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OUTOCAHUTAPHAS OLIEHKA COCTOAAHUA
TPOIMUYECKUX U CYBTPOINMUYECKUX PACTEHUN
B YCAOBUSAX 3AKPLITOIO I'PYHTA

OCHOBY MCCAEAOBAHUI COCTABASIOT YHWMKAAbHbIE KOAAEKLMU TPOMUUECKMX U CyOTPONMUecKmnx
pactenunn TBC. DUTOCAHUTAPHBLIA MOHWUTOPWMHI TMPOBOAMACS B Aabopatopum «Tponuueckux u
Cy6Tponuuecknx pacteHuit»: OpaHxkepee, CTEKASIHHOM MPOU3BOACTBEHHON TENAMLE M KOPEMCKOM
Tenauue. AAs BbISBAEHUS 04aroB 60AE3HEN 1 BpeAUTEAEN MCMIOAb30BaAM OBLLENPUHSTbIE METOANYECKUE
yKazaHusi. [10 BbIIBAEHMIO M OMMCAHUIO BUAOBOIO COCTaBA BPEAHbIX OPraHM3mMOB ObIAM UCMOAb30BaHbI
CMPaBOYHMKM U OMpPeAEAUTEAU. HaAnume BpeAnUTEAS ONPEAEASIAM BU3YaAbHO. AAS OLEHKM COCTOSIHUS
pacTeHWI Ha yyacTKe MPOBOAMAM MApPLUPYTHblE 0OCAEAOBAHMS M TUATEABHO OCMAaTPUBAAM CTBOAbI,
MOPOCAb, BETKM KPOHbI, HUXKHIOK M BEPXHIOID CTOPOHbI AMCTbEB, MPU HEOBXOAMMOCTM OTOMpPaAU
npobHble 06pasupl. B 3aBUCMMOCTM OT TUMa MOpakeHus M MOBPEXAEHUs (HacakaeHus) npoba
NPeACTaBASET COBOIM YUYETHYIO MAOLLAAKY MAM Tpynny pacTeHuin. B pesyabtate dmTOoCaHUTApHOrO
MOHUTOPMHIa OpaH>KepenHo-TenAnYHoro komnaekca ['bC 6bIAM yCTaHOBAEHbI CAEAYIOLLME BPEAUTEAM:
Trialeurodes vaporariorum Westw. — opaHxepeiHas 6eAokpblAka; Pseudococcus affinis Mask. —
NMPUMOPCKUI MyYHUCTbIN YepBeL; Diaspis boisduvalii Sign. — naabmoBas wiMToBka; Tetranychus urticae L.
— 06bIKHOBEHHbIN NMAyTUHHBIN KAel; Myzodes persicae — 3eAeHas, NepCcuKoBasi, A OpaHKepernHast TAS.
HekoTopble pacTeHusi GbIAM 3aCEAEHbI HECKOABKMMM BPEAUTEASIMM OAHOBPEMEHHO. PacripocTpaHerue
CaxmcToro rpmba CBSA3AHO C XKM3HEAESITEAbHOCTbIO 3TUX BpeamuTeAer. bbiaa npoBeaeHa oueHka
3apaXKEHHOCTU BPEAHbIMM OpraHM3Mammu TPOMUUECKMX U CyOTPOMUUECKMX PACTEHUIA U OMPEAEAEHDI
HanboAee BOCMPUMMUMBBIE K BPEAMTEASIM pacTeHus. K MacCoBOMy 3aceAeHuio BpeauTeAeit
NMOABEP>KEHbI PACTEHUSI CEMENCTBA: PYTOBbIE, TYTOBbIE, MAAbBOBbIE, BUHOIPAAOBbIE U MAAbMOBbIE.

KaloueBble cAoBa: BpeAuTeAM, Tponuueckue u cyb6Tponuueckue pacTeHus, OopaH>KepenHo-
TEeMAMYHBIA KOMIMAEKC, 3alMTa PacTeHNN.

R.Zh. Abdukerim'™, Sh.K. Masalimova?

TAl-Farabi Kazakh National University, Kazakhstan, Almaty
2Institute of Botany and Phytointroduction, Kazakhstan, Almaty
*e-mail: rauza91@mail.ru

Phytosanitary assessment of the state of tropical and subtropical plants
in protected ground conditions

The research is based on the unique collections of tropical and subtropical plants of the MBG.
Phytosanitary monitoring was carried out in the laboratory of «Tropical and Subtropical plants»: Or-
angery, glass greenhouse and Korean greenhouse. For identification of centers of diseases and pests,
we used generally accepted methodological guidelines. To identify and describe the species composi-
tion of harmful organisms were used reference books and determinants. The location of the pests was
determined visually. We organized route surveys to assess the condition of the plants on the land and
carefully checked trunks, shoots, branches of the crown, the lower and upper sides of the leaves, if nec-
essary, collected test samples. Depending on the type of lesion and damage (plantings), the sample is an
accounting landing or a group of plants. As a result of the phytosanitary monitoring of the greenhouse
complex of the MBG, the next pests were identified: Trialeurodes vaporariorum Westw.; Pseudococcus
affinis Mask.; Diaspis boisduvalii Sign.; Tetranychus urticae L.; Myzodes persicae. Some plants were
colonization by several pests at the same time. The spread of the sooty fungus is associated with the life
activity of these pests. The pest infection of tropical and subtropical plants was evaluated and the most
susceptible plants were identified. Plants of the family: Rutaceae, Moraceae, Malvaceae, Vitaceae and
Palmae are susceptible to mass colonization of pests.

Key words: pests, tropical and subtropical plants, orangery and greenhouse complex, plant protec-
tion.
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JKabblK, araHAAFbl TPOMUKAADIK, XKOHE CYOTPOINMMKAAbIK, 6CIMAIKTEPAIH,
)KaFAaibiH (PUTOCAHUTAPABIK, OaFaray

3epTTeyAiH HerisiH bbb Tponukaabik >koHe CyBTPONMKaAbIK, ©CIMAIKTEPIHIH epeKLIe KOAAEKLMSCbI
Kypanabl. DOUTOCAHUTAPABIK, MOHWUTOPUHI  «TPOMUKAABIK, K8HE CyBTPOMNMKaAbIK, — OCIMAIKTEP»
3epTxaHacblHAQ XKYPri3iAAi: OpaHXKepes, eHAIPICTIK LWbIHbl >KbIAbIKaMbl XX8HEe KOpen >XblAbIKaibl.
AypyAap MeH 3USHKECTEPAIH OLIAKTAPbIH aHbIKTAY YLUiH XKaAMbl KAObIAAQHFAH BAICTEMEAIK HYCKAyAap
KOAAQHBIAABL.  3UMSIHABI  OPraHM3MAEPAIH TYPAIK KypaMbiH aHbIKTay >K8He cunartay 6omblHLIA
AHbIKTaMaAbIKTap MeH aHbIKTaybIlTap MNaiAAAAHbIAAbL. 3USHKECTEPAIH CaHbl K&36eH aHbIKTaAADI.
Yuackeaeri ©CIMAIKTEPAIH >Kai-KyiiH Gararay YliH MapLUpyTTbIK, TEKCEPYAEpP >KYPri3iAAi >KaHe
AiHrekTep, 6ytanap, ToxXAiH 6yTakTapbl, XanbipakTapAblH, TOMEHT| XKOHe XOFapFbl XKaKTapbl MyKUST
TeKCepiAAi, KaKeT GOAFaH XaFAaMAQ CbiHaMa YATIAEpPi aAbIHABI. 3aAAAAQHY XKBHE 3aKbIMAAHY (ekreAep)
TypiHe 6anAaHbICTbI ChiHAMA eCErKe aAy aAaHblH Hemece ecimMaikTep TobbiH Kypaabl. BBB opaHxxepes-
>KbIABIDKAM KelleHiHiH (UTOCAHUTAPAbIK, MOHUTOPUHII HOTUXECIHAE KeAeCi 3MSHKECTep aHbIKTAAAbI:
Trialeurodes vaporariorum Westw. — >blabKait ak, kebeaeri; Pseudococcus affinis Mask. — npumop
YHABI cbiMbIpbl; Diaspis boisduvalii Sign. — naabma KaAkaHiua cbimbipbl; Tetranychus urticae L. — kaaimri
epmekLi KeHe; Myzodes persicae — >kacblA, WwabAaAbl HEMECE XbliAblkan Giteci. Kenbip ecimaikrep
6ip yakpiTTa 6ipHelle 3usHKeCTepMeH KoOHbICTaHFaH. Kapakyre caHblpaykKyAafblHblH —TapaAybl
OCbl 3USIHKECTEPAIH OMIpAIK 6eACeHAIAIrIMEH 6aiAaHbICTbl. TPOMMKAABIK, >KOHE CyOTPONMKaAbIK,
OCIMAIKTEPAIH 3USIHADBI aF3aAaPMEH 3aAaAAaHYbIH BaraAay >KYPri3iAAi >KoHe 3USIHKeCTepre eH cesiMTan
OCIMAIKTED aHbIKTaAAbI. 3USHKECTEPAIH >Kanmnan KOHbICTaHyblHa OeiiM KeAeTIH KeAecCi TyKbIMAACKa

>KaTaTblH 6CIMAIKTEP: pyTaAap, TYT, MaAbBa, >KY3iM >KOHe MaAbMa.
TyHiH ce3aep: 3usgHKECTep, TPOMUKAAbIK, KOHE CyOTPOMNMKAABIK OCIMAIKTED, OpaH>Kepesi->KblAbIXKai

KelleHi, eCiMAiK KopFay.

CokpameHusi ¥ 0003HAYEHUS
I'BC — I'maBHBIN OOTAaHUYECKUHA cal
BBenenune

OpanxepelHO-TeIUIMYHBI KOMIUIEKC OOTaHH-
YECKHX CaZ0B — YHHUKaJIbHas PasHOBUAHOCThL 3a-
LIUILEHHOIO I'PYHTa, OCHOBHOM 3aJadyeil KOTOPBIX
ABJISIETCSl TIOTIOJTHEHUE M COXpaHeHHe OMOpa3zHOo-
Opaszusi TPONNYECKUX M CYyOTPONMUYECKUX PACTECHUN
B YCIIOBHSIX 3aIMIIEHHOTO TpyHTa [1-2].

[lepBbie pabOTHI MO UHTPOAYKIMHA KOMHATHBIX
LBETOYHBIX KyJIbTYp B l71aBHOM OoOTaHMYECKOM
cajJly HayalHuch cpa3y IIOClie OpTaHU3allMU OTIe-
na usetoBoacTBa B 1934 r. UyTs mozxke, B 1935 .,
ObLIa TIOCTpOCHA HEeOObIIas Terundka Ha 50 KB.M.,
rie ObUI COCPEIOTOUYCHBI PA3TIMYHBIE TPOIINIECKUE
U CyOTpONMUYECKHE pacTeHHs, IPUHATHIE B KOMHAT-
HOM CaJJOBOJICTBE: LICHHbIE BUABI [TAJIbM, CYKKYJICH-
TOB, JEKOPATHBHBIX KOMHATHBIX pacTeHUil. boiib-
IIOM TOJTYOK Pa3BUTHIO OPAHKEPEHHO-TETUIMYHBIX
KYJIBTYD JIaJIO 3aBEPIIEHIE CTPOUTEIILCTBA SKCIIO3H-
IIMOHHOM opamxepeu B 1969 r., monesnas miouanb
KoTopoit cocrauia 1025 m? [3]. B aanbHeiinem
JUISL UHTPOYKIHHU TPOIIMYECKUX U CyOTPOIMUECKUX
pacTeHunit ObUIM TIOCTPOEHBI €IIle ABE TEIUIUIIBI.

Komnmeknust Tponnyecknx u CyOTpONMHYECKUX
pacTeHHi SKCMO3UIIMOHHOW OpaH)Xeper HaCUUTHI-
BaeT okoi0 620 BuI0B U copToB U3 213 pogoB u 92
ceMelcTB. PacTeHus KOJUIEKIIUU OpaHKepPEU MTPOUC-
XOJSIT U3 Pa3HbIX paiioHOB 3eMHOTO mapa, Adpu-
KH, I0T0-BOCTOUHOU Asum, ABctpanuu, CeBepHOU
u FOxHoit Amepuku [4]. KomreKkimmoHHBINH (QOHIT
TPONMYECKUX M CYOTPOIIMUYECKHX PACTCHUH UMEeT
OOJBIIYIO HEHHOCTD U1l HAYKH U CITYKUT 0a30H A7
OCYIIECTBJICHHS MY3€HHO-TIPOCBETUTENBHON pabo-
TBI, IEMOHCTPHpYIOLIeH 60raTcTBO U pazHooOpasue
(IIOpBI TPOIMKOB U CYOTPOITUKOB MUpa [5].

B nocnegnue roapl acCOPTUMEHT KOJUIEKIIUU
OpPaHXEPEUHO-TEIUIMYHBIX PACTEHUN PACILIUPSIETCS
3a cueT MpUB03a U3 3anaaHbIX cTpaH. [lomanas B pas-
JIMYHBIE YCIIOBUS, TPOITMYECKHE U CYOTPOITMIECKIE
pacTeHHs MEePeHOCAT CHIIbHBIN cTpecc OT Ipolecca
aJlanTaliy, YTO BBI3BIBAET CHIDKCHHE UMMYHUTETA
U, KaK CIIEACTBUE, HU3KYIO COIPOTUBISEMOCTh K
HeONaronpuaTHBIM (QaKTopam cpelbl, B TOM YHCIEe
BO3JIEHCTBHIO OOJNIe3HEH U BpeauTenei [6].

I[To nwTepaTypHBIM JaHHBIM HHTPOMYKIIHSI
pacTeHHi Bcera CONMpPOBOXKIANACh PACIIUPEHUEM
BHUJIOBOT'O COCTaBa BPEOHBIX OPraHU3MOB, KOTOPbHIE
MOSIBISLTUCh BMECTE C TOCAJOYHBIM MaTepHalIOM,
MO3TOMY (PUTOCAHUTAPHASI CUTYaIUs B OPaHKEPesix
cajia CJI0’)KHEE, UeM B OTKPBITOM IpyHTe. OHa MeHee
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qDPITOC&HI/ITapHaSI OIICHKAa COCTOSIHUS TPOITUIECKUX U Cy6TpOHI/I‘{eCKI/IX paCTeHI/Iﬁ B YCJIOBHAX 3aKPBITOTO I'PyHTA

cTa0uIbHA, 4TO 00YCIIOBJICHO BBHICOKUMH TEMIIAMHU
Pa3MHOKEHUSI BpeAUTENEeH B YCIOBUAX MUKPOKIH-
MaTa opaHxepei (MOBBILIEHHAs BIaKHOCTb, BBICO-
KHE TeMIIEPaTyphl), a TAKIKE OTCYTCTBHEM JIaBJICHHS
CO CTOPOHBI €CTECTBEHHBIX XUIIIHUKOB U [1apa3UTOB.
PacteHus B 3THX yCIOBUSIX MEHEE YCTOMYMBBHI K
BpEIUTENSIM [0 CPAaBHEHUIO C PACTCHUSIMU, MPOU3-
pacTaroIMMU Ha HKCIO3ULHAX OTKPBITOrO TPYHTA,
TaK Kak B OpaHXepesx MOJepKUBAIOTCS yCIOBUS,
KOTOpBIE MO3BOIISIOT (huToaram pa3BUBATHCS KPY-
rroroaugHo [7-10].

3apakeHHbIE BPEIUTENSIMU PAcTEHUS TEPSIOT
JEKOpaTHUBHBIE KAYeCTBa, SCTETUUECKUM BUI, MPO-
HCXOAWUT M3MEHeHHe MOpP(POOHONIOTHYECKUX U KO-
JIMYECTBEHHBIX ITPU3HAKOB, TO3TOMY HY>KHO IPOBO-
IUTHh PETYJSPHBIA (UTOCAHUTAPHBIA MOHHTOPUHT
JUII CBOEBPEMEHHOTO BBISBJICHHSI OYaroB 3apaxke-
HUS ¥ MPUMEHATh HAayYHO OOOCHOBAHHBIC 3allUT-
HbIE MEPONPHUATHS TI0 YHHUYTOXKCHHIO OOJIE3HEH H
Bpeaurenei [11].

Henpto manHO# paboTHI SIBISIETCS HCCIIEAOBA-
HUS COCTOSTHUS U OIIEHKA 3aPYKEHHOCTH OOJIE3HSIMH
Y BPEAUTEISIMH KOJIJIEKIIUH TPOTTMYECKUX U CYOTpO-
MMMYECKUX PAcTEHUH, a TaKXKe ONpeNeIeHUE BHUJIO-
BOI'O COCTaBa BPEIHBIX OPraHU3MOB.

MatepuaJibl 1 METOABI UCCIETOBAHUS

OCHOBY HWCCII€JOBaHHUN COCTaBISIOT YHHKAIIb-
HBIE KOJUIEKUUH TPOMHMYECKHX U CYOTPOIUYECKUX
pactenuit I'BC. ®urocaHuTapHbd MOHUTOPUHT
npoBoauIics B naboparopun « T'ponmueckux u Cy6-
TPONMYECKHUX pacTeHui»: OpaHxepee, CTEKITHHON
MPOU3BOJICTBEHHOM TEIUIMIIE U KOPEHCKON TEIUIHUIIE.

J1J1s BBISBJICHHSI 04aroB OOJIC3HEH U BpeAUTEICH
HCTIONB30BAIN OOIICTIPUHSATEIE METOINYECKUE yKa-
3aaus [12-13]. Tlo BRISBICHHUIO M OMHCAHHUIO BUIO-
BOTO COCTaBa BPEIHBIX OPTaHU3MOB OBLIM UCIIOIb-
30BaHbl CIIPABOYHMKH U onpeaenutend [12-14].

Hannuue BpeauTens onpenessuid BU3YaJIbHO.
s OLIeHKH COCTOSIHUS pacTEHUI Ha y4acTKe Opo-
BOAWIM MapIIPyTHbIE OOCIEIOBAHUS M TILATEIb-
HO OCMAaTpHUBAJM CTBOJIBI, IIOPOCIb, BETKU KPOHBI,
HWDKHIOIO ¥ BEPXHIOIO CTOPOHBI JINCTHEB, IIPH HEOO-
XOJUMOCTH OTOHMpanu npoOHbIe 00pa3isl. B 3aBu-
CHUMOCTHU OT THIIA [IOPa’KEHUS U IOBPEXKAEHU (Ha-
CaXKJIeHHUs) Tpo0a MPENCTaBIsIeT COOOW YUYETHYIO
IUTOINAAKY WJIU TPYIITy PACTCHHH.

[loBpexnennss OeNOKpPBUTKAMHU, TayTHHHBIMH
KJIEIaMu, TJIEH OLEHUBAIIM 110 5 OalILHOMN IIKaje:
0 —3acenenue oTcyTcTBYeT; 1 Oaymn — KOIOHHMS 3ace-
nseT 10 5% MOBEPXHOCTH JTUCTA; 2 Oaiia — KOJIOHUS
3acensieT oT 5 10 25% moBepXHOCTH NHcTa; 3 Oan-

J1a — KOJIOHHS 3acensieT oT 25 mo 50% moBepxHOCTH
nucta; 4 0amna — kojmoHus 3acenset ot 50 g0 75%
MTOBEPXHOCTH JINCTA; 5 0AIIOB — KOJIOHUS 3aceisieT
cBhITIe 75% TIOBEPXHOCTH JIUCTA.

CrerneHb 3apaKCHHsI YEPBEIIOM OMPEICIISIOT
nmocneayromnie mkane: 1 6amt — BcTpedaercs B eu-
HUYHBIX 3K3eMIUIIpax; 2 0ajia — BCTpedyaercs Ha
JIUCTBhSIX W HA CTBOJIAX HEOOJBIIMMU KOJIIOHUSIMHU;
3 Oajuta — YUCIICHHOCTh BBICOKAsl, KOJJOHHH BCTpE-
YaroTCsI [0 BCEMY JIEPEBY, HAa CTBOJIC U JINCThAX, K
OCEHHU 3aMETHO YChIXaHUE MMOOETOB W JINCTBBI BHY-
TPH KPOHEI. [[7151 OTIEHKH CTEIeHN OBPEKICHHOCTH
TCeHEPATHBHBIX OPTraHOB MPHUMEHSIOT CJIEAYIOIIYIO
mkany: 1 6amn — cnabast MOBPEXAEHHOCTh, 3aMET-
HO TPaBMHPOBAHHE IIJI0JIA, YACTUIHO CHIKCHO €T0
TOBapHOE KA4ecTBO; 2 Oayia — CpeaHss MOBPEXK-
JIEHHOCTb, MOBpPEXACHO N0 25 % Maccel mioaa,
PE3KO CHIDKEHO €ro TOBapHOE KadecTBO; 3 Oara
— CWJIbHAs TIOBPEXJECHHOCTh, MOBPEKIACHO OoJiee
25% maccsl 1102, YTO BBI3BIBAET €r0 MOTEPIO.

[Ipu omenke 3aceileHUs KOJOHHWH ITUTOBOK
WCIOJB30BAIA CICAYIONIYIO MIKany: 1 — eauHWY-
HBIE 0COOH HIUTOBOK OT 2 10 5 WIT.; 2 — KOJIOHHH
penkue, 1o 20 mT. B KaX1I0#; 3 — KoJoHUH OoJiee
CWIBbHBIC Ha ITaMO€ M CKEJETHBIX BETBIX, KOpa
pacTpeckuBaeTcs; 4 — CTBOJ U CKEJIETHBIE BETBH I10-
KPBIThI CIUIOIIHBIMYM KOJIOHUSIMH IITUTOBKH, JIE€PEBO
yCBIXaeT.

Pe3y.l'll)TaT]>I HCCJICJ0OBAHUA U UX 06cym11elme

HccnenoBanus NpoBOIWINCE B OpaH)KEPEHHO-
termunaHoM kKoMmrmiekce I'bC ¢ HosOps 2020 roma
no anpenb 2021 rona. B pesynerare HaOmoneHui
BBISBJICHBI CIEAYIOIINE BPEIUTENN: TETUINYHAS WIH
opamkepeiiHas OENOKpBUIKA, MaJbMOBas MIUTOB-
Ka, MPUMOPCKUM MYYHUCTBIA 4epBell, NayTHHHBIN
kimemr u s (tabmuma 1). Hexotopble pacTeHus
ObLIH 3aceNeHbl ABYMS U J1a)Ke YeThIPhMsI BpeauTe-
JIMU OZTHOBpeMeHHO. [lo murepaTypHbIM JaHHBIM
9TH BPEAWUTENH COOTBETCTBYIOLINE I OpaHKepeH
BpeiHbIe opranu3mel [15-17]. Bpennas sntomo da-
yHa paclpoCTpaHAETCs C TOCaA0YHBIMU MaTepHaa-
MU PACTEHUI-HHTPOAYLIEHTOB BO BCEX OPaHXKEPEIX
mupa. durodar, npoiias nepuo aganTaiuu, mory-
YaJl HCKITIOYUTEIbHYIO BO3MOKHOCTh OECKOHTPOJIb-
HOT'O Pa3MHOXEHHS B OPAHKEPESAX, TOTOMY YTO TaM
OTCYTCTBOBAJIM MPUPOAHBIE Bparu, KOTOPHIE MOTJIN
OBl peryaupoBaTh YUCICHHOCTh BpeauTeneit [7-9].

N3 GomnesHei B opamkepeiHO-TEINTNIHOM KOM-
riekce ['BC Berpewaercst caxxuctolid Tpud. Macco-
BO€ PaCHpPOCTPaHEHHUE CAXKHUCTOrO rpuda CBSI3aHO C
KU3HEAEATEIBHOCTHIO BPEIUTEIEH.
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Taomauma 1 — PeByJ'H)TaTLI yue€ra Bpez[m"eneﬁ B OpaH)Kepei/’IHO-TeHJ'II/I‘IHOM KOMIIJICKCE (B CITUCKE pacCTCHUS MOBPEKIACHHLIEC BPEIN-

TEJISIMH)

CreneHb MOBPEXKICHUS, Oalt

Crenenb | Tep- | Mame- | Hpumop- n
Ha3zBaHue y4eTHOro AepeBa, KycTa BOCIPUUM- | yumas | mogas CKUit Ay THH-
aMBOCTH | G Helit | Tos
€IOK- | NMTOB- | MYSHHC- | oo
pBUIKa Ka  |Thli uepBel
Hanmenosanue na o
Ha3zBanue Ha aTbIHU CemeiicTBO
PYCCKOM $I3BIKE
Acca sellowiana Berg. Deiixoe Cemiosa Myrtaceae Crnabas 1
Adenium obesum (Forssk.) .
Roem. & Schult. AneHuyMm TyuHblii | Apocynaceae | Crnabas 1
Asystasia gangetica (L) Asucraszus ranrckas | Acanthaceae Cnabas 1
Anderson
Asystasia gangetica varicgata Asucrazus nectpas | Acanthdceae Cnabas 1
(L.) Anhderson
Boehmeria ramiflora Jacq. Bemepus Genast Urticaceae CunbHas 4
Ceiba pentandra (L.) Gaertu. | X0onkoBoe epeBo Malvaceae Cnabas 1
Chamaerops takil Xameporc Takun Araceae CunbHast 3
Chamaerops humilis L. Xamepone . Aracaceae CunbHas 3
MPU3EMUCTBIH
Chamaerops hun'lulls Multi Xameporic 3 Aracaceae CrabHas 3
trunk MIPU3EMHUCTBIN
Cissus antarctica Vent., [ceye y Vitaceae Cnabas 1
AQHTPaKTHYECKHI
Cissus thombifolia Vahl. Iuccye N Vitaceae Cnabas 1
poMOOIHCTHBII
Citrus h}non (L;) Burm. Jlumon Metiepa Rutaceae CunpHast 3
Meyer
— ‘Novogrusinski’ Jluvon N Rutaceae CunbHas 3
Hosorpysunckuit
— ‘Pavlova’ JInmosn IlaBnoBa Rutaceae CunbHas 3
Citrus medica L. utpOH nanpdaTsiit Rutaceae CunbHas 3
Cltms‘retlculatq l?lanco Knementun Rutaceae CunbHas 3
Clementin
Citrus reticulata Blanco sub-
sp. unshiu D.Rivera, Obon,
S Rios, Selma , F.Méndez, Hutpyc penuxonara Rutaceae CubHas 3
Verde & F.Cano
Citrus flnenSI.S ,OSbeCk Hutpyc Fammun Rutaceae CunbHas 3
Gamlin
Citrus Limon L. Pavlov Jlumomn ITaBnoBa Rutaceae CunbHas 3
C1tru§ limonia Osb.x ¢ smen- JIlumon Meiipa Rutaceae CunpHas 3
sis Osb. Copt melipa
Citrus retlcglatf? Blancovar Manpapus Yy Rutaceae CunbHas 3
Cinshiu
Citrus sinensis L.Osbeck ANEILCHROBOC Rutaceae CunbHas 3
JIepeBo
Citrus unchiu Marc. Masngapus YHiry Rutaceae CunbHas 3
Codiaeum variegatum ( L.) . .
Koaueym nmectpeiii | Euphorbi WIbH
Rumph. ex A. Juss. OJIUEYM IECTP uphorbiaceae | CunbHas 3
Codiaeum variega- i .
Konueym néctpeiit | Euphorbi WIbH
tum (L.) Rumph. ex A.Juss. OAMEYM HIECTP uphorbiaceac | - CubHas 3
Coftféa arabica L. Kode apasuiickuii Rubiaceae CuibHast 3
Coleus Lour. Koneyc Lamiaceae Crnabast
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Ipooonsicenue mabauywvl

CreneHp NOBpEXICHUS, Oau

Crenens Ten- | ITame- | IIpumop-
HasBaxue y4eTHOro 1epesa, Kycra BOCIHPUMM- | pyypasi | mopas ok |1 1ayTHE-
Hel | Tns
“MBOCTH | Geqok- | MIMTOB- | MYYHHC-
M KJIeI
PpBUIKa Ka  |ThIi yepBer|
. Kypxkynuro
Curculigo recurvata Dry. OTOTHYTO® Hypoxydaceae | Cmabas 1
Cycas revoluta Thunb. CaropHux MAHIKa- | cycadaceae Cpennsist 2
0Lt
Eriobotrja japonica L. Mymmyrna sTmoHcKas Rosaceae Cnabas 1
Eugenia brasiliensis Lam. I'pymuuama Myrtaceae Cpennss 2
Ficus benghalensis L. Oukyc 6emxamuna | Moraceae Cpennsist 2
Ficus blnneqdll!kll Amstel | dukyc OuHHEOHKA Moraceae Cpemmas 5
King Awmcten Kunr
Ficus benjamina Oukyc benmkamuna| Moraceae Cpennsist 2
Ficus carica L. Wmxup Moraceae Cpennsist 2
Ficus cyathistipula Roxb. Puxyc BOKaHanT? "| Moraceae Cpennsist 2
HPHJINCTHUKOBBIIT
Ficus lyrata Warb. ®dukyc aupara Moraceae Cpennsist 2
Ficus microcarpa L.f (huKyCc MEKpOKapra Moraceae Cpenmsist 2
Ficus pumila var. minima | ®uKyc KpOXOTHBIH
White Sunny L. «Baiir Canam» Moraceae Cpenpas 2
Hibiscus schizopetalus T'ubuckyc PacCeU@H- | 1o e CrbHas 3 3
(Dyer) Hook.f HOJICTICCTHBIH
Hoya carnosa R.Br. Xoilst msacucrast Apocynaceae | CusbHast 3
Hoya Lanceolata ssp. Bella .
(Hook.) D.H.Kent Xoiis 6emnast Apocynaceae | Cnabas 1
Iresine he{li)sgll Hook. ex Upesune Xepbcra |Amaranthaceae| CnaGas 1
Jacobinia po hliana (Necs) Sxo6unus [Tomst Acanthaceae Crmabas 1
Lindau
Lauris nobilis L. JlaBp GmaropoHsIit Lauraceae Cpennss 2
Phoenix canariensis hort. o
Tx.Chabaud Ounuk Kanapckuit Arecaceae CunbHas 3
Phoenix dactylifera L. DUHUK MagbyaThIi Aracaceae CunbHas 3
Phoenix reclinata Jasq. CDH}F.HK . Aracaceae CunbHast 3
OTKJIOHEHHBIN
Poncirus trifoliata (L.) Raf.x
citrus paradise Macf.) [onmupyc Rutaceae CunbHas 3
Psidium cattleyqnum Afzel. 3emisiHUYHAs ryaBa |  Myrtaceae CunpHas 3
Ex Sabine
Punica granatum L. Tpasar N Punicaceae CuibHas 3
OOBIKHOBEHHBIH
Rhoicissus thunbergii (Eckl. | Ponuuccyc tynbep- .
& Zeyh.) Planch TUst Vitaceae Cpennas 2
Ruscus hypophyllumm L. | ummna nomnucthas | Asparagaceae | CpenHss 2
Ruscus aculeatus L. Wrmnna xomouas | Asparagaceae | Cpemnss 2
Tetrastigma voinerianum .
(Baltet) Pierre ex Gagnep. Terpacturma Byanse Vitaceae CunbHas 3
Eucalyptu;;zlg;a Sicber.ex OBKaJMIT NPSIMOH Myrtaceae Crabas 1




PK. ©6mykepim, II1.K. Macaniumosa

Kak BuaHo u3 Tabmauupl TEIUNIMYHOH Oerno-
KPBUIKOW TOBPEXIAIOTCA: Oemepus, THOWCKYC,
TeTpacTUrMa u 3BKanunt (pucyHok 1). Temnuunas
OENOKpPBUIKA SABIISETCS MHOTOSIHBIM BpEIUTEIIEM.
PazBuBaetcs Ha 6osnee ywem 300 Bumax pacTeHHi
u3 82 cemeiicTB. OnacHbIl BpeUTENb Pa3IHYHbIX
OpaH)XEePEHHBIX U KOMHATHBIX PACTCHH: XpU3aH-
TeMBl, TepOepbl, PO3bl, a3aJIU1, IBKAJIHUIITA, JIAHTA-
HBI, QYKCUU, T€paHH, TIIOKCUHHH, TypaHTHI, Ka-

KapaH/bl, HUKOJEMHH, ATOKa3UH, CAHXE3UU U Ap.
BpenorocHOCT ycyryOmsieTcsi TeM, 9TO JIHIUHKH
BBICTISIIOT MEABSIHYIO pOCY, Ha KOTOPOW TOCEINs-
€TCsl CaKUCTBbIE TPHUOBI, MOKPBIBAas IOBEPXHOCTh
JINCTHEB, YTO CHIIKAET (DOTOCHHTE3 PaCTCHUM. SIB-
JISieTCS IEPEHOCYMKOM BUPYCOB (CaMIBl U CaAMKH,
B psge ciay4yaeB — HuMGb). B opamxepeiiHo-Te-
IJTMYHOM KOMITJIEKCE Pa3BUBAIOTCS KPYTJIOTOINY-
Ho [18,19].

Pucynoxk 1 — PacnpoctpaneHne Temn4HON OEITOKPBUIKU B OPAH)KePEHHO-TETUIMYHOM KOMILIEKCE
Ha pa3HbIX paCTEHHUX (MMaro, TMYUHKY, SHIA)

Crnenyronuii BpeauTeNib U3 TaOIUIBI HaIbMO-
Basi IMTOBKa. [lanbMoBasi mIMTOBKa MOBpEeXIana
BCE BUJIBI XaMEpOIICa, a TAKXKE KypKYJIUIO OTOTHY-
TOE, CaroBHHKa MaHHUKAIOLIETO U BCE BUABI (PUHUKA
(pucyHok 2). CteneHb OBPEXICHUS COCTABIISIA OT
c1aboii 10 CUIIbHOM. Pa3BuTHE 3TOr0 TPOMHUYECKO-
ro Buja uaet 6e3 nuanayssl. boapmMHCTBO ocobeit

HAXOIATCS Ha JIUCTHSIX, XOTS YEPEIIKH, BETOUKH U
CTBOJIBI (0COOEHHO y TMabhM) TaKX€ MOTYT TOKPHI-
BaTbCA KOJIOHUSAMU BPECOAUTECIIA. B teuenne roaa B
YCIIOBUSX OpaH)Keped OOBIYHO pa3BUBAIOTCA 3 IMO-
KoJIeHUs1. BricackiBasi COKM M3 pa3IMYHbIX OPTaHOB,
IMMUTOBKaA BBI3bIBACT HAPYIICHUC HMX HOPMAJIBHOI'O
pocta u pa3BuTHs. B MecTax muTaHus MOSBISIIOTCS
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JKEJITOBAThIE MMATHA, KOTOPBIE, KaK M KOJIOHWH ca-
MOIO BPEAMTENS MOPTAT BHEIIHWM BHUJ PACTCHUM.
CunbpHOE TOBPEXKACHUE MOXKET NMPUBOJIUTH K TOJ-
HOMY YycCbhIXaHuto pactenui [20,21].

CambIif pactipoCTpaHEHHBIH BPEIUTENh B OpaH-
JKEPEMHO-TEIUIMYHOM ~ KOMIUIEKCE  IPUMOPCKUMI
MY4YHHUCTBIN uepBell. [loBpexnaeTr MHOTHE IIIONO-
Bbl€, JIECHBIE U JEKOPAaTUBHbIC pacTeHus. B opan-
KepesiX CUIIbHEE BCETo CTPaatoT NalbMbl, (PUKYCHI,
LUTPYCOBBIE, OETOHUH, TePaHH, KaKTYChl (PUCYHOK
3, 4). [losBUBIIMECS THINHKA PACITIONI3AIOTCS U TIPH-
KPEIUISIOTCA K MOBEPXHOCTH JIIOOBIX OPraHOB pac-

TEHUH, BEICACHIBAs M3 HUX COKH, HAa UX BBIJICIICHUIX
Pa3BUBAIOTCS CAXHUCTBIE TPUOBI (pUCYHOK 5). [lpm
MacCOBOM Pa3MHOXCHUHU YEPBEI BbI3bIBACT Ac(op-
MAITUIO U OTIa/ICHUE JINCTHEB, 3aBsI3€il, TITOIOB, YChI-
xaHue BeTBeil. O0pa3yroT OOJIBIIHE CKOTUICHHS T10-
KPBITBIC OCITBIM PBIXJIBIM BOCKOM, OCOOCHHO KpYTI-
HBI€ TI0]] OTCTABITUMHU BOJIOKHAMH KOPBI, B M3JI0MaX
CYXHX JIHCThEB, Y OCHOBaHHUS 4epemkoB. JIMCThbs
pacteHuii OyperoT, COXHYT 1 onafgatoT. MHorna mpo-
HCXOAWT THOETh MOJOIBIX pacTeHmid [22,23]. Paz-
MHOCHHUIO BPEIHTENS CIIOCOOCTBYET MOBBIIICHHAS
BIIAXXHOCTH Bo3ayxa (70—100%).

Pucynox 2 — PacnipocTpaHeHue najabMOBOI IIUTOBKU B OpaHKEePEHHO-TEININYHOM KOMILJIEKCE

10
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PucyHnok 3 — PacnipocTpaHeHre My4YHHCTOTO YepBela Ha IINTPYCOBBIX PACTEHUSX
B OpaH)XePEitHO-TEIUINYHOM KOMILIEKCe (MMaro, IMYMHKH)

11
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PucyHok 4 — PacnipocTpaHeHre My4YHHCTOTO YepBela Ha Pa3HBIX PACTEHUSX
B OpaHXePEeHHO-TEIUINYHOM KOMIUIEKCE (MMAaro, TMYMHKN)
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Pucynoxk S — Pacripoctpanenne cakucToro rpuda

B opanxepeiiHO-TeIIMYHOM KOMIIJIEKCE MEHb-
IIeM KOJHYECTBE BCTPEYAIOTCA MAyTHHHBIE KIIEIIH
U TJIM, HO OT 3TOTO MX BPENOHOCHOCTH HE YMEHb-
maercs. CoriacHo JUTepaType NMayTUHHBIE KIIEIIH
KpaiiHe MHOTOSIHBI, oBpexaaT okonao 500 Bu-
JoB pacteHul. I[lopa>k€HHBIE TUCThS KENTEIOT, TO-
KPBIBAIOTCS MEJIKHUMH CBETJIBIMH MMATHAMHU B MECTaX
YKOJIOB U MPEXIEBPEMEHHO onaaaroT. [layTuHku u
JKCKPEMEHTBHI, 3arps3HAIOT JUCThs, Ha MOCIEIHUAX
3a/ICPKUBACTCS MHOTO TBLTH [24].

Tnd 3acensieT camble pa3Hble OpaH)XKEpPEHHBIE U
KOMHATHBIE PACTEHHUS: PO3bI, THOUCKYCHI, XPU3aH-
TEMBI, LUTPYCOBbIE, KaJlIbl, KOJEYChl, TOPTEH3UH,

THHYDY, LypaHTy, JKakapaH1y, MATTOCIIOPYM U JIp.
B rtemnmumax BpeauT ¢opma, KoTopas OTIMYACTCS
KpaifHUM MOJIMMOP(HU3MOM, YTO CBSA3aHO C IMPHUCIIO-
co0JieHHeM K Ompe/eIeHHOMY BUAY pacTeHHs, T.e.
C Ka4eCTBOM NMUTaHus. T mpeanovnTaer muTaThest
Ha MOJIOJBIX JUCThAX. PacTeHus: penko aehopmu-
PYIOTCS, HO JIUCTBSI KENATEIOT, IBETKU ONaatoT, Oy-
TOHBI HE paciyckarorcs. [loBepXHOCTh TUCThEB 3a-
IPABHSETCS )KUAKHUMHU CaXapUCTHIMU BBLICTICHUSIMH,
YTO CO3JaeT OJIATONPHUATHBIC YCIOBHS IS Pa3BUTHS
caxucteix TpuboB. [leperocur 6one 100 BupycoB;
0CcOOEHHO OIACHBI BUPYChI MO3AMKH, BBI3BIBAIOIINE
XJIOPO3 U 33IEPKKY pocTa [25].

PucyHok 6 — PacripocTpaneHue T/ Ha pa3HbIX PaCTEHHIX
B OpaH)XePEHHO-TEIUINYHOM KOMILIEKCE

13
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Bce BbIsBICHHBIE B pe3ynbTaTe MOHUTOPUHTA
BPEIUTEIN OTHOCSTCS K OIIACHBIM BUZIaM, IIPHUHMHSIO-
II1€ OTPOMHBIHN BPEJ paCTEHHUSIM, TIO3TOMY HYKHO pe-
T'YJISIPHO MPOBOAUTH (PUTOCAHUTAPHBIA MOHUTOPHHT U

MPAaBWIBHO OPraHU30BaTh 3AIUTHBIE MEPONPUSTHAL.
JIo1s1 TUIaHUpPOBaHUS 3alIUTHBIX MEPOTIPUSTUHA MBI CO-
CTaBWJIM IMarpamMMy IJIOTHOCTH pacrpe/iesieHus Bpe-
JTTEINEH TI0 KaXI0H TeruuIie (PHUCYHOK 7).

PP[CyHOK 7 — IInotHOCTH pacupeacicHust BpeZ[PITeJ'IefI B OpaH)KepeI‘/‘IHO-TeHJ'II/I‘IHOM KOMILJICKCE

Kax BUIHO M3 quarpaMMbl BO BCEX TEIUIMIAX
JOMUHUPYIOUINM BUIOM BPEIUTENS SIBISETCS MPH-
MOPCKUM MY4YHHCTBIA 4epsel. PacnpocrpaHeHue
cocrapisier 30-80°. BTopeiM MaccoBO pacrpo-
CTpaHEHHBIM BpEAWTEISIM SBISIETCS TEITMYHAs
Oenokpeuika. [IponenT 3acenenus ot 15° no 40°.
[TaneMoOBasi MUTOBKa B OCHOBHOM BCTPEYAETCS B
opamxepee, Tak KaKk TaM HaXOJUTCS MaJbMapHii.
Pacnpoctpanenue cocraBmsieT 50°. B MeHbIIHX KO-
JIMYECTBAX BCTPEYAIOTCS MAYTHHHBIE KN U TIIH.

AHanu3 JUTEpaTypHbIX AaHHBIX ITOKa3bIBAaeT,
YTO BPEAUTENN WHTPOAYLHPOBAHHBIX pPAaCTECHUH
AKTUBHO HM3YyYarOTCAd BO BCEM MHPE M IOJyYCHHBIC
JTAaHHBIE BO MHOTOM CXO)KHM. AHAaJOTHYHBIE HCCIIe-
JoBaHMs npeacTaBieHsl B padorax Pak H.C., JIut-
BuHOBa C.B. (2020), Cyneiimanosa 3.H., Slkymosa
B.B. (2011), Cyneiimanora 3.H. (2013), Bapdouio-
meeBa E.A. (2021), bymkosckas JI.M., [ununua
A.H. (2012) u mp. [6, 12, 27-30]. Tak manpumep,
no panubiM Pak H.C. u JIutBunosoii C.B. koMmieke
cocymux Bpeaurenei B opamxkepesx [TABCU co-
CTOUT U3 IISATU TPYIIL KJICLIH, T, TPUICHI, Oemo-
KpBUIKa, KOKIUJBL. M3 mpeacTaBieHHBIX BpeauTe-
JIell TOMUHHPYIOIUMH SIBJIAIOTCA TIIX. B Hammx xe
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WCCIIENOBAHNSX BBISIBICH AHAJIOTHYHBIA BUAOBOMH
coctaB Bpenureneil. Ho, cambIM pacnpocTpaHeH-
HBIM BPEIUTEIEM B OpaH)XKePEHHO-TEIITUYHOM KOM-
miekce I'BC sBIseTcs TPUMOPCKHA MYJYHHCTHIH
yepBell. JTO CBS3aHO C TEM, YTO BAXKHYIO pOJb B
(opMupoBaHUM OHOIIEHO3a OpaHKEPEH WIPAIOT
MUIIeBble mpeanodreHus ¢urodaros. Bpenurensb
AaKTHUBHO 3aceliieT JPEeBECHO-KYCTapHUKOBBIE pac-
TeHus. [lonydeHHbIe HaMU JaHHBIE OBLITM CXOXKH C
uccinenoBanusiMu bymkosckoi JI.M. u Hunununa
A.H. Onu npoBojmim uccienoBaHus B OOTaHHYeE-
ckoM cany BUWIAP nna onpenenenusi BUIOBOTO CO-
craBa Bpenurenei. [lo pe3ynbraTaM 3TUX HCCIIENO-
BaHUH Ha OpaHXEPEHHBIX PACTEHUSX MpeolIananu
KOKIUIB! (pa3Hble BUABI IUTOBOK M MYYHHCTBHIX
yepBeroB). [loBpexacHHBIE pacTEHUS IO BHUIO-
BOMY COCTaBY CXOXH C HaIlUMU. DTU PE3YIbTATHI
MOKAa3bIBAIOT YTO KOKLMJBI OTAAIOT MPEANOYTEHUS
IUTPYCOBBIM PACTEHUSIM, KO]E, JaBPOBBIM U HEKO-
TOPBIM BHJaM (QUKYyca.

Bce BbllIe CKa3aHHOE IOKA3BIBAET, YTO TIIH,
MayTUHHBIC KJICIIH, OCJIOKPBUIKA U KOKIUJBI SIB-
JISAIOTCSI TUINUYHBIMU TMPEACTABUTEISIMU BpPEIHOU
SHTOMO(AYHBI OpaHKEPEH U BCTPEUAIOTCS BO BCEX
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opanxxepeiHbIx cagax mupa [30]. brnaromaps mac-
COBOMY PAacCIpOCTPAaHEHHIO OHU PE3KO YXYIIIAIOT
¢duToCaHUTapHOE COCTOSTHHE OopaHkepel. duroca-
HUTapHAas CUTyallysl B OpaH)Kepesax CI0KHEE, UEM B
OTKPBITOM TPYHTE. DTO CBSI3aHO C BBICOKUMH TE€M-
MaMH Pa3MHOXKEHUS BpeIuTeNell B YCIOBHUAX MH-
KPOKJIMMaTa opaHxepei (MOBBIILICHHAS BIaYKHOCTB,
BBICOKHE TEMIIEPATYPhbI), & TAKXKE OTCYTCTBUEM JaB-
JIEHUSI CO CTOPOHBI €CTECTBEHHBIX XHUIIIHUKOB U Ma-
pasuToB. M3-3a 3THX (aKTOPOB CHUIKAETCS YCTOM-
YHUBOCThH PACTCHHUM K BPEIUTEISIM U Ooe3HsM. Jliist
NpeAOTBpAIIEHHs THOETN PACTCHUH HYKHO MPOBO-
JIUTHh HAy4YHO-000CHOBaHHYIO 3()(heKTUBHYIO CHCTE-
My 3aIIUTHI OT (puTOdaroB M onpeaeIeHue BUI0BO-
0 COCTaBa BPEIUTEIICH MEPBBIN 3Tal K MOATOTOBKE
CUCTEMBI 3aIlUATHl PACTEHUM.

3akaouenune

B pesynpraTte (hruTOCaHNTAPHOTO MOHHUTOPHHTA
opamxepeitHo-TernuHoro komiiekca I'bC Obun
YCTaHOBJICHHI Clieyromue Bpeautenn: Trialeyrodes
vaporariorum Westw. — opamkepeitHas Oemo-
kpeuika; Pseudococcus affinis Mask. — mpumop-
ckuii MydHUCTBHIH depBel; Diaspis boisduvalii
Sign. — manpmoBas murToBka; Tetranychus urticae
L. — oObIKHOBECHHBIN MayTHHHBINA Kienl; Myzodes
persicae — 3eneHasi, IEpCUKOBAsi, WIIN OpaHKepei-
Hast A HekoTopble pacTeHusi ObIIM 3acelieHbI

OBYMSI M JJa’Ke YETHIPbMSI BPEAUTENSIMH OJIHOBpE-
MeHHO. PacnipocTpanenne caxucToro rpuda cBsiza-
HO C JKU3HEEATENbHOCTRIO 3THUX BpeanuTenel. brina
IIPOBE/IEHA OLICHKA 3apa)kKEHHOCTHU BPEIHBIMH Op-
TaHU3MaMH TPOIHYECKUX U CYOTPONMUYECKHX pac-
TEHUHA W ONpeneNeHbl Hauboyiee BOCIPUUMYUBHIC
K BpeaurensaM pacteHus. K maccoBomy 3aceneHuto
BpenuTeNel IOJBEpP)KeHbl pPACTEHHs CceMelcTBa:
PYTOBBIE, TYTOBBIE, MalbBOBbIEC, BUHOTPAJOBBIE U
[IaJIEMOBBIE.

B opamxepeitno-tenmuunoM komiuiekce ['bC
cpeou BpenuTelied JOMUHUPYIOIIMM BHIOM SB-
JA€eTCd NPUMOPCKUN MYYHUCTHIM uepBen. Pac-
npoctpanenue cocrasisieT 30-80°. Bropeim mac-
COBO DAcCIpPOCTPAHEHHBIM BpEIUTENAM SBISETCS
TerunyHast Oenokpeuika. [IpoueHT 3aceneHus
ot 15° o 40°. ITanpMoOBasi IIUTOBKA B OCHOBHOM
BCTpedYaeTcs B OpaHKepee, TaKk Kak TaM HaXOJIUTCS
naneMapuii. Pacipoctpanenune cocrasuser 50°. B
MEHBIINX KOJMYECTBaX BCTPEYAIOTCS MAyTHHHBIE
KJIEIIH U TIIH.

[lonmy4yeHnHble pe3ynabTaThl CBUACTEIBCTBYIOT O
TOM, YTO B 3aKPbITOM TIPyHTE€ NPH BbIpAIlUBaHUU
JIEKOPATUBHBIX PACTEHUI CO3JAIOTCS OJarompusiT-
HBIE YCJIOBHS (TIOBBIIIEHHAS! BJIaKHOCTH U TEMIIEpa-
Typa) [UId pa3sBUTHA U Pa3MHOXKEHUs BpeIOUTENIEH B
CBSI3U C YeM HY>KHO MPaBUIBHO MPUMEHSITH HAYYHO
000CHOBaHHBIC 3aIUTHBIE MEPONIPHUATHUS 10 YHUU-
TOXEHUIO BpeauTeseH.
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SYSTEMATIC ANALYSIS OF AQUATIC
AND SEMI-AQUATIC FLORA OF THE UNIQUE WATER CHEMICAL
COMPOSITION OF ZHALANASHKOL LAKE
OF THE ALMATY REGION

Over the past century, the study of aquatic plants has expanded greatly due to the increased recogni-
tion of their importance in fundamental systemic processes.

Lake Zhalanashkol belongs to the soda lake type, as it is characterized by a unique chemical com-
position of water. Also, recently the anthropogenic contribution has increased due to the development
of recreational activities in the nearby territory of the lake, therefore, the relevance and importance of
studying the flora of Zhalanashkol lake in Almaty region is beyond any doubts.

The purpose of this article was to perform a systematic analysis of higher and semi-aquatic plants of
Zhalanashkol soda lake in Almaty region.

It should be noted that at present, much more attention is being paid to the study of higher and
semi-aquatic plants due to their wide practical significance. Higher aquatic plants perform the following
functions in ponds: filtrative, absorptive, storaging, oxidizing, detoxifying. Also, this kind of plant is used
as a raw material for paper, medicine and perfume industries, building materials and fertilizers.

Field (expeditionary) and route-reconnaissance research methods were used to perform the research.

As a result of the research, 46 species of higher and semi-aquatic plants belonging to 21 families and
43 genera were identified within Zhalanashkol lake flora. The floristic spectrum of the study area showed
that the floral core is represented by angiosperms, and the minor part is represented by gymnosperms.
10 leading families of the study area include 34 species, which is 73.91% of the total number of identi-
fied species.

Thus, the species identification process of semi-aquatic vegetation makes it possible to characterize
the ecological state of the ecosystem in detail. Nowadays, water analysis is commonly performed with
the help of biological indicators, and is widely used in the practice of hydrobiological research.

Key words: Zhalanashkol, systematic analysis, flora, aquatic plants, semi-aquatic plants.
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XUMUSIABIK, Kypambl 00FblHILA epekiue AAMaTbl 0OAbICDI
JKanaHaLLKeA KOAIHIH, Cybl XkdHe )KaFaAay-cy pAaopacbiH
CUCTEeMATHUKAADIK, TaAAQY

CoHfbl Facblpaa Cy 6CIMAIKTEpPIH 3epTTey OAAPAbIH ipreAi XXyreAik npouectepAeri MaHbl3AbIAbIFbIH
MOWbIHAQYAbIH apTyblHa GalAaHbICTbl €ABYIP KEHEMAI.

JKanaHallkeA KeAi coaa TuMiHe aTaAbl, COHAbIKTaH OA CYAbIH epeklie XMMUSIAbIK, KypambIMeH
cunatTanaAbl. CoHAAM-aK, COHFbl YyakbITTa KOAAIH >KaKblH MaHAAFbl ayMarblHAQ PeKpeaLMsiAbIK,
KbI3METTIH AaMyblHa GaMAAHbICTbI aHTPOMOrEHAIK >KYKTEME OCTi, COHAbIKTAH AAMaTbl OOAbICHIHbIH
JKaraHalLKeA KeAiHiH (hAOpacbIH 3epTTeYyAiH 63eKTIAIr KYMOH TyAbIpManAbl.

Ocbl MakaAaHblH MakcaTbl AAMaTbl 0OABICBIHbIH XKaAaHALIKOA KOAIHIH XKOFapbl CaTbIAAFbI CY >KoHe
YKaraaay — Cy ©CIMAIKTEpIHe XXyMeAi Taapay >KYprisy 6GoAAbI.

ANNTa KeTy Kepek, Kasipri yakbiTTa OAApPAbIH KeH MPAKTUKAAbIK, MaHbI3AbIAbIFbIHA GANAAHBICTbI
JKOFapbl CaTblAafbl Cy >XOHE >KafaAay — Cy OCiMAIKTepiH 3epTreyre kebipek KeHin 6eaiHyae. Cy
KOMMaAapbliHAQ >KOFapbl CaTblpaFbl CY OCIMAIKTEPI KeAeci hyHKUMSAapAbl OPbIHAAMABIL: CY3Yy, CIHIpY,
>KMHaKTay, TOTbiFy, AeTokcukaums. CoHAaM-aK, OCIMAIKTEPAIH OYA Typi Karas, MeAMLMHAABIK,
napgomepus, KypbIAbIC MaTepUAAAAPbl MEeH ThIHAMTKBILITAP YLUiH LMKi3aT PeTiHAE KOAAQHBIAABI.
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3epTTey XKyprisy YWiH AAAaAbIK, (KCMEAMLIMSIABIK) >KOHE MapLUpyTTbik-6apAay 3epTrey aaictepi
KOAAQHbBIAABI.

KyprisiareH 3epTTeyaep HaTvxXeciHAe XKaraHALWKeA KeAiHIH (baopachkl KypambiHAA 21 TYKbIMAACKA
>KoHe 43 TybICKa >KaTaTblH >KOFapbl CaTblAAFbl CY YXOHE XarFaAay-Cy 6CIMAIKTEPiHIH 46 Typi aHbIKTaAAbI.
3epTTeAeTiH aymakTbiH, (DAOPACbIHbIH (PAOPAABbIK, CreKTPi (PAOPaHbIH, HEri3i ryAAl, aA eH a3 OeAiri
TMMHOCTIEPMaAap eKeHiH KepceTTi. 3epTreAreH aymakTbiH 10 >ketekii oT6acbiHbiH, 34 Typi 6ap, 6yA
AHbIKTaAFaH TYPAEPAIH >KaAMbl CaHblHbIH 73,91% Kypanabl.

OcblAarila, araay-Cy 6CIMAIKTEPIHIH TYPAIK Kypambl 3KOXXYHEHIH 3KOAOTMSAABIK, >XaFAAbIH
ASA CcuMaTTayFa MyMKIHAIK 6epeai. Kasipri yakbiTTa rMApoOMOAOTUSIALIK, 3€PTTEYAEP TaXiprbeciHae
KEHIHeH KOAAAHbIAATbIH OGMOAOTMSIABbIK, KepceTKiluTep O6oWblHILIA CYAbl MHAMKALMSAQY BAiCTEMeCi
KeHiHeH KOAAAHbIAAADI.
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— cy eciMaiKTepi.
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CucremaTMyecknii aHaAu3 BOAHOM M NMPUOPEXHO-BOAHOIM (hAOPbDI
YHUKAAbHOIO MO XMMHUUYECKOMY COCTaBY BOAbI 03epa
JKaaaHalKoAb AAMAaTHMHCKOM o6AacTH

3anocAaeAHee CTOAETHE M3YyUYeHMe BOAHBIX PACTEHUI 3HAUNMTEABHO PACLLUMPUAOCH M3-3a BO3POCLLIETO
NPU3HaHUS MX BaXXHOCTU B (DYHAAMEHTAAbHbIX CUCTEMHbIX NMpoLeccax.

O3epo KaaaHalKOAb OTHOCUTCS K COAOBOMY TUIY, MO3TOMY OHO XapaKTePU3YETCS YHUKAAbHbIM
XUMMUYECKMM COCTABOM BOAbI. Takxxe, B MOCAEAHEE BpeMsl BO3POCAA aHTPOMOreHHas Harpyska, B
CBSI3M C pPasBUTUEM PEKPEALMOHHON AESTEABHOCTbIO Ha BAM3AEXKALLEN TEPPUTOPUM 03epa, NMO3TOMY,
aKTyaAbHOCTb MCCAEAOBaHMS (PAOpbl 03epa >KaaaHalKOAb AAMATMHCKOM O6GAACTVM He Bbi3blBaeT
COMHEHMS.

LleAblo AaHHOWM CTaTbM BbIAO MPOBECTN CUCTEMATUUYECKMIA aHAAM3 BbICLLMX BOAHBIX U NMPUOPEXHO
— BOAHbIX pacTeHuit COA0BOro o3epa YKaaaHawKoAb AAMaTUHCKOM 06AACTY.

Heo6x0AMMO OTMETUTD, UTO B HACTOSILLIEE BPEMS BCe BOAbLLIEE BHUMAHUE YAEASIETCS UCCAEAOBAHMIO
BbICLLUMX BOAHBIX M NPUOPEXXHO — BOAHBIX PACTEHUIA, B BUAY MX LUMPOKOW MPaKTUUYECKON 3HAUMMOCTMU.
Bbiclime BOAHble pacTeHMS B BOAOEMAXxX BbIMOAHSIOT CAeAytolme yHKLMK: (PUABTPaALMOHHYIO,
NMOrAOTUTEAbHYIO, HAKOMMTEABbHYI0, OKUCAMTEABHYI0, AETOKCMKALMOHHYI0. Tak>Ke AQHHbIN TUM pacTeHWi
MCMOAb3YETCSl B KAQUeCTBE Cblpbsl AAS OYMAXKHOM, MEAMLIMHCKOM, NapdOMEpPHON MPOMbILLAEHHOCTH,
CTPOUTEAbHbBIX MAaTEPUAAOB U YAOOPEHMIA.

AAS MPOBEAEHMNS MCCAEAOBAHUIA MCMOAb30BaACs MOAEBOM (3KCMEAMLIMOHHDBIA) U MapLUpyTHO-
PEKOrHOCLLMPOBOYHbIA METOAbI MICCAEAOBAHMA.

B pesyAbTaTe MNpPOBEAEHHbBIX UCCAEAOBaAHWI, ObIAO BbISIBAEHO, YTO B cCocCTaBe (pAOpbl 03epa
JKaraHallKoAb BbISIBAEHO 46 BUAOB BbICLUMX BOAHBIX M MPUOPESKHO-BOAHBIX PACTEHMIA, OTHOCSLLMXCS K
21 cemericty 1 43 poaam. DAaopuctryeckuin cnekTp PAOPbI UCCAEAYEMON TEPPUTOPUM MOKA3aAA, UTO
OCHOBY (pAOPbI COCTABASIIOT LLBETKOBbIE, @ MMHUMAAbHYIO YaCTb roAOCEMEHHble pacTeHns. Ha aoao 10
BEAYLLMX CEMENCTB M3y4YaeMoi TEPPUTOPUM MPUXOAUTCS 34 BUAA, UTO cocTaBaseT 73,91 % ot obuero
KOAMYECTBA BbISIBAEHHbIX BUAOB.

Takum o6pa3oM, BMAOBOM COCTaB MPUOPEKHO-BOAHOM PACTUTEABHOCTU MO3BOASIET TOYHO
0OXapaKkTepr30BaTb 3KOAOTMYECKOE COCTOSIHNE SKOCUCTEMBI. B HacTos L ee Bpems LIMPOKO UCMOAb3YeTCS
METOAMKA MHAMKALMM BOAbI MO OMOAOrMYECKMM MOKa3aTeAsdM, KOTOpasi LWMPOKO MPUMEHSETCS B
npakTMKe rMAPOOMOAOrMUYECKMX MCCAEAOBAHWA.

KAtoueBble cAoBa: >KaAaHalKOAb, CUCTEMATMYECKUIA aHaAM3,
NprOPEXXHO-BOAHBIE PaCcTeHMS.

dAOpa, BOAHblE pacTeHus,

Introduction

Zhalanashkol is a lake located on the border
of the Alakol district of Almaty region and
Urdzhar district of East Kazakhstan region.
It is located in the north-western part of the
Dzungarian Gate at a distance of 50 km south-

east to Koktuma village. Lake Zhalanashkol
is a part of the Alakol (Alakol-Sasykkol) lake
system. The area of Zhalanashkol is 38 km?2, the
length is 9 km, the width is 5.6 km, and the length
of the coastline is 24 km. The lake is relatively
shallow: its maximum depth is 5.5, the average
depth is about 3 m. [1].
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Zhalanashkol lake has no permanent tributaries,
the water regime is maintained due to ground water
feeding and a small amount of rain and snowmelt
water. Water is significantly mineralized and might be
characterized by having medicinal properties [2-3].

According to the classification of Boros E. and
Kolpakova M. [4] the lake belongs to the soda-
saline type of lakes based on the former data from
Filonets P. [5] while it had a soda type composition
in 2021, based on our latest measurement and
Akhmetzhanova A. [6]. Soda type: when Na+ and
sum of HCO3— + CO32—— are the first in the rank of
dominant ions (> 25¢%), while soda-saline: Na+ is
ranked first among the dominant cations (> 25¢%),
but the sum of HCO3— + CO32- is not of the most
dominant component of the anions (> 25¢%).

Since Zhalanashkol recently lake belongs
to the soda lake, it is characterized by a unique
chemical composition of water [7]. Also, the
anthropogenic load has been increased recently, due
to the development of recreational activities in the
nearby territory [8], therefore, study relevance of
Zhalanashkol flora in the Almaty region is beyond
any doubts. It should be noted that currently much
more attention is being paid to the study of higher
and semi-aquatic plants due to their wide practical
significance. That is, the prospects of using aquatic
and semi-aquatic plants are of the greatest interest
among researchers. Higher aquatic plants perform
the following main functions in reservoirs: filtrating
(it contributes to the sedimentation of suspended
substances); absorpting (towards biogenic elements

and some organic substances); accumulative (due to
the ability to accumulate some metals and organic
substances that are difficult to decompose); oxidative
(due to photosynthesis water is enriched by oxygen);
detoxifying (plants are able to accumulate toxic
substances and convert them into non-toxic) [9-13].

The purpose of this article was to conduct a
systematic analysis of the highest aquatic and semi-
aquatic plants of Zhalanashkol lake in Almaty
region.

Materials and methods

Field (expeditionary) and route-reconnaissance
research methods were used to perform the research
[14]. The field (expeditionary) research method is
intended to familiarize the ground with the objects
(point and area) of future research and is associated
with the collection of primary source data intended
for further processing in stationary (desk) conditions
[15]. The route-reconnaissance method is based
on the identification of main patterns of species
distribution and vegetation in the study area.

Before starting the work, several observational
points of Zhalanashkol lake were chosen (Figure
1) on the territory of Almaty region. Geobotanical
vegetation description was carried out on separate
small-area plots, as well as herbarization of the
chosen plants and their entry into geobotanical
forms. The route had been planned in such a way
that it would trespass various plant communities,
capturing a variety of habitats.

Figure 1 — The research area of Lake Zhalanashkol (N 45°34°58.06”
E 82°6°59.50”, N 45°34°15.42” E82°6°55.45”)
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The collection of aquatic plants, unlike
terrestrial ones, has a number of distinctive features.
The collection and drying of herbarium material was
carried out according to the method of Lisitsina L.I.
[16].

Herbarium samples were determined using
literature: “USSR Flora”, “Kazakhstan Flora”,
“Illustrated plant guide of Kazakhstani plants”; the
determination of families and genera was performed
with the help of “Flora of Kazakhstan” written by
Baitenov M.C. [18-19].

The disposition of species and supraspecific
categories of flora and floristic spectrum was
performed according to the system of Takhtajan A. L.
[20]. The spelling of Latin names, the nomenclatural
taxa variations were verified in accordance with
Cherepanov S. K. [21].

Results and discussions

The systematic structure of flora is understood as
a complete territorial summary of supraspecific taxa
of plants of one rank or another. The characteristic
basic feature of any flora is its systematic
composition, the main qualitative indicator of which
is considered to be floral diversity, determined by
the number of species, genera and families [22].
The flora of Zhalanashkol lake includes 43 genera
and 46 species of higher aquatic and semi — aquatic

members from 21 families. Figure 2 shows data on
the systematic composition of the study area.

The leading position is occupied by the family
of Chenopodiaceae Vent., which includes 6
genera (Atriplex, Camphorosma, Ceratocarpus,
Chenopodium, Salsola, Suaeda) and 8 species.
Asteraceae Dumort. includes 5 genera (Achillea,
Artemisia, Scorzonera, Tragopogon, Xanthium)
and 5 species. Poaceae Barnhart includes 4
genera (Achnatherum, Phragmites, Poa, Setaria)
and 4 species. Haloragaceae R.Br. has 4 genera
(Myriophyllum, Glycyrrhiza, Trifolium, Vicia)
and 4 species. Polygonaceae Juss. has 3 genera
(Polygonum, Rheum, Rumex) and 3 species.
There are families, which include 2 species and 2
genera, and they are: Cyperaceae Juss. (genera:
Bolboschoenus, Carex), FEuphorbiaceae Juss.
(genera:  Euphorbia, Potentilla), Brassicacea
Burnett (genera Erysimum, Lepidium), Limoniaceae
Ser. (genera: Limonium, Tamarix), Ranunculaceae
Juss. (genera: Adonis, Ceratocephala). 1 genus and 2
species representatives belong to Ceratophyllaceae
S.F. Gray (Ceratophyllum), 1 genus and 1 species
representative belongs to Typhaceae Juss. (Typha
angustifolia L.), Lamiaceae Lindl. (Mentha arvensis
L.), Plantaginaceae Juss. (Plantago lanceolata L.),
Convolvulaceae Juss. (Convolvulus arvensis L.),
Nitrariaceae Bercht.et J. Presl (Nitraria schoberi
L.), Onagraceae Juss. (Epilobium hirsutum L.).
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Figure 2 — Family spectrum of Lake Zhalanashkol
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The presence of families having one-two species
representatives within the flora is of great interest,
since the core of their species diversity can also be
found in other climatic zones. The floral spectrum

of Zhalanashkol lake and the above-mentioned
systematic groups show that the main floral part
consists of angiosperm representatives, and the
minor part is taken by gymnosperm representatives.

Table 1 — Distribution of plants of Zhalanashkol lake by the systematic groups

Systematic group Number of families | Number of genus Number of species | % of the total number of species
Gymnosperms 1 1 1 2.17
Angiosperms:

- dicotyledons 18 35 38 82.6

- monocotyledons 3 7 7 15.2

Total: 21 43 46 100

Table 1 illustrates that the species composition
of Zhalanashkol lake is dominated by the
Angiosperms, which accounts for 45 species
(97.8%) and only 1 species or 2.17% belong to the
Gymnosperms.

The ratio of monocotyledonous and dicoty-
ledonous groups is approximately 1:5, i.e.
Magnoliopsida class prevails over Liliopsida due
to species diversity represented 5 times more. The
total number of monocotyledons consists of 7
species or 15.2% of the total number of species;
while dicotyledonous plants include 38 species or
82.6%.

Thus, in the studied flora, the majority of
families, genera and species belong to angiosperms,
among which dicotyledons dominate.

Flora analysis in modern floristics is performed
by distinguishing 10 leading families that mostly
represent main part of the floral spectrum (Figure 4).
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10 dominant families include 34 species, which
accounts for about 73.91 % of the total number of
species. According to the data, the first place in the
number of species and genera is occupied by the
Chenopodiaceae family (8 species, or 17.39% of the
total number of species, 6 genera): Camphorosma
lessingii Litv., Ceratocarpus utriculosus Bluk.,
Atriplex tatarica L., Chenopodium album L., Ch.
rubrum, Salsola arbuscula Pall., S. collina Pall.,
Suaeda crassifolia Pall. The second place is taken
by the families Asteraceae (5 species or 10.87 %
of the total number, 5 genera): Achillea millefolium
L., Artemisia absinthium L., Scorzonera songorica
(Kar.et Kir.) Lipsch. et Vass., Tragopogon
dubius Scop., Xanthium strumarium L. Families
Haloragaceae  (Myriophyllum  spicatum L.,
Glycyrrhiza glabra L., Trifolium pratense L., Vicia
cracca L.) and Poaceae (Achnatherum splendens
(Trin.) Nevski, Phragmites australis (Cav.) Trin.
ex Steud., Poa angustifolia L., Setaria viridis (L.)
Beauv.), which include the same number of species
and genera (4 species or 8.69 % of the total number
species, 4 genera). Family Polygonaceae includes
3 genera and 3 species: (Polygonum aviculare
L., Rheum nanum Siev., Rumex stenophyllus
Ledeb.) Two families are at the bottom of top ten
leading families with the same number of genera
and species, which is 2: Limoniaceae (Limonium
gmelinii (Willd.) O. Kuntze, Tamarix ramosissima
Ledeb.), Brassicaceae (Erysimum canescens Roth,
Lepidium ruderale L.), Euphorbiaceae (Euphorbia
humifusa Schlecht., Potentilla recta L.) and
Cyperaceae (Bolboschoenus maritimus (L.) Palla.,
Carex physodes Bieb.).

At the same time, it should be mentioned that
taxa, including a relatively small number of species,

Figure 5 — Cattails-mixed-grass community
of Zhalanashkol lake

play the same important role as taxa having a larger
number of species, considering the vegetation cover.
An example is the family Limoniaceae Ser., whose
representative is Limonium gmelinii (Willd.) O.
Kuntze — this is a bioindicator of elevated salt levels
of water and coastal territory, the presence of which
is caused by excessive water salinity.

The leading genera include Ceratophyllum
demersum L. and Ceratophyllum submersum
L. from the family of Ceratophyllaceae S.F.
Gray, Chenopodium album L., Ch. rubrum L.,
Salsola arbuscula Pall., S. collina Pall. from the
Chenopodiaceae Vent family. The species of these
genera form a floral background in appropriate
ecological conditions. However, the roles of
individual genera and families within the flora do
not always correspond to their role in the vegetation
cover when it comes to aquatic and semi-aquatic
vegetation. In the studied flora, in this regard, the
genera Typha angustifolia L., Phragmites australis
(Cav.) Trin.ex Steud., Bolboschoenus maritimus
(L.) Palla can be a good example: they form a
core of aquatic and semi — aquatic vegetation
of Zhalanashkol lake. The following aquatic
plants should also be noted in the same regard:
Ceratophyllum demersum L., C. submersum L.,
Myriophyllum spicatum L.

The content of plant communities and their
distribution is determined by environmental
conditions. The main factors determining vegetation
distribution within the aquatic environment are: salt
level, pH, transparency, turbidity, light conditions,
etc. However, the growth of terrestrial species
depends on humidity and light conditions, soil
salinity, mechanical composition, geomorphological
conditions, and precipitation.

Figure 6 — Grass — mixed community
of Zhalanashkol lake
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The main part of the study area is dominated by
the mix of typha and grass communities dominated
by typha (Typha angustifolia L.) and reed grasses
(Phragmites australis (Cav.) Trin.ex Steud.), as
well as grasses and forbs. The plant cover is 80%
(Figure 5-6).

The 72 useful species are identified on the
territory of the study. Ilyins M.M. classification
was used as a foundation for group plant group
distinguishment [23]. Thus, three major types
have been identified, each of them includes several
feature groups of useful plants. The quantitative
ratio is presented in table 2.

Table 2 — Distribution of groups of useful plants by special

types
Type Groups of useful The number of

plants species

Medicinal 10

Fodder 19

Food 6

Natural Honey 4

Venomous 6

Insecticidal 1

Decorative 2

Essential oil 3

Fat oil 2

Tanning 5

Technical Dyeing 4

Fibrous 3

Wicker 5

Fuel and wood 2

Total: 72

The natural type includes plants with the
following features: medicinal, fodder, food, honey,
poisonous, insecticidal, and decorative. The most
numerous in their number are fodder plants, there
are 19 species: Ceratophyllum demersum L., Salsola
arbuscula Pall., Salsola collina Pall., Polygonum
aviculare L., Rheum nanum Siev., Glycyrrhiza
glabra L., Trifolium pratense L., Vicia cracca L.,
Achillea millefolium L., Bolboschoenus maritimus
(L.) Palla, Achnatherum splendens (Trin.) Nevski,
Phragmites australis (Cav.) Trin.ex Steud., Poa
angustifolia L., Setaria viridis (L.) Beauv., Typha
angustifolia L.
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The next group is medicinal plants, which
includes 10 species. Some of them are: Hypericum
perforatum L., Chelidonium majus L., Limonium
gmelinii (Willd.) O. Kuntze, Glycyrrhiza glabra L.,
Artemisia absinthium L. etc.

Groups of edible and poisonous plants each
contain 6 species: Hypericum perforatum L.,
Chenopodium album L., Ch. rubrum L., Glycyrrhiza
glabra L., Bolboschoenus maritimus (L.) Palla,
Typha angustifolia L. can be used in food industry.
Adonis parviflora Fisch. ex DC., Ceratocephala
testiculata (Crantz) Bess., Chelidonium majus
L., Gypsophila paniculata L., Lepidium ruderale
L., Xanthium strumarium L. are poisonous ones,
accordingly.

Honey plants include 4 species: Epilobium
hirsutum L., Trifolium pratense L., Vicia cracca L.,
Mentha arvensis L.

2 decorative plant species were identified:
Gypsophila paniculata L., Tamarix ramosissima
Ledeb. However, there is only 1 type of insecticidal
plant species: Lepidium ruderale L.

Technical plant types include plants containing
essential oils and fat oils, and plants with a potential
use in tanning, dying, fiber, wick, fuel and wood
industries. 5 plant species belong to tanning plant
types and they are Polygonum aviculare L., Rheum
nanum Siev., Limonium gmelinii (Willd.) O. Kuntze
y Dyeing plants include 4 species, and they are
Hypericum perforatum L., Polygonum aviculare
L., Xanthium strumarium L., Chenopodium
rubrum L. Wicker plants (Achnatherum splendens
(Trin.) Nevski). Plants containing essential oils
include 3 species (Mentha arvensis L., Achillea
millefolium L. and etc.). Plants containing fats are
Xanthium strumarium L. and etc., fibrous plants are
Glycyrrhiza glabra L. and etc. Plants with a potential
use in fuel and wood industry include 5 species, and
an example is Salsola arbuscula Pall.

Conclusion

As a result of the systematic analysis of higher
aquatic and semi — aquatic plants of Zhalanashkol
soda lake in Almaty region, 46 species from 43
genera belonging to 21 families were identified.
The triad of dominant families is identified too: it’s
Chenopodiaceae (6 genera, 8§ species), Asteraceae
(5 genera, 5 species), Halogaraceae and Poaceae,
the latter ones have the same number of genera
and species — 4. 10 dominant families contain 34
species, which is accounted for 73.91 % of the
total number of species. The leading genera are
Ceratophyllum demersum L. and Ceratophyllum
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submersum L. from the family of Ceratophyllaceae
S.F. Gray, Chenopodium album L., Ch. rubrum
L., Salsola arbuscula Pall., S. collina Pall. from
Chenopodiaceae Vent family.

72 useful species are identified on the territory of
the study area. The most numerous groups are based
on the number of species, and they are medical and
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POCDOOP KAAABIKTAPbIHbIH,
TECT-OCIMAIKTEPTE ®UTOYbITTbIAbIFbIH
bATAAAY

KopluaraH opTaHbl AacTaylibl XOHE OHAAFbl GMOLEHO3AbIH, TYPAKTbIAbIFbIHA KYPAEAI 3apAanTap
TYFbl3aTblH TEXHOrEHAI OHAIPICTIK KaAAbIKTapfa KypambiHAaa ocopbl  6ap  KaaAblKTapAa
>KaTaAbl. TEXHOreHAIK KAAAbIKTapAbIH YbITTbIAbIFbIH OMOAOTUSIAbIK, DAICTEPMEH OararayAa SpTYPAI
TMAPOBMOHTTBI aF3aAapAblH, TOMTapbiH: MMKPOBGAAAbIpAAP, KapanambiMAbIAAD, YAYAAP, ©CIMAIKTEp
>koHe T.6. TeCT arF3aAapbl peTiHAe KoAAaHbiAaabl. KypambiHaa docdop 6ap KaAAbIKTapAbIH LLAAK
>KOHE LAAM TYPIHAEr CaHABIK, >K8HEe caraAblk, Kypambl XafblHaH epekllieAeHeTiH 2 Tuni A >xeHe b
naaasaHbiaabl. Duto-TecT ecimaiktepi petinae Phaseolus vulgaris, Hordeum vulgare ecimaiktepi
naAaAaHbIAAbL.  3epTTEAIN  OTbIpFaH  TECT-8CIMAIKTEPAIH  MOPGOAOTMSIAbIK,  OMOMETPUSIABIK,
KOpCeTKiluTepi Cy CycrneH3usiCbiIMeH apaAackaH ocdop KaAAbIKTapbIMEH MPOMOPLMOHAAABI TYPAE
TOMEHAEMTIHI aHbIKTaAAbl. Toxipnbeae KOAAAHbIAFAH YbITTbIABIK ASpPEXeciHe Kaparh A TobOblHa
>KaTKbI3bIAFAH KypambiHAa hoccopbl 6ap wAakTap MeH b ToObiHa >KaTKbi3bIAFaH WAamMAapAbiH 1,0 %
KOAEMA| MBALLIEPAT KOHLIEHTPALMSChI YbITTbIAbIFbI >KOK, OOAbIM CaHAAAbI, aA WAAKTAPAbIH 5,0 % KOAEMAI
MOALLEPAI KOHLEHTPAUMSChl 9ACI3 ybiTTbl, 10,0% LWAAM MEH LIAAKTbIH CyAafbl MOALIEPI YAbl GOAbIM
TabbIAAbI, OHAQ BCIMAIKTEPAIH caamarbl 82,1+8,0 Phaseolus vulgaris, 82,4+8,1 Hordeum vulgare,
aA ecimaikTepaiH 6uikTiri 79,8 +7,6% Phaseolus vulgaris, conkeciHwe Hordeum vulgare 80,2+ 7,5%
TeMeHAEreHi aHblkTaaabl. KypambiHaa hocdop 6ap waam KaaAbIKTapbl LWAAK TYPIHAEr KaAAbIKTapFa
KaparaHAQ YbITTbl €KEHAIT aHbIKTAAAbI.

TyiiH ce3aep: TexHOreHAIK KaAAbIKTApP, YbITTbIABIK, LWAAM, WAAK, (PUTO-TECT OCIMAIKTEp.

A.Akhmet*. A.U. Issayeva

M. Auezov South Kazakhstan University, Kazakhstan, Shymkent
*e-mail: Aina_756@mail.ru

Assessment of phytotoxicity
of phosphorus-containing waste for test plants

Man-made industrial wastes that pollute the environment and cause serious consequences for the
sustainability of the biocenosis in it include phosphorus-containing wastes. When assessing the toxicity
of man-made waste by biological methods, various groups of hydrobiontic organisms are used as test
organisms: microalgae, protozoa, molluscs, plants, etc. Two types of phosphorus-containing waste are
used, slag and sludge. A and B, differing in their quantitative and qualitative characteristics. Phaseolus
vulgaris, Hordeum vulgare were used as a phyto-test of plants. It was found that the morphometric
parameters of the analyzed test plants decreased in proportion to the content of phosphorus-containing
wastes in aqueous suspensions. Depending on the degree of toxicity used in the experiment, 1.0 £0,1%
of phosphorus-containing slags and sludge were considered non-toxic, and 5.0 +0,5 % of slag — slightly
toxic, the most toxic was the content of 10,0+0,9 .% of sludge and slag in water, in which the weight of
plants decreases by 82,1 + 8,0% Phaseolus vulgaris, by 82,4 + 8,1% Hordeum vulgare, plant height by
79,8 + 7,6% Phaseolus vulgaris, by 80,2 + 7,5% Hordeum vulgare, respectively. It was revealed that
phosphorus-containing sludge is more toxic than slags.

Key words: technogenic waste, toxicity, sludge, slag, plant phyto-test.
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Dochop KalgBIKTaApBIHBIH TECT-0CIMAIKTEPre (UTOYBITTHUIBIFBIH Oaramay

A. Axmet*, A.Y. NcaeBa

lO>xHo-Ka3zaxcTtaHckumin yHuBepcuTeT M. M.Aya3oBa, KazaxcTtaH, r. LLIbIMKeHT
*e-mail: Aina_756@mail.ru

OueHka putoTokcMuHocTH hochopcoaepKallux 0TXOAOB
AAS TecT-pacTeHUH

K TexHOreHHbIM MPOM3BOACTBEHHBIM OTXOAAM, 3arPS3HAIOLLMM OKPYXKAIOLLLYO CPEAY M BbI3bIBaIOLLMM
cepbesHble MOCAEACTBUS AAS YCTOMUMBOCTM 6uoLEeHO3a B Her, oTHocATCs hocdopcoaepskalime
oTxoAbl. [py oLeHKe TOKCMYHOCTU TEXHOTEHHbIX OTXOAOB GUMOAOrMUECKUMM METOAAMM B KauecTBe
TECT OPraHM3MOB UCMOAb3YIOT PA3AMUHbIE FPYMMbl TMAPOBUOHTHBIX OPraHM3MOB: MMKPOBOAOPOCAM,
NpoCTeNLIMe, MOAAIOCKM, pacTeHust 1 Ap. McnoAb3oBaHo 2 Tna pocdopcoaep Kamx 0TXOAOB LUAAK U
wAam. A n b, otanvarolmecs no cBOMM KOAMYECTBEHHO-Ka4eCTBEHHbIM XapakTepmcTmkam. B kauectse
uto-TeCT pacTteHuit ucrnoabzoBaauch Phaseolus vulgaris, Hordeum vulgare. YcranoBaeHo uto
MopomMeTpuyeckme nokasaTeAn aHaAM3Mpyembix (OUTO TECT-PACTEHUI CHMXKAETCS MPONOPLMOHAABHO
copep>kaHmio  ocopcoaep KalLMX OTXOAOB B BOAHOM cycneH3ui. B 3aBMcMMOCTM OT cTeneHu
TOKCMYHOCTHU, NprmeHsiemont B akcnepumetTe, 1,0+ 0,1 06. % drochopcoaep Kalimx LAAKOB U LLIAAMOB,
CUMTAAMCh HETOKCUYHbIMKM, a 5,0+0,5 06. % LlwAaka — cAabO TOKCUMUHbBIMM, HaMOOAEe TOKCUUHbIMM
okazanocb coaepkanve 10,0£0,9 06. % waAama M WAAKa B BOAE, NPV KOTOPOWM BEC pPaCTeHUi
cHmkaetcs Ha 82,1+8,0 % Phaseolus vulgaris, Ha 82,4+8,1 % Hordeum vulgare, BbicoTa pactenmit
Ha 79,8 +7,6% Phaseolus vulgaris, Ha 80,2+ 7,5% Hordeum vulgare cooTeeTcTBeHHO. BbisiBA€HO, UTO
ochopcoaepIKaLLMI LIAAM SIBASETCS BOAEE TOKCUUHBIM, YEM LLAAKM.

KAtoueBble cAOBa: TEXHOrEeHHbIE OTXOAbI, TOKCMUYHOCTb, LUAAM, LAAK, (DUTO-TECT pacTeHusl.

Kipicne

Kopmaran opTaHpl NacTayIibl >KOHE OHIAFBI
OMOIICHO3/IBIH TYPaKTBUIBIFBIHA KYpAETi 3apiarl-
Tap TYFBI3aTbIH ayblp TONTAFbl KAYINTiNIr KOFaphl
KIOBIKTApABIH Oipi KEH OHIIpY CallaChIHBIH
KaJIZIBIKTaphl, COJNIAPbIH 1MIiHAC KypambiHaa (oc-
(hophl Oap TEXHOTEHAIK KANIBIKTAPAA KATabI.

Seregina Yu. et all. bemopen MeTamIyprusiIbIK
koMOuHaTel MeH Cubaii keH OaiibiTy Qabpuka-
chl alHanaceiHna TombIpakTapaeiy Cu, Zn, Fe,
Mn, Cd, Pb wmetammappIMeH JacTaHybIH OHO-

TECT-HbICAH ar3aJiapJiblH KOMETIMEH JiacTaHy
nmopexecin aHbpiKTaraH [1]. TexHoreHmik Kaj-
IOBIKTApIbIH ~ YBITTBUIBIFBIH — Oaraimayma  Kyp-

ri3inren ToxipuOenepaeH (QUTO-TECT OCIMAIKTEp-
IiH TYKBIMBIHBIH ©HYyi, ca0aK, TaMbIp, KalbIpakK
e3repicTepi apKbBUIBI AHBIKTAIFaH. JKOTOKCHUKO-
JIOTUSUTBIK ~ OMOAHAJM3NEp aFbIHABI CyJdap MeEH
OHEPKACIMTIK aFBIH]IBI CYJIAP.IbIH PUTOYBITTHUIBIFBIH
Oaramay yIIiH JXui KojafaHbutagsl, A.Priac et al.
TEXHOTCHJII aFbIHJIbI CYJIAPJBIH YBITTHUILIFBIH A~
THOCTHKanayaa Lactuca sativa ecimairidig 4 Typmi
COpTTapelH Appia, batavia dorée de printemps,
grosse blonde paresseuse xone Kinemontepas copt-
TapblH TaHJAN KOJJIAHMABI, COHBIMEH Oipre aybIp
MeTalJap/blH YBITTBUIBIFBIH aHBIKTayaa 1riticum
aestivum L. eCiMJIITiH KOJ1aHy apKbLUIbI, OCIMIIKTIH
OMIpIIEHIIK WHACKCIH Oaramam kepcertemi [2,3].
BuoTecT-HbICaH aF3aapiblH KOJIAHBUTY asChl KEH,
OHEPKACINTIK OHIIPICTIK JKYMbICTapJaH KaJiFaH
TeMip, IEMEHT, OCTOHAAPIBIH OHOIECTPYKIMACHIH-
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Jla MUKPOOAIIBIpIIap, HUTPUPUKATOPIAPMEH TEMIp
TOTBIKTHIPYIIIBI MUKPOFa3ajapMEH CaJIbICThIPMAIbI
TYpPJE KYMBIC KapKBIHABUIBIFBIH 3€PTTEreH Oachl-
JBIMJIAP TaXKapblK KepreH [4].

KeH kamapIKTapbl MEH OHIIPICITIK KaJIbIK-
TapJbIH, OHAIPICTIK aFbIHJBI CYJIAPABIH KOpIIaraH!
opTara 9cepiH, OCIMIIKTEpre dCepiH Oaramayma aB-
topaap Triticum aestivum L., Secale cereale xoHe
Zea mays aybUIILIapyalIbUIBIK MOIEHH ©CIMAIKTEPIi
Maiananbl, oJlapFa SPTYPII ayblp MeTalIap.IblH
acepiHe Ce3IMTaIBIFbI, OCIMIIKTIH (PU3UOJIOTUSUTBIK
aCHeKTIIepiH, OCIMIIK TYKBIMBIHBIH CaJbICTBIP-
Majabl ©HYy HWHJICKCIH, opTara MOpP(POMETPUKAIBIK
KOPCETKIIITEePI apKbUIbI OaFaiayblH CalbICThIPMAIbI
Typae Oaramaiiner [5,6].

Kazipri Tagma aysip jkoHE 0acka yJbl MeTal-
JIapMEH KOpIIIaFaH OPTAaHbBIH JIACTAHYBIH 3EPT-
TEy oNeM/Ie ©3€KTi Maceye OOJBIN OTHIP, OCHIFaH
OalNaHBICTBI  COMKECTCHAIPIIMETeH  3HSHIbI
3aTTap/AblH BIKTUMAaJ aFbIMCBI3 YBITTHI OCEPiH
Oarayilay MaKcaThIH/Ia 3USH]IBI aFbIH/IBI CYJAPABIH,
TeXHOT'CH I KaJABIKTap/IbIH YBITTHI 9CEPIH CHUIIAT-
Tay KoHe Oaraliay YUIiH CBIHAaK OOBEKTiJepiHae
OuoTecTiiey MPaKTHKAChl KOJIJIAHBUIBINT KeJei.
byn skxarmailina aHanTWTHKANBIK OaKbUIAYIBIH €H
THIMII Kypannapbl- OHWOTEcTijey aHaJIu3iMeH,
OMOWHAMKANIHAS SJICTepi €KEHIH KONTereH 3epT-
Teyaep gonengen keneai [7-10]. Meicanbl keioip
3epTTEY XKYMBICTAPBIH/IA MOJCHU JIOH/Ii-1aKbLIJIbI
aCTHIK TYKBIMJIACTHI OCIMIIIKTEPMEH KaTap KachLl
KOK —OHICTI OCIMJIK TYPJIEPiHIH KbIPHIKKAOBIT
Brassica oleracea, acTek KbI3bUIIIACH Beta
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vulgaris, cabi3 Daucus carota, xp13anax Solanum
lycopersicum, Cucumis sativus, kabax Cucurbita
pepo, xya (Allium cepa), capwimcax (Allium
sativum), canat (Lactuka), ackex (Anethum
graveolens), nerpymka Petroselinum); Solanum
tuberosum) T.0. KONTETeH OCIMIIKTEPIIH aybIp
MeTanjgapra Te3IMIUNK JOpeXKECiH aHBIKTaFaH
[11]. TuapoOMOHTTHI ar3aiap MEH MOICHHU JOHII
—NaKbUIIBl OCIMIIKTEPAIH TECT-HBICAH PETIHIC
KOJJAHBLUTY callachl YJKEH, TYpJi calajarsl
JacTaHFaH TOIBIPaKTapAbl, CyJapAbl Ta3apTy,
JlacTaHy Jopexecid anbikranm [12,13] , Oaranay
JKYMBICTapbIHJA KOJIJIaHFaH, MBICAIbBI, Sorghum
bicolor L., Phaseolus vulgaris L. eciMIiKTepiH
PEaKTUBTI OTBHIH MEH TepOUIUATEPAIH YBITTHI-
JBIFBIH aHBIKTAY YIIH KOJNJAaHBUIFAH, an Panicum
miliaceum L.¢henon, xiopdeHomgapMeH 1acTany
JIOPEKECIH aHBIKTaJa OCIMIIKTIH TaMbIphl MCH
cabarbIHBIH OCIII, XKeTiTyiHe Kapail Oaramayra 00-
NaThIH KepceTkeH [14-16].

- MeTanaap MeH oiapblH KOCBLUTBICTAPHI aF3ara
TYCKEH Ke3Jle ar3a MeTa0oJHu3iMiHAEe KeNTereH
e3repicTep TYAbIPAThIH SKOTOKCHKAHTTAPIbIH Ma-
HBI3OBl TOOBIH KypaWThiHBl Oenrinmi. Kazakcran-
HBIH OHTYCTIK eHipiHAe Ka3ipri tagma 500 000 T
acraM KypambiHAa ¢ochopbl 0ap KalJbIKTaphl
JKUHAKTAIIFaH, KaIJBIKTHIH JKWHAKTAIFaH OPHBI
YJIKeH KeJeM[li JKep ayMaFblH [IapyamrbUIbIK
JKOHE KOHOMMKAJIBIK aliHAJILIMHAH TOCKAYbLUIIAl
typ [17-19]. XKammer Kazakcranga ¢ocdop
THIHANTKBIITAPEIH OHMIPETIH OHiAipic OpbIHIA-
pol «Kazdpocar» KUIC (Tapas k.) «Kazdochar»
JKIIC 22-re xKybIK ©HIM TYpJIEpiH MIbIFapaabl, Kam-
OBIT OOJBICHT ayMarbiHIa 48 (hochOpUT KEH OPHBI
alIBUTFaHbl TYpaJbl IepeKTep 0ap, onap by imiHIe
13 mupa. T urepinres, gocdoput KopsIHBIH 72 %
OaTaHCTHIK KOpbI JKaMOBLUT OOIBICEIHA THECITI, OVIT
TM/ ennepi MeH anem OOHBIHINA €H 1pi KOp KeseMi
0o cananazpl [20]. Kasipri Tapaa enimiz nyaue
Ky31 OOMBIHIIIA ITali1aTbl KeH Ka30a OalIbIKTapbIHaH
QNeMJIIK 0ACEKENIeCTIKKE ue eNIep/iH KaTapblH/a,
KeH OHIIPICIHIH JXYMBICBI MEH CTaTHCTUKAJBIK
KOPCETKIMTEPiH apHAWbl calTTapaaH Kepe aia-
Mb3 [21-23]. Kaszakcran PecnyOnukacbiHbIH Tay-
KEeH caiachl IIaMaMeH TOJIBIKTail WrepiiireH JKoHe
urepiny ycrinae xoHe 70 Tay-KeH OHIIPICIH ure-
pyne 13-11i opbIHFa Ue, TONBIK akmaparrap [24, 25]
aiyra Oonaapl. 3epTTey HBICAHBI OOJBIN OTHIPFaH
IeiMkeHT (ocdhOop 3aybITBIHBIH KaJAbIKTaPbIHBIH
MUKPOOUOJIOTHSIIBIK KYPaMbl TOJIBIK 3€PTTEIII, CH-
MATTaNAbI, KAJABIK KYPAaMBIHBIH MHUKPO(IOPACHIH-
na 51% rereporpodtsl OakTepusiiap, 35% MHKpO-
munerrep, 10 % axtuHomurerrep, 4 % ambITKbIIAp
ke3zmecti [26]. Docdop KaNIBIKTapBIHBIH Kypa-

MBIHAH CHPEK JKEp MeTaljapbl MeH Oaraibl
KOMITOHEHTTepAi Oeutin amyaa OeNiHreH MHKpOaF-
3ajap acCOIUAIMSICH YKYMBICHI KapKBIHABI €KeHi
MOJENI  ToXipuOenep apKbUIbl  AHBIKTAJIFaH
[27]. [HderenmeH wurepiireH KeH Kaz0alapblHBIH
SKOJIOTHSJIBIK TYPFBIAH JIACTaHy JOpexeci MeH
KQJJIBIK KOJEMIHIH apTybl YJIKEH DKOJOTHSIIBIK
Macelie TYbIHIaTalbl, ce0e01 KamabIK KYpaMbIHIAFbI
aybpIp MeTanap, KUHAJIFaH MIOFBIpIap MEH KaJIbIK
CyJapsl 9p TYpi KIUMATTHIK (paKTOpiapbIH caia-
PBIHAH, eI, CY, )KaybIH-IIAIIBIH aPKBLIBI XKeP acThl
JKOHE JKEeP YCTi CYJIapbIHbIH, CYIaFhI TIPIIUTIK €TeTiH
ar3ajap/blH, aTMoc(epalbK ayaHblH, TOMBIPAK MEeH
OCIMIIIKTEP/IiH JIacTaHy Ke37epi 00BN TaObLIa k.
Kanmeiktapael OnoTecTiiey, oaapIblH THTHCHATBIK
JKOHE HKOJIOTHSUIBIK, KayiNTUIITiH Oaranay, oapasl
OHEPKAOCINTIH opTYpii cajamapblHAa KalTanaMa
ITUKI3aT K631, MEJICOPAHTTAP, THIHANTKBIIITAD JKOHE
T. 0. perinae maiinanaHy MYMKIiHIITiH apTThIpa-
nel. OchIFaH opail 3epTTey JKYMBICBIMBI3Fa KOWFaH
MaKCaTBIMBI3IIBIH MiHAeTTepiHiH Oipi IIbiMKeHT
KaJlaChIHBIH ayMaFbIHJa OpHAJaCKaH KypaMbIHIA
thocdopsl Oap KaNABIKTAPABIH AKOYBITTHUIBIFBIH
TeCT-aF3alap/iblH PEeakIHschl OOWMBIHINA aHBIKTAY
OOJIIBI.

3epTTEy HBICAHBI MEH dicTepi

3epTTey HBICAHBI peTiHAe KypaMbiHIa ¢ocdo-
pbI Oap 1LIaKTap MeH nuramaap, GUTO-TECT HbICAH
ecimaikTepi perinae Phaseolus vulgaris, Hordeum
vulgare MoneHH ©CIMIIKTEPi1 KOMIAHBLUI/BL.

Kypambiana ¢ocdopsl  6ap KanablKTapAaH
(mmak, notam) — ceiHaManapbiHaH  1,040,1%;
5,0£0,5%; 10,0£0,9 % xemeMai MeJjmmepiai KOH-
LEHTPAIMACHIH OJIIIeIT ajlbIHAbI, CyOCTpaT peTiHae
BEPMUKYIUT KOJMAHBULABI. AJIBIHFAH TBHIFBI3JIBIK
IIeH CYWBIKTBIH KATHIHACHIHBIH 6IIIeMiHae 00J-
el (T:C 1:1), pH mopexeci — 7-8 cinrini. Bip
PETTIK KOJNJIAHBLIATHIH TOJUATUICHTI CTaKaHJapra
BEPMUKYJIUT CANBIHBIN, S5MaHa OCIMIIK TYKBIMBI
erijmi, op chlHama 3-peTTiK KalTanay apKbLIbl
TOXipuOe KOHBUIABL, Oakpuiay TECT peTiHAe
Taza CyMEH apajacTHIPBUIBII ETiITeH OaKpuiay
OCIMJIIKTepl KOWBUIABL. TecT-HbICAaHAAp ETUIreH
TIONIMATHIICH/TI CTaKaHIApABIH O€Ti IMOJMATHICHI
KQJITAIIBIKTAPMEH ~ KOMKepuImi, OemMe TeMrre-
paTypacbiHia, KYyH CoyJeci TYCeTiH 3epTxaHa
JKaFJaibplHAa ToXKipuOe KOWBUIABL S5 TOYIIKTCH
KEHIH OHIN MIBIKKAH 6CKIHACPIIH CaHbl, OCIMIIKTIH
opTallia caliMarbl, opTaiia OOl Y3bIHJBIFbI, 6CKCH
OCIMJIIK  JKalbIpaFbIHBIH CaHbl, KAIBIPAFBIHBIH
Y3bIH/IBIFBI, KaIbIPAKTAPBIHBIH HEKPO3Fa YIIBIPAYHI,
KETUIMEYi, TaMbIp Y3BIHJBIFBI, Kbl CaJIMaFrbl

29



Dochop KalgBIKTaApBIHBIH TECT-0CIMAIKTEPre (UTOYBITTHUIBIFBIH Oaramay

T.0.) MOp(hoMeTpUKaBIK 63repicTepi OOHBIHIIA Cca-
pamnTtama >KYpri3ijimi.

3epTTey HITHKeIePi

Monenu ecimaikrepre KypambiHAa (ochopsl
0ap KaJIBIKTAp/IbIH SPTYPJIi KOHIEHTAPIUACHIHBIH
(DUTOTOKCHMHAUTITIHIH ocepiH 3epTreyae Keieci
HOTHIXKEJICD aJIbIHJIbI.

A TOOBIHIAFHI KypaMbIHAa Gocopsl Oap 1IIaK,
OOpIBUTIAK, TYHIPIIIKTI KaJABIKTap OJICI3 YBIT-
ThI KaJABIKTAp OOJbIN TaObULABI. KalablkrapabiH
1,0£0,1 % kememperi mejmepii KOHIEHTpAIIHS-
CBIHJIa OCIMIIKTEPIIH OCy, NaMy KOpCETKIITepiH
apTTBIPAJbI, 6CY CTUMYJISTOPBI PETiHAE dcep eTei.
Axn 5,0+0,5 % xememzi MemIiepii KOHIEHTpAIH-
CBI onici3 yeITTHI, air 10,0+0,9 % kenemmi Memmmep:i
KOHIIGHTPAMACHl OpTallla YBITTBUIIBIK dcep Oepai.
5,0 -10,0% KOHIEHTpAIMACHIHAA TaMbIp XKyHeci
Oencenmi 6oica xa, cabakTap MEH JKaIbIpaKTapIbIH
ecyi Oasryyaipl.

5,0+£0,5 % kememi Memmiepii KOHIIEHTpa-
musacel: 1) Ph. vulgaris ©CIMTIKTIH Y3bIHIBIFBI
— 22,840,1% (Oakpuiayma — 28,3+2,4%), cabak
y3biaabiFsn 13,2+1,2% (6akputay — 14,7+1,2%), Ta-
MBIp Y3bIHABIFBI 9,6£1,0% (Gakpuiay — 13,6+1,2%),
JKaTbIPaK TAKTAIIACKIHBIH €Hi 2,8 CM, Y3bIH]IBIFEI 4,2
cM (Oakpimay — eHi 3,6 cM, Y3BIHIBIFHL 4,7 CM), Op-
tarra canMarsl 2,3 (6akpuiay — 2,8 ); 2) H. vulgare
eCIMIIIKTIH Y3bIHIBIFBI — 21,8+0,1% (Oakputayga —
27,4+2,4%), cabak y3eIHIBIFHI 14,6 £1,2% (Oakpuiay
— 15,8%1,3%), Tamelp Y3BIHABIFEI 7,2+1,1%
(6akpuay — 11,6%1,2%), >kanplpak TaKTallachbIHBIH
eHi 2,8 cm, Y3eIHABIFB 4,2cM (Oakpuiay — eHi 2,1
CM, Y3BIHABIFBI 15,7 cM), oprama caiamarel 1,2 T
(6bakputay — 1,7 1).

10,0+£0,9 % xememmi Memmiepii KOHIIEHTpa-

uuscel: 1) Ph. vulgaris eCIMIIKTIH Y3bIHIBIFbI

10,7+0,1% (Gakpuayma — 28,3+2,4%), cabak
V3bIHABIFE 5,8+0,5% (Oakpimay — 14,7+1,2%), Ta-
MBIp Y3bIHABIFH 4,9+0,4% (6akputay — 13,6 +£1,2%),
JKanbIpaK TaKTarackiHbly eHi 0,9cM, Y3bIHABIFRI 1,2
cM (Oakputay — eHi 3,6 CM, Y3BIHABIFE 4,7 CM), OpTa-
ma canmarsl 1,3 r (6akputay — 2,8 1); 2) H. vulgare
eciMIiKTiH Y3bHABIFB — 10,9+0,1% (OGakputayna —
27,4+2,4%), cabak Y3uIHIBIFE 6,7+0,6% (6akpu1ay —
15,8+1,3%), Tambip y3bIHbIFRL 4,2+0,4% (OaKkbLIay
—11,6£1,2%), s)xambipak TakramaceiHbH eHi 0,2 cM,
Y3BIHIBIFHL 8,7 cM (Oakputay — eHi 2,1cM, Y36IHABIFBI
15,7 cm), opramia canmarsl 1,2 T (6akpuiay — 1,7 r).

b — xypameiama docdopsr Oap mmiam, eTKip
HICTi, THIFBI3 KAUTIBIK. OUTO-YRITTRUIBIFEI 1,0£0,1 %
KeJIEeMJII MeJIIepIi KOHIEHTPAIUSICH YBITTHUIBIFBI
TOMEH, OCIMIIK TYKBIMBIHBIH 6Hyi 89,2+3.45%
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Kypaapl. OHreH  OCIMIIKTepAiH  BETETaTHBTI
MYLIeNepiHiH MOpPPOMETPUKAIBIK KOpPCETKIITepi
KajeInThl gaMeiabl. 5,0+0,5-10,0+0,9 % xememui
MOJIIIEePITI KOHIECHTPAIUSIIAD YhITThLIBIFBI KOFaPhI
exeHi aHbIKTanmbel. 5,0£0,5 % xememai memmepiti
KOHIeHTpawsicel: 1) Ph. vulgaris eciMIIKTiH
y3bIHbIFRL — 18,2+1,3% (Oakputayma — 28,3+2,4%),
cabak  y3biHABIFB  12,8+1,2%  (Oakputay —
14,7+1,2%), Tambip y31HABIFEI 5,4+1,0% (Gakpuiay
—13,6£1,2%), skamnbipak TaKTalacbIHbIH eHi 1,8 cM,
Y3BIHABIFHL 3,8 cM (0aKbuIay — eHi 3,6 CM, Y3BIHIBIFBI
4,77c M), 2) H. vulgare oCIMAIKTIH Y3bIHIIBIFBI
17,7£1,2% (Gakpiiayna — 27,4+2,4%), cabak
Y3bIHIBIFE 9,8+0,9% (Gakputay — 15,8+1,3%), Ta-
MBIp Y3BIHABIFBI 7,940,7% (6akpuiay — 11,6+1,2%),
JKarbIpaK TaKTallaChlHBIH eHi 0,6 CM, Y3bIHJBIFBI
4,2 cm (Oakputay — eHi 2,1 cM, y3bIHIBIFRL 15,7
cM). OcChl KOHIICHTpaIusAga OCIMIIKTEPIiH ©HYl
47,8-67,2% temennmeni (Oakputayma  98,8%).
Beretanusansik MylienepiHiH ecy KpUTepUsIaphl
e3repii, MophoMEeTpHUKAIBIK KOPCETKIITEpPi, cabak,
TaMbIp Y3BIHJBIKTAPBI KBICKAP/BI, JKalbIpaKTaphbl
Kimipeiires (cyper 1,2).
10,0+0,9%xeem1i MeIIePITi KOHIICHTPAITUSICHI:
1) Ph. vulgaris eCiMIiKTiH Y3bIHIBIFBI — 5,940,5%
(bakputayma — 28,3+2,4%), cabak Y3BIHIBIFBI
3,8+0,5% (6axpinay -14,7+1,2%), TaMbIp Y3BIHIBIFBI
2,1£0,4% (bakpuiay — 13,6+1,2%), sxambipak
KETUTMEereH, HEeKpo3fa yimslparaH (Oakputay —
eHi 3,6 cMm, y3bIHABIFBE 4,7 CM), OpTalia CaJMarbl
0,5 r (6bakputay — 2,8r). Ph. vulgaris eciMpiriHig
XKampIpaK MyIIeci TYTTalWsIIBIK IPOIECCTePAiH
TOMCHJIITIHEH JKalblpaKkTapbl Kypram, HEKpO3fFa
YIIBIpasl, KeiOip ocKiHaepae MyJAeM AaMbIMa/IbL.
Tampelp >kyiHeci KpickapraH. Illmam KocbuTFaH
Hyckana Ph.vulgaris TyKpIMaapbIHbIH 6HYI 93,3%
TeMeH 00nbl, TeK 6,7 % eHin WHIKTHL 2) H. vulgare
OCIMIIKTIH Y3BIHIBIFE — 5,6 £0,5% (Oakpimayma —
27,4+2,4%), cabak y3biHbIFbL 3,8 £0,3% (OakbLIay
— 15,8£1,3%), Tamblp y3biHABIFEL 1,8+0,1%
(6akputay — 11,6+1,2%), >xambIpak TaKTallachIHBIH
eni 0,2 cM, y3bIHIBIFRI 3,4 cM (OakpuIay — eHi 2,1
cM, Y3BIHIBIFBI 15,7 cMm), oprama cammarbl 0,3 T
(6axpuiay — 1,7 T). OciMAiKTiH MOp()OMETPHKAIBIK
KOPCETKIIITEePi TOMEH IE/Ti, CA0aK Y3bIH IBIFbI, TAMBID
KyHeciHae e3repicTep OpbliH anibl. TYKbIMIAPIbIH
OHIMI TOMEHIECH 1. OCIMIIKTEPIIH OMOMETPHUKAIIBIK
KOPCETKIIITEePiHIH aybITKybl MEH OCIMAIKTIH ocy,
JlaMy TiporeccTepiniy Texenyi Oatikannbl. OckiFaH
opaii b To6s1HAaFE KypambiHAa Gpochopbl 6ap eTKip
HICTI, TBIFBI3 KAIABIK, mmaMHbBIH 5,0—10,0 % xenemai
MOJIIIepITi KOHIEHTPAIUSCBIHBIH (PUTOYBITTHUTBIFBI
Phaseolus vulgaris, Hordeum vulgare wmoneHmM
eciMaikTepi ymiH >xorapel Oonabl. LmaMHBIH
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10,0+£0,9 % xenemzi Memmiepii KOHIEHTPAIUSICHI

HYCKaJIapJarbl CTaKaHAapAa O©CKCH TCECT-HbICAH

TECT-OCIMIKTEp  VIIH  YBITTBUIBIK  MOJNIIEp  OCIMIIKTepOiH ©cCy KOPCEeTKIMTepi KabIThI
nen Oaranmayra Oomampl. bBaprnpik  Oakpimay — mambinsl (cypet 1,2).
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Hordeum vulgare

Phaseoho wigari

2-cypeT — MonieHH eCIMIIKTEp/IiH opTalia calMarbliHa KypaMbiHaa ¢pochopsl 6ap
KaJIZIBIKTapABbIH OPTYPIli KOHIICHTPALMACBIHBIH ocepi

namueiy  10,0£0,9 % xenmemai Mediepi
KOHIICHTPAIMSACHIHBIH ~ YBITTBUIBIFBI  KYPaMbIH/IA
docdopbl 6ap TYHIPIIIKTI NIIAK KaTABIKTAPBIMEH

CaNIBICTBIPFaHIa JKOFapbhl eKeHHiri, Quro-Tect
eciMIiKTepaeri  MOpP(QOMETPHUKAIBIK  ©3repicTep
KOPCETKIMTEpiHE Kapal aHBIKTAIBIHIBI JKOHE

KaJIBIITHI XKaraaiaa cyldarbl Oakbliay HYCKAaChIMEH
CaJIBICTBIPFaHa TECT-HBICAH OCIMAIKTEPHAIH YPBIK

OHIMI, OCIMIIKTEepPAiH JKambIpaK TaKTaCBHIHBIH
e3repici, JKeTiiMeyi, KyHill Kalybl, HEKpO3fa
yIIblpay  CHSKTBI ~ HapaMeTpiiik  e3repictep

OaitkaneiHIEI (CypeT 3,4).
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3-cypet — Hordeum vulgare xxypri3inre Toxipuodenep
a — uIak Typiazaeri Gocdop KanasIKTapbIHBIH dcepi, 0 — mu1aM TypiHaeri Gocgop KaIabIFbIHBIH dCepi.
Eckepmy: b-6akpinay, 1,0+£0,1%, 5,0+£0,5%, 10,0+0,9% mmak (a)
JKOHe IITaM (0) KeIeM i MeIIepili KOHIIEHTPALUSICH

Tecr-HpIcaH eciMAIK peTiHAe OakblUiayFa
aNbIHFaH MoJeHH ecimaiktepre Hordeum vulgare
Phaseolusvulgaris pochopranapireiasiH 10,0+£0,9%
KOHIIGHTPALMACHIHAA €leyip YBITTBI eKCHIIri
eciMIikTepaeri MophOMETpUKANBIK — e3repicTep,
JKambIpaK  TAKTAChIHBIH  AYPBIC  JKETUIMEYI,
OCIMJIIKTIH ~ Kallllbl ~ OpTallla  Y3bIHIBIFBIHBIH
OaxplIay HYCKachIMeH canbicTapranna 81,2475 %
-Fa, COHBIMEH Oipre OHIMJLTIKTIH KYPT TOMEHICY1
apKpUIbl Oenriai 6onapl. Docdop KalabIKTaphIHBIH
(mutam) 10,0+£0,9% KOHUEHTpaUMAgaH KOFapbI
MOJIIIep MOACHU OCIMIIKTePAIH OHIN-KeTUTyiHe,
KaJIBIITHI JaMybIHA Kepi ocep OepeTiHi Taxipudenep
HOTIDKECI apKbUIBI Oenrii 601ab1 (cypert 3). 3eprrey
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KepceTKilTepiHe Kapail kypambinza ¢ochop Oap
NUIaM KaJJIBIKTaphl IIaK TYPIHJAETi KalJbIKTapra
KaparaH/[a YBITThl EKCHIITT aHBIKTAJJIbI,

Tect-ecimMaikTepaAiH MOP(QOMETPUSIBIK Kop-
CeTKIITepi Cy CyCHeH3MsAChIMEH apanackaH ¢oc-
($op KanABIKTaphIMEH MPOMOPIIMOHAIIBI TYpPJe
ToMeHaeHTiHI Oenrimi 6onael. 10,0+£0,9 % muiam
MEH IUIAKTBIH CYAarbl MOJIIIepi yjbl OOJIbIN Ta-
OBUIIBI, OHJIa eciMIIKTepiH canmarbl 82,1£8,0%
Phaseolus vulgaris, 82,4+8,1% Hordeum vulgare,
Phaseolus vulgaris, an eciMmiKTepAiH OWIKTIT
79,8+7,6 % Phaseolus vulgaris, colikeciHiie
Hordeum vulgare 80,2+7,5 % TeMeHereHi
OalKaIbl.
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4-cypet — Phaseolus vulgaris ecimairine $pocgop KaaIbIKTapbIHbIH (IIUIAK, [MI1aM)
1,0- 10,0 % xenemi MeIIIEPIi KOHIICHTAPIHUSIIAPBIHBIH dCepi.
a- IUTaK Typinzgeri pocdop KanabIKTapbIHBIH acepi, 6- muam Typinzgeri ¢ochop KaIabIFBIHEIH acepi.
Eckepmy: b-6akpinay, KypambiHaa Gpocdopsl 6ap muiak (a) sxoHe
mutam (6) 1,0%, 5,0%, 10,0% kesiem1i MeJIIepITi KOHIICHTPAIUSCHI

KopbITBIHABI

CoOHBIMEH, 3€pPTTCY HOTHKEJEPIH KOPBITHIH-
IeInai, KypambiHaa Gocdopsl 0ap KaJbIKTapabIH
tecT eociMmuikrep Phaseolus vulgaris, Hordeum
vulgare yIIiH  (QUTOYBITTBUIBIFBIH  aHBIKTAYAa
kanneikrapasiy 1,0+0,1-10,0+0,9 % xonueHTpa-
musicel Aerinre tekcepinmi. lnaktey 1,0 £0,1%
KOHIIEHTPAIMSACHl  JKOFaphl  CaTbIJAFbl  MOJCHU
OCIMIIKTEp YVIIIH «OcCy CTHMYJSTOPBI» peTiHIe

ocep OepeTiH KOHIEHTpAIMs OOJBINT HaKTHUIAHMIBL.
Kannmeikrapnein 5,0£0,5 % kenemai KOHLIEHTpa-
LUSCHI 9JICI3 YBITTHI YBITTHI KOHIEHTAPIIHS, OTKIp
VBITTBUIBIK OeNTijepiHeH KeiiH OeiiMaeyniiik pe-
aKLUsIaphl KAJIBIITACKII, TIPIMIUTIKTIK Ka0lieTTepi
naiaa 6omateiabl, an nuamMasiy 10,0+£0,9% xorapsr
KOHIICHTPAIVS THIPOOHOHTTHI aF3ajiap MEH JKOFaphl
caTblIaFbl MOJICHNU OCIMIIKTEp ar3achl CO3BLIMAJBI
YBITTBUIBIK JOPEXKECIH TYABIPAThIH KOHIEHTPAIUSI
OOJIBIIT AHBIKTAJIIBI.
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THE MYCOBIOTA OAK FORESTS
OF THE URAL RIVER VALLEY WITHIN
THE WEST KAZAKHSTAN REGION

The study and conservation of biodiversity is one of the global problems of modern biology, since
currently in many regions of the planet there is a decrease in the species composition of various organ-
isms, including fungi. The obtained data make a significant contribution to the knowledge of the diver-
sity of macromycetes of oak forests in the middle reaches of the Ural River, information about which is
still insufficient and fragmented on the territory of Kazakhstan.

The article presents data on the biodiversity of mycobiota of the oak forests of the Ural River val-
ley, growing not only in the floodplain of the river, but also in beams, that is, the ravine forests flowing
into the central floodplain. We have registered 31 species belonging to 23 genera, 17 families and five
orders. The leading families are Polyporaceae, Boletaceae, Russulaceae, Amanitaceae. As a result of
our research, it has been found that the mycological composition in ravine oak forests is richer than
in floodplain oak forests. The richness of the species composition of macromycetes appears to have
been influenced by well-defined associations in ravine oak forests (22 associations), represented by
forest boreal tree-shrub species absent in floodplain oak forests, as well as favorable microclimatic
conditions, relief, soil cover and various ecotopes that are not observed in floodplain oak forests (16
associations).

Ecological-trophic analysis showed the predominance of mycorrhizal (45.1%) and xylotrophs
(41.9%) over humus saprotrophs (12.9%). The considered taxonomic composition of macromycetes of
the studied area is collected, identified and presented for the first time for this region.

Key words: mycobiota, macromycetes, oak forest, Ural river, biodiversity.
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batbic KasakcTtaH 06AbIcbI LieriHaeri XKaiblk, ©3eHi aHFapbl
€MeHA| OpMaHAApPbIHbIH, MUKOOGHOTACDI

B1OoaAyaHTYPAIAIKTI 3epTTey eHe cakTay 3amaHaym 6UOAOrusiHbIH, >KahaHAbIK, MaceAeAepiHiH,
6ipi 6OAbIN TabblAaAbl, OMTKEHI Ka3ipri yakblTTa FaAaMLIAPAbBIH KerTereH ammakTapbiHAQ 8PTYPAI
ar3aAapAblH, COHbIH, ilHAE CaHbIPayKyAAKTAPAbIH TYPAEP KypaMbiHbIH a3aiobl OaiikaAasbl. AAbIHFAH
HaTuxKeAep Ka3akcTaH aymMarbiHAQ SAT KYHTe AeiiH MOAIMETTEp JKETKIAIKCI3 KaHe (DparMeHTTiK GOAbIMN
TabblAaTbiH XKaibiK ©63eHi aHFapbl eMEeHAI OpMaHAApPbl MAKPOMMLIETTEPIHIH, aAyaHTYPAIAITiH TaHyFa
eAeYAl YAeC KOCaAbI.

Makanaaa >Kabik, e3eHi aHFapblHAQ ©CETIH »KaiblAMa, COHAAM-aK Cail — >KblpaAapAa TapaAFaH
6aripakTbl OpMaAHAAPAQ KE3AECETIH EMEHAT OPMAHAAPAAP MUKOBUOTAChIHBIH 6UOAAYAHTYPAIAIri TypaAbl
AepekTep GepiAreH. 3epTTey HaTUXKeAepi HeridiHae OyriHri TaHaa 6uoTaasa 5 katap, 17 TykbIMAAC
)aHe 23 Tybicka 6ipikkeH 31 Typ aHbikTaaabl. XKeTekui TykbiMaacTapabl Polyporaceae, Boletaceae,
Russulaceae, Amanitaceae Kypainabl. bi3AiH 3epTTey >KYMbIChIMbI3AbIH HOTUXKECIHAE 6ANPaKTbl EMEHAI
OpMaHAapPAaFbl MUKOAOTUSIABIK, KYPaM >KalblAMa eMeHAT OpMaHAAPAAFbl MaKPOMULIETTED BPTYPAIAiriHe
KaparaHAQ eadyip 6ait eKeHAIri aHbIKTaAAbl. MYHAQM TYPAIK KYPaMHbIH MOAABIFbIHA XKaiblAMa EMEHA|
opmaHAapaa (16 accoumaums) 6ankaAManTbiH 6anpakTbhl OpMaHAapAarbl (22 accoumaums) OpMaHAbl
Gopeanbai arall TekTec-OyTaabl TypAepi 6ap accoumaumsAapAblH 6acbIMABIK, TaHbITYbl, KOAQMAbI
MUKPOKAMMATTBIK, >KaFAan, skep 6eAepi, TOMbIPaK, KaMbIAFbIChl XKOHE TYPAI 3KOTOMTapAblH cepiHeH
6GOAYbI MYMKiH.

DKOAOTUSABIK-TPOUKAABIK, TaAAdY 2KarblK, ©3eHiHiH OpTaHFbl aFbICbIHAQFbI EMEHAI OpMaHAApPAA
MUKopM3aTy3yLwirepaid, (45,1%), kcnaotpodptap (41,9%) >keHe KapawipikTik canpoTpodTapaaH
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(12,9%) 6acbim ekeHiH kepceTTi. MakpoMrUeTTepAiH eH 6ait 9pTYPAIAiri 6aripakTbl eMEHAT OpMaHAAPAA
GanKaAAbl.
Ty¥in ce3aep: MMKOOMOTa, MaKPOMMLETTEP, EMEHAT OpMaH, XKaiblK, ©3eHi, 61MOAayaHTYPAIAIK.
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23anapHo-KasaxcraHckuii yauBepenteT nM. M.YTemuncoBa, KasaxcTtaH , r. Ypaabck
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Muko6MoTa AyOpaB AOAMHDBI p. YpaA B npeaeAax
3anapHo-Ka3zaxcraHckoi obaacTu

M3yyeHmne n coxpaHeHne 61MopasHO0OPa3us IBASIETCS OAHOM M3 FAODAABHBIX MPOOAEM COBPEMEHHO
6UOAOTMM, MOCKOAbKY B HACTOSILLIEE BPEMSI BO MHOMMX PErmoHax MAAHETbl MPOUCXOAUT YMEHbLLEHME
BMAOBOIO COCTaBa Pa3AMUHbIX OPraHM3MOB, B TOM UMCAE U TprbOB. MOAyYeHHble CBEAEHUSI BHOCAT
3HAUUTEAbHbI BKAAA B MO3HaHWE pPa3HOOOpPasvsi MAaKPOMMLETOB AyOpaB CPEAHEro TeuyeHus peku
Ypaa, cBeAeHUs O KOTOPbIX Ha Tepputopmnm KasaxctaHa A0 CMX MOp HEAOCTATOYHb! M (hparMeHTapHbl.

B craTbe npeACTaBA€Hbl AaHHble O 6MOpasHOOOpasnM MMKOOMOTbI AYyOpaB AOAMHBI p.Ypaa,
MpoM3pacTaloLLMX HE TOAbKO B MOVME pekM, HO 1M B BaAKax, TO eCTb HGaripayuHbIX Aecax BMaAIoLMX B
LEeHTpaAbHYylo nonmMy. Hamum 3apeructpmpoBaH 31 BMA OTHOCSWMXCS K 23 poaam, 17 cemencTBam um
naTv nopsiakam. Beayiummm cemericteamm siBasiiotcs Polyporaceae, Boletaceae, Russulaceae, Amanita-
ceae. B pe3syAbTaTe HalMx MCCAEAOBAHUI YCTAHOBAEHO, YTO B GaiipauHbIx Ay6paBax MUKOAOTMYECKMIA
coctaB boaee GoraTbiii, Yem B MOMMEHHbIX AybpaBax. [ToBMAMMOMY Ha 6OraTCcTBo BMAOBOIO COCTaBa
MaKpPOMMLIETOB MOBAUSIAM XOPOLLIO BblpaXkeHHblE accoumaumii B 6anpadHbix Aybpasax (22 accoumaumi),
MPEACTABAEHHbIE AECHbIMU 6GOpPEaAbHbIMU APEBECHO-KYCTAPHMKOBbIMU BUAAMU OTCYTCTBYIOLLMX B
MOMMEHHbIX AyOpaBax, Takxe O6AaronpusaTHble MUKPOKAMMATUUYECKME YCAOBMS, PeAbed, NMOYBEHHbI
MOKPOB M pPa3AMUHble 3KOTONMbI, KOTOPbIE HE HABAIOAQIOTCS B MOMMEHHbIX AybpaBax (16 accoumaumii).
IKOAOTO-TPOMUECKMI  aHAaAM3 TMoKasaA npeobaasaHe MukopusoobpasoBatesert (45,1%) u
KcnAoTpohoB (41,9 %) Haa rymycoBbiMm canpoTpodoBamm (12,9%). PaccMoTpeHHbIM TaKCOHOMMYECKUIA
COCTaB MAaKpOMMLIETOB MCCAEAYEMOIO pailoHa coOpaH, MAEHTU(MULMPOBAH M NPEACTABAEH BrEpBble

AAA 3TOro permoHa.

KatoueBble cAoBa: MMKOOGMOTA, MakpoMu1LETbI, AyOpaBa, peka Ypaa, 6uopasHoobpasue.

Introduction

Fungi are extremely heterogeneous organisms
characterized by high levels of species diversity
and are widespread in all environments [1]. Fungi
are of great importance in forest ecosystems
worldwide. As decomposers, they are the most
important organisms for the degradation of
organic matter, and play a key role in nutrient
cycling [2]. Mycorrhizal fungi form symbiotic
associations with higher plants, facilitating plant
uptake of water and nutrients such as phosphorus
and nitrogen, in exchange for photosynthetically
fixed carbon [2, 3].

The magnitude of global fungal diversity is
largely unknown and it is estimated that only
around 2-6 % of the existing fungal richness has
been formally described [4]. Since many years,
Hawksworth’s proposal of 1.5 million fungal species
[5] is one of the most frequently cited estimates of
global fungal richness. However, updated estimates
assume a much higher number of fungal species,
ranging from 3.5 up to 5.1 million species based on
high-throughput sequencing methods [6]. In a most
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recent publication, a variety of estimation techniques
suggest a range for the number of fungal species
worldwide between 2.2 and 3.8 million [7, 8].

Currently, there is interest in macromycete
distribution patterns in relation to forest tree species
composition [9, 10]. The relationship between tree
and fungal communities is reflected in host trees
affecting fungal specialization and providing unique
habitat availability and different resource quality
[11,12,13].

In forest ecosystems, biological diversity is
caused by the vital activity of many organisms,
including macromycetes [14, 15, 16]. They are
widespread in nature and are a permanent component
of biogeocenoses [17, 18]. As heterotrophic
organisms, they take an active part in the biological
cycle of substances and energy [19, 20]

Currently, the main commonly accepted
characteristics of biodiversity are species
composition, taxonomic structure and spatial
organization.

The valley of the Ural River is the intrazonal
center of biodiversity of Western Kazakhstan.
Therefore, the study of the mycobiota of oak forests
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of the Ural River valley within the West Kazakhstan
region is considered relevant.

As noted earlier by S.A. Nikitin (1954, 1956),
V.V.Ivanov(1960), A.Z.Petrenko (1971),depending
on the habitat conditions, the forest vegetation of
the West Kazakhstan region is represented by the
following groups: floodplain forests, splits of sandy
massifs and estuary type depressions, ravine forests
A characteristic feature of forest-growing conditions
of these forests is their confinement to habitats
that receive additional moisture by river, rain and
meltwater, or to places with close groundwater [21].

Floodplain forests are confined to river valleys.
These forests receive additional moisture due to
spring flood waters and are distributed mainly in
the floodplain of the Ural River and its tributaries.
Depending on the ability of trees to withstand
prolonged flooding, formations are formed: willow
forests, aspen forests, white poplar forests, elm
forests, aspen forests, birch forests, oak forests.

By ravine forests S.A.Nikitin and V.V.Ivanov
mean special types of deciduous forests with steppe
shrubs on the edges. They are connected with ravines
and beams, inter-szyrt depressions in the pre-szyrt
and szyrt parts of the region [21].

Poplar (Populus alba, P. nigra), elm (Ulmus
laevis), willow (Salix alba, S. triandra) and oak
(Quercus robur) forests are developed in the valley
of the Ural River, forming floodplain and ravine oak
forests.

The only natural habitat of oak forests in the
Republic of Kazakhstan is the floodplain of the Ural
River, as well as ravines and beams within the West
Kazakhstan region [22].

Pedunculate oak (Quercus robur L.) is a rare
species listed in the Red Book of the Republic
of Kazakhstan, and is subject to protection. The
southern and eastern borders of the pedunculate oak
distribution range pass through this territory and the
territory we are exploring is the only location of this
species in the valley of the middle reaches of the Ural
River. Along the valley of the Urals River passes
the southern border of the distribution of common
oak. To the south of the border N 51°02119.8 E
051°05226.1 oak is not found [22].

In order to ensure the conservation and
restoration of oak forests, it is necessary to to find out
the features of the functioning of these ecosystems
and their individual components. One of the most
significant components of any forest ecosystem,
including oak forests, is macromycete fungi, which
are part of the decomposer system [9]. They ensure
the return of matter and energy to ecosystems, as
they decompose organic residues (primarily wood),

converting them to more easily digestible forms
available for consumption by other organisms [9].
In this regard, we conducted research on the biota of
macromycetes of floodplain and ravine oak forests
of the middle course of the Ural River within the
West Kazakhstan region.

The aim of this study is to identify of species
diversity and analyze the mycobiota of oak forests
of the Ural River valley within the West Kazakhstan
region.

Material and Methods

The object of the study is the macromycetes of
oak forests of the middle reaches of the Ural River
within the West Kazakhstan region.

The area of our research is located within N 51 ©
28.879 E 053 © 07.049 and N51 ° 19.097 ‘E51 © 52
.810” starting from the village of Priuralnyi to the
village of Kabyltobe (Burli and Terekti districts) and
within N51°27.506 ‘E52°27.376° and N51°21.698
‘E51°50.326° from the village of Kirsanovo to the
village of Ozernoe (Baiterek district) (Figure 1).

The material for this work was the author’s own
mycological collections and observations in nature,
carried out during the field seasons from 2019 to
October 2021 in the studied region. The collection of
material was carried out by the route method in the
vicinity of various geographical points. The habitat
was noted for the samples, geographical coordinates
were taken, photographs and descriptions of
macromorphological features disappearing during
herbarization were taken. Fruiting bodies were
photographed in natural habitats and data on the
substrate, neighbouring plants and collection dates
were noted. Morphological features of collected
fruiting bodies, such as shape, size, colour, odor,
hymenophore and velum types, etc., were analysed.
For samples, the habitat was noted, geographical
coordinates were taken, photographs were taken
and descriptions of macromorphological features
disappearing during herbarization. All collected
fruiting bodies were photographed using the camera
Canon EOS 4000D and iPhone 12 camera.

The collection, drying and storage of fruit bodies
of fungi, the identification of their distribution
features, the description of biotopes and substrates,
plant communities in the growing environment
were carried out on the basis of methods used in
conventional methods in mycology and botany.
The macromycetes were identified based on macro
and micromorphological features according to
the descriptions available on books and journal
articles.
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Figure 1 — Schematic map of the study region and locations of macromycetes
Macromorphological features were studied

on the basis of fresh and dried material, as well as
through analysis of photographs and descriptions
taken in the field. Micromorphological structures
have been studied on herbarium material.
Identification, detailed examination of the material
and photography were carried out using an Olympus
DP72 microscope and an EVOS ® FL/FL fluorescent
microscope.

At each site, geographical coordinates and
elevation were recorded using a geographic
positioning device (GPS, Garmin eTrex 30X).

Each sample was identified on the basis of
macro- and micromorphological features. Names
of fungi and author’s abbreviations follow the
Index Fungorum (http://www.indexfungorum.
org/Names/Names.asp) [23] and Dictionary of
the Fungi (Kirk et al.2008) [24]. Abbreviations of
author’s plant names comply with the standards
established by the International Plant Names Index
(IPNT 2008) [25].
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According to our materials, 509 plant species
were noted in the floodplain and ravine forests. In
the flora of oak forests, 81 (15.9°) woody and semi-
woody species were identified in the flora of oak
forests.. The main part of the flora is made up of
perennial herbaceous plants of 428 species (849).
There are 335 perennial herbaceous polycarpics
(78.3%, and there are fewer annual herbaceous
monocarpics, they make up 93 species (21.7°). Oak
(Quercus robur) dominates in the tree cover of
floodplain forests, besides it poplars (Populus alba,
P.nigra), smooth elm (Ulmus laevis) live here.

Aspen (Populus tremula), birch (Betula
pendula, B. pubescens), gray poplar (Populus
canescens) are present in ravine forests. A rich
shrub cover from forest boreal species is developed:
hazel (Coryllus avellana), evonymus (Euonymus
verrucosus),  viburnum  (Viburnum  opulus),
buckthorn (Frangula alnus), bird cherry (Padus
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avium), currant (Ribes nigrum). In floodplain in the
shrub layer, the composition is more depleted and
consists of tatar honeysuckle (Lonicera tatarica),
cherry (Cerasus fruticosa), brittle buckthorn
(Frangula alnus), blackthorn (Prunus spinosa),
wild rose (Rosa majalis). On the edges, dense
shrubs of meadowsweet (Spiraea hypericifolia),
caragana (Caragana frutex), broom (Chamaecytisus
borystenicus) and bean (Amygdalus nana) are well
developed.

As aresult of our research, to date, 31 species of
macromycetes belonging to 23 genera, 17 families
and five orders have been identified in the mycobiota
to date (Table 1).

Table 1 — Species diversity of macromycetes in oak forests of
the Ural River valley within the West Kazakhstan region

Class, order, family
(n of genus / n of species)

Class: AGARICOMYCETES (31)
Order: AGARICALES (8/12)
Family: Agaricaceae (1/1)

Genus (n of species)

Agaricus (1)
Amanita (3)
Cortinarius (1)
Fistulina (1)
Hebeloma (1)

Amanitaceae (1/3)

Cortinariaceae (1/1)

Fistulinaceae (1/1)

Hymenogastraceae (1/1)

Lycoperdaceae (1/2) Lycoperdon (2)
Physalacriaceae (1/1) Hymenopellis (1)
Psathyrellaceae (1/1) Coprinellus (1)
Strophariaceae (1/1) Kuehneromyces (1)

Order: BOLETALES (2/6)

Boletus (2), Suillellus (1),
Xerocomellus (2)

Scleroderma (1)

Boletaceae (3/5)

Sclerodermataceae (1/1)

Order: GLOEOPHYLLA-
LES (1/1)

Gloeophyllaceae (1/1) Neolentinus (1)
Order: POLYPORALES (3/7)

Daedalea (1)

Laetiporus (1)

Fomes (1), Lenzites (1),
Lentinus (1), Trametes (2)

Fomitopsidaceae (1/1)

Laetiporaceae (1/1)

Polyporaceae (4/5)

Order: RUSSULALES (2/5)
Russulaceae (2/4)

Stereaceae (1/1)

Lactarius (3), Russula (1)
Stereum (1)

Note: The taxonomic composition of the biota of
macromycetes, presented for the first time for this area.

The leading families are Polyporaceae,
Boletaceae, Russulaceae, Amanitaceae. In the
families Polyporaceae — 5, Boletaceae — 5,
Russulaceae — 4, Amanitaceae -3, Lycoperdaceae —
2 species, the remaining families are represented by
one species

Floodplain oak forests occupy the terraced
and central floodplain of the Ural River within the
study area. The stand is dominated by oak (Quercus
robur), besides it there are (Populus alba, P.nigra),
smooth elm (Ulmus laevis). On the edge — maple
(Acer negundo) and ash (Fraxinus exelsior). The
shrub layer is well defined (Lonicera tatarica,
Rhamnus cathartica, Prunus spinosa). Herbage rare
ruderal. The floodplain oak forests occupying the
terraced floodplain are characterized associations
by oaks with forb-rose-hip (Quercus robur,
Rosa majalis), broom (Q.robur, Chamaecytisus
borystenicus), thorn (Q.robur, Prunus spinosa),
blackberry (Q.robur, Rubus caesius), birthwort
(Q.robur, Aristolochia  clematites), bluegrass
(Q.robur, Poa angustifolia); and for oak forests
of the central floodplain associations oaks with
lily-of-the-valley (Q.robur, Convallaria majalis),
thorn-lily-of-the-valley (Q.robur, Prunus spinosa,
Convallaria majalis), buckthorn-lily-of-the-
valley (Q.robur, Rhamnus cathartica, Convallaria
majalis), blackberry (Q.robur, Rubus caesius),
sedge (Q.robur, Carex acuta, C.supina, C. vulpina),
burdock (Q.robur, Agrimonia pilosa), horsetail-
blackberry (Q.robur, Equisetum arvense, Rubus
caesius), horsetail (Q.robur, Equisetum arvense),
birthwort (Q.robur, Aristolochia clematites),
mesophytic-sedge  (Q.robur, Carex supina),
bentgrass (Q.robur, Agrostis albida), sedge-lily
of the valley (Q.robur, Carex acuta, C. vulpina,
Convallaria majalis).

In the central floodplain in the oak-sedge
association, Fistulina hepatica (Schaeff.) With,
Laetiporus sulphureus (Bull.) Murrill, Lactarius
zonarius (Bull.) Fr., Lentinus arcularius (Batsch)
Zmitr., Fomes fomentarius (L.) Fr.; in oak
-burdock Fistulina hepatica (Schaeff.) With;
Fistulina hepatica (Schaeff.) With., Laetiporus
sulphureus (Bull.) Murrill were registered in the
oak forest of the horsetail-blackberry association;
horsetail oak forest also contains Laetiporus
sulphureus (Bull.) Murrill, Fistulina hepatica
(Schaeff.) With.. Fistulina hepatica (Schaeff.)
With., Lycoperdon perlatum Pers., Lycoperdon
excipuliforme (Scop. ) Pers.. Species Neolentinus
cyathiformis (Schaeff.) Della Magg. & Trassin.,
Xerocomellus pruinatus (Fr. & Hok) Sutara,
Hebeloma crustuliniforme (Bull.) Quél.), Boletus
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edulis Bull. identified in the oak-lily of the valley
association.

In the associations characteristic of the terraced
floodplain noted: in the oak blackberry, Russula
foetens Pers, Lactarius resimus (Fr.) Fr., Laetiporus
sulphureus (Bull.) Murrill, Fistulina hepatica
(Schaeft.) With, Hebeloma crustuliniforme (Bull.)
Quél.;in the oak birthwort Fistulina hepatica
(Schaeft.) With, Suillellus luridus (Schaeff.) Murril;
in oak bentgrass Fistulina hepatica (Schaeff.) With,
Laetiporus sulphureus (Bull.) Murrill, Lactarius
deliciosus (L.) Gray.

In the floodplain oak forests, macromycetes are
most noted in the central floodplain, in which 11
species have been identified, and the near-terrace
floodplain is represented by a meager species
composition, where 7 species of macromycetes have
been identified. This may be due to the fact that the
central floodplain is flooded with spring thawed flood
waters. And the poverty of the species composition
of macromycetes of the near-terrace floodplain
is explained by the fact that upland vegetation
smoothly passes into the near-terrace floodplain and
xerophilic oak forests developed here.

In turn, ravine oak forests are formed in the
beams along different elements of the beams (the
bottom, the lower part of the slope, the middle part
of the slope, the edge of the beam). The depth of the
ravine forests ranges from 20 to 25 m. Broad-leaved
oak forests with a rich boreal and nemoral species
diversity are formed in the ravine forests. Although
the length of such oak forests is between 1500 and
2000 m.

A permanent stream flows along the bottom
from the upper reaches of the beams to the mouth,
a permanent stream flows along the bottom, near
which oak forests are formed in combination with
gray poplar and euonymus (Q.robur, Populus
canescens, Euonymus verrucosus), oak euonymus-

horsetail ~ (Q.robur,  Euonymus  verrucosus,
Equisetum  arvense), oak lily-of-the-valley
(Q.robur, Convallaria majalis), oak bentgrass

(Q.robur, Agrostis albida), oak elecampane-sedge
(Q.robur, Inula helenium, Carex vulpina), oak
butterbur (Q.robur, Petasites spurious), oak herb-
reed (Q.robur, Galium boreale, Sonchus palustris,
Equisetum arvense, Phragmites australis), oak fern-
brack (Q.robur, Pteridium aquilinum).

Here, in the oak forest of the euonymus-horsetail
association, Laetiporus sulphureus (Bull.) Murrill
was noted, in the lily-of-the-valley oak forest
Daedalea quercina (L.) Pers., in the oak bentgrass
Lenzites betulinus (L.) Fr., (Schaeff .) Singer & A.H.
Sm., oak butterbur Trametes versicolor (L.) Lloyd,
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Laetiporus sulphureus (Bull.) Murrill, Suillellus
luridus (Schaeff.) Murril and in oak bracken-fern
Suillellus luridus (Schaeff.) Murril.

The following associations are characteristic
along the bottom of the beams: oak with lily-of-the-
valley (Q.robur, Convallaria majalis), enonymus-
horsetail  (Q.robur,  Euonymus  verrucosus,
Equisetum arvense), aspen-oak-lily-of-the-
valley (Populus tremula, Q.robur, Convallaria
majalis),  lily-of-the-valley-cherry  (Q.robur,
Convallaria majalis, Cerasus fruticosa), fern
(Q.robur, Dryopteris filix-mas), broom (Q.robur,
Chamaecytisus borystenicus), bluegrass (Q.robur,
Poa  angustifolia),  mesophytic-fern-bracken
(Q.robur, Origanum vulgare, Galium boreale,
Viola canina, Pteridium aquilinum) sedge-horsetail
(Q.robur, Carex vulpina, Equisetum arvense),
horsetail (Q.robur, Equisetum arvense), sedge oak
forest (Q.robur, Aristolochia clematites), sedge
(Q.robur, Carex vulpina, C.supina).

In the oak forest of the lily-of-the-valley
association of gully oak forests, such species of
macromycetes as Suillellus luridus (Schaeff.)
Murril, Agaricus sp., Amanita pantherina (DC.)
Krombh., Amanita muscaria (L.) Lam., Daedalea
quercina (L.) Pers., Boletus reticulatus Schaeft..

In the oak euonymus-horsetail associations
Fistulina hepatica (Schaeff.) With., Laetiporus
sulphureus (Bull.) Murrill, in the aspen-oak-lily-of-
the-valley association we found Daedalea quercina
(L.) Pers; .) Murril, in oak horsetail associations
Fistulina hepatica (Schaeff.) With., Laetiporus
sulphureus (Bull.) Murril, in oak birthwort
associations Cortinarius sp., Fistulina hepatica
(Schaeft.) With.

Suillellus luridus (Schaeff.) Murril, Trametes
versicolor (L.) Lloyd were registered in the oak
forest-forb-reed association; in the oak forest-sedge
association Fistulina hepatica (Schaeff.) With.,
Laetiporus sulphureus (Bull.) Murrill, ex Watling)
Sutara, in the ash-oak-lily-of-the-valley association
Trametes ochracea (Pers.) Gilb. & Ryvarden,
Laetiporus sulphureus (Bull.) Murrill, Scleroderma
citrinum Pers. and Fomes fomentarius (L.) Fr.,
Stereum subtomentosum Pouzar were found in the
oak-ash-sedge association.

The lower and middle parts are occupied by
oak forests: hazel-lily of the wvalley (Q.robur,
Coryllus  avellana, Convallaria  majalis),
broom-forb (Q.robur, Fritillaria meleagroides,
Cucubalus baccifer, Melica nutans, Chamaecytisus
borystenicus), cherry (Q.robur, Cerasus fruticosa),
broom with sedge (Q.robur, Chamaecytisus
borystenicus, C.supina).
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In associations of oak forests occupying the
lower and middle parts of the slope, namely, in
the hazel-lily of the valley Boletus edulis Bull.,
Lactarius resimus (Fr.) Fr., in the cherry oak forest
Xerocomellus porosporus (Imler ex Watling)
Sutara, Lactarius deliciosus (L.) Gray, Coprinellus
micaceus (Bull.) Vilgalys, in broom-sedge oak forest
Boletus reticulatus Schaeff., Amanita phalloides
(Vaill. ex Fr.) Link.

Along the edge of the ravines, oak — birthwort
(Q.robur, Aristolochia clematites) associations
were noted, where Amanita phalloides (Vaill. ex
Fr.) Link, Laetiporus sulphureus (Bull.) Murrill,
Fistulina hepatica (Schaeft.) With.

Thus, it can be seen that in ravine oak forests
there is a richer species composition, where,
according to our observations, 23 species of
macromycetes and well-defined associations are
noted, which are represented by forest boreal tree
and shrub species absent in floodplain oak forests,
and also favorable microclimatic conditions, unlike
floodplain oak forests, which are more susceptible
to natural, anthropogenic and technogenic impacts,
due to the proximity of oil and gas condensate fields.

It should be noted that among the identified
species Fistulina hepatica (Schaeff.) With and
Laetiporus sulphureus (Bull.) Murrill were
encountered much more often both in ravine and
floodplain oak forests, in comparison with other
species. It should be taken into account that both
of them are wood-destroying fungi that parasitize
Quercus robur L. If Fistulina hepatica (Schaeftf.)
causes dark brown butt or butt-stem rot and
settles mainly on living trees, weakening them
and reducing their vital activity, then Laetiporus
sulphureus (Bull.) Murrill causes a red-brown
butt-stem rot of a destructive type, which also
affects living oak trees, but can also develop on
dead wood (cut and fallen trunks, stumps). This
species is a pronounced oligophagous inhabiting
oak forests in addition to oak trees and other
species.

One of the most significant characteristics of
mycobiota is its trophic structure, since the study
of the trophic relationships of fungi comes to the
fore in the knowledge of ecological relationships in
natural ecosystems, where fungi play an important
role (Table 2).

Table 2 — Ecological and trophic confinement of macromycetes in the study area

Ne Species of macromycetes Mr Hu Le
1. | Agaricus sp. +
2. Amanita muscaria (L.) Lam. +

3. | Amanita pantherina (DC.) Krombh. +

4. Amanita phalloides (Vaill. ex Fr.) Link +

5. | Boletus edulis Bull. +

6. | Boletus reticulatus Schaeff. +

7. Coprinellus micaceus (Bull.) Vilgalys, Hopple & Jacq. Johnson, +
8. Cortinarius sp.. +

9. Daedalea quercina (L.) Pers.

10. | Fistulina hepatica (Schaeff.) With.

11. | Fomes fomentarius (L.) Fr.-

12. | Hebeloma crustuliniforme (Bull.) Quél.) +

13. | Hymenopellis radicata (Relhan) R.H. Petersen

14. | Kuehneromyces mutabilis (Schaeft.) Singer & A.H. Sm.

15. | Lactarius deliciosus (L.) Gray

16. | Lactarius resimus (Fr.) Fr.

17. | Lactarius zonarius (Bull.) Fr.

18. | Laetiporus sulphureus (Bull.) Murrill

19. | Lentinus arcularius (Batsch) Zmitr.

20. | Lenzites betulinus (L.) Fr.
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Continuation of the table

Ne Species of macromycetes Mr Hu Le
21. | Lycoperdon excipuliforme (Scop.) Pers.,

22. | Lycoperdon perlatum Pers.

23. | Neolentinus cyathiformis (Schaeff.) Della Magg. & Trassin. +
24. | Russula foetens Pers. +

25. | Scleroderma citrinum Pers. +

26. | Stereum subtomentosum Pouzar +
27. | Suillellus luridus (Schaeff.) Murril +

28. | Trametes ochracea (Pers.) Gilb. & Ryvarden

29. | Trametes versicolor (L.) Lloyd

30. | Xerocomellus porosporus (Imler ex Watling) Sutara

31. | Xerocomellus pruinatus (Fr. & Hok) Sutara

Note: Mr- mycorrhizal, Hu — humus saprotrophs, Le (lignum epigacum) — on wood

When analyzing the ecological and trophic
confinement of macromycetes, it was noted that
mycorrhizal are leading in the studied mycobiota, it
accounts for 45.1% of the total number of species,
xylotrophs account for 41.9%, and the share of
humus saprotrophs is 12.9% of the total number of
species.

Conclusion

As aresult of research, we registered for the first
time for the study area 31 species of macromycetes
belonging to 23 genera, 17 families and five orders,
and geobotanical descriptions of oak forests are also
given.

The families Polyporaceae, Boletaceae,
Russulaceae, Amanitaceae are the leaders in the
taxonomic spectrum in the mycobiota of oak forests.

The spectrum of the ecological and trophic
structure of the biota showed that the most numerous
group is symbiotrophs, among which mycorrhizal
fungi are 45.1%. Saprotrophs account for 17 species

(54.8%), among them xylotrophs make up 41.9%,
and the share of humus saprotrophs is 12.9%.

The obtained data make a significant contribution
to the knowledge of the diversity of macromycetes
of oak forests in the Ural River valley within the
West Kazakhstan region, information about which
in Kazakhstan is still insufficient and fragmentary
on the territory of Kazakhstan.
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TRITICUM L. XXOHE SECALE L. TYbICTAPbIHbIH,
MOAEHU TYPAEPIHE BUOXUMUSADBIK TAAAAY XKACAY

Makanaaa Triticum L. xxeHe Secale L. TybicTapbl TypAepiHiH OMO3KOAOIMSABIK, €pPEeKLIEAIKTEPIH
HaKTbIAQY MaKkCaTbiHAQ 6ipKaTap COpPTTapAblH XMMMUSABIK, Kypambl MakpO3AeMeHTTep, GeAoK, Mait,
KOMIPCY, >KaCYHbIK, )XOHE ADPYMEHAEP MOALLEPi aHbIKTAAADI.

3epTTeyre Aamartbl, JKamObIA 0OABICTapbl aiMaKTapbiHAA OCIPIAETIH >KoHe >KOFapbl OHIM GepeTiH
KY3AIK XXymcak, 6uaain <Mepeke 70» xoHe «AMmall» COPTTapbl MEH KY3AIK KaTTbl Onaait «<KazaxcTaHCKm
SHTapb», TPUTUKAAEHIH «Ta3a» copTTapbl aAbIHADI.

Kasipri yakbitTTa KasakcTaHaa acTbIKTbIH CamnacbliH >KakCapTbif, ©HIMIH >KOFapblAaTy ayblA
LIAPYAaLLbIAbIFbI FbIALIMAAPbI MEH OHAIPICTIH HEri3ri MiHAeTTepiHiH 6ipi 60AbIN TabbiAaabl. OCbl TYPFbIAQ,
KernTereH eHIMAIAITT >KOFapbl CypbINTapAbl aAy MYMKIHAIT KoAFa Kowbiaabl. M. L. ®datbixos, B. T.
KoaecHukoBa, C. M. KokoHos, 3. @. BacduHa e3 3eptreyaepiHae OpTasblk, OpaA MaHbIHAAFbI ABHAI
AQKbIAAAPABIH XUMMSABIK, Kypambl a30T, (pocop, KaAmii MOALLIEDIH, a3bIKTbIK, KYHAPABIAbIFbIH aHbIKTaFaH.

FTOCT 29033-91, TOCT 10846-91 aaiciMeH 0OEAOK, Mai MOALLEpi, COPTTapAblH TYKbIMbl
KYPaMbIHAQFbl KOMIPCY MOALLIEPI NepPMaHraHAaTOMETPUSIAbIK, BAICTEH, aA BeHa aAici 6oMbIHLLA XKaCYHbIK,
MeALLepi aHblkTaAca, M 04-41-2005 saicTeMeciMeH (ALLEMAEPAT OPbIHAQY BAICTEMECIH aTTecTaTTay
TypaAblKyaAik N2 224.04.17.035/2006) HUKOTUHAMMA >KOHE HUKOTMH K bILLIKbIAbI HbICAHbIHAA CYAQ €PUTIH
B1, B2, B3, Bc, C, B6, B5 AspyMeHAepAiH MaccaAblk, YAECI KanMAASPAbl SAeKTpodpope3 — alMaKThbIK,
(KDA) skeHe MULIMAASPAbI SAEKTPOKMHETUKAABIK, XpoMaTorpagma (MIKX) eki saicneH aHbikTanapl. E
(a- y — TOKOpepon) AspyMeHiH aHbikTayaa TOCT P 54634-2011 saiciH cTaHAQPTbl (DYHKLIMOHAAADI
Tamak, eHIMAEpPiHe KOAAQHbIAAABI >KBHE >KOFapbl TUMIMAI CyMbiK, XpomaTorpadus kemerimeH o-, B-,
y-, 8-Tokoheporaap TypiHAe E AopyMeHiHiH MaccaAbik, yAeci aHbikTaaAbl. COHbIMEH KaTap, Guaait
COPTTapbIHbIH, KYPAMbIHAAFbl MaKPO3AEMEHTTEp aToMAbIK-abcopbumsabik, cnektpockonuschl (AAC)
BAICI apKbIAbI @aHbIKTAAADI.

3epTTey HaTuxkeciHAe GeAOK MeALlepi Ky3Aik KaTTbl Guaai «KasaxCTaHCKMIM SHTapb» COPTbIHAQ
6acka COpTTapMeH CaAbICTbIpFaHAQ opTalla ecenneH 16%-Fa >xorapbl 60AAbI, Mait MeALLepi 6owbIHIWA
TPUTHKAEHIH, «Tasza» copTbl 21,1%, KEMIPCY MOALLEPIHAE alTapAbIKTal anbipMalLbIAbIK, 6arikaAmaAbl,
aA >KaCyHbIK, MeALLIepi GoibIHILA KY3AIK XXyMcak, 61aan «Aumaul» copTbiHAa 25,3% 6acbiM eKeHAIri
aHbIKTaAAbl. AA, MAKPO3AEMEHTTEP KypamblH aHbIKTay 6apbICbIHAQ CAAbICTIPMAAbI TYPAE KY3AIK Kapa
61AQN TPUTUKAAEHIH «Ta3a» COPTbIHAQ SIAEMEHTTEP MOALLEPI 6ACHIM HATUXKE KOPCETTI.

Tysin ce3aep. Triticum L., Secale L., copT, TpUTMKaAAE, MAaKPOIAEMEHTTEP, SHAOCIEPM.
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Biochemical analysis of cultural species of Triticum L. and Secale L.

In the article Triticum L. and Secale L. to clarify the bioecological features of the species, the chemi-
cal composition of a number of varieties containing macronutrients, proteins, fats, carbohydrates, fiber
and vitamins was determined.

The study included varieties of winter soft wheat “Mereke 70” and “ Dimash “and winter durum
wheat” Kazakhstansky yantar “, winter rye Tretikale” Taza”, cultivated in the regions of Almaty and
Zhambyl regions.

In the conditions of the Middle Urals, the chemical composition of grain crops was studied by I. S.
Fatykhov, V. G. Kolesnikova, S. I. Kokonov, E. F. Vafina, in their studies they determined the feed fertility
and the content of nitrogen, phosphorus, potassium in the chemical composition of grain crops.
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A.A. KynGexoBa xoHe T.0.

The contents of protein and fat at 29033-91 GOST, GOST 10846-91, carbohydrates in the seeds of
varieties determine permanentresidence method, and fiber content according to the method of Vend,
method M 04-41-2005 (certificate on certification of technique of execution of measurements No.
224.04.17.035/2006) mass fraction of water-soluble vitamins B1, B2, B3, Vs, C, B6, B5 in the form of
nicotinamide and nicotinic acid were determined by two methods, capillary electrophoresis — zonal
and mitsellyarnoi electrokinetic chromatography. When determining vitamin E (a — y — tocopherol), the
GOST R 54634-2011 standard is applied to functional food products.

As a result of the study, it was found that the protein content of winter durum wheat in the “Ka-
zakhstan yantar” variety is on average 16% higher compared to other varieties, the fat content of “Taza”
variety Tritekale was 21.1%, there was no significant difference in the content of carbohydrates, and the
fiber content of winter soft wheat prevailed in the “Dimash” variety by 25.3%. When determining the
content of macronutrients in the relatively “Taza” variety of winter rye Tretikale, the number of elements
prevailed.

Key words. Triticum L., Secale L., variety, triticale, macronutrients, endosperm.
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buoXxMMmHueckuit aHaAu3 KYAbTYPHbIX BUAOB Triticum L. u Secale L.

B Cratbe Triticum L. 1 Secale L. AA9 yTOUHEHMS BMO3KOAOTMHYECKMX OCOOEHHOCTEN BMAA ObiA
OMNpeAeAeH XMMUYECKMIA COCTAB PSAA COPTOB, COAEP>KALLIMX MAKPOIAEMEHTbI, BEAKM, XKMPbI, YTAEBOADI,
KAETYATKY Y BUTaMMHbI.

Ha unccaepoBaHve ObiAM B3SITbl COpTa O3MMOM MSIFKOWM MileHuUbl «Mepeke 70» 1 «Aumaul» 1
031MMOW TBEPAOWM MLLeHMLbI «Ka3axXxCTaHCKMi1 GHTapb», 03UMOM pXkn TpuTHKae «Ta3a», BO3AEAbIBaEMble
B permoHax AAMaTMHCKOM 1 JKaMObIACKOM o0b6AacTen.

B HacTosee Bpems yAyULleHMe KaueCTBa U MOBbILLEHNE YPOXKaMHOCTH 3epHa B KasaxcTaHe sBAgeTCS
OAHOWM M3 OCHOBHbIX 33Aa4 CEAbCKOXO3SIMCTBEHHbIX HAyK M MPOM3BOACTBA. B 3TOM KOHTekcTe Obiaa
HaAaKeHa BO3MOXKHOCTb MOAYYEHMS MHOTMX BbICOKOMPOW3BOAMTEAbHbIX COPTOB. B ycaoBmax CpeaHero
[peAypaAbsi XMMMUECKMI COCTaB 3epHOBbIX KyAbTYp M3yyaam M. LLI. ®atbixos, B. I'. KoaecHukosa,
C. M. KokoHos, 3. ®. BacduHa, B CBOMX UCCAEAOBAHMSX OMPEAEAMAM KOPMOBYIO MAOAOPOAHOCTb U
coaep>kaHue a3oTa, pocdopa, KaAns B XMMUYECKOM COCTaBE 3€PHOBBIX KYABTYP.

Coaep>kanune 6eaka m xupa no FTOCT 29033-91, TOCT 10846-91, yrAeBOAOB B CEMEHaxX COPTOB
OMNpPeAEASIOT MEPMAHraHAaTOMETPUUECKMM METOAOM, a COAEpP’KaHMe KAeTHaTKM Mo MeToAy BeHa,
mMeToamkon M 04-41-2005 (CBMAETEAbCTBO 00 aTTectaumy METOAMKM BbIMOAHEHMS U3MEepEeHMit
N2 224.04.17.035/2006) maccoBasi AOAS BOAOPACTBOpPUMbIX BuTammHoB B1, B2, B3, Bc, C, B6, B5
B (hopMe HMKOTMHAMMAQ M HUKOTMHOBOWM KMCAOTbI OMPEAEASAACh ABYMS METOAAMMU KaMUAASIPHOTO
anekTpodhopesa — 30HaAbHOM (KD3) M MULIMAASPHOM 3AEKTPOKMHETMYeCKoM xpomaTtorpadmmn (MIKX).
[Mpu onpeaeaeHnn ButamuHa E (o —y — Tokodpepoaa) craHaapt FTOCT P 54634-2011 npumeHsieTcs K
(PYHKLIMOHAAbHBIM MULLEBbBIM MPOAYKTaM M C MOMOLLLbIO BbICOKO3I(M(PEKTUBHOM XXMAKOM XpoMaTorpadmm
onpeaeAeHa MaccoBast AOAS BuTamumHa E B Buae a-, B-, y-, 3-Tokohepoaos. Kpome Toro, MakposAemeHTbl
B COCTaBe COPTOB MLIEHMLbI OMNPEAEASIAMCb METOAOM aToOMHO-abcopbLmoHHoi cnekTpockonmmn (AAC).

B pesyAbTate MccAeAOBaHMSI YCTAHOBAEHO, YTO MO COAEPXKAHUIO GeAka 03uMast TBepAast MiueHuLa
B copTe «Ka3axCTaHCKMI gHTapb» B cpeAHeM Ha 16% Bbille MO CPaBHEHWMIO C APYTMMU COpTamu, Mo
coaeprKaHuio Xupa «Taza» copt Tputekaae coctaBuA 21,1%, CyuleCTBEHHOM pa3HULbl B COAEP>KaHUU
YIAEBOAOB HE HAaOAIOAAAOCH, @ MO COAEPIKAHUIO KAETUATKM 03UMast Msrkas fileHuua npeobaasana B
copTte «Aumall» Ha 25,3%. Npu onpeaeAeHnn coaep>KaHUs MaKpPO3IAEMEHTOB B CPABHUTEAbHO «Ta3a»
copTe 03uMoit p>ku TpUTHKaAe NPeobAAAAAD KOAUUYECTBO SIAEMEHTOB.

KaoueBble caoBa. Triticum L., Secale L., copT, TpuTHKaAe, MaKpOIAEMEHTbI, SHAOCTEPM.

Kipicne illiHAE KOCMOIIOIUT TYpJiepi KYpJBIKTapIbIH

OapibIFBIHIA KeH TapajFaH. ACTBIK TYKBIMJIACHI

ACTBIK TYKBIMAAChl Japa)kapHAKTbUIAp KJa-  TypJiepi Kol >KaFdai/a aafbIHIBIKTAp MEH MOJICHT

ChIHA JKaTaThIH Oip ’KOHE KOl JKbUIABIK LIONTECiH  JKepJepaiH TAOUFU 6CIMIIKTEp KaObIHbI KYPAMBIHIA

ecimuiktep. XKep mapeiana keH Tapanras, 700-geit  Gacwim Oosaabl. Kazakcranmarbl OapiibiK 00JIbICTAp-
TybIchl, 10 MbIHHAH actam Typi O6enrimi. OmapapiH — n1a Tapanrad 83 TybICHIHBIH 418 Typi Oap [1].
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Triticum L. xone Secale L. TybICTapbIHBIH MOJICHU TYpJIEpiHE OMOXUMHUSUIBIK TaJay skacay

Hoactypmi CeJeKIus amicrepi Keiine
TaHKAJIAPJIBIK HOTIOKeIep Oepemi. Muicamel, Ou-
nait (Triticum L.) MeH Kapa OupmaiineiH (Secale L.)
TpuTHKale (FBUIBIMH ataybl [riticosecale) Oyna-
HBl KOITereH ayAaHmapia eriumm, epCIeKTHBTI
6ompin caHanabl. OHbl 1950-mi sxbuiel AKII-TBIH
AtioBa mrareiHblH Jx. O’Mapa YHuBepcureTinzie
KOJIXHIIMHHIH KoMeTiMeH Onaii MeH Kapa Oumaii IpIH
OyJaHBIHIAaFBl XPOMOCOMANIAP/IbIH CaHBIH €Ki ece
KOOEUTY OBl apKBUTHI ATl TpUTHKAIE OHIMILITIT
YKOFaphI OMIaiIbl KYH TaFaMaiThIH Kapa OnmaimMeH
Oipiktipai. Exi makpUiabIH 1a KarbIMJIbl KACUETTEPI
YileckeH: Kapa Oujaiifa ToH >KOFaphl ©HIMJILIITI,
KBICKA TO3IMIITITT KOHE TaFaMIBIK KYHIBIIBIFBI, CO-
HBIMEH Karap OMaaijblH epeKiieliri 0oJbin TaObl-
nanbl. bygan Ounailt eHIMALUTITIH MIEKTEUTiH 0aCThI
(haxTopiapasiH Oipi — cabak TaThl CaHBIPAYKYJIaFbI
aypynapbiHa Oipmama te3imai 6oismn kenexdi. Co-
HBIMEH KaTap HaKThI aylaHAap YIIiH OyIaHoacThIpy
apKbUIBl TPUTHKAJE Ti30EKTEpiH KAKCTAPTY MKOJFa
Koibuasl. 1980 x opTackiHAa Oy MOJEHU ©CIMIIK
JKOFapbl OHIMIUTITIMEH, aya paibl (akTopiapra
TO3IMIUTITIMEH JKOHE Ta3aJaHFaH KaJAbIFbIHAH
Keifinri Tamama cabansiMeH bOXK menOepinme ipi
acTeIK oHIIpymr DpaHIUSHB SUTUIITIMEH XKbII-
JlaM JKayJan ajjibl. AJJIBIMEH OHbI HETi31HeH Mal
a3bIFBIHA TAIATaH/bl, OipaK ajgaM PaluOHBIHIAFbI
TPUTHKAJICHIH peoii apra TycTi. 1982 KpuIBI
Kenectik Counanuctik Pecrryonukanap Onarel, Ey-
poma, AKIII, Kanana sxone OHTYCTiK AMepukana 1
MJTH. Ta acTaM >Kepre erijmi.

Kazipri ke3me copTrapAblH e3reprilTiri MeH
TYKbIM Kyajaybl, OJApIbIH aybUl IIapyallbl-
JBIFBIHAAFE MaHBI3ABl OenTiiepi MoOIEHH JKOHE

xkabalibl TypiepJieH OepuireH KacueTrTepl Ha-
map 3eprrenreH. OCIMOIKTepAlT  UMMYHIBIK
KacHeTTepl IKYKNAIbl aypylapiablH ©CIMIIKTETi

KapbIM-KaThIHACHI, OJIAPJbIH IOMYJISIIsIIAPbIHBIH
MaccaJlbIK KYpaMbIH 3epTTey MaHbI3IBI Macene 0o-
JIBITT OTHIp [2-3]

bunait tysicsl (Triticum L. — nmenuna). bynan
10 mMpIH kT OYpBIH amaMmap Owumail ecipim,
OHBl ©3 MYKTa)KbIHA >KapaTKaHbl >KAMJIbl apHalbl
omeOueTTepie KOmTereH JepeKTep KeNTipiireH.
JyHnexy3inik KypibeIKTeIH 82 % Oedirinne Oumaii
eriteai. By 6apibik erictiktiH 1/5-1. OHbI rekTapra
aitHanapipca 137 muH ra 6onanel. backa nepekerep
Ootiprama 210 MitH Ta )xepre Ounait erineni [4].

TykpIMaac TypiepiHiH ajJamfa as3blK JKOHE
MaJfa >JKeMIen OOJaThIH OCIMIIKTep peTiHAe
[IapyambUIBIKTaFbl MAHBI3HI aca 30p. TYKBIMIACTHIH
aramTel  Typiepi (0amMOyK) TpONUKAIBIK KOHE
CyOTpONUKaNIBIK aiiMakTapia aiyaH TYpJii OOJbII
eceni. Kypim men 6amOykTe yIII skaprakiina 0oabl.
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['ynuin atanbIKTapbl XKETUITCHIE JKapFakianap cy
CiHipim, iciHiN Iy KaObIpIIaKTapbiH alikapa amiajibl,
aTaNBIKTAPBIHBIH K101 Te3 ©cCim, CHIPTKA IIBIFaIbI.
JKen apkpLiibl TO3aHAAHY KYpeai. OpKeHHIH Kea0ei
©CETIH TaMbIpcaOaFbIHBIH Y3BIHABIFBIHA —Kapai
OCIMIIKTEpi THIFBI3 TYNTEHTeHAEp (IIBIM TY31TY),
0oc TynTenrenaep nen oeedi [S].

Kenreren raceipiap Ooiibl aya paiibl opTypii
XKepiepae ecipy TokipuOeci HeriziHme OumaiimapIH
OipHelie TypJjepi MEH COpPTTaphbl aJlbIHIbLI. bumai
0i31iH 3aMaHbIMbI3Fa aerinri 6000-5000 xbLigaps!
Exenri I'pex eninge ecipine 6actarad. MBICEIp MEH
Kprraitna 0i3niH 3amanbiMbi3iad 4000 b1 OYphIH
Ounmaiiman Tarampap kacaraH. Amgammap Oumaiibl
TEK TaFaM PETiHJIe FaHa eMeC, COHBIMEH KaTap eMJIIK
KacHeTTepl YIIiH Jie epTe 3aMaHHaH OarajaraH.
Bunaiineig qoH1 OaJIBIK [IEH JKAKCHUIBIKTHIH Oenrici
peTiHne KaObUIIaHFaH, OWTKEHI ON Ke3le KeOiHe
KOJIJIaHBIIFaH CYJIBI MEH Kapa Oujaiira KaparaHja,
CYBIKKA OHE KYpFaKIIBUIBIKKA Te3IMCi3 Oumaiinan
MOJI 6HIM ay KWbIH O0nFaH. AK YHJABI TeK YJIKSH
MepeKelep Ke3iHJle FaHa TNaiiianaHfaH, OHJa Ja
OFaH SpKiMHIH MYMKIiHIT1 Oona 6epmereH.

bumaii — nmonai-makeuigap TOOBIHA JKATATBIH,
KeOiHece OipKBULABIK HIeNTeCiH eciMmik. JloHmi-
TaKBUTIApABIH IIIHIET] €H 0acThI )KOHE €H KO OHIM
calaThlH JakbUl. bumalineH 22-re XKyBIK >kKaOaibl
XoHe MoneHH Typi Oenrimi. bip rexrapman 30-40
IICHTHEP OHIM ajJbIHAIbBl. bumai copTTapsl JoHIHIH
KYpaMbIHAAFbl YH OHIIPIJIETIH SHAOCIEPMHIH
(80-84%) memmepine OalmaHBICTHI OarajaHaibl.
OCIMIIKTEpIiH OpPTYpai Typiepi, COHBIH IIIiHIE
aybUIIIAPYyalIbUIBIK ~ MaHbBI3bI  0ap  ©CIMIIKTEp
TOMBIpaK MEH Cynbl epiTiHminepaeri Na+ xoHe
Cl woHmApHIHBIH KOHIICHTPANUACHHA TO3IMIUTIIK
NeHreliine Kapaid epekmeneneni [6]. Kaszakcranaa
HETi31HEH XYMCaK >XoHE KaTThl Ounmail Typiepi
ecipimeni. CoHrbl JkpuTmapsl Kazakcran Owumait
ecipyJie JYHHUE KY31 eNJePiHIH alIbIHFbI KaTapbhIHA
mBIKTEL. Mbicanet 2017 KbUThl ipi Oumai SKCIOPT-
Taymsl ennepaid pedtunriciage 11-opbra anmas [7].

Kymcak ounait (Triticum aestivum L. — msr-
Kasl, MIICHNUIA JIETHSA) eTiHIIUTIKTe KOl TaparaH,
Macarbl OOPIBLIIAK, KbUITBIKTBI KOHE KBUITHIKCHI3,
KBUITBIKTaphl JKaH-)KaFbIHA IIAIIBIPAHKBI KOHE
T'YJIIOFBIPEl  MacakKIlachl Y3BIHIBIFBIHAH KBICKA.
Macakma KaObIpIIarel Y3BIHINA OXKIMIi, OHBIH
KbIpBI (KWJIb) JKiHIIIKE, HEri3iHe Kapal >KOMBUIBII
kereni. Kypaeni macakteiH Oer jkarbl OyHipiHEeH
*anmak. Macak acTel cabaHBIHBIH OOJIIri KaJIBIITHI
Karjaina keyek. JloHaepi »eHin yriTiieni, ycak,
opTaria xoHe ipi O0IBIT KeNeIi, YHIB HEMEeCe KbIJ-
ThIp (WIBIHBUIBI). A¥mapsl ailKeIH aXXbIPAaThUIAIbI,
KBUIIIBIKTAPBI Y3bIH, aK-Cyp. OUTOXUMUSIIBIK Taj-


https://kk.wikipedia.org/wiki/%D0%9C%D1%8B%D1%81%D1%8B%D1%80
https://kk.wikipedia.org/wiki/%D0%A1%D2%B1%D0%BB%D1%8B
https://kk.wikipedia.org/w/index.php?title=%D0%90%D2%9B_%D2%B1%D0%BD&action=edit&redlink=1
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Jlay HOTHXKECiHJIe OuNall ChIFBIH/IBICEIHAH aKaJIOW/I-
Tap, CalfoHUHAEP, TEPIICHOUATApP, CTEPOUATAp, (Ira-
BOHOUJTAP JKOHE TAHWUHIACP, TIMKO3HIATED CHSKTHI
opTYpJii OMOAKTUBTI KOCBUIBICTAp TaObLIFaH [8-9].

Kymcak Ommait — skemici Oip TYKBIMIBI IOH.
bunait noHIHIH CHIPTKbI KAOBIFBIH TIEPUKAPIIHIA MEH
TYKBIM KaOBIFBIHBIH KaJIBIFBI Ty3ei. OHBIH imIiHze
sHAOCTIEpM MeH YpbIK Oonaabl. JonHiH 80% actam
MOJIIIEPIH HIOCICPM aJIaJibl KOHE CBHIPTHIHIA aJl-
NeHpoH KaOBIFBI Aa Oonapl, OHBIH KypaMbIHIA
KOPEKTIK HOPYBI3Aap MEH JHUIHUATEP, TOPYMEHICP
0omanbl, KaOBIFBI KpaxXMaJJbl SHIOCIEPM MEH
YpuIKTHI Kopiian Typazas [10]. bumaiineiy KaHaaFs!
KAHTTHl OHTAMIAHIBIPY KacHueTi 0ap Jer caHaajpl.
Kasipri yakpiTTa OHBI AHa0ETKE KapChl 19l peTiHIe
KOJIJIaHy TaHbIMaN OombIm Kememi [11].

bunait yuel sHgocnepMHeH anbsiHagbl. KeOek,
SFHU QJUICHPOH KabaThl MEH KajFaH J0H KaOBIFbI
YH naiblHay Ke3iHne enekteH orneiai. Onap xai-
Bl JTOH MacCachIHBIH mmamamMeHn 14% Tys3eni xoHe
acTBIK OHIMJUIITIH OipimiamMa TeMeHAeTedi. ¥ PbhIK
(moH MaccacelHBIH mamMaMeH 3%) KypambIHaa
MalblH, KACYHBIKTBIH  OOJIybIHAH  EJEKTCH
OTIICHIi )KOHE Mall alllbIll YHHBIH CakTaly Mep3iMiH
KbICKapTansl. Amnaiima mopyMeHIepAiH OackiM
Medepi Ougail keGeri MeH YpBIFBIHAA OOIajbl.
Kazip nmeranplk a3pIKKa *oHE ipi Kapa MaJbIH
keMmme0i peTiHae KeHiHeH MmakmanaHanbl. KaTTel
OunmaiiiaH OHIIPUICTIH MakKapoHIap MEH MaHHa
JKapMachlHaH Oacka Oujail eHiMuepi OChl KYMCAaK
Ommaiiman ansrHaIs [12].

Karrer Oounait (Triticum durum Desf. — me-
HUIla TBepZas) Macarbl THIFBI3, MpH3Ma MIMIiH/I,
Oyifipi OeT >karblHaH KEH, HETi31HEH KBIITBHIKTHL
KpuIThIKTapHB! Y3bIH, Tapaiienb opHajdackad. Macak
KaOBIPIIAFBIHBIH KbIpBl (KWJIb) HETi3iHe JeiiH
alKBIH aXBIpaThUTFaH. Macak acThl ca0aHBl KyBICHI
MapeHXMMa YJINMAaChIMEH TOJIbI. MacaFbIHaFbl JIoHI
KHUBIHBIpAK yritineni. [JoHmepi comakma, ipi XKbLi-
THIp, Keie oici3 YHABL. AMmapsl oJici3 IaMbIFaH,
KBUTIIBIKTapel KbicKa [13]. OmapaslH KypambIHIA
KaHT anadeTi, Karepili iCiK »oHE XYPEK-TaMbIp
aypyjapbl  CHSKTBI  CO3BUIMAJBI  aypyJiap/bl
TOMEHETETIH >KOHE allbIH alaThlH OHOAKTHBTI
KOoChUIBICTap Oap [14].

KazakcranublH conTycririnae OapblHIIA Ko
TaparaH TYp TapMakTapbl XKyMcak OujaiiiaH Jro-
TecieHc, 6apbapocca xoHE KaTThl OWpaiimaH rop-
neidopme, JeyKypyM JkaTaubl. bumaiapiy opOip
TYp TapMarbl OHOJOTHSUIBIK YKOHE OHIIPICTIK
CpeKIIeMKTepIMEH  Oip-OipiHEH  aKpIpaThliia-
TBIH OipKaTap cypbinTapbiH Oipikripeni. bip Typ
TapMakTa >Ka3dpIK Ta, KY3iK Te, epTe MiCeTiH KoHe

KelI TiceTiH, T.0. cyppinTapsl 001ybl MyMKiH [15].
ConbIMeH KaTap OYJI TYp oJIeMJeri MaHbI3/Ibl a3bIK-
TaKpUIIapABIH Oipi. AdpHKaHBIH caxapachIHIAFbI
SHAEMUKAIBIK Typ. Oduonus wmeH CaxapaHbIH
oazucTepiHae OYJ1 MOACHU TYpJE MBIHIAFaH KbLI-
nmap Ooiiel ecipimin kenemi. bByrinri TaHma marsiH
(depMmepiep OHBI ©3 TYTHIHYBl YIIiH OHIIPICTI
KaMTaMachl3 €Ty YIIiH OHbl MapPTUHAIIBI KepIaepae
ecipeni [16].

Kapa ounaii (Secale L.- Poxb) exi Typi Ky3Iik
JKOHE JKa3NbIK Kapa Oupmaine eremi. XKa3nmbik Kapa
Ooupaii TomMeH eHiMII Oombin kKenexi. Kazakcranma
xabaiibl (Secale sylvestre Host.) >koHEe MoneHH
(Secale cereale L.) tTypnepi Gap. Monenu kapa
Ommaii Kapa Owmaldl TYKbIMIACBIHBIH Oip Typi
JKOHE TaFraMJIbIK Jakbul. KyHapiabl Maj a3bIFbl
petinne ne maiinananaael. Kapa Oumail 1oHI HaKTHI
(DUTOXUMIUSIIBIK 3aTTapAbIH KepeMeT Ke3i OOJIbII
taObutagel.  OHmarbl  (PIABOHOMATAPIBIH  KOH-
LEHTPAIUACH, IKUACKTep MeH KOKOHICTepMEH
CaJIBICTBIPFaH/Ia TOMEH OOJIFaHBIMEH, XUMHUSIIBIK
KYpaMBIHBIH SPTYPJIiIiri xorapsl Oonapl. [17-18].
PecrryOnmkana HeriziHeH Ky3aik Kapa oumaii bateic
Kasakcran, Axre6e, Kocranaii, IlIeireic KazakcTan
xone Kaparannel oOnbictapbiga erineai. Kysmikx
Kapa OWIaiiibIH TaMBIp JKYHeci KyaTThl IaMBIFaH,
IIAMAKThI, YPHIKTHIK KOHE KOCAJIKbhI TaMbIpJIapaaH
Typanel, Tombipakka 1,0-1,05 m peltin tepenaen
eceli, ajaiia HEeTi3Ti Maccachl TOMBIPAKTHIH OeTKi
KabaThIHAa MIOFbIpJIaHaabl. TYKbIMAAphl KeOiHece
3-4 ypBIKTBIK TaMBIPMEH 6HeHi, ojap Kapa Ou-
Mail  BEreTalMsACHIHBIH  aJFallKel  KE3eHIHJETi
KOPEKTEHYJIe YJIKeH poJi aTKapabl. Heri3ri epkeHHIH
TOMEHT1 OeJiMiHeH (€KIHIIITIK) KOCATKbI TaMbIpIIap
Tapaiapl, ONAapABIH JaMy JCHIreii TombIpak, aya
paiibl epeKIIeNikTepi MEeH ecy JKaraaiaapbiHa Oaii-
JaHBICTBI ©3repeni. ['yJ1 mOFBIpBI KypHeni Mmacak,
aKmbUI-capsl, Macakrta 30-40 Macakmanap JKeTuTe/I.
XKewmici — xiHiIIKe Y3BIHIIA KEJITeH HEMece CONaKIa
KEeIITeH JIoH, ’Kachll, capbl, CYp XKoHe 0acka 1a TYCTi,
1000 monnin camMarsl 18-25 1. TpuTHkane xKa3abiK
Ounaiira KaparaH/a THIHAMTKBIIITAPFa KOOIpeK xa-
yan Oepenmi. THIHAWTKBIITAD aCTHIK OHIMALIITIH,
CamacelH e0yip apTThIpanbl. JIoHHIH XUMUSIIBIK
Kypambl OOMBIHIIA THIHAWTKBINITAD OHAAFBl (Doc-
(haTTap MeH KaJNHWiIiH MaMallbl ©3repyiMeH KaJIbl
a30T KYpaMbIH efayip apTteipasl [19]. Kapa Ounait
allkac TO3aH/IaHATBIH OCIMAIK (KeIMeH Hemece Oip
Oediri xoHAikTepMeH). Kazakcranma Ky3aik Kapa
Ounaiapiy eric kenemi 49,3 ra. 1 ra-nan opta ecen-
rieH 14,0 iy eHiM anbrHans [ 10]. AygaHaacTeIpbUIFaH
coprrapsl: [lonnan, CaparoBckas 4, JlonuHckas,
XapbkoBckas 55, Tputukane Ta3za T1.0.
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Triticum L. xone Secale L. TybICTapbIHBIH MOJICHU TYpJIEpiHE OMOXUMHUSUIBIK TaJay skacay

3epTTey MaTepuaagapbl MeH JicTepi

3eprTeyre amblHFaH HBIcaHmap AJMatel, JKam-
ObUT OOJIBICTApBl aiMaKTapbIHIA OCIPUICTIH JKOHE
KOFapbl ©HIM OepeTiH Ky3aiK xyMcak oumait «Mepe-
ke 70» sxoHe «/luMarmy copTTapsl MEH KY3IiK KaTTh
Ounait «KazaxcraHckuii IHTapb», KY3[iK Kapa oumai
TpUTHKaIEHIH «Ta3a» copTTapbl allbIHIbL.

I'OCT 29033-91, T'OCT 10846-91, Benn
omictepi  OOWbIHIIA TYKbIMHAH JaibIHAAIFaH
IIVKI3aTTBIH OWOXUMUSIIBIK KOpCETKiln OeJoK,

Maii, KOMIpCy JKOHE JKACYHBIK CKCHIIT1 aHBIKTAJIIIBI.
Ky3nik xxymcak oupaii «Mepeke 70» xoHe «/lu-
Mal» COpTTaphl, KY3MiK KaTThl Ommaii «Kazax-
CTAaHCKHH SIHTapb» COPTHI, TpUTHKaJCHIH «Ta3za»
COPTTAPBIHBIH TYKBIMBI KYPaMBIHIAFbl KOMIpCY
Meliepi  HepMaHTaHATOMETPHUSIIBIK  OJICICH
aHbIKTaIab! [20].

M 04-41-2005 amicTemeci (emmemMaepi OpbIH-
Jay SIICTEeMECiH aTTecTarray Typaibl Kyamik Ne
224.04.17.035/2006) ochl KyKaT HHUKOTHHAMUJ
JKOHE HUKOTUH KBIIIKBUIBI HRICAHBIHA CY/1a €PUTIH
B1,B2,B3,Bc, C, B6, BS nopymennepiH MaccambIK
YJIECiH OJIIIey Il OpbIHAY dAICTeMECiH Oenrinen/i,
OyJ1 peTTe TalJaHaThIH ChIHAMAHBIH KypaMbIHA )KOHE
oIy MOJITiIHEe KOMBIIATHIH TaJlalTapFa OaiaHbI-
CTBI KamuIApIIbl aNekTpodopes — aitmakThIK (KTE)
KOHE MUIMIUIIPIBI 3JICKTPOKHHETHKAIBIK XpoMa-
torpadpusmer (MOKX) eki omiclieH aHBIKTaJIbI
[21]. E (o~ y — Tokodepon) AopyMeHIH aHBIKTayAa
I'OCT P 54634-2011 omicin craHmapThl (HyHKIH-
OHaJ/IBl TaMaK OHIMJEpiHe KOJIaHBLIAABI KOHE
JKOFaphl TUIMAI CYHBIK XpoMaTorpadus KeMeriMeH
a-, B-, y-, 8-tokodeponnap typiane E qopymeHiHiH
MacCaJbIK YIIeCi aHBIKTAIIEI [22-23].

3eprreyre anblHFaH Oupmall  COpPTTapbIHBIH
KYpaMbIHIaFbl  ayblp  METAJAPIbIH  KYpaMbI
«KBAHT-Z. OTA-T» »nexTpiik aToOMHU3aIUSICH
0ap CHEKTPOMETPAETi aTOMIBIK-a0COPOIUSIIBIK
cnektpockormus (AAC) omiciMeH OarmapiiaMaibIK
KaMTaMachl3 €TYMEH aHBIKTAIABl [24]. ATOMIBIK-
abcopOrmsutblk  cnekTpockomnus (AAC) aTomuabIK
KacHeTTepiHe HETI3JeNITeH CaHIbIK Talnay omici —
HaKThl TOJKBIH Y3BIHIBIFBIH (PE30HAHCTHI CIHIPY)
XKapbIKleH ciHipy. XKanbiH aTtoMuzanusacel — Oy-
JMAHABIPY JKOHE aToMJay Ke3iHJAe >KalblHHaH (Ipo-
naH/aya, aneTWIeH/a30T TOThIFbI) Ty3uiemi. 0,01-
100 Mr/n epiTiHAiAETI BJIEMEHTTEP HIOFBIPIaHAaIb.
Onextporepmusiielk atommay (OTA) — ymrigeri
Oysnany MeH aromuay 1500-3000°C npelinri Tem-
reparypaja dSJIeKTp TOFBIMEH KbI3JBIPBUIFAH Tpa-
¢ur TyTiriage (rpadur memiHAE) aHBIKTAIFaH
3JIEMEHTTIH KacHueTTepiHe OalIaHbICTBI OOJaIbl.
Konnenrparmusicer  0,01-100 Mkr/a  epitingigeri
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anemeHTTep  ambikTamangsl. ['OCT  26657-97
omici apkpuibl  Gochop KypaMbl — aHBIKTAJIABI
[25]. Byn crammapt OapiblK a3bIKTHIK ©CIMIIK
TYpPJACPIHIH, JKeMa3bIK, IKEMa3bIKTHIK IIIHKi3aT
(MUHEpANIBIK MIMKI3aTThl, K€M allbITKBICHIH JKOHE
ManpuHAI  KOCMaraHma) TypliiepiHe KoJaaHaIbl
koHEe  (GochOopAbIH  KYpaMblH  aHBIKTayJIbIH
(OTOMETPUSIIBIK KOHE TUTPUMETPHUSUIBIK S/1iCTEpiH
Oenrineiai.

3epTTey HITHKeIePi :KIHe 0JIaApPAbI TANIAY

Ky3nix sxymcak Oumaii «Mepeke-70» cOpThI
AnmMaTel OOJIBICBIHAA Cyapy Ke3iHIe koHe Oorapa
xarmareraaa Onmecckas 120 cranmapteiMeH, JKam-
Obu1 00nbIChIHAA CTeknoBuIHAS 24 CTaHIapThIMEH
CaNBICTBIPMAJIBI 3ePTTEYJep KYPri3iiil, ChIHAKTaH
OTKEH. ACTBIK TyciMmi OofipiHIa cyphin Omecckas
120 cranmapThiHaH opTa ecenmeH 3,5 m/ra-Ipl, op-
Tama eHIMAIIK cyapMaisl kezae 40,8 n/ra-as1, 60-
rapma 16,3-ten 28,4 w/ra-mer ty3eni. 1000 moHHIH
Maccachl opTa ecenrneH 44 rpamm Oonasl. A, Cre-
KIIOBHUIHAST 24 CTaHMApTHIHBIH OpTallla ©HIMILIITi
8,0 /ra 6ommer (0,5 1/ra apThIK). Ipi mommi, 1000
JIoH Maccachl 36 rpamM. Han micipy canacbl 60ibIH-
ma «Mepeke-70» copTsl Oaraibl Oumaiira KaTabl.

«JInmammy copter OmikTiri 100-110 cm, Macarsr
OWIMHIP TOPI3Al )KYMBIP, KOFaphl KarblHAa a3/ay,
aK Tycrti. MacakTteiH y3bHIBFE 10,2-10,5 cM, op-
tama TeIFEBABIFEL (10 cM e3ekte 20-21 macakmma).
KemneiH aya paiipl KaraainapbiHa OaiIaHBICTHI
KBUIKAHZIAPBl aK-KOHBIpKaid TycTi. CopT KOFapsl
eHiMi, opramra eHimautiri 50,7 1/ra. Asmalisl
crannapteiHad (47,2 w/ra) 3,5 wra apteik (2015-
2017xx.). Copr KazakcrannbiH (Amnmatsr, JKam-
obur, Omntyctik KaszakcTan oOJbICTaphl) KoHE
Opta A3usHBIH CyapMalbl JKOHE Tay OeKTepiHje
BUTFAJIBI MOJI OHIpJIEpE oCipy YCHHBUIABL. JKOFapsl
arpodonra xayan OepeTiH eHIMIi cOpT Typi [26].

Karrer xy3zaik Ounaiinein «Kazaxcranckuit Sn-
Tapb» COpThl THOpU nomysanusAckiHaH (['eprana x
AticOepr ogecckuii) x HoBuHKa 3 Keke ipikTeyMeH
TUOPUITIK OICIeH WIBIFapbUInbl. buikTiri opta-
ma 100 cMm, Macakmracel Kapa TYCTi, KENTipiireH,
YPIUIBIK TOpi3ai, 7-8 ¢M, Y3bIH KbUITaHJbI, JOHI aK
TYCTi, KYMBIPTKA TOPi3li. 3 >KbUI imIiHAE opTama
eHIMIUTIK 57,8 11/Ta, @HIMALTITT ACOepr ogecCKuit
cranpapteiMe 45,0 1/ra. KyprakiibuibIkKa Te3iM/Ii,
HIBIHBIIBIFBI 98 %, xacyHBIK KypaMsl 33,8%. Maka-
POHJIBI CaITachIHBIH KBl 0aracel — 4,4 6amt, Aiic-
Oepr ogecckuii cranaapThiHaa — 4,0 6ay. AnMaTsl
obneicetama 2010 >xpuTmaH Oacram maianaHyra
pykcat Oepinren [10]. ABTopiblk Kyomik: Ne357,
8.06.2010 x.



A.A. KynGexoBa xoHe T.0.

Tputukanenin «Ta3za» coptel Ouikriri 105-110
CM, Macarbl MeH 11oHi ipi, 1000 moHHIH caaMarsl 56 Tp
Kypaiinel. Macareiaga 60-70 non 6onaasl, Oy caHak
CYPBINTHIH OHIMJILIIT dKOFaphl eKEH/IITiH KOPCETe/l.
«Taza» CcopTHIHBIH XOFaphl eHiMmiiri 8-10 T/ra
Kypaiinel. KpaxmanablH KoFapbl MeuuiepiHe Oaii-
JIAHBICTHI, HETI3r1 OHIMII XUMHUKO-TEXHOJIOTHSIIBIK
OHEPKOCIN YIIIiH TaMaIla MmuKi3at (Ono3TaHoI, Me-
TaHOJI, OMOU3eIb, CIUPT T.0. eHiMep) OONBIN Ta-
obeutaasl. 2002 xbeurgan O0actan AnMartsl, JKaMObL,
OnrycTik Kazakcran oOyibICTapBIHAA €TyTre pyKcaT
oepinren [10].

Kemipcy memnepi «KazaxcTaHckwuii SHTapb» cO-
PTHI (KypFaK OpraHuKaiIbIK 3aThIHBIH 64,14 %), «/lu-
Mal» COpPThIHJA (KYpFaK OPraHUKAJIBIK 3aThIHBIH
63,93 %), «Mepeke 70» (KypraKk OpraHUKaJIBIK
3ateiHbIH 62,38 %), Tputmkane «Taza» (Kyprak

OpTaHUKAaIBIK 3aThIHBIH 61,15 %) Oomnmer (1-kecte).

CoprbiHa Kapaii OngaiIbIH KYpaMbIHAaFbl Kpax-
Man MeH KeMmipcyiapabiH Meinmepi 50-70%-ra
neitin, akyszgap 10%-man 20%-ra geiiin keTepiyi.
Conpaii-ak, ociMAIK MaiIapsl, MUHEPAIIBI 3aTTap
(xanwmii, kanbiuii, Marauii, gocdop, Hatpuii 1.0),
mopymerniep (B1, B2, B6, C, E, PP), nexkrtunai 3aT1-
Tap, COHBIMEH Karap OesceHzi pepmeHTTep Oap.

Onemne OumaiibiH 0acka Ja JOHII JaKbULIAp
CHUSIKTHI aJTyaH TYPJi CYPBINTapbl MEH Typiepi Oap.
HerizineH, 60TaHUKAIBIK )KOHE aybUIIIAPYaIIbUTBIK
KJaccu(UKAIMACHIHBIH ~epeKLIeikTepine Oaiina-
HBICTBI 9p €J1 ©31He TOH COPTTaphl MEH >KCPTLTIKTI
Typiaepin ecipeni. bumaii TypaepiHiH cumarTa-
Manapel KeOiHece cabarbl MEH MacakiIajaphl,
JIOHHIH CBIPTKBI TIIIIHI KOHE OJAPIBIH XUMHSITBIK
KYPaMbIMEH EpEeKILEICHEe/I1.

1-recte — 3epTTenren COpTTapAbIH TYKBIMAAPBIHAAFEl OPraHUKAIBIK 3aTTap Kypamsl Mr/100 T

No Kypambinaarst «Mepexe 70 «JTimam «Kazaxcranckuii Tputukaie AHLIKTaJ'IF?.H oJiic
OpraHUKaJbIK 3aTTap SIHTApPb» «Tazan TYpi
1 | benox memmepi % 13,06+0,3 13,72+0,6 15,38+0,2 11,89+0,5 I'OCT 29033-91
2 | Maii menmiepi % 0,92+0,1 0,89+0,1 0,91+0,1 1,43+0,1 I'OCT 10846-91
3 | Kemipcy mommepi % 62,38+0,2 63,9303 64,14+0,4 61,15+0,2 Mapmanranaro-
METPHSUIBIK 9J1ic
4 | KacyHsik Memepi % 3,18+0,1 4,07+0,2 3,63+0,2 2,3+0,3 Benp omici

bunaiinblH XMMHUSIBIK KypaMbl 0OackKa IoHII
JaKbpUIIAp CUSKTHI KenTereH cebenrepre OaiiyaHbl-
CTBI YJIKEH aybITKYJapFa YIIbIpaiibl: JOHHIH COPTHI,
OHBIH TICy JIopexeci (KHHAy yakbIThl), aya paiibl
KIIMMATTBIK JKaFJainapel, TONBIPAK XKoHE OepiireH
THIHAWTKBIITap. bumail moHIHIH KypaMmblHAAQ CY,
a30TThl 3arTap OeloKTap, Maiiap, Kemipcyiap
(cyna epiMeiTiH Kpaxmal, >KacyHBIK, IIEHTO3aHIap
KOHE CpUTIH — IEKCTPUHACP, KaHT), MHHEPAJIBI
3arTap XoHE a3 MeJepae keldip 6acka 3arrap 0o-
JaJbl.

OpraHukanplK ~ KOCBUIBICTap  Tipi  opra-
HU3M kacymaceiHeIH 20-30% Kypabiger. Onapra
OMOJIOTHSUIBIK  TIONHUMEpJIep — OeloKTap, HyKie-
UH KbIILIKbUIAAPH! JKOHE KeMipcynap, Maijaap MeH
OipkaTap MaHBI3IBIMOJIEKYIaIap—IopyMeHAep, rop-
MOHJAp, MUTMEHTTEP, OPraHUKAIBIK KBILIKBUIAAP,
AMUHKBIIIKBULIAPHI, HYKICOTHITED, CITUPTTED, T.O.
Katagpl. ACTHIK KypaMblHa KipeTiH a30TThI 3aTTap
JKYFBIMZIBUIBIFBI KACYHBIK, KOpFa >KHHaJIFaH OeJo-
KTap (TTMaaAnH, TIYTEHNH), YH MEH OaH MiCipiireH
HaH caracblHa YJIKEH acep eTeai. bunaiinbia a30TThl
3arTapblHbly iminae 6enoxrap (90%) GacTel opbIH

anazapl, 0EJIOK eMec a30TThI 3aTTapP KAJIBINTHI a30TTHI
3aTTap.IbIH Kbl KypaMmbeIHblH 10-12% rana Gomna-
Il benokrap — TipHIiiik yiiH eTe 30p MaHbI3bI 0ap
OPTraHUKAJIBIK 3aTTapAblH MaHbBI3Ibl TOOKI. bapibik
OemoKTap — MOHOMEpJIEp aMHH KBHIIIKBUIIapbIHaH
Ty3iIreH OuononumMepiep. Ocimaikrepae Oeok 3at
anMacy mpolecTepiHe KaTeicansl. Han micipyzaeri
Kapa Ommall aKybI3ZapBIHBIH PO TOMEH Jen ca-
HaJIaJpl, OUTKEHI Kapa Oujail KaMbIpbIHAA TIIIOTCH
TOPHI Maliga OoNIMai b

bumait mompaepiHmeri JKacyHBIK —  IIIEK
MOTOPHUKACHIHBIH ~ KyaTThl —CTHMYJSTOpHL. — bu-
naii  keOekTepi KeMipcymapIblH —acKa3aH-iIeK
JKOJITAPBIHIAFEI Malapra aiHaybIH OOJIIbIpMAali-
b1 J)KOHE COJI apKbIJIbl CAIMAKTBIH KaJIIbIHA KeJTyiHe
BIKNa eTei. bunait KypaMbIHIaFb IEKTUHIED HIpY
TIPOTIECTEePiH a3alThIN, 3WSHABI 3aTTapabl CiHIpemi
JKOHE IMICKTIH IIBIPBIITH KAOBIFBIHBIH JKa3bLIy-
biH Te3neteni. COHBIMEH KaTap JKacYHBIK KOFaphl
CaTBIJIaFBI OCIMIIKTEPIIH JKacyIra KaObIKITaChIHBIH
KypaMbIHa KipeTiH MKOFapbl MOJICKYJIAJIbI, KIiHIIIKE
TANIIBIKTBl TOdHcaxapuy Oonbim Tadbutamel. O
OCIMJIIK JKacylrajapblHa OepiKTIK KacueT Oepeni.
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Triticum L. xone Secale L. TybICTapbIHBIH MOJICHU TYpJIEpiHE OMOXUMHUSUIBIK TaJay skacay

TazanaHbin OeIiHIIN allbIHFAH KACYHBIKTAH Carajbl
KaFa3JblH TypJepi, KHHOTacmamnap, miacrMaccanap,
KOIIAPBUIFBIII 3aT, JIaK JKacaabIHAbI [27].

Maii — Tipi opraHu3zmAep YLIiH KyaT Ke3i O0JIBII
TabpuIanel. Malimap BIOBIpaFaH Ke3le aKybI3aap
MEH KeMipcyyiap bIIbIparaHfa KaparaHza eKi ece-
neil xem »Heprus Oemineni. Onap aKybI3gapbl,
MHHEpaIIbl TY3AapAbl, COHIal-aKk MalIbl epiTeTiH
BUTaMUHJICP/Ii OPTaHU3MHIH KaJbIIThl CIHIpYyiHE
kaxer. Kemipcymap — Tabwrarra KeH TapaliFaH
OpraHUKaJIbIK  KOochUTBICTap. Omap  eciMIik
KJIETKaJapbIHBIH HETI31H KypauIpl *oHE KOPEKTIK
3aTTaplblH KOpBI (Kpaxmam) TYpiHIEe XUHaJIaIbI.
OCIMIIKTEepiH KYpPFaK OpTraHUKAJBIK 3aTHIHBIH KOTI
Oeunirin, srHA OHBIH 85-90 % KeMipcynap Kypansl.

JoHHIH OapIIbIK KpaxMallbl, OEIOKTapIbIH KOl
Oeiri SHIOCTIEpMIE IOFBIPJIAHFAH; >XKACYIIaHbBIH
MIEHTO3aH/IAPbIHBIH, MHHEPAIIBIK 3aTTap MCEH

MaiaplH Kem Oediri ayuieipoHgapbl 0ap KaOBIKTa
opHanackaH. J[oHzeri Marauii MeH Kaiaui Ty37apbl
KeMipcyJap alnMacyblH OeJIceHIipei, cyiiek TiHiHIH
KaJIBIIITACYbIHA KATBICA/Bl, JKYPEK IIEH OPTAJIbIK
KYHKe KyHeciHIH >KYMBICHIH KaJIbIIIKa KeITipeni
[28].

BuonorusmeIKk - MaHBI3ABI  3aTTApAbIH  OackiM
MeJiepi Oumai ypeirbiHAa Oosanbl: B TOOBIHBIH
mopymenzaepi, E nmopymeni, mnporeuHaep, Mbl-
PBIII, Kanwi, Temip, hochop, KYKIPT KOHE JTHHOI
KBIIIKBLIBI.

Hopymennep 3at anmacy IpoLeciHe KaTblcapbl,
TYpii aypylapra Kapchl TYPaKTBUIBIKTBI KaMTa-
MachI3 €TeIl KoHe opranu3mMie GepMeHTTep TY3y1e
MaHpI3bl Oap. Kysmik Oupail copTTapblHBIH Jopy-
MEHIIIK MOJIIepi PeCMH OIICTEPMEH AaHBIKTAJIBIIL,
HETI3rl JOpyMEHIIK KepceTKimTepi 2- KecTene
oepinmi.

2-kecTe —3epTTEeNTeH COPTTAPABIH TYKBIMAAPBIHIAFH AOPYMEHIIK KypaMbl Mr/100 T

Jopymennep mr/100r «Mepexke 70» «JIumarn» «Kaj:z{;;;;)wﬂﬁ Tpurtukane «Taza» AHHKT:;I;fH anic
E (a-Toxodepomn) 0,32 TaOBUTFaH JKOK TaOBUIFaH JKOK 0,43 TOCT P 54634-
E (y-Toxodepor) 0,19 0,26 TaOBUTFaH JKOK 0,17 2011

B1 (Tuamuuxiaopum) 0,025+0,005 0,005+0,001 0,0035+0,1 0,013+0,003

B2 (pubodnasun) 0,031+0,013 0,11+0,047 0,12+0,05 0,099+0,042

B6 (mupumokcun) 0,011+0,002 0,063+0,013 0,033+0,007 0,056+0,011
€ (acropbin 0,077+0,026 0,12+0,042 0,080,027 0,1920,06

KBIIIKGLTH) M-04-41-2005

Big‘igﬁ;"“ 0,020:£0,004 0,0290,006 0,049+0,01 0,067+0,013

Bl‘i IEJ*J‘I‘:;‘J’]TL‘I‘)H 0,004:£0,0006 0,012:£0,002 0,030+0,005 0,007+0,001

B, (pommii KpiukpLT) 0,029+0,006 0,004-+0,001 0,012+0,0024 0,008+0,002

E (a- y — Toxodepoir) mopyMeHi ar3agarsl KIeT-
KaJiap JKaprakiajlapblH pajJuKaiiapiad KOpraiibl.
CoHbIMEH KaTap ar3aHbIH 3aT alMacy Y/epiciHe
JKoHE KeOeroiHe ocep eTeli, >KBIHBIC Oe3mepiHiH
KBI3METIH JKaKcapTalbl. byl nopyMeH keTicrercH
XKarjaiina oifen Oeneyllikke YIIBIpaybl MYMKiH,
Keiie KaHKaHbIH OYJIIITBIKETTEpl KaTas OacTaiibl.
KekeHnictepse, acThIK TYKBIMJACTap/IblH JSHIHJIC,
OCIMJIIK MaWbIH/IA OHE >KYMBIPTKala Ke3Iecesi.
Anam ar3achl YIIIH KaXeTTI TOYNIKTIK Memepi
10-12 wmr. 3eprreyre aneiaran «Mepeke-70» co-
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preiHna E (o-toxodepon) mopymeni — 0,32 mr, E
(y-Toxodeporn) gopymeni — 0,19 mr, TpuTHKaneHiy
«Taza» coprteima E (o-Tokodepon) mopymeni —
0,43 wmr, E (y-toxodepon) mopymeni — 0,17 wr,
«dumam» copteinga E (o-Toxodepon) mopymeni
ke3necnieni, E (y-tokodepon) nopymeni — 0,26 mr
oomnmbl. «KazaxcraHCKuil SHTaphy» COPTHIHIA Oy
JIOpPYMEH KE3/IeCKEH KOK.

B1 (tmamun xmopun) gopymeni «Mepe-
Ke-70» COpPTBHIHBIH KYPFaK OPraHUKAIBIK 3aTBIHBIH
0,025 wmr, Tputukaneniy «Taza» — 0,013 mr, an a3


https://kk.wikipedia.org/wiki/%D0%9B%D0%B0%D0%BA
https://kk.wikipedia.org/wiki/%D0%9C%D0%B8%D0%BD%D0%B5%D1%80%D0%B0%D0%BB
https://kk.wikipedia.org/wiki/%D0%92%D0%B8%D1%82%D0%B0%D0%BC%D0%B8%D0%BD

A.A. KynGexoBa xoHe T.0.

memnmepae «Kazaxcranckuii gutapbe»- 0,0035 mr
MeH «JImmammy — 0,005 mr ke3aecti. by gopymen
OpraHM3MJIETi 3aT ajMacy MpoIeCiHe aca KaKerT.
Erep Bl pmopemeni xericnece mapiiaraHibIK
ce3iTim, ac KOpHITY KyHeci Oy3pumiaapl. COHBIMEH
Karap XXYHKe )Ky#eci KbI3MeTi Oy3bUIaIbl, ICHE XKOHE
IIBIFAPMAIIBUTBIK €HOCKIIeH KOl NIYFhUIIAHFaH/Ia,
CyBIKTa Y3aK OOJFaHIa ar3a OCHl IOPYMEHII KOl
Ka)eT eTe/i.

B2 (pubodmoBun) «KazaxcraHckuiéi sH-
Tapb» COPTHIHBIH KYPFAaK OPTaHUKAIBIK 3aTHIHBIH
0,12 mr, «lumam» — 0,11 mr, an a3 Memmepae
TputukaneHiH «Taza» copteiHma — 0,099 wr,
«Mepexe-70» — 0,031 wmr xke3zumecti. ToTeIFy
JKOHE KaWTa KalmblHA KeNTipy peaunusiapbiHa
KaThICa/pl, 3aT ailMacyJarbl MaHBI3BI 30p. B2
MIOpYMEHI ocipece KacyIIaHbIH SFHU aF3aHbIH OCIIT
JamyblHa ocepin Turizeni. JKapakaTTapAelH Te3
JKa3bUTyBIHA 9CEPIH TUTI3ei, KO3MIiH JKaKChl KOpy
KabineTiH cakraiiapl. byia nopymeH KeTicllereH
JKargaiga epiH Kyprarl, Ke3epeli, YIIbIK IIbIFaIb,
JIeHeTe TYCKeH Xapakar Oasy »xa3putanel. Co-
HbIMEH KaTap, B2 mopyMeHi HaH alIbITKbICHIH/A,
OayswIpa, COHIa-aK CYT IEH CYT TaFaMJapbIHIa
ko0ipek 0omab.

B6 (MUpuAOKCUH) JOpPYMEHI TpPUTHKAJICHIH
«Taza» copThiHAa KYpFaK OpPTaHHUKAIBIK 3aTHIHBIH
0,056 mr, «Jqumam» — 0,063 mr, an a3 meiiepie
«Kazaxcranckuit saTaps» — 0,033 mMr men «Me-
peke-70» — 0,011 mr kesmecti. byn npopymen
aKybI3mapIbIH Kypamaac 0eriri 60bI TaObUTaThIH
aMHUH KBIIIKbUIIAPBIHBIH aJIMacyblHA KaThICAJIbI.
B, mopymeHiHiH KeTicneymriiiri sxac Gananapibiy
OOWBIHBIH ©CYiH TEKel, KaH a3/[bIFbl MCH CE31MiHiH
Te3 KO3FBIMTHIFBIH TYyABIPAmbl, ajl eKikabar
oliennepaiy OeTiHae Kapa nak maijga Oonaael. B6
JOpYMEHIH MOJIBIpaK KaKeTCIHy aF3aHblH ocyi,
ofienmiH exikabar xoHe Oanma emizy Ke3eHAepiHIe
JKUIpek OaliKamybl MyMKiH.

3eprrenren typnep iminge C (ackopOuHO-
Basl KHCIIOTAa) AOpyMeHi TpuTukaneHiH «Taza» co-
preiaa — 0,19 mr, «Iumam» — 0,12 mr, «Mepe-
ke-70» — 0,077 mr, «Kazaxcranckuit sarapb» — 0,08
MI' eKeHAIri aHbIKTaIael. C gopyMeHi acKopOWH
KBIIIKBUIBl KYPaMBIHIAFbl OUOJOTHSUIBIK aKTHUBTI
3aTbl. AF¥3aHBIH KYKIAbl aypylapblHA KapChl
UMMYHUTETIH apTThipanel. Cylekke >KOHE TiCKe
OepikTik Kacuer Oepexmi. C mopyMeHi >keTicrereH
JKarfaiima ar3a  Te3  IIapmiaiapl, —clieMeimi
KaObIKIIadap KaObIHAIbI, KbI3bLUIHEK KaHTaJIauIbl.
Byn nopymeH y3ak yakpIT *keTicnece, aaaM Kayinri
KypKyIak (I[MHra) aypyblHA IMaNIbFaabl. Amam

ar3acel C JopyMeHiH TY30€WUTIHAIKTEH, TaMaKIeH
Oipre kaOpuTIaHybl Kepek. C MopyMeHi ar3ara KbIC
IICH KOKTEeM alIaphiHja KoOipeK KaxerT.

B3 (maATOTEH KBIITKBUTHT ) JOPYMEHIH aHBIKTayIa
2-KecTeqe KepceTuIreHaed TputukaicHiH «Taza»
COPTBIHBIH KYpFaK OpraHuKaiblK 3aTelHbIH 0,067
mr, «Kazaxcranckuit ssHtaps»- 0,049 mr, «{umarin
— 0,029 wmr, «Mepeke-70». —0,020 Mr exenmuiri
aHBIKTaNAbl. B3 mopyMeHi HUKOTUH KBIIIKBUIBI He-
Mece HUKOTWHAMHJ JereH armeH jae Oenrim. Hu-
KOTHH KBIIIKBUIBI XOJISCTEPUH JICHTCHiH a3aiita
anmatelH Kacweri Oap. JKericmeyiHiH canjgapbiHaH
meiarpa, JIepMaTuT, Iuapes MEH TCHUXUKAaJbIK
KyH3eic aypyJiapbl TYbIHIAM b,

B5 (HukoTuH KpIIKBUIBI HEMece PP) nopymeni
«/lumamr»  COpTBIHBIH ~ KYpFaK  OpraHUKAIBIK
3aThIHBIH 0,012 mr [4], «KazaxcTanckuii siH-
tape» — 0,030 mr, Tputukanenin «Taza»- 0,007
mr, «Mepeke-70» — 0,004 Mr eKeHIITi aHBIKTAJITBI.
Byn nopyMeH TOTBIFY pealusuiapblHAaFbl KaTaau3a-
TOp — (hepMEHTTEP/IiH KypaMbIHa Kipelli, Mai xKoHe
aMUH KBIIIKbUIIAPBIHBIH CHHTE31HE KaTbhICaJlbl.
XKericneyurinirinen «[lemnarpa aypybIHa
manasiranel. BS gopyMmeHi mopimik MakcatTapia
KEHIHEH KOJIIaHbUIabl. XHUPYPIHUSJIBIK OIepalu-
sIaH KeHiH OpraHM3MJIi KajlmblHa KeNTipy YIIiH
JK3eMa, KYHik, OpOHX JEMIKIeci, oTKip XKoHE CO-
3pIMANBl  OPOHXHUT, KaH aWHaIBIM JKYHECiHIH
OY3BUIBICTApPHI, OaybIp, acKa3aH, ilIeK aypyapbIiH/a
Tperapar peTiH/e KOJIIaHa bl

Bc (ponuii KeImkpLIb1) JopyMeHi «Mepeke-70»
COPTBIHBIH KYpFaK OpraHuKaiblK 3aThIHBIH — 0,029
mr [4], «Kazaxcranckuit sHTapp» — 0,012 wmr,
tputukaieHiy «Taza» — 0,008 mr, «Iumary — 0,004
MT €KCeHJIIT1 aHBIKTaNAbl. B9 nopymeHi yimanap s
ecyi, mpoiaudepanusacel, IaMy IPOIECTEPiHIH
KaJIBINTHI KYPYi, OHBIH ilIiHAE KaH TY3UIyiHe, dM-
OpuoreHe3 YIINIH KaXeT, OWay >KOHE JCHEHIH
JKYMBIC iCTey KaOuTeTiH jKOFapiarajibl, acKazaHma
TY3 KBIIIKBUTBI OHAIPLUTYiH KOTepei.

MuHepanasl 3JIEMEHTTEPAIH OCIMAIKTEp YIIiH
MaHBI3HI 30p. By a7ieMeHTTepIiH KaXKEeTTUTITI oap-
JIbIH OPTraHUKaJbIK KOCBIHABUIAP/ABIH KypaMbIHA
eHyiHe OaitmaHbICTBl. OpraHUKaNbIK 3aTTap.IbIH
KypaMblHa €HTeH MUHEpaIbl dJIEMEHTTEP OCIMI-
IKTepIiH XUMMUIBIK ~ AKTUBTUTICIH — YJIFQUTHIMN,
omapra »xaHa Kacuer Oepeni. COHBIMEH KaTap
aZaM OpraHm3MJeri KemrTereH (epMeHTTepaiH
OCJICEeHILTITT MUHEPAJIIbI 3aTTaP/IbIH KAThICYBIHCHI3
JKy3ere acnaiael [29]. 3epTTenreH CyphINTapAblH
TYKBIMBIHIAFbl MAKPOAJIEMEHTTEP KYPaMbIH Tajaay
3-kecTeqe KOpCeTiireH.
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Triticum L. xone Secale L. TybICTapbIHBIH MOJICHU TYpJIEpiHE OMOXUMHUSUIBIK TaJay skacay

3-kecrte — 3epTTeNreH COPTTapIbIH TYKbIMIapBIHIaFsl MUHEPAIABIK 3aTTap Kypamsl Mr/100 T

Munepansl . .
«KazaxcTaHckuit AHBIKTaNFaH 9J1iC
3JIEMEHTTEP «Mepeke 70» «Inmarn» Tpurukane «Taza» .
ur/100r SIHTapPb» TYpi
K 331,41+6,63 329,17+4,94 330,05+6,61 337,2345,06
ATOMIBIK-
Ca 42,67+0,85 49,5+0,99 3340,66 55,17+1,1 aGCOPOIMSIBIK
Mg 125,01£2,5 119,5+2,39 120,23+2,4 113,78+2,28 CHCKTPOCKOMHSIBIK
Na 5.81£0.2 6,69+0,13 5,90+0,12 5,54+0,11 e
P 361,67+7,23 365,33+7,31 290,33+5,81 365,56+7,31 I'OCT 26657-97

Maxkpoaaemerrep. Kanbumii. Kanpnnii sne-
MEHTiHIH eciMaikTepae ciHipiny ¢opmacer Ca',
KaJIIBIIITHl  KOHIIGHTpAIMsIChl (KypFaK calMakKa
makkangmga) 0,2-3,5%. XKacyma kypambiazma 60-
nangel, (QEepMEeHTTEepHAiH KO(aKTOpHI, >KacyIIalbIK
OTKI3TIIITIK KACHETKEe We, KaTbMOIYITUHABI KY-
paiinel — MemOpaHa MeH (EepMEHTTEp >KYMBICHIH
perreliai. OciMaikTepAe Kem Mejmiepae Kes-
JIECETIH DJJIEMEHTTEpAiH Oipi OOJBIT TaOBLTAIEI.
OcimMaikTepJe KalblMi TaMBIPABIH ©CyiHe maii-
nanbl ocep eredi. Kambiuii NeKTUH KBIIIKBUIBIMEH
KOCBITBIIT KJIETKAHBIH apaiblK KaOBIFBIH TYpPaK-
TaHapIpaapl. Kanpluiici3 oprajga TaMbIpIbIH €cy
aiimMarbl OY3bUIANbI JKOHE IKAC MEPHCTEMABIK
yInajap MeH TaMmbIp JKyieci 3apmam meremi. JKa-
Hama TaMBIPJIAPJBIH KOHE TaMbIp TYKIIEIEPiHiH
KaJIBIIITACYbl TOKTAIl, TaMBIPABIH ©Cyl Hamap-
narael. Kanemui TammbUIBIFBIHAH IIEKTUHI 3aT-
tTap OepiTin, KIeTKa KaOBIKTaphl CiIEeMEHIICHI,
KIeTkanap Oy3binanbl. HoTmkeciHae TambIpiapsl,
JKambIpakTaphl, cabarel mmipinm keTemi. JKambipak
YIITapbl MEH KUEKTEP1 ajIbIMEH aFaphblll, COHbIHAH
Kapasapl 13, alaKaHbl MIMBIPIIBIKTAHBIT KaJlaIbl.
Tputukane OynaHelHBIH «Ta3a» COpTHIHIA Kajlb-
UM MeJmepi 3epTTeyre aIblHFaH COPTTapMEH
canbIcThIpranna — 55,17 mr 6ackiM OOTIbL.

Kanpuuit cydiexk TiHiH TY3ynme (docodpmen
Oipre) eTe MaHbI3bl 31MeMeHT. COHBIMEH KaTap
OHBIH KBI3METI MaHBI3IBl (EepMEHTTEep KaTapblH
OesnceHaipe1i, OpraHu3M/IeTT HOHIAPIbIH KaJIbIIThI
OoybIHa, >KYHKEe-OYIIIBIKET KOHE >KYpeK KaHTa-
MEBIPJIaphI KYHECIHIeT1 poIecTepre KaThICaIbl.

Marnuii 3JeMEHTIHIH OCIMIIKTepAe CiHIpUTy
¢dopmacel  Mg2*,  KadbIITBI  KOHIEHTPALUSICHI
(kyprak cammakka makkanna) 0,1-0,8% [4]. Xio-
POdIILT MONIEKyTaapbIHBIH KOMITOHEHTI, KONTeTeH
dbepmentTepai Oencenaipeni. AtMmocdepaaarsl Ta-
paily JeHreii >KaFblHAaH MarHM{ CeTi3iHIII OpBIH
amanel — 2,1%. Tonblpak KypaMBIHIAFel MeIIIepi
— 05% mamaceiaga rana. TonsipakTarsl Mg MuHe-
pangap, aqMacKblll, TOMBIpaK epiTiHAICiHAEC HOH-
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nap Ky#iHzme keszecemni. OCIMIIK TaMbIpbl epireH
JKOHE aJIMACKBII MarHWW i oHa ciHipeni. XKorapbl
CaThIaFrbl OCIMIIKTEpMEri MAarHUHIIH Memepi
0,02-ner 3,1 %-ke neHiHri apaibiKTa OOJIAIbI.
Kpicka kyHIik eciMaikTepae (Kyrepi, Tapsl) kedipek
Memepae 0oaasl. OCIMIIKTIH XKac MYIIenepi MeH
yinajapeiHaa KeOipek IkuHajaabl. MarHuiiaig
TaNIBUIBIFBIHAH TUIACTUATEPAIH KAIBINTACYBl Ja
Harmapaiael. JKameIpaKThIH Kachll KYHKeIepiHiH
apajiapblH/Ia allbIK-KachUl, COHBIH/IA Capbl-aKIIbLT
TYCTEHIII, TaKTap *oHE XOJaKTap maiga Oomaipl.
XansIpak >kueKTepi capbl, CapFBIII-KBI3bUT HEMECe
KBI3bUI-KOHBIP TYCTEHIN ©3repe/li.

OciMaikTepiH OUOIOTHSIIBIK epeKIIeTiKTepiHe
KKETCIHYy NeHreHiHiH JKOFaphl OoyybIHa Oaiina-
HeIcTHl MakpoanementTepai (N, P, K) TeiHalTKBII
TYpiHJE MalganaHaibl.

A30T. OCiMIIKTEp KAIBINTHI XKaFaaiaa ecir ra-
MYBI YIIiH a30T JUMUTTEYIi (hakTop OOJIBIN caHaa-
IIbI. A3OTTBIH ©CIMIIKKE CiHY (hopMachl NOS' HeMece
NH,", OCIMIIIKTIH KYpPFaK MacCAaCHIHIaFbl CaIMaFrbl
1-4%. AMMHKBIIIKBUIIAPBIHBIH, aKybI3JbIH, HYK-
JICOTUATEP/IiH, HYJICHH KBIIIKbULIAPBIHBIH, XJIOPO-
bun moHmepiHiH, KoQepMeHTTepmiH KypamblHIa
60a b,

®ocdop. Cinipiny ¢opmacer H,PO,” neme-
ce HPOZ4‘, OCIMJIIKTET1 KaJBINTHl KOHIIEHTPAIH-
sicel (Kyprak canmakka mrakkaamga) 0,1-0,8% [4].
CiHipren aHopraHukaiablK (ocdopaslH azmaran
6emiri mykneoruarepnair (JHK, PHK) xypamsiaa
Kipeni. JKorapbl BDHEPreTHKAaJbIK KOCBUIBICTApIbI
nykneotunrepai (AT, AHAD) Tysedi, KaHTThI
dbochopnaiiapl, keibip MaHBBAB KOPEPMEHTTEP
MeH (ochomunuaTepIiH KOMIIOHEHTI. OCiMIiK
JKacylnanapblHaa 3aT  ajdMacyAbl KaMTaMachl3
eTeMi, OCIMIIKTEePIIH KEMICTEPIHIH MICI KeTUTyiH
tesnereni. Docdopiibl THIHAUTKBIITAPABIH —dce-
piHEH OCIMIIIK TaMBIPHI KaKChl OYTAaKTaHBII, >Kai-
pUTHIT 6cexi. KiteTka skaprakmanapsl KyYpaMbIHIAFbI
dochop KeTKITIKCI3 Karmaiaa OTTETiHIH CiHyl
Oacenzen, Qocdomunuarepai  tysemi. TwIHBIC
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alyra KaTbICaThlH (DEPMEHTTEPIiH BIPFAKTHUIBIFBI
e3repin, MHTOXOHIPHSUIAPIAH  THIC  TOTBIFY
KyHenepi Ty3ine Oactaiigpl. CoOHBIMEH Karap,
dochopibl  OpraHMKaibIK ~ KOCBIHABLUIAP  MEH
MTOJINCAXapPUATEPAIH BIABIpAY TPOIIEC JKeIeIaeHIi,
OeTOKTapIbIH KOHE HYKIICOTUATEPIIH CHHTE3ACTY1
Oastynaiinbel. OCiMAIKTIH ecyi Texeneni, pochopcebi3
XJIOpOPIIT TY3UIMEHmi, OHIA OCIMIIK JKAIBIPaFhI
KOMIPKBIIIKBII Ta3blH CiHIpE amMaiiibl. OCIMIIKTe
¢dochop xkericrece, >KambIpaKTa Kapa KOIIKBLI
KachlI, Kapa JaK TMakga OOJBIN, ©CIMIIKTEpPIiH
TYJIeHyi MEH JKeMiCTepiHiH micyi Oastynaiast [30].

Ericrikre TombIpakTarel ¢dochop KaHOBIp
©3€H CYbIMEH IIaWBUIBIN, TEHi3re Tycim TyHOa
Ty3eni. Tombipakrarsl (ocdop Memiepi a3zas-
nmel. CoHnmblkTan (ocop THIHAWTKBIIBH (oc-
¢aTTel Tay OKBIHBICTApPBIHAH OHAIpeni. 3-KecTe-
Je Kepcerinrenaei ¢ochop Memmiepi TpUTHKae
OynanpiHBIH «Ta3a» COPTBI MEH JKYMCaK KY3[iK
ounaii «/Iumammn» copteiaaa Gipaei (365 mr) kep-
ceTkimTi Oepai. «Mepeke-70»-361,67 wmr, «Ka-
3aKcTaHbIK SHTapE» — 260,33 Mr Gons (2-kecte).

Kanmii. OcimaikTepae KanuiiaiH CiHIpiay
¢dopmacer K*, KanbInThl KOHLEHTpamusicel (Kyp-
FaK camMakka makkanaa) 0,5-6%. depMeHT Kypbl-
JTBIMBIH, aMUWH KBIIIKBUIIApbl, OEIOK CHHTE3iHe
KaTbICa/lbl, KeNTereH GepMeHTTepai Oeacenaipeni,
yCTULIA CaHbUIAYJIAapBIHBIH AallbIIYbIHA YXOHE Ka-
OBUTYBIHA KATBICATBI. bapiibIK Tipi OpraHU3MACPIiH
JKacyIaapaiblK OPTACHIHBIH KaXETTI KOMIIOHEHTI
Oompim  TaOBUIATBIH ~ HETi3ri  JKacyIlaapaibIK
KaTHOHJApFa KaTajsl. AJlaM ar3achblHIa IIaMaMeH
kanuid 98% TiH )kacymracel iminae kesaeceni. Keidip
(U3HONOTHSIBIK ~ TIPOLIECTEpJle KalnWid  HaTpui
aHTaroHWCI PETiHAE KBI3MET aTKapaibl: ar3ajarbl
KaJluid KOHIEHTPAUMSCHIHBIH apTybl HATPUIHIIH
JKOWBLTYBIHA ocep eremi. Kammii KOCBUIBICTaphI
TIHIEPAIH KOJUIOMATHIK JKaFdaiiblHa ocep eTill,
ar3ajaH CYHBIKTHIKTBIH LIBIFYBbIHA BIKOAT ETelli.
Anam ar3achIHJIaFbl KATHNIH JKambl KypaMel 160-
250 r xypaiigsl. bipak 6yJ1 KepceTKim agaM KbIHbI-
CBhIHA, JXKaC EpeKIIeNiriHe OalIaHBICTBI ©3repeji.
By e3repictep neHeHIH XKacylIaablK CalTMarbIHBIH
e3repyiHe OainmanbeIcThl. Kanmii HeriziHeH anam
ar3achlHa a3bIKTBIK OCIMIIK TaraMaapbl apKbLIbl
kemin tyceni [30].

3epTTenreH coprrap inrHae Tputukaine «Tazay
(KypFax opraHuKaJIbIK 3aThIHBIH) OacKa COpTTapMeH
caJBICTRIpFaHAa Kanuimig Meimepi kem 337,23
Mr OoJizibl. Bysi ajeMeHT eCIMIIKTEepIiH KaJbINThI
ecin-eHyiHEe €H KKETTi 3JieMeTTep KaTapblHa Ka-
Tamel. OCIMIIKTIH Xac, ecil TypraH OeIKTepiHe
Ke0ipeKk Ke3Jecei, oTe KblDKbIMalbl, Kasipri kes-

Jle alTbIHFaH AepeKTepre colkec, KaTMHIIH ocepiHeH
60-TaH aca pepMEHTTEPAIH OCJICEHAIIr apTaThIHBI
Oenrini Goyabl, OHBIH 3aT aIMacy MPOLEecTePiHAeri
MaHbBI3JIBUIBIFEl  JTNeNieHreH. KanuiiMeH jkakchl
KaMTaMachl3 €TUITeH OCIMIIKTEp CaHbIpayKyJIaKTap
MeH OaKTepUsUIbIK aypyJjapra Te3iMai Kelnesi.
Kanmiiniy jkeTicreymniinri Ke3iHae kacyaiapapiH
OexiHy mporectepi Oasynaiibl, ©CIMIIKTEPIiH
JKarnbIpaKkTapsl TOMCHHEH XKOFaphl Kapaii capras 6a-
craiiapl. KeiHipek omapIbIH )KHEKTEpi MCH YIIITaphbl
KOHBIPJIAHBII, Kypar yriTirin kanansl. K skbut caii-
BIH €TICTIKTEH )KUHAIAThIH OHIMHIH KypaMbIH1a 00-
JIBITL, TOIBIPAK KYHAPCHI3aHAIbI.

Hatpuii snemMeHTIHIH eciMIikTepAe CiHipuTy
¢dopmacet  Na', KambpIlThl  KOHIEHTPALUSICHI
(KypraK caJMakkKa IIaKKaHAa) KaJJIbIK KyHiHZE.
OciMuikTepae KeOipek Memmepae OOoJaThIH diIe-
MEHTTEpPre HaTpuial Je Kocyra Oomansl. Hatpuii
eciMaikTepniH Kyprak MaccaceiHblH 0,001-meH
4% — Fa pediH Kypaiapl. TambIpKeMiCTiIepAiH
KaHTTBUIBIFBIH ~ apTThIpanbel. Hatpuit riayrama-
THl — OCKIHJEPJiH OCYyiH peTTel, KYPFaKIIbLIBIK,
BUIFAJIIBI JKOHE CYBIK KE3CHJEPIHIETI BereTarns-
CBIHBIH ~ CTpeccTik (akTopiapra, MHUHEpaIIbI
TBIHAUTKBIIITAPBIH JKOFAphl 03a]apbiHa TO3IMIi-
JIT1H apTTHIPAIBL.

AybUIIIApYalllbUIBIFBIHA  TOIBIPAK  KYHAap-
CBI3JIAHBII, OPTaHHUKAITBIK THIHAUTKBIIITAp (KOMITOCT
T.0.) MEH MUHEPAJAbIK THIHANTKBIIITAPABI MMakiaa-
naHagpl. A3ot, Gocdop, Kanuil THIFAUTKBIITAPHIH
TeMeHIeTi (hopMyIa OOMBIHIIIA KOCAIBI.

KopbITBIHABI

PecrryOnukamMbI3aplH  TYHUSKY3IHACTI TaMbl-
ran 50 enmiH KypaMmblHa Kipy MakcCaThIHBIH Oipi,
Ounmaii acTBIFBl OHIMIH apTTHIPy, OHBIH JKOHOMH-
KQJIBIK JIEHTeHiH TYpaKTaHIBIPy, Opl a3BIK-TYIIIK
KayilCi3OiriH ~ KaMTaMachbl3 €Ty  aWTapibIKTal
MaHp3abpl. OcCbl  Opaiima 3epTTey HOTHXKenepi
KOPCETKEH/IeH, OeIOK MeJIepl Ky3IiK KarThl OH-
naii «Kazaxcranckuil siHTaph» COpTHIHAA Oacka
COPTTapMEH CaJBICTBIPFaHIla OpTalla ecemIeH
16%-ra >xorapbl 00dIbI, Maid Memmiepi OOWBIH-
ma TtpurekneHiy «Taza» copter 21,1%, kemipcy
MeJIIepiHAe alTapiIbIKTal albIpMAaITbUTBIK OalKaI-
Majbl, al >KacyHBIK MeJIepi OOWBIHIIA KY3IiK
xyMmcak Omnmait «Jumam» coprteiHaa 25,3% Oa-
ChIM C€KCHIIT1 aHBIKTAIIBI. AJl, MaKpOJJIEMEHTTEP
KypaMblH aHBIKTay OapbICBIHIA CAIBICTBIPMAIBI
TYpPZAE KYy3AiK Kapa Oupmali TputukajieHiH «Taza»
COPTHIHAA DJEMEHTTEp Meumepi 0achiM HOTHKE
KOPCETTi.
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DISTRIBUTION AND COENOFLORA
OF DAPHNE ALTAICA (THYMELAEACEAE) -
A RARE ENDEMIC SPECIES FROM EASTERN KAZAKHSTAN

Daphne altaica is a insufficiently explored rare endemic species from East Kazakhstan, which is of
great scientific interest. The main goal of this study is to establish the actual habitats based on historical
collections stored in the main herbarium repositories, as well as to study the flora of associated species
for D. altaica. As a result of the study, data were obtained on the distribution and coenoflora of the rare
endemic species Daphne altaica in East Kazakhstan. For additional clarification of the distribution sites
of the species, herbarium materials dated 1840-1973 from the main repositories were studied: the In-
stitute of Botany and Phytointroduction (AA), Altai State University (ALTB), Siberian Botanical Garden
(NS) and Lomonosov Moscow State University (MW). The analysis carried out confirmed the narrow
local distribution of the rare species throughout the territory of the Republic of Kazakhstan. Possible ad-
ditional habitats of D. altaica included in the Red Data Book of Kazakhstan have been identified. The
concentration of habitats falls on the floristic regions 22. Altai and 23. Tarbagatai. The distribution of
the species is limited by the Kalba, Southern Altai, Sarymsakty, Narym, Azutau, Ulba, Uba, Tarbagatai,
Western Tarbagatai and Saur ridges. When studying the coenoflora of D. altaica, the completeness of
the species composition of the communities was established. The coenoflora of D. altaica includes 175
species of higher vascular plants belonging to 127 genera and 42 families. In terms of the spectrum of
the 10 leading families, the coenoflora of D. altaica is noticeably similar to the flora of the entire East
Kazakhstan. The results obtained are necessary for monitoring and searching for historical habitats of D.
altaica, compiling the route of field expedition trips, finding areas in natural habitats, and establishing
phytocenotic relationships in D. altaica communities.

Key words: Thymelaeaceae, East Kazakhstan, herbarium funds, inventory, floristic composition.
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LUbirbic KasakcraHAafFbl cMpek Ke3aeceTiH aHAem Daphne altaica
(Thymelaeaceae) ecimairiHiy, TapaAybl MeH LieHOAOPaCHI

Daphne altaica — LUbiFbic KasakcTaHaaFbl a3 3epTTEAreH CUMpPeK 3HAEMUK Typ, OYA FbIAbIMM
KbI3bIFYLLbIABIKTbI TYAblPaAbl. ByA 3epTTeyAiH Herisri makcartbl — Heri3ri repbapui KormMaAapbiHAQ
CaKTaAFaH Tapuxu KOAAEKLMSIAAP HETi3iHAE HaKTbl MEKEHAEY OpbIHAAPbIH Kypy, coHAar-ak, D.altaica
yuwiH cabakrac TypAepAiH AaopacbiH 3epTTey.3eptrey HaTmxeciHae LUbiFbic KasakcraHaa cupek
ke3aeceTiH 3HAeM Daphne altaica TypiHiH TapaAybl MeH LLleHO(AOPAChl TYPaAbl MBAIMETTED aAbIHABI.
TypaAiH TapaAy OpblHAAPbIH KOCbIMLLA HaKTblAQy YLWiH boTaHuKa xeHe (PUTOMHTPOAYKLMNS UHCTUTYThI
(AA), Aatan memaekeTTik yHuBepcuteTi (ALTB), Cibip GoTaHukasblk, 6arbi (NS) >keHe AOMOHOCOB
aTblHAAFbl Mackey MeMAeKeTTIK yHuBepcuTeTiHiH (MW) Herisri penosuTtopuiiaepiHeH 1840-1973
SKbIAAAPAAFbI repbapui MaTepuassapbl 3epTTeAai. dKyprisiareH Taapay HOTUXKECIHAE CUPEK Ke3AECETIH
TypaiH Kaszakcran Pecny6GAmKachbiHbiH OYKiA aymMarblHAQ CUPEK TapaAFaHblH pacTaAbl. KasakCTaHHbIH,
Kbi3bIA KiTabblHa eHriziaren D. altaica TypiHiH eCyi MyMKiH sxepAaep 6eAriaeHai. TipLiAik eTy opTachiHbIH
LIOFbIPA@HYbI MblHAHAQM (PAOPUCTMKAABIK, aiMakTapFa Keaeai 22. Aatait >xoHe 23. Tapb6aratail.
Typain Tapaaybl Kaan6a, OntycTik Aatait, CapbiMcakTbl, HapbiM, A3syTay, YaGi, Y6i, TapGaratan,
batbic Tap6arartan >keHe Cayblp x)oTaAapbiMeH wwekTeAreH. D.altaica ueHodAopachiH 3epTTey KesiHAe

58 © 2022 Al-Farabi Kazakh National University


https://doi.org/10.26577/eb.2022.v91.i2.06
https://orcid.org/0000-0001-8891-4066
https://orcid.org/0000-0003-1476-2463
https://orcid.org/0000-0003-2540-7408
https://orcid.org/0000-0002-8110-5255
https://orcid.org/0000-0003-0682-9162

Zh.T. Tergenbaeva et al.

KaybIMAACTbIKTapAbIH TYPAIK KYPaMbIHbIH TOAbIKTbIFbl aHblkTaAAbl. D.altaica ueHodaopacbiHa 127
TYbIC >XeHe 42 TYKbIMAQACKA aTaTbIH XKOFapbl caTblAaFbl 6CIMAIKTEPAIH 175 Typi Kipeai. >Ketekwi 10
TYKbIMAACTbIH criekTpi 6orbiHwwa D. altaica ueHodaopacs 6ykia LUbiFbic KasakcraHHbIH hAOpacbiMeH
anTapAbIKTan ykcac keAeAi. AabiHFaH HaTuxkeaep D.altaica eciMAIriHiH TapmMx MeKeHAEY OpbIHAAPbIH
GakblAay >KOHE I3AECTipY, AAAAAbIK DKCMEAMLMSIAAPAbIH MapLUPYTbiH KyPacTblpy, TabUFn MeKeHAey
opblHAApPbIHAQ apeansapabl Taby, D. altaica kartbicaTbiH KaybIMAACTbIKTapAa (PUTOLEHO3ABIK,
6anAaHbICTapAbl OpHATY YLIiH KakeT.

Tyiin cesaep: Thymelaeaceae,
(hAOpaAbIK, Kypambl.
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PacnpoctpaHenue u ueHodaropa Daphne altaica (Thymelaeaceae) —
PEeAKOro 3HAeMHUUHOro BuAa 3 BoctouHoro Kasaxcrana

Daphne altaica sBASETCS MaAOM3yUYeHHbIM PEAKMM 3HAEMUYHbIM BUAOB M3 BocTouHoro
KazaxcraHa, KOTOpbIA BbI3blBa€T MOBbIWEHHbIM Hay4yHblA MHTepec. OCHOBHOW LEAblO AQHHOIO
MCCAEAOBaHUS SIBASIETCS YCTAHOBAEHME (hakKTUUYECKMX MECT MPOM3PACTaHMs Ha OCHOBE MCTOPUYECKMX
c60OpOB, XPAHAWMXCS B OCHOBHbIX repbapHbIX pernosuTapusix, a Takxke wu3ydeHue AOpbI
COMyTCTBYIOLMX BUAOB AAd D. altaica. B pe3yAbTaTe NpOBEAEHHOIrO MCCAEAOBAHUS MOAYYEHbI AQHHbIE
Mo PacrnpoCTPaHEHMIO U LEHO(AOPE PEAKOro 3HAemmuHoro Buaa Daphne altaica B BoctouHom
KazaxcraHe. AAS AOMOAHUTEABHOrO YTOYHEHWS MECT PpPacnpoCTpaHeHUs Mpou3pacTaHMs BMAQ
OblAM M3ydeHbl repbapHble MaTepuanbl AaTMpoBaHHble 1840-1973 IT. M3 OCHOBHbIX PENO3UTapPUEB:
MHCTUTYT 6OTaHUKM U (DUTOMHTPOAYKLMK (AA), AATANCKUIA TOCYAAPCTBEHHBIN yHuBepcuTeT (ALTB),
Cubupckumin 6otanmueckmi cap (NS) 1 MI'Y um AomoHocosa (MW). INMpoBeAeHHbI aHaAU3 MOATBEPAMA
Y3KOAOKAAbHOE pacrpoCTpaHeHUe PEeAKOro BuAa Ha Bcer Tepputopum Pecnybamkm KasaxcraH.
YCTaHOBAEHbl BO3MOXHbIE AOMOAHUTEAbHble MecTa mnpowuspacTtaHus D. altaica, BkAloueHHoro B
KpacHyto Knury KasaxcrtaHa. KoHueHTpaumsg MecT npouspactaHmg NpuxoAMTCS Ha hAOpPUCTMYECKUE
panoHbl 22. AATait 1 23. Tap6arartait. PacnpocTpaHeHue BMaa orpaHmnueHo xpebramm KaaGuUHCKMI,
HOxHbIn AATan, CapbiMcakTbl, Hapbimckimit, AzyTay, YAbOUHCKMIA, Y6OuHCKMiA, Tapbarartai, 3anaaAHbin
Tap6arartain n Cayp. INpu nzyuennn ueHodaopsbl D. altaica, yctaHoBA€Ha MOAHOUYAEHHOCTb BUAOBOIO
cocTtaBa coobuiects. LleHodaopa D. altaica HacumTbiBaeT 175 BUAOB BbICLIMX COCYAUCTbIX PACTEHMIA,
npuHaaAexalmx K 127 poaam n 42 cemericteam. o cnektpy 10 BeayLmx cemencTs LieHodAopa D. alta-
ica 3aMeTHO cxoxa co paopoit Bcero BoctouHoro KasaxcraHa. [MoAyyeHHble pe3yAbTaTbl HEOOXOAUMbI
AAS MOHUTOPUMHIA M MOUCKa MCTOPUYECKUX MECT npouspactanms D. altaica, cocTaBaeHMio mMaplupyTa
MOAEBbIX 3KCMEANLMOHHbBIX BbIE3A0OB, HAXOXKAEHUWIO apeaAOB B €CTECTBEHHbIX MECTax MPoM3pacTaHns n
YCTaHOBAEHMIO (DUTOLIEHOTUYECKMX CBSI3ei B coobliecTBax C yyactvem D. altaica.

KatoueBble caoBa: Thymelaeaceae, Boctounbiin KazaxcraH, repbapHblie (hoHAbI, MHBEHTapM3aLms,
(HAOPUCTNYECKMIA COCTaB.

Introduction

Daphne altaica is an endemic, relict species
with a limited abundance and narrow ecology
(Figure 1) [1]. It is used in official and traditional
medicine [2]. It has anticancer properties [3, 4]
and other highly valuable chemical properties [5,
6]. Degree of rarity: according to the Red Book of
the Republic of Kazakhstan — a rare species [1];
included in the IUCN list: status Data Deficient
(DD) [7].

Much research has been done on the biology
of D. altaica in phytochemistry [8, 9], introduction

[10], pharmacology [11, 12, 13], and anatomy
[14]. At the same time, there is a limited number of
studies on the distribution of D. altaica populations
(Figure 2) in natural areas and in East Kazakhstan,
in particular [15, 16, 17]. One of the effective
methods for studying distribution is the inventory of
herbarium collections.

Herbarium funds of the world contain about
480 million items [18]. They serve as a central
resource for taxonomic and floristic research,
including species discovery and description; means
of verifying species identification; and accessible
storage for formal deposit, for confirmation and
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repeatability of botanical research. The following
usual functions of herbariums remain important
to botanical research: new species continue to be
described, systematicrelationships are always subject
to revision, nomenclature is regularly updated, and
documentation and biodiversity studies become
increasingly important. Research increasingly
uses herbarium specimens to answer questions on

time and space scales. Herbarium samples have
been used to test the prevalence of rapid evolution
in introduced species [19], to quantify long-term
phenological shifts as a result of climate change
[20], to evolve secondary production of metabolites
[21], to determine the phylogeography of a fungal
strain [22], and to map the spread of diseases plants
[23].

Figure 1 — Flowers of D. altaica

The study of individual species -collected
at different times makes it possible to compare
fluctuations in the size of populations of rare species
and track colonization routes of invasive species
[24, 25]. The herbarium fund is also of interest for
the ecology of the species — to assess progress in
achieving global conservation goals and promote the
adoption of environmentally sustainable solutions to
biodiversity problems [26, 27, 28].

The climatic conditions of the studied region
— East Kazakhstan are determined, first of all, by
its location in the center of the Eurasian continent
with a relatively equal distance from the oceans, the
proximity of the deserts of Mongolia and Central
Asia, as well as the position in the system of
continental-ocean transport of air masses [29]. Soils,
as a rule, are light chestnut soils, which form the
main background, against which the vertical range
of soils characteristic of the region is manifested:
dark chestnut, steppe chernozems and forest-steppe,
gray forest soils, mountain taiga acid soils, and
mountain meadow soils [30].

The purpose of the research was to clarify
and supplement the information on the presence
and distribution of D. altaica in various floristic
regions of East Kazakhstan, as well as to study the
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Figure 2 — Populations of D. altaica

coenoflora of communities with the participation
of D. altaica.

Materials and methods

To further clarify the species composition and
distribution of species of the genus Daphne, an
inventory of the herbarium material of the study
area was carried out. To compile a summary of the
species, materials from the main repositories were
processed: the Herbarium Fund of the Institute of
Botany and Phytointroduction (AA) — more than 50
herbarium sheets, Altai State University (ALTB) —
10 sheets, the Siberian Botanical Garden (NS) — 10
sheets, and Lomonosov Moscow State University
(MW) — more than 20 herbarium sheets [31].
Herbarium samples are presented from different
places of the Republic of Kazakhstan and dated
1840-1973.

The Latin names of the species are given
according to the international platform Plants
of World (POWO). Nomenclature citations are
based on the “World checklist of selected plant
families” system [32]. Geographical zoning and
names of mountain ranges are indicated according
to the “Physical Map of Kazakhstan”. The names
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of floristic regions are given according to the
academic publication “Flora of Kazakhstan”
[33].

Mapping of locations was carried out in the Qgis
3.12.0-Bucuresti program. The rarity category and
species status are specified in accordance with “The
IUCN Red List of Threatened Species” [7].

Results and discussion

The disappearance of populations poses a
serious threat to plants, leading to a reduction in the

range, fragmentation, and isolation of species [34,
35, 36, 37].

As a result of the inventory of herbarium
samples of D. altaica in the Herbarium Fund of
the Institute of Botany (AA), Altai State University
(ALTB), Siberian Botanical Garden (NS) and in
the digital herbarium of Moscow State University —
Depository of Living Systems “Noah’s Ark” (MW),
were found additional actual places of growth. The
main concentration of historical finds is given for
the floristic regions 22. Altai and 23. Tarbagatai
(Figure 3).
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1. Spurs of the General Syrt (Sp. gen. Syrt); 2. Tobol-Ishim (Tob.-Ishim); 3. Irtysh (Irt.); 4. Semipalatinsk pinery (Semip. pin.);

5. Kokchetav (Kokch.); 6. Caspian (Casp.); 6a. Bukeyev; 7. Aktobe; 7a. Mugodzhary (Mugodzh.); 8. Emba; 9. Turgai;
10. Western upland (West. upl.); 10a. Ulutau; 11. East upland (East upl.); 11a. Karkaraly (Kark.); 12. Zaysan;
13. Northern Ust-Urt (North. Ust-Urt); 13a. Buzachi; 13b. Mangyshlak (Mangysh.); 14. Aral; 15. Kzyl Orda;
16. Betpak-Dala; 17. Muyunkum; 18. Balkhash-Alakol (Balkh.-Alak.); 19. South Ust-Urt; 20. Kzyl-Kum;
21. Turkestan (Turk.); 22. Altai; 23. Tarbagatai (Tarb.); 24. Dzungarian Alatau (Dzung. Alat.);
25. Ile Kungei Alatau (Ile Kung. Alat.); 25a. Ketmen Terskey Alatau (Ketm.Tersk. Alat.);
26. Chu-Ili mountains (Chu-Ili moun.); 27. Kyrgyz Alatau (Kyrg. Alat.); 28. Karatau (Karat.);
29. Western Tien Shan (West T.Sh.).

Figure 3 — Map-scheme of floristic regions of Kazakhstan

The summaries of herbarium sheets of D. altaica Family Thymelaeaceae Juss., Gen.

PL.

identified during the inventory of repositories
are given below. Nomenclature quotations were
compiled with a list of generally accepted synonyms.
Original labels have been cited for actual growing
locations.

[Jussieu] 76. 1789 [4 Aug 1789] (as “Thymelaeae™)
(1789).

Genus Daphne Tourn. ex L., Sp. PlL: 356
(1753). — Mezereum C.A. Mey, Bull. Cl. Phys.-
Math. Acad. Imp. Sci. Saint-Pétersbourg 1: 358
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(1843). — Thymelaea All., Stirp. Litt. Agri Nicaeen.:
25 (1757).

Daphne altaica Pall., Fl. Ross. 1(1): 53 1784.
— Daphne altaica subsp. fasciculiflora (T.Z. Hsu)
Halda, Acta Mus. Richnov., Sect. Nat. 4: 67 (1997),
Daphne fasciculiflora T.Z. Hsu, Guihaia 10: 290
(1990), — Daphne indica Schangin, Neueste Nord.
Beytr. Phys. Geogr. Erd- Vdélkerbeschreib. 6: 109
1793. — Daphne undulata Raf., Autik. Bot. 145
1840.

22. Altai:

Kalba Highlands: Kalba Ridge (small hills
on the way to Kokpekty, 10.VIL.1967, Stepanova
E.F. (AA); Ulansky district, Koktau mountains,
sporadically in the shrub belt, 11.V1.1970, Snegirev
V.A. (AA), 5 km N. Asu-Bulak, 05.VIII.1971,
Mikheeva N.N. (AA), Ergentau, 06.VIIL.1971,
Mikheeva N.N. (AA)).

Southern Altai: Southern Altai Ridge (1840,
Karelin G., Kirilow J. (AA); tract “Cheeks” on
the tract Malokrasnoyarsky settlement, Katon,
Karakaba, 23.VII.1919, Vereshchagin V. (NS));
Sarymsakty Ridge (Bolshenarymsky district,
vicinity of Maimyr settlement, 11.VIII.1972,
M.G. Pimenov, L. Sdobnina, E. Klyuykov (MW));
Narym Range (Baltabay Mountains, 28.VII.1966,
Stepanova E.F. (AA)); Azutau Ridge (Markakolsky
district, Mramornaya town, north of Nikolaevka
village, 1.VII.1972, M.G. Pimenov, L. Sdobnina,
E. Klyuykov (MW); Mramornaya Gora Pass at the
foot of rocks, on shale talus, 23.VI.1988, Nesterenko
V.P. (ALTB)).

Western Altai: UlbaRidge (Zyryanovsky mine, in
thickets of steppe shrubs, 06/25/1925, Vereshchagin
V.N. (NS); outskirts of Ust-Kamenogorsk, in
shrubs on a steep slope of the left bank of the Ulba
river above the city, 05. VI.1931, B.K. Gornaya
Ulbinka, 25.VIII.1972, Pimenov M.G., Sdobnina
L., Klyuykov E. (MW)); Uba Ridge (spurs, near the
village of Sekisovka, 29.VII.1972, Pimenov M.G.
(MW); near the village of Verkhnyaya Ubinka,
29.VII1.1972, Pimenov M.G. (MW); spurs, near the
village of Belokamenka, 29.VIII.1973, Pimenov
M.G. (MW)).

23. Tarbagatai:

Tarbagatai: Tarbagatai Ridge (Songaria,
In m. Tarbagatai, 1841, Schrenk A.G. (AA),
intermontane valley between Western Tarbagatai
and Kzyl-Beltau mountains, floodplain of the
Terektinka River, 17.VII.1947, Gamayunova A.P.
(AA) ; Urdzharsky District, intermountain plain,
floodplain ofthe Terektinkariveralong Blagodatnoe
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village, thickets of shrubs, 17.VII.1947,
Gamayunova A.P. (AA); southern slope, gorge
of the Ak-Choka river, among rose gardens, 28.
VII.1948, Stepanova E.F. (AA), Baymurza pass,
northern slope, 06.VIL.1958, Stepanova E.F.
(AA), southern slopes, 30 km northeast of Urdzhar
village, rocky gorge, 11.VIII.1959, Goloskokov
V.P. (NS); Semipalatinsk oblast, steppe forestry
enterprise, Urdzhar tract, mountain macroslope
of Central Tarbagatai, 03.1X.1972, Gribanov L.N.
(AA)); Urdzharsky district, Besterek, Valet tract,
23.V.1977, Petrova T. (NS); Semipalat. region,
Urdzhar district, southern slope of Tarbagatai, 8
km from the village Alekseevka, 23.VIII.1979,
Klyuykov E. (MW)); Western Tarbagatai Ridge
(near the village of Urdzhar, 29.VI1.1956, Bykov
B.A. (AA); southern slopes, 30 km northeast of
the village of Urdzhar, rocky gorge, 11.VIII.1959,
Blokhin V.G.(AA)).

Sauro-Manrak: Saur ridge (Zaisan forestry,
Temir-su river valley, below the forest cordon,
11.VIIL.1969, L.N. Gribanov (AA); 5 km south of
Shargutsu village, 84°48' e. and 47°16’ N, thickets
of shrubs, May 26, 2000, Smirnov S.V., Antonyuk
E.V. (ALTB)).

As aresult of the inventory, it was found that the
distribution of the endemic species is limited by the
Kalba, Southern Altai, Sarymsakty, Narym, Azutau,
Ulba, Uba, Tarbagatai, Western Tarbagatai, Saur
ridges (Figure 4). The data obtained additionally
confirm the high endemism of the studied species and
the need for full protection of all known localities.

Thesecondimportanttaskinthestudy ofD. altaica
was the study of the coenoflora of the communities
that this species may belong to. An analysis of
the species composition of the communities,
with the participation of D. altaica, showed the
completeness of the flora of the populations. It was
found that the coenoflora of D. altaica includes
175 species of higher vascular plants belonging
to 127 genera and 42 families. In ecological terms
(Figure 5), the basis of coenoflora is mesophytes —
53%, xeromesophytes 24%, xerophytes 18% and
mesohygrophytes — 5% are represented in a smaller
proportion. The predominant life form is herbaceous
vegetation — 141 (80%) species, a small proportion
of shrubs and trees — 34 (20%) species. The main
species abundance falls on the families Poaceae
Barnhart (13.7%), Asteraceae Dumort. (13.1%),
Fabaceae Lindl. (10.8%), Rosaceae Juss. (10.3%),
Ranunculaceae Juss. (6.2%), Apiaceac Lindl.
(5.1%), Lamiaceae Martinov (4.5%).
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Figure 4 — Distribution of D. altaica in East Kazakhstan
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Figure 5 — Ecological structure of D. altaica coenoflora

Composition of D. altaica coenoflora:
Alliaceae J.G. Agardh.
Allium caeruleum Pall.

Amaranthaceae Juss.
Chenopodium album L.

Apiaceae Lindl.

Angelica sylvestris L.; Anthriscus sylvestris
(L.) Hoffm.; Bupleurum longifolium subsp. aureum
(Fisch. ex Hoffm.) Soo; B. scorzonerifolium Willd.;

Figure 6 — Leading families of the D. altaica coenoflora

Conium maculatum L.; Heracleum sibiricum L.;
Ferula soongarica Pall. ex Spreng.; Peucedanum
ruthenicum Bieb.; Pleurospermum uralense Hoffm.

Asparagaceae Juss.
Asparagus officinalis L.

Asteraceae Dumort.

Achillea millefolium L.; Alfredia cernua (L.)
Cass.; Artemisia absinthium L.; A. austriaca Jacq.;
A. glauca Pall. ex Willd.; A. sericea Web.; A.
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sieversiana Willd.; A. vulgaris L.; Cacalia hastata
L.; Centaurea sibirica L.; Cichorium intubus L.;
Cirsium helenioides (L.) Hill; C. serratuloides
(L.) Hill;; Echinops sphaerocephalus L.; Echium
vulgare L.; Galatella punctata (Wakdst. Et Kit.)
Nees; Hieracium umbellatum L.; Ligularia glauca
(L.) O. Hoftm.; Pyrethrum kelleri (Kryl. et Plotn.)
Krasch.; Serratula coronata L.; Solidago virgaurea
L., Sonchus arvensis L.; Tragopogon pratensis L.

Betulaceae Gray
Betula pendula Roth.

Boraginaceae Juss.
Myosotis krylovii Serg.; M. sparsiflora Pohl.;
Pulmonaria mollis Wulf. ex Hornem.

Brassicaceae Burnett
Bunias orientalis L.; Draba sibirica (Pall.)
Thell.; Hesperis sibirica L.

Campanulaceae Juss.
Campanula glomerata L.; Adenophora lilifolia
(L.) A. DC.

Cannabaceae Martinov
Cannabis ruderalis Janisch.; Humulus lupulus L.

Caprifoliaceae Juss.
Lonicera altaica Pall.; L. tatarica L.,

Caryophyllaceae Juss.

Dianthus superbus L.; Cerastium pauciflorum
Stev. ex Ser.; Melandrium album (Mill.) Garcke; M.
latifolium (Poir.) Maire; Stellaria graminea L.

Convolvulaceae Juss.
Calystegia sepium (L.) R. Br.; Convolvulus
arvensis L.; Cuscuta europaea L.

Cupressaceae Bartlett
Juniperus sibirica Burgsd.

Cyperaceae Juss.
Carex macroura Meinsh.; C. pallescens L.

Euphorbiaceae Juss.
Euphorbia latifolia C.A. Mey.

Fabaceae Lindl.

Astragalus danicus Retz.; A. schanginianus
Pall.; A. veresczaginii Kryl. et Sumn.; Caragana
arborescens Lam.; C. frutex (L.) C. Koch; Lathyrus
gmelinii Fritsch., L. pisiformis L.; L. pratensis L.;
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L. tuberosus L.; L. vernus (L.) Bernh.; Medicago
falcata L.; M. lupulina L.; Trifolium lupinaster L.;
T. pratense L., Vicia megalotropis Ledeb.; V. sepium
L.; V. cracca L.; V. sepium L.; V. tetrasperma (L.)
Schreb.

Geraniaceae Juss.
Geranium pseudosibiricum .
pretense L.

Mayer; G.

Hypericaceae Juss.
Hypericum perforatum L.

Iridaceae Juss.
Iris ruthenica Ker-Gawl.

Lamiaceae Martinov

Dracocephalum nutans L.; Galeopsis tetrahit
L.; Glechoma hederaceae L.; Lamium album L.;
Leonurus glaucescens Bunge; Origanum vulgare
L.; Phlomoides tuberosa (L.) Moench; Salvia
nemorosa L.

Liliaceae Juss.
Erythronium sibiricum (Fisch. et C.A. Mey.)
Kryl.; Lilium pilosiusculum (Freyn) Miscz.

Malvaceae Juss.
Lavatera thuringiaca L.

Melanthiaceae Batch ex Borkh.
Veratrum nigrum L.

Onagraceae Juss.
Chamaenerion angustifolium (L.) Scop.

Paeoniaceae Rudolphi
Paeonia anomala L.; P. hybrida Pall.

Papaveraceae Juss.
Chelidonium majus L.

Pinaceae Lindl.
Abies sibirica Ledeb.; Larix sibirica Ledeb.;
Picea obovata Ledeb.

Plantaginaceae Juss.
Plantago media L. P. major L.; Veronica
krylovii Schischk.

Poaceae Barnhart

Agropyron  pectinatum  (Bieb.)  Beauv.;
Alopecurus pratensis L.; Brachypodium pinnatum
(L.)Beauv.;B.inermis(Leyss.)Holub; Calamagrostis
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epigeios (L.) Roth; Dactylis glomerata L.; Elymus
mutabilis (Drob). Tzvel.; Elytrigia repens (L.)
Nevski; E. nevskii Tzvel.; Festuca altissima All.;
F. pratensis Huds.; F. valesiaca Gaudin; Koeleria
cristata (L.) Pers.; Melica altissima L.; M. nutans
L.; Phleum phleoides (L.) Karst.; P. pretense L.;
Phragmites australis (Cav.) Trin. ex Steud.; Poa
angustifolia L.; P. attenuata Trin.; P. pratensis L.;
P. sibirica Roshev.; Schizachne callosa (Turcz.ex
Griseb.) Ohwi; Setaria virides (L.) Beauv.

Polygonaceae Juss.

Aconogonom alpinum (All.) Schur; Fallopia
convolvulus (L.) A. Love; Rumex confertus Willd.;
Polygonum aviculare L.

Primulaceae Vent.
Primula macrocalyx Bunge

Ranunculaceae Juss.

Aconitum septentrionale Koelle; A. volubile
Pall. ex Koelle; Adonis wolgensis Stev.; Anemone
sylvestris L.; Cimicifuga foetida L.; Clematis
integrifolia L.; Delphinium dictyocarpum DC.;
D. elatum L.; Pulsatilla patens Mill.; Thalictrum
flavum L.; T. simplex L.

Rhamnaceae Juss.
Rhamnus cathartica L.

Rosaceae Juss.

Agrimonia  pilosa  Ledeb.;  Cotoneaster
melanocarpus  Fisch.ex  Blytt; Crataegus
chlorocarpa Lenné et C. Koch.; C. sanguiea Pall.;
Filipendula ulmaria (L.) Maxim.; F. vulgaris
Moench; Fragaria virides Duch; Padus avium Mill.;
Potentilla chrysantha Trev.; Rosa acicularis Lindl.;
R. pimpinellifolia L.; Rubus caesius L.; R. saxatilis
L.; Sorbus sibirica Hedl.; Spiraea chamaedrifolia
L.; S. hypericifolia L.; S. media Franz Schmidt; S.
trilobata L.

Rubiaceae Juss.
Galium boreale L.; G. verum L.

Rutaceae Juss.
Dicthamnus angustifolius G. Don. ex Sweet

Salicaceae Mirb.
Populus tremula L.; Salix bebbiana Sarg.; S.
caprea L.

Thymelaeaceae Juss.
Daphne altaica Pall.

Urticaceae Martinov
Urtica dioica L.

Viburnaceae Rafin.
Viburnum opulus L.

Violaceae Batsch
Viola canina L.; V. macroceras Bunge

The presence of weed species: Heracleum
dissectum Ledeb., Sonchus arvensis L., Cannabis
ruderalis Janisch., Humulus lupulus L., Cuscuta
europaea L. and Urtica dioica L. confirms the
presence of anthropogenic pressure on the studied
populations. When comparing the coenoflora
of D. altaica with the flora of East Kazakhstan
(Table 1), it was found that the families Apiaceae
Lindl., Brassicaceae Burnett, Fabaceae Lindl.,
Ranunculaceae Juss. and Rosaceae Juss. differ
markedly in the share of participation in the
formation of the floristic composition. This is due
to the low number of mesohygrophytic species
and the predominant number of xerophytic and
xeromesophytic species characteristic of the steppe
slopes of East Kazakhstan. Spearman’s rank
correlation coefficient is 0.56, i.e. communication is
moderate and direct. In terms of the spectrum of the
10 leading families, the coenoflora of D. altaica is
noticeably similar to the flora of East Kazakhstan.
A high percentage of species belonging to the main
10 families — 70.5%, indicates a significant degree
of anthropogenic pressure and flora transformation,
which is noticeably higher than the general indicators
for East Kazakhstan — 51.8%.

Table 1 — Leading families of the coenoflora D. altaica according to the number of species and genera

Coenoflora of D. altaica populations

Flora of East Kazakhstan

Family Number of genera, % of the Number of species, % of the | Number of species, % of the
total number total number total number
Apiaceae Lindl. 8/6,3 9/5,1 71/2,9
Asteraceae Dumort. 17/13,4 23/13.1 324/13,3
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Continuation of the table

Coenoflora of D. altaica populations Flora of East Kazakhstan
Family Number of genera, % of the Number of species, % of the Number of species, % of the
total number total number total number
Brassicaceae Burnett 3/2,4 3/1.7 120/5,2
Caryophyllaceae Juss. 4/3,1 512.8 81/3,3
Fabaceae Lindl. 6/4,7 19/10.8 183/7,5
Lamiaceae Martinov 8/6,3 8/4.5 77/3,2
Poaceae Barnhart 16/12,6 24/13.7 308/12,6
Polygonaceae Juss. 4/3,1 4/2.3 40/1,6
Ranunculaceae Juss. 8/6,3 11/6.2 10/4,2
Rosaceae Juss. 11/8,7 18/10.3 109/4,5
Bcero 85/66,9 124/70,5 1256/51,8
Conclusion (10.8%), Rosaceae Juss. (10.3%), Ranunculaceae

As a result of the inventory of herbarium
specimens, additional actual habitats of D.
altaica were established. The main concentration
of historical finds falls on the floristic regions
22. Altai and 23. Tarbagatai. As a result of the
inventory, it was found that the distribution of the
endemic species is limited by the Kalba, Southern
Altai, Sarymsakty, Narym, Azutau, Ulba, Uba,
Tarbagatai, Western Tarbagatai, and Saur ridges.
Thus, the high narrow local endemism of the
species is confirmed.

Analysis of the coenoflora of D. altaica showed
the completeness of the flora of populations. It was
found that the coenoflora of D. altaica includes 175
species of higher plants, from 127 genera and 42
families. In ecological terms, the basis of coenoflora
is mesophytes — 53%, xeromesophytes 24%,
xerophytes 18% and mesohygrophytes — 5% are
represented in a smaller proportion. The predominant
life form is herbaceous vegetation — 141 (80%)
species, a small proportion of shrubs and trees —
34 (20%) species. The main species abundance
falls on the families Poaceae Barnhart (13.7%),
Asteraceac  Dumort. (13.1%), Fabaceae Lindl.

Juss. (6.2%), Apiaceae Lindl. (5.1%), Lamiaceae
Martinov (4.5%). In terms of the spectrum of the
10 leading families, the coenoflora of D. altaica is
noticeably similar to the flora of East Kazakhstan.

The results obtained are necessary for
monitoring and searching for historical habitats of
D. altaica, compiling the route of field expedition
trips, finding areas in natural habitats, and
establishing phytocenotic relationships in D. altaica
communities.
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PA3PABOTKA BUO®YHKUNOHAAN3ZOBAHHOIO MEAMOPAHTA
HA OCHOBE YTOAbHOMU 30Abl, HACbILLEHHOUN T'YMYCOM
AASl YAYHLUEHUS 3AOPOBbBLS NMOYBbI

boAbLLasg YacTb NPOMBILLIAEHHOIO M SHEPreTUYECKOr0 CEKTOPOB 3KOHOMUWKM BEAET K NMPOM3BOACTBY
OFPOMHOIO KOAMYECTBA Pa3HOOOPA3HbIX OTXOAOB, KOTOPbIE, MPU HEMPABUABHOM OOpaLLEeHMUU, MOryT
WUMETb Pa3pyLUMTEAbHbIE MOCAEACTBUS AAS OKPY>KaloLern CcpeAbl. YTOAbHAs 30Aa SIBASIETCS OAHWM U3
HanbOAEEe CAOXKHbIX M PACTIPOCTPAHEHHbBIX AHTPOMOreHHbIX OTXOAOB M TPAAMLMOHHO CUMTAETCS BEChbMA
npobAemMaTUUHOM AAS NepepaboTku 1 yTuAnsaumm. BbiBo3 Y3-0TXOAOB Ha FOPOACKME CBAAKM AeAaeT
MOYBY HEMPUrOAHOM K MCMOAb30BaHMIO M 3arpsA3HSAIOT Ha3eMHbIE 1 BOAHbIE S5KOCUCTEMbI. ITU BPEAHbIE
NPOLLECChI MPUBOAST K XPOHMUECKOMY 3arpsi3HEHMIO 1 AETPAAALIMM BOA, MOYB M BO3AYXa.

Hawu npeablAylMe 3KCNEPUMEHTAAbHbIE MCCAEAOBAHUS MOKa3aAM, YTo AOGaBAeHWe B MOYBY
BELLECTB, MOAYUYEHHbIX U3 YTAsl, MOMOraeT YAYULLMTL (DU3UKO-XMMUYECKME 1 BMOAOTMUECKME CBOMCTBA
MOYBbl, CTUMYAMPYS POCT PacTeHWit W MoBblWas ypoXKanmHOCTb. OCHOBHOe mnpeumyllectso Y3, no
CPaBHEHUIO CO MHOTMMW APYITMMW HEOPraHWMYECKMMW MEAMOPAHTaMM, 3aKAIOYAETCS B TOM, 4TO
OHa MO>ET ObITb AErKO OMTUMM3MPOBAHA C TEXHUUECKOM TOUKM 3peHns GAaropapsl ee M3BeCTHOMY
XMMUYECKOMY COCTaBy, CrneumUUYecKoMy COYETAHMIO CBOMCTB MOBEPXHOCTU W MEPapXMUecKom
NOPUCTOCTW.

McnoAb3oBaHWe MOAE3HbIX MOYBEHHbIX MMKPOOPraHu3moB, a Takxe K B couetaHun ¢ Y3 moxet
MOTEHUMAAbHO CTMMYAMPOBaTb MPOU3BOACTBO CEAbCKOXO3SAMCTBEHHBIX KYAbTYP MOCPEACTBOM
MeXaHM3MOB 610y A0BPEHUS, BKAIOUYAs GUOAOTMYECKYIO (hUKCaLMIo a30Ta, COAOMAM3aUMIo (hochaTos,
MPOAYKLMIO (PUTOrOPMOHOB 1 MPOLLECChl BUOKOHTPOAS. Takum ob6pasom, PCPP gBASIOTCS KAIOYEBbBIM
(hakTOpOM B MOAAEPI)KAHUM MAOAOPOAMS MOYUBbI B KQUECTBE KOMIMOHEHTOB, YUYaCTBYIOLLMX B pa3paboTke
Komno3nToB Y3-TK, n MOryT MpuMeHSATLCS NMPW COBMECTHOM MHOKYASILIMM.

LleAblo MccaeAOBaHUS SIBASIETCS pa3paboTKa TEXHOAOrMM MPOM3BOACTBA BbICOKO3MMEKTUBHOIO
OGMOTEXHOAOTMYECKOTO YAOBPEHMS HOBOrO nokoAeHmsi — Y3-T'K-PCPP.

Co3paHue HOBbIX YAOBPEHMI NyTem codeTaHms Y3 ¢ TPaAMLIMOHHO MCMOAb3YEeMbIM OPraHUYeCKUM
HaBO30M, AMIECTaTOM, KOMIMOCTOM M MAOM MMeET 6oAbLLME MHOTroo6eLlatoLve BO3MOXHOCTU. OAHAKO
3KOAOTMYECKoe M OMOreoAOrmyeckoe MoBeaeHWe Y3 elle HEAOCTAaTOUHO M3ydyeHo. PaspaboTtka
KauyeCTBEHHbIX MPOAYKTOB Ha OCHOBe Y3 TpebyeT onpeAeAeHUs Xapak TEPUCTUK BbIAEAEHUS MUTATEAbHbIX
BELLECTB U AETAAbHOI 0 U3YyUeHUs NX 3PGPEKTUBHOCTM AAS PA3AMYHbIX TUMOB MNOYB M arPO3KOAOrMYUECKMX
ycaoBuid. B pesyabtate Y3-TK-PCPP 6yaAyT cnpoektupoBaHbl U (pyHKLIMOHUAM3UPOBAHbI KAk HOBbIN
yA06peHns.

KAtoueBbie cAOBa: yroAbHasi 30Aa, GYpblit YTrOAb, FyMUHOBAsi KUCAOTA, METareHoOMMKa, MUKPOBUOM,
pu3obakTepumu, noysa.

N.Sh. Akimbekov', K.T. Tastambek'?" , D.K.Sherelkhan', A.B. Myltykbaeva’,
N.P. Altynbay', Kh. Rassulbekkyzy', R.H. Ghulam', P. Kuanyshbek’
'Al-Farabi Kazakh National University, Kazakhstan, Almaty

Taraz Regional University named after M.Kh. Dulati, Kazakhstan, Taraz
*e-mai: tastambeku@gmail.com

Development of a biofunctionalized humic-loaded fly
ash amendment for improving soil health

The intensive industrial and power sectors generate huge amounts of diverse wastes which have
detrimental consequences for the environment if not properly managed. Fly ash is one of the most com-
plex and abundant anthropogenic wastes and has traditionally been considered as highly problematic for
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H.III. AkuMOeKoB u Jip.

the treatment and disposal. Being dumped on indigenous and community lands, FA-wastes block their
usage and contaminate terrestrial and aquatic ecosystems. These detrimental processes lead to chronic
pollution and degradation of waters, soils, and air.

Our previous pilot studies implied that the addition of coal-derived substances to soil help to im-
prove soil physicochemical and biological properties stimulating plant growth and enhancing crop yield.
The main advantage of FA as compared to many other inorganic amendments is that it can be easily
engineeringly optimized due to its precisely characterized chemical composition, a specific combination
of surface properties, and hierarchical porosity.

The use of beneficial soil microorganisms as well as HA in combination with FA can potentially
stimulate crop production through biofertilization mechanisms, including biological nitrogen fixation,
phosphate solubilization, phytohormone production, and biocontrol processes. Thus, PGPR is a key
factor in maintaining soil fertility as a candidate for FA-HA composite engineering and co-inoculation
could be an excellent application.

The aim of the proposed research is to develop technology for the production of highly efficient
biotechnological fertilizer of new-generation — FA-HA-PGPR.

Synthesis of novel fertilizers by a combination of FA with traditionally used farmyard manure, di-
gestate, compost, and sludge has a very promising potential. However, the ecological and biogeological
behavior of FA is not yet adequately studied. Engineering of quality FA-based products requires determi-
nation of the nutrient release characteristics and detailed examination of its performance for various soil
types and agroecological conditions. As a result, FA-HA-PGPR will be engineered and functionalized as
a new fertilizer.

Key words: coal ash, brown coal, humic acid, metagenomics, microbiome, rhizobacteria, soil.
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TonbIpaKTbiH, XXaFAaibIH )XKaKCapTy YLUiH KapaluipikneH
KaHbIKKAH KOMIp KYAI HerisiHae 6MOpyHKIMSIAAHFAH MEAMOPAHTTbI XKacay

IKOHOMMKaAAFbl BHEPKACINTIK >KOHE 3HEPreTMKaAblK, CEeKTOPAAPbIHbIH ayKbIMAbl GOAIri yAkeH
KOAEMAE BPTYPAI KAAAbIKTapAbl OOAIN LWblFapaAbl, OAap erep LELWiMiH Taybil, AYPbIC >XOAFa
KOMbIAMACa, KOpLIaFaH opTaFra OPHbl TOAMAC 3apAabbiH Turideai. Kemip KyAi eH KypAeAi >koHe KeH
TapaAFaH aHTPOMOreHAIK KaAAbIKTapAbiH Gipi 60AbIN TabblAaAbl KOHE ADCTYPAI TYPAE BHAELY MEH XKOIO
YWiH eTe MaceAeAi GOoAbIN caHaraabl. Karablk, KOKbIC OpblHAAPbIHA TacTaAblHFaH KK-KaAAbIKTapsbl
TOMbIPAKThbl MalAaAaHYFa XKapamcbi3 eTeAl XXKOHe >Kep YCTi XK8He Cy 3KOXYMeAepiH Aactanabl. bya
3USHAbI YPAICTEP CO3blIAMaAbl AAQCTaHyFa >KoHe Cy, TOMbIpak, NeH ayaHblH AerpasaumsAaHybliHa aAbin
KeAeAI.

Bi3AiH aAAbIHFbI 3KCMEPUMEHTTIK 3epTTeyAepiMi3 KeMipAeH aAblHFaH 3aTTapAblH, ToMblpakka
KOCbIAYbl ~ TOMbIPAKTbiH ~ (DU3UKA-XUMUSIABIK,  >KOHE  OMOAOTMSIAbIK,  KACMETTEpiH  >KaKCcapTyra,
OCIMAIKTEPAIH 6CYiHE XXOHE BHIMAIAIriHIH apTybIHa biKMaA eTeTiHiH kepceTTi. KK-HiH 6acka Aa kenTereH
GeropraH1KaAbIK, MOAMMDUKALMSIAAPMEH CaAbICTbIPFAHAAFbl 6ACTbI APTIKLILIAbIFbI — GYA OHbIH, GEATiA
XUMMSIABIK, Kypambl, 6ETKI KacueTTepi MeH KYPbIAbIMABIK, KEYEKTIAIriHIH apHaibl YMAECIMI apKacbiHAA
GeAriAi 6ip TEXHUKAABIK, TYPFbIAQH OHaMl OHTANAQHABIPYbI MYMKIH.

[MaaaAbl  TOMbIpak, MMKPOOPraHM3MAEpiH, coHbiMeH 6ipre [K-biH KK-meH 6ipre koaaaHy
OGUOTbIHAMTY TETIKTEPi, COHbIH ilIiHAE OGMOAOTMSABLIK, a30TTbl TYTy, pocaTTbl coAlobU3aumsAay,
mTOropMoHAQpP BHAIpICi >kaHe OMObGaKblAAy YAEpICTepi apKbliAbl ayblALIAPYALLbIAbIK, AAKbIAAAP
OHAIPICiH bIHTaAaHABIPYbI MyMKiH. Ocblaariiua, ©ObIP-cbl KK-TK komMno3uTTepiH a3ipAeyre katbicaTbiH
KOMIMOHEHTTEp PETIHAE TOMbIPAK, KYHAPABIAbIFbIH CaKTayAblH MaHbI3Abl (DakTOpbl GOAbIM TabblAaAbl
XoHe GipAecKeH MHOKYASILMS Ke3iHAE KOAAAHYFa 60AaAbI.

YCbIHbIAbIN OTbIPFaH 3EPTTEYAiIH MakCaTbl >kaHa OybIHAAFbI XKOFapbl TUIMAI GMOTEXHOAOTUSIADIK,
ThIHANTK bILLTbl — KK-TK-OObIP eHAipy TEXHOAOTUSICbIH >Kacay GOAbIMN TabbIAAAbI.

KK ASCTYpAI KOAAQHBIAQTbIH OPraHUKaAbIK, KEH, AMIecTaT, KOMMOCT >XoHe 6GeACeHAl AarmeH
GipikTipin >kaHa TbIHAMTKbIWTAP >acayAblH GoAauiarbl 30p. AAanad, KK-HiH 3KOAOMMSIAbIK, >KoHe
BGU1OreoAOrMsAbIK, TabuFaTbl TOAbIK, 3epTTeamereH. KK-He HerisaeAreH camaabl eHiMAEpAi a3ipaey
KOPEeKTiK 3aTTapAblH 6OAIHYiHIH CMMAaTTamMaAapbiH aHbIKTAayAbl >KOHE TOMbIPAKTbIH 8PTYPAI TypAepi MeH
arpoO3KOAOIMSIABIK, KaF AaAapFa ©CepiH erke-TerkKenAi 3epTTeyai KaxKeT eTeai. HaTmxkeciHae »aHa
ThiHANTKbILW peTiHae KK — TK — ©ObIP jko6araHaTbiH XoHe (DYHKLMOHAAAAHATbIH OOAAAbI.

TyiiH ce3aep: KOMIp KYyAi, KOHbIP KOMIp, FYMUH KbIWKbIAbI, METareHOMMKa, MMUKPOBUOM,
pu3obakTepusi, TomMbIpak..
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Pa3paboTka 6M0(pyHKIHOHATN30BAHHOTO MEJHOPAHTa Ha OCHOBE YTOJIBHOM 307161, HACBHIIIEHHOI TYMYCOM ...

CokpameHusi u 0003HAYEHUS

Y3 — yrompHasd 30ma, 'K — rymuHOBas KMCIIOTA,
PCPP — puzobakrepuu, CTUMYJIUPYIOLIUE POCT pac-
TCHUH.

BBenenne

YrompHas 30J1a, Kak TOOOYHBIH MPOIYKT CIKHUTA-
HUS BCEX BHJIOB YTJIs, SIBJISIETCS] OJJTHAM M3 HanOoJee
CIIOKHBIX W PpaclpOCTPAaHEHHBIX AHTPOIOTEHHBIX
OTXOJIOB U CUMTAETCS BEChMa MPOOIEMaTHIHON AJIs
ytunu3anui. BpiBo3 Y3-0TX00B Ha TOpOACKHE
CBAJIKH JIETIAeT MOYBY HEIPHUTOIHONW K UCTIOIh30Ba-
HUIO Y 3arPS3HSIOT BOJHBIE IKOCHCTEMBI U TIOYBEH-
HBIW CIIOM.

Upe3BhI4aifHO BHICOKAsI TUIOMIAIb TTOBEPXHOCTH
1 OOJbINIAsT MMOPUCTOCTE AETAI0OT Y3 MPHUBIIECKATEIIb-
HBIM MHCTPYMEHTOM I 3(PPEKTUBHOM agcopOuun
U yAep>KaHHUs TYMUHOBOUW KHUCIIOTHI, TTOTYYEHHON U3
YTOJBHBIX OTXOJI0B. Kpome Toro, SIBISSCH UIealb-
HBIM cpencTBoM noctaBku ['K (opranmndeckas nobas-
Ka) B MOYBY, caMa Y3 MOXET CIYKHUTh UCTOYHUKOM
MaKpO- U MUKPOJIEMEHTOB (Heoprannieckas 100aB-
Ka). M300umnue, HU3Kask CTOUMOCTD M 3KOJIOTHYECKU
Oe3omacHeIl XapakTep Y3 MOryT oOmanars OOIb-
[IIMMH TIPEUMYIIECTBAMUA TIPH BHECCHUH B TOYBY
B «cMapT» celbCcKoM Xo3stiicTBe. ClienoBaTebHO,
BO3MOXXHOCTH CO3/IaHUSI KOMITO3UTHOTO MaTepHuaa,
obwenumsttonero kak Y3, Tak u ['K, nmpeacrasmisier-
csl 0COOCHHO BBITOJHOM AJIsl YCTOMYMBOIO pacTeHHU-
€BOJICTBA. «3EJIEHOE» CEIBCKOE XO3IHUCTBO TpeOyeT
MPUMEHEHUST HEe TOJBKO 3(P(EKTHBHBIX OpraHOMHU-
HEepaJbHBIX J100aBOK, KOTOPHIE COAEPKAT Makpo- U
MHUKPORJIEMEHTBI, HO TaKXKe OMOCTUMYIIATOPOB POCTa
pacTeHuii — OaKTEePHii, KOTOPBIE SBJIIOTCS UCTOYHU-
KOM OMOJIOTMYECKH aKTUBHBIX COCMHEHUH.

MupoBo# CIIpoc Ha SHEPTUIO0 B OCHOBHOM YJI0B-
JIETBOPSIETCS 32 CYET YTOJIbHBIX AJIEKTPOCTAHIMN
(>30%) [1]. B HacTosmee Bpemsi MUpOBasi 100bI4a
YIJISL COCTaBIIIET OKOJIO 7,9 MIpHm TOHH B TOf [2].
O’kuaaercsi, 9YTO MHPOBOE MOTPEOJICHUE YT BBI-
pactet Ha 49% c 2006 no 2030 rox corazacHo mpo-
rHo3y International Energy Outlook (IEO, 2009).
B Kazaxcrane oxono 53,7% oOmieit moTpeOHOCTH
B DHEPTUHU IOKPHIBAETCS 3a CUET COKUTAHHS YTIIA
Ha TerIoBbIX 3nekTpocTtannusax (TOC). Iro mo-
KET MPOAOIDKATCS JOCTATOUHO JUTUTENLHOE BpeMs,
yuuThiBad, 4yTo Kazaxcran umeer ~25,6 MiIpJ. TOHH
3amacoB yrist B 6onee yeM 400 MeCTOpPOXIECHUSX,
PAacTOIOKEHHBIX B IICHTPAJIbHBIX U CEBEPHBIX PETH-
OHax cTpaHsl [3].

[Ipu coxuranum yriast Ui BEIpaOOTKH AJIEKTPO-
sHepruu Ha TOC 00pa3yroTcs TBepAbIE OTXOABI, Ta-
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KM€ KaK YrojbHasi 30j1a M 30JI0IUIAKOBBIE OTXOJBI.
OO11ee KOTMYECTBO 30J1bI, TPOU3BOANMON BO BCEM
mupe orpoMHo. Ilo ouenkam, oHo npeBbiaer 750
MUJUTHOHOB TOHH B T'0Jl, HO UCTIOIB3yETCS JIUIIb Me-
Hee 50% muposoro mpousBoactea Y3 [4]. Ucnomns-
30BaHUE BBICOKO30JIFHOTO VTSl C HU3KOM TETIOTOH
cropanus s cxxuranus Ha TOC npuBeneT K MHO-
TOKpaTHOMY yBelndeHuto oOpasoBanus ¥Y3. OOpa-
30BaBIINecS B OTPOMHBIX KOJM4IecTBax Y3 cOpackl-
BAaIOTCS B 30JI00TBAJIBI, C UCTIOIH30BAHUEM CHCTEMBI
ruzposonoynanesus. OmHaKo, 3TH OTXOJbl MOTYT
WCTIONB30BaThCS KaK allbTEPHATHUBBI ITPOMBIIIICH-
HBIX PECYPCOB, NPOILECCOB M CHUCTEM (IOOaBKa K
HEMEHTY U OCTOHHBIM H3JCIUSM, KOHCTPYKIIMOH-
HBI HATIOJHHUTEIh, MaTepual U1 TMOKPHITHSA, Ma-
Tepual KOHCTPYKIIUU C MUHUMAJIBHBIM BECOM, HH-
(UIBTpallMOHHBI Oapbhep, 3alONHUTENb IOA3EM-
HBIX IYCTOT, a TaK)K€ B Ka4eCTBE MEIHOpaHTa I
YIYULICHHS] CBOMCTB IOYBBI, BOJBI U OKPYKAIOIIEH
cpensl). bonee Toro, cymiecTByer OorpoMHOE KOJH-
YEeCTBO JErpaJupOBaHHBIX MouB/3eMens (1,9%x10°
ra), UMEIOMNXCsS B MHpE, KOTOpble HEOOXOIUMO
BOCCTaHOBUTH COOTBETCTBYIOIIUMH TEXHOJOTHSI-
Mmu [5]. Okono 1,5 Miapz ra TeppUTOPUHU TTPUTOTHBI
JUIsl BOCCTAaHOBJIEHHS CEJIbCKOXO3SIHCTBEHHOTO Ha-
3HA4YeHHsI, B YACTHOCTH, JUISI yJIOBIETBOPEHUS II0-
TpeOHOCTE! MOCTOSIHHO PacTyIlero HaceneHwus [6].
Oxko110 99,9% poAyKTOB MUTaHUs (KAIOPHIA) YeIlo-
BEKa MPHOOpETaeTCS «C 3eMIIM»; 3a mocieaaue S0
JIeT o0IIas IIom@aab 00pabdaThIBAaEMBIX 3€MENb Ha
IyIly HAceJEeHUs MOCTENEeHHO cokpaTuiach ¢ 0,44
ra o <0,25 ra. Takum 06pazoM, IpoOIeMBI BOCCTa-
HOBJICHUS HAPYIIEHHBIX U HETUIOAOPOIHBIX 3€METh
C IeNbI0 WX JAIBHEHIIETO UCTIOIb30BAHMS B CEIb-
CKOM XO3SIUCTBE SIBJISIIOTCA YPE3BBIYANHO aKTyasb-
HbIMH [7].

[Ipumenenne Y3 B KadecTBe MeluopaHTa/
CTPYKTypoOoOpa3zoBaTessi MOYBHI SIBISETCS TOTEH-
UANBHO HauboJiee ONTHMAIbHON C TOYKH 3PCHHUS
WCTIONB30BaHMSI €r0 OTPOMHOTO KOIWYECTBa, pe-
HICHUA HKOJIOTUYECKHX NPOOJIeM W NPUMEHEHHS
9KOHOMHYECKON MEepPCHeKTUBBl. MHOrOuMCIeHHbIE
WCCIIEJIOBAHUS YKa3bIBAIOT HA OoJiee HMIMPOKHMA TT0-
TeHIUAI Y3 B MOBBIINICHUN MPOTyKTUBHOCTH TIOYB
Y yIy4YIICHUU ACTPATUPOBAHHBIX 3EMEIb JJIs BOC-
craHoBieHUS GiIopel W pactutenbHocTH [8—10].
Hcnonps3oBanne Y3 B KadyecTBE MENMOpAaHTa WIH
MMOYBEHHOM JO00ABKU MOXKET OBITh YITyUIICHO ITyTeM
KOMOWHHPOBAHUS €€ C OPTraHNIECKIMH KOMITOHEH-
TaMH, KOTOpbIe 3Ha4uMTeIbHO Ooratel N u P [11].
JlobaBieHHne TaKUX OHOJIOTMYECKHX BEIIECTB B Y3
MOXXET TIOBBICHTH PE3yIbTAaTUBHOCTh U A (PeKTHB-
HOCTb M€p 0 PEeKYJIbTUBALIMU 3€MENb U IOYBEHHO-
ro IOKpOBa.
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B koHTekcTe HCMONBb30BaHUS MPOU3BOJIHBIX
yIiIsi B 3€NIEHBIM XO3SHCTBE 0co00€e BHUMAaHHE
TaKXe YIesAeTCs MPOU3BOJACTBY IPYTrux Mmo0od-
HBIX MPOAYKTOB K3 HU3KOCOPTHBIX YyTIEeH, Takux
KaK TYMHUHOBBIE KHUCJIOTHI. DTH KOMIIOHEHTHI SB-
NS0TCA Hambosee CIOXKHBIM M OHOJOTHYECKH
AKTUBHBIM OPraHUYECKUM BEIIECTBOM IOYBHI U,
KaK M3BECTHO, CTUMYJIHPYIOT CTPYKTYpPY H (yHK-
[IUOHATBLHOCTh MUKPOOHBIX COOOIIECTB, YTO MPH-
BOJUT K 0oJiee BHICOKOUW JOCTYITHOCTH Makpo- H
MHKPOSJIEMEHTOB [JIS1 pOCTa PACTEHUU U yIIydIla-
0T (U3MKO-XMMHUYECKOE COCTOSIHHE MOUBBI [12].
[IpuMeHeHMEe TOJIE3HBIX MOYBEHHBIX MUKPOOPTa-
HHU3MOB B COYCTAHHM C MEITHOPAHTAMH SIBIISICTCS
OJIHMM U3 Hau0oJiee BAXKHBIX OUOJIOTUYCCKUX ME-
TOJIOB, HAIIPABIICHHBIX Ha 00ecriedeHne yCTONYH-
BOCTH arpapHbIX, COMHATHHO-d)KOHOMUYECKUX H
JKOJIOTHYECKUX CHCTeM. Pu3zobakTepuu, CTHUMY-
JTUPYIONINE POCT PACTEHHH SBISIOTCS OCHOBHOM
(GYHKIIMOHAIILHON TPYNIIOW MOYBEHHOTO MHUKPO-
Ouoma, W3BECTHOW CBOMMH MPEUMYIICCTBAMH,
CITOCOOCTBYIONMMH  YKPEIUICHUIO 3JI0POBBS Y
pactenuii [13].

YuuThiBas BBIIICU3I0KEHHOE, HACTOSIICE HC-
CJIeTOBaHNE HAIIPABIICHO Ha pa3paboTKy dddexTus-
HOTO MMOJX0/a K yTHIN3AINH 0TX0A0B IepepadoTKu
VIJIsl C HCIIOJIb30BAaHUEM MUKPOOHOU OMOKOHBEp-
CHUU B YCTOMYHBOM CEJIbCKOM XO35UCTBE.

MarepuaJjibl 1 METOABI

Oobvexkmol uccieoosanusn. B pabore Opun mc-
MOJIb30BaHbl Oyphle YIiu DKHOACTYy3CKOIO YIoJjb-
Horo Oacceiina (51.7299° N, 75.4060° E) IlaB-
JIOMapCKON 00JacTH, KaK HCTOYHHUK TYMHUHOBBIX
BemecTB. OT60p mpob mpoBoguau corigacHo SO
18283:2006 «Hard coal and coke — Manual sam-
pling u ISO 13909-4:2016 Preview Hard coal and
coke — Mechanical sampling — Part 4: Coal — Prepa-
ration of test samples» ('OCT 10742-71).

['yMHHOBas KHCIOTA, DKCTparupoBaHHas u3 Oy-
poro yrasi Oku0acTy3CKOro yroiibHOTO MECTOPOXK-
JICHHSL.

VYroneHas 3072, oOpa3yromiascs MpH BBICOKO-
TEMIEePaTypHOM CXKHIAaHUH DKHOACTY3CKOTO YIJIs,
oToOpaHHas u3 3ojoynoBureneit Axcyckoit ['POC
r. Dxubacrys.

Puzobaktepuu, CTUMYIHPYIOIIME POCT pac-
TEHUH, BBIACNEHHBIE U3 pHU30chepsl MPUITaXTHBIX
TEPPUTOPUI DKUOACTY3CKOTO YTOJBHOTO MECTO-
POXIICHHUS.

Mamepuanst. B pabotre ObLIH UCIOJIH30BAHbBI
CIIEAYIOIIE 3JICKTHBHBIE W OOIIME MUTATEIbHBIC
Cpeibl UTS POCTa MHKPOOPTaHU3MOB:

1. Azospirillum Medium ¢ 0,17% arapa, uc-
MOJIb3YEMBIA JII1  BBIPANIMBAHUS BUJOB pPoja
Azospirillum.

2. Acetobacter agar (MICTOYHHK TIIOKO3BI, MaH-
HUTOJA), HCIONb3yeMBId B KaueCTBE HOAJEPKH-
BafoIIel cpenbl U TIFOKO3bI/MaHHUTOI-TIOJOKH-
TEIBHBIX OakTepuii Acetobacter.

3. LB cpena (Luria-Bertani Medium) — asist mo-
JepKaHUs KU3HEAESITeILHOCTH | IMTOTydYeHus: Oro-
Mmaccol Pseudomonas. Cocras (r/1): Tpunton — 10,0,
IpoxoKkeBoit skcTpakT — 5,0, NaCl — 5,0.

4. Ucnonb3yercs i BbIpalllUBaHUs, BbIACIIE-
HUsSL M TIOACYeTa IMOYBEHHBIX MHUKPOOPTaHU3MOB,
TaKuX Kak Rhizobium.

Memoovt uccnedosanuii. Onupenensm cie-
TYIONINE XapaKTEPUCTUKU: BIAKHOCTH (W), 3011b-
HOCTb (A), TeruioTa croparus (Q) ¥ BEIXOJ JIETy4nX
BemectB (V).

OnemeHTHBINH aHanu3. CopepikaHne 3JeMEHTOB
VTS OTIPEIeIIsIA Ha aBTOMAaTHIECKOM aHaJIH3aTope
vario EL cube (I'epmanms).

OYHKIMOHAIBHBII COCTAaB NPOAYKTOB CXKUTa-
HUd yriaed. VI3aMepeHus: aHaIUTUYECKUX JIMHUHN dIie-
MEHTOB BBIMOJHSUIM Ha BOJHOBOM PEHTTEHOBCKOM
cnektpomerpe S6 JAGUAR XRF (Bruker, I'epma-
HUSA).

PamanoBckas cnektpomerpus. s aHanmmza
CTPYKTypHOTO coctaBa Y3 mpumensuics PamaHOB-
ckuii cnekTpomerp Solver Spectrum (NT-MDT,
Poccus).

MuxkpocTpykTypHoil aHanu3. CKaHUPYIOLIUHA
aneKTpoHHbIN Mukpockor (COM) Quanta 200i 3D
(FEIL, I'onnannaus) npu yCKOPSIOUIEM HampsKeHUN
10-30 kB ucnonp3oBany A U3y4eHus Tonorpaduu
TTOBEPXHOCTH OYPOTO YTIIsI/yTOIBHOMN 3016l M H3Me-
peHHs] MUKPOOOBEKTOB.

Onpenenenue puznueckux cBorictB ¥Y3. [Nomy-
YeHHEe NUCTIEPCHBIX (Dpakiuil OCyIIeCTBIIOCh Me-
TOJIOM a’3pOJIMHAMHYECKOT0 pa3jeiaeHus (LEeHTPo-
OexHbIl nmabdopaTopHblid Knaccudurarop 50 ATP
Hosokawa ALPINE, I'epmanus) ¢ mociemyromeit
MarHUTHOU cemaparmeii, cormacHo [48].

Okerpakuus 'K comobunmzanumn Oyporo yriis
(bY). I'K 6pu1a mosrydeHa ¢ TOMOIIBIO MOTUDU-
nupoBaHHOM MeTonuku [49]. 1 © U3MENTbUCHHOTO
B nopomok bY cycnenzuposamu B 50 mn 0,1 M
NaOH wu BcrpsixuBamu npu 20°C/24 gacos, mocie
yero ueHTpudyrupoBamu npu 11 200 G-force/15
muH. CyniepHaTaHT QUIBTPOBAIN Yepe3 OyMasKHBIH
Whatman No.1 ¢bunsTp 1 ocaxkganu, mosoas pH 1o
2,0 ¢ momompo 11,6 M HCI. PactBop oTcranBanu
B Te4eHre 12 9, ¢ MoCIeAyomuUM IIeHTPUPYTHPO-
BanueM nipu 11 200 G-force/15 mun, 3aTem 3 pasza
npombiBani dH,0 n cymunu npu 60°C. IMonyyen-
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HBIH poAyKT OblT ompeneneH kak ['K (rymuHoBas
KHCIIOTA).

BBIX0 TYMHUHOBOU KHUCIIOTBI pACCUUTBHIBAIA Ha
BO3/yIITHO-CYXOU OCHOBE 10 (opmyre [50]:

Mypp{ 1 —Mgg ) —Mey
Mypr{1—Mag)

rae: € — Beixox 'K, %; M, = macca bBY, r; M, =
macca ocraroytoro bY, r; M, = conepxanue BOIbl
B HeoOpabotanHoM BY, %.

HNHppakpacHas CIEKTPOCKONUsS ¢ TMpeodpaso-
BanueM Dypbe (Dypbe-creKTpoCcKoIus) o0pas3oB
'K Obuim mpoaHaIu3UpOBaHbl C HCIOJIb30BAaHHEM
criektpomeTpa Nicolet 6700 FT-IR. UK-criekTp pe-
rucTpupoBaiu B nuanasose ot 400 o 4.000 cm.
Hcnonp3oBanuck ciemyromme InapaMmerpsl coopa
JAHHBIX: KOJHMYECTBO BBIOOPOYHBIX CKAHOB — 32;
Pazpemenne — 4.000; HyneBoe 3amonmHeHue — 2;
Yacrora He-Ne-nazepa: 15798,0 cm™'; [TukoBoe mo-
JoxkeHue nomexu — 8192; dyHkuus anoauzanuu
— N-B cunbHas; ®oHoBbIe CKaHbl — 32; YcuneHue
¢ona — 1,0; Ontuaeckoe Bonokao — 100,00; ITpu-
pocT BeIOOpKH — 1,0; OUIBTP BEPXHUX YACTOT —
200,0000; ®unptp HUAKHUX acToT — 20000,0000;
Meton coopa gansbix — GC / IR; OxoHUATENbHBIH
tdhopmar -% mepenayn.

@dnyopecuenTHslit  criektpomerp  FP-8500
(Jasco, Japan) ucromp3oBanu ISl U3MEPEHUS Xa-
pakrepuctuk Bo30yxnenus (Em) — mamyaenns (Ex)
smuccun oOpasuoB 'K, pactBopeHHbix B Oydepe
npu KoHueHTpauuu 10 mr/a mpu 20°C.

Hcnonp3oBaHne METOMOB COBpEMEHHOW MeTa-
TEHOMHKHU ¢ ucrnoib3oBanueM TexHojoruu CHII
Mlumina. OO0mwMii TOAXON IMOATOTOBKY OMOJIMOTEK
JUTI CEKBEHHPOBAHUS HOBOTO ITOKOJIEHHUS HA TIIaT-
¢dopme Illumina BkITIOYaeT HECKONBKO 3TAmoB: 1.
Brigenenue roransnoit JJHK u3 o6pasma; 2. Ompe-
JIEJICHAE yYacTKOB I CEKBCHHPOBAHUS M CKpHU-
HUHT IpaiiMepoB I JalbHEeHIIel aMIuInuKaum
¢ momomrsto [II[P; 3. JIBoiiHoe OapkoampoBaHWE
MIOJTy4YE€HHBIX OMOJIMOTEK ISl CEKBEHHPOBAHUS, 4.
CexBenunpoBanue; 5. buonndopmaruyeckuii aHamu3
¥ BHU3yaJu3alys TOJYYEHHBIX NaHHBIX. Kaxkmblid
ATall BBITIOJIHSJICS IO CTaHAAPTHBIM MPOTOKOJIAM
kommanuu-tpousBoautens [51]. CexkBeHupoBaHue
00pa3noB npoBoAMIIOCH Ha pudope HiSeq kxomrra-
Huu [1lumina (CILA) coriacHo ctaHIapTHBIM Tpo-
ToKOMIaM [52].

Omnpenenenne ancopounu 'K Ha ¥3. B kauectBe
copbenra juis ancopOiuu 'K ucmonb3oBanace ¥Y3.
Konuentpammro I'K B pactBope onpenensiim cnek-
TPO(OTOMETPUYECKH, KaK OIHMCAHO HIKE, U yAep-
xwuBanue aacopoata (I'K) na agcopoente (Y3) (Mrr
') paccunThIBaH 1O CIICAYIOLIEMY YPaBHEHHIO:

(M
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Q,=%"Cy )
i
rae: Qe — paBHOBecHas koHeHTpauus ['K Ha ancop-
Oente (Mr r'), C— HavanbHas koHuentpanus I'K B
pactsope (mr '), C .~ paBHOBECHAs KOHLIEHTPALMS
I'K B pactBOpe (Mr i1'), m— Macca agcopbenra () u
V— o6wem pactBopa ['K (i).

DKCIEPUMEHTHI 110 aACOPOIMH TaKKe TIOBTOPSI-
mu mipu 18, 35, 50, 65, u 80°C u mpu HECKOIBKUX
snaueHusx pH (5, 6, 7, 8, 9, 10) myist u3y4eHus BiIu-
STHAS TEMIEePaTyphl U KHCIOTHOCTH CPEIbI, COOT-
BETCTBEHHO. BnusHue Bpemenu Ha yaepkanue 'K
rcciaea0Bany B uHTepBaiie ot 2 10 180 mMuH.

Omnpenenenne koHneHtparuu ['K. Sxcrpakmust
I'K u3 Oyporo yrist ¢ UCIOJb30BaHUEM PacTBOPOB
KOH ©0b1na npousBeaena coriacHo [14]. [ns omnpe-
nenenust koHueHtpauuu 'K ucronb3oBanu crek-
tpodoromerp V-550 (Jasco, Amonus). Ha ocHoBe
SKCMEPUMEHTAIBHBIX JITAHHBIX OBUIa TIOCTPOEHA
KaJMOpOBOYHAS KPHBasi, KOTOpas MPEACTaBICHA Ha
puc. 1, B BUJIe 3aBUCUMOCTU BEJIUYUHBI TOTJIONIE-
HUS CBETa Ha OCH OpAWHAT OT KoHIeHTpanuu ['K Ha
ocu abciuce. TexHUUecKue XapaKTePUCTUKH TIPO-
necca: kBapuesas KioBeta (0 1 cm) ¢ docdarHeiM
oydepom (pH 7), mmHAa BOHEI HAOIOAEHUS BEITH-
YUHBI TIOTJIoMIeHUST — 550 HM, CIIEKTPHI MOTJIIONIEe-
Hus B quamna3zoHe 1uuH BojH oT 200 1o 900 um.
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Pucynox 1 — KanubpoBouHas kpusas
11t onpezeienus koHuenTpauuu ['K

Omnpenenenne aecopommu ['K. DkcrepuMeHThI
o aecopbumu npoBoaunu ¢ ['K-Y3 (0,5 r) mytem
MPOMBIBAHHS TUCTHIUTHPOBAHHON Bomowt (10 mu).
Bomuerii skcTpakT 1eHTpHPYrHpoBaTd OT Y3 U
CHIEKTPO(OTOMETPUUCCKH PACCUUTHIBATIM KOHIICH-
Tpauuto Boiaenusmuxcs B cpene ['K.

DKCIEPUMEHTHI B MUKpPOKOCMax. B ombiTax uc-
MOJIb30BAIM TEMHO-KAIITAHOBYIO U WJIMCTO-TJIUHU-
cTyro ouBbl. OOpas3Ipl MOYBBI OTOUPATUCH PAHIIO-
MHU3HPOBAaHHBIM 00pa3oM ¢ riryounsl <20 cM Ha pac-
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CTOSTHMHM HE MEHEe 5 M OT OMKaiiimx gepeBbeB. 3a-
TEM IOYBBI CYLIWIA Ha BO3yXe HE MeHee 24 yacoB
Y TIPOCEUBAJIM Yepe3 CETh C OTBEPCTUAMHU pa3MepOM
2 mM u xpanwd npu 4°C He Gonee yeM 2 Henenu
nepe; HadalaoM dKCTepuMeHToB. Dr3nko-xuMude-
CKH€ CBOMCTBA MOYBHI OBUIM OXapaKTepU30BaHBI J0
U nocie BHeceHus nobasok/monpasku (10, 30 u 60
nueit). U3meperwst pH poBoaiin Ha CYCIIEH3HUSIX C
5 T BBICYILICHHBIX Ha BO3[yXe 00pa3IoB MOYBHI B 25
M1 puctiuposanHon H O ¢ momomnipro pH-meTpa
781 (Metrohm AG, I'epmanus).

B nousy BHocuin komno3ut Y3-I'K (0.1, 0.5 u
1 rxr!), otmensro Y3 (0.1, 0.5 u 1 r kr') u otaens-
o I'K (0.01, 0.05 u 0.1 r kr'), mpeacTaBIAIOIINE
Tpu Buaa obpabotku. KoHTposem siBisiiack HEOO-
paGoraHHass mouBa. B dyacTHOCTH, mompaBKH (IO
CyXOMy BeCy) BHOCWJIH B TOYBY (6 1, n = 5) mpu
WHTEHCHBHOM TiepeMenrBanuu. J{03bl ObLIH oIpe-
JIeJICHBl B COOTBETCTBHU C XapPaKTEPHUCTUKAMHM I10-
YBBl TSI YBEIHYEHHS COAEPIKAHUS MUTATEIHHBIX
BemiecTB B mouse. ConepkaHue Biaru B IOYBE
oObu10 noBeneHo 10 40% OT BIAaroeMKOCTH ITOYBEL.
OO6pa3Irel TOYBEHHBIX MHKPOKOCMOB MHKYOHPOBa-
U B TeMHOTe Tipu 25°C, U aHAIM3UPOBAIU uYepe3
10, 30, u 60 mHe# mocie 0OpadOTKH.

Meroapl W3ydeHUS OMOXUMHYCCKUX CBOMCTB
PCPP. ®usnonornueckne " (YHKUHOHAIbHBIE
MpoUIIH HCCIEyEeMBIX KYIbTYP, OIEHUBAIH C T10-
momreio cucteMbl BiologEcoPlate (BIOLOG. Inc.,
Kamudopuus, CILIA) B COOTBETCTBUH C METOIOJIO-
rueit [15]. Kaxngerit mnanmer BiologEcoPlate co-
JIepkutT 31 BUJI MCTOYHWKA Yriepoja WIH BOAY B
Tpex 3K3eMIUIsipax (CeMb THIIOB YTJIEBOJIOB, EBSThH
KapOOHOBBIX KHCIIOT, YeThIpe IIOJIMMEpa, MIeCTh
aMHHOKHCIIOT, JIBa aMUHa / aMuJia U TPH Pa3HbIX
KOMIIOHEHTa) B yHKM miaHIera BHOCHIM 1o 1 M
CYCIIEH3UU CYTOYHBIX KyIbTYp OakTepuii (1o cran-
napty mytHoctH 0,5 mo Mak®apnanay) 1 HHKYOH-
poBanu ipu 35°C B Teuenue 10 gueil. OkcnepuMeHT
MPOBOAWJICSI B TPEX IMOBTOPHOCTSIX. MUKPOOHYIO
aKTUBHOCTb PACCUUTHIBAIN, KaK CpeIHEe MpOosBie-
Hue 1Berta JyHku cyoctpara (SAWCD, substrate
average well colour development) gepe3 10 mHei,
corracHo [16].

Omnpenenenue crnocoOHOCTH U30JISITOB K COJIO-
ommm3auu Gocdaro. bakTepraabHbIC U30IATHI HA
(hocharpacTBOPSIIONIYIO CIOCOOHOCTH TECTUPOBAIIU
Ha cpene ITuxosckoit (PVK). Cyrounyio konoHuio
OaxkTepuii TIOMECTHJIM Ha TOTOBYIO IHUTATEIHHYIO
cpeny, MHKyOoupoBanu npu 28°C u uepe3 5 nHel u3-
MEpSUTH TUaMeTp OpeoJia BOKPYT KOJIOHHU. Pa3zmep
opeoJia PacCYUTHIBANM IyTeM BBIYUTAHUS TUAME-
Tpa KOJIOHMH W3 OOLIEro JuaMeTpa BMECTE C ope-
onoM. CoctaB cpensl PVK (r m'): rmokoza — 10,

Ca,(PO,),- 5, (NH,),SO, - 0.5, NaCl - 0.2, MgSO,
7H,0 - 0.1, KCl - 0.2, npoxokeBoii skcTpakt — 0.5,
MnSO, *H,0 - 0.002, FeSO,*7H,0 - 0.002.

Onpenenenue CnocOOHOCTH KyIbTYp K a30-
topukcanuu. M3ydeHne a3oTHUKCHPYIOMIEH CIO-
COOHOCTH KYJNbTYp NMPOBOAMIN C UCIOIH30BAHUEM
cpenbl JxeHceHa cieyroriero cocrasa (r r'): ca-
xaposa — 20, K HPO, — 1, MgSO, - 0.5, NaCl - 0.5,
Fe,SO, - 0.1, NaMoO, * 2H,0 - 0.005, CaCO, - 2,
arap — 15.

KynstusupoBanue PCPP. U30m1aThI, cTHMYITH-
pYIOIIHE POCT PACTCHHHA XPAHWINCH B MUTATENb-
HoM Oynwore (I1B) ¢ 15% rmunepunom mpu -80°C
W BBHIpAITUBAINCh, Ha TuTatenpbHoM arape (II1A).
OnvHOYHBIE KOJIOHNH TiepeHockid B 500 M1 KOJIOBI
¢ NB, 1 nHkyOupoBanu B a’3poOHBIX YCIIOBUSX Ha
Bparmmaromemcs mretikepe (150 o6/mMuH) B TeueHne
24 4 ipu 28°C [17, 18]. 3ateM OaKkTepUATHHYIO CY-
CIICH3UIO pa30aBIsIi CTEPHIILHOW BOJIOM U paBHO-
MepHO cMemmBanu ¢ mousoit (1x108 KOE xr') B
cootHomenuu 1:50 (00./00.) ¢ MOMOIIBIO PyYHOTO
OTIPBICKUBATEIISL.

®U3NKO-XMMUYECKUE aHaJIU3bI TOYBHL. B onbiTe
MIPOBOJMIIMCH CJIEIYIOIINE HCCIEAOBAaHUS IOYBHI:
BIAXXHOCTH 110 [19]; TBepaocTh 1o [20]; 06beMHYIO
Maccy 1o [21]; BOZOTIPOHUIIaeMOCTh TIOYBHI OIICHMU-
Bau 10 [22]. XUMHUYECKUE HUCCIICAOBaHUS MTOYBBI
B cioe <15 cM BKIIOYANU ompeiesieHHe: OOMeH-
HOHM KUCJIOTHOCTH [22]; HUTpaTHOTO a3oTa 1o [23];
noBrxHOTO (hocdopa [24] 1 0OMEHHOTO Kanus 1o
[25].

@depMeHTaTHBHAS AKTUBHOCTHh IOYBBL. AKTHB-
HOCTh MOYBCHHBIX (PEPMEHTOB ONPEICIISIIN C UC-
[oJb30BaHUEM 96-TyHOUHOro MiaHmera. OeHo-
JIOKCHIa3y M3MEPSUIH M0 MeTony [26], akTHBHOCTH
nepokcuaassl uaMepsuim ¢ 3,3',5,5'- terpameTuii-
oemsunuH (TMB) [28], mermaporeHasy ompeneis-
JIU C WCIIOJIb30BAaHUEM B KadecTBe cybcrparta 2,3,5-
tpudenunterpazonuit xnopua (TTC) [27].

[ereporpodnoe npixanne CO,. Mukpobnoe
JBIXaHUE U3MEPSUTHA C TTIOMOIIBIO MIOPTATUBHOTO I10-
YBEHHOI'0 pecnupaTopa (MH(paKpacHbI ra3oaHa-
masatop, Li-Cor, CIIA). Basixaemsrii CO, ynasnu-
BaJICsl B T€UEHHE JBYX Y9acoB HHKyOammu mipu 25°C.
OO6pa3sirel raza 00beMoM 5 MIT cOOMpay B Hadaje u
KOHIIE WHKYOAI[MOHHOTO TIEpUOJIa C IIOMOIIbIO CTe-
KIISTHHOTO IITPWIIA ¥ BBOIWIH B Ta30aHAIU3ATOP.
[Torox CO, ObLT paccuMTaH MyTEM BLIYMTAHHS Ha-
YaJIbHBIX KOHIEHTpauui u3 koneunsix. CO, B mo-
4YBe M3MEPAJIM TepuoAuvecku B TeueHue 90 mgHei
WHKyOaImm.

Metons! xapaktepuzanun Y3 u Y3-I'K. OyHk-
[IHOHATBHBIN COCTaB MPOAyKTOB o Metoay JIPC/IB.
M3MepeHus: aHAIUTUYECKUX JIMHUM 3JIEMEHTOB BbI-
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MOJTHSUTH HA BOJTHOBOM PEHTTC€HOBCKOM CIIEKTPOME-
tpe S6 JAGUARXRF (Bruker, ['epmanus); crek-
TPOMETP YKOMIUIEKTOBaH PEHTI'€HOBCKOH TpyOKOH
¢ Rh-anonom, HoMuHaNbHAS MOITHOCTH — 4 KBT.
MukpocTtpykrypHOl aHanmw3. CKaHHPYIOTHI
3NeKTpOHHBIN Mukpockorn (COM) Quanta 2001 3D
(FEI, Tonnannust) mpu yCKOPSIIOIEM HANpPSKCHUU
10-30 kB ucnonms30Baimu sl H3ydeHN TOIorpaduu
MTOBEPXHOCTH Y3 M KOMIIO3UTA.
Pentrenoctpykrypusiii ananus (PCA). Pent-
TeHO(IIYOPECIICHTHRI  aHauu3  MHHEPAIbHON
YacTH MaTepUalioB BBINONHAIICS Ha JAupak-
tometpe Empyrean X-ray Diffraction System
(MalvernPanalytical, ['onmanans) cmoco6om pasio-
KCHUSI PEHTTEHOBCKOT'O M3IIyUCHHSI.
Craructuueckue aHanusbl. JlocToBepHOCTH U
HAJe)KHOCTh MaTEpPHAJIOB HCCIIEJOBAHUN OLEHEHA
CTaTUCTUYECKUMH MeTogamMu. AHaiu3 u 00o0rie-
HUE (PU3UKO-XUMHYECKHX U MUKPOOHMOJIOTHYECKUX
WCCIIEIOBAHNH BBITIOJHEH C MCTONB30BAaHUEM TIPO-

rpaMMHOTO oOecriedeHus] OaHKa JTaHHBIX, a TaKXKe
rakera craTUCTHYecKol 00padoTku MicrosoftExcel
u STATA. Bce 3agBieHHble 3HAUueHHUS OAHBLI Kak
cpenHee 3HaUEHHUE + CTaHIaPTHOE OTKIOHEHHE.

Pe3yabTaTthl u 00cy:k1eHue

[IpoOs1 Y3 u3 30510ym0BHUTENIEH AKCYCKOM DIIEK-
TPOCTAHIIMKM OTOMPATU OT KAXKAOTr0 KOTJIoarperara
B TIeproJT paOOTHI Ha CTabMITbHOM peskume. OT Kaxk-
JIOTO KOTJIoarperata OTOMpaiy OTAENTHbIE IPOOHI B
KOJIMYECTBE, HEOOXOAMMOM JIJISl COCTABJICHUS CPe/l-
Helt TpoOsI B pasmepe 100 kr.

Xumudeckuit coctaB ¥Y3. YUnThIBas KOMITJIEKC-
HBIH MYJBTH-3JIEMEHTHBI cOCTaB Y3, KOJIMYECT-
BEHHOE OIpe/IeIIeHNE TPOBOIFIIN JBYMSI METOIAMH:

1. DieMeHTHBII aHaMW3 C MCIHOJIB30BAHUEM
CKaHUPYIOUIETO AJIEKTPOHHOTO MHUKPOCKOMa, 000-
pynoanaoro EDAX GENESIS 2000 merekropom

(puc. 2).

[r -

L R PR A W
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 Flemeat Wit A% |
i | 67,67
¥ 2103 175
Na | 045 | BT
Mg 0] ) 0
Al | 308 1%
5 | 6.1 1
P il i 101
LY .I L E | | (|
il ik iiE i 3
'k il.14 X
[ ] il 3% [Nk
Fe i1 3] 1 %
e e Markx | Cormection | ZAF

Pucynok 2 — DnemenTHBIN a”anu3 Y3, B pacuere Ha Wt% u At%

Kak BumnO, B coctaBe mccienyemoit Y3 Ti-
JKeJple MeTajulbl OTCYTCTBYIOT. OJHaKo mpHu-
cyrctBue B coctase S, N, Mg, P, u Fe naer Bo3-
MOXHOCTH JUJII POCTa W NpoNHdepanud B HEM
MEePCIEKTUBHBIX MUKPOOPTaHU3MOB, KOTOPBIE HC-
MIOJIB3YIOT 3T 3JIEMEHTHI B KAU€CTBE MTUTATEIbHO-
ro cybcrTpara.

2. DJeMEeHTHBIN aHajlu3 METOJOM PEHTTEHOd-
myopecueniun (POA). Ha manHOM 3Tame m3ydeH
TIpoLIecC OTpeeTeHNs coAepKaHua B Y3 OCHOBHBIX
KOMIIOHEHTOB U MHUKPO3JEMEHTOB MeTo0M PDA,
pe3ybTaThl KOTOPBIX IIPUBEACHBI B Ta0I. 1.
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Tab6auna 1 — Xumuyeckuit coctaB Y3, Wt%

KommnonenTst Hons KommnoneHTs1 Homs
Sio, 59,74 MgO 0,55
AlLO, 27,44 MnO 0,10
Fe,0, 6,56 Na,O 0,45
TiO, 1,45 PO, 0,82
K,0 0,74 Lor 1,02
CaO 1,13

*

MOTEPH IPH TPOKATUBAHIN



H.III. AkuMOeKoB u Jip.

[lomydeHHble pe3ynbTaThl IMOKA3BIBAIOT, YTO
OCHOBY Y3 COCTaBIIIFOT OKCHJABl KPEMHUS, aJto-
MuHusg u xkeneza (93.74%). Monynb OCHOBHOCTH
(M,), KaJbKyJIMpOBaHHBIM, KAK OTHONIEHHE CyMM
OKCHJIOB IIEJIOYHO3EMENbHBIX METAJUIOB K CyMMe
KHCIIOTHBIX OKcuaoB paBeH 0,019, uyTo mo3BomsieT
otHecTH Y3 K kucnbiM 305am (M < 1) (bopmyia 3):

Cad + M
3
S]ﬂz"" .Ijalzﬂ'j ( )

rae: M, — MOJyJib OCHOBHOCTH.

My =

dusznyueckue XxapakTepUCTUKHU Y 3 mpuBee-
HBI B Tabauie 2. KpuBesie pacnpeneicHus da-
cTull Y3 mo pa3Mepy mpeacTaBlIeHBl Ha puc. 3
B KyMYJATUBHOW U quddepeHunanbHoil ¢pop-
Me. JlaHHBIE TEMOHCTPHUPYIOT MIUPOKHUE AUATIa-
30HBI pa3MEpOB YACTHI], XapaKTepHU3YyIOUIHuecs
d,— 43 um, d, - 31,5 um u d,, — 86,0 pum
(tabm. 2).

Takum oO6pazom, Y3 xapakTepu3yeTcs CpeaHen
HACBIMTHOM mIoTHOCTHIO 1,04 r/cM®, pacnipenenerue
YaCTHI] COCTABIISAET dcp UM.

Taéanua 2 — HacbinHas I0THOCTb, COAEPKAHNE MAaTHUTHOM (DpaKkInK U XapaKTePUCTUKA pacIipeieNieH!s YacTHUIl 1o pa3Mepy Y3

Hacpimaas ConeprkaHre MarHUTHOM Pacnipezienienue mo pasmepam, M
IUIOTHOCTS, T/cM® ¢pakmuu, mac.% d d d d
cp 10 50 90
1,04 6,1 39 4,3 31,5 86,0

Pucynok 3 — Pacnipenenenue gactur Y3
10 pa3Mepy B KyMYISITHBHOM (MHTETpaibHoi) O3 (x)
u nupdeperunansHoit dQ3(x) popme

OxapakTepru30BaHHbIE 30JIbHBIE (PPAKLIUHN COOT-
BETCTBYIOT TPEOOBAaHUSAM K pa3Mepy JacTHIl, $hazo-
BOMY M XUMHYECKOMY COCTaBY, MOTYT OBITh ajipec-
HO WCIIOJIB30BaHBI ISl MOJTyYEHUS! T€TePOreHHBIX
MaTepuaNoB C YHUKaJIbHBIMH W YIPaBISEMBIMA
CBOWCTBAMH, YTO TPUBEAET K CHUKEHHIO 00BEMOB
otxonoB Y3 [53].

PamanoBckast cnektpomeTpusi. CHeKTpocko-
MIUIO UCIOIB30BANIU JJI U3YYEHUS MUKPOCTPYKTY-
pel ¥Y3. PamaHcKHe CIIEKTpHI 3alMCHIBANIA B Oojee
mpokoM (o 3500 cm™) nuanasone. Puc. 4 neMoH-
CTPHUPYET MONyYeHHBIC CHEKTPHl Y3. B ocHOBHOM
BCE CIIEKTPHI MPEICTABICHBI JBYMS XapaKTePHBIMU
IUTsE aMOp¢HOTO yriiepoaa MUKaMH, KOTOPBIE OTHO-

cATCS K Tak HasbiBaeMbIM nosiocam D (diamond) u
G (graphite).

Ha ¢one monockl BBHISBISIOTCS WHTEHCHBHBIC
JMHHUK ¢ MakcuMyMamu ripu ~1360 cm™! (paccesinue
Ha aMOP(QHBIX KapOOHOBBIX rpymmax) u ~1600 cm!
(paccesiHue Ha apOMaTHYECKHX KOJBLAX M COMpS-
JKeHHBIX ¢ HUMH C=0-CBs35X).

OO0pasibpl IMEIOT HEOAHOPOAHYIO CTPYKTYpPY B
3aBHCHUMOCTH OT OOJIaCTH Ha KaKJIOW OTIENbHOM
yactune. B ocHoBHOM, B ipo0ax HabmogaeTcs Ha-
JUYHE KBapIia U OKCcHa skenesa (Taoir. 3).

Mopdodonoruveckne XapaKTEPUCTHKU YTOJb-
HOM 307bl. i1 JeTanbHOTO aHaju3a CTPYKTYPHI
MMoBepXHOCTH Y3 ObLT mpuMeHeH Metoq COM. Ha
PHUCYHKE 5 Tpe/cTaBIeHbl MUKPOCHUMKH 00pa3ia
uccnengyemoro marepuana. Ha o0630pHBIX (oTO-
rpadusx (puc. 5a) BUIHO, 9TO YACTHUIIHI 30JI6I ©ME-
I0T HENpPaBHIBHYI0 GOpMY, pelibed MOBEPXHOCTH
YacTHULl UMEET BBICOKYIO CTENEHb IIEPOXOBATOCTH
1 O0JIBIIIOE KOTTMYECTBO TIOP PA3IUIHON T€OMETPH-
yeckoii popmbl. HabGmronatorcst otaensHbIe cdepo-
nogo0HbIe hopMbl. Ha mOBepXHOCTH TPUCYTCTBY-
FOT O0JIee MEITKME JacCTHUIIhI IPAaBUILHOMN cheprude-
ckoif hopmel. Ha yBennyeHHBIX CHUMKaX (pHc. 50)
3aMETHO, YTO MeJKHe c(hephl JOKAIN3UPOBaHEI B
nopax, a 0ojee KpyIHBbIC pacroyiaratroTcs Ha To-
BepXHOCTH 00Opasia.

Pe3ynpraTel M3ydeHHS XUMHUKO-TEXHHUYECKUX
XapaKkTepUCTUK P00 HU3KOCOPTHOTO Oyporo yriis
MECTOPOXKACHUST OJKubacTy3a TIpEACTaBICHBl B
Taom. 4.
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Pucynok 4 — Paman-criektopsl 00pasmnoB Y3
Ta6auna 3 — HazHaueHuns1/onrcanusi paMaHOBCKHX AMANa30HOB
PamaHcKkue CeKTphI Raman shift (BoaHOBO€ unci0), cm’! Hasznauenue (BHIBI)
Quartz 200 a-Si0,
Fe-oxides 220 Fe?Fe? 0,
Magnetite, ferrites+glass 286 FeFe,O,
Hematite 408 O~displacements
Quartz 462 a-Si0,
Fe-oxides ~600 Fe? Fe?,0,
a 6
Pucynok 5 — COM-u300pakeHust UccieayeMoro odpasia.
a — o63opHast ¢potorpadusi, 6 —yBeranueHHas pororpadus
Tabauna 4 — XuMuko-TexHnIecKkue xapakrepuctuku Exubacrysckoro BY, Wt%
TexHuueckast XapaKTepHCTHKA JJIeMeHTHBIH cOCTaB
Boixon netyunx Temnnora cropanus, ;
Bnaxnocts, W 301bHOCTB, A Bemects, V MJx/kr, Q C H N S O
7,1 38,9 23 32 77,1 5,08 2,12 0,9 14,8

" [0 pasHHuIe
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H.III. AkuMOeKoB u Jip.

Ha ocHOBaHMM MpOBENEHHBIX AAHHBIX MOXKHO
3aKJIIOYUTE, YTO aHAIHTHIECKas mpobda BY BeiOop-
ku 2020 r. U3 OCHOBHOI'O IUIACTa MECTOPOXKICHUS
OkubacTy3a OTHOCUTCS K BBICOKOKaTOpHIHOMY (32
M/Ix/kr), MagocepHUCTOMY (<1) TOITUBY C BBICO-
KoM 3016HOCTHIO (38,9%) U cpenmHell BIa)XKHOCTHIO
(7,1%) xnacca CC.

I'K skctparupoBanyu u3 Y3 METO9IHON IKCTpaK-
nueit o moaudunuposanHomy metoay Huculak-
Maczka [49]. [lo MHEHUIO aBTOPOB, HCIIOJIB30BaHHUE
pactBopa NaOH mis skerpaknuu 'K u3 yris Hus-
Koro panra sisiercs 3¢dexkruBabiM 1 Beixon 'K
cocraBisier 51,6%. B Hamem ciydae paccumTaH-
ueii Beixoa I'K cocrasuin 75,1%.

Ha cnenyrommum stame, 'K xak npoaykr BY,
MCCIIeZIOBANIaCh PAa3HBIMH  CIIEKTPOCKOMTUIECKHUMHU
METOaMH.

HK-cnextps! ['K comepxar momnocs! norsouie-
HUS, XapaKTepHbIE JJIS TYMHHOBBIX BEIIECTB pa3-
JIUYHOTO TIpoucxoxaeHus (puc. 6) [54]. UK-cnextp
XapaKTepU3yeTcs HHTEHCUBHOM IMOJIOCON MEXIy
2940-2900 cm!, uTo yKa3plBaeT Ha NPHCYTCTBUEC
3HAYUTENFHOTO KOJINYECTBA aTH(PaTHIECKUX TPy
(C-H). CrmekTpsl Takke UMEIOT CPETHIOI IOJIOCY
MHTEHCUBHOCTH B 00actu 1590-1517 cm™!, BBI3BaH-
ayto rpynmnamMua COO™'; N-H u C=N.

Pacnipenenenue naTeHCHBHBIX Tosioc 'K B wH-
(hpakpacHOM IHaIia3oHe MPUBEACHO B TAOII. 5.

OnementHeiid ananu3. ['K Obiia moaBeprayTta
3JIeMEeHTHOMY aHanm3y (tabm. 6). [IpumedarensHo,
4yTO TeHepalus yrieBoga M azora 'K cocraBms-
er 54,72 u 2,55, cOOTBETCTBEHHO. ATOMHOE COOT-
Homenue H/C ykas3piBaeT Ha CTENEHb apoMaThy-
HOCTH, Tak B 'K ero 3HaueHme cpemmee, 9To 00b-
SICHSIETCSI HEBBICOKOW MOJEKYJISIPHOM Maccol H
coJiepKaHNEeM KOHIACHCHPOBAHHBIX apOMAaTUIECKIX
CTpYKTYyp [55, 56].

Pucynox 6 — UK-cnexrper 'K

Tab6auna S — Haznauennst/onncanus auanasonos VK-cnekrpockonun

BonHoBoe uucio, cm'! Hasnauenue (rpynmsr)
3000-2800 Amadparuyeckue CH,u CH,
2940-2900 Amndarngeckuit C-H
1250-1100 VronbHbIe KUCITOTHI, peHOMbHBIC WK aTu(aTHISCKUE CIIUPTHI
1580 COO'!
1400-1310 COO!
1660-1630 C=0 amupa; xuHOH n/unu C=0-H-cBsA3aHHBIX KOHBIOTHPOBAHHBIX KETOHOB
1590-1517 COO'; N-H u C=N
1280-1200 C-O u O-H COOH
1170-950 C-O nomucaxapuna; Si-O cuiukara
Huxe 900 Bue nockoctu apomartndeckux C-H; Anudaruyeckuit -CH, -

AtomHoe cootHomeHue O/C HHOEKCUpPYETCS
Kak [10Ka3aTelIb KOJNYECTBA KUCIOPOACOIepHKALINX
rpynm (Takux Kak, YIiIeBOAOB M KapOOKCHIIBHBIX
rpymnm), ero Tunu4yHoe 3Hauenue s I'K cocrapms-
et ~0,4. bonee BbICOKHME 3HAYEHHS YKa3bIBAaIOT Ha
OoJiee HU3KYIO CTEIIEHb apOMAaTHUECKON KOHIEHCa-

uuu B ['K. AtomHoe cootHOomenne N/C oTpakaeT
KOJIMYECTBO a30Ta B OPTaHMYECKUX BEIECTBAX, UTO
B JJAHHOM CJIy4ae ero 3HaueHue Bblcokoe. OTHolIe-
Hre N/O Taxke yKa3blBaeT Ha MOBBIIIEHHBIH COCTaB
a3oTa B npojykTe bY u Oonee HU3KYIO MOJIEKYIISp-
HyI0 Maccy [57].
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Tabauna 6 — DnemenTHbIH aHanmu3 obpasnos ['K

JiemeHTHI (Wt.%)

ATOMHOE OTHOILIIeHH e

C H N S o 3ona H/C o/C N/C N/O
54,72 4,03 2,55 0,18 34,07 4,45 0,88 0,47 0,04 0,08

" [0 pas3HHuIle

DJNeMEeHTHBI aHaIU3 W COOTHOIICHHE aTOMOB Crnenngudeckre WHAECKCH (IyOpEeCIeHTHON

MOKa3bIBAIOT, uyTO xuMmuueckuit coctaB ['K xapak-
TEPU3YETCS] HU3KOM MOJEKYJSIPHOM Maccoll U co-
Jep>KaHWEeM KOHIEHCHPOBAHHBIX apOMaTHYECKUX
CTpYKTyp. Taxke ObLT BBISIBIECH 00Jiee BRICOKHIA CO-
CTaB a30Ta (3HAYCHUS ATOMHBIX COOTHOILICHHH).
EEM ¢nyopecuenTnas criektpomerpusi. B pa-
00Te MpHUBEICHBI PE3yJIbTaThl YCOBEPIIECHCTBOBAH-
Horo ananm3a EEM dnyopecnieHmm it n3ydeHus
npupozsl u ceoiicts I'K. Ha puc. 7 npencrasnenst
EEM cnektpsl ['K. Cunbhbie ¢uryopodopsl B oc-
HOBHOM HaOmofatoTcsl npu Bo3Oyxaennu (Ex.) /
ucnyckanuu (Em.) okomno 270-275/440-445 um, uto
COOTBETCTBYET I'YMHHOIIOI00HBIM BEILIECTBAM.

Pucynok 7 — EEM cniekrpst npo6 'K

cnekTpoMeTpun. Tpu mokazatens (Giayopumerpun
(FI, BIX u HIX) Obutr BEIOpaHBI [T U3YYECHUS XH-
Mu4ecKoi npupoasl YK, UX 3HaYeHUs] IPUBEACHBI
B Tabm. 7.

Wnpnexc dayopecnennmmnn (FI) paccumreiBaet-
cs KaK OTHOIIEHWE MHTEHCHBHOCTH Em. Ha mymHe
BosiHBI 450-500 HM npu Ex. Ha 370 HM. 3HaueHue
FI <1,3 cooTBETCTBYET OPraHUYECKUM BELIECTBAM,
MOJYYCHHBIM M3 MCKOMAEMbIX NCTOYHHKOB/TIOYB, a
3HauYeHus >1,9 cOOTBETCTBYIOT MUKPOOHBIM UCTOY-
HUKaM [58].

buonornyeckuit wunmekc (BIX) omenuBaeT
BKJIaJl aBTOXTOHHOM MJIM OMOJOTHYecKoil (MUKPOO-
HOI) aKTUBHOCTH B (POPMHUPOBaHNY TYMHHOBBIX Be-
mectB. Ecnu 3Hauenue >1, To OHO COOTBETCTBYET
coeMHEHUsIM (TYMUHOBBIM BEILECTBAM) IMPEUMY-
MIECTBEHHO OMOJIOTHYECKOTO M MUKPOOHOTO TIPOHC-
XOX/IeHHUs, Toraa Kak <l yka3pIBalOT Ha HE3Ha4H-
TEIbHBIM aBTOXTOHHBIN (JIOKAJIBHBIHN) BKJIaJ HCXO/-
HOTO cybOcTpaTa [59]. B manHOM cirydae 3HaueHHE
BIX cocraBuio 0,12, BeposTHO, U3-3a mpeobiiaa-
HUS TYMHHOTIOTOOHBIX (IIyopodopoB.

WNunexc rymubwukamum (HIX wm  wHIEKC
Zsolnay), ucnonb3yeTcs IJisi OUSHKH apoMaTHYHO-
CTH TIOJIy4€HHBIX NMpoaykToB bY. bonee Bbicokue
snavernss HIX (>10) cooTBeTcTBYIOT OOJIEe BBICO-
KOHM CTENEHHU 3pEeJIOCTH T'YMHUHOBBIX BEILECTB, B TO
BpeMs KaK HU3KHE 3Ha4deHus (<4) COOTBETCTBYIOT
WX HU3KOU creneHu [60].

Ta6muua 7 — Crieriuduveckre HHACKCH (PIyopeClCHTHOrO aHAIN3a

Wnnexcsl Giryopumerpun JlnuHa BONHBL 3HaueHue I'K
FI Ex.370 nm, Em.470/520 nm VcTOuHNKY TYMUHOBBIX BEIIECTB 1.15+0.02
BIX Ex.370 nm, Em.380/430 nm [IpoucxoxeHue ryMUHOBBIX BELIECTB 0.12+£0.01
HIX Ex.255 nm, Em.435-480/300-345 nm | Crenenb 3peiocTy r'yMUHOBBIX BetiecTB | 13.86 +0.13

M3omsimio MUKPOOHBIX COOOIIECTB MTPOBOINAIH
u3 pusocepbl AUKOPACTYUIUX PAacTCHUH, coOpaH-
HBIX B (pa3e CO3pEeBaHUS B YMEPEHHO 3aCYILTUBOM
30HE TPHUIIAXTHBIX TEPPUTOPHH DKHOACTY3CKOTO

82

YTOJIBHOTO MECTOpOXXKIeHUs. PacTeHus ¢ KOpHs-
MU H3BJIEKAJUM U3 TPYHTa BMECTE ¢ KOMOM IIOYBBI
U TPaHCIOPTHUPOBAIN B J1aOOpPaTOpUIO B CTEPUIIb-
HBIX nakerax. [lepcrieKTUBHBIMM B HACHTH(HKA-




H.III. AxrmGexoB u ap.

UM 1 U3yYEHUU OOJIBIIMHCTBA MHUKPOOPTaHU3MOB
SBIISIIOTCS MOJIEKYJISIPHBIE METOJBI, MO3BOJISIONIHIE
MCCIIC/IOBATh CBOWCTBA MHUKPOOHBIX COOOIIECTB in
situ. MeTareHOMHKa 3TO aHANIW3 CyMMAapHOTO Te-
HETHYECKOTO MaTepHualia, BBIIEISIEMOTO W3 IIeJOn
OMOJIOTUYECKON CUCTEMBL. B METareHOMHBIX CHCTe-
Max HaubOosee mpuoputere 16S rRNA ananus, rue
Ha ctpoeHuu nanHoit PHK ocHoBaHa coBpeMeHHas
¢unoreneTnueckas KiaccuUKays MHUKPOOpTa-
HU3MOB. B pamMkax naHHOTO 3Tama WCCIeNOBaHUs
MIPOBEJICH METarCHOMHBIN aHaIN3 PU30Chepsl DKU-

0acTy3CKOTO yrojibHOTO MecTopokaeHus. IlepBuy-
HbIC JIAHHBIC TI0 BHJIOBOMY OOTaTCTBY M WHJIEKCHI
OouopazHoobpasus npod npuBeneHsb! B Ta0. 8.

BrsiBieHHBIM B MUKPOOHBIX COOOIIECTBAX YPO-
BEeHb OMOpa3HOOOpa3us, B IEJIOM, JOCTUTAJ BBICO-
KHAX 3HAYE€HUH — OK0JIO 776 BuIOB. I10BBIIIICHHEIN
YpOBEHb OMOpa3zHO0Opa3us Mpod MOXKET OBITH CBSI-
3aH C €ro BBICOKOW CTENeHbI0 ryMudukanuu BY,
YTO SIBJSIETCS. ICTOYHUKOM MUTATEIBHOTO M DHEP-
reTU4ecKoro cyocTpaTa Ui poCTa U Pa3BUTHUS Pa3-
JIMYHBIX MUKPOOPTaHU3MOB.

Tabémuna 8 — OcHoBHBIE NOKa3aTenu GMopa3zHOooOpas3us A1 pu3ochepsl

Paznoobpasue Bcero
Habnromaemeie Hunexc HH[{eKc Chaol ACE [MokpeiTHE IPOO (bHIOTeEETHIECKOTO
BHJIBI Shannon Simpson (Goods coverage)
JepeBa
776 5.694 0.928 802.102 798.325 0.999 63.021

UnTepecHbIM sBNsieTCS TOT (DAKT, 4TO MPOOA pH-
30c(heppl XapaKTepu3yeTcsl BRICOKMM TOKa3aTeaeM
nanekcoB OUT u Shannon, 9T0 Tarkke yKa3bIBaeT
Ha HAJIMYHE B 00BEKTE MUKPOOHBIX COOOIIECTB KIIH-
MakKCHOTO Tura (puc.8).
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Pucynok 8 — CratucTrka KitacTepu3anuu
u agHoTtauwmu o OUT

BakTepuanibHbie co0011IeCTBa pusocde-
pel  cHOPMHUPOBAHBI TMPEHUMYIECTBEHHO THIIA-
mu Proteobacteria, Acidobacteria, Firmicutes n
Bacteroidetes (puc. 11a). HauGombiiryto 100 uMe-
eT Proteobacteria, 4acTo 3aHUMAIOIIAs JOMHHAHT-
HOE TIOJIOKEHHE B TIOYBEHHOW MHKPOOHOTE.

[lpu aHanmu3e TaKCOHOMHYECKOH CTPYKTYpHI/
MOCJIEI0BATEIFHOCTEH Ha YpOBHE JAOMEHa OBLIO
00HapyXEeHO, YTO aOCOJIOTHOE OOJIBITIUHCTBO B
MUKPOCOOOIIIECTBE COCTABISIOT OakTepuu (puc. 9).
Tak, nons apxeit cocrasuna Bcero 0,1 % (puc. 10).
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Pucynok 9 — CtatucTrka mocie0oBaTeIbHOCTEH
pu30ochephl Ha Pa3HBIX YPOBHSX KIaCCH(MHUKALINN

Ha ypoBHe ceMelCTB B Ip0o0ax ObLIK BhISIBJICHBI
MIPEICTaBUTENN OaKTepUAIBHBIX Tpynn Micrococ-
caceae, Pseudomonadaceae, Lachnospiraceae, Ru-
minococcaceae, Bacteroidaceae n Moraxellaceae.
[Tomumo OGakTepuii C yCTaHOBICHHON CHCTEMaTH-
YeCKOH MPUHAICKHOCTHIO, IPOOBI pu30chepsl Co-
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JIepyKaIi 3HAUNMOE KOJHUYECTBO HEUACHTHOUITUPY-
€MBbIX Ha YPOBHE CEMEHUCTBA MTOCIEI0BATENbHOCTEH,
JI0JIsl KOTOPBIX cocTaisiia 25% (puc. 1106).
Bonpias qoysi HeONMpeaeeHHBIX MOCIE0-
BaTeNbHOCTEH ObLTa BBIABICHA HE TOJBKO Ha

ypOBHE ceMelicTBa, HO U Ha ypoBHE poaoB. U3
puc. 10B BLAHO, YTO J0JIS ITUX MOCIET0BATEINb-
HocTel cocTaBugeT 43%, 4To TOBOPUT O HAJU-
yuu B pusocdepe 60raToro MUKpo-0uopazHOO-
Opaswusi.

E=rm

Pucynok 10 — TakcoHOMIUecKas Kitaccu(puKanust MUKpOOHBIX cOOOIIECTB pU30chepsl,
BM3yaJIn3UpOBaHHas ¢ moMoIubto Krona
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Pucynok 11 — TakcoHoMHUYecKast CTPYKTypa IIPOKapHOTOB pH30Chepbl
(a— Ha ypoBHe THMa, 6 — Ha YpOBHE CEMEHCTBa, B — Ha yPOBHE pOJia)
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H.II. AxumObexoB u zip.

[Ipokapuorndeckoe cooOmecTBo mpod B oc-
HOBHOM COCTOUT TIPEHMYIIECTBEHHO W3 TIpeJ-
craButenieli ponoB Pseudarthrobacter (40,19%),
Bacteroides  (1,54%), Roseburia  (14,05%),
Phyllobacterium (1,85%), Acinetobacter (12,20%)
u Pseudomonas (30.15%) (puc.12).

Jdns  ompeneneHuss — paziauyHbIX  (pusmo-
JIOTHYECKHUX TPYII MHUKPOOPTaHU3MOB pHU30che-
pBl, OBUTH cO37aHBl SJCKTHUBHBIC YCIOBUS in Vi-

tro, ¢ MIPUMEHEHUEM CEJIEKTUBHBIX MUTATEIBHBIX
cpen, cozmaromux Oojee OIAarompuATHBIE YCIO-
BHS JJIS pOCTa M Pa3BUTHS ONPEACICHHOTO BHIIA
pU300aKTEpHii, CTUMYIUPYIOIINE POCT PACTCHUI
(PCPP). Tak, B pe3ynprare NMpOBEACHHBIX HCCIIE-
JOBaHUH W3 MpoO puzochepsl OBUIH BBHIACIEHBI U
UACHTU(OUIUPOBAHBI 10 POAA KYJIbTYPhl OaKTEpHIA,
KOTOpbIe TakXe OBUIM MOITBEP)KICHBI METOIOM
16S rRNA (ta0. 9).
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Pucynoxk 12 — CocraB 1 COOTHOIICHUE OTACIBHBIX BHIOB pH30C(EphI

85
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Ta6auna 9 — Mopho-KynbsTypalibHbIe H (H3HOIOTO-TAKCOHOMHYECKHE XapaKTePHUCTHKY H30JMPOBAHHEIX OaKTepHit

Ponosas mpu- DJeKTUBHbBIC IToxazarens 16S
MuKpoOHOIOTHYECKUE XapaKTePHCTUKH
Ha/IJIEKHOCTh cpenbl rRNA
Azospirillum sp. | Azospirillum | pamoTpunarensusie, He 00pa3yroOT CIOP, MPOOJITOBAThIE MATOYKH. Puc. 10: mopsimok
medium MukpoaspoduiibHbie. PacTyT B IPUCYTCTBHU COJIEH OPraHUIeCKUX Rhodospirillales.
KHUCJIOT.
Acetobacter sp. Acetobacter | [pamoTpunaTenbHbie, MaJOYKOBUIHBIC, HEMOIBUKHBIC. DHIOCIIOP Puc. 13a: cemeiicTBo
agar He 00pasyrot. O0nurartHbie a3po0bl. KaranasomnonoxurebHbie Acetobacteraceae
Bacillus sp. IMurarensuas | [pamIonoxuTes bHbIe NaJ0YKOBHIHBIE, 00pa3yloT BHyTpUKIeTouHble | Puc. 136: mopsimok
cpena obiero | cropbl. Adpo0Obl. Karanasnasi n okcuia3Hasi akTHBHOCTH — TTOJIOXKH- Bacillales
Ha3HAYCHUS | TEJIbHBIC.
Pseudomonas sp. | Luria-Bertani | pamorpuarensHbie, MOTOYKOBUAHBIE, HE 00pa3yroT crop. A’poOsl. | Puc. 13B: pox Pseu-
(LB) agar Karanaza®, okcunasza” domonas.
Rhizobium sp. | Yeast mannitol |[‘pamorpuratensHble, HeOOJbLINE MATOUKOBHAHBIE a3po0bl. Cpeny ¢ | Puc. 13r: nopsmox
agar MHHEPAJIBHBIMHU COJISIMH TIPH POCTE MOIKUCIISIOT. Rhizobiales
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Pucynoxk 13 — Busyanmmsamus Be6-rakconomuu Krona Ha mpumepe:
a — ceMeiicTBO Acetobacteraceae, 6 — nopsnok Bacillales, B — pon Pseudomonas, T — opsnok Rhizobiales




H.III. AxrmGexoB u ap.

[IpoBenennas paboTa MO3BOJISET CBSA3aTh OCO-
OCHHOCTH Pa3HOOOPa3Ms U CTPYKTYPHI MUKPOOHBIX
cooOiecTB, U3y4yeHHsIe rpu momomy 16S rRNA u
in vitro, ¢ 0COOEHHOCTSIMH pHU30CPEPBl KaK IKOJIO-
TUYECKOM HMILN.

JBa Buna V3 (V3-1: Oennsie yriepomaom (<80
MKM) 1 ¥Y3-2: 6oratsie yriaepogom (> 80 MkM) ObuH
ucnbiTagel Ha Momudukaruio ¢ I'K. Pesymprarer
YKa3bIBaIOT Ha CYLIECTBEHHBIC PAa3U4HUs B aacopo-
muu ['K Ha o6enx Y3. B wactHocTH, Y3-1 ynepxu-
Baet Gomsimre I'K (2,1 mr r!) mo cpasHenuio ¢ Y3-2
(1,7 Mr '), uTo HaMPsSIMy1O CBSA3aHO C pazmepoM Y3.
Bpemst B3aumogeiicTBusl aacopOeHT-ancopbara u
KHCIIOTHOCTh PacTBOpa, KOTOPbIe 3PGEKTUBHBI ITPH
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Pucynok 14 — Ynepxxanue I'K
npu usMeHenuu pH

Ancopbuust papHOBecHas. Ha puc.15 mokazaHsr
3nHauenus paBHoBecHoro I'K comepxanns Q. B V3
B 3apucumoctu ot I'K B pactBope C, (paBHOBECHAs
KOHLIEHTpalus1) npu Ttemmeparypax 18, 35, 50, 65,
n 80°C. Kak BHIHO, BCE M30TEPMBI UMEIOT CUTMO-
UAATBHYI0 (OPMY, COOTBETCTBYIOIIYID H30TEpPME
aacopOiuu 1o knaccudukanuu bpynayaspa-/lemun-
ra-Jlemunra-Temnepa (b1/IT), koTopast cTaHOBUTCS
0oJiee OTUCTIIMBOM C TOBBIIICHUEM TEMIIEPATYPHI.
Ancopbuus 'K Ha Y3 cocraBnser ot 0,5 mo 100
Mrl'K / r V3 npu temmnieparypax ot 18 1o 80 °C, co-
OTBETCTBEHHO. AJICOPOIIMOHHAsI CTIOCOOHOCTD yBe-
JMUYMBAETCs C TIOBBIIIICHUEM TEeMITepaTyphl oT 1 110
50 mr 'K/ 1 Y3 mpu Temneparypax ot 18 go 80 °C,
COOTBETCTBEHHO.

AncopOuust cConpoBOKAAETCS Pa3HBIMU ITPOIIEC-
caMH, TaKUMHU Kak, SHEPreTHUYECCKUMHU Oapbepami,

pa3paboTke mpoiiecca acopOIuu, UMEIOT OOJBIIOE
3HaueHHE B (heHOMEHE MomuUKaIm. Y aepkanme
I'K B V3 yBenuuuBaeTcs B TeueHue nepBbix 30 MuH,
a 3aTeM OCTaeTCs MPAKTUYECKH KOHCTAHTHBIM; TO
€CTh IOCTHTaeT PaBHOBECHOTO COCTOSHUA. Knucmot-
HOCTh DPacTBOpa BIHsIET KaK Ha TOBEPXHOCTHBIN
3apsy aacopOeHTa, TaKk W Ha pPaBHOBECHE IPOTO-
HUPOBaHUA-ICMPOTOHNPOBaHUs ancopbara. Puc.
14 moka3bIBaeT, 4To HelTpanbHble pH B OCHOBHOM
cnocooctBytoT agcoporuu 'K Ha V3. [loBsienne
pH MoXeT npuBecTH K ICNIPOTOHUPOBAHUIO KaK Y3,
tak U 'K, B To BpeMs kak Npu HU3KUX 3HAYCHUAX
pH u ancopbar, u ancopOeHT CTaHOBSTCS MOJIOXKH-
TEJILHO 3aPSKCHHBIMU.
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Pucynoxk 15 — Ancopbrus ['K Ha V3
C U3MEHEHHEM TeMIIepaTyphbl

KOH(POPMAIHOHHBIC WU3MEHEHHUS, MHOKECTBCHHBIC
PaBHOBECHA U MEXaHU3MaMU YACPKHUBaHHA, KOTO-
pBIe BHOCST BKJaJ B SHAOTEPMHUUYECCKHH XapakTep
ancopbruu [28]. Takum oOpa3om, «meperud» Ha
n30TepMe aJCOpOIMH TIPEICTABISET cOOO0M Tmepe-
3aIlycK aJcopOLnH, BO3MOXKHO, M3-3a 00pa30BaHUs
MHOTOCJIOHOCTH W/WJIM Hayalla JIPYyroro MoJIpo-
mecca aacopommm [29].

Uzotepmbl ancopOuuu. s BeIABICHHS pas-
JUYHBIX  (DU3UKO-XMMHUYECKUX CBOWCTB, Xapak-
TEPUBUPYIOIUX H30TEPMBI aICOPOIIUH, HCIIONB30-
BaJMCh JEHCTBYIOLIME MOJEIH ancopOomuu (M30-
tepmbl Opeiiaumxa, I'apkunca-lOpa, BOT (bpyna-
yap, Ommer, Temnep) u Jlyoununa-PanymikeBuya)
(puc. 16).

YpaBHenne m3otepma aacopommm DpeitHmu-
xa [30] obecrneynBaeT ajcKBAaTHYIO MaTeMaTH4e-
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CKYIO MOJIeIb sl OTMCaHMs Ipolecca aacopounu
(Ta611.10), ompemensas HEOTHOPOMTHO-PACTIPEICIICH-
HBIE calThl ajcopOumu. JlokazaHO, YTO Takoe He-
paBHOMEpPHOE PaCIOJIOKEHHE TeTEPOreHHO aicop-
oupoBaHHEIX ['K CITOCOOCTBYET pasBUTHIO JIOKAIb-
HBIX MYJIBTHCIIOEB U arperatoB ajcopbara [31].
VYpaBHeHue u3oTepMmbl ancopbumu ["apkuHca-
IOpa [32] B 0CHOBHOM OCHOBAaHO Ha TMPEATIOIONKE-

T B o &,

F 5]

HUU O HEPaBHOMEPHOM pachpeiesieHHH CaiToB
ancopOIMM M HETPUMEHUMA, eCIH He cPopMHUpo-
BAH KOHJICHCUPOBAaHHBIN ciod. IIo cpaBHEHHUIO C
mozenbio BOT Hannune nMMHEHON 00J1aCTH HAMHO-
ro MmMpe, BKIIOYas 0osee BBHICOKHE KOHIICHTPAIHH
agcopbarta. OHaKO COBOKYITHOCTh MYJIbTHCIOCB B
ciyqae ancop6ounu 'K, mo-Bugumomy, Jrydiie cooT-
BeTcTByeT TpeboBanusaM bOT (tadm. 10).
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Pucynox 16 — Pa3ubie Mozenu u30TepM ajgcopOiun: a — uzorepMsl peiinanmxa, 6 -I'apkunca-tOpa,
B — BOT, r — lyoununa-Panymkesnya. 'K — rymunoBast kuciora, Y3 — yrombsHas 301a

Taoauua 10 — KoshdunmeHTs! Koppesnuy THHEHHBIX ypaBHEHUH aacopOuun

Monenu u30TepMBI YpaBHEHHE H30TEPMBI Temneparypa, °C 3nauenue, R?
18 0.99
35 0.98
Opeitnux log Q, =log K, + (1/n) logC, 50 0.89
65 0.81
80 0.79
18 0.86
35 0.98
Tapkunc-IOpa 1/Q* =B/A - (1/A) logC, 50 0.81
65 0.53
80 0.84
18 0.99
35 0.94
BOT C/Q(1-C)=1/X K +(K,-1)/X K)C, 50 0.86
65 0.89
80 0.93
18 0.96
JlyGumun- 35 0.86
Patymesi InQ,=1nX -B[RT In(1 + (1/C))J? 50 0.99
65 0.81
80 0.89

Ypasuenue uzorepmsl ancopomum bOT [33]
JIy4IlIe OMMCHIBAeT ajcopOumonnoe nmoseaenue 'K
Ha 4YacTulax Y3, XOTS 3Ta MOJENb HE Yy4HUTHIBaA-
€T OJHOPOJHYIO aJCOPOIMOHHYIO MMOBEPXHOCTH U
JIaeT JUHEWHYIO 00JIACTh TOJBKO MPU 00Jiee HU3KUX
KOHIIEHTpaIusIx aacopdara. Vicxomas u3 3Toro, npu-
MEHUMOCTh ypaBHeHUus BOT sBiseTcs criencTeuemM
CYILIECTBOBAHUS PA3IUYHBIX YUYACTKOB OAHOPOIHOM
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MOBEPXHOCTH, HA KOTOPBIX aJCOPOIIHS MTPOUCXOIUT
nocaeaoBateabHo [31, 34].

YpaBHenne nzotepMmbl ancopbumu JyOnHnHA-
PamymkeBuya [35] mpeamosaraer pacrpenencHue
l"aycca, ajpcopOIIMOHHOTO TIPOCTPAHCTBA MO OTHO-
MIEHUI0 K aJacopOnMOHHOMY moTeHnuary. Cuauta-
€TCsl, UTO afCOpOIUs SIBJIACTCS PE3yJIbTATOM IIPO-
HUKHOBEHHSI MOJIEKYJIBI a/icopOara B mopy; mporiecc



H.III. AkuMOeKoB u Jip.

OMNKCHIBACTCSI B COOTBETCTBUU C ypaBHeHHeM Ilo-
JITHU DHEPreTHKH BHYTPH IIyCTOTO MPOCTPAHCTBA
TBEPJBIX TEN M MPUMEHSETCS, CKOpee, K CTPYKTYp-
HO OJNHOpoAHBIM cucteMaMm [36]. lanHas Moneib
BITOJTHE COOTBETCTBYET JKCIIEPUMEHTAbHBIM JaH-
HbIM 110 afcopOuuu ['K (tadm. 10).

W3syuyenune mpomecca necopbuuu. [Iposene-
HBI SKCIIEPUMEHTHI 10 AECOPOIMU JJIsI ONEHKH
crocobHocTH Y3 «oTHaBaTh» acopOUpOBaHHbBIE
I'K o6paTHO, 4TO MONE3HO MPH MOTEHIHATHLHOM
MPUMEHEHUHN ITOBEPXHOCTHO MOAMGPUIIPOBAH-
HOi Y3 B KauecTBE MEJHOpPAHTa C MEIJIEHHBIM
BBICBOOOX MaromuM dpdpexrom. Tak kak 'K men-
JIeHHee OCBOOOXIaeTcss B KUCIOW WM B HEM-
TpaIBHOM Cpelax, IKCIEPUMEHTHI MPOBOJUINUCH
B menouHoi cpene (pH = 8-10). boxee Bricokue
3HaueHns: pH He >¢p(eKTHBHBI MOCKOJIBKY HE
SIBISIOTCS HEOOXOAUMBIMH JjIsi 00pabOTKU TO-
uyBbl. Pe3ynbTarhl, npeacTaBieHHbIE HA pUC. 17,
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JEMOHCTPUPYIOT, uTo Oonbiuast yacts ['K (80%)
BBICBOOOJKJamachk BO BpeMs IMEPBBIX TpeX Mpo-
MbIBanuii; ogHako ['K Ov1u oOHapyKeHBI U 1MO-
clie IIeCTOro MpoMbIBaHUuA ¥Y3. OTH TEHICHUUHU
SBHO yKa3bIBalOT Ha TOT ¢akrt, yto 'K mpouno
cBsi3aHa ¢ Y3, 4yTo oOecneynBaeT ee MeIJIeHHOE
BBICBOOOXK/ACHNE NIPU MHOTOKPATHOM IPOMBIBA-
HUU B IEJTOYHBIX YCIOBHUAX.

V3-I'K roToBunn ¢ pa3auyHbIM COOTHOLIEHHEM
I'K x ¥3. Bypsiii yroms Dxku6acTy3cKOro yroisHOTO
MECTOPOXKICHHUS UCIIOIB30BAJICA B KAUeCTBE CHIPhS
Ui nonydeHus kak Y3, tak u I'K. Yaepxusanue
I'K ma Y3 uccnenosamu mpu 18, 35, 50, 65 u 80°C
U TIpHu HecKoNbkuX 3HaueHmsX pH (5-10). beuto 00-
Hapy>KeHO, YTO aJcopOLUUOHHAas CIOCOOHOCTh yBe-
JUYUBaeTCs Npu HeWTpanbHoM pH, a Takxke mpu
MOBBILIEHUH TeMIepaTypsl, T.e. ¢ 760 go 1300 mr
I'K /r V3 npu Temnepatypax ot 18 go 80°C, coot-
BETCTBEHHO.
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Pucynox 17 — Jlecopoiust 'K u3 V3

Y3 npomeMoHCTpHpOBaJIa BBICOKYIO CIIOCO0-
HOCTh K «koomnepanuu» c¢ I'K. Moaenu uzorepm
Opeitaguxa, [apkuaca-FOpa, BOT u dyoununa-
PanymrkeBrya ObUTM UCTIONB30BAHBI TSI HHTEPIIPE-
Taluu afcopOI u (PU3NKO-XMMHIECCKIX CBOHCTB
CUCTEMBI aJIcopOeHT-aicopOar. MeJIeHHOE BBICBO-
ooxnenne ancopbupoBanHbix 'K BO Bpems mpo-
1ecca JecopOIui MOXKET TTOCITYKHUTh dPPEKTUBHON
01O YHKITMOHAIBHOM cTpaTerueii i UCTI0Ih30Ba-
Hust Y3-I'K B cesnibckoM xX034iCTBE.

PCPP sBnsitoTcss Ba)KHOW 4acThl0 MHKPOOHBIX
COOOIIECTB MOYBBI, (DYHKITHSI KOTOPBIX 3aKITF0YACTCS
B MOJYJIALIMA €CTECTBEHHBIX IIPOLECCOB ISl IIOBbI-
HICHUS YCBOCHUS M 3()PEKTUBHOCTH IMUTATEIBHBIX
BEILECTB B IOYBE, YCTOMUMBOCTU K CTPECCOBBIM
(akTopam, a Takxke NMPOU3BOJAUTENHHOCTH M Kade-
cTBa pactenuil. Llenb JaHHOTO 3Tarna uccieI0BaHus

COCTOSIA B W3yYCHHH OUOTEXHOJIOTMYECKOTO TMO-
TeHnuana ($pusznonorunyeckre M (HyHKINOHAIBHBIC
CBOMCTBA, aKTHBHOCTH CONtOOMIM3anuu Gochartos,
CITOCOOHOCTh K OMOJIOTHMYCCKONW (PUKCAInH a30Ta)
BBIJICJIEHHBIX KYJIBTYD.

®u3noaoro-pyHKIHOHAIBHBIE CBOMCTBA KYJIb-
Typ Oakrepuii. M3ydueHne QyHKITHOHATHHON POJH
BBIJICJICHHBIX KYJIBTYp SIBISIETCS OCHOBAHUEM JIJIs
MPUKJIAJHBIX HCCIEAOBAaHUH MpPH HCIONb30BaA-
HUU W30JSTOB, HAPABJICHHBIX, MPEXKIE BCEro, Ha
pa3ButHe cucTeMbl Mmenuopaiuu [37]. dusnomno-
ruvyeckoe M (pyHKIHOHAIbHOE NPOGUIUPOBAHUS
MPOBOJIMINCH HAa OCHOBE MYIBTUCYOCTPATHOTO
tectupoBanus BiologEcoPlate™. [Tocne 10 mueit
00pabOTKY U30JIATHI OAKTEPHIA TOKA3aITH BBICOKYIO
TEHJICHIIUIO YTHIN3alMM WCTOYHUKOB YTriepojia
(puc. 18).
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Cy0crparaMu, KOTOpbIC YTHIM3UPOBAIUCH OaK-
TepusAMHA OOJbIIEe BCETO, OBLIM CIEeAyIOIIHe Kap-
OOHOBBIE KHUCJIOTHI: D-TJIFOKO3aMHHOBAasi KUCIIOTA,
D-ranakToH-y-TaKTOHHAs KHUCIIOTa, D-ramakry-

o
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Pucynox 18 — Crenens ucnons3oBanus cyocrparos C,
BbIpaKeHHas B IpoueHTax oT SAWCD

CyOcTpaTamMyl ¢ HAUMEHBIIIUM PACXOIOM OBLIN
KapOOHOBBIC KHCIIOTHI: MTAKOHOBAsI KUCJIOTA, 4-T'H-
JPOKCUOEH30#Has Kuciora, D-s0mouHas KucioTa,
2-TUAPOKCUOCH30MHAS KHCIIOTa, O-KETOMACIIsTHAS
KHCJIOTa; YITICBOIBI: TIIOK030-1-ocdar, n30-3pu-
Tput, D-nemnobuosza, D-kcunosa, o-D-nakro3sa,

D-manant, N-anetuin-D-rnimroko3aMuiH;  aMHHO-
KUCIOTH: L-dpenmrananun, L-cepuH, TIIHIIII-
L-mmyramuHoBass kucnora, L-acmaparun; monu-

mepbl: TBUH 80, TBUH 40, 0-IUKIOAEKCTPUH; Ha-
MUHBI: (EHWISTWIAMMH, IyTPECUMH. Bbicokas
¢u3nonoro-QyHKIMOHAIBHAS aKTHBHOCTD H30JIATa
Pseudomonas sp. Obl1a OTMEUEHAa B OTHOIICHUH
D-ranakToHHas KuWcioTa Y-MAkTOH, [-MeTwia-D-
DIIOK03U, D-Kcuiio3wl, 0-D-J1akTo3b, METHIJIOBBIN
a¢up MTUPOBUHOTPaTHON KUCIOTHI (puc. 19). Takum
o0pa3oM, TaHHas MOJAEIH MCIIOIb30BaHUS HCTOYHH-
koB C MOKeT OBITh CBSI3aHA C HAJTMYHEM MHOXKECTBA
uctouHnkoB C Ha pasHbIX YpOBHSAX TpaHchopma-
LIMH, KOTOPBIE JOCTYIHBI JJII MHKPOOPTAHHU3MOB.
Takoe merabonuueckoe pasHOOOpaszue Cpeau H30-
JISITOB MOXET CIIOCOOCTBOBATh pealn3alil YHU-
KaJIbHBIX METa0OIMYECKUX CTPATET .
docdarpacTBopsitomas aKTUBHOCTb KYJIBTYP
Oaxtepuii. DxcniepumenTsl Ha PVK ¢ kymeTypamun

90

POHOBasl KHCIOTa, Y-aMHOHMACTSHAs KHUCIOTA;
VTIJIEBOIBI: METHJIOBBIH 3(HUp MHPOBUHOTPATHOU
KHUCJIOTHI, B-MGTI/IH-D-FJII/IKOSI/IIL; AMHWHOKUCJIOTHI:
L-tpeonun u L-aprunuH; v nonuMep: TIUKOTeH.
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Pucynox 19 — BiologEcoPlates™ mramma
Pseudomonas sp.

OakTepuil NOKa3ald BBHICOKUE PEe3yNbTaThl IIPU HC-
CJIEZIOBAaHUM CHOCOOHOCTU H30JISITOB PacTBOPATH
¢docoar (puc. 20, 21). DddekTuBHOCTL COMOOU-
mu3arun GocdaroB KymeTyporr Pseudomonas sp.
(Mopdonorus KIETOK MOKazaHa Ha puc. 22). Obuia
3HAQUUTEJbHO BHIIIE IO CPABHEHHIO C APYTHMHU
KynbTypamMu. CIIoCOOHOCTD 3TOW KYIBTYypPHI PacTBO-
pATH BocdaTel moanepKuBaIack Ha 6oJee BBICOKOM
ypoBHe B TeueHHe 4 nHeil. Cpenu pa3nuyHbIX Mpo-
TeCTHPOBAHHBIX OakTepuil Acetobacter sp. oOpa3o-
Bajia HeOobIOoM opeon Ha PVK.

Onpenenenue a3oTPUKCUPYOMEH CIOCO0-
HOCTH m30JsTa Rhizobium sp. bakrepun, Gukcu-
pyIolne a3oT, SBISIOTCS CBOOOJHOKUBYIIMMH U
XOpOILIO pacTyT Ha 0e3a30THOH cpexe. DTH MHU-
KpPOOPTraHu3Mbl MCHOJB3YIOT aTMOC(EepHBIA a30T
JUIsl CUHTE3a KIETOYHOTo Oeyika. MuHepanusye-
MBI, TAKUM 00pa3oM B IOYBE a30T, CTAHOBUTCS
0ojee JOCTYHHBIM JUISI CENbCKOXO3SHCTBEHHBIX
KYJBTYP.

Poct xymbryp Oakrepmii Ha cpene JlxeHceHa
MOKAa3bIBAET X CIIOCOOHOCTD CBA3BIBATH a30T. bblIo
0o0HapyKeHO, YTO M30JAT Rhizobium sp. cmocobeH
pactu Ha cpezne J[xeHceHa, 0Opa3ys MOIyIpo3pad-
HEIE KOJIOHUH (puc. 23).
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Pucynox 20 — IIpo3paunsie opeossl KyinsTyp Ha PVK:
a-Pseudomonas sp., 6-Bacillus sp.,
B-Acetobacter sp., T-Rhizobium sp.
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Pucynox 22 — Pseudomonas sp.
(oxpacka o I'pamy)

XUMHYECKHUE U MHUHEPAJTIOTUYECKHUE CBOMICTBA
KOMITOHEHTOB/KOMIIO3UTa Ha OCHOBE YTJIsl 3aBHCAT
OT CBOWCTB U PUPOJIBI UCXOIHOT'O COCTaBa CyOcTpa-
Ta. Y3 cOmepKUT OOBIIOE KOJTHMIECTBO THIAPOKCH-
JIOB, OKCHJIOB U CyNb(aTOB KAIbLUS U JKene3a,
BBIIENIaYNBAEMbIX MHUKpOdJIeMeHToB. WX conep-
)kaane B Y3-I'K mociie mHTErpanuu MpakTHIECKH
ocTaJloch HEU3MEeHHbIMU. Hanbonee BaKHBIMU CO-
crapisiormu Y3 u V3-I'K ssisuucs SO,, Fe,O,,
ALQ,, CaO0, Si0,, K,0, TiO, u MgO (tabun. 11).

COM-u300pakeHust Y3 u ee KOMIIO3UTa, 3a-
nonHeHHoro 'K nokazansl Ha puc. 24. Ha cHuMKax
Y3 BuaHBI TBEpAbIE U HEKOTOPHIE IOJIBIE YACTUIIBI
Ppa3IMYHOTO pa3Mepa, TOrja Kak, Ha CHUMKax Y3-
I'K MOXHO yBHIETH HECKOJIBKO 00JIee KPYIHBIX Ya-

PasMep opeona, M
[™]
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Pucynok 21 — Yuer pe3ysnbTaTtoB
o auameTpy opeoina Ha PVK
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Pucynoxk 23 — Kononuu Rhizobium sp.
Ha cpezne JxeHceHa

CTHII, KOTOPbIe MOTYT OBITh CQOPMHPOBAHEI ITyTEM
arnmomepanuu ['K.

Ha puc. 25 mnpencraBieHsl peHTTEHOIPaMMBI
obpasmoB Y3 m Y3-I'K. JludpakTorpammsr co-
JepKaT HECKOJBKO OTYETIMBBIX MUKOB C WACHTH-
¢ukanueil MuHepasioB; KBapl (quartz) U MyJUIUT
(mullite) BcTpeuaivch MPEUMYIIECTBEHHO C IMPH-
MeCSIMH JPYTUX MHUHEpajaoB. O MPUCYTCTBUH STHX
MHUHEPAJOTHUECKNX KOMIIOHEHTOB B oOpasuax Y3
Takke coolImaocs B ureparype [4, 11].

Ha nanbHelitem 3tane pabOTBl KOMIO3UT Ha
ocHoBe Y3-I'K Obin mHTErpupoBaH ¢ oOpa3uaMu
U3 TOYBEHHOIO MUKPOKOCMAa JUIS U3Y4YEHUS €ro
LEJIOCTHOCTH U CTaOMJIBHOCTH B KaU€CTBE arpo-me-
JIMOpAHTA.
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Taoauua 11 — XumMudecknii coctaB Y3 U KOMIIO3UTa

Coeunennue, % v3 V3-TK Coenunenne, v3 V3-TK
ppm

MgO 0,232 0,263 NiO 8,9 24,9
ALO, 13,297 13,436 Cu0 88,9 93,9
Si0, 32,325 33,593 ZnO 56,1 67,5
PO, 0,277 0,290 Ga,0, 38,9 41,5
SO, 0,186 0,159 As 0, 19,5 21,4
K0 0,535 0,618 S¢0, 222 3,6
Ca0 1,665 1,797 Rb,0 470,9 242
TiO, 1,011 1,011 Sr0 57,5 467,7
Y,0, 389,1 54,8

710, 14,1 380,9
Nb,0, 112,7 12,7

Fe,0, 4,859 4,713 Ag,0 46,4 5440
V.0, 282,9 266,1
Cr,0, 35,5 47,5

MnO 824,0 810,6
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Pucynok 24 — COM-u3o0paxenust 006pasuos: a — ¥3; 6 — ¥3-I'K kommosura
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PucyHnoxk 25 — PerrreHorpamMmsr o6pasios Y3 u Y3-I'K

.,




H.III. AkuMOeKoB u Jip.

Coo0maeMble  KOHLEHTPAaLUU 000MX KOMIIO-
HentoB 'K u V3, ucnonp3yembie 111 00paboTKu
MOYBBI, 3HAYUTENHHO paziuyaroTcs. Hampumep,
Chen u Aviad [38] oueHunu cpenHIOw 103y A
mosieBbIX mpuMeneruit B 75 kr 'K ma ra (10-250 xr
ra'). B orinune ot kommepuecku noctynHbix ['K,
KOTOpBIE OBUIH TIIATEIFHO U3YUYEHBI B TOPIICYHBIX
ycaoBUAX, gaHHbie 0 'K, moydeHHBIX u3 0yporo
yIJisg, HEMHOIOYMCJICHHBI. [IpuMeHnMas KOHIICH-
tparus ['K Ha OCHOBE yriiss MOXKET CUIBLHO BaphbH-
poBaThCs, YTO 3aTPyOHSAET ompeneneHue >hdek-
THUBHBIX 7103 00paboTku. Kpome Toro, cTpykrypa
U copepkanue yroibHbeIX 'K MOoTyT OTiuaTecs ot
nmouBeHHBIX ['K [39, 40]. Ipyrue dgaktopsl, Takue
KaK TEXHOJIOTHSl IKCTPaKIHHU, MpPeIBapUTEIHHON
o6paboTtku u npumenenus ['K, rakxe MoryT nuMeThb
3HAYNTEIHHOE BIUSHUE HAa OONIYI0 MPOIYKTHB-
HOCTB ypoxas [41, 42]. B ciyuae V3, ycTaHOBIEH-
Has J1o3a cocraBiseT 1 r (B mepecueTe Ha CyXou
BeC) Ha 1 KT MOYBHI,YTO PKBUBAJICHTHO ITOJICBOMY
BHecenuio 1 T ra'[42].

B nanHoi#i paboTe KoMIo3uT B 03¢ 1 T K™ ObLI
BEIOpaH IS JabHEHIINX 3TAloB aHAIM3a M0 Cie-
nyromuM npuanHam: (1) yposuu I'K B ropmkax mo-
TYT OBITH BHIINE, Y€M B MOJICBBIX UCTBITAHHUSIX, (2)

HCCIIEyEeMbIE MIOYBBI UMEIH OTHOCUTEIBHO HU3KOE
coJiepKaHNe OPraHMIECKUX BEIIECTB U 00padaThI-
BaJIMCh TOJIBKO pazoBoil no30it 'K Ha mpoTsxeHun
Bcero orbita, 1 (3) 6uogocrynnocts 'K, momyuen-
HBIX U3 OypOro yIiisi, MOXKET OTJINYAThCSI OT TAKOBBIX
B nouse u Topde. CoorHomenue 10 mr I'K: 1 r V3
ObUTO BBIOPAHO KakK ONTHUMAJbHOE IS YBEIUYCHUS
IIOCTYIUIEHUS] OPraHUYECKOI0 yIiepoja B IOYBY U
IUTs ToAfiep KaHusl HarnOoJiee AMHAMHYECKOTO YPOB-
s NPK. Kpome Toro, nHTaKTHBIE 00pa3Ibl TOYBEI
oOpabatsBanuchk Y3 u 'K oTnensHO A1 M3y4eHus
WX eIMHOJIMYHOTO JAeHCTBUS. B KauecTBe KOHTpOIA
MOJIrOTOBJIEHB! NOYBHI 0€3 n00aBok. Kaxkablil sKc-
IIEPUMEHT UMEJI HE MEHee 5 TOBTOPHOCTEM.
l'opuiednsie ONBITHI TPOBOJMINCH CO CIETYIO-
IMMHU IOYBAMHM, HHOKYIHpoBaHHEIMU PCPP:

1. TeMHo-KalITaHOBasl MMOYBa ObLIa MOJyYCHA
n3 boranunueckoro caga B r. Anmatel, Kazaxcran
(43°13°07.9» N 76°54°49.6»E).

2. Wnucro-rmuHUCTas To4yBa Obla B3sATa Ha
Teppuropun arpodouoctanimn KazsHY um. anb-
®apabu, r. Anmatel, Kazaxcranm (43°27°57.4»N
76°58°32.5»E).

OU3UKO-XUMHYECKHE CBOICTBA 00pa3IOB MMOYB
IoKa3assl B Tabnuue 12.

Tab6auna 12 — OcHOBHEIE XapaKTePHCTHKN COCTaBa M CBOWCTB MOYB

BapuanTs! Ousnueckuit cocras, % XUMHUYECKUE XapaKTCPUCTUKU
TTO4BbI IMecox Wn T'mna pH Comy, T k1! Opr. e, T Kr!
Ne 1 20,3 33,9 6,8 0,02 1,6
Ne 2 24,8 69,4 6,1 0,03 1,8

IIpo6s1 mouBk! oTOMpawm mocie 10, 30 u 60 qaei
00pabOTKH B COOTBETCTBUU C JICHCTBYIOIUMHU HOP-
MaTUBHBIMU AOKyMeHTamu [20] s mpoBeAeHUs
(OU3UKO-XUMUIECKUX ¥ ONOXUMHUIECKHUX aHATH30B.

BHeceHre KOMITOHEHTOB/KOMITO3UTa 00YCIIOBH-
JI0 U3MEHEHUE BOJHO-(DM3MUYECKUX CBONCTB TOYB.
HccnenoBanue mnokasano, uro Y3-I'K mo3Bsoisger
MOBBICUTH BJIIAYKHOCTH MOYBKL. B cpeanem, 3a nepu-
OJ1 IPOBEIEHUS SKCIIEPUMEHTA B cJioe <15 cM BIax-
HOCTE 00enx nmouB B Y3-I'K nmeina 3HaueHUS BBIIIE
KoHTpous Ha ~10%.

OO0OBeMHasT Macca MOYBEI SABJISETCS Ba)KHBIM I10-
KazarejaeM ee (U3UUYECKOro COCTOSHUSA. B maHHBIM

OTbITE CHW)KEHHE JaHHOTO MoKaszaress B cioe <15
cM Habmoaanock B Bapuantax ¢ ¥Y3-I'K mo cpasue-
HUIO ¢ KOHTpoJeM (tabm. 13).

BHeceHre KOMITOHEHTOB YTJIsi O0YCIIOBHIIO TaK-
e CHIKEHHE TBEPJIOCTH MOYBHI; B CPEHEM 32 Bpe-
Ms1 HCCIIEOBAaHUs TBEPAOCTH ITOYBBI IO CPABHEHHUIO
¢ KoHTposieM cHu3mnack Ha 10%. MakcumansHOe
CHIDKCHHE TBEPAOCTU OBUIO OTMEUYECHO B BapHaHTE
c Y3-I'K.

BHeceHre KOMITOHEHTOB 00YCIIOBUJIO M U3MEHE-
HHUE BOJIOIIPOHUIIAEMOCTH TIOUBBI OT CpeHEH 70 XO-
potiieii otieHku. [Ipu 3TOM, B KOHTpOJIE BOJOIPOHHU-
[JAEMOCTb TI0YBBI ObIJIa HE3HAUUTENLHOH (pHc. 26).
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Ta6auna 13 — BoxHo-du3nueckne cBoicTBa OYB IIPU BHECEHHH YTOJIBHBIX KOMITOHEHTOB (60 nHei)

Bapuantsl Baaxknoctb, % (d.w.) O0bemMHast Macca, I e TeepaocTh, r M
ITouBa Nel ITouBa Ne2 ITouBa Nel ITouBa Ne2 ITouBa Nel ITouBa No2
KonTpons 46,6 45,0 1,36 1,19 7,6 8,1
V3 55,5 51,3 1,24 1,13 6,8 7,3
'K 49,2 47,1 1,31 1,18 7,2 7,8
V3-I'K 55,4 51,0 1,06 0,89 6,9 7,3
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PucyHok 26 — BiusiHue KOMIIOHEHTOB YIJIsl HA BOAOIIPOHUIIAEMOCTD ITOYBBI
(nanop Boabl H=5 cm): a — nousa Nel; 6 — mouBa Ne2

Hannuyue B mouBe JOCTATOYHOrO KOJIMYECTBA
nuraTedbHBIX BemecTB (NPK) sBusercs oganM u3
[JIaBHBIX ycJioBuid (opMupoBaHus ypokaeB. Ha-
npumep, N IUTaHHuEe OKa3bIBaeT BIMSHUE Ha oOIee
Pa3BHUTHE U MPOILYKTUBHOCTh arpOKYyJIbTYphI; P cTH-
MYJIUPYET CO3PEBAHUE IUIOJIOB MOBBIIIACT YCTOWYH-
BOCTh K 3a00JICBAHUSIM, CIIOCOOCTBYET 3I0POBOMY
Pa3BUTHIO KOPHEBOH CHUCTEMBI M ITOJIOKUTEIIBHO

BIIUSET HA 3aCYXOYCTONYHMBOCTH arpOKyIbTYPHI; K
MTOKA3bIBACT CYIIECTBEHHOE BIMSHUE Ha (hHU3HOIIO-
THYECKHUE MPOIECCH U POCT pacTeHuii |5, 9].

B xone pabot, adhdext oT BHECEHHST YTOIBHBIX
KOMITOHEHTOB TPOSIBUJICS TaK)KE€ B CHIDKCHHH KHC-
notHocTH ouBkl. Buecenne Y3-I'K B nouBy 00yciio-
BIWJIO CHH)KEHHE BOOHOM KHCIOTHOCTH Ha <5% s
mouBsl Nel u Ha ~10% i mouBbl Ne2 (tabi. 14).

Ta6auna 14 — V3MeHeHHe XUMIYECKAX CBOMCTB IIOYB IIPU BHECEHHH YTOIBHBIX KOMIIOHEHTOB (60 mHei)

pH NO,, mr kr™! P,O,, mr kr! K,O, mr kr!
ITouBa — Nel Ne2 Nel Ne2 Nel Ne2 Nel Ne2
Kourponsb 6.8 6.1 5.240.1 5.0+0.1 73+0.4 70+0.3 150+0.1 138+0.2
v3 7.0 6.5 5.3+0.2 5.1£0.3 76+0.2 75+0.2 184+0.3 177+0.6
'K 6.8 6.2 5.1£0.1 5.0£0.3 73+0.2 71+0.3 153+0.5 141+0.3
V3-T'K 7.1 6.8 5.3+0.2 5.1+0.2 79+0.3 77+0.2 186+0.3 179+0.2
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BHecenne mpoayKTOB YIJisi B MOYBY NPHBEJIO
K HE3HAYMTEIbHOMY H3MEHEHHUIO COJEepKaHHUI HH-
TPaTHOTO a30Ta, OJTHAKO COZAEPIKaHHE BOJIOPACTBO-
pumoro ¢docdopa Bozpocino Ha ~10% mo cpaBHe-
HUtO ¢ KoHTpojeM. Buecenne Y3-I'K o0ycioBmiio
TIOBBIILICHUE COJICPKaHUSI OOMEHHOTO Kallusl B TO-
yBe Ha 24-30% 10 CpaBHEHUIO C KOHTPOJIEM.

MukpoOHOe NbIXaHWE W aKTUBHOCTEL (hepMeH-
TOB. BHECEHHE METHOPAaHTOB B TIOUBY MOXKET CHJIIb-
HO TIOBIIMSITH HA MUKPOOHOE pa3HOOOpa3ue MOYBHI,
€e YHCIIEHHOCTh M COCTaB, YTO MPHUBEAET K H3Me-
HEHHI0O JMHAMUKUA [IOYBEHHOTO OPraHUYECKOTro
yraepona (IIOY) u ysennuennto BbiGpocos CO,.
CocTraB MOYBEHHOTO MHUKPOOHOTO COOOIIECTBA IT0-
pasHOMY pearupyer Ha CyOCTpaThl, pa3iIHYaroIy-
ecs Mo XUMUYecKuM cBoiicTBaM [43, 44]. OnbITb
MTPOBOMIINCH C FUTMCTO-TIIMHUCTON MMOYBOM (Ne2)
Teppuropun arpodouocraniuu KasHY wum. anb-
®apabu ¢ 1eNplo0 NOATOTOBKH OHOT€OJIOTHYECKON
OCHOBBI JUIsl JAJbHEHIINX HCCIEAOBAHUM B IOJIE-
BbIX ycnoBusax. B uenom, smuccust CO, npoxoauna
M0 CXOXKeH cXeMe BO BceX BapHaHTax 00padoTKy;
B TEUYCHHE IEPBBIX JAHEW BHECEHHWE KOMIIOHEHTOB
YIJIsL UMEJIO 3HAYUTEIbHO 00Jiee HH3KYIO0 YacTOTy
neixanust (P<0,05). YBenuueHue ApIxaHus IOYBHI C
V3-T'K 0b110 OTpakeHO KaK KyMYJSITHBHOE JIbIXa-
HHE; Ha pHC. 27 3aMeTHO, 4To Y3 MoBHIIIAeT ol1iee
KOJINYECTBO BBIIBIXa€EMOT'O ITOYBOM CO2 3a 90 mueit
KaK B OTICILHOM, TAK U B KOMOWHHUPOBAHHOU (op-
Mme. [Toua, o6paborannas ['K, nmena 6osee Hu3KOe
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Pucynok 27 — BiusiHue KOMIIOHEHTOB yIiIs

Ha AbIXaHUC ITOYBbI

KyMYJIITUBHOE [IbIXaHHe, 4yeM Y3. OTO sBICHHE
coryacyercs ¢ IpeAblIyIIMMH JaHHBIMH, ITOKa3bl-
BAaIOIIMMH, YTO MPUMEHEHUE MPOAYKTOB YIJISl CTHU-
MyJHpYeT reTeporpodHoe neixanue. B pesymnbrarte,
7a0MIIbHBIE KOMIIOHEHTHI YIUIl METabO0IU3UPYyIOTCS
MOYBEHHBIMH MUKPOOPTaHU3MaMH HIT IPOUCXOAUT
€CTECTBEHHBIN mpoiiecc MuHepaiuzauuu [45, 46].

AKTHUBHOCTh ()EPMEHTOB SBJISETCS UyBCTBU-
TEJNILHBIM HHIUKATOPOM SKOJIOTHYECKOTO CTpecca
BO MHOTHX CEJIbCKOXO3SHCTBEHHBIX CHCTEMax, a
OKHCJIMTENbHBIE (PEPMEHTBI, TaKHE KaK TEepPOKCHU-
na3a ¥ (heHOIOKCUa3a, UTPAIOT KITIOYEBYIO pOJIb B
mporeccax Ouonerpamanyuyd M IETOKCHUKALMU apo-
MaTHYECKHUX 3arpsisHuTeneil. DTu (epMEeHTHI BbI-
JETNSI0TCS TpHOaMu U OaKTEPUsIMU JJ1s1 Pa3I0oKEeHUS
Pa3HbIX YIJIed M CTOMKHMX OpraHHYeCKUX BEILIECTB
[47].

AKTHUBHOCTH AETHIPOTeHa3bl CHWXKalach B Te-
YeHHEe WHKYOallMOHHOrO NEepPHOAa, HO CYIIECTBECH-
HO HE pazjnyaiach MEXIy BapuaHTamu 00paboTKU
(puc. 28). B TeueHue nepBod HeAeIM aKTUBHOCTh
(hepMeHTa OBIIIa OTHOCUTEIIHHO TTOCTOSIHHOM, TIOCTIe
Yero HaONI0JIaoCh 3HAUYMTENbHOE CHU)KEHHE BO
BCEX BapHaHTax 0OpabOTKM MOYBHL. B KOHIIE HHKY-
0aLMOHHOIO MEepuoJa €ro akKTUBHOCTh COCTABIIsUIA
okono 2 mr TPF (tpudenundopmasan) r' B cyxoi
nouse 4. Komnonents! yrist (Y3 u I'K) He nonus-
JI¥ Ha aKTUBHOCTH 3TOT0 (PepMEHTA; OTHAKO Y BapH-
anTa ¢ komrosutoM Y 3-I'K Habmromanoch yBeamdae-
HHE aKTUBHOCTH (hepMEHTA.
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PucyHnox 28 — VI3MeHeHne akTUBHOCTH AETHPOTeHa3bI
IIPY BHECEHUU KOMIIOHEHTOB YIJIs
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PucyHnox 29 — V3MeHeHre aKTUBHOCTH EPOKCHIA3bI
[IPH BHECEHUU KOMIIOHCHTOB YIJIA

AKTHBHOCTH MEPOKCHIA3bl OCTaBANIACh BBICO-
KO B TEUEHHME NEPBOM HENENU N0 PE3KOTO CHHU-
JKeHus1, u3MepenHoro depes 30 mueit (puc. 29).
YBenuueHne aKTUBHOCTH 3TOr0 (pepMEHTa B TIO-
yBax, 00pa0OTaHHBIX KOMIIOHEHTaMH YTIs, IO
CPaBHEHHUIO C KOHTPOJIEM IIPH TOM K€ BPEMEHHU
orbopa npod Habmoganock uepe3 60 aHel nocne
HWHKyOanuu.

AKTHUBHOCTH (PEHOJIOKCHAA3bI ObllIa CXOXKEH BO
Bcex BapuaHTax JeueHus (puc. 30); ee akTHBHOCTb
yBEIMYMBAJIACh U JOCTUrana muka yepe3 10 muei
MHKyOaluu, 1ocje 4ero OHa CHIDKaNach U OCTaBa-
Jach HEW3MEHHOH 10 KOHLA HWHKyOanuu. AKTHUB-
HOCTh 3TOro Qepmenta mpu obpadorkax Y3-I'K
Oblna BhIIIE, YeM mpu obpadoTtkax Y3 wmmu 'K, u
pasnuuus HaOMIOAAINCh Ha MPOTSDKEHUN BCETO Tie-
puona nakyOarnuu. Takum oOpa3om, ObUTO 0OHAPY-
JKEHO, 9TO nmpuMeHeHue kommosuta Y3-I'K mmeno
HE3HAUUTEIbHOE BIMSHUE HA aKTUBHOCTH (hepMEH-
TOB MOYBBI.

3akiouenune

B xoze npoBeieHNsT PU3UKO-XUMHUYECKHX aHa-
mu30B Npo0 Y3 AKCYCKOW 3JEKTPOCTaHLMHM ycCTa-
HOBJICHBI CIIETYIOIINEe KayeCTBEHHBIC XapaKTepH-
CTUKH: coaepkanue d1emenToB (%) C — 67,67, O —
20,93, Si— 6,31, Al—3,08 u npyrue 2,01. YcraHos-
JICHO, YTO OCHOBHBIMH KOMIIOHEHTHI Y3 SIBISFOTCS
SiO, n AL O,, conepsxanue KOTOpBIX paBHO 59,74%
u 27,44%, cooTBeTCTBeHHO. PamaH-ciekTpomMeTpH-
eil BBISIBIIEHO Hajmnuue B mpodax Y3 kBapua M Ok-
cuaa skenesa. PacripenerneHus 4acTHIl 1O pa3Mepy
XapaKTepu3yroTes 3Hauenusmu d,, — 4,3 um, d, —
31,5 um u d,, — 86,0 pum. OcHOBHBIMU MOP(OTIOTH-
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Pucynoxk 30 — V3meHeHue akTHBHOCTH (hEHOIOKCHIA3bI
IIPY BHECEHUH KOMIIOHEHTOB YIJIS

YECKUMU THIIAMH YaCTHIL SIBISIOTCS MUKPOC(EPHI €
HETIOPUCTOMH IIaAKOH MTOBEPXHOCTBIO.

Ilo pesynpratam (pU3UKO-XMMHYECKUX aHAJH-
30B nipo0 BY DkubacTy3ckoro yrojibHOTO MECTO-
POXIEHHS YCTaHOBJICHBI CJIEIYIOUINE KayecTBEH-
HbIe xapakrepuctuku yris (%): W —7,1%, A — 38,9,
V —23, a Q- 32 M]Ix/kr. DneMeHTHbIN aHanu3 BY
nmokaszan cienyromue cogepxanus (%): C — 77,1,
H-5,08, N—-2,12, S - 0,9, O — 14,8. 13 nanHOTO
BY mMomuduipoBaHHBIM METOIOM ObLIa SKCTpari-
posana 'K, ee Beixox cocrasun 75,1%. Pesynbra-
Tl UK-CrieKTpOCKONUY TMOKa3ajiu, YTO B CHEKTpax
I'K mpucyTcTBYIOT MOABI KOeOaHUH, OTHOCHMBIE K
ocHoueiM C-H, CH,, COO", C-O rpynnam. 3Ha-
yeHus CHeKTpoB (iyopecuenTHoi EEM BeisiBum
aBroxToHnyto (FI — 1,15, BIX — 0,12) mpupoay ry-
MMHOBBIX BellecTB, a nHaekc HIX npoaeMoncTpu-
poBai Ooiiee BBICOKYIO TYMHU(UKAIIUIO TPOIYKTOB
BY (13,86).

BrnepBble Ha OCHOBE BBICOKONPOU3BOAUTEIb-
HOTO CEKBEHHPOBAaHMS HOBOTO MokoneHws Illumina
OTMCaHbl TAKCOHOMHYECKAs CTPYKTypa W OHopas-
HOOOpa3ue MUKPOOHOr0 COOOILECTBa MPOO pU30C-
(dbepsl TPUIIAXTHOW TEPPUTOPHH DKHOACTY3CKOTO
yrossHOro MecTopoxkaeHus. [1o pesynpraram Obun
MPOAHAIM3UPOBAHKI TPYIIIBI OaKTepUH, MpUHAIE-
)amme K Proteobacteria, Acidobacteria, Firmicutes
u Bacteroidetes. Beinenensl 1 uIeHTUOUIHIPOBAHBI
PCPP ponos Azospirillum sp., Acetobacter sp., Ba-
cillus sp., Pseudomonas sp. n Rhizobium sp. V3yde-
HBl UX MOP(OJIOTr0o-KyIbTypaibHble U (HU3NOIOTH-
YeCKHe OCOOEHHOCTH.

V3 npomeMoHcTpHpoBaia 0osiee BBICOKYIO ad-
¢unHOCTH B oTHOWIeHWU ['K; ObUTO OOHapyxeHO,
YTO aJCOPOIMOHHAs CIOCOOHOCTh Y3 yBENIWYH-
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BaeTcs Npu HelTpanbHOM pH, a Takke mpu MOBBI-
meHud Temrepatypbl ¢ 1 1o 50 mr I'K / r V3 pu
temneparype ot 18 mo 80 °C, cOOTBETCTBEHHO.
Mopnenu uzorepmsl @peitnpnxa, I'apkunca-lOpa,
BOT un [lyoununa-PagymkeBuda OBLTH MCIOIB30-
BaHBI JUISl OLIGHKHU MTPOI0JDKAIOLICHCS aacopOunu U
BBIICHEHHS (PU3UKO-XUMHUUECKUX CBOHCTB CHCTEMBI
ancopOeHT-amcopbaT. MenneHHOE BRICBOOOKICHUE
aacopoupoBanHbix 'K 13 Y3 Bo BpeMs mpoMbiBa-
HUs cunTaercs 3Q(EKTUBHBIM I UCIIOIb30BAHUS
V3-I'K B OHOPYHKITMOHATBHBIX CEIHCKOXO3Si-
CTBEHHBIX CUCTEMaX AJISi KOPPEKTUPOBKH MOYBHI.

BiologEcoPlate™ ananu3 mokasan, 4ToO H30-
JIATH UMEIOT 0oJiee BBICOKYIO 3(PGHEKTUBHOCTH HC-
MOJIb30BaHUSI MCTOYHUKOB YTiepoAa KapOOHOBBIX
KHCJIOT, aMUHOKHCIIOT, aMMHOB U TIOJINMEPOB. AHa-
JIOTUYHYIO TEHIEHITNIO0 BEIIBUI aHamu3 SAWCD.
ITo pesymbraTaM u3MEpeHHH NPO3PAYHBIX Ope-
0JI, U3 YETBIPEX H30JATOB IUTaMMbl Pseudomonas
sp. u Bacillus sp. oka3annch Hanboyiee aKTUBHBI B
¢docdaTtpacTBopeHnr. AHanu3 a30T(HUKCUPYIOMIEH
criocobHOCTH Rhizobium sp. ToKa3al, 4TO aKTHB-
HOCTB 9TOTO H30JIATa BBICOKAsI, YTO JICJIAET €T0 Mep-
CHEKTHBHBIM /7151 KOJJIEKTUBHOTO UCIIOJIb30BAHHUS B
PCPP.

B pa6ote xommozut Y 3-I'K 6511 HcIIoNbp30BaH B
no3e 1 T Kr', 4To 3KBHBAJIEHTHO TOJICBOMY BHECE-
Huto 1 1 ra’. Takas mo3a ObuTa BBIOpaHa Kak camast

3¢ ¢peKxTrBHAsS Ha OCHOBE pe3yJbTaTOB aHAJIM30B
1 KaK CpelHssl Ha OCHOBE aHaIM3a JIMUTEPaTyPHbIX
JMaHHBIX. [OpIIedHble OMBITHI MPOBOJMINCEH C HC-
MOJIb30BAHUEM TEMHO-KAIITAHOBOW M WMIIMCTO-TIIH-
HUCTOM TIOYB.

BHeceHrne KOMIIOHEHTOB/KOMIIO3UTa YIS CIIO-
cOOCTBOBANIO  YAYYIICHUIO (PU3UKO-XUMHUYECKHX
CBOICTB IOYB: BO3pPOCIIa BIAXXHOCTb II0YBHI B CJI0€
<15 cm nHa ~10%. Hecenne Y3-I'K cHuzmio o0b-
€MHYI0 Maccy No4Bbl Ha ~20% U TBEPAOCTH MOYBBI
Ha 10%. BHecenue mMpoAyKTOB YIS CHH3WIO IIO-
YBEHHYIO KHCJIOTHOCTTh, YBEIMYMJIO COJEpKaHHEe
P,O, u K,O. Komnozur V3-T'K He3HauuTenbHo yBe-
JAUYMBaJ aKTUBHOCTH (pepMeHTOB B mouBax. Kpome
TOTO, TOT (AKT, YTO UHTCHCUBHOCTD JIBIXaHHS IT0YB,
obpabotannbix Y3-I'K Obuta Beime, yem y 00pabo-
TaHHBIX OTAENbHBIMU KOMIIOHEHTaMH yris (Y3 nnn
I'K), moaTBep:xaeT yTBep kKJIeHHE O TOM, YTO KOM-
MO3UT IPEACTaBIsIeT COOON CTaOMIIBHBIA OpraHu-
YECKUH MEIMOpPAHTa C BBICOKMM IOTEHIMAJIOM JUIS
HCIIONIb30BaHMs B CEIBCKOM XO3SHCTBE M OXpaHe
OKpYy>KaroIei cpesl.

DuHaAHCUPOBAHHE
Jannoe uccrnemoBanue GuHancupyercs Komu-

TETOM HayKH MUHHCTEpCTBa 00pa30BaHMs U HAYKU
Pecny6nuku Kazaxcran (rpant Ne AP08855394).
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PRODUCTION MUTANT LINES OF TURNIP RAPE
(BRASSICA RAPA) AND ITS INTERSPECIFIC HYBRIDS
IN THE ISOLATED MICROSPORE CULTURE

This article presents the results of research on the production of mutant doubled haploids of turnip
rape (Brassica rapa L.ssp.Oleifera), as well as its interspecies hybrids with rapeseed (Brassica napus). An
immature embryo culture was used to increase the productivity of inter-specific hybridization. Studies
have obtained interspecific hybrids of turnip rape with rapeseed. The largest number of plants was
observed in hybrids where the mother plant was rapeseed. Furthermore, chemical mutagenesis was used
to increase the genetic diversity of studied materials. Ethyl methanesulfonate (EMS) has been applied to
the treatment of embryos produced in the isolated microspores culture of turnip rape and its interspecies
hybrids. Results of embryo regeneration against mutagen on a nutrient medium B5 with gibberellic
acid showed that the concentration of 8 mM EMS stimulated the regeneration process in turnip rape
cultivars (Zolotistaya — 72% and Yantarnaya — 88%) and showed superior results compared to a low
concentration (4 mM). For hybrids compared to high concentration (8mM), a low concentration of 4mM
EMS showed superior results. New mutant lines have been obtained as the starting material for selection
in the creation of new domestic canola cultivars.

Key words: turnip rape, rapeseed, interspecific hybridization, mutagenesis, isolated microspore
culture.
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Ok IayAaHFaH MMKPOCNOpPA AAKbIAbIHAQA KbllLabac (Brassica rapa)
)K9He OHbIH, TYpapaAblK, 6y AaHAAPbIHbIH, MYTAHTTbl AMHUSIAQPbIH aAy

byA 3eptTeyae kbiwabactbiH (Brassica rapa L.ssp.Oleifera), >kxaHe ae oHbiH panc (Brassica napus)
OCIMAITIMEH Typapaablk, 6YAAHAAPbIHbIH, €Ki eCeAEHTreH MYTaHTTapbiH aAy OapbICbIHAAFbI HOTUXEAEpP
kepceTiAareH. Typapaabik, 6yAaHAAPAbBIH OHIMAIAIFIH apTTbIPy YiLiH OKLLIAyAaHFaH >KETIAMEreH ypbik,
AAKbBIAbI KOAAQHBIAABL. 3epTTey HOTUXKECIHAE Kbilabac neH parcTbiH TypapaAblk, 6y AaHAAPbI aAbIHAbI.
AAbIHFaH HOTMXKEAEP KOPCETKEHAEM, aHaAbIK, (hOpMa peTiHAE paric eciMAiri 60AFaH KMbICTbIPYAAPAQ,
6yAaHAAPAbIH CaHbl aTapAbiKTan kern 60AAbl. COHbIMEH KaTap, 3ePTTEAIATeH 6CIMAIK MaTeprUarAapPAbIH,
reHETUKAABIK TYPAIAIriH apTTbIPy MakKCaTbIHAQ XMMUSIABIK My TareHes 8 AiCi KOAAaHbIAAbL. Kbillabac >xaHe
OHbIH, parnc eciMAIriMeH Typapaabik, 6yAaHAAPbIHbIH, OKLLUayAaHFaH MMKPOCMOPA AAKbIABIHAA AAbIHFaH
SMOPUOATAPAbI BHAEY YLiH ITUAEHMETUACYAboHAT (EMS) MyTareHi mamiaasaHbiAAbl. MyTareHmeH
eHAEAreH SMOPUOATAPAbIH TMO6EPEArH KbILIKbIAbI KOCbIAFAH B5 KOpPEKTiK opTacbiHAAFbl pereHepaums
ypaici, EMS mytareHiHiH 8 MM KOHUeHTpaumscbl, Kpltwabac COPTTapbiHbiH, pPereHepauusiCbiH
(3onoTncTag — 72% wu SAHTapHas- 88%) apTTbipbin, TOMeH KOHUeHTpauusra (4 MM) kaparaHAQ
SKOFapbl HOTUXKE KOPCETKEHi aHbIKTaAAbl. TypapaAblk OyAaHAAp YLLiH, XOFapbl KOHLEHTPALMSAMEH
(8MM) caabicTbipraHaa, EMS myTareHiHiH 4MM TeMeH KOHLLEHTPaUMSICbl »KaKCbl HOTUXKE KOpPCETKEeHi
aHbIKTaAAbl. KaHOAQHbIH OTAHABIK, COPTTAPbIH Kacay MakCaTbIHAQ, CEAEKLMS YLLiH 6acTankpl MaTepran
6OAATbIH )KaHA MYTaHTTbl AMHUSIAAPbI AAbIHFaH.

Ty#in ce3aep: Kpiwabac, parnc, aAwak, 6yAaHAACTbIPY, MyTareHes, OKlUayAaHFaH MUKpocCHnopa
AAKbIABI.
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MoAyyeHne MyTaHTHbIX AMHMIA cypenuibl (Brassica rapa)
M ee OTAAAEHHbIX TMOPUAOB B KYAbTYpe U30AMPOBAHHBLIX MUKPOCTOP

B AaHHOM cTaTbe npeaACTaBAEHbl pPe3yAbTaTbl MCCAEAOBAHWMS MO TMOAYUEHMIO MYTAHTHbIX
YABOEHHbIX ranAoMAoOB cypenuupl (Brassica rapa L.ssp.Oleifera), a Takxxe ee MEXXBUAOBBIX TMOPUAOB
c pancom (Brassica napus). AAS yBEAMYEHMS MPOAYKTMBHOCTM MEXBUAOBOM rmbpransaumnmn Gbira
MCMOAb30BaHa KYyAbTypa M30AMPOBAHHbIX HE3PeAblX 3apoAbllieir. B pedyAbTate MCCAeAOBaHWM
ObIAM  TIOAYyUEHbl MEXBMAOBble TUOPUABI Cypenuubl C pancom. Hawnboabliee KOAMYECTBO
MOAYYEHHbIX PaCTEHMIN HABAIDAAAOCH Y TMOPMAOB, FAE MAaTEPMHCKOM POPMON SBASACS panc. boaee
TOrO C LEAbI0 YBEAMUYEHUS FrEHETUUYECKOro PazHoobpasus M3yvyaeMoro MaTeprMasa UCNOAb30BAACS
XMMMYECKUI MyTareHes. ITUAeHMETUACYAbdoHAT (EMS) 6biA nprMeHeH AAs 06paboTKM 3MOPHMOAOB
MOAYYEHHbIX B KYAbTYPE W30AMPOBAHHbIX MWKPOCMOP Cypenuibl U MEXBUAOBbLIX MOPUAOB
cypenuupl ¢ pancom. Pe3yabTatbl pereHepaumm asmMObprMona0B Ha (poHe MyTareHa Ha NMUTATEAbHOM
cpeae B5 ¢ rnb66epearoBoit KUCAOTOM MOKasaAM, YTO KOHUeHTpaums B 8 MM EMS cTtumyampoBana
npoLecc pereHepauum y coptoB cypenuubl (3oaoTuctas — 72% u SAHTapHas- 88%), 1 nokasasa
AYYLIMIA PE3YAbTAT MO CPABHEHMIO C HU3KOM KOHUeHTpaumen (4 MM). AAs TiBpMAOB MO CpaBHEHMIO
C BbICOKOW KOHUeHTpaumen (8MM), HM3kasg KoHueHTpauuns 4MM EMS nokasaaa Ayuylinii pesyAbTar.
[MoAyyeHbl HOBble MYTaHTHblE AMHWM, KaK MCXOAHBIA MaTepraA AAS CEAEKLIMW B CO3AAHMU HOBBIX

OTEeYEeCTBEHHbIX COPTOB KAHOADI.
KatoueBble caoBa: cypenuua,
M30AMPOBAHHbIX MUKPOCMOP.

paric,

Introduction

Canola is the trade name of rapeseed (Brassica
napus) and turnip rape (Brassica rapa L. ssp.
Oleifera) cultivars which seed oil is used for food
purposes. In the last decade, a demand on canola
oil from rapeseed (Brassica napus) and turnip rape
(Brassica rapa L. ssp. Oleifera) raised dramatically
worldwide. In Kazakhstan, where almost all
produced rapeseed have been exclusively exported,
there is an increasing trend for internal consumption.

Turnip rape has the AA genome where haploid
number of chromosomes is 10 (n = 10), unlike
rapeseed, which genome AACC (n=19). Turnip rape
has shorter growing season and it is more productive
in harsh climates and poor soil. We consider that the
demand on turnip rape among farmers will rise in
nearest future due to climate change, since there are
more dry years in Kazakhstan now.

Interest in turnip rape in different countries
is definitely linked to its resistance to abiotic
environmental stress factors compared to rapeseed
[1]. Atthe same time, turnip rape yield is significantly
lower compared to rapeseed in good climatic
conditions. As a solution for this issue, hybrids and/
or synthetic hybrids may be created. In this case, a
significant improvement in yield can be achieved [2].

OTAAAeHHas

rmopuamM3aums, MyTareHes, KyAbTypa

In order to get the highest productivity (heterosis)
in hybrids and synthetic hybrids, homozygous
lines are used as parents, since such lines are more
convenient for studying their combining ability
[3]. Therefore, one of the most important steps in
breeding is a quick production of homozygous lines
with valuable qualitative and quantitative traits and
resistance to stress factors.

However, conventional oilseed crop breeding is
a labor-intensive and very long process. In addition,
creating homozygous lines also requires long time
for self-pollination. The most effective method for
that is the method of isolated microspore culture.

Isolated microspore culture has been used for
a while to produce doubled haploids in Brassica
species. However, despite widespread application of
this method in breeding, its application in obtaining
doubled haploids requires certain improvements
[4], especially for turnip rape, as its embryogenesis
depends strongly on plant genotype [5].

In addition to increasing demand on canola oil,
special attention is paid to its quality. Canola oil
is considered to be one of the healthiest vegetable
oils [6]. Particularly, cultivars with high oleic acid
content are the most valuable ones [7]. Therefore,
developing cultivars with this particular trait is a
perspective direction in oilseed crop breeding. One
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of the ways to increase its efficacy is expanding
genetic diversity of the plant material. This can be
achieved using mutagenesis.

The efficacy of mutagenesis can be significantly
increased using cell culture. Furthermore, isolated
microspore culture increases it even more due to
identical chromosome set. As a result, recessive
mutations are not hidden by the dominance effect.
Various mutagens are used to treat anthers and
microspores in the culture. EMS is the most
common chemical mutagenesis, however, sodium
azide (NaN3) [8] and gamma UV radiation [9]
are used instead in many studies. However, EMS
is considered the most effective and convenient
chemical mutagen [10]. At the same time, chemical
mutagenesis inisolated microspore culture may lower
embryogenesis rate, thereby causing difficulties
in growing plants from embryos. For that reason,
researchers [11] used secondary callus embryos, as
well as embryo callus to clone embryogenic material
obtained in isolated microspore culture.

The aim of this work was to use the culture of
isolated microspores to obtain homozygous mutant
doubled haploids of turnip rape and its interspecific
hybrids.

Materials and Methods

The research materials were cultivars and
lines of turnip rape (Brassica rapa) and rapeseed
(Brassica napus).

Method of Brassica hybridization.

Castration is performed on buds of 3-4 mm and
an insulator close to the readiness of the pistil for
pollination. Then pistil pollinated by paternal form
pollen and close the insulator onto which the date of
castration and pollination.

Extracting immature germs of Brassica hybrids
and growing to plants in vitro.

Pods obtained at day 15-17 after hybridization
are sterilized in 50% sodium hypochlorite solution
for 10 min, in 70% alcohol for 3-5 sec and washed
in distilled water. After sterilization, the germs are
extracted under laminar flow and transferred in
MS medium with 1 mg/l of kinetin, IAA 0.1 mg/l,
gibberellic acid 1 mg/l, casein hydrolysate 10 mg/l,
pH 5.8. 10-15 days later, regenerants derived from
the germs are transferred in MS medium with half
of the salt content, no hormones and grown until
complete formation of roots and shoots.

Isolation of a microspore culture.

Buds (2-3 mm in size) were collected in field
conditions early in the morning at the single-nucleus
microspore stage during hours of intense pollen
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division. The pretreatment of buds was carried out
in a 10 mg/l silver nitrate solution at + 4°C for 2
days. Subsequently, the buds were sterilised with
5% sodium hypochlorite for 7-10 min and 70%
alcohol for 3-5 sec, followed by three washes with
distilled water. The buds were then placed in a
cool micromixer (10°C) using 30-40 ml of cooled
B5 medium [12] without hormones (10-12°C) and
homogenised for 7-9 sec at high speed. The resulting
suspension was passed through a filter (80 um), and
the filtrate was centrifuged (Eppendorf, Germany)
at 100 g for 5 min. The supernatant was decanted,
and 15 ml of the BS medium were added to the
precipitate, followed by centrifugation for 5 min.
After repeating the previous step, the precipitate
was poured into Petri dishes. Subsequently,
NLN medium with 0.05 mg/l benzylaminopurine
(BA) was added for microspore cultivation. The
concentration of microspores in the NLN medium
was adjusted to 35,000-50,000 microspores per ml.
Petri dishes were placed in a temperature controller
with a shaker at 25°C. As soon as torpedo-like
embryoids appeared, the Petri dishes were exposed
to light at the same temperature [13]. Embryoids
derived from the isolated microspore culture were
transplanted onto Gamborg B5 solid nutrient
medium supplemented with 1 mg/l gibberellic
acid. As regeneration proceeded, the plants were
transplanted onto Murashige-Skoog hormone-free
medium with half salt composition, one plant per
tube, and placed into a room with controlled light
and temperature.

Mutagen treatment of somatic embryoids.

Upon reaching 1.5-2.5 mm in size, the
embryoids were treated with EMS (Sigma Aldrich,
US) mutagen. EMS was added to the Petri dishes
in three concentrations: 4 mM, 8 mM, and 12 mM.
The dishes were then placed on a shaker (40-50
rpm) in a temperature controller (TSO-1/80-SPU,
Russian) at 25°C for 1 h. After the treatment, the
embryoids were dried on a sterile paper sheet for
5 seconds. Thereafter, they were transplanted onto
solid BS medium with 0.8% agar and 2% sucrose
and incubated for 24 hours in a thermostat at 10°C.
After the incubation, the tubes with embryoids were
placed under light at 25°C. Following two weeks of
cultivation, the embryoids were transplanted onto
fresh BS medium for regeneration.

Colchicine treatment.

After in vitro regenerants were obtained, they
were cut into three equal pieces and cloned. Two
of the three pieces were cloned on B5 medium and
one was frozen and kept in storage. The clones were
grown up to the five-leaf stage and treated with 0.05
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% colchicine (AppliChem, Germany) at 4°C for 16
h. Treated plantlets were then washed three times
with distilled water. Next, they were planted into
soil and grown to obtain seeds of doubled haploid
plants [14].

Results and Discussion

Turnip rape is more resistant to abiotic stresses
than rapeseed [1]. However, Kazakhstan does
not have its own cultivars of turnip rape [15] and
grows it on small areas, apparently due to low yields
compared to rapeseed. Therefore, there is a need to
create cultivars adapted to local soil and climatic
conditions. During the period of our previous
studies (2018-2021), mutant and hybrid turnip rape
lines were obtained, which were distinguished by
qualitative and quantitative characteristics [16].

Thus, the working collection of turnip rape
was selected according to various useful signs
corresponding to the food direction (the content
of erucic acid and glucosinolates), high yield and
seed quality. The collection consisted of cultivars
of Russian (2 cultivars) and German/Germanic
selection (5 cultivars), as well as lines of doubled
haploids obtained by us from cultivars of Russian
selection. The seeds of the Russian and German/
German breeding had yellow seeds (Figure 1 A and
B). The seeds of the doubled haploids of interspecific
hybrids differed in black, brown and light brown
colors of seeds (Figure 1 C, D and E). Cultivars with
yellow seeds have a number of advantages due to
a higher percentage of oil in them, a higher protein
content and a low fiber content [16]. There are a
number of studies aimed at creating hybrids and
mutants of the Brassica family with yellow seeds
[17].

«f

C

L]

A) seeds of the Zolotistaya cultivar; B) seeds of mutant DHZ4-1 lines; C) D) E) seeds of doubled haploids
Figure 1 — Seeds of collectible cultivars and lines

The main way to obtain a new source material
is hybridization (intervarietal and interspecific).
Using methods of interspecific hybridization of the
Brassica family, high-oleic lines were obtained, as
well as lines resistant to environmental stress factors
[18;19;20]. In our experiment, a culture of isolated
embryos was used to increase the productivity of
interspecific hybridization.

The initial material for hybridization was the
lines of doubled haploids (DH) of the food direction
of the turnip rape (Brassica campestris). All DH
lines are homozygous and have a low content of
erucic acid and glucosinolates corresponding to the
nutritional direction, as well as high yield and good
seed quality.

The selection of combinations for hybridization
was determined by qualitative and quantitative
characteristics. In our experiments, 524 immature
embryos from ten combinations were introduced
into the culture in vitro. Not all immature embryos

germinated into plants, the largest number of plants
obtained was observed in hybrids where rapeseed
was the maternal form (Galant x Yantarnaya and
Kiris x Zolotistaya). In total, we obtained 205 plants
in vitro from eight hybrid combinations (Table 2).
The resulting plants were cloned 3 clones of each
line, for further transplantation into the ground
(Figure 2). Despite the fact that visually hybrid
plants grew and developed normally, not all of them
turned out to be fertile.

In our study, chemical mutagenesis was used in
the isolated microspores culture in order to expand
the genetic variability of the studied genotypes.
EMS is a widely used chemical mutagen that is
used to generate important recessive and dominant
genomic mutations at a high rate. This creates the
basis for the selection of useful genetic variations
necessary for plant breeding [21]. The use of EMS
is widely practiced in the Brassicaceae family as a
mutagen.
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Table 1 — Obtaining plants in vitro from interspecific hybrid immature embryos

Number of The number of
. L Number of Number of . . .
Name of hybrid combinations . immature embryos  plants obtained in
pollinated plants castrated buds )
planted vitro
Galant x Yantarnaya 20 100 180 91
Kris x Zolotistaya 20 100 76 38
Zolotistaya x Yantarnaya 20 80 71 33
Yantarnaya x Zolotistaya 20 80 55 26
Galant x CR 307 20 100 45 12
Kris x CR 307 20 100 51 5
Zolotistaya x CR 2186 20 80 21 -
Yantarnaya x CR 2186 20 80 25 -
Total 160 720 524 205

Figure 2 — Sequential cultivation of immature embryos to produce interspecific hybrids of rapeseed
with turnip rape. (A) germinated germs; (B) cloned hybrid plantlets; (C) fertile hybrid plant; (D) pod with seeds

To obtain mutant plants, secondary embryos of
interspecific hybrids and cultivars of turnip rape were
treated with the EMS mutagen, which were obtained
in the isolated microspores culture (Figure 2). The
concentration and time of treatment of embryos with
the EMS mutagen was established by us in previous
studies [22]. A week after the mutagen treatment,
changes in color were noticed on the embryos. Such
processes were mainly observed during processing
with a concentration of 8mM EMS. After 14 days,
some embryos acquired a green color and then
regenerated. At the same time, in some cases,
darkening of embryos was observed, which later
died. The results of regeneration of embryos against
the background of mutagen on a nutrient medium in
5 with gibberellic acid showed that a concentration
of 8 mM EMS stimulated the regeneration process
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in the cultivars of turnip rape (Zolotistaya — 72%
and Yantarnaya- 88%), and showed a better result
compared to a low concentration (4 mM) (Figure
4). The results obtained during these studies are
consistent with the data M. Tavakoli and m. E.
Shariatpanahi [23] and He et al. [24], that the average
mutagen concentration promotes the regeneration of
embryos and embryonic callus. At the same time,
for hybrids, compared with a high concentration (8
mM), a low concentration of 4mM EMS showed
the best result (47.2% for isGxY and 64.8% for
isKxZ). As is known, mutagenesis in the isolated
microspores culture educes embryogenesis and
regeneration of plants [25; 26]. Our results confirmed
this phenomenon, since at high concentrations; the
results of regenerations of secondary embryos in
hybrids were lower than in cultivars.
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Figure 3 — Production of doubled haploid mutants of B.rapa and their hybrids in isolated microspores
culture and regeneration of plants from embryos treated with EMS mutagen. (A) The process of formation
of embryos from microspores and (B) mutagen treatment; (C) (D) the resulting mutant plantlets;

(E) mutant fertile plant
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Figure 4 — Number of haploid plantlets from embryos

The production of fertile plants occurred due to
the treatment of haploid plantlets with 0.05 % aqueous
solution of colchicine. As a result, M1 seeds of turnip
rape cultivars and their interspecific hybrids were
obtained under controlled conditions (Table 2). Table
2 shows the lines with the highest seed productivity.

Chemical mutagen treatment has a certain effect on
plant fertility [27]. As a result of our research, some
mutant turnip rape lines and their interspecific hybrids
turned out to be sterile when treated with the EMS
mutagen at a concentration of 8 mM EMS, while at 4
mM EMS all plants were fertile.
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Table 2 — The obtained seed material of mutant lines (M1) from the culture of androgen embryos against the background of mutagen

EMS Mutagen Concentration Weight of seeds from one

Mutant lines of turnip rape and interspecific hybrids

(mM) plant, g.

DHGY 0 5,1£0.2

Galant x Yantarnaya MDHGY-2 4 4,3+£0.8
MDHGY-2 8 2,5+1.0

DHKZ 0 4,8+0.3

Kris x Zolotistaya MDHKZ-1 4 4,0+0.9
MDHKZ-2 8 3,1+0.8

DHY 0 3,8+0.3

Yantarnaya MDHY-1 4 3.1+0.4
MDHY-1 8 3,9+0.3

DHZ 0 3,5+0.3

Zolotistaya (cypenmua) MDHZ-2 4 3,6+0,2
MDHZ-1 8 4,240.4

Note: DHNC- n , doubled haploid name of cultivars — number of line; MDHNC- n, mutant doubled haploid name of cultivars —

number of line.

Conclusion

The conducted studies have shown that the
use of culture of isolated embryos significantly
increases the efficiency of obtaining interspecific
hybrids of turnip rape and rapeseed. The use of
in vitro mutagenesis at the level of androgen
embryoids is very convenient for the creation of
new lines in the Brassicaceae family. It has been
shown that the ethylmethanesulfonate (EMS)
mutagen during the treatment of androgenic
embryoids for one hour significantly affects the
regeneration of the embryoids of the turnip rape
and its hybrids with rapeseed. Studies have shown
that the chemical mutagen EMS can be effectively
used to produce fertile lines. The obtained new

mutant lines will be further studied by qualitative
and quantitative characteristics to determine their
breeding value.
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MOPO®OMETPUYECKASA XAPAKTEPUCTUKA U SAMETKHA
MO MNOAOBOMY AUMOP®U3MY MO YEPENAM
ObbIKHOBEHHOM PbICU (LYNX LYNX LINNAEUS, 1758)

BbiAv  MpoBeaeHbl  MOP(OMETPUYECKME UCCAEAOBAHMS 27 4epernoB YeTbipex MOABMAOB
00bikHOBeHHOM pbick (Lynx lynx Linnaeus, 1758): esponeickon (L. |. lynx L., 1758) (n = 2),
6aikaabckon (L. |. kozlovi Fetisov, 1950) (n = 2), aaTaiickon (L. |. wardi Lydekker, 1904) (n = 5) u
TypkectaHckon (L. I. isabellina Blyth, 1847) (n = 16) n3 AeBATM pa3AnUHbIX NonyAsiumii. B pesyabtare
BO3PaCTHOI0O aHaAM3a, M3 PAaCCMOTPEHHbIX YepenoB 3 yepena GblAM OTHECEHbI K FPYMne CEeroAeTok, 8
— K MOAOAOWM rpymne (A0 2-3 AeT), 16 — Kk B3pocAon rpynne. [pu crtatuctnyeckoin o6paboTke AaHHbIX
ObIAM UCMOAb30BaHbl 10 NepemMeHHbIX AAS CPAaBHEHWMS ABYX MOAOB. Yepena CEeroAetok AAs 3TOro He
MCMOAb30BaAUCb BBMAY MX HEAOPa3BUTOCTU. [pumeHsiaca t-kputepmin CTblOAEHTA AAS CPaBHEHWS
CPEeAHUX 3HAYeHUI nepemeHHbIX, 06pPaboTaHHbIe AQHHbIE SBASIOTCS CTAaTUCTUUECKM 3HAYMMbIMU MPK
< 0.05. FabapuTHbIE pa3Mepbl YePEroB Pa3AMUYAAMCH, M CaMLibl BbIAM CPABHUTEALHO KPYTHEEe CaMOK.
O6uias AAMHA yepena CamLOB M CaMoK, B cpeaHem, 6bina 153,8 Mm 1 145,6 MM, COOTBETCTBEHHO, B
TO BpeMs KakK CKyAOBasi LLIMPMHA Yepera y CamuoB, B cpeaHem, 6biaa 108,6 MM, a y camok — 102,8
MM. Cxoxkne OTAMUMS MO pasmMepam OTMeYeHbl U Mo APYyrMM 8 nepemeHHbiM. OTMeYeHa 3HauUMTeAbHas
BapuaLMs pa3MepoB YeperoB PbiCen U3 Pa3AMUHBIX MOMYASLMIA, YTO, MPEANOAOXMTEABHO, CBSI3aHO C
pasmepamu ux Teaa. Tak, yepena eBpornenckon 1 aATanCcKoM pbicer GbIAM HECKOAbKO GOAbLLE YepernoB
TYpKecTaHCKOM. B AaAbHerlem nAaHMpyeTcsi pacCMOTPETb GOAbLLE YEpenoB M3 APYrMX MOMyAsLMIA
M UCMOAb30BaTb OOAblLUEE KOAMYECTBO [MOKA3ATEAEN YEpPernoB AAS M3YUEHWMS OTAUMYUMI MEXKAY
NOMyASLMAMM 1 MOABUAAMM.

KatoueBble caoBa: 06blkHOBeHHas pbich, Lynx lynx, kpaHuoaorus, mopdomeTpus, nonyAsums,
NoABMA, MOAOBOM AMMOP(M3M, TAKCOHOMWYECKMI CTaTyC, CTaTUCTUUECKMIA aHAAM3.

N.A. Bizhanova'?**, Yu.A. Grachev'

'Institute of Zoology of the Republic of Kazakhstan, Kazakhstan, Almaty
2Al-Farabi Kazakh National University, Kazakhstan, Almaty
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Morphometric characteristics and notes on sexual dimorphism
of the skulls of the Eurasian lynx (Lynx Iynx Linnaeus, 1758)

Twenty-seven skulls of four subspecies of the Eurasian lynx (Lynx lynx Linnaeus, 1758): European
(L. . lynx L., 1758) (n = 2), Baikal (L. |. kozlovi Fetisov, 1950) (n = 2), Altai (L. I. wardi Lydekker, 1904)
(n = 5) and Turkestan (L. I. isabellina Blyth, 1847) (n = 16) lynxes from nine different populations were
studied. As a result of age analysis, among the skulls obtained, three were classified as juveniles, eight as
subadult (up to 2-3 years), and 16 as adults. Ten variables were examined in the statistical data process-
ing to compare the two sexes. The skulls of juveniles were not considered for statistical treatment due to
their underdevelopment. We used Student t-test for comparing the means of variables; the data analyzed
were statistically significant at < 0.05. The overall dimensions of the skulls varied, and the males were
comparatively larger than the females. The total length of the skull of males and females averaged 153.8
mm and 145.6 mm, respectively, while the zygomatic width of the skull in males averaged 108.6 mm
and in females 102.8 mm. Similar differences in size were noted for the other 8 variables. A significant
variation in the lynxes’ skulls size from different populations was noteworthy, which is presumably re-
lated to their body sizes. Thus, the skulls of the European and Altai lynx were larger than the skulls of the
Turkestan to some degree. In the near future, we will need to look at more skulls from other populations
and use more skull variables to study differences between populations and subspecies.

Key words: Eurasian lynx, Lynx lynx, craniology, morphometry, population, subspecies, sexual di-
morphism, taxonomic status, statistical analysis.
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Kaaimri ciaeycin (Lynx lynx Linnaeus, 1758) 6ac cy#eriHin,
MopdOMETPUSIAbIK, CUNIATTAMAAAPbI XKOHE XKbIHbICTbIK, AMMOPIU3MI

MopdomeTpusiabiK, 3epTTeyAep KaAiMri ciaeycCiHHiH (Lynx lynx Linnaeus, 1758) TOFbI3 TypAi
NMonyASUMSIAQH KapacTbipbIAFaH TOPT TYP TapmarbiHbiH;: eyporaabik, (L. |. lynx L., 1758) (n = 2), barikaa
(L. I. kozlovi Fetisov, 1950) (n = 2), AaTait (L. |. wardi Lydekker, 1904) (n = 5) >xeHe TypkictaH (L. |. isa-
bellina Blyth, 1847) (n = 16) cianeyciHiHiH 27 6ac cyreriHae Xyprisiaai. >)Kac epekweaiktepiH capanTay
HBTUXKECIHAE 3epTTEAreH 6ac CyMekTepAiH yweyi 6ip XbIAAbIK, )Kac AapaAap ToObiHa, cerisi 2-3 »kacka
AEWiHri )Kac Aapasap TOObIHA, OH AATBICbI epeceKkTep TOObIHA XKATKbI3bIAABI. ATAAbIK, MEH aHAAbIKTAPAb!
CaAbICTBIPY VYLUIH AepeKkTepAl CTaTUCTUKaAbIK, eHAeyae 10 aiHbIMaAbl KOAAQHBIAABL. Bip >KbIAABIK
ac TonTblH 6ac cynekTepi OAapAbIH AambIMaraHAbIFbIHAH MaiAAAaHbIAMAAbI. AMHbIMAABIAAPADIH
opTalla MaHAEpPiH CaAbICTbIpy YwiH CTYAEHTTIH t-TecTi KOAA@HbIAABI, eHAeAreH AepekTep < 0,05
KOPCETKILIIMEH CTaTUCTMKAABIK, MaHbI3AbI BOABIM KeAeai. bac cyekTepaiH >kaAmbl eALLIEMAEPI OPTYPAI,
aTaAbIKTap aHaAbIKTapFa KaparaHAA CaAbICTbIPMAAbI TYPAE YAKEH B60AAbI. EKi XbIHbIC 6ac cyekTepiHiH
>KaAMbl Y3bIHAbIFbI, OpTa ecenmneH, aTaAbikTapaa 153,8 MM >kaHe aHaabikTapaa 145,6 MM GOAAbI, aA
6ac cyMeriHi, 3MroMaTMKaAblK, €Hi, opTa ecenneH, ataAbikTapaa 108,6 MM XXeHe aHaAbikTapaa 102,8
MM GOAAbI. OALLIEMAETT YKCaC alibipMaLLbIABIKTAP KaAfaH 8 aiiHbiMaAbl YLUiH Ae 6aikaAAbl. OPTYPAI
NONYyASLUMSIAAPAAFbI CIACYCIH 6aC CyMeKTEpiHiH OALIEMAEPIHAE alTapAbIKTal esrepictep 6arkaAbl,
OYA OAAPAbIH, AEHEAEPIHIH eAleMiHe 6anAaHbICTbl GOAYbI MyMKiH. Ocbliaai, Eyponaabik xeHe AATait
cineycCiHiHiH 6ac cyrekTepi TypKicTaH ciAeycCiHiHiH 6ac cyiekTepiHeH Gipluama YAKeH GOAABI. AAAAFbI
yakbiTTa 6acka MnonyasuusAap cireyciHaepiHiH 6ac CyrMekTepiH KapacTblpy >XoHe MOonyAsumsAap
KOHEe TYp TapMakTapbl apacbiHAAFbl aMblpMaLIbIAbIKTAPAbI 3epTTey YilUiH Ke6ipek anHbIMaAbIAApPAbI

nanAaAaHy >KOCrnapAaHyAQ.

Ty#iiH ce3aep: kaaiMri ciaeyciH, Lynx lynx, KpaHnoAorus, MopcoMeTpus, MONyASLUS, TYP TapMarbl,
>KbIHBICTBIK, AMMOP(U3M, TAaKCOHOMMSABIK, CTAaTyC, CTAaTUCTUKAABIK, TaAAQY .

CoxpameHusi 1 0003HAYEHUS

AJIBP3 — anpBeonsipHas JyIMHA BEPXHEro psaa
3y60B; AJIHP3 — anbpBeonspHas AnuMHA HUXKHETO
psina 3yooB; BHY — BeicoTa HMkHel yentoctu; BY —
BbIcoTa uepena; JJHK — ne3okcupubonykienHoBas
kucyora; KazHY — Kazaxckuil HalmoHaIbHbBIN YHU-
BepeuteT; KU — konanino6a3agpHas AJMHA Yepera;
KH MOH PK — Komurer Haykun MuHHCTEPCTBA 00-
pa3oBanus U Hayku PecrnyOnmuku Kasaxcran; MI'Y
— MockoBCKHIl TOCYIapCTBEHHBIH YHUBEPCHUTET;
MIIY — mexrimazaudHas mmpuHa depera; OJ[YU
— obmas amuaa yeperna; CUTEC (CITES) — Kon-
BEHIIMSA O MEXIAYHApOJHOH TOProBiIe BHIAMH IH-
Ko (payHBI ¥ GIIOPHI, HAXOIATITUMUCS IO YTPO30it
ucuezHoBenus (Convention on International Trade
in Endangered Species of Wild Fauna and Flora);
CHIY — ckynoBas mupura deperna; [IMOY — mmu-
puHa Mo3roBoro otaena uepena; [THOY — mmpuna
HOCOBOT'O OTJIEJIA Yeperna.

BBenenne
OOwikHOBeHHasT pwIch (Lynx [lynx Linnaeus,

1758) — Bunm u3 cemeiictBa komraubux (Felidae),
PacIpOCTPAHEHHBIN B JICCHBIX M TOPHBIX MacCHBax

Asunm u EBpomnsl [1, 2]. B Kazaxcrane u conpenens-
HBIX PETHOHAX OOMTAIOT MOIBHIBI PHICH, I'PAHUIIBI
MOP(OJIOTHIECKUX MPU3HAKOB KOTOPBIX PACILIBIB-
4aThl U HY)KJAITCs B paccMoTpeHuu [3-5]. Ogaum
13 cr1oco0O0B OIPENENCHUs Pa3Inuuil MEXIY II0-
MyJISALUAMU PBICH ABJISETCS UCIOJIB30BaHUE MOp-
¢domeTpun — merona u3ydeHus: (HOPMOM3MEHEHUS
oprann3ma. MopdomeTprst Ha OCHOBE TPHU3HAKOB
yeperna, B IOTIOJIHEHNE K APYTHM MeToAaM Tudde-
peHuMpoBaHUs (M3yUEHHE 110 TOCTHATAIEHOMY CKe-
JIETy, OKpacKe MKYyphl, MUTOXOHApHansHoi JIHK),
JTaeT BO3MOXHOCTh PAaCCMOTPETh OTIMYHUS MEXTY
1 BHYTPU HONYJSIIMH, M Ja)ke IMPUBECTH K 000CO-
OJIEHUIO OTpENeTeHHBIX MOJBHUIOB ITOCPEICTBOM
MaTeMaTHYECKOTO BBIPRKEHUS HM3MEPEHUH MMpH-
HBI, JUIMHBI U YTJIOB MEXIY IBYMsI KOHKPETHBIMU
TOYKaMu deperna [6-8].

Ha ceropusiunuii seHs MOp(HOMETPUIECKUX U3~
MepeHUH deperioB OOBIKHOBEHHOH PBICH, OOWTAIO-
et Ha tepputopun Kazaxcrana u Oauznexamux
peruoHoB, cpaBHHUTeNnbHO Mano. C.¥Y. CtporaHos
[9] B cBOCH paboTe mompoOHO omucar MOp(OIOTHIO
OOBIKHOBEHHOM PBICH, TIPUBENI U3MEPEHHUSI 110 Yepe-
naMm Buaa. A.A. ApuctoB u I'.®. bapsimankos [10]
IIPUBEJIM AAaHHBIE 110 BEPXHEMY M HIDKHEMY psiaaM
3y00B pbicu. M3MepeHus Mo OTAEIbHBIM MOABUAAM
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pBICH, a TaK)K€ HEKOTOPBIE 3aMETKH IO OTIMYHUSIM
YeperoB CaMOK M CaMIIOB OBIIH IIPUBEICHEI B pa00-
te B.I'. I'entaepa u A.A. Caynckoro [11].

U3 Bcex 00pasloB, pacCMOTPEHHBIX HAMHU B
TaHHOM cTatbe, 78% ObiIn cobpansl B Kazaxcrane.
[Ipu stom, Gonee 40% W3 HUX SIBISIOTCSI CpPAaBHH-
TENBHO HOBBIMH, NOJIy4eHHBIMU B nepuox c¢ 2001
1o 2021 rr. Micionb30BaHHbIE B JAHHOM HCCIIEI0BA-
HUU METOJIbl U3MEPEHUS U KPUTEPHH OTpe/IeTIeHUS
[oJIa HAIpPaBIICHBI HAa CPaBHEHUE YEpENoOB CaMOK
U CaMIIOB Pa3JIMYHBIX TOMYJIAIHA OOBIKHOBEHHOM
pBIcH. YUuThIBas parMeHTapHOCTh COBPEMEHHBIX
JAHHBIX TI0 MOP(POMETPHHA M TAaKCOHOMHH PBICH B
EBpa3uu u, B yactHoctu, B KazaxcraHe, akTyasb-
HBIM SIBJISUIOCH TNPEAOCTaBUTh IMpPEABapUTEIIbHBIC
JAHHBIE 110 KpaHWAJbHONH MoppoMeTprn U OHoMe-
TpuH OOBIKHOBEHHOW phicH. [lomydeHHbIe HaHHBIE
MIEPCTIEKTUBHBI JJIs JalbHEUIIEro CpaBHEHUS II0-
nyssinuil peicu B Kazaxctane u B EBpazuu B neiaom.

MarepuaJibl H METOABLI HCCICAOBAHUI

Bbeun paccmoTpensr n n3mepens! 27 o0pasIos
KOCTHOTO Kapkaca (25 meibHbIX 4epenoB u 2 — 0e3
HWKHEW 4YeltoCcTH) OOBIKHOBEHHOW poicu (Lynx
lynx) n3 xomnekunoHHbIX hoHnoB MHCTUTYTA 300-
noruu KH MOH PK, buonorunueckoro mysest Kasz-
HY uM. anp-®dapabu, Hayano-nccineqoBaTeabckoro
3oomorudeckoro myses mpu MI'Y um. JlomoHOCO-
Ba, a TAK)KE YaCTHBIX KOJUIEKIIUH TaKCHAEPMHCTOB.
KonnexunonnpoBanne depernoB pwicedl B (OHIAX
natupyercs ¢ cepeaussl 1920-X rooB Mo KoHeIl
2021 r. u ObLIM paccMOTPEHBI 4 TIOABHUA PHICH: €B-
pometickas (L. I [ynx L., 1758) (n = 2), Oalikanbckas
(L. L kozlovi Fetisov, 1950) (n = 2), anraiickas (L. /.
wardi Lydekker, 1904) (n = 5) u Typkecranckas (L.
[. isabellina Blyth, 1847) (n = 16). Cpenn ocTaib-
HbIX 2 yepenoB 1 o0pasel Obl1 H3HAYAIBHO MIPEJIO-
CTaBJieH AJIMaTHHCKHM 300IapKOM H JIpYroil ObLI
no0pIT B Kazaxcrane (TodHee He ompenerncHo). B
Pucynke 1 mpencraBieHbl pernOHBI JOOBIYU PHICH,
yeperna KOTOPHIX ObLIM PacCMOTpPEHbI HAMHU B JJaH-
HOM HCCJIEIOBAaHUH.

Uepena pbIcH B IIepBYIO 04epeab ObUIH paszene-
HBI Ha BO3pacTHBIE TPYNIBI — ceroieTku (Juvenile),
MoJtoaeie ocodn nm rogoBuky (Subadult) u B3poc-
neie ocoou (Adult) [12]. Tloka3arensiMu, UCIOJb-
30BaHHBIMU AJISI ONPEAETICHUS MPHOIU3UTEIEHOIO
BO3pacTa phIcel 1Mo yepernam (B TOM ciydae, Koraa
BO3pAacT He 0BT paHee YKa3aH B 3alUCSIX KOJUIEKIH-
OHHBIX (DOH/IOB) OBUIM BEIPAKEHHOCTh BEHEYHOTO
[IBa, Pa3BUTOCTb CTPEJOBUIHOTO M 3aTBUIOYHOTO
rpebHeii. bonee TOYHO O BoO3pacTe PBHICH MOMKHO
OBUIO CYIHUThH IO OTKPBITOCTH AIMKAJIBHOTO OTBEP-
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cTus B KOopHE KibIka [13], B cioyuae, ecnu OfuH U3
KIIBIKOB ObLT paHee moajomieH. Tak, Ha OCHOBE
M3y4yeHUs 27 4epenoB phICH, 3 yepena OTHECEHBI K
TPYIIIE CETOJIETOK, 8 — K MOJIoI0# Tpymme (10 2-3
ner), 16 — K B3pocCIIoii Tpymie.

Br1o n3mepeno 10 ctaHgapTHRIX TApaMETPOB C
Kaxzaoro gepena no Kysuernosy [14] u npumensie-
MBIX JI0 HacTosIiero Bpemend [ 15, 16] (Pucynok 2).
W3mepeHust ObIIM BBIIOJIHEHBI ¢ IOMOIIBIO IITaH-
TeHLIUPKYJIS ¢ TOUHOCTHIO B 0,1 MMm.

Bein uzBecten mon 16 00pas3uoB; MpeAnonoKu-
TETLHBIN TTOJT phICel 1o 8 oOpa3aM OBLT oNpeeIIeH
Ha OCHOBE psifia KpUTEPUEB, UCTIOIH30BAHHBIX [ .A.
Knesesanem [12] u Garcia-Perea et al. [13]. Cero-
netku (3 depemna) IMpHU CTaTUCTHICCKON oOpaboTke
JTAaHHBIX JUIS CPaBHEHHUS ABYX IIOJIOB HE HCIOJIB30-
BaJIMCh BBy HEIOPa3BUTOCTH UX ueperna. Tak, oT-
MeUeHa CJIEAYIOIIAsk KOPPEeIsus MEeXILy CAMKaMu U
camnami ([unarpamma 1).

Cratuctiueckass 0o0pabOTKa OaHHBIX BBINOJ-
HeHa Ha 0Oaze Excel. Mcmonn3oBaics t-xpurepuit
CrerofieHTa, 00pab0TaHHBIC HAMU JJAHHBIC SBIISIFOT-
Cs CTaTUCTUYECKHU 3HaYUMBbIMU 1ipu < (0.05.

Pe3yJ’leaTLI HCCJIe[lOBaHHﬁ H UX 06cy>lmelme

OTMEUYEHO COOTBETCTBUE MEXIY OCOOSIMH TBYX
TMOJIOB TIPU MCIIOJIb30BaHUM Kputepus Garcia-Perea
et al. [13] (uarpamma 1), npuMEeHEHHOTO UMU IS
CpaBHEHHS CaMOK WM CaMI[OB HOEpHHCKON phICH
(Lynx pardinus Temminck 1827). IlomydeHHble
JTAaHHBIE TIOJITBEPIKAAIOT JOCTOBEPHOCTH 3TOTO KPH-
Tepus MOJIOBOH aud dhepeHITHAIIIY IS PHICH OOBIK-
HOBEHHOI.

CpenHre 3Ha4YeHHS IIEPEMEHHBIX (B JaHHOM
ciryqae, OJ4 u CIIY), cpaBHEHHBIE TIPHU TIOMO-
i t-kputepusi CThIOJICHTA, TTOKA3bIBAOT OTIUYHS
MeXIy camuamu u camkamu (n = 24). Bee 10 mepe-
MEHHBIX OBITH CTAaTHCTUYECKUA 00pabOTaHbI U TIPEI-
craByieHbl B Tabmurie 1.

OTMmedeHo, 9TO TadapuTHBIE pa3Mephl YepPeToB
3HAUUTEIHHO Pa3INYaINCh, U CaMIlbl OBLUTA CpaB-
HUTEIILHO KpyIHee caMmok. Tak, oOmas juiMHa 4e-
pema camIloB B caMOK, B cpemHeM, Obura 153,8 MM
u 145,6 MM, COOTBETCTBEHHO, B TO BpeMs KaK CKYy-
JIOBasl IIMPHHA Yeperia y CaMIloB, B CPEHEM, Oblia
108,6 MM, a y camok — 102,8 MmMm. CX0OXue OTIIHIUS
10 pa3MepaM OTMEUEHBI U TI0 APYTUM MTOKA3aTEIISIM.
HeoanoponHocTs 00pa3LoB (pasHble pa3Mephl Ie-
PEMEHHBIX) CaMOK M CaMIIOB, MPEAIIOIOKUTENBHO,
CBsi3aHa ¢ OOJBIINM apeaioM BBIOOPKH 00pasiioB,
— COOTBETCTBEHHO, PA3INYHBIMU Ta0APUTHBIMH Pa3-
MepaMH pBICEil B Pa3HBIX, YaCTO HM30JMPOBAHHBIX
MOMYJISIUSX.
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Pucynok 1 — MecTa 1 pernoHsl 0OMTaHHS PaCCMOTPEHHBIX 00pa30B OOBIKHOBEHHO! PBICH.
EBpomneiickas prich: 1) Kokieray u ceBepHas 4acTb apeana (n = 2); baiikaibckas pbIch:
2) TynkuHcKas nonuHa, BOimsu UpkyTcka (n = 2); Anraiickas peich: 3) TopHblit Anrait (n = 3),
4) Karon (n = 2); TypkecTaHckas pbick: 5) ropHsIit Xpeoet Cayp (n = 1), 6) XKetbicyiickuii Anaray
(n = 2), 7) Uneiickuii Anaray (n = 10), 8) Kynreit Anaray (n = 2), 9) Tepckeit Anaray (n = 1)

Pucynok 2 — M3mepenus uyepenos 1o Kysuenony [14].
1 — obmias puHa yepena (O/JH); 2 — konaunobdasanpHas mmHa yepena (KAY);
3 — ckynosas mupuHa uepena (CIIY); 4 — mexriasnuynas mupuna yepena (MIIY);
5 — mmpuna Mo3roBoro otaena yepena (ILHIMOY); 6 — mmprna HocoBoro otaena yepena (ILIHOY);
7 — Beicota uepena (BY); 8 — Beicota HinkHel uemoct (BHY); 9 — anbBeonsipHas uinHa BepxHero psiaa 3yoos (AJIBP3);
10 — anpBeossipHas JUIMHA HIDKHETO psina 3yoos (AJHP3)
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Hduarpamma 1 — Koppemsiuust Mmexay o6rueit anunoi yepena (OY) u ckynooii mupunoi yepena (CILIY).
KpacHble kpyru: 00pasibl ¢ U3BECTHBIM HOJIOM. bernbie Kpyru: 00pasiibl ¢ MPeAIoI0KUTEIbHBIM HOJIOM

Tabauna 1 — CraTuctuueckre JaHHbIe KPaHUAIBHBIX MEPEMEHHBIX B3POCIIONH 1 MOJIOAON TPYIIT CAMIIOB U CAMOK

ITon Camupi & Camku 9 T P
Map-w | X | o | SE| L-L, -l X o | SE | LA, -l

o4 |153,8(12,3 3,41 147,1-160,5 |121,6-166,9| 145,6 7,04 2,12 |[141,4-149,7| 133,3-155 | 2,441 | 0.01
KOY |[147,4(13,26| 3,67 | 140,2-154,6 |114,8-166,9| 139,74 | 7,15 2,15 [135,5-143,9| 126,5-147,5 | 2,441 | 0.01
CIIY |[108,6| 9,8 | 2,7 |103,3-114,01| 86,2-117 | 102,86 | 7,75 2,34 | 98,3-107,4 | 91,6-1154 | 2,441 | 0.01
MIIY | 35,5 (5,77 | 1,6 32,3-38,6 24,5-489 | 31,17 3,13 0,94 | 29,3-33,02 | 26,6-36,5 | 2,441 | 0.01
HIMOY | 65,9 | 4,37 | 1,21 | 63,5-68,2 55,5-70,1 62,97 2,49 0,75 61,5-64,4 57,9-66,1 | 2,441 | 0.01
HIHOY | 45,6 | 3,11 | 0,86 | 43,9-47,3 37,9-48,9 | 43,86 2,55 0,77 | 42,3-45,3 40,6-47,9 | 2,441 | 0.01

BU |64,04|4.88|135| 61,4-66,7 | 52,3-70,9 | 61,14 | 529 | 1,59 | 58,02-642 | 51,570 |2,441| 0.01
BHY | 47,4 (5,78 | 1,6 | 44,3-50,6 34,2-54,5 | 43,49 3,37 1,06 | 41,4-45,6 38,5-50,3 | 2,377 | 0.01
AJIBP3 | 60,1 | 4,35| 1,2 57,7-62,5 50,7-67,4 | 57,53 2,73 0,82 55,9-59,1 53,9-61,1 | 2,441 | 0.01
AJIHP3 | 57,6 | 3,71 | 1,03 | 55,6-59,6 50,1-61,7 | 56,18 1,69 0,53 55,1-57,2 53,7-58,6 | 2,377 | 0.01

Ilpumeuanue: X — cpeiHee 3HA4YEHUE; G — CTAHIAPTHOE OTKIOHEHHUE; SE — cTannapTHas ommbOka cpennero 3navenus; L -L, —
95%-HbIit JOBEPUTENBHBIA HHTEPBAN JUIS CPeTHEro 3HaueHns; L’-L’’ — HIDKHSA ¥ BepXHSSA TPAHUIIBI IEPEMEHHBIX; t — t-KpuTepuit
CThI0IEHTa AT KXKI0H IIepeMEeHHOM, UCTIONb3yeMO TSl CPaBHEHUS CaMIIOB U caMOK; P — 3HaueHue, yka3bIBaroliee Ha CTaTUCTH-
YeCKYIO IOCTOBEPHOCTH NaHHBIX. [Ipn 3HaueHuu p < 0.05, qaHHbIE CTATUCTUYECKU 3HAYUMEL.

VY ceroneTox BeHEUHBIH MIOB OBLT 3HAYUTEIHEHO
BBIP@)XEH, a CTPEJIOBUIHBII U 3aThUIOYHBIA TPeOHU
He OBLIM Pa3BUTHI; B BEPXHEM psijie 3yOOB TpeTHi
npemonsp P’ ne obpazosan, Husxnuil Monsp M, Ha-
YUHAJN PacTdU. Y MOJOJBIX 0cOOel BEHEUHBIH IIOB
CPaBHHUTEIFHO MEHee BBIPAXKEH, YeM y CETOJIETOK.
CrpenoBuAHBIA TpeOCHb Y CaMIIOB 3TOW TPYIIIBI
TaKKe OBIBACT HEJOPA3BUTHIM, YTO TAKXKE Xapak-
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TEpHO AN HEKOTOPBIX B3pochbIX camok [17]. YV
B3pOCHBIX pbICEl (B OOJIBLIMHCTBE CIy4aeB, Cam-
IIOB) CTPEJOBHIHBIA U 3aTHUIOYHBIN rpeOHU ObIBa-
10T pa3BUTHI; BEHEUHBIH IOB 3aKPHIT KaK y CaMIIOB,
TaK M 'y CaMOK.

Crangaptasle u3Mepenus no Kysuerory [14]
MO3BOJIMJIM MOJYYUTh HEOOXOIMMBIE MIEPEMEHHBIC,
KOTOpbIE B CJIEICTBHU IOKA3aJIH OTJIMYUSA MEXIY
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caMmIaMHi U caMKaMu OOBIKHOBEHHOH pricu. [lomy-
YEHHBIE JaHHBIC 110 KOPPEILILUU MEXIY CaMIIaMH U
camkamu o OJIY u CIIIY B HEKOTOPOI1 CTETIEHH OT-
JMYaUCh OT pe3ynsTatoB Garcia-Perea et al. [13],
BBUJY TOTO, YTO PACCMOTPEHHBIMH HMH 00pa3Iibl
nOepHiicKO PhICH OBUTH MOTYYEHBI U3 TOMYJISIHHT,
PAacIIONIOKEHHBIX B CPABHUTEIHLHO HE3HAYUTEIEHOM
JpyT OT JIpyra pacCTOSIHUU.

Tak, B luarpamme 1 oTME4eHO HEKOTOpOE Tie-
PEKpBITHE CaMOK ¢ caMliaMu 1o nokazatensim OJ4
u CIIY, uro MOeT OBITh CBSI3aHO C BHECEHHEM B
CTaTUCTUYECKYI0 00pabOTKy MOJIOIBIX 00pa3moB
CaMIIOB M OTJIMYMH B pa3Mepax MOABUAOB U H30JIH-
POBaHHBIX MOMYJSIIMKM pbIcH. B wacTHOCTH, OTME-
YEHO, YTO 0COOM EBPOMEHCKON U anTaiicKoi pbiceit
0 pa3MepaM IpeodIIanaoT 0co0el TypKeCTaHCKON
peicu. C Apyroil CTOPOHBI, 1Ba Yepemna, mo Mopgdo-
JIOTHYECKUM MPU3HAKAM KOTOPBIX TOJI PhICel OBLI
NPEANOJIOKEH KaK CaMKH, MOIJM Ha CaMOM Jielie
MIPUHAUIEKATh caMIlaM C HeIOPa3BUTHIMH T'PeOHS-
MU B 3aTBIJIOYHON KOCTHU. B Takom ciydae, kpute-
puii cpagHenust no O/J4 u CHIY, ncnonb30BaHHBIN
Garcia-Perea et al. [13], MmoxeT OBITh HCITONIB30BAH
KaK JIOTIOJIHUTENbHBIN BapuaHT ONpeeseHus 1oa
paccMaTpuBaeMbIX 00pa3LoB. 3HAYUTENBHOTO IIO-
JIOBOTO TMMOp(hH3Ma Ha OCHOBE CPAaBHEHHSI KIIBIKOB
HE OTMEYEHO. DTO MOXKET OBITh CBA3aHO C TEM, YTO
OTIMYMS IO KIIBIKAM MEXIy CaMKaMH U CaMIlaMu
CBSA3aHBI C CUCTEMOI Pa3MHOKEHHS — B YaCTHOCTH,
IUMOP(HU3M 1O KJIBIKAM OTMEYaeTCs y TPYIIOBBIX
’KMBOTHBIX, I'7Ie UMEETCSI OIUH CaMell ¥ HECKOJIbKO
caMoK [18], u HEe 3aMeTE€H y TaKOro TCHETHYECKHU
MOHOTaMHOTO BHJa, KaK OOBIKHOBEHHASI PHICh.

[Ipu nonbITKE CpaBHEHUSI IEPEMEHHBIX YEPEIIOB
TypkecTaHckoil (n = 17) u anraiickoil (n = 5) pbI-
cel, p-3HaueHHue HeCKOoJbKO mpeBsiaio 0.05, uro
YKa3bIBaJI0 HA CTATUCTUYECKYIO HE3HAUYUTEIbHOCTD
JaHHBIX. JTO, MO BCEW BUAMMOCTH, OBIJIO CBS3aHO
C HE3HAYUTETbHBIM KOJMYECTBOM 00Opa3LIOB alTaii-
ckoii peicu. ITonbITKa cpaBHEHMsI MOKa3aTeneu ue-
PEToB 1O BYM MOJABUAAaM ObLIa COBEpIICHA B Iie-
JSIX OTpenesieHUs] TAKCOHOMUYECKOTO TOJIOKEHHUS
penKoil TypkecTaHCKO#l pbicu. Bompoc mo cucre-
MaTH4YeCcKoil 000CO0JICHHOCTH ATHX JBYX MOJIBUIOB
pBICH OBUT PacCMOTPEH €Ll C TOr0 BPEMEHH, Kak
ajTalckas perICh ObLIa BIiepBhie onrcana P. Jlumme-
kepoM B 1904 rony mo mkype u3 Anras [19]. O6o-
COOJICHHOCTh aJITACKOI PBICH KaK MOJBHIAA IIOA-
Beprayiack comHeHuro [20, 21], ogHako coo0manochs
U O 3HAYUTENBHBIX OTIMYUAX B CTPOCHHUU YEPETIOB
ANTANCKON phICH OT APYIUX, U 3Ta PHICh YKa3bIBa-
J1ach KakK oT/elbHBINA moaBua [9]. Ha cerogasniauii
JIeHb TaKXe U3BECTHO, 4T0 y 12% anraiickoil peicu
OTCYTCTBYET METAKOHH]I Ha HWXKHEM MoJisipe M, B

TO BpEMsI KaK 3TOT OYTOpPOK OTCYTCTBYET Y 75% Typ-
KecTaHCKOH pricu [22]. Tem He MeHee, cTaTyc ABYX
MIOJIBUIOB TIPOIOIKAIICS HAXOIUTCS MOJ BOIIPOCOM.
Tax, B.I'. T'entaep u A.A. Cnyackuii [11] cuuranm,
YTO TypKecTaHCKas M alTaicKas phICH JINOO OYCHb
Osn3kH, 00 uaeHTUYHBL. C TOro BpEMEHH HCCIIe-
JOBaHUH TIO CPaBHUTENHLHOW MOP(HOMETPUH STHX
JIBYX TPy OBLIO MPOBENEHO CPAaBHUTEIHHO MAJIO.
Jlo Hacrosmero MoMeHTa anTaiickasi peICh HE MpH-
3HAETCSl OTJIENBHBIM TIOJBUIOM DPSIOM YYEHBIX [5,
22, 23]. B 1meinoM, TaKCOHOMHYECKHUH CTaTyC PHICH
BO BCEH A3MHU JI0 CHX MOP C1ab0 U3YYCH, U IpaHUIla
MEXTy IBYMS TIOJBUAAMH JI0 CUX TOp He sicHa. He-
SICHOCTb B IIOJIO)KEHHUH ANTANCKON PBICH B TAKCOHE
B HEKOTOPOM CTENEHH YCIIOKHAET U YCTAaHOBJICHHE
MIPUPOIOOXPAHHOTO CTaTyca TypKECTAHCKOW PBICH,
3aHeceHHoU B KpacHytro knury Kazaxcrana u Ilpu-
noxenue Il Mexnynaponnoit Konsennnu CUTEC.

B TakcoHOMHYECKHX M MPUPOJTOOXPAHHBIX IIe-
JSX HEOOXOAMMO TPOIOJIKHUTH 3TH HCCIEIOBAHUS
[0 YTOYHEHHIO TaKCOHOMHYECKOIO CTaTyca Typ-
KECTaHCKOH W anTaiickoil peicei. [lis storo B Oy-
OyIIeM IUTaHUPYETCS MPOBECTH MOUCK W H3Mepe-
HUe OoJbIIEro KoJudecTBa uyepenoB u3 FOkHOTrO
AnTas, a TakKe WCIOJIb30BaHUE METOI0B HM3Mepe-
HUill, ucnospb3oBaHHbIMU Sicuro and Oliveira [24]
u Gomer¢i¢ et al. [25] mis Ooyiee OCHOBATEILHOI'O
MOp(hOMETPHUIECKOTO aHAIN3a YEPEToB TypKeCTaH-
CKOM M aJITaliCKOM phICEH.

3akiaouyeHne

Meron u3mepenus no Kysuenony [14], XoTs u
nMeeT Tonbko 10 moka3aresedt, TeM He MEHee, SIBJIs-
€TCS TIOJIXOIAIIIM KPUTEPUEM JIJISI CPABHEHUS IBYX
oJI0B 00BIKHOBEHHOH phicu. CpaBaenue no O/IY n
CHIY mo Garcia-Perea et al. [13] Taxke ObLUTO TO-
JIE3HO IS ATOU 3a/1a4H.

Craructrueckuii aHanu3 10 mepeMeHHBIX ObLI
3(PeKTHBEH W HATIISAHO TTOKA3aJT MIOJI0OBOM TUMOP-
(¢u3M y OOBIKHOBEHHOW PBICH, B YaCTHOCTH, YTO
camIlbl 3TOTO BHJIAa UMEIOT CPaBHUTEIBLHO Oolee
KpYTIHBIE pa3Mepbl, 4eM CaMKH. TeM He MeHee, pa3-
Mepbl U3yYEHHBIX 00pa310B 3HAUYUTEIBHO BapbHUPY-
0T, YTO MOXKET YKa3bIBaTh HA OTJIUYHS B pazMepax
pbiceil U3 pa3HbIX nonyJsiiui. B uvactHOCTH, €B-
porieiickas U anTaickas peIcH ObUIM KpYyIIHEe, YeM
TypKECTaHCKas PhHICh.

Heo0xoammo mpoaomKuTh 3TH HCCIeI0BaHuS,
B YaCTHOCTH, 1) IPOBECTH MOMCK OOJIBIIETO KOJIH-
YeCcTBa YePEeroB alTAaliCKOW PHICH IIJISl CPABHEHUS C
yepenamM TYPKECTAaHCKOW PBICH B LIEJSIX M3YUCHHS
HX MOJIO’KEHUS B TAKCOHE; 2) UCIOIB30BaTh MOKa3a-
TEJIM YEPETIOB TOJIBKO B3POCIBIX 0co0eH BBHULY HaH-
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Oosiee TOYHBIX MOKa3aTeNel Il CTAaTUCTHYECKOTO
aHanmM3a; 3) IPUMEHUTD IPYTHE METO/IbI M3MEPEHUH
¢ OOJIBIIMM KOJMMYECTBOM IEPEMEHHBIX Jisi OoJiee
nogpoOHOr0 MOP(OMETPUIECKOTO U3YUEHHS Yepe-
TOB OOBIKHOBEHHOH PHICH.

Baaronaproctn

ABTOpBI CepleYHO OnarojapsT 3a OpraHu-
3alMI0 U TIOMOIIb MO paboTe ¢ KOJICKIHOHHBIM
MaTepUaIOM: 3aMECTHTENSI TEHEPAJbHOIO IHPEK-
topa MHcturyra 300s10rum YupukoBy Mapuny
AnexkcaHIpoBHy, 3aBenyromero JlaGoparopun
TEpUOJIOTU WHCTUTyTa I'paueBa Anekces Aek-
CaHJpOBHYA, CTApIIEro HAYYHOTO COTPYyAHHKA Ja-
oopatopun baiinaBneroBa Epnuka PriciexoBuua,
MJIaJUIET0 HAay4YHOTO COTPYIOHHMKA JiabopaTtopuu
KanrapbaeBa Canxapa CakeHOBHYA U CTapILEro
naboparopHoro accucteHta becmanmoB Makcuma
BnaagucnaBosuua; Hay4qHOro corpynnuka Cexropa
tepuosorun HaydHo-uccnenoBaTensckoro 300-
norudeckoro myses MI'Y um. M.B. JlomonocoBa
JlebeneBa Brnagumupa CBaTOCIaBOBUYA; 3aBe-
OYIOIIETO TAaKCUAEPMHUUYECKOH pecTaBpallMOHHON
mactepckoit buonorunyeckoro myzess KazHY um.
anp-®apabdbu XKyiiko bopuca Iletposuua; Gmono-
ra-takcugepmucta Cagponoa Cepresi. ABTOpHI
TaKXXe MPU3HATEIbHBl HAYYHOMY COTpYAHHUKY OT-

nena GoHAOB M XPAHUTEIIO KOJUIEKLUU MIIEKO-
nutaronux l'ocygapcTtBeHHOro JlapBHHOBCKOrO
My3ed Kpacueix Haranpe AnekcannpoBHe 3a mo-
UCK 4epenoB B (GoHae My3esi. ABTOPHI Osarogapsr
nokropanta Hazap6aeB YuuBepcutera Kapubaesa
Mupara ManukyJibl 3a IOMOIIb B CTATUCTUYECKOM
AQHAJIN3€ JaHHbIX.

HMeTouyHUK (PMHAHCHPOBAHUA U 3AMETKH

B pabore ucrons30Bauch Yeperna ¢ KOJUIESKIHU-
onnbIx ponnos Uncturyra 300morun KH MOH PK
(Peructp. Ne 7/11809; 8/13075; 5/11136; 14544;
6/11137; 4/11135), Cexropa Tepuonoruu HayuHo-
HCCIIEIOBATENBCKOr0 300JI0THYECKOTO My3esl Ipu
MOCKOBCKOM  TOCYJapCTBEHHOM  YHHBEpPCHUTETE
nvmenu M.B. JlomonocoBa (Peructp. Ne S-94178;
S-46158; S-46159; S-46160), buonoruueckoro my-
3es (Peruerp. Ne 55; 56; 483; 497; 525; 628; 629;
650; 659; 695; 718; 798; 879), nMUHOIN KOJUICKITUU
takcugepmucta (Peructp. Ne 1/143).

HccnenoBanns BBITIOTHEHBI B paMKaxX IPOEKTa
Wncturyta 300morun KH MOH PK — OR11465437
«Pa3paboTka HAIIMOHAIEHOTO AJIEKTPOHHOTO OAaHKa
JIAaHHBIX 10 HAay4YHOM 300JIOTMYECKOM KOJIIEKLIUH
PecnyOnuku  Kazaxcran, o0OecrieyuBaroIiero ux
3¢ (heKTHBHOE HCIIONIF30BaHUE B HayKe U 00pa3oBa-
Hun», 2021-2022 rr.
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O PACITPOCTPAHEHUN 9XUHOKOKKO3A
B PECITYBAUKE KA3AXCTAH

IXMHOKOKKO3 — 300HO3HbI FEABMUHTO3 YEAOBEKA 1 XKMBOTHbIX, BbI3bIBAEMbII AEHTOUHbLIMU YEPBSMM
Echinococcus granulosus. DXMHOKOKKO3 MPEACTABASIET CEepbe3Hylo NMPOOAEMY, MOCKOAbKY AeveHue
AIOAEN TPEANoAaraeT OOLIMPHOE XMPYPruyeckoe BMELIATEAbCTBO WMAU AAUTEAbHOE MPUMEHEHME
NMPOTMBOMAPA3MTapHbIX AEKAPCTBEHHbIX MPEnapaTtoB M WMMEET OrpaHWyeHHyio 3(dEKTUBHOCTb.
Kpome TOro, exeroaHo 3XMHOKOKKO3 HAaHOCUT Cepbe3Hbii yluepd >KMBOTHOBOACTBY. Ha Kaxkabii
KOHKPETHbIA MOMEHT BPEMEHM B MMpE 3XMHOKOKKO30M MopaxeHo 6Goaee 1 MMAAMOHA YEeAOBEK.
KasaxcTtaH BXOAMT B UMCAO CTPAH HEOAArOMOAYUHbIX M0 3XMHOKOKKO3Y. LleAbto AaHHOro uccaeAOBaHMs
SBASIETCS YCTAaHOBWMTb 3apPa>KEHHOCTb OBEL, LUMCTHbIM 3XMHOKOKKO30M HA TeppuTopum Hamboaee
3HAEMUYHbIX 06AACTEl Ha tore 1 3anaAe cTpaHbl. Kpome Toro, npoaHaAM3MpoBaTh CTaTUCTUYECKME
AaHHble M0 3a00AEBAaEMOCTM AIOAEN IXMHOKOKKO30M B Pecriybamke Kasaxcran 3a 2020-2021rr. AAs
OLEHKM HbIHEWHeN CUTyauum no 3XMHOKOKKO3Yy. CuTyaums Mo 3XMHOKOKKO3Y B HaCTosllee Bpems
OCTAeTCS CAOXHOM. DXMHOKOKKO3 BCTPEYAeTCS BO BCeX 06AACTIX pecnybAMKM, OAHAKO Hamboaee
SHAEMUYHbBIM PErMOHOM sIBASeTCSs tor KasaxcraHa, KOTOPbIN SBASIETCS KPYMHbIM )KMBOTHOBOAUECKMM
ueHTpoM. Hanboaee BbiCOKME NMOKa3aTeAN 3apakeHHOCTM OBeLl BbisSiBAEHbI B 3anaaHo-KasaxcraHckom
1M AAMaTMHCKOM 06AacTIX — 16.7% m 12.52%. o 3a6oAeBaeMoCTH AlOAEN B pecrnybarKe 3a MOATOpa
roAQa BbISIBAEHO 557 CAy4aeB AQpBaAbHOIO 3XMHOKOKKO3a. CaMble BbICOKME NMoKasaTeAn HabAloAaloTCs
B TypkectaHckon, XKaMObIACKOM, AAMATMHCKOM 06AacTsX 1 B r.LLIbIMKeHT. Pexxe BCEro sXMHOKOKKO3
BCTpeyaetcs B [laBropapckon, KocraHaickon obaactsx u B r.Hyp-Cyatan. Cywectsyowas cucrema
yueTa GOAbHbIX 3XMHOKOKKO30M M CTAaTUCTUUYECKME AAHHble He BIMOAHE OTPaXkaloT pPeaAbHOe UMCAO
AIOAEM, 3apaKeHHbIX 3XMHOKOKKO30M, MOCKOAbKY YUMTbIBAIOTCS TOAbKO XMPYpruyeckume CAydau.
MOHUTOPHHI 33 NPUPOAHBIMM OYaraMm 3XMHOKOKKO3a HEOOXOAMM, OCOBEHHO Ha 10re, AASl MPUHATUS
CKOOPAMHUPOBAHHBIX Mep Mo 60pbOe C HBOAE3HIMM.

KAtoueBble CAOBa: 3XMHOKOKKO3, MoKa3aTeAb 3a60AEBAEMOCTM, MEAKMIA POraTbiii CKOT, LIECTOAQ,
napasuTbl, FeAbMUHTO3
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On the distribution of echinococcosis in the Republic of Kazakhstan

Echinococcosis is a zoonotic helminthiasis of humans and animals, caused by Echinococcus granu-
losus tapeworms. Treatment of echinococcosis is often expensive and complex and may require exten-
sive surgery or long-term drug therapy. In addition, echinococcosis causes serious damage to livestock
every year. At any given time in the world, more than 1 million people are affected by echinococcosis.
Kazakhstan is among the countries unfavorable for echinococcosis. The purpose of this study is to estab-
lish the infection of sheep with cystic echinococcosis in the most endemic regions in the south and west
of the country. In addition, to analyze statistical data on the incidence of human echinococcosis in the
Republic of Kazakhstan for 2020-2021 to assess the current situation on echinococcosis. The situation
with echinococcosis currently remains difficult. Echinococcosis is found in all regions of the republic, but
the most endemic region is the south of Kazakhstan, which is a large livestock center. The highest rates of
infection in sheep were found in the West Kazakhstan region and Almaty region — 16.7% and 12.52%.
In terms of the incidence of people in the republic for a year and a half, 557 cases of larval echinococ-
cosis have been identified. The highest rates are observed in Turkestan, Zhambyl, Almaty regions and in
Shymkent. Echinococcosis is least common in Pavlodar, Kostanay regions and in the city of Nur-Sultan.
The existing system of registration of patients with echinococcosis and statistical data do not fully reflect
the real number of people infected with echinococcosis, since only surgical cases are taken into account.
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O pacmpocTpaHeHNH SXNHOKOKK03a B Pecmryonmke Kazaxcran

Monitoring of natural foci of echinococcosis is necessary, especially in the south, for coordinated disease
control measures.
Key words: echinococcosis, morbidity, sheep, cestoda, parasites, helminthiasis
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KaszakcraH Pecny6AnKacbiHAQ 3XMHOKOKKO3AbIH, TapaAybl

DXMHOKOKKO3 — aAamAap MeH >aHyapAapAblH 300HO3Abl reAbMMHTO3bI, Echinococcus granulo-
Ssus Tacna KypTTapblHaH TyblHAQFaH. DXMHOKOKKO3AbI eMAey KebiHece KbiMBAT >kaHe KypAeAi GOAbIN
TabblAQAbl KOHE KEH, XMPYPrUsIAbIK, apAAaCyAbl HEMECE Y3aK, Mep3iMAI ABPIAIK TepanusiHbl KaxeT eTyi
MYMKiH. COHbIMEH KaTap 3XMHOKOKKO3 XblA CaliblH MaA LLAPYaLLbIAbIFbIHA aybIP 3USIH KEATIpeAi. DAEMHIH,
Ke3 KeAreH yakbiTbIHAQ T MUAAMOHHAH aCTaM aAaM 3XMHOKOKKO30eH aybipaabl. Ka3ak cTaH 3XMHOKOKKO3Fa
KOAQMCbI3 eAAEPAIH KaTapbiHAQ. ByA3epTTeyAiHMakcaTbi—pecnyBAMKaHbIHOHTYCTiri MeH 6aTbICbIHAAFbI
SHAEMUSIABIK, AMMaKTapAa KOMAAPAbIH KMCTO3AbI SXMHOKOKKO36eH MHMDeKUMSIChbIH aHbikTay. COHbIMEH
karap, KasakcraH PecnybAmkacblHAQ AMUMHKAABIK, 3XMHOKOKKO36€eH ayblpaTbiHAAPAbIH 2020-2021
SKbIAAQPFA apHAAFaH CTaTMUCTMKAAbIK MOAIMETTEPIH TaAAdy, €AAEri dXMHOKOKKO3 6GoiblHIIA Kasipri
KarAanAbl 6araray. IXMHOKOKKO36eH GaiAaHbICTbl XXaFAal Kasipri yakplTTa KYPAEAI KyMiHAE KaAbIn
OTbIp. IXMHOKOKKO3 pecnybAuKaHbiH GapAbiK aiMakTapbliHAQ Ke3aeceai, 6ipak, eH 3HAEMUSIAbIK,
anmak, — KasakcraHHbIH, OHTYCTIr, OA ipi MaA WApyallbIAbIFbl OPTaAblFbl 60AbIN Tabbirasbl. KoAapabl
>KYKTbIPYAbIH €H XK0ofapbl aAeHreni batbic Kasakcran MeH AAMaTbl 06AbICTApbIHAA aHbIKTaAAbl — 16,7 %
skaHe 12,52%. bip »apbIM XbIA iliHAe pecnybArKasarbl aAAMAAPAbIH CbIPKATTaHYLLbIAbIK, KOPCETKILL
6OMbIHLLIA AMUMHKAABIK, XMHOKOKKO3AbIH 557 XarFAaibl aHbIKTaAAbl. EH >korapbl kepceTkiun TypkicTaH,
XKambbin, Aamatbl 0OAbicTapbl MeH LLbiMkeHTTe 6arkasaabl. IxuHOKOKKO3 [laBroaap, Kocranarn
o6AbicTapbl MeH Hyp-CyATaH KaAacbliHAQ CUpeEK Ke3aeceAi. IXMHOKOKKO36€eH ayblpaTblH HayKacTapAbl
TipKeyAIH KOAAQHbICTaFbl >KYyMeci MeH CTAaTUCTMKAAbIK, MOAIMETTEpP 3XMHOKOKKO3Abl >KYKTbIpFaH
aAAMAAPAbIH, HAaKTbl CaHbIH TOAbIK, KepCeTnenAi, efTKeHi TeK XMPYPIrUAbIK, >KaFAaiAap eCKepiAeAi.
IXMHOKOKKO3AbIH, TaBUFU OlLIAKTapbIHbIH MOHUTOPUHT, 8Cipece OHTYCTIKTE, aypyAapAbl GakblAayAblH

YMAECTIpIATreH LapaAapbl YLiH KaXKeT.

Ty#iH ce3aep: 5XMHOKOKKO3, HayKacCTbIK, KOM-eLLKi, LeCTOAQ, NapasnTbl, FeAbMUHTO3

BBenenune

OXUHOKOKKO3 — 300HO3HBIU T€IbMHHTO3, BBI-
3BIBA€MbII TUYMHOYHOU Gopmoid 1ecToasl Echi-
nococcus granulosus. DXWHOKOKKO3 IPECTaB-
JISET CEPhE3HYI0 MPOOJIEMY, MOCKOJIBKY JICUCHUE
JMOJIeH TIpenoiaraeT O0IMMUPHOE XUPYPTHIECKOE
BMEIIATENHCTBO WIIH JJINTEIBHOE TPUMEHEHHE
MIPOTUBOTIAPA3UTAPHBIX JIEKAPCTBEHHBIX Ipema-
paToB W WMeEeT OrpaHUYeHHYI0 3((HEeKTHBHOCTD.
Kpome TOTO, €XKETOMHO SXWHOKOKKO3 HAHOCHUT
CephEe3HBIN ymepO >KHUBOTHOBOACTBY. Ha kaxk-
IbI1 KOHKPETHBIE MOMEHT BpPEMEHH B MHpe 0o-
nee 1 MHJUTHOHA YelTOBEK 3apa’keHO DXHMHOKOKKO-
3oMm [1]. Mo kiaccudukanuu MOb 3XUHOKOKKO3
BHECEH B CIMCOK HambOoJee pacnpOCTpaHEHHBIX
Oone3Heil. B HEKOTOpHIX cTpaHax, HebiIaromo-
JTYyYHBIX MO 3XHUHOKOKKO3Y, CYIIECTBYIOT HaI[HO-
HallbHBIE TPOTPAMMBI 10 JUKBUJAUNHA OOJE3HHU.
DXHUHOKOKKO3 TPHUHOCHUT OOJIBIINE SKOHOMHUYE-
ckue yOwiTKU. 1o olleHKaM, €XKerogHo Ha Jede-
HHE€ MalueHTOB M YOBITKH B XUBOTHOBOJCTBE
TpaTtuTcsa oKojo 3 mmwummapaoB moinapoB CIIIA
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[2]. Y okOHYATENBHBIX X034€¢B, KOTOPBIMHU SIBJIS-
10TCS cO0aKH, JIUCHI, BOJIKHU U IPyTHE TICOBbBIE, T10-
cje moeAaHus 3apakeHHbIX OPTraHOB, B KUIICYHHU-
K€ pa3BUBAETCs [10JIOBO3PEIbIEe 0COOU TeIbMUHTA,
KOTOpbIE B OOJBIIOM KOJUYECTBE MPOIYIUPYIOT
sifua. [IpomexxyTounsiMu xo3sieBamMu Echinococ-
cus granulosus SBIAIOTCS >XKBauHble. B ux op-
raHu3Me B MEYEHU W JIETKUX TO0Cie CIydaliHOTO
3arjJaThIBaHMs SIML] PA3BUBAIOTCA LIUCTHI, COAEP-
Kalllke JIMYUHKYU I'eJIbMUHTA. YeIoBeK sIBIAeTCs
CIy4aiHBIM X03sIMHOM Tapasura [3].

Kazaxcran sBiseTcs 3HAEMHUYHBIM PETHOHOM
0 JXWHOKOKKO3y. Hambosee HeOIaromosyIHbM
ABIISIETCS IOT PECIYOJIMKH, YeEMY CIIOCOOCTBYET pas-
BUTOE OBLIEBOJICTBO B PETHOHE, HApSAy C KIMMaTH-
YeCcKUMH 0COOCHHOCTAMH [4]. JlomanrHue OBIBI H
MPUOTapHbIe COOAKH COCTAaBIISIOT OCHOBHOW ITHKII
pasButust Echinococcus granulosus w sBISIOTCA
TTIaBHBIM MCTOYHHKOM 3apaxkeHus sojeil. Ckapm-
JMBaHUE 3apaKEHHBIX OpPraHOB coOakaM IMOIAep-
XKHUBACT KU3HEHHBIH LMKN Echinococcus granulo-
SUs W CIIOCOOCTBYET JalbHEHIIIEMy pactpocTpaHe-
HUIO OOJIE3HMU.


mailto:yalyshevasofiya@gmail.com

C.B. Slneimesa, A.M. AGnp10ekoBa

CornacHo pe3yJbTaTaM HCCIEI0BaHUM, IPOBO-
TUBIIAMCS paHee, 3apaXKCHHOCTh OBEI] dXMHOKOK-
ko3oM B 2003r. B Tpex Hamboliee IHAEMHUYHBIX 00-
JacTAX pecimyOauK — AJIMaTHHCKOH, XKaMObUICKOM
n lOxHo0-Kazaxcranckoii 0051acTsX — COCTaBIsET OT
30 no 50%, kpymHOTO poraToro ckora — 7%, celnb-
ckux cobak — ot 5 1o 10%, mproTapHbIX cOOaK CBBI-
e 20%. [5]. Ilo narnbIM, orryOmrkoBaHHEIM B 2010
r, B FOxHO0-KazaxcraHnckoit 00acTu 3apaxEHHOCTb
MEJIKOTO pOraToro CKoTa koiebnercs ot 24% 1o
32%, xpymHOTO poraroro ckora — 16,9% no 44,4,y
CBHUHEH 3apaX€eHHOCTh qocturaet 27,2%. B Anma-
TUHCKOM 00JIaCTH 3apaKEHHOCTH OBEIl COCTABIISIA
—7,7-69%, BepOmronoB 20-64% [6].

ITo maHHBIM APYroro WCCIICNOBaHUS Ha YOOM-
HBIX IYHKTaX AJIMaTHHCKOW OO0JIaCTH B TEPUO.
2010-2011 rr., cpenusis 3apakeHHOCTh OBEIl YXHHO-
KOKKO30M cocTtasJiseT 9,1% [7].

Peskuit poct 3a6oneBaemocTr B KoHIEe 1990-x
CBSI3aH C YXY/IIICHHEM COIHAIEHO-DKOHOMUYIECKHUX
YCJIOBHM KU3HM HACEJICHUS U BETCPUHAPHO-CAHU-
TapHOro Hanzopa Bciuenctsue pacnaga CCCP. [8]
OT9acTl OH MOXET OOBSCHATHCS YCOBEPIICHCTBO-
BaHMEM METOOB [WAarHOCTUKU HACENICHUSA B IO-
cneHue ronsl. [9]

ITo onyOnukoBaHHBIM AaHHBIM B 2015 roay 3a-
00JIeBaCMOCTh JIFO/ICH SXMHOKOKKO30M COCTaBJISICT
5 na 100 000 Hacenenus B rof, 5949 ciydaes 3a00-
JIeBaHUS JIFOCH 3aperucTpupoBano B ctpaHe ¢ 2007
o 2013 rogst [10].

CornmacHO aHanwW3y CTATUCTHYECKHUX IaHHBIX
no 3a00JIeBaEMOCTH HACEJICHHs, OMyOJIIMKOBaHHO-
My B 2020 r., yuci0 OOJIBHBIX, TOABEPTLIMXCS XH-
PYPTrUYECKOMY JICUCHHIO DXMHOKOKKO03a ¢ 2007 mo
2016 rr. cam3uiock ¢ 5.6 mo 4.7 ciayudaeB Ha 100
THICSIY HaceJeHHs. B 10)KHBIX PeTHOHAX 33 yKa3aH-
HEIH TTepro] 3a00J1eBaeMOCTh cocTaBmia ot 7.0 1o
10.0 cnydaeB Ha 100 Thicsiu Hacenenus. HecmoTps
Ha o0IIlee CHIDKEHHE 110 pecnyOrKke, HaboaaeTcs
TEHJICHITUS K POCTY B IOKHBIX pernoHax. [9]

TspkecTsb 3a00JIC€BaHUS 3aBUCUT OT HHTCHCUBHO-
CTH 1 OOIIMPHOCTY 3aPaXKSHHUSI, JIOKATH3AIIH ITUCT.
Hawnbonee wacto mopaxaroTcsl MeYeHb W JIETKHE,
XOTsI IPYTHE OPTaHbI TAK)KE MOTYT OBITh MIOPAXKCHBEI.

B MupoBoil mpakTHKe CYIIECTBYIOT MPUMEPHI
YCHENTHBIX CTPATETHH KOHTPOJIS IO PacpOCTpaHe-
HUIO ITUCTHOI'O 3XWHOKOKKO3a: T'OCYAapCTBEHHBIE
porpaMmsl, peann3oBaHHbele B Mcnanauu, HoBoit
3emanauu, Tacmanuu, QOTKIECHICKAX OCTPOBAX U
Ha Kumpe 1mo3Boyiviy MOJHOCTHIO SJTUMUHHPOBATH
3XUHOKOKKO3. [11]

Ilens maHHOTO WCCIENOBAHUS — YCTAaHOBHUTH
3apa’KEHHOCTh OBEI] I[UCTHBIM 3XUHOKOKKO30M
Ha TEppUTOpHH HamOoliee HEeOIArOMOJIYYHBIX IO

SXMHOKOKKO3y obnacteii — AnMaTHHCKOH, Kam-
obutickor, TypkecTaHckol, AKTIOOMHCKOH, ATEHI-
payckoil u 3amagHo-KazaxcraHckoi. OTH J1aHHbBIE
HGO6XOI[I/IMBI, IMOCKOJIBKY ABJIAIOTCA MHIAUKATOPOM
3a00JIeBa€MOCTH OBEI] KaK OCHOBHOTO HCTOYHHKA
3apaxkeHus cobak. Kpome Toro, mpoananmsupoBarb
CTATUCTUYECKUE JaHHBIE IO 3a00JI€BAEMOCTH JIIO-
NIl JapBallbHBIM SXMHOKOKKO30M B PecmyOunuke
Kazaxcran nis OUEHKM aKkTyaJbHOW CHUTYallUH IO
9XMHOKOKKO3Y B CTPaHE.

MarepuaJjbl 1 METOAbI

WccnenoBanne 3apa)X€HHOCTH OBELl JapBajb-
HBIM DXMHOKOKKO30M TIPOBOAMIOCH Ha 0Oa3e yOoii-
HOTO MyHKTa pbIHKAa «AnTeIH Opna» AJMaTHH-
cKoil 00iacTH B meprox ¢ Maprta no uioHb 2021r.
B r.Tapa3 u JKamObUICKOM 00J1aCTH MCCIICTOBAHUS
CEJIbCKOXO3IMCTBEHHBIX KUBOTHBIX TNPOBOAWIN B
y0oiinbpix nexax «Cynkap» u «Pyctam». B Typke-
CTaHCKOH 00J1acTi Ha yOOMHBIX ITyHKTax «Jlapxam»,
TOO «MapatKZ» u TOO «Jloc bpatesa» Caiipam-
cKoro paiioHa. B r.Axrobe u AKTIOOWHCKOW 00ma-
cti Ha yooitHex myHkTax TOO «Ecikx», CIIK (coro3
MOTPEOUTENBCKUX KOOIEepaTHBOB) «Aitbex», TOO
«Tannem-W» u UII «KaceimoB». B ATbipayckoit
obmactu Ha yooitHbIx myHKTax TOO «Tyma «Ackur-
arpo». B 3amagno-Kazaxcranckoii obnactu uccie-
JOBaHHE NPOBOAMIIOCH HA YOOMHBIX IJIOIIAJKaX
«K/X Epramuery», UIT «Cemmbar», TOO «Cybik By-
naxk», TOO «Arpodupma Akacy (PKaHranuHCKuid,
CoipeiMckuil, Taiimakckuii, Ka3ranoBckuil paifo-
HbI). Opranel OBEIl IMOJBEPTAINCH BU3YAIHBHOMY
ocMotpy. IleyeHp u nerkue, B KOTOPBIX ObUIH 00-
Hapy>KeHbl 3XMHOKOKKOBBIE LIMCTHI, NOJBEPrajrcCh
MOJTHOMY TeIbMUHTOJIOTHYECKOMY BCKPBITHIO.

Opransl uCCIEOBaINCh MO METOAY IOIHOTO
reIbMUHTOJIOTHIECKOTO BCKphITHS 10 K. M. Ckpsi-
ouny. [12]

Ha ocHOBaHMM CTaTUCTUUECKUX TAHHBIX aHAIIN3
3aboneBaeMocTH JTrofei mpomoamics «HaydHo-
MIPAKTUYECKOTO LIEHTPA CAHUTAPHO-AIHIEMHUOIIOTH-
yecKkoW akcnepTu3bsl 1 MoHuTOopHuHra» PI'TI Ha [TXB
«HIIO3» M3 PK 3a 2020 1. u 6 mecsiie 2021 1.

PesyabTaThl 1 00cyx1eHne

3apasicenHocms o8ey 8 10J4CHBIX U 3ANAOHBIX 00-
aacmsax Kazaxemana

PesynbTaThl Hcciaeq0BaHUN 1O 3apa’kKe€HHOCTU
OBEI] B pa3HBIX 00JIACTAX MpPeACTaBlieHbI B Ta0u-
ne 1.

B AnmatuHCKOM 00j1acTH BCEro OBLIO OCMO-
TpeHo 1198 Tymr oBell, U3 HUX 3apa)KEHHBIX IXU-
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HOKOKKO30M BbIABICHO 150 (12,52%). Ileuenou-
Has JIOKaJu3alus LUCT BhISIBICHA Y 127 KUBOTHBIX
(84,66%), nerounas y 15 (10%), nmeueHouHas u Jie-
rovHas ogHoBpeMeHHo — Y 8 (5,33%). Pacnpenene-
HHE IMCT TI0 OpraHaM TokKaszaHo B Tabmuiie 2. H-
TEHCUBHOCTh MHBA3UU cocTaBwmwia oT 1 g0 12 mucrt
Ha OJTHO >KMBOTHOE.

B JKaMOpuickoit 00acTH MCCIIeIOBAHUIO TIO-
Bepriack 1901 Tymia oBer, W3 HU3 3apa)KEHHBIX
9XHHOKOKKO30M 18. DKCTEHCMBHOCTb MHBA3HH CO-
crasuia 0.94%. UHTeHCHBHOCTS MHBA3HH OT 2 70 4
LKCT y OAHOTO KUBOTHOTO.

B Typxecranckoii obmactu uccinempoBano 704
TYIIIHA OBEIl, YXHHOKOKKOBBIC IIUCTH OOHAPYKEHBI Y

3. DkcTeHCHBHOCTEL HHBa3nM cocTaBmia 0.43%. Un-
TEHCUBHOCTH MHBA3HH 3-0.

B AxTIOOMHCKOMH 00JIaCTH HCCIIEIOBAHMIO IOI-
Bepriiachk 298 Tyl oBell, U3 HU3 3apaKEHHBIX dXU-
HOKOKKO30M 5, uTo cocraBisieT 1,67%. VIHTeHCHB-
HOCTh MHBA3MH OT 2 J10 6 IUCT y OJJHOTO dKUBOTHOTO.

B Artripayckoii obmacta u3 95 obcienoBan-
HBIX BBISIBJICHO TOJIBKO 2 3apayKCHHBIC TYIIH OBEII
—2.1%. ITHTEeHCUBHOCTL MHBA3UHU OT 3 10 6 IHCT.

B 3amagno-Kazaxcranckoi obOmactu oOimiee
YUCJIO WCCIICIOBAaHHBIX TYII OBell cocTaBmiio 850.
3apakeHHBIX IIHCTAMHU SXHHOKOKKO3a BBISBICHO
142, gto coctaBuser 16.7%. NHTEHCUBHOCTh HHBA-
3uHn 3-8 IUCT HA OJHO YKUBOTHOE.

Ta6auuna 1 — [Tokazarenu 3apa’KCHHOCTHU MEJIKOI'O poraroro ckora (OBCH) OXWHOKOKKO30M B IOXKHBIX U 3allaIHbIX PETHOHAX Pecny-

onuku Kazaxcran B 20211

Oo6nacTb Hccnenorano 3apakeHo DU, % nn noxle\l/[nilc;(imn
AnmaTuHcKast 1198 150 12,52 1-12 M€YEHb, JIETKUE
JKamObu1cKast 1901 18 0,94 2-4 II€YCHb, JIETKUE
Typkecranckas 704 3 0,43 3-6 [€YEeHb, JIETKHE
AxTroOnHCKas 298 5 1,67 2-6 [eYCHb, JIETKHE

ArtbIpayckas 95 2 2,10 3-6 NE€4YEHb
3anaano-Kaszaxcranckas 850 142 16,70 3-8 [eYCHb, JIETKHE

B nopapnsitonieM OOJIBIIMHCTBE CIYYaeB IIUCTHI
Yy 3apaKEHHBIX OBEILl MMEIU NEYECHOUYHYIO JIOKaJIU-
3alMI0, peXe BCTpeyanach JIErOYHas JOKaIu3alusl.

DXMHOKOKKOBBIX IIMCT B IPYTHX OpraHaX BBISBICHO
He ObUT0. CpaBHUTENBHBIC JAHHBIC 110 YacTOTE JIO-
KaJIM3aIiil mpeacTarieHs! B Tadmme 2.

Ta6auna 2 — Jlokanu3aius 5XHHOKOKKOBBIX IUCT y 3apaXKCHHBIX OBEIl B AJIMATHHCKOW 00J1acTH

Jlokanu3zanust KosmyecTBo 6ONBHBIX OBEIT %
[euens 127 84.66

Jlerkue 15 10
Ko-undexmus (meueHs + jgerkue) 8 5.33

Takum oOpa3zoMm, MONXy4YeHHBIE AAHHBIC CBU-
JeTEeNbCTBYIOT O 3HAYUTEIIFHOM CHI)KEHHH 3a00-
JIEBa€MOCTH OBEIl JapBaJdbHbIM 3XMHOKOKKO30M
B JXKamOsuickoit, TypkecTaHcKko#, AKTIOOMHCKOM
n ATteipayckoii obnactsax. OmHAKO MOKazaTend
3apaxeHHOCTH B AnmatuHckod u 3amanno-Ka-
3aXCTAHCKOH 0O0JaCTH OCTAaIOTCSI Ha BBICOKOM
YpPOBHE, YTO YyKa3blBa€T Ha AKTUBHYIO LHPKY-
JALUUI0 BO30YOUTENsT B LIUKIE «OBIA-coOaKka» U
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HU3KYI0 3¢ (EKTUBHOCTD NPEANPUHUMAEMBIX MEP
no Oopbbe pacmpocTpaHEHHEM JIXHHOKOKKO3a.
Takske ciaemyeT yUuThIBaTh, YTO IIMPOKAs Bapua-
OeNbHOCTh NOKa3aTeaell 3apaXeHHOCTH B Pa3HBIX
peruoHax MOXeET OBITH CBs3aHa C OCOOEHHOCTSI-
MU 320051 OBeL, MOCKOJIbKY IpH 3a00€ MOJOJBIX
OBell, 3apa3uBILIMXCS HE3aJ0Iro mnepen 3aboewm,
MaTOJIOTOAHATOMHUYECKHE TPU3HAKY 3200JIeBaHUS
MOTYT OTCYTCTBOBATb.



C.B. Slneimesa, A.M. AGnp10ekoBa

3abonesaemocms moodeii 6 Pecnyonuxe Kazaxcman

Ilo mamHBIM cratucTHkn «HaydHo-mpakTHUe-
CKOTO IIeHTpa CaHHUTAPHO-3MUAEMHUOIOTUYECKON
skcneptusbl U MoHuTtopuHra»y PITI na IIXB 3a
2020 u nepBoe nomyroane 2021 rr. mo Pecybnuke
Kazaxcran ycraHoBiieH mpupocT 3a00JeBaeMOCTH
9XWHOKOKKO30M CpEeIH JIOAEH B pa3HBIX BO3pacT-
HBIX KaTerOpHsiX.

W3 tabnuuet 3 BuaHo, uro B 2020 1. B pecmy-
Onmuke ObUIO BBIABICHO 272 ciydas JapBajJbHOTO
9XMHOKOKKO3a, a 3a 6 mec. 2021 r. — 285 HOBBIX
cinydaeB. Haubombiee umciao OonbHbIX 3a 2020-

2021. rr. ycranosneHo B TypkecTtaHCKoit obmacTu —
191 cmyuwaii, AnmaTuHCKON obmact — 98 ciydaes,
r.1IemMkeHT — 56 ciryuaeB u B XKamObuickoi o6ma-
ctu — 49 ciayuaes.

Haunbonee 61aronoiaydHbpIMU 110 9XHHOKOKKO3Y
spisored r.Hyp-Cyntan — 0 cimyuaes, IlaBnogap-
ckasg — 2 cmyyas, Axmonunckas, Cesepo-Kazax-
cTaHckas — 1o 7 ciydaeB u Kocranaiickas o0macts
— 8 cimyuaes 3a 2020-2021 rr.

MaxkcuManbHbIH IpUpPOCT 3a00JIeBIIMX HAOIIO-
nmaercs B 3anagHo-Kazaxcranckoil, TypkecTaHCKOM
u Bocrouno-Kazaxcranckoii obnactsx.

Tadmuua 3 — 3aboneBaeMoCTh JI0/IeH IXUHOKOKK030M B Pecriy6uike Kasaxcran 3a 2020 rox u nepBoe momyroaue 2021 rr.

Pernon 2020 . 2021t 2021 k2020 (+,-) | Bcero 3a 2020-2021rr.
Pecny6nmka Kasaxcran 272 285 +13 557
AKMOTHHCKas 4 3 -1 7
AKTIOOHHCKAst 8 10 +2 18
AnmaruHcKas 51 38 -13 89
Artbipayckas 6 5 -1 11
Bocrouno-Kazaxcranckas 10 +4 16
KamOb11cKast 23 26 +3 49
3amanHo-Ka3axcraHckas 6 16 +10 22
Kaparangunckas 9 +1 17
Kocranaiickas 5 +2 8
Ke3bu1opanHcKas 10 12 +2 22
Masrucrayckast 16 13 -3 29
[TaBnogapckas 1 1 0 2
Cesepo-Kazaxcranckas 2 5 +3 7
TypkecTaHnckas 93 98 +5 191
r.Hyp-Cynran 0 0 0
L. AJMaTbl -1 13
r.IlIpiMKeHT 28 28 0 56

Ta6suna 4 — 3aboneBaeMocTh JeTeil SXHHOKOKK030M B Pecybnmke Kazaxcran 3a 2020-2021 rr.

Bospacr nereit 2020 r. 1 monyrogue 2021 .
0 -14 et BKJIFOYUTEIBHO 66
15 — 17 ner BKIIOUYHUTEILHO 12

3a ykazaHHBIH MEPUOJ| YBEIHYUIOCH KOJHYE-
CTBO 3a00JIeBIIUX cpeau AeTeil B Bozpacte oT 0 1o
14 net — BBIABNIEHO HA 5 cimydaeB Oojbine. OgHAKO
B BO3pacTHOMH rpymie moapoctkoB (15-17 net) 3a 6
Mecsues 2021 r. BesiBnieHo Ha 10 cirydaeB MEHbIIIE,
geM B 2020 r. (Tabnuma 4).

Hcxons u3 gannbix cratuctuku «HayuHo-mpak-
TUYECKOTO IIEHTpa CaHUTAPHO-3IHIEMUOIOTHYE-
cKoit akcniepTu3bl U MoHUTOpuHTay PI'TI Ha ITXB 3a
2020 u nepBoe monyroaue 2021 rr. mo PecryOnuke
Kazaxcran B OOJBIIMHCTBE PETrHOHOB OTMEUACTCS
pocTt unciaa GONBHBIX SXHMHOKOKKO30M. TOJBKO 3a
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nepBoe noayroane 2021r. Ob1T0 3aperuCTPUPOBAHO
OompImie cirydaeB, yeM 3a Bech 2020T. DXHHOKOKKO3
pacnpoctpaneH B Kazaxcrane mOBceMECTHO, HO B
peruoHax, riue TpaauLMOHHO CKOTOBOJCTBO OoJjee
Pa3BUTO, OTMEYAIOTCSI BBICOKME IIOKa3aTenu 3abo-
JIEBAEMOCTU M JIOJIEH M CEIbCKOXO3SHCTBEHHBIX
XKHUBOTHBIX. CucTeMa ydyera OOJIbHBIX HECOBEPILCH-
Ha, MOCKOJIbKY YYHTBHIBAIOTCSI TOJIBKO XUPypIrude-
CKHe cIy4au. bombIIMHCTBO cllydaeB 3XMHOKOKKO3a
OCTaIOTCS HE AMarHOCTUPOBAHHBIMHU.

3akioueHne

Taxum 06pazom, 00001Iast TOTydeHHBIE TaHHBIE,
Ha OCHOBAHHH MPOBEACHHBIX T€IBMUHTOIOTMISCKUX
WCCIIeIOBAaHNH Ha YOOWHBIX MyHKTax B 6 Hambonee
sHmeMHYHBIX 00nacTsax Kazaxcrana B 2021r. MOXKHO
CIENaTh BBIBOJ O TOM, YTO IMOKA3aTEX 3apaskeHHO-
CTH OBeI] 3HAYHUTENFHO BaphUPYIOTCH. AHAIH3UPYS
CTaTUCTUYECKHe NaHHble «HaydHo-mpakTHdeckoro
LIEHTPa CAaHUTAPHO-ITUAEMUOIOTHIECKON IKCIIEPTH-
3l 1 MoHUTOpUHTa» PI'TI Ha [IXB «HIO3» M3 PK
1o 3aboseBaemocTr Hacenenus 3a 2020 r. u 6 mecs-
1eB 2021 r. mo 001acTsaM, 0OTMEUAEM, UTO ITOKA3aTEIN
3200J1€BaEMOCTH JIFO/ICH 3XMHOKOKKO30M II0 PECITY-
OJIMKE PacTyT M OCTAFOTCS BHICOKUMH B FOKHBIX U 3a-
MIa/THBIX PETUOHAX CTPAHEI.

Haubonee BbICOKHMII ypOBEHb 3apaKCHHOCTH
ycTaHoBlIeH B 3amamHo-Kaszaxcranckoih n Anma-
TUHCKOW oOnactu. CpenHssi WHBa3HPOBAHHOCTH
oBel] B AITMaTHHCKON 00JIacTH 3a 3 MecsIa wccie-
noBaHuii cocraBuia 12,5%. B 2020 r. B pecry6mu-
Ke ObUIO BBISBICHO 272 ciyyas JIApBAJILHOTO 3XH-
HOKOKKO3a, a 3a 6 mec. 2021 r. — 285 HOBBIX Ciy-
yaeB. HanGosbinee uncio 6onbHbIX 32 2020-2021.

IT. ycTaHOBNeHO B TypkecraHckoil obmactu — 191
ciydai, uro coctaiseT 4.9 coydaes Ha 100000 Ha-
cenenus B 2021r.

B GonpmmHCTBE 0071aCTEH M B IIETIOM I10 PECITy-
Osnke 3a)MKCUPOBAH MPUPOCT YKCIA 3a00JIEBIIMX
M0 CPaBHEHHIO C MPOILLIBIM TooM. B netckoii Bo3-
pacTHOM TpymIe TakKe HaOIogaeTcst pocT 3abose-
BaeMocTH. Hanbonee HeOIaromnomyyHsIMi OCTarOT-
s 10)KHBIE PETHOHBI CTPAHBI.

Crenyer OTMETHTB, CYIIECTBYIOIIAS CHCTEMa
yucTa 60HI)HI)IX 3XHMHOKOKKO30M H CTATUCTUYCCKHEC
JTAHHBIC HE BIOJIHE OTPAXKAIOT pPeaTbHOE YUCIIO JTFO-
JIeii, 3apasKeHHBIX YXHUHOKOKKO30M, ITOCKOJIBKY yUH-
TBIBAIOTCA TOJIBKO XUPYPIruiCCKUC Ciryvdau.

[Tony4yeHHbIE TaHHBIE CBHICTEIBCTBYIOT O TOM,
YTO CYWIECTBYIOIINE HBIHE MEpPBI KOHTPOJS pac-
MPOCTPaHEHHsI IXMHOKOKKO3a HE JAOT KeJlaeMbIX
pe3yabTaToB. [1OCKOJBKY 3XMHOKOKKO3 — XPOHH-
Yyeckoe 3a00JIeBaHUE, KOTOPOE B TEUCHHE MHOTHX
JIET MOXET MPOTEKaTh OECCUMITOMHO, CYMTaeM He-
00XOIMMBIM MPOBEJICHUE CKPUHHHT-UCCIICAOBAHUN
HaCCJICHUA W3 T'pPYIIbl pUCKa (CGHBCKI/IC KHUTCIIN,
JIIOJTM, 3aHMMAIOIIUECS KUBOTHOBOJCTBOM) B Hau-
0oJiee SHICMUYHBIX pETHOHAX cTpaHbl. OCHOBHBIMU
KE MepaMH KOHTpOJISI PacIpOCTPaHEHUS DXHUHO-
KOKKO3a, MOKa3aBIIUMH BBICOKYIO 3(()EKTUBHOCTh
B JPYTMX CTpaHaX, SBJISIOTCS TMPOBEICHUE peEry-
JSIPHOU JIETeNbMUHTH3AINA TIPUOTAPHBIX COOAK,
KOHTPOJIb YUCJICHHOCTH HaJ OecIpH30pHBIMU CO-
OakaMu, a Tak)Ke 3aIpeT Ha JTOMAITHHHA 3a00¥ CKO-
Ta. BHyTpeHHHE OpraHbl 3a0UTHIX TaKUM 00pa3zoM
JKUBOTHBIM HE MIPOXOMST HAJJIEKAIIEH BeTeprHAp-
HO-CAaHUTAPHON DKCIIEPTU3BI M CKAPMITUBAIOTCS J10-
MaIllHUM co0akaM, 4TO MPUBOAMT K paclpocTpaHe-
HUIO UHBA3UU.
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MCCAEAOBAHUE POAU PHK-UHTEP®EPEHLIMU
B PETYAAUNN AUCKPETHOU ®PATMEHTALIMU
18S PPHK PACTEHU

B cTpeccoBbix YCAOBMSAX KAETKM AOAXHbI OGbICTPO COKpallaTb YpOBEHb OO6LIEr TPaHCAALMM
MPHK, noaaep>uBasi npuv 3TOM CUHTE3 HEKOTOPbIX CreumaAbHbiX OGEAKOB, KOTOpble MoMoratT
COMPOTUBASTLCS CTPECCY. Y KMBOTHbIX M APOXKEN TOPMOXKEHME CKOPOCTU CUHTE3a 6EAKA B OCHOBHOM
CBS13aHO C MOAMMMKaLMeNn aKkTUBHOCTM (PaKTOPOB MHULIMALMKM U DAOHTALMKM TPaHCASIUMKM. B kaeTkax
pacTeHNn MHOTME M3 3TUX PEryASTOPHbIX MEXaHM3MOB HE PeaAu3yloTCs. Mbl NpearnoAaraem, 4to y
pacTeHnin (hyHKLIMOHMPYET aAbTEPHATMBHbLIA MEXaHM3M MOAABAeHMS TpaHcAsumm MPHK, cBs3aHHbI
c cant-crneumdmryeckoin pparmentaumen morekyAa 18S pPHK B coctaBe 40S prb0COMHBIX CcybacTu.
[NoHMMaHMe MOAEKYASIPHbIX MEXaHM3MOB OTBETA PACTEHMIA Ha CTPECCOBblE BO3AENCTBUS SBASETCS
OCHOBOW AAS MOBbILLEHNS 3(PHEKTUBHOCTN CEAEKLIMOHHOIO MPOLLECCA C LIEABIO MOAYYEHNS YCTONUMBBIX
K CTpeccam COPTOB 3KOHOMMUECKM BaXKHbIX BUAOB pacTeHuin. Hammn 6bIA0 06HapY>KeHO, YTO BO Bpemst
TEMNAOBOrO LLOKA B KAETKAX Pa3AMYHbIX BUAOB PACTEHWMI HAaKaMAMBAIOTCS AMCKPETHble MoAeKyAbl PHK,
npeacTaBasioliMe cobor 5’-koHueBble hparmeHTbl 18S pPHK, ocratoumecs cBsg3aHHbIMUM B COCTaBe
pr1bOCOMHBbIX cybuacTuu. B HacTosieit paboTe METOAOM MOPUAM3ALUM HYKAEUHOBBIX KUCAOT
npoBeaeHo uccaepoBaHre PHK-nHTepdepeHuMM Kak BO3MOXHOIMO MeXaHM3Ma, OMOCpeAYIoLero
BAeHWE AmMckpeTHoM pparmeHTaumm 18S pPHK pacTeHuniti B 0TBET Ha TenAoOBOM LIOK. MoOAeKyAbl
MmnkpoPHK, komnaemeHTapHble ueAeBbiM yyacTkam 18S pPHK, nmo koTopbiM ocywiecTBASIAMCH ee
paspbiBbl C 06pa3oBaHMEM CTPECC-UHAYLMPOBaHHbIX 5’-koHUEeBbix PHK-bparmeHToB, o6HapysxeHbl
He OblAW. BbisiBA€HHbIE B X0Ae paboTbl MaAble 5’-koHueBble dparmeHTbl 18S pPHK npeaaaraetcs
MCMOAb30BaTh Kak HOBbIN TUM GMOMApPKEPOB CTpecca B KAeTKax pacteHuit. OTpabGoTaHHas MeTOAMKA
rMépuAM3aUMnU HYKAEMHOBBIX KUCAOT C MCMOAb30BaHeM DIG-meueHoro 3oHAQ, KOMMAEMEHTApHOrO
BbICOKO KOHCEPBATMBHOMY 5’-KOHLIeBOMY yuacTky 1-35 18S pPHK pacTteHuit MokeT 6bITb MCMOAb30BaHa
AAS 3P eKTUBHOIO AeTekTnpoBaHus 3Tnx PHK-mapkepos cTpecca.

KatoueBble croBa: anckpetHas pparmenTtauma 18S pPHK, TenAoBon WoK, untonAasmaTnyeckue
PHK, TpaHcasums MPHK, 40S pubocomMHble cyGuacTmupl.
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Study of the role of RNA-interference in the regulation
of discrete fragmentation of 18S rRNA in plants

Under stressful conditions, cells must rapidly reduce the level of total mRNA translation, while
maintaining the synthesis of some special proteins that help resist stress. In animals and yeast, the in-
hibition of protein synthesis is mainly associated with the modification of the translation initiation and
elongation factors. In plant cells, many of these regulatory mechanisms are not realized. We hypothesize
that plants have an alternative mechanism for suppressing mRNA translation associated with site-specific
fragmentation of 18S rRNA molecules within 40S ribosomal subunits. Understanding the molecular
mechanisms of plant response to stress is the basis for increasing the efficiency of the breeding process in
order to develop stress-resistant varieties of economically important plant species. We found that during
a heat shock, discrete RNA molecules accumulate in the cells of various plant species, which are 5’-ter-
minal fragments of 18S rRNA that remain bound in the composition of ribosomal subunits. In this work,
the method of nucleic acid hybridization was used to study RNA-interference as a possible mechanism
mediating the phenomenon of discrete fragmentation of 18S rRNA in plants in response to heat shock.
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MicroRNA molecules complementary to the target regions of 18S rRNA, through which its rupture was
carried out with the formation of stress-induced 5’-terminal RNA fragments, were not found. The small
5’-terminal fragments of 18S rRNA revealed during the work are proposed to be used as a new type of
stress biomarkers in plant cells. The optimized nucleic acid hybridization technique using a DIG-labeled
probe complementary to the highly conserved 1-35 5’-end region of plant 18S rRNA can be used to ef-
ficiently detect these stress RNA markers.

Key words: discrete fragmentation of 185 rRNA, heat shock, cytoplasmic RNA, translation of mRNA,
40S ribosomal subunits.
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Ocimaikrepaeri 18S pPHK-HbIH, AUCKpeTTi (hparMeHTaLMSACBIH peTTeyAeri
PHK-uHTepcepeHuMAChIHbIH, POAIH 3epTTey

CTpeccTik >KaFaanmAapAa >kacyllaAap CTpeccke KapcChl TypyFa KemeKTeceTiH Kemnbip apHanbl
6eAOKTapAbIH CUMHTE3IH cakTai OTbIpbir, >aArbl MPHK TpaHCASUMSCHIHBIH AEHreRiH Te3 TOMEHAETYI
kepek. JKaHyapAaap MeH allbITKbIAApAA OEAOK CUHTE3IHIH >KbIAAAMAbBIFbIHbIH TEXEAYi HerisiHeH
TPaHCASUMSHbI  6acTay >koHe y3apTy (aKTOpAapbiHbiH BGEACEHAIAITIHIH  MOAMMMKALUMSACHIMEH
6anAaHbICTbl. OCIMAIK >kacyLlarapbiHAA BYA peTTey MEXaHU3MAEPIHIH KOMLLIAIT XXy3ere acblpbIAManAbI.
bi3 ecimaikTepae 40S pnbocomanbik, cybbealiekTepait iwiHae 18S pPHK MoAekyAaAapbiHbIH, caiTka
ANCKPETTi pparMeHTaumsicbiMer GaiiaaHbiCTbl MPHK TpaHcAsiumsicbiH 6acy yuwiH 6araMa MexaHW3Mmi
6ap Aen 6oAXKaMMbI3. OCIMAIKTEPAIH CTpecke peakUMsICbiHbIH MOAEKYASIPAbIK, MEXaHU3MAEPIH TYCiHY
LIapyallbIAbIK, MaHbI3bl 6ap 6CIMAIK TYPAEPiHiH KyM3eAiCcke Te3iMAi COpTTapbiH aAy MakcaTbiHAQ
CEAEKUMSIABIK, MPOLECTIH TUIMAIAITIH apTTbIPYAbIH Herizi 60AbIN TabbliAaAbl. KbIAy COKKbICbI KE3IHAE
BPTYPAI ©CIMAIK TYpAEpiHiH >acywaaapbliHaa Anckpetti PHK MoaekyAaaapbl >KMHaKTaAaTbIHbIH
aHbIKTAaAbIK, OAap pubocomanblk cybbipAaikTepae 6arAaHbickadH 18S pPHK-HbIH 5'-TepMuHaAAbI
dparmeHTTEpi 60AbIN Tabblrasbl. ByAa >kymbicta PHK-mMHTepdepeHUMsICbiH 3epTTey YiliH HYKAeuH
KBILKbIAbIHbIH TMOPUAM3ALMSICHI BAICI OCIMAIKTEPAEri >KbIAy COKKbICbIHA >Kayar peTiHae 18S
pPHK-HbIH AMCKpeTTi dparMeHTaumsCbl KyObIAbICbIHbIH AEAAAAABIK, MYMKiH 6GOAATbIH MeXaHU3Mi
peTiHae napasaHbiaabl. 185  pPHK  MmakcaTTbl  aliMakTapbliHa KOMMAeMeHTapAbl  MMKpPoPHK
MOAEKYAQAApbl TaObIAMAAbl, OAAp apKblAbl OHbIH, Y3iAyi CTpPecC-MHAYKUMSAAHFaH 5'-TepMMHaAbADI
PHK dparmeHTTepiHiH Ty3iAyiMeH >xy3ere acbipbiAAbl. Y)KyMbiC GapbiCbiHAa aHbikTaAraH 18S pPHK-
HbIH, LaFbIH 5'-TepMMHAAAbI (DParMEeHTTEPIH BCIMAIK >KacyllaAapbliHAA CTPecc 6MoMapKepAEpiHiH >kaHa
TYpi peTiHAe NnarAaAaHy ycbiHbliAaabl. Ocimaik 18S pPHK-HbIH »KoFapbl cakTaaFaH 5'- aimarbiHa 1-35
Tisbekte DIG TaH6aAaHFaH 30HATbI KOAAQHATbBIH >KETIATEH HYKAEMH KbILLKbIAbIH TMOPUATEY BAICI OCbl
ctpecc PHK mMapkepAepiH TUIMAI aHbIKTay YLWiH NanAaA@HbIAYbl MYMKIH.

Tyiin ce3aep: 18S pPHK-HbIH AMCKPETTi (hparMeHTauMsChbl, XbIAy COKKbICbI, LMTOMAQ3MaAbIK,
PHK, MPHK tpaHcasiumsichl, 40S prbocomanbik, cyobipaikTep.

CoxpameHus 1 0003HAYEHUS

I[TAA-rens — nonuakpwiaMuaHbIN Teib; Tpuc-
Tpuc(runpoxcumernn)amuaomeran; eEF2 — »ay-
KapHOTHYECKHIA (PaKTOp JJIOHTAIUH TPAHCISIIAN
2; elF2 — sykapuoTHuyecKHidl (akTop WHHLIHALNN
Tparcisanuu 2; RIPs — Oenku, WHAKTUBUpYIOLIHUE
pudocomel; 4E-BPs — Genku, cBA3BIBAIOIIME dyKa-
puoTHUYECKH (haKTOp MHULMAIMK TpaHcsuuu 4E.

1. BBenenue

BuocunTe3 Oenka — 10CTaTOYHO SHEpPro3arpart-
HBIH TIPOIIECC, U B CTPECCOBBIX YCIOBHUSX MPOIECC
TpaHCIsIIuK OonbmMHCTBa KietouyHsix MPHK un-
ruduUpyercss 4TOOBI COIKOHOMHUTH PEecypchl W o0e-

CIICYUTh MPEUMYIIECTBCHHBI CHHTE3 CTPECCOBBIX
OcnkoB. BBUIO oOmHMCaHO HECKOIBKO MOJEKYIISp-
HBIX MEXaHM3MOB MHTHOMPOBAHWS CHHTE3a OelKa,
peann3yIoNMxcsi B KIETKaX MIICKONHTAIONINX H
JIPOXKKEN.

OnvH W3 TakuX MEXaHW3MOB 3aKJIIOYaeTCs B
(dhochoprIMpOBaHUN 3YKAPHOTHUECKOro (hakTropa
anonranuu tpancisiun 2 (eEF2), kotopoe npuso-
JIUT K €T0 HECTIOCOOHOCTH CBSI3BIBAHUS C pHOOCOMa-
mu. Muaktusarus eEF2 Bener k ToTaTbHOMY TTO1a-
BIICHUIO OMOCHHTE3a OejIKa B KIIETKaX )KUBOTHBIX H
npoxokeit. docpopunmpoBanue eEF2 ocymecTsis-
eTcs BbIcoKocnennpuIHOi npoTenHknHa3on eEF2
(eEF2K), aktuBupyromeica B YCIOBHAX PE3KOTO
CHIKEHUS KoHIeHTparuu ATP B nuTo301€ Ki1eTok
[1]. Ho y pactenuii He 0OHApPY>KHBACTCS YHIAOTCH-
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Hoii aktuBHOCTH eEF2K HU B OOBIYHBIX YCIOBHSX
[2], Hu Tipm cTpeccax [3].

BTopoli u3BeCTHbIE MEXaHHU3M MOJABJIEHUSA
ypoBHs Tpancisiuuu MPHK 3amyckaercs B ycinoBu-
X aMHHOKHCIIOTHOTO TOJIOJAHVSI U OMOCPEIyeTCs
elF4E-cBa3piBatomnmu  6enkamu (4E-BPs), xoto-
pele mpenoTBpamaT cBs3piBanue elF4E ¢ m7G-
rar-ctpykryport MPHK, a 3HauunT, 1 hopmupoBanne
48S-npennuimatopuro xkomruiekca [4]. Ho Takux
MHTHOUTOPHBIX OEIKOB He OBUIO Hai/IeHO B KIIET-
KaxX pacTeHHH [5]; B pacTUTEIBHBIX TCHOMAX Ja)Ke
He OBLIO HaliileHo opToJoroB renoB 4E-BPs [6].

Ente oauH BaXkHBIM MEXaHU3M I01aBICHHS OHO-
cUHTEe3a OeJKa SyKapuoT 3aKirouaeTcs B hocdopu-
JUPOBaHUM O-CyObenuHUIBl (akTtopa elF2 cmen-
n(OUIECKUMH TPOTENH-KUHA3aMH, YTO B KIIETKaX
MJIEKOTIUTAIOMINX U JPOXOKEH MPUBOAMT K OJIOKH-
poBanuto GTP-oOMenHoro Oenka elF2B u peskomy
WHTHOUPOBAHUIO CTAJIMM WHUIMAINN TPAHCIISAINH
MPHK [7]. Oanako, peuupKymsaius TpOCTBEHHOTO
KOMIUIEKCA B KJIETKAaX PacTeHUH MOXKET OCYyIEeCT-
BIsiThCH Oe3 yuactus elF2B [8], a dochopummpo-
Banue elF20 B pacTUTENBHBIX cCHCTEMax in Vitro He
MPUBOIUT K CHJIBHOMY WHTHOMPOBAHMIO CHHTE3a
oenka [9]. Kpome Toro, U3 4eThIpeX MPOTECHHKUHA3
(PKR, HCR, PERK, GCN2), dbochopuiupyromux
a-cyopenununy elF2 B kieTkax MIICKONUTAIOLINX,
y pacTeHril 0OHapyKEeHBI aKTUBHOCTD U T€H TOJIBKO
onuoit pGCN2-kuHa3el, a camo (ochopuarpoBa-
Hue y elF2o pacrenuil He ABHIsAETCS yHUBEpCaAb-
HBIM OTBETOM Ha Bce BUIBI cTpeccos [10].

Takum 00pa3oM, B KJIETKaX PaCTCHHI XOPOIIO
ONHCaHHBIC JJI1 MIIEKOIUTAIOIINX U IPOAIKEH Me-
XaHW3MBI TOJIABJICHUS OMOCHWHTE3a Oenka 3a CyeT
MOAU(DUKAIUN TPAHCISAIMOHHBIX (AaKTOPOB JIUOO
HCIIOJNIB3YIOTCS B OTPaHUYEHHBIX MTPEeJIeNax, JJU0o He
peanu3yroTca BoBce. Mbl cCUMTaeM, YTO y pacTEHUN
MOKET (YHKIHOHHPOBATH APYTrOW MEXaHU3M TOp-
MOXKEHUSI CHHTe3a Oelka, 3aITyCKaIOIIMICS TPH He-
KOTOPBIX aOMOTHYECKUX W OMOTHYECKHX CTpeccax,
1 9TO OH CBfA3aH C paclleIUIeHueM MoJeKyisl 18S
pPHK B cocraBe 40S pubocomMHBIX cyO9acTuIl mo
ONpPEIEIICHHBIM caiiTaMm.

Panee HamMM Ha HECKOJBKHUX pacCTUTEIbHBIX
00BeKTaxX OBLI OMHUCAH IMPOIECC PACIHICTICHUS MO-
nekynsl 18S pPHK, npuBomsimuii k 0Opa3oBaHUIO
5’-KOHIEBBIX (QparMeHToB pasmepoM 132-134 ny-
kieotuaoB [11] u 54-57 nykneorunos [12], a Tak-
ke 3’-KOHIIeBOTO (parMeHTa pazmepom okosio 100
HykjeotunoB [13]. Hamu nanHbie BIoiHe codera-
IOTCS C JIaHHBIMH TOJTHO-TPAHCKPUIITOMHOTO aHa-
nu3a, TIOKa3aBIlIeM, 4TO pa3phiBHI B 28S -, 18S-, u
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5,8S- pPHK npoucxonar He paHIOMHU3UPOBAHHO, a
JTUCKPETHO, TO €CTh, KaKMX-TO ()parMeHTOB pUOO-
comHbix PHK B kieTke BBIABISETCS 3HAYUTEIBHO
Ooutblire, ueM qpyrux ¢pparMeHToB [14].

[Iponecc paspesanus PHK mupoxo ucnons-
3yIOTCSl KJI€TKaMH BO BpeMs IPOLECCHHra pubo-
comubix PHK w3 umx mpeamiecTBEeHHUKA B XOJ€
ouorenesa pubocom [15]. Kpome Toro, y npo- u
9YKapUOTUYECKUX OPraHU3MOB pealu3yeTcs Me-
XaHM3M TMOJaBJIeHHUS OMOCHMHTE3a Oelika 3a cyHeT
pacweruienust monekyisl 28S pPHK u3 6onpmoit
(60S) puboCOMHOM CyOUaCTHITHI IO aTb(a-capIu-
HOBOM metie ¢ otmenieHueM 3'-konnesoro PHK-
¢parmenta Duno (“Endo fragment™) [16]. Takum
00pazoM JEUCTBYIOT TOKCHHBI pacTeHHUil (pHIIHH,
a0puH U MOJAELHWH), TpUOOB (0-caplH) U OakTe-
puit (Ilura-toxcun) [17]. Bo3moxxHo, aHamoruy-
HbIe SHJIOHYKJI€a3bl U OTIOCPEAYIONINE allypUHN3a-
LU0 TIMKO3WIa3kl (Kak B ciyyae OEJIKOB, HHAKTH-
Bupytommx pubocomsl, RIPs), HO HallelleHHBIE He
Ha 28S pPHK, a na 18S pPHK B cocraBe maibix
(40S) pubocomHBIX cyOUYacTHL, aKTUBUPYIOTCS B
KJIETKaX PacTCHHH BO BpPEeMs cTpecca M TaKuM 00-
pa3oM MPUBOAAT K BpEMEHHOMY HJIM CTOWKOMY I10-
nasienuto Tpancisauun MPHK.

OnHMM U3 BO3MOXHBIX MEXaHU3MOB JHUCKPET-
Hoii (parmenTanmu pPHK B kierkax sykapuor
B OTBET Ha cTpecchl sBaserca mnponecc PHK-
nHTepdepeHmuu: b0 3a CYET BBIMCIUICHHUS W3
mmmieyHsix cTpykryp pPHK mukpoPHK, nu6o ¢
BOoBIeUYeHHEM dKk30reHHbIx MukpoPHK. Tak, He-
IaBHO OBLIO TOKa3aHo, uTo pudbocomubie PHK B
KJIETKaX KMBOTHBIX MOTYT BBICTYIIaTh B KauecTBe
MPEALIECTBEHHUKOB HEKaHOHWYecKuX MUKpoPHK
[18, 19], koTOpbIe BHIMICIUIAIOTCS U3 cocTaBa 28S
pPHK, 18S pPHK u 5,8S pPHK, a takxe u3 cneii-
cepHbIx pubocomubix ydactkoB ITS1 u ITS2 npu
CBOEM CO3peBaHMM. BakHO, YTO BBIIIEIUICEHUE
takux MHUKpOoPHK B kieTkax »XKHBOTHBIX HaOIIO-
JaeTCsl B OCHOBHOM B CTPECCOBBIX YCIIOBHSX, & B
OTCYTCTBHHM CTPECCA OCTaBIIMECS OT BBIIEIUICHUS
Mainble pparmeHTs pudbocomubix PHK gocratouno
OBICTPO DIIUMUHHUPYIOTCS KJIETOYHBIMH YK30HYKJIE-
azamu [19]. AHamorHYHBIE MEXaHU3MBI Pa3pe3aHus
Mosekyn 18S pPHK MoryT ocymecTBnarbcs U B
KIJIeTKax pacTeHuid. B HacTosmieit pabore uccieny-
€TCs BO3MOXXHBIM MEXaHHU3M CalT-HaIpaBJICHHOTO
pacmemienus 18S pPHK pacrennii ¢ ywsactuem
runotetuyeckux MHUKpoPHK, HaneneHHbIx Ha
YYaCTKH, [0 KOTOPBIM MPOUCXOAST Pa3pbIBBI 3TOM
MOJIEKYJIBI B OTBET Ha CTPECCOBBbIE BO3JEHCTBUSA
Cpensl.



A.B. Xuraiinos u np.

2. MaTepI/IaJ'ILI U METOABbI UCCJICAOBAHUSA

2.1. I'mnore3a

Bo Bpems TEIIOBOro 10KA B KJIETKaX PACTCHUM
cuntesupytorcss MukpoPHK, xkommuiemenTapHsie
ygactkam 41-75 m 116-150 18S pPHK.

2.2. Martepunansl

B pa6ore ucnions30Banuch peareHTs GupM “Sig-
ma”, “Roche”, “Thermo Fisher Sci.”, “Amersham”,
“Ambion” u “Bio-Rad”. Onuroznezoxcupubonykie-
otunbl (omurolHK) «5°18S» (5°-acaagcatatgactact
ggcaggatcaaccaggta), «si-5’-75nt» (5’-agattaagccat-
gcatgtgcaagtatgaaccaatt), «si-5’-135nt» (5°-gtttgttt-
gatggtacgtgctactcggataaccgt) m «miR173» (5°-tttc-
gcttacacagagaatca) ObUIM CHHTE3UPOBAHKI de novo B
KoMmnaHu “Sigma”. J[71s paInoakTHBHOTO MEUYEHUS
omuro/IHK wucrone3oBamu [y->*PJATP (185 TBbx/
mModtb) pupmer “Perkin Elmer”. B kauecTBe 00b-
€KTOB HCCJICJIOBAHHS KCIOJB30BANIN 3apOJIBIINN U
pocTku mieHuubl riticum aestivum L. copta Ka-
3axcranckas 10, moderu Arabidopsis thaliana sxo-
tina Columbia, moberu Nicotiana benthamiana u
Solanum lycopersicum, BBIpallieHHBIE B CBETOBOU
KOMHATe.

2.3. MeToabl HcCIeI0BAHUS

Buipagnueanue  HyK1eomMuoHuIX — noCiedosa-
menvrocmeti 18S pPHK, B3SThIX U3 0a3bl JaHHBIX
NCBI, nmpoBoaumnu B nporpamme MEGA-X.

DIG-meuenue onuromepa «5°18S», komruie-
MeHTapHoro yuyactky 1-35 18S pPHK 7. aestivum
L. (PDB: 3J5Z d) ocymiecTBIsIoch ¢ HCHOIB30-
BanneM DIG Oligonucleotide 3'-End Labeling Kit
(Roche) mo MeTonke MPON3BOIUTEINS.

Hna nonyuenus paouoaxmueHO MedeHblX 30H-
0os wucnonb3oBamu omuro/JHK: «si-5’-75nty, «si-
5’-135nt» u «miR173». Ot omuro/IHK Obuin
dochopunupoBansl 1o 5’-koHIY T4-mOJUHYK-
neotuakuHa3oi (Thermo Fisher Sci.) B mpucyt-
ctBud [y-*?P]ATP 1o MeToauKe MPOU3BOAUTEIS.

Lna umumayuu mennoo2o wioka YeThIpex-
JTHEBHBIEC TIPOPOCTKH MIIEHHUIIBI, TPOPOIICHHBIE MTPH
26°C, ObLIM IOMELLECHBI Ha § 4acOB MPH TEMIIEpaTy-
pe 37°C. KoHTpobHBIE POPOCTKH B TCUSHUE ITHX
’K€ BOCBMH 4acOB pacTUIIUCh NpH 26°C.

Tomanvusie npenapamer PHK Be1nensau u3 0,1
T CBIPO Macchl JINCTOBBIX JHMCKOB C HCIOJB30Ba-
HueM Tri-peareHTta (Sigma) Mo METOJUKE MPOU3-
BOJIUTES.

Onexmpogopez PHK mpoBommin B 8% 1mo-
nuakpunamuaHoMm (ITAA) rene B mpuUCYTCTBHU
8M MmoueBuHBI. ['enu oxkpamuBaiu B pacTBOpE,
comepxkameM 0,2 Mr/mMa OpOMHUCTOTO ITHUAUS

(Sigma) n ananu3upoBanu B mpoxoxsuem Y D-
CBETeE.

Hoszepn-6nommune. B ciiydae uCIONB30Ba-
Husi DIG-medenolt npoObl, mmepeHoC Ha HEWJIOHO-
Byl0 MeMOpaHy, ypaBHoBemeHHy0 B 0,1x Tpuc-
O0opatHOoM Oydepe, mpoBonwIM Ha TpuOOpe A
noirycyxoro omorrtunra (Sci-Plas) npu cuire Toka
250 MA B Teuenne 30 muH. Ilocie mepeHoca MeM-
Opany cymwii 1 oOpabaThiBajIu B TCUYCHHE 2 MUH
Yd-crerom 10 m/Ix/cm? B kpoccnmakepe (UVP).
I'mbpummzanuto ¢ DIG-MeueHHBIME TIPOOAMH | TI0-
CIIEAYIONIYIO AETEKIHIO TI0JOC C UCIOJIb30BAaHUEM
XEMUITIOMUHUCLIEHTHOTO areHTa MPOBOIWIN C HC-
ronp3oBanueM Habopa DIG Luminescent Detection
Kit for Nucleic Acids (Roche) no metoauke npowus-
BoauTtens. Temneparypa ruOpuan3anny COCTaBsIIa
50°C. Ins merekuuu cBsizaBmmxcs DIG-medeHbIX
30HJIOB HCIIOJb30BaIM KOHBIOTaThl aHTHTEN Anti-
Digoxigenin-AP Fab fragments (Roche). IIposiBky
OJIOTOB OCYIIECTBISUIM C HCIIONB30BAHUEM KOM-
MEPUYECKOTo cyOcTpara ajisl IenoYHol (ocdaTtassl
CSPD (Roche). B cnyuae wucnosnb3oBanus [**P]-
MedueHblX 30H10B, PHK mepenocnam Ha mMemOpa-
Hel Hybond-N+ (Amersham) meTonom BiaKHOTO
anextpobnorTunra npu 10 B B 0,1x Tpuc-6opatHom
Oydepe B TeueHWe HOYM. [ MOpHIN3AIHMIO B 3TOM
cinyyae npoBoawad mpu 35°C mpu KUCIOIB30BaHUHU
rudpuanzaunonHoro Oydepa UltraHyb-oligo hy-
bridization buffer (Ambion) B Tedenne HOuM. OT-
MBIBKY MeMOpaH ocymectsisuid B 6 X SSC, 0,1%
(8/0) SDS, npu 35°C no 30 mMuH. ABTOpaauorpa-
(hHUr0 OTMBITBEIX MEeMOpaH MPOBOIMIN Ha (hochopu-
mumkepe (Bio-Rad).

3. Pe3yabTaThl HCC/IeTOBaHUS U HX 00CYXK-
JaeHue

Jns uccinepoBaHusl mporecca (pparmMeHranuu
pPHK wmaoii pubocomHoii cyOuacTuisl B HOpME U
IIPYU TEIUIOBOM IIOKE OBbIT HEOOXOOUM 30H[, KOM-
IUIEMEHTApHBIH  JIOCTaTOYHO KOHCEPBAaTHBHOMY
yuactky 18S pPHK pactenmii, 4ToOBI €ro Mo>KHO
OBUIO HMCHOJIB30BaTh HA PA3IMYHBIX PACTHUTEIBHBIX
oOBbekTax. J{7s mpoBEepKH CTETEeHW KOHCEPBATHB-
HocTH 5’-koHueBoro ydactka 18S pPHK pacrenwmi
ObUIO TPOBEACHO BBIPABHUBAHWE B MPOTrpaMme
MEGA-X HyKJICOTHAHBIX IIOCIEI0BATEIHHOCTEH
18S pPHK BuaoB pacteHmii, OTHOCAIIMXCS K pa3-
JUYHBIM TaKCOHOMHUYECKUM Ipynmam. Pe3ynbrarTs
aHaJlM3a IpesCcTaBieHbl Ha pucyHke 1. Kak BugHO
W3 JIaHHBIX, TPEJICTaBICHHBIX Ha 3TOM PHUCYHKE,
IMIb B Hno3uLusX «1» u «4» HaOmogaroTcs Io-
TUMOP(GU3MBI, OCTaIbHBIC TO3UIMH HYKJICOTHIIOB
SIBJIAIOTCSA BBICOKO KOHCEPBAaTUBHBIMHU Y PacTEHUH.
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Taxum 00pa3om, UCX0ns U3 KOHCEHCYCHOM ImocIe-
JOBaTEJILHOCTH, MOJTY4YEHHOHW B XOJI€ NMPOBEICHHO-
IO KOMITBIOTEPHOTO aHainu3a, ObUT CHHTE3UPOBaH
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CBepXxy NpeACTaBIeHa KOHCEHCYCHAs HYKJICOTH/IHAS ITOCIIEI0BAaTeNIbHOCTE, cooTBeTCTBYIomast omuro JHK «5°18S».
B konoHKe cieBa ImpeCcTaBICHBI BUBI PACTEHHH ¢ yka3zaHueM HomepoB GenBank.
Pucynox 1 — BripaBHHBaHNE HyKJICOTHAHBIX TocaenoBarensHocTel 18S pPHK pactenmit
B mporpamme MEGA-X mi1s pa3paboTKu 30HAa ¢ IENbI0 JETEKINH ee 5 -KOHIEBBIX (parMeHToB

Jns oueHKW cTeHneHW NUCKPETHOH (parmeH-
tanmu 18S pPHK B pocTkax mmeHHIsl B HOpME U
[P TEIUIOBOM IIOKE OBII MPOBENEH HO3epH-O0J0T
aHaJIM3 C MCIIOJIb30BaHMEeM 30HAa «5°18S-DIG»
[ocjae IEKTPO(OpeTHIeckoro pasieseHus: B
[TAA-rene totanbHbix npemnapatoB PHK, Brige-
JICHHBIX M3 POCTKOB MIIEHHIBI, MOJIBEPILINXCS U
HE IOJBEPrIINXCs TEMJIOBOMY IIOKY. Pe3ynbraTh
aHanM3a MpeAcTaBiIeHbl Ha pucyHke 2. Kak BuaHO
U3 JaHHBIX, NPEACTABICHHBIX HAa 3TOM PHUCYHKE,
JBa MalibiX 5’-KoHIEBbIX ¢parmenta 18S pPHK
(5,3S PHK, pasmepom okoinio 134 HyKIECOTHAOB U
75nt-5"18S, pazMepoM OKOJO 75 HYKJIEOTHIOB),
COJIepKaHUE KOTOPBIX CYLIECTBEHHO IIOBBIIIA-
JIOCH TIPH TOBBIMIEHHOW JIsi PacTeHWH Temiepa-
type (37°C). CnemyeT OoTMETHTbH, uTO (hocdopu-
nupoBanus elF2a He HaOMOAaeTCs IPH TEILIOBOM
moke [3, 9], B To BpeMs Kak ypOBEHb TPaHCIISALHNU
oonsmmaCcTBa MPHK TIpM TemmoBoM mioke Cuithb-
HO cHuxkaercs [20]. Takum oOpazom, TUCKpeTHAs
¢dparmentanus 18S pPHK c oOpazoBanmem aByx
MaJbIX 5’-KOHIIEBBIX (hPAarMEHTOB 3TOH MOJIEKYIIBI
HaOJ0JaeTcs BO BPeMs TEIJIOBOTO LIOKA, H HAPY-
menne nenoctHoctd pPHK mansix pubocoMHbIxX
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cy0JacTull, HpPOUCXOAALIEEe BCIEACTBHE TaKOU
(dparMeHTalnuu, MOXKET SBISATHCS MPUYUHON CHU-
skeHus1 ypoBHs TpaHcimsnuun MPHK B pacturens-
HBIX KJIETKAaX.

Crnenmyer OTMETHTB, YTO Ha 0JIOTE, TPEICTaB-
JIEHHOM Ha pHCyHKe 2, B nononHeHue k 5,3S PHK
u 75nt-5’18S MokHO BHIETS etie GparMeHThI 00JTb-
mero pasmepa (6onee 200 HYKJICOTHIIOB), COIEp-
JKaHWE KOTOPBIX B KJIETKaX POCTKOB MILIEHULBI HE
HOBBIIIAIIOCH B OTBET HA TEIUIOBOM IIOK (OTMEYEHbI
CTPEJIKOW HA PUCYHKE 2).

OngHMM W3 BO3MOMKHBIX MOJICKYJSIDHBIX Me-
XaHU3MOB IIOSBJICHHMsS B KIJIETKaX pPacTeHUH Ma-
neix parmentoB 18S pPHK morna Ovrte PHK-
nHaTepdepennus (BepHee, paspezanue pPHK xom-
mwiekcoM RISK, accoiuupoBaHHBIM cO crienudu-
yeckuMu MHUKpoPHK nnmum MuPHK). V pacrennii
9T0T MexaHu3M pacmeruiennss PHK mmpoxo Bo-
BJIEYCH HE TOJBKO B MPOLECC MOP(OIOTUIECKOTO
Pa3BUTHUS U CO3PEBAHUS, HO TAKXKE U B aKTHBALIUIO
3aLIUTHBIX MEXAaHU3MOB BO BPEMS CaMbIX pasind-
HBIX cTpeccoB. YTOOB! IPOBEPUTS, IOSABIIAIOTCS JIN
B KJIETKAX PacTeHUH NPHU TEIUIOBOM IIOKE CIELH-
¢nueckre runorerndeckne MukpoPHK, Hanenen-
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Hble Ha calThl pa3pe3anus monekynsl 18S pPHK,
KOTOpPBIE MOTJIN MPUBOJIUTH K 00pa3oBaHmio (par-
MeHToB ~ 134 Hr. (5,3S PHK) u ~ 55 ur. (75nt-
5’18S), ObUIM CKOHCTPYHMPOBAHBI COOTBETCTBYIO-
ue paguoakTHBHO MedeHble 30HabI. Omuro/[HK
«si-5’-75nt» cOOTBETCTBOBaJ 1O HYKICOTHUIHON
nocJieoBaTeNbHOCTH yuacTky 41-75 18S pPHK T.
aestivum L., a omuro/IHK «si-5’-135nt» — ygact-
ky116-150 18S pPHK T. aestivum L. B xauecTtBe
MOJIOKUTENBHOTO KOHTPOJIA OBLT  HCIOJIB30BaH
omuro/IHK «miR173», kommieMeHTapHBI MH-
kpoPHK ath-MIR173 Arabidopsis thaliana (Gen-
Bank: LM608299), xoTopast mpucyTCTBYET Ha II0-
CTOSIHHOW OCHOBE B IoOerax apabuporicuca. DTH
TpH paAuoakTUBHO MedeHblX onuro/IlHK Obum
UCIOJb30BaHbl B Ka4eCTBE 30HIOB IPH IPOBEAE-
HUUW HO3EPH-0JIOT aHalln3a TOTAIBHBIX TPENapaToB
PHK, BblaeneHHBIX U3 PAcTEHHH pa3HBIX BUOB,
MOJBEPTLUIMXCS U HE MOABEPIIINXCS BO3ACHCTBUIO
TEIJIOBOTO IIOKa. Pe3ynprarhl ananmsa mpeacTas-
JIEHBI Ha PUCYHKeE 3.

A

M1 XT3 4 5 67T H M1

18w —=

mirl 73— s =

S5 pIHIE -
- 535 PHE
85 pPHE -
itk B iR

Cnesa npencrasieH [IAA-rens, cnpaBa — GJIOT TOTO
xe resst. CTpenkamu yka3aHsl pparMeHTs bolee
200 HYKIICOTHIOB, COAEP KaHHE KOTOPBIX
HE KOPPEINPOBAIIO CO CTPECCOBBIMHU yCIOBHSIMH.
Pucynok 2 — Ho3epH-0110T aHanu3 ¢ HCMOIB30BaHUEM
«5°18S-DIG» 30812 1S BEISIBIICHHS MAJIBIX 5’ -KOHIIEBBIX
¢parmenToB 18S pPHK 8-1HEBHBIX pOCTKOB MIICHHUIIBL,
nonBepkeHHbIX (37°C) u He noaBepeHHbIX (26°C)

TEILUIOBOMY ILIIOKY

14 58 67K M 1 3 48 & T K

A —«miR173»; B — 30H7 «si-5’-135nt»; B — 30ua «si-5’-75nt». M — PHK-mapkep. Ha nopoxkax 1-8 aHanu3upoBanuch
totanbHbele PHK: 1 —13 3aponsiiieii mieHuIs, npopoueHHsIx npu 26°C; 2 — u3 3aposliieii MIIeHUIIbl, TPOPOIIEHHBIX
mpu 37°C; 3 — u3 poctroB Arabidopsis thaliana, He MoBEpKEHHBIX BO3JCHCTBHIO TEIUIOBOTO IIOKA;

4 — u3 poctroB A. thaliana mocne 8 4. naky6auuu npu 37°C; 5 — u3 poctkoB Nicotiana benthamiana,

HE MOJIBEP)KCHHBIX BO3JICHCTBUIO TEIIOBOTO 1I0Ka; 6 — 13 pocTkoB N. benthamiana nocrne 8 4. uuky6armu npu 37°C;
7 — u3 poctkoB Solanum lycopersicum, He MOBEPKEHHBIX BO3JCHCTBHIO TEIUIOBOTO IIOKA;

8 — u3 poctkoB S. lycopersicum mocie 8 4. unky6aruu npu 37°C.

PucyHok 3 — HozepH-0110T aHaIM3 ¢ UCIIONB30BAHUEM PaJHMOAKTHBHO MEYEHBIX 30HI0B
C LeNBIO BISIBIICHUS MTOTeHIManbHEIX MUKpOPHK, crioco6HbIX BI3BaTh pa3pbiBbl Monekyisl 18S pPHK pactenuit
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Kak BUIHO M3 JaHHBIX, MPEACTAaBICHHBIX Ha
3TOM PHUCYHKE, B ToTanbHbIX npenapatax PHK,
BBIZICJIEHHBIX M3 PACTEHUM pa3HBIX BUIOB, B TOM
Yycle, NIICHUNB], HE OBLJIO BBISIBIEHO KaKUX-TO
kopotkux (19-23 mT) PHK, KoMmmiemMeHTapHBIX
yuactkam 41-75 u 116-150 18S pPHK pacrennii
(pucynku 4b u 4B), cinemoBaTenbHO, IOJDKEH
OBITH KaKOW-TO MHOW MeXaHW3M, HMPUBOIAIIHN K
paspeiBam nenu pPHK manoit pubocomuoii cyo6-
YaCTHUIBI B CTPECCOBBIX YCIOBHUAX U HAKOIUICHUIO
MaJBIX 5’-KOHIEeBBHIX ¢parmernToB 18S pPHK,
5,3S PHK u 75nt-5’18S. DT MeXaHH3MBI OHC-
KpeTHO#l ¢parmenTanuu moyiekyisl 18S pPHK B
cocrase 40S pubocoMHBIX cyOUacTHIl eme mpe-
CTOUT BBISIBUTH B JasibHEHIIEM. TeXHUUECKU Me-
tox BeisBieHuss MUKpoPHK cpaboran B skcnepu-
MEHTe, MTOCKOJbKY Ha pUCYHKe 3A B ITOpOXKKax 3
u 4 Obuna BIsIBICHA KOHTpoJibHAass MUKpoPHK 4.
thaliana ath-MIR173.

Hecmotpst Ha To, uto nenessie MUkpoPHK k 3a-
naHHbIM ydacTkaMm 18S pPHK pactenuii BBISIBUTH
HE yJaJIOCh, MOJIHOCTBIO HUCKIIOUHUTH posb RISK-
KOMIUIEKCOB B MTOSIBJIEHUH B PACTUTENBHBIX KJIETKAX
MaJbIx 5’-KoHUEeBBIX pparmMenToB 5,3S PHK u 75nt-
5’188 Henp3zs. Cpeau BropuuHbix cTpykTyp pPHK B
cocTaBe pUOOCOMHBIX CyOYaCTHIl JOCTATOYHO MHO-
IO COBEPIICHHBIX M HECOBEPIICHHBIX MIMHJICYHBIX
CTPYKTYP, KOTOPbIE MOTYT CaMH IO ce0e CIIyKHUTh
cyoctpatom juis RISK. CormacHo naHHBIM Ouo-
WHPOPMATHUECKOTO aHAIM3a PUIOB IOCTE TOJHO-
PHKoBoro cexkBenupoBanus Ha NGS-miaTdhopmax
B Tmpenenax mocienoBarensHocTte 18S pPHK
pacTteHuii ObUIM TIpeACKa3aHbl HECKOJBKO MHUILE-
HeW ays BbIpe3aHus HekaHOHWYeckuXx MUKpoPHK
(PHAS) [21]. AHanoru4HbIe YYaCTKH, SIBIISIOIIHC-
Csl TIOTEHIMAIFHBIMUA TPEIIICCTBEHHUKAMU HeKa-
HoHMYecKuX MUKpOPHK, OblIH BEISBIICHEI B TIpeIe-
nax nocnenosarenbHocTe 18S pPHK xuBOTHBIX
[18, 19].

B nrobom cirywae, MBI cantaeM, 4To pubOCOM-
Hble PHK sBnsitoTcst HE CTONBKO Mpe/IIecTBEHHU-
KaMU Kakux-To perynsaTopHbix MUKpoPHK, ckomb-
KO TJIaBHOW MHUIIEHBIO ISl PETyISTOPHEIX 3 dek-
TOPOB, a pa3pe3anue Mojekysn pudbocomubix PHK,
raBHBIM 00pazom, moJiekyn 18S pPHK B cocrae
40S pubOOCOMHBIX CyOUYaCTHII SBISIETCS OCHOBHBIM
crnocobom uHruOupoBanus tpanciasiuuun MPHK B
KileTkax pacteHuii. B cocraBe 40S pubOocoMHBIX
cybuacturl 5’-konreBoir ygactok 18S pPHK Bo-
BJieYeH B (JOPMHPOBAHHE LEHTPAIBHOTO IICEBIO-
y371a, IEIOCTHOCTh KOTOPOTO KpalHe Ba)KHA IS
HOPMAJIBHOTO  (YHKIIMOHHPOBAHHUS PHOOCOMBI
[22]. YuacTok xe 18S pPHK, no xotopomy npouc-
XOIIUT TPeAroIaraeMblii pa3pelB ¢ 00pa3oBaHHEM
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5,3S PHK, B coctaBe 40S cy04acTHIlbI, COTTIACHO
npeackazanHoi 3D-CTpyKType 3yKapUOTHYECKUX
pubocom [22], xoHTakTUpyeT ¢ RPS6 — emun-
CTBEHHBIM PHOOCOMHBIM OEITKOM Malloif pudOCOM-
HOU CyOUYacCTHIIBI, TIOJIBEPTAEMBIM PETYISITOPHOMY
dhochopumupoBannto [23], BBITTOIHSIIOMAM BaX-
HYI0 CTPYKTYPOOOpa3yIomyto GyHKIUIO B dyKapH-
OTHYECKHX pubocomax [24] u KIETOYHOM TOMEO-
craze [25].

buocunTe3 Oenka — OMH U3 BaKHEHIIMX aHa-
OOMMYECKUX TPOIECCOB, OCYIIECTBISIOIMINUXCS B
KUBBIX KIETKaX, MOJTOMY 3HAHHE MEXaHH3MOB
€ro Peryysiuy UMEeeT BaXKHOE (PYHIAaMEHTAIbHOE
3HaueHHe. B oTnuyne OT KUBOTHBIX U JIPOXKKEH,
JUIS KOTOPBIX 3TH MEXaHW3MBI B IIEJIOM XOPOIIO
ONHCaHbl, KOHKPETHBIC MOJICKYJISIPHBIC MEXaHU3-
Mbl nonasineHus tpancisiuuu MPHK B kneTtkax
pacTeHUNl BO BpeMsl TE€X WJIM HHBIX CTPECCOBBIX
BO3JICHCTBHIA, OCTAIOTCS MaJ0 M3ydeHHbIMU. [Ipu
JTOM, 3HAHHE TAKHX MEXaHH3MOB MOXET CYIIe-
CTBEHHO OOJIETYUTH MPOIECC BBIBEACHHS HOBBIX
COPTOB KOHOMHYECKH 3HAYMMBIX CEIbCKOXO3SH-
CTBEHHBIX KYyIBTYpP, YCTOMYMBBIX K HEOJIarompwu-
ATHBIM (akTopaM OKpykaromei cpensl. Ilo cmo-
COOHOCTH OBICTPO pearupoBaTh HA MOJICKYJIIPHOM
YPOBHE Ha TaKWe€ CTPECCOBHIE BO3ACHCTBUS MOXKHO
MPOBOJUTEL OTOOP MEPCIIEKTUBHBIX JIMHUN TE€X WU
WHBIX BUJIOB pacTeHuil. B 3TOM OTHOIICHIY Majbie
5’-xonneBeie ¢pparmentsl 18S pPHK Bmommae Mo-
I'yT OBITH UCIIOJIB30BaHBI B KAU€CTBE OMOMapKEpOB
cTpecca HOBOTO THIIA.

3akjoueHune

IIpu TemyioBOM IIOKE B KJIETKaX pacTeHUN He
Habmogaerca  pochopunupoBaHUe  KaKUX-JIHOO
TPAHCIALUOHHBIX (PaKTOPOB MM PUOOCOMHBIX OeJI-
KOB, XOTs OOHapy>KUBaeTcsl CTaOMIBHOE U CHIIbHOE
MOJIaBJICHHE OOINEro ypoBHsS OWOCHHTEe3a Oelka.
Hamu Op110 OKa3aHo, YTO MPH MOBBIICHHOH TeM-
nepaType B KJIETKaxX PacTeHUIl IPOUCXOAUT HAKO-
TUIGHUE IUCKPETHBIX MalbIX 5’-KOHLEBBIX (Qpar-
menToB 18S pPHK. Otu mansie pubocomusie PHK,
5,3S-PHK (133-134 HT.) 1 75nt-5’18S (54-56 Ht.)
MoryT ciyxuth PHK-mapkepamu TemnoBoro moka
pacTeHui.

B xome paborel Obplma pa3paboTana MeETO-
JIMKa JeTeKTUpoBaHUA 3TuX cTpeccoBbix PHK-
MapKepoB METOJOM THOpHIM3ALMN HYKJIEHHO-
BBIX KHCJIOT ¢ ucrois3oBanueM DIG-meueHoro
30H/1a, KOMIUIEMEHTApHOTO KOHCEHCYCHOU 35-m
5’-KOHLICOBOM HYKJIEOTUIHOM MOCIEI0BATEIb-
Hoctu 18S pPHK pacrenmii. [lokazano, 4ro 3TOT
yuactok PHK wmanoii pubocomHoi cyO4yacTHIIBI
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BBICOKO KOHCEPBATHBEH Y pPAaCTCHHH, MO3TOMY
30HA «5°18S-DIG» MoxeT ObITH HCHOJIB30BaH
JUTSL MCCIIeIOBaHUS Tpoliecca ITUCKpeTHO# ¢par-
MeHTauuu 18S pPHK pacrtenuii, otHocAmuxcs
K pa3Iu4HbIM TAaKCOHOMHYECKHMM Ipynmnam. Pas-
paboTaHHas B X0J¢ pabOThl METOJAMKA HA OCHOBE
rUOpUIN3alud HYKJIEHMHOBBIX KHCJIOT C HCIOJb-
3oBanueM DIG-MedeHOTro 30HAa K 5’ -KOHIIEBOMY
yuactky 18S pPHK pacrenuii mo3Bonser a¢dek-
TUBHO BBIABIIATE 5,3S-PHK 1 75nt-5"18S — HOBBIC
OroMapKepsl cTpecca pacTeHUH.

UccnenoBana pons PHK-unTepdepeHnnu kak
NOTCHIUAIBHOTO MEXaHW3Ma IHCKPETHOH Qpar-
meHTanmu Mosekyibl 18S pPHK B cocrase 40S pu-
0ocomHbIX cyOuactull ¢ ee 5’-koHna. MukpoPHK,
KOMIIJIEMEHTApPHBIX LEJIEBBIM y4YacTKaM, 10 KOTO-
PBIM MOT OCYIIECTBIATHCS pa3psiB Henu 18S pPHK
¢ obpazoBanuem 5,3S-PHK u 75nt-5’18S, o6Hapy-
KeHo He Obuto. ClenoBaTeNIbHO, B KIETKaX pacTe-
HUI peau3yeTcss UHOW MOJIEKYJISIPHBIA MEXaHU3M,
NPUBOIAIINN K 00pa3oBaHMIO STHX MalbIX Qpar-
MeHTOB pubocomHoit PHK.
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KAOHUPOBAHUME KAHK-TEHA PUBOCOMHOI O BEAKA
S6 N3 ARABIDOPSIS THALIANA, ETO 3KCITPECCUSA
B ESCHERICHIA COLI 1 BbIAEAEHME PEKOMBMHAHTHOTIO
BEAKA ATRPS6A1

PrbocomHbliit 6erok S6 (RPS6) $IBASIETCS HEOTbEMAEMbIM KOMMOHEHTOM 3YKapMOTUYECKMX
40S-prb0COMHbIX cyObeamntmy, (40S-RSu), KOTOPbIA peryAMpyeT TPaHCASLMIO ONPEAEAEHHbIX BUAOB
MPHK. TMockoAbky RPS6 — eanHCTBEHHDbIM 6eAok 40S-RSu, cnocobHbin K (pochopruAMpOBaHUMiO, OH
N SBASIETCS OAHOM M3 MULLEHEN AAS pPeryAsumm 6mocuHTe3sa 6eAKoB y 3ykapuoT. EcTb ykasaHue Ha
TO, YTO pMOBOCOMBI C HaMboAee BbICOKMM YpoBHeM thoccoprampoBaHmsi RPS6 cos3patoT ceaekTrBHbIE
npeumyLecTsa npu TpaHcaaumn MPHK, koampytowmx 60AbLyio 4acTb 6GEAKOBbIX KOMIMOHEHTOB
TPaHCASLMOHHOIO annaparta KAeTOK. [ToHMMaHMe MeXaHM3Ma PeryAsumMm TPaHCASILMKM Y pacTeHuit
nocpeACTBoM hocchoprAnpoBaHmns RPS6 no3BoAMT NoBbiWwaTh 6MOMACCY PACTEHMIA U X YPOXKANHOCTb.

B HacTosuwein pabote kK AHK-ren AtRPS6A1, koampytowmii prbocoMHblit 6eAok S6 y Arabidopsis
thaliana, kAoHMpoBaH B BekTope PET19b. 3TOT reH 6biA 3KCnpeccrpoBaH B kaeTkax Escherichia coli, a
KOAMPYEMbI MM PEKOMOMHaHTHbIM 6eA0K AtRPS6AT BbiaeAeH MeToaaMu MoHHOM 1 acpcpmHHoM (IMAC)
Xpomatorpadmm, 3aTem rpernapar oumilleH U CKOHLEHTPUPOBaH. PekoMOMHaHTHbIN 6eArok AtRPS6AT
B AdAbHeiillem OYAET WMCMOAb30BaH B 3KCMEpPUMEHTax in Vitro AAS MCCAEAOBAHUSI MOAEKYASIPHbIX
MexXaHW3MOB peryAauumn TpaHcagummn MPHK pactenunii nocpeactBoM ero ¢ocoprAMpoOBaHns M
MOAYYEHUS MOAMKAOHAAbHbIX aHTUTEA K 3TOMY OeAKy.

KatoueBble caoBa: Arabidopsis thaliana, kAnoHnposaHue kKAHK-reHa AtRPS6AT, pekoMOUHaHTHbII
prbocoMHbI BGeaok S6 (AtRPS6AT).
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Cloning of cDNA-gene of Arabidopsis thaliana ribosomal protein S6,
its expression in Escherichia coli and isolation
of AtRPS6A1 recombinant protein

Ribosomal protein S6 (RPS6) is a component of eukaryotic 40S ribosomal subunits (40S-RSu) that
regulates the translation of certain types of mRNA. RPS6 is the unique 40S-RSu protein, which is able to
phosphorylation; it is one of the targets for the regulation of protein biosynthesis in eukaryotes. There is
evidence that ribosomes with the highest level of phosphorylation of RPS6 create selective advantages
in translation of mMRNAs encoding many of the protein components of the cell translational apparatus.
Understanding the mechanism of regulation of plant biosynthesis through phosphorylation of pRPS6 will
increase plant biomass and yield.

In this work, the AtRPS6A1 cDNA gene encoding the ribosomal protein S6 was cloned into the
pET19b vector. This gene was expressed in Escherichia coli cells, and the recombinant PRS6 protein
was isolated by ion-metall affinity (IMAC) chromatography, purified and concentrated. The recombinant
RPS6 protein will be used in in vitro experiments to study the molecular mechanisms of regulation of
plant mRNA translation through its phosphorylation and production of polyclonal antibodies to this
protein.

Key words: Arabidopsis thaliana, cloning AtPRS6AT cDNA gene, recombinant ribosomal protein
S6 (AtRPS6A1).
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Arabidopsis thaliana-pan S6 pub6ocomanbik akybi3biHbiH KAHK reHin kaoHaay,
oHbliH, Escherichia coli-cinae akcnpeccusicbl XkoHe peKOMOUHAHTTbI
ATRPS6A1 aKkybI3blH OKLLIayAay

Pubocomanbik, akybi3 S6 (RPS6) aykapnottbik, 40S pmbocomanbik, cyb6ipaikTepiHiH (40S-RSu)
MaHbI3AbI Kypamaac 6eairi 60Abin Tabbirnaabl. OA xacywasa MPHK-HbIH 6eAriAi kenbip TypAepiHiH
TpaHCASUMSCIH peTTen icterai. RPS6 — docdopaaryra kabiretti 40S-RSu cyOOipAiriHiH XXaAfbi3
aKkybi3bl. COHABIKTaH OA 3YKapMOTTapAarbl akybl3 OGMOCMHTE3IH peTTey MPOLECChiH HblCaHAAAPbIHbIH
6ipi 6oAbIn Tabbiraabl. Erep pubocomanapaa RPS6 npoTtentinit pocpopaaty AeHreii xxorapbl 60ACa,
OHAQ >KaCyLIaHblH TPAHCASLMSAABIK, annapaTbiHbIH, aKybI3AbIK, KOMMOHEHTTEPiHIH, KeMNWIiAiriH KOATaNTbIH
MPHK-HbIH TpaHCASLMSCHl Ke3iHAe OYA CeAeKTUMBTI apTbIKLIbIAbIK, TYFbI3aTblHbl TypaAbl KepceTkill
6ap. RPS6 hochopaaHybl apKbiAbl OCIMAIKTEPAETT TPAHCASILMSHBI PETTEY MEXAHM3MIH TYCIHY 8CIMAIK
6GromMaccacbl MEH OHIMAIAIFIH apTTbIpyFa KOMEKTECEADI.

ByA fbiAbIMM XymbicTa Arabidopsis thaliana-aarbl S6 prMb0oCOManbIK, aKybi3biH KOATanMTbiH AtRP-
S6AT kAHK reni pET19b BektopbiHa KAOHAaAFaH. bya red Escherichia coli-HiH >kacywaaapbiHaa
3KCMPECCUSIAAHAbI XK8HE OA apKblAbl KOATAAFaH PEKOMOMHAHTTbI AtRPS6AT aKybi3bl METAAA-MOHADIK,
adppuHAIK xpomatorpacms (MUMAX) esaicTepimeH GOAIHIN aAbIHABI, aA COAAH KeriH npenapar
Ta3apPTTbIAbIM XXOHE KOHLEHTPATTaHABIPbIAABI. PekombrHaHTTel AtRPS6AT npoTeunHi oaaH api in vitro
3KCrepnmMeHTTepiHAe eciMaik MPHK TpaHcASaUMSCbIHBIH (hocopAaHybl XkxoHe 6oAallakTa OCbl aKybi3fa
MOAUKAOHaAAbI aHTUAEHEAEPAI BHAIPY apKbIAbl PETTEAYIHIH MOAEKYAAAbIK, MEXaHU3MAEPIH 3epTTey

YWiH nanAaAaHbIAATbIH GOAAADI.

Tyiin ce3saep: Arabidopsis thaliana, AtPRS6AT1

prbocomanbik, akybi3 S6 (AtRPS6AT).

CokpameHus 1 0003HAYEHUS

pRPS6 — S6 Genox mainoii pubocomMHol cyOua-
ctunel pactennid, PT — peakmus obpaTHOM TpaHC-
kpunimu (peBepc-tpanckpunius), [P — mo-
nuMepasHas uenHas peakuusi, 10xHis-tag — amu-
HOKHCJIOTHAsl IOCIENOBAaTeNbHOCTh U3  JECATH
ructuauHoB, MUAX — wmeramn-uonHas adpgun-
Hast xpomarorpadus, UIITI" — uzonponun-p-D-1-
THOTaJIAKTOIIMPAHO3HUI.

BBenenne

B macrosmiee BpeMs B MUpe Bce OOJBINE yBe-
JINYMBAETCS CIPOC HA BCE BUJbI MPOAYKIUU CEJIb-
CKOXO3SIUCTBEHHOTO PACTEHUEBOJCTBA, U TJIABHBIC
HaJEXAbl BO3JIaraloTCs Ha OHMOTEXHOJIOTHYECKHE
WHHOBAIIMU B 00J1aCTH PACTEHUEBOJICTBA, KOTOPHIC
UMEIOT OOJBIION TMOTEHIHAT K CYIECTBEHHOMY
YBEIMYEHHUIO OMOMAacChl M YPO)KallHOCTH pacTEeHH,
MyTeM YCKOPEHUS UX POCTa, CIIOCOOHOCTH yJIABJIH-
BaTh DHEPTHUIO CBETa W MpeoOpa3oBarTh ee B MOJIe3-
HBIE TPOAYKTHI [1].

YpoxKalHOCTh CEIbCKOXO3SMCTBEHHBIX pacTe-
HUU — OIMH U3 BAXHEUIIUX [IPU3HAKOB B CEJICKLIUU,
MMO3TOMY TPOBOJUTCS OOJBIIOE KOJIHMYECTBO T'eHE-
TUYECKUX U PU3UOJOTHISCKUX UCCIICAOBAHUH 10 e¢

KAHK reHHiH KAOHAQy, PEKOMOMHAHTTbI

MOBBILIEHUIO. BMecTe ¢ TeM, Majo 4TO U3BECTHO O
MOJICKYJISIPHBIX M1 OMOXUMHYECKHX CUCTEMAaX, OIpe-
JENAIONUX TPOAYKTUBHOCTD pacTeHuit [2]. Ux ne-
TaJIbHOE W3yUYeHHE Yalle BCEro MPOBOIUTCA Ha MO-
nenbHOM pacteHun Arabidopsis thaliana, xotopoe
AMEEeT MHOTO JKCHEPUMEHTAIBHBIX MPEHMYIIECTB
10 CPaBHEHUIO C APYTUMH BuAamu [3] u sBIsSETCS
HanOoJiee U3Y4EHHBIM C TOUKH 3PEHHSI MOJICKYJISIp-
HBIX MEXaHHU3MOB, PETYJIUPYIOLUINX €0 POCT U pa3-
ButHe. HoBble 3HaHMS, moryyaeMble Ha A. thaliana,
3aTeM MEPEHOCATCS Ha APYTHe SKOHOMUYECKH BaXK-
HBIE KYJBTYPBI JJIsl pEIICHUS MPAaKTUICCKUX 3ajad
10 TIOBBIILIECHUIO YCTOHYUBOCTH K a0MOTUYECKUM U
OMOTHYECKHUM CTpeccaM, a TAKKe MPOLYKTUBHOCTH
[4].

Poct, nmenenme u auddepeHIManUSL  KIETOK
— Ba)KHEHIIME MPOIECCHI, JIEXKAIIUEe B OCHOBE pas-
BUTHS BCEX MHOTOKJIETOYHBIX OPTraHU3MOB. Y BCEX
9YKapHOT HMEIOTCS CXOAHBIE PEryJIiTOPHBIE CH-
CTEMBI, KOTOpBIE COIJIACOBBIBAIOT CKOPOCTh POCTa
U JIeJIeHHs KJIETOK B TOYHOM COOTBETCTBUU C Ha-
JUMYUEM M AOCTYNHOCTBIO MHTATEIbHBIX BEIIECTB
(aMUHOKHUCIIOT, HYKJICOTHIIOB) M DHEPTETUUCCKUX
pecypcoB [5-13]. DTu cucteMbl, B CBOIO OuYepe/ib,
HaXOJATCS MOJ BIUSHHEM MHOTHX PEryJISTOPHBIX
(hakTOpOB BHYTpPH OpraHu3Ma (TOPMOHBI U JIpyTHe
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CUTHAJIbHBIE MOJIEKYJIBI), a TAaKXKe 0] BO3/ICHCTBU-
€M BHELIHUX OMOTHYECKUX M 3KOJIOTHYECKUX CTpec-
coB [7-14].

Pubocomusrit 6enok S6 (RPS6) sBusercs xom-
MTIOHEHTOM  JyKapuoTudecknx 40S-puOOCOMHBIX
cyosenunun, (40S-RSu), xotopsiii peryiupyer
TpaHcsanuio omnpeneneHHbix BunoB MPHK. Ilo-
ckonbky RPS6 — enmnacTBeHHBIN Oenok 40S-RSu,
CHOCOOHBIN K (HOCHOPUIMPOBAHUIO, OH U SIBISCT-
csl OJJHOM M3 MHILIEHEH AJIS Peryysiuuu OMoCHHTe-
3a OenkoB y aykapuotT [15]. Pacturensubrit RPS6
MOXeT (HOCPOPHIUPOBATLCS PA3TUYHBIME KUHA-
3aMH 110 OJHOMY TPEOHWHOBOMY M YETBIPEM CEPH-
HOBBIM OCTaTKaM, JIOKanu3yromumcs Ha C-KOHIe
9TOro Oejka, HO OCHOBHOW KMHa30#, Gocdopuim-
pytouieit RPS6, sBisercs kunaza RPS6K2 [16-20].
EcTp ykazanme Ha TO, 9TO puOOCOMEI ¢ HamboJjee
BBICOKUM ypoBHEM (ocdopunuposanusi RPS6 cosz-
JIal0T CEJIEKTUBHBIE IPEUMYIIECTBA IIPH MOOUIM3a-
uuu onpexaenenHsix MPHK B monucomel, a UMEHHO
npu tpa”casauuun MPHK, conepxkamux 5'-koHie-
BYIO OJIMTOIIMPUMHINHOBYIO IOCIIEAOBATEIbHOCTh
(5'-terminal oligo pyrimidine, 5'TOP), koropsie
KOAMPYIOT OOJBLIYIO YacTh OEIKOBBIX KOMIIOHEH-
TOB TPAHCIAIIMOHHOTO ammapara KieTtok [21-22].
[lonnmanne MexaHM3Ma PEryJsIuN OHMOCHHTE3a y
pacrtenuii mocpenctBoM (ocdopunupoBanust RPS6
[IO3BOJIMT UCKYCCTBEHHO PETYJINPOBATh POCT U Pa3-
MEpHI KIETOK, a Yepe3 3TO — MOBBIIIATH OMoMaccy
pacTeHHI U UX YpPOXKaHOCTb.

Jns mpoBeAeHUs HCCIENOBaHME AaKTHUBALUU
nporecca GochopruupoBaHus PaCTHTEIBHOTO Oe-
ka RPS6 HE00X0IMMO MUMETHh OYHUILEHHBIN OEJIOK B
JOCTaTOYHBIX KonudecTBax. [loatomy ObuIO pere-
HO TPOBECTH KJIOHHUPOBAaHHHE M IKCIPECCUIO T'eHa
AtRPS6A1 ¢ mocnenyromel OYUCTKON peKoMOH-
HaHTHOTO Oellka mocpeacTBoM aduHHON XpoMma-
TorpaduH.

Taxoke momyuyeHHbBI HaTUBHBIA Oermok RPS6
MO>KHO OyJIeT MCTIOIh30BaTh B JabHEHIIIEM TSI HC-
cienoBanus ero pocopunupoBaHusS Pa3TUIHBIMU
KMHAa3aMH U [OCTEAYIOUIETO MOMyYeHHs TeHeTHYe-
CKH MOJTU(DHUIMPOBAHHBIX PACTCHUH C TTOBBIIEHHOM
MPOAYKTHUBHOCTBIO, OoOJiee PaHHUM CO3PEBaHHEM
(cKOpOCTIENOCThIO) M BBICOKOM CKOPOCTBIO poOCTa
O6romaccel.

HoBrle ¢yHmaMeHTanbHbIE 3HAHUS B JAajb-
HEHIIeM MOCIyXaT OCHOBOW JISi COBEPILIEHCTBO-
BaHMS OMOTEXHOJIOTMH TOJNYyYEeHHUS T€HETHYECKH
MOIN(UIUPOBAHHBIX PACTEHUH C NPUMEHEHHEM
texHosoruu CRISPR-Cas jis nmpumaHusg um 1o-
BBIIICHHON NPOJYKTUBHOCTU U YCTOHYUBOCTU K
pa3aMYHBIM HEONAronpusTHBIM (hakToOpaM Cpeabl
U IIaTOT€HaM.

140

MatrepuaJjbl 1 METOABI

Hcnonb3oBaHHbIE B PadOTE OJIMTOAE30KCHPH-
oonykneorunbl RPS6-for-Ndel (5°’GTCGCATAT
GAAGTTCAACGTTGCGAATCCAACTACTG
GA) u RPS6-rev-Sall (5S’TCTCGTCGACTTTTAA
GCTGTGACAGAGGGCTTGGCAGCAGCAGA)
ObLTH CHHTE3UPOBaHbI KoMMNanuel «Eurogentecy.

Komnvromepnwiii ananuz nocnenoBaTenbHOCTEN
HYKJICHHOBBIX KHUCIIOT U OCIKOB MPOBOIMIM C HC-
nojb3oBanueM nporpamm SnapGene Viewer 4.0.4,
VNTI-Viewer 11.5.1 u DNAman 4.03. Hykneotua-
Has nocneaoBarensHOCTh KJIHK AtRPS6A1 (Gene-
Bank: AT4G31700.1) Obw1a B3siTa U3 0a3bl TaHHBIX
TAIR (https://www.arabidopsis.org).

Buvioenenue momanvnozo npenapama PHK.
Cemena Arabidopsis thaliana 3xoruna Col-0 cre-
PWIN30BaIM M BHICA)KUBAIN HAa TBEPAYIO MMUTATEIh-
Hyto cpeay Mypacure-Ckyra 6e3 (UTOrOPMOHOB,
MPOPOCTKU KYJIbTUBUPOBAIHU NpH 16-4yacoBOM cBe-
ToBOM AHe W Temmeparype +23+2°C. Ilpenapats
MPHK Brigensanucs u3 0,1 T cbIpoit Macchl JIHCTHEB
A. thaliana c wucnonb3oBaHMEM peareHTa TPHU30J
(Sigma) mo MeToMKe TPOU3BOAUTEINSL.

Peaxyuio oopamnou mpanckpunyuu (OT) mpo-
BOJIMJIY C UCTIOJIb30BaHNEM Habopa Maxima Reverse
Transcriptase (Thermo FS) co cmenmmduaeckumu
paiiMepaMu 1o METOIUKe Npou3BoauTeis. MHKy-
Oanuto npooamiu ipu 50°C B TeueHue 1 gaca. Pe-
aKIIO0 OCTAHABJIMBAIHN MPOTPEBAaHWEM CMECH TpPH
85°C B TeueHHe 5 MUH U OXJIXKIAJIU BO JIBIY.

Honumepasnas peaxyus mocie peakuuu odpat-
Ho#t Tpanckpumuu (OT-IIP) mpoBomunace ¢ nc-
nonbp3oBaHueM monuMepasbl Phusion High-fidelity
DNA —polymerase (Thermo FS) no meronuke npo-
M3BOAMTENS. Peakiuio MpoBOAMIN B CIEAYIOMIEM
TemrepaTypHoM pexume: craaus 1 — 98°C 30 cek;
cragus 2 — 98°C 10 cexk, 58°C 30 cek, 72°C 30 cex—
30 muknoB; cragusa 3 — 72°C 7 muH, 4°C 5 MuH.

Knonuposanue x/[HK AtRPS6A1. Tlpogyktsl
aMIuMpuKanuu aHanu3upoBanu B 1% arapo3Hom
refie; TOJOCY, COOTBETCTBYIOIIYIO IO pa3Mepy
kJIHK AtRPS6A41 (772 1.0.), 3MOUPOBaIH U3 TeIs
C HCITONIb30BaHNEM KoMMepdeckoro Habopa Gel Ex-
traction Kit (Thermo FS). Jlanee JHK-dparment
o0pabaTtbiBaiy SHIOHYKII€a3aMH pecTpukuun Ndel
u Sall n xnonuposamu B BexkTopHyto JJHK pET19b,
obpabortannyio pectpuktazamu Ndel u Xhol.

Cexsenupoganue KIOHUPOBAHHBIX YYACMKOS
niaasmuo pET19b-His-AtRPS6A1 ocymectBusim
C WCIIONB30BaHUEM KoMMepueckoro Habopa Big
Dye® Terminator v.3.1 (Applied Biosystems) mo
METOAHMKE (PUPMBI-TIPOU3BOIUTENS. AMIUTH(PUKA-
o mpoBoguiau Ha npubope Gene Amp® PCR



JI.T. Hanuposa u nip.

System 9700 (Applied Biosystems) npu ucnosns3o-
BaHHH CJICAYIOILET0 TEMIIEPATYPHOI'O PEKUMa: CTa-
aus 1— 96°C 2 mun; ctagus 2 — 96°C 20 cek, 50°C
10 cexk, 60°C 4 mun — 30 nmkiioB; ctagusa 3 —4°C 5
MuH. 1o okorvannu amrmmudukanmm JJHK ocaxkma-
JIM 3TAHOJIOM, OCaJIOK PAcCTBOPSUIH B 15 MK hopma-
muza. O6pasust JJHK nenatypuposanu 96°C 3 Mmun
U aHAJIM3MPOBAJIM HA T'CHETHMYECKOM aHaJIM3aTope
ABI Prism 310 (Applied Biosystems).

Oxenpeccus kJHK AtRPS6AI B KieTkax
Oaktepmit. Kimetku E. coli mramma Rosetta BL-
21(DE3) TtpaHchopMuUpOBaId METOJAOM TEIJIo-
Boro moka (42°C, 90 cex) mmazmunonr pET19b-
His-AtRPS6A1. TpanchopmupoBaHHBIE KIOHBI
pactwiu Houb B 2 Ma LB mpucyrcrsum 0,1%
TJIIOKO3Bl AJIi MHTMOMPOBAHMS IKCIIPECCHUU JIAK-
TO3HOTO omnepoHa. Ha yTpo KJIeTKH pa3BOIWIHN B
20 pa3 W pacTHJIM IMpPH Pa3HBIX TEMIIEPAaTypPHBIX
pexumax u koHneHTpanusax UIITI (u3omponmn-f-
D-1-tuoranakronupanosun, auri. IPTG). Uugyk-
[UI0 KCIPECCUU MPOBOJIWIN B TEYEHHE 3 YacoB.
KneTku ocaxnanu u cycrieHAupoBanu B Oydepe A
(20mM Hepes, 20mM NaCl), nmuzupoBanu ¢ 1o-
mouslo anmapatra FRENCH® Press (Thermo elec-
tron corporation), mocie HeHTpUPYTrUpoBaIn; Cy-
MepHATAHT ¥ 0CaJ0K aHAIM3UPOBAIIU MOCPEICTBOM
00HOMepHO20 nekmpogopesa beaxos 1o JIammun
[23] B 10%I1AA-Ttene B mpucyrctBun 0,1% SDS
Ha npubope Mighti-small (Hoefer). ['enu okpamm-
Baiu 0,125% pactBopom Kymaccu OpuiiinanToBo-
ro roxyboro G-250 (Serva).

Hnsa evioenenus Oearxa RPS6 OakrepuanbHyro
KynbTypy pactunu B 100 M sxuakoit cpenst LB npu
23°C pmo onruueckoi miornoctu OD, = 0,5. Tlo-
cie nmpubasienus k cpene UITTI mo koHeuHOM KOH-
nenTparuu 0,2 MM, KIETKH pACTHIIH €I11e B TCUCHUE
3-x yacoB. KneTku ocaxxnanu u CyCeHIUPOBaIH B
20 mi 6ydepa b (0,5 M NaCl, 20 MM Hepes, 10
MM umugaszon, 0,5% Nonidet P40, pH 8,0). Kiuet-
Kd paspymanu c¢ nomoiusio npubopa FRENCH®
Press. Jluzat nentpudyruposamm mpu 40000g 25
MuH npu 4°C. CymnepHaTaHT NpOIyCKalH yepe3 Ko-
JoHKY ¢ Q-cedapo3oii Ui MpOBEACHUS] aHHOHHO-
obmenHON Xpomarorpadum. bemku, He CBSI3aBIIN-
ecsi ¢ Q-cedapo3oii, MPOMyCKalld Yepe3 KOJIOHKY
¢ PerfectPro Ni-NTA arapozoii (5-Prime), namee
KOJIOHKY TipoMbIBai Oydepom b, coneprxamum 20
MM umuaasona. Dmonuio ces3asmuxcs ¢ Ni-NTA
arapo3soii 0enxoB npoBowiH Oydepom b, cogepxa-
muM 250 MM umMugasosna.

Konyenmpupoeanue denxa NpoBOAUIA LEHTPH-
¢yrupoBaHueM o0pas3IoB B MpoOHUpKax ¢ GUIbTpa-
mu Amicon Ultra 3K (Merck) cormacHo WHCTpYK-
UM TPOU3BOAMUTEIS.

Ummynoonommune. Ilepenoc 6enkoB u3 [TAA-
rens Ha HUTPOLEIUTIONO3HYI0 MeMOpaHy IpOBO-
oy Ha ammapate Invitrogen iBlot Dry Blotting
System mpu 23V B Teuenune 10 muH. MemOpany
MOCJIe TIEPEHOCA TIPOMBIBIH ABAXIHEI 10 10 MuH B
oydepe TBS (20 MM Tpuc-HCI (pH 7,6), 140 MM
NaCl), nBaxkast mo 10 mun — B 6ydpepe TBST (TBS
+ 0,05% Tween-20). ITocne 3Toro MmemOpany WH-
KyOupoBaym B OnokupytromeMm O0ydepe (5% cyxoe
obezxxupenHoe Mojoko (Sigma) B TBST) B reuenne
Houu nipu 4°C. Tlocse 3a0uBKHM MeMOpaHy MHKYOH-
poBanu 1 yac ¢ I-mu anTutenamu Penta-His mouse
antibodies (5-Prime) B pa3senenunu 1:5000 B 6110KH-
pytotiem Oydepe. [Tocne TpexKpaTHOH TPOMBIBKH B
TBST no 20 muH ee unkyouposanu 1 vac co II-mu
aatutenamu  Anti-mouse HRP-conjugate (Santa-
Cruz) B pa3senenuu 1:4000 B Onokupyroiem Oyde-
pe. llocne aBykpaTHOW MPOMBIBKM MeMOpansbI 1o 20
muH B TBST u nBykpatHo#t mpombiBKy 1o 10 MuH
B TBS, neTekuuro cBA3aBIINXCS aHTUTEIN MPOBOJIU-
T XeMITIOMUHECIeHTHBIM cyocTtpatom ECL Prime
Western blotting Detection Reagent (Amersham).

Obwue memoowsl. BuimenaeHue IIa3MUIHBIX
JHK, cnekTpodoTromMepudeckoe orpeneneHne KoH-
[EHTPAIUU HYKIEWHOBBIX KUCIIOT, IIPUTOTOBIICHHE
U TpaHCQOPMAIMIO KOMIIETEHTHBIX KIETOK E. coli
U JIpyTye NpoLeayphl BEITOIHSIIN 110 CTAaHAAPTHBIM
metonukam [24]. Konuentpamuio obmiero Oenka
ompenensu o bpaadopay [25].

Cmamucmuueckue memoowi. Crnekrpoporome-
TpUYECKOe OIpeielicHHe KOHIICHTPAH OeNKOB U
HYKJIEMHOBBIX KHCJIOT MPOBOJIMIIM B TPEX MOBTOPax
¢ BeuucieHueM B makere Microsoft Office Excel
2013 cpennero apudmernyeckoro snauenus (X ) u
ommuOKH cpeaHero apudmermaeckoro (m) [24-25].

Pe3yabTarhl u 00Cy:KI1€HUE

Knonupoanue k/IHK rena AtRPS6A1

RPS6 Genox B renome A. thaliana kogupyertcs
nByMst reHamu AtRPS6A4 u AtRPS6B. Konupyemble
UMHU O€JIKM 110 aMHUHOKHCIIOTHOHM IMOCIIEI0BATENb-
HOCTH MIACHTHYHBI Ha 94% W 0AMHAKOBO (YHKIIH-
oHaNbHO akTUBHEI [17]. CymiecTByer deThipe u30-
¢dopmer Genka: AfRPS6A1, AfRPS6BI1, AtRPS6A2
u AfRPS6B2, nmocneHue ABE MPEICTaBISIOT COOOM
yKOpodeHHBIE PopMBI TIepBHIX. Llebio HacTosIeH
paboThl OBUIO KJIOHUPOBATH M IKCIIPECCHPOBATH
kJIHK A¢tRPS6A1. Vicxons 3 HyKIE€OTHIHOHN MO-
cinenoBatenbHocTh kJIHK-rena AtRPS6A1 (Gene-
Bank #AT4G31700.1) mocpeACTBOM KOMIIBIOTEP-
HoO# mporpammel SnapGene Viewer 4.0.4 u cep-
Bepa Blast (https://blast.ncbi.nlm.nih.gov) OwuTH
noxoOpaHsl mpaitMepsl 11 aMITHQUKALUU | KIT0-
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HupoBanus kJIHK. C ucnonp3oBanuem mporpam-
Mbl DNAman 4.03 npaliMeps! ObLITH TPOBEPEHBI HA
OTCYTCTBHE KOMIUIEMEHTAPHOCTH JIPYT C IPYTOM U
camux Ha ce0s. W3 nmuctheB pactenuit 4. thaliana
Ob BbIIENeH cymMmapHbd nmpenapar PHK, mpo-
BElICHA peakiusi oOpaTHOW TpaHcKpumiuu. s
nonydenus kK IHK 4tRPS6A4 1 ncnionp3oBanu mpaii-
mep RPS6-rev-Sall, xoTopsiii komIuieMeHTapeH
3’-koHueBomy yuyactky kIHK-rena AtRPS6A41, Ho

IHE AR Fse -
[TTE ihtnl

He AtRPS6B1. llonoOpanHslii 00paTHBIN mpaiimep
MO3BOJIMJI HaM alIu(QUIUPOBATh UMEHHO Ty OT-
KPBITYI0 PaMKy CUUTBIBaHUS, KOTOpas KOAHPYET
uHTepecyomyo Hac AIRPS6A1 uzodopmy uene-
BOTrO OeJKa.

Awmmmudukaryro kJIHK AtRPS6A41 npoBoauiy,
ucnonb3ys npaiimepsl RPS6-for-Ndel u RPS6-rev-
Sall. Pe3ynbTarsl 371eKTPOPOPETHUSCKOrO aHaIM3a
npoaykroB OT-IILIP npeacraBnens! Ha pucyHke 1.

o I5H) mn

= | @iH) man.

= 300 maAL
AW .

= N0 i
= Z00 maA

B (U TR

M — JIHK-mapxkep. Jlopoxku: K- — orpunarensslii koHTpoib; 1 — 0,5 MK cmMecu
PT B peaxuuu; 2 — 1,0 mxn cmecu PT B peakuuu; 3 — 2,5 mxn cmecu PT B peakiuu;
4 -5 mxn cmecu PT B peakiuu.

Pucynok 1 — Dnexrpodopernyeckuii ananus B 1% arapo3HoM rese npoayKToB
OT-IIUP nns ammundukanuu k/JHK AtRPS6A1

[ponykT ammmudukamuu pasmMepoM oxoso 772
m.o., coorserctBytoumii kJIHK AfRPS6A1 (cm.
Puc.1) smoupoBasin u3 rens, oOpabaThiBaid pe-
crpuktazamu Ndel u Sall 1 KJIOHHPOBaJIH B BEKTOP
pET19b, obpaborannsiii Ndel u Xhol (pectpuxrasb
Sall u Xhol nocie rumponnsa 00pa3yrOT «IUIKHE
koHue JJHK, HO mocne nurupoBaHus callTsl y3Ha-
BaHUS He BoccraHaBimBaroTcsa). CkpuauHr JIHK-
KJIOHOB npoBoawin metonoMm [II[P-ananusza c uc-
MOJIb30BAHUEM TeH-CIIeIU(UUECKUX NpaiiMepoB U
PECTPHUKIIMOHHOTO aHAJIN3a C TIOMOIIBI0 YHIOHYKIIe-
a3 Ndel u BamHI. Takum oOpazom OblIa ToTydeHa
mwiazmuaa pET19b-His-AtRPS6A1 (cMm. Puc. 2).

Hyxneotnmnas mocienoBaTenbHOCTh KIOHUPO-
BaHHOTO y4yacTKa Oblila BEIBEpEHa CEKBEHHPOBAHU-
em JIHK.

Ikcnpeccust kAHK B kierkax E. coli u BbI-
AejeHue Denka

JHK-konctpykumeir pET19b-His-AtRPS6A1
TpaHCOPMHUPOBAIM KJIETKH mTamma FE. coli
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Rosetta BL21(DE3), mmpoko HCIOIB3yeMBbIH
U1 ONTHUMAJbHOM SKCIPECCHU IyKapUOTHUECKUX
k/IHK-renoB. I[Ton6op ycnoBuii aisi oNTUMaIbHON
skcnpeccun RPS6 Genka npencraBieH Ha pUCyHKe
3. Kax BUIHO U3 pUCYHKa, ONITUMAJIBHBIM PEKUMOM
skcrpeccun sisgerca 23 °C npu 0,2 MM UIITT B
TedeHHne 3-x yacoB. benok coxmepikancs Kak B pac-
TBOpUMO# (pakiuu (pUCYHOK 3A), Tak U B OCajKe
(pucyHok 3B).

s ounctky cuHTE3upoBaHHOro Oenka RPS6,
conepixkariero «10xHis-tag» Ha N-KOHIIE HCIIOJIB30-
BaJI METALI-MOHHYI0 adPuHHYIO XpomaTorpaduio
(MHMAX), koTOpast TO3BOJSET OBICTPO M JOCTATOYU-
HO YHCTO BBIJICIUTH U3 JIN3aTa OaKTEpHii peKoMOu-
HaHTHBIE Oenku. IlockonbKy BblAedeHUE Oelka B
JEHATYpUPYIOLIUX YCJIOBUAX HE IPEICTaBISUIOCH
1esecoo0pasHbIM B CHIIy TOTO, YTO JUISl JTAJIbHEMH-
X HCCIeqoBaHui HeoOxomuM Oeinox RPS6, 06-
Jaaomuil  HaTUBHOW KoH(popMarmel, 1eneBoit
0eJIoK ObLI BBIZCJICH B HATMBHBIX YCJIOBHSX B JTUC-
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conuupytomeM Oydepe ¢ 1o0aBICHUEM dTara UOH-
HOOOMEHHOH XpoMmaTtorpaduu ¢ Heibio ynaleHus
3HAYUTENFHOTO KOJIHYEeCTBA OakTepHalbHBIX Oel-
KOB. [l11s1 nM3uca UCTIONB30Bali TUCCOLMUPYIOMINT
Oyep, conepxamuit HenoHHBIH AeTepreHT Nonidet
P40, mo3BonsONMil YBEIMYUTH BBIXOJ| PacTBOPH-
MBbIX OeskoB. Ha pucyHke 4 mpencTaBieHbl pe3yiib-
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TaThl 3Talla aHMOHOOOMEHHOW Xpomartorpaduu Ha
koJioHke ¢ Q-cedapozoii. Kak BugHO 13 pucyHka 4,
He cBs3aBiascs Gppakius ¢ Q-cedapo3oii coaepxa-
na 6omnbiee konmmdectBo umerotero pl =10,7 RPS6
(moposkka 2), 1 MEHbIIIEE KOJIMYSCTBO OaKTepHUaib-
HBIX OCJIKOB IO CPAaBHEHHUIO C UCXOJIHBIM JIN3aTOM

(mopoxka 1).
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Pucynok 2 — Cxemarnueckoe m3oopaxenne JJHK-koncrpykuuu pET19b-His-AtRPS6A1
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10% ITAA-rens, oxpamensslii Kymaccu G-250. A u b — cynepHaTtaHThl U 0CaiKU J1M3aTa
mocie neHTpudyrupoBaHus COOTBETCTBEHHO. M — GerkoBbIii Mapkep Precision Plus Protein
Kaleidoscope Standards (Bio-Rad). K- — HerpancdopmupoBannsie kiaetku E. coli Rosetta BL21(DE3).
1 —skcnpeccus npu 16 °C u 0,2 MM UIITT; 2 — sxcnpeccust npu 16 °C u 0,02 MM UIITT;
3 —akenpeccus ripu 23 °C u 0,2 MM UIITT; 4 — skcnpeccust npu 23 °C u 0,02 MM UIITT;
5 —akenpeccus npu 30 °C u 0,2 mM UIITT.
Pucynoxk 3 — Ontumusanus ycnosuii sxcripeccun kJIHK AtRPS6A 1 B knetkax 6akrepuit
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Oxpatuennsiit Kymaccu G-250 10% ITAA-rens. K- — HeTpaHcopMupoBaHHBIE KIETKH
E. coli Rosetta BL21(DE3), M — 6enkoBsIii Mmapkep Precision Plus Protein Kaleidoscope Standards;
1 — cynepHaTaHT B IUccoluupyomieM Oydepe nocie NeHTprudyrupoBaHus In3aTa;
2 — (pakuus OenkoB, He cBsa3aBmascs ¢ Q-cedaposoii; 3 — Gppakiust 6EIKOB, CMBITBIX
¢ Q-cedapossr pactBopom 50 MM NaCl.
Pucynok 4 — Dnexrpodoperndeckuii aHanu3 Gpakiyii mocie aHHOHOOOMEHHOM
xpomarorpaduu Ha KosoHke ¢ Q-cedapozoii

HecpsizaBimecs ¢ Q-cedapo3soii Oenku ObLIM Ha-
HeceHbl Ha KOJMOHKY ¢ Ni-NTA (Hukenb —HUTpuUiIoa-
I[IeTaT) arapo3o0H, Mocie 4ero ObLIa MpoBeaeHa TpPo-
MBIBKa KOJIOHKH U DITIONMS CBS3ABILKXCS C arapo3on
OenkoB. Jlanee nmpenapar ObUT CKOHIIEHTPUPOBAH LICH-
TpudyrupoBanreM B mpodupkax Amicon Ultra 3K.

XpomarorpamMmma ¥ aHalli3 BBIIENEHOrO Oelka
RPS6 npencraBnensl Ha pucyHkax 5 u 6.

NMMyHOOTOTTHHT C aHTHTENaMHd K TEeHTaru-
CTUJIMHY BBISBHJI OEJIOK 0XKUIaeMOro pasmepa B 31
k/la, a Takke OETKH MEHBINEro pa3Mepa, KOTOphIe
MIPEICTABIISAIOT, TO-BUINMOMY, IPOAYKTHI Jerpaja-
LIMU UCXOIHOro OeKa.

(Hh 8 i 100

BbineneHHbIl B HAaTUBHBIX YCIOBHSIX OEIKO-
BEII TIpermapar cojiepKal HEKOTOPOe KOIHMYECTBO
MPUMECHBIX TMoyunenTuaIoB. CoaepikaHue PEeKOM-
OuHaHTHOTrO Oelika B mpemapare OLEHHBAJIH C TO-
MOIIBIO IEHCUTOMETPHUIECKOTO aHaln3a (TI0CiIe u3-
MEpEeHHsI KOHIEHTpaIuu OelxKoB 1o MeToxy bpaa-
¢dopmaa). OO0IIast KOHIIEHTpAIUs Mpernapara OejKa J0
KoHIeHTpupoBaHus coctasmia 0,174+0,017 mr/mm,
a mocne koHneHtpupoBanus — 0,55+0,042 mr/mu.
O011ee KOIM4eCTBO CKOHLEHTPUPOBAHHOTO PEKOM-
ounanTHoro oenka AIRPS6A1 cocraBmiio 27,5 MKr
Ha 100 M1 ICXOAHON KIICTOYHOM CYCIICH3UN KIIETOK
OakTepuil.

B . 3 3 K r £ 14 1 "R

130 2000 min

ITo ocH opaKMHAT HAHECEHBI SAMHUIIBI ONITHYESCKOM [IIOTHOCTH B y.€.,
1o ocu abcuuce HaHeCeHbl HoMepa (pakiuii, 0TONpaeMBbIX IO BPEMEHH.
Pucynok 5 — Metasn-uonnas apduanas xpomarorpadus ¢ ucrnonb3oBanreM Ni-NTA arapo3sr.
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A — Oxpamennsiit Kymacen G-250 10% ITAA-rens ¢ 09HIIEHHBIM
npenaparoM RPS6 (o0bpenunennsie Gpakmun 21-32). b — UMmyHOOIO0T
¢ aaturenamu Mouse Penta-His Antibodies (5-Prime) u gerexnueit
¢ momomrpio Goat-antimouse HRP-Conjugate (Santa-Cruz).

M — 6enkoBsiii Mapkep Precision Plus Protein Kaleidoscope Standards,
K- — merpancpopmupoBannsie kinetku E. coli Rosetta BL21(DE3).
Pucynoxk 6 — DnexrpodopeTndeckuii 1 BeCTepH-OIOTTHHT aHATU3
ouHIIeHHOTO pekoMOnHaHTHOTO AtRPS6A1 Gernka.

3akaoueHnne

Takum 00pa3oMm, B JNaHHOW paboTe METOIOM
OT-IILP 6bi1 ammnuduuuposan K AHK-ren A¢RP-
S6A 1, ipu 3TOM B Ka4eCTBE MaTPHIIBI OBLT UCITOJTb-
30BaH ToTanbHBIN npenapaT PHK, Beinenensslil u3
A. thaliana. 3atem nony4enusiii red AtRPS6A1 Obin
KIIOHUPOBAaH B 3KCIPECCHOHHBIM OaKTepHaIbHBIN
BekTop pET19b.

Cobpannas JJHK-xonctpykuus pET19b-His-
AtRPS6A1 Oplma sKcmpeccmpoBaHa B KIIETKaxX
E. coli. PexomOunauTHbIN 0e10K RPS6 ObL1 ounIlieH
C WCIIOJNIB30BaHMEM METOJI0B aHHMOHHOOOMEHHOU
U MeTaul-XxenaTHor adduuHOM XpomMarorpaduu.
[Mpenapat Oenka OBUT CKOHLIEHTPUPOBaH. MeTo0M
MMMYHOOJIOTHHTA MTOATBEPKIEHBI XapaKTEPHCTUKA
BBIJIEJICHHOTO OeJKa.

Mpl nmanupyeM pa3paboTaTh HOBBIH MOAXOA K
peryisanuu OMocuHTe3a Oellka B PaCTUTENHHBIX CH-
CcTeMax, OCHOBAaHHBIH Ha WCIIONH30BAHWU KHHA3BI
AtRPS6K2 pubocomnoro Oenka S6, KoTopas CTH-
MyIupyeT GochopHIHpOBaHHOE COCTOSIHUE JTaHHO-
ro Oenka. Jlns oTHX 1eneit HeoOXOAMM HATHUBHBIN
pactutenbHbli 0enok RPS6, koTopslii ObLI oy4YeH
B HacTOSIICH padore.

LeHTpaabHBIM 3BEHOM, PETYIUPYIOIIUM OCHOB-
HBIE IIpoLIecChl aHa0OoIM3Ma B KJIETKaX 3yKapuoT SIB-
nstercs npotenaknHa3a TOR. B kieTkax >KMBOTHBIX
U POsKKed HICHTU(QHUIIMPOBAHO MHOXKECTBO €€ MH-
nieHeil. B kieTkax pacTeHuil OTCyTCTBYIOT HEKOTO-
peie kmtoueBble mumreHn TOR-KWHA3BI, Takue Kak

elF4E-cBa3piBaromue 6enxu (4E-BP) u mpoTennku-
Ha3a Qakropa 3oHranuu Tpanciasauu eEF2. Kuna-
3a puOOCOMHOrO Oenka S6 CTaHOBHTCS B KIIETKAaX
pactenuii rnaBHOH 3¢dekTopHON KMHA30H, omoc-
penyromeil nepenauy curHana or TOR-kuHa3bl K
TPAHCISAIMOHHOMY aIMapary KIETKH.

[Nonnmanue MexaHu3Ma Peryisiiuy OnOCHHTE3a
Oenka y pacTeHMH MOCpencTBOM (GochopHIrpoBa-
Huss pRPS6 MO3BOMUT B JaNbHEHIIIEM MCKYCCTBEH-
HO pEeTyJIUpOBaTh POCT U Pa3Mephl KIETOK, a depe3
9TO — MOBBIIATE OMOMAacCy PaCTCHUH U UX ypOKaii-
HOCTh. OUHUIICHHBIN peKOMOMHAHTHBINH O6e110K RPS6
IUTAHUPYETCSl B JAIbHEHIIEM HCIONb30BaTh IS
IIPOBEPKH aKTUBHOCTH PA3JIMYHBIX BHJIOB KWHA3, a
KOJHMPYIOIINE UX TeHBI B CBOIO OYEPEIb BHEIPHUTH B
T€HOM 3KOHOMHUYECKHU BaXKHBIX BUAOB U COPTOB pac-
TEHUH JUTsI TOBBIMICHHS WX MTPOyKTHBHOCTH.

Kondaukr narepecon

Bce aBTOpBI 03HAKOMIICHBI C COIEPKaHUEM CTa-
TBU U HE UMEIOT KOH(DJIMKTA HHTEPECOB.

HcTrounuxk puHaHcMpoBaHUS

PaGora BBIIONMHEHa B  paMKax  IpaHTa
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aKTUBAIUH TIpoliecca Onorenesa puoocom», (huHaH-
cupyemoro Komurerom Haykm MunHuCTEpCTBa 00-
pazoBanus u Hayku PK.
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BAUAHUE ®U3INYECKNX HATPY3OK
HA BUOXUMHNYECKUE NMOKA3ATEAU
Y ®YTbOAUCTOB-ITOAPOCTKOB

[NoA AENCTBMEM MHTEHCUBHbBIX (PM3MYECKMX HAarpy30K B OPraHn3Me YCUAMBAIOTCS SHEPreTuyeckmne
NMPOLECChl, YBEAMUMBAETCS KOAMYECTBO TPAHCMOPTUPYEMOIO B OPraHm3m KMcAopoAa. Kak n B cayvae
GOABLIMHCTBA (DAaKTOPOB OKUCAMTEABHOTO CTPECCA, OCHOBHOM aKLEHT B paboTe 3aKAIOUAETCS B TOM,
YTO CYLLECTBYET CMAbHAs B3aMMOCBA3b MEXAY aAanTUBHbIMKM MpOLEeCCaMM, KOTOPble MPOUCXOASAT
B OpraHvM3mMe B pe3yAbTaTe BO3AENCTBMS TPEHMPOBOYHbIX HArpy3oK YBEAMUMBAIOTCS MPOAYKTbI
NepeKMCHOr0 OKMCAEHUSI AMMMAOB U BAMSIIOT Ha paboure Mbiuiupl Teaa. [lokasaHo, 4to 6oAblloe
AMArHOCTUYECKOE 3HauyeHMe WMMeeT OrpeAeAeHMe XapakTepa M3MeHeHuI nokasaTteAeir NOA npwm
aAAMNTMBHBIX (PM3MYECKMX Harpys3kax W Mpu aAanTUMBHbIX peakuMsx, MOCKOAbKY MCMOAb30BaHME
COBPEMEHHBIX He MHBa3UBHbIX, 6€360AE3HEHHbIX 1 YAOOHbIX METOAOB AQIOT BO3MOXKHOCTb AASI OLLEHKM
TPEHMPOBOYHOrO MnpoLecca. bMOXMMMYECKMIt aHAAM3 CAIOHbI Tak>Ke MO3BOASIET OLIEHWUTb YPOBEHb
aAanTauMu 1 NpPoBOAUTL GoAee OBLUMPHbIE UCCAEAOBaHMS. BbiAM M3yueHbl Takke GUOXMMMUECKME
M3MeHeHNa B KoAnudecTBe NMpoAyKTOB [MOA, KOTOpble MPOUCXOAST MOA BAMSHWEM MNPU (PU3NMUYECKMX
Harpy3ok y Aeteit 10-15 AeT B pa3HbIX BO3PACTHbIX rpyrnax.

KAtoueBble cAOBa: TpPEHMPOBOYHbBIM MPOLECC, CMOPTCMEHbI, TPEHMPOBKA, CAIOHA, XMMUYECKUI
haKTop, CNOPTUBHAS TPEHUPOBKA, (PM3MvecKas akTMBHOCTb, MEPEKNCHOE OKMCAEHME AUMTUAOB.
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The effect of physical activity on biochemical parameters
in teenage football players

Under the influence of intensifying physical loads, energy processes in the body intensify, and the
amount of oxygen transported to the body increases. As with most oxidative stress factors, the main
focus of the article is that there is a strong relationship between the changes in the products of oxidation
of lipids in the skeletal muscles of the body and the adaptation processes that occur in the body as a
result of regular exercise loads. It has been shown that it is of great diagnostic importance to determine
the nature of LPO changes in adaptive physical loads in adaptive reactions, as the use of modern non-
invasive, painless and convenient methods in the use of modern functional and laboratory diagnostics is
accelerated. Based on the biochemical analysis of oral water, it also allows to assess the capacity of the
adaptation levels and to conduct more extensive studies. In this regard, the biochemical changes in the
amount of LPO products used in the physical loads of 10-15 years old footballers in different age groups
have also been investigated.

Key words: training factor, athletes, training, saliva, chemical factor, sports training, physical acti-
vity, lipid peroxidation.
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Xacecnipim dpyT60ALIbIAAPAAFBI (PUBUKAABIK, OEACEHAIAIKTIH,
OMOXMMMSIADBIK, KOpCeTKilTepre acepi

Aereaeri KapkblHAbI (PM3MKaAbIK, BEACEHAIAIKTIH 8CepiHeH 3HEprus NpoLecTepi KylleneAi, ar3ara
TACbIMAAAAHATbIH OTTEriHIH MeAllepi apTaabl. TOTbIFy CTpecCiHiH kenTereH akTopAapbl CUAKTHI,
>KYMbICTaFbl 6acTbl Ha3apP->KaTTbIFy KYKTEMEAEPiHiIH 8CepiHeH OpraHM3MAE namaa 6oaatbiH GetiMAeAy
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npouecTepi apacbiHAQ KYLUTI GaiAaHbIC 6ap.AMMUATEPAIH acKblH TOTbIFY ©HIMAEPi apTbin, AEHEHiH
JKYMbIC OYALIbIKETTEPIHE Bcep eTeAi. AAANTMBTI (DU3MKAABIK, KYL CaAy KE3iHAE >KOHEe aAarTUBTI
peakumsiAap KesiHAE >KbIHbICTbIK, KOPCETKILITEPAIH 63repy CMnaTbiH aHbIKTay YAKEH AMArHOCTMKAAbIK,
MBHre ue eKeHAIr KepceTiAreH, eiTKeHi Kasipri MHBA3MBTI eMeC, ayblPTMAAbIKCbI3 >KOHEe bIHFANAbI
BAICTEPAI KOAAAHY OKY MpoueciH 6ararayra MymKiHAiK 6epeai. CianekernAiH, OMOXUMMSIABIK, TAAAQYbI
GeniMaeAy AeHremiH Oarasayra >koHe KeH 3epTTeyAep XKyprisyre MyMmkiHAik 6epeai. CoHpan-ak,
BPTYPAI kac TonTapbiHAarbl 10-15 >kacTarbl 6aranapAarbl (PU3MKAABIK, KYLLI CaAy Ke3iHAe acep eTeTiH
>KbIHBICTbIK, BHIMAEP CaHbIHAAFbl BUOXMMUSIABIK, ©3repicTep 3epTTeAA.

TyiiH ce3aep: >KaTTbIFy NPOLUECI, CMOPTWbIAAP, >KATTbIFY, CiAeKeN, XMMMUSABIK, (PaKTop, CIOPTTbIK,
>KATTbIFyAQp, (PU3MKAABIK, GEACEHAIAIK, AMMTMATEPAIH aCKbIH TOTbIFYbl.

BBenenue

HHTeHCcHBHOE pa3BUTHE CIIOPTA, POCT YHMCIHA
COpPEBHOBAHMH M (PU3MYECKUX HATPY30K CIIOPTCME-
HOB TpPEOYIOT IMOCTOSIHHOTO COBEPIIEHCTBOBAHUS
nporecca GU3NIECKON MOATOTOBKU K CIIOPTUBHBIM
coctTsizanusaM. OgHUM W3 Hamboyiee pPacmpocTpa-
HEHHBIX MMyTEH MOBBIIICHHUS (PYHKIIMOHATBHBIX BO3-
MOKHOCTEH CITOPTCMEHOB SIBIIIETCSI ITOBBIIICHHE
00beMa M WHTEHCUBHOCTH (PU3UUECKHUX HATPYy30K.
[TocTosiHHOE TOBHIIEHHE 00BbeMa (HU3MUECKUX Ha-
TPY30K MOKET OTPHIIATENBHO OTPAa3UThCA Ha (DyHK-
[IUOHAJBHOE COCTOSIHHE, POCT CIIOPTUBHBIX PE3YIlb-
TaTOB M MPHUBECTH K COCTOSIHUIO NEPETPEHUPOBAH-
HOcTH. BMecTe ¢ TeM, BayKHOE 3HAYEHHE B MTOBBIIIIE-
HUH PU3HMUECKON PaboTOCOCOOHOCTH, IPEIOTBPa-
IMICHUU TIPEXKIECBPEMEHHOTO Pa3BUTUS YTOMJICHHU
M YCKOPEHHWH TPOIIECCOB BOCCTAHOBJIECHUS MOYKET
MUMETh HCIOJIb30BaHUE aHTHOKCHIAHTOB U UX KOM-
ruiekcoB. COTIIaCHO COBPEMEHHBIM TpECTaBIICHH-
SIM, MHOTH€ JKU3HEHHO Ba)KHbIE METa0OINYECKHE U
¢du3noNIOTHYECKUE TMPOLECCHl B OpraHU3ME TECHO
CBSI3aHBI C TpoIeccaMy CBOOOIHO-PaUKaIBLHOTO
OKHCIICHUS, OKa3bIBAIOIINE OTPUIATEIFHOE BIIHS-
HUE Ha (PU3HYECKYIO pabOTOCIIOCOOHOCTD.

CrnemyeT OTMETHUTD, YTO MTPOKUBAHHE YEIOBEKa
B YCIIOBUSIX COBPEMEHHOM, TEXHOT€HHOW LIMBUIIU-
3alliy, HApyIIeHHE OTHOUICHWH MEXAy JTIOAbMU U
MPHUPOJION, HEM3OEIKHO MPHUBOIAT K MOCTOSIHHOMY
TIOSIBIIGHUIO CTPECCOBBIX CHTYallMi, WX HaKoOILIe-
HUIO, M B KOHEYHOM CYETE K Pa3BUTHUIO MATOIOTHYE-
CKHX U3MEHEHUH B Pa3IMYHBIX OPTaHaxX U CHCTEMaxX
[3,13,19]. HeratuBHoe BiusHKE (PAKTOB OKpY’Kako-
el cpeabl, a TaKke upe3MepHas (pu3nueckas Ha-
Tpy3Ka, CTpecc, MepeyTOMIICHHE COMPOBOKIAOTCS
yBeIMYEHHEM 00pa30BaHus CBOOOAHBIX PaHKAIIOB.
CornacHo TpeIIoXKeHHOH Kiaccuukanuu, 00ib-
IIMHCTBO PaIUKajIoB, OOPa3yIONIMXCS B OPTaHU3Me
YeoBeKa, MOXKHO pa3JeNIuTh Ha MPUPOJIHBIE U Uy-
skepoaHsie [3].

[IpuponHbie paavkamsl MOXKHO, B CBOIO Ode-
penb, paszlenuTh Ha TepBUYHBIE (IIPUPOIHBIE),
BTOPUYHEIE (TIOBPEXKIAIOIINE) U TPETUIHBIE (paju-

KaJIbl aHTHOKCHUAAHTHI). OOpa3oBaHHe MEPBUYHBIX
PaAMKaIOB OCYIIECTBIAIOTCA IIPH YYACTHUH OIpeie-
JICHHBIX (DEPMEHTATUBHBIX CHCTEM. DTH PaJHKAIIbI
BBITIONHSIOT TOJIE3HBIE Ui OpraHu3Ma (pyHKIWH.
W3 nepBryHOTO paaukana — CylepoKcHuaa, a TaKkxe
B pe3yJbTaTe APYTUX peakluid B OpraHU3ME MOTYT
o0pa3oBaTbcs BechbMa aKTHBHBIE MOJIEKYISIPHBIC
COCAMHEHHS: TIEPEKHCh BOJOPOJA, THIIOXJIOPUT U
TUApOIIepeKuch JmnuaoB. [lon neiictBreM HOHOB
Fe2+ m3 stmx BemecTB 00pa3yloTCs BTOPUIHBIC
CBOOOJIHBIC paJMKajbl, TaKHEe, KaK paJuKaibl THU-
JpOTIOWJIa ¥ PaJMKabl JIUMTUAO0B, KOTOPBIE OKa3bI-
BalOT Pa3pyIINTENFHOE ACWCTBHE Ha KJIETOYHBIC
CTPYKTYPBI.

[Ipu ¢pusnveckux HArpy30K B OpraHU3Me CIOp-
TCMEHOB YCHJIMBAIOTCS SHEPTeTHYECKUE TIPOIIECCHI,
YBEIIMYUBAETCA KOJUYECTBO TPAHCIIOPTUPYEMOIO
B OpraHm3M Kuciopoaa. YacTe KHcCIOpoja, mepe-
HOCHMOTO KJIETOYHOW MeMOpaHOW, KOHTaKTHUPYET
CO CTPYKTYPHBIMH COEAMHEHHSMH MEMOpaHBl U
OKHCIIIET UX. B pe3ynbrate B KileTouHOU MeMOpa-
He 00pa3yIoTCsl YaCTHIIbI WK PaluKaNbl, Ha3bIBac-
MbIe cCBOOOIHBIMU pagukaiamu. U3-3a 3aTpadeHHON
SHEPTHUH W HECTIAPEHHBIX AJIEKTPOHOB TaKUE YaCTH-
6l 00JIaZIAI0T CIOCOOHOCTHI0O AKTHBHO pPEarupo-
BaTh, M3BJICKAsl JJIEKTPOHBI U3 OMrKaillero opra-
HUYECKOT'O BEIIeCTBA, AOMOIHSS CBOIO BHEIIHIOIO
3JIEKTPOHHYIO 000JIOUKY M TpeBpalas BEIecTBo, C
KOTOPBIM OHU KOHTaKTHUPYIOT, B HOCUTEIb CBOOOA-
HBIX paJuKajoB. B To ke BpeMs OH CTUMYIUpPYET
IIEMTHOE pa3BUTHE peEaKIUi CBOOOJHOW pajuKa-
nu3auuu. Crenyer OTMETUTh, YTO PEaKkluu Iepe-
kucHoe oxucienus aunuaos I10JI, BeI3bIBaroiue
CBOOOJIHYIO PaIUKAIN3AIMIO B KIIETKAaX, IPOTEKAIOT
IOCTOSTHHO M HaXOJSATCS IMOJ MPSMBIM KOHTPOJIEM
perynsTopusix cuctem [1,4,5,9,10]. B dusnomorn-
yeckux mnporeccax npoayktel [1OJI yuacTByroT B
perymsiind QyHKIMH OMOJOTHYECKHX MeMOpaH U
O0OHOBJICHUH MX XUMUIECKOTO cocTana [2,4,6,7,11].

[lepexucnoe oxucienue nunuaos I[1OJI — ato
[EMTHOW XUMHYECKHAN IPOIEeCC WM IeMHas peak-
[US1, KOTOpasi IPOTEKAET B OHOJIOTHYECKUX MeMOpa-
Hax C ydacTHeM CBOOOJHBIX paaukaios. [lomanas

151
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B OpraHm3M, J00H CBOOOIHBIN paaukan (cyrme-
POKCUAHBIM paJuKajl, CHHIJIETHBIM KHUCIOPOJ, Iie-
POKCHpaJINKATBI, THAPOKCUIBHBIE PAIUKAIBI U JIP.)
CBSI3BIBACTCSI C KUPHBIMU KHCIOTaMHU, BXOJSIIHUMU
B coctaB (hochonmmmuIoB. B 0CHOBHOM HCTOUYHUKOM
MIEPEKUCHOTO OKUCIICHHSI TUTTUOB CIy>KaT HEHACHI-
IICHHBIE XUPHBIE KUCIOThL. JTH KUCIIOTHI OKHUCIS-
IOTCSA M OTHAIOT BJIEKTPOH CBOOOJHOMY paaMKaly,
B CBOKO Ouepellb 00pa3yeTcss CBOOOMHBIN pauKa
JKUPHOUM KHUCIIOTHI M T4, B CBOIO OuYepe/b 3a0MpaeT
OJIVH 3JIEKTPOH Y JPYTO# KUPHOU KHUCIOTHI U 3aITy-
CKaeTcd IIeMHas peakiys, KoTopasi BHaJYalle pa3BU-
BaeTCsl MEJJIEHHO, HO TI0 Mepe BOBJICUEHUS APYTUX
MOJICKYJI dKUPHBIX KHUCJIOT CKOPOCTh PEAKITUN PE3KO
yckopsiercs. TeopeTndecku JaHHas peakius OyaeT
MIPOJIOJKATHCS JI0 TE€X TOP, IIOKA HEe OKUCISTCS BCE
JKUPHBIC KUCIOTHI U JAPYTHE JTUTIOUIBI, CTIOCOOHBIS
K OKHUCJICHHMIO. B HOpMaJIbHBIX YCJIOBHSIX 3TOTO HE
MIPOUCXOANT, TaK KaK B OPTaHW3ME CYIIECTBYIOT
AHTUOKCUIAHTHI, CIIOCOOHBIC PETyIUPOBATH JaH-
HBIE MPOIIECCHI, @ CUCTEMY ¢ (hepMEHTaMH Ha3bIBa-
IOT aHTHUOKCUAAHTHOM cuctemoil. MccienoBanus
MoKa3aliy, 4TO TEPEKUCHOE OKUCICHHUE JUIHUIOB
SIBJISICTCSI OCHOBHBIM aJIalITAIIMOHHBIM MEXaHH3-
MOM KJIETKH. DTOT MPOIIECC CBI3aH C OMOCHHTE30M
KJIETOYHBIX PETYJSTOPOB, 32 CUET HErO MPOUCXO-
JUT U3MCHCHHE IMPOHHMIIAEMOCTH MEMOpaHbI, OH
o0yCiTaBnuBaeT MHOTHE IaTOJOTHYECKHE COCTOS-
Hus. Ha cerofHsAHuM 1€Hb YCTaHOBJIEHO, YTO Te-
PEKUCHOE OKUCJICHUE JIUMUAOB SIBJSETCS OOHUM U3
MEXaHU3MOB PETYJISAINHU KIIETOYHOTO MeTaboIn3Ma
B (DM3UOJIOTHYECKHUX YCIIOBUSAX U, IO-BHIUMOMY,
WUTpaeT OMPEICICHHYI0 POJb NpH JCHCTBUU Ha
KUBYIO CHCTEMY Pa3sHOOOpPa3HBIX IKCTPEMAaIIbHBIX
areHToB. B cBsi3u ¢ atum [1OJI mupoko ucmoms-
3yeTcs B OMOXUMUYECKUX UCCIEIOBAHUSAX JIJISl BbI-
SBJICHUSL IOCJHEACTBUNA BO3ACHCTBUS PA3IUUHBIX
(hakTOpOB OKpYyKaroIeH cpelibl Ha OMOIOTHYECKUE
cuctemsl [3, 4, 13, 14].

B  ¢{muomornuecknx  yCIOBHSX ~ XOPOIIO
cOalaHCHPOBAaHBI  TPOIECCHl  00pa3oBaHUs U
pacxomoBaHUs TEpeKHcell OKWCIICHWE JIUIHIOB
MPOTEKACT HA ONPEICICHHOM CTallMOHAPHOM
ypoBHe. B pe3ynbrare B HUX COXpaHSETCS HU3-
KHid ypOBEHb IMEPEKUCEe IUMHUI0B. DTOT OajaHc
HapymaeTcs IMPH IAaTOJIOTHIECKUX COCTOSTHHSX.
[Ipu »TOM B TKaHSIX HAKAIUTUBAIOTCS IEPEKUCH,
YTO TPHUBOAMT K HEOOPATHMBIM TOBPEXKICHUSM B
MeMmOpaHax U cMepTH KieTok. [loaTomy ogauM H3
YHHUBEPCAITBHBIX MEXaHIU3MOB TIOBPEKICHUS U JTAXKE
THOENTN KJIETOK JIFOOBIX OpraHOB paccMaTpHBajiach
ype3MepHas TEePOKCHUIAIUS MEMOPaHHBIX CTPYK-
Typ, 0OyCIIOBIIEHHAs YCHUJIICHHON BBIPAOOTKOW aK-
THUBHBIX GopM kuciaopona [5,14,16,25].
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Kax yxe otmeuanocs, aktuBarus [10JI cautaer-
Csl IPUYACTHON K HapyIICHHIO CaMbIX pazHooOpas-
HBIX (PYHKIWH OpraHu3Ma MY HaTOJOTHAX U CTPeC-
cax. B coBpemennoit 6uoxumun nponeccam [1OJI
MPUJAIOT 3HAYEHHE YHHBEPCAJIBHOTO MEXaHH3Ma
MaTOJIOTHH KJIETOYHBIX MemOpaH. ITpoxykTer [1OJI
paccMaTpHUBarOTCs Kak OMOJIOTHYECKUE IeCTPYKTUB-
HbIe (aKTOPbl, HAKOIUIEHHE KOTOPBHIX B OpPraHU3Me
WHIYLHMPYET pa3BUTHE CTpecc-CUHApoMa. Bri3BaH-
HOE MOBPEKIAIONUM JeicTBUEM MpoaykToB [1OJI
MOBBIIIICHUE MPOHUIIAEMOCTH MEMOPaHHBIX CUCTEM
MBIIIEYHBIX KJIIETOK, 8 IMEHHO MeMOpaH capKoIuIas-
MaTHYECKOTO PETUKYIYyMa, MUTOXOHIPHA, JIN30COM
1 MeMOpaH HEPBHBIX KJIETOK, MOXET MPHUBECTU K
OYEHb CEPHE3HBIM HETATHBHBIM ITOCIIEACTBHSIM; K
HapylICHUI0 MEXaHH3Ma 3allycka COKpAIleHUs H
paccrnabieHus, K HapyIIEHUIO a3pOoOHOT0 CHHTE3a
AT, x nerpaganuy pa3TuIHbIX KIETOYHBIX CTPYK-
Typ TU30COMAaJIBHBIMU (pepMEHTAaMHU, K COOI0 B MIPO-
BEJICHUU HEPBHBIX UMITYJIbCOB. Tak 4yTo upe3aMepHas
aktuBarus [1OJI u mpoucxopsmmue B pe3yibTaTe
3TOr0 M3MEHEHHs B (PYHKIMOHAIBHOM COCTOSHHU
OMOJIOTHYECKUX MEMOpaH MOTYT PacCMaTpPHUBATHCS
Jie3a1anTalliOHHBIME (DaKTOpaMu, MPUBOASIIIMU K
YTOMJISIEMOCTH MBIIIL, CHWYKEHUIO YPOBHsI (prznde-
ckoit paboTtocmocobHOCTH opranm3mall,15,16,19]

OCHOBHOH 1IeJbI0 HACTOAIIETO HCCIEIOBAHUS
ObUT0 M3Y4YCHHWE AMHAMHUKH BIUSHHUS (QYyTOOINB-
HBIX TPEHUPOBOK Ha CEPACYHO-COCYIUCTYIO, Ibl-
XaTenbHYyI0 W ApPyrue >KU3HEHHO Ba)KHBIE CHUCTe-
MBI MOAPOCTKOB, a TaKK€ aKTMBHOCTH KaTaja3bl U
0-aMHJIa3bl B CIIIOHE.

MarepuaJjibl 1 METOANKA

[lepexkrcHoe OKHMCIEHHE JUMHUIOB B KIETKaX
MOYKHO OTIPENENATh CAMBIMH Pa3HOOOPa3HBIMH Me-
TonamMu. KOHEUHBIM 3TallOM HEPEKUCHOTO OKHUCIIe-
HUS HCHACHIIIEHHBIX )KUPHBIX KUCIIOT SBISETCS 00-
pa3oBaHNE MaJIOHOBOT'O IHANbJIErH1a — KOPOTKOLE-
MOYHOT'O MPOAYKTA KUPHBIX KUCIOT. TOT MPOILYKT
TaK)Xe OMpeeNAThCS pa3InyHbIMU MeToaMu. Hau-
Oosiee M3BECTHBIM METOAOM ompeneneHus MJIA
ABIIsieTcsl 00pa3oBaHUE TPUMETHHOBOI'O KOMILIEKCa
MJIA — THOOapOuTypoBas kucinora. KoHeHTpanuio
MJIA Beipaxkanin B HMoIb/Mroenka. KommuecTBo
Oelka oTpeaersiIn Mo Metony bpeadop.

AHanmu3 UWHTErpalibHBIX [OKa3arened (u3m-
YEeCKOHl  MOATrOTOBIEHHOCTH  (yTOONHUCTOB-IIOA-
POCTKOB, TOKa3aTelel CrenuaibHON (pu3mueckoit
MOJArOTOBKM W CIEHHaIbHOM (YHKIMOHAILHON
MOJATrOTOBKM XapaKTEpU3yeT KaueCTBO CHCTEMbI
CIIOPTUBHON MOATOTOBKU. CliemyeT OTMETHTh, YTO
¢u3nyueckas MOATOTOBKA SIBIAETCS OJHUM M3 OC-
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HOBHBIX, BETYIIIUX CPEACTB MOATOTOBKU CIIOPTCME-
HOB [8,18,20,21].

JlocTikeHre BBICOKHX pe3yJbTaToB B CIOPTE
TpeOyeT peryisanuu (yHKIHOHAIBHBIX CHCTEM Op-
raHu3Ma Ha Pa3HBIX YPOBHAX. DTO COMPOBOXKIAETCS
CUMBATHBIM H3MEHEHUSIMH, OTPAKAIOUIMMH OCO-
OCHHOCTH TPEHUPOBOYHOT'O MPOLIECCa MOJPOCTKOB.

AKTHBHOCTh KaTana3bl M 0O-aMHJIa3bl B KOIH-
yecBo npoaykToB [1OJI onpenensnu ans n3ydeHus
X0/1a OMOXMMHYECKUX U3MEHEHHUH B OPraHu3Me 1o/
BIUSIHUEM (DU3MYECKUX HATPY30K.

CocTosiHuE TMEPEeKUCHOTO OKHUCIIEHUS JIMMUAOB
OIICHWBAJM TI0 KOIWYECTBY MEPBHYHBIX (THIpOTIE-
POKCHI-THEHOBBIC KOHBIOTAThl) M BTOPUUYHBIX (Ke-
TOJMEHBI U UX ACCOLMUPOBAHHBIE TPUEHBI) TIEPOK-
CHUJHBIX TPOAYKTOB B TENTaH-H30IPONaHOJIOBBIX
9KCTPAKTaxX BOJBI AJIS TIOJOCTH PTa.

IlepBuunble u BTOpHuHBIE NpOAyKTHl [10JI
onpenensuin no Meroauke M. A. Bomueropckoro
[7]. ®epmenTHI KaTama3sl M O-aMHJIA3BI, KOTOPHIC
SIBIIIFOTCS aHTUOKCUIAHTHBIMU (PEpMEHTAMU B BOJIC
IUIsL IOJIOCTH pTa, a Takxke npoayktel IIOJI: rentan
— (E232 / E 220), rentan — (E 278 / E 220), uzo-
npananon — (E232-E (232 / E 220), uzonpananon
— (278 / E 220).

Omnpenenenne aKTUBHOCTHU KaTtanasbl
(K.F.I.ILL.6.) mpoBoawiIK Tpy JAJTUHE BOJHBI A =
410 HM 114 pasIokKEHUs MepPOKCUaa BoAopoaa Ka-
Taxa30i W MOTJIOMIEHUSI CBETa KOMILIEKCOM, oOpa-
30BaHHBIM IEPOKCHIOM BOAOPOAa C MOJIHOZATOM
aMMoHus. J{J1s 3TOro 25 MKJI roMOreHaTa JXHUIKOCTH
JUTSL TIOJIOCKAHUS MOJIOCTU PTa CMEUIUBAIN C 2 MII
0,03% nepexucu Bogopona. Yepes 10 muHyT I0O-
GaBmsamm 2 Mt 2% pacTBopa MoIuOIaTa AMMOHUS,
9TOOBI OCTaHOBHUTH peakuuio. [lapamnensHO Tpo-
BOJMIN KOHTPOJIGHBIA JKCIIEPUMEHT 0Oe3 MpHCYT-
ctBus depMmeHTa. Mcnonb3ys 3HaYeHUE MOJSIPHOM
MOCTOsIHHOM KoMmruiekca 22,2 x 103 cm-1 (Mawman-
toBa H.C., beno6oponosa E.U., Trokamora JIL.U.,
1994, mo MeToIMKe), pacCUUTHIBATACH AKTUBHOCTh
(depMeHTa 1Mo pa3HUIE ONTHYECKOW MIOTHOCTH pe-
3yJbTATOB KOHTPOJBHBIX M JKCHEPUMEHTAIBHBIX
ucienoBaHnii. Pe3ynpTaTsl uccienoBanus oopado-
TaHbl C KCIIOJIB30BAHUEM METOJa BapHUallMOHHOM
craructuku — t-xpurepus CrtelofeHTa. Taxke uc-
MOJIb30BAJICS OOIIENPUHSTHIH METOJ MareMarude-
CKOI CTaTUCTHKH.

Pe3yJ’lLTaTI)I H UX oﬁcymz[e}me

[lon mefictBreM Qu3NYECKHX HArpy30K MHTEH-
CHUBHOCTh TIEPEKUCHBIX IPOIECCOB YCHIIUBAETCS.
IIpu 3TOM ompenensomyM SBISIETCSI HE CTOJIBKO
YPOBEHb NEPEKHCHOIO OKHCJICHUS JUMHIOB, HO M

COCTOSIHAE CHUCTEMBI MEPEKUCHOTO OKUCICHUS JIH-
MUJI0B — aHTHOKCUJAHTHI B OPTaHU3ME OIPEaeCis-
foIIIei BO3MOYKHOCTH Pa3BUTHS JIe3aIaTAIIHOHHBIX
pacctpoiictB. Y QyTOOIHCTOB-MIOAPOCTKOB OLICHH-
BaJld COCTOSIHUE CUCTEMBI MEPEKUCHOI'O OKUCICHUS
munu1oB — aHTHOKCHAaHTH (AO — I10JI) Ha paznny-
HBIX 3Tamax roJAWYHOTO IUKJIA. BBIUTO yCTaHOBIEHO
49T0 Y QyTOOIHCTOB-IOAPOCTKOB YPOBEHb MaJIOHO-
Boro muanmpaerunaa (MJIA) u akTHBHOCTB KaTallu3bl
B IUIa3M€ U 3PUTPOLUTAX NepU(heprUuecKoil KPOBH,
OTJINYAETCS OT HE 3aHMMAIOIIMXCSA CIOPTOM, TOTO
e Bo3pacta. CootHomenue I10JI — AO cuctem B
IUIa3Me M 3PUTPOILUTAX MEePUPEPUISCKON KPOBH Y
(hyTOOIUCTOB-TIOIPOCTKOB MOXKET MEHSATHCS B 3a-
BHCHMOCTH OT MHIUBUAYAIBHOTO COCTOSHUS Opra-
HU3Ma U CTETICHU UHTEHCUBHOCTU TPEHUPOBAHHOTO
U COPEBHOBATEJIBHBIX MTPOIECCOB.

B03MOXXHOCTh BO3HHKHOBEHHSI OKCHAATHBHO-
ro crpecca y CIOPTCMEHOB B COPEBHOBATEIbHOM
MepHOZIe CBs3aHA C TIIYOOKHM IMOITMOHAIHHBIM H
MBIIIEYHBIM HAIPSKEHIEM U MOXKET SBISATHCS 3Be-
HOM B IaTOT€HE3€ CAMBIX PA3IUYHBIX MMATOJOTHYE-
CKUX cocTossHUUA. Hamo oTMeTuTh 4TO TIpH JH000H
(m3nyeckoil Harpy3ke MOTpedieHHe KHCIIOpoaa
B OpraHax BO3pacTaeT B HECKOJBKO pa3 U 3aBUCUT
OT MHTEHCUBHOCTH U JUTHTEIHHOCTH Harpy3ku. Co-
OTBETCTBEHHO IIOBBINIAETCS YPOBEHH CBOOOIHO
PaJAMKaAILHBIX TPOIECCOB B TKAHAX. Y CHICHHOE
o0pa3oBaHrEe MPOIYKTOB MEPEKHCHOTO OKWCIICHUS
munuoB (I1OJI) B opranusmMe npu MBIIIEYHON Ha-
TPy3KE€ MOXET CBHIIETEIbCTBOBAaTH O CHIKEHUU
aKTHBHOCTH aHTHOKcHmaHTHOW cucteMbl (AOC).
CooTHOIIIEHUE ITHX JBYX IMPOIIECCOB B OPTaHU3ME
BO MHOTOM OIIPEACISACT CTPYKTYPY U QyHKIMH OUO-
JIOTHYECKUX MeMOpaH. MHOTOYHCIICHHbBIE JUTEpa-
TypHBIE JaHHBIC CBUACTEILCTBYIOT 00 aKTHUBAIIUU
npoueccoB [IOJI nmpu HMHTEHCHMBHOM MBIIIEYHON
pabore. IHTEHCHBHOCTH MBITIICYHON NEATEITHPHOCTH
MOJKET 9aCTO U MHOTOKPATHO MEHSTHCS, YTO TPUBO-
JUT K HECOOTBETCTBUIO MEXAY IPOJOIKAIOUIUMCS
YBEJIMYEHHBIM TIOCTYIUICHUSM KHCJIOpOoAa W CHH-
JKEHHEM €0 MOTPEOJICHHUS MUTOXOHIPUSIMU MBIIIILI,
Takoe HECOOTBETCTBHE BBI3BIBAET OTHOCHTEIBHYIO
THUIIEPOKCHIO B MBIIIIEYHON TKAHU, YTO MOXKET MPH-
BECTH K HU30BITOUHOMY OOpPa30BAaHUIO AKTUBHBIX
(opM Kkmcropoma W aKTUBAIMU CBOOOJHO paju-
KaJTbHOTO OKHCIICHUSI.

MHOTOYHCIICHHBIE UCCIIEIOBAHUS TOKA3BIBAIOT,
YTO MPU THUIEPOKCUH YTHETAETCS POCT W JACICHHE
KJIETOK, COKpAaIaeTcsi IpoA0HKUTEILHOCTh KU3HU,
YBEJIIMYCHUE aHTUOKUCIIUTEIIBHBIX (DEPMEHTOB CII0-
COOCTBYET TMOBBIIICHUIO BBDKMBAEMOCTH B YCIIO-
BHUSIX OKHCIHUTENBHOTO cTpecca. [lpu dusndaeckoit
Harpy3ke (akt aktuBanuu [1OJI He BBI3BIBacT co-
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MHEHUH. DTOT MPOIECC, SBISAIOMIAIC HEeCIEU(H-
YeCKUM OTBETOM Ha HapylleHHe KPOBOCHAOXKEHHS
OpraHoB U TKaHEU, CIIyXKUT BaXXKHEHIIUM 3BEHOM B
MaTOreHe3¢ CaMbIX Pa3lMYHBIX 3a0oneBaHwii. MH-
TEHCHBHAas ¢u3mueckas paboTa, MpOTEKaromas B
YCIIOBUSIX HEPABHOMEPHOTO CHA0KCHHUS OpraHM3-
Ma KUCJIOPOJOM U BBHIIOJIHAEMAs MpU MpeeabHON
MOOWJIM3AIA BCEX CHUCTEM OpraHM3Ma, COIMpPOBO-
JKIaeTcsl cymiecTBeHHoW aktuBarnueit CPO numu-
noB. Ects npennonoxenue, uro cucrtema [10JI-AO
perynupyer JOKadbHBIA ypOBEHb OKHCIUTEINb-
HO—BOCCTAHOBUTEIHHOTO MOTEHIIMANA B MBIIIIAX,
HEOOXOIMMBIX Il (PYHKIMOHHPOBAaHUS OEIKOB,
OTBETCTBEHHBIX 32 CBSI3h MEXIY BO3OYKICHHEM H
cokpaimenueM. Kpome TOro, M3BeCTHO, YTO MpPO-
OykTel CPO BBINONHSIOT UMYHHO-MOAYJIUPYIOLLIUE
¢yaxnun. COamaHCHPOBAHHBIE COCTOSIHUS MEXIY
AOC ¥ IpOOKCUAAHTHBIMU CUCTEMAMU B 3JI0POBOM
opranm3Me oOecrevnBaeT COXpaHEeHHEe HOpMailb-
HOTO MeTabonmmdeckoro GoHa, HEOOXOIUMOTO ISt
(hyHKIMATEHOM aKTUBHOCTHU KJICTOK.

Nunukaropom ycunenus [10JI ssBnsiercs yBenu-
YEHUE COACPIKAHUSI XOTS ObI OTHOTO U3 €T0 MPOIYK-
TOB. KOHEUHBIM NPOAYKTOM JErpajaliiil >KUPHBIX
kucinot IIOJI sBnseTcs MaJOHOBBIA AHATIBICTHUN
(MJA), ero moBbllIeHHe ABISETCS METOIOM paH-
HETrO BBISIBIICHUS METa0OJMYECKUX HAPYIICHHWNA B
OpraHm3Me, Jake Ha JTOKIMHUYIECKON cTaanu 3a00-
JieBaHUs. MaJlOHOBBIN TUANILIETH]T IBIISICTCS OUYeHb
AKTUBHBIM XUMUYECKUM BEILECTBOM, KOTOPBIA CBO-
MU aNbJIETHIHBIMA TPYNIIaMA CITIOCOOHO B3aWMO-
JIEHCTBOBATh C aMHHOTPYIIIaMU OEIKOB, BBI3BIBAS
YX B HEOOpaTUMYIO PEaKIuIo.

B nanHoi crathbe HaMU TIPEACTABIEHBI PE3yJib-
TaThl IKCIIEPUMEHTOB O M3YyUYCHUIO KaTaJa3HOH U
0-aMHJIa3HOW aKTHBHOCTH B CIItOHE (PyTOONHMCTOB-
MTOIPOCTKOB M TOJPOCTKOB, HE 3aHMMAIOIINUXCS
¢$yT00IOM 10 M TTOCTIe TPEHUPOBOK.

Karanaza, oTHOCsIasCs K aHTH-OKCUIAHTOM 3a-
[TUTE, TIPOSIBIIIET CBOIO aKTUBHOCTh W BO BHEKIIC-
TOYHON Cpelie, OCHOBHASA €r0 POJb-IACTOKCUKAIIUU
00pa3yromuiics B IEpEeKUCH BOAOPOA, 4TO HEOOXO-
JMMO JIJIA 3aIUThl MUTOXOHJIpUI. B KieTkax karta-
JIa3bl COCPEAOTOUCHO B OCHOBHOM B IIEPOKCHUCOMAX,
B KOTOPBIX COAEPXKUTCS B (DEPMEHTHI, IPOAYIHPY-
FOIIHAE TIEPEKUCH BOJOPOAa, HEOOXOIUMEIE, B 4aCT-
HOCTH, B TIPOIECCAaX HECTEIM(PUUSCKON UMMYHHOM
3aIUTHL.

Hamo oTmeTuTh, YTO aKTHBAIUS CHMIIATOA-
JIPCHAIOBOM W THIOTaIaMo-runodu3apHo-HaI-
IMOYCTHUKOBOH CHCTEM IO IEHCTBHEM (aKTOPOB
BHEIIHEH cpenpl (a Takke (PU3UIECKUX Harpy3oK)
yBenuuuBaeT yposens [1OJI [3,8,10]. B orBeT Ha
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($U3MYECKYI0 HArpy3Ky CTpeccoBasi peakiusi co-
MPOBOXKIAETCA AaKTHBAlMEH pPa3IMYHBIX THIIOB
CTPECC-IIMMUTHPYIOIIUX cucteM. MeTaboauThl,
OTpaHMYHUBAIONINE CTPECC, BKIIIOYAIOT KJIacch4e-
CKHE€ TOPMOHBI, HEHPOTPAHCMHUTTEPHl M Pas3iIud-
HbIe (QEepMEHTHI (CyNepPOKCHIIUCMYTA3y, Karaja-
3y, a-amuiasy). Karamaza HeMEHJIIEHHO CHUXAET
KOJIMYECTBO PAaTUKaJIOB B KPOBH, BBHINIOJNHSET 3a-
IIUTHYIO (YHKIHIO, PacIIenysisi HepeKuch BOJO-
polla M TIpeioTBpalas ¢e HaKOIUIEHHE B KPOBH
[1,4,5,7,11].

CpaBHUTENBHBIN aHAIU3 Pe3yJIbTaTOB HEUHBA-
3MBHOTO OMOXMMHUYECKOTO aHajHu3a MepopabHON
BOJIbl Yy CIIOPTCMEHOB-TIOJPOCTKOB U HE CIIOPTCME-
HOB TIOKa3aj, 4TO TMEPBUYHBIC W BTOPHYHBIC JIH-
MOKCHUIHBIC TPOIYKTHI, PACTBOPUMBIE B TENTaHE
(ITOJI-rentan-1 u IIOJI-renranH-2), ObUIH TOCTO-
BepHbIME (p< 0,05) .Ecnmm y nmereit 10-11 mer om
ObUT pa3HBIM (TeNTaH y CIOPTCMEHOB-TIOAPOCTKOB
— 1 na 10,9%; renrtan Ha 2 u 17,9% BbllIe, yeM y
HE CITIOPTCMEHOB), TO BO BCEX OCTAIBHBIX TPYIIax
npoayktel [1OJI, pacTBopuMBIe B rentaHe, 10CTO-
BepHO He auddepeHITpoBaTUCH. ITO MOKHO 00B-
SICHUTBH TeM, 4To nponaykTsl [10JI coOuparoTcs Ha
paHHUX 3Tanax (PU3NYECKUX TPEHHPOBOK MPOTHB
BO3JIEMCTBHA (PU3MUECKUX Harpy3ok. l[lepBuuHbie
W pacTBOpPHMEBIE B H3oMpornaHoie mpoaykTsl [10J1
(ITOJI-u3omponanon — 1) ObTM HOCTOBEpHO (p <
0,05) Ha 23,1% BBIINIE y CIIOPTCMEHOB B BO3pacTte
10-11 met, yem y He criopTcMeHOB; M3ompomnanon-1
noctoBepHO (p<0,05) ObLT BhILIE y HE CIIOPTCMEHOB
B Bo3pacte 12—13 jet; brimo 06HapykeHO, 9TO U30-
nponanon 0bu1 Ha 6,1% BbIitie y 14-15-netHux QyT-
00JINCTOB, YeM y He cropTcMeHOB. IponykTel me-
PEKUCHOTO OKUCIICHHS JIMMUIOB, PACTBOPUMBIX BO
BTOpu4yHOM H3omnpomnanoine (I10JI-usonpomnanon-2),
JIOCTOBEPHO HE pa3Nuvajnch HU B OJHOH U3 Ucie-
IyeMBIX Tpynn HoApocTKOB.DyTOONIBHBIE TPEHU-
POBKH TaKkKe BIUSIOT HAa JUHAMHUKY aKTHBHOCTU
KaTaJla3bl U O-aMHJIa3bl B CIIIOHE MOAPOCTKOB. Kak
AHTHOKCUJAHTHBIH (EpPMEHT, Karajaza KaTalu3u-
pYeT pacierieHre MepeKucH BOJOPOAa, BHIIIOIHS-
eT OYCHb BaXXHYIO (PyHKIMIO B KpoBU. CpaBHUTEIb-
HBIH aHaJIH3 aKTUBHOCTH MEPOPALHOTO (epMeHTa
KaTajla3bl Yy CIIOPTCMEHOB-TIOAPOCTKOB M MX CBEp-
CTHMKOB, HE 3aHMMAIOIIUXCS CIOPTOM, IIOKa3all,
YTO aKTHBHOCTH (pepMeHTOB Oblia Ha 2,2% BEIIIE Y
12-13-netHux u Ha 9% BbIIE y 14-15-n1€THUX, UeM
Y HE CIIOPTCMEHOB.

AKTUBHOCTh (epMeHTa o-ammiaza Ha 2,3%
Boime y 12-13-netHux ¢yrdonucroB u Ha 1,7%
Bblll€ y 14-15-1€THUX IO CpPaBHEHUIO C HE CIOpP-
TCMEHaMH.



U.C. Annen

Taéanua 1 — INokazarenn GHOXMMHYECKOTO aHANIM3a CIIOHBI (pyTOOIMCTOB-TIOAPOCTKOB M JAETEH, HE 3aHMMAIOLIUXCS CIIOPTOM

M £m)

Hi’ﬁ;ﬁiﬁiﬁo 1K nor KT o0 1 KT 11 30
R (n=12) (n=16) (n=12) (n=15) (n=12) (n=12)
Mpoxykr LIOJL, | 0,172£0,030 | 0,190+ 0,016 | x990, | 0-184%0,020 179 0,011 0,181+ 0,011
rerrran — | 100% 100% ’ 70 97% 105,9% 107,1%
Tpoxyxr [TOJI, | 0,120+ 0,095 | 0,144+ 0,060 | 0,124%0,027 | 0,138+0,035 | 0,128+0,035 | 0,134+ 0,032
renTan — 2 100% 100% 102,4% 100% 100% 100%
Mpoxykr [IOJL, | 0,450 0,032 | 0,560%0,025" | 05140060 | (500, oo | -S16%0.077 | 0,542:0,022°

wsonponaton — [ 100% 100% 115% ’ g 100% 100%
Iponykt [TOJL, | 0,310+0,045 | 0,311+0,072 | 0313+£0,024 | 0,313+0,014 | 0,325+ 0,98 0,305 = 0,35
H30IPOIIaHOT — 2 100% 100% 100% 100% 100% 98%
Karanasza, 140 + 320 138,97+2,20 | 144,94 +0,035 | 147,39+20,50 | 140,45+ 1,46 | 153,68+ 2,30
H MOJTh/MI/MHH 100% 100% 103% 106% 101% 107%
A — ammaza, 455 + 2,60 456,95+ 1,65 | 45136+2,10 462,45 + 459,99 + 2,23 466,97 +
H Mob/Mr/MuH 100% 100% 98,5% 101% 100,5% 102,2%"

IIpumeuanue: “-p<0,05, *-p<0.01 — gocTOBEpHBIC N3MEHEHHUS y CIIOPTCMEHOB MO CPABHEHMIO C KOHTPOJBHOM rpymmoi. *-p< 0,05,
*-p<0,01 — nocroBepHbIc U3MEHEHH 1O Tpynme .

AaKTUBHOCTH (EPMEHTOB KaTala3bl W O-aMUJIa3bl
(p=<0,05) nabmromanock y croprcmMeHoB 12-13 ner
[0 CPaBHEHHIO C HE CIIOPTCMEHAMH M COCTaBHIIO
okoino 3,7%. Takast mocToBepHas NWHAMUKA POCTa
HaOmoanack U y moapocTkos 14-15 ner u cocra-
Buna 6,9% (pucysku 1 u 2).

AHanu3 W3MEHCHMsI aKTHUBHOCTH aHTHOKCH-
JaHTHOro (epMeHTa Karamasbl y (yTOOIMCTOB-
MOJIPOCTKOB TMOKa3aj, 4to y ¢yroonucror 10-11
JIET aJanTallMOHHBbIC PeaKluu Ha (QU3NYCCKUE Ha-
TPY3KH OKa3bIBAIOTCS MIO3TAITHBIMA B CUCTEME aHTH-
OKCHUJAHTHOW 3anuThl. [[oCTOBEpHOE MOBBIIIEHUE

155 —

150
T
145 e
140 140
120 138
- I I I
A B C

Ocb opanHAT: TapaMeTpsl (hepMeHTa KaTanassl, HMOIb / MT' / MUH;

Ocp abcuuce: A — I rpymnma, 10-11-metraue netn, 1 — kKoHTponbHas u 2 — ciopreMensl; b — 11 rpynma, 12-13-netnue,
1 — kouTpoNbHas u 2 — cnopreMmensr; B — 11 rpymnma, 14-15-netHue, 1 — KOHTpOIbHAS U 2 — CIIOPTCMEHEI.
[pumeuanne: *** — p<0,001 — TOCTOBEPHOCTH IO CPABHEHUIO CO CIIOPTCMEHAMH | TpyTIIsL;

-p< — JOCTOBEPHBIC H3MEHEHHS IT BHEHMIO C NTOKa3aTe/sIMH KOHTPOJIBHOIT IPYIIIIBI.
*.p<0,001 — gocroBe € U3MEHE 0 CPaBHEHHIO C ITOKA3aTe. OHTPOJIHHO
Pucynok 1 — [lokazareny akTHBHOCTH ()epMEHTa KaTajas3bl y CIIOPTCMEHOB (PyTOONNCTOB-TIOAPOCTKOB
U 7IeTeil He 3aHUMAIOIUXCS CIIOPTOM.
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Bmusiaue (1)I/ISI/I‘ICCKI/IX Harpy3ok Ha OHMOXMMHUYECKHUE MTOKA3aTeIN y (byT6OJ'H/ICTOB-HOHp0CTKOB

Broxumuyeckas aganTanusi OpraHu3Ma K Mbl-
IIEYHOH aKTHBHOCTH B IIPOIIECCEe TPEHUPOBKU pac-
MIPOCTPaHACTCA Ha BCC Q)YHKHI/IOHaJH)HI)Ie CUCTEMBI,
OTBEYAIOLINE 32 JIBUTATEIbHYIO aKTUBHOCTb, 1 3TOT
3¢ (deKT He BEIXOAWT 32 PAMKH CHCTEMBI aHTHOKCH-
MaHTHOM 3amuTel. OCHOBHBEIE MEXAHU3MBI A aIITHUB-

dTd
4455

460
E k14

155
450
145
A0

HBIX U3MEHEHHI B 3TUX CUCTeMaX UJACHTUYHEI OMO-
XUMHH aJalTHBHBIX W3MEHEHWH B MbImmax. B oc-
HOBHOM 3TO METaOOJIUTHI, KOTOPBIE 00ECIECUHBAIOT
KHUCIIOPOJOM PHEPreTUUYECKUE MPOLIECChl, KOTOPHIE
YCHIIMBAIOTCS BO BPEMs MBIIIEYHON aKTUBHOCTH U
00pa3yrTcs B pe3yJibTare okuciieHus [3,4,8].

GG

T Ll

Ochb opanHAT: MoKa3aresi pepMeHTa o-aMHJIa3bl B CITFOHE, HMOJB / MT' / MHH.
Ocp abcuuce: A — I rpynma, 10-11-netaue nety, 1| — KOHTPOIBbHAS U 2 — CHOPTCMEHBL
b — Il rpynmna, nonpoctku 12-13 nert, 1 — koHTposbHAs U 2 — QyTOOIHCTHI,
B — III rpymnma, mogpocTkoBsle (pyTO0mucTel 14-15 net, 1 — KoHTpoNIbHAS U 2 — CHOPTCMEHBIL.

IIpumeuanne: *** —

p < 0,001 — mocToBepHBIE Pa3TUUMs IO CPABHEHHUIO C TPYITION [;

++-p<0,001 — nocTOBEpHBIC Pa3IM4Us MEXKIY Pe3y/IbTaTaMHU CIIOPTCMEHOB U HE CIIOPTCMEHOB.
PucyHok 2 — IToka3aTenu akTHBHOCTH (hDepMEHTa 0-aMUJIa3hl B CIIFOHE
y (GyTOONINCTOB-IIOIPOCTKOB U JACTEH, HE 3aHUMAIOIIHXCS CIIOPTOM.

3ak/ouyeHnne

Takum oOpa3oM, aHAH3 OMOXUMUYECKHUX TIO-
Ka3areJiei CIItoHbI (PyTOOJMCTOB-TIOIPOCTKOB TO-
Ka3aj, YTO KOJIUYECTBO MEPBUYHBIX U BTOPUYHBIX
npoaykToB [1OJI cymiecTBeHHO HE YMEHBITUIOCH.
3T0 caenano peakuu Ha OKHCIUTENbHBIN CTpecc,
BBI3BaHHBIH (U3NUECKHMMH Harpys3kamu, Ooiiee
s exruBHBIMU. KpoMe TOro, MOBBIIEHHAS aK-
THBHOCTh ()epMeHTa KaTayia3bl MOJITBEpXKAaeT

YCUJICHHE aHTUOKCHUIAHTHOW YacTH Hecrneuudu-
YeCKOW 3amuTHl B opraHn3mMe ¢pyTOOINCTOB-TIO-
pocTtkoB. IlonmoxuTenbHble aganTallMOHHBIE W3-
MEHEHUSI IPOUCXOIAT U3-3a CTPECCOBBIX BO3JCH-
cTBUil pusznueckux Harpy3ok. Cieayer OTMETHTb,
YTO IIOJOXUTCIbHBIC M3MCHCHHA, NOCTHUIHYTBLIC
B TPEHUPOBOYHOM Ipouecce ¢ Qyrdomucramu,
HalpaBJIeHbBl HAa AaJalTalHi0 AaHTHOKCHIAHTHOM
CHUCTEMBI B UX OpPTaHHM3ME K TPEHUPOBOYHOU Ha-
Tpy3Ke.
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EFFICACY OF USING CULTURE MEDIA
IN ASSISTED REPRODUCTIVE TECHNOLOGY PROGRAMS

One of the steps to successfully solve the problem of human infertility is the development and im-
provement of culture media used for the cultivation of embryos in ART programs. In the past, significant
progress has been made in this direction — single-step and two-step culture media have been developed.
Both media are widely used in practice to improve the efficiency of individual ART results. The aim of
this work was to determine the effectiveness in usage of commercial culture media (Continuous Single
Culture Irvine and Origio Sequential Cleav/Blast) in IVF and ICSI programs. A comparative analysis of
their impact on embryo quality, fertilization and pregnancy outcomes in IVF and ICSI programs at the
Embryology Laboratory of LLP “Centre ECO” in 2017-2021 was conducted. 2650 programs took place,
of which 760 programs accounted for IVF and 1890 programs for ICSI. The results of the analysis re-
vealed no significant differences in the use of the above-mentioned media to obtain good quality blas-
tocysts in the IVF program. The usage of the studied culture media showed a higher level of obtaining
blastocysts of optimal quality in the ICSI programs when cultured in single-step medium compared to
sequential medium. The difference between the two relative values was statistically significant (t=8.08;
p0.001). Comparative analysis of the results of embryo cultivation in different nutrient media allow us
to conclude that both single-step and sequential culture media, equally contribute to the quality devel-
opment of blastocysts and demonstrate positive clinical results. Program efficacy based on the factor of
ART program ending in pregnancy using CSC Irvine nutrient media was 46.44% for IVF, and 41.42% for
ICSI. Culturing embryos in Origio Sequential Cleav/Blast medium in IVF programs showed pregnancy
outcomes at 49.51%, in ICSI programs — 42.85%.

Key words: infertility, embryo, culture/nutrient medium, IVF, ICSI.
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KemekLui pernpoAyKTUBTI TeXHOAOIMsIAGP OaFAapAaMaAapbiHAA
KOPEKTiK OpTarapAbl KOAAAHYAbIH, TUIMAAITi

EpAi-3ambinTbinapAbiH, 6eAEYAIriHIH MaceAeciH Lwewyaeri TabbiCTbl Ke3eHAepAiH 6ipi 60Abin
Kemekllli  pernpoAykTuBTi  TexHoaormsaap (KPT) 6GaraapAamanapbl  ascbiHAQ — 3MOPUOHAAPAbI
KYAbTUBMPAEYAE MaAAAAHbIAATbIH KOPEKTIK OPTaAapAbl 83ipAey XoHe XKEeTIAAIPY GOAbIN TabbiraAbl.
CoHFbl OHXbIAABIKTapAA GYA GaFbiTTa alTapAbIKTai MPOrPecC OpbiH aAAbl — Gip CaTbiAbl K8He eki
caTblAbl KOPEeKTiK opTarap o3ipAeHAi. CoTTi eTkeH >keke KPT HaTuxKeAepiHiH AeHreiiH apTTbipy
yWiH Toxipnbeae eki KOPEKTIK opTa Aa KOAAAHbIAaAbl. byA >xymbicTbiH Makcatbl IVF xene ICSI
HarAapAaMaAapbiHAQ KOMMEPLIMSIABIK, KOPEKTIK opTarapAbl (6ip catbiabl opTa Continuous Single Culture
Irvine >xaHe eki catbiabl opTa Origio Sequential Cleav/Blast) KoAAaHYABIH TUIMAIAIMIH aHbIKTay GOAADI.
XKLWC “25KO OPTAAbIFbl” ambpuroaorus 3eptxaHacbiHbiH 6a3acbkl asicbiiaa 2017-2021 >Kbiapap
apaabifbiiaarbl IVF skere ICSI 6araapaamanapbiHaa GyA KOPEKTIK OpTaAapAblH 3MOPUOHAAPAbIH
canachiHa, YPbIKTAaHABIPY HOTMXKEAepiHe, >KYKTIAIKTIH 6acTaAyblHa ocepi >KalAbl CAAbICTbIPMAAbI
Tanpay XKyprisiaai. bapabirbl 2650 6araapAaamMa XYprisiaai, oAapabiH iwiHae 760 6araapaama [VF-
TbiH, yAeci, aa 1890 Garaapaamachl ICSI-aiH yaeci 60aabl. Taapay HoTvkeaepi IVF GaraapAamacbiHaa
>KaKCbl CarnaAbl 6AACTOUMCTAAAPABI AAY YLLIH aTaAFaH KOPEKTIK OpTaAapAbl KOAAAHYbI CTaTUCTUKAADIK,
MaHbI3Abl  arbIPMaLLIbIALIKTAPAbI kepceTkeH oK. |CSI 6araapAaMacbiHAQ 3epPTTEAreH KOPEeKTIK
opTaAapAbl KOAAAHYbI OHTaMAbI CaraAbl SMOPUOHAAPAbI AAYAQ Bip CaTbiAbl OpPTaHbl KOAAAHY €Ki CaTbIAbl
OpTaHbl KOAA@HYFa KaparaHAQ arTapAblKTal >KoFapbl AeHrenai kepcetTi. OCbl €Ki CaAbICTbIPMaAbI
LIaMaHbIH arblpMaLLbIAbIFbl CTAaTUCTUKAABIK, MaHbI3Abl 6OAAbI (t=8,14; p<0,001). DMOpHOHAAPAbI

© 2022 Al-Farabi Kazakh National University 159


https://doi.org/10.26577/eb.2022.v91.i2.014
https://orcid.org/0000-0002-4504-8599
https://orcid.org/0000-0002-2885-5719
https://orcid.org/0000-0002-0603-6990
https://orcid.org/0000-0002-8944-1560
mailto:alyena982401@gmail.com
mailto:alyena982401@gmail.com

Efficacy of using culture media in assisted reproductive technology programs

KOPEKTIK OpTaAapAbl 6CipyAiH HBTMXKEAepiH CaAbICTbIPMAaAbl TAaAAQYAQ KeAecCi KOPbITbIHABI >Kacayfa
MYMKIiHAIK 6epeai: 6ip catbiabl CSC Irvine >xaHe eki catbiabl Origio Sequential Cleav/Blast kopekTik
opTarap GAACTOLMCTaAAPAbIH CarnaAbl AamyblHa GIpAEN AEHrerAe acep eTTi XKOHe OH KAMHMKAABIK,
HaTuxKeAep kepceTTi. KXyKTiAiKTiH 6acTaaybl kputepuiti 6oibiHwa IVF xxyprisrenae CSC Irvine KopekTik
OpTacbiH KOAAAHFaH 6arAapAaManapAbliH HOTVKEAIAIr 46,44%, an ICSI xyprisreHae 41,42% KypaAbl.
KyKTIAIKTIH 6acTaaybl KpuTepwuiti 6oibiHILa aMOproHaapabl Origio Sequential Cleav/Blast kopekTik
oprtacbiHAa ecipreHae IVF 6araapAamacbiHbiH, HaTukeAiAiri 49,51%, aa ICSI 6araapAamanapAbiH,
HOTMXKEAIAIT 42,85% KypaAbl.
Tyiin ce3aep: 6Geaeyaik, 6aacTounct, KkopekTik opta, IVF, ICSI.

A.B. Kum'?", M.I. Sxbaposa?, b.b. KaceHoBa?, A.M. KaAamarambeTos'

'Kasaxckuit HaupoHaAbHbI yHuBepcuTeT nmenn aab-Dapabu, KasaxcraH, r. AAmaTbl
2TOO «LleHtp IKO», KazaxcTtaH, r. AAmatbl
*e-mail: alyena982401@gmail.com

Pe3yAbTaTMBHOCTb MCMOAb30BaHUSI KYAbTYPAAbHBIX CpeA,
B NMPOrpammax BCMOMOraTeAbHbIX PenpoAYKTMBHbIX TEXHOAOTMI

OAHUM M3 3TanoB YCMEWHOro pelleHus NpobAemMbl GECAOAMS CYMPY>KECKUX Map SBASETCS
pa3paboTka M COBEPLUEHCTBOBAHWE TMUTATEAbHbIX CPEA, MPUMEHSIEMbIX AASl KYAbTMBMPOBAHUS
3M0OpMOHOB B nporpammax BPT. 3a nocaeaHne AecatmaeTust ObiA AOCTUIHYT 3HAUMTEAbHbI NPOrpecc
B 3TOM HanpaBAeHWM — ObiAM paspaboTaHbl OAHOCTYMEH4YaTble U ABYCTYMEH4YaTble MUTATEAbHblE
cpeAbl. AAS TOBBILWEHWS YPOBHS YCMELWHOCTN WHAMBUAYaAbHbIX pe3yAabTaTtoB BPT Ha npaktuke
LUMPOKO MCMOAb3YIOTCS 06e cpeabl. Lleablo AaHHOM paboTbl IBUAOCH OMPEAEAEHME PE3YAbTATUBHOCTM
MCMOAb30BaHMsI KOMMEPYECKMX KYAbTYPaAbHbIX Cpea (0AHOCTyneHuaTas cpeaa Continuous Single Cul-
ture Irvine 1 nocaeaoBateabHas cpeaa Origio Sequential Cleav/Blast) B nporpammax 3KO n MKCU.
[MpoBeAeH CPaBHUTEAbHbIN aHAAM3 UX BAMSIHWSI HA KQUeCTBO SMOPUOHOB, pe3yAbTaTbl ONAOAOTBOPEHUS
M HacTynAeHunsi 6epemeHHocTr B nporpammax IKO n MKCKH Ha 6asze rabopaTtopum am6prororumn TOO
«LleHTp DKO» 3a nepmnoa ¢ 2017 no 2021 roa. Becero 6bia0 npoBeaeHo 2650 nporpamm, M3 KOTOPbIX
760 nporpamm npuxoaatcs Ha aoato DKO, a 1890 nporpamm — Ha aonto MKCH. PesyabTaTbl aHaAM3a
He BbISIBUAM CTaTUCTMYECKM 3HAUMMBIX Pa3AMYMI MPU UCMOAb30BAHMU YKA3aHHBIX MUTAaTEAbHbIX CPeA
AAS TOAYYeHMs BaacToumcT xopollero kadectsa B nporpamme IKO. McrnoAb3oBaHWe m3ydaemblix
KYAbTYPYAbHbIX cpeA B nporpamme MKCK nokasasaa 60oAee BbICOKMI YPOBEHb MOAYYeHMs GAACTOLMCT
OMTMMAABHOTO KayecTBa MPU KYAbTUBMPOBAHMW B OAHOCTYMeHYaTOM CpeAe MO CPaBHEHWIO C
KYAbTMBMPOBAHUEM B ABYCTYMeHYaTon cpeae. PasHOCTb ABYX OTHOCUTEAbHbBIX BEAMYMH CTaTUCTUUECKM
AocToBepHa (t=8,14; p<0,001). CpaBHMTEAbHbIA aHAAU3 PE3YAbTATOB KYAbTMBMPOBaHMS SMOPMOHOB
B nutateAbHbix cpeaax: CSC Irvine n Origio Sequential Cleav/Blast no3BoAsSiOT CAEAaTb BbIBOA
0 TOM, 4YTO 00e MUTaTeAbHble CPeAbl, KaKk OAHOCTyMeHuYaTas Tak M MOCAEAOBATEAbHAsl B paBHOM
CTeneHy CrnocoOCTBYIOT KAaueCTBEHHOMY PasBUTMIO GAACTOLMCT M AEMOHCTPUPYIOT MOAOXMTEAbHbIE
KAMHUYECKME pe3yAbTaTbl. Pe3yAbTaTMBHOCTb MPOrpamMm Mo KPUTEPUIO HACTYMAEHWs HepemMeHHOCTH
C McnoAb3oBaHWeM nuTtateAbHol cpeabl CSC Irvine coctaBmaa npu nposeaeHnn IKO 46,44%, npm
MKCU - 41,42%. KyabTrBMpOBaHme 3MOp1OHOB B nuTaTeAbHom cpeae Origio Sequential Cleav/Blast B
nporpammax KO nokaszaro pe3yAbTaTMBHOCTb MO KPUTEPUIO HACTYMAEHWS 6EPEMEHHOCTM Ha YpOBHE
49,51%, B nporpammax MKCH — 42,85%.

KaroueBblie caoBa: 6ecrinoame, 6aacToumcTa, nuTtateabHas cpeaa, KO, MKCU.

Abbreviations

ART —assisted reproductive technologies; IVF —
in vitro fertilization; ICSI — intracytoplasmic sperm
injection; TVOR — transvaginal oocyte retrieval.

Introduction
Inmodern society, infertility is an urgent medical
and social problem. According to WHO, the number

of couples who face the problem of infertility ranges
from 8 to 29%. In European countries, almost 10%
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of married couples are infertile, in America this
value reaches 8-15%, in Canada — 17%, in Australia
— 15.4% [1, 2]. The rate of infertile marriages in
Russia appears at 17.5%, and in Kazakhstan — 15%
and it does not tend to decrease [3, 4, 5].

Various female and male factors may be involved
in the etiology of infertility, so it is extremely difficult
to calculate the overall rate of infertility for the entire
population. The team of authors of the Scientific
Center for Obstetrics, Gynecology and Perinatology
named after V.I. Kulakov has discovered that the
rate of infertility caused by disorders of the female
reproductive system is 42.6-65.3%, appearance of
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infertility due to the fertility issues of both spouses
made up 27.7-48.4%, but in some cases the cause of
infertility remains unclear. In respect to these global
trends, there remains a need to improve the health
of the reproductive system and assisted reproductive
technologies around the world, and in Kazakhstan
in particular [6]. Regarding this, the urgent task
of modern biological medicine is to improve the
methods of ART [6, 7, 8].

The regulation of any ART program obligates to
cultivate embryos in artificial conditions, which are
as close to natural ones as possible, for the first 5-7
days after fertilization. The success of the cultivation
stage depends primarily on the quality and quantity
of eggs and semen samples. At the same time, the
quality, pH, temperature, etc. of the media are of
significant importance [9, 10]. Therefore, culture
(nutrient) media are a main part of the cultivation
system. They perform the crucial task of minimizing
stress on gametes and embryos by creating an optimal
in vitro environment, ensuring the correct balance of
ions, energy substrates and other components [11,
12].

An important achievement in reproductive
technology is the development of two-step nutrient
media. Composition of two-step media is very
similar. The embryo is cultured in the first-step
medium until day 2 after fertilization, and then
cultivated in the second-step medium from day 3
to day 5 of development. It was believed that this
method of embryo cultivation finely imitated natural
changing conditions of the environment [11, 13, 14].

Later, single-step culture media, which were
suitable for both early and late stages of embryo
development, were invented. The advantage of such
nutrient media is that there is less manipulation
involving embryos, thereby minimizing
environmental stress and the possibility of damage
[10, 11].

Currently, technologies of in vitro fertilization,
culturing of embryos and embryo transfer are in
wide demand worldwide. Scientists all over the
world, together with IVF laboratories, have been
experimenting with different conditions while
cultivating human embryos, modifying culture
media, setting incubators with the use of different
methods of gas supply and pH control for many
years. All of these aspects are very important in the
selection of good quality embryos, their transfer and
the further course of pregnancy, since the goal of
every IVF center is to improve its efficiency [14, 15,
16].

The purpose of this work was to study the
effectiveness of the use a single-step nutrient medium

CSC Irvine and a two-step Origio Sequential Cleav/
Blast medium in IVF and ICSI programs used in
the laboratory of embryology LLP “Centre ECO”,
Almaty.

Materials and methods

Embryos were cultured in Labotect (Germany)
and ESCO Miri plate incubators up to 5-6 days
using Continuous Single Culture media (Irvine
Scientific, USA) and Origio Sequential Cleav/Blast
(Origio, Denmark). Embryos in CSC Irvine medium
were cultured from day 1 to day 5, without changing
the medium. Embryos cultured in Origio Sequential
Cleav/Blast medium needed a medium change on
day 2 of development (stage 4-8 blastomeres). The
evaluation of fertilization and cleavage was carried
out on days 1, 3, 5 and 6 (in the case of the presence
of embryos up to 6 days).

Features of normal fertilization (after 16-18
hours after fertilization) during the evaluation
process include the presence of 2 pronuclei and 2
polar bodies. Normal fertilization was brought into
account. Embryos with abnormal fertilization (3
pronuclei, no fertilization, etc.) were excluded from
further cultivation [6].

Evaluation on the 3rd day after fertilization
included the degree of embryo cleavage. During this
step the number and morphology of blastomeres were
assessed: equality, sphericity, as well as presence of
fragmentation, multinucleation, and vacuoles. Non-
developing embryos, as well as embryos with >50%
fragmentation and multinucleation were excluded
from further cultivation. In some cases, embryos
were transferred on the 3rd day in agreement with
the treating doctor [6].

On day 5 (after 115-117 hours after fertilization),
the embryos completed the compactization
processes and reached the blastocyst stage. The
Gardner et al and Scolarshifts classification was
used to evaluate the quality of blastocysts of the 5th
day of development [6].

Obtaining human oocytes. An important step in
the IVF program is to retrieve mature preovulatory
oocytes capable of fertilization in-vitro. Stimulation
of superovulation is performed with medications
prescribed by the treating doctor. Then, oocytes
are harvested by transvaginal puncture of follicles,
after which the obtained oocytes are placed in an
incubator for further fertilization. In most cases,
about 9-10 oocytes are obtained per cycle, but the
number of oocytes obtained may vary depending
on the response to hormonal stimulation. In 90% of
cases, the oocytes obtained this way will be mature.

161



Efficacy of using culture media in assisted reproductive technology programs

In some cases, an oocyte can be retrieved during
a so-called natural cycle where only 1-2 oocytes
develop and may be obtained [17].

Obtaining and processing of human semen.
Sperm in more than 90% of all cases is obtained
from the patient’s partner or from donor ejaculate.
After collection, sperm is processed in the
laboratory to preserve and isolate spermatozoa
with high motility and normal morphology.
Spermatozoa can also be extracted surgically
from the seminal ducts, epididymis or testicles.
In some cases spermatozoa are stored frozen until
fertilization [17].

Fertilization of oocytes using the standard IVF
method.

Fertilization by IVF is performed after 2-4
hours. After TVOR and includes several steps.

1. Preparation of embryological protocol,
checking the anamnesis and data on previous IVF/
ICSI programs.

2. Preparation of working place.

3. The processed sperm is placed in a
thermoblock on the work surface. The name of the
patient and her spouse tagged on the test tube, in the
sperm preparation protocol and in the embryological
protocol, are carefully checked by double check
(with the help of colleagues).

4. Add the required concentration of spermatozoa
to a four-well plate or central well fertilization dish
prepared in advance (100,000 spermatozoa per
medium volume up to 1 ml or 10,000 spermatozoa per
oocyte). Evaluate the concentration of spermatozoa
in the dish using an inverted microscope.

5. Then, using a roller dispenser, transfer the
oocytes to the sperm wells, maximum 5 oocytes per
well. Then place the plate or the dish with the central
well in the incubator.

6. Fertilization data is recorded in the
embryological protocol, indicating the time of
fertilization procedure, number of fertilized oocytes
and the number of the incubator in which the cells
were placed.

7. Denudation and fertilization evaluation
procedure is performed 16-18 hours after fertilization
[6, 17].

Fertilization of human oocytes by ICSL

The ICSI procedure is a modern, high-tech
method that is performed under a microscope using
glass microinstruments. As well as the IVF method,
it is performed 2-4 hours after the TVOR.

1. Preparation of embryological protocol,
checking the anamnesis and data on previous IVF/
ICSI programs.

2. Preparation of working place.
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3. The processed sperm is placed in a
thermoblock on the work surface. The name of the
patient and her spouse tagged on the test tube, in the
sperm preparation protocol and in the embryological
protocol, are carefully checked by double check
(with the help of colleagues).

4. Oocyte preparation. The oocytes retrieved
during the puncture are surrounded by a large
number of cumulus cells, which are necessary for
the development of oocytes inside the follicles.
Before the ICSI procedure, the cumulus is carefully
removed with the help of enzyme hyaluronidase/
cumulase. Only after cumulus removal the maturity
of the egg can be evaluated and the fertilization can
be carried out.

5. For fertilization by ICSI, a single mature sperm
is selected based on its motility and morphological
structure. In the case of appearance of only a single
motile sperm after all the manipulations (processing
of spermatozoa), other sperm preparation methods
are used.

6. Preparation of the selected sperm. The
spermatozoon is immobilized by cutting off the tail
with a needle.

7. The immobilized sperm is aspirated into
a glass needle. The oocyte is fixed in the desired
position with a microsuction cup (holding), then a
micro-needle with a sperm contained in it is pierced
through the oocyte shell, and the contents of the egg
are partially aspirated. The sperm is then carefully
implanted into the cytoplasm of the oocyte.

8. The fertilized oocyte is placed in a special
medium for further cultivation [6, 17].

Results

Obtaining mature oocytes at the MII stage
capable of fertilization in vitro is an important
aspect in ART programs. There are various
classifications describing the structural features of
female gametes. An accurate evaluation of oocyte
quality and degree of maturity can be established
only after removal of the oocyte-cumulus complex
when performing fertilization by ICSI. In case of
standard IVF fertilization such an assessment is not
performed. The quality and maturity of the oocytes
in the standard IVF program can only be evaluated
the next day during the evaluation of fertilization
[18].

This study presents the results of an analysis of
embryo culturing in IVF and ICSI programs, using
single-step and sequential media from 2017 to 2021.
During this time, a total of 2650 ART programs
were conducted at the laboratory of embryology.
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The average age of women taking part in research
is 33,2+1,8 years and that of men is 34,4+1,6 years.
Human embryos were evaluated on days 1, 3, and 5

after fertilization. General characteristics of human
oocytes and blastocysts obtained in the 2017-2021
IVF/ICSI programs are shown in Tables 1, 2, 3.

Table 1 — Characteristics of oocytes and fertilization results in IVF programs

IVF
Material characteristics

n %
Total of immature oocytes (GV, MI) 356 6,00
Normally fertilized oocytes (2PN, 2PB) 4289 72,27
Abnormally fertilized oocytes (3PN etc.) 322 5,43
Absence of fertilization (0-0; 0-1) 659 11,11
Oocytes degenerated after fertilization 308 5,19
Total amount of oocytes retrieved 5934 100

Note: PN — pronucleus; PB — polar body; N — absolute number; % — frequency of occurance; Gv (germinal vesicle)— immature
oocyte, no polar body; MI (metaphase I) — immature oocyte, no polar body.

A total of 5934 oocytes (760 programs) were
retrieved for IVF programs over the entire study
period. All obtained oocytes were fertilized by
standard IVF method. Based on the data in Table
1, we can observe that 356 oocytes (6,00%) were
found to be immature (GV, MI stages) out of the
total number of oocytes. Normal fertilization, namely

Table 2 — Characteristics of fertilized oocytes in the ICSI programs

the presence of 2 pronuclei and 2 polar bodies, was
observed in 4289 oocytes, which represent 72,27% of
the whole amount of oocytes. Abnormal fertilization
(3pn —triploid, 4pn — tetraploid, etc.) was observed in
322 oocytes (5,43%). In 659 oocytes (11,11%) there
was no fertilization observed, 308 oocytes (5,19%)
degenerated after the procedure of fertilization.

ICSI
Material characteristics
n %

Total of mature oocytes 13372 100
Normally fertilized oocytes (2PN, 2PB) 10845 81,10
Abnormally fertilized oocytes (3PN etc.) 259 1,94
Absence of fertilization (0-0; 0-1) 1904 14,24
Oocytes degenerated after fertilization 364 2,72
Note: PN — pronucleus; PB — polar body; N — absolute number; % — frequency of occurance;

As it is shown in the Table 2, a total of 19540
oocytes were obtained for ICSI programs in 2017-
2021. After the denudation process, 13372 oocytes
were mature (MII stage), which represent 68,43% of
the total number of cells obtained in 1890 programs.
The number of immature oocytes (GV, MI) was

6168 oocytes, or 31,57%. Normal fertilization after
ICSI was observed in 10845 oocytes (81,10%). The
number of abnormally fertilized oocytes in ICSI
programs made up 259 oocytes (1,94%). This value
is significantly lower compared to the results of IVF
programs, where the rate of abnormal fertilization
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was represented by 5,43%. This can be explained
by the fact that during the ICSI fertilization, a single
sperm is selected and implanted directly into the
oocyte, while during the IVF fertilization, oocytes
are placed in a culture medium with a certain
concentration of sperm, where random fertilization

occurs. In this case, a single oocyte can be fertilized
by 2 or more spermatozoa, due to which abnormal
fertilization occurs. No fertilization was observed
in 1904 oocytes (14,24%). The number of oocytes
degenerated after fertilization procedures made up
364 (2,72%).

Table 3 — Characteristics of blastocysts obtained in IVF/ICSI programs

. . IVF ICSI
Material characteristics
n % n %
Blastocysts of good quality 2119 78,34 6947 85,00
Poor quality blastocysts 586 21,66 1228 15,00
Total blastocysts 2705 100 8175 100
Note: N — absolute number; % — frequency of occurance;

As demonstrated in Table 3, a total of 2705
blastocysts were obtained during the entire period
in the IVF programs on the 5th and 6th days of
development. Of these, 2119 embryos (78,34%)
were of good quality, suitable for transfer and
cryopreservation. The number of poor quality
blastocysts made up 586 (21,66%).

In the ICSI programs performed, the total
number of blastocysts was 8175, of which good
quality blastocysts were 6947 (85,00%) and poor
quality blastocysts unsuitable for transfer or
cryopreservation were 1228, or 15,00%.

Table 4 shows the results of using CSC Irvine
and Origio Sequential Cleav/Blast nutrient media in
IVF and ICSI programs.

During the IVF programs, a total of 2292
blastocysts cultured in CSC Irvine single-step nutrient

medium were obtained. Of these, 1795 blastocysts
(78.32%) were of good quality and were suitable
for transfer or cryopreservation. The remaining
497 blastocysts (21.68%) were blastocysts of poor
quality, not suitable for transfer or cryopreservation.
The number of blastocysts in the two-step Origio
Sequential Cleav/Blast nutrient medium was 413,
almost 5.5 times fewer than blastocysts cultured in
CSC Irvine nutrient medium. This difference in the
total amount of blastocysts cultivated in Cleav/Blast
compared to the total of blastocysts cultivated in
Irvine can be explained by the fact that the number of
programs using single-stage CSC Irvine medium in
embryology laboratories increased each year. In the
two-stage medium, 324 (78.50%) of the total number
of blastocysts were blastocysts of good quality and 89
(21.50%) were blastocysts of poor quality.

Table 4 — Results of using CSC Irvine and Origio Sequential Cleav/Blast nutrient media in IVF/ICSI programs depending on the

quality of blastocysts
IVF ICSI
Material . Origio Sequential . Origio Sequential
character-ristics CSC Irvine Cleav/Blast t CSC Irvine Cleav/ Blast t,p
n % n % n % n %

Total blastocysts | 2292 100 413 100 6562 100 1613 100

Blastocysts of 8,14
g00d quality 1795 78,32 324 78,50 0,08 5712 87,00 1235 76,57 p<0,001
Poor quality 4,23
blastocysts 497 21,68 89 21,50 0.04 850 13,00 378 23,43 p < 0,001
Note: N — absolute number; % — frequency of occurance; t — Student’s t-test; p — value.
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Thus, there were no statistically significant
differences in the use of the above-mentioned
nutrient media to obtain good quality blastocysts in
the IVF program.

In the ICSI programs as well as in the IVF
programs, there is a difference in the number of
blastocysts obtained after cultivating the cells in
different media. The number of blastocysts cultured
in Origio Sequential Cleav/Blast nutrient medium
was 4.1 times lower than the number of blastocysts
cultured in CSC Irvine nutrient medium. There
is a total of 6562 blastocysts obtained using CSC
Irvine nutrient medium, of which 5712 (87.00%)
were blastocysts of good and excellent quality,
850 (13.00%) were poor quality blastocysts. Using

Table 5 — Clinical effectiveness of IVF and ICSI programs

Origio Sequential Cleav/Blast nutrient medium, a
total of 1613 blastocysts were obtained, of which
1235 (76.57%) were good quality blastocysts
and 378 (23.43%) were low quality blastocysts.
Statistical analysis of the data showed a high level
of good quality blastocysts when cultured in single-
step CSC Irvine medium compared to the number
of those cultured in two-step Origio Sequential
Cleav/Blast medium. The difference between the
two relative values is statistically significant (t =
8.14; p<0.001). According to that, there was also
statistically significant difference in the occurrence
of low quality blastocysts (t = 4.23; p<0.001). The
overall efficacy of IVF/ICSI programs is shown in
Table 5.

IVF ICSI
Characteristic CSC Irvine Origilce)aie/:gll;:;tial . CSC Irvine Ori(g:ilzai«jgllz;tial .
n % n % n % n %
Embryo transfer 435 100 103 100 961 100 133 100
Pregnancy 202 46,44 51 49,51 0,39 398 41,42 57 42,85 0,20
Negative result
(absence of 233 53,56 52 50,49 0,40 563 58,58 76 57,15 0,23
pregnancy)
Note: N — absolute number; % — frequency of occurance; t — Student’s t-test.

A total of 760 IVF programs were performed in
the laboratory in 2017-2021, as mentioned above.
Of these, 613 programs were performed using
CSC Irvine nutrient media. As shown in Table 5,
a pregnancy occurred in 202 cases out of the 435
transfers performed, which made up 46.44%.
Negative results were observed in 233 patient cases
(53.56%). It is to note that in the remaining 178
cases (29.03%), a delayed transfer was performed
where the patients’ embryos were cryopreserved
and the transfer was performed in the following
cycles. Delayed transfer was performed due to
the risk of ovarian hyperstimulation, insufficient
endometrial quality for transfer, and when planning
surgical interventions. From 147 programs with
Origio Sequential Cleav/Blast medium, the embryos
transfer took place in 103 patient cases (70.06%),
the programs ended up in pregnancies in 51 cases
(49.51%), patients faced negative results in 52
cases (50.49%). Delayed transfer was performed in
44 programs, which made up 29.93% of the total
number of IVF programs.

During this period, 1890 ICSI programs
were performed. Of these, 1620 programs were
performed using the CSC Irvine medium. 961
(59.32%) programs ended with embryo transfer
to the uterine cavity, in which 398 cases (41.42%)
resulted in pregnancy, while in 563 cases (58.58%)
there was a negative result (absence of pregnancy).
It is to note that there were 659 programs with
delayed transfer, representing 40.68% of the total
number of programs conducted using the CSC Irvine
environment. Of the 270 programs using the Origio
Sequential Cleav/Blast medium, only 133 (49.26%)
embryo transfers were performed, the remaining
137 programs (50.74%) ended in delayed transfers.
The transfers resulted in clinical pregnancies in 57
cases (42.86%) and absence of pregnancies in the
remaining 76 patients (57.14%).

During the introduction of ART, the culture
medium composition, main advantages and
disadvantages of media have been studied [6, 13,
19]. At the same time, there are only few studies in
the scientific field devoted to a comparative analysis

165



Efficacy of using culture media in assisted reproductive technology programs

of the efficacy of specific commercial media in
practical usage [20, 21].

There is no single opinion on the cultivation
methods, since some authors more likely believe in
necessity of sequential culture media, known as the
“back to nature” approach, in embryo cultivation,
as the embryo needs different concentrations of
nutrients at different stages of its development
[13, 21, 22]. The others stick to the opinion that
a sufficient concentration of nutrients in modern
nutrient media can provide all the necessary needs
of the embryo during its development. Also, the
advantages of single-step media include minimizing
the manipulation of the embryos [19, 23, 24].
Consequently, there is no unified view among
clinical embryologists as to which approach is more
optimal, and both are still widely used in practice
to improve the success of individual ART programs
[13, 25].

Conclusion

A comparative analysis of the results of embryo
cultivation in different culture media — CSC Irvine
(one-step) and Origio Sequential Cleav/Blast
(sequential) — suggests that both media equally

contribute to optimal blastocyst development and
demonstrate positive clinical results. According to
the pregnancy outcome criterion, the success rate of
IVF programs using CSC Irvine nutrient medium
made up 46.44%, in ICSI programs — 41.42%.
Efficacy of IVF programs while culturing embryos
in Origio Sequential Cleav/Blast nutrient medium
resulted in 49.51%, that of ICSI programs resulted
in 42.85%. Referring to the fact that the rate of
pregnancy in natural conditions makes up 25-30%,
the pregnancy rates obtained under the study can be
considered quite high.

It is important to note that there appeared the
tendency to switch to the use of one-step nutrient
media in our case. This may be explained by anumber
of advantages in using single-step media, namely, a
reduction in the total volume of nutrient media used,
a reduction in the number of manipulations over the
embryos, which reduces the risk of embryo damage
and, consequently, increases the success rate of
ART programs.
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CPABHUTEAbBHOE TMCTOAOTUYECKOE UCCAEAOBAHUE
XXABP U TTEMEHUN CA3AHA U CYAAKA,
OBUTAIOLLIMX B O3EPE bAAXALL

B AaHHOM cTatbe OblA MPOBEAEH CPABHUTEAbHbIM aHAaAM3 BCTPEYAEMOCTM MaTOAOIMI XKabp u
nmeyeHu casaHa M cyaaka, obutalolmx B o3epe baaxaw. AAs ocyliecTBAeHUS LeAn paboTbl ObIAO
NPOBEAEHO MMCTOAOrMYECKOE, MOP(POMETPUYECKOE M CTAaTUCTUYECKOE U3ydeHue TKaHen kabp v
neyeHu UCCAEAYeMbIx 0coben pbi6. B neueHn cazaHa n cyaaka 6biAv BbIIBAEHbI XKMPOBasi AMCTPOdUS,
noanmopcusm gaep, npoamdepaums kaetok Kyndpepa (Makpodparm neuveHu), HapylieHus
MMKPOLIMPKYASITOPHOTO PYCAQ, @ B CTPYKTYpe abp HabBAIOAAAUCH CAEAYIOLLME MAaTOAOrMYecKme
MPOoLECChl: M3MeHeHWe (hOPMbl BTOPUYHbBIX AQMEAA, TUMeprAasus >kabepHoro anUTeAusi, HEKpo3 1
OTeK PecrnMpaTopHOro 3NUTEAMs, a Tak>ke odaru KPOBOM3AUSHUNA. Y BOAbLLIMHCTBA MCCAEAOBAHHbIX
ocobeirt OTMEeYaAMCb MaTOAOrMM O6OMX OpPraHoB OAHOBpEMeHHO. [laToAorvu mneuveHn ObiAn
ob6Hapy>xeHbl Y 61,45% ocobei casaHa 1 69,62% ocoben cyaaka. [MCToOAOrMUeckme HapyleHns
cTpoenuns xabp 6bian 3adukcmposanbl y 70,73% ocoben casaHa u 61,25% ocoben cyaaka.
KoAnuecTBo pbib, HE MMEIOLLMX HapyLLIEHMIA CTPYKTYPbl XXabp 1 nedyeHun, cocTaBasian 9,28% cpeamn
cazaHa M 8,37% vy cyaaka. O6Hapy>XXeHHble MaTOAOrMM B TMCTOAOIMYECKMX CTPOEHMSX >Kabp
M reyveHn pbld CBMAETEALCTBYET O BO3AEMCTBMM PA3AMUHbIX HeOAAronpuaTHbIX (PakTOPOB Ha
aKocMcTemy o3epa baaxaw.

KatoueBble caoBa: CasaH, Cyaak, »abpbl, NneveHb, NaTOAOrMsl, AQMEAAbI, OTEK, KPOBOU3AUSHMS,
HeKpo3, rmnepnaasus.
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Comparative histological study of gills and liver of carp
and zander living in lake Balkhash

In this article, a comparative analysis of the occurrence of pathologies of the gills and liver of carp
and pike perch living in Lake Balkhash was carried out. To achieve the goal of the work, a histological,
morphometric and statistical study of the tissues of the gills and liver of the studied fish specimens was
carried out. In the liver of carp and zander, fatty degeneration, polymorphism of nuclei, proliferation
of Kupffer cells, disturbances of the microcirculatory bed were revealed, and the following pathologi-
cal processes were observed in the structure of the gills: a change in the shape of secondary lamellae,
hyperplasia of the gill epithelium, necrosis and edema of the respiratory epithelium, as well as foci of
hemorrhages. In most of the studied individuals, pathologies of both organs were noted simultaneously.
Liver pathologies were found in 61.45% of carp and 69.62% of zander. Histological disturbances in
the structure of the gills were recorded in 70.73% of carp and 61.25% of zander. The number of fish
without violations of the structure of the gills and liver was 9.28% among carp and 8.37% in zander.
The detected pathologies in the histological structures of the gills and liver of fish indicate the impact of
various adverse factors on the ecosystem of Lake Balkhash.

Key words: Carp, zander, gills, liver, pathology, lamellae, edema, hemorrhages, necrosis,
hyperplasia.
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baAkaiu KeAiHAe MeKEeHAEHTIH Ca3aH XXoHe KOKCepKeHiH,
KeAbe3ekTepi MeH 6aybIpblH CaAbICTbIPMAAbI TMCTOAOTUSIAbIK, 3epTTey

bepiaren Mmakarapa baskall KeAIHAE MEKEHAEWTIH casaH >XKoHe KeKcepke 6GaAblKTapbiHbIH
>kenbesekTepi MeH Oayblp MaTOAOrMSAAPbIHbIH, KE3AECY >KMIAIMiHE CAAbICTbIPMAAbI TaAAQY >KACaAAbI.
PKyMbICTbIH MakcaTblHa XKeTY YLUiH 3epTTeAreH GaAbIK, AapaKTapbliHbiH, >kxeAbe3ekTepi MeH 6ayblpbIHbIH,
YAMaAapblHa TMCTOAOTUSIABIK, 3epTTey Kyprisiaai. CasaH >KoHe KeKCepKeHiH 6ayblpbIHAA AMMOMATbI
ANCTPOUS, SAPOAAPAbIH,  MOAMMOpdM3MI, Kyndep >kacylasapbiHbiH (6ayblp Makpodartapbi)
npoAndepaLmsiCbl, MUKPOLMPKYASLIMSABIK,  apHA  TaMbIPAAPbIHbIH,  >KapblAybl  aHbIKTAAAbI,  aA
>KeAbe3eKTepAiH KYPbIAbIMbIHAQ KEAEC MAaTOAOTMSIABIK, NMpoLuecTep 6anKaAAbl: eKiHLLi PETTIK 3MUTeAnit
AaMeAAaAapbIHbIH MiLWiHIHIH ©3repyi, >)XeAGe3€eK MUTEAMIIHIH TMNeprAasuschl (eKiHLWi peTTik xeAbesek
>KarblpakLaAapbIHbIH,  OipiHIWI PeTTik >XeAbe3ek >KarnbipaklaAapbiMeH 6ipirin KeTyi), TbIHbIC aAy
3MUTEAUIIHIH, HEKPO3bl X8He iCiHyi, COHbIMEH KaTap KaH KeTy ollakTapbl aHbikTaAabl. Ca3aH >keHe
KeKcepke GaAbiKTapbl AapaKTapblHbiH KOMLWIAiriHAe 6ip yakbITTa eKi MyLLEeHIH MaTOAOTrMSICbl KE3AECTI.
bayblp natoAormsinapbl casaH OaAbiKTapbiHbiH 61,45%-bIHAQ, KeKcepke 6GaAblKTapbiHbiH 69,62 %-
bIHAQ aHbIKTaAAbL. YKeAabe3ek KypbIAbIMAAPbIHbIH, TMCTOAOTMSABIK, ©3repicTepi casaH AapakTapblHbIH
70,73 %-bIHAQ >koHe KekcepkeHiH 61,25%-biHAa TipkeAAi. 3epTTeAreH casaH 6aAbikTapbiHbiH 9,28 %-
bIHAQ XKOHe KeKcepKke OGaAblKTapbiHbiH, 8,37 %-blHAQ MATOAOIMSABIK, MPOLLECCTEP OpbiH aamaabl. CasaH
XOHe KeKkcepke BaAbIKTapbIHbIH XeAbe3ekTepi MeH 6aybIpbIHAA aHbIKTAaAFaH NAaTOAOMMSIAbIK, POLIECTEp

baAkall KeAiHiH 3KOXXyeciHe apTypAi KOAaANCbI3 (DaKTOPAAPAbIH, 8CEPIH ABAEAAENAI.
Tyiin cesaep: CasaH, kekcepke, >xeabe3ek, Oayblp, MaTOAOIMsi, AAMEAA], ICIHYAEp, KaH KeTy,

HEKpO3, rMnepnAasms.

BBenenue

HHTeHCUBHOE BIUSHHUE aHTPOTIOTEHHOTI'O BO3-
JIEWCTBUSA HAa OKPYXAIOWIYI0 Cpeay MPUBOAUT K
BO3HMKHOBEHHIO CEPHE3HBIX HAPYIICHUN B QyHK-
UOHUPOBaHUH dKocucTeM [1]. Harmsgabim mpu-
MepoM sBIsIeTCs 03epo banxam, oTHOCAIIETOCS K
Nne-banxamckomy 0acceiHy, TEppUTOPHS KOTO-
poro, B ocieHee BpeMs, OIBEPTraeTcsl BEICOKO-
MY 3KOJIOTHYECKOMY CTPECCY 3a CUET aHTPOIOTEH-
HBIX U IPUPOAHBIX (PAKTOPOB U, COOTBETCTBEHHO,
TpeOyeT peryiaspHOro KOHTpPOJS OKpY’Karollei
cpenbl. Haubonee ymoOHBIM METOAOM HJISi 3KO-
MOHHMTOPHHIA BOJHBIX 3KOCHCTEM SBISAETCA M3-
y4eHHe MOPQOJIOTHUECKHX M THUCTOJOTHYECKHX
XapaKTepHUCTHK BHYTPEHHUX OpPTaHoB pwiO [2, 3],
KOTOPBIA CITOCOOEH OTpa)kKaTb TWHAMHKY pa3py-
nieHusi OMOTONOB. BHyTpeHHHE opraHbl peiO Xxa-
PaKkTepU3yIOTCAd H30MpaTEIbHOW aKKyMyJsALHen
KCeHOOMOTHKOB [4, 5], mpu 3TOM BelIecTBa, 3a-
TPSA3ZHSIONINE 3KOCUCTEMBI, HAKAIIJIMBAIOTCA B Op-
raHax, TaKMX Kak >aOpbl, Ie4eHb, YJHIOKPUHHBIE
KEJe3bl, JKeIyJAOYHO-KHUIIEYHBI TPaKT, MOYKU
[6-8]. Ocob0 4YyBCTBUTENBHBIM OPraHoOM Yy PpbIO
ABJIAIOTCS JKaOpbl, KOTOpPhIE OTBEYAIOT 3a JAbIXa-
HUE U MOJAepKaHie OCMOTHYECKOTO JABICHUS U
KHCJIOTHO-IIEIOYHOTO OanaHca KUJIKOCTEH opra-
Hu3Ma [9, 10]. OHu UrparoT Ba)XHYIO POJIb B BbI-

NIETICHUH TOKCUYECKUX MPOAYKTOB MeTaboIm3Ma
U B noajaepxkaHuu apenaxa mumu [11, 12]. Io-
CKONIbKY OoJbIas TUIOMAa b MOBEPXHOCTH Xabp
KOHTaKTUPYET C BHEIIHEH Cpeod, OHU 4yBCTBU-
TEIbHBl JaXEe K HE3HAYUTCIbHBIM XHMHUYCCKUM
nnu (PU3NYECKUM H3MEHEHHUSM B OKpPYIKaroIIeH
Cpeliec U SIBISIOTCS OPTaHOM-MHUIICHBIO JISI MHO-
rux 3arpssuutenci [13, 14]. IlpoTekatomas uepes
KaOpsl BOJa, MOJBEpPraeT OpraH IMOCTOSHHOMY
KOHTAKTy C TOKCHYECKUMU BerecTBamu [15], uto
BBIpaxaeTcss B MOP(OIOTHYECKUX U THCTOJOTH-
YEeCKUX M3MEHEHHAX CTPYKTyp opranoB [16]. I1o-
BPEKJICHHUS, BO3HHUKAIONINE B PE3yJIHTATE BIIHS-
HHE YKOJIOTHYECKUX (PAKTOPOB SBIISIIOTCS MPSIMOM
MpUIHHOHN cMepTHOCTH pBIO [17]. [ToMmumo 3TOTO,
HEMaJIOBAXKHBIM OMOMHIMKATOPOM COCTOSHUS OP-
raHu3Ma SBISETCA Te4YeHb, KOTOpas BBHIIOJIHIET
MHOXKECTBO METa00IMIecKuX (YHKIHH, B TOM
Yyuclie JeTOKCUKaIuoHuyo [18, 19].

B cBs3M C BBHIMIEU3IOKEHHBIM LENBIO MPOBO-
TUMOTO HWCCIIEIOBAaHUSA SBIISIETCS CPAaBHUTEIBHBIN
aHaJIM3 BCTPEYACMOCTH NATOJIOTHI B xabpax u Ie-
YeHH ca3aHa U CyJaKa, o0uTaromumx B o3epe banxamr
JUTSL OTIPEICIICHHSI COCTOSTHUSI OKPYKAIOIIECH CPEITBI.
JanHoe wuccneoBaHHE OCYIIECCTBISIIOCh W3 MPU-
POITHOM 3KOCHUCTEMBI, TEM CAMBIM JIJISl COTIOCTABIIE-
HUS TIOJNYYCHHBIX JTaHHBIX MPUBJICKAIOTCS JTUTEpa-
TYpPHBIC UCTOYHHKH.
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MaTepI/IaJ'lbl U METOAbI UCCJICAOBAHUA

MarepuaioM HCCIICOBaHUHN SBISIFOTCS OOBIK-
HOBeHHbIN ca3zaH (Cyprinus carpio) u OOBIK-
HOBEHHBIN cynak (Sander lucioperca). Jlnsa uccne-
noBaHUSA ObITH B3ATHI IO 10 ocoOeit o6onx moJIoB
casaHa W CyJjaKa, CpeIHss Macca, JUIMHA U JpyTue
rapaMeTpsl KOTOPHIX MPHUBEIeHBI B Tabmwe 1.

JL1st THCTONIOTHYIECKOTO aHaln3a 0BT 0TOOpa-
HBbI )Ka0pBbI ¥ TICUEHb Ca3aHa U CyJlaKa, OTJIOBJICHHBIX
Ha 3aMajHOM To0epexne o3epa bamxarr, AnMaTuH-
ckoii obmactu, bamxamickoro paiiona, cema Kapa-
Oif, Ha TEepPPUTOPHH PHIOOIIOBHON 0a3bl «J/lembTay
(45°43°28.5»N 74°25°28.7»E) B BeceHHHII TTEPHO.
Marepuai i1t OMOMHINKAITMOHHOTO UCCIICTOBAHUS
oOpabaThiBajicsi W (QUKCHUPOBAICA B IOJICBBIX
yCIOBUAX. JIJS TUCTOJOTHYECKOTO HCCIIEIOBAHUS

Ta6nuna 1 — MopdomeTpruueckne NoKasareiu ca3aHa U cyaka

¢ukcaunio ocymectBsid B 10% HedTpambHOM
dhopmanune [20,21]. O6e3BOKHUBaHUE M YIUIOTHEHUE
THCTOJIOTHYECKOTO MaTepHuaja MpPOU3BOAMIN IO
craHgapTHoi MeTonuke [22]. Cpe3bl U3roTaBIuBaIn
Ha POTAlMOHHOM MHKPOTOME TOJIIMHOW HE Ooiee
4-5 mxMm. C KaxXJIOTO MCCICIyeMOro OpraHa, jxadp
U TICYCHHU, U3TOTOBJISUINCH CPE3bl B KOJIMUECTBE HE
MeHee 15 npeameTHbIX cTekoi. Cpesbl OKparuBain
0030pHBIMH KpPaCHTENSIMH — TE€MAaTOKCHJIMHOM U
303UHOM[23]. AHATTM3TUCTOIOTHUECKUX ITPENapaToB
MPOBOJIMIIN TIOJl CBETOBBIM MHKPOCKONIOM Micros
MC-20. Hudpossie mukpodotorpaduu ObIH 1MO-
Jy4eHbI ¢ TOMOIIbI0 MuKpockona “Leica DMLB2”
¢ mudposoit kamepoit Leica DFC 320. Mopdome-
Tpuyeckas oOpaboTKa OCYyLIECTBISUIaCh C IOMO-
IIBI0 TIporpaMMBl «Bio Visiony», a cTaTHCTHYECKas
¢ momorpto Microsoft Excel.

HazBanue rpynnsl Ha3Banue rpymnmsl
IToxazarens

Cazan Cynak
1. Bcs giivna Tena, cM 50,3+1,3 60,8£1,9
2. JlnuHa 06e3 XBOCTOBOTO TUIABHUKA, CM 40,9+1,3 50,5+1,3
3. JlmmHa rojioBeI, CM 10,5+0,1 12,7+1,9
4. JInrHa XBOCTOBOTO CTEOIS, CM 9,449 4 12,6+7,2
5. JnuHa TynoBuia, cM 30,4+1,1 40,1+1,1
6. MakcumalnbHas BbICOTa Tella, CM 12,24+0,9 14,3+0,4
7. MuHuMalbHas BBICOTA Tella, CM 5,3+0,01 6,0+0,5
8. BricoTa rooBsl, cM 7,7+0,5 8,940,1
9. Hawubonpmmii 00XBar Teaa, cM 31,0£1,7 41,0+0,6
11. HawnOosnpias Toanuya Teia, cM 6,0+1,1 8,2+1,5

Pe3y.]'lI)TaTI)I HCCJICAOBAHUA H HX 06cym-
JACHHE

VY u3ydeHHBIX 0cO0€il ca3aHa U cyaaka >KaOpsl
HUMeIU KJIaCCUYECKOe CTPOCHUE, U OBbLIIM MPENICTaB-
JICHBl TIEPBHYHBIMHU JKaOCPHBIMHU JICTIECTKAMH, OT
KOTOPBIX OTXOIUIIN BTOPUYHBIC maGeprle JICIIECT-
Ku. B ocHOBe a0epHBIX JIeecTKOB ObliIa pacmoio-
’KeHa THaJIMHOBas XxpsiueBas ayra. JKaOepHblii se-
MECTOK CHAPY>KH OBLI MOKPHIT TIEPBUYHBIM Kabep-
HBIM 3IHTENNEM, KOTOPBII COCTOSUT U3 HECKOJIBKUX
CIIOEB IUIOCKHX PECTMpPATOpHBIX KJIETOK. [Tommumo
pECIMPATOPHBIX KJICTOK B MEPBHYHOM KaOECPHOM
SMUTENNN PACIOJIATAIUCh OKPYIJIbIE IaJ04YKOBBIC
U MHOTOYHCJICHHBIE CIM3UCTBIE KIETKH. B 0oib-
IIMHCTBE JIaMeJUl HaOMI0aIuch OTEK NMEPBUYHOIO
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’KabOepHOTO SNUTENHs, MHTEHCHBHOCTH KOTOPOTO
ObuTa OoJiee BBIpaXkeHa B 0a3abHOM cioe (puc. 1)
U nponudepanus pecrHUpaToOpHbIX KIETOK, KOTO-
past HepeaKo MPHUBOJAWIA K CPALICHUIO BTOPUYHBIX
JKaOepHBIX JIETIECTKOB. BTOpHYHEBIE JKaOepHBIE Jie-
MECTKU y OONBIIMHCTBA 0c00e OBIITM UCKPUBIIEHBI
1 uMenu OynaBoBUAHYIO Gopmy. OCHOBY BTOpHY-
HBIX JICNIECTKOB COCTAaBJISJIM CTOJIOUAThle KIIETKH,
MEXY KOTOPBIMH OBUIH PaCIIOJIOKEHBI apTEPUOITBL.
CHapy>ku JamesuTbl ObUTH MOKPBITHI OJHOCIOWHBIM
IUIOCKHUM 3IIUTENINEM, CPEI KOTOPOTO BCTPEYAINChH
KpYITHBIE CIIM3UCTHIC KJIeTKH. Kpome Toro, ObLI OT-
MEYeH OTEK BTOPUYHOrO XaOCpHOIO JMUTENUs, U
ero orcioeHue. B jxabpax Takxe oTMedaIMCh Ha-
pYLIEHHE COCYTUCTOro pyciia B BHJE ACCTPYKIHH
COCYI0B, IPUBOASIIECH K 00pa30BaHUIO OOIIMPHBIX
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KPOBOU3JIUSHHUM, U HEKPO3Y PECITUPATOPHOTO SITH-
temust (puc. 2). BeTpedaeMocTh OOHApY>KEHHBIX
MaTOJIOTUYECKUX HapyIIeHUH jkaOp NIpuBeJcHa B
tabnune 2. CormacHo Tabauie 2 Hawboyee 4acTo
B ’ka0pax ca3aHa W CyJaka OTMEYaiCh U3MCHECHUS
dhopmer mamenn (28,3 £ 0,97% u 26,21 £ 0,87%
COOTBETCTBEHHO). [ HWIepIuiacTH4eckue IMpOIecCh

Obutn oOHapysxeHbl y 17,59 + 1,16% ocobeii ca3ana
n 16,4 + 0,83% y cynaka. I3 apyrux natosnoruii B
xabpax ca3aHa W cyjaka ObUIM OTMEYEHBI HEKPO3
TKaHew (6,65 = 0,27% u 4,78 £ 1,27%), ouaru Kpo-
Bomsnustani (9,67 £ 0,81% u 4,78 + 1,27%) u oTex
pecniupatoproro snutenust (8,52 + 0,93% u 9,54 +
0,83%).

Pucynok 1 — Xab6psi cynaka. Otek smurenust sernectkos xabdp (1) .
BynaBoBuanoe u3menerne Gopmsl tament (2). Okpacka reMaTOKCHIMHOM U 03UHOM.
A —yB.x200, b —ys.x400

Pucynoxk 2 — XabpsI cazana. JlecTpyKuus cOCyIHCTOTO CI0sI BTOPHYHBIX 1amernt (1).
Temopparnus (2). Oxpacka reMaTOKCHIHOM H 303HHOM. A — yB. X 200, b — yB. x 400

Ileuenp cazaHa M cylaka uMena TpyOdaTyro
CTPYKTYpY, TpyOKku Oblin 0Opa3oBaHbl 5-6 renaTto-
LUTAMU C XKEITYHBIM KalWUIIpoM B neHTpe. CHHy-
COMJBI MEYCHU OBUIM PaCIIUpPEHBI, HAOIIOJAINCH

HapyUICHUs] MEKPOLMPKYISATOPHOTO pycia B BHIAEC
pa3pbiBa CTEHOK COCYZOB, CTa3a KPOBH B KPYIHBIX
coCy/lax IepUIOPTaIbHON 30HBI, PACCIOEHUE KPO-
BHU Ha ()OPMEHHBIC DJIEMEHTHI U TUIa3My, U MEPH-
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BacKyJISIpHBIN oTeK (puc. 3). B mapenxume neuenu
ObUTH OTMEYCHBI KPYITHOKAIENbHAS 04aroBas JKu-
posast nuctpodus u nponudepanus kieroxk Kyn-
depa (puc. 4). BerpedaemocTs 0OHapy>KEHHBIX
MATOJOTHYECKHUX HAPYIICHUH MeYeHH pUBEcHA B
tabuuue 3. CornacHo Tabnuie 3 Hanbosee 4acThIM
MATOJOTHYECKUM HAPYUICHUSM B MEYCHH Cca3aHa U
cyJlaka ObLTH HAKOIUICHUS JIMIHUJOB Y 00OUX BH-
JIOB pbIO, 4TO OBUIO WACHTH(PUIIMPOBAHO HAMH
Kak xupoBas auctpodus, 36,59 + 0,18% B meue-

HU cazaHa u 33,5 £ 0,18% y cynaka. [Iponudepa-
st knerok Kyndepa B Gonpuield crernenu Obiia
oOHapyxeHa B neueHu cazana (12,41 = 0,76%), B
TO BpeMs Kak B IIEUEHH CyJakKa cocTaBisia 8,84 +
0,76%. HapymieHuss MUKpOLMPKYJISATOPHOTO pyc-
Jla BCTpeuanuch B neuenu cymaka (13,7 £ 1,65%)
OombIie, ueM B redeHH cazana (8,2 £ 1,65%). Ilo-
TUMOPGU3M sijiep renaToluTOB 0co0el cypaka co-
craBnsin 13,58 = 0,72% wu 4,25 + 0,72% y ocobeii
caszaHa.

Ta6auua 2 — BetpeyaeMoCTh maTooruil xabp ca3aHa u cyJaka, OOuTaroIuX B o3epe bamxarr

Berpeuaemocts naronoruit Berpeuaemocts naronoruit
Bunpr natomoruun
kabp y cazana, % abp y cynaka, %
1. 3menenne GopMbl TaMelT BTOPUIHOTO SIUTEIHS 28,3+0,97 26,21 £ 0,87
2. l'uneprnasus aOepHOTO MUTEIHS 17,59 £ 1,16 16,4 +0,83
3. Hekpo3s 6,65 +0,27 4,78 +1,27
4. OTeK pecrupaToOpHOTO SIHUTEIUS 8,52 +0,93 9,54 +0,83
5. Ouaru KpoBOU3NUSHUN 9,67 £ 0,81 4,324+ 0,72

Pucynok 3 — Ilegens cynaka. Cta3 KpoBH B COCYJax MEPHIIOPTAILHOTO Pycia, OTEK U paccioeHHe KpoBH (2),
skupoBast tuctpodus (1). Okpacka reMaTOKCHIIMHOM | 303uHOM. A — yB. X 100, b — yB. X 200
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b
Pucynok 4 — I[Teuens cazana. JKupoBble Kariy, 3aMeCTHBLINE KJICTKH NEUeHOYHOM mapeHxumsl (1).
Oxpacka reMaTOKCHJIMHOM U 303MHOM. A — yB. X 200, b — yB. x 400
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Taomuma 3 — BecTpeuaeMoCTh AaTONOTHIA )Kabep U IeUeHH ca3aHa U Cylaka, OOMTaroNuX B o3epe banxamn

Bupe! maronorun

BerpedaemocTh maronoruit
MEYEHH Yy cazaHa, %

BerpewaemocTs marosoruit
MeYeHH y cynaka, %

1. XKuposas guctpodus 36,59 + 0,18 33,5+0,18
2. Monumopdusm siaep 4,25+0,72 13,58 £ 0,72
3. Ilponudepauns kiaerox Kyndepa 12,41 +0,76 8,84+ 0,76
4. Hapymienust MUKpOLUPKYJISTOPHOTO pycia 8,2+1,65 13,7+ 1,65

OO0muii aHanmu3 BCTPEUaeMOCTH BCEX IMaTo-
Joruil B meuyeHu coctaBuan 61,45% y ocoleit
cazaHa u 69,62% y ocobeit cynaka. Hapymenus
cTpoeHus xabp 3apukcuposansl y 70,73% oco-
Oeit cazanma u 61,25% y cynaka. bonpmuHCTBO
UCCIIEJOBAHHBIX PHI0 HMMENIO TAaTOJOTHU OJHO-
BpeMeHHO o0oux opranoB. KonuuecTBo pbi0, He
UMEIONINX HApYLIICHUH CTPYKTYpHI ka0dp H mede-
HH, cocTaBisuio 9,28% cpenu cazana u 8,37% y
cynaka.

Takum 00pa3oMm, THCTOJIOTHYECKOE H3ydEHHE
)kabp M TMEYCHU MOKa3ajlo W3MEHEeHUs (POopMbl Jia-
MEJUI, THIIEPIUIA3HI0 U OTEK PECIIUPATOPHOTO AIIU-
TEJNs, HEKPO3 M OYaru KPOBOMBIMSHUI B kabpax,
JKUPOBYIO IUCTPO(DUIO, MOTUMOpdU3M siaep, mpo-
mudepanmio kinerok Kyndepa m HapymeHus mu-
KPOIUPKYJISITOPHOTO PyCJia B MEYEHU, HEKOTOPHIE
natoMopdosioruuecKkue M3MEHEHHsI, B 4aCTHOCTH,
THIIepIUIa3Hs 1 HEKPO3 B )KaOpax, )KUPOBasi JUCTPO-
Gust ¥ HapyIIeHUsT MUKPOIUPKYJIITOPHOTO pycia B
neyeHy ObIIM OTMEUYEHBI B OpraHax MpPeCHOBOAHBIX
pBIO, obuTatonx Ha Me-banxamickom OacceitHe B
padotax Hyprasuna C.T. u Canmyp3sayinsl P. ¢ co-
aBTopami [24, 25].

[MoyuenHsle pe3ynbTaThl yKa3bIBAlOT HA pa-
CTYUIYI0 MHTCHCUBHOCTH BJIMSHHUS SKOJIOTHUECKHX
¢daxTOopoB Ha 3KOcucTeMy o3epa bamxam. Takum
00pazoM, THCTOJIOTHYECKOE HCCICAOBAHHUE >KalOp
U TICYCHU Ca3aHa U Cyjaka, OOHWTAIOIIUX B 03epe

Banxamn nmokaszano BBICOKHM ypOBEHBb 3arpsi3HEHUS
OKpY>Karollen cpeibl.

BriBoabI

[IpoBeneHHBIE UCCIIEAOBAHUS TO3BOJIWINA ClIC-
JaTh CIEIYIOIINE BBIBOIBIL:

1. B xabpax cazaHa U cyJaka ObUIN BBIAETIC-
Hbl CIEIYIONUE MATOJIOTHYECKUE IPOIECCHl: H3-
MeHeHHe (OpPMBI JTaMeJUT BTOPUYHOTO AIHUTEIVS,
TUIEPIUIa3Hsl )KaOEPHOTO SIUTEIUS, HEKPO3 U OTEK
PECIIMPATOPHOTO DIUTENHNS, & TAKIKE 04aru KPoBO-
M3NUSTHUH, 0011ast BCTPEYaeMOCTh KOTOPBIX COCTAB-
nsuta 70,73% y ocobeti cazana u 61,25% y cynaka.

2. B mnedenu cazaHa u cyqaka ObIITH BBISIBICHBI
JKApOBasi TUCTPOds, MOTIMOPGHU3M sIIep, MPOITH-
¢depanust knerok Kyndepa, HapyieHus: MUKpOLUp-
KYJISTOPHOTO pycia, o0Iiasi BCTPe4aeMOCTh KOTO-
prix coctaBisia 61,45% y ocobeii cazana u 69,62%
y cyAaka.

3. Ha ocHOBaHUU BBISIBIICHHBIX MOBPEXKACHUIA
TKaHeH ykaOp 1 MeUeHM ca3aHa U CyJ/iaka yCTaHOBJIe-
HO, 4TO pbIOBI, oOuTaroIMe B o3epe banxari, moj-
BEPraloTCsl BO3JIEHCTBUIO HEOIAronmpuATHBIX (pak-
TOPOB BHEIIIHEWN CpeIbl.

JlanHas Hay4yHas paboTa MOXET OBITh UCIOJb-
30BaHa IS JAbHEHIINX MOHUTOPUHTOBBIX HCCIIe-
JIOBaHUW C 1ENbI0 OMOMHIUKAIIMU COCTOSIHHS aK-
BalIbHBIX dKocucTeM Mie-banxarickoro 6acceiina.
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