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BNOJIOI'M A

MPHTU 34.39.51

2K.C. Baiirykuna !, A.C. Juamyxamenosa?, 2K.C. Tanasik6aes >,
A.ITI. TokTap6aea®, B.B. I'a6aynxaesa®, C.2K. Ka6uepa‘

I Eepasutickuti nauuonarvron yrusepcumem um. JI.H. Dymunesa, Acmana, Kazaxcman
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4 alma.shakuovna@mail.ru, ° gabdulhaeva-59@bk.ru, ® dairbaevasg@mail.ru)

Onenka Mmop@dodyHKIIMOHAIBHOIO COCTOSHUSI CEPAEYHO-COCYAUCTOM CUCTEMBI J€BOYEK
14-17 netr

Awnnoranus: B crarbe paccMOTpEHBI OCHOBHBIE TIOKA3aTe/ U (4aCcTOTa CEPIEUHBbIX COKPAIICHUI,
CUCTOJIMIECKOE JIABJIEHUE, JTUACTOJIUIECKOE TABJICHUE, IIYJIbCOBOE JIABJIEHUE, CUCTOJUYIECKUN 00beM
KPOBH, MUHYTHBI 00beM KPOBU W JIP.) CEPAEYHO - COCYIUCTONH CHUCTEMBI JEBOYEK — IIOJPOCTKOB
B 3aBUCHUMOCTH OT THUINA KOHCTUTYIHH. Jlnsg orneHku 3hdOEKTUBHOCTH KapIUO - PECHUPATOPHOIN
CHACTEMbl TaKKe OIpeJesIsyIi MIOKA3aTeNNu JbIXaTe/JbHON CHCTEMBI: KU3HEHHYIO €MKOCTb JIEI'KHAX
U KU3HEHHBI WHJEKC. YCTAHOBJIEHO, YTO MPEOOJIANAIONIMMU THIIAMUA KOHCTUTYIIUU SBJISIOTCS
ACTEHOUHBII W MBIIIEYHBIA. BBISBIEHO, YTO MAKCUMAJBHBI POCT JeBovek Habsomascst B 13
ger. Ilokazaresn cHCTOJIMYECKOrO M YIAAPHOTO O0BEMOB KPOBH Y IIPEJICTABUTENEN TOPAKAIHLHOIO
U JIUI'eCTUBHOTO TUIOB KOHCTUTYIIUU UMEIOT OoJiee HU3KHE IIOKA3ATEU, YeM Yy IPEJICTABUTEHLHUIL
ACTEHOUJHOI'O U MBIIIEYHOI'O THUIIOB.

PesynpraTel uccienoBanuss MOryT OBITH MCIOJIL30BAHBI JJIs Pa3pabOTKU O3/0POBUTEIBHBIX U
popMIIAKTUIECKUX [IPOTPAMM JIJIst JeTeil MOPOCTKOBOIO MEPUO/IA.

KurodeBsbie cjioBa: cepaevHO - COCYIUCTasi CUCTEMA, TUII KOHCTUTYIUN, MOPGPODYHKITNOHAIBHOE
COCTOsIHUE, KAapPJMUO — PEeCHupaTopHas CHCTeMa, TIeMOJIMHAMUYECKAE II0Ka3aTe/n, 3J0POBbe
ITOJIPOCTKOB.

OmHolt 13 BaKHBIX MPOOJIEM, WMEIOIINX TOCYJAPCTBEHHOE W MEIMKO — COIMAJIbHOE 3HaYeHHE,
SIBJISIETCsI OXPaHa 3/10poBbst peberka [1]. Ha ceropnsmuuii nenb HaGIOMA€TCS yXYIIIIEHAE 3710POBbsI
TopacTaonero moxkojenus. Vccnemosanms, mposegennble B Kazaxcrame, mokKasajin Haaddne
XpoHmueckoil nmaronornn y 54-70% mompoctkos. Ilpexkme Bcero, 3To GOJIE3HM NMIMIEBAPUTEILHOIM,
CepAeYHO — COCYAUCTON W HepBHOH cucTteMm. K rmepmojy OKOHYAHUS IIKOJIBI MHOTHE BBITYCKHUKN
UMEIOT OrPaHUYeHHsl [I0 COCTOSIHUIO 3/I0POBbs |2, 3].

B mocnemaue roant B Kazaxcrame mpoioizKaeTcss POCT CEPIEYHO — COCYAMCTBIX 3a00JIeBAHUI
cpe JIeTCKOM IOy Isaun. B HacTosinee BpeMs B pecirydimke 3aperucrpuposano 12% macenenust,
UMEIOIIUX [MATOJIOIHH CEPJIeTHO—COCYIUCTON cucTeMbl. [lo mOKasaTesr0 CMEPTHOCTH OT HMATOJIOTHH
cucTeMbl KpopoobOparennss Kasaxcran sanmmaer 1 mMecTo cpemu crpaH Eppomeifickoro cormosa u
[enrpanbro-Asuarckoro perunona [4]. ITo jgannbiM BceemupHO# opraHuzanuy 3/1paBoOXpaHEHHUsI
10 CMEPTHOCTH OT HIIeMHuUeckoir Oosiesnn cepjra Pecrybsmka 3anumaer 9 mecro. Jlugupyrtorue
objlacT 110 CMEPTHOCTH OT 3TuUx Oosiesneit:  Axkmosnunckast, llasmogapckasi, Bocrouno—
Kasaxcranckasi, Cepepo—Kazaxcranckast u ZKambbuickas |2, 4].

Pacupocrpanennocts 3aboseBanuii cepaia cpean jgereii 8 crpanax CHI' cocrasisier 215,33
Ha 1000 merckoro Hacenenmsi. B Kasaxcrame 3T mokazarenm BapbupyooT oT 256 mo 399,5
(Cemeii, Apas, Anmarunckasi 06JacTh W Jp.). 3a IMOCTEIHHE TOJbl MOBBICUJICS YIEIbHBIH Bec
BPOXKJICHHBIX IIOPOKOB CEP/Illa, KOTOPBIE COCTABJISIOT OCHOBHYIO NPUYMHY CMEPTH JEeTell IIepPBOroO
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2K.C. Baiiry>kuna , A.C. Juamyxameznosa , 2iK.C. Tangeikbae , A.ILl. TokrtapbaeBa,. ..

roja >KU3HU. Y BEJINYUIO0CH KOJHMYECTBO IATOJIOIUiM, CBA3aHHBIX C HAPYIIEHUSIMA PUTMa CEPJIa,
[ICUXO3MOIMOHAIbHON gucconmanueii. Ha sroM domHe MosIBIAETCA COMYTCTBYIONAA HATOJOTHS,
CBA3aHHAA C IMCIIIA3UEHl COeNMHHMTENILHON TKAHM. YCTaHOBJIEHO, 4TO OKOsIo 85% mereil mmeror
Pa3HyIO BBIPAXKEHHOCTH IUCILIA3UN B (POpME IPOJIAICOB KJIAIAHOB, OTKPLITONO OBAJBLHOIO OKHA,
HAPYIIEeHuH puTMa U IpoBoauMOCTH U 1p.[3, 4, 5.

Baxknyto mpobsiemy mpejicTaBiisier apTepuajibHas THIEPTEH3WsI, KOTOpasl IOMOJIOJe s W He
SIBJISIETCsT PEJIKOCTHIO. PasHble aBTOPbI OTMEYAIOT e PACIPOCTPAHEHHOCTD B Iipejenax 7,3 — 18% |2,
6, 7). s mereit aprepuasbHasi TUIEPTEH3MsI IPEJICTABIAET MOIIHBI (HAaKTOP PUCKA OCJIOXKHEHUsI
CePIEIHO — COCYINCTHIX 3a00JIeBaHMIA.

IIepBoe MecTO B pacrnpoCTpaHEeHHOCTH, WHBAJIMIHOCTH U CMEPTHOCTH OT OoJjIe3Heil cepira cpean
B3POCJIBIX MHOTUX CTPAH MUPa, B TOM 4ucje, n Kazaxcrana, CBSI3aHbI C PEBMATUIECKONH ATOJIOTHEH,
KoTOpast Geper HAYAJIO B JETCKOM U IIOJPOCTKOBOM Bo3pacte [2].

CreioBaTe/IbHO, HeJlb3sI PENIUTh IPODJIEMY CHUYKEHHSI CMEPTHOCTH U 3a60JIeBAEMOCTH, HE PEInB
pobJieMy paHHEH MMArHOCTUKH U IMPOQMUIAKTHKE CEPIAETHO — COCYIUCTBIX 3a00JI€BaHUI.

Tak>ke TpejcTaBjsieT WHTEPEC W3YUEHUE CEPIeIHO — COCYIUCTON CHCTeMBI HeTeil ¢ pasHBIMHU
THIIAMUA  KOHCTUTYIUH. Tak Kak KaXXJOMy KOHCTHUTYI[MOHAJBHOMY THIIYy COOTBETCTBYIOT
oIpeieIeHHbIe 3a00IeBaHMSI.

B cBs131 ¢ 9TUM HEJIBIO UCCIeJOBAHUSA SABJISIETCS: OIEHKA MOPMOOPYHKITMOHATBHOTO COCTOSTHUST
CEPIEYHO COCYIUCTON CUCTEMBI JEBOYEK—TIOJPOCTKOB KA3aXCKOM HAIIMOHAJIBLHOCTH.

Matepuajibl 1 MeTOJbl HCCJemoBaHUs. broito obciaemoBano 290 meBodek B BO3pacTe 13—
17 jyrer. Bce yuyampecss OTHOCHIMCHL K OCHOBHOM MeaunuHckoi rpymme. O6ciemyemble ObLin
pacupeie/ieHbl Ha IPYIIILI 10 BO3PACTY U THIAM KOHCTUTYIIAMN.

OObEeKTOM HAIIMX MCCJIEIOBaHUI OBLIM IIPAKTUYECKH 30poBble ImKoabHuKH 'Y "Kazaxcko —
TYPEIKUil JHIefi—uHTepHaT JIsi OJapeHHbIX JgeBodek” . Acranbl. McciaenoBanusi NpOBOIUIN B
[IEPBYIO IOJIOBUHY JIHSI C UCKJIIOUEHHEM (PU3MIECKON HAIPY3KH B IPEIbLIYIIUNA J€Hb.

IIpoBeeno KOMILIEKCHOE HCCJIENOBaHnEe MOPQOJJIOrHIecKUX U (PYHKIMOHAIBHBIX OCOOEHHOCTEMH
ITOPOCTKOB.

[Ipu onpenenennn THIa KOHCTATYIUU Y JIeTell HAMU HMCIIOJIB30BAJIACh METOIUKA, IPEIIOXKEHHAS
C.C. Hapckoii, B ocHoBy Koropoii mosoxkena cxema B.I. Iredko u A.Jl. Ocrposckoro [8],
COTJIACHO KOTOPOU BBIJE/ISIOT Ye€ThIPe OCHOBHBIX THUIIA, KOHCTUTYIINH — aCTEHOUIHBIN, TOPpaKaJIbHbIMN,
MBIIIEYHBI W JUrecTUBHBIN. JlaHHAs THIIOJIOrHs OCHOBaHA HA COMATOCKOINYECKUX IPU3HAKAX,
JIOCTATOYHO HAJIEXKHA W IPHU OIPEIEJEHHONH KOPPEKTUPOBKE VCIEITHO IIPUMEHSIETCS B JIETCKOM
koucruryrwosornn 9, 10, 11, 12, 13, 14].

[Tosyaennsrit mMarTepras oOpaboTaH METOIAMH BapUAIMOHHOW W PA3HOCTHON CTATUCTUKA C
IpUMeHeHneM HelapamMerpudeckux KpurepueB CTbIOeHTa /s HE3aBUCUMBIX BBIOOPOK IIPU yPOBHE
snagnmocta p < 0,05 [15].

PesynbraTrbl m obcyxkjaenue. Boibop Buga croprta JI0KEH ONPENEJATHCST C YIeTOM THIIa
KOHCTUTYIMHU. TaK, /i MBIMIEYHOTO THUIA XapPaKTEPHDLI CJIEIYIONMNE MPU3HAKHU: IJIeYN BBICOKUE,
Ta3 y3Kuil, rpyaHas KjaeTka HOpMaJjbHas. MyckyraTypa sIpKO BbIpasKeHA.

Bce gactu Tesra nponoprmonaibabl. Takue et MOTYT JOOUTHCS ycrexa B JIIOOOM BHJIE CIIOPTA.
Ho, npexkjie Bcero um J1arorTcsi CKOPOCTHO—CUJIOBBIE JUCIUIIINHBL: MPBIKKA B [JINHY, METAHUE sIIpa
U KOIIbsl, O€r, CIIOPTUBHASI TUMHACTUKA, TsAXKeJjas aTJeTUKa U eInHODOpPCTBA.

JI7sT acTEeHOMJIHOrO THIIA XapaKTepPHBI: BBICOKUI pOCT, Y/JIMHEHHAs y3Kas I'pyIHasl KJeTKa,
VJJIMHEHHBbIE TOHKNME KOCTU HIXKHUX WM BEPXHUX KOHEUHOcTel. MycKynmarypa HTpakKTHIECKH He
BbIJIeJIsIeTCsI. ' TaKOMYy THITy TEJIOCTIOKEHUSI ITOJIXOUT JIerKasl aTJIETUKA.

VY nmereil TOpaKaJbHOTO THIIA TEJIOCTOXKEHUSI TIPHU BIOXe CUJIBHO ITOJHUMAELTCSI TPy aHast KiaeTka. [1o
pa3MepaM OHa KpYyIIHasl M IIAPOKasd. benpa HeMHOro yxke iied. Takue jeru OObIYHO XYIOIIABLI,
MYCKyJIaTypa y HUX [IOYTH He pa3BuTa. KocTu ckejera yskue. TakoMy cOMaTOTHILY MOJXOIAT BUIBI
cropra, TPeOYIOIIe XOPOIIO Pa3BUTYIO JbIXATEJIbHYIO CHUCTEMY: ILIABaHLE, BEJIOCIIOPT, JILIXKHBII
CIIOPT.

JlurecTUBHBINA THUII B II€PEBOJIE O3HAYAET OPIOMIHON THII. Y 3TUX JeTell eCTh «Iy3UK», OHH Jallle
nosuble. /Jjsi HUX XapakTepeH HeOOJIBIION POCT M KOPOTKHE HOrM. KoCTu IMpoKue U TsaxKelible,
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HO MyCKyJIaTypa He pa3BuTa. TakoMy COMATOTHUILY OJOWIYT TAKHUE BHUJBI CIIOPTa KaK Oophba min
TsKEJIasi aTJIETHKA.

BrisiBiieHo, 9T0 BO BCe BO3pACTHBIE [IEPUO/IBI HAUMEHBIIIEEe KOJUIECTBO JIEBOYEK OKA3aJI0Ch CPeIH
[IPEJICTABUTEJIEN JIUTECTUBHOTO THIIA, & OOJIbIIEe KOJUYECTBO OTHOCUJIOCh K ACTEHOWIHOMY THUILY
(rabuuma 1).  IlpegcraBuTesbHUIL MBIMIEIHOIO THIIA OBLIO Ha 2% MEHBIIE ACTEHOUHOTO THIIA,
JIEBOYEK C TOPAKAJIHLHBIM TUIIOM KOHCTUTYIUHU OBLIO B 2 pa3a O0JIbIe, 9eM JIEBOYEK C JIUTeCTUBHBIM
THUIIOM TE€JIOCIOXKEHUS.

Anann3 MOIyIeHHBIX PE3yJIbTATOB MOKA3aJ, UTO Cpean 13—IeTHWX JIeBOYUEK MPeodIa aoNTiM
TUIIOM KOHCTUTYIMU ObLI acTeHOWIHBIN, Ha 11% OBLIO MeHbIIe NIKOJIBHUIL ¢ MBIIIEIHBIM TUIIOM
TEJIOCJIOYKEHUS, JIMTECTUBHBIN TUII KOHCTUTYIUU ObLJ YCTAHOBJIEH Y OJIHOTO, a TOPAKAJbHBINA y IIATH
IIO/IPOCTKOB.

B Bozpacrroit kareropun 14 JjieT KOJIMYECTBO IMOJIPOCTKOB € ACTEHOWIHBIM THIIOM KOHCTHUTYITHH
TaKyK€ OCTAETCH JIOMHUHHUPYIOINAM, IPHU 3TOM KOJHMIECTBO IMKOJBHUI C MBIIMIEIHBIM TUIIOM
KoHCTUTYyIMK Menbine na 4%. B cpaBnennn ¢ 13—1eTHEUMEU IIOAPOCTKAME yBEJINIUIOCH KOJTUIECTBO
JIEBOYEK C JUTECTUBHBIM M TOPaKaJIbHBIM TUIIAME Tejocaoxkenus, Ha 2% u 1% coorsercTBeHHO.

YV  yuamwmxcsg 15 JieT yBeIMYUMBAETCA KOJMIECTBO OOYUAIOMIMXCS C MBIMICIHBIM TUIIOM
KOHCTUTYIUU U yPABHOBEITNBACTCA KOJIUIECTBO IOJIPOCTKOB C JINT€CTUBHLIMU TOPAKAJIbHBIM TUIIAMU
TeIOCTIOKeHnsl. JeBoUeK ¢ acTeHOMIHBIM TUIIOM KOHCTUTYIUU Ha 18% MeHbIE, YeM ¢ MbIIIETHbIM
TUIIOM KOHCTHUTYIIUH.

K 16 romam [OMWHUPYIONUIYIO IIO3UIUIO CPEAM YUAIUXCs 3aHUMACT ACTEHOUIHDLINA THUII
Tenocioxkenns, Ha 6% MeHbIIe JEBOYEK € MBIMIEYHBIM THUIIOM KOHCTUTYIUHU.  IIOAPOCTKOB ¢
TOPAKAJBHBIM THUIIOM TEJIOCJOXKEHUsI B JBa pa3a OoJIbIle, YeM JIEBOYEK C JUTCCTUBHLIM THUIIOM
KOHCTUTYITUU.

B 17 yler KOIU1IeCTBO yYAIUXCS C MBIIIEYHBIM TUIIOM TEJIOCJIOXKEHUS COCTABJSET UyTh OOJIbIIE
[IOJIOBUHBI JIAHHON BO3pacTHO# Kareropuu, Ha 12 % MeHbIIE IOJPOCTKOB ¢ ACTEHOUIHBIM THUIIOM
TeJoCJOKeHNsd.  KOoIU4IecTBO [AeBOYEK C TOPAKAJBLHBIM U JUTECTHUBHBIM TUIIAMHU KOHCTHUTYIIAU
OJINHAKOBO.

Tabauna 1 — Tunbsl KOHCTUTYHU geBodeK 13—17 jer

Tunbr 13 et 14 ger 15 et 16 17 Bcero
koHCcTUTYMH | (n=56) (n=82) (n=49) (n=60) (n=43) (n=290)

abc | %M=m| abe | %M+m| abe | HM+m| abe | %BM=Em| abe | BM+Em| a6c | %BM+Em
Acrerommuoit | 31 | 5549,4 | 37 | 45+7,2| 16 | 33£7,9| 30 | 50£4,6| 17 | 30£4,2| 131 | 45+4,2
Memmeanoii | 19 | 3448,4 | 34 | 41454 | 25 | 51+7,1| 24 | 40+3,9| 22 | 51+7,1| 124 | 43+4,2
Turectnsmeii | 1 | 220,10 |3 | 4£1,2 |4 | 8+£1,2 |2 | 3£08 |2 |5%1,6 |12 | 4+42
Topaxamonodi | 5 | 9£0,3 |8 | 10£3,9| 4 | 8+£1,2 |4 | 7424 |2 | 5E1,6 | 23 | 8+4,2

Kaxk Bumao ms Tabaunel 1, HanbOJbINAst acTeHU3AIds HaOI0IaeTcsa B 13—JIeTHEM BO3pacTe,
KOTJIa, IIPOMCXOJUT MAKCAMAJILHBIA pocT neBodek. B 14 jieT acTeHOMJHBIA M MBIIIEYHBIA TUIIbI
MPaKTUIECKU yPABHUBAIOTCS, B 15 JIeT yBEJIMUUBAETCS KOJIMIECTBO YUAIIMXCS MBIIIETHOTO THIIA,
B 16 ner KommaecTBo acTeHNKOB Ha 10 % HpeBbIMIaeT KOIMYECTBO IOAPOCTKOB MBIIIEYHOIO THUIIA, &
B 17 JjleT KOJIUYeCTBO MIKOJIBHUKOB MBIIIEYHOIO THUIIA OISITH CTAHOBUTCS IIPEO0Ia AIOIIIM.

Taxum 06pa3om, MPOBeIEHHDbIE UCCACIOBAHUS IOKA3a/ 1 HEPABHOMEPHOE (PU3UIECKOE PASBUTHE B
mporiecce oHTOreHe3a. OJIHAKO IPeobIIaaoNnMy THITAMI KOHCTATYIIMHA BO BCE BO3PACTHBIE TIEPHOIbI
6bI.HI/I aCTeHOI/I,ZLHbII‘/'I 1 MBIIIIEYHBIN TUIIBI.

N3y4denne TUMOB KOHCTUTYIIUM IIO3BOJISET ONPEICIUTh MHOTHME XapPaKTEPUCTUKH OpPraHu3Ma,
B TOM 4YHCJE€ TEMIIbl U CPOKH CO3peBaHUs (PU3UOJOTUIECKUX (PYHKIUN, KOTOPbIE BayKHbBI JIJIst
O6yquI/IH ;LeTeﬁ, Jralla30H ABUT'aTC/IbHBIX BOSMO}KHOCTGﬁ, a TaK>Ke PUCK BOSHUKHOBEHU A PA3ITNIHBIX
3a00JIeBaHMIT.

st OLleHKM IToKasaTesjieil KapJIuo — pEeCIUPaTOPHON cHcTeMbl BcemupHasi oOpraHu3aliust
3/IpABOOXPAHEHUs] PEKOMEHJIyeT TPH IIPOCTBIX TeCTa: M3MEPEHHE MacChl Teja, apTepPUaIbLHOIO
JaBJICHUsI U TeCT Ha (PUSHIECKYIO HAIPY3KY.

Hamu ObLia mpoBeieHa OIEHKa XapaKTEPUCTUK CEPIEYHO — COCYAUCTON CUCTEMBI IO CJIEJLY IOIIIM
nokazarejisiM:  dactora cepieunbix cokpamienuit  (HCC), cucrommveckoe pasienune (CJI),
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nmuacronndeckoe nasienue (/1) myascosoe parenne (I1J1), cucrommueckuit oobem kposu (COK),
munyTHBIH 00beM KpoBu (MOK), Bererarusubtii nuexc Kepao (BUK), nokazaresns sacdbdekrusaocTn
kposoobpaienus (I19K), aganramumonustit morenrasn (All), nBoitnoe npousseaernne (I1).

Kak BugHO 13 Tabuunp! 2, reMoJiuHAMUYIECKIE TTOKA3ATEIN HE UMEJIU JIOCTOBEPHBIX OTJIUYUN 10
nokazarenasam YCC, CI, JII, IT/1. Tannble mokasare/ COOTBETCTBOBAIN BO3PACTHBIM HOPMAaM STOM
KaTeropuu MOJPOCTKOB.

[IpakTuieckn ommnakosblie nokazaresun COK mmeror yuariumecss ¢ aCT€HOUIHBIM U MBIIIEIHBIM
TUIIAMA ~KOHCTUTYIIMM W STH [I0KA3aTeJd UPAKTUYECKH NPUOIMKAIOTCH K HOPMATUBHBIM
[oKa3aTeJisiM B3POCJIbIX. AHAJIOrMIHasi KapTuHa HabJromaercs Jjis nmokasareneir MOK.

Wnentuanbie pesyabrarsl 1o COK 1 MOK xapakTepHBI JJIsl JUT€CTUBHOINO M TOPAKAJIBLHOTO TUIIOB
KOHCTHUTYIUH, UX IIOKA3aTeJIn HEMHOI'O HUKE HOPMBI.

TAEJ'II/IL[A 2 — FeMO,E[I/IHaMI/I“IeCKI/Ie IIoKasaTeJiu cepaevHo — COCy,E[I/ICTOﬁ CHUCTEeMBbI IIOAPOCTKOB

[Tokazaresmu | HCC C JUT I COK MOK
Twun
KOHCTUTY ITAK

63,1+1,4 | 113,3+0,9| 71,7+1,7 | 41,740,9 | 72,2+1,5 | 4561,5+157,9
Mprmeunsii | 63,3+£1,4 | 113,3+0,9| 70,8£1,7 | 42,54+0,9 | 73,1£1,5 | 4642,4+186,7
Hurectusnsbrit | 63,54+1,4 | 114,54+21| 70,84+1,7 | 43,7+£0,9 | 49,4+4,3 | 3208,9+264
Topakanbubiii | 63,2+1,8 | 118,3+3,4| 74,1+1,7 | 44,1+3,4 | 47,745,7 | 3067,54+448,2

Kak Bunno us tabiunsl 2, mokazarean YCC He uMesn J0CTOBEPHBIX oTiinunii. Cpeay MoapOCTKOB
Habsonatoress pasanunst no CIL u JIJI, maHHBIE MOKa3aTe N MOBBIIIEHBI Y J€BOYEK TOPAKATIBLHOTO
tuna. llokazaTean CHCTOIUYECKOTO W YAAPHOIO 00beMOB KPOBU Yy IpEeJACTaBUTEIEH TOpAKaIbHOTO
n JUTI€eCTUBHOT'O TUIIOB KOHCTUTYIUU HMEIOT 60nee HU3KHUE IIOKa3aTeJanu, 9eM y HIpeacTaBUTEJIbHUIL
ACTEHONJIHOI'O 1 MBIINIEYHOI'O TUIIOB.

B Tabmuie 3 mpuBeeHBI WHJIEKCHI ITOKAa3aTesell CeplaevTHo — COCYIMCTON cucTeMbl. Kak BHIHO
13 TabJIAIIBI, TOCTOBEPHBIX OTINYMI IO JAHHBIM IIOKa3aTessiM He BbigBiieHo. [lo mokazarenmro BUK
JJId BCEX TUIIOB KOHCTUTYIUN XapaKTE€pPpHa BaroToOHUdAd, T.€. Yy IIOJAPOCTKOB HpeO6J’[aﬂaIOT BJINAHN S
HapaCI/IMHaTI/IquKOﬁ CHUCTEeMBbI HaJl CUMIIQTUYECKOI. ZL.HH BaroTOHMKOB XapaKTEPHBI TaKue ITPU3HaAKN
KaK MOKPACHEHUE KOXKU, XOJIOJTHBIE PYKHM U CTOIBI, YIPEBasl ChIlb, FOJOBOKPYKEHUS 1 OOMOPOKH.
HOJIy‘-IeHHbIe pe3yJbTaThbl CBUACTCJIBCTBYIOT O IIEPEHAIIPAZKEHUN CUMIIATUIECKOI'O TOHYCa U IIepexo/ia
B lIapaCUMIIaTUYECKU.

I[To mnokazaremto I[I9K st Bcex BUIOB TEOCTIOXKEHUsI XapaKTepPeH HUBKUN yPOBEHb
KpoBooOpaiieHusi, T.e. 3pHEeKTUBHOCTb KPOBOODPAIIEHUS Y BCEX JTEBOYEK JOBOJBHO HU3KAS.

Ho B Toxe Bpemsi, mokazarejb aJallTAIMOHHOTO IOTEHIIHAJIA, CBUJIETEJBCTBYET O XOPOIIei
aJAIITallH.

IIo mokazareso ABOWHOINO IPOM3BEIEHUS CyAAT 00 3KOHOMHUYHOCTH CEPIEYHO — COCYIUCTOM
JedrebHOCTH.  HanMeHbIIHii IoKa3aTeb [0 JaHHOMY WHJEKCY HabJIofaJiCsl y ACTEHUKOB W
[IPEJICTABUTE/ILHULL MBIIIEIHOrO THIIA, HamOOJbIIMil y TopakajbHoro. (OmgHako, B 00IIeM, OH
HaXOIUJICSI B IPEJEesIaX BBIIIE CPEIHEr0 YPOBHSI.

Tabpinuna 3 — ITokasareau cepaevHoO — COCYAYCTOM CHCTEMBI IIOAPOCTKOB HA OCHOBE MHIEKCOB

[Tokazaremu | BUK 9K ATl JIT

Tun

KOHCTUTYIUN

Acrenonnublii | —14,1+4,8 180,645,6 1,8+0,03 71,614
Mpermeunsiit | —12,844,6 180,244,5 1,9+0,04 71,7£1,6
Hurectusnbrii | —14,3+4,8 184,14+8,1 1,940,05 72,84+2.8
Topakasbabrii | —18,3+3,8 188,1+5,2 1,240,06 75,24+4.,6
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Haubompmuit nokazarens [I9K wabiomascs y 1eBoYeK TOPAKAJILHOIO TUIA, TEJIOCTOKEHUS, HA
3% MeHblIIie y IMIKOJIBbHUIL JIMMECTUBHOIO TUIA, Ha 6% MeHbIIe y JeBOYeK aCTEeHOUIHOIO M MbIIIETHOTO
TUIIOB KOHCTUTYIIHH.

Y upesncraBuTeseil Bcex THUIOB TEJIOCTOXKEHUS HAOJIOAAETCS [MapacCUMIIATUKOTOHUS, KOTOpas
bojiee BBIpaXK€Ha y IOJAPOCTKOB TOPAKAJIBHOIO THIA TEJIOCTOXKEHUS. Camplit  HU3KHUI
II0Ka3aTe b aJAlITAIIMOHHOIO TOTEHITNAIA TaKKe XapaKTePEH sl IPEICTABUTE/HHUIL TOPAKAIHLHOIO
COMATOTHIIA.

st omenkn 3 PEeKTUBHOCTH KapIno - PECHUPATOPHON CHCTEMBI OBLIN ONpPeae/IeHbl TOKA3aATEIN
JIBIXQTeIbHO cucTeMbl:  sKu3HeHHast eMKOCTh Jierkux (2KEJI) n xusmennsrit mngexc (2KIT).
[Toxkazaresn KU3HEHHON €MKOCTH JIETKAX MTPUOJIMKAINCH K MOKA3aTe M B3POC/IbIX. HanMeHbInit
niokazaresib ZKEJI 0611 ycTaHOB/IEH y /1€BOYEK ¢ TOPAKAJILHBIM TUIIOM KOHCTUTYIIUN, HANOOJIBINIUI Y
II0JI[POCTKOB MBIIIEYHOrO TUIIA KOHCTUTYIMU (Tabsura 4).

Suavenuss KU st Bcex THIIOB KOHCTUTYIIMKA HAXOJWINCh B IIpejesiaX BbIIIE CPEIHEro.
Haubosbiine 3HaveHnst XKU3HEHHOIO UHJEKCA HAOJIFOIAINCEH Y JI€BOYEK MBIIIEIHOTO TEJIOCIOKEHMSI.
Hanmenbmne nokazaremun 2KV 66111 0TMeUeHBI y I€BOYEK TOPAKAJIHLHOTO COMATOTHUIIA, XOTS JTAHHDBIH
nokasaresb 661 Ha 0,1 MJI/Kr MEHbIIE y NIKOJLHUIL ACTEHMIECKOTO TeJIOCTIOKEHHUS .

TasnunA 4 — IIokazareiin pecnupaTOpHON CUCTEMBI IIOAPOCTKOB

[Nokazaresn ZKEJT () KU (mur/kr)
Twun KoHCTHTYTIIHT

AcreHonHbII 3,351+0,1 61,6+1,7
MpIte YHbIi 3,8+0,1 66,6+1,7
JlurecTuBHBIIM 3,8+0,2 64+2.3
TopaxkaabHbIi 3,15+0,2 61,5+2,8

Hawubosbimnue nokazarenn 2KEJI mabiioganucsk y mogpoCTKOB MBIIIEYHOTO U JIUTECTUBHOTO THUIIOB
TeJIOCTIOYKEHNST, HANMEHbBIIHI ¥ JeBOYeK TOPAKAJBHOIO THIIA.

Hawubosbimnuit mokazarensb 2KV nabsonacs y moApPOCTKOB MBIIIEYHOTO THUIIA.

Takum 00pa3oM, MOJyUeHHBIE Pe3yJbTaThl IOKA3ad, 9UYTO y JEeBOYEeK JUTeCTUBHOIO WU
TOPAKaJbHOTO THUIOB KOHCTUTYIUI HAOJIOMAaeTCs MOBBIIMIEHHBIE TOHYC COCY/OB, IPH 3STOM
oKa3aTe/ M yJIapPHOrOo U MUHYTHOIO 00bEMOB KPOBU HU3KUE, ITO CBUJIETE/ILCTBYET O cpabaTbIBaHUN
OXPAHUTETHLHOI'O TOPMOYKEHMUSI.
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GaraJsay

AnnoTanusi: By makanaga Kpi3 OasiajgapiblH KOHCTUTYIUs THUIHE OallJIaHBICTBI KYPEK-KaHTaMbIp KyHeciHiH Herisri
KepceTKimTepi (PKYPeKTiH >KUBIPbLIY >KHLJIIr, CHCTOJAJBIK KBICHIM, JIHACTOJIAJBIK, KbICHIM, IIYJIbCTIK KBICHIM, KAHHBIH
CHCTOJIAJIBIK, KOJIeMi, KAaHHBIH MUHYTTBIK KOJeMi KoHe T.0.) KapacThIpbLIFaH. Kapimo — pecrupaTopJIbIK, »KYWEHIH THIMJILIriH
OaraJiay VIIIH TBHIHBIC ajly >KYMeciHiH mapaMerpsiepi aHBIKTAJIIAbI: ©KIle CHBIMJbLIBIFBIHBIH, KablIeTTiniri »koHe Tipriijaik
kopcerkimi. Conjaii-ak, aCTEHOUITHI YKOHE OYJIIBIKETTI KOHCTUTYIUsI THUITEPl JTOMUHAHTTBUIBIK, KopceTTi. Ko3mapapiy el
MakcuMaJIel ocyi 13 »kacran Gaiikasibl. KaHHBIH CHCTOJIAJIBIK »K9HE MUHYTTBIK MOJIIIEDIHIH KOPCETKIIITEP] aCTEHOUATHI YK9HE
OYJIIIBIKETTI TUIITEPre KaparaHa TOPAKAJIbl KOHE JIUTeCTUBTI THIITEP/Ie TOMEH KOPCETKIIIITEpre ue.

3epTTeyain HOTHUKEEP] 2KacocHipiM bastajapra apHaAJIFaH JEHCAYIbIKTBI CAKTay KoHE aJbIH ally GarapiiaMasiapbid 93ipiey
YIIiH mai ajlaHbLIybl MYMKIH.

TyitiH ce3aep: KypPeK-TaMbIp *KyHeci, KOHCTUTYIUAHBIH TUIl, MOPMDOdYHKITMOHAJIABIK, KAFIaibl, KAPINO — PECIIUPATOPJIBIK,
XKyie, TeMOJNHAMUKAJIBIK KOPCETKIIITED, »KacoCHipiMAep/IiH, JeHCAYIbIFDL.

Zh.S. Bayguzhina ! , A.S. Dinmukhamedova ! , Zh.S. Taldykbayev ! , A.Sh. Toktarbayeva 2 ,
B.B. Gabdulkhaeva 2 , S.Zh. Kabieva 2

1 L.N. Gumilyov Eurasian National University, Astana, Kazakhstan
2 Pavlodar State Pedagogical University, Pavlodar, Kazakhstan

Evaluation of the morphofunctional state of the cardiovascular system of 14-17 year old girls

Abstract: The main indicators (heart rate, systolic pressure, diastolic pressure, pulse pressure, systolic blood volume,
minute blood volume, etc.) of the cardiovascular system of adolescent girls are considered in the article, depending on the
type of constitution. To assess the effectiveness of the cardio-respiratory system, the respiratory system parameters were also
determined: the vital capacity of the lungs and the vital index. It was established that the predominant types of the constitution
are asthenoid and muscular. It was revealed that the maximum growth of girls was observed in 13 years. The indicators of
systolic and shock volumes of blood in representatives of the thoracic and digestive types of the constitution have lower indices
than in representatives of asthenoid and muscular types.

The results of the study can be used to develop health and prevention programs for adolescent children.

Keywords: cardiovascular system, type of constitution, morphofunctional state, cardio - respiratory system, hemodynamic

parameters, adolescent health.
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DuronHAUKAIMS 3arPsi3HEHUS MPUJI0POXKHBIX TeppuTOopuil npocrnekTa Pecrybiauku no
COCTOSIHUIO XBOWHBIX JIPEBECHBIX PACTEHUIA

Awnnsoramus: B ganHO# paboTe MpeicTaBIeHbI PE3YIbTAThl OMOMHIMKAIMOHHOTO HUCC/IeI0BaHUS
[PUJIOPOXKHBIX TEPPUTOPHUil IpocmekTa Pecrnybiuku ropojga AcCTaHBI 110 COCTOSTHMIO COCHBI
obbikaOBeHHOI — Pinus sylvestris u esim eBpomeiickoit — Picea abies. Ilo psimy mopdomerpuyueckux
XapaKTePUCTHK (XJI0PO3, HEKPO3 XBOM, U3MEHEHUE 1I00EroB, YMEHbIIIEHNE PENPO/LyKTUBHBIX OPIaHOB
U T.JI.) BBISIBJIEHO yTHETEHUE XBOWHBIX JIEPEBLEB OTPAOOTAHHBIME ra3aMu aBTOMOOMIIEH B TOPOJICKUX
yCJIOBUSX. Y XBOU COCEH HabJIIONAIOTCS Pa3/IMYHOI0 POAa XJIOPO3bl U HeKposbl 10 40%. VY eneii
HAOJIIOIA0TCH IATHUCTEIE XJI0P03bl U HeKpo3bl 10 10%. ITouru Ha Becex y4acTKax UJET yMeHbIIeHUe
Beca xBou 10 69%, 4TO yKasbIBaeT Ha HEKPO3 OMOMACCHL JAepeBbeB. VjeT TeHaeHnus COJIMKEeHHOCTH
paccTosHusI MEeXK Iy XBouHKamu Ha 10 cM mobera, Tak 4mMC/IO XBOMHOK Io4TH B 1 - 2 pasa GoJiblile Ha
3arpsA3HEHHBIX yYACTKaX 110 CPABHEHHUIO ¢ KOHTPOJbHBIMKA OOpa3IaMu.

KuaroueBbie ciioBa: duromHIuKams, XBONHbIE JIepeBbs, XJIOPO3, HEKPO3, TOPOJCKas Cpeja,
3arpsisHeHue.

3eJieHble HACAXKJIEHWS, MCKYCCTBEHHO CO3J[AHHBIE YEJIOBEKOM, SIBJISFOTCS OJHUM U3 OCHOBHBIX
KOMIIOHEHTOB TOPOJCKOro JaHmimadTa — BO3yXa, BOJMbBI, IOUBBI, IKOJOTUYECKON U ICTETHUIECKOM
cpejibl. BiraronpusTHy0 poJib pacTUTEBHOCTH B TOPOJIe HEBO3MOXKHO TepeolieHnTh. OHa siBJIsieTcst
BasKHEHIINM KOMIIOHEHTOM apXUTeKTypHO-IaHmadTHOoro obauka ropoga |1, 41 crp.]. Ognaxo,
JIEpEBbsI B TOpOJie TOJBEPXKEHBI CUJIBHBIM cTpeccaMm. OJHoi u3 (HOpM IPOSIBJIEHUsI CTPECCOBOTO
BO3JEHCTBUS SIBJISIETCS BO3HUKHOBEHUE XJIOPO30B U HEKPO30B. BbIIesioT paziaudabie (HOpPMbI
XJIOPO3a M HEKPO3a: TOYEUHBIH, MATHUCTBIN, MEXKKUJIKOBBIN, KPAEBOH, TUI «PbIOBETO CKeJIeTay,
BEpPXYIIEYHbIH, JuHeiHbI 1 gp. [2, 43 crp.|. B roposckoii skocucreme GHOMHIMKATOPOM COCTOSIHUSI
OKPY2KAIOIIEH CPeJibl MOTYT ObITH MCIIOJIL30BAHBI XBOHHBIE JlepeBbs. MeTobl (DUTOMHIUKAIIUN 10
CPABHEHUIO C MHCTPYMEHTAJIBHBIMU METOJIAMU UMEIOT OTHOCUTEJIHLHO HU3KYIO CTOMMOCTH, DOJIBIITYTO
HAKOILJIIEMOCTh MaTepHaJia U ITO3BOJISIOT XapaKTEePU30BATH COCTOSHHE CPEJbl 3a JIJINTEIbHBII
[IPOMEXKYTOK BPEMEHHU.

Pabora Boeionnena B pamkax OmojpkerHON mnporpammbl 217 «Passutume nayku» Mwunucrepcrsa
obpazoBanusi u Hayku Pecnybuimkn Kazaxcran mo rmeme «DKojormdyeckast OIEHKA COCTOSTHUS
MPUOPOKHBIX TEPPUTOPHULL, TPUIETAIONTNX K OCHOBHBIM aBTOMATHCTPAJISM TOPOa ACTaHbI».

Marepuajibl 1 MeTOABbI MCCJIedoBaHusA. B KauecTBe PUTOMHIANKATOPOB CPEIAbl OBLIN B3SITHI
OJIHOBO3pACTHBIE XBOITHDbIE JlepeBbst (CocHa OOBIKHOBeHHast — Pinus sylvestris m enb eBporeiickast
— Picea abies), npouspacratome 1o upocunekty Peciy6Giuku ropoga Acranbl.  JlaHHbIE BHIBI
MIIPOKO PACIPOCTPAHEHBI IO TOPOLY, HETPEOOBATEIbHEI K KANMATHIECKUM YCJIOBUSIM U IIOYBE, JIET'KO
[IEPEHOCSIT 3aCyXy W HE CTPAJIAIT OT 3aMOPO3KOB, UyBCTBUTEIbHBI K 3aTrPsI3HEHUSIM.

B kadyecTBe KOHTPOJIBHOIO 00pasia ObLIM B3siThl OJHOBO3PACTHbIE XBOWHBIE JlepeBbs (COCHA
obbikHOBeHHast — Pinus sylvestris u esib eBpomeiickast — Picea abies) B JieHApOIOrndeckoM mapke
ropoga. Tak Kak OmOMeTpHUUECKHMe NPU3HAKN XBOWHBIX PACTEHUI JTOBOJBHO M3MEHUHBBHI ObLIA
nposejieHa 10 KpaTHast IOBTOPHOCTH OIBITORB.

Jliist OMOWHIWKAIIMY COCTOSTHUSI OKPY?KAIOIIel Cpeibl 10 COCTOSHHWIO XBONHBIX JI€PEBHEB B
JIaDOPATOPHBIX YCJIOBUIX OBLIU MPOBEJICHBI UCCIEIOBAHUS COCHBI OOBIKHOBeHHOI — Pinus sylvestris
u e epporeiickoii — Picea abies. C moMoripo Jiylibl ObLIM BBISBJIEHBI XJIOPO3bI, HEKPO3bI XBOW,
UX IPOILEHT MOBPEXKJEHUS U XapakTep. B Xoje IpoBeleHUs HATYPHBIX HAOIIONCHUI 3€JIeHbIX
HacCaXK/IeHNii ObLIN U3y9YeHbl Pa3Mephl Psijia OPraHoB (XBOU, MOOErOB MPOIILIOrO IO/, UX TOJIIIUHBL,
pasMepa IMIUIIeK, pa3Mepa U IUCjIa 3aJI0:KUBIINXCS TI0YEK ), KOJndecTBO xBou Ha 10 cM mobera u
MaCChl aDCOJIIOTHO CYXUX XBOUHOK.
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PesynbpraTel  ucciiegoBaHmii. PesynpraTel  dbuTOMHAMKAIIUN PUIOPOKHBIX  3€JIEHBIX
Hacax/JieHuil npocrekTa Pecrybsinkn 1o moberam u moykaMm COCHbI 0OBIKHOBeHHO# — Pinus sylvestris
u esu eBporeiickoit — Picea abies npescrasiens B Tabaunax 1, 2.

TapiuitA 1 — Pesyabrarsl GUTOMHANMKANAN NPUAOPOXKHBIX TeppuTOopuil npocnekta PecmyGiuku mo
noGeraM u moYkaM COCHbI OObIKHOBeHHOI — Pinus sylvestris

Mecto B3gTus | [Tobern Tloukn
obpasra

Hnuna, Tonmuna, | Bersie- Yucno, Humna, | Tommuaa

M MM HUe, TIT T MM MM
VYuacrok Ne 2 10,0 60 2,0 2,0 0,3 0,3
Yaacrok Ne 3 11,0 47 4,0 2,0 0,5 0,4
Yuacrok Ne 5 19,0 52 1,5 1,6 0,3 0,3
VYaactok Ne 6 22,0 52 1,9 2,1 0,3 0,4
Yaacrok Ne 7 13,0 52 3,8 1,8 0,3 0,3
Yaacrok Ne 8 19,0 83 1,9 1,6 0,3 0,3
VYaacrok N 9 14,0 69 1,6 1,8 0,3 0,3
VYaacrok Ne 11 15,0 51 2,0 1,4 0,4 0,4
VYuacrok Ne 12 17,0 52 1,5 1,4 0,3 0,3
Yaacrok Ne 21 15,0 60 2,3 1,6 0,3 0,2
Konrpombubrit 30,4 55,5 4,7 3,7 0,3 0,3
obpa3zerr
IIpumeuanue — Yaacrox Ne 2 — ot yi1. Bapaesa qo yi. Mcmaniosa; yaactok Ne 3 — ot yiI.
Ucmannosa mo yn. Pamazana; yaactok Ne 5 — ot yiu. Tapaxama mo yi. I'ymap Kapairr;
yaactok Ne 6 — or ya. ['ymap Kapam jgo yn. Areibait 6areipa; yaactok Ne 7 — or yiI.
Areibait 6aTbipa 10 yi. Mmanosa; ydactok Ne 8 — or yn. Mmawnosa o yn. Kenecapsr;
yaacTok No 9 — or yu. Kenecapor g0 yin. Oteipap; yuactok Ne 11 — ot np. Abast 70 yi1.
Ceiidynnuna; yaacrok Ne 12 — or yiu. Ceitdymnuna go yi. 2Kanrenbauna; ydacTok Ne
21 — ot yn. Moanarymiooii no yi. Ecenbepinna.

Kak Buano wuz rtabmuner 1, anmna 1moberoB cocHbl OObIKHOBeHHOH — Pinus sylvestris ma
obcJieIOBaHHBIX ydacTKax BapbupyeT B mpenenax 10,0 — 22,0 cMm, Tosmuaa MOOErOB COCTABJISIET
47 — 83 mMm. Komuuecrso Bersiiennit kosebnerca or 1,5 mo 4,0. Ha ywacrkax 2, 5, 6, 8, 9,
11, 12, 21 BerBJieHHe MOOETOB PE3KO YMEHDLIIMAETCsI, UTO CBUJACTEILCTBYET OO0 YMEHBIIEHUH ITOYEK
U yTHETEHUHW BEreTATUBHBLIX OPraHOB Pa3MHOXKEHUsI. Y HEKOTOPBIX COCEH, IIPOU3PACTAIONIUX IIO
upocrekry Pecriybsinkn HabGII10/18€TCsI CIUIOIIHO HEKPO3 XBOU (PHUCYHOK 1).

PucyHok 1 — Hekpo3 XBou COCHBbI OOBIKHOBEHHOIM
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TaBunA 2 — Pesyabrarbl (buTOMHAMKAIMN NOPUAOPOXKHBIX TeppuTOopuii Inpocnekra Pecrnybiuku 1o
noberam u moykam ejiu eBponeilickoil — Picea abies

Mecto B3aTug | [lobern ITouknu
obpasrma

Hnuna, | Tommuna, | Bersie- Yucno, | dnuna, | Tonmuna,

cM MM HUe, 1T T MM MM
Yuacrok Ne 1 11,0 23,0 3,7 1,7 0,3 0,3
Yaactok Ne 3 11,3 21,5 3,8 7,5 0,4 0,3
Yaacrok Ne 5 11,3 33,0 2,7 1,4 0,4 0,4
VYaacrok Ne 8 8,8 19,5 3,6 2,5 0,3 0,3
Yaactok Ne 9 11,9 27,6 3,0 4,0 0,3 0,4
VYaacrok Ne 10 5,6 17,3 1,8 3,5 0,3 0,3
Yaactok Ne 11 10,9 22,3 3,0 3,2 0,3 0,2
Yaacrok Ne 12 8,8 22,5 4,2 2,7 0,3 0,3
Yuacrok Ne 13 16,4 31,5 3,1 1,8 0,3 0,3
Yaacrok Ne 19 9,6 25,0 5,0 2,1 0,4 0,3
Kourpombubrit 22,5 54,5 43 3,6 0,4 0,4
obpaser,
[Ipumeganune — Yuactok Ne 1 — or np. Kabaubait 6arsipa o yi. Bapaesa; ydacrok
Ne 3 — or ys. Ucemannosa no yin. Pamaszana; yuacrok Ne 5 — or yiu. Tapaxana jio yi.
I'ymap Kaparr; ygacrok N 8 — or yin. Wmanosa go yin. Kenecapsr; yaacrok Ne 9 — or
yi. Kenecapor 1o yi. Oteipap; yaactok Ne 10 — ot yi. OTtoeipap j0 mip. Abast; yIacToOK
Ne 11 — or mp. Abas mo yu. Ceiidynnmmna; yaactok Ne 12 — ot yia. Cetidymnmnma 10 yoI.
Kanrenpaunaa; yaactok Ne 13 — or yu. 2Kanresnsguna jo yiu. Ilandwuiosa; yuacrok No
19 — ot ya. 181 o yn. Ceposa.

ITo pesysibraTam buTONHAMKAIIAN TPUIOPOKHBIX TEPPUTOPHU TpociekTa Peciybinku o moberam
u movkaMm ey esporeiickoii — Picea abies (tabsuna 2) cieayer, 4rto jymHa 1mo6eros Kosebiercs
B umuTepBajie 5,6 — 16,4 cMm, KoHTpoJsibHOTO ObOpasma — 22,5 cMm. Tosmuna moberos BapbupyeT
or 17,3 mo 31,5 cm. Tonmuua mobera KoHTpoJibHOrO obpasna cocrasiser 54,5 cm. inoa u
TOJIIIIHA TT00Er0B eJIi eBPOIIEICKOl, TPOU3pacTaouX 110 np. Peciybauku moutu B 2 pa3a MEHBIIE
YeM y KOHTPOJIbHOrO obOpasna. MoKHO Tak:Ke OTMETHTb YMEHBIIEHHE KOJIMIEeCTBA BETBJICHUI
100eroB, KOTOpble U3MeHsIOTCs B ripejieiax 1,8 — 5,0. IlpakTuiuecku Ha Bcex ydacTKax HAOJIOIAETCS
YMEHBIIIEHUsT KOJTMIECTBA, BETBJIEHUIT [I0 CPABHEHUIO C KOHTPOJIbHBIM 00PAa3I0M U yITHETEHUE JI€PEBbER
(pucynok 2). KosmvecTBo mouek nepeBbeB cocrapisier 1,4 — 7.5, JljguHa M TOJIIUHA TMOYEK
CYIIECTBEHHO HE W3MEHSIIOTCs.  Pe3yabraTbl (DUTOMHIUKAINK IPUIOPOXKHBIX TEPPUTOPUIA IIp.
Pecnybsiuku 1o moberam u modkam ey eBporeiickoit — Picea abies Takrke mokasajin cokparieHue
KOJIMYECTBa ITOYEK U IOOEroB Ha 0OCIEJOBAHHBIX YIaCTKaX.

PucvyHok 2 — KpaeBoii HEKpo3 XBOM €Ji1 €BPOMNENCKOMN
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[ToBpexieHnsi pacTeHuii OT TOKCUHOB MOTYT OBITH KATaCTPOMUUIECKUMU, XPOHUIECKUMU,
CKPBITBIMU, OCTPbIMU U 1p.  Ilpu JeficTBUM sJIOBUTBIX Ta30B, TaKUX KaK OKCHJIBI a30Ta,
Cephl, yryiepoja, JeTydrue OPraHUYeCKHEe BelIeCTBA MOLYT IMPOSBIATbHCS HEKPO3, JIEMUTMEHTAINS,
nedosnarus. BoJibiiie BCero sI0BUThIE Ta3bl BO3JAEHCTBYIOT HA IPOIECCHI B JINCTOBBIX ILIACTUHKAX.
JleTyume BemecTBa, NPOHUKAIONINE B TKAHU PACTEHMI, BJIUAIOT Ha MeTabOJu3M BelecTs. B
pe3yJIbTaTE Yero HapyIaeTcs: paboTa TPAHCIIOPTHBIX CHCTEM, TIOBPEXKIAETCS IJIA3MAaJIEMMBbI U JIDYTHE
KJIETOYHBIE CTPYKTYPBI, 9TO B KOHEYHOM HTOr€ IPHUBOJIUAT K 3aKHUCJIEHUIO IUTOIA3Mbl. [Ibuib,
OCeBIlIasd Ha JIMCTOBOW ILIACTUKE, 3a0MBAET yCTHUIA, TEM CaMbIM YXV/IIaeT mporecc dpoTocunTesa,
HapylIaeT BO3/YIIHBI 1 BogHbIH pexxumbl [3, 15 crp.|.

OcobeHHo sITOBUTHIM 11151 (POTOCHHTE3A CIUTACTCST CEPHUCTDIN Ta3, KOTOPBII JIyHIie PACTBOPSIETCS
B BOJIE, €M YIVIEKUC/BIN ra3. DTOT Ta3 OTHOCAT (DOTOCMHTETHIECKUM sifaM. B KPYMHBIX TOpojgax
U TEXHOTE€HHBIX 30HAX, IIPU JJIUTEJIHHOM 3arpsg3HeHHH JUOKCHJIOM CEepPbl OTMEYaeTCs CHUXKEHUE
macchl xgon Ha 30 - 60% 1o cpaBHEHUIO ¢ KOHTPOJILHBIMU YYACTKAME, & TaKyKe MPEerKIeBPeMeHHOe
ee omajgeHne. B 3TmxX ycjoBusSX cambIil mpocToii crocob — ompenesienne Macchl 1000 XBOMHOK B
MHOT'OKPATHOI IOBTOPHOCTHU U C PA3HBIX IKOJIOTUYECKNX YIACTKOB.

B rabsmmniax 3, 4 npuBeeHbl pe3yIbTATHI (DPUTOUHAMKAIINN TPUIOPOKHBIX TEPPUTOPHUI IPOCIIEKTa,
Pecny6iuku 1o xBoe cocHbl oObikHOBeHHOI — Pinus sylvestris u esin eBpormeiickoit — Picea abies.

TabpiuiA 3 — Pesyabprarhl dUTOMHAUKAIIUY NPUOOPOXKHBIX TeppuTtopuii npocnekra Pecrmy6auku mo xsoe
cocHbl 00bIKHOBeHHOU — Pinus sylvestris

Mecro B3grus | dnuna, | [Mupuna, | [Ipomon- Yuco Bec Hex- | Xapakrep
obpazra cM MM KUTEITb- xBonHOK | 1000 PO3BI | XJIOPO3a

HOCTD Ha 10 cMm | mryk %

2KU3HH, nobera, XBOU-

JIeT MTYK HOK,

r

Yaacroxk Ne 2 5 1 2,0 132 14,9 2 TOYEIHBIHN
VYaacroxk Ne 3 6 1 2,0 180 13,9 15 MO3BAUIHBIT
Yaacrok Ne 5 4 1 2,0 155 16,3 ) TOYETHBIN
Yaacroxk Ne 6 5 1 2,0 104 9,9 40 MO3aUIHBIN
Yaacroxk Ne 7 |5 1 2,0 128 13,4 30 MO3AUIHBIT
Yaacrok Ne 8 ) 1 2,0 205 11,3 1 MO3aUnYHBIN
VYuacrok Ne 9 7 1 2,0 102 17,4 2 MO3aMIHBIN
Yuacroxk Ne 11 | 7 1 2,0 210 16,2 ) MO3aUYIHBIN
VYaacrok Ne 12 | 5 1 2,0 190 17,9 25 MO3aUIHBIN
VYaacrok Ne 21 | 5 1 2,0 105 244 10 TOYEIHBIN
Kounrpombubrit | 2 1 2,0 127 14,25 - -
obpazerr

[Ipumevanue — Yuactok N° 2 — or yin. Bapaesa g0 yiu. Hcemanmiosa; yaactok Ne 3 — or
yi. Mcemammosa o yi. Pamazana; ygacrok Ne 5 —or ya. Tapaxana mo yia. I'ymap Kapair;
yuactok N 6 — or yin. ['ymap Kapam go yi. Areibait 6arbipa; ydactrok Ne 7 — oT yiI.
Arbibait 6arbipa g0 yia. Vmanopa; ydactok Ne 8 — ot yin. Mwmanosa jmo yi. Kenecapsr;
yaactok Ne 9 — ot yin. Kemnecapwr 10 yn. Otsipap; yuaactoxk Ne 11 — ot mp. Abas mo yi.
Ceitpysnaa; yaacrok Ne 12 — or yir. Ceiidpysumna no yia. 2Kanreapanaa; yaacrok Ne 21 —
ot ysi. Monmarymosoii no yi. Ecenbepimna.

Kax BugHO n3 Tabauiisl 3, 9ucao XBOMHOK Ha 10 ¢M mmobera cocHbI OOBIKHOBEHHOM KOJIEOIeTCST OT
102 o 210 mryk. CuibHbLE HeKpo3 xBou Hab/ogaercd Ha ydacrtke 6 — 1o 40%, na ygactke 7 — 1o
30%, na yuactke 12 — no 25%, na yuacrke 3 — no 15%, na yuacrke 21 — g0 10%. Xapakrep xj10po3a
pa3/IngHbIi (TOYEUHBIH, MO3AUYHBII): OT CBETJIO-KOPUYHEBOIO JI0 TEMHO-KOPUIHEBOrO IBera. 13-3a
3HAYUTE/ILHOIO HEKPO3a U XJI0P03a COCHLI OOBLIKHOBEHHON HAOJIIOIAeTCs YMEHbIIEHNE KOJINIECTBa U
MacChl XBOMHOK.
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Tabauia 4 — Pesynbprarsl duTOMHANKAIIUY IPUOOPOXKHBIX TeppuTopuil npocrnekra Peciybiamku mo xBoe
enu eBporelickoii — Picea abies

Mecto B3stus | Anauna, | [Ilupwuna, | [Ipomos- Yucio Bec Hek- | Xapakrep
obpasria cM MM KUTETb- xBomHOoK | 1000 pPO3BI | XJIOpO3a

HOCTD Ha 10 cm | mryk | %

JKU3HN, mobera, XBOU-

JIeT MITYK HOK,

r

VYuaacrox Ne 1 2,0 1 2,0 112 4,85 8 MO3aUYHBIN
VYaacrok Ne 3 1,5 1 2,0 173 3,8 1 MO3aUIHBIN
VYaactok Ne b 2,0 1 2,0 188 8,9 - -
Yuactok Ne 8 1,2 1 2,0 118 29 10 IISITHACTBII
VYaactok Ne 9 2,0 1 2,0 182 4,0 - -
VYuactoxk Ne 10 | 1,0 1 2,0 248 2.4 5 MO3aUIHBIH
VYaacrox Ne 11 | 1,5 1 2,0 156 4.5 1 TOYETHBIN
VYaacrox Ne 12 | 2,0 1 2,0 128 4.4 10 MO3aMIHBIN
Yuactoxk Ne 13 | 1,5 1 2,0 133 16,6 5 MO3aUIHBIN
VYaacrox N2 19 | 5,0 1 2,0 118 4.4 2 TOYEUHBIA
Konrpoabusrit | 1,5 1 2,0 114 2,15 - -

obpaserr,
[Ipumeganue — Yuaactok Ne 1 — or np. Kabaubait 6areipa 10 yi. Bapaesa; yaactox Ne 3
— or yin. Uemamnosa no yin. Pamazana; yuactok Ne 5 — or yin. Tapaxana mo ya. ['ymap
Kapar; yuactok Ne 6 — or yn. I'ymap Kapar go yi. Areibait 6arsipa; yaactok Ne 8 — ot yi1.
Nmanosa no yi. Kenecapsr; yaactok Ne 9 — ot yin. Kenecapsr jio yi. Orbipap; yuacrok Ne 10
— ot yi. Oreipap g0 mp. Abas; yaactok Ne 11 — ot ip. Abas mo yn. Celidymnnna; yaacTox
Ne 12 — ot yn. Ceiibynnuna no yi. 2Kanrensiauna; yaactrok Ne 13 — or yu. 2Kanresnbiauna
jo yia. Iandunosa; ygacrok Ne 19 — or yu. 181 sio yu. Ceposa.

Kak cienyer uz tabsunnl 4, juinHa XBOM €I €BPOIEHCKOil KoJiebsercss or 1 j10 5 €M, TOJIIIUHA
moberos pasua 1 cm. st 6uomHukanuu ObLIM B3ATHI obern mponuioro roja. Koamdectso
xBonmHOK Ha 10 cM mobera ejin eBpOIeiicKoil HaxouTesd B mnpejeiax 112 — 248 mryk. Habmromatores
cymecrBeHable HeKpo3bl (10%) eneit ma yuactkax 1, 8, 12. Ha Bcex apyrux ydacTkax MOXKHO
OTMETUTH HE3HAUYUTELHBII HEKPO3 XBOU. XapaKTep HEKPO3a PA3TUIHBIN — TOYEUIHBINH, MO3AMIHBINA
OT CBETJIO-2KEJITOrO JI0 TeMHO-)kKeToro 1sera. CHIBHOTO yrHeTeHUs eJjieil 10 CPaBHEHHIO C
KOHTPOJIBHBIM 00PA3IOM He HAOIIOIAETCSI.

O6cyxk/jienne pe3yabTaToB. [lo pesysbraTraMm UCCIEIOBAHUI COCTOSIHUST COCHBI OOBIKHOBEHHO
Pinus sylvestris u emm eBpomefickoit Picea abies M0XKHO 3aK/IOYNTH, 9TO Ha MNPUIOPOKHBIX
TepPUTOPULAX IIpociieKTa Pecrybiinku uaeT yroeTeHne BereTeTaTUuBHBIX II00Er0B U PENPOLYKTUBHBIX
opraHoB (II0YeK W INUIINEK) XBONHBIX JPEBECHBIX HOPOJ OTPA0OTAHHBIMU ra3aMu aBroMobusieii. Y
COCEeH HaOJIIOMAIOTCS YKOPAUWBAHUE I[MODErOB IPOILILIX JeT modtu B 1,5 — 3 pasa, yMeHbIIeHue
BeTBJICHUII Ha OTACIbHBIX yUaCTKaxX HMOYTH B 2 — 3 pas3a II0 CPABHEHUIO C KOHTPOJBHBIM 00Pa3IIOM.
Tak>ke HabJIIOMAETCS YMEHbBIIIEHNE YuciIa mo4dek moutu B 1,1 — 3,0 pasa, npu 9TOM JIUHA U TOJIIINHA
[IOYEK CYIIECTBEHHO HE U3MEHSIIOTCsI. Y ejieil HabJIFoMaTCs YKOpaduBaHUe MOOErOB IIPOIIIBIX JIeT
moutu B 1,5 — 4 pasza, yMeHbIIeHUEe TOJIIUHBI 1100era Ha BceX ydacTkax moutu B 1,5 — 3,0 paza u
YMEHbITIEHNE BETBJIEHUIM Ha OTJEJBHBIX Y9acTKaxX IMOYTH B 2,5 pa3a MO CPAaBHEHUIO ¢ KOHTPOJIbHBIM
obpasziom. Takxke HAOJIIO/IACTCA YMEHbBINIEHNE YUCIa TTOYeK moduT B 1,5 — 2,5 pasa, mpu 3ToM JJIMHA
1 TOJIIIIHAHa IIOYEeK CYIMEeCTBEHHO HE U3MEHAIOTCS.

V XBou COCeH HaOJIIOIAIOTCH PA3IMYHOIO POl XJI0po3bl U HeKposbl 10 40%. Buecre ¢ TeMm maer
TEHJIEHIINsT COJIMAKEHHOCTU PACCTOsTHUST MeXK 1y XBomHKamu Ha 10 c¢M mobera, Tak UHCJIO XBOUHOK
moutu B 1,5 pasa OoJibllle Ha 3arpPsS3HEHHBIX yYacTKaxX [0 CPABHEHUIO € OOpa3laMu, B3sITBIX C
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KOHTPOJIBHOI 30HBI. IloYTH Ha BCex ydacTKaX MAeT yMeHbIIeHHe Beca xBon 10 69%, 94To yKasbBaer
Ha, HEKPO3 ODMOMACCHI JE€PEBHEB.

V eneit HaOIIONAIOTCS MATHUCTHIE XJI0PO3bI U HeKpo3bl 10 10%. Muoer Tenaennus cONMMKEHHOCTH
paccTogHus MeXKIy XBomHKaMn Ha 10 cM mobera, Tak 9HCI0 XBOMHOK IMOYTH B 1 - 2 pasa 60Jiblne Ha
3arpA3HEHHBIX yIacTKaX 10 CPABHEHUIO ¢ 00pa3laMu, B3ITBIX C JEHIPOJOTTIECKOTO MapKa.

N3MeHeHns, IPOUCXOJIAIINE B OKPYKAIOIIENH cpejie O/, BAUSHUEM dYeJIOBeKa, BO3JEUCTBYIOT Ha
JKUBbIE OPraHU3Mbl, BBI3bIBas PA3JIMIHbIE OTK/JIOHEHUs B WX PA3BUTUU. XBOUHbBIE JIEpEBbS JTAIOT
TOYHYIO XapaKTEPUCTUKY KadecTBa TOPOJCKOW CPEJbl U ee KadeCcTBa (TOKCHIHOCTH) JJIsi JKUBBIX
oprann3MoB. s mostydeHns COOTBETCTBYIONIEH OIEHKHU SKOJOTMIECKOTO COCTOSTHUST OKPYKAIOIIEH
cpenbl HEOOXOMMMO MPOBEIEHNe KOMILIEKCHBIX MCCASIOBAHMI Ha PA3HBIX WHINKATOPHBIX BHIAX
XBOWHBIX JIEPEBLEB U JIJIUTETHHOE BPEMSI.
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"C. Cetigyarun amuvindazv, Kasax, azpomexnurasvk ynusepcumemi"AK, Acmana, Kasaxcman

Pecnybiinka gaHfbUIBIMEH TYHMICKEH ayMaKTapAblH JIACTAHYBIH KbLJIKAH >KaNbIPAKThl aFalll ©CiMaiKTepiHiH Kyii
OoiibIHIIIA (DUTOUMHAUKAIUSIIAY

Annortanus: Bys xympicta Acrana kasnacel PecrnyGimka JaHFBLIBIMEH TYHICKEH ayMakTapbl Kofimri kaparail — Pinus
sylvestris >koHe eBpomnajblk Mmbipiia — Picea abies Kyitsepi GoiibIHINIA OGUOMHIMKAIMSAIBIK, 3€pTEy HOTHUXKEJIEP] KeJITipilireH.
Bip xatap MopdOMeTpUsIIBIK CcHIaTTaMajap OGOHbIHIIA (XJI0pO37ap, HEKPO3Jap, OPKEHAEPJIH e3repicrepi, yphak IIamnry
OpraH/IapbIHbIH, a3aI0bl XKoHe T.0.) KaJa XKarJaiblHaa KbUIKAH YKalblPAKThl aFalll TYPJIEepPiHiH aBTOKOJIK TYyTiHAepiHiH acepiHeH
Kyl#i3esticKe ymblparaniapbl anblkTasapl. Kaparail keuikaanapeiaga 40%-ra geitin op Typuii HeKpos GeH Xa0po3nap 6aiKkana b,
IIeipmanapaa 10%-ra geitin aja-KyJia XJ0po3 OaliKajanbl. bapJblK alfiMaKTapaa KbLUIKaHIAPAbIH caaMarbl 69%-ra nmeiiin
azaiiraH, OyJ1 aramrap OMOMaCcCaChIHBIH HEKPO3Fa YIIbIpaybiH Kepceremi. 10 cM OyTakTa KbLIKAHIAD/IBIH apaKallbIKThIFbIHBIH
JKaKbIHAY YIepici »)KypreH, cebebi bakpliay yJIrijepiMeH cajbICThIPFaH/Ia JIACTAHFaH aiiMaKTapJaH aJbIHFaH KbIJIKAHIAP CaHbL
1 — 2 ece ker.

Tyiiin ce3mep: dUTOMHIUKALNS, KUIKAH YKAIBIPAKTHl arallTap, XJI0po3, HEKPO3, KAJAJBIK OPTa, JACTAHY.

A.A. Perzadayeva, N.S. Auyezova, G.K. Abilbekov, Zh.E. Akshabakova, A.T. Turgali

JSC "S.Seifullin Kazakh Agrotechnical University"”, Astana, Kazakhstan.

Fitoindication of contamination of roadside territories of Republic avenue on the state coniferous arboreal
breeds

Abstract: In hired the results of bioindication research of roadside territories of Republic avenue of Astana city are presented
on the state a pine-tree usual - Pinus sylvestris and fir-tree European - Picea abies. On the row of morphometric descriptions
(chlorosis, necrosises of pine-needle, change of escapes, reduction of reproductive organs etc.) oppressing of coniferous arboreal
breeds is educed exhaust gases of cars in municipal terms. Pine needles have various kinds of chlorosis and necrosis up to 40%.
Spruce chlorosis and necrosis up to 10% are observed in the fir. Almost at all sites there is a decrease in the weight of needles
to 69%, which indicates necrosis of the biomass of trees. There is a tendency for the distance between the needles to be closer
to 10 cm of shoot, so the number of needles is almost 1 to 2 times higher in contaminated areas than in control samples.

Keywords: fitoindication, coniferous trees, chlorosis, necrosis, urban environment, contamination.

References

1 Denisov V.V. Ekologiya goroda (Feniks, Rostov na Dony, 2015).
2 Opekunova M.G. Bioindikatsia zagrizneniy (Sankt-Peterburg, 2016).
3 Kolomyts E.G., Rozenberg G.S. Prirodniy compleks bolshogo goroda (Nauka, Mosqua, 2000).

CsBenenusi 06 aBTopax:

Ilepsadaesa A.D. - TeXHUKa FBUIBIMIAPBIHBIH, KaHIUJIATHI, dKoJorus Kadeapacbiabiy gorenTi,"C. Ceitdy/inH aTbIHIaFbI
Kazak arporexuukanbik, yausepcureri" AK, 2Kenic nanr. 62, Acrana, Kazakcran.

Ayesosa H.C. - Guosiorusi FHUIBIMIAPBIHBIH KaHIUJIATHI, SKOJorus KadeapacblHblH ara OKbITylibickl, "C. Ceilidynanu
arpiagarsl Kasak arporexuukasnik, yausepcureri" AK, 2Kenic manr. 62, Acrana, Kazakcran.

Abunbexos F.K. - "Opman pecypcTapbl >Ko9He OpMaH ImapyalnblLIbiEbl" Kadeapacbiuble gokTopanTel, "C. Celidynann
areiagarsl Kasak arporexuukasnik, yausepcuteri" AK, 2Kenic manr. 62, Acrana, Kazakcramn.

20



A.A. Ilep3azaeBa, H.C. Aye3oBa, I K. Abuibexos, 2K.E. Akmiabakosa, A.T. Typraan

Axwabarosa 2K.E. - *KapaTbUIBICTaHy FBIIBIMIAAPBIHBIH MArucTpi, sxosorus xadeapacoiabiy accucrenti, "C. Celidynaun
aTeiHarbl Kasak arporexaukadblk, yaHusepcureri" AK, 2Kenic manr. 62, Acrana, Kazakcras.

Typramu A.T. - >KapaTbUIBICTAHy FBUIBIMIAPBIHBIH, MarucTpi, sKosjorus kadenpacoubiy, accucrenti, "C. Ceiidymmun
aTbiHAarbl Kasak arporexHukasiblk, yausepcureri", 2Kenic manr. 62, Acrana, Kazakcras.

Perzadaeva A.A. - Candidate of Technical Sciences, Associate Professor of the Department of Ecology, JSC "S.Seifullin
Kazakh Agrotechnical University", Zhenis avenue 62, Astana, Kazakhstan.

Auezova N.S. - Candidate of Biological Sciences, Senior Lecturer of the Department of Ecology, JSC "S.Seifullin Kazakh
Agrotechnical University", Zhenis avenue 62, Astana, Kazakhstan.

Abilbekov G.K. - doctoral candidate of the department "Forest resources and forestry", JSC "S.Seifullin Kazakh Agrotechnical
University", Zhenis avenue 62, Astana, Kazakhstan.

Akshabakova Zh.E. - Master of Natural Sciences, Assistant of the Department of Ecology, JSC "S. Seifullin Kazakh Agrotech-
nical University", Zhenis avenue 62, Astana, Kazakhstan.

Turgali A.T. - Master of Natural Sciences, Assistant of the Department of Ecology, JSC "S.Seifullin Kazakh Agrotechnical
University", Zhenis avenue 62, Astana, Kazakhstan.

IHocmynuaa e pedarxyuro 29.03.2018

21



MPHTU 34.29.35

I'.2K. Cyaranrasuna, B.2K. Hypb6ekoBa, B.A. Amantaiikpi3nl, I.B. NabsicoBa

A. Batumypcounos amuindazor Kocmanati memaekemmir yrusepcumemi, Kocmanat, Kasaxcman
(E-mail: gul sultan@mail.ru)

Kaparaiiabl opmangapaarbl ©CIMOIK >KaMbIIFBICBIHBIH, ODTTEH KEeNiHTri KaJIbIIITacybl

Ansoramms: Makajamza epTTeH KeifiH KomiMmri KaparaiapiblH, TabWfu KaJIIbIHA KeJIyiH
3eprTeyaeri HoTtmKenep Kearipiiren. Hamamwik 3eprreyiep 2010 xkbuiman 2017 KbLT apaIbIFbIHIA
Kyprisiiren.  «Bypabaits MemyekeTTik yATTBHIK TAOUFU MAPKIHJIEr OH OPMAHIIAPYAITBLIBIFLI
aymarbl (Axpuibaii, Bypabait, Karapkes, 3osoro6op, Mupnbiii, Bapmamwmsn, ITpuosephbii,
Bysanmer, 2Kasmaiieip, Temro60p) MapiipyTieH KaMThlabl. Kaparaiiasl opMaHIap/IbH, JalasblK,
JKOHE 2Kac THUIITEPiHJIe 3epTTey KYPri3ijires. Kartor eprren keilin cunrenessin, O6acTalKb
CATBLIAPBIHIAFEI (DJIOPUCTUKAJBIK KypaM Kac ©OPTEHI'eH JKepJiepjie opT IMajMaraH KepJiepJeri
YYaCTIKTEPIIEH OTe aJIbIC OPHAJACKAH.

Tvyiiia ce3mepi: Kekimeray KbIpaTbl, Kaparailjbl OpMaHIap, ©pPTEHIeH KepJep, «bypabaii»
VJITTBIK MTapKi, OCIMJIIK »KaMBIJIFBICHI, OPMAH TY3YIIT TYKBIMIAP.

Kazakcran Pecnyb/imKachblHBIH TYPaKThl JaMYybIHBIH YJITTBHIK, CTPATErUsACHIMEH OpPMAaHIApPFa
eJIIMI3/IIH 9KOJIOTUSIIBIK, KAyilci3mirinme aikbiHIayImbl pes Oepiired. Opwmanmap Oipereit Taburat
PECYPCTapbIHBIH, KOHE YJTTBHIK OailJIbIKTBIH, €H MaHbI3JIbLIAPLIHBIH 0ipi, YJIKEH SKOHOMUKAJIBIK,
QJIEYMETTIK koHe TaburaT KOpray MOHIHE We KOHEe KJIMMAT PETTYINi, OpTa TY3YII, eric-TOIbIPaK,
KODFayIibl, KypAeal TaburaT KargailjlapblHIa Cy KOPFAyIIbl >K9HE CAHUTAPJIBIK-TUTHEHAJIBIK,
byHKIUAIAPBI OPBIHAYIIBI YKOHE €JJIIH OMOJOTUSIIBIK, opTypJiiirinin 86 % raburu pesepBaTbl
GOJIBITT TADBLITYBI, OPMAH/IBI KAJIIIBIHA KEJITIPY YKOHE OPMaH eKIIeJIEPiH KeHeUTy OOMBIHITA ayKbIMIbI
JKYMBICTAp Kyprizyai tanan ere [1].

EniMiznin aymarbiaga aca 6aralibl, peJIUKTIK XKOHE SHIEMUKTIK TYKBIMIAPIbIH O0TYBIMEH, TYKBIM
Kypambl OofibiHIIa Oipereil; OHIMIIIIIT MeH TeHEeTHKAJBIK KacuerTepi OoiibIHIIA Oipereit opmaH
aJanTapbl YChIHBLIFAH [2].

Jaranpk, aiiMakTa OpMaH dKOXKyiesaepi pparMeHTTIK Typ/ie TapajifaH YKoHe IAFblH ayIaHIap/Ibl
asagibl. OcblraH KapaMacTaH, oJiap KerrereH (jiopa MeH (ayHAHBIH CHPEK Ke3JIECETIH TypJiepiHe
bactiana OOJIBIIT TAOBLIAJIBI, CY CaKTay 2KOHE JIAHMAMTHI-TYPAKTAHIBIPYIIBI POJI ATKAPAJIbl KOHE
Jasia JiaHamadTapblHbIH, 9CTETHKAJBIK, KYH/IBUIBIFBIH apTThIpaJbl (3.

IOHECKO-men etkisiierin «emip camackl» 31 kepcerkimiinig, 15-i Tikemeit opMaHMeH
OailTaHBICTBI HEMeCce OHBIMEH aHbIKTaaaabl. OpMmanmapapl Kahanmabk Orocdepasblk mporecTep/i
TYPaKTaHIBIPYIIHI KOHE KOTereH KYHIbI OHIMIEPiH KO3l peTiHe caKTay, OChIIaiIa, SKOJTOTUIIIBIK,
Kayilci3mik TeH aJaM3aTTBIH TYPaKThl OJIEYMETTiK-95KOHOMUKAJBIK JaMYBIHBIH KAaMTaMacChl3
eTlIyiHiH KaxKeTTi mapThl 6oJbI TabblTabl [4].

1992 xbrael Puo-ne-2Kaneiiponarst BY Y-HbIH KOpIaraH opTa KOHE TYPaKThl JaMy KOHIHJeri
OyKimoreMIiK KOH(MpEPEHITUSIChIHAH KeWiH <«TYyPaKThl JTaMy», <«TYPaKTbl JaMyIbl Oackapy» »KoHE
«TYPaKTHI bacKapy» YFBIMIapbl FBIIBIMEA aliHaIbIMEa OepiK Kip/i »KoHe e3/epine KeKeJereH ejaep
MeH afiMakTapbIH 0ap/IbIK OpMaH (PUTOIEHO3bI KipPeTiH, KYP/Ie/ii 9/1eyMeTTiK-9KOHOMUKAJIBIK, YKOHE
JKeKe OMOJIOTHSAIBIK, KYieaep il »KYMBIC iCTeyiHiH TYPAKTBLIBIFBIH KAMTAMACHI3 €TYIH KaXKeTTi
KypaJbl PeTiHjie Ha3ap aygapTThl.

Kazakcranma OmoopTypJiaikTi cakTay Typasjbl KOHBEHIHS IeHOepiHIe KabbLITaHraH
MiHIETTEeMEJEPIiH MaHbI3JAbl Oesiri opMaH KaybIMJIACTBIFBIH OPHBIKTBI JIAMBITYIbI TaOUru
[IPOIIECTEP/Il TYPAKTAHJIBIPY/IbIH YKOHE XaJIbIKTBIH MEKEHJEUTIH KepJIePiHiH SKOJOTHUSJIBIK, Telle-
TEHJITIH KaMTaMachl3 eTYIiH Herisri (akTopbl peTiHge KapacThIpaJbl »KOHE OJI OHJIIPICTIiH
OPMaHIIAPYAIIbLIBIFbI CAJIaChlHA CEHIIl TalChIPbLIFaH |5|.

OpMaHIap IbIH SKOJIOTHSIIBIK, XKOHE PECYPCTHIK, OJIEYETIH CaKTay *KoHE eJ1 9KOHOMUKACHIHBIH OpPMaH
CEKTOPBIH TYPAaKThI JaMBITY VIIMH KaxXKeTTi karmaitiapasl Kasakcran Pecry6inKachIHBIH OpMaH
3aHHAMACBIH KarujaTTapra Heri3 e i:

- OpMaHJAP/Ibl TYPAKTHI JTAMBITY;
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- OpPMaHIAPIBIH, MEMJIEKETTIK TaObUFn-KOPBIK KOPBHI OObEKTLIEPIHIH, MOJIEHHM XKoHE TaOUFU
MYPaHBIH, GUOJIOTUSIIIBIK, OPAJIYAHIBIFBIH CaKTay |2].

Taburn ganmmmadTap/IblH, OpPMaH SKOXKYHeIepiHiH cCaKTaIybIH/Ia KOHE OJIAPIbIH TYPAKThI 2KYMBIC
icTeylH KaMTaMacChbl3 eTyle IIenIyln peJigi YJITTBIK Taburu mapKrep arkapaiabl. «DbBypabaii»
MewmnekerTik yiarToik Taburn napki (MYTII) pecrnybamkasibik MaHBI3BI Oap epekile KOpraaaThiH
Taburm aymMakTap Kyiecinin Oesirime kiperin koHe Kazaxcranm Pecnybsmkacer [IpesuaenTtiniy ic
backapMachiMeH 0acKapbLIaThIH TabUraT KOpray MeMJIEKeTTiK Mekemeci Oouibil Tabbliaabl. OpMan
KOCIIMOPHBIH VHBIMIACTBIPY TAPUXbI XiX FachIpra KaTaabl, Oy Ke3me 1898 XKBIIbI YITTHIK MapKTIH
Kazipri aymarbHbIH OaTbic Oesiringe Bypabaii MeMyIeKeTTiK OpMAHIIAPYAIIBLIBIFLI YKOHE OpMaH
MeKTeOl KypbLis! [6].

«Bypabait» MYTII-i 6yriari moprebecinme 2000 »KbLagan bacran >KyMbIC icTeiiai »xone AKmosia
obJibIchHInbIH, Bypabait xone EmnOexImiizep aymraHIapblHBIH ayMarblHIa OpPHAJACKaH. laburu
castbakThiH ayaanbl 129 935 rekrapabt Kypaiiabl. «Bypabaity yiarToik casbarst aymarst [yaunmrck-
Bypabait KypopTThIK ailMarblHBIH IIIEKAPACHIHIA OPHAJJIACKAH.

«Bypabaii» Taburu mapki KbI3METiHiH HEri3ri MakCaTbl - YJITTBIK TaOUTU MAPKTIH JaMybl MEH
TYPAKTBI KYMBIC iCTeyi, epeKIle 3SKOJOTUJIBIK, FBLIBIMU, MOICHU PEKPEAIUSJIbIK KYHIIbLIBIFDI
6ap, Gipereii Bypabaii Tay-opman cijemiH cakray, KaJlblHa KeJTipy »koHe 3eprrey [7]. Bypabait
ayJanblHbIH, opManabLIbEbl Conryerik Kasakcranmarbl eH »Koraprbl KOPCETKIN - aygaHHbiH, 13%
[8]. ¥nrrhIK mapk ayMarblHAAFBl HENi3r OpMaH bl KAJIBIITACTBIPATHIH TYPJIepP, THICIHIIE ayMaKThIH
opMan Oackal 65 »koHe 31% -bIH KypaiiThIH Kaparaili MeH KaiiblH 6oJibll TaObLIadbl. DBacka aranr
JKoHe OyTa TyKbIMAacTaphl 6ap 0o/raHbl ayMaKThiH 4% -bIH ajiaibl.

Kexkmreray KbIpaThIHBIH, epeKIIe iKTepi, JajajblK 30HaJa Typa, €epeKile MHUKPOKJIUMATTHIK,
JKaraiibl apKAChIHJIA, OHBIH, ayMarblH/la KeH Kaparaibl opMaHaap Kajbimracter [9,10].

OpmaH OHOTeOIeHO3bI €H KYP/ei IKOJOTUsIIbIK, KYyWejep/iH, Karapbiaa xKartajbl.  Ouapisl
JAMBITYFa 9Cep €TeTiH IKOJIOIUIBIK, (DAKTOPIAPIBIH Oipi - epTTep, KOII 2Kafrailiapaa TYKbIMIAPIbIH,
e3repyiHe »KoHe OHIMJIIIKTIH TeMeHJIeyiHe aJiblll Kejeli. PeciyOJuKaHbIH TaOUFU-KJINMaTTHIK
JKarJaiiIapblHBIH, HEri3ri mapaMerpsepi epr Kayii 6ap »Kardaiijaap/IblH TYbIHIaybIHA BIKIAJI €TEIl.
bliraapiy »KaJjbl 2KeTiCIeyiiri, eaain 6acbiM OeJIiringae Kyprak >KoHe BICTBIK, >Ka3IbIH, OOJIYbI,
BICTBIK KE€JIMEH IIaH JaybLIJIbIH KOCAKTAIYbI, Y3aK KYPFAKIIbIIBIKTHIH TYbIHIAYbIHA BIKIAJJI €Te]l.
Hormxkecinge, Tonblpak »KaMbLIFBICBIHBIH, HETI3M 06T KayilnTi »KaHFBIIT MaTepUuaIIapra aiHaIbIII,
Te3 Kypramiibl.

Kazakcrangarsl opMaH ©PTTEPIHIH, CaHBI YKbIJI CAMBIH TaIKBIIMail apThin Keaemi. 2012 KBIIbI
opMmaH eprTepiniH caubl 665 Kypaabl (2011 xpuimen casbicTeipranga 11% -ra ecti), an eprrig
aynanbl 6606 rekrapaer kypaisl (ecim 3%) [11]. Tek Axmona obmbicbiHma eprTiH aymanb 2012
KbLIbL 1 256 TeKTapabl Kypaabl, Oys eprTiH, 2Kaamnsl ayMarbiabiH, 20% -biH Kypaiael. OprTiH caHbH
MBIHaTall Keberoi Gipereit 6boTannKaabIK-Teorpadusanslk, Kemeni «bBypabait» MemitekeTTiK yaITTBIK
TabWIy MapkKine Kayilnm TOHMIPYl MyMKiH.

CoHFbl OH XKBUIJIBIKTa 3KO)KYHere aHTPOIOTeHMIK (akTopaaH 0acka apuIu3alldsifa OKeJIIl
coraThIH KahaH/IBIK JKBIIBIHY ©CIMIIKTep/IiH Kcepodurrinirin aprreipajst [12]. «Bypabaii» yaTThIk
MapKiHiH Kaparail opMaHIaphl 3ePTTEY HBICAHBI 00J1bIT TaObLIAb. Jlamanbik 3eprrey 2010 KbLT MEH
2017 »KbL1 apaJbIFbIH/Ia ayMaKThIH OH OPMaHIIApYallbLIbFEIHIA: AKbLI0all, Bypabaii, KatapkeJ,
Bosiorobop, Mupnbiit, Bapmammn, IIpuozepusiit, Bynanapr, 2Kanaiibip, Temuobopa »Kyprisiiii.
Kaparaitsibl opMaHap/blH THUIOJIOTUSCHH Herizgeyre ocbl aymak yimin Cykades B.H. (1948)
o3ipJIereH »KIiKTeMeci aJIbIHIBI: TAaCThl Kaparaillbl opMaHIap, ©J1 >KaObIHIbI-KBIHAJIBI Kaparailibl
opMaHIap, MYKTI-MIONTI Kyprak Kaparailyibl opMaHiap, OyTajbl Kaparailyibl OpMaHIAp, MYKTi-
MIONTI BIIFAJIILI Kaparailjibl opMmanmap, cdarmymii kaparaitabl opManmap. Kaparaitiapabiy
JaJiaabl TUIIHE TACThl Kaparallyibl OpMAHIAP/Ibl, O/ *KaObIHIbI-KbIHAJIbI Kaparailjabl OpMaHIaPIb,
OyTaJIbl Kaparailjbl OpMAaHIAP/Ibl, YKAC Kaparailibl OpMaHIapra - MYKTI-TIONTI Kyprak, Kaparaiibl
OpMaHJAPAbI, IIONTI BUIFAJIILI Kaparaijbl opMaHIapAbl, cdarHyMmii Kaparailsibl OpMaHIap/Ibl
2KATKbI3aMbI3.

Opr Ke3zenepi ecentik jepekrep GoitbiHma HakTbutan bl Cykades B. U. (1948), [opuakosckuii
IT.JI. (1987) xyMbIcTapbl ecenke ajblHa OPMaH THITEPIH Ka3y »Kypriziami. Bapisrsr 50-1eH aca
OPTEHIeH KepJiep 3epTTEeiHal. 3epTTelyIll aJlaHIarbl Kaparailjibl OpMaHgapla epT THUITEP] KoHe
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OHBIH KaJIIIbIHA KEJIy YAKbITHI aHBIKTAIIbI. ©PT »KYpPIll ©TKEH ayMaKTapMeH KaTap, COJI OpMaH THIITE
OpT KYPINl ©TIereH OaKblIay yIacTiri TaHIAJIBIHIbI.

Op ecelKe aJIbIHFaH aJaHap/a OPMaHIbl KaJlblHA KeITipyll TyKbsiMIap (KomiMri Kaparai,
KallblH, TepeK, aralll TYpiHaeri Tajagap) canbl ecenreninai. Kaparail xkoHe KailbIHIAD YIIH KAJIIbIHA
Kesyl »koHe 2-7eH — 15 kacka mefiinri omikriri 1,5 M-re feitinri kac OuikTiri ecenke ajgbHIb! [13].

TacTbl Kaparaiijibl OpMaHAAPAA HErisri opMaH TY3YIll TYKbIMIAPAbIH KAJIbIHA KeJTyi.
Bynr opman Tumine »KapblaFaH Tac, KapbIKTap »KOHE YCAK TOMBIPAKTHI aJaH ap/ia >KaHFBIIT
MaTepUaJIAbIH, KUHAJIYBI TOH. OeTTe — OYJI KbUIKAHIAPIBIH XKoHe Kyprak OyTakTapIblH TYCyi.
Kyanaprrer — 5-teH 20 cM-re jeilin. OpTieH Ko3FajMaraH OpMaH Y4YacCTIliHIe KaparailapiblH,
Kalita KaamblHa Keayl Temenri jgenreiine Typ- 4,60 mbig mana/ra.  B.I. Hecrepos mkamaceina
cail KaparailslapiblH KaiiTa KaJlblHa Kejyl Oakpuiayua oJcis jeyre Gosazaer [14]. Opman
TOCEHIMTEPIHIH, YKOFaphl CY OTKIZTIMITIN KoHe KYPFAaKTBUIBIFBI TOMEHTI KaTThl KOHE apaJac
epTTep/e, TOMBIPAKTAP/IBIH KATTHI KYHiK ITa/IybIHa OKe/Ii COKThIpaanl. 2Kac, opra, koHe OypPLIHFLI
Ke3J/le OpTEHTeH KepJep/le KaJllblHa KeJIY/iH 6Te TOMEH KOPCETKIITepl, ©3iHe KOHLI aylapTa bl

(cyper 1).
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Cyper 1. TacTbl Kaparaiijibl OpMaHAAPAAFbl OPTEHIEH >KepJiep/ie Herisri opmMaH Ty3yIli TYKbIMIAPAbIH ecyi
JKOHEe KAJIIbIHA KeJyi

Kaparaiimap/piH KamnblHa Kedy caHbl 1 MbIH jaHa/ra-faH, aj COHFbl eprenren kepsepse 0,1
MBIH JaHa/Ta-aH acnaipl. OCKiHgep KoHe Kac IIBIOBIKTap »KapTac ChI3aTBIH/A, YCAK TacTap
MEH KbI3BII KETKEH KbLIKAHIAPMEH TOJITBIPLLIFAH MUKPOIIYHKBIPJIAP/IA 9PTYPJ OOJBII TaparaH.
ZKanbipakThl aramTrapablH KAJIIMbIHA Kedyl KaHaraTTaHAPJIBIK, €MeC.

Ozebuer nepexrepi [15,16] GoiiblHIa OCBI THIITEr] ODTEHI€H YKepJiep YIIiH YKa3bIKThl Kaparaibl
opMaHIapAa KaJIblHa KEJIy OH PETTeH Korapbl.  bopinen OypbiH, Oy TacTbl Kaparailibl
OpMaHIaPIbIH OPOrpaUsIChIHA YKOHE ChI3ATTAP, ipi TacTap 2KOHE T'PAHUTTHI 2KAPTACTAP aPACHIHIAFHI
JKapbLIFaH KepJjep OOMBIHIITE OPHAJIACTHIPBLIYBI KAJIIbIHA KeJIyiMeH OailjlaHbICTHI.

Comnrel eprenren xepiepze Kaparaitnap yieci 100%-ra xxereni. CoHFbI-, OpTa- *KoHe Kelll Ke3JIeri
OPTEHTeH YKepJiep/ie KaHaPy KYPaMbIHIa KAlbIH >KoHe Tepek maiiia 6osmaabl. OJap/IblH yJieci COHFbI
Keszgeri eprenren xxepiepe mamamen 40%-ra xereni, 6ipak yakbITbl Keje o 20%-ra TeMeneiin.
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©.1i 2kabbIHABI-KbIHAJIBI Kaparaiijibl OpMaHAapda Herisri opMaH Ty3yIil TYKbIMIAPIbIH,
KaJanbiHA KeJdtyi. bBizzin seprreyimiszie kaparailjiapiiblH OTBIPFBI3BLIYBI KAC YKoHE OOHUTETI
OoliblHITa 6ipaeil KypaMa aKbIPAThLIAbl. YJITTBHIK HapKKe KOl aJIaMIapblH Kejlyl caJgapblHaH
Kaparait/lapIblH TONBIPAK, *KaObIHIBICEI OipIlaMa JeHreiiie aHTPOIIOTEH Il OY3bIIFaH.

Opr majaMaraH ydYacTikTepiae Kaparail »koHe Oacka OpMaH TY3YINi arallTapIblH aca o9Jci3
JKaHApybl aHBIKTAIBL. DBi3fin 6akbliayaapeiMbr3 Ooiibraima 100 MbIH JaHa/Ta JeifiH Kbl cailbliH
eciMIIK ecipisesi, olapablH OapJ IBITbl AePJIiK TiPIIiIiriaia GipiHI KBUIBIH/IA TIPIILTTIH KOS5

ZKana eprenren »kepisep/ie KaJmblHa Kelay ere yKorapbl - 10 MBIH gaHa / Ta, ag ecki epTTiy
eprenren xkepuepinge - 1300 mama / ra. Epre »kome opra »KacTarbl ©DTEHICH YKepJep/ie KaJIbIHa
KeJIyIiH Taiiga 00Jybl Y3bIH TaMbIpcabaKThl JoHII JakblIgap MeH Oipinmi kesekre Calamagrostis
epigeios KyaTThl JaMybIMEH ITeKTeJIe/].

Bepriari xome OypBIHFBI Ke3Jeri ©pTEHreH Kepjepie KaparaiyiapiblH KaJIIblHA Keayl ycak
JKAIIBIPAKTHI TYKBIM/IAP/IbIH, T€3 KAJBIITACYbIMEH (KallblH xKoHe Tepek ), 10 KblIIaH YJIKeH OpTeHIeH
JKepJiepjie caHapbl biprama ecei (cyper 2).
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Cyper 2. Ouii >kabGbIHABI-KbIHAJIbI Kaparaljibl OpMaHAApAarbl 6PTEHIeH »KepJiep/e Herisri opmaH Ty3yii
TYKBIMJAPbIHbIH, KAJIbIHA KeJyi

Afita KeTy Kepek, OysJ opmaH TypiHIe KaifiTa KaJambliHa Kedy KapKbeHbl batbic Cibipmin,
OHTYCTITIHIEr] yKcac eKmejepre Kaparania oJjjiekaiija kereiiriiren [16].  Ycak »kambIpakTbl
TYKBIMJApAarsl OyHmail KeHefTutymin mnaiiga Oosybl, Bareic CibipmiH OHTYCTIriHIEe Kaparailabl
OpMaHap/bl KOHIIEHTPJIEHTeH KeCyiHjie aubIKTapibl [17].

Byn opman Typin GakpuiaraHga, COHBIMEH KATap €pTe — OpPTa »KAacTarbl OPTEHTEH KepJepJe e
Kaparaiinap ymeci 90%-ra keresi.

Opra KacTarbl ©PTEHIEH KepJiepie KaJIblH, IeNTi *KaObIHIBIHBIH KAaJbIITAaCybl KaparaijaapiIbiH,
MIBIFYBIHA KEJEPri »Kacall, OJIap/IblH, KaHAPY YJ/IeCiH a3aiTaIbl, KANbIHIAPIBIH KaiiTa KaJlblHa KeIy
yJIeciH apTThIpaAbl. BepTiHri »KoHe OYpPBIHFBI XKBIIFBI OPTEHTEH KepJepe KalbiHIapabH, yiaeci 60
%- maH acTaMbIH KypailIbl.
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Byranbl kaparaiisibl opMaHZapJa Herisri opMaH Ty3yHli TYKBIMIAPAbIH KAJIIBIHA
Keayi. KaparaityiapibiH KajanbiHa Kejiyl 6ipjieil emMec: 3aKbIMJIAHFAH TOIBIPAK, YKAOBIH/IADBIHBIH,
yuyactiriage kebiHe 2Kkac MIBIOBIKTAD 2KOHE KOKTeysep IMaiijja 0ojica, KalbIHIAp/Ia MYHJA
KOHBICTAHA/IBI.

TepexTepain KaJIbIHA KeJIyl @pTeHren kepJjep OoiibiHia Kebine 6ipaeii, Herisinen Oyiap ©CKIiHI
kac epkenjiep. Kannbina kesyiin 6ipuaerte canbl Te3 Calamagrostis epigeios epken,iepinin epreHrex
JKepJiep OeTiHiH Te3 ycTraybiMeH OailambicThl. Bymmail »karmaitiapma KaparaiiapablH, KemeTrTepi ic
Ky3inge maiina 6omaiiael. Calamagrostis epigeios eprenren kepJieperi arpeccusicbl Tek Kazakcran
KaparailJibl opMaHjapblHa FaHa cunarTbl emec, Barwic Cibip onrycriringeri Bepxueobekuit [18]
Kaparailyibl OpMaHjapblHa Jla ToH.  Kaparailyibl OpMaHIap/blH KaJlblHA Kelyl KJIMMaTTbIH,
JKBIJIBIHY KafJaiblHIa, KAWBIHJIB-TEPEKTI KOIleTTepre TYPJIEHIIpiaeTiH 00aybl MYyMKiH. OpTieH
3aKbIMJIAHFAH yYaCTIKTEP/e Jajajbl OOJIbII TabbLIATBHIH OyTajap/aH ajaca OpMaH KapPKbIH/IbI
JaMuUIb. ByTamapasid KaIrblHa KeJTyiHiH a3araH JeHreili TYKbIMIb TapaKTapIaH, ajl Kol JeHreiae
MapIHaAJIJIbIK, BEIreTaTUBTI OPKEHJIEP/IEH TYPaIbl.
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Cyper 3. Byrassl kaparailyibl OpMaHgapAaFrbl ©PTEHI€H »KepJiepJe Herisri opMaH Ty3yuli TYKbIMIAPIbIH
KaJIlbIHA KeJryi

2Kac eprenren opMmanap/ia Kaparaiijiblg yJjeci eH »Korapbl, OHsa oJ1 mamMaMen 70%-1bl Kypaiiisl
(cyper 3). Keiiin kaparaiipiy yieci 25%-ra TeMen/ e, ain KailbIHHBIH KaJlblHa Kety yieci 60%-ra
neiin ece.

MykrTi-mmenTi Kyprak Kaparailjbl opMaHJapAa Heri3ri opMaH TY3YIli TYKbIMIAPAbIH,
KaJnbIHa Kejryi.  2KambipakThl TypJiepre kKaparaHia KaparaiiIblH KaJIIblHA KeJyi ecejerr
apTeik.  Kazaramay kesiHge KajmbiHa keay 13,5 MblH jgaHa/ ra Kypaiijbl, Oyl KepceTkiin
JaJaIbl aiiMaKTarbl Kaparailabl OpMaHIAp VIMiH afTapabIKTail KaHaraTTaHAPJIBIK OOJIBIIT CAHAJIAIHI.
Kaumeiaa xesymis eH Ko MeJIInepi opTTeH KeiliH KyHapJaHFaH TOIBIPAKTAFbI ©CITI-OHY/IiH YKaImai
naifiza GosybiHa OGaflIaHBICTBI YKaHa OPTEHIeH KepJsepie mHaiina Goaaabl (cyper 4). Aunaiina,
KaparaiJiblH, 6CKIHIepiHiH Kbl »Kac MBIOLIKTHIK KaJlblHa, KeJIMei, TIPIIrid »Kosapl. ©OpreHreH
JKepJepjie KaparailiblH KAJIbIHA KeJIy CAHBIHBIH a3afobl OalKaJIa Ikl XKoHe OpTEeHIeHiHe KO O0oJIFaH
JKepJepjie OHbIH CaHbI KaJarajJayMeH cofikec Kesaesi. MyKTi-enTi Kyprak Kaparailjibl OpMaHIapIa
Kyprak, Toraiiiapgan 6acka, opMaH-/1ajia MeH JaJia aiiMarbIHbIH OHTYCTIriHIe opTTepIiH OpTTeHyiHe
TOH MbICaJI GOJIBII TaObLIATHIH KANBIH KOHE TepeKTep KaJlbiHa Kejesi [19].
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Cyper 4. Mykri-menTi Kyprak, Kaparaijbl OpMaHAAPAaFrbl OPTEHIeH »KepJiep/ie Herisri opman Ty3yiui
TYKBIMAAP/bIH, KAJINBbIHA KeJyi

Baxpiiayia »koHe apTypJIi »KacTarbl O©PTEHI€H YKepJjiepaiH, OyJI OpMaH THIIHIEr! KaJllblHa, KeIyIer

kaparaitapabiy, yieci 90% >KybIKTEI Kypaiiibl, KaiilbIHIap MeH TepeKTepAiH KaJllbIHa KeJly yJjecl a3
rana, mamaMmern 10%-1an acuaiinpr.
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Cyper 5. MyKri-menri pliranabl KaparailJibl opMaHJapaarbl ©PTEHI€H »KepJiepAe Heri3ri opmas Ty3yuri
TYKBIMAAP/bIH, KAJINbIHA KeJyi

MyKrTi-1enTi bLIFaJabl Kaparaijibl OPMaHIAPAA HEri3ri opMaH TY3yHii TYKbIMIAPIbIH,
KaJImbIHa Kedtyi. KeHin aynapraTbiibl, 6akbliayra KaparaHia, KalblHIap MEH TepEKTEPIiH KaiTa
KaJIIIbIHA KeJlyl »KOraphl, ajaiijia opra oOTHIK Kaparailjibl OpMaHJapra KaparaHja asbipak |[16].
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Temenri 06 koHe opTa 00 Kaparailibl OpMaHIAPBIHAAFBl aJIBIHFAH HOTHKEJIepIMEH TyTac ajraHia
Kaparailyibl OpMaHIapAblH KaiiTa KaJlblHa Kelyl caJblCThIpMaJbl, ajaiaa Ajrail ejkeci Jajajblk,
30HACBHIH/IA OPHAJIACKAH YKCAC OpMaHIapra Kaparania kebipek [16,18].

Kaparaittap/ipi, KaJIblHA KeJayl MYKTI-IIONTI BUIFAJILI Kaparailjbl OpMaHIapIarbl KaTTh
TOMEHHEH KEeTKEH OPTTEpJeH KeiliH yKac epTeHreH xxepiepje 62,27 MblH JaHa/ra Kypaiiabl XKoHe
GypbIHFBl ©pTeHreH kepsepae 21,34 mbrH jana/ra Jeiiin asasnsl (cyper 5). Aram eTy Kaxer,
KaparailJiap/IblH KaJlblHa Kesyin Gakpuiay — 27,8 MbIH JaHa/ra MOJIbIHA JKeTKITKTI. AJbIHFAH
HoTHKesiep 3aypaJl OpMaHIaphl YIIiH adblHFaH JepekTep ekeHin pactaiiapt [20]. Oxrycrik 3aypan
xabpik-Kaparait opmanmapemn 3eprrey merizinge @. ®@. Cumon (1934) «kaparaii — epreHren
KepJepJle Ke3leificOK, KOHAK €eMeC»- JIeMeH, OpPTEHTeH KepJep/eri »Kac arallTapbl THIFbI3IbITLI
18-20 mbIH mana/ra KypailJpl »KoHE OHBIH IiKipiHmre Oyia Taburm «imamas jgeyre 6osaael. Opra
JKaCcTarbl OPTEHTeH YKepJiep/ie KaparaiiapablH *KaHapybl aca ToMeH/ ey, cebedi y3bIH TaMbIpcabaKThI
OCIMIIKTED/IIH OCyiHeH »KOHEe TOMEHT1 OpTTep/IeH KeiliH TOIMbIPAKTAP/IBIH, IITLIM/IaHYbIHA Ol TaHBICTHI
GoJiaibl YKOHE OPTEHIeH KepJiepie XKui baiikaaaTsiH KyObliblc 60sibin Tabbliaasl [21].

MykTi-menTecin bLIFAIALI Kaparailjibl OpMaHIAPAarbl ©PTEHTEeH JKepJepie 2KoHe OakbLiIay/1a
TOMEH, Kaparaiiap/blH, KaanbHa Keayaeri yieci 90% man acmaiinbl.

Cdarnymai kaparaiijibl opMaHAapJAarbl HEri3ri opMaH TyY3yIli TYKbIMIAPIbIH
KaJumnbiHa Kejyi. Charaymia Kaparailbl OpMaHIap *KbIHFBLIIBI KOJIIED YKaraiayblHIa, KbIIFaIap
aHrapJiapbliia naiiga 6osrad. OJap maga, KOrapbl TOJBIKTHI, KAJILIITACIAFaH ©CIMIIK KAOLIHIbL.
Outapia eprrep CUpeK »KoHe TOMEHI YCTIPTTE, CUPEK TOMEHIT TYPaKThl OPTTEP/Ie KeITipiareH.
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Cyper 6. Charuymai kaparaiiiabl opMaHAapAa Heri3ri opmas Ty3yuli TYKbIMJIAP/AbIH KAJIIbIHA KeJIyi >KoHe eciMi

Kammbiaa kesy caHBIHBIH eH KobOi ykac epTeHreH kepJsepie — 9,12 wmblH mana/ra, Gakbliayra
KaparaHJia, [IraMaMeH Y ece kebipek (cyper 6). Opra xKacTarbl @pTeHIeH JKepJiep/ie KaparailiapIbiy
KaJbIHa Kenyl Gakputayman 58% kypaiinpl. Kenin aymapTaTblHbl, KAIIbIHA KeIy KypaMbIHIAFHI
KallbIHIap - Kac epTenren xkepJepae 23%, aa opra »KacTarbl ©pTeHreH Kepiepae 35% Kypaiiabl.

OpMaHHBIH JaJafiblK, THITEPIHIAE Kaparailjiap eCKIHIAepiHiH KemrTel maiiga OoJIybl OJIApIbIH,
VaKbITBLJIBI CAKTAJYbIH KaMTamacbli3 ermeiimi. OpMaHIbl KaiiTa KaJlblHA KeJyl »Kac OpMaH
TUITEPIHIE KAKChl KOHE KAaHAraTTAaHAPJBIK Jieyre 00JaIbl. OpMaHHBIH, »KaCc TUIITEPIHIEe
KaparailapJblH KAJIIbIHA KeTyl KAHAFATTaHADJIBIK.

TacTbl 2xomHe OyTa bl Kaparailyibl OpMaHIapIa KAJIIIbIHA KeJY/IiH TOMEHT1 MeJIepinin, cedbebi, TyTac
KaparaiJibl TYKbIMJIAP/IBIH OPMAH/Ibl aJIKaObIHBIH KONBIIYBIHA aJIbIll KEJEeTIH YKAJIIBl KJIUMATTHIH,
JKBUIbIHYbIMEH GailaHblcThl [22].
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I'.2K. Cyaranrasuna, B.2K. Hyp6ekoBa, B.A. Amanraiikei3sl, I.B. NabsicoBa
Kocmanatickuti 2ocydapemeennoiti yrnusepcumem umenu A. Batimypcwnosa, Kocmanat, Kasaxcman

Hocnenoxcapﬂoe d)opanOBaHne PaCTUTEJIbBHOI'O ITIOKPpOBa B COCHOBBIX JieCcax

AnHoranusi: B crarbe npuBeneHBl pPe3yIbTAThl M3YUEHUs] €CTECTBEHHOIO BO30OHOBJIEHHS COCHBI OOBIKHOBEHHOW IOCTIE
noxkapos. IloseBbre nccaenosanus nposoguaucs B mepuot ¢ 2010 mo 2017 rr. MapinpyTaMu ObIIH OXBatI€HbI TEPPUTOPUU JECATH
slecHndecTB [0Cy1apCTBEHHOrO HAIMOHAJIBHOTO NpUpogHoro napka «Bypabait» (Axbuibaiickoe, Boposckoe, Karapkosbckoe,
3onoro6opckoe, Muphoe, Bapmammunckoe, Ilpunosepnoe, Bynanmuuckoe, 2Kasaiibipckoe, TemuoGopckoe). Uccienosanust
NIPOBOAMJINCH B CTEIHBIX M CBEXKHUX THUIIAX COCHOBBIX JiecoB. Ilocse CuiabHBIX MOXKapoB (DIOPUCTHYECKHE COCTABBI HAYAIBHBIX
9TAIIOB CUHI'€HE3a Ha CBEXXUX rapax tIpeSBbI‘IaI‘/JIHO JAAJIEKN OT y9aCTKOB, HE 3aTPOHYTBIX IIOXKapOM.

Kurirouessbie cioBa: Koxkierayckasi BO3BBIIIIEHHOCTb, COCHOBBIE JIeCa, APy, HAIMOHAJIbHBIN Napk «Bypabaii», pacrureabHbIN
IIOKPOB, J1eCO0OPa3yIOIINe TOPO/IbI.

G.Zh. Sultangazina, B.Zh. Nurbekova, B.A. Amantaykyzy, G.B. Iliasova
A.Baitursynov Kostanay State University, Kostanay, Kazakhstan

Post-fire recovery of vegetation in a Pine Forests

Abstract: The article presents the results of studying the natural regeneration of Scots pine after fires. Field surveys were
conducted between 2010 and 2017. The routes covered the territory of ten forest areas of the State National Nature Park
"Burabai" (Akylbai, Borovskoye, Katarkolskoe, Zolotoborskoye, Mirnoe, Barmashinskoe, Priozernoe, Bulandinskoe, Zhalayyr,
Temnoborskoye). Studies were carried out in steppe and fresh types of pine forests. After strong fires, the floral compositions
of the initial stages of syngenesis on fresh slashes are extremely different from areas not affected by the fire.

Keywords: Kokshetau Elevation, pine forests, cinders, Burabay National Park, plant cover, forest-forming species.
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MaremaTuvieckoe MOAeJIMPOBaHUE JUHAMUKY ITPOIECCOB POCTA PaCTEHUI-pereHepaHTOB
KapTodesisd COPTOB Ka3aXCTAHCKOI cejeKnnumu «AjbsiHncy, «babaeB» u «Hapiau» B
YCJOBHUAX N vilro Ha OCHOBe AUHAMUYECKUX MoeJieil o6paboTKu psiioB

Awnnorarnus: B 6uosiornuecknx Haykax MeETOJIbI MATEMATHIECKOTO MOJIEJIUPOBAHUST B MIOCJIETHEE
BpeMsl HAXOJAT MIUPOKOE MpuMeHeHue. B uyacTHOCTH, B OMOTEXHOJIOTMH PACTEHUIl MMEET MeCTO
IIPUMEHEHNE PA3JIMYHBIX 110 TOPMOHAJIBHOMY M BUTAMUHHOMY COCTaBY NMUTATEJBHBIX CPEJl, KOTOPbIE
TpebyIoT n3yuenus nx 3PpGEKTUBHOCTH B Ipoliecce pocTa pacreHuii. Tak, Ipu MUKPOKJIOHATHLHOM
Pa3MHO2KEHUH U3MEPEHHE BhICOTHI TPOOUPOUHBIX PACTEHUH, JIJIMHBI U KOJIMIEeCTBa KOPHEH sIBISIOTCS
OCHOBHBIMHU TTOKa3aTesiMu 3(M(MEKTUBHOCTH ITUTATEBFHOW Cpelibl. B JaHHOW CTAaTbe OTParKEHbI
JaHHBIE 110 MaTeMaTUYeCKOMY MOJIEJIUPOBAHUIO IIPOIECCOB POCTa PACTEHUI-PEreHPAHTOB IIpU
BBIPAIIUBAHUY WX HA PA3JUYHBIX MUTATEILHBIX cpelax. B mccaeqoBaHUM MCHIOJIB30BAHO 3 COPTa
kaprodess Kazaxcranckoit ceneknun «Hapauy, «Babaesy, « AbsHes.

KuaroueBbie ciioBa: mnumraresbHas Cpelia, MHUKPOKJIOHAJBHOE DPA3MHOXKEHHE, MaTeMaTHIECKOe
MOJIEJINPOBaHNE, CUHTYJISIPHBII CIIEKTPAJIbHBIN aHAJIN3.

Ha ceromusiirauit jieHb TEXHOJIOIUS KJIOHAJIBHOT'O MUKPOPA3MHOXKEHUS IITUPOKO MPUMEHSIETCS BO
BCEM MUDe JIJisi 03/I0POBJIeHHsI pacTenuii (Kaprodesib, II0/10BbIe, STOJHbIE, JIEKOPATUBHBIE U JIECHBIE )
oT nHGEKINH, JJisi YCKOPEHHOTO PA3MHOXKEHUs MMOCAI0THOI0 MaTepuaja 0e3 BIUSHUS Ce30HHOCTH,
JIJISI COXpAHEHUs PEJIKUX U MCUE3AIONINX BUJIOB PACTEHUI.

Koaddurmenr paszMHOKeHUsT TpU KJIOHAJIBHOM MuKpopazmuoxkeHuu pgocturaer 1:1000000 u
MTO3BOJISIET JI0 8 Pa3 COKPATUTH MOJIYUeHNEe HOBBIX PACTEHUI U MTOCAIOTHOTO MaTepHaJa.

Jnst KakJoro copra pacTeHuil, B TOM 4YHCIE I KapTodesss He0OXOJUMO ITPOBOJIUTH
moibOp MUTATEJbHBIX cpell st 6osee 3PHEKTUBHOIO KyJLTUBUPOBAHUS HA Pa3HBIX STalax
HOJIyYeHNs] PaCTeHU-pereHepaHToB (KaJlycoreHe3, remMorenes, pusorenes). [lajee mpumensin
METO/IbI MATEMATUIECKOTO MOJEINPOBAHNSI ITPOIIECCOB POCTA PACTEHUI-PereHePpaHTOB Ha PA3INIHBIX
IUTATETbHBIX Cpeflax.

MaremaTudeckoe MojiesIpOBaHue B paboTax oredecTBeHHbIX yueHbix Jlebenesoit H.B. u Kosasnesa
AU. npumeneHO B MHUKPOKJIOHAJIHHOM PA3MHOXKEHUN KapTOEss in vitro st ONMTHMU3AIIH
TOPMOHAJIBHOTO COCTaBa MNTATENIBHON Cpeabl M YCJIOBHH KYJIBTUBUPOBAHUS WCIOJH30BAJICS
perpeccuoHHbIi anaims [1,2].

B wamem wuccienoBaHum i OCTPOEHUS MaTEMAaTUYECKONH MOJEIN JIMHAMUKUA POCTOBBIX
IPOIECCOB UCIIOIB30BAIICH METO/IbI CHHIYJISIPHOTO CIIEKTPAJIbHOrO aHain3a (SSA) u almpokcuManin
(LA) [4,5].

[Ipu amau3e MosyveHHBIX PE3Y/ILTATOB MIPOrHO3MPOBAHNS, KYJILTHBUPOBAHUS PACTEHU COPTOB
kaprodeis «Hapauy», «babaes» u «AnbsgaHcy, KoTopble ObLIn 1100e3H0 npegocrasiaensl KasHINKO
(r.Asvarsl), mocTpoeHbl rpaduKi 3aBUCHMOCTH BbICOTBI KapTodesist 0T BpeMEH! KyJIbTHBUPOBAHUS,
[IpY BBIPAIIUBAHUU PACTEHUI HA MUTATEJBHBIX CPE/laX C PA3/JIUIHBIM COJIEPYKAHUEM BUTAMUHOB U
duroropmonos. B kadecTBe MUHEpPAJIBLHOI OCHOBBI JJIs CPEJIbI MCIIO/IH30BAJIM KOMIIOHEHTHBIN COCTAB
cranjaprHoii nponucu cpeabl Mypacure-Ckyra (Tabuumna 1).

[Mespro mporHo3wpoBaHms IpOIECCA sBASETCS HaOJIOACHUE U JaJjbHeiiliee IIpeICKa3aHue
OYIyIero 3HAaYeHUs] W3MEPSIEMbIX XapaKTEPUCTUK HU3YyUaeMOTrO OODLEKTA. IIpu ananuze
Pa3JUYHBIX PsAJIOB JAHHBLIX TJIABHON 3a/adeil siBJAAIaCh PEKOHCTPYKIUS JTUHAMUYIECKON CHCTEMBI.
B coorBerctBum ¢ Teopumeit Takenca-Mame mnpuemsemoe omnmcanue (Ha30BOro IIPOCTPAHCTBA
JTUHAMUYIECKOW CHCTEMBbI MOYKHO ITOJIYYUTH, €CJIU B3ATb BMECTO DPEAJIbHBIX MEPEMEHHBIX CHUCTEMBbI,
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TAaBnuLiA 1 — BapuaHnTbl nuTaTeJbHbIX Cpel AJs MUKPOKJIOHAJILHOIO PasMHOXXeHus Kaprodeis in vitro
Ha ocHOBe cpeabl Mypacure-Ckyra (MC)

KomMmmnoneHTBI BapuaHTbl IMTATEJIBHOI Cpeabl
Mypacure — Ckyra (MC) (mr/n)
MC MC-1 MC-2 MC-3
(kOHTPOJIB)
MunepaabHbIe o MC ITo MC ITo MC ITo MC
KOMITOHEHTHI
Tuamun 0,1 0,5 1,0 1,5
ITupunokcun 0,5 0,5 1,0 1,0
AckopbunoBas — 1,0 2,0 3,0
KHUCJIOTA
Mezounozut 100 - - -
IBnziinzici 2,0 - - -
DepynoBast - 0,001 0,002 0,005
KHCJIOTA,
Kunernn - 0,25 0,5 0,5
YK - 0,05 0,1 0,2
Caxaposa 30000 20000 25000 30000
Arap 7,0
pH 5,6 —5,8

KOTOPbIE MOI'YyT OBITH HEM3BECTHBI, K-MepHbBIE BEKTODHI 33/I€PKEK, COCTABJICHHBbIE U3 3HAYEHUHN Psia
B 110CJIe/[OBaTEJIbHBIE MOMEHTHI BpeMeHH [6].

IIpu BbIMONHEHUM yciaoBum k > 2d., + 1, tme d. — PasMepHOCTb BJIOXKEHWH, MOXKHO
PEKOHCTPYUPOBATH (ha30BOE MPOCTPAHCTBO CUCTEMBL.

st oripeniesienus BeinauHbl Kk HanboJiee ONMTUMAIBHBIM SIBJISIETCsT (DYHKIIMOHAJBHBIN METOII, 110
[IpUYUHE MAJIOTO pasMepa psijia.

CorytacHo ucnob3oBanuio Merogna ['paccbeprepa-IIpokauna 7], HEOOXOAUMO HOCTPOUTH Uepes3
paBHBIE IIPOMEXKYTKI BPEMEHH, T , IIOCIEI0BATEILHOCTD Y1, Y2, ..., Yn , HAOJIIOIAEMON BEJIMINHBI
x(t) caemyrommm obpazom:

z(t) =y, z(t+7) =y2,..x(t+ (n—1)7) =y, (1)

Jlajee, m3 uMerOIIeiics MOCIEI0BATEILHOCTA BLIOMpAIH, HadWHAs C HEKOTOPOro HOMepa n,

MPOU3BOJILHYIO IOIIOCIEI0BATEILHOCT pasMepa K, M paccMaTpUBaJM BO3MOXKHBIE BEKTOPBI
3HaYeHUI HaOJIIOIaeMO BeJIMYUHBIL:

n

w = (yn7k+17 Yn—k+2y---Yn—1, yn) (2>

JlomycTnM, 9TO IMHAMAKA PACCMATPUBAEMON CUCTEMBI OIMUCBIBACTCA OnHUM 1nddepeHIuaIbHbBIM
yPaBHEHUEM IIEPBOI0 MOPSAKa. 1orma 3Ta IoCIeI0BaATeIbHOCTD OYIET OINPENeIaThCA €INHCTBEHHBIM
HaJaJIbHBIM 3HAYEHNEM i , & BCE OCTAJbHBIE Yp, > 1, OyayT dyHKIHMOHAIBHO 3aBHCETh OT HETO:

Ynt1 = f(w") (3)
st MOmeMpOBaHWA JTAHHOTO OHMOTEXHOJOTHYECKOTO IPOIECca ONTHMAJBHBIM OylIeT Takoe
3HaUeHue K, IPH KOTOPOM PACCTOSIHUE OyJIeT CTPEMHUTBCS K HYJIO, TJe Pa3MEPHOCTH BJIOYKCHUSI
de - ?TO0 MUHUMAaJBEHOE 3HadYeHWe k. BHadeHwme k - pasmep BekTOpa 3ajepkKek, d, - Pa3MEPHOCTH
BJIOYKeHHil. 3HadYeHme T - paBHbIe IPOMEXKYTKH BpeMmert, r(n,ng) = |f(w™) - f(w")|- paccrosmaue
MEXK/Iy BEKTOPaAMU 3a/IePIKEK.
Ha ocnoBanmm MeToOjia CHHIYJISIPDHOIO CIIEKTPAJILHOIO aHAJIN3a IPeoOdpPa30OBbIBAJN IOJIY I€HHbBII
CKAJIIPHBIA Psifl, COAeprKalliii N 3HavYeHuil HabJ/IIoaeMOil BeJIMYUHDI, B MATPHILy 3aJepKeK, B
KOTOPOH Yy , Yn — ITO 3HAYEHUST HADJIIOTAEMOl BEJTMYNHBI, KOTOPBIE COCTABJISIOT 3JIEMEHTHI BEKTOPA

II0CJIEAOBATEIbHOCTH Wy,
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Ye Yk+1 .- Yn

(yh 2y yn) > Yk*(n—K+1) = : : : : (4)
Y2 Y3 .- Yn—k+2
Yy Y2 o Yn—k+1

PazmepHOCTh MATPHUIIBI OmpemeisieTcs KOJIMYIeCTBOM 3adepkeK K. B Xome mocTpoeHnst MaTpuIibI
3aJepPKEK BBIOMpAaETCs BUJ JIOKAJILHOTO IPEICTABJICHUS, T.€.  BHUJ (QYHKIIUH, CBSI3bIBAIOIIEi
caemylollee 3Ha4eHue palla ¢ MPEeIbLIYIAMUA:

Yi+1 = f(yta a’)? (5)

r7ie, & — BEKTOD IapaMeTPOB IIPEJICTABJIEHUs, & Yy — ITO 3HAYCHUA HAOJIONAEMON BeJIMIMHBI.
B nannom ciryuae mambosiee yJ00HBIM BapUAHTOM SIBJISIETCS JIMHEHHAsS aIIPOKCUMAIIUS HEPBOTO
HopgJIKa:

Y41 = ao +ya (6)
Jlajtee BhIjIeIsieTCs JIOKAJIbHAS 1101001aCTh (DA30BOTO IPOCTPAHCTBA, B KOTOPOU OyJIeT CTPOUTHCS

IPOTHO3 JaHHBIX. [lpm pemeHun MaHHON 3aJa9M MPOTHO3 OYJIET CTPOUTHCS Ha OCHOBE KPUTEPUS
BUIA:

[Yn—k+1 — —ys| <& (7)

rne, & — «BdeTCI KpuUTepueM BbIOOpa momobJsiacTi, 9TO JOCTATOYHO MAaJioe HUCIO,
npubsimsurenbao pasuoe 0.001, yg — 3T0 HEKOTOpOE 3HAMEHUE HAOJIIONAEMON BETMIMHEI.

[TapameTpnl Moze N, & UMEHHO, BEKTOD ¢, Oy/IeT OIEHUBATLCS METOJIOM HAUMEHBIITNX KBaJIPATOB
(MHK). Ouenka 1o MeTojpy HAMMEHBIIHNX KBaJPATOB JJIsi BEKTOpa @, ODO3HAYEHHOIO Kak
HaXOJIUTCA U3 CJIEYIONNX YCIOBUN:

@1y (Yst1— f(ys,@))” — min (8)

O1ieHrB 3HAYEHMS AIIPOKCUMAITMN, CTPOMTCSI IIPOIHO3 CJIEJYIONIEro 3HAUYCHUsT psifa Y1 — f( Yy,
), KOTOpOE SIBJISIETCST PE3YJILTATOM [TPOrHO3MPOBAHUST OHOTEXHOJIOIMIECKOTIO POIIECCa.

Maremarudyeckyto o0OpabOTKYy JAHHBIX [POU3BOAWJIM B mnporpamme Scilab  5.5.2)  a3bik
nporpammupoBanus C#. 3wk nporpammupoBanus C# Boibupascs ¢ TpeboBaHIeM MaKCUMAaJIbHON
[IEPEHOCUMOCTH KOMILJIEKTa IPOrPAMM IO Pa3J/IMYHbIe OlEpAIMOHHbIe cucTteMbl. s co3manus
rpaduueckoro unrepdeiica 6pu1 ucnosbzosan Microsoft Visual Studio [8,9].

Pesynbprarbl u ux obcykaeHue. IIpr MUKPOKIOHAILHOM Pa3MHOXKEHWH KapTodess
copra «Hapiu» nHa nurarensHoil cpege MC-1 ¢ comepxkanunem depyrosoit kucaorsbl 0,001 mr/m,
kuaernHa 0,25 mr/m, UYK 0,05 mr/ma, ackopbunosoit kuciaorsl 1,0 mr/m, tmammna 0,5 mr/ma u
mupuokcrta 0,5 mr/in u caxaposer 20 000Mr /1.  MakCUMaJbHOE 3HAYEHHEe BBICOTHI pacTeHUil Ha
7 cytku cocrtasjsiio 4,1 cm., ma 14 cyrku 6,0 cm., Ha 21 cyrku — 10,1 cMm. Ilpum xysnpruBupoBaHUU
pacrenuii Ha BapuaHTe nuraTeabHoi cpegbl MC-2 ¢ comepxkannem depysiosoit kucaorer 0,002 mr/,
kuneruna 0,5 Mr /i1, ackopbunosoii kucsiorst 2,0 Mr /i1, Tuamusa 1,0 mr/a u nupugokensa 1,0 mr/ua
u caxaposbl 25 000Mr/;1 3HaUYeHME BBICOTBI pacTeHuii cocrapisyio Ha 7 cyrku - 4,3 cMm., Ha 14
cyrku 6,3 cm., Ha 21 cytku — 10,5 cMm, Ha cpege MC-3 ¢ conepxanuem 0,005 mr/n depynosoit
KUCI0TBI, 3,0 Mr/J1 ackopbuHOBO# KucaoThl, 0,5 Mr/i kuneruna, 0,2 mr/a1 UYK, 1,5 mr/n tnamuna,
1,0 mr/n mmpupokenna u 30000 mr/;n caxaposel — 4,5 cMm., 6,5 cm, 10,7 cm., Ha T-e, 14-e, 21-e
CYTKU COOTBETCTBEeHHO. JlaHHbBIe MOKa3aTean B KOHTPOJILHOM BapuaHTe (6e3ropMOHAIbHAsI CPeJia)
cocrapuan - 3,0 cm., 6,1 cm., 10,0 cm. B cooTBeTcTBUM C MOJIyIEHHBIMU JIAHHBIMH ITOCTPOEHA
MaTeMaTHIecKas MOJIE/b JUHAMUKU pocTa pacreHuil kaprodess copra «Hapiu» (Pucynok 1).

Kak BumHO u3 pe3ysibTATOB MCCIEIOBAHUN IO BBICOTE pacTeHuil kaprodessi copra «Hapim»
[IOJIOYKUTEJIbHOE BiHsiHNE OKazbiBaeT cpejia MC-3 ¢ GosbimuM cojiep:kanreM (hepysioBOil KUCTIOTHI,
akopbunoBoit kucjaorel, UYK u kuneruna.
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Buicota g

o

PucyvHok 1 — IIporHo3upoBaHue OMHAMUKN POCTa PACTEHHI-PEreéHepaHTOB B BBICOTY copTa KapTodeJist
«Hapawu» in vitro

Hannast ke cpea okasaJja MOJOXKUTEIbHOE BJINSHUE Ha KOJMIECTBO 1 JymHYy Kopueil (Pucynox

2).

A — cpepga MC (xourpoas); B — cpena MC-1; B — cpexa MC-2; T' — cpena MC-3

PucyvHok 2 — I'paduku guHaAMUKN pOCTa KOPHEH B AJWHY B 3aBUCHMMOCTH OT BpPEMEHU U YCJIOBUM
KYyJIbTUBUPOBaHUs coprta Kaprodesus «Hapiuau» B ycioBusix in vitro

KosmmaectBo KopHeit Ha 7 cyTKM BapbuPOBaJIO B mpenenax 6-8 mrr, Ha 14 cyrku — 10-11 ., Ha
21 cytku — 12-14 mT. Ha pPa3sHBIX MUTATEIbLHBIX Ccpelax MakcuMajabHOe 3HAYEHUE IJIMHBI KOPHEi
ormedeHo Ha cpege MC-3 - 7,8 cM., Torjga Kak B KOHTPOJILHOM BapHAHTE IAHHBIA IOKa3aTesb
coctaBua 6,9 cM.

[Tpu u3yvenun fUHAMUKE POCTA PACTEHUN-PEreHepaHTOB copTa «babaeB» Ha IUTATENIBHBIX CPeIax
MC-1, MC-2 u MC-3 Tak:Ke oTMe4UeHa, IOJIOKUTEIbHAs JUHAMUKa uMeHHo Ha cpeje MC-3, kak u B
caydae ¢ coprom «Hapsm» (Pucynok 3).

MakcumaJbHOE 3HaUeHrne BhICOTHI oberos Ha cpefe MC-3 ma 7, 14, 21 cyTku cocraBuiio - 4,3 cM.,
7,6 cM., 12,4 cM., cOOTBETCTBEHHO. B KOHTPOJILHOM BapuUaHTE BLICOTAa MUKPOIIOOEroB Ha 7-€ CYTKHU
coctasuaa 3,9 cm., Ha 14-e cytknu — 6,0 cm., Ha 21-e cyTku — 11,1 cm.

[To nnmune m kosimdecTBY KOpHeill pacrenust copra «babaess orimuuaiorcsa ot coprta «Hapims,
YTO COOTBETCTBYET €ro COPTOBBIM XapakTepuctukaMm. Tak, Ha 7 cyTtku Ha cpene MC-1 B cpemrem
HAaCYUTBIBAJIOCH 7 KODHEH, cpeliHsds JJINHA KOTOPBIX cocTaBisia 2,5-3,0 cm. wna 14-e cytkm - 9
mT. KopHe#l mgnaumoit 6,2-7,1 cm. Ha 21-e cyrku mMakcumajbHOE 3HAYEHUE O KOJUYIECTBY KOPHENH
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Bucota g

PucyHok 3 — IIporHo3mpoBaHue AUHAMUKHU POCTA PACTEHUI-PEreHepPaHTOB B BBICOTY copTa KapTodes
«BabaeB» in vitro

coctauyio — 11 mrr., o jummae — 6,6-7,2 cm. Himke, Ha pucynke 4 mnpejcraBieHbl MaTeMAaTHIECKUE
MOJIEIN TIPOTHO3UPOBAHNS POCTOBBIX IIPOIECCOB copTa «babaess.

B

A — cpena MC (xourpoas); B — cpega MC-1; B — cpenqa MC-2; I' — MC-3.

PucvHok 4 — T'padukm AuHAMUKHU POCTA KOPHEH B [JIMHY B 3aBUCHUMOCTH OT BPEMEHHM U YCJIOBU
KyJIbTUBUPOBaHUA copTa Kaprodensa «BabGaes» B ycaoBusix in vitro

Jlamabie 3uadenust pocta Ha cpege MC-1 mpakTudeckn OJWHAKOBBI ¢ TakOBbIME Ha cpeiae MC-2
n MC KOHTpOJIb, OTHAKO, KAK W OTMEYasoCch, Ha mutaTeabHoit cpeme MC-3 manmble mokasaTesn
BBIIIIE: KOJIMYECTBO KOpHE Ha 1 pacTeHuit B cpegHeM cOCTaBJisiio — 9-13 mT., MaKcuMaJIbHasT JIJIMHA,
gocruraja 8,0 cM.

Ha 6Gesropmonanbhoit cpege MC KOHTPOJIB NIPU MUKPOKJIOHAJIBHOM PA3MHOXKEHUN KapTodelist
copra <«AJIbSIHC» TaK»Ke OTMeJYajiuCh HamboJiee HU3KHE II0OKa3aTean pocra.  MakcuMmabHOe
3HaYEHNE BBICOTHI PaCTeHNN-pereHepaHToB Ha 21-e cyTKN KyJIbTUBUPOBAHUS COCTaBIsAI0 12,8 cM ipn
KyJIbTHBUPOBaHNK Ha nuTareabHoil cpege MC-3. Ha nuraresnsroit cpene (MC-1) 3HaueHne BbICOTHI
pacrenuii cocrasisiio 11,7 cM, a Ha murarenpHol cpene MC-2 — 12,2 ¢cm. Ha nmrarenbHoil cpeje
MC (koHTpoJib) 6e3 BHeceHusi (bUTOrOPMOHOB, MaKCHMAaJIbHOE 3HAYEHNEe BBICOTHI pacreHuii Ha 21-e
cyTku cocrapisno 11,3 cm. (Pucynok 5)

[Ipu KynbTUBUPOBAHUU paCTEHUI-PEreHepaHTOB copTa «AJbsiHC» Ha mnurareabHoil cpeme MC
KOHTPOJIb OTMe€YaJINChb HauMeEHbIINEe ITOKa3aTe/In 110 KOJIMYeCTBY H JIJINHE KOpHefIZ Ha 21—6 CYyTKHA
KYJIBTUBAPOBAHUS MAKCUMAJILHOE KOJTUIECTBO KOPHEH COCTAaBUJIO 7 IIT., MaKCUMaJIbHas JAauHa — 6,9
cM. Ha tmraTesbHo# cpene MC-3 naHHBIE TOKa3aTe/ M OTMEYAJINCh Ha YPOBHE 14 IMIT. KOpHEH mpu
qymue 8,3 cm. (Pucynox 6)
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PucvyHok 5 — IlporHosupoBaHne OUHAMUKHA POCTA PACTEHUM-PEreHEepPaHTOB B BBICOTY copTa kKapTodess
«AapsiHC» in vitro

A — cpega MIC (xourpous); B — cpega MC-1; B — cpega MC-2; I' — MC-3.

PucvHok 6 — I'padukum OuHAMUKN POCTAa KOPHEl B AJIMHY B 3aBUCHUMOCTH OT BPEMEHHM U YCJIOBUM
KYJIBTUBUPOBAHUsI copTa KapTodesas «AJIbsIHC» B YCJIOBUSAX in vitro

Ha nurarensubix cpegax MC-1 u MC-2 na 21-e cyTKH cpejiHee 3HaYEHHE 110 KOJMIECTBY KOPHE
coctaBuyio 12-13 mrT., jgauHa KOpHEH 7,5 cM.

Bwieod. B pesysnbrare IpOBEIEHHBIX MATEMATHYECKHX PACIETOB MOIEJMPOBAHMSA Ha OCHOBE
METOJIOB CHHIYJISIDHOTO CreKTpajibHoro anammsa (SSA) u ammpokemanuu (LA) mpomeccos pocra
KapTodessi COPTOB Ka3axXCTAHCKON CEEeKIMH B YCJIOBHUSIX in VitTo, TPHU HCIOJIH30BAHUU PA3HBIX
BapHUaHTOB IMUTATEIbHBIX CPel MOXKHO CJIe/IaTh BBIBOJ, YTO POCTOBBIE IIPOIECCHI COPTOB KapTodeis
«Hapaun», «babaeB» u «AbsiHC» HOJOXKUTEIbHAS IUHAMUKA HAOIIONAIOTCS Ha IMUTATEJILHON cpee
MC-3, comepxkareit B cocrase: MC-3 ¢ cogepxanumem 0,005 mr/n depynoBoii kucaors:, 3,0
Mr/s1 ackopbmnoBoii Kucsiorsl, 0,5 mr/a kuneruna, 0,2 mr/a UVK, 1,5 mr/a tnamuna, 1,0 mr/a
nupugokcraa 1 30000 Mr/1 caxapossl.

Cpenu usyvaeMbIX COPTOB KapTodesst copT «AJbsHC» oOKazaJics HauboJiee UyBCTBUTEIbHBIM
K HU3MEHEHHWIO KOHIEHTPAIUN (PUTOrOPMOHOB W PEry/sITOPOB POCTa, WMEHHO y HEro OTMEYAIUCH
MaKCHUMaJIbHbIE ITOKA3aTe/ M POCTA KOPHEBON CHUCTEMBI I MUKPOIIOOETOB.

Pazpaborannoe mporpammuoe obecliedeHre — I03BOJISIET  OCYIeCTBUTL  ITPOTHO3UPOBAHUIE
U3y9IaeMOro OMOTEXHOJIOIMIECKOTO IIPOIecca MUKPOKJIOHAJTBHOTO pa3MHOMXKEHHsT Kaprodess B
KYJIBTYpe in vitro.
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«BabaeB» >xoHe «HopJi» MaTemaTukaJbIK MOJeJbAEPiHIH AUHAMUKACHI

AnHoTanusi: Buosiorusi ¥eIIBIMIADBIHIAA COHFYBI YAaKbITTapJa MaTEMATUKAJIBIK, MOJEJbIEY OJICTePl KEH eTeK AaJIbIIl KeJIei.
Ocipece, oCIMIIK GHOTEXHOJOTUAMBIHIA OPTYPJi KOPEKTIK opTajap JAaspjay OapbIChIHIA TOPMOHAJIBLIK, YKOHE JI9PYMEHIIK
KaTbIHACTapAbl AHBIKTAyAa OJApAbIH eciMAik ecyine ocepin Oaxpuiayma aca MaHbEAbl. COHBIMEH KaTap, MHUKPOKJIOHAJIbIBI
KebeiTy GapbIChIH/Ia TPOOUPKA/1a OCKEH OCIMIIKTEP/AiH OUIKTIrH, TaMbIp »KYHECIHIH Y3bIH/BIFBI MEH CaHbIH aHBIKTay KOPEKTIiK
OpTaHBIH THIMAITIriH aHBIKTAHTBHIH (akTop 6osbin Tabburambl. By Makamamza pereHepanT ocCiMAiKTepAi opTypil KOPEKTik
oprasapia ecipy GapbICBIHIA OCYAiH MaTeMaTUKAJBIK MOJEJI YChIHBUIAALI. 3epTTey OapbICHIHAA KapPTONTHIH OTAHIBIK, YII
copthl: «Hapmm», «Babaes», « AIbSHC» KOMIAHBLIIH.
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Mathematical modeling of the growth processes dynamics of potato plants Kazakhstani selection varieties
"Alyans", "Babaev" and "Narli" in ¢n vitro conditions on the basis of dynamic models of processing the series

Abstract: In the biological sciences, methods of mathematical modeling have recently found wide application. In particular,
in the biotechnology of plants, there is a use of nutrient media that differ in hormonal and vitamin composition, which require
the study of their effectiveness in the process of plant growth. Thus, with microclonal propagation, measuring the height of test
tubes, the length and number of roots are the main indicators of the effectiveness of the nutrient medium. This article reflects
data on mathematical modeling of growth processes of plant-regentants when growing them on various nutrient media. The
study used 3 varieties of potato of Kazakhstani selection "Narli", "Babaev", "Alayns".
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UccnenoBanue mpoiiecca IoJIyYeHus MOJIMCAXapPUA0B U3 OTXO0JI0B HmepepadoTKu
MIITEHUIbI

Awnnporanus: B crarbe npuBeieHbl pe3y/ibTaThl 10 U3y YeHUI0 (DEPMEHTATUBHOIO COBMEIEHHOTO
(rubpuHOTO) mpolEecca TUAPOJU3-THIPUPOBAHUS C EJbI0 HOJydeHus copburta. B Hacrosiei
CTaThe W3JIOXKEHBI PE3yJIbTATHI KCCJIEAOBAHUSA IPeIoOpaboTKu u (PepMEHTATUBHOIO THIPOJIN3A
MIMEHUYIHOW COJIOMBI, & TaKXKe IPOIECC CHHTE3a COPOUTA C IIEJIbIO MOBBINIEHUS BBIXOHA IEHHBIX
POIYKTOB, HEOOXOIUMBIX JJisd TpOMBIIIeHHOCTH. [Ipeno6paboTKy COIOMBI ITPOBOIMIIN B IMAIIA30HE
remueparyp 190-250° C npu BapbUpOBaHUM KOHIIEHTpaIu cepHuctoil kuciaorer ot 0,6 10 2,5 %
macc. OnruMajbHas TeMIepaTypa U MpoJoKUTEBHOCTh THIPOJIN3a COJIOMBI CEPHUCTON KUCJIOTOMN
cocraBuyin coorBercTBerHo 160° C — 170° C u 30 — 80munyT. Bo Bcex skcrnepuMeHTax TUIPOJIA3A
COJIOMBI HAMJIYUIIHE Pe3yabTaThl JIOCTUIHYTHI IIPU KOHIEHTPAIMU CepHucToil kmejaoror 1,6 %
Macc u Temriieparype ombita 150-160 ° C. IIpoBemenbl nccieqoBanusi MporeccoB hpepMeHTATHBHOTO
ruiposin3a cojioMmbl.  [locKobKy OyMmara sBJsSeTCsS MPAKTUIECKU JUCTON IEJ/II0JIO30iH, TO, IPHU
OJINHAKOBBIX KHHETUUIECKUX I[MapaMeTpax IIPOIeccoB (hbepMeHTOIn3a, KOJIMIECTBO 0OPa30BaBIINXCS
caxapoB B ciy4dae (pepMeHTOIn3a COOMbI ObLI0 Obl B 1,49 pa3a MeHbIlle, YeM IIPU UCIOJIb30BAHUT
Oymaru. [losyueHHBI OYUIEHHBIH TIJIIOKO3HBIN THAPOJIU3AT IOJABEPTaal THUIPUPOBAHUIO B
MIPUCYTCTBUU HUKETb-ATIOMIHII-2KeIe30-BaHaINeBOT0 KaTajan3aTopa. KartammsaTrop m3 criasa ¢
7,0% Banaaus MPOsIB/IsSIET HAMOOJBINYIO aKTUBHOCTH, BBIXOJ copbura Ha kKoTopoM mpu 100°C n
6MIIa na 60 munyTe rugpupoBanusi cocrasisier 58,075%, a CKOpOCTb IM'MJIPUPOBAHUST IIIOKO3bI B 1,46
pasa BbIIIe, YeM Ha CKEJIETHOM HuKeJse 0e3 jobaBku. [lokazano, 4TO ¢ pOCTOM JIaBJIEHUS BOJOPOJIA
or 2 o 12 MIIa u 40-120° C ckopocTh UJAPUPOBAHUS T[VIIOKO3bI HA IMPOMOTUPOBAHHBIX THTAHOM
HUKEJb-aJIIOMIHU-2Ke1e30-BaHa Uil KATAJIN3aTOPaX YBEJIUINBAETCS.

KirrogyeBbie cjioBa: cojioMa MIIEHUIbI, COPOUT, MEJIII0/I03a, KaTaJIn3aTop, (pepMeHTATUBHBIN
TUIpOIN3, buomMacca.

O630p aureparypbl. K HacTOsIEMYy MOMEHTY IOJYYEHO JIOCTATOYHO OOJIBIIOE KOJUIECTBO
9KCIEPUMEHTAJIBHBIX JAHHBIX O THIPOJIU3e IEeJIII0JI03bl B IVIIOKO3Y, OJHAKO wHMopMaiun 00
OJIHOCTAIMIHHBIX COBMEIEHHBIX (THOPUIHBIX) MPOIECCax IS MOJyUeHnst cOpOUTa HEJIOCTATOYHO, a
ONMCAHHBIE B JIATEPATYPE PE3YJIHLTATHI 3a9aCTyIO HE COIVIACYIOTCA JIPYT C JAPYTOM.

Anaus urepaTyphl 110 TeMe paboThI TOKAa3aJI, YTO B HCCIELyeMOI 06JIACTH eCTh Psili HEPEIIeHHbIX
mpobJ/IeM, TIONCK PeIIeHusI KOTOPBIX IPEICTABJISAETCS IOJE3HBIM I CO3MaHuA SPOEKTUBHBIX
OMOKATATUTUIECKIX TEXHOJOTUI IPEBPAIEHNs YTIJIEBOJICOAEPKAIINX PACTUTEJIHHOTO ChIPbS U
OTXOJIOB B IIEHHBIE XUMHUIECKHUE BEIECTBA.

B pa6ore Jianrong Li u ap. [1] upemyaraercs criocob, KOTOPBI OTHOCUTCSI K T€HHOI WHYKEHEePUH
U MOXKET OBITb WCIIOJIb30BAH B MHUKPOOHOJOIHIECKON ITPOMBIIIIEHHOCTH. [Tpoxyupyromme
apabut japoxrku win rpudsl Tpauncdopmupyior JIHK, xomupyroreit oopasyromniyo D-kcmiozy, D-
apaburosgeruaporedasy u JAHK, komupyroleil KCHJINTOJIErHIPOreHasy. 3aTeM BbIPAIUBAIOT
TpancHOPMUPOBAHHDBIE IPOXKKHU UJIN IPUOBI B YCJIOBUAX, 00ECIIEUMBAIONINX CUHTE3 KCUInTa. Kcumur
u3BjekatoT. JIpoxkaku Beibupator u3 Lygosaccharomycesrouxii, Candidapolymorpha, Torulopsiscan-
dida, Pichiafarinosa, Torulasporahansenii. I'pubsr Beioupator u3 Dendryphiellasalina u Schizophyl-
lumcommune. Criocob 1MO3BOJISIET IPEBPAIIATD JIETKO JOCTYITHBIE UCTOYHUKHU YIJIEPOJIA, TAaKUe, KaK
D-rirroko3a B KCHUIIAT.

B pa6ore Ning Yan u s1p. |2] nesuros1o3y u remuriesioso3y B Guomacce cHadaIa JIeKPUCTAIIHZYOT
HePBbII pa3 KOHIIEHTPUPOBAHHOW CEPHOI KMCJAOTOU U II0JIBEPTAOT IIEPBOMY I'MAPOJIN3Y, B PE3yJIbTaTe
Yero IOJIy4YaloT TIUJIPOJIN3aT, HACBHIIEHHBI caxapoM U KHCJIOTOA. [Toce 3TOTO  ymassroT
colieprKallyecss B OMOMacce OKHUC/IBI KPEMHHUs M HaIPaB/SiOT UX Ha IepepaboTKy.  3areMm
OCTABIIINECH TBEPbIE OCTATKH IIOJIBEPraioT IOBTOPHON JEKPUCTAIN3AIMI ¥ [IOBTOPHOMY I'UIPOJIA3Y.
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[Tosryuennslii B pe3yabraTe pacTBOp caxapa IIOCJIE STOrO IMOABEPraioT (hbepMEHTAINH, WCIIOJIb3Ysl
JIJIsI 9TOTO MUKPOOPTaHU3MBI, IPENMYIIECTBEHHO JPOXKKHU U OakTepnn, obecriednBas (PepMEHTAIINIO
KaK IeKCO3bl, TaK W IMEHTO3bI ogHoBpeMeHHO. (Crocob Mo3BOJISIeT IMMOJydYaTh caxapa h3 OHMOMAaCCHhI,
coZlepsKalleil EeJII0I03y W TeMUIE/LII0I03y, 9TO SKOHOMHUYECKH 3(P(MEKTHBHO M HE 3arpsa3HseT
OKPY?KAIOIIYIO CPEILY.

B pabore Joung Woo Han wu map. [3] ommcam cmocob mpeaBapuTeabHO 00PAGOTKI
TIEJLTIOJIO30COIEPKAIINEr0 ChIPhbsl I (DEPMEHTATUBHOIO THIPOJIN3a, KOTOPBIA IpeayCcMaTpuBaeT
MIPUTOTOBJIEHNE CYCIEH3UN ChIPbsd W 00pabOTKy pacTBOPOM KHCJIOTHI. B KadecTBe pacTBOpa
KHUCJIOTBI UCIIOJIB3YIOT PACTBOP a30THOI KHCJIOTHI KOHIeHTparmei 2,8-6,5%. Pacrop marpesaror
1o temmeparypbl 98-100°C u BblmepkuBaioT B Tedenme 1-5 wacoB.  [lojydeHHBIH TPOIYKT
GUABTPYIOT, NPOMBIBAIOT. llpumdueM B KadecTBe IEJIIIOJIO30COAEPIKAIIEIO ChIPbSA HCIOJIb3YIOT
MUCKAHTYC WJIH [LJIOJOBBIE 000109KH 371aK0B. OTpaboTaHHBII 110 3aBEPIIEHIIO OTHOIO IIUKJIa PACTBOP
KHUCJIOTHI YKPEILISIOT KOHIEHTPUPOBAHHOI a30THON KUCJIOTOI /10 KOHIIEHTpanun pacrsopa 2,8-6,5% u
MHOTOKPATHO HCIOJIb3YIOT BHOBb. OTpaboraHHbIil 18-25 MUKJIOB PACTBOD HEATPAIM3YIOT AMMHUAKOM
C TOJIYYEHHEM PACTBOPA HUTPATA aMMOHUS JIJIsT UCIIOJb30BAHUs B BUIE YA0OPEHUSI.

Croco0b, oTHOCATIHICS K MUKPOOHOJIOTUIECKOH, a TaKsKe MMUIIEBOI MPOMBIIIJIEHHOCTA U KOTOPBIIt
MOKET ObITh UCIIO/IL30BAH IIPHU YTUIUBAIUN OTXOI0B, COAEPKAIIUX TIEJIII0I03Y OIUCAH B padbore Jian-
rong Liu gp. [4]. Crocob nperycMaTpuBaeT npeBapuTesbHy 0 06paboTKy [eJITH0I030C0IePAKAIIETO
CBIPbsI, U3 KOTOPOI'O UCIOJL3YIOT SUMEHHYIO WM PHUCOBYIO IPOOMHY, WJIM XJIOIKOBBIA JIMHT,
WIA Ty3a-Malo Jjisd Pa3pylIieHus KPUCTAJINIECKON CTPYKTYPhI U yBEJWYCHUS] €ro YICJIbHOMN
IIOBEPXHOCTU. DTy 00pabOTKYy OCYIIECTBJISIOT IIyTeM SKCTpy3un.  llosydeHHBI SKCTpyIaT
IO/IBEPTAIOT (DEPMEHTATUBHOMY THIPOIH3Y (bepMeHTHBIMEU Tpenapatamu Asp. mix B 2000 wian
Blmix wian memtopupuauaoMm ['20X, mpum MaccoBOM COOTHOIEHMH (hepMeHT: 3kcTpyaar 1-3:1-9
coorBeTcTBeHHO. lIperaraemprit crocob sBjasgeTcsd O€30TXOMHBIM, SKOJOTUYHBLIM U HEJIOPOTHM,
XapaKTepU3yeTcsa BBICOKOW CTENeHbI0 OMOKOHBEPCHUU CBHIPbS IIPH 3HAYUTEJIHHOM COKPAIIEHUN
BpeMEeHH, HEOOXOIUMOIO I €€ OCYIIECTBIICHUSI.

Tpodumopoit H.H. u ap. [5] paspaboran crocobd BKJIOYAIOIMA CTAJAUI0  TUIPOJIU3A
[IEeJLTIOJI030CoIepsKalleil  6rnoMacchl ¢ IOJAy9YeHHEeM BOJHOIO CaxXapHOIO pacTBOpa. 3arem
[IOJIyYEHHBI BOMHBIA CcaxXapHBIl pacTBOp (UIBTPYIOT dYepe3 HaHOMUILTPAINOHHYIO MEMOPaHy
u/mim 06paTHOOCMOTHYECKYI0 MeMOpany. OUHIIEHHBIH caXapHbIii pPACTBOP COOHPAIOT CO CTOPOHBI
BILyCKa U YIAAJIAIOT WHIUOUpPYIOne (PePMEHTAINIO BEIeCTBa CO CTOPOHDLI (bmiibTpaTra. Y KasaHHbIe
MHTHOUpyIomue (hbepMEHTAIINIO BeIlecTBa IPEICTABISIOT CODOI OMHO WM 0Oojiee COeNMHEHUi u3
OpPraHMYecKuX KHUCJIOT, coeauHeHnit pypana n (PeHOJbHBIX coenumHeHuit. l306pererHne mMo3BOJISIET
MIOJIyIUTh OYUIINEHHBIH OT MHIUOMPYIOMUX (PepPMEHTAIINIO COSIUHEHNN CAaXapHBI CHPON IPOCTHIM
CIIOCOOOM U TIOBBICUTH IPPEKTUBHOCTL (HDEePMEHTAIMOHHOTO IOIYyYeHUs] PA3JIUIHBIX XUMUIECKAX
MIPOIYKTOB.

B pa6ore [6] cpaBruBasm akTuBHOCTH 6 1ITaMMOB Zymomonasmobilis B orHomenun D-copbura u
TJIIOKOHOBOU KMCJIOTHI.

[Mramm  Zymomonasmobilis ATCC-29191 mo cpaBHEHHIO ¢ APYTHMH ITOKa3aJ CPaBHUTEIBHO
XOpOIIIUH POCT W BBICOKWI BBIXOA MNPOAYKTOB.  Jlas maHHOTO ImITaMMa OBLIO HUCCIETI0BAHO
BJINSIHIE HAYAJIBHON KOHIEHTPAIMU CyOCTPaTOB Ha BbIX0H D-copbuTa u TIJIIOKOHOBOW KHCJOTHI B
[IEPUOANIECKOM Iporiecce |7]. DKBUMOJISIPHBIE KOHIIEHTPAIUHI [VIIOKO3bI U (DPYKTO3bl BADbUPOBAJIH
or 100 mo 750 r/m.  VYBenamduennme NPOAYKTHBHOCTH IPOUCKOIMJIO HPH IOBBIMEHUN HAYAJILHON
KOHIleHTparun cyberpara g0 650 1/ ITpr mocrmkennn 750 1/ HAGIIOMAIOCH HaJCHIE
MPOLYKTUBHOCTH.

Takke OBbLIO YCTAHOBJEHO, YTO NpH HadaJbHOH KoHmeHTpamuu 100 r/1 mIokosa wu
bpPyKTO3a OJMHAKOBO IIPEBPAIIAJIUCH, B COPOUT U IJIIOKOHOBYIO KHUCJIOTY, OCOOEHHO B HaYaJIbHDLIN
IIEpUOJ PEAKIINH. Opnnako mocsie 20 MHHYT HPOUCXOJAUJ CIABAT B MeTabOU3Me Caxapos,
XapaKTepPU3yIOIuiics: MMOBBIIIEHNEM MOTPEOJIEHNs TVIIOKO3bI, CUJILHBIM yMEHbBIIEHUEM TOTPeO IeHns
dPYKTO3bI, CHUXKEHUEM BBIXOJa COpPOMTA W YMEHBIIEHHEM KOHIIEHTPAITMU TJIFOKOHOBON KUCJIOTHI.
YBesmdenue KoHIeHTpaImu cyberparos 10 600 r/J1 IPUBOAUIIO TIOYTH K TIOJIHON KOHBEPCHH CaXapoB
0 copOuTa U TVIIOKOHOBON KUCJIOTHI.

42



B.I11. KeneasbaeB, K.M. JlaxanoBa, 2K.B. MaxaroB

Martepuanbl u Meroabl. Hamu mpejcraBieHbl pe3ybTaTbl UCCICIOBAHUS MPenoOpaboTKu u
depMeHTATUBHOIO THUAPOIN3a IIIMEHUIHONR COJIOMBI, & TakK:Ke IMPOIEeCC CHHTe3a CcopouTa C IeJIbIo
HOBBIIIEHNs BBIXO/[A [EHHBIX [IPO/LyKTOB, METOIOM COBMEIIEHHOIO (PHOPUHOTO) MPOIEecca MU IPOJIH3-
runpupoBanue.l IpenBapuTenbHO HCcIeayeMoe PaCTUTEIBHOE ChIPhE H3MEIbIAIOCH U COPTUPOBAJIOCE.
MuauBuayaabHble MOHOCAXapuIbl B THAPOJIN3ATaX aHAJU3UPOBAIN OYMasKHON Xpomarorpadueit
¢ ucnosib3opannem Oymaru Filtrak FN-3, 11 u 14 B cucremax pacrBopuresieit OyTaHOJ-yKCyCHAs
kucaoTa - Boma (4:1:5). Bemecrsa obHApYKUBaIM ONPBICKUBAHIEM CHAYAJIA IIEPBBIM IIPOSIBUTEIEM
K2S04, sarem cmecbio GeH3mamHa, alleTOHA W COJIAHONW KUCIOTHI B cooTHommennn 10:2:1. Crmasbr
TOTOBMJIM B BBICOKOYACTOTHOW TILJIABUJILHOM Iedu 10 pa3paboTaHHOW HAMH TEXHOJOTMH. B
KBAPIEBLIl THUTE/b IIOMEINAJ PACCINTAHHOE KOJUIECTBO AJIOMWHHUS W IIOCTEIIeHHO HarpeBajIu
g0 1000 - 1100° C, 3aTeM BBOAWINM pPaACCUMTAHHOE KOJUYECTBO HUKeJNs, Kejle3a W TUTaHa. B
pe3yabTaTe K30TEPMUIECKON peakImy TemilepaTypa paciuiaBa momHuMajachk jgo 1700-1800° C,
KOTOPBIil TIepeMelTnBaJjIcs B TedeHnn 3-5 MUHYT UHJLyKIIMOHHBIM 110JieM. B rpaduToBBIX H3I0XKHIIAX
CILJIAB OXJIAXKJIAJIM Ha BO3IyXe W m3Mejbdan j10 3eped 0,25 MM. AKTHBAIWMIO CIJIABOB IIPOBOIUIN
myTeM BbimenadnBanusg 10-HbIM BOTHBIM PAaCTBOPOM €IKOr0 HATPHUs, B3ATOM B oObeme 40 cm3
Ha 1 T cmmaBa Ha KWUISIIEd BOAAHOW OaHe B TedeHme 1 dwaca, MOCJAe HYero KaTaJau3aTop
OTMBIBAJIM OT IIeJ0OYNd BOJOH 10 HehTpasbHoil peakiuu 10 denonadranenny.  Ilomyuennbie
TaKUM O0OPa30M KaTaJIU3aTOPhl WCIOJB30BAJJIU JJIsi TUAPUPOBAHUU TJIIOKO3bL.J[/Is1 3KCIpeccHOro
BBISIBJICHUSI OINTHUMAJIBLHOIO KATAJU3aTOpa U U3YUYCHUs KUHETUYIECKUX 3AKOHOMEPHOCTEH OIIBITHI
[IEPBOHAYAJIFHO TIPOBOJIWJIA B BUJIOM3MEHEHHOM PEAKTOpPE MEPUOJUYIECKOro JeiicTBus. Armmapar
cuabykeH repmeTndecKuM mpuBojoM MorrHocThio 0,6 kBT, ckopocts Bparmienus wermajaku 2800
06/MuH, 9TO 1M03BOJIsIeT YOparh Auddy3nOHHbIE OCJIOKHEHUST PEAKITHH.

Pesynbrarbl u o6cyxjaenune. llpenoOpaboTKy COIOMBI IPOBOJUIN B JIMAIIA30HE TEMIIEPATYP
190-250° C 1pu BapbUpOBAHUU KOHIIEHTpAIUU cepHucTtoii kucaorel or 0,6 mo 2,5 % wmacc.
[loBbitiieHne Temmeparypbl B OOJIBIIEH CTENEHU, 10 CPABHEHUIO C IOBBIIMIEHUEM KOHIEHTPAIUN
KUCJIOTBI, CIIOCOOCTBOBAJIO COKPAINEHUIO IPOIO/KATEILHOCTH 00paboTKU, HEOOXOMUMON JIjist
JIOCTHZKEHUsS] MAaKCUMAJbHOIO BbIXOa peaynupytonmx Bemects (PB).6osbmie, uwem peakin
PA3JIO2KEHUsT MOHOCAXaPHUIOB. BBIXOI MOHOCAXapHUJIOB, CJIEIOBATEIBHO, YBEJUIUBAETCS BMECTE C
TeMIIepaTypoil peakiuu. BiusHue KOHIEHTPAIMH CEPHUCTON KUCJIOTHI IPU TEMIIEpaTypax HUXKE
150 ° CzameTHO WPOSBJISIETCS, HO Ipu HOBbIIeHuUn Temueparypbl o 160 °C sror addexr He
[IPOSTBJISETCH.

OnrumasibHasi TeMmieparypa U HIPOJIOJIKUTETbHOCTb TUJIPOJIN3a COJIOMBI CEPHUCTON KUCJIOTOM
cocraBmwiin coorBercTBeHHo 160°C — 170°C u 30 — 80munyr. C HOBBIIIEHUEM KOHIEHTPAITI
CEPHUCTOM KHUCJOTHI HADJIONAETCS yBeJUYEeHHEe CKOPOCTU paclajia Ccaxapos. OnrumaibHOi
SIBJISIETCS KOHIIEHTpaIusl cepHucToil kuciaorel 1,77 % macc. IIpemnobpaboTKy COJIOMBI TIPOBOIMIN
MIPUCTIEAYIOMAAX YCIOBUSX TUIPOMOIyss oT 1:3 mo 1:5, 1,6 Macc. IPOIEHTOB CEPHUCTON KUCIOTHIN
temmeparypa omnbita 150 °© C. Hamboapmmmit Beixox PB mocturmnyt npu ruapomomyne 1:3,5, 1:5 u
1:5,8 u cocrasmi 26,8 %, 27,0 % n 29,2 % coorsercTBenHO. MOHOCAXAPUIHBII COCTAB THAPOIA3ATOR
OBLT MIPEICTABICH IPEUMYIIECTBEHHO T[VIIOKO30i, KOHIIEHTPAIUsI KOTOPO# B THAPOJIN3aTEIOCTUTAIA
25 v/

Takum obpaszom, obpaborka comombl 1,35 % Macc. CepHUCTOI KHCIOTOH HpH TeMIepaType
150 ° C, ruppomosyite 1:3 B Tedenne 60 MUH [MO3BOJISIET IOJIYYIaTh THAPOJIA3ATHI ¢ KOHIIEHTPAIuei
pelyIUpyIonmX BemecTs 10 7,6 %, 9To Oymer croco6CTBOBAThH NX JAJbHEHIeMy HCIOIb30BAHUIO
B MHUKPOOMOJIOTMYECKON MPOMBINLIEHHOCTH. [lpu mpumeHerun rujgpomoysisi 1:4.5 MakcuMmasibHast
KOHIIEHTPAIUsT PEIyIUPYIOINX BEIIECTB B TUJApOJM3aTe JIOCTUrHyTa npu Temieparype 160° C,
KOHIIEHTpaIMK CepHUCTOil Kmeaorbl 1,6 % macc.  BbIXOm peaylupyiomux BeEMIeCTB COCTABUIL
25.57% oT abCoJIIOTHO CYXOro BelecTBa. Bo BceX KCHepUMEHTaX I'UJPOJIN3a COJOMbI HAMJIYUIIHE
Pe3yIbTaThl JOCTUTHYThI IPU KOHIEHTPAIMHA CePHUCTON KucaoThl 1,6 % mMace n reMueparype onbita
150-160 ° C.

MonebHble 9KCIEPUMEHTHI JJIs N3y YeHust PpepMEHTATUBHON KUHETUKYU OCYITIECTBJISIIINA, UCIIOJIb3Y
B KavuecTBe HCTOYHUKA IE/II0N03bI Oymary. B skcmepuMeHTaJbHBIX IIporieccax (hepMeHTOIn3a
HCIIOJIb30BaJIaCh IIPEJIBAPUTELHO Pa3MOJIOTasl, IPOCEdHHAs U WPOCYIIEHHAas 0 IOCTOSHHOMN
BEJIMYMHBL B CymmibHOM TiKady npu Temmeparype 120° C B TedeHne 2 JacOBIINIEHUIHAST COJIOMA,
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KOTOpast PeJIBAPUTEIbHO 3allapUBaJach B aBTOKJaBe pu u3dbiroanoM fasjernu 0,05 - 0,1 MIla B
Teuenue 0,5 - 1 gaca.

[Tpomeccor bepMeHTON3a TPOBOAMIA TIPH HOIIEP>KAHUN aKTHBHON KHCJIOTHOCTH B JIMAIa30HE
4,9-5,0 en. pH u remuneparype 49° C.nureibHOCTL MPOTECCOB (hepMeHTOIM3a cocTaBstia 7-10
qacoB.

UccnenoBannst KAHETUKU W CTEXHOMETPHUHU PEAKINI (hepMEeHTATHBHOIO THIPOJIN3a JUCIEPCHBIX
TBepIOda3HbIX CyOCTPATOB PACTUTEILHOIO IPOMCXOXKJEHHWS MHPOBOAWIN B J1aDOPATOPHOM
depMmenTepe ¢ AaBTOMaTU3MPOBAHHBIM peryanpoBanneM pH m TepmocTraTupoBaHmeM B IMPUCYTCTBUU
depmentamu Aspergillus awamori F-RKM 0719 u Aspergillus terreus mramm 499.

PesynbraTs! sxcriepuMmenTa mpuBeieHbl B Tabsue 1.

TabuLA 1 — Pe3ynbrarbl hpepMEeHTOIN3a COJIOMBI IIIIEHUIIbI B (pepMeHTEpe

Howmep KomnuaecTro Makcumanbnasg | Beixom PB, %
mmporecca | pepMeHTa, ell. | KOHIIeHTPAIKsI
AKTUBHOCTH PB.,%

1 62-75,8 0,43 5,16
2 62-75,8 0,46 5,52
3 6,2-17,6 0,46 5,52
4 31-37,9 0,48 5,72
5 62-75,8 0,32 3,84
6 1,6-1,9 0,26 3,12
7 3,0-3,8 0,26 3,12
8 4,6-5,7 0,22 2,64

C 1me/jibio CHUKEHHUSI MOTPENTHOCTH U IIPOBEPKU JeficTBUS (hepMEeHTa Ha OJHOKOMIIOHEHTHBIX
cybcTpaTax ObLIa MpoBeJeHA Ceprs FKCIIEPUMEHTOB 1T (hbepMEHTOIN3Y U3MEJIbICHHON 006e330/IeHHOiT
bymaru B bepmenTOIM3epobBeMoMmetricconverterProductID6 16 J1.

Jlerko ybeauThCst, 9TO 3aBUCHMOCTH KOHEYHOI KoHreHTparnun PB(cienosarenbro, u cpesmeii
ckopocTu (bepMEHTOIN3a) OT cpejiHeil (pepMeHTa JIMHEHA, UTO U TeOPETUIECKU CIIe/yeT U3 MOJIEJIN
Muxasmuca-MenTen.

PesynbraThl cpaBHUTEIBHBIX IPOIECCOB (hDEPMEHTOIN3a COJIOMBIIIIIICHUATIBIA OYMATH [TPE/ICTABICHBI
Ha pucynke 1.

1,2
® 1 —a—" =
% 0.8 ——
3 i —+—TWeHUYHanA conoma,
8 06 N Smn
T |}
nfl" 0.4 —&—Bymara, 10 mn
I r o r'y &
< |«

0,2 o]

.-——70’/’;{ v+ | —=—[lweHn4HaA conoma,
0 10 mn

Bpemsa, vac

PucyvHok 1 — I3meHeHnue koHileHTpanuu PB B nporeccax depmeHTOM3a GymMmaru u NIHEHUYHOMN COJIOMBI

ITockonpky OyMmara sIBasieTCs TPAKTUUECKH YHUCTON IIEJIII0JI030i, TO, TPHU OJNHAKOBBIX
KHHETUYIECKUX TapaMeTpax IIPOIEcCOB (DEPMEHTON3a, KOJIMIECTBO OOPA30BABIINXCS CAXapOB B
ciaydae pepMeHTOn3a COJIOMBbI ObLI0 ObI B 1,49 pa3a MeHbIe, YeM IIPU KCIIOJb30BAHUN OyMaru.

O,IIHaKO B ,ILeIU/ICTBI/ITeJH)HOCTI/I CTPYKTYpa COJIOMbI OTJINYaeTCA 0OJIbIIIEHl IIOTHOCTBIO YIIaKOBKHA
44



B.I11. KeneasbaeB, K.M. JlaxanoBa, 2K.B. MaxaroB

BOJIOKOH U IIPUCYTCTBUEM JIPYTUX, MEMIAIONNX KOMIIOHEHTOB, YTO IPUBOIUT K 3aMEIJIEHIIO CKOPOCTH
nporiecca dpepMenTosm3a B 2,5 pasa.

[TostydeHHBI# OYMINEHHBIN TVIIOKO3HBIM THAPOIN3AT IMOABEPraJid I'MAPUPOBAHUIO B IIPUCYTCTBUU
HUKEJTb-aJIIOMUAHNI-Ke/1e30-BaHaINeBOr0 Karaan3aTropa. I3 Tabanumsl 2 BHAHO, UTO MCCJIELyeMble
HUKEJIEBbIEe KaTaJN3aTOPbl B H3YyYEHHLBIX HAMH YCJIOBHUAX IIPOSIBJISIIOT BBICOKYIO aKTHBHOCTL U
CcTabMIBHOCTD 110 COPOUTY, CKOPOCTH OOPA30BAHUS TTOCIEIHENO MEHAETCA B 3aBUCIMOCTH KOJIMIECTBA
JIETUPYIONIAX METAJIJIOB B MCXOQHBIX cILlaBax. Karammsarop u3 cmiasa ¢ 7,0% BaHagus IPOSBIISET
HambOJIBIIYI0 AKTUBHOCTD, BBIXOJX copbura Ha KoTtopoMm mpu 100°C m 6MIla ma 60 wmumHyTe
rupupoBanus cocrasasger 58,075%, a CKOPOCTb TMAPHPOBAHMA IJIIOKO3BI B 1,46 pasa BbIme, deMm
Ha CKeJIeTHOM HUKeJje 0e3 JT0OABKIU.

TABIULIA 2 — BumnsiHme KoJim4YecTBAa BBEAEHHOU [OO6ABKM THUTAHA HA AKTUBHOCTb HUKEJIb-AJIIOMUHUM-
>KeJIe3HOro-BaHaaueBoro karaiausaropa, (PH2 = 6MIla, Ton -100 ° C)

Hobaeka, | tor., | Bexox copbura (%) BO Bpemenu W. 104
% °C (MuH) MOJIb /T KT.MUH
0 10 20 40 60

0 100 16,56 21,39 26,91 36,11 43,815 | 12,535

1,0 100 16,675 | 21,045 | 28,175 | 35,995 | 44,275 | 12,995

3,0 100 18,745 | 25,875 | 31,97 42,55 50,255 | 14,72

5,0 100 20,585 | 27,83 33,005 | 46,575 | 55,545 | 16,215

7,0 100 21,505 |29,095 | 36,915 | 47,61 58,075 | 18,285

10,0 100 17,595 | 26,45 34,155 | 39,215 | 56,695 | 17,02

ITokazano, 4ro ¢ pocroM maBjeHusi Bojopoga ot 2 go 12 MIla m 40-120° C ckopocTb
TUJPUPOBAHUS [VIIOKO3bI HA IIPOMOTHPOBAHHBIX THTAHOM HUKEJIb-aJJIOMUHUI-KEeIe30 KaTAIn3aTopax
YBEJININBAETCSI. OpnHako TpelesibHBbIE 3HAYEHUs] JIABJIEHHUsI BOIOPOJA HE YCTAHOBJIEHBI.
"Kaxyrieecst" cTpeM/ieHHsI CKOPOCTH peaKIUu K OOYCJIOBJIEGHO HEIOCTATKOM THAPUPYEMOTO
COEJIMHEHNE Ha MOBEPXHOCTH KATAJIN3ATOPA, O 9€M CBHJIETEIbCTBYET APOOHBIA MOPSIOK PEAKIUU I10
rmoko3e. [lopsiIok 110 BOIOPO/Iy 3aBUCUT KaK OT TEMIIEPATYPHI OIbITA, TAK U OT JaBJICHUS BOJIOPOIA.
OUBITHL 10 BAUSHWIO KOHIEHTPAIMHA IJIIOKO3bI M BOJIOPO/Ia IOKA3BIBAIOT, YTO MOPSIA0K PEAKIUU II0
CUAPUPYEMOMY BEIECTBY U3MEHSIETCSA OT HYJIEBOIO J0 JPOOHOIO , a M0 BOJOPOILY — JIPOOHDIIL.
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Bunait kanaplKTapblHAH IIOJMCaXapuaTepAl KalitTa eHaey apKblibl ajly yAepiciH 3eprrey

AnHoTtanus: Makanaga cop6uTTi asy MaKCATBIHAA TUAPOJIN3 — CyTeKTeHAIpyHiH depmenTarusri apasac (rubGpuari)
ypaicTepin 3eprreyiiH HoTHXKesepi KepcerinreHn. Jlon ocbl Makasiana eHAIpicke KasKeTTi Garajibl ©HIMIAEPIIH IIBIFBIMBIH
JKOFapbLIaTy MaKCaTbIHa, Oujail cabaHbIH aJIbIH-aJla OHJEY >K9He (DEePMEHTATUBTI I'MIPOJIN3 HOTHXKEJEPI COHBIMEH KaTap
copbuT CUHTE3IH 3epTTey HOTHXKejaepi kepceriired. Cabanabl ajibiH-ata eHaeyal Temneparypachkl 190-250 © C apaJbiFbIiHIA
KYKipTTi KpinkpL1aeH 0,6 6acran 2,5 % Macc.KOHIEHTpanUsiIapblHia TypJIeHaipin »Kypriziiai. Cabanabl KyKipTTI KbIIIKbLLIIA
TUAPOIU3EY i OHTaiIbl TemuepaTypackl 160 © C—170 © C xone y3akTbirbl 30-80 MunyTTHI Kypa/abl. CabaHIbl TUAPOIU3IAEY/IIH,
6apJIbIK ToxKipubesepiHaeri eH »KaKchl HOTHKe KYKIPTTI KBIIKbLIALIH 1,6% Macc.KoHIeHTpamusacbiHga »KoHe 150-160° C
TeMieparypaaa 6osasl. Cabanabl epMEeHTATUBTI TUAPOIN3ALY YPAiCTepiHe 3epTTeysiep »Kyprizinai. Karas - Toxipube xy3iHae
KAHINAJBIKTBI Ta3a IeJII0/103a OOJIbII TabblIaThIHILIKTAH, KHHETUKAJIBIK, TapaMeTpJiepi 6ipeil (pepMeHTONMN3 ViIepiciHil Ke3inie
cabaH depMeHTONN3] »KarJailblHIa Ty3iJIeTiH KaHT MeJepi, Karasabl KoJJaHFaHfa kKaparaHiaa 1,49 ece a3.  AusbiHFaH
Taz3ajlaHFaH TUIIOKO3a TUPOJIU3AThl HUKEJIb-aJIOMUHUI-TEMIP-XPOM/IBIK, KATAJIU3aTOP/bIH, KATBICYbIMEH cyTekTeHmipiiai. 7,0%
XPOM KYMMACBhIHAH »KACAJFaH KATaJu3aTop COPOUTTIH IILIFYBbIHA YJIKeH Oescen itk kepcereai, 100 © C xxoune 6MIla, 60 MmunyT
kesingeri cyrekrenmipy 50,5%, aj IIIOKO3aHbI CyTEKTEHJIPY KOCIACHI3 KAHKAJbl HUKEJIbre KaparaHja KbUIIaMIbFbl 1,46
ece xorapbl. CyTekTiH KbICBIMBIHBIH ocyi 2 men 12 MIla geitin xkone 40-120 °© C 1yroKO3aHBI CYTEKTEHIIPY »KBLIIaMIbIFbL
6eJICEeHIIPIJITEH TUTAH HUKEJIb-AJIOMUHUN-TEMID KaTaJIU3aTOPBIHIA YVIIKEHeTiHiri KepceTiiii.

TyitiH ce3nep: 6umaii cabanbl, COPOUT, IEIJIFOJI03a, KATAJIU3aTOD, (DEPMEHTATUBTI MUAPOJIN3, OHoMacca.
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Study of the polysaccharides obtaining process from wheat processing waste

Abstract: The article presents the results of the study of the enzymatic combined (hybrid) hydrolysis-hydrogenation process
for the production of sorbitol. This article describes the results of the pre-treatment and enzymatic hydrolysis of wheat straw,
as well as the synthesis of sorbitol in order to increase the yield of valuable products needed for industry. Pretreatment of straw
carried out in the temperature range 190-250 °© C with a variation in the concentration of sulfuric acid from 0.6 to 2.5% by
weight. The optimum temperature and duration of hydrolysis of straw with sulfurous acid at 160 ° C - 170 ° C and in 30-80
minutes, respectively. In all straw hydrolysis experiments, the best results achieved with a sulfuric acid concentration of 1.6%
by weight and an experimental temperature of 150-160 ° C. Studies of the processes of enzymatic hydrolysis of straw carried
out. As well as, the paper is practically pure cellulose, then, with the same kinetic parameters of the fermentolysis processes,
the amount of formed sugars in the case of fermentolysis of straw would be 1.49 times less than when using paper. The resulting
purified glucose hydrolyzate was subjected to hydrogenation in the presence of a nickel-aluminum-iron-chromium catalyst. The
catalyst of the alloy with 7.0% chromium exhibits the greatest activity, the yield of sorbitol at which at 100 ° C and 6MPa for
60 minutes of hydrogenation is 50.5%, and the rate of hydrogenation of glucose is 1.46 times higher than for skeleton nickel
without an additive. It is shown that with increasing hydrogen pressure from 2 to 12 MPa and from 40-120 ° C, the rate of
hydrogenation of glucose on titanium-promoted nickel-aluminum-iron catalysts increases.

Keywords: wheat straw, sorbitol, cellulose, catalyst, enzymatic hydrolysis, biomass.
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Oxidative stress response in plants to combined abiotic and biotic stress factors

Abstract: Reactive oxygen species were considered to be toxic by-products of aerobic metabo-
lism, which were disposed of using antioxidants. However, it has become apparent that plants actively
produce reactive oxygen species as signalling molecules to control processes such as programmed cell
death, abiotic stress responses and pathogen defense. Oxidative stress, accompanied by increased
generation of reactive oxygen species, occurs under the influence of both abiotic and biotic factors.
Despite extensive studies of oxidative stress caused by temperature and various pathogens, there
is a little understanding about cross-interaction between these factors. This review attempts to
focus on influence of a combined action of abiotic and biotic factors on oxidative stress responses in
plants. This knowledge might help to provide an insight into mechanisms of molecular interactions
in response to multiple stress factors.

Keywords: oxidative stress, abiotic factors, biotic factors, reactive oxygen species, viral infec-
tion.

Reactive oxygen species (ROS) are derivatives of O2 produced during normal cellular aerobic me-
tabolism. They are free radicals such as superoxide, hydroxyl radicals, hydrogen peroxide and singlet
oxygen. However, high concentrations of ROS are also generated by the action of environmental
stresses such as UV and ionizing radiation, xenobiotics and pathogen infection. Each of these abi-
otic and biotic stress factors lead to the disruption of cellular homeostasis resulting in an enhanced
generation of ROS that can pose a threat to organisms. Cells in this condition are known to be in
a state of oxidative stress. Oxidative stress, defined as a shift of the balance between prooxidative
and antioxidative reactions in favor of the former seems to be a common denominator of the action
of various agents on living organisms|1].

An oxidative stress triggered by all environmental and biotic stresses can damage cell components
and cause their dysfunction. The oxidative stress is caused by the following: (a) an imbalance
between ROS generation and detoxification due to disturbance of 'normal’ cell physiology; (b) ROS
biosynthesis de novo as a constituent part of stress signaling and immunity response needed for
defense and adaptation [2]. In humans and animals, oxidative stress is thought to underlie many
diseases and contribute to the process of aging. Studies with plants in this field are less abundant
but oxidative stress does not seem to be less important than in the animal world [3].

Plant oxidative stress is a complex physiological phenomenon. As for all organisms, plant ROS also
play a dual role depending on their concentration. They were initially thought to be toxic byproducts
of aerobic metabolism, but have now been acknowledged as central players in the complex signaling
network of cells [4]. In the plant cell, ROS can directly cause strengthening of cell walls via cross-
linking of glycoproteins, or lipid peroxidation and membrane damage. An increased level of ROS
causes damage to cells, whereas at acceptable concentration they have additional signaling roles
in plant adaptation to the stress. ROS are important signals mediating defense gene activation.
Additional regulatory functions for ROS in defense occur in conjunction with other plant signaling
molecules [5-7]. However, ROS also regulate additional plant responses in relation to other signals.
Reactive oxygen species play a major role in plant defense against pathogens. Because of the duality
of ROS, it is important for the cells to tightly control the level of ROS to not cause an oxidative stress
and at the same time not to eliminate them completely. A balance is achieved by an antioxidative
system that involves several antioxidant molecules. Some well known enzymatic antioxidants are
superoxide dismutase (SOD), catalase (CAT) and some peroxidases and reductases |[2].

Unlike other organisms, due to their sessile lifestyle, plants are continuously exposed to a wide
range of environmental stimuli and stresses. Several abiotic stress factors such as temperature,
drought, salinity and radiation alter physiological processes in plants and negatively affect yield of
agricultural crops. Moreover, plants have to face attacks by various pests and pathogens, including
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bacteria, fungi, viruses, nematodes, and herbivores. At the same time, some environmental factors
have an effect on plant-pathogen interactions. Particularly high and low temperature conditions
might suppress an immunity of plants against viral pathogens. These observations have a tremendous
significance because temperature stress is becoming the major concern for plant scientists worldwide
due to the changing climate. Current climate prediction models indicate a gradual increase in
ambient temperature. The difficulty of climate change is further added considering its precisely
projecting potential agricultural impacts. For example, global warming will be accompanied by heat
waves that drastically affect the conditions under which crop plants are grown [8].

Therefore, it is important to focus on complex cross-talks between plant responses to both abiotic
and biotic stress factors in order to enhance plant immunity and crop productivity. Until now, little
has been known about plants exposed to simultaneously occurring abiotic and biotic stresses [§].
An implementation of a versatile multifactorial test system, allowing simultaneous application of
heat, chilling (low non-freezing temperatures) and virus stress to plants might shed some light on
molecular plant responses to multiple stress factors.

Oxidative DNA damage, unless repaired, may have detrimental consequences and increase genetic
instability. Therefore, it is important to determine the role of heat-shock or chilling induced oxidative
stress on induction and repair of DNA damage in relation to oxidative stress tolerance in virus
infected plants. It seems that heat-stress or chilling-stress factors influence on the interactions
between plants and virus pathogens and act on pathogenicity and host defense responses.

It is possible that an abiotic stress can weaken or strengthen the plant protection against
pathogens. Earlier we have shown that heat as a constant factor of the environment leads to
increased generation of ROS in water and aqueous solutions [1].

Chilling stress is another major environmental factor that often affects plant growth and crop
productivity and leads to significant crop losses. Heat and chilling oxidative stresses include responses
that lead to the excess accumulation of toxic compounds, especially reactive oxygen species. The
end result of ROS accumulation is oxidative stress [9]. It is also known that many mammalians are
sensitive to the action of viruses under the influence of low temperatures. We also found that low
temperatures lead to an increase in aldehyde oxidase (AQO) activity in barley plants.

It is well known that reactive oxygen species signaling network is involved in the regulation of
numerous biological processes, including resistance to pathogens [10]. One of the earliest plant
responses to pathogen invasion is a significant increase of ROS production, called oxidative (res-
piratory) burst [11, 12|. Recently we showed an involvement of plant AO in defense mechanisms
against viral infection. In addition, the infection caused an increased accumulation of hydrogen
peroxide, compared to mock-inoculated plants [13]. The virus infection resulted in increased ac-
tivity of catalase (CAT) and superoxide dismutase (SOD) in roots and leaves of N. benthamiana.
Moreover, activation of two additional CAT isoforms was observed in the leaves of plants after virus
inoculation. Our findings indicated that the virus infection significantly affects enzymes responsible
for the balance of ROS accumulation in plant tissue in response to pathogen attack [13].

Interestingly, it has been recently shown, that the increased content of hydrogen peroxide in virus
infected plants promote the spread of silencing signal between different cells, contributing to the
activation of RNA interference (RNAi) in the whole organism [14]|. Nevertheless, many aspects of
the interaction of the type as a temperature-plant-virus are open to investigation. For example, we
know that an attack by pathogens leads to an increased generation of ROS, but we also know that
because of the ROS the mammalian organism resists infection [11]. Therefore, can temperature-
induced oxidative stress increase plant resistance to infection? This study is poorly understood in
relation to the plants. In certain cases, such crosstalk can lead to a cross-tolerance and enhancement
of a plant’s resistance against pathogens. An investigation is needed to give an insight into cross-
tolerance between abiotic and biotic stress, focusing on the molecular level and regulatory pathways.

The very early response of plant cells to infection or elicitors, the oxidative burst, which is fast
stimulated, may hold a key for triggering the cascade reactions which are involved in the hypersensi-
tive resistance response. Some organisms, for example, the pathogenic Phytophthora fungi seem to
acquire the potential factors, suppressors, to overcome the system of the oxidative burst of host plant
cells for the establishment of a compatible host-parasite relationship. In this sense, the oxidative
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burst in plant cells may be an emergency signal for the expression of the active defence response in
plants [11, 16]. Unfortunately, published data on this crosslinks are scarce, there is only a very lim-
ited number of studies which shed light on interaction between the viral intervention, temperature
induced oxidative burst and plant response. Therefore, more research is needed.

It is clear plants potentially carry a self-defence system with or without resistance-encoding genes
to certain pathogens. An incompatible recognition by plant cells may automatically trigger the
oxidative burst through a signal transduction system, and then construct the chemical and/or phys-
ical defence barrier. The switching-on for the oxidative burst may be responsible for the successful
resistance even in susceptible host cultivars. Plant cultivars without major resistance genes to their
pathogens also carry the system for the oxidative burst and expression of the defence genes and
metabolism. From this viewpoint, there is no need to introduce resistance-encoding genes or genes
associated with the expression of resistance [8, 11]. In connection with the above, it is necessary
to understand: 1) does the temperature affect the "aggressiveness" of the virus attack against the
plant; 2) can plants use a temperature-induced oxidative "explosion" against a viral infection; 3)
what will be the response of the plant to the "combined" (temperature and viral infection) oxidative
stress.

Moreover knowing how to control the oxidative burst system will be much more effective to protect
plants depending on their own latent potential of resistance. Therefore a better understanding of
the oxidative burst and its associated signal transduction in plants may provide some reagents which
can induce the acquired immunity depending on their own latent defence systems, and contribute to
the sustainable development of crop production by reduction of the use of chemicals for the control
of pathogens.

The need to study a biological complex relationship between abiotic stress-plant-pathogen is
because a plant disease control is largely based on the use of fungicides, bactericides, and insecticides
- chemical compounds toxic to plant invaders, causative agents, or vectors of plant diseases. However,
the hazardous effect of these chemicals or their degradation products on the environment and human
health strongly necessitates the search for new, harmless means of disease control [16]. There must be
some natural phenomenon of induced resistance to protect plants from disease. A study is required
that investigates molecular responses of combined stress, where the elevated level of ROS in plants
formed as a result of temperature-induced oxidative stress will be directed by a host-plants against
viral invasion. Thus understanding of molecular mechanisms of natural regulation in plant “fights”
against pathogen attack could minimize the scope of chemical control, thus contributing to the
development of sustainable agriculture. A successful research in this field will determine the role of
temperature-induced ROS in the plant combating the pathogen action and, accordingly, will identify
novel ways of defending plants against infection.
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P.2K. EpmyxamberoBa, A.2K. orabaes, A.A. Bapu, 2K.K. Macanumos
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Peaknusi OKNCJINTEJIBHOTO B3PbIBA y PACTeHUIl K OJHOBPEMEHHBIM abMOTHYEeCKUM M GHOTHMYECKHM CTPECCOBBIM
dakTopam

AnHOTaNUs: aKTUBHBIE (POPMBI KUCJIOPOA CUMTAIOTCS TOKCUYHBIMHU HMOOOYHBIMM IPOJAYKTAMU adpPOOHOrO MeTaboJn3Ma,
B JajbHEeNeM ycrpaHseMmble anTuokcugantamMu. OJHAKO ObLIO YCTAHOBJIEHO, YTO PACTEHHS AKTUBHO IIPOU3BOAAT AKTUBHBIE
(GOpPMBI KUCJIOPO/Ia B KAYECTBE CUTHAJBHBIX MOJIEKYJI JJIsi KOHTPOJISI HEKOTOPBIX KJIETOYHBIX MPOIECCOB KaK aIlONTO3, PEAKIINU K
abUOTUYIECKUM CTPECCOBBIM (PaKTOPAM U 3aIUTa OT IIaTOrEHOB.

OKUC/IUTENIBHBIA B3PBIB, COIIPOBOXKIAMOIIMICS yBEIUYEHHEM KOHIEHTPAIMN aKTUBHBIX (POPM KHUCJIOPOJA, IIPOUCXOIUT KaK
oTBeT K abmormueckuM u OumormyeckKuM dakropaMm. HecMOTps Ha JHOCTATOYHOE KOJIUYECTBO HUCCIIEIOBAHUN OKHCIUTEIHLHOTO
B3PbIBA, BO3HUKAIOIIETO H3-3a TEMIIEPATYDPHI U PA3JIMYHBIX IATOTEHOB, B3aUMOCBSI3aHHOE BJIMsSIHUE 3TUX (DAKTOPOB BCE eIlle
OCTAeTCsT MAJIO U3yIECHHBIM.

Hauubiit 0630p paccmarpuBaeT >M@PEKT KOMOMHUPOBAHHOIO JEHCTBHUSI aDMOTHUYECKUX U OmoTmdecKux (HakTOPOB Ha
OKHCJINTEIbHBIA B3PLIB y DPACTEHUN, KOTOPBIA MMOMOYXKET DPACKPBITh MEXAHU3MbI MOJIEKYJISPHBIX B3aMMOIECHCTBHII B OTBET K
HECKOJIbKUM CTPECCOBBIM (haKTOPaM OJHOBPEMEHHO.

KuroueBble cJioBa: OKHCJIWTENIBHBIA B3pbIB, abuormdyeckue HaKTOpbI, OuoTHYeckne (aKTOPhI, aKTUBHBIE (HPOPMBI
KHCJIOPOJA, BUPYCHAsT MHMEKIUSI.

P.2K. Epmyxamb6eroBa, A.2K. Torabaes, A.A. Bapu, 2K.K. MacaaumMmos
JI.H.T'ymunes amundaev. Eypasus yammuos yrusepcumemi Acmana, Kasaxcman

Bip mesringeri abuoTukasbIK >kaHe OMOTHKAJIBIK CTPeccTiK paKTopJapra >kayan periHferi ecimaikreri ToTbIFy
>KapbLIbICHI

AnuHOTalus: orreridiy 6escenai dopMasiapbl aHTUOKCUIAHTTADP KOMETIMEH YKOMBLIATHIH a3p00Thbl METAOOJIU3MHIH, 3USH bl
KOCBIMIIIa, OHiMzAepi GoJsbill caHamaabl.  Auaiijga eciMuikrep orreriHiy OGesceHai dopMajapblH COHBIMEH KATap AallollTo3,
abHOTHKAJIBIK, CTPECCKE YKayall KoHe IaTOreHEPIEeH KOPFaHbIC CEKili nporecrep/i 6akbliayra KaXKeTTi CUIHAJ MOJIEKYJIaIapbl
peringe ne Gencenui Typae Tyseni. Orrerinin Gescenai dopmasiapbl MeJIIEPIHIH apTybIMEH >KYDPETiH TOTBHIFY »KapbLIbICHI
abMOTHKAJIBIK, »KOHE OMOTHKAJIBLIK (hakTOopJiapra »Kayall peTiH/le OpbIH ajajbl. Temileparypa »KoHe HaToreHjaep cebebineH
TYBIHAANRTHIH TOTHIFY KapbIIbIChIHA APHAJIFAH 3€PTTEy *KYMBICTAPbI XKETKIIKTI G0JIFaHbIMEH, aTaJFaH (paKToOpJIapAblH 6ipiKKeH
ocepi oui me Gesricis Gosbil OTHIp. DByil mosmy abHOTHKANBIK 2KoHE OMOTHUKAJLIK (aKTopJapiably Oipikken sddexricinin
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ociMIIKTeri TOTBIFY »KapbLJIbICBIHA 9CEPIH KapacThIpaJbl XKoHe OipHellle cTpeccTiK daKTopaapra Kayall PeTiHIeri MOJIeKYJIaIbIK,
e3apa 9peKeTTEep/IiH, MEXaHU3MIH alllyFa KeMeK Oepesi.

TyiiiH ce3mep: TOTHIFY *KapbUIBICH], A0NOTHKAJIBIK, (paKTOpIap, OMOTHKAILIK, (pakTOpIap, OTTeriHiy 6escenai dopMaapsl,

BUPYCTBIK, HH(MEKIH.
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The rictor phosohorylation is growth factor dependent in the breast cancer cells

Abstract: In spite of advances in early diagnosis breast cancer remains a dreadful disease,
approximately 40,000 women die every year. Deregulation of growth factor signaling has been
assigned as a hallmark in cancer development and progression. A multi-step process driven by a
highly selective pressure takes place in transformation of mammary epithelial cells and development
of malignant phenotype. Activation of cellular signaling pathways engaged in regulation of cell
proliferation, survival, and migration is a key factor in tumorigenesis. In this regard, one of the
most frequently activated signaling component in human cancer is Akt that provides leverage for
cancer cells in up-regulation of cellular proliferation and survival required for sustained tumor growth.
In our previous work we have identified mammalian Target of Rapamycin Complex 2 (mTORC2)
as a crucial regulator of Akt. An important role of the novel mTORC2 complex as a regulator
of Akt attracts a great interest in cancer research. The central hypothesis of this study is that
during cellular transformation the mTORC2 signaling is up-regulated to activate the Akt pathway
as an important step in development of primary breast cancer tumors. According our study, the
development of the novel breast cancer marker based on indirect evaluation of the mTORC2 activity
is feasible. Besides, it will be highly valuable to develop a specific inhibitor of mTORC2 to target
the breast cancer linked to hyperactivation of Akt. The study of mTORC2 regulation is a promising
area of research for development the breast cancer therapeutics. The novel breast cancer marker
will identify the mTORC2-dependent types of breast cancers and be applied for early diagnostics
and characterization of breast cancer. Development of a specific inhibitor of mTORC2 will provide
the specific targeting tool to suppress the growth factor signaling in breast cancer.

Keywords: rictor, breast cancer, mTOR, mTORC1, mTORC2, insulin-like growth factor I

A. Background. A-1. Hyperactivation of the Akt signaling in breast cancer. In spite of
advances in early diagnosis breast cancer remains a dreadful disease: approximately 40,000 women
die of the disease every year (Greenlee et al., 2000). Deregulation of growth factor signaling is a
hallmark in cancer development and progression. The insulin-like growth factor (IGF) or epidermal
growth factor (EGF) tyrosine kinase signaling pathways are commonly deregulated pathways in hu-
man breast cancer (Klijn et al., 1992; Slamon et al., 1989; Surmacz, 2000; Zhang and Yee, 2000).
Amplification of the growth factor-dependent ras and phosphatidylinositol-3-OH kinase (PI3K) path-
ways leads to hyperactivation of the Akt signaling, which provides leverage for cancer cells in the
up-regulation of cellular proliferation and survival required for sustained tumor growth (Brognard et
al., 2001; Hutchinson et al., 2004; Shaw and Cantley, 2006) . The IGFI expression has been shown
to be associated with most human breast cancers (Surmacz, 2000). Overexpression of HER2 is as-
sociated with tumorigenesis and amplified HER2 has been identified in 20% -30% of breast cancers
(van de Vijver et al., 1988). Mutations in ras genes are not common in breast cancer but the highly
active ras proteins have been identified in approximately 50% of the studied breast tumors (von
Lintig et al., 2000), most likely linked to up-regulation of growth factor signaling. The clustered
regions of point mutations have been revealed in the pl10a catalytic subunit of PI3K in 20%-30%
of the breast, colon, brain, and gastric tumors examined (Samuels et al., 2004). In addition, a loss
of PTEN is the most common mechanism of PI3K activation in human cancers. PTEN lipid phos-
phatase acts as an enzyme to reverse the kinase reaction catalized by PI3K. PTEN catalizes removal
of the D3 phosphate from phosphatidylinositol-3,4,5-triphosphates and thereby counterbalances the
PI3K signaling (Maehama and Dixon, 1998). A large number of sporadic mutations of PTEN are
identified in a high level in many tumor types, including breast, ovarian, and colon cancers and
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glioblastoma, defining PTEN as the second most commonly mutated tumor suppressor gene after
p53 (Shaw and Cantley, 2006).

A role of Akt in cancer development associated with its hyperactivation and phosphorylation
on the Ser-473 site has been intensively studied in various human cancers (Balsara et al., 2004;
Kreisberg et al., 2004; Sun et al., 2001; Tsurutani et al., 2006), and it has been found in more than
40% of breast cancers that correlated with disease progression from abnormal hyperplasia to tumor
invasion (Zhou et al., 2004). Akt is the evolutionarily conserved serine/threonine kinase and an
essential downstream effector of the PI3K pathway in growth factor signaling. Akt is represented
by subfamily of kinases containing three isoforms, Aktl, Akt2, and Akt3. The Akt kinases are
members of the AGC (protein kinase A, G, and C) kinase family that act on a wide spectrum of
substrates (Bellacosa et al., 2005). The Akt signaling is engaged in multiple signaling pathways and
involved in regulation of a various of cellular processes, including cell proliferation, growth, survival,
and metabolism. We only recently identified mTORC2 (mammalian Target Of Rapamycin Complex
2) as a long sought Ser-473 kinase of Akt (Sarbassov et al., 2005). An important role of the novel
mTORC2 complex as a regulator of Akt attracts a great interest in cancer research.

A-2 The mTORC2 complex regulates Akt by phosphorylating its Ser-473 site. The
Akt kinase is a well-characterized essential effector of PI3K in growth factor signaling. Activation
of PI3K results in accumulation of phosphatidylinositol-3,4,5-triphosphates (PIP3s) which initiate
recruitment of Akt to plasma membrane by its plekstrin homology domain. At this location Akt
is phosphorylated on the Thr-308 and Ser-473 sites required to fully activate Akt (Bellacosa et al.,
2005). The activation loop of Akt on Thr-308 is phosphorylated by the phosphoinositide-dependent
kinase 1 (PDK1) that required for the kinase activity of Akt (Alessi et al., 1997) (Stephens et al.,
1998). PDK1 was identified in 1997, but the Ser-473 kinase of Akt, named PDK2, which was sought
for many ears, was only recently identified as the mTOR Complex 2 (mTORC2) (Sarbassov et al.,
2005). Although several candidates were proposed earlier as PDK2 (Dillon et al., 2007), the mouse
genetic studies confirmed the role of mMTORC2 as the Ser-473 kinase of Akt (Guertin et al., 2006;
Jacinto et al., 2006; Shiota et al., 2006; Yang et al., 2006). This phosphorylation event is coupled
to activation of Akt and it is involved in regulation of the PDK1-dependent phosphorylation on
Thr-308 of Akt by facilitating recognition of Akt by PDK1 (Scheid et al., 2002; Yang et al., 2002).

The mTORC2 complex is assembled by the mTOR interacting proteins rictor, Sinl, and mLST8
(Frias et al., 2006; Jacinto et al., 2006; Jacinto et al., 2004; Sarbassov et al., 2004) . mTORC2
as a regulator of Akt, an essential kinase downstream of PI-3 kinase, expands mTOR’s function
to regulation of cellular proliferation, survival, motility, and metabolism. A role of mMTORC2 in
regulating of PKCa and the cytoskeleton has also been reported (Jacinto et al., 2004; Sarbassov
et al., 2004). A central component of this complex is mTOR, an essential and highly conserved
protein. It contains multiple HEAT repeats at the N-terminal half of the protein that are known
to form a scaffolding structure for protein/protein interactions. The FRB domain responsible for
binding of the rapamycin/FKBP12 complex is a stretch of 100 amino acids located in the C-terminal
half of mTOR. The mTOR kinase domain is located at the C-terminus, structurally resembles a
kinase domain of PI3K but functions as a serine/threonine protein kinase and it is essential for
mTOR’s function (Harris and Lawrence, 2003). In contrast to mTORC1, mTORC2 does not bind
the rapamycin/FKBP12 complex, suggesting that the FRB domain on mTOR that is responsible for
the binding is not accessible on mTORC2. Nevertheless, prolonged rapamycin treatment causes an
indirect effect on mTORC2 by inhibiting the assembly of this complex. In some cell types, mostly
lymphoma cells, the prolonged rapamycin treatment causes inhibition of Akt because of a dramatic
effect on the abundance of mTORC2 (Sarbassov et al., 2006). Within the mTORC2 complex, mLST8
also known as GbL, a small adaptor protein containing seven WD40 repeats, binds tightly to the
kinase domain of mMTOR (Jacinto et al., 2004; Sarbassov et al., 2004). Binding of mLST8 to mTOR
is required for the kinase activity of mTOR (Kim et al., 2003). Another mTORC2 component
rictor forms a low affinity complex with mTOR and it is indispensable for the function of mTORC2.
Rictor remains poorly characterized. The full length of the human rictor polypeptide containing
1,708 amino acids reveals no homology with any known functional domain or protein, although it
is relatively conserved in all eukaryotes (Sarbassov et al., 2004; Sarbassov et al., 2005). Initially,
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rictor’s ortholog, pianissimo, was identified in Dictyostelium as a critical player in chemotaxis and
cAMP signal relay (Chen et al., 1997). The recently identified fourth component of mTORC2, Sinl,
might provide more insights into the regulation and function of mTORC2. Two Sinl functional
domains have been proposed: the Raf-like Ras binding domain (RBD) and a pleckstrin homology
domain (Schroder et al., 2007). The RBD domain points out Ras as a potential up-stream effector
of mMTORC2, and localization of mTORC2 at the plasma membrane might depend on the plekstrin
homology domain of Sinl. Like rictor’s, Sinl’s ortholog was initially identified as an important
regulator of chemotaxis and in addition as a Ras interacting protein 3 in Dictyostelium (Lee et al.,
2005; Lee et al., 1999). In this proposed project, we wexamined the role of PI3K in regulation of
the mTORC2 activity.

B. Results B-1 Rictor phosphorylation is linked to regulation of the mTORC2 ki-
nase activity. To study growth factor dependent activation of mTORC2, we examined the IGFI-
dependent phosphorylation of its substrate Akt in three breast cancer cell lines, MDA-MB-231,
MCEF7, and MDA-MB-435. We found that the IGFI stimulation of the serum-starved cells induced
a robust phosphorylation of Akt on the Ser-473 site in all three breast cancer cell lines (Fig. 1A
and B). It indicates that all three cancer cell lines are highly sensitive to the IGFI stimulation that
associates with the phosphorylation of the mTORC2 substrate Akt . We also observed the change
of rictor’s mobility in a gel. In our initial characterization of rictor we have shown that rictor’s
mobility is depend on its phosphorylation state (Sarbassov et al., 2004). Taken together, these data
suggest that the IGFI-dependent activation of the mTORC?2 function is linked to phosphorylation
its component rictor. It is possible that in active state of mTORC2, mTOR acts as a rictor kinase
and the phosphorylation of rictor takes place within the mTORC2 complex. In the next experiment
we addressed whether the activation of mTORC2 takes place following the stimulation of cells with
IGFI by performing in vitro mTORC?2 kinase assay as described previously (Sarbassov et al., 2005).
We detected a greater kinase activity in the mTORC2 sample purified from the IGFI stimulated
cells than in the sample purified from serum starved cells (Fig. 1B, the upper panel). Thus, the
growth factor-dependent phosphorylation of rictor is linked to activation of the kinase activity of

mTORC2.
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Figure 1 — Rictor phosphorylation associates with the IGFI-dependent stimulation of the mTORC?2 kinase activity

A. The IGFI stimulation causes a slower mobility of rictor protein. The serum starved MDA-MB-231 and MCF7 cells were
stimulated by IGFI. The lysates were analyzed by immunoblotting for indicated proteins and phosphorylation of Akt. B. The
IGFTI stimulation induced the phosphorylation of rictor and a kinase activity of mTORC2. The rictor immunoprecipitates from

the serum starved or IGFI stimulated MDA-MB-435 cells were used in a kinase assay with a full-length wild type Aktl as a

substrate. Immunoblotting was used to detect the phosphorylation of Akt on Ser-473 and the amount of mTOR, rictor, and
Aktl in the kinase assay. Aktl itself without immunoprecipitate was used in a kinase assay to detect a basal phosphorylation

of the substrate (upper panel). The MDA MB 435 cell lysates were analyzed in parallel as described in A (lower panel).

B-2 The IGFI-dependent phosphorylation sites of the mTORC2 component rictor.
Regulation of the mTORC2 activity by IGFI is linked to phosphorylation of its component rictor,
although the function of this phosphorylation in the mTORC?2 signaling is unknown. Identification
of the phosphorylation sites on rictor is a critical step in addressing this lack of knowledge. This
project was initiated by the mass spectrometry analysis of the immunopurified rictor samples from
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the stimulated HeLa cells. We selected several rictor peptides as potential carriers of phosphorylation
sites on the basis of their distinct mass readings. To study these potential phosphorylation sites of
rictor, we initiated development of the rictor phospho-specific antibodies. The first three antibodies
that recognize the rictor phosphorylation sites on Thr-1135, Thr-1177, and Ser-1219 were recently
developed and validated.
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Figure 2 — Detection of the IGFI dependent phosphorylation sites of the mTORC2 component rictor
The serum starved MDA-MB-435 cells with or without the IGFI stimulation were lysed and analyzed by immunoblotting for
the indicated proteins and phosphorylation states by the phospo-specific rictor and Akt antibodies. Where indicated the cells
were also pre-incubated with LY294002 at 20 micromolar concentration for 24 hrs (left panel). In parallel, in the similar
conditions the mTOR bound rictor phosphorylations were analyzed in the mTOR immunoprecipitates as shown in a right
panel.

We found that a detection of rictor by the rictor phospho-Thr-1135 and Ser-1219 antibodies
was greater in the cellular extracts of MDA-MB-435 cells stimulated by IGFI than it was those
of unstimulated serum-starved cells (Fig. 2, a left panel). This finding confirmed that the rictor
phosphorylation at least on Thr-1135 and Ser-1219 sites takes place following stimulation of cells
with IGFI. However the signal detected by the rictor phospho-Thr-1177 antibody showed no increase
following IGFI stimulation, suggesting either constitutive phosphorylation of this site or that the
antibody binding to rictor is independent of the phosphorylation of this site. Validation of this
rictor site will be undertaken with a different batch of the antibody. As also shown in Fig. 2
(left panel), a pre-incubation of cells for 16 hrs with the PI3SK inhibitor LY294002 (also known
as inhibitor of the mTOR kinase activity) caused a decrease of the basal signal detected by these
phospho-specific rictor antibodies under unstimulated conditions. This implies that under serum-
starved condition, PI3K or mTOR carries sufficient basal activity to sustain a low level of rictor
phosphorylation. Most importantly, the pre-incubation of cells with LY294002 inhibited the IGFI
induced phosphorylation of rictor on Thr-1135 and Ser-1219 indicating that PI3K or mTOR plays
a role in this phosphorylation event.

After studying rictor phosphorylation in total cellular lysates, we analyzed it in association with
the mTORC2 complex. We purified mTORC2 by immunoprecipitating mTOR from cells in ex-
perimental conditions similar to those described above by lysing cells in a buffer containing a mild
detergent, CHAPS, to preserve the complex. We found that the mTORC2 component rictor was
phosphorylated in response to the IGFI stimulation on Thr-1135 and Ser-1219 sites and this phos-
phorylation was sensitive the pre-incubation of cells to LY294002 (Fig. 2, a right panel). We found
a similar pattern of the rictor phosphorylation in the total cellular extracts and the immunopurified
mTORC2. Thus, the rictor phosphorylation in total cellular extracts indicates the rictor phospho-
rylation within the mTORC2 complex and can be applied as the indirect activity marker of this
kinase complex. Also, in the same samples of total cellular lysates and immunopurified mTOR we
also detected the growth factor-dependent changes in mobility of the Sinl protein. It implies a role
of phosphorylation of Sinl in growth factor-dependent regulation of mTORC2.

C. Discussion and future directions. Deregulation of growth factor signaling is a hallmark
in cancer development and progression. The IGF or EGF signaling pathways are commonly dereg-
ulated pathways in human breast cancer. Amplification of the growth factor-dependent ras and
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phosphatidylinositol-3-OH kinase (PI3K) pathways leads to hyperactivation of the Akt signaling,
which provides leverage for cancer cells in the up-regulation of cellular proliferation and survival
required for sustained tumor growth. The focus of this study is mTORC2, the important player in
growth factor signaling with its enzymatic kinase activity that attracts a great interest as a novel
anti-cancer drug target.

C-1. Hyperactivation of Akt is common in breast cancer and it is linked to its phosporylation
on the regulatory Ser-473 site by mTORC2. As described in the Results (Sections B1 and B2), we
have identified the phosphorylation sites of the mTORC2 components rictor and mTOR, and these
post-translational modifications are coupled to the functional activity of the mTORC2 complex as
the regulatory Ser-473 kinase of Akt. We found that the phosphorylation of rictor on Thr-1135 and
Ser-1219 sites takes place in a process of activation of the mTORC2 kinase in breast cancer cells
stimulated by IGFI. This finding allows an indirect evaluation of the kinase activity of mTORC2
by applying the phospho-specific rictor and mTOR antibodies validated in this study. The both
phosphorylation sites of rictor could serve as the novel markers to assess activity of the mTORC2
kinase activity in breast cancer based on detection of the rictor phosphorylation. It will be a valuable
tool to identify and characterize the mTORC2-dependent types of breast cancer.

Development of the novel breast cancer marker based on detection of the mTORC2 activity will
be valuable to assess htis regulatory Ser-473 kinase of Akt. Hyperactivation of Akt is associated with
variety types of cancer including breast cancer. The high abundance of the mTORC2 components
rictor and mTOR in human breast tumors correlates with its role as the regulatory Ser-473 kinase
of Akt required for sustained tumor growth. Development of the novel breast cancer marker can be
based on detection of the rictor phosphorylation by the phospho-specific rictor antibodies described
in Results section B-2. Initially, the study has to determine if the antibodies will recognize their
phosphorylation sites on the non-denatured native form of rictor. It is likely that the phospho-
specific antibodies will efficiently immunoprecipitate rictor from the IGFI-stimulated but not from
the serum-starved cells. The CHAPS lysis buffer will be applied to preserve the mTORC2 complex.
If the phosphorylation sites of rictor will not be accessible for the antibodies in the complex, the
cells will be lysed in in the Triton lysis buffer known to disintegrate the mTORC2 complex. It might
be necessary to validate the phospho-specific rictor antibodies in the immunofluorescence study of
the serum-starved or IGFI-stimulated breast cancer cells. If necessary the permeabilization step will
be introduced by incubating the fixed cells in a stringent Triton containing buffer. To assure the
specificity of staining the knock down of rictor by the retroviral expression of shRNAs targeting rictor
mRNA will be instrumental. Extension of the rictor phospho-specific antibody applications to stain
breast tumors by immunohistochemistry (IHC) is a critical final step in the marker development.
The breast tumor samples for IHC can be first obtained from the mouse mammary tumor virus
(MMTV)-HER2 transgenic mice to determine a feasibility of the phosphor-rictor antibodies for
detection the HER-dependent mTORC2 activation. After the validation of the phospho-specific
rictor antibodies in the IHC staining of the mouse tumor samples, it will be feasible to initiate the
staining of human breast tumors.

C-2. An important role of mMTORC2 as regulator of Akt attracts a lot of attention and translates
mTORC?2 to a highly attractive anti-cancer drug target, particular for cancer types with the hyper-
activated Akt pathway. It correlates well with our finding that demonstrates the up-regulation of the
mTORC2 components rictor and mTOR in human breast tumors as shown in the Results section
B-3. In our previous work we found that a prolonged rapamycin treatment causes only a partial
inibition of the mTORC2 assembly and in most of the cancer cells the Akt pathway remains insen-
sitive to rapamycin treatment. It can be predicted that active compounds affecting the mTORC2
function in combination with rapamycin will have a synergistic impact on cancer cells linked to the
potent inhibition of Akt. Our study incites a development of the mTORC?2 inhibitor that will have
a great potential in translational research.

Targeting the mTORC2 complex in breast cancer by developing of its specific inhibitor is a
promising approach to suppress breast tumorigenesis. The National Cancer Institute library of
natural chemical compounds will be valuable to carry out the screening studies. The different types
of high trough-put screening (HTS) assays are necessary to develop a specific and potent inhibitor
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of mMTORC2. First, the screening for the mTORC2 kinase activity can be analyzed by detection of
the rictor phosphorylation in a cell-based assay. The rictor phospho-specific antibodies described in
this study will provide the functional read-out of the mTORC2 activity. Second, it will be practical
to perform the screen to identify the synergistic cell toxicity effect in combination with rapamycin.
It has been shown in our previous study that a prolonged rapamycin treatment inhibits assembly
of mTORC2 and a compound inhibiting mTORC2 in combination with rapamycin will be highly
effective in suppressing mTORC2 and cell survival by mimicking a loss of mTORC2. Third, the
HTS assay for the compounds causing effect on integrity and assembly of mTORC2 will provide an
additional approach to search for the potent inhibitors of mTORC2. This screening approach will
be based the mTORC2 purification and analyzing its integrity. The affinity purification of mTOR
allows to analyze integrity of both mTORC1 and mTORC2 by detecting abundance of bound raptor
or rictor to mTOR. Identification of compound with a specific and selective effect on integrity of
the mTORC2 but not to the mTORC1 will be a main interest in this screening approach. A highly
quantitative pulse and chase experiment can be applied to study effect of inhibitory compounds on
assembly of mTORC2. Most importantly, a mechanism of direct targeting and binding of inhibitory
compounds to the mMTORC2 will validate the screening studies by co-purification experiments of the
mTORC2 components with radiolabeled inhibitory compounds.
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Pukropabiy docdopiianysl cyT 6e3i Karepui icirinig ecy dpakTopsiapbiHa GailjiaHbICTbBI

AnnoTtanusa Epre nuarHoctuka oiicrepiHiy kerinyine kapamacTtaH, cyT 6e3i karepJii iciri omi je »kpuibiHa mamamen 40
000 oitesimin eJiimine cebemmr aybIp AepT OOJBIN caHAJAabl. ICIKTIH TybIHZAYBI MEH JaMybl ©cy (aKTOpJapbl CUTHAJIBIK,
2KOJIJAPBIHBIH, OaKbLIAYyIaH MIBIFYbIMeH cunartanaapl. Cyr 6e3i snurennii KiaeTKAJIapbIHbIH, TPAHCHOPMAIUICHL XKHHE KATepJIi
icik (beHOTHUIIHIH JaMybl »KOFAPbl CEJIEKTUBTI KBICBIMFA HErI3/IeJIP€H KOIl CaThLIbI MPOIECC OOJIBIT TabblLIaabl. ICiK Ty3imyiHiH
6acTbl (bakTOpPbI OOMIBIN KJIETKAJIAPABIH, IPOJIndepaIusiChbl, OMIPIIEH/IIr KOHEe MUIPAIUACHIH PETTEyre KAaTbICAThIH KJIETKAJIBIK,
CHUTHAJIJIBIK, YKOJIIAP/IbIH, aKTUBTEeHyl1 caHasaapl. OcbiFaH GailylaHbICThI, iCiK T y3l1yl 6apbICBIH/IA ajaM/ia KUl aKTUBTEHETIH
CUTHAJIIBIK, KOMIIOHEeHTTep il 6ipi 6ya Akt. Oux icikriy y3ak Mepsimii ecyine KazKeTTi iCiK KJIeTKaJapbIHbIH TPoJudeparusichl
JKOHE OMIPIIEHIIrT MeXaHU3M/IEPIHIH KOCBUIYBIH KaMTaMachl3 eTefli. AJIIBIHFBI KYMbICTa 6i3 CYTKOPEKTILIEp/IiH panaMullui
ubicanbl 2-kemteni (Target of Rapamycin Complex 2 - mTORC2) Akt-Teik Herisri perrerimi ekeHairin aHbIKTaran 60IaTBIHOBIS.
Ocwr xaHa kemedn MTORC2-wiH Gys1 MaHBI3ABI KbI3MET] ICIKTI 3epTTey >KYMBICTAPhl YIIIH YJIKEH KBI3BIFYIIBLIBIK, TYIbIPHIIT
OTBIp. BepiyireH >KyMBICTBIH, OPTAJIBIK, THIIOTE3AChI - KJIeTKaJbIK, TpaHcdopmanus ke3inge mTORC2 akruBreHyi o3 Keserinuae
cyT 6e3i GipiHmIIK iciriHiH JaMyBIHIAFBI aca MaHbI3/Ibl CATHICHI peTiHgae AKt CUrHAJIBIK YKOJIBIHBIH, aKTUBTeILyiHe ceber 6oJiaibl.
Biznin 3eprreyimisre coiikec, mMTORC2 akTuprisirin »xaHama Oarasiayra HerizzesireH cyT 6e3i Karepsi iciriniy »kaHa MapKepiH
HaiibiHgay MyMKiHAir: 6ap. OHbIMeH Koca, Akt runepaxkTuBaIUsiCbIMEH CUIIATTAJATBIH CyT 6e3i icirine G6arbrrrasran mTORC2
crienupUKaJIbIK UHIMOUTOPBIH Kacay erTe naiigasusl 6omap exi. mTORC2 perrenyin 3eprrey artajaraH icik TYpiHiH Tepanusicbl
GarbITBIHAAFBl 3€PTTEY YKYMBICTAPBIHBIH OoJjialarbl 30p cajackl 60sbin TabbLiagsl.  2Kana mapkep mTORC2-Toyenai icik
TYypJiepiH aHbIKTall, cyT 6e3i iciriHig epre auarHocTuMkacel koHe Oarasiaybl yiniH kosgaHbLiaasl. MTORC2 cnemudukasibik,
MHIUOUTOPBIH Kacay CyT 6e3i iciri kesingeri ecy daxkTopJiapbl CUTHAJIBIK, KOJIJAPBIH MAKCATThI TEXKEY/I KaMTaMachl3 eTe/li.

Tvyiiin ceamep pukTop, cyT 6e3i karepui iciri, mMTOR, mTORC1, mTORC2, uncynun Ttoyenni ecy ¢dpaxTopst
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PochopusimpoBaHrEe PUKTOPA 3aBUCUT OT (PAKTOPA POCTA B KJIETKAX PAKA MOJIOYHOU >KeJie3bl

AnvHoTanusi: Hecmorpsi Ha ycrnexu B paHHERl JIMACHOCTHKE, PaK MOJIOYHOMN >KeJie3bl BCE €Ie OCTAeTCsl CEePhe3HBIM
3a00JIeBAHIEM, U3-32 KOTOPOI'o €KerofHo yMmupatoT okosio 40 000 »kenmua. Bo3HUKHOBEHUE U pa3BUTHE DaKa XapaKTEPU3YIOTCS
norepeii KOHTPOJIsi HaJ[ CUTHAJBHBIMHM IIyTsIMH POCTOBBIX (DAKTOpPOB. TpaHcdopMalusi SMUTEIUATBHBIX KJIETOK MOJIOYHOM
2KeJIe3bl M PAa3BUTHUE 3JI0KAYECTBEHHOI'O (DEHOTHUIIA SIBJISIIOTCS MHOT'OSTAIIHBIM IIPOIECCOM, O0YCJIOBJIEHHBIM BBICOKOCEJIEKTUBHBIM
nayienneM. OCHOBHBIM (PaKTOPOM B OIIyXOJI€OOPa30BaAHUN CUUTAETCS AKTUBAIUS KJIETOYHBIX CUIHAJIBHBIX IIyTeil, BOBJIEUEHHBIX
B Peryjsiiuio IpoJindepanuu, >XU3HECTOMKOCTH W MHUIPAlMM KJIETOK. B CBsA3M C 9TUM OJHUM U3 YaCTO AKTUBUPYEMBIX
CHUTHAJIbHBIX KOMIIOHEHTOB B 0ODa30BaHUU OIyXOJIH y desoBeKa siBisiercss Akt, KoTopblit obecrieanBaeT BKIIIOUEHUE MEXAHI3MOB
npoJirpepaliui U BBDKUBAEMOCTH y PAKOBBIX KJIETOK, HEOOXOMMMBIX JJIsi IPOJOJIKUTEJBHOIO POCTa OIyxoJyin. PaHee MbI
ycraHoBuiau Komiuteke 2 muinenn panamunusa (Target of Rapamycin Complex 2 - mTORC2) muiekonuTaromux B KadecTBe
kioueBoro perynsaropa Akt. Dra Baxkmaa posb HOBOro kommiekca mTORC2 BbI3biBaeT OrpOMHBIN MHTEPEC B OHKOJIOTHH.
IlenTpasnbHas runoresa JaHHONW pabOTHI 3aK/IIOYAETCS B TOM, YTO BO BPEMsI KJIETOYHOHN TpaHchOpManuyu KaK BarXKHEHIInii sTan B
Pa3BUTHUY [IEPBUYHOM OILyXOJIX MOJIOYHOII 2KeJie3bl akTuBupyercts mTORC2, 4To B cBOIO 04epesb BeJeT K aKTUBAIIMU CUI'HAJIBHOTO
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nytu Akt. CoriacHO HallleMy HCCJIEIOBAaHMIO, SIBJISIETCH BO3MOXKHBIM pa3paboTKa HOBOIO MapKepa paka MOJIOYHON Kejle3bl
Ha OCHOBe KocBeHHOM oneHkn aktuBHOcTH MTORC2. Kpome Toro, 65110 661 Ipe3BBIYAHO IOJIE3HO CO34ATh CIEIMMDUIECKII

unruburop mTORC2, nanpab/ieHHBI Ha pak MOJIOYHBINA Keje3bl ¢ runepaktuBanuein Akt. Msyuenwme perynsmun mTORC2

ABJIACTCA HepCHeKTHBHOﬁ 06J1aCThIO I/ICCJ’IG,JIOBB‘HI/IIU/I B IIeJIdax pa3pa60TKH METOJOB JICHCHUA JJTAHHOI'O TUIIa PaKa. Hospbrit MapKep

onpegennt mTORC2-3aBucuMble THIBL paka U OyZeT IPUMEHSTHCS [l PAaHHE! JUarHOCTUKY U OLIEHKH PpaKa MOJIOYHOM »KeJIe3bl.
Coznanne cnenuduigeckoro naruouropa mTORC2 obecreunT IreseHanpaBIeHHOE TONABJIEHNE CHIHAJIBHBIX IIyTeil paKTOpoB

pocTa IpU pake MOJIOYHOMN KeJIe3bl.

KurogyeBble ciioBa: pukTop, pak MosnodHoil »xkejme3pl, mMTOR, mTORC1, mTORC2, uncynuno-monobusrit pakTop pocra 1

References

Alessi, D. R., James, S. R., Downes, C. P., Holmes, A. B., Gaffney, P. R., Reese, C. B., and Cohen, P. (1997).

Characterization of a 3-phosphoinositide-dependent protein kinase which phosphorylates and activates protein

kinase Balpha. Curr Biol 7, 261-269.

Balsara, B. R., Pei, J., Mitsuuchi, Y., Page, R., Klein-Szanto, A., Wang, H., Unger, M., and Testa, J. R. (2004).

Frequent activation of AKT in non-small cell lung carcinomas and preneoplastic bronchial lesions. Carcinogenesis

25, 2053-2059.

Bellacosa, A., Kumar, C. C., Di Cristofano, A., and Testa, J. R. (2005). Activation of AKT kinases in cancer:

implications for therapeutic targeting. Adv Cancer Res 94, 29-86.

Brognard, J., Clark, A. S., Ni, Y., and Dennis, P. A. (2001). Akt/protein kinase B is constitutively active in non-

small cell lung cancer cells and promotes cellular survival and resistance to chemotherapy and radiation. Cancer

Res 61, 3986-3997.

Brunet, A., Bonni, A., Zigmond, M. J., Lin, M. Z., Juo, P., Hu, L. S., Anderson, M. J., Arden, K. C., Blenis, J., and

Greenberg, M. E. (1999). Akt promotes cell survival by phosphorylating and inhibiting a Forkhead transcription

factor. Cell 96, 857-868.

Cantley, L. C. (2002). The phosphoinositide 3-kinase pathway. Science 296, 1655-1657.

Chen, M. Y., Long, Y., and Devreotes, P. N. (1997). A novel cytosolic regulator, Pianissimo, is required for

chemoattractant receptor and G protein-mediated activation of the 12 transmembrane domain adenylyl cyclase

in Dictyostelium. Genes Dev 11, 3218-3231. Chiang, G. G., and Abraham, R. T. (2005). Phosphorylation of mam-

malian target of rapamycin (mTOR) at Ser-2448 is mediated by p70S6 kinase. J Biol Chem 280, 25485-25490.

Cross, D. A., Alessi, D. R., Cohen, P., Andjelkovich, M., and Hemmings, B. A. (1995). Inhibition of glycogen

synthase kinase-3 by insulin mediated by protein kinase B. Nature 378, 785-789.

Datta, S. R., Dudek, H., Tao, X., Masters, S., Fu, H., Gotoh, Y., and Greenberg, M. E. (1997). Akt phosphoryla-

tion of BAD couples survival signals to the cell-intrinsic death machinery. Cell 91, 231-241.

del Peso, L., Gonzalez-Garcia, M., Page, C., Herrera, R., and Nunez, G. (1997). Interleukin-3-induced phosphory-

lation of BAD through the protein kinase Akt. Science 278, 687-689.

Dillon, R. L., White, D. E., and Muller, W. J. (2007). The phosphatidyl inositol 3-kinase signaling network: im-

plications for human breast cancer. Oncogene 26, 1338-1345.

Frias, M. A., Thoreen, C. C., Jaffe, J. D., Schroder, W., Sculley, T., Carr, S. A., and Sabatini, D. M. (2006).

mSinl is necessary for Akt/PKB phosphorylation, and its isoforms define three distinct mTORC2s. Curr Biol 16,

1865-1870.

Greenlee, R. T., Murray, T., Bolden, S., and Wingo, P. A. (2000). Cancer statistics, 2000. CA Cancer J Clin 50,

7-33.

Guertin, D. A.; Stevens, D. M., Thoreen, C. C., Burds, A. A., Kalaany, N. Y., Moffat, J., Brown, M., Fitzgerald,

K. J., and Sabatini, D. M. (2006). Ablation in mice of the mTORC components raptor, rictor, or mLST8 reveals

that mTORC?2 is required for signaling to Akt-FOXO and PKCalpha, but not S6K1. Dev Cell 11, 859-871.

Harris, T. E., and Lawrence, J. C., Jr. (2003). TOR signaling. Sci STKE 2003, rel5. Holz, M. K., and Blenis, J.

(2005). Identification of S6 kinase 1 as a novel mammalian target of rapamycin (mTOR)-phosphorylating kinase.

J Biol Chem 280, 26089-26093.

Hutchinson, J. N., Jin, J., Cardiff, R. D., Woodgett, J. R., and Muller, W. J. (2004). Activation of Akt-1 (PKB-

alpha) can accelerate ErbB-2-mediated mammary tumorigenesis but suppresses tumor invasion. Cancer Res 64,

3171-3178. Inoki, K., Li, Y., Zhu, T., Wu, J., and Guan, K. L. (2002). TSC2 is phosphorylated and inhibited by

Akt and suppresses mTOR signalling. Nat Cell Biol 4, 648-657.

Jacinto, E., Facchinetti, V., Liu, D., Soto, N., Wei, S., Jung, S. Y., Huang, Q., Qin, J., and Su, B. (2006).

SIN1/MIP1 maintains rictor-mTOR complex integrity and regulates Akt phosphorylation and substrate speci-

ficity. Cell 127, 125-137.

Jacinto, E., Loewith, R., Schmidt, A., Lin, S., Ruegg, M. A., Hall, A., and Hall, M. N. (2004). Mammalian TOR

complex 2 controls the actin cytoskeleton and is rapamycin insensitive. Nat Cell Biol 6, 1122-1128.

Kim, D. H., Sarbassov, D. D., Ali, S. M., Latek, R. R., Guntur, K. V., Erdjument-Bromage, H., Tempst, P., and

Sabatini, D. M. (2003). GbetaL, a positive regulator of the rapamycin-sensitive pathway required for the nutrient-

sensitive interaction between raptor and mTOR. Mol Cell 11, 895-904.

Klijn, J. G., Berns, P. M., Schmitz, P. L., and Foekens, J. A. (1992). The clinical significance of epidermal growth

factor receptor (EGF-R) in human breast cancer: a review on 5232 patients. Endocr Rev 13, 3-17.

Kohn, A. D., Summers, S. A., Birnbaum, M. J., and Roth, R. A. (1996). Expression of a constitutively active Akt
62



Chien-Hung Chen, Dos D. Sarbassov

Ser/Thr kinase in 3T3-L1 adipocytes stimulates glucose uptake and glucose transporter 4 translocation. J Biol
Chem 271, 31372-31378.

Kreisberg, J. I., Malik, S. N., Prihoda, T. J., Bedolla, R. G., Troyer, D. A., Kreisberg, S., and Ghosh, P. M. (2004).
Phosphorylation of Akt (Ser473) is an excellent predictor of poor clinical outcome in prostate cancer. Cancer Res
64, 5232-5236.

Lee, S., Comer, F. 1., Sasaki, A., McLeod, I. X., Duong, Y., Okumura, K., Yates, J. R., 3rd, Parent, C. A., and
Firtel, R. A. (2005). TOR complex 2 integrates cell movement during chemotaxis and signal relay in Dictyostelium.
Mol Biol Cell 16, 4572-4583.

Lee, S., Parent, C. A., Insall, R., and Firtel, R. A. (1999). A novel Ras-interacting protein required for chemotaxis
and cyclic adenosine monophosphate signal relay in Dictyostelium. Mol Biol Cell 10, 2829-2845.

Manning, B. D., Tee, A. R., Logsdon, M. N., Blenis, J., and Cantley, L. C. (2002). Identification of the tuberous
sclerosis complex-2 tumor suppressor gene product tuberin as a target of the phosphoinositide 3-kinase/akt path-
way. Mol Cell 10, 151-162.

Peterson, R. T., Beal, P. A., Comb, M. J., and Schreiber, S. L. (2000). FKBP12-rapamycin-associated protein
(FRAP) autophosphorylates at serine 2481 under translationally repressive conditions. J Biol Chem 275, 7416-
7423.

Sancak, Y., Thoreen, C. C., Peterson, T. R., Lindquist, R. A., Kang, S. A., Spooner, E., Carr, S. A., and Sabatini,
D. M. (2007). PRAS40 is an insulin-regulated inhibitor of the mTORC1 protein kinase. Mol Cell 25, 903-915.
Sarbassov, D. D., Ali, S. M., Kim, D. H., Guertin, D. A., Latek, R. R., Erdjument-Bromage, H., Tempst, P., and
Sabatini, D. M. (2004). Rictor, a novel binding partner of mTOR, defines a rapamycin-insensitive and raptor-
independent pathway that regulates the cytoskeleton. Curr Biol 14, 1296-1302.

Sarbassov, D. D., Ali, S. M., Sengupta, S., Sheen, J. H., Hsu, P. P., Bagley, A. F., Markhard, A. L., and Sabatini,
D. M. (2006). Prolonged rapamycin treatment inhibits mTORC2 assembly and Akt/PKB. Mol Cell 22, 159-168.
Sarbassov, D. D., Guertin, D. A., Ali, S. M., and Sabatini, D. M. (2005). Phosphorylation and regulation of
Akt/PKB by the rictor-mTOR complex. Science 307, 1098-1101.

Scheid, M. P.; Marignani, P. A., and Woodgett, J. R. (2002). Multiple phosphoinositide 3-kinase-dependent steps
in activation of protein kinase B. Mol Cell Biol 22, 6247-6260.

Schroder, W. A., Buck, M., Cloonan, N., Hancock, J. F., Suhrbier, A., Sculley, T., and Bushell, G. (2007). Hu-
man Sinl contains Ras-binding and pleckstrin homology domains and suppresses Ras signalling. Cell Signal 19,
1279-1289.

Shaw, R. J., and Cantley, L. C. (2006). Ras, PI(3)K and mTOR signalling controls tumour cell growth. Nature
441, 424-430.

Shiota, C., Woo, J. T., Lindner, J., Shelton, K. D., and Magnuson, M. A. (2006). Multiallelic disruption of the
rictor gene in mice reveals that mTOR complex 2 is essential for fetal growth and viability. Dev Cell 11, 583-589.
Slamon, D. J.,; Godolphin, W., Jones, L. A., Holt, J. A., Wong, S. G., Keith, D. E.; Levin, W. J., Stuart, S. G.,
Udove, J., Ullrich, A., and et al. (1989). Studies of the HER-2/neu proto-oncogene in human breast and ovarian
cancer. Science 244, 707-712.

Stephens, L., Anderson, K., Stokoe, D., Erdjument-Bromage, H., Painter, G. F., Holmes, A. B., Gaffney, P. R.,
Reese, C. B., McCormick, F., Tempst, P., et al. (1998). Protein kinase B kinases that mediate phosphatidylinositol
3,4,5-trisphosphate-dependent activation of protein kinase B. Science 279, 710-714.

Sun, M., Wang, G., Paciga, J. E., Feldman, R. 1., Yuan, Z. Q., Ma, X. L., Shelley, S. A., Jove, R., Tsichlis, P. N.,
Nicosia, S. V., and Cheng, J. Q. (2001). AKT1/PKBalpha kinase is frequently elevated in human cancers and its
constitutive activation is required for oncogenic transformation in NIH3T3 cells. Am J Pathol 159, 431-437.
Surmacz, E. (2000). Function of the IGF-I receptor in breast cancer. J Mammary Gland Biol Neoplasia 5, 95-105.
Testa, J. R., and Bellacosa, A. (2001). AKT plays a central role in tumorigenesis. Proc Natl Acad Sci U S A 98,
10983-10985.

Tsurutani, J., Fukuoka, J., Tsurutani, H., Shih, J. H., Hewitt, S. M., Travis, W. D.; Jen, J., and Dennis, P. A.
(2006). Evaluation of two phosphorylation sites

improves the prognostic significance of Akt activation in non-small-cell lung cancer tumors. J Clin Oncol 24, 306-
314.

Vander Haar, E., Lee, S. I., Bandhakavi, S., Griffin, T. J., and Kim, D. H. (2007). Insulin signalling to mTOR
mediated by the Akt/PKB substrate PRAS40. Nat Cell Biol 9, 316-323.

Viglietto, G., Motti, M. L., Bruni, P., Melillo, R. M., D’Alessio, A., Califano, D., Vinci, F., Chiappetta, G.,
Tsichlis, P., Bellacosa, A., et al. (2002). Cytoplasmic relocalization and inhibition of the cyclin-dependent kinase
inhibitor p27(Kipl) by PKB/Akt-mediated phosphorylation in breast cancer. Nat Med 8, 1136-1144.

Yang, J., Cron, P., Thompson, V., Good, V. M., Hess, D., Hemmings, B. A., and Barford, D. (2002). Molecular
mechanism for the regulation of protein kinase B/Akt by hydrophobic motif phosphorylation. Mol Cell 9, 1227-
1240.

Yang, Q., Inoki, K., Ikenoue, T., and Guan, K. L. (2006). Identification of Sinl as an essential TORC2 component
required for complex formation and kinase activity. Genes Dev 20, 2820-2832.

Zhang, X., and Yee, D. (2000). Tyrosine kinase signalling in breast cancer: insulin-like growth factors and their
receptors in breast cancer. Breast Cancer Res 2, 170-175.

Zhou, B. P.,; Liao, Y., Xia, W., Spohn, B., Lee, M. H., and Hung, M. C. (2001a). Cytoplasmic localization of

63



JI.H. I'ymunaes arbiagarel EYY Xa6apubicel - Bectuuk EHY um. JI.H. I'ymuiesa, 2018, 1(122)

p21Cipl/WAF1 by Akt-induced phosphorylation in HER-2/neu-overexpressing cells. Nat Cell Biol 3, 245-252.

Zhou, B. P., Liao, Y., Xia, W., Zou, Y., Spohn, B., and Hung, M. C. (2001b). HER-2/neu induces p53 ubiquiti-

nation via Akt-mediated MDM?2 phosphorylation. Nat Cell Biol 3, 973-982.

Zhou, X., Tan, M., Stone Hawthorne, V., Klos, K. S., Lan, K. H., Yang, Y., Yang, W., Smith, T. L., Shi, D., and

Yu, D. (2004). Activation of the Akt/mammalian target of rapamycin/4E-BP1 pathway by ErbB2 overexpression

predicts tumor progression in breast cancers. Clin Cancer Res 10, 6779-6788.

CgBenenus 06 aBTOpax:

Ywuen-Xaur Yen - PhD, npodeccop. lenaprameHT MOJIEKYJISIPHON U KJIETOYHOM OHKOJioruu, Texacckuit yuusepcurer M.J.
Anpnepcona, XbrocToH, Texac 77030, CIITA.

Jloc /1. Capbacos - PhD, Yuusepcurer Texacckoii BbICIIEH IIKOJIBI OHOMEIUIIMHCKIX HAyK B XbIOCTOHE, XBIOCTOH, Texac
77030, CILIIA.

Yuen-Xaur Yen - Department of Molecular and Cellular Oncology, University of Texas M. D. Anderson Cancer Center,
Houston, TX 77030, USA.

Dos D. Sarbassov - The University of Texas Graduate School of Biomedical Sciences at Houston, Houston, TX 77030, USA.

Iocmynuana 6 pedaryuro 23.01.2018

64



«JI.H. 'ymuaeB arpingarsl Eypasusi yaTTeIK yHuUBepcuteTiHiH Xabapuibickl. Buosiornsanbik FeIIBIMIOAP
CepUsChI» >KYPHAJIBIH/IA MaKaJia X»Kapusjiay epe>keci

1. 2Kypnasna makcarbl. buoxumust, MOJIEKYJIAJIBIK, OUOJIOTHST, GHOTEXHOJIOTHST, ONONH(MOPMATHUKA, BUPYCOJIOTHsI, Onodusnka,
6uounH>KeHepus, (U3MOJIOTHUsI, OOTAHUKA, 300JIOTUS, SBOJIOIUAJIBLIK OHOJIOTUS, TEHETUKA, MUKPOOUOJIOrUsi, OHOMEIUIIMHA
cajiajiapbl OOMBIHIIIA MYKHUSIT TEKCEPYIEH OTKEH FHIJIBIMYM KYHIBLUIBIFBI 6ap Makajagap >Kapusijiay.

2. 2KypnHanga Makajia Kapusijlayllibl aBTOp MaKaJIaHbIH KOJI KOUbLIFaH 1 JaHa Kara3 HYCKACBIH I'bLabIMH 6achLIbIMIAD
Gemimine (penakuusra, mekemkaiibl: 010008, Kasakcran Pecry6inkacel, Acrana kasnacsl, K. Cornaes kemreci, 2, JI.H. 'ymuses
arbiHAarbl Eypasus yiarThlK yauBepcureri, Bac rumapar, 408 kabuner) »koHe eurjourbio@enu.kz 3JeKTPOHJBIK, IOIITACHIHA
PDF, Tex dopmarTapblHIarsl HYCKaJIapbIH XKibepy KarkeT. MakaJslaHyH MOTIiHIHIH Kara3 HYCKAChl MEH JIEKTPOHILI HYCKAJIaphl
OipJeit Gosrysmapbl KaxkeT. MakaJiajap Kasak, OpbIC, aFbUIMIBIH Tijaepinie Kabbuimanalbl. MakasaHblH TeX (apMaTbhIHIAFbI
yurici bulbio.enu.kz »kxypHas caiibITeinga GepiireH.

3. ABTOpAbIH KoJI>ka30aHbl peaakiusira >Kibepyi makamaubig, JI.H. 'ymunaeB arsiHaarbl Eypasusi yiaTThIK
yHuUBepcuTeTiHiH xabGapiibicblHAa OGacyra KediciMmiu, mieres TijiHe aymapbuibinl KaiiTa GacbLIybIHA KeJricimin
Oinpipeni. ABTOp MakaJlaHBI peJJaKIMsiFa >Kibepy apKbLIbl aBTOP TypaJibl M3JIIMETTiH, AYyPBICTHIFbIHA, MaKaJja
KellipiaMereHgirine (mjarnarThbiH >KOKTBIFBIHA) »KOHe 6acKa Ja 3aHCBI3 KelllipMesepAiH »KOKTBIFbIHA KelijigeMe
Gepeni.

4. Maxkasanbiy, KeseMi 18 Gerren acnayra tuic (6 Gerren Gacram).

5. MakaJiaHbIH KYPbIJIBIMbI

FTAMPK http://grnti.ru/

Aemop(nap)ovir, ambvi-sHcons

MexemeHin, Moavi, amayst, KaAacsl, memaexemi (erep aBTopyap 9pTypil MeKeMeJe KYMBIC »KacalTeiH 6oJsica, OHJA
Op aBTOP MEH OHBIH, KYMBIC MeKeMeci KacblHa Gipaeit 6eri KoMblLy Kepek)

Aemop(aap)der, E-mail-vt

Maxana amayve

Annomayus (100-200 ces; dbopMysacei3, MakajlaHblH aTayblH MeNiHIIe KaliTasaMaybl KaxkeT; oaebuerrepre ciaremesep
6oIMaybl KarkeT; MaKaJaHbIH KypPbUIBICHIH (Kipicne /MakaiaHbIH MakcaTbl/ MiHIETTepl /KapaCThIPBUIBII OTHIPFAH CYPAKTHIH
TapuXbl, 3€PTTEY OICTEPl, HOTHKEJEp/TaJKbliIay, KODPBITBIHIBI) CaKTall OTBHIPHII, MaKaJAaHbIH KbICKAIla MasMyHbI Gepiayi
KAKer).

Tydin ceadep (6-8 ce3z He ce3 tipkeci. TyiliH cesmep Makasa MasMyHBIH KeDCeTil, MeHJiHIIE Makaja araybl MeH
aHHOTAIUSIIAFbl CO3/ep/l KaiTamaMmail, Makajia Ma3MYHBIHIAFbl CO3/1epal KoJsigaHy Kaker. COHBIMEH KaTap, aKIapaTThbIK-
i3nectipy Kyiesepinjie MakaJaHbl XKEeHIJI Tabyra MYMKIH/IK GepeTiH FhUIBIM cajlajapblHbIH TEPMHUHJEPIH KOJJAHy KaxKer).

Hezizei Mmomin MaKaJaHbIH MakcaTbl/ MIiHZETTepi/ KapaCTHIPBUIBII OTBIPFAH CYPAKTBIH TapUXBI,  3€PTTEY
9/1icTepi,HoTHUKEIED / TATIKBIIAY, KOPBITBIH/IbI 60IIMIEPIH KAMTYbI KarXKeT.

Tabauua, cypemmep — aTaJlFaHHAH KeiliH OPHAJIACTBIPBLIAJIbI. Op Tab/IUIA, CyPeT KAChIH/a OHBIH aTajybl O0JIybl KAXKeT.
Cyper allKbIH, CKAHEDPJIEH OTIEreH GOJIYbl KEPEeK.

Makanagarsl gopmyaaaap TeK MITIHIE OJlapra ciireMe Gepijice FaHa HOMIpJIEHE].

2Kanmer kongansicta 6ap abbpesuamypasap MeH Kvickapmy.aapdar GacKaaapbl MIHIETTI TypAe ajfall KOJJaHFaHIa
Tycinaipinyi 6epinyi kaxker. Kapotcvinali Komex mypaas, aknapar Oipinimii 6erre KepceTiiei.

Odebuemmep Mmizimi

Moringe saibuerTepre ciremesnep TiKXKaKIIara ajablHaapl. MoTingeri onebuerrep TisimiHe cirremesniep/iiH HOMEpJIEHy1 MOTiH e
KOJIZAHBLIYbIHA KATBICTBI XKYPrisiijie: MoTiHIe Ke3/ecKeH debreTke aralikpl ciareme [1] apkpuibl, exinmi cinreme [2] apKbLibt
T.c.c. xyprisimeni. Kiranka kacajaTbelH cinTemesepae KOJJaHBUIFaH OeTTep ne Kepcerimyl kepek (mblcassl, [1, 45 Ger]).
2Kapusanaunbaran enbekrepre cliremesep kKacaiMaiiapl. COHbIMEH KaTap, PEIEH3UsAIaH OTIEATIH GachUIbIMIapra Ja cluremesep
KacanaMaiiapl (omebuerTep Ti3iMiHIH o3ipJsey yJriIepin ToMeHIeri MaKaJaHbl POCIMJIEY YJITICIHEH KapaHbI3).

MakaJia coHpIHIArbl daebuerrep TiziMineH keifin GubauozpaPuasviry Maaimemmep OPbIC XKOHe arblINIbIH Tulinge (erep
MakaJa Kasak TIIHIe »Ka3buica), KasaK JKoHe aFbUIMBIH TUIiHZe (erep Makaja OpPBIC TUIHJE Kas3blICca), OPBIC XKOHE Ka3ak
Tininge (erep MaKaJsia arbUIIIBIH TLTIH/E Ka3bliran 6oJica) Gepineni.

Aemopaap mypaavt MaATMEM: aBTODPIBIH AThI-YKOHI, FBIIBIMU ATaFbl, KbI3METi, YKYMBIC OPHbBI, >KYMBIC OPHBIHBIH MEKEH-
2Kalibl, TejaedoH, e-mail — Ka3ak, OpbIC »KOHE aFrbUIIILIH TiJIIePiH/e TOJTHIPbLIAIbI.

6. Komxaszba MyKHAT TeKcepiareH OOybl KaXkeT. TexXHHKAaJbIK TaJalTapra cail KeJMereH KoJkasbasiap KaiTa eHIeyre
KalTapbuiaabl. KomkaszbaHblH KaiTapblIybl OHBIH »KypHaJ1a 6achllyblHa 2Kibepinyin 6inaipmeiii.

7. Penaknusra TYCKeH MakaJja KaOblK, (aHOHHMJI) Tekcepyre »KibGepineni. Bapublk perensusiiap aBropsapra »Kibepiiexi.
ABrop (pereH3eHT MakaaHbl Ty3eTyre YChIHbIC 6epreH »Karaaiiia) yi KyH apasblFblHIa KaliTa Kapall, KoJrKasbaHblH Ty3eTIreH
HYCKACBIH peJakiusira Kaiita »Kibepyi kepek. PelieH3eHT »KapaMcCbhI3 JIeIl TaHbIFAH MakKaJja KaiTapa KapacThIPbLIMAalIbI.
MakaJjiaHblH TY3€TiJIreH HYCKAChl MEH aBTODJbIH DEIEeH3EeHTKe Kayabbl pellakuusira xKibepiei.

8. Tenemakpl. BacpuibiMFa PYKCAT €TIITeH MakKaJia aBTOpPJIapblHA TOJIEM 2Kacay Typauibl eckepTineni. Tesem kenemi 2018
kKbLabl 4500 Tenre — EYY kpi3merkepsiepi yirin koue 5500 Tenre 6acka yilbIM KbI3MeTKeEpPJIEPiHe.

Pex3ususurrep:

Ilecnabank: KBE16

BUVH 010140003594
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ITosio>keHMEe O PYyKONNCSIX, IIPEACTABJIsIEMbIX B >KypHas «BectHuk EBpasuiickoro HanjMOHAJIBHOTO yHUBEPCUTETA
umenu JI.LH.I'ymuaeBa. Cepusi Buosiornyeckue Haykum»

1. Ieas >xkypHaJa. llybiukanus TImaTesbHO OTOOPAHHBIX OPUTMHAIBHBIX HAyIHBIX PabOT 1O HAIIPAaBJIEHUSIM OHOXMMUSI,
MOJIEKYJIsipHasi OuoJiorusi, OmoTexHoJIOrUsl, OMOMHMOpPMATUKA, BUPYCOJOrusi, OunodusnkKa, OHOMHI)KEHepUsi, (UINOJIOTHSI,
6oTaHMKa, 300JI0THSI, SBOJIIOINOHHAs ONOJIOIHSI, TEHETUKA, MUKPOOUOJIOrHsI, OHOMEIUIIIHA.

2. Aspropy, KejaoleMy OIyOJIMKOBATbH CTATHIO B 2KypHaje HEOOXOAMMO IPEJCTaBUTH PYKOINUCh B TBEPIOH Komuu
(pacneuaTaHHOM BapHaHTE) B OJHOM 3K3eMIUIApE, MOLIHCAHHOM aBropoM B Otries HayuHbIX u3ganuit (mo agpecy: 010008,
Kazaxcran, r.Acrana, yi. CarnaeBa, 2, EBpasuiickuii HaIlMOHAJbHBIA YHUBEPCUTET WM. JIL.LH.I'ymunea, YdyebHo-
aJIMIHUCTPATUBHBIA KopItyc, Kab. 408) u mo e-mail eurjourbio@enu.kz B dpopmare Tex u PDF . Ilpu sT0M JOMKHO GBITH CTPOrO
BBIJIEP?KAHO COOTBETCTBHE Mex 1y Tex-daitiom, PDF-daitnom u TBepoit konueii. [11abon crarsu B popmare tex npuBeieH HA
caiite xxypHaJsia bulbio.enu.kz.

S3bik myGaukanumit: Kazaxckuii, pycckuii, aHTJIHACKAT.

3. OrnopaBieHue craTell B peJaKIMIo O3HAYaeT coIjlacue aBTOpOoB Ha mnpaBo Msnarensi, EBpasuiickoro
HanuoHaJbHOro yHuBepcurera umenu JI.H. 'ymuneBa, usgaHusi crareil B >KypHajie M MNEePEU3JAaHUsI UX Ha
Jao60oM mHOCTpaHHOM s3bIKe. IIpenacraBiasisi TekcT paboThl A nNyGauKanuy B >KypHaJie, aBTOpP rapaHTUpyeT
NPaBUJIBHOCTb BCEX CBeAeHUil o cebe, OTCyTCTBHE ILIarnara u Apyrux (popM HEeNpaBOMEPHOr'O 3aMMCTBOBAHUS B
pyKomnucu, HajJjiexkainee oopMIIeHNE BCEX 3aMMCTBOBAHUN TEKCTa, TabGJull], CXeM, NJIIIOCTPALUIA.

4. O6beM cTaTby HE JOJIKEH IpeBblnarh 18 crpanur (ot 6 crpaHu).

5. CxeMa IOCTPOEHUS CTATbU

I'PHTH http://grnti.ru/

Hruyuaast v Pamuauro aemopa(os)

INoaroe naumenosarue opzanusdayuu, 20pod, cmpara (ecau aBTopbl paboTAIOT B PA3HBIX OPraHU3ANUAX, HEOOXOIUMO
[IOCTaBUThH OJIMHAKOBBIA 3HAYOK OKOJIO (DaMHJIMM aBTOPA U COOTBETCTBYIOIIECH OPraHU3aIIN)

E-mail asropa(os)

Hassanue cmamvu

Annomayus (100-200 c0B; HE IOJKHA COAEPKATH (DOPMYJIBI, IO COAECPIKAHHUIO MOBTOPATH HA3BAHWE CTATHH; HE JOJIKHA
conepKarTh 6ubIHOrpadUIecKre CChUUIKH; JOJIKHA OTParXKaTh KPATKOE COJEPXKAaHUE CTaTbH, COXPaHsisl CTPYKTYyPYy CTaTbH —
BBeZleHNE,/ MOCTAHOBKA 3a1a4u, Iesy/ MCTOPUs, METOABI UCCJIEIOBAHNS, PE3YJIbTaThl/00Cy 2K IeHHs, 3aK/IIOUCHIE/ BEIBO/BL).

Karouesvie caosa (6-8 cios/cioBocoderanuii. KulrodeBble €I0Ba JOJXKHBI OTParkaThb OCHOBHOE COJEPYKAHUE CTATHH,
HCIIOJIb30BATH TEPMUHBI U3 TEKCTa CTATbU, & TAKXKE TEPMUHBI, OMPEIEIISIONIUE MPEIMETHYIO O0JAaCTh W BKJIIOYAIONIUE IPYTUE
BasKHbIE TIOHSTHUS, [TO3BOJIAIONIAE OOJIErYUTh U PACIHIMNPUTH BO3MOXKHOCTH HAXOXKJECHHS CTaTbU CPEJICTBAMU WH(MOPMAIMOHHO-
[IOMCKOBOM CHCTEMBI).

OcHoeHOT merem cmambvbu JJOJKEH COJEPXKATh BBe/leHHe/ TOCTAHOBKY 3a/adn,/ 11eJii/ NCTOPHIO, METObI UCCIIEOBAHNSI,
Pe3yJIbTaThl/ O6CY 2K I€HHE, 3aK/TIOUEHUE / BBIBOJIBI.

Tabauynbt, pucyrku HEOOXOAUMO PACIIOIAraTh Mmocye ynoMuHanus. C KaXXJol WILTIOCTpalueil TOJXKHA CII€JOBATDH HAJIIIKCD.
Pucysku 10/12KHBI OBITh YETKUMU, YUCTBIMY, HECKAHUPOBAHHBIMU.

B crarbe nHymepyrorcs numb Te DOPMYABL, HA KOTOPBIE TIO TEKCTY €CTh CCHLIKU.

Bce abbpesuamypur u coxkpauweHus, 3a UCKIIOYEHUEM 3aBeJIOMO OOIIEN3BECTHBIX, JOJIKHBI OBITH paciudpoBaHbl IIPU
IIEpBOM YTIOTPEOJIEHUN B TEKCTE.

Ceegenust o purarcosot noddepatcke paboThl YKA3bIBAIOTCS HA MEPBOI CTPAHUIE B BUAE CHOCKH.

Cnucox aumepamypot

B Tekcre ccplikn 0603HAYMAIOTCA B KBAAPATHBIX CKOOKax. CCBUIKM JOJIKHBI OBITH IIPOHYMEPOBAaHBLI CTPOTO IO MOPSIKY
YIOMHHAHUS B TeKcTe. lepBasi CChbUIKa B TEKCTE Ha JIUTEPATypPy JOJXKHA nMeTh HoMmep 1], Bropas - [2] u T.1. Ccblika Ha KHUATY
B OCHOBHOM TE€KCTe CTATBU JIOJIZKHA COIPOBOXKIATHCH yKa3aHHEM HCIOJB30BAHHBIX cTpaHun (Hampumep, |1, 45 crp.]). Ccpuikn
Ha HeoIlybJIMKOBaHHBbIE PAGOTHI He JOIycKaloTcs. HerkesraTeabHbl CCHUIKM Ha HEPEIEH3UpPyeMble U3aHus (IPUMEPbl OIMCAHWUS
CIIMCKA JIMTEPATyPhl, OUCAHUS CIINCKA JINTEPATYPHI CM. HHUXKe B 00pasie 0pOPMIIEHUS] CTATHH).

B komHIle cTaThH, MOCIE CIIUCKA JIATEPATYPbI, HEOOXOAMMO yKa3aTh bubauozpagpuueckue darHble Ha PYCCKOM U AHMTTUHACKOM
sa3bIKax (eciau craTbsi 0pOpMIIEHA Ha Ka3aXCKOM sI3bIKe), Ha Ka3aXCKOM U aHIVIMICKOM si3blKaxX (ecim crarbst odOpMIieHa Ha
PYCCKOM sI3BbIKE) M Ha PYCCKOM U Ka3aXCKOM fA3bIKaX (ec/in craTbs opopMIIeHa HA AHIVIMHCKOM SA3BIKE).

Ceedernus 06 aemopax: damuans, UMs, OTIECTBO, HAyIHAs CTEIEH, JOJKHOCTb, MECTO PabOTHI, ITOIHBIN CIIyKeOHBII
azapec, TesedoH, e-mail — Ha Ka3aXCKOM, PYCCKOM M aHIVIMACKOM S3BbIKaX.

6. Pykomuch mosrkHa OBITH TINATEJIBHO BbIBEpeHA. PyKOmncH, He COOTBETCTBYIONINE TEXHUYIECKUM TPEOOBAHUAM, OYIyT
BO3BpallleHbl Ha 10paboTKy. Bo3BpalieHrne Ha JOpabOTKY HE O3HAYAET, YTO PYKOIVMCH IPUHSATA K OIyOJIMKOBAHUIO.

7. PaGora ¢ 3JIeKTPOHHOI KOPPEKTYPOI. Crarpu, nocrynusmme B OThen HaydHbIX u3gaHuil (pegakims),
OTIPABJIAIOTCS Ha AHOHUMHOE PEleH3npOBanue. Bce PeleHsnu 1o CTaTbe OTIPABIIAIOTCHA aBTOPY. ABTOpaM B TE€YEHHE TPEX JHEH
HeOOXOIMMO OTIIPABUTEL KOPPEKTYPY crarbi. CTaTbH, IOy YUBIINE OTPUIATEILHYIO PEIEH3NIO K IOBTOPHOMY PaCCMOTPEHHIO HE
NpUHUMAIOTCHA. VcnpaBiieHHbIE BADUAHTBI CTATEH W OTBET aBTOPA PEIEH3EHTY MPUCHUIAIOTCA B penakimio. CraTbu, uMeronme
[IOJIO’KUTEJIbHBIE PEIEH3HH, [IPEICTABIISIIOTCS PEAKOJIVIETHH YKy PHAJIA 11T OOCYXKIEHUST ¥ YTBEPXKICHUS JJIsl IIyOIUKAI[AHN.

IlepuonuyHoOCTh >KypHaJa: 4 pa3a B rof.

8.Omiata. ABTropaM, MOJIYYHBIINM IIOJIOXKUTEIBHOE 3aKJIIOUEHNE K OIyOIIMKOBAHUIO HEOOXOINMO IPOU3BECTH OILIATY IIO
cnexyomuM peksusutaM (s corpyaaukos EHY — 4500 Tenre, misa croponaux opranusanuii — 5500 Tenre):

PexBusurer:

Ilecnabaunk: KBE16

BYH 010140003594

PHH 031400075610

MUK KZ 91998

BTB 0000003104

TSES KZ KA
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Provision on articles submitted to the journal "Bulletin of L.N. Gumilyov Eurasian National University.
BIOSCIENCE Series"

1.Purpose of the journal. Publication of carefully selected original scientific works in the fields of Biochemistry, Molecular
Biology, Biotechnology, Bioinformatics, Virology, Biophysics, Bioengineering, Physiology, Botany, Zoology, Evolutionary Biology,
Genetics, Microbiology, Biomedicine.

2. An author who wishes to publish an article in a journal must submit the article in hard copy (printed version) in one copy,
signed by the author to the scientific publication office (at the address: 010008, Republic of Kazakhstan, Astana, Satpayev St.,
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