICOKOKATOPHUHBIN MPpoayKT. OfHa BecoBas eMHHUIA Macia
IO MUTATEILHOCTY NPUPAaBHUBACTCS K 2,3 eIMHUIIAM caxapa, 4 eJuHHIIaM XJie0a, 8 eIMHUIIAM KapTOQelIs.

B nocnemnue ronel B cTpaHe U €€ peruoHax 00beMbl TOTPEOICHHUS PACTUTEIIBHOTO Macia pacTyT, a XKu-
BOTHOTO JKHpa — CHIDKAIOTCS. JTO OOBSCHSIETCS TeM, YTO IS 370POBhSI YEJIOBEKA PACTHUTENbHBIE Maciia
MMEIOT DPSIJl IPEUMYIIECTB Tepea KUPaMU JKHBOTHOTO MPOUCXOXKIEHHUS, B TOM YHCIE TIEpe]] CINBOYHBIM
MaciioM. Kpome Toro, ¢ 3KOHOMHUYECKUX MO3UIUI TPOU3BOJICTBO PACTHTEIBHBIX Macen OoJiee BhIroHO. s
MPOU3BOACTBA | T pacTUTENBHOTO Macia TpedyeTcs nuib 1—1,5 ra mamHu, B TO BpeMs Kak JyIs oJTydeHus 1
T CIMBOYHOTO Maciia Heobxomumo 10 ra 3emiu (3Ta IIomasnas moTpedyercs mist comepkanus 10 KOpoB co
cpenauM ynoem 3000 kr MoJioka KHPHOCTBIO 3,5 %). PacTuTenbHOEe Macio ynoTpeodiseTcs HemOoCpeICTBeH-
HO B uiry. [I[pUMEHSIOT €ro mpu U3roTOBICHUN KOHCEPBOB, KOHIUTEPCKUX H3/euii, Maprapuna. [Ipu sTom
CIEIUATNCTHl OTMEYAIOT, YTO JUIsl TOBBIMICHHUS PEHTA0ENbHOCTH arpapHOro CEKTOpa 3KOHOMHUKH TaKkKe
HYKHO pelIaTh W JAPYTHE BOMPOCHI: YBEIHMUUTH JOCTYITHOCTh TPAHCIOPTHBIX YCIYT M CO3/AaTh MOIIHYIO CH-
CTEMY CENbCKOXO035ICTBEHHOI MepepadoTKH.

CeBepo-KazaxcraHckas 00J1acTh TOJTHOCTBIO 00ECIICUNBAECT CBOM BHYTPEHHHE MOTPEOHOCTH B KapTO-
(heme 1 oBoOIIaxX 3a CYET MPOAYKITUH COOCTBEHHOTO IIPOM3BOICTBA.

OCHOBHBIE 3€PHOBBIC CEIILCKOXO3SWCTBEHHBIE KYJIBTYpHI, BhipammBaeMbie B Ceepo-KazaxcraHckoii
00nacTH, MPeICTaBICHBI MIICHUIEH (03UMON U SIPOBOM), TYMEHEM M OBCOM. B MEHBIIIEM KOJHMYECTBE BhIpa-
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IIUBAIOT TPEYHXY, TOPOX, YCUCBUIY M MPOco. M3 3epHOBBIX U 3epHOOOOOBBIX MPAKTUKYIOT BHIpAIMBAHKE
TaKuX KyJbTyp, KaKk HYT, I0J10a, 03UMast pOKb, (hacoib.

MacnuuHBIMU KyJBTYpaMH, BeIpamuBaeMbIMu Ha Tepputopuu CeBepo-KazaxcraHnckoi o0mactu, sBis-
I0TCS parnc, JEH U MOJCOMHEYHUK. B HEOONBIINX KOMMYECTBAX BBIPALIUBAIOT TOPUYUILY, O3UMBIA U SIPOBOH
PBDKHK, COIO.

KopmoBbIe KylbTyphI IPenCTaBIeHb KOPMOBBIMH KYJIBTypaMH Ha CHIIOC, OJHOJIETHUMH 36pPHOBBIMHU H
3epHOO00OBBIMH, KYKYPY30H Ha KOPM, OJTHOJICTHUMH U MHOTOJICTHUMH TpaBaMH.

B oOnactu BeIpainuBaroT Takue BUIBI OBOINEH, KAK MOPKOBb, KallyCTa, JIYK, CBEKJIa, IIOMHUJIOPEI, OTyp-
IBI U JAP.

ITox yposkaeM mim BaJOBBIM COOPOM CETBCKOXO3SHCTBEHHBIX KYJIbTYp ITOApa3yMeBaeTcsi OOmui pas-
Mep MPOIYKIIMH, TTOJYYSHHOH CO BCEH IUIONIAM B IaHHOM TOJY B XO3HCTBE, paiione, oomactu. [Tom ypo-
YKaHHOCTBIO e TTOHMUMAETCS CPESIHUN COOp MPOIYKITHN C STUHUITEI Tomany (ra). CieqoBaTebHO, YPOXKa,
WU BaJIOBOM cOOp, — 3TO 00mIHii 006EM MPOU3BOACTBA TOW WIIM WHOM CENbCKOXO3IMCTBEHHONW KYJIBTYPHI, a
YPO’KaliHOCTh — TPOJIYKTUBHOCTH TUIOIIAAH CENbCKOXO03SIMCTBEHHBIX KYIBTYP.

YpoxkallHOCTh CENbCKOXO3SIMCTBEHHBIX KYJIbTYP XapaKTepH3yeT YPOBEHb HHTEHCHUBHOCTH HCIOJB30Ba-
Hus 3emun. He Bcerma OorpInas Ioiomiags MoceBa — IMOKa3aTesbh OONBIIOrO BaioBoro cobopa. [loBrimenwue
YPOKaHOCTHU CEIIbCKOXO3IHCTBEHHBIX KYJIbTYP OCTACTCS TJIABHBIM MYyTEM YBEIUYCHUS MPOU3BOJICTBA MPO-
JIyKTOB PAaCTEHUEBOJICTBA B M3y4acMOM PErHOHE.

YpoBeHb ypOKaHOCTH 3aBUCHUT OT MHOTHX YCIIOBHH: KIIMMAaTHYECKUX, TeorpaduuecKux, MOYBEHHBIX,
MHUKPOOHOJIOTHIECKHUX, OMOIOTHYECKNX, OPTaHN3allMOHHO-3KOHOMIYECKUX U Ap. Ho ocCHOBHBIM dakTopom
MOBBINICHHS YPOXKAWHOCTU SBJISACTCS YPOBEHb KYJIBTYPHI 3eMJICIEIHS, KOTOPBIA BKIOYAET KOMIUIEKC arpo-
HOMHYECKHX M TEXHHYECKHMX MEpOTPHUSATHIA HANpaBICHHBIX Ha MOBBIIIEHHE IUIOJOPOANS MOYBHL. BamoBoit
cOop cenpcroxo3stiicTBeHHBIX KybTyp B CKO B mMHaMHUKE JIeT TTOKa3aH B Ta0nwile 3 M Ha pUCYHKE 3.

Tabnuma 3
Banogoii coop cenbckoxo3siicTBeHHbIX KyJabTyp B CKO B tuHamMuke JeT (ThIC. T) ¥***

No K Tognr
w/n YIRTypa 2013 2014 2015 2016 2017 2019
1 |3epHOBBIC U 36pHOOOOOBEIC 4973 .4 5111,1 5547,0 5542,0 54173 4500,0
2 |Macau4Hble 391,3 434 8 400,8 485.,4 696,0 786,0
3 |Kaprodenn 500,9 517,2 533,2 523,0 502,6 491,0
4 |OBoum 189.,4 191,9 197,6 203,1 179,1 98,0
*A** [Ipumeuanue. COCTaBICHO aBTOPOM MO JTAHHBIM [4].
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Pucynox 3. BanoBoit c60p cernpckoxo3aicTBeHHBIX KyIbTyp B CKO (THIC. T)

[Ipoananu3npoBaB HaHHBIE TAOIHIBI 3, MOKHO CIIENIaTh BBIBOJI, YTO BaJOBOW COOp 3epHOBBIX KYJIBTYP
nepxutcst Ha ypoBHe 4500-5500 ThIc. T. CpaBHEBas nocneauuit rox ¢ 2013 r., BajgoBoil cOop 3epHA CTAT
Hmke Ha 9,5 %. HecmoTpst Ha quBepcu(hUKALIMIO PACTCHUEBOJICTBA, CUIIBHOE COKpAIlCHUE TUIOMIACH 3epHO-

172 BecTHuk KaparaHgmHckoro yHusepcurteTa



PacTteHneBogcTBo CeBepo-KasaxcraHckon obnactu ...

BBIX KYJILTYp HE HaOltoJaeTcs. DTO CBsI3aHO C peaiu3alell HOBBIX MPOrpaMM B OTPACId dKHUBOTHOBOJICTBA.
[TporpaMMbl ipeyCMaTPUBAIOT MPHOOPETEHHE TIOTOJIOBbSI CKOTA M YBEJIMUYCHHE €r0 YUCICHHOCTH, a 3TO, B
CBOIO 0Yepe/Tb, YBEIMINBACT OTPEOHOCTH B 36pHOBBIX H 3¢pHOOOOOBHIX KYJIBTYpPax.

YBenuueHue B TEYCHUE pacCMAaTPUBACMOrO MEPHO/Ia BAJIOBOIO COOpa TEXHUYECKUX MACIMYHBIX KYJIb-
Typ SIBISIETCS PE3YJIHTATOM IOCYJAPCTBECHHON TIOJUTHKH IO JBepcH(DUKAIK MOCeBHBIX Tuiomaaeid CeBepo-
Kazaxcranckoit obmactu. BamoBoit cOOp MacaIMIHBIX KYJIBTYp YBEIHUWICS B 2 pa3a W COCTaBMII 786 THIC.
TOHH.

BasoBotii cOop oBolIeii 1 KapToQels B perHoHe 3a pacCMaTpUBaeMBbIil TiepuoJ cHU3WICcA. B yacTHOCTH,
cbop xaptodens cokparmics Ha 9,9 TeIc. T, oBomieit — Ha 91,4 ThIC. T. KapTodens u oBOIM — KyIbTYPHI,
KOTOpBIC BBIPAIIMBAIOT IO MPOrPaMMe Pa3BUTHS OTOPOJHUYECTBA, B HACTOAIIEE BpeMs C IeTbi0 AP PEeKTHB-
HOW 3aHSTOCTH HACEJICHUs, TOBAPOIIPOU3BOIUTEIIN BBIJCIISIOT 3MJIU T10]] OBOIIU U KapTodeib, He COKpalas
ux mwiomaan. TeM He MeHee, BCEM M3BECTHO, UYTO Ha CEIbCKOE XO3SIMCTBO, B TOM YHUCIIE PACTCHUEBOJICTBO
CWJILHO BIIHSIOT NMPUPOJHO-KIIUMATHIECKHE yclioBUs. He cTOMTh 3a0bIBaTh U O COIMATbHO-9KOHOMHYECKHX
(hakTopax, KOTOPbIE TAKKE MPUCYTCTBYIOT M OKA3BIBAIOT BIIMSHUE HA PA3BUTHE OTPACIIH.

B mpoBeneHHOM HccienoBaHUM OBLT PACCMOTPEH OJMH M3 BAXKHBIX TOKa3aTeliel pa3BUTUS pacTCHUE-
BOJICTBa — YPOXKAMHOCTB CEIIHCKOXO3SIMCTBEHHBIX KYJIBTYp (Tadu. 4, puc. 4).

Tabnuuma 4
YpoxaiiHocTh cenbckoX03siicTBeHHBIX KyJbTYp mo CKO 3a 2013-2017 rr. (u/ra)

No K Tonpl
w/n YIRTYpa 2013 2014 2015 2016 2017 | 2019
1 |3epHOBBIC U 36pHOOOOOBEIC 14,0 16,4 17,3 17,2 16,3 17,0
2 |Maciau4HbIe 9,2 9,7 8,8 9,7 9,8 10,0
3 |Kaprodenn 183,2 191,2 191,0 189,7 183,1 184,0
4 |OBomu 371,2 374,4 380,4 386,4 360,6 362,0
*[Ipumeuanue. COCTaBICHO aBTOPOM I10 NAHHBIM [4].
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Pucynox 4. YposxaitHoCTb cenbckoxo3siiicTBeHHBIX KyabTyp B CKO (1/ra)

B 2013 r. yposkaliHOCTb 3€pHOBBIX M 36pHOOOOOBBIX KYJIBTYp cocTaBmia no odnactu 14,0 w/ra. B 2019
T. YpO’KallHOCTB MOBBICHIIACh Ha 3 1/ra, 4to Ha 21,4 % BBIIE MEPBOHAYATBEHOTO YPOBHS. YPOXKaWHOCTB 3€p-
HOBBIX KyJIBTYp MOBBIIIAETCS C aKTUBHBIM IPUMEHEHHEM HOBBIX TeXHOJOTHH. Vcoap30BaHme BHICOKOTIPO-
W3BOIUTEIBHON TEXHUKU 3HAYUTEIHHO COKpPAIIaeT MOTEPI0 BHIPAIIEHHOTO ypokas. YuuThiBas, uyto CeBep-
Helld KazaxcraH siBisieTcss 30HOH pPUCKOBAHHOTO 3eMIICAETIHS, YPOKAMHOCTh M BaJIOBOM cOOp 3epHa Hamps-
MYIO 3aBHCST OT IPHPOJHO-KIMMaTHIEeCKuX ycioBui. Tak, Hampumep, B 2017 T. ypoxxalHOCTh 3€pHOBBIX
KyIeTyp cocTaBisuia 16,3 m/ra, uro Ha 0,9 Menbme nokazateneit 2016 r. B 2017 1. B oTAenbHBIX paiioHax
BBHINAJICHUE OCAaJKOB B 2—3 pa3a MPEBLICHIO MECSYHBIE HOPMBL. B pe3ynbraTe, M3-3a Upe3MEpPHBIX OCaIKOB,
MIPOM3OIILIH TTOJIETaHHE MIIICHUIIBI, TOTEPsI KauecTBa 3epHa M CHIYKEHHE O0IIero cOopa KyIbTyphIL.
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BosznenpiBanue u ybopka MaclIU4HBIX KYJbTYP TPEOYIOT OOJBIINX 3aTpaT, HEOOXOAUMO BOBPEMS B Iie-
PHOJ CO3pEBaHUS CeMsIH yOpaTh ypoxkai. CpeHHMIA €KEeroIHbIN MoKa3aTelb YPOKAWHOCTH MACIHIHBIX CO-
ctaBisgeT 9,5 1/ra. BHenpenne cenpCKOX035CTBEHHBIMHA TOBAPOIIPOMN3BOAUTESIMA HOBBIX arpOHOMHUYECKHIX
TEXHOJIOTHIA U TPUMEHEHHE HOBBIX COPTOB 00ECIEUMBAIOT CTAOWIU3AIUIO YPOBHS YPOXKAWHOCTH, €r0 Kaue-
CTBa, TIOBBIIIIAIOT PEHTA0ENBHOCTh. B HacTosmiee Bpems IieHa Ha MacilWYHbIe KyJIbTyphl caMas BBICOKas B
peruone.

CpenHull oKas3arenb YPOKaHHOCTH OBOIICH U KapToges eXKEeroJHO AepKuTcs B npeaenax 187 u 373
1/Ta COOTBETCTBeHHO. [IprMeHeHne COBpEeMEHHOW TEeXHUKU M MPUBJICUYCHUE CE30HHBIX PaOOTHUKOB Ha OBO-
IIEBOJICTBE MO3BOJISIIOT 00ECTIEYNTh CO3/IaHue pabodnx MeCT U cOOp ypokas B KpaTJaWIIIie CPOKH C MUHH-
MaJbHBIMH ITOTEPSMHU.

B 2019 r. n1s1 moBBIIEHUS YPOKAKHOCTH CENbCKOXO3IUCTBEHHBIX KYJIbTYP U COXPAHEHUS ILI0I0POIUS
TTOYB BHECEHO 57,5 ThIC. T MHHEPATLHBIX yA00peHwid, uTo Ha 30,7 TeIc. T 6onbmie epuoaa 2013 r. DT1o mo3-
BOJIMJIO YBETUYUTH YPOXKaWHOCTH 3€PHOBBIX HA TOJIAX, T/I€ BHEAPSIOTCS CHCTEMBI TOYHOTO 3eMIICACTUS U
MCTONB3yeTCst MeTo T T hepeHIIMPOBAHHOTO BHECSHUS Y100 PCHHUN.

XpaHeHue CelbCKOXO3IUCTBEHHON MPOAYKIMH — 3TO CHUCTEMA MEpPONPUSITHIA, HAIpPaBICHHBIX Ha
MIpeIOTBpAIleHNEe CHIDKEHHS ee KauecTBa, MOTePh B BECE U yXyAIICHUS (GU3MIECKUX U XUMHUYECKUX CBOMCTB.
[IpeumymiecTBaMu XpaHEeHUsI CENbCKOXO03SHCTBEHHON MPOAYKIIMU B MECTaX €€ MPOU3BOJICTBA SBISIOTCA: CO-
KpallleHUE TOTePh CEIbCKOXO3SIMCTBEHHOM MPOIYKIIMU; TMOBBIIICHUE 3aHATOCTH PA0OYUX CEIBCKOXO3sIii-
CTBEHHBIX MPEATPHUATHIA BO BHECE30HHBIN MEPHOJ; CHM)KCHHE MOTPEOHOCTH B TPAHCIOPTHBIX CPEICTBaX B
nepro; yOOpKH M BBIBO3a ypOKast; peann3anus IPOAyKIUH B 3MMHE-BECEHHUN MEePHO]. XOpOIIo HallaKeH-
Has CHUCTeMa XpaHEHHUs 00eclieYrBacT PaBHOMEPHOE MOTPEOJICHUE B TEUYCHUE TOa PasHOOOPa3HBIX BUJIOB
MPOAYKIIMH ¥ TIO3BOJISET MAaKCHUMAIBHO COATaHCHPOBATh PAIlMOH MMUTAaHUS 4YelloBeKka. B memsax obecnievueHuns
COXPaHHOCTH BBIPAIIEHHOTO ypo)kas Ha Teppuropun CeBepo-KazaxcTaHCKOH 001acTH MMEIOTCA 3epHOXpa-
HWIHIIA ¢ 00muM 00beMoM 6,6 MitH T. B ToM uncie Ha 49 MUICH3UPOBAHHBIX XJICOONPUEMHBIX MPEIITPHSI-
TUAX — 3,4 MJIH T, B CAMOCTOSATENBHBIX arpapHbIX (opMupoBaHusx — 3,2 miuH T. [IpueMky U XpaHeHUe
MacCJIMYHBIX KYJIBTYP B PETHOHE OCYIIECTBIISIOT 23 311eBaropa.

MarepuanbHas 0a3a XJICOONMPHEMHBIX TYHKTOB IMOCTOSHHO OOHOBIISIETCS, 1a00paTOPUK OCHAIICHBI CO-
BPEMCHHBIMH aHaIUTU4YeCKUMH mprbopamu. Kpome toro, B obnactu umeercs 312 equHMIl 36pHOCYIIUIOK,
13 HUX Ha XJIEOONMPHEMHBIX MPEATPUATHIX — 152 equHUIBL. Y CeIbCKOXO3IHCTBEHHBIX TOBAPOIIPOU3BOIH-
teneit — 160 equawi [10].

Heobxomumo otMetuTh, uto ¢ 2012 1. B 00JacTH BeaeTcs MOCTOSHHAS paboTa M0 CTPOUTEIIBCTBY HO-
BBIX W MOJEPHHU3AINH FMEIOIINXCS dJIEBATOPOB W 3€PHOXPAHWININ. YTIOp JENaeTcsl Ha YBEITUYEHHE EMKO-
CTe B CaMOCTOSATEIBHBIX arpapHBIX (GOPMHUPOBAHHIX. ITO MOXKHO paccMaTpHWBaTh, KaK HanMEHEe 3aTpart-
HBI METOJI CHW)KCHUS JePUINTA XPaHWIHI. 32 pacCMaTPUBAEMbIii IEPUOJ B perHOHe TTOCTpoeHo 17 3i1eBa-
TOpOB W 3epHOXpaHmIuil Ha 441,4 Thic. T. B kaxmom paiione CeBepo-KazaxcTaHCKoW 00JaCTH UMEHOTCS
NPENPUATHS, OKa3bIBAIOIIUE YCIYTH MO0 XPAaHEHUIO CEJIbCKOXO03UCTBEHHON MPONyKIUU. JIMHEeiiHbIe 2JeBa-
TOPHI PACIONOXKEHBI B paiioHe uM. I'. MycpenoBa (HoBonmumckuii aneBaTop), B TUMHPS3EBCKOM paiioHe
(TumupszeBckuii smeBatop), B JKamObuickom paiione (Kaiipankonbckuii smeBaTop) M B paiioHe
M. M.)KymabaeBa (bynaeBckuii aneBaTop).

s pazsutus AIIK pernoHOB B JaHHBIA CEKTOP PKOHOMHKH €KETOJTHO BIIMBAIOTCS WHBECTHUIINU B OC-
HOBHOU KamuTai. B Hacrosiee BpeMsi aOCONIOTHBIM JIUACPOM 10 00BEMY CEINbCKOXO03SICTBEHHBIX WHBECTH-
it srsiercs: CeBepo-Kazaxcranckas obacte — 26 % oT Bcero oobema unBectunuii (puc. 5) [11]. Tocy-
JApCTBOM NPUHUMAETCS MHOXKECTBO TOCYJApPCTBEHHBIX M Y3KOOTPACIEBHIX IUIAHOB IO O0ECTIEUEHHIO, TO/-
JICPIKKE ¥ PA3BUTHIO CEIBCKOTO XO03sHCTBA. J[eWCTBYOIME MPOrpaMMBbI TIOTYYUIIM 3HAYUTEIIBHOES (DUHAHCH-
poBanue. 'ocyaapcTBO CTPEMUTCS 00ECTICYUTh MAKCUMAIBHYIO TIOJJICPIKKY JaHHOW OTPACIIH.

ITo nroram 2020 r. riaBHas xuTHHUIA cTpanbl CKO 1Mo 00beMy BaJIOBOH MPOIYKITHH CETBLCKOTO XO35TH-
CTBa, BKJIIOYAs PAaCTCHHEBOJICTBO, 3aHsIa 2-€ MECTO, a TI0 00beMy WHBECTUIINH — 1-€ MEeCTO B pecITyOJIHKe.
B o6nactu nerictByrot 6omnee 1346 cenbCKOXO03HCTBEHHBIX MPEANIPHUITHH, YTO COCTABIISACT 8 % OT ux oO1ie-
ro konmudectBa. Ha CKO mpuxoauTcs 9eTBEpTh BCETO BAJIOBOTO cOOpa 3ePHOBBIX U 3epHOO0O0OBEIX M OKOJIO
33 % wmacnumunbeix. Pernon momHOCTRIO obecrieunBaeT ceds 3epHOM. VIMIOpT B cdepe 3epHOBBIX KYIBTYpP
coctaBisier meHee 0,2 %. ExerogHo mpoucxoauT HapallMBaHUE SKCIOPTAa — IOCTABOK CEIbCKOXO035H-
CTBEHHBIX KYJIbTYDP Ha BHEIIHUE PHIHKH.
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Pucynox 5. JIons ceapCcKOX03IACTBEHHBIX MHBECTUIMI B OCHOBHOM KammuTall B pa3pese obmacreii Kasaxcrana,
Ha Hadaso 2018 r. (mmH 1r) [11]

Raxnouenue

Taxum o6pazom, CeBepo-Kazaxcranckas obmacts otiaudaercs pa3ButhiM AlIK ¢ mpeobiamanmem pac-
TeHUeBoICcTBA. B pelitunre pernonoB Pecry0Onuku KazaxcTan Mo OCHOBHBEIM CEITbCKOXO3SHCTBEHHBIM MTOKA-
3aTeNsiM 00J1acTh 3aHUMAET TIePEIOBBIE TIO3UIIUH. Y POXKan CEIbCKOXO3IUCTBEHHBIX KYJILTYP TO3BOJISIOT pe-
THOHY TIOKPBIBaTh BHYTPEHHUE MOTPEOHOCTH HACENCHUS B MPOJOBOJILCTBHU U COXPAHSATH SKCIMOPTHBIA MO-
TEHITUAIL.

st coxpaHeHUs CTaOMIBHOCTH W Pa3BUTHUS pacTeHUEBOaUYeckoro mpousBojactBa Ceepo-Kazaxcran-
CKOM 005lacTH KaK OCHOBBI CEIhCKOXO3SHCTBEHHOTrO Kiactepa W oOecredeHus MPOJIOBOJIBCTBEHHOH 0e3-
OTIACHOCTH HACEJICHUSI HEOOX0IUMO:

— eXeroJiHo paboTaTh HaJ MOBBIICHHEM OCHOBHBIX MOKA3aTelIeH B OTPACIH;

— MOBBIIIATH MPOU3BOUTENBHOCTD TPYA;

— pemarth npoOJieMy ¢ HEXBATKOW KaJpOB, IyTEM COTPYIHUYECTBA C By3aMH CTPaHbI;

— IOOMBATKLCS TOTO, YTOOBI CEIBCKHIA TPYJ] ObIIT SKOHOMHYECKH BHITOTHBIM;

— MPOBOJUTH JUBEPCUPUKAIHIO TOCEBHBIX TUIOMAJIEH, TTIABHBIM 00pa30M I0JT MACIHYHBIE KYJIbTYPHI;

— BHEJIPSITh COBPEMEHHBIE arPOTEXHUKHU M arpOTEXHOJIOTHH;

— MPOJIOJDKATH BHEJPEHHE DIIEMEHTOB ITU(PPOBHU3AIINH B CETLCKOM XO035HCTBE;

— MOJICP’KUBATH U BHEIPSATH JTYUIINE CTAPTAIbI, OPUECHTUPOBAHHBIC HA PA3BUTHE OTPACIIH.
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Coarycrik KazakcTan 00J1bICHBIHBIH OCIMAIK IIAPYaIIbLIbIFbI
aybLI IIAPYAIIbLIBIFbI KJIACTEPiHIH KOHE XAJBIKTBIH a3bIK-TYJIIK
Kayinci3airin kKamMmramachI3 eTy/1iH Heri3i petinge

Makanazia eHIpIiH aybll OIapyallbUIBIFEl KIACTEPIHIH HETI3ri 0acThl canachl JKOHE XaJIBIKTBIH a3bIK-TYJIIK
Kayimnci3irin kamtamachi3 eTyaiH eseri Oosbin TabbutateiH Contycrik Ka3akcTaH 0ONBICBIHBIH ©CIMIIK
IIapyalIbUIBIFBIH JAMBITY MEH OPHAJIACTBIPYIbIH €PEKIIeIKTepi KapacThIpbulFaH. JKyMBICTBIH MakcaThl —
CaJlaHbIH Ka3ipri Xaraaibl MEH JJaMy TeHICHLMAIAPBIH aHBIKTAy. 3epTTey/iH S3KOHOMUKAJIBIK-TeorpadusIbIK
OMICiH KOJJaHa OTBIPBIN, aBTOpJAp JKeKe alMakKThIH 1a, TyTacTail eJgi, SFHH XalbIKThIH a3bIK-TYJIK
KayilCi3[iriH KaMTaMachl3 €Ty YIIH €Ki Heri3ri MocelieHI IIenly apKbUIBl MYMKIiH OoJambl JereH
KOPBITBIHIIbIFA KeJNreH. byl 1aMyablH HHHOBAUMSJIBIK JKOJNBIHA KOIIy JKOHE OHIMHIH HMIIOPTBIH
anMacTeIpysl kepennety. OcbiHblH Oapnbirbl AOK anjbplHa aybul LIapyallbUIBIFBIHAAFBL, OHBIH IIIiHIE
OCIMIIK IMapyallbUIBFBIHIAFEl OHIIPICTIH THIMIUTCIH apTTBIPYABIH MAaHBI3IBl CTPATETHSUIBIK MiHACTIH
kosapl. Conrycrik Kaszakcran ob6mabicel Kazakcran PecnyOiMkachIHBIH aybUl IIapyallbUIbIFBl ©HIIPICIHIH
KYPBUIBIMBIHIIA JKETeKIi eHipyiepaiH Oipi Goma OTHIPbIN, KOMBUIFAH MIHACTTEpPAl 3epjeliey YIUiH FhUIBIMU
TYPFbIJIaH HEFYPJIbIM KbI3BIKTHI OOJIBII TaObLIAbI.

Kinm co30ep: Conryctik Ka3akcran 00bIChl, aybll MaPyalbUIbIFEl KIACTEpI, KJIACTEPIIiK CascaT, arpapIiblK
CEKTOp, KOOHEpaIys, 6CIMJIK IapyallbUIBFEL, Kep KOPBI, XKaJIbl OHIM, eric alaHbIHBIH KYPBUIBIMBI, JKaJIIIBI
JKUBIH-TEPIiM, TaKbULAAPABIH OHIMAITIT], arpOTEXHOJIOTHS, aybUT MapyalbUIBIFbIHBIH HHBECTHIMSIIAPEL.

G.N. Chistyakova, G.M. Salykbayeva, S.M. Dosmakhov,
L.T. Kozhakmetova, A.O. Kulmaganbetova

Crop production of the North Kazakhstan region as the basis
of the agricultural cluster and ensuring food security of the population

The scientific article discusses the features of the development and location of crop production in the North
Kazakhstan region, which is the main key branch of the agricultural cluster of the region and the basis for en-
suring food security of the population. The purpose of the work is to identify the current state and trends in
the development of the industry. Applying the economic and geographical method of research, the authors of
the article conclude that ensuring food security both for the population of a particular region and for the coun-
try as a whole is possible by solving two main problems. This is a transition to an innovative way of devel-
opment and acceleration of import products substitution. All this poses an important strategic task for the
agro-industrial complex to increase the efficiency of production in agriculture, including crop production. The
North Kazakhstan region, being one of the leading regions in the structure of agricultural production of the
Republic of Kazakhstan, is the most interesting from a scientific point of view for studying the tasks set.

Keywords: North Kazakhstan region, agricultural cluster, cluster policy, agricultural sector, cooperation, crop
production, land fund, gross output, structure of sown area, gross harvest, crop yield, agricultural technology,
agricultural investments.
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Factors of city private transport decarbonization

The article is devoted to assessing the contribution of greenhouse gas emissions from the transport sector of
large cities and regional centers of the Republic of Kazakhstan. During the investigations we have calculated
emissions from private automobiles in seventeen cities of Kazakhstan; declared the features of spatial differ-
entiation of emissions by city districts; identified main factors of carbon intensity of motor transport in cities;
determined quantitative indicators describing the significance of these factors, and provided an assessment of
the significance of the considered factors. On the example of five representative cities (Nur-Sultan, Almaty,
Shymkent, Ust-Kamenogorsk, Karaganda), the main spatial and geographical reasons for the decrease in the
connectivity of the road network and the basic principles for reducing carbon intensity are identified. The
studies are based on the data of the Committee on Statistics of the Republic of Kazakhstan, including statisti-
cal forms of the fuel and energy balance of the regions; demographic yearbooks; statistical collections con-
taining information on the operation of transport; on the data of the open geoportals “Yandex Probki” and
“Open Street Map”; on the results of GIS-calculations and on the methodological documents approved by
IPCC.

Keywords: climate policy, city transportation systems, cities of Kazakhstan, greenhouse gases reduction.

Introduction

In the context of global climate change, the priority goal of sustainable development strategies for urban
areas should be connected with reduction of carbon intensity, since cities occupy less than 1 % of the area,
but more than 50 % of the world's population is concentrated on them [1]. At the same time, cities consume
about 80 % of all produced energy in the world and emit about 75 % of greenhouse gases (GHG). Within the
framework of international agreements in the field of climate change, most states, including the Republic of
Kazakhstan (RK), have obligations to reduce GHG emissions. Kazakhstan is committed to reducing GHG
emissions by 15 % (non-target) or 25 % (conditional target) by 2030 [2].

Actions aimed at reducing GHG emissions are called climate policy. In Kazakhstan, the goals and
measures to reduce GHG emissions are fixed in such strategic planning documents as [3, 4], master plans of
cities. Climate policy is often limited to measures to reduce GHG emissions from large power generating
plants (CHP, GRES) and industrial facilities. Such objects are much easier to control, and to calculate with a
high degree of certainty the potential effectiveness of climate policy measures.

However, measures to reduce GHG emissions through fuel and energy savings by end consumers can
have an equally tangible effect. For example, in the regional centers of Kazakhstan, the share of GHG emis-
sions associated with the operation of the public utilities (heating and power supply of residential buildings)
and transport sectors varies from 30 % to 90 % of all urban emissions.

Measures to reduce the carbon intensity of the public utilities and transport sectors are being imple-
mented as part of the climate strategies of many cities in Europe and the United States. For example, the
London Development Plan [5] aims to reduce the city's GHG emissions through the implementation of
measures in the utilities and transport sectors by 50-60 %, and the Chicago Climate Action Plan [6] — by
30-40 %.

In Kazakhstan, as also in most post-Soviet states, measures to reduce the contribution of end-users to
the formation of GHG emissions are used rarely, mainly due to the low certainty of their effectiveness esti-
mates. Factors that increase the uncertainty of such estimates include the following circumstances:

1. A large number of scattered sources makes it difficult to inventory the characteristics of each of them
and requires the use of methodological approaches that allow in a generalized form.

2. Often, city governments do not have access to detailed information needed to be used as input data
when calculating GHG emissions.
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3. The effectiveness of measures to reduce GHG emissions in the municipal and transport sectors of cit-
ies significantly depends on natural and geographical factors. Therefore, there are no “universal recipes” for
applying measures. Often, a set of measures that is effective in one city may be completely inapplicable in
another.

4. The effectiveness of measures to reduce GHG emissions in the utilities and transport sectors largely
depends on the willingness of the population to participate in the implementation of such measures.

In this article, we propose a set of methods that allow us to assess the potential contribution of the de-
carbonization of urban transport systems to the fulfillment of the national obligations of the Republic. The
specified set of methods allows:

1. To carry out an inventory of GHG emissions with a high degree of certainty of results in the absence
of initial data;

2. To assess the contribution of the transport sector to the GHG emissions of individual cities;

3. To identify and evaluate the significance of spatial and geographical factors of carbon intensity;

4. To provide recommendations on specific climate policy measures or the cities in different geographic
conditions.

Experimental

Initial data used in the investigations

To calculate the total GHG emissions from the use of road transport in cities, statistical data of the
Committee on Statistics of the Republic of Kazakhstan on the fuel and energy balance, demographic charac-
teristics, features of road transport were used.

The assessment of the spatial distribution of GHG emissions from the transport sector was based on the
data of the Yandex-traffic geoportal on the average speed of road traffic in the context of segments of the
road network; database of average fuel consumption by cars depending on the speed of traffic, published in
open Internet sources.

Research stages. The study described in this article consists of the following steps:

1. Estimation of GHG emissions from private road transport of regional centers and large cities of Ka-
zakhstan.

2. Inventory of nonpoint sources of GHG emissions from vehicles and assessment of their spatial dif-
ferentiation.

3. Assessment of the significance of spatial and geographical factors of carbon intensity of motor
transport in cities of Kazakhstan.

4. Providing the recommendations on climate policy in transport sector of large cities.

Estimation of GHG emissions from private road transport of regional centers and large cities of Ka-
zakhstan

The calculation of private vehicles GHG emissions in regional centers and large cities of Kazakhstan is
based on the use of data published in the statistical form "Fuel and Energy Balance" of cities and regions of
Kazakhstan. This form contains information on the amount of gasoline, diesel fuel, and gas supplied to con-
sumers. Data on fuel consumption by cities are not provided for some regions, and only aggregated data for
the region are published. In such cases, the hypothesis was accepted that the volume of fuel consumption in a
settlement is directly proportional to the number of vehicles registered in it.

The calculation of total GHG emissions (carbon dioxide, methane, nitrous oxide) from the use of road
transport was carried out according to the Guidelines for the calculation of greenhouse gas emissions from
motor transport enterprises [7].

Inventory of nonpoint sources of GHG emissions from vehicles and assessment of their spatial differen-
tiation

Studies describing the distribution of greenhouse gas emissions in certain parts of cities are the most
valuable for planning actions to reduce GHG emissions, but they are labor-intensive to develop. A specific
feature of GHG emissions from the transport sector is the predominance of nonpoint sources. Nonpoint
sources include emissions of pollutants from individual and medium-scale formations, which, for practical
reasons, cannot be considered as point sources of pollution in the inventory [8]. Many researchers [9—11]
group diffuse sources based on their similarity and proximity to identify areas of activity that lead to the
highest GHG emissions, as well as to identify areas where the implementation of climate change mitigation
measures will be most effective. In the course of studying the spatial differentiation of emissions, nonpoint
sources located within the same planning sector are combined [12]. As an alternative to using planning sec-
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tors in a city study, it is possible to calculate GHG emissions on a city block basis, use urban morphotypes as
map units [13], or carry out calculations within the cells of a regular grid [14].

Based on the analysis of the experience of studying the spatial distribution of GHG emissions in cities,
the most accurate studies should be considered based on the use of actual data on energy and fuel consump-
tion. However, often (especially in small towns) the data needed to conduct such a detailed study are not
available. Studies show [15] that comparable accuracy of results can be achieved using the downscaling
method.

The proposed downscaling algorithm is based on the use of the estimated GHG emissions of the city as
a whole to predict the emissions of planning sectors. When using this approach, the total amount of city
emissions is distributed among planning sectors in proportion to the values of factors that increase energy or
fuel consumption.

Required initial data:

1. The amount of consumed fuel (gasoline, diesel fuel, gas used to fuel vehicles). Data is published in
the statistical collections "Fuel and Energy Balance" [Fuel... 2019].

2. Information on the length of the road network in the context of planning sectors — obtained from the
data of the geoportal "Open Street Map" and used as a factor that determines the amount of GHG emissions
from the transport sector in the context of planning sectors.

Calculation process:

The distribution of the total GHG emissions of cities by planning sectors, calculated according to the
fuel and energy balance data, is carried out in proportion to the total mileage of cars within the planning sec-
tor (Formula 1).

:&*M

tot

— greenhouse gas emissions of the planning sector (tons); M,, — total emissions of the city

tot > (1)

plansec.

where M

from the combustion of gasoline, diesel fuel and natural gas fuel when using transport (tons); O, — total

plan.sec.

mileage of vehicles at the streets of the k-th planning sector (km); O,

» — citywide mileage of vehicles (km).
The mileage of vehicles at the streets of the planning sector is determined as the sum of the products of
the length of each segment of the street within the planning sector and the traffic intensity of this street

(Formula 2):

O, =X(L*1), )
where L — the length of the segment of each street within the planning sector (km); / — traffic intensity on
the street (vehicles per hour).

Using the described approach, an assessment was made of the spatial differentiation of emissions from
regional centers and large cities of Kazakhstan.

Assessment of the significance of spatial and geographical factors of carbon intensity of motor
transport in cities of Kazakhstan.

The main road transport the carbon intensity factors in large cities includes the structure of the vehicle
fleet in terms of engine size; climatic features; connectivity of the road network. Table 1 describes the quan-
titative indicators used in assessing the significance of these spatial and geographical factors, and initial data.

Table 1
Main spatial and geographical factors of private road transport carbon intensity in large cities
Spatial and geographical
factor. of carbon intensity Quaptltatlve value The nature of impact Data sources
of private road transport | used in impact assessment
in cities
1 2 3 4
Vehicle fleet structure by |Percentage of vehicles with|Cars with oversized engines con-  |Committee on Statistics of
engine volume engine capacity over 3000 [sume more fuel and therefore emit |the Republic of Kazakh-
cm’ (3 liters) more GHG. stan; portal «kolesa.kz»
Climatic features Time required to warm up |The share of fuel consumption and, |Research [16]
the engine in the cold sea- |consequently, GHG emissions asso-
son of the year (hour) ciated with engine warm-up during
the cold season can be up to 10 %.

180 BecTHuk KaparaHgmHckoro yHusepcurteTa



Factors of city private transport decarbonization

Continuation of Table 1

1 2 3 4
Connectivity of the road [Non-connectivity index In the conditions of a disconnected |Own calculations on street-
network street and road network, the average |[road graphs OSM.

annual mileage of a car increases
significantly.

Methods for calculating the share of vehicles with an engine volume of more than 3000 cm’. Infor-
mation on the structure of the vehicle fleet in terms of engine size is published in the collections of the
Committee on Statistics of the Republic of Kazakhstan only in a generalized form for the whole country. As
an auxiliary source of information about the structure of the car fleet, the portal for car sales announcements
"Kolesa.kz" was used. The study assumed that the ratio of cars of various categories on sale in a particular
city corresponds to the ratio of all registered cars of these categories in the city under consideration. The va-
lidity of this assumption is confirmed by a high correlation coefficient (more than 0,7 [17]) between the
structure of ads for sale and the structure of the vehicle fleet of the Republic of Kazakhstan as a whole.

Methods for assessing the influence of climatic conditions on the warm-up time of a car engine. Infor-
mation about the average warm-up time of a car engine was obtained from research [17].

Methods for assessing the influence of road network parameters on carbon intensity. A characteristic
that allows one to quantify the impact of the road network on the amount of GHG emissions from road
transport can be considered the alpha index of road network connectivity. This index is the ratio of the num-
ber of contours observed on the graph of the considered road network to the maximum possible number of
contours of the network with the number of nodes (crossings) equal to the considered road network. The al-
pha connectivity index is calculated by Formula 3:

a:K_v (3)

where K — the number of contours in the considered network; K. — the maximum possible number of
contours in the network;
In turn, K and K. are calculated by Formulas 4, 5:
K=L-(V-1); (4)

K, =3(V-2)-(r-1)=2r-5, (5)
where L — the number of connections at the road network; /' — number of nodes at the road network.

Alpha connectivity index can take values from zero (for a completely disconnected network) to one (for
a network with the maximum possible number of nodes). To illustrate the relationship between the connec-
tivity of the road network and the amount of GHG emissions, the alpha connectivity index was converted to
its inverse “Non-connectivity index” according to the formula:

i=l-a, (6)
where i — non-connectivity index.

Assessment of the significance of spatial and geographical factors of carbon intensity of motor
transport in cities of Kazakhstan. As an indicator of the significance of the spatial and geographical factors
of carbon intensity, the change in the volume of GHG emissions was used when the cities were brought to
the similar best conditions in terms considered geographical factor with fixing the remaining parameters.
Thus, to assess the significance of the structure of the vehicle fleet, a hypothetical situation was modeled,
when in each city the share of high-volume engines becomes minimal, but climatic conditions and the con-
nectivity of the road network are unchanged. To assess the significance of climatic conditions, a situation is
modeled when in each city the time of the cold season and the warm-up time of the engine are minimal,
while other spatial and geographical factors remain unchanged. In the course of assessing the significance of
the connectivity of the road network, it is assumed that the average annual mileage of a car in each city cor-
responds to the conditions of the highest connectivity of the road network among the considered cities.

Results and Discussion

Figure 1 demonstrates the estimates of GHG emissions from large cities and regional centers. The max-
imum amount of emissions corresponds to the city of Almaty (1.9 million tons), where the maximum number
of cars is registered.
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Figure 1. Private road vehicles GHG emissions at the cities of Kazakhstan

The minimum volume of GHG emissions from vehicles is observed in Kokshetau (0.19 million tons).
Low GHG emissions are typical for most cities in the South and South-West of Kazakhstan. Among the cit-
ies of the North of Kazakhstan, low emissions are typical for Petropavlovsk, and among the cities of the
North-East of Kazakhstan — for Semei. Average emissions are typical for most cities in the Center, North
and North-East of Kazakhstan. High emissions are observed in Karaganda, Shymkent, Taldykorgan, Nur-
Sultan. It should be noted that there is no unambiguous relationship between the number of cars and the vol-
ume of emissions. In different cities, the specific volume of emissions (tons per car per year) varies due to
the influence of spatial and geographical factors, which will be described below.

Transport is the main source of GHG emissions in such cities as Turkestan, Kyzylorda, Kostanay,
Uralsk, Taldykorgan. A common feature of these cities is the complete gasification of energy-producing in-
stallations, as well as a relatively small share of industrial emissions. In coal towns, the share of transport in
total GHG emissions varies from 2 to 24 %. The minimum share of GHG emissions from motor transport is
in Pavlodar, where significant industrial facilities, as well as facilities serving the public sector, use coal from
the Ekibastuz basin as fuel, which is characterized by large specific emissions per kWh of generated energy.

In the course of the study, an assessment was made of the spatial differentiation of GHG emissions
from vehicles for large cities and regional centers of the Republic of Kazakhstan. In this article, representa-
tive cities located in various regions of Kazakhstan are considered in detail.

As representative examples of the cities of Central, Northern and North-Eastern Kazakhstan, the cities
of Nur-Sultan, Karaganda, and Ust-Kamenogorsk were selected; the city of Almaty was chosen as a repre-
sentative example of cities in South-East Kazakhstan; among the cities of South Kazakhstan, a representative
example of the city of Shymkent was considered. Representative Cities of South-Western and North-Western
Kazakhstan were not considered, since their spatial and geographical features are in many respects close to
the cities of South and North Kazakhstan, respectively.

In the analysis of the spatial distribution of greenhouse gas emissions from road transport, we used the
indicator of specific emissions of tons/km of the road segment, since its use allows us to exclude false con-
clusions that are possible when analyzing the absolute values of emissions in cities where street segments
differ significantly in length. The possibility of using a specific indicator for the length of the road, as well as
emission density (for the area of the territory affected), was noted in [18, 19].

In Nur-Sultan (Fig. 2), which is compact, the structure of the road network is close to regular. In the city
of Nur-Sultan, the maximum values of GHG emissions are typical for city streets, namely Nurgisa Tlendiev
Avenue, turning into Bogenbai Avenue and Alash Highway (1653 kg/km); Korgalzhyn Highway (1588
kg/km); most streets of interdistrict significance, namely Republic Avenue (1740 kg / km), A. Imanov Street
(2597 kg/km), Abay Avenue (1451 kg/km), S. Seifullin Street (2257 kg/km), Sh. Valikhanov (2226 kg/km)
and some streets of the Yesil district, namely D. Kunaev streets (1887 kg/km) and Sarayshyk streets (1472
kg/km) and some other streets that fit the criteria described above. Average values of GHG emissions (700—
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1200 t/km) are typical for the majority of intra-district streets connecting opposite district boundaries. These
streets are characterized by the presence of 2 to 6 traffic lanes and an average concentration. The minimum
values of GHG emissions (less than 700 t/km) are typical for areas of private development and secondary
streets of intra-district significance.

Despite the rather high connectivity of the road network within the administrative center of the right
bank of the city, high specific values of GHG emissions are observed in this area. This indicates that the city
center has exhausted the possibilities for upgrading the road network, and measures to reduce GHG emis-
sions should be based on encouraging the use of alternatives to a private car.

In general, the crossing points across the Ishim (Yesil) River correspond to low and medium a GHG
emission, which indicates the optimal location of bridges and interchanges at the approach to the river. The
exception is bridges in the area of Sary-Arka and Turan streets, as well as Republic Avenue.

Almaty has a planning structure that combines elements of a regular and radial-circular type. At the
same time, the density of streets in the central part of Almaty is much higher than in the central part of Nur-
Sultan. Almaty is characterized by the presence of a large number of residential areas on the periphery of the
city. Thus, the density of streets in such areas is high.

The main contribution to greenhouse gas emissions from vehicles is made by the area bounded by
Timiryazev, Nazarbayev, Raimybek, Rozybakiev streets. As in Nur-Sultan, the potential for increasing the
connectivity of the road network in the central part of the city is largely exhausted, and measures to reduce
GHG emissions in the area should focus on the development of alternative modes of transport to the private
vehicle.

The planning structure of Shymkent is close to triangular, and on the periphery of the city, the density
of streets and their connectivity drops significantly due to the presence of large industrial zones and the ori-
entation of peripheral areas along the valleys of watercourses. In the central area with higher connectivity of
the road network, specific emissions are relatively low for most streets, except for large streets that provide
transit traffic through the city center to its peripheral areas. The greatest contribution to GHG emissions from
motor transport is made by avenues of Republic, Qonaev, Baidibek Bi, Tamerlanovskoye Highway, Al-
Farabi, Ryskulov, Zhibek Zholy streets.

The planning structure of Karaganda is close to free due to the historical features of the city develop-
ment. The modern city of Karaganda was formed from several mining settlements located at a certain dis-
tance from each other. At the same time, the “Old Town” — the area of the original city center location
ceased to exist because of the intensification of the subsidence formation in the area of coal mining. As a
result, the city consists of isolated built-up areas with a large proportion of undeveloped areas in its geomet-
ric center. The new city center is located in the eastern part of the city, while housing construction is mainly
taking place in the southeastern part. In addition, the connectivity of the street and road network of Karagan-
da city reduces the insufficient number of crossings through the railway separating the eastern and southeast-
ern parts of the city.
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Figure 2. Spatial distribution of GHG emission of representative cities

The maximum amount of GHG emissions is typical for Bukhar-Zhyrau Avenue and Gogol Street,
which perform a transit function between the districts of the New City and the South-East. The specific
amount of emissions for the streets connecting the New City with other districts of Karaganda is character-
ized by medium and low values. However, as the length of streets is long, their contribution to the total emis-
sions is significant. It should be noted that there is a lack of crossings across the railway, which separates the
areas of the New City and the South-East, in connection with which an increased density of emissions is rec-
orded at existing crossings.

The street and road network of Ust-Kamenogorsk contains elements of a regular and radial scheme. The
density of the road network on the periphery of the city is much lower than in its center. The presence of
large industrial enterprises in the northern part of the city and has an insufficient number of crossings across
the river. The Irtysh makes it difficult to travel by road. Increased specific emissions are typical for the area
where Abay, Nazarbayev, and Ulba Bridge streets intersect. In this area, large streets are joined, providing
transit between the city's districts, and therefore there is a bottleneck effect.

Significance of spatial and geographical factors of carbon intensity

Vehicle fleet structure in terms of engine volume. The share of vehicles with high engine volume is one
of the factors that increases the fuel consumption per vehicle, and hence the carbon intensity of vehicles. On
average in Kazakhstan, the share of cars with an engine capacity of more than 3 liters is 17 %. The consid-
ered cities differ significantly in this indicator (Fig. 3). The maximum share of cars with an engine capacity
of more than 3000 cm?® is observed in the cities of Aktau and Almaty (more than 23 %). The share of such
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cars is minimal in Turkestan (less than 8 %). Above average, the share of cars with a high engine capacity is
observed in the cities of Aktobe, Taraz, Atyrau, Kyzylorda, Petropavlovsk, Pavlodar, Ust-Kamenogorsk, Ka-
raganda, Taldykorgan, Nur-Sultan.

According to [20], the difference between the average consumption of cars with engines larger than 3 li-
ters and cars with the most popular engine size (1.6 liters) is about 42 %. As a consequence, when the struc-
ture of urban transport is reduced to the smallest share of cars with a large engine capacity among the con-
sidered ones, the total emissions of the considered cities are reduced by 0.36 million tons, or by 3.1 % of cur-

rent emissions (Fig. 3).
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Figure 3. GHG emission reduction in condition of share of automobiles
with the engine volume more than 3000 cm? similar to Turkestan

Climatic features. Climatic features affect the warm-up time of the engine, and, as a result, the amount
of emissions from the use of road transport. In the conditions of the considered cities, the warm-up time and
the duration of the period during which the warm-up procedure is necessary are differ a lot (Fig. 4).
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Figure 4. The duration of warming up the engine of a passenger car (according to [16])

Climate features. According to our calculations (Fig. 5), considering that the fuel consumption during
engine warm-up is from 0.8 to 1 liter per hour, depending on the type of car in terms of engine size, in the
cities of Nur-Sultan, Pavlodar, Semei, the contribution of warming up to the total consumption of automotive
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fuel is more than 10 %. In the cities of Karaganda, Ust-Kamenogorsk, Atyrau, the contribution of engine
warm-up to the total consumption of motor fuel exceeds the average value for the Republic. The lowest share
of automotive fuel consumption associated with warming up the car engine corresponds to the city of Turke-
stan and is only 1.1 %. Under climatic conditions identical to the city of Turkestan, the reduction of GHG
emissions from cities as a result of reduced engine warm-up time is 1.3 %. The most significant reduction
occurs in the cities of Atyrau, Pavlodar, Nur-Sultan, Karaganda, Semei.
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Figure 5. Reduction of GHG emission from private road transport
in the climate conditions similar to Turkestan (%)

Connectivity of the road network. Among the considered cities, the non-connectivity index of road net-
work (Fig. 6) varies from 0.005 in Almaty to 0.31 in Turkestan. A high non-connectivity index is typical for
the cities of Shymkent, Aktau, Karaganda, and Ust-Kamenogorsk. In these cities, connectivity is reduced
either by man-made or natural barriers that prevent the construction of a regular road network. A low non-
connectivity index is typical for Nur-Sultan, Pavlodar, Taldykorgan, Kyzylorda. These cities are located in a
relatively flat terrain, and their residential areas are located compactly. As a result, the street-road network of
the described cities is close to regular.

There is a high (more than 0.7) Pearson correlation coefficient between the disconnection index and
GHG emissions per vehicle. The connectivity of the road network should be considered the main factor de-
termining the amount of GHG emissions from private vehicles.
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Figure 6. Non-connectivity index
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Under the best conditions of connectivity of the road network (identical to Almaty), the total GHG
emissions in the considered cities are reduced by 30 % (Fig. 7).
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Figure 7. Reduction of GHG emissions in conditions of connectivity of the road network identical to Almaty (%)

Conclusions

Private road transport is a significant source of urban greenhouse gas emissions. City private transporta-
tion accounts 18 % of Kazakhstan emissions.

In cities characterized by the predominance of gas in the fuel and energy balance, private vehicles are
the dominant source of greenhouse gas emissions. Thus, in Turkestan, Kyzylorda, and Uralsk, the share of
GHG emissions from vehicles ranges from 51 to 64 %.

The largest volume of GHG emissions from private road vehicles is typical for Almaty and Nur-Sultan.
In general, these cities provide about 30 % of all transport emissions in Kazakhstan. These cities have the
maximum number of registered cars in Kazakhstan.

However, there is no direct relationship between the number of cars and GHG emissions. Specific emis-
sions per car vary a lot: from 3.8 tons per car per year in Almaty to 8.7 tons per car per year in Turkestan.
Such differences are due to the structure of the vehicle fleet in terms of engine size, the connectivity of the
road network and climatic features.

Stimulating the use compact (low volume engine) cars in the Republic of Kazakhstan as a whole can
lead to a reduction in GHG emissions from transport by 1.3 %. Increasing the connectivity of the road net-
work can lead to a 30 % reduction in GHG emissions from motor vehicles.

Differences in the carbon intensity of urban transport associated with climatic features exceed 5 %.

Measures to reduce GHG emissions from vehicles are hampered by the lack of reliable estimates of the
spatial distribution of GHG emissions in certain areas of the city. The conducted studies showed that in the
cities of Nur-Sultan and Almaty, the potential for reducing emissions through the modernization of the road
network has been largely exhausted. In the cities of Karaganda, Shymkent, Ust-Kamenogorsk, production
sites of enterprises, technogenically transformed territories and natural objects fragment the road network,
reducing the connectivity factor.

Thus, the implementation of measures to decarbonize the transport sector allows the cities of Kazakh-
stan to make a significant contribution to the implementation of national goals adopted under the Paris
Agreement. The implementation of measures in the transport sector is of particular importance in the cities of
the West, South-West and South of Kazakhstan.
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B.C. Hexuuu, H.M. [Iponun

KananbIk xeKe KOJIKTI fekapOoHu3anusiay Gpakropaapsl

Makana Ka3zakcran PecnyOnukachiHbIH ipi Kayamapbl MEH OOJBIC OpPTaJbIKTAPBIHBIH KOJIK CaIachIHIAarbl
MapHUKTIK Ta3fap IIbIFapbIHABUIAPBIHBIH YieciH Oaranayra apHanrad. JKyprizinreH 3eprreynep GapbiChiHIA
Kaszakcranubig 17 xanachlHIa jkeKe KOTIKTEpAiH LIBIFaPbIHABLIAPHI SCENTENIeH; KalalblK OKPYrTep OOMbIH-
Ia IIBIFApBIHABUIAPBI KEHICTIKTIK capajay epeKIIeIKTepiH JeKIapamysayFa; Kajlalapiarsl aBTOKOIIKTIH
KOMIPTEK CHIHBIM/IBUIBIFBIHBIH HETI3Ti (pakTopiaapbl alKbIHAAIFAH; OCHl (haKTOPIAPIBIH MaHBI3ABLIBIFBIH CH-
MAaTTAaWTBIH CAHABIK KOPCETKINITEp aWTBUIFAaH MXOHE KapaJaThlH (aKTOpIapIblH MaHBI3IbUIBIFBIHA Oara
Oepinren. bec penpesenrarusri Kanansy (Hyp-Cynran, Anmarsr, [lemvkenT, Ockemen, Kaparansr) mbica-
JIBIHJIA JKOJI JKENiCIHIH OaiJIaHBICTBUIBIFBIH TOMEHICTY IIH HET13T1 KEHICTIKTIK-reorpasuIbIK ceOenTepi xKoHe
KOMIPTEK CBHIBIMIBUIBIFBIH TOMEHIETY IIH HETi3ri KaFuAaTTaphbl alKbIHAAIIbL. 3epTTeyiep OHipaepIiH OThIH-
SHEPreTUKANIBIK TEHI'ePIMiHIH CTaTUCTHKAJIBIK HBICAHIAPBIH Koca anranzaa, Kasakcran PecnyGuukacel CtaTu-
CTHKa KOMHTETIHIH JepeKTepiHe; neMorpadusuiblK KbUIHAMAaNapra; KOIKTi maigagaHy Typaibl akmaparThl
KaMTHTbBIH CTaTHCTUKAJIBIK )KUHaKTapra; «Iunexc Kenrenic» sxone «Kemenepain albIK KapTachl» alllbIK Te-
omopraniapseHeH Aepekrepine; [AX ecenreynepinin Hotmxenepi Oolibiama sxone KOXXYCT Gekitken
oJliCHaMaIbIK KyXKaTTapra Heri3/ereH.

Kinm ce30ep: XIMMaTTBHIK casicaT, KaJaJIbIK KeJik skyHenepi, Kazakcram Kamamapbl, NMapHHKTIK Tasmap
IIBIFapBIHBUIAPEIH a3alTy.

188 BecTHuk KaparaHgmHckoro yHusepcurteTa



Factors of city private transport decarbonization

B.C. llexuny, H.M. [Iponun

(I)aKTOpr uekapﬁonm,amm TOPOACKOI0 YaCTHOI'0 TpaHCIoOpTa

Crathsl TOCBSIICHA OI[EHKE BKJIAJ[a BEIOPOCOB MAPHUKOBBIX Ta30B TPAHCIIOPTHON OTpPaciIy KPYIHBIX TOPOIOB
u obnacTHEIX neHTpoB Pecrry6iku Kazaxcran. B xoze nmpoBeeHHBIX HCClIeIOBaHNI HAMH PACCUUTaHbI BEI-
Opocs! OT yacTHBIX aBTOMOOMIIeH B 17 roponax KaszaxcraHa; neximapupoBaHbl 0COOEHHOCTH HPOCTPAHCTBEH-
HOHU auddepeHnnaniy BEIOPOCOB 0 TOPOACKUM OKPYTaM; OIpeeTIeHbl OCHOBHBIE (haKTOPHI YTIIEPOJOEMKO-
CTH aBTOTPAHCIIOPTA B IOPO/Iax; BBIABICHBI KOJINYECTBEHHBIC [T0KA3aTEN N, OIIUCHIBAIOIINE 3HAYUMOCTb 3THX
(akTOpOB, U JaHA OLICHKAa 3HAYHMMOCTH paccMaTpuBaeMbIX (akTopoB. Ha mpumepe maTu penpe3eHTaTUBHBIX
roponoB (Hyp-Cynrana, Anmatsl, LleiMkenTa, Ycrh-Kamenoropcka, Kaparanast) Obiin onpenesneHsl OCHOB-
HbIE IIPOCTPAHCTBEHHO-TeOrpaduuecKre IPUUNHBI CHIKEHUS CBA3HOCTH JOPOKHOM CETU M OCHOBHbBIE PHH-
LUITBl CHIDKEGHHS YIIepofoeMKocTH. MccnenoBaHus ocHOBaHBI Ha maHHBIX Kommurera mo craructuke Pec-
my6mkn KazaxcraH, BIIIoUast CTaTUCTUUECKHE (POPMBI TOIUIMBHO-9HEPT€THIECKOTO OanaHca PernoHOB; Jie-
Morpaduieckue eXCeTroJHUKH; CTaTUCTHUeCKHe COOPHUKH, cofepxamue HMH(pOpMamuio o0 SKCILTyaTaluu
TpaHCHOPTA; HA AAHHBIX OTKPHITHIX reornopTanos «Suaekc [Ipookm» u « OTKpBITast KapTa YIHID; 10 Pe3yIIb-
tataM pacueToB 'IC 1 o MeToI0I0TH4YecKUM JOKyMeHTaM, yTBepskaeHHsiM MIOUK.

Kniouesvie cnosa: xnuMaTuyeckas IOJINTHKA, TOPOACKUE TPAHCIIOPTHBIE cHcTeMbl, ropoaa Kaszaxcrana, co-
KpaleHue BBIOPOCOB MapHUKOBBIX I'a30B.
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Hydrothermal conditions of the temporal variability
of the phytoproductive functioning: case study
of the Burtinskaya steppe landscape (Southern Urals)

The interpretation of a geographic landscape as a geosystem requires evidence that, under certain conditions,
an external signal has a similar response in its spatial elements. The article examines the similarities and dif-
ferences in the response of units in the steppe landscape of the Southern Urals (Burtinskaya steppe) to varying
hydrothermal conditions. The Normalized Difference Vegetation Index (NDVI) is used as an indicator of in-
tra-seasonal variability in phytoproduction performance. 110 standardized increments of NDVI during the
growing seasons in 20102020 were ranked and interpreted as types of dynamics in comparison with back-
ground modal values. The occurrence and diversity of types of phytomass dynamics within the model units
(gullies, ridges, and interfluve flat surfaces) vary depending on hydrothermal conditions and the length of the
time interval between measurements. The integrity of the unified response in the landscape is enhanced dur-
ing dry periods, when changes in phytomass in gullies and on ridges differ little from those on spatially dom-
inant slopes and flat surfaces. Strong deviations from the background dynamics often appear at intervals of up
to 2 months, but are compensated for within 4-5 months. The dynamics of hydrothermal conditions over the
entire growing season manifests itself in phytomass changes in a similar way over the landscape, which
proves the connection between the spatial and temporal parameters of landscape organization. Depending on
the landform, phytocenoses adapt to the late summer moisture deficit either by transitioning to another stable
state of structure while maintaining the intensity of functioning (self-organization), or by maintaining the
structure while reducing the intensity of functioning (self-regulation).

Keywords: steppe, NDVI, phytomass dynamics, moisture, resilience, landscape unit.

Introduction

The spatio-temporal organization of geosystems has long been recognized as the main subject of land-
scape science and landscape ecology [1, 2]. Since the 1980s it is known that interactions between landscape
components are possible only when their characteristic time scales are comparable [3—5]. A regular relation-
ship has been established between the characteristic time scales of geosystem processes and the characteristic
space scale of their manifestation [3, 6]. Since the geographical landscape is usually interpreted as a geosys-
tem [1], evidence is required that, under certain conditions, an external signal is perceived in a similar way
by the spatial elements of this geosystem. This would mean that the landscape responds to external influ-
ences as a holistic entity. From a practical point of view, this means the predictability of the behavior of the
landscape parts following any strong changes at a regional or global scale. The response to climate changes
is most often the subject of research. One of the informative indicators of the landscape state has long been
considered its bioproductivity, which sensitively responds even to short-term changes in hydrothermal condi-
tions. Bioproductivity studies are labor-consuming [7]. However, the development of space technologies has
provided convenient and affordable means of studying the spatial organization of bioproductivity in the form
of numerous indices calculated by means of geoinformation systems based on multi-band satellite images.
Among them, the normalized difference vegetation index (NDVI) has become the most popular. This index
is most often used to identify trends in phytomass over long-term periods, especially over the past 40 years,
which were marked by significant warming in many regions. Less commonly, it is used as an indicator of
short-term variability in phytoproductive functioning.

The range of possible states and variants of transition from one state to another can serve as a relevant
indicator of the landscape stability types, its adaptation to the range of fluctuations in external conditions (in-
cluding climate or anthropogenic loads). The definition of a geographical landscape includes a single climate
[8, 9]. Consequently, fluctuations in the hydrothermal conditions, characteristic of the regional climate, are
expected to find some response in all spatial units of the landscape. If most spatial units of a territory pass
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from one state to another in approximately the same way, then such a territory may be considered as a holis-
tic entity. At the same time, a genetically-uniform geographical landscape, by definition, is a mosaic territo-
ry. Mosaic is explained by internal processes in the landscape, primarily geomorphological ones [1]. There-
fore, the question of the relationship between internal mosaicity and the possibility of a holistic response to
external influences is of particular interest. With the obligatory originality of the “behavior” of each element
of the landscape mosaic, there must be some unity of their reaction to external signals.

Steppe landscapes are particularly sensitive to interannual and intraseasonal fluctuations in hydrother-
mal conditions, which are expressed in the phytomass values. The usual seasonal rhythm of the steppes is
well known. In involves the maximum accumulation of phytomass in the first half of summer and its reduc-
tion in the second half, accompanied by a pause in the vegetation of many species [10, 11]. In space, the
slightest variations in soil moisture supply are well-reflected in the species composition of the phytocenosis.
The dynamic characteristics of phytomass, which are subject to the phenological rhythms of dominant species
and intra-seasonal hydroclimatic fluctuations, can indicate soil hydrology parameters. Therefore, one may con-
sider the steppes as a convenient testing ground for studying the question to what extent and under what condi-
tions the landscape mosaic is consistent with or contradicts the assumption of the landscape integrity.

More than 30 years ago, V.A. Bokov [5] developed a classification of geographical landscape integrity
types, one of which he called the integrity of the unified response. This type of integrity is the focus of our
study, carried out on the example of a low-mountain-steppe landscape in the Russian part of the Southern
Urals.

By holistic functioning, in this study, we mean the subordination of most landscape units over a certain
time interval to the same type of phytomass dynamics, indicated by NDVI values. The unity of the type of
dynamics was understood as a change in phytomass by approximately the same value following a change in
the background hydrothermal conditions that are common for the whole landscape.

In the study, we sought answers to the following questions. 1) How integral is the functioning of the
landscape unit in different hydrothermal conditions? If there is a unified reaction of phytomass to hydro-
thermal changes, is it close to the background modal dynamics of the entire landscape or different from it?
Under what conditions can a landscape unit function independently of a most part of a landscape? 2) How do
the reactions of the structure and functioning of the phytocenosis in various units differ with increasing mois-
ture deficit? 3) Is there a relationship between the occurrence of local deviations from the modal phytomass
dynamics and the duration of the time interval between NDVI measurements?

Experimental

The study was carried out in the Burtinskaya steppe, located in the Belyaevsky district of the Orenburg
region of Russia. It occupies the interfluve of the left tributaries of the Ural river — the Urta-Burtya and Bur-
lya rivers (Fig. 1).

554 Google Earth

Figure 1. Geographical position of the Burtinskaya steppe.

Note — The black rectangle is the area for calculating NDVI-based indices. The red circle is a place for field research
in the Orenburg Nature Reserve. The yellow line is the border between Russia and Kazakhstan. Space image: Google Earth
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Part of the territory belongs to the section of the Orenburg State Nature Reserve. The territory is located
in the continental sector of the typical steppe subzone. The landscape belongs to a foothill deeply dissected
structurally erosive elevated plain composed of Permian-Triassic conglomerates and sandstones. Typical
steppes with dominance of Stipa zalesskii, Festuca valesiaca, and forbs are formed on Calci-Glossic Cherno-
zems and Lithozems [12—-14]. On the slopes of elevated massifs, gently sloping ridges with steppes alternate
with gullies dominated by shrubs and forbs. In the most deeply incised gullies birch-aspen thickets occur.
The low hypsometric level is occupied by accumulation and denudation-shaped plains. At the foot of the
massifs, a large area is occupied by gently-rolling plains, dissected by shallow gullies. In the wide flat-
bottom valleys and along streams, sedge and reed meadows occur as well as black alder forests on Gleyic
Chernozems. In some sites, there are galophytic communities on Solonetzes and Solonchaks.

To study the intra-seasonal dynamics of NDVI as an indicator of green aboveground phytomass, we
used 50 Landsat 5 and Landsat 8 satellite images with a resolution of 30 m from 2010 to 2020, covering the
period from April to October. The further calculation included 1381765 pixels in an area of 1243 km?, in-
cluding protected and agricultural areas (Fig. 1). We calculated differences in NDVI values between all pos-
sible imagery dates of one year: earlier NDVI minus later NDVI. Totally, difference values for 110 pairs of
dates were obtained. At the next step the original algorithm [15—17] was implemented. It allows one to relate
the modes of functioning in time to the landscape spatial pattern and establish ratios of factors acting at dif-
ferent scales. The resulting estimates do not depend on inter annual fluctuations in phytomass, since the basis
is standardized increments of phytomass between two dates. The values of NDVI increments standardized
for each pair of dates were recorded into five gradations. The gradations reflect the degree of deviation from
the background NDVI increment, that is, deviation from the modal range of values, which in all cases turned
out to be close to the average value in the landscape. Hence, they reflect the degree of deviation from the
modal response of the landscape to seasonal climatic thythms. Below, these gradations are referred to as the
phytomass dynamics types (PhDT). The sense of dynamics types is as follows (Fig. 2). PhDT 1: Strong devi-
ations from the background dynamics of more than 1.5 standard deviations from the average landscape in-
crement in the negative direction. PhDT 5: The same with a positive deviation from the mean. PhDT 2:
Slight deviations from the background dynamics within 0.5-1.5 standard deviations in the negative direction.
PhDT 4: The same in the positive direction from the average. PhDT 3: Background dynamics, 0.5 standard
deviations either side of the mean increment over the landscape. The background increment (PhDT 3) was
interpreted as subordination to the seasonal dynamics of weather conditions, which is the same for the entire
landscape, and the low contribution of local conditions for the water and nutrients migration. Large devia-
tions (PhDTs 1 and 5) and small deviations (PhDTs 2 and 4) from the background increment were interpret-
ed as a significant contribution of local factors that distort the landscape-scale rule. The probability of each
PhDT for each pixel was calculated. Based on the set of probability values of five PhDTs, the measure of
instability (H) was calculated using the Shannon formula. The higher the measure of instability H, the more
often five PhDTs replace each other over a period. The maximum value of H is achieved with the same re-
peatability of five PhDTs, the minimum — in the presence of only one PhDT. The general regularities of the
spatial distribution of PhDTs and H in the Burtinskaya steppe were described in our previous publica-
tion [18].

1 2 3 - 3]

/\/\/\

Figure 2. Scheme of types of phytomass dynamics (PhDTs)

Note — The X-axis is the sequence of dates during the growing season, Y-axis — Green aboveground phytomass
as indicated by NDVI. 1-5 — types of green phytomass dynamics (PhDTs)

To get insight into the mechanisms of functioning stability, we performed a study at three transects and
in a group of analogous units on the interfluves. Three transects differ in landscape pattern and together
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characterize all the main variants of the landscape diversity in the Burtinskaya steppe. At each transect de-
scriptions of landscape and geobotanical characteristics were recorded at a regular step of about 30 m. They
cover adjacent pixels of a satellite image, provided by calculations of frequency of each of the five PhDTs
and H. Transect 1 (“ridges and flat-bottom valleys”): from the upper reaches of the gully to the watershed
with the intersection of the south-facing and north-facing slopes and two flat-bottom valleys (19 sites). The
transect 1 contains almost all types of units of the Mueldy massif. Transect 2 (“gully”): bushy gully 2-5 m
deep cutting the northwest-facing slope of the Mueldy massif (17 sites) and one background interfluve unit
above the catchment depression. Transect 3 (“ridges and saddles”): along a ridge-like surface in the north-
western part of the Mueldy massif between two valleys with the intersection of several saddles (19 sites). As
the fourth model group, the analogous zonal steppe associations of flat interfluve surfaces were considered
[14]. For each transect, we calculated the occurrence of each PhDT for each pair of dates and a measure of
the spatial diversity of PhDTs according to the Shannon formula.

The obtained occurrence values for each PhDT and their diversity on transect for each pair of dates
were examined for correlations with the hydrothermal indicators of each year and the period between each
pair of dates. To characterize hydrothermal conditions we used the average annual and monthly temperatures
and precipitation, as well as the Selyaninov hydrothermal coefficient base on the data of the nearest meteoro-
logical station Belyaevka. To assess the relationships between the integrity of the functioning of a landscape
unit and hydrothermal conditions, the years from 1960 to 2020 were classified by standardized monthly and
average annual temperatures and monthly and annual precipitation. Four 4 categories were distinguished:
warm mid-humid, cool humid, hot dry and cold wet years. We used analysis of variance (ANOVA) to test
the hypothesis that the occurrence of PhDTs on transect may vary depending of hydrothermal conditions of a
year. Spearman correlation coefficients were calculated to evaluate the dependence of the occurrence and
diversity of PhDTs on the duration of the period between NDVI measurements.

The research focused on the following issues: a) phytocenotic mechanisms of each of the five PhDTs;
b) hydrothermal conditions for the integral functioning of landscape units; ¢) hydrothermal conditions for the
subordination of a group of studied units to a holistic mode of landscape functioning (i.e., the predominance
of the background 3rd PhDT in the absolute majority sites). A high occurrence of one PhDT and a low diver-
sity of PhDTs were treated as an indicator of the integral functioning of a landscape unit.

Results

Field interpretation of the PhDTs showed the main reasons for the variation in phytomass increments
relative to background modal values (Fig. 2).

The lowest values of the instability measure H were achieved, as a rule, due to the predominance of
background dynamics (PhDT 3) both at short (up to 2 months) and long (3—5 months) intervals between
NDVI measurements. This is typical for elevated plateaus, low-level accumulative plains, and gentle slopes
of low mountains dominated by Stipa zalesskii, Festuca valesiaca, Helictotrichon desertorum, and xeroph-
ilous forbs. Using the time series of ground-based measurements of the phytomass in 12 communities for the
growing season 2015-2020 [14] we obtained a positive correlation between the NDVI for the corresponding
date and the phytomass indicators, namely, aboveground green phytomass, green phytomass of forbs, green
phytomass of Poaceae species (especially in July), and the ratio of green phytomass to dead aboveground
mass. Spearman correlation coefficients in the summer months accounted for 0.5-0.7.

The highest instability of PhDTs (H) were achieved in gullies due to a regular switch between PhDTs 2
and 4, as well as periodic manifestations of background dynamics (PhDT 3) and maximum deviations from it
(PhDTs 1 and 5). In spring and early summer, phytomass accumulation occurs at a higher rate than in the
background steppe conditions (PhDTs 1 and 2). It is replaced by a rapid decrease in phytomass in the second
half of summer and autumn at a higher rate than in the background steppe conditions (PhDTs 4 and 5). Such
a change is explained by the short duration of the action of the local factor, namely — high soil moisture
within 30-60 days after the spring snowmelt. In the second half of summer, the effect of this factor ceases.
The thaw moisture in the soils becomes depleted, while summer precipitation is spent on physical evapora-
tion. Since the dominant plant species of mesophytic communities (Calamagrostis epigeios, Sanguisorba
officinalis, Trifolium media) are not adapted to the rapid drying of the soil, the phytomass is sharply reduced.

PhDT 1 corresponds to a rapid spring and early summer accumulation of a large phytomass in meadow
communities without its subsequent sharp decrease in the second half of summer. During the entire growing
season, a strong local factor of sufficient soil moisture acts. As a result, the phytomass is practically pre-
served or decreases much less than in the background steppe landscape. The species composition is dominat-
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ed by Phragmites australis, Carex sp. In phytocenoses Galium aparine, Lavatera thuringiaca, Lythrum sali-
caria, and Sium sisarum are typical. Soils are distinguished by powerful humus accumulation (up to 50-70
cm) and gleyization in the lower horizons.

PhDT 5 is never dominant throughout the growing season. It manifests itself almost exclusively in the
second half of summer in the form of a maximally sharp (compared to modal values of the landscape) de-
crease in green phytomass. Such phytomass dynamics corresponds to the termination of the action of a
strong short-term local influence of excessive soil moisture supply. The period of significant accumulation of
phytomass in gullies and valleys is associated with the intensive development of leaves of trees and shrubs
(Salix sp., Populus tremula, Amygdalus nana, Cerasus fruticosa, Spiraea crenata, S. hypericifolia, Genista
tinctoria), as well as spring-flowering herbaceous plants characteristic of such habitats plants (Pulsatilla pat-
ens, Anemona sylvestris, Tulipa biebersteiniana, Fritillaria meleagroides, F. ruthenica). The drying up of
temporary streams and a decrease in soil moisture reserves results in the disappearance of spring-flowering
species from plant communities and in a decrease in the productivity. Quantitatively this process is reflected
by a high H value and a sharp decrease in NDVI in gullies with short-term spring moisture supply. In larger,
deeply incised gullies and along the bottoms of valleys, accumulation of large phytomass in spring and early
summer is not replaced by its sharp decrease in the second half of summer (PhDT 1), probably due to the
conservation of phytomass by trees and shrubs. A sharp decrease (PhDT 5) occurs only in October due to
changes in the composition of leaf pigments and leaf fall. Such changes in the PhDTs are realized in the bot-
toms of the valleys and the most deeply incised gullies, where the snow cover can persist until the beginning
of May.

A study of a shrubby (Spiraea hypericifolia, Cerasus fruticosa, Amygdalus nana) gully on a transect 2
showed that the unity of the phytoproductive functioning regime may be disturbed by differences in the in-
tensity of moisture and nutrients circulation. From the middle incised part of the gully upward to the catch-
ment depression, xeromesophytes (Elytrigia repens, Filipendula vulgaris, Melampyrum arvense, Phleum
phleoides, Pulsatilla patens, Seseli libanotis) are gradually replaced by mesoxerophytes (Artemisia mar-
schalliana, Centaurea marschalliana, Falcaria vulgaris, Galium ruthenicum, Hieracium virosum, Phlomis
tuberose, Poa transbaicalica, Scorzonera austriaca, Serratula cardunculus, Veronica incana) and xero-
phytes (Stipa lessingiana, Stipa zalesskii, Artemisia austriaca, Galatella villosa, Festuca valesiaca). This
corresponds to an increase in the frequency of background dynamics (PhDT 3) at time intervals of 2—4
months (type 3), zero frequency of large deviations (PhDT 1 and 5), and a decrease in the frequency of small
deviations (PhDT 2 and 4). The upper reaches of the gully differ from the background dynamics, as a rule,
only at short intervals up to 1-2 months.

The bottoms of narrow gullies are characterized by increased accumulation of snow in winter due to
wind-induced transport and slower (compared to slopes) melting in shaded positions in spring. This ensures a
high level of groundwater and surface runoff in May and June when heat supply is high. Therefore, meadow
communities increase their phytomass in spring and early summer much faster than the background steppe
(PhDT 1). In the second half of summer, adaptation to the increasing moisture deficit and falling groundwa-
ter level is manifested in a sharp reduction in phytomass (PhDT 5) without changes in species composition.
The background dynamics (PhDT 3) at long intervals (April-October) appears occasionally, in hot dry years
(2010, 2019) or manifests itself at short 1-2-month intervals. The larger the catchment area is, the higher the
repeatability of (PhDT 1) dynamics in the gully bottoms.

The saddles are characterized in April by the development of ephemeroids (Pulsatilla patens, Adonis
wolgensis, Fritillaria ruthenica, Tulipa biebersteiniana, and Tulipa gesneriana) quickly creating a large
mass. Summer losses of phytomass (PhDT 4) due to their death turn out to be greater than the modal ones.
The degree of instability is higher than on the slopes due to the more frequent manifestation of strong phy-
tomass losses compared to the modal conditions of the landscape. Under extreme dry summer conditions, the
communities adapt by a large reduction in phytomass of the dominant grass species (Stipa zalesskii, Festuca
valesiaca, and Agropyron cristatum).

On the south-facing steep slopes in the second half of summer, an increased abundance of Artemisia
austriaca and Galatella villosa with a small (45-40 %) projective cover contributes to the partial preserva-
tion of phytomass (PhDT 2). The phytocenosis adapts of the to the summer depletion of soil moisture by the
replacement of species, i.e. structural changes.

On the steep west-facing slopes, the phytomass dynamics during the period from May to September
does not differ from the landscape background trends. Other PhDTs (2 and 4) occur only at short intervals; at
longer 4-5-month intervals, the background dynamics is restored.
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On the tops of hills with petrophytic conditions, the deviation from the background dynamics at long 4—
5-month intervals (May-September) may be manifested in a relatively small summer decrease in phytomass
(PhDT 2). The phytocenosis adapts to moisture deficit by a decrease in the projective cover with a steady
dominance of Festuca valesiaca, Artemisia austriaca, and Stipa lessingiana.

In flat bottoms of gullies and at the footslopes, an increase in the proportion of mesoxerophytes and
mesophytes (Bromus inermis) is accompanied by a sharp drop in phytomass by the second half of summer.
The strategy of adaptation is to reduce the phytomass of dominant species without changes in species com-
position. However, at a greater distance from the footslopes, a decrease in the abundance of mesoxerophytes
and Bromus inermis results in the dominance of background dynamics with a moderate summer decrease in
phytomass.

At the next step, we tested the hypothesis about the unified reaction of the Burtinskaya steppe landscape
to the weather conditions of a year, i.e. about the integrity of the unified response (sensu [5]). In general, in
the landscape of the interfluve of the Urta-Burtya and Burlya rivers, the most integral functioning (the mini-
mum variety of PhDTs) is typical for hot dry years. To understand the reasons, the issue was studied in de-
tails in three groups of landscape units provided with pixel-by-pixel descriptions of the phytocenosis.

On transect 1 (“ridges and flat-bottom valleys™), an increased occurrence of background PhDT 3 with a
reduced occurrence of small deviations (PhDTs 2, 4) was typical for warm, moderately humid years (2013,
2015, 2016, 2017, 2020). In cool wet years, the diversity of PhDTs increased over a time interval of more
than 3 months. Different types of units (gullies, flat-bottom valleys, interfluves, north- and south-facing
slopes) reacted differently to increased moisture. Hence, the integrity of unified response was lost by a land-
scape.

On transect 2 (“gully”) in the hottest dry years (2010, 2012, 2014, 2019), at time intervals of more than
2 months, the occurrence of background dynamics increased (PhDT 3), the occurrence of large deviations
from it (PhDTs 1 and 5) sharply decreased. Small deviations from the background dynamics manifested
themselves mainly at short intervals of less than 2 months. For example, in July-August of dry 2010, most of
the phytocenoses were in the mode of strong phytomass loss (PhDTs 4 and 5). The minority was in the back-
ground mode. None of the phytocenoses preserved the phytomass despite increased moisture in the concave
landform. In the same period of wet 2018, the variety of PhDTs was minimal, but of a different kind. The
synchrony of functioning was manifested in the deviation from the background dynamics towards increased
resistance to the summer pause of the vegetation of the steppe landscape. PhDT 2 with a relatively small loss
of phytomass prevailed. This indicates favorable conditions for mesophilic and xeromesophilic forbs.

On transect 3 (“ridges and saddles™), in the dry year of 2010, the maximum synchrony of phytoproduc-
tive functioning with the rest landscape occurred, regardless of the position in the relief (slopes of different
exposures, a ridge, a saddle, or a flat bottom of a gully). Almost all phytocenoses were in the background
functioning mode with a moderate loss of phytomass. In the wet year of 2018, most of the slope phytoceno-
ses functioned independently of the background dynamics and supported the phytomass (due to Artemisia
austriaca, Galatella villosa). The background dynamics persisted only in the saddles and at the bottom of the
gully with an increased abundance of Stipa zalesskii and a reduced abundance of Festuca valesiaca and
Galatella villosa.

In the group of phytocenoses on interfluves, diversity of PhDTs was maximum in hot dry years. In me-
dium-warm, moderately humid years, an increased summer loss of phytomass took place (PhDT 4). In wet
years, the frequency of the background dynamics increased (PhDT 3).

Based on the material of each of the above four model groups of landscape units, we investigated the
question: does the occurrence of PhDTs for each pair of dates depend on the duration of the time interval
between the dates of satellite imagery and the position of the interval within the season? The occurrences of
PhDTs were compared for time intervals with a comparable start date and duration (about 40, 60, 90 days)
for years with different hydrothermal conditions. In addition, we tested the hypothesis that within the grow-
ing season there is a direct relationship between the duration of the interval and the occurrence of back-
ground dynamics (PhDT 3).

At the landscape scale, at short intervals (up to 15 days) and at long intervals (more than 30 days), a de-
crease in the area of background dynamics occurred due to relatively small deviations from background in-
crements (i.e., the transition to PhDTs 2 and 4). However, at intervals of 15-30 days, along with small devia-
tions, stronger deviations from the background dynamics were possible with a transition to PhDTs 1 and 5.
The longer the interval, the less often were replacement of background dynamics by strong deviations from
it. Thus, strong deviations from the background dynamics outside the gullies can be induced by the local fac-
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tors lasting 15-30 days. The breakdown of the integral phytoproductive functioning of the landscape into
separate types at intervals of up to 60 days is most pronounced in the first half of the season (with the initial
date of the interval in April and May), which can be seen from the values of the measure of the spatial diver-
sity of PhDTs (Fig. 3). During the summer, the variety of functioning options decreases from June to August.
However, at the end of the season (with the initial date of the interval in August), depending on the hydro-
thermal conditions, the spatial diversity of PhDTs may vary greatly from year to year. It was minimal in
2014, which was characterized by very dry weather in August and September. The area with the background
PhDT 3 was the maximum. In September, the variety of options increases again.
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Figure 4. Dependence of the occurrence of the background type of phytomass dynamics
in the hollow stow on the duration of the NDVI measurement interval

For example, within transect 1 (“ridges and flat-bottom valleys™), the maximum diversity of dynamics
types was usually observed at short time intervals (up to 15 days). The increase in the duration of the interval
with the beginning in May-June is consistent with the increase in the uniformity of the PhDTs. In interfluves
with zonal steppe communities, the consistency with the whole landscape was high at 4—5-month intervals.
In other words, the difference between the phytomass of the beginning and end of the growing season coin-
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cided on all plots and corresponded to the modal increments characteristic of most of the landscape. In the
interval of 30—60 days, the synchronous dominance of the background dynamics on the interfluves took
place only at low average daily temperatures of less than 14 °C in autumn and spring. At the highest temper-
atures, dominance passes to PhDT 4 corresponding to a strong loss of phytomass in late summer. On transect
2 (“gully”), an increase in the occurrence of background dynamics with an increase in the duration of the
interval was clearly manifested in dry years (Fig. 4, A). However, in wet years, sufficient soil moisture
throughout the season maintained the phytomass at a level that differed greatly from the background steppe
(Fig. 4, B).

Discussion

The study enabled us to identify phytocenotic features corresponding to the predominance of each type
of phytomass dynamics and their changes during the growing season.

In hot dry years, the uniformity of the types of phytomass dynamics increases at a landscape scale. This
is explained by the fact that numerous gullies and narrow ridges lose the originality of their mode of opera-
tion and obey the modal PhDT 3. In other words, the integrity of the unified response of the landscape [5] to
the growth of moisture deficiency is enhanced. In cool, humid years, the functional integrity of the landscape
decreased, and the diversity of types of dynamics increased. The area with reduced phytomass losses in-
creased in the second half of summer relative to the background. Different landscape units (gullies, flat-
bottom valleys, flat interfluves, slopes) reacted differently to increased moisture; the integrity of the same
type of response was lost.

The background phytomass dynamics (PhDT 3), covering the main part of the landscape, was usually
most pronounced in most landscape units over a long interval (3—5 months), especially in hot dry years. For
short periods (up to 1 month or 1-2 months) within the season, under the influence of short-term activation
of local factors, deviations from the background dynamics often occur. Possible explanations involve an in-
crease in soil stoniness, a sharp moisture deficit, a temporary excess of soil moisture after spring snowmelt or
rains, and a short-term high position of groundwater in a gully.

In the gullies, which combine the features of steppe and meadow phytocenoses, during extreme
drought, there was a sharp reduction in the mass of forbs. By this, they switch to the “steppe” mode of func-
tioning. Consequently, in arid conditions, a shallowly incised gullies lose their inertia of functioning and,
hence, originality as a separate landscape unit. The phytocenoses in convex well-drained landforms (ridges)
are also subject to the integrity of the unified response at a landscape scale during dry periods. Flat and gen-
tly sloping interfluves, on the contrary, join the background dynamics in cool wet years, and function inde-
pendently in dry years. Thus, the types of natural landscape units (flat interfluves, slopes, ridges, gullies)
“join” the background dynamics of the landscape scale under different hydroclimatic conditions.

Strong deviations from the background dynamics outside the gullies can be induced by the local drivers
lasting 15-30 days. Shorter intervals are apparently insufficient for the accumulation or disappearance of the
required amount of moisture. The diversity of local dynamics factors is most pronounced in the spring. The
reasons may be uneven heating and depletion of thawed soil moisture and different duration of the period
after snowmelt in convex and concave landforms as well as at different slope aspects. The integrity of the
unified response [5] is most clearly realized over the landscape over long intervals about 4-5 months. This
means that contrasting types of landscape units (gullies, slopes, plateaus, ridges) increase or lose green and
dead phytomass by approximately the same amount, corresponding to the background landscape response to
the intraseasonal trend in moisture supply. We believe that this is a vivid confirmation of one of the most
important theoretical provisions of landscape science about the consistency of the spatial and temporal scales
of geographical processes. The process (in our case, a seasonal decrease in moisture supply, which is reflect-
ed in a decrease in phytomass), covering a large area (landscape as a whole), is fully realized only over long
time intervals (in our case, 4—5 months). However, with the same duration of the interval (4—5 months), the
increase in moisture (Selyaninov coefficient more than 0.4) causes an increase in the diversity of PhDTs,
mainly due to an increase in the area covered by the PhDT 2 (partial preservation of phytomass in summer)
and PhDT 4 (loss of phytomass in summer is greater than background). Thus, the integrity of the functioning
of the low-mountain-steppe landscape is manifested in a rather narrow range of weather conditions corre-
sponding to the hydrothermal norm of the steppe zone with the Selyaninov coefficient of the May-August
period less than 0.4.

At short intervals (1-2 months), the functioning switches between a number of types, depending on be-
longing to one or another type of a landscape unit. The unified functioning at short time intervals is typical
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for periods characterized by an increase in stress factors of moisture and heat deficiency. During the growing
season, such small deviations compensate each other. As a result, from the “start” to the “end” date of a long
time interval, most of the landscape units change their phytomass in approximately the same way, which
proves the integrity of the functioning of the landscape as a single geosystem.

Our study provided the opportunity to establish several ways of phytocenoses adaptation to different
durations of strong local drivers. Some phytocenoses tend to maintain the structure of the phytocenosis dur-
ing summer drought by changing the intensity of the biological cycle, more precisely — phytoproductive
functioning. Others, on the contrary, change the structure (i.e. species composition) to preserve the phyto-
mass and productivity characteristics, i.e. the volume of the substance involved from the soil into the phyto-
mass. Finally, some phytocenoses have the ability to maintain both the structure and the nature of function-
ing. In terms of types of stability proposed by M.D. Grodzinsky [19] these ways are referred to as inertness,
elasticity, and plasticity.

In the bottoms of the widest valleys with a large catchment area, a large phytomass is retained through-
out the summer folowing its rapid increase in spring. Such dynamics is considered as a manifestation of in-
ertness, that is the ability to maintain structure and functioning under conditions of strong external influence
— a decrease in precipitation. In this case, this type of stability is ensured by the constancy of the action of a
strong local factor, namely — excessive soil moisture despite a deficit of precipitation.

In the flat-bottom valleys and at the footslopes, inertness under the action of a strong external signal is
uncharacteristic. The alternative mechanism of adaptation is to reduce the phytomass of dominant species
without replacing species. In other words, self-regulation (sensu [20]) occurs. To reduce the negative effect
of late summer drought stress, the consumption of deficient moisture is minimized, and phytocenosis reduces
phytomass. With an increase in moisture supply, the previous mode of functioning is restored with intensive
production of phytomass. This type of stability manifests itself also through the restoration of background
dynamics after short-term deviations. In our case, such deviations under the influence of strong local factors
last up to 1-2 months, but the dynamics for 4-5 months does not differ from the background in most tracts.

Finally, adaptation of the phytocenosis to the summer depletion of soil moisture can involve but the re-
placement of species to maintain phytomass. This is typical for petrophytic communities of stony tops and
south-facing slopes, where the activity of Artemisia and Galatella species increases at the end of summer.
Such a partial change in the structure is treated as a self-organization mechanism [20]. The landscape units
demonstrate plasticity since they have the ability to switch to another state that maintains the previous inten-
sity of functioning.

Conclusions

1) Holistic phytoproductive functioning of the low-mountain-steppe landscape is most clearly manifest-
ed in dry periods, when phytocenoses of convex and concave landforms lose their specificity of functioning.

2) Depending on the location, phytocenoses adapt to the late summer moisture deficit either by transi-
tioning to another stable state of the structure while maintaining the intensity of functioning (self-
organization), or by maintaining the structure while reducing the intensity of functioning (self-regulation).

3) Short-term (up to 2 months) deviations of the phytomass dynamics from the background under the
influence of strong local factors at longer intervals (4—5 months) are mutually compensated. The dynamics of
hydrothermal conditions over the entire growing season manifests itself in a similar way in the territory of
the landscape, which proves the connection between the spatial and temporal parameters of landscape organ-
ization.

Acknowledgements

The research was financially supported by the Russian Foundation for Basic Research (project 20—-05—
00464).

References

1 Hcauenko A.I'. Teopust u metogonorus reorpadpudeckoit Hayku / A.I'. Mcauenko. — M.: Akaxemus, 2004. — 400 c.
2 Forman R.T.T. Land mosaics / R. Forman. — Cambridge: Cambridge University Press, 2006. — 632 p.

3 Ilysauenxo FO.I'. IIpocTpancTBeHHO-BpEeMEHHAs! HEpapXHsi T€OCHCTeM C mo3uiun Teopun konedanuit / FO.I'. Ily3adenko //
Bomnpocs reorpapun. — 1986. — T. 127. — C. 96-111.

Cepusa «brnonorusa. MeguunHa. Neorpadcusa». Ne 2(106)/2022 199



A.V. Khoroshev, O.G. Kalmykova, A.P. Ashikhmin

4 Shugart H.H. Equilibrium versus non-equilibrium landscapes / H.H. Shugart // Wiens J.A., Moss M.R. (Eds.). Issues in Land-
scape Ecology. — Snowmass Village, Colorado, USA, 1999. — P. 18-21.

5 Boxos B.A. IIpocTtpancTBeHHO-BpEMEHHBIE OCHOBBI IT'€OCHCTEMHBIX B3aUMOAEIHCTBHIAL: AuC. ... I-pa reorp. Hayk / B.A. Bokos
— M., 1990. — 406 c.

6 Delcourt H.R. Dynamic plant ecology: the spectrum of vegetation change in space and time / Delcourt H.R., Delcourt P.A.,
Webb T. // Quartenary science review. — 1983. — Vol. 1. — P. 153-175.

7 TwurnsHoBa A.A. Buosoruueckasi MpoayKTHBHOCTh TPaBSHBIX 3KOCHCTeM. I eorpaduueckue 3aKOHOMEPHOCTH U IKOJIOTUUe-
ckue ocobenHoctr / A.A. Tutnsanosa, H.U. Basunesuy, E.W. [lImakoBa, B.A. Cupitko, C.C. [yOsHuna, JL.H. Maromenosa, JL.I'.
Hedenpera, H.B. Cementok, A.A. Tumxkos, Tu Tpan, ®.U. Xakumzsaosa, H.I'. [llatoxuna, Y.O. Keipreic, A.JI. Cam6yy. — HoBso-
cubupck: UITA CO PAH, 2018. — 110 c.

8 Comnues H.A. TIpuponusiii nanamadt u Hekoropbie ero odmue 3akonomeprocts / H.A. Conuues // Tp. II Beecoros. reorp.
cbesna. — T. I. — M.: Teorpadrus, 1948. — C. 258-269.

9 Dyakonov K.N. Landscape studies in Moscow Lomonosov University: development of scientific domains and education /
K.N. Dyakonov // Dyakonov K.N., Kasimov N.S., Khoroshev A.V., Kushlin A.V. (Eds.). Landscape analysis for sustainable devel-
opment. Theory and applications of landscape science in Russia. — Moscow: Alex Publishers, 2007. — P. 11-20.

10 Mopnkosuu B.I'. Crennble sxocuctems! / B.I'. Mopakosua. — HoBocubupck: Axan. m3a-so «I'eo», 2014. — 170 c.

11 Yubunes A.A. Crennast EBpasus: pernoHanbHbIi 0030p npupogHoro pazHoobpasus / A.A. Unbune. — M.; OpenOypr: 1n-
T creriu PAH; PT'O, 2017. — 324 c.

12 Epemeesa A.II. [IpoctpancTBeHHbIE MacIuTaObl nposiBieHus GakTopoB auddepeHunanun nanamadros Byprunckoit cremnu
(Openbdypixsbe) / A.IT. Epemeesa // Bectn. Mock. yH-Ta, Cep. 5: T'eorpadust. — 2012. — Ne 4. — C. 48-53.

13 KanmsikoBa O.I'. XapakTepucTuka HEKOTOPBIX CTeNHBIX (opmanuii ByptuHckoii crenu (3amoBenHuk «OpeHOYprekuii») /
O.T". KanmeikoBa // BectH. Open0ypr. roc. yH-ta. — 2015. — Ne 13 (188). — C. 138-140.

14 Dusaeva G.H. Effects of fire on production and destruction processes in steppe phytocenoses of Burtinskaya Steppe, Oren-
burg Nature Reserve / G.H. Dusaeva, O.G. Kalmykova, N.V. Dusaeva // IOP Conference Series: Earth and Environmental Science.
—2021.— Vol. 9. — 012031.

15 Xopomes A.B. IIpocTpaHcTBeHHAs! CTpYyKTypa Kak (hakTop CTaOMIBHOCTH OHONPOIXYKIMOHHOTO ()YHKIMOHHPOBAHUS CTEI-
HBIX reocucTeM (Ha mpumepe Airyapckoit cremm, FOxusiit Ypan) / A.B. Xopomes // [Ipunmmmst sxonorun. — 2020. — T. 9, Ne 3.
— C. 71-86.

16 Xopomes A.B.JlangmadTHbIE ycaoBHSA CTaOMIBHOCTH (UTONPOAYKIMOHHOTO (YHKIMOHHPOBAHHS B ANTyapckod cremm
(FOxnsrit Ypam) / A.B. Xopomes // Becta. Mock. yu-ta. Cep. 5: I'eorpadmst. — 2021. — Ne 2. — C. 82-91.

17 Khoroshev A.V.Dynamics of phytoproductive functioning of low-mountain steppe landscapes of the Southern Urals /
A.V. Khoroshev // IOP Conference Series: Earth and Environmental Science. — 2021. — Vol. 817. — 012046.

18 Xopowes A.B. JlannmadrHbie GpakTopbl CTAOMIBHOCTH IMHAMHUKH (UTOMACCHI B 3alIOBEIAHBIX M MACTOMIIHBIX HHU3KOTOPHO-
crennbix nangmadrax byprunckoit crenu (FOxubiit Ypan) / A.B. Xopomes, A.Il. Aumxmun, O.I'. Kanmeikosa, I'.X. [ycaesa //
Junamuka u B3aumoneiictsue reocdep 3emin. — T. III. — Tomck: U3a-Bo Tomckoro ITHTH, 2021. — C. 85-88.

19 T'pomsuncekuit M.JI. Jlanamadtaa exonorist / M.JI. I'ponzuncekuii. — Kuis: 3nanns, 2014. — 550 c.

20 Apmang A.Jl. Camoopranuzanust ¥ caMoperyiaupoBaHue reorpapudeckux cucrem / A.JI. Apmann. — M.: Hayka, 1988. —
264 c.

A.B. Xopomes, O.I'. KanmbikoBa, A.Il. AmuxMud

Bepri ganacel (O”TYCcTiK 7KaiibIK) JaHIIAPTHIHBIH
(GUTONPOXYKIHUAJBIK )KYMBIC ICTEYIHIH TMIPOTEPMUSIBIK KaFAaijiapbl

TeorpadusiiblK naHAmadTTBl TeoXKyle perinae Tycinaipy Oenrimi 6ip skarmaitmapia ChIPTKbI CHUTHAJIbIH
KCHICTIKTIK  JJIEMEHTTEpIHIAE YKcac okayam OepeTiHAIriH Jonenjeyai Tajgam  erexi.  Makanana
THIPOTEPMIUSUIBIK JKarmaiimapiasiy esrepyine Onrycrik Opan nmana manmmadgrrsl amementrepiniy (bepri
Jlaachl) PEaKIMACHIHBIH YKCACTBIKTAPhl MCH ailbIpMallbUIBIKTaphl 3epTTenreH. Kaublka KelTipiireH op
Typiai BereramsUiblk  wHAeKC (NDVI)  ¢uTOnpOomyKnMsUIBIK JKYMBIC —iCTEyAiH MayChIM  iNIiHAETI
©3repriluTiriHiH MHAUKATOPbI peTinae maiganansurrad. 2010-2020 skpuigapaarsl BereTalHsIIbIK Ke3eHIer
NDVI cranpaprranran ecinginepinin 110 emmemi capamanrad jxoHe (OHABIK MOJANIBABI MOHASPMEH
caJIbICTBIpFaH/Ia JAMHAMHKa Typiepi perime Ttycinaipineai. IIyHKbIpmapablH, XOTajapblH, Cy OeyeTiH
OeTTepiH MOZAENBAIK LIATKAJIAaphl IIETiHAeri ¢uroMaccanap IMHAMHUKACBIHBIH Ke3[eCyi MEH TYpJIuIiri
THAPOTEPMUSIIBIK JKarJailflapra JKOHE eJIley Mep3iMIepi apachlHIarbl YaKbIT apalbIFbIHBIH Y3aKThIFbIHA
GaitmanbICTEl ©3repeni. JlanmmadTTeiH OIpTUNTI ocep eTy TYTAaCTBIFBI Kyprak Ke3eHuepae Kymeifemi, Oy
Ke3le IIYHKBIpIAap MEH >KOTajdapiarbl (PUTOMAaccaHBIH e3repyi OachkiM OeTkeitiep MeH Teric Oerrepneri
e3repicrep/ieH a3 epekiueneHe/i. PoHIbIK JUHAMUKAaH KaTThl aybITKyNap 2 aiira AeiiHri apanslKTapaa xKui
Oaiikamanpl, Oipak 4-5 aii imiHme eoteneni. bapiblKk BEreTalVsUIBIK KE3CHJICTT THIPOTEPMHUSIIBIK
JKaFIainapbH THHAMUKACh! TaHamadT ayMarsiHIarsl (PUTOMACCAHBIH ©3repicTepiHeH yKcac Kepinemi, Oy
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Hydrothermal conditions of the temporal variability ...

naHAmaTTHIK YABIMHBIH KCHICTIKTIK JKOHE YaKpITIIAa HapaMeTpiiepiniy OalIaHbICBIH  AQJIENICH L.
Penbedreri opnamacybiHa OaiyIaHBICTBI (DHUTOLCHO3MAP JKA3[bIH COHBIHAA BUIFAJIBIH JKETICICYIIiTiriHe
HeMece JKYMBIC iCTey KapKBIHIBUIBIFBIH CaKTail OTHIPHIN (31H-031 YHBIMAACTBIPY) KYPBUIBIMHBIH Oacka
TYpaKThl KyHiHe Kelly apKbUIbl HEMECE XKYMBIC iCTey KapKbIHIBUIBIFBIH TOMEH/ETY apKbUIbl KYPBUIBIMJIBI
cakTay XOJbIMEH OeifiMaeneni (e3iH-031 perTey).

Kinm coe30ep: nana, NDVI, dutomaccaHblH IHHAMHKACHI, BUIFaJIIaHy, TO3IMILTIK, IATKA.

A.B. Xopomes, O.I'. KanmbikoBa, A.Il. AmuxMud

I'maporepmuyeckue ycJa10BHsi H3MEHYHBOCTH (PUTONPOAYKIMOHHOTO
¢pynxkunonupoBanus Janamadra byprunckoi crenu (FQ:xubiid Ypau)

Hurepnperanus reorpaduyeckoro nasmadra Kak reocucTeMbl TpeOyeT J0Ka3aTeNbCTB, YTO MPH OMpese-
JIEHHBIX YCJIOBUSIX BHEIIHMI CHTHAIl UMEET CXOIHBIN OTKIMK B €€ NMPOCTPAHCTBEHHBIX 3JIEMEHTaX. B craThe
HCCIIE0BAHBI CXOICTBA U Pa3JINIMs PEaKkUH 3JIEMEHTOB cTenHoro janamadra FOxxHoro Vpana (Byptuackas
CTeNb) Ha BAapbUPOBAHME THAPOTEPMHUUECKUX ycIoBHH. HopMmanm3oBaHHBIN pa3sHOCTHBIM BereTar[OHHBII
nangexc (NDVI) ncmonmb3yercss Kak HMHAMKATOpP BHYTPHCE30HHOW HM3MEHYMBOCTH (UTONPOTYKIMOHHOTO
¢ynkuuronupoBanus. 110 nu3MepeHuii crangapTH30BaHHBIX npupamenniit NDVI B TeueHne BereTaroHHOTo
nepuoaa 2010-2020 rr. paHXUpOBaHBl ¥ UHTEPIPETUPOBAHbI KaK THIIBI AMHAMUKU B CPABHEHHH C (POHOBBIMHU
MOJaNbHBIMU 3HaU4eHUsIMH. BeTpeyaemocTs U pazHOOOpasue THUMOB AMHAMHKU (PUTOMACCHI B Tpeenax Mo-
JETbHBIX YPOUHII JIOIIUH, rpeOHel, BOIOpa3IebHBIX MOBEPXHOCTEH BapbUPYIOT B 3aBUCUMOCTH OT THIPO-
TEPMHUUECKHX YCIOBUI U IIUTEIBHOCTH BPEMEHHOTO MHTEpBalia MEeXIy cpokaMu u3mepeHus. LlenocTHocTh
OJHOTHUITHOTO PearnpoBaHMs JIAaHAMA(Ta yCUIINBACTCS B 3aCYIIUINBBIE EPHOJIBI, KOTAa H3MEHEHHs purToMac-
CHI B JIOIIMHAX M HA TPEOHAX MaJ0 OTIMYAIOTCSA OT TAaKOBBIX Ha NMPeoOafalouX IO IUIOIAg CKIOHAX U
IUTOCKUX TOBEPXHOCTSIX. CHIIbHBIE OTKIOHEHHS OT ()OHOBOU IMHAMUKH Yallle MPOSIBIAIOTCS Ha MHTEpBaax
JI0 2 MecCsIeB, HO KOMIICHCHPYIOTCS B TedeHHe 4—5 MecsineB. J[nHaMIKa THIPOTEPMHIECKHX yCIOBHH 3a BECh
BETCTAL[MOHHBIIl EPUO CXOAHBIM 00pa3oM MpPOSBIAETCA B U3MEHEHUSX (DUTOMACCHI HA TEPPUTOPHHU JIAH[-
madTa, 9TO J0Ka3bIBAET CBSA3b MPOCTPAHCTBEHHBIX M BPEMEHHBIX MAapaMeTPOB JaHAMA(THON opraHu3aIyu.
B 3aBHCHMOCTH OT MECTONOJIOXKEHUS B penbede QUTOLECHO3B! aNaNTUPYIOTCSA K NMO3IAHEICTHEMY AeduuuTy
BJIaT JINOO MyTeM Mepexojia B JPYroe yCTOWUYMBOE COCTOSTHUE CTPYKTYPHI IIPH COXPAaHEHUH HHTEHCUBHOCTH
(YHKIMOHUPOBaHUS (CaMOOPTaHMU3aNKs ), TNOO0 IyTEeM COXPAHEHUS CTPYKTYpHI IIPH YMEHBIIEHHN HHTCHCHB-
HOCTH ()yHKIMOHMPOBAHHMS (CaMOPETyJIMPOBaHUE).

Knioueswvie crosa: crenb, NDVI, nuHaMuka GuTOMACCHI, YBIQXKHEHHE, YCTOMYMBOCTD, YPOUHIIE, THIPOTEP-
MHUYECKHUE yCIIOBUS, MECTOIIOJIOKECHUS B pelbede, MO3THENCTHUI NeQHUIUT BIard.
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MEPENTOW MECI
K FOBUIEIO
ANNIVERSARY

K 75-neTHeMy ro0u/1e10 M3BECTHOIO YYEHOIO,
JOKTOpPAa MEeJUIMHCKHUX HAYK, Ipo(deccopa
Kaparanaunckoro ynusepcurera um. akaa. E.A. bykerosa
MEHPAMOBA TABUTA TABJIYJUIOBUYA

I'.I'. MeiipamoB (1947 T1.p.) —  wuCClIeIOBaTEIb-THAOCTOIOT.
B 1971 r. oxonumnn KaparaHmuHCKHA METUITMHCKHA WHCTUTYT. Hagamo
€ro Hay4yHoi pa®oTbl mpuxoautcs Ha 1964 r. YHHKaIbHOE HalpaBICHUE
WCCIIEIOBAaHNN yUEHOT0 Ha MPOTHKEHUH Ooiee yeM S50-1eTHEro mepuonaa
(1964-2022) — wusydecHHE MEXAaHW3MOB PA3BUTHS M IPEIOTBPAIICHUS
nua0era, BhI3BIBAEMOT0 XMMUYECKUMH KOMILIEKCOOOPa3yIONUMH COC/THU-
HEHUSMHU, B TOM YHCJIE 00pa3yIONIUXCs B OPraHu3Me 4eI0BeKa.

On aBtOp 176 HaydHBIX padoOT, OMyOJUKOBAHHBIX B BEAYIIHUX XKYp-
Hanax Poccuu, ®PI', ABctpanuu, Anonuun, Ucnanuu, Aarnuu, @paniuu,
CIIA, Uranuu, Kananel, [lIBerun, Kazaxcrana, B ToMm uuciie 54 — B BEI-
COKOPEUTHHTOBBIX ITUTUPYEMBIX 3apyOeKHBIX kypHanmax (Thomson Reu-
ters, Scopus).

SIBnsiics MPUTITANICHHBIM YJICHOM AMEPHKaHCKOW auadeTosioruye-
ckoit accommaruu (CIIA,1999-2005). B 1988-2011 rr. BbIe3®)an ¢ J0-
KJIaZJlaMA Ha BCEMHpPHBIE, €BPOTIEWCKIE W aMEePUKAaHCKHE KOHTPECCHI JHa-
oeronoroB B Cunnedt, MockBy, Bammunrron, bapcenmony, Amcrepmam,
Jluccabon, bepnun, Komnenraren, Beny, ®pankdypr-Ha-Maiine, Xenb-
cunkwn, roccenpaopd, ManrcOpyk, 3ansioypr, Kapncoypr, ['efinensoepr, JlyOaii, a Takxke ¢ TOKIagaMH 10
npurnamenuto yausepcuteroB OPIT m Arctpanuu. Jloknan B CugHee Ha BeceMupHOM KOHTpecce nuadeTo-
noroB (1988) ormeuen B uncne 50-u npemupoBaHHbIX U3 1200 npenctasneHnbix. B 1979-1995 rr. pabortan
CTIEITHATICTOM MEIUIIMHCKUX TPOU3BOACTBEHHBIX oObeamHeHnit MPI' Ha opranm3oBaHHBIX B/O «3kcmo-
eHTp» (CCCP, Mockga) 16 MexxayHapOIHBIX MEIUIIMHCKUX BBICTaBKax B Mockse, JIeHuHTpage n AyimMa-
ArTe, 4TO MO3BOJIUJIO €My OOECIIEYHTh MCCIeN0BaHus OecriaTHeIME peaktuBamu. [Ipomien Gonee 10 creru-
anM3aluid o0 METOoJaM HCCIIeIoBaHmii, oOecrneueHHbIX jabopatopusmu KapicOypra (6), Jleinmmra (1),
Cunnes (3) u Amcrepmama (1).

ITo mpeanoxxenuto MunmcrepcTBa 3npaBooxpanenus Pecnyonuku Kazaxcran moaroroeun ['ocymap-
cTBeHHYI0 nporpammy «Jlmnader. 2000-2003», yrBepxkaeHayo 30.06.2000 r. [Ipencemnarenem IlpaButensb-
ctBa K.-XX.K.TokaeBbM

OTMeueH TpaHTaMu Il HCCIeOBaHMi, BeIMaHHbIME MHCTHTYTOM J{Mabeta, ['peridcBanpackum YHU-
Bepcurerom, ®PI), HeMmelkuMu, aBCTpaNMUCKUMHU, (PAHIY3CKUMHU, aBCTPUHCKUMH U aMEPUKAHCKHUMU
Hay4YHBIMA [IEHTpaMHU U (hUpMaMu; TpaHTaMH Ha TI0e3KK Ha KoHTpecchl B Cunnee, Bammnarrone, Ko6e, Ko-
nienrarene, Jluccabone, bapcenone, Bene, ®pankdypre-Ha-Maiine, ['eiinensoepre, AMcrepaame, MHCOPY-
ke, Jroccenpnopde, XenbCHHKY.

ITo pe3ynbpTataM HaydyHBIX HCCIEAOBaHUM HarpaxiaeH opiaeHoM «3Hak [lowera» (CCCP, Mocksa,
1986). B r. Cunnee B 1992 1. 0ouHO oTMedeH 3BaHMEeM «Il0YeTHBIN WieH DHIOKPHHOIOTHIECKOTO HAYYHOTO
neHTpa Koponesckoro rocnutans Ilpuama Anbdpena CHIHEHCKOTO YHUBEPCHUTETa» C BBIIAYCH TpaHTa U
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JUYHOH JEHEXHON NpeMuu OT BHIle-TipesuaeHTa MexnyHaponnoir ®enepanun uabera (IDF) mpod.
JIx.P. Taptn (r. Cunneir) u Bune-npesunenta IDF Jlopasr Memtop (r. CugHeit).

I'.I". MeifpaMoB HaunWHaJ CBOIO pabOTy B manekoMm 1964 T. cTymeHTOM-HCCaea0BaTeNieM, a CETOIHSI OH
M3BECTHBIM YYCHBIH, TOKTOP MEAMIMHCKUX HayK, mpodeccop KaparaHamHCKOrO yHHBEPCUTETa WM. aKaie-
muka E.A. bykeroBa. Ero xanmuaarckas aucceprarus Obura 3amuieHa depe3 11 jeT mocine Hagaia uccie-
noBauus (1964-1975), noktopckas — depe3 18 et (1975-1993). OcHOBHOE Kpemo YIEHOro B paboTe U
»u3uu — TEPITEHUE U BPEMA!

VYBaxaewmbiii ['abut ['abaynmouu! Bel HacTOSIIUI YUYEHBIH, NapsAlIuil CBOH TaJaHT HE TOJIBKO HAyKe,
HO U MOJIOJIOMY, XaXIyIIeMy 3HaHUW MOKOJEeHHIO. [IpuMuTe caMble HCKpPEHHHE MO3APABICHUS U BBIPAXKE-
HUE TIyOOKOW MPHU3HATEIBHOCTH 3a Bamr Bkiiag B pa3BuThe Hayku. JKemaeMm 100WIAPY MONTHX JIET JKU3HH,
KPEIKOT0 3/I0pPOBbS, YIOTa, CUACThs U J00pa!

C ysaoicenuem, Koiekmug buonozo-eeocpagpuyeckozo gaxyibmema
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3umHss mkona—2022
«Oprann3zanus I'epoapHbix ¢poH0B
JJIsl YCTOM4YHMBOrO yIpaBJieHUusi Onopecypcamm»

C 21 mo 25 ¢espans 2022 r. Ha 6a3e Kazaxckoro arporexnmueckoro ynusepcurera um. C.Celi-
¢ynnuHa nponuta MexayHaponHas 3uMHss mkona—2022 Ha Temy «Opranuzanus [epOapHbix QoHIOB
IUTS YCTOHYHMBOTO YTIpaBieHUsI Onopecypcamm». B ee paboTe MpUHSIM ydacTHe YUEHbIE, MPEToaaBaTel U
CTYIEHTHI n3 19 yHUBEpPCHUTETOB, 5 HayIHO-HUCCIIENOBATEILCKUX MHCTUTYTOB Kazaxcrana, Apmenun, bemo-
pyccun, Keipreiscrana, Poccun. PaboTa mkosna nporiiia B OHIaliH peKuMe.

B pamkax 3uMHE#H MIKOJIBI pacCCMOTPEHBI MPOOJIEMBI OpraHU3aIlil TepOapreB B HAMPABICHWN OTBITA
MPUMEHEHUs] TepOapHBIX KOJUIEKIIMA B Y4eOHO-00pa30BaTENbHON JEATENHHOCTH BY30B; B HAydHO-
HCCIIEI0BATENbCKUX pa3paboTKax; ouu(ppoBKE M CO3AaHUM Oa3bl IaHHBIX TrepOapHeB; COBPEMEHHBIE
TpeGoBaHUA K GOPMUPOBaHMIO TepOapHBIX (OHAOB U COXPAHEHHIO KOJUIEKIHH. [ epOapHble KOMIEKIMH —
9TO HAIMOHAIBHOE JTOCTOSHHUE KaKIO0W CTpaHbl, UMEIOT Ba)XHOE 3HAYeHHE B 00pa30BaTEIbHON W HAYyYHOU
pabore.

Bricokyro o1leHKy TeMaTHKe, ypOBHIO OpraHH3auuy 3UMHEH IKojbl nanu nupektop Kysbacckoro 6o-
Taandeckoro cana (P®), nokTop Omonmornyeckux Hayk, mpodeccop A.H. KynpusHos, 3aBeayromas OTaeiIoM
repbapusi, kKaHmuAaT Omonormdeckux Hayk M.A. XpycrameBa. Yuenwsie MuctHTyTa 60TaHWKM MM. A. Tax-
tamksiHa HAH PecniyOnukn Apmenust M.S1. AcatpsH, kananaaT OMOJIOrHYeckux Hayk, A.A. Dn0aksH, KaH-
IuaaT OMONOTHYECKUX HAyK, HaydHbIe COTPYIHUKH OTaena CHCTEeMAaTHKH W Teorpaduu BBICIINX PAaCTCHHU
OCBETHJIM MCTOPHYECKHE KOPHHU CO3IaHMA, COXpaHEHNs, oaepxkaans [ epdapHoro ¢hoHIa CBOETO MHCTUTY-
Ta, MoKa3aau OoraTelInyro KOIIeKuo pacTeHnid KaBka3zckoro pernona.

Hupextop borannueckoro caga Keipreizckoro HanroHansHOro yHuBepcuteta uM. JK. banacarsina kaH-
munat ononornyeckux Hayk Y.A. HeBepaeB BbICKazaj MBICIH O TOM, YTO HA OCHOBAaHHHW aHAlM3a MaTepHa-
JIOB, XpaHAIIUXCS B TepOapusx, MOSBISIETCS BO3MOXHOCTH IS (hJIOPUCTUIECKOTO0 MOHUTOpPHHTA «TOIBKO
3[€Ch MOKHO YBHJIETh U3MEHEHHE (DIOPUCTHUYECKOrO Pa3sHOOOpa3usi BO BpEMEHH, BBIIENUTh T€ BUABI, KOTO-
PBIM TPO3UT YHHUTOKEHHUE HITH TMIPOCIIEAUTH arpECCHIO HOBBIX BHJIOB.

Crenmanmuctel KazaxcTana mpecTaBiiin CEpUH JOKIAI0B HAa PA3IMYHBIE TEMBI, OXBATHIBAIONINE aAKTY-
aJbHBIE MPOOJIEMBbI COBPEMEHHOTO COCTOSIHUS repOapueB B yupexaeHusx Kasaxcrana. Tak, caenanu moxia-
Ibl 3aMECTUTENb 110 Hay4YHOU paboTe MHCTHTYTa O0TAHUKK ¥ PUTOMHTPOLYKIMHU, KAHTUAAT ONOJOTHYECKHX
Hayk [1.B. BecenoBa «OmbIT npuMeHEeHHsI TepOapHBIX KOJICKIIUNYA B HAYYHO-UCCIIEA0BATEIECKON e TeIhHO-
CTH»; HayYHBIA COTPYIHHK 3TOro ke mHCTUTyTa b.b. OcMonamu «OnbiT nudpoBuzanuu u GopMUpOBaHUS
Ba3bl nanHbIX TepOapueBy; 3aBeqyronmid Jaboparopuei GJopsl ¥ MPUPOAHBIX PECypcoB ACTaHMHCKOTO 00-
TaHWYIECKOTO cafa, kKaununat ononormueckux Hayk C.A. KybGeHraeB gomoxxun mHpopMarmo «Dopmupoa-
Hue ['epbaproro hoHma ACTAHHHCKOTO OOTAHUIECKOTO Ccaiay.

OueHb UHTEpECHBIE MaTepHaIbl ObUIM OCBELICHBI B OKIaaxX CHENUAINCTOB U3 YHUBEPCUTETOB: «I ep-
OapHBIE KOJUICKITMH Kak 0a3za ydeOH0-00pa30BaTeNbHON ACATENHHOCTH BY3a, MPEHMYINECTBa (DaKyIbTeTa
ouosytornn 1 OnotexHonoruu u Hegocratkm» (K. T. AGuakymoBa, CT. penoaaBateias Kadeapsl OHopazHoo0-
pasus u 6uopecypcoB HAO «Kazaxckuii HallMOHaJIBHBIN YHUBEpCUTET UM. anb-Dapabuy); «Dnopa Yisitay
u pazpabotka onpenenutens» (M.}O. UmmypatoBa, npodeccop, kaHauaat Ononornueckux Hayk, Kaparan-
JTUHCKHWA TOCYIapCTBEHHBIM YHUBEPCHUTET UM. akamemMuka E.A. bykeroma); «['epbapHas koieknus Kaden-
pel Ouonormu W xumuu B KocTaHalickoM TOCyJapCTBEHHOM YyHUBepcutere uM. A.  BalTypcbiHOBa»
(' K. CynranrasuHa, kaHgunaT Owojormyeckux Hayk, KocraHalickuil TocymapcTBEHHBI YHHBEPCHTET
uM. A. baiitypceiHoBa). CirymaTeny 03HaKOMIIIHUCH ¢ TEMAaTHKaMU TATUIOMHBIX U JHCCEPTAIMOHHBIX HCCIe-
JIOBaHUH 00yYarOIIUXCS B YKA3aHHBIX BY3aX, C METOIOJIOTHUSCKIUMHE opMaMu padoT.
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[o cenuduyecknM KoJUIEKUUAM TPHOOB M JTUIIAHHUKOB TOJIOKHIIN COTPYIHUKH KeMepoBckoro rocy-
JApCTBEHHOTO yHHBepcuTeTa «MUKoIornyeckass KOJUIEKIHsI Kadeapsl SKOJIOTHH U MPHUPOIOTIONH30BAHNS B
y4eOHO-00pa30BaTEIFHON W HAYYHO-HCCIIEA0BATEIECKON JAEATEIIBHOCTIY (KaHAUIAT OMOIOTHYECKUX HAyK
A.B. ®wmnnosa, poueHt (KemepoBckuii rocynapcTBeHHBIH yHHBepcuteT, P®D), «Bypabaii memiekeTTik
YITTHIK OarblHOAFbl KbIHAJAp JKOHE OJApABIH KOpIIAaFaH OPTaHBIH JIACTAHYBIH aHBIKTayJarbl OWOWHIH-
karusutblk MaHbI3ED (K. T. bykaGaera, ct. mpenogaBatens «Alikhan Bokeikhan University», r. Cemeit).

B pabote 3umHel MIKONBI MPUHSIM yYacTHE KOJUIEKTHB MPO(ECcCcCOpCKO-MPenoaBaTebckoro cocraBa
Kadeapsl TypusMa, MPUPOIOINOIL30BAHUS U OXOTOBEAEHHUS benopycckoro rocynapcTBEHHOTO TEXHOJOTH-
YeCKOT0 yHHBEpPCHUTETa: 3aBeayromas Kadeapoi, KaHauaaT ononorndecknx Hayk, gorneHT S1.A. llanoposa;
IOKTOp Owmomormueckux Hayk, mpodeccop B.M. Kamnmd, kangumat OHONOTHYECKHMX HAyK, OICHT
O.B. Baxyp.

Ha 3akmountensHOM 3acemaHni 3UMHEH IIKOJIBI OBIT MPEACTaBICH JOKIAA O COCTOSHUM ['epbapHOro
¢donna B Kazaxckom arporexamueckoMm yHuBepcuteTe M. C. CeiidyimmHa. beuto otMeueno, uto cbop Ma-
Tepuajia MPOBOAUTCS BO BpeMs YUEOHBIX MPAKTHK 10 OOTAHWYESCKUM JUCIMILIMHAM, B IIEPUOJ] IPOBEICHUS
AKCIICAUIINY TIPU PeaTu3allii HAyYHBIX MPOCKTOB.

B Pe3omrormnu 3uMHEH TTKOJIBI IPEIOKEHO YCHIIUTD padoTy 1O CO3MaHui0 PernoHaasHEIX repOapuen
B rOCYJIaPCTBEHHBIX U PETMOHAIBHBIX YHUBEPCUTETAX M HAa MX 0a3e MPUCTYNMHTH K pa3paboTke Pernonains-
HBIX OIpeNeNHuTeNel pacTeHNH KaKk OCHOBBI (PIIOPUCTHUECKHUX 3HAHMN HaceneHus. Mitorom paboTsl 3uMHei
IITKOJIBI CTAJIO CO3/IaHMe IUTOIIAIKH s oOMeHa HaydHO# nHpopManuen, MpakKTHIeCKIMHI PEeKOMEH/IaIlHs-
MU IS YIYYIISHUS UCTIOB30BaHMs TepOapHbBIX KOJUIEKIIMA OpraHu3anuii B y9eOHOW, HayqYHO-HNCCIeI0Ba-
TEJIbCKOW paboTe CHEeHaTiCTOB PAa3InYHOTO NPOQUIIs. YUaCTHUKH 3UMHEH LIKOJBI MOMYyYUIH UMEHHBIE
cepTU(HUKATEHI.
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