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C.B. Audopenxo, M.B. Cudopux, A.B. Sutiuenxo, A.A. 3axuesa, 4.b. Aburdaega, P.2K. Kaceros

Kipicne

CoHrbl xkbuiAapbl KasakcTaHza MalOypluak eHJAipici ecy TeHAeHIUsChbIHA He OO0JI/bI.
Bys akKybl3 TanwblIbIFbI MaceJsieslepiH Llellyre, COHJAW-aK OCIMJAIK LIapyallblIbIFbIH
apTapanTaH/blpyFa biKnaja eTrefi. KasakcraHjarbl MaWOypllak ecipy/iH Heriri aiMarbl
pecnybJiMKaHbIH OHTYCTIll MeH OHTYCTiK-LIBIFbICHI 60J1bIN TabbL1aAbl. 2021 xblabl KazakcTan
Pecny6iKacbIH/aFbI 2KaJnbl eric keseMi 113,3 MbIH rekTap/bl Kypaca, AJiMaTbl 00JIbIChIH/IA
97 MbIH rekTap FHU 85%-4aH acTaM xepji Manbypiak anazsl [1].

Bys1 lakbl1bl 6HAIpYy KapKbIHBIHBIH apTybl Malbypluak aJ1i Jypbic TapajMaraH KasakcTaH
Pecny6/1MKacbIHBIH COATYCTIK 00/1bICTApbIH/1A €TiCTiK aJIKAITAPbIHBIH YJIFal0blHA 6AaUIaHBICThI
60J1ybl MYMKIH.

MyHbIH 6ip cebebi - Oys ailMaKTa Cyapycbhi3 ecipijieTiHJIKTeH, »XepriJiKTi »karjahfa
6eliMzeNred 6HIMAIMIri >KoFapbl yJbTpa epTe HiceTiH cOpTTapAblH 60/Maybl, aJFalIKpbI
BereTalUsJIbIK Ke3eHJe ad3Fa Te3iMAIIr )KoHe KypFaKUblJIbIKKA TO3IMAIITIHIH 2KOFapblIay bl
[2, 3]. Kem xblL1/iblK 6aKblaayiap 60MbIHIIA MAOYPIIAKThIH BereTalysibIK Ke3eHiH/ e blIFal
Meutiepi Contyctik KasakcTan o6JbicbiHa 152 MM, AKTebe koHe KocTaHail 06JibICTapbIHAA
covikeciHie 111 xxaHe 166 MM, as 6yJ1 YIIiH TOJBIKKAHABI JAKbLI KAJbIMITACTBIPY YIIiH. eriH,
keM gerenze 350-400 MM KaXKeT.

3epTTeysepMaibypiiakecipy ankabbiH 56 °c.ul. jeiH KeHEUTY MYMKIiH/iTi MeH KOXKeTTiJliriH
KepceTe/i xoHe 6CIMIK apyallblIbIFbIHAA aKybl3 MaceJIeCiH ey, dPTYPJIIIKTI apTThIpy
»)KOHe OHJIpICTIK mpouecTi TypakKTaHAbIPY MaKCaTbIHJAA aCTbIK YUIiH COJITYCTIK 3KOTUIITIH
CYpbINTapblH NaijjasaHy nepcrneKTrUBasapbl 60JbIN TaObLIaAbI [4].

Pecny6/iMKaHbIH, COJMITYCTIK K9He LIbIFbIC alMaKTapblH/a MalOyplIaK AaKblIAAPbIH 6Cipy
Kasakctan PecnybsukacbeiHAa arpoeHepkacin kKemeHiH gaMmbITyAblH 2013-2020 xbligapra
apHaJIfaH 6aFJapJ/iaMacblHbIH HblCaHaJ/Ibl UHAWKATOPbI 60JbIN TabbLIaAbI [5].

BUoOTBIH yIIiH COJTYCTIK 3KOTUNTI MaWOypluiakKTbl NaiJajaHy[blH MaKCaTTbLIbIFbI
pactanzpl [6].

Ocnl makpLiabl Kasakctan Pecniy6/iMKacbIHBIH, COMTYCTIK aMaKTapblHA KbIDKBITYA epTe
niceTiH MalbypuiaK TYKbIMbIH 6Cipy 6acbIM 6aFbIT 60J1bIN TAObLIA/bI.

MaiibypiiaK epTe MiceTiH COPTTApbIH >acay OOWBIHINA CeJIEKLHUSANBIK KYMBICTAp Kep
IIAPbIHbIH, OapJIbIK AepJiK CeJIeKIUANbIK OPTaJblKTApPbIHAA KEPTiTiKTi arposKoJIOTHUSJIbIK
»Karaalsiapbl eCKepe OThIPhIN XKyprisineni [7].

KenTereH enep/iH ceyeKIMoHepsepi epTe MiceTiH, CybIKKA TO3iM/i 2koHe COHbIMEH Oipre
»KePTriJiKTi TonbIpaK-KJAUMAT KaFJaljapblHa 6eliMeareH eHIMiJIri »KoOFapbl CypbINTap/ibl
JlaMbITY 60MbIHIIA KapKbIHAbI )KYMbIC XKyprisyze [8, 9, 10].

JlereHMeH, epTe MiceTiH CcypbINTap/blH OapJbIFbl 6ipAeil cyblKKa Te3iMAi kaHe 6acka
eJilepZie ecipreH Kesze >KOfapbl 6HIMJI eMec. HeFyp/ibIM COJNTYCTIK KaFfan/a TYKbIMHBIH,
KaJIbIITACYbIH LIEKTENTIH QpaKTOpJIap ecin-eHy Ke3eHiH/eri TeMIlepaTypaJiap/blH }KeTKIiIiKCi3
KOCBIH/IbICHI JXKOHE KYH/I3ri »KapblK YaKbITbIHbIH, Y3aKTbIFbl OOJIBINT TaObLIaJbl, 6UTKEHI
MaKbypIuaK TabUFaThbl 60MbIHILIA KbICKA KYH/AIK 6CiMiK 60J1bIN Tabbliaabl. POTONEPUOATHIK
ce3iMTaJIZbIFbI 9JICIi3 CYypbINTAp Y3aK KYH/I3T1 yaKbIT )KaFJanibIH/A Ca/IbICTBIPMaJIbl TYPZE epTe
r'yJaJen, TYKbIM Ty3e asnazbl [11].
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Maiibypiuiak LapyallblIbIFbIHAA €pTe MiceTiH »K9He COHbIMeH bipre eHiMAi cypblnTap
»Kacay Kyp/iesi Macesie 60Jbln TabbL1aAbl. Cyapy »kaFjallblH[a MalOypUIaKThIH, epTe MmiceTiH
CYpBINTapbIH Kacay Ke3iHJe aTa-aHaCbIHbIH Oipeyi opTalla HeMece Kell MiCeTiH TYKbIM/BIK
OyZaHJacTbIpy/ia epTe COPTTAPAbI KOCKaH eH. TaHaay Ke3iHe epTe xeTiyi cabaKTbIH a3am
TapMaKTaJybIMeH XYpeTiH MopdoOUOTUNTEpPAl axblpaTy MaHbI3[bl. CyapMaJibl xafFganaa
eHIMiIIri )oFaphl (2,5-3 1/ra acThIK) *koHe OoHTaMJbl epTe miceTiH (100 KyH) cOpTTapAbI
aJsly YIIiH CeJIEKIMSIHbI KbICKA Mep3iM/Jie «TYJIJIEHY - TYKbIM TOJTbIPY» (GOTOCHHTETUKABIK
NOTEeHLMa/IJbl 2KoHe »KallblpakK, 6eTiH apTThIpyFa 6aFbITTay Kepek [12, 13].

Peceiine Tek 90-mbl kbligapbl Cibip aliMaFbl ylIiH Mal6ypluaK CypbINTapbl KYpPbUIJbL:
Cu6HUHUK 315, Omckas 4, AntoM. Kasipri yakeiTTa baTtbic Cibip »aFaaiiapsl yiliH eHiMAipek
epTe MmiceTiH cypbInTap - AJbJA0paao, 30J40TUCTasdA, JJuHa *)acanzapl [14].

Cesiekuusi MpoleciHAe OpTypJii IIbIFY Teri MeH »KeTiJly TONTapbIHAAFbl OacTamKpl
MaTepHaJs/ibl TAPTY apKbl/Ibl TeHETUKAJBIK 9PTYPJIIIKTI apTThlpyFa Ha3ap aygapbuiazbl [15].

N.A. Mouceenko PeceifiiH Kapa »ep eMec alMaFblHbIH OHTYCTiK-0aTbIC aWMarbl
»KaFaiblH/la aca MaHbI3/bl IAapyallblJIbIK >XK9HEe CeJeKLUsJIbIK KepCceTKilTep OGONbIHIIA
BUP aneMzik Ko/IeKIMSCbIHAAFbl MailoypmakThiH, 148 cypbibbiH 3epTTeai. O conTycTik
3KOTUIITIH, MaWOypluaK CypbINTapblH >KacaFaHJAa, TYKbIMJBIK YpZAicTeri Oesriiep MeH
KacUeTTep/iH *KUbIHTbIFbIHA COUKEC, Oy/IaHAACThIPY KOMOUHAIMAIAPbIH KYypacTbIpFaH Ke3/le,
€H, aJIIbIMEH, OPBIC CeJIEKLUSIChIHBIH CYpbINTApblH NakAananyabl ycbiHaabl: CHoHUHUCXO03 6,
Ceetnad, Okckas, JlanueTtHas, bpsaackaga MUA, Bpsauckaa 11, Jlaga, Coep 34-91, Coep 13-91,
Bocxop 1191/79, 3akart, 3eiika, benapycs - lllapa, [Ipunsats, CH 23-42 ceneKyuschl, YKPAUHBI -
Enena, KueBckas 48, KueBckas 27, Menesi, XapbKOBCKasi, XapbKOBCKasi Te3 niceTiH, MoJ110BbI
-Tumnypus, Jlunus 404 /87 cenexkuuscel, [lonbwmn - Aldana, LMF, Jutro u Luteo ceneknuscei,
Kanagw! - OAC Vision, Alta, FL - 2, OAC Erin, AC Albatros, Korada ceneknusicol, Kutas - Dong-
nong 36, Bei liang, Gong ning ceneknuscel, llIBenuu - Fiskeby 11, Fiskeby 1V, Fiskeby V, Bravalla
cesieknuscel, Ppannuu - Labrador, Armour cesneknusicel, CIIIA MON 23, Caloria, cesnekyusicobl
YexocaoBakuu - Rostock ceneknusicel [16].

2KyMbicTbIH MaKcaThl — conTycTik KasakcTaH »karjaliblH/la ecipyre 6eilliMzereH, eTe epre
YKOHEe epTe MiceTiH MallbyplIaK CypbINTAapbIH XKacay.

MaTepuangap MeH Tacisigep

Marepuanaap

3epTTey »KbUIAApblHJA OyJaHAACThIpyZaH OacTtan Oacekere KabiJieTTi Cypbill CbIHAY
NUTOMHUTIHE [JIeHiHri acbll TYKbIM/Ibl MPOLECTIH TOJIBIK CXeMacbl KypbliAbl. IpikTey
npoueciHig 6actankbl keseHi «Ka3ExOur3u» XKIIC 6a3aceiHza xy3ere acbipbliazbl [17, 18]
(kecte 1).
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Kecte 1
YnsTpaepTe miceTiH MaiiGypIIaK CypbINTapPbIH TAHAAYAAaFbI CeJIeKIMAIbIK IUTOMHUKTEP/IH,
KeJieMaepi
[luToMHUK Cyapy Yuri meJiiepi, faHa
cramwonap |~ o | 3 fu e[ f=fs 2[5y |g
(=) (=] (=) S (=) (e} o (=) (=] (=) (e} (=]
N [N} N N N N [9\} N [N} N [9\} [V}
Epre nmiceTiH «KasExOur- - |- 120 | 120|120 (120|350 350|350 [370|370|390
YJITLIepiH, 3u» JKLIC
KOJIIEKIHANIBIK | «AIIITC 3apey- |- |- 120 | 120|120 | 140 |21 |115|100 |385|298 263
IIATOMHHUT] Hoes YKIIIC
(000, 00 xoHe
0 micy To6HbI)
I'mbpunuzanus | «KasExOumr- - - 13 10 (10 |10 |11 |5 16 |10 |10 |10
MUTOMHMUTI 3u» JKIIC
F1 «KasExOur- - - - 10 |1 7 1 7 3 10 |0 7
3u» JKIIC
F2 «KasExOur- - - - - 6 1 5 1 7 16 |10 |0
3u» JKIIC
«AlITC 3apeu- 6 1 5 1 7 16 |10 |0
Hoe» JKIIC
F3 «AIITC 3apey- |- |- |- - - - 42 |35 |15 |13 |98 |5
Hoe» JKIIC
F4 «AIITC 3apey- |- |- |- - - - - - - 27 | 11098
Hoe» JKIIC
F5 «AIITC 3apey- |- |- |- - - - - - - - - 204
Hoe» JKIIC
CIt1 «AIITC 3apey- |- |- |- - 10 (10 |- - 70 |40 |8 75
Hoe» JKIIC
CIT 2 «AIITC 3apey- |- |- |- - 10 (10 |- 44 |15 |23 |21 |5
Hoex» JKIIC
Bbakpliay «AIITC 3apeu- |- - - 18 (18 |13 |10 |16 |15 |16 |16 |40
MIUTOMHMUT] Hoe» JKIIC
KoHKypcTbIK «AlITC 3apey- |- |- 35 |29 (13 |12 |15 |13 |21 |18 |16
cypbinTay Hoe» XKIIC
JemoHctpanu- | «<AIITC 3apeu- |35 |35 |35 |17 |17 |17 |18 |17 |25 |16 |19 |20
AJIBIK Hoe» JKIIIC

3epTTey aﬁMai‘bIHbll{ aya paﬁbl KI9H€ K/IMMATTBIK CHUIIATTAMaChl

JKIIC «ALITC 3apeuHoe» cTaHusapbl KocTtaHnal 06J1bicbl KocTaHal KaslacblHbIH MaHbIHAA
opHasackaH, 53°12'51 " 1, 63 °37'28 " E. «AILITC 3apeunsiit» XKIIC-zae (6ypbinrbl «KocTaHai
HUUNII» XKIIC) ceneKuusanblK KyMbicTap 15 KblJIJJaH acTaM YaKbIT Kyprisiayze.
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«AIITC 3apeynoe» XKIIC anMarbIHAaFbl KJIMMAaT KYPT KOHTUHEHTTIK: >Ka3bl BICTBIK YKoHe
KYPFaK, KbIChl CybIK, Kap a3. Aya TeMIlepaTypacbIHbIH KbIJIJbIK aMIIJINTYAAChl OpTa ecelieH
75°C; ket xbLigapbl 88°C xketeni. KpicTa ayaHblH eH TeMeHTri TeMnepaTtypachl xui 35-40 ° C,
OKlIayJlaHFaH afaaniapga 45-50 ° C geitin TeMeHaenai. XKa3a abcooTTi TeMnepaTypa +
41-43 ° C. OpTtama TaynaikTik TeMnepatypacbl 0°C-TaH »KoFfaphbl bljbl Ke3eH 195-200 kyHre
co3bl1azbl — 7-12 cayipaeH 19-28 KasaHra JieriH. Ad3cbI3 Ke3eHHiH y3aKTbiFbl 108-geH 130
KYHTe JieliH. AyaHbIH XbUIABIK opTalla Temnepatypachl 0,3-2,3°C, kel xkbLigapsl 4,5-5°C-ka
JeliH keTepiseni HeMece 0-1,2°C-Ka feliH TeMeHJelai. BereTanus/blK Ke3eHHiH Y3aKTbIFbI
COJITYCTIKTEH OHTYCTIKKe KapaH y/fasa/bl xKoHe 166-174 KyHAi Kypau/bl.

KOHTHHEHTTIK KJIMMaTKa TOH KaCUET — KaybIH- 1ALl bIHHBIH KbLJIbI Ke3eH/je (MaMbIp-Ka3aH)
6acbIM 60J1ybl, 6yJ1 Ke3/e KblIJbIK HopMaHblH 60-80% TeMeHaelai. EH kemn »kaybIH-1IAILbIH
»Ka3/lblH, eKiHIlIi >KapTbICbIH/A, KebiHece wiygene 6osaabl. OHipJeri bLIFaAAbLIbIK UHAEKCI
(HTC) conTycrikTe 0,9-n1aH oHTyCcTikTe 0,5-Ke fjeiiiH aybITKUABI.

Toxkipube asaHbIHBIH, TONbIpaFbl OHTYCTIK OpTalla ca3jAbl Kapa Tomblpak. EricTik
ropusoHTTarhbl (0-30 cM) Kapauipik Mesepi (TiopuH 60ibiHIIA) 3%-aH acnai/ibl, a30T a3
(19,2 mr/kr), )blBKbIMaJbl pochop opTaiia (28 mr/kr), kaauin xkorapsl (331) Mr/Kr Tonbipak,
Tonbipak epiTiHZiciHiH peakyusacel aszgan ciaTtiai. Toxipubesik aJKanTblH, TONbIPAFbI
KocTaHalt 06/1bICbIH/Ia KeH, TapaJsiFaH »aHe 3 MJyIH 103 MbIH rektap/bl Kypaabl. Kyprak aasa
aliMaFbIHJ@ OpPHAJIACKAH «3apeyHbld» aybl1 LIAPYallbLIbIFbl KICIMOPHBIHBIH, TXKipH6esik
asagpbl. TonbIparbl KalITaH.

Aya paiibl )Kargaiaapbl

CplHaK, alMaFrblHAAFbl MeTEeOpOJIOTUAJBIK KaFfad 8 »Kbl1 illiHJe 9pKeJKi JaMblJbL.
MaceneH, cayip-KbIpKYieK apasiblfbIHAaFbl OpTAalla KbLI/JIbIK MaJliMeTTep 60ubIHIIA 213 MM
»KayblIH-1IalIbIH Tycei. OcblFaH 6ailJIaHbICThI eH KypFak xkblagap 2014, 2019, 2021 xane 2022
&Kblagap 60/bl. /lereHMeH, MaliOypIIaKThIH JaMybl YIUiH eH MaHbI3/1bl allJlapAaFbl bLIFaJIJbIH
60J1ybIH KapacThIpCaK, MayChIM >KoHe 1liyiae aisapsbl, onga 2012, 2015,2019, 2020 »kaHe 2023
KbUIAP BLIFAJI/IbLIBIFBI a3 60J1/bl (2-KecTe).

KecTe 2
2012-2020 k. «ALITC 3apeunsiii» KIIC aaiabIK CTaHIMAIAPAAFbI 2KaybIH-IIAIIBIHHBIH, TAPaJIYbI

Alinap Kb1ablH HaKTbI KepceTKilTepi
Opraiua o~ ™ < N © ~ © o o — o~ g
— — — — — — — — N N [\ N
Ker- o o o o = o o o o =) = <
KBIZIBIK o o N N N N N N N Q Q Q
Cayip 26,0 |11,4 |223 |65 20,1 (36,6 |[17,5 33,1 12,2 360 |141 58 0,5
Ma- 36,0 [281 |206 (13,5 |823 |25 52,1 44,7 18,1 80,6 |55 534 |194
MBIp
May- 35,0 26,8 |97 189 (37,6 |51,4 77,8 76,4 12,8 23,1 13,7 21,1 | 47,3
CBIM
Minge 56,0 |23,0 |116,6 |107,5 |30,5 [713 |677 357 | 23,0 17,4 |103,5 [81,2 |43,0
TambI3 350 |101,1 |113,6 |94 23,0 |10,8 |368 82,4 |530 69,5 |54 5,0 102
KeIip- 250 |105 |17 12,6 |379 |742 |73 12,6 | 51,7 13,7 |16,6 |83 27,2
Kylek
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Co- 213 | 2009 |284,5|168,4 | 231,4| 246,8 | 259,2 | 2849 | 170,8 | 240,3 | 158,8 | 174,8 | 239,8
Machl
cayip-
KbIp-
Kyihek

Maibypiiak - by CyUrii eciMaik. To/IbIK Micy )koHe KaJIbINThI ETiHHIH KaJIbIITaCybl YIIiH
BereTalusJibIK Ke3eH/e 6eJiceH/li TeMnepaTypaHblH KocbIHAbICHI (10 ° Cxofapbi) 1700-1900
eTe epTe CYpbINTap YUIiH KaxkeT. MailOypIiaKThIH 6M0JIOTUAJIBIK MUHUMAaJI/Ibl TEMIIEPATYPAChI
10 ° C-Tbl Kypaipbl, O6ipak oJ keke ¢asasapga esrepefi. XKbliyFa eH >KOFapbl CypaHbIC
MalobyplIaKTa yprnakThl 601y MylleaepiHiH KasbinTacybl (21-23 °C) xoHe ryajaeHy (22-25
° C) ke3eHiHfe GaiiKanagbl. 17 © C-TaH TeMeH TeMIlepaTypajia ryJjJieHy ToKTai/bl. KoFapbl
OHIM/Ii KaJIbIITAaCThIPy YIIiH €H »akKcbl TeMnepaTtypa 18-25 ° C. 35 ° C »xoHe o/iaH >KOFaphbl
TeMnepaTypaja oypluikTep MeH ryajgep tyceai. Temnepatypa 10-14 ° C-ke aeiiiH TeMeH/ereH
Ke3/le TYKbIM TOJIThIpY TOKTauAabl. Tyuingep 22-25 ° C TemmnepaTypajia >KaKCbl JJaMHU/IbI.
TykbIMZa MaWblH *XUHaMybl yuliH 21-26 ° C TeMnepatypa KoJiajbl. EKiHIII BereTanysablk,
Ke3eHJle KOFapbl TeMIepaTypaZa MaWjapblH CHHTE3i KOFapblIal/bl, ajl KeMipcyaap/blH,
MeJiepi azasabl [19].

['yaeny Ke3eHiHe TeMIiepaTypaHbIH KypT TeMeHeyi 2014 xb1ibl -16,7 ° C, an 2017 xblibl
wingene oprama ecenneH 19,7 ° C-ka fieliid a3ian TeMeH/ieyi 6alikan/bl. ['yaaeHy Kke3eHiHaeri
eH KoJ1alJibl TeMnepaTypasbik ¢poH 2012, 2018, 2019 xkoHe 2020 *xkbiigap (3-kecte).

Kecre 3
2012-2020 xox. «AHITC 3apeuynoe» JKIIC ericTik craHIMsIIapBIHAAFBI OPTaIla allJIbIK,
TeMIepaTypa KepceTKimrepi

KbL1abIH HaKThI KepceTKiluTepi

Admap | 4 L
g3
© %4 ~ o~ ~ ~ ~ o~ ~ o~ N ~N N ~N
Qg =~ — — — — — — — — | — — —
og = o o o o o = o o o o o
N N N N N N N N N N N N
Cayip +5,3 +11,8 |+7,4 |+4,2 |+53 |+8,5 |+6,1 +4,5 |+54 |+7,7 |+6,3 +9,8 | +8,0

MambIp +13,7 | +15,7 | +13,6 | +17,1 | +15,0 | +14,2 | +13,5 | +11,9 | +15,4 | +17,2 | +20,0 | +13,7 | +16,3
Mayceim | +20,0 | +22,0 | +20,2 | +21,2 | +22,2 | +18,3 | +18,7 | +16,6 | +18,5 | +17,8 | +20,8 | +18,6 | +19,6
inge +20,9 | +24,2 | +20,4 | +16,7 | +20,2 | +20,3 | +19,7 | +22,1 | +23,1 | +23,3 | +21,3 | +21,6 | +24,0
TambI3 +18,9 | +20,8 | +18,8 | +21,1 | +16,9 | +22,9 | +20,3 | +18,1 | +19,3 | +19,8 | +22,2 | +19,7 | +18,9

Kpipky#i- | +12,5 | +13,0 | +13,0 | +10,7 | +12,9 | +13,0 | +12,6 | +13,2 | +10,9 | +13,7 | +11,1 | +14,4 | +13,0
eK

3epTTey daicrepi

Eric b.A./locnexoB azici 60ibIHIIA XYpri3ingi. [20], TepT KaTapJibl y4acKkeJiep, KaTap apasibIFbl
30 cM, ayaanbl 20 M2. EpTe miceTiH cypbInTap YLIiH TYKbIM ceOy HOpMachl rekTapbiHa 650 MbIH
TYKbIM/IbI Kypauabl. YrepAi OpHasiacThIpy YU KauTajlay 9iCiMeH paHAOMU3alUsAJIaHFaH.
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Contycrtik KazakcTaH yuIiH afjicTeMeJliK yCbIHbICTAap 60MBIHILIA TOXKipUbeieri arpoTexXHUKa
[21]. Herisri saMmy ¢paszasapsl 60ibIHIIA GeHOJIOTUANBIK 6aKblaay/ap: ceby, epkeH (VE), ywutik
»KalbIpaKTbIH Naiga 60sysl (V1), ryageny (R2), 6ypuiak Ty3inyi (R4), 6ypiuakTapbiH TOATbIPbLIYbI
(R6), micy (R8) [22]. BUP [23] apicTeMeJtik HYCKay/iapblHa COMKeEC eTiCTiKTi baFasay.

[ITMPCOHHBIH, ChI3BIKTBHIK KOppeasausa k03$PuLueHTTepiH 6aFrasiay *K00acCbIHbIH, asgCblH/AA
R (R Hyckace! 3.6.1 (2019-07-05) «Action of the Toes») awmblK 6acTankbl 6argap/iaMasblK
»KacaKTaMma opTacblHza )yprisinai. GNU https://ru wikipedia.org/wiki/ P. Tin men opta GNU
GPL nuueH3usacel 60MbIHIIA KOJDKETIMAI; 6acTalKbl KOATap, COHAaN-aK 6ipKaTap onepanusbIK
XKyHeJiepre apHa/IFaH KypacTbIpbLIFaH KOCbIMIIAMap TypiHAe TapaTbliazpbl: FreeBSD, Solaris.
Kipicripiniren (stats) 6yMaceiHaH CbI3BIKTBHIK Pearson koppessuus ko3poULHeHTTepiHiH,
ecelnTeJireH MaTpulaaapsl (cor napMeHi apKblibl), os1ap YiluiH rpa¢ukTep (corrplot) 6ymacel
apKblJIbl KYpPacTbIPbLIAbIL.

HaTm:Kesiep MeH nmikipTasac

BipiHii Ke3eHJie OTaHJBIK >KoHe lIeTe ik cesekuusaarbl (Pecelt, Ykpauna, Kanaza)
Man6ypuakTbhiH 40 cypbiObl MEH CeJIEKIUABIK HOMipJiepi 3epTTei.

MaiibypiiaK cypbInTapbl MeH CaHbl 60MbIHILIA TaHANTbIH, eHriWTIri 45,0-96,7% Kypajbl.
K589109, 173 - 96,7%, 3osiotuctas cypbintapbl - 91,2%, AHHyliKa >koHe CUOHpSAYKA
cypointapsl - 88,3% xoHe 187 - 95,6%, 422, 445 /2 - 95,0% epekiieneH/i.

«TonblK rysieHy» ¢pasacblHAaFbl €H }K0oFapbl OUiKTik 422-83 cM, 364, 331 - 76-77 cM, Tepek
cypeintapsl - 70 cM, /IluHa, AHHy11Ka xkaHe Jlebenn - 63-64 cM caHlapMeH epekuiesieHai.TemeHri
cauaap K583575, K6248 - apkaticbicel 39 cM, busisiBka MeH Cub6upsiuKa - 9pKauchichbl 46 CM.

[Ticin >keTinyiHe 6alIaHbICThI 6€C 6aIAbIK IIKaJia 60MbIHIIA 422,186 x9He 173 - 5 6a11bIK
Cubupsuka, 30/0TUCTas cypblinTapbl epekiueseHai. bipkeski emec micetin K589109 »xoHe
K6792 canpaps! — 3 ynai, MallbypIiIaKThiH, 6acKa CypbIlITapbl MeH caHbl — 4 ynai. CUOUpPSUKa,
JuHa, 252,445 /2 cypbinTapbl JaMyAblH GEeHOJOTUANBIK (pa3aapbIHbIH TOJBIK 6TYiMeH KoHe
»KaKCbl OipKeJIKiJliriMeH epeklieseH/ii, acipece ocbl KepceTKilTep 60ubiHIIA 252 xoHe 445/2
caHJaphbl epeKieseH/i, oaap/a 6y KepceTKilTep alKbIH 6alKaJIbl.

Toxipubene Manbypliak eciMAIKTepiHiH »KaTblll Kajybl OaliKaiMmajbl. Tepek cCypblObI
koHe 341, K6248 xxoHe K6792 canaapsbl Terisiyre TepT 6a//IAbIK TO3IM/Ii/IiK KOpCeTTi, KaJFaH
CYpBINITAp eH XOFaphbl 5 6as/IFa ue 60Jbl.

TemeHri OypuakTapAbl 6eKiTy OMWIKTIri MalOyplIaKTbl a3 MIbIFBIHMEH MeXaHHUKaJbIK
»KUHay/Abl MakjajaHy MYMKIHJITH aHbIKTAaUTBIH MaHbI3/bl KOPCETKIll OOJIbIN TaOblLaajgbl.
TemeHri OypiuaKTapAblH eH K0Fapbl KOCbLIYbI Vision, AHHYILIKa - 9pKalCbIChbl 17 €M, 9pKaChICHI
422, 180/2 - 20 cm cypoeinTapblHZa TabbLibl. TeMeHri OypliakTbl OeKiTYZAiH eH TeMeHTri
kepceTKiwTepi TaHauc xkxoHe CaMapsaHKa cypbinTapbiHZa — 9-10 cm xKoHe K6248 canebl., CuTo,
308, 343 - apKaucneicel 11 cMm.

MaiiOyplIaKThIH BereTauusJblK Ke3eHi 82-121 kyH 6o0j4bl. MaycbiM albIHJAFbI
KyaHLIbIJIbIKKA 0allJIaHbICThI «0pKeH/IeY — TYJAEHY», «TyJJey — Oypluak, Ty3iay» ¢pasaapasblk
Ke3eHJlepi KbICKap/Abl, aj LiiJje/e *KayblH-IIAIIBIHHBIH, K6m 60Jiybl «OyplIak Ty3iayi -
OyplUaKKaNTbIH TOJYbI - [IiCy» Ke3eHiHiH a3/lan apTyblHa bIKIaJ eTTi. BeretanusiblK Ke3eHHIH,
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€H Kell y3aKTbIFbl Jlebeb )xoHe Tepek cypbInTaphl YILiH - 9pKaichichl 121 KyH »oHe 343, 308,
K6792 - 116-117 kyH 60sabl. EH Kiwici - BunsBka, Cubupsuka, [luHa, 30/10TUCTasA, AHHYILIKA,
TaHauc cypbinTapsbl yiuiH - 90-91 kyH xoHe 445 /2, 207 canzapsl - 82-88 kyH. KasiraH cypbintap
MEH CaH/lap/iblH BereTalusaablK Ke3eHi 91-105 KyH imiHae 60apbl.

2014 xbLIFbl BereTauUs/IbIK Ke3eHHiH, OipiHIII KAapThIChIHbIH, KYpFaK >KafAalaapbiHa
KapaMacTaH, »Ka3/lblH €eKiHIIi >XapTbICBIHAAFbl >KayblH-UIALIbIH MaWOyplIaK JaKblJIblHaH
alTapJibIKTal )KOFapbl 6HIM asiyFa biKnas eTTi— 14,2 - 24,2 11/ra. Mal 6y piaKThIH 3KOJIOTUSJIbIK
COPT ChIHAYZaFbl €H KOFapbl 6HIM/I Sito caHbl 60MbIHIIA KepceTTi — 24,2 1/ra xaHe 422, 173,
350,364,308-22,0-23,0 u/ra, 6ys naibi3dben 122 - 128 1/ra kypanapl. crangapt.%. ’Korapsbl
IIBIFBIMABIIBIK COHbIMeH KaTap 207 - 21,9 u/ra, 186, 445/2 - 21,7 u/ra »xoaHe 121% cT; 177,
126,261,391-20,1- 20,8 1/raxaHe 114- 116% cT, BusisiBKa cTaHapThIHbIH, LIbIFbIM/bLIbIFbI
18,0 i /ra.

1000 TYKbIMHBIH, *K0Ffapbl casiMafbl CaMapsiHKa cypblobiMeH - 197,0 r xoHe caHbl 464 -
180,0r,320-177,9 rxoHe K583575 canbl - 172,8 r 60/1/1b1. TYKbIMHBIH, €H TOMEHT1 abCOTIOTTI
casMarbl AHHYyIIKa copThinza 105,5 . 127,0 - 167,3 r apanbirbiHaa (4 KecTe).

Kecrte 4
Herisri mapyamsuiblK, 6esrijiepi 60ibIHIIA MaliGypIIaK CYypbINTaPbIHbIH, CUIIATTAMACHI,
2014 xbL1 («ALITC 3apeynoe» 3KIIC)

Cypsin eiry Teri BereTanusJibiK OHiMIiNiK [IpoTenn, | Macca 1000
aTaybl Ke3eH, KYH 1/ra B % % JI9H, T
K St
000 micy To6b1
BbussiBka (St) YkpauHa 90 18,0 - 33,4 127,0
Sito - 91 24,2 134 31,6 164,0
173 KasakcTan 92 23,0 128 34,9 136,0
350 KasakcTan 94 23,0 128 34,2 163,7
422 Kaszakcran 91 22,5 125 35,5 161,0
364 Kazakcran 91 22,0 122 33,5 154,8
207 KasakcTan 88 21,9 122 33,1 135,9
445/2 Kazakctan 82 21,7 121 32,8 150,0
186 KasakcTaun 91 21,7 121 33,5 137,9
464 KasakcTaun 91 21,0 117 35,7 180,0
331 Kazakcran 91 20,8 116 36,3 157,5
177 Kazakcran 91 20,5 114 33,6 135,8
126 KasakcTaun 91 20,1 112 34,5 111,4
261 KasakcTaHn 91 20,1 112 34,8 138,8
180/2 KasakcTtan 93 20,0 111 33,6 168,2
212 Kazakcran 91 19,7 109 33,7 143,5
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136 KasakcTan 91 19,7 109 36,3 167,3
195 Kazakcran 91 19,1 106 29,1 154,7
Cubupsuka Pecent 91 18,3 102 32,2 147,3
K589109 KazakcTtan 91 18,3 102 32,7 137,0
209 KasakcTan 91 18,3 102 34,3 143,9
3oJi0THCTadA Pecent 91 17,9 99 33,0 140,3
Tanauc YkpaunHa 91 17,8 99 30,4 163,3
JuHa Pecent 91 17,6 98 33,0 135,5
AHHymIKa Ykpauna 91 17,5 97 31,4 105,5
191 KasakcTaHn 91 17,5 97 33,6 140,3
187 KasakcTan 93 16,2 90 33,2 133,3
00 micy To6BI
341 KasakcTan 96 21,6 120 31,2 139,1
320 KasakcTan 102 21,0 117 37,6 177,9
K6248 - 105 19,7 109 34,0 138,6
BuxH Kanapga 99 17,6 98 30,4 149,4
K583575 Kazakcran 106 16,7 93 32,1 172,8
0 micy ToO6bI
308 Kazakcran 116 22,0 122 33,7 150,2
391 Kazakcran 115 20,8 116 33,9 145,5
343 Kaszakcraun 117 19,0 106 34,5 154,2
Tepek YkpanHa 121 16,9 94 29,6 158,4
CamapsiHKa Pecent 116 16,7 93 37,2 197,0
K6792 - 116 16,7 93 36,9 154,0
Camep Pecent 116 14,3 79 33,7 157,3
JIb16uab YkpanHa 121 14,2 79 34,0 177,1

MaiibypiiaK cypbIITapblH 2Kacay Ke3iHJe CeJIeKIUSAIbIK >KYMbICTbIH, Herisri agici
Oy/ZlaHAACTBIPY *KoHE cesJeKIUsA 60/1bIN TabblIaAbl. MaliOypliaK 6ypluaFblH O0y/1aHAACTbIPY/bIH,
TUIMZIJIr 6acKa AaKblIJapMeH caJbICThIpFaH/a alTapJ/iblKTal TeOMeH kaHe opTama 15-20%
Kypaubl. EpTe miceTiH cypbinTap yiliH OyJ1 KepceTKill ojaH Aa TeMeH — 3-7%. ['ubpuarey
«KazExOmr3u» XKIUIC 6a3aceingaxyprisingi. 2014-2021 xpL11ap apaablFblHAA OYAAHAACTBIPY
94 KUbLIbICY KOMOWHALUSCHI O0MBIHINA KYPTi3iAi.

2015 xbuibl 6ygasgactbipy 10 KUbLIbICY KOMOWHALMACHl OOWBIHILIA »Kyprisiain, 2373
T'YJl KacTpalyaJaHbll, TO3aHAAHAbIpbLIAbLL. balnay makbei3el opTta ecenmieH 8,6% Kypanzbl
(5-xecte). OH HaTHKe 32 KpocC KOMOUHALMA/AA a/IbIH/bI.

A.H. T'ymunres amwindazor Eypasus yammorx ynusepcumeminityy XABAPIIBICBI.
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Kecrte 5
2014-2023 x0K. 6Te epTe MiceTiH MaliGypIIaK CypbINTapbIH 6YAAHAACTBIPY HITHXKeJIepi

Kbl ToszanmanraH | [ubpuATi GypiiaKTap/biH KubLibicy AnbinraH F1 rubpupri
TyJJIep/iH CaHbI KOMOHHALMS- MONYJISIUSJIAP/bIH
CaHbI, JaHa naHa % JIapbIHBIH CaHbl, | ericTiK rpajaruscbiHaH

JlaHa KeHiH caHbl, JaHa

2014 305 46 15,0 13 10

2015 195 15 7,6 10 1

2016 175 12 6,9 10 7

2017 450 30 6,0 10 1

2018 307 39 12,7 11 7

2019 302 30 10,0 5 3

2020 353 19 5,3 16 3

2021 299 15 5,0 18 2

2022 348 20 57 17 3

2023 812 91 11,2 39 9

[MbpuATI MUTOMHUKTepAe epTe IiceTiHiHe, 6HIMJIIriHiH Herisri cumaTTamasiapbiHa,
1IaLIbLJIbIN KaJy )KoHe »KaThbIN KaJly Te3iMAiirine Kapau [legurpu apiciMeH ipikTey Kyprisineni.
Kapamcei3 geHreni miamameH 90% Kypanbl.

Acbl1 TYKbIMZIbI MUTOMHHUKTEpPAE TYKbIMJBIK CaHJapAbl 0akbliay NUTOMHUTIHE Oepy
yiIiH MopoJIoTUSI/IbIK GipTeKTi MaTepuas KebeuTiseni, oHa TYKbIMAAPAbIH 6HIMAiIri MeH
camaJiblK CUllaTTaMaJslapblHa (MalJIbLIBIFbI, aKybI3/AbIK KypaMbl) 6aFaJjiay »Kyprisinefi.

Y1 »kbls1 60MbIHA €H, »KaKChl CAaHAAP COPT ChbIHAY MUTOMHUTIHAE 3epTTesAi. bapbik 8 KbL1
601iblHA KeKe caHJap 3epTTe].

Bacekere KabGijieTTi cOpT cblHAy HNUTOMHUTIHAEe KocTaHail 006JbIChl KaFJadbIHIA
BeretauusaablK KeseHi 80-90, 90-100 kxoHe 101-110 micetin 000, 00 kaHe 0 ywI TOMTaFbl
Ka3aKCTaH/IbIK CeJIeKIUsIbIK MalOypIlIaKTapbIHbIH CAaHbl 3epTTeJ 1. KyHAep (kecTe 6).

Kecte 6
2013-2023 »xk. CSI eH, )KaKChI COSl CAHAAPBIHBIH, ACTIK, HIbIFBIM/bI/IbIFbI
(«3apeuyHoe» aybL1 IIAPyalIbLIBIFBI KacimopHbI» KIIC)
Copr, OHimainiri i/ra Ber.
CeJIEKIIUAJIBIK HOMEp Ke3€H,
on < LN O D~ oo} (o)) o i N o KYH
i i i i i i i N (o] N (9]
o [} o [} o [} o o [} o o (opTa-
[9\} N N N N N (9N} [9\} [\l (9N} N
1ma)
000
Cn6HMMK 315 (s) | 21,1 [150 [21,0 |235 |241 |250 |187 [210 | | | | 85
16 N22(147)/ 2024 A.H. I'ymures amvindazor Eypasua yammuix ynueepcumeminity XABAPIIBICHI.

Buorozuarvix zoiavimoap cepuscot
ISSN: 2616-7034. eISSN: 2663-130X



Coamycmix Kasaxcman xazdaiivina apHarean MaiOypuiakmolt, YAvmpa mes Xate mes nicemin cypuinmapolii xacay

239 | 21,7 | 20,0 - - - - - 86
- - 29,6 | 242 | 26 | 258 16,7 | 21,6 87
00
BussiBka (st) 21,1 | 18,0 | 18,0 - |259]233|193] 213 97
K 589109 21,4 | 183 | 20,5 - - - - - 94
186 23,6 | 21,7 | 21,5 | 23,3 - - - - 91
180/2 22,2 1 20,0 | 21,2 | 23,9 - - - - 94
177 23,6 | 20,5 | 23,2 | 21,7 - - - - 92
126 23,3 1201 | 22,0 | 21,1 - 1257213163 94
173 233|230 | 252 | 247 |245| - |184| - 93
191 203 | 17,5 | 21,7 | 26,1 | 25,5 | 24,4 | 20,7 | 20,4 | 349 | 23,8 | 29,8 91
207 17,5 | 21,9 | 21,3 | 25,0 | 25,3 | 25,0 | 20,2 | 21,6 | 34,5 | 24,6 | 31,1 95
212 24,7 | 19,7 | 21,7 | 27,8 | 26,0 | 23,4 | 19,6 | 20,9 | 34,5 | 22,8 | 30,9 94
422 (MBywka) 22,51 225|265 | 289 |29,2 240|218 202|351 254 | 315 92
331 (CBeT/IAYOK) - 20,8 | 28,0 | 29,9 | 29,3 | 24,0 | 19,3 | 21,8 95
118/3 (KocTaHa) 28,0 | 20,5| 24,7 | 38,7 | 288 | 36,4
391 - 20,8 | 28,0 | 30,0 | 30,4 | 200 | - |208 95
308 - 22,0 | 25,7 | 288 | 26,2 | 24,5 | 18,4 | 20,0 | 36,3 | 26,0 | 32,4 97
357 - - 27,7 | 27,3 | 253 | 25,1 | 17,8 | 16,2 | 31,1 | 24,2 95
137 - - 23,0 | 29,0 | 25,0 | 22,3 | 16,9 | 17,8 | 32,0 | 25,2 | 31,0 92
396 - - 22,7 | 26,7 | 26,0 | 20,2 | 19,3 | 20,4 | 32,1 | 22,0 | 30,1 91
3P1/34 - - - 26,5 | 26,1 | 25,9 | 24,3 | 19,0 99
3P 1/40 - - - 20,0 | 30,0 | 28,8 | 22,2| 209 | 37,4| 281 | 351 95
145/1 - - - - - 1307|184 |175|36,2| 252 | 351 91
121/2 - - - - - 12721203213 91
143/1 - - - - - 1290(213|209|351| 244 | 334 94
118/3 - - - - - 1280|205 247 92
0
320 - 21,0 | 254 | 289 | 254 | - - - 103
3P1/41 - - - 22,5 31,0 273|193 229|376 283 | 32,7 | 105
3P 1/83 - - - - - 1266193199 111
3P1/94 - - - - - 1290|194 | 184 112
3P 1/31 (CeBepHoe - - - - - 29,4 21,0 19,4 107
cUsiHUE)
3P1/68 - - - - - 1289208209 108
3P1/77 - - - - - 1302|200 207 115
3P1/102 - - - - - - 12201250351 26,7 | 333 | 104
3P1/13 - - - - - - 1220 218|357| 254 | 331 | 107
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¥3aK Mep3iMi 3epTTeyJsiep WBbIFbIMABIIBIKTBIH, >KayblH-IIALIbIHMEH >XOFapbl KOppeJis-
nUACbIH KepceTeni. KocTaHall 06JIbICBIHBIH, aliMaFbl CyapblJIMAUTBIH €TiHIIIIKKe KaTa/bl,
MarbyplIaK CUSIKTbI JaKbLI/IbIH 6HIMi TOJIBIFBIMEH KaybIH-1IALIbIH JeHreliHe 6aliIaHbICThI.
3epTTeyJiep WiaAeeri WbIFBIMABLIBIK Oe/rijiepi MeH >kayblH-IIAUIbIH JeHTeli apacblHaFbl
eH YJKEH OH KoppeJasilusiHbl aHbIKTaAbl (1-cypeT). COHbIMEH, KOIKBLIJbIK MaJIiMETTEDP
6ombiHIIa ManbyplakTelH CuoHUUK 315, UByiuka cypbinTapsl xkaHe 191, 207 acbly TYKbIM/AbI
CYpBINITapbl YUIiH OCbl CYpPbINTApPAbIH IIbIFbIMAbLIBIFBI MEH MayCbIMJAFbl >KaybIH-IIALIbIH
JleHreui apacblH/la CeHIMAi OH Koppessuus aHblKTaAabl (r = +0,77, +0,70)., +0,83, + 0,89).
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CypeTt 1. MaiiGypIuIaKThIH BereTanusblK Ke3eHIHAeri KaybIH-IIAIIbIH MEeH GaceKere KabiieTTi
COPT CbIHAy IMTOMHMTIiHIH, TYKBIMJBIK, CAHbI apacbIHAa¥Fbl [IMpcoH Koppeauusa Ko3ppunmeHTi

000 micy To6b1HAa R 5 canbl 6eainai. Pycus coptbl Cibip »keMIlel lapyallblbIFbl FblIbIMHU-
3epTTey HMHCTUTYTBIHbIH, OHMOTEXHOJIOTHUAJBIK 3€pTXaHacblHAA MaWOypllaK TYKbIMBIHBIH,
Cu6HUUK 315 cypbIObIHBIH >KeTiJIMereH ypbIKTapblHaH yJ/Na JaKblJIbIHbIH COMaKJOH/BIK
e3repriliTiri apkplibl ajblHFaH. Berertanusanbik keseH 85-90 kyH. 2015-2017 »xox. KCHU
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O0MBbIHIIA ACThIK IIBIFBIMABLIBIFBI 26,6 Kr/Ta, A9HAEri aKkybl3 MeJiiepi 44,5%, MalIbLIbIFbI
19,0%. 2017 xpL1jiaH 6acTan MeMJIEKETTIK COPT CbIHAYbIHAH OTTI.

00 micy To6b1HAa 422 canbl (MBy11Ka) 66/1iHreH, BereTanusaablK ke3eHi 90-95 kyH.2013-2015
K. KCH 60 bIHIIA aCThIK LIBIFBIMABLIBIFBI 24,0 11/Ta Kypaabl, AoHAeri akybi3 MmeJiiepi 38,1%,
MauabLbIFbl 22,3%. 2018 xbiabl cypbin Koctanali, AkMouia xxaHe [laBiogap o6/bicTapbiHa
naiijananyra pykcat etiaai. Conpgaii-ak ocbl TonTa 331 caHbl (CBeT/IA4OK) O6JIIHTEH,
BeretauusblK Ke3seHi 90-95 kyH. 2016-2018 »xk. KCHU 6oibIHIIIA aCThIK, LIbIFbIM/bLJIbIFbI
27,7 kr/ra, paHgeri akybi3 Meuuepi 39,1%, mauablibirel 20,0%. 118/3 (KocTaHa) caHbl,
BereTanusblK KeseHi 90-95 Taynik. 2021-2023 »x0x. KCHU acTbIK, WIBIFBIMAbIIBIFEI 36,4 11/
ra, acThIK, KypaMbIH/laFbl aKkybI3 MeJiepi 41,9%, mai mesuepi 23,1%. 2023 xblL1aH 6actan
MEMJIEKETTIK COPTTHIK, CbIHAKTA.

0 micken TonTta 3P 1/31 caHnl (CeBepHOe cusiHME) GeJIiHTeH, BereTanusablK Ke3eH 105-
107 kyH. 2018-2020 k. KCHU 60#bIHIIA aCThIK WBIFBIMAbLIBIFBL 23,3 11/Ta Kypajbl, A9H/ETI
akybI3 MmeJiepi 39,1%, manabLabiFbl 20,0%. 2024 xkblyibl KocTaHalt 06/1bICBIH/IA Talila/laHyFa
YCBIHBLJI/IbI.

KopbITBIHABI

CeJleKIIMAJIBIK TPOLECTIH, TOJIBIK CXeMacbl OOMBIHILIA XYMBICTBI ajJfa KOWFaH FaJbIMAap
MalbypuakKThl CONTYCTiK KasakcTaH aFjaiibiHa OelliM/ie/iTeH 6Te epTe KoHe epTe MiceTiH
CYpBINTapbIH KacayFa KoJI )KeTKI3 /.

KapXblL1aHabIpy
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C.B. Augopenko!, U.B. Cugopuk?, A.B. 3uHuyeHko?, A.A. 3akueBa’, /I.5. A6unjgaena’,
P.JK. KaceHog?!
ITOO «Kazaxckull HAQYyYHO-UCC/e008aMeAbCKUL UHCMUMym 3emaedenus U pacmeHUuegodcmeaa,
Asamamunckasa obs1acms, Kazaxcmaw
2TOO «CenbcKkoxossticmeeHHas onsimHasi cmaHyus «3apeyHoe», Kocmawatickas o6aacmo, KazaxcmaH
SHAO «YHusepcumem umenu Illakapuma», Cemell, Kazaxcma

Co3jaHue yABTPACKOPOCHEIbIX M CKOPOCHEJ/IbIX COPTOB COU AJIf YCA0BHH CeBepHOTro
Ka3zaxcraHa

AHHOTanus. B craTbe npuBeieHbl JJaHHbIE PE3YJIbTATOB CEJEKIMOHHON paGoThl B HAaNPaBJIEHUH
CO3/1aHUSA YIBTPACKOPOCIEBIX U CKOPOCTEIbIX COPTOB COU JAJ1s1 BO3/le/IbIBaHUS B CEBEPHBIX PErMOHAX
Pecny6vku KasaxcraH — KocraHalickoi, [1aByiofapckoit 1 AKMOJIMHCKOM o6J1acTsiX. Pa6oTa BegeTcs
[0 TOJIHOM CXeMe CeJIEKLMOHHOro mpolecca. B pa6oTe Mo co3/jaHUI0 yJIbTPAaCKOpPOCHEJbIX COPTOB
IPMHUMAIOT YYacTHe ABe Hay4dHble opraHusanuy Kazaxcrana - TOO «CesibCKOX035MCTBEHHAs ONbITHAA
cTaHLuA «3apedHoe» noj pykoBoacTBoM TOO «Kazaxckué Hay4HO-UCCAeA0BATENbCKUA UHCTUTYT
3eMJiefieIdsl U pacTeHUEeBO/ICTBa». Pe3y/IbTaTUBHOCTDb rMOpUAN3aL MU BapbupyeT B npejenax 4-15%.
Cospganbl U nepenansbl copta cou: 000 rpymnme cnesocty - Pycus, BereTauMoHHbIN nepuoj 85-90 cyToK,
CpeJiHsAs ypOoXkaHHOCTDb — 26,6 11/ra; B 00 rpymmne cnesocTy — CBeTVITYOK, BereTallMOHHBIN epuog 90-
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95 cyTOK, cpe/iHAsA ypoKalHOCTb — 27,7 11/ra; UBylliKa, BereTanuoHHbii nepuon 90-95 cyTok, cpefiHss
ypoxkalHOCTb — 24,0 11/ra; B 0 rpynie crnesoctu CeBepHOe CUSTHUE, BereTallMOHHBIN nepuoy 105-107
CYTOK, cpeiHss ypoxaiiHocTb — 23,3 11/ra. CopT UByIIKa AonyllleH K Npou3Bo/cTBY B KocTaHalickoH,
[TaBaoAapckoit 1 AKMOJIMHCKOM 06J1aCTsX.

KitroueBble c10Ba: cofl, CKOPOCNEJNOCTh, YPOXKANHOCTD, COPT.

S.V. Didorenko!, I.V. Sidorik?, A.V. Zinchenko?, A.A. Zakieva?, D.B. Abildaeva!, R.Zh. Kassenov!
1Kazakh Research Institute of Agriculture and Plant Growing LLE, Almaty region, Kazakhstan
?Zarechnoye Agricultural Experimental Station LLP, Kostanay region, Kazakhstan
3Shakarim University NJSC, Semey, Kazakhstan

Creation of ultra-ripening and early maturing soybean varieties for conditions of Northern
Kazakhstan

Abstract. The article presents the results of breeding work in the direction of creating ultra-early and
early maturing soybean varieties for cultivation in the northern regions of the Republic of Kazakhstan,
specifically Kostanay, Pavlodar and Akmola regions. The work is conducted in according to the full
scheme of the breeding process. Two Kazakhstani scientific organisations, namely LLP "Agricultural
Experimental Station "Zarechnoye" (under the guidance of LLP "Kazakh Research Institute of Agriculture
and Plant Industry"), are engaged in the process of creating ultra-accelerated varieties. The success rate
of hybridisation varies between 4% and 15%. Soybean varieties have been developed and transferred:
000 ripeness group - Rusiya, growing season 85-90 days, average yield - 26,6 c/ha; in 00 ripeness group
- Svetlyachok, growing season 90-95 days, average yield - 27,7 c/ha; Ivushka, growing season 90-95
days, average yield - 24,0 c/ha; in 0 ripeness group - Severnoye siyanie, growing season 105-107 days,
average yield - 23,3 c/ha. The Ivushka variety is approved for production in Kostanay, Pavlodar and
Akmola regions.

Keywords: soybean, early maturity, yield, variety.
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«Kexmetay» MY¥YTII aymarbiagarnl Dactylorhiza fuchsii (Druce) Soo
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A.E. Xaapim6eToBa**", C.K. Myxty6aesa' , C.A. AOues?

'KP 2TPM OLLKAK «bomanuka xave pumourmpodyxuyus uncmumymot» LLIDKK PMK ¢uruarvt
«Acmana bomanuxarvix 6azvl», Acmana, Kasaxcman
Y1.H. T'ymunres amvindaeol Eypasus yammorx ynusepcumemi, Acmana, Kasaxcman

*batiaarolc yutin asmop: aiscor87@mail.ru

Anpaarma. Makaaaga «Kekmeray» MYTII aymarbiHga cupek Ke3JeceTiH
Dactylorhiza fuchsii (Druce) Sod (Orchidaceae) TypiHiH 6 11€HOIIOITY AAIIVAAPBIHBIH
(LITT) seprTey HoTMKeAepi KepceTiareH. D. fuchsii ecimairiHig KekTepek-KallbIHAbI
opMaHJa, OyTaAbI-IIONTi KaybIMAacThIKTapAa Ke3AeceTiHi anbiKkTaaAbl. Dactylorhiza
fuchsii (Druce) So6 nieHononyAsiusaAapbIHAAFbl MOPPOMETPUAALIK, ITapaMeTpaepi
— caOaFrpIHbIH Y3BIHABIFBI, I'YALIIOFBIPBIHBIH, Y3BIHABIFBI, OipiHIII XKalblpaKThIH Kep-
ceTkimrepi KepceriareH. Llenononyasnusaapaarsl TypPAiH KOIMNIIiAiri >kac >KoHe
©3iH-031 >KaHapTyra KabiaeTTi ekeHAiri aHbIKTaaabl. EH Kyprak >Kardaiiga eceTiH
Nol neHomnomy Ay XXeTiay >KoHe oTiieai kedeHinge. D. fuchsii xeitdip mopgoaoru-
SIABIK IIapaMeTpAepiHiH ©3TeprilllTiri MeH MKeMAiAiri KapacTelpblaaabl. beariaepain
©3TeprilllTiK KYPBLABIMBI aHBIKTaAABl. ['eHepaTuBTIK gapakTapAblH MopdomeTpu-
sABIK OearizepiH Taagay OapbIChiHAA eH OUik eciMAikTepAiH KeKTepeK-KaiibIHABI
JKoHe Kaparali-KalibIHABl OpMaHJAapAa eceTiHi aHbIKTaaabl. 3eprreareH LT Gea-
riaepinig esreprimririne O0ara Oepiaimn, MakcuMMaaAAbl ©3TepPrillITiKTi cabakK Y3bIH-
ABIFHI (55%), aa D. fuchsii reHepaTHBTIK gapaKTapbIHBIH €H a3 e3repMmeai Oeariaepin
'Y AIIIOFBIPBIHBIH Y3BIHABIFBI MeH OipiHIIIi >KallblpaKThIH eHi (7 >koHe 3,6%) KepceTTi.
Beariaepain esrepyiHiy >korapsl gopeskeci Oaiikaaaabl. IleHOIONy AsSIMAHbI OaKbI-
Aay eKi >Xbla imtiHge xyprisiaai (2021-2022). Nel LI kaHaraTTaHapABIK Kyiide, 04
reHepaTUBTIK AapaKTapAblH >KOFaphl y4eci MeH MaKCMMaaAAbl THIFBI3AbIFbIHA Oaili-
AaHbICTBL. D. fuchsii No2 >xone No3 11eHOIOIy AsIINsAAapbl JKaFAaiibIHBIH KOMBLABIIT
KeTy KayIli Dap >koHe cakTayra MaKOyp Jen OarasaHaAbl. 3epTTey HaTuKeaepi
6orpiaIa D. fuchsii ecimairiniyg 6apasik LT yimnin nonyasnusaapAbis JKaFiaiibiH
OakplaayAbl >KaAFacThIPY YCBIHbLAAABL.

Tynin cesaep: Orchidaceae, Dactylorhiza fuchsii (Druce) Sod, LieHOIOmy AsIns,
OHTOTE€HEeTUKAABIK KYPBLABIM, MOP(POMETPIAALIK [IapaMeTpaep, JKac KypaMBbl, Be-
reTaTUBTIK Ko0eI0.
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Kipicne

Buos1orvaJIBIK, a/lyaH TYPJIVIIKTI caKTay MaceJsieci Kasipri Ke3eHJeri MaHbI3[bl MiHAETTEePAiH,
6ipi. AHTpOnOTeH/iK 9Cep/iH caJAapblHaH 6CIMAIKTEP/iH KONITEreH TYpJiepi }KOUbLIY YCTiH/E.
BuoasyaHTypJliJIiKTiH MaHbI3Jbl KypaMJac 0eJiiri cupek Ke3/eCeTiH »KoHe KOWbLIbIN 6apa
»KaTKaH TypJiep.Onapbl caKkTay/a, TepicacepiKoK, epeKilie KopFaJlaTblH TAOUFU ayMaKTapAaFbl
3epTTeyJiepre yJKeH MaH 6epineni [1-3]. Cupek ke3/ieceTiH eciMAiKTep KaTapblHa OpXuzesijap
TYKbIMJIACBIHBIH, 6KiJiepi /e »KaTa/bl, oJ1ap/blH Kenuijiiri KazakcranHbiH KpI3bl1 KiTaOblHA
eHrisijireH [4].

Opxupesanap TYKbIMAACBIHBIH, OKiJepl el aeMl 2kKoHe ajlyaH TyYpJli COHAIK TyJJep KoHe
OyJ1 TYKbIM/ZIACThIH epeKlle OUOJIOTHUSACHI 0JIapAblH Te3 XXOUbLIbIN KeTYiHiH cebenTepiHiH, 6ipi
60J1bIN TabblLIa/lbl XXK9HE OJIapFa apHalbl KOpFay Liapajiapbl KakeT. MyHAal 1apasap/blH,
TUIMJIJIrT  oJlapAblH OWOJIOTUSICBIH J>KOHe TYpJIepZiH aHTPONOreHAiK JKYKTeMeJiepre
TO3IM/IIITiH KaH-)KaKTbl 3epTTey/le OHTaMJIbl 60saAbl. TyKbiMaac Gesrisi 6ip acepyiepMeH
9p TYypJi apekeTTece/i, 6CiMIiIKTep KaybIM/JJAaCThIFbIHBIH €H 0ocaJj Kypamjac 6eJiri [4], osap
AHTPOMOTEeH/IK KYKTeMeJsiep Ke3iHAe PpUTOLeHO031ap/iblH KypaMbIHaH 6ipiHi 60sbIn Tycim,
TIpILJIIK €Ty OopTachlHbIH, ©3repyiHe eH ce3iMTas ekeHJiri atan eTiireH [5]. TYKbIMHBIH,
eHyl YyIIiH caHblpayKyJlaKTapMeH dpeKeTTeCcy OpXUAesJapAblH, TapajyblH ILIEeKTensa],
6ipaK MUKOpH3a OpxXujesiap/blH TYPaKTbLIbIFbIHA, 069CEKeJeCTIKTIH apTyblHa XdHe dJICi3
AHTPOIOTEHJIK dcepre bIKIaJ eTel.

OcimaikTtep oseminze mamaMeH 853 TybictaH [6] xoHe 25000 TypAeH TypaTbiH
KOCMOIIOJIUTTIK apeaJsibl eH, yJkKeH TyKbiMzac. OpxupedanapgaH Kasakcran aymarbiHzga 19
TYKbIM/JIACThIH, 33-Ke XKYbIK Typi eceni [7]. KentereH TypJsiep CoH/ZIK >KaFblHAaH FaHa eMeC,
MeULMHAJBIK TYPFbIAH [a KbI3bIFYLIbLIBIK TYAbIPAa/bl.

TykbiMaacThi, imiHge 30 TypAaeH TypaTbidH Dactylorhiza Tybickl CONTYCTIK »apThl Wapaa
KeHiHeH TapasraH [7] »xeHe KazakcTaHza 9 Typi ke3zecefi.

KasakcTaH ayMarblHAAFbl opxujessap ¢parMeHTTI Typhae 3eptTTenreH, Orchidaceae
TYKbIMJIAChl OKiJiepiHiH, 6MOJIOTUSJIBIK epeKIIeJiKTePiH, TYPJiK KYpaMbIH >KoHe TapaJsyblH
3epTTereH »kymbictap a3 [8]. CoHabIKTaH AKMoOJia OOJIBICBIHBIH, ayMaFblHJa TYKbIMJAC
TYpJiepiH KellleH i 3epTTey 6Te 03€KTi.

OpxugesanapAblH, OWOJIOTUAJIBIK SPTYPJIriH cakKTay YVIUiH OJIapAblH, PeNnpoAyKTUBTI
6u0JIOTUSICHI TypaJjbl 6isy KaxeT. OJiapZbl COTTI €Hri3y »oHe KaWTa €HTi3y VIUiH
6MOTEXHOJIOTHUSAJIBIK 9ICTEPAi KOJNAAHY KAaXKeT.

Dactylorhiza fuchsii (Druce) So6 6uWik menTi ajFbIHAbI KaybIMJACThIKTap/Ja HeMece
OpMaHHbIH, 6aTNaKThl lIeTTepiHAe eceTiH cupek Typ. O/ aFbIHAAPAbIH *KaFacblH/a, apasac
’)KOHE JKallblpaKThl OpMaHJap/blH WbIMbUIABIFBIH/A, KapaFau-KaWblHAbl OpMaHJap/Ja
a3 nonyasuusaaapja kesgeceri. Oy amblK, MIENTI eMec, MOJ bUIFa/JlaHFaH, 6ipak Cy/JblH,
TOKbIpaybIHCBI3 XXepJiepae eceni [9].

['yJILIOFBIPBI THIFBI3, Macak, Topi3Ai, Ky/ariH pesai 35-50 ry/feH Typaabl, ryaAepi KbI3FbIIT-
KYJITiH TYCTi, KOIO KYJITiH KiHillIKe ChI3bIKTapMEH dpJIEHTeH; Y3bIHAbIFbI 18 CM-/leH KoHe eHi
3,5 cM-re peitin xketeni. Uiccis. Epinaepi 6ipaeit mesepaeri yin 6esikke 6eJiiHe/li HeMece
OpTaHfbl 0OeJiiri OyHipAeH coJl Yy3bIHbIpAK; epiH Heri3iHJe yY3bIHAbIFbI 5-8 MM TyJITenkKi
opHasacazpbl [8]. MaychiM-1isiie aliapbiH/a Ty .
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TykbIMZapbl 6Te Maii/Jja, eHTiITiri TeMeH, 6ip fapaaa 186000 TykbiMFa aeitin [10] ke3geceni.
OJutapZiblH 6HYI TEK MUKOPHU3aHbIH KAaTbICybIMEH JaMU/bI.

KaszakcTanHblH KpI3bla KiTabblHa FaHa eMec [4], COHbIMEH KaTap 0J1 }KOUBLIbII KeTy Kaymi
TeHreH EyponaHbiH 6ciM/iik TypJiepiHiH Ti3iMiHe eHri3isireH, bepH KOHBEHLIUSACBIHBIH, )Kabaibl
dayHa MeH ¢JiopaHbl 9He Eypomnajarbl TaOUFU MeKeH/ley OPbIHAAPbIH KOpFay TypaJsibl
[ KocbIMiIackiHa, KOWBLIBIN KeTy Kayli TOHreH »kabailbl ¢ayHa »koHe ¢Jiopa TypJiepiHiH,
xaJblKapasblK, caygacsl Typasabl CUTEC KonBeHnuscbiablH, [I KocbiMinaceiHa eHrisiyires. Typ
Peceit ®enepanusicbiHja Ja KoprajaraH [11].

3epTTeyaiH MakcaTbhl AKMoJia 00JibIcbIHaFbl Dactylorhiza fuchsii (Druce) Soé (Orchidaceae)
TYPiHIH, 3KOJIOTHSJIBIK >X9He OWOJIOTHUSJIBbIK epeKlleyNiKTepiH KaJarajay MeH OaKbliayZbl
KaXXeT eTeTIH TYp peTiHje 3epTTey.

3epTTey MaTepHaJAapbl MeH djicTepi

3epTTey KYMBICBIHBIH, HbICAHbI peTiHJe 3 caHaTTarbl CUpeK Ke3JjeceTiH KasakKCTaHHBIH,
Kpi3bL1 kiTabbIHA eHrisinren Dactylorhiza fuchsii (Druce) So6 Typi anbiHAbI (cupek TYp) [4].

D. fuchsii uenononyasuusaapbid (L) 3eptrey «Kekweray» MYTII aymarbinpa 2021-
2022 xox. wingeHiH O6ipiHIII KapThICbIHJAA BereTaLUsJIbIK Ke3eHJe MapLIPYTThIK >XoHe
CTAaLlMOHApPJIbIK, dJicTepMeH Xyprisinfi. OciMAaikTep KaybIMAACTBIFbIHBIH CUNATTAMasIapbl
»KaJINbl KaObl/IJlTaHFaH re060TaHUKAJIBIK 9/licTepre colkec »xyprisiaai [12, 13].

Typain MopdosiorusibiK epeKileniKTepiH )koHe LeHONOoNy/IA L MaIapAblH Ka3ipri»kaFqalbIH
3epTTey OapbICbIHJA >KaJjlllbl KAOBbLIJAHFAH 9JicTep MeH Tociijep KojajaHbuiabl [14-17].
OPTYpJli OHTOTEHETUKAJBIK KYyHJepZeri JapakTapAbl 3epTTey Ke3iHAe cabaKTbIH OUIKTiri,
T'YJIILOFBIPBIHBIH, Y3bIHABIFbI, CabaKTaFbl »KalblpaKTapAblH CaHbl, KalblPaKThIH, Y3bIH/bIFbI
MeH eHi, »KamblpaKTapZafbl >XYHKeJsepiHiH caHbl XK9He T.0. CUAKTbl MOPGOMETPUSIBIK
KepceTkimTep esmeHzi. LleHononynsauusiapaarsl enueynep 5-10 gapakTap apajiblFbIHJA
CaJIbICTBIPMaJIbl TYp/e XKYprisinigi. OciMaikTep/iH *kep acTbl 66Jirineri TYMHEK XKoHe TaMbIp
»KyheciHe 3aKbIM KeJITiplJIMeH eJIIeH A].

Op TYpJi OHTOreHeTHKaJblK KyWjepre 3KaTaTblH ©CIMAIKTep/iH MOpPQPOJOTUSIBIK
cunattamaznapbl CymbembaeB A.A. eHOEKTepiH/le KOPCETI/IreH TEPMUHOJIOTHS MEH TaCLIepAi
KOJIIaHy apKblJbl XKy3ere acblpbli/bl [8].

3epTTey HaTWXecCiHAe *XuHanfaH D. fuchsii ecimikTepiHiH rep6apuil MaTepua[apbl
AcTaHa 60TaHUKaJbIK OaFbIHbIH repbapuil KOpblHA TalCbIPbLIABbIL.

3epTTey HOTHXKe1epi

Dactylorhiza fuchsii (Druce) S00 — KemMXbUI/bIK, 0CaJ, IIAJFbIHbI-OPMaH/bI TYP, COHAIK
»KoHe JI9piJIiK TYpAiH eKisi. OciMAiKTiH OUIKTIri 65 cM, cabaFbl ThIFbI3, TiK, KaJbIHAbIFbI 0,4-0,5
cM. TyiiHekTep 2-4 GesiikTeH Typabl. TaMbIpAbIH Y3bIHABIFBI 3-3, 5 cM. KanblpaKTapbIHbIH
caHbl 4-7 apaJibIFbIH/1a, YKOFaPFbl )KaFbIH/A KYJITIH-KOHbIP TYCTI KalbIpaK 60MbIMEH CO3bIJIFaH
JlaKTapbl 6ap, Y3bIHABIFbI 7,5-10 cM oHe eHi 1,6-2 cM; TeMeHTi )kanblpaKTaphbl KaJinak, Y3bIH-
JIAHLIETTI HeMece Kepi »KYMBIPTKA TOpi3/i, »KOFapFbl »KaFbl JOFaJ HeMece JIeHTeJIeKTeJITreH,
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y3bIHABIFbI 3-6 cM xkoHe eHi 0,3-0,5 cM; eH »KOFapfbl >KaNblpaKTapbl KiHillIKe, ChI3bIKThI-
JIAHLETTI, YUIKIp GOJIBII Keseai.

KP 3TPM OLIXK/K «boTaHnka xaHe GUTOUHTpoAyKI U HHCTUTYThI» LIIDKK PMK rep6apuii
KOPBIHBIH repbapuil MaTepuaajapbl 6oMbiHIIA KazakcTaH ayMarblHJa OCbl TYPZAiH KeJseci
bJylopuCTUKABIK ayAaHJap/a eceTiH opblHAAPbI aHbIKTaAAbl: 2. To6-Ecin, 3. Ept., 5 Keku.,
11a. Kapk,., 22. Anrait (1-cyperT).

KasakTblH Maii[la UIOKblJIapbIHbIH, ayMaFblHA 0alJIaHbICTbl MbIHAZAW TapaJjly HYKTeJsepi
a"biKTasraH: 5. Kekmeray - AkMosia 06J., CaHAbBIKTay OpMaH LIapyallblIbIFbl OB. 82,
KapaxkugekTi caiga (15.VI.1957. 'pubaHoB A.H.); Kapacbe KeJiiHiH MaHbl, TpaHUTTepAEri
Kapafaljbl opMaHap/AbiH apacbiija (4.VII.1937. llumkuxa J1.).

A b B
Cypert 1. KazakcraH aymarbsiHAarbl A-3. Ept, b-11a. Kapk,, B-5 Keki. ¢piopucTuKanbIk,
ayAaHjaapbiHaH XkuHasiraH Dactylorhiza fuchsii TypiHiH rep6apuii MaTepuaajapsbl

3. Epric - [laBnogap okpyri, KyBckuii aymanbl (1927. MenbBuib, KysHenos H.). 11a.
Kapkapanbl - KasakTbiH Maiifja mokKbliapbl, KapKapasibl KasacblHbIH, XKaHbl, KOJIJIIH, KaFa-
ceiHga (3.VIL.1937. JmutpueBa A.A.); Coatyctik Bankam. Kapkapa/bl ayblibIHBIH KaHBI.
Ken xxafacbiHa, KasblH Taa ToFaubinga (3.VIL.1937. iImutpueBa A.A.); Songaria in montibus
Karkaraly. (27.V1.1843. A.G.Schrenk).

D. fuchsii mbipma opMaHBbIHBIH LIETTEPiHEH, CUPEK Ke3JeCeTiH KaWbIH/bl-KOKTEpPEKTI
’KoHe KapaFaWJbl-KaWblHAbl OpMaHJapZa aHbIKTaaAbl. OUTOLEHO34apAblH, ILeNTi-0yTasabl
KabaTbIHbIH KypaMbIH/ia 27 TYp aHbIKTa/Zbl, OJIapAbIH illiHge TypJep 6acbiM: Rubus saxatilis,
Betula pendula, Calamagrostis epigeios, Equisetum sylvaticum, Pyrola rotundifolia, Poa nemoralis,
Filipendula ulmaria, Geranium pratense, Carex juncella, Mentha asiatica, Melica nutans, Orthilia
secunda, Pyrola rotundifolia, Phlomoides tuberosa. 3epTTeJireH L€HOMONYISLHsIaAPAbIH
KbICKallla 3KOJIOTUSIJIBIK-PUTOIL€HOTUKAJBIK CUIIaTTaMachl KecTe 1 KepceTireH.
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Kecte 1

AkMouia 06J1bIChIHA 3epTTesreH Dactylorhiza fuchsii neHonony/isiGMsIapbIHbIH, CHIIATTAMAChI

duToneHo3 TUII

OpHanackaH xepi

2Kannel npoeKUUSJIBIK,
»>KaMblJIFbL, %

[llenTi-6yTasbI
KabaT

Herisri TypJjep

AHTpoOmoreH-
JiK )KYKTeMe
JleHrewui

1 | KalbIHAbI-
KOKTepeKTi

PoroBckuii
OaTIaFbIHbIH
OHTYCTIK 6aTbIC
6eutiri, 31-kBapTau,
8 eHui

70

Lathyrus
vernus,
Fragaria
vesca, Angelica
sylvestris,
Geranium
sylvaticum,
Pyrola
rotundifolia

opTaila,
»KaJIFbI3 asiK
MKOJI,
40-XbUIJBIK,
OPMaH 0J1

2 | KapaFalJbl-
KaWbIH/ bl

Porosckuii
OaTHnarbIHbIH
OHTYCTiK-6aThIC
6eJiri. 30-kBapTan

65

Rubus saxatilis,
Alchemilla
vulgaris, Carex
sylvatica, Poa
nemoralis,
Linnaea
borealis,
Melampyrum
silvaticum,
Fragaria vesca,
Equisetum
sylvaticum,
Trifolium
repens,
Trifolium
pratense,
Geranium
sylvaticum

Opratua, ecin
KeJie )KaTKaH
YKOJT

3 | KBKTepeKTi-

31- kBaptaJ. Cyipert-

50

Fragaria vesca,

Opraiua, ecin

KaWbIH/bI- 1e Xep/ieH TOMEH, Centaurea KeJle )KaTKaH
KapaFanJibl mamMamed 2- LI gaH cyanus, KOJT
200 meTp xKepze op- Melica nutans,
HaJlacKaH Solidago
virgaurea,
Geranium
sylvaticum,
Rubus saxatilis
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KOKTepeKTi-Ka-
paraiibl

Kaiickuii 6aTnarbi-
HBIH, COJITYCTIK
weTtingeri Kuuyr-
CKUIl OpMaH 1apy-
aAllbIJBIFBIHBIH, 21
MeH 22 6J10ThbI apa-
CBIH/IAFbI 6CiM KeJle
YKaTKaH 0JT

45

Rubus saxatilis,
Lathyrus
vernus, Oxalis
acetosella,
Pyrola
rotundifolia,
Geranium
sylvaticum,
Cirsium
oleraceum,
Equisetum
sylvaticum

Opratia,
OpMaH 2K0J1

KOKTepeKTi-KalblH-
JbI-KapaFanJibl

’KoaablH TeMeHTi
6euiri, Kalickui
OaTnarbliHa »KaKbIH,
22-kBaprana

60

Oxalis
acetosella,
Pyrola
rotundifolia,
Solidago
virgaurea,
Rubus saxatilis

Opralua, ecin
KeJie )KaTKaH
KOJI

KaHbIH/bI-KOKTe-
peKTi

Kapcak ayblibiHa
»kaKblH, OpMaH/bl-
OyJIaK OpMaH Inapy-
Al bLJIBIFbI

70

Calamagrostis
epigeios, C.
arundinacea,
Equisetum
sylvaticum,
Pyrola
rotundifolia,
Poa nemoralis,
Rubus saxatilis,
Filipendula
ulmaria,
Geranium
pratense,
Carex juncella,
Mentha
asiatica, Melica
nutans, Orthilia
secunda, Pyrola
rotundifolia,
Phlomoides
tuberosa.

Opraiua, op-
MaH KO0J1

Typain LIT aygansr 0,5-Ten 100 m2-re aerid 6oabl. ThiFbI3AbIKTaFbl opTama D. fuchsii 1111
a3 )KYpeTiH OpMaH KoJ1JapblH/la, COHJIal-aK 6aTnaKTap/iblH, lIeTiH/e Ke3Jece/li. 3epTTeJiIreH
[T napakTapbiHbIH ThIFbI3AbIFRI 0,8 napak/m? (L1 5) aen 4,5 napak/m? (L{I1 4) geiiin 6015l
D. fuchsii canbl 8-pgen (LIl 1) 52-re (Il 6) peiin e3repgi. bapsablK JapaKTapAblH KaJlbl
CaHbIHaH reHepaTUBTIK JapaKTap/AblH yJeci (reHepaTUBTIiK Ko3dpounuenTi) 5,1-neH 80%-
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Fa JiediH 60sbl. [eHepaTUBTIK TONTHIH KeKe JlapaKTapbIHbIH alTapJbIKTal ke3zaecyi 6-1111
90%, 4-1II1 50%-paH actam TipkesreH. l[I1 1-e Tek reHepaTUBTIK OHTOreHETHUKAJIbIK KYH/IiH
KeKe JapakKTapbl KepceTisireH. KasfaH neHononynsnvsanaapia reHepaTUBTIK JapaKTap/AblH
canbl 20%-aaH acnajpbl.

3eptTenreH Dactylorhiza fuchsii neHononynsauusiapblHblH AeMorpadusblK, napaMeTpJiepi
KecTe 2 KepCeTi/IreH.

Kecre 2
Dactylorhiza fuchsii neHonony/isiusIapbIHbIH, JeMOrpadusIbIK CUIATTaMaChl
OIT | AyzaHsi, CaHpl, TBIFBI3JILIFDI, BapJ/biK fapakTap/iblH Kac kypampbl, napak
Ne M2 JlapakTap Japak,/ M2 »KaJIMbl CAaHbIHAH j im v g
reHepaTUBTIK
JapakTap/blH yJjeci

1 3 8 0,9 51 - -
2 10 2,6 8,9 5 2
3 11 7 0,8 80 - 1 1
4 30 3,9 29,1 8 7 12
5 2 9 4,5 22,2 1 4 2 2
6 20 52 3,7 22,9 11 | 32 16 18

Tasnkpliaay

Taburu karjaijia 3epTTenreH aymakra D. fuchsii TyKbIM apKplLibl Kebeleni. 3epTTey
allMaKTapblH/|a BET€TaTUBTIK K600 aHbIKTa/IMa/bl.

Typaiy kebeloiH 1IeKTeWTiH Herisri ¢akTopJsapAblH illiHEH TYpAiH OHTOreHe3[iK
epeKIleikTepi MeH aHTPONOreHAIK XYKTeMeHi aTal eTy KaxeT. 3epTTesreH LeHOIo-
NyJASUUsJapAblH, CIeKTpJepi KebiHece Heri3rifleH epekllesieHe/i >XoHEe OH J>KaKThbl
cunatka ue. lleHononynasauusaapAbly waMaMeH 30%-b1 opta Kactafbl, 70%-bl KeTiireH
(monynsinusaIapAblH )Kac }XoHe THIM/i/IIK KpUTepUilJiepiH ecKkepreH »kafana).

D. fuchsii 3epTTenreH 6 LleHONOMYJALMACH] YIUiH 2 OHTOTeHeTHUKa/bIK Ke3eHJi (pereHe-
pPaTUBTI, TeHEPAaTUBTI) k9He 4 OHTOTEHETHUKaJ/bIK KyiJjep (IOBEHWIbJIK, UMMaTypJbIK,
BUPTUHUWJIb/IK, TeHePaTUBTIK) aHbIKTa/lAbI (KecTe 2).

D. fuchsii 3epTTesreH LeHONONYJALMAJAPbIHBIH, CaHJbIK KypaMbl OOWbIHILIA a3, bipHelle
OHJIaFaH, CUpeK >KaFfaiijja »kKyszereH eciMziikTep O6ap. Xeke mapakrap 6ipkeski emec
OpHaJIaCKaH, Kac eciMAiKTep KelJe ry/JJeHreH AapaKTap/blH, allHa/lacblH/la >XUHAKTAJIbII
eceli. bysn »xac JapakTap/blH aHaJblK OCIMJIKTepAiH >XaHblHJAa 6HYyiHe 6aW/JaHbICThI.
[leHOMoNMy AU IaFbl AapaKTapAblH 1 M?-ri opTama ThIFbI3JbIFbI 1-4 AapakKTbl Kypanabl. 1
M?-Zle opTalla ThIFbI3JbIFbI 1-4 JapaHbl KYpPauThIH MIAFbIH [eHONOMY/IALMAIAp OYKiaI apeaJ
60ibIHILIA OYJ Typre ToH, TEK CUpeK *)aFfana D. fuchsii 6GipHelle y3/ereH eciMJiKTep/ieH
TYpaTbIH LeHONoNyAsAuusaaap/bl Kypasl [18].
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IKO-n1a 6y TypaiH neHononyasuusiapbl 50-90 aapagan typags! [19]. 3eptTenren Akmosia
ob6sabicbiHAAFb] D. fuchsii TypiHiH LeHononyasnusiaapbl 67-95 fapakTel Kypanzabl. 3epTTe/reH
L eHOMONYyNASAUANAPAbIH OHTOrMeHETUKAJIbIK CIEeKTpJiepi KaJbINThbl, TOJBIK JaMbIFaH,
»Kac Jlapasjiapbl 6acblM, COHbIMEH KaTap TIeHepaTUBTI OCIMAIKTEp CaHbl KOFapbl. AKMoJia
OOJIbICBIHJIA 3€epTTeJreH O6apJiblK LeHOMOoNy/asAlusaaapAblH, opTama cnektpi 23:36:11:30
(j:im:v:g) kypagbl. UMMaTypJbIK *KoHe TeHepaTUBTIK OHTOreHETHUKAJIbIK TONTap O6achIM.
KasakcTaHHbIH WBIFBIC aWMaKTapblHJA 6CeTiH L eHOMONyJslUsJapMeH CaJbICTbIpFaHAA
6i3 3epTTereH LeHONONY/IALUALAAFDI XKacC AapajapAblH YJKeH MalbI3bl TYP/iH TapayblHbIH,
COJNITYCTiK IIeKapachlHA >KaKblH OpHaJacyblHa OaMJIaHBICTBI OHTOTeHe3[liH, 6GipiiaMa
co3bLIybIH KepceTeai. 1-LII eki »kblL1JblK 6aKblaayaapbl 0y/ LEeHONOMY ISLUSAHbIH CaHbl MEH
TBIFbI3/IbIFbl TYPAKThI O0JFaHbIH KepCceTTi. OHTOTeHEeTHUKAJIbIK CIIEKTP/IE UMMATYPJIbIK XKoHE
reHepaTUBTIK eciMAiKTep 6acbiM 60JIbl, OJ1ap/iblH apaKaTbIHACKI OipliaMa e3repAi. Mbicaibl,
ryaai ecimziktepaiy yJeci 2020 *blibl 6CTi, aya-palbIHbIH KoJ1aWabl 601ybiHaH 2021 xbl1JaH
KeUiH ecTi oHe 2021 KblIJbIH CYBIK >K9He IIaMaJaH ThIC bLJIFaJI/bl Ka3blHAaH KeriH 2022
KbLJIbI TOMEH eKeHi 6alKaJibl.

Ex yiken nonynsanuda, «Kekwmeray» MYTII, Kopcak ayblibiHbIH MaHbIHAAFbl, OpMaHAbI-
O0yJlaKk OpMaH luapyallblIbIFbIHJA KaWbIH/Jbl-KOKTEPEKTI OpMaH/a, OyTaJbl-IIeNTi KaybIM-
JlacTbIKTapAa Ke3jece/i. Penbed Teric 6acrasnbin eHicteli. BuikTiri TeHi3 geHrelineH 376 m.

[Monynsanusa wenTi-AoHAlI eciMAikTepi 6ap bLIFAIAbl KaWbIHbl OpMaH/apAa OpHaJacKaH.
Aram geHreiin Betula pendula, xevine Populus tremula Ty3eni. lllenTi KabaT MblHA OpMaH
menTepiHeH Tysineai: Calamagrostis epigeios, C. arundinacea, Equisetum sylvaticum, Pyrola
rotundifolia, Poanemoralis, Rubus saxatilis, Filipendula ulmaria, Geranium pratense, Carexjuncella,
Mentha asiatica, Melica nutans, Orthilia secunda, Pyrola rotundifolia, Phlomoides tuberosa.
CblHaK aJlaHbIHBIH, alMaFbIHJA TYPAiH Aapajiapbl MIallblpaHKbl Ke3Jeceai, KaybIMAacThIKTa
epecek reHepaTUBTIK JapaKTap 6acbIM.

XKep ycrti xoHe xep acTbl OeJiriHiH Oesrisiepi Herisinge D. fuchsii oHToreHeTuKasbIK
kyiusepi «Kekmeray» MYTII, Kopcak aybliblHbIH MaHbIHAAFbl, OpMaHAbIOyJaK OpMaH
HIapyallbLIbIFbIHAA OpXUJesl TYKbIMAAPbIHbIH, 6HYi Ke3iH/e Y3bIH/bIFbl 2-5 MM NPOTOKOPM
eKi-ylI XKbLJ1 60MBI )Kep acTbIH/A TipLIIIK eTef|.

HOBenusbaik eciMjikTepae (j) OipHelle TaMbipJsapbl 6ap 6ip KiHilllKe JAHLIET TOpi3Ai
»KanbIpak naiaa 60J1a/bl >k9He OHbIH, GipHellle XKill Topi3/ii TaalbIKTapbl 60J1a/bl, OPTAHFBICHI
alKbIH, )XaHaMa TaMbIpJlapbl »KoHE KilllKeHTal YPUIbIK MilliHAi, 6eJilleKTeJMereH TYHHeri
6os1a/bl. KbIHAMTHI 2Kanblpak, OipiHII Kacbl/1 KaNblPaKTbIH HETi3iH K9HEe TOMEHTI KaFbIH/1a
6ip KaObIpIIaK Tapi3/i »kanblpaKThl Kopinakabl. Cab6akThIH eHi 0,4 cM.

WMMMaTypanblK eciMaikTepaid (im) y3biHAbIFbl 12-15 cM, eHi 1,2 - 1,8 cm 6osaTbiH 1-2
YJIKEH >KalblpaKTapbl 0ap >XoHe »KanblpaKTapAblH 4-8 im Topi3ai TanumbiKTapbl 6ap.
KanbipakTapbiHa AeHreJleKTeHreH-ConaKuia AaKTap ToH. 1-2 KbIHANThI koHe 1 KabObIpiiak
Topi3Ai »kanblpakKTapbl 6ap. TaMblp KyHeci y3bIH/JbIFbI WIamMaMeH 3,5-4 cMm, eni 0,5-0,8 cm
60J1aThIH 2 66JIEKTI Ty6epoUeH cCUaTTalabl.

Buprunuabzik ecimziktep (v) 8-10 »xin Tepi3zi TaawbliKTapbl 6ap 3 9He OJaH JAa Kel
Y3bIH-JIAaHLIETTi >KalblpaKTapblHbIH, O0JybiMeH cunartTanazbl. CabakThiy eHi 0,5 cm. Kep
acThl 6eJlirinjie 2-/1eH acTaM KOCbIMIIA TaMblpJiapbl )KoHE Y3bIH/bIFbI 4,5-7 cM, eHi 1,4-1,9 cm
60J1aTbIH 2-4 OeJilleKTe/NTreH Ty6epouaTaH Typajbl.
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[eHepaTUBTiK AapakTap/a (g) ry/aoFbIpbl 601a/bl. ¥3bIH/BIFBI 2,5-3 cM xkoHe eHi 1,5 cm.
BosiaThbiH ryamorbipga ryagep canbl 50. [llaMaMeH 2 y/KeH KoHe opTalia 2-3 »KanblpaKTaphbl
6ap, »kanblpakKTapbiHblH, 10-12 »xin Topi3ai TanbiKTapbel 6ap, 6ip KaObIpLIAKThI KoHe
KbIHAIIThI XKanblpakKTapbl 1-2 naHa. TemeHri »kanblpakTapAblH Y3bIHAbIFbI 8-10 cMm, eHi 2-2, 3
CM. >KOFapFbl XKanblpaKTapAblH Y3bIHAbIFbI 4,5-6 cM xaHe eHi 0,5-0,8 cm. Tambip xkyheci 5-8
KOCBIMIIIA TaMbIp/laH TYPa/bl 3koHe Y3bIHAbIFbI 5,5-8 cM.¥3bIHABIFBI 2,5-3,5 cM oHe eHi 1,5 cM
60J1aThIH 2-5 OeJileKTeNreH Tybepou bl 6ap (2-cyper).

Cyper 2. D.fuchsii TambIp xyiieci

Dactylorhiza fuchsii rynaeHy Ke3eHi MayCbIMHbIH asiFbIHA K9He LIiJIJIeHiH 6acbiHa KeJei.
KekTemZile HaypbI3blH asafblHJA-Cayip/liH, OacblHJa epireH Kap/blH apacblHaH KillKeHe
IIYHKbIpJapAa KyJriH-KOHbIp KabblpllaKkTapMeH (aHTOLMAaHUHMEH O60siIFaH) >KaOblLIFaH
D.fuchsii enayip yakeH (2-3 cM-re fieilin) OypuiikTepiH 6aliKayFfa 60J1azpbl.

Coyip alibIHBIH OpTachliHA Kapal osiap TonbIpak 6eTiHeH 3-7 cM koFapbl keTepineni. CayipAiH
COHFbI KYHJepiHAe-MaMbIpiblH 6acbiHga (25.1V-05.V) 6ipiHiui >kanbipak amibljia 6acTanabl
»KoHe TyJ Kebeci 6aiiKasajbl. XKamblpaKTapbl MaMbIp aWbIHbIH COHbIHA JAeWiH KaJsIbINThbI
MeJilepre xkeTe/ii. MaycbIMHbBIH OpTacblH/A IYAAei /i, WiiAeHiH 6acblH/Aa - OpTacblHAA Y/ el
oiTeni. Keke eciMaikTiH ry/ajeHyi miamameHn 3-4 antara co3bliajibl. JKeMicTepi TaMbI3/blH,
GipiHILII )XapThIChIHAA capFasl bacTalAbl, coAaH KeliH (KelJe capFaifaHfa JiediH) TyKbIMaap
Terisie 6actaiibl. COHbIMEH KaTap, »KaHapy Oypluiri 6aikasajibl, 0/laH KeJieci blabl cabak
naiaa 6oJsiaZibl - OHbIH MeJepi 2,4-3,3 cM 6osazbl. KypFak Kbligaphbl KanblpaKTap/blH,
capFalobl >koHe TYKbIMHBIH TOTiyi a/1jeKaii/ja epTepek 60/ybl MYMKiH (2-3 anTa). OBeHU/1bA]
J)KOHEe CEeHUJIb/I eCiMAiKTepiHeri BereTalusa/blK Ke3eHHIH Y3aKThIFbl epeceK BereTaTUBTIK
»KoHe reHepaTHUBTIK eciMAikTepre KapafaH/a mamMaMeH 1 aifra (Kypfak »kpLijgapsl 1,5 aiira)
KbICKa 60J1a/Ibl.

BapMak TaMbIpJiapbIHbIH, 6MOMacCaCbIHbIH, MAyChIMABIK JJMHAMUKAChl O0MbIHIIA KbI3bIKThI
MaJIiMEeTTep aJIblH/bl: Ka3aHHAH HaypbI3fa JAeMiH O6uomaccaHblH, 50-m1eH 90%-Ha jgeliH
TYWUHeKTep/e kaHe 5%-Fa »KybIFbl 2kaHaMa TaMblpJiap/ia, cabaKTap/iblH, yJeciH mamameH 10%
Kypanabl. Haypbi3ga epkeHHiH 6uvomMaccacel wamamed 20% Kypai/ibl, TYJIJ€HY YaKbITbIHA
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Kapaih 50%-ra fgeiliH ecefi, KbIpKyleKkTeH 6GacTan 6MoMaccaHblH, Heri3ri 6eJiiri KalTajaH
TYWHEKTep MeH TaMblpJiapFa opasia/ibl. bypiuik iwinik famy, kelbip aBTOpJIapAblH, NiKipiHile,
KYpJIbIKTaFbl TYHHEK TY3eTiH opxujessapfa 2-4 xbl1 imwiHge xypefi. Anaija, 6apJibIfbl
OYPLIIKTiH AaMybIHbIH, COHFbl JXbLJIbIH/AA OHJA BEreTaTUBTIK >XoHe TI'eHepaTUBTIK Myllle
TOJIBIFBIMEH KaJ/IbIIITaCaTbIHbIMEH KeJiceni. Bys »xkarmanjia ©CiMZiK KbICKbl TbIHBIIITHIK,
Ke3eHJe 60J1a/1bl, CO/IaH KEHiH KOKTeM/le 0J1 OCbl OYPIIIKTEH Kep YCTi epKeHiH Kypauapbl [5].

D.fuchsii Tabufu xafaaizia TeKk TYKbIMMeH Tapasajbl. OJ1 )KOFapbl TYKbIM 6HIMJiliriMeH
epekiieseHei-6ip JapakTa 20-aaH 56 MbIHFa AeHiH TYKbIM 60J1abl. ['y11ep/liH caHbI »)KacblHA
6aisiaHbICThI: kac 17,2+ 2,1, oprama »xac 29,1+ 10,5, epecek reHepaTuBTi Kyhae 15,3+3,2
[5]. ’KeMmicTepaiy nakaa 6oy nanbi3bl auTapJblKTal mwektepge 12-nen 80%-ra feliin (opta
ecenneH 47,6%) e3repe/j, >koHe 9/1eTTe OyJ1 0pTa }KacCTaFbl JapaKTap/a }KOFapbl. Op KbLJIJaphbI
6ip nonysnauusaga 6y/ KepceTKill alTapJibIKTal e3repesi.

TyKbIMHBIH ©HYIHIH, COTTIJiri, NPOTOKOPM MeH IBEHWIbAI 6CIMAIKTEpPAiH JAaMybl
YKeMICTep/iH KapKblHAbLIbIFbIHA Jja, KOJIAWJbl KaFAaWaapblH yWaecyiHe - bLIFalI[aHyFa,
MUKOpPH3a CaHbIpayKyJIaKTap/blH 60JyblHa 6AH/IaHBICTbL. OJETTe, «KaHAPY TOJKbIHbI» MOJI
»KeMic 6epreHHeH KeWiH 3-11i »KblJIbl Maiia 60J1a/ibl, OYJ1 KOIIETTiH €Ki bLJI/bIK KeP acThbl
JlaMyblIH *KaHaMa Typ/ie pactanzsl [19].

Taburu >Karjala BereTaTUBTIK KebOewi oTe cuUpeK Ke3dzeceli. TypakThl >xepJjepne
JlapakTapAbl 6akKbliay Ke3iHJe BereTaTHBTIK Ke0elo/liH TeK aHbIKTaJFaH 7 >XaFJadblH
TipkereH (1 UMMaTYpJIbIK )K9He 6 epecek Jjapak), ajl BereTaTUBTIK TypZe naiza 60faH Japak
aHacbIMeH b6ipael »xac kydiHge 6osabl. Aaiijia, BereTalysaablK 6Hy Ke3iHje 6ip TyYKbIMHaH
O6ipHelle MPOTOKOPMHBIH NHaija 60Jybl, COHJAN-aK PU30PECTUTYLUSJIBIK Kebew KabineTi
D.fuchsii KapKbIH/bl BereTaTUBTI K60O€eiHiH bIKTUMaJ MYMKiH/iriH kepceTeai [20].

3epTTeJireH KaJfaH LleHONOMNysLUsJapbl TOJbIK eMeC, UMMaTypJIblK, OHTOTeHeTUKAJIbIK,
»KaFJaii/IblH MpereHepaTUBTIK JapakTap ToObl 6achiM. 3epTTe/reH LeHONOny s UsIapAaFbl
reHepaTUBTIK JapakrapiblH yJjeci 5,4-teH 90%-ra jgediH 6osabl. HOBeHUJBJIK
OHTOTeHeTHUKaJIbIK Kyi/eri fapakrapablH canbl 1-geH (LI1 5) 11-re (LII1 6) xpeitin e3repepi.
BupruHuib/iik OHTOTeHEeTUKaJbIK KyHJeri JlapakTap 3epTTeJireH LeHONOMyaAlrsaJIap/blH,
Kemnuisiringe kespaeceni, osapabiH canbl 1-gen (LI 3) 16-ra (LII 6) geitin e3repegi.
[eHepaTUBTIK JapaKTapAblH caHbl LeHononyasauusaapaa 2-ged (LI1 5) 18-re genin (LI 6)
JleiH e3repeji.

[eHepaTUBTIK JAapakTapAblH MopdoMeTpUsibIK Oesrisepin Tanpay D.fuchsii eH 6uik
eciMZiKTep/iH KallblH-KeKTepek opMaHbiHAa (LI 6) xoHe KailblH-KapaFaid opMaHbiHzAa (LT
4) eceTiHiH KepceTe/li, oJlapAblH opTalla MaHi colikeciHIie 54,0 >xoHe 42,4 cM Kypalabl. by
6esTiHiH eH Killi opTaila MaHi (24,5 cM) KeKkTepeKTi-KapaFaiibl opMaHgarsl 2-1I1 yarinepinze
6aiiKasaapl. BipiHli »KanblpaKTblH, €HiHiH eH, yJKeH MaHi (2,9 cM) KalbIHAbI-KOKTEpPEeKTi
opManaFbl 3-11I1 gapanapbiHja 6aikaaajbl.

BipiH1li »kanblpaKThIH, Y3bIHABIFbIHBIH, MaKCUMaJ1Jbl opTama MaHi II1 2 anbiKTanaei-11,1
cM.opTaiua eHi (1,12 cM) »koHe »anblpaKTblH, Y3bIHABIFHI (3,96 CM) eH TOMeHTi KepceTKilTep
III 3-Te Tipkeszi. BipiHii »kanblpaKThIH, TaMbIpJapbIHbIH, CaHbl 6,9-1aH 12,9 naHara aeuiH
e3rep/i. ['yJIIOFbIPbIHBIH Y3bIHABIFBI 2-7eH 10,8 cM-re geitin e3repezi. Bysa 6GesriHiy,
MakcuMasbl MaHi UII 6-1a, eH a3bl L1 2-1e TipkesreH.
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Dfuchsii  3eptTenreH LIl >KUBIHTBIFbIHJAQ KyprisiireH 6esrisiepAiy e3repriwuTirin
6afanay oJiapablH e3repyiHiH 2,0-qeH 55%-Fa JeHiHri »KOFapbl [A9pekecCciH KepCeTTi.
D.fuchsii reHepaTHUBTIK JapaKTapblHbIH €H a3 e3repMeJii GeJrijsiepi-6ipiHiui *KanblpaKThIH
€Hi ’KoHe TYJILIOFbIPbIHbIH Y3bIHAbIFbI (cokKkeciHlie 3,3 »xoHe 7%). O3reprilTikTiy
MaKCHUMaJl/ibl Jlopexeci epKeHJep/iH Y3bIHAbIFbI yuliH kepceTisireH (58 %). 3epTTesreH
L eHONOoNyAAUANap/blH KONUIJIITiHIH )XaFlalblH KaHaFaTTaHapJIbIK Aen 6arasayra 60/1a/bl,
Jlecek Te Kofasy Kaymi 6ap. KanarattaHapJbik xxafaaiga 3 LI 6ap. Ex Hawmap xargaiga L1 2,
OHbIH, a3/bIFbl, FeHEPATUBTIK JapaKTap/iblH TOMEH yJieci Kayin TeHipei. CoHal-aK, opTaila
aHTPOMOTEHJIK dCep eTy Ke3iHJe JapaKTap/blH CaHbl MEH ThIFbI3/|bIFbIHbIH TOMEH/IriMeH
cunarrtanatblH 3 LIl ga ayblp »xafgaupga. bys ueHomonynsauusajap oprTaila JeHreunsi
AHTPONOTEeH/IiK acepre ToTel 6epe anajibl, 6ipak osap/bl caKTay yuliH 6esriii 6ip mwapasaap
KaxeT. EH a3 anapgaywbiblKTel HII 6 Kypanasl. LlleHononynanusaiapbly, KaHaFaTTaHAPJIbIK
KaFfalbl TEHEpPaTHUBTIK JAapaKTapAblH 1>KOFapbl YJeCiHe, MaKCHUMaJAbl ThIFbI3/IbIFbIHA
6aianbicThl. KasiFaH neHononyasyusaaap "cakrayfa Tayeaai” kyige. OcblFaH 6alaHbICThI
OapJiblK 3epTTeJreH LeHOMONYASAlusJap YIUIiH NOony/asuUsaap/blH *KaFJalblH GaKbLIayAbl
YK9HE OHbI YKaJIFACThIPYy YChIHbLIA/bI.

3eptrenreH LIl 6enrinepiniy e3repriwTirin 6afanay oJiapAblH, ©3TepyiHiH >KOFaphbl
JlapexeciH kepceTti. D.fuchsii reHepaTUBTI AapajiapblHblH €H a3 e3repMeJi Oesrinepi-
6ipiHLII ’KanbIpaKTbIH, €Hi »K9He TYJIIOFbIPbIHBIH Y3bIH/bIFbl (ColKeciHlle 2,9 xoHe 8%).
O3reprilTiKTiH MaKcUMaJ//ibl AdpeKeci epKeHAepAiH Yy3bIHAbIFbIHAA OalKasnagbl (59 %).
D.fuchsii ymiH uHTerpanzaHaTblH kepceTkiw (SC) uHTepBasibl 1,3-TeH 2,5-ke aeliH. TepT
LeHONMoNyNAANUAHBbIH, affaubl D.fuchsii "Kayin TeHreHre >KakblH fAen OafanaHajbl. Eki
LeHONONYJ/ISALUSA TeHEePaTUBTI AapasiapAblH KOFapbl yJeci MeH MaKCUMaJiAbl ThIFbI3/bIFbIHA
6allJIaHbICThI KAHAaFaTTaHApPJIbIK KyWae. bosanakTa 6apJ/blK 3epTTe/reH LeHONOoNyAsnusaap
YIIiH NONy/ASALMSAIapAbIH )KaFJalblH 6aKblJIay MEH OHbI XKaJFACThBIPY KAXKET.

Dactylorhiza fuchsii ueHononyasuusapblHAa 0i3 OBEHU/bAileH CEeHWU/bAire AeuiHri
6apJIbIK >Kac Ke3eHJepi MeH OHTOTeHeTHUKasblK KyHJsepai O6enapik. Dactylorhiza fuchsii
OHTOT€HETHKAJIbIK KYHJepiHiH »KUBIHTBIK MOP(POMETPUSJIBIK CHUIIATTaMacbl  KecTe 3
KOPCEeTIJITeH.

Kecrte 3
Dactylorhiza fuchsii neHononyasnusa/1apblHbIH, OHTOT€HETUKAJIBIK KYWIepAiH,
MOpP(POMeTPHUSAIBIK CUTIaTTaMacChl
Besri OHTOreHeTHKaJIbIK, Kyiiep
j im \% g S
JKanbipak, 1 1 2-3 4-5 2
CaHbl, JaHa
TeMeHri xka- 4-7 5-9 5-9 9-12 8-9,5
NbIpakK y3bIH-
JIbIFbI, CM
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TeMeHTi »xalbl- 0,5-1 1-1,5 1,8-2,5 1,8-2,5 2,5-3
pak eHi, cM
in Topisai 2-4 6-8 10 10-14 14-17
TaJ/IIIBIKTAp,
JaHa

OpKeHHIH 1 2 4 32-56 3
Y3BIH/IBIFbI, CM

['yiiofrsIp - - - 5-9 -
Y3BIH/IBIFbI

«Kekmeray» MYTII aymaFbIHAAFbI LleHONONYASALUAIApAA 4 »KanblpaFbl 6ap BUPTUHUJLAIK
JlapakTapAabl Ke3gecTipik (3-cypeT). ¥Y3bIHABIFbI 3,3 €M 9He eHi 2 cM KillkeHTal comakuia
nilmiHAl 6ipiHLII »Kanblpak, Y3bIHABIFbI 6,5-12 cM, eHi 3-3, 1 cM y3apTblifaH y3bIH MiliHAI
KeJieci ylI »KanblpaK. COHbIMEH KaTap, AaMbIMaFaH I'YJILOFbIpbl 6ap WaFblH OUIKTIri (12 cm)
TOMEeH reHepaTUBTI eciMJikTep TabblLiAbl. MyHJall fapaJiap »KaJfbl3, COHABIKTAH OJIap/blH,
HeHonony/asAnusaa 60aybl eciMAiKTepre Tepic acep eTnenai.

Cyper 3. Dactylorhiza fuchsii Buprunuiabai gapak

Kannel, Dactylorhiza fuchsii eciMzikTepi Ka/bINThl XafFAanaa. Tek Kehbip AapasiapblH
»KanblpaKTapblHbIH, OMBIPTKAChI3 »KaHyapJapAblH (CKoHJIKTep) HeMece ThIIIKAH Tapi3zi
KeMiprilmTepMeH 3aKbIMJaJFaHblH 0alKaJblK. CoHpal-aK, OaTMaKThIH »KaHbIHJA LeHOIOo-
HyJIsUSAChl 3epTTe/i, OHJla OapJiblK, FeHepaTUBTI JapanapAblH ryajepi (5 gaHa) ysinres.
BosxxaMm 6oubiHIIa, Dactylorhiza fuchsii Tya1uofbIpaapblH XXaHyapJiap e3/lepiHiH pallMOHbIH/A
naigananazbl [21-23].
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Dactylorhiza fuchsii Tabufy xxafjaiifja TYKbIM apKbljibl TapaJjazbl. [eHepaTUBTIK AapaKTap
»KaHbIHJA 23 IpereHepaTUBTIK Kac AapaKTapZbl TaNTbIK. ThIFbI3AbIFbI KOFaphl, KaJbIIThI
TOJIBIK JlaMblFaH Dactylorhiza fuchsii (1 m2-ae 41 aapara aeiiH) HeHONONyJISAMsChI a3 XKYpiJireH
OpMaH >K0JIJapbIH/IA YK9HE 6Cill KeJle KaTKaH Ta/llbIKTap/la, COHAAN-aK, 6aTnaKTapAblH LeTiHAe
Tabb1abl. Dactylorhiza fuchsii  ywin «Kekwmetay» MYTII aymafFblHJaFbl ©Cy >Kafjaliaphl
OHTAWJIbl 0OJIbIN TabbLIa/bl, Oy JKEeKe [AapaKTapAblH TIipLIiJIiK eTy >XaFJalblHAA >XoHe
OJIapAbIH, ThIFbI3/AbIFbI YKOFaPbl KOIITETEH KAJBIINTHI, TOJBIK JaMbIFaH 1JeHONONYSALMIap/bIH,
KaJIbllITacybIMeH cunaTTanajbl. BypbiHFbl yakbiTTa Dactylorhiza fuchsii TyhHekTepi (6acka
Jla TYMHEK Tapi3/li >KepyCTi opxu/iesyiapbl CUSKTHI) cajiell aldy YLiH J9piJiK MUKi3aT peTiHze
KOJIZIJaHbLJIFaH, 6ipaK 0J1ap/iblH CAHBIHBIH KYPT TOMEH/IeyiHe KoHe Kei/le TOJIbIK KOUbLIybIHA
6alJIaHbICThI OYJI TYp KONTereH epJjep/ie KopFaaajbl.

KOpBITBIHABI

Dactylorhiza fuchsii (Druce) Soo IeHONONy/ASALUSACBIHbIH, Kasipri kaffalblH 3epTTey
HOTHXKeJIepi KeJieci KOPbIThIHAbLIAP/bl 6epe/i:

«Kekmetay» MYTII aymarbiaaarsl D. fuchsii opMaH KaybIMJACTbIKTApbIH/AA Ke3/eCe/|.

3epTTeJreH LieHONONYASLUsiIap To/bIK eMec, D. fuchsii oHTOreHe3iH/Jie 2 OHTOTeHEeTUKAJIBIK,
Ke3eH, (MpereHepaTUBTIK, Fe€HEPATUBTIK) koHe 4 OHTOTEHETUKa/bIK KyH (IOBEHUJbJIK,
MMMAaTypPJiblK, BAPTUHUJIb/IK, TeHepPaTHUBTIK) aHbIKTaJAbl. Heriari oHTOreHeTUKaJbIK CIIEKTP
- KMMaTypJibl KYW/eri xKeKe JapaKTap TOObI.

D. fuchsii en, a3 e3repMesii MOpdOJIOTUABIK, Oeriiepi — O6ipiHLII XKaNbIPaKTbhIH, €Hi XoHe
T'YJILLOFBIPBIHBIH Y3bIHABIFHI (ColKeciHLIe 3,4 xxaHe 8%), eH e3repMeJii — 6pKeHHiH y3bIH/bIFbI
(62 %).

D. fuchsii 3epTTe/reH LeHOMONYJALMAJAPbIHbIH, KONUIIIIriHiH *KaFgaibl AKMoJ1a 00JIbI-
CbIH/A KaHafFaTTaHapJbIK, OFaly Kayni TeHreH. TabuWfu KelleHJepAiH aWTapJ/bIKTau
AHTPOMOTeH/IiK e3repyiHe 6alIaHbICThl OCbl AyMaKThIH 6CIMAIKTEP KaybIMAACTbIFbl TAOUFU
epeKIleJiKTepiH KoFaaTyga. bys Tap sK010TUANBIK aMIIMTYAAckl 6ap, Tapajy aiMaFbIHbIH,
Heri3ri GeJiiriHeH OKlliay/laHFaH epJep/le 6CETiH CUpPeK Ke3JeCeTiH eCiMiKTepAiH, COHbIH,
iminge opxupaesnap (Orchidaceae) exingepiniy cakTasybiHa acep eTei.

Cupek Ke3geceTiH eCIMAiIKTepAiH LEHOTUKAJBIK MNONYJAALUAJAPbIHbIH, KYpblJIbIMbI MEH
JAUHAMUKaCbl TypaJibl aJblHFAaH MaJIIMeTTep aWMaKTarbl TypJIepAiH Kasipri »kargavblH
6araJiay »KoHe oJlapAbl CaKTay MEH KaJillblHa KeJTipyJiH TWiM/Ji l1apaJjiapblH 93ipJiey YIiliH
KaxkeT. AKMoJia o0JibicbiHaFbl Orchidaceae TyYKbIMIaChIHBIH, KONTEreH OKiJAepi KopllaFaH
OpTa KaFJanJlapblHbIH 63repyiHe KoHe 6CiM/iK »KaMblJIFbICBIHBIH, aHTPONIOTeH/IiK 63repyiHe
auTapJbIKTau ce3iMTall.

ABTOpJIapAbIH, KOCKAH YJIecCi

Xaavimoéemosa A.E. - nananvlk 3epTTeysep/i KYpPrisy, ’KyMbIC HOTHKEJIEPIH KUHAY, MOTIHA]
»Ka3y KoHe Tajay;

Myxmyé6aeega C.K. - >xyMbICTbIH KOHLIENLUSICbIHA eJIeyJli yaec KOCy; MaTiH/i a3y, Taaaay
»KoHe TYCIHZipy, MaKaJlaHbIH, COHFbl HYCKACbIH YKapHusJiayFa 6eKiTy;
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Ab6uee C.A. - MdTiHHIH Ma3MyYHbIH CbIHU TYPFbIJJaH Kapay *KoHe MaKaJ/laHblH, COHFbI HYCKa-
CbIH )XapusJlayFa 6eKiTy.
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A.E. Xansim6eToBa'?, C.K. MyxtyGaegBa?, C.A. AGueB?
I@uauan PI'TI Ha TTIXB «HHcmumym 6omaHuku u gopumournmpodykyuu» KJIX2KM M3IIP PK
«AcmaHuHckull Bomanuueckutl cad», AcmaHa, Kasaxcmau
2Eepasulickutl HaOyUoHa/bHbIU yHUsepcumem umenu JLH. I'ymunesa, Acmana, Kazaxcmat

CoBpeMeHHOe cocTosiHue neHononyasauui Dactylorhiza fuchsii (Druce) So6 Ha TeppUTOpUM
THIII “KokmeTay”

AHHOTauusa. B craTbe mpejcTaBiieHbl pe3yJibTaThl U3ydeHUus 6 neHononysasanuit (L) peakoro
npegcraButens Dactylorhiza fuchsii (Druce) Sodé (Orchidaceae) B AKMOJIMHCKOW 06J1acTH Ha
Tepputopuu [HIII "Kokmeray". BoisiBsieHo, uTo D. fuchsii BcTpeuaeTcs B 6epe30B0-O0CHHOBBIX
Jlecax, B KyCTapHUYKOBO-TPaBsIHbIX coobuiecTBax. [IpefcTaBieHbl MopdoMeTpuiyecKkre napaMeTpsl B
neHononyasauusax Dactylorhiza fuchsii (Druce) So6 - pyvHa mo6era, JJWHA COLBETUS, NapaMeTphl
nepBoro JiicTta. [IokazaHo, YTO 60JIbIIMHCTBO LEHONMONYAALUH ABJIAIOTCI MOJIOABIMU U CIOCOOHBIMU
K caM0B0306HOBJieHHIO. LleHonmonyasuusa Nel, mpouspacraroujasi B HauboJiee apUAHBIX YCI0BUSX,
SBJISIeTCA 3pelolledl M mnepexoAHOW. PaccMoTpeHa H3MEHYMBOCTb W IJIACTUYHOCTb HEKOTOPBIX
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Mopdosioruieckux napameTpoB D. fuchsii. YcraHoBJieHAa CTPYKTypa W3MeHYMBOCTM MPHU3HAKOB.
AHanu3 MopdpoMeTpUYecKMX NPU3HAKOB TeHEPAaTUBHBIX 0cobGeill Mokasaj, 4YTOo HauboJiee
BbICOKOPOCJIblE PAaCcTEHUsI MPOU3paCTald B 6epe30BO-OCMHOBOM U COCHOBO-OGepe3oBoM Jiecy. [laHa
OlleHKa H3MEHYMBOCTU INpHU3HAKOB H3y4yeHHbIX LII, koTopasd mnokasasa, 4YTO MaKCHMaJbHas
M3MEeHYMBOCTb yCTaHOBJIeHA JJis JJUHbI nob6era (55%), HavMeHee M3MEHYMBBIMU NpPU3HAKaMHU
reHepaTUBHbBIX oco6elt D. fuchsii AyvHa conBeTHs U lKMpUHA niepBoro aucta (7 u 3,6%). OTMevaeTca
BBICOKAsl CTelleHb BapbUpPOBaHUSA NMpPU3HAKOB. HaGsaoaeHus 3a LIl npoBoauIu B TedyeHUe JBYX JET
(2021-2022 rr.). LII Ne1 HaxoAUTCA B yA0BJAETBOPUTEJNBbHOM COCTOSIHUH, YTO 0OYCJA0BIEHO BbICOKOM
JloJiell reHepaTUBHBIX 0CO6ed W MaKCHUMaJIbHOW MJIOTHOCThIO. CoCTOsHHME JIBYX IeHONMOmyasIuil D.
fuchsii N°2 1 N°3 onjeHMBaeTCs KaK yrpoalolijee K UCY1e3HOBEHHUIO U 3aBUCAILee OT coXpaHeHUd. [
Bcex u3ydeHHbIX I[Il pekoMeHJyeTcd MNPOJOKUTH MOHUTOPUHI U KOHTPOJb 33 COCTOSHUEM
oMYA M.

KnwueBble cioBa: Orchidaceae, Dactylorhiza fuchsii (Druce) So0, 1eHONONyJIAIMs, OHTOTEHe-
TUYecKas CTPYKTypa, MopdoMeTpUYecKUe MapaMeTpPhl, BO3PAaCTHONW COCTaB, BereTaTUBHOE Pa3MHO-
YKeHUe.

A.E. Khalymbetova'?, S.K. Mukhtubaeva?, S.A. Abiev?

“Astana Botanical Garden” the branch of the RSE “Institute of Botany and Phytointroduction”
Committee of forestry and wildlife of the Ministry of ecology and nature management of the Republic
of Kazakhstan, Astana, Kazakhstan
2L.N. Gumilyov Eurasian National University, Astana, Kazakhstan

Current condition of Dactylorhiza fuchsii (Druce) So6 cenopopulations on the territory
of SNNP “Kokshetau”

Abstract. The article presents the findings of a study conducted on 6 cenopopulations (CP) of a rare
representative of Dactylorhiza fuchsii (Druce) So6 (Orchidaceae) in Akmola region on the territory of
SNPP "Kokshetau". It was revealed that D. fuchsii occurs in birch-aspen forest, in shrub-grass
communities. The morphometric parameters in cenopopulations of Dactylorhiza fuchsii (Druce) So6 -
shoot length, inflorescence length, first leaf parameters were demonstrated. It is shown that the
majority of cenopopulations are young and capable of self-renewal. Cenopopulation No. 1 growing in
the most arid conditions is mature and transient. The variability and plasticity of some morphological
parameters of D. fuchsii are also considered. The structure of trait variability has been established.
Analysis of morphometric traits of generative individuals showed that the tallest plants grew in birch-
aspen and pine-birch forests. Variability in the traits of the studied CP was assessed, which showed
that the maximum variability was established for the shoot length (55%), the least variability in the
generative individuals of D. fuchsii was the inflorescence length and width of the first leaf (7 and
3.6%). A high degree of trait variation is noted. The observations on CPs were conducted over a two-
year period, spanning 2021 and 2022. CP No. 1 is in a satisfactory condition, due to the high
proportion of generative individuals and maximum density. The condition of two D. fuchsii
cenopopopulations No. 2 and No. 3 are assessed as threatening with extinction and dependent on
conservation measures. For all studied CP it is recommended to continue monitoring and controlling
the state of the populations.
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Distribution and ecology of Rock Pigeons (Columba Livia) in urban
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Abstract. This study examines the distribution and ecology of feral pigeons
(Columba livia) in urban areas of Kazakhstan. Despite their global presence, feral
pigeons have received limited attention from researchers. Understanding their
distribution and ecological characteristics is crucial for managing their impact on
urban ecosystems and assessing their potential as environmental indicators.

This study employs open eBird data to analyse the occurrence and distribution of
feral pigeons in major cities of Kazakhstan, particularly in Almaty and Astana. Data
spanning from 2007 to 2021 provide insights into their distribution in these urban
areas. The study assesses the percentage of occupied regions and the extent of their
range, providing information about the degree of their presence.

The findings suggest that feral pigeons are permanent residents in Kazakhstan
and may exhibit migratory behavior. They have a stable and wide distribution,
occupying various urban habitats. The study identifies areas with high concentrations
of feral pigeons, indicating preferred locations within the cities.

The findings of this study highlight the necessity for continued monitoring and
research to elucidate the distribution patterns and potential as bioindicators of
environmental pollution in anthropogenic landscapes. The obtained data can serve
as a basis for managing and creating sustainable and harmonious urban ecosystems
that support the diversity of bird species.

Keywords: Rock Pigeon, Columba livia, eBird, urban ecosystem, environmental
indicator.
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Introduction

Rock Pigeons are highly adaptable and can be found in a wide range of habitats, including
urban areas, farmland, and coastal cliffs. They are particularly common in urban environments,
where they can be found nesting and roosting on buildings and other structures [1]. They are
descendants of wild and domesticated rock pigeons that have colonized many cities across the
globe. However, they are one of the most ignored birds by ornithologists [2]. Studies have shown
that the presence of tall buildings is a significant predictor of pigeon density in urban areas [1].
However, the availability and proximity of anthropogenic food sources also play a crucial role in
determining the roosting and nesting prevalence of pigeons in urban areas [3]. Pigeons tend to
prefer areas with high human activity and food abundance, such as markets, restaurants, parks,
and squares.

Determining the distribution of wild Rock Pigeons in Kazakhstan is challenging due to their
long history of domestication. These pigeons were exported to different regions, released, and
became feral. As a result, feral pigeons can now be found both within and beyond the natural
range of their wild counterparts. Distinguishing between wild and feral pigeons in such cases
is often difficult [4]. Additionally, traditional methods such as population monitoring through
ringing have proven to be less efficient in accurately assessing their population trend in this
context [5].

In Kazakhstan, there are two subspecies: C. livia livia and C. livia neglecta. C. I. livia inhabits
the northern half of Kazakhstan, extending south to Mangyshlak, Mugalzhar, and Zaisan, where
it intergrades with C. L. neglecta, while it is found in the southern half of Kazakhstan [4].

The impact of Rock Pigeons in urban environments can vary depending on the region. In
some areas, they are considered a nuisance and can cause damage to buildings and other
structures. In other areas, they are valued for their role in urban ecosystem services, such as
providing a food source for predators and contributing to nutrient cycling. They can help to
connect humans with nature and biodiversity in urban settings [6].

Rock pigeons can also compete with native bird species for resources such as food and
nesting sites [7]. Furthermore, they can spread diseases to humans and other animals through
their droppings and ectoparasites [8]. Rock Pigeons are known to carry various parasites and
pathogens that can affect humans and other animals, such as nematodes, cestodes, avian lice,
salmonella, chlamydia, and histoplasmosis [8, 9]. The invasiveness of Rock Pigeons depends on
the availability of suitable habitats and food sources in urban areas, as well as the presence or
absence of predators and competitors.

Rock Pigeons have shown remarkable phenotypic and genetic variation among and within
urban populations, reflecting their diverse origins and selective pressures. For example, Rock
Pigeons exhibit different plumage colors and patterns that may be influenced by natural or
sexual selection, genetic drift, or human preference [10]. They also show different physiological
and behavioral traits that may help them cope with urban stressors, such as noise, pollution,
predators, and competitors [10, 11].

Rock pigeons in urban areas can serve as environmental indicators or model organisms for
ecological research [12]. The Omarova et all [13] sought to establish a relationship between
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heavy metal pollution levels in various areas of Almaty city of Kazakhstan and the cardiovascular
conditions of pigeons, indicating their potential as bioindicators for environmental pollution
and cardiovascular diseases, highlighting the need for further research.

In Borodikhin's 1968 work, three species of Columbiformes were listed: S. Orientalis, S.
Senegalensis, and S. Turtur. However, the species Columba livia was not mentioned [14]. t was
subsequently mentioned in a 1988 work [15], and Kovshar, in his 2008 study, considered them
to be among the most stable nesting species in Almaty, along with 15 other species that nested
in the city throughout the 20th century and continue to nest there now [16],

The Berezovikov [17] noticed the new feeding habits of grey pigeons in Kazakhstani cities,
where they have started consuming fruits such as Malus baccata, Elaecagnus angustifolia [18],
Cornus sanguinea, Parthenocissus quinquefolia and Robinia pseudoacacia [19] different crops.
This change in diet is likely the result of a lack of natural food sources, possibly replacing
obsolete dumpsters with modern ones, which limits the bird's access to food waste [17].

This article aims to explore the ecology of Rock Pigeons in urban environments using
open data sources, such as GBIF and Ebird. In other hand, open data sources may not provide
information on all aspects of Rock Pigeon ecology, such as their behavior and physiology [12]. By
analyzing the occurrence and distribution of Rock Pigeon data in different cities of Kazakhstan,
including their average abundance, seasonal population, occupied region, and days of presence.
The goal is to understand their population dynamics, and ecology in urban environments and
identify any correlations between these factors.

In urban bird ecology research, leveraging open data sources like GBIF and eBird has
significantly expanded the ability to study species over wide areas and periods. These platforms
collect vast amounts of observations from a global community, offering a deep dive into bird
distribution and behavior in cities. However, this approach comes with challenges, including
variable data accuracy due to the diverse expertise of contributors and a tendency for data to
concentrate in urban areas, potentially skewing species distribution insights. To address these
issues, researchers integrate this data with direct field observations and use sophisticated
statistical methods to ensure accuracy. Efforts to improve data collection practices among
citizen scientists are also crucial for enhancing data quality. Despite its challenges, using GBIF
and eBird effectively can provide valuable insights into urban bird ecology, making it a useful
tool for scientists studying avian species like the Rock Pigeon in city environments.

Methodology

Study area

The study area for this research encompassed various regions of Kazakhstan, with a specific
focus on the major cities of Almaty and Astana. The objective of the study was to investigate the
population dynamics and characteristics of Rock Pigeons in urban environments.

Data collection

The methodology was adapted from the protocols and guidelines provided by eBird.org, a
widely recognized and reputable platform for collecting bird observation data. The specific
citation you mentioned, Fink et al. [20], outlines the eBird Status and Trends data version
released in 2021, which served as a valuable resource for this research.
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Data analysis

Estimating Average Relative Abundance: The average relative abundance of Rock Pigeons
in each city was estimated based on the number of observed individuals and the total number
of checklists submitted during the study period. This metric provided insights into the overall
density and population size of Rock Pigeons in specific areas.

Assessing Percentage of Seasonal Population: To determine the percentage of seasonal
population, the relative abundance of Rock Pigeons within the study region was compared
to the global estimated relative abundance for a particular season. This calculation involved
dividing the sum of the estimated relative abundance within the study region by the sum of the
estimated relative abundance across the world.

Determining Occupied Region Percentage: The occupied region percentage indicated the
proportion of the selected region that fell within the range boundary of Rock Pigeons for a
given season. It was determined by considering the modeled range boundary of the species and
identifying the portion of the selected region that fell within this boundary.

Analyzing Days of Presence: The number of days of presence represented the duration for
which Rock Pigeons were observed in the selected region. It was calculated based on spatial
presence, considering that the species was present in at least 5% of the territory of the selected
region, as estimated from the average relative abundance for the corresponding season.

Statistical Analyses: The collected data underwent statistical analyses to uncover meaningful
patternsandrelationships. Descriptive statistics, such as means and percentages, were calculated
to summarize the population characteristics and distribution patterns of Rock Pigeons in the
study cities. Spatial analyses, including mapping and spatial clustering techniques, may have
been employed to visualize the occupied regions and assess the spatial distribution of the
species.

The graphs of results were generated using the R statistical program and MS Excel [21].

Discussion

Understanding the distribution and ecological aspects of the Rock Pigeon is for effective
urban wildlife management. The variation in mean relative abundance across regions indicates
differences in habitat suitability and food availability. Almaty city, East Kazakhstan, and South
Kazakhstan exhibit higher abundance, which can be attributed to a combination of suitable
urban habitats and food sources. The higher percentage of region occupied in Almaty and Astana
cities shows the adaptability of Rock Pigeons to urban landscapes. Urbanization, availability of
nesting sites, and access to anthropogenic food sources influence their distribution [22].

Urbanization may have a significant impact on Rock Pigeon populations, as seen in their
preference for areas with high human activity and food abundance. The presence of tall buildings
and urban structures can also influence their density in urban environments [23].

Rock Pigeons have adapted remarkably well to urban environments, thriving where many
species struggle. This success can largely be attributed to their ability to exploit human-provided
resources and the urban landscape itself. Research has shown that pigeons find ample food from
human activities and safe nesting sites in tall buildings, leading to higher breeding densities in
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cities [24]. Moreover, urban settings provide a peculiar advantage by offering protection from
predators and consistent food sources, even though they come with their own set of challenges
such as food scarcity during certain periods, which significantly impacts pigeon populations
[25].

Results

The findings of this study reveal that the Rock Pigeon in Kazakhstan is predominantly
a sedentary species, with populations that may undertake migration. The data collected
demonstrates that the Rock Pigeon is present throughout the year in the studied territories,
indicating a resident population (Fig 1).

The Rock Pigeon is considered a common species in Kazakhstan, with its presence observed
consistently across the different regions. The analysis of the data indicates that the species
occupies a significant percentage of the selected regions, with high levels of occupancy recorded
in several areas. Furthermore, the Rock Pigeon exhibits a relatively stable and widespread
distribution, occupying a range of habitats in urban environments (Fig 1).

Year-round

0.01 0.37 5.2

Figure 1

Abundance of Rock Pigeon Columba Livia Relative abundance is depicted for each season along
a color gradient from a light color indicating lower relative abundance to a dark color indicating
a higher relative abundance. Relative abundance is the estimated average count of individuals
detected by an eBirder during a 1 hour, 1 kilometer traveling checklist at the optimal time of day
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for each species. eBird data from 2007-2021. Estimated for 2021. Fink, D. et al. 2022. eBird Status
and Trends, Data Version: 2021: Released: 2022. Cornell Lab of Ornithology, Ithaca, New York.
Powered by eBird. https://doi.org/10.2173/ebirdst.2021

The Table 1 shows the mean relative abundance, percentage of seasonal population,
percentage of region occupied, and percentage of range in region for rock pigeons in various
regions and cities in Kazakhstan.

Table 1
The mean relative abundance, percentage of seasonal population, percentage of region
occupied, and percentage of range in region for Rock Pigeons in various regions of Kazakhstan.
Source: eBird.org

Region/city Mean relative Percentage of Percentage of region
abundance seasonal population occupied

Astana city 4 0 91%
Almaty city 10.6 0 100%
Almaty, Jetisu 0.6 0.2% 36%
Agmola 0.1 0 5%

Aqtobe 0.03 0 2%

Atyrau 0.02 0.9%
East Kazakhstan 0.7 0.4% 52%
Mangystau 0.2 0.1% 17%
North Kazakhstan 0.04 0% 2%

Pavlodar 0.1 0% 9%

Qaraghandy 0.1 0.1% 14%
Qostanay 0.01 0 0.6%
Qyzylorda 0.07 0 3%

South Kazakhstan 0.3 0.1% 13%
West Kazakhstan 0.01 0.3%
Zhambyl 0.3 0.1% 26%

The mean relative abundance varied across regions, with the highest values observed in
Almaty city (10.6), East Kazakhstan (0.7), and South Kazakhstan (0.3). In contrast, Qostanay and
West Kazakhstan exhibited the lowest mean relative abundance (0.01 each). These variations in
abundance may be influenced by factors such as habitat suitability, food availability, and human
activity.

The percentage of seasonal population was generally low across most regions, indicating that
Rock Pigeon populations in Kazakhstan are predominantly sedentary. However, slightly higher
percentages were observed in Almaty, Jetisu (0.2%), and East Kazakhstan (0.4%), suggesting
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a seasonal concentration of Rock Pigeons in these areas. Further investigations are required
to determine the drivers of these seasonal variations and their implications for the species'
ecology.

The percentage of regions occupied varied significantly among the studied areas (Fig 2). Almaty
city and Astana city exhibited high percentages of regional occupation, with 100% and 91%
respectively, indicating a widespread presence of Rock Pigeons throughout these regions. Other
regions, such as East Kazakhstan (52%), Almaty, Jetisu regions (36%) and Zhambyl (26%), also
showed substantial occupation by the species. In contrast, Qostanay had the lowest percentage of
regions occupied (0.6%). These findings indicate that habitat suitability and urbanization levels
play a significantrole in determining the presence and distribution of Rock Pigeons across different
regions. However, it is important to acknowledge that the observed variations in occupation
may also be influenced by factors such as limited birdwatching activities and underreporting of
sightings. It is possible that there could be a higher occupancy of Rock Pigeons in certain areas,
but due to a lack of recorded data or reporting, their presence may go unnoticed.

Region Occupied percentage of Rock Pigeon

West Kazakhstan
Qostanay

Atyrau

Morth Kazakhstan
Agtobe
Qyzylorda
Agmola
Pavlodar

South Kazakhstan
Qaraghandy
Mangghystau
Zhambyl

Almaty, Jetisu
East Kazakhstan

[ J—

10 20 30 40

on
=

Figure 2. Region Occupied Percentage of Rock Pigeon by the regions of Kazakhstan

The percentage of range in the region was generally low across all areas, indicating that the
selected regions represent only a small portion of the Rock Pigeon's total range. Almaty city
had the highest percentage (0.5%), suggesting a limited extent of the species' range within the
city. Other regions had negligible percentages, suggesting a limited extent of the species' range
within those areas. The results emphasize the need for further research to assess the species’
range and its ecological implications in Kazakhstan.
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Conclusion

In conclusion, this study provides insights into the ecology and population dynamics of Rock
Pigeons (Columba livia) in urban environments in Kazakhstan. The findings reveal that Rock
Pigeons are common and widely distributed throughout the year in the studied regions. They
show a preference for urban habitats with high human activity and food availability.

The study identified variations in abundance, seasonal population, occupied region, and
range across different cities and regions. Factors such as habitat suitability, food availability,
and human activity influence the abundance patterns. While Rock Pigeons in Kazakhstan are
predominantly sedentary, slight seasonal concentrations were observed in some areas.

Habitat suitability and urbanization levels play a significant role in determining the
presence and distribution of Rock Pigeons. However, limitations in birdwatching activities and
underreporting of sightings may underestimate their occupancy in certain areas. The Rock
Pigeons serve roles in the urban ecosystem, in other hand their abundance raises concerns
about disease transmission and ecosystem imbalance.

The study highlights the importance of continued monitoring and research to understand
Rock Pigeon ecology, including their interactions with native species, human activities, and
environmental factors.
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B.T. Bepaikysios'?, A.3. TaBpuaoB?, C.K. Bek6eH6eTOB?
194-@apabu amviHdarbl Kazax yammuik yHugepcumemi, Aamamel, Kazakcmax
2300/102ust uHCMumMymsl, Aamamol, Kazakcmat

Kek kentepziH, (Columba Livia) KazakcTaHHBIH, Ka/IaJIbIK XKepJiepiHJe Tapaaybl MEH
3KO0JIOTHACHI

Anpatna. bysn makanana KasakcTaHHBIH, KaJasblK ayZaHAapbiHa kek kentepfiH (Columba livia)
Tapajlybl MEH 3KOJIOTHACHl 3epTTesefi. Kek kenTepJsepAiH oajeMje KeH TapajyblHa KapaMacTaH,
3epTTeylijiep 6yJ1 TYpAl Hazapra aaMai kaTaabl. OJlapAblH Tapaiybl MeH 3KOJIOTUSChIH TYCiHY — KaJsa
3KOXyHeciHe acepiH 6isy/ie :KoHe IKOJIOTUSJIBIK UHAWKATOD PeTiHAeri a/ieyeTiH 6aFasiayia MaHbI3bI 30D.

By 3epTTeyae eBird ambik gepekTepiH maigasaHa oThIpbin, KazakcTaHHBIH 6apJiblK eHipi MeH
AnmMarthl, AcTaHa CUSKTHI ipi Kasasap/a Kell KenTepAiH Tapaaybl Typasbl aiTbliagbl. 2007 xKbL1gaH
2021 xblL1Fa fgeliHri gepekTep TYPAIH KaslajblK >KepJieplle Tapaiybl Typajbl MaJiMeT OGepefi.
3epTTeyAe oJlapAblH aTa/faH MaHJa Ke3Jecy JAapexeci, MayCbIM/bIK 63TepicTepi MeH alMaKTap/bl
KaMTy MalbI3bl TypaJibl HOTHXeJep 6ap.

HaTmxke 6oliblHIIA, KOK KenTepZiH KasakcTaHAa TypaKThl TYp €KeHiH *XKoHe azjal MUTrpauus
»KacalThIHBI alThLIaAbl. Oylap KenTereH ypb6aHUCTUKAIBIK aiMaKTap/ia TYPaKThl 9pi KeH TapaJsiFaH.
CoHpali-aK, 3epTTey/ie KoK KeNTep/liH Kol LOFbIpJaHFaH allMaKTapbl aHbIKTaaa/bl.

3epTTey KOPBITBIH/bICHI OOWBIHINA KOK KENTepZi aHTPONOTreHAiK JiaHAmadTTapAaFbl KopliaFaH
OpTaHbIH JaCTaHYbIHbIH OGHOWHJAUKATOPJIAPbl peTiH/e MailjanaHy YIUiH y3/iKCi3 MOHUTOPUHT NeH
3epTTey XKYprisy KaxeTTiriH kepceTTi. HoTuxkesiep opHuTodayHa anyaHAbIFbIH KOJJAUThIH TYPaKThl
»KoHe YilsleciMAi KanablK 3K0XKyHesep/ii 6ackapy/ia nanaaabl 60J1a aaa/ibl.

TyiiiH ce3aep: kek kerepuiiH, Columba livia, ebird, KaaanbiK 3K0XKyHe, 3KOJOTUAIBIK, KOPCETKIIL.
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B.T. Bepaukynos'?, A.J. laBpunor2, C.K. Bek6eH6GeTOR?
!Kazaxckull HQYUOHAALHLIU yHUBepcumem uMeHu aab-Papabu, Aamamol, Kazaxcmau
2Hucmumym 3004102uu, Aamamel, Kazaxcmau

PacnpocTrpaHeHue U 3K0J10TMs1 CU3bIX rojy6ei (Columba Livia) B yp6aHUCTUYECKUX palilOHAX

AHHOTanusa. B 1aHHOM Hcc/leOBaHUM HM3y4aeTcs pacnpoCTpaHEHUE U 3KOJIOTHUS CU3bIX FoJly6ei
(Columba livia) B ropoackux parioHax KazaxcraHa. HecMoTpsi Ha cBoé rio6aibHOe MPUCYTCTBUE, CU3bIe
rosiy6y NMpUBJIEKJM OrpaHUYEHHOe BHUMaHUe ucceoBaTeseld. [[oHUMaHue UX pacnpoCTpaHeHUsI U
JKOJIOTUUECKHUX XapaKTepUCTHUK UMeeT pellalollee 3Ha4eHHe /i YIpaBJIeHUs UX BO3/JeCTBHEM Ha
rOpOJICKHE 3KOCUCTEMBI 1 OLIEHKU UX MOTeHIMaJla B Ka4eCTBe IKOJIOTMUeCKHUX UHUKATOPOB.

Hcnonb3yss oTKpeIThble AaHHble eBird, B 3TOM HcciejoBaHUM aHAJW3UPYETCS BCTPEYAeMOCThb
M pacrnpocTpaHeHUe CU3bIX rojybeidl B KpyNHbIX ropojax KasaxcTaHa, B 4YaCTHOCTH, B AJMaThbl U
Actane. /lannbie ¢ 2007 no 2021 roa npeAoCTaBJSIOT NMPeJCTaBJIeHHEe 00 UX pacnpe/ie;IeHUU B 3TUX
rOpo/ICKUX palioHax. B ucciiejoBaHMY OlleHUBaAeTCs NPOLEHT 3aHKMaeMbIX PErMOHOB M OXBaT apeaJioB,
npeAocTaBJsAsd UHGOPMALMIO O CTENEHU UX TPUCYTCTBUSL.

Pe3ysibTaThbl MOKa3bIBAIOT, YTO CU3ble TOJYOU SIBJASIIOTCSA NMOCTOSIHHBIMU BuAaMmu B KasaxcraHe
M, BO3MOXXHO, MNpOSIBJSAIOT MHUrpalMoOHHOe MoBejeHHWe. OHM HMMeIOT CTaOW/IbHOE W LIMPOKOe
pacnpocTpaHeHHe, 3aHUMasl pas3/iMyHble ypO6aHUCTHYECKMe MecToobuTaHusl. MHccienoBanue
onpejiesisieT paliOHbl C BbICOKOM KOHIlEHTpalUed CHU3bIX rosy6el, ykasblBas NpeAlnoYTUTe/bHbIe
MecTa B ropo/iax.

B 3TOM HcciiefoBaHUM NOAYEPKUBAETCS HEOOXOAUMOCTD NPOBEEHUS IOCTOSIHHOTO MOHUTOPHHTA
M HCCIelOBaHUM [/ NMOHHMMaHUs MoJeslel MX pacnpocTpaHeHHWs W MOTeHIMajla B KayecTBe
OMOMH/AUKATOPOB 3arpsi3HeHUs] OKpY»Kalolllel cpefibl B aHTPONOreHHbIX JaHAmadTax. [losyyeHHble
JlaHHble MOTYT CTaTb OCHOBOW yNpaBJIeHUS W CO3JaHUS YCTOMYMBBIX U TapMOHMUYHBIX OPOACKHUX
3KOCHUCTEM, N10/]JIePKUBAIOIUX pa3HOOOpa3re OpHUTODAYHBI.

KniouyeBble ci1oBa: cusbiil roay6b, Columba livia, ebird, ropojackasi 3kocucTeMa, 3KOJI0THYeCKUH
WUH/JMKATOP.
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Annotanms. Cobaky HOpPOABI Ta3bl IOABUANCH Ha Tepputopun Kasaxcrana 6o-
Aee ceMU THICAY AeT Ha3a M C TeX IOp CTaAl HaIlMOHAaAbHBIM JOCTOSHMEM Ka3ax-
ckoro Hapoda. ITo nHeopunmaapasM orenkam ITPAOOOnCOX "KAHCOHAP", B
HacTosiIlee BpeMsi octaa0ch Bcero okoa0 3000 cobak Ta3bl, HO He 60aee 350 BbICOKO-
KAaCCHBIX cO0aK C pOAOCAOBHBIMHI A0 YeTBepTOro nokoaeHus. CoxpaHeHue 1 yIpas-
AeHne TaK/MH IIeHHBIMU U PeJKIMU ITopojaMu TpeOyeT M3ydeHMs X reHopoHAa
U CICTEMHOTO KOHTPOAs ONYAAIIMIOHHO-TeHeT4ecKnx rapameTpos. B Kasaxcrane,
Kak 1 BO BCeM MIpe, paHee reHeTIeCKIX MCCAeA0BaHIii co0aK IIOPOABI Ta3bl He ITPo-
BOAMAOCK. Lleapio HacTosIIIero nccaeA0BaHus SABAAAOCH M3ydeHle IlapaMeTpOB TeHe-
TIYECKOTO pa3HOOOpasysl 4451 IOITY ASILINIA Ta3bl C pa3ANYHBIX pernoHoB KasaxcraHa.
bria nmposeaen MukpocareaauTHbIN aHaan3 19 A0KycoB ¢ ncroab3oBaHueM Habopa
Thermo Scientific Canine Genotypes Panel 1.1, koToprii1 BKaouaa 19 pexomeHa0-
BaHHBIX MeXXAyHapOAHBIM OOIIIeCTBOM TeHeTMKM KMBOTHBIX A0Kycos (AHTKk211,
CXX279, REN169018, INU055, REN54P11, INRA21, AHT137, REN169D01, AHTh260,
AHTk253, INU005, INU030, Amelogenin, FH2848, AHT121, FH2054, REN162C04
AHTh171 andREN247M23) B pesyabraTe ObLAM ITOAy4deHBI reHeTHUIecKye podpuan
aas tasnl ¢ IOxnoro, Cepeproro u Bocrounoro pernonos Kasaxcrana. Jocratouno
BBICOKasI TeHeTHJecKasl MU3MeHUMBOCTD V1 CpaBHUTEABHO HEBBICOKUI YPOBEeHb MHOPU-
AVIHTa, KOAMYEeCTBeHHO OIlpe e AeHHbIN T0AUMOP(HBIMI MUKPOCaTeAAUTaMI y Ta3bl
IOxmnoro, n, B Menp1ent crerieny, CesepHoro u Bocrounoro pernonos Kasaxcrana,
MOIYT OBITH CBsI3aHBI C OOABIIION I'eHeTMYEeCKO M3MeHUMBOCTBIO Y KMBOTHBIX-OCHO-
BaTeAell 9TOM ITOPOAbI A1O0 ¢ MeTu3alueit mopoasl. [loaydeHnble pe3yAbTaThl B Iep-
CIIeKTVBE MOTYT CAYKUTb AAsl pas3pabOTKM HaydHO-OOOCHOBAHHBIX CeAeKITMOHHBIX
IpOrpaMM IIO YIIpaBAeHUIO U pa3BeAeHIIO DTOV HOPOABL.

Kaiouesble caoBa: mopoja Tas3bl, MUKPOCATeAAUTHBIN MapKep, TeHeTHIeCcKIii
1poduab, reHO(POHJ, MHOMYASILNMOHHAs TeHeTMKa, TeHeTUdeckoe pasHOOOpasue,
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BBeaeHue

OZiHOM U3 NPUOPUTETHBIX 337]a4 OTe4YeCTBEHHOM HAaYKU SIBJISIETCS COXpAaHEHUE U IO epKaHHe
6M0JIOTUYECKOT0 pa3HOO0Opa3usl HaLMOHAJNbHBIX MOPOJ KHWBOTHBIX. Tasbl, MJIM KalaxcKas
6op3asi, - o/lHA U3 JIpeBHEHIIUX MOPOJ cobaK, oPpUIlMaIbHO NMPU3HAHHAS HALMOHAIbHbBIM
focrosiHueM Pecny6vku KazaxcTaH U BASOIAACA HACTOSALIMM NaMATHUKOM KYJbTYPbI U
HMCTOPUM Ka3axcKoro Hapoja. [lo HeodunuanbHbIM oneHkam [TPAOOOuCOX "KAHCOHAP", B
HacTosllee BpeMs ocTanoch Bcero 0kos10 3000 cobak Ta3bl, HO He 60Js1ee 350 BbICOKOKJIACCHBIX
c06aK C po/IOCJOBHBIMHU /10 YETBEPTOT0 MOKOJIeHHUsl. Kak MOSICHSIOT Cllel[uaIuCThl, BBIMUPAHUE
Ka3aXCKUX OPOoJ, 60p3bIX HA4aJ10Ch [10/] BO3/1€MCTBHMEM COLIMAIbHO-9KOHOMUYECKUX PaKTOPOB:
nocJjie peBoJitoMU U rosoaa 1930-x rooB Ka3axu Mepeliv OT KOUeBOTO K 0celJIoMy 06pa3y
YKU3HU, Tepssd TPaJULMH, COKpalllasi OXOTHUYbU YTro/ibsl U YMeHbIlasi MaclITabbl OBL€BO/CTBA.
B pe3ysibTaTe HY»/ja B XOPOIIMX CO6aKax yMeHbIlIuAach. KpoMe Toro, MeCTHbIe MOPOAbI CTAU
BbIMUpATh U MOJ BO3JeHCTBUEM OHOJIOTUYECKHUX (PAKTOpPOB: BBO3 U pa3BelieHUEe [JPyryUX
nopoJ, co6ak, HoOBble 3apa3Hble O0JIE3HU, BbICOKASA CMEPTHOCTb MOJIOJHSIKA, UCII0Jb30BaHUE
OTpaBJIEHHbIX NPUMAHOK /Jisl BOJIKOB, JIUCUL, U APYTUX KUBOTHBIX, GJIU3KOPOACTBEHHOE
pa3BejieHHEe, 0COOEHHO METU3MPOBaHHbIX cobak [1].

CroxuBLIAsACS B HAcCToOsllee BpeMsl CUTyaldsl TpebyeT NMPUHATHUSA Mep MO COXpPaHEHHIO
nopo/bl Ta3bl. MHOrOBeKOBasi MpaKTHKa BeJleHUs] COOAKOBOZCTBA BbipaboTasia pa3/iMuHbIe
MeTO/bl pa3Be/leHUs1, COXpaHEeHHS U yIy4YlLIeHUs IOPOJ, CyTb KOTOPbIX CBOJUTCS K BbISIBJIEHHUIO
¥ UHTEHCUBHOMY HMCII0JIb30BAHUIO >KMBOTHBIX C >KeJIaTeJbHbIMU NMPU3HAKaMU. TakoW NMOAXO0[,
JlOCTaTOYHO JoJro obecrneuuBas 3QQPEeKTUBHOCTb CeJIeKIIMOHHOro mnpouecca. OpHako
CTAaHOBUTCS BCce O0Jiee OUEBU/AHBIM, YTO OJHU JIMIIb TPAJUIMOHHbIE METO/Ibl Pa3BeieHUS He
MOTYT 006€eCleuYuTh OLYTUMOTr0 CeJIEKLIMOHHOTO Mporpecca B nopoze. CoBpeMeHHbIe M0AXO0AbI
K COXPaHEHUIO U COBEPLIEHCTBOBAHUIO MOPO/Jbl OCHOBAHbI HA OlleHKe T€HOTUIIA >KUBOTHBIX U
reHeTU4YeCKOro pa3Hoo6pa3usi NONyJIsILUK C TOMOIbI0 MapKEePHbBIX TEXHOJIOTUH.

OfHMMH M3 TaKHUX MapPKEPOB SBJAKTCSA BbICOKOMOJUMOpPPHBIE MHUKPOCATEJIUTHBIE
Jokycbl. Mukpocatenaut, uau Short Tandem Repeats (STR), - aTo yuyactok JJHK, B koTopom
10C/IeIOBAaTE/IbHO MOBTOPsIeTCA GparMeHT AJUHOU OT 2 10 9 Hyk/eoTHA0B. O61asa AJuHa
Takoro noBTopa cocrapJiisgeT 06b14HO 300-400 map Hyk/eoTu0B. TakuM 06pa3oM, B OCHOBE
nojsuMopdr3Ma MUKPOCATEJIUTOB JIEXKUT KOJHWYECTBO MOBTOPOB PpparMeHTOB B y4yaCTKe.
M3-3a 6osiblIOrO0 pa3HOO6pasusi asjjiesied M BbICOKOTO ypoBHS reteposurotHoctu STR
SBJISIIOTCS YAOOHBIM MHCTPYMEHTOM [IJISI MCCJeOBAaHUS MUKPO3BOJIIOLMOHHBIX MPOILECCOB
[2], reHeTHUYeCKOU CTPYKTYpbI NONYASALUN U B3aUMOAEUCTBUN MeXAY MONYASALUSAMHU.

Ucnonb3oBaHue STR-MapkepoB y»ke BOLLJIO B MPAaKTUKY COOAKOBOJCTBA MHOIMX CTpaH
U CTaJ0 o00sg3aTe/bHbIM 3J€MEHTOM pa3Be/eHUs], Y/IY4YlleHUs U COXpPaHEHUs TMOPO.
XapakTepusys COCTOsIHUE MOA00HBIX FreHeTUYeCKUX UccaeZjoBaHUul B Pecniy6sike KasaxcTaH
B 00s1acTH COGAKOBO/CTBA B LIeJIOM M /i IOPO/bI Ta3bl, B YaCTHOCTH, CJleLyeT OTMETHUTb,
YTO MOJ0OHBIE HCCIe[J0BaHUs B Halllel cTpaHe He MpoBoAaTcsA. [I[puMeHeHHe COBpeMEeHHbIX
CTaHJAapTU3UPOBAHHbIX METOAUK, MNPUHATBIX B MHUpe [AJisd H3y4eHHUS OTe4eCTBEHHBIX
nopoJ, cobak, IBJsIeTCA B BbICIIENW CTeNeHW HeoOXOJUMbIM. MOXHO MpPeAINoJIOKUTb, YTO
NpoBe/leHUe TeHeTUYEeCKHX MCCIeJ0BaHUM HaLMOHAJNbHBIX MOpOJ OyJeT MNpPOpPbIBHBIM
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3TanoM /Jisl C06aKOBO/CTBA pecny6JIMKH, a UCTI0JIb30BaHUEe TeHeTUYEeCKUX MapKepOB CTaHET
NpUBJeKaTeJbHOW CTpaTerver MNOBbIIIEeHUSA 3P(PEKTUBHOCTH pPabOT MO COXpPAaHEHHUIO HU
yJAy4lLIeHHUI0 CO6AK MOPO/ibl Ta3bl.

Hcxonsa W3 BbILIECKAa3aHHOTO, LeJbl0 JAaHHOTO MCCAeOBaHUSl SBJISJIOCh HW3y4YeHUe
napaMeTpPoOB reHeTUYEeCKOro pa3Hoob6pa3us AJis NONYyJASANMN Ta3bl U3 pPa3/IMYHbIX PETHOHOB
KazaxcraHa c ucnosib3oBanvueM STR-MapkepoB.

MaTepHaJ’Ibl U MeTOo/JAbI

[IpoekT mostyuus1 ofjoopeHue JlokanbHoM sTudeckor komuccuu PITI «MHCTUTYT dU3roI0THU
yesioBeka W kuBoTHbIXx» KH MOH PK (ITpoTokou JI3K N23(3) ot 15.09.2020).

06beKTOM UCCAeI0BAHUSA ABISIUCH COOAKU MOPOo/bl Ta3bl. CO0p bMoMaTepuasa y ocobei
Ta3bl Ha BBICTABKax WJIMU CIELUaJbHBIX MEpPONPHUATHAX M KX KUHOJIOTMYeCKas OLleHKa
NPOBOJAMJIACH C NoAadep:kKou U HenocpegcTBeHHbIM ydyacthueM [IPAOOOuCOX «KAHCOHAP»
1o r. AsiMarsl.

BuomaTtepuas npezcraJis 06pasibl neprudpepruieckoil KpoBU JINOO OYKKaJbHbIE COCKOOBI.
KpoBb GOpasach ONBITHBIM BETEPHHAPOM M3 BHYTPEHHEeW OeJpeHHOU BeHbl U/ NepesHen
IO KOXXHOW BEHBI MpeJAINseybs WM JlaTepaJbHOM MOAKOXHOM BeHbI rojieHU cobak. [lepeg,
B3fITUEM KPOBM Ha UCCJe/JOBaHHE MPOBOJUIACH 06paboTKa CIMPTOM /[iJis1 06e33apaKuBaHUS
IOBEPXHOCTH KOXXU. KpoBb 3a6upasiach B KOJIMYECTBE 5 MJI CTEPUJIbHBIMU UIJIAMU C TIOMOLIbIO
BaKyyMHOW CUCTEMbl HENOCPEACTBEHHO B ClielHaJjibHble NMPOOUPKU. 3a60p OYKKaJIbHOrO
3MUTEUs IPOBOAUJICS C UCTI0JIb30BAaHUEM CTEPUJILHOI'0 BATHOI'O TAMIIOHA B UHAMBU/yaIbHOM
NJIACTUKOBOM ynakoBKe. [IpoGUPKHU € COOpaHHBIMH KPOBbIO M OYKKaJbHBIMH COCKOGAMH
ObLJIM TPAHCHOPTUPOBAHbI B MHCTUTYT 06LIeil TeHeTUKU U LIMTOJOTUU C UCHOJIb30BAaHUEM
IIepeHOCHOT'0 KOHTelHepa-X0J10[MJIbHUKA B TeUEHHE HECKOJIbKUX YacOB U 3aMOPOKeHbI NPU
-80C g1 fasibHeNIIero MoJIEKYJIAPHO-TeHETUYEeCKOI'0 UCCIeJOBaHUS.

Cobop OuomMaTepuasia compoBoXKjaicsd (POTOCHEMKOW 0COOM Ta3bl U aHKETHUPOBAHUEM
BJIaJle/IbLieB cOOaK. AHKeTa Oblla pa3paboTaHa Ha 6a3e UHcTUTyTareHeTUKU U pusnosoruu KH
MOH PK u Bk/1t04asia cBeZleHUS 0 3aBOJUYMKeE, BO3paCTe, I10JIe, MeCTE POXKAEHHUS U IPOKUBAHUA
cobakKH, UCTOPHIO 60Jsie3HU, MHPOPMAIMI0 06 y4aCTUM B BbICTABKaX, MOJyYeHHbIX OLeHKaX U
TUTYJIaX, IaHHbIe O MOTOMCTBE U pabo4yUuX KayecTBax. AHKETHbIE JJaHHble ObIIM 00paboTaHbI
M BHeCeHbl B 3JIEKTPOHHYI0 6a3y JaHHbIX. [[OMMMO aHKeTHpPOBaHUS MPOBOAUJIOCH TaKKe
odpopmsieHHne MHPOPMHUPOBAHHOIO COIJIAaCUS BJaJlesiblla Ha MpOBeJeHUe TeHEeTUYeCKOro
HCCIe0OBAaHUSA ero CO6aKH.

Brigenenue /IHK u3 cobpanHoro 6MoMaTtepuasa NpoBOAUJIOCH C MCII0JIb30BAHUEM FOTOBOTO
Habopa "QIAamp Fast DNA Tissue Kit" (Qiagen) B COOTBETCTBHM C IpUIaraeMbIM IPOTOKOJIOM.

MukpocaTe/UIMTHBIM aHaJu3 MPOBOAUJICA Ha TIeHeTHYeCKOM aHaausatope Applied
Biosystems 310 Genetic Analyzer c ucnonp3oBaHueM Hab6opa Thermo Scientific Canine
Genotypes Panel 1.1, koTopbii BKJto4Yaa 19 pekoMeHA0BaHHBIX MeXxyHapoAHbIM 0011eCTBOM
reHeTUKH XUBOTHBIX (International Society of Animal Genetics, ISAG) nokycoB (AHTk211,
CXX279, REN169018, INUO0O55, REN54P11, INRA21, AHT137, REN169D01, AHTh260,
AHTk253, INU0O5, INUO30, Amelogenin, FH2848, AHT121, FH2054, REN162C04 AHTh171 u
REN247M23).
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[eHeTHYECKYIO OL[€HKY 10 YacTOTaM aJjijiesiell MPOBOAU/IH C TOMOIbI0 MporpamMMbl GenAlEx
6.5[3] u Cervus [4]. OueHuBa/IM TakKHe NMOKa3aTe U, Kak kKoadpduuueHT nosumopdusma PIC
(polymorphicinformation content),cpeiHee kosinyecTBO aJljiesiei BKaxjoMaokyce Na,cpesiHee
3pdeKTUBHOE KOJMYECTBO ajljiesied B KaxJ0M JioKyce Ne, oxxuilaeMas reTepo3uroTHocTb He
Y HabJ1t0/JaeMasi reTepo3urotHoctsb Ho, F-ctatuctuku Paiita.

PesynbsTaThl

XapakTepHCTHKa 06'beKTOB UCCAeA0BaHUs. Bcero 6611 cobpad 6uomaTtepuan y 135 ocobeit
Ta3bl (61 Kobesb U 74 cyku). [locsie oT60pa poacTBeHHBIX 0cobel ocTasock 109 cobak (51
Kobesnb U 58 cyk), npeactaBaaBinX HxHbIM Kasaxcran (gasnee TSK, n=85), CeBepHbIii
KazaxcraH (nasiee TNK, n=14) u Boctounbiii KazaxcraH (aasiee TEK, n=10). CpegHuii Bo3pacTt
cobak coctaBu 4,20+22,70. Bce cobaku OblIIM OLleHEHBI KaK COOTBETCTBYIOLIME CTaHAAPTY
OPOJABI.

Pe3ysbTaTbl MUKpOCATE/UVIMTHOTO aHaiu3a. /i Bcex 0TOOpaHHbIX A1 UccaefoBanus 109
ocobel Ta3bl O6bLIU MosydeHbl ramaotTunsl mo 19 STR nokycam. Ha ocHOBaHUM NOJIy4eHHBIX
aJlIeJIbHBIX 4YaCTOT JIOKYCOB ObLIM OMNpejesieHbl OCHOBHble IOKa3aTeJd TreHeTU4YeCKON
M3MEHYMBOCTH JJisl 00lLel Monyasiuuu, a Takxke oTAenbHO AJsa cyononyasanuil TSK, TNK
u TEK. [IpoueHT nosMMopdHbIX JIoKycoB cocTaBul 100%, BbisiBJieHO OT 3 A0 12 annesneit
Ha Jiokyc. CpeHee KOJIM4YeCcTBO ajljiesied Ha Jiokyc Na J/s1 oOlied monysasijiu COCTaBUJIO
9,33+0,36, a cpeaHee a¢pPekTUBHOE UKCIO0 anesnent - 4,83+0,41. 3HaueHHe 3TUX MOKa3aTesel
BapbupoBaso: cyononynsanusa TEK umena camble HuU3kue mnokasatenu (Na=5,06%0,37 u
Ne=3,35+0,32), cyononyasiius TSK - cambie Boicokue (Ne=9,06+0,37 u Ne=4,83+0,39).

B njesioM Bo Bcel NonysisiliMU U OTAEJbHO B CyONnony/siUsaX HabJr04aicsl BbICOKUM YPOBEHb
nosumMmopdusma. PaccuutaHHoe cpejHee 3HaueHUe KoadpduiveHTa nosumMopdusma PIC
cocraBuiio 0,74+0,09 pasa obuwel nonyasauuy, B AuanaszoHe ot 0,61+0,14 go 0,74+0,09 pasa
cyononyasauuii TEK u TSK, coorBeTcTBeHHO. CaMblil BBICOKMH ypOBeHb osinMopdusma (6osiee
80%) 6b11 ob6HapyxeH ajas jaokycoB AHT137, REN169D01, AHT121, FH2054 u AHTh171.
CaMbiit HU3KHH noiuMopdu3M (54%) ormeyeH B okyce REN247M23.

B cpepnem B o6uel nonynsanuu U cyononyasauuu TSK oxupaemass reTepo3UTroTHOCTD
npeBbliasa Haoswaaemyw (0,77 vs 0.75), B cyononynsanuax TNK u TEK, HanpoTus,
HabJitoaeMasi 6bls1a Boile oxkugaemou (0,77 vs 0.74 u 0,75 vs 0.66, COOTBETCTBEHHO).

06 »3TOM TakXe CBHUJETEeJbCTBOBAJIM 3HayeHUs Koadpounuenta wuHbpuaunra F:
NOJIOXKUTEe/IbHbIE [Jid 00ued nonyasauud u aaa cybnonynasuud TSK (0,02 u 0,03,
cooTBeTCTBeHHO) U oTpuliatesabHblie st TNK u TEK (-0,05 u -0,12, cOOTBETCTBEHHO).

Jl/151 OLleHKY CTenleH! TreHeTUYeCKOU Mo pa3/ie/IEHHOCTH MOMYJISILIMK U BbISIBJIEHUS, 32 CYET
KaKuX GaKTOpOB (C/1y4yalHbIX UJIU HeCJyYalHbIX) B OApPa3/e/I€HHOU NONYJISIUU NPOUCXOAUT
BO3pacTaHue TOMO3UTOTHOCTU (MHOpPUAMHIA), ObLIM U3MepeHbl MHJEeKChl puKcanuu PaiiTa:
FIS, FIT u FST. [lonydyeHbl oTpULaTesibHble cpeiHMe 3HadeHus nuaekcoB FIS (-0,05+0,02) u
FIT (-0,01£0,02). CpenHee 3HaueHue KoapdpunuenTta FST coctaBusio 0,04+0,00.

Ouenka paBHOBecusi Xapau - BaitH6epra (HWE), mokasasia OTCyTCTBHE paBHOBeCHUs B
cyononynsauun TSK gnsa cemu sokycoB (REN54P11, AHTk253, INUOOS, FH2848, FH2054,
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REN162C04 u REN247M23 Hna yposHe P <0,001, 0,001, 0,001, 0,01, 0,001, 0,05 u 0,01,
COOTBETCTBEHHO).

06cyxxaeHue

Ananu3z STR-mapkepoB JaeT LeHHYH HHPOpPMaLUI0 O TeHEeTUYeCKOM pa3HOooOpasus
pa3/IMYHBbIX BUJOB M MNOPOJ, XKUBOTHBIX. 3/eCb MNMpPHUBEJEHbl pe3yJbTaTbl MUCCJIEeJ0BaHUN
napamMeTpoB reHeTH4Yeckoro pasHoobpasus 109 cobak Ta3bl u3 HkHoro, CeBepHOro M
BoctouHoro pernoHoB KazaxcraHa. [ljis MOJIEKYJIIPHOTO TeCTUPOBAHUS HCMIOJIb30Baslach
naHesb U3 19 STR-s10kycoB, pekoMeHA0BaHHBIX ISAG /151 cobak.

[TosrydeHHOe cpe/iHee KOJIMYeCTBO ajljiesiel HaIoKyc Na kak B 0611el nony sy (4,83), Tak
Y B cyononynsauusx (3,35-4,83) yka3biBajio Ha JOCTAaTOYHYI0 U3MEHUYUBOCTb B aHAJIN3UPYyEMOU
NOpO/ie Y MPEBbBIIIAJ0 aHAJOTUYHbIE TOKA3aTe U, ToJyYeHHbIe JIJIs1 IPYTUX MOPOoJ, COOAK MpHU
YCCJIe[JOBAaHUHU TeX Ke JIOKYCOB: 3,3 [iJi1 HeMeLKOU OBYapKH, 3,5 [Ji1 MaJIbTUMCKOU OOJI0OHKH,
3,2 151 6UBep-HOPKUIMPCKOTO Tepbepa, 3,5 A/ HOPKLIMPCKOro Tepbepa [5].

[lonyyeHHOe cpefHee 3HayeHHe cTeneHU noauMopdusma PIC coctaBusio 0,74, 4To 6bLIO
BbIllle 3HAYE€HHUH, MOJYYEeHHbIX /151 TOJIbCKOM 60p3oit 0,555 [6] u A/ UTabSIHCKON JieraBou
0,589 [7] Ha ocHOBe HCNOJb30BaHUSA KOMMepUuecKol naHesnu u3 21 nokycoB. UccienoBaHus
II0JIbCKUX TaTPAaHCKUX OBYApOK Ha OCHOBe aHasu3a 18 STR s0KycoB U HeMenKUX OBYApOK
Ha ocHoBe aHasu3a 15 STR Takke mokasanu 6osiee HU3KWe 3HadyeHusa PIC (0,598 u 0,558,
cooTBeTCTBeHHO) [8]. O MeHee Bbicokux 3HaueHHUsx PIC coob6ujasoch U AJig J1abpaopoB-
petpuBepoB (0,614) HaocHOBe aHa/IM3a 15 MUKpoOcaTe/NIMTHBIX MapKepoB [9], AJ11 Ma/IbTUCKOH
6os10HKH (0,640) u Hopkiupckoro Tepbepa (0,654) Ha ocHOBe aHasK3a 21 jiokycoB [5]. Takum
06pa3oM, 10 CPaBHEHUIO CO BCEMU ITUMHU MOPOAAMHM, Ta3bl UMeeT 6oJiee BbICOKYIO CTENEeHb
MUKPOCATEJJIMTHOTO MoJMMopdu3Ma. AHAJIOTHYHbIe BbICOKME YPOBHU mNosuMopdusMa B
JIUTepaType BCTPedaluch TOJIbKO AJid A3uHA0 B l0xHoU Kopee - 0,88[10]. Takxxe Kanr u ap.
coob6uanu 06 ungekce PIC a5 cobak nopo/ibl aHIIMicKast 6op3as Ha ypoBHe 0,73 [10].

[Ipu ananuse koapduuuenTta PIC B oTAenbHBIX JOKyCcax NOJUMOP(PHU3M, MPEBbILIAOIINN
80%, 6b111 o6HapyxeH aasg AHT137, REN169D01, AHT121, FH2054 u AHTh171. Panee Radko
A. etal. g nopoabl noJsibckasg 60p3asi TakKe BbIIBUJIM BBICOKHN NOJUMOP(PHU3M JIOKYCOB
FH2054 u AHT171 co 3HaueHnuem PIC 0,801 u 0,815, coorBeTcTBeHHO[11].

PaccurnTannas a5 19 STR B 0611ei nonyasiuuu cpefHsAsA HabJ/t0jaeMasi TeTEPO3UTOTHOCTD
Ho coctaBusa 0,75. UcciegoBanue, ocHoBaHHOe Ha 33 STR y utanbsiHCKMX 60p3bIX, TOKA3aJ10
6os1ee HU3KKe 3HayeHUs Ho y cobak eBpomelickoro npoucxoxgenus u u3 CIIA (0,62 u 0,61,
cootBeTcTBeHHO) [12]. [Ipu uccaegoBanuu 21 STR y nosibckux 60p3bIX JJAaHHBIM TOKA3aTe b
ObL1 TOXXe HMXe mosiyueHHoro Hamu (0,66). [lng Apyrux 4YMCTOMOPOAHBIX OOP3bIX TaKXKe
coob611anock o 6osee HU3KUX 3HayeHUsax Ho [13].

[Ipu onucanuu HMHAEKCOB Pukcanuu PaliTa asa Tasbl, MO)KHO OTMETUTb, YTO BCE OHHU
YKa3bIBAlOT HAa IeHeTUYeCKHW OJaronoJjiyyHoe paBHOBecHe B mopojie. Cpe/iHee 3HaueHUe
FIS umeno Hu3koe oTpuiatesbHoe 3HadeHue (-0,05+0,02), yTo npeamnosiaraeT OTCyTCTBUE
MHOpUAYHra. U36bITOK reTepOo3UroTHbIX TEHOTUIIOB PaHee OblI OTMEYEH U Y APYTUX MOPOJ,
cobak: y nosbckoit 6op3oit (FIS = -0,018) [14], y TaTpaHcko#t oBuyapku (FIS = -0,005)[8], y
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Jnabpagop petpusepa (FIS =-0,023)[9], a Takke neonbeprepa (FIS =-0,041), HprodayHaneHaa
(FIS=-0,051), cnanuens (FIS =-0,053), no6epmana (FIS =-0,054), 6yabTepbepa (FIS=-0,101)
v psja Apyrux nopoz [15].

[lonyyeHHoe oTpunartesbHoe 3HadyeHUss uHpekca FIT (-0,01+0,02) yka3sbiBaeT Ha TO,
YTO B NOMYJALMSAX W3MEHEHHS 4acTOT I'eHOB (B CTOPOHY YMeHbILEHUs WU yBeJUYeHHUS
reTepo3UroTHOCTU) 00YCJIOBJIEHb] He OJIN3KOPOACTBEHHBIMU CIAPUBAHUSAMH, a C1y4YalHbIMU
reHeTHKO-aBTOMaTUYeCKUMHU MpoIieccaMy, B TO BpeMsl KaK MOJIlyYeHHOe HHU3KOe 3HayeHue
koapPunrenTta FST (0,04) cBueTENBCTBYET O CJ1a00M JUBEPreHLIUH MeX1y CyOnony I LUIMHU
Y IPAaKTUYECKU PAaBHBIX YACTOTAaxX aJljiesiei.

Takum 06pa3oM, 1o NoKasaTeJssIM ajlJieJibHOro pa3Ho06pa3usi, Haba0gaeMou U 0KUAaeMoi
reTepo3UroTHOCTHU, OTMEYaJ0Ch BbICOKOE reHeTHUYeCcKoe pa3HooOpasue cobak Tasbl Kak B
0011el KccieJOBAaHHOM NONYJIALMY, TaK U OTAebHO B H02)KHOM pervuoHe U, B MeHbLIEHN CTENEHH,
B CeBepHOM M BocTo4yHOM pernoHax KasaxcraHa.

JlocTaTo4yHO BbICOKasi reHeTH4YecKas U3MEHYUBOCTb W HU3KHWU ypOBEHb WHODPHU/MHTA,
KOJIMYECTBEHHO Olpe/ie/IeHHbIH MOJUMOPPHBIMU MUKPOCATENJIUTAMHU B 00LIeH MOMyasAIUU
Ta3bl, MOXXET UMEThb JiBa 00bsiCHEHHUS. Bo-nepBbIX, OH MOXET ObITh CBSI3aH C MeTH3alluei
nopoabl. Kpome Toro, Bo3MOXHO, YTO >XHMBOTHbIE-OCHOBATEJU I3TOM MHOPOAbI 00J1afaNu
060JIbIIIOW TIeHEeTHYEeCKOM HW3MEHUYMBOCTbIO, KOTOpasi MOIJIa COXPaHSTbCS HECMOTpPs Ha
reHeTHUY€eCKH Y3KHUe MeCTa, C KOTOPbIMH CTOJIKHYJIach 3Ta nopoza [16].

3ak/iloueHue

Kazaxckass HalMoHasibHas MopoAa cobak Ta3bl MpeJjcTaB/sseT coboll 6GeccropHoe
reHeTHUYeCKoe U KyJbTypHOe Hacseaue KasaxcraHa. [eHeTHYecKasi CTPYKTypa U FeHOM 3TOU
YHUKaJbHOW MOPO/bl MPH MOMOIIM COBPEMEHHbIX CTATUCTUYECKUX METOJO0B U NPUEMOB
reHeTUYeCKOro aHa/iM3a [0 HACTOSIIero BpeMeHU He Obljia u3ydeHa. llesiblo HacTosero
UcCaeloBaHUsl fBJAJOCh H3yYeHUe MapaMeTPOB TeHETUYECKOro pa3Hoobpasus Tas3bl
M3 pa3JIMYHbIX peruoHoB KaszaxcTaHa C HCNOJIb30BAaHUEM JAHHBIX MHKPOCATEJJIUTHOIO
a”Hasusa. C ucnosp3zoBanveM naHesn u3 19 STR snokycos, pekomeHmoBaHHBIX ISAG pua
cobak, ObLIM TMOJIy4YeHbl TreHeTHYecKhe Mpoduyu AJsg Ta3bl U3 HxkHoro, CeBepHOro u
BocTtouyHoro pervoHoB KasaxcTaHa. Bbicokasi reHeTUdecKass U3MEHUMBOCTb U HEBBICOKHUU
ypOBeHb WHOPHUJMHIA, ONpe/ie/IeHHbIH y co6ak mopoAabl Ta3bl HOKHOTO, M, B MeHbllel
creneHy, CeBepHoro U BoctouHoro pernoHoB KasaxcTraHa, MOTYT ObITh CBSI3aHbI C OOJIbIION
reHeTUYeCKOU U3MEeHYMBOCTbIO ¥ ’)KUBOTHbBIX-OCHOBATEJ/IeH 3TOM MOPOABI /WU C METHU3ALUeN
nopo/pbl. [losiydeHHbIe pe3y/bTaThl B IEPCIEKTHUBE MOTYT CAYXXUTb JIJIs1 pa3paboTKU HAy4YHO-
060CHOBAHHBIX CEJIEKIMOHHBIX MPOTPaMM I10 YIIPABJIEHHUIO U pa3BeJeHUI0 3TON YHUKAJIbHOU
OPOJbI.

KoH}MKT uHTEepecoB. Bce aBTOpBI MPOYHUTANHN U 03HAKOMJIEHBI C COZlepKaHUEM CTAaThHU U
He UMeIOT KOHPJIMKTA UHTEePECOB.

baaroaapHoctu. ABTopbl 6Gusiarogapsat [TPAOOOuCOX "KAHCOHAP" 3a opraHusanuio,
3KCIEePTHYIO OLIEeHKY Y MOMOIlb B coope 6uoMaTepuasa, 061iecTBeHHbINM GoHA «XBOCTAThIN
Paii» u Bi1afienbLeB cobak Tasbl.
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A.B.lleppuibeBa’, K.b. Becnanosa’, E.B. Ky3ossena’, C.B. Becnasios?, M.O. BermaHoBa', .M.
Ao6bLikacbiMoBal, A.C. CeliceH6aeBal, 0.B. Buminakosa?
IKP BFM FK I'enemuka scaHe ¢pusuoi02usi uHcmumymolt, Aamamol, Kazakcmax
2KP BfM FK 3o0s102ust uncmumymbul, Aamamol, Kazakcmax
3«KaHcoHap», Aamamui, Kazakcmau

MuKpocaTeJUTTIK Ta/iJay apKbLIbl Ta3bl TYKbIM/AbI UTTEPAIH reHepOoHIbIH GaFasiay

Anaatna. Ta3bl TYKbIMZBI UTTEP KasakcTaH ayMarblH/A KeTi MbIH, blJIJIaH acTaM OYpbIH Maija
GoJbIN, cofaH Oepi Kasak XaJKbIHbIH VYJATTHIK Ka3blHacblHa adHaaabl. « KAHCOHAP» Gelipecmu
ecebi 6oibIHIIA Kasipri TaHga 3000-Fa »KybIK Ta3bl UTTEPi KasiFaH, 6ipak TOPTiHII ypHaKKa JeHiHTi
achbll TYKbIM/Ibl *KOFAphbl camnasjibl UTTep/iH caHbl 350-1eH acnaibl. MyHaal 6arasibl KoHe CHpPEK
TYKBIM/Ibl CAKTay 9He 6acKapy 0J1ap/bIH reHOQOH/bIH 3epTTey/i )KoHe MONYJISIUAJIbIK FT€eHETUKABIK,
napaMeTpJiepiH xkyHesi 6akpLiayabl Tanan etefi. bykin asnemze xoHe KasakcTaHza Tasbl UTTepiHe
OYpbIH TeHETUKAJIBIK 3epTTeYJIep KYPTi3iaireH xokK,. by/1 3epTTeyig MaKcaTbl KazakcTaHHbBIH 9pTypiii
alilMaKTapbIHJAFbl Ta3bl NONYJALMANAPbIHbIH F'eHEeTUKAJBIK 9PTYPJILJIIriHiH apaMeTpJepiH 3epTTey
601161, KypaMbiHaa XasiblKapasiblK »KaHyapJiap reHeTHKacbl KoFaMbl ycbiHFaH 19 jsokyc (AHTk211,
CXX279, REN169018, INUO55, REN54P11, INRA37, AHT20 AHTk211, CXX279, REN169018, INUO55,
REN54P11,INRA21,AHT137,REN169D01, AHTh260, AHTk253, INU0O05, INU030, Amelogenin, FH2848,
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AHT121, FH2054, REN162C04 AHTh171 xoHe REN247M23) KypambiHa KipeTiH Thermo Scientific
Canine Genotypes Panel 1.1 mnaWganady apkKbLibl 19 JIOKyCKa MUKPOCATE/UIUTTIK TalAay Kacasi/bl.
Hoatmxkecinae KasakctanubiH OHTYCTiK, ConTycTikkaHe [llbiFbicalilMaKTapblHaH Ta3bllaH FTeHETUKAJIbIK,
npodubaep aablHAbL [Io1MMOPTHI MUKpPOCATE/UIUTTEPMEH aHbIKTA/IFaH Ta3blIapAaFbl 6Te }KOFaphbl
TreHETUKAJIbIK, 63TePTillITiK oHe CaJbICThIpMaJibl TYP/le TOMEH UHOPUAUHT AeHredi KazakcTaHHBIH
OHTycTiringe, a3 papexene KazakcraHHblH, CoaTycTik »xoHe LIbIFbic eHipJyepiHJe GallKanabl. by
reHeTKUaJIbIK O3TeprillTiK OCbl TYKbIMHBIH HeTri3iH-KaJayllbl >XaHyapJiapAblH MeTHU3aLUsACbIMEH
6ai1aHbICThI 60JIybl MYMKIiH. AJIbIHFaH HOTHXKe1epAi 60/1al1aKTa 0Cbl TYKbIM/Ibl 6acKapy »KoHe eCipy/iiH
FBUIBIMU HETi3/Ie/ITEH CeJIEKIUSJIbIK OaFAapaMaapbiH )KacayFa naijajaHnyFa 60/1a/1bl.

Ty¥in ce3aep: Ta3bl TYKbIMbl, MUKPOCATE/JIUTTIK MapKep, reHEeTHKaJbIK Npoduib, reHopoH/,
HONY/SALUS/BIK FfeHETUKA, TeHeTUKAJIbIK 9PTYPJIi/iK, UHOPUUHT JleHTeli.

A.V. Perfilyeva’, K.B. Bespalova?, Y.B. Kuzovleva?, S.V. Bespalov?, M.0. Begmanova’,
G.M. Abylkassymoval, A.S. Seisenbayeva’, 0.V.Vishnyakova?
IInstitute of Genetics and Physiology, CS MES RK, Almaty, Kazakhstan
ZInstitute of Zoology KN MES RK, Almaty, Kazakhstan
3Association "Kansonar”

Evaluation of the gene pool of the Tazy dog breed using microsatellite analysis

Abstract. Tazy dogs appeared on the territory of Kazakhstan more than seven thousand years
ago, and since then have become the national treasure of the Kazakh people. According to unofficial
estimates from "KANSONAR", there are currently only about 3000 Tazy dogs left, but no more than 350
high-class dogs with pedigrees up to the fourth generation. The conservation and management of such
valuable and rare breeds requires the study of their gene pool and systematic control of population
genetic parameters. In Kazakhstan, as well as globally, genetic studies of dogs of the Tazy breed have not
been conducted previously. The aim of this study was to analyse the parameters of genetic diversity for
Tazy populations from different regions of Kazakhstan. Microsatellite analysis of 19 loci was conducted
using Thermo Scientific Canine Genotypes Panel 1. The first locus, AHTk211, was selected from a list of
19 loci recommended by the International Society of Animal Genetics (ISAG). These included CXX279,
REN169018, INUO55, REN54P11, INRA21, AHT137, REN169D01, AHTh260, AHTk2, and others. As
a result, genetic profiles were obtained for Tazys from the southern, northern and eastern regions of
Kazakhstan. The sufficiently high genetic variability and relatively low level of inbreeding quantitatively
determined by polymorphic microsatellites in Tazys from the southern and to a lesser extent from
the northern and eastern regions of Kazakhstan could be related to a large genetic variability in the
foundation animals of this breed or to the metisation of the breed. The results obtained could potentially
be used for the development of scientifically based breeding programmes for the management and
breeding of this breed.

Keywords: tazy breed, microsatellite markers, genetic profile, gene pool, population genetics, genetic
diversity, inbreeding level.
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BNOAOTUSABIK FBIABIMAAP CEPUSICBY/
BIOSCIENCE SERIES / CEPVISI BMOAOI'MYECKVE HAYKI
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Hayunas craTpsa

OcTteoaorus BuciiepaabHOIO Yepelia 03epHOro roabsiia Rhynchocypris
percnurus (Leuciscidae) n3 Cesepnoro u llearpaabHoro Kasaxcrana

A.A. Taraes* , M.b. CaakbiMOaeBa

Espasuiicxuil nayuonaronvii ywusepcumem um. A.H. l'ymunresa, Acmana, Kasaxcman

*Asmop 0aa koppecnondenyuu: dat82@mail.ru

Annoranus. CraTbs IIOCBAIIEHA OCTEOAOTUI O3€PHOTO IOAbsHa — abDOpuUIeH-
HOTO mpeacrasuteas nxrnodaynel Kaszaxcrana. JaHHbIi BUA MMeeT OOIIMPHBIN
apeaa B cepepHOi EBpasum 1 AMCKyCCMOHHYIO TaKCOHOMIYECKYIO CTPYKTypy. Po-
AOBas IIPUHAAAEKHOCTh O3€PHOTO IOAbsSHA HEOAHOKPATHO MEHs4ach — B HaCTO-
sIIIee BpeMsl ero 4acTo OTHOCAT K poay Rhynchocypris. B mpeaeaax ganHoro Buga
OIIMICaHO HECKOABKO IOABUAOB, ABa 13 KOTOPLIX 00UTalOT B BogoeMax CeBepHOTO 1
LTenrpaarnoro Kaszaxcrana. CoBpeMeHHbIe CBeAEHIS 110 03€pHOMY TOAbSIHY U3 BO-
aoemos Cesepnoro Kasaxcrana orpanmndeHsl MOppOMeTpUIeCKUMI AaHHBIMU, Ha
OCHOBaHUM KOTOPBIX OH OTHECeH K HOMMHATUBHOMY ITOABUAY R. p. percnurus. Eme
oaHa popMa, paHee OIlMCaHHasl Kak I10ABI/ roabsaHa YekaHosckoro us CepepHOro
Kasaxcrana, BmocaeacTsun paccMaTpuBaaach B KadecTse 104B114a O3€PHOIO rOAbs-
Ha R. p. ignatowi, Haceasioniero Takxe u BogoemMsl Llenrpaasnoro Kasaxcrana. Ero
CMCTeMaTUYeCKUII CTaTyC OCTaeTCs HesICHBIM, a MMeIOIIecs CBeAeHus 110 Mopgo-
AOTUI U PacIIPOCTPaHEHMIO CKYAHBI.

Ieapio HacToOsIIEro MccAeA0BaHs ObLAO BBLABAEHIE XapaKTePHbIX IPU3HAKOB I
ME>KITOITY ASILIVIOHHOM MI3MEeHYMBOCTI KOCTe BUCIIepaabHOTIO Yeperia 03€PHOIO TOAbsI-
Ha 13 Bogoemos Cesepnoro u Llenrpaasnoro Kasaxcrana. Marepuaa mccaeaosanms
coctosa u3 peid nonyasuui p. Keramaxrer (Cesepnbiit Kaszaxcran) n p. Kapkapaant
(enTpaapnbiit Kasaxcran). ITpu momor MmeToaa IpUroToBA€HNs 1 OKPaIlBaHILS
CKeAeTOB, OBLAM ITOAYJYeHBbl OCTe0A0TMYecKMe IperapaTsl pbl0 00OMX MOy ASITNIA.
B pesyabTare aHaAM3a OCTEOAOTMYECKUX IIPU3HAKOB BIIepPBbIe IIOAPOOHO OXapaKTe-
PpM30BaHbI KOCTU BUCLIEPOKPaHMs O3€PHOIO TOAbsHa U3 BogoeMos Kasaxcrana. Brr-
sBAGHbI XapaKTepHbIe 4451 JaHHOTO BUAa OCOOEHHOCTU (POPMBI BepXHedeAIOCTHOI,
3y6H017[, KPBIILIEYHOM, MOABA3BIYHON U TAOTOYHONM KOCTel. MeXmoIyaa1iyioHHbIe
pasanums KacaloTcss (pOPMBI ITOABA3BIYHON KOCTU U TPeThero Haa’KaOepHOIo »ae-
MEHTa, a TaK>Ke HaA4dus WAV OTCYTCTBIUS IIePBOIO I10TOYHO->KaOepHOTO DAeMeHTa.
IToayyeHHsle gaHHbIE MOTYT CBUAETEABCTBOBAThH O MOP(OAOIMIecKOl 000c00AeHHO-
cru nomnyasuit Cepeproro u Llentpaasnoro Kasaxcrana.

KaroueBbie caoBa: osepuslii roavss, Eupallasella, Rhynchocypris percnurus,
Leuciscidae, abopureHHsIII B114, OCT€OAOI, BYUCIIEPaABHBIN Yepell.
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BBeaeHue

O3epHblit rosbsiH Rhynchocypris percnurus (Pallas, 1811) - npejcTaBuTe/Ib IPECHOBOAHOM
uxThuodayHbl ceBepHoil EBpa3uy, apeas KOTOpoOro BKJKOYaeT BoJoeMbl OT H6acceitHoB Oznepa
v Bucabl Ha 3amage no Yykorckoro moJsyoctpoBa, CaxanuHa, Xokkango u Koperckoro
noJiyoctpoBa Ha BocToke [1,2]. B KazaxcTaHe npoxoUT l0>kHas rpaHuLia apeaJa.

PooBass mNpuUHAAJIE)KHOCTb O3€pPHOr0 TOJIbSIHA BbI3blBajJa JUCKYCCUM. IJTOT BU/,
paccMaTpuBalicsl B cocTaBe poJia Phoxinus, oiHaKO ybequTe/IbHblE UCC/eL0BaHUS TOKa3aau
Kak MOp(}OJIOrHYecKyto, TaK U FeHeTUYeCKyr 0060Cc06JIeHHOCTh Ha YpoBHe poja [3-6]. B
pe3y/ibTaTe 03€pHbIN r0JibsiH OblJ OTHECEH K OTAe/bHOMY poay - Eupallasella [3], a nocie,
Ha OCHOBAaHUH MOJIEKYJSIPHOW (PUJIOTEHETUKH, ObLJIO MPEeAJIOKEHO paccMaTpUBaThb €ro B
poae Rhynchocypris [6-8]. OpHako JAJisi BHeceHUsl OOJibllied SICHOCTHM B CHCTeMaTH4YeCcKoe
NoJIOXKEHUE JAaHHOrO BHJa HEOOXOJUMO H3Y4YUTb (UIOreHeTUYeCKHe B3aWMMOOTHOIIEHUS
MeX/Jly HECKOJIbKMMHU Bbl/leJIEHHbIMY NI0/IBU/IaMU Ha BCEM apeaJsie paclpoCTpaHeHHUs.

OnucaH pa/ 1o/ BUI0B 03epHOroroJibsaHa [2]. HomuHatuBHbIM nogBU/ R. p. percnurus (Pallas,
1814) pacnpocTpaHeH Ha 60Jiblilel YacTy TeppuTopun Cubupy, [osbiiy, 3anaiHON YKpauHbI
U ceBepo-3anagHou Poccuu. [loasug R. p. stagnalis (Warpachowski, 1886) obuTaeT B 6acceiiHe
pek Boura, Kama u Oxka. [loaBug R. p. mantschuricus (Berg, 1907) usBecteH u3 6acceiiHa p.
Amyp, a Takxe BogoeMoB Kopeiickoro nosayoctposa. R. p. sachalinensis (Berg, 1907) obuTtaeTt
Ha ocTtpoBax CaxasuH U Xokkaio. Elle oAuH no/By/ 6blJ1 ONMCaH U3 3aMKHYThIX BOJ0EMOB
CeBepHoro Kaszaxcrana - rosbsH WruHatoBa R. p. ignatowi (Berg, 1907), - ero obuTtaHue
TaK»Xe yYKa3blBaeTcs JJisl 6eccToOuHbIX BoAoeMoB llenTpanbHoro Kasaxcrana (p. Tangb! u 03.
Kapakouib) [11,12]. TakcOoHOMHUYeCKUH CTATYC JaHHOU GpOpMbI TpebyeT YTOUHEHUS.

CoryiacHO HeJlaBHEMY HCCJIe[JOBAaHUIO, OXBAaTUBILEMY OOJIbIIYI0 YacTh apeajia 03epHOTr0
roJibsiHa, ero MomnyJsyu Ha OCHOBAaHUHM aHa/u3a MOPOMEeTpPHUUECKHX NPU3HAKOB 00pa3yoT
TpU 060Cc06/IeHHbIe TPYNIbI: BODKCKYIO (6acceiH p. Boara), ceBepHyto (BogoeMbl [losbiy,
LleHTpaJIbHOM, ceBepHOU, ceBepo-BocTOuHOW Poccum u CeBepHoro KasaxcraHa) u 1oro-
BOCTOYHY!0 (BOJI0EMbI FOr0-BOCTOUHOM Poccuu (BkJtouyasi CaxasivH) M XokKai1o) [2]. Bomkckas
nonyJsisnysa HauboJsiee 060cob6sieHa U NpeJCcTaB/seT OTAeabHbIW BUf, — Eupalasella stagnalis.
[lonynsinuu ceBepHOU rpynnbl HauboJiee OJIM3KM K HOMUHAaTUBHOMY noABUAy E. percnurus
percnurus. H0ro-socto4yHasi rpynmna Tak:Ke, BO3MOXHO, NpeJCTaBJsgeT CO00M OTAeJbHBIN
noaBup — E. mantschuricus wnu E. sachalinensis.

WMeromyecs faHHble 0 03epHOMY roJibsiHY U3 BoZ,oeMoB CeBepHoro KasaxcraHa kacatwoTcs
NonyasAnyUu U3 p. KpulllakTbl 1 OCHOBaHbl Ha MeTOJe reoMeTpuieckord mopdomerpuu [2].
Takke MMeIOTCS HEKOTOpble CBeJleHHs MO IJIACTUYeCKUM M MepUCTHUYECKUMM NpHU3HaKaM
noJBuJa — roabsiHa Uruatosa u3 llenTpanbHoro Kaszaxcrana [11,12]. UcciegoBanus apyrux
HOMYJIALIMM MPAaKTUYECKH OTCYTCTBYIOT. HaMU 0co6Y 03epHOro roJibsiHa Takke 0OHapy»KeHbI B P.
Kapkapasns! (entpanbnbiii Kazaxcran). Llesnbio gaHHOro ucciefoBaHUsl OblIO BbISIBJIEHHE
XapaKTePHbIX NPHU3HAKOB U MEXIONY/ISALLMOHHON HW3MEHYUBOCTU KOCTEeH BUCLEpPaJbHOTO
yeperna 03epHOro rojibsiHa U3 BogoeMoB CeBepHoro U LlenTpanbHoro KazaxcraHa.
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Ocmeorozus 6uct,eparbrozo depena 03ephozo 20Avana Rhynchocypris percnurus (Leuciscidae) us Ceseptiozo
u Llenmparvhozo Kasaxcmana

MaTepnaJl U MeTOoAbl UCC/IEA0OBAHUA

PbI6bI ObLIM BbLIOBJEHBbI ceTKaMu-A0BymKaMu 05.07.2019 r. B p. KbuimakTel 6143 T.
[lyuunck (CeBepHbii KazaxcraHn), a Takxke 18.06.2014 r. B p. Kapkapasnb! (c. Kapkapaibl,
llenTpanbHbid KasaxcraH). Pri6bl ¢ukcupoBaiuck B 4% pactBope ¢opMmanbieruga. C
LeJIbl0 TOJIy4YeHUs] OCTeOJIOTHMYecKoro Martepuasa 10 3K3eMIIAPOB O3€pHOr0 TIOJIbsHA
(mo 5 ocob6el U3 KaXxA0M Nony/isilMu) 6blJIM NOABEPTHYTHl PACTBOPEHUI0 MATKUX TKaHEW U
OKpalllMBaHMUIO CKeJieTa COIVIacHO MoauduuupoBaHHoMy MeTofy Hanken m Wasserug [9].
Pr16b1 Bolep:kuBaauchk B 0,8-1 % pacTBope ruApoKcuja Kaaus. PacTBop MeHs/ICA Kax/ble
TPpHU-4eThbIpe AHSA 0 NOJHOI'0 pacTBOPeHUs MbIL,. /1 OKpallMBaHUA CKeJeThbl IOMelLaJnCh
B pactBop rugpokcuaa kaausa (0,3%) u kpacutensa Alizarin Red. OkpallleHHble CKeJIeThbI
XpaHW/IM B TJIMLepHHe C JoOaBJieHMeM THMoOJa. M30/1MpoBaHHble KOCTH BUCLEPOKpaHHUA
aHaJIM3UPOBaJIM IPU NOMOLIM CTEPEOCKONUYECKOI0 MUKpOCKoIa U ¢poTorpadpuil.

PeBy_]IbTaTbI 151 06cy)l(;(elme

BepxHsas yesarocmeo.

[IpeguentoctHasa kocThb (premaxillare) ynnvHenHas (puc. 1), pacuivpsieTcs B MeJdalbHOU
YaCTH U CyaeTcd K CJlerka MU30THYTOMY 3aJHeMy KOHIy. Bocxopamuyi oTpocToOK npefye-
JIDCTHOM KOCTM BBICOKHMM M Y3KUH, MMeeT MNajibleobpa3Hyrd $opMy U cjerka 3aoCTpeH
Ha KoHLe. MenuanbHbIM Kpad KOCTH BBINYKJBIW, JOpPCAJbHBIM Kpal pPOBHBIM, NepejHe-
BEHTpPaJIbHbIM Kpal MMeeT BbIpa3UTEJIbHbIU YroJl, BEHTPAJbHbIM Kpau Cjerka BbINYKJbIH,
3aIHUIM KOHell| KOCTH NaJiblie00pa3HbIi.

PucyHok 1. /leBas npeade/iocTHAasA KOCTb (premaxillare) o3epHoro roabsiHa R. percnurus
(TL - 98 mM) u3 p. KeutmakTsl (CeBepHbiil KazaxctaH). CTpesiKoil yKa3aH BOCXOASLIANA
OTPOCTOK NpeAYeJICTHON KocTh. MacuiTaé: 1 Mmm

YestocTHas KocThb (maxillare) yniviHeHHas (puc. 2), UMeeT 5 OTPOCTKOB: NlepeJHUH, iepeJHU N
BOCXOZSAUINH, TepeiHe-MeJuabHbIH, 3aJHUM U 3aJHUM Bocxoasamun [10]. Dopma nepegHero
OTPOCTKA WHJUWBUAYAJIbHO BapbUpyeT OT 3aKpPYIJIEHHOrO A0 3aocTpeHHoro. llepegnun
BOCXO/JSLIUN OTPOCTOK HEBBICOKUM, 3aKpPyIVIEHHbIM, UMEET CYyCTaBHYI MOBEPXHOCTb [Js
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preethmoideum. TlepeiHe-MeAua/JbHbIA OTPOCTOK, U30THYTBINA U CYXKAIOLIMUCA K KOHILY, ero
JUIMHA Y HallpaBJieHUe U3MeHYMBbI UHAWBUAYAJIbHO. YIJIMHEHHbIN U Y3KUU 3aIHUU OTPOCTOK
paclIMpeH Ha KOHILE, ¥ IPOABJIAEeT 3HAYUTEJNbHYIO HHAUBUAYAJIbHYI0 U3MEHYUBOCTDb. 3alHUN
BOCXOZALHMHN OTPOCTOK CY>KaeTCsl U BBITHYT 0PCaJIbHO, UMeeT /iBa Kpasd — epeiHUN U 3a/iHe-
JlopcasibHbli [4]. [lepeaHuil Kpail OTPOCTKA BOTHYTHIHM (pHC. 2), 3aJHUN — BbINMYKJIbIH.

MexnonyassqUOHHBIX OTJIWYMKA B QOpMe NpeAyYesIOCTHOM U YeJNICTHOW KOCTeH He
BBISIBJIEHO.

PucyHok 2. /leBas ye/nlocTHas1 KOCTb (maxillare) o3epHoro roabsiHa R. percnurus (TL - 101 mm)
u3 p. KeutmakTel (CeBepHbiii KazaxctaH). BHellHAs (c/1eBa) U BHYyTPEeHHAS (CIpaBa) CTOPOHBI.
0O603HaueHusn: ANP - nepegHuii oTpocToK; AAP - nepeJHUA BOCXOAAILIMNI OTPOCTOK;
AMP - nepeaHe-MeJuaJdbHbIN OTPOCTOK; PAP - 3aAHU BOCXOJAIIMNI OTPOCTOK;

POPM - 3aaHuii orpocToK. Macmta6: 1 Mm

HusicHas vearocme.

3y6Has KocTb (dentale) ymepeHHO yAJIMHEHHas, ee lepeJHAd 4acTb 3arHyTa BeHTPaJIbHO,
nepeAHUN KOHel, HU3KWUH, J0pcaJbHbIA Kpall mepejHeld 4acTU KOCTHU BBINYKJbIA (puc. 3).
BbICOKMU M IIMPOKUKN KOPOHOWUAHBIKN OTPOCTOK (pr. coronoideum), HampaBJ/ieH JOPCAJBHO,
ero JlopcajibHblil KOHel| OKpYIJIbI{, Kpass HepoBHble. 3aJiHUI Kpall 3yOHOW KOCTH OYeHb
M3MEHYHUBbIN, C OCTPbIMU BbIpe3KaMH U 3y64yHMKaMU. BeHTpo-MeuasbHBIM Kpall nepesHeu
4yacTu 3yOHOM KOCTHM HMMeeT HeOOJIbLUIYI0 AYyroobpa3Hyl BbIpe3Ky, KOTOopas He J0CTUraeT
YPOBHSI KODOHOU/ITHOTO OTPOCTKA. 3a/jHe-BeHTpa/IbHas 4acTb 3yOHOW KOCTHU 06pasyeT KpblJIo
C 3a0CTPEHHbBIM 33/JHUM KOHIOM.
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sesamoid angular

anguloarticulare

retroarticulare

PucyHok 3. JleBast HIXKHSAA 4eJII0CTh 03epHOro roybaHa R. percnurus (TL - 98 mm)
u3 p. KeutmakTsl (CeBepHblii KazaxcTaH). BHemHAsA (c/ieBa) 1 BHYTPeHHAA (cipaBa) CTOPOHBI.
Macmta6: 1 Mmm

CousnieHOBHO-yI/I0Basg KocTb (anguloarticulare) coCTOUT U3 JBYX CIAUTBIX APYT C APYroM
KOCTeW — COuJIeHOBHOM (articulare) u yrnoBou (angulare). Ha 3aiHeM KOHIle COYJIEHOBHOM
KOCTM HMeeTCsl KOPOTKMW TYNOW OTPOCTOK. YrjioBasgs KOCTb UMeeT (GOpPMYy H30THYTOIO
TPEYroJibHUKA, ee A0pCaJbHbIA Kpall BbICOKUH U OKPYIJIbIA, BEHTPaJbHbIH Kpadh MPsSMOH,
nepeJlHUN KOHel, 3a0CTPeHHbIN. Retroarticulare - HeGoJiblIasg KOCTOYKA HENpPaBUJIbHOU
dopmbl. CecamounjHas yryioBasi KOCTb (sesamoid angulare) oueHb U3MeH4YMBa UHUBU/YaJIbHO,
MOeT 3HaYMTeJIbHO pa3indaTbcsa GopMoit U pasaMepaMu. MekkesieB xpswy (cartilago meckeli)
MMeeT MaJIOYKOBUHYI0 GOopMYy.

Mexnony/siMOHHBIX pa3/JIM4ui B popMe KOCTel HUXKHEN YeJIIOCTH He BbISIBJIEHO.

06aacmb xHcabepHOU KpbIWKU.

KpbiiiedHast KocThb (operculum) umeeT dopmy Tpanenuu (puc. 4). Ha nepeaHe-gopcajbHOM
KOHIle KOCTU HMMeeTCsl CyCTaBHOM OTPOCTOK, KOTOPBIM y HcCaeyeMbIX 0CO6eil KOPOTKUU
¥ UIMPOKUH, MJIABHO NMepPexoJUT B JOpPCaJbHBIM Kpaul KOCTU. [lepefHMU U BeHTpaJibHbIN
Kpas KOCTH NpSAMble WUJIM CJIerKa BBINYKJIble, 3aJlHUN KpaW NPSAMOU WJIM CJierka BOTHYTBIH,
JlopcajibHbIM Kpa#l cjierka BOTHYThIA. Bce KOHLbI KOCTH 3a0CTpPEHHbIE, 32 HCKJIHYEHHEM
OKpYIJIOr'0 33/JHe-BeHTPaIbHOTO KOHLA. Ha nepeiHe-BeHTpaJIbHOM KOHILe KOCTH 06pa3yeTcs
OCTpPbIN 3yOUHK.
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PucyHok 4. KpbilieyHble KOCTH 03epHOro rojbsaHa R. percnurus (TL - 98 mm)
u3 p. KeutmakTsl (CeBepHbiil KazaxcTaH) - BHelIHAsA cTOpoHA. 0603HaYeHHUA: A - KpbIlIeYHasd;
B - npeakpbimeyHas; C - MexKKpbimieyHasi; D - noakpbimeyHas. CTpeikoil yka3aH CyCTaBHOM
OTPOCTOK KpbIIIeYHO# KocTu. MacmiTa6: 1 Mm

[IpeakpeolilliedHass KoOCTb (praeoperculum) uivMpokas B CBOed CpPeJUHHOW 4YacTU U
NOCTENEeHHO Cy:KawIascsd K 060UM cBOMM KOHLaM (puc. 4). [lepegHuii KoHel, KOCTU TYINOU
WJIU CJIerKa 3a0CTPEHHbBIH, JopcalbHbIM KOHeL| OCTPbIi. B 1ileHTpasibHON 06/1aCTH TKOCTH ee
nepeJHUU Kpall pOBHbIH, 33/JHUH e B 00J1aCTU Ilepexo/ia MeX /1y [Jie4aMy MOXKeT ObIThb CJIerKa
BOTHYTBIN. BZ10/1b KOCTH IPOXOAUT CEHCOPHBIN KaHaJl, KOTOPBIA OYTH JOXOAUT [0 BEPILIUHBI
ee BOCXO/SILero IJieya.

MexxkpblliedHasi KOCTb (interoperculum) yAJMHEHHas Y CYXKaloLascs K CBOeMy NepeiHEMY
KoHLY (puc.4).3aaHsag 4acTb KOCTH BhILIe IEpeHEN U CyKaeTcs JopcalbHO, U3peiKa 06pasys
3a0CTPEHHBIM KOHel. [lepeiHUM Kpal KOCTUM 3a0CTPEeHHBIU. 3afHUM Kpah KOCTH HMeeT
MHJWBU/YaJIbHO U3MEHYUBYI0 GOpPMY — OT BbINYKJIOW A0 CjJerka BOTHYTOW. JlopcasbHbIN
Kpal KOCTH cJlerKa BOTHYThIM, BEHTPaJbHbIM — MPSIMON, MHOT/A C HEOOJIbIIUMM YI1yOJeHueM
B LleHTPaIbHOM 06J1aCTH.

[TogkphliliedHas KOCTb (suboperculum) cyxatoiasicsi B CTOPOHY CBOEro 3a/iHero KoHIa (puc.
4), nepefHe-BEHTPa/IbHbIM Kpall KOCTU GOPMUPYET MEJKUN OTPOCTOK pa3/IMUHOM CTeNeHU
BBIPAKEHHOCTH, COEJUHAIOIIMUICS C MEXKPBILIEYHOW KOCThI0. PopMa nepesHero Kpas KOCTH
BapbUpyeT OT NPAMOU 10 BOTHYTOW. J/lopca/ibHBbIA U BEHTPAJIbHbIN Kpasd KOCTH IVIaJJKUeE.

MexnonyasiiuOHHbIX OTIMYMU B popMe KoCTel :KabepHOU KPBbILIKH He BbISIBJIEHO.

Ilodsecok (suspensorium).

Héb6Has kocThb (palatinum) nano4koBUJHas, OT ee MeJMalbHOW YaCTHU OTXOAAT JiBa CILJIIOC-
HYTBIX TYNbIX OTPOCTKA: HMXKHUU, KOHTAKTUPYIOIIUN C JIaTepaJbHOM CTOPOHOW COLUIHHUKA U
Npe3TMOM/Ia, U BEPXHUH, TpaHHUYalUi ¢ Me3eTMOUA0M (puc. 5). B nepenHelt yacTu HEOGHOM
KOCTH MMEeTCs KOPOTKUU TYIOW OTPOCTOK, HAllpaBJIEHHbIA B CTOPOHY YE€JKCTHOW KOCTH.
OT cpefHHOM J0pCaJIbHOM YacTH HEOGHOM KOCTU OTXOAUT OYTOpPOK, COeJJUHEHHBIN CBA3KOM C
nepesHUM OTPOCTKOM entopterygoideum.
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| entopterygoideum |

| metapterygoideum

| ectopterygoideum l | hyomandibulare

symplecticum

PucyHok 5. Koctu noaBecka (suspensorium) ozepHoro rojibsiHa R. percnurus u3 p. Kpl/imakTbl
(CeBepubliit KazaxcraHn) (TL - 98 mMm) - Buj, c60Ky. Macmta6: 1 Mmm

BHyTpeHHs1 KpbLIOBUAHAsA KOCTb (entopterygoideum) BbICOKasi, ee JOpCaJbHbIU
M BEHTpaJIbHbIA Kpasi OKpyIJible, 3aJJHUM KpaWl cJjerka BOTHYTbIA (puc. 5). Hapyxnas
KpbLJIOBUJHAsA KOCTb (ectopterygoideum) oBajsibHOW GoOpMbl. 3afHsAsS KPbLIOBUJHAs KOCTb
(metapterygoideum) BbicOKasi, nepeJHe-BEHTPAIbHbIN Kpal KOCTU BbINYKJIbIM, BEHTPaJIbHbIU
Kpall UMeeT W3MEHYMBble WHJWBU/yaJbHO OYEpPTaHMs, 3aJHUN Kpal npsamor (puc. 5).
BasasibHBIA OTPOCTOK (pr. metapterygoideus basalis) BbICOKMNA, HHOTAA CJIeTKa CYKarOL[AMCS
JopcanbHo. [lepefHUM Kpall OTPOCTKa BBINYKJbIM, 3aJlHAHM KpaWh NpsAMoOH. JlaTepasibHbIN
OTPOCTOK (pr. metapterygoideus lateralis) Hu3kuM, ero popMa U3MeHYHUBA UHAUBUAYATBHO.

KBazpaTHas KocTb (quadratum) BbICOKasi U KopoTKas (puc. 5). Mex/ly nepeJHUM KpaeM
KOCTU U Nlepe/iHe-BEHTPAJbHbIM KOHIIOM C MbIlLeJKOM GopMUpyeTcs HeboJibliasg Bbipe3Ka.
3a/He-OopCca/libHbI Kpal KOCTU Ayroo6pasHbld. 3aJJHUM OTPOCTOK KBaApaTHOW KOCTHU
(pr. posteriosis quadratum) pocTuUraeT MOJOBHUHBI AJIMHBI symplecticum. ®opma 3agHero
OTPOCTKAa M3MEHYMBa WHAWBUAYyaIbHO. Symplecticum H30rHyTOe, CBOMM [OpCaJbHbIM
KpaeM MpoJio/KaeT U3MEHYHUBblE OUepTaHUs BEHTPaAJbHOIO Kpasi metapterygoideum v Wb
dbparMeHTapHO ero nepekpbiBaeT (puc. 5).

[ToabA3BIYHO-YEMI0CTHAsA KOCTh, U1K TMoMaHAu6yna (hyomandibulare), mupokasi, ee 3aiHee
KpPBLJIO €1ab0 Pa3BUTO, MHOT/AA MOYTH OTCYTCTBYeT (puc. 5). [lepesiHee KpbLIO TMOMaHAMOYJIbI
BBINYKJIOE, 3a4aCTyl0 00pa3yeT CpeAWHHbIN YroJi, CTeNeHb €ro BbIPaXKEHHOCTU BapbUpyeT
WHAUBUYaJIbHO. JlopcasibHbIN Kpal KOCTH CJierka BOTHYThIN, UK MOYTH MPSIMOM.

MexnonyassMOHHBIX pa3udui B popMe KOCTel Mo/ BeCKa HE BbISIBJIEHO.

Ilo0wss3bIvHasA (2uoudHas) ob6aacme.
3agHenoAbA3bIYHAsA KOCTb, WJM yporuanus (urohyale), yajivHeHHasi, BeHTpaJsbHas
IJIaCTUHKA paclIMpsieTcss KayAaJbHO, 06pa3ysl OKpyIJible Kpas, U CyKaeTcs Ha 3aJiHeM
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KoHIe (puc. 6). JlopcasibHas MJacTHHKA HauboJiee BbICOKAsi B CBOEM 3a/lHEU YacTH, CyKaeTcs
JIOpPCaJIbHO, e€ 3a/iHe-/0PCaIbHBIN Kpad 3aX0AUT 3a 3aJJHUU Kpad BEHTPaJbHOU MJIACTUHKH.
B menom kpas o06euxX IJIACTUHOK 3HAYMTEJbHO WU3MEHUYMBBI HWHAWBHUJAyalbHO. lllelika
3a/{HENO/bA3bIYHON KOCTH KOPOTKas W y3Kasl, BbIpe3Ka BUJIKH IJIy60Kasi, MIPUOGJIU3UTETbHO
paBHa, JIM60 HEMHOTO MpPEeBbIIAET AJUHY HMEHKU. MeXNonyasiuOHHbIX pa3Juiuid B popme
3a/IHENO/bSA3bIYHON KOCTU HE BbISIBJIEHO.

PucyHok 6. 3agHenoabsa3bI4YHas KOCTb (urohyale) o3epHoro rosbsiHa R. percnurus. CieBa:
p- Kapkapans! (LlenTpanbabiii KazaxcraHn) (TL - 94 mm). CnpaBa: p. KbImakThbl
(CeBepHnbliilt Kazaxcran) (TL - 98 mMm). Buj, c60Ky (BBepxy) ¥ O CHMHHOM CTOPOHBI (BHU3Y)

[TogbA3bIYHASA KOCTb, UK 6a3uruanus (basihyale), y usydyaeMbIX pbl0 NPOSBJISET MEXKIIOMNY-
JIALUOHHYI M3MEHYUBOCTb (puc. 7). ¥ pbl6 u3 nonyasauuu p. Kapkapasnsl (LleHTpanbHbIN
KasaxcTaH) noabsa3pluHasi KOCTb 3HAYUTENbHO pacliMpeHa Ha lepeJiHeM KOHIIE U Cy»KaeTcs
KayJaJbHO, Ha NepeJjHEM Kpae KOCTU (POpMHUpPYyeTcs BOTHYTOCTb, 3aJHHUM Kpall cJerka
paciiupeH, JlaTepajbHble Kpas IJ1ajikue. Y rojbsHoB nonyasnuu p. Keutmaktel (CeBepHBIR
KaszaxcTaH) KOCTb MasOYKOBU/IHAsl, B MepejHEN 4acTH He paclivpeHa U 6e3 BOTHYTOCTH,
3a/JHUH Kpal pacuiMpeH, Ha laTepaJbHbIX KPasiX KOCTH GOPMUPYIOTCS BITYKJIOCTU U GYTOPKHU.

PucyHnok 7. [logba3sidyHas KocTh (basihyale) o3epHoro rosibsina R. percnurus. Buj co CHHHHOM
cropoHsl. CieBa: p. Kapkapassl (LlenTpanbHbiii Kazaxcran) (TL - 68 mm). CipaBa: p.
Kbsutmakrsl (CeBepHbiil KazaxcraH) (TL - 101 mMm)
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HwxHernogHass KocTb, WA runoruanus (hypohyale), npexncrtaBjieHa JAByMsl MapHbIMHU
KOCTAIMM — J0pPCaJIbHOM M BeHTpaJbHOMW. JlopcasibHasgd U BeHTpasibHas TUNOTHAJIMU MpH-
MOYTO0JIbHBIE, C HETJIyOOKOW BbIEMKOM Ha UX BEHTPaAJbHOW U OPCAJIbHOM CTOPOHAX COOTBET-
cTBeHHO (puc. 8). Mexx1ly 060MMU KOCTSAMU POPMUPYeETC THOUJHOE OTBEPCTHE.

BH

HH

CH

EH

IH

BR3

PucyHok 8. Buj c 6ploLIHOM CTOPOHBI HA THOUAHYI0 06J1aCTh 03epPHOro roJjbsHa R. percnurus u3
p- Kapkapasnsl (leaTpanbHbiii KazaxcraH) (TL - 68 mM). 0603HauyeHUs1 KOCTEM:
BH - nogbaseiuHas (basihyale), HH - HmaxHernogHasi koctb (hypohyale),
CH - poxxkoBugHO-ruogHas (ceratohyale), EH - BepxHernouHas (epihyale),
IH - mexxruoupgHas (interhyale), UH - 3agHenoabsA3bI9HaA KOCTh (urohyale),
BR1, BR2, BR3 - 1yum xabepHoil nepenoHkHU (radii branchiostegi)

PoXXKOBU/JHO-THO/IHASI KOCTh, WJIM liepaToruanus (ceratohyale, unv nepenHee ceratohyale),
y U3y4aeMbIX pbl6 YAJMHEHHAd, Cy>KaeTcd B llepefjHEN 4aCTU U pacIIUpseTCcA Ha NepeJiHeM
M 3a/iHeM KoHLax (puc. 8). 3a/iHAs 4yacTb KOCTU 3aMeTHO Mupe nepejHeld. Ha gopcasibHo# U
BEHTpPaJIbHOW CTOPOHAX NepeHerd 4aCTU KOCTU 00pa3yloTcs yIryiyoJIeHus.
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BepxHeruouiHast KOCTb, WM anuruanus (epihyale, unu 3agusasa ceratohyale), ynnvuHeHHas,
TpeyroibHod ¢GopMmbl, ee 3aAHUK KoHel| Tynod (puc. 8). Kpasg KocTM M3MEHYUBBI UH[U-
BU/IYyaJIBHO.

MexruouniHast KOCTb, WM UHTepruaaus (interhyale), kopoTkas,, uMeeT GOpPMy BBITIHYTOTO
TpeyroJibHUKA.

Jlyuu »xabepHoi nepenoHku (radii branchiostegi). [lepBblil *KabepHBIN JIy4 COeJUHSIETCS C
nepeJHel 4acCThIO LiepaTOrMa/ivM, ero KOHIbl 3a0CTPeHHbIE, Ha NepeHe-A0pPCaJbHOM KOHIle
MHOrJa QOopMHUpyeTCsl MeJKUU y3KHH OTPOCTOK. BTOpoW xkabepHbIM Jiyd NMPUKpENJIseTcs
K 3aJlHEM 4aCTH LepaTOTHa/IuM, ero nepeJHUN KOHel, HEMHOrO pacIlWpeH, TYNOW, 3aAHUU
KOHel| 3a0CTpeHHbIN. TpeTH# xabepHbIH JIyd NPUKPENJISeTCs K epeJHel YacTH 3NUTHauY,
ero nepejaHuM KOHel| TYNOW, 3aJJHAM 3a0CTPEHHBIN.

MeXnonyasiUOHHbIX pa3JU4Yuid B ¢PopMe TUIOTHANIUU, LepaToTrHaluM, 3SMUTHAIUH,
UHTEepPruajuu 1 Jy4yei kabepHOM epernoHKU He BbISBJIEHO.

KabepHas obaacmeo.

[7loTOYHO-)KabepHble 3JieMeHThbl, WJU apuHrobpanxuaiuu (pharyngobranchiale), y
KapIoBbIX pPbl0 PACIOJIOXKEHbI B I0PCA/IbHON MeIUa/IbHOM YaCTH KabepHbIX AYT U COeJUHSIOTCS
C BEHTpaJbHOW CTOpoHOW mapaceHouza. OHU MpeJCTaBJASIOT COOOM YeThIpe MHaPHBIX
3JIEMEHTAQ, YCJIOBHO IPOHYMeEpPOBaHHbIE OT 1-r0 /10 4-X (0T nepeJHeN K 3aiHEN CTOPOHE). 2-9 1
3-1 papUHro6paHxUaIrU Yy KapIOBBIX PbIO CPOCJIUCH, B TO BpeMs Kak 4-1 papuHrobpaHxvaius
IPUCYTCTBYET JIMIb Yy HEKOTOPBIX BUZ,0B B BU/J€e Xpslla.

YuccnenyeMbix pb16 nonynsauuu Kapkapasnbel He 06Hapy»xeHo 1-1 apruHrob6paHxuainm (puc.
9).Y ocob6eut u3 nonyasauuu KbimakThbl nepegHeaTepaabHbIA Kpau 1-1 papruHrobpaHXxuaaInu
COoeJMHEH BEHTPa/bHO C 1-U anubpaHxya/vel, 3aiHeaTepaJbHblil Kpal TPaHUUUT CO 2-U
anubpaHxuasvel, 3alHUU Kpail 3aX0AUT Ha MepejHI0 4acTb 2+3-i papuHrobpaHxUaIrHU.
JnvHa 1-¥ papuHrobpaHxuaivu 60Jblie eé LUPUHBI, MeAHWAJbHbIN Kpal cjerka BOTHYThIH,
OCTaJibHble Kpasi OKpyrJible (puc. 9).

Cpocuiuvecs: 2-a1 1 3-9 papuHrobpaHxXUaJMU COeAUHSIOTCA cnepeau ¢ 1- dapuHrobpaH-
XyaJiueu, JaTepajbHO — CO 2-W 3nMOpaHxua/vel, 3aJHe-JaTepajlbHbld Kpah TPaHUYUT C
3-i snubpaHxuanveid. 06’beJUHEHHAsA KOCTb KpynHee, yeM 1-91 GpapUHro6paHxyaius, UMeeT
dopMy mosiyMecsinia, cjerka npojoJiroBarasi, C BbIpe3KOW Ha MeAua/bHOM Kpae. Y ocobei
u3 nonyasauun KeuimakTtel 2+3-9 papuHrobpaHxuanus 6oJiee yJJUHEHHass U C OOJbLIeH
IJlyOMHOW BhIpE3KU Ha MeJjJMa/IbHOM Kpae KOCTH.

4-g dbapuHrobpaHxuaJus coeJMHsIeTCs crepeay co 2+3-il dapuHrobpaHxvauen, jaTe-
paJsibHO - C 4-i anubpaHxyanven. JlaHHbIA HEKOCTHBIN 3/1eMEHT NPUCYTCTBYET Y U3y4aeMbIX
ocobeli B BH/ie €/1Ba Pa3JIMYUMON TOHKOW MJIACTUHKU U3MEHYUBOW GOPMBL.
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Ocmeorozus 6uct,eparbrozo depena 03ephozo 20Avana Rhynchocypris percnurus (Leuciscidae) us Ceseptiozo
u Llenmparvhozo Kasaxcmana

PB1

£B1 PB2+3

EB2

EB3

EB4

PucyHok 9. dapunro6panxuanuu (pharyngobranchiale) u anu6panxuanuu (epibranchiale)
o3epHoro rojbsaHa R. percnurus u3 p. Kapkapasl (enTpanbHslii Kazaxcran) (cieBa, TL - 94
MM) 4 p. Keutmnakrsl (CeBepHbiii KazaxcraH) (TL - 98 mm). Buj co cHUHHOM CTOPOHBI.
06o03HaveHnus: EB1, EB2, EB3, EB4 - 1-4-a anu6panxuaauu; PB1, PB2+3,

PB4 -1-4-a ¢papuHro6paHxmajIuu

BepxHexxabepHble 3/1eMeHTbI, U1K 3NUbpaHxuaanu (epibranchiale).

JopcanbHasg 4vacth 1-i1 anubpaHxuasuu 6oJiee y3Kasi, 4YeM BeHTpaJibHas, 3aJHUU
Kpal JopcajJibHOM 4acTU C HeryyOoKoW BbleMkoH. Ha mepesHeM Kpae JopcasibHOM 4acTH
2-1 snubpaHxuaauvd ¢GopMHUpyeTcs HeraybokKas BbleMKa, TFpPaHULy MeXJAy JAOpcaJbHOU
M BEHTpPaJIbHOM 4YacTIMU KOCTH 06O3HayaeT HeOOJIbLIOW OTPOCTOK Ha €€ 3aJHeM Kpae.
MexxnonysiiUOHHBIX pa3auiui B popMe 1-U U 2-1 anUOpaHXUATUN He BbISIBJIEHO.

JlopcasibHasg yacTb 3-UW 3nUOpaHxXyMaIuMU 6oJiee y3Kas, 4yeM BeHTpaJibHas, e€ 3ajjHe-
JlOpCa/IbHBbIM Kpal CO 3HAUUTEeJIbHOU BbleMKOU. OT rpaHULbl MEXAY AOPCATbHON U BEHTPa/IbHOM
YacTSIMHU KOCTH OTXOJUT 3a0CTPEHHHbIN 3a/JHUM OTPOCTOK, HalpaBJIeHHbIH J0PCabHO, TAKUM
o6pa3oM, JopcasibHas 4acTb KOCTU BUJIKOOOpasHas. ¥ ocobell u3 nonysasuuu Kapkapasbl
JlaHHbIM OTPOCTOK Y3KUH U JJMHHBINA, B TO BpeMs KaK y pbl6 U3 nonyasauuy KeuimakTel oH
60J1ee LINPOKUU U KOPOTKUH (puc. 9).

4-g snubpaHxuasusl Haubojiee y3Kasg U3 OCTaJbHBIX BepxHe-)KabepHbIX KOCTel, eé
LleHTpaJIbHas 4aCTb 3HAUYUTEJIbHO CY>KeHa, J0PCaJbHbIM ¥ BEHTPaJIbHbIM KOHLbI paclIMpeHbI,
JlOpCca/IbHBIM KOHel| lupe 3afHero. paHuny MexJy AOpCaJbHOM U BEHTPAJIbHOW 4aCTAMU
KOCTU 0003HauYaeT KOPOTKUU TYNOM OTPOCTOK Ha eé 3aiHeM Kpae. OT nepesgHell NIOBEPXHOCTHU
JlOpPCaJIbHOM YaCTU KOCTH OTXOAUT AJIMHHBIM, Y3KHH, 3a0CTPEHHbIN OTPOCTOK, HallpaBJIEHHbIN
JlopcasibHO. MeXnony/isiiUOHHBIX Pa3/JIniui B popMe 4-1 anMOpaHXUaINU He BbISIBJIEHO.

PoxxKOBUIHO-KabepHble 3JIeMEHTbl, WIW IiepaTobpaHxuanuu (ceratobranchiale). Tlep-
Bble 4 3JleMeHTa MpOJ0JroBaThle, NaJOYKOBHAHbIE, IO 06eMM CTOpPOHAM (AOpCajJbHON U
BEHTPaJIbHOW) pacnoJIoXKeHbl XpslM. BeHTpasbHble KOHLbI KOCTEH cerka U30THYThI, IepBble
TPHU KOCTH CJIETKA CY?>KeHbl B BEHTPaJIbHOU YacTHu (puc. 10).
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[MoTo4YHasA KOCTb, WM liepaTobpanxuanus (ceratobrachiale 5). Y uccaenyeMbIX roJbsiHOB
JlOpPC/IbHBIN KOHEL, KOCTHU 3a0CTPEHHbBIH, 3a4acTyI0 CJIerKa 3arHy T BBEPX. YT0J1 MEX/ly BEPXHUM U
JIaTepaJibHbIM CETMEHTaMH, KaK IPAaBUJIO, HE BbIPAXKeH, HO Y HEKOTOPBIX 0COGEH 3eCh MOXKET
06pa30BbIBATHCS JIETKUH nepexos. Mexay JaTepasibHbIM CErMEHTOM U BEHTPaJIbHOM YacThIO
KOCTH GOPMUPYETCS BbleMKa Pa3/IMUHOM CTeNeHH BIPQXKEHHOCTH. BeHTpasibHbIN KOHEI KOCTH
3a0CTPEHHbIH, 3arHy ThIH JIaTepaibHO. [JI0TO4YHbIE 3y6bl pa3MelleHbl B /iBa psiJia — 60JIbIIOH, C
6oJiee MUPOKUMHU U JJIMHHBIMU 3y6aMH, U MaJIbli — C Y3KHUMH U KOPOTKHUMH. B GosibiioM psigy
JIEBOM KOCTHU 0OBIYHO 5 3y00B, B MasioM — 1-2 3y6a; B 60JIbLIOM PSAAY NIPaBOW KOCTU OOBIYHO
4 3y6a, B MasioM — 1-2 3y6a. [J1I0ToYHbIe 3yObl CYy>KalOTCS K CBOEMY 3a0CTPEHHOMY KOHILY,
rJle 3arHyThl JjopcajibHO. BepxHue ABa 3y6a 6o/bLIOrO psijia 6oJiee AJUHHBIE U Y3KHE, YeM
ocTaJIbHbIE. MeXMOMYJISIMOHHBIX PA3/IMUUi B GopMe pPOKKOBHUHO-)Ka6EpPHBIX 3JIEMEHTOB U
IJIOTOYHOM KOCTHU He BBISIBJIEHO.

CB1

CB2

cB3

CB4

CB5

PucyHok 10. Koctu xa6epHoii 06/1acTH 03epHOro rojbsaHa R. percnurus w3 p. KblmakTsl
(CeBepHnblii Kazaxcran) (TL - 98 mMm). Buj, ¢ GpIOIIHOI CTOPOHBI.
0603HaueHus: C1, C2, C3 - 1-3-a xkonyssl; CB1, CB2, CB3, CB4, CB5 - 1-5-1 nepaTo6paHxuajimny;
HB1, HB2, HB3 - 1-3-a runo6paHxuajauu
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Ocmeorozus 6ucteparvozo uepena o3eptioo 20avana Rhynchocypris percnurus (Leuciscidae) us Cegeptozo
u Llenmparvrozo Kasaxcmana

[TomxxabepHble 3JieMeHThl, UK runobpanxuanuu (hypobranchiale). 1-1 runo6paHxuanus
- MeJiKasl, KOpOTKas, U30THyTasi KOCTOYKAa, ee JOpCa/ibHbI KOHel| paclulMpeH, mnepesiHss
MOBEPXHOCTb BIaJiasd. 2- TMIIOOpaHXHUaIUsa — HauboJiee MeJsiKasi MPSAMOYToJibHasi KOCTOYKA C
VM3MEeHYMBbIMHU KpasiMU. 3-1 TUII00paHXUaIus — TOHKas, MeJIKasi U U30THyTasi KOCTO4Ka, 6oJiee
JUIMHHAs1, YeM OCTaJIbHble TUIIOOpaHXHUAINH, €€ Jopca/ibHAsA YacTh LIMPOKasl, BEeHTpaJbHas —
y3Kas. Mexnony/isiiMOHHBIX pPa3/IMYui B pOopMe Mo »KabepHBIX 3JIEMEHTOB He BbISIBJIEHO.

Konysbl, uiu 6asubpanxvanuu (basibranchiale). 1-1 konyJsa cjerka cy>keHa B nepejHel
YacTU. 2- KOINyJa Cy>KeHa B LIeHTPaJIbHOW 4YacTu. 3-1 KomyJa AJIMHHee, 4yeM 2-f KOMyJia.
MeXnonyasiiuOHHBIX pa3uiui B popMe KOMyJ He BbISIBJIEHO.

[lonyyeHHble HaMU JaHHble 0 QOpMe KOCTeH COIJIaCylTCH C HMMEHUIMMHUCHI OCTeO0JIo-
TMYeCKMMHU CBEJIeHUSIMU 110 03€PHOMY T'oJibsIHY [3,4] ¥ B TO »Ke BpeMs MPeIoCTaBJSIOT 6oJiee
00IIMpHOE M JeTaJbHOe ONHCAaHUE BHUCLEpPaJbHOr0 vepemna. BbisiBieHHble O0COOEHHOCTH
CTPOEHUST KOCTeHN MOJATBEPXKAAIOT 060C00JIEHHOCTh 03€PHOT0 T'0JibsSIHA OT Mpe/CTaBUTes el
pozaa Phoxinus, K KOTOPOMY 03€pHOrO IroJibsiHa paHee OTHOCWUJIMU. B yacTHOCTH, 3TO KacaeTcs
TaKUX OCTEOJIOTUYECKUX MPU3HAKOB O3EPHOr0 TOJIbSIHA, KaK Y3KUW 3aJJHUM BOCXOASALIUHA
OTPOCTOK YeJIIOCTHOW KOCTH, KOpPOTKas 3yOHasi KOCTb, IIMPOKUN CYCTaBHOW OTPOCTOK
KpbILIEYHON KOCTH, HU3Kasl JlopcaibHas MJIACTUHKA ypOTryuainM, 6ojiee MacCMBHAs IJIOTOYHAs
KOCTb.

BoJIbIIMHCTBO HCCIelyeMbIX TPU3HAKOB CXO/[HO Y TOJIbsiHOB U3 CeBepHOro U lleHTpasibHOTO
KazaxcTaHa u cBUeTe/IbCTBYIOT O NPUHAAJIEXKHOCTH 000UX MONY/ISALUN K 03EPHOMY T'OJIbSIHY
R. percnurus. BeisiBJieHHbIE OTJIMYHS KacaloTcsd GopMbl 6a3UTHANIUU U 3-U SNUOpPAHXUAMY, A
TaK»e OTCYTCTBUA 1-U papuHrobpanxuasuu y poi6 us p. Kapkapassl. /laHHble 0CO6GEHHOCTH
MOTYT YKa3bIBaTh Ha 060C06JIEHHOCTb MOMYJ/IALMU 03epHOro rosibsiHa CeBepHoro KazaxcraHa
ot nonyaauuu llentpanbHoro Kaszaxcrana. Ilonynsauua u3 CeBepHoro KasaxcraHa 1o
MopdpoMeTpUIECKUM NPU3HAKaAM OJIM3Ka K HOMMHAaTUBHOMY NOABUAY R. percnurus percnurus
[2]. Tlpexpiaymue cBefeHus no rosbsiHaM lleHTpanbHoro KasaxcraHa kacaroTcsl mojBUAa
rosibsiHa UrHaToBa us p. Tan/ibl, Bajjaroleit B o3epo Kapacop [11], a Takxke U3 o3epa KapakoJib
[12]. CtaTyc faHHOU pOpPMBI OCTaeTCs HESICHBIM U TpebyeT BepuduKaLuu.

3aKk/iloueHue

B pesysbTaTe HacTOALLEro HCCAeJLOBAaHUA NpeACTaBJeHO NMOAPOOHOe ONMCaHUe KOCTeH
BUCLIEpaJILHOTO Yeperna 03epHOro roJibsiHa U3 nonyasauuil p. Keutmaktel (CeBepHbiil KazaxcTaH)
u p. Kapkapassbl (LlenTpanbHblii KazaxcTaH). BoisiBjieHbl Takye xapaKTepHble /Il 03epPHOr0
roJibsiHa 0COGEHHOCTH, KaK Y3KUHM 3aJHUM BOCXOJSAIIMA OTPOCTOK BEPXHEYEJHCTHOU KOCTH,
KOpOTKas 3yOHas KOCTb, LIMPOKHWU CYCTaBHOM OTPOCTOK M OKPYIJIbIM 3aJiHe-BeHTpPaJbHbIU
KOHel| KpbILIeYHOM KOCTH, HM3Kas JopcajbHas IJIACTUHKA NOABA3BIYHOM KOCTH, GoJiee
MacCHMBHas IJIOTOYHAasA KOCTb. B oTiivyne OT rosibssHOB U3 p. KbIIAKTEI, y FOJIBAHOB U3 P.
Kapkapasnbl nogpasblyHasd KOCTb pacliMpeHa B CBOEW IepefHer 4acTH, OTPOCTOK MeXAy
JlOpCa/IbHOW Y BEHTPaAJIbHOM 4acTAMU 3-U aNMOpaHXUaIMU Y3KUU U JIJIMHHbBIM, He BbISIBJIEHO
1-ii dapuHrobpanxuasvu. /JlaHHble NMPU3HAKKM MOTYT YKa3blBaTb Ha MOpP(QOJIOTrHYecKyro
060c006/1IeHHOCTb MoNy/aALUMA o3epHOro rojbsiHa CeBepHoro M llenTpasbHoro KasaxcraHa.
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[Tonynsauuu rosbsiHOB U3 BoJoeMoOB LleHTpasbHOro KasaxcrtaHa TpeOGylOT YTOYHEHUSA
CUCTEeMaTHUYeCcKOro cTaTyca.
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TaraeB /I.A. - uzes U CTPyKTypa UCC/IeLOBAHUS, BbINIOJIHEHME 3KCIIEPUMEHTAJIbHOM 4acTH
vccieJOBaHMs, HAallMCaHUe U peJlakTUpOBaHuUe TeKcTa ctaTby; CajkbiM6aeBa M.B. - BbinoJi-
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Ocmeorozus 6ucteparvozo uepena o3eptioo 20avana Rhynchocypris percnurus (Leuciscidae) us Cegeptozo
u Llenmparvrozo Kasaxcmana

J.A. TaraeB, M.B. CaiKbIM6aeBa
JLH. I'ymuses amviHdarbl Eypa3us yammblk yHugepcumemi, AcmaHa, Kazakcmax

CourTycTik xk9He OpTasblK KazaKcTaHHBIH KeJ1 ro/bsAHbIHBIH, Rhynchocypris percnurus
(Leuciscidae) Bucuepaibji 6ac cyiieriHiH 0CTe010THSCHI

Anpgarna. Makana KaszakcTaHHbIH, UXTHOQAyHACBIHBIH, JKEePriliKTi eKijli - KeJl ToJIbSIHBIHBIH,
OCTeO0JIOTUAACBIHA apHasifaH. bysn Typ EypasusiHbIH COJITYCTIriHZe KeH apealiia TapajifaH KoHe
TaKCOHOMMUSIJIBIK KYPbLIbIMbI J1ayJibl. KeJl rosibsiHbIHBIH, TYbICTBIK, TapMaFbl OipHellle peT e3repreH —
Kasipri yakbITTa OHbI kUi Rhynchocypris TybICcblHA KaTKbI3aAbl. By TypJiy iminge 6ipHelne Typiie
CUNATTAaJIFaH, oJapApblH ekeyl ConTycTik xxoHe OpTasnblK Ka3akcTaHHBIH, Cy alibIHAapbIHAA MeKeH e .
ContycTik KazakcTaHHBIH Cy KoMManapblHAaFbl K6Jl T0JIbsIHAAphI TypaJibl Ka3ipri yakbITTaFbl aKlapaT
MOPOOMETPUSAJIBIK JAepeKTepMeH LIeKTe e/, 0Jap/blH HeTi3iHZe 0J HOMUHATUBTI R. p. percnurus
TyplileciHe >XaTKbI3blIFaH. BypbiHbipakK CouaTycTik KaszakcTaHHbIH, YeKaHOBCKHU TOJIbSIHBIHBIH,
TYp TapMarbl peTiHJe cumaTTajJfaH Tarbl 6ip ¢opmackl kKeiliHHeH OpTa/nblkK KasakcTaHHBIH cy
albIHAApbIH/A Jla MEKEHAENUTIH R. p. ignatowi KeJ ToJIbSIHBIHBIH, TyplIeci peTiH/e KapacThIPbLAAbI.
OHBIH, CUCTEMAaTHUKAJbIK JXYHeci aHbIK eMeC GOJIbII KaJIbIl OTBIP, aJ MOPGOJIOrUsiChl MeH Tapasybl
TypaJibl 6ap aKmnapar as.

ByJ1 3epTTey *KYMBICBIHBIH, MaKcaTbl CONTYCTiK xkoHe OpTablK KazakcTaHHbIH Cy KOMMaJlapblHaH
aJIbIHFaH K6eJl TOJIbSIHBIHBIH, BUCLepaibAbl 6ac CyleriHiH cunaTThl 6eJrijiepi MeH NOMyJisiUsiapabIK
©3repPrillITiriH aHbIKTay 601kl 3epTTey HbicaHbl KbuimmakTel (ContycTik KasakcraH) sxoHe Kapkapasibr
(OpTanbik, KazakcTaH) e3eH/iepi monyasiiUACBIHBIH 6a/lblKTapblHaH KypaiaAbl. KaHKanapabl AalibIHAAY
»KoHe 605y 9/1iCiH KoJIZJaHa OTBIPHII, €Ki MOMy/IAIMSA1aH GaTbIKTapAbIH 0CTE0JIOTHUSJIBIK TperapaTTapbl
anbIHAbL. OCTeoIoTUsIIbIK Geriiepai Tangay HaTuxKecinZe KasakcTaH cy ali/iblHapblHaH ajJblHFaH
K6Jl TOJIbSIHBIHBIH BHUCLiepaJibJbIK CYWeKTepi ajfall peT erkel-Terkeisi cunmatTanjbl. KoFapFbl
*KaKCyHeK, Tic, xesbe3eK KakMaFbl, TiaCThl X9HE XYTKbIHIIAKTBIK CYWeKTepiHiH OyJ Typre ToH
nimiH epekiesikTepi aHbIKTanAAbl. llonmysnduus apasjblK alblpMallbLIBIKTap TilaCThl CYHeK NeH
yuriHmi »kesnbe3ekacThl 3JEMEHTTIH MillliHiHe, CcOHAAN-aK KYTKbIHIIAK-KeJ6e3eK 3JeMEHTIHiH
6oyl HeMece 60JIMayblHA KaTbICThI. AJIbIHFaH MaJjiiMeTTep COJTYCTiK koHe OpTanblk KazakcraH
NONyJSILUsIapPbIHbIH MOP)OJIOTHUSJIBIK 63TellleJIEHTeH/IiTiH KepceTyi MYMKiH.

TyiiH ce3aep: kes rosabsnbl, Eupallasella, Rhynchocypris percnurus, Leuciscidae, »epriJqikTi Typ,
OCTEeO0JIOTHS], BUCIIEPa/b/bl Gaccyhek.

D.A. Tagayev, M.B. Salkymbayeva
L.N. Gumilyov Eurasian National University, Astana, Kazakhstan

Osteology of the viscerocranium of the lake minnow Rhynchocypris percnurus (Leuciscidae)
from Northern and Central Kazakhstan

Abstract. The article is devoted to the osteology of the lake minnow - an indigenous representative
of the ichthyofauna of Kazakhstan. This species has a wide range in northern Eurasia and a debatable
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taxonomic structure. The generic status of the lake minnow has changed several times - currently it is
often assigned to the genus Rhynchocypris. Within this species, several subspecies have been described,
two of which live in the water bodies of Northern and Central Kazakhstan. Modern information on the
lake minnow from the Northern Kazakhstan is limited to morphometric data, on the basis of which
it is assigned to the nominative subspecies R. p. percnurus. Another form, previously described as a
subspecies of R. czekanowskii from Northern Kazakhstan, was subsequently considered as a subspecies
of the lake minnow R. p. ignatowi, which also inhabits the water bodies of Central Kazakhstan. Its
systematic status remains unclear, and available data on morphology and distribution are scarce.

The purpose of this study was to identify the characteristic features and interpopulation variability of
the visceral skull bones of the lake minnow from the water bodies of Northern and Central Kazakhstan.
The research material consisted of fish from populations of the Kylshakty River (Northern Kazakhstan)
and the Karkaraly River (Central Kazakhstan). Using the method of preparing and staining skeletons,
osteological preparations of fish from both populations were obtained. As a result of the analysis of
osteological characteristics, the bones of the viscerocranium of the lake minnow from the water bodies
of Kazakhstan were characterized in detail for the first time. Characteristic features of the shape of the
maxillary, dentary, opercular, basihyal and pharyngeal bones were revealed. Interpopulation differences
concern the shape of the basihyal and the third epibranchial, as well as the presence or absence of
the first pharyngobranchial. The data obtained may indicate the morphological distinctiveness of the
populations of Northern and Central Kazakhstan.

Keywords: lake minnow, Eupallasella, Rhynchocypris perchurus, Leuciscidae, native species, osteology,
viscerocranium.
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Anpaatna. Makasa Cusepc aama aralllbIHBIH >KaOaiibl HONYAAIIMACHIH caKTay
MaceaelepiHe apHaaraH, ceOebi Cusepc aama aramibl KYHABI TeHO(OH/ OO0ABII
TabblaaAbl, COHABIKTAH OHBI Ka3ip >KoHe 0oaallak ceaeKlnsga, opMaHAapAbI TO-
ABIKTBIPY >KoHe OpMaH IlapyalllbLABIFbIH XKYPridy MaKcaTblHAA 3epTTey KoHe caKTay
Ke3eK KyTTipMmenTiH Maceae. Opraaslk Asusgarsl Cusepc aaMa aralllTapbIHBIH >Ka-
Galipl MOIMyASLMSAaPBIHBIH €H KyaTThl MaccuBTepi Kasipri yakbiTTa Kasakcranaa
caKTaJAfaH, olap OyKia a41eMAe aaMaHBIH MdJAeH! COPTTapbIH K0AJAay YIIIiH TeHeTu-
KaABIK MaTepUaAABIH TaOMEU Ke3i peTiHAe yAKeH MaHbI3Fa e. Conrsl 20 xp1a4a Cu-
BepC a/Ma aralllbIHbIH >Kabalibl IOy ASIMACIHBIH OMip CypyiHe Herisri KayinTepaiy
Oipi TaOuFy momyAsIMsAAapFa YAKEeH 3UAH KeATipeTiH JKoHAIK 3MsHKecTep OOABIIT
oTbIp. OcplfaH OallAaHBICTEI MaKaJAaHBIH MaKcaThl — OCHI 3VSTHKeCTEPAIH JaMybIHa
acep eTeTiH PpaKTOpAapAbl HAKThLAAY, (PEHOAOTMABIK SKoHe DKOAOIVAABIK, CUIIaTTa-
MajapbIH aHbIKTay, CrBepc aaMa arallITapbIHBIH OCHI 3MsTHKeCTepiMeH Kypecy Iapa-
AapblH Aep KesiHAe KOAJAaHy YIIiH OackIM 3MsSHKeCTepAiH eH 0cal Ke3eHiH aHBIKTay.
bya makazaga yi OaceIM 3usHKecTepAiH (peHOAOTMACE KapacThIpblaabl, aTall ail-
TKaHAQ, aAMa aKKic Kylie keOeeri, payllaH >kallbIpak IIMpaTKbIII KeOeeri, A01aHa
>Kamblpak IIMpaTKbII KeOeaeri. Epecek caThIchl OOMBIHIIIA TYpA€pAl aHBIKTay JKoHe
¢eHoaorMAABIK JaMyAbl OaKblaay VIIIiH JepHICiA caThlaapblH ecipy aici Koaja-
HBLAABL. /lepHacia caTblAapbIHBIH MOP(POAOTUAABIK epeKIeAiKTepiH JKoHe 0lapAblH
AaMy Mep3iMAepiH sepTTey YIiH OChI TypAepAiH op AepHacia »Kackl Oakblaayla 604-
Abl. baceIM 3usiHKecTepAiH A4aMy OapbIChl KapacThIPbLAAbL, COHBIMEH Oipre OChl 3MsIH-
KecTepAiH 4aMybIHBIH (PeHOAOTMAABIK KYHTi30eci AalibiHAaAAbl. 3epTTey OaphIChIHAA
aTaZMBIII 3VUSHKECTePAIH AaMy epeKIIeJiKTepiH 3epTTey HoTIDKeaAepi KeaTipiaai.
Maxkaaaga Lae Aaaraynr karaaitbiHda CuBepc aaMa afalllbIHBIH AedpoanaTtop >KoH-
AikTepiHiH mariga 604y >koHe Tapaly Adpe>Keci 3epTTeAreH.

Tyitin cesagep: Cusepc aralibl, aaMa akkic Kylie kebeaeri, paylllaH >KallbIpak
IIMPaTKBIII KeOeeri, 401aHa >Kalblpak M pPaTKbII KeOeaeTi, 3usHKec JKoHAiKTep,
Lae Aaaraybr.
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Kipicne

BuoapTyp/1iJiKTI caKTay »KoHe YTbIM/bI NalJaJaHy TYpPaKThl AaMyAblH MaHbI3/bl IAPT-
TapbIHbIH, Oipi 60JibIN TabblAa/bl. 3epTTEY/iH, 63€KTiJiri COHFbl OHXKbLIJbIKTapZa MeMJie-
KETTIK >K9He IlapyalllbUIbIK, KQXKETTITIKTED YIIiH Kep/i ablll KO, kabaiibl NONyAsysiaap/blH,
reHeTUKaJIbIK )XoHe KOpLIaFaH OpTaHbl JIacTay, COHJAN-aK OCbl TYP/JiH MeKeH/Aey OPTaChbIHbIH,
alTap/bIKTal KbICKapybIMeH 6alIaHbICTHI.

CuBepc asiMa afalllbl OJIMTOLEeH A9yipiHeH 6epi Gesriji pesMKTi Typ »KoHe OpTaas3usJbIK
TayJibl TUNI'TI Tapasy. Typ/iH epeKiie KyHAbLIbIFbl OHbIH Oiperei ypblK I1J1a3MachlH CAKTay I bIChI
»K9He KeNTereH Md/IeHU aJiMa COPTTApPbIHbIH apFbl aTackl 60/1bIN Tabbl1abl [1, 2, 3].

CuBepc asiMa afallblHbIH, TaOWUFU MJAHTAUUAJIAPbIHbIH d9JeM/JiK 6CIMAIKTep KaybIMJac-
TBIFbIH/A TeHJecl x0K. Kasipri yakbITTa oJlap ajiMa MaJleHUEeTIH CaKTay MeH JaMbITY/bIH
aJsieMjieri 6ipAieH-6ip TaOWFU TeHeTHKaJIbIK Herisi peTiHje »kahaH/JbIK MaHbI3bl 6ap Jen
TaHbLIABI [4].

JKoHaikTep MeH MHUKpoopraHu3Miep OpMaH OHOLIEHO3bIHBIH aXKbIpaMac Kypamjac 6eJiri
60J1bIII TAaOBbLIATBIHBI K9HE OeJirijii 6ip KaFganaapaa O6YKial eciMAiKTep KaybIMaCThIFbIHA,
OHbIH 6MO3PTYpJIiJIiriHe opacaH 30p 3UsSH KeJTipeTiHi 6esrii [5].

OcbifaH 6al/IaHBICTBI ajJiMa OpMaHJapblHAA 3USAH/bl OpPraHU3MJEpPAiH *Kanmau Aamy-
bIHA K0J1 OepMey MaKCaTbhlH/JA OpMaH IIapyallblIbIFbIH XOHE KOpFay llapajapblH YWbIM-
JlaCTbIPYMeEH KaTap oJlap/iblH, CAaHbIHbIH, JIUHAMUKACBIH OaKblIay KyHeciHeH TYpaThbIH FbLIbI-
MU Heri3zeareH OGMOJIOTUSJIBIK MOHUTOPHUHITI KyHeJsi TypAe Kyprisy KaxeT. Besrini 6ip
beHONOTUANBIK Ke3eHJeri ayMaKTarbl GUTOCAHUTAPJIBIK XKaFAal TypaJibl aKnapaT 6epeTiH
3UAH/Ibl OPraHrU3M/lep MeH 0JIapZblH TaOUFH ayJiapbl 00J1bIN TaOblI1a/bl.

Conpani-ak lne AnatayblHAaFbl ajJiMa arallTapbIHbIH, 6CY KafJalJapbIHbIH, TYpJIEPiH )KoHe
Tik allMaKTapZaFrbl 3USIH/ bl OpraHU3M/Aep/liH, 6acbIM TYpJIepiHiH Tapaaybl MeH 3USH/bLIbIFbIH
3epTTey Kaxer.

9Jicrep KoHe MaTepuagap

[ne Anataybl MeMJIEKETTIK YITTBIK TaOUFU casiOaFbIHbIH, ayMaFbIHAAFbI [s1e AslaTaybIHbIH
CONTYCTiK OGaypaibiHZa CHBepc ajMa afalllblHbIH, OipHelle NOMyJSLUSCbIHA 3epTTeYJep
XKyprisinai. BapJsblk 3epTTenreH kabailbl TaOUFU NONyJsALMsAgap TeHi3 AeHreilineH 900-
1500 M OuiKTiKTe opHa/acKaH, 6ipaK OHTYCTIK 9KCIO3UIMSHbIH 6eTKelepinge keitge 1500-
1700 m-re peiutin keTepineni [6]. bysn peTTe conTycTik 3kcnosunusaaapabiy, 1300-1600 M
ouikTikTeri 6eTkennepinae CuBepc )kabakbl a/iMa aFalllbIHbIH, 6CYi YILIiH OHTaNJIbI )KaFqauaap
OpbIH a/IfaH [7]. 3usaHABI OpraHUu3M/IepAiH Tapaay A9peXeciH aHbIKTay MapLIPYTThIK TeKCePY
»KoHe O6aKbliay y4yacKesepiH/ie SHTOMOJIOTUSJIbIK, TOPMEH aFallTap/bl 1aby apKblibl XKy3ere
acblpblIbl. 3USIHKECTepAi ecenke ajy Ke3iHJe 3HTOMOJIOTHSAA >Kajllbl KabbliJaHFaH
dicTep KoJsaaHbLIAbl. COHbIMEH, ambIpaK, KypTTapbl (JoJiaHa >KoHe payllaH >KalblpaFbl)
»KanblpaKThIH 3aKbIMJAHYy JlopexkeciH eckepe oTbIphil, 10 Mozesnp/i aFalka Wwakkauaa: 1 -
9JICI3, 2 — opTaia, 3 - 3aKbIMJAHY JI9pexeci aybIp.
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3usHKecTep/li ecenke ajy Ke3iH/e 3HTOMOJIOTUSJA »KaJlMbl KaOblIJAHFAH 9iCTep KoJia-
HbL1Abl. COHBIMEH, 3aKbIM/IaHY J9PEeXeCiH ecKepe OTBIPHII, payllaH *XoHe J0JIaHa »Kalblpak
IIMPATKbIII KebeJeKTepAiH >KanblpaKThl 3aKpiMAaybl 10 Mojenb/i aFamika makKkaHga: 1 -
9JICi3, 2 — opTaia, 3 - ayblp 3aKbIM/aHY.

JKanbipaKThIH ajiMa akKic Kyiie kebesieriMmeH 3akbiMaanybl 10 yuriii aramra 6ec 6anfbik
»Kyhe OoWbIHIIA aHbIKTanAAbl: 0 - 3aKbIMZaHOaraH, 1 — kaJfbl3 OyTaKTapZa 3aKbIMJaJIFaH
»KambipakTap, 2 - 10-25% 3akbIMJasiFaH arauitapfarbl >kanbipakrap, 3 - 50-75%-fa
arallTapAarbl KanblpaKTap 3akKbIMJa/ifaH, 4 - aralmiTapfarbl >KallblpaKTap TOJIbIFbIMEH
3aKbIMasiFaH. Yponomeuta malinella Zell. - anma akkKic Kyile kebeJsieri, payliaH >KamnbIpak
IIMpaTKbILI Kebeseri Archips rosana L. aHe 0/1aHa kanblpak IIUpaTKbILI kebeJieri Cacoecia
crataegana Hb. 3epTTey 00beKTisiepi 60/ibin TabbLia/bl. EH anjbiMeH, ajiMa afalllbIHbIH,
»KalblpaKTapbl 3epTTeJii: dPTYpJl KacTarbl KypTTaphbl, KybIplIaKTapbl *XoHe epeceKTepi
[8]. Typsiepai aHbIKTAy YIlIiH FBUIBIMU d/leOHMETTePAEe KEHiHEeH YChIHBLIFAH 9pTYpJi Herisri
KecTeJlep NaWAadaHbUiAbl. JKWHanfaH O6apJblK >KOHAIKTEP OUHOKYJSAPAYP aH-)KaKThbl
3epTTeJil, CypeTKe TYCipiIAi.

Ocbl ym 6acblM 3UsHKeCcTepAiH ¢eHoJIoTUSAIBIK epekKesikTepi 2018-2019 xbligap
apasabirbiHAa KP BFM FK 300/10rus HHCTUTYTBIHBIH, 3epTXaHacblH/A €riCTiKTe /e, KacaH bl
ecipy apKpLibl Aa 6apJblK AaMy Ke3eHiHJeri TopJsapza 3epTrTesi. Jananblk 6akbliaayiap
MEH KUHay Ke3iH/le }KMHaJIFaH KebeJieKTep MeH JAepHacinaepAi cblibIMAbLIbIFb] 0,5 TUTPIIiK
IIbIHBI OaHKaJIapFa HeEMece LIbIHbI IpoOUpKaiapFa calablHAbI, JepHaciagepMeH bipre CuBepc
aJIMa aFalllbIHbIH, KalblpaKTaphbl [a *KUHAKTaJ1/bl.

By xacaH/ibpl TOpJsiap peTTiK HeMipJiepMeH OesrisieH/i, COliKeC HOMIp/IiH acTbIHA XUHAY
OpPHBI MEeH YyaKbITbl TypaJibl MaJiMeTTep, 6CIMAIK Typasbl MaJliMeTTep, OHbIH 3aKbIMJaHY
CUIAThI K9HEe OacKa Ja MaJliMeTTep KypHasiFa eHridisiji. KelliHHeH 6GaJjKbITy »K9He KYTiM
»Kacay YlIiH JiepHaciyiiep 6esiek mpobHpKasapFa aybICThIPbLIALI [9].

3epTxaHaJbIK afFjana 6ypasifaH »KanblpaKTapbl 6ap npobupkaiap J9KeMeH Ka0blJblII,
TaHOaJlaHFaH. [lepHaciyiiep KaTaH 6aKbliay )KaFAalbIH/a )K9He KaJIbINThI JaMYbl YIIIiH KAOXKEeTTi
bUIFAJIJbIH, I9peKeCiH YHeMi ycTan Typy »KafjaWblHJAa NpobupKajiapAa KopeKTeHAipiain
ecipinai [10].

[ne AnataybinbiH, 1345-1714 M OuiKTIiKTeri >kabailbl keMiCc OpMaHJapblHAA YL 6acbiM
3USIHKEC XXOH/IiK TYpJiepiHiH KeNTiri MeH ¢peHOJIOTUSJIBIK CUIIaTTaMa/IapbIHbIH, JUHAMUKAChIH
3epTTey YIIiH MOHUTOPHUHT ajaHJaphl (1-kecTe) 6enrisieH;.

Kecre 1
Bakpbli1ay ajiaHJapbIHbIH reorpa@usibliK, KOOpAUHATTAPBI
Ne leorpadusiibiK OpHbI Enpiri BoinbIFbI BuikTiri (m)
1 AKcail puimnanel, E-76947°58" N-4327°23” H-1345m
AKcali OpMaHUIBL/IBIFbI
2 Tanrap ¢ununasnel, E-779221°16" N-43216°5” H-1538m
Tanfap opMaH-
IIBLJIBIFbI
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3 TypreH ¢ununasnel, E-77229°05” N-43215"11" H-1714m
Ecik opMaHILIbLIBIFbI
4 Megney dpunmanel, E-077201'31" N-43909'59" H-1553 m
Kimi AnMaTel
5 Axkcaii usimassl, E-76250'30" N-43°07'26" H-1453 m
Oibxaitnay opMaH-
IIBLJIBIFBI

6 Typren ¢punuansi, E-77940'21" N-43922'05" H-1595 m
"Ky3Hen0B m1aTKa/abl"
reHeTUKaJIbIK
pe3epBaThl

3epTTey HoTHXKEAepi

Byrinri Tanga Ine >xoHe JKoHfap AsiaTayblHbIH, TayJ/bl Kabailbl >KeMiC OpMaHAapbIHJA
CuBepc a/iMa aFalllbIHbIH, Kabailbl NOMY/IALUACBIHbIH 3UssHKecTepiHiH 130-gaH acTtam Typi
»KoHe 6acka a xkeMic TypJsiepi TipkenareH [11]. 3usHKecTepAiH eH KayinTi Typi - KeHeJsiep MeH
KOH/AIKTeD, onapAblH iwiHze Lepidoptera TypJsiepi MaHbI3 /bl peJ aTKapabl (57 TYKbIMAACTBIH,
69 Typi), onapapblH yieci 52%-aaH acraM. OnapApblH, ilWliHAe abalbl aJMa NONy/IALMACbIHA
alTapJ/bIKTal 3UsAH KeJTipeTiH 3 6acbIM Typ aHbIKTa1/bl (2-KecTe).

Kecre 2
Kannait menmepae Ke6ein s nuPUTOTUA GEPETIH )KIHE IKOHOMUKAJIBIK 3USIH KeJITipeTiH

6acbIM TYpJiep

Ne | bacbIM 3usiHKec | 3USIHKeC KOHAIKTEepAiH 3aKbIM/ay AeHreui

TypJiep KysHeros Tasrap Kimi AKcaii Ecik Oibxaitnay
OopMaH- OpMaH- Anmathbl OpMaH- OopMaH- OpMaH-
LIBLIBIFbI HIbLJIBIFbI OpMaH- IIbIJIBIFBl | IIBLIBIFbl | INbLIBIFDI
LIbLJIBIFbI

Archips rosana ++ +++ +++ +++ +++ +++
Yponomeuta +++ ++ ++ +++ ++ +++
malinella

3 Cacoecia ++ ++ +++ +++ +++ +++
crataegana

CuBepc ajJMa aFallblHbIH, 6eC Heri3ri momyasiusChbIHbIH, 3USHKeCTEPMEH 3aKbIMJAHY
JlopexeciHe »XyprisiireH 3epTTey HaTHXesepi 6GoWblHIIA A. rosana L. payuaH »xamblpak
IIUPATKbIII KeOeJeKTiH MNONyJslUsANbIK JeHreli »Kofapbl €eKeHi »X9He MOHUTOPUHT
KYprisijieTiH 6apJiblK yuyackesiepie KemnTiri aHbIKTanAbl. Tek Ky3HeloB HIaTKaJIbIHBIH
reHeTHKaJIbIK pe3epBaThbIH/ia OyJ1 )Kanblpak IHUPATKBIII KebesleKk opTalla Ke3ece/|.

ConbiMeH Katap, C. crataegana Hb. fos1aHa )kanblpak LIMPaTKbIL Kebesek Ky3Hel0B xoHe
Tanrap maTKanzapbiH/a opTalla maijaa 60Jybl MEH OTapJiaHy JopekeciHe ve, 6ipak 6acka
6aKplay yyacKesepiH/e OHbIH KOITiri )koHe KOJIOHU3aLUsChIHbIH KYILTI Aapexkeci 6ap.
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Ky3HenoB maTKa/bIHbIH, T€HEeTUKAJIbIK pe3epBiHJeri paylaH Ko9He J[o0JiaHa >Kalblpak
IIMPATKbIII KebesieKTep 6ipKasIbINThl TapaJsfaH, lereHMeH OyJ 6aKbliaay OPHBIH/AA, COHJLAM-
aK Akcail xxoHe Oikaisiay maTKa/lJapblHAa aJiMa akKic Kylie kebeJsieri Kell TapaJsiFaH.

Kyprizinren 3eprreysnep HaTxkeciHZe lne AnatayblHAa aiMa akkic kyile kebeseri (Y.
malinellus Zell.) payluaH »anblpak, IIMpaTKbILI kebeJeri (A. rosana L.) MeH J0/1aHa »anblpak,
mMpaTKbIll KkebesnekTepiHe (C. crataegana Hb.) KaparaHJa as3bIpaK, €KeHi aHBbIKTaJJbl

(2-cyper).
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Cyper 1. Liie AslaTaybIHbIH, MOHMTOPHUHT yYacKeJiepiHJeri ajiMa aKKic Kylie ke6eeri
(Y. malinellus Zell.) paymaHs »kanbIpaK, IIUPAaTKbILI Ke6eJieri (A. rosana L.) MmeH go/1aHa
»KanbIpak, IUPATKBI Ke6enekTepiHiH, (C. crataegana Hb.) CuBepc ajiMa aFalllbIHbIH, )KallbIPaK,
TAKTaCBIHbIH 3aKbIMAAJIYbIH CAJIbICTBIPY

Akcail monynsauusicblHAarbl xxoHe Ky3HeloB maTKasbiHAaFbl CHBepc ajiMa afallibl 6acKa
6akbliay ydackeJsiepiHJle ©CeTiH ajMa afallTapbIMeH CaJbICThIpFaHJaA ajsMa aKKiC Kyue
KebesierimeH kebipek 3apgan ulerefii. CuBepc ajiMa aFallblHbIH, JKalblpaK TaKTasJapblHA
3aKbIM KeJITIpeTiH payllaH »amblpak, IIUpaTKbI Kebenek Akcail xxaHe Oixaiiay NomyJis-
UsAapbIH/A Aa 6AchIM eKeHi aHbIKTa//bl, AereHMeH CuBepc ajsiMa aFalibiHbIH Kili AsiMaThI
NONYJIALUACBIHAA OHBIH CaHbl aUTapJIbIKTAaW a3. AKcal NMOMyJALUACBIHAA J0JIaHa Kalblpak
IIMpATKpILI Kebesek Ko, Oipak OHbIH caHbl Tajfap OpMaHIUbLIBIFbIHJA k9He KysHeloB
HIaTKaJIbIH/A auTapJIbIKTaK as.

3epTTey 6apbicbiHAa CUBEpC ajiMa aFallbIHbIH KaMbIPaK TAKTACbIH 3aKbIMAAWTBIH OChI YII
Heri3ri 6aceIM TYp/iiH 6acKa 6aKbliaay/arbl aJMa NOMy sLUsJIapbIMeH CaJbICThIpFaHa AKcau
aJIMacCbIHbIH, NONYJISLMACBIHAA €H KON TapaJIFaH/AbIFbl aHbIKTaJ/bl.

ConbiMeH KaTap, CuBepc asMa afallblHbIH 06acblM 3USIHKEC >XOHJIKTEPMEH TOMeH
3aKbIMaaybl Kimi AnMaTbl opMaHUIBLIBIFBIHAA OaliKasiAbl. liie AslaTayblHbIH MOHUTOPUHT
y4dackesnepinzeri 3 6aceiM 3usiHKec TypJiepiHiH, (Y. Malinellus Zell,, A. Rosana L., C. Crataegana Hb.)
»KallbIpaK TaKTaCbl MEH arallTap/bl 3aKbIM/aybl TypaJibl MAJIiMeTTep 3-KecTe/e KeJITipilreH.
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Kecrte 3
?KanbIpak TaKTacbIHbIH 3aKbIM/AAHY Ak bI3bl )KoHe 6aChIM 3UAHKECTEPMEH aFallITap/bIH,
3aKbIM/IaHY NANBI3bI

KoopauHaTtTap 3akbIMany 3UsHKeC )KoHJIKTEP/IiH TypJiepi 3aKbIMaHy ayMa¥rbl
ariMarbl (%)
Kanrwipag, | Aramtap
TaKTachbl
E-76247°58" Akcait pusnmanel, | AMa akkKic Kyie kebesek 28,7 23,4
N-4327°23” Akcaii opMaH- Yponomeuta malinella Zell.
IIBLTBIFBI PayiiaH »anblpak, LIMPaTKbILI K 30,8 28,2
ebeJsiek Archips rosana L.
JoJiaHa anbIpak [IHUPaTKbILI 25,4 21,6
KebeJieK
Cacoecia crataegana Hb.
E-77921°16" Tanrap ¢usinanel, | AMa aKkic Kyle KebeJsiek 20,1 19,5
N-43216°5" Tasnrap opMaH- Yponomeuta malinella Zell.
IIBIIBIFBI PayniaH skanblpak, IHPaTKbIII 25,8 22
kebeJsiek Archips rosana L.
JlosiaHa anblpak MU pPaTKbILI 15,6 15
KobeJieK
Cacoecia crataegana Hb.
E-77929°05” TypreHn ¢unua- AnMa akKkic Kyiie kebesiek 21,4 20,7
N-43915°11" Jibl, Ecik opMaH- Yponomeuta malinella Zell.
IIBLTBIFBI Pay1aH »anbIpak, IUPaTKbIII 22,4 20,8
kebesiek Archips rosana L.
JlosaHa xanblpak U PaTKbILI 18,5 16,3
KebeJiek
Cacoecia crataegana Hb.
E-077201'31" | Mepey dunnasbl, | Aama akkic Kyhe kebeek 19,5 17
N-43209'59" Kiwi AnmaTer Yponomeuta malinella Zell.
PaymaH »kanblpak LIMpaTKbILLI 21,2 20,3
kebesiek Archips rosana L.
JlosiaHa xanblpak MUPaTKbILI 17,3 15,1
KebeJiek
Cacoecia crataegana Hb.
E-76250'30" Akcait dunmanel, | AMa akkKic Kyiie kebesek 23,4 20,3
N-43207'26" Oitxkaiiay opMmaH- | Yponomeuta malinella Zell.
IBLTBIFBI Pay1iaH »anbIpak, IUPaTKbIII 27,6 22,2
kebesiek Archips rosana L.
JlosiaHa xanblpak MU PaTKbILI 22,5 20,8
KebeJieK
Cacoecia crataegana Hb.
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E-77940'21" TypreHn AnMa akkic Kyiie kebesiek 26,3 24
N-43922'05" dumnanbl, Yponomeuta malinella Zell.
"KYSHeuO"? PayiiaH »kanblpak, A PaTKbIILI 23,5 22
IaTKaJIbl Kebesek Archips rosana L.
reHeTUKAJbIK,
pe3epBaThl JlosiaHa »kanbIpak MUPaTKbILI 16,4 16,7
KebeJsiek
Cacoecia crataegana Hb.

CuBepc a/iMa aFalllbIHbIH, YKallbIPaFbIHbIH 3aKbIM/IAHY J9pereci 6aKplJIaHATBIH OpbIHApAa
asiMa akkic kyide keb6eseri (Yponomeuta malinella Zell.) 19,5-28,7%, payumaH xamnbipak
mupaTkKbiin kebeseri (Archips rosana L.) 30,8-nen 21,2%, pgoJsiaHa >KamnblpakK LIHPATKBILI
kebeJieri (Cacoecia crataegana Hb.) 60iibIHIIA 3aKbIMAAHY Aapexeci 25,4-TeH 15,6%-Fa fieiliH)
6aKbLJIAHBII OTHIP.

Anma akkic kyie kebeJeridiy (Yponomeuta malinella Zell.) aramrtapbl 3aKbIMay AaperKeci
17-neH 24%-fa [ieliiH; payllaH »anblpak WHUpaTKbI Kebeneri (Archips rosana L.) 28,2-neH
20,3%-Fa geiliH, mosaHa anblpakK IMUpPATKbI KebeJeri (Cacoecia crataegana Hb.) 21,6-pan
15%-ra neitiH xkeTe/i.

AnMa akKKic Kyiie Keo6eJieriHiH ¢peHoiorusicel (Yponomeuta malinella Zell.)

CyperT 2. 3epTxaHaJbIK KaFJaiija aJbIHFaH aJIMa aKKic Kyie Ke6eJIeriHiH,
(Yponomeuta malinella Zell.) samy ke3enaepi (a - gepHacij, 6 - KybIpIIaK, B - epeceKTep)
(Cyper: I'yykanaTt TanaGekoBa)

Anma akkic kyde kebesieKTiH GipiHII acTaFbl KbICTAll IIbIKKAH JAepHacuIAepi opTalia
TOy/NIKTIK TeMnepatypa +13 °C »xoFapbl 60JIFAHHAH KeliH cayip allbIHbIH OpTachlHAA MaKza
6o0J1aJibl.

KyblpiiakTaHy Ke3eHi JepHaciijepAiH, AaMyblHa 6aiiaHbicTbl 11-15 MaycbiM MeH 1-5
1IiJ1/ie apasbIFbIH/A COMKeC KeJiei, KyblpiiakTap 8-aeH 15 kyHre geilin (keige 20-Fa feiliH)
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Jamuabl. Umaro keseHi 1-5 mingene 6acranazpl, kebenektep 20-30 KyH KoHe LIIAEHIH
O6acblHaH TaMbI3Fa JieliH 6esiceH/i eMip cypeni, 6yJ1 Ke3/ie KOCbIMIlIAa KOPEKTI KaOXKET eTHen .
KebesiekTep bIMBIPT Ke3iHJe OeJsiCeHJi, as KYH/i3 »KalbIpaK TaKTaJapblHbIH acCTbIHA
ThIFbLIabl. JKyNTaHy KybIpIIaKTaH WIbIKKAHHAH KeUiH 2 anTaZjaH KeWiH xKypeJi, aja TaFbl 5-6
KYHHEH KeliH KebeJsieKTep »KyMbIPTKa cajia 6acTan/ibl.

IMOpuoHaMbAbl Aamy 21-25 minge MeH 6-10 TambI3 apajiblifblHJA 6aWKasijbl. AaMa
aKKic Kyie kebeJieri opTa ecenmeH 6ip alifa XybIK, aTaJIbIFbl )KUbIpMa KYH eMip cypeai [12].
KymbipTKaiaH KypT 8-15 KyH/ie LIbIFbI, blJIFa/IFa TO3IMAI KaJlKaHAapAa KbICTalbl.

PayumiaH »Kanblpak IIUPaTKbILI KO6es1eKTiH ¢eHonorusicel (Archips rosana L.)

Cypert 3. 3epTxaHaJbIK KaFAaiija ajbIHFaH payllaH KanbIpaK IIUPATKbILI KOGEJIEKTIH,
(Archips rosana L.) pamy ke3engepi (a - sepHacingep, b - KysIpmakrap, ¢ - epeceKkTep)
(Cypert aBTOpBI: I'yib2KaHAT TaHaGeKOBA)

PayiiaH »kanbIpak IIUPaTKbIII KeOeJeKTiH, ajMa aFallblHbIH JiHiHiH TeMeHri 6eJiiriHjeri
Teric KaObIFbIHA X9HE YJKeH OYTaKTapAblH albIpJapblHA KaTbIM, XYMbIPTKA ¢aszackiHaa
KpicTanabl [13]. [epHacingep/iy nmaija 60/ybl opTalla TIyJaiKTiK TeMmneparypa 12-14 °C
6acTasiraH Ke3zie 6os1a/pbl. lie AnaTaybl xaFaaibIHAA OyJ1 cAyip/iiH 6ackl MeH OpTachblHA COMKeC
KeJsiei. JluanaysazaHn JepHaciIAepAiH WbIFybl OyTaKTap/blH iciHyi Ke3iHAe 6acTanajbl. 1-2
Ke3eHJleri JiepHacinijiep »ac iciHeTiH OypllikTep MeH epKeHJepMeH KopeKTeHeni, aa 2-3
Ke3eH/leTi lepHaciyiiep OYpLIiKTepre eHin, NbllaKIliaJap MeH aTaJabIKTap/ bl 3aKbIMAANUbI.

PayiiaH »kanblpak IIUPATKBILI K6OeJeKTiH JaMybIHbIH €H Y3aK Ke3eHi JlepHacisjiep Ke3eHi
60J1b111 TAaObLIA/bl, Ce6e06i OyJ1 Ke3eH 5 JaMy caTbICbIHAH Typabl.

21-25 mamblpjaH 6GacTtan KybIpllak, Ke3eHi 6actanagbl, oa1 waMmaMeH 10-14 kyHre
CO3bLIa/ibl, coAaH KeriH 26-30 mambipaad 1-5 Tambi3Fa JiediH epecek Ke3eHre eTeai. TaMbI3
allbIHBIH 6acblH/|a epeceK KebesleKTep/liH CaHbIHbIH a3alobl 6alKaia/bl, SMOPUOHAJb/bI JAMY
6acTasiaibl. ATaJIMbIII 3USTHKECTEPMEH Kypecy/liH eH ocaJl Ke3eHi - cayip-MaMblp aiiapbiHa
JlepHacCilepiH aJfallKbl naijja 6oy KeseHi. bi3aiH 6akpliaysapbIiMbl3 OOMBIHINA KAy bIH-
HIalIbIHHAH KeWiH 3usiHKeCTep/liH Heri3ri epulyi 6aiiKana/ibl.
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Jlos1aHa >KanbIpaK, LIMPaTKbII Ke6es1eKTiH ¢peHosiorusacel (Cacoecia crataegana Hb.)

Cypert 4. /lo1aHa kanbIpak, IIMPATKbIL Ko6eJ1eKTiH, (Cacoecia crataegana Hb.) namy Ke3eHaepi,
3epTXaHaJIbIK KaFAai/a ajbIHFaH (a - gepHaciagep, b - KysipmakTap, ¢ - epecek)
(CypeTt aBTOpBI: ['y1b2KaHAT TaHAGEKOBA)

JlosiaHa kanblpak KU PATKbILI KeOesleKTep »KYMbIPTKA CaTbICbIH/Ia KbICTAWAbl, OHbIH 1aMybl
21-25 cayipaeH 6actanazbl. JlepHaciigep MaMblp/iblH 6ipiHIIi OHKYHAITiHA€e opTalla TyIiKTiK
ayaTemIiepartypacbl 15-17°C-TaH »kofapbl 60/1FaH/ja LbIFa 6acTanAbl, 0yJ aJiMa aFallTapbIHbIH,
OypiuikTeHy dasacbiHa coiikec Kese/i. JKaHa/jaH maiia 60JFaH AepHaciiep aFall TiHJepiHe
»Kaublibln, 1-3 xkacblHJa OYpIIiKTEp MeH Ty/aJepAi 3aKbIMAal/Abl HEMeCe >KalblpaKTap/iblH
OopaJifaH LIeTTepiHiH acTbIHAA eMip cypesi. 4 »acblHJa KanblpaKTap/bl Herisri 60MbIMeH
OYKTeN/i koHe 1IeTTepiH kibekneH 6ekiTeni. COHFbI »KacTaFbl JIEpPHACIIZEp Kol »Karaanzaa
afalll TiIHZepiHiH CbIPTKbI 66JIIriHiH }KOFapFbl )KkoHe TOMEHTI 66/1iKkTepiH/e WoFbIpaHa bl [14].
JepHacinepAiH 6esiceHAiNIri MaMbIpAbIH OipiHIII OHKYHAIriHEH MayCbIMHBIH COHbIHA JeWiH
aJsiFacazipl. JlepHacisizepiiH Ke6eti HerisiHeH asiMa afallTapblHbIH OYpLIiKTeHY ¢a3acbiHa
covikec kesegi [15]. Kyeipmakrany 6-10 mayceiMHaH 6actan naiijja 6osazbl. Kebenektep
MayCbIMHBIH, OpTaCblHAaH TaMbI3/IblH, OpTacblHA /JleMiH YyIIaJbl, WIiJIJIEHIH OpTacbklHAA
MaKCUMaJlJibl YUy YaKbIThl TYHZAe OoJsiafibl. KebesiekTep »KbIHBICTBIK *KeTiJin, 2-4 KyHHeH
KeWiH ka3 60ibl CO3bLIATHIH XXYMbIPTKA CalyAbl 6acTaiiibl. TeMnepaTypaHblH, *KoHAIKTEP/IiH,
JlaMyblHa acepi O0UbIHIIA TaXipubesep/iH HaTHXKeiepi rpaduk TypiHze ycoiHbLIFaH (CypeT
5). 'padukTe MaycbiM MeH LuijeHiH opTacbiHAa 15-20 °C TeMmnepaTypajia epeceKTep/iH
»Kallau yuybl aiKbIH KepiHeJi.
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CypeT 5. AiMa aKKic Kylie Ke6eJieriHiH, paylliaH *KanbIpaK, LIKMPATKBIII KOGel€eriHiH )KoHe
JAO0JIaHa »KanbIpaK, IIMPaTKbILI Ke6esieridiH, AaMmybiHa (°C) TeMnepatypaHbiH, 2018-2019
XKbLIAAPHI dcepi

PaywaH 3cansipak wupamkbiul Keéesiekmiy (Archips rosana L.) damysiHa memnepa-
mypaHuwlH acepi

JlepHacingepZiiy, KbICKbl YUKbIZAH IWIBIFYbl OpTalla TAYJaIKTiK TeMneparypa +17°C-
Ka >KeTKeHJe Oactasnazabl. Kybipimak kKeseHi opraiia Temnepatypa +21°C-ta 10-14 kyHre
co3buiazbl. Kanmad KybIpLIaKTaHy MaMbIp/iblH VILIHIII OHKYHJITiHJE opTalla TaYJIKTIK
TeMminepatypa 20-25°C-ta 6osaabl. EpecekTep/iiH, ke6€er0i MaMbIp/iblH, asgfblHAH TaMbI3/IbIH
6acblHa eliH, kebesleKTepAiH amnak )ka3fbl MayCbIMHBIH, 2 KapTbhICbIH/Ia, OpTalla TOYJIIKTIK
TeMmnepatypaza +28°C. Epecektepain eMip cypy y3akTbifbl 8-AeH 30 KyHre aeiiH 6oJ1aabl [16,
17]. TaMbI3 aiibIHbIH, OacbIH/la epeceKTep OipTiHAen a3as/ibl. JKyMbIpTKa canyZblH 6acTanybl
yuriHmi oHKyHAiKTe (26 MmaycbiM 2019 .) opTaiua Toy/nikTik TemnepaTtypa +30°C-ta xxypei.

Jdonana sxcansvipax wupamkbiwl ke6esnekmin (Cacoecia crataegana Hb.) damysiHa
memnepamypaHslH acepi

JepHacinep/iH >kanmnai WbIFybl COYip aWbIHbIH, YIIIHIII OHKYH/ITiHAE opTalla TayJIKTIK
TeMmnepatypa 15-17°C 6acrtanfaH ke3je 6alkauzabl. XKanmail KybIplIaKTaHy MayCbIMHBIH,
OipiHILII OHKYH/IiIriHEH asgfblHa JAeHiH xypeai. 18-28°C oprama TaysiKTiKk TeMnepaTypaza
KYybIpIIAKThIH AaMybl 10-HaH 16 KyHre feliH co3blia/bl. 2Kannai KyblplIaKTaHy MayCbIMHbIH,
OipiHIII OHKYHZAIriHEH agfblHa JeWiH »xypeai. bipiHmi OyblH KebesieKTepiHiH, aJsFallKbl
naiifja 60oJiybl MaycbIMHbIH opTacbiHa (16-20) 28-30 °C oprama Tay/aiKTik TeMnepaTypaja
6arKanabl. OJMOpUOHAIbAbl JaMy/JblH Y3aKTbIFbl KOpLUaFaH OPTaHbIH TeMIlepaTypacbiHa
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Tikesied G6aisaHbICThl. EpecekTepsiH kannail ymybl 6ip anTazaH KeWiH opTalla TOy/iKTiK
TeMnepaTtypa 32 °C 6osiraH/ia 6alKaaaabl.

Aama akKic Kyile ke6eneziHiy (Yponomeuta malinella Zell.) damysina memnepamypaHsiH
acepi

2018-2019 xpuigap apaJblfblHAA KYPri3iireH 3epTTeylepAiH HOTHXKeCiHZEe  KbICKDI
Ke3eHHIH TOKTAaWMTBhIHBIH X9He opTalla ToyJIKTiK TeMmneparypa 13°C-ta oprtama TayJbl
Karfanga | xkacrarbl JepHaciijepAiH WbIFybl 6acTanaThiHbl aHbIKTanAAbl. [llamamen 37-45
KYHHEH KeWiH oJiap opTalla Tay/iKTik Temneparypa 29°C-Ta KyblpllaKTaHy Ke3eHiHe eTeJl.
Kannaii KyelpumakTaHy LWijigeHiH OipiHIII OHKYHZIriHZe opTalla ToYJIKTIK TeMIlepaTypa
31°C-ta 6GoJsiafbl. AJFalllKbl epecek KebesekTep uIijjeHiH 6ipiHmi oHkyHAiriHge 30°C
TeMnepaTypaja naza 6osazsl [18]. Epecek kebesiekTepiH anmau yiuysl 6ip antazaH KeliH
opTalla Tay/JiKTik TeMmnepatypa 32°C-Ta 6aliKaaajbl.

Epecek kebesieKTepAiH eMip Cypy Y3aKTbIFbl - ajMa aKKic Kyle KeOeJsieriHiH, aHaJIbIFbI
opTalla ecenIieH 6ip aiifa *KybIK, aTa/lbIFbl IaMaMeH 20 KyH eMip cypeAi. 3epTTey 6apbIcbiHAa
»Kamnmnam »KyMbIPpTKa caJy Lijile alblHbIH COHbIHAA 00JIaThIH/bIFbI aHBIKTAAAbL. AJIMa aKkKic
Kyiie kebeJieri 6ipiHIi )kacTaFbl AePHACUIAEP CaThICbIH/A KbICTAN/bI.

KopBITHIHABI

CuBepc anMa arauibl (Malus sieversii) Ka3ipri yakpITTa ajiMa aFalllbIHbIH, M3/IEHUETIH CaKTay
MeH JIaMbITY/IblH, 9J1eM/IET] Ka/IFbI3 TAOUFU reHeTUKaJIbIK Heri3i peTiH/e ajieM/jiKk MaHbI3bl 6ap
TYp 60JIbINT TabblaaAbl. Kabalbl ajiMa aFalllblHA 3USHKEC KOH/IKTep Y/IKeH Kayill TeHAipin
OTBIp.

OcblFraH 6alJIaHBICTBI Kabalbl KeMiC TYKbIMJApbIHbIH abailbl ajiMa afallbIMeH b6ipre
KYpPeTiH 3UAH/bl OpraHU3MJepAi KaMTy MaceJieCiH Ilelly oHe OJIapAblH, TapaJjlybl MeH
3USAH/IbIJIBIFBIH 3€PTTEY VIIiH 3USHKEC XXOHAIKTEP/iH eH MaHbI3/lbl )KoHe 6achIM TypJiepiHiH,
OMOJIOTUSJIBIK, XoHe (PEeHOJIOTUSJIBIK, epeKlIeJiKTepiH 06aKbliay KoHe 3epTTey KaxKeT Jel
CaHAWMBI3.

2Kabaiibl xxeMic opMaHJapbIHAA 3USHKEC XKOH/IKTeP/AiH annai keberwimeH CuBepc aiMa
aFaulbl alTapJbIKTakl aJjcipeitli, 6y ecydiH TeMeHJieyiHe asblll KeseJi. bys 3epTteysnep
KOPFaHBIC LIapa/lapbIHbIH KeLleH i XKyheslepiH xacay YIIiH KaXeT.

CuBepc a/iMa aFallblHbIH X9HJIKTEeP/AiH AedosnaTopaapblHbIH Naikja 60/1ybl MeH Tapaay
JlapexeciH 3epTTey Ke3iHze 6apJibIK Y1 6achIM TYPZiH, ajiMa akKic Kyle kebeJeriHiy, (Yponomeuta
malinella Zell.), paywaH »anblpak IUpaTKbIL KebeseKTiH, (Archips rosana L.) *aHe J0/1aHa
»Kanblpak WUpaTKbIl kebenekTiH (Cacoecia crataegana Hb.) Akcali opMaHILBIIBIFbIH/A €H KOT
3USH KeJTipeTiHi aHbIKTaIJbl, ceb6ebi Oy aliMaKTa 3USHKeCTePAiH TapaJsy JAapexeci 6acka
OpMaHUIBIIBIKTAPMEH CaJIbICThIpFaH/a »xoFfapbl. COHbIMeH KaTap, Ky3Hel 0B LIaTKaJIbIHAAFbl
»koHe Kiwmi AsiMaTbl OpMaHIIbLIbIFbIHAAFbl CUBEPC ajiMa aFalliTapblHbIH MOMYJALUAIAPbIH
CaJIBICTBIpMaJibl TYPZE €H a3 TapaJjly AapexeciHe ue.

[ne Anatay aymarblHJa ajJMa akkKic Kyile kebeJeridiH (Yponomeuta malinella Zell.)
JlaMyBIHBIH dPTYpJli Ke3eH/lePiHiH Y3aKThIFbI: TOJIBIK TipLIiJiK allHa/IbIMBbI — 1 b1 (6ip ypHak),
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KYMBIPTKA - 8-15 KyH, fiepHacin - 37-45 kyH (KpicTayMeH 6ipre 300-320 KyH), KyblplIaK, —
8-15 KyH, epecek aapasap - 30 KyH.

[ne AsnaTay aymafblHJAa payllaH »Kalblpak IIMpaTKbILl KebeseKTiH (Archips rosana L.)
9pPTYpJii Ke3eHAepiHiH Y3aKThIFbl: TOJIBIK TiplIiJiK allHa/IbIMbI — 1 Kbl (6ip ypHak), )KyMbIPTKA
-9-10 aii, nepHacingep 5 famy catbicel - 30-40 kyH, Kybipiiak — 10-14 KyH, epecek JapaJap -
2 alijjaH acTaM.

[ne AnaTtay aymarblHZa [loJlaHa >KalbIpak, IUPATKbII KebesaeKTiH (Cacoecia crataegana
Hb.) apTypsi Ke3eHAepiHiH y3aKTbIFbl: TOJIBIK TipILIiiK ailHaJbIMbl - 1 bl (6ip ypnak),
KYMBIPTKA — 9-10 aif, iepHacingep 5 gamy catbichbl -25-40 KyH, Kybipiak - 10-16 kyH, epecek
JapaJsiap — 2 aiJilaH acTaM.

3epTTeyJsiep KepceTKeH/J e, ajiMa akkic kyie kebeseri (Yponomeuta malinella Zell.) paywan
»KamnblpaK LIHWPaTKbILl KebeseKTep MeH /[l0JlaHa »KalblpakK LIWPaTKbIL KebeseKTepMeH
caJIbICThIPFaH/ia »KalblpaK, TaKTaJlapbl MeH aFallTap/bl KeOipeK 3aKbIMJai/ibl XKoHe Ke3/ecy
YKUIJIIrT MeH KOHBICTaHY J9pexKeci »KoFapbl 00JiblNl Tabbliaajbl. AJIbIHFAH MaJIIMETTED OChI
YII TYPAiH AaMybIH 60JKayFa KoHe KOpPFaHbIC LlapasapblH 6TKi3y Mep3iM/epiH TeOPHUSJIbIK
TYPFbIIaH ecenTeyre MyMKiH/JiK Oepeai.

KapxblL1aHabIpy

BacbinibiMm UPH AP14972741 «lie xoaHe XKoHfap AnataybiHarbl CUBepC a/iMa aFallblHbIH,
(Malus sieversii) >xa6aiibl nony/asusigapbiHa 3UsH KeJTIPETiH XKOHAIKTEP/[iH, 9KOJOTUSJIBIK,
»KoHe (ayHaJIbIK epeKIlesiKTepi» }K06achl 60MbIHILIA Kap>KbLJIaHAbIPBLIABbI.
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BpeauTesy, nopakawiye AUKue nonyasguu s16;10Hu CuBepca B Uieiickom AnaTtay

AnHoTanusa. CTaThsd MOCBAIeHA NMPo6JeMaM COXpaHEeHUs JUKUX Nonyasuui s6yoHu CuBepca,
TaK Kak s16/10Ha CuBepca npeJcTaB/seT COO0H LieHHbIN reHOPOH/, TO3TOMY U3ydYeHHe U COXpaHeHue
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C 1leJIbI0 UCIOJb30BAaHHUS B COBPEMEHHOM W OyAyllled cesieKIUH, [/l JIECOBOCCTAHOBUTEJIHHOTO,
JIECOKYJ/IBTYPHOT0 BbIpallMBAHUS SIBJISIETCS HEOTIOKHOM 3aa4eli. Hanbosiee MoOIIHbIE MaCCUBBI IUKUX
nonyasuui 1670Hu CuBepca B lleHTpaibHOM A3UM COXpaHUIKCh B HacTosllee BpeMs B KazaxcTaHe, oHU
VMMEIOT OFPOMHOE 3HaYeHMe KaK IPUPOAHbIN HCTOYHUK FreHETUYECKOr0 MaTepHrasa AJis NoAep>KaHUs
KYJIbTYPHBIX COPTOB s106JI0K BO BCEM Mupe. K cBeJieHUIO, CyIIECTBYET HECKOJBKO YIPO3, BAUSIOIIHE
Ha cocTosiHue s16/10HM CHBepca, OAHOW U3 OCHOBHBIX yIPO3 AJs1 CYLeCTBOBAHUSA JUKUX MOMyJALUN
s16;10Hu CuBepca B nocse/iHue 20 JileT CTaiu HaceKoMble-BpeUTe, HAHOCSI[Me OTPOMHBIN yIiep6
NPUPOAHBIM NONYJALUAM. B CBSA31 CITUM LieJ1bI0 Ny OJIUKALIUH ABJISIETCS yTOYHEHUE PAaKTOPOB BIAUSHUSA
Ha pa3BUTHE JIAaHHBIX BpeJuTesel, onpeaesieHre GEeHOJIOrNYECKUX U 3KOJIOTHYECKUX 0COOEHHOCTEH,
BbISIBJIEHUE CaMOM YSI3BUMOM CTaJiUHd JOMUHAHTHBIX BpeAUTe/ell /51 IpUMeHeHHs] CBOeBpeMEeHHOU
Mepbl 60pb0bI € JaHHBIMU BpeuTeasMu s16710HM CuBepca.

JlaHHas cTaThs paccMaTpUBaeT GEeHOJIOTHIO0 TPEX JOMUHAHTHBIX BpeAUTe e, a UMEHHO s16JI0HHYI0
TOPHOCTAEBYIO MOJIb, PO3aHHYIO JIUCTOBEPTKY M OOSAPBIIIHUKOBYIO JIUCTOBEPTKY. B 1e/isix BUAOBOTO
omnpejiesieHUs MO B3pocaoil ¢asle U AJg NpoBeJleHUs1 HAGMIOAEHUN 32 GeHOJIOTUYEeCKUM Pa3BUTUEM
NpUMEHSIaChb METOAUKA KYJIbTUBUPOBAHUSA JUUUHUYHBIX CTaAUN. /i1 u3ydeHUs1 MOpPPOJIOruIecKux
0COOEHHOCTEN JIMYMHOYHBIX CTaAUN U CPOKOB UX Pa3BUTUSA PUKCHPOBAJICT Kax/bli JTUUYMHOUHBIN
BO3pacT 3THUX BHU/IOB.

PaccMoTpeH xo/; pa3BUTUS 3TUX BpeUTe/eH, TakkKe OblJ COCTaB/IeH PEeHOJI0TUYECKHUI KaJleHjaphb
Pa3BUTHSA JNaHHBIX BpeauTeser. 0000IIeHbl Pe3yJbTaThl HCCAEOBAHHUS OCOGEHHOCTEH pa3BUTHsS
JlaHHBbIX BpeauTesiell. B cTaTbe NPUBOAATCA CTeNeHb BCTPEYAEMOCTHM U 3acesieHUs HAaCEeKOMbIX-
JedonmatopoB sa610HM CuBepca B ycioBusix Wielickoro Anaray.

KioueBbie cioBa: s16y0Ha CuBepca, s16JI0HHAas FOpHOCTaeBasl MOJIb, pO3aHHas JIMCTOBEPTKQ,
GOSIPBIITHUKOBAS JIUCTOBEPTKA, HACEKOMbIe-BpeauTeu, Uielckuii Anaray.

G.B. Tanabekova'?, R.V. Jashenko!
!Institute of Zoology CS MSHE RK, Almaty, Kazakhstan
2Al-Farabi Kazakh National University, AlImaty, Kazakhstan

Pests affecting wild populations of the Sievers apple tree in the Iley Alatau

Abstract. The article is devoted to the problems of conservation of wild populations of the Sievers
apple tree, which presents a valuable gene pool. Therefore, the study and conservation of this gene pool
for the purpose of use in modern and future breeding, reforestation, and forest cultivation is an urgent
task. The most powerful arrays of wild populations of the Sievers apple tree in Central Asia are currently
preserved in Kazakhstan. They are of great importance as a natural source of the gene. It should be noted
that, there are several threats affecting the condition of the Sievers apple tree, one of the main threats
to the existence of wild populations of the Sievers apple tree in the last 20 years has become insect
pests that cause huge damage to natural populations. In this regard, the purpose of the publication is to
clarify the factors influencing the development of these pests, to determine phenological and ecological
characteristics, to identify the most vulnerable stage of dominant pests for the application of timely
measures to combat these pests of the Sievers apple tree.
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This article examines the phenology of three dominant pests, namely the apple ermine moth, the
rose leafroller and the hawthorn leafroller. The results of the study activity of dominant moths were
summarized, and a phenological calendar for the development of this pests has also been compiled. The
results of the study of the features of the development of these pests are summarized. The article presents
the compiled phenological calendars of three pests and the degree of occurrence and colonization of
defoliating insects of the Sievers apple tree in the conditions of Iley Alatau.

Keywords: The Sievers Apple tree, insect pests, lley Alatau, the apple ermine moth, the rose leafroller,
the hawthorn leafroller.
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Annoranms. B o063opHOIT cTaThe paccMaTpMBaIOTCS OMOAOTMYECKMe
(daxTopel U NaTOPU3NOAOTHYECKIe MeXaHM3MBI (POPMUPOBAHMS CYUIIV-
AaapHOTO ToBeAeHns. CTpecc cOBpeMeHHOI >KM3HM, OyAydM IICHXOCOIIN-
a/IbHBIM B OCHOBE CBO€Jl, peaau3yeTcs yepes oIpejeleHHbIe O11010TnIecKye
MeXaHU3MBI, 3aTparuBapoIye OMOAOTMIECKYIO CYIIHOCTh deaoseka. Ilo
MHOTOYVCAEHHBIM AUTePaTyPHBIM MCTOYHMKAM, IIPY CyUIMje B IaTOAOTH-
YeCcKMI1 ITpOoIlecc BOBAEeKaIOTCs He TOABKO IeHTpaAbHas HepBHas CucTeMa, HO
pazHOOOpasHbIe nepudeprdecKe 3BeHbsl — MeTaboAMYecKIe CUCTEMBI Op-
raHnsMa, Kak, HampuMep, nepudepndecknie CepOTOHNH, TpunTodaH, Heli-
POKIMHYpeHUHBI, KopTn3oa. Kpome Toro, mpeacrasaseT MHTepecC BKAaJ BOC-
IIaAUTEABHOTO IIpollecca MPY ICUXMYECKUX PacCTPONICTBAX, SIBASIOIIUIXCS
Ba>KHBIM (PaKTOpPOM CymMIIMAa, B 9aCTHOCTM, UMMYHUTET, CCTeMa ITMTOKN-
HOB, HEJIPOTOPMOHAABHbIE PeaKINM, a Tak’Ke KaK KOMIIOHEHT OCH «KUIIIed-
HIK-MO3I», KUIIIeyHass Mukpodaopa. Bece sTu gpakropsl B3zanmMoodyca0Bae-
HBI I IPMOOPeTaloT 3HaYMMOCTh IIPU IIOMCKe TlepudepriecKux MapKkepos
CyMITMAABHOCTI.
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Heiipobuoaozuueckue 0cHOGbl CYULUOANLHOCTIU

BBeaeHue

CaMOyOGHICTBOM SIBJISIETCSI CaMOpa3pyLIMTe/IbHOe JeHCTBUE, J1eCTPYKTUBHbIN MOTEHLHa
KOTOPOTO CIIOCOOCTBYET CaMOBBIPOX/AEeHUI0 Hauuu. CaMoyOUICTBa SIBJSIOTCA YE€TBEPTOW IO
3HAYMMOCTH BeAylleld NPUIMHON CMEPTHOCTHU B MOJIOZOM BO3pacTHOM rpymnie. 77% MUPOBOTO
4yHcJia CaMOyOUICTB COBEpLIAETCS B CTPaHax C HU3KUM M CpeJJHUM YpoBHeM Joxo/a. ExxerogHo
nopsiaka 703 ThIC. 4YeJIOBEK B MUPEe 3aKaHYMBAIOT XKU3Hb caMOyouiicTBOM [1]. CoryiacHO OTUeTy
BcemupHoun Opranuzauuu 3apaBooxpaHeHus 3a 2021 r, KazaxctaH BXOAUT B YUCJIO CTPaH C
BbICOKMM yPOBHEM CYWLIU/IOB B MUPOBOM peWTHHre, 3aHuMas 20 Mecto [2]. Cyuuuz ocTaércs
TabyrupoBaHHOW TeMol B KasaxcTaHe, B CBI3M C 3TUM OrPOMHO€ KOJIMYECTBO CaMOYyOUMICTB
CKpbIBaeTCAd 3a APYrMMM NPUYMHAMU CMEPTH, U NPeJCTaBJIeHHAs CTaTUCTHUKA COBEPLIEHHbIX
CYWLIM/IOB He OTpaXkaeT MacCIITa6HOCTb Npo6JieMbl. TakKUM 06pa3oM, CaMOyOUUCTBO CYATAETCS
cepbe3HOU NMpo6/eMOi 001 EeCTBEHHOTO 3/JpaBOOXPAaHEHUs], UTO CTUMYJIMPOBAJIO MPOBeJEHUE
0030pa COBpeMeHHbIX HayYHbIX UCTOYHUKOB /1JIs BbISICHEHHS €r0 HEMPOOHO0JIOrMYeCKHX OCHOB.

BaxxHoi cdhepoit cyuiu0/10T UM SIBJISIETCS HEMPOOHooruyeckass 0CHOBA CyHIM/1aJIbHOCTH,
KOTOpasl COLEPXUT aHaJu3 CTPYKTYpbl M (QYHKIMOHaJbHble OCOOEHHOCTHM MO3ra, ero
MeJIMaTOPHBIX CUCTEM, BOBJIEYEHHBIX B CTPECC-peaKl U0, a TaKKe JAPYyrux GHOJIOrHYeCcKUX
MeXaHU3MOB, CBSI3aHHBIX C GPOPMUPOBAHUEM CYyWIIMAAJbHOrO NMOBeJeHUs. B coBpeMeHHOU
CYULIMJI0JIOTUU HeHpoOHoJioruyeckass MoJesb CTpPecc-ysi3BUMOCTH fIBJisieTC HauboJiee
pa3paboTaHHOU U J0Ka3aHHOW MHOTMMMU UCCJIeJ0BAHUSIMH, KOTOPbIE KaCcaloTCs LleHTPaJbHbIX
MeXaHU3MOB HeHpoaHAoKpuHHOU peryasuuun [HHC [3].

Teopus cTpeccoBoro guatesa caMOyOUMCTBA MOCTY/JIHUPYET, YTO CYLeCTBYIOT MpeApaco-
Jlaramoluiyde ¥ npoBoluypylouide ¢akTOpbl pUCKa MNONBITOK camMoyb6uiicTBa. [eHeTHKa, Bocna-
JieHUe, CEpOTOHHHEepPTruYecKre CUCTeMbl, Nepudepudeckre 6MOMapKephl, TaKue, KaK XoJiec-
TEPHUH U U3MEeHEeHHUe IMIoTaJaMo-rTunoprusapHo-HaanodedyHukoBo ocu (HPA), MoryT 6bITh
y4aCTHUKaMM OMOJIOTUYECKOTO iuaTe3a CyuLiuIa/IbHOT O NoBeJeHus [4-6].

Haub6os1iee BepOSATHBIM UHTETPUPYIOLIMM MEXaHU3MOM CyULIU/aIbHOCTH CUUTAETCS CTPecc-
peakuus, 3aTparuBarmuias GU3n0J0oruiecKre NpoLecchl BCEro OpraHM3Ma, Kak MblllJeHHeE,
co3HaHWe U noBeZeHue. OnpenesdlIIMMU MOMEHTAMH CYULUJAJBHOTO IMOBeAEHUS
JIONYCKAalT CTUJIb pearupoBaHus U YPOBEHb cTpecca [7], T.e. yI3BUMOCTb K CTpeccy SIBJISIETCS
60Jiee r;1aBHbIM GPaKTOPOM.

B nporHosupoBaHuU pucka caMOyOUCTBa NU3BECTHO MHOXKECTBO MO/ieJiel, KOTOPhIEe aKLeH-
TUPYIOT Ha POJib COLIMAJIbHBIX, HEHPOOHOJOTrUYECKUX, ICUX0JOTUYECKUX, ICUXUATPHUY€ECKUX
daxTopos [8]. Bce >xe BO MHOTHUX MO/IeJISIX OCHOBOIOJIAaratolliiM KOMIIOHEHTOM fIBJISIETCS CTPECC-
JIMaTe3 U TO, YTO CyMLIMa/IbHOE NI0OBEeJleHUe ABJIeTCH pe3yJIbTaTOM IIpeJpacino/IoKeHHOCTH K
CYULUJAJIbHOMY NIOBE/IeHUI0, T.e. luaTe3y U B3aUMO/IEMCTBHUIO OCTPBIX CTPECCOBBIX COOBITHM.

B 3TOl CBA3M 0COOYI0 pOJIb WIPalOT NPOLECCH], C KOTOPbIMU CBSI3aHbl NCUXHWYECKHE
pacCTPOMCTBA, OHU CTAHOBATCH Ba)XKHbIMKM (aKTOpaMM puUCKa caMoybouicTBa. B mepByto
ouepe/ib, 3TO OTHOCUTCS K COCTOSIHUIO NepudepuyecKoro 3BeHa HeHpoMeJuaTOPHbIX
CUCTEM, B YaCTHOCTH, CEPOTOHUHEPTUYECKON U HOpPaApeHepruieckor, K UMMyHHOMY OTBETY,
a MMEeHHO, BOCNaJIeHUIO, CTpecC-peaklyUu HeMporyMopajbHOW cuUcTeMbl. B mepcnekTuse
Ucc/ieJOBaHUs TMaToreHe3a CyMLUJA/JbHOIO I[OBEJEHUs [pPUBJIEKATEJNbHbl TaKXe U
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BbIsIBJIEHHEM COBPEMEHHbIX YYBCTBUTEJbHbIX MapKepoB cyuuuza [9]. B HacTosuiee Bpems
BbISIBJIEHUE CBS3aHHBIX C CYULUJOM reHeTU4YEeCKHUX NOJUMOPPU3MOB WU NepUudpepudecKrux
NCUX0PU3MO0JIOTUYECKUX OHOMapKepoB MOXeET JaTb BO3MOXXHOCTH JJid YTOYHEHHUS W
JIOTIOJIHEHHUS CYLeCTBYIOLIMX MCUXOJO0TUYECKUX UHCTPYMEHTOB. M XOTS 4MCJIO ONPOCHUKOB
M OLIEHOYHBIX LIKaJ CyMLMJAJbHOI0 PUCKA HAa CErOAHSAILIHUM JleHb JJOCTaTOYHO MHOIO, UX
LEHHOCTb KaK [ICUX0JIOTUYEeCKOT0 UHCTPYMEHTapHUsl, IPOTHOCTUYECKasi 3HAYUMOCTb OCTAITCS
HeBbICOKMMHU [10].

M3 Haubosiee H3y4yeHHBIX OHOJIOTUYECKUX (GAKTOPOB CYULUAA MOXKHO MepPeyUuCIUThb
HapylleHUs1 HeHpoMeJMaTOPHbBIX MPOLLECCOB, FMNOTaJaMO-TUNOPHU3aPHO-HAANOYEYHUKOBOU
ocu ([THO), tpoduvyeckux ¢GakTOpoB, JUNUJHOTO OOMeHa, HEWPOBU3yaJU3aLlUOHHOW H
HOCTMOpPZaJbHOM MOpPQOJIOTMU TOJIOBHOIO Mo3ra. M, HakoHel, Bce 60Jibllle NMPUOOPETAIT
3HAYMMOCTb MCCJIe[JOBAaHUS 110 IOMCKY FeHETUYEeCKUX MapKepOB CyULIM/Ia/IbHOTO IOBEJIEHUS,
YTO He BXOJUT B 3a/jla4y JJaHHOT0 0630pa.

M3BecTHBI pas/iMyHble [aHHble O pPOJU B CYUMLUJAJIbHOM IMOBEJEHUU TUIIOTaJIaMO-
runodusapHo-HaZMo4edYHUKOBOM ocu [11-12]. Kpome Toro, cyuiecTByeT MNpeAIoJI0XKeHHe
TakKXKe O CyUMLUJaJbHOW pOJIM Trunoraiamo-runopusapHo-tupeougHour ocu (I'TT) wu
runoTtanamo-runodusapHo-roHagHon ocu ([I'T). Takxke o6cy)jaeTcs CBA3b CYMLUAATBHOIO
NOBeJleHUsI C U3BMEHEHUEM YPOBHS HEUPONENTU/OB.

I'mnoTtasnamMo-runodgusapHo-HaANOYeYHUKOBasA ocb ([THO) aBaisieTcss Hanb60J1ee BaXKHbIM
dakTOpoM B peakluM yesioBeKa Ha cTpecc. Ocb 06'beJUHSAET [Ba 3BeHa: nepudpepruiecKoe U
LeHTpaJbHOe. lleHTpasibHOe 3BEHO COCTAaBJIAIOT HOpaZpeHepruyecKue sfpa CTBOJIA MO3ra
(locus coeruleus, solitary nucleus) i HelipoceKpeTopHble si/jparunoranamyca. OHU IPOAYLUPYIOT
rOPMOHBI Ba30MPEeCCUH U KOPTUKOTPONUH-peau3uHr-ropMmoH (CRH). [locienHue jBa ropMmoHa
BMeCTe CTUMYJUPYIOT KOPTUKOTPOIHbIE KJETKU IepejHer [oJU runodusa U BbI3bIBAIOT
BbIOpOC ropMOHa aZipeHoKopTUKoTponHoro ropMmoHa (AKTT) [12.] AKTT ctumynupyeT cUHTe3
KOPTH30J1a, KOTOPbIN pPeryjupyeT BereTaTUBHblE, KOTHUTUBHbIE U NOBeJleHYeCKHE peaKluU
B YCJOBUSIX cTpecca. [I[py TOpMOXKEHUU CTPECCOBOM peaKL UMW CHadasa uHrubupyetca CRH
v 3ateM AKTI. CRH, KOTOpBIN 4BJETCA OJHUM M3 TOPMOHOB OCH M OTBedaeT 3a peryJdaLnuio
3TOM ocH, NpeAcTaBJsieT c060M HeHpoNenTH, COCTOAIMNA U3 41 aMUHOKUC/IOTHI, U UMeeT
JiBa CBsI3aHHbIX € G-6esikoM. XpoHUYeckoe noBbilieHHe YpoBHA CRH B inMbuyeckol cucreme
BbI3bIBaeT cTpecc U Jenpeccuto [13]. B runoTanaMyce npu 3aBeplleHHbIX CYyULIMJaX ObLI
o6Hapy»keH noBbllieHHbIH ypoBeHb CRH [14-15], B To e BpeMsl y MalMeHTOB C OOJbILIOU
Jlenpeccuei, npeANpUHABLINX NONBITKY CaMOYOUICTBA, BbISIBJIEHO, YTO B CIMHHOMO3TOBOM
»kuakocty CRH Bhllle, yeM y nanjueHTOB 6€3 CyruIM/iabHOU NONBITKY [16].

JpyruM ropMmoHoM, yyactByrowumM B ocu ['THO, aBsgeTca ropMoH HaZlI04Y€YHUKOB KOPTHU30.],
CeKpeTHUpyeMbId KOpOU Haano4yedHUKOB. [Ipu cTpecce ocb [THO akTHBUpyeTCH, 4TO, B CBOIO
odepesb, IPUBOAUT K BbIJ€JIEHUI0O HaJIIOYeYHHKAMU KopTu3oJsa. [locsiegHuil perynupyet
CUJIy M IPOJ0JKUTEJIbHOCTD peaKLiMy BOCIaJieHUs], MOOMJIN3YeT OesIKU U XKUPBI. CIOCOOCTBYET
BOBJIEYEHHIO B IIpoLecc 60Jibliie 3Hepruu [17]. Beuio BbisBaeHO, 4T0 ocb HPA feMoHcTpUpyeT
LUpKaJHble KoJiebaHUsl, TAKUM 00pa30M CBSI3bIBasi CHHTE3 [VIDKOKOPTUKOU/I0B C CYTOYHBIMU
3aKoHOMepHOcTAMU. CeloBaTeNbHO, Y JIOJeNd KOHLEHTpalus KOPTHU30J1a B CbIBOPOTKE
JOCTUraeT MakCHUMyMa yTpOM M MHUHUMaJibHa Hoybl. Oce HPA gBiseTca LeHTpasbHOU
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CUCTEMOM OTBEeTa Ha CTPeCC, OTBETCTBEHHOM 3a a/lallTALlMOHHbBINM KOMIIOHEHT OTBETA Ha CTPECC,
KOTOPBIH NbITAa€TCS BOCCTAaHOBUTL roMeocTas [18]. HemnpaBusibHasa perynsuus peakluyd Ha
CTpeccC CBsi3aHa C UIMPOKHUM CIEKTPOM NaTOJIOTUH, BKJIIOYas ayTOUMMYHHbIe 3a60JieBaHUs,
TUNepPTOHUIO, aPpPeKTUBHBIE PACCTPOMUCTBA U OOJIBIIYIO JleNPECCUIO.

KopTu3ou usyyascs y naljueHTOB, KOTOPbI€e NbITAJUCh TOKOHYUTDb C COO0M, U B HEKOTOPbIX
McCJieJOBAaHUSX ero NoBbIlIEHUE COMPOBOX/AAJI0Ch JIMOO C yBeJIMYEHUEM, JIMUOO CO CHUXKEHUEM
aktuBHOocTU ocu [THO.[Ipu nonbiTke caMoy6HiicTBa B UCCIeJ0BaHUU Cy4acTUeM 35 NaliueHTOB
Y 16 370pOBBIX JIIOJEU YPOBEHb KOPTU30J1a B BeYepHel CJIIOHe MAallMeHTOB 0Ka3aJiCad HUXKe,
4YyeM B KOHTPOJIbHOU I'PyIINe, TaKKe HU3KUM YPOBEHb KOPTHU30J1a KOPPeJIUPOBaJI C TAXKECTHIO
NCUXUYECKUX cUMIITOMOB [19-20].

Huskuil ypoBeHb KOpPTH30J1a TakKXe OblJ1 OOHapyXeH B MCCJAeJOBAaHUH, B KOTOPOM
oneHMBaJicsl TecT JekcaMeTa3oH/CRH. Y nun ¢ ceppe3HbIMU cyuLiMia/ibHBIMA MONBITKAMHU
OblJ1 0OHApy>KeH MOBBILIEHHbIM YpOBeHb KOpTHU30sa B Moye [21]. CynuujanbHblid ypOBEHb
KOPTH30J/1a B HOYHOU CJIIOHE OOHApyKeH y JII0/iell C OUNOJISIPHBIM PacCTPOUCTBOM, ¥ KOTOPBIX
OblIM MONBITKU cyunua. [loBpieHHas akTUBHOCTb ocd [THO y nanpeHTOB ¢ 6GUIIOJISIPHBIM
paccTpoOMCTBOM MOXKET ObITh 6MO0JIOTUYECKHM MapKepoOM pHcKa caMoybuircTBa [22].

Tect mopaBsienus gekcametaszoHa (DST) onenHuBaetr akTuBHOCTb ocu ['THO. BBegenue
JleKcaMeTa30Ha, 3JK30le€HHOr0 CUHTETHUYECKOr0 IVIIOKOKOPTUKOUJHOIO TOpPMOHA, IpHU
HOpMasibHOM ¢yHKUHOHHUpoBaHMU [THO npuBOAUT K oTpULLaTe/bHOM OOpaTHOW CBS3U B
[THO. OTpunaTtesbHasi o6paTHas CBsA3b 3aKJlOYaeTCsl B TOM, YTO BbICBOOOXJeHHe AKTT
M3 TUIOTajslaMyca BbI3bIBaeT ero IMoJaBJeHHe U, TAKUM 00pa3oM, BbICBOOOXKJAET ero W3
Ha/I0YEeYHHUKOB, U CeKpeLus KopTu3oJia nogasJsetcs [23]. CHU>KeHHe KOPTH30J1a yKa3blBaeT
Ha TO, YTO TECT HeaJeKBaTHBIH.

Hcnonb3yss KOMOMHUPOBAHHBIN TECT Ha MOJaBJIEHUE JleKCaMeTa30Ha U KOPTUKOTPOIHH-
punusuHr-ropmon (dex/CRH), oneHuBaiud peryasyui OCH THUIOTasaMO-TUNodU3apHO-
Ha/IMOYeYHUKOBOUM cUCTeMbl IpU ocTpou aenpeccud (N = 237) U mocjie BbI3OPOBJIEHHS C
y4eTOM MpeJblAyLIMX MOMNBbITOK CaMOyOMHUCTBa. Y MalyMeHTOB 6e3 MpejblAyLIMX MOMBbITOK
caMOoyOHICTBa HabJlO[aeTcsl HOpMaJu3alys peakKLUM TOPMOHa CTpecca Ha BTopoH dex/
CRH (6asanbHbiii oTBeT AKTI M OoTBeT KOpTH30/1a) HOC/IE BBI3JJOPOBJEHUS OT OCTPOM
JlellpecCuy, B TO BpeMs KaK Yy NaleHTOB C MHOXXeCTBEHHBIM NIpebIAYIIMMHU CYyULIMAaTIbHBIMU
HNONBbITKAaMU HabJstogaeTcs nosbiuieHHbIA oTBeT AKTI. M3MeHeHHe YYyBCTBUTEJIBHOCTH OCH
HPA y nayieHTOB TOJIBKO C OHOU NpeAIleCTBYOLeM IONbITKON HAXOAUTCA MeXAY MO eI IMHU
OTBETOB JPYTrUX I'pynn 6e3 u3MeHeHUs peaKTUBHOCTU ocu HPA. Pe3ynbTaThl nokasasny, 4To
NalUeHThl C MONbITKAMU CYULIM/JAa B aHaMHe3e OTHOCATCA K MOATPYIIIe JIIoJeH, Y KOTOPbIX
HabJ1I01aeTcs OTYET/IMBBIM AaTTEPH peaKkL My rOpMOHa CTpecca BO BpeMsi OCTPOH Jienpeccuu
Y II0CJIe BbI3ZI0pOBJIeHUd. byyiye uccie0BaHUsA MOTYT PACIIMPUTD JaHHbIM IIOAXO0/, pellas
JIONIOJIHUTE/IbHbIE NICUX0JIOTUYEeCKHEe CTPECCOBbIE 33/ja4H, YTOObI NOJYYUTh O0Jiee LHUPOKOe
NOHUMaHUe CTPECCOBOU MATOJIOTHUU Y NOBTOPSIOIIUXCSA MONBITOK CaMOyOuKcTBa [24].

Adrian Alacreu-Crespo, Emilie Olié (2020) Takxe moJsiaratoT, 4YTO TeCT MOAABJIEHUS
nexkcameTta3oHoM (DST dexamethasone suppression test), KOTOpbIi OKa3bIBaeT YBeJUUYEHUE
aktuBHOCTU [THO, B ciiydae oTCyTCTBUSA OJaBJIeHUS MOXKET ObITh 6M0JIOrMYEeCKUM MapKepoM
CYyMLIM/1aJIbHOT'O MOBeAieHus [25].
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B MeTaanasnu3e nojassienue DST He Bcerza 6b1JIO CBSI3aHO C MOMBITKOM CaMOyOUNCTBA,
HO YCTaHOBJIEHO, UYTO 3TO CBfI3aHO C 3aBepUIeHHbIM cyuuuzoMm [26-27]. [IpoBegenue
JlekcaMmeTa3oHoBoro Tecta T. Beauchaine u coaBTopamu [28], mokasasio, 4TO B aHaMHe3e Y
nanyeHTOK B Bo3pacTe 13-17 JieT ¢ MONbITKAaMU CyyIIM/Jia ypOBEHb KOPTHU30J1a OTKJIOHSETCS
OT HOPMaJIbLHOTO YPOBHS.

YcraHoBJsieHO, 4TO B cyuuugaibHoM mnoBegeHun HPA orcytcrByeT nopaBisieHue DST y
nanyeHToB ¢ adpPeKTHBHBIMU PACCTPOMCTBAMHU, COBEPIIAIIIUX CYUIUAANbHbIE MOMbBITKU.
Bbl10 OJYEePKHYTO, YTO Y HUX YCTAHOBJIEHO YBeJIMYEHHUE aKTUBHOCTHU ocel [29] u moaTomy
JUIS1 JOCTOBEPHOM OIEHKU pHUCKA CyMIHJA NPU PacCTPOMCTBE HACTPOEHUSI HeoBXOJUMO
chesiaThb KakK JleKCaMeTa30HOBbIM TeCT, Tak U ucciaefoBaTbh ypoBeHb 5-OMYK B LICIHK. Kak
CYMTAIOT aBTOPbI, HU3KHE YPOBHHU B 3TUX JIBYX TECTAX MOTYT CBUETEJIbCTBOBATh O BLICOKOM
BEPOSITHOM PHCKe CyuLHJa. TakKe OTCYTCTBHE 10/jaBJe€HUs KOPTHU30J1a B CbIBOPOTKE KPOBU
IpU JEeKCaMeTa30HOBOM TeCTe MOXeT CTaThb AOJrOCPOYHBIM MPEAUKTOPOM CyULUJA AJi
MY>KUMH € apPeKTHBHBIMU PacCCTPOUCTBAMMU.

['MnepkopTu3osieMus, pa3BUBAKLIASACA B pe3ysJbTaTe MNOBbILIeHUs akTUBHOCTU [THO,
CHIKaeT MOCTYIJIEHHUE TVIIOKO3bl B IOJIOBHOM MO3T, HHTUOUPYET pelenTopbl CEPOTOHHWHA U
rJlyTaMaTaBrunmnokamiie. bblio nokasaHo, YT0 3TO yBeJIMUUBAET ero TOKCUYHOCTD U I10/1aBJ/IsIeT
HellpoTpoduyeckuid ¢aktop rosioBHOro mo3ra (BDNF), Takxke TIVIIOKOKOPTUKOU/IHBIU
penenTtop. Coo6111a710Ch, YTO MOBBILIEHHBIA YPOBEHb KOPTH30J1a U3-3a ycToW4YUBOCTH K CRH 1
AKTT He MmoxeT nofaBiaTh CRH, n akTuBHOCTE [THO npofomkaeTt yBesinuuBaThbcsd. BoamoxHo,
HeOo/IHO3HAYHas PoJib KOPTH30Js1a B GOPMHUPOBAHUHN CYUIUJAJBHOTO MOBEJAEHUs CBs3aHA C
TEM, UTO TJIIDKOKOPTUKOUJHbIE pPelleITOPbl 9KCIPECCUPYIOTCH 10 BCEMY TeJly, HO CylLeCTBYeT
3HAUYUTeJIbHas TeTePOreHHOCTh B YYBCTBUTEJbHOCTH K IVIOKOKOPTUKOU/1aM U OU0JIOTUYECKUX
peaknuax no TkaHsaM. OOGLIENPUHATOE MHEHHE O TOM, YTO IVIIOKOKOPTHUKOHU/bl JeUCTBYIOT
yepe3 oAuH 6esiok GR, yTpaTu/i0 CBOI0 aKTyaJIbHOCTb U PE3KO U3MEHUJIOCh C OTKPBITUEM
pa3Hoo6pa3HoM KoJuieKuu n3odpopM perentopoB [30]. Bosiee Toro, nocTTpaHCASALIMOHHbIE
Moauukauuu 3Tux n3opopm GR elge 6osbliie pacuiMpsAOT BO3MOXXHOCTU IreTepOreHHOCTH
nepeaayyd CUrHaJIOB INTIIOKOKOPTUKOU/OB.

YuuTbhiBasg paspo3HeHHble pe3ysnbTaThl, O'KoHHOp M ero kosuiern (2016) npoBesu
MeTaaHa/lu3 BCEX CYIIEeCTBYIOIIUX HUCCAeLOBAaHUM, B KOTOPBIX CPAaBHUBAJUCh YYACTHUKH,
MMeBIIMEe XOTS Obl OZHY MNpPebIAYIIYyI0 MOMbITKY CaMOYOUNCTBa, C TI'PYNION CpaBHEHUS
6e3 MCTOpPUHU NOMNBITOK camoybuiicTBa [31]. B 11eJloM He ObLJIO BbISIBJIEHO 3HAYUTEJIbHOTO
BJIMSIHUSI TPYIINbl CaMOYOUHCTB Ha ypoBeHb KopTusosa. OJHAaKO 3HayWTesJbHasl CBS3b
MeX/ly YPOBHEM KOPTH30J1a M MONbITKAMHU CaMOyOGUICTBAa HabJ/I0[ajzach B 3aBUCUMOCTH
OoT Bo3pacTa. B uccienoBaHusx, rie cpefHUN BO3pacT BbIOOPKU Obl1 HMke 40 JieT, CBSI3b
ObLJIa MOJIOXKUTEJbHOU (T. €. 60Jiee BBICOKHI YpOBEHb KOPTHU30J1a OblJ CBSI3aH C MONbITKAMHU
camoyb6uiictBa; r = 0,234, P <0,001), a rge cpegHuil Bo3pacT cocTaJisia 40 JieT MU BBILLE,
CBA3b Oblla OTpHLIATEbHOH (T.e. Obl 60/1€€ HU3KUU YPOBEHb KOPTH30J1a). ABTOPbI NPULLIU
K BBIBOJIY, UTO 3TU MeTaaHaJUTHUYECKHE pe3yJbTaThl NOATBEPXKAAIOT aKTUBHOCTb ocu HPA,
Ha YTO yKa3bIBAlOT BO3PACTHbIE U3MEHEHUS eCTeCTBEHHBIX YPOBHEN KOPTHU30J1a, CBA3aHHbIX
C NOMbITKaMU caMmoyb6uiicTBa. bosiee Toro, aTu pe3ynbTaThl NMO3BOJISIOT MNPEANOJIOKHUTS,
YTO M3MEHEHHEe CBS3U MeX/ly KOPTU30JIOM M IMOMBITKON caMOyOUHCTBa MPOUCXOAUT, KOrAa
CpeZiHW# BO3pacT BbIOOPKU cocTaBJisieT oKoJio 40 sieT (Uu crapiie).
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B npyroii pa6ote [32] BbIIBUJIM MOBBbILIEHHbI YPOBEHb KOPTH30J1a B IPYyINe MONbITOK
CaMOyOHICTBA N0 CPaBHEHHUIO CO 3/10pOBbIM KoHTpoJsieM (F = 7,26, 3HaueHue p = 0,008), HO
HUKAKUX CTaTUCTUYECKUX Pa3/IMYUH C FPyNmnou ncuxuaTpuyeckux 3abosieBanuil (F = 1,49,
3HaueHue p = 0,22) He 6bLJIO. YpPOBEHb KOPTU30J1a ObLJ BhILLIE Y Ju1, ¢ Jenpeccuedt (F = 8,99, p
=0,004) u y 2111 ¢ AByMA U 60s1ee nonbITKaMu cynnuaa (F = 13,56, p <0,001).

HUHTepecHbiM KaxkeTcs:i obHapy:keHHoe O’KonHope u ap. (2017) [33] gBseHue, Koraa
YYaCTHUKH, KOTOpble MNbITAJMChb COBEPIIMTb CaMOYOMWCTBO B TedyeHUe MNOocjaeJHUux 12
MecsleB, IeMOHCTPUPYIOT NPUTYIJIEHHYIO PeaKLM0 KOPTHU30J1a Ha J1JabopaTOPHBIN cTpeccop
(counanbHbI cTpecc-TecT Tpupa) 10 CpaBHEHUIO C TEMH, Y KOrO MOMNBITKA CaMOyOUICTBA
OblIM B TeYeHUe BCel KU3HU. [Ipesinosiaratot, 4TO peakLMsi KOPTU30J1a Ha CTPeCC, BO3MOXKHO,
IIOYTH BO3BpalllaeTcsd K HOpMe B IpyIlle C Te4eHUeM BPeMeHH, XOTsS 3TH YPOBHU OCTAOTCS
HWXKe, YeM B KOHTPOJIBHOM IpyIIe U Ipylnnax-ujearopax. ITOT NOCAeJHUN BbIBOJ, ABJIAETCSA
MHOT0006€e11al0 UM, TOCKOJIbKY OH COTJIaCyeTCs CpeCTaBJIeHUEM O TOM, UTO [ICUX0JI0TUYECKOE
U dapMakoJsioruyeckoe BMeILATeJbCTBO MOXET INPHUHECTH M0JIb3y C TeYeHHWEM BpeMeHHU
Y NIOMOYb 00JIErYUTh (YaCTUYHOE) BOCCTAHOBJIEHUE CUCTEMbl peakLMu Ha cTpecc ocu HPA,
OTpakawlleld 0oJiee BBICOKME YPOBHM KOPTH30J/1a B IpyIlIe C aHAMHE30M >XU3HU. TaKUM
06pa3oM, OYeBUJHBIM CJeAYIIIUM IIaroM AJs HUccaefoBaTesed OyJeT HCIOJIb30BaHHUE
JIOHTUTIOAHBIX UCCJIeJ0BaHUU [IJI1 U3yYE€HHUS CO BpEMEHEM HapylleHHe peryJsliuy peakuu
KOpPTH30J1a Ha CTPECC, U BbISICHEHU e, UMeeT Jiu ocb HPA noTeH1Man BepHyThC B HOPMaJIbHOE
COCTOsIHME T0CJIe [ICUX0JIOTUYeCcKoro (HanpyuMep, BMellaTe /bCTBa 110 yIpaBJeHUI0 CTPECCOM)
y/unn $apMaKoJ0ru4yecKoro BMelaTe/bCTBa.

TakuM 06pa3oM, CBSI3b MeX/AY CKJIOHHOCTbIO K camoy6uictBy coctositHueM U 'THO cocTout
B TOM, UTO 3Ta cucTeMa GOpMUpYeT olpeseseHHbl GOH JJisl pa3BUTHUSA CYULMIATbHOCTH,
ornocpeays BJIMSIHME CTPECCOBBIX CTUMYyJIOB. CTpecc M H3MeHeHHe YpOBHSA KOPTHU30J1a
SIBJISIFOTCS] BXKHBIM JI0NIOJIHUTEbHBIM paKTOPOM pHCKa caMOybOUICTBa.

CepoTOHMHepPruYeckKas HelipoMeJuaTopHasa CUCTEMA

OThesbHOTO paccMOTpeHUsl TpebyeT CepOTOHHHeprudeckass HelMpoMeAUATOpHAs CHUC-
TeMa, KOTopasgl BO MHOTMX Hay4yHbIX paboTaX, CBfi3aHa C CYMIUAAJbHOCTbIO, UTPAIOLIYIO
CYyLeCTBEHHYIO POJIb B Pery/sliui HEWPO3HJOKPUHHBIX PUTMOB, KOTHUTUBHBIX QYHKIUU U
3MOLIMH pa3/IMYHbIX BU/0B COLIMAJIbHOIO I0BEJleHUS.

HecMmoTpsa Ha nmpoTHBOpedYMBble JaHHbIe, BCTpedyawluiMecs B Hay4yHOW JiuTepaType [34],
pa3BUTHE MOCTYJATa, YTO B MaTOQU3MOJIOTMU ICUXUYECKUX PACCTPOWCTB, OHOTeHHble
aMMHBl UIPAIOT pOJib B CHWXXEHHUMU OUOAOCTYNHOCTH cepoToHMHa B LJHC, ¢ yeM cBsa3aHbI
TPEBOXXHbIE COCTOSIHUS, MaHUA U Jenpeccus, [35]. Pe3yabraThl psAza uccaeLOoBaHUU C
MCII0/Ib30BAaHMEM PA3JIMYHBIX AM3aMHOB, a TAK)Xe MeTOJ0B BCKPBITHUA U in Vivo MOKa3bIBalOT
HapylleHUsA CEepOTOHWHOBOM HEWPOTPAHCMUTTEPHOM CUCTEMbl M CHUCTEMbl peaKLMU Ha
CTpecC THUIIOTaJaMO-TUNOPHU3apPHO-HAANOYEYHUKOBOM CHUCTeMBbl INIpU BO3HHUKHOBEHHH
CYULMJQJIbHbIX HAKJOHHOCTeH. Takuve OTKJIOHEHMUsI MNpPeJCTaBASAKT COO0W sBJIEHUA
peaKTUBHOM arpecCUBHOCTH, IECCUMU3Ma, 000CTpeHHe peaKLMi Ha HeraTUBHbIE COLlMaJIbHbIe
pasZipaXXuTeJd PpacCTPOMCTBA KOTHUTUBHOIO KOHTPOJIA HACTPOEHUs], HeCIOCOOHOCTb
pelueHus NMpob6JieM, yCUIeHUe 3MOLMOHA/IBHON 00JIM U CYyULIUJAIBHBIX MBICJIEH, YTO 4acTO
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NPUBOAUT K cyunuzy. buoMapkepsl, cBfi3aHHbIe C JHaTe30M, MOTYT OMOYb B IMpoLeAypax
OLIeHKH pUCKa U BbIOOpeE JieyeHHUs JJis1 NPOPUIAKTUKU CaMOyOUNCTB [36].

Bo3HukaeT cBoeobOpa3Has maToreHeTHdeckas Lielb. M3-3a rubesu paccessHHbIX CEpOTO-
HUHEpPTUYeCKUX HeWpoHOB mnpoucxoauT cHmwxeHue ([IPK) Merabosivmueckoro ob6opoTa
CEpOTOHMUHA B NMpedpPOHTATBHON KOpe. ITO BbI3bIBAET TOPMOXKEHHUE CEPOTOHUHEPTUYECKOU
MeayalWM, YTO, B CBOI oO4YepeJb, IPUBOAUT K UMIYJbCUBHOCTU W pacCTpavBaeT MOBe-
JIEHYeCKMW KOHTPOJIb, YTO MOXXET 3aKOHYMUTBbCS CYUIUAOM. B TO ke BpeMsi HAYHWHAIOT
BO3HHUKAaTh KOMIIEHCATOPHblE OTKJIOHEHHUS, TaKue, KaK yBeJMueHUe yucaa U apPruHUTeTa
peLenTopoB K CEPOTOHUHY, IOHWXXEeHHE YPOBHS CEPOTOHUHOBOTO TPaHCIIOPTepa B MeMbOpaHax
HelpouuToB B [1OK [37]. [Ipu 3TOM cepoTOHUHOBAsI CUCTEMA TECHO CBSI3aHA C aHAJIOTUYHBIMH
HelipoHamu [IPK B BaposineBOM MOCTY CTBOJIa MO3ra M B Kay/JaJIbHOM U J0p3aJIbHOM fi/ipax
1Ba. Y CyMUIeHTOB BbIsIBJIEHbI yBeandeHue yuciaa 5-HT1A ayTopenenTopoB B sjpax LIBa,
NOBBIIIIEHHAs aKTUBHOCTb TPUNTOMAH-TUAPOKCHUIIA3bl, KOTOPbIK peryaupyetcsa ¢epMeHTOM
6uocuHTe3a 5-HT [38].

B kauyecTBe HelipoMe/JUaTOpa CEPOTOHUH Bbl/IeJISIeTCS U XPAHUTCS B CEPOTOHMHEPTUY€EeCKUX
HelpoHax, KaTexoJlaMUHEPTUYeCKUX HEWPOHAX FOJIOBHOTO MO3Ta U LIMIIKOBU/IHOM JKeJjie3e
[40].

CepOTOHUH fIBJISIETCS HE TOJIbKO MeIUaTOPOM HEPBHOU CUCTEMBbI, HO U TOPMOHOM. Tak, y
II0O3BOHOYHbBIX )KUBOTHBIX B IPEBHEN CTBOJIOBOM YAaCTH FOJIOBHOT'O MO3ra U B CTEHKE TPEThEr0
»KeJy[,04Ka 0OHapyKeHbI TeJla CEpOTOHUHEPTrUYECKUX HEMPOHOB. X OTPOCTKU HUHHEPBUPYIOT
6oJiblIMe 4YacTH LEeHTpPaJbHOM HepBHOHM cucTeMbl [39]. CepoTOHUHepPruyeckKkrve HEWPOHBI
AJiep 1IBa y4acTBYIOT B KOHTPOJIE IOBEJIEHUS], IPOTEKAHUU CHA, TEPMOPETYJISLUN U B JPYTUX
nponeccax. CepoTOHUH NpeAyINpexJaeT KPOBONOTEPH, BJMSET Ha BblJleJIeHUEe CAU3U U
MOTOPUKY ey 0YHO-KHILIEYHOr 0 TPaKTa.

CepOTOHMH B OpraHu3Me CUHTEe3UPyeTCs U3 He3aMeHHMMOM aMUHOKHCJIOThI TpuntodaHa
(T®), ucTOYHUKOM KOTOpOro siBjaseTcsd nuia. T jerko npoHUKaeT U3 KPOBOTOKA B MO3T.
CuHTe3 cepoTOHMHA peryaupyeTcsa ¢epMeHTOoM Tpuntodan-5-rujpokcunasza (TH). Ho
IIOCKOJIbBKY B MO3Te CUHTE3 CEPOTOHHWHA He MOJIHOCTbIO HaChlllleH CyO6CTpaTOM, TO KOoJiebaHUs
TpuntopaHa B AUeTe HAa 3TO CUJbHO CKa3bliBalOTCcA. CTpecchl, BOCMaseHUsA CIOCOOCTBYIOT
cHKeHMI0 ypoBHSA T® B KpOBH U 3TO, B CBOIO 04Yepe/ib, MOXKET NPUBECTH K UMNYJIbCUBHOCTH,
pa3/ipaKUTEJNbHOCTH, PAaCCTPOUCTBY noBeAeHus [41].

U3BecTHO, 4TO 6GoJibiIas yacTb (0kosio 90 %) nmoTpebisseMoro 4yesoBeKOM TpuUnTodaHa
npeobpasyeTcss B KUHypeHUH JJis JajibHelliero Metabosiu3Ma - Npouecc, U3BECTHBIM KakK
kMHypeHUHOBbIN NyThb ("KP"). OcTaBuasicsa yactb T® meTabosm3upyeTcs 40 CEPOTOHUHA U
uHposa [42]. OLHOBpEMEHHO C 3TUM JUCPery/asnus MeTabo/JUTOB TpUnTodaHa, TaKUX, KaK
cepoToHUH, xuHoMHOBasA kucaoTta (QUIN) u kunypunosas kucsaota (KYNA), 6bi1a cBsizaHa
C lelpeCcCMBHbBIM NOBeJleHUEM KaK B )KUBOTHBIX MO/JIeJIfIX, TaK U y yesioBeKa. TakuM o6paszom,
auetndeckut T® mnocTtynaeT B OpraHu3M M JerpaJUpyrT MO TPEM OCHOBHBIM MyTSM:
CEPOTOHUHOBBIA NyTb Yepe3 Ipeobpa3oBaHHWe TpUNTOPaHTUAPOKCUIA3bl-1, TpuntodaH-
VMH/O0JIbHBIN NyTh (KOTOPBIA AEWCTBYET HA apoOMaTHUYeCKHE YIeBOAOPOAHbIE PELeTOPhbl U
uMeeT yeTblpe cybnyTH) U nyTh KP yepe3 npeobpa3oBaHue UH/0JaMUH-2,3-AUOKCUT€HA3BI
(IDO) u Tpuntodan-2,3-auokcurenasnl (TDO) (Puc 1.) [43].
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> Microbiel pathway IDO : Indoleamine 2,3-Dioxygenase

3-HAA : 3-Hydroxyanthranilic Acid

3H-KYN : 3-Hydroxykynurenine

5-HTP : 5-Hydroxytryptophan

AAAD : Aromatic Amino Acid Decarboxylase
AANAT : Aralkylamine N-Acetyltransferase
acdA : acyl-CoA dehydrogenase

AraT : Aromatic amino acid aminotransferase
ASMT : Acetylserotonin O-Methyitransferase
fidBC : phenyllactate dehydratase

fidH : phenyllactate dehydrogenase

ILA : Indole-3-Lactic Acid

IPA : Indole-3-Propionic Acid

IPYA : Indole-3-Pyruvate

KAT : Kynurenine aminotransferase

KMO : Kynurenine 3-Monooxygenase

KYNU : Kynureninase

MAO : Monoamine Oxydase

NAD : Nicotinamide Adenine Dinucleotide

porB, C : pyruvate : ferredoxin oxidoreductase B and C

TDO : Tryptophan 2,3-Dioxygenase
TMO : Tryptophan 2-Monooxygenase
TNA : Tryptophanase

TpH : Tryptophan Hydroxylase

TrD : Tryptophan Decarboxylase

IA : Indole Acrylic Acid

IAA : Indole Acetic Acid

IAAld : Indole-3-Acetaldehyde
IAld : Indole-3-Aldehyde

IAM : Indole-3-Acetamide

PucyHok 1. [lytu meta6ou3ma tpuntodana yepes nyty 5-HT, Kyn u ungosia/AhR [43]

[IpeacTaBasoT UHTepec Ny6GJUKaALMY, CBUAETENbCTBYIOILME O TOM, UYTO BOCHAJIMUTEbHbIE
3abosieBaHusa kuleyHuKa (IBD)-IBD TecHo cBsi3aHbI c Aenipeccuel [44], upacnpoCTpaHEHHOCTb
Jlenpeccud y nauueHToB ¢ IBD Brille, yeM B 06uieil nonyasauuu. [Ipy aTOM CYATAIOT, YTO
MeTab0/IM3M TpUnTodaHa UTPAET BAXKHYI0 POJIb B MEXaHU3MaX, CBSI3aHHbIX C OChI0 "KUIIIEYHHUK-
mo3r" [45]. [lo pesysbTaTaM /JByX HallMOHAJbHBIX HCCJAEJOBAaHHWM pacnpoCTPaHEHHOCTb
JlellpecCuy B KaHaJCKoOW nonysasauuu nagueHToB ¢ IBD cocraBusia 16,3 %, u3 Hux 30 %
paccMaTpuBaid BO3SMOXKHOCTb cCaMOyoOurcTBa [46].
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TpuntodaH mnocTymaeTr B OpraHuM3aM 4Yepe3 HATPUUM-3aBUCUMbIA 6eJIOK-TPAHCIOPTEDP
HEeWTpa/ibHbIX aMHUHOKHUCJIOT ceMeicTBa 6, 4yjgeH SLC6A19/BOAT1 [47], koTopbii
3KCIpeccupyeTcsl MPeuMylLleCTBEHHO B TOHKOM KHWIIEYHUKe y JIIoJeW U Tpbi3yHOB [48].
HapyiuieHne MeTab0/1M3Ma KHHYpEeHYMHA KaK 0JHOT'0 U3 MEXaHU3MOB JleIPeCCUU CBSI3bIBAET 1BE
Ba)KHbIE 3THOJIOTUYECKHE TUIIOTE3bI AENPECCHU: "[UUTOKUHOBYIO THIIOTE3Y" U "pelenTOPHYIO
runore3y”. OCHOBHBIM Me€XaHU3MOM MOXET ObITb 4Ype3MepHas aKTUBaLMS HWHJO0JIaMHUH-
2,3-AVOKCUreHa3bl BO BCeM OpPraHW3Me M B MO3Te BCJEACTBUE XPOHUYECKOTO BOCIHAJIEHUS,
YTO yBeJIMYMBAET CKOPOCTb MeTabo0/iM3Ma KWUHYpeHHHAa U B KOHEYHOM HTOre MPUBOAUT K
M30bITKY XMHOJNHOBOU KHCa0Thbl QUIN 1 cHMKeHUI0 KMHYypeHoBOW KUca0Thl KYNA B Mosre.
HenpoTtokcruHocTth QUIN 3aTparvBaeT IViMa/ibHblE KJETKU U HEHWPOHBI, YTO NPUBOAUT K
Jlelpeccuy, BbI3BAaHHOM BOCIaJIEHUEM.

OfHako B CUHTe3e CepOTOHMHA MOTYT NPUHUMAThb y4acTHe pa3/inuHble He3aBUCHMBbIEe
CHUCTeMbI OpraHru3Ma. B yacTHOCTH, BblJjeJIeHHe HAKOIIJIEHHOTO B KJIETKaX CEPOTOHUHA MOXET
OBbITh NpU JenoJisspu3anui HeUpPoHOB. OHU CBSA3BIBAIOTCH MJIM C NPECUHANTHYECKUMHU HWJIU
NOCTCUHANTHUYECKHMHU CEPOTOHUHOBBIMU aBTOpelenTopaMu (peuentopbl 5 HT). CBA3bIBaHUE
CEpOTOHHMHACABTOPELeNTOPOM eCTBYyeT KaK OTpULIaTe/IbHAsi 00paTHas CBA3b JJ1s1 OCTAHOBKHU
Jla/IbHeNIIero BbICBOOOXK/AEHUSI CEPOTOHMHA B CHMHANTHUYECKYIO 1LeJb. A pacnoJioXKeHHbIN
Ha MpecCUHANTUYeCKONW MeMbpaHe BbICOKOU3OUpATeJbHbIM TpaHcnopTep cepoToHWHa SERT
BBIBOJUT CEPOTOHWH U3 CHHANITUYECKOM Lesu. [loc/ie TpaHCOPTUPOBKU B IPpeCUHANTUYECKU T
HEeNUpPOH CEPOTOHHUH BO3BpalLaeTCcsl 06paTHO B IpeCUHANTHYeCKUEe BE3UKYJIbl. ITO O3BOJISIET
eMy ObITb 0oJiee CTAaOUJIBHBIM OT XWMHYECKHUX MpeBpaljeHud. MOHOaMHUHOKCHJA3a B
LJUTO30Jie HEMpOHA MOXET CII0COOCTBOBATh MeTab0/1M3My HelpoTpaHcMUTTepa. Kpome Toro
npeBpalleH!sl CEpOTOHMHA B MeJIaTOHUH MOTYT NPOUCXOAUTh TaKKe B LIMIIKOBUHOM XeJjie3e
[49].

Cunte3 5-HT paspensioT Ha 2 aTana. Ha 1-oM aTane c noMolibio TpUNTOPAHTHUIPOKCUIAZI
(TPH) npoucxoauT rugpokcuiupoBanue L-tpuntodana (L-Trp) go 5-rugpokcutpuntodpaHa
(5-HTP). Ha 2-m 3tane 5-HTP gekap6okcunupyeTcs ¢ 06pa3oBaHMEM CEPOTOHHHA 3a CYET
JlekapboKcuaa3bl apoMaTUYeCKUX aMHUHOKHUCJIOT. IJKCIIepUMeHTa/lbHble HCCJe0BaHUs
0OHAPYKUJIM IPUCYTCTBHE B OpraHU3Me 7 reTEPOreHHbIX O TUIIOB PELeNTOPOB CEPOTOHUHA:
5-HT3, 5-HT2, 5-HT1A u apyrux. 5-HT peuenTtop oT/ivM4yaeTcd TeM, 4To 3amyckaet Na*/
K* svran/j3aBucMMbli MOHHBIA KaHas. Penentopbl 5-HT1 Tuma conpsokeHbl ¢ Gi 6e/KOM.
AKTHUBUPYSICb, 3THU DpeELEeNTOpbl HWHTUOUPYIOT ¢GepMeHT aJeHUIaTLHKJIa3y, KOTOPbIU
KaTanusupyet npeBpaujeHue ATO B 1AM, uTo, B cBOt0 o4epe/ib, BKI04aeT tAM®P-3aBucHMbIe
NpPOTEUMHKHWHA3bI, KOTOpPble B 3TOU LIeNU aKTUBUPYIOT $aKTOpbl TpaHCKpUnuuu. [Ipu stom
akTuBanus penentopoB 5-HT1 BbI3bIBaeT runepnosispusanuio MeMOpaH U MPOHUKAEMOCTH
yepes3 K+-kaHasnbl [50-53].

Tak kak /l0Ka3aHO, YTO CHM)XeHHe OHOoJoCTynHOCTH cepoToHHHAa B [JHC cBsa3aHo
C TpeBOXKHBIMU COCTOSIHWSIMH, MaHMUeH, Jelpeccuel, TO 3HauyeHUWEe CEPOTOHHHA B
NICUXOJIOTUYECKHUX PACCTPOMCTBAX y JIIOJEeW CTAaBUT €ro B psiJ, C COLMUAJbHO 3HAYUMbIMH
dakTopamu [54].

[IpuBOAAT faHHbIE 0 TOHWXKeHHOM YpoBHe 5-OUYK B uepebpocnuHanibHOM kugkocTH (LLCXK)
y COBEPILUBIIMX CYMLIU/a/bHYI0 NONBITKY, @ B TKAHU MO3ra CaMOyOU L, — CHUKEHUU YPOBHS
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OCHOBHOTO MeTaboJIuTa CEpOTOHMHA 5-THAPOKCUUHI0JYKCycHON kucaoThl (5-OUYK) [55].
JTO MMO3BOJIMJIO NPEANOJIOXKHUTD, YTO OJJHUM U3 MEXaHU3MOB GOPMUPOBAHUSA CYULUAATBHOIO
NOBeJleHUsl SIBJSETCS TOPMOXKeHHe MeTaboJiM3Ma CepOTOHHMHA B CTBOJIOBBIX CTPYKTYypax
U npedpoHTA/JIBHOM KOpe, YTO B OIpe/e/IeHHOW Mepe MNOATBEPXKAAeTCA pe3y/abTaTaMy,
NOJIYyYeHHbIMU psZioM HcciaenoBaTesneld. CHxkeHrne ypoBHA 5-OUYK B LICXK y manueHTOB ¢
pPa3HBIMU [ICUXUYECKUMHU PACCTPOUCTBAMM KOppeJUpyeT C BBICOKMM PUCKOM CaMOyOUMCTBa
[56-57].

3a cyeT CMHTE3a OJHOI0 Y TOrO Ke pelenTopa CEpOTOHUHEPIrUYeCKOU CUCTEMBI B Pa3HbIX
006J1aCcTAX MO3ra, peLenTopbl OJHOBPEMEHHO MOJYJHUDPYIOT HECKOJIbKO IOBeJeHYeCKHUX
npoueccoB. Hanpumep, TpeBoxkHOe cocTosiHUE perynupyeTcs penentopamMu 5 HT2C u 5-HT1A-,
HO IIepBbIY peLlenTOp BJHKSAET ellie Ha dHepreTU4ecKoe paBHOBECHE, alllIeTUT U ABUTaTe/IbHYIO
akTUBHOCTB [50, 58-59]. ITo Jieryio B OCHOBY TOr0, UTO IPUMEHSETCS LieJibli pPsij, IpenapaToB
JU1s ciefupUUecKor KOppeKI UM peLeITOPOB CEPOTOHUHEPTUYECKOM CUCTEMBI.

Tem He MeHee gokKa3aHHas CBA3b paccTpodcTBa cucteMbl 5-HT u cyunupaanbHOro
NOBeJleHUs1 He JaeT OTBeTa Ha BONPOC O IeHeTHYeCKOW OOyCJIOBJIEHHOCTH MO3ra: WU
3TO peakLMs HOPMaJbHOTO MO3ra Ha CTPecC, WM CyIeCTBYeT «CYHWLUJAJBbHBIA MO3I»,
OoTBevawlUN Ha ¢akTopbl, NoHMWkKawuue cogepxkanue 5-HT [60]. BeposaTHo, ecTb satoau,
MMelolllMe MCXOJHO NMOHMXEeHHbIM YpOBeHb CepOTOHMHA B Mo3re [61]. /laHHOe siBJieHHe
MOXeT OBbITb CB3aHO C HEKOTOPBIMHU TeHHBIMHM IMOJUMMOpP(PHU3IMaMH, OCYLeCTBJSAEMBIE,
HalnpuMep, CHHTe3 U3 TpUnTodaHa, IOCTyNaILEro C MUIEeH, He CEPOTOHUHA, 8 KHHYPEHHUHOB,
NOBbIIIEHHBIM YpoBHeM ¢pepMeHTa MAO-A, MeTab0/IM3UPYIOLEero CEpOTOHUH UJIM CHHXKEHUEM
06pa3oBaHUs TPUNTODAHTUJPOKCUNIA3bI-2, CUHTE3UPYIOIEN MO3rOBOM CEPOTOHUH H3 €ro
npeJlieCTBEHHUKA U T.A. [62].

PoJsib MponeccoB BOCIIAJICHUA

Ha MbI1max v KpbIcax 6b1J10 1I0Ka3aHO, YTO, KaK ObLJIO YKa3aHO Bblllle, CTPeCcChl CIOCOOCTBYIOT
aKTHBALMHY TUNOTaJaMO-TUNIOU3apPHON HAATIOUEUHHKOBOM OCU. ITO NPUBOAUT K OBICTPOMY
BbIOPOCY B KpOBb MEAMATOPOB: MPOTHUBOBOCHAJUTENbHBIX IUTOKHHOB (Hampumep,
MHTepJIeMKNHAa-6), KOPTUKOCTEPOHA, KaTEX0JIaMUHOB, KOPTH30J1a. JTU MeUaTOPbl B HEPBHbBIX
KJIeTKaX, MUKPOIJIMK U acCTPOLMTAX aKTUBUPYIOT (epMeHT HHAO0JaMUH-2,3JUMOKCUTeHa3y
(indoleamine-2,3-dioxygenase, IDO) [63]. 3ToT d¢epMeHT CKJIOHAET TpUNTOPaH K
TpaHchopMaLUM B KUHYpPEeHHUH, 00/1aJlaloliuii HEHPOTOKCUYECKUM JielicTBUEM. CHUKeHUe
ypOoBHA TpuntodaHa, HEOOXOJUMOTO [Jisi CUHTe3a CepOTOHHWHA, MOXET CTaTh HMPUYUHOU
BO3HUKHOBEHMUS JIeNIPECCUBHOI0 COCTOSIHUS.

Jltoay uMeloT 60J1ee BBICOKMIM PUCK IeNIPECCUBHOTO COCTOSIHUS, €CTU TePpeHOCUIU TPAaBMbl
B ZIETCKOM BO3pacTe, TaK KaK y HUX, 10 CPABHEHHIO C KOHTPOJIbHBIMU JIMLIAMHU, OOHapyKeHa
MOBbIIIEHHAs BOCMNAJIMTeJIbHAsA peaKlus Ha cTpeccopbl [63]. ¥ srofeil ¢ BbIpaXKeHHbIM
BOCIA/JIMTEJbHBIM OTBETOM OOHApy>KeHa BbICOKasi KOPPeJsLys C BEpOSATHOCTbIO Pa3BUTHUSA Y
HUX JlelIpecCuU B TedeHUe 3-4 MecsleB Mocje BO3AencTBUA cTpeccopa [64]. Duval F et all.
Mcc/e0Bajl MOBbILIEHHbIN YPOBEHb MPOTUBOBOCNAIMTENBHOr0 UUTOKKHA IL-1b y noxuabix
Jwjaen ¢ aenpeccued. Takyke NMPU BbIPaXKEHHbIX CUMITOMAax JleMpPecCUd OGHAPYKUBAJICS
NOBbIILIEHHbIN YPOBEHb LIUTOKHUHA [65].
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BblI0 HM3y4eHO, YTO CTpecc yrHeTaeT HelporeHe3 yepe3 UHTepJiedkuH IL-1b, KoTOpbIii
BbI3bIBaeT aHrefoHuto. [Ipu ucnosb3oBaHuMM 6GJsiokaTopa penentopoB IL-1b npusHaku
aHTeJJOHUM 3HAYMTeJIbHO ocabeBaloT. HanpoTuB, BBeJleHUe 3TOr0 MHTepJIeMKUHA HapyLlaeT
JleJleHre KJIeTOK TMIINOoKaMIIa, yCyry6.iss cTpecc [66].

[IpyHMMass BO BHMMaHHWe POJIb BOCNAaJeHUs B MPOBOLMPOBAHUM JEeNpPEeCcCUH, ObLIU
vcc/aeloBaHbl pas3/iMyHble NMPOTHBOBOCNAJIMTEJ/bHbIE BeIEeCTBa, OKa3blBaloLHWe BJIMSHHUE
Ha MMMyHHUTeT. HecTtepoupaHble npoTuBoBocnaauTesnbHble cpezactBa (HIIBC) cnoco6HbI
YMEeHbLIATh NPOSIBJIEHUS [lelIPeCCUBHOI0 COCTOSIHMA, HanpuMep, 3QPeKTUBEH LeJIeKOKCHUO,
JIeNCTBYIOIIMA KaK MHTCUOUTOpP LMUKJIOOKcUreHasbl-2 [67]. IlpenapaTel, BiMsAMOLIMEe Ha
LIUTOKHHBI, TAKXKe 00J1aZlal0T aHTU/leIPEeCCUBHBIM JleicTBrEM [68].

TakuM o6pa3oM, MMeloLMecs JUTepaTypHble JJaHHble NOATBEPXKJAT TO, YTO NPOLECCh
BOCIIaJIEHUS CBAA3aHbI C Pa3BUTHEM JeNIPECCUH U, KaK CJIe/ICTBUE, C IPOSABJIEHUAMU CYULM/A.
JTO MOXXHO KOPPEKTHpPOBATh MCHOJb30BaHMEM MPOTUBOBOCHAJIMTE/NbHBIX MpenaparTos,
MOHOKJIOHA/IbHBIX aHTHUTEJ aHTU/,eNPeCcCaHTOB.

OfHOU M3 TEOpPUU BJIMUSHUSA X0JIeCTepUHA Ha CYMLU/A/TbHOE MOBEJIEHUE SIBJISIETCS TEOPUs
HelpoBocnaseHUs. HU3KUMK ypoBeHb XoJieCTEpMHA MOXET BbI3BaTb (QYHKLHMOHAJbHbIE
M3MeHEeHHUs B JIMIIUAHOM padTe, ITU CTPYKTYPhbl NPELCTABASAIT COO0M MUKPOCTPYKTYpHI,
oboralieHHble X0JIECTEPUHOM, CPUHTOJMUINAAMH, HACBILEHHBIMU >XUPHBIMU KHUCJIOTAaMH
M TaHIVIMO3UJaMHU. JTU HeNpOoNopLHOHAJIbHblE JIMNUJHbIE padThbl pearupywT C JpyTUMU
LIMUTOKMHAaMH, CIIOCOOCTByd mnpoueccy BocnajeHuda. Cunraercs, 4Tto n-3 u Toll-mogo6Hble
peuenTtopsl (TLR) saBAsAIOTCA penenTopaMu pacrno3HaBaHUs 06pa30B, KOTOpPble HHAYLUPYIOT
BOCMA/JIMTEJIbHYI0 peakLuulo djepHbIM ¢akTopoM Kamnma mnocpeAcTBOM BbIpabOTKH
nuto3uHa. bosee Toro, TLR MoayaupyroTcsa JUNUAHBIMU padTaMy, a n-3 OKas3bIBaeT
IpPOTUBOBOCNAINTENbHOEe JedcTBUe. OJHAKO NpHU CHWXKEHUHM YPOBHA XOJIeCTepuHa
cootHowieHue [THXK n-6: n-3 craHoBUTCA HecOa/JlaHCHMPOBAHHBIM, N-6 yBEeJWYUBAETCH U
IPUBOAUT K BbIpabOTKe NPOBOCHNAJIMTEJNbHbIX LIUTOKMHOB, B 4YacTHocTH IL-6, ycunauBas
BOCMAJIUTEJIbHBIN TIpoluecc [69].

Aguglia etal. (2021) coob1yin 0 BO3MOXHOM B3aUMOCBS31 TPOMOOLIMTOB C BOCIAJIUTE/NbHOM
peakuuen y Jiu1 ¢ NonbITKON camoybuiictBa [70]. Kpome Toro, yuactue xosiectepuna, JIITHII,
JITTIOHII ¥ uupKyJIUPYOLUX XUIOMUKPOHOB B CTEHKAX COCYZ0B MOXKET OKUCJIATBCS, 3allycKas
MMMYHOJIOTUYECKMH KackaJi, akTUBHble ¢opMbl kucaopoga (APK) M MMMyHHblE KJIETKU
(Makpodary, ecTecTBeHHble KHWJIJIEPBI, Ty4yHble KJETKU WJIWU [JleHJpUTHble KJeTKU [71].
MHorue M3 3TUX NPOBOCHAJUTENbHBIX MOJIEKYJI IPOHUKAIOT Yepe3 reMaTosHLedaInyecKuit
6apbep, BbI3bIBasA ICUXUATPHUYECKHE CUMIITOMBI U pacCTPONCTBA HACTPOEHHUSI.

3aKk/iloueHue

TakuM 06pa3oM, TecTUpOBaHHE HA HEUPOOUOJIOTHUECKHE MapKepbl NPU JUATHOCTHKE
CYMLUJAJIBHOCTH B CaMOM Haydasle KJIMHUYECKOTO 06CIe0BAaHUS W U3YYEHUs] COLHAJIBbHO-
IICUXO0JIOTUYECKHUX MPEJUKTOPOB, MOXKET UMETh CYyLeCTBEHHbIE NTPEeUMYyIlecTBa. BoisiB/ieHHE
y MmaiueHTa C CyWUMJAJbHBIMH HAKJOHHOCTSIMH JAaHHOTO KOMILJIEKCAa GHOJIOTHYECKHX
1oKa3aTeJiel, MOIJio 6bl M03BOJIMTh CBOEBPEMEHHO U NePCOHATMU3UPOBAHO HAYATh JieYeHHe
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B YCJOBUSIX JieUeOHbIX YUpPEeXJeHUH, MUHUMHU3UPYs ONAaCHOCTH NepBbIX AHeH. YYuTbIBas
MHO>XeCTBEHHBIE JleTePMUHAHThI CYUIIM/Ja/IbHOTO NIOBEEHUSA U C1abyI0 CBA3b C OT/AeJIbHBIMU
O6MO0JIOTUYECKMMHU MapKepaM{, KOMOWHALMM MNOTEeHLHAJbHbIX OUOJIOTMYECKHX MapKepoB,
a He OTJeJIbHbIX MapKepoB, MOTYT yJyYIIUTb CKPUHUHT, IMarHOCTUKY U NPOTHO3UPOBaHUE
CYULUJAJIBHOTO MTOBEIEeHUS.

dunHaHcupoBaHue: JTa paboTa 6bly1a noaaepkaHa [[porpamMmmoii iesieBoro GrHaHCUPOBAHU S
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CyunuATiH HelpoGHOJIOTUAJIBIK Heri3aepi

Aggatna. lllosy MakasacblHAA CYULUATIK MiHe3-KyJBbIKTbIH, KaJbIITACyblHbIH, OUOJIOTUSAJBIK
dakTopsaapbl MeH NaTodHU3UOJOTHUSIBIK MeXaHUu3M/lepi KapacTeipbliFaH. Kasipri emipaiy ky#sedici,
OHBIH HeTi3iHJe [ICUX0dJIeyMeTTIK >KaFJalAblH Ka/JbIITAcybl, aflaMHbIH OHOJIOTUSJIBIK MJHiHe acep
eTeTiH OeJsrijsi 6ip OGUOJIOTUAJBIK MeXaHU3MJEP apKbLIbl Ky3ere acblpbliajibl. KenTereH afe6u
JlepeKkTepre CoMKecC, CYMLMJ, >KaFfAalblHAA NMAaTOJIOTUAJBIK MpOLEeCKe TeK OpTaJbIK XYHKe KylHeci
FaHa eMec, COHbIMEH KaTap 9pTypJli NepudepUsIblK KOMIOHEHTTED - OPraHU3MHIH, TepUdepUsIbIK,
CEpOTOHUH, TpunTodaH, HEUPOKHHYPEHUH/EP, KOPTU30J CHUSIKTbl MeTabOJHMKaJbIK KyWhesepi fJe
KaTblcasbl. COHbIMEH KaTap, ©3iH-e3iHe KOJI KyMcayAblH, MaHbI3[bl QaKTOpbl GOJIBIN TabbLIATHIH
MCUXUKAJIBIK OY3bliaysap/Aarbl KAObIHY NPOLECIHIH yJieci KbI3bIFYIIbLIbIK TYAblpajibl, aTal alTKaHAa,
MMMYHUTET, HUTOKUHJIK KYyHe, HEHpOropMOHaJb/ibl peaKLusaaap, COHbIMEH KATap illleK-MU OCiHiH,
Kypampac OeJiiri peTiHfe, illek MUKpodJopachl. bap/blk ocbl 6aijiaHbICTap KeIl KbIpJibl KoHe
cynunuATiK nepudepusiblK 6enrisiepai isgeyre Mo MyMKiHLILIIK Gepepi.

9aebuetTtepi i3gey Web of Science, PubMed, Scopus, eLibrary nepekkopJ/iapbiHAa Xyprisiijii.
Ty#iH ce3gep: cyunyj, HeMpoTPaHCMUTTePJIEP, TOPMOHAap, runodu3-6yrlpek yCTi oci, CEpOTOHUH,
KOPTH30J1, KAaObIHY, UHTepJIeHKUH/Eep.

R.K. Tatayeva?, L.Kh. Akbayeva?, D.A. Tagayev', A.M. Makhanova?
IL.N. Gumilyov Eurasian National University, Astana, Kazakhstan
?Karaganda Medical University, Karaganda, Kazakhstan

Neurobiological basis of suicidality

Abstract. The review article examines the biological factors and pathophysiological mechanisms
that contribute to the formation of suicidal behavior. The stress of modern life, being psychosocial at
its core, is realized through certain biological mechanisms that affect the biological essence of a person.
According to numerous literary sources, in case of suicide, not only the central nervous system is involved
in the pathological process, but also various peripheral components - metabolic systems of the body,
such as peripheral serotonin, tryptophan, neurokynurenines and cortisol. In addition, the contribution
of the inflammatory process in mental disorders, which is an important factor in suicide, is of interest,
in particular, immunity, the cytokine system, neurohormonal reactions, and also as a component of the
gut-brain axis, intestinal microflora. All these connections are multifaceted and have implications for the
search for peripheral markers of suicidality.

A comprehensive literature search was conducted using the Web of Science, PubMed, Scopus, and
eLibrary databases.

Keywords: suicide, neurotransmitters, hormones, pituitary-adrenal axis, serotonin, cortisol,
inflammation, interleukins.
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Research on chlorophyll-a concentrations in freshwater lakes
of Pavlodar region
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Abstract. Freshwater ecosystems play a crucial role in maintaining
ecological balance and ensuring human well-being. However, these
ecosystems are increasingly threatened by anthropogenic activities. Pavlodar
region has undergone rapid industrialization and urbanization, impacting
its pristine lakes.

This article is part of a doctoral study on lakes located equidistant from
each other, aimed at determining the chlorophyll-A levels in the lakes of
Pavlodar region.

Seven lakes were purposefully selected from the numerous lakes in the
region, considering various anthropogenic impacts. Water samples were
collected in the spring of 2022.

A comparative assessment revealed significant differences in chlorophyll
levels observed in several water bodies. The study identified polluted water
basins in the region, highlighting critical areas that require urgent attention
for environmental conservation.

The conducted analyses indicate possible processes of vegetation
degradation and flooding, leading to a decrease in dissolved oxygen and
potential environmental consequences. The obtained results underscore the
importance of continuous monitoring and effective management strategies
to preserve the ecological integrity of the studied water bodies.

This study provides valuable information on the ecological status of
lakes in Pavlodar region and highlights the impact of both natural and
anthropogenic factors on water quality. The findings underscore the need for
targeted environmental efforts.

Keywords: fresh, origin, lake, water pollution, chlorophyll-a.
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Research on chlorophyll-a concentrations in freshwater lakes of Pavlodar region

Introduction

Currently, environmental issues have taken precedence in terms of importance [1].

The environment is subjected to significant anthropogenic impacts [2]. Gleick argues that
the most crucial water-related problem is its inability to meet basic human needs [3]. Human
activities, such as excessive groundwater extraction and widespread surface water pollution,
have outpaced nature's capacity to replenish water resources [4]. As a result, natural sources of
freshwater are experiencing immense strain, necessitating the monitoring of water quality [5].

Lakes are valuable resources that provide a wide range of environmental services. However,
their ecological functions are threatened by eutrophication [6,7,8]. While monitoring and
research on lake water are systematically conducted primarily in large reservoirs [9,10,11], the
study of shallow lakes has become a priority.

In freshwater ecosystems, algae serve as the foundational element of the trophic pyramid.
Their primary ecological function encompasses the generation of oxygen and the photosynthetic
production of autochthonous organic matter. This organic matter, constituting the energy
foundation, sustains organisms at higher trophic levels and plays a crucial role in all subsequent
stages of the production process within extensive lakes and reservoirs [12].

Chlorophyll-a is the primary pigment in green plants, including unicellular algae
(phytoplankton). Among the numerous pigments present in the photosynthetic apparatus of
algae, chlorophyll-a plays a pivotal role in the process of photosynthesis. Information regarding
the concentration of chlorophyll-aand its variability inaquaticenvironments serves as a criterion
for assessing the biomass reserves of phytoplankton and its production, as well as an indicator
of water pollution. Together with other measurements of active biomass, determining the
concentration of chlorophyll-a provides insights into the quantity and potential activity of algal
photosynthesis. The concentration of chlorophyll-a is indicative of the degree of trophication in
surface waters [13].

A central challenge in the management of lake eutrophication lies in the substantial variability
observed in the nutrient-chlorophyll a (Chl-a) relationship, stemming from diverse factors
such as lake depth, trophic status, and latitude. To address the variability arising from spatial
heterogeneity, a robust and comprehensive understanding of the nutrient Chl-a relationship
can be attained by employing probabilistic methods for the analysis of data aggregated across
an extensive spatial scale [14].

The elevated chlorophyll-a concentration in the lake foreshadows various consequences,
including eutrophication driven by an excess of phosphorus and nitrogen. This can lead to
the accelerated proliferation of algae and oxygen desorption, resulting in the degradation
of the aquatic ecosystem. This process significantly impacts the biomass and production
of phytoplankton and serves as an indicator of water quality challenges, underscoring the
imperative for systematic monitoring to comprehend and manage ecological changes in the
lake environment [15].

Aquatic contamination is another significant issue affecting the utilization of available water
reserves in Kazakhstan. Currently, 50-70 % of land water in the country is assessed as “polluted”
or “highly polluted” in relation to environmental standards [16].
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The data from the specialized scientific technical program “The assessment of resources
and forecast of the use of natural waters in Kazakhstan in conditions of anthropogenic and
climatically determined changes” developed by the Institute of Geography with the support
of the Secretariat of the Security Council and the Ministry of Education and Science, indicates
that the country faces a comprehensive range of hydrological threats associated with water
pollution and scarcity [17].

The primary objective of this study is to identify the chlorophyll-a concentration in lakes in
Pavlodar region of Kazakhstan to assess the extent of eutrophication impact on the freshwater
lake in Pavlodar region.

Methodology

One of the methods for assessing trophic levels is based on determining the concentration
of chlorophyll-a, which has been employed in comprehensive studies assessing the ecological
condition of water bodies in Pavlodar region.

The study was conducted in the Pavlodar region of Kazakhstan, which covers an area of
124,8 thousand km?2. This region is situated in the suture zone between the Central Kazakhstan
hillocky area and the West Siberian lowland, with the Irtysh River dividing it into two unequal
parts from southeast to northwest (Figure 1) [18].

The left bank of the region is predominantly occupied by the Central Kazakhstan hillocky
area, characterized by low-hill terrains with decreasing absolute elevations from south to north
and northeast, ranging from 1056 to 150 meters. The slopes of the hillocky area graduall y
flatten, and they are covered by sandy-clay deposits from the Mesozoic-Cenozoic Irtysh cavity in
the West Siberian lowland. The Irtysh plain is notable for its lack of drainage and the abundance
of saline and saltish lakes. Most of the lakes in this area are formed as a result of snowwater
filling various depressions [18].

In terms of precipitation, the Pavlodar region falls within an insufficient moisture zone.
Precipitation is highly uneven both spatially and throughout the year. There is a slight increase
in precipitation in the lowlands (280-300 mm/year), the extreme northeast and southeast
(300-360 mm/year), where birch-aspen groves and pine forests grow. In the vast territory
of the region, precipitation ranges from 200 to 250 mm. Winter receives the least amount of
precipitation, accounting for 24-32 % of the annual total. The snow cover height varies from 10-
20 cm in the open steppe to 30-40 cm in forested areas. By early spring snowmelt, the moisture
reserve in the snow ranges from 10 to 70 mm, with an average of 40 mm. The average long-term
evaporation from open water surfaces is 700-800 mm, and evaporation from the soil reaches
250-300 mm per year [18].

The region is home to approximately 1200 lakes [19]. Table 1 provides information on the
size and salinity classification of these lakes.
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Number of lakes in Pavlodar region

Table 1

Lake surface area, km? Fresh Saline Total
Number | % oftotal | Number | % of total | Number | % of total
to1l 297 24,6 500 41,4 797 66,0
1,1-2,0 52 4,3 136 11,3 188 15,6
2,1-5,0 27 2,2 113 9,4 140 11,6
5,1-10,0 8 0,7 45 3,7 53 4,4
10,1-50,0 0 0 25 2,0 25 2,0
more than 50 0 0 5 0,4 5 0,4
total 384 31,8 824 68,2 1208 100

In addition to natural factors, anthropogenic activities play a significant role in the Pavlodar
region. The main industries in the region include mining, oil refining, chemical industry, ferrous
and non-ferrous metallurgy, and energy [20,21]. One of the primary sources of pollution in the
region is the thermal power plants that utilize the high-ash Ekibastuz coal technology [22]. The
majority of emissions originate from industrial enterprises located in Ekibastuz city (46 %),
Aksu city (26,5 %), and Pavlodar city (25,5 %), while other districts account for only about 2 %
of emissions [23].

Most lakes in the Pavlodar region exhibit variability in hydrological and hydrochemical
regimes, influenced by long-term changes in climate humidification and varying groundwater
inputs. Shallow lakes of suffusion origin, which have no connection with soil or confined aquifers,
are more susceptible to frequent drying and sharp increases in mineralization. Deep-cut lakes,
such as Zhalauly, Selety-Tengiz, Maraldy, Teke, Altybaysor, and others, represent remnants of the
ancient hydrographic network. These lakes serve as local discharge areas for confined aquifers
in Neogene, Paleogene, and partly Cretaceous deposits, which contributes to their relatively
stable hydrological regime [18].

From a hydrogeological perspective, the Pavlodar region is situated within the second-order
Irtysh artesian basin. The Irtysh artesian basin is part of the extensive first-order West Siberian
basin. The remaining territory of the region falls within the hillocky area (Kokshetau-Ekibastuz
hydrogeological region of the second order) [18] (Figure 1).

In the low-rise areas, a significant number of lakes are formed, although only a few have a
long-standing existence. In the Bayan-Aul mountains, for instance, there are freshwater lakes
that persistently occupy the deepest intermountain depressions of tectonic origin. The Bayan-
Aul group of lakes comprises mountain or semi-mountain reservoirs with relatively deep waters
(up to 13 meters) and clear freshwater. These lakes exhibit poor growth of aquatic vegetation
within them [24].
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- Irtysh artesian basin. The Il order hydrological region

- Kokchetau-Ekibastuz basin. The I order hydrological region
Figure 1. Hydrogeological zoning of Pavlodar region territory

Limnological studies have revealed that several lakes in Northeast Kazakhstan, characterized
by pronounced seasonal and long-term fluctuations in water levels, are subject to significant
anthropogenic influence. This influence has resulted in numerous alterations to the natural
landscapes, including a general decrease in the water surface level. The lakes in the region vary
in size and shape, ranging from small reservoirs with diameters of a few meters to large ones.

The collection of data on the current geo-ecological state of lake geosystems in Northeast
Kazakhstan covers the period from 2006 to 2013. The research was conducted using various
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methods, including literary and cartographic analysis, comparative and historical approaches,
route surveys, and the application of zoning and GIS (geographic information system)
technologies. During the field study, distinct typological units of natural limnocomplexes were
identified [25].

The lakes in the region are generally shallow, with depths rarely exceeding 1-1,5 meters. In
most cases, their depth ranges from 40-50 centimeters. Many lakes experience complete drying
up during the summer, transforming into sors and salt marshes [25,26].

The central floodplain of the region is characterized by a flattened topography and optimal
moisture conditions. It features a multitude of saucer-like depressions, small ravines, and
elongated depressions (former channels). These depressions, filled with meltwater and runoff,
give rise to small reservoirs, many of which dry up in the summer [25].

Golubovka lake is located in Pavlodar region’s Irtysh district of the Irtysh artesian basin of
the II order hydrological region. (53°8'30"N, 74°9'18"E). Maximum distance between lake
endpoints - 4,43 miles. Reservoir was formed by deflation as basin of arid zones [27]. Degree of
mineralization - fresh (Fig. 2) .

Karakoz lake is located in Pavlodar region’s Terenkol district of the Irtysh artesian basin of
the II order hydrological region. (53°1'48"N, 76°14'22"E) Maximum distance between lake
endpoints - 1,08 miles. Rhithral basin was shaped by the river [27], degree of mineralization -
fresh.

Kezentalislocated in Pavlodar region’s Shcherbakty district of the Il order hydrological region
Irtysh artesian basin. (52°13'31"N, 78°33'54"E). Maximum distance between lake endpoints -
0,20 miles. It is artificial type of lake [27], degree of mineralization - fresh (Fig.3) .

Sasykkol is located in Pavlodar region’s Ekibastuz district of the I order Kokshetau-Ekibastuz
basin hydrological district. (51°47'24"N, 75°16'17"E). Maximum distance between lake
endpoints - 2,07 miles. Shallow lake formed by deflation as basins of arid zones [27], degree of
mineralization is fresh.

Schuchye lake is located in Pavlodar region’s Pavlodar district of the II order Irtysh artesian
basin hydrological district. (52°9'36"N, 76°57'52"E). Maximum distance between lake endpoints
- 0,98 miles. A basin was shaped by river - rhithral [27], degree of mineralization - fresh.

Shyldauyk is located in Pavlodar region’s Zhelezinsky distric of Irtysh artesian basin of
the II order hydrological region. (53°45'25"N, 76°47'3"E). Maximum distance between lake
endpoints - 0,64 miles. Shallow Lake is formed by deflation as basins of arid zones [27], degree
of mineralization - fresh.

Toleuberdy is located in Pavlodar region’s Akku district of the II order hydrological region
of Irtysh artesian basin. Maximum distance between lake endpoints - 1,52 miles. (51°22'5"N,
78°12'28"E). BogoeM npuposaHoro npoucxoxaeHus. This lake refers to potamal type as the
river carries sand and mud only [27], degree of mineralization - fresh.
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Figure 2. A snippet from Google maps - Golubovka lake

Figure 3. A snippet from Google maps - Kezental lake

The method of assessing trophic status through the determination of chlorophyll-a content
was employed in comprehensive studies of the ecological condition and trophic status of water
bodies in the Pavlodar region, conducted from April 15 to April 20, 2022.

Seven samples from different regions of Pavlodar region were analyzed to determine the
content of chlorophylle substances. The lakes included in the study are Karakoz, Schuchye,
Kezental, Toleuberdy, Golubovka, and Shyldauyk. The selection of these lakes corresponds
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to the hydrological regions of the first and second order. The sampling process followed
recommendations and built upon the experience gained from previous studies [26,28]. To
collect the samples, a bathometer was utilized.

The samples were collected from the studied reservoirs in spring of 2022. For the monitoring,
the determination of chlorophyll-a indicators was conducted within 2-3 days after sampling.
Spectrophotometric method was utilized for the analysis.

The monitoring was carried out within 5-7 days using analyzers that comply with international
standards such as ISO-IEC (International Organization for Standardization - International
Electrotechnical Commission) and EPA (Environmental Protection Agency).

Lake samples were testing through external monitoring at the Helmholtz Research Center,
Chemical Laboratory, Germany (Table 2).

Discussion

The trophic status assessment of water bodies in Pavlodar region was conducted utilizing
the chlorophyll-a determination method. The results are comprehensively presented in the
table, encompassing absorption values for various water bodies, as well as concentrations of
chlorophyll-a and its degree of coloring (DIN). The data were collected from April 15 to April
20,2022.

Evidently, the majority of water bodies exhibit diverse levels of chlorophyll-a content,
indicating fluctuations in trophic status. For instance, Shydauyk water body demonstrates a
high chlorophyll-a level (29.8 mg/1), suggesting the presence of eutrophication and biological
activity. In contrast, Golubovka and Schuchie exhibit more moderate values (1.9 mg/l and 25.5
mg/l, respectively).

Comparing these findings with established standards and norms for chlorophyll-a allows for
the identification of potential exceedances. Values surpassing established norms, such as those
in Sasykkol (72.2 mg/1) and Karakoz (82.7 mg/l), may indicate high phytoplankton activity and
eutrophication.

Consequently, the research results provide crucial insights into the trophic status of water
bodies and form the basis for further analyses of the impact of various factors on aquatic
ecosystems in this region.

Results

Microsoft Excel 2013 software methods were used for data processing and creating a graph-
association (Fig.4). The processed analytical data are presented in table 2.

Table 2
Analytical data
Object Absor- Absor- Absorp- Absorp- Filtra- Extrac- Vali-dity Chlo- Cholop-
(Lake) ption ption tion tion tion tion crite- rophylle- hylle’s degree
(spectral) (spectral) volume volume rion a (DIN)
Acidity Acidity ml ml R 1-1,7 mg/1 mg/1
ChlA
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665 nm 750 nm 665 nm 750 nm

STD 0,1779 0,0012 0,1080 0,0010 1 1 1,65 1,65 2063,1 2063,12
200 mg/1
(from
8.07.21)
in pro-
portion
1:100.
2100 mg/1
of Chloro-
phylle

Shyda- 0,0995 0,0060 0,0726 0,0079 200 7 1,37 1,45 29,8 29,84
uyk

Golu- 0,1289 0,0111 0,1270 0,0110 200 7 1,01 1,02 1,9 1,86
bovka

Schu- 0,1030 0,0039 0,0789 0,0044 200 7 1,31 1,33 25,5 25,49
chie

Sasyk- 0,0770 0,0055 0,0071 0,0053 200 7 10,85 39,72 72,2 72,21
kol

Kara- 0,0890 0,0046 0,0091 0,0045 200 7 9,78 18,35 82,7 82,67
koz

Toleu- 0,0224 0,0031 0,0180 0,0035 200 7 1,24 1,33 5,0 497
berdy

Kezen- 0,0380 0,0038 0,0364 0,0038 200 7 1,04 1,05 1,7 1,66
tal

STD 0,0841 0,0000 0,0490 0,0000 1 1 1,72 1,72 1039,0 1038,96
200 mg/1
(8.07.21)
in propo-

rtion

1:200.
1050 mg/1
of
CHLA

STD 0,0834 0,0000 0,0478 0,0000 1 1 1,74 1,74 1053,8 1053,76
200 mg/1
(8.07.21) in
propo-
rtion
1:200.
1050 mg/1
CHLA

500
ml/
7ml
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Figure 4. The graph-association of degree chlorophyll-a in lakes

The assessment of trophic status in water bodies of the Pavlodar region was conducted using
the method of chlorophyll-a determination. The results are presented in the table, which includes
values of absorption for various water bodies, as well as concentrations of chlorophyll-a and its
degree of coloring (DIN). The data were obtained from April 15 to April 20, 2022.

It is evident that most water bodies exhibit diverse levels of chlorophyll-a content, indicating
variations in trophic status. For instance, the Shydauyk water body demonstrates a high level
of chlorophyll-a (29,8 mg/1), suggesting the presence of eutrophication and biological activity.
Meanwhile, Golubovka and Schuchie display more moderate values (1,9 mg/l and 25,5 mg/],
respectively).

Comparing these findings with established standards and norms for chlorophyll-a allows
identification of potential exceedances. For instance, values surpassing set norms, such as in
Sasykkol (72,2 mg/1) and Karakoz (82,7 mg/l), may indicate high phytoplankton activity and
eutrophication.

Thus, the research results provide crucial insights into the trophic status of water bodies and
form the basis for further analyses of the impact of various factors on the aquatic ecosystems
in this region.

A.H. T'ymunres amwindazor Eypasus yammorx ynusepcumeminityy XABAPIIBICBI. N22(147)/ 2024 129
Bu0A0ZUAABIK 2UIALIMOAP CepusiCt
ISSN: 2616-7034. eISSN: 2663-130X



Zh.K. Samenova, N.T. Yerzhanov, M.B. Uruzalinova, M. Kravka

Conclusion

Based on the findings of the conducted study, several pivotal observations can be delineated
concerning the trophic status of fishery water bodies within the Pavlodar region:

Variability in Chlorophyll-a Concentrations: The analysis outcomes unveil substantial
fluctuations in the levels of chlorophyll-a across diverse water bodies. This signifies distinctions
in trophic status and biological activity within the scrutinized aquatic entities.

Potential Indicators of Eutrophication: Specific water bodies, exemplified by Sasykkol
and Karakoz, manifest elevated concentrations of chlorophyll-a (72,2 mg/l and 82,7 mg/],
respectively), implying plausible eutrophication and heightened phytoplankton activity.

Divergence in Responses Among Water Bodies: Discrepancies in chlorophyll-a content
observed among water bodies like Shydauyk, Golubovka, and Schuchie suggest a spectrum of
conditions and influences to which these aquatic systems are subjected.

Imperative for Further Inquiry: The acquired results underscore the imperative of conducting
supplementary research to attain a more profound comprehension of the factors impacting
the trophic status of fishery water bodies in the region. This is indispensable for formulating
targeted measures conducive to the management of aquatic ecosystems.

In summation, the scrutiny of chlorophyll-a content imparts invaluable insights for the
assessment of ecological conditions and the efficacious administration of fishery water bodies.
The identified trends furnish a basis for the formulation of ecologically sustainable strategies
in fisheries.
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7K.K. Camenosal, H.T. EpxanoB?, M.B. Ypy3aiuHogBa?, M. KpaBka?
Topatirvip yHusepcumemi, [lagaodap, Kazakcman
2Yex mexHUKa.1blK FolabiMdap yHusepcumemi, lIpaza, Yexus

IlaB/10Aap 06/IBICHIHBIH, TYLIBI CY KOJ1AepiHaeri x1opoduiii-a JeHreiiH 3epTrey

AngaTtna. Tyuibl cyAblH 3KOXKyHeJsiepi 3KOJIOTUSJBIK, Temle-TeHJIK IMeH aJaMHbIH dJ-ayKaTbIH
caKTay/a lielyii pej aTkapa/bl. JlereHMeH, 6yJ1 sKoxKylesepre apTypJ/li aHTPONOTreH/iK 9peKeTTeP/iH
Kayni apTein Keseni. KazakctanHbiH, [laBjiofap 0G6JIBICEI KAapKbIHABI HHAYCTPUSJIAHABIPY MeEH
ypbaHu3alMsaHbI 6acTaH eTKepZi, OyJ1 OHbIH Ta3a KeJJepiHe TiKkesel acep eTTi.

Byn makana IlaBiogap oO6GJ/bICBIHAAFbI Gip-6ipiHeH 6ip/lell KAIIBIKTBIKTA OpPHAJIACKAH KeHb6ip
KeJiiep/eri xjiopoduii-a JeHreid aHbIKTay MaKcaTbIH/A JOKTOPJIbIK 3epPTTeY asiChblH/A Ka3blJIFaH.

OpPTYpJii aHTponoreHAik acepsiepAi eckepe oThIphlI, [1aBioap 06J1bICEIHAAFbI KOIITEreH KeJIepAiH
ilniHeH 3epTTey YLIiH MaKcaTThl TypAe xeTi Kes Ta”HganAbl. Cy yariiepi 2022 xKbl1blH KOKTeMiH/e
AJIbIH/IbI.
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CanbicThipMasibl 6aFasiay GipHellle KeJijiepAe GalKajifaH XJopoduI JieHreiHae alTap/blKTan
albIpMallbLIBIKTap/Abl aHbIKTaAbl. 3epTTey HOTHKeJepi alMaKTaFbl JlacCTaHFaH cy 6GaccelHJepiH
aHBIKTaIl, KOpIIaFaH OpTaHbl CaKTay YIUiH IIYFbIJI Ha3ap ayAapy/bl KaXKeT eTeTiH MaHbI3/ibl alMaKTapbl
aTarll eTTi.

JKyprisiires Tasngaysap epireH oTTeriHiH ToMeH/eyiHe KoHe 3KOJIOTUSJIBIK 3apJanTapra oKeJleTiH
BIKTHMaJl 6CIMIIKTep/IiH JerpaJaliusiCbiH JKoHe Cy 6acy NpouecTepiH KepceTTi. AJIbIHFaH HOTHXKeJIep
3epTTeJeTiH Cy 00 bEKTIJIEPiHIH 5KOJOTUS/IBIK, TYTACTBIFbIH CAaKTay YIUiH TYpPaKTbhl MOHUTOPHUHT IEH
THIM/i 6acKapy CTpaTerusilapblHbIH MaHbI3/IbLIBIFBIH KOPCETE/I.

Byn 3eprTey Kasakcrangarb! [1aBiogap 06J1bIchl KeJZiePiHiH IKOJIOTUAJIBIK, XKaFAaiibl Typasbl KyH/ bl
MaJliMeTTep 6epe/ii )koHe Cy canacblHa TAOUFHU XKoHe aHTPONOTeH/JiK GaKTopJIapAblH dCepiH KepceTe/|.
3epTTey KOpPbIThIH/bLIAPhl MaKCaTThl 9KOJOTHUANBIK 9peKeTTePAiH KaXKeTTIJIIrH KepceTei.

Ty#iH ce3aep: Tyulbl, IUBIFY TETi, K6JI, CYZbIH JacTaHybl, XJIOpOdHUILI-a.

K.K. Camenona’, H.T. EpkanoB?, M.B. Ypy3aiunHoBa', M. KpaBka?
Topatiebipos yHusepcumem, [lasnodap, KasaxcmaH
2Yewckull yHusepcumem mexHu4eckux Hayk, [Ipaza, Yexus

HccnepoBaHue ypoBHS XJI0poduUI/Ia-a B IPECHOBOAHBIX 03epaxX HA TEPPUTOPHUH
IlaBs10AapcKo# 06/1acTH

AHHoTanus. [IpecHOBO/JHbIE 3KOCHUCTEMbI WTPAIOT KJIIOUEBYIO pPOJib B MOAJEPKAHUMU 3KOJIOTHU-
yeckoro 6asaHca ¥ obecrieyeHUH 6J1aronosy4us dejsoBeka. OZHAKO 3KOCUCTEMBbI BCe GoJiee MOoJBeEp-
ralTCs yrpo3aM aHTPOIOreHHOW AesaTesbHOCTH. [laBiogapckasi 06/1acTh MepeXxusaa ObICTPYIO
WH/AYCTPUANTU3ALMIO U ypOaHU3AIMI0, YTO MOBJIMSJIO HA €ro epBo3/jaHHbIe 03epa.

JaHHag cTtaThs OblIa HalmMcaHa B paMKax JOKTOPCKOTO MCCIeJ0BAaHHUS 03€p, PacCloJOKeHHbIX
Ha OJJMHAKOBOM PACCTOSIHUH JAPYT OT JIPyra, C LeJbl0 ONpeeseHUsI YPOBHS Xjopoduia A B o3epax
peruvoHa [laBiogap.

Jlns viccnetoBaHus GbLIO 1ieJieHANPaBIeHHO BBIGPAHO CeMb 03ep U3 GOJIBLIOrO YKCJIA 03ep PETHOHA C
Y4EeTOM pPas/IMYHbIX aHTPOIIOTeHHbIX BO3AeHcTBHUM. O6pasiibl Bo/bl ObLIU cOGpaHbl BecHoM 2022 roja.

CpaBHMTe/IbHASA OlleHKAa BbISIBWIA 3HAYHTE/bHbIE PA3/IMYHA B YPOBHAX XJI0PODHUILIA, HABGJIOZAaeMbIX
B HECKOJIBKHX BoJloeMax. MccieloBaHHe BBISIBUJIO 3arpsi3HeHHbIE BOJIHbIE 6ACCENHBI B PETHOHE, YTO
NO/IYePKUBAET KPUTHUYECKHE 30HbI, TPeGYIOIIMe CPOUHOTO BHUMAaHUA JIJIsl COXpaHeHHUs OKpy Kalolien
cpeapl.

[IpoBeseHHbIE aHANM3bl YKA3bIBAIOT HAa BO3MOXKHBbIE IPOLECCHl AEerpaZallid pPacTHUTEJbHOCTH
YU 3aTOIIEHMs, NPUBOAALIME K YMEHbIIEHHWI0 PAacTBOPEHHOrO KHCJOpPOJAa M MOTeHI[HaJbHbIM
NOCJEeACTBUAM [J51 OKpyKawolied cpefpl. [lonydeHHbIe pe3yabTaThl MOJAYEPKUBAIT BAXKHOCTH
HENPEepPbIBHOTO MOHHUTOPUHTAa HW 3POPEKTUBHBIX CTPATETHH yHpaBJeHUS /[Jisd COXpPaHEHHUS
3KO0JIOTUYECKOH 11eJIOCTHOCTU U3yYeHHbIX BOJIOEMOB.

JlaHHOe uccieno0BaHue NPEeSOCTAB/SET LEHHYI0 HHPOPMALUI0 O 3KOJIOTUYECKOM COCTOSIHUU O3€ep
B peruoHe [laBjojapckoi 06J1aCTH U BblJIeJISIET BJUSHUE KAK €CTeCTBEHHBIX, TAK U aHTPONOreHHbIX
$aKTOpOB Ha KayecTBO BOAbI. [losiydeHHBbIe pe3y/bTaThl MOAYEPKHUBAIOT HEOOXOAMMOCTD IieJIeBbIX
3KOJIOTUYECKUX YCUTUH.

Kio4deBble C/10Ba: IPeCHBIN, IPOUCXOXK/IEHHE, 03EPO, 3arpsi3HEHHE BO/bl, XJI0pOdHILI-a.
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Abstract. Sulfite, a sulfur-containing compound, has traditionally been
viewed as a toxic byproduct of sulfur metabolism in plants. Recent research,
however, highlightsitsemergingroleasasignalingmoleculeinfluencingawide
range of physiological processes. This review delves into the dualistic nature
of sulfite, examining its involvement in plant stress responses, developmental
pathways, and metabolic regulation. Sulfite signaling is intricately linked
with reactive oxygen species (ROS) and hormonal networks, particularly
abscisic acid (ABA), facilitating plants' adaptive responses to environmental
stresses such as drought. Moreover, the regulatory mechanisms of sulfite
homeostasis, including sulfite reductase activity and sulfite transporters,
underscore its significance in maintaining cellular function and redox
balance. The insights into sulfite's role as a signaling molecule open new
avenues for enhancing crop resilience and productivity through targeted
metabolic engineering. Understanding sulfite dynamics thus represents a
promising frontier in plant biology, with potential applications in sustainable
agriculture and stress management.
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Sulfite production

Sulfite is an intermediate of the assimilatory sulfur reduction pathway used by plants, algae,
fungi, and bacteria to form cysteine and methionine. Above a certain threshold specific for each
plant species, sulfite may cause damage to cell components such as DNA, proteins and lipids
(Leustek et al., 2000; Tanaka et al., 1982; Yang and Purchase, 1985; Ziegler, 1974). Production
of sulfite from sulfate anions, taken up by the sulfate transporters from the soil, occurs through
the adenylation of sulfate by ATP sulfurylase [ATPS, EC 2.7.7.4] and further reduction to sulfite
by adenosine 5'-phosphosulphate reductase [APR, EC 1.8.4.9] (Figl). Sulfite also exists as
atmospheric sulfur gas sulfur dioxide (SO2), which is taken up by the foliage and dissociates
in the apoplastic water of the mesophyll to bisulfite (HSO3-) and sulfite (SO32-). Sulfur
dioxide inhibits plant growth, affects bio-productivity (Ashenden and Williams, 1980), leads
to increased susceptibility to plant diseases, leaf chlorosis and necrosis, decreases the rate of
CO2 exchange in whole leaves, results in disorganization of cellular components such as endo-
membranes of plastids and consequently affect photosynthesis (Hallgren and Gezelius, 1982).
However, at low doses sulfur dioxide is utilized as a nutrient that may contribute significantly
to the plant's sulfur, especially if the sulfur supply in the soil is in shortage (Leustek and Saito,
1999; Rennenberg, 1984).

Sulfite canbealso generated endogenously upon degradation of S-containing metabolites such
as cysteine and methionine (Brychkova et al., 2013; Hansch and Mendel, 2005). This pathway
involves production of H2S from L-cysteine by an L-cysteine desulfhydrase [DES1, EC 4.4.1.1]
or O-acetylserine-(thiol) lyase [OASTL; EC 2.5.1.47] (Kurmanbayeva et al., 2017; Rennenberg
et al,, 1987; Riemenschneider et al., 2005). H2S is oxidized to GSSH either nonenzymatically
in the presence of GSSG or catalyzed by a currently unknown cytosolic enzyme. Mitochondrial
sulfurdioxygenase [ETHE, EC 1.13.11.18] oxidizes GSSH to sulfite (Krussel et al., 2014), which is
either converted to thiosulfate (S203) via the addition of a persulfide group by sulfurtransferases
[STR1, EC 2.8.1.2] or transported to the peroxisomes for oxidation to sulfate (SO4) by sulfite
oxidase (SO, EC. 1.8.3.1,; (Brychkova et al., 2013; Lang et al., 2007).
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Figure 1.

Schematic overview of primary and secondary sulfur metabolism in Arabidopsis thaliana. Primary
sulfate assimilation is represented by bold arrows, since it represents a major sink for sulfate
assimilation. Enzymes are indicated in blue, metabolites in black. Abbreviations: SULTR, sulfate
transporter; AMP, adenosine monophosphate; ATPS, ATP sulfurylase; APR, APS reductase; APK,
APS kinase; DES1, L-cysteine desulfhydrase; ETHE1, sulfurdioxygenase; GR2, glutathione reductase
2; GSH, reduced glutathione, GSSG, oxidized glutathione; OASTL, O-acetylserine-(thiol) lyase;
PAP, 3'-phosphoadenosine 5'-phosphate; PAPS, 5’-phosphoadenosine 3’-phosphosulfate; SAL1,
3’-phosphoadenosine 5’-phosphate phosphatase, SiR, sulfite reductase; SO, sulfite oxidase; SOT,
sulfotransferase, STR, sulfurtransferase.

Sulfite consumption

Due to its toxicity, sulfite levels are tightly regulated by the sulfite network enzymes
through the interplay between sulfite production and consumption. Sulfite utilizing enzymes
such as sulfite reductase [SiR, EC 1.8.7.1] and sulfite oxidase (SO) have been considered as
a defensive team, protecting plant cells from sulfite damage, likely by increasing SiR and SO
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activities as reported in Arabidopsis and tomato plants (Brychkova et al., 2007; Lang et al,,
2007; Yarmolinsky et al., 2013). The exact molecular mechanisms involved in sulfite signaling
are still largely unknown, yet studies with SiR and SO mutants have demonstrated the existence
of a tight coregulatory mechanism of the sulfite network components. Suppression of SiR or SO
genes resulted in the compensation by other components of the network that consume sulfite
(Brychkova et al., 2013; Yarmolinsky et al., 2013).

SiRis the bottleneck enzyme for the sulfite reduction pathway, whose activity affects nitrogen
and carbon metabolism and which is essential for growth and development in Arabidopsis
(Khan et al., 2010). Plant SiR is encoded by a single-copy gene, that contains one iron-sulfur
cluster and one siroheme as prosthetic groups (Nakayama et al., 2000). Sulfite reduction to
hydrogen sulfide (H2S) by plant SiR is processed in a ferredoxin (Fd)-dependent manner in
which a relatively high proportion of NADPH is needed to drive the electron transfer from Fd by
Fd-NADP+ reductase (FNR) (Yonekura-Sakakibara et al., 2000). SiR appears to be an important
enzyme which protects plant tissue against sulfite toxicity, specifically in the chloroplast
(Yarmolinsky et al., 2013). Leaves of SIR Ri tomato plants contained significantly higher sulfite
levels than the corresponding leaves of the wild type plants which resulted in early senescence
(Yarmolinsky et al., 2014).

SO is a molybdenum cofactor (MoCo)-containing enzyme, localized in the plant peroxisomes,
which catalyzes the oxidation of sulfite to sulfate. SO activity is the primary response of the
sulfite network, protecting plant cells from the prolonged excessive sulfite in the mutant
leaves or under sulfite/sulfur dioxide exposure (Brychkova et al., 2013; Randewig et al., 2012;
Yarmolinsky et al., 2013). Representing 0.1% of all proteins, this enzyme was long considered
to be constitutively expressed (Lang et al., 2007). Yet, SO deficiency in plants is not necessarily
lethal, unless other sulfite network enzymes are down-regulated or there is a need for sulfite
detoxification, while in mammalian cells the mitochondrion localized SO deficiency leads to
severe neurological abnormalities.

Sulfite utilization also refers to other components such as the sulfurtransferases (STR) that
generate thiosulfate from sulfite and thiocyanate as well as the UDP-sulfoquinovose synthase
[SQD1, EC 3.13.1.1] that initiates the biosynthesis of sulfolipids from UDP-glucose and sulfite
(Brychkova et al., 2013; Sanda et al., 2001). In the Arabidopsis genome 20 putative STRs were
identified as proteins containing an Rhd domain (Mao etal., 2011; Papenbrocketal., 2011). STRs
perform a wide variety of functions, including cyanide detoxification (Ito and Minami, 1999),
hydrogen sulfide detoxification (Ramasamy et al., 2006), involvement in sulfate metabolism
(Nandi and Westley, 1998), management of the cytotoxicity of reactive oxygen species in aerobic
tissues (Nandi et al., 2000), mobilization of sulfur for iron-sulfur cluster biosynthesis or repair
of iron-sulfur proteins (Mao et al,, 2011; Pagani et al., 1984), and interaction with thioredoxin
(Ray et al,, 2000). The affinity of STRs to sulfite was demonstrated (Tsakraklides et al., 2002),
as well as induction of sulfite consuming activity towards thiosulfate production by sulfite
application (Brychkova et al., 2013). SQD1 transcripts and proteins appeared to be also highly
sensitive to sulfite application, responding already 30 min after sulfite application, yet the role
of STRs as well as SQD1 in sulfite detoxification need to be further studied.
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Sulfite and reactive oxygen species

ROS play an important signaling role in plants controlling processes such as growth,
development, response to biotic and abiotic environmental stimuli, and programmed cell
death. Plants produce reactive oxygen species (ROS) at a very low level under normal growth
conditions in chloroplasts, mitochondria and peroxisomes. However abiotic and biotic stresses
can increase the rate of ROS production which may cause oxidative damage. ROS mediated
signaling is controlled by a delicate balance between production and scavenging. Changes in
the balance of reduced vs. oxidized forms of certain antioxidants such as glutathione may be
used as a sensor for changes in the environment, and changes in ROS levels may directly affect
the redox situation in the cell (Tripathi et al., 2009).

High sulfite may cause elevated ROS accumulation and might be one of the causes for sulfite-
induced damage (Yarmolinsky et al., 2014). On the other hand ROS were shown to initiate
sulfite oxidation in a non-enzymatic way (Hansch et al., 2006; Ziegler, 1974). At low sulfite
concentrations, H202 as a reaction product of SO is degraded by catalase. At higher sulfite
concentrations accumulating H202 derived from the SO reaction oxidizes non-enzymatically
a second sulfite molecule. An additional defense system was recently proposed (Hansch et
al., 2006). Plant specific class Il peroxidases, also called guaiacol peroxidases [EC 1.11.1.7,
(Tognolli et al., 2002)], may act as a back-up mechanism for survival upon sulfite exposure in
so-ko mutant (Baillie et al., 2019).

Relation of sulfite to drought

Stomataregulate gas exchange between plants and the atmosphere and allow CO2 provision
for photosynthesis. Control of the size of the stomatal aperture optimizes the efficiency of
water use through dynamic changes in the turgor of the guard cells. Many environmental
factors such as CO2 concentration, biotic and abiotic stresses, and additionally different plant
hormones, can modulate stomatal reaction. For plants that encounter dehydration stress, the
most essential factor is the ability of stomatal closure to prevent excess water loss. Opening
and closing is achieved by the swelling and shrinking of the guard cells, which is driven by ion
exchange; cytoskeleton reorganization and metabolite production; the modulation of gene
expression and the posttranslational modification of proteins (Kim et al.,, 2010). Recently,
a role of sulfur and sulfur-containing compounds in abiotic stress defenses has also been
postulated (Chan et al.,, 2013).

Sulfate is the only macronutrient that increases in the xylem sap during drought stress
treatments (Ernstetal., 2010). Sulfate accumulates at early stages of drought preceding drought-
related hydraulic signaling and ABA accumulation. A sulfate feeding experiment demonstrated
a stimulating effect of sulfate on ABA synthesis and QUAC1/ALMT12 channels activation that
subsequently leads to stomatal turgor loss and stomatal closure (Malcheska et al., 2017).

Hydrogensulfide (H,S) participatesin stressresponses, development,and stomatal movement
inplants. H,S is enzymatically produced by SiR through sulfite reduction and also during catabolic
pathway of conversion of cysteine to pyruvate, H,S, and NH,+ catalyzed by DES1(Alvarez et
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al,, 2010). It was shown that H2S participates in ABA- or ethylene-induced stomatal closure in
different plant species. ABA treatment did not lead to stomata closure in isolated epidermal
strips of des1 mutants, indicating that DES1 is required for ABA-dependent stomatal closure
(Sculffi et al., 2014). Also it was shown that H,S may act independently or upstream of ABA by
inactivation of current carried by inward-rectifying K+ channels (Papanatsiou et al., 2015).

Detoxification of increasing ROS levels during drought may necessitate increased glutathione
production. Thus the importance of GSH during drought seems to be apparent. Yet, glutathione
has been shown to negatively regulate ABA-induced guard cell movement (Akter et al., 2012;
Okuma et al., 2011). The Arabidopsis cad2 - 1 mutant that is deficient in y-GCS enzyme and the
application of 1-chloro-2,4- dinitrobenzene (CDNB), a chemical that decreases GSH content,
to wild type Arabidopsis enhanced the ABA-induced stomatal closure. Restoring levels of GSH
by external application of glutathione monoethyl ether restored the phenotype of wild type
Arabidopsis. The level of glutathione under drought stress was shown to be decreased at early
stages when drought was not yet measurable in leaves, and increased in correlation with ROS
level at later stages of drought (Koffler et al., 2014).

3’-phosphoadenosine 5’-phosphate (PAP), produced in secondary sulfur assimilation as a
byproduct of sulfotransferase [EC 2.8.2.-] catalyzed sulfation reactions, is suggested to function
as a retrograde drought signal from the chloroplast to the nucleus. In A. thaliana, a 30-fold
increase of PAP was observed under drought conditions (Estavillo etal.,, 2011). The PAP content
is regulated in the chloroplasts by the 3’ (2’),5’-bisphosphate nucleotidase (SAL1, EC 3.1.3.7),
which dephosphorylates PAP to adenosine monophosphate (Quintero etal. 1996). Consequently,
a loss of function mutation of SAL1 led to an increase of PAP, but also to a 50 % higher drought
tolerance. The targeting of SAL1 to the nucleus of sall knockout mutants led to the complete
complementation of PAP and drought tolerance to wild type levels (Estavillo et al., 2011).

The effects of sulfur dioxide and sulfite on transpiration, stomatal aperture, and water loss
in plants remain inconclusive. Various studies have reported decreases, no changes, or even
increases in stomatal aperture size in response to these compounds (Majernik and Mansfield,
1970; Biscoe et al., 1973; Black et al., 1979; Taylor et al., 1981). Both reductions and a lack of
effect on stomatal conductance and aperture have been observed in Arabidopsis. Recently, the
impact of short-term exposure to sulfur dioxide and sulfite on the sulfite network - particularly
involving APR and SO, the major sulfite-producing and consuming enzymes - and its implications
for stomatal aperture was demonstrated (Bekturova et al., 2021). Arabidopsis wild type, SO
RNA-interference (SO Ri), and SO overexpression (SO OE) transgenic lines infiltrated with sulfite
showed distinct responses due to physiological differences in stomatal aperture size. Sulfite
counteracted the effect of sulfate and abscisic acid-induced stomatal closure in both wild-type
and SO Ri plants. The increase in APR activity in response to sulfite infiltration in wild-type and
SO Ri leaves resulted in elevated endogenous sulfite levels, highlighting the crucial role of APR
in sulfite-induced increases in stomatal aperture.

The central role of adenosine 5’-phosphosulfate reductase in sulfur assimilation

APS reductase (APR) is one of the most important enzymes of the sulfate assimilation
pathway that reduces APS to sulfite through GSH-dependent electron transfer. APR is exclusively
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localized in the plastids and is encoded by a small gene family. In Arabidopsis, genes encoding
three isoforms of APR are regulated in the same way but their response timing and strength are
different (Kopriva, 2004). APR2 response towards various hormone treatments was found to
be different from APR1 and APR3 (Koprivova et al.,, 2008), indicating a specific function of each
isoform. APR2 is the major form, as knockout of APR2 reduced total APR activity by approx. 80%.
APR s highly regulated by various conditions: the expression level of APR2 is down regulated upon
exposure to reduced sulfur compounds such as sulfide, cysteine, and GSH. Stresses such as heavy
metals, salinity, high light or cold caused up-regulation in the APR expression level. An increase in
APR activity was reported upon addition of sugars to the plant media. It was also found that APR
shows a diurnal rhythm where a higher activity rate was observed during the day compared with
the night. Under nitrogen starved condition, APR activity was decreased whereas the addition
of amino acids or ammonium resulted in an increase in APR activity, highlighting the possible
connection between sulfate and nitrogen assimilation. Reduced APS kinase activity in apk1 apk2
mutants led to an increased flux through the pathway to cysteine and GSH by upregulating APR
activity. A QTL analysis of sulfate content in leaves of recombinant inbred lines from Bay-0 and
Shahdara ecotypes revealed a non-synonymous single nucleotide polymorphism (SNP) in the
gene encoding for the APR2 isoform of APS reductase, resulting in almost complete inactivation of
the corresponding enzyme (Loudet et al., 2007). Loss of Sha APR2 resulted in diminishing of total
enzyme activity by 75%. Thus, naturally occurring variation at one of the main sulfate assimilation
enzymes directly affects sulfate homeostasis in the plant.

Conclusion

Sulfur-containing metabolites, particularly sulfite and sulfur dioxide, play crucial and
multifaceted roles in plant physiology. Traditionally viewed primarily as byproducts of sulfur
metabolism, recent research has illuminated their significant functions as signaling molecules in
various plant processes. These compounds are integral to managing oxidative stress, modulating
hormonal pathways, and regulating stomatal behavior, especially under environmental stress
conditions such as drought. The interaction of sulfite with key enzymes and its influence on
reactive oxygen species (ROS) and abscisic acid (ABA) signaling underscores its importance in
maintaining cellular homeostasis and enhancing stress resilience. Understanding the dual role
of sulfite—as both a potentially toxic metabolite and a vital signaling molecule—opens new
avenues for agricultural innovation. By leveraging the regulatory mechanisms of sulfite and its
impact on plant stress responses, it is possible to develop crops with enhanced tolerance to
adverse conditions, thereby contributing to sustainable agriculture and food security. Continued
research into sulfur metabolism and the specific roles of sulfite and sulfur dioxide will further
elucidate their contributions to plant health and stress adaptation, offering potential strategies
for optimizing crop performance in a changing climate.
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A. BekTtypoBa, M. Caru
Anvbepm Kay xanvikapaawik wendi 3epmmey mekme6i, [xcelikob6 baaywmeiin wesa0i 3epmmey
uHcmumymol, Heeceemeei beH-TI'ypuoH yHusepcumemi, Cede bokep kamnycuol, Hezes, U3paub

OcimMmaikTepAiH cTpecKe peaKIUACHIH apTTHIPYAAFbI Cy/IbQUTTIH Memymi peJii

Angarna. Kykipti 6ap Kocblibic cyabGUT AICTYPJl TypAe eciMAiKTepAeri KYKipT ajJMacyblHbIH,
yJbl KaHaMa eHiMi peTiHJe KapacTblpbllajbl. ANai/la COHFbl 3epTTey/ep OHBbIH (QU3HNOJOTHUSIIBIK
MpOoLIeCTEPAIH KeH ayKbIMbIHA 9CEpP €TeTiH CHUTHAJIJIbIK MOJIeKyJa peTiHje mMaijla 60oJiaThIH pPeJIiH
kepceTei. bys mwony cynbPUTTIH AyanucTik TabUFATbIH 3epPTTe/i, OHbIH 6CIMAIKTEP/iH CTpeccTik
peakuHsiapblHa, JAaMy >KOJAApbIHA >KoHe MeTaboM3MJi peTTeyre KaTbICyblH Taagangbl. Cynbdur
curHazibl peakTUBTi orTeri TypJepiMmeH (ROS) xoHe ropMoHJIBIK >KeJjijlepMeH, acipece abcuus
KbIIIKblIbIMEH (ABA) TbhIFbI3 GallIaHBICTBI, OYJ 6CIMIIKTEPAiH KYPFaKLWbLIbIK CHSIKTbl KOpLIaFaH
OPTaHbIH CTpeccTepiHe 6elliMeny peakUACHIH XeHingeTei. COHbIMeH KaTap, CyJIbPUTTIK pelyKTasa
6esiceH/iiiri MeH cy/IbQUTTI TackiMa/IAayIbLIap/ibl KOCa aJiFaH/a, CyIbPUT rOMeOCTa3bIHbIH PETTEYIL|
MexaHH3M/iepi OHBIH KacyllalblK, QYHKIMACH MeH TOTBIFY-TOTBIKCbI3JaHy Tele-TeHAiriH caKkTayarbl
MaHbI3JbLIBIFBIH KepceTei. CybUTTIH, CUTHAJIABIK MOJIEKY/a peTiHAeri peJsiiH TyciHy MakKcaTTbl
MeTab0TMKAIbIK UHXKeHePUs apKbl/Ibl AAKbLIAAPAbIH TO3IM/Ii/iri MeH eHIM/Ii/ITiH apTThIPY/IbIH XaHa
KoJiJapbiH amajbl. Ocbliaiia, cyJbPUT AUMHAMMUKACBIH TYCIHY TYpaKThbl aybll IAapyallbIIbIFbIHAA
YK9He CTPeCCTi bacKapy/la a/ieyeTTi KoJilaHb6amapbl 6ap eciMAiKTep 610JI0TUChIHAAFbI TEPCIIEKTUBAIbI
niekapa 60JibIn TabblIabI.

TyiiH ce3aep: cynbdUT, cTpeccke kayan 6epy, KYPFaKIIbLIbIK, PEAKTUBTI OTTeri TypJiepi, abcuus
KbILIKBLJIBI, aZieHO31H 5'-pocdocynbdaTpeayKTasa.
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A. BekTtypoBa, M. Caru
MexcdyHapooHas wkoaa uccaedosanutl nycmoiHb Aabbepma Kaya, HHcmumym uccsedosaHust nycmulHb
Akob6a baaycmelina, YHusepcumem ben-I'ypuoHa e Hezese, kamnyc Cede bokep, Hezes, H3pausib

Pemarmias poJib CyibpUTa B yCUJI€HUM PeaKIMM pacTeHMil Ha cTpecc

AHHoTanusa. CynbOUT, cepocosieplkalllee CoeflMHEHHe, TPAJUIMOHHO PacCMaTPUBAETCsd Kak
TOKCHUYHBIN MOGOYHBIHA MPOAYKT MeTabo/IM3Ma cephbl B pacTeHUsAX. OnHAKO HeJaBHUE HCCIeI0BaHUS
NOYEPKUBAIOT €ro PacTyUIyI poJib B KAaYeCTBE CUTHAJBHOW MOJIEKYJIbI, BIHUSIONIEH HAa NIUPOKUN
CHEKTp GU3HOJIOTUYECKHUX MPOIECCOB. ITOT 0030p YIAy6JsieTCd B [ABOMCTBEHHYIO MPHPOAY
cy1bdUTa, U3ydasl ero y4acTHe B peaKlUsAX pacTeHUM Ha CTPeCC, MyTSIX Pa3BUTHS U META60/IUYECKON
perynsanuu. [lepenada curua/ioB cysibpUTa HEpa3phIBHO CBSI3aHa C aKTUBHBIMHU popMaMH KUCI0po1a
(ADK) u ropMoHa/IbHBIMHU CeTsIMH, 0cO6eHHO abcuu3oBod kucaoTod (ABK), obseryas ajganTUBHbIE
peaKIy pacTeHUH Ha CTPecChl OKPYXKamIleld cpe/ibl, TAKHe, KaK 3acyxa. bosiee Toro, peryasiTopHblie
MeXaHU3Mbl CyJbGUTHOTO rOMEOCTa3a, BKJIIYAsh aKTUBHOCTb CYJAbOUTPEAYKTA3bl U CyJbPUTHBIE
epeHOCYHKH, IO[YEPKHUBAIOT €ro 3Ha4eHHe B MOAAePKaHUHU KJIeTOYHOU PYHKINU U OKUCJIUTENbHO-
BOCCTAaHOBUTEJbHOTO GasiaHca. [loHuMaHue posiu cyabdUTA KAK CUTHAJBHOU MOJIEKYJIbI OTKPHIBAET
HOBblEe BO3MOXHOCTH JJII MOBBIIIEHNUS] YCTOWYUBOCTH U MPOAYKTUBHOCTH CEJbCKOX035HCTBEHHBIX
KYJIBTYP [1I0CPEICTBOM IieJieHalpaBJeHHON MeTab0/IndeCKOU nHKeHepU . TakM 06pa3oM, TOHUMaHHe
JAUHAMUKU CyJbOUTOB NMpeJCcTaB/sseT co60i MHOroo6enamily 06J1acTb B OMOJOTUU PacTEHUN C
NOTEHLHMA/bHBIM NPUMEHEHHEM B YCTOMUYMBOM CEJIbCKOM XO35IMCTBE U YIIPAaBJEHUU CTPECCOM.

KntoueBble ciioBa: cybGUT, peaKiius Ha CTPece, 3acyxa, aKTUBHbIe pOpPMbI KUCJI0PO/a, abCIU30Bast
KHCJIOTa, aJleH03uH-5"-pocdocynbdaTpenykrasa.
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