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Hcnosb30BaHue THCTOXUMHYECKHX METOA0B HCCJICA0BAHUS
npu padore ¢ KyJbTypOil M30IMPOBAHHBIX IAHKPEATHYECKUX OCTPOBKOB

Merton KyJbTYpbl H30JIMPOBAaHHBIX NaHKpeaTHueckux ocTpoBKoB (OIDK) mmeeT ABa pemaromux mpeumyIie-
CTBa 110 CPABHEHUIO C OIIBITAMH Ha )KUBOTHBIX, & UMEHHO: 1) MOXHO HCCIIEZIOBATh XapaKTep MPsIMOTO BIIMS-
HMS MCCIIELyeMBIX BEIECTB Ha KJIETKU TKaHEH; 2) NMeeTcs BO3MOKHOCTh MU3y4aTh BIMSHHUE TOYHO 3aJaHHBIX
KOHIIEHTPAIMH MCCIIelyeMbIX BEeIIeCTB Ha KIIETKH HcCiieyeMoil Tkanu. B pabore npencTaBieHs! pe3ysbTaTel
npuMeHeHns m3ospoBanHbIX OIDK mi1s m3ydenns xapakrepa IpsiMOTo BO3JCHCTBHUS U3y4aeMBIX BEIIECTB Ha
B-KJIETKM C TOMOIIBI0 HECKONBKUX THCTOJOTHYECKHX M THCTOXMMUYECKHX METOAWK, JOIOJHSIOMUX IPYyT
Ipyra. ABTOpaMH ITOKa3aHO, YTO KaKIBIH N3 HECKOJIBKHX METOMOB 007aaeT ONpeeIeHHBIMI O9EBUTHEIMI
HPEUMYIIECTBAMH Nepe]l APYTUMH OTHOCHTEIBFHO BO3MOKHOCTEH OLIGHKH COCTOSHMS THCTOCTPYKTYphl OITK,
YyBCTBUTEJILHOCTH METOJIa U COJCPIKAHUS MHCYJIHMHA B P-KJIeTKaX. BBIABICHBI TaKKe MPEUMMYIIECTBA TEXHHU-
YeCKOr0 XapakTepa OTACNIbHBIX THCTOXMMHYECKUX MeTon0B pu pabote ¢ OIDK. IIpu noay4yeHuu, ounucTke u
orbope OIDK aBTOpaMu Ha OCHOBAaHHH CBOETO ONBITA YCTAHOBIJICHO, YTO OKOHYATENIBHBIH OTOOp MaTepHaia
Jyd4llle TPOU3BOJAUTH MaHYyaJIbHO, MyT€M PYYHOrO OTOOPa OCTPOBKOB NMPH BU3YaJbHOM MHUKPOCKOIIHYECKOM
xoHTpoie. B mponecce 3amuBku OIDK B napaduHOBBIE OGJIOKH aBTOPHI NMPEIJIaraloT TEXHOJIOTHIO 3aJIUBKH,
obecrnieunBaronyro paBHoMepHoe pactpenenenne OIDK B mpomecce 3anmuBku B mapaduHOBOM OJI0Ke IO €ro
BEPTHKAIH, IPEIYyNPEKAAIONIYI0 UX OCEJaHIe Ha THO B BUJIE OJJHOTO-/IBYX CIIOEB.

Knroueevie cnosa: maHKpeaTHYECKHE OCTPOBKH, B-KIETKH, TMCTOJIOIMYECKHE M THCTOXMMUYCCKHUE METOJIBI
OKpPAaCKH.

UccnenoBanne COCTOSHUSI THCTOCTPYKTYPHI TTAHKPEATUIESCKUX OCTPOBKOB M COJIEPIKAHMS WHCYJIMHA B
[B-KieTkax B OIMbITaX Ha MOJIENH KUBOTHBIX TTO3BOJIMIIA TIONYYUTHh OOJNBIION 00BEM JTAaHHBIX O MEXaHHU3Max
pa3BUTHUS caxapHOro nuadbera W 0 BO3MOXKHOCTSX €r0 MpeoTBpaileHus. Mexay TeM JdaHHas MOCIh, He-
CMOTpSI Ha HAJIMYUE MOJIOKHUTEIBHBIX CTOPOH, UMEET JIBA OUEBUIHBIX HEJOCTATKA: 1) MPU M3YYCHUU JEHCT-
BUS TEX VJIM MHBIX BEIECTB HA UHCYJIUHOTEH WK 3-10 QYHKINIO B-KIETOK HEBO3MOXHO TOYHO OTMPECIHTS,
Kakas KOHIICHTpAIHs HCCIIEeIyeMOro BEIECTBa, BBEICHHOTO B OPIaHU3M PA3IUYHBIMU CIIOCO0aMH, IOCTUTA-
eT B-KJICTOK U JSHCTBYET Ha HUX; 2) HENb3s TAKXKE ObITh YBEPEHHBIM B TOM, YTO BBEJICHHOE BEILIECTBO SIBJISI-
eTcs MPUYMHOW BO3MOXKHBIX M3MEHEHUH [-KJIETOK, a HE MPOJIYKT €ro METa0OoIM3alui. DTHX HEJIOCTATKOB
JUIIEHA MOJIENh KYJIbTYPhl H30JIHPOBAHHBIX MAHKPEATHUECKUX OCTPOBKOB, 2 UMEHHO: 1) OHA MO3BOJISIET 3a-
JIaTh CTPOTO OMPEACICHHYIO KOHIICHTPAIUIO MCCIEAYEeMOr0 BEIIECTBA, BBSJCHHOTO B MUTATENBHYIO CPEIY;
2) OIlEeHUBAETCA MPSMOE BIUSHHUE HCCIEAYEMOTO BEIECTBA Ha B-KIICTKH.

B 1967 r. R. Lacy u M. Kostianovsky [1] BuepBbie OIYy9HIIN KyIbTYPY H30JUPOBAHHBIX ITAHKPEATHIC-
CKHX OCTPOBKOB C MOMOIIBI0 (pepMEHTa KOJUTareHa3bl, PACHICTUIAIONICH KOJUIATCHOBBIE BOJOKOHA C TOCIe-
JYFOIIUM TIOTYYCHHUEM CYCIIEH3UU H30JUPOBAHHBIX MTAHKPEATHYECKUX OCTPOBKOB.

B nanHOM MccneoBaHuM PUBEIEHBI PE3YNIBTATHI JITUTEIBHOTO HCIIOIh30BaHMSI TUCTOJIOTUIECKUX Me-
TOJIOB OKPAaCKH, aJanTUPOBAHHBIX MPUMEHHUTEIBHO K MOJICIH KYJIBTYpPhl U30JIMPOBAHHBIX IMAHKPEATHUECKUX
OCTPOBKOB.
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Vicnonb3oBaHue rmcToOXMMUYECKNX MeTO40B UCCnesoBaHns ...

Lenv uccnedosanus: amantanus TEXHOJIOTUH HCIONB30BAHUS THCTOJOTHYECKUX W THCTOXMMUYECKUX
METOJIOB OKPACKH WHCYJIHMHA B -KJIETKaX MaHKPEATHIECKUX OCTPOBKOB B OMBITAX HA MOJIENHN KyJIbTypPhl H30-
JTUPOBAHHBIX MMAHKPEATHYECKUX OCTPOBKOB.

Mamepuan u memooul ucciedo8anus

OmBITH IPOBEACHB HA HEOHATAIBHBIX KphICATax 4—5-mHEBHOTO Bo3pacrta jauHuu LEWIS, npenocras-
nennele BuBapueM T. [roccempaopda (OPIY) m nuanu Buctap. st w30imMu UCIOIB30BaHa KoJulareHasa,
mo6e3Ho npenocrasieHHas pupmamu «BoehringerMannheim» (DOPT'), «FLUKA» (Isefinapust), «SERVA»
(®PT), «SIGMA» (CLIA). Uzonsmuto npoBoawau o meroauke R. Lacy u M. Kostianovsky [1], ycosep-
MIEHCTBOBAHHOM coTpynuukamu MuctutyTa J{nadera «I['epxapar Karu» (r. KapncOypr, ®PI') u amantupo-
BaHHOW HAMU K TPUMEHEHHIO BHICOKOCTIEITU(PUIHBIX METOAOB OKPACKH WHCYJIMHA B 3 -KJIETKaX.

Memoouxa uzonayuu. Ilomxeny1ouHble Keae3bl HeOHATATBHBIX KPBICAT MOMEIail BO ()JIaKOH ¢ MpH-
Teproi TpoOKoit, mobaBismn 2 %-HBI pacTBOp KoJUIareHas3bl, NMPHUTOTOBICHHBIM Ha pactBope Hanks u
BCTPSIXMBAJIM 3 MUH Ha BOJsHON OaHe mpu Temreparype +37 °C. 3aTeM mocie ocelaHust KPYIHbIX (hparMeH-
TOB TKaHHM KeJe3bl, He MoJBepTIeiics fae3arperamuu (okono 25-30 c), orcacwsiBanu pactBop Hanks, coxep-
JKAIUK W30JIMPOBAHHBIC OCTPOBKU BMECTE C OOpPHIBKAMHU IK30KPHUHHON TKAHU M IMOMEIIATH €ro B KOJIOY ¢
oxnaxaeHHbIM Hanks o0bemMoM 50-60 M. OcTaBiIyrocs B 0Caike TKaHb MOPKEIYIOYHOMN KeJle3bl BHOBb
3aJTUBAJIM TEILIBIM PACTBOPOM KOJUIAT€HA3HI U Jie3arperalyio MOBTOPSUIH elle 2 pasa 1Mo 3 MUH, KaX/Iblid pa3
CJIMBas COJICPKaIIvii OcTpoBKHU pacTBop Hanks B kon0Oy. HakonuBimuiics Matepuai 4eThIPEXK bl IPOMBIBAITH
B CBEXHX mopiusax pactBopa Hanks u nentpudyrupoanu B Teuenue 2 muH npu 400 o6/MuH, mMocie 4ero
pasmensii B TpaauWieHTe IDIOTHOCTH JaekcTpana («SERVAy», ®PI) wm ¢duxomna («Pharmacia Fine
Chemicalsy, IlIBenus) win e MPOBOJUIN PYYHOH OTOOP OCTPOBKOB. OCTPOBKH MPH 3TOM PACIIONIATATUCH
Ha ypOBHE, COOTBETCTBYIOIIEM IIJIOTHOCTH pacTBopa, paBHoM 1,060—1,065, oTkyna ux u3BieKadd u 4 pasza
MPOMBIBAJIM B XOJIOAHOM pacTBope Hanks. OxoH9aTenbHBIH OTOOP OCTPOBKOB MPOBOIWINA BPYYHYIO TMOJ
CTEPEOMHUKPOCKOIIOM, ITOCJIE Yero MX MOBTOPHO MPOMBIBaNIM B pacTBope Hanks.

[Ipouexypa oTbopa 1 OYUCTKH CUHTANIACh 3aBEPLICHHOH IOCIe TOro, KaK MoJi MUKPOCKOIIOM B pacTBOpE
Hanks oOHapyXWBalWCh TOTBKO OYHIIEHHBIE OCTPOBKM O€3 MpHMEce B BHUIE TPYMI KIETOK SK30KPUHHON
TKaHU U OOPBIBKOB COEIMHUTEIBHOTKAHHBIX BOJIOKOH. KakKIbIii ITyJ, TONYyYEHHBIH OT 4 KPBICAT, COCTaBIISLI
530-712 ocrpoBkoB. [ms ouenku cocrosuust OIDK u comepxanust B B-KiIeTKax MHCYJIMHA H30JMPOBAHHEBIC
OCTPOBKH TIOCTIC TIPEABAPUTEIILHOTO KyJIbTHBHPOBAHUS B TuTarenbHOl cpene RPMI-1640 («<SERVA», ®PI') ¢
nobaBieHreM S5 %-Hoi SMOPHOHAILHOI CBIBOPOTKH U 5,5 MM Tir0K03bI (hukcupoBaiu 1 4 B xuakoct bysHa,
00€3BOKUBAITM B CITUPTaX BO3PACTAIONICH KPEIOCTH U 3ayuBaiu B mapadun. Cpesbl TOMIUHON 4 MKM OKpa-
mmBaan aapaeruadykcutom [2] (Avocado Chemical Company, CIIA), a Takke Ha HHCYJIHH C TOMOIIBIO BbI-
COKOCIIEITU(UIHOTO TICEBION30ITHaHMHOBOTO MeToqa («SERV Ay, ®PI) [3—5] meTona ¢ MCIOIL30BaHUEM Pe-
aktuBa «Bukropus 4R» (mumermnHadrunveran, nB. uainekc 42563, «FERAK» ®PI', «MERCK», ®PI') B
KOMILIeKce ¢ (hIOKCHHOM, (ochOopBOILPPAMOBOI KUCIOTOW M CBETJIBIM 3eJIieHbIM 1m0 Metoay F. Wohlrab u
COaBTOpOB [6] B Hamrelr Momudukanuu [7]. I'paHyibl HHCY/IMHA B IATOTUIA3ME [-KIIETOK OKPAITUBAIOTCS B
TEMHO-CUHUH [[BET. METOI SIBISETCS CTPOTO CHE(PUIHBIM B OTHOIICHUH BBISIBIICHUS WHCYIIMHA.

CopepkaHrue WHCYJIMHA B [(-KJIETKAX ONPEICISIN IMyTeM KOJMYSCTBEHHOW OIICHKM WHTCHCHBHOCTH
(bITFOOPECTICHIINY WM CBETOIOTIIONICHNS B OKPAIIEHHBIX Ha MHCYJIHH MpenapaTax, KOTOphIe UCCIeT0BAIN B
CBETOONTHYECKOM U JIOMHHECIEHTHOM MHKPOCKOIIE IMpH JJIUHE BOJHBI BO30YXKIAIOIIETO CBETa, PaBHOU
350-370 M 1 B cBeToonTHYECKOM MHKpockore. CoaepikaHie MHCYJIMHA B [-KIIETKax ompenemsuiu (oTo-
METPUYECKU B OTHOCUTENBHBIX €IUHULAX [8&].

OOHapyXeHHBIC B Tpemaparax OCTPOBKH OBUIM TOMPa3feiiCHbl Ha 2 TPYNIbL: 1) HEMOBPEKICHHEIC,
2) MOBPEXICHHBIC CO CHIDKCHHBIM COJCPKaHWEM WHCYIHHA. X KOJMYECTBO MOJCYMTHIBAIIOCH M BhIpaXka-
JIOCH B MTPOIIEHTHOM OTHOIIeHHU K obmiemy unciay OITDK.

MMMyHOTHCTOXMMHUYECKOE BBISIBIICHHE WHCYJIMHA B [-KJIETKAaX MPOBOIIIIN C MTOMOIIBIO CTPOTO CIICITH-
()MYHBIX B OTHOIIEHWH WHCYJTWHA aHTUTEN MMMYHO-TECTOXHMHYECKHUM MeToNoM. J[Jisi mcciemoBaHus Hc-
MOJIb30BaHbl CTAHAAPTHBIE HAOOPHI aHTHTEN npou3BoAcTBa GupMbl «DAKO» ([Janus). OxpameHHbI 3TUM
METOJIOM MHCYJIHMH B [-KJI€TKaX MpHOOpeTaeT TEMHO-KOPUIHEBHIN I[BET. J|aHHBI METO SIBIISETCS a0COIIOT-
HO cHenM(UYHBIM B OTHOIIICHUY BBISBJICHUS HHCYJIMHA B B-KJIETKaX.

W3 Bcex M3BECTHBIX METOJIOB BEISBIICHHSI MHCYJIMHA HAUOOJICE YyBCTBUTEIBHBIMU SIBISFOTCS JTFOMHHEC-
IIEHTHBIC METO/IBI, TTO3BOJISIFOIINE BBISBIIATH HIUTOXKHBIC KOJMYECTBA TOPMOHA. M3BECTHO, YTO M UX MTOMOIILIO
BBISBIISIOTCS PA3IMYHBIC METAIUIBI, COEPIKAHHE KOTOPHIX He mpesbimaet 10 —10°. st TIOMHHECIIEHTHOrO
BBISIBIICHHUS MHCYJIMHA HAMH OBUT MCIIONIB30BaH BHICOKOYYBCTBUTENBHBIN U CTPOTO CHEMM(DUIHBIN TICEBON30-
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IMaHWHOBEIN roMuHectieHTHBIH MeTox 1o T.H. Schiebler u S. Schiessler [3], Coalson [4] B Hamei Momudu-
Kauu# [5]. I'ucroxmummdeckasi ICEBIOM30IMAHNHOBAs PEAKLMsl OCHOBAaHA HAa B3aWMOJCHCTBUH B [-KJIETKaX
N,N-au3THIIICEeBION30ITHaHIHA XJIOPHIa ¢ A-TIEeTTbI0 MOJICKYJIBI HHCYIMHA. OOpa3yonuiicss KOMILIECKC JTFOMH-
HECITUPYET SIPKO-KPACHBIM CBETOM TP HCCIIEIOBAHUU B YIBTPa(QUOIETOBBIX JTy4aX JIFOMUHECIIEHTHOTO MHK-
POCKOIIa MPH JIIMHE BOJIHBI BO30YXaroliero ceera, paBHoH 350—370 um. C 3TOH IENBI0 HCIOIB30BaH CBETO-
¢unsTp YOC-1. B oTpaskeHHOM ynbTpadHONETOBOM CBETE B-KICTKH, OKpAILICHHBIE TICEBIOM30LMAHIHOM, SIp-
KO JFOMUHECLUPYIOT OPaH)KEBBIM LIBETOM Ha ()OHE HEOKPAIICHHOW TEMHOM SK30KPHHHOHN TKaHU.

Js KOmMdecTBEHHOW OIEHKH COAEp)KaHWS JETIOHMPOBAHHOTO WHCYJTMHA B [-KJIETKaX OKpalleHHBIX
TICEBION30IIMAHMHOM U HMMYHOTHCTOXHUMHUYECKIM METOJOM TpPEenapaToB NCIOIB30BAIN U3MEPEHUE WHTEH-
CHUBHOCTH CBEYEHHS WJIM CTETIEHW CBETOIOTJIOMICHHUS, ISl 9€T0 MCIOIB30BAIN MUKPODIIOOPUMETPHUIECKOE
ycTpoicTBo [8] Ha 6aze ®DVY-31, coBMELIEHHOr0 Yepe3 MUKpO(OTOHACAIKY C TIOMUHECHEHTHBIM MM CBE-
TOONTHYECKHM MHUKpPOCKONoM. OLieHKa CoiepKaHus HHCYJIMHA B MAHKPEaTHUECKUX OCTPOBKAaX MPOBOAMIACH
B OTHOCHTEJIbHBIX eIMHHLAX (0.€.) 10 BeIMUKHE MoKazaTens ¢uoopecieHnun K u mokasarens cBETONOIIIO-
menns K, onpeneneHusix mo dpopmynam: K= d,/D,, rne ®; — Benuunna GoTOTOKA, BOSHHUKIIIETO ITPH BO3-
Oy XXICHUH JTIOMHHECIICHITNA (II00PECIUPYIONINM WHCYJIMHOM B B-KieTkax (B MKA) u @, — BenmuuuHa (o-
TOTOKA, BO3HHUKIIIETO TP BO30YKIEHNUHU caboil TIOMUHECIICHIINN B 9K30KpUHHOU TKaHU. Pacder comepxa-
HUS UHCYJTMHA MIPOU3BOIMIICS Ha OCHOBE NPSMON 3aBHCUMOCTH: YeM WHTEHCHBHEE (DIIOOpECUEeHLIUs — TeM
Oosblie cBeTa mpoIryckaeTcs Ha (OTOMETP M TEM BBIIIE cofepkaHue WHcynuHa. [Ipu ncnonp30BaHUM aib-
neruA(yKCHHOBOTO MeTo1a, HA000pOT, OLEHUBAJIH 1O opmyIie ¢ oOpaTHoi 3aBucuMocThIo (K, = Ay/A4, Tre
A| — MHTCHCUBHOE CBETOIIOTJIONICHHUE P-KICTKAMH, COJIEPKAITUMU HHCYIUH U A, — cl1aboe CBETOIOTJIO-
[IeHNEe KJIETKaMH SK30KPUHHOW TKaHH, HE COAEp KaIlUMHI UHCYIHH). To ecTh, YeM IUIOTHEEe OKpacKka — TeM
Ooublie cBeTa moraomnaercs (OTOMETPOM, COOTBETCTBEHHO TeM MEHBIIIEe BEJIMYMHA (POTOTOKA M TEM BBIIIC
coJep)kanue uHCyIMHA. [loyueHnble nupoBble JaHHBIE 00padaThIBANIN CTATUCTUYECKU C UCTIONB30BAHUEM
t-kputepust CTbIOCHTA.

Pesynomameoi

Amnanu3 npoueaypsl 0T00pa OCTPOBKOB IIPU IOAIOTOBKE CYCIEH3MU K (PUKcalluM Aajl cIeLyoLIue pe-
3ynbTathl. PazaeneHue B rpajineHTe IUIOTHOCTH U MOCIEAYIOMUM 0TOOp OCTPOBKOB Ui (PUKCALUKU BBISIBUI
Hanmune 9,7+2,3 % c BHEIIHMMHU MPHU3HAKaMU MOBPEXKACHUH, TOTAa KaKk MaHyalbHBIH OTOOp MOJA MHUKpPO-
CKOIIOM TO3BOJIMJI CHU3UTh UX KoauuecTBO 10 2,6+0,4 %, T.e. MpaKTUUECKH HCKIIOUUThH X TMOMaJaHHE B
HCCIIeyeMbIii MaTepHai, CHU3MB, TAKUM 00pa30M BO3MOXKHOCTH OLIMOOYHOM OLIGHKU NPH W3YYEHHH BIIHS-
HUSI TOTO WJIM MHOTO BEIIECTBA HA COCTOSIHUE TUCTOCTPYKTYPbI TAHKPEaTHUECKUX OCTPOBKOB.

Pe3ynpTaThl OKpacku cpe3oB OCTPOBKOB ITO3BOJIMJIM BBISBUTH CIEAYIOIIYIO KapTHUHY. B OKpalleHHBIX
anpaeruA(yKCHHOM Ipenaparax MoUKeITyI0YHOH Kele3bl HHTAaKTHBIX KUBOTHBIX HACHIIICHHAs (DHOIETOBAs
OKpacka CBUCTENBCTBYET O HAJHMYMH 3HAUYNTEIHHBIX KOJMYECTB JACHOHUPOBAHHONW (OPMBI HHCYIUHA B LIU-
ToMmjasMe P-KJIETOK COOTBETCTBEHHO HaONIOJacMOM NMPH HMCCIEAOBAaHUM MAaHKPEATHYECKHX OCTPOBKOB HA
MOJIEJIN KyJBTYPbI TKaHU MODKENyI0uHOH xene3sl (puc. 1.1, 1.3, 1.5, 1.7). B octpoBkax, HHKyOUpOBaHHBIX
B TeucHHE 15 MUH B IUTATEIbHOMN cpene, comepskaniieit 3,5 mr/mi (30 mr/100 mur) pacTBopa AMTH30HA, Ha-
OJ07aIMch OCTPOBKH, IOJBEPrIINECS 3HAYUTEIbHBIM M3MEHEHHSIM: B II0JIE€ 3PEHUs BBIABIIEHBI OCTPOBKH
70—-80 % mTomaan KOTOPHIX Ha Cpe3ax MOJABEPriIach HEKPO3y U JECTPYKIINH;, HHCYJIMH B -KI€TKaxX MPaKTH-
4yecku oTcyTcTBOBal (puc. 1.2, 1.4, 1.6, 1.8). [lonoOHas kapTuHa oOHapykeHa HaMu B 20 U3 22 uccnenoBaH-
HBIX ocTpoBKax (90 %). [loxoskas kapTHHA BBISBIICHA TIPH UCCICAOBAaHUN OKPAIIEHHBIX HMMYHOTHCTOXHUMU-
YEeCKHUM, TICEBAOM30LUMAaHNHOBEIM U BukTOpHsa-4 MeTogamu.

Ocobennocmu no020moGKu Kyabmypbl UZ0AUPOGAHHBIX NAHKPEAMUUECKUX OCMPOBKO8 K NPUcomosie-
HUIO 2UCON02UYECKUX CPE308

HccnenoBanue cOCTOSAHMS TMCTOCTPYKTYPbI NAHKPEATHUYECKUX OCTPOBKOB C HCIIOJIb30BAaHUEM MOJEIH
KyJIBbTYpBl U30JMPOBAHHBIX AHKPEATHYECKUX OCTPOBKOB NPENBSIBISIET HECKOJIBKO MHBIE YCIOBUS MPU MOATO-
TOBKE CYCIICH3UH (PUKCUPOBAHHBIX M30IMPOBAHHBIX MAHKPEATHIECKUX OCTPOBKOB. OCOOCHHOCTH 3TH CIIEAYIOLIHE:

1. OT60p M30MMPOBAHHEIX OCTPOBKOB. HeoOX0oAMMO MOMHHUTH O TOM, YTO JaKe MPH CaMOW IMIaIsIeit
[poLeype U30JIIUU OCTPOBKOB, HE IIPEyCMaTPUBAIOILECH MIpeABapUTEIbHOE UCCEUCHNE TKaHU MIODKEITy10-
HOH >xene3bl, 0koso 10 % moiydeHHOro Iysa UMEIOT T€ WIM MHbIE MEXaHMYEeCKUE MOBpekAeHUsd. B ciydae
MPUMEHEHHUS] TPaJreHTa IUIOTHOCTH (eKCTpaH, (PUKOIUT), MCHOIB3YeMOro MPH HEOOXOAWMOCTU MONIyYCHUS
OOJIBIIOrO KOJIMYECTBAa OCTPOBKOB (I AKCIIEPUMEHTAIBHON TPAHCIUIAHTAIMK) KaKOe-TO MX KOJIMYECTBO IO-
najzaet B o0luee YMCIO MOATOTaBIMBAEMOro MaTtepuana. Hamu ObUT mprMeHEH pyYHOH METOH BHU3YalbHOT'O
0TOOpa OCTPOBKOB U3 IOJTYYEHHOW CYCHEH3UHU IpU HEOOJIBLIMX YBEIMUYCHUSX MUKPOCKOIA, YTO I103BOJIWIIO
MPAaKTUYECKU UCKJIIOYUTH 0IIa/IaHNe ITOBPEXKICHHBIX OCTPOBKOB U IIPUMECEH B HCCIIEAYyEMBbI MaTepHall.
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1.7 1.8

1.1 TlaskpeaTndeckuii OCTPOBOK MHTAKTHOTrO Kposuka. Okpacka anpaeruadykcuHoM. B ¢uoseToBslil BeT OKpalieH HH-
CYJIMH; MakCUMaJIbHasi KOHIEHTPALUs TOPMOHA B P-KJIETKax B MECTaX KOHTaKTa CO CTEHKOH KPOBEHOCHBIX KallMJUIA-
pos; x280.
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1.2 TlankpeaTndeckuii OCTPOBOK KPOJHKA C JUTH30HOBBIM ArabeToM. Okpacka anbaerna(yKCHHOM; ASCTPYKIHUS H Pe3Koe
CHI)KEHHE COZEPKAHMS HHCYJINHA B OOJIBIIMHCTBE B-KiIeTok; X280.

1.3 N3onmupoBaHHBIA MHTAKTHBIM IMaHKpeaTHYecKUil ocTpoBok. Okpacka anpaeruadykcuHoM. B ¢uoneToBslii nBeT okpa-
1IeH UHCYNuH; X280.

1.4 U3onupoBaHHbIN MAaHKPEATHICCKUH OCTPOBOK IMOCIE BO3ASUCTBUs auTH30HA, 5 Mr/100 mi. Oxpacka anpaeruadykcu-
HOM. JIeCTpyKIMs M PE3KOEe CHIDKEHUE COJEPKAHUS MHCYJIMHA B OOJBIIMHCTBE -KJIETOK LIEHTPAIBHONW YacTH OCTPOB-
Ka; x280.

1.5 M3onupoBaHHbIM MHTAKTHBII MaHKpeaTHdeckuil ocTpoBoK. Okpacka peakTtuBoM Buxropus 4R. B TeMHO-cuHMIA 11BET
OKpallleH uHCyJuH; X280.

1.6 V3onmpoBaHHBINA MAaHKPEATHYECKHH OCTPOBOK IOCIIE BO3AEHCTBUS AnTH30HA, 5 Mr/100 mi. Okpacka peakTuBoM Buk-
Topust 4R. JlecTpykimsi M pe3Koe CHIDKEHHE COJICP)KAHMS MHCYIMHA B OOJIBIIMHCTBE B-KIETOK HEHTPAIbHOW HacTH
ocTpoBKa; x280.

1.7 N30nupoBaHHBI HMHTAKTHBIA MaHKpEaTH4eCKUuil OCTpoBOK. OKpacka AMITUIICEBAOM3OLHAHUHOM. SIpKo-KpacHas
(moopecueHnus A-1ieny nHCyIHHa; X 140.

1.8 N3zonmupoBaHHBIA MaHKpPEaTUYECKHI OCTPOBOK IOCNIE BO3IeHCTBHS IuTH30Ha, 5 Mr/100 mi. Okpacka AMITHIIICEBIO-
HM30LMaHIHOM. Pe3Kkoe CHIDKEHHE ConepikaHHsl MHCYJIMHA B [-KiIeTKax (ocnabieHHas (UIIOOpecueHnus [-KIETOK);
x140.

Pucynox. ['uctocTpykTypa u conepkaHne HHCYJIMHA B B-KJIETKaX TKaHH TTO/DKETYA0YHOH JKee3bl
U U30IMPOBAHHBIX MAHKPEATUIECKUX OCTPOBKOB B HOPME U IIPU NOBPEXKIECHUN X JUTH3OHOM

2. Ilpu 3anuBKe M30JIMPOBAHHBIX OCTPOBKOB B MapaduH HEOOXOIUMO MPUHATH MEPHI K TOMY, YTOOBI
OCTPOBKH PaCIpe/ICIIUINCh IT0 BO3MOXXHOCTH PABHOMEPHO 110 BEPTHKAIIN OJIOKa, M30eras BO3MOKHOCTH OCe-
JaHWsI WX Ha JTHO B BUJIE OJHOTO-ABYX TOHKHX ClIoeB. M3 MCIONB30BAHHBIX HAMHU HECKOJBKHX CIIOCOOOB
Jy4IIUe Pe3yNbTaThl JaeT CIECAYIOUUNA METOA: OTMBIThIE B paCTBOpE XEHKCAa OCTPOBKHM MOMEIIAIOTCS B MPO-
Oupky i ocefanus Ha 15-30 MUH, TOCIIE Yero OCTOPOKHO HAOUPAIOT B IIIPHUI] 00BEMOM 2 MII, COJICPKa-
it 1-1,5 Mot muTaTensHOM cpenbl 199; omyckaloT BEPTHKAIBHO WIY IMIIPHUIA B €MKOCTh, COJIEPIKAIIYIO
Harpethlii napadun, He noxoxas mo aHa 0,4-0,5 cM; nanee, MOCTENEHHO IOJHUMAs BEPTHKAIBLHO BBEPX
LIIPUIL], MEJJICHHO BBIMYCKAIOT B3BECh OCTPOBKOB, 3aKaHUMBAas mpoiiecc He aoxoas 0,5 ¢cM 10 MOBEPXHOCTH;
HauOoJsee mpueMieMas BbicoTa rnapaduaoBoro 0yioka — 1,5 cm. B TedeHnue Bcero BpeMeHH BBEICHHS CyC-
TIEH3UH OCTPOBKOB B MPOOWPKY OHA JODKHA HAXOAUTHCS Ha BOMSHOW OaHe mpHu Temmeparype +56 °C u
TOJIBKO TI0O OKOHYaHWH JAaHHOH MPOLEyphl MPOOUPKA U3BJICKACTCS C TEM, YTOOBI mapaduH 3aTBepaciI.

3. Ilocne ¢ukcaryu B )XKUAKOCTH by3Ha N30JIMPOBaHHBIC OCTPOBKH HE MOJIBEPTAIOTCS, B OTIMYUE OT KY-
COYKOB TKaHH IOKEITYIOYHOH JKeJe3bl, 00€3BOKMBAHUIO B CIIUPTaX BO3PACTAIOMIEH KPETIOCTH.

4. B omnnuve OT TKaHU TODKENYIOYHOM Kelle3bl, 00pa3isl KOTOPOU JIOKHBI (DUKCHPOBATHCS B KU/
kocTu bysHa B Teuenue 24 4, 111 GUKCaLUU U30JIMPOBAHHBIX OCTPOBKOB Tpebyercst 30—45 MuH.

5. lenmapaduHn3aims cpe3oB B KCHIIOJE TPeOyeT COKpaIlleHHOro BpeMeHn — He Oojiee 10 ¢ B KakaoM
U3 ABYX MOPIUK KCUIIOJIA.

6. [Ipu mpUTOTOBJICHUU CPE30B HEOOXOIUMO MEHSATH JIe3BUs mocie nonyderus 50—60 cpe3oB, Tak Kak
(hPMKCUPOBaHHBIC OCTPOBKH MEHEE MPOYHO 3aKPEIUICHBI B mMapaduHe, Kak 3TO UMEET MECTO mpu paboTe C
TKaHBIO JKeJlle3bl M MOTYT TIO3TOMY BhINaaTh u3 napadunaa. HeoOXxoaumMo nmpu oKpacke rHCTOXUMHYECKHUMU
METOJIaMU BBISBIICHUS HHCYJIWHA CTPOTO CICAUTH 3a TEM, YTOOBI IIPU MPUTOTOBJICHUY CPE3bl KOHTPOIbHBIX H
OTIBITHBIX )KUBOTHBIX UMEJIHN OJUHAKOBYIO ToNIUHY. Paznuna B 1 MkM MoxeT uckasutb Ha 15-20 % pe3yib-
TaThI OTIPEACTICHIS COIEPKaHUs MHCYJIMHA B TIOJIB3y 0OJIee TOJIICTBIX CPE3O0B.

Bwi600b1

1. YcoBepIlieHCTBOBaHAa TEXHOJOTHS 3aJMBKU H30JMPOBAHHBIX IMAHKPEATHUECKUX OCTPOBKOB, obecre-
YHUBAIOIIAsl UX PABHOMEPHOE paclpeieieHUe 10 BEPTHKAIH Napa@HOBOTO OI0Ka.

2. YcTaHOBJICHBl ONTHMAaJbHBIE CPOKH (PUKCAMK M30JMPOBAHHBIX OCTPOBKOB, OOECIIEUMBAIOIINE XO-
poliiee Ka4ecTBO (PUKCaIuy.

3. YCTaHOBJICHO, YTO PYYHOW OTOOP MarepHalia B COUYCTAHHH C BHU3yaJbHBIM KOHTPOJIEM IO MHKPO-
CKOTIOM O0OEeCIIeYMBaeT CBEeIEHHE K MUHHMYMY BO3MOXXHOCTH MOTAJaHHsI OCTPOBKOB, MOBPEKICHHBIX MPHU
MIPOBECHHUH MTPOIIEAYPHI H3OISIIH.

4. BricokocmenupuIHbIe THCTOXUMUYECKHE METOBI OKPACKU MHCYJIMHA B B-KIIETKaX aJalTHPOBAHbI K
OKpPAacKe Cpe30B M30JUPOBAHHBIX OCTPOBKOB C MOIYYCHHEM KadeCTBEHHBIX PE3YyJbTaTOB (MMMYHOTHCTOXH-
MUYECKHH, ICEBION30IIMaHHOBRIH, BukTopus-4 u anpaeruadykcuHoBbIN). HaMu He BbIsIBIIEHA BU3YallbHas
pa3HUIIA TIPU OKPACKe BCEMHU METOJAMU H30JIUPOBAHHBIX OCTPOBKOB MEKIY MATEPHUAIOM >KUBOTHBIX JIMHUN
LEWIS u Bucrap.
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F.F. Meiipamos, K.-/I. Konept, B.1. Kopuum,
A.XK. [ait6exk, I'.T. Kaptbaepa, O.JI. KoBanenko

OKuay/aHFaH NAHKPEATHT apaJlIbIKTap KyJbTypPacbIMeH KYMbIC icTey
0apbICHIHIA THCTOXUMUSUIBIK 3€PTTEY JAICTePiH KOJIIaHy

Oxmaynanrad naHkpeaTuT apanmbikrapable (OIDK) kymsrypackl omiciH jkaHyapiapra ToxipuOeMmeH
CaJbICTBIPFAaH/a €Ki MIEeNIyNI apTHIKMIBUIBIFEI 0ap, atam alTKaHaa: 1) 3epTTeneTiH 3aTTapiblH TiHISPAiH
JKacyIlalapblHa TiKeJIeH ocep €Ty CHIAThIH 3epTTeyre OONaibl; 2) 3epTTeNIeTiH 3aTTapblH HAKThl OepinreH
KOHLCHTPALMSACHIHBIH aHBIKTAIFAaH TIHACPHAIH JKacyllanapblHa SCEpiH 3epTTey MyMKiHairi 6ap. Makamana
6ip-0ipiH TONBIKTHIPATHIH OipHEIIe T'MCTOJIOTHSUIBIK JKOHE TI'MCTOXHMUSUIBIK OIiCTEeMENepAiH KeMeriMeH
3epTTEJeTiH 3aTTapiblH [-)Kacyllara TikeJlel ocep eTy CHUIAThIH 3epTTey YIIIH OKIIayJaHFaH KOJJIaHy
HOTIDKEJIepl YCHIHBUIFaH. ABTOprap OipHelle SHICTepIiH OpKAHCBHICH apajgaplblH THCTOKYPBUIBIMBIHBIH
Kal-KyHiHe, [-kacymanmapiarbl WHCYJIHH OfICIHIH Ce3IMTalJbIFbIHA JKOHE Ma3MyHBIHA KAaTBICTHI
OackanapplH al/IbIHIAa alKbIH apTHIKIIBUIBIKTapFa ue ekeHairin kepcerti. Conpaii-ak OITK-MeH skymbIC
icTey Ke3iH[e IMCTOXUMISUIBIK oIICTEpAiH TEXHHKAIBIK CHITATBHIHBIH apTHIKIIBUIBIKTAphl aHbIKTaasl. OTDK
ary, Tazanay *oHe 1piKTey Ke3iHJe aBTOopiIapMeH 3 ToxKipubeci HeTi3iHae MaTepuas bl TYNKUIIKTI ipikTeyni
K630€H MHKPOCKONMSUIBIK OaKpliIay Ke3iH/e apajiapibl KOJIMEH ipiKTey *OJIbIMEH MaHyaJl bl TYPAE KYPrizy
JKAKChI €KEHI oI IeH .

Kinm co30ep: TaHKpeaTHT apajliBIKTapbl, [B-)Kacymanap, THCTONOTHSIBIK JKOHE THCTOXUMESUIBIK OOsy
axicrepi.

G.G. Meyramov, K.-D. Kohnert, V.I. Korchin,
A.Zh. Shaybek, G.T. Kartbaeva, O.L. Kovalenko

Using of histochemical methods for experiences with tissue culture
of isolated pancreatic islets

The method of culture of isolated pancreatic islets has two decisive advantages compared with experiments
on animals, namely: 1) the nature of the direct influence of the studied substances on the tissue cells can be
investigated; 2) it is possible to study the direct effect of precisely specified concentrations of the test sub-
stances on the cells of test tissue. In the paper the results of the application of isolated islets to study the na-
ture of the direct effects of the studied substances on B-cells using several histological and histochemical
techniques that complement each other presented. The authors have shown that each of the methods has cer-
tain obvious advantages over the others regarding the possibilities of assessing the islet’s structure, the sensi-
tivity of the method, and the insulin content in B-cells. The advantages of the technical nature of individual
histochemical methods when working with life expectancy are also revealed. Upon receipt, cleaning and se-
lection of islets, the authors, on the basis of their experience, found that the final selection of material is un-
doubtedly better done manually, by manually selecting the islets under visual microscopic control. In the pro-
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cess of embedding into paraffin blocks, the authors propose a pouring technology that ensures an even distri-
bution of islets during process in the paraffin block along its vertical line, warning them from settling to the
bottom in the form of one or two layers.

Keywords: pancreatic islets, -cells, histological and histochemical methods for staining.
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Genetic diversity of the coenopopulations of Adonis wolgensis Stev.
growing in the northern regions of Kazakhstan

In the article the results of work on the assessment of the genetic diversity of Kazakhstani coenopopulations
of a rare plant species Adonis wolgensis Stev. are presented. Samples for research were collected in five
cenopopulations of Kostanay, Akmola, Pavlodar regions of the Republic of Kazakhstan. The genome of 4.
wolgensis is not sequenced, therefore, a PCR method was used to detect DNA polymorphism in
coenopopulations of this species for the simultaneous detection of multilocus DNA polymorphism that did
not require initial knowledge of the nucleotide sequences of the entire genome or its parts. One of the most
common methods for detecting genetic polymorphism in plants is ISSR-labeling (Inter Simple Sequence Re-
peats, or intermicro-satellite analysis). For PCR we used five primers with a length of 17-22 nucleotides.
Separate amplification was carried out with each of them. Such primers allowed to amplify DNA fragments
that are between two closely spaced microsatellite sequences. As a result, a large number of fragments, repre-
sented on the electrophoregram by discrete bands (ISSR-fingerprinting), was amplified. In total, more than
450 analyzes were performed (including repeated studies). As a result, multiple genomic marking of five
coenopopulations of 4. wolgensis in northern Kazakhstan was carried out, the main indicators of genetic di-
versity, the structure and differentiation of gene pools of populations, the studied plant species were deter-
mined.

Keywords: Adonis wolgensis Stev., rare species, gene pool, polylocus marking, coenopopulation, ISSR-PCR,
genetic diversity, heterozygosity, interpopulation differentiation, Northern Kazakhstan

Introduction

The most important component of the biosphere is biological diversity. The concept of «biological di-
versity» covers all the diversity and variability of living organisms, including their relationships with each
other and varying degrees of connection with the natural environment. This fundamental property of living
nature reflects the great number of structural and functional properties of its organization realized in the pro-
cess of evolution and ensures the stable development of planetary life and the stability of the biosphere.

Decrease in species and genetic diversity is a real threat to the biosphere, since the sustainability of the
reproduction of natural ecosystems is directly related to their genetically determined adaptation potential to
changing environmental conditions. Genetic diversity, that is, maintaining genotypic heterozygosity, poly-
morphism, and another genotypic variability, which is caused by adaptation in natural populations, plays an
important role in the integrated assessment of biodiversity [1, 2].

One approach to the study of plant genetic diversity is the use of molecular markers, which are poly-
morphic DNA sequences that can be detected using methods based on polymerase chain reaction (PCR).
Polymorphism of nucleotide sequences between individual DNA samples is detected by the presence or ab-
sence of specific DNA fragments in the spectrum during electrophoresis. The absence of a DNA fragment
may be the result of point mutations, insertions, deletions, or inversions in the DNA template sequence [3].

In the genomes of plants, the number of microsatellite repeats is very large, which makes this method
convenient for genetic analysis. Microsatellite sequences surround a lot of genes and can be used as anchor-
ing sequences for these genes. For selecting primers, the ISSR method for determining polymorphism of
DNA does not require prior cloning and sequencing. Primers for intermicrosatellite analysis, that is, ISSR
primers (Inter Simple Sequence Repeats), consist of a fragment of a microsatellite locus (di- or trinucleotide,
most often) and 1 or 2 «anchor» nucleotides on one of the flanks of the repeat. The development of this
method was started in 1994, and now it has become widespread, especially in studies of the gene pools of
various plant species, for mapping genomes and marking agronomically important traits [4, 5].

Molecular genetic methods are of particular importance for solving the main problem in maintaining
biodiversity which is the selection of the most typical representatives of populations and the creation of ge-
netically based programs for their conservation, as well as the identification of intraspecific genetic diversity,
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the assessment of heterozygosity, the reconstruction of phylogenetic relationships between species and the
spatial relationships between populations [6].

Due to the peculiarities of the historical development, the flora and vegetation of Northern Kazakhstan
is unique. Its genetic foundation was formed in the course of a long evolution and now provides the possibil-
ity of the existence of populations of species in the modern physiographic environment. Economic develop-
ment, development of modern infrastructure and tourism in the territory of Northern Kazakhstan inevitably
entails the enhanced exploitation of natural resources. In addition, the increasing anthropogenic load, the de-
struction of places of growth due to construction and other economic activities (gathering mushrooms, ber-
ries, tourism) leads to a gradual degradation of typical cenoses.

On the territory of Northern Kazakhstan, such species of the genus Adonis L. as Adonis vernalis L. and
Adonis wolgensis Stev. grow up, they are included in the approved list of rare plant species of Kazakh-
stan [7]. Species of the genus Adonis L. have considerable practical interest, since most of them contain car-
diac glycosides, adonis preparations are used to treat a number of diseases of the cardiovascular and nervous
systems, kidney and urinary tract diseases. On the territory of the former USSR in the twentieth century, due
to the unplanned barbaric harvesting of Adonis L. plants as a medicinal raw material, the coenoarea of this
species was significantly reduced and disintegrated into five isolated sections which are located in the Ishim
upstream, in Northern Kazakhstan, in Aktobe and Kostanay regions [8].

The area of 4. wolgensis is significantly smaller compared to A. vernalis. Distribution of 4. wolgensis
within the range is uneven, there is a tendency to disjunction.

Individuals of A. wolgensis have a short, thick, brownish-black rhizome, few stems 15-30 cm in height.
Young leaves and stems are abundantly pubescent, after fading, absently pubescent. The leaves are heavily
dissected. The flowers are pale yellow, 3.5-4.5 cm in diameter. Sepals in length exceed half the length of the
petals, slightly pubescent, lilac. 4. wolgensis is listed in the Red Book of Kazakhstan.

Studying the genetic variability of natural populations, assessing the state of their gene pools allows us
to compile genetically based programs for the conservation of both rare plant species and programs for the
use of resource plants, taking into account their genetic diversity. Conservation of genetic resources includes
measures that limit the increase in the average coefficient of kinship in populations and the preservation of
existing genetic variability. The choice of population samples for conservation (when creating reserves or
cryogenic cell banks and DNA) is determined by the uniqueness of their genotype. According to
Yu.A. Yanbaeva and other authors [9], namely, the habitats with the greatest diversity (the number of geno-
types) are apparently of primary interest when selecting objects for preserving the gene pool in situ, as well
as when selecting samples to create an ex situ collection of clones.

Materials and research methods

Five coenopopulations of a rare plant species Adonis wolgensis Stev. located on the territory of Pavlo-
dar, Kostanay and Akmola regions of the Republic of Kazakhstan (Table 1) were selected as the objects of
research.

Table 1
Characteristics of coenopopulations (CP) of A. wolgensis
No. of CP Location of CP Habitat

Awl |Pavlodar region, near Ekibastuz city, N51.66494°, W75.28173°, Inter-hill lowering, feather grass
h=412 m above the sea level. and sheep’s fescue steppe

Aw2 |Kostanay region, near Ozernoe village, Novonezhenskoye forest- Secondary psammophyte steppe
1y, sq. 21, N52.43971°, W64.09279°, h=213 m above the sea level in place of the old fire

Aw3  |Pavlodar region, near Bayanaul village, N50.2209°, W75.8009°, Foot of the slope, sheep's fescue
h=406 m above the sea level and sheep’s fescue steppe covered

with bushes

Aw4  |Akmola region, near Katarkol village, N52.93287°, W70.49210°, Edge of the birch and pine forest
h=431 m above the sea level

AwS5 |Kostanay region, near Scherbakovo village, N53.20453°, Sparse pine forest on the sands
W64.21550°, =193 m above the sea level

In each of the noted populations, leaves were collected from 30 randomly selected plants at a distance
of 30 to 50 m from each other. Plants are characterized by the accumulation a large number of secondary
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metabolites in certain organs, which have a significant negative effect on isolation procedures, and may later
be inhibitors of PCR reactions. The polyphenols, presenting in many plants, enter into oxidation reactions
during the homogenization of tissues and get covalently bound to proteins and nucleic acids, and the DNA
sediment turns brown. Such DNA samples are unsuitable for PCR. Phenols can be bound and their interac-
tions with nucleic acids can be prevented using polyvinylpyrrolidone (PVP) or polyvinylpolypyrrolidone
(PVPP) contained in the extraction buffer of polymers [10].

A modified technique was used to isolate DNA from the dried leaves of A. wolgensis. The cationic de-
tergent in this procedure was ammonium cetyltrimethyl ammonium bromide (CTAB). A modification of the
standard procedure was that p-mercaptoethanol was removed from the isolation protocol and
polyvinylpolypyrrolidone (PVPP) was added [11].

Detection of genetic polymorphism of DNA of 4. wolgensis was performed by the ISSR method of ana-
lyzing DNA polymorphism using PCR. For the studied species, there were selected the most effective pri-
mers giving reproducible results — three dinucleotide (M1 (AC) 8CG, M3 (AC) 8CT, M27 (GA) 8C) and
two trinucleotide ISSR primers (X11 (AGC) 6G, ISSR4 (ACG) 7G) [12]. Amplification products were sepa-
rated by agarose gel electrophoresis and photographed in transmitted ultraviolet light. To determine the
length of DNA fragments, the molecular weight marker (100 bp + 1.2 + 1.5 + 2 + 3 Kb DNA Ladder; OOO
SibEnzyme-M, Moscow) was used; the fragment lengths were determined using the Quantity One program
(Bio Rad, USA). To verify the accuracy of the obtained DNA spectra, the experiment was repeated at least
three times.

In order to quantify polymorphism and determine the level of divergence between the studied CP, the
obtained data were presented as a matrix of binary data in which the presence or absence of identical sized
fragments in the ISSR spectra was considered, respectively, as state 1 or 0. Only DNA fragments reproduci-
ble in experiments were taken into consideration, intensity of polymorphism was not taken into account.

A computer analysis of the obtained data was performed using the POPGENE 1.31 program and the
specialized macro GenAlEx6 for MS-Excel with the definition of: part of polymorphic loci (P95), absolute
number of alleles (n,), effective number of alleles (n.), expected heterozygosity (Hx) [13]; Shannon Infor-
mation Index (I) [14]. To describe the genetic structure of the population, the following parameters were
used: the expected proportion of heterozygous genotypes (Hr) in the entire population as a measure of total
gene diversity; the expected proportion of heterozygous genotypes (Hs) in the subpopulation as a measure of
its intrapopulation diversity; the proportion of interpopulation genetic diversity in total diversity, or the index
of population division (Gsr). The level of intrapopulation diversity is estimated through indicators: the aver-
age number of morphs (u) and the proportion of rare morphs (h) [15].

Based on the matrix of the binary data using the computer programs TREECON 1.3b and POPGENE
1.31 matrix of genetic differences was calculated. Based on the obtained matrix by the unweighted paired-
group method (UPGMA — unweighed pair-group method using arithmetic average), dendrograms reflecting
the degree of similarity of the studied cenopopulations by ISSR-spectra were constructed.

Research results and discussion

When analyzing DNA fragments amplified as a result of PCR, 81 amplified DNA fragments were de-
tected in 5 studied cenopopulations of A. wolgensis, among them 71 (Pys=0,877) were polymorphic. The
number of amplified DNA fragments in the total sample of A. wolgensis varied, depending on the primer,
from 9 (M3) to 20 (M1, M27) (Fig. 1). On average, within ISSR-analysis in this species one primer initiated
the synthesis of 16.2 DNA fragments. The number of polymorphic DNA fragments in the total sample of
plants varied from 5 to 20, and their sizes did from 210 to 1300 bp.
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Figure 1. ISSR spectrum of coenopopulation 4. wolgensis (Aw1) with M1 primer; numbers denote sample numbers,
M — molecular weight marker; arrows indicate polymorphic fragments; a part of the spectrum is represented
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The proportion of polymorphic loci in the total sample of A. wolgensis, depending on the ISSR primer,
ranged from 0.555 (M3) to 1.000 (M27) and averaged 0.877. The number of polymorphic DNA fragments
ranged from 67 for Aw1, Aw2, Aw4 to 72 for Aw3.

The most common measure of genetic variation in a population is heterozygosity. Theoretically,
heterozygosity is distributed within a population in a rather complicated way, and heterozygosity rates are
not directly dependent on the number of alleles [16]. The expected heterozygosity for the loci in the total
sample of 4. wolgensis was 0.285. In A. wolgensis coenopopulations this value varied from 0.273 in Aw2 to
0.300 in Awl1 (Table 2). The assessment of reliability when comparing the proportions of polymorphic loci
and the expected heterozygosity in pairs between the studied cenopopulations according to Fisher criterion is
given in Table 3.

Table 2
Indicators of genetic diversity of A. wolgensis cenopopulations based on polymorphism of ISSR marker

Awl Aw?2 Aw3 Aw4 AwS Per general population

H; | 0.300(0.020)

0.273 (0.019)

0.292 (0.017)

0.284 (0.019)

0.278 (0.018)

0.285 (0.019)

n. | 1.828(0.381) | 1.803 (0.401) | 1.877(0.331) | 1.840(0.369) | 1.827 (0.381) 1.926 (0.264)
n. | 1.516(0.357) | 1.455(0.337) | 1.476 (0.301) | 1.472 (0.169) | 1.456 (0.315) 1.550 (0.296)
Pos 0.859 0.838 0.888 0.861 0.838 0.877

R 0 0 0 0 1 1

n | 1.718(0.008)
h | 0.141 (0.004)
Ji 0.446

1.672 (0.008)
0.164 (0.004)
0.414

1.727 (0.008)
0.136 (0.004)
0.445

1.692 (0.008)
0.154 (0.004)
0.430

1.701 (0.008)
0.149 (0.004)
0.423

1.698 (0.008)
0.144 (0.004)
0.492

Note. Pys — the frequency of polymorphic loci; Hy — the expected heterozygosity; n, — absolute number of alleles per locus;
n, — effective number of alleles per locus; in brackets standard deviations for all the above parameters are given; R — rare frag-
ments.

By comparing the reliability of the difference of these parameters, it can be concluded that the studied
coenopopulations of A. wolgensis have similar values of the proportion of polymorphic loci and the expected
heterozygosity, since the difference of these indicators between coenopopulations is insignificant (Table 3).

Table 3
Estimation of the significance of the difference when comparing the indicators Pys and Hg
according to the Fisher criterion between A. wolgensis coenopopulations

CP Awl Aw2 Aw3 Aw4 AwS5
Awl - 0.463 0.385 0.497 0.498
Aw2 0.791 - 0.857 0.467 0.385
Aw3 0.168 0.646 - 0 0.456
Aw4 0.605 0.799 0.388 - 0.574
AwS5 0.471 0.646 0.509 0.838 -

Note. Above the diagonal there is the difference in the proportion of polymorphic loci (Pys), under the diagonal there is the ex-
pected heterozygosity (Hg); if F' exp. is more than 1.96, the result is reliable.

The effective number of alleles (7,) is a function of the proportion of polymorphic loci, the number of
alleles per locus and the evenness of allele frequencies, and is, thus, a measure of the genetic diversity of a
population or species. The effective number of alleles estimates the value of homozygosity and represents
the number of alleles, with the same frequency of which in the population, the expected heterozygosity will
be equal to the actual [17].

The absolute number of alleles per locus (7,) (in this case per DNA fragment) per total population was
1.926. This parameter is the highest in the Aw3 coenopulation (n, = 1.877), in the Aw5 coenopulation it is
the smallest (n, = 1.827). The effective number of alleles per locus (#.) per total sample is 1.550. The highest
value of 7, is found in the Aw1 population (n, = 1.516), and the lowest value is noted in the Aw2 population
(n. = 1.455). The Shannon Information Index [14] also revealed the highest diversity in the Aw1 population
(I = 0.446), and the least one in the Aw2 population (I = 0.414). In the studied coenopopulations of
A. wolgensis, only one rare fragment was found in the Aw5 (Table 2).
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Indicators of intrapopulation diversity are of a great significance in characterizing genetic diversity. The
indicator of intrapopulation diversity (p) is proposed by L.A. Zhivotovsky [15]. The initial data for this pa-
rameter are the frequencies of morphs (in our case, the frequencies of the ISSR-markers). The more evenly
the frequency distribution of the morph is, the more this indicator is close to the maximum. The maximum is
equal to the number of morphs represented in the population, in the case of using ISSR-markers it is 2. When
analyzing the intrapopulation diversity of 4. wolgensis using the u indicator, it was found that out of the 5
studied coenopopulations, coenopopulation Aw2 (u = 1.672) is more evenly distributed, and the smallest
(n=1.727) is the coenopopulation Aw3 (Table 2).

In comparison with p, the proportion of rare morphs (%) presents new information about the nature of
intrapopulation diversity. While p gives an estimate of the degree of diversity of the population, the indicator
h estimates the structure of this diversity [15]. With the dominant character of inheritance of ISSR-markers,
these values show the proportion of null alleles. According to L.A. Zhivotovsky [15], with values of 4> 0.3
in the genetic structure of populations, the proportion of recessive homozygotes is increased. Thus, the
smaller the 4 value of the threshold 0.3 is, the more balanced the structure of diversity the studied popula-
tions is characterized by. For all the studied cenopopulations, the indicator h has values less than 0.3, which
may indicate a smaller proportion of null alleles in the structure of intrapopulation diversity. The
cenopulation Aw?2 is characterized by the most balanced structure of diversity (2 = 0.141), and the popula-
tion Aw?2 is characterized by the least balanced (4 = 0.164) (Table 2).

M. Ney [13] used the heterozygosity value to describe the genetic structure of populations (in this case,
coenopopulations) and called it gene diversity. On its basis, he introduced the concept of total gene diversity
in the total sample (Hr), which represents heterozygosity for the entire sample, the average selective gene
diversity across all loci (Hs), this is the average heterozygosity by population, and the division index of
population (Gsr). The total gene diversity in the total sample (H7) of 4. wolgensis was 0.333, the average ge-
netic sample diversity (Hs) in the co-populations of 4. wolgensis is 0.289. Thus, the average heterozygosity
in the coenopopulation of 4. wolgensis is lower than in the total sample. The lowest rates of the proportion of
heterozygous genotypes were detected using primer M3. The expected heterozygosity determined by it is
0.188, and the highest values of the proportion of heterozygous genotypes are observed in primer M27 —
0.378 (Table 4).

The studied coenopopulations of A. wolgensis are poorly differentiated, the largest part of the entire ob-
served genetic diversity is concentrated within populations (86.91 %), and the proportion of the
interpopulation variability is 13.14 % (Table 4).

Table 4
Genetic structure and differentiation of five coenopopulations of A. wolgensis

ISSR- primer Hy H Ggsr
M1 0.383(0.015) 0.334(0.012) 0.128
ISSR4 0.278(0.006) 0.254(0.007) 0.085
X11 0.322(0.027) 0.255(0.019) 0.207

M3 0.195 (0.036) 0.188 (0.034) 0.037
M27 0.378(0.013) 0.331(0.010) 0.123
Total sample 0.333 (0.020) 0.289 (0.015) 0.131

Note. Hy is the expected proportion of heterozygous genotypes as a measure of the total gene diversity in the entire population;
Hj is the expected share of heterozygous genotypes in a single population, as a measure of its intrapopulation diversity or the average
selective gene diversity across all loci; Ggr is the proportion of interpopulation genetic diversity in total diversity, or an indicator of
population subdivision; standard deviations are given in brackets.

Based on the obtained data on the ISSR analysis of 4. wolgensis DNA polymorphism, the genetic rela-
tionships between the studied populations were determined, a matrix of binary features was compiled, and
matrices of genetic differences were calculated. Based on the obtained matrix, a cluster analysis was carried
out using the unweighted paired-group method (UPGMA) and the dendrogram reflecting the degree of simi-
larity of the studied population groups in the ISSR spectra was constructed (Fig. 2).

Cepusa «brnonorusa. MeguunHa. Neorpadpumsa». Ne 2(94)/2019 21



1.S. Beyshova, G. Sultangazina et al.

0‘.3 0‘.2 0‘.1
[ [ [
54 * Popl
98+ Pop2
785? Pop4
Pop5
Pop3

Figure 2. UPGMA-dendrogram of genetic similarity of 5 coenopopulations of 4. wolgensis,
constructed on the basis of polymorphism of ISSR-markers; the scale above is for genetic distance;
the bootstrap values (in %) are indicated, Popl — Awl, Pop2 — Aw2, Pop3 — Aw3, Pop4 — Aw4, Pop5 — Aw5

The Treecon 3.1 computer program was used to construct the dendrograms with the use of 100 boot-
strap replicas. Branch nodes have high support (bootstrap index > 50 %). The shortest genetic distance [15]
is noted between Aw?2 and Aw4 (D = 0.056), and the longest is between Aw3 and Aw2 (Table 5).

Table 5
Genetic distance between coenopopulations of A. wolgensis
Awl Aw2 Aw3 Aw4 AWwS

Awl —
Aw2 0.063 -
Aw3 0.116 0.127 -
Aw4 0.061 0.056 0.085 -
AwS5 0.096 0.098 0.059 0.094 -

Based on the obtained data from Table 5, it can be concluded that all coenopopulations are character-
ized by a rather low genetic distance between them. We assume that the selected coenopopulations are the
part of a single local population of A. wolgensis in the territory of Northern Kazakhstan.

Conclusion

Thus, based on the ISSR analysis of genetic polymorphism of the five coenopopulations of Adonis
wolgensis in the North of Kazakhstan, we can conclude that the studied coenopopulations of this species are
characterized by high rates of genetic diversity and low genetic subdivision of coenopopulations. In the
coenopopulations there are practically no unique ISSR markers. The proportion of polymorphic loci (Pys)
varies from 0.555 (M3) to 1.000 (M27) and averages 0.877; the expected heterozygosity (Hg) was 0.285, in
coenopopulations this value varied from 0.273 in Aw2 to 0.300 in Aw1. The level of interpopulation differ-
entiation in 4. wolgensis was (Gsr = 0.131). As a result of the study, on the basis of a molecular genetic
analysis of coenopopulations of a rare plant species, new fundamental knowledge about genetic diversity and
the genetic structure of the studied coenopopulations was obtained for the first time.

This work was carried out within the framework of the grant financing project of the Ministry of Educa-
tion and Science of the Republic of Kazakhstan for 2018-2020. Ne AR05132458 «Molecular genetic gene
pool analysis of rare plant species population in Northern Kazakhstany, state registration number
0118RK00404.
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N.C. beitmosa, I'. Cynranrasuna, B.A. Yib4HOB,
P.C. beiimos, H.H. benbtiokoBa, A.M. KyTtunckas

Ka3akcTaHHBIH cONTYCTIiK OHipiHAe oceTiH Adonis wolgensis Stev.
HEHONMONYJIAUUSICHIHBIH T€eHeTUKAJIBIK dP TYPJIJIIri

Makanana cupek KeszeceTiH — Adonis wolgensis Stev. ©CIMIIKTep TYpIepiHiH Ka3aKCTaHIBIK [EHOIIOIYIIsI-
IUSUIAPBIHBIH, TEHETHKAJBIK OpTYPJIUNriH Oaramay OOMBIHIIA >KYMBICTApIbIH HOTHIXKEIEpl KeNTipireH.
3eprreyinepai xkyprizyre apHanran yirinep Kasakcran PecryOnmukaceein Kocranait, Axmona, ITaBmomap
OOJIBICTAPBIHBIH 0€C [CHONOMYIAMMACHHIA XKUHAIIBL. A. wolgensis TEHOMBI peTTeIMEereH (CEeKBEHUP-
neHOereH), COHABIKTaH OCHI TYPAiH ueHomnomyssuustiapbinaarsl JJHK moaumopdusmin aHbIKTay YLIiH
TYreJaell TeHOMHBIH HeMece OHBIH OeJIIKTepiHiH HyKJICOTUATI Ti30ekTepiH OacTankpl Oyl Tanam eTnenTiH
JHK-H MynabTHIOKYCTHIK ToauMopdu3MiH Oip Mesringe anbikrayra apHanrad [ITP (monumepasipl Ti30ekTi
peaxuys) nalfanaHbUIATBIH 9JIiC KOJJAaHbUIFaH. OCIMIIKTep/ie FeHETHKAIbIK NOJIMMOP(HU3M/II aHBIKTaYIbIH
eH KeH TapaiFraH opictepinin Oipi — ISSR-tanbanmay (Inter Simple Sequence Repeats memece intermicro-
satellite analysis (MHKpocaTeIUIUT apachlHIarbl Tanpay)). 3eprreyne IITP koro ymiH y3bHABFBL 17-22
HYKJIGOTHITI KYpaWThIH Oec mpaiiMep KomgaHsUIABL. OnapIblH OpPKaHCHICEIMEH JKEKe aMIUTM(QHKAINL
Kyprizinni. MyHnail npaiimepiiep aWTapibIKTai »XKaKbH OpHAJAcKaH €Ki MHKPOCATEIUTHTTIK Oipi3mimikrep
apaceinia opramackan JIHK ¢dparmentrepin ammmndukanusiayra MyMKiHmik Oepai. Heormkecinnme
nmuckperTik sxkonakTap (ISSR-caycak i3mepi) anekrpdoperpaMMachiHIa YCHIHBUIFAH (DparMEHTTEpAIH Kol
canbl amiutndukanusianapl. bapneirst 450-1en actam Tangay Kyprizinai (KaidTananraH 3epTTeysiepAi Koca
ecenrerene). Hotmxkecinge Conrycrik Kaszakcrannarsl A. wolgensis Gec LeHONOMYIALHUACHH OipHeIe per
TeHOM/IBIK TaHbanay Kypri3imi, 3epTTeNreH OcCiMOIKTepHiH TypJjiepi, MOmyssius TIeHOPpOHIAPbIHBIH
KYPBUIBIMBI MeH AU((epeHnnsIChl, TeHeTHKAIBIK 9pTYPIIUITiHIH HEri3ri KopceTKimTepi aHbIKTa/bl.

Kinm ce30ep: Adonis wolgensis Stev., CHpek Ke3eceTiH Typiep, FeHAIK KOp, )KapThUIall IOKYCTHIK TaHOaay,
nenonomyisitst, ISSR-IITP, reHeTHKamblKk  OpTYpNUNIK, TeTEPO3UTOTTBUIBIK,  HOMYJISIHSApaIBIK
muppepentmanns, Conrycrik Kasaxcran.
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I'enernyeckoe pasnooOpasue ueHononyassuuii Adonis wolgensis Stev.,
NPOU3paACTAIIINX B ceBepHbIX peruoHax Kazaxcrana

B crarbe yka3aHbl pe3yabTaThl paboOTHI IO OLEHKE T€HETHYECKOTO Pa3HO00pa3Hs Ka3aXCTaHCKUX L[EHOMOITY-
JSIUA PEIKOTO BHUIA pacTeHUuit — Adonis wolgensis Stev. OOpa3ibl 11t IPOBEICHUS UCCIIEIOBaHUI coOpa-
HBI B IIATH neHonomysnusx Kocranaiickoid, AkmonmHcko, [laBnonapckoii odnacteir Pecybnmmkn Kazax-
crad. ['eHOM A. wolgensis He CeKBEHUpPOBaH, MOATOMY IS BhLBIeHUS nonuMopdusma THK B nenomomys-
IUSIX 3TOTO BUJa OBUT IPUMEHEH MeToJ| ¢ ucroab3oBanueM I[P i 0JHOBpEeMEHHOTO BBISBICHUS MYJIBTH-
nokycHoro nomumopdusma JJHK, He TpeOyromuii n3Ha4anbHOTO 3HAHHUSA HYKJICOTHAHBIX MOCIEA0BATEIBHO-
cTeill Bcero reHoma Mt ero yacteid. OIHUM U3 Takux Haubojee paclpoCTPaHEHHBIX METO/IOB BBISABIICHHS Te-
HeTHyeckoro noimmopdusma y pacrenuid ssisercs ISSR-mapkuposanue (Inter Simple Sequence Repeats,
WIN MEXMHUKPOCATEIUINTHBIN aHanu3). [ mocraHoBku [IL[P Hamu OBIJIO MCHONB30BaHO HATH NMpaiiMepoB
oW 17-22 mykneoruaa. C KaXIbIM M3 HUX IPOBOJMIACH OT/AENbHAS aMIUnuKaius. Takue mpaiMeps
no3BosM amiutnduiuposars ¢parmentsl JJHK, xoTopble HaXxomsITCsi MEXIy ABYMSI JOCTaTOYHO OJIM3KO
PacIoJIOKEHHBIMH MHKPOCATEINIUTHEIME  ITOCJIEA0BATENBHOCTIMU. B pesymprate ammmmdumupoBantoch
Goispmoe ymuciio (parMeHTOB, MPEACTABICHHBIX Ha 3JeKkTpodoperpamMme auckpeTHsIMH mosocamu (ISSR-
¢unTrepnpunTHHT). Beero 6su10 moctasieno 6osee 450 aHaNM30B (C y4eTOM HOBTOPHBIX HCClIefoBaHMit). B
pe3yabTaTe OBUIO MPOBEICHO MHOXKECTBEHHOE T€eHOMHOE MAPKUPOBAHHE IISATH LEHOMOMYIAMi 4. wolgensis
CeBeproro Ka3zaxcrana, onpezaeneHbl OCHOBHBIE ITOKa3aTeNU I'€HETHYECKOTO Pa3HOOOpasus, CTPYKTypa H
nuddepenimanys reHopoHI0B MOMYIALNHA UCCIeAyeMOr0o BUla PaCTeHHUI.

Knioueswie cnosa: Adonis wolgensis Stev., peakuit Bua, reHOQOHI, MOJHIOKYCHOE MapKUPOBaHKE, LIEHOMO-
mymsius, ISSR-PCR, reHerndeckoe pasHooOpasue, reTepo3uroTHOCTh, MEXIIONMYISIIIHOHHas uddepeniua-
nust, Cesepusblit Kazaxcran.
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Pa3nooOpa3ue ¢giopsl nerpoduiibHOro GiopucTUIECKOro KOMILIEKCa
Ha TeppuTopun xpedta Kernen-Temupiuk

B crarse npuBenen anaan3 6nopa3sHooOpasus NeTpo(IILHOTO (IIOPUCTUYECKOTO KoMIulekca xpebra Ker-
neH-Temupink. dopa nerpodriIbHOTO KOMIUIEKCa IpeAcTaBiIeHa 845 BUIaMH, KOTOpBIE OTHOCATCS K 298
ponam u 69 cemeiictBam. /IBy10JIBHBIX pacTeHUI HacuUTHIBaeTCs 712 BUIOB, OJTHOJIOJIBHBIX PACTEHUM BCETo
111 Buma. ABTOXTOHHBIC TCHACHIIUH B Pa3BUTHU MeTpouibHOI (uopsl xpedTa Kernen-TemMupauk npaktu-
YECKH HE BBIPAKEHBI, O YEM TOBOPHUT OTCYTCTBHE HIEMUYHBIX BHIOB U MOYTH MOJHOE OTCYTCTBUE IIOJH-
MOpQHBIX poaoB. OTpUIaTeTbHOE 3HAUEHHE IMOKa3arens aBTOHOMHOcTH (—0,592) cBuperenscTByeT 00 ai-
JIOXTOHHOW TEHACHLUH B Pa3BUTHU NMETPO(GUIBHON (HIOPHI HCClleyeMOl TepPUTOPHH. AHAIN3 KPYTHEHITHX
cemeiicTB xpebTa Kernen-Temupink mokasai, 9To Hambosiee OOraTo IpeacTaBiIeHbI ceMelicTBa Asteraceae
(19,1 %), Fabaceae (8,75 %), Brassicaceae (7,1 %), Poaceae (6,74 %), Lamiaceae (5,62 %), Caryophyllaceae
(5,32 %), Chenopodiaceae (5,0 %), Rosaceae (4,85 %), Boraginaceae (3,31 %), Scrophulariaceae (3,31 %).)
BorateiMu 1O 4YHCITy BHJIOB OKas3alWCh TpeacTaBUTeNW pojoB Artemisia (3,07 %), Astragalus (2,72 %),
Allium (2,36 %), Oxytropis (2,01 %), Dracocephalum (1,77 %), Caragana (1,65 %), Potentilla (1,53 %),
Saussurea (1,42 %), Taraxacum (1,42 %), Draba (1,3 %), Veronica (1,18 %), Gagea (1,18 %), Silene
(1,18 %). AHanu3 cocraBa netpoUILHOr0 KOMILIEKCA [0 THIIAM apeasoB M0Ka3al, YTO OOJbIIe MOJIOBUHBI
Bu0B (339; 66,4 %) nMeroT apeai, orpaHUYEHHbIH TeppuTopusiMu ropHoit Cpenneit Asun.

Knioueswvie cnosa: bnopaznoobpasne, diopa, xpeber Kernen-Temupiuk, Gpraopuctiudeckie KOMILIEKCHI.

Bseoenue

Wzyuenue (haopsl TOPHBIX TEPPUTOPHI B HACTOSIIEE BPEMS MTPEIICTABISICT OOMIBIION HAYYHBIA UHTEPEC.
Oco0eHHO aKTyaJahbHO M3ydeHHE (IIOpPHI OTAEITHHBIX, MAIOM3yYEHHBIX PETHOHOB, PACTIOJIOXEHHBIX B paii-
OHaxX IMyCTHIHHON 30HBL. OmHuUM u3 Takux perrnoHoB CeBepHoro Tsub-lllans sBnsercs xpeber Kernen-
Temupnuk. XpeOeT pacnoioxKeH Ha TeppUTOpuu ABYX rocyaapctB — Kazaxcrana u Kuras. Bocrounas ero
4yacTh, HaXosIascs Ha Teppuropun Kazaxcrana, HocuT HasBanue KerneH; 3amanHasi, KHTaicKasl, Ha3bIBa-
ercss Temupnuk. Xpeber Kernen-Temupnauk mpeactaBisieT coO0W TOPHYIO CTpaHy, YeTKO OYECpPUCHHYIO B
reorpauyeckoM U UcTopudeckoM TuiaHe. OH UMEET JOBOJIBLHO 00ratyro (bJIopy, OTIIMYHYIO OT (DIop cMexX-
HBIX PETHOHOB, C KOHIIEHTPALlMEH PETMKTOBBIX 3JIEMEHTOB PA3IMYHBIX BPEMEH, PAa3IMYHOTO TeHEe3nca U pas-
nu4HOM ncropuu. TuiatenpHOE ero MccienoBaHie MO3BOJIMT COCTABUTH IOJIHOE MpejcTaBieHne 00 olmiem
pasButuu ropHoit gpuopsl CeBepHoro Tsanp-11lans.

VYrnyOneHHble (IIOPUCTUYCCKHUE UCCIICOBAHUS OTACIBHBIX MPUPOIAHBIX PETHOHOB MPHOOPETAIOT 0CO-
OyI0 aKTyaJTbHOCTh M B CBSI3H YPE3MEPHON U IITUTEIHHON IKCIUTyaTaIliel TOPHBIX TMAcTOUII, TPUBOJISINCH B
psiae ciiydaeB K HEOOpPaTUMBIM M3MEHEHHUSIM MEPBO3IaHHBIX OMOIIEHO30B, COKPAIICHUIO apeajoB M UCUE3HO-
BEHUIO PEAKUX BUJIOB pacTeHU. [[1s coXxpaHeHUS U palMOHAILHOTO MCIIOIB30BaHUSl PACTUTEIBHOTO Oorat-
CTBa TOTO WJIM MHOTO paiioHa KpaiiHe BaXXHO BBISBJICHHE, IO BO3MO)KHOCTH, IOJIHOTO COCTaBa e€ro (hIOpHI.
[lepBocTeneHHoe 3HAYCHHE MPH 3TOM TPUOOPETAIOT HCCIICAOBAHHS PETHOHANBHBIX (DJIOp TO3BOIISIONINE
OXapaKTepU30BaTh PIOPY C KONUIECTBEHHOHN U Ka4eCTBEHHON CTOPOHHI [1].

CpaBHuTensHbIA aHanu3 (GIopsl 3amagHoil M BocToyHOH 4yactu xpebra Kernen-Temupnuk mo3Bonun
BBISIBUTH OCOOCHHOCTH €€ reTepOreHHON (hI0pbl, CTAaHOBJIEHUE KOTOPOU SBHIIOCH PE3YJILTATOM BO3JICHCTBHUS
Pa3IUYHBIX (IOPUCTUYCCKHUX IICHTPOB M PA3HOBO3PACTHOCTH (POPMHUPOBAHHS OTACTHHBIX TAKCOHOB, a TAKXKE
BIUsAHUA Ha Hee nmycThiHb Cpeaneit u LlenTpansHoil A3uu. [lepBbIM U TTIaBHBIM YCIOBHMEM IMO3HAHUS KOH-
KpETHOU (JIOpHI SBISACTCS BbIsBICHUE (uioprucThHueckux komiuiekcos [1]. Cornmacuo A.M. TonmaueBy, diio-
PUCTHUYECKNH KOMIUIEKC, CKJIAJBIBAIONIUIICS Ha JABHO 3aCEJICHHOM PACTEHUSMH IMPOCTPAHCTBE M 3aTEM IIPo-
JIOJDKAFOIIUH CBOE pa3BUTHE O0BEIUHSACT 3JICMEHTHI YETHIPEX OCHOBHBIX KaTErOpHi:

1. ITepexuTtku GIOPHI HHOTO THIIA, COXPAHSIONIMECS Ha MECTe B 0OoJjiee WM MEHEe HEHM3MEHHOM CO-
CTOSSHUU W B KaKOW-TO CTENEeHH He TapMOHHPYIOIINE MO CBOEH MPHPOJAE C HOBBIMH YCJIOBUSMHU Pa3BUTHS
(hopel U ee 0OMUKOM (PEITUKTOBBIC 3JIEMEHTHI). DTU KOMITOHEHTHI ()JIOPHI 3aBEJIOMO CTapIle €€ KaK KOM-
IJIEKCa;
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2. IpeBHee sapo GIIopbl — BHUJIBI, TAPMOHHUPYIOIINE C COBPEMEHHBIM O0JIMKOM (hJIOPHI U YCIOBUSMU €€
pasBUTHS, MEPENIE/IINE B €€ COCTaB M3 cocTaBa Ooyiee paHHEH MECTHOW (IIOPHI, B KOTOPOM OHH MOTJIH 3a-
HUMATh MaJI03aMETHOE MOJIOKEHHE, OyIydH MPUYPOUCHBI K KAKUM-TTHOO BBIICISIBITMMCS CBOUMH OCOOCHHO-
CTSMH MECTOOOUTAHUSM, WM O(QOPMHUBIIHUECS B CBSI3U C €€ CTAHOBJICHHUEM. OJTH BHJbI YaCTUYHO CTapIIC
(IIOpBI KaK KOMILJIEKCA WIIM YaCTUIHO PAa3HOBO3PACTHBI KMOMEHTY» €€ CTaHOBJICHUSI.

3. MurparoHHbIe 3IIEMEHTHI, Pa3HOBO3PACTHBIC KaK 10 BPEMEHH CBOETO BO3HHKHOBEHHUS, TAaK H IO
BPEMCHH BHEAPEHUS B COCTAaB JaHHOHU (PIIOpPHI, HO B Ka4€CTBE €€ KOMIIOHEHTOB 0OJiee MOJIOJBIC, YEM BUIBI
MPEBITY X KaTETOPHIA.

4. ABTOXTOHHBIC HOBOOOPA30BaHHMS, BO3HUKIINE KaK MPOM3BOJHBIE BTOPOTO M TPEThEro BHUAOB. OHU
MOJTHOCTBIO MOJIOKE BPEeMEHH MIEPBOHAYATILHOTO (hOpMHUpOBaHUS (PIOPHIL.

I'pynmer 1 1 2 MOTYT YCIIOBHO 00BEIUHATHCS KaK MEPBUYHBIC 3JIEMEHTHI (MIOPHI, TPYIILL 3 U 4 — Kak
BTOpuuHEIe [1]. 3HaUUTEIRHOE BIUSHUE HAa HA0Op BHUIOB BO (hJIOPHUCTUICCKOM KOMILIEKCE OKA3hIBAIOT KIIH-
MaTHyeckre ocoOeHHOCTH. CMEHBI KIIMMaTa B TeOJOTHYECKUE 3MOXU ObUTH OCHOBHOW NMPUYHUHON BBIMHpA-
HUsl, TpaHC(OPMAIIMH U, B UTOTE, CTAHOBJICHUS HOBBIX (JIOpP, CTUMYJIMPOBAIU BHIMUPAHUE OJTHUX BHUJOB H
HOBOOOpa3oBaHME IPYrux. BMecTe ¢ TeM OHU BBI3BAIM MPOTPECCUBHOE U PETPECCHBHOC M3MEHCHHE apea-
JIOB, Cjararonmx ¢GpJopy BHIoB [2].

Lenpro HACTOSIIETO UCCIIEIOBAHUS SIBJISICTCSA H3YUCHHUE pa3HO0Opasust (iopsl neTpoduibHOTO (Bropu-
CTHYECKOTO KOMITJICKCa Ha Tepputopun xpebra Kernen-TemMupivk.

Mamepuanvt u memoowl ucciedosanus

OCHOBHBIMH METOAAMH ITIOJICBBIX HccenoBaHuid Guiopsl xpedra KermeH-Temupinuk ObIIN 0OIIETIPHHS-
ThI€ KJIACCHYECKUE METOJUKH OOTaHMYECKHX U (IOPUCTUYCCKUX HCCIEAOBAHHUN: B TIOJNEBBIX YCIOBHSX HC-
MOJIb30BAJICS. TPAAUIIMOHHBIA METOJ MapIIpyTHO-PEKOTHOCHHUPOBOUHbIH. COop n 00paboTka repOapHOro
MaTepuaia MPOBOJWINCH 10 OOMIETIPHHATON METOIUKE. DK3EMIUTAPHI IPEBECHBIX, KYCTAPHUKOBBIX U TPaBsI-
HUCTBIX PAacTeHUI coOMpanuch B repOapHbIe MANKH C OMUCAaHUEM MeCT cOopa (3aUKCHUPOBAaHHBIE C TIOMO-
mpio GPS), natel u komtektopa. Coop u 06paboTka repbapHOro MaTepuaina ObIIH POBEACHBI IO OOLICTIPH-
usaroit meroauke A.K. CkBopiioBa [3]. B mporecce onpesenenus repoapus B KaueCTBE MCTOYHHUKOB OBLIH
HCHIONB30BaHbl MHOToToMHbIE cBOJKH: «®Dnopa CCCP» [4], «/lepeBbs n kyctapuuku CCCP» [5], «Daopa
Kazaxcrana» [6], «IlepeBbs u kycTapuuku Kazaxcranay» [7], «Pactenus Lentpansnoit Azum» [8], «Onpene-
nutens pactennid CpemgHeit Aszumy» [9], «mmocTpupoBaHHBIA ONpeaenuTenh pactennii Kazaxcranay [10].
Jlns yrouHeHHsI BUIOBBIX W POJOBBIX Ha3BaHWK OBLIN MCIONB30BaHBI nocneaane cBogku C.K. Uepemanosa
[11], C.A. Aoaynunoii [12], A.JL. TaxtamksHa [13]. Tumsl apeanoB HCCIEAyEeMbIX BUIOB PACTEHHN HaMH
BBIICJICHBI COTJIAaCHO Kiaccuukammsm, paspadoranabiM E.IT. JlaBpenko, A.W. TonmauessiM, P.B. Kame-
nuabIM, B.I1. T'omockokoBeM [14—17].

Peszynomamer ucciedosanus u ux obcysxcoenue

[To pe3ynmpTaTaM NpOBEACHHBIX MHOTOJICTHUX (DIIOPUCTUYECCKHUX HCCIICIOBAHUN HAa TEPPUTOPUU XpeOTa
Kernen-Temupnuk B npeaenax Kazaxcrana u Kuras HamMu BbIJEIEHBI CIEAYIONIUE TUIBI BHICOTHOW JaH-
madTHON pacTUTEIHHOCTH: IyCTHIHHBINA, ITyCTHIHHO-CTEITHOH, JTyTOBO-JICCHOM, TUCTBEHHO-JIECHOM, XBOWHO-
JIECHOU, KpUO(HUIBHO-ITYTOBOW, KYCTApHUKOBBINA. BhIeneHne ux kak (IOpUCTUICCKIX KOMIUICKCOB SIBIISICT-
Csl 3aKOHOMEPHBIM, TaK KaK OHHU ABIISIOTCS 30HAIBHBIME A xpedTa KerneH-TeMupiank, pacTUTENbHBIA TO-
KpPOB KOTOPOT'O OTIMYAETCS KOMITIEKCHOCTHIO U MO3aNYHOCTBIO, T.€. 3/1eCh MPHUCYIIE T€TEPOreHHOCTh HCCe-
nyemoit iopsl. [IpencraBieHHbIe BhIlie (IOPUCTHUSCKUE KOMIUICKCHI IPUPOTHON (utophl xpeodTa Kernen-
Temupiauk 00BEIUHSIOT BHUIBI, TATOTCIONIME IO CBOMM HKOJIOTO-IICHOTHMYECKUM TIPU3HAKAM M XapaKTepy
pacrpocTpaHeHus] K OJHOPOJHBIM B OOTaHWUKO-reorpaduIeckoM OTHOIICHHH MPUPOJHBIM TEPPUTOPHAITH-
HBIM KOMIUTeKcaM (manmmadTam) [18].

B nerpodpunsHOM (hropucTHUECKOM KOMILIEKCE HACUUTBIBaeTCs 845 BUAOB, KOTOpPBIE OTHOCATCS K 298
pomam u 69 cemeiicTBaMm. JIBYIOJBHBIX HACUUTHIBaeTCs 712 BUIOB, 0MHOMOIBHEIX Beero 111 Buma. CooTHO-
IIEHHE OJHOAONBHBIX PACTeHHH K ABYAOIBHBIM PAacTEeHHUsIM cocTaBisier 1:6,4. UncneHHOe COOTHOIICHHE
(brops! MeTpohUIBHOTO PIOPUCTHUSCKOTO KOMIUIEKCca paBHO 69:298:845. B cpenHeM Ha KaXIblid PO TpHU-
xomuTcs 2,7 Buma. BumoBasi HaCBIMIEHHOCTh CEMEHCTB MEeTPO(UILHON (IIOPHI XapaKTEepPH3YETCsl CPEIHUM
MoKasareyieM M cocTaBiisieT 13,2. ABTOXTOHHBIC TCHIACHIIMY B Pa3BUTHHU MeTpoduiIbHOMN Giopel xpedra Ker-
neH-TeMUPIUK MPAaKTUYECKH HE BHIPAXKECHBI, O YeM TOBOPHUT OTCYTCTBUE PHICMUYHBIX BUJIOB, U MOYTH I0JI-
HOE OTCYTCTBHE NOIMMOPGHBIX pooB. OTpULaTeIbHOE 3HAUYCHNE MTOKa3aresst aBToHOMHOCTH (—0,592) cBu-
JIETEBCTBYET 00 AIJIOXTOHHOW TCHJICHITUY B Pa3BUTUH METPO(UIBHOM (IIOPHI UCCIIEyEeMOW TEPPUTOPHH.
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Pacnipenenenue HaceMEWCTBEHHBIX TAKCOHOB IO KOJIMYECTBY BUJIOB U POAOB B METPOPIILHOM (II0-
puCTHYECKOM KoMIutekce npuBeneHo nmo A.JL. Taxramxsay [13], rae dhiIopucTHIeCKUi CIIEKTP MeTpodMIb-
Hoit (mopel xpeOta Kernen-TeMUpIUK COCTOUT M3 8 moakiIaccoB, u3 Hux 2 moaknacca (Commeliniidae,
Liliidae) otnocsarcs k Liliopsida w 6 nmonknaccoB k Magnoliopsida (Ranunculidae, Caryophyllidae, Rosidae,
Lamiidae, Dilleniidae, Asteridae). 13 xnacca Magnoliopsida nanboiiee 00raTbiMHA 110 BHIOBOMY COCTaBY
oKazamuch TonKiacchl Rosidae, Asteridae, Lamiidae, Caryophyllidae, Dilleniidae, Ranunculidae, a w3
Liliopsida, TtaxoBbimMu oxazanuck Commeliniidae w Liliidae. Knacc Pinopsida mnpenctaBieH IByMs
cemeiicTBamu, knacc Equisetopsida omnum cemeiicTBoM, kiacc Polypodiopsida neBsThio cMelcTBaMu

(puc. 1).

Asteridae 19,1%

Lamiidae 14,3% ‘

Rosidae 22,4%

Magnoliopsida
84,2%

Delleniidae 11,1%

\_ Ranunculidae
4,0%

Caryophyllidae
13,1%

~_ Pinopsida 0,59%
Polypodiopsida
1,53%

Gnetopsida 0,47%

Commelinidae
6,74%

Liliidae 6,4%

Liliopsida 13,0%

Pucynox 1. CooTHOIIEHIE OCHOBHBIX CHCTEMaTHIECKHUX TPYI B METPOPHUIHLHOM (IIOPUCTHICCKOM KOMIUIEKCE

W3 npuBeneHHbIX B Tabnuie 1 cemeicTB neTpoduiibHoi (iiopsl xpedra Kernen-Temupiuk Hanbosee
Ooraro npezctaBieHbl Asteraceae (162; 19,1 %), Fabaceae (74; 8,75 %), Brassicaceae (60; 7,1 %), Poaceae
(57; 6,74 %), Lamiaceae (48; 5,62 %), Caryophyllaceae (45; 5,32 %), Chenopodiaceae (42; 5,0 %),
Rosaceae (41; 4,85 %), Boraginaceae (28; 3,31 %), Scrophulariaceae (28; 3,31 %).

Tabnuma 1

Kpynneiimmne cemeiicrBa nerpopuiibHoii ¢gpiopsl xpedTa Kernen-Temupiank

No . % ot ob1ero uucna
CemeticTBa KomnunuecTtBo ponos KomuuecTBo BUI0OB
/o BUIIOB
1 2 3 4 5
1 |Asteraceae 52 162 19,1
2 |Fabaceae 13 74 8,75
3 |Brassicaceae 32 60 7,10
4 |Poaceae 22 57 6,74
5 |Lamiaceae 10 48 5,68
6 |Caryophyllaceae 20 45 5,32
7 |Chenopodiaceae 18 42 5,0
8 |Rosaceae 11 41 4,85
9-10 |Boraginaceae 13 28 3,31
9-10 |Scrophulariaceae 7 28 3,31
28 BecTHuk KaparaHauHckoro yHusepcuTeTta
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IMpomnonxenue Tabunuusr 1

1 2 3 4 5

11 |Apiaceae 11 21 2,48
12 |Alliaceae 1 20 2,36
13 |Liliaceae 4 18 2,13
14 |Ranunculaceae 10 13 1,53
15-16|Polygonaceae 6 12 1,42
15-16|Crassulaceae 6 12 1,42
17 |Limoniaceae 4 11 1,30
18 |Primulaceae 2 10 1,18
Bcero 242 702 83,0

B mepBBIX Tpex cemeicTBax copepxkutcs 296 BuioB, win 35 %, ot Beeit netpoduibHOi (iopsl, a B Je-
CSATH BEAYIINX CeMEHCTBaxX coiepxutcs 585 Bumos, wim 69,2 %. Tak B cemeiictBax Apiaceae (21; 2,41 %),
Alliaceae (20; 2,36 %), Liliaceae (18; 2,13 %), Ranunculaceae (13; 1,53 %), Polygonaceae (12; 1,42 %),
Crassulaceae (12; 1,42 %), Limoniaceae (11; 1,30 %) u Primulaceae (10; 1,18 %) (puc. 2). B 11 cemeiict-
Bax cojiepKuTcs oT 7 1o 6 BunoB (4,8 %). B 24 cemeiictBax comepxutcs ot 5 mo 2 BunoB (81; 9,5 %). U 21
CeMEeHCTBax couepKar 1o OJHOMY BHIY, 4TO cocTaBisieT 2,4 % oT Bcel neTpouinbHON (IIOpHL.

25 -
19,1%
20 +
15 +
8,7%
107 P e s 53%  5.0% 4,8%
s 1 I I I I 200 TR R 33 3,5%  3.0%
0 - } I } I } I } I } I } I {
< (4] (4] < (4] (4] (4]
Q@‘b & c?‘% & & & & & & 0&6 &
& & & 5 & NG P & & & &
& ® {b%%\ Qo‘b V%&Q =) & & & W AQOO
v < & & & 3
Sy

Pucynox 2.CooTHomeHue Beaymux ceMeiicTB nerpodunsHoi ¢iopsl xpedra Kernen-Temupnnk

Benymumu mo 4uciy pomoB ceMeicTBamMH OKasaluch Asteraceae (52; 6.1 %), Brassicaceae (32
3,78 %), Poaceae (22; 2,6 %), Caryophyllaceae (20; 2,36 %), Chenopodiaceae (18; 2,1 %), Boraginaceae
(13; 1,53 %), Fabaceae (13; 1,53 %), Rosaceae (11; 1,3 %), Apiaceae (11; 1,3 %), Ranunculaceae (10;
1,18 %) (tabm. 1).

Io uncny KpymHEHITHX poIOB HanbojIee OOraThIMK TI0 YUCITY BHIOB OKa3auch: Artemisia (26 BUIOB
umn 3,07 %), Astragalus (23; 2,72 %), Allium (20; 2,36 %), Oxytropis (17; 2,01 %), Dracocephalum (15;
1,77 %), Caragana (14; 1,65 %), Potentilla (13; 1,53 %), Saussurea (12; 1,42 %), Taraxacum (12; 1,42 %),
Draba (11; 1,3 %), Veronica (10; 1,18 %), Gagea (10; 1,18 %), Silene (10; 1,18 %) (Tabmn. 2).

Taonuma 2
Kpynneiimne poasl nerpoguiabHoii guiopsl xpedota Kernen-Temupank

r][\/ri Ponpr KomnunuectBo BumoB | % oT 00IIero yucsiaa BUIOB
1 2 3 4

1 |Artemisia 26 3,07

2 |Astragalus 23 2,72

3 |Allium 20 2,36

4 |Oxytropis 17 2,01

5 |Dracocephalum 15 1,77

6 |Caragana 14 1,65

7 |Potentilla 13 1,53
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IIpononxeHnue TadTub 2

1 2 3 4
8 |Saussurea 12 1,42
9 |Taraxacum 12 1,42
10 |Draba 11 1,30
11 |Veronica 10 1,18
12 |Gagea 10 1,18
13 |Silene 10 1,18

Bcero 193 22.8

B stux tpuHaanaté pomax coxepxkarcs 193 Bumpa (22,8 %). B 20 pomax comepixkatcst oT 9 10 6 BUIOB
(143; 17,0 %), 104 pona cogepxat ot 5 o 2 BuaoB (308; 36,4 %). 160 pomos comepxkar no 1 Buay (19,0 %).

Kak BHIHO W3 MEpEUMCIICHHBIX BBIIIC POJOB (TA0. 2), MOJABIAIONICE UX YHUCIO SIBISIOTCS XapakTep-
HBIMU TIPEJICTAaBUTEIAMHU (IIOPHI CTETel U MyCThIHG [19-23].

CooTHOIIEHHE KPYITHBIX, CPEJTHUX, OJUTOTHITHBIX ¥ MOHOTHITHBIX POJIOB METPOPIIILHON (QIiopsl XpeOTa
Kernen-TeMupivk mokasano NpUCYTCTBUE B UCCIIEAYeMOM meTpoduiabHOM (iope OOJBIIOro YHCIa OJUI0-
THUIHBIX, KPYITHBIX W CPEIHUX JBYXBHJIOBBIX POJIOB — YepTa, MpHcymas ¢yopam, pa3BUBAIOIIAMCS B Kpaii-
HUX YCJIOBHSX CyIIeCTBOBaHMS (puc. 3).

19,0% 22.8%
B KpynHsele
B Cpennue

B OnUroTUITHEIE

36,4% 17,0% B MOHOTHITHBIC

Pucynok 3. CoOTHOILICHHE KPYMHBIX, CPEIHUX, OTUTOTHITHBIX H MOHOTUITHBIX POJIOB METPOPUIBLHON (GIIophI
(% ot 00mIero KONMMYEcTBa BUIOB)

Kax BunuMm u3 pucyHka 3, Ha JOJO OJUTOTHITHBIX poaoB mpuxoautcs 36,4 %, Ha TONI0 KPYMHBIX Po-
noB 22,8 %, cpennaue poxa coxepxkat 19,0 % u Ha 1070 MOHOTHITHEIX PoaoB Beero 17,0 % ot obmiero komu-
4yecTBa BUIOB Beel neTpoduiibHoM (hiiopsl XxpedTa Ketnen-Temupiuk.

B merpodunbHOM (QIIOPHUCTUYECKOM KOMIUIEKCE BEPHBIX BHJOB, XapaKTEPHBIX TOJBKO JUISI JTAHHOTO
KOMIUIeKCca, HacuuThiBaeTcss 158 BuaoB. K OCHOBHBIM BepHBIM BHIaM oOTHocATCs: Paraquilegia
anemonoides, Rhodiola coccinae, Potentilla biflora, Sedum hybridum, S. albertii, Orostachys thyrsiflora,
O. spinosa, Saxifraga oppositifolia, S. cernua, S. hirculus, S. sibirica, Allium polyphyllum, A. platyspatum,
Dracocephalum imberbe, Schrenkia vaginata, Patrinia intermedia, Pentaphylloides phyllocalyx n MHOTHE
npyrue. Cam THIl TeTpO(UIBHON PACTUTEIILHOCTH MPEICTABISICT B OTIMYUE OT MHOTUX APYTUX THIIOB, TIPO-
cToil Habop BUAOB pacTeHuH, AU (GHEepEeHIIMPOBAHHBIX B COOTBETCTBUU C OCOOCHHOCTSMHU MECTOOOHUTAHUM,
HO HE CBSA3aHHBIX JAPYT ¢ APyrom (urorieHossl [23].

AHanu3 mo KU3HCHHBIM (OopMaM IMOKa3aj, 4yTo neTpodmibHas (haopa XapakTepu3yercs JOMUHUPOBA-
HUEM TPaBSHUCTHIX pacTenuit (706 Bunos, wim 83,5 %), UX HUX TMOJABIISIONICE YUCIO OTHOCUTCS K TPaBSHHU-
CTBIM TIONUKapmukam (526 BunoB, win 62,2 %), 4To XapakTepHO I yMepeHHbIX (iop. TpaBsHUCTBIE MO-
HOKApPIUKKM WTPAIOT 3HAYUTEILHO MEHBINYI0 POJIb B CIIOKeHUHM nerpodunbHor (mopsr (180 BumoB, wim
21,3 %) (puc. 4). Honsa yyacTusi KyCTApHUKOB M KYCTapHHYKOB (9,7 %), MOIyKYCTapHUKOB M TOJyKycTap-
Hu4KoB (4,1 %) noBonbHO BeicoKa. KycTapHuku npencrasiensl 82 Bugamu. OHU COEPIKATCS B CEMEHCTBaxX
JKUMOJIOCTHBIX (6 BHIOB), po3oiBeTHBIX (19 Bua0B), 6000BbIX (17 BHIOB), MapeBbIx (7 BUIOB), HBOBBIX (7),
IpeUUIIHbIX (5), KpbKOBHUKOBBIX (4), 3¢denpoBbixX (4), kumapucoBbix (4), 6apOapucoBbIX (3), KpyILIMHOBBIX
(3), numonwueBbIX (2), moTUKOBBIX (1), cenurpstHkoBbIX (1), 6epeckieToBbiX (1), maciaeHossix (1). [Tomykyc-
TapHUKOB HACUMTHIBACTCS — 35 BUIOB, OHHM COJACPIKATCSA B CEMEHCTBax I'yOOIBETHBIX (6 BHIOB), CIIOXKHO-
1BETHBIX (21), BEIOHKOBBIX (2), TUMOHUEBKIX (2), KanepcoBrix (1), magarnkoBbix (1), BomuHukoBsIX (1), 60-
00BbIX (1). [epeBrs B merpodunsHOi ¢uope xpedra KermeHn-Temupnuk mpeactaBieHbl Bcero 4 BUAAMHU
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(0,47 %), xoTOpBIC comepKaTCs B CeMEHCTBaxX PO30LBETHBIX (2), KineHoBbIX (1) u cocHoBrIxX (1). M3 MHOTO-
JIETHUKOB WJIM TIOJIMKAPIHKOB, CTEPKHEKOPHEBBIX HacuuThiBaeTcs 230 BumoB (27,2 %), KOPHEBUIIHBIX —
40 BunoB (4,7 %), KOPOTKOKOPHEBUIITHBIX — 72 BUAOB (8,5 %), mmmHHOKOpHEBUIIHBIX — 60 BHaa (7,1 %),
nepHoBUHHBIX — 34 Buaa (4,0 %), kucrekopHeBboIX — 8 (,94 %). KinyoneBbix — 12 Bugos (1,4 %), myko-
BbIX — 39 BUOB (4,6 %).

B JlepeBbs
B KycTapHUKH

EITonykycTapHUKHI

23w AT 0T%

[

- 4,1% B CTep)KHEKOPHEBbIC
B KopHeBHUIIIHEIE
4,6% B JITMHHOKOPHEBUIITHBIE
[ KopoTKOKOpHEBHIIHbIC
1,4% @ JlepHOBHHHBIE

2,4%
4,8%

KiryOHeBbie

8,5%

4,7%

7,1% @ JlykoBbIe

I Monokapnuku

Pucynok 4. Pactipenenenue xu3HeHHBIX (popm nerpodunbHoi diopsr xpedTa Kernen-Temupuk

OnHONETHUKY MPeobaafaloT B ceMelHcTBax KpecTouBeTHBIX (34 Buaa), cnoxkHouseTHHIX (31 BUn), Oy-
paunukoBbIX (17 BumoB), MapeBbiX (14 BumoB), rBO3mMYHEIX (11 BUIOB), 31MakoBEIX (8 BHUIOB), 00OOBBIX
(7 Bua0B), HOPUUHUKOBBIX (7 BUIOB), MaKkOBBIX (4 BHIa), ry0ouBeTHBIX (3 BHIa), ABIMIHKOBBIX (3), Trope-
4aBKOBBIX (3), repaHueBbIX (3), KpanmuBHBIX (2).

MHoroneTHUKH NpeodaIafaloT B CEeMEUCTBaxX CIOKHOUBETHHIX (96 BumoB), 6000BHIX (44 BHIa), MATIU-
koBbIX (30 BHIOB), TBO3AMYHEIX (29 BHIOB), TyOomBeTHBIC (19 BHIOB), KpecTOnBETHHIX (16), 30HTUIHBIX
(15), poszousetnbix (13), motuxoBeix (11), HopuuHHKOBBEIX (11), TONCTSIHKOBBIX (6), OypauHUKOBBIX (5),
KaMHEJIOMKOBBIX (4), Mojo4aifHbIX (4), IeIMAHKOBBIX (3). OcTanbHble cemeiicTBa cofepkar mo 2 u 1 Bumy.
JlepeBbs comepxkaTcs B ceMeiCTBaX HBOBBIX (2 BUa), KIIeHOBBIX (1 BH), TOXOBEIX (1 BH).

CrepXHEKOpHEBBIX pacTeHni HacuuThiBaeTcst 190 BumoB, nmm 22,4 %, rae Haubolblinee KOJIHYECTBO UX
CKOHIICHTPUPOBAHO B CEMEHCTBAaX CIIOKHONBETHHIX (58 BUIOB), 6000BhIX (42 BUAa), TBO3ANYHBIX (21 BUT),
ryoonBeTHBIX (21), 30HTHUHEIX (15), KpecTouBeTHHIX (14), po3onBeTHHIX (8). JlepHOBHHHBIX PACTCHHI Ha-
cunthiBaetTes 41 BunoB (4,8 %), riie Oombllle BCEro OHU COCPEIOTOUCHBI B ceMeicTBe 31makoBbIX (15), kpe-
CTOLBETHBIX (9), mepBOUBETHHIX (4), TBO3INYHBIX (3).

[To oTHOIIEHUIO K BIAXKHOCTH TOMHUHHUPYIOT Me3okcepodutel — 353 Buna (41,7 %) u kcepome30puThHI
135 Bunos (16,0 %), me3oduroB HacunuThiBaeTcs Becero 20 BuoB (2,3 %).

B cocTaBe nanHoit ¢uopsl BbineneHo 35 reorpadMuecKux JIEMEHTOB, OObEANHEHHBIX B 7 TPYIIN apea-
noB (puc. 5).

0,98%
0 9
9,8% 2,54% ’ 66,4% B [opHOCpeIHea3naTcKast

o0
9,8% B [{enTpanbHOa3HaTCKAs

B 'pynmna BUAOB € IIUPOKUMH apeaiaMy
B bopeanbHast
10,5% ® JI[peBHECPEIU3EMHOMOPCKAs

B CrenHas

Pucynox 5. Pacripenenenue BunoB netpopuinbHoi ¢iaopsl xpedTa Kernen-TeMupinuk B rpynmax apeanos

AHanu3 coctaBa neTpoQUILHOTO KOMILIEKCA IO TUIaM apeanoB (Tadir. 3) mokasai, 4To OOJbIIe IMOJIo-
BuHBI BUI0B (339; 66,4 %) uMeroT apeas, OrpaHUYeHHBINA TeppuTopusiMu ropHoii Cpenneit Azun. B cBsi3u ¢
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OTUM TIpylIiia ropHOCPEAHCAZUATCKUX BUAOB ABJISCTCA O,Z[HOﬁ n3 BCAYyHIUX B CIIOKCHUH HCTpO(l)I/IJ'IBHOFO
KOMILJICKCA.

Tabnuma 3

Pacnpenenenne BuaoB nerpoduiabHoii guiopsl xpedTa Kernen-TeMup/uk no TunaM apeajion

Ne Yucno |% ot obmiero
Hazanwue apeana
n/m BUJIOB | YHCIIa BUIOB
1 |ILmopupernoHaabHBIH 2 0,23
2 |lomapkTudeckuit 46 5,44
3 |[TaseapkTudeckuit 41 4,85
4 |3amagHOManeapKTHYECKUAN 4 0,47
5 |BocTtoyHOmaneapkTHIecKuit 27 3,19
6 |/IpeBHECPETN3EMHOMOPCKHM 26 3,02
7  |BocTo4HO-IpEeBHECPETN3EMHOMOPCKHIA 34 4,02
8  |EBpomeiicko-apeBHECPETU3EMHOMOPCKHI 11 1,30
9  |IToHTHYECKO-pEeBHECPEANIEMHOMOPCKUI 3 0,35
10 |EBpa3marckuii 14 1,65
11 |ITaHHOHO-Ka3aXCTaHCKUK 9 1,06
12 |EBpocubupckuit 1 0,11
13 |TopHOCpenHea3snaTcKuit 204 24,1
14 |TopHOCpeIHEa3HATCKO-UPAHCKUH 40 4,73
15 |TopHOCpeaHea3naTcKo-CHOMPCKHA 11 1,30
16 |[opHOCpeaHea3naTcKo-ruMaiaiCKuit 3 0,35
17 |AnTae-ruManaickuii 14 1,65
18 |[TopHOCpeIHEa3HATCKO-TOPHOIICHTPATLHOA3HATCKIT 13 1,53
19 |TopHOUEHTpaIbHOA3HATCKUT 18 2,1
20 |TaHbIIAHCKUN 50 59
21 |CeBepOTSHBITIAHCKUI 35 4,14
22 |AnTae-TSHBIIAHCKHAMK 18 2,13
23 |Tapbararae-TIHbIIAHCKUN 15 1,77
24  |AnTae-KeTIIEHCKHI 9 1,06
25 | TsaHpIIaHO-CUOMPCKHIMA 33 3,90
26 |KerneHckuit 8 0,94
27 |KeTneHo-TepCKeHCKHi 3 0,35
28 |KeTmneHo-3auanuicKuit 14 1,65
29  |KeTneHo-mKyHTapCKuit 34 4,0
30 |CHUHBLBSIHCKHI 13 1,53
31 |Typauckuii 27 3,19
32 |TypaHo-upaHCKUI 26 3,0
33 |TypaHO-IIEHTpaILHOA3UATCKUH 16 1,89
34 |CeBepoTypaHCKUi 7 0,82
35 |CeBepoTypaHO-IIEHTPaTbHOA3HATCKII 3 0,35
Bcero 845 100

B ropHocpenHeasnatckoii rpymme COOCTBEHHO TOPHOCpEAHEea3naTckux BuaoB — 150, ropHOCpenHea-
3uarcko-upaHckux — 10, 20 ropHOCpETHEA3UATCKUX BHIOB UMEIOT CBsi3u ¢ CuOUpbi0, AntaeM. bombimm
YICIIOM TPEJCTaBlIeHa W TAHbIIAHCKas moarpynmna — 156 Bumos (30,5 %), U3 HUX TAHBIIAHCKUX — 460,
79 BumoB umerot cBs3u ¢ Cubupnto, AntaeM u TapOararaem, ceBepOTSHBITAHCKUX — 24, KETIICHCKUX JH-
JEMUKOB — 1, KETIEHO-3aUIIMACKUX —35, KETIEHO-TEPCKEeUCKIX — 4.

CrenyiomyMu M0 BEJTHYWHE SBJSIOTCS BUIBI, MUMEIOIINE 3HAYMTENBHBIM apean B Mpefesiax TOPHOM
LenTpanpHOit A3MM — TOpHOIEHTpalbHOa3narckas rpymma — 54 (10,5 %), u3 HUX TOPHOIEHTPAIBLHO-
azuatckux — 16, TropHOCpeIHEa3naTCKO-TOPHOLCHTPAbHO-a3UaTCKUX — §, anTae-ruManaickux — 10,
TOpHOCpeIHEa3naTcko-rumanaiickux — 20. B rpynmne BUIOB ¢ IUPOKUMHU apeaiaMu: TOTapKTHUESCKUE BUABI
COCTaBJISIOT 3HAUNTENbHOE KomaecTBO — 50 BumoB (9,8 %).

Takxe 3HAYUTETHHO YYacTHE BUJIIOB, UMEIONIMX apeall B mpenenax [laneapkruku, OopealibHas rpynma,
HacunthiBaromias S0 BunoB (9,8 %), u3 HUX ¢ apeanom mo Bceii [lameapkTrku — 18, B ero BOCTO4HO# 4ac-
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™ — 28, 3amagHoi yactu — 4. Cleayromue Tpynnbl MPeICTaBICHb HEOOIBITUM YHCIIOM BUJIOB: JpPEBHE-
cpemuzemHoMopckas rpynma (13; 2,5 %) u crenHast (5; 0,98 %) (Tadm. 3).

Raxnouenue

[etpodunbHblii (ropucTHdeckuii KOMIUIEKC HACUMTHIBaeT 845 BHIOB, KOTOpPBIE OTHOCATCA K 298 po-
IaM u 69 ceMmeiicTBaMm, Tie IBYAOIBHBIX pacTEHUN HACUHUTHIBAETCS 712 BHIIOB, OJHOMONBHBIX )K€ pacTCHUN
coctasiseT Becero 111 BumoB. CoOTHOIIEHNE OHOMONBHBIX PACTCHHUH K ABYIOJBHBIM PACTEHUSIM COCTABIIS-
er 1:6,4. UucnenHoe cooTHomeHrne ¢GIOpHl NETPOPUIBLHOTO (IIOPUCTUIECKOTO KOMIUIEKCA PaBHO
69:298:845. B cpeanem Ha Kaxablid poj mpuxonutcs 2,7 Buna. BumoBas HACKHILIEHHOCTh CEMEHCTB METPO-
(GuIBHOMN (IIOPHI XapaKTepU3yeTCs CPEIHUM IoKa3aTelieM M cocTaBisgeT 13,2. ABTOXTOHHBbIC TEHACHIIUU B
pasBuTHN NeTpoQuIbHOHN (uiopel XpedTa KeTneH-TeMHupIuK MpakTHYECKH HE BBIPAXKEHBI, O YeM TOBOPHT
OTCYTCTBHE SHIACMUYHBIX BHUJOB, U MOYTH MOJIHOE OTCYTCTBHE MOTUMOP(HBIX poaoB. [lerpodunbheiii ¢io-
pucTtrdecknii KoMruiekc xpedta KerneH-TeMupnuk npencraBieH BUAAMH, A€ 3HAYUTEIHHYIO POJIb UTPAIOT
(bropucTHYeCKHE JIEMEHTHI C apealaMi OOpeaJbHOro THIA: TOPHOCPEIHEa3HaTCKOT0, TOPHOIIEHTPpaIbHOA-
3MATCKOI'0, MAIEAPKTUIECKOr0 U TOJApKTHIECKOTO, YTO cocTaBisieT 96,6 % ot olIero yucna ux.
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I'.A. CagsipoBa, JI.K. BaiixiritoB

Kernen-TemipJiik :KOTaCHIHBIH ayMa¥FbIHAAFbI
nerpopmibai GiopanbiK KeleHHIH aJyaHTYPJILIiri

Maxkanana Kernen-TeMipitik ®KOTachIHBIH IeTPOGMIbII (IOPUCTUKAIBIK KEIIEHHIH OHOaTyaHTYPIIiiriH Tal-
nay HoTmkenepi kentipinres. Ilerpodunbai kemeHniy ¢uopacel 845 TypaeH Typansi, onap 298 Tysic Typi
MeH 69 TyKbIMIachlHa kaTaasl. KockapHakTsl eciMuikrepain 712 Typi, napaxapHakTbl eciMaikrepain 111
Typi 6ap. Kernen-Temipuik sxotaceiHbiH HeTpoduiiai (IOpachHbIH JaMybIHAAFbl aBTOXTOHABIK YpAicTepi
TOMEH JieHrei/ie KepiHic TarkaH. byHbl SHIEMHKAIbIK TYpJepi MEH HOJMMOPQTHIK TYbICTAPABIH >KOKTHIFbI
KepceTei. ABTOHOM/IBIK KopceTKilmiHig Tepic 6onranaprsl (-0,592) nerpodrmbai GpropachHEIH JaMybIHAA
QUIOXTOHABIK YpaicTi aifrakraiinsl. Kermen-Temipilik »KOTAacBHIHBIH €H ipi TYKBIMIACTapBIHBIH TaJAaybl
Asteraceae (19,1 %), Fabaceae (8,75 %), Brassicaceae (7,1 %), Poaceae (6,74 %), Lamiaceae (5,62 %),
Caryophyllaceae (5,32 %), Chenopodiaceae (5,0 %), Rosaceae (4,85 %), Boraginaceae (3,31 %),),
scrophulariaceae (3,31 %) xepcerti. bail cambiHa TyprepiHiH e3eHmik Typi Artemisia (3,07 %),
Astragalus (2,72 %), Allium (2,36 %), Oxytropis (2,01 %), Dracocephalum (1,77 %), Caragana (1,65 %),
Potentilla (1,53 %), Saussurea (1,42 %), Taraxacum (1,42 %), Draba (1,3 %), Veronica (1,18 %),
Gagea (1,18 %), Silene (1,18 %) sxaranpl. ApeanublK THHTEpi OOMbIHIIA NETPO(UIbI] KEIICHHIH Tajgaybl
eciMaikTep TypiepiHiH kapTeichiHaH kebOi (339; 66,4 %) rtayasl Opra Asusna Liekreyni alMakrapaa
Keszecei.

Kinm ce30ep: dbnoayanrypiinik, ¢uiopa, Kermen-Temipirik, :K0Tackl, pIOPUCTUKATBIK KEIICHIEP.

G.A. Sadyrova, D.K. Bayzhigitov

Diversity of flora of petrofile floristic complex
on the territory of the Ketpen-Temirlik ridge

In the article an analysis of the biodiversity of the petrophilic floristic complex of the Ketpen-Temirlik range
is provided. The flora of the petrophilic complex is represented by 845 species, which belong to 298 genera
and 69 families. Dicotyledonous plants are of 712 species, monocotyledonous plants are total 111 species.
The autochthonous trends in the development of the petrophilic flora of the Ketpen-Temirlik ridge are practi-
cally not expressed, as evidenced by the absence of endemic species, and the almost complete absence of pol-
ymorphic genera. The negative value of the index of autonomy (-0.592) indicates an allochthonous tendency
in the development of the petrophilic flora of the studying area. The analysis of the largest families of the
Ketpen-Temirlik ridge showed that the most richly represented families are Asteraceae (19.1 %), Fabaceae
(8.75 %), Brassicaceae (7.1 %), Poaceae (6.74 %), Lamiaceae (5, 62 %), Caryophyllaceae (5.32 %),
Chenopodiaceae (5.0 %), Rosaceae (4.85 %), Boraginaceae (3.31 %), Scrophulariaceae (3.31 %). Rich in the
number of species were of the genus Artemisia (3.07 %), Astragalus (2.72 %), Allium (2.36 %), Oxytropis
(2.01 %), Dracocephalum (1.77 %), Caragana (1.65 %), Potentilla (1.53 %), Saussurea (1.42 %), Taraxacum
(1.42 %), Draba (1.3 %), Veronica (1.18 %), Gagea (1.18 %), Silene (1.18 %). An analysis of the composi-
tion of the petrophilic complex by area types showed that more than half of the species (339; 66.4 %) have an
area limited to the territories of Mountain Central Asia.

Keywords: biodiversity, flora, Ketpen-Temirlik ridge, floristic complexes.
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Morphological characteristics of samples of species genus
Dactylorhiza Nevski (Orchidaceae Lindl.) attracted for primary introduction
in the Altai botanical garden

In this article the results of the primary introduction of rare species of the genus Dactylorhiza Nevski in the
conditions of the mountain forest zone of Eastern Kazakhstan are presents. As a result of field expedition
work of 2017-2018, on the ridges of Ivanov and Kalba in the Kazakhstan section of the Altai mountain
system, the following species of Dactylorhiza were added to the Altai Botanical Garden collection: D. fuchsii
(Druce) Soo, D. longifolia (L. Neum.) Aver., D. incarnata (L.) Soo, D. maculata (L.) Soo, and D. umbrosa
(Kar. & Kir.) Nevski. Survival rate was assessed under the conditions of introduction. The description of the
external structure of generative individuals added to the culture was recorded by morphological
characteristics and morphometric parameters: the shape and size of the inflorescences and leaves and the
number and structure of flowers. The morphological characteristics and morphometric indicators of
individuals of species added to the culture are the starting indicators when studying the introduction potential
of the studied species of the genus Dactylorhiza. The collection of species of the genus Dactylorhiza will
serve as the basis for the study of genetic diversity, molecular genetic analysis of species and intraspecific
variability, which in turn will help to accurately distinguish between overlapping species.

Keywords: Dactylorhiza Nevski, rare species, introduction, morphology, morphometry.

Dactylorhiza Nevski is one of the widespread and numerous genera of the Orchid family of the temper-
ate zone. The genus includes 50-70 species found in countries with a temperate and boreal climate, mainly in
non-tropical Eurasia [1]. It is not yet fully researched and still not fully developed as a group [2]. Representa-
tives of the genus are distinguished by high phenotypic variability, often hybridizing with each other, which
makes it impossible to clearly distinguish the species even within the same coenopopulation or closely locat-
ed communities [3, 4].

Most species of the genus, according to the gradation of R.V. Camelin [5], are classified as vulnerable
and endangered, or, infrequently, rare.

In the «Flora of Kazakhstan» [6], the genus Dactylorhiza has 8 independent species, of which the Euro-
Siberian species D. fuchsii (Druce) Soo is included in the «Red Book of the Republic of Kazakhstan» [7],
meaning that it’s considered endangered.

The introduction of rare plant species is the main and most reliable way to preserve biodiversity. Ac-
cording to the works of S.A. Mamaev [2] and P.G. Efimov [8], species of the genus Dactylorhiza tolerate
transplantation quite well and, when creating similar natural environmental conditions, grow equally well.
As a result of field botanical surveys in the mountainous system of Kazakhstan Altai, initiated in 2017, and
continued in 2018 as part of the grant project AP05133868 «Study of the distribution and current state of
populations of Orchid species of the Kazakhstan Altai and their introduction in the Altai Botanical Garden»
live plant samples of the genus Dactylorhiza from the family Orchidaceae (Lindl.) were displayed in the Bo-
tanical Garden’s exposition of the natural flora of the Altai mountains (Ridder).

The purpose of this study is the morphometric characterization of samples of species of the genus
Dactylorhiza from the Kazakh Altai, selected for primary introduction to the Altai Botanical Garden. The
information reflected in this article can serve as a basis for comparison with individuals in introduction popu-
lations.

Materials and methods

The description of the external structure of the plant was carried out according to the methods of
A.L. Fedorov and Z.T. Artyushenko [9-12]. The color palette of the inflorescences is determined on the ba-
sis of A.S. Bondartsev’s color scale. [13] and the color scale of the English Royal Society of Florists [14].
Processing of statistical results was carried out according to the methods of G.N. Zaitsev [15] and
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B.A. Dospekhov [16]; Latin names were assigned to the plants in accordance with the nomenclature report
S.K. Cherepanov [17].

The status of the species, depending on the endangered state and the category of rarity, is determined in
accordance with the classification proposed by R.V. Kamelin and G.G. Sokolova in the Red Book of the Al-
tai Region [5].

The Altai Botanical Garden is located on the south-eastern outskirts of the town of Ridder in the moun-
tain-forest zone of the south-western periphery of the Western Altai. The limiting factors for the introduction
of plants in a botanical garden are sudden changes in temperature and humidity throughout the year, season
and day, and a short growing season. The climate of the area of introduction is characterized as sharply con-
tinental with a long cold winter and hot summer and is located in to a moderately cool, moderately humid
agroclimatic zone. October is the autumn-winter transition period in the area of introduction. In October, the
temperature in the pre-dawn hours is —3 °C to —5 °C; over the course of the day, air temperature drops from
+16 °C to —10 °C. The winter period begins in first ten days of November, when the average daily tempera-
ture consistently drops by 5 °C. Soil freezing varies from 40 to 90 cm. According to the Ridder weather sta-
tion, the frost-free period is 95—125 days. A sharp increase in temperature begins in the last week of May and
reaches a maximum in July or occasionally in June. The average annual precipitation ranges from 432 mm to
937 mm with the greatest precipitation in summer. Soils are black dusty loams (humus content — 6.4 %)
[18].

Research results and discussion

For the initial introduction of natural populations (Fig. 1) the collection consisted of the following spe-
cies from the genus Dactylorhiza: D. fuchsii (Druce) Soo, D. longifolia (L. Neum.) Aver., D. incarnata (L.)
Soo, D. maculata (L.) Soo, and D. umbrosa (Kar. & Kir.) Nevski.
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Figure 1. Map of the location of natural populations of species of the genus Dactylorhiza

Dactylorhiza fuchsii (Druce) Soo (Fig. 2) is a vulnerable meadow-forest species, with a shrinking habi-
tat. D. fuchsii is reminiscent of relicts from the Paleogene of the taiga [19]. The species is classified as rarity
category 2b or v (b), meaning that the species is vulnerable and has a limited range. The species bears a Pro-
tected status on the state level. D. fuchsii in the Kazakh Altais grows in small populations along the bed of
mountain streams, under the canopy of mixed forests. D. fucksii plants occupy open areas that are not occu-
pied by grass and that are richly moist, but without noticeable stagnation of water. Soils, as a rule, are abun-
dantly humified, well-drained and alkaline. D. fucksii forms small groups of 3—5 individuals, often found in
single specimens among rocky protrusions on moss cushions in communities with meso-hygrophilous spe-
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cies: Vacinium myrtillus L., Equisetum sylvaticum L., Geranium albiflorum Ledeb., Geum rivale L., Pyrola
rotundifolia L., Carex macroura Meinsh., G. boreale L., Solidago virgaurea L., Draba sibirica (Pall.) Thell.,
Thalictrum flanum L., and Veronica longifolia L.

In the Altai Botanical Garden, the species is displayed on 25 grass turfs of various age states from the
north-western foot of the Ivanov Ridge. Coordinates of location: 50°18' N, 83°35' E, 725 m above sea level.
On the experimental plot, 3 form patterns were planted, differing in morphological variations.

Form pattern 1. Individuals with pure white flowers (very rare), undersized, leaves mostly without spots
and specks.

Form pattern 2. Species with light pink flowers (widespread), medium-grown, leaves with dull pale
purple specks of rounded shape, sometimes with dots.

Form pattern 3. Individuals with purple flowers, tall (most common), leaves with pale purple or deep
purple spots, concentrated at the base of the leaf.

Figure 2. Different color variations of flowers Dactylorhiza fuchsii (Druce) Soo

The shape of the leaves in all form patterns of D. fuchsii is obovate and slightly pointed at the end. In
one generative adult individual, there are 1-4 (X = 2.43, hereafter is the average index) fully formed basal
leaves, always blunt and rounded at the end. Less commonly, generative models show abundant formation of
a large number of basal leaves of the whorled type. These organisms showed stems with 2—4 (x = 3.37) up-
ward-directed lanceolate or narrow obovate leaves. Juveniles display narrow-lanceolate leaves. Under the
inflorescence 1-3 (X = 2) narrowly linear underdeveloped bracts are located.

Visually established characteristic dependence: the darker the spots on the leaves, the richer the color of
the inflorescence. In individuals involved in the introduction, the inflorescences, as a rule, are small, but
there are also large ones from conoid to oblong-cylindrical in shape, depending on the age condition. The
protruding lower lip of the flower is always clearly tripartite (trident), with a lighter colored middle section
that is obtuse or wedge-shaped at the end and has longitudinal, maroon specks. In young, first flowering in-
dividuals, the middle lobe of the lower lip usually does not protrude, is very narrow and has a sphenoid
shape. A well-developed spur always has a cylindrical shape; its length reaches 5—7 mm. Stipules are usually
shorter than the flower.

The height of individuals in the sample with white flowers does not exceed 12-22 cm. The inflores-
cences are shortened, 3 cm long and 2 cm wide, and have a conical shape. An average of 26 flowers formed
per individual. Bracts are 5-7 mm long and protrude a bit from the flowers. Basal leaves reach 7-8 cm in
length; the width at the base of the leaf is 1-1.5 cm. In contrast to the basal leaves, the stem leaves are small-
er; their length reaches 6 cm and width 5-6 mm. Bracts under the inflorescence have a lanceolate form, and
are not more than 2 cm in length and 3 mm in width.

The white color variation of the inflorescence is a rather rare phenomenon, presumably associated with
the absence of a dark coloring pigment.

Individuals with a light pink color of inflorescences are widely distributed within the species, character-
ized by relatively high competitive ability, unlike other species of this genus. As a rule, this variation is
found in low-grass communities along the banks of streams, on moss beds among the stones.

The survival rate of form pattern in the year of planting on abundantly humified, loose soils with regu-
lar irrigation during the month was 100 %. In nature, with dense herbage, the height of individuals varies
from 16 to 23 (X = 20.25) cm. At the base, the stems do not exceed 3—4 mm in diameter. The inflorescences
are shortened, cylindrical with a length of 2—-3.5 cm and a width of 1.5-2 cm. On average, one inflorescence
consists of 30 flowers. All lower flowers are protected by narrow bracts, which vary in color from green to
slightly brownish. Bracts distinctly protrude from the inflorescence. The lower leaves reach maximum sizes:
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7-13 (x = 10) mm long and 34 (x = 3.5) mm wide. It should be noted that in individual mature plants of
form pattern 2, individuals were found with numerous obovate radical leaves forming rosette whorls. The
length of the basal leaves varies from 7.5-11 (x = 8.87) cm and width 1.2-1.5 (x = 1.42 £ 0.2, Cv = 10 %,
hereinafter Cv — the coefficient of variation). Stem leaves are narrow and lanceolate in form, pointed at the
end, with dim specks, from 6 to 12 (X = 8.25) cm long and 4-5 mm wide. Bracts are much smaller than other
leaves: 1.1-2.5 (x = 1.8 cm) in length, always pointed, narrow-lanceolate, no more than 1-2 mm wide, green
in color, and sometimes have a thin purple border around the edge.

Individuals with a violet inflorescence are the tallest — 30—47 (X =36) cm. They are most often located
in tall grass meadow communities or on the marshy forest edges. Stems are solid, without cavities, and
measure 0.7-0.9 (x = 0.83) cm in diameter at the base. This form pattern is characterized by long cylindrical
inflorescences, from 5.5 to 9 (X = 6.8) cm long and 2-3.5 (X = 2.66) cm wide. The flowers are well formed,
without anomalies. On average, one inflorescence consists of 46 flowers. The protruding bracts effectively
protect the flowers from mechanical damage. Lower bracts are lanceolate or narrow-wedge-shaped in form,
green in color and reach 6—15 (X = 10.25) mm in length. At the base of the stems are 3—4 obovate basal
leaves, reaching a length of 9—16 (x = 11.5) cm, and a width of 1.5-3 (X = 2) cm. The stalks are seated with
spotty lanceolate or narrow lanceolate leaves, 6—10 (X = 9) cm long and 1-1.5 (X = 1.3) cm wide. Under the
inflorescence there are two bracts, with a brownish border around the edge, which is occasional absent. The
length of these leaves does not exceed 2.5-3.5 (x = 2.8) cm, nor the width 2—4 (X = 3) mm.

Dactylorhiza incarnata (L.) Soo (Fig. 3) is a meadow-marsh rare species found in the Euro-Asian
paleoarctic range [1, 20]. Its Rarity category: 3b or R (b) — a rare species with a wide range, often growing
in specific habitats. Protection status: local protection. According to research by a number of scientists [21,
22], it has a narrow ecological amplitude. Research of V.G. Sobko [23] on rhizorestorative reproduction
proves the ability of the species to vegetative propagate. A.A. Alekhin [24] considers D. incarnata a promis-
ing species for introduction.

On the Kalba ridge of the Kazakhstan Altai, the species is widespread, but not abundant. As a rule, its
growth is confined to floodplain meadows, forest edges with partial shading, along the valleys of rivers and
streams, and in tall grasses. The species does not tolerate complete shading as well as strong insolation. In
plant communities, this species has an average competitive ability, but is often supplanted by turf grasses and
sedges, especially when the ecology changes.

The main populations of D. incarnata are found in the grassy meadows in the foothills of the Kalba
ridge. Unfortunately, this species is experiencing a strong anthropogenic impact due to overgrazing of live-
stock and summer mowing before the fruiting phase.

In surveyed regions of foothills in Kalba ridge, in additional to the main seed propagation, the vegeta-
tive method was achieved by planting auxiliary digitate tubers. In the populations of the species, the left-
sided age spectrum prevails due to the predominance of immature and virginal individuals.

For the initial introduction into the Altai botanical garden D. incarnata was introduced by living plants
from the mountain-meadow communities of the Kalba ridge. Coordinates of location: 49 ° 35" N, 82 °©31" E,
634 m. For planting in culture, 20 different-age generative individuals were removed from nature, which
were planted in the exposition of natural flora in both completely open and partially shaded areas with well
humified, mildly acidic black soil substrate.

At abundant soil moisture without stagnation of water on the surface, a high survival rate of individuals
was noted.

Figure 3. Dactylorhiza incarnata (L.) Soo

Cepus «Bronorusi. MegmuuHa. Meorpadusi». Ne 2(94)/2019 39



A.A. Sumbembaev, A.N. Danilova et al.

By individual morphometric indices the specimens of D. incarnata, planted in the botanical gardens
was 2541 (x = 36 cm) high, with a thin, brittle, partially hollow stem 7-9 mm thick at the base. Inflores-
cences are cylindrical in shape, well-formed, and without anomalies in structure. Color variations range from
dark pink to deep dark crimson. The size of the inflorescences reaches 6.5-7.5 (X =7) cm in length and 2.5-3
(x = 2.8) cm in width. With strong insolation, the inflorescence becomes brownish. 36 to 42 (X = 37) flowers
form per inflorescence. The lower floral lip is almost solid, diamond-shaped, with a narrow middle part
slightly protruding forward by 1.5-2 mm. The length of the lip is almost equal to its width. The middle lobe
of the lower lip is lighter than the lateral periphery, surrounded by a clear dark border, seated with numerous
specks, and is round or wedge-shaped at the end. The oblong spur is to 7-9 mm long, conical in shape, and
always lighter than the lip. Each flower is protected by a bract of light violet color, which is always longer
than a flower. The bracts of the lower flowers are much larger than the upper ones: up to 17-20 (%= 20) mm
in length and 46 (X=5) mm in width.

The stem is covered with light green-keeled leaves, which are without spots, lanceolate or narrow-
lanceolate, and have a maximum width below the middle. At the base of the stem is one basal leaf, 11 to 15
(X = 13.1) cm in length and 2-3 (x = 2.7) cm in width. There are 2-3 stem leaves as a rule, which are di-
rected upward, lanceolate, and always pointed. The length of the stem leaves varies from 6 to 10 (x = 8.5)
cm, width 1-1.5 (%= 1.33) cm. 1-3 (X = 2) shortened narrow lanceolate leaves are located under the inflo-
rescence. Bracts do not exceed 3—4 (X = 3.5) cm in length or 5-6 (x = 5.7) mm in width, and as a rule, have a
purple border around the edge.

Dactylorhiza longifolia (L. Neum.) Aver. (Fig. 4) — Eurasian, polymorphic species. Rare category: 2¢
or v (¢) — a vulnerable view with a wide range. Protection status: local protection. D. longifolia has a hybrid
origin — D. fuchsii (Druce) Soo x D. incarnata (L.) Soo [25]. The plant forms with a rather interesting rich
color of the inflorescence and erect leaves with clear black spots. The species was found in the darkened for-
est edges, on abundantly wetted, marshy meadows in a community with grasses, and less often with sedge,
though it can also be met under conditions of full light [26].

Figure 4. Dactylorhiza longifolia (L. Neum.) Aver.

In Kazakh Altai mountain region D. longifolia grows sparsely, and populations are small. The collec-
tion was introduced as living plants from the Kalba ridge, from the southern part of the Sibin depression. The
population grows on the bank of a small stream under a canopy of sparse birch with an admixture of willow;
the soils are well humified due to rotten bedding.

Coordinates of location: 49° 40" N, 82° 14" E, 624 m above sea level.

For the primary introduction we collected 3 generative individuals of different ages. Since the species is
very sensitive to environmental changes, especially to moisture, for successful adaptation of experimental
plants to a botanical garden, a site was selected according to conditions as close as possible to natural ones,
which ensured 100 % survival rate after proper care.

The plants are on average 30 cm tall, with relatively strong stems. Inflorescences have a rich dark crim-
son color with a cylindrical, less conoid form up to 6 cm long and up to 3 cm wide. On average, there are per
inflorescence 35 flowers. Flowers from the collection are all properly formed. Anomalies were not found.
The lower lip is indistinctly tripartite, to a solid diamond shape, and is always lighter at the base. The length
of the lower lip is almost equal to its width. The middle lobe of the lower lip is rather narrow, has a wedge-
shaped or infrequently rounded form, with longitudinal dark linear specks. Spur under the lower lip is elon-
gated, 6-8 mm long, cylindrical, slightly flattened laterally. Wedge-shaped bracts that protrude from the in-
florescence by 3—4 mm protect flowers from adverse factors.
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The color of leaves varies from dark green to bluish-green, with numerous spots. The spotting on the
leaves is always clear, without blurring, and well distinguishable. Spots are roundish, brown, distributed
evenly over the entire area of the leaf. The shape of the leaves varies greatly from broadly lanceolate basal to
lanceolate stem. A notable feature of all leaves is the sharpness at the end. Stems are dark, brownish, some-
times green, hollow, with defects, and with a base 10 mm thick, having low foliage. At the base of the stem
is one broadly lanceolate leaf, 9—15 (X = 13) cm long and 3-5 (X = 4) cm wide. 2 to 4 lanceolate to narrow-
lanceolate stem leaves per generative shoot are formed, always directed upward, 6-9 cm long, and 1.5 cm
wide. Two lower bracts are present per plant, are rather narrow, are always longer than the bracts in the
flower, and may have a brownish tint. The size of the upper stem leaves varies from 3.5 to 4 ¢cm in length and
from 4 to 6 cm in width.

Dactylorhiza maculata (L.) Soo (Fig. 5) is a rare species with a Euro-Siberian habitat. Rare category:
2c or v (¢) — a vulnerable outlook with a wide range. Protected status: local protection. In the academic pub-
lication «Kazakhstan Flora» [6] D. maclata was combined with D. fuchsii (Druce) Soo. D. maculata hybrid-
izes readily to form numerous transitional forms at both the interspecific and intergeneric levels [27, 28].
According to the works of M.G. Vakhrameeva [29, 30] D. maculata has a narrow ecological amplitude.

In the Kazakh Altai mountain ridge, in the eastern part of the Kalba ridge, small D. maculata popula-
tions were found. Coordinates of location: 49° 25" N, 82° 36" E, 791 m above sea level. In joint communities
with D. incarnata various hybrid forms can be found. The species is confined to the marshy shaded edges of
birch or aspen growths, or less often near willows. Rarely, individuals of the species are found in open areas
of floodplain meadows, in communities with D. incarnata. The species is actively propagated by seed and
vegetative means, by planting extra digitate tuber.

For primary introduction into the Altai Botanical Garden, it was introduced as living plants from the
southern part of the Sibin depression of the Kalba ridge. In total, 35 generative individuals were planted in
culture.

Figure 5. Dactylorhiza maculata (L.) Soo

Sampled individuals D. maculata have a height of 28-36 cm. The stems are whole, without internal
cavities, and are brittle and thickened at the base to 0.8—1 cm. The upper stem is indistinctly filled. The lower
leaves of the sheath are quite loosely attached to the stem, while the upper ones are firmly attached and held
close.

D. maculata has a cylindrical, clavate, or occasionally ovate inflorescence. Color variations of inflores-
cences can vary from lilac to dark purple. The sizes of the inflorescences are practically identical: length 4—
4.5 cm, width 2.5 cm. In the case of bright saturated purple inflorescence, saturated round spots are always
observed on the leaves. Flowers are normally developed, and no anomalies were detected. In one inflo-
rescence there are 3036 fully formed flowers. The lower floral lip is tripartite, and has a narrow middle part.
The average leaf is rounded at the end or sometimes wedge-shaped, with a large number of longitudinal
specks. The length of the lower lip is almost equal to its width. Side petals are of lanceolate form and slightly
pointed. An elongated spur is located under the flower and has a cylindrical shape, 7-9 mm long. Wedge-
shaped bracts prominently appear above inflorescence on lower flowers, upper bracts are almost equal in
length to the flowers. The length of the lower bracts varies slightly from 15 to 16 (x = 15.6) mm, the width
varies from 2 to 6 (X =4.07) mm. All bracts are green with a weak purple border.
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D. maculata is characterized by erect leaves, the lower of which may droop downwards. The shape of
the majority of leaf blades is lanceolate, but there are also narrow-lanceolate leaves. A characteristic feature
of the leaves in D. maculata is the presence of purple blotches. Spots are rather dull, sometimes impercepti-
ble, and mostly small and dotted in form. They are arranged in horizontal stripes, sometimes resembling a
transverse dotted line. The plant forms two bottom leaves or rarely one, which are always quite wide and
drooping, and reach a length of 6.5-8 cm and a width of 2-3 (x = 2.3) cm. There are 2—4 erect leaves on the
stem, from 8 to 10 (X = 9.3) cm in length and 0.7 to 2 (x = 1.24) cm wide. Not more than two bracts, always
shortened, linear, and without violet border, from 2 cm in length and 3—6 (x = 4) mm in width.

The species is strongly susceptible with rust fungi.

Dactylorhiza umbrosa (aKar. & Kir.) Nevski (Fig. 6) is a rare meso-hygrophytic species from the
Caucasian-Central Asian region [1]. Rarity category: 3b or R (b) — a rare species with a wide range, often
growing in specific habitats. Protection status: local protection. It is a highly polymorphic species [31]. As a
rule, plants are spread sparsely, in small groups or growing alone. The species does not form dense popula-
tions. In ecological terms, the species prefers humid places both in open, well-lit clearings, and in shade,
such as under a forest canopy or shrub, in a valley of rivers or streams, or less often on flood meadows in
motley grass. The soil substrate is usually represented by humus soils, with a large amount of overheating
foliage of varying degrees of decomposition. In the phytocoenosis, the species steadily occupies territory,
although it is often supplanted by sedges.

D. umbrosa was introduced into the Altai Botanical Garden collection as living plants from the eastern
part of the Kalba ridge, the Koktau Mountains, from the valley of the river Taldybulak. The location coordi-
nates: 49° 26" N, 82° 33" E, 696 m above sea level.

For planting samples of D. umbrosa in the exposition of natural flora, areas were selected that most
closely corresponded to the natural ones: with constant shading under the canopy, richly humified and mois-
tened soil with a significant layer of ground litter. Only 15 generative plants were introduced into the culture.

Figure 6. Dactylorhiza umbrosa (Kar. & Kir.) Nevski

Dactylorhiza umbrosa specimens are powerful and multi-stemmed, with a large number of basal leaves.
Plant height varies from 43 to 47 (X = 39.6) cm. There are 7-9 stems per individual, which are markedly
curved, faceted at the top, and slightly thickened at the base to 7-10 (X = 8,5) mm. Stem shoots are collected
in a fairly clear turf. Sods are well-defined, rounded, 8-18 (x = 13.7) ¢cm in diameter. Color variations of in-
florescences can vary from lilac-pink to dark pink shades. The inflorescences are straight, less curved, rather
thick, 6-9 (x = 7.2) cm in length and 3.5-4 (X = 3.83) cm in width. The shape of the inflorescences is usually
conical or cylindrical-cone-shaped, less often conical-ovoid. In one inflorescence there can be 46 to 64
(x = 52) fully formed flowers, without anomalies. The lower lip of the flower is tripartite, occasionally whole
or solid-rhomboid. The color gradient is usually monochromatic, sometimes with a bright middle. The length
of the lower lip is slightly larger than or equal to the middle. The middle part of the lower lip is almost al-
ways rounded, rather narrow, and often extends 1-2 mm forward. The lateral perianths are lanceolate or
broadly lanceolate to oblong-rhombic, and slightly rounded at the ends. The spur of the flower is strongly
clongated to 11-13 mm, is cylindrical in shape. The bracts are narrow, wedge-shaped, have a matte purple
hue, and are always longer than the flowers, up to 15-18 (X =16.6) mm in length and 4-6 (X = 5) mm in
width.

A characteristic morphological feature of this species is the abundant foliage of the stems and the pres-
ence of rosette basal leaves. The leaves are always present in large numbers, mostly drooping, lanceolate or
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broadly lanceolate in form, slightly keeled, and light green in color. Young leaves are always keeled,
lanceolate, and directed upward. Formed leaves have a wide groove along the entire length, are asymmet-
rical, markedly curved, and without spots, and are curved in the middle. There is not more than one lower
basal leaf per stem shoot. As a rule, leaves of this type are creeping, drooping, and occasionally bent in the
middle part, with a broadly lanceolate form, and are 8 to 15 (X =11 cm) in length, and 3 to 3.5 cm
(X =3,12 £ 0,3, Cv = 8 %) in width. There are 4-5 (x = 4.4) stem leaves, which rarely exceed the length of
the stem, and are usually narrow lanceolate, loosely adjacent to the stem, and slightly deflected to the side or
rarely directed upwards. The dimensions of the stem leaves vary from 11-25 (X = 16.2) cm in length and
1-2 (x = 1.6) cm in width. Bracts can have a violet hue or a brownish border around the edge of the leaf
blade, are always linear-lanceolate in shape, and are 3.5-6 (X = 4.7) cm long and 6—10 cm (X = 7.8) cm wide.
There are 1-2 bracts (X = 1.6 = 0.3, Cv = 24 %) present, which are always well developed. Leaf sheathes are
weakened and often friable, with lower leaves markedly elongated.

Conclusion

As aresult of field expeditions in 2017 and 2018 on the Ivanov and Kalba ridges in the Kazakhstan part
of Altai mountain system, 5 species of the genus Dactylorhiza were added to the Altai botanical garden for
primary introduction by live plants: D. fuchsii (Druce) Soo, D. longifolia (L. Neum.) Aver., D. incarnata (L.)
Soo, D. maculata (L.) Soo, and D. umbrosa (Kar. & Kir.) Nevski. These species in natural conditions of
growth (in the Kazakh Altai mountain system) are found spontaneously, in separate individuals or in small
groups. These species can be found along streams, on moss litter among the rocks, in flood meadows of wet-
land, and on the fringes of birch growth with admixture of aspen and willow with partial shading on the
moist mixed grass meadows, both in the short grass and tall communities.

Thanks to the high level of habitat similarity in the area of introduction, particularly, the level of illumi-
nation, moisture and soil richness of nutrients, individuals showed a high percentage of rooting. The morpho-
logical characteristics and morphometric indicators of individuals of the species collected are the starting
indicators when studying the introduction potential of the studied species of the genus Dactylorhiza.

The results obtained, as well as the collected samples of the genus Dactylorhiza, serve as the basis for
molecular genetic analysis of species and intraspecific variability of Orchids, including a more accurate de-
lineation of overlapping species using DNA technologies [32, 33].

This article was prepared within the framework of projects AP05133868 «Study of the distribution and
current state of populations of species of the Orchid family of Kazakhstan Altai and their introduction in the

Altai Botanical Gardeny and AP05131621 «Information system on molecular genetics and botanical docu-
mentation of the wild flora of Kazakhstan» for 2018-2020.
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A.A. Cymbembaes, FO.A. Koryxos, A.H. Jlanunosa, C.1. O0yranuesa

AurTaii 00TaHUKAJIBIK 0aFbIHA AJFALIKBI PETTIK sKepCiHAipyre TapThLIFaH
Dactylorhiza Nevski (Orchidaceae Lindl.) Tybic TypJiepiHin
MOP(OJIOTHSIIIBIK CHIIATTAMACHI

Maxkanana KaszakcranueiH LbiFpIc aliMarbIHBIH TayJBI-OPMaHIbl 30HACBIHBIH JKarnaibiHa Dactylorhiza
Nevski TYBICHIHBIH CHPEK TYpJIEPiHIH aJFalIKbl PETTIK XKEPCiHAIpyre TapTy KAkl HOTHXKENepi KOpCeTil.
2017 >xone 2018 >xpugapsl YHBIMAACTBIPBUIFAH JANANbIK SKCHEAULIMAIBIK >KYMBICTAPbIHBIH HOTHXKENepl
GoiipiHima Aunrait Tay skyidecinin VBan jkone Kamba jkoramapbslHaH Cy#CiH TYBICBIHBIH TypJepi keneci
ecimuikTepi Antaii G0TaHMKAJbIK OarbIHBIH TONTaMachiHa Tipiged Tapteuiabl D. fuchsii (Druce) Soo, D.
longifolia (L. Neum.) Aver., D. incarnata (L.) Soo, D. maculata (L.) Soo, D. umbrosa (Kar. & Kir.) Nevski.
XKepcinnipy xarmaiibl OoibIHIIA eMip Cypy KacueTiHe Oara »xacaiasl. MoneHHeTKe TapThUIFaH I'eHepaTHBTI
JapaKkTapAblH TaOUTYCBIHBIH CBIPTKBI KYPBUIBICHIHBIH, MOP(QOMETPIHSUIBIK KOPCeTKImTepi MeH MopgoIo-
THSJIBIK: TYJI OIOFBIPBIHBIH KOHE JKaIbIpaKTapAblH KeJieMi MeH Kaimbl (GopMacsl, TYIIepAiH KypbUIBICBIMEH
caHbl OOWBIHIIA cHUmarrama >kacanmbl. Dactylorhiza TyBICBIHBIH TYpPJIEPIiHIH JKUBIHTHIFBI, T'€HETHUKAJBIK
OPTYPILTIKTI, TYPIIK XSHE TYPIIIUIIK ©3reprilTiKTiH MOJICKYIISPIBIK-TeHETHKABIK TajllayAblH 3epTTeyiepre
Heri31 OOJIBIN KbI3MET eTe/li JKOHE e3apa TO3aHaJIFaH TYpJiep/i HaKThI [IeKapaaayFra KOMEKTECe/Ii.

Kinm ce30ep: Dactylorhiza Nevski, cupex Typ, sxkepcinaipy, mopdonorus, MoppomeTpus.
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A.A. Cym6embaes, H0.A. Kotyxos, A.H. /lanunosa, C.11. AGyranuesa

Mopdosornueckasi XapakTepucTuka o0pa3noB BUI0B
poaa Dactylorhiza Nevski (Orchidaceae Lindl.), npuBjie4eHHbIX
JJISl IEPBUYHON HHTPOAYKIMHU B AJITaiickuii 00TaHU4YeCKHii caj

B craTbe 0TOOpaxeHbI pe3yabTaThl IEPBUYHON UHTPOLYKIMU peaKux BUAOB poaa Dactylorhiza Nevski B yc-
JOBUSIX TOPHO-JIECHOH 30HBI Boctounoro Kaszaxcrana. BrepBble B pesyibTaTe MOJICBBIX KCICIUIMOHHBIX
pabot 2017-2018 rr. Ha xpeOrax VMBanoBckuii 1 KanbuHckuii B Ka3axcTaHCKOM yacTH ANTalCKON TOpHON
CHCTEMBI B KOJUIGKIMIO AJTaiCKOro OGOTaHMYECKOTO caja KMBBIMH PACTCHUSIMU OBLIM IIPHBIICYEHHI Clle-
IyIoIe BHIBI MNambuaTOKOpeHHWKOB: D. Fuchsii (Druce) Soo, D. longifolia (L.Neum.) Aver.,
D. incarnata (L.) Soo, D. maculata (L.) Soo, D. umbrosa (Kar. & Kir.) Nevski. [IpoBenena onenka npmxu-
BAaGMOCTH B YCJIOBUSIX MHTPOIYKIWH. BEIOIHEHO OmMMCaHHe BHEUIHETO CTPOSHUs rabuTyca reHepaTUBHBIX
0c00ei, MPUBJIEKAEMBIX B KYJIbTYpPY, MOP(OIOrHYECKUE XapaKTEPUCTHKH U MOP(HOMETPUYECKUE TIOKA3ATEIH:
(dopma u pa3Mepbl COLBETUH M JINCThEB, KOJIUYECTBO M CTPOCHHE L[BETKOB. Mop(onoruieckue xapakrepu-
CTUKH M MOpP(OMETPHUECKHE TIOKa3aTeI 0COOEeH BUJIOB, IPUBJICUEHHBIX B KYJIBTYPY, ABISIOTCS OTHPABHBIMU
HOKa3aTe/SIMH [PH M3YYEHMH HMHTPOAYKIMOHHOTO MOTEHLMala MPUBJICYCHHBIX BUIOB pona Dactylorhiza.
Kosmnexuus BunoB pona Dactylorhiza Gynet Ciry*KUTb OCHOBOW ISl H3yUESHUsI TEHETUYECKOTO pa3Hoo0pasus,
MOJIEKYJISIPHO-T€HETHYECKOTO aHaIN3a BUJOBOI M BHYTPUBHOBOH H3MEHYHBOCTH, CHOCOOCTBOBATH TOYHOMY
pa3rpaHUYEHHUIO NIEPEKPEIIUBAIONINXCS BUIOB.

Knioueswvie cnosa: Dactylorhiza Nevski, peqxuii Busi, HHTpOIYKIHUs, MOP(HOIOTHS, MOPPOMETPHS.
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Methods of organization of cognitive activity of pupils in biology lessons

Contemporary and effective pedagogical technologies used in the work of general educational institution are
considered in the article. Relevance of the use of contemporary innovational technologies in the action of
general educational institution is justified. The article is devoted to the issue of using new innovational tech-
nologies. According to the use of technologies in the process of general educational institution attention is
paid to the direction of possibility to projecting of educational process on the basis of pedagogical technolo-
gy, effective use of new methods and forms of organizing the study, motivating of the pupils to cognitive ac-
tion, increase of their activity, full mastering of given educational material. The use of new innovational tech-
nologies in educational process is one of the important feature of developing and modernizing educational
process. New methods give the possibility to the cognitive function of pupils to be active; provide motivation
for study; provide high level of analyzing exercises; improve knowledge, skills and observation. Effective-
ness of using new innovational methods is related to electronic resources, usage of ways and objects of these
technologies, corresponding to working methodology of the teacher. Developmental level indicators of emo-
tional-motivational and cognitive components in forming biological knowledge of the pupils were defined
and the review on the results of pedagogical experiment was made.

Keywords: innovative technologies, emotional, motivational, cognitive components, dynamic indicators.

One of the major issues of pedagogical science is to develop cognitive activity of the pupils, their intel-
lectual ability and to give the freedom to the pupil. At the school age of the children, when all their possibili-
ties are developed harmoniously, stepped on the big way of life, their function would be meaningful and
comprehensive.

The main characteristic of school education is focused on realization of all opportunities of the pupils,
self-development and personal qualities.

At the lesson, the main component of the methodology according to new technology is developmental
teaching. The main goal is to form comprehensively developed individual. To do this, the teacher must be
innovative and creative. Many foreign and Kazakh pedagogical technologies are being introduced in the cur-
rent educational process. In addition to being interested in the subject, there is a sufficient number of meth-
ods to educate the pupil, to think seriously and search independently.

Nowadays, it is necessary to create conditions for the pupil to be able to choose a future career through
a variety of activity including the ability to self-assess. One of the actual issues of present day is the for-
mation of competitive individuality that contributes to the improvement of life. In this connection, each
teacher has the following requirements for the pupil and should influence on its implementation [1]. These
requirements include: activity action, social responsibility, broad range of thinking, literacy and priority of
interest towards cognitive activity.

The above mentioned personal abilities are not developed themselves, but requires pedagogical condi-
tions. The cognitive activity of each individual is the process of continuation. That's why, the education of
pupils at school is the basis for developing future self-education and self-education of himself. Finding the
effective ways to prepare the pupils for continuous education is one of the actual problems.

The awareness of the pupil's cognitive interest in every subject in the classroom creates such qualities as
active search and research. By stimulating pupils' interest in the subject, we would increase their active crea-
tive abilities. The main task of the teacher is to educate the children to work with their cognitive activity. The
core of cognitive interest is a process of thinking. The following types of work can be used to increase pupils'
intellectual thinking and interest.

1. Tasks in the form of game for the development of logical thinking.

2. Tasks in the direction of investigation for free delivery of his opinion.

3. Types of work aimed at transformation of given tasks.

It is important to develop pupils' self-esteem, to increase their activity, to solve theoretical and educa-
tional problems in the subject, to use resourceful and cognitive games in organizing scientific research. The
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use of game methods in the process of the lesson will allow the pupils to further improve their knowledge,
deepen their understanding and increase their thinking abilities [2].

Educational-cognitive activity is an integral part of pedagogical process. The educational-cognitive ac-
tivity includes the most important part of social phenomenon of the pupil in the pedagogical process: philos-
ophy, sociology, psychology, pedagogy, philosophy of education, pedagogical psychology, etc. Organizing
educational-cognitive activities of the pupils with sciences, knowledge systems, business skills, mental,
physical, psychological processes researches the development of mind, memory, abilities, interpretation of
concrete actions of implementing the action, the worldview and personal development ways, ways of for-
mation.

The cognitive action is important for the general development of the pupil and formation of individuali-
ty. All the tendencies of the action under the influence of cognitive actions are developed.

Cognition requires not just the intensity of thinking, also the activeness of major tendencies of the ac-
tion. For mastering the knowledge, work should be done, such as keeping, sequencing, clarifying, analyzing
and generalizing. It can be considered as one of the main types of activity of the pupil, such as labor. Be-
cause, first of all, cognition is a world-wide tendency that represents the world of society. Secondly, the per-
son knows definite thing and phenomenon through the cognitive action without opening the novelty.

Informative activity is the special phenomenon of the pupil's enthusiasm and diligence to study and
know. In order to understand the new material of the teacher, the pupil needs to listen to him to extend his
knowledge and to do the works as experiment. Because, it is impossible to be aware of the progress of given
material in repeating consciously, in learning new knowledge and skills. That is to say, the activity of the
pupil should be at all stages of the learning process. When cognitive activity of the pupil is developed during
the lesson, the following elements of mental abilities will be developed: intelligence, observation, thinking
and speech independence. Many works of poets, teachers and methodologists have been devoted to the de-
velopment and formation of cognitive activity of pupils.

Biology-enhanced program requires each teacher to develop and enter the flexibility and skills of pupils
through the provision of unity of education and upbringing, mastering the methodology of developmental
learning, the implementation of interdisciplinary communication and teaching process optimization. Accord-
ingly, at the lesson, we should bring the pupils to develop deeper, more accurate knowledge, skills and crea-
tive abilities [3].

In order to stimulate pupils' interest in the lesson, we need to properly select the form and method of
teaching. The lesson would be very interesting and attractive with the use of pedagogical technologies in
teaching biology. The lessons learned through innovative technology have been demonstrated in practice
were an exciting, attractive and related to modern requirement.

In the control experiment, we observed that during the observation period, pupils were concentrated on
the topic, understood and discussed. As a result, we have seen that there is a lack of new information, inter-
active teaching methods and pedagogical-psychological training that increase the pupils' interest in biological
education. Therefore, we have chosen the technologies and techniques that can be used at the lesson with the
participation of pupils.

At the biology lesson it is effective to use Zh. Karaev and Zh. Kobdikov's teaching methods called
"Three-dimensional methodical system™ in the formation of cognitive activity of the pupils (intuition, percep-
tion, memory, thinking, conclusion, imagination, attention, skills) [4]. Nowadays, it is necessary to create
conditions for the pupil to be able to choose the future specialty through the possibility of observing himself
in different activities.

We have been organizing cognitive and interesting biological games such as adventures, anagrams,
inwords, loto and various tasks and logic thinking, memory, mind and etc. to improve and develop pupils'
cognitive activity and interest in biology lessons. The association method or the «Mind map» — the mind
(thinking) map and if the illustration pictures have a lot of pictures in the tasks, more cognitive interest of the
child will be increased. For example, a biological loto game can be created and used in all classes.

In the 9™ grades, in order to develop their qualities such as logical thinking, mind, memory and others,
cognitive games such as anagrams, inwords, loto games have been organized.

The aim of the pedagogical experiment is to increase pupils' cognitive activity and interest in studying
biology lessons, in particular the chapter «Nervous systemy.

In the second part of our lesson, pupils were divided into five groups, explaining the purpose of each
group, tasks were given in order to compare biological dictation, filling charts, essay writing, supporting
drawings and venn diagrams.
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The 9" grade pupils of Temirtau secondary school Ne 4 took part in pedagogical experiment. The lesson
was conducted in two parallel classes. In particular, the work according to the method we created was con-
ducted in 9 «A» and 9 «B». 9 «A» was an experimental class and 9 «B» class was a control class.

In this class, the teacher played a role of a consultant. All themes were mastered by pupils themselves.
Only at the first lesson, the teacher gave the introductory material, drew attention to the complex questions.
The same qualitative and quantitative composition of classes involved in the study was a good base for re-
search. The 9 «A» class mastered themes themselves working on individual trajectory system.

Training sessions on playing the game «Tongue twister Bazaar» were used at the biology lesson. Pupils
comprise vocabularies, secret words, crosswords and tongue twisters and they also solve as individual and
collective at the lesson.

The problem of developing cognitive activity of the pupils requires the search of novelty in theory and
practice. The value of each lesson is to encourage pupils to develop the spirit of studying, to motivate them,
to read and organize their work according to the abilities of each pupil and transform the learning process
into creative work. The following guidelines should be found in each teacher in promoting cognitive interest
and active learning by providing pupils with profound knowledge.

Questions that determine the development level of cognitive component in the formation of pupils from
biology:

. Do you know about the features of spinal structure?

. Can you say the white and gray substance of spinal cord?

. How nerve impulses will be transmitted to muscle fibers?

. How many types of connective tissue do you know in human body?
. What is the main function of epithelial tissue?

. What do you know about the composition and structure of bones?

. Can you tell us about the role of the red bone in forming the blood?
. Can you tell about platelets in blood clot?

. Do you know about leukocytes?

10. Do you know the role of disease-causing microbes and viruses in the development of infectious dis-
eases?

The pupils' response showed low level. For example, some pupils did not answer the specifics of spinal
cord structure (24,2 %), did not pay special attention to the type of connective tissue (21,2 %), the chemical
composition of the bone (14,2 %), the role of viruses in the development of infections (24,1 %) (Fig. 1).
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Figure 1. The indicators of development level of the cognitive component
in the formation of pupils' biological knowledge (beginning of the experiment)

The picture shows a low level of cognition of many learners: If EG is at a sufficient level — 11,4 %,
CG — 13,5 %, average level: EG — 43,2 %, CG — 38,4 %, low level: EG-44,5 %, CG — 45,7 %.
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In order to stimulate pupils' interest in the lesson, the form of the lesson and innovative methods have
been chosen. The lesson has been conducted and pedagogical technologies of biology are used in the learn-
ing process. Lessons learned through innovative technology have proved to be very interesting and attractive,
as well as it has been used according to exciting and informative learning experience.

In the control experiment, we observed that during the supervision period, pupils were concentrated on
the topic, understood and made discussion. As a result of the observation, we have seen that there is a lack of
new information, interactive teaching methods and pedagogical-psychological training that increase pupils'
interest in biological education.

The main requirement of biology lessons is to increase the quality of lesson by bringing the types and
methods of learning into the cognitive and educational level. With this aim, I was always in the process of
completing my studies with various techniques. According to the line with the requirements of modern time,
I also try to organize my lesson using the newest way of methods.

At the last stage of experimental work, we have determined the level of cognition of pupils with the
help of repeated questionnaire questions. The following is the result of these components (Fig. 2).
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Figure 2. The indicators of development level of the cognitive component
in the formation of pupils' biological knowledge (the end of the experiment)

The picture shows that the cognitive components of the pupils were good at the end of the experiment.
For example, if at the beginning of the experiment there were no higher levels in the experimental group,
then at the end their number reached 29,3 %, and if sufficient level was 3 times higher, the middle level is
decreased by 3,1 times. Low level is decreased by 2,7 %.

During the conduction of the lesson, I use pupils on the basis of folk pedagogy, to increase pupils' inter-
est in the classroom and use the effective teaching methods. The new types of lessons which I use will also
be based on the content, goals, progress, excursion, fairy tales, games, competitive lessons and test methods.

As a result of complex experiments, the level of pupils' cognitive components has been increasing and
innovative methods used in the lesson have been demonstrated. Also, the results of experimental studies
showed that the level of education and creative thinking of pupils in experimental groups has been increased
and the initial indicator in the control groups has been remained unchanged.

According to the new paradigm of education motivational-volitional component provides the enthusi-
asm of a pupil as a valuable guide to creative activity, interest to the news, the desire to find a solution of
actual problem, the desire to voluntarily formulate their own creativity, the need for creativity of self-
creation.

Determination of the level of emotional-motivational component of the formation of biological
knowledge of the pupils was carried out on the following questions:

1. What do you know about leucocytes, their structure and function?

2. What do you know about how many mixed pairs of spinal cord nerves spread from spinal cord?
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3. Do you know the specific features of the reflex?

4. Do you know ways of transmission of neuron impulse?

5. What types of skin functions do you know?

6. Can you tell us about the structure and services of the tissues?

7. What do you know about the internal structure of the bone?

8. What role does hemoglobin play in human organisms?

9. What can you say about immunity?

10. What do you know about the features of antigens and antibodies?

11. What do you know about the spread of nerve impulses of muscle fibers?

The level indicators of emotional components in the formation of biological knowledge of the pupils
(Fig. 3) were determined at the beginning of experiments. The picture shows that in the experimental group
and in the control group there is not any high level, sufficient level: EG — 19.5 %, CG — 20.3 %, medium
level: EG — 44.3 %, CG — 43.4 %, low level: EG — 35.5 %, CG — 34.5 %, and it has been defined that
their biological knowledge is low (Fig. 3).
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Figure 3. The indicators of development level of emotional components
in the formation of pupils' biological knowledge (at the beginning of the experiment).

Thus, teaching technology requires the use of advanced classical pedagogy achievements, enriching it
with the new techniques and organization of learning through the pupil's self-efficacy.

Therefore, in order to increase the pupils' knowledge, it is necessary to use new technologies in the
classroom. Organization of special work: research work, preparation for implementing the methodology has
been developed through the tasks of the pedagogical practice.

During the final control of experimental experiment work, we have identified the level of development
of emotional components of the pupils with the help of repeated questionnaire questions. The following is
the result of these components (Fig. 4).

The picture shows that the emotional components of the pupils showed a good result at the end of the
experiment. For example, if at the beginning of the experiment there were no high levels in the experimental
group, at the end their number reached 30,5 %, and the sufficient level is increased 2 times, while the middle
level is decreased 3,2 times. At a low level it is decreased by 2,2 %.

The level of motivational component here indicates that the pupils have an interest to cognitive activity,
the need for self-fulfillment and enthusiasm. Increasing the level of development of the motivational compo-
nent influenced on development level of content-operational component.

There has been no significant change in the developmental (emotional-motivational, cognitive) compo-
nents of pupils’ biological knowledge components at the control group.
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Figure 4. The indicators of development level of emotional components in forming the biological knowledge
of the pupils (at the end of the experiment).

New technologies help pupils to improve their education quality, increase their possibility to work
themselves and increase an interest to biology. The activity of the pupils in the implementation of new tech-
nologies, creative search and assessment of pupils’ knowledge themselves play a decisive role in learning
process.

Cognitive abilities are characteristic for everyone. It is only the responsibility of each teacher to develop
it. Therefore, it is not only necessary to provide with ready-made information facts, laws and rules and it is
necessary also to provide pupils with learning materials in order to conclude their knowledge. In addition,
teaching is only effective if there is a collective relationship between the teacher and pupil, and respect for
each other.
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Buosorus cadbarpinia OKyIbLIAPABIH TAHBIMIBIK
ic-opekeTiH yibIMIACTBIPY TIcliaepi

Makanazna sxaimsl OutiM Oepy MekeMelnepiHae KOJJaHbUIATHIH 3aMaHayd NeAarorHKajblK TEXHOJIOTHsIap
KapacteipbiiraH. COHBIMEH KaTap JKaubl O0i1iM Gepy MekeMenepiHiH KbI3MeTiHIe 3aMaHayd HHHOBALHSIIBIK
TEXHOJIOTHsUIApAbl TMaiiananyIblH ©3eKTUIrl Heri3menai. Makana jkaHa MHHOBALMSUIBIK TEXHOJIOTHSIAP.IbI
nmaliganany Mocenecine apHanraH. JKammel OimiM Gepy MekeMelepiHAeri OKBITY YPHICIH TEXHOJIOTHS-
JaHJBIPYFa COMKEC OKBITY/IbI YHBIMIACTBIPY/IBIH XKaHa diC-TCcinnepi MeH hopManapbiH THIMI [aii1anaHyFa,
OKYIIBUIAP/BIH TaHBIMIBIK iC-9pEeKeTKe BIHTANAHBIPYFa, ONAPAbIH OEICeHOIIIrH apTThIpyFa, OepiireH oKy
MaTepuasblH TOJBIK MEHIrepyre, COHbIMEH KaTap OKYy YPHICIH NeIarordKaliblK TEXHOJOTHs HeriziHie
Kobanayra KOJDKETKi3yre OONaThlH MYMKIHIIK OarbIThiHA Haszap ayaapeuUiFan. OKy ypaiciHze jxaHa
WUHHOBALMSUIBIK TEXHOJIOTUSIApAbl KOJIaHY OKY YpPZICIH JKEeTiINipy MEH OHTaiIaHIbIPYIbIH MaHBI3bI
KbIpaapbl Oipi Gounbin Tabbutagsl. Makaiaga KeTipiIreH xaHa dJicTep OKYyLIbUIAPIbIH TaHBIMIBIK KbI3METIiH
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GencenaeHaipyre MyMKIHIIK Oepeli: OKy YILIIH OHTAalIbl BIHTAJIaHABIPYIbl KAMTAMAChI3 €TY; JKaTTHIFyIapIbl
capajay/pIH JKOFapbl Adpeeci; OimimMai, Aarabutapibl jkoHE OakbLIaynbl xkakcapTy. JKaHa MHHOBALMSIIBIK
onmicrepai maiijanaHyIbIH THIMALINT OCHl TEXHOJOTHSJIApAbl KOJIAAHY >KOJNJAphl MEH HbICaH/IapblHa,
MyFaJliMMEH OHBIMEH JXYMBIC iCTEy OIiCHAMAChIHA KAaHIUAJBIKTBI COWKEC KeJeTiHIHE MaiialaHbuIaThiH
JJIEKTPOHIBI pecypcTapra OalmaHBICTEL. Makanaga OKyMIBUIApIBIH OHOJOTHSUIBIK OUTIMIH — KaJIbII-
TaCTHIPYJaFbl SMOLUSIIBIK-MOTHBALMSIIBIK JKOHE TAaHBIM/IBIK KOMIIOHEHTIHIH JaMy ACHIeilllik KepceTkimrepi
QHBIKTAJIBII, [IEJarOTHKAIBIK TXKIPUOCHIH HOTHKEIIEPiHEe IOy KacalFaH.

Kinm ce30ep: MHHOBaIMAJBIK TEXHOJOTHATAP, SMOLMSUIBIK, MOTHBALMSIBIK, TaHBIMIBIK KOMIIOHEHTTED,
JMHAMHUKAJIBIK KOPCETKIIITEP.

KK, XKymaranuesa, [11.K. Eneynaesa, b.I1. Yepaux

MeToabl OpraHu3anMy NO3HABATEIbHOM AeSITeJIbHOCTH CTYAE€HTOB
Ha YPOKaxX OMOJIOTMH

B crarbse paccMoTpeHsl coBpeMeHHBIE 3()(EKTUBHBIE II€JATOTNUeCKUe TEXHOJIOTHH, HCIIOIb3yeMbIe B paboTe
ob1ero oopa3oBaTebHOT0 yupexaeHus. O00CHOBaHA aKTyaIbHOCTh IIPIMEHCHUSI COBPEMEHHBIX WHHOBAIIH-
OHHBIX TEXHOJIOTHMH B JEATEIBHOCTH O0mero o0pa3oBaTenbHOro yupekaeHus. CraTesi IOCBSIIEHA
UCIOJIb30BAHUIO HOBBIX MHHOBALMOHHBIX TEXHOJIOTMH B 00pa3oBaTenbHOM Ipolecce mKoubl. Ocoboe BHU-
MaH#e yjeieHo 3 (heKTHBHOMY HCIOIb30BaHHMIO HOBBIX METOJ0B 1 ()OpM B yueOHOM mporecce B 001eodpa-
30BaTENIbHOM YYPEKICHUH, YTO MOBBILIAET AKTUBHOCTH IIKOJIBHUKOB, CTUMYJIUPYET OpPraHU3aLHIO IT03HABA-
TEeIbHOH aesTenbHOCTH. Takol IOJIXOA MOBBINIAET KAYECTBO BIAACHUS y4eOHBIM MaTEPUAIOM, y4eOHbIM
NIPOLIECCOM, NPOESKTUPOBAHUS 00Pa30BaTENBFHOIO IPOIecca Ha OCHOBE COBPEMEHHBIX IT€arOTHYECKHX TeX-
HOJIOTHH. B mpenomaBanuy MCIOIb30BaHNE HOBBIX MHHOBALMOHHBIX TEXHOJOTHH SIBISETCS OXHHM U3 BaX-
HEWIINX acIeKTOB COBEPIICHCTBOBAHMS M ONTHMH3aIMM ydeOHOTo mporecca. IlepeuncieHnsle B craTbe
CpelCTBa, HOBBIE METOMIBI ITO3BOJITIOT aKTHBU3HPOBAThH IIO3HABATENIBHYIO JIEITSIBHOCTh YICHUKOB, o0ecIie-
YUTb MOJIOKUTEIBHYIO MOTHBALIUIO 00Y4CHUs, BBICOKYIO cTelneHb quddepeHiuanun o0y4eH s, yCOBEpILICH-
CTBOBAaTh KOHTPOJIb 3HaHWH, YMEHHH M HaBBIKOB. D(PEKTUBHOCTb NPUMEHEHHS HOBBIX MHHOBAIL[MOHHBIX
METOJIOB 3aBHCHT OT CIIOCOOOB U ()OPM HPUMEHEHHMS 3THX TEXHOJOTHH, OT TOr0, HACKOJIBKO IPAMOTHO Ipe-
HO/laBaTelb BIAJEeT METOMMKONW pabOoThl C HUMH, OT MCIIOJb3yEeMbIX UM 3JIEKTPOHHBIX pecypcoB. OmucaH
YPOBCHb  pa3BHTHS 3MOIMOHAIBHO-MOTHBAMOHHO-TIO3HABATEIFHOM  cocTaBiisfomed  (opMupoBaHMs
OuonorMuecknx 3HAHWM, yMEHHII W HAaBHIKOB y YYEHHKOB. B paboTe mpencraBiIeHBl pe3ysbTaThl
MIeTarOTMYeCKOT0 JKCIIEPUMEHTA, NPOBEJCHHOTO B IEPHOA IPOXOXKACHHS MNEeJarornueckoi IMpakTHKU B
LIKOJIC.

Kniouesvie cnosa: HWHHOBAIlMOHHBIC TEXHOJIOTUH, OMOIIMOHAJIBHBIC, MOTHBAIlMOHHBIC, KOIHUTHBHBIC
KOMITIOHCHTbI, TUHAMHUYCCKUEC ITOKa3aTCIInu.
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The copper-containing proteins and their effect on metabolism

In the paper review of the literature on the role of copper in the body is presented. The main content of the
study is the analysis of the participation of copper in protein, carbohydrate and fat metabolism. Based on the
analysis of literature sources it is shown that copper is a part of many vital proteins and enzymes that influ-
ence the development of tissues and cells of the body. The article contains the elucidation of the features of
the participation of protein-transporters in the transport of copper through the plasma membrane into intracel-
lular organelles and from the cytosol into the bloodstream. The participation of copper in the metabolism de-
pends on its physic-chemical properties. In the literature review the features of proteins that control copper
hemodynamics and participate in copper-dependent signaling are clarified. The characteristic features of cop-
per included in the composition of many enzymes are distinguished and described. It is shown that copper
plays an important role in ensuring normal growth and maintaining health. It is indicated that both deficiency
and excess of copper in the body lead to various diseases. The conclusion is that the biological effect of cop-
per shows through communication with proteins, forming complexes with high biological activity.

Key words: copper, metabolism, ceruloplasmin, copper-containing enzymes, deficiency and excess of copper.

Copper is an important element of life, it participates in many physiological processes necessary for
such fundamental processes as respiration, energy synthesis, elimination of free radicals, formation of
connective tissue, metabolism, maturation of the extracellular matrix of neuropeptides, neuroendocrine
signaling and other processes [1].

Metabolism is a set of chemical reactions that occur in a living organism to sustain life. These processes
allow living organisms to grow and multiply, maintain their structures and respond to environmental
influences [2]. Metabolism in a broad sense is a natural, necessary unity of contradictory processes of
changing inorganic substances into living matter and living into non-living, realized through assimilation and
dissimilation. Metabolic disorders inhibit the work of the hormonal, immune, digestive and nervous systems,
which leads to the development of chronic metabolic injuries [3].

Copper plays an important metabolic role, and copper compounds affect the course of fat, carbohydrate
and protein metabolism of all living organisms, starting from the simple cell. Directly or indirectly, copper is
involved in most metabolic processes and is their main regulator [4].

The involvement of copper in the metabolism depends on its physicochemical properties. First, copper
compounds react with biopolymers and form stable complexes more strongly than many other metals. Sec-
ondly, they possess properties as catalysts, which are enhanced by binding to a protein molecule. Thirdly,
copper ions easily release or accept one electron, which makes copper both a donor and an electron accep-
tor [5].

Copper compounds actively interact with amino acids, nucleotides, nucleic acids and proteins, forming
stable complexes with high biological activity. Particularly pronounced is the participation of copper in
maintaining the optimal level and consistency of metabolic processes in the tissues of the reproductive
organs, nervous system, organs of sight and hearing, in phospholipid biosynthesis, maintaining osteoblast
activity, formation of elastic vascular tissue, skin and hair pigments, and skeletal muscle contraction.
Consequently, copper is involved in the synthesis of many essential and important proteins and enzymes,
thereby having a significant impact on the development of tissues and cells of the whole organism [6].

Copper expresses its biological effect through its association with proteins. Currently, such copper
compounds as caeruloplasmin, placentocuprein, haemocuprein, hepatocupreine, cuproprotein have been iso-
lated and studied. Copper binds to L-globulins and forms ceruloplasmin, which contains about 90 % of cop-
per and is its main storage. Ceruloplasmin is a copper-containing ferro-oxidase, B-globulin, associated with 6
copper molecules. In the body, caeruloplasmin manifests itself both as an enzyme and as an antioxidant [7].

The ability of ceruloplasmin to catalyze the oxidation of catecholamines has led to the statement that
this protein can control the level of adrenal gland hormone blood levels in the blood [7].

Until recently, ceruloplasmin was widely regarded as a copper-supplying protein, but observations re-
garding the normal metabolism of copper in patients with aceruloplasminemia do not affect this judgment.
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Copper deficiency reduces the activity of ceruloplasmin in infants and leads to the development of anemia
[8].

Copper is involved in the formation of the most important connective tissue proteins — collagen and
elastin, which affect the synthesis of skin pigments. By participating in the synthesis of collagen, necessary
for the formation of the skeletal framework proteins, copper ensures bone health. The lack of copper, which
is part of lysyl oxidase, necessary for the formation of covalent crosslinks between the polypeptide chains of
collagen and elastin, can cause defects in the formation of connective tissue, including the cardiovascular
system and skeleton [9].

Proteins metallothionein (MT) and COMMDI1 (copper metabolism (Murrl) domain containing
1) control copper hemodynamics and participate in copper-dependent signaling.

Metallothionein (MT) — is a low molecular weight protein, rich in cysteine, capable of binding metal
ions. MT is involved in maintaining the cellular homeostasis of copper and performs the function of
intracellular copper depot. It can also block absorption, protecting the body from toxic levels of metal [10].

Studies of copper metabolism show that in some periods of a person’s life the level of copper in the
body noticeably increases, for example, during fetal development [11]. In enterocytes, hepatocytes and some
other cells of the fetus and newborns, the concentration of metallothionein is much higher, and the intensity
of ceruloplasmin synthesis is less than in adults. This explains hypocupremia and the accumulation of copper
in the tissues during this period of development, which are caused in the newborn by the immaturity of the
biliary system, low synthesis of ceruloplasmin, and therefore copper is associated with metallothionein [12].

COMMDI (copper metabolism (Murrl) domain containing 1) is a multifunctional protein, the most
important function of which is to participate in the maintenance of copper homeostasis in the cell. This
protein plays a role in the removal of copper from the cell, as evidenced by the results of the short-lived
COMMDI1 knockdown in HEK293 cells, leading to an increase in the level of intracellular copper [13].

Some proteins, such as CTR1 (high affinity copper uptake), CTR2 (low-affinity copper uptake), AP-7
(also known as Menkes' protein; copper-transporting P-type ATPase), ATP7B (Wilson disease protein,
copper-transporting P-type ATPase) and others are involved in the intracellular movement of copper [14].

The CTRI protein (encoded by the SLC31A1 gene) is a high affinity transmembrane importer of
copper, which provides the main route for copper to enter cells. The CTR1 protein carries out the delivery of
copper ions in the oxidation state of Cu (I), but at the same time most of the food copper remains in the
Cu (IT) state, i.e. to get inside the cell copper must be reduced. The extracellular ligand delivering copper to
CTRI, as well as the mechanism of copper reducing reaction, remains unexplored. The CTR2 protein
(encoded by the SLC31A2 gene) is a low-affinity transporter that transports copper through the membrane.
In mammals, CTR2 protein is found in intracellular membranes, such as vacuole, vesicle, endosome and
lysosome membranes, but its localization may vary depending on cell type and copper content [15]. The
volume of copper transported through the plasma membrane depends on its extracellular concentration [16].

J.M. Arguello et al. (2007) found that ATP7A and ATP7B proteins belonging to the ATPase family ex-
crete copper from cells. They use the energy of ATP hydrolysis to transport copper from the cytosol across
cell membranes, and thus cause a decrease in copper concentration in it [17]. Excretion of copper from the
body can occur through bile (in the case of ATP7B), and it can also be released into the bloodstream for
subsequent redistribution in the body (in the case of ATP7A).

In studies of A. Gupta and S. Lutsenko (2009), copper ATPase has been shown to deliver copper to
various secretory enzymes, such as ceruloplasmin, peptidylglycine alpha-amidating monooxygenase, and
others [18]. The process of copper delivery and its incorporation into the active center of the enzyme is not
fully understood. However, it has been shown that apoceruloplasmin receives copper from ATP7B, and
copper released by ATPase is incorporated into the active center of the fully formed enzyme by free
diffusion [19].

Z. Qin, et al. (2006) found out that in the case of the Cu**/Zn*" — superoxide dismutase enzyme
receiving copper from ATP7A, the interaction between the transporter and the acceptor can activate the
release of copper from the ATPase and cause its subsequent incorporation into the active center of the
acceptor protein [20].

The main biochemical function of copper in the body is participation in enzymatic reactions as an
activator or as part of copper-containing enzymes [21].

It is well known that copper is a part of many enzymes, such as amine oxidase, dopamine beta-
hydroxylase, dopamine beta-monooxygenase superoxide dismutase, diamine oxidase, histaminase,
monoamine oxidase, lysyl oxidase, ferroxidase, cytochrome ¢ oxidase, tyrosinase, peptidylglycine alpha-
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amidating monooxygenase, hormones and vitamins. Different types of metabolism are associated with these
enzymes [22], allowing us to study some of them.

AOC3 (amine oxidase, copper-containing 3), which is distributed as vascular adhesion protein-1, be-
longs to copper-containing enzymes, it is secreted by vascular smooth muscle cells, adipocytes, and endothe-
lial cells. This enzyme is a multifunctional molecule that exhibits both adhesive and enzymatic properties.
Vascular adhesion protein-1 is involved in the delivery of leukocytes to the site of inflammation, the
development of rheumatoid arthritis, psoriasis, systemic sclerosis, respiratory diseases, diabetes and its
vascular complications [23].

Superoxide dismutase (SOD) is a family of proteins that perform the process of dismutation of a super-
oxide radical, forming hydrogen peroxide and molecular oxygen. SOD is an important component of the
body's antioxidant defense, neutralizing the constantly formed reactive oxygen species (ROS). It is known
that Drosophila, as well as microorganisms devoid of SOD, are more sensitive to the action of ROS [24]. The
following protein isoforms were identified in mammals: superoxide dismutase (SODI), superoxide dis-
mutase 2, mitochondrial (SOD2, manganese-dependent superoxide dismutase) and extracellular superoxide
dismutase [Cu—Zn] (SOD3).

SOD1 is a very stable homodimeric protein with a molecular weight of 32 kDa. In the initial superoxide
dismutase description, J.D. Crapo, T. Oury, et al. (1992) showed that SOD1 contains copper atoms, which
are necessary for its functional activity. It is found predominantly in the cytoplasm of cells, but it has also
been found in the nucleus and peroxisomes [25]. Each SOD1 monomer contains a catalytic compound of
copper, as well as zinc compounds, necessary for the formation of a stable protein structure. Knockout of the
SODI1 gene in mice leads to the development of chronic peripheral neuropathy, affecting primarily the axons
of motor neurons in the distal extremities [16]. In the liver of rats, SOD1 was also detected in the
intermembrane space of mitochondria. In addition, SOD1 is needed to maintain the functioning of
neuromuscular contacts in the limbs [26].

Superoxide dismutase (SOD3) is a 135 kDa homotetramer. The SOD?3 protein contains three functional
domains: an N-glycosylation site that increases SOD3 solubility, a 50 % active site homologous to SOD1,
and a heparin-binding domain involved in binding to heparan sulfate by proteoglycans, which occurs on the
cell surface and in the extracellular space [27].

In the SOD2 enzyme, copper atoms are involved in the conversion of superoxide anions (O,) to H,O,
and O,. The zinc atom in this enzyme is metabolically inactive and performs a structural function. Systemic
sclerosis refers to chronic autoimmune diseases of the connective tissue, it is characterized by the
development of fibrous tissue in the skin, skeletal muscles, blood vessels and visceral organs. In patients
with this type of pathology, there has been a manifold increase in the production of SOD 3, Cu-Zn-dependent
extracellular SOD. Mutation of the gene encoding Cu-Zn-SOD is most often observed during the
development of amyotrophic lateral sclerosis, which is accompanied by dysphagia and dysarthria [28].

Cytochrome ¢ oxidase is a copper-containing enzyme that is the terminal member of the electron
transfer chain in all aerobic cells-complex IV of the respiratory chain. It is located on the inner membrane of
the mitochondria of eukaryotes, and is also integrated into the plasma membrane of many prokaryotic cells
[29]. In the active center of the protein, molecular oxygen is reduced to water. According to the results of
crystallographic studies, until recently it was believed that the eukaryotic central organ contains 11 to 13
polypeptide subunits: 11 in Saccharomyces cerevisiae, 13 in mammals. However, studies conducted by Balsa
and co-authors (2012) revealed that the NDUFA4 protein, previously considered a component of the
NADH-dehydrogenase complex of the respiratory chain [30], is in fact a part of the complex IV. J. Carroll,
M. Fearnley, et al. (2006) showed that no trace of NDUFA4 protein was detected in crystallographic stud-
ies of the complex IV, they suggested that the loss of this protein occurs during the purification of the protein
complex in preparation for growing crystals [31].

Copper metabolism is often observed in Willebrand disease, deficiency of blood coagulation
factor VIII, which is manifested by a decrease in the level of the enzyme cytochrome ¢ oxidase in platelets.
Lee's syndrome also shows a decrease in the activity of this enzyme in skeletal muscle biopsy [11].

Diamine oxidase is involved in the inactivation of histamine, the release of which occurs during allergic
reactions, as well as putrescine, 1-phenylethylamine, tyrosine, tryptophan, serotonin and spermine [32]. In
diseases of the gastrointestinal tract (GIT), the consumption of foods rich in histamine, or the use of diamine
oxidase inhibitors, the development of histamine intolerance is observed. In case of imbalance in the produc-
tion and biotransformation of histamine, allergic reactions develop. A diet with the exception of histamine is
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prescribed for the treatment of such diseases. It is believed that the basis of drug allergy, for example, to
nonsteroidal anti-inflammatory drugs (NSAIDs), also lies in the gene polymorphism of diamine oxidase [33].

Monoamine oxidase (MAOQO) is an enzyme that catabolizes monoamines through their oxidative deami-
nation. It is important for the degradation of serotonin, the metabolism of catecholamines, such as adrenaline,
noradrenaline and dopamine [34].

According to J. Turnlund (1999) lysiloxidase uses lysine and hydroxylysine found in collagen and elas-
tin to produce the cross-links necessary for the development of connective tissues, including bones, teeth,
skin, lungs, and the vascular system [34].

The defect in the synthesis of lysyl oxidase is accompanied by the appearance of the X-linked form of
elastolysis-stiff skin syndrome (SSS) and Ehlers — Danlos syndrome (EDS). Indian childhood cirrhosis (ICC)
refers to chronic liver disease, the outcome of which is cirrhosis, which occurs in the pediatric population
(1-3 years). This process is accompanied by the deposition of hyaline (Mallory body) and the accumulation
of copper and zinc in the liver [35].

Ferroxidases are copper enzymes found in plasma, they are involved in the delivery of iron ions, which
are the basis of such fundamental cellular processes as oxidative phosphorylation, oxygen transport, the for-
mation of connective tissue, and many other [34].

Tyrosinase is a copper-containing enzyme that catalyzes the oxidation of phenols. Tyrosinase catalyzes
the synthesis of melanin and other pigments from their precursor tyrosine. Tyrosinase catalyzes the conver-
sion of tyrosine to dopamine and oxidizes dopamine to DOPA chinone (dihydroxyphenylalanine chinone).
As part of the enzyme tyrosinase, copper is involved in the formation of melanin. Melanin is a skin and hair
pigment that protects against ultraviolet radiation [36].

Genetic disorders of tyrosinase production lead to the development of albinism and vitiligo.
Disturbance in the delivery of copper from chaperone ATP7A to tyrosinase occurs with the development of a
genetic disease — Hermansky — Pudlak syndrome, which is accompanied by hypopigmentation of the
eyelids and nystagmus. In the clinical picture of this disease, hemorrhagic diathesis, granulomatous colitis
and restrictive lung fibrosis are observed [37].

Peptidyl-glycine alpha-amidating monooxygenase (PAM) is an enzyme function of which is alpha-
amidation of precursors of many peptide hormones to biologically active forms. The peptidylglycine
o-amidating monooxygenase enzyme contains two catalytic domains: the first, peptidylglycine alpha-
hydroxylating monooxygenase (PHM), includes a copper compound and the second, peptidyl-alpha-
hydroxyglycine alpha-amidating lyase (PAL). The PHM domain catalyzes the hydroxylation of glycine,
which is located at the C-terminus of many inactive forms of neuropeptides [38]. PHM is involved in the
post-translational modification of many important neuropeptides, including oxytocin, vasopressin, adreno-
corticotropic hormone, vasoactive intestinal peptide, substance P, neuropeptide Y, cholecystokinin, gastrin
and many others. PHM is a membrane-bound or vesicular protein, although it is found in blood serum.
J.R. Prohaska, et al. (2006) showed that in vitro the biochemical activity of this enzyme is reduced in the tis-
sues and blood serum of copper-deficient rats [39].

As part of various enzymes and proteins, copper, certainly has an impact on metabolism. Thus, it was
found that copper affects carbohydrate metabolism, catalyzing the oxidation of glucose, delaying the
breakdown of glycogen and contributing to its accumulation in the liver. It is known that more than 50 % of
the energy that the body consumes is formed by the oxidation of glucose [7]. If a large amount of copper is
present in the process of glucose oxidation, hyperglycemia appears in the body [40]. When a small amount of
copper is present, hypoglycemia appears in the body [41].

Copper compounds inhibit adrenal hyperglycemia, help to reduce the level of lactic acid in patients with
diabetes. Copper enhances the activity of some pituitary hormones. The introduction of thyroxin helps to
increase copper in the blood, the removal of the thyroid gland reduces it [42].

Copper in the body of animals is in close interaction with insulin and adrenaline, affecting the
metabolism and use of carbohydrates [7]. It participates in the breakdown of carbohydrates, in the synthesis
of prostaglandin and helps the normal operation and activation of insulin. Prostaglandin controls various
functions in the body, including cardiac muscle contraction, wound healing, blood pressure [43].

According to the research results of A.A. Lukyanova (2016), it can be assumed that the introduction of
additives of copper in various forms into the organism of animals contributes to the activation of zinc
cations, since zinc and copper determine the synergistic activity in the process of intermediate metabolism.
Maintaining an optimal level of blood glucose is provided by an interrelated and balanced glycogenesis
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process. Zinc cations are involved in this process that are part of the hormone insulin, which has a glycolytic
effect [44].

Copper takes part in energy exchange (including oxidative phosphorylation and free oxidation) and in-
fluences the reproduction, growth and development of the organism. Copper plays two main roles in energy
production. First, it helps with the inclusion of iron in red blood cells and prevents anemia. Secondly, it par-
ticipates in the generation of energy from carbohydrates inside the cells. Copper allows you to regulate ener-
gy consumption and saturate it with all the cells of the body [37].

In addition to carbohydrate metabolism, copper acts as a regulator of the breakdown of fats. In
particular, employees of the California Institute of Technology found that copper plays an important role in
lipid metabolism: the more copper in the human body, the more fat is broken down [44].

The role of copper in fat metabolism has been studied in animal experiments. During one of them, sci-
entists found that individuals with a genetic mutation, which leads to the accumulation of copper in the liver,
have a greater amount of fat deposits than animals without such a mutation. In addition, lipolysis in their
bodies was less active [45]. Analysis of the functions of copper during lipolysis revealed that this compound
inhibits the activity of the enzyme phosphodiesterase, which contributes to the breakdown of fats. The
breakdown and absorption of fat occurs mainly in the small intestine and duodenum [46].

D. Huster, S. Lutsenko (2007) established a link between copper metabolism, the cell-division cycle
and cholesterol synthesis, and identified several candidate proteins that can mediate copper status and lipid
metabolism. These data suggest that altered lipid metabolism may be associated with copper toxicity [47].

In addition, Burkhead et al. (2011), using animal models of Wilson disease, revealed a link between
molecular pathways, including cell cycle and cholesterol metabolism, mRNA binding and nuclear receptor
signaling, which primarily affect the accumulation of copper in the liver [48].

Normally, there should be enough copper in the body so that it can be included in specific apoenzymes,
providing synthesis of these proteins. Almost all disorders of copper metabolism are the effect of either a
deficiency of one or more of the necessary copper-containing proteins, or the fact that there is more copper in
the tissues and organs than they can bind. Both the synthesis of specific copper-containing proteins and the
balance of copper are regulated by genetic mechanisms [49].

A decrease in copper levels is often associated with diseases of the immune system, a decrease in the
level of neutrophils, leukocytes, and antioxidant protection of the body. However, the level of serum copper
and ceruloplasmin increases in various inflammatory processes, myocardial infarction, liver disease, preg-
nancy, etc. It is believed that these conditions can mask the copper deficiency in the body and make it diffi-
cult to diagnose [11].

Copper deficiency is accompanied by hypercholesterolemia, which is explained by a decrease in the ac-
tivity of lipoprotein lipase, lecithin-cholesterol acyltransferase and many other enzymes. Hypercholesterole-
mia and vasopathy with copper deficiency can cause early development of atherosclerosis and coronary heart
disease [50].

Copper deficiency is associated with the development of atherosclerotic dyslipidemia, metabolic
syndrome, and impaired carbohydrate tolerance. Thus, in individuals with non-alcoholic fatty liver disease,
there is a decrease in the level of copper, both in the liver and in the blood. A low level of copper in the diet
leads to an increase in the synthesis of cholesterol and other lipids in the liver, as well as changes in the
metabolic relationship during pregnancy between mother and fetus. Copper deficiency is possible in children
with full parenteral or unbalanced micronutrients artificial feeding. At the same time, the deficiency of
transferrin and ATP leads to the occurrence of microcytic iron deficiency anemia [51].

Most often, copper deficiency is diagnosed because of its low food intake and defects in copper absorp-
tion in the gastrointestinal tract, its transport to the cerebrospinal fluid, macrophages, etc.

Genetic disorders of copper metabolism that are associated with proteins (ATP7A and ATP7B), which
are responsible for the excretion of copper from cells, are widely known. It is noted that the expression of
ATP7B is observed in the liver, kidneys, eyes, epithelial cells and the central nervous system [37].

Copper, which enters the body in excess, is able to form strong bonds with sulfhydryl groups, inactivat-
ing some enzymes (alkaline phosphatase, saliva amylase, lipase). At the same time, it interacts with hor-
mones (adrenaline) and affects the concentration of a number of vitamins (C, A, B) in organs and tissues
[52].

An excess of copper in the membranes stimulates lipid oxidation, activates calcium release, violates
transmembrane transfer of substances [53]. In addition, an excess of copper leads to damage to the cytoskele-
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ton and membranes, including lysosomal ones, which also helps to further accumulate copper in the cells due
to the violation of the lysosomal excretory function [37].

Thus, copper plays a large role in ensuring normal growth and maintaining health. The effects of copper
exposure, mainly implemented through proteins and enzymes that include copper. In some cases, these dis-
orders are the result of the disease, and in others — the cause of its occurrence. Excessive or insufficient in-
take of copper in the body causes various pathological disorders, including chronic inflammatory diseases,
anemia, diseases of the musculoskeletal system, etc.
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Kypambinga MbIchbl 0ap aKybI3aap #JHe 0JIapAbIH MeTa0ou3Mre dcepi

Makanana MBICTBIH aF3aiaFbl PeJIi Typasbl 9e0u KYMBICTapFa IOy XKacaabl. 3epTTeyIiH HEeTi3ri Ma3MyHBI
MBICTBIH aKybI3, KOMIpCY jkoHE Mall alMacy yaepiciHe KaTBICYBIHBIH TalJaybH Kypaimbl. OmeOu xesnepii
Tajqjay HETi3iHAe MBICTBIH aF3aHblH YINajapbl MEH >KacylIaJapblHBIH JaMyblHA ocep €TETiH KeNTereH
OMIPITIK KaXeTTI aKybl3Zap MeH (epMeHTTepAiH KypaMblHA KipeTiHi KepcerinreH. TpaHcmoprep
aKybI3/1apJbIH MBICTBI IUIa3MaJIbIK MeMOpaHa apKbUIbl XKACYLIAIMIUIIK OpraHeiuanapra *KoHE LHUTO30JbACH
KaH arbIMbIHA TAaCBIMAJIJIAy YAEPiCiHEe KaThICYbl CHIIATTANIFaH. MBICTBIH 3aT alIMacy yJepiciHe KaTbICybl OHbIH
(U3MKAIBIK-XUMMSUIBIK  KacHeTTepiHe OailaHbICThl Oouslafbl. ©OJe0M LIONyJa MbIC TeMOAMHAMHUKACHIH
0aKbUIANTBIH JKOHE MbIC-TOYEJi CHIHAJIAJIMHIKE KaThICAThIH aKybI3AapZblH EPEKIIETIKTepi aHBIKTaIbII,
xa3burral. Kenreren ¢epMeHTTepiH KypaMbIHa KipeTiH MBICTHIH ©3iHE TOH KaCHETTepi epeKIIIeICHIeH JKoHe
CUIaTTajFaH. MEICTBIH KaJbINITHL ©Cy[i KaMTaMachl3 €Ty JKOHE JEHCAyJBIKTBI KOJJayJda YIKEH pei
aTKapaThIHbl KOPCETiIreH. AF3alaFbl MBICTHIH TAlIIbUIBIFBI, COHBIMEH KaTap apThIKLIBLIBIFBL Ja 9PTYpIi
aypyJapra aJbll KeJIeTiHIiri alTeuran. MbIc 031HiH GHOJIOTHSUIIBIK 9CEpiH aKybI3apMeH OaiaHbICy apKbIIbI
JKOFapbl OMOJIOTHSUIIBIK OEJICeHALNIT 6ap KeleHaep Kypa OThIPHII, KOPCETeTiHI OasHIaIFaH.

Kinm ce30ep: wmbic, MeTabonM3M, LEpyJIOIUIa3MHUH, KypaMbIHIAa MbICHI 0Oap (epMeHTTep, MBICTHIH
APTHIKIIBUIBIFBI MEH JKETICIICYIILTIri.

A.E. KonkabaeBa, A.A. Apsictan6aii, [1I.A. Myxanoga, P.A. Konocos

Menbcoaep:xamme 0eJIKM U UX BJUSAHHE HA MeTA00IM3M

B crathe maH 0030p nmTepaTypbl O poiam Meau B opraHm3me. OCHOBHOE COJICp)KaHHE HCCIICIOBaHUS
COCTABISICT aHAJHM3 y4acTUs MeIu B OCJIKOBOM, YTJICBOJHOM M XHpOoBOoM oOMmeHe. Ha ocHoBe aHammsa
JUTEPATYPHBIX UCTOYHUKOB MMOKA3aHO, YTO ME/Ib BXOIHT B COCTaB MHOTHX KHU3HECHHO HEOOXOJUMBIX OCIKOB
1 (EpMEHTOB, OKa3bIBAIONIMX BIMSHUC HA Pa3BUTHEC TKAHEH M KIETOK OpraHm3Ma. B crartbe comepkurcs
BBUICHEHHE OCOOCHHOCTEH yd4acTHsi ONKOB-TPAaHCIOPTEPOB B MEPEHOCE MEOH 4Yepe3 IIa3MaTHYECKYIo
MeMOpaHy BO BHYTPHKJIETOYHBIC OpraHeIIbl U M3 LUTO30JIs1 B KPOBOTOK. Y4acTHe Meau B MeTabonu3me 00y-
CIIOBJICHO e€ (DPU3MKO-XMMHYECKUMHU CBOMCTBaMH. B nuTepaTtypHOM 0030pe BHISICHEHBI 0COOCHHOCTH OEJIKOB,
KOTOpBbIC KOHTPOJIUPYIOT FEMOANHAMHUKY MEIH U yYaCTBYIOT B Me[b-3aBHCHMOM CHTHAJIMHTE. BbieneHs! 1
OIMCAHbI XapaKTepHbIE OCOCHHOCTH MEIH, BXOMAIINE B COCTaB MHOTHX (epMeHTOB. [loka3aHo, 4TO Menb
Hurpaet OOJBIIYIO POJIb B 00OCCICUYCHUH HOPMAIBLHOT'O POCTA M IMOJUICPKAHHUU 37J0POBBS. YKa3aHO, 4TO Kak
neGuIuT, Tak U M30BITOK MEIU B OpPraHW3ME MPUBOIAT K PA3IMYHBIM 3a00JCBaHUSIM. ABTOPHI MPHUILIH K
BBIBOJIY, YTO CBOE OHOJIOTHYECKOE JICHCTBUE MEIb IPOSBILIET MOCPEICTBOM CBSI3H C OEIKaMH, 00pa3ys KOM-
IJIEKCHI, 00IaJaI0IKe BEICOKOH OMOIOTHUECKON aKTHBHOCTBIO.

Kniouesvie cnosa: menp, MmetabonusM, LEpyIOIUIa3MUH, MeIbcoAepskaiue GpepMeHThl, 1eGUIUT U U30BITOK
MezH.
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Introduction of woody and shrubby plants of the natural flora
of the Western Kazakhstan at the territory of Mangyshlak
experimental botanical garden

Results of primary introductory test of 21 species of woody and shrubby plants of natural flora of the Western
Kazakhstan in the conditions of Mangyshlak experimental botanical garden are given in article. Selection of
introduced species was made from natural habitats of the Mangystau, Atyrau, Aktyubinsk and West Kazakh-
stan regions. Examining taxa enter into the following ecological groups: xerophytes (5 species), mesophytes
(7 species), mesoxerophytes (5 species) and xeromesophytes (4 species). Primary test in culture allowed allo-
cating 3 groups of plants: very steady — 9 taxa; steady — 11 taxa; not steady — 1 taxon. The analysis of
economic and useful properties allowed defining that 15 species are suitable as ornamental plants, 10 — as
food, 8 — phytomeliorative, 11 — melliferous, 6 — medicinal, 2 — as a stock for reproduction of cultivars.
The correlation between ecological group of a taxon and resistance to local climate is not revealed. Species
for further introductory test are defined.

Keywords: Mangyshlak experimental botanical garden, primary introduction, woody and shrubby plants,
sustaibility, ecological groups, practical uses, natural flora.

Introduction

Introduction of plants, as main directions of experimental botany and plant ecology, has not only scien-
tific, public and informative, but also important economic, ecological, economic value. This fact is practical
expression of implementation of requirements of articles 9—18 «Conventions on Biological Diversity» and
Nagoya protocol (1992) [1].

This problem is particularly acute in arid conditions which differ in poverty of specific structure and a
complex of adverse factors for implementation greening, the introduction, selection and phytomeliorative
works [2, 3].

The introduction of plants should be carried out by one of the main strategic directions of botanical gar-
dens intensively and in big scales. In world practice it is proved that without scientifically based recommen-
dations attraction the plants which were pleasant to them from districts of former settlements do not always
gives a successful outcome. Only at such approach there is possible an implementation of the most probable
projection of a successful introduction and selection of the greening range of plants meeting the ecological,
esthetic requirements of the alleged region of an introduction.

Local flora has the considerable prospect of use as source of the plants, steady against local climatic
conditions, having decorative, medicinal, food, melliferous, meliorative properties.

The purpose of the real research was primary introduction assessment of new woody and shrubby plants
of local flora in the conditions of the Mangyshlak experimental botanical garden.

Methodology

Objects of researches were 21 species of woody and shrubby plants of the collection fund of
Mangyshlask experimental botanical garden (futher MEBG) attracted from natural flora of the Western Ka-
zakhstan (Table 1).

Selection of initial material from the nature was made on floristic regions of the Western Kazakhstan:
Caspian, Bukeev, Emba, Aktobe, Mangystau, Ustyurt.

In the conditions of the MEBG collection for the selected taxa investigated primary introduction ques-
tions: phenology [4], some biometric indicators [5], rhythms of seasonal growth and development [6, 7]. For
all introduced species defined ecological group in relation to conditions of moistening [8] and a vital form
[9]; and also the prospects of practical application of species in economic activity [10].
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Table 1
Taxonomic list of testing woody and shrubby plants
No. Family Genus Species
1 Amygdalus A.nana
2 |Fabaceae Astragalus A.ammodendron
3 Ammodendron A.eichwaldii
4 |Polygonaceae Atraphaxis A.replicata
5 Crataegus C.sanguinae
6 M.sieversiana
7 Malus M.baccata
8 Padus P.racemosa
9 Prunus P.spinosa
Rosaceae
10 Rosa R.laxa
11 R.glabrifolia
12 Rubus R.caesius
13 Spiraea S.hypericifolia
14 Sorbus S.aucuparia
15 |Betulaceae Corylus C.avellana
16 P.tremula
17 Populus P.alba
18 |(Salicaceae P.diversifolia
19 P.nigra
20 Salix S.caprea
21 |Glossulariaceae Ribes R.aureum

Results and their discussion

The introduction of wood plants is an important part of all introduction activity. This question in a tree-
less arid zone is especially relevant. The analysis shows that in droughty zones of Kazakhstan wood plants
from Western Europe are successfully cultivated, a temperate climate of North America, Siberia and East
Asia [11].

As a result of forwarding researches on the territory of the Western Kazakhstan (Mangystau, West Ka-
zakhstan, Atyrau and Aktyubinsk areas) in 2016-2018 21 species were attracted in an introduction experi-
ment. Their short characteristic is given below:

1) Amygdalus nana is an undersized bush, mesoxerophyte. It is involved with landing material and
seeds from the mountain Big Ichka (West Kazakhstan region). The beginning of vegetation falls on the 2nd
decade of March, full expansion of leaves comes to the end of March; budding at the end of March; blossom-
ing — in 1-2 decades of April. Infructescence in culture was not observed. In the territory of MEBG plants
reached height of 30-35 cm. A state in culture is good.

2) Astragalus ammodendron is a bush, a semi-bush, xerophyte. It is involved with landing material
from Tuyesu sands (Mangystau Region). The beginning of vegetation at a species is noted in the 3rd decade
of March; isolation of leaves falls on 1-3 decades of April. The beginning of budding is recorded in the 20th
of April; blossoming since the end of April until the 1st decade of May. The fructification is dragged out —
from the 1st decade of May to 1st decade of June. Growth of shouts comes from the end of Arpril till the se-
cond half of June. In culture height of 50-60 cm reaches. The state is satisfactory.

3) Atraphaxis replicata is a bush of the average sizes, xerophytes. The Western Karatau (Mangystau re-
gion) is involved in culture from the ridge. The beginning of vegetation is noted in the 1st decade of March,
isolation and expansion of leaves from the middle until the end of March. Budding is revealed in the middle
of April, blossoming — since the end of April to the 3rd decade of May. Fructification is moderate, happens
from 1 decade of May until the end of July. Growth of shouts comes to an end in the middle of June. A state
in a collection is very good. Height of a plant is from 70 to 90 cm.

4) Crataegus sanguinea is a small shady tree or large bush. It is involved with seed material from a nat-
ural reservation «Oak grove» (West Kazakhstan region). Young plants begin vegetation in the 2nd decade of
March, isolation and expansion of leaves — since the end of March to the middle of April. Plants in culture
have height of 10-20 cm therefore did not enter a generative phase yet. A state in culture is satisfactory.
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5) Corylus avellana is a bush, rarer is a small tree, mesophyte. It is involved from the territory of a natu-
ral reservation «QOak grove» (West Kazakhstan region) in the form of live plants. The beginning of vegeta-
tion is recorded from the 2nd decade of March, growth and isolation of leaves since the end of March on the
middle of April. As in culture there are young individuals, the phase of budding and blossoming was not ob-
served. The plant suffers from dryness of atmospheric air, in the middle of July solar burns of leaves are not-
ed. Height of individuals is up to 50-55 cm.

6) Padus racemosa is a bush; rarer is a small tree, mesophyte. It is involved in culture from forests in
the neighborhood of the mountain Big Ichka (West Kazakhstan region) in the form of young live plants. The
beginning of vegetation of a species falls on 2—3 decade of March, expansion of leaves is since the end of
March to the middle of April. Young individuals reach height of 50—70 cm, did not reach the generative pe-
riod yet. Conditions of individuals are satisfactory.

7) Populus tremula is a large tree, mesoxerophyte. It is involved with small plants and shanks from the
valley of the Bykovka River (West Kazakhstan region). The beginning of vegetation of individuals is record-
ed in the 1st decade of March, isolation of leaves begins in the middle of March, and growth finishes in the
Ist decade of April. Due to the young age of plants, the aspen did not enter the generative period. Condition
of individuals is satisfactory; height is 30—45 cm.

8) Populus alba is a large tree, mesoxerophyte. The species is involved with shanks from the valley of
the Bykovka River (West Kazakhstan region). Shanks took roots; small gain of 4-5 cm is noted. The general
height was 15-20 cm. The state is satisfactory.

9) Populus nigra is a large shady tree, a xeromesophyte. Plants are involved in culture in the form of
shanks from Petrovsky sands and from vicinities of the natural reservation «the Sadovsky lake» (West Ka-
zakhstan region). As well as the previous species, in a collection of an individual are presented in the form of
the small taken roots plants up to 30-35 cm high. The general state in culture is satisfactory.

10) Ammodendron eichwaldii is a small tree or a bush. It is involved with live plants and seeds from
sands Sam (Mangystau region), xerophyte. The beginning of vegetation is noted in the 1st decade of April;
expansion of leaves since the 3rd decade of April until the end of May. The phase of budding is recorded in
the 1st decade of May, the beginning of blossoming — in the 2nd decade of May, and the end — the 3rd
decade of May. Fructification plentiful and stretched; is noted since the end of May till the middle of July.
Growth of shoots comes to an end at the end of June. A condition of a plant in culture is good.

11) Ribes aureum is a bush, a xeromesophyte. It is involved with live plants from a flood plain of the
Urals River (West Kazakhstan region). The beginning of vegetation fell on the middle of March; isolation of
leaves is recorded from the second half of March on the 3rd decade of April. Budding fell on the middle of
April, blossoming from the 2nd half until the end of April. Fructification is plentiful; since the end of April
to the middle of June. Growth of shoots came to the end till middle of April. The state in culture is very
good; height of plants is 120—140 cm.

12) Rosa laxa is a bush, mesoxerophyte. It is involved with live plants and shanks from vicinities of the
Lake Inder (Atyrau region). In culture vegetation begins in the the 1st decade of March, isolation of leaves
begins in the 2nd decade of March and end in the 1st decade of May. Budding begins in the 1st decade of
May, finishes in the 3rd decade of May. Blossoming happens from the middle until the end of May. Fructifi-
cation maturing of fruits is recorded — from the end of May till the end of August. Plants in culture are
steady; states are very good. Height is up to 150 cm.

13) Rosa glabrifolia is a prickly bush, a xeromesophyte. It is attracted with root young growth and
shanks from gorges in the neighborhood of the settlement of Beyneu (Mangystau region). The beginning of
vegetation falls on the 1 decade of March, isolation of leaves from the middle of March prior to the begin-
ning of April. Budding is recorded in the 1st decade of May, blossoming from the middle until the end of
May. Fructification is weak; it is noted since the beginning of June prior to the beginning of September. The
state in culture is satisfactory; height of individuals is 100-120 cm.

14) Salix caprea is the high, actively branching bush, mesophyte. It is involved by shanks from a flood
plain of the Utva River (West Kazakhstan region). On a collection rooting of the brought shanks is noted.
The beginning of vegetation is recorded at the beginning of the 2nd decade of March; isolation of leaves —
since the end of March to the middle of April. Young plants in the territory of MEBG did not enter the gen-
erative period. The condition of individuals is satisfactory; height is 30-35 cm.

15) Spiraea hypericifolia is a low bush, xerophyte. In culture it is involved with shanks and young
plants from steppe sites of West Kazakhstan region and a northern part of Mangystau Region. The beginning
of vegetation is noted in 1st decade of March; isolation of leaves was from the middle until the end of March.
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On a collection individual did not reach a generative state, therefore budding and blossoming is not recorded.
A condition of plants is satisfactory; height is 40—50 cm.

16) Sorbus aucuparia is a small tree or a bush, mesophyte. The species is involved in culture with
young plants from Urdinsky forestry (West Kazakhstan region). The beginning of vegetation falls on the 1st
decade of March; isolation of leaves is from the 2nd decade of March until the beginning of April. Young
plants in the MEBG collection did not enter a generative state. The condition of plants in culture is good;
height is 50-70 cm.

17) Malus sieversiana is a tree, a xeromesophyte. In the culture of an individual of an apple-tree are in-
volved with young live plants from a flood plain of the Urals River (West Kazakhstan region). The apple-
tree begins vegetation in the 1st decade of March; isolation of leaves is recorded from the 2nd decade of
March to the middle of April. Young individuals have not reached the generative period yet. The condition
of plants on a collection is satisfactory; height is till 1 m.

18) Malus baccata is a tree, mesophyte. In culture the species is involved with young plants from
Mortuk forestry (Aktyubinsk region). The beginning of vegetation falls on the 1st decade of March, expan-
sion of leaves is from the 2nd decade of March until the beginning of April. Generative phases for this spe-
cies are noted. A condition of a species is satisfactory; height of individuals is 100—120 cm.

19) Populus diversifolia is small trees, xerophyte. Plants are involved with live plants and shanks from
the Ustyurt reserve (Mangystau region). The beginning of vegetation at individuals is noted in the 1st decade
of March, expansion of leaves is in the middle of March, the end of growth of leaves is in the 3rd decade of
July. Budding is recorded in the beginnings of April, blossoming from the middle until the end of April.
Formation of fruits is noted. Height of plants reaches 1.2—1.8 m. A state in culture is very good.

20) Prunus spinosa is a small tree or a bush, mesoxerophyte. Plants are involved alive plants and land-
ing material from natural reservation «The Mountain Big Ichka» and valleys of the Urals River (West Ka-
zakhstan region). The beginning of vegetation is revealed in the 2nd decade of March, isolation and growth
of leaves from the middle of March to the 2nd half of April. Plants didn’t enter the generative period. A con-
dition of individuals is very good; height is up to 80 cm.

21) Rubus caesium is the prickly curling bush, mesophyte. Fruitful forms with large and sweet fruits are
selected from Mortuksky forest area (Aktyubinsk region). The beginning of vegetation falls on the 2nd dec-
ade of March, isolation of leaves from the middle of March to the middle of April. Budding is recorded at the
beginning of May, blossoming is from the 1st decade of May to the middle of August. Fructification is plen-
tiful and stretched, since the end of May until the end of August. Height of shoots in culture reaches 120-140
cm. The state is good.

Introduced species are presented by 4 ecological groups in relation to moistening conditions:
mesophytes, xerophytes, mesoxerophytes and xeromesophytes (see Fig.).
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1 — mesoxerophytes; 2 — xerophytes; 3 — mesophytes; 4 — xeromesophytes
Figure. Spreading introduced species on ecological groups

The maximum number of species is the share of mesophytes — 7 species, the number of xerophytes
and mesoxerophytes was distributed evenly by 5 species, and xeromesophytes — 4 taxa.

The analysis of economic properties showed that from 21 species of woody and shrubby plants 15 taxa
have prospect as decorative objects (Table 2).

Cepus «bronorusi. MegmuuHa. Meorpadusi». Ne 2(94)/2019 67



A.A. Imanbayeva, G.G. Gassanova et al.

Table 2
Perspectives of practical use of new woody and shrubby introduced plants of natural flora of MEBG

Practical use
Species Decorative Food P'hytO. Melliferous Technical S.tOCk for. an
plants plants meliorative plants Herb plants 1nocu1§1t10n
plants of cultivars
Amygdalus nana + +
Astragalus ammodendron +
Atraphaxis spinosa +
Crataegus sanguinea + + + +
Corylus avellana +
Padus racemosa + + + +
Populus tremula + + +
Populus alba + + +
Populus nigra + + +
Ammodendron eichwaldii + +
Ribes aureum + + + +
Rosa laxa + + + +
Rosa glabrifolia + + +
Salix caprea + +
Spiraea hypericifolia + + +
Sorbus aucuparia + + + +
Malus sieversiana + + + +
Malus baccata + + +
Prunus spinosa + + + +
Rubus caesius + +

Ten taxa is possible to use as food plants, 8 species — as phytomeliorative cultures for fixing of sands,
slopes of hills and ravines; 11 taxa showed value as melliferous plants; 6 — as medicinal objects, 5 spe-
cies — as technical plants, 2 species are suitable as a stock for an inoculation of cultivars.

Preliminary results of observations allowed allocating several groups of plants on resistance to local soil
and climatic conditions on the basis of a condition of landing material and a habitus:

1) Very steady plants against local conditions, they have good condition of a habitus: Amygdalus nana,
Atraphaxis replicate, Ammodendron eichwaldii, Ribes aureum, Rosa laxa, Sorbus aucuparia, Populus
diversifolia, Prunus spinosam Rubus caesius.

2) Steady plants against local climate, states in culture are satisfactory. In this group enter such species
as: Astragalus ammodendron, Crataegus ambigua, Padus racemosa, Populus tremula, Populus alba,
Populus nigra, Rosa glabrifolia, Salix caprea, Spiraea hypericifolia, Malus sieversiana, Malus baccata.

3) Weak-steady plant, it suffers from a drought. The only species (Corylus avellana) is carried to this
group.

The correlation between belonging to ecological group and health in culture is not revealed. Among
steady and very-steady cultures are noted, both xerophytes and mesophytes. Further testing in culture with
expansion of landing material needs to be conducted for woody and shrubby plants entering into the first and
second group.

Conclusion

Thus, features of primary introduction of 21 species of woody and shrubby plants of natural flora of the
Western Kazakhstan at testing in the culture of MEBG are estimated. Taxa are divided into 3 groups on sta-
bility degree: in the first group — 9 species, in the second one — 11 species, in the third one — 1 species.

Distribution of introduced species on ecological groups the following: mesophytes — 7 taxa, xero-
phytes — 5 taxa, mesoxerophytes — 5 taxa, xeromesophytes — 4 species. The correlation between ecologi-
cal group of a taxon and resistance to local climate is not revealed.

The analysis of economic and useful properties allowed defining that 15 species are suitable as orna-
mental plants, 10 — as food, 8 — phytomeliorative, 11 — melliferous, 6 — medical, 2 — as a stock for re-
production of cultivars.

Types for further introduktory test are defined.
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Researches were executed within the Ministry Education and Science scientific and technical program
«Development of scientific-practical and computer-informative bases of creation of landscape and park
plantings in the desert zone Mangystau for preservation and rational use of a vegetative biodiversity».
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MamnrpicTay TIKIpHOeIiK 00TAHUKAJBIK 0aFbl ayMarbIHIAFbI
Bartbic KazakcTanHbIH Ta0Ury (pyiopachbiHbIH aFam-0yra
eciMiKTepiH MHTPOAYKIUSIJIAY

Maxkanazna ManrpicTayablH TOKIprOenik 6oTaHUKaNBIK OarbIHbIH jKaraaiibinaa bateic Ka3zakcraHHbIH TaOUFH
¢opaceiHbIH  arain-OyTansl eciMmikrep 21 TypiHIH anfaiikbl HMHTPOAYKLHSJIBIK ChIHAY HOTHIKeIepi
kenripinreH. WuTtpomynenrrep Manrsictay, Ateipay, Akrtebe xoHe barsic Kasakcran o0ibIcTapbIHBIH
TaOMFU MEKCH €Ty OpTachlHAH TaHIANBIHBIN aJbiH/bL. ChIHAIFAH TAKCOHAAP KEJeCi SKOJIOTHSIIBIK TOITapFa:
kcepodurrep (5 Typ), Mmesodurrep (7 Typ), Me3okcepodurrep (5 TYp) xKoHe kcepomezodurrep (4 TYp) Kipeni.
Jlakpinnay OOHMBIHINA ajFamIKbl ChIHAYJIap O©CIMAIKTEpHiH 3 TOOBIH: aca Te3iMAi — 9 TakcoH, Te3iMui —
11 rakcoH, Te3imMci3 1 TakcoH axkbiparyra MyMKinaik Oepai. [llapyanipuibikka naiiaansl KacHeTTepal Taiaay
apkpUIbl 15 Typi conpik, 10 — Taramapik, 8 — ¢uromennoparuBti, 11 — Ganapl, 6 — gopinik ecimaikTep
JKOHE 2 — YJIACTBIPBUIFAH IIBIOBIK PETiH/E KOJAAHbIT MOJICHU CYpBINTApAbl KOOSHTy yiIiH naiaananyra 60-
JaThIHBI AHBIKTAIABL. TaKCOHHBIH SKOJIOTHSJIBIK TOOBI MEH JKEpriliKTi KIMMaT apachlHla KOPpeNsuus
AHBIKTAJIFaH JKOK. AJITaFbl HHTPOIYKIMSJIBIK ChIHAY YIIiH TYpJIEp aHBIKTAII/IBI.

Kinm ce30ep: ManrbicTay ToxipuOenik OOTaHMKAJBIK OaFbl, AJFAIIKBl WHTPOIYKIHS, Aaraml-OyTasl
ocIMIIKTep, TO3IMAITIK, IKOJIOTUSUIBIK TONTAp, TIXKIPHOETiK KOJIJaHBICH, Taburu ¢iopa.

A.A. ImanbaeBa, I'.I'. 'acanoBa, M.1O. Ummypatosa, P. MeutteikoBa, @.A. EckeHnupos

NuTpoaykuusi ApeBecHO-KYCTAPHUKOBBIX PacTeHUil IPUPOIHOI (1opbI
3anaanoro Kazaxcrana Ha teppuropuu MaHTIbIIJIAKCKOTO
IKCNEPUMEHTAIBHOI0 00TAHNYECKOro caja

B cratbe mnpuBeneHBl pe3ynbTaTHl NEPBUYHOTO HHTPOIYKIMOHHOTO HCHBITaHMS 21 BHIa JpeBeCHO-
KYCTapHUKOBBIX pacTeHHH NpHpoxHoi ¢iopsl 3anagnoro Kasaxcrana B yciuoBusSX MaHTHIIIIAKCKOTO dKCIe-
pPUMEHTaIBbHOTO OOoTaHWYeckoro caga. OTOOp MHTPOAYIIEHTOB NPOBOAWIN U3 NPHUPOIHBIX MECT OOUTAHMS
MasnrsicTayckoid, ATbipayckoi, AkTIoOMHCKOM 1 3amanHo-Ka3axcranckoi oOnacteil. McnbpiTyeMble TaKCOHBI
BXOJUIT B CIICAYIOLINE IKOJIOTUUECKUE TPYIIIbL: KcepoduTsl (5 BUI0B), Me30(dUTHI (7 BUIOB), ME30KCEPOPHUTHI
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(5 BuoB) u kcepomezodutsl (4 Buna). [lepBudHOE UCTIBITAHUE B KYJIBTYPE MMO3BOJIMIIO BBIACIUTH 3 TPYIIIbI
pacTeHHii: BecbMa YCTOMYMBBIE — 9 TAKCOHOB, yCTOHUYMBBIE — 11 TakCOHOB, HEyCTOHYMBBIE — | TaKCOH.
AHanu3 X03sHCTBEHHO-TIOJIE3HBIX CBOMCTB MO3BOIMI ONPEAENIUTh, YTO 15 BHUAOB MPHUTOAHBI B KaUeCTBE Je-
KOpaTUBHEIX pacTeHui, 10 — kak numessle, 8 — ¢uroMenuoparuBHsle, 11 — MemoHOCHBIE, 6 — JeKapcT-
BCHHBIC, 2 — B KAU€CTBE ITOJBOS I Pa3MHOXKEHHUS KYJIBTYPHBIX COPTOB. He BBIIBICHO KOPPEISIINN MEXTY
9KOJIOTHUECKOH TPYNIION TaKCOHA M YCTOHYMBOCTBIO K MECTHOMY KimMary. OnpeneneHsl BHABI U Jaib-
HEWIIIero NHTPOLYKIIMOHHOTO UCIIBITAHHSI.

Kniouegvie cnosa: MaHTBIIUIAKCKUHA SKCHEPUMEHTAIBHBIH OOTAaHMYECKHI call, MepBUYHAS HHTPOMYKILHS,
JIPEBECHO-KYCTapPHUKOBBIE PACTEHHs, YCTOHYMBOCTb, 3KOJOTMYECKUE TPYIIIbI, IPAKTHYECKOE HCIIOJIb30Ba-
HHe, IpUpoaHas ¢opa.
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Serotonin: biological properties and its receptors

In the last decade, much attention has been paid to the study of the serotonergic system. The molecular and
cellular mechanisms of the synthesis of serotonin, its metabolism and receptor interaction are well studied.
The wide range of serotonin effects is explained by the presence of a wide variety of serotonin receptors. The
serotonin (5-hydroxytryptamine, 5-HT) is the main mediator of the serotonergic system. In human the role of
5-HT in the central nervous system (CNS) is best characterized, where the amine remain in force as a neuro-
transmitter in neural synapses and participates in the formation and regulation of various physiological func-
tions of the body in normal conditions and in pathology, playing a role in maintaining homeostasis. 5-HT is a
neurohormone that has a morphogenetic and regulatory effect on target organs, including the heart and blood
vessels. The serotonergic system is a link in the pathogenesis of atherosclerosis, arterial and pulmonary hy-
pertension, coronary heart disease, atrial fibrillation and heart failure. In patients with coronary heart disease
an increase serotonin concentration in the blood was found. The effect of the serotonergic system on the car-
diovascular system has been studied quite thoroughly in animals. Serotonin has been shown to have a positive
inotropic effect on the myocardium of the atria and ventricles of various mammals. Also, the neurotransmitter
serotonin plays an important role in the formation of the brain. Low levels of serotonin in the initial stages of
development will lead to the fact that the adult brain will inadequately process sensory signals. The review
covers the significance and a wide range of biological effects of serotonin in the central nervous system and
outside the central nervous system, which is explained by the diversity of the 5S-HT receptor family.

Keywords: serotonin, adrenaline, heart, myocardium, receptor, neurotransmitter, blood vessels, ventricles of
the heart, rat.

Serotonin (5-hydroxytryptamine; 5-HT) is a phylogenetically ancient indoleamine found in plants, in-
vertebrates and vertebrates [1, 2]. In 1947, a substance with vasoconstrictor properties was discovered, it was
also called mitogen of arterial smooth muscle. This thing was given the name serotonin. It is known that ser-
otonin acts like a monoaminergic neurotransmitter in the brain and gastrointestinal tract and is also involved
in various functions, such as storing and urinating urine, regulating sleep, mood and body temperature, intes-
tinal motility and food intake [3—6]. Together with histamine, serotonin can participate in the formation of a
painful reaction when you stimulate sensory receptors. In mammals, the two primary sources of serotonin are
the nucleus of the dorsal suture (DRN) in the brainstem and enterochromaffin cells. They are widely distrib-
uted in the gastrointestinal tract (that is especially in the large intestine, small intestine and rectum). Seroto-
nin is synthesized and secreted into the bloodstream by enterochromaffin cells, which are located in the gas-
trointestinal tract. It is also quickly absorbed and stored in dense small granules in platelets. In human about
90 % of serotonin in the body is found in the intestine, and the rest is present mainly in platelets (8-9 %) and
in the central nervous system (1-2 %). DRN neurons provide dense innervation in all areas of the brain and
especially store and secrete serotonin [7]. Serotonin in a living organism is involved in many vital physiolog-
ical and brain processes, such as cardiovascular, respiratory and gastrointestinal functions, mood regulation,
circadian rhythm, appetite, aggression and sexual behavior [8]. Serotonin (5-hydroxytryptamine) plays an
important role in maintaining homeostasis. It functions as a neurotransmitter and tissue hormone, participates
in the formation and regulation of various physiological parameters of the body in normal conditions and in
pathology. An interesting fact is that the first contraction of the heart in an embryo is caused by serotonin.
This is due to intracellular mechanisms. The morphogenetic effect of serotonin on the heart occurs when the
5-HTyp receptor is activated [8, 9].

Serotonergic system is involved in the rhythm of personal biological functions in the brain, especially
because of the wide representation of receptors in various areas of the central nervous system. In many ways,
this affects food and sexual behavior, learning and memory, and the emotional state of the body. Thus, a
large distribution of serotonin receptors in the brain in men and women is different. Increased expression of
5-HT,c receptors may cause an increase in body weight. But the use of their selective antagonist (ketanserin),
on the contrary, causes loss of appetite. Serotonin can cause anxiety, depression, and various phobias, which
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may indicate a decrease in its level in the brain. These anxieties can be eliminated using serotonin reuptake
inhibitors (tricyclic antidepressants) [10].

Due to its effect on smooth cell walls, serotonin is a very powerful vasoconstrictor (with the exception
of the vascular system of the heart and skeletal muscles). It increases peristalsis and muscle tone in the gas-
trointestinal tract, but there is almost no effect on the secretion of digestive glands, the effect on urinary tract
smooth muscle is poorly pronounced [8, 10].

In recent decades, the significant role of the serotonin system as the main link in the pathogenesis of
atherosclerosis, ischemic heart disease has been much discussed. Serotonin and histamine are the humoral
system of regulators and modulators of important physiological processes, which in conditions of pathology
turn into factors contributing to the development of the disease. Membrane serotonin transporter detected on
neurons, platelets, myocardium and smooth muscle cells. If the concentration of serotonin in platelets is
higher, the higher the activity of the membrane carrier. This means an increase in its release into the blood
plasma and its negative effect on the vascular wall and platelets. In the central mechanisms of regulation of
cardiovascular activity, the key role is played by the 5-HT,,, 5-HT, and 5-HT; receptor subtypes, and the
peripheral effects of serotonin on the vascular the system is mediated by 5-HT;, 5-HT,, 5-HT;, 5-HT4 and
5-HT; receptors. Activation of 5-HT, receptors causes central depression of sympathetic influences and fur-
ther bradycardia, while 5-HT, receptors — sympathetic, increased blood pressure, tachycardia. With the de-
velopment of anaerobic processes of serotonin through receptors 5-HT, starts the process of apoptosis of
cardiomyocytes, which leads to the development and progression of heart failure [11].

It has been proven in mice that SHT,p receptors are involved in the regulation of heart development in
embryogenesis, which are mutants for this receptor: due to a decrease in the number and size of
cardiomyocytes, cardiomyopathy with ventricular weight loss is noted. The involvement of 5-HT, receptors
in the development of atrial fibrillation and sinus tachycardia has been proven. In turn, the use of 5-HT, re-
ceptor antagonists was effective in treating this rhythm disorder. So, studying the role of the serotonergic
system in the development of cardiovascular diseases will allow us to reveal more new pathogenic connec-
tions with arterial hypertension in children. Serotonin is formed from the essential amino acid tryptophan. It
is usually found in many proteins in the body. Serotonin belongs to those groups of natural products that
have a basic amine group (separated from the aromatic nucleus by an aliphatic chain), which consist of two
carbon oxides [8].

Chemical structure of serotonin belongs to biogenic amines, tryptamine class. The starting component
for the synthesis of serotonin is needed tryptophan of an indispensable acid, which is eaten [10]. Serotonin
(5-hydroxytryptamine; 5-HT) is a neurotransmitter, synthesized from tryptophan amino acid (TRP) and
transported across the blood-brain barrier by a specific carrier, then hydroxylated by tryptophan hydroxylase.
This hydroxylation is the stage that limits the rate of serotonin biosynthesis. Elevated plasma of free trypto-
phan affects the increase in the concentration of tryptophan in the central nervous system (CNS), and there-
fore, every condition that increases the content of this amino acid in the plasma will cause an increase in the
concentration in the central nervous system and central serotonin biosynthesis [10, 12—14].

The main part for the synthesis of serotonin is the replacement of tryptophan with an indispensable acid,
which enters the body with food. Further, its intersection of the blood-brain barrier, that is, penetration into
the brain tissue, is due to easy transport. The conveyor does not have high specificity. It is able to carry other
neutral amino acids — methionine, phenylalanine, lysine and leucine, acting as competitive inhibitors for the
synthesis of serotonin. Admission to the neurons is also under the control of a non-specific carrier for neutral
amino acids [15].

Serotonin is transferred to synaptic vesicles using a transporter for all monoamines structurally and
functionally similar to acetylcholine. Inactivation of serotonin in the synaptic cleft occurs due to the reuptake
of the Na'/Cl™ dependent serotonin cotransporter, consisting of 12 transmembrane domains. N- and
C-terminals of several cells were found in the cytosol and glycosylation sites were found in the extracellular
regions. Also, there is a mechanism of serotonin cleavage with the participation of monoamine oxidase A to
5-hydroxyindole-acetaldehyde. Then there is its subsequent oxidation with the participation of aldehyde de-
hydrogenase to 5-hydroxyindole-3-acetic acid, which is excreted in the urine [10].

Different effects of serotonin are mediated by a variety of its receptors distributed throughout the body
[15, 16]. Signaling of serotonin occurs through the plasma membrane receptor system. Currently, it has at
least 15 related receptors, divided into 7 families. All but one of them are the superfamily of G-protein cou-
pled receptors (5-HT recipes are in accordance with the nomenclature of the International Society for Fun-
damental and Clinical Pharmacology (IUPHAR) (Table 1) [16].

72 BecTHuk KaparaHgmHckoro yHusepcurteTa



Serotonin: biological properties and its receptors

Table 1
Families of serotonin (5-HT) receptors
Family Potential Type Mechanism of action
5-HT, Inhibitory Gi/Gy-protein coupled Decreasing intracellular concentration of cAMP
5-HT, Excitatory Gg1;-protein coupled Increasing intracellular concentration of IP3 and DAG
5-HT; Excitatory Ligand-gated Na'/K' channel  |Depolarization of cell plasma membrane
5-HT, Excitatory G,-protein coupled Increasing intracellular concentration of cAMP
5-HT; Excitatory Gi/Gy-protein coupled Decreasing intracellular concentration of cAMP
5-HT, Excitatory G,-protein coupled Increasing intracellular concentration of cAMP
5-HT, Excitatory G,-protein coupled Increasing intracellular concentration of cAMP

Many members of the fourth G-protein coupled receptor (GPCR) family. They have the ability to form
homo-or hetero-oligomers with biochemical and functional characteristics, including receptor pharmacology,
signaling, and regulation, and are unique to these oligomeric conformations. These GPCR oligomers are not
only found in the GPCR type, they are also found in different families and subtypes. G-protein coupled re-
ceptors are also known as serpentine receptors or hemi receptors, which can form a huge family of
transmembrane receptors. Receptors of this family are found only in plant, animal cells and
choanoflagellates. About 80 % of primary messengers (neurotransmitters, hormones, neuromodulators) in-
teract with specific receptors that are associated with effectors of G-proteins [17-19].

Five receptors belong to the 5-HT; class (5-HT 4, 5-HT g, 5-HTp, 5-HT;g, 5-HT¢), all of which are as-
sociated with Gi/G, and negatively regulate the function of alternating current. Human 5-HT,, and 5-HTp
receptors, which are located mainly on the body and dendrites of serotonergic neurons belong to
autoreceptors (in rats, these are subtypes 5-HT, and 5-HT ) [10].

Of the serotonin receptors, the most widely distributed torus is 5-HT;4. In the central nervous system,
5-HT 4 receptors are present in large volumes in the cerebral cortex, hippocampus, amygdala and suture nu-
cleus, septum, but in small quantities they have also been proven in the thalamus and basal ganglia [13]. Al-
so, they are located in the micellar plexus and gastrointestinal tract. In the brain, 5-HT;s receptors act as
autoreceptors and postsynaptic receptors. They are involved in suppressing the «release» of neurons, regulat-
ing the production of ACTH (adrenocorticotropic hormone) (but not prolactin), regulating behavior and eat-
ing [13, 20]. 5-HT,g and 5-HTp receptors are involved in the pathophysiology of migraine. 5-HTg/,p recep-
tor agonists (triptans) have anti-migraine effects. They contribute through 5-HTp receptors to the intracrani-
al arteries (vasoconstriction), while the effects, through the 5-HT;p receptors, are thought to be neuronal.
Due to the lack of selective pharmacological agents, specific antibodies, and animal models in permissive
models, the function of the 5-HT s receptor is unknown [20].

There is no polymorphism in the 5-HTg receptor gene among people. This indicates a high degree of
evolutionary conservation of the genetic sequence. Thereby, showing that the 5-HT g receptor plays an im-
portant physiological role in humans. It is assumed that in humans, due to the large number of receptors in
the frontal cortex, hippocampus and olfactory bulb (which are brain regions essential for memory regula-
tion), 5-HTg receptor is involved in memory regulation [13, 21].

Class 5-HT;4 has three subtypes — 5-HT;a, 5S-HT,p and 5-HT,¢, being 46—50 % structural homology. It
is associated with Gql1 protein and increases the hydrolysis of inositol triphosphate and the intracellular
concentration of Ca>". The 5-HT,, receptor is the major excitatory receptor subtype among G-protein cou-
pled receptors. It can also have an inhibitory effect on certain areas, such as the visual cortex and orbitofron-
tal cortex. The 5-HT,, receptor is expressed in most central and peripheral tissues. 5-HT,4 receptors contrib-
ute to smooth muscle contraction. In addition, increased platelet aggregation and increased capillary permea-
bility have been shown after exposure to serotonin (probably due to the activation of this receptor subtype).
In the CNS, 5-HT,, receptors are present mainly in the cortex, basal ganglia, and claustrum. 5-HT,, stimu-
lates the secretion of ACTH (adrenocorticotropic hormone), oxytocin, renin and prolactin, corticosterone. If
5-HT,4 receptor is inhibited, the behavior changes. 5-HT,, antagonists such as olanzapine, seroquel,
risperidone, ritanserin, and others are used and developed for the treatment of schizophrenia [13]. The
5-HT,4 receptors are the first of the three (A, B, and C) subtypes from the 5-HT, receptor family. There are
many in the forebrain, especially in the cortical layer (peripheral cortex of the brain) [22], pyramidal and in-
terneurons neurons, also the dentate gyrus of the hippocampus, parahippocampal gyrus, olfactory bulb and
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the posterior horns of the spinal cord. In addition, a high density of receptors is located outside the central
nervous system: Schwann cells, in the sciatic nerve, coronary arteries, atria, platelets, and brain vessels [20].

The 5-HT,4-activated receptors, the major postreceptor cascades, are A,-dependent phospholipase and
phospholipase C. The secondary cascade, through the Gi/Go protein, represents the acetylate cyclase path-
way. Some cell culture studies have shown that the same 5-HT,, agonists, under the same cultivation condi-
tions, have different activations and, thus, one of these cascades prevails. One of the features of the 5-HT»4
receptor is the relatively low affinity of the endogenous serotonin ligand with the value of the basic dissocia-
tion constant of the micromolar path compared with members of other families. The main physiological ef-
fects of 5-HT,a receptors are associated with the regulation of platelet function, the cardiovascular and cen-
tral nervous systems. Activation of 5-HT,4 receptors in platelets leads to a high increase in free intracellular
calcium and proagregantny action. Such a secondary signaling mechanism leads to an increase in the con-
tractile activity of smooth myocytes in the coronary vessels, vessels of the brain. It was revealed that the
5-HT,4 receptor affects the enhancement of the contractile activity of the heart [19, 20].

5-HT,4 receptors in the central nervous system are involved in the formation of cognitive processes,
behavioral responses and memory. Twenty-three effects of 5-HT,, receptors on the development of fear,
anxiety, seizures, and panic were noted. In some data it can be seen that the activation of 5-HT,, receptors
due to the increased excitability of cortical neurons can lead to the development of visual hallucinations, a
psychostimulating effect. History has shown that D-receptor studies (the old name for the 5-HT,, receptor)
are associated with identifying the hallucinogenic effect of bromine, dimethoxyphenylpropanamine ion
(DOI), lysergic acid diethylamide (LSD), which are not selective 5-HT, agonists. At present, it is assumed
that such psychotic effects from LSD, DOI may be the result of sensitization in the areas of ligand recogni-
tion of dopamine receptors. They promote the formation of active heteroreceptor complexes D2/5. Observing
the content of inter- and intracellular serotonins, the appearance of serotonin hypotheses of schizophrenia
was suggested. There have been many studies on the serotonin system in schizophrenia. In these patients,
serotonin levels in platelets were analyzed. It became known that the functional state of the serotonergic sys-
tem in patients with schizophrenia is much different from the control group (oscillation boundaries were
much wider than in other mental disorders) [14, 19, 23].

When 5-HT,, receptors are stimulated, there is a significant change in calcium levels at the intracellular
level of post-receptors. This is associated not only with the activation of protein kinase C, but also Rho-
kinase, which is an extracellular regulatory signal of kinase and tyrosine kinase [19].

The 5-HT,a receptor affects the enhancement of the contractile activity of the heart. In a mouse model
of pulmonary hypertension, it was shown that serotonin, by stimulating 5-HT,p receptors, regulates the cell
cycle along with platelet growth factor. Serotonin receptors such as 5-HT,, and 5-HT,B play an important
role in the functioning of the lungs, thereby controlling vasoreactivity and bronchial reactivity [8, 19].

For the 5-HT,c receptor, there are no selective ligands. Therefore, his actions remain almost unknown
[12]. Because of the antagonism of agomelatine 5-HT), receptors, it acts as an effective anti-depressant. At
the same time causing an increase in the level of norepinephrine and dopamine in certain areas of the brain.
Serotonin is involved in the pathogenesis of acute myocardial infarction, acting through 5-HT,4 receptors in
areas of coronary atherosclerosis. Cardioprotective effect of ketanserin (5-HT, receptor blocker) was not-
ed — improvement of perfusion of myocardial ischemic zones and shortening of ischemia periods in patients
with stenotic atherosclerosis of the coronary aorta. Serotonin is capable of activating myocardial cells, en-
hancing rhythm disturbances, causing necrosis, modulating myocardial damage. Drugs that inhibit the action
of serotonin, can be used in the treatment of coronary heart disease in humans [13, 23].

The third type of serotonin receptor belongs to the superfamily of cis-loop ion-activated ion channels.
They include nicotine cholinergic receptors, zinc-activated channels and strychnine-sensitive glycine recep-
tors. The 5-HT; receptor consists of five subunits. Around the ion-conducting pores are organized as a
homopentamer or heteropentamer. The first identified subunit was 5-HT;,. It is the only subunit that forms
functional homopentamers. The remaining subunits function as heteropentamers with 5-HT;,, which have
been identified to date (5-HT3p-5-HTg). The main function of the 5-HT; receptor ligand-dependent cation
channel is the rapid depolarization of the cell membrane when it is excited by the influx of external Na" and
Ca’" and as a result their concentration in the cytosol increases, as well as the release of K ions from the
cell. In vitro evidence it was also obtained that for lithium, cesium, rubidium and magnesium ions. This leads
to the formation of final central or peripheral effects. Central 5-HT; is involved in the release mechanisms of
various neurotransmitters. When this type of receptor is activated, the secretion of serotonin from the frontal
lobe, individual sections of the hypothalamus and hippocampus in guinea pigs and rats is facilitated. It may
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cause decreased release of norepinephrine. This, in turn, leads to the development of depressive symptoms
[14].

Activation of 5-HTj; receptors leads to an increase in dopamine release in vitro (in rats, in the substantia
nigra and striatum cells) and in vivo (in rats, in the adjacent nucleus). These effects may be due to exposure
to dopamine carriers or to the participation of cholecystokinin in a process that is released when 5-HT}; re-
ceptors are activated. Central 5-HT; receptors are involved in vomiting, regulation of sympathetic and para-
sympathetic influences, in the conduct of antinociceptive and nociceptive signals, in the perception of pain.
Peripheral 5-HTj; receptors are involved in nociception. This is confirmed by experimental studies on the
reduction of 5-HTj; pain sensitivity blockers in rats and mice with acute and chronic inflammation. It is also
shown in clinical studies, with a reduction in neuropathic pain, fibromyalgia, and the adoption of 5-HT; an-
tagonists [24].

5-HT; receptors are found in the central and peripheral nervous system and thus provide rapid depolari-
zation. 5-HT; antagonists are widely used in the clinic to treat nausea and vomiting in cancer patients. In re-
sponse to intraperitoneal administration of 5-HT in the heart, it has been shown that 5-HT; receptors cause
reflex bradycardia and hypotension. This can lead to the appearance of Bezold-Jarisch reflex. It is a reflex
inhibition of breathing, lowering blood pressure and bradycardia [11, 24].

Like most members of the 5-HT group, serotonin receptors of the fourth type (5-HT,) belong to the
conjugated G-protein and are encoded by one genetic site [24]. Many splice variants are also described for it,
which form at least ten isoforms of receptors — 5-HT,ue, S-HTsmp), 5-HT4), S-HTy4m). Their alternative
compound is in the extracellular region between the IV and V transmembrane domains or C-termini. When
the receptor is active, the fundamental difference between these options lies in the intracellular organization
and interaction with the cell's substructures (but not in the affinity of the site responsible for binding to the
ligands). 5-HT, receptors and B1-, B2-, f4-adrenoreceptors have a common mechanism of intracellular regu-
lation. Agonists bind to these receptors and lead to the activation of the Gs protein and the subsequent activa-
tion of adenylate cyclase, which forms cAMP from ATP. cAMP binds to the regulatory subunit of the proto-
kinase A (PKA) and causes its dissociation with the catalytic subunits, i.e. leads to activation of PKA. PKA,
as well as PKS, phosphorylates various cellular proteins, including intranuclear ones. PKA, as well as PKS,
phosphorylates various cellular proteins, including intranuclear ones. PKA causes an increase in the intracel-
lular concentration of Ca®" by activating the L-type Ca®" channels. Presynaptic 5-HT,p receptors inhibit the
release of norepinephrine, while 5-HT, receptors, on the contrary, increase its release [16]. It is assumed that
5-HT, receptors are involved in learning and memory. Many studies have noted that 5-HT, receptors can
improve the cognitive functions of animals when stimulated within different behavioral paradigms. The ef-
fect of 5-HT, receptors in the CNS may be associated with the release of acetylcholine [25].

In the CNS, preferential localization of receptors on postsynaptic membranes is noted in the basal gan-
glia, including the substantia nigra, the caudate nucleus, the pale nucleus, the membrane, the nucleus
accumbens, the hippocampus, and in the motor cortex the red nucleus and ventral horns of the spinal cord
[26]. The expression of all isoforms is noted in the urinary bladder and urinary tract and the human colon
[27, 28]. The 5-HT, receptors are preferentially linked to Gs protein and promote the formation of cyclic
adenosine monophosphate. 5-HT, receptors are widely distributed in the brain and on the periphery. In the
brain, 5-HT, receptors are associated with functions such as memory and cognitive function. When signaling
receptor is disturbed, pathologies such as Alzheimer's disease, eating disorders (for example, anorexia nervo-
sa) and depression may occur [29]. When the 5-HT, receptor is activated, acetylcholine is released in the ile-
um and the esophagus and colon in pigs shrink. He is also involved in the modulation of gastrointestinal mo-
tility and secretory responses of the intestinal mucosa [30].

The 5-HTs, 5-HTg, 5-HT; receptors are metabotropic, which control the adenylate cyclase system by
means of the G-protein [10]. The least studied of all types of serotonin receptors is 5-HTs. This class includes
two receptors, namely the receptor 5-HTs, and 5-HTsg. Both 5-HTs, and 5-HTsg are expressed in mice and
rats, and the 5-HTs, receptor functions only in humans. The 5-HTsg receptor is present as a pseudogen.
However, early-stop codons interrupt the expression of the functional protein. 5-HTs, receptors have been
shown to bind to Gi/Go and inhibit forskolin-induced (activator AC) AC activity in HEK 293 cells (human
embryonic kidney). These receptors are expressed in several areas of the brain, but to date no evidence of
5-HT;s receptor expression in the cardiovascular system is known. Three variants of 5-HT; receptor splicing
were found in both humans (5-HT74, 5-HT7s, 5-HT7p) and rats (5-HT7a, 5-HT75, 5-HT7¢, 5-HT7¢) [31].

In conclusion, describing a wide range of biological effects of serotonin, it should be noted that it
modulates the processes of higher nervous activity, causes a reduction in the smooth muscles of the bronchi,
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intestines, vessels, has a pronounced effect on the myocardium and other organs and systems of the body. In
the process of ontogenesis, simultaneously with the synthesis of serotonin in tissues, the number of serotonin
receptors increases. They interact, leading to the initial contraction of smooth muscles, the primary manifes-
tations of the electrical activity of the central nervous system and the heart. In other words, without serotonin
and serotonin receptors, it is impossible to initiate and maintain the most important functions of the body,
which makes it possible to consider serotonin-reactive structures as «receptors of lifey», and serotonin as an
unified trigger for the central nervous system, heart and smooth muscles in various species of living beings.
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CepoToHHH: OMOJIOTHAJIBIK KACHETTePi sKIHEe OHbIH pelenTopJapbl

CoHFBI OH JKBUIJAplla CEPOTOHMHIPTMSUIBIK peTTedayre kem MoH Oepyne. CepOTOHHH CHHTE3IHIH
MOJIEKYJIaJbIK JKOHE JKacyIIaldblK MEXaHW3MIEepi, OHBIH MeTabOoJM3Mi, PELEeNTOPINBIK OpPEKETTECyl MKAKCHI
seprrenreH. CepOTOHMHHIH JKaH-KAaKThl ocepl OHBIH CEPOTOHMHIIK PELENTOPJIAPbIHBIH KOl OOJybIMEH
tycingipineni. Cepotonut (5-ruapokcutpunrtamun; S-hydroxytryptamine, 5-HT) — cepoTOHHHIPIUSUIIBIK
KyiteHin Herisri memuaropel. Anamaa 5-HT opransik kyiike sxyitecinge (OXKXK) ar3aHbIH KalbINThI JKoHE
HATOJIOTUSIIBIK  (DM3MOJIOTHSIIBIK TYPJIi KbI3SMETTEPIH PETTEHTIH, Kallbl TOMEOCTa3/blH TYPaKThUIBIFBIH
CaKTall TypaThIH HeHpOH/BIK TYHicTenepaeri Heri3ri HeiipomenuaTop perinae Kbi3Met xkacaiasl. 5-HT e3inig
HBICaHa MYIIENEpiHe, COHBIH iIIH/E XKYpPEeK jKoHe KaH TaMbIpIapra MOp(OreHeTHKATIBIK JKOHE PETTEYIIi acep
ereni. CepOTOHMHIPTUSIBIK JKYHE aTepoCKIepo3, apTepHsUIBIK JKOHE OKIE THIEPTEH3USCHI, KYPEKTiH
HIIEMISUTBIK ayPYBl, XKYpPeKIenepAi (UOPHIULIIMACKH, KYPEK JKeTKUTIKCI3AIri maToreHe3iHiH Oacramacs
Gonbin TabblIanbl. MIIeMUsIbIK aypyMeH aypaTblH €MIENyLIiep KaHbIHIa CEPOTOHMH KOHIEHTPALHUACHIH
yKOFapbl 60sbIn Tabbutaasl. CepOTOHUHIPIUSUIBIK KYHEHIH JKYPEK-KaHTaMbIp JKyleciHe acepi xaHyapliapja
KaKChl 3epTTenreH. CepOTOHUHHIH TYPII CYTKOPEKTIIEpAiH JKYpPeKIenep MeH KapblHIaiap MUOKap/IbIHa OH
HMHOTPONTH! ocepi OaiikanraH. COHBIMEH KaTap HEHpOMeIuaTop CEepOTOHHH 0ac MUBIHBIH KaJbIITacCybIHIA
Jla MaHBI3ABI peJ atkapaigsl. CepoTOHHHHIH a3 AEHTeHiHIH ocepiHeH naMyblH OacTalKbl Ke3eHIepiHae
epeceK aJaMHBIH 6ac MUBI CEHCOPJIBIK Ha0bUIABI OYphIc KaObuaays! Oatikanansl. [llory makanacena 5-HT
peLenTOpIapbIHBIH KOIl TYpJepiHiH OoiysIMeH TyciHaipineTiH, ceporonmuHHiH OXOK koHe omaH ThIC
JKepIepieri KeH OHOJIOTHSUIBIK MaHbI3IbI 9cepl KapacTHIPBIIFaH.

Kinm ce30ep: cepOTOHUH, aipeHAIIMH, )XYPEK, MHOKap/l, PELenTop, HeHPOMeIuaTop, KaH TaMbIpJIaphl, JKYPeK
KapbIHIIBUIBIPBI, ETCYKYHPBIK.

M.K. AxmeroBa, I.M. TeikexxanoBa, @.A. Munny6aesa, P.P. Hurmarynnuna

CepoToHMH: 0M0JIOTHYECKHE CBOICTBA U €r0 pelenTopbl

B nocnennee necatunaerie 60abl10€ BHUIMAHNE YACIEHO H3yYEHUIO CEPOTOHMHAPIUUECKOi cuctemsl. JlocTa-
TOYHO XOPOILIO M3y4YEHBI MOJEKYJISIPHBIE M KJICTOYHBIE MEXaHU3MbI CHHTE3a CEpOTOHMHA, ero Merabonm3ma,
peuenitopHoro B3anmoxeiicTus. Ilnpoxuit ciekTp 3¢ eKToB CepoTOHHHA 0OBSICHIETCS HATMIHEM OOJIBIIO-
IO pa3HOOOpa3msl CEpPOTOHMHOBBIX perenTopoB. CepoToHMH (5-THAPOKCHTpUNTaMUH; S-hydroxytryptamine,
5-HT) — OCHOBHOM MeIuaTop CEpOTOHHMHIPTUUECKOH CHCTEMBI. Y deJoBeKa Jydllle BCEro OXapaKTepH30Ba-
Ha poib 5-HT B nenrpanbhoii HepBHOI# cucteme (LIHC), roe amuH BeIcTynaeT B KauecTBe HelipoMenuaropa B
HEHPOHHBIX CHHAIICaX M Y4acTBYeT B (OPMUPOBAHMHU M PETYJIALMHU PA3IM4YHBIX (HU3UOJIIOTNUECKUX QyHKIMH
OpraHu3Ma B HOpPME U TpH MaTOJOTWH, UTPas BaXKHYIO poONb B mojjaep:kaHuu romeocrasa. 5S-HT sBusercs
HepOropMOHOM, KOTOPBIH OKa3bIBaeT MOP(OreHETHUECKOE U PErYJIITOPHOE ACHCTBHE HA OPraHbI-MHILCHH,
B TOM 4HcJe cepaue u cocynbl. CepoTOHMHIprudecKas CHCTEMa SIBIISIETCS 3BEHOM ITaTOTeHe3a aTepoCcKie-
po3a, apTepHaTbHON U JISTOYHOH THUIEPTEeH3UH, HIIeMHUYecKoll 6one3Hn cepana, Guopmuimum npeacep-
IV, CepAEeIHON HEeOCTaTOYHOCTH. Y MAallIeHTOB C HIIEMHYIEeCKON 00JIe3HBIO Cep/Iia BEISIBICHO MOBHIIICHHUE
KOHIICHTPAallU¥ CEPOTOHMHA B KPOBH. BimsHNEe CepOTOHMHIPTHUECKON CUCTEMBI Ha CEpIIeYIHO-COCYAUCTYIO
CHCTEMY JIOCTaTOYHO ITyOOKO M3Y4eHO Ha KHBOTHBIX. Iloka3aHO, 4TO CEpOTOHMH OKa3bIBAET MOJOKUTENb-
HOE€ MHOTPOITHOE JEHCTBUE HAa MHOKAPJ MpeIcepauil U >KeNTyJOUKOB Pa3IHYHBIX MIIEKONUTAIOMMX. Taxke
HEeHpOMEIMaTop CEPOTOHUH UIPaeT BaXKHYIO POJib B (POPMUPOBAHHMHU T'OJIOBHOrO Mo3ra. Huskuii ypoBeHb
CEpOTOHMHA HAa HA4aJbHBIX CTAIUAX PA3BUTHUS MPUBEAET K TOMY, YTO B3POCIBII MO3T OyAeT HeaJeKBaTHO
00pabaThIBaTh CEHCOPHbIE CUTHAJBL. B 0030pe paccMOTpeHB! 3HAUMMOCTh M IIMPOKUN CIEKTp OHOIoruye-
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ckoro neiicteusa ceporonnHa B [IHC u BHe LJTHC, xoTopslit 00bsicHIeTCs pazHooOpasueM cemerictsa 5S-HT
PeLenTOpOB.

Kniouesvie cnoga: cepOTOHHH, aJpeHaNnH, CepALe, MUOKap, PelenTop, HeHpoMeIraTop, KPOBEHOCHbIE CO-
CyJbl, XKEIyA04KH CepALa, KpbIca.
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Bioindication method of soil research in the landfill of municipal solid waste
in the North Kazakhstan region in 2016 and 2018

The methods of ecological assessment of soil condition in the territory of solid household waste landfills in
the North Kazakhstan region are considered in the article. The priority method for studying soil quality in the
North Kazakhstan region is the bioindication method. This method shows the state of the soil cover on the
landfill site. Based on the results of soil biotesting, different levels of pollution are obtained in the territory of
the North Kazakhstan region. This is due to the fact that unauthorized landfills have different years of for-
mation and the garbage stored in landfills has a different composition. In the majority of settlements on land-
fills there are remains of animals, organic garbage, liquid wastes. During the experiment, the method of bio-
logical monitoring was used in the territory of solid domestic waste landfills in the North Kazakhstan region.
Average soil contamination: Novoishimskoye of the district named after G. Musrepov; Ekaterinovka of
Zhambyl district. There is no pollution: Lomonosovka of the district named after G. Musrepov; Chagli of
Akkayin district; Svyatodukhovka of Zhambyl district; Rassvet of Kyzylzhar district; Bezlesnoye of Akkayin
district; Novokamenka of Kyzylzhar district. Despite the long-term accumulation of solid domestic waste on
individual soil samples, seeds of cress-lettuce sprouted even with sprouts with small deviations and slight de-
formations.

Keywords: solid household waste; landfill for household waste disposal; ecological monitoring; bioindicator
biotesting.

Introduction

Anthropogenic changes in the biota of terrestrial ecosystems are determined not only by direct human
impact, but also mainly by anthropogenic changes in environmental parameters: atmospheric air, soil, sur-
face and groundwater. For the bioindication of terrestrial ecosystems, indicators of the state of higher plants,
lichens, mosses, soil algae, bacteria, etc. are most often used. The correct choice of bioindicators plays an
important role.

Bioindicators are biological objects (from cells and biological macromolecules to ecosystems and the
biosphere) used to assess the state of the environment. When they want to emphasize that bioindicators may
belong to different levels of the organization of a living person, they use the term «bio-indicator systems».

Biotesting methods are increasingly used to determine the levels of pollution of our environment: air,
water, soil, industrial waste, materials, etc.

Cress-salad is a bioindicator plant. Cress-lettuce is an annual vegetable plant, which has an increased
sensitivity to soil pollution by heavy metals, as well as to air pollution by gaseous emissions from motor ve-
hicles. This bioindicator is distinguished by rapid germination of seeds and almost one hundred percent ger-
mination, which decreases markedly in the presence of pollutants.

In addition, the shoots and roots of this plant under the action of pollutants undergo noticeable morpho-
logical changes (growth retardation and curvature of the shoots, reduction of the length and weight of the
roots, as well as the number and weight of seeds).

Cress-salad as a bioindicator is also convenient in that the effect of stressors can be studied simultane-
ously on a large number of plants with a small area of the workplace. Very short periods of the experiment
are also attractive. Cress-lettuce seeds germinate on the third or fourth day, and most of the experimental
questions can be answered within 10-15 days.

When conducting experiments with watercress, it should be borne in mind that the water-air regime and
the fertility of the substrate have a great influence on the germination of seeds and the quality of the seed-
lings. In humified, well-aerated soil (black soil, upper horizon of gray forest soil), germination and quality of
seedlings is always better than in heavy clay soil, which, due to low permeability to water and air, has a poor
water-air regime. Therefore, as a substrate for control, one should take the soil of the same type as for the
experiments.

Thus, the experiment with seedlings of watercress is one of the fastest, and the plant itself allows you to
clearly judge the quality of the environment [1].
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Materials and research methods

Study area

North Kazakhstan region — the area of the region is 97,993 km? and makes up 3.6 % of the territory of
Kazakhstan with a population of about 572 thousand people. North-Kazakhstan region is located in the north
of Kazakhstan, occupies the southern edge of the West-Siberian Plain and part of the Kazakh Hills (Sary-
Arka). The climate of the region is sharply continental. The winter is cold and long, the summer is relatively
hot, with a predominance of clear, often dry weather. The North Kazakhstan region is located within the for-
est-steppe and steppe zones.

On the territory of North Kazakhstan region there is one landfill for solid waste disposal.

The objects of analysis were soil samples collected in the territories adjacent to landfills of solid house-
hold waste of the North Kazakhstan region. A total of 7 samples were selected in various parts of the region.
Soil samples were collected at landfills with a different composition and a different year of formation.

Representatives of the departments of natural resources and environmental management, energy and
housing and communal services, the department of ecology in the North Kazakhstan region, with the partici-
pation of representatives of the district housing and communal services departments, optimize landfills in the
North Kazakhstan region, conduct regular visits and inspection landfills in areas of the region.

At the end of 2015, there were 579 conditionally-organized landfills. The number of landfills in the
North Kazakhstan region exceeds the number of landfills in other areas of the Republic of Kazakhstan [2].

Soils were selected in the summer period of 2016, 2018 from the surface horizon of 0—20 cm by an en-
velope method with a side of 1 m square. The selection and preparation of soils were carried out according to
the requirements of State standart and soil analysis techniques for the components to be determined [3].

Studies were carried out according to the method proposed by A.L. Fedorova and A.N. Nikolskaya. Soil
toxicity was assessed by biotesting according to the germination and growth of cress seed. According to the
method, the assessment of substrates is carried out in the following variants:

— growing seeds of cress-lettuce on substrates, the pollution of which must be assessed (soil);

— watering the seedlings of an experimental plant with water taken from various sources.

Signs that were used for soil biotesting: seed germination.

For each selected soil sample, 3 samples were prepared at one landfill. As a result, mean values were
selected. Depending on the results of the experiment, the substrates are assigned one of four levels of pollu-
tion:

1. There is no pollution. Seed germination reaches 90-100 %, seedlings are friendly, sprouts are strong,
even. These signs are typical for the control, with which to compare prototypes.

2. Weak pollution. Germination 60-90 %. Seedlings are of almost normal length, strong, smooth.

3. Average pollution. Germination of 20—60 %. Sprouts compared with the control shorter and thinner.
Some sprouts have deformities.

4. Heavy pollution. Seed germination is very weak (less than 20 %). Seedlings are small and ugly.

Before setting up an experiment on bioindication of pollution using watercress, a batch of seeds intend-
ed for experiments is checked for germination.

Germination is carried out at a temperature of 20-25 degrees. Germination of 90 to 95 % of seeds with-
in 3 to 4 days is considered the norm. The percentage of germinated seeds of the number of sifted is called
germination. Watering was performed with settled tap water.

After determining the germination of seeds, the experiment is started in the following sequence:

1. Petri dish filled to half of the investigated substrate. In another cup they put the same volume of a de-
liberately clean substrate that will serve as a control with respect to the material under study.

2. Substrates in all cups are moistened with the same amount of tap water until saturation prizes appear.

3. In each cup, 25 seeds of watercress are placed on the surface of the substrate. The distance between
adjacent seeds is as much as possible.

4. Cover the seeds with the same substrates, pouring them almost to the edges of the cups and gently
leveling the surface.

5. Moisturize the upper layers of substrates to lower moisture.

6. For 10-15 days, seed germination is observed, and the substrate moisture content is approximately
the same.

7. The results of the observations recorded in the table.
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Statistical processing of monitoring results. Biotesting indicators expressed as arithmetic mean values
of the growth of test plants from the n-th number of definitions. The significance of the discrepancy between
the mean values was assessed using Student's t-test for a confidence level of P = 95 %. This criterion was
developed by William Gossett for assessing the quality of beer at Guinness. In connection with the obliga-
tions to the company on non-disclosure of commercial secrets, the Gosset article was published in 1908 in
the journal «Biometrics» under the pseudonym «Student». Student's #-test is used to determine the statistical
significance of differences in averages. It can be used both in cases of comparing independent samples (for
example, a group of patients with diabetes mellitus and a group of healthy ones), and when comparing relat-
ed sets (for example, the average pulse rate in the same patients before and after taking an antiarrhythmic
drug). In the case of watercress, seedlings grown on soil samples were selected on the territory of landfills
with seedlings that were grown in ecologically clean soil.

Results and discussion

1. Biological assessment of soil samples of the North-Kazakhstan region for the period of July-August
2016.

Soil sampling for the study was conducted in July 2016 at 7 points in the North Kazakhstan region:

1. Kiyaly, Akkayin district.

2. Bezlesnoye, Akkaiyn district.

3. Petrovka, Zhamby] district.

4. Svyatoduhovka, Zhambyl district.

5. Krasnaya Gorka, Kyzylzhar district.

6. Novoishimskoye, district named after G.Musrepov.

7. Druzhba, district named after G.Musrepov.

According to the results of the experiment, it was determined that the highest percentage of germination
of cress-lettuce seeds is noted at the sampling points: Svyatoduhovka, Zhambyl district (96 %); Bezlesnoye,
Akkayin district (92 %).

The smallest percentage of germination of cress-lettuce seeds is noted in the points: Novoishimskoye
district named after G. Musrepov (56 %). The average indicator has the following locations: Kiyaly of
Akkayin district; Petrovka of Zhambyl district.

During the study, the percentage germination of cress-lettuce seeds was calculated. Based on these data,
the level of soil pollution was calculated. It has been determined that:

— contamination is absent at points: Svyatoduhovka, Zhambyl district; Bezlesnoye, Akkayin district;

—low pollution at points: Kiyaly, Akkayin district; Petrovka, Zhambyl district; Krasnaya Gorka,

Kyzylzhar district; Druzhba, district named after G. Musrepov;

— average pollution at points: Novoishimskoye, district named after G. Musrepov.

The main natural resources of the region are the soils represented in arable land by 70 % black soil. The
territory, despite the general flatness, is characterized by heterogeneity of soil formation conditions. The
presence of highly developed meso and microrelief, the heterogeneity of the chemistry and lithology of the
parent and underlying rocks cause differences in soil moisture and salt regime even in relatively small areas.
Separate soil-forming processes are geographically severely narrowed, and often combined with each other.
All this causes the extreme diversity and complexity of the soil cover.

2. Biological assessment of soil samples of the North-Kazakhstan region for the period June-September
2018.

Soil sampling for the study was conducted in June-August 2018 at 7 points in the North Kazakhstan re-
gion:

1. Kiyaly, Akkayin district.

2. Bezlesnoye, Akkaiyn district.

3. Petrovka, Zhamby] district.

4. Svyatoduhovka, Zhamby]l district

5. Krasnaya Gorka, Kyzylzhar district

6. Novoishimskoye, district named after G.Musrepov

7. Druzhba, district named after G.Musrepov

According to the results of the experiment, it was determined that the highest percentage of germination
of cress-lettuce seeds is noted at the sampling points: Svyatoduhovka, Zhambyl district (94 %); Bezlesnoye,
Akkayin district (92 %).
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The smallest percentage of germination of cress-lettuce seeds is noted in the points: Novoishimskoye,
district named after G. Musrepova (67 %).

The average indicator has the following locations: Kiyaly of Akkayin district; Petrovka, Zhambyl dis-
trict; Krasnaya Gorka, Kyzylzhar district, Druzhba, district named after G. Musrepov.

3. Comparative characteristics of the biological assessment of soil samples of the North-Kazakhstan
region for 2016, 2018.

In 20162017, akimats of the districts carried out work to reduce the number of landfills. «On this is-
sue, it is necessary to note a formal approach, since work in this direction has been going on for several
years, and the number of completed landfills is not increasingy, said the chief ecologist of the region, «Opti-
mization was carried out according to the following criteria: unpromising villages, one waste disposal facility
for several nearby settlements. According to the results of optimization, the total number of waste disposal
facilities is 472, land plots are decorated for 235».

When studying the quality of the soil in the landfill site for two years, no dramatic changes have oc-
curred, since nature has been spending more than one hundred years to restore one centimeter of the fertile
soil layer (Fig. 1).
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Figure 1. Germination of watercress seeds for 2016, 2018

4. Statistical processing of monitoring results.

In biomedical research, it is sufficient to have a t value equal to or greater than 2, then the identified dif-
ferences are not accidental, reliable, statistically confirmed (with a probability of more than 95 %). If the
value of the criterion is less than 2, then the difference is not proven, is random, not statistically confirmed
(probability less than 95 %).

In 7 shoots of watercress for 2018, the average length of M1 was 6.64 cm (m1 =+ 0.17 cm). In the con-
trol group (7 shoots in 2016), these figures were: M2 =6.12 cm, m2 =+ 0.13 cm.

The difference in the average number of shoots 2018 length and the control group in 2016 was quite
convincing (Fig. 2).

_664-612 052 052
Jo172+0.13>  /0.0458 0.21

Figure 2. Calculations of the confidence factor

Conclusion

Soil is the bio-axial formation of the biosphere, the result of the interaction between the atmosphere,
hydrosphere, lithosphere and living organisms. Chemical, physical and biological processes constantly and
simultaneously take place in the soil.
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The principle of biological soil diagnostics is based on the idea that soil as a habitat constitutes a single
system with populations of different organisms inhabiting it. Depending on the combination of natural fac-
tors that determine the soil-forming process, different soils differ in the composition of their biota, the direc-
tion of biochemical transformations and the content of those chemical components that are products of these
transformations or their agents.

The strengthening of the anthropogenic press has led to the need to develop methods that can detect the
anthropogenically caused degradation of natural ecosystems in time, establish long-term trends and the buff-
ering capacity of biological systems in relation to diverse and mostly concurrent disturbing factors. The ac-
tive use of biological methods for diagnosing anthropogenic disturbances is currently associated primarily
with the rapid response of organisms to any deviations in the environment from the norm. In addition, such a
reaction makes it possible to evaluate the anthropogenic impact in terms that have a biological meaning and
often those that can be transferred to humans [4].
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2016, 2018 xkpunapbinaa Coarycrik Kazakcran 00jbIcbIHAA
KATThI TYPMBICTBIK KAJIABIKTAP AyMaFbIHAAFbl TONIPAKTAPABI
3epTTey daicTepi peTiHaeri OMOMHIUKANMSA

Maxanazna Contycrik Kazakcran 0OJbICHIHBIH, KATThI TYPMBICTBIK KaJbIKTap MOJMIOHAAPBIHBIH ayMaFbIH/AA
TONBIPAKTHIH JKal-KYHiH SKOJIOTUsIIbIK Oaranay amicrepi kapacteipsurrad. Contycrik Kazakcran oGubIchIHIa
TOMBIPAK CAIaChIH 3ePTTEYAIH 6aChIMIBIKTHI 91iCi MOJIUTOHIAFbl TOMBIPAK KaMbUIFBICBIHBIH JKal-KY#HiH aHbIK
KepceTeTiH OHoMHAnKanus ofici Oomeim Tabbuiansl. brorecriney notmxkecinge Conrycrik Kaszakcran
OONBICHIHAA TOJUIOHIAP ayMaFblHOa TOMBIPAKTHIH OPTYPJl JlacTaHy JEHredi aHbIKTaigpl. By
CaHKLMIaHOAFaH MOJIMTOHIAPABIH SPTYPJli JKbUIAAPBI OOJNFaH/BIFBIHA JKOHE OPTYPJIi Kypamra ue GoiyblHA
OaitnanbicTel.  KaTThl TYPMBICTBIK KaJJBIKTapIblH IOJUTOHIAPBIHAA JKAaHyaplapJblH  KaJJIbIKTapbl,
OpraHuKajbIK KOKbIC, CYHBIK Kanablkrap Oap. Conrycrik Kaszakcran o67bICEIHAA KATThl TYPMBICTBIK
KaJJIBIKTAap TOJIMTOHAAPBIHBIH ayMaFblHAA TOIBIPAKTBIH JKal-KYHIH 3epaeney KesiHne OHOJIOTHSIBIK
MOHHTOPHHT dJIici maiiianaHpuLsl. TONBIPaKThIH OpTalla JIaCTaHybl HyKTenepae Oaiikananpr: F.Mycipenos
aynanbiHblH HoBoummmckoe aybuibl; JKamObu1 aynaHbiHbIH EkaTepuHOBKa aybuibl. Kenecine aybiimapaa
nacrany xok: F.MycipenoB aynanbiHblH JlomoHOcOBKa aybuibl; JKamObu1 aynaHbeiHbiH IIlaFnisl aybUibl;
Kespunkap aynanblHbIH CBATOAYXOBKa aybUibl; KpI3bUDKap aynaHbIHBIH PaccBeT aybuibl, AKKaibIH
aynanbiHbIH besnecHoe aybuibl; Kp3bunkap aynanbiHbIH HoBokaMeHKa aybuisl. IpikTenreH TombIpak yiriiaepi
OoiipIHIIA a3 ayBITKYJIApPMEH jkoHe can aedopmanusuiapMeH Oipre eciMIiK TYKbIMAAPhl OCIPETiH TYKbIMIAP
OCIII IIBIKTHI.

Kinm ce30ep: KaTTbl TYPMBICTBIK KaJABIKTap, TYPMBICTHIK KAJIIBIKTAPAbI KOMY IIOJIUTOHBI, SKOJOTHSIIBIK
MOHUTOPHHT, OMOWHINKATOP, OMOTECTINIEY.
T.H. JIsicakoBa, A.M. Hykxxanosa, [1.C. [Imutpues, An A. Benar

BuoMHIMKAIMOHHBINH MeTO HCCIeI0BAHNUS 0YB HA TEPPUTOPHH CBAJIOK
TBepabIX ObITOBbIX 0TX010B CeBepo-Ka3zaxcranckoii o01acTu
B nepuoxa 2016 u 2018 rogos

B craTthe paccMOTpeHBI METO/BI SKONOTHYECKON OIEHKH COCTOSIHUSI TOYB HA TEPPUTOPUM CBATOK TBEPABIX
661TOBEIX 0TX00B CeBepo-Kazaxcranckoii oomactu. [IpropuTeTHBIM METOIOM HCCIICIOBAHUS KA4EeCTBA ITOYB
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B CeBepo-Ka3zaxcranckoit 061acTi ABJISETCS OMOMHIMKALMOHHBIM METOX, KOTOPbIH HArJSAHO MOKAa3bIBaeT
COCTOSIHHE MTOYBEHHOTO TIOKPOBA HA TEPPUTOPUH CBAJIOK. B pe3ynbpTaTe 6MoTECTHPOBAHUS MOYBAM Ha TEPPH-
Topun cBasiok CeBepo-KaszaxcraHckoil 00macTu NpUCYXKICHBI pa3MuHbIC YPOBHHU 3arpsisHeHus. Jto 00y-
CJIOBJIEHO T€M, YTO HECAaHKIMOHHPOBAHHBIE CBAJIKM UMEIOT pa3JIMUHbIE TOJbI 00pa30BaHUs U MyCOp, CKIaIH-
pYeMBIil Ha CBaJIKax, UMEeT Pa3INIHbIH COCTaB. B GONBIIMHCTBE HACENEHHBIX ITyHKTOB HA CBAJIKax, peaHa-
3HAQUEHHBIX JJISI TBEPBIX OBITOBBIX OTXOMOB, BCTPEYAIOTCSI OCTAHKH JKHBOTHBIX, OPTaHUUECKUH MycOp, KHI-
kue oTxompl. [Ipy uccaenoBaHuN COCTOSIHUS ITOYB HA TEPPUTOPUH CBAJIOK TBEP/BIX OBITOBBIX 0TX010B CeBe-
po-Ka3zaxcranckoif 001acTd MCIOIB30BAICA METOJ OMOJIOrMYecKoro MOoHMTOpuHra. CpenHee 3arps3HEHHE
MOYBBl OTMEUCHO B TOYKax: ¢. Hoommmmckoe, paiion um. I.Mycpenosa; c. ExarepunoBka, XXaMmObuicKuii
paiioH, 3arpsi3HeHNE OTCYTCTBYET B TOUkax: ¢. JJoMoHOCOBKa, paifon uMm. [.MycpenoBsa; c. Yarmsl, AKKalbIH-
CKuil paiion; c. CBaToayxoBka, JKamOruickuil paiion; c. Paccer, Kel3punkapcekuit paiion; c. beznecHoe, Ax-
KalbIHCKUH paiioH; ¢. HoBokamenka, Kei3punxapckuii paiion. HecMOTpsl Ha AnMTeNIbHOE CKOIUIEHUE TBEPABIX
OBITOBBEIX OTXOZOB Ha OTOOPAaHHBIX IOYBEHHBIX 00pa3Iax ceMeHa Kpecc-canara IpopOoCIi POBHBIMH IIPOPO-
CTKaMHM C HEOOJIBIINMY OTKJIOHEHHSIMH ¥ HE3HAUUTEIILHEIMU YPOACTBAMH.

Kniouesvie cnosa: TBEPALIC OBITOBBIC OTXOJbI, ITOJUT'OH pa3sMCUICHUA OBITOBBIX OTXO/10B, 9KOJIOTUYECKUN MO-
HUTOPUHT, 6I/IOI/IHIII/IK8.TOp, 6I/IOTeCTI/IpOBaHI/Ie.
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N3MeHYnBOCTDh MJIACTHYECKUX PU3HAKOB CHOMPCKOI0 MecKaps
(Gobio sibiricus Nikolskii, 1936) u3 p. Kapkapaasl (LlenTrpanbnbiii Kazaxcran)

Cucremaruka npejcrasuteneil poxa Gobio B cBeTe MOCISTHUX HCCIECIOBAaHUH IpeTeprIeBaeT 3HAYUTEIbHBIE
M3MEHEHUs, OIMCHIBAIOTCS HOBEIE (JOPMBI M paHee He 3aMeUeHHEIE (prroreHeTHYeckne JTHHAN. TakCOHOMH-
YeCKHH cTaTyc rmeckapei, Haceisromux BojoeMsl LienTpansaoro Kaszaxcrana, ocraercs nmpeaMeToM o0Cyxk-
nennid. Ilpenpinymue cBeneHus 0 MOP(OIOTHIECKON M3MEHYMBOCTH, OCHOBAHHEIE Ha Marepuaie u3 Oac-
ceifHa peku Hypbl, Bce eliie He0CTaTOuHbI [ POBEJICHHS OJHOLEHHON PEeBU3HH CUCTEMAaTH4ECKOro CTa-
Tyca. HeoOX0MMBI Ka4eCTBEHHbIC JAHHbIC, OCHOBAaHHbIC HAa COBPEMEHHOM Marepuaie. [laHHas CTaThbs IO-
CBAIICHA M3YYCHHIO BapHaOEebHOCTU IUIACTHYECKHX NPHU3HAKOB CHOMpCKOro meckapss u3 p. Kapkapansl
(lentpansneiii Kazaxcran). [IpuBeaeHs! pe3ynbTaThl cTaTHCTHYECKOH 00paboTku 30 u3MepeHuit Tena u JaHo
nx omucanue. [Ipon3BesieH CpaBHUTENBHBII aHAIN3 C UCHONB30BaHUEM JIUTEPATYPHBIX JaHHEIX 110 ITECKapsIM
OacceitHa p. Hypbl n mokaszaHsl oTiau4us 1o 7 NpU3HaKaM. BEIIBIEHHBIC OTIMYHS MOTYT OBITH OOBSICHEHBI
BIMSHHUEM aJIOMETPHU M IOJOBOTO JUMopdn3Ma JTuO0 pa3IHIHBEIM CIIOCOOOM H3MEPEHHs HCCIEAyeMBIX
po10. IlonTBep K IeHEI XapakTepHbIe YepThl (opMbI neckapst u3 LlenTpansaoro Kaszaxcrana — BBICOKHI XBO-
CTOBOH cTeOeNb M JUIMHA PhlIa, MPEBBIIAOIIAs 3arIa3HUYHOE PACCTOSHKE. YKa3zaHa HEOOXOAUMOCTh TIOCIIe-
JYIOIIMX PacIIMPEHHBIX HCCICIO0BAHUI W MCIOIb30BAHUS SAMHOW CHCTEMBl M3Y4YEHHs NPHU3HAKOB. JlaHHAs
CTaThsl MPH3BAHA IOIIOJHUTH UMEIOLINE CBEACHUS O MOP(OIOrHYECKOH M3MEHUMBOCTHU INECKapeil n3 Ka3zax-
CTaHCKHX BOJIOEMOB.

Knroueswie cnosa: Gobio sibiricus, Cyprinidae, cHOMpCKuii ieckaphp, IIIACTHIECKIE IPU3HAKH, MOP(HOMETpHS.

Bseoenue

CucremaTvika u (MIOr€HETUYECKHE OTHOIIEHUS reckapeit pojga Gobio (Cyprinidae) sBisitoTcst 00beK-
TaMHd COBPEMEHHBIX WCCIEIOBAaHMI C HWCIOJIB30BAaHHEM Kak MOP(OIOTHYECKHX, TaK M MOJEKYJISIPHO-
reHeTudeckux MeronoB [1-5]. MccnenoBaTtenu Bce elle NpoAODKAIOT MepecMaTpUBaTh TAKCOHOMUYECKUN
CTaTyC ONMCAHHBIX BUJOB U MOABUIOB Teckapei Ha oOmmpHOM npoctpaHcTBe CeBepHoii EBpazun. Cucte-
MaTHYECKOE TOJIOKEHUE M Mopdosorndeckas u3MEHIHBOCTh nieckapeii poga Gobio (Cyprinidae) u3 Bomo-
emoB Kasaxcrana Tarxke ci1abo u3ydeHbl. DTO OTHOCUTCS U K (opme u3 pek Llentpanbnoro Kasaxcrana,
CHUCTEMaTHYECKUH CTAaTyC KOTOPOH HEOIHOKpaTHO obOcyxnancs [6—10].

bepr [6, 8, 11] otHOCHI Teckapeit u3 p. Hypa B LlenTpansnom Kazaxcrane kK TypKeCTaHCKOMY TIOJIBHITY
oObIkHOBeHHOTO Teckaps G. gobio lepidolaemus, oTMeTHB, YTO OHHM HWMEIOT NpU3HAKKH Kak G. gobio
lepidolaemus, Tak u G. gobio gobio. Hukonbckuii [7] oTHEC TecKapei U3 3TOW PEKU K OMUCAHHOMY UM ITOJI-
Buny G. gobio sibiricus M ykazan ero oMM — KOPOTKHH XBOCTOBOM CTE€OENb M YAJHMHEHHOE PBLIO.
MenpmukoB [12] cumrai, 9To K 3TOMY IMOIBUIY TaKKe OTHOCSTCS rmeckapu u3 6accetina Mpteima u Oown.

Bnocneacteuu bepr [8] cunonumusupoBan G. gobio sibiricus ¢ monsunom G. gobio cynocephalus, HO,
B TO € BpeMs, 1jIsl meckapei u3 p. Hypsl on npusen npexsee HazBanue G. gobio lepidolaemus. Cornacuo
cBoake «Pri0b1 Kazaxcrana» [13], 6acceitn MpThimia 1 W30dupoOBaHHBIE cHCcTeMbl — peku Hypa, OneHTsl,
IngepTs! 1 ap., — HacemsieT cuoupckuit neckaps G. gobio cynocephalus.

Cornacno Béandrescu u Nalbant [9], meckapu u3 p. Hypa B Llentpansnom Kazaxcrane otHocsTCs K
G. gobio sibiricus, 0qHaKO UMEIOT Takxe npusHaku u G. gobio lepidolaemus.

[locnexnne nccnenoBaHus YKa3bIBAIOT HA TO, YTO apeasl OOBIKHOBEHHOTO Teckaps G. gobio orpaHndeH
EBPOMNEHCKUMU BOJIOEMaMH, & CHOMPCKHIA ITECKaph PACCMATPUBACTCS B KAYECTBE CAMOCTOSTEIBHOTO BUAA [2,
4, 10, 14]. O6ocobnennocts G. cynocephalus n3 JlamsHero Boctoka (Gaccelin p. AMyp) ObLiia IOATBEPXKIC-
Ha MOJICKYJIIpPHO-TeHeTHIeCKUM HuccienoBanueM [4]. Ilpmuem, Kottelat [10] cuuraeT, uro B p. Hypa B Llen-
TpanbHOoM Kazaxcrane, B 6acceitne Enuces u O6u (kpome p. MpTeim), a Taxke B p. CeseHra Ha TEppUTOPHUH
Mounronun o0uTaeT oTaenbHbli Bua G. sibiricus.

Takum 00pa3om, craTyc meckapeu, Hacestonmx Bogoems! Llenrpanbaoro n CeBepo-Bocrounoro Ka-
3axCTaHa, OCTAeTCs AUCKYCCHOHHBIM, B TOM YHCIE B CBSI3U C HEJOCTATKOM KadeCTBEHHBIX CBEACHUHU IO MX
Mopdoaorudeckoil n3MeH4nBOCTH. [IpexxHre qaHHbIe MPUBOIATCS JUILIB MO meckapsm u3 p. Hypa [7, 13], a
taxxe ee npuroka Lllepybaii-Hypa B Llentpansaom Kazaxcrane [15].
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N3MeHYMBOCTb NIacTUYECKMX MPU3HAKOB CUOMPCKOro neckaps ...

Lenbto qanHoi paboTH! OBUTO BEISICHEHHE U3MEHUYMBOCTH TUIACTHYECKUX IPU3HAKOB neckaps u3 p. Kap-
kapaibl (LleaTpanbubiit Kazaxcran). CtaThs npu3BaHa 000TaTUTh CBEICHUS O TeCKapsx 13 BogoeMoB Kazax-
CTaHa.

Mamepuan u Memoost ucciedosanus

Pri0b1 ObuTH TIOVIManbl 26.05.2015 1. B BepxHeM Tedenun p. Kapkapansr (Llentpanbhbiii Kazaxcran)
(xoopauHaTthl: 49,4172°N / 75,4576°E). JIns MOMMKH KCIIONB30BaHbI CETKU-JIOBYIIIKK W HEOOJBIINE CAYKH.
BrutoBnennsie ocobu ObuTH 3apukcupoBaHbl B pacTBope dopmanbiaeruna (4 %). Jns anamuza BbIOpaHO
22 ocobu ¢ abcomtoTHOU JumHoM Tena (71) 106—130 mm. Bribopka Oblna mpejcTaBieHa Kak camMkaMu (n=9),
Tak u camuamu (n=13). Bce caMkn ObITM MKPSHBIMU W UMENIM YMEPEHHO BBIMTyKIIoe Oproxo. J{is mpomepoB
MCTIONB30BAJICS JIEKTPOHHBIM MITAaHTCHIMPKYIh ¢ TouHOCThIO 0,1 MM. Bce m3Mepenns mpou3BOIMINCH 110
MPSAMOM JTIMHUH HETIOCPEACTBEHHO MEXKy ABYMs MyHKTaMu. CxeMa U3MEepeHHH pe/IcTaBlieHa Ha puUCyHKe 1.

Pucynok 1. CxeMa npoMepoB IJIaCTHYECKUX MPU3HAKOB (paciingpoBka 0003HaueHU# OyIeT npuBeaeHa B Tabmuie 3)

CranpaprtHas 1uHa (SL) n3Mepsanach OT KOHIIA pbUla 0 MecTa MPUKPEIUICHUs] CPEANHHBIX JTy4el XBO-
CTOBOTO IUIaBHHUKA K hypuralia. TIpomep HanOOJNBIIEH TONIIMHBI TeNa MPOM3BOAWIN 10 JIMHUHM HpoMepa
HanOombIeil BeIcOTHI Tena (H). LupruHy ToI0BBI H3MEPSUTH 110 JTMHUY 3aTHETO KOHLA preoperculum.

Cratuctiueckyto 00pabOTKy HaHHBIX MPOM3BOAMIM C MOMOIIBI0 mporpammbl Microsoft Excel 2010.
Beutn BermcieHsl cpefnss apudmernueckas (M), ommbka pernpe3eHTaTUBHOCTH (1), CpeIHee KBaJApaTH-
Hoe oTkioHeHue (SD), koaddunuent Bapuanyu (CV), MUHIMAIEHOE ¥ MAaKCHMAIBHOE 3HAUCHHS TPU3HAKA

(lim).
Pezynomamot u 0b6cyscoenue

CaMIipl ¥ CaMKH MMEJIH, B CPEIHEM, OJMHAKOBYIO JJIMHY Teja. Pa3iuyus B CpeHUX 3HAUCHUSIX OOHA-
PYKEHBI [0 HECKOJIBKUM HpU3HaKam (Tadu. 1).

Taonuma 1

CpaBHeHHe IIaCTHYeCKUX MPU3HAKOB CAMIIOB U CAMOK cHOMpPcKOro neckaps u3 p. Kapkapasni
(pacwughposxa obosnauenuii 8 mexcme)

Tprssax Cawmirel, =9 Camku, n=6
lim M+tm lim MEm
1 2 3 4 5
TL 11,4-13,0 12,1 +£0,12 11,4-12,4 12,0 £0,08
SL 9,5-10,8 10,1 +£0,10 9,5-10,3 10,0 £ 0,06
B % ot mimHbI Tena (SL)
aA 70,1-73,5 71,6 £0,27 71,8-74,3 73,3+0,21
aV’ 48,6-53,1 50,4 +0,34 52,4-54,5 53,2+0,21
P-V 24,3-26,8 254+0,15 26,2-29,0 27,7+0,.25
Van 11,9-15,5 14,0 £ 0,22 13,1-16,0 14,9 +0,28
anA 6,9-9,2 8,0+0,18 5,1-8,4 6,4+0,26
H 20,6243 22,7+0,31 23,2-25,7 2444022
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1 2 3 4 5

B 16,7-18,8 17,5+0,18 19,8-21,8 20,7+0,16
IP 17,5-21,4 20,0 £ 0,24 17,8-19.8 18,5+0,16

B % OT JUTMHBI TOJIOBHI (/c)

hel 60,7-66,7 63,9+ 0,47 57,7-65.4 62,5+ 0,66
we 62,5-68.0 65,2+ 0,45 64,3-70.4 67,5+ 0,62
po 40,0-46,2 42,0+ 0,49 38,5429 40,0 + 0,40
b 25,0-28,8 26,9+ 0,32 28,8-31,5 30,6 £ 0,24

V camok 3aMeTHO 00JIbllie aHTeaHadbHOE (aAd), aHTeBeHTpallbHOE (a V) U nekToBeHTpaibHoe (P—V) pac-
CTOsIHMSI, HanOoubIIas BeicoTa (H) U TonuuHa Tena (B), mupuHa ToioBsl (we) U IMHA ycuka (/b), a Taxoke
9yTh OOJBIIE PACCTOSHUE OT OCHOBAHMI OPIOIIHBIX TUIABHUKOB JI0 aHaNbHOTO oTBepcTHs (Van). Y camuoB
JUTMHHEE TPyIHbIE TaBHUKY (/P), 60JbIle 3arIa3sHIYHOE paccTOsTHIE (po), BEICOTA TOJIOBHI Y 3aThlika (ficl)

Y PacCTOSIHHE OT aHAJILHOTO OTBEPCTHS IO OCHOBAHUS aHAIBHOTO TJIaBHUKA (and).

Bonpimas yacth oTnuunii y caMok ObLia 0OYCIIOBIICHA HAJIMYMEM Y HUX CO3pEBarolleill MKphL. 3a ucC-
KITIOYEHUEM 3TOr0 (hakTopa, MoJIOBOH TUMOP(HU3M MOXKET OBITh HE CTONbL 3Ha4YnTeNeH. [I0CKONbKy paHee y
reckapeit u3 LlenrpanpHoro Kazaxcrana momoBoi qumopdusm He Obu1 0OHapyxeH [7, 13], a Takke BBHIY
HEOOJIBIIIOTO pa3Mepa Halleil BRBIOOPKH, MBI PEIIMIN HE Pa3JIeNiaTh CAMIIOB H CAMOK B JAJIbHEHIIIEM aHAJIH3E.

JlanHbIe U3MEpEHNI IpECTaBICHBI B Tabnue 2.

Tabnuma 2

InacTuyeckue MpU3HAKH CHOUPCKOTo meckaps u3 p. Kapkapaias (n=22)

IpusHak lim M+m SD CV (%)
AobconrotHas mvHA Tena (T1) 10,6-13,0 | 11,9+0,13 0,59 4,96
CrangaptHas JuvHa Tena (SL) 8,9-10,8 9,93+0,10 0,47 4,72
B % oT nyuHbI Tena (SL)
AHTenopcansHoe pacctosiaue (aD) 47,4-51,7 | 50,2+ 0,24 1,06 2,11
AHTeaHanpHOE paccTostHue (aA) 70,1-75,3 | 72,1+ 0,32 1,45 2,01
AHTeBeHTpaNbHOE pacctosHue (al) 48,4-54,5 | 51,5+ 0,42 1,90 3,68
ITektoBeHTpanpHOE pacctosinue (P-V) 24.3-29,0 | 26,3+ 0,28 1,26 4,77
BenrpoanansHoe paccrosinue (V—A) 18,8-23,0 | 21,3+ 0,22 0,99 4,62
PaccTosiame ot ocHOBaHUH V 10 aHanpHOTO OTBepcTHS (Van) 11,9-16,3 | 14,6 £ 0,25 1,13 7,77
PaccTosiHIE OT aHATBHOTO OTBEPCTHSI IO OCHOBaHUA A (anA) 5,00-9,2 7,2+0,27 1,22 17,00
Haubomnb1ras Beicota Tena (H) 20,6-25,7 | 22,9+ 0,33 1,50 6,53
Hawnmenbias BeicoTa Teia (4) 9,4-10,9 10,1 +0,10 0,45 4,40
HaubOomnbiras Tonmuna tena (B) 16,1-21,8 | 18,5+ 0,41 1,81 9,81
JlnmHa xBocToBoro crebdis (Ipc) 16,8-20,4 | 18,8 £ 0,22 1,00 5,33
TommuHa XBOCTOBOTO cTeOMIs (WpC) 7,5-9,3 8,4+0,12 0,55 6,52
JlnvHa rpynHBIX m1aBHUKOB (IP) 17,5-22,5 | 19,7+ 0,27 1,20 6,11
JlnnHa OprourHeIX iaBHUKOB (/1) 14,7-18,0 | 15,9+ 0,18 0,81 5,09
BricoTa criurHOTO 11aBHUKA (hD) 17,9-21,2 | 19,4+ 0,20 0,91 4,68
JlnvHa OCHOBaHUSI CIUHHOTO IIaBHUKA (ID) 11,9-149 | 13,5+0,15 0,68 5,06
BricoTa aHanpHOTO TUIaBHUKA (hA) 13,1-16,2 | 15,1+0,14 0,64 4,24
JImvHa OCHOBaHMS aHANBHOTO TUTaBHKKA (/4) 7,4-9,3 8,4+0,12 0,52 6,24
Jmuna xBocToBOro maBHuka (/C) 18,0-20,8 | 19,7+ 0,15 0,67 3,40
Jnmnaa ronossl (Ic) 24,5-27,7 | 26,2+0,19 0,86 3,29
B % OT JUTMHBI TOJIOBHI (/c)
BricoTa ronossl y 3ateuika (hcl) 57,7-70,4 | 63,4+ 0,62 2,79 4,40
BricoTa ronoBeI yepes cepeiuHy riasa (hc2) 45,8-57,7 | 52,9+ 0,68 3,05 5,76
Mexrina3Hu4HOE paccTosHue (io) 28,0-34,8 | 31,7+ 041 1,81 5,72
IllupuHa rooBe (we) 58,3-70,4 | 65,3+ 0,64 2,86 4,37
Jnuna peita (ao) 40,0464 | 43,5+0,37 1,64 3,77
3arnazHu4HOE paccTosiHue (po) 38,5462 | 41,1+£045 2,03 4,94
Juamerp rnasa (o) 16,2-20,8 | 18,4+ 0,24 1,09 5,93
Jnmna ycuka (/b) 19,2-31,7 | 27,2+ 0,76 3,41 12,55
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HawuGonbmas BeicoTa Tena B cpegHeM cocraiset 22.9 % SL u nmpeBhIIIaeT ee TOMIIHUHY B 3TOM MECTE,
a Tarxoke OOJIBIIIE UTMHBI XBOCTOBOTO cTeOus. JlmnHa XBOoCcTOBOTO cTeOst B cpeareM 18.8 % SL, 3HaunTenpHO
MPEBBIIAET €T0 TONIMHY. HanMeHnsbIas BpIcOTa TeJla HEMHOTO MIPEBBIIIAET TOJIIWHY XBOCTOBOTO CTEOIS.

BricoTa criuHHOTO IIaBHHUKA OOJIBIIE JTTUHBI €T0 OCHOBaHMsI. BrIcoTa aHANBHOTO TNIABHUKA TAKXKE 3HA-
YUTENHHO TMPEBBIIIAET JJIMHY €0 OCHOBaHUS. /[nMHa rpynHBIX TUTaBHUKOB 3aHMMaeT 63—87 % paccTosHus
P-V. BpromrHple MIaBHUKY JOCTUTAIOT aHAJTBHOTO OTBEPCTHS U 3aHUMAIOT 67—-88 % paccTosuus V—A.

JinHa TONOBBI NPEBBIIIaeT HAUOOIBIIYIO BBHICOTY TeJla U AJMHY XBOCTOBOTO CTEOJII U B CPEJHEM CO-
craBnsier 26.2 % SL. BpicoTa TOJIOBBI y 3aThUIKa COCTaBJIsIET OOJIBIIE MOJIOBUHBI €€ JUIMHBI (B CpelHEM
63,4 %) u 4yTh MEHbIIIE IIUPUHBI TOJIOBHI.

B Ttabmume 3 mpeacTaBieHO CpaBHEHHE IDIACTUYECKHX MPU3HAKOB aHATM3WPYEMBIX TecKapeill u3
p- Kapkapans! ¢ nutepaTypHbIMU JaHHBIMHE 110 TieckapsiM p. Hypa u ee nputoka — p. epy6aii-Hypa [7, 13,
15].

Tabnuma 3
IlnacTuyecKkue NPU3HAKH CHOMPCKOTo meckaps u3 p. KapkapaJibl B CpaBHEHHH ¢ JIUTEPATYPHBIMHU JaAHHBIMH

p. Hypa. p. Hypa. p. epy6aii-Hypa. p. Kapkapansr.
IIpuznak |n=38 (Hukomnbckuii, 1936)| n=8 (Murpodanos, 1988) n=23 (bekkoxaena, n=22
[7] [13] Mawmmuos, 2013) [15] (Hamym TaHHBIC)
aD 46,26 £ 0,26 48,52 +£0,24 51,24 £ 1,21 50,2 + 0,24
aAd - — 72,53 + 1,86 72,1 +0,32
aV - — 51,38 + 1,57 51,5+0,42
P-V - 21,32 +£0,22 24,22 + 1,46 26,3 +0,28
V-A - 17,32 + 0,34 21,35+ 1,05 21,3+0,22
H 18,24 + 0,23 20,18 £ 0,38 20,71 £ 0,88 22,9+ 0,33
h 8,87+0,12 9,38 +0,12 8,96 + 0,44 10,1 +0,10
Ipc 21,61 +£0,18 — 20,02 + 0,86 18,8 £ 0,22
IP - 18,65 + 0,29 22,09 £1,92 19,7+ 0,27
4 - 15,55+ 0,12 17,38 +£0,91 15,9+ 0,18
hD - 21,78 +£0,21 24,25+ 0,96 19,4 + 0,20
ID — 13,12 £ 0,29 15,12 + 0,86 13,5+ 0,15
hA - 17,38 £ 0,23 19,01 + 0,99 15,1+0,14
IA - 9,38 +0,23 9,01 +0,99 8,4+0,12
IC — — 26,22 + 1,83 19,7 + 0,15
lc 24,32 +0,17 27,58 £0,22 29,20 + 1,06 26,2+ 0,19
hel 14,77 £ 0,16 15,45+ 0,14 16,35+ 0,56 16,6 £ 0,16
io — — 8,49 + 0,37 8,3+0,12
ao 10,61 £ 0,14 — 12,07 £ 0,73 11,4+0,12
po 9,71+ 0,12 — 12,33 £0,61 10,8 + 0,13
0 — — 5,51+0,36 4,8 +£0,06
b 7,4+0,16 8,18+0,21 8,80+ 0,84 7,1+£0,21

B cBsi3u ¢ TeM, 4TO YacTh U3MEepeHU OTCYTCTBYET Y Hukonbsckoro [7], a Takke, BBUAY MaJIOro pazMepa
BBIOOPKHU y Mutpodanosa [13], Mbl He OyneM paccMaTpUBaTh NPUBEICHHBIC JaHHEIMU aBTOPaMH JaHHEIC B
OTHOIIEHNH TIEKTOBEHTPAIFHOTO W BEHTPOAHAIBHOTO PACCTOSHUH, a TAKXKe JITMHBI M BHICOTHI TUIABHUKOB. M3
OCTaBIIMXCS MPHU3HAKOB, y Teckapeil p. Kapkapansl B cpeHeM 0oJbllie aHTEIOpPCAIbHOE PACCTOSIHHUE, HaM-
0oJIbINasl ¥ HAUMEHBIIIAST BRICOTA TeJla, HEMHOTO OOJIBIIE BHICOTA TOJIOBBI Y 3aThUIKA M MEHbIIIC JITTHHA XBO-
CTOBOTO CTEOIISL.

B cpasuenun ¢ manapiMu 1o p. Lllepy6ait-Hypa [15] y meckapeit u3 p. Kapkapaisl 3HaYUTEIEHO 00JTb-
e HauOOoJbIIAs BBHICOTA TEa, UyTh OOJBIIEC TMEKTOBEHTPAIHHOE PACCTOSHUE, MEHBINIE JJIHHA XBOCTOBOTO
cTeOmns, JJIMHA TPYAHBIX, OPIOIIHBIX U XBOCTOBOTO TUIABHUKOB, BBICOTA CIIMHHOTO M aHAJILHOTO TIABHUKOB,
3ariIa3sHAYHOE PACCTOSHUE, TUAMETp TJla3a U JUTMHA ycHKa. Takue Mpu3Haky, Kak HanOoJbIIas BEICOTA TENa,
JUTMHA Y BBICOTA IUIABHUKOB MOTYT OBITH MOJIBEPIKEHEI ITOJIOBOMY TUMOP(PHU3MY. AJIIOMETPUS MOKET BIHATH
Ha TaKWe TIPOMEpHI, KaK JUTHHA TOJIOBBI, JUTHHA M BBICOTa XBOCTOBOTO cTebis. K coxkanenuto, nHpopMaIus o
pasMepe u BpeMeHHu cbopa neckapeit u3 p. lllepybaii-Hypa He npuBenena u, KpoMe TOT0, yKa3aHHBIE B Ta0-
JUTIe KoJeOaHus OMTMOKN CPeIHUX 3HAUECHWH MpU3HAKOB (m) [15] moCTaTOYHO BEIMKH, YTO MOXKET CBHJIC-
TEJIHCTBOBAThH O PA3HOPOHOM MaTepHalle U3 JTaHHOW PEKH.
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Takconomuueckoe nonoxenue neckapeit LentpansHoro Kazaxcrana nescno. @opmy u3 p. Hypst ot-
HOCWJIH KaK K TypkecTaHckomy noasuny G. gobio lepidolaemus [6,8,11], Tak n mogsuny G. gobio sibiricus
[7, 9], mubo x G. gobio cynocephalus [13]. HeogHOKpaTHO OTMEYANIOCh, UTO MTECKApH W3 dTOW PEKH 3aHUMa-
10T TIPOMEXKYTOUYHOE MoNiokeHue Mexkny G. gobio lepidolaemus n eBponeiickumu (JINOO CUOUPCKUMHE) TIeC-
KapsAMHU. B KadecTBe OTIIMYUTEIHHOTO IJIACTUYECKOTO MMPU3HAKa ObIT YKa3aH KOPOTKHUIA XBOCTOBOH cTe0enb,
KOTOpBINA, cormacHo bepry [8], y TypkecTaHCKOTO MecKapsi MpEeBHIIIAeT HAaWMEHBIIYIO BBICOTY Tena
B 1,8-2,2 paza. ¥V neckapeii u3 p. Kapkapansl [yinHa XBOCTOBOT'O cTeOJIsI MPEBBIIAET HAMMEHBIIYIO BBICOTY
Tena B 1,6-2,1 pa3, 4yTo, NEHCTBUTENHHO, COMMKACT MX C TYPKECTAHCKUM TIECKapeM.

B T0 xe Bpems cpemHee 3HaUeHHE UTHHBI XBOocTOBOTO cTebins (/pc 18,8 % SL) y kapKapannHCKHX Tiec-
Kapel 3aMEeTHO MEHBIIIE CPEeIHUX 3HAYCHHWH, YKa3bIBa€MBIX ISl TypkecTraHckoro meckaps (20-23 %) [13,
16], a Tarxoke mist neckapeit 6acceitna p. Hypst [7, 15]. Bo3aM0oHO, 3TO CBSI3aHO € pa3iMYarolUMCs CIIOCO-
00M M3MepeHus peI0, KOTOPBIH, B HAIIIEM cydae, MPOU3BOAMIICS 110 TMPSMOM JTMHUH, HAYWHAS OT TOCJIEeTHETO
Jy4ya aHAJIBHOTO IUIABHHKA, 10 MECTa MPUKPETNICHUS] CPEUHHBIX Jydel XBOCTOBOTO IUNIAaBHUKA K THUITypa-
JsIM (@ He 10 KOHLIA YeITyHHOTO IOKPOBa).

Jpyroii OTIMYMUTENBHBIN NPU3HAK, YKa3biBaeMblld 11t G. gobio sibiricus — nnuHA pblia, MPEBHILIAIO-
1as JUIMHY 3arJIa3HUIHOTO PacCcTOosSHUS [7, 8], 9To XapaKTepHO Takke JuId reckapei u3 p. Kapkapaibr.

Hamum nanHble moaTBepKIatoT xapakTepHble ocobeHHocTH (hopmbl neckaps u3 Llentpansaoro Kasax-
ctana. /[nuHa peiia commkaet ee ¢ cubupckoit hopmoii (G. cynocephalus, mabo G. sibiricus), a JyIMHA XBO-
croBoro crebmst — ¢ G. lepidolaemus. Od9eBUIHO, YTO IS PUHATHS TAKCOHOMHUYECKHMX PEIICHUH HE00XO0-
TUMO YYHUTHIBATh KOMILUIEKC XapaKTEPHBIX MPU3HAKOB, YTO MOATBEPKIACTCA B CIIydae pa3rpaHUueHHUs €BPO-
neiickux BUAOB meckapei [2, 17]. B cBs3u ¢ 3TuM HeoOxoauM Oosiee MHOTOUMCIICHHBIH COBPEMEHHBIN CpaB-
HUTENBHBIM MaTepual, a TakKe UCIIOIh30BAHNE CTAHJAPTU3NPOBAHHBIX METOIOB MCCIIEAOBAHUS.

Raxnouenue

B pesynbrare ananu3za 30 macTHUECKUX MPU3HAKOB CHOMpPCKOro neckaps u3 p. Kapkapansl mpencras-
JIeHa MX BapHa0ENbHOCTH. BEBISBIEHBI pa3iuyus B CPeJHHUX 3HAYCHUSIX 12 MPU3HAKOB MEXKAY CaMIlaMU U
CaMKaMH, 9TO, BO3MOXKHO, 00YCJIOBJIICHO CE30HHBIMH M3MEHEHHSMU. [IpoHU3BeIcHO CpaBHEHHE C JTUTEPATYp-
HBIMH JIaHHBIMH 110 1teckapsM p. Hypa u ee nmputoka — p. lllepy6aii-Hypa u BbIsSiBIEeHBI pa3nuyus 0o 7 npu-
3HaKaM. boublias 4acTh BRIABJICHHBIX OTIIMUUI MOXKET OBITH OOYCIIOBJIEHA BIMSHUEM ATJIOMETPHH U IIOJIO-
BOTO AMMOp(]H3Ma, a TaKKe CBS3aHA C PAa3IMYHBIM CIIOCOOOM HM3MepeHUs aHamu3upyemsbix pbid. [TonTep-
KICHbI OTJIMYUTENbHBIC pU3HaKK (opMbl nieckaps u3 LlenTpansHoro Kazaxcrana — [yimiHa pbuia, TIPEBbI-
mraromniast 3arjJa3sHUYHOE PACCTOSIHAE U BBICOKMI XBOCTOBOH cTeOelb. B BBISICHEHHMHM TaKCOHOMHYECKOTO CTa-
Tyca Gopmsl rieckaps u3 BogoeMmoB LlenTpanpaoro Kazaxcrana momMoryT HOBBIE HCCIIEIOBAaHUS, OCHOBAHHEIE
Ha CTaHJIAPTU3UPOBAHHBIX METOJIAX M CBEXKECOOPAHHOM MaTepHale U3 pasIMIHbIX TOMYJIISIINH.
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Kapkapauabl e3eningeri (Opraabik Kazakceran) cidip TeHre 0aJbIfbIHbIH
(Gobio sibiricus Nikolskii, 1936) niiactukajsbIk Oerisiepinin e3reprimriri

Counrbl 3epTTeynep ascbinna Gobio ekingepiHiH )yHeriri eneyini e3repicTepre yuibIpaipl, xana popmanap
MeH OypbIH OalikanMaraH (GUIOreHEeTHKANBIK ChI3BIKTap cunatTanansl. Opranbik KazakcTaHHBIH Cy HbIcaHAa-
pbIH/Ia MEKEHJCHTIH TeHre OalbIKTHIH TAKCOHOMMKAJBIK JKAF[aiibl TaJKblIaHATBIH Mocese OOJbIN Kaja
Oepeni. Hypa e3eniniy OacceifHiHmeri MaTepHalFa HETi3[enreH MOPQOIOTHSIIBIK ©3repMeNitiri OoibIHma
OYpBIHFBI JIEpeKTep oJli KYHre JeHiH >kydemi MopTeOeHIH TONBIFBIMEH KaifTa KapaldyblH IXKYprisyre
JKETKUTIKCI3. 3aMaHayH MaTepHalFa HETI3JIeNTeH camaiabl Jepekrep Kaxker. bynm wmakama Kapkapaist
e3eningeri (Opransik Kazakcran) cibip TeHre OaJIBIFBIHBIH PEHKTIK IUIACTHKAJIBIK OeNrilepiHiH e3reprilTirin
3eprreyre apHanrad. bynna 30 naHa OaibIKTHIH JeHE OJIIEMiHE CTaTUCTHKAJBIK OHJACY JKOHE oyapra
cunarrama oepiani. Oneduer aepeKTepid KoJiiaHa OTHIPBII, CTATUCTUKAJIBIK Taliay oTKi3inai, Hypa e3eHinig
TeHre OasblKTapbl OOWbIHINIA 7 EpEeKIIENK aibpMallblIBIKTaphl KOPCeTiNreH. ANKbIHAAIFaH aiblpMalllbl-
JBIKTap/bl AJUIOMETPHS MEH XKbIHBICTBIK AMMOP(U3MHIH ocepi Hemece 3epTTeireH OabIKThl eieyaiH 6acka
omici apkbutbl TyciHmipyre OGomagsl. Opranbik KazakcraHHaH anblHFAH TEHre OAaJbIKTHIH MilIiHIHE TOH
epEeKIIEIKTep PacTalibl — KYHPBIKTHIH Y3bIH Ca0akIIackl MEH TYMCHIKTHIH Y3BIHIBIFEL, KO3JEH KeHiHTi
KAIIBIKTHIK apTHIKTay OOJBIT KenreH. Opi Kapall KeHEHTLNreH 3epTTeyliep JKYpridy koHe Oenriiepni
3epaeneyniH OipblHFail KyHeciH NaljanaHy KaXeTTUrri kepcerunmi. byl Mmakama Ka3akCTaHABIK Cy
OOBEeKTiepiHAeri TeHre OAIBIKTBIH MOPQONOTHSIIBIK ©3TepriliTiri Typaibl Kojijga ©Oap akmaparThl
TOJIBIKTBIPYFa apHaJIFaH.

Kinm ce30ep: Gobio sibiricus, Cyprinidae, cibip TeHre OabIFbl, IITACTUKAIBIK Oemriiep, MopdhoMeTpus.

D.A. Tagayev, A.T. Zhaparova

Variability of plastic features of Siberian gudgeon
(Gobio sibiricus Nikolskii, 1936) from the Karkaraly River (Central Kazakhstan)

The systematics of representatives of the genus Gobio has significantly changed in the light of recent studies,
new forms and earlier unrevealed phylogenetic lines are described. The taxonomic status of gudgeons inhabit-
ing the rivers of Central Kazakhstan remains a subject of discussion. Previous data on morphological variabil-
ity, based on the material from the Nura River basin, are still insufficient to make a taxonomic revision. Qual-
itative data based on contemporary material are required. The present study examines the variability of plastic
features of the Siberian gudgeon from the Karkaraly River (Central Kazakhstan). The statistical data of 30
body measurements and their description are given. A comparative analysis was performed using literature
data on gudgeons from the Nura River basin and the differences in 7 features have been revealed. The re-
vealed differences can be explained by the influence of allometry and sexual dimorphism, or by a different
way of measuring the studied fishes. The characteristic features of the gudgeon from Central Kazakhstan are
confirmed — a high caudal peduncle and the snout length exceeding the postorbital distance. The need for
further extended research and the use of a unified research method is pointed out. This article is intended to
supplement the available information on the morphological variability of gudgeons from Kazakhstan reser-
VOirs.

Key words: Gobio sibiricus, Cyprinidae, Siberian gudgeon, plastic features, morphometry.
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Contamination of soil with heavy metals in industrial districts of Kokshetau

The article reveals the research results on soil contamination with heavy metals of Kokshetau and
Vasilkovsky gold ore deposit. Soil contamination with heavy metals is of a high danger due to the fact that
soils are able to actively accumulate heavy metals. Heavy metals can further soak into plant and animal or-
ganisms straight from the soil, and then ultimately into the human body. Main soil pollutants such as zinc,
copper and arsenic were identified with arsenic being the main contaminant. As a result of the research, the
map was compiled, where the trial sites was marked and zinc, copper and arsenic concentrations in the soils
of the industrial areas of the city and beyond was identified. It was found that in the industrial areas of
Kokshetau and influence zone of Vasilkovsky gold ore deposit the soils were mostly contaminated with arse-
nic, and significant excess of zinc and copper maximum permissible concentrations were noted. Zinc concen-
tration exceeded MPC value from 3 to 8 times, copper exceeded from 2 to 22 times, arsenic exceeded from 7
to 361 times.

Keywords: heavy metals, copper, zinc, arsenic, soil pollution, gold ore deposit.

Introduction

Recently, agricultural lands pollution with heavy metals causes serious concerns in the world due to
their toxicity and sustainability [1]. Soil pollution can happen out of the natural processes occurring in the
environment and because of the anthropogenic impact. It is considered that the main source of heavy metals
influx in the soil is mining [2]. Soils contaminated with heavy metals are the source of surface and ground
waters, atmospheric air pollution and also the pollution of crops grown on these soils [3].

It is known that metals such as Cu, Fe, Mn, Ni and Zn are important trace elements for vital processes
and regulation of physiological functions of organisms. However, many other metals, for example As, Cd,
Cr, and Pb do not exhibit physiological activity and can be toxic even in low concentrations [4]. Chronic ex-
posure of heavy metals leads to oncological, neurolithic and mental, cardiovascular, kidney, liver, and bone
diseases [2].

Soils are the main accumulators of heavy metals entering the environment as a result of anthropogenic
activity. Unlike organic pollutants, which can be oxidized to carbon monoxide (IV) via microbial exposure,
most of the heavy metals are not subjected to microbiological or chemical degradation. In addition, total
concentration of heavy metals persists for a long period of time after they enter the soil [5].

In many Kazakhstan regions the unfavorable ecological situation has been developed. Large areas of
land have been exposed to pollution by toxic substances and their compounds. They have the greatest impact
on the land, which is located near industrial enterprises, highways or oil pipelines. Large areas of polluted
lands are located in Karaganda, Kostanay, Mangistau, Akmola, East Kazakhstan, Aktobe and Pavlodar re-
gions. The development of mining industry in Kazakhstan has led to the land pollution by toxic substances
and accumulation of industrial waste. The waste heaps, quarries, dumps, mining waste formed in industrial
regions contribute to soil contamination with heavy metals [6].

Among the industrial production of the Republic of Kazakhstan, the main place is occupied by the most
dangerous production for the environment industries: metallurgical, chemical, petrochemical, mining and
construction materials production. Their share in total amount of production is at about 48.3 %. Refining and
mining industries occupy 19.5 %. Most of these industries have imperfect technology, and most of the aver-
age emissions and pollution come from their share [7].

The northern part of Kazakhstan consists mostly of landscapes with sufficient and occasionally insuffi-
cient moisture. These include forest-steppe, steppe and dry steppe zones [8]. In the steppe landscapes of
Kokshetau region, the calcium class (Ca”") is a dominant one [9].

The soils of «Altyntau Kokshetau» mining and processing plant mostly belong to the calcium-sodium
class and, therefore, they are enriched with arsenic compounds. The influence of «Altyntau Kokshetau» on
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the soil formed in industrial regions is characterized to be significant and highly exceeds the established
MPC standards. According to the research results of A.S. Kurmanbayeva, pollution of arsenic, lead and cop-
per with anthropogenic character is observed on the territory. Arsenic pollution has the most toxic effect on
the environment. Its content exceeds MPC value from 95 to 5350 times. The increase in copper concentra-
tion is established in local single sites and is associated with its leaching from the ore. In Kokshetau the most
intensive soil pollution is indicated to come from arsenic and zinc [10].

One particularly negative factor affecting the environmental state is the dusting of dry beaches of the
mining enterprises tailings. The tailings contain radioactive and chemically toxic elements. Industrial waste
generated on the territory of the region is not utilized due to the lack of enterprises for their processing [11].

In connection with the facts mentioned above, we have analyzed soil contamination with heavy metals
near «Altyntau Kokshetau» gold ore deposit, as well as next to the industrial areas of Kokshetau.

Materials and research methods

The samples were taken in various districts of Kokshetau, in its industrial zone, as well as on the territo-
ry adjacent to Vasilkovsky gold ore deposit (Table).

Table
Coordinates of soil sampling points of Kokshetau and Vasilkovsky gold ore deposit
Kokshetau, Vasilkovsky Coordinates Location
gold ore deposit N (North latitude) E (East longitude)

Point 1 53°23'94" 69° 37' 85" Control point
Point 2 53°27'92" 69° 42' 89" JSC «YUNA»
Point 3 53°27'71" 69° 40' 81" «Kokshetau Su Arnasy»
Point 4 53°28'37" 69° 40' 66" «Kokshe Nany»
Point 5 53°27' 57" 69° 44' 50" LLP «Bizhan»
Point 6 53°30'97" 69° 41' 43" JSC «Kokshetau Minvody»
Point 7 53°43'91" 69°26' 27" Open cut
Point 8 53°42' 48" 69° 26' 82" MPP
Point 9 53°43'21" 69°27' 65" Tailing dump
Point 10 53°40'27" 69°21' 66" MPP

Soil sampling was performed by «envelope» method. The sampling scheme is shown on Figure 1.

« ® « ®
-
..\o ¢ o
b #
e
/
/‘
s X
4 AN
s & -
v L
* e LI N

Figure 1. Sampling scheme of «envelope»

On trial plots, four points were designated in the corners and one was indicated in the center. Four more
digging points were made around each point and the surface layer of soil was collected at the depth of
0-5 cm. Prior to the start of soil sampling, sample plots were cleared out of vegetation. Selected point sam-
ples were mixed and compiled into a combined sample. The samples were analyzed no later than two days
after sampling [12]. The collected soil samples were dried to the dry condition, sifted through a sieve, and
then stored in paper envelopes.

Soil samples were analyzed on an iCAP 7200 ICP-OES atomic emission spectrometer in «Line selec-
tion» mode. The measurements were carried out according to the method of G.L. Buchbinder.

The map was created using the ArcGIS software product.
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Results and discussion

Our studies have shown that in all soil samples such heavy metals as zinc, copper and arsenic were pre-
sented. Figure 2 shows that in Kokshetau as well as out of the city, near Vasilkovsky gold ore deposit, arcas
with copper, zinc and arsenic excess were significant and dozens of times as more as MPC standard.
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Figure 2. Map of heavy metal pollution

As a result of soil samples analysis, it was found that in some areas of Kokshetau, zinc exceeds the
maximum permissible concentrations. The concentration of zinc in soil samples is shown in Figure 3. In
samples of soils, taken near JSC «Kokshetau Su Arnasy», zinc concentration slightly exceeded MPC. In soil
samples, taken near JSC «YUNA» area, zinc concentration was 190 mg/kg, which is 8 times more than MPC
values. At «Kokshe Nan» sampling point, zinc concentration was 77.1 mg/kg, which is 3 times higher than
MPC standard. In the soil samples of LLP «Bizhan» zinc concentration slightly exceeded MPC, and in the
soil samples of JSC «Kokshetau Minvody» zinc concentration was 69.6 mg/kg, which exceeds MPC by
3 times. In samples of soils, taken near Vasilkovsky gold ore deposit, zinc concentration slightly exceeded
MPC. The excess of MPC of zinc is probably due to the emissions of motor vehicles, as well as recreational
emissions.

Figure 4 shows the copper concentration at various points in Kokshetau and in the countryside. It can be
seen from the measurement results that copper concentrations in all samples taken in Kokshetau exceed MPC
in several times. So, at the trial point of sampling in «Kokshetau Su Arnasy» copper concentration was
7.4 mg/kg, which is 2.5 times higher than MPC, at the point of JSC «YUNAy, this indicator was 35 mg/kg,
which is 12 times above the standard rate. In soil samples, taken near JSC «Kokshe Nan», copper concentra-
tion was slightly higher than MPC, and at the point of LLP «Bizhan» copper concentration was 34 mg/kg,
which is 11 times higher than MPC values. In soil samples of JSC «Kokshetau Minvody» indicator of copper
concentration was 65 mg/kg, and this is 22 times higher than MPC. The excess of MPC of copper is probably
due to the natural features of Kokshetau soils, as well as the influx of polluting substances from the atmos-
phere. In soil samples, taken near Vasilkovsky gold ore deposit, there was a slight excess of the copper con-
centration.
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Figure 3. Zinc concentration in different parts of Kokshetau and Vasilkovsky gold ore deposit
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Figure 4. Copper concentration at various points of soil sampling in Kokshetau and Vasilkovsky gold ore deposit
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Figure 5. Arsenic concentration at various soil-sampling points in Kokshetau and Vasilkovsky gold ore deposit
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At the soil sampling points that we studied in Kokshetau and in its countryside, the concentration of ar-
senic varied from 14.9 mg/kg to 721 mg/kg (Fig. 5).

It can be seen from Figure 5 that in «Kokshetau Su Arnasy», MPC is excessed in 7 times, in soil sam-
ples taken around JSC «YUNA» in 12 times, near «Kokshe Nan» in 29 times, near LLP «Bizhan» and
«Kokshetau Minvody» in 8 times. It is probably connected with the anthropogenic arsenic contamination
while using rubble-containing arsenic, as well as while burning coal. In the samples taken in Vasilkovsky
gold ore deposit area, maximum permissible concentration exceeded the standard in hundreds of times.
Therefore, at the point of soil sampling near the open cut, the concentration of arsenic was 721 mg/kg, which
is 361 times higher than MPC; near the mine itself, the concentration of arsenic was 342 mg/kg, which is
171 times higher than MPC; in the soils near the tailing dump there were found 236 mg/kg of arsenic, which
is 132 times higher than MPC. Significant excess of MPC is likely to occur as a result of blasting at a quarry,
when, together with dust, arsenic enters the atmosphere and then settles on the ground, contributing to a large
accumulation of arsenic.

Thus, the study of soil contamination with heavy metals has shown that there is an intense pollution
with copper, zinc and arsenic in Kokshetau area. The soils of Vasilkovsky gold ore deposit are more polluted
with arsenic and zinc. The study of heavy metals concentration is very important and essential, since accu-
mulating in soils, they can move along the food chain, accumulate in plants, animals and humans, which in
turn can lead to a deterioration in the health of the whole population.
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Kexkueray KajaacblHBIH OHIPic ayMaFrbl TONBIPAFbI
aybIp MeTajJlJapMeH JIACTAHYbI

Maxanaza Kekieray KanacbIHbIH jkOHE BacHIbKOB aiThIH KEH OPHbI MaHBIHIAFbl TONBIPAKTAPABIH aybIp
MeTaliapMEeH JIACTaHYIbIH 3epTTEY HOTIKENIepl KeNTipireH. Ayblp MeTalllapMEH TONBIPAKTHIH JIACTaHYbI
eTe KayinTi, ce6ebi TOmbIpaK ayblp MeTangapas! OenceH i Typae KuHai anansl. TombIpakTaH ayblp MeTanaap
ociMIIKTep MEH >KaHyapjlap ar3ajiapblHa, CalbIll KeJIreHIe, ajJaM ar3achblHa Tyce ajanbl. TombIpakra
JacTaymibl 3aTTap, aran aWTKAaHAa, MBIPBII, MBIC JKOHE KYIIJNa Ke3[eCTi, COHBIH INIHIe KyIIona
OacpiMipIKKa ue Oommbl. KamaHelH JKkoHE OmaH THIC OKEpIEpHIiH OHEPKACINTIK  aiiMaKTapbIHBIH
TONBIPAKTAPBIHIA MBIC, MBIPBIII JKOHE KYIIOJAa KOHLEHTPAUMACHl ONTiNIeHeTiH ajaHJap AaHbIKTABI.
Kexkieray KanachblHbIH ©HEPKACINTIK aliMaKTapblHAa *KoOHE BacHibKOB KEHOPHBIHBIH dcep €Ty aliMarblHIa
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TOIBIPAK HETI3iHEH KYILISIaMeH JacTaHFaH, aj MBIPBII [EeH MbIC YIIH ©H JKOFaphbl IIEKTeYNi payasisl
KOHLCHTPALHS eJIeyJli apThIKIIBLIBIFG! Oaiikanasl. Mpipbimtei meiepi IIIPK-nan 3-ten 8 neitin, mbic — 2-
neH 22-ke feitiH, kymiona 7-aeH 361-re neiiid xorapsl O0IbL.

Kinm ce30ep: ayblp MeTanaap, MBIPBIII, MBIC, KYIIIQNA, TOIBIPAK JTACTAHYBI, alITHIH KEH OPHBIL.

P.M. TasutnunoBa, P.P. beiicenoBa, A.W1. I'puropses, O.11. Mcaenko

3arpsi3HeHHe IIOYBEHHOI'0 NOKPOBA TSAKEJIbIMH MeTALIAMHU
B NPOMBIILIEHHBIX paiioHax r. Kokmeray

B crarbe npercrasieHsl pe3yabTaThl HCCICNOBAHMS 3arpsA3HEHHs IOUYBEHHOTro Mokposa I. Kokieray u Ba-
CHJIBKOBCKOT'O 30JI0TOPYAHOTO MECTOPOXKACHUS TSDKEIBIMM METAUIAMHU. 3arpsi3HCHUE MOYB TSKEIBIMH Me-
TaJJIaMM BECbMa OIIACHO B CBSA3H C TEM, YTO IOYBbI CIIOCOOHBI aKTHBHO HAKAILUIMBAaTh TsDKEIbIe MeTalibl. M3
HOYB TSDKEJIbIE METAJIIBI MOTYT IIONACTh B PACTHTEIIbHbIC U )KMBOTHBIC OPTaHU3MBbI, 3 B KOHEYHOM HTOTE U B
OpraHM3M UeJIOBeKa. BBISBIICHBI OCHOBHBIE 3arPsI3HUTENHN 1I0YB, @ HIMEHHO IIMHK, MEb U MBIIIBSK, IPH STOM
TIPUOPUTETHBIM U3 HHUX SIBJISICTCS] MBIIBSIK. [ IpOBeeHNs MCCIeR0BaHNi OBUTH BEIOpAHBI IIPOOHBIE TLIO-
IIaaKHy, Uit 0TOOpa NMpo0 MOYB M M3MEPEHUS] KOHICHTPAUK IHKA MEIU M MBIIIbSIKA B ITI0YBAX IPOMBIII-
JICHHBIX paifOHOB TOpoOja W 3a €ro mpenenamu. beuto oOHapyXeHO, YTO B IPOMBIIDICHHBIX paiOHax
r. Kokueray u B 30He BIMsHUSA BacuiibKOBCKOTO 30JI0TOPYIHOTO MECTOPOXCHHUS TIOYBBI B OOJIBIICH CTere-
HM 3arpsi3HEHbl MBIIIBSIKOM, a TAKXKE 3HAUMTEIbHbIC IPEBBILICHHUS NPEAEIbHO-IOIYCTUMBIX KOHLEHTPaUi
ObUTH OTMEYEHBI 11 IMHKa 1 Meau. Coneprkanue 1HKa Obuto Bhime 3Hadenui [11K ot 3 no 8§ pas, meau —
ot 2 10 22 pa3, Mblmbsika ot 7 10 361 paza.

Kniouesvie cnosa: TSHKENBIC METaJUIbl, ME€lb, IUHK, MBIIIbAK, 3arpsA3HECHUEC ITO0YB, 30JIOTOPYAHOC MECTOPOK-
JCHUC.
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CoBpeMeHHOe COCTOSIHUE TOMYJISIIIUN
JielIuHbI 00bIKHOBeHHOI (Corylus avellana L..) B Kazaxcrane

B Kazaxcrane sremyna oObIKHOBEHHAs1, Witk JiecHO opex (Corylus avellana L.), sBnsercss peakuM BUIIOM U
3aHeceHa B Kpacuyro kuury. IIpoBeneno obGcnenoBanne equHcTBeHHOH B Kasaxcrane momynsimmu Corylus
avellana L. na tepputopun ['ocymapcTBeHHOTo OOTaHHYECKOro 3aka3HuKa «JlyOpaBa» B 3amamHo-
Ka3zaxcranckoit obmactu. [yt MOp(honoruueckoro OmMcaHusi KyCTapHHKOB M TUIOZIOB HCIOJIB30BaHbI JECK-
PHIITOPBI, PEKOMEHIOBaHHbBIE MTPOIOBOJIBCTBEHHOM U celbckoxo3siicTBenHO# opranmsanueit OOH (Food and
Agricultural Organization of the United Nations (DAO). Ananu3 60 pacTeHuil JeUHUHbI OOBIKHOBEHHOI 1M0-
Ka3aJl HeyJIOBIETBOPHTENBLHOE COCTOSIHUE BHUA. Y OOJBIIMHCTBA MCCIEJOBaHHBIX 00pa3noB (68,3 %) oTcyT-
CTBOBAIO IUIOfOHOMIEHHE, ¥ 31,7 % — OBUIH BBIABIICHBI JINIIL SIUHUYHBIE OpeXH. 3aMKCHPOBaHA BEICOKAs
CTENEHb MOPAXEHHs BPEAUTEISIMH U OOJNE3HSMH JIHCTHEB U IUIOJOB JICIIMHB! OOBIKHOBEHHOW. BrI3biBaeT
0co0yI0 03a009EHHOCTh TOT (DAKT, YTO B MOMYJISIIUY NMPAKTHIECKH ITOJHOCTHIO OTCYTCTBYET €CTECTBEHHOE
CEeMEHHOE BO300HOBIIEHHE. BBISABIEHO, YTO 3HAYUTEIBHYIO YIPO3y IS HOITYJISIUH JICIIHHBI OOBIKHOBEHHOI
MPEICTABISIOT Yy)KEPOJHbIE NHBA3UBHbIE BUBI — SCEHb aMEePUKAHCKUH (Fraxinus americana) v KieH sice-
HEeNMUCTHBIN (Acer negundo). CoOpaHHbIA PaCTUTENbHBINA MaTeprall JJECHOTO opexa OyJIeT COXpaHEeH Ha OCHO-
BE UCTIOJIb30BAHHS OMOTEXHOJIOTUUECKUX METOIOB B KYNBTYPE in Vitro 1 KpUOT€HHOM OaHKe.

Knioueswvie cnosa: Corylus avellana L., nemmnna oObIKHOBEHHAS, MOMYJIALHS, YTPO3a HCUC3HOBEHUSL.

Bseoenue

Jlemuaa oObIKHOBEHHAS (JecHOU opeX, hyHnayk) Corylus avellana L. — maunboee MOITyJISIpHOE OPEX0-
IJIOTHOE pacTeHHe yYMepeHHOU 30HBI EBpasun n CeBepHON AMEpPHKH, OTHOCHUTCS K CEMEHCTBY bepe3oBnix
(Betulacea S. Gray). B qukopacTyIieM COCTOSHHUHY JIeIHA OOBIKHOBEHHAs BCTpevaeTcs B 3amnanHoi EBpore
(xpome Kpaiinero cesepa), eBpomeiickoii yactu Poccun u Ha KaBkase, rne mHorma oOpasyeT ITOCTaTOUHO
KpPYITHBIC 110 TUTOIIAIH, TYCThIE 3apociu [1; 55].

B KazaxcTane 3apeructpupoBaHa eAMHCTBEHHAs TOMYJIALUS 3TOTO BUA, HA I0)KHOH TPaHUIIE €ro ecre-
CTBEHHOTO apeaia mpouspacTanus B noiime p. JXKaiisik (p. Ypan) B 3ananno-Kazaxcranckoit oonactu [1; 55,
2; 60]. OT0 mocayx)uino ocHOBoM BHeceHUs ero B Kpacuyto kaury Kazaxcrana [3; 94]. Cratyc — II xarero-
pHs, OYCHb PEIKUH BUI, HAXOISAIIMICS MOA Yrpo3oi ucuesHoBeHus. Hyxmaercs B ocoOoii oxpane. B Ha-
CTOsIIIee BpeMs 3TOT BHJ OXpaHsercss B Tpanuuax ['ocymapcTBeHHOro 60TaHHUECKOro 3aka3Huka «/lyOpa-
Ba» — 0Cc000 OXpaHIeMON IPUPOTHON TEPPUTOPHH.

Henpio manHON paboThl OBLTO IPOBECTH OOCIENOBAHKE, OIICHUTHh COBPEMEHHOE COCTOSHUE TTOMYJISIIIH
JIIIUHBI OOBIKHOBEHHOH, a Takxke coOpaTh PacTUTEIbHBIA MaTepHall AJsl MOCIESIYIOIEero COXpaHEeHHUs ero
OMOTEXHOJIOTUIECKUMH METOIAMU: B KYJIBTYPE if Vifro U KPUOTEHHOM OaHKe.

Mamepuanst u Memoobl UCCIEO08AHU

OO6cnenoBaHue u OIIEHKAa COBPEMEHHOTO apealia MOMyJISIUN opeXa JIECHOTO MTPOBOJIMIUCH B COOTBETCT-
BHUH C METOJIOJIOTHEH M3YUYeHUsS] TEHETUUECKUX PE3epBaTOB ILIOAOBLIX JiecoB [4]. B mepuon HayuHoil sKcme-
TUIAH B TIOJIEBBIX YCIOBHSIX YTOYHEH apeall, KOOPAMHATHl yYaCTKOB MPOU3PACTaHUsA, COCTOsIHME BHa. s
MOP(}OIOTHYECKOTO ONMCAHUS KYCTAPHUKOB U TUIOOB OBUTH HCITOJIB30BAaHBI AECKPUIITOPHI, PEKOMEHIOBAH-
HBIE TMPOJOBOJILCTBEHHON M celbckoxo3sicTBenHon opranm3zauueit OOH (Food and Agricultural Organiza-
tion of the United Nations (®AO) [5]. ['eorpaduueckue koopauHaThl (IIMPOTA, AOITOTA, BHICOTA HAJ| YPOB-
HeM Mopsi) onpenersutd ¢ momoieio GPS-maBuraropa ETREX (Garmin).

CratucTuueckyro 00pabOTKy JaHHBIX MPOBOIWIM C HUCIOJB30BAHMEM MPHKIATHBIX MporpamMMm Mi-
crosoft Excel.

Pezynomamul uccnedosanus u ux obcyxcoenue

B aBrycre 2018 T. mpoBemeHO oOCHemOBaHWE TOMYJISIWH JCIIHHBI OOBIKHOBeHHOH (Corulus
avellana L.) B 3amagno-Kazaxcranckoii obmactu. llomynsius JiecHOTO opexa HaxOMuTCs Ha TEPPUTOPHH
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l'ocynapcTBeHHOTO OOTaHMYECKOTO 3aKa3HUKa «JlyOpaBay», pacmoyiokeHHOro Ha jeBoM Oepery p. JKaiibik
(p- Ypan), B 50 kM ceBepo-BocTouHee I'. Ypaibcka, 6im3 nocenka Kadeuitooe (puc. 1).

Pucynox 1. Jlemunna oosikHOBeHHas (Corulus avellana L.) B 3anagno-Ka3zaxcraHckoit o6nactn
o neBoOepexbo p. JKaiibik (p. Ypan)

[Inomanp 3aka3nuka «/lyOpaBa» cocTtaBuser 6 ra, MpU 3TOM MOMYJISALMS JICIUHBI OOBIKHOBEHHOH 3a-
HUMaeT miomans okono 0,2 ra. PacteHus nemuHbl 0OBIKHOBEHHOH HAaXOAATCS B COCTaBE KyCTAPHUKOBOTO
spyca ayOpaBbl ¢ IpeodIaJjaHieM B JIPEeBECHOM sIpyce eBpOoIrelcKoro Buga — Ayba ueperrdaroro (Quercus
robur L.). B pactutensHOM coobmiecTBe, KpoMme Jay0a uepenrdaroro, OTMEUCH H JIPYTroil JOMHUHAHTHBIA BHT
JIPEeBECHBIX PACTCHUH: BsI3 TIIAAKUHA WM 00bIKHOBEHHBIH (Ulmus laevis Pall.).

B pesynbrare moneBbIx mccienoBaHuii 3adukcupoBaHsl GPS KoopauHATHI y4acTKOB NMPOHM3pacTaHUS
JITIUHBI OOBIKHOBEHHOH, KOTOpPBIE OTPaXKEeHbI Ha Tororpaduveckoi kapre (puc. 2).

L ?Kapra nenynaumm (apean) Newmnel obeikHoserHoi (Corylus avellana L.)
! B 3anagHo-Kasaxcraxckoi cGnactu. Mpunoxesue 1

KBETS BOE3E ROTALb 811w OBRIHONEN O
uscwsTad 13000

B 03110 CAITHHATDE 30 MeTpos

Macmrra6 1:70000
Pucynox 2. Tonorpadudeckas kapTa apeasa HOIYJISLIH JICIIUHEI 00bIkHOBeHHOH (Corylus avellana L.)

B cootBercTBHM ¢ geckpuntopamu, pekoMeHnoBaHHBIMH DAO, ObUI0 TpoBEAEHO MOPQOIOTHIECKOE
orucanue 60 06pa3noB JCIUHB OOBIKHOBEHHOM, B TOM uncie 30 pacTeHni, B CeBepO-BOCTOUHON YacTH T0-
MyJSAUH, 15 — B IIeHTpe MONyJsIuK U 15 — B 10T0-3armajHoN 9acTH momysun (puc. 2).

100 BecTHuk KaparaHgmHckoro yHusepcurteTa
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VY OonbIIMHCTBA KycTapHUKOB (hopMa KpoHbl — packugucrtas (55 %) (puc. 3, a) uin NonyBBITSHYTas
(40 %), HeKoTOpBIe 00pa3IBl OTIMYAIHCH MPSIMOCTOTYEH (HOpMOii.

momee s |

a, 6 — BHEITHWI B KycTapHHKa, 00pa3nbl Ne 2 u Ne 7; 6, 2 — nucThs 1 opexu, oopasmsl Ne 36 u Ne 34;
0, e — opexu, obpa3irsr Ne 10 u 25

Pucynoxk 3. JlemuHa 0OBIKHOBEHHAS B AUKOPACTYIICH MOITYJISIINH HA TEPPUTOPHUN
T'ocynapcTBeHHOTO OOTaHMYECKOTO 3aKa3HuKa «JyOpaBay

BricoTa KycTapHHKOB BapbupoBaiia oT 3 10 8 M (puc. 3, a), cpeaHee 3HaYeHHEe COCTaBisuIo 6,3+£1,2 M,
NpUYeM caMble BBICOKHE pacTeHHs ObUTM B FOTO-3allaIHOW M CEBEPO-BOCTOYHOW YACTSIX IMOMYJSIIMA —
6,7£0,9 1 6,4+1,1 M, COOTBETCTBEHHO, a caMble HU3KOPOCJble — B HEHTPaJIbHON yacTh — 5,6+1,2 m. JIu-
CThSl B OCHOBHOM IIIMPOKOOBANIbHBIC (pUC. 3, ), peke OKpyribie (puc. 3, &). JnuHa ITMCTOBON IIaCTUHKU
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BapbupoBana ot 6,5 1o 12 cMm, cpeanee 3nauenune — 9,1+1,1 cm; mupuna — ot 5,0 10 9,5 cMm; cpeaHee 3Ha-
yeHue — 6,7+1,0 cm.

[Ipu omeHKe cTemneHu TUTOIOHOIICHHS JIEIMHB OOBIKHOBEHHOW OBIIIO YCTaHOBJIEHO, 4To Y 68,3 % 006-
Pa3loB TUIOMOHOIICHHE OTCYTCTBOBANO, Y 31,7 % — OBUIM BBISBICHBI JIMIIL CIUHUYHBIC OPEXH, PH 3TOM
TUIOABI BCTPEUAIHCH TOJNBKO Y 00pa3IioB B CEBEPO-BOCTOYHON M IOT0-3aMaTHOM YaCTAX TOIYJISIUH, TOT/Ia
KaK B IEHTPAITbHON YaCTH TOJHOCTHIO OTCYTCTBOBaNHM. [LmOABI HaXOMWIHCH B KIIACTepaX B OCHOBHOM IIO
1-2, pexe no 3—4 opexa Bmecte (puc. 3, 6, 2). Opexu cpegnero pasmepa (14,2x12,5x10,8 mm), popma B oc-
HOBHOM IIapOBUJIHAS WM OBajbHAsl, OKpacKa IUIOJI0B — CBETJIO-KOPUYHEBAs, CKOPIYIa — C PEAKUMHU TIPO-
IOJIBHBIMHU TIOJTIOCKaMU (pHC. 3, 0, e). Macca opexoB BapsupoBania ot 1,96 mo 2,19 1, cpenHee 3Ha4eHHE CO-
craBismio 2,06+£0,1 T; macca ssmpa — ot 0,93 mo 0,97 1, B cpemaem — 0,95+0,02 r.

B uenom, cocrosiHue pacTeHU B MPUPOIHON MOMYJISIIIUU JICHIMHBI OOBIKHOBEHHON MOXHO OIICHUTD,
KaK HEYyJIOBJIETBOPUTENBHOE: B OCHOBHOM, 3TO B3pPOCIBIE CTaphle PACTEHHS, C CYXHMH CTBOJIAMH M BETBSIMH
(puc. 3, 6). B mocnegaue TOaBI YUCIEHHOCTD JICITUHBI OOBIKHOBEHHONW Ha eAMHCTBeHHOM B Kazaxcrane yda-
CTKE CWJIBHO cokpainaeTcs. OCHOBHYIO yrpo3y NHPEJCTaBISIOT BbIIAC CKOTA, PyOKa Jieca, 3pO3Hs I0YB, a B
MOCJICHHUE TOIBI OYSBUIHO BO3JICHCTBHUE MMOTEIICHHUS KIIMMATAa.

Kpome Toro, oOmmii aHannM3 COCTOSHUS TOIMYJIALNN BBISIBIIJI BHICOKYIO CTEIIEHb MOPaKEHUS BpeauTe-
JIIMU ¥ OOJIC3HSMU JIMCTHEB U TUIOZOB JICIIUHBI OOBIKHOBEHHOM (puC. 4).

PI/ICYHOK 4, HOpa)KeHI/IC JIMCTHECB U IJIOJOB JICHIUHBI OOBIKHOBEHHOI BpCAUTCIIAMU U 00JIE3HIMM

BrI3biBaeT Takke 0coOyr 03a00YEHHOCTh TOT (PAKT, YTO B MOIYJSAIUU MPAKTHYECKU MOTHOCTHIO OT-
CYTCTBYET €CTECTBEHHOE CEMEHHOE BO30OHOBJICHUE. 3HAYUTEIBHYIO YIpo3y Jiis eAuHCTBeHHOM B Kazaxcra-
HE TIOMYJISIIUY JICHIMHBI OOBIKHOBEHHOUN TPEJICTABIISIOT Yy>KEPOJHbIC WHBA3UBHBIC BHUJIBI — SCEHb aMEpH-
KaHCKuU (Fraxinus americana) M KIICH SICCHENUCTHBIN (Acer negundo) (puc. 5), KOTOpBIE XapaKTEePU3yIOTCS
OBICTPHIMH TEMIIAMHU PACTIPOCTPAHCHUS, MIPEIIATCTBYIOT BO30OHOBIICHHUIO TJIABHBIX JIECOOOPA3YIOIIMX ITOPOJI,
B TOM YHCIIE, JICIIUHBI OOBIKHOBEHHOM.

102 BecTHuk KaparaHauHckoro yHusepcuTeTta



CoBpeMeHHOe COCTOSIHWE MOMYSIALMU NELLMHbI OGbIKHOBEHHOM ...

Pucynok 5. MHOXECTBEHHBIC BCXOIBI KIICHA SICEHEUCTHOTO (Acer negundo)
Ha TeppUTOpHH ['0CYIapCTBEHHOTO GOTAHMYIECKOTO 3aKa3HUKa «JyOpaBay

B nmomnosnHeHHE K TPAAMIMOHHOMY CHOCOOY COXpaHCHHS PACTEHHU B 3allOBEJHUKAX, 3aKa3HUKAX U
JIPYTUX 0CO00 OXPaHAEMBIX MPHUPOJIHBIX TEPPUTOPHSIX B MHPOBOH MPAKTHKE HIUPOKO MPUMEHSIIOTCS
OMOTEXHOJIOTHUECKUE METOJBI COXpaHeHus [6]. B pesynbraTe sKcnemuiuu ObUTH COOpPaHBI OpPEXH IS
BBEJICHHS B KYJIBTYPY in Vitro ¥ JaJbHEHIIEro COXPAHEHHUS] 3TOT0 MCHETHYECKOr0 Marepuaia B KyJbType
in vitro u kxpuobOaHke.

Baxnouenue

JlaHHOE WCClIeIoBaHNE TTOCBAIIEHO OIEHKE COBPEMEHHOTO COCTOSHUS TONJSAIMU penakoro B Kasax-
cTaHe Buza JemuHbl 00bIkHOBeHHOI (Corylus avellana L.). Cocrostane ennHcTBeHHOHN B Kazaxcrane momy-
msiuuu C. avellana onennBaetcs kak HeOnaronony4ynoe. CoOpaHHBIN B pe3ysbTaTe IKCIEAULINN PACTUTEIb-
HBIIl MaTepHa ¢ IUIOJOHOCAIINX OOpa3IoB JEMNHB OOBIKHOBEHHOH OyJeT MCIONIb30BaH Ul COXPAaHEHUS
ero OMOTEeXHOJIOTHYECKUMH METOIAMU: B KYJIBbTYPE in Vitro n KpuoOaHKe.

Paboma evinonnena ¢ pamxax I panma AP05131850 «H3yuenue u coxpanenue buopasHoobpasus opexa
2PeyKozo U opexa 1eCHO20 U PaAYUOHATbHOE UCHONb30BAHUE UX 2EHEMUUECKUX Pecypcos OJis pa3gumus ope-
xoso0cmea 6 Kazaxcmaney no npuopumemy «Hayxu o scusnuy broodoicemnoti npoepammer 217 «Pazeumue
Haykuy, noonpozpammel 102 «I panmosoe hunancuposanue HayuHvlx UCCIEO08AHULLY.

Crrcox muTepaTypsl

1 ®nopa Kazaxcrana: B 9-tu 1. — T. 3 / rin. pen. H.B. ITaBnoB. — Anma-Ara: U3n-Bo AH KazCCP, 1960. — 459 c.
2 BaiitenoB M.C. ®nopa Kazaxcrana. Pogosoit kommexce ¢iopsr / M.C. BaiitenoB. — Anmatsr: FeuaemM, 2001. — 280 c.
3 Kpacuas xuura Kazaxcrana. T. 2. Pacrenus. — Acrana: TOO «AptPrintXXI», 2014. — 452 c.

4  Yexanmuu C.B. HaunonanbHasi METOOJIOTHSI OLIGHKH M COXpPaHEHHUs arpoOropa3sHooOpasusi TOPHBIX IIONOBBIX JiecoB Kazax-
crana / C.B. Yekanun, T.H. Hypmyparynst. — Anmatsi, 2010. — 70 c.

5 Descriptors for hazelnut (Corylus avellana L.). Bioversity International, Rome (Italy) [Corporate Author] Instituto
Agronomico Mediterraneo de Zaragoza (CIHEAM), Zaragoza (Spain) [Corporate Author] Food and Agriculture Organization of the
United Nations (FAO), Rome (Italy) [Corporate Author]. — 2008. — 64 p.

6 Reed B.M. Biodiversity conservation and conservation biotechnology tools / B.M. Reed, V. Sarasan, M.E. Kane, E. Bunn,
V.C. Pence // In Vitro Cell. Dev. Biol. — Plant. — 2011. — Vol. 47. — P. 1-4.

Cepus «buonorusa. MegmuuHa. Meorpacdus». Ne 2(94)/2019 103



C.B. KywHapeHko, H.B. PomagaHoBa n ap.

C.B. Kymnapenko, H.B. Pomananosa, H.I1. Oraps, M.M. ApanbaeBa, M.A. Bep3uios

Ka3zakcranaarpl koaiMri opman :xkanrarbIHbIH (Corylus avellana 1..)
NONyJISIMSACHIHBIH KA3ipri skaraanbl

Komimri opman sxanrarel (Corylus avellana L.), Hemece opmaH >kaHFarbl, KazakcTaHoa cHpek Ke3leceTiH
Ke3b11 kiTanka enrisiiren ecimaik typi. Kasakcraunarsl xanrei3 Corylus avellana L. nonynsiusaceH 3epT-
Tey skymbictapsl bateic Kazakcran obibiceinma «JlyOpaBa» MemiekeTTik GOTaHHKAJIBIK KOPBIKIIACHIHBIH
TEPPUTOPHSACHIHIA JKYPri3iai. ByTamapbin xoHe xemicTepiH MOpONOrHsIIbIK cumnatray yiriH BYY a3bik-
TYJIK koHe ayburmapyambuiblk yidbiMbel (Food and Agricultural Organization of the United Nations (PAO)
YCBIHFaH JIeCKpUNTOopiap nainaraHeuiel. KomiMri opman skaHrFarbIHBIH 60 ©CIMAITIH Tanmay HOTIKeIepi
TYPIIH KaHaFaTTaHApJBIKCHI3 KYHAE eKeHMIriH KepceTTi. 3epTrenreH yirimepmin kemmrimiri (68,3 %)
xkemicrenOeren, Tek 31,7 %-ma FaHa Jkeke-mapa JKeMic aHbIKTanAbl. KomiMri opmaH JKaHFarbIHBIH
JKAIbIPaKTapbl MECH JKAHFAKTapbl 3USHKECTEPMEH JKOHE aypyJiapMEH JKOFaphbl JCHIel/ie 3aKbIM/IaFaH/IbIFbl
tipkengi. ITomynsuusiHBIH TaOWFU JKOJNIMEH TYKBIM apKbUIbl IC JKY3iHZE TOJNBIKTall KaiiTa KaiIblHA
KeNIMEHTIHAITT epeKile ananiaylIbUIbIK TyFbI3anbl. KomiMri opMaH jKaHFaFbIHBIH IIOMYJSLMSACBIHA OOTEH
WHBA3WUBTI Typjiep — aMepUKalblK IaraH (Fraxinus americana) >KoHE IIaFaHXKalbIpakThl YieHKi (Acer
negundo) aiiTapybIKTail Kayin TOHIIPETIHAIr aHbIKTanabl. OpMaH jKaHFaFbIHBIH )KUHAIFAaH OCIMIIK MaTepua-
76l OMOTEXHOJOTHSUIBIK TACUIIEpAl KOJNAAaHy HeTi3iHae in Vitro XargalblHIa JKOHE KPHOTeHIl OaHKTe
caKTaja/bl.

Kinm ce30ep: Corylus avellana L., komiMri opMaH >kaHFa¥Fbl, OIS, )KOFATy Kayili.

S.V. Kushnarenko, N.V. Romadanova, N.P. Ogar, M.M. Aralbaeva, M.A. Verzilov

Current state of Hazelnut (Corylus avellana L.) population in Kazakhstan

Hazelnut (Corylus avellana L.) is a rare species in Kazakhstan and is listed in the Red Book. A survey of the
only population of Corylus avellana L. in Kazakhstan on the territory of the state botanical reserve «Dubrava
in the West Kazakhstan region has been conducted. For the morphological description of shrubs and fruits,
descriptors recommended by the Food and Agricultural Organization of the United Nations (FAO) were used.
The analysis of 60 hazelnut plants showed unsatisfactory state of the species. Most of the studied accessions
(68.3 %) lacked fruit bearing, 31.7 % had only sporadic nuts. A high degree of damage by pests and diseases
of the leaves and fruits of Corylus avellana L. was recorded. Of particular concern is the fact that natural seed
reafforestation is almost absent in the population. It has been revealed that alien invasive species — American
ash (Fraxinus americana) and ash-leaved maple (4cer negundo) pose a significant threat to the hazelnut pop-
ulation. The collected plant material will be conserved by biotechnological methods in in vitro culture and
cryogenic bank.

Key words: Corylus avellana L., hazelnut, population.
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Current state of populations of useful plants
of Almaty region and ways of their balanced use

In the article the results of the study of the current state of useful plants in Almaty region are summarized.
The study covered the territory of the Karasaz rural district. A modern assessment of the species diversity of
the flora was given, the list of which according to the field survey data was 194 species belonging to
132 genera and 44 families. In the number of species among families Asteraceae Dumort was dominating —

33 species, Poaceae Juzz — 28 species, Fabaceae Lindl — 16 species, Labiatae Juss — 13 species,
Rosaceae Juss — 11 species, Chenopodiaceae Vent — 12 species, Ranunculaceae Juss — 8§ species,
Liliaceae Juss — 6 species, Cyperaceae Juss, Iridaceae Lindl, Papaveraceae Juss — 5 species each;

Brassicaceae Juss — 4 species, Cynomoriaceae Engl and Plantaginaceae Lindl — 3 species each, other
19 species were dominant according to vegetation cover. Distribution of more than 26 species of medicinal
and 56 species of fodder plants were revealed. The predominant life form was represented by perennials —
172 species, of which long-growing perennial grasses made up — 148 species, shrubs — 14 species, semi-
shrubs — 3 species each, shrubs and trees — 2 species each. The vast number of species is eaten by cattle and
often mowed for hay, so a complete inventory and assessment of the current state of useful plants,
development of recommendations for the conservation and restoration of their natural populations is relevant
to the present day.

Keywords: useful plants, forage plants, medicinal plants, flora, population, dominants, perennial grasses,
shrubs, semi-shrubs.

Introduction

Conservation and sustainable use of biological diversity is one of the most important tasks of the
modern world. The combination of global warming with other environmental stresses and human activities
can lead to the rapid destruction of existing ecosystems, especially in arid regions, which include most part
of the territory of Kazakhstan. In the world practice, more than 40 % of pharmaceutical preparation is
prepared with using of plant raw material (PRM). About 70 % of the total capacity of the PRM is accounted
for by the chemical and pharmaceutical industry and medicine. Kazakhstan and other CIS countries currently
use raw materials provided from about 60 or more species of wild herbs. At the same time, the biology of
herbs (habitat, communities, natural conditions, the intensity of the growth of floral array, the resumption of
thickets, etc.) is studied with the conduct of resource studies. All these works have great practical
importance, connected not only with the issues of procurement of medical raw materials, but also the
preservation, restoration of natural thickets of herbs and other useful plants [1-4].

The territory of the Karasaz rural district is represented by three sections: the main section, the Ketmen
section and the interlaced section. The territory is represented by a high intermountain valley surrounded by
mountains: from the North to the Ketmen ridge, from the South to the Karatau Mountains. The climate of the
surveyed area is continental, with hot and sunny summers, cold winters, deficit of rainfall, intense evapora-
tion and high insolation. In hydrographic respect, the territory of the rural district Karasaz presented
Shalkodesu river and its tributaries: Ulken Karasu, Eshki Karasu, Tyshkanbai Karasu and Ulken Shiybut. In
the Western part of the surveyed area, groundwater is wedged to the surface in the form of springs [5—7].

Methods of research: resource management [8]; geobotanical [9—11]. The determination of plant
species was carried out according to the «Flora of Kazakhstan» (1956—-1966); «lllustrated determinant of
Kazakhstan plants» (1969, 1972). Endemic species are identified by «Flora of Kazakhstan» (1956—1966) and
allocated according to the works of B.A. Bykov, A.L. Tolmachyov. Types of areas for the objects of study are
given according to the works of L.Ya. Kurochkina, M.S. Baitenov and others [12—17]; scientific names of
plants in the Kazakh language — according to S.A. Arystangaliyev [18].

The results of research
The floristic list of field investigation included 194 species from 132 genera and 44 families. By amount

of species Asteraceae family with 33 species is dominated, second position belonged to Poaceae family
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(28 species), on the third position was Fabaceae family (16 species). Other families included: Lamiaceac —
13 species, Rosaceae — 11 species, Chenopodiaceac — 12 species, Ranunculaceae — 8 species,
Liliaceaec — 6 species, Cyperaceae, Iridaceae and Papaveraceac — by 5 species; Brassicaceae — 4 species,
Cynomoriaceae and Plantaginaceae — by 3 species. Other families contained 1 or 2 species (Table 1).
19 species are dominants in vegetation cover.

The most species are eaten by livestock, 26 from them are medical; 17 species are poisonous.

Table 1
Economically valuable groups of plants
No.| Name of groups of plants Number
1 |Fodder 56
2 |Weed 33
3 |Nectariferous 24
4 |Medical 26
5 |Ornamental 20
6 |Poisonous 17
7 |Food 13
8 |Tanning 12
9 |Essential oil 11
10 |Vitamin 5
11 |Tinctorial 4
12 |Technical 4
13 |Starchy 3
14 |Insecticide 2
15 |Brush 2
16 |Endemic 2
17 |Fibrous 1

The predominant life form is represented by perennials grassy plants — 172 species, including long-
term perennial grasses — 148 species; shrubs — 14 species, semi-shrubs and sub-shrubs — 3 species, shrubs
and trees — 2 species.

Grassy perennials plants belonged to Poaceae and Asteraceae family, many of them participated in
ceonosis formating.

Shrubs are representatives of the family Cupressaceae, Salicaceae, Rosaceae, Fabaceae, Linaceae and
Caprifollaceae. Semi-shrubs are representatives of Asteraceae and Chenopodiaceae families.

Group of annuals (9 species) are representatives of the families Poaceae, Polygonaceae,
Chenopodiaceae and others. There are 12 species of biennial plants.

Fescue dominate are spread over the surfaces of high- and mid-mountain massifs. On these pastures,
along with fescue, (Stipa kirghisorum P.Smirn., Helictotrichon tianschanicum (Roshev.) Henr. and
Helictotrichon pubescens (Huds) Jessen, Agropyron repens (L.) Beauv., Bromus inermis Leyss., Poa
pratensis L., Alopecurus pratensis L.) there are grasses and forbs (Geranium pratense L. and Geranium
collinum Steph., Thymus marschallianus Willd., Myosotis caespitosa Schultz u Myosotis silvatica Hoffm.,
Achillea millefolium L., Origanum vulgare L. and others).

The total area of the Karasaz rural district is 45,224 hectares, including agricultural land — 37,876 hec-
tares, other — 7,348 hectares. Other lands include: coniferous forest — 551 hectares, deciduous forest —
193 hectares, thickets of bushes — 1,503 hectares. Outcrops of bedrock make up 4029 hectares, sand and
pebble deposits — 722 hectares, populated areas — 143 hectares, outbuildings — 60 hectares, boulder and
pebble deposits — 147 hectares.

As a result of the study, the distribution of 56 species of forage plants was determined. So, we presented
the biological and ecological features of some general encountered species.

Tienshan cherry tree — Cerasus tianschanica Pojark is a perennial shrub, 1-2.5 m high, with thin long
fluffy tree sprouts, the bark of old branches is brownish-gray. Leaves are narrow lanceolate, pink flowers,
located on 4-6 short shoots. It flowers in May-June, bears fruits in June-July. Spring leaves and young
shoots are well eaten, especially by small cattle, later worse.
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Feather hairy grass (sawdust) — Stipa capillata L. is a perennial dense cusp grass till 50-80 cm high. In
spring it begins to grow after many xerophyte cereals, therefore it dries much later. Yields are higher than
other cornices, and when mowing before earing, it gives aftermath up to 50 % of the mass of the first mow-
ing, and the aftermath consists mainly of leaves. In spring the leaves are greatly eaten by horses and quickly
gaining weight. Since the end of flowering is almost not eaten. Cattles eat them less than horses; sheep and
goats eat them satisfactorily only at a young age. Autumn afterburning is very gentle and is well eaten by all
animals. The disadvantages of this feather grass are its harmfulness to sheep from the end of flowering, be-
cause the spines, getting into the wool, not only litter it, but also, piercing the skin, penetrate into the muscle
tissue of the animal, leading to exhaustion and even death.

Kochia (izen) — Kochia prostrata (L.) Schrad. is semi-shrubs up 65 cm in height. Stems are numerous,
reddish, branched. The leaves are flat, filiform linear, sharp pressed hairy. The seeds are round-oval or
almost round, depressed, brown, bare, smooth on both sides. Flowering and fruiting are from July to
September. The vegetative period lasts 220-264 days.

It is widespread along stony and gravelly slopes and plumes of hills and mountains, salt and salt marsh-
es, saline steppes and sands. It is well eaten by horses, camels. It is considered a fattening feed for goats,
sheep and camels. It is quite drought resistant and salt tolerant.

During the growing season, 2—3 cycles of grazing or 2 mowing for hay are possible. The nutritional
value is significant. An important feature of Kochia is a big concentration of protein and fiber varies from
June to October. It is a year-round food, better eaten by sheep and horses. In crops, it can give a cutting
weight of hay up to 15-20 centners/hectare, and with high agricultural technology it can be produced over
30 centners per hectare of hay.

Alfalfa sickle — Medicago falcata L. is perennial plant until 1 m of height. The root is very powerful
and already in the first year of development reaches 2 m. The stems are numerous, stretched. Plant is with
yellow flowers and sickle-shaped beans. Seeds are oblong-ovate or bean-shaped, brown or yellowish. Period
of blossoming is from May to August. It is widespread in meadows, rocky and grassy slopes. It is character-
ized by frost and drought resistance, salt and floodplain tolerance. It is perfectly eaten by all kinds of cattle.
It is tolerance to bleed, introduced into the culture.

Bluegrass Bulbs — Poa bulbosa L. is an ephemerid small core plant with thin roots and a bulb. It is
widespread plant on any soil. Under favorable conditions it reaches a height of 45-50 cm and gives a yield of
15.0 t/ha. In such years, it is possible to mow. The hay is well eaten by all livestock types. On pasture it is
well eaten in spring and summer, in autumn its palatability decreases. For sheep is a fattening feed, in the
early aftermath grazing yields.

Fescue furrowed (fescue) — Festuca sulcata Hack. is a perennial dense-cusp cereal 30—60 cm high,
forming powerful dense turfs with numerous basal leaves. It blooms in late May-June, after flowering it be-
gins to dry out and, when fully matured, yellow and rough grass. All hot summer is at rest and does not
grow. With a decrease in temperature and first rainfall, a mass of basal leaves appears which grow to almost
the same height as in spring. On the pasture, it is eaten perfectly by all kinds of animals, especially horses,
only camels eat it satisfactorily. Since the beginning of flowering, and especially in the ripening phase, it is
eaten worse, and in the summer only radical leaves are eaten. In conditions of steppe and semi-deserts, fes-
cue grazing lands are often mown for hay.

Sedge pillars — Carex pachystylis J. Gay. is a perennial plant with rhizome with creeping shoots. Stems
are straight, 30—60 cm tall, with rigid leaves. It blooms in May and June. It is considered a fodder plant of
average quality. It tolerates grazing. On the pasture in the early phases of growth, it is well eaten by all ani-
mals, except camels. Later quickly grows coarse and almost not eaten. In the hay, cattle and horses are satis-
factorily eaten. Sheep, goats and camels in hay eat it badly. This is explained by the fact that the herbage, in
which there is Songar sedge, is mowed down in periods when it is already very rough.

White-earth wormwood — Artemisia terrae-albae Krasch. is a perennial herb is up to 45 cm high with
numerous vegetative and generative shoots forming dense turf and wide. The leaves are ovoid in shape.
Flowers are yellow. Flowering occurs from August to October. On pasture it is well eaten by sheep and even
excellent in the spring, average in summer is bad, again good and is eaten in autumn and winter, eat a little
worse by horses and camels. Cattle eat it satisfactorily in spring, autumn and winter and hardly eat it in
summer, can be attributed to forage plants above average quality.

Autumn wormwood — Artemisia serotina Bunge is a perennial plant with a height of 35-80 cm, with a
rod, woody, thick root. Stems are densely leafy, especially barren, fruiting stems at the beginning of grayish-
pubescent, in the summer almost naked, brown or straw-yellow. Leaves of fruitless shoots and lower stem
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long petiolate, stem leaves short-petiolate or sessile. Panicle is wide-pyramidal. Baskets are ovoid, sessile or
on legs. Corolla is tubular, yellow or purple. It blooms in September. It is widespread on saline clay and
sandy loam soils, river terraces, crushed-clay slopes of low mountains and hills, deposits, near roads. In au-
tumn, perfectly eaten by cattle, but reports a bitter taste of milk. In the phase of vegetation contains up to
19.9 % protein. It gives a big gain when eating. It has a pleasant smell and is used for perfuming toilet soap.

Wormwood loess (narrow-lobed) — Artemisia sublessingiana Bess is a perennial plant with a height of
20-45 cm with a vertical, thick, multi-headed root. The stem forms a loose, highly rising above the ground
turf. The leaves on both sides are grayish-green from thin cobweb-felt pubescence. Panicle is narrow, baskets
are oblong-ovate, and corolla is tubular, yellow. It blooms in September-October. It is widespread on
crushed-clay slopes of low mountains and hills. This wormwood is eaten in autumn, winter and early spring
well, and in summer poorly eaten by horses, sheep and goats. The nutritional value is assumed to be higher
than the nutritional value of good cereal hay.

The sandtail stag (ebelek) — Ceratocarpus arenarius L. is an annual herbaceous plant, grayish or red-
dish from stellate hairs, 5-30 cm high. The stems are strongly branched, forming a spherical bush. The
leaves are hard, alternate, opposite at the base, 1-4 cm long and 0.5-2 mm wide, filiform. It blooms in May
and July. The fodder plant for all animals, drought-resistant, is eaten both in green and in dry form. It is
green in autumn and winter for horses and sheep — fattening feed. When grazing on ebelek pastures, milk
mares increase yields, and the quality of koumiss improves. In its green form, it is highly nutritious, even in
the dry phase, its nutritional value is not lower than average quality hay.

Stag marsupial (ebelek) — Ceratocarpus utriculosus Bluk. is annual herbaceous plant, plant grayish
from pubescence up to 30 cm high. From the previous species it is distinguished by wider leaves and obovate
fruits with convex sides. Ceratocarpus utriculosus is a valuable fodder plant, especially for horses and sheep.
It is eaten all year round. From the second half of the summer for horses — fattening feed. As well as the
previous species, it contributes to increasing the milk productivity of mares.

Melee beetle — Spiraea hypericifolia L. is shrub up to 150 cm tall with numerous flower umbrellas on
brown twig-shaped branches. Period of blossoming is in April-May, fruits are in June. In the pasture, leaves
and young shoots are readily eaten by sheep and goats. The rest of the animals eat worse. It contains vita-
min C, aromatic substances. It grows on soil tillage mountain slopes. It is good honey plant.

Hornlike teresken — Eurotia ceratoides is subshrub until 30—100 cm high. The leaves are alternate, rig-
id, short-petiolate, lanceolate or oblong. The flowers are star-pubescent, are collected in inflorescences at the
ends of the twigs. It blooms in July-September. In the pasture, it is perfectly eaten by sheep and camels, and
in the fall it is for them fattening feed. Horses eat it worse; cattle eat it poorly-satisfactorily. It is considered a
plant that stimulates the appetite of animals, and is also necessary for mineral nutrition.

26 species of medicinal plants were identified. The ethnobotanical method, i.e. using the oral question-
naire, the types used in traditional medicine by the local population for the treatment of various diseases
were identified (Table 2).

Ephedra Medium (Ephedra) — Ephedra intermedia Schrenk et C.A. Mey. is shrub up 1 m hight.
Among other species, the genus is distinguished by the highest content of the alkaloid pseudoephedrine.
Most of it compound is in the young green twigs, less lignified. Ground parts are used in local traditional
medicine in the form of tea against colds and rheumatic diseases. It is used against asthma, increases the tone
of relaxed blood vessels during shock, cures flu-like rhinitis.

Polygonum aviculare L. is annual herb. It contains tannins, leaves are rich in vitamin C. It is used in
traditional medicine, a decoction is used for intestinal disorders.

Marin peony root — Paeonia anomala L. is perennial herb with spindle-shaped thickened root and
stems 40—-80 cm tall. It blooms in May-June. The leaves contain a large amount of ascorbic acid, tannins.
Seeds contain 2627 % of oil. The roots contain a lot of starch and salicin glucoside. The roots are used in
folk medicine for gastric diseases, 10 % forcing is officially used as an anticonvulsant and analgesic, for neu-
rasthenia, insomnia, and disorders of the autonomic functions of the central nervous system. In Mongolian
medicine this raw material uses for treatment of kidney diseases, liver, Botkin, and as an antidote for poison-
ing.

Ural licorice — Glyzyrrhiza uralensis Fisch. is a perennial herb up 110 cm high. The plant contains al-
kaloids, cumarins, tannins, flavonoids, essential oil and vitamin C. It is used in both official and folk medi-
cine for diseases of the upper respiratory tract, as an anti-inflammatory, as component of diuretic and laxa-
tive fees, drugs in the treatment of gastric and duodenal ulcers, drugs that affect the adrenal cortex, used in
bronchial asthma, allergic dermatitis, etc.
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Table 2
List of Karasaz’s herbs
No. English name Lathin name Kazakh name Life form
Family Ephedraceae
1 |Ephedra Medium |Ephedra intermedia Schrenk. [Kyzyl tamyr |Shrub
Family Liliaceae
2 |Hellebore Lobel [Veratrum lobelianum Bernh. [Maral kural [Perennial
Family Urticaceae
3 |Stinging nettle |Urtica urens L. [Kuidyrgishkalakai [Perennial
Family Polygonaceae
4 |Knotweed Poligonum nitens (Fisch.et Mey.) Zhyltyr taran Perennial
5 |Polygonum aviculare Polygonum aviculare L. Kyzyltaspataran Annual
Family Ranunculaceae
6 |Dzungar wrestler Aconitum soongaricum Stapf. Ystykkolutamyry Perennial
7 |Marin peony root Paeonia anomala L. Marigultaushymyldyk Perennial
Family Cruciferae
8 |Erysimum (wallflower) |Erysimum diffusum Ehrh. |Shashanky sarbasshop |Biennial
Family Fabaceae
9 |Glycyrrhizauralensis Glyzyrrhiza uralensis Fisch. Oral miya Perennial
10 |Liquorice Glyzyrrhiza glabra L. Zhalanmiya Perennial
11 |Thermopsislupinoides Thermopsis lanceolata R. Br. Ulyzhylanburshak Perennial
Family Zygophyllaceae
12 [Wildrue |Peganum harmala L. [Kadimgiadyraspan [Perennial
Family Hypericaceae
13 |StJ ohn'swort |Hypericum perforatum L. |Shaishopshaikurai |Perennia1
Family Plantaginaceae
14 [Broadleafplantain |Plantago major L. |Zholzhelkenbakazhapyrak |Biennial
Family Rubiaceae
15 |Lady'sbedstraw Galium verum L. Nagyzkyzylboyau Perennial
16 |Cleavers Galium aparine L. Zhabyskakkyzylboyau Annual
Family Valerianaceae
17 |Valerianturkestanian Valeriana turkestanica Sumn. Turkistan shuinshobi Perennial
18 |Patrinia medium Patrinia intermedia (Horn.) Orta tasshuigyn Perennial
Family Plumbaginaceae
19 [Limonium Gmelinii |Limonium gmelinii (Willd.) Kuntze. |[Kermektomarboyau [Perennial
Family Labiatae
20 |Oregano Origanum vulgare L. Kiyikshop zhupargul Perennial
21 |Commonhorehound Marrubium vulgare L. Kadimgisorgysh Perennial
Family Solanaceae
22 |Blackhenbane |Hyoscyamus niger L. |[Kara menduana [Biennial
Family Asteraceae
23 |Commonmugwort Artemisia vulgaris L. Ermenzhusan Perennial
24 |Grandwormwood Artimisia absinthium L. Ashy zhusan Perennial
25 |Commondandelion Taraxacum officinale Wigg. Kadimgibakbak Perennial
26 |Commonyarrow Achillea millefolium L. Akbasmynzhapyrak Perennial
27 |Commonchicory Cichorium intybus L. Kadimgi shashyratky Perennial
Cepus «Bronorusi. MegmuuHa. Meorpadusi». Ne 2(94)/2019 109



D.K. Aidarbaeva, G.A. Sholpankulova, A.Sh. Shokanova

Licorice naked — Glycyrrhiza glabra L. a perennial herbaceous plant up to 110 cm in height. The plant
contains alkaloids, cumarins, tannins, flavonoids, essential oil, vitamin C. It is used both in official and in
folk medicine for diseases of the upper respiratory tract, as an anti-inflammatory, is part of diuretic and laxa-
tive fees, drugs in the treatment of gastric ulcer and duodenal ulcer, drugs affecting the adrenal cortex, drugs
used in the treatment of gastric ulcer, bronchial asthma, allergic dermatitis, eczema, etc.

Harmala vulgaris (adraspan) — Peganum harmala L. From the alkaloids of adraspan is received a drug
for the treatment of Parkinson's disease. In folk medicine, the broth is used for neurasthenia, epilepsy, malar-
ia, gastrointestinal diseases, syphilis, external-rtheumatism, skin diseases.

Hypericum perforatum L. is a perennial plant with an erect stem, 30-60 cm of height. The flowers are
large, yellow-golden, collected in inflorescences. It blooms from June to August. It has astringent, analgesic,
and hemostatic, antiseptic, urinary and choleric effect, improves appetite, enhances the secretion of digestive
juices. Hypericum oil dries, disinfects wounds, ulcers.

The Gmelin limonium — Limonium gmelinii (Willd.) Ktze. is perennial herbaceous plant. It blooms in
July-September, bears fruit in August-September. The roots contain up to 25 % tannins. It is recommended
for cultivation in culture on saline soils for industrial purposes. It is used in medicine as an astringent and
hemostatic agent and in gastrointestinal diseases. It is good honey plant, but with poor quality.

Oregano — Origanum vulgare L. is perennial wild herb. Oregano contains tannins, ascorbic acid and
essential oil (up to 1.2 %), which includes phenols, thymol, bicyclic sesquiterpenes and other odorous com-
pounds, flavonoids. Oregano has a calming effect on the central nervous system, increases the secretion of
sweat, digestive and bronchial glands, intestinal peristalsis.

Plantain — Plantago major L. is a perennial herbaceous plant with simple leafless stems 15-30 cm, and
short with numerous fibrous roots. Flowers are small, brownish. It blooms in June — August. Plantain leaves
contain glycoside aucubin, vitamins A, C, and K, choline, adenine, polysaccharides, saponins, organic acids,
etc. Leaves are recommended as an expectorant, anti-inflammatory and antimicrobial agent.

Bedstraw — Galium verum L. is a perennial plant with branched rhizome and straight branched stems
15-80 cm tall. Flowers are in a long thick paniculated inflorescence, bright yellow, with a honey smell. It
blooms from June to September. The leaves, flowers and squeezed juice from the leaves have various uses in
folk medical practice.

Yarrow — Achillea millefolium L. is a perennial herb, up 70 cm hight. It blooms from June to late
summer. The grass and inflorescences contain essential oil, volatile production, organic acids, astringents,
and other substances. Yarrow herb has anti-inflammatory, bactericidal, hemostatic, anti-fermenting, anti-
spasmodic and wound-healing effect.

Common chicory — Cichorium intybus L. is a perennial plant with a long branched stem root. Stems
are height up to 1.5 m, vertical, with hard hairs. It blooms from June to September. The flowers are blue,
sometimes with pinkish or white corollas, sitting in bundles of 2-3 in the axils of the leaves. As a medicinal
raw material is used whole plant. Drugs enhance cardiac activity, regulate metabolism, have antimicrobial,
anti-inflammatory, bile and diuretic, astringent, calming effect.

Dandelion ordinary — Taraxacum officinale Wigg. is a perennial herbaceous plant, about 30 cm tall.
The root is thick, 20-60 cm long. The leaves in the rosette are bare, with triangular lobes. The flowers are
golden yellow. It blooms from early May to September.

In medicine it is used roots, more less — leaves. The roots and grass of the plant are bitterness, stimu-
late the appetite and improve the activity of the gastrointestinal tract, have a choleretic and mild laxative ef-
fect in atonic constipation. The roots of the plant are part of the gastric and diuretic fees.

Conclusion

The studies drew attention to environmental factors, anthropogenic changes and the impact of climate,
environmental pollution, etc. The results of the study showed that the flora in the surveyed area of Karasai
rural district is 194 species from 132 genera and 44 families. The dominated by amount of species families
are Asteraceae Dumort — 33 species, Poaceae Juzz — 28 species, Fabaceae Lindl — 16 species, Lamiceae
Juss — 13 species, Rosaceae Juss — 11 species, Chenopodiaceae Vent — 12 species, Ranunculaceae Juss —
8 species, Liliaceae Juss — 6 species, Cyperaceae Juss, Iridaceae Lindl, Papaveraceae Juss — 5 species;
Brassicaceae Juss — 4 species, Cynomoriaceae Engl and Plantaginaceae Lindl — 3 species, the remaining
families contain 1 or 2 species. Dominants of the vegetation cover are 19 species. The vast number of species
is eaten by cattle, often mowed for hay, so a complete inventory and assessment of the current state of useful
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plants, preparation for each type of resource characteristics with optimal mode of use, development of
recommendations for the conservation and restoration of their natural populations is relevant.

References

1 Bropoe nammonansHoe coobmenue Pecry6mikn Kazaxcran Kondepennun cropon pamounoit kousennun OOH 06 n3mene-
HUH KJIMMaTa. MUHHECTEPCTBO OXpaHbl OKpyskaromieit cpexsl Pecrybnmku Kazaxcran. — Actana, 2009. — 192 c.

2 Orapp H.II. Tpanchopmanus 3KOCHCTEM B UX KOMIOHEHTOB: OCHOBHBIC TepMUHEI u oHsATHs / H.IT. Oraps, T.M. bparusna //
Tpancdopmarys 5KOCHCTEM U UX KOMIIOHEHTOB TIPH OITyCTBIHUBaHUU. — AnmaTtsl, 1999. — C. 28-32.

3 Aiinap6aesa JI.K. Kazakcranusiy naiinanst ecimaikrepi / JI.K. Aitnapbaesa. — Kaparanapr: Axayp, 2014. — 290 6.

4  PBaiitymur U.0. K npobneme coxpaHeHHs! XO3SHCTBEHHO-LICHHBIX peAkux BunoB pactenuit / M.O. baiirynun// U3sectus
HAH PK. Cep. 6uon. u mex. — 2008. — Ne 1(265). — C. 3-8.

5 EcnazapoBa Y.A. ®usnueckas reorpadus Kazaxcrana / Y.A. EcnazapoBa. — Anmartsr, 2001. — 255 c.

6 [bxanameBa K.M. ®msuueckas reorpadus Pecryomukn Kasaxcran / K.M. [xanamuesa, T.W. Bynaukosa, E.H. Bucenos,
K.K. JaBnerkanuea, N.W. JaBnsarmma, M.JK. XKanbac6aes, A.A. Haymenko, B.H. YBapos. — Anmartsr, 1998. — 266 c.

7  ATpOKIIMMaTHYeCKHH CIpaBOYHUK 10 AnMa-AtuHckoi obmactu. — JI.: T'uapomereomsnar, 1961. — 220 c.
8 Meroauka onpeneneHus 3amacoB JEKapcTBEHHBIX pacTeHuil. — M., 1986. — 50 c.

9 KpsutoBa W.JI. BiausiHHEe HEKOTOPBIX aHTPOIIOTEHHBIX (haKTOPOB Ha BOCCTAHOBICHHE LICHOIOMYIISINI JIEKAPCTBEHHBIX pac-
tennit / .JI. Kpsuiosa // Pact. pecypest. — CII6., 1994. — T. 30, Boim. 4. — C. 15-21.

10 Kopuarua A.A. BunoBoii (diopucTuaeckuil) COCTaB pacCTHTEIBHBIX cOO0IIECTB B MeTObI ero m3ydenus / A.A. Kopuarus //
ITonesas reo6oranuka. — M.; JI., 1964. — T. 3. — C. 39-60.

11 TlonstoBckas B.M. Yuer oOmius U 0COOCHHOCTH pa3MEIICHUs BHUIOB B CCTECTBCHHBIX PACTUTEIBHBIX cOOOMmIEeCTBax. /
B.M. Iloustosckast // TloneBast reodbotannka. — M.; JI., 1964, — T. 3.— C. 209-237.

12 ®nopa Kazaxcrana: B 9-tu 1. — T. 1-9 / 1. pen. H.B. I1aBnoB. — Anma-Ata: 3a-80 AH Ka3CCP, 1956-1966.

13 WnnroctpupoBaHHblii onpenenuTesb pacteHuii Kasaxcrana: B 2-x 7. — T. 1, 2. / B.I. 'onockoB. — Anma-ATta: U3n-8o AH
Ka3CCP, 1969. — T.1.— 644 c;—1972. — T.2. — 572 c.

14 BoixoB B.A. Ovepku ucropuu pacrurensroro mupa Kazaxcrana u Cpenneit Asum / B.A. BeikoB. — Anma-ATta, 1979. —
107 c.

15 BaiitenoB M.C. ®nopa Kazaxcrana. T. 1: WmocTpupoBanHblii onpeaenuTenb cemeictB U ponos / M.C. Baiitenos. — An-
maTtel: FeuieiM, 1999. — 400 c.

16 BaiitenoB M.C. ®nopa Kazaxcrana. T. 2: PogoBoit xommiekc ¢uopst / M.C. batitenoB. — Anmatsr: Feuteiv, 2001, —
280 c.

17 Kypouxuna JI.5. [lcammodunbHast pacTutensHOCTh IycThIHb Kazaxcrana / JI.S1. Kypoukuna. — Anma-Ara: Hayka, 1978, —
261 c.

18 ApsicranrammeB C. Ka3akcTaH eciMuikTepi araylapblHBIH Ka3aKIIa-OpbICHIa-JIaThIHINA co3/iri. CIoBaph Ka3aXxCKO-pyCCKO-
JIATUHCKUX Ha3BaHUH pactenuil Kasaxcrana / C. AprsicranranueB. — Kekmeray: Kenenrex—2030, 2013. — 220 6.

J.K. Aiinapbaesa, I'.A. lllonmnankynosa, A.ILIL [IlokanoBa

AJMaThI 00JIBICBIHBIH MAIaJdbI 6CIMAIKTEPi NOMYJIAUMACHIHBIH Ka3ipri
JKAFIAMbI 2KIHE 0JIAPAbI YIJIECTIpil KOJIIaHY KOJIapbl

Makamaga AjMaTel OOJIBICHIHBIH IIaiijaisl ©CIMAIKTEpiHIH Ka3ipri >KaFfaibIH 3epTTey HOTIKeNepi
KapacTeIpbUIFaH. 3eprreyne Kapaca3s aybUIIBIK OKpPYIBI TEpPUTOPHSCH KaMTBUIFAH. JlamanblKk 3epTTey
Marepuangaps! Herisinge 132 Tysic neH 44 TykbIMpacTaH TypaTelH 194 Typ KipeTiH TiziMzeri ¢iopaHbIH
Ka3ipri yakbITTarbl TYPJIK aiyaHTypiirrine Oara Oepinren. Typ caHbiHa OaiflaHBICTEI KeIl TaparaH
TYKbIMaAcTap: Asteraceae Dumort — 33 typ, Poaceae Juzz — 28 typ, Fabaceae Lindl — 16 Typ, Lamiaceae
Juss — 13 1yp, Rosaceae Juss — 11 1yp, Chenopodiaceae Vent — 12 1yp, Ranunculaceae Juss — 8 Typ,
Liliaceae Juss — 6 typ, Cyperaceae Juss, Iridaceae Lindl, Papaveraceae Juss — 5 TypaeH; Brassicaceae
Juss — 4 T1yp, Cynomoriaceae Engl xoue Plantaginaceae Lindl — 3 typnen xone T.6. lllen sxamMbuirst
apaceiHna 19 typ 6aceim 6omabl. Jopiik eciMaikTepiH 26 jkoHE Mal a3bIKTHIK OCIMIIKTEpAiH 56 Typiepi
TapajFaHbl aHBIKTAIABL. OCIMAIKTepAiH 0achIM Ke3JIeCeTiH TIpIIIiK (opManapsl KOIDKBULIBIK IIONTECiH
ecimuikrep — 172 Typ, onapAbIH imIiHAE BEreTalMsUIBIK Ke3eHi Y3aK KOIDKBUIIBIK MIONTEeCiH ociMIIKTep —
148 Typ, Oyramap — 14 Typ, >kapTiIail OyTanap MeH >kapThlIai OyrambIKTap 3 TypaeH, Oyra MeH aramrap 2
TYpIACH Typaabl. OciMaiK TypJepiHiH 6acklM KOMIIUTINIMEH Maj KOPEKTeHE[l jKoHe )KHi JKeM-IIeM peTiHae
OpbUIaJbl, COHJIBIKTAH Maimaibl ©CIMIIKTEpOiH Ka3ipri kargallblH TOJIBIKTal ecemke ajiy »oHe Oaranay,
OJIapAbIH TAOUFH MOMYJIALMSIIAPEIH KAIIbIHA KENTIPY XKOHE caKTay dJli KYHIe AeiiH MaHbI3Ibl.

Kinm co30ep: maiinanel eciMIOiKTep, Mall a3bIKTHIK ©CIMIIKTEp, AOpUIiK eciMaikTep, (iopa, HOMyJsuus,
JOMHMHAHTTap, KOIDKBULIBIK IONTECIH oCiMAiKTep, OyTanap, *apTeuiaid Oyranap.
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J.K. Arinapb6aeBa, I'.A. llonmankymnosa, A.ILI. [llokanosa

CoBpemMeHHOe COCTOSIHUE MOMYJISIIUA M0JIe3HbIX PACTEHUH
AJIMATHHCKOH 00/1aCTH M IIyTH UX COAJIAHCHPOBAHHOIO MCIIO0JIb30BAHUS

B craree 0000meHB pe3ynbTaTel IO W3YYCHHUIO COBPEMEHHOTO COCTOSHHSI MOJE3HBIX pacTEeHHi
AnmarnHackod obmactu. MccnemoBanneMm oxBaueHa Teppuropusi Kapacasckoro cenbckoro okpyra. Jlana
COBpEMEHHAsl OIleHKa BHJIOBOTO pa3HOOOpa3wsi (IIOpPHI, CIHCOK KOTOPOIl IO MaTepHalaM IOJEBOTO
oOcnenoBanus cocraBisieT 194 BunoB, otHocsamuxcs K 132 pogam u 44 cemeiictam. I1o koauyecTBy BUIOB B
ceMeiicTBax npeodnanaiot Asteraceae Dumort — 33 Buna, Poaceae Juzz — 28 Bunos, Fabaceae Lindl — 16
BU0B, Lamiaceae Juss — 13 Bunos, Rosaceae Juss — 11 Bunos, Chenopodiaceae Vent — 12 Buzaos,
Ranunculaceae Juss — 8 Bunos, Liliaceae Juss — 6 Bunos, Cyperaceae Juss, Iridaceae Lindl, Papaveraceae
Juss — 1o 5 BunoB; Brassicaceae Juss — 4 Buna, Cynomoriaceae Engl u Plantaginaceae Lindl — 1o 3 Buna
u ap. JloMHHAaHTaMH B PAacCTHUTEILHOM IIOKPOBE SBISIIOTCS 19 BumoB. BruiBieHO pacmpocrpaneHue Oolee
26 J1eKapCTBEHHBIX U 56 BUIOB KOPMOBBIX pacteHui. [Ipeobiagatomeii sxiu3HeHHOH (HOPMOIT SIBIISIOTCS MHOTO-
JICTHUKU — 172 BU/IOB, U3 HUX JUIUTEIILHO BEr€TUPYIOLUINE MHOTOJIETHUE TPpaBbl — 148 BUIOB, KyCTapHUKOB —
14 BUIOB, TOJyKyCTAPHUKOB M IMOIYKYCTApPHUYKOB — MO 3 BHIA, KyCTAPHUYKOB U JIEPEBHEB — IO 2 BHIA.
INonmapmsroniee KOMUYECTBO BUAOB MOEAETCS CKOTOM M YacTO BBIKALIMBAIOTCS Ha CEHO, TOITOMY MOJHAst
MHBEHTApH3aIMsl ¥ OLEHKA COBPEMEHHOTO COCTOSHMS MOJIE3HBIX PAcTeHHH, pa3paboTka peKoMeHIAIMil 1o
COXPAHEHHIO ¥ BOCCTAHOBJICHUIO X MPUPOJIHBIX MOMYJSILUIA aKTyalbHBI 110 CEH 1EHb.

Knrouegvie cnosa: mone3nnie pacTCHUsA, KOPMOBBIC PACTCHUS, JICKAPCTBECHHBIC PACTCHUA, q)nopa, TOITYJIsI U,
JAOMUHAHTBI, MHOTOJICTHUEC TPaBbl, KYCTaApHUKH, ITOJIYKYCTapHUKH.
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JAMHAMHUKA YHUCJIEHHOCTH Iyceil M Ka3apOK HA HEKOTOPBIX KJIHYeBbIX
MUTpanUOHHBIX YyacTKkax CeBepo-Ka3zaxcranckoi odacTu

CeBepo-Kazaxcranckast o0nacTp SBISETCS YHHKAIBHBIM YYacTKOM Ha IPOTSDKEHHHM BCETO CHOMPCKO-
Ka3aXCTaHCKO-4E€pPHOMOPCKO-CPEIU3EMHOMOPCKOTO MPOJIETHOTO IIyTH. 3[1€Ch €KETOJHO KOHLEHTPUPYIOTCS B
OOJIBIIINX KOJIMYECTBAX, KaK ITI00AIBHO YyIpOXKaeMBble, TaK M OXOTHUYBH BHIBI I'yCel M Ka3apoK BO BpeMs Be-
CeHHMX MUrparuii. MHOKeCTBO BOJOEMOB 00JIaCTH, a TaKkxke OOJNbINNE IUIOMIAAN 3e€MeNb, BO3JEIbIBACMBIX
JUISL BBIPAILIBAHUS 3€PHOBBIX KYJIBTYpP, CO3/al0T ONTHMAJbHBIE YCIOBHS ISl OTAbIXA U MOMOIHEHHs SHepre-
THUYECKUX 3aI1acoB MpeACcTaBUTENeN pacCMaTpUBAaeMOH rpymmbl NTHIL. B To e BpeMsl kK HacTOAIIEMy MOMEH-
Ty B JIUTEpAType OTCYTCTBYIOT CBEAEHMS O MECTaX OCTaHOBOK NTHUIl HA TEPPUTOPHU paccMaTpHBacMol 00-
JIACTH C OIIEHKOH TeX yCIOBHH, KOTOpBIE OMPENEIAIOT IPUIMHBI KOHLIEHTPAllUH B UX Ipejenax. B npeacras-
JICHHOH YHuTaTeNsiM paboTe IPHBOJUTCS XapaKTEPUCTHKA BYX KIIOUEBBIX MUTPAIIMOHHBIX YJacTKOB, PacIio-
JIaraloIuXcsi B CEBEPO-BOCTOYHON yacTu obnacTty. JlaHa nomHas Qusuko-reorpadudeckas, a Takxke MpUpOI-
Hasl XapaKTepHCTHKA KaXKA0T0 U3 HUX. B pa3pe3e KOHKpEeTHOH TeppuTOpHH NpuBeaeHa NH(HOPMAIHS O BUIO-
BOM CTPYKType, YUCICHHOCTHU I'yCed U Ka3apoK U e¢ JUHAMHUKE Ha BECCHHEM IIPOJIeTE 32 BOCBMHUIICTHUH Bpe-
MEHHOH nepuoj. BrlsiBIeHa U paccMOTpeHa pojb LUKINYHOCTU THAPOJIOTHYECKOTO PEXHMMA paccMaTpuBae-
MBIX Y4aCTKOB B IPOCTPAHCTBEHHO-OMOTOMMYIECKOM PACHPEEIeHIH, a TAKKe YUCIEHHON CTPYKTYpPBI ITHI] B
TOT i uHoH rox. [IpuBenena undopmanus no sugam u3 Kpacuoit kauru.

Kniouesvle cnosa: rycy, Kazapku, Murpanus, 4YMCJI€HHOCTb, IIJIOTHOCTh HACCJICHUS, KJIKOYCBbIC YUYaCTKU, MU~
I'palliOHHBIE OCTaHOBKU.

Bseoenue

Jlnst TeppuTOpHH JeCOCTENHOM 30HBI Ka3zaxcrana xapakTepHO HaM4ue OOJBIIIOTO KOJUYECTBA Pa3HO-
00pa3HbBIX 1O KadyecTBY BOMOeMOB [1], 4To co3maeT OJIarompusATHEIC YCIOBHS IJIsi OOUTAHUS W MUTPAIHOH-
HBIX OCTAaHOBOK NTHII BOJIHO-O0JIOTHOTO KOMIUIeKca. Eme croneTre Ha3aa 3To ObUT caMblil OOraThIld MO KO-
JIMYECTBY Tycel u yTOK pervioH EBpazum [2]. ExeronHo 37ech 3aroTaBIMBaIl COTHH THICSY SIUII IIPE/ICTABH-
TeJel yKa3aHHBIX TPYII, a TaK)Ke THICSYH JIMHAIOMMX U MUTpupyromux ntull [3]. Ho nagaBmeecs B XIX B.
XO3S5IICTBEHHOE OCBOEHHE PACCMATPHUBAEMON TEPPUTOPHH, CBSI3aHHOE C YBEIMYECHHEM YHCICHHOCTH Hacee-
HUSl, PACIIANIKOW IETUHHBIX U 3aJICKHBIX 3€MENIb U HEYMEPEHHOW OXOTOM, ONMPEACTHIIO 3HAYUTEIBHOE CO-
KpallieHHue KOJIMYECTBA THE3ISIMMUXCS U MPONETHRIX NThll. Tak, mo mueHuio FO.A. HcakoBa [4], k cepenuHe
XX B. pecypchl BOAOILIABAIOMINX NTHIT HA fore 3amagHoi Cubupu cokpatwiauchk B 20 pa3. MccnemoBanus,
npoBeicHHbBIE B iecocTenu Kazaxcrana B 1986—1988 rr., moaTBepauiin NpoaoKEHUE 3TOro mpoiiecca [5].

Y4uuThIBas TO, YTO COKPAIICHUE YMCICHHOCTH BOJOIUIABAIONINX MTHII MPOJOHKASTCS U MO0 HACTOSAIIEE
BpeMs [6, 7] u To, uto CeBepo-KazaxcTanckas 001acTs MpeACTaBISIET COOOM TEPPUTOPHIO, Yepe3 KOTOPYIO B
BECCHHEE BpeMs MPOXOJIUT 3HAYUTEIIBHBIN MTOTOK MUTPHUPYIOIMINX Ha ceBep ryceil u kazapok [8—10], u3yde-
HUE OCOOCHHOCTEW WX paclpe/IelieHUs] 0 TePPUTOPUM, MECT KOHIICHTPAIMH, YUCICHHOCTH U JTUHAMHUKU B
MHOTOJIETHEM acIleKTe, MTO3BOJIUT PEIINTh MHOTHE BOIPOCHI, OTBETA Ha KOTOPHIE 10 CHX IMOp HeT. B mporec-
€€ MOHHUTOPHHIOBBIX pa0OT, MPOBOAUMBIX HaMu 3a nepuon 2011-2018 rr., ObLT BBIABJICH Psi HOBBIX KJIHOYE-
BBIX MHUTPAIIMOHHBIX YYaCTKOB, KOTOPHIE MPEICTABISIOT COOON BaXKHOE 3HAYCHHE B JKU3HU NTUIl. B naHHON
paboTe pacCMOTPEHO COBPEMEHHOE COCTOSIHUE HEKOTOPBIX M3 HUX, a TAKXKE MX POJIb B COXPAaHCHHH OHOJIO-
THYIECKOTO pa3HOOOpasusl.

Mamepuanst u Memoowl uccied008anus

Marepuan cobpan aBTopamu B XOfe MoJieBbIX dkcneanuii B 2011-2018 rr., B pamkax peanuzauuu psi-
na mpoekToB: 2011 «Cokpamienne yrpo3 oT HeJIerajJbHOW OXOTHI TSl BOAOIDIABAIONINX NITHIl Ha ceBepe Ka-
3axctana» (AEWA/ACBK); MoHUTOpUHT KIIFOUeBBIX MecTooOMTaHui caBku B Kaszaxcrane (Conservation
Leadership Programme (CLP), Ornithological Society of the Middle East, the Caucasus and Central Asia
(OSME); «Pa3paboTka cCHCTeMBl MOHUTOPWHTA M YIPABICHUS MOMYJAIUSIMA OXOTHHYBHX W PEAKUX BOMIO-
iaBaromux ntuil B Kazaxcrane» (Komurer Hayku MOH PK); «Research on a Condition of Populations of
Geese and Brents during Migration and Nesting in the Conditions of the North Kazakhstan Area» (Rufford
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fund); «Pa3Butne cetn OepaBounnra B Ceepo-Kazaxcranckoil obmacti» (Kazaxcranckoe HallMOHaJIbHOE
reorpaduyeckoe odmiecTBo), Studying rare and hunting species of geese and branta in the North of Kazakh-
stan and creation of monitoring system and set of actions for their protection (Rufford fund). Studying the
states of populations of rare and hunting species of geese and branta in the North of Kazakhstan (using GIS
technologies, aerial photography and satellite telemetry) and creation of monitoring system and set of actions
for their protection (Komurer Hayku MOH PK). Bomns1mioii Bkiaa B cOop mpeacTaBIeHHOTO MaTepraia B pas-
HBIE TOJBl MOMHUMO aBTOPOB BHecnu mpenonaBarenn kadeapsl «buonorus» CKIY um. M. Kospibaea
(C.I'. T'aiigun, C.B. I'youn, A.B. KpacHukoB), a Taxoke corpyaauk Kazaxcranckoit Accounayy COXpaHeHus
ounopazHooOpasus A.1O. TumoreHko.

s OleHKY YMCIIEHHOCTH W OTPEeTIeHUs BUOBOTO COCTaBa MHUTPUPYIONINX CTall Tyceil W Ka3apok B
BECCHHUH MEPUOJI HCIIOIB30BAJICS METO/, M3JI0KEHHBIH B «HCTPYKIHSIX 1O MOJIEBOMY MOHUTOPUHTY TyCs
MUCKyIsKe» [11] M amanTHupoBaHHBIA HAMH JJIS TAHHOTO PETHOHA 1Mo3xe [5]. B 1emom, MeTonuka OCHOBBI-
BaJIach Ha MPSIMBIX OJICYETaX OOIIEro KOJUIEeCTBA IITHII (C MCIIOJIE30BaHNEeM OMHOKIICH M TIOJ30PHBIX TPYO),
BO BpeMs BBUJIETA U3 03€p B paHHHE YTPEHHHE U BEYEPHHE Yachl HA MECTa KOPMEKKH.

Peszynomamer ucciedosanus u ux obcysxcoenue

Boseviuenckuti muepayuonnsiti yyacmox. TeppuToprs paclojioKeHa B BOCTOYHOM dYacTH 0O0JacTH,
BIoJb rpanuilbl ¢ Poccuiickoii denepanueit (Omckas obnacts). OOIIas miIomaas UCIOIb3yEMbBIX TYCIMH U
Ka3apKaMH yYacTKOB cocTaBisieT okoJio 10,5 ThIC. ra, a B TOJbI O0IIET0 CHUKCHHS YPOBHS BOJIBI COKpAIaeT-
cst mo 1,5-2 Tpic. ra. OCHOBHYIO YacTh YIOJMH 3aHHUMAIOT CeIbcKoxo3sicTBeHHbIe (10 60 %), 3aceBaemble
NPEUMYIIIECTBEHHO 3€PHOBBIMU KYJIBTYypaMH, pexe parncoMm Brassicanapus W JIbHOM Linum usitatissimum.
Konku HemHOrOouuCIieHHbI. CTEIHBIC U JIYTOBBIC YYaCTKH COXPAaHWINCh B OKPECTHOCTSIX HACENICHHBIX MyHK-
TOB, BOKPYT APEBECHO-KyCTapHUKOBOW pacTUTeNbHOCTH. IloBepxHOCTH yuacTka cinaboBonmHuUCTad. B Becen-
Hee BpeMs B TIOHMKEHUAX penbeda 00pa3yroTcsi MHOTOUNCIICHHBIE pa3NuBbl. KpyHbIE BOJOEMBI TIPECTaB-
neHsl o3epamu AnbBa U Kenbrecop. [lepBoe — mpecHoe, OOpAIOPHO-KYPTHHHOTO THUTIA, C Y9aCTKaMU BHYT-
PUO3EpHBIX CIUIaBUH. B mepuoj BBICOKOrO ypOBHSI BOJHOTO 3€pKajia pPa3iMBAacTCs MO HU3MHE BOCTOUHEE C.
AnpBa, 00pa3ys MEIKOBOIBS BAOIEL Oepera. O3. KeabTecop — ropbKO-CONICHOTO THITA. MEITKOBOIHOE, C TI0-
smorumu Oeperamu. B 3acymnummBbie roJibl IDIOMIAIb COKpariaercs B 4—5 pa3. B MHOTOBOJHBIE pa3iuBaeTCH,
00pa3ys 0OJbIIKE TUIOINAAN METKOBOMH. OKPECTHOCTH B TAKUE TOJbI 3a00JI0UCHBI.

B nepuon murparuii 1aHHas TEpPUTOPHS MPEACTABISIET XOPOIINE YCIOBHS U OTABIXa H KOPMIICHHS
ryceii. Huskuii ¢axTop OECrOKOHCTBA, MHOYKECTBO PA3IHMBOB PSIIOM C KOPMOBBIMH IOJISIMHU, 00ECIICUHBAIOT
KoHIeHTpanuio ntul. Haunnas ¢ 2011 roga Ha nanHoM ydacTke yuteHo 212913 ocobeil yeThipex BHUAOB
rycel U Ka3apoK, Cpear KOTOPBIX 11oJisl BUA0B U3 KpacHoil kHUTH, B cpeHeM, cocTaBiseT 2,3 + 2,66 %.

Bo Bce roapr HaOMIOAEHNH TOMUHUPYIOIIEe MOJ0KEHHEe HAa MUTPAIMOHHOM y4YacTKe 3aHMMall OesoJio-
Oblii Tych Anser albifrons (puc. 1). Ero cpenusist exxeronHasi YnucieHHOCTb coctaBuia 29474 + 28051 ocoOb,
i 97,3 + 2,5 % oT 0011eli YNCICHHOCTH OCTaHABIMBAIOIIUXCS 3/I6Ch IITHI] PACCMATPUBAEMOM T'PYIIITHI.

MakcumanpHas ynucieHHocTs Buga otMedeHa B 2011 r. — 70200 ocobeii. Bropoe MecTo BO Bce roabl
3aHUMaNIa KpacHo300as Kazapka Branta ruficollis, moins KoOTOpoi B 0ONIMX CKOINICHUSX COCTaBHJIA
2,2+ 2,6 %. Ha ocranpHble BUABI T'yceil MPUXOAMUTCS HE3HAYUTEIBHOE KOJIUYECTBO, COOTBETCTBEHHO, HA
MUCKYNBKY Anser erythropus — 0,02 + 0,05 %, a Ha ceporo rycs Anser anser — 0,4 + 1,1 % (puc. 2).

CpenHsst eXerogHas IJIOTHOCTh MUTPHUPYIONIMX Tycell M Ka3apoK Ha BECEHHEM IIPOJIETE COCTaBMIIA
3456,4 = 3279,5 0c06./100 ra, a BunoB u3 KpacHoit kauru — 155,5 &+ 228,5 ocoOeii Ha Ty ke III0IIa b,

M3MmeHeHusT TUAPOJIOTHYECKOTO PEXKHUMA O3€pP HEMOCPEACTBEHHO OTpaXaeTcs Ha YHCICHHOCTH
OCTaHaBJIMBAIOIINXCS MPECTaBUTEIEH paccCMaTpUBAaEMBIX TPyMIl. Tak, B TOABI OOIMIET0 CHIKEHUS YPOBHS
BoaHoro 3epkana, ¢ 2011 mo 2015 rr., Ha o3. KenbTecop oHa cunbHO cokpaTtunack. OgHaKoO, MOCTE €ro
OUYEPETHOTO HATIOJHEHHS W TIOCICIYIOIIEr0 BOCCTAHOBIICHUS PACTUTEIBHBIX COOOIIECTB, BHOBBH CTaJIO
MIPUBJIEKATh OOJBITYI0 MAacCcy MHUTPHUPYIOMUX Tyced W kazapok. B 2018 r. 31ech 3aperucTpupoBaHO
PEKOPIHOE KOJUYECTBO ITHIT 3a Bce Toabl — 53684 ocobu. B MpOTHBOIIONIOKHOCTD MPEIBIIYIIEMY BOIO-
eMy, 03ep0 AJIbBa CIIY)KHT MECTOM OCTAaHOBKH 3HAYMTEIHHOT'O YHCIIA MUTPUPYIOIIUX MTHI] IMEHHO B TOJBI
JETPEeCCHH YpOBHS BOJAHOTO 3epKana. Ilo mepe HamomHeHWs KOTJIOBHHBI OHO yTPadyHWBaeT CBOE 3HAUEHHE
BBHJIy yCHJIMBAIOMIETO (haKkTOopa OECIIOKOICTBA CO CTOPOHBI PHIOOIOBOB. MakcHManbHAsE YUCICHHOCTh TTHII
Ha JaHHOM o3epe oTtMeueHa Hamu B 2011 u B 2012 rr., mo 70708 u 48772 ocobu cooTBeTCTBEHHO. MaKcH-
MaJbHOE KOJMYECTBO KPacH03000i kazapku Branta ruficollis Ha naHHOM BooeMe Takke oTMedeHo B 2012
r. — 3520 ocobeit, mmu 7,2 % oT 0011eii YHCIEHHOCTH BCEX BHIIOB T'yCEH.
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Pucynox 1. UncneHHoCTs rycelt ¥ ka3apok poja Anser u Branta
Ha Bo3BbIIeHCKOM MUTpanoHHOM yudacTke B 2011-2018 rr.

Jlong HaceneHus, %

: RN
2011 2012 2013 2014 2015

mAnsey 012 0,00 0,00 0,00 0,00 0,00 0,00
BAns.alb 9928 93.36 99.32 100,00 94.76 97.82 96.66
FlADS.ans 0,01 0,00 0,00 0,00 0,00 0,02 291
@Brruf 0.59 6.64 0.68 0,00 5,24 2,15 043

2018

mBrruf mgAnsans mAnsalb mAns.ery

Pucynok 2. CooTHOIIEHUE YHCIACHHOCTH T'ycel U Ka3apok poja Anser u Branta
Ha Bo3BrIeHCKOM MUTpannoHHOM ydacTke B 2011-2018 rr.

Cogsemckuii muepayuonnviii yuacmox. TeppuTOpusS HAXOIWTCS B LEHTPATBHONH YacTH OOJacTH B
npenenax 2 aAMUHHUCTPAaTUBHBIX paiioHOB: CmupHoBckoro u M. KymabaeBa. Ha 3amane kpaiiHeil Toukoit
sBisgeTcs ¢. Yepkacckoe, a Ha BocToke — c. Kockonb; Ha tore c. Kuposo, a Ha ceBepe — c. Tamanckoe. Ilo
IUTOLIAM 3aHUMaeT okoio 120 TeIic. ra M UMeeT cIabOBOIHHUCTYIO MTOBEPXHOCTH, C OOJIBIINM KOJIHMYECTBOM
HU3UH, 3aHATHIX 0010TaMu. B BeceHHMII mepuos Bce HU3WHBI, B TOM YHCIIE U B MpeAeiax 3epHOBBIX MOJIEH,
3aIOJHSIOTCS BOJOW M 00pa3yloT TYCTYIO CETh MEJIKOBOJIHBIX YYacTKOB, ONAarompUsTHBIX IUIsi OCTAHOBOK
ryceifi. B MHOroBozHble roisl paccMaTpuBaeMasi TEPpUTOPUS TPYAHONPOXOAMMA IJIi aBTOMOOMJIBHOIO
TPAHCIIOPTa, YTO IOBBHINIAET €€ 3HAYMMOCTh KaK KIIIOYEeBOW OCTaHOBKH. Kpome HHM3MH M 00I0OT mMMeeTcs
Oonee 20 METKUX W KPYMHBIX 03€p, MPEUMYIIECTBEHHO MPECHBIX, KOTOPHIE HCIOJIB3YIOTCS NTULAMH IS
HOYEBOK U OTAbIXa. ECTecTBEHHas APEBECHO-KYCTApPHUKOBAsl PACTUTEIbHOCTb HNPAKTUYECKU OTCYTCTBYET.
Brons nopor M uyacTHYHO MeEXIY 3€PHOBBIX IOJEH HMMEIOTCS JIECHBIE IIOJIOCHI. 3HAa4YMTENIbHAs YacTh
paccMaTpuUBacMO TEPPUTOPHU HCIIONB3YETCSl B CENLCKOXO3IWCTBEHHOM mpom3BoacTBe (okoino 70 %) u
MpeACcTaBiIeHa TMAallHed, 3aceBaeMOW 3EPHOBBIMH KyJIbTYpaMH, peXe MaciuuHbIMH. JKHBOTHOBOIACTBO
pa3Buto ciabo. OCHOBHYIO YacTh IIOTOJIOBbSl KPYIHOPOTaTOro CKOTAa M OBELl COCTaBISIOT J>KUBOTHBIE
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MECTHOTO HacesleHus. HaceleHHbIe MyHKTHI MPEUMYIIECTBEHHO MEINIKHE, 32 UCKII0UYeHUEM cel Yepkacckoe,
KortoBckoe u CoBeTckoe, MO3ITOMY CTEICHb XO3SHCTBCHHOI'O BIIMSHUS HACEJICHUS B IEPHOJ] BECCHHETO
MpoJjieTa Ha NTHIl MUHUMalbHas. Beero ma manHoM ydactke yureHo 159834 ocobu ryceit u kaszapok, cpeau
koTopeix 17336 ocobeit — 10,8 % — Bunbl u3 KpacnHoit kHuru. OOmas cpemHerogoBas IUIOTHOCTh

cocraBmia 58,8 = 81,3 0c06./100 ra.

[IpakTuueckn BO Bce ropl HaOmomeHus (3a wckimoueHueMm 2015 r.) muampyroliee MOJOKEHUE 10
YHCIICHHOCTH 3aHuMal 0enonoOblil ryck Anser albifrons. Bcero Ha JaHHOM ydacTke 3a § JeT HaOIoJeHui
yureHo 142492 ocoOu naHHOTO BHJA, 3 MaKCUMalbHas YHCIECHHOCTh oTMeueHa B 2018 r. — 54772 ocobu
(puc. 3). Ero gons B o0mIeM HacelCHUM OCTAaHABIUBAIOIIMXCSA 3[eCh TIyced W Ka3apoK COCTaBHIIA
82,8 £33,7 % (puc. 4). Bropoe MecTo 1Mo YHUCIIEHHOCTH 3aHUMAaeT KpacHo300as ka3apka Branta ruficollis. Ee
CpPEIHEro/oBasi JOJisi B CKOIUICHMSIX HE ImpeBblmaet 5,3 +6,5 %. UYucneHHOCTh OCTalbHBIX BUIOB

HE3HaUHUTEeIbHA (puc. 3).

HADS.ery 12 5 4 5 0
HAnsalb 5220 12000 | 24300 3200 0
# Ans.ans 0 8 4 13 10
®Br.ouf 140 550 35 130 0

oAbl

®Brouf AAnsans @Ansalb mAnsery

Pucynox 3. UncneHHOCTb rycelt ¥ ka3apok poja Anser u Branta
Ha CoBeTCKOM MUTpanroHHOM yuacTke B 2011-2018 rr.
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0,15

95.58
0,39
3,88

2015 2016 2018
0.00 0,02 0,00 0.05
0.00 93.84 95.18 79.54

100,00 0,00 0,00 0,02

0,00 6,14 4,82 2040
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Pucynok 4. CooTHOIIEHUE YHCICHHOCTH T'ycel U Ka3apok poja Anser u Branta
Ha CoBeTCKOM MUTpanroHHOM yudacTke B 2011-2018 rr.

B npeaciax pacCMaTpuBacMOro y4aCcTKa MOXXHO BBIJICIINTh HECKOJIBKO CaAMOCTOATCIIbHBIX, B IIPEACIax
KOTOPBIX U NPOUCXOAUT KOHLICHTPALIUA OCHOBHOM MacChI IOTHIT:
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—Jlemosxa. bpiBmas ¢depma cosxosza «Maiibansikckuin». PacmonoxkeHa B 6 KM K I0T0-BOCTOKY OT
c. CefihynuHO M CTONBKO ke Ha 3amaj oT ¢. Maiibansik. B HacTosIee BpeMsi COXpaHMIIUCH JTUIITH Pa3BaIMHb
3mannid 1 coopykenuit. C 2014 r., mo mMepe pocra o01eit 00BOAHEHHOCTH TEPPUTOPUN 00JIACTH, HAYAIOCh
3aMoJIHEHUE HU3UHBI, pacnosioskeHHO! B 100—-150 M k ceBepy U 3amagy oT pa3BaiuH. B mocnenyromue roast
chopMHUPOBAICS OCTOSIHHBIN BOJOEM, 00IIe TUIommaapio okoio 160 ra, MEIKOBOAHBIHN, C OOMIUPHBIMH OT-
METISIMU 1 TPSI3sSIMU. B ceBepHOH M 3aItagHoN YacTsax UMEIOTCS YIacTKu poro3a Typha angustifolia v kodek, a
BJIOJIb MOOEPEXbsl — 3apociiu «OyphbsiHa» Ha HeoOpabaThiBaeMBIX 3eMIISIX. B CHIly yka3aHHOTO M TOTO, YTO
BOKPYT HETO BIJIOTHYIO HaXOJATCS 3€PHOBBIE OIS, 3TOT BojoeM HaunHast ¢ 2016 . exkeroiHo sSBISIETCS Me-
CTOM MacCOBOHM OCTaHOBKHM Tyceil W Ka3apok. Bcero 3meck, HaunHas ¢ BecHbl 2016 1., 3apeructpupoBaHa
50891 ocobr mpencrtaBuTene 3 BHIOB W3 yKa3zaHHBIX Tpynn. CpemHss IDIOTHOCTh COCTaBIISET
10602,3 + 7912,6 0c06./100 ra. Yucnennocts Bu0B U3 KpacHOW KHUTH, IMOCEINAIONINX JAaHHYIO TEPPUTO-
pHIO U3 TOJA B O, HE CTAOWIIbHA, M MX JOJIS B CpeIHEeM He TpeBsimacT 4,5 + 3,9 %,.

— Komoscko-Cogemcxuti yuacmoxk. Teppuropust ot c. KotoBckoe m0 c. CoBerckoe (okoio 12 km),
mwionaneo 1200-1300 ra. OTcyTcTBUE OpYyTHX HAcEIEHHBIX IMyHKTOB, HU3Kas XO3IHCTBEHHAas aKTUBHOCTb
HaceJIeHHs, OOMITUE 03ep U OOJIOT, a TaKXKe HU3HMH C BOJOU U MPOCTO CHIPHIX, B COBOKYITHOCTH C JOCTYITHBIM
KOPMOM Ha TIOJISIX, PUBJICKAIOT CIO/Ia THICAYH Tyced. JlaHHBIM ydacTOK OOHapyXeH W 00clienoBaH HaAMU B
BeceHHUH mepuon 2018 r. Beero 3aeck yureHo 59043 ocoOu ryceil m ka3apok 4 BHIOB, Cpeau KOTOPBIX
14034 ocobu — Buasl u3 KpacHoil kHHrH: KpacHo300as Kazapka Branta ruficollis n muckynbka Anser
erythropus. BeposaTHel Bcero, JaHHBIM MUTPAIMOHHBIA yYacTOK HCIOJIB3YETCS NMTHUIAMU YK€ HE TIePBBIN
TOJ, HO BBHJIy BBICOKOH 3a00JI0UEHHOCTH TEPPUTOPUH B BECEHHHH MEPHUOJA U OTCYTCTBHE MPOE3KHUX JOPOT,
MOCETHUTH €T0 B MPEABIIYIIHE TOAbI HE MPEIOCTaBIISIIOCH BO3MOKHBIM.

— 03. Kapabyn u ezo okpecmuocmu. Bximodaer 03. Kapabyin miomanpio okono 80 ra, 6o10Ta 1 pas3mim-
BHI 1or0-BocTouHee ¢. CoBeTckoe | K 3amany ot ¢. CelidymuHo, obmiei miomanpio okoio 250 ra. Tepputo-
pHsl SIBJISIETCSI BaKHOW B 3aCyLUIMBBIE T'OJBI, KOTAa OOJbIIasl 4acTh BPEMEHHBIX BOJOEMOB mepechixaeT. C
2011 mo 2014 rr. 3meck otMeueHo 45625 ocobeit 4 BUAOB rycei u kazapok. CpeiHssl eKeroaHas INOTHOCTh
yYKa3aHHBIX TPYII Ha BOJOEMax IaHHOW TeppuTopuu cocraBuia 3456,5 +2875,04 0c00./100 ra. Makcu-
MaJbHa YMCICHHOCTh oTMeueHa B 2013 rogy — 24343 ocobu. B mocneayroniye rojpl, C MOBBIIICHUEM BOJI-
HOTO 3epKasia Ha 03. KapaOyn u n3aMeHeHneM CTPYKTYpHI €ro 3apocieid, BOJOEM YTpaTHiI CBOE 3HAUE€HHE KaKk
MUTPAIIMOHHASI OCTAHOBKA, B CBSI3U C Tepepacipeie]IeHHeM MTUI] Ha 0oJiee OIaronpusTHbIE YYacTKH C HU3-
KuM (akTopoM OecriokoicTBa. B Toxe Bpems psi pa3iauBOB M OOJOT, YIIOMSHYTHIX BBIIIE, TYCH MPOIOIIKA-
0T HCIIONB30BATh U B HACTOSIIIEE BPEMSI.

Raxnouenue

IToxBozs UTOTH, MOKHO OTMETUTH BBICOKYIO CTETIEHD TUIACTUYHOCTH MPEICTABUTENEH TyCel U Ka3apok,
MUTPUPYIOIINX Yepe3 TePPUTOPHUIO 00nacTu. B yacTHOCTH, pearupoBaHKe HA KaYeCTBEHHOE COCTOSIHUE BO-
JIOEMOB U OKPYXAaIOLIUX MX KOPMOBBLIX YYacCTKOB, OMPEICISIIOT MEepepaclpeaesieHue MTUIl U CTENEeHb HX
KOHIIEHTPAIMH. JTO, B CBOIO OYePEb, MPUBOIUT K TOMY, YTO OJIarONPHUATHBIE JJIT OCTAHOBOK B OJTHOM T'OTy
YYaCTKH, B CIEAYIONIEM YK€ MOTYT OBITh MEHEe MPHBJIIEKATENbHBIME. B pe3ynpTare 3TOro YMcIeHHOCTh Ty-
cell U Ka3apoK CUJIBHO CHIKAETCA WU OHU IMOJHOCTBHIO MOKUJAIOT TEPPUTOPHIO. ITO MOATBEPIKIACTCS pe-
3ylbTaTaMH BOCBMHJIETHHX YYETOB, OTPAXAIOMIMX CTPYKTYPY pacrlpeieNieHus, a TakKe YHCICHHOCTb Ha
KOHKPETHBIX MUTPAIIMOHHBIX Y9aCTKax B TOT WJIM MHOW roJl HaOIIOACHUH.
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Couaryctik KazakcTraH 00J1bICBIHBIH KelOIp Heri3ri KOHbIC yuyackeJepinae
Ka3/ap MeH Kapamakas3/Jiap CAaHbIHbIH JHHAMHUKACHI

Conrycrix Kazakcran o6mbIcH cibip-Ka3akcTaH-Kapa TeHi3-)KepOpTaTeHI3AiK YITy >KOIBIHBIH Oipereit Gemiri
Gonbin Tabbutabpl. MyHZQ XKbLT CallblH KOKTEMIi KOHBIC ayhapy Kes3iHae KazJap MEH Kapaurakasgap.blH
skahaHIBIK JKOMBUIBIT Oapa JXKaTKaH Typiepi MeH Oipre KociNTIK MaHBI3EI 0ap Typiepl Kell Meimepne
morbipianHanbl. OOIBICTEIH KONTETeH Cy KOoWMasapbl, COHAai-aK IoHMIl AaKbUIAApIbl Ocipy YILIIH OHIeNeTiH
JKepIepAiH YJIKeH allaHZapbl KapacThIPBUIBIT OTBIPFAH KYCTap TOOBI OKUIACpiHIH JAeMalbiChl MEH
SHEPTeTUKANIBIK KOPJIAPBIH TOJBIKTBHIPY YILIIH KOJNAWIBI jkaraail xacaitpl. COHBIMEH KaTap Kasipri yakbITTa
onebHeTTe KapacThIPBUIBIN OTBIPFaH OOJBICTBIH ayMarblHIa KYCTapJIbIH asyliaMa OPbIHAAPBI KOHE OJIap.IbIH
hIeriHAe IIOFbIpJIaHy ceOenTepiH aHBIKTAWThIH —LIapTTapiabl Oaranay Typajibl MOJIMETTEp JKOK.
OKbIpMaH/apFa YCHIHBUIFAH KYMBICTa OOJIBICTBIH COJTYCTIK-IIBIFBIC OOJIriHAe OpHAIACKAH €Ki Heri3ri Kemi-
KOH OeJiMIepiHiH cumaTTaMacsl Kenripineai. OxapibH opKaHCHICHIHBIH TOJBIK (H3NKAIBIK-TeOrpadHsIIbIK,
coHzaif-ak Taburu cunarramacel Oepineni. HakThl aymak ChI3BIFBIHIA TYP KYpPBUIBIMBI, Ka3gap MeH
Kapallaka3apAblH CaHbl KOHE OHbIH KOKTEMIi YUIYJarbl CEri3 >KbUIIBIK YaKbIT KE3CHIHAEri JMHAMMKAChI
Typanel akmapar KenTipinai. KeHiCTIKTiK-OMOTONTHIK —TapaTydarbl KapacThIPBUIATHIH  OeNiMASpAiH
THAPOJIOTUSIIBIK PEXHUMIHIH UMKIIUIKTIH, COHIai-aKk coj Hemece 0acKa JKbULAAFbl KYCTapIblH CaHIBIK
KYPBUIBIMBIHBIH POJIi aHBIKTAJIIbI JKoHe Kapayiabl. KpI3buT KiTanThlH TYpiiepi OOMbIHIIA aKmapaT KeITipiii.

Kinm ce30ep: Ka3map, Kapamiakasgap, KOII-KOH, CaHbl, TBIFBI3IBIK, TYHIHII ayMakTap, Kelli-KOH
asuIIaMaliaphbl.

I.A. Zuban, V.S. Vilkov, M.N. Kalashnikov, K.S. Zhadan

Dynamics of the number of geese and brant geese
in some key migration areas of the North Kazakhstan region

North Kazakhstan region is a unique area throughout the Siberian-Kazakh-Black Sea-Mediterranean flight
path. Here, both globally threatening and hunting species of geese and brant geese are annually concentrated
in large quantities during spring migrations. Many reservoirs of the region, as well as large areas of land cul-
tivated for growing crops, create optimal conditions for recreation and replenishment of energy reserves of
the representatives of the considered group of birds. At the same time, to date, there is no information in the
literature about the places where the birds stopped on the territory of the considered region, with an assess-
ment of the conditions that determine the causes of concentration within them. In the presented article the two
key migration areas located in the north-east part of the region are described. The complete physiographic, as
well as the natural characteristics of each of them, is given. In the context of a specific territory, information
is provided on the species structure, the number of geese and brant geese, and its dynamics at the spring time
over an eight-year time period. The role of the cyclical nature of the hydrological regime of the considered
areas in the spatial and biotopic distribution, as well as the numerical structure of birds in a given year, has
been identified and considered. Article contains information on species from the Red Book.

Keywords: geese, brant geese, migration, numbers, population density, key areas, migratory stops.
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I'eneTn4eckuii aHa U3 BUPYJIEHTHOIO reHa hghA
O0axtepum Pasteurella multocida

I'en hgbA nmeer ocoboe 3HaYeHHE Ui BBDKUBaHMA Oaktepuu Pasteurella multocida B xneTke y Xo3duHa U
COXPaHCHHS €ro NMaToreHHOCTH. ['eH hghA MOXeT UCIOIb30BaThCA B KAYECTBE MapKepa B SMUAEMUOJIOTHYC-
CKMX MOHHTOPHHTOBBIX HCCIENOBaHMAX. B xoxme skcriepuMenTtoB Obutn Hapadortansl [ILIP mpomykTsl rena
hgbA, KORMPYIOIIETO >KeJIe30CBA3bIBAIONIe OCIKH ISTH OaKTepHalbHBIX MTaMMOB Pasteurella multocida,
BEIJIETIEHHEIX OT caiirakoB B Kaszaxcrane. Boumm pacmmdpoBaHbl HYKJICOTHAHBIE MTOCIIEAOBATEILHOCTH TeHA
hgbA mrammoB Pasteurella multocida, BeineneHHbIX OT caiirakoB B Kazaxcrane. HykneoTumHas mocnenopa-
TeNbHOCTh TeHa hgbA ka3axcranckoro mTamma Pasteurella/Saigas/2011/ZKO/KZ Obina nemnoHHpoBaHa B
Mexnaynapoanyto 6asy GenBank mon momepom KT238895.1. CpaBHUTENbHBIN aHANN3 HYKJICOTHAHBIX MO-
cnenoBarenbHocTel TeHa hgbA Pasteurella multocida moxaszan, 4TO Ka3aXCTaHCKHE IITaMMBl OaKTepUH
Pasteurella multocida, seinenennsie B 2010, 2011 u 2012 rr. ugentuyHsl Mexxay coboit Ha 100 %. Hykneo-
THUJ/IHBIC TIOCJICIOBATEIIBHOCTH TeHa ighA Ka3axCTaHCKUX MTaMMOM Oakrepuu Pasteurella multocida moka3a-
m 99 %-Hyto romororuio co mrtammoM Pasteurella multocida Pm25 (AF331501.1) u3 MexaynapoHoii 6a-
361 GenBank. Ot uccnenoBanus HEOOXOAUMEI ISl BELSICHEHUS ITAaTOTeHe3a W POiM reHa /ghbA B KauecTBe
oJHOTO 13 ()aKTOPOB BUPYIEHTHOCTH Oakrepun Pasteurella multocida B MMMyHHOM IIpomecce.

Knioueswie cnosa: Pasteurella multocida, ren, [P, renetnyeckuii ananu3, GakTopsl BUPYJICHTHOCTH.

Beeoenue

Pasteurella multocida — ycnoBHO-TIaTOTe€HHAsI TpaMOTPHITATEIbHAST OAKTEPHsI, IOCTOSTHHO OOHTArOIIAS
Ha CIM3HUCTON 000JI0YKE BEPXHHX JIBIXaTENbHBIX MyTeH )KMBOTHHIX. bakTepus o01agaeT HECKOMBKUME (ak-
TOpaMHU BUPYJIEHTHOCTH (Karcyia, JePMOHEKPOTHYECKUI TOKCHH, aAT€3WHBI, IPOTEKTHHBI, THATYpPOHHAA3a,
KEJIe30TPaHCTIOPTUPYIOIINE MPOTEHHBI U ApP.), 0OYCIOBIMBAIOIINMHU €€ MaTOr€HHOCTD IS )KMBOTHBIX. ['e-
HoM Pasteurella multocida cocTonT U3 OTHON KOJBIIEBOM XPOMOCOMBI JUIMHOW B 2257487 map oCHOBaHHMH,
coaepxuT npubnusutensHo 2014 koaupyromux renos, 6 pudocomansueix PHK onmeponos u 57 tRNAs [1].

BakTepun mpou3BOAAT W BRICBOOOKAAIOT B OKPYIKAIOIIYIO CPELy MUKPOMOJIEKYINBI C PA3IMIHBIMU XH-
MHUYECKUMH CTPYKTYpaMH, U3BECTHBIE KaKk CHACPO(OpBI, KOTOPBIE CIOCOOHBI XeNaTHpoBaTh CBOOOIHOE JKe-
ne30. Cuaepodopsl Kak crienuduiyeckre 0EIKOBbIE PELENTOPhl YYaCcTBYIOT B MPOLIECCE MOTJIOMIEHHS JKee3a
[2]. U k guciry Takux cuuepo@opoB OTHOCHTCS TeMOTIIOOMH-CBS3BIBAIONTUI HAPYKHBIN OCIOK A, KOIupyro-
uicst TeHOM hgbA. DTOT TeH KoaupyeT OCJIOK, KOTOPHIH OTBEYACT 3a PETyIHPOBaHNE TeMOTIIO0NHA B Opra-

Hu3Mme [3].
Poinb xenesza B marorenese Pasteurella multocida ouenp BaxkHa [4]. CymiecTByeT JBa HE3aBHCHMBIX
MEXaHu3Ma TpuoOpeTeHus xeneza Oenkamu Pasteurella multocida. llepBpli MeXaHWU3M — KEJE30-

CBSI3BIBAIONIIE OCITKU 3KCIPECCUPYIOTCS Ha HAPY)KHOH MeMOpaHe OakTepuanbHOUN KIETKH, B3aUMOACUCTBYS
HETMOCPE/ICTBEHHO C JKEJIe30CBSA3BIBAIONIUM TIIMKOMPOTEHHOM. BTOpOii MexaHn3M — OaKTepuallbHbIe OCIKU
CBSI3BIBAIOTCS C TEMOTJIOOMHOM W T€MOTJIOOMHHHBIM KOMITIIEKCOM [5].

I'en hgbA nmeeT ocoboe 3HAUCHME IS BEDKUBaHUS Oaktepun Pasteurella multocida B KJIETKE y X035H1-
Ha ¥ COXpPaHEHHsI ero MaToreHHOCTH. [1o3ToMy 11enbIo JaHHO# pabOTHI ABISCTCS MPOBECHUE ICHETHYECKOTO
aHanm3a rera hgbA 6axrepuii Pasteurella multocida, BRIIENEHHBIX OT TABIINX caiirakoB B Kazaxcrane.

I'en hghA MOXeT UCTONB30BaThCS B Ka4eCTBE MapKepa B SIHJIEMHOJIOTHIECKUX MOHHUTOPHUHTOBBIX HC-
CJICJIOBAHHUSX.

Mamepuanvt u memoosi

B skcnepumenTte Obutn mcronb3oBanel JIHK mramMoB Oaktepuu poma Pasteurella, BbIACIEHHBIC B
Kazaxcrane: Pasteurella/Saigas/2010/ZKO/KZ, Pasteurella/Saigas/2011/ZK0O/KZ, Pasteurella/Saigas/2012/
Kostanai/KZ, Caiiraunii/88 n Catirauunii/88 (Tensuuii).
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Buioenenue JJHK. Brimenenne JJHK mpoBemeHO ¢ IOMOIIBI0 KoMMepueckoro HaGopa «DNeasy™
Blood & Tissue Kit (250)», dbupmsr Qiagen.

Ilposeoenue I1L[P. PeakiimoHHas1 CMECH ISl IIOCTAHOBKH PEAKIH COCTOSIIA U3 CIEIYIOMINX KOMITOHEH-
ToB: Master mix oowem 25 Mk, 10x ITHP 6ydep — 2,5 mxa, ANTP — 1 mxit, MgCl, — 1 mxur; 10 mmons F
npaitmep — 1 Mk, 10 mvone R mpaiimep — 1 Mk, 5 en. Taqg DNA Polymerase — 0,5 mxi; HyO — 13 Mk,
JHK — 3 wmkin. HapabGotka [I[P-npoaykToB npoBojeHa B TepMormkiepe GeneAmp PCR System 9700
(Applied Biosystems, CIIIA) cornacHo cienyrouiemy pexxumy amrummpukanuu: 94 °C — 3 muH, 35 nukd,
94°C —20¢,57°C—20¢, 72°C — 40 c u 72 °C — 7 muH. IIpu nocranoske [P 6b111 ucmons30Bansl
OTHTOHYK/ICOTHAHbIE mpaiiMepsr: hgbAs -5- TCA ACG GCA GAT AAT CAG GG -3' u hgbAa -5'- GCG
GGA ATG CTG AAG ATA AG-3'.

Onexmpogpopemuyecxkuti ananuz. TP mnpoxgykrer ammmudukanuu JIHK Oakxtepuu Pasteurella
multocida ananmm3uposansl B 1,5 % arapo3nom rene B TAE-Oydepe npu nanpspxenun 80 B/cM mmmHbI Tens,
B TeueHne 60 MUH ¢ JanpHelmiel nereknueit Ha TpaHcwuomuHaTope Gel ChemiDoc («Bio-Rad» CIIIA).
[ToyueHHBIE pe3yNbTaThl OBLIH BU3YAIU3UPOBAHBI U 3apETUCTPUPOBAHBI C TOMOILBIO TPOrpaMMbl «Quantity
Oney.

Onpedenenue HykreomuoHou nociedogamenvrocmuy. CeKBEHHIPOBaHNE MPOBEICHO METOIOM TUAE30K-
CHCEKBCHHPOBAHUS C HCIOJIb30BaHHEM TEPMUHHPYIOIIUX AHUAC30KCHHYKIeoTHIoB (Meron CeHrepa) Ha
aBToMaTtuieckoM 16-kammuisipHoM cekBeHaTtope Genrtic Analyser 3130x1, (Applied Biosystems, USA).
IMocnenoBarensHOCTh (parmentTa JIHK comepxana 2167 nap ocHoBanuii. HykieoTuaHas mocienoBaTeib-
HOoCcTh TeHa hgbA kazaxcranckoro mramma Pasteurella/Saigas/2011/ZKO/KZ Obina jaenoHuWpoBaHa B
MexayHaponHyto 6a3y GenBank mog nHomepom KT238895.1.

Pesynemamul uccnedosanus u ux oocyscoenue

Awmmundukanus reHa sighbA nposeaena B [11[P ¢ ucnions3zoBanuem npaiimepos hgbAs u hghbAa nins wvc-
cienyeMoro reHa. Pe3yibpTaTsl pencTaBieHbl Ha pUcyHke 1.
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M — Mapkep, 1 m.o., Invitrogen; OK — otpunarensHbli KOHTpoab; [ — mT. Pasteurella/saigas/2010/ZK0O/KZ;
2 — mr. Pasteurella/saigas/2011/ZKO/KZ; 3 — wir. Pasteurella/saigas/2012/Kostanai/KZ;
4 — mr. Caiiraunii/88; 5 — mr. Caiiraunii/88 (Tensumii)

Pucynok 1. Dnexrpodoperpamma ITP mpoxyxra rena hgbA (2167 1n.0.) Pasteurella multocida

Ha pucynke 1 mokazansl [1L[P dparmenTs! reHa hghA kazaxcTaHCKHMX IITaMMOB OakTepuu Pasteurella
multocida ¢ pazmepamu 2167 m.0. OnpenencHpl HYKICOTHIHBIE MOCICIOBATEILHOCTH HOdy4YeHHbIX [1I[P
MPOAYKTOB r'eHa hgbA. Bpil MpoBeJeH CPaBHUTENBHBIN MOJNEKYJIIPHO-TEHETHUECKHI aHAIN3 HYKJICOTHIHBIX
rmocnezoBaTeNbHOCTe TeHa hgbA ka3axcTaHCKMX ITaMMOB Pasteurella multocida ¢ naHHBIME 06a3bl
GenBank (puc. 2).
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Description Max score ;g:: S:veg vaIIEue Ident Accession

[] Pasteurella multocida strain PM25 HgbA gene, complete cds 3947 4720 100% 0.0 99% AF331501.1
[] Haemophilus influenzae strain NTHi2019 hemoglobin-haptoglobin binding proteir 2745 3263 90% 0.0 92% KC607496.1
[] Haemophilus influenzae Rd KW20, complete genome 2499 2499 75% 0.0 90% L42023.1

[] Pasteurella multocida subsp. multocida str. HBO3, complete genome 1989 2702 61% 0.0 98% CP003328.1
[] Pasteurella multocida 36950, complete genome 1989 2702 61% 0.0 98% CP003022.1
[] Haemophilus influenzae KR494, complete genome 1914 2432 71% 0.0 96% CP005967.1
[] Pasteurella multocida putative TonB-dependent receptor (hgbA) gene, complete 1882 2567 58% 0.0 98% AF237932.1
[] Pasteurella multocida subsp. multocida str. 3480, complete genome 1847 3127 88% 0.0 95% CP001409.1
[ Pasteurella multocida subsp. multocida str. HNO6, complete genome 1847 3127 88% 0.0 95% CP003313.1
[] Pasteurella multocida subsp. multocida str. Pm70, complete genome 1831 3083 88% 0.0 95% AE004439.1
[] Actinobacillus actinomycetemcomitans strain HK1002 hemoglobin binding proteit 193 193 34% 1e-44 71% AF359451.1

Pucynok 2. CpaBHUTEIbHEIHN aHan3 TeHa ighA ¢ nanasiMu GenBank

[MonyueHHBIe pe3ynbTaThl CPAaBHUTEIBHOIO aHAIM3a IOKA3alM, YTO HCCIEeIyeMble Ka3aXCTaHCKHE
mrammbl 1o reny hgbA wnentndnsl Ha 99 % co mrammom Pasteurella multocida Pm25 (AF331501.1),
a taoke Ha 98 % co mrTammamu Pasteurella multocida HB03 (CP003328.1), Pasteurella multocida 36950
(CP003022.1), Pasteurella multocida hgbA gene (AF237932.1).

Ha pucynke 3 mpezacraBieHbl pe3ybTaThl CPABHUTEILHOTO aHAIN3a Ka3aXCTAaHCKUX IITAMMOB MEXKIY
co001i ¥ ¢ TaHHBIMU MEXTyHapoHOH 6a3el GenBank 1Mo HYKJICOTHIHBIM TOCIIEIOBATENBHOCTSIM TeHa hghA.

396 200 210 120 130 110 150 160 170 180 180 50

169| CEGTTICTTCICAACAAGATGAGATGAATATTAAAGAGARALAART CGGIGAAACTGT GARAACGGCGAGT CARTTGARACGCCAGCAAGTACAGGATAGICGIGA]
P.m.hgbA_2011_KZ | 169| CEGITICTICICAACAAGATGAGATGAATATTAAAGAGARAAARGT CGGTGARACTGTGARAACGGCGAGTCAATTGARACGCCAGCAAGTACAGGATAGTCGIGE]
P.m.hgbA_2012_KZ| 321| CEGTITCTICTCARCARGATGAGATGRATATTARAGAG BTCGGTGAAACTGT GARAACGGCGAGT CARTTGAAACGCCAGCAAGTACAGEATAGT CGTGA
P.m.hgbA 88 KZ| 338| CEGTTTCTTCICARCAAGATCAGATCGAATATTALACAC BTCGGTGAAACTGT GARAACGGCGAGTCARTTGAAACGCCAGCAAGTACAGEATAGTCGTGA
P.m.hgbA_88/tel KZ| 47| CEGTITCTTCTCAACAAGATGAGATGANTATTALAGAGAANANAGTCGGTGAAACTGTGARAACGGCGAGT CARTTGAAACGCCAGCALGTACAGEATAGTCGTGA
P.m.hgbA_PM25 | 393 CEGTTTCITCTCAACAAGATGAGATGAATATTAAAGAGAARARARTCGET GAAACTGT GARAACGECGAGT CARTTGARACGCCAGCAAGTACAGGATAGTCGTGA)
P.m.hbA_36950 | 168 CEGTTTCTICTCAACAAGATGAGATGAATATTAARGAGARARARATCGGTGARACTGTGAAAACGGCGAGTCAATTGARACGCCAGCAAGTACAGGATAGTCGTGA]
P.m.hgbA_3480 | 168| CTGITTCTICTCAACAAGATGAGATGAATATTAARGAGARAAARET CGETGARACTGTGAAAACGGCGAGTCAATTGARACGCCAGCAAGTACAGGATAGTCGTGA]
P.m.hgbA_HBO3 | 168| CBGTITCITCTCAACAAGATGAGATGAATATTAAAGAGAAAANAAT CGGTGARACTGT GARAACGGCGAGT CARTTGARACGCCAGCAAGTACAGEATAGT CGTGA
P.m.hgbA_HNO6 | 168| CTGTTTCITCTCAACAAGATGAGATGAATATTAAAGAGAAAANABT CGGTGAAACTGT GARAACGGCGAGT CARTTGAAACGCCAGCAAGTACAGEATAGT CGTGA
p.m.hgbA_Pm70 | 168 CEGITTCITCTCAACAAGATGAGATGAATATTAAAGAGAARARARTCGGT GAAACTGI GARAACGGCGAGTCARTTGARACGCCAGCAAGTACAGGATAGICGIGA)

C 306| CCGTTITCTICTCARCALGATGAGATGARTATTALAGAGRARR L AAGTCGGTGARACTGTGARRACGGCGAGTCARTTGARACGCCAGCRAGTACAGGATAGTCCTGR
| |

503 GO0 G10 G20 30 40 650 60 §70 30 30
366 GIEGCARTTACAGTAGATGGCTTACATCAAGCAGARACCCTTTCITCICARGGET TTARAGARTTATTRGAAGGT TACGECARTTTTAACAATACCCGARY
P.m.hgbA_2011 KZ| 366\ GTEECAATTACAGTAGATEGCTTACATCALGCAGAANCCCTTTCTTCTCARGGETTTARAGALTTATTRGAAGGTTACGECAATTTTAACAATACCCGAAY
P.m.hgbA_2012_KZ| 518 GTECCAATTACACTAGATECCTTACKTCALGCAGARLCCCTTTCTICTCARGEITTTARACARTTATTECAACCTTACGECARTTTTAACARTACCCGARY
P.m.hgbA_88_KZ | 535 GTEGCAATTACAGTAGATGGCITACATCAAGCAGARACCCTITCTTCTCAAGERTTTAALGAATTATTRGAAGGTTACGGCARTTTTAACAATACCCEARY
P.m.hgbA_88/tel KZ| 244 GTEECAATTACAGTAGATEGCTTACATCALGCAGARNCCCTTTCTTCTCARGGETTTARAGALTTATTEGAAGGTTACGECAATTTTAACAATACCCGAAY
P.m.hgbA_PM25| 500| GTEGCAATTACAGTACATGECTTACATCARGCACARACCCTTTCTTCTCARGETTTTARACARTTATTECALGETTACCECARTTTTARCARTACCCCARY
P.m.hbA_36950 | 365 GTAGCAATTACAGTAGATGGCITACATCAAGCAGAAACCCTTTCTTCTCAAGECTTTAALGAATTATTCGAAGGTTACGGCARTTTTAACAATACCCEARY
P.m.hgbA_3480 | 365 GTEGCAATTACAGTAGATGGCITACATCAAGCAGARACCCTTTCTTCTCARGECTTTAALGAATTATTRGAAGGT TACEGCARTTTTAACAATACCCEARY
P.m.hgbA_HB03 | 365| GTAGCAATTACAGTAGATGECTTACATCAAGCAGARACCCTTTCTTCTCARGECTTTARAGARTTATTCEARGETTACGGCARTTTTARCARTACCCGARE
P.m.hgbA_HNO6 | 365| GIEGCAATTACAGTAGATGECTTACATCAAGCAGAAACCCTTICTTCTCAAGECTTTARAGARTTAT THGALGET TACGGCANTTTTAACAATACCCGARY
P.m.hgbA_Pm70| 365 GIEGCAATTACAGTAGATGECTTACATCAAGCAGAAACCCTTTCTTCTCAAGECTITARAGAATTATTEGALGETTACGGCANTTTTAACAATACCCGARY

C 593| GTGGCAATTACAGTAGATGGCTTACATCARGCAGARACCCTTTCTTCTCARGGTTTTARAGRATTATTTGAAGGTTACGGCAATTTTARCAATACCCGAAY
al 1

o10[ 810 920 930 910 950 960 970 380 EEl 1000
683] ARTGTTTGATGCATTGATTAT GCAET CTAAGCGACATGGACATGAATTAGAARRT TATGACTATARARATGECAGAGATATTCAAGGGARAGART
P.m.hgbA_2011 K7 | 683| AATGTITGATGCATIGATTATGCAETCTARGCGACATGGACATGAATTAGAANATTATGACTATARAAATGGCAGAGATATTCAAGGGARAGAAT
P.m.hgbA_2012_KZ | 792| AATGTITGATGCATIGATTATGCAETCTANGCGACATGGACATGANTTAGAANRTTATGACTATAAAAATGGCAGAGATATTCAAGGGAAAGAAT
P.m.hgbA_88_KZ | 852\ AATGTTTGATGCATTGATTATGCAETCTARGCGACATGGACATGAATTAGANART TATGACTATAAARATGECAGAGATATTCAAGGGARAGAAN
P.m.hgbA_88/tel KZ| 561 AATGTITGATECATTGATTATGCACTCTANGCGACATGGACATGAATTAGANANT TATGACTATAAARATGECAGAGATATTCAAGGGARAGAAN
P.m.hgbA_PM25 | 907| ARTGTTTGATGCATTGATTAT GCAETCTAAGCGACATGGACATGAATTAGANAT T TATGACTATAAARATGGCAGAGATATICAAGGGARAGAAN
P.m.hbA_36950 | 682 AATGTTTGATGCATTGATTAT GCATTCT AAGCGACAT GGACATGAAT TACANART TATGACTATARARATGECAGAGATATTCAAGGGAAAGAAN
P.m.hgbA_3480 | 682 AATGTTTGATGCATTGATTATGCATTICTAAGCGACATGGACATGAATTAGANART TATGACTATARARATGECAGAGATATTCAAGGGARAGAAN
P.m.hgbA_HBO3 | 682| AATGITIGATGCAT TGATTAT GCATTCTARGCGACATGGACATGAATTAGAAART TATGACTATARARAT GGCAGAGATATTCAAGGGAARGARN
P.m.hgbA_HNOG | 682| AATGTTTGATGCAT TGATTAT GCATTCTARGCGACATGGACATGAATTAGAARAT TATGACTATARAAAT GGCAGAGATATTCARGGGARAGALT
P.m.hgbA_Pm70 | 682 AATGTTTGATGCATTGATTAT GCATTCTAAGCEACATGGACATGAATTACANART TATGACTATARARATGECAGACATATTCAAGGGARAGAAN

Consensus | 910| AATGTTTGATGCATTGATTATGCACTCTARGCGACATGGACATGAATTAGARAATTATGACTATARARAT GGCAGAGATATTCARGGGARAGALT
|

]

SRS

Pucynok 3. CpaBHUTENBHBIN aHAIN3 HYKJICOTHAHBIX ITOCIIe0BaTeNbHOCTEN TeHa hghbA Pasteurella multocida
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[eHeTUYeckuin aHanu3 BUPYNeHTHOro reHa hgbA ...

ITo pesynbraTtaM CpaBHUTEIEHOTO aHaIM3a HYKICOTHUAHBIX IOCIIEAOBATEIBHOCTEW TeHa /hgbA BUIHO
(puc. 3), uyTo KazaxcraHckue ITamMMmbl Pasteurella/Saigas/2010/ZKO/KZ, Pasteurella/Saigas/2011/ZKO/KZ,
Pasteurella/Saigas/2012/Kostanai/KZ, Caiiraunii/88, Caiiraunii/88 (tensumit) umeror 100 % HIEHTUYHOCTH
Mexay coOoif. CaMbIM OTM3KOPOACTBEHHBIM K Ka3aXCTaHCKHUM oO0pasiaM okasajics mramm Pasteurella
multocida Pm25 (AF331501.1). Pasteurella multocida Pm25 (AF331501.1) u xa3axcTaHCKHE IITaAMMBbI OT-
JUYAIOTCS OT APYTUX mTaMMoB 13 0a3el GenBank Hammumem AByX HyKJIeoTHIHBIX 3aMeH: C Ha T B mo3uiuu
645 u T na C B nmo3unuu §11. IlItamm Pasteurella multocida Pm25 (AF331501.1) umeer ogHy HYKI€OTHA-
Hyto 3aMeHy A Ha T B mo3unmu 962 1o CpaBHEHHIO CO BCEMU HUCCICAYEMbIMU IITAMMAMH.

Ilony4yeHHBIC TaHHBIE CBHICTEILCTBYIOT O TOM, YTO T€H hgbA MOXET OBITh MCIIOIL30BaH B KauyeCTBE
OmoMapkepa I BBISBIICHUS BUPYJICHTHOCTH OakTepun Pasteurella multocida.

Baxnouenue

B pesynpTaTte nmpoBeaeHHBIX padoT OblIH HapaboTausl 1P nmpomykTel reHa hgbA, KOOUPYIOMIETO JKe-
JIE30CBSI3BIBAIONTNE OCIKM OaKTepHambHBIX MTaMMOB Pasteurella multocida, BRINEICHHBIX OT CaWTakoOB B
Kazaxcrane. PacmmdpoBaHbl HyKICOTHAHBIC IMOCIEAOBATEIILHOCTA TeHa /hghA Ka3axCTaHCKHUX IITaMMOB
Pasteurella/Saigas/2010/ZKO/KZ, Pasteurella/Saigas/2011/ZKO/KZ, Pasteurella/Saigas/2012/Kostanai/KZ,
«Caitraunii/88», «Cairaunit/88 (tensuuii)». [IpoBefeH cpaBHUTEIbHBIN aHAIN3 HYKJICOTHIHOMN MOCIe0Ba-
TENBHOCTH TeHa hghA mTaMMoB, BbIeIeHHBIX B Kasaxcrane co mrammamu Pasteurella multocida 3 mex-
nyHaponHoi 0a3el GenBank. BreisiBieHa TecHas pojoBasi CBSI3b MEXIy ITamMMmaMmu Oaktepuu Pasteurella
multocida, BeiaeneHHpIx ot caiirakoB B Kazaxcrane. Taxke onpenenena 99 %-Hast TOMOJIOTHS CO ITAMMOM
Pasteurella multocida Pm25 (AF331501.1) u3 mexxayHapoanoii 6a3si GenBank.

DTH uccneoBaHusS HEOOXOIUMBI JIJIS BBISICHEHUS [TaTOTeHe3a U POJIM reHa AgbA B KayecTBE OJHOTO W3
(haxkTOpOB BUPYICHTHOCTH OakTepun Pasteurella multocida B iMMyHHOM TIpo1iecce.
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Pasteurella multocida 6axrepusicbinbig hghA
BHUPYJIEHTTi T'€HIHIH NreHeTUKAJIBIK TAJIaybl

HgbA teni Pasteurella multocida OGakTepHsCHIHBIH >Kacyllaja eMip Cypyl MEH OHBIH MNaTOTCHIIIriH
caKTaybIHIa MaHBI3IBI 30p. HgbA TeHIH 3MUAeMUONOTHSIBIK MOHHTOPHHT 3epTTEyNIepiHe MapKep peTiHze
Konmanyra Oomamel. JKacamblHFaH OdKcHepuMeHTTEp OapbichiHAa KaszakcTaHmarbl KHIKTepAeH OeriHim
aneiaral Pasteurella multocida 6akTepusACHIHBIH OeC IITaMMBIH TeMipMeH OalIaHBICTBIPATBHIH aKybI3AapAbl
koxaraiTein hghA reninid IITP eniMaepi skacanasl. Kazakcranmarbl KHikTepAeH OeuiHin anbiaran Pasteurella
multocida mmramMmMmaapeiabiy AgbA TeHiHIH HYKICOTHATIK Ti30eri nedopmarmsiianasl. Kazakhstan Pasteurella /
Saigas/2011/ZKO/KZ umrammeiabie hghA rewiniy nykneoruatik Tiz6eri KT238895.1 nemipimen GenBank
XaNbIKapaiblk Oa3zaceiHa Tipkenni. Pasteurella multocida-aeiH hgbA TeHiHIH HYKICOTHITI Ti30EKTEpiHiH
canbicTeipMansl Tangaysl 2010, 2011 sxeme 2012 sxxk. Geminren Pasteurella multocida GaxTepusiCHIHBIH
Ka3aKCTaHIBIK mramMmaapsl e3apa 100 % Oipaeit exeHin kepcerti. Pasteurella multocida GakTepHsCHIHBIH
Ka3aKCTaHIBIK INTaMMBIHBIH /ighA TeHiHIH HykiaeoTuxaTik Tizoekrepi GenBank xamblkapaibslk MomiMeTTep
KopeHaH Pasteurella multocida Pm25 (AF331501.1) mrammser 99 % romomnorusicklH Kepcerti. By
3epTTeyiep UMMYHIBIK Kyiene Pasteurella multocida GakTepHsCHIHBIH BHPYJICHTTI (hakTOpIapbIHbIH Oipi
perinne hghA reHiHiH naToreHe3i MEH peJliH aHbIKTay YIIIH KaKeT.

Kinm ce30ep: Pasteurella multocida, ren, IITP, renetukanpik tannay, BAPYICHTTLUIIK GakTopiapsl.
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Genetic analysis of the hghA virulent gene of Pasteurella multocida bacterium

The hgbA gene has a particular importance for survival of Pasteurella multocida bacterium in a host cell and
maintenance its pathogenicity. The #ghA4 gene can be used as a marker in epidemiological monitoring studies.
During the experiments there have been processed PCR products of 4ghA gene coding iron-binding proteins
of five bacterial strains of Pasteurella multocida isolated from saigas in Kazakhstan. The nucleotide
sequences of hghA gene of Pasteurella multocida strains isolated from saigas in Kazakhstan have been
deciphered. The nucleotide sequence of the hgbA gene of the Kazakhstan Pasteurella/Saigas/2011/ZKO/KZ
strain was deposited into the GenBank international base under the number KT238895.1. The comparative
analysis of the nucleotide sequences of hghA gene of Pasteurella multocida showed that the Kazakhstan
strains of Pasteurella multocida bacterium isolated in 2010, 2011 and 2012 are identical among themselves
for 100 %. The nucleotide sequences of #gh4 gene of Kazakhstan strain of Pasteurella multocida bacterium
showed 99 % of homology with a Pasteurella multocida Pm25 (AF331501.1) strain from the international
base GenBank. These studies are necessary for clarification of pathogenesis and a role of ighA4 gene as one of
factors of virulence of Pasteurella multocida bacterium in immune process.

Keywords: Pasteurella multocida, gene, PCR, genetic analysis.
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Analysis of the vegetation cover status of the city of Karaganda

It was found that the damage to the soil cover is influenced by the operation of Combined heat and power
plant No. 3 (CHP-3) in the city of Karaganda, which is carried out on solid fuels (coal). In addition, direct
damage to the soil cover occurs during the movement of heavy transport (cargo transportation of fuel). The
object of research is located in the territory within which natural soils are degraded due to the impact of the
production activity of the enterprise, and also subject to physical pollution of the soil and vegetation. The
main source of physical pollution of land cover is CHP-3. Nickel excess was detected in Maykuduk, 500 m
south-west of CHP-3, 1000 m north-west of CHP-3, cobalt — in Prishakhtinsk, iron — in Maykuduk, 1000 m
north-west of CHP-3. An analysis of the vegetation of Karaganda showed a deterioration of the plants, a
slight growth, a decrease in the number of flowers, and early signs of wilting were observed. The vegetation
near the enterprise is represented by a rare and even coverage of unhealthy and unnaturally dried plants for a
given season.

Keywords: vegetation, CHP-3, heavy metals, maximum permissible concentration, environment, processes,
analysis, assessment, impact, pollution, territory, vegetation cover.

One of the significant factors influencing the ecology of the environment is human economic activity in
construction, industry, energy, agriculture. Energy production, after consuming a huge amount of fuel and
oxygen from the air to oxidize it, makes products in the form of electrical and thermal energy, and gaseous,
thermal and solid products of combustion of its waste [1].

When burning fuel, toxic products of incomplete combustion can also be formed in relatively small
amounts: carbon monoxide (CO) and some hydrocarbons. Emissions of TPPs operating on coal or sulphur-
ous fuel oil may contain metals that are harmful to health or the environment: arsenic, cadmium, mercury,
lead, thallium, chromium, sodium, potassium, vanadium, boron, copper, iron, manganese, molybdenum, se-
lenium, zinc and other complex polycyclic aromatic hydrocarbons (in particular benzopyrene), and in some
solid fuels — radioactive substances. In the presence of chlorine and fluorine salts in the coal, fumes of hy-
drochloric and hydrofluoric acids are contained in the flue gases. Metals are present in the ashes of coal and
fuel oil in different quantities and combinations.

An important role in the study of the effect of heavy metals on plants is played by the study of the pro-
cesses of their absorption and movement. Plants are able to absorb virtually all chemical elements from the
environment in larger or smaller quantities [2].

The diversity and environmental conditionality of the vital functions of plants allows us to consider
them as the main object of biological environmental monitoring. Plants are considered to be reliable indica-
tors of environmental pollution by various toxic substances due to the fact that they cannot escape from the
stressful effects, and are forced to adapt to it using physiological, biochemical, ultrastructural, anatomical
and morphological rearrangements. Therefore, the recording and assessment of these changes provide a reli-
able picture of the conditions of the area of plant growth and reflect the state of the environment [3].

The purpose of the article was to make a comparative analysis of the vegetation cover of the industrial
zone of the city of Karaganda.

Research methods

Three areas of the city of Karaganda were chosen for the work: Maykuduk (area of Combined heat and
power plant No. 3 [CHP-3]), Prishakhtinsk (Tikhonovka, Finskiy), South-East district.

Field studies were conducted, including the study of the territories of three areas and the collection of
plants growing there.

The selection of vegetation was carried out on the border of the buffer zone and beyond. To obtain
samples of plants at each waypoint, a combined sample of plants (no more than 100 g each) was taken from
an area of 100x100 m in varying degrees of distance and direction. Selected plants belonged to the same spe-
cies. Due to the widespread prevalence and high sorption properties, wormwood (g. Artemisia) was selected.
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Plants were cut at a place not lower than 15-20 cm from the ground level, which reduces the likelihood
of contamination of plants with soil dust. A general inspection of the object was carried out: the appearance
of the vegetation and the population density, based on visual depletion, or an abundance of species in the
selected area.

Analysis of vegetation samples was carried out at the Faculty of Chemistry, KSU named after
E.A. Buketov. A chemical analysis of the content of heavy metals in the soil was carried out on an AA
140/240 atomic spectrometer.

Results and its discussion

Karaganda region is located in three soil and plant zones. The north and northeast of the region is repre-
sented by a zone of grassland steppes with dark chestnut soils, the south by a semi-desert zone with light
chestnut soils and a desert zone with brown soils. A significant part of the vegetation of grassy steppes con-
sists of feather grass, wormwood and fescue.

The desert zone is represented by such plants as wormwood, hodgepodge, and stiff shrubs that do not
form a continuous cover.

The territory of Karaganda area belongs to the subzone of moderately dry steppes with dark chestnut
soils. The land in the area of the industrial site and in the adjacent territory is of low value and is not used for
agriculture. Soils are thin, usually loamy or sandy with admixture of detrital material and are mainly pastures
littered with stones.

The operation of CHP-3, which is carried out mainly on solid fuels (coal), implies a negative impact on
the environment of the area. Direct impact means the direct disturbance of the soil cover during the
movement of heavy transport (cargo transportation of fuel). It should also be taken into account that the
object of study is located in the territory within which natural soils are degraded due to the impact of the
production activity of the enterprise, and also subject to physical pollution of the soil and vegetation cover.
The main sources of physical pollution of land cover is CHP-3.

Analysis of samples of plant cover on the dry residue showed an excess of the MPC of substances such
as nickel, zinc, cobalt and iron (Table 1).

Table 1
The concentration of chemicals in plants of Karaganda
Hazard 500 m 1000 m 500 m 1000 m
Substance CleS to SWof | to SWof | to NEof | toNE of SE Tikhonovka | Finskiy | MPC
CHP-3 CHP-3 CHP-3 CHP-3
Nickel 2 13.59 7.49 7.85 1.17 1.11 0.78 0.91 4
Zinc 1 14.86 29.53 27.57 35.76 14.5 7.38 17.94 23
Cobalt 2 2.62 2.24 3.8 22.2 15.8 8.5 36.6 5
Iron 3 3.58 5.45 6.75 13.8 53 0.40 0.2 0.5

Nickel exceeded in Maykuduk, 500 m to the south-west of CHP-3 amounted to 3,397 MPC, zinc — in
Maykuduk, 1000 m north-west of CHP-3 to 1,554 MPC, cobalt — in Finskiy settlement to 7.32 MAC,
iron — in Maykuduk, 1000 m north-west of CHP-3 at 27 MPC (Table 1). The source of environmental pol-
lution by nickel was mining enterprises, thermal power station and motor transport.

The analysis of nickel content by areas of Karaganda is shown in Figure 1. Thus, in Maykuduk, 500 m
south-west of CHP-3, the nickel concentration was 13.59 mg/kg, 1000 m south-west of CHP-3 —
7.49 mg/kg, 500 m north-east of CHP-3 — 7.85 mg/kg, 1000 m north-east of CHP-3 — 1.17 mg/kg. In the
South — East and Prishakhtinsk, nickel concentrations were within the normal range.

Analysis of the zinc content showed (Fig. 2) that in Maykuduk, 500 m south-west of CHP-3 — the con-
centration was 14.86 mg/kg, 1000 m south-west of CHP-3 29.53 mg/kg, MPC 23 mg kg, 500 m to the north-
east of CHP-3 — 27.57 mg/kg, 1000 m to the northeast of CHP-3 — 35.76 mg/kg. In the South-East and
Prishakhtinsk, nickel concentrations were within the normal range. Zinc is the least toxic of all the heavy
metals listed above. However, all elements become toxic if contained in excess; zinc is no exception. The
physiological effect of zinc lies in its action as an enzyme activator.

An analysis of the cobalt content (Fig. 3) showed that no excess of cobalt was detected in Maykuduk, with
the exception of the area located 1000 m to the northeast of CHP-3, and was 22.2 mg/kg. In the South-East, on
Shakhterov Avenue, the cobalt concentration was 15.8 mg/kg, in Prishakhtinsk, Finskiy, 36.6 mg/kg.
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Figure 1. Nickel content in areas of Karaganda
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Figure 2. Zinc content by areas of Karaganda
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Figure 3. Cobalt content by areas of Karaganda

Iron plays the role of a catalyst in the formation of chlorophyll and is involved in the respiration of
plants, being part of enzymes that regulate redox processes. Analysis of the iron content showed (Fig. 4) that
in Maykuduk, 500 m south-west of CHP-3, the iron concentration was 3.58 mg/kg, 1000 m south-west of
CHP-3 — 5.45 mg/kg, 500 m north-east of CHP-3 — 6.75 mg/kg, 1000 m north-east of CHP-3 —
13.8 mg/kg. In Southeast, Shakhterov Ave. — iron concentration was 5.3 mg/kg. In Prishakhtinsk, the iron
content was within the normal range.

The vegetation cover of the studied area is poor due to intensive anthropogenic activity. The vegetation
cover is represented by the wormwood-grass associations, within the territories of the enterprises weed spe-
cies of the wormwood-saltbush association prevail.

The ability of plants to clean the soil from heavy metal ions is limited by many factors, such as the
availability of metal in the soil for uptake by plant roots, the rate at which it is absorbed by the roots, the
transport of metal from the root to the shoot, and the resistance of the plant.
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Figure 4. Iron content by areas of Karaganda

However, progress in this direction is still hampered by a lack of understanding of the physiological,
biochemical, and molecular mechanisms underlying the hyper-accumulation of heavy metals by plants. In
general, it should be emphasized once again that the increasing man-made pollution of the environment with
heavy metals is currently a serious environmental problem. Heavy metals in high concentrations are extreme-
ly dangerous for living organisms, including plants. Many of the metals have high mobility, are easily ab-
sorbed by plants and accumulated in them, and then through food chains enter the body of animals and hu-
mans. The increase in the content of heavy metals in the environment is accompanied by its increase in
plants and has a negative effect on their growth and development, which is an indicator of serious changes
and / or disorders of the basic physiological processes.

Heavy metals in high concentrations have a negative effect on plant development. The increase in their
content in the root zone leads to a delay in the onset of the next phenophases, slowing down of organogene-
sis [4].

Plants are considered to be reliable indicators of environmental pollution by various toxic substances
due to the fact that they cannot escape from the stress effect, and are forced to adapt to its using physiologi-
cal, biochemical, ultrastructural and anatomical and morphological rearrangements. Therefore, the recording
and evaluation of these changes provide a reliable picture of the conditions of the plant growing area and
reflect the state of the environment. The study showed that soil contamination with heavy metals causes a
disturbance of plant ecosystems. With a high content of heavy metals in the soil, the level of heavy metals in
plants increases, which leads to a negative effect on the physiological functions of plants.

The most common manifestations of the action of heavy metals on plants are inhibition of photosynthe-
sis, impaired transport of assimilates and mineral nutrition, changes in the aquatic and hormonal status of the
body, and growth inhibition.

Active migration from soil to plants occurs in metals such as iron, nickel, cobalt and zinc.

An analysis of the vegetation of Karaganda showed a deterioration of the plants, a slight growth, a de-
crease in the number of flowers, and early signs of wilting were observed. The vegetation near the enterprise
is represented by a rare and even coverage of unhealthy and unnaturally dried plants for a given season.

Thus, the active migration of such metals as iron, nickel, cobalt and zinc occurs from the soil into the
plants of the city of Karaganda. A high excess of the concentration of these substances in plants growing in
the study area was established.
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Kaparanabl KajacbIHbIH 6CIMIIK KaMbLUIFBICBIHBIH KAU-KYHIH TaJaay

Kaparauas! KanacbIHBIH KAaTThl OTBIHMEH (KeMip) >kyMbIc icTeiTiH XKDO-3-TiH TOmbIpaK >kKaMbUIFBICHIHBIH
Oy3bUTYBIHA ocep eTeTiHi aHbIKTanabl. COHBIMEH KaTap TONBIPAK >KaMBUIFBICHIHBIH TiKeJdeH OY3BUTYBI aybIp
TEXHOJIOTMSUIBIK KOJNIK KO3FaJbICHl Ke3iHne (OTBIHIBI XKYK TachIMasliay) OpBIH aiajbl. 3epPTTEy HBICAHBI
KOCIITOPBIHHBIH OHIPICTIK KBI3METIHIH ocep eTyi cajlapblHaH JeTrpajalysFa YIIbIparaH TaOUFU TOIBIPAKTap,
COHJaif-aK TONBIPAK-6CIM/IK JKaMBUIFBICBIHBIH (DM3MKAJBIK JIACTAHYbIHA YUIBIPaFaH ayMaKTa OpHaJacKaH.
TonbIpak-eCiMIiK >KaMBUIFBICHIHBIH ~(DM3MKANIBIK JACTaHYBIHBIH Heriri ke3gepine JKDO-3 xaramsl.
MaiikyablK ayaaHbIHIAa HUKENbAIH xorapel Meumepi JKO0-3 oxrycrik-6aTbicka 500 M, conrtycrik-0aThicka
1000 M, kobanbTTiH »)OFapsl Memiiepi — [IpUIIAXTUHCK ayAaHbIHAA, TEMIPAIH JKOFapbl MeIiepi —
Maiikynplk  aynasbiHga, JKO0-3  contycrik-0ateicka 1000 M KaIIBIKTBIKTa aHBIKTAIIbBL. Kaparasibl
KaJIAChIHBIH OCIMIIKTEpIHIH TaJgaybl OJIapABIH >Kai-KYHiHIH HamapiaybslH, ©CyiHIH TeXelyiH, TyJuep
CaHBIHBIH a3al0bIH KopceTTi. KocimophH MaHBIHIAFbI ©CIMAIKTEP CUPEK XKoHe OIpKeIKi eMec, KbUIIBIH KbIITbI
Mep3iMJepiHe KapaMacTaH, Kyprall KeTKeHI KOpCeTiIreH.

Kinm co30ep: ecimaixrep, XXD0, ayplp Meranmap, payaibl IISKTEYJi KOHLEHTpAIWs, KOpILIaraH opTa,
npouecrep, Tainjay, 6aranay, ocep €Ty, JacTaHy, ayMaK, ©CiMIiK )KaMbUIFBICHI.

[II.M. HyrymanoBa, A.E. CrapukoBa, M.A. Hopiiea

AHaJIM3 COCTOSIHUS PACTUTEJIBLHOI0 MOKPoBa ropoaa Kaparanael

YcTaHOBIEHO, YTO Ha HapyIIEHHE IMOYBEHHOTro MOKpoBa Biuser padora TOLl-3 r. Kaparangsl, koTopas
OCYIIECTBIISICTCS. Ha TBEPJOM Tomumse (yromns). Kpome Toro, HemocpencTBEHHOE HAapyIIEHHE ITOYBEHHOTO
TIOKPOBa IPOUCXOMUT TIPH JBIDKCHHH TSDKEJIOTO TEXHOJOTMYECKOTO TPaHCIOpTa (TPY30BBIE IIEPEBO3KH
torumBa). OOBEKT HCCIENOBAHUS PACIONIOKEH Ha TEPPUTOPHUH, B IIpEAeNax KOTOPOH eCTeCTBEHHO-
NIPUPOJHEIE TIOYBBl  JETPaJMpOBAHBI  BCICICTBHE BO3JCHCTBUS  IIPOM3BOJCTBEHHOH  IEATEILHOCTH
HPEINpPUATHS, a TAKKe IOJBEPKEHbl (DU3MYECKOMY 3arpsA3HEHHIO OYBEHHO-PACTUTENILHOrO IOkpoBa. K
OCHOBHBIM HCTOYHHMKAM (DM3HUECKOTO 3arpsi3HEHHs MOYBEHHO-PACTHTENBHOrO MOKpoBa oTHocutcst TOII-3.
Brrasneno npessliienne Hukens B Maiikyayke B 500 M k roro-3amany ot TOL], 8 1000 M k ceBepo-3amany oT
TOL-3, xobansra — B Ilpumaxrtuncke, xene3a — B Maiikyayke, B 1000 M k ceBepo-3amany ot TOLI-3.
Anamm3 pactutensHocTH T. Kaparangs! mokasan yXy/OUIIeHHE COCTOSIHUSI pacTeHHH, HEOOJBINONH HX pOCT,
YMEHBIIEHHE KOJHMYECTBA [BETKOB M PaHHUE IPHU3HAKH YBSAHUS PACTUTENHLHOCTH. PacTHTensHOCTH Giu3
TIPEANPUSTUS TIPEACTABICHA PEAKAM M PAaBHOMEPHBIM ITOKPBHITHEM U3 HE3JOPOBBIX M HEECTECTBEHHO HCCY-
IIEHHBIX JJIS1 JAHHOTO BPEMEHH I'0JIa PaCTeHUH.

Kniouesvie crosa: pacrurensHocts, TOLI, TsKensle MeTauIbl, MPEIEIbHO-A0MYCTHMAs KOHIEHTpALHs, OK-
pyKaromas cpeza, MpoLecchl, aHAJIN3, OLIEHKA, BO3/ICHCTBHE, 3arpsi3HEHUE, TEPPUTOPHS, PACTUTENIbHBII HO-
KpOB.
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Kapa xemicti meren (Aronia melanocarpa (Michx.) Elliott.) ecimairinin
IKCIVIAHTTAPBIH in Vitro KyJbTYPAaCbIHA €HTi3y

Makanana Kapa sxeMmicti mereH (Aronia melanocarpa (Michx.) Elliott.) ecimMairin in vitro KyabTypachHa
SHTI3y/iH HoTIKelepi OepinreH. MUKpOKIOHIB! KOOSHTYAIH OMOTEXHOJIOTHSUIBIK pETIaMEHTHIH JKacayna
Heri3 OonateiH (Aronia melanocarpa.) eciMairinia TyKeiMaapsl KazakcTaHHblH bac GoTaHUKaNbIK OarbIHAH
anbiHAbl. blnFan mepsurre TyKbIMmapnsl ecipy koHe S50 % ripmiitikke kabinmeTTi epkeHuepni anyra
MyMKiHIik Oeperin 7 muH Ooiibl 0,1 % HgCl, epiringicinne ecKiHIEpIiH aneKcTepiH 3alaliChbI3NaHIbIpy
JKaFmainapel TaHAaabpl. OCIMIIK MaTepUabIH in vitro KynbTypacklnaa 523 apHaiibl opTackiHaa dHIODUTT
uHpekuara Tekcepy apkpuibl 100 % acenTukainblk MaTepuan anbHAbL (Aronia melanocarpa (Michx.)
Elliott.) eciMairiHiH yITiCiHEH KacallFaH in Vifro aceNTHKAJIBIK KOJUICKIHACH MUKPOKIOH/IBI KOOCHUTY YIIIiH,
COHJaM-aK »dIMTaNbl TeliMOaKTapAbl OTBIPFBI3yZa KOHE TEHEeTHKANBIK pPecypcTapMeH —aiMacyna
KOJIIaHbLIaAbl. 3epTTeyiiep HOTIDKECIHAE Kapa XKeMicTi mereH (Aronia melanocarpa) eciMIITIHIH Kachll
OpKEHIEPl 3aTaJCHI3AHIBIPY YIIIH €Ki caThUIBl OHAeY KYprizinai. BipiHmi caTbina 3aanchi3gaHIbIpyIIbl
areHT peringe 70 % 3Tui cnupTi, exiHi catbiia 3 % CyAblH acKblH TOTBIFBI NMaijananbuiisl. COHBIMEH,
aCeNTHKAbIK Ta3a OCKIHAEpAI aly MaKCaTbIMEH Kapa keMicTi wmereHni (Aronia melanocarpa) in vitro
KyJbTYpachIHa SHTI3y YIIiH 3a1aJIChI3JaHIbIPYIbIH €Ki CaThIaH TYPaThIH €Ki TYPJI TOCili KOIJaHbUIABL.

Kinm ce30ep: Aronia melanocarpa (Michx.) Elliott., TyKpIMABI ©CipY, in Vvitro KylbTypachlHa €HTi3y, OPKEH,
TeaiMbaK, FeHETHKAIIBIK PECYPC, KEMIC, KOJUICKIHS, alleKCTep, 3aIalIChI3IaHAbIpY.

Kipicne

Kazipri TaHna FRUIBIMH-TEXHHKAIIBIK TPOTPECC KApKBIHIBI JaMyblHa OalIaHBICTHI, agam3aT eMipiH
JKaKcapTyMeH KaTap, TaOWFaTKa OpacaH 30p OpHBI TOJMAC 3UsSH TUTizyae. OChIFaH OailIaHBICTBI TYHHEKY31
XaJTBIKTAPBIHBIH aJIbIHA KOWBLUIFAH 0aCcThl MIiHJCTTEPiHIH Oipi KOpIIaFaH OpTaHbl TAOUFU KAJIIMBIHAA CaKTay
Oompin TaObUTambl. Kasipri TaHma TaOwraTka eTe JKOFapbl Kayill TOHAIPYIII aHTPONOTreHAIK (akTop
OosFaHIBIKTaH, OMOJOTHSIIBIK alyaHTYPJIUTIKTI cakTay €H HETi3Ti jKOHE ©3€KTi MocelenepiH Oipi OoJbIm
tabputanel. MyHBIH monem pertiame 1992 xeuel 5 minmpene Puo-me-XKameiipoma bipikken ¥Yarrap
Y WBIMBIHBIH KOH(PEPEHIUACHIHAA «BHOMOTHSITBIK aTyaHTYPIILTIK Typalibl KOHBEHIUS» KaObutaaHbl. OHBIH
0acThl MaKcaThl — OHOJIOTHSUIBIK QJTYaHTYPJIUTIKTI caKTay opi agam3aT KaKETTUTIKTepIH KaMTaMachl3 €Ty.
Aranran KonBennusara 180 MemitekeT Ko KOHIBL. bHoamyaHTYpIUTIKTIH KOFaM YIIIiH 3KOHOMHKAIBIK, Opi
FBUTBIMU MaHBI3bI 30p [1, 2]. COHFBI Ke3/1eTi KIIMMATTBIH 63repyl ®oHe TaOUFATTaFbl KAl TeIe-TCHIIKTIH
Oy3bUTYBl calgapblHaH ©CIMIIKTEp XaOBbIHBI, KaybIMIACTHIKTAPbl MEH KYPBUIBIMBIHBIH TyOereini esrepyi,
Keibip skarmadima Oenrimi Oip TypiiepaiH a3aliblll HE KOWBUIBIT KETyiHE albIl KeJedi. BHoIoTHsIIBIK
AyaHTYPJLTKTI cakTam KalyaelH OacThl OipHemie cebentepi Oap. CoHbIH Oipi Kasipri TaHmarbl OacThl
MakcaTThlH Oipi — aJaMHBIH KYHICTIKTI KaXKETTUINH eTeyre MaiJalaHbUIaThIH JKEeMiC-KUICKTI
eciMaikTepai cakranm Kamy. Kaszipri keszeri OMONOTHSUIBIK alyaHTYPJIUTIKTI CakTan KalyablH €H THIMI
omicTepiniy 0ipi — OMOTEXHOJIOTHUSIIBIK JKOIMEH MHUKPOKIOHIBI KOOCHTY o1ici 60mbIm Tadbans! [1, 3, 4].

Hezizei bonim

3epmmey maxcamor: Kapa xemicti mereH (Aronia melanocarpa) eciMAairi 3KCILIAHTTAPBIH in Vitro
KyJIbTypachlHa CHT13Y.

3epmmey Hvicanvl dcone 20icmepi: Kapa xemicti meten (Aronia melanocarpa) ecimairi boranuka
KoHE (DUTOUHTPOIYKIIUS MHCTUTYTHIHBIH KypaMblHIarel bac O0oTanuka OarbiHaH anbiHael. Kapa skemicTi
meteH (Aronia melanocarpa) eCiMIITI SKCIUTAHTTAPBIH in Vitro KyJIbTypachlHA €HTI3y KYMBICTaphl KaHTap-
aKImaH aijapblHAa KYPri3uimi. 3epTTey JKYMBICHI OapbhICBIHIA KECIMl aBIHFaH OlpKBUINBIK OpKECHICP
3epTXaHajlbIK >Kardgaiga ecipingi. Kapa skemicti merten (Aromia melanocarpa) eciMmuirin in vitro
KyJIbTypachblHa €HTI3Yy VIIIH KaHTap-aKmaH aimapeiHga emmemuaepi ImamameH 35-40 cM  Oip>KBUIIBIK
OpKEHIep KeCill ambIHAbI. bipKBUINBIK OpKeHAep IMaH-TO3aHHAH apbUITy YINiH, aagbIMEH, CAaOBIHILI CYMEH,
KeWiH KypambiHAa Xjiopsl O0ap «benmsnaneiny 1:10 KaThIHACHIHAAFHI epiTiHAICIMEH 7 MHH OOWBI ©HAECIII.
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«benu3HanbH» 1:10 KaThIHACKIHIAFBI CEPITIHIICIMCH OHJENTCH OpKEeHIEp KYOBIp CybIMEH OipHelie per
MIAWBLIBIT, SKCIDIAHT PETiH/e KONJIAHBUIATHIH OCKiHAep maiga O0oiybl yimriH 3—4 anTa OOWbl 3epTXaHABIK
Xarmaiaa cyna ecipunmi. BipKbUIABIK ©pKEHIEPiH Cylnapbl KYHJIE >KaHAPTBUIBIT OTHIPABL. BipKbIIIBIK
OpKeHAepAiH OypIUiKTepi OSHBIN, OYPILIIK aThIN MIBIFYHl YIIiH 0eJIMe TeMIepaTypachblHa CyFa CANbIHIBI.
Cyra canmac OYpbIH OIpXKBUIIBIK OPKEHICP/IIH KECUITEH JKepiiepi )KaHAPTHUIIBI, SIFHU KECUITEH JKEPJICH TaFbl
1-2 cM kecin anbiHBl. JKackll OpKEHIEPl aly YIIiH CyFa KOWBIIFAH Oip)KbULIBIK OPKEHIEP/IIH JKaF aibl
0aKbLIaHBII, Cybl KYH/IE KaHAPTBUIBII OTHIPAbL. ONUTKEHI 3epTXaHANBIK jKaFaaiia OipKbUIIBIK OpKEHICPICH
JKacbUl ©pKEHAEp, SFHHU SKCIUTaHTTap aily YIIiH cyFa caibll HeMece Mypacure-CKyr KOpPEKTiK OpTachlHAa
ecipy Ke3iHje CTpece )Karaaiibl TybIHAaHIb! [S].

3epmmey Homuocenepi ocone mankviiay. Kapa kemicti mereH (Aronia melanocarpa) —
paylaHTyIaiep TYKbIMIAChIHA )KaTaThIH KOIDKBUIABIK aramThl ociMaik. buikriri 10—-15 m (1-cyp.).

1-cyper. Kapa sxeMicTi meteH (Aronia melanocarpa)

KaOblrpl — CypFBUIT TYCTi, XKBUITHIP. JKambIpakTapbl KaybIPCHIH TOpi3li, KE3eKTecill OpHajacKaH.
JKanbipak cararbIHBIH Y3bIHIABIFEI 1,4-3,3 cM, ycak kanbipakrapbl oaerte 11-15-ten Gipre Typazasl. [Timini
KYMBIPTKA TOPi3/li, KaHIAYbIp CEKUIi. YTIKIp, )KHETi OTKIp apa TICTi, eKi OeTi TYKCi3, JKambIparbl COJFBIH
JKacbUl TYCTi, BUITBIP, KYpAeJi IIaThIpIIa T'YJ HIOFBl KbICKAa OYTarbIHBIH OachblHOa OpHAIACKaH, ryiaepi
YJIKEH, KOTl, TOCTaFaHIIIa JKaIlbIparbl, aK TYCTI 5, KyJTe KambIpakiiackl 5, atanbirsl 20—15. XKemici kimkeHe
map mimiHgec, Tyci KbI3bll. MaMbIp-MaychiM aiapbiaaa rymnaeiai. [yl maina, ak, KyJriH, KeI3bUT TYCTI
0ok keneni. MoHIak Tapi3ai, KbI3BUT TYCTI KeMici KpIpKYHeK aibiHa micin-xkerineni (2-cyp.) [6-8].

2-cypert. Kapa sxemicTi meteH (4ronia melanocarpa)
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Hopinik MakcaTTa jkaHaJlaH Y3UITeH XoHe KeTKeH xemictepi (fructus — Aronia melanocarpa (Michx.)
Elliott) maiimananputagel. Arain OyTarbIHBIH KypambiHga xunepud (Hyperin), skemiciHiH KypambiHaa
Butamud A, E, C jxoHe kapotun kesmeceni. JKemici ar3ara JOpyMEH JKETICIEreHIE, aCKa3aH KbIIIKbLIbI
azaifranza eMzik KacueTi 30p. bayblp, T aypymapeIH emzeyre, Hecel, oT aiijayra, OyHpeKKe koHEe KYBIKKa
OaifylaHFaH TacThl TYCIpyTe, il )Kyprizyre nanananazsl [9, 10].

IlleTeHHiH >xamblparbl, OYpIIiri, MIHIHIH KaOBIFBl Ja JOPUTIK INIHKI3aT PETIHAE MakigalaHbLIaIbl.
Keranmmauneipy canaceiHia MmETeHAI Imemene Topi3al (mram0O) mimnHge ae ecipeni. llleten arambiHaH
MY3BIKAJIBIK actiar xacayra 0onaabl. KaObFeiHaH opTyp:ai Oosynap anbiHaabl. [{iHiHIH KaOBIFBIHAH KBI3FBLIT-
KOHBIP TYCTi, OyYTarblHaH Kapa, ajl JKaIblparblHaH KOHBIP 00sty anbiHaas! [11].

3epTTeyiep HOTHXKECIHAE Kapa skeMicTi wmeteH (Aronia melanocarpa) eCiMAITIHIH JKacbll OpKEHACPI
3aJaNChI3AaHbIpy YIIiH €Ki caTbulbl eHAey Kyprizinmi. BipiHmi caTelaa 3amanchl3laHABIPYIIBI areHT
petiane 70 % 3THA cnUpTi, eKiHmn catbina 3 % CyIbIH acKbIH TOTHIFBI naiinanansuiasl [12—15]. CoHbIMeH,
aCeNTHKAJIBIK Ta3a OCKIHAEpAl aly MaKcaTbIMeH Kapa »kemicTi mereHai (Aronia melanocarpa) in vitro
KyJIbTYpachlHa €HTI3y YIIiH 3aJalChI3AaHbIPYIbIH €Ki caThIJaH TYPAThIH €Ki TYPJIi TOCLIl KONJaHbUIAbL:

a) [ Tocim — 70 % stun ciimpTinge 35 ¢ xoHe 3 % CyAbIH aCKbIH TOTHIFBIHAA 9 MUH OOIBI OHIIEY;

0) II Tocim — 70 % stun criupringe 30 ¢ sxoHe 3 % CyObIH aCKBIH TOTHIFBIHIA 9 MUH OOWEI OHICY.

BipiHmmi Tocin — 3epTXaHaNbIK JKaFaalia ecilm MIBIKKaH Kapa KeMicTi meteH (Aronia melanocarpa)
ockinaepi (emmemi 4-5 cM) Kecill allbIHBIN, CAOBIHABI CYMEH JKYBUIBIN, KYOBIp CybIMEH 3 peT KaWTayiamn
maieuibl. KelinaeH kapa sxemicti mereH (Aronia melanocarpa) ecimuirin 70 % stun ciupringe 35 ¢ xoHe
3 % cyTeKTiH KOC TOTBIFBIHIAZ 9 MUH OOWBI 3aJalChI3AaHIBIPy KYPri3uiii. 3aianch3IaHAbIpyIIbl areHT
KaJIJBIKTAPhIH A0 YIIH 3 peT 3ajlalIChI3AaHIbIPhUIFaH CYMEH IMAaWbUIABL. [n Vitro KyJbTypachlHa Kapa
xeMicTi nereH (4ronia melanocarpa) eciMIITIH €HT13y MaKcaThIMEH SKCIDIAHTTap bl 70 % 3THI ciupTiHIe
35 ¢ xoHe 3 % CYTEKTiH KOC TOTHIFBIHJA 9 MHH OOMBI 3aNalIChI3MaH/IBIPY KYPTi3iii. 3amanceI3aanpIphbUl-
FaH JKcIaHTTap KypambiHga 30 r/n caxaposa, 0,5 mr/m BAIL, 0,01 mr/n UMK, 3,6 r/n arap, 0,8 r/n
JoKenpaitt, optanbiH pH MaHi 5,7 neHreitinne 6omatein Mypacure-CKyr KOPEKTIK OpTachblHA OTHIPFBI3BUIBIIL,
3-4 anTa Ooibl OakbLIaHIBI. bakbuiay HOTMOKECIHAE OCKIHIEPHAIH KOOICIHIH JKachll TYCI CaKTaJIbL.
OKCIUTaHTTapFa BU3Yyanasl OaKplIay sKYprisreHne HHQeKuus Kykkanaapsl — 34 %, an tipurinikke KaOinerTi
sKcIaHTTap 66 % kepcerti. Hekposra ymrsiparan sxcmiantTap Oaiikanmans (3-cyp.).

A — acenTHKANbIK Ta3a 6pKeH; © — HEKPO3Fa IMAIABIKKAH KCIUIAHT;
b — canppaykys1akTsl HHQEKIHS KYKKAH SKCIUIAHT

3-cyper. Kapa sxemicTi meren (Aronia melanocarpa)eckiunepi in vitro KyJIbTypachlHa €HT13y

ExiHin Tocinm — 3epTXaHalbIK JKarJala oHil IIbIKKaH Kapa jKeMICTi meTeH (Aronia melanocarpa)
eckinaepi (emmeMi 5—-6 cM) Kecim ajbIHBIN, CAaOBIHABI CyMEH XYBUIBIN, KYOBIp CybIMEH 3 peT IailbuiIbl.
ApteHan 70 % oatun cnmptinge 30 ¢ skoHe 3 % CYTEKTIH KOC TOTHIFBIHAA 9 MUH OOHBI eHjemim,
3aJalChI3aHABIPYIIBl areHT KaJABIKTAphIH MIAI0 YIIH JUCTIIACHTCH CyMeH 3 peT MIalbUIIbl. 3allalichi3-
JaHIBIPBUFaH dKCIUIAHTTapAbl Kypambiaaa 30 r/m caxaposa, 0,5 mr/m BAIL 0,01 mr/n UMK, 3,6 r/n arap,
0,8 r/n mxenpaiit, opranbiH pH MoHi 5,7 nenreiiinge OomateiH Mypacure-CKyr KOPEKTiK OpTachbIHa
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OTBHIPFBI3FaHza, OipHelle anTafa ecKiHIepAiH KeOiCiHiH >KalblpaKTapbIHBIH TYCl, KOPEKTIK OpTaHBIH TYyCi
O3TCPMEHUTIHAIN aHBIKTAIALL. OJKCIUIAHTTApFa BU3YyaIAbl OakKpliay >KYPTi3reHzme, Kapa XEMICTi IIeTeH
(Aronia melanocarpa) eciMairiHIH HEKPO3Fa YIIbIparaH dKCILTaHTTapsl 33 % Kypazst (4-cyp.).
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4-cyper. Kapa sxemicti mereH (Aronia melanocarpa) KylbTypachlHa €HT'13y YIIiH
KOJIZAHBUIFaH 3aJIAJICBI3IAHABIPY TICUIICPIH CaBICTHIPY

Kopvimuinowbt

Kapa xemicti mereH (Aronia melanocarpa) eCIMAITIH in vitro KyabTypachlHa €HTI3y YIIiH Mypacure-
CKyr KOPEKTIiK OpTachlH MaliJalaHFaH KO

3epTTeynep HOTHXKECIHAE Kapa KeMicTi meteH (Aronia melanocarpa) eCIMAITIHIH KachlUl 6pKEHACPI
3aJIaNICBI3IAHABIPY VIOIH €Ki caThuIbl OHJEY JKYpri3inmi. bipiHmi caTeima 3aiaichI3aHIBIPYIIBI areHT
periame 70 % oTun crompti, exiHmi catbima 3 % CyOBIH acKblH TOTHIFRI MaigamaHeuiabl. COHBIMEH,
ACeTNTHKAJIIBIK Ta3a OCKIHAEPHl aly MaKcaThIMeH Kapa eMicTi meteHni (Aronia melanocarpa) in vitro
KyJIbTypachlHa CHTI3Y YIIiH 3aJIaJICBI3AaHABIPYIBIH €Ki CaThIIaH TYPATHIH €Ki TYPJIi TOCLTI KOMAAHBIIIBL:

I-Tacin — 3KCIIAHTTAPIBI in Vitro KyJIbTYpachlHa SHII3Y YIINIH 3a1aJIChI3AaHABIPYAbIH OIpiHII TOCLTIH
naiinananranaa nHQeKuus xxykkanaapsl — 34 %, aji TipHiiiikke KabijeTTi skciuianTTap 66 % KepceTTi.

[I-Tocin — in vitro KynbTypachlHa €HTi3y VIIiH 3aJaJIChI3AaHIBIPYABIH EKiHIII TOCITIH MaiaaianFania
HEKpo3Fa yibiparannap — 33 %, an tipurinikke kabinerTi akcmiantTap 67 % kepcerti. MHbeKIus XyKKaH
ocKiHaep OarKaaMabl.

JKyprizinreH 3epTTey HOTHXKENEPiH MEKTEN OKYIIBUIAphIHA OWOJIOTHS, 3KOJOTHS IMOHJCPIH OKBITYIA,
OCIMIIKTEpAIH OMOAIyaHTYPJIUNrH KaHIal oiC-TOCIIAEPMEH CaKTaJaThIHBIH TYCIHAIPYIE, DKOJOTHSIIBIK
TOpOMECIH KAIBIIITACTRIPY/Ia A aTanyFra 00IaIbl.

OnedueTTep TiziMi

1 KoHBeHuus 0 OHONOrHYECKOM pa3sHooOpasuu: Jleknapaiyy, KOHBCHIMH, COTJIAIICHHS M JPYrHe IPaBOBbIC MaTepHalibl
[3nexTponusii pecype]. — Pexxum noctymna: http:// www.un.org/ru/documents/decl_conv/conventions/biodiv.shtml (11.06.2016).

2 ®nopa CCCP. B 30-tu T. — M:. U3n-80 AH CCCP, 1958. — T. 23. — C. 467-573.

3 Jepesss u kycrapauku CCCP. Jlukopactyuiye, KyJIbTHBUPYEMbIC U MEPCIEKTUBHBIC A1l HHTpoayKimu. — M.; JL.: 3n-Bo
AH CCCP, 1962. — T. VI. Ilokpsitocemennsle. CemelictBa Posousernsie.— C. 211-299.

4 PomanoBa H.I'. Ilmonel GospbliHMKAa M PAOMHBI — IEPCIEKTUBHBIA CHIPHEBOH HCTOYHHUK [UIS CO3JaHHS MPOIYKTOB
¢ynxumonansHoro utanus / H.I'. Pomanosa // Joctikenus Haykn u TexHuku AIIK. — 2008. — Ne 9. — C. 59-62.

5 Typosa A.Jl. JlekapcrBennsie pactenust CCCP u ux npumenenue. — 4-e u3n. / AJ[. Typosa. — M.: Meaununa, 1974. —
C. 180-251.

6 MesstoB A.C. ITnonosoncteo / A.C. [leBsatoB. — Munck: Ypamxkaii, 1986. — 280 c.
7 Coxonos C.f1. ®utorepanus n purodapmaxonorus / C.5. CokonoB. — M.: Men. nadopm. arentcrso, 2000. — 147 c.

8 Typosa A.Jl. JlekapctBennsie pactenuss CCCP u nx npumenenne. — 4-¢ uza. crepeorun. / A.Jl. Typosa, 3.H. Canoxuu-
KoBa. — M.: Menununa, 1984. — 304 c.

Cepus «bronorusi. MegmuuHa. Meorpadusi». Ne 2(94)/2019 133



A. Cmaranu, H.A. CanapbaeBa

9 Mamxkogckuit M.Jl. JlekapctBennbie cpeacta / M. JI. Mamkosckuit. — M.: HoBas BoxHa, 2005. — 1200 c.
10 Ilerpoma B.II. luxopacrymue mioas! u sirogst / B.IT ITetpoBa. — M.: JlecHast mpOMBIIIIEHHOCTD, 1987. — 248 c.

11 Murashige T.A. Revised medium for rapid growth and bioassays with tobacco tissue culture / T.A. Murashige, F.A. Skoog //
Physiol. Plant. — 1962. — Vol. 15. — P. 473-479.

12 Viss P.R. A simplified method for the control of bacterial contamination in woody plant tissue culture / P.R. Viss,
E.M. Brooks, J.A. Driver // In Vitro Cell. Dev. Biol. — 1991. — Vol. 27. — C. 42.

13 Jlakuu I".®. buomerpust. — 4-¢ w3a. / ['.®. Jlakun. — M.: Beicm. mik., 1990. — 213 c.

14 Arena M.E. In vitro propagation of Berberis buxifolia Lam. / M.E. Arena, G.M. Pastur, G. Vater // Biocell issn. — 2000. —
Vol. 24(1). — P. 73-80.

15 Aszaposa O.B. IlepcreKkTHBEI HCIIOIB30BaHUS MUKPOKIOHATEHOTO Pa3MHOKEHHMS I KycTapHUKOBEIX mopox / O.B Asapoga,
A .. T'pomoBa // CoBpeMeHHast HayKa: TeOPETHIECKUH 1 pakTudeckuii B3rmsag. — 2015. — C. 43-46.

A. Cmaramu, H.A. CanapbaeBa

BBenenue B KyJbTYPY in vitro 4epHONJIOAHON PSAOUHBI
(Aronia melanocarpa (Michx.) Elliott.)

B cratpe mpuBeneHBI pe3yabTaThl IO BBEACHUIO B KYJIBTYPY in Vitro YepHOIUIONHOW psOUHEI (Aronia
melanocarpa (Michx.) Elliott.). Cemena Obin nommydens! u3 ['maBHoro 6otanudeckoro cana r. Anmartsl. [o-
J0OpaHbl YCIOBUS IPOPAIIMBAHKS CEMSH BO BIAXKHOM IIEPIIMTE U CTEPIIIH3AINN alleKCOB II00ETOB B PacTBO-
pe 0,1 % HgCl, B Teuenue 7 MuH, nosposstomue nosydars 50 % xuzHecnocoOHbIx noderos. [Iposepka pac-
THTEIBHOTO MaTepuana B KyJbTYpe in Vitro Ha Haauuue >HAOGUTHONH MH(EKUMM Ha CleHUaIN3UPOBAaHHON
cpene 523 nozBomnuna nomyduts 100 % acentuueckuii Mmatepuan. J{jis MUKpPOKIOHAIBHOTO Pa3MHOXKEHHS HC-
HOJIb30BAJIM PACTEHHS, B KOTOPBIX MHOUIMPOBAHHOCTh OblIa UCKIIIOUCHA. ACENTHYECKHE T0OErH I1accupoBa-
T B MQJUKEHTHI Ha CBEXKYIO MUTATEIFHYIO Cpey A Pa3MHOXKEHUS ¢ HHTepBasioM 3—4 Henenn. Cieayommm
9TanoM Hamreil paboThl OyIeT ONTUMHU3ANIUS MUTATENBHBIX CPe Al YCKOPEHHOTO MHUKPOKJIOHATBHOTO pas-
MHOXeHus1 Aronia melanocarpa (Michx.) Elliott. Tlonyuennas komexunst Aronia melanocarpa (Michx.)
Elliott. B KynbType in vitro IOCITYKHUT OCHOBOH JUIS IPOBEAEHHS IIMPOKOTO CIIEKTPa OHOJIOTHYECKHUX HCCIe-
noBaHuit. Cpean HUX pa3paboTka HaJEKHOW METONOJIOTHH COXPAaHCHHUS TeHETHYECKHUX PECYPCOB, 0COOCHHO
PEAKUX U MCYE3AIOLINX BU/IOB C BO3MOYKHOMU MOCIEAYIOIEH HX PENHTPOAYKIMEH B €CTECTBEHHbIE MecTa 00u-
TaHHs.

Knioueswie crosa: Aronia melanocarpa (Michx.) Elliott., npopaiuBanue cemsiH, KyJlbTypa in vitro, mooer,
MTHUTOMHHK, TeHETHYECKUE PECYPCHI, TIO0/bI, KOJUICKIIHS, alleKChl, HHHUIPOBaHHUE.

A. Smagali, N.A. Saparbaeva

Introduction to culture in vitro of Chokeberry
(Aronia melanocarpa (Michx.) Elliott.)

In the article the results of the introduction to culture in vitro of Chokeberry (Aronia melanocarpa (Michx.)
Elliott.) are presented. Seeds were obtained from the Main botanical garden in Almaty. The conditions for
seed germination in wet perlite and sterilization of shoot apexes in a solution of 0.1 % HgCl, for 7 minutes
were selected, allowing 50 % of viable shoots to be obtained. Inspection of plant material in vitro culture for
the presence of endophytic infection on a specialized medium 523 yielded 100 % aseptic material. For
microclonal propagation, plants were used in which infection was excluded. Aseptic shoots were passaged in
magenta on fresh nutrient medium for reproduction with an interval of 3—4 weeks. The next stage of our work
will be the optimization of nutrient media for accelerated microclonal reproduction Aronia melanocarpa
(Michx.) Elliott. The resulting collection Aronia melanocarpa (Michx.) Elliott. in an in vitro culture will
serve as the basis for a wide range of biological research. Among them the development of a reliable
methodology for the conservation of genetic resources, especially rare and endangered species with the
possible subsequent reintroduction into natural habitats.

Keywords: Aronia melanocarpa (Michx.) Elliott., seed germination, in vitro culture, escape, nursery, genetic
resources, fruits, collection, apexes, infection.
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Influence of the sodium humate of production of JSC «Shubarkol komir»
on the accumulation of crude and dry mass of sprouts at cultivation
on various substrates in the conditions of hydroponics

Method of hydroponic growing of the plants is currently the most widely implemented for a year-round pro-
duction of vegetative biomass. It has a number of advantages over traditional methods of growing, especially
within the regulation of physiological processes depending on the final quality of the product. This article is
devoted to the study of the accumulation of crude and dry bio mass of plants grown in the hydroponics condi-
tions. As the nutrient medium available composition of the macronutrients of Murashige and Skoog medium
(MS) is used. As the activator and regulator of physiological processes sodium humate production of JSC
«Shubarkol komir» was used. The results of growing lettuce, cucumbers, tomatoes, as well as the influence of
various substrates on the accumulation of dry and crude bio mass in plants are studied. The results of experi-
ments indicated a positive effect of sodium humate on the accumulation of dry and crude weight of plants in
hydroponics conditions. Also there was a close relationship between the type of substrate and the accumula-
tion of raw and crude mass of plants.

Keywords: hydroponics, substrates, MS nutrient medium, crude and dry mass, humate, perlite, basalt wool,
burner.

Introduction

The use of hydroponic systems for green crops has recently become very widespread [1, 2]. At the same
time, many researchers recognized that plants grown in this way have a number of advantages over plants
obtained by traditional soil methods. So, T.V. Sedykh, S.V. Pogrebnyak showed that the harvest of cucum-
bers obtained by the method of small hydroponics is much higher than the harvest obtained by growing cu-
cumbers in standard greenhouse complexes [3].

The advantage of hydroponics is that the plant can be grown on different types of substrates, which in
turn affects not only their growth rates, but also the final harvest. So, M. Seregin revealed that the harvest of
plants grown on the substrate expanded clay was significantly higher than the harvest of plants grown on co-
conut fibers [4].

However, the choice and use of the substrate should be based solely on varietal and species preferences
grown plants. Bykova’s studies have shown that due to the use of vermiculite influenced on nutrient solution,
changing its composition and sometimes increasing pH until 11. This was due to the high ion exchange ca-
pacity of the substrate [5], which could lead to increased osmotic pressure of medium and plant death.
Yu.K. Zemskova with co-authors in studies of salad cultures found that the optimal acidity of the nutrient
medium could vary in the range of 2.8-6.1 [6].

The main factor for the successful cultivation of plants in hydroponics is the composition of medium.
During optimization of medium composition for the cultivation of tomato revealed that decreased in the con-
centration of nitrogen, phosphorus and potassium did not lead to a decreasing intensity of the growth and
plant development [1].

At the same time, minor changes in the balance of micro- and macro elements could lead to changes in
growth processes, in particular, to the accumulation of crude and dry bio mass. So, comparative study of
B.R. Kuluev with two nutrient solutions (1 % solution of Hogland-Arnon (further HA) medium) showed that
the crude mass of the roots was bigger when on MS in 1.8 times. Also, the leaves of plants growing on the
MS medium were dark-green, and plants growing on the HA medium were light-green [7].

The ratio of elements in nutrient solutions also has a significant effect. Thus, one of the most important
ratios is the content of calcium and potassium ions in the solution. Studies of L.S. Kubareva showed influ-
ences of ratio calcium and potassium on harvest of tomato. So, increasing in the ratio 3:1 or a decreasing to
0.3 led to decreasing of harvest on 12—-18 % [8].
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Growth promoters are playing an important role in development of seedlings and growing of the plants.
Recently, wide using stimulators are humates. They gave multiplicative effects. So, M.Yu. Ishmuratova and
D.Yu. Sirman studied influence of humates on seed germination of the flower crops, when increased this pa-
rameter on 15-20 % [9]. In this case, the maximum effect is achieved with a minimum seed treatment time.
The same effect humates rendered in the hydroponic system [10].

As a result of all the above, the aim of our study was to study the effect of sodium humate on the
growth performance of the main salad and vegetable crops in hydroponic conditions.

Methodology

Researches were performed at the laboratory of biotechnology and molecular genetics of
Ye.A. Buketov Karaganda State University.

The object of the study was the nutrient media of different composition, prepared on the basis of stand-
ard biotechnological MS-media with the addition nutrients for hydroponic systems (Table 1).

Tablel
The composition of nutrients used in the solution
The mineral substance | Content in the solution, g/l
KNO; 0.8
CaCl,-2H,0 0.22
KH,PO, 0.17
MnSO,-4H,0 0.11
NaMoO, 0.025

For the production of an alternative nutrition medium was used the solution of mineral concentrate pro-
duced by «General Hydroponics» (France, series Floragro) in a concentration of 2 ml/I.

We planted some seeds of salad and vegetable crops: arugula sort «Gourmet», arugula sort «Sicily»,
tomato sort «Novichok», cucumber sort «Hermany.

Pre-sowing treatment of seeds was carried out by soaking during one day at temperature +24 °C.

In researches several types of substrates are used: perlite, mineral wool for hydroponic systems, burner
(product of self-combustion of oxidized coal of JSC «Shubarkol komir». So, 15 different combinations of
substrate and nutrient medium were studied (Table 2).

Table 2
Variations of a combination of substrates and nutrient media
No. variant Substrate Nutrition medium No. variant Substrate Nutrition medium
1 +

1 variation Pearlite 72 MS HSIﬁ\IiATE AO 9 variation |Mineral wool| Floragro + HUMATE
2 variation Pearlite ¥, MS A Mineral wool Distillate water

(control)
3 variation Pearlite 2 MS 11 variation Burner 2, MS + HUMATE
4 variation Pearlite Floragro + HUMATE | 12 variation Burner ¥» MS
N Pearlite Distillate water 13 variation Burner 2 MS

(control)

6 variation Mineral wool > MS+HUMATE 14 variation Burner Floragro + HUMATE
7 variation Mineral wool 2 MS 13 variation Burner Distillate water

(control)
8 variation Mineral wool 15 MS

After the soaking seeds were planted in trays filled with substrate. The effectiveness of the influence of
nutrition medium was determined by the following indicators: A)accumulation of crude mass;
B) accumulation of dry mass.

Results of experiments are calculated by comparison of using table of N. Plohinskii. Statistical pro-
cessing of the results was performed using the Microsoft Excel 2007 application package.
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Results and their discussion

The primary analysis of crude and dry mass showed the relationship between the type of substrate and
the mass of crude mass, especially for plants grown on the substrate — perlite.
So, largest mass of arugula sort «Gourmet» was recorded on the substrate perlite in variant 5 (Table 3).

Table 3
Crude and dry bio mass of arugula sort «Gourmet»
No. Cmde Dry % of dry| No. Crude Dry % of dry| No. Cmde Dry % of dry
variant weight (g.) mass (g) mass |variant weight (g.) | mass (g) mass |variant weight (g.)| mass (g) mass
(Mm) | (Mm) (Mm) | (Mm) (MEm) | (Mem)
0.31 0.022 0.12 0.013 0.32 0.029
Ul os004 20003 | 1O ] 6 | so01 | x0001 | 1O 1T 006 | 0.002 | 00
0.46 0.037 0.18 0.041 0.27 0.024
2 +0.11 +0.001 8.04 7 +0.04 +0.001 22.78 12 +0.02 +0.001 8.89
0.33 0.028 0.25 0.040 0.39 0.039
3| 005 [ 0002 | ¥ | 8 | 006 |=x0.004 | 1000 131 01 | 0001 | 0%
0.35 0.026 0.31 0.030 0.41 0.044
4 4004 | 20001 | P | % | z001 | z0001 | 1000 | 14T 504 | x0.002 | 1073
0.56 0.039 0.16 0.023 0.31 0.033
S| 008 | 0002 | % | 10| 048 | 20003 | 38| 15| 003 | 0003 | 199

This result was higher on 44.6 % comparing to control data. The highest dry biomass was noted for
plants grown on the substrate in variant 14 — burner and nutrient solutions. Plants, grown on this variant of
nutrient solutions, are characterized by high dry bio mass. The reliability of the results of experimental vari-
ants varied from 0.05 till 0.001.

Comparison of the results of the accumulation of crude weight of plants arugula sort «Sicily» revealed
that the greatest accumulation of bio mass was observed on the substrate perlite in variant 4 (Table 4).

Table 4
Crude and dry bio mass of arugula sort «Sicily»
No. Cmde Dry % of dry| No. Crude Dry % of dry| No. Cmde Dry % of dry
variant weight (g.)| mass (g) mass |variant weight (g.)| mass (g) mass |variant weight (g.) mass (g) mass
M+m) | M#m) M#+m) | M*m) (M#+m) | (M*+m)
042 | 0035 028 | 0011 044 | 0.043
Dol 006 [ 20003 | 710 | ¢ | 001 | 20003 | % | M| 006 | <0003 | 206
048 | 0.036 023 | 0.040 037 | 0.037
21 4008 | 20003 | 39 | 7 | 006 |«0003| 1732 | 12| 009 |=+0002]| 5%
038 | 0.029 023 10,0440, 052 | 0.043
30 1002 [20002| 3 | 8 | o001 | o2 | VB B 004 | 0002 | 1000
056 | 0041 042 [0.04510. 046 | 0045
ol 004 20003 ] TPl 2 | 005 | ooz | BB ML 004 | 20001 | 1073
054 | 0037 024 10,0290, 029 | 0.039
> | 2006 |x0002| 0% | 101 o004 | 003 | 1208 | 15| 001 | x0003]| 1065

The analysis of dry bio mass showed that the highest results were recorded on the basalt wool in variant
9 and on burner in variant 14. It is noted that the accumulation of dry bio mass for arugula «Sicily» was
higher than for sort «Gourmet». So, for arugula sort «Gourmet» was only 3 variant of dry bio mass over
0.040 grams. For arugula sort «Sicily» weight of dry bio mass over 0.040 grams was recorded in 7 variants.

The analysis of the absolute data of dry bio mass showed that the highest results were recorded on bas-
alt wool in variant 9 and on burner substrate in variant 14.

On the substrate perlite there were no significant differences between the 4th and 5th variants. In variant
1 there was a significant variation of crude bio mass in relation to the control at the level of p <0.01. The
greatest reliability (p < 0.001) was observed between the 3rd and 5th variants. On the substrate basalt wool,
the significant difference between variant 9 and control was p < 0.001.
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The maximum bio mass of tomato plants sort «Novichok» on the substrate perlite was recorded for var-
iant 4. It was more on 84.4 % than the maximum crude bio mass received on basalt wool (variant 6), and on
73.1 % more than the maximum bio mass on substrate burner (variant 15). Also on the substrate perlite rela-
tive difference between variant 4 and control variant was 73.1 %. Data of crude bio mass on basalt wool
(variant 6) exceeded control variant on 40 %. The maximum of dry bio mass was fixed in control variant
(Table 5).

Table 5
Crude and dry bio mass of tomato sort «Novichok»
No. Cmde Dry % of dry| No. (;mde Dry % of dry| No. Cmde Dry % of dry
variant weight (g.)| mass (g) mass |variant weight (g.)| mass (g) mass |variant weight (g.)| mass (g) mass
Mzm) | M*m) M#+m) | M*m) (M#+m) | (M*+m)
0.83 0.070 0.77 0.061 0.46 0.045
Pl s00s 20002 | 3% | ¢ | 1005 | 0001 | 7% | Nl 4004 | 0006 | OB
0.67 0.053 0.59 0.058 0.68 0.059
21 008 0003 | 7PV 7T | 1008 | x0003| 783 | 2| Lo00s | +0.004| 58
0.43 0.031 0.74 0.063 0.73 0.061
30 1006 20003 | 72U | ¥ | o1 |=0003| 3| B o004 | <0002]| 336
1.42 0.112 0.47 0.053 0.71 0.066
ol 007 20004 | 78 2 | 1006 | 20002 | 2| M 007 | 20003 | 230
0.82 0.061 0.55 0.045 0.82 0.065
Sl 1004 | 0003 | T 0 Lo0a | 0002 B8 B 009 | <0.006| 73

Variant of nutrition media 4 recorded the highest dry bio mass among all studied variants; the best re-
sult for dry mass was shown substrate basal wool (variant 9).

Analysis of the reliability of tomato bio mass on different media revealed that on the substrate burner
only one variant (variant 11) there was a significant deviation in comparison with control (variation 10).

For substrate basalt wool all variations had significant differences of crude weight comparison with
control (variant 7 — p < 0,05; variants 6, 8, 9 p <0.001).

On perlite substrate in 3 experimental variants weight of crude bio mass had a significant difference
p <0.001 in comparison with control (variant 5). At the same time, in variants 2 and 3 plant bio mass were
significantly lower than for control data; but bio mass in variant 4 was significantly higher than in control.

The result of the reliability of indicators differences of crude weight showed the highest values of this

parameter in different media. So, on substrate perlite (variant 4) and basalt wool (variant 6) significant dif-
ferences were p < 0.001; variation between variants 4 and 15 was at the level of p < 0.01.

Comparison of the results of the accumulation of crude mass of cucumber sort «Herman» on different
substrates revealed that the greatest weight had plants obtained on the substrate perlite variant 4 (Table 6).

Table 6
Crude and dry bio mass of cucumber sort «Hermany
No. Cmde Dry % of dry| No. Crude Dry % of dry| No. Cmde Dry % of dry
variant weight (g.)| mass (g) mass |variant weight (g.) | mass (g) mass |variant weight (g.)| mass (g) mass
(Mm) | (Mm) (Mm) | (Mm) (M£m) | (Mem)
4,31 0,362 4,74 0,404 4,2 0,314
Dol w043 | 2003 | 3% | © | 4040 |x0023| 32 | M sonn | x002 | T
3,85 0,327 3,14 0,197 3,9 0,279
2 +0,12 +0,04 8,49 7 0,06 +0,005 6,27 12 +0,35 +0,03 715
3,93 0,335 3,70 0,252 5,0 0,282
3 0,17 0,02 8,59 8 40,61 +0,003 6.81 13 +0,27 +0,01 3,64
7,55 0,590 2,91 0,272 4,1 0,338
] w026 | 004 | P8 Y | so04 | x0022 | M| M| w033 | 003 | 3%
6,07 0,415 2,43 0,176 4.8 0,284
S| soa1 | 2003 | O | 10 w003 | x0001 | TP | S| w006 | 001 | D2
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On a substrate of basalt wool, the highest weight of plants was observed for variant 6. The bio mass of
this variant was lower than for similar data on substrate perlite (variant 4).

The maximum bio mass of plants was fixed on Firestone medium in variant 13. The crude bio mass of
this variant was on 33.8 % lower than the crude bio mass on perlite substrate (variant 4).

The highest rate of dry bio mass was in variation 4 on the perlite substrate. At the same time, it was
found that the highest % of dry bio mass observed in variant 9 on basalt wool.

For cucumber sort «Herman» on the substrate perlite all four variants shew significantly different with
control indicators (p < 0.001). At the same time, variants 1, 2 and 3 on substrate perlite had results signifi-
cantly lower than the control data, and in variant 4 the results were significantly higher than in control.

On substrate basalt wool, all four variants also had significant differences for crude bio mass compared
with control. However, on this substrate all experimental variants had shown parameters significantly higher
than in the control variant. The results obtained in variant 6 with maximum crude bio mass were recorded on
this substrate, that were significantly lower (p < 0.001), in relation to the results obtained in variant 4 on the
perlite substrate.

Comparing the results of accumulation crude bio mass, we can conclude that the biggest influence on
this criterion had mineral medium Floragro with addition humate (Shubarkol komir). Additional of humates
activate growth of metabolic processes that can be explain with increasing of concentration of sodium ions
and increasing of nutrition of vegetative cells.

The overall effect of sodium humate on the accumulation of crude bio mass is noted. The best results of
bio mass were in variants with sodium humate. In seven cases from eight indicators of crude biomass was
significantly higher than in control variant.

Analysis of the results of accumulation of dry weight showed that in eight variants from twelve the
maximum data were observed on mineral media Floragro with the addition of humate. Thus, the vast majori-
ty of greatest dry bio mass was observed in variant containing humate.

As was earlier mentioned, the indicator of dry bio mass was not a criterion that characterizes the influ-
ence of factor on the development of plants in the initial stages. It can be concluded that sodium humate is an
effective stimulant of absorption of the main mineral components.

The comparison of the results of accumulation of dry bio mass on different substrates revealed that the
arugula sort «Hermanny, tomato sort «Novichok» and cucumber sort «German» had the greatest accumula-
tion of dry weight on the substrate — basalt wool. The arugula sort «Sicily» had the highest dry bio mass on
the substrate basalt wool.
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Influence of the sodium humate production of JSC «Shubarkol komir» ...

J.1O. Cupmamn, I'.b. Koxanosa, A.H. [Torexuna, C.Y. TrneykeHosa,
M.K. A6apemeBa, E.H. Maptsinosa, I'.T. Anemycun

I'mapononuka xaraaibIHAa TYPJ cyOcTpaTTapaa ecipy Ke3inae ecKiHaepAiH
LIMKI 7K9He KYPFaK MaccacbIHbIH KuHAJXYybIHA «lllybapkenKemip» AK
OHIIPiCIHIH HATPUII TYMATBIHBIH dCepi

Kasipri yakeITTa ociMIikTepai cipyaiH THIPOIIOHABI diCi OCIMAIK IMUKI3aTHIH KbUT OONBI aTyIblH €H KEeH
SHTI3UITeH Tocini Oousin Tabbutanbl. Byt omic eciMIikTepi ecipy il JoCTYpIi oficTepiHe KaTBICTHI OipKaTap
apTHIKIIBUIBIKTAPFa M€, ocipece OHIMHIH COHFHI CallachlHa acep eTeTiH (PU3HOJIOTHSIIBIK IIPOLECTEPAl peTTey
meHOepinae KeH KoaaHbuiaasl. Makaia rHIpONoOHUKa d/1iCiMEH OcCipiireH eciMIiKTepae KYpFaK jKoHe MUK
MaccaHblH KMHAKTalyblH 3epTTeyre apHanraH. Kopekrik opra peringe Mypacura-Ckyra KOpeKTik
OpPTachlHBIH KypaMmblHa KIPETiH MaKpOdJIEMEHTTepAiH KEH KOJDKETIMAI Kypambl  KOJIAHBLIIHI.
Ou3noNorussIbIK yaepictepaiy akTuBaTopsl koHe perreriun petinge «lllybapkenKemip» AK enmipicinig
HaTpuil Tymarel KonmaHbunel. Canar, Kusp, KbI3aHAK ecipy 3epTTeyNepiHIH HOTIDKeNepi, COHIal-ak
ociMIiKTepJe KypFaK >XoHE INWKI MacCaHBIH >KMHAKTAly IIPOIECiHEe opTypili cyOcTpaTrTapiblH ocepi
KenTipireH. 3epTTey HOTIDKENepi THAPOIOHMKA OKaFrJalblHIa OCIMIIKTEpIIH KYpFaK KoHe IMINKi
MacCachIHBIH )KUHAKTATy MpoLecTepine HAaTpHUil TyMaThIHBIH OH ocepiH kepcerti. Conpali-ak 3epTrey Oapbl-
CbIHZa CyOCTpaT Typi MeH eciMAiKTepAe LIMKI KOHE KYpPFaK MacCaHbIH JKHHAKTATYbl apachIHAAFbl THIFBI3
OaiiiaHbIC aTam OTUII.

Kinm ce30ep: runpomnonuka, cyocrparrap, MC KOpPeKTiK OpTachl, IIHKi KoHE KYpFaK Macca, ryMaT, MepiuT,
6a3aJbTTHI MaKTa.

J.1O. Cupmamn, I'.b. Koxanosa, A.H. [Torexuna, C.Y. TrneykeHosa,
M.K. A6apewmeBa, E.H. Maptsinosa, I'.T. Anemycun

Bumsinne rymara Hatpus npoussoactsa AO «llly6apkoasKomup»
HA HAKOILJICHUE CBIPOIl U CYX0il MacChl IPOPOCTKOB IPHU BbIPALIUBAHUH
HA Pa3s/IMYHBIX cy0cTpaTax B yCJOBHAX THAPONOHUKH

I'mpponoHHBI MeTON BBHIpAIMBAHKS PACTEHHN B HACTOSIIEE BpeMs SBISIETCS HauOoJee MIMPOKO BHEIpsie-
MBIM CIIOCOOOM KPYTJIOTOJMYHOTO MONYYECHHS PACTHTEIBHOTO CHIPhs. JIaHHBIH METOI MMEET P NMpeuMy-
IIEeCTB IO OTHOLICHHIO K TPAUIIHOHHBIM METOJaM BBIPAIMBAHUS PAaCTCHUH, 0COOCHHO B paMKaX, PEeTyIISIAN
(U3MOIOrHYECKHX TIPOLIECCOB BIHMAIONIMX HAa KOHEYHOE KauecTBO NpoaykTa. Hacrosiias craThs nocesiieHa
HCCIIeIOBAaHUIO HAKOIUIEHUSI CYXOH M ChIPOIl MaccChl B PACTEHHSAX, BBIPAIIEHHBIX METOAOM THIPONOHUKH. B
KauecTBE NMUTATENbHOI cpeibl ObLT UCIIONB30BaH IIMPOKO JOCTYMHBIH COCTaB MaKPO3JIEMEHTOB, BXOISIIUX B
cocraB nuTartenabpHoU cpensl Mypacure-Ckyra (MC). B kauectBe aktuBaTopa M peryisitopa ¢pusnonorude-
CKHMX HPOLECCOB HCIONIb30Balcs rymar Hatpus npousBoactBa AO «llly6apxomsKomupy. IlpuBeneHst pe-
3yJIBTAThl UCCIICNOBAHUI BRIPAIIUBAHKS CalaTa, OTYpPIOB, HOMHIOP, a TaKXKe BIMSHUE Pa3IMIHBIX CyOCTpa-
TOB HA MPOLECC HAKOIUIEHHS CyXOH U CBHIPOM MacChl B PaCTEHHSX. Pe3ynbTaThl HCCIENOBAHMUS CBUACTEIBCT-
BYIOT O ITOJIOXKHTEIEHOM BO3/ICHCTBHY r'yMaTa HaTpUs Ha MPOIECCHl HAKOIUICHHS CYyXOH U CBIPOH Macchl pac-
TEHUH B YCIOBHAX THIPONOHHUKH. Takke MpH MCCIEJOBaHMM ObLIa OTMEYEHA TECHAs CBSI3b MEXIY THIIOM
cyOcTpaTa U HaKOIJICHHEM CBIPOI U CyXOH MacChl y paCTeHHUM.

Knioueswie criosa: ruaponoHrka, cyocTparsl, mutatenabHas cpeaa MC, chipast u cyxasi Macca, rymar, epinT,
Oa3ajnpTOBAs BaTa.
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Kuik (Saiga tatarica) KazakcTan aiiMarbIHAAFbI ONMYJIANNSJIAP bIHBIH
TAPUXM TapaJybl kIHe OHBIH Ka3ipri Ke3aeri kepiHici

Makanana axOexeH, HeMmece kWik (Jar. Saiga tatarica), >KYNTYSKTBUIAD OTPSIBIHBIH OOKEHIEp TYBICHIHA
JKaTaThlH, AeHe OiTiMi ipi, KOW minriHAec, KyiHic KalbIpaThH Ka3ak IajachIHBIH KHEN jKaHyapbl Typaibl co3
KO3FaJIFaH. ApXEOJIOTHSJIBIK Ka30a jKyMbICTapbl OapbIChiHIA TaObUFaH OOKEHICPIiH CyHeK KalIbIKTaphl,
epTepekte YbIOpUTaHUS apajblHaH AJsAcKara IeWiHri apaibIKTa TIpIIUTK €TKeHiH aHFapTThl. Emimisaig
CONTYCTiK aiimarbiHaa SImbimeBo meH I[loamyck aysuinsl okepiepinze, Cemeil Kamacel eHipineH, Hypa
o3eHiHiH jkaranaybiHaH, JKamObu1 oOnbIchIHarsl KapayHrip MeH Ymibac YHTipiHEH eXenri jkoHe opra
AHTPOIIOT'CHHEH KAJIFaH aKOOKeH Iep/IiH cyiiekrepi Tabbutran. Kaszip 6exennep Monronusna, Kammak nanacer,
Peceiine sxone Kazakctan TepputopusceiHia MeKeH eTeqi. bec MbiHFa *kybIK kuik Kazakctan MmeH O30ekcTaH
apanbFeiHIa kemin ckypce, KXP wmen TypkimeHcranma MynieM SkoHburraH JeniHyze. TeHi3 kel
KaranayblHaH bermaknana aymarblHa JeHiHTI aliMakTapla KeHIHeH TapalfaH aKOeKEeHIEPIIH COJI yaKbITTa
KOITIri COHIIA, )KOoJIIap JkKaralayblHaH Jia, e/l MeKeH/Iep MaHbIHAH/Ia a3 Ke3aecneiTin. YKanmbl kuikrep 6ec
NOMYJSIIMAHB! Kypaiasl. Onap MonFoiausaHbl xxoHe Peceiini, kanran ymeyi, sfau: bernmaknana, Opan sxoHe
Ycripr nomymsuustmapsl Kasakcranasl mexennaeinai. JyHuexysinzeri akOexeHHiH 95 %-b1 Kasakcranma
Tipmitik ereni. 2018 . COHFBI caHaK OOWBIHIIA, KUIKTEP/IiH JKaIIbl caHbl 45 %-Fa eckeHi aHbIKTan sl Opai
MeH bermaknmama momynsIpsIapblHa KaparaHna, YCTIPT HOMyJSOUSCH KOHbUTy meringe. Sram, 2016—
2017 xox. caHaK HOTIKeNepi OoWbIHIIa, KuikTepaiH cansl 1900-2700 xypazxsr. A 1980 x. consl meH 1990 x.
6aceiama 250 000-HaH acTam Kuik Oackl caHanFaH OonaTeiH. By nerenimis, nanma epkenepinin 99 %-ra neilin
azaifFaHbIH OLTIipei.

Kinm ce30ep: Saiga tatarica, oxoxyiie, akOOKeH, MOy, HEOTCHHUs, KACKOWITIK, macTepesuies.

biznin apameisra geitiari VII-V racwipnapaa, CapplapKaHbIH Tay-Tac JajdachlHIA KUIKTIH OeiHemepi
OWBLIBINT CaNBIHFaH. MolliMeTTepre Ke3 KYTipTceK, con adyipae Eypoma MeH A3us jkepiepiH TOJIBIFRIMEH
KaMThIFaH OekeHaep Kaszipri tanna Capelapka ganaceinaa rana. XIV—XVI raceipnapnan 6acran ockl KyHre
JEHiH KETKeH XaJbIK 3MOCTaphlHAA Ka3aKThIH ApKa JanachlHAa LIEKCi3 OeKEHIEep Kaiabl co3 KalIbIpraH.
Bbexennep — Capblapka 7Ka3bIFBIHBIH KOPKI jKOHE KYHIBI Tipmifiri. KazakTeiH keidip Tapuxu aHbI3-9HTIMe-
Jepi, aKpIHAAPIBIH OJIeH LIYMakTapbl KHIKTEP CYJIYJBIFBIMEH, KHeNli KAaCHETIMEH YIITACTHIPBUIFaH/IbIFbI
Oenrimi. YakpithiHga Capblapka jka3piFbiHaH Kapa TeHisre JeliH MEKeH eTKeH OOKeHIEP/IiH TOJJICUTIH
MekeHi — KazakcTaHHbIH opTanblK skepiepi. KyH cybiThin, Kap Tyce bermakmananbl, ApBICKYMIHL,
Kapaxymupl, YCTIpTTi JKaranar, KoK IIBIKKaHmaa ApKa TOCIH TOJNTHIPHIT, KOCiIe >KaWbUIBIT KYH KEIIeTiH.
Enni xxoiibuty Kayini TeHy OapbicbiHa OeKkeH OacTapblH OapbIHILA CAKTAIl KAy 9PEKETTepiH KYLICHTY Kepek
Jien ecenTeiiMiz. bip exiHimTici, OChI )KaFnaiiFa KOHiI 06ty a3ipIe M3 eMec eKeH/IITH aiiTa KeTKeH KO H.

Kazakcranma akOekeHIep CaHBIHBIH KaiambiHA KenTipinyi XX raceIpasiH 30 oK. OacTanipl, OHBIH
ce0e0i KoNabl JKarmainapIblH KUBIHTHIFBIMEH OallIaHBICTHI, SFHH Kapiibl KbIC ME3TUTIHIH a3arobl,
aKOeKeHAEPIiH Tepi >KAMBUIFBICHIHBIH JKOWBUTYBI, KBIPTKBILITAP (KACKBIPIAPABIH) KHICHIMBIHBIH >KOHE
KackeiumkTiH a3atobl [1]. 1940 x. oprackiHma MBIHIaraH TaObIHAAp OapiBIK Kepiiepae Kesmece OacTaibl,
1950 x. Gaceiama Opanm — Ockemen, Atbacap, KopraimkeiH, oHTYCTiK TYpKIMEHCTaHHBIH COJITYCTITIHIE
XKoHe O30eKCTaHHBIH OHTYCTIK aiimakrapbinna, Tane-1llane, XKonrap Anaraysl, Epric, Manrsictay, Hypa
anKamnrapsiHaa 6o kepcerti [2—4].

AxOexeH, HeMece Kuik (at. Saiga tatarica), >KYNTYAKTbLUIAP OTPSABIHBIH OOKCH/IEP TYBIChIHA JKaTAThIH,
neHe OiTiMi ipi, KO MmimiHAec, TYMCBIFBI IOHEC, KyWic KalbIpaThlH Ka3akK JallaChIHBIH Kuemi xaHyapbl. KeH
JanaHbl Ke3reH 0eKeHci3 OyJ1 3KOKYHEHI Ko3 alliblHa €JIeCTETY MYMKIH eMec IIbIFap. ApXeoJorHsbIK Ka30a
JKYMBICTAphl OaphICHIHAA TaOBIIFaH OOKCHISPMIH CYHEK KalIBIKTaphl, epTepekTe YIJILIOPUTAHUS apablHaH
AJsickara IEHiHri apanbIKTa TipLIUIIK €TKEeHIH aHFapTThl. Enimi3aiH conTycTik aiiMarbiHIa SIMBIIIEBO MEH
[omnyck aysuigsl xepiepinge, Cemell Kanackl eHipiHeH, Hypa eseHiHiH >karanayblHaH, JKamObLT
obmeiceiHIaFel  KapayHrip MeH Ymibac VHTIpIAEpiHEH eXeNri KoHe opTa aHTPOIOTeHHEH KaJFaH
akOeKeHIepaiH cyiekTepi TabputFan [5—7].
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Kazip 6exennep Monronusna, Kanmak manmacel, Peceline xone KazakcTaH TeppHUTOpPHUSCHIHIIA MEKCH
ereni. bec wpiHFa JKyeIK Kuik Kaszakctan MeH O30ekcTaH apalbFbIHAa Kermin >xypce, KXP wmen
TypkiMeHcTaHIa MYJIAEM >KOWBUFAH AelliHyzAe. TeHi3 Kol jkarajayblHaH beTnakmana aymarblHa JCHIiHTI
alimMakTap/ja KeHIHEH TapajFaH aKOOKEHACPAIH COJ yaKbITTa KONTIrl COHIIA, XKOJIAp *KaFalayblHaH J1a, eIl
MEKEHJIep MaHbIHAH/A a3 Ke3/IeCIeHTiH.

JKanmer kuiktep 6ec MomysAIusaHbl Kypaabl. Onap MoOHFOIUSHEL KoHe Pecefii, KanFaH yieyi, sSsFHA
Bernaknama, Opan xone YcTipt nomymsinusuiapbl Kazakcranasl Mekerzeini. JyHuexy3inaeri akOoKeHHiH
95 %-b1 Kazakcranma Tipmrimik eremi. 2018 k. COHFBI CaHaK OOWBIHINA KHIKTEPJiH KaIIbl caHbl 45 %-Fa
©CKEHI aHBIKTAIIHI [8].

Opan meH betnaknana monmyJsnysIapbiHa Kaparanaa, Y CTIPT MOIYJISIFSICH KOWBLTY IIeTiHme. SIFHwu,
2016-2017 »xox. caHak HoTHXeJepi OoibIHIIa, kuikTepaiH canbl 1900-2700 kypaabl. Ax, 1980 k. coHBI MeH
1990 x. 6aceiama 250 000-HaH actaM Kuik O6ackl caHanFaH OonateiH. byn gerenimi3 gana epkenepinia 99 %-
Fa JIeHiH a3aitranbra Oumipeni [9].

2018 »x. caHak MoyiMeTTepiHe cyieHcek, Ka3ip bermaxmama, Opan, YcCTipT NOMyJSIIMSACBIHAA TY3
xaHyapbIHbIH caHbl 215100-re xerti. [lomynsusuiapabiH apacbiaaa xui kesaecerini bermaknana Toosl. by
kuiktepaiH MekeHi Kaparanmael, Akte0e, Ke3putopmaa, JKamMObUT 00IBICTAPBIHBIH €JICI3 KeH Ka3bIKTHIKTaPHI.
Kazip emimiznmeri eH ynken nomynsiius Opanl aiiMarbiHIa MekeHzaewi. OHaa aKOOKeHIEp/IiH CaHBbI JKY3
MBIHHAH acajibl. Byl KepceTkilm — KHIKTep/Ii KOpFay YIIiH MEMIICKET TapallblHaH KacaliFaH ic-Iapaiap b
HoTmkeci. Oman keiinri opeiaaa Kaparannel, Akmona, [laBmogap, Koctanait oObICTapbIH KAMTBII KaTKAH
bernaknana momymsiusicel. COHFBI JKBUTIAPEI OYIT OHIp/E KHIKTEPIIH CaHbl KAPKBIH/IBI OCYyIE.

Kazak xueni fmen caHalTBIH TY3 jKaHyapblHAa KATHICTHI aHBI3-OHTIMeNep Kerl. AKOOKCHHIH COHAay Tac
IoyipiHeH Oepl TypJii 30pOalaHHaH aMaH Kall, TYKBIMBIH CaKTall KeJle KaTKaH JKaHyap eKEeHiH KoMK Oie
Oepmeiini. Jlommi eTi, aHFa IIHIA KOHE IEPTKE Jaya IMHKi3aT — MYHi31 YIIiH KBIPTKBIIITHIK )KOJIMEH OV
*abailbl aHHBIH OYpBIH eMip CYpPreH KeNTereH aynaHnapia >KOWbLUIBIN KeTyiHe okem coKThl. X VII-XIX fr.
aKIIara alke3miKTeH OYJI heci KOK TeTriH OalbIKTBl IOpiTiK IIHKi3aT eceOiHAe maiaa KepreH Myuisi yiiH
aslyChI3 KbIHA/Ial KBIPHITI, JKBII caibiH Oip Pecelinin e3iHeH rana oHblH 100 MBIHZaFraH MYHi3i T engepre
eTki3inm oteiprad. 19181920 »xok. Ka3zakcranma akOekeHHIH CaHBI 4—5 MBIHFA 93€p KETIM, KOWBUIBII KETY
ycinge Oonran. 1919 xeuinan 6actan Kenec OmarbiHaa OekeHIepi ayiayFa THIMBIM CalbIHIBL backa na
JKeJIeN KOpFay IrapaiapbIiHBIH apKacklHaa akOOKeH CaHbl KBUIIAH JKbpUIFa ecefie Tycti [10].

JKabaiibl kaHyapiap akybl3, OHEPKOCINTIK IMHKI3aT Ke3mepi, IKOKYHEIepIaiH KaKeTTi DIIEeMEHTTEpi
OonbIn TaObuTambl. Anaiima conrbl 100 bpUima amaMHBIH Kbi3MeTi JKep OeTiHEH KOFaphl ©CIMIIKTEPIIiH
25 MBIH TYpi MEH OMBIPTKAJIBI JKaHyapJiapAblH Oip MBIHHAH acTaM TYpi >KOMBUIBII KETy Kayill TeHIIpyiHe
anprn kenmi. Kasipri yakpITTa KapKeIHIBI TailaTaHbUIATBIH JKOHE aFbIMJIAFbl SKOHOMHKAIBIK KYHIBUIBIFBI
Oap Typiep epekiie Ha3ap ayaapyabl Tajam erelmi. AKOeKeHIep OChl TypJyiepre »aTanubl. bizmiH enme
MEKEH/ICHTIH aK0OKeH MOMyJSLUsUIapbl 9JeMIeri eH ipinepaid Oipi Oonbim Tabbuiaabl. COHFBI JKBULAAPHI
aKOOKeHIEPIl OHIIPY OTe THIM/I OHIIpic 00JIbI KoHe apTypii eHiM Oepexi. Texk Kaszakcranga 1971-1976
xKK. 1689,4 mpiH Oac axOekeH eHmipinmi, 0y 29750,4 T skorapbl camansl €T, 961,4 MBIH KYIT MY#i3aepi,
145,4 T tingep, 391,3 T cyGenimaep O6epai. MyHbIH OapibIFbl TYP SKOJOTHACHIH KEH 3epTTeyre Heri3aeireH
VYTHIMJIBI TIAIaIaHy *KOHIHIET1 FEUIBIMA HETi3AeNTeH YChIHBICTAPABIH apKachlHIa MYMKIH 00JIel. AKOOKeH
AKOJIOTHSCHI OOUBIHINA eJICyIIi MaTepruall MOMYJIAIUSIBIK JCHI€HIe aHTPOIIOTCHTIK 9CEP/iH poIIiH OaranayFra
MYMKIiHJIK Oepei.

1991-1993 k. PecniyOnuka aymarbiana akbexenaepain kopsl 700—900 MbiHFa IeliiH TOMEHIST KETTi,
COJI KBUIIAPbl KBICKI KaTThl, aKOeKkeHAepAiH kelici KapakaiamakcTanra KOHBIC ayJapblll, Tarbl >KapPTHICHI
Crelpmapust e3cHiHe arbil KeTkeH. Coy  ayplp Ke3eHJACpAiH KapcaHbIHAA akKOeKeHAep amaMiapblH
KopaJlapblHa AeiiH Kipai. 1995 k. FapeIITHIK anaTt OOJbIN, OCHl KYHT€ JCWIH TOJIBIKKAHIBl MOIIMET KOK,
Oipak KaHmai ma Oip 3WSHABI 3aTTapABIH Kep OeTiHe IMambUTyblHa OalIaHBICTHI, TiK YITAK YIIBIPY HEMECE
KOHY OapbhIChl KHIKTEPIiH >KaIlllail KbIPBUTYBIHA OKein COKTHL. OchkimaH keiin 1999 x. — 348 MbIH,
2000 x. — 148,5 meiH, 2001 x. — 79,3 mbig, 2002 x. — 30,5 meH, 2003 x. — 21,2 MbeiH, 2004 x. —
30,7 mpIHalt KayrFaH. Tek COHFBI YIII JKBUIZIA KHiK CAaHBIHBIH cojifie Oojica ecKeHiri Oaiikamansr: 2005 x. —
39,6 mbIH, 2006 x. — 47,4 mbiH, 2007 x%. — 54,8 Me1H [11, 12]. XKoraphimarsl KOpCETKIMTEPIIH HOTHKECIH
TOMEH/ET1 TuarpaMmmaiad kepyre Oonanasl (Cyp. Kapa).
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Cyper. PecniybOmmika ayMarbIHIaFbl aKOOKEH ISP CAHBIHBIH KOPCETKIIIi

Amnaiina JoNenieHreH MaJliMeTTepre Ke3 calcak, bermaknmamamarbl KWIKTEp MOMYJALMSACHIH TacagaH
aynay JKammai eTeK ajJfaHIbIKTaH, Kypbln OiTyre mak kainraH. 2002-2007 xok. «Kuik I», «Knik [I», «Knik
[II» FpuTEIMU 5k00aCHIHBIH HETI31HE KYPTi3ireH 3epTTeyiep OChIHBI alKbIH OalkaTThI [13].

Kuikrepain OaceiM Oeiiri AkMona >koHe AKTeOe OOJBICTaphIHAAa MEKCHICHTIHI aHBIK, al TOJACY
yakpITeIHIa KocTaHaii oOnpIchIHA OeT aylaThIHBI OENTiiai OOJIBI, COHABIKTAH Ja COJ OHIpAE >XaHyapiap
IOYHUECIH KOpFay >KYMbIcTaphl KymehTinmyne. Kuikrepai ysmikcis oyeneH Oakpuiay, oflapAbl CakTal Kairy
JKYMBICTaphl KApKBIHABI JKYPri3imyne, oHTce e, 3aHCHI3 aH ayJjaylibUIapMeH CallbICThIpFaHia, TaOurar
KOpPFayIIbLUIaPhI OJTi JIe TEXHUKAJIBIK JKa0IBIKTAPMEH TOIBIK KAMTHUIMAaFaH.

Kazakcranna nmana epkenepiHiH CaHBIH IIEKTEUTIH OipHerne ¢aktopnap 6ap. OHBIH HETI3Tici, TaOUFH
(akTopnap necek, ekiHmrici, antpororeHaik. COHBIH iMIiHIE aHTPHOTECHAIK (hakTopyiap eTe KaTThl dcep eTil
xaTelp. TaOuru GakTopiapra TOKTaJaThIH O0JICAK, 1161, MOJCHTTI KOHE JalalblK aiiMaKTapaa MEKeHICHTIH
KaHyapAblH CaHbl KIUMAaTTBIK e3repicTepre OailmaHbICTBI a3alobl MYMKiH. PecmyOnmkanblH —KelOip
OHIpJIEpiHE TOMBIPAK KYHAPJBUIBIFBIHBIH a3al0bl, KUIKTEPAiH KOLIy-KOHYBIHA 9Cep €TeTiH (aKTopiaapAblH
Oipi ekeni Oenrimi. Typai IHACT Kayimi nIe *OK emec, Oipak Oi3miH enge ¢uiopa MeH (ayHara Kayin
TOHIIPETIH SKOJOTHUSIIBIK arat KOK.

Kepicinmie, TaOuraTThiH OMOaTyaHABIFBIH CAKTayJa MEMIICKET TapallblHaH OipHele OaraapiamMa sKy3ere
aceIpplTyna. TokTanma KeTcek, Oyrinae akOOKeHIEpAiH TOJBIK KOHBUIMAi OacTapblH cakTal KalyFa 30D
MYMKIHZIK 0ap. MeMJICKETTIK jKoHEe YKIMETTIK €MeC, OChIFaH Opail eJiiep apachlHaa YHbIMIApAbIH OipJiecKeH
OipkaTap ic-mapanapbl apKacklHAa KOJFa anyblHaa. « KaHyapiap oneMiH Kopray >KoHE oNlapAbl MaiganaHy»
Typalsl 3aH, KaHyapiap oJIEMiH FBUIBIMH TYPFbIIAH THIMAI MaiiianaHy MeH KeOeWTyni Ke3aeini.
JlyHuexXy3uTik KaHyapilap AYHHECIH KOpFay YHBIMBI OTKEH JKBUIBI ©T€ YVIKEH FBUIBIMHA 3€pPTTEYHiH
KOPBITBIHIBICHIH JKapusiaaabl. Srau, corrsl 20—30 sKBUIIBIH 1MIIHAE dJeMaeri OYKia jxabaiibl KaHyapaap/IbiH
canbl 60 %-ra neliin KeickapraH. Kasipri yakpiTTa 6nocdepanblk pecypcTapibl KOpFay MEH OJlapbl YTHIMIBI
naiganaHy aWKbIH KepiHyae. bBi3miH emimizge Oyl Macenere YikeH KeHin Oeiminynme. Kasakcran
Pecrryommmkacer Ykimetinin 2007 sxputrbl 8 kazarmarsl Ne 914 KayneickiMen «Cy pecypcTaphiH, KaHyapiap
IOYHHUECIH cakTay XoHe THiMAl maimanany, 2010 xbuira JeiiH afpplKiIa KOprajaTblH TaOuraT aiMakTap
JKEJNICIH NaMbITy Oarmapiaamack» Oekitimai, on 2020 k. Mep3iMiHe NeliH y3apTeuiasl. KazakcTaHHBIH OYKin
JKaH-)KaHyapblH, TAOUFATHIH, OpMaHbl MeH OabIFbIH 500-Te KYBIK MEMIICKETTIK MHCICKTOpIIap KOPFanIbl.
Kuik 1995 xpuinan Gactan >KOMBUTBINT KeTy Kayimi Oap »xaOaiibl ¢ayHa MeH (iiopa TypiiepiMeH elapaiblK
cayaa xyprizy Typaisl [l KonBeHIMSHBIH KOochIMIIackiHa Kipce, aix 2002 k. dKOWBUIBI KeTy Kayimni 6ap Typ
perinne MCOII «Kp3put kitam» TiziMmiae enrizunmi (Kazakcran Pecmyonmukacel YkiMmeTiHiH 2007 KBUTFBI
8 kazaumarel Ne 914 2010 »xpurra HOEWiHTI EpeKIne KOpPFaJIaTBIH ayMaKTa Cy pPeCcypcTapbiH, JXKaHyapiap
OYHUECIH cakTay >KOHE THIMAI KOJNJIAHy »JKOHE JKENiCIH AaMbITy OardapiamMachblH OEKiTy Typajbl
Kaymsicer) [14].

2006 x. KHIKTep XOWBLIY >Karmaiiel Oap jkaHyap peTiHae YCBHIHBUIBIT «KBI3BUT KiTamkay EHTI3iIi.
MyHpaii Kopray >KyMbIcTapbIHBIH HoTHReciHae 2004 x. 6exennep 6acet 30700-re, 2005 x. 39600-Fa apTTHI.
An 2012 k. Apka manacelH MekeH eTkeH 137,5 MbIH OeKeH caHaKka ayblHCa, aTalFaH kepcerkim 2013 k.
36 % apteim, 187 MBIHFA XKETKEH. AYBIT IIapyallbUIBIFBl MUHHUCTPIITT YCHIHFAH COHFBI JAEPEKTEpP JKa3bIK
OJIKEeH1 KeHIHeH jKaiylaraH OOKeHAEPAiH CaHbl alTapJIbIKTall apTKAHBIH CO3T€ THEK €TTi. Y CTIPTTEri KHIKTEp
2015 »x. »xammail KpIpbUTyZaH KeiiH TinTeH asaiiran. 2015 k. Kazakcranmarbsl KWiKTEpIiH VIITEH €Kire
JKYBIFBI KBIPBIIBINT KaJIFAaHHAH KeHiH, ITaMaMeH 3 MbIH 0ac KHIKTep KaJIFaH.
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Opranblk A3usiia KHesll caHanaThIH Jajia )KaHyapbIHBIH JKalllai KeIPbUTybl COHFBI peT ocbinad 2015 x.
Tipkenmi. byi Kuik KbIpbUTFaH KbUT Oonapl. Jlamaman TaObuFaH eIl )KaHyapjapra apHalbl 3epTXaHajapiaa
3epTTey JKYPTI3LIil, «ImacTtepesuie3» MereH AUarHo3 na Kowsliapl. o con ke3ne balKoHBIp aiyarsIHaH
yinbipbuFad «IIpoTOH-M» 3BIMBIPaHBIHBIH OYEJCH IIBIFAPBUILIN, AyKbIMIBI yYaCKire TENTHIIIH Teruryi
KYIIKTI TyApIpFad Oonateid. Ka3zip FaasiMaap coi KymikTi pacrtarr oTeip [15].

AxOekeHIepaiH KBIPBUTYBI OCHIMEH TOKTaraH eMec ekeHi Oenrim, Axmoma wmeH Kaparauip!
0OJBICTapbIH MEKEH €TKEeH YIII MBIHFA KYBIK 060KeH embip ceberciz KbIppliasl. OcklFan opail, jKoHbuTy Kayimi
TOHIIl TypFaH OOKEeHIEPAiH KBIPbUTYbl MIBIFBIHABI apTThIpca Na, Oaciibiap MEH 3epTTeyIIiiep KHIKTepIiH
KBIPBUTYBIHBIH 06acThl ceOe0iH TOJBIK allra aiMaraHbl CeKUTIl. bekeHnepain KeIpsuTybl CapblapKa TOHIPETIH IS
OyfaH JeHiH Jie OpbIH anFaHbl Oenrimi. Meicamsl, 1981 k. kekTem aitnmaperamga Toprait marsiHga 100 MBIH
kuik, 1984 k. Kpic-kokTeM aiinapeiaaa KazakcranHeiH Oatbic aiimarbiaga 100 mberH, 1988 k. MambIp aifbiaaa
Topraii o6asIcEIHAA 270 MBIH O0ac 66KeH KpIpbutFaH [16].

AxOekeHep Kol eciM OepeTiH TYSIKTH KaHyapiap KaTapblHa aTaabl. AHAIBIK akKOOKeHIEpIiH 6achIM
KOIIIIUTITIHIE JKBIHBICTBIK JKETUTYl OMIpIiH ajFallKel JKBUIBI, SFHU 7—8 aljblK KE3CHHEH OacTtar, ecy
MPOLIECTEPIHIH asKTATyblHA JKOHE TOJIBIK (PU3UKAJBIK JTaMyblHa KOJDKETKI3TEHIe JCWiH JaMbll OiTeni,
COHJIBIKTaH OYJI KaHyapJiapra, HeOTeHHs ToH (regamopdo3).

Con cebenti akOOKeHAEPIiH CaHBIH KOOEHTIIN, KACKOWIIKKE Kapchl ic-IIapanapAbl KYKBIK KOpFay
OpraHapbIHBIH KOMETIMEH FaHa eMeC, MKEPTUTIKTI XaIBIKThl aKOOKCH I KOPFay/IbIH MaHBI3IbLUTBIFBI TYpPaJIbl
aKmaparTaHAbIpy IMapajapblH HBIFAUTy Kepek, OyKapalblK akKmapaT KypajJapblHBIH OapibIK TYpiepiH
KeHIHEH TapTy KakeT. Kazakcran aliMarbplHIA MEKEH €TETiH aKOOKeHAEpIl CaKTay >KOHIHIETi NIVFHUI
mapanxapAbl HETi3/iey, OHbIH PECYpPCTaphIH OJaH dpi KalmblHA KENTIPy JKOHE OPHBIKTHI IMaifaliaHy YIIiH
THIMII OICTEPIiH XOHE JKaHAa TEXHHUKAIBIK KypalmapIblH KOMETIMEH TYPaKThl TYypAe KaH-KaKThl
OaKpIIay B! )KATFACTBIPY KaXKET.

Kazakcranna akOexeHAepIiH CaHBIH CaKTay MOcelieci oTe OTKip >KoHE KallblHa KeNTipy YIIiH Kem
XKYMBIC JXYprizimyae. Ocipece KbICKa Mep3iM iIiHAE XY3[JereH MbIHHAH OipHeIlle MbIHFa JEHiHT1 KaJIbl
CaHBIHBIH aFbIMJAFbl AyBITKYbl €peKile ajlaHIayIIbUIBIK TyAblpansl. Kemreren xarmaitmapaa oJapiblH
CaHBIHBIH JMHAMUKACHI aH aylayMeH OaiJIaHBICTBI JKOHE OHBI CaKTay YIIiH THIMBIM CaJIBIHFAH IIapanap
kKaObuTganaael. COHBIMEH KaTap aKOOKCHJEP/iH JKbLUT CAaWbIHFBI CAaHBl JKBIHBICTBIK KATBIHACTHIH IiIIKi
KYPBUIBIMBIHIIAFBl ©3TepicTepre, COHAal-aK aypyjap MeH KBIPTKBII aHAapAblH Taina OoiyblHa, KHICKBI
JKYTTHIH TMaiiia 00ybIHa, COHAN-aK alaMHBIH TiKEJICeH jKoHe KaHaMma ocepiHe 0alIaHbICThI ©3repyl MYMKIH
eKeHiri oenriyi. AKOOKeHAEpAiH KOlIi-KOH KOJIAPbIHBIH KEHETTEH e3repyi KoHe jKaHyapJiapAblH Oenriii
Mep3iMZie Kammaid KbIPbUTYbl, COHBIMEH KaTap KOMMEPIFSUIBIK JKOHE 3aHCHI3 aH ayliay HBICAHBI OOJIBII
TaOBIIATHIHABIKTAH, OYJ1 )KaHyaplapbl 3epTTey alTapIbIKTail KUbIH.

AkOekeHiep TIpUIUTIK €TETiH alMakTapla XaHyapiapAbsl KOPFAHTBHIH MIApYyallbUIBIKTAP KYPBLIY/A.
2009 x. Kaszakctanapl MekeH eTeTiH aKOOKEHAEpIi >KOHE CHUpEK KEe3IECeTiH KaHyaplapisl Koprayra
IIaKBIPATHIH apHAWBI TON KYPBUIBII, XaJBIKIICH KYMBIC JKYPTi3iTy/ie, COHPIMEH KaTap aTajifaH XaHyap.IblH
HaKTBI CAaHBIH YKOHE aiiMakK OOMBIHIIIA KOIITyiH oyeIeH OaKbplIay opeKeTTepi OPBIH aly/a.

AKOeKkeHACp/IH 6T¢ TOMEH CaHBI JKaFIalbIH/IA ONap/Abl apHAbl KamMayFa aibll, KeHiHHEH TaOuraTKa
Kaiita OeliMaey, TreHO(GOHATHI cakTay, 3epTTEYy JKOHE KaNIbIHA KEATIPYAiH Oajamaiibl ofici OOJIbIM
TaObuTamel. MyHmal mapamapabl MEMIJICKETTIK JeHTeime Koiamay KakeT JAen ecemrTeimi3. Epekmre
KOpFaylaFbl )KaHyapbl TEK FRUTBIMUA MaKcaTTa FaHa ayJjayFa 3aHMEH PYKCaT CTUITCH.

AkOeKkeHCp/IH 6T¢ TOMEH CaHBI JKaFIalbIH/IA ONap/Abl apHABl KamMayFa aybll, KeHiHHEH TaOuraTKa
Kaiita OeliMaey, reHO(GOHATHI caKTay, 3epTTEYy JKOHE KaNIbIHA KEATIPYAiH Oajamalibl ofici OOJIbIM
TabbulaApl. MyHnIail mapamapAbl MEMIEKeTTIK JAeHrelae Kojjay KakeT JHen ecenteiimi3. Epexie
KOpFaylaFbl )KaHyapbl TEK FRUTBIMUA MaKcaTTa FaHa ayJjiayFa 3aHMEH PYKCaT CTUITCH.
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A.B. Mrip3ab6aes, K.b. I'onaransckuii, XK.I'. U6paitbekos, B.B. bputeko, M. A. KunastoB

Hcropuyeckoe pacnpocTpaHeHue MOMYJIAIMA U COBPeMEHHAs CUTYalus
¢ caiirakamu (Saiga tatarica) na reppuropun Kazaxcrana

B cratee peus uaer o akOykeHe, win caifrake (ar. Saiga tatarica), — CBSIIIICHHOM >KHBOTHOM Ka3aXCKOU
CTEIH, OTHOCSIIEMCS K POy CaliTakoB OTpPsi/ia MApHOKOMBITHEIX. OHU 00JIaJaf0T KPYITHBIM TEIOCIOKCHAEM
oBeubei popmbl. OOGHAPYKEHHBIE B XO/I€ apXCOJIOINYECKUX PACKOIIOK CKEJIEThI CalirakoB CBUICTENBCTBYIOT O
TOM, 4YTO OHM paHee OOWTanM Ha TeppuTopuu OT bpuranckux octpoBoB 1m0 Aussicku. Ha Tepputopuu
Kazaxcrana oOHapy)XeHbI OCTaHKM CAHrakoB IPEBHETO M CPEIHEr0 AHTPOIOTEHHOTO IMPOHMCXOXKICHUS B
cenax Smpimeso u [Togmyck [laBnomapckoii obnactu, 6;mu3 ropoga CemunanaTHHCKa, BOONb peku Hypsl, B
rmemepax Kapayaryp m Ymbac JKamOwuickoit obmactu. Celiyac calirakn oOutaror B MOHTONMH, B
Kanmpiukoit crenu, B Poccun u Ha tepputopun Kaszaxcrana. OKoso ISTH ThICSY CarakoB pacripelieeHbl
mexny Kazaxcranom u Y36ekucranom, a B KHP u TypkMeHncTane OHH MOJTHOCTHIO YHUYTOXKEHEL B TO ke
BpeMsi, KaK M B JIPYTHX pETHOHAX CTPaHbl, HE OBUIO OOJBIOIOrO KOJHYECTBA CaiirakoB, CBOOOIHO
pacIpocTpaHeHHbIX Mexay o3epamu Tenus no bernaknana. OOmmas 4MCIEHHOCTh CalirakoB COCTaBIISET MATh
nomysinuii. Onu oburatoT B Monronuu u Poccun, a ocrameHble Tpu B Kaszaxcrane: OeTmakmaanHCKue,
ypanbCcKue U ycTIopTckue mnomynsuuu. 95 % caiirakoB B mupe oburaror B Kasaxcranme. B 2018 r. mo
nocleJHell Mepenucy BBIBICHO yBenuueHue oOmell uncneHHocTH caifrakoB Ha 45 %. Ilo cpaBHeHMIO C
YPAIBCKUMH ¥ O€THAKIAUTMHCKHMH MOIMYJISIHASIME, YCTIOPTCKAas HAXOAUTCS B IMpeleniax HCYe3HoBeHUs. To
eCcTb, 10 pesynaprataMm nepenucu 2016-2017 rr., yucneHHocTh cairakoB coctaBuia 1900-2700. B xonue
1980-x u mHawane 1990-x rr. HacumrteBaiock Oosiee 250 000 romoB caiirakoB. DTO O3HAYAET, YTO
YUCIJIEHHOCTh CTEIHBIX )KUBOTHBIX YMEHBUIMIACH 110 99 %.

Knioueswie cnosa: Saiga tatarica, sxocucTema, caifrak, MoImyJisiiusi, HeOTeHHUsI, OpPaKOHBEPCTBO, MacTepeslies.

A.B. Myrzabaev, K.B. Gongalsky, J.G. Ibraibekov, V.V. Britko, M.A. Kinayatov

History of distribution and contemporary situation of Saiga tatarica
on the territory of Kazakhstan

In the article the information about saigas, sacred animal of Kazakh steppes belonging to the genus of saigas
of cloven-footed is provided. The have quite large body with soft and flexile nose. Saiga skeletons found dur-
ing archaeological excavations indicate that they previously inhabited the territory from the British isles to
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Alaska. On the territory of Kazakhstan the remains of saigas of ancient and medium anthropogenic origin
were found in the villages of Yamyshevo and Podpusk of Pavlodar region, in Semipalatinsk, along the Nura
river, in the Karaungur and Ushbas caves of Zhambyl region. Now saigas live in Mongolia, Kalmyk steppe in
Russia and in the territory of Kazakhstan. About five thousand saigas moved between Kazakhstan and Uz-
bekistan, and they were completely destroyed in the PRC and Turkmenistan. At the same time, as in other re-
gions of the country, there were not a large number of saigas freely distributed between Teniz lakes to
Betpakdala. The total number of saigas is five populations. They live in Mongolia and Russia, and the re-
maining three are in Kazakhstan: Betpakdala, Ural and Ustyurt populations. 95 % of saigas in the world live
in Kazakhstan. In 2018 the last census revealed an increase in the total number of saigas by 45 %. Compared
with the Ural and Betpakdalinsky populations, the Ustyurt population is in the limits of extinction. That is,
according to the results of the census of 2016-2017, the number of saigas was 1900-2700. In the late 1980s
and early 1990s, there were more than 250,000 saiga heads. This means that steppe animals have decreased to
99 %.

Keywords: Saiga tatarica, ecological system, saiga, population, neoteny, poaching, pasteurellosis.
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Danio rerio kak 00beKT HCCJI€TOBAHUSA
B COBpPeMEeHHOM OMoMeIuIIMHE U OMOTEXHOJIOTHH

B mocnennue rogsl MHOTHE MCCIIEAOBATENN OTAAIOT IPEIIOYTEHHE HEOOIBIION aKkBapHyMHOIl peiOke Danio
rerio B Ka4eCTBE MOJICIIBHOTO OpraHM3Ma ISl N3y4eHHs IPHPOABI KICTOUHBIX U OHOXMMUYCCKAX MEXaHH3-
MOB 3MOpHOTeHe3a, OpraHoreHe3a, MUIEBaPUTENbHBIX 1 HeHPOPETYIITOPHBIX IPOIECCOB, pereHeparuy TKa-
Hell ¥ OpraHoB, KJIETOYHOI mponudepanun 1 1p. braroxaps ManeM pasmepam, paHHEMY IIOJIOBOMY CO3peBa-
HHMIO, BBICOKOMY YPOBHIO (pePTHIBHOCTH M HENPUXOTIMBOCTH B COJEPkKaHUH, Danio rerio cOCTaBIACT 3HAUU-
TENbHYI0 KOHKYPEHIIMIO MHOTHM MOJENBHBIM OOBEKTaM, Cpeld KOTOPBHIX J1abopaTopHas Mbllib, Mus
musculus 1 TacloK, Rattus norvegicus. Yxe ceiiuac Tponudeckue poloku Danio rerio IUPOKO UCTIONB3YIOTCS
JUISL U3YYeHMs psAfa NMaTONOTHH, TaKMX KaK Pa3BUTHE PAKOBOM OIMyXOJIM, OXHpEHHE, AUA0eT, cepaedHO-
COCYAMCTBIE W HeHWpoJereHepaTuBHEIE 3a001eBaHMs. DKOJIOTH U TOKCHKOJIOTH TAKKe BBICOKO OIEHIIIM I0-
teHuan Danio rerio B KadecTBe TECT-00BEKTa JUIsl OLEHKH KaK MyTareHHOTO, KaHI[EPOT€HHOTO M TePaTOreH-
HOTO 3((heKTa caMHX MOJUTIOTAHTOB, TaK U (HPH3HIECKOT0, XHMHIECKOTO M OHOJIOTHYECKOTO COCTOSHUS BOJIO-
emoB. Kpome Toro, Danio rerio B 6mmkaiimee BpeMs MOXET 3aMEHHTh MHOTUX APYTHX MOJENBHBIX Opra-
HH3MOB, Yb€ HCIOJIb30BAaHNE JINMUTHUPYETCS HALIMOHANBHBIMU U MEXIYHapPOIHBIMU KOMHTETAMU MO OGHO3TH-
Ke 1 OmobezomacHOCTH. B crathe mpuBeneH 0030p pe3yabTaTOB COBPEMEHHBIX HCCIIEAOBaHUI B oOmacTu
OGroMeTUIINHBI, OMOTEXHOIOTHH M TeHETHKH C UCIOIb30BaHHeM Danio rerio B KaueCTBE MOJAEIBHOIO Opra-
HH3Ma.

Knioueswvie crosa: Danio rerio, 3edpadurr, OnoMeuimHa, TecT-00bEKT, MOJCIBHBII OPTaHI3M.

Bseoenue

Copok JieT ToMy Ha3aJl Majo KTO MOT IPEJCTaBUTh, YTO HEOOJbIIIAs TPOIIUYESCKAs PHIOKA, SBISBIIASICS
M3ITIO0JIEHHBIM 00BEKTOM aKBapUyMHUCTOB-TIOOUTENCH, CTAaHET OJTHUM W3 HamOoJjee MepCIeKTUBHBIX U MHO-
TOO0CIIAIOIINX KUBOTHBIX MOJIENEeH, HECMOTPSl Ha TO, 4yTO Danio rerio yAOBIETBOPSIET BCEM TPEOOBAHUIM,
BBIJIBUTAEMBIM HCCIICJIOBATEISIMA K MOJICIHHBIM OPTaHU3MAaM: MaJIbie pa3Mepbl, HEMPUXOTIUBOCTh B TICPUO]T
yX0Jla, COKpaIIeHHbI BO BPEMEHH YKH3HECHHBIN UK U BBICOKAs CTETeHb (epTHIBHOCTU. biaromaps stum
ocobeHHOCTM y Danio rerio ecTh Bce NIAHCHI 3aMEHHUTL COOOW JIMIIEPOB CPEM MOJICIBHBIX OPTaHH3MOB,
cpenu KOTOPBIX JT1abopaTopHas MbItb, Mus musculus v cepas Kpbica (Naciok), Rattus norvegicus. XOTs dBO-
JIIOIIMOHHO TPBI3YHBI Topa3io Oke K Homo sapiens, 4eM ocTallbHbIE )KUBOTHBIE, 33 UCKIIIOUCHUEM TIpUMa-
TOB, WCIIOJIF30BAHNE TPHI3YHOB B JIAOOPATOPHBIX JKCIEPUMEHTaX Bce Ooliee JIMMHUTHUPYETCS MEXIyHAPOJI-
HBIMH ¥ HaIllHOHAJILHBIMH KOMUTETaMH 110 OMO3THKE U OMoOe30macHocTH. MHOTHE JTabopaTOpHH BBOJIAT 3a-
mpeT Ha paboTy ¢ MBIIIAMH M KPHICAMU B CBS3H CO CIIOKHOCTSIMH IO UX COACPKAHHIO, TPAHCIIOPTHPOBKE U
MOCIEYIONICH YTHITN3AIHH.

[omumo atoro Danio rerio obnaaet M psIoM APYTUX MPEUMYIIECTB: Kak U BCE TPEICTABUTENN CBOETO
cemeiicta (Cyprinidae), akBapryMHas ppIOKa CIIOCOOHA IMOJTHOCTHEO BOCCTAHABIMBATH OBPEKICHHBIC TKa-
HU M OpPTaHbl, TAKHM 00pPa30M CTAHOBSCH HE3aMEHUMBIM OOBEKTOM HCCIICIOBAHUS 110 M3YYCHUIO MEXaHU3-
MOB pereHepaluy y desioBeka. Eiie oqHuM mporieccoM, H3ydeHHe KOTOPOTo He MOXKET ObITh B TIOJIHOW Mepe
OCYIIECTBJICHO Ha JIOJAX WU JPYTHUX MIICKOMUTAIONINX, SBISEeTCS dMOpuoreHes. BHyTpuyTpoOHOE pa3Bu-
THE U OTPAHMYCHHOE KOJIMYECTBO IMOTOMCTBA B OJIHOM TIOKOJICHHU Y MBIIICH M KPBIC JEIAIOT HEBO3MOXKHBIM
MPOBEJICHHE LIEJIOTO Psijia IKCIIEPUMEHTOB N0 U3ydeHHIo nmposndepanyu u auddepeHmanuu Kietok. Danio
rerio CIIOCOOCTBYET PEUICHHUIO M 3TOH 3a7]auu, TaK KaK CIIOCOOHOCTh K Hapy>KHOMY OILIOJIOTBOPEHUIO, KPYTI-
Has ¥ po3padHasl MKpa B COYCTAHUU C IPOCTOTON U JCIICBU3HOM BBIPAIIMBAHUS JICTIACT 3Ty PHIOKY He3ame-
HUMBIM O0OBEKTOM HCCIICOBAHUH.

VYdeHble B HAIIM THU TIPUXOJISAT K BBIBOJY, YTO UMEIOIIHECS MOJICIBEHBIC OPTaHU3Mbl, IPUHAIICKAIIIC
K pa3HBIM TaKCOHaM, MOTYT OBITh YCIEIIHO 3aMEHEHBI OJIHUM UXTHOBUIOM Danio rerio, COYETAIOIINM B CE-
0c Bce HeOOXOIMMBIE OCHOBHBIE XapaKTEPUCTUKH.

Ha ceropnsiiauit nens Danio rerio UCTIONB3YeTCs IUIl HCCIEOBAHNsI BOSHUKHOBCHUS U Pa3BUTHS pa-
KOBBIX OITyXOJIeH, OKUPEHHUS, CTpecca, AMadeTa, MPOIeCCOB PEreHepaln, CepAeYHO-COCYTUCTBIX U HEUpPO-
JIETCHEePATUBHEIX 3a00JICBaHHN, MBIIIICYHOW TUCTPO(DHUU U IPYTHX CEPhE3HBIX MATOJIOTHIA.
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LIG.TII:IO IAaHHOM CTaThH SIBJISCTCS O630p JOCTHKEHHI KaK KJIIAaCCUYCCKHUX, TaK U COBPEMCHHBIX UCCJIICO0-
BaHMIA B 001aCcTH IIPUMECHCHUA I10JI0CATOI0 JaHHUO B POJIKM MOJCIIBHOT'O OpraHnu3Ma u TecT-00BheKTa.

Bbuonozus Danio rerio

Danio rerio npunaiexut k otpsany Cypriniformes, OqHOMY U3 KPYITHEHIITUX TAKCOHOB KOCTHBIX PHIO.
PoauHoit monocaToro qaHmo SBISIOTCS pekd 1 o3epa Muanm u [lakuctana. B HEOOMBITUX KOTMYECTBAX 3TOT
BHJI BcTpedaeTcs B BomoemMax banrnanema, Henama u Mesamebn [1].

Cpenusis anuHa Jlanuo coctaBisieT 2,5 CM, OJHAKO B HEKOTOPBIX CIydasX MOXET JocTurath 6,4 cMm
(puc.). Okpacka Tena CBETJIO-pO30Basi, C OTYCTIUBBIMA TEMHO-CHHUMHY TIOJIOCKAMH, HIIYIUMH MapauIeIbHO
O0okoBol nmuHUHU. [TonmoBo¥ AMMOPGU3M BBIpaKEH HE3HAYUTENHHO: CAMKH, KaK MPaBWIO, YyTh KPyIHEE W
onennee camiio. @opma Tena TOXKE pazUIHA: €CIIH caMIlbl TOPIEI000Pa3HbI, OTIMYAIOTCS Oosiee KPYITHBI-
MU aHAJIBHBIMH IIABHUKAMHM, TUTMEHTUPOBAHHBIMU Ha KOHIIAX, TO Y CaMOK OpIOIIIHAs 4acTh UMEET BHH3Y
3aKpyriaeHHyo Gopmy [2].

Ilo tumy mutanus Danio rerio OTHOCSTCS K XHIMHUKAM, WX PAIlOH COCTOUT NMPEUMYIIECTBEHHO U3
YyepBel, HACEKOMBIX, UX JIMYMHOK W SIHII, TAYKOB W HU3MINX PakooOpasHbiX. Kak W y Apyrux KapruoBbIX, Y
Danio rerio OTCyTCTBYIOT 3yOBI U KEITYIOK.

B npupone JlaHno pa3MHOXKarOTCS B CE30H MYCCOHHBIX J0XJei. HepecT MpoucxoIutT paHHUM YTpOM,
cpasy mociie Bocxoja cosHia. OTHOBpEMEHHO HECKOJILKO CaMIIOB HAYMHAIOT MPECIICA0BATh CAMKY, MBITAsCh
MPUBECTHU €€ K CIEeIMaTbHOMY MECTY HEPECTa U IUIaBasi BOKPYT Hee, 00pasys Ipy 3TOM MaJICHBKHIA KPYT WA
BOCBMEPKY. MecTa HepecTa CTPOSTCS U3 YaCTHIl PACTEHUH U IOYBHI.

Pucynok. Danio rerio B akBapuyme.

Jns mHALNMAIY HepecTa HECKOJIBKO CaMIIOB HAYMHAIOT MPECIeI0BaTh CAMOK, IBITAsACh MPUBECTH UX K
HEPECTWJIHIIY, KOTOPBIE COCTOSIT U3 YaCTHIl pacTeHui u mouBbl. Korga 6pavnas mapa npubImKaercs K Mec-
Ty HepecTa, caMell HAYMHAST OMTh XBOCTOM CaMKY IT0 OPIOIIKY. DTO BBI3BIBAECT BRIOPOC SIMIIEKIIETOK U CIIep-
MaTO30UIOB.

HHTepecHo, 4TO Cpa3y IMOCIe BBUIYILICHUS BCe 3IMOPHOHBI IPEBPAIAlOTCs B caMOK. TOJIbKO yepe3 S5—7
HeJIeNTb TOHAIbl HAUMHAIT AuddepeHimpoBaThecsa. CaMiaMm TpeOyeTcs OKOJIO 3 MECSIIeB ISl TOJIOBOTO CO-
3peBaHUs, IOTOMY YTO TOJIBKO Ha 3TOM 3Talle CEMESHHHUKH TIOTHOCTHIO chopMupoBaHsl. [1oka mpupoma 3Toro
SIBIICHUSI OCTAETCsI HEesICHA, HO MHOTHE YUYEHBIE TIPEINONaraT, YTO 00eCIICYeHHOCTh MUIIEBBIMU PecypcaMu
Y CTaOUIBHOCTH OMOIICHO3a UTPAIOT KIFOYEBYIO POJIh B (pOPMHUpPOBAHUH 1o, J[0Ka3aHo, 4TO MEJIEHHO pac-
TYIUE UHIUBUIBI CTAHOBSATCS CaMIlaMH, a OBICTPOPACTYIINE UHANBHUIEI — CaMKaMHU.

Kak u MmHOTHE ipyrHe BUABI PbIO, Danio rerio UCTIONB3yeT CUCTEMY OOKOBOW JTMHUH, YTOOBI OOIIATHCS
¢ IpyruMu peibamu, n30eraTe BparoB W BOCIPHUHHMATH M3MEHEHHS B OKpyKaromiei cpere. Jlaxe ciabpie
BHOpANUH, BHI3BAaHHBIC JBIKECHUSIMU JIPYTHX OPraHU3MOB, OOHAPYKUBAIOTCS MO0 OOKOBOW JMHUU. M3MeHe-
HHE XMMHYECKOTO COCTaBa B BOJIE OITYIIACTCS 00OHATEIHLHON TyKOBHIlEH [3].
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Danio rerio kak 0GBbEKT UCccrneaoBaHus ...

Hcmopusa pazsumus

IlepBrIM uccnenoBareneM Danio rerio cauTaeTcsl MOTIAHACKAN HATYpPAIHCT, 300JI0T U ITyTEIIeCTBEH-
HuK Opencuc ['amunbToH [4]. B 1822 1. Bo Bpems ciryx0b1 B OcT-MHICKONW KOMIaHUH, | aMUIIETOH 00HApY-
*w Danio rerio B BOIOEMax WHAMICKOTO MITaTa buxap U ommcar uX Kak «IPeKPacHBIX PBIO» ¢ «HECKOJb-
KHUMU TOTYOBIMH B CEPEOPUCTHIMHE ITOJI0CKaMH Ha OOKax».

Cuycts monBeka mociie ['ammnbroHa, B 1878 1., mpyroit 30o050r 1 muoHep uxtuojoruu Opancuc [pit
OMyOJIMKOBAJ IBYXTOMHHUK O] Ha3BaHUeM «PwIObI MHIMIY, KOTOPBIN cofiepKall KpaTKOe OIMCAHUE U PUCY-
HOK Danio rerio [5].

B mauvane XX Beka 3TH MPOCTHIE M HETIPUXOTIUBBIE B PA3MHOKEHUHN M COACPIKAHUU PBHIOBI OBLIH yC-
TIETITHO WHTPOIYIIMPOBAHKI B EBpoIie B KadecTBe akBapuyMHBIX oOuTatenei [6]. Bckope Danio rerio, momy-
YUBIINN 32 CBOIO MOJIOCATYI0 OKPACKY aHTJIHMICKOE Ha3BaHMe «zebrafishy, cran upe3BhIYaiftHO MOMYISIPHBIM
O00BEKTOM HE TOJBKO U BBHIPAIIMBAHUS aKBAPUYMHCTAMHU-TIOOUTEISIMH, HO M IJI MPOBENCHUS HAyYHBIX
AKCIIEPUMEHTOB. Y ke B Hadaje 30-X IT. aMepHUKaHCKUH 3MOPHOIIOT M UCTOPUK Hayku Jlkein Onmnenreimep
MPEINoNoXKuIa, 4ro Danio rerio MOXET CTaTb HACaIbHBIM OOBEKTOM Ul M3YYEHHsI OCHOB SMOPHOIOTUH
M03BOHOYHBIX. OmmeHreiiMep yaanock MoKas3ark, 4To sMOpuoreHe3 Danio rerio CXOAEH ¢ 3MOPHUOTEHE30M
am¢uowmii [7]. Kpome Toro, OnmnenreiiMep yCTaHOBHUIIA, YTO FE€HBI, OTBEUAIOIIKE 3a (JOPMUPOBAHUE CITUHHOMN
OCH, TIPAKTUYCCKU HJCHTHYHBI Y BCEX XOP/IOBBIX.

B 1934 r. cotpynauk YHuBepcureta YaiiHa Yapns3 Kpusep peummn BBectu Danio rerio Kak MOAEIb-
HBII O0BEKT AT Jab0paTOpPHBIX padOT CTYIEHTOB-3MOPHOJIOTOB, HO BCE €T0 IMOMBITKH 3aMEHUTH MBIIICH U
KpBIC MTPOBAJIIIIUCE.

[Mocnenyromue 30 et ydeHbIe BCETO MUpa MOCBITHIN U3yUYSHHUIO BIVSHHS COJICH MOYECBHHEI U JIPYTUX
MyTareHoB Ha (hOpMHpOBaHHE HEPBHOW CHCTEMBI U MpoIlecchl ctapeHus Danio rerio, HO, K COXAaJICHUIO,
00BEKT TaK M OCTABAJICS «TEMHOMH JIOIIAIKOW» dKCIIEPUMEHTAIbHOMN Orosoruu [8, 9].

N3menenus Havanuck B KoHue 1960-x rr., korna Jxopmx Crpelisunrep u3 YHuBepcuteta Operona
3aMHTEPECOBANICS aKBAPUYMUCTUKOW. OH TproOpesl HECKOJIBKO «30JIOTHIX» J[aHWO, OJHY W3 TEPBHIX MY-
TaHTHBIX JTUHUH PBIO. I'eH, OTBEUaroNTHii 3a 30JI0TOH IBET, SABJISUICS PEIIECCUBHBIM, UTO ONPEACITHIIO BHIH-
MbIe ()CHOTUITMYECKUE PA3IAYMS MEKY TBYMS TOMYJIAIUASIMU pbI0. M3menss ycnoBus cpenbl, CTped3uHrep
co3Jlasl CTaOWibHYIO momyisiuuio Danio rerio 1yid TPOBENCHUS HHIYLIUPOBAHHOTO MyTareHesa in vivo.
B 1981 . Crpeiizunarepy yaaaoch HOMYyYUTh CEPHUIO PA3TUIHBIX YUCTBHIX JTUHUN PBHIO I aHAIHM3a POJIA MY-
TareHHbIX ()aKTOPOB B Pa3BUTHH HEPBHON CUCTEMBI MO3BOHOYHBIX [10].

B 1995 r. npyrue nBa corpyanuka Operonckoro yHuBepcutera Yapne3 Kummens u Yunbsam bamnap u
WX KOJUIETH U3 J[apTMyTCKOT0 KOJIIeKa onrcaiy 7 cramuii smOpuorenes3a Jlanmo: 3urora, apodiienue, 0ra-
CTyJa, TacTpyia, cerMmeHTanus, Gapunryna u uakyoanus [11]. JIpobnenue siitia HauuHaercs dyepe3 40 MuH
nocje OIUIOAOTBOpeHUs. binactomepsl pacxoasarcs kaxnaele 15 mMuH. Bech mpouecc apoOneHus BKIOYaeT
6 3TamnoB, B pe3ybTaTe KOTOPBIX SMOPHOH cOCTOUT U3 64 xinetok. Cragus OnacTynbl AIUTCS MpUMEpHO 3 4,
CTaus racTpyibl — 5 9, cTaaus (papuHTYIBI, BO BpeMsl KOTOPOH MPOUCXOAUT MPEeBpaIeHre HEPBHON TPyO-
KU B TIO3BOHOYHUK, TIpojoikaeTcs 14 4. B KOHIIE cerMeHTaIuy SMOPHOHEI MPHOOPETAIOT CBOMCTBA, Xapak-
TEPHBIE JUIS BCEX MO3BOHOUYHBIX. [10CTIMOpHOHANBHBIN IEPUO/T BKIIFOYACT B CeOS TPH CTAVH: JTUIUHOYHYIO,
IOBEHUJIBHYIO U B3POCIYIO.

JlaHHBIE 1 aHAJOTHYHBIEC UCCIIEOBAHUS TTO3BOJMIN ACTATHHO U3YUUTh MPOIIECC PAHHET0 YMOpPHOTreHe3a
Y 3KCTPAIOIUPOBATH IMOJYICHHBIC PE3YIbTAThl HA AMOPHOHBI YEIIOBEKA.

Ho 4ToO®I chenmaTh mporecc M3ydeHHs YeNOBEUYECKUX Oose3Hel Oonee 3((EKTUBHBIM, TPeOOBAIOCH
HaWTH TOMOJIOTMYHBIC TEHBI. OJTa Mpobjema OblIa pereHa yYeHBIMH w3 COHTEPOBCKOTO HHCTHTYTA
B 2003 1. B 3TOT mepuon ObLI MpOBEAEH MOTHOTCHOMHBIA aHanu3 Danio rerio. CornacHo pesynbTaTaM Hc-
CJIEN0BAaHNA, TEHOM BKIto4aeT nopsaka 26 000 reHos, 70 % U3 KOTOPBIX aHATOTMYHBI TeHaM denoBeka. UyTh
MO3KE JIaHHAS TPYIIa aBTOPOB OMyOJIMKOBajia BTOPYIO CTAaThIO, B KOTOPOM OMHCaHBl (PYHKINH MPUMEPHO
10 000 renos [12].

Jlaypear Hobenesckoit npemun Kpuctnana Hroccnsitn-®onbxapn n3 TIOOMHIEHCKOTO YHUBEPCHTETA
COBMECTHO C KOJUIEraMH H3ydalia Ipolecce MUTpaluy 61acTonutoB y 6osee yeM 4 000 MyTaHTHBIX 0COOCH.
ABTOpaM yIanoch ONpeIenTh TeHbI, IETEPMUHUPYIONTINE paHHUN dYMOpHOTeHe3 yenoBeka [13].
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Ipeumywecmsa Danio rerio kax mooenu cOBPEeMeHHbIX UCCIe008aHULL

Danio rerio obnajgaeT MUHHATIOPHBIMU pazMepaMH M He TpeOyeT CIeUabHOTO 000pYIOBaHUS s
cojiep>kanus U paszBezieHus. [lomuepkanue nonyisiiuu Danio rerio 0OXOIMTCS 3HAYUTENBHO JCHICBIIE, He-
JKEJU APYTUX MOJICTBHBIX MO3BOHOYHBIX, TAKUX KaK MBIIIN U KPBICHI.

Camku Danio rerio criocoOHBI OTKJIAJBIBATh HECKOJILKO COTEH SIMI eXXeHeJelbHO. brnaronaps cBoeit
MPO3PAYHOCTH, SMOPHOHBI MOTYT OBITh MCITOJIL30BAHBI JIUISI M3YUCHUSI PAHHETO 3MOpPHOTeHE3a MIICKOITUTAI0-
IIUX, B TOM YHCIie U YeloBeka. C MOMOIIBI0 OOBIYHOTO CBETOBOI'O MHUKPOCKOIA MOYKHO BHU3YaJIbHO HAOJIO-
JIaTh 32 KPOBEHOCHBIMH cocyaamHu. [Ipu 3ToM mepuosi B OJUH ACHb pa3BUTUS Danio COOTBETCTBYET OJHOMY
MecsIIly pa3BHUTHS 4delloBeueckoro 3apossiiia. Kak u y Xenopus laevis, y Danio rerio TiN OIIOAOTBOPCHUS
HapyXHbIH. 84 % TeHOB phIOKH aCCOIMHUPOBAHKI C 3a00JIEBAHNAMH YEJIOBEKA.

Danio rerio, xak u qpyrue MpeICTaBUTENN KapIIOBBIX, CIIOCOOHBI K MTOJIHOW pereHepalvu KIeTOK, TKa-
Hell u opraHoB. M3ydeHne T€HOB, BOBIICUEHHBIX B ATOT IpOIlecc, TIOMOXET HalWTH B Oyayniem crnocob 3¢-
(DEKTHUBHOTO JICUCHHS NTAIIMEHTOB, NepeHECIINX HHPAPKT, HHCYJIBT U aMITyTAIUI0 KOHEYHOCTEH.

Paszsedenue axeapuymnoi pvloxu

Jns momnepxaHus aKBapUyMHOHN pPHIOKM PEKOMEHIYETCS UCIOIh30BATh CIEIUATBLHBIC SMKOCTH WU
aKBapUyMbI C BBICOTOM BOIHOHM Tommy He Ooinee 25 cMm [14]. MuHMMabHAass eMKOCTh cocraBiser 40 1.
B niepuios ciapuBaHus caMIlbl U CaMKH HHOT/Ia TIEPEHOCATCS B EMKOCTh MEHBIIETO pa3Mepa C BHICOTON BOJI-
Hoit Tommuu 10 cm. Hecmotps Ha To, uto B ipupoae Danio rerio IETKO NEPEHOCUT TEMIIEpaTypHbIE Iieperna-
161, Temmeparypa 28,5 °C mupoko peKOMeHIyeTcsl Kak ONTHMAaIbHAS I pa3BeAcHMs AaHno. boiee Hu3Kkme
WM BBICOKHE TEMIIEPAaTypbl MOTYT CHH3HUTH MPOJOHKUTEIBHOCTD JKU3HH, CIOCOOHOCTD K Pa3MHOKEHHUIO U
KOJINYECTBO KU3HECTIOCOOHBIX IMOPHUOHOB.

Taxxe Ba)KHO OCYIIECTBISATh KOHTPOIb pH BOAHON cpempl ¢ MOMOIIBIO KOJOPUMETPHIECKOTO TECTA C
HabOPOM CHETMaTBHBIX PEAKTUBOB MIIM BBICOKOTOYHOM KOHAYKTOMeTpuu. OntumanbHelii pH moabupaercs B
unTepBaie 5,9-8,1.

[MoxnepkaHue YUCTOTHI aKBapuyma W (PHILTPOB JUIS BOZBI SBISIOTCS OYEHb BAKHBIMH JIJISL 3JI0POBbBS
MOMYJSANUN PHIOOK. Takas Momysius OOBIYHO COMIEPKUTCS B BOJOEME CO CTOSUYEH BOJIOW MM B TPOTOYHOM
TaHKe, B KOTOPOM CMEHA BOJIBI MTPOBOJIUTCS B MEIJICHHOM peXuMe. B mociieiHeM cirydae Bojia MOXET OBITh
CBEXKEH, MPUTOYHON WM 00paboTaHHOU, penupKyIupyeMoid. CTosunii BogoeM TpeOyeT IMOCTOSHHON OYHCT-
KH. BbICOKHE KOHIIEHTPAllMd MOYEBHHBI WM HUTPATOB MOTYT MPHUBOAMTH K JIETATHbHOMY McXoay peiO. Tak,
HUTPHT, MOTIIOMIAEMBII KaOpaMH, MOHMKACT CIIOCOOHOCTh yCBauBaTh KUCIOpO. DUIBTPEI U aKBapHyMbl
JIOJDKHBI YHCTUTRCS MO0 MEpEe BU3YaIbHOTO 3arps3HeHus. J[1s Toro, 9ToOBI MPEAOTBPATUTH 3aCTOMHEIC SBIIC-
HUS, IPEIYCMOTPEH CIIeNHaIbHBIN Hacoc. HeoOXomuMBblii ypoBEHb paCTBOPEHHOTO KHCIOPO/Ia MO IAeP KIBa-
ercs Ha oTMeTKe 6,0 Mr/I.

Kak MHOTMEe Apyrue OpraHu3MBbl, TOJOCATHIA JAaHHMO OTHOCHTCS K COIMAJIbHBIM JKMBOTHBIM. PHIOKH
BCTYNAIOT B OOILICHUE C OAPYTUMH OCOOSMH CBOETrO BHIA M BHIAMH PHIO. ATpecCMBHOE MOBEICHHE CaMIIOB
HaOJII0/JAeTCS TONBKO B HEPECTOBBII MEPHOJT U CIUTAETCS AJIS 3TOr0 OTpe3Ka BPeMEHNW HOPMaIbHBIM. JlomMu-
HUPYIOIINA caMel] MOXET OTTOHSATh OCTAJFHBIX CAaMIIOB M Ja)Ke KycaTh UX, XOTs U 00br9HO O6e3BpenHo. Oc-
TalbHOE BPEMsI MOIYJIALMS COCYIIECTBYET MUpHO [15].

Danio rerio mataetrcst cyxuM KopMoM. OmHaKO Hake KOMMEPYECKHH, BHICOKOKAUYECTBEHHBINH CYyXOi
KOpPM HEIIOCTAaTO4YeH JJIsi HOPMAIbHBIX YCIOBHH coiep:kaHus peiOoK. [loaToMy HEOOXOIWMBI HEKOTOPHIC
MUIIEBbIE JTOOABKY, BKIIFOYAIONINE 3aMOPOKCHHBIC HITH JKUBbIC MOAKOPMKH. Cpeau HanOoliee MOy IsSpHBIX
MOJIKOPMOK MOYKHO Ha3BaTh JTUUMHKU Artemia nauplii, Artemia salina, Tubifex tubifex, Drosophila melano-
gaster 1 Daphnia. DTHX MEIKUX PAYKOB U HACEKOMBIX MOXHO cOOpaTh B MPYIOBBIX XO3SMCTBAX, HA peKax
WM COJICHBIX Bojoemax. JloOaBiieHue NCKYCCTBEHHBIX PACTCHUN, KAMHEH M JIPYTUX 0COOCHHOCTEH, UMHUTH-
PYIOIIUX MPHPOIHBIC YCIOBUS OOMTAHUS «JAMCKOTO YyJIKa», IMO3BOJIIET PhIOKaM YyBCTBOBATH CeOS KOM-
¢dboptHO U 6e30macHo [16].

Cospemennvle uccied08anus

B Hacrosimee BpeMs MOSIBUIIACH BO3MOXKHOCTh OLICHUTH Danio rerio Kak MOJACIbHBIE OOBEKTHI HCCIIe-
JOBaHUH. DTH PHIOKH MOYKHO JIETKO CONIEP)KATh B JIAOOPATOPHBIX YCIOBHUSAX, OHH BEISBIIAIOT OOJIBIIIOE CXO-
CTBO C OCOOCHHOCTSIMHU Pa3BUTHS Y€JIOBEKa, HE TPEOYIOT CI0KHOW anmaparypbl WK UHCTPYMEHTOB JIJIsl CBO-
el xusHenesaTeapbHOCTH. OTCIO/IA SICHO, MMOYeMY yUeHbIe BRIOpanu Danio rerio Aisi UCCICIOBAHUS IIIUPOKO-
pacpoCTpaHCHHBIX U TSHKENBIX 3200JICBaHUM, C KOTOPBIMH YEJIOBEYECTBO CTAIKUBACTCS €XKEIHEBHO.
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Pecenepayus

Ha ceronusimiauii AeHp OJHUM U3 IPUOPUTETHBIX HANPABICHUN SIBJIAETCS IOMCK MEXaHU3MOB, OTBETCT-
BEHHBIX 32 BOCCTAHOBJICHHE HOPMAJIbHBIX (DYHKIMH KJIETOK, TKAaHEH U OPTaHOB.

OpraHsl 4enoBeKka B COOTBETCTBHM CO CBOMM PETEHEPATUBHBIM MOTEHIMAIOM JENATCS Ha TpU KaTero-
pHH: C BEICOKOW BOCCTAHOBUTEIHHOM CIIOCOOHOCTHIO (KOJKHBIE ITOKPOBBI, KPOBB), CO CPeIHEH (KOCTHBIE TKa-
HU, TIEYEHb U CKEJIETHBIC MBIIIIIBI) U HU3KOH BOCCTAHABIMBAEMOCThIO (HEPBHbIE KJIETKHU, KIETKU CepIeUHON
MBIIIIBI ¥ KOHeuHocTH) [17]. B aToii cBf3M, Bce AereHepaTHBHBIC MPOLECCHI, MPOTEKAIOIIUE B OpraHax
TpeTheil TPYIIbI, IPUBOIAT K Pa3BUTHUIO CEPhE3HBIX MaTonoruii u cmeptu. [locne nHpapkTa, HHCYNbTa, aM-
MyTallMyd KOHEYHOCTEH MAalMeHThl BBIHYXKIEHbI CTpaJaTh OT HETaTUBHBIX MOCIEACTBUH 10 KOHIIA )KU3HU.

OpnHako He TOJBKO YEJIOBEK HE CIIOCOOEH K IIOJHOM pereHepaluy TkaHei u opraHos. Hekoropsie BUIbI
aHaMHUI 1 OONBIIMHCTBO aMHHOT JIMILIEHBI CIOCOOHOCTH BOCCTAHABIMBATH yTpaueHHbIE QyHKIUH. B oTin-
yue oT HUX Danio rerio, n 3SMOPHOHBI, ¥ B3pOCIIble 0COOH, COXPAHAIOT CBOM pereHepaTUBHBIN IMOTEHIMAT U
MOTYT YCHEIIHO BOCCTAHABIMBATh KaK CTPYKTYPY, TaK U (DYHKIMU CEpACYHBIX MBIIII, IJa3, IJIABHUKOB U
JOpYTHX OPraHOB, HEOOXOAUMBIX ISl TIOAAEP KaHUS KU3HECTIOCOOHOCTH.

Pezenepayus cepoeunoii mviuiyol

CornacHo nanubiM Beemuproii Opranuzanun 31paBoOXpaHeHus], CepICHHbIA MPUCTYI 3aHUMAET OJIHY
W3 JIMTUPYIONIMX TO3UIME cpenu 3aboneBanuii. [locne nH(papkTa MUOKapJa HA MECTE MOPAXKCHHBIX Kap-
JTUOMHUOIIMTOB MPOUCXOTUT (pOpMHUpOBaHUE pyOIIOBOM TKaHU, KOTOpasi HE CIIOCOOHA COKpAIIaThCs Kak cep-
JIeuHas! MBIIIIIA.

Bb110 ycTaHOBJICHO, YTO BHEKJIETOUHBIN MATPUKC SBJISIETCSI OCHOBHBIM (DAKTOPOM, HHUITUUPYIOIIHM Op-
raHOTeHEe3 U pereHepanuto. Bo Bpems sMOproreHe3a MaTPHUKC 3aIyCKaeT Mpolece mpoudepalyiu u co3pe-
BaHMsI BCEX THUITOB KJIETOK CEPICIHO-COCYIUCTOM crucTeMHl [ 18]. SImpo BHEKIeTOYHOr0 MaTpukca (popMupyet
0enok GUOPOHEKTUH, KOTOPBI UTPaeT Poiib CyOCTpaTa Jiisi MUTPUPYIOIINX BO BPeMsl pereHepaIuy KapIuo-
muonuToB [19].

Beneacreue nH(papkTa HaOMOMACTCS CYNEPIKCIPECCUs TEHOB, OTBETCTBCHHBIX 32 CHHTE3 (DUOPOHEK-
tuHa. Y Danio rerio ipy 3amycke mporecca pereHepanui MOJIeKyIbl (PUOPOHEKTHHA MOJTHOCTBIO pacraja-
torcst. OTHAKO y MIICKOITUTAIOIINX, B TOM YHCIIE U Y JIIOJCH, MEXaHU3M JIerpaialliil dTOro OelKa HapyIIeH,
YTO OCTAHABIUBACT MPOIIECC PEreHepaluyd U MPUBOAUT K (UOpo3y TKaHel. M3ydueHne SKCIPecCHH TeHOB,
OTBETCTBEHHBIX 3a 00a Mpollecca — U PereHepaluy | Mocieyonero pacnana GuOpoHEeKTHHA — ITOMOTaeT
MOHATH U KOHTPOJIMPOBATh MEXaHU3MbI BOCCTAHOBJICHUS KAPIMOMHUOIIUTOB MIICKOTIATAIOIIUX.

PeeeHepauuﬂ nji1aeHUKo8

[Tox KOXKHBIMU TTOKPOBaMHU OOBIYHO TOAPA3YMEBAIOT IENBIA PSAA CTPYKTYP, 00IaTaf0NIUX TTOKPOBHBIMHU
Y 3alIUTHBIMUA (YHKIHMSIMH: STIHIESPMHUC, ISPMa, TOJKOKHO-KHUPOBas KIETYATKA, BOJOCSHEIC (DOJLTUKYIIBI,
MOTOBBIE U CAJIbHBIE KEIE3BI.

B HOpMaNBHBIX YCIOBUSIX MPOIECC 3a)KHUBIICHUS PaH y MIECKOMUTAOIIUX 00yCIOBIeH GOpMUPOBAHUEM
pyO1a, KOTOpPBI HEe CIOCOOEH 3aIMIIATh BHYTPEHHUE OPraHbl Ha MOJ00ME TOro, KaK 3TO AEal0T KOXKHBIE
MOKPOBEL. Danio rerio sBIseTCA NACaTbHBIM 00BEKTOM IS 3yUEHHS STUMOP(UIECKOTO THUIIA PereHepalui
KOHEYHOCTEH, MPH KOTOPOM yTpaueHHAas YacTh Tejla BOCCTAHABIHMBACTCS C MOMOIIBbIO MpoJUdeparu He-
g GepeHIInpPOBaHHBIX CTBOJIOBBIX KJIETOK. B OTIM4YME OT cep/IedHO# MBI, XBOCTOBOW IJIABHUK JIUIICH
co0cTBeHHON MycKynaTypbl. OH MpeacTaBisieT coO00H KOXKHYIO CKIaAKy ¢ 16—18 KOCTHBIMU JTydamu, pasze-
neHHbIME Xpstamu [20]. BokoBbIe JTydr 00BIYHO ITHHHEE OCTATBHBIX, 4 PA3HHUIIA MEKIY CAMHUM JTHHHBIM U
caMbIM KOPOTKHM JIy9aMH COCTaBIIIeT 4 cerMeHra. Tak Kak ppi0a yBEIWYMBAeTCAd B pa3Mepax B TeUEHHUE
BCell KU3HH, TNTABHUKH TaKKe PACTYT MO Mepe 100aBIeHHsI HOBBIX CETMEHTOB K OKOHEUHOCTSIM JIy4eH.

[TokazaHo, 4To cpa3y mocie aMIyTalliH IUIABHUKA 00JIaCTh TIOBPEXK/ICHUS TTOKPHIBACTCS PAHEBBIM JITH-
JIEPMICOM H3-32 MUTPAIMU HeTpoiardepupyonmx KIeTok B 00IacTh paHbl. Ha Bropble CyTKH Ha MecTe To-
BpeXACHUS o0pa3yercst Oemas mojoca, KOTopas B TEUCHHE CIEAYIOmuX 3—4 nHel yBeIMYHUBaeTCS B pa3Me-
pax. OOpazoBanue O1acTeMbl MPOUCXOIUT 3a CUET MPOLECCOB Npoiudepaunu u aenupPepeHInpoOBKU Me-
3eHXUMAaJIbHBIX KJIETOK T0J] PAHEBBIM 3MHIEpMHUCOM. biractema mompa3aenseTcss Ha MPOKCUMAIBHYIO U HC-
TaJbHYIO B 3aBUCUMOCTH OT CKOPOCTH Iposind)epalny U dKcrpeccun reHoB [21]. PerenepaTuBHBINA pOCT Ha-
YrHaeTcs Yepe3 5—6 AHel mocie TpaBMaTHIecKoro 3 QexTa, A KOTOPOro XapaKTepHa akTHBHAS Tpoiude-
parus TPOKCUMAIBHBIX KIETOK Onactembl. [IpokcumanbHash 4acTh HaumHaeT IUp(EpeHIMPOBATHECS B
CKJIAJIKy IUTaBHUKA M MpHOOpeTaeT murMeHTamuo. [IpuMepHO 1o MCTeUeHnH TpeX HeAeNb IIAaBHUK MOJTHO-
CThIO BOCCTAaHABJIMBAET CBOU pa3Mepkl u opmy [20].
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Pezcenepayus yenmpanvuoii neperoti cucmemwl (LIHC)

T'omoBHOM MO3T sIBIISETCS He3aMEHUMBIM opraHoM. JIrobOas TpaBma I[HC mpuBOIUT K CEPhE3HBIM OC-
noxHeHusM. K ¢dakTopam, BBI3BIBAIONINM HEOOpATUMBIC U3MEHEHHSI B MO3TE, OTHOCATCS OaKTepHalbHBIC U
BUpPYCHbIE 3a00JIeBaHHA, TIEPEHECEHHBIE TPAaBMBI, KPOBOM3NUSAHU, Oone3Hb AnblLreiimepa, [lapkuHcoHa u
np. Cormacao otderam BO3, HHCYIBT 3aHUMACT JTUIUPYIONMINE TIO3UITUN CPEIN MHOXECTBA O0Je3Hel  Tma-
TOJIOTHH, MPUBOIAIINX K CMEPTHOMY Hcxomy [22].

Hecmotps Ha To, uTOo mpobnema pereHepauuy HEHpOHOB U BocctaHoBieHus1 ¢pynkuuit [THC Ha cero-
JTHSIIHUN JIeHb KpaiHe aKkTyallbHa, 10 CUX MOp He CymecTBYeT () ()EKTUBHBIX CTpATETHH IS peIeHNs JaH-
HOM 3amaun. [locneqHue Tpu AecATuineTHs: ydeHble pabOTalOT HaJ UCCIEAOBAaHUSAMH 10 3aMEHE MOTHUOIINX
HEPBHBIX KIETOK Hequ(QepeHIINPOBAHHLIMU CTBOJIOBBIMH KieTkaMd. Ho TepBUYHO HEOOXOJMMO IMOHSTH
MEXaHU3MBbl PEreHepaluy CpeAr APYTUX BHIOB XKHUBOTHBIX C BBHICOKOH CITOCOOHOCTBIO K BOCCTAHOBJICHHUIO
KJIETOK U TKaHeW. Danio rerio sSIBIAETCS W€aJbHON MOJIENBIO TIOTOMY, YTO Y B3POCIBIX MPEICTaBUTENEH aK-
COHHBIH TPAHCIIOPT, B TOM YHCIIE TIPA MEXKIETOYHOM MEPEMEIICHUN OPTaHell, OEIKOB, )KUPOB U YTIEBOIOB
MOCPEJICTBOM aKCOHOB, (DYHKIIMOHUPYET HOPMAIBHO JIa)e IMOCIEe CEPhe3HBIX HCKYCCTBEHHO BBI3BAaHHBIX IMO-
BpexaeHuit [23].

YV B3pOCIIBIX MJIEKOTTUTAIOMINX CYIIECTBYET ABA OCHOBHBIX OT/ENIa MO3ra, B KOTOPBIX MIPOUCXOIUT KOH-
CTUTYTUBHBII HeHporeHes3: CyOrpanyssipHas 30Ha B 3y0UaToil M3BHIIMHE THIIMIOKAMIIa 1 CyOBEHTPUKYJISIpHAs
30Ha OOKOBBIX JKEITYI0YKOB, B KOTOPBIX HOBBIE HEHPOHBI 00pa3yloTCs U MUTPUPYIOT Janee B OOOHATEIbHYIO
JIYKOBHILY, YTOOBI TPaHC(POPMHUPOBATHCS B MHTEPHEHPOHBI [24]. PaHHHe HccieqoBaHus MOKa3alld, 4To CyO-
BEHTPUKYJISIPHAS 30HA OTBEYAET 33 aKTHBAIIMIO PETCHEPATHBHBIX IPOIIECCOB TOCIE CEPhe3HBIX MOBPEXKIE-
HUH TOJIOBHOTO MO3Ta, MPOU3BOIS KIETKHU-IPEALICCTBEHHUKH, KOTOPhIE aKTUBHO JIENIATCS U MUTPUPYIOT K
MOBPEKJICHHOW 00JIaCTH, 3aTeM MOJBEPraroTcs TUPPEPEHIINPOBKE H UHTETPAIIUS C NMEIONIMMHUCS HEPBHBI-
MU CTPYKTYPaMH.

[To cpaBHEHMIO ¢ BBICHIMMH ITO3BOHOYHBIMH, Y HU3IIMX MO3BOHOYHBIX B MPOLECCE pereHepaluy npu-
HUMAaeT y4acTHe IOTMOJHHTENbHAs 30Ha — TelleHnehalnieckas BEHTPUKYJsipHas [25]. [laHHBIA y4yacTok
HATIOMHHAET CYOBEHTPUKYJISPHYIO 30HY M BBITIONHSET Te K¢ camble pyHKImu. KieTku-npenniecTBeHHUKH
MOTYT B KpaTyailiie CpOKH 3aMEHHUTD MOTHOLINe HEHPOHBL. DKCIIEPUMEHTaMH TIOKa3aHO, YTO TOCIIE UCKYC-
CTBEHHOT'O yJaJleHHs y4acTKOB Mo3sra y Danio rerio in vivo pplOKH MOJHOCTBIO BOCCTAaHABIUBAIOT HE TOJBKO
HEHPOHBI, HO U MX HOpMaJibHbIC QYHKIMH [26].

Huabem

Caxapnblii auabet sBisieTcs 3a00JeBaHUEM YHIOKPUHHOM CHCTEMBI, KOTOPOE BO3HUKACT BCIICACTBHUE
neduITa UHCYJIMHA U XapaKTepu3yeTcs HapylmeHUsIMA MeTaboirn3Ma M, B YaCTHOCTH, YTJIEBOJAHOTO OoOMe-
Ha. [Ipu nuabere MOJpKENyIOYHAS JKele3a TepseT CIOCOOHOCTh BBIPa0aThIBATH HEOOXOJMMOE KOIHYECTBO
WHCYJIMHA WX BhIpa0aThIBATh HHCYJIMH BEICOKOTO Ka4eCTBa, IIPY 3TOM YPOBEHB caXxapa B KPOBH CTAHOBHTCS
BbIcOKMM. be3 neuenns auadbet NpoBOLUPYET cepbe3Hble 3a00IeBaHus, TaKUEe KaK HHCYIBT, CEPACUYHBIH MpU-
CTYTI, O)KHPEHUE U JETATHHBIN HCXO/I.

CymecTByeT ABa OCHOBHBIX THMa auabdera: THI 1, WM «MHCYJIWHO3aBUCUMBINY, KOTOPBINA XapaKTepH-
3yercsl Aerpafalneii HHCYIMH-CUHTE3UPIOMNX [-KIETOK MOKETYAOYHOM Kele3bl, U THII 2, IPU KOTOPOM
MTOKEITyTOYHAS JKejle3a TepecTaeT afeKBaTHO pearnpoBaTh Ha MPUCYTCTBUE MHCYNHHA [27]. MexayHapoa-
Has denepanusi guadbera 3aperucTpUpoBajia, 4TO B HACTOAIIEE BpeMs OKOJIO 425 MIIITMOHOB YEJIOBEK CTpa-
naroT AuadetoM, u3 KoTopbix 90 % cTpamaioT caxapHbIM AuadeToM 2 Tuma [28].

Ucropudecku 11 UCCIeNOBaHMS TMa0eTa HCIIOJIb30BaIM TPHI3YHOB, HO Ha IAHHBIH MOMEHT UX TpUMe-
HEHHE 3HAYUTEIBHO OTPAaHUYMBACTCSI KOMHTETaMH 110 OmodTuke [75]. XoTsa Danio rerio SBISI€TCS IPEACTa-
BUTEJIEM KJIacca PbIO, a He MIICKOITUTAIOIINX, PE3YJIbTaThl, TOTYYCHHBIE B XOJI¢ SKCIIEPUMEHTATBHBIX HCCIIC-
JOBaHUU uabeTa, MOTYT OBITh IKCTPANIOIUPOBAHBI HA YEIOBEKA M MIPHU 3TOM, HE CTAJIKUBATHCS C 3TUYCCKH-
MH TIpoOIeMaMH.

B wactHOCTH, AN MHIYKIUH OXKMPEHUS] KOHTPOIBHYIO Tpymiy Danio rerio xopmuiau 6 pa3 B JeHb
Artemia salina. Bce n3aMeHeHus1, BKJIIOYasi PETHHONATHIO, HEBPOIIATHIO M HE()POMATHIO, BRI3BAHHBIE TEpe-
KapMJIMBaHUEM U THUTEPrINKeMuel, IpuBOAWIN K quabery 2 Tuma. 3aTeM W3MepsUId YPOBEHb caxapa B Kpo-
BU [29] v Ha3HAYAIM aHTHIXAOCTUYCCKHUE IPErapaThl A CHUKCHHS KOHIICHTpALUU YIJIeBOI0B KpoBH. Ta-
KuM o0pazoM, Danio rerio ABusieTcs HICaTbHON MOJENBIO AJSl MOJCIUPOBAHUS M MPOBEIEHHUS LETOCTHOTO
AKCIIEPUMEHTA, HAYMHAS OT ()aKTOpa, BRI3BIBAIOIIETO 3a00JICBaHNS, IO BBHITIOJHCHUS TIPOIIEAYPHI JICUCHUSI.
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Toxcuxonocuueckue uccie008aHus

B mocnemHee BpeMsi B OKpy’KaroIiei cpejie YBEeIHMIMUIach KOHIICHTPAIIHS OPTaHMYECKHUX 3aTrpsA3HUTENEH,
B OCHOBHOM IIPEJICTABICHHBIX MOJIHINKINIECKUMH apOMAaTHYECKUMH YTIEBOJOPOIaMHU B 00pa3yomuxcs B
pe3yNbTaTe HETMOIHOTO CTOPAHUS TOPIOYMX OpPraHUYECKUX MaTepHalioB (Hampumep, yrisl, HegTu, OcH3uHA U
JIPEBECUHBI). DTa TPYIINA 3arps3HUTENCH, BKII0Yas HadTaauH, TUXI0PGEHON H apOMaTHICCKUE TTeCTUITUIBI,
BIIMSCT Ha pa3BUTHE dSMOpHOHA, BEI3BIBaeT noBpexaeHus JJHK, okucnuTenpHBIN CTpece W HapyIIaeT TyMo-
PANBHYIO PETYIISIIHIO.

Kpome Toro, Ha miaHeTe MpakTUYECKH HE OCTAIOCh BOJOEMOB, HE MOJABEPIIIMXCS 3arpsa3HEHUIO Hed-
ThIO WK HeTenpoaykTamu. [lomuMo chipoii HeTH, KOTOpast TIONAaIaeT B BOJOEMBI B pe3yIbTaTe KPyIIeHUH
TaHKEPOB, CTOJIKHOBEHUH, aBapuil WM MOKapoB, yTeuek HeTH U3 OeperoBbIX pe3epByapoB, MOWKH TaHKe-
POB B OTKPBITHIX BOJIAX U JAPYTUX TEXHOTCHHBIX KaTACTPO(, KAXKIBIN TO/, B IPECHYIO M MOPCKYIO BOAY cOpa-
CBIBaeTCsl OONBIIIOE KOIWYECTBO Pa3HOOOPA3HBIX OBITOBBIX M MPOMBIIUIEHHBIX OTXOOB, TAKUX, KaK TEXHH-
YecKue W OBITOBBIE Macia, >KUPHBIE KUCIIOTH M CHUPTHI, CHHTETUIECKIE TTIOBEPXHOCTHO-aKTHBHBIE BEIECT-
Ba, 00pa3ylolye HepacTBOPUMBIC MJICHKH Ha MoBepXxHOCTH Boabl [30]. 3a mocnennue 20 JeT 4elIoBeYecTBO
MEPEKUI0 HECKOJIBKO SKOJIOTHYECKUX KaTacTpod, CBSI3aHHBIX ¢ OOpyILIEHHEM TaHKEPOB, B3pbIBaMH Ha Oypo-
BBIX YCTaHOBKaX M Pa3IuBOM He(TH B pajiuyce JIECSITKOB KHIIOMETPOB.

JIroboe, naxke HE3HAYUTENHLHOE 3arpsi3HEHUE HEPTHIO YIPOKAeT KaK BOAHBIM, TaK M HA3€MHBIM DKOCH-
CTeMaM M MOXET MPUBECTH K TAKUM HEOOPATUMBIM ITOCIEACTBUSM B OMOTEOIIEHO3aX, TAKUM KaK MOJTHAs TH-
Oenb BUIOB, Hacelsomux OuoTorn. Hawnbosee ys3BUMBIMU SIBISIFOTCS BOJOPOCIH, MOJUIFOCKH, pakooOpas-
HEIE, pBIOBI U IpyTHE TPHOPEKHBIE >KUBOTHBIC. Cpen MOMyYJIISITHN phIO O0JIBIIIe BCETO CTPagacT MOJIOIb.

Takum oOpa3zom, Haubosiee BaXKHOM BO3PACTHOW KAaTEropuu puIOd YrpoKaeT KPUTHUYECKOE COCTOSHUE,
KOTOpPOE MOXKET MPHUBECTH K PE3KOMY CHIKEHHIO YHCICHHOCTH MOIYJIAINH, 9TO, B CBOIO OYepeb, BIEUET 3a
c000i1 HCue3HOBEHNE BUA.

Kpowme Toro, Danio rerio mMpoOKO UCIONB3YIOTCS i1 MOHMTOPHHIA OKPYXKArOIIeH Cpeabl M OLEHKH
CTETCHU 3arpsi3HEHUS TSDKEJIBIMUA METalIaMH, KOTOpbIe, IOMUMO MyTareHHoro 3¢ dekra, o61aiaoT crnocoo-
HOCTBIO TIOAABIISATE IKCIPECCHI0 TeHOB. [loka3ano, 9To HOHBI KaaMUs ¥ [IMHKA BIUSIIOT HA aKTUBHOCTH HEKO-
TOPBIX (PEPMEHTOB, B TOM YHCJE CYNMEPOKCHANCMYTAa3bl, KaTajaa3sl M aleTHIXOJIUHACTepa3bl. HekoTopkie
TSDKEIIbIe METAJIBl OTIIMYAIOTCSl AMOPUOTOKCHYHOCTBIO: HAIIPUMEpP, OTMEUYEHO MOJIHOE MOJaBICHUE IKCIIPEC-
cum reHa dvrl, OTBETCTBEHHOTO 32 OOKOBYIO aCHMMETPHIO B SMOPHOHAX 3apOJIBIIIAX O] BIHSHAEM COCIH-
HEHUU MBIIIbsKa [31].

UyBCTBUTENLHOCTE K Pa3IMYHBIM BHIAM 3arpsi3sHUTENCH aenaet Danio rerio uieadbHBIM MOJEITBHBIM
OpPTraHM3MOM T U3YYCHHS U3MEHEHUH OKpYy)Karomei cpeapl. B kauecTBe OMOJIOTHYECKUX MHANKATOPOB U3-
MEHYHMBOCTH OepyTcs MOBEACHYECKNE N3MEHEHHS, DKCIIPECCHs TeHOB, Mopdosiorus u ¢pusuonorus. Mexmay-
HapojHasl OpraHU3aIus CTAHJAPTU3AlMK BIIEPBBIC OIMyOIMKOBAJIa OTYET 00 UCHONBb30BaHUU Danio rerio B
TOKCHUKOJIOTMYECKUX TecTax B 1984 1. [32].

[ToMIMO XMMHUYECKHX 3arpsi3HUTENICH OTMEYeHBl OMOJIOTHYECKHEe areHTHI, TaKhe KaK OXPAaTOKCHH A,
KOTOPBIN BEIpabaTeIBacTCs Tpudbamu Aspergillus n Penicillium, ob6magaioniie Ype3Bed4aiiHON TOKCHYIHOCTBIO.
OxpaTokcHH A MOXET OBITh OOHApPYKEH MOBCEMECTHO B PAa3JIMUHBIX KOHIEHTPAIMAX CPEIH CEIbCKOXO035M-
CTBEHHBIX KYJIBTYp, 3€PHOBBIX KYJIbTYp, BO ()PYKTax, JI03aX U APYTHX MPOAYKTaX MHUTAHUS, a TAK)KE U3BEC-
TEH CBOMM HAKOIUICHUEM Y KUBOTHBIX U Jtonei [33].

Kak y HM3MmIUX, Tak U y BBICIINX TO3BOHOYHBIX OXPATOKCUH A MPHUBOAMT K CEPhE3HBIM 3a00JICBAHUSIM
BHYTPEHHHX OpPTaHOB — IIOYEK, IMEUYCHH, JeTkux U Ap. KpoMe Toro, oxpaTokcuH A 00namaer sipko BbIpa-
JKEHHBIM 3MOpHOTOKCHYHBIM 3 dexTom [34]. Brarogaps 4yBCcTBUTEIbHOCTH Danio rerio K OOBIM TOKCH-
HaM MOXHO ONPEICIUTh MUHUMAIIBHBIC KOHIICHTPAIMHW OXPAaTOKCHHA A, TPUBOAAIINEC K YBEIUYCHUIO
CMEPTHOCTH, (pr3ndeckuM nedopManusaM, CHIKEHUIO (pepTHiIbHoCTH [35].

Takum o6paszom, Danio rerio MOXET CITy>)KUTh HE TOJIBKO MOJEIbHBIM OPTaHU3MOM ISl M3y4YEeHHs de-
JIOBEUECKHX 3a00JIEBaHUM, HO M KaK TeCT-O0BEKT I MPOBEACHUS OIEHKH OKPYXKAIOIMIeH CPeIbl U BO3MOXK-
HBIX PHUCKOB JIJIS 3/I0POBbSI YEIIOBEKA U JKUBOTHBIX.

Onxono2uueckue 3a001e6anus

Pax Ha CeromHATITHUI NEHB SBIIIETCS OJHON M3 CaMbIX aKTyaJIbHBIX MTPOOJIEM B COBPEMEHHON MEIUIIN-
He. Kaxnplil BTOpo#i manueHT ymupaet oT ogHoro u3 200 BUIOB paka, v 3To mudpa IpoaoInKacT HEYKIOHHO
pacTH B TO BpeMs, KaK JI0 CUX MOp HET A3((HEKTUBHOTO JCKAPCTBEHHOTO CPEJCTBA, CIOCOOHOTO OCTAHOBUTH
WJTU 3aMEJITUTH JEJICHUE PAKOBBIX KIIETOK [36]. [Ipo6iieMbl, ¢ KOTOPBIME €KETHEBHO CTAIKUBAIOTCS YICHBIC,
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3aKJIFOYAIOTCS B TOM, YTO TIOKAa HE OOBSICHEHBI MEXaHU3MbI BOSHHKHOBEHUS paka. Kaxplil TUIT OHKOJIOTHU
VHHKAJICH 1 TpeOyeT CHEeIUaNbHBIX MOJXO0I0OB JIJISl U3YYEHUS TOTO, TOYEMY CUMMETPUYHO JICISIIHecs KIeT-
KH 3aIyCKalOT MPOIECCHl MaJMTHU3AUK W TpaHc@opManuu. bromorndeckue, XuMuieckne U (Gusndeckue
(hakTOpHI, TaKHWEe KaK KUCJIOTHI, IISIOYH, paauaius, OakTepHalbHbIC U BUPYCHBIC WHBA3HUU, TA0AYHBIA JIBIM,
TOPMOHATBHAS CTUMYJISITUS U T.JI. MOTYT CIIPOBOIIMPOBaTH noBpexacHue JJHK [37].

[o cpaBHEeHHIO C HOPMATTBHO-QYHKIIMOHUPYIOIIMMHU KJIETKAMH, PAKOBBIE KIETKHA OTIIMYAIOTCS JPYT OT
npyra o ¢opMme, BETY, pa3Mepy, CTPYKTYpe, MOJICKYJISPHBIM MEXaHH3MaM U TOH pOJIH, KOTOPYHO OHH WT-
patoT B opranusme. Cpeqi MHOXKECTBA TUIIOTE3 JOMUHHUPYIOT JIBE OCHOBHBIC TEOPUU O PA3BUTHH KaHIIEPO-
TeHe3a: TeOpHsi COMAaTHICCKUX MYTaIlii ¥ TKaHeBasi Teopusi oHKoreHesa [38, 39].

BoNbIIMHCTBO 3KCIIEPUMEHTOB, CBA3aHHBIX C Pa3BUTHEM paKa, OCHOBAHBI HA UCIIOIL30BAHUN KYJIbTYPHI
KJIETOK YeJIOBEKa WM JPYTUX MIICKOIUTAIOIINX i# Vitro B TIOTHOCTHIO KOHTPOIHPYEMBIX TaOOPaTOPHBIX yC-
ToBUsX. XOTS 3TOT METOJ M UMEET PsiJl MPEUMYIIECTB, TAaK KaK JIaeT BO3MOKHOCTh YBHJIETh TPOIIECC Jeie-
HUSl aHOMAIIBHBIX KIIETOK, CYIIECTBYET W PsiJi OIpaHHYCHUH, TOCKOIBKY H3BIICUCHHBIE M HCKYCCTBEHHO-
MOIJICPKUBAEMBIE KJIIETKH HE MOTYT OTPaXkaTh BO3PACT OpraHu3Ma ¥ (haKTOPhl OKPYXKAroIIel Cpeibl, TAKHUe
KaK CTpecc, OakTepualbHbIC ¥ BUPYCHBIC aTaKW, HAPYIICHUS METAa0OIMYECKUX MPOIECCOB, TPABMBI U T.1.,
BIIMSIOIIME HA PA3BUTHE PAKOBOHN OIYXOJIH.

Ha nepBerit B3, JaHHYIO TpOOJIEMY MOTYT PEUIUTh OMBITHI if Vivo Ha MBIIIAX M KPhICaX, KOTOPKIC
(bMIOTCHETUYECKH OYCHb OJIM3KHM K MpUMaTaM M, COOTBETCTBEHHO, yenoBeKy. OHAKO YYEHBIC OTMEYAIOT,
YTO HMCCIIEOBaHMs Ha TPHI3YHAX KpaiHe JOPOTOCTOSIIU M TPEOYIOT BHICOKOKBATH(DUIIMPOBAHHBIX CIICIHA-
nctoB [40].

Danio rerio v 31ech ycnemHo TecHUT Mus musculus u Rattus norvegicus, KOTOpbIE JOJAT0E BpeMs 0CTa-
BaJIHCh CaMbIMU Y(PQEKTUBHBIMH MOJEISIMHU JIJIsI WCCIICJAOBAHUS OHKOJIOTHYECKUX 3abosieBaHuil. HenmaBHO
OBLIN TIOJTyYeHBI HOBbIC MYTAHTHBIC JITHHUH, B KOTOPBIE C IOMOIIBI0 METOJIOB T€HETUIECKOW WHKEHEPHH Obl-
JIX BCTPOCHBI T€HBI, BHI3BIBAIOIIUE pa3inuHbie BUABI paka [41]. KpoMe Toro, MeToamuka KCeHOTpaHCIUIaHTa-
WU OITyXOJICH YEIIOBEKAa U TPHI3YHOB HBIHE IIMPOKO MCIOJIB3YETCS ISl MHAYKIIUN PaKOBEIX 00pa30BaHMiA in
vivo B aMOpuoHax Danio rerio [42].

B cuny crienuduieckux XapakTepUCTHK, TAKUX, KaK HEOOJBIIION pa3Mep, BBICOKas POXKIAeMOCTh U ObI-
CTpoe co3peBanue, Danio rerio mpeyiaraeT IMUPOKUN CIIEKTP BO3MOXKHOCTEH TSl U3yUSHUsI BHYTPUKICTOY-
HBIX MEXaHU3MOB paka in vivo [43].

Raxnouenue

ITogpiTOKMBasE Pe3yNbTAaThl UCCIECIOBAHUMN, OMYUYCHHBIX YYCHBIMUA BCETO MHUpa 3a mocieanue 50 yer,
MOJKHO C/IeTIaTh BBIBOA, 4TO Danio rerio 0dmamaet GONBIINM MOTEHIIHAIOM BO BCeX 00JACTSIX COBPEMEHHON
OMOJIOTHH 1 TIO TIPaBy 3aHUMAET MECTO OJHOTO U3 CaMBIX IMEPCIEKTHBHBIX MOAEITHHBIX OOBEKTOB CPEIH IPY-
rux opranu3moB. OJIHAKO BBUJIY TOTO, YTO JIO CUX MOP HE YUYTCHBI BCE 0OCOOCHHOCTH aHATOMUU, MOpdooruu
1 (PM3UOIOTHH 3TOW TPOMMYECKOW PHIOKH, YICHBIM MPEACTOUT M3YUYHUTH O0Jiee JeTaTbHO BCE MPEUMYIIECTBA
WCTIONB30BaHus Danio rerio sl TOCIEAYIONINX MacIITAOHBIX TPAKTHYECKUX TENIEH.
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JLIL. Jlebenemra, 3.F. Alitamesa, b.O. )KymabaeBa, .A. Kucenes, J1.O. OnibekoBa

Danio rerio 3amanayu OMOMeTUIIMHA MeH OMOTEXHOJIOTUAIAFbI
3epTTey HbICAHBbI PeTiHae

CoOHFBI XKbULIAPBl KONTEreH 3epTTEyLIiiep IMOPHOTSHE3/iH JKACYIIANBIK KOHE OHOXMMUSUIBIK MEXaHH3M-
Jep/iH TaOUFaThIH, OPraHOTCHE3IH, ac KOPBITY JKOHE HEHpopeTrTey MpOLECTepiH, yinaaap MEH MyLIelep i
pereHepanusChiH, XacyalblK OponudepauschH KoHe T.0. 3epTTEy YIIH MOJAENIbIIK OpPraHU3M peTiH[e
Danio rerio, maFblH aKkBapuyM OaJbIFblH, JaOOpaToOpHs ThIUKAHBl Mus musculus, ereyKyipblk Rattus
norvegicus MOJCNBIIK OpraHu3MJepre KaparaHga, keOipek Tanmaiinel. Kasip Danio rerio TpONHKAJBIK
GanbIKTapbl KaTepii iCIKTIH JaMybl, CeMi3fiK, AHabeT, KYPeK-TaMbIp XKOHE HEeHpoAerceHepaTuBTI aypyJap
CHSKTBI OipKaTap MaToJOrHsuIapibl 3epTTey YLIIH KeHIHEH KOJIaHbUIa[bl. JKOJIOITap MEH TOKCHKOJOITap
Danio rerio NOTEHLMANIBIH MYTareH/Ii, KaHIEPOTeH/li )KOHE TEPaTOreHi MOJUTIOTAHTTAPABIH dCEPiH, COHIaMN-
aK Cy aiJbIHAAPBIHBIH (U3UKAIBIK, XMMHSIBIK )KOHE OWOJIOTMSUIBIK XKar[aiiblH Oarajay YIIiH TeCT-OOBEeKT
peringe >xorapel Oaramaiinsl. CoHbIMeH Katap Danio rerio XybIK apajga OMOSTHKA >KoHE OHMOKAyiICi3Iik
JKOHIHIETT YITTHIK JKOHE XaJblKapajblK KOMHTETTEPMEH KOJJIAHBICKA LICKTENreH 0acka MoJesbai
opraHu3MIepi anrMacThipa anajpl. Makanaia MOJAENb/IiK opraHu3M perinae Danio rerio KoJgaHy apKbLUIbI
OuomeaHLHA, OUOTEXHOJIOTHS JKOHE I'CHETHKA CAJIACBIHIAFbl 3aMaHayH 3ePTTEYJICPIiH HOTHKEIIEPiHe IOy
KeNTipiIrex.

Kinm ce30ep: Danio rerio, 3ebpaduii, 6HOMEANINHA, TECT HBICAHBI, MOZCIB/IK aF3a.

L.P. Lebedeva, Z.G. Aitasheva, B.A. Zhumabayeva, [.A. Kiselev, D.A. Alibekova

Danio rerio as an object of research
in modern biotechnology and biomedicine

Recently, many researchers prefer the small Danio rerio aquarium fish as a model organism to study the na-
ture of the cellular and biochemical mechanisms of embryogenesis, organogenesis, digestive and
neuroregulatory processes, tissue and organ regeneration, cell proliferation, etc. Due to their small size, early
puberty, high levels of fertility and simplicity, Danio rerio is a significant competitor to many model objects,
including a laboratory mouse, Mus musculus and a rat, Rattus norvegicus. Nowadays Danio rerio are widely
used to study a number of pathologies, such as the development of a cancer, obesity, diabetes, cardiovascular
and neurodegenerative diseases. Ecologists and toxicologists also highly appreciated the potential of Danio
rerio as a test object for assessing the mutagenic, carcinogenic and teratogenic effect of pollutants them-
selves, as well as the physical, chemical and biological state of water bodies. In addition, Danio rerio may
soon replace many other model organisms, the use of which is limited by national and international bioethics
and biosecurity committees. The article provides an overview of the results of modern research in the field of
biomedicine, biotechnology and genetics using Danio rerio as a model organism.

Keywords: Danio rerio, zebrafish, biomedicine, test object, model organism.
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Study of population structure of Ferula foetida (Bunge) Regel
in the conditions of Mangystau region

Results of a research of a condition of populations of Ferula foetida (Apiaceae family) in the territory of
Mangystau region are given in the article. The composition, structure of populations, polymorphism, and
condition of growth and peculiarities of the natural populations of Ferula foetida is studied. The general pro-
jective covering in community was from 35 to 80 %. Occurrence of samples of Ferula foetida was 0.1-0.8
pieces/sq.m. In natural populations all age states (from 1 year old to 7 years old individuals) are revealed; in a
generative phase 5-6-7 years old individuals are noted. On the various populations 15-55 % of plants are ob-
served in blossoming phase, other plants were in a phase of the radical leaf bascket. The ratio of the main age
groups of plants on each described population is defined, the phytocenotic structure and some morphological
indicators of elevated bodies is conducted. The received results of phytocenotic descriptions testify to a pos-
sibility of practical using of natural population of Ferula foetida.

Keywords: Ferula foetida, Mangyshlak, abudance, spreading, floristic composition, community, morphology,
age group.

Introduction

Plants of genus Ferula L. (family Apiaceae — Umbilliferae) are valuable aromatic, medical and food
plants [1-6]. Among species of Ferula the wide range of medical activities has Ferula foetida (Bunge) Regel
raw materials of which are applied for treatment of itch, asthma, syphilis, nervous diseases, dyspepsia, diar-
rhea, diabete, to healing of wounds, tumors, dermatitis, as antiparasitic and antiseptic remedy [7—12].

The wide range of medicinal properties of Ferula foetida leads to great demand as medicinal raw mate-
rials, especially in such countries as Iran, India, Afghanistan and China.

In Kazakhstan this species forms industrial and valuable communities on the Embinsky plateau, in the
Western lowland, Aral region, desert Moiynkumy, Balkhash-Alakul, Kyzyl Kum, Turkestan, Chu-Ili moun-
tains [13], in the western part of Kazakhstan this species has distribution on Karatau, the peninsula of
Mangyshlak, in northern and southern Ustyurt [14]. If populations in the southern regions of Kazakhstan are
studied rather well, then communities of Ferula foetida in the western part demand comprehensive observa-
tion and examination.

The purpose of the present research was to study floristic composition and structure of natural popula-
tions of Ferula foetida in the territory of Mangystau region.

Methodology

Field inspections carried out by reconnoitring and semiportable methods in 2018 in the following terri-
tories: Tuyesu sands, sandy and loamy massifs in the neighborhood of the plateau Tynymbay shoky, sandy
massifs in the neighborhood of a wintering Karkol.

In field conditions carried out the description of the revealed populations with participation of Ferula
foetida, determined full floristic structure [15, 16] abundance across Drudae [17], assessment of variability of
above-graundparts, the analysis of age groups of plants, a ratio of age groups [18] and also sampling of
plants for morphological analysis.

Specification of Latin names was conducted accordance of S.K. Czerepanov list [19]; determination of
species was spent on Flora of Kazakhstan, vols. 1-9 [13] and to determinant of plants of Mangystau re-
gion [14].

Morphological indicators of the blossoming samples of Ferula foetida was estimated [19].

Statistical processing of materials of researches was carried out by G.F. Lakin [20] technique, with the
use of a package of the statistical Excell 2010 programs.
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Results and their discussion

In natural flora of Mangyshlak 4 species of genus Ferula meet: Ferula foetida (Bunge) Regel,
F.dubjanskyi Korovinex Pavlov (Dubyansky), F. lehmannii Boiss. (Lehman) and F. nuda Spreng. [17].

The ecological confinedness of Ferula foetida to the sandy area allows ranking this species as repre-
sentatives of psammophytes [4]. The species is drought-resistant and capable to sprout in places with an arid
hot climate. The periodic droughts characteristic of deserts and semi-desert territories, do not influence on
development of F. foetida as this species possesses a powerful root system.

Density of growth of plants depends also from the edaphic conditions of the region. The species is vari-
ous by the ecological nature and conditions of location, takes part in various vegetable communities.

On the basis of herbarium material and results of field inspections the point distribution map of popula-
tions of Frula foetidaon Mangyshlak with coverage of sands Karynzharyk, Tuyesu, Sam, Akkum, Kyzyl
Kum, Bostankum, loamy hills in the neighborhood of plateau Tynymbay shoky, sandy massifs around a win-
tering Karkol (Fig.) is made.

MAHTHMCTAYCKAY | [
" OBAACTD La i

1 — Tuyesu sand; 2 — western parts of plateau Tynymbay shoky; 3 — southern part of plateau Tynymbay shoky;
4 — natural boundary Karaadyr; 5 — natural boundary Kamysty; 6 — Mount Burma; 7 — Karynzharyk sands,
8 — wintering Karkol

Figure. Map of spreading of location of Ferula foetida, suitable for industrial gathering (Mangystau region)

The description of the revealed vegetable communities with participation of Ferula foetida and their
structural characteristic is given.

Tuyesu sands. They are located in a southwest part of Mangystau region on the outskirts of the settle-
ment of Senek. Massifs are presented by the fixed and semi-fixed sands with small height difference; they
are lasting from the southeast on the northeast on 30 km, from the north to the south on 12 km. In Tuyesu
sands the following communities with participation of Ferula foetida are noted: saxaul-wormwood, worm-
wood-ferula-herba varia, saxaul-wormwood-herba varia.

In communities such species as Haloxylon aphyllum and Haloxylon persicus, Artemisia arenaria, Ar-
temisia terrae-albae, Iris tenuifolia, Tulipa sogdiana, Allium caspicum, Ceratocephala, Agropyron
desertorum, Stipa, Astragalus ammodendron and others are presented. The general projective covering in
communities fluctuated from 20 to 60 %. The numerous traces of pasturable loading in the surveyed territory
are noted.
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Saxaul-worwood communities (Artemisia terrae-albae — Haloxylon aphyllum) are noted on slopes
with well-the fixed sandy hills. The general projective covering (further GPC) in community made 50—60 %.
The dominant species was Haloxylon aphyllum with abundance cop 2 and vitality 4 points, a co-dominant
was Artemisia arenaria with abundance cop 1 and vitality 3 points (Table 1).

Table 1

Floristic composition of saxaul-wormwood community with participation of Ferula foetida

Species Consort ﬁ%ﬁg:i Vitality, point Tier
Haloxylon aphyllum Dominant cop 2 4 1
Artemisia arenaria Co-dominant cop 1 3 2
Artemisia terrae-albae Component sp 3 3
Astragalus ammodendron Component sol 2-3 2
Menicoccus linifolius Component sol 34 3
Descurainia sophia Component sol 34 3
Carex physoides Component sol-sp 3 3
Allium capsicum Component sol 34 3
Peganum harmala Component sol 3 3
Alyssum dasycarpum Component sol 3 3
Ferula foetida Component sol 34 2
Papaver pavonicum Component sol-un 3 3
Iris tenuifolia Component sol 2-3 3
Tulipa sogdiana Component sol 4-5 3
Ceratocephala testiculata Component sol 2-3 3
Atraphaxis replicata Component un 2 2
Agropyron desertorum Component sol 2-3 3
Calligonum leucladum Component un 3 2

Other species in community are carried to components with abundance from sp to un, and vitality 2—4
points. Plants are distributed in 3 vertical tiers. The top, or wood tier (height of 150-200 cm), is presented by
individuals of Haloxylon aphyllum; the second tier (height from 50 to 120 cm) consists of bushes and tall
herbs as Calligonum leucladum, Ferula foetida, Artemisia arenaria, Astragalus ammodendron. The grassy
tier (up to 40 cm high) is presented by other undersized annual and grassy perennial plants. In general the
specific structure of community is not rich, about 17—-19 species that is explained by droughty conditions and
acute shortage of rainfall of the last 2 years in Tuyesu sands.

Examples of Ferula foetidaare in satisfactory condition, blossoming about 20-25 % of individuals
whereas the main part is in a vegetative state is noted.

Growth of individuals of Ferula of various age groups is noted: from shoots of the first year to 7-year
individuals. A ratio of age groups was rather uniform: from 10 to 25 % (Table 2). Maximum amount was
2—4 year plants. In a blossoming phase in the current 2018 year there are about 10-12 % of individuals at the
age of 5-7 years.

Table2

Ratio of age groups of Ferula foetida in Tuyesu sands, in the neighborhood of a wintering Karkol
and on the plateau Tynymbay shoky

Name of communities Share of age groups from 1 year old to 7 year old, %

with participation of Ferula foetida 1 | 2 3 | 4 | 5 | 6 | 7
Tuyesu sands
Saxaul-wormwood 10 25 15 15 10 15 10
Wormwood-ferula-herba varia 10 10 10 15 20 20 15
Saxaul-wormwood-herba varia 15 10 10 20 20 15 10
Sandsinthe neighborhood of a wintering Karkol
Cereal-wormwood-ferula 5 10 10 20 15 20 20
Eremopyron-wormwood-herba varia 15 15 25 20 25 — -
Plateau Tynymbay shoky
Wormwood-ferula-arthrophytum | 10 [ 15 | 15 | 20 | 15 [ 15 | 10
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Wormwood-ferula-herba varia community (Herba xerophytica — Ferula foetida — Artemisia arenaria)
is described on flat sites of Tuyesu sands with well-fixed soils. GPC is noted at the level of 40-45 %. Arte-
misia arenaria dominanted in this community with abundance cop 2 and vitality 4 points; co-dominant was
Ferula foetida with abundance sp and vitality 3 points (Table 3). Other species are carried to components
with abundance of sp-sol-un and vitality 2—4 points.

Table 3
Floristic composition of wormwood-ferula-herba varia communities
with participation of Ferula foetida in the Tyuesu sands
Species Consort ﬁ%ﬁgz Vitality, point Tier
Artemisia arenaria Dominant cop 2 4 2
Ferula foetida Co-dominant sp 3 2
Atraphaxis replicata Component sol 3 2
Astragalus ammodendron Component sol 34 2
Artemisia terrae-albae Component sol 3 3
Agropyron desertorum Component sp-sol 2-3 3
Iris tenuifolia Component sol 4 3
Carex physoides Component sol-sol 34 3
Stipa lessingiana Component sol 3 3
Astragalus testiculatus Component sol-un 3 3
Tulipa sogdiana Component sol 4 3
Heliotropium arguzioides Component sol 2-3 3
Cousinia alata Component un 3 2
Euphorbia seguiriana Component sol 34 3
Anisantha tectorum Component sol 2-3 3
Calligonum leucocladum Component un 34 1
Meniocus linifolia Component sol 3 3

The specific structure of community is also not rich — about 18 taxons which occupy 3 vegetable tiers:
top (from 80 to 120 cm), average — a tier of high herbs (45-50 cm) and a tier of low herbs (up to 30—
40 cm). The top tier is presented by single individuals of Calligonum leucocladum and Atraphaxis replicata,
the average tier of Cousinia alata, Ferula foetida, Artemisia arenaria; the lower tier is made of Meniocus
linifolia, Euphorbia seguiriana, Anisantha tectorum, Artemisia terrae-albae and others. This population dif-
fers in the high density of the plants blossoming Ferula foetida — to a half from all attendees of individuals.

The general ratio of age groups of Ferula shows prevalence of 4-7 years individuals (Table 2) and a
low share of 1-3 years individuals that, apparently, is connected with a row of droughty years. It is possible
to connect with this fact also a circumstance that vitality of species is lowered — from 2 to 3 points.

Saxaul-wormwood-herba varia community (Herba xerophytica — Artemisia arenaria — Haloxylon
aphyllum) is described near Besokty's wintering on the high sandy massifs with well developed micro and a
mesorelief. In community Haloxylon aphyllum dominated, co-dominant was Artemisia arenaria (Table 4),
other species were members with small abundance.

Table 4
Floristic composition of saxaul-wormwood-herba varia community
with participating of Ferula foetida in the Tyuesu sands
Species Consort Ab]gﬁgzz on Vitality, point Tier
1 2 3 4 5
Haloxylon aphyllum Dominant copl,2 4 1
Artemisia arenaria Co-dominant cop 1 3 2
Ferula foetida Component sp 3 2
Consolida sp. Component sol 4 3
Anisantha tectorum Component sol 3 3
Eremopyrum orientale Component sol 2-3 3
Heiotrichon arguzioides Component sol-sp 3 3
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Continuation of Table 4

1 2 3 4 5
Alhagi pseudoahagi Component sol 34 3
Descurainia Sophia Component sol 2-3 3
Agropyron desertorum Component sol 4 3
Salsola austrais Component sol 3 3
Lappula sinaica Component sol 34 3
Cousinia astracanica Component un 4 2
Alyssum turkestanicum Component sol 2-3 3
Centaurea adpressa Component sol 2-3 3
Ceratocaphala testiculata Component sol 3 3
Iris tenuifolia Component sol 34 3
Poa bulbosa Component sol 3 3
Carex physoides Component sol-sp 3 3

GPC in community turned out low — about 25-30 % that it is connected with an active pasture of a
livestock, soil destruction after cover and a long drought.

Dominant in community was Haloxylon aphyllum with abundance cop 1, 2 and vitality 4 points,
codominant was Artemisia arenaria with abundance sor 1 and vitality 3 points. The general specific structure
of community made 19 components with abundance of un-sol-sp and vitality from 2 to 4 points.

As well as in the previous described communities the vegetable cover is created in three tiers: top wood
(height of 100—200 cm) consists of individuals of Haloxylon aphyllum; the average tier — tall herbs (height
of 40-80 cm) is presented by Artemisia arenaria, Ferula foetida, Cousinia astracanica; the third grassy tier
(up to 40 cm high) is composed by all other species of this community.

Occurrence of individuals of Ferula foetida was 0.3-0.4 pieces/sq.m. All age states are revealed; in a
generative phase 5-6-7 years individuals are noted. Total number of the blossoming individuals did not ex-
ceed 15 %.

The analysis of a ratio of uneven-age plants of Ferula foetida showed that individuals of 4-7 years age
prevail, whereas subgrowth (1-3 years plants) is presented in a considerable share less (Table 2). Possibly, it
can be explained with droughty conditions of several last years that it led to smaller number of shoots in
Tuyesu sands.

Sands in the neighborhood of wintering Karkol. This place is located in a northeast part of the
Mangystau region, near border with the Atyrau region. Sands represent the extensive sandy massifs places,
which are weak-fixed; certain sites are good-fixed. Ferula meets on sands sporadically, forming small sites
of communities. The microrelief is well developed.

Traces of pasturable loading in the surveyed territory are noted. Occurrence of individuals of Ferula
foetida was 0.3—0.8 pieces/sq.m. All age states are revealed; in a generative phase are noted 5-6-7 years indi-
viduals. About 20-25 % of individuals were blossoming; the main part was in a phase of the radical leaf bas-
ket. Ferula populations in the current year were in depression that connected with droughty conditions —
high summer temperatures and lack of rainfall. On sands it is described cereal-wormwood-ferula and
eremopyron-wormwood-herba varia communities.

Cereal-wormwood-ferula community (Ferula foetida — Artemisia terrae-albae — Poa bulbosa) is dat-
ed for flat sites with small height difference. Dominant in community was Poa bulbosa which performed
with abundance cop 2 and vitality 4 points, co-dominants were Artemisia terrae-albae with abundance cop 1
and Ferula foetida with abundance cop-sp (Table 5).

Table 5
Floristic composition of cereal-wormwood-ferula communities with participation of Ferula foetida

Species Consort ﬁ%ﬁgz Vitality, point Tier
1 2 3 4 5
Poa bulbosa Dominant cop 2 4 2
Artemisia terrae-albae Co-dominant cop 1 34 2
Ferula foetida Co-dominant cop-sp 4 1
Ceratocephala testiculata Component sol 2-3 2
Alyssum desertorum Component sol 3 2
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Continuation of Table 5

1 2 3 4 5
Ceratocarpus arenarius Component sol 3 2
Ferula nuda Component sol 34 1
Carex physoides Component sp 3 2
Eremopyrum orientale Component sol 3 2
Astragalus testiculatus Component un 4 2
Allium capsicum Component sol 4 2
Kochia prostrata Component sol 3 2
Arnebia decumbens Component sol-un 3 2
Trigonella arcuata Component sol-un 3 2
Agropyron desertorum Component sol 34 2
Papaver pavonicum Component un 2
Astragalus arbusculiformis Component sol 3 1

The vegetable cover is put by two grassy tiers: top (height of 40-100 cm) which consists of Ferula
foetida, Ferula nuda and Astragalus arbusculiformis; lower (up to 35 cm high) is formed by other grassy
plants and semi-low shrubs.

The specific structure of community is estimated at 18—19 species with abundance from un to sp and vi-
tality 2—4 points. GPC made about 50 %. Among the described individuals are noted plants aged from 1 up
to 7 years. In generative state individuals are noted 5—7 years age plants that made up to 25 % of the total
number of plants of Ferula foetida.

The ratio of age groups of plants showed prevalence of individuals of 4-7 years age whereas young
plants (aged from 1 up to 3 years) occupied only 25 %.

Eremopyron-wormwood-herba varia community (Herba xerophytica — Artemisia terrae-albae —
Eremopyron orientale) is located in the western part of the sandy massif. GPC was 70—-80 %. The sandy soils
which are well fixed; the territory represented the plain with the developed microrelief.

To dominants in community was Eremopyrum orientale with abundance cop 2 and vitality 4 points; co-
dominants were Artemisia terrae-albae with abundance cop 1 and vitality 3 points and Ferula foetida with
abundance of sp-cop and vitality 4 points (Table 6).

Table 6
Floristic composition of eremopyron-worwood-ferula community
Species Consort Abgﬁgzz on Vitality, point Tier
Eremopyrum orientale Dominant cop 2 4 2
Artemisia terrae-albae Co-dominant cop 1 3 2
Ferula foetida Co-dominant Sp-cop 4 1
Anabasis aphylla Component sol 2-3 1
Poa bulbosa Component sol 4 2
Alyssum desertorum Component sol 3 2
Peganum harmala Component sol 34 2
Carex physoides Component sol-sp 4 2
Ceratocarpus arenarius Component sol 3-5 2
Ceratocephala testiculata Component sol 3 2
Astragaus sp. Component sol-un 4 2
Agropyron desertorum Component sp-sol 3 2
Kochia prostrata Component sol 3 2
Senecio noneanus Component sol 3 2
Arabidopsis thaliana Component sol 3 2
Tragopogon ruber Component sol 34 2
Megacarpaea melanocarpa Component sol 4 2
Papaver pavonicum Component un 4 2
Artemisia arenaria Component sol 3 2
Ferula nuda Component sol 3 2
Alhagi pseudoalhagi Component sol 4 2
Gypsophila paniculata Component sol 4 2
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The floristic structure of this community is formed by 21-22 species with abundance of un-sol-sp and
vitality 2—5 points. As well as in the previous community, species are placed in 2 vertical tiers. The top tier is
formed by individuals of Ferula foetida and Anabasis aphylla; the second tier — undersized grassy plants
and semi-low shrubs — Tragopogon ruber, Kochia prostrata, Artemisia arenaria, Gypsophila paniculata,
Senecio noneanus and others.

GPC in community made 70-80 %, individuals of Ferula aged from 1 up to 5 years are presented. In a
phase of blossoming there were 5-year plants.

Plateau Tynymbay shoky. On this point it is described wormwood-ferula-arthrophytum community
(Arthrophytum lehmannianum — Ferula foetida — Artemisia terrae-albae). GPC was 60-65 %, specific
structure included from 30 to 33 species (Table 7).

Table 7
Floristic composition of wormwood-ferula-arthrophytum community
with participation of Ferula foetida
Species Consort Abgiigzz on Vitality, point Tier
Artemisia terrae-albae Dominant copl,2 4 1
Ferula foetida Co-dominant cop 1 4-5 1
Arthrophytum lehmannianum Co-dominant cop 1-sp 5 1
Agropyron desertorum Component sol 4 2
Alhagi kirghisorum Component sol 4 2
Allium caspium Component sol 4 2
Allium sabulosum Component sol 4 2
Artemisia arenaria Component sp 4-5 2
Artemisia lercheana Component sol 4 2
Astragalus ammodendron Component sol 3 2
Astragalus erioceras Component sol 4 2
Calligonum dubjanskyi Component sol 34 1
Ceratocarpus arenarius Component sol 4 2
Climacoptera brachiata Component sol 4 2
Consolida divaricata Component sol 4-5 2
Cousinia alata Component sol 4 2
Echinops ritro Component sol 4 2
Eremopyrum buonapartis Component sol 4 2
Haplophyllum obtusifolium Component sol 4-5 2
Heliotropium arguzioides Component sol 4 2
Heliotropium dasycarpum Component sol 4 2
Heliotropium ellipticum Component sol 4 2
Iris tenuifolia Component sol 4 2
Kochia iranica Component sol 4 2
Kochia prostrata Component sol 5 2
Orobanche sp. Component un 3 2
Poa bulbosa Component sol 4-5 2
Rhinopetalum karelinii Component un 4 2
Salsola arbuscula Component sol-sp 34 2
Salsola dendroides Component sol 34 1
Scandix stellata Component sol 4 2
Stipa lessengiana Component sp 5 2
Zygophyllum turcomanicum Component sol-un 4 2

Artemisia terrae-albae dominated in community with abundance cop 1,2 and vitality 4 points, co-
dominants are Ferula foetida with abundance cop 1 and vitality 4-5 points, and Arthrophytum
lehmannianum with abundance of cop-sp and vitality 5 points. Other species in community are components
having abundance of un-sol-sp and vitality from 3 to 5 points.
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Vital forms in community are presented by bushes, low shrubs, semi-low shrubs and grassy forms. The
ratio of age groups showed prevalence of 4 years individuals — 20 % (Table 2) whereas the share of other
made groups 10—15 %.

Distribution of plants on vertical structure happens in 2 tiers. Two vertical tiers are allocated: a shrubby
tier (height of 120—180 cm) and grassy with subtiers high (height of 40-55 ¢m) and low herbs (up to 25 cm
high).

The top tier forms Calligonum dubjanskyi and Astragalus ammodendron; the top grassy subtier —
Agropyron desertorum, Alhagi kirghisorum, Stipa lessengiana; the lower subtier is formed Ceratocarpus
arenarius, Zygophyllum turcomanicum, Allium caspium, Salsola paulsenii, Iris tenuifolia, Rhinopetalum
karelinii, Consolida divaricata, Allium sabulosum, Artemisia terrae-albae, Heliotropium ellipticum and oth-
ers. Ferula foetida can borrow both the top and lower subtier, depending on a vegetation phase.

We carried out the assessment of some morphological indicators of above-graundparts of the blossom-
ing individuals of Ferula foetida (Table 8).

Table 8

Morphometric indicators of elevated bodies of the blossoming individuals of Ferula foetida
in places of natural growth

.. . Diameter of radical leaf| Diameter of blossom,
Communities Height of plants, cm
Location with participation of basket, cm on
Ferula foetida M Cv M Cv M Cv
min-max min-max min-max
Sands in the 98.5+5.4 88.4+5.9 56.7+£5.8
neighborhood of Cereal-wormwood-ferula 74128 5.5 65110 6.7 28-90 10.3
a wintering Eremopyron-wormwood- 100.5+£3.6 36 93.449.6 103 55.9+6.3 113
Karkol herba varia 80-115 ) 60-144 ) 30-81 )
110.24+2.9 70.4+4.4 53.7+4.8
Saxaul-wormwood —97_1 29 2.7 —5 0-90 6.2 —42—8 4 8.9
Wormwood-ferula-herba 110.444.6 81.0+£3.3 58.942.8
Tuyesu sands varia 88131 4.2 5508 4.1 2087 4.8
Saxaul-wormwood-herba 98.0+3.8 39 78.545.2 6.6 56.1+5.0 8.9
varia 75-122 ' 45-112 ) 29-90 )
Tplat;l‘; Wormwood-ferula- 1067661 | | 880452 | .o | 54940 | ..
y;i)ky y arthrophytum 79-135 ' 46-95 : 36-88 :

Results showed that in all surveyed points indicators of morphology of Ferula foetida differed not con-
siderably. So, the maximum values of height of the blossoming individuals are revealed in Tuyesu sands in a
wormwood-ferula-harba varia community, minimum — also in Tuyesu sands in saxaul-wormwood-herba
varia community.

The largest size of the radical leaf basket is revealed on sands in the neighborhood of a wintering
Karkol in eremopyrom-wormwood-herba varia community. The smallest of diameter of the radical leaf bas-
ket are recorded in Tuyesu sands in saxaul-wormwood-herba varia community.

The sizes of diameter of inflorescences changed from 28 to 90 cm. The minimum sizes are revealed at
the individuals growing in saxaul-wormwood-herba community in Tuyesu sands, whereas maximum size
was noted in a wormwood ferula-herba varia community, also in Tuyesu sands.

Conclusion

Six natural populations of Ferula foetida with the analysis of geobotanical indicators, structures of pop-
ulations, morphological indicators are studied. It is shown that communities with participation of Ferula
foetida can successfully growing on various types of soils — from sandy to loamy and stony. The following
types of communities are described: saxaul-wormwood communities (Artemisia terrae-albae — Haloxylon
aphyllum), wormwood-ferula-herba varia community (Herba xerophytica — Ferula foetida — Artemisia
arenaria), saxaul-wormwood-herba varia community (Herba xerophytica — Artemisia arenaria —
Haloxylon aphyllum), cereal-wormwood-ferula community (Ferula foetida — Artemisia terrae-albae — Poa
bulbosa), eremopyron-wormwood-herba varia community (Herba xerophytica — Artemisia terrae-albae —
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Eremopyron orientale), wormwood-ferula- arthrophytum community (4rthrophytum lehmannianum — Feru-
la foetida — Artemisia terrae-albae).

It is revealed that in all studied communities Ferula foetida carries out a role a dominant or the
sodominant with abundance from sp to cop 2, has good vitality from 4 to 5 points. In structure of a
coenopopulation ferula can enter as in lower grassy vertical (the virgin age period), so average shrubby and
grassy tier (during generative period).

The point distribution map of populations of Ferula foetida on Mangyshlak with coverage of sands
Karynzharyk, Tuyesu, Sam, Akkum, Kyzyl Kum, Bostankum, loamy hills in the neighborhood of plateau
Tynymbay shoky, sandy massifs around a wintering Karkol is made.

The assessment of some morphological indicators of elevated bodies of Ferula foetida is carried out.
Assessment of coefficient of variability showed that the studied morphological parameters vary at a low level
variability that testifies to sign stability.

The received results of phytocenotic descriptions, structures of the revealed populations and morpho-
logical assessment testify to a possibility of practical using of the natural communities of Ferula foetida.

Researches are executed within the grant project of Science Committee of Ministry Education and Sci-
ence of Kazakhstan «Studying of pharmacological and ecological-biological features of a ferula of smelly
(Ferula foetida) in natural populations of the peninsula of Mangyshlak and development of recommenda-
tions about its use in the medicinal purposes».

References

1 Trnageimes AWM. Depynabl — HCTOYHHMKH YHHKaNbHBIX JieueOHbIX cmon / AW. Tmapeimes // Tlpupoma. — 2001. —
Ne 12(1036). — C. 57-62.

2 Cadwuna JI.K. ®epynsr Kazaxcrana / J1.K. Caduna, M.I'. [TumenoB. — Anma-ATta: Hayka, 1984. — 200 c.
3 3ybaiinoba T.M. O ¢dapMaKoJOrHYeCKOM HCCIICIOBAaHUN pa3HBIX BHUIOB pona Ferula L. B memummae XX Beka /

T.M. 3y6aiinosa, x.H. Txammenos, C.J[x. Ucynos, M. A. 3arpebensusiii, C.M. [TaBnatkagamos, Xn. Conuxos, I1.II. Cyxpo6os //
Bectn. Tamxuk. Hau. yH-Ta, cep. ecTecTB. HayK. — 2014. — Ne 1/3(134). — C. 225-229.

4  Baiitynmua N.0. O HEeKOTOPBIX X03sHCTBEHHO-LICHHBIX BUuaax pojaa Ferula Kazaxcrana / U.O. baitrynun, A.M. Hypymesa /
W3e. HAH PK. Cep. 6uon. u mex. — 2008. — Ne 6. — C. 3—6.

5 Pacrutensuele pecypest CCCP. — T. 4. — JL.: U3n-Bo JIXDA, 1988. — C. 110-122.

6 Iranshahy M. Traditional uses, phytochemistry and pharmacology of asafoetida (Ferula assa-foetida) oleo-gum-resin) a re-
view / M. Iranshahy // J. Ethnopharmacol. — 2011. — No. 134. —P. 1-10.

7 3ybaiinoa T.M. Ilpumenenne ¢epyiasl BoHIOUEH B ApeBHEH, TpaAWLMOHHOW M HapoxHou meauuuue / T.M. 3ybGaiinosa,
Jx . H. Jxxammenos, M. XomkumaroB, M.H. Hazapos, C./I. Ucynos, 1.A. 3arpe6ensnsrii, H.1O. Camanmapos, ILII. Cyxpobos //
Bectn. Tamxuk. Han. yH-Ta. Cep. ecrecTB. HayK. — 2013. — Ne 1-2(106). — C. 201-212.

8 MyxtybaeBa C.K. O coBpeMeHHBIX TEHACHIUIX HCTIONb30BaHus Ferula foetida B FOxxnom Kazaxcrane / C.K. MyxTy0aesa //
Becrn. [TaBnogapckoro yu-ta. Cep. xum.-6mon. — 2010. — Ne 1. — C. 87-91.

9 Kasis E. Efficiency and safety assessment of Ferula assa-foetida L., traditionally used in Greco-Arab herbal medicine for en-
hancing male fertility, libido and erectile function / E. Kasis, S. Fulder, Kh. Khalil, B. Hadich, F. Nahhas, B. Saad, O. Said //
Complemetary medicine journal. — 2009. — No. 1. — P. 102-109.

10 Chitsazian-Yazdi M. Foetithiophenes C-F, thiophene derivatives from the roots of Ferula foetida / M. Chitsazian-Yazdi,
S. Agnolet, S. Lorenz, B. Schneider, Z. Es’haghi, J. Kasaian, B. Khameneh, M. Iranshahi // Pharm Biol. — 2015. — Vol. 53, Iss. 5.
— P.710-714.

11 Nabavi S.M. Antioxidant and antihaemolytic activities of Ferula foetida regel (Umbelliferae) / S.M. Nabavi,
M.A. Ebrahimzadeh, S.F. Nabavi, B. Eslami, A.A. Dehpour // Eur. Rev. Med. Pharmaco. — 2011. — Vol. 15, Iss. 2. — P. 157-164.

12 Algasoumi S. Gastric antiulcer activity of a pungent spice Ferula assafoetida L. in rats / S. Alqasoumi, M. Al-Dosari,
T. Alhowiriny, M. Al-Yahya, I. Al-Mofleh, S. Rafatullah // Farmacia. — 2011. — Vol. 59, Iss. 6. — P. 750-759.

13 dnopa Kazaxcrana: B 9-tu . — T. 1-9 / rn. pen. H.B. [1aBnos. — Anma-Ata: U3a-80o AH Ka3zCCP, 1956—-1966.

14 Apan6ait HK. T'ocynapcrBennsiii kagactp pacrennit Manrucrayckoit obmactu. OnpenenuTenb COCYIHMCTBIX pacTeHHH /
H.K. Apan6aii, I'.M. KynabaeBa, A.A.Hman6aeBa, II.B.Becenosa, M.IL. [lanunos, A.A.Kypmanraesa, H.B. Illagpuna,
B.T. Kacenosa. — Axtay: TOO «Knaccukay, 2006. — 452 c.

15 Illep6axoB A.B. IMoneBoe usyuenue ¢uopsl u repbapusarms pacrenuit / A.B. lllepbakos, A.B. Maitopo. — M.: U3a-Bo
MI'Y, 2006. — 84 c.

16 Kopuarua A.A. BunoBoii (¢iopucTuaeckuil) COCTaB paCTHTEIBHBIX cOOOIIECTB B MeTObI ero m3ydenus / A.A. Kopuarun //
ITonesas reo6oranuka. — 1964. — T. 3. — C. 39-62.

17 TlomstoBckas B.M. Yuer obmust n xapakrepa pa3MenieHus pacteHuii B coobmecrax / B.M. Ilonsrosckas // Tp. boranuue-
ckoro uH-ta. Cep. ['eobotanuka. — 1964. — Brin. 3. — C. 209-299.

18 BrixoB b.A. K ucrnons3oBannio MeToa MpoMepoB JUIsl ONIPEAENICHNsT pa3MeleHus 1 oows pactenuii / b.A. beikos // Bort.
KypH. — 1966. — T. 51, Ne 7. — C. 947-952.

Cepusa «brnonorusa. MeguunHa. Neorpadpumsa». Ne 2(94)/2019 167



M.S. Sagyndykova, A.A. Imanbayeva, M.Yu. Ishmuratova

19 Yepenano C.K. Cocymmctbie pacteHuss Poccum ® compenenbHBIX TrocyaapctB (B mpepenax OvBmero CCCP) /
C.K. Uepenanos. — CII6.: Mup u cembs, 1995. — 992 c.

20 Jlaxun I'.®. buomerpus / I'.®. Jlakun. — M.: Hayka, 1990. — 352 c.

M.C. CarpingsikoBa, A.A. Imanb6aesa, M.1O. Ummyparosa

MamnrbicTay 00abIchl xkarnaiibinaa Ferula foetida (Bunge) Regel
MOMYJIAIUSICHIHBIH KYPbLUIBIMBIH 3€PTTEY

Maxkanaga ManfFpicTay OONBICHI  ayMarblHAAFBl  CachlKk KypaunbiH (Ferula  foetida, Apiaceae)
TIOMYISIUSUTAPEIHBIH, JKal-KYHIH 3epTTey HOTmkenepi kenTipinren. KesiHme cacbK KypaiabslH TaOurn
TIOMYISIUSUIAPEIHBIH ©CY JKaFAaiiIapbl JKoHEe KYHi, MOMYISIUSHBIH KypaMbl, KYPBUIBIMBI, OTHTOTECHE3 JKOHE
nosmMopdusMi 3eprrenreH. KoramaacTbIKra jKaliibl NPOEKIUSIIBIK KaMblIrbl 35—80 Y%-apl Kypaiasl. 3ept-
TENITeH ayMaKTa JKaiblUIbIM JKYKTeMeCiHiH i37epi Oaiikangpl. Cachlk KypaiablH YIATUIEPIiHIH Ke3AeCyLIiiri
0,1-0,8 nama/m>. TabuFy NOMyIANMSIAPAA OVKIN KACTAaFbl YITiNEp aHBIKTAamFaH — | kactam Oacram
7 xactarbl JaHajapra neiliH. ['eHepatuBTi ¢aszama 5-6-7 rkacTarbl JaHamap. OpTYpii MNOmyssuusuiapaa
15-55 % xybIK maHanap ryjiaeii, al KaJlFaH eCiMAIKTep KalblpaKTap/blH JKepTaparaH Kamblpakrap (asa-
ChIHAa Ooyapl. OpOip cHNaTTanFaH IONJNUsANA ©CIMIIKTEpAiH HEri3ri ’kac TONTAPHIHBIH apaKaThIHACHI
aHBIKTaJIFaH, (eTOIEHOTHKAIBIK KypaMbl MYIIeNIepiHiH keHoip MOp(OIOTrnsuIBIK KOPCETKIIITepi aHBIKTaJFaH.
Ochl HOTHXXENEp CachlK Kypail/[blH aHbIKTaJlFaH TaOWFK KOMajapblH IPaKTHKa[a MaifanaHyra 00JaThIHBIH
Jornenenei.

Kinm ce30ep: Ferula foetida, MaHFbICTay, MOJIIBUIBIK, Tapasly, (pIOPUCTUKAJIBIK KypaMbl, KaybIMIACTBIK,
MopdoIorus, xac ToObIL.

M.C. CarpingsikoBa, A.A. Iman6aesa, M.1O. Ummyparosa

N3ydenue crpykrypsl nonyiasiuuii Ferula foetida (Bunge) Regel
B yCJIOBUSIX MaHTHCTayCKOM 00J1acTH

B craTbe mpuBeneHs! pe3ynbTaThl HCCIEIOBAHUS COCTOSIHUS NOMyJIIui Gepynsl BoHtouel (Ferula foetida,
Apiaceae) Ha Tepputopun MaHrucrayckoi obnactu. M3ydeH cocras, CTpyKTypa IOIYJISIIUHA, TOIUMOPHH3M,
YCTIOBHS IIPOU3PACTAHHS U COCTOSTHUE IMPHPOAHBIX MOMymAui depysasl BoHIoueH. ObIee NPOeKTUBHOE 10-
KPHITHE B COOBIIECTBE COCTABMIO OT 35 10 80 %. Berpeuaemocts ocobeit (epysl Bomtoueii 0,1—0,8 ./,
B npupoaHBIX MOMyJIALUAX BBISABIECHBI BCE BO3PACTHBIE COCTOSHUS — OT 1-JTE€THUX 10 7-JE€THHX 0coOei; B
TeHepaTUBHOU (a3e oTMeueHb! 5-6-7 eTHre ocobu. Ha pa3inyHbIX HOMYJSIIUSIX OTMEUCHO LBETCHUE MOPS/-
ka 15-55 % oco0eif, ocTanpHast 4acTh pacTEHUH HAXOAUTCS B (pa3e MPUKOPHEBOH po3eTKH JHCTheB. Omnpene-
JICHO COOTHOLICHUE OCHOBHBIX BO3PACTHBIX IPYIII PACTCHUI Ha KaKIOH ONMUCAHHOMN MOIYJISLUY, OIPEAEICH
(uTOLCHOTHYECKNUIT COCTAaB, HEKOTOPEIE MOP(OJIOTHIECKHE TTOKa3aTell HaJ3eMHBIX OpraHoB. [lomydeHHbIE
pe3yabTaThl (UTOLEHOTHYECKUX OIMCAHMH M IUIOIIaJel BBIIBICHHBIX 3apOCiell CBUJIIETENBCTBYIOT O BO3-
MOYHOCTH NPAKTUYECKOM IKCIUTyaTallK IPUPOIHBIX 3apociield (epysisl BOHIOUCH.

Knioueswie cnosa: Ferula foetida, Manrsinuak, obunue, pacnpocTpanenue, GpIopucTUUSCKUil cocTaB, co00-
1ecTBo, MOp(oIorus, Bo3pacTHas rpyIa.
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Cyperaceae in the flora of «Burabay» Nature park

In the article the territorial study results of «Burabay» State National Nature park (2010-2018) are provided.
It gives an annotated species list of the Cyperaceae family and identifies main habitat types for each species
with their frequency of occurrence. 46 species of the Cyperaceae family grow in «Burabay» State National
Nature park. It makes 25.3 % of their total amount in Kazakhstan. The largest genus of the Cyperaceae fami-
ly is Carex (36 species, 5.6 %). Most species of sedge grasses prefer moist, marshy biotopes which are fre-
quent in the area under study. They are Carex acuta, C. acutiformis, C. cespitosa, C. disticha, C. elata subsp.
omskiana which are widespread along the marshy banks of streams, lakes and in the marshy birch forests of
the park. C. dioica, C. elongata, C. juncella, C. chordorrhiza are frequent in sphagnum and grass swamps.
C. caryophyllea, C. supina, C. tomentosa, C. praecox species grow in light pine forests, on edges and mead-
ows. Analysis of plants on their types of habitats demonstrates that in the flora of the nature park dominate
widespread Holarctic species with a significant amount of Euro-Siberian species.

Key words: «Burabay» State National Nature park, the Cyperaceae family, Carex genus, flora, habitat, popu-
lation, sedges.

Introduction

National Nature parks play the most important part in the preservation of natural landscapes and
maintenance of their sustainable functioning.

«Burabay» State National Nature park (SNNP) is an environmental state institution within the system of
specially protected natural areas of republican significance [1]. The total area of «Burabay» SNNP is
129 935 hectares.

This territory is the highest zone of the northern part of the Central Kazakh Hills. The relief is a com-
plex combination of low mountains, hills and plains, crossed by a rare network of river valleys and shallow
lake basins.

The climate is sharply continental, with hot summers and cold winters with little snow, softened by the
influence of mountains and hills, ponds and woods.

Currently, the transformation of the plant world has already led to its fragmentation and an increase in
the isolation degree of many natural complexes, which arouses a particular concern in the case of specially
protected natural territories. For «Burabay» National park the leading anthropogenic factor is recreation, a
formation of the road-path network, and construction.

The history of botanical research on this territory lasts for almost 200 years. Many herbarium collec-
tions made at the beginning of XX century have not been repeated and the materials have been lost. Such
issues like the spread of sedges, the status of populations remain insufficiently studied due to their rare oc-
currence and low abundance of many family representatives. Therefore, the purpose of the current research is
a modern floristic inventory of this relatively small area, taking into account changes in the flora under the
influence of anthropogenic factors.

Objects and methods of research

The authors were examining the territory of «Burabay» SNNP in 2010-2018. Administratively, the ter-
ritory of «Burabay» SNNP is located in the Burabay and Enbekshilder districts of Akmola region.

The study covered the territory of 10 forestries: Akylbay, Borovskoy, Katarkol, Zolotoborsk, Mirniy,
Barmashinsky, Priozerny, Bulandy, Temnoborsky and Zhalayirsky forest areas.

By the end of the botanical investigation of «Burabay» SNNP there were collected and identified more
than five thousand herbarium sheets of higher vascular plants and were made over 400 detailed geobotanical
descriptions. The herbarium collection is now stored at the Department of Biology and Chemistry in
A. Baitursynov Kostanay State University.

Main botanical approaches were used as the main research methods. A multivolume report «Flora of
Kazakhstan» was used as a source to determine the herbarium specimen. Determination of the families and
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genera was carried out with the help of «Flora of Kazakhstan» by M.S. Baitenov. Latin names and nomen-
clature changes in taxa were verified in accordance with S.K. Cherepanov.

Results and discussion

The core flora of the Burabay mountain forest is made up of flowering plants, the proportion of
dicotyledons accounts for 72.6 % and 23.1 % of monocots of the total flora composition. The family spec-
trum analysis showed that the first triad of families in the flora of the Burabay massif includes the
Asteraceae-Cyperaceae-Poaceae families. The sedges take the second place, which determines the
Cyperaceae (arctoboreal-East Asian) as the type of the studied flora [2].

Cyperaceae Juss family. It covers more than 100 genera and 4000 species across the whole world. Ka-
zakhstan has 19 genera and 182 species [3]. 46 species of the Cyperaceae family grow in «Burabay» State
National Nature park which is 25,3 % of the total in Kazakhstan.

The following list includes the species identified in the result of processing herbarium specimens of
plants collected in «Burabay» Nature park during expeditionary works. While compiling this list we used our
own herbarium collections, floristic and geobotanical descriptions, as well as the works of V.F. Semenov,
1929 [4], Z.V.Karamysheva and E.I. Rachkovskaya, 1973 [5], P.L. Gorchakovsky, 1987 [6],
B.F. Sviridenko, 2000 [7], «Flora of Kazakhstany [§].

Each species has got its habitat characteristics and occurrence information on the territory of the nation-
al park:

— occurring very rarely — 1 location (data labels or a reference to a literary source are provided);

— occurring rarely — no more than six locations;

— occurring occasionally — the species sporadically found in the park or the species of specific habitats

(salt marshes, meadows, etc.);

—occurring usually — the widespread species found throughout the park, or in any part of it (e.g.,

steppe or forest).

The Cyperaceae Juss family

Bolboschoenus maritimus (L.) Palla, 1905, in W. Koch, Syn. Deutsch. FI., ed. 3: 2532; Polyakov, 1956,
Flora of Kazakhstan. 2:21.

Occurring occasionally. Along the shores of salt lakes.

Carex acuta L. 1753, Sp. Pl.: 978; Malyshev, Fl. Sib. 3: 158. — C. fusco-vaginataKuk. 1904: Bull.
Herb. Boiss. 2, 4: 56; Polyakov, 1956, Flora of Kazakhstan. 2:56.

Occurring occasionally. Along the shores of lakes and streams.

Carex acutiformis Ehrh. 1789, Beitr. [V: 43; Polyakov, 1958, Flora of Kazakhstan. 2: 75.

Occurring rarely. Along the shores of Small Chebachye Lake, near Small Karasu Lake in a marshy
birch forest.

Carex atherodes Spreng. 1826, Syst. Veg. 3: 828, 1990, Flora of Siberia. 3: 120. — C. orthostachys
C.A. Mey.; Polyakov, 1958, Flora of Kazakhstan. 2: 82.

Occurring rarely. Was found in the Batmak on a marshy shore, along the Bettybulak stream.

Carex bohemica Schreb. 1772, Beschr. Gréser, 2, 2: 52; Malyshev, 1990, in Flora of Siberia. 3: 68;
C. cyperoides Murr. 1774, inL., Syst. Veg., ed. 13: 703; Polyakov, 1956, Flora of Kazakhstan. 2: 51.

Occurring rarely. In swampy birch forests, along the streams.

Carex buxbaumii Wahlenb. 1803, Sv. Vetensk.Ak. Nya. Handl. XXIV: 163; Polyakov, 1956, Flora of
Kazakhstan. 2: 63.).

Occurring rarely. In swampy birch forests near the Svetly and Small Karasu lakes.

Carex canescens L. 1753, Sp. pl.: 874; Polyakov, 1958, Flora of Kazakhstan. 2: 53.

Occurring occasionally. Along swampy shores of lakes and streams.

Carex caryophyllea Latourr.1785, Chlor. Lugd.: 27; 1990, Flora of Siberia. 3: 138. — C. ruthenica V.
Krecz.; Polyakov, 1958, Flora of Kazakhstan. 2: 68.

Occurring very rarely. Quarters 40—41 of the Barmashinsky forestry, greenwood pine forest with an
abundance of ferns.

Carex caespitosa L. 1753, Sp. pl.: 978; Polyakov, 1958, Flora of Kazakhstan. 2: 56.

Occurring usually. Along swampy shores of lakes and streams.

Carex chordorrhiza Ehrh. exL. fil. 1781, Suppl.: 414; Polyakov, 1958, Flora of Kazakhstan. 2: 53. Oc-
curring occasionally. Along the marshes, on the shores of lakes [7].
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Carex diandra Schrank. 1781, Cent. Bot. Anmerk.: 49 et Act. Acad. Mogunt.: 57; Polyakov, 1958, Flo-
ra of Kazakhstan. 2: 51.

Occurring rarely. Along the swampy shores of the Small Karasu, Tasshalkar lakes, along the banks of a
stream flowing into Small Chebachje lake.

Carex diluta M.Bieb. 1808, Fl. taur.-cauc. II: 388; Polyakov, 1958, Flora of Kazakhstan. 2: 74.

Occurring occasionally. In the Batmak along the shore of a dried lake, along the shores of Lake
Katarkol.

Carex dioica L. 1753, Sp. pl.: 971; Malyshev, 1990, Flora of Siberia. 3: 61.

Occurring very rarely. The neighborhood of Small Karasu lake, the sphagnum swamp along the shore,
quarter 3 of the Barmashinsky forestry.

Carex distans subsp. Aspratilis (V.1. Krecz.) Egor. Egorova, 1999, Sedges of Russia: 266; Malyshev,
Flora of Siberia. 3: 128.

Occurring rarely. On the banks of a river of the lake Tasshalkar and the river Arykpay.

Carex disticha Huds. 1762, F1. Andl. ed. I: 347; Polyakov, 1958, Flora of Kazakhstan. 2: 46.

Occurring rarely. On the shores of lake Tasshalkar and in a small swamp in the Karakistak.

Carex elata subsp. Omskiana (Meinsh.) Jalas. 1901, A. H. P. XVIII, 3: 340; Polyakov, 1958, Flora of
Kazakhstan. 2: 56.

Occurring rarely. Was found on the Imanaevsky stream and along the shores of lake Svetly.

Carex elongate L. 1753, Sp. pl.: 973; Polyakov, 1958, Flora of Kazakhstan. 2: 52.

Occurring very rarely. Quarters 1-2. A spring in the Akylbajsky forestry.

Carex enervis C.A. Mey. 1833, inLedb. FI. Alt. IV: 209; Polyakov, 1958, Flora of Kazakhstan. 2: 55.

Occurring very rarely. Quatre 89 of the Zolotoborsky forestry, the coast of lake Tasshalkar.

Carex juncella (Fr.) Th.Fr. 1857, Bot. Notis.: 105; Polyakov, 1958, Flora of Kazakhstan. 2: 55.

Occurring very rarely. Quatre 134 of the Barmashinsky forestry, a birch and pine forest along the road.

Carex lasiocarpa Ehrh. 1784, Hannov. Magaz. IX: 132; Polyakov, 1958, Flora of Kazakhstan. 2: 78.

Occurring very rarely. The shore of Small Karasu lake, a sphagnum swamp, quarter 3 of the
Barmashinsky forestry.

Carex leporine L. 1753, Sp. pl.: 973; Polyakov, 1958, in Flora of Kazakhstan. 2: 51; Egorova, 1999,
Sedges...: 543. — C. ovalis Good: Malyshev, 1990, in Flora of Siberia. 3: 85.

Occurring very rarely. Borovsky forestry, a drying out Gromatuha river.

Carex limosa L. 1753, Sp. pl.: 977; Polyakov, 1958, Flora of Kazakhstan. 2: 58.

Occurring rarely. Along the moss swamps of the lakes Svetly and Small Karasu.

Carex loliacea L. 1753, Sp. pl.: 97; Polyakov, 1958, Flora of Kazakhstan. 2: 52.

Occurring rarely. In the moss swamps at the lakes Svetly and Small Karasu, along the Tasbulak and the
nameless stream around Shchuchinsk (square 216 of the Barmashinsky forestry).

Carex magellanica subsp. irrigua (Wahlenb.) Hiit. 1933, SuomenKasvio: 161; Egorova, 1999, Sedg-
es...: 358.

Occurring rarely. Was found on the western shore of lake Svetly [5].

Carex melanostachya M. Bieb. exWilld. 1805, Sp. pl.: IV: 299; Polyakov, 1958, in Flora of Kazakh-
stan. 2: 76

Occurring rarely. In Batmak, along the road, birch forest.

Carex pediformis C.A. Mey. 1831, Mem. Ac. St. Petersb. Sav. Etrang. I: 219; Polyakov, 1958, Flora of
Kazakhstan. 2: 72

Occurring usually. In birch-pine and pine forests, steppe communities in the outputs of granites.

Carex praecox Schreb. 1771, Spic. fl. Lips.: 63, non Jacq.; Polyakov, 1958, Flora of Kazakhstan. 2: 47

Occurring occasionally. In sparse birch forests and their edges in the forest-steppe part of the park, was
found in the mid-logs of the Shuchinsk hills.

Carex pseudocyperus L. 1753, Sp. pl.: 978; Polyakov, 1958, Flora of Kazakhstan. 2: 82.

Occurring rarely. In the marshy birch forest around the cordon Golden Bor (quartre 89 of the
Zolotoborsky forestry) and along the river Gromatuha.

Carex rhynchophysa C.A. Mey. 1844 inSuppl. Index Sem. Hort. Bot. Petrop. 9: 9; Malyshev, 1990,
Flora of Siberia. 3: 95.

Occurring rarely. Forest lakes [7].

Carex riparia Curtis. 1783, FL. Lond. IV: 60; Polyakov, 1958, Flora of Kazakhstan. 2: 75.
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Occurring occasionally. On the swampy shores of lakes Svbetly and Borovoy, on the river Arykpay, in
Batmak along the shore of a dying out marsh.

Carex rostrata Stokes 1787. in With Bot. Arrang. Veg. Great. Brit. 2, 2: 1059; Malyshev, 1990, Flora
of Siberia. 3: 96. — C. inflata Huds. 1762. Fl. Angl. Ed. I: 354; Polyakov, 1958, Flora of Kazakhstan. 2: 80.

Occurring usually. On the banks of water basins.

Carex secalina Willd. ex Wahlenb. 1803, Sv. Vetensk. Ak. Nya Handl. XXIV: 151; Polyakov, 1958,
Flora of Kazakhstan. 2: 73.

Occurring occasionally. On open sandy shores of lakes Katarkol, Shchuchye and Small Chebachje.

Carex songorica Kar. & Kir. 1842, Bull. Soc. Nat. Mosc. XV: 525; Polyakov, 1958, Flora of Kazakh-
stan. 2: 76.

Occurring occasionally. On the swampy shores of lakes Katarkol and Tasshalkar, on the bank of a dry-
ing up swamp in Batmak.

Carex supina Willd. ex Wahlenb. 1803, Sv. Vetensk. Ak. Nya Handl. XXIV: 158; Polyakov, 1958, Flo-
ra of Kazakhstan. 2: 69.

Occurring usually. On rocky slopes of the hills, in pine forests.

Carex tomentosa L. 1767, Mant. I: 123; Polyakov, 1958, Flora of Kazakhstan. 2: 67.

Occurring very rarely. In Batmak, along the roads.

Carex vaginataTausch. 1821, in Flora, 4: 557; Polyakov, 1958, Flora of Kazakhstan. 2: 71.

Occurring usually. In the marshy birch forests on the shores of Svetly, Borovoy, Small Karasu lakes, on
the Imanaevsky and Tasbulak streams.

Carex vesicaria L. 1753, Sp. pl.: 979; Polyakov, 1958, Flora of Kazakhstan. 2: 82.

Occurring usually. On the shores of forest lakes, bogs, swampy lowlands.

Eleocharis acicularis (L.) Roemer et Schultes s. ctr. 1817, Syst. Veg. 2: 154; Bubnova, 1990, Flora of
Siberia. 3: 26. — Heleocharis acicularis (L.) RoemeretSchultes; Polyakov, 1958, Flora of Kazakhstan, 2: 26.

Occurring rarely. Shchuchye lakeshores [9].

Eleocharis palustris (L.) Roem. & Schult. 1817, Syst. Veg. 2: 151; Bubnova, 1990, Flora of Siberia. 3:
28. — Heleocharis eupalustris Linbd.; Polyakov, 1958, Flora of Kazakhstan. 2: 27.

Occurring occasionally. On the banks of water basins.

Eleocharis sareptana Zinserl. 1929 in Fl. S-E 3: 279; Bubnova, 1990, Flora of Siberia. 3: 30. —
Heleocharis fennica Palla ex Kneuck, 1901, in Allg. Bot. Zietschr. Jahrg.: 212; Polyakov, 1958, Flora of Ka-
zakhstan. 2: 32

Occurring very rarely. Quartre 89 of the Zolotoborsky forestry, the shore of Lake Tasshalkar.

Eriophorum gracile W.D.J. Koch. 1800, in Roth. Cat. II: 259; Polyakov, 1958, Flora of Kazakhstan. 2:
11.

Occurring very rarely. Quartres 1-2. A spring in the Akylbay forestry.

Eriophorum polystachyon L. 1753, Sp. pl.: 52; Timokhina, Bondareva, 1990, Flora of Siberia. 3: 14. —
E. angustifoliumRoth; Polyakov, 1958, Flora of Kazakhstan. 2: 10.

Occurring very rarely. Akylbay forestry, quarter 1, a swamped shore of a spring.

Rhynchospora alba (L.) Vahl. 1806, Enum.II: 236; Polyakov, 1958, Flora of Kazakhstan. 2: 34.

Occurring rarely. On turf marshes near Karas lake [5]. On sphagnum marshes and in swampy areas
[4, 6].

Scirpus lacustris L. 1753, Sp. pl.: 48; Polyakov, 1958, Flora of Kazakhstan. 2: 17.

Occurring rarely. On the banks of the river Arykpay and Bettybulak, Imanay, Gromatuha streams.

Scirpus sylvaticus L. 1753, Sp. pl.: 61; Polyakov, 1958, Flora of Kazakhstan. 2: 15.

Occurring occasionally. On the Imanay stream, the shores of lakes.

Scirpus tabernaemontani C.C. Gmel. 1805, F1.:101; Polyakov, 1958, Flora of Kazakhstan. 2: 16.

Occurring occasionally. The shores of lakes Big and Small Chebachje, Katarkol.

Analyzing the presented materials, we should emphasize that the largest genus of the Cyperaceae family
is Carex genus (36 species, 5.6 %). Most species of sedge grasses prefer moist, marshy biotopes which are
frequent in the area under study. They are Carex acuta, C. acutiformis, C. cespitosa, C. disticha, C. elata
subsp. omskiana, C. pseudocyperus, C. riparia, C. rostrata widespread in the park on its marshy banks of
streams, lakes, in marshy birch forests. C. dioica, C. elongata, C. juncella, C. chordorrhiza, C. buxbaumii,
C. vaginata are frequent on sphagnum and grass swamps. C. caryophyllea, C. supina, C. tomentosa, C. prae-
cox species grow in light pine forests, on edges and meadows. C. pediformis is found on steppe stony slopes
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and granite outlets, C. diluta, C. distanssub sp. aspratilis, C. secalina, C. melanostachya along the shores of
salt lakes and damp saline meadows.

Analysis of the plants by their habitat type clearly shows the relationship of the flora of the studied re-
gion with the surrounding flora and partly allows to define migration routes of the species within the studied
area [5]. Identification of habitats types was based on the analysis of modern species spread. When identify-
ing the habitat types of the «Burabay» SNNP flora, we took the analysis principles of the central Kazakhstan
hills steppe flora proposed by Z.V. Karamysheva and E.I. Rachkovskaya (1973). In the flora of Nature park
there prevail Holarctic species with significant participation of Euro-Siberian species.

1. Cosmopolitan (pluriregional) habitat type belongs to the plants found in many humid and arid botani-
cal and geographical regions of the northern and southern hemisphere. Many coastal aquatic plants have
cosmopolitan habitat: Bolboschoenus maritimus (L.) Palla, Carex canescens L., C. leporine L. and
Eleocharis acicularis (L.) Roem Schult.

2. Holarctic habitat type belongs to the species common in most areas (humid and arid) of the Holarctic.

A group of species with a holarctic habitat type in Burabay flora is the largest and has 15 species.
Among them there is a large number of marshy types: Carex buxbaumii, C. chordorrhiza, C. limosa,
C. loliacea, Eriophorum gracile, E. polystachyon, Rhynchospora alba.

3. Palearctic habitat type belongs to the species widely spread in humid areas of Eurasia and in special
conditions of subarid and arid regions (in the steppes of Europe and Kazakhstan, in the mountains of Central
Asia, the Mediterranean, Asia Minor). A group of Palearctic types in the nature park flora is also numerous
(11 species). Ecologically and by a phytocenotic confinement Palaearctic species are similar to Holarctic
ones. Among them there are the species that prefer waterlogged habitats — Carex acuta L., C. bohemica
Schreb., C. cespitosa L., C. dioica L., C. disticha Huds., C. lasiocarpa Ehrh., C. secalina Willd. ex
Wahlenb., Eleocharis uniglumis (Link) Schult, Scirpus lacustris L., S. tabernaemontani C.C. Gmel.

4. East Palaearctic habitat type belongs to the species widespread throughout all humid and arid territo-
ries of North, East and Central Asia (mainly to the east from the Urals or from the western border of the
Zavolzhsk-Kazakhstan geobotanical province).

Such species as Carex pediformis C.A. Mey is typical for steppe and petrophytic communities, Carex
songorica Kar. & Kir. grows on saline soils on the shores of lakes.

5. Western Palearctic habitat type belongs to the species widespread in humid areas of Europe and
Western Siberia, as well as in arid regions (in the Mediterranean, in the Balkans, in Asia Minor, in the
steppes of the Black Sea-Kazakhstan subregion of the Eurasian steppe region).

The following coastal aquatic plants belong to the West Palaearctic group: Carex acutiformis Ehrh,
C. juncella (Fr.) Th. Fr., C. riparia Curtis, Scirpus sylvaticus L.

6. Euro-Siberian habitat type belongs to the species widespread in the boreal regions of Europe, Siberia,
in the mountains of northern Mongolia and northern areas of the steppe region (in the east they are spread
mainly till Angara-Sayan floristic region) Among Euro-Siberian types there are: Steppe Carex praecox
Schreb and a forest type of C. tomentosa L., some species are typical of the swamps and marshy shores —
Carex elata subsp. omskiana (Meinsh.) Jalas, C. elongata L., C. vesicaria L.

7. Mediterranean habitat type belongs to the species common in arid areas (Mediterranean Evergreen,
Eurasian steppe, Sahara-Gobi desert). This habitat type is typical only for Carex melanostachya M. Bieb. ex
Willd.

8. Pannon-Black Sea-Kazakhstan habitat type belongs to the species widespread in the Black Sea-
Kazakhstan subregion of the Eurasian steppe region, sometimes they are found in the Middle Danube basin
or have a more narrow habitat. A steppe type Carex supina Willd. ex Wahlenb belongs to this habitat type.

9. Zavolzhje-Kazakhstan habitat type belongs to the species found within the entire East Kazakhstan
steppe province, in the mountains of Altai, East Kazakhstan, Central Asia, in the steppe islands of Eastern
Siberia. This habitat type is typical only for Carex distans subsp. aspratilis (V.1. Krecz.) Egor.

10. Kazakhstan-Turan-Central Asia habitat type belongs to the species widespread in the steppes of Ka-
zakhstan. Many of them are found throughout desert steppes, in the southern part of dry tipchak-feather grass
steppes. There are few such species in the flora of the Bor massif. It is a coastal Carex enervis C.A. Mey.,
and the species found along the saline shores of lakes Carex diluta M. Bieb.

Thus, on the basis of the conducted research, we can claim that in the flora of SNNP «Burabay» a sig-
nificant portion of species (34 species, 74 %) has extended habitats — cosmopolitan, holarctic, and palaearc-
tic.
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I'.2K. Cynranrasuna, I'.K. [Ilapunosa

«bypa0aii» Taburu napkinin gaopacsingarsl Cyperaceae

Makanana «bypabaii» MeMIIEKeTTIK YITTHIK TaOUFH MApKiHIH ayMarblH 3epTTEy HOTIDKEJepi KenTipiireH
(20102018 »xx.). Cyperaceae TYKpIMOachl TYpPJEPiHIH aHHOTAUMSUIAHFAaH Ti3iMi KenTipiireH. ©p TYpAiH
MEKEH/ICHTIH JKepJIepiHiH HeTi3ri Typliepi »oHe Kesjaecy Kuimiri kepcerinreH. «bypabaity MemiekerTik
YITTBIK Taburu mnapkiniyg aymarbinna Cyperaceae TyKbIMAachiHbiH 46 Typi ecenmi, O0yn Kasakcranmarst
OJIApJIBIH KANIBI CaHBIHEIH 25,3 %-bH Kypainbsl. Cyperaceae TYKBIMAACHIHEIH eH ipi Typi — Carex TyBICHI
(36 Typi, 5,6 %). KuskeneHumep TYBICBIHBIH KOOICi 3epTTENETiH ayMaKTarblHAAH BUFAJABI, OaTNaKTHI
OuoTonTapiaa kakcel eceni. byraH jonen mapk ayMmarblHAa OyJaKTapAblH, KeJiepHiH OaTmakTsl
KaranayjaapblHaa, OaTnakThl KablHIBI Jkepiepae keHiHeH Carex acuta, C. acutiformis, C. cespitosa,
C. disticha, C. elata subsp. omskiana ke3mecyi. Coarnansik sxone mmenti Oatmakrap yuuiH C. dioica,
C. elongata, C. juncella, C. chordorrhiza ton. C. caryophyllea, C. supina, C. tomentosa, C. praecox ambIK
Kaparaiiipl opMaH/iap/a, oJlap/iblH LMIeTTepiH/e, LIANFbIHAAapAa ocei. Apean Tunrtepi OOHbIHIIA OCIMIIKTEpPI
TaylayAblH HOTIKeci Taburu MapKTiH QuopacbiHAa eypociOipiiK TypriepAiH KaThICYbIMEH KEH apeajiabIK
TOJIAPKTHKAIBIK TYPJIEPIiH 0ackiM eKeHiH KopceTei.

Kinm ce30ep: «bypabaity MeMIeKeTTiK YITTHIK Taburu mapki, Cyperaceae TykpimMuackl, Carex TYBICHI,
¢opa, apeait, MOMyJISINS, KUSIKOJICHIEP.

I'.K. Cynranrasuna, I'.K. Illapunosa

Cyperaceae Bo ¢aope npupoanoro napka «bypabaii»

B crarthe npuBeneHsl pe3ynbTaThl UCCIENOBAHUS TEPPUTOPUH ['0CYyAapCTBEHHOTO HALMOHAIBLHOTO MPUPOI-
Horo mapka «bypabaii» (2010-2018 rr.). JlanH aHHOTHpOBaHHBIH CIHCOK BUAOB ceMmeiictBa Cyperaceae.
‘Yka3zaHbl OCHOBHBIE TUIIBI MECTOOOMTAaHUIN KaXIOTO BHIA U 4acToTa BcTpeyaemocTd. Ha teppuropun Iocy-
JApCTBEHHOTO HAILMOHANBPHOTO MpHpomHoro mapka «bypabait»y mpouspacrtaer 46 BuAOB ceMelcTBa
Cyperaceae, ato coctasnseT 25,3 % or ux obmero uyucia B Kazaxcrane. Camblit KpymnHBIN poj ceMeicTBa
Cyperaceae — pon Carex (36 BunoB, 5,6 %). BOJIBIIMHCTBO BUIOB OCOK MPEIIIOYHUTAIOT CHIPBIC, 30009 CH-
HBIE OMOTONBI, KOTOPBIE XOPOIIO NMPEACTABIECHBI HAa HCCIEAYeMOH TeppUTOPHH. DTO IIHUPOKO pacIpocTpa-
HeHHble Ha Tepputopun mapka Carex acuta, C. acutiformis, C. cespitosa, C. disticha, C. elata subsp.
omskiana, KOTOpble BCTpedaroTcsi 0 3a00JI0YeHHBIM OeperamM pydneB, 03ep, B 3a00JI0OYEHHBIX Oepe3HsIKax.
s charHoBeIX U TpaBsaHBIX OonoT xapaktepHsl C. dioica, C. elongata, C. juncella, C. chordorrhiza. Bunst
C. caryophyllea, C. supina, C. tomentosa, C. praecox pacTyT 11O CBETJIBIM COCHOBBIM JIeCaM, 110 OIMYIIKaM, Ha
Jayrax. AHaJIM3 PacTEHHMil 10 TUIAM apeajoB HAIIIHO IIOKA3bIBAET, YTO BO (JIOpEe IMPHUPOIHOrO MapKa mpe-
0051a1at0T NIMPOKOapeaTbHbIe TOJAPKTUUECKHE BUABI IPH 3HAYMTEIBHOM YUaCTHH €BPOCUOUPCKUX BUIOB.

Kniouesvie crosa: I'ocynapCTBeHHBII HAIIMOHAIBHEIA NPUPOHBIN Hapk «bypabaii», cemetictBo Cyperaceae,
pox Carex, piopa, apea, OIS, OCOKOBBIC.
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HenTunbai mkanansl KoyjiaHa oTeIpbinl Kaparanabl 00/1bI1CHIHBIH
0acTaybllll MEKTeEN KACHIHAAFBI 02J1aJ1aPAbIH AN BIHAAFbI
XHUMMSUIBIK 3JIEMEHTTEPAiH KYpaMbIH 0arajay

Makanana OUONOTHSJIBIK YITire apHaJFaH HEHTHJIBJl [IKaJaHbl KOJIaHa OTHIpH KaparaHIbl OOJIBICHIHEIH
OacTaypllll MEKTEN JKachIHAAFbl OalanapIblH IIAIIBIHAAFBl XHMHSUIBIK — JJIEMEHTTepAiH  KYpaMbl
KapacTHIPBUIFaH. 3epTITeNreH OananapAa MBIPBII TANMIBUIBIFEl AHBIKTAJABL, O TINTI OpTama Jopexesne
UMMYHABIK KyHere ocep eryi MyMkiH. T-nmumdouurrep, MHQEKUMSIMEH KYpeceTiH aKk KaH jKacyliauapsl,
aF3ajlafbl MBIPBIII KOPBI TOMEH OOJFaHAa KaIbINTHl XKyMbIC icTel amMaiigpl. COHIBIKTAH MBIPBIIT
TaNMIBIIBIFEl 6ap agaMaapra MHQEKIUAHB KEHyTe KeIl yaKbIT KaxeT. 3epTTey KepceTKeHIeH, MHHepal
TallIbUIBIFBI  0ap agamMaapAblH MBIPHIII  KOCHANApbhlH KaObULZAFaHAa oOJIApIbIH  KaH OKyHeciHneri
T-mamdonutTep caHBl apTafbl XOHE OCHI JKacyMalapAblH HH(EKIMsIMEH Kypecy KaOureTi »xakcapasisl.
Kanmuiinig apThIK OONYBl MBIPHII TANIIBUIGIFBIH TYABIPANbl JKOHE KYIIeHTesni, Oamamap ar3achIHIArbl
MHKPODJIEMEHTTI TOMEOCTa3/blH ayBITKYBIH Oaranayna naychl3, cedebi Kaparanmas! oOGNBICHIHIA TYpaThIH
Oananapra KOpIIaraH OPTaHBIH XUMUSUIBIK JIACTAFBIIITAPEIHBIH 9CepiHe JKOFAphl CEe3IMTaNAbIK TOH. THIHBIC
ally OpraHjapbl aypyJapblHbIH JaMy >KUUICIHIH yJIFaloblHa OaifIaHbICTBI MBIPBILI, MBIC KOHE XPOM
TaIlIbUIBIFBI aHBIKTA/IbL. bananapiarsl MaMThIH MUKPO3JIEMEHTTIK KYPaMbIH Tajjay HOTHKECIHJIE JKaJIIbl
3aQHABUIBIFbI — 3CCCHIMAIIBI MUKPOJIEMEHTTEP/IIH TallllIbUIBIFBI OaiKabl.

Kinm cesdep: mami, XUMHSIBIK 31eMeHTTep, HHbekuusd, T-muMponuTTep, MUKPOIJIEMEHTTEP, UMMYHIIBIK
JKyHe, KopIllaraH opra.

Kasipri reutbiMu 3epTTeynepre coiikec, op0Oip maToaoruiga 3J1eMEHTTIK TYprbiaa Oenrii Oip aybITKynap
ToH [1, 2]. ¥Kcac «3JIeMEHTTIK KaFai» MaToreHe3 e IKeKe AIEMEHTTEPIH TiKellel KaThICYbIMEH KaHal 1a
0ip aypy erteriH (oH peTiHIe KepceTinemi, an medopMalysilaHFaH MUHEPAIAbl aaMacy aypyJapIbiH
JlaMybIHa €3 YJIeCiH Kocalbl. AF3ara yIIbI MHKPO3JEMEHTTEPAiH (KOPFAachIH, ChIHAI, HUKENb, KaJMUil) a3
MeJIIepe Y3aK YaKbIT OOHbBI TYCYl KOHE KUHAKTAITYHI aF3alap IbIH KAJIBIITHI )KYMBIC ICTEYiH OY3aThIH JKOHE
aziaM JICHCAyJIBIFBIH HaIapiayblHa oKeIl COFamsl [3, 4].

buoynrinepmeri XUMHUSUTBIK 3JEMEHTTEP KYPAMBIHBIH HOPMATHBTIK KOPCETKIMITEpiH Oenriiey VImiH
HEHTUIIBII IIKaJAIapabl KOJIAaHy KeHiHEH TapaiFad. by Tociia XUMUSIIBIK JIEMEHTTEP/IiH KYPaMbIH, Tapary
3aHbIHA KapaMacTaH, NEPeKTepAl CTAaTUCTHKAIBIK OHICYIl JKYpri3yre >KoHe ar3ajaFrbl 3aT ajMacy
MPOLIECTEPiHE acep CTYAIH Koml (aKTOPJBIFBIH €CKepyre MYMKIHIIK Oepemi. Mpicaiibl, aypyabl Oakbliay
optansirbiabiH MamMangapsl (CDC, AKILL, 2003) nonyssiuusFa TOH KOFapFbl ACHIeH peTiHae OMONOTUSIIBIK
MaTepHasiaFbl KOINTEreH XWUMUSUIBIK JJIEMEHTTEPHAIH KYPaMBIHBIH 95 IEHTWIIHIH MOHIMEH ecenTeyi
TaHmaume [1, 5, 6]. Pecefine mammrarsl OipKaTap XHMISUIBIK JIEMEHTTEP KYPaMBIHBIH OWOJIOTHSUIBIK PYKCAT
erinren aeHrevnepi (bPJl) xommanbutamel, OVJ1 OMOYATLIEpAETI XUMUSUIBIK SJIEMEHT KYPaMBIHBIH HAKTHI
KOPCETKIIIIHIH aypylIblH Maiga OOMybIMEH OalIaHBICTHI JQINENJIEMEC], all OChl JIEHICUJCH THIC IIBIFYIbI
OeifiMieNly MEXaHU3MICPIHIH Y3y KOPCETKIIN KOHE JKOFaphl ChIPKATTAHYIIBUIBIK KATEPiHIH KOPCETKIII
petinae KapacTelpy Kepek [7]. Ochl 3epTTeyne adblHFaH XUMUSUIBIK DJIEMEHTTEPIIH Al KypaMbIHIAFBI
a0COJIIOTTI MOHJIEp IIEHTHIILII KepceTKilTep OolbIHIA capananFaH [5, 7, 8] (1-kecre) 3, 5, 10, 25, 75, 90,
95 Gacran 97 uentwiepre aeiin. 3-teH 10 HeHTHIBre NeHiH, OYJI «IMAarHOCTHKA TOOBD» JICI aTalaThIH,
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TOMCHTII IIaMajap aiiMarbl, ofIcTTe, JIeHI cay Oamamapna 7 % xarmaiina; 10-HaH 25 neHTWIbre OeiHiH —
«opTamiazaH TeMeH» mama aiiMarbl cay Oamanmapaa 15 % xarmaiina xe3geceni. 25-TeH 75 meHTUIbre nerin
opTala maMaHbIH ayMarbl, eHi cay agamaapaa (6amanapna) 50 % xarmaiina kesnmeceni [1, 2, 6]. 75-ten 90
LEHTUIbre JICHIH — «OpTallafaH >KOFapbl» 1amMa aiMarsl JieHi cay Oananapaa 15 % skarnaiina yisipacaisl,
«Hazap aynapy ToObD» Jen arajalbl, OHIA ACHCAYJBIK JKarnaibiHaa 0acka aybITKyjaap OONFaH Karmaiaa
nopirepre keHec 6epy kepcerinireH. XKorapel Kememueri aiiMak JeHi cay Oanamapaa kesmecemi, Oip »xepme
7 % xarnmatina, oy 90-HaH 97 neHTHIBIE AcHiH. 97 NEHTUIBICH OTe KOFaphl KOJIEMEeri aliMak, JeHI cay
Oanmamapna 3 %-1aH apThIK eMecC KaFaaia Ke3aece.

l-xecTe
6-8 :xacTarbl 0ajgajapabIiH AMIBIHAA MAPTTHI YBITTHI 3JIEMEHTTEP MeH CCEeHINAIbI
XUMHUSJIBIK 3JIEMEHTTeP (MKI/T) KYPaAaMBbIHBIH OPTara TapaJiybl
IleHTHIIBI HHTEPBAIAP IBIH, Mertannap

Hewrnnep MOHJICPiHIH CI/IgaTTaMzCLI Pb Cd As Zn Cu Cr
3 Ote ToMeH — — 0,08 72 6,0 0,3
5 Temen 0,1 — 0,09 80 6,5 0,4
10 Temenney — — 0,10 81 7,0 0,5
25 TeMeHHEH Call KOFapbl 0,26 0,01 0,15 100 7,1 0,5
75 Opra 1,00 0,17 0,2 104 7,4 0,9
90 YKorapsl 2,00 0,26 - - 7,5 1,3
95 YKorapsl 3,30 — — — — 1,34
97 OTe KOoFaphl 6,90 — - - - 1,5

bananapaplH mambHAAFRl MIAPTTHl YBITTH 3JIEMEHTTEP MEH 3CCEHIHANIbl XUMHSIIBIK JJIEMEHTTEP
KYpaMBIHBIH LEHTWIIBI TapalyblH Oarajiay »KacblHa CoiiKec KeJleTiH (QU3MOJOTHsIIBIK KepceTKimTep 2575
LEHTWIb IIETiHAC eKeHiH aHbIKTanbl. 90-97 nentwnp meriage (90-97 xorapbl, KOPFACBIHHBIH, MBICTBIH,
XPOMHBIH JKOFaphl JKOHE ©Te MOFaphl Kypambl). 3—10 IeHTWIb MIETiHAETI KepceTKimTep (opTamramaH
ToMeH — 10, 3 — oTe TOMeH) 6apIIBIK OMIPITIK KaXKETTI 3JIEMEHTTEpAe (MBIC, MBIPHIII, XPOM) aHBIKTAJIFaH.

AJNBIHFAaH MOHAEPII OPTAJbIK OOIyMEH CAlBICTBIPY KaTrep TOOBIHBIH MOJIIEPiH aHBIKTayFa MYMKIHAIK
Oepai. ¥kcac xarmaii [7-9], 6anamapmarbl 3CCEHIMAIIBI MUKPOIJICMEHTTEPIIH IIAINTaFbl TOMEHTI JCHI ekl
25 meHTWITe COoMKec Keemi. byi gomen mapTThl dCCEHITHANIBI DJIEMEHTTEPAIH apThIK KYPAMBIHBIH dCepiHe
Oanmanap ar3achbIHBIH TYPAKCHI3ABIFBI TYpalbl KydlaHIbIpaabl. JKyprisreH OWOJIOTHUSIBIK MOHUTOPHHT
HOTIDKECiHAe 013 OYphIH YCBIHBUIFAH JCCEHIMANILI MHUKPO3JICMEHTTEP TANIIbUIBFBIMEH VIITACATHIH
OHEPKOCITITIK ayMaKTap JKaFrgaibIHIa Oana aFr3achIHBIH KCEHOOMOTHUKTEPIHIH €0yip TEXHOTECHIIK KYKTeMecCi
Typaibl 00DKaMIBI pacTaablK [9], amaM aF3achIHBIH TIPHIUIIK OpeKeTi OapiIblK OMOXMMUSIIBIK TPOIIECTEPIi
peTTeyre KaThICaThIH aca MaHbBI3IbI METANAAP MEH MHKPOARJIEMEHTTEPAl KaMTaMachl3 ETETIHJITIH TaFbl Ja
TONIETIIeT], KOpIIaFaH OpTaJarbl TOKCHKAHTTapAbIH a3 IIOFBIPIAHYBIHBIH Ja XaiblK VINIH oJIeyeTTi
KayinTimiria atan kepcerendi [10—12].

Ocpinaiiima, TekcepiireH Oananapia MBIPBIII TaNIIbUIBLIFRI OaWKalaabl, OJI TINTI OpTalla JopekKese
MMMYHJIBIK KyHere acep eryl MyMmkiH. T-mumdonurrep, nHQEKIMSIMEH KYPECETIH aK KaH jKacyllaiaaphl,
ar3ajiaFbl MBIPBIII KOPBI TOMEH OOJFaHIa KaJBIITHl KYMBIC icTedd amMaiiipl. COHIBIKTAH MBIPBIII
TaIIBUIBIFEL 0ap anaMaapra HH(EKIMSIHBI )KEHYTe KON YaKbIT KaXeT. 3epTTey KopceTKeHAeH [4], MBIPHIII
KOCTaJIapblH OChl MHHEPAJIBIH TaMIIbLUIBIFEl 0ap amaMjapra KaObUIIaraHAa OJIApABIH KaH JKyHeciHmeri
T-mumbouuTTep CaHbl apTaabl JKOHE OCHI KacyllanapAblH HHOPEKIUAMEH Kypecy KaOijneTi jkakcapasibl.
Kagvmuiinin apThIK OOMybl MBIPBITT TaNIIBUIBIFBIH TYIBIpAAsl JkoHE Kymeutenmi [12]. Arta-anamapra
cayallHama >KYprisy, aMOynaTOpJBIK KapTalaplIbl Talnay Ke3iHAe allblHFaH CTaTHCTHKAa MOIiMETTEpiHiH,
TBIHBIC Iy MYIIENEPiHiH aypyJapel» KIACHIHBIH KYPBUIBIMBI Kaparanmasl OONBICHIHBIH —Oanamap
TYPFBIHIAPBIHBIH ayPYIIaHIbIFbI, 3€PTXaHANbBIK 3€PTTEY OMICTEPIHIH HOTHKEICPIHIH KOMEriMEeH OapiibIK
TEeKCcepiIreH Oamanmapipl TONTACTBIPY JKYprizimmi. 1, 2-)KUBIHTBIK KECTEJNepAe NIAIMTaFbl XUMHSIIBIK
ANIEMEHTTEP/IIH apThIK KUHATYbl MCH TAINIIbUIBIFBIHBIH «THIHBIC ally MYIICNIEPIHIH aypylapbl» KIACHIHBIH
apaceIiHa OaiyiaHeICTaphl OepireH.

Conrnbl 50 xbuiga Peceiine, AKII-Ta sxoHe Oacka ennepie agaM ar3achlHIAFbl KOPFACBIHHBIH KYPaMbIH
Oarayay jKoHE JICHCAYIIBIK KaFAaiibIHIa KaHaak 1a Oip aybITKyJIapIblH aliKbIHABUIBIK Jopexkeci OOMbIHINA ipi
3eprreynep Kyprizingi. OCel 3epTTeyNepaiH HOTXKENIepl OipKaTap peceiiik >KyMbICTap/ia erKeH-TerKei
cunatranFad JIJI¥ »koHe Typili MEMIJICKETTEPIiH JCHCAYNBIK CaKTay MHHHCTPIIKTEpiMEH KaObUITaHFaH
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AKII aypynmapnel Oakpuiay areHTTIriHAE o3ipiieHreH Oaranay Iukajamapel Oonmasr [1, 4, 13-16].
Bb.A. Pepuurin makananapeiaga AKII-tarsr aypynapapl Oakpiiay OpPTaIBIFBIMEH OHBI aHBIKTAY OMiCTEpIH
KYHellereHHeH KeliH allbiHFaH Oanajap/blH KaHBIHJAFBl KOPFACBIHHBIH KYpaMbl Typalibl HaKTHI JepeKTep
OepisreH, aBTOp METAJUTypTUSUIBIK OHAipici Oap Kananmapaa OananapiblH OHWONOTHSIIBIK MaTepHalbIHAAFbI
KOPFACBHIHHBIH JKOHE KaIMUHIIH MeJIIepi Ka3ipri yakeITTa TipKEITeHI aWTapibIKTal >KOFaphl €KEHJITIH,
STHIJICHTCH OCH3WHTE THIHBIM CAJIBIHFAH JKOHE METAILTYPTHSIBIK OHIIPICTEP/IiH NIBIFAPBIH/IBICHl TOMEHIETCH
AKlll-ta, 'epmanusiga >xoHe Oacka ennepie OanaiapAblH KaHBIHIAFBl KOPFACBIHHBIH OpTama JeHreii
alTapiabplKTail >KOFapbl eKeHAIriH aram oTTi. Erep Ouomarepuanga ayblp MeTalgapIblH Oap-KOFBIH
KapacTHIPYABI KaIFACThIPCa, OHJIAa MEKTEI jKachlHA JCHIHTI OanaiiapAblH KOHTHHTCHTIH 3€PTTEH OTBIPHIIL,
KOPFAachIHHBIH KYPaMBIHBIH | MKI/IJ-Fa apTybIH aTall ©Ty KaKeT, KaHJa KOPFACHIHHBIH OONybl OaslaHBIH
3UATKEPIIIK NaMyBIHBIH 1/4 Oanra TeMeHAeyiHE oKeleni, am Tepic cammapiap 15 kput OypblH Oanaybik
MaFpIHA 3apJan MIeKKeH agamaapaa dpTypii aypy OenrimipiHiy OaiikamybIMeH HaKThUIAHYBI MYMKIH [2, 9].
byn dakr AKUI-ta mramamen 1200 mosutapra OaramaHbIl OTHIp, | Oajara ImakkKaHma KaHAarbl KOPFACHIH
KOHIIEHTPALMSICHIHBIH | MKT/AJI-Fa apTybIHa aJibIl KeJIETiH 3ajiall peTiHe KapacThIpelibl oThIp. Pecetine 0,4
MJIH Oanajia KaHIaFbl KOPFachblH MeJepi TeK | MKI/mji-re FaHa pyKcaT eTUITeH AeHTelaeH acaibl, Oy en
YIIIiH 2KOHOMHKAIBIK MIBIFRH mamamed 0,5 mupa AKII qomn. kypaiasr [2].

Bananap opraHusmiHOeri MHKpPO3JIEMEHTTI TOMEOCTa3ZblH AaybITKYbIH OaraiayAarbl 3epTTeyNepliH
©3CKTUIIr Aaychi3, cebebi KaparaHmel oOnbICHIHIA TYpaThiH Oananapra KOpLIaraH OPTAHBIH XHUMUSIIBIK
JACTaFBIIITAPBIHBIH, OCEpPIHE MKOFApPhl CE3IMTANIBIK TOH. THIHBIC ajdy OpraHaapbl aypylapblHBIH JlamMy
KUUTITIHIH YIFaloblHa OalIaHBICTEI MBIPBIII, MBIC JXKOHE XPOM TaNIIBUIBIFRI aHBIKTAIIRI [13, 14].
BananapaplH IIaITBIH ~ MHKPO3JEMEHTTIK KYpaMblH Tanjgay HOTIDKECIHIE JKallbl 3CCEHLIUAIBI
MHKPOJIEMEHTTEPIH TaIIbUIBIFBI OaifiKanambl (2-KecTe).

2-KecTe

«ThIHBIC a1y MYIIeJIEPiHiH aypyJiapbl» KIACBIHBIH aypyJiapbIMeH 6ajiajapIblH IIAIIBIHAAFbI
XHUMUSUIBIK 3JIEMEHTTEPAiH TANIbLIBIFBI MEH aPTHIK KYPAMBIHBIH 0aiJIaHBICHI

«TBIHBIC ATy MYIIEIEPIHIH aypyaapbl» aypyMaHIbIK KJIACHI ApTBIK TanmbUIBIK,
AnneprusiiblK pUHUT — Cu, Zn, Cr
Banmammia 6e3 OeH aJIcCHOMATAPIBIH CO3BUIMAIIEI aypyIaphl Pb Zn
Kounka nemiknecinig Oenrinepi - Zn, Cu

Kaparauasr o0IBICEIHIA TYPATHIH OasiajapIblH 0HOCYOCTpaTTaphIHAAFBl MUKPOIJICMEHTTIK JKaFqaii IbIH
apTBIK HEMece TaNIIbUIBIFBIH 3epTTey OYTIHI TaHJa KOpIIaFaH OPTaHBIH JACTAHYBIHBIH BIKTHMAT
KAayiNTiMIriH aHBIKTAY YIOIH ©3€KTi OONBIN OTBHIP. DKCHOZWLMSUIBIK TECTUICPOiH HOTWXKeJepi LIallTarbl
METaJIapJIbIH ~ Kypambl —TypaJbl CaHABIK JIGPEKTEpPre HETI3ACNreH, ONapiAblH KUHAKTATYBIHBIH
(hM3HOJIOTHUSITBIK, IICKTI JKOHE CHIHM JICHTEIIepl Typaibl ogcOueTTep MlIMETTEPIMEH CAIBICTRIPA OTHIPHIII,
COHAal-aK ©31HiH mNapamienpAi OaKplIaybIHBIH [IaMalapbIMEH KOpLIaFaH OpTaAarbl CaHUTapJIbIK-
TUTHUCHANBIK JKaFJai sl Oarajay YIIiH KOCBIMIIIA aKNapaTThIK KOPCETKIII PeTiHe naiaananyra 00aasl.

Opneduerrep Tizimi
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K.A. Hypnei6aera, A.M. Alitkynos, M.A. Mykaresa, ['.JK. MykamieBa

OuneHka coaep:KaHusi XUMHUYECKHX IJIEMEHTOB B B0JIOCAX JeTeil
MJIQ/IIIEr0 MKOJbHOro Bo3pacta Kaparanaunckoi odJsactu
¢ IpUMeHeHHeM HEeHTUJIbLHOM HIKAJIBI JJ151 0M0JIOTH4YecKoro odopasua

B craThe paccMOTpeHO copepKaHHEe XMMHUYECKUX 3JIEMEHTOB B BOJIOCAX JETEH MIIAIIETO MIKOJIBHOTO BO3-
pacrta Kaparangunckodl o0nacTu ¢ NPUMEHEHHEM LEHTWIBHOM IIKalbl AT Ouosiormyeckoro odpasna.
V obcnenoBaHHbIX AeTeil 00HApY)UICS AehHULIUT LIMHKA, KOTOPBIH AaXke B CPEAHEH CTEIeHH MOXKET 3aTpari-
BaTh MIMMYHHYIO cucteMy. T-1umdoLuThl, Oenble KICTKH KPOBH, KOTOPBIE OOPIOTCS ¢ MHEKIMEeH, HE MOTyT
HOPMAJIBHO ()YHKIMOHHMPOBATh NMPH HHU3KHX 3aracax NUHKA B opranusme. IlostoMy momsaMm c medumuroMm
nuHKa TpebyeTcst Ooubilie BpeMeHH, YTOOBI CIpaBUTHCS ¢ MH(eknued. MccnenoBanue mokasaio, 4To IpH
npueMe n00aBOK IMHKA JIOABMH C JSQUIMTOM OJTOTO MHHEpala Yy HHX BO3PacTaeT KOJMYECTBO
T-muMdouuTOB B KPOBEHOCHOH CHCTEME U YJIydIIAEeTCsI CIIOCOOHOCTh ITUX KJIETOK OOPOThCS ¢ MH(EKIUEH.
M30bITOK KaJMuUs BBI3bIBACT M yCHINBACT AC(UIMT LIMHKA, B OLEHKE OTKIOHEHHH MMKPOJIEMEHTHOIO IO-
MeocTa3a B I€TCKOM OpraHM3Me HEOCIOPHUMO, TaK Kak ISl JeTei, npoxuBaromux B Kaparanauackoii obmac-
TH, XapaKTepHa BBICOKAs YyBCTBHTENIBHOCTh K BO3AEHCTBHIO XUMHUYECKHX 3arps3HUTENEH OKpyKaroLe cpe-
ael. OnpeneneHsl AeUIUTH [MHKA, MEAW U XPOMa, KOTOPbIE CBA3aHBI C YBEIUUYEHUEM YaCTOThI PA3BUTHUS
Oose3Heil opraHoB JsIxaHus. B pesynbrare aHanm3a MHKPOJIEMEHTHOTO COCTaBa BOJIOC y JeTel HaOlonaer-
cst o0Iast TeHACHINS — Ae(HUIUT 3CCEHINATBHBIX MHKPOAJIEMEHTOB.

Knrouegvie cnosa: BOJIOCBI, XUMHWYECKHUEC 3JICMCHTHI, I/IH(i)CKHI/ISI, T-III/IM(i)OHI/ITI)I, MUKPOIJIEMEHTBI, UMMYHHAast
CHUCTCMa, OKpYyKarouas cpeaa.

K.A. Nurlybaeva, A.M. Aitkulov, M.A. Mukasheva, G.Zh. Mukasheva

Assessment of the content of chemical elements in the hair
of children of primary school age of Karaganda region
with the use of a centile scale for a biological sample

In the article the content of chemical elements in the hair of children of primary school age of Karaganda re-
gion with the use of a centile scale for a biological sample is considered. In the examined children zinc defi-
ciency was found, which even to an average degree can affect the immune system. T-lymphocytes, white
blood cells that fight infection, cannot function normally at low zinc stores in the body. Therefore, people
with zinc deficiency need more time to cope with the infection. The study showed that when zinc supplemen-
tation is taken by people with deficiency of this mineral, they increase the number of T-lymphocytes in the
blood system and improve the ability of these cells to fight infection. The excess of cadmium causes and en-
hances zinc deficiency, in assessing of the deviations of trace element homeostasis in the child's body is un-
deniable, as for children living in Karaganda region, is characterized by high sensitivity to chemical pollu-
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tants of the environment. Deficiencies of zinc, copper and chromium, which are associated with an increase in
the incidence of respiratory diseases, were determined. As a result of the analysis of the trace element compo-
sition of hair of children there is a general trend — a deficit of essential trace elements.

Keywords: hair, chemical elements, infection, T-lymphocytes, trace elements, immune system, environment.
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Some features of water-salt metabolism of kidneys of children
and their effects on the urinary system

In the review article the basic structures and peculiarities of water and salt metabolism of kidneys, the normal
development of the growing organism, the impact of the environment and habitat as well as the effect of the
physical and chemical composition of daily drinking water. Kidneys ensuring the release of up to 80 % of
water-soluble products formed in the process of metabolism and exogenous substances, are involved in
regulating the stability of the concentration of osmotically active substances (osmoregulation), the volume of
body fluids (volumetric regulation), the concentration of individual ions (ion regulation) and acid-base
equilibrium, being thus the main homeostatic organ. Along with this, the metabolic role of kidneys is shown
in the metabolism of proteins, fats and carbohydrates, as well as their importance in the synthesis of
biologically active substances and hormones affecting erythropoiesis, blood pressure regulation, calcium
metabolism, etc. Only one kidney function will be discussed — its participation in the regulation of water-salt
homeostasis in children of different ages. There are many factors that prevent this complicated process from
developing normally in young children, particularly in hygienic and sanitary levels. In this regard, currently
the infectious diseases of the urogenital system are especially prevalent in young children.

Keywords: volumetric regulation, osmoregulation, ion regulation, metabolism, homeostasis, kidneys, water-
salt metabolism, protein, carbohydrates, lipids, urinary tract infection (UTI).

Human body, along with organic substances (proteins, carbohydrates, lipids) contains inorganic sub-
stances — water and nutrients that are not sources of energy, but their role for the life of the body is quite
important. The concepts of water-salt and mineral metabolism are ambiguous. As known, 65 % of the human
body consists of water, and even a small loss of water leads to serious health problems. Hygienic water
inventory is not limited to its physiological role. A large amount of water is necessary for sanitary and
household purposes. Water can play a hygienic role only if it has the necessary qualities that are
characterized by its organoleptic properties, chemical composition and nature of the microflora. Now tap
water contains chemical, organic and other compounds and cannot be considered drinking without prior
purification. In the territory of Kazakhstan, almost all reservoirs are subject to anthropogenic and
technogenic influence. The presence of salmonella, pathogenic Escherichia coli, Vibrio cholerae, viruses and
many other pathogens in the water can lead to intestinal diseases; in addition, the risk to human health is as-
sociated with the presence in water of toxic chemicals (phenols, petroleum products, compounds of copper,
zinc, iron, cadmium, cobalt, molybdenum, arsenic, nickel, lead, dichlorodiphenyltrichloroethane, nitrates,
nitrites, formaldehyde, chlorine, cyanides, fluorides, etc.), exceeding MPC. Extremely high levels of water
pollution are noted in different regions. The predominant pollutants of water reservoirs are phenols,
petroleum products, easily oxidized organic compounds, surfactants, nitrates, nitrites, iron, copper,
manganese, and zinc. Although it complies with all hygienic standards, these elements in the water will
inevitably lead to many infectious diseases, which can adversely affect the normal functioning of the water
and salt circulation in the kidneys after entering the body of young children [1].

Methodology

The tissues and organs of a child’s body contain significantly more water than an adult. At birth, the
water content is 80 %, children of the first five years contain 70 % of body weight. During physiological
weight loss (in the first days after birth), the child loses water (8.7 % of body weight) by evaporation during
breathing, from the skin surface, with urine and meconium. Removal of water by evaporation is 52-75 % in
total. Children have a large body surface and kidney immaturity [2]. Extrenore water loss in children is 1 ml
per 1 kg of body weight per hour (for adults — 0.45 ml/kg). Water loss by perspiration is up to 30 ml/kg.
With age there is a change in the content of intracellular and extracellular fluid (Table).
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Table
The content of the total amount of water (%) and the ratio in the distribution of the liquid depending on age

Indicator Newborn 1-6 months 6 months —1 year 1-5 years Adult
Total amount of water 75—80 70 70 60—65 60—65
Intracellular 30-40 30 35 35-40 40—-45
Extracellular
Interstitial 32—-44 34,5 30 25 17
Plasma 6 5,5 5 5 5

Physical and chemical properties of water. The main functions of water in the body.

1. An indispensable nutritional factor (a person dies after losing 12-25 % of water).

2. Universal solvent of organic and inorganic substances (being a neutral medium, water does not alter
the chemical properties of the substances dissolved in it; ensures their dissociation and thus the activation of
a number of biomolecules).

3. The basis of the internal environment of the body (2/3 of the body weight of an adult is water).

4. Structural component of tissues (most functioning tissues contain more water).

5. Takes part in the structural organization of biomembranes and their bases — a double lipid layer in
which the hydrophilic surfaces of each monolayer interact with water.

6. Performs the role of hydrate shell of biopolymers and cellular organelles (for example, the interaction
of water with proteins ensures their conformation).

7. Transport role — the transfer of substances both within the cell and in the surrounding extracellular
space, between the organs.

8. Participation in biochemical reactions (hydrolysis, redox).

9. Regulation of osmotic pressure (isosmia).

10. Maintaining body temperature (isothermia); water evaporation by the skin is a device for maintain-
ing a constant body temperature.

11. Maintaining the ion environment (pH).

12. Mechanical (weakens friction between articular surfaces, ligaments, muscles) [2, 3].

Results and discussion

Features of children’s water-salt metabolism. A distinctive feature of water-salt metabolism of young
children is greater release of water with exhaled air (in the form of water vapor) and through the skin (up to
half of the total amount of water introduced into the body of a child) compared to adults. Water loss during
breathing and evaporation from the surface of the baby’s skin is 1.3 g/kg body weight per 1 hour (adults” —
0.5 g/kg body weight per 1 hour). The daily need for water of a child of the first year is 100-165 ml/kg,
which is 2-3 times higher than the need for water of adults. Daily dieresis of a child aged 1 month is 100—
350 ml, 6 months — 250-500 ml, 1 year — 300-600 ml, 10 years — 1000—-1300 ml. In the first year of a
child’s life the relative value of its daily dieresis is 2—3 times higher than that of adults. In young children the
so-called physiological hyperaldosteronism is noted, which is obviously one of the factors determining the
distribution of intracellular and extracellular fluid in the children's body (up to 40 % of all water in young
children falls on extracellular fluid, about 30 % — on intracellular, with a total relative water content in the
body of a child 65-70 %; in adults, extracellular fluid accounts for 20 %, intracellular — 40-45 % with a
total relative water content of 60—-65 %. The composition of electrolytes of extracellular fluid and blood
plasma in children and adults do not differ significantly, only in newborns there is a slightly higher content
of potassium ions in the blood plasma and a tendency to metabolic acidosis. Urine in newborns and infants
may be almost completely devoid of electrolytes. In children under age of 5, excretion of potassium in the
urine usually exceeds sodium excretion, by about age of 5, the renal excretion of sodium and potassium lev-
els out (about 3 mmol/kg body weight). In older children, sodium excretion exceeds the excretion of potassi-
um: 2.3 and 1.8 mmol/kg body weight, respectively. When breastfed, the child of the first half of year re-
ceives the right amount of water and salt from mother's milk, but the growing need for minerals makes it
necessary to introduce additional quantities of liquid and complementary foods as early as the 4th-5th month
of life. While treating intoxication in infants, when a large amount of fluid is injected into the body, there is a
risk of water poisoning. Treatment of water intoxication in children is not fundamentally different from the
treatment of water intoxication in adults. The system of regulation of water-salt metabolism in children is
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more labile than in adults, which can easily lead to its disturbances and significant fluctuations in the osmotic
pressure of extracellular fluid. Children react to restriction of drinking water or excess salt intake with the so-
called salt fever. Hydro ability of tissues in children determines their tendency to develop a symptom com-
plex of dehydration (exsicosis). The most severe disorders of water-salt metabolism in children occur in dis-
cases of the gastrointestinal tract, neurotoxin syndrome, and adrenal pathology. In older children, water-salt
metabolism is particularly severely disturbed by nephropathy and circulatory failure [4, 5].

Body's need for water. The body's need for water depends on: age, intensity of metabolic processes,
physical activity, the functional state of the kidneys, body temperature and the environment, the nature of
nutrition. Absorption of water occurs throughout the gastrointestinal tract, most of it is reabsorbed in the
small intestine. The main ways of entry and removal of water from the body are shown in Figure.

Exogenous water (2.2-2.5 ): )
— adults 40 ml/kg body weight; Endogenous water (metabolic)
— children 100-150 ml/kg body weight *300-400 ml/day
Tears <: Body water pool 60-65 % of body weight :> Intestines — feces
(5-6 ml) (40451 (150-200 ml)

! L I

Lungs — exhaled air Kidneys — urine Skin — sweat
(300-400 ml) (1200-1800 ml) (300-500 ml)

Figure. The main ways of entry and removal of water from the body are shown, body water pool

The amount of endogenous (metabolic) water depends on the nature of the decomposing substrate: thus,
upon oxidation of 100 g of fat 107 ml of water are formed, 100 g of protein — 41 ml of water, 100 g of car-
bohydrates — 55 ml of water.

In childhood, water metabolism is more intense than in adults. In young children, there is a high perme-
ability of cell membranes, and the fixation of fluid in the cells and the intercellular space is weak. In a child,
the volumes of chloride (extracellular water) and inulin space (labile water) are almost the same and make up
41 and 40 % of body weight, respectively (in an adult — 26.4 % and 16 %).In children, water metabolism is
labile due to the mobility of extracellular water. During dehydration (loss of fluid) there is a significant de-
crease in both extra-and intracellular fluid. The children's need for water is much higher than in adults: from
10 days of life to 5 years is 130—150 ml/kg body weight.

Sodium. The sodium content in the serum of the newborn is the same as in the mother’s blood
(= 142 mmol/l). The intracellular sodium content in children is higher, which is associated with the matura-
tion processes of the «sodium pump» in the cells.

Potassium. In newborns, the potassium content is up to 6.6 mmol/l. The content of potassium in the
blood of more than 6 mmol/l is dangerous for the life of children older than 1 month. Daily need for potassi-
um is higher than in adults. The lack of potassium in the children's body retards the growth and development
of the child.

Calcium. Enters the fetus transplacentally through active transport. In the last months of pregnancy, up
to 100-150 mg of calcium per kg of fetus weight is daily supplied. The body of the newborn contains 30 g of
calcium. Up to 4 months there is a rapid growth and mineralization of bone tissue. To ensure this process, the
child needs to receive 500 mg of calcium daily. The children's body of the first year contains calcium of
400 mmol/kg body weight. The calcium content in the blood of full-term newborns is 2.25-2.45 mmol/l, the
first year and older is 2.5-2.8 mmol/l. In healthy children, 0.1-0.3 g/day of calcium is excreted in the urine;
much of it is excreted with feces.

Magnesium. Every day, the fetus receives 3—4 mg of magnesium. The concentration of magnesium in
serum is 0.66—0.99 mmol/l, 2/3 of magnesium is in ionized form. Hypomagnesaemia in children is manifest-
ed by increased neuromuscular excitability, prolonged diarrhea. Hypomagnesaemia is observed in children
receiving large doses of vitamin D.
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Phosphorus. Enters the fetus against the concentration gradient. The concentration of phosphorus in the
blood serum of the first year child is 1.29-2.26 mmol/l, from 2 to 4 years — 0.65—1.62 mmol/l.

The age-related features of calcium, magnesium and phosphorus metabolism are determined by the
state of the neuroendocrine regulation of homeostasis and bone tissue mineralization.

The effect of ant diuretic hormone and aldosterone on the body of a child of the first year is significant-
ly less expressed than in children older than 1 year.

Humoral regulation and violation of water-salt metabolism. The main hormones involved in the
humoral regulation of water-salt metabolism are ant diuretic hormone, aldosterone, atrial natriuretic factor
and rennin — angiotensin system.

Ant diuretic hormone (vasopressin). It is synthesized in the supraoptic and paraventricular nuclei of the
hypothalamus, it is transported to the neurohypophysis a long the supraopticohypophysial tract, from which
it is secreted into the blood. By chemical nature, it refers to the hormones of the protein-peptide nature, it is a
nanopeptide. Target organs are vessels, distal tubules of the kidneys. The mechanism of action is membrane-
intracellular. It is responsible for osmoregulation and fluid volume, regulates water balance, has a vasocon-
strictor effect, regulates the functioning of the cardiovascular system [6].

Effects of ant diuretic hormone (ADH):

1) ant diuretic hormone (interacts with V,-receptors in the renal tubules, increases the level of cAMP,
phosphorylates proteins, increases the permeability of membranes to water and its reabsorption):

Increase of osmotic pressure of blood plasma

!

Excitation of osmoreceptors of the hypothalamus

!

Secretion of ADH from secretory granules

Distal tubules of the kidneys
(Activation of hyaluronidase)

l

Hyaluronic acid depolymerization

!

Increase of permeability of the distal water tubules
Decrease of diuresis (water is retained in the body)

2) regulation of blood pressure (interacts with V;-receptors of smooth muscle cells in blood vessels, in-
creases the concentration of calcium in the cells, causes muscle contraction, vasoconstriction and high blood
pressure);

3) participates in memory mechanisms, namely in fixing memory, mobilizing information.

Conclusion

Kidney and urinary tract diseases are common in children. The main contingent of the neurological de-
partment — patients with infection of the urinary system (pyelonephritis, cystitis); children suffering from
glomerulonephritis, interstitial nephritis, disorders of water-salt metabolism. An important part of the treat-
ment of diseases of the kidneys and urinary tract are diet, water and salt regimen.

The problem of urinary tract infection (UTI) in children continues to be one of the most pressing in pe-
diatric nephrology, since this group of diseases takes first place in the structure of nephropathy, significantly
exceeding the prevalence of glomerulonephritis and other kidney damages. In the early 90s of the last centu-
ry, UTI was considered to be the main unrecognized threat to a child’s health, since the latent course of pye-
lonephritis (PN) was found in 2-20 % of cases, and asymptomatic bacteriuria — in approximately 1-2 % of
healthy girls. These data led to the excessive use of invasive methods of diagnosis and treatment of UTI with
the aim of preventing the development of chronic renal failure. Over the past two decades, circumstances
have changed. Currently, it is considered that only some cases of UTI are a serious or life-threatening prob-
lem; surgical treatment is indicated for a small number of children with recurrent UTI and structural urinary
tract anomalies that can be surgically corrected.
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At the present stage, the problem of urological infections is one of the big issues, because of the
tendency to increased frequency of diseases of the urinary tract.

Peculiarities of urinary tract infections are determined not only by medical but also by socio-economic
significance of the problem.

The causative agent of urinary tract infections is microflora colonizing the periurral area. They are
mainly conditional-pathogenic microorganisms belonging to the family of enterobacteria, including the
intestinal stick which is the first.
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Bananap Oyiiperingeri cy MeH Ty3 aJiMacybIHbIH Kel0ip
e3reuesikTepi MeH 0JIapAbIH 39p IIbLIFapPy Kylecine dcepi

[lomy makanmana Oananap OYHperiHiH Cy MEH TY3 aIMacCyBIHBIH HETi3Ti KYpBUIBIMBI MEH epeKIIeIiKTepiHe
KEHIHeH TOKTaJla OTHIPHIIL, OCiI KeJle XKaTKaH aF3aHbIH KAJBIITH JJaMyblHa KOPIIaraH OpTa MEH TYPFBUIBIKTHI
MEKEH eTy jKepl MEH KYHJAENIKTI KOPEKTEHIN OTBIPFaH CyIbIH (pU3HKa-XUMUSUIBIK KYPaMBIHBIH ocepi KeHIHEH
Ko3ranaasl. bylipek Merabomm3M yaepiciHme, 9K30TeHAIK 3aTTapiaH maiina Oonran 80 %-ra nelin cynma
epUTIH eHIMEPAIH OOIIHIN IIBIFybIHA, OCMOTHKAJBIK OCJICEH/l 3aTTap KOHIEHTPALMICHIH, aF3adarbl CYMbIK
3aTTapAbIH KOJIEMiH XOHE KBIIKBUIIBI-CUITLII OPTaHbIH TeHe-TeHAIriH PeTTeyiH Heri3ri TOMeoCTaTHKAJIbIK
Mmyme Oonbin Tabbutazsl. OcbiFaH OalnaHBICTBI aKyBI3AbIH, Maillap MeH KeMipcylnapiblH aybICybIHa,
COHBIMEH KaTap Ha’PUTPOIIOI3re ocep eTeTiH OHOJIOTHsUIBIK OCJICeHAl 3aTTap MEH TOpPMOHIAp CHUHTE3iHIH
HeTi31 peTiHfe, KaH KBICHIMBIHBIH KAJIBIITHI XKYpyiHe, KaJbIUHIIH MeTabonm3Mi KoHe Tarbl OacKalapbHa
Oy#ipek 3aT alMacyAblH HETI3ri pelliH aTKapymbl peTiHae kepcerinreH. Makamama Oyiipexrtiy Oip rana
(GYHKOMSACHI — OpPTYpJl JKacTarbl Oamamapiarkl Cy MEH TY3 aJIMacybIHBIH KaJBIITBI TOMEOCTa3[bl
TanKputaHaael. OChl KypAeni YAEpICTiH jkac Oananap ar3achl KaIbINTH JeHTeHe JaMybIHa Keepri KelTipeTin
KeTTereH (hakTopIap, acipece TUTHEHANBIK KOHEe CAHUTAPIIBIK JeHreinep amyanTypii. OcbFaH GalIaHbICTHI
Kas3ipri ke3ze, acipece jac GanagapIblH 39p IIBIFapy XKyHeciHiH HHOEKIMUIBIK aypy TYpiepi KeHIHeH eTeK
aJIBII KeNei.

Kinm ce30ep: BomoMOperyssiuus, OCMOPETyJISALMs, HOHOPETYIALus, MeTaboau3M, romeocras, OyHpek, cy
MEH TY3 aifHaJbIMBbI, aKybI3, KOMIpCyap, Maiiap, 39p LIbIFapy KyHeciHiH HHOEKIMICHL.

A.C. luamyxamenona, I11.K. Eneynaea, P.1. Aiiaman

HexoTopbie 0cO0EHHOCTH BOJHO-COJIEBOI0 00MEHA MOYeK
y AeTel ¥ UX BJMSIHUE HA MOUYEBBIBOAUTEIbHYI0 CUCTEMY

B 0030pHO# cTaThe paccMOTPEHBI OCHOBHBIE CTPYKTYPbI M OCOOCHHOCTH BOJHO-COJEBOTO OOMEHa IOYeK,
HOPMaJIbHOE Pa3BUTHE PACTYILErO OPraHU3Ma, BO3ICHCTBHE OKPYIKAIOLICH cpelbl U Cpelbl OOUTaHus, a TaK-
ke BIUAHHE (PU3MKO-XHMUUYECKOTO COCTaBa CyTOYHOM IMUTheBOIl Boabl. [Iouku, obecneunBas BblIEICHHUE 10
80 % BOJOPAaCTBOPUMBIX MPOJYKTOB, 00pa3yIOLIUXCS B MPOIECCE OOMEHA BEIIECTB U HK30T€HHBIX BELIECTB,
YUYacTBYIOIIMX B PEry/siIUM CTAaOMIBHOCTH KOHLEHTPAIMM OCMOTHYECKH aKTHBHBIX BEIIECTB (OCMOpe-
rymsus), o0beMa KHUAKOCTeH opranm3Ma (0ObeMHas peryJisiius), KOHICHTPALMIO OTJEIBbHBIX HOHOB
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(MoHHas peryisiuus) W KUCIOTHO-OCHOBHOE paBHOBECHE, SBIAIOTCS, TakUM o00pa3oM, OCHOBHBIM
TOMEOCTaTHUECKUM opraHoM. Hapsay ¢ sTuM, MeTabosiudeckas poJib MOYEK MPOsBILETCS B MeTaboIM3Me
0EJIKOB, KUPOB U YIVIEBOJOB, a TAKKE MX 3HAUCHUU B CHHTE3€ OMOJOTMYECKH aKTHBHBIX BELIECTB U TOPMO-
HOB, BIHSOUINX HA DPUTPOII033, PETYIHIUI0 apTEPHAIBHOTO NaBJICHHs, 0OMEH KaIbLUs U Ip. ABTOpaMu 00-
CyXJIeHa TOJIbKO OJHa (DYHKIHMS MOYKH — €€ YYaCTHE B PETYJSAIHMU BOJHO-COJIEBOTO TOMEOCTa3a y HeTei
pasHoro Bo3pacta. MHorue (hakTopbl, CIOCOOCTBYIOIIUE PA3BUTHIO STOTO CIIOKHOTO MPOoIecca HOPMAIEHOTO
pa3BUTHS Tella MAJICHBKOTO peOCHKA, OCOOCHHO Pa3HOOOpa3HBI B TUTUCHE W CAHUTApHHU. B CBS3M ¢ 3THM B
HacTosilee BpeMs HH(EKIMOHHbIe 3a00JIeBaHNsI MOYCIIOIOBONH CHCTEMbI OCOOCHHO PaclpoCTpaHEHbl y Ma-
JIEHbKUX JIETEH.

Knrouegvie cnosa: BOIOMOPETYISLUs, OCMOPETYJIALMSA, HOHOOPETYIISALHS, METab0NIN3M, TOMEOCTa3, MOYKH,
BOJIHO-COJIEBOI 0OMEH, O€JIKH, YIIIeBOIbI, XKHUPHI, HHPeKunu MoueBoit cucteMsl (MIMC).
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OueHka TEPPUTOPHAIBHOIO PA3BUTHS NPOU3BOACTBEHHOM
uHppacTpykTypsl 3anagno-Kaszaxcranckoii od61actu

OcHOBOH (YHKIIMOHMPOBAHUS XO3SHCTBYIOIICH CHCTEMBI PETMOHA SIBISIETCS IPOM3BOACTBEHHAs HH(pa-
CTPYKTYpa, TEPPUTOPHAIIEHOE Pa3BUTHE KOTOPOH MO3BOJISIET 3()(HEKTUBHO HUCIIOIB30BATh PECYPCHI TEPPHUTO-
pun, chOpMHPOBATH ONTHMAIBHYIO TEPPHUTOPHAIBHO-O0TPACIEBYIO CTPYKTYPY X03sHCTBa M KOHKYpPEHTOCIIO-
COOHYIO SKOHOMHUKY. B CBSI3M € 3TUM B CTaThe MPOBOJUTCS OIEHKA TEPPUTOPUATIBHOTO PAa3BUTHS POU3BOM-
CTBEHHOU MH(]pacTpykTyph! 3amangHo-KazaxcTaHckoil 001acTH Ha OCHOBE aHAIM3a CTATUCTHUECKOW MHQOP-
marun 3a 2009-2015 rr. u kaprorpaduueckux MaTepuaioB B pa3pe3e aAMHHUCTPATHBHBIX pailoHOB. 3amaji-
Ho-Ka3zaxcraHckas o0acTh XapaKTepH3yeTcsl APKO BBIPKCHHBIMH TEPPUTOPUAIBHBIME JUCIIPONOPLHUAMHU B
pa3MelleHNH 00bEKTOB IPOM3BOACTBEHHOW MH(PPACTPYKTYPHI ¢ BHICOKMM IMOKa3aTeaeM UX n3Hoca. OleHka
nokasana, 4to 6onee 95 % OCHOBHBIX CPEJCTB 00NAcTH JIOKaaH30BaHAa Ha 4,2 % MIom@agd TEPPUTOPUH C
LeHTpaMu B ropojaax Ypanbcke n Akcae. OTHOCHTEIBEHO APYTHX IO YPOBHIO TEPPUTOPHAIBEHOTO PAa3BUTHS
TIPOM3BOJICTBEHHON MH(PACTPYKTYPH! BEIICISIOTCS CEBEpHBIE aJMUHHCTPATHBHBIC paiioHbI (kpome Tacka-
JMHCKOTO paiiona). s 3¢ dexTHBHOI TeppUTOPHANTEHON OpraHN3aliy X035HCTBa HEOOXOANMO pa3padoTaTsh
MIPUOPUTETHBIE HAINPaBJICHUS DPA3BUTUS IIPOU3BOACTBEHHO-MH(PPACTPYKTYpHOH 0a3bl agMHUHHUCTPATHBHBIX
palioHOB, PACIIOIOKEHHBIX Ha IOTe, 3alajie, I0ro-3armaie 1 Boctoke 3ananHo-Kazaxcranckoit obmactn.

Kniouesvie cnosa: 3anagno-Kazaxcranckas o61acTh, IpOM3BOACTBEHHAS HHYPACTPYKTYpa, TEPPUTOPHATBHOE
pa3BUTHE, TPAHCIOPTHAs MHPPACTPYKTYpa, OCHOBHBIE (DOHIIBI, TEPPUTOPHAIBHOE pa3MELICHUE, NPOTIKEH-
HOCTb, TEPPUTOPHAIIbHAS ITIOTHOCTD, CTENEHb U3HOCA, YPOBEHb PA3BUTHS, aIMUHUCTPATHBHbIE PailOHBI.

Beseoenue

B sxoHOMUKO-TeorpadiuecKnX HMCCIENOBAHMAX MOHATHE «HMH(PACTPYKTypa» TPaKTyeTcsl KaK COBO-
KYITHOCTh COOPYKEHUH, 31aHuil, TOPOT M CHUCTEM, T.€. IMMOOMIFHOW YacTH OCHOBHBIX (DOHIOB, obecriedn-
BaIOIEH MaTepHalIbHbIE YCIIOBHUS A HOPMAJIBHOTO BOCIPOM3BOACTBEHHOTO mporecca. 13 atoro cienyer,
9TO UH(PPACTPYKTYpa HE MOKET OBITH EPEMEIIeHa U3 OJHOTO PETHOHA B APYT'OH, BO3MOXKHO TOJIBKO IOCTE-
MIEHHOE €€ pa3BUTHE B IPaHUIAX ONPEAETICHHOIO MPOCTpaHCcTBa. biaromapst STUM cBoiicTBaM WH(paACTPYK-
Typa M BCE €€ COCTAaBHBIE YaCTH M DJIEMEHTHI CTAHOBATCSA TECHO CBSI3aHHBIMU C TEPPUTOPUEN U CO BCEMH
mpoleccaMy €e SKOHOMHYECKOTO pa3BUTHS, PopMupys o0auk Teppuropui [1].

[IpousBoncTBeHHas MHPPACTPYKTYpa, KaK BaKHAS COCTaBHAsI 4acTh MHPPACTPYKTYPHOIH CHCTEMBI Tep-
PUTOPHH, BBIMOTHSAET TJABHYIO HMPOM3BOJICTBEHHYIO (YHKIHIO B SKOHOMHKE M OOECIIeUMBAET yCTONYMBBIC
CBSI3U MEXAY XO3IUCTBYIOIIMMHU cyObekTamu. be3 HaanexaBiiero GpyHKIMOHUPOBAHHS MPOU3BOIACTBEHHON
HHPPACTPYKTYPBI HEBO3MOXKHO c(HOpMHUPOBATH SPPEKTHBHYIO TEPPUTOPHATIBHYIO OPTaHU3AIHIO X035 CTBA.
YpoBeHb pPa3BUTOCTH MPOHM3BOJICTBEHHONW HH(PPACTPYKTYPHI TEPPUTOPWUHU BBICTYIMAET OJHWM H3 TJIaBHBIX
(haKTOpOB MOBBILIEHUSI KOHKYPEHTOCTIOCOOHOCTH X03siicTBa. Omepesxaroliee pa3BUTHE IPOU3BOACTBEHHOM
MH(PACTPYKTYPHI BHICTYNAET OJHUM W3 TJIABHBIX (DAKTOPOB MOBBIIICHHS MPOU3BOIUTEIBHOCTH TPY/a, BO-
BJICUYEHUS OOJIBIIETO KOJINYECTBA MPUPOJHBIX PECYPCOB H €€ PallMOHAIFHOTO UCIIONIB30BaHUS, YCKOPEHHOTO
pocTa 00BEMOB IPOU3BOACTBA C BBHICOKOW JOOABICHHOW CTOMMOCTBIO, YIIIyOIEHUs Clie[UaIn3alud XO03si-
CTBa.
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OueHka TeppuTopuanbHOro passuTUS NPOU3BOACTBEHHON ...

3amagHo-Kazaxcranckas oonacts (3KO) numeeT cBou 0COOCHHOCTH B TEPPUTOPHAIEHOM Pa3BUTHU TPO-
M3BOJICTBCHHON HWH(QPACTPYKTYphI, TaKk KaK 00JacTh XapakTtepuszyercs Oombmioi mromaneio (151,3 ThIc.
KB. KM), HU3KOW TUIOTHOCTBIO HaceieHus (1o cocrosHuio Ha 1 saBaps 2016 r. — 4,2 denoBeka 1 KB. KM)
[2, 9], acuMMeTpHEl B XO3SIMICTBEHHOM OCBOCHHH TEPPUTOPHUU. Bce 3TH acmeKThl OmpenensioT HeoOXoau-
MOCTh TIPOBEJICHUSI OIICHKU TEPPUTOPHATIBHOTO Pa3BUTHS TPOU3BOJICTBEHHONH MHPPACTPYKTYPHI ISl ddpdek-
THBHOTO TJIAHUPOBAHUS TEPPUTOPHUATILHON OpraHn3aruy xo3siicTea u Hacenenus 3KO.

Mamepuanst u Memoowl Uccie008anUs

OOBeKToM uccneoBaHMsl ABJsIeTCsl Tpou3BoACcTBeHHas nHppacTpykrypa 3KO. MHpopmanuonHoi Oa-
30l uccienoBaHus MOCIYXHWIN CTaTUCTUYECKHE NaHHble JlemapramMeHTa cTaTUCTUKU 3anagHo-Kasaxcran-
CKOM 00yacTH, YIIpaBJICHHS MACCAKUPCKOTO TPAHCIIOPTA W aBTOMOOMIIBHEIX Topor 3amanHo-Kazaxcrtanckoit
obnactu, 3ananHo-Kazaxcranckoro ¢unuana PITI na ITXB «KazaxaBtogop», AO «KazTpaucOiin» 3anana-
Hbel ¢unmnan Ypanbckoe HedrempoBoanoe ymparienue, AO «Murepras llentpanbhas Asus» (uauan
YrpaBiaeHHs MarucTpaabHBIX Ta30IPOBOAOB «Y pabeky, AO «3anamgro-KazaxcraHckas pacpeaeuTeIbHas
anekTpocereBas komnanus» 3a 2009-2015 rr., kaprorpadudeckue MaTepuaisl 1 nHpopMauus B cetd MH-
TEpHET.

[Ipu uccnenoBaHnyU UCIIOIB30BAHbI METO/IBI HAYYHOH aOCTpaKIMy, aHaIKM3a U CUHTE3a, HHIYKIMU U Jie-
OYKIWH, AHAJOTUM W CpPaBHEHUs, CUCTEMHBIM M JIOTMYECKMH MOAXOAbl. lIpMMEHSINCh CpaBHUTENIBHO-
reorpauyeckuii, MaTeMaTHUECKUI, CTATUCTUYECKUH, ONICAaTeNbHBIN, KapTorpaduyeckuii 1 qpyrue MEeTOo bl
HCCIIEI0OBAHUS.

O1eHKa TEPPUTOPUATIBHOTO Pa3BUTUS [IPOU3BOJCTBEHHON HH(PPACTPYKTYpHI OCYLIECTBIIOCH HA OCHO-
BE€ HCIIOJIb30BAaHUS MOKa3aTeneld CTOMMOCTH, U3HOCA U OOHOBIICHHSI MaTepPHAaIbHBIX OCHOBHBIX (POHAOB (OC-
HOBHBIX CPEZACTB), IIPOTSLKEHHOCTU U IUIOTHOCTH TPAHCHOPTHOM CeTH (MarucTpajbHbIC JKEJIE3HbIe JOPOIH,
aBTOMOOMJIBHBIE JOPOI'H, TPYOOIIPOBOBI, BHYTPEHHHE BOJIHBIE IIyTH, IMHUI 3JIEKTpoIepeaay).

Peszynomamer uccredosanus u ux oocysxcoenue

Ha teppuropuu 3KO 3a 2009—2014 rr. HabnromaeTcs pa3BUTHE IPOU3BOJICTBEHHON U COLMAIBHON HH-
dbpacTpykTypsl. bamancoas (3a BEIYETOM H3HOCA) CTOMMOCTH OCHOBHBIX CPEICTB 00JIACTH YBEIUYIIIACh Ha
38,8 % u B 2014 1. coctaBmia 1661,0 mupa. terre [3, 9; 4, 8]. PasButue ObUTO JOCTUTHYTO 33 CUET MPEBBI-
LICHUS MoKa3aTessi OOHOBIECHUS HaA KOA((UIMEHTOM JUKBHIAIMHY, YTO MO3BOJIMIIO, B CBOIO OYepelb, CHH-
3HUTh CTETeHbh M3HOCca OCHOBHBIX cpenicTB 3KO. 3a ykazaHHBIN Mepro/| mokazarels koddduimenra oOGHOBIe-
HUS OCHOBHBIX cpeicTB m3Mensuics ot 7,0 % B 2009 r. mo 16,2 % B 2011 r. (B 2014 1. cocrasmsn 15,0 %),
TOTAa Kak KO3(QQUIUEHT TUKBUAANH BapbupoBai B npeaenax 0,2 % (2009 r.) — 1,2 % (2012 r.). Jannas
TTOJIOXKUTENbHAS TEHACHIIHS TTO3BOJIIIIA YIIYUIINTh COCTOSSHAE MaTepHaIbHBIX OCHOBHBIX (poHmoB 3KO (cTe-
MeHb M3HOCA OCHOBHBIX CpeICTB cHIkaercs ¢ 44,6 % no 30,2 %) (puc. 1) [3, 11, 12; 4, 10, 11]. [Ipu stom
HEOOXOIUMO OTMETHTh, yTo Ha Tepputopuu 3KO coxpaHsercs BBICOKMI ypOBEHb H3HOCA OCHOBHBIX
CPEACTB — 3TO HE MO3BOJSIET OBICTPHIMU TEMIAMU HApalIUBATh MPOU3BOJCTBO MPOAYKIUH B OTPACIAX XO-
3sTCTBA.
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Ilpumeuanue. CocraBien aBropoM 1o [3, 11, 12; 4, 10, 11]

Pucynoxk 1. Jlnunamuka ko3 HUIIMEHTOB OOHOBIICHUS W TUKBHIAITUH,
creneH u3Hoca ocHOBHBIX cpencTB 3KO 3a 2009-2014 rr.
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3.X. Mimawes

Bonwuryro gacts ua(ppacTpykrypHoit cuctembl 3KO dhopMupyeT nmpon3BOACTBEHHAS UHPPACTPYKTypa.
B 3KO 3a paccmaTpuBaeMbIii MeprUoa YACIBbHBINA BeC MPOW3BOACTBEHHOW HH(PPACTPYKTYPHI CHIDKACTCS C
91,3 o 87,8 %, 4TO CBHIETENBCTBYET O OoJice IMHAMUYHOM Pa3BHTUH JPYTHX BHIOB HHPpacTpyKTyp (co-
IUaTbHON, pRIHOYHON, HHHOBAalITMOHHOM, MHCTUTYLIMOHANBHOM). Kak nokaszano B Tabnune 1, 6onee 75 % oc-
HOBHBIX CPEJICTB MPUXOIUTCSA Ha MPOMBIIUICHHBI KOMIUIEKC, AOJISI KOTOPOTO B OOIIEH CTPYKType obiacTu
Takke yMeHpImiack. [lo yaensHOMY Becy Tpymia oTpaciieil TOpHOA0OBIBAIOIIEH TPOMBIIUIEHHOCTH SBIIS-
€TCsI BEIyIIUM JIEMEHTOM B HHQPACTPYKTYPHOH cHCTEME O0JIaCTH.

Cpenu BHIOB SKOHOMHYECKOM JesTenbHocTH 32 2009—-2014 rr. B 00I1I€# CTOMMOCTA OCHOBHBIX CPE/CTB
00JacTH yBeMWYMBACTCS OIS TPAHCIIOPTA M CKIATUPOBAHMS, SIEKTPOCHA0KEHN S, TIOJIa4H ra3a, mapa u Bo3-
IOYITHOTO KOHAWIIMOHUPOBAHUS, MH()OPMALIUK U CBA3H, BOJOCHAOKEHHS, KaHAIM3AIIMOHHON CHCTEMBI, KOH-
TpOJs HaJ cOOPOM W pacmpezesicHueM 0TX0/10B. He M3MeHmICS yeabHbIH BeC CENbCKOT0, JIECHOTO U PhIO-
HOTO XO35HCTBa, a AOJISI TOPHOIOOBIBAIOIICH TTPOMBITIIEHHOCTH M pa3pabO0TKH KaphepoB, oOpabdaThIBaromeit
MIPOMBIITUICHHOCTH, CTPOUTEILCTBA CHIDKAeTCs (Tadi. 1).

Taonuma 1

JuHaMHKa yIeJbHOI0 Beca MPOU3BOACTBEHHOI HHPPACTPYKTYPHI B CTPYKType 0CHOBHBIX cpencts 3KO
3a 2009-2014 rr., %

By 5xoHOMHYECKOH €SI TENHLHOCTH 2009 r. 2012 r. 2014 r.
CenbCcKoe, JIECHOE U PHIOHOE XO3SICTBO 0,6 0,5 0,6
[TpOMBITIIIEHHOCTH 80,4 81,1 75,2
— TOPHOOOBIBAIONIAS TPOMBIIIIIIEHHOCTH M pa3paboTKa KapbepoB 74,7 76,2 69,2
— 00pabaTpIBaroIIasi MPOMBITUIEHHOCTD 4.4 2,7 2,8
— DJIGKTPOCHAOXKEHMeE, TTo/1ada rasa, napa 1 BO3AYIIHOS KOHAUIIMOHUPOBAHUE 1,0 1,6 2,2
— BOAOCHAOKEHNE, KaHAIM3aI[MOHHAs CHCTEMA, 0,3 0,6 1,0
KOHTPOJIb HaJl COOPOM M pactpeieIeHHeM 0TX0JI0B
CTpOHTETHCTBO 2,8 1,9 2,4
TpaHCTIOPT ¥ CKIaIUPOBAHHE 6,6 4,5 8,4
Wudopmanus u cBs3b 0,9 1,0 1,2

Ipumeuanue. CocraBnena aBTopoMm 1o [3, 52; 4, 12-15].

Ha teppuropun 3KO 3a 2009—2014 rr. 6amancoBas (3a BBIYETOM H3HOCA) CTOMMOCTh ITPOM3BOJCTBEH-
HOW MHQpacTpyKTypbl Bbipocia ¢ 837,1 mupa Tenre xo 1323,4 mapn tenre (Ha 36,8 %), a creneHp U3HOCca
yBenmumumiiachk ¢ 35,2 no 36,1 % [3, 65-77; 4, 27-54], T.e. TeHAEHITNS OOHOBJICHHS TTPOU3BOJICTBCHHBIX 00b-
€KTOB OTCTaeT OT WX M3HOca. Bo Bcex BMAAaX SKOHOMHYECKOW AEATEIHHOCTH, YIACTBYIOIINX B MPOU3BOACT-
BEHHOM Tpolecce, HabaronaeTcs pocT O0anaHCOBOM (3a BBIYETOM HM3HOCA) CTOMMOCTH MaTepHalbHBIX (HOH-
noB. B mpowmbItmieHHOCTH 06;1acTé JaHHBIH pocT coctaBui 34,0 %. YBenudeHue CTeTeHn H3HOCA OCHOBHBIX
CpeIcTB HaOIMIOMACTCS B CEIIBCKOM, JIECHOM M PBIOHOM XO3sHCTBE, 00pabaThIBAIOIICH MPOMBINIICHHOCTH,
CTPOUTENBCTBE, TEICKOMMYHHKANU U cBA3H. OTHOCHUTENFHO Oosee OBICTPHIA TeMI BBOJA HOBBIX MaTepu-
aIbHBIX (OHIOB M Tpolecca OOHOBJIEHHSI CIIOCOOCTBOBAJO CHI)KGHHIO MMOKAa3aTesss HM3HOCA OCHOBHBIX
CPEICTB B TOPHOAOOBIBAIONIEH MPOMBIIUIEHHOCTH M Pa3padOTKe KaphepoB, ANEKTPOCHAOKEHUH, TT0/Iaue Ta-
3a, Mapa 1 BO3IYLUIHOTO KOHIWIHMOHUPOBAHUs, BOJOCHA0KEHUH, KaHAJM3aMOHHOW CHCTEME, KOHTPOJIE HaJ
cOOpoM U pacripefesieHueM OTXOAOB, TPAHCIIOPTE U CKIagupoBaHuu. B mpompbinuienHoM komiuiekce 3KO
MPOCIICIKUBACTCS MOJIOKHUTEIbHAS TCHACHIUS CHIKSHHSI M3HOCA MaTepHaIbHBIX (poHI0B (Tadm. 2).

ITo cocrostauto Ha 2014 T. camble BBICOKHE TOKA3aTEIM CTEIICHU M3HOCA OCHOBHBIX CPEICTB MMEIOT
CIIeyIOIINe BHIBl SKOHOMHYECKOW JesTeNbHOCTH, NonyuuBiiee pasButue B 3KO: crpouTenscTso;
00pabaTeiBaloIas MPOMBILUICHHOCTD; CEJILCKOE, JIECHOE U PHIOHOE XO03sIHCTBO; MHPOPMALHS U CBsI3b. B aTHX
BHJaX 9KOHOMHYECKOH EATEIIbHOCTH CTENEHb N3HOCA MaTepraabHBIX (oHI0B npeBbimaeT 40 %, 4ro ompe-
JeNsieT TUIaYeBHOE COCTOSIHUE MPOU3BOJCTBEHHONW MH(PACTPYKTYPHI M CHIDKAET IKOHOMUYECKYIO 3 dek-
TUBHOCTH PaOOTHI MPEANPHUATHI B JAHHBIX OTpacisiX X03siicTBa obnactu (Tabdm. 2).
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Tabnuma 2

N3meHeHne 6anaHcoBoii (32 BbIYeTOM H3HOCA) CTOMMOCTH U CTelleHH M3HOoca
Npou3BoAcTBeHHOH HHPpacTpyKTypsl 3KO 32 2009-2014 rT.

banancoBas
(3a BEIYETOM H3HOCA) Crenens n3Hoca, %
Bua 5KOHOMHUYECKO# IEATEIBHOCTH CTOMMOCTD, MJIDJ TEHTE
2009 r. 2014 . 2009 r. 2014 .
CenbCcKoe, JIECHOE U PHIOHOE XO3SICTBO 3,5 37,2 32,9 453
ITpOMBITIIIEHHOCTH 727,6 1102,5 37,4 32,5
— TOPHOO0OBIBAIOIIIAS TPOMBIIIIEHHOCTh U pa3padoTka 698,6 1018,9 42,2 32,5
KaphepoB
— 00pabaTpIBaroIIasi MPOMBITUIEHHOCTD 17,4 32,3 36,8 46,8
— DJIGKTPOCHAOXKEHMeE, TTo/1ada rasa, mapa u BO3AyIIHOS 9,0 34,1 39,7 27,0
KOHAWIIMOHUPOBaHNE
— BOJIOCHAOKeHHUE, KaHAIM3aIIMOHHAS CHCTEMa, KOHTPOJITh 2,6 17,2 31,0 23,8
HaJ cOOPOM M pactpeieieHueM OTX0J0B
CTpOHUTETHCTBO 18,3 27,2 41,5 48.4
TpaHCTIOPT ¥ CKIaIUPOBAHHE 77,9 141,8 26,4 22,7
Wudopmanus u cBs3b 9,8 14,7 31,2 42,0

Ipumeuanue. CocraBinena aBTopoM 1o 3, 65-77; 4, 27-54].

OrneHKa MPOCTPAHCTBEHHOTO Pa3BUTHUS M TEPPUTOPUATBHON CTPYKTYpPhI NMPOU3BOJCTBEHHOU WH(pa-
cTpykTypsl 3KO BO3MOXHA TOJTBKO Ha OCHOBE WCIOJB30BAHHS OOIICH CTOMMOCTHOW CTATUCTHYSCKOW WH-
(hopMarui 00 OCHOBHBIX CPENCTBAX, TaK KaK OTCYTCTBYIOT KOJIHYECTBEHHBIE TIOKA3aTeNN, a UMEHHO CTOU-
MOCTh MaTEepHallbHBIX (DOHIIOB MO BHJaM SKOHOMHUYECKOW JNESATEIBHOCTH B pa3pe3e aJIMHUHHCTPATHBHBIX
paiioHOB o0nacTu.

3a 2009-2014 rr. BO Bcex aAMUHUCTPATUBHBIX pationax 3KO HabmomaeTcst pa3BUTHE OCHOBHBIX CPEIICTB,
YTO CBUAETCIILCTBYCT 00 YBEIMYCHHUH OalaHCOBOM (332 BBIUETOM H3HOCA) CTOMMOCTH MaTe€PHaIbHBIX (POHIIOB.
Ilo Temmam pocra GanaHCcOBOH (32 BBIYETOM H3HOCA) CTOMMOCTH OCHOBHBIX CPEACTB BBIACISIOTCS 3elie-
HOBCKMH, AKxkaukckui, TackanmuHckni, ChIppIMCKUI pallOHBI 1 TEPPUTOPHUS Y palTbCKON FOPOACKON aJAMUHH-
CTpaIuu, Ijie CTOUMOCTh yBenuamiIachk Oonee yem Ha 50 %. MuHNMansHOe 3HaYeHNEe yBEITHMUYeHUsT OaJaHCOBOM
(3a BEIUETOM M3HOCA) CTOMMOCTH OCHOBHBIX CpejicTBa nMeet JKannOekckwii paiion — 11,1 % (puc. 2).

B pasmemiennn marepuanbHbix GormoB 3KO npociexuBacTcs YeTKO BBIPAKECHHBIC TEPPUTOPUATBHEIC
muctporiopuun. B 2014 1. B BypnuHCckOM paiioHe 1 Ha TEPPUTOPHH Y palbCKOM TOPOJICKOH aqMUHUCTPAIIAH,
3aaumatontue 4,2 % mromanu 3KO, 6p110 oKanmn3oBano 96,6 % MmarepuanbHBIX (oHAOB obnmactn. Konmen-
Tparysi OCHOBHBIX CPEJICTB B 3TUX 2 TEPPUTOPHAILHO-aIMUHUCTPATUBHBIX AMHUIIAX €CTh CIICACTBHE JIOKA-
mm3anuu (53,4 % HaceneHus: o0nacT) U GYHKIMOHUPOBAHUS TOPOACKON CHCTEMBI pacCEICHUSI HACEIICHHUS,
OTHOCHTEJHHO BBICOKAsl CTETIEHh SKOHOMHYECKOW OCBOEHHOCTH TeppHuTOopuid. C OOJBIIMM OTCTaBaHUEM IIO
yIeJIbHOMY Becy B 0allaHCOBOH (32 BBIYETOM M3HOCA) CTOMMOCTH OCHOBHBIX CPEICTB 00NacTH CleAyIoT 3e-
nenoBckuii (1,0 %) u Tepexrunckuii (0,7 %) paiionsl. Ha octanbHble 9 aAMUHUCTPAaTUBHBIX PailiOHOB, 3aHU-
Matonux 85,7 % Tepputopuu 001acTH, MPUXOAUIOCH UG 1,7 % ocHoBHBIX cpeacTB 3KO (tab:. 3, puc. 2).

Pacuet TeppuTOpHaNBHOIM TUIOTHOCTH 0aJTaHCOBOM (32 BEIYETOM M3HOCA) CTOMMOCTH OCHOBHBIX CPEZCTB
nokazan, uro B 3KO na 1000 xB. km miomaau B 2014 r. npuxoaunock 11,0 mupa. tenre. PaccMoTpenue
TAHHOTO TOKAa3aTeNs B pa3pe3e alMUHUCTPATHBHBIX PaHOHOB 00JIACTH MOKA3bIBAET CaMYIO BBICOKYIO TEPPH-
TOPUANTBHYIO TJIOTHOCTh MaTEepPHANBHBIX (DOHJOB HA TEPPUTOPUU Y PaTbCKON TOPOJICKON aJMUHHCTPAIHH.
C GONBIIMM OTCTaBaHUEM BBIICNSACTCS BypiHMHCKHIA palioH, Iie TeppUTOPHANIbHAS TIOTHOCTH OCHOBHBIX
CPEACTB 3HAYUTENBHO BBIIE CpelHE0OIacTHOrO mokaszarens. [lo cpaBHEHHMIO C APYTMMH aIMHHUCTPATUB-
HBEIMHU paiioHaMu (KpoMe BBIIIC HA3BAHHBIX) 3€ICHOBCKUN W TepeKTHMHCKUI pailoHBI UMEIOT Oojee OJaro-
MPUATHOE pa3MelleHrne MaTeprualibHBIX (POHIOB (Tadm. 3).

JlanHble, MpUBENCHHBIC B TaOMUIlEC 3, MOKA3BIBAIOT, YTO TAKOW YPOBEHHb PA3BUTHUS TEPPHUTOPUATHHO-
MH(PPACTPYKTYPHOU CHCTEMBI 00JIACTH MO3BOJIAET 00ecTIednBaTh (DYHKIIMOHUPOBaHKE O0s1ee 6 THICSY XO35Ti-
CTBYIOIIMX CYOBEKTOB M yupexaeHuil. Kak u cienoBano 0xuaaTh, Mo KOJIUIECTBY XO3SHCTBYIONNX CyOBEK-
TOB U YUPEKICHUM JTUAUPYIOT TEPPUTOPHUS Y PaIbCKOM TOpoACKON agMUHHMCTpauuu, bypiauHckuil un 3ene-
HOBCKHUM pailOHBI.
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MpocTpaHCTEEHHOE pa3BUTHE U y Maclimao.,
COCTOSIHME OCHOBHLIX CPEeACTB | e
3anapgHo-KasaxcraHckou o6nactu R
B 2014 r. \%‘W"“

N

- L L

YcnoBHble 0603HaAYeHUA:

OvHamuka 6anaHCOBOM (3a BLIYETOM U3HOCA) CTeneHb U3Hoca
CTOMMOCTHU OCHOBHbIX CPEeACTB OCHOBHbIX cpeacTs (%) B 2014 r.
\ | 200-299 (1)
[ 300-349 (5
B 1 Mm 200 MIH. TEHrE B 50390 @)
Bl s00-449 (1)
I = 2000+
Bl 450-202 (2
- 820141
KoacdcpuumeHT 06HOBNEHUA YKaHranuHckui - HasBaHUe agMWHUCTPATUBHOMO panoHa

0,
M et b T Lnucdpamu Ha kapTe 0603HaYEHHO:

AN 250-349 (2 1 - TeppuTOpUSA YPansCKoil ropofcKoi aagMUHUCTpauum
P 150-249 (3) 2 - 3eneHOBCKMIA paioH
" 3 - TepeKTUHCKWIA panoH

[]] 50-148 (5 4 - YuHrupnayckui paioH

[ 4.9umeree (3)

Ilpumeuanue. CoctaBneH aBTopom 1o [3, 9; 4, 8—11]
Pucynoxk 2. [IpocTpaHCTBEHHOE Pa3BUTHE U COCTOSIHHE OCHOBHBIX cpencTB 3KO B 2014 1.

HaGmrogaetcs TeppuropuanbHas auddepeHnuaniis 1o 0OHOBIEHHIO U U3HOCY OCHOBHBIX cpeacTs 3KO.
B 2014 1. mo ko3 dunpienTy 0OHOBICHHS MaTEpPUAILHBIX (DOHIOB B TPYIITY C HAWITYUYIIMMH MOKA3aTeIsIMU
Bxoamin TepekTHHCkui M JKaHranwHCKuid palionbl. HauMeHbiliee 3HaueHUe KOXQQUIMEHTa OOHOBICHUS
OCHOBHBIX cpeacTB uMmenu Yunrupnayckuii, Kapatoounckuiit u Kazranosckuii paiionsl. B 12 agmunucTpa-
TUBHBIX pailoHax 00JacTh CTeleHb M3HOCa MaTepHaibHbIX (oHAOB mpeBbiman 30 % u TonbKo B AKXKauK-
CKOM pailoHe JaHHBIN MoKa3aresb cocTaBisul 28,7 %. OTHOCUTEIBHO JIyUlllee COCTOSIHUE OCHOBHBIX CPE/ICTB
B JKanranuuckom, bypnuHckom, TepekTHHCKOM pailoHaX M Ha TEpPUTOPUH Y paIbCKON TOPOACKON afMUHH-
crpaiuu. B Uuarupnayckom, 3eneHoBckoM, KapatobuHckoM u TackalMHCKOM paiioHax CTelNeHb M3HOca
MaTepuaabHBIX (OHIOB MpeBbImaeT 35 %. BrICOKyI0 H3HOIIEHHOCTh MMEIOT OCHOBHBIE cpencTBa Kasrasos-
cKoro paiiona. Hauxyniiee cocrosiHue XapakTe€pHa OCHOBHBIM CPEICTBaM, pa3MeLIeHHBIX B ChIPBIMCKOM U
YKannGekckom paiionax (puc. 2).
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Tabnuma 3

TeppuTtopuajabHoe pa3Melienne MaTepuaabHbIX pouaos 3KO no cocrosinuio Ha 2014 r.

VY nenbHbIH Bec B 6ananco- | TeppuropuanbHast muiotHocTh | KonmmuecTBo pelicTByro-
Ha3Banue amMUHUCTpATUB- | BOM (3a BRIUETOM M3HOCA) |0aaHCOBOM (32 BRIYETOM M3HOCA) | IIMX XO3SHCTBYIONTUX
HOTO paiioHa CTOUMOCTH OCHOBHBIX CTOMMOCTH OCHOBHBIX CPEICTB, | CyOBEKTOB M yUpeKae-

cpencrts, % mipa. Terre Ha 1000 kB. kM HUH, FOPHI. JTATT

AKOKauKCKHN 0,4 0,2 242
BokeiopanHCKmid 0,2 0,2 112
ByprimHckmii 54,1 160,4 606
JKanranuuckuii 0,2 0,1 154
JKannbexckuii 0,1 0,2 110
3eIeHOBCKHIT 1,0 2,2 343
Kasranosckuii 0,2 0,2 231
KapaToOuncknii 0,2 0,3 119
CBIPBIMCKHIA 0,1 0,2 183
TackalIMHCKHI 0,2 0,3 134
TepeKkTHHCKUI 0,7 1,5 243
YUuHarnpnayckui 0,1 0,3 145
Teppuropust Ypaabcroit 42,5 1008,9 3602
TOPOJICKON aIMUHUCTpAIUU
3KO 100 11,0 6224

Ipumeyanue. Cocrasnena aBropom 1o [3, 9; 4, 8; 5; 6, 201].

TpaHcriopTHass UHPPACTPYKTypa SBISIETCS COCTABHOW YaCThIO MPOU3BOJICTBEHHONW WH(PACTPYKTYPHI,
KOTOpasi 00ecrevrnBaeT B3aMMOCBSI3b M (DYHKIIMOHUPOBAHUE BCEX IIEMEHTOB TEPPUTOPHATLHON COIUATEHO-
SKOHOMHUYECKOW CUCTEMBI. Y POBEHb MPOCTPAHCTBEHHOTO PAa3BUTHS TPAHCIIOPTHOW MHGPACTPYKTYPHI OIpe-
IeNIIeT 0COOCHHOCTH TEPPUTOPHAILHON OpPraHM3alid XO3sHCTBA M COILMAIbHOW cdephl pernoHa. TpaHc-
MOpTHas HHPPACTPYKTYpa HEMOCPEACTBEHHO YYaCTBYET B IIEMIOYKE CO3/aHUS CTOMMOCTU MPOU3BOJAUMON H
peaM3yeMon MPOIYKINK, UTPpasi KOHCONUTUPYIONIYIO U CBI3YIOIIYI0 POJIb MEXKIY MOCTaBIIMKAMU CHIPbHS,
MIPOU3BOAUTEISIMH U IOTPEOUTENSIMU TIPOAYKITHH.

Ha Teppuropun 3KO mnomyunnm pa3BUTHE TUHEHHBIE 00BEKTHI JKEJIE3HOAOPOKHOTO, aBTOMOOMIHHOTO,
TpyOOIIPOBOAHOTO, PEYHOT0, ABUAITMOHHOTO TPAHCTIOPTOB W JuHUMU 3nekTponepenad (JIDII). [Tox BnusHIEM
TPYIIIBI IPHPOHO-PECYPCHBIX M COIMATBHO-OKOHOMUYECKUX (PaKTOPOB CIIOKHUIACH TEPPUTOpUANBHAS aU(-
(epeHIMaIys ypOBHS pa3BUTHUS TPAHCIOPTHOW MH(PACTPYKTYpHI 00IacTH.

Taonuma 4

O0ecne4eHHOCTH AIMHHUCTPATHUBHBIX paiioHoB 3KO :kejie3HBIMH JOPOTraMH MO cOCTOSTHMIO Ha 2015 1.

Hazsanne anmuaucTparuBHoro paitona | IIpoTsxeHHOCTh, KM ILnotsocTs,

’ kM Ha 1000 KB. kKM
AKOKauKCKHN 0,0 0,0
BokeiopanHCKmiA 67,2 3,5
ByprimHCckwmii 86,5 15,4
JKanranuackuii 0,0 0,0
JKannbexckuii 31,2 3,8
3eIeHOBCKHIT 49,0 6,6
Kasranosckuii 0,0 0,0
KapaToOuncknii 0,0 0,0
CBIPBIMCKHIA 0,0 0,0
TackalIMHCKHI 54,3 6,7
TepeKkTHHCKUI 63,8 8,1
UuHarnpnayckui 51,2 7,1
Teppuropust YpaiabCKoit TOpoICKON aj- 27,8 39,7
MUHUCTPAIAN

Ipumeuanue. CocraBiena aBTopom 1o [7; 8; 5].

Cepus «buonorusa. MegmuuHa. Meorpacdus». Ne 2(94)/2019

193



3.X. Mimawes

ITo cocrosamro Ha 2015 r. MPOTAKEHHOCTH JKeNe3HBIX Aopor Ha Tepputopun 3KO cocrasisna 431 kM.
[TnoTHOCTH Kene3HbIX gopor B pacuere Ha 1000 KB. KM IUIOMIAAM TEPPUTOPHH 00JIACTH COCTABIIsLIA 2,8 KM
[7; 8; 5]. Kene3znomopoxHbIe ITyTH MPOXOAAT O ceBepHOM m 3amamuoit yactsm 3KO (puc. 4). XKemesnomo-
pOXHasg UHPPACTPYKTypa UMEETCsl B 8 aJMHUHUCTPATUBHBIX paiioHax 00JacTH M MO IUIOTHOCTH JKEJE3HBIX
JIOPOT BBIACISIOTCS TEPPUTOPHUS Y PATBCKOM TOPOACKON afMUHUCTpaIii 1 bypirHCKOTO patioHa (Tadm. 4).

Ilo cpaBHEHMIO C XKeJIE3HBIMU JOPOraMu M JPYTUMH BUIAMHU IyTed cooOuieHus Ha teppuropun 3KO
MPOCTPAHCTBEHHOE Pa3BUTHE MOJIYYHIM aBTOMOOWIBHBIE NOPOTH, KOTOpPHIE SBISIOTCS TJIABHBIM BHAOM
TpaHcnopTta obsnactu. IIpoTsKeHHOCTh CeTH aBTOMOOMIIBHBIX TOPOT 00J1acTh cocTaBisieT 6595,1 kM, a mioT-
HOCTh paBHa 43,2 xum [9; 10; 5]. Ha Teppuropun Y panbCKoOH TOPOICKONW aqMUHUCTPAINH U 3€JIEHOBCKOTO
paiiona HaOsogaeTcsl camMasl BBICOKAs CTENEHb INIOTHOCTH aBTOMOOMIIBHBIX Jopor. Beiaenstores takxe Te-
pexTuHCKUH 1 ByprnuHckuii paiionsl. OcOOEHHOCTH TEPPUTOPHATIBHON OpraHu3alii aBTOMOOUIBHBIX AOPOT
3KO mokazana Ha puCyHKE 3.
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YcnoBHble 0603HavYeHus

Knaccudukauun gopor MNoTHOCTL aBTOMOGUNLHBLIX AOpPOT
——— MEXOYHapPOLHOro 3HaueHnsa (B km Ha 1000 KB. kM)
~——— pecnybn1KaHCKoro sHaYeHns 100,1-1200 (2)
061acTHOro 3HaYeHns 80,1-1000 (2)
PaioHHOro 3HaYeHus 60.1-800  (0)
40,1-600 (5)
20,1-400 (2
@® obnacTHoi UeHTp ‘ weHee 200 (2)
palioHHbIN UeHTp (ropoa)
PaNoOHHBIN LEeHTp (nocenok)
paiioHHbINA LeHTP (ceno) Unuchpamu Ha kapTe 0603HaueHO:
1 - TeppuTOpUA YpansCckoW ropoackon aaMUHNUCTpaLmMm
2 - 3eneHoBCK1IA paioH

HaceneHHble NyHKTbI

)]

BypnuHcKWiA - Ha3BaHMe afMWHUCTPATUBHOIO pavoHa

Ilpumeuanue. CoctaBneH aBropoM 1o [9; 10; 5]
Pucynox 3. TeppurtopuanbsHas opranu3anus aBToMoOmIbHbIX fopor 3KO B 2015 r.

Yepes teppuropuro 3KO mpoxoasT BaKHbIE MEXIyHAPOAHBIE CHCTEMBl MarHCTPaIbHBIX TPYOOIPOBO-
JIOB, KOTOpasi oOecreuyuBacT HaCEIeHUE U XO35MCTBO MPUPOAHBIM I'a30M M MO3BOJISIET 3KCIIOPTHPOBATH J10-
ObIBaeMble B 00JIaCTH YTJIEBOJOPORHOE ChIphe (pHc. 4). IIpoTsKeHHOCTh HEPTEIpPOBOJOB COCTABISACT
976,0 kM (TTOTHOCTH — 6,5 KM), @ CeTh ra30mpoBoI0B paBHa 2357,7 kM (motHOCTh — 15,6 kM) [5; 8; 11—
15]. CucteMa MarucTpaibHBIX TPYOOIPOBOIOB MPOXOIAT IO TEPPUTOPUH Y PalIbCKON TOPOJICKON aIMUHHCT-
pauun 1 9 agMuHHCTpaTUBHBIX paifoHoB 3KO. [To mokasaTemo MIOTHOCTH MarucTpalbHBIX He(TEPOBOIOB
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nuaupyeT 3eNeHOBCKUM paitoH. OTHOCUTEIBHO BBICOKAS MIIOTHOCTh MArMCTPAIbHBIX Ta30MPOBOJOB XapaK-
tepHa KasranoBckomy, 3eneHoBckomy, TepektuHckoMy U BypnuHckomy parionam. Cucrema TpyOOmpoBOI-

HOTO TpaHCTOPTa OTCyTCcTBYeT B KapaTobuackom, CrIppIMCKOM B UHHTHpPIIaAyCKOM paifoHax (Tadim. 5).

Taonuma 5

OO0ecne4eHHOCTh AIMHHHCTPATHBHBIX paiioHoB 3KO marucrpajabHbIMHu HeTenpoBoAaMHu
H ra3onpoBoJaMu Mo cOCTOsIHMIO Ha 2015 1.

Hazsanue HedrenpoBonsr T"a3ompoBob!
aIMUHHACTPATUBHOTO IInoTHOCTS, IInotHOCTD,
. TIpoTsiakeHHOCTh, KM TIpoTsixkeHHOCTh, KM
paiiona kM Ha 1000 KB. KM kM Ha 1000 KB. KM

AKOKauKCKHAN 447.0 17,4 166,5 6,5
Bokeitopannckuii 67,0 3,5 0,0 0,0
Bypnunckuii 74,5 13,3 161,7 28,9
JKaHraauHCKHi 0,0 0,0 4829 23,2
Kanubexckuii 31,0 3,8 119,0 14,5
3eIeHOBCKHI 245,0 33,1 292.4 39,5
Kasranosckuii 0,0 0,0 774,5 41,6
TackanmuHCKHit 0,0 0,0 281,7 34,8
TepexkTuHCcKuit 101,5 12,8 72,0 9,1
Teppuropus Ypanbckoit 10,0 14,3 7,0 10,0
TOPOJICKON aIMUHHUCTPAIIUI

Ipumeuanue. CocraBneHa aBTopom 1o [5; 8; 11-15].

Cynoxonnoi pekoi Ha Tepputopun 3KO sABIseTCS TOIBKO peka Ypall, KOTopas MPOTEeKaeT ¢ ceBepa Ha
tor. Peka Ypan siBrsieTcss CyJOXOAHOHM Ha MPOTSDKEHUU BCEH TeppUTOpUH 0bnacTu (623 KM) U MpoTeKaeT ve-
pe3 3eneHoBckul, TepeKTHHCKIM, AKKANKCKUA PAaiOHBI 1 TEPPUTOPHIO Y PaTBLCKON TOPOJICKON aJIMHHHICT-
pauuu (puc. 4) [16, 3-9]. UmeHHO B 3THX 4 aIMUHUCTPATUBHBIX pailoHaX 00JIACTH MOJIYYHIIO Pa3BUTHE peU-
Hol TpaHcmopT. Ha teppuropun ocranpubix 9 anmMuaucTpaTHBHBIX paiionax 3KO ruaporpaduueckas ceTh
HE I03BOJIIET OCYIIECTBIIATh PAa3BUTUE PEYHOro TpaHcmopra. Ilo MIOTHOCTH pedHBIX CYNOXOAHBIX MyTel
JUIUPYET TEPPUTOPHs Y PaIbCKOM IOPOJICKON aIMHUHHUCTPALUY, TI€ Takke 0osiee pa3BUTO NpHpEUHas MH-
¢dpacTpyKTypa Al MAIBIX U CPEAHUX PEYHBIX CyA0B (Tali. 6).

Tabnuma 6

O0ecne4eHHOCTh AIMHUHUCTPATHBHBIX paiioHoB 3KO peunbiMu cynoxoansiMu mytsmu u JIIII
no cocrositnuio Ha 2015 r.

Hazpanue Peunble cy10X0qHBIE TyTH JIBII
aJIMAHUCTPATHBHOTO IInoTHOCTD, IInoTHOCTD,
. [IpoTsHKEHHOCTD, KM IIpoTsKEeHHOCTh, KM
paiioHa kM Ha 1000 KB. kM kM Ha 1000 kB. kM
Axokaukckuit 409,0 15,9 2005,5 78,0
Bokeitopannckuii 0,0 0,0 12282 64,0
Bypiunckuii 0,0 0,0 1093,9 195,3
JKaHraauHCcKHi 0,0 0,0 1278,7 61,5
Kanubexckuii 0,0 0,0 1041,7 127,0
3eIeHOBCKHI 92,0 12,4 1619,0 218,8
Kasranosckuii 0,0 0,0 26223 141,0
KaparoOuuckuit 0,0 0,0 1005,5 100,6
CBIpBIMCKHIA 0,0 0,0 1007,8 84,7
TackanuHCKHit 0,0 0,0 1086,7 134,2
TepexTuHcKuit 92,0 11,6 1711,9 216,7
Uunrupnayckuit 0,0 0,0 797,8 110,8
Teppuropus Ypansckoit 30,0 42,9 1726,0 2465,7
TOPOJICKON aIMUHHCTPAIIUI
Ipumeuanue. CocraBieHa aBropom no: [5; 8; 16, 3-9; 17].
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[Iporsxennocts JIDII Ha tepputopum 3KO paBHa 18225,0 kM, cpenHsAd IUIOTHOCTh COCTaBIISET
120,5 xm Ha 1000 xB. kM 1utomanu [16; 5]. Camas Beicokast mioTHOCTh JIDII xapakTepHa A TeppUTOPUN
VYpansckoil ropoackoi ammMuHUCTpanuu. Co 3HAYUTEIHHBIM OTCTaBaHWEM BBIACISIOTCS 3eleHOBCKui, Te-
pexTHHCKUH 1 BypnuHckuii paiionsl (Tadm. 6).

YpoBeHb
NPOCTPaHCTBEHHOTO
Pa3BMTUA TPAHCNOPTHOMN
WHMPaCTPYKTYpbI
3ananHo-KasaxcTaHckon
o6nactu e 2015 T.

YcnoeHble 0603HaueHunn

YpoBeHb pa3BUTUA TPAHCNOPTHON = == XenesHble goporu
MHpacTPyKTypel (K03thhrumueHT 3.9Hrens) Peutble CyaoXoaHbIe nyTu
I Buicokuit (0,15-0,18)  (4) == MarucTpansHsie rasanposoas!
Cpeanwii (0,11 - 0,14) (5) *—— MarucTpansHble HedTenposoas!

Huskui (0,10 n mewee) (4) HaceneHHbIe NyHKTbI

@ obnacTHOM UeHTp

@ paitoHHbIA UeHTp (ropoa)

@ paitoHHbINA LUEeHTp (nocenok)
paioHHbIA LIeHTp (ceno)

Knaccudmkauma aBTomoGunbHbIX aopor
= MEXAYyHapOAHOTO 3HaYeHWUA
= PECNy6NKaHCKOro 3HaYeHna
obnacTHoro 3HaueHus
paﬁom«oro 3HaYeHuR

BypnuHCKuiA - Ha3BaHWe aAMUMHUCTPaTUBHOIO panoHa
L Ha KapTe

1 - TeppuTopuA YpanbCKOW ropoaCcKoi aaMUHUCTpaLMK

Ipumeuanue. CocraBieH aBTopom 1o [5; 7-15; 16, 3-9; 17]
Pucynox 4. YpoBeHb IPOCTPaHCTBEHHOTO Pa3BUTHA TpaHCHOPTHOH HHPpacTpykTypsl 3KO 1o cocrosiHuio Ha 2015 1.

ABHalMOHHBIN TPAaHCHIOPT MOJTYYMII Pa3BUTHE Ha TEPPUTOPUHN TEpEeKTHHCKOro paiioHa. EMuHCTBEHHBII
asporiopt 3KO pacmonoxken B mocenke [logcrenHoM, Haxosamuics BOIU3M T. Ypanbcka. B ocranbHBIX aji-
MUHHCTPATUBHBIX palloHaX 00JIACTH OTCYTCTBYIOT B3JIETHO-TIOCA/IOYHBIC TIOJIOCHI U a3POTIOPTHI.

C 11en1bI0 BBISBIICHUS YPOBHSI IPOCTPAHCTBEHHOTO Pa3BUTHUS Beell TpancnopTHo cucteMbl 3KO mpose-
JICHa OLIEHKA C UCTIOJIb30BaHUEM MeToa onpeneneHus koadduuuenta 3.9urens (FOx3ypy Karo).

Koaddunment 3.9urens (FOn3ypy KaTto) BerauciseTcs clieayomuM oopa3om:

d=—Lt

Jsp’
rne d — xoddduruent 3. Durens (FOn3ypy Karo); L — nnuna TpaHCIOPTHOH ceT (KM); S — TuIomans
TeppuTOpHH (KM’); P — UMCIEHHOCTh HaceseHus (uenosek) [18].

Pacdersl moka3zaiu, 4TO OTHOCHTENBHO CaMblii BBICOKWH ypPOBEHb Pa3BHTHUSI TPaHCIIOPTHOW WH(ppa-
cTpykTypsl uMeroT Kasranosckuil, TepekTuHckuii, 3eneHoBckuil 1 TackanuHCKkui paiioHsl. CpenHuil ypo-
BEHb PA3BUTOCTH TPAHCIOPTHO-HH(PPACTPYKTYPHOH CHCTEMBI XapaKTEPHBI sl TEPPUTOPHU Y PAIbCKON TO-
ponckoit agMuHHCTpanuy, JKannbekckoMy, AKKankckoMy, bypmuackomy m UuHTHpIaycKoMy paiioHaMm.
Tepputopust CeipeimMckoro, bokeriopauackoro, KaparoOuHckoro v JKaHrammHCKOTO paiioHOB UMEIOT HU3KUE
MOKA3aTeNA Pa3BUTOCTH TPAHCIIOPTHOW HHGPACTPYKTYpPHI (puc. 4).
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Baxnouenue

Takum 00pazoM, MPOCTPAHCTBEHHBIN aHAN3 MTOKa3all, 4To Ha TeppuTopuu 3KO mpociexuBaeTcs Tep-
pUTOpHANbHAS AUCIIPOIIOPITUS B Pa3MEIICHNH TOUYEHYHBIX U TMHEWHBIX 00bEKTOB MTPOU3BOACTBEHHON HH(]pa-
CTpYKTYphl. Cpeii aJMUHUCTPATUBHEIX PAOHOB O0JIACTH 110 YPOBHIO Pa3BUTHS MPOU3BOJICTBEHHON MH(ppa-
CTPYKTYPbI JIMAUPYIOT TEPPUTOPUS Y palIbCKOM rOpoJICKo anMuHUCTpanuu U bypiauHckoro paitona. Brije-
nsroTes Takke Ha ceBepe 3KO 3emenoBckuii m TepektuHCKui paioHbl. OcTanbHbIE 9 aIMUHACTPATHBHBIX
paiionoB 3KO 3HaYUTENHHO YCTYMAKOT MO YPOBHIO Pa3BUTHS MTPOU3BOACTBEHHON HH(PACTPYKTYPHI.

B 3KO mpocnexunBaeTcs onpeaeieHHas 3aKOHOMEPHOCTh B pa3MEILeHHH MPOU3BOJICTBEHHON HMH(pa-
cTpykTypsl. Ilo Mepe ymaneHust OT 001acCTHOTO LEHTPa CHIKAETCS TEPPUTOpUATbHAS 00ECIIEYeHHOCTh XO-
3sCTBA MPOU3BOJCTBECHHON HHGPACTPYKTYpOH. Bosibilioe 3HaUeHNE B KOHIIGHTPALIMU COLMAIbLHON U MPOU3-
BOJICTBEHHOW HH(PPACTPYKTYphl UTPACT TOPOJICKAS CHUCTEMa PACCEIICHUS U Pa3MEIICHHE MPOMBIILIICHHBIX
MPEINPHUITAH, TaK KaK OOJBIIYI0 YaCTh MaTepHAIbHBIX (OHIOB (HOPMHUPYET HHAYCTPHAIBHBIA CEKTOP DKO-
HOMHMKH.

Ha ocHOBe OIlEHKH TEeppUTOPHAILHOTO Pa3BUTHS MPOU3BOJACTBEHHON mHppacTpykTypbl 3KO MoxKHO
c/eNaTh clenyonpe 0000Iaomne BEIBOIBL:

1. Cro>kuBIIasicsl HA TEPPUTOPHH Y PATBCKOM TOPOJICKON aIMHUHHUCTPAITHH, 3EJICHOBCKOTO, bypIuHCKO-
ro, TepeKTHHCKOro paiioHOB MPOU3BOACTBEHHO-WH(PACTPYKTYpHAsE CHCTeMa C IIOJII0CAaMU pPOCTa B
r. Ypaibcke u T. AKcae CO37ar0T ONPEACICHHbBIC YCIOBHS IS NalbHEHUIIETO Pa3BUTHS B 3TUX aJMHHUCTpPA-
TUBHBIX parionax 3KO 1eHTpoB X035HCTBEHHOTO Pa3BUTHSI C KOHKYPEHTOCIIOCOOHBIMH ITPOU3BOJICTBAMH.

2. BeigeneHnple afMUHICTPATUBHBIE pailoHB! M eHTPHI pocTa 3KO K TOMy jke MMEIOT BBITOJHOE JKO-
HOMHUKO-Teorpaduyeckoe MoJOKEHHUE C BBICOKOH TPaHCIIOPTHOH JOCTYHMHOCTBIO, YTO MO3BOJISIET XO3SHCT-
BYIOIIMM CYOBEKTaM OCYIIECTBJIATH TPAHCIIOPTUPOBKY CHIPbS M BBIBO3 TOTOBOM MPOAYKIUU KaK Ha BHYT-
pEHHHE, TaK ¥ Ha BHEIIHNAE PHIHKH.

3. CoBMECTHOE HCITOJIb30BAHUE CIIOKHBIIUXCS MPOU3BOJICTBEHHO-MH(PPACTPYKTYPHBIX CUCTEM B paM-
KaX KIACTEPHBIX CTPYKTYP MO3BOIHT XO3SHCTBYIONIMMH CYOBEKTaMHU BHIIIE OTMCUCHHBIX aIMUHUCTPATHB-
HbIX paiioHoB 3KO Oonee 3 peKTHBHO peain30BaTh KOHKYPEHTHBIC MMPEUMYILNECTBA 3a CUET SKOHOMHHM 3a-
Tpat Ha MH(QpacTPyKTypHOE obecreueHre MPOM3BOACTBEHHOTO poliecca U TPAHCIOPTUPOBKY CHIPBS U TIPO-
TYKIIHH.

4. Heo0X0 MO OTMETUTH TOT (aKT, YTO CIOKHBINASICS IPOU3BOJICTBEHHAS HHPPACTPYKTYpa Ha TeppH-
TOPYH TIEPEYNCIICHHBIX BBIIIE aJMIHUCTPATUBHBIX paifoHOB 3KO XapakTepu3yroTcsl BEICOKOI CTETIEHBIO H3-
Hoca. [lnst adpdexTuBHOrO (QyHKIIMOHMpOBaHUS XO3siicTBeHHOU cucTeMbl 3KO HeoOxomumMo OOHOBJICHHE
MaTepuaIbHBIX (OHIOB Ha OCHOBE pa3pabOTKH M peayu3alliy CPEIHECPOYHON MOANPOrpaMMBI TpaHCc(op-
Malul ¥ MOJEPHH3AINH TPOU3BOJCTBEHHON WH(PACTPYKTYyphl B pamKax | ocymapCTBEHHOH MpOrpamMMbl
WHYCTPUATBHO-MHHOBAIIHOHHOTO Pa3BUTHSL.

5. OctanpHble agMUHACTpaTUBHBIE paiionsl 3KO, nMerone cpefHU U HU3KUM YPOBHU PAa3BUTHS IPO-
W3BOJICTBEHHOW WH(PACTPYKTYpHI B HACTOSIIEEC BpeMs HE MMEIOT TeX MHPPACTPYKTYPHBIX YCIOBUH, KOTO-
pble HEOOXOIUMBI JUIi YCKOPEHHOTO pa3BUTUS X03sicTBa. OTCYTCTBHE JOCTATOYHOW MPOU3BOJICTBEHHO-
nHpPaCTPYKTYpHOI 0a3bl B 9 aJMUHHUCTPATUBHEIX PAiOHOB, PACIIOIOKECHHBIX Ha FOTe, 3amajie, I0ro-3anaue u
BOCTOKE OIpaHHYMBAET PA3BUTHE HA WX TEPPUTOPUHU MPOMBIIUIEHHOCTH U CEIBCKOTO X03siicTBa. HeoOxomm-
MO OTMETHTh, YTO STH aJMHHHUCTPATHBHBIE PAWOHBI MMEIOT JOCTATOYHYIO MPHPOIHO-CHIPREBYIO 0a3y A
WHYCTPUAIBHOTO U arpapHOTO Pa3BUTHUA.

6. B Hacrosmiee BpeMsi HEJb3s1 CUMTATh CIOKHBILIYIOCS MPOU3BOACTBEHHO-WHPPACTPYKTYPHYIO CHCTE-
My 3KO pocrarouneM. st adhpexkTuBHOIN TeppHUTOpHATIEHON OpraHu3auy Xo3siiicTBa U HaceineHus 3KO
HEOOXOIUMO JallbHeHlIee OINepeKaroiee pa3BUTHE MPOU3BOJACTBEHHONW HMHQPACTPYKTYpHl C y4ETOM IO-
TpeOHOCTEH XO35HCTBYIOIINX CYOBEKTOB.
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9.K. UmameB

Barbic Kazakcran 00JbIcbl OHAIPiCTIK HHPPAKYPHLIBIMBIHBIH
TEPPUTOPHUSJIBIK IaMYbIH Oarajay

TeppUTOpHSHBIH pecypcTapblH THIMAI TafianaHyra, MapyaluibUIbIKTBIH OHTAHIIbl TEPPUTOPHSIIBIK-CATANIBIK
KYpBUIBIMBI MeH Oacekere KaOigeTTi IKOHOMHKAHbI KAJBIITACTBIPYFa MYMKIHIIK OepeTiH aiMaKThIH
IIapyalbUIbIK JKYHECIHIH XKYMbIC i1CTeYiHIH Heri3i eHIipiCTiK HHPPAKYPBUIBIMBIHBIH TEPPUTOPHSIIBIK 1aMybl
6onbin TaObuTanpl. OcbiFan OaiiaHBICTBI Makajiala OSKIMUIUTIK aymaHmap keijemingeri 2009-2015 soxk.
apachIHAAFbl CTaTHCTHUKAJIbIK aKnaparrap MeH KapTorpadusulblk ModiMerTepai Tanpay Heriinie barbic
Kazakcran oOnbICEl ©HAIpicTIK HHPPAKYPBUIBIMBIHEIH TEPPUTOPHSIIBIK JaMyblHa Oaranay xyprizinres. bareic
Kaszakcran o0ONbICHI OHIIPICTIK HMH(PAKYPbUIBIM HBICAHIAPBIHBIH OpPHANACYBIHIAFbl TEPPUTOPHUSIIBIK,
JIMCTIPOTIOPLMSCHIHBIH aIlbIK KOPIHICIMEH JKOHE OHBIH JKOFaphl TO3y KOPCETKIiIIiMeH cHIarTanazbl. baranay
KepCeTKeHAeH, Herisri KypanmapasiH 95 % actamel Opan xoHe AKcail KananapblHIAFbl OPTaIbIKTapbIMEH
Koca oOnbIcThIH 4,2 % TeppuTOpUsACHIHIA MOFbIpaaHFaH. CalbICThIPMalIbl HETI3/le OHIIPICTIK HHPPaKYpbI-
JBIMBIHBIH TEPPUTOPHSUIBIK JIaMYBI JICHreli GOibIHIIA cOnTyCTiK oKimMuIitik aynannap (Tackana aynaHbiHaH
Oacka) annbIHFbl Katapaa. [llapyambuibIKThl THIMII TEPPUTOPHSUIIBIK YibIMAAcThIpY yiiH Bareic Kasakcran
OOJIBICBIHBIH OHTYCTIriHAE, OaThICBIHIA, OHTYCTIK-OATHICHIHAA JKOHE UIBIFHICHIHAA OPHAIACKAH OKIMIIITIK
aymaHIapAbIH OHIIPiCTIK-NHYPAKYPBUIBIMIBIK 0a3achIH JaMBITyIa 0achIM OAarbITTaphIH jKacay Kepek.

Kinm ce30ep: Barsic KazakcTan 00NbICH, OHAIPICTIK HHPPAKYPHUIBIM, TEPPUTOPHSIIBIK 1aMy, TPAHCIIOPTTHIK
HHPPaKYPBUIBIM, HETI3T1 KOpJap, TEPPUTOPUSIIBIK OPHATIACTHIPY, Y3BIHABIK, TCPPUTOPHSIIBIK THIFBI3/IBIK, TO3Y
JICHreldi, TaMy JIeHreil, SKIMIIIUITIK aynaHaap.

E.Zh. Imashev

Assessment of the territorial development of the industrial infrastructure
of the West Kazakhstan region

The basis of operation of the business system of the region is the production infrastructure, territorial devel-
opment which allows efficient use of the resources of the territory to form the optimal clustering and sectoral
structure of the economy and the competitive economy. In connection with this article assesses the territorial
development of the industrial infrastructure of the West Kazakhstan region on the basis of the analysis of sta-
tistical information for 2009-2015 years and cartographic materials in terms of administrative districts. The
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West Kazakhstan region is characterized by pronounced territorial imbalances in the siting of production in-
frastructure with a high rate of wear. The assessment showed that more than 95 % of the fixed assets area is
localized on the 4.2 % of the territory with the centers in the cities of Uralsk and Aksay. Relative to the other
on the level of territorial development of the industrial infrastructure the northern administrative regions (ex-
cept Taskalinsky) were allocated. For effective territorial organization of economy should develop priorities
for the development of production and infrastructure of administrative areas in the South, West, Southwest,
and East of the West Kazakhstan region.

Keywords: the West Kazakhstan region production infrastructure, territorial development, transport infra-
structure, fixed assets, geographical location, length, density, degree of wear, the level of development and
administrative districts.
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«byiipatay» MY¥TC xkepiH reo00TaHMKAIBIK ayJaHAACTBIPYAbIH
KapTorpagusa/bIK Heri3aepi: daicTepi, TypJiepi :KoHe KiKTeyi

Maxkamnana «byiiparay» M¥TC reo6oTaHUKaIBIK ayJaHAAaCTHIPYIBIH AIFBIIIAPTTaphl KapacThIPEUIFaH. SIFHN
JKaJIITBl Te00OTAaHUKANBIK ayAaHacTHIpy JereH He, OHBI KaHJal oJliCTepMeH JKYpriseli, aynaHIacThIpy MEH
KIKTEYHIiH Typyiepi KapacTelpburrad. OCbIFaH oOpaif HeTi3ri yFeIMAapra aHblKTaMma Oepulin, JaiaibIk
IKOXKYHEeHI KapTorpadusIbIK ofic Heri3iHae 3epTTey MYMKIHAIKTepi alThUIFaH. Makaia KenTereH FhIIBIMU
onebuertep OepinreHaepiHe CyileHin, TEOPHWSUIBIK HerizdenreH. KasakcTaH TeppUTOPHUSICHIHBIH TaOUFU
epEKIIEIIKTePiH caKTay MEH KOpFay MaKcaThIH/Ia KYPbUIFaH HbICAHAP/IbI KETIIIPY Iapaiapbl KOPCETIIreH.
I'eoboTaHUKAIBIK 3€PTTEY HETi3AEpiHiH KaJbINTacy TapHXbl MEH Ke3eHIepi aTajblll, OHAAFbl ©3IHIIK yIieci
0ap KepHEeKi aBTOpiap aTajbll  OTKeH. [e000TaHMKAIBIK ayAaHAACTBIPY TYpJepi  YCBHIHBUIBIIN,
Kaprorpadusuay 9micTepiHiH XKypri3imy Oapsicel GepinreH. SIFHU FRUIBIME Makana Ka3akcTaHHBIH JalalibIk
9KOXYHECIHIH KaJIBINTACybIHA acep eTKeH (haKTOpiiap/blH Heri3iHie, OYTiHTi KYHI KaHIIAIBIKTHI ©3repicke
YIIBIparaHIbIFEl Typans! akmapar Oepeni. Conpaif-ak «byitparayy MYTC (MemiekeTTik YITTHIK TaOuUFu
cas0arbl) e3IHIIK epekmreniri Oap Tabwru mgaHmmWAQTEl MEH HKOXKYHECIH 3epTITey MYMKIHIIKTEpi MeH
MaHBI3AbUIBIFEl ANUTBUIFAH. ATalfaH HBICAH TeorpausuIbIK OPHBI epeKIIeliriHe OaiiaHbICThl O3iHIIK
OOTaHMKAIBIK alyaHTYpJTikke ue, Oipak, COFaH KapaMacTaH, OJ HBICAaHHBIH 3epTTely [eHreifi
KETKITIKCI3irine OainaHbICThl ayMaKThIK re000TaHUKAJIBIK eHOCKTEP/IiH KQKETTINIrH ataid OTBIPHIIN, aBTOP
©3iHAIK reo0O0TaHHKANBIK ayJaHIacTHIPYIbl YChIHAABl. Bysl ChiHABI eHOekTep omi ae Goisica omeduertep
KOPBIHJIA KOK, COHJIBIKTaH TaKbIPBII THIH KOHE JKaHa.

Kinm ce30ep: re000TaHUKAIBIK ayIaHIACTHIPY, SKOXKYHE, KOpIIaraH opTa, Kaprorpadusiay, GuroneHoxopa,
(bUTOCHHTOKCOH, uTOoIEHOMOP(TAp.

TaOuru >KOXKYHEHI cakTay Kasipri ajaM3aT KOFAaMBIHBIH €H ©3€KTI MaceselepiHiH Oipi 0ok
TabbuIaAbl. AnamaapasiH opeketi, XKepaeri Oacka Ja Tipi aF3anapIblH 9PEKeTi CHAKTHI, KOpIIaFaH OopTaMeH
THIFBI3 OalIaHBICTBl JKOHE, ©3 KE3eriHAe, OChl OPTAaHBIH KaJIBINITACYbl MEH KbI3MET €TyiHe eH OacTbl acep
eTymri (aktop Oojbil TaObLiaAbl. ByriHme KopiiaraH TaOMFH OpTara agaMm3aTThiH BIKHAJbI Kepi acepiH
TUTI3iN, OHBIH Jerpajalusra YIIbIpayblHa >KoHEe OipTiHmen TaOufM 5SKOXKYHeNnepAiH >KacaHIbLIapra
alMacyblHa 9Keyae. OpHHE, KacaHAbl XKyHenep opi Kapall Jamyra KaOijgeTci3AiriHeH, agam3aT KOFaMbIH
JKaKbIH OOJIalllaKTa SKOJOTHMSJIBIK amaTka okeny Kayimi Oap [1]. Byrinri amamsaT KopiiaraH 3KOKYHEHiH
HaKThl KaHJal OOybl KepeK IEreHre jkayarl i3JeMece ¢, OHBIH aHTPONOICHMAIK BIKHAJbl TOKTaFaHHaH,
KOpIIaraH JKOKYHe KaiTa COJ KajlblHA KeJiedi JeTeH YFBIMHBIH Kepi CKCHJIriH MOWBIHAAMIBI KOHE
KaJIbIITaCy MEH JKalIbl KbI3MET €Ty MEXaHU3MJEpiH TOJBIK MEHIepreH jKariaiijia FaHa aJam3aTThl
TOJIFaHIBIPATHIH OCBI CYpPaKTaP/IbIH KayanTapbl TAOBLIA/IBL.

OcbiFaH opaii, KOplIaraH oprajga 0acka >KyHelepIiH iliHe, eXeNIeH TaOUFH KaJIBINTACKaH JalajbIK
AKOXKYHenepaiH 6ap 0OTybl KaHIIAIBIKTHEI MaHbI3AbI 00JICa, OHBI 3€PTTEH ATy MYMKIHIIKTEPi COHIIAIBIKTHI
KeTeKI MaHbI3Fa ne. XIX FachIpbIH TOFBICHIHA JajalapIblH KalTa KaJbIITacybl Typaisl HiKipiep 6acsiM
oongpl. Cebebi Oipmama opMmaH Kyhenepin, OipTiHaen namanap OackaH, OChl HETi3Aeri KenTereH FhUIBIMU
enOekrep xa3puiasl (Kopxunckuit, 1891; Tandunnes, 1894). Aca kypaeni, opi anyaHTypii eciMaikTepiMeH
KepiHiC TallKaH OpMaHIapra KaparaHjaa, JajajblK ©CIMIIKTEp >KaMbLIFbICHI COHIIANBIKTHI KapamahbiM eI
KaObu1AaHa el COHABIKTAH OajaliblK JKyHeIepai OpMaHMEH ajiMacThIpy MiKipjaepi ae opbIHAbL JKaursl
Jananslk JaHamadTrap kebiHe, agaM3aTTbIH 0y3y OpeKeTTEepiHiH HOTHXKECI JeTeH uiesiap aii e 0ojca ke
TapanraH [2]. Mpicalibl, amaM3aTThIH KOINTEIeH TaWIajapblHbIH MBIHIAFaH JKbLIAap OOWMbI Jaja Kesil,
KOIIMEH/AI MaJl IIapyallbUIbIFBIH JKYPri3y OpeKeTi, ©TKeH Ke3eHIepHeri dKoXyienepni maiganany bH
HETI3ri yArici, OpMaHHBIH 00JIMaybl MEH JanajapAblH a3blI-TO3YBIHBIH OipaeH Oip cebebi nem Tycingipineni
[3]. Jana MeH opMaHHBIH apachlHIAFbl MIEKapaHbIH KO3FaJMalbl €KeHAIrl Typajbl na 0ipa3 aepekrep Oap.
Kasipri naia skokyienepi MUJUIMOHIAFaH KbU1IAP OYPBIH KalbIITaCKaH.

I'eo0oTaHMKANBIK aylaHIACTBIPY — TEPPUTOPUSHBI JKaHA, SFHNA O©CIMIIKTEp KaMbUIFBICHIHBIH Oenrinepi
MEH epeKIIeTKTepi ((PUTONECHOTHKAIBIK >KaMBUIFBICHI) OOMBIHIIA, XKIKTEYAiH TYpiH Oinnmipeni. YKammer Oy
aylaHAaCThIPYIbIH ©31 OHBIH (IOPUCTHKAIBIK ayJaHJAacThIPbUIybIHA COMKeC KeayiHiH Oenrici [4].
I'eo0oTaHUKaNBIK 3epTTEy OapbIChl, €H alibIMEH, 3epPTTEy oaicTepiHe Herizaenenmi. JKaamel 3epTTeyiH
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HETi3ri yII Ke3eHi (MalbIHIBIK, JallallbIK, Kamepaiel) Ooyica, €3 Ke3eriHae, Oyl KIKTey Typi JayiajbIK
Ke3CeHHIH OapbIChIHIA KY3ere achlpbuUianbl. SIFHM OyN Ke3deHJe reo0OTaHHMKAIBIK 3eprreynepnae 1:50000
MacmTabneH, MapuIpyT apaibliFbl | MaKeIPeIM OOIATBIH MAPIIPYTTHIK 9IICTICH JKY3€re achIpbUIabL. 3epTTey
Ke3iHJe ayMaKTa TapajfaH ecCiMIIKTep TypJiepi OOWBIHIIA alKanTaplbsl KapTara TYCipy Koca >Xyprisiain
OTBIPA/IbI, all T€OOOTAHUKAIBIK KOHTYpJIApIbl TOIOHETI3re TYCipe OTBIPHIN, eciMIiKTep OipiecTikTepiH
cunarray xy3ere acbipbuianbl. «byiiparay» M¥TC reo0oTaHUKAIBIK ayAaHAaCTHIPY dKYMBICTAPBIH XKYPrizy
OapbICHIH/IA TOTIOHETI3re TOMEHT1 CYpeTTeri KapTaHbl Naijananyra 6omaasl (Cyp. Kapa).
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Cyper. «byiipatay» M¥TC xo0anay ayMarsIHBIH KapTachl

OpuHe, COHFbI FBUIBIMU JKETICTIKTEp HOTIIKECI FApBILTHIK TYCIpIMAEyre HEri3lelin Kypy oniexaiaa
JKeHUT Oomap eni, Oipak a3ipre oHmail Tycipimaeynep *ok. JKyMbIc OapbICHIHIA 3EPTTEICTIH TEPPUTOPHS,
OCIMJIIKTEp JKaMBUIFBICHI CHUIATBIMEH aWbIpMAIIBUIBIK JKAcaWThiH, OipHemie Oeriktepre OeniHeni.
DKOXYHeNniK Tangayfa TEepPUTOPUSHBIH 3JeMEHTapiblK Oipmiri Oomblm, OHOreoLeHO03 YFBIMBIHA COWKeC
9KOXKYHe Tabbutagpl. O OMOTaHBIH TIPLIUTIK €TyiHE KaKETT1 KarAaliaapbl CaKTalaThlH, 3JIEMEHTAPIIBl Kep
Oenepi IMeTiHAeri TOMBIPAK-OCIMIIK >KaMBUIFBICHIHBIH Oipiiri OenriciMeH epekimeseHeli. Opi KapanlFbl
KIKTEY JKYMBICTaphl 3€pTT€y MAacIITaOblHA COHKEC, T'€OJOTMSUIBIK-TeOMOP(OIOTHANBIK, JIUTOJIOTHSIIBIK,
(DUTOLICHOTHKAJIBIK KOHE T.0. YKCACTBIKTAPBIHBIH HETI31HJE JKY3ere achlpbuiafbl. MyHIAFbl KaXKETTI Karaai
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Oomnpin, TaOWFM KOHE aHTPOIOTEHIIK (pakTopiapra 3KOXKYHe peakUHUACHIHBIH OIPTEKTECTIri >KoHE oJiapra
TYPAKTBUIBIFBI TAOBIIA B

3epTTey omiCTEMENIK HEri3iHe eciMIiKTep OipiiecTikTepi OJAHKICIH ajgaabl, OHZA ©CIMIIK
OipiecTIKTepiHiH aTanysl, xep Oenepi, TONMbIpaK TYpPl, bUIFAINAHY KafAaibl, OCIMIIKTED KaMbUIFbICHIHBIH
ayMaKTa TapalyblHbIH NaMbI3ABIK KepCeTKimi, OuWikTiri, ¢eHodaszachl xoHE 3KOXyHemeri Oewimuenyi
Tycipineni. MyHaa BpayH-Brnanke kikTey cxemachlH Herisre aiyra 0ojanbl. By atajgraH omicTep apKbUIbI
reo00TaHUKANIBIK KapTorpadusiay, sFHA ayAaHIacThIpy, KYMBICTaphl XKyprizineai (kecteHi Kapa).

KecTe

OMoOe0an reo0O0TAHUKAJIBIK KapTajap MacluTa0bIHA 0aiiJIaHBICTHI TOMEH/erigei xkikTeseai

IJ’\‘{: Aranyst Macrra0s

1 |[deranpasl ipi MacTaOThI 1:5000 — 1:25000

2 |’KubIHTBIK ipi MacmTaOThI 1:50000 — 1:200000

3 |Opra macmTaOThl 1:300000 — 1:1000000

4 |¥cak MacmTaOTHl (hOPMaIHSIIBIK 1:1500000 — 1:4000000

5 |¥cak MacmTaOTHI IOy 1:5000000 »oHe ofaH 1a ycak,

I'eoboTaHMKANBIK ayJaHIACTBIPy HETi3MENICTiH HEeTi3ri KpuTepuilsiep OOJbIN, HAKThl TEPPUTOPHSIAFHI
AOMOTHKAJIBIK JKarJaiIapMeH ThIFbI3 OailaHBICTaFbl OCIMIIKTED >KaMBUIFBICHIHBIH CHIIATTBI Oeriiepi
TaObLIaAbl. OCIMIIKTED >KaMBUIFBICHIH JKIKTEMEIeH JKargaiaa ecCIMIIKTEepAl Ti3iMuen TyreHaey, KapTa
KYpacTbIpy, OJIapAbIH ©HIMAUIITIH, KOPBIH KOHE TaFbl 0acKa ToxipuOenik MaHbI3bl Oap cananapbiH Oarajay
MyMKiH emec. Conpali-ak Oys1 3epTTeyjep OCIMIIKTepAl KOpray KYMbICTApbIHAA Ja MaHBI3BI 30p.
I'eoboTaHUKANBIK aydaHIacThIPy TOIBIPAKTaHY MaKCaThIHAA Ja THKIpUOETiK MaHBI3BI 30p, ce0eOi TObIpaK
Ta OCIMIIKTEp KaMBUIFBICHI CHSKTHI KIIMMATTHIK JKaFJaiaapra skoHe 0ip-Oipine Toyenai. byn aynangacteipy
JKYMBICHI ayMaKTbIH ©CIMIIKTEp XaMbUIFBICBIHBIH ajdyaH TYpJilirine OaiigaHbICTBl aca KypAeii Oobin
tabbiIanbl. CoHmali-ak JKeKeJereH ayMaKTbIH ©CIMIIKTEPiH KIKTCYIIH KHBIHIBIFBI, TYpJepre KaparaHza,
OCIMIIKTEp TONTAPBIHBIH KeW jKaraaiiia TeK MapTThl TYpAe OOJNbIN, KememeMai KOHTHHYyMFa OipiryiMmeH
tycingipineni. ConbiMeH Oipre eciMaikTep TomTapblHAa OIpTYTacThIK JEHredi TeMEeH OOJbI,
CHUHTAKCOHIAPAbIH JUAarHOCTHKAIBIK OCITUICPiHIH Kemll jkafmaiga esreprimriride okenedi. CoOHABIKTaH
OyriHzme >KanmbloieMIiK KaOblUIAaHFaH OpTaK Oip reoOO0TaHMKAJIBIK XKIKTEY JKOK JKOHE 9P I'e¢000TaHHMKAIIbIK
FBUTBIMH MEKTENTEP ©3/ICPiHIH KIKTEY CXEeMalTapblH YChIHAIBL.

Byringe 0ap eciMaikTep/i )KIKTEy cXeMallapbIH YIII HET13r1 OarbITTapra OipikTipyre 0oJiaibl:

— TUITOJIOTMSUIBIK, MYHJIA JKIKTEY OIpJIiKTepi OOJBII, SPTYPii PUTOCHHTAKCOHAAP TaObLIa b,

— TOIOJIOTHSJIBIK HEMECE IKOJIOTHSIIBIK, MYHA XKIKTEy OipJikTepi 00JbIm, apTypii ¢uToreHoMopdTap

TaOBUIAbI;

— aliMaKTBIK, MYH/IA JKIKTeY OipiiKTepi OOMbII, 9pTYpii puToLEeHOXOpIap TaObUIAAbL.

Bapneik atanran OareiTTap Oip-OipiMeH OaiimaHbICTBI XoHE Oip-OipiH TONBIKTHIPYIIBL. bizae
Ka3aKCTaH[BIK ayMaKTapJblH ©CIMIIKTep >KaMBUIFBICHIH ayJaHIacTblpa XiKTey OapbIChIHAA, THIMIICI —
aliMakTBhIK OarbIT. Byl OaFbIT epekiieniri — ©CIMIOIKTEp CHIAThIH OEpeTiH op camagarbl 3JIEMEHTTEP
KalTanaHOaiTeiH OipiikTep — (QUTOLEHOXOpJapFa TONTACTHIPbUIaAbl. DuTOIEHOXO0pa — OCIMIIKTEep
KaMBUTFBICBIHBIH KEHICTIKTIK OipiIiri, oJ1 >KeprilikTi >kKepiH TediMiH Hemece Oenrii 6ip CHHTaKCOHOMUSUIBIK
paHrke JkataThlH (QuUTOICHOMOp(Tapel Oap aimakThl Ounmipemi. duToleHOXOpa Kejaecl IKIKTEITy
OipsikTepiMeH: (arus, *KeprilkTi xep, Taduru Mexe (ypouuiie), jgaHmmadrt, ayaaH, ejKe, MPOBHHIINS,
00JIbIC, JOMUHUOH, JOMUHHOHAP OipJIeCTIKTEpiHEeH KopiHic TanmkaH [5].

JKanmbel reo0OTaHUKANBIK aydaHIACTBHIPYABIH HETi3r1 KPUTEPHHi OO0, ©CIMIIKTED >KaMbUIFBICHIHBIH
TIPIIUIIK €Ty jKaFmaiaapsl emec, Oenriiepi TaObuiaabl. byl Karuma ochkl TYPFBIAAH JKacallFaH ajiFalikbl ipi
eHOekTepze ne aiTeurad. KeHecTik Tepputopusga KyprisijireH reo00TaHUKANIBIK ayAaHAaCThIPbLTYIap OCHI
npunnunke Herizgeneni. KCPO-upl reoOotanukanslk ayfgangactelpy npuHuunrepin KCPO  Feiibim
Axkanmemusicel BoTaHMKa HWHCTHTYTBIHBIH OOTaHUKAIBIK OeiiMi KypacThipran. OCbhl JKYMBICKa Opaii
«['eoboTaHMKaNBIK aylaHIACTBIPYAbIH NPUHLUOTEP] MEH SicTepi» TaKbIPHIOBIHIA KbI3y MiKipTajac eTi,
OHJIa ©3 3aMaHBIHBIH KOpHEKTI reobotaHuk-ransiMaapsl E.M. JlaBpenko, b.H. I'oponkos, A.H. lllennukos,
C.51. CoxonoB, A.B. IIpo3opoBckuii skoHe T.0. KaThICHIN, OYJI iCKe OpacaH 30p YJEC KOCHII, TEOPHSIIBIK
Heri3in Kypael. JKammer Oy eHOek, sfHu «KCPO-HBIH reo0OTaHMKANBIK ayaaHaap kapracel» 1940 k.
0acBUIBIMFa JTalibIH OONFaHBIMEH, ¥ Ikl OTaH COFBICHI CANlIapbIHAH Ierepinin, 1947 k. sxapbiK kepreH [6].
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OpMaH aramTapbl MEH Kbl OPMAaHHBIH TapadyblHA HETi3ri ceOen — METEOPONIOTHSIIBIK (hakTopiap
(Temmeparypa, BUIFaJ, TOMBIPAK aya jkoHe T.0.) ekeHi aHbIK. JKammbl KazakcTan TeppuTOpHUsCHl opacaH 30D
ayMaKThl aJIybl, OHBIH ayMarbIHbIH €HJIIK OarbITTa CO3BUIBIN JKATYbl, KOHBIpXKAW KIMMATTHIK Oemeyse
OpHaJacysl OChl TEPPUTOPUSAAAFBI OYTiHT1 0i3re MaiM IKOKYHeIepaiH KaablnTacybliHa ce0er OOIbl.

Cupek KoHe >KOMBUIBII 0apa jKaTKaH eCIMAIKTep IeHO(OHIBIH, YKalIbl ayMaKTapibl TaOuUFu Kyize
cakKTall KaJyaa Herisri pejl epekile KOoprajlaThlH aymakTapra Thecimi. COHABIKTAH CNIMI3IEri 9p epeKIie
EKTA-nHbIH (epekie KopraJaTblH TaOWFH ayMakrap), caHbl a3 OoiFaHbIMEH Na, Oy MakcaTTa peiii 30p.
Jlerenmen, 613/iH eniMizneri Taburu cas0akTap caHbl ©Te a3, OpTa XaIbIKApPaJbIK AcHreineH 2—3 %-Fa KeM,
COFaH KapamacTaH, jkepiMi3ziH Taburu OaiyIbIFbl aca ajayaH TYpui, OyriHie Oap OOJIMBICHIMEH OOJIFaHMEH,
JKapKbIH KEJNIIEK YIIH cakTaydbl Kaxer ereai. EmiMizme TaOurar Kopray MeKeMesepiHiH Oipi, €H COHFBI
ampuFal «byiiparayy MYTC-ma en wrinmiri ymiH MaHbI3bl 30p HbICAaH. ALIBUIFaHBIHA 7 KbUIIAH acTam
yaKbIT ©TKCHIMEH, OJ1 HbICAHHBIH TaOWFH KOPbIHAH HAKThI JAepekTep a3ablk eremi. CeOebi Oyl HbICaH €Ki
00JIBIC TEPPUTOPUSCHI IIICHOCPIHC OpHAACKAHABIKTaH, 3€PTTEY TYpPJEpi eKiTapanThl 00Jybl Kaxet. YKarmbl
aynanbl 88968 ra, onblH contyctik Oeumiri (60814 ra) Akmona oOnbicel EpeiiMeHTay skepiHue opHanacca,
kanraH (28154 ra) onryctik xepi Kaparangsl oOmbiceiHbiH OcakapoB xepiHe Tuecim [7]. «byiipatay»
MeMIIeKeTTIK YITTBIK TaOUFH casOaK TeppUTOPHUSCHI Jajia 30HACHI IIIIHACTT KOHBIPKaH-KYPFraK jKoHE Kyprak
nana ayeicnajibl Oenaeyinme xateip [8]. KaszakcTaHHBIH (GHU3UKATBIK-TeorpadusuIbIK ayIaHIacThIPhITYbIHA
colikec, «byiipatay» MY¥TC Optanbik Kazakcran ycak mokbIchiHbIH, Kaparanabl-lIIbIHFBICTAY KypFak Aana
ajaca TayJiap MEH YCakK IIOKBICHI koHe EpeiimenTay-Kapkapaibl Tayibl-ycak MIOKbIHBIH KOHBIpXKaH-KypraK
JKOHE Kyprak Jajia OMIKTIK Oeliaey NMPOBHHIMACHIHA Kipemi. JKaiambl Oy ayMaKThIH ©CIMIIKTEp IyHHECI
HETi31HEH acCTBIK TYKBIMAACTap, KypAeNi TyJauiep oHe Oypliak TYKbIMAACTaApMEH KepiHiC TamKaH.
dnopaceiHga  TypiaepaiH  (IOpPHCTUKANBIK — KemieHmepi  OesiHemi.  COHFBUIAPBI  3KOJOTHSUIBIK
KaybIMJIACTBIKTAp, COHOai-aK TYpJIepAiH reorpadusulblK Tapany YKCACTBIKTaphl HETI31HIE aHBIKTaJFaH.
CoHpmpIKTaH OCBHl IIaManbl TaOuFu casgsbak [ICHOEpiHJe, aTaiFaH O3iHIIK epeKiie OOTaHWKaJbIK-
reorpausibIK aitMak ¢uiopachiHblH OecteH Oip OeniriH cakram KaidyFa MYMKiHAIK Oap. Taburm casOak
TEPPUTOPHUSACHIHAA OCIMIIKTED >KaMBUIFBICBIHBIH 4 TYpi: JaJlajiblK; €Ki ilIiHapa TypJepi: YCaK >KarbIpaKThl
MEH aKNIBUIKBUTKAHABI OpMaHIap; OyTanbl KOHE IIANFBIHIAB KANBINTACKaH. YCaK JKambIPakThl TYpJep
HETi3iHeH: KallbIHHAH, KOKTEPEKTEH Kapa KaH plaramTad (PemuKTi) Typast [9].

KP Oxonorusuislk Kayimncizmik KoHuenmuschiHa (1. 2.3) colikec OapiblK KOFaMIbIK KaTbIHACTAP.IbI
PETTEYMIH Heri3i O0JbII, FKOXKYHeNiK aMai Tadbbliaasl. COHBIH HETI3IH/E «IIapyallblIbIKTHI HeMece 0acka aa
OpeKeTTepHAl KYpPri3yliH HOpPMAaTHBTEpPlI MEH epexkesepiH, TaOufu pecypcTapAbl NaigajaHyaarbl
OKOJIOTHSUTBIK KiOepy IIEeKTepiH aHBIKTAaHTBIH JKOHE KOpIIaFraH OpTa camachlH TEeHJecTipe OacKapyibl
KaMTaMachl3 €TETiH FhUIBIMH HETI3ZCIreH IIEeKTEYJIep KELICHIH €HIi3y JKy3ere achIpbLiajbl»y. DKOXKYHETIK
KAThIHACTAP YJITTBIK, XaJbIKAPAJBIK TAOUFAT KOpFay TYXKbIpbIMIaManapbiHa, JaMy CTpaTersiiapbl MeH
JKOCTapIapblHa, KEJCIICKTe FalaMIaHYbIHA JKYHETK YHBIMAACTBIPYIBIH Heri3 001ybl MyMKiH. OChUIap sy
OapibIrbl TaOWFAT KOpFay casCaThlH JKOXKYHEIIK TYpFbIIAH KETUIMIpydi Kaxer eremi. byn minmerrepmai
OpBIHJAY/IBIH OacTaybllll Ke3eHIHAerl OopbIHAaNaThiH sxyMbicTap: MY TC TeppuTopusiapsl 3KOKYHEIEPiH
KIKTeyAl Kypy, OJapabl TYTEHZEN, Ti3iMIey >koHe TaOuFaT KOpFay ic-luapajapblH >Kocmapiay MeH
SKOJIOTUSIJIBIK 3€PTTEYJIepIaiH 0a3alblK HeErizi OOJIaThIH SKOXKYHENIep KapTalapblH KypacThIpy OOJIBII
TaObUIABl. ATaNFaH MIiHJCTTEp JXYWeNl HEri3jie OpBhIHIANFaH/a aTaMBIII HBICAHIBI TOJBIK YKOHE TEpeH
3epTTey MYMKIHIIKTEP1 Tyasbl.
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Kaprorpaguueckue 0oCHOBBI re000TaHUYECKOI0 PAHOHMPOBAHUS
I'HIIIT «byiipaTay»: meToabl, BUABI M KJIaccHpuKkanus

B crathe paccMoTpeHB! Npeanocbulku reodbotanuueckoro paifonuposanus ['HIIIT «byitpatay». B cBssu c
STUM JIaHbl OINpPEAENEHUS] OCHOBHBIM IIOHATHSAM, TAKXKE PACKPBITHI BO3MOXKHOCTH HCCIIEIOBAHUSI CTEIHOMN
9KOCHCTEMBI Ha OCHOBE METOJIOB KapTorpaduposanus. CTaTbsi TeOpeTHUECKH 000CHOBaHA U MCCIIEIOBAHA IO
JNaHHBIM Hay4YHOH ymTeparTypbl. OHa paccMaTpuBaeT HCTOPHIO M IIEPUOIBI Pa3BUTHS Ie000TaHHIECKOTO
HCCIIENOBAaHNs, Ha3BaHBl YYCHbIe, BHECIIME HaMOONBIIMII BKIA B pa3BUTHE NAHHOTO HANpaBICHUS B
HCCIENOBaHUN. ABTOpPaMH TPENJIOKEHBI BHABI M IOAXOABI METONOB KaprorpadupoBaHMs JaHHOU
tepputopuu. JlaHHas pabora yka3biBaeT Ha (DaKTOPBI, BIUSIOINE HA GOPMUPOBAHUE CTCITHOW 3KOCHCTEMBI
Kasaxcrana, Take Jaet HHPOPMIHIO 00 M3MEHEHHAX, KOTOPbIE IPOU30IIUIM Ha OCHOBE 3TUX (akTopoB. OHa
paccMaTpUBaeT HANpaBIE€HHS M BAXKHOCTh HCCICJOBAHUS YHHKAJIBHOTO MPUPOJHOTO JaHAmadra u
skocucremy ['HIIII «byiipatay». [laHHBIII 0OBEKT HccieqoBaHHS HMeeT OOTaHMYEeCKoe pa3HooOpasue B
CBSI3M ¢ OCOOCHHOCTSIMH reorpaduuecKoro IOJIOKEHHUs, HO, HECMOTPSI Ha 3TO, TEPPUTOPHS MaJ0 H3ydcHa.
PacTuTensHbIM TOKPOB A3TOH TEPPUTOPHH Pa3HOOOPA3eH, MMEIOTCS PENIUKTOBHIE BHIBL, B CBS3H C ITHM
aBTOpPBHl  NpEIJIaraloT IPOBECTH Treo0OTaHHYeCKoe paioHupoBaHWe. JlaHBI  NPETIOKEHHS  T10
YCOBEPIIEHCTBOBAHUIO pabOT MO COXPAaHEHHWIO M OXpaHe YHHKAIbHOH mpupons! Kaszaxcrama. Paborsl mo
I'HIIII «byiipatay» B HAy4HOH JIUTEPAType BCTPEUAIOTCS PEIKO.

Kniouegvie cnosa: reo00OTaHHYECKOE PAafOHMPOBAHME, IKOCHCTEMA, OKpyXKaromas cpena, Kaprorpadupo-
BaHue, PUTOLIEHOXOPA, PUTOCHHTOKCOH, (HUTOLIEHOMOP(]BHI.

K.D. Kenzhina, A.K. Auelbekova

Cartographic basics of geobotanical zoning of the SNNP «Buyratau»:
methods, types and classification

In the article the prerequisites for geobotanical zoning of the SNNP «Buiratau» were discussed: methods,
types and classification of geobotanic zoning, i.e. how this work is done. In this regard, the definitions of
basic concepts were given, also the possibilities of studying the steppe ecosystem based on mapping methods
were revealed. The article is a theoretical one and researched according to scientific literature. It examines the
history and periods of development of geobotanical research, identifies scientists who have made the greatest
contribution to the development of this area of research. The authors offer the types and approaches of map-
ping methods for a given territory. This work indicates the factors that influenced the formation of the steppe
ecosystem of Kazakhstan, also provides information about the changes that have occurred on the basis of the-
se factors. It examines the directions and importance of exploring the unique natural landscape and the eco-
system of the SNNP «Buirataux». This object of study has botanical diversity due to the peculiarities of its ge-
ographical position, but despite this, the territory has been little studied. The vegetation cover of this territory
is ravenous, there are relict species, in this connection the authors propose a geobotanic zoning. Also, in the
work there are proposals to improve the work on the preservation and protection of the unique nature of Ka-
zakhstan. Works on the SNNP «Buiratau» are rare in the scientific literature, therefore, this work has a novel-
ty. The sequence of content, structure and bibliography meets the requirements of scientific publications.

Key words: geobotanical zoning, ecosystem, environment, mapping, phytocenochorus, phytosynsoxon,
phytocenomorphs.
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