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KOHCIIEKT BUAOB POAA POA L. (CEM. POACEAE BARNHART)
KA3AXCTAHCKOTO AATAS, CAYPO-MAHPAKA
N 3AMCAHCKOUMN KOTAOBUHDI

KoHcnekT poaa Poa L. cocTaBAeH aBTOpamMmM Ha OCHOBAHWM MOAEBbIX PaboT, NMPOBOAMBLUMXCS B
1970-2010 rr., a Tak>)ke COOPOB APYrMX KOAAEKTOPOB, XpaHslmxcs B repbapmm Pecry6AMKaHCKOro
rOCyAQPCTBEHHOIO MPEAMNPUSTUS Ha MPaBe XO3sMCTBEHHOIO BEAEHUS “AATANCKMIA 6OTAaHUYECKMIA Caa»
(r. Puaaep) n Pecny6AMKaHCKOTO roCyAQpCTBEHHOI O MPEANPUSTIS Ha NMPaBe XO3SMCTBEHHOIO BEAEHUS
«MHCTUTYT GOTaHMKM M PUTOMHTPOAYKUMM» (r. AAmartbl). LleAb: yTouHeHue BMAOBOro cocraBa M
pacrpocTpaHeHusi BUAOB poaa Poa L. (cem.Poaceae Barnhart) Ha TeppuTopmmn KasaxcrtaHckoro Aatas,
MNpuasTanckmx xpebToB M 3aiiCaHCKOM KOTAOBMHbI. Ha MccAeAyemon TeppuTopun yCTaHOBAEHO
npomspacTtaHue 33 BUAOB 13 2 MOAPOAOB, 7 CEKLMIA, U3 HUX 7 BUAOB — HOBble AAS (hAOpbl Ka3axcTaHa.
HacbiweHHocTb poaa Poa L. o1 06uwero umMcaa BUAOB cocTaBasieT B LleHTpaabHOM Aatae 45,5% (15
BMAOB), OxxHOM AATae — 57,6% (29 BuaOB), 3anaaHoM Aatae — 57,6% ( 19 BuaoB), KaabrHckom
Anatae — 33,3% (11 Buaos), Caypo-MaHpake — 33,3% (11 BMAOB); 3aiiCaHCKOW KOTAOBMHe — 15,2%
(5 BnaOB). B cuctematnueckom oTHolweHun noapoa Poa npeactaBaeH 30 Buaamu (90,9%); noapoa
Arctopoa (Griseb.) Probat. BkatouaeT 3 Buaa (9,1%). Mo xapaktepy >Xmn3HeHHbIX (hopm npeobAasaioT
NMAOTHOAEPHOBUHHbIE — 14 (42,4%) 1 pbIXAOAEPHOBWHHbIE — 14 (42,4%) BUADBI. B 3KOAOrMUYeckom naaHe
HaMBOAbLLMM KOAMYECTBOM BMAOB NMPEACTaBAEHbI Me30huTbl (48,5%). [0 pesyAbTaTam MccaeAoBaHMiM
MOMOAHEH BMAOBOW cocTaB poaa Poa L. KasaxcraHa 7 Buaamu: Poa alpigena (Fries) Lindman, Poa ser-
gievskajae Probat., Poa veresczaginii Tzvel., Poa glauca Vahl, Poa krylovii Reverd., Poa argunensis Ro-
shev., Poa pseudoaltaica (Olonova) Olonova).

KAtoueBble caoBa: KOHCMekT, poa Poa, Bua, KasaxcraHckuii Aatan, Caypo-MaHpak, 3aicaHckast
KOTAOBMHA, pacrnpocTpaHeHre, BCTPeYaeMoCTb.

Kotuchov Yu.A.", Danilova A.N.?, Anufrieva O.A.?

candidate of biological scinces, leading reseacher, e-mail: a-n-danilova@yandex.ru
candidate of biological scinces, leading reseacher, e-mail: a-n-danilova@yandex.ru
'senior researcher, e-mail: altai_bs@mail.ru
Altai Botanical Garden, Kazakhstan, Ridder

Abstract of genus Poa L. (Poaceae Barnhart) in
Kazakh Altai, Saur-Manrak and Zaisan valley

The abstract of the genus Poa L. was compiled on the basis of the authors field expedition work in
1970-2010 years, and also on the collections of other collectors stored in the herbarium of the Altai
Botanical Garden (Ridder) and Institute of Botany and phytointroduction (Almaty). Aim: Specification
of the species composition and distribution of species of the Poa genus (fam. Poacaeae Barnhat) in the
territory of the Kazakhstan Altai, ridges that suround Altai and the Zaisan hollov. It was established 33
species from 2 subgenera, 7 sections, of which 7 species are new for the flora of Kazakhstan on the in-
vestigated territory. The saturation of the genus Poa L. of the total number of species in the Central Altai
is 45.5% (15 species), the Southern Altai — 57.6% (19 species), the Kalbinsky Altai — 33.3% (11 species),
Saur-Manrak — 33.3% (11 species), Zaisan valley — 15.2% (5 species). The Poa subgenus is represented
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systematically by 30 species (90.9%); subgenus Arctopoa (Griseb.) Probat. includes 3 types. The nature
of life forms is dominated by the dense sod — 14 (42.4%), loose sod — 14 (42.4%) species. The greatest
number of species is represented by mesophytes (48.5%) in the ecological plan. According to the results
of research, the species composition of the genus Poa L. of Kazakhstan is supplemented with 7 species:
Poaalpigena (Fries) Lindman, Poa sergievskajae Probat., Poa veresczaginii Tzvel., Poa glauca Vahl, Poa
krylovii Reverd., Poa argunensis Roshev., Poa pseudoaltaica (Olonova) Olonova).

Key words: abstract, genus Poa, species, Kazakh Altai, Saur-Manrak, Zaisan valley, spread, occur-
rence.
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Ka3akcrtaHapblik, AATtait, Caybip-MaHblpak »xeHe 3aicaH LYHKbIPbIHbIH,
Poa L. Tybicbl TypAepiHiH, (Poaceae Barnhart TykbIMAQCbI) KOHCNIEKTi

Poa L. TybICbIHbIH KOHCMekTiCi aBTOpAapAblH 1970-2010 >>K. ©TKI3reH AAAAAbIK, >KYMbICTap
Heri3iHAe KypblAFaH, PecnyBAMKaAbIK, MEMAEKETTIK LAPYyaLlbIAbIK, KYPri3y KYKbIFbIHAQFbl K&CiMOpbIH
«AATar 6oTaHMKaAbIK, GafFbl» (Puasep K.) xaHe PecrnyOAMKAAbIK, MEMAEKETTIK LapyaLibIAbIK, >KYPri3y
KYKbIFbIHAQFbI KECIMOPbIH «boTaHMKa kaHe (UTOUHTPOAYKLMS MHCTUTYThIHbIH» (AAMAaTbI K..) repbapuii-
AepiHAe cakTaAFaH 6acka AQ KOAAEKTOPAAPAbIH aAbIMAAPbI KOAAAHbIAFAH. MakcaT: KasakcTaHAbIK,
Antan, Cayblp-MaHblpak, eHe 3aicaH LYHKbIPbIHbIH, ariMaFbliHAaFbl Poa TYKbIMAACBIHBIH, TYPAEPIHIH
TapaAybl MeH TYp KypamblH aHblkTay. 3epTTey aimarblHAQ 2 TYp TapMafbiHbiH, 33 TypaiH ecyi, 7
CEeKLMS aHbIKTaAAbI, OHbIH, iliHAE 7 Typi KasakcTaH dpAaopachl yLiiH »kaHa 60AbIN TabbiAaAbl. TypAepAiH
>KaAMbl caHbiHaH Poa L. TybICbIHbIH KaHbIKTbiFbl OpTaAblK, AATanaa 45,5% (15 Typ), OHTYCTiK AATaraa
— 57,6% (29 Typ), batbic Aatanipa — 57,6% (19 1yp), Kaabbl Aatainaa — 33,3% (11 T1yp), Caybip-
Matblipakta — 33,3% (11 Typ), 3aicaH wyHkbIipbiHAQ — 15,2% (5 Typ). ’Kyre TypFbICbIHAaH KapaFaHAQ
Poa Typ Tapmarbl 30 TypaepimeH ycbiHbiAFaH (90,9%); Arctopoa (Griseb.) Probat. Typ TapmarbitbIiH 3
TYpi 6ap (9,1%). OMipAik popmasapbiHbIH, cUMNaTTamacbl 6oMbIHIIA ThiFbi3 14 (42,4%) XoHe cupek
WbIHABI 14 (42,4%) TypAepi 6acbim. Me3oduTrep (48,5%) 3KOAOTUSIAbIK, TYPFbIAAH €H KOr Typ OOAbI
YCbIHbIAFaH. 3epTTey >KYMbICTapbIHbIH, HaTHXXeciHAe KasakcTaHHbIH Poa L. TybICbIHbIH, TYP Kypambl 7
TYpiMeH TOAbIKTbIpbIAAbL: Poa alpigena (Fries) Lindman, Poa sergievskajae Probat., Poa veresczaginii
Tzvel., Poa glauca Vahl, Poa krylovii Reverd., Poa argunensis Roshev., Poa pseudoaltaica (Olonova).

Tyiin cesaep: KoHcnekT, Poa Tybichl, Typ, KasakctaHablk, AaTtar, Cayblp-MaHbipak, 3arcaH
LUYHKbIPbI, TapaAybl, KE3AECYi.

BBenenue

Pon Poa L. (MAT/IMK) SBISieTCS OOHUM M3 Hau-
OoJee KPYMHBIX U MTOTAMOPGHBIX POJIOB CEMEHCTBA
371aKOB. BUJIBI MSITIIMKA MIUPOKO PACIPOCTPaHEHBI
BO BCEX PACTUTENBHBIX 30HAX W TMosicax [omapkTu-
K{, MHOTHE U3 HUX UTPAIOT BAKHYIO (QUTOICHOTH-
YEeCKYI0 POJIb ¥ UMEIOT XO3SICTBEHHOE 3HAUCHHE,
NpeXJe BCEro Kak IEHHEHIIHEe KOPMOBBIC TPaBHI,
a TaKKe KaK ra3oHHbIC U JICKOPATUBHBIC PACTCHUSI.
Pox TpaaMIIMOHHO CYUTAETCS TPYIHBIM JUISl TAKCO-
HOMHYECKOTO HCCIICAOBAHUS M3-32 OOJBIIOro pas-
HOOOpa3us ¥ 3HAUUTEILHOTO ITommMopdusma (Oo-
HOBa, 2004: 114).

Cornacao manHbiM C.A. AOmynmuO# (1999,
134) dnopa Kazaxcrana HacuuThIBacT 35 BUIOB
MATIUKOB. braromapsi cBoeMy TOJNOXKEHHIO, (io-
pa Kaszaxcrana, ¥ Tpynmna MATJIHKOB B YaCTHOCTH,
(dbopMHpOBaNach IO/ BIUSHHEM C OJHOH CTOPOHBI
OopeanbHOro, ¢ IPYroil CTOPOHBI — JAPEBHECPEIH-
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36MHOMOPCKOT0  ()JIOPHUCTUYECKOIO  MOALIAPCTBA
(Taxtamksn, 1978: 44; Kamenun,1990: 135).

Iens HACTOSATIIETO UCCTICAOBAHUMS — YTOTHCHUE
BHJIOBOTO COCTaBa U PACHpPOCTPAHCHUS BUIOB POJa
Poa L. (cem. Poaceae Barnhart) Ha Tepputopun Ka-
3axcraHckoro Anras, [Ipuanralickux XpeOToB 1 3a-
HCaHCKOM KOTJIOBUHBI.

JI1s MOCTYOKEHMSI ITOCTABJIICHHOM IIEJIM aBTO-
paMH TIPOAHAM3UPOBAHEI U B HEKOTOPHIX CIIyda-
sIX MCIOJIb30BaHbI JTUTEPATYPHBIC CBEICHUS, 0CO-
OCHHO 1O PacIpOCTPAHEHUIO BUIOB B TIpejenax
nccienyemoro pernona (Nobis u np., 2017: 23;
Apremos, 2001: 142; baiitynuna u np., 2011: 62;
baittynun u np., 1991: 24; baiitynus u ap., 1992:
15; TI'amaronoBa, 1956: 221; T'omockokos, 1984:
34; Jloponwkun, 2003: 22; WBamienko u np., 1990:
99; Kotyxos, 2005: 11; Kpsuios, 1928: 280; Ono-
HOBa, 1998: 5; Ilsak, 2003: 195; Pesymkun, 1988:
38 I'py6oB, 1982: 41; Poxesu, 1988: 366; Cepru-
eBckas, 1961: 3071; Cokoinos, 1974: 5; Crenano-
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Koncnexr Bunos pona Poa 1. (cem. Poaceae Barnhart) Kazaxcranckoro Anrast, Caypo-Manpaka n 3alicaHCKOH KOTJIOBHUHBI

Ba, 1962: 363; LiBenes, 1976: 433; Ligenes, 1974:
24; IBenes, 2000: 257; Lisenen, 1968: 130; D0¢in,
2012: 509).

MarepuaJjbl H METOABI HCCIETOBAHMS

Koncmekr pona Poa L. cocraBien Ha ocHOBaHUN
HCCIIEJIOBAaHUI aBTOPOB, MpoBoAUBIIMXCS B 1970-
2010 rr. 3a 5TOT epuo;] 00CIeT0BaHa MPAKTUIESCKU
OoJblIas 4acTb TEPPUTOPUU PETMOHA U COOpaHO
1700 repbapHBIX JUCTOB. KpoMe TOTO, MCIOIB30-
BaHbI COOpBI IPYTUX KOJUJIEKTOPOB, XPaHSIIUECS B
repbapun Pecry0iaMKaHCKOro rocyJapCTBEHHOIO
MPEeNNpPUATHS HA TPaBe XO3SHUCTBEHHOTO BEICHHS
«Adnraiickuii OotaHuueckuii caay (r. Pumnep) u
PecnyOnukaHCKOTO TOCyIapCTBEHHOTO MPEANPH-
SITUSL HA NIPaBe XO3AUCTBEHHOro BeaeHus «MHCTH-
TYT OOTaHUKH U (PUTOMHTPOIYKIUU» (T. AJIMATHI),
a TaKKe CBEACHUS W3 LUTHPYEMOH JHUTEpaTyphl.
MapmpyTtamu ObITH OXBaveHbI TeppuTopun Kazax-
cranckoro Adnrasi, [Ipnanraiickux xpeGToB u 3aii-
caHCKo# KoTnoBuHBL. COOp MaTepuaa MpoBOIUIICS
MapIuIpyTHO-PEKOTHOCITUPOBOYHBIM MeTo10M (bbI-
KoB, 1957: 67).

OOcnenyemblii pernoH (B mperenax Boctod-
Horo Kaszaxcrana m wactuano OwiBmieii Cemmurana-
THHCKO# 00;1aCTH), IIOIMAABbI0 0K010 200 THIC. KM?,
pacnionoxken B Oacceitne Wpteima mexmy 47-51°
CEBEPHOU MIKUPOTHI U 72-87° BOCTOYHOM JOJTOTHI.
Ha roro-3anane peruon orpanndeH xp. TapOararaid,
Ha ceBepo-3amnajne — Xp. 3anagHoi Jluctesra, cese-
pO-BOCTOKE — TOJIMHOM p. KaTyHb, Ha I0r0-BOCTOKE
— rocyaapcrBeHHol rpanuueit ¢ KHP. B coorer-
CTBHM C Kiaccugukaumed, npuaiarod Bo «Piope
Kazaxcrana» (Dmopa Kazaxcrana, 1956: 201), nc-
ciieyeMasl TEppUTOpPHUS BKIIFOUAET TPH (IIOPUCTHU-
yeckux paitona: 12 — 3aiic. (3aiicaHckasi KOTJIOBU-
Ha), 22 — Anraii, 23 — Tap6. (Tap0Oararaii, xp. Cayp,
Caiikan, Manpak).

['eorpaduueckoe mojaokeHUE peruoHa, ero reo-
JIOTUYECKOE CTPOCHHE, CI0KHOCTh U pasHOOOpa3ue
penbeda, a TakKe MOYBEHHO-KIMMATHUECKUE, TH-
JPOJIOTHYECKHE YCIOBUSI O0YCJIaBIMBAIOT pasze-
JIeHHe ero Ha 5 (Hu3uKo-reorpadymueCKux pailoHOB:
Oxwupiii Antaii (xp. Hapeimckuii, CapbpIMCakThbl,
Oxnoanraiickuii Tapbararait, Kypuymckuii, A3y-
tay, Kabunckne n ByxTapmuHckue ropsl); 3amai-
HBId AnTaii (xp. IBaHOBCKMiA, Y OMHCKHH, Y TBOWH-
ckuit, Kokcunckuit, Jlunerickuii, Xon3yH, 3anagnas
Jluctesra); Kanbunackuii Antait (BocTounas rop-
Ho-necHas Kanba un 3anaanas ropro-crennast Kai-
0a); Caypo-Manpak (xp. Cayp, Manpak, Calikan u
Kumkeneray); 3aiicanckas komioBuHa (CeBepHoe
[Ipuzaiicanpe u HOxuoe I[lpuzaiicanne). B ocHOB-

HOM MBI NIPHHUMAeM TaKoe JIeJICHHE B TPAKTOBKE
A.A. CokomoBa (1974: 5).

Cucrema pona Poa L., ncrions3yemast HaMu npu
COCTaBJICHUH KOHCIIEKTa, MpuHaaiIe:xuT M.B. Omno-
HoBOi1 (1990: 163).

B nmyOnukyeMoM HMKe KOHCIIEKTE JUIS KayJIo-
ro BHJa NPHUBOAMTCS HOMEHKJIATYpHas LUTATa, B
KOTOPOM HPUBOIATCS CCHUIKA Ha IEPBOONHCAHME,
«Dnopy Cubupmy», «Dnopy 3anagnoit Cubupmy,
«Daopy CCCP» u T1.1. Ilocne HOMEHKIATypHOH
LUTAThl IPUBEJICHBI BaXKHbIE CUHOHMMBI, CBEJICHUS
0 reorpaduueckoM pacrpoCTpaHEeHHH M YKOJIOTHH,
BCTPEYaEMOCTH BHJOB, IPU 3TOM HCIOJIb30BAHBI
CACAyIOe TpaJaluu: Majo OOWJICH, OOWICH,
BCTpeYaeTcss orpaHnveHHo. HoMmeHkaTypa BUIOB
MpuBeJieHa B cooTBeTCcTBUU co cBoakor C.K. Yepe-
manoBa (1995: 739).

PesynbTaThl nece10BaHuii M UX 00CyKIeHHE

B pesynbrate NpOBENEHHBIX HCCIIEIOBAHHM
YCTaHOBJICHO Tpou3pacTaHue Ha Teppuropuu Ka-
3axcraHckoro Amnrtas, [lpmanTaiickux XpeOTOB H
3aifcanckoil kotnoBuHbI 33 BUIOB poaa Poa L. u3
2 noapoyoB u 7 cexuuii. M3yuenue repOapHbBIX 00-
Pas3IoB, IUTEPATYPHBIX TAHHBIX U YACTHBIX KOJIJICK-
U TIO3BOJIMIIO TIONOJHUTH BUJIOBOH COCTaB poja
Poa L. Kazaxcrana 7 Bunamu: Poa alpigena (Fries)
Lindman,.Poa sergievskajae Probat., Poa verescza-
ginii Tzvel., Poa glauca Vahl, Poa krylovii Reverd.,
Poa argunensis Roshev., Poa pseudoaltaica (Olo-
nova) Olonova).

HacplimeHHOCTh BHJAMH B HUCCIIEyEMOM pe-
ruoHe cnenyromas: LleHTpanpHblil Antaii — 15
BUIOB (45,5% ot obmero umcna); HOxubri AJ-
tail — 29 (57,6%); 3anaaubiii Anraii — 19 (57,6%);
KanOunckuii Antaii — 11 (33,3%); Caypo-Manpax
— 11(33,3%); 3aiicanckas korioBuHa — 5 (15,2%).
KonuuectBo s3nneMuuHbIX BUAOB poja Poa L. B uc-
CJIEZlyeMOM PErHOHE JIOBOJBHO BBICOKO — 5 BHIOB
(15,2% ot oOmiero ymucna); B TOM YUCIIE ajTae-ca-
STHCKO-TSIHBIIAHCKUX — 2 BUna (Poa altaica Trin.,
Poa krylovii Reverd.); antae-monronsckux — 1 (Poa
vereszaginii Tzvel.); ropno-anraiickux — 1 (Poa in-
signis Litv. Ex Roshev.); anrae-tsaHpinanckux — 1
(Poa korshunensis Golosk.). B cucremarndeckom
OTHONICHWH HaWOOJIBIIUM KOJHMYECTBOM BHUIOB
npenctasieH noapoxa Poa —30 Bugos (90,9%), mox-
pon Arctopoa (Griseb.) Probat. Bxirouaer 3 Buma
(9,1%). I1o xapaktepy >Ku3HEHHBIX (opM Tpeodia-
JIAIOT TUIOTHOAEpHOBHUHHBIE — 14 (42,4%) 1 pBIXIO-
nepHoBuHHBIE — 14 (42,4%), He oOpasyromniue aep-
HUHBL — 5 BUOB (15,2%). B skomornyeckoM 1iane
npeobnanart mezodurel — 16 (48,5%), nanee me3o-
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netpoputsl — 6 (18,2%), kcepoduter — 5 (15,2%),
mezorurpoputsl — 4 (12,2%), kceporamoursr — 2
(6,1%). Takue Bunbl, kak Poa subfastigiana Trin.,
Poa schischkinii Tzvel., Poa tibetica Munro ex
Stapf., Poa veresczaginii Tzvel., Poa urssulensi-
sTrin., Poa albertii Regel., Poa ntricate Wein.—
pE/IKKE; U3BECTHBI M3 OJIHOTO MM HECKOJIBKUX MECT
0o0uTaHus, Maja0 OOMIIbHBI.

B HacTosmmii KOHCIEKT BKJIIOYEHO 33 BHOA
pona Poa L., BeISIBIIEHHBIE B UCCIIEyEMOM PETHOHE.

Pon Poa L. — Msatnuxk

IMonpon Arctopoa (Griseb.) Probat.

Ceknust Aphydris (Griseb.) Tzvel.

Poa subfastigiana Trin. 1829 Ledeb., FI. Alt.
1:96; Kpsinos 1928, ®@x. 3an. Cub. 2:300; PoxxeBuig
1934, ®n. CCCP 2:425; 1iBenes, 1968, Pact. Llentp.
Aszunm 4:135; on xe, 1976, 3maxu CCCP :787; Omno-
HoBa 1990, ®n. Cub. 2:167.

MesoduT, peakuii, Mmano oOuIIcH.

Ha 3akycTapeHHBIX CyXUX JIyrax, CTEeNsX, MpH-
PEUHBIX TECKaX U rajeyHuKax.

Lenrpanbusiii  Anrail: UnHparaTtylickue Topsl
(mom.p. YnHnaratyi, mpy BuageHun k1. Mykop, cyxue
3aKycTapeHHsle ayxkaiiky,3 [X 1970, Koryxos 1O.).

Oxnb1i Anrtaii: Xp. CapeiMcakTsl (yp. Kyiimm-
0aif, 700 M Hajg yp. M., CyXOH pa3HOTPaBHO-3JIaKO-
BbIif kenpay, 22 VII 1986, MBareHKoA.).

Poa schischkinii Tzvel. 1974, HoBocTu CHCT.
Briciinx pacrenuit 11:32; on xe, 1976,3naku
CCCP :787; Ononosa 1990, ®@a. Cub. 2:167 —P.
subfastigiana var. hirsutiflora, Kpeinos 1928, ®m.
3am. Cub. 2:301.

Kceporanodur. Penkuii. Berpeuaercst orpanu-
YEHHO.

Ha comnonmeBaTsix nyrax, rajJedyHHKaxX, OCTEl-
HEHHBIX JIyraX, B HIDKHEM U CPEJIHEM Iosicax Top.

LenTtpanpabiit Antail: YnHaaraTylickue ropsl
(mom.p. Unnanarartyii, B paiione ciusHus ¢ p. byx-
TapMma, OCTCIHCHHBIE M YMEPEHHO YBJIaKHCHHBIC
nyra, 3 IX 1976, Koryxos 10.).

Poa tibetica Munro ex Stapf.1896, Hookerfil.,
Fl. Brit. Ind. 7:399; Lisenes 1968, Pact. Llentp.
Asmm 4:135; on xe 1976, 3maku CCCP :787; Oio-
noBa 1990, ®n. Cub. 2:167: 'amaronosa 1956, ®i.
Kazaxcrt. 1:230 — Poa macrocalyxvar. tianschanica,
1903, Regel, 1808, ActaHortiPetrop. 7:619.

Me3zodur. Penkuii. Mano oOwteH.

Ha cosioHuaKoBBIX JIyrax, MIPUPEUHbIX MECKaX B
HIDKHEM TI0SICE TOP.

Caypo-Manpak: xp. Manpak (momn.p. Kangpicy,
OKp. ¢. CapblyJieH, ChIpbIE COJIOHYAKOBBIE Ty KalKH,
30 VI 1983, Kotyxos 1O.; yp. Huwxnnit Annns, 1HO
yIIeJbs, yBIIQXCHHbIE COJIOHYAKOBBIE JYTOBHHEI,
11 VI 1984, Kotyxog 1O.).

ISSN 1563-0218

IToxpon Poa

Cexkuus Poa

Poa alpigena (Fries) Lindman 1918, Svensk.
Fanerogamfl.:91 — Poa pratensis var. alpigena

Blytt.1861, Norg. FI. L. :130.

MesoduT. Berpedaerces Bo Bcex paiioHax, orpa-
HUYeHHO. bonee oOueH BO BIaXKHBIX MECTax OOH-
TaHMA.

B tyHapax, myxkaiikax, o 6eperam ropHbIX py-
YbEB, PEXKE MO MIEOHUCTHIM CKIOHAM, /10 BEPXHETO
nosca.

HenTpanpubiit Antaii: UnHparaTyicknue Topsl
(1800 M Hanm yp. M., non.p. Yunaaratyii, coeipble Jdy-
FOBUHBI, MOXOBbIE Jyxaiiku, 15 VIII 1972, Koty-
xoB O.; BepxoBbe p. Kanmaumnxa, epHuKoBasi TyH-
apa, 21 VIII 1972, Koryxos 1O.).

IOxup1it Anraii: Xp. CapeiMcakTsl (mod. p. Ta-
yrekenu, 1700 M Hax yp. M., TApKOBBIH KeIPOBBIi
nec, 6 VIII 1976, Kotyxos 10.); xp. KOxHoanTaii-
ckmii TapOararaif (most. p. ByxTapma, mpuOpesKHbIe
nyra, 6epera KiIrouei, yBIaXKHEHHbIE MOHMKEHUS,
25 VII 1979, Koryxos O.; nep. bypxar, 2300 M Hax
yP. M., IIEOHUCTbIE Pa3HOTPaBHbIC JIyKalKH, Cpean
Betula rotundifolia, 25 VIII 1984, Koryxor 10.);
xp. Kypuymckwuii (Boct. otpor, 1600 M Hax yp. M.,
non.p. Tayrekemnu, mpuOpeKHbBIE ChIPBIE TyKaKH, 3
VIII 1985, Kotyxos 10.); xp. Hapemmckuit (yp. Te-
pextel, 2100 M Hax yp. M., ocokoBas TyHzpa, 28 VII
1976, Kotyxos 10.).

amagubeiid Antaii: xp. MBaHoBckmii (Bepx. P.
Bonpmas Ilonepeuka, 2000 M Haxg yp. M., Oepera
KapoBOro o3epa, MoxoBble Jryxakku, 20 VII 2002,
Koryxos 10.).

Kanbunckmit Anraii: Bocrounas Kan6a (Cu-
OmHCKasl BHajWHa, mpuOpexHas mojoca 03. Kyii-
mmbaii, 3ad6ooueHnas omyika, 21 VI 1983, Kory-
xoB 10.); non.p. Cubunka, yBiaxxennsle nyra, 21 VI
1972, KotyxoslO.).

Poa alpine L. 1753, Sp. Pl. :67, Kpbuto 1928,
®g. 3am. Cub. 2:287; Poxesury 1934, ®a. CCCP
2:411; I'amaronoBa 1956, ®@m. Kazaxcr. 1:234; LBe-
neB 1968, Pact. Lentp. Aszuu 4:145; 1976, 3naku
CCCP :448; Onounosa 1990, ®a. Cu0. 2:170.

Me3zodur. [IpeamounTaeT BIaKHbIE MeCTa O0OH-
TaHus. Mectamu 0OMIIEH.

Ha anpnumiickux mykaiikax, meOHHCTBIX CKIIO-
HaX, /10 BEPXHEr0 TOPHOTI'0 1osica.

HenTpanbubiit Antaii: UnnaaraTyicknue Topsl
(B paiioHe 03. byXTapMHHCKOE, FOr0-BOCT. DKCIIO-
3unus, 1700 M Haxg yp. M., B 30HE JJUCTBEHHUYHO-
ro neca, 20 VIII 1973, Kotyxos 1O.; okp. pyanuka
Yunparatyickui, 1oi.kimoua AiiHa0ynak, epHUKO-
Basg TyHnpa, 3 IX 1970, KoryxoB lO.; Bomopasnen
pex Yepnas bepens n Apacan, B paiiloHe KypopTa
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PaxmanoBckue kitoun, epHukoBas TyHapa, 21 VIII
1976, Kotyxos 10.).

HOxwub1it Anraii: xp. FOxnoanraiickuit TapOa-
ratail (ceB.-3all. AKCHO3UIMS, AHO YILIENbS, MPH-
Opexnas monoca, 1500 M Hax yp. m., 8 VIII 1986,
Kotyxos O.; mep. Tapbararaiickuii, pa3HOTpaBHBIC
anbnuiickue myra, 13 VIII 1986, UBamenko A.; B
patione c. AnterHOens (HoBoOepe3oBka), moir. p.
Tepexter. 2000 M Hag yp. M., aJbMUICKUE TMPH-
Opexuble mysxaiiky, 27 VII 1976, Koryxos 1O.; yp.
Tepektsl, 1700 M Hax yp. M., TUCTBEHHUYHBIN Jiec,
meonucToie nojisiael, 28 VII 1976, Koryxos 10.;
OKp. c¢. Yunrucraii, nomn.p. byxrapma, npuOpexHbIit
ranevynnk, 21 VII 1971, Kotyxos 10.); xp. FOxHbIi
Auxraii (Bepx. P. byxtapma, 2300 M Han yp. M., epHU-
KOBasl TYHJpa, eOHucThIe iemuHsl, 25 VII 1979,
Kotyxos 1O.; 3an. okoHedyHOCTh Tu1aTO YKOK, 2300
M HaJ yp. M., MOXOBBIE, YpE3MEPHO yBIIAKHEHHBIE
nyxatiku, 27 VII 1979, Kotyxos 10.); xp. Kypaym-
ckuit (mour.p. TepekTsl, c1ab0 3aKPHITHIN TaICIHUK,
1600 m Hag yp. M., 25 VIII 1985, KotyxoslO.); xp.
CapbimcakTsl (BocT. ¢. Karon-Kaparait, Bepmr. Y-
KYyHre#, Ho y3koro yuenbs, 2000 M Hax yp. M., 3a-
KPBITBIH NTpuOpexkHbIi raneunuk, 6 VIII 1976, Ko-
tyxoB 10.); xp. Asyray (okp. c. Ypynxaiika, 1900
M HaJ yp. M., CEB.-3all. DKCIIO3WIUS, MapKOBBIH
nuctBeHHUYHBIHA nec, 24 VII 1984, KotyxoBlO.; B
paiione c. Axxaiiisty (Ycnenka), pasHOTpaBHO-371a-
KOBBIU anpnuickuii yr, 1900 M Hag yp. M., 28 VII
1985, Koryxos 1O.).

Poa angustifolia L. 1753, Sp. Pl. :67; PoxeBun
1934, ®na. CCCP 2:388; I'amatonoBa 1956, .
Kazaxct. 1:230; LiBeneB 1968, Pact. Llentp. A3uu
4:135; Ononosa 1990, ®n. Cub. 2:170 — P. pra-
tensissubsp. Angustifolia (L.) Arsany 1882, 1:787;
Kpsbuios 1928, ®i. 3an. Cub. 2:248; Ligenes 1976,
3naxu CCCP :458.

Kcepodwur, kcepomesodut. Bectpegaercst oOnib-
HO BO BCEX paiioHax.

Ha cyxux mnyrax, CTENHBIX 3aKycTapeHHBIX
CKJIOHAX, JI0 BEPXHETO Iosica rop.

HenTpanbubiit Antaii: UnnaaraTyickue Topsl
(toro-3am. sKcno3unus, B pailone c¢. ApyaTbl, rop-
Had crenb, 1100 M Hax yp. M., 15 VIII 1986, KoTty-
xoB 10.).

HOxubrit Anrait: xp. Hapeimckuit (yp. Te-
cek,1400 M Hag yp. M., octennHeHHbIH ayr, 20 VIII
1984, Kotyxos O.; mon. p. JloTommHas, octemnHeH-
HBIH meOHuCTHIN JyT, 22 VI 1986 KoTyxoB 10.); xp.
CapsimcaxTsl (yp.TepekTsl, B paiioHe c. YuHTHCTAH,
ceB.-3am. skcrno3unus, 1700 M Hag yp. M., ocTen-
HEeHHBIN cyxoit ayr, 28 VII 1976, Kotyxos 10.);xp.
Azytay (okp. c. TepexTsl (AJexceeBKka), I0ro-3a.
CKJIOH, OCTEITHEHHas KyCTapHHKOBas ctenb, 14 VI

1984,28 VII 1986, Kotyxos 10.); xp. Kypuymckuit
(roro-Boct. otporu, 1700 M Hax yp. M., MTApKOBBIN
nuctBeHHnYHBIH Jiec, 3 VIII 1985, Kotyxos 10.);xp.
HOxnoanraiickuii TapOarartail (10ro-BOCT. CKIIOH,
NapKoBbIi keapoBeiid jec, 1700 M Haxg yp. M., 25
VII 2014, Kotyxos FO.; Kapakabunckas BmaanHa,
meOHUCTBIE OcTerTHeHHbIe yra, 25 VIII 1984, Ko-
Tyx0B 10.).

3amaguerii Antait: xp. 3amagHas Jluctesira
(mon. p. Xanaran, cnabo 3aKkpbITBI MPHOPEK-
HBIM rajedHuk B paiione c. JlxymOyn, 28 VI
1983, KotyxoB 10.); xp. Younckuii (oxp. c. be-
JIOKaMEHKa, ToroyieBble HacaxaeHus (Populus
laurifolial.edeb.), ocTenmHeHHBIE pa3HOTPaBHBIC
nyxariku, 11 VII 1983, Apanbaes H.; noin. p. Yo0a,
CyXHue MecyaHO-TalleuHUKoBble HaHOchl, 11 VII
1983, Apanbaes H.; okp. c. byrakoBo, 1oro-BocT.
MIeOHUCTBIN CKJIOH, B KYCTapHHKOBBIX cOOOIIIe-
cTBax, 19 V 1987, Koryxos 10.; non.p. Mapunxa,
B paifoHe c. EpodeeBka, pa3HOTpaBHBIN CYXOM JIyT,
7 VII 1968, Koryxos 1O.); xp. BanoBckuit (71011
p. beicTpyxa, octennennsii ayr, 17 VII 1937, Ep-
makoB II.; okp. c. HlymakoBo, cyxoii nyr, 16 VI
1942, omOpoBckuii B.; nomn.p. Yib0a, okp. ¢. Ue-
pEMILIaHKa, MPEATOPHBIE CYXUE KyCTapHUKOBBIC
myra,13 VII 1939, Ulreiin K.).

Kanbunckmit Anrait: Bocrounass Kamba (okp.
r. Ycrb-KameHoropck, ceB.-BOCT. MPEAropbe, yp.
[lemrex, ocTenHEHHBIN MEOHUCTRIN cKiIoH, 23 VII
1971, KoryxoB lO.; mon.p. Kaungsl, B paiionHe c.
Mupomro6oBKa, OCTEIHEHHBIE KYCTaPHHUKOBBIC
nyra (Spiraea hypericifolia 1..)14 VI 1984, Kotyxos
10.; B paiione CubuHckux o3ep, 03. KopkuMkouis,
CyXOH meOHUCTO-KycTapHuKOBBIH JyT, 1 VII 1971,
Koryxos O.; B paiione c. CaMCOHOBKa, Oro-BOCT.
mebnncteiit ckiod, 8 VII 1979, Kotyxos 1O.; roro-
BOCT. MIpearopse, B paiione c. HoBoTmmodeeska,
necuanbie HaHochl, 17 VII 1983, Kotyxos 1O.; Cu-
OWHCKas BIAJMHA, FOT0-BOCT. TPEITropbe, MpaBblif
Oeper 03. KopKMMKOIb, pa3sHOTPaBHO-3JIAKOBBII
cyxoit yr, 21 VII 1972, Koryxos lO.; okp. r. YcTb-
Kamenoropck, yp. lllemek, npearopHas KOBbUIbHAsS
crenb, 22 V 1976, Kotyxos 10.).

Caypo-Mamnpak: xp. Cayp (mon.p. Kennepmbik,
TaJleYHHK, Pa3HOTPABHO-TIOJNBIHHBIE Jyra, 13 VI
1976, Koryxos 10.); xp. Manpaxk (yp. Y3yHOynakx,
OCTCTHCHHBIN IMEOHUCTHIH MUKPOCKIIOH, 8 VI 1978,
KoryxoB HO.; 1oro-Boct. mpearopse, okp. c¢. Ilpu-
03epHOE, 37IaKOBO-TIOJBIHHAS cTenb, 3 VI 1976, Ko-
Tyx0B 10.).

3aiicanckas komioBuHa: Bocrounoe Ilpwuza-
ricanbe (mecku KbI3buikym, yctbe p. BykoHb, Mex-
Oapxannsie moHmwkeHuA,8 VI 1970, Koryxos 1O.;
BbIpOBHEHHbIE Kaparajgbckue mecku, B paiioHe cC.
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Kaparan, xopnon Jlecnas naga, 28 V 1976, Kory-
xoB 10.).

Poa bulbosa L. 1753, Sp. PI. :70; Kpsiios 1928,
®n. 3an. Cub. 2:284; 'amaronosa 1956, ®n. Ka-
3axcT. 1:224; Poxesuny 1934, ®x. CCCP 2:376;
BeneB 1968, Pact. Lientp. Asum 4:146; Ononosa
1990,®1. Cub. 2:170.

Kcepodwur. PacipocTpaneH Ha 10T0-BOCT. PETH-
oHa. OOBIYHO OOMIICH.

B myCTBIHHBIX CTEIsIX, HA KAMEHHUCTBIX H 11e0-
HUCTBIX CKIJIOHAX, ITeCKaxX M TaJIEYHUKAX, TIIMHUCTO-
nIeOHHUCTBIX CyOcTpaTax.

OxwubI1it Anraif: xp. Asyray (B paiione c. By-
raptaboTel, 750 M Hax yp. M., BOCTOYHBIN IICOHM-
CTHIN CKJIOH, 5 V 1984, Apanbaes H.; yp. Capransim,
FOXKHBIN MeOHUCTRIA CKIIOH, 11 V 1984, KoTyxoB
10.; roxxubIe oTporu rop XKeuteitay, yii. Kypeivoaii,
CEB.-BOCT. CKJIOH, 800 M HaJ[ yp. M., IIEOHUCTAsI OITy-
cThIHeHHas cTenb, 14 V 1985, Kotyxos O.; okp. c.
Uepnosk, kycrapHukoBas crenb, 15 VII 1985, bu-
nmynaeBa A.; okp. ¢. TepekTsl (AnekceeBKka), JOI.p.
Opra-TepekTsl, W30BITOYHO YBIAXKHEHHAs IIyro-
BuHa, 14 VI 1984, Kotyxos 10.); xp. Hapsivckuii
(B paitone Ka3nakoBckoW TapOMHOH Nepemnpasbl,
MOJILIHHO-TUITYaKoBas cTenb, 25 V 1972, KotyxoB
10.; 30 V 1987, Apanbaes H.).

KanOunckuit Anrait: 3anagnas Kanba (okp. c.
VYnanckoe, TumyakoBas crenb, 14 VI 1983, Kotyxos
10.; okp. 1. Yerp-Kamenoropek, yp. Hlemex, mpea-
TOpHasi TOJBIHHO-TUIYaKoBasg crenb, 22 V 1976,
Kotyxos 1O.; okp. c. MeHOBHOE, IIIeOHUCTAs CTETIh,0
VI 1970, KoryxoB 1O.; neBobepexne p. Upthi, B
paifone octpoBa Komcomomnbckmii, cyxue iyra, 19
VI 1969, Kotyxos 1O.; okp. c. JlenHnHka, THITYaKOBO-
pasHOTpaBHas cTerb, 25 V 1987, Kotyxos 10.).

Caypo-Mamnpak: xp. Manpak (yp. Kanaii, npea-
ropHas IeOHUCTO-TIIMHUCTAs cTerb, 600 M HaT yp.
M., 25 V 1975, KoryxoB lO.; ceB.-3am. otporu, B
paiione c. [Tpuo3sepHoe, yp. Kbi3ray, nojasiHHas Cy-
xas crenb, 15 VI 1985, Kotyxos 10.).

3aiicanckas koTioBuHa: Bocrounoe IIpuzaiica-
Hbe (OKp. ¢. Kapammimk, omycTeiHEHHAs CTemb, 11
V 1984, Kotyxos lO.; 00Ha)XeHUs TPETHYHBIX TJIUH,
r. Amyrac, o 6eperam mpomons, 20 VI 1985, Ko-
Tyx0B 10.).

Poa pratensis L. 1753, Sp. Pl :67.Kpsuios
1928, ®@a. 3an. Cuo. 2:247; 'amaronosa 1956, di.
Kazaxcr. 1:229; IieneB 1968, Pact. LlenTp. A3un
4:137; Ononosa 1990, ®iu. Cub. 2:172.

Me3zodur. Berpedaercst Bo BcexX paioHax, oOu-
JICH B MECTaX C BJIAYKHBIM KJIMMATOM.

Ha nyrax, necHbIX MmoJisiHaX, MO JOJMHAM PEK, B
pa3peKeHHBIX JIecax, CPeId KyCTapHUKOB, JI0 CPe/I-
HETO0 T0s1ca Top.

ISSN 1563-0218

HenTpanbubiii Antail: UnnparaTyickue ropsl
(JTMCTBEHHHWYHBIHN Jiec, BRICOKOTpaBbe, 1780 M Hax
yp. M.,25 VII 1986, UBamenko A.; okp. c. bepens,
KEeIpOBO-TUCTBEHHUYHBIN sec, 25 VII 1986, Mpa-
EHKOo A.).

FOxnb1it AnTaii: xp. CapbIMcakThI (BOCT. OKpa-
uHa, 6 kM BocT. ¢. Yunparatyii, 1300-1400 m Han
yp. M., pa3pexenusrii keapad, 8 VIII 1986, Hna-
menko A., Yredekos K; non.p. Tayrekenu, 1700
M HaJ yp. M., pa3peKeHHbII Keaposbli jec, 6 VIII
1976, Koryxos lO.; nepeBan Bypxar, nmapkoBblil
keapau, 5 VIII 1984, KoryxoB lO.; oxp. c. Ka-
obipra, 1600 M Hag yp. M., KyCTapHHUK, B 30HE JIU-
cTBeHHUYHOTrO Jeca, 6 VIII 1976, Kotyxos 1O.; yp.
Ky#immubaii, qyra B mosice xBoiiHoro neca (Picea
obovatal.edeb.), 1600 m Hag yp. m.,22 VII 1986,
HBamenko A.); xp. Hapemmckmit (okp. ¢. Uepaosk,
KaMEHHCTasi KycTapHUKoBas ctemnb, 15 VII 1986,
bunynaesa A; okp. c. Karon-Kaparaii, 1600 m Han
yp. M., B 30HE IapKOBOI'0 JMCTBEHHUYHOI'O Jeca,
cpenu kycrapuuka, 6 VIII 1976, Kotyxos lO.;
non.p. Tepexrtol, B paiione c. AnterHOens (Ho-
BoOepe3oBka), 2100 M Hax yp. M., yp. TepexTsl,
pasHotpaBHble ayra, 27 VII 1976, Koryxos lO.;
B paiioHe Ka3HakoBcKoW MapOMHOH IHepernpassbl,
MIPUOPEKHBIE CHIPBIE JIyTa, MecuyaHble HAaHOCHI, 25
V 1972, Kotyxos 10.); xp. Kypuymckuii (BocT. Oe-
per o03. Mapkakoiib, pa3peKeHHbIE Pa3HOTPABHBIE
nyxabiku, 18 VIII 1986, Koryxos 10.); xp. FOx-
Hoanralickuit TapOararaii (B paiione c. bepeib, 3a-
KycTapeHHsbll enoBsli jec, 21 VI 1971, Koryxos
10.);xp. FOxwuw1it Antait (Bepx. P. Kanmaunxa, ep-
HuKkoBas TyHzapa, 21 VIII 1972, Koryxos 1O.; nomn.
p. KapakaOa, xeapossrii mosic, 1700-2000 m Han
yp. M., pazHotpasHsle yra, 20 VIII 1986, Koryxos
10.); xp. Azyrtay (r. MpamopHuslii maccus, 1300 M
HaJ yp. M., C€B.-3all. CKJIOH, pa3HOTPaBHO-KyCTap-
HUKOBBIE coobmiecTBa, 2 VI 1981, Kotyxos 1O.).

Kanbunckuii Anrait: Bocrounast Kan6a (Kann-
JIMHCKUI 00p, peIKOJIeChe, JIyTOBbIE COOOIIECTRA, 5
VI 1984, Cuerupes B.).

3amamseiit Antait: xp. MiBaHOBckuil (ceB.-3aml.
MOJIHOKbE, 1011. p. beicTpyxa,800 M Hax yp. M., pas-
HOTpaBHBIe JyroBuHsbL, 27 VI 1936, Kybanckas 3.;
yp. upoxwuit Jlor, 1780 m Hag yp. M., JIUCTBEH-
HUYHBIN Jiec, BeicokoTpaBbe, 1 VIII 1935, EpmakoB
IL.; I'pomarymunckoe ymense, A0a.p. ['pomaryxa,
CEB.-BOCT. CKJIOH, OCUHHHUK, B BEICOKOTpaBke, 21 VI
1978, Koryxos 1O.).

Caypo-Mamnpak: xp. Cayp (nep. Caiikan, 1500
M HaJ yp. M., OCTeNHeHHbIe nyra, 16 VI 1976, Ko-
tyxoB 0.); xp. Manpak (yp. Kycter, gomn.p. Kycrsr,
ChIpBIe, cnabo 3aconenHsie tyra, 27V 1981, Kory-
xoB 10.).
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Poa sergievskajae Probat. 1971,HoBoctu cucr.
Bricur. Pacr. 8:28; Omonosa 1990, ®i. Cub. 2:173;
Hoponwkun 2003, @n. Cub. 14:84. — Poa pratensis
subsp. Sergievskajea (Probat) Tzvel.1974 :27.

Me3zodur. Pemkwmii, Mago oOwIICH.

B cMmerianHbIX, 0epe30BbIX, MAPKOBBIX KEIPO-
BBIX U JINCTBEHHUYHBIX JIeCaX.

Hentpanbublii AnTail: byXTapMUHCKHE TOpBI
(B paifone 03. byxTtapMuHCKOe, B 30HE MMapKOBOTO
JUCTBEHHUYHOrO Jjieca, 2000 M Hax yp. M., 23 VIII
1975, Kortyxos 1O.).

amagueiii Antaii: xp. MBaHoBckmii (Bepx. P.
bonpmas Ilomepeuka, 3ammiensiii keapad, 2000
M Haj yp. m.,8 VII 2002, KoryxoB lO.; ceB.-3am.
CKJIOH, benoybuHckue 03., 3aMIIeNbIi Keipad, pexe
B BeIcOKOTpaBbe, 18 VII 1975, Kotyxos 10.).

Poa tianschanica (Regel) Hack.ExO. Fedtsch.
1903, Tp. [letep0. 60T. cana, 21:441; Ligenes 1974,
Hosoctu cuct. Beicul. Pact. 11:27; Ononosa 1990,
@n. Cub. 2:175.

Me3zodur. Berpeuaercs orpaHuueHHO, Majo
oOuIIEeH.

Ha meckax u ranmednnkax, 6eperaMm BOIOEMOB,
JI0 BEPXHET0 TOPHOTO Mosica.

Oxuplii Antait: xp. Hapsimckuii (ceB.-3am.
ckJioH, 1200 M Hax yp. M., yp. TepekTsl, cyxue 3ia-
KOBBIC JIyTa, Ha [NIMHUCTO-TaJCYHUKOBBIX CyOCTpa-
tax, 28 VII 19876, Koryxos 1O.; okp. c. banrsin,
TUITYaKoBas cremnb, AHO yienbs, 8§ VII 1977, Ko-
TyxoB 10.).

3anagneiid Antail: xp. MBanoBckuii (Bepx. P.
Bonbmias I[Monepeuka, mapkoBbiii keapad, 1900 m
Haz yp. M.,21 VII 2002, Kotyxos 1O.).

Cekuust Homalopoa Dum.

Poa remota Forsell.1807, Skr. Linn.Inst. Up-
sal. 1:1. Kpsutor 1928, ®n. 3an. Cub. 2:295; Po-
skesulr 1934, @a. CCCP 2:385; I'amaronosa 1956,
®n. Kazaxcr. 1:228; I{sener 1968, Pact. Ilentp.
Asuu 4:138; Omonosa 1990, ®i. Cub. 2:176. — Poa
sudeticavar. remota (Forsell.)Fries, 1838, Nov. FI.
Suec., ed. 2:11.

l'urpodur, mezorurpodur. Berpeuaercs crio-
paauuHo. bonee oOuieH B permoHax ¢ BIIAXKHBIM
KIIMMaTOM.

[To 3ab00ueHHBIM JIecaM, Oeperam JIECHBIX pPy-
YbEeB, CHIPBIX JIyraX, MPOTOYHBIX KIFOYaX, 10 CPe-
Hero ropHoro nosica, 500-1200 m Hag yp. M.

FOxwub1it Anrait: xp. Hapeimckwuii (yp. TepekTsr,
B paiione c. AnteiHOenb (HoBoOepesorka), 1200 M
HaJ yp. M., 3a00J04eHHas JoIrHa Kitoda Kemnposo-
ro, 30 VII 1976, KoryxoB F0.); xp. KOxxnoanraii-
ckuil Tap6araraii (r. Kokrebe, 1400 m Hag yp. M.,
Menkuid 3amuiensiil kimou, 14 VIII 1972, KotyxoB
10.); xp. CapsimcaxTsl (0kp. c. Katon-Kaparaii, 3a-

6onouennsIi 6epesnsik, 3 VIII 1979, Koryxos 10.;
nos.p. Capeimcak, 1700 M Hag yp. M., B 30HE Ke-
JIPOBOTO Jieca, Ype3MEPHO ChIpbIe W 3a00JI0UCHHBIC
nmyxkaiiku,6 VIII 1976, Koryxos 10.); xp. A3yray
(yp. Kezpuamsr, 1500 M Hax yp. M., 3a00109eHHBIE
myxaiiky, 23 VIII 1983, Kotyxos 1O.).

3anaaneiid Anrail: xp. YOounckuii (1oma.p. Manas
XKypapnuxa, 3a0omoueHHsii enoBbiit jec, 10 VII
1976, KotyxoB 1O.; B paiione c. 3UMOBBE, CHIpOI
Oepesnsik, 2 VII 1977, Koryxos 10.); xp. MBanos-
ckuii (oi. p. beictpyxa, B paiione r. benkuna, 3a-
OosoueHHbI uBHAK (Salix cinerea L.), 15 VII 1946,
[lreun B.).

Kambouuckmit Anrait: Bocrounas Kamba (ropsr
Koxray, ces.-3am. npearopbe r. Mexasenka, 3a00-
nmoueHHbIi uBHsK, 700 M Hag yp. m.,10 VII 1983,
Kotyxos 10.).

Poa veresczaginii Tzvel. 1974, Hos. cucr.
Bolcul. pacT. 11:34; LleneB 1976, 3maku CCCP
:459; Ononosa 1998, Turczaninowia 4:12.

Mesodur, wme3onerpodut. Penkui,
oOwteH.

1o 6eperam pyuneB, Ha JTy)KallKax, KAMEHUCTBIX
Y IeOHNUCTHIX CKIIOHAX, B BEPXHEM TOPHOM TIOsICE.

HOxub1it Antaii: xp. CapsIMcakThl (B paiioHe c.
Karon-Kaparaii, B ucrokax p. YUIKyHIel, PUTOK
p. Capeimcaxk, 12 VIII 1926, Bepemarusn B.).

IIpumeuanne. Onucan ¢ KOxnoro Anras (Boc-
touno-Kazaxcranckas obmacts) B 1974 1. H.H.
LBenerniM 10 cOopam Bepemaruna (12 VIII 1926).

Cekrust Makropoa F. Hermann ex Tzvel.

Poa sibirica Roshev. 1912, U3B. Iletep6. bor.
Capna 12:121; Kpsuto 1928, @i, 3an. Cub. 2:299;
Poxesury 1934, @ia. CCCP 2:380; 'amaronoBa 1956,
®n. Kazaxcr. 1:228; Ilsene 1968, Pact. Ilentp.
Aszun 4:139; Ononosa 1990, ®@xn. Cub. 2:177.

Mesodur. ['opHo-ecHoit Bua. Berpedaercs Bo
BCEX paifoHax, Majio OOWIICH.

Ha nyrax, cpeau kycTapHHKa, B pa3pekKeHHBIX
JIUCTBEHHBIX M XBOMHBIX JIECaxX, JO BEPXHErO TOp-
HOTO TTosica.

Lentpanbubiii Antaii: Uunparatyickue ropsl
(r. Kaitnap, 1700 m Hag yp. M., okp. c. bepens, 3a-
KycTapeHHbld kenposbid Jiec, 12 VIII 1976, Ko-
TyxoB O.; B paiione moc. YnHmaraTyi, mapKOBBIii
nucTBeHHUYHBIH sec, 1700 m wag yp. m., 13 IX
1970, KoryxoB IO.; 03. ByxTapMuHCKO€E, B UCTOKE
p. Uymek, nuctBennnysslii aec, 31 VIII 1970, Ko-
TyxoB 10.).

IOxupI#t Anrait: xp. CapeiMcaktel (goi.p. Ca-
peIMcak, B paiione c. Axkana (MeaBeaka), TecHas
MOJIsSIHA, CMEIIAHHBIN Jiec B cpenneM mosce, 21 VII
1960, Ponmyrun U.); xp. KOxnoantaiickuii TapOa-
raraii (Kapakabunckas BmajguHa, BOCT. OKpawHa,

Malio
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2000 M Hax yp. M., pa3peKEeHHBIN JINCTBEHHUYHBIN
nec, 26 VII 1988, Kotyxos 10.); xp. FOxubIH Antait
(Bepx. P. byxtapma, 2300 M Hax yp. M., ceB.-3arl.
IaTo YKOK, NpuOpeskHbie TyroBuHsl, 26 VII 1979,
KotyxoB 10.); xp. Azytay (B paiioHe c. TepexTs
(AnexceeBka), noa. p. Oprta-TepexTsl, Upe3MepHO
yBiaxkHeHHbI# ayr, 14 VII 1984, Kotyxos 10.).

3amagHbit Antait: Xp. YouHckmid (r. CuHioxa,
non.p. Manas Kypasnuxa, B paitone noc. KpoJib-
yaTHUK, ocTenHenubii nyr, 10 VII 1976, Kotyxos
10.; non. xi. Kanmeiukuii, 80-90 kM ceB.-3am. T.
Punnep, muxtoBeiii ec, 26 VII 1976, Ilonskos I1.);
Xp. YapOuHckuit (noa. p. Manas Ynws0a, B paiione
Bepxybunckoro Bopoxpanmnumma, 1900 M Hax yp.
M., TTAPKOBBIN JIMCTBEHHUYHEIN Jiec, 26 VII 1942,
Jombposckuit B.); xp. iBanoBckwuii (B paiioHe moc.
[ymakoBo, 6epe30Bo-TUXTOBHIN Jiec, 14 VI 1942,
JlomOpoBckuii B.; B paiione 03. BenoyOuHckue,
1900 M Han yp. M., MapKOBBIN KeapoBbIii jec, 18 VII
1976, Koryxos }O.; ceB.-3al. SKCHO3UILMS, BEPIL.
BellenBaHOBCKAsl, APKOBBIA KEAPO-JIMCTBEHHUY-
BbIl 11ec,1900 M Hax yp. M.,26 VII 1997, Kotyxos
10.; yp. Cepsriit nyr, non.p. bompmas [lonepeuxa,
pa3pexxenHslii kenpoBHUK, 12 VII 1981, Kortyxos
10.; non. p. Yepnas Y0a, 1700 M Han yp. M., 3aKy-
CTapeHHbIH U3PEKEeHHbIH NuxTapHuk, 2 VII 1981,
KoryxoB 0.;B paiione o3zep benoyounckux,1800
M Hax yp. M.,22 VII 1976, Koryxos 1O.; okp. moc.
[ITyMunoBo, pa3peKeHHbI MUXTOBHUK, B BBICOKO-
TpaBbe, 17 VI 1942, JlomOpoBckuii B.; B paiione
noc. bepe3oBka, r. JIbicas, BocT. skcno3unus, 1800
M Haj yp. M., CMEIIaHHbIE JIECHbIe coolmiecTBa, 15
VII 1942, JlomOpoBckuii B.; ces.-3am. skcmno3urus,
780 M Ham yp. M., moi. p. beictpyxa, GepezoBo-
uBoBbie HacaxaeHus, 20 VII 1937, Epmaxkos I1.; B
paiione c. bepe3oska, 1800 M Hag yp. M., T0Od. P.
Manast Yne6a, omymiku nuxrapauka, 29 VII 1943,
Hom6posckuii B.); xp. Younckwmii (non.p. XKypas-
nuxa, okoyio moc. KponpuaTHHUK, M3pEeKEHHBIN 3a-
KycTapeHHbl nmxToBHUK, 10 VII 1976, KotyxoB
10.; ceB.-BOCT. CKJIOH, B palioHE C. AJICKCAaHIPOBKA,
r. Toncryxa, 1300 M Hag yp. M., OCHHHHK, B BBICO-
koTpaBbe, 22 VII 1939, Epmakos I1.); xp. Xon3yH,
2000 M Hax yp. M., B palloHe TI. 3bIPSIHOBCK, CMe-
IIaHHBIN Jiec, B BbICOKOTpaBbe, 18 VII 1976, Koty-
xoB 10.); xp. Kokcunckutii (nep. Kokcunckuii, 1600
M HaJ{ yp. M., €I0BO-0epe30BHIii JIeC, B BBICOKOTpa-
Bbe, 15 VII 1976, Kotyxos 1O.).

KanOunckuii Anrait: Bocrounas Kanba (B paii-
one 03. Kopskmmxkons, 3apocnu Salix cinereal., 15
VI 1971, Koryxos 1O.).

Caypo-Manpak: xp. Manpak (r. Karanmmnuk,
CeB.-3all. CKJIOH, YMEPEHHO 3aKyCTapEHHBIA U yB-
naxHeHHsd, 1 VII 1985, Kotyxos FO.).

ISSN 1563-0218

Poa insignis Litv.Ex Roshev. 1934, 1:384. —
Poa sibirica subsp. Uralensis Tzvel. 3maxu CCCP,
:46 — Poa sibirica var. insignis (Litv. ExRoshev.)
Olon.1996, Turczaninovia 1,4:13.

Mesodut, Pactipoctpanen B paiitoHax ¢ yMepeH-
HO BJIAKHBIM KJIMMaTOM, MECTaMu OOUJICH.

B pa3pexeHHBIX jJecax, YMEPEHHO YBIIa)KHCH-
HBIX JIyTax, KyCTapHUKaX, IPUPEUHBIX rajleyHUKax,
JIO CPEJTHETO T0sica, PeXKe BHIIIIE.

Hentpanbubiii Anrail: UuHporaTylickue ropsl
(okp. c. bepens, 1700 M Hax yp. M., B 30HE INCTBEH-
HugHoro neca, 20 VIII 1973, Kotyxos 10O.).

HOxub1it Anrait: xp. Asyray (okp.c. YpyHXaii-
ka, 1700 M Hag yp. M., OCBETJICHHBIN JTHUCTBEHHUY-
HUK, B pa3HoTpaske, 24 VII 1984, Kotyxos 10.);xp.
Hapeivckuit (yp. Tepextsr, 1800 M Hag yp. M., B
paiione c. UuHrHCTal, CEB.-3aIl. dKCIIO3UIIUS, Allb-
nuiickue myxaiiku, 28 VII 1976, Koryxos 1O.; B
patione c. AnteiHOens (HoBoOepesoska), 1600 m
HaJ yp. M., yp. TepeKThl, NapKOBBIN 3aKyCTapeHHbIN
mucTBeHHUYHUK, 15 VIII 1979, Kotyxos 1O.).

amanueii Antait: xp. VBaHoBckuil (Bepx. p.
Uepnas Y6a, 1800 M Hax yp. M., OKpanHa KOYKap-
HUKOBOTrO 00J10Ta, pa3HOTpaBHas Jiyxarka, 16 VII
1978, Kotyxos 1O.; 6emnok [IpoxoaHO#, ceB.-BOCT.
cKJI0H,1300 M Hax yp. M., OCBETJICHHBIM MTUXTOBBII
nec, B BeicokoTpaBbe, 21 VIII 1969, Kotyxos 1O,
okp. c. [lonepeunoe, non.p. benas Y 06a, enossiii sec,
B BeIcoKoTpaBbe,25 VII 1970, Koryxos 1O.; nepsoe
VY-00pa3Hoe yienbe, MapKOBBIH JIMCTBEHHUYHBIH
nec, pasHotpasbe,24 VIII 1961, Kotyxos FO.; okp.
c. Epodeeska, mom.p. Uepernanuxa, yBlakHEHHBIS
anpnuickue myxaiiku, 1650 M Han yp. m., 7 VIII
1968, Kotyxos lO.; okp. . Punaep, no:. p. beictpy-
xa, 0epe30BO-MBOBas PoOIIIa, B pailone T. benkuna, 4
VIII 1935, Epmakos I1.); xp. Bocrounas Jlucrssra,
B palioHe 03. fI3eBOe, MapKOBbI JTUCTBEHHUYHbIN
nec, cpenu BeicokoTpaBbd, 20 VII 1969, Koryxos
10.; xp. YOunckwuii (yp. YammnHo, ceB.-3all. CKJIOH
r. CuHIoXa, pa3peXeHHbIA MUXTau, CPEeIU BBICOKO-
Tpasbs, 3 VIII 1979, Koryxos 10O).

Cekuust Ochlopoa (Ascherson et Graebner) Ji-
rasek

Poa annua L. 1753, Sp. PL. :68; Kpsiios 1928,
®n. 3am. Cub. 2:282; Poxesury 1934, ®a. CCCP
2:379; 'amaronoBa 1956, ®n. Kazaxcr. 1:226; I1Be-
neB 1968, Pact. LlenTtp. Azuu 4:146; Ononona 1990,
@O, Cub. 2:178.

Me3zodut. Berpeuaercsi Bo Becex paiioHax, 0OHIIeH.

VY nopor, nyxaikax, MpUOPEKHBIX TaJedHUKAX,
OKOJIO KHIIBS.

Hentpanbubiil Antail: UnnparaTyickue ropsl
(moc. Ynnparatyi, obounna goporu, 18 VIII 1967,
Koryxos 10.).
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HOxup1it Anrait: xp. CapbIMcakThl (JIMCTBEH-
HUYHO-KEIPOBBIH Jiec, 0K0JIO cTosiHKMA ckoTa2l VII
1981, UBarmeHko A.; BOCT. 3KCIIO3UIIHS, 6 KM BOCT.
c. Yunrucraid, 1400 M Hax yp. M., o6ounHa 10po-
ru, 8 VIII 1986, Koryxos 10.); xp. Hapemmckwuii (yp.
Tepextsl, ceB.ckioH, 2000 M Hax yp. M., 060UMHA
noporu, 28 VII 1976, Koryxos 10.).

Sanmagaeiii Anraii: xp. UBanosckwuit (80-90 kM k
ceB. ot T. Punzep, noc. Kanmeinkuit kiod, 0604u-
Ha nopory, 29 VII 1947, Ilonsxos I1.; okp. r. Pun-
nep, noi. p. I'pomatyxa, 0004nHa TpyHTOBOH TOpO-
ru, 2 V 1992, Koryxos 10.); xp. YOounckuii (okp.
noc. Tapacos kmou, goi. p. lllapaBka, mogHOXbE
ckanbHuka, 13 VI 1987, Kommmna B.; non.p. XKy-
paBnuxa, okoio noc. Kponpuarauk, 18 VIII 1971,
Kotyxos 10.).

Kanounckmii Anrait: Kanaauackuit 6op (mmoitma
p. Kaungel, okono cpegnero kopaona, 19 VI 1948,
Enunzapbesa).

Poa supina Schrad. 1806, FI. Germ. 1:289;
Poxepuny 1934, ®n. CCCP 2:379; IiBener 1968,
Pact. Llentp. Azuu 4:147; Ononosa 1990, ®n. Cud.
2:178.

Me3sorurpodur. Pacnipoctpanen Bo Bcex paiio-
Hax. Berpeuaercst yacto u 0OHIBHO.

Ha nyxkalikax u rajeyHukax, y 10por, KUjbsl.

HenTpanbubiit Antaii: UnnparaTyickue Topsl
(Bepx. k1. Mykop, B paiioHe UnHaaraTyHckoro pya-
Huka, 2100 M Haz yp. M., Upe3MEPHO YBJIAKHEHHAs
myxaiika, 4 IX 1970, Koryxos 1O.).

IOxub1it AnTaif: xp. Asytay (Bepx. p. Kamxkup,
obounHa TpyHTOBOU moporu, 2 VI 1984, Kotyxos
10.; yp. Kaparac, nHo ymenss, ceipsie myra, 24 VII
1985, Koryxos O.; ucrokp. Tepektsl, 1500 M Hax
yp. M., 32a00JI09€HHBIC PAa3HOTPABHBIC JTy)KalKH, 28
VII 1985, KoryxoB 1O.; okp. c. YpyHxaiika, m0.
p. Cononeunas, 1800 M Hag yp. M., yBIaKHEHHbBIE
JIy>)Kaiku B MUXTOBOM Jiecy, 25 VII 1984, Koryxos
10.); xp. FOxup1it Antait (oxp. c. bepens, momd. p.
ByxTtapma, npuOpeXHBIH 3aKpbITHIA TrajgeyHuk, 21
VI 1976, Koryxos lO.; Bepx. p. Byxrapma, 2300 m
HaJ yp. M., TPUOPEKHBIA 3aKPBITHIN TaleUHUK, 25
VII 1979, Kotyxos 10.); xp. Kypuaymckwuii (zo. p.
TayTtekenu, NapKOBbIN JINCTBEHHUYHBIH J1€C, HU3KO-
TpaBke, 3 VIII 1985, Koryxos FO.); xp. Capeimcak-
ThI (B paiione c. Karon-Kaparaii, r. Tayteke, 1900 m
Haj yp. M., 9 VIII 1971, Kotyxos 10O.).

3amagubiid Antait: xp. MIBaHOBCKHI (CeB.-BOCT.
CKJIOH, B paiioHe bemoyounckux o3ep,1600 M Hag
yp. M., napkoBbiil keapay, 18 VII 1975, KoryxoB
10.; ceB.-3a1m. ckioH, B paiione c. [lonepeunoe, mux-
TapHUK, o0ounHa noporu, 7 VI 1970, Kotyxos 1O.).

Caypo-Mamnpak: xp. Cayp (momn. p. Keanupnuk,
TOTIOJIEBBIE HACAXKIEHUS, IPUOPEKHBIE Pa3HOTPAB-

uele ayra, 14 VI 1976, Kotyxos 1O.; nep. Caiikan,
1400 M Hax® yp. M., CEB.-3aIl. CKJIOH, 000YHNHA TPYyH-
ToBO# noporu, 17 VI 1976, Koryxos 1O.; yp. Ana-
tait, 900 M Hax yp. M., THO y3KOTO yIIenbs, 000YrHa
nopory, 12 VI 1970, Kotyxos 1O.).

Cexknuust Coenopoa Hyl.

Poa trivialis L. 1753, Sp. Pl. :67; Kpsios 1928,
®x. 3an. Cub. 2:296; Poxesun 1934, ®a. CCCP
2:386; I'amaronoBa 1956, ®xa. Kazaxcr. 1:229; Ono-
HoBa 1990, ®a. Cub. 2:179.

Me3sodur. PactipoctpaneH Ha ceB.-BocT. Kazax-
CTaHCKOro AJTasi B YCJIOBUSX KOHTHHEHTAJIHHOIO
knumata. Penok n mano oouieH.

Ha cpipbIx myrax,no 6eperam pydbeB U pek.

HOxub1it Anraii: xp. Azytay (ypod. Cton0oBoi
JIOT, JOJ. BPEMEHHOI'O py4bs, M3PEKCHHAs WBO-
Bas poma (Salix caprea L.), 26 VII 1985, Kotyxos
10.; c. Axxaitnay (Ycnenka), MoxoBoe 0010TO, 29
VII 1985, Kotyxos 10.); xp. CapbiMCakThl (10I. p.
Maiimblp, yBIa)XHEHHBIE JTyTa, pexke MPUOPeKHBIH
raneunuk, 14 VII 1984, Koryxos 10.).

Samagubiid Anrtaii: xp. MBaHOBCKMiA (CeB.-3arl.
npenropbe, 0004rHA AOPOTH, YBIAXHEHHBIE JTyTO-
Bunsl, 4 VII 2000, Kotyxos lO.; okp. c. [Tonepeu-
Hoe, 71071. p. bonbrmas [Tonepeuka, enoBeIil Jiec, Ky-
CTAPHUKOBBIM IOJIECOK, MPHUOPEIKHBIN TaICIHUK,
20 VIII 1998, KotyxoB 10.); xp. YOuuckuii (yp.
CwmeranuH Jior, okp. noc. Kponpuatauk, 800 M Hax
yp. M., ipudpexne ximoda, 23 VII 1977, Koryxos
10.; TumwuHCKOE BOJOXpaHWIHUINE, MNPUOPEIKHBIC
celpele ayra, 28 VI 1969, Koryxos 1O.; okp. c. Ue-
peMInanKka, IpaBelid Oeper p. Yiap0a, MpruOpeKHBIH
ceipoit yr, 20 VII 1937, Ky3uenos H.); xp. Yib-
ounckuii (moc. 'opHas YnpOuHKa, omymika nuxrap-
Huka, 15 VII 1950, 'amaroHoBa A.).

Cexrus Stenopoa Dum.

Poa altaica Trin. 1829, Ledeb., Fl. Alt 1:97;
Kpoutos 1928, ®m1. 3am. Cub. 2:290; Poxxepwur 1934,
®a. CCCP 2:399; I'amaronoBa 1956, ®@iu. Kazaxcr.
1:231; LeneB 1968, Pacrt. Llentp. Asum, 4:140;
OusonoBa 1990, ®j. Cub. 2:180 — Poa trivialis
Trin.1835, 1:528.

Kpuomeszogwur.
oOuJIeH.

Ha anbnuiickux nyrax, KAMEHUCTBIX CKJIOHAX U
cKajax.

IOxuBI# AnTait: xp. HapeiMckuii (B palioHe c.
AnteinOens (HoBoOepesorka), yp. Tepekrtsi, 2000
M Haj yp. M., albluiickas jiyxaiika, 27 VII 1976,
Koryxos 10.); xp. Asyray (ropsl bynraprabotsl,
1500 M Hag yp. M., TIyOOKOe yIIelbe, CeB.-BOCT.
ckiioH, 13 VI 1984, Koryxos 10.).

S3anagapiil Anrait: xp. MBanoBckuii (Bepmr. Tpu
Bbpara, anenmiickue mysxkaiiku, 15 1X 1947, Hlreitn

BCTp €yacTcsa peaKo, Majo
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K.; ceB.-3am. ckioH, ymense Y-o0pasznoe, 2000 M
HaJ yp. M., okpauHa ocbiny, 2 IX 1978, Kotyxos
10.; Bepmr. Kpecrosas, 1900 M Hazg yp. M., BepXHUN
npeaesn JMCTBeHHUYHOro aeca, 20 VIII 1940, Epma-
koB I1.); xp. Younckuii (1o1. p. Y061, B paiioHe C.
Yepemiranka, mpuopexHbie yxkaiiku, 20 VII 1939,
Epmaxos I1.).

Poa attenuate Trin.1835, Mem. Sav. Ert. Pe-
tersb. 2:527; Kpsiios 1928, ®i. 3an. Cub. 2:285;
Poxesury 1934, @ia. CCCP 2:403; I'amaronoBa 1956,
®n. Kazaxcr. 1:233; [BeneB 1968, Pact. Ilentp.
Asun 4:141; Ononosa 1990, ®n. Cub. 2:180.

Mesomnetpodut. PacnpoctpaneH crnopaandHo.
Mauto obwuieH.

Ha BBICOKOTOPHBIX KaMEHHCTBIX CTEIsX, B
CpEIHEM M BEPXHEM IOsicax.

IOxub1it  Anraii: xp. CapbIMCakTHl (FOKHBIN
ckion, 1100 M Hag yp. M., B paiione c. Katon-Kapa-
rail. Kamenucras crens, 1 VIII 1930, Cuerupes P.;
yp. Kokrepek, ceB.-3ar. MeOHUCTBINA CKIOH, B OKP.
c. Yunrucraii, 1700 M Hag yp. M., OCTEITHEHHBIE T10-
JISHBI B 30HE JIMCTBeHHHYHOTro Jieca, 30 VII 1970,
Kotyxos 10.); xp. Kypuaymckwii (BocT. orporu, 1600
M Haj yp. M., 0i1. p. TayTekenu, cnabo 3aKpbITHIA
raneunuk, 3 VIII 1985, Koryxos lO.; yp. Tepektsl, B
paiione ¢. AnteiaOens (HoBoOepesoBka), 2100 M Hax
yp. M., 0OcoKoBas nerpodutHas TyHapa, 28 VII 1976,
KoryxoB 10.); xp. HOxnoanraiickuii TapOaratait
(KapaxaOumckas BnaanHa, 1oi1. p. Kapakaba, 3akpsi-
TBIN IpUOpexHbIi raneunuk, 17 VIII 1986, Kotyxos
10.); xp. Aszyray (yp. CapransiM, 1000 M Han yp. M.,
CKAJIMCTBIH CEB.-BOCT. MMEOHUCTHIN CKIIOH, KyCTapHH-
KkoBas cremnb, 19VI 1983, Koryxos 10.);

3anaaneiii Anrait: xp. Younckuit (80-90 kM x
ceBepy OT I. Puanep, roxHblid ckioH r. Tarapka,
31 VII 1947, onsaxos I1.); xp. iBaHOBCKMit (OKp.
r. Pugnep, CokonbHas comka, 900 M Hanm yp. M.,
octenmHeHHbIH yT, 27 VI 1936, Kybanckas 3.).

Caypo-Mamnpak: xp. Cayp (B pailoHe 3UMOBKH
Kapaynryp, 3nakoBas crens, 9 VIII 1986, Kotyxos
10.; roper Karan-11lwmmk, ceB.-3al1. TOTHOXKBE, TIIH-
HUCTO-IIIEOHUCThIE KOHYChI BRIHOCOB, 14 VII 1985,
Kotyxos 10.).

3aiicanckas BnaauHa: Bocrounoe Ilpu3zaiicanne
(r. Kunna-Kepum, Ha oOHa)K€HUM TPETUYHBIX pa3-
MBITBIX TIuH, 24 VI 1976, Kotyxos 1O.).

Poa botryoides (Trin. ex Griseb.)Roshev. 1934,
@, CCCP 2:403; Ononosa 1990, ®n. Cub. 2:181. —
P. attenuate var. botryoides Trin. ex Griseb.

Me3zomerpodur. BceTpeuaeTcss orpaHHYEHHO,
MaJIo OOMIIEH.

B cyxumx cremsix, Ha KaMEHHCTBIX CKJIOHAX,
pa3pyIIeHHBIX CKaJIbHUKAX, B HMKHEM H CPETHEM
MosICax.

ISSN 1563-0218

HOxub1it Anrait: xp. FOxnoanraiickuit TapOa-
rataii (Kapakabunckas BmagmHa, moi.p. Kapaka0Oa,
1700 M Hag yp. M., 3aKPBITHIA MPUOPEKHBIN raned-
Huk, 17 VIII 1986, Koryxos 10.); toro-Bocrt. cKIIoH,
KeJllpad, pa3MeNIeHHbI Ha MaTpaleBUIHBIX TPaHU-
toumax, 1700 m Hag yp. m., 1 VIII 1987, I{piranos
A.); xp. FOxubIii Antait (ceB.-3am. OKpaWHa IUIATO
VYkok, BepxoBbe p. byxtapma, 2300 M Hag yp. M.,
MOXOBO-OCOKOBasi TYH/Ipa, peke MO CKaJIbHBIM 00-
naxxenusiM, 25 VII 1973, Koryxos 10.); xp. Capbim-
cakTsl (yp. Koktepex, ceB.-3a11. KaMeHHUCTBIN OCTeT-
HEHHBIN CKJIOH, OKp. ¢. Yunrucraii, 1800 M Haz yp.
M., 30 VII 1970, Koryxos }O.); xp. Kypuymckuii
(Bocr. orporu, 1600 M Hag yp. M., goia. p. TayTexe-
7H, ¢na0o 3akpeIThiid raneynuk, 3 VIII 1985, Kory-
xoB 10.).

Caypo-Mamnpak: xp. Cayp (B paiione niep. Caii-
kaH, 1700 M Hag yp. M., I0XKHBIN IIEOHNUCTHIN CKIIOH,
16 VI 1976, Kotyxos 1O.; B paiione 3umoBku Kapa-
YHTYp, 371aKoBas cternb, 9 VIII 1986, Koryxos 10.).

Poa glauca Vahl, 1790, Fl. Dan. 17:3; Poxe-
Byl 1934, ®n. CCCP 2:403; Kpsuios, Cepruesckas
1961, ®mn. 3am. Cub. 1.12:310; Ononosa 1990, ®m.
Cub.2:182 — Poa glauca subsp. glauca Vahl, Fl.
Dan. 17:3.

Me3ormeTpodur.
oOuIIeH.

Ha metpoduTHBIX TyHIpax, KAMEHHCTBIX CKIIO-
Hax, CKaJIbHBIX 00HaKEHUAX, OKparHAM MEJTKOIIeO-
HUCTBIX OCBITICH, B BEPXHEM TOPHOM TOsICE.

Oxupii Anraii: xp. HapeiMckuii (yp. Tepek-
Tbl, 2100 M Hax yp. M., OCOKOBasi TYHJIpa, YMEPEH-
HO yBJIOKHEHHas Jrykaiika, 28 VIII 1976, Kotyxos
10.; yp. Tepektrl, 2100 M Hag yp. M., B pailioHe C.
AnterHOens (HoBoOepe3oBka), koOpe3neBas TyH-
npa, 27VII 1976, Kotyxos 10.); xp. FOxHbIit AnTaii
(Bepx. p. byxrapma, 2400 M Hanx yp. M., B palioHe
noc. Yunrucrai, 107. p. byxrapma, MOXOBO-OCOKO-
Bas TyHzpa, 17 VIII 1972, Kotyxos 10.).

3amagHeid Antaid: xp. YJIbOWHCKHE (JON. P.
Mamnas Yne6a, 1500 M Hag yp. M., pa3peXKeHHBIH
nuxToBbId Jiec, 26 VII 1943, JlomOpoBsckwuit K.).

Poa litvinoviana Ovcz. 1932, U3B. Tamk. 0a3sl
AH CCCP 1,1:22.; Poxesuny 1934, ®n. CCCP
2:417; I'amaronoBa 1956, ®@xa. Kazaxcr. 1:236; Oo-
HoBa 1990, ®a. Cub. 2:184.

Me3ormrerpodur. Berpewaercs penko, cropa-
JIMYHO, B OCHOBHOM Ha IOT0-BOCT. peruoHa. Maio
oOuIIeH.

Ha metpoduTHBIX MEOHUCTHIX ITy)KaKaxX, Ka-
MEHHCTBIX CKJIOHAX, CKajlaX, OKpamHax OCHITNEH, B
BEpPXHEM T'OPHOM TOsICE.

IOxubpIit Anraii: Xp. HOxHoanTaiickuii Tap0a-
rataii (10ro-BOCT. CKJIOH, KeApad, pa3MeIIeHHBIH

Bcerpewaercs  penko, wmaio
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Koncnexr Bunos pona Poa 1. (cem. Poaceae Barnhart) Kazaxcranckoro Anrast, Caypo-Manpaka n 3alicaHCKOH KOTJIOBHUHBI

Ha MaTpaleBUAHBIX rpaHuTonaax, 1700 M Ham yp.
M.,1 VIII 1987, LpiranoB A.); xp. FOxusrii Anrait
(ceB.-3am. OKpanHa IJIaTO YKOK, BEPXOBhE HCTOKA
p- Byxtapma, 2300 M Hag yp. M., MOXOBO-OCOKOBas
TYHJIpa, peXe 10 CKaIbHBIM OOHakeHUsM, 25 VII
1973, Koryxos 1O.).

Caypo-Mamnpak: xp. Cayp (10xKHBIH MEOHUCTHIN
ckJioH, 1700 M Hax yp. M., B paiione niep. Calikan, 19
VI 1976, Kotyxos 1O.).

Poa nemoralis L. 1753, Sp. Pl. :69; Kpsuios
1928, ®n. 3am. Cub. 2:291; Poxesun; 1934, Di.
CCCP 2:400; TI'amaronoa 1956, dxa. Kazaxcr.
1:231; Omonosa 1990, ®n. Cub6.2:184.

Me3zorurpodut. PacpocTpaneHn Ha ceB.-3all. U
CEB.-BOCT. B YCJIOBHUSX BJIQXHOT'O KJIMMaTa, OOMJIEH
B IMMXTOBO-OCUHOBBIX JIeCaX.

B necax, xycrapHuKax, pexe Ha JIyrax, B HUXK-
HEM T0sice TOop.

LenTpanbubiil Antail: UnnparaTyickue ropsl
(okp. c. bepens, momn.p. bByxrapma, 3akycrapeHHbIC
npubpesxusie myxaiiku, 27 VIII 1970, Kotyxos 1O.;
B paiioHe cnusiHus pek bepens u Byxrapma, ciabo
3aKpBITHIN npupeunblil raneunuk,25VIIL 1970, Ko-
TyxoB 10.).

HOxub1it Anrait: xp. Asyray (yp. Kezpmamm,
1500 M Hax yp. M., ocTennHeHHbIe J1yra, 23 VII 1983,
Kortyxos 10.); xp. Hapeivmckuii (B paiione c. Conpa-
TOBO, JIOJI.p. MaiMbIp, mpUOpekHBIE cI1ab0 3aKpbI-
Thie noJsiHbL S VIII 1977, Kotyxos FO.; okp. c. Ai-
TeiHOeNb (HoBOOEpE30BKa), moi. p. Tepektsl, 1200
M Haj yp. M., KEIpPOBO-THUCTBEHHNYHBIH Jiec, 27 VII
1976, KoryxoB lO.; momHOXbe [OTO-3all. CKIIOHA,
noi.p. JloromHas, mpuOpeskHast ChIpas JTyxKaika, 22
VI 1984, Kotyxos 1O.; 1oro-3am. mogHoxkee, OKp. C.
CBuHuUaTKa, cbipble JyroBuHsl, 22 VI 1984, Koty-
xoB 10.).

3anaanelii Anraii: xp. UBanosckuit (yp. Lupo-
kuii jor, 1700 M Hax yp. M., TOJI.KJIIOYA, B HU3KOM
kyctapuuke,20 X 1969, Kotyxos 1O.; okp. moc. be-
pe3oBKa, aoi. p. Manas Yip0uHKa, ceipble ayra, 11
VI 1942, JlomOpoBckwii B.; ymi. ['pomarymmHckoe,
IOTO-BOCT. CKJIOH, OCHHHUK, B BRICOKOTpaBhbe, 21 VI
1968, Kotyxos 10.); xp. Younckuii (Cunroxun oe-
JIOK, yp. YammHo, yMEpEeHHO yBIIaKHEHHAS OITyIIIKa
ruxToBoro jgeca, 13 VIII 1968, Kotyxos 1O.; moiima
p. Y0a, okp. c. KampIitmHKa, mpudpekHas mosoca,
cimabo 3akpeIThid TanedHuk, § VII 1983, Kortyxos
10.; Cunroxun 6enok, yp. Yamuno, 3a00J104€HHBIC
Oepe3oBo-nuxToBbie peaunsl, 19 VII 1970, Koty-
xoB 10.).

Poa korshunensis Golosk. 1955, :73; I"'onocko-
koB 1969, Unn. onpen. pact. Kazaxct. 1:97 — Poa
nemoralis  subsp.korshunensis (Golosk.) Tzvel.
1976, 3naxu CCCP :469.

Mesodur. Berpeuaerces penko, Maao oOWIIeH.

B HaropHsIx jecax, JJIECHBIX MTOJITHAX, CPEAH KY-
CTapHUKOB, MPUOPESKHBIX JIyTrax, B HUKHEM U Cpe/l-
HEM TOPHBIX TOsICaX.

IOxupIft Anraii: xp. CapbIMCakThl (CeB.-3ail.
CKJIOH, 5 KM IOTO-3all. Tiep. bypxat, ceipbie 6epe3o-
Bble HacaxeHus, 2 VIII 1970, Koryxos 10.).

3anagapii Anrail: Xp. YOWHCKHIA (CeB.-3all. T.
Punnep, 111e0HUCTO-TITMHUCTBIN CKIIOH, CXOJISIIUHI B
noi. p. Kypasnuxa, 21 VII 1947, Ionsikos I1.; ces.-
BOCT. CKJIOH I. CuHIOXa, J101. p. Manas XKXypasnuxa,
B paiione moc. KpoipuaTHUK, IPUOPEKHBINA C1a00
3aKkpbITHIN rasieunuk, 10 VII 1976, Koryxos 1O.).

Poa palustris L. 1759, Syst. Pl., ed. 10:874;
Kpoutos 1928, ®@x. 3am. Cub. 2:293; Poxepur 1934,
@®n. CCCP 2:397; Lsenes 1968, Pacrt. Llentp. A3uu
4:144; Ononosa 1990, ®@j. Cub. 2:184.

Mesodur, mesorurpodur. OObIYEH BO BCeX
paiioHax, MecTamMu OOMIICH.

Ha nyrax, 6osoTax, cpein KyCTapHUKOB, pa3pe-
JKCHHBIX JIecaxX, Ha MPUPEUYHBIX MECKaX U rajeyHu-
Kax; 0 BEpXHETro TOPHOTo Mmosica.

HOxuwiit Anraii: xp. Capeimcaktsl (yp. Koxre-
pek, B pailioHe noc. YWHrucrai, ceB.-BOCT. CKJIOH,
JIyroBuHa okoiyio pojanuka, 20 VI 1971, Koryxos
10.); xp. Kypuymckwnii (3arm1. otpor, mgomr.p. Kypaym,
NpUOPEXKHBIA H30BITOYHO YBIAKHEHHBIH JyT, 25 VI
1976, Kotyxos 1O.; noin. p. Kypuywm, nipaBeriii 6eper,
B paiione moc. Keictay Kypuym, mpuOpexxHbIi ra-
nednuk, 25 VI 1976, Kotyxos 10.).

3anaaubli Anrtaii: xp. VBaHOBCKU (Bepx. p.
UYepnas Y6a, 1700 M Hax yp. M., TapKOBBIH KeIpo-
BBIi1 Jiec, chipble dyxaiiku, 16 VIII 1976, Kotyxos
10.; non. p. I'pomaryxa, celpble JTy’Kallku, B paiio-
He 1oc. I'onosHOoe, 24 VII 1947, Iomsxos I1.); xp.
Jluneiickuii (107. p. Uepnas Yo6a, 1300 m Han yp.
M., CBIPBIE JIy>KallKH, IPUPEUHbIH raneynuk, 19 VII
1967, Kotyxos 1O.; non. p. bemas ¥6a, 1300 M Hax
YP- M., IPUOPEKHBIN CHIPOH TIYT, peke, Ha ralleuHu-
ke, 19 VII 1971, Kortyxos 10.); xp. Younckuii (okp.
c. Uepemmmanka, mpaBblii Oeper p. Yian0a, ChIpbIe
myxaiiku, 10 VII 1937, Ky3uenos H.).

KanOunckuii Anraii: Bocrounas Kan6a (Kawun-
JIUHCKHAN OOpP, COCHOBOE PENIKOJIEChE, CHIPBIE ITyTa, 5
VI 1984, Cuerupes B.; oxp. c. Jlaiinsl, gom. p. Jlaii-
JIbI, U30BITOYHO YBI&XKHEHHBIC MBOBO-OEpE30BO-ve-
pemyxoBble coodrrecTsa, 20 VIII 1971, Koryxos 1O.;
OKkp. 03. CubuHCKue, NMprOpekKHbIC 3a00JI0YCHHBIC
uBHsKU (Salix cinerea L., Salix pentandra L.,Salix
pyrolifolia Ledeb.), 18 VIII 1970, Kotyxos 1O.).

Poa stepposa (Kryl.)Roshev.1934, ®n. CCCP
2:401; 'amaronosa 1956, ®u. Kazaxct. 1:232; Omo-
noBa 1990, ®n. Cub. 2:1805 — Poa ntricate var.
stepposa Kryl. 1928, ®g. 3an. Cub. 1:232.
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Kotyxos H0.A. n np.

Kcepodur, xcepomesodur. Bcerpewaercs Bo
BCEX pernoHax. bojee 0ObIYEH B yCIOBHAX CTEITHO-
ro penbeda. Mectamu 0OHIIEH.

B crensix, Ha KAMEHUCTBIX CKIIOHAX, JIO CPEJIHE-
T0 TOPHOTO TosCa.

HenTpanpablit Antaii: UuHIOraTyickue ropsl
(B paitone c. Apuatsl, IEOHUCTBIH OCTEMHEHHBIN
ckioH, 2 VIII 1986, bunnnaesa A.).

KOxup1it Anraii: xp. Hapeimckwii (oxp. c¢. Yep-
noskK, meonucras crenb, 17 VII 1986, UBamieHko
A., bunuiaeBa A.; roro-zam. CKJIOH, B pailoHe cC.
CrnaBsiHka, 1ieOHKMCTas 371aKoBas cremnb, 31 V 1971,
Kotyxos 10.); xp. FOxHbIil Anrtaii (ceB.-3a11. okpau-
Ha 1ato YKok, Bepx. P. Byxtapma, 2400 m Hax yp.
M., meOHuctas Tyuapa, 27 VII 1979, Koryxos 10.).

KanOunckmit Anrait: Boctounast Kanba (oxp.
03. LIBIOBIHABIKYTB, CKAUCTHIN IOTO-3aIl. CKIIOH,
25 VI 1956, Epemeena P.; 10r0-BOCT. CyXOi CKJIOH,
yp. ['opstunit kimrou, 20 VII 1956, 3enuna U.; okp. T.
Ycerp-Kamenoropek, yp. Ilemek, ceB.-BocT. npe-
ropbe, KOBBUIBHO-TUITYAKOBasi cTemb, 22 V 1976,
Kotyxos 10.).

Caypo-Mamnpak: xp. Cayp (mep. CaiikaH, 10ro-
3aIl. MmeOHUCTHIH ckiloH, 1200 M HaJ yp. M., OCTer-
HeHHble Jyra, 16 VI 1976, Koryxos lO.; nep. Caii-
KaH, BOCT. IEOHNUCTHIA CKIIOH, OCTEITHEHHbIE JTyTa,
16 VI 1976, Kotyxos 1O.; ce.-3am. c. [IpuozepHoe,
KyCTapHUKOBas crernb, 2 VI 1976, Koryxos 10.); xp.
Mamnpak (1oro-BocT. c. IlIeeKTsI, 10KHbBIH IeOHuN-
CTHIN cKIIOH, 26 V 1976, KoTyxoB 10.).

3aiicaHckas BraanHa: Bocrounoe [Ipusaiicanbe
(r. KapaOuprox, yp. Malmmnuk, OITyCTHIHEHHAs
crensb, 30 VII 1984, Kotyxos 1O.).

Poa urssulensis Trin.1835, Mem sav.Etr.Pe-
tersb.2:527; Kpsuo, 1928, ®in. 3an. Cub., 2:291;
Poxesur, 1934, @n. CCCP, 2:394; 1enes, 1976,
3naku CCCP 471; Omnonosa, 1990, ®n. Cubu-
pu, 2:185. — Poa nemoralis var.urssulensis (Trin.)
Griesb.1858, F1. Ross. 4:376.

Kcepomerpodut. PacipocTpanen Ha FOro-BocT.
peruoHa. Peqjok u Mao OOMIIeH.

[To nyram, cyXuM KeipOBO-JIMCTBEHHHUYHBIM Jie-
caM, TCHUCTBIM KaMEHHCTHIM CKIIOHAM.

IOxup1it Anraii: xp. CapbIMcakThl (B palioHe
nep. bypxar, 2000 M Hax yp. M., CyXOi MapKOBBIN
keaposelii ec, 2 VIII 1970, Kotyxos 10.); xp. FOx-
Hoanrtalickuii TapOaratait (KapakaOwHCkas BIa-
IINHA, CYyXOH eI0BO-TUCTBEHHUYHBIA Jiec, 26 VIII
1984, Kotyxos 10.).

Poa krylovii Reverd. 1936, Cuct. 3am. ['ep0.
Tomckoro yu-ta 8:3; LiBeneB 1976, 3maku CCCP
:471; Ononosa 1990, ®n. Cub. 2:180 —Poa urssu-
lensis subsp krylovii (Reverd.) Olon. 1998, Turcza-
ninowia 1,4:16; dopoubkun 2003, ®1. Cub. 14:25.

ISSN 1563-0218

Mesodut. Peaxuii Bua. Maino obuseH.

[To ocTemmHEHHBIM CKJIOHAM, U3PEKEHHBIM T'Op-
HBIM JIecaM, JI0 BEpXHET0 TOPHOTO Tosca.

HenTpanbubiil Antail: UnnparaTyickue ropsl
(B paiione 03. byxrapMuHCKO€, TUCTBEHHUYHBIH CY-
xoit mec, 1850 m man yp. m.,3 VIII 1970, KotyxoB
1O.; roper Kaitnap, B okp. c. bepens, mapkoBblii ke-
npad, 12 VIII 1976, Kotyxos 10.).

HOxwub1it Anrait: xp. FOxnoanraiickuii TapOa-
rataii (oxp. c. YuHrucrai, ceB.-3a. CKJIOH, HUKHUN
npenen, 6epesnsik, 2 VIII 1970, Koryxos 10.); xp.
Kypuymckuit (oxp. c. bapa6ait, 900 m nHag yp. m.,
€JI0BO-0epe30BkIii Jiec, Ha mosstHax, 8 VII 1973, Ko-
TyxoB 10.).

3amagHblit Antaii: xp. MiBaHoBckuii (B paiione
moc. 2-oi pailloH, OCTENHEHHbIC JyxKaiku, 15 VI
1942, JlomOpoBckuit B.); xp. YipouHckwit (Yirb-
ouHckoe BopoxpaHwiuiie, 1800 M Hax yp. M., Cy-
XOM, TapKOBBIA JIUCTBEHHUUHBIH Jec, 26 VII 1943,
JlomOpoBckuii B.).

KanOunckuit Anraii: Bocrounas Kanba (yp.
[urmiek, mo1. KiItoYa, OCHHOBO-KYCTaPHUKOBBIE CO-
obmecta, 30 V 1978, Koryxos 1O.).

Poa argunensis Roshev. 1934, @n. CCCP 2:404;
Cepruesckas 1961, ®n. 3an. Cu6. 12,1:3107; Po-
xkeBur 1934, ®n. CCCP 2:404; IIsener 1968, Pacr.
Hentp. Aszum 4:141; Ononosa 1990, ®dn. Cwuod.
2:180.

Kcepodwur. Berpewaercs m3penka. Mamo oOu-
neH. VM3BecTeH U3 0JJHOTO MECTOOOUTaHMS.

B cyxux cremsix, OCTEITHEHHBIX KaMEHHUCTBIX
CKJIOHAX.

IOxmuenii Anrait: xp. Asyray (yp. Kaparac,
1700 M Hag yp. M., BEpLUIMHA BBIPOBHEHHOW T'psI/ibI,
OCTEIHEHHbIE Pa3HOTPaBHO-3JIakoBbIe Jyra, 21 VI
1985, Koryxos 1O.).

Poa albertii Regel. 1880, Acta Horti Pet-
rop.7:611; PoxeBuir1934, ®n. CCCP 2:412; 1956,
®. Kazaxcr. 1:235; I'amatonoa 1956, @in. Ka3zaxcr.
1:234; Iigenes 1968, Pact. Llentp. Azuu 4:139.

Me3orerpodur. Penknii Bua. Halimen oqHak Ib1.

Ha BBICOKOTOPHBIX aTbIHUMCKHUX Jyrax, Me0HH-
CTBIX CKIIOHAX, PUPEYHBIX TAJICYHUKAX, B BEPXHEM
TOPHOM TIOsICE.

FOxwub1it AnTait: xp. FOxHbIi AnTaii (ceB.-BOCT.
CKJIOH, 2350 M Hax yp. M., B paifoHe noc. Ynnnara-
Ty, 17 VII 1972, KotyxoslO.).

Poa intricata  Wein.1911, Feddes Rep-
ert.9.378; OmonoBa 2017, Contribution to the
F1.OfAsianandEuropeancountries 6:28.

Me3sodur. Penxuii Bua. Pacnpoctpanen orpa-
HHYEHHO, MaJIo0 OOMIICH.

[To ceIpbIM TPHOPEKHBIM JIyTaM, pa3pekKeHHBIM
KyCTapHUKaM, TCHEBBIM CKaJlaM.
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Koncnexr Bunos pona Poa 1. (cem. Poaceae Barnhart) Kazaxcranckoro Anrast, Caypo-Manpaka n 3alicaHCKOH KOTJIOBHUHBI

Oxupii Antait: xp. Hapeimckuit (ym. Tepek-
THI, OK0JIO ¢. AnTeiHOEns (HoBoOepe3oBka), BepX.
k1. KenpoBslid, B 30He TUCTBEHHOTO Jeca, S00 M Hax
yp. M., aHO ymienss, 27 VII 1976, Koryxos 1O.).

Sanmagapiii Anrtai: Xp. YOouHckuit (okp. ¢. Tap-
xaHka, TeHeBbIe ckaibl, 13 VII 1987, Kotyxos 10.);
xp. VBaHoBckuii (mpuOpexHbIe Ty)KalKu, Cpean
MBOBBIX 3apocieid, 15 VIII 1984, Koryxos 10.).

Caypo-Mamnpak: xp. Cayp (mon. p. Keanepnpik,
YBIIQKHEHHBIE MTPUOPEKHBIC JTy)KalKW, B PalioHE C.
[IpxeBannckoe, 14 VI 1976, Koryxos 10.).

Poa pseudoaltaica (Olonova) Olonova, 2017,
Contribution to the Fl. Of Asian and European coun-
tries 6:28.

Mesonerpodut. Peaxuii Bua. Mano oousieH.

Ha xamMeHHCTBIX U MEOHUCTHIX CKJIOHAX B TYH-
Ipe, pexe B KeJIPOBO-TUCTBEHHUYHOM JIECY, B CPE/I-
HEM U BEPXHEM I0sICax.

HOxup1it Anrait: xp. Hapeimckuii (okxoio c.
AnterHOens (HoBoOepesoBka), ymi. TepekTsi, ces.
CKJIOH, CKajbHble oOHaxkeHus, 2000 M Hag yp. M.,
27 VII 1976, KotyxoB lO.; ne ganeko ot c. Katon-
Kaparaii, Bepx. p. Tayrekenu, rpaBUiHbBIA CKJIOH B
anprmiickom mosice, 24 VII 1929, Kpeuios I1., Cep-
rueBckas JI., Cemunanatuackas o0acTb, HEAAIEKO
ot p. Kaba, Jlapa-Taran, amenutickuii mosic, 30 VII
—2VIII 1920, sxcniequius B.B. CanoskHUKOBA); XP.
HOxubrit Anrait (KapakaOunckas Bnaguna, 2300 m
HaJ yp. M., epHUKOBas TyHApa, 19 VIII 1986, Koty-
xoB 10.).

3amaguelii Anrtail: xp. MBaHOBckMii (ceB.-3arl.
cKJI0H, 2000 M Hag yp. M., KEAPOBO-IIUCTBEHHUYHBII
nec, peakonecke, 2 VII 1997, Koryxos HO.; Bepxuee

tedyenue p. Yepnas Y0a, B 30He MapKOBO-THCTBEH-
HUYHOTO cooOrmectsa, 16 VII 1976, Kotyxos 1O.).

Cexkuust Tichopoa Aschersonet Graerbner

Poa compressa L. 1753, Sp. PL. :69; Kpbuios
1928, ®g. 3an. Cud. 2:294; 'amaronosa 1956, ®i.
Kazaxcr. 1:233; LBene 1976, 3naku CCCP :477,
Omonosa 1990, ®n. Cub. 2:186.

Kcepodwur. Pactipoctpanen Ha 1oro-Boct. Boc-
touHoro Kazaxcrana. M3BecTeH M3 ABYX IYHKTOB
B 3alicaHCKO# KOTIIOBHHE, MecTamu obuicH. B Ka-
3axcrane 3anocHoe (['amaronoBa, 1956).

Ha kaMeHUCTBIX ¥ TTUHUCTO-IIEOHUCTBIX CKIIO-
HaX, BBIXOJaX TPETUYHBIX IJIMH, TOJMHAM BPEMEH-
HBIX peK.

Caypo-Mamnpak: xp. Cayp (ropsr CaifkaH, Mex-
ropHasi BiaguHa AKKe3eHb, KAMEHHO-YTOJIbHBIE 00-
Ha)KCHUS, IPOTYKTHI pa3pyIIeHHS APEBHUX 0CAT0U-
HEIX TTopo, 16 VII 1986, Kotyxos FO.).

3aiicaHckas BnaauHa: Bocrounoe [Ipusaiicanbe
(okp. c. Kapammuk, cyxue dneBHUKY, (Achnather-
um splendens (Trin.)Nevski), 30 V 1976, Kotyxos
10.); 3anagnoe Ipuzaiicanbe (701. BpeMEHHBIX peK
bazap, mpubpexusiii raneqnnk, 2 VI 1976, Kory-
xoB 10.).

Buipasicaem enyboxyio brnazodaprocms KaHou-
oamy 6uonoeuveckux Hayk M.B. Ononosoti 3a npo-
cmomp 2epbapHbix Mamepuaios u ymoyHerue 8U0o-
601l NPUHAONEIHCHOCTNU HEKOMOPBIX 00pa3yos pooa
Poa L.

Cmamusa Hanucana 8 pamkax 2pasmosozo npo-
exma APO 5133050 «H3yuenue ¢propur cop Kokmay
KaK NOMeHYUaibHo20 00beKma COXpaneHus OUuoo-
2uueckoeo paznoobpasus Kanbunckozo Hazopbsiy.
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MALUS SIEVERSII
XAHA COPT-KAOHAAPDBI XXEMICTEPIHIH,
AAMATbI K. BAC BOTAHUKAADIK, BAK )KAFAAUBIHAAFbBI
BUOXMMUAADBIK XXOHE TEXHOAOTUSAADIK
EPEKLUEAIKTEPI

Makanrapa xabarbl CuBepc aamacbl (Malus sieversii M. Roem) cOpT-KAOHAQpPbl >KemiCTepiHiH
OMOXMMMSIABIK, >KBHE TEXHOAOTMSIAbIK, 3epTTeyAepiHiH HaTuxeAepi GepiareH. M. Sieversii aca no-
AMMOPTbI TYP, COHAbBIKTAH OAapPAbIH TabUFM MOMYASUMSIAAPbIH KYpaniTbiH KenTereH opmasapAblH
KeMicTepi  BUOXMMUSIAbIK, KOPCETKILITEPIMEH epeKlleAeHeAi. M. sieversii >KeMmiCiHiH XUMMUSIAbIK,
KYPaMbIHbIH TYpPapaAblK, ©3repriliTiri a3 3epTreAreH. ’KyMbICbIMbI3AbIH ©3ekTiAiri KoHFap AaAaTtaybl
MONYASIUMSICbIHbIH M. sieversii COPT-KAOHAAPbIHbIH, >KeMicTepiHe BUOXMMUSIABIK, )KOHE TEXHOAOTUSIAbIK,
TaAAQYAbIH aAFaLLKbl PET XXYPrisiAyiHAe. 3epTTeyiMi3ain MakcaTbl 2KoHFap AAaTaybl NOMYASILMSCbIHbIH,
M. sieversii »XaHa COPT-KAOHAApbIHbIH bac 6oTaHMKaAbIK, 0ak >KaFAalblHAQ OUMOXMMUSIABIK, >KOHe
TEXHOAOTMAABIK, epeKLLEAIriH aHbIKTay, OAApPAbIH apacblHaH CeAeKkLMS MeH >KeMiC 6HAipiciHae
narMaasaHyra 60AaTbiH COPT-KAOHAAPADI ipikTern aAy 60AAbl. Tanpayra YKoHFap AAataybl MOMyASILMs-
CblHaH ipikTeAreH M. sieversii 10 COPT-KAOHbI aAbIHAbI. YKemMicTepaiH GMOXUMUSIAbIK, Kypambl 2012-
2015 XbIAAQP apaAblfbiHAQ 3epTTeAAi. Taaaay >KaAMbl dAiCTEpre cam Xyprisiaai. 3eptrey 6apbiCbiHAQ
%-6€H >KemiC KypamblHAQFbl KypFak, 3aTTap, KaHTTap, OpPraHuMKaAblK, KbIWKbIAAADP, CyAd epiriw
MeKTMHAEP, AeKOaHTOUMaHAAp MeH P-OeAceHAl 3aTTap MeAllepi aHbIKTaAAbl. 3epTTeAreH M. siev-
ersii COPT-KAOHAAPbIHbIH Ke0iCi MarnAa »eHe aca KblKbIA GOAABI. TOMEHTi KbILKbIAAbIKTbI 2 COPT-
KAOH kepceTTi. CMBepC aAMacbl COPT-KAOHAAPbIHAH >KOFapbl KAHTKbIWKbIAABIK, MHAEKCE (KKI) — 20
Tek 1 copT-KAOHAQ aHbiKTaAAbl. KaaraH copT-kaoHAapabiH KKM-i TemeH 2 aeH 9 aeitiH 60AAbl. 3epT-
TEATEH COPT-KAOHAQPAbI CaAbICTbIPFAaHAQ >KEMICTIH, KypamMblHAQ KAQHT MeALlepi xxofapbl 14 % aAeniH 4
COPT-KAOH; 3EPTTEAreH >XemicTepaiH KebiCi KypambiHAQ MEKTUHAEP CaHbIMEH; KypamblHAQ AeKOaH-
TouMaHAap caHbl 600Mr/100r acatbiH 2 opma; P-6eAceHAl 3aTTapAbiH, >KOFapbl KepceTkiwTepimeH 4
COpPT-KAOHbI epekleAeHAil. Kyprak 3aTTap Taasay >kacaaFaH 6apAblK, COPT-KAOHAAPAA XKOFapbl GOAAbI.
M. sieversii COPpT-KAOHAAPbIHbIH, XEMICTEPIH OBMOXMMMSIABIK, )KOHE TEXHOAOTUSIABIK, TaAAQY HOTUXKECIHAE
6i3 >Kemic KypamblHAAFbl KOPEKTIK XKaHEe BMOAOIMSIABIK, aKTUBTI 3aTTapAbIH )KOFaPbIAbIFbIH aHbIKTAAbIK,.
KemictepiHae KyHapAbl koHe BMOAOTUSIAbIK, OEACEHAT 3aTTapbl MOA ipikTeAareH CHMBEpPC aAMachl COpT-
KAOHAQPbl CEAEKLMSI MEH TaFaM BHAIPICIHIH 6aFaAbl K&3i 6OAYbI MYMKIH.

Tyiin cesaep: Malus sieversii COPT-KAOHAQPbI, OUOXMMMSIABIK Kypambl, BUOAOTUSIABIK GEACEHAI
3aTTap, aAMa XeMmici.
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Chemical-technological features of Malus sieversii clones
in the Main Botanical Garden conditions

In this article the date of biochemical and technological quality features of fruits of Malus sieversii
clones is given. M. sieversii differs by high intraspecific diversity in spread area and its fruit biochemi-
cal composition. Chemical and technological evaluation, which will be conducted for the first time
using new clones of the Dzhungar population, are relevant. The aim of our work was the investigation
of biochemical and technological quality features of fruit of M. sieversii clones and the selection of the
most valuable cultivars for their processing and use in breeding. During our investigation 10clones of
M. sieversii selected from different populations of the Dzungarian Alatau were engaged. To study the
chemical composition of fruit the generally accepted methods were used. The percentage of dry matter,
sugar, organic acids, water-soluble pectin, leucoanthocyanins and P-active substances was determined.
The analysis was carried out during the period of 2012 till 2015. Fruits of the researched clones of M.
sieversii in most cases were small and characterized by a higher acidity, from 1.11 to 1.73 %. Low con-
tent of acids was found in 2 clones. Among the M. sieversii clones possessing a high sugar-acid index,
only 1 clone was outstanding. Among 10 clones of M. sieversii 4 of them were outstanding by high sugar
content, up to 14%. The leucoanthocyanins’ content of the researched clones was from 74 to 651 mg
per 100 g. High content of P-active substances was found in 4 clones. Most of the researched clones of
M. sieversii demonstrated a high level of water-soluble pectin; it was from 1.04 to 2.5%. A high level of
dry substance in fruit of the researched plants was noted. As a result of biochemical and technological
characteristics of clones of M. sieversii, we have determined cultivars containing a high level of nutri-
ents and biological active substances. And it can be used as a valuable source in breeding and product
processing.

Key words: Malus sieversii clones, chemical composition, biological active substances, apple fruit.
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buoxummuueckue u TexHoAOrMYecKk1Me 0Co6e@HHOCTH COpTOB-KAOHOB Malus sieversii
B ycAoBusiX [AaBHOro 60TaHMYecKoro caaa r. AAmMarbl

B cTatbe npeacTaBAeHbl pe3yAbTaTbl MICCAEAOBAHNS (DUTOXMMMYECKOM OLLEHKM MAOAOBOIO CbIpbs
COPTOB-KAOHOB 16A0HM CnBepca (Malus sieversii M. Roem). M. sieversii — BbICOKONOAMMOPMHbBIA BUA,
nAoAbl hopm 5. CrBepca 13 eCTeCTBEHHbIX MONyAIUMiA AU hepeHLMPYIOTCS N0 XMMUYECKOMY COCTaBY.
AKTYaAbHOCTb AQHHOW PabOTbl 3aKAOYAETCS B TOM, UTO XUMMKO-TEXHOAOIMYECKAs XapakTepucTuka
HOBbIX COPTOB-KAOHOB s1. CMBepca AXKYHrapCKon MonyAsiumm paHee He msyueHa. LleAbto Hawern paboTbl
ObIAO MCCAEAOBAHME OUMOXMMMUYECKMX M TEXHOAOIMYECKMX MOoKa3aTeAell KayecTBa MAOAOB COPTOB-
KAOHOB 16A0HM CrBEpCa 1 BbIAEAEHME HanboAee LIEHHbIX COPTOB AAS NepepaboTKM U MCMOAb30BaHMS
UX B CeAekuMU. B nccaepoBaHMSX MCNOAb30BaAUCb 10 copToB-kaoHOB .CuBepca, oTtobpaHHble 13
Pa3HbIX MONYAILMIA AXKYHrapcKkoro Aaartay. AAst M3yYeHMns XMMMYECKOro COCTaBa MAOAOB MCMOAb30BaAM
o6LIenpuHATLIE METOAbI. B MnAoaax onpeaeasanch B % KOAMYECTBO CyXOro BellecTBa, caxapa,
OpraHMYyeckmnx KUCAOT, BOAOPACTBOPUMOrO MEKTMHA, AEMKOAHTOLMAHOB W P-akTMBHbIX BeLLecTB.
AHaam3 npoBoamMAcs ¢ 2012 no 2015 rr. M3yueHHble NAOAbI COPTOB-KAOHOB 1.CuBepca B GOAbLLIMHCTBE
CAyYaeB ObIAM MEAKVMMM M XapaKTepu30BaAUCh GOAEEe BbICOKOM KUCAOTHOCTbIO OT 1,11 A0 1,73 %.
Hu3koe coaeprkaHue KUCAOT MMeAM 2 copTa-kaoHa. Cpean cOpToB-KAOHOB 4.CuBepca C BbICOKMM
CaxapOKMCAOTHBIM MHAEKCOM BbIAEAMACS BCEro 1 copT-KAOH. 10 BbICOKOMY COAEPYKAHMIO CaXxapoB A0
14 % 13 10 copToB-KAOHOB M. Sieversii oTAnumAmnch 4. Coaep>kaHne AEMKOAHTOLMAHOB KOAEOAAOCh OT
74 a0 651 mr/100 r. Boicokoe coaep>kaHue P-akTuBHbIX BelecTB A0 675,56 mr/100 r yCTaHOBAEHO B
Tpex copTax-KAOHax. BbICOKMM coaep>kaHem BOAOPacTBOPMMOro nektrHa ot 1,04 Ao 2,5% B nAopax
BbIAEASIIOTCS BOABLIMHCTBO COPTOB-KAOHOB. OTMEUYEHO BbICOKOE COAEpP>KaHWEe CyxXMX BelleCcTB B
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M3YyUeHHbIX MAOAAX. B pe3yAbTaTe OUOXMMUYECKON 1 TEXHOAOMMUYECKON XapaKTePUCTUK COPTOB-KAOHOB
M. Sieversii HamM1 BbISIBAEHbBI COPTa C BbICOKMM COAEP>KAHMEM MUTATEAbHbBIX M OMOAOTMUYECKM aKTUBHbIX
BELLECTB, KOTOPbIE MOTYT CAYXXMTb LIEHHbIM MCTOUHMKOM AASI CEAEKLIMU 1 nepepaboTKu.

KatoueBble cAoBa: copTa-KAOHbI Malus sieversii, XaM1ieckuin coctaB, GUOAOrMUECKM aKTUBHbIE Be-

LLeCTBa, MAOAbI AOAOHM.

Kipicne

AnMa — KOHBIp)Kail Oenjeysae TapairaH
JKEMICTI ©CIMIIKTEep/iH apachIHIaFbl KOIIOACIIHI.
Taramranyza, Oananap TaraMblHa YKOHE TUETAIBIK
MaKcaTTaKeH KOJJaHbLIATBhIH keMic. Ce0ebl, OHBI
JKaHa TMICKeH KYHiHxe, KeNTipuIreH, eHAIpiIreH
a3bIK PETiHJEe JKbUI OOWBIHA TYTBIHYFa OOJalbI.
AJMaHBIH KypaMblH/Ia afcopOeHTTEPAIH, (EHOIIbI
3aTTap/bIH, MOHOKAHTTApBIH OONybIHA OaifaHbl-
CTBI OYJI JKeMic ajiaM JIeHCayJIbIFbl YIIiH TMaiaaibl.
MopeHn copTTap/IbIH JKEMICTepiHe KaparaHa Ka-
0aifbl ajMa >KeMICTEpPiHIH JOpyMeH I OeICeH I
Oiprrama skorapsl exenpiri oenrimi (John, 2014: 46).
Axanemuk A.K. XanranueBTtiH 3epTTeyinepi 00ii-
piHIIA Ka3zakCTaHHBIH TaOWFW MOMYJISAIHSIapbIHAH
ipikTenin anbpiaraH xabatisl Cusepc anmace! (Malus
sieversii M. Roem) xemictepinin P-Oencenni
3aTTapbIHBIH MOJIIIEP] MOIGHHU COPTTapFa KaparaHia
7 ece apthIK ([xanranmes, 1969: 13).

TyTeiHYmIBUIAD — 9AETTE  IIBIPBIHABI,  JKaHA
MICKEH JKOHE TOTTI JKeMicTep/li Kanmaiapl. Amaiifa,
JKEMICTIH canachlH aHBIKTAWTHIH Oacka Jia GakTop-
nap 6ap, oJapIplH Keilipi aypyiaapraTe3iMIiTirine
xayantsl (Jenks and Bebeli, 2011: 127; Lyon, 1993:
177). Meicansl, xanmsl GeHonaap, srHu P-6encenmi
3aTTapaliIMaHblH ~ CaKTalyblHAa  JKOHE  IKEMIC
aralllbIHBIH aypyFa, KOJANChI3 JKardailnap MeH
CTpEeCCKe LIBIIaMIbUIBIFBIH apTThIpa bl (Otto, 1999:
109; I'yaxosckuit, 2005: 100). Tesimui coprrap-
na P-Oencenni 3attap aypyfa ce3iMTaji copTTapra
KaparaHJa Kell Meuep/e xuHakTanaael. (Shirley,
1996: 278; Dixonand Hewett, 2000a: 155; Usenik,
2004: 137; Treutter, 2005: 581). Kazipri ke3zme
ayMara OalJIaHBICThI CECKIMSUIBIK OaraapiaManap
anMa >KeMICiHIH KaTThl, KYHApJbI, eMIIK >KoHE
NpOoQUIAKTHKAIBIK KACHETKE He 3KOJIOTHSUIIBIK
Taza eHiMZepiH anyra OarbrTTanFaH. OChIFaH opaii,
KEMICTep/IIH TaFaMbIK, JIOMIIK KacUEeTTEepIMEH
Oipre = OMOXMMUSIIBIK  JKOHE  TEXHOJOTHSIIBIK
epeKUICTIKTepiH  aHBIKTay TaraM  ©HEpKaciOi
MEH aybUl IIapyallbUIBIFBl YIIIH MAaHBI3BI 30p.
AJMaHBIH XUMUSIIBIK KYpaMbl 9pTYpii daxTopiap
ocepiHeH e3repim oThIpangsl. Kazakcranma xaH-
xakTbl CHBepc aJMachlH 3€pPTTEreH FallbIM, aKa-

neMuk JKaHFalIMeBTIH 3epTTeysiepiHe CYHeHCeK,
M. sieversii ®eMiCTEepiHIH KypaMIbIK KOPCETKiIIi
aralTapablH ~ ©cy  JKarJalbIHBIH ~ 9cepiHe,
KOpEKTeHYiHe, )KapblKKa, TeMIlepaTrypara *oHe T.0.
CBIPTKBI akTopiapra Toyenai (Ixanranues, 1977:
226). CpIpTKbI OpTa 9cepi KarJaibIHAA KEMICTEPAiH
KeTl JKaFai1a CaHIbIK KypaMbl ©3repicke ylblpaca,
KEMICTEP/IiH CamajiblK KypaMmbl TYp MEH OJIapJIbIH
TAKCOHAAPBIHA TOH CUCTEMATHKAJIBIK Oerici 60IbII
canamaznpl. JKoHe Oyn KepceTkimrTep TybIC, TYP,
Keliie TypapajiblK TaKCOHAAp YLIIH epeKiie 0Oomysl
my™mkin (Harborne, 1980: 329; Wollenweber and
Dietz, 1981: 869).

biznin 3epTTey 00beKTIMI3 M. sieversii aca moim-
MopdThl TYp (BaBunos, 1965: 9; Jlxxauranues, 1977:
110), coHABIKTaH ONAPIBIH TAOWFH IOIMYJIAIHSIIA-
PBIH KYpalThIH KenTereH ¢popmaiapAblH xKeMicTepi
OMOXMMUSIIBIK KOPCETKIIMITEPIMEH epeKIIeNeHeI].
Kenreren 3eprreynep aima KeMiCiHIH XUMHUSIIBIK
KypaMblH  aHbIKTayFa  OarbITTalIFaHbIMeH, M.
Sieversii  KEMICIHIH  XUMHSIIBIK  KYPaMbIHBIH
TypapajblK e3reprimTiri a3 3eprrenreH. OcwiFaH
OalIaHBICTBI, >KYMBICBIMBI3IbIH ©3eKTiniri JKoH-
rap AunaraysiHeiH [luxToBas xome Mymabaii
maTKaJdAapblHAH alblHFAaH M. sieversii copt-
KJIIOHAAPBIHBIH JKEMICTepiHe OMOXUMUSIIBIK JKOHE
TEXHOJOTHSJIBIK ~TalAay ajfalllKbl peT Kypri-
3uryinge. 3eprreyiMizmin MakcaTsl JKoHrap Ana-
Taybl MOMYJSUUSACHIHBIH M. sieversii *aHa COpPT-
KJIIOHAAPBIHBIH bac OoTaHMKAIBIK 0aK >kKaraaiibIHIa
OMOXUMHMSAJIBIK JKOHE TEXHOJIOTHSUIBIK €pEeKIICTIriH
aHBIKTAy, CeJEKIHUS MEH JKeMIC OHIIpICIHIe
nainananyra OolaThIH KypaMblHAa OMOJOTHSIBIK
Oemncen i 3aTTaphl KOFaphl KYHIBI COPT-KIOHAAPIBI
ipikTern amy OoJbl.

3epTTey MaTepHaJAapbl MeH dicTepi

KP bac Ooranmkaneik OarbiHma KPP ¥FA
axkamemuri A.K. JKamrammeBTiH OacCIIBUIBIFBIMEH
Konrap xone lme AnaraynapbelHblH TaOufu Mo-
MyJAIUsIapblHaH ipikTen aixraH M. sieversii copt
KIOHAApbIHBIH 1992 xbuibl KypbulraH Oipireit
KOJUIEKIMSUTBIK TeHO(OHIBI OpHajmackaH. Kosrek-
uustab 200 copT-kioH Kypaiasl ([ xanranues, 2007:
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Tagmanosa JI. xxoHe T.0.

208). Byn KoyuleKUusl COJNTYCTIKTEH OHTYCTIKKE
Kapait 560 M-Te CO3bUIFaH, )KoHE a0CONIOTTI OMIKTIri
877m (contycTik miekapacel) aeH 892M (OHTYCTIK
IeKapachl)apalbIlFBIH  allbIl  JKaTelp. Kabaifbl
JKEMICTi ©CIMAIKTEP KOJUICKUUSUIBIK (POHABI TayIIbI
’Ka3bIKTBIKTA OPHAJACKAH, TOIMBIPAFbl AlIbIK KOHE
KYHTIpT-KYpeH. KimmMaTh! IyFbul KOHTHHEHTAIBABL.

3eprreyre JKonrap AmatayelHBIH Myrabait
(TM-1, TM-2, TM-5, TM-7 copT-KI0OHIAp)
xkoHe [lmxromas (TII-19, TII-21, TII-22, TII-23,
TII-24, TII-25 copr-kiIoHAap) MIAaTKaJIlapbIHAH
ipikTenreH koHebac OoTaHUKANBIK OaK *KaFmaibrHa
xkepcingipiren  CuBepc  anmaceiHblH  (Malus
sieversii(Ledeb.)M. Roem)10 copT-KJIOHBI aIBIHABI.

JKemictiH opTa canmarbl — TEXHOXUMHUSJIBIK Ta-
pa3bIHBIH KeMeriMeH onmeH/Ti. LIIbIpbIHHBIH HIBIFYbI

M
B=—2x100
M

1

(bopmyiacbIMeH aHBIKTaIbI.
MyHmarel: M — €31HIIHIH cajJMarbl, T; M, -
HIBIPBIHHBIH CaJIMaFbI, T.

Kemictepain OHOXUMUSIIBIK Kypambl 2012-
2015 xbutnap apansiFbiHaa 3eprrenmi. Tannay sxan-
Bl QJIICTEPTe Cail KYPTi3idi: JKeMicTepaiH KYpFraK
3aThl TYPAKThI CAJIMaKKa JCHIH KENTipy *OJBIMEH;
CyFa epirim MeKTUHAEep MEeH MPOTONEKTHHAEP/II
Kap0a30i/bl  KOJJaHy OIICIMEH, MOHOKAHTTap
KOHE Kalmbl KaHtTap Meumepi  DerumHHT
CYWBIKTBIFBIH  TYCCi3ZeHaipy apkpuisl (beprpan
omicTeMeci); TUTPIACHETIH KBIMIKBUTBIFBIH—CIITIHI
(0.1 m NaOH) mnaiiganana THUTpJEY KOJBIMEH,
IIBIPBIH IIBIFBIMBIH JKEMICTI ChIFy apkpiibl (Ep-
MakoB, 1972: 456); P-Gencenni 3arrap (KarexuH-
nep, JIeWKoaHToIMaHmap, adroruanmap) JLU.
BuropoB moaudukanusChIHIAFBIOYTHII  CTUPTHIH
’KOHE BaHWJIMH PEAKTUBTEPIH MaljaiaHy apKbLIbl
KOJIODUMEPIIIK  9JicrieH aHbIKTanasl  (Buropos,
1964: 310). Op Tanmay oOBEKTHBTI Oaraiany
MakcaTblHJa 3 peT KalTalaH/bl.

3epTTey HITH:KeIepi JKoHe TAIKbLIAY

JKemicmiy carmagul — COPTTHIH HETI3r1 camacsl
MEH TayapJbIK KOpCEeTKIImTepi OOJBIN TaObIIaIb.
JKemictig Genrimi 6ip Mexere NEHiHTI MeOIIIEPiHIH
ecyl xoHe Oacka Ja camajblK KepCeTKIITepiHiH
JKaKcapybl, SFHH ©cCy JIeHreli, JoMi, XOIl Wici,
E€TTUTITIHIH KOHCHUCTEHTTLIIT, OMOXUMUSITBIK
KypaMbl JKEMIC cajJMaFblHa TIiKeJIeH KAaThICTHI.
JKemicTiH YIKEHIIrT TeK KaHa COpPTKAa OallaHBI-
CTBI €MEC, CBIPTKBI OpTa (PaKTOpJIapblHA, aFaIlThIH
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JKachlHA, aya-paiibl JKarjaliblHa, ©Cy Ke3eHiHe,
arpOTEXHUKAIBIK KYTIMiHE JKOHE T.0. OMOTHKAIBIK
XKoHE aOMOTHKaNBIK (akTopiapra OalIaHBICTHI
(Camconoga, 1990:105).

3eprrenren  Malus sieversii xaHa COpPT —
KIJIOHJIApBIHBIH KeMicTepiMesepine Kapail kemeci
tontapra Oeminni: ete Maima (16..40 r) — TM-
7, TII-24, TM-1, TII-22, TII-23, TM-2, wmaiina
(41...70r) — TM-5, opramagan Temed (71...110 ) —
TII-19, TII-21 >xone maccacel oprama (111...150 1)
— TII-25 (Cyp.1, 1 kecte). byn 3eprreynep xemic-
KUJEK, )KaHFAK KEMICTI ©CIMIIKTEPIIH COPTTAPBIH
3eprrey barnmapiamaceiHa KoHE oIicTeMenepiHe
cotikec (JloGanoB pen., 1973:492) xyprizinmi.

Ulvipvin wvizeivul.  UlblpeiH  eHAIpiciHe
JAWBIKTBI  aJdMa COPTTAPBIHIPIKTEY/eeH  ajibl-
MEH JKEMICTIH WIBIPBIH NIBIFBIMBIHA JKOHE JTOMIIIK
KacueTiHe KeHin Oeminemi.)KeMmicTiH  IIBIPBIH
IIBIFBIMBI OHBIH TaFaM OHJIiPiCiHIET1 SKOHOMUKAIIBIK
THIMIITITIH ~ aHBIKTAWOel.  3aMaHayd  IIBIPBIH
OHIpiCTepiH/e OChI KOpCEeTKIITep OipiHII OpBIHIA
typazasl. LspeiHEBIH OpTama kepeetkini — 51,7%
-naH keM O6onmaysl THic (CamcoHoBa, 1962: 114).

3eprrenren CHBepc aMachl COPT-KIOHAAPBIHBIH
IIBIPBIH TIBIFBIMBIL TOMeHAeTiAelr Oomupr:41-50%-
TI1-19, TM-1, TII-25, TII-23, TII-21 (41, 42, 47,
47, 50% cotikec), 50-60% xorapel — TM-5, TM-2,
TII-24, TM-7, TII-22 (50, 55, 59, 59, 67% coiikec).
CopT-KJIOHAAPABIH IIIIHEH MIBIPBIH MIBIFBIMBI 60%%-
JIaH JKOFapFBhUIAPBIH IIBIPHIH OHJIIPICIHE YCHIHYyFa
6omazp! (Cyper 1).

Kypeax 3ammap. Anma KoHCEpB eHIMAEpiH
mIbIFapyna KypFak 3aTTap MeJIICPiHiH MaHBI3bI
yiakeH. JKeMmicTiH KypFak 3aThIHBIH CaIMaFbIHBIH
85-90%-1 kemipcynap Kypaiasl (Suni et al.,
2000: 1538).0HBIH 6CIMIIK YIIiH MaHbI3EI 30p. O
OMOJIOTHSITBIK  MPOLISCTEPIIHIHEPTUSL K631 IKOHE
JKACYIIAHBIH ~KYPBUIBIMJIBIK MaTepHabl  OOJIBII
TaOBUTabI. AJIMAHBIH EPUTIH KOMIPCYBIHBIH KOII
MeJIIepi KaHT, SSFHU TITI0K03a, (PPYKTO3a JKOHE ca-
xapo3a (Ackermann, 1992: 1131). An, epimeiiTin
OeJirine a3 KO3FaJaThIH MOJUCAXaPHUITEP: TEMMHU-
LeJUTIoNI03anap, KileT4yaTKa, NeKTHH/ 3aTTap, Keiloip
coptrapaa kpaxmamnmap (Gibson, 2012: 9; Tao et al.,
2009: 413; Kpusenros, 1976: 70) xxaTabl.

TanmayaplH HOTIKECIHIE 3EpPTTENTeH >KEeMic-
TepAe KypraK 3arTap MeJuepi Keneci CcopT-
KJIOHAAp/a JKOFaphl, ssFHU 16-23 % neitin 00mabL:
TM-1 (23%), TM-7 (23%), TII-23 (21 %), TII-
21 (19%), TII-22 (17%), TII-19 (16%), TII-24
(16%), TII-25(16%). Kyprak 3arrapislH opraiia
memmepi 11-14 % neitin TM-5 xone TM-2 copt-
knonaapbiaaa Oaiikanas! (Cyper 1).
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Kanmmap. KaHTTap XeMICTiH Kyprak 3aTTa-
PBIHBIH HET13r1 KOMIIOHEHTi 00tk Ta0biIa bl Onap
TOTTI JoM Oepill xoHe 6acKa 3aTTapMeH Oipre, SFHA
OpPTaHMKAIBIK KBIIIKBUIIAPMEH YiJlece OTBIPBII
KEeMICTIH AoMiH Kypaiael. Kanrrap- 99% xXybIK,
rexco3-(ppyKTo3agaH KoHE TIFOKO3a/iaH, COHJAil-
aK a3 MeJjmepae caxaposaman Kypamran (Beriiter,
1985: 331). I'moko3a MeH (QpYyKTO3aHBIH CaHIBIK
KaTBIHACTAphl COPTKA KOHE JKeMIC TypiepiHe Oaii-
JIAHBICTHL. ATTMa KeMiciHie QpyKTO3aHbIH MeJIIIepi
50-nen 69% neitin aybITKbI Typaasl (Cemosa,
1991: 30). XKabaifp! aTMaHBIH €PITill KAaHTTAPBIHBIH
MOJIIepi MOJICHH COpTTapFa KaparaHaa TOMEH
Oomazpl, Oyl KypaMbIHIarbl MOHOKAHTTapbIH
a3apIFpIMeH  OaitmanbicThl. Tanmay OapbIchiHIA
KaHTTap MOJIIEPiHiH dKOFapbUIBIFBIMEH4 COPT-KIIOH
epexmenenai: TI1-25, TI1-23, TII-19, TII-21 (11,
12, 13, 14 % cait). KaatrapasiH opramra Meiepi
CuBepc anMachlHBIH Kellecl COPT-KIOHAaphIHIA
anpIKTangel: TM-5, TM-2, TII-24, TM-1, TM-7,
(7,8,8,9,9 % cait). Kantrap memnmiepiHiy eTe ToMeH
kepcetkimi TI1-22 (3%) copT-kioHbIHAA OalKaI B!
(2-cyper).

Kyprak 3arTtap MEH KaHTTAapABIH K631 peTiHie
KOFapbl KepceTKilTepMeH epekinenenres TII-
21, TII-23, TII-19 copT-KIOHAAPBIH CEICKUUsIA
naigananyra 0oabl.

Opeanuxanviy xoiukslioap. KantrapmeH Ka-
Tap OpPraHUKAIBIK 3aTTap — JKEMIC KYpaMbIHBIH
Herisri koMmmoHeHTi.Onap Tipi KJIeTKamapra dHep-
U KETKi3ymrjepoosbin — Tabbuiagsl.  KeiiOip
KBIIIKBUIIAP PAIMOAKTHBTI 3apTTapliaH KOPFayIIIbI
KBI3METIH aTKapaJbl.

3eprrenren M. sieversii COPT-KIOHIAPBIHBIH
Ko0icl Malma »oHe aca KbBIIKLUT 00iabl. Kamambl
OPTaHMUKAIBIK KBIIIKBIIAPABIH KOFapbUTbIFel 1,11
nen 2,29 % neiin TM-2, TT1-24, TM-1, TII-25, TII-
23, TM-5, TII-22 coprt-kIoHIapbIHaa OalKamIbl.
TM-7 (0,49) xxone TII-21 (0,71%) copr-KioHAAPHI
KBIIITKBUIIBIKTEIH —~ TOMEHAUTITIMEH — €peKIIeTeH/Il
(1-xecTe).

Kanmxbrukoinoviy  unoexci. KaHTTBIH — KBIII-
KBIIFA KATBIHACHEI HEMECE KAHTKBLIIKBUIILIK HHIEKCI
(KKW) »xemicTiH AoMiH aHBIKTaHbl. KBIIIKBUIBEFRI
JKOFapbl HeMece KaHT MeIIepi TeMeH OoFaHIa
KKU 10-ra Ten. by xarmaiina, skeMiCTepIiH aoMi
TOMeH OarajaHaJibl. OJETTe, XKOFaphI JICTYCTAIMSIIBIK
OaraHbl JKEMICTIH KAHTKBIIIKBUIIBIK MHIEKCI 15 TeH
30 meitinri kepcetkimi anaapl (Ckypuxus, 1979: 117).

CuBepc ajaMachl COPT-KIOHIAPBIHAH JKOFaphI
KaHTKBIIKBUIIBIK WHIeKkcl TII-21 (20) copr-xio-
HbIHIA aHBIKTANIbl. KanfaH COpPT-KIOHIAP/IbIH
KKH-i1 Temen 2 nen 9 netiin 6oaapr: TM-5, TM-1,
TII-19, TI1-22, TI1-23, TI1-24, TII-25, TM-2, TM-7.

Ilexmunoep.  TlekTWHII  3aTTapiblH  amam
TaraMbIHda MaHBI3JIBLUIBIFBI 30p. AJIMa TIEKTHHIHIH
JKOFaphl TaFaMJIBIK KYHJBUIBIFBL, OJIAPIBIH asiamM
ar3achlHaH ayblp MeTajjapasl IIbFapy KaOimer-
TUNM  eMIIK-MPO(QUIAKTHKANBIK KOHE KOPFaHBIII
KacuerTepiMeH aHbIKTanabl. E.B. CanoxHUKOBTHIH
(Canoxxuukos, 1965: 160) Teopusicbl OOHbIHIIIA alTMa-
na nektuHAi 3artap 1,33%, epurin nekrunaep 0,81%
MeJepae JKUHaKTamanpl. Keidip aBTOpIiapabiH
MosiMeTi OOMBIHINIA amMa KYpambIHIAFbl MEeKTHH/I
3aTTapApiH Menepi optypiai (Epmaxos, 1972: 312;
3arpomeros, 1964: 20) Gomazpl.
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1-kecte — Malus sieversii copT-ki1oHAapbIHEH 2012-2015 0K, XUMHUKO-TEXHOJIOTHSUIBIK KOPCETKIIITEpi

Malus sieversii XKemictin canmarbl, | XKanmbel kautTap, | KaHT KbIIIKBUIIIBIK Kanmer Cyna epirimt

COPT-KJIOHAAPbI r % HHJICKC] KBIIIKBLIAP, %o NEeKTUH, %
TII-19 83,00+4,00 13,0+1,10 7,00 1,73+0,05 1,25+0,21
TII-21 90,00+4,00 14,0+2,00 20,0 0,71+0,10 1,39+0,08
TII1-22 26,00+1,50 3,00+1,70 2,00 1,60+0,10 1,04+0,25
TII1-23 27,00+1,20 12,0+0,20 9,00 1,30+0,04 0,55+0,33
TII1-24 23,00+1,10 9,00+2,00 8,00 1,18+0,10 1,24+0,27
TII-25 165,00+12,00 11,0£1,00 9,00 1,25+0,05 1,28+0,33
TM-1 24,00+0,80 9,00+0,30 7,00 1,2540,20 2,50+0,01
T™-2 39,00+6,00 9,00+0,60 8,00 1,11+0,20 1,91+0,37
T™-5 55,00+4,00 7,00+1,70 5,00 1,40+0,20 2,07+0,25
T™-7 18,00+2,20 8,80+0,50 8,00 0,49+0,20 1,11+0,01

JKemicTepaiH cyma epirilnl  TEKTUHACPIHIH  aybITKbLABL  JIeHKOAHTOIMAHIAPIBIH  YKOFaphI

orapsl MemepiMed 1,04 ten 2,5 % neitin 3ept-
TENTeH COPT-KIOHIAPIBIH KeO0IiCi epeKIeIeH]Ii:
TI1-22, TM-7, TI1-24, TI1-19, TI1-25, TI1-21, TM-
2, TM-5, TM-1 (1-kecrte).

JKabaiibl amMa JKEMICiHIH cyla  epirimn
NEKTHHICPIHIH KOIl 00Tyl KOHAUTEP KOHE KEMIC
OHJIIpICIHIE Kelle, MapMelaj], JKeM TIpi3Ji KOH-
CHUCTEHITUSIIBI  OHIMIEPAI OPTYPJIi KOCTaIapChi3
Kacayra MyMKiHJIK Oepeni (Cxypuxus, 1985: 180).

P-6encenoi 3ammap. Xemicti eciMaikTepleH
TaObuTFaH  (PeHOIABI  KOChUTBICTAp  P-Oencenmi
nopymenre ue. CuBepc aiMachl COPT-KIOHIaPbIHBIH
Kemictepinae P-Oencenni 3aTrap kem Meuepe
KUHAKTanaabl. AnMaHBIH Herisri P-Oemcenmi 3at-
TapblH ()IABOHOUITAP Kypaiabl (KaTexuHIep, aH-
TOIMAHJap, JIeWKOaHTOIMaHaap, (IaBoHOIIAD).
ATanFaH TONTaH aJMa JKEMICiHIe HEeTi3iHeH Tycci3
KaTeXHH/JIEp MeH JielikoaHToImanap ke3uecei (Ce-
noB, 2011: 300). bi3 nelikoaHTOIMAHAAPBIH KOHE
Kambl P-6emceH i 3aTTap b KOCHIHIBI MOJTIIEPiH
aHBIKTAJBIK. JIeWKoaHTOIMAHAAD OCIMIIKTEP/IiH
3aT anMacy TpOIEeCTEPiHe KaThICAIbI XKOHE TEK KOp
3aTTaphbl FaHa €MeC, COHBIMEH KaTap, *KEMICTepIiH
MHUKPOOOPTaHU3M/ICPJICH, JKOFaphl JKOHE TOMECH
TeMIepaTypanapial Kopray kKacuerine wue ([mu-
Tpues, 2003: 465). JleiikoaHTonmanaap MeJIIICPiHIH
JKOFaPBUIBIFBI )KEMICTIH JIOMIH aibl etei. MyHait
JKEMICTEepl OHNIeIIMETeH KYHiHIe )Keyre KeaMen/Ii.
Anatina, cuap eHIipiciHe ToJ1 OCBIHIAN KYpaMbIHIa
JICHKOAHTOIMAHIAPbI KOTI )KeMICTep MaiijaiaHbLia-
nel. Onap BUHOMAaTEpHAIIbI alllblll KETYCH CaKTarl,
TaibIH OHIMHIH TYCIH JKaKcapTansl. P-6encenmi 3at-
Tap KEMIC aralllbIHBIH CaIllaChIH apTThIPAJIbI.

3eprrenren CuBepc alMachl COPT-KIOHIAP IBIH
nefikoanTonmanmapel 74 Ten 651 wmr/100r netiin
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momepi 200 men 651 wmr/100r kemeci copt-
KIoHAapaa xuHakranran: TI1-24, TII-22, TM-7,
TM-1, TM-5, TI1-23, TM-2 (651,611,268, 259,237,
236, 200 Mr/100r coiikec). JlelikoaHTOIMAH1APIBIH
oprama kepcetkimi 100 men 200-re meiiin TII-19,
TII-21 copr-kiIoHAapeiHaa Oaiikanipl. JlelikoaH-
TOIMAHAPBIH €H TeMeHri kepcerkimi 74 mr/100r
TII-25 coprt-kmoHbIHAA OenrineHmi. P-6emcenmi
3arTapibiH Korapel mejepiMer (400 gen aca/
100 mr) TII-19, TII-22, TII-24 copT-KIOHAAPHI
epeKImenence, eq TeMeHri kepcetkim TII-25 copt-
kionbiHaa (124,12mr/100r) anbikTaimsl (2-cyper).

KopbIThIHABI

bac Ooranukaneik Oak skarmaiibiHna Cusepc
aJIMacbDKaHa COPT-KJIOHAAPbIHBIH OHOXMMUSIIBIK
JKOHE TEXHOJOTHSUIBIK TaJIaybl JKYprizinmi. 3epT-
teyre JKonrap Aunaraybinbiy Mymabaid (TM-1,
TM-2, TM-5, TM-7 copt-kioHaap) koue IlnxTo-
Bas (TII-19, TII-21, TII1-22, TII-23, TI1-24, TII-25
COPT-KJIOHJAp) MIATKAJAApbIHAH IPIKTENreH JKOHE
bac Gotanmkanblk Oak >karmaiibIHa KepCIHIIpiITeH
Cusepc anmacbeiabiy (Malus sieversii (Ledeb.) M.
Roem) 10copT-KIOHBIHBIH KEMICTEpi aJIbIHIBL.
Tanmay samsl OMOXUMUSIIA KOJITaHATEIH oiCTepre
caif xxyprizinai (Epmakos, 1972: 456). 3eprrey Oa-
PBICBIHAA KeJieci MmapaMeTpliep aHbIKTaJAbl: 3epT-
TEyTe JIBIHFAH >KEMICTEpIiH CalMarbl MEH IIIbI-
pPBIH IIBIFBIMBI, JKEMICTEpIiH KYpFaK 3aTbl, CyFa
epiril NEeKTHHAEP, MOHOKAHTTAp JKOHE IKaJIIbI
KAHTTAap, TUTPJICHETIH KbIIIKbUIBIFBL, JIEHKOaH-
TOIIMAHJAp KOHE Xalmbl P-Oencennmi 3arrap. Op
Tangay oOBEKTHBTI OarajaHy MakcaTblHIa 3 per
KaWTalaH[bl.
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2-cypet — CuBepc anMa COpT-KIOHIAPHI XKeMICTePiHIH KypaMbIHIaFbI JIEHKOaHTOINAHAaPEI
MeH P-0encenai 3arTapbIHBIH MeJIIIepi

2012-2015 xpupap apaibIFbIHIA KYPTi3UIreH
OMOXUMUSIIBIK TaJayIdblH HOTIDKECIHIE Kypa-
MBIHJIa KOPEKTIK OHE OHOJIOTHSUIBIK OeliceH i
3aTTapbl  JKOFAphl  COPT-KJIOHIAp  AHBIKTAJIBI.
3epTTeyre ambHFAaH COPT-KIOHIAPABIH JKEMICIHIH
ko0ici Mmaiga OoJabl OHE KbIIIKBUIIBIFBIMEH
epekmeneHai. TeMeHri KbIIKbUIIBIKTEI TM-7 MeH
TII-21 copr-xnonmapel kepcerti. CuBepc amma-
CBhI COPT-KJIOHAAPhIHAH KOFAphl KAHTKBIITKBLUIIBIK
naaekci(KKW) TII-21 (20) copT-KIOHBIHIA aHBIK-
tanael. Kamran copt-xmongapasiH KKU-1 temen
2 nen 9 peitin Oonael. Kyprak 3artap Ttannay
JKacallFaH OapJIbIK COPT-KJIOHJapja *Orapbl 00J-
JIbl. 3epPTTEITeH COPT-KIIOHAAPbI CaIbICThIPFaHIa
JKeMICTiH KypambiHaa kaut mentepi TII-21 (14%),
TII-19 (13%), TII-23 (12%), TII-25 (11%) copt-
KJIOHJIAPbIH/IA JKOFapbl; KypaMbIHIA TMEKTHHIEP
canbl 2% acaTblH copT-kioHaap TM-1, TM-5 copt-
KIIOHJIAPbl; KYpaMbIHJA JICHKOAHTOIIMAH/IAD CaHBI
600mr/100r acatera popmamap TI1-22 (611mr/100r),

TII-24 (651Mmr/100r) copr-KiaoHAApHl OONIBL. Ad,
P-6encenni 3aTTapAbIH JKOFApbl KOPCETKIMITEPIMEH
TII-19, TII-22, TII-24, TM-5 coOpT-KIOHIAPbI
epeKIIeIeH .

CoHBIMEH KaTap, KeIeH i 0araibl OMOXUMUSI-
JBIK KepceTkimTepre ue Oonran TII-21, TII-
19, TII-23 sxone TII-25 copT-KIOHIOApHI €peK-
me Hazapra Jaieik. OmapasiH Kypambr: TIT-21
copt-kinonbiHAa — 14% kantTap, 1231/100r
neiikoanrouuanaap, 1,39% mnexrtunaep; TII-19
copT-kioublHAa — 13% Kantrap, 137mr/100r
neiikoanTounanaap, 520mr/100r P-6encenai 3at-
Tap, 1,25% nexrtunnep; TII-23 copT-kIOHBIHAA —
12% xantrap, 236 mr/100r neitkoanTormanmap;
TII-25 copt-knoubinaa — 11% xantrap, 1,28%
MEeKTUHEP.

JKemicTtepinme KYHAPIBI KOHE OMOJIOTHSIIBIK
Oerncen1i 3aTTapbl MO ipikTenreH M. sieversii COpPT-
KIIOHJIAPbI CEJIEKIINS MEH JKeMIC OHIIpiCiHIH Oarabl
Ke31 00JTybl MyMKIH.
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CHARACTERISTICS OF MIRNA INTERACTION
WITH 5’UTR, CDS, 3’'UTR MRNA CANDIDATE GENES
OF BREAST CANCER SUBTYPES

Different subtypes of breast cancer are distinguished by a set of candidate genes involved in the
development of this disease. The expression of many genes is regulated by binding of their mRNA with
miRNA, therefore it is required to identify which candidate genes of oncogenesis and in what degree
they can interact with miRNA. The purpose of this work was to establish the interaction characteristics
of the known 3701 miRNAs with mRNA 92 candidate genes of breast cancer subtypes. 19 genes from
25 candidate genes of the her2 subtype were targets for miRNA. The binding sites of 67 miRNAs were
located in 5’UTR, CDS, 3’UTR and the average free energy (AG) of miRNA binding with mRNA was
equal to -120,2 + -7,6 kJ/mole, -123,6 + -9,8 kJ/mole, -110,4 + -9,8 kJ/mole, respectively. 31 miRNA
associations with mRNA, having the free binding energy more than -120 kJ/mole are recommended for
the diagnosis of the her2 subtype. 33 genes from 47 candidate genes of the triple-negative subtype were
targets for miRNA. The binding sites of 90 miRNAs were located in 5’UTR, CDS, 3’UTR and the average
AG value of miRNA binding with mRNA was equal to -123,5 + -7,0 kJ/mole, -114,1 + -7,9 kJ/mole,
-106,9 £ —4,9 kJ/mole, respectively. 36 miRNA associations with mRNA are recommended for the diag-
nosis of the triple-negative subtype. 14 genes from 20 candidate genes of luminal A and B subtypes were
miRNA targets. The binding sites of 86 miRNAs were located in 5’"UTR, CDS, 3'UTR and the average AG
value of miRNA binding with mRNA was equal to -121.2 + -9,5 kJ/mole, 120,4 + -7,8 kJ/mole, -118,9
+ -8,1 kJ/mole, respectively. 51 miRNA associations with mRNA were recommended for diagnosis of
luminal A and B subtypes. In the mRNA of many genes, sites containing two or more miRNA binding
sites were identified with arranging of their nucleotide sequences, which reduces the proportion of bind-
ing sites in the nucleotide composition in 5’UTR, CDS, and 3’UTR several times. Based on the obtained
results, the groups of miRNA and mRNA associations of candidate genes are recommended to develop
methods for diagnosis subtypes of breast cancer.

Key words: miRNA, mRNA, subtypes of breast cancer, target genes.
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BroAorus xxeHe GMOTEXHOAOIMS MOCEAEAEPIHIH, FbIAbIMU-3€PTTEY UHCTUTYThI,
KasakcTtaH, AAMaThl K.

miRNA-AbIH, cyT 6€e3i KaTepAi iciri cydbTunTepiHiH, KAHAMAATTbI FeHAEpPIHIH,
mRNA-AbI 5’UTR, CDS, 3’"UTR-meH e3apa apekeTiHiH, cunatramaAapbl

GyT 6e3i KaTepAi iCiriHiH TypAi cyOTMNTEPI OCbl aypyAblH AaMyblHa KATbICaTblH KAHAMAQATTbI FEHAEP
>KMBIHTbIFbIMEH epeKlleAeHeai. KenTereH reHaepAiH akcrnpeccmscbl oAapablH MRNA-HbiH MiRNA
6aiAaHbICTbIPDYbIMEH PETTEAEAI, COHAbIKTAH OHKOreHe3AIH KaHAMAATTbl FeHAEPIH >KOHEe OAapAblH
MiRNA-MeH apekeTTecy ASpe’kecCiH aHblkTay kepek. ByA >KyMbICTbIH MakcaTtbl CyT 6e3i Karepai
icirinin cybTunTepiHin, 92 kaHAMAaTbl reHiHiH MRNA-meH 6eariai 3701 miRNA-HbIH 63apa apekeTTecy
cuMnaTTamaAapbliH aHblKTay GOAAbL. 25 KaHAMAQTTbI FeHAepAiH iwiHae 19 reH miRNA HbicaHaAapbl
60AbIN KeAAi. 67 MIRNA-abIH 6arAaHbiCTbipy canTTapbl 5’UTR, CDS, 3'UTR >xeHe mRNA meH miRNA
optawa 6oc¢ 6araaHbicy aHepruscol (AG) -120,2 + -7,6 kJ/mole, -123,6 + -9,8 kJ/mole, -110,4 + -9,8
kJ/mole TeH 6oAAbI, THiciHWe. Her2 cyGTMNTIH AMarHOCTUKAChI YiliH 6aiAaHbICYAbIH 60C 3HEPrUSIChI
-120 kJ/mole >xorapbl, MRNA meH miRNA 31 accoumaumsiaapbl YCbiHbiAaAbl. Triple-negative cy6tunTin,
47 KaHAMAQTTbI reHaepiHeH 33 reH MiRNA-HbIH HbicaHaAapbl 60AAbL. 90 MIRNA-AbIH 6aiAaHbICTbIPY
cantrapbl MRNA-HbiH 5'UTR, CDS, 3’UTR opHaaackaH >keHe miRNA MeH mMRNA 6GaiAaHbICYbIHbIH
oprawa AG meHi -123,5 + -7,0 kJ/mole, -114,1 £ -7,9 kJ/mole, -106,9 = —4,9 kJ/mole TeH 60AAbI,
miciHwe. Triple-negative cy6tunti amarHoctnkasay yiiH 36 mRNA meH miRNA accoumaumsaapbl
yCbiHbiAaAbl. A >keHe B luminal cy6tuntepai anarHoctmkanay yuin 20 redHid iwiHae 14 ren miR-
NA HblcaHaapbl 60AbIn Keaai. 86 MIRNA 6aiiaanbicTbipy canTrapbl 5’UTR, CDS, 3’UTR opHaaackaH
>koHe MiIRNA men mRNA 6aiiAaHbicybiHbiH, opTawa AG meHi -121.2 + -9,5 kJ/mole, 120,4 + -7,8 kJ/
mole, -118,9 + -8,1 kJ/mole TeH 60AAbI, THiciHWe. A >oaHe B luminal cy6TunTepai AmarHoctukasay
ywiH mMRNA meH miRNA 51 accoumaumsinapbl ycbiHbiAaabl. KenTtereH renaepaid mRNA-aa eki Hemece
0AaH Aa kern MIRNA 6GarAaHbICTbIPY caiTTapbl 6ap yvackiAep aHblKTaAFaH, OAAPAbIH HYKAEOTMATIK
Tisbektepi kabartackaH, 6ya 5'UTR, CDS >xeHe 3’UTR HYKAEOTMATEP KypamblHAA GaiAaHbICTbIPY
CanTTapAblH YAECIH OipHelle peTke AeMiH asanTaAbl. AAbIHFAH HOTMXKEAEPAIH HerisiHae cyT 06esi
KaTepAIi iCiriHiH, CyOTUNTEPIH AMAarHOCTMKAAAy SAICTEPIH OHAEY YILUIH KaHAMAATTbI reHAepAiH MRNA
MeH MiRNA accoumaumsiaap TonTapbl YCbIHbIAQADI.

Ty#in cesaep: miRNA, mRNA, cyT 6e3iHiH KaTepAi iciriHiH cy6TunTepi, HbicaHa reHAep.
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Xapaktepuctuku B3aumoaeicteus miRNA C 5’UTR, CDS, 3’'UTR mRNA
KaHAMAQTHbIX TeHOB CyOTHINOB paka MOAOYHOMN XKeAe3bl

PazAmuHble Ccy6TUMbI paka MOAOYHOM >KEAe3bl OTAMYAIOTCS HabOPOM KaHAMAATHbLIX [EHOB,
YUaCTBYIOLMX B PA3BUTMM 3TOr0 3a60AEBaHMs. DKCNPECCUS MHOTMX TEHOB PErYAUPYETCS CBA3bIBAHMEM
ux MRNA ¢ miRNA, nostomy TpebyeTcs BbiIBUTb, KakMe KaHAMAQTHbIE FeHbl OHKOreHe3a M B Kakow
CTeneHu MOryT B3anMoAeincTBoBaTb ¢ MiRNA. LleAb HacTosiein paboThbl 3akAlOMaAACh B YCTAaHOBAEHMU
XapaKTePUCTUK B3aMMOAENCTBUS M3BeCTHbIX 3701 MiIRNA ¢ mRNA 92 kaHAMAATHBIX FEHOB CyOTMINOB
paka MOAOYHOM XeAe3bl. M3 25 KaHAMAATHbIX reHoB cyOTuna her2 mueHsmm miRNA aBasiancs 19
reHos. Cantbl cBsi3biBaHMs 67 MIRNA pacnoaaraamch B 5'UTR, CDS, 3’UTR u cpeaHsisi cBo6oAHas
sHeprua ceasbiBaHms (AG) miRNA ¢ mRNA paBHsaack -120,2 + -7,6 kJ/mole, -123,6 + -9,8 kJ/
mole, -110,4 + -9,8 kJ/mole, cooTBeTCcTBEHHO. AASt AMarHoCTMKM cy6Tmna her2 pekomeHaoBaHbl 31
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accoumaumns miRNA ¢ mRNA, nmetome cBo60AHYIO 3Heprmio B3ammoaeincteus 6oaee -120 kj/mole.
M3 47 kaHAMAATHbIX reHoB cybTuna triple-negative muwensmmn miRNA gsasgancb 33 reda. Cantbl
cBs3biBaHMst 90 miRNA pacnoaaraamcsk B 5'UTR, CDS, 3’'UTR u cpeaHss BeanunHa AG cBS3biBaHMS
miRNA ¢ mRNA pasHsaach -123,5 + -7,0 kJ/mole, -114,1 + -7,9 kJ/mole, -106,9 + —4,9 kJ/mole,
COOTBETCTBEHHO. AAS AMArHoCcTMkM cyOTuna triple-negative pekomeHaoBaHbl 36 accoumaumii miR-
NA ¢ mRNA. M3 20 kaHAMAaTHbIX reHoB cyoTmnos luminal A n B muwensmm miRNA gaBasiancs 14
reHoB. CanTbl cBg3biBaHMsg 86 MiIRNA pacnoaaraancs B 5’'UTR, CDS, 3’'UTR u cpeaHss BeanumHa AG
cBa3biBaHnsg MIRNA ¢ mRNA pasHsinach -121.2 + -9,5 kJ/mole, 120,4 + -7,8 kJ/mole, -118,9 + -8,1
kJ/mole, cooTBeTcTBEHHO. AAS AMarHocTrkM cy6TMnos luminal A n B pekomeHaoBaHbl 51 accoumaums
miRNA ¢ mRNA. B mRNA MHOrvMx reHoB BbISIBA€HbI Y4YaCTKM, COAep>Kallme ABa M OOAee CailToB
cBa3biBaHMS MIRNA € HaAOXKEHMEM MX HYKAEOTUAHbBIX MOCAEAOBATEAbLHOCTEN, UTO B HECKOAbKO pas3
YMeHbLLIAeT AOAID CalMTOB CBS3blBaHMS B cocTaBe HykaeoTnaoB B 5'UTR, CDS mn 3’UTR. Ha ocHose
MOAYYEHHbIX PE3YAbTAaTOB PEKOMEHAYIOTCS rpynnbl accoumaumii miRNA 1 mRNA kaHAMAAQTHBIX FeHOB

AAS Pa3pabOTKM METOAOB AMArHOCTMKM CYBTUMOB paka MOAOYHOM XKEAEe3bl.
KatoueBbie caoBa: miRNA, mRNA, cy6Turnbl paka MOAOYHOW >KEAE3bl, FeHbI-MULLIEHMN.

Introduction

In recent years, molecular markers have been
actively searched for the diagnosis of breast
cancer (Banin Hirata, 2014: 513158; Chistiakov,
2016: 107-121; Donepudi, 2014: 506-11; Healy,
2012: 2215-22; Hsieh, 2015: 494-509). Different
subtypes of breast cancer are distinguished by a set
of candidate genes participating in the development
of the disease (Barba, 2017: 101; Ergiin, 2015: 497-
505; Fasching, 2018: JCO2D17772285; Feldinger,
2014: 6633-46; Jin, 2015: 1594-6D2; Leccia, 2014:
213; Ray, 2015: 224-34). These candidate genes
may be targets for miRNA (mRNA-inhibiting
RNA) that regulate their expression. In the process
of oncogenesis, the concentration of miRNA is
changed, which is usually interpreted as a cause, as
a consequence of the disease (Chakraborty, 2016:
13039-13048; Hamam, 2016: 25997; Pastrello,
2010: 2124-6; Zhang, 2014: 950-8). However, the
correlation between changes in the expression of
gene and miRNA is not proof that these genes are
targets of these miRNAs (Atambaeva, 2017: 428;
Ivashchenko, 2014: e8; Ivashchenko, 2014: el1). It
is impossible to experimentally identify how a well-
known miRNA can interact with more than 20,000
genes and their isoforms. Therefore, it is required
with the help of computational technologies to
predict the target genes of certain miRNAs and
then to test them experimentally. The purpose of
this work is to establish the characteristics of the
interaction of new miRNAs not included in the
MirBase with mRNA of candidate genes involved
in the development of different subtypes of breast
cancer. Candidate genes are divided into groups
that include candidate genes of only one subtype.
This will reveal specific associations of miRNA and
target genes on the basis of which it is possible to

develop methods for early noninvasive diagnosis of
selected subtypes of breast cancer.

Materials and methods

The nucleotide sequences of candidate genes of
the BC subtypes were downloaded from GenBank
(http://www.ncbi.nlm.nih.gov). 3701  miRNA
were taken from the publication of Londin E. et al.
(Londin, 2015: 1106-1115). The miRNAs binding
sites in 5’-untranslated regions (5’UTRs), coding
domain sequences (CDSs) and 3’-untranslated
regions (3’UTRs) of several genes were predicted
using the MirTarget program (Ivashchenko, 2016:
237-240). This program defines the following
features of binding: a) the origin of the initiation
of miRNA binding to mRNAs; b) the localization
of miRNA binding sites in the 5’UTRs, CDSs and
the 3°’UTRs of the mRNAs; c) the free energy of
hybridization (AG, kJ/mole); and d) the schemes of
nucleotide interactions between the miRNAs and the
mRNAs. The ratio AG/AGm (%) was determined
for each site (AGm equals the free energy of miRNA
binding with its perfect complementary nucleotide
sequence). The miRNA binding sites located on the
mRNAs had AG/AGm ratios of 90% or more. The
program identifies the positions of the binding sites
on the mRNA, beginning from the first nucleotide of
the mRNA’s 5’UTR. The MirTarget program found
hydrogen bonds between adenine (A) and uracil
(U), guanine (G) and cytosine (C), G and U, and A
and C. The distances between A and C were equal
to those between G and C, A and U, and G and U
(Kool, 2001: 1-22; Leontis, 2002: 3497-3531). The
numbers of hydrogen bonds in the G-C, A-U, G-U
and A-C interactions were found to be 3, 2, 1 and 1,
respectively. Table 1 shows sources of information
on candidate genes of breast cancer subtypes.
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Table 1 — List of the candidate genes of breast cancer subtypes

Subtype Her2

ADAMI0 (doi: 10.1038/s41598-016-0013-4.); ADAM17 (doi: 10.1016/j.acthis.2011.03.009); AURKA (doi: 10.1038/s41523-
017-0049-z); BRCA2 (doi: 10.1155/2016/5718104); BRIPI(BRIP) (doi: 10.18632/oncotarget. 7027); CCNE2 (doi: 10.1371/journal.
pone.0031422.); CDK2 (doi: 10.1093/annonc/mdr340.); CDK4 (doi: 10.2147/BCTT.S150540.); CDK6 (doi: 10.2147/BCTT.
S150540); EPO (doi: 10.5114/a0ms.2016.62723.); EPOR (doi: 10.1007/s10549-012-2316-x); ERBB3 (HER3) (doi: 10.18632/
oncotarget.22027); FKBPL (FKBP4) (doi: 10.1038/s41523-017-0049-z.); H2AFX (H2AX) (doi: 10.18632/oncotarget.2259);
LIN28B (doi: 10.1089/ ¢br.2014.1610.); MAPK3 (ERK!) (doi: 10.1016/j.bbrc.2017.06.001); MAZ (doi: 10.1371/journal.pone.
0026122); NISCH (doi: 10.1016/j.artmed.2016.10.003); PAEP (GD) (doi: 10.1007/s10549-010-1065-y.); PARPI (PARP) (doi:
10.1053/j.seminoncol.2017.06.006.); PCNA (doi: 10.1634/theoncologist.2013-0163.); RAD21 (DOI: 10.1186/bcr3176); RASSF1
(DOI: 10.18632/oncotarget.4062); TIMP3 (doi: 10.1016/j.humpath. 2011.12.022); TNF ( doi: 10.17219/acem/62120.).

Subtype Triple-negative (basal-like)

ANXA3 (doi: 10.1016/j.clbc.2017.11.009.); ARHGAP19 (doi: 10.1186/bcr2867.); ASAHI (AC) (DOI:10.1158/1078-0432.CCR-
06-1109); ATG4D (doi: 10.1038/emboj.2011.331.); ATM (doi: 10.1007/s40262-017-0587-4); AXL (doi: 10.1155/2017/1686525);
BIRCS5(doi: 10.1186/1756-9966-31-58); CBL (doi: 10.1073/pnas.1300873110); CD44 (doi: 10.1093/protein/gzx063); CDC25C (doi:
10.1038/0nc.2010.510.); CEACAMS (CEA) (doi: 10.1016/j.cca.2017.04.023); CLDN1 (doi: 10.1186/1471-2407-13-268.); CYP19A1
(DOI:10.1016/j.jsbmb.2005.04.028); DRAM1 (doi: 10.1016/j.febslet.2012.12.027.); ERBB3 (doi: 10.18632/oncotarget.13284);
F2RLI (PAR2) (doi: 10.1002/cmdc.201700640); FGFR2 (doi: 10.1007/s00428-016-1950-9); FH (doi: 10.2147/0TT.S101677.);
FNI(doi: 10.1016/j.jprot.2016.07.033;); IAPP (IAP) (doi: 10.18632/oncotarget.20227); IL11 (doi: 10.1371/journal.pone.0037361);
JHDMI1D(KDM7A4) (doi: 10.1002/ijc.27629); LAMCI (doi: 10.1016/j.molonc.2012.03.003); LAMTORS (HBIXP) (doi: 10.1002/
ijc.28154.); LASPI (doi: 10.1186/1756-9966-31-58); LEPR (doi: 10.1016/j.stemcr.2017.11.010.); LINC01554 (F1IS) (doi: 10.1186/
bcr3588.); MAGEAILO (410) (doi: 10.1016/j.acthis.2014.01.003); MID1 (doi: 10.1016/j.ajpath.2013.02.046); MMP2 (doi: 10.1038/
srep28623); MSN (doi: 10.1186/bcr2867); MTCH?2 (doi: 10.1016/j.ajpath.2013.02.046.); MYL9 (doi: 10.1002/ijc.27629); NTRK?2
(doi: 10.1186/bcr2867.); PARPI (doi: 10.1016/j.yexcr.2017.12.032.); PFN1 (doi: 10.1080/15384101.2017.1346759); PRKCE (doi:
10.1038/onc. 2013.91); PRRT2 (PKC) (doi: 10.1002/cmdc.201700640); PTGS2 (doi: 10.1073/pnas. 1709119114); RAB5A (doi:
10.3390/ijms17040443.); RPSA (SA) (doi: 10.1073/pnas.1005978107.); RUNXI (doi: 10.1016/j.ebiom. 2016.04.032); SERPINE
(PAII) (doi: 10.1186/1471-2407-13-268); SFN (doi: 10.1073/pnas.1315022110); STMNI (doi: 10.3892/ij0.2017.4085); TBP ( doi:
10.1002/ijc.28154); TLR-4 (doi: 10.1002/ijc.27629.).

Subtype Luminal A and B

AKT3 (doi: 10.1002/gcc.22279.); ANGPTL4 (doi: 10.1038/ncb2672.); EZHI (doi: 10.1371/journal.pgen. 1002751);
FOXAI (doi: 10.1038/modpathol.2017.107); GTF2IRD1 (doi: 10.2353/ajpath.2010.090837); HMGA2 (doi: 10.1371/journal.
pgen.1002751); ITGA6 (doi: 10.1038/ncb2672.); ITGBI (doi: 10.1080/ 15548627.2016.1213928); J4K1 (doi: 10.1371/journal.
pgen.1002751); LOX (doi: 10.3390/ijms18122775.); MAPT (doi: 10.1007/s00428-012-1357-1); MCM?7 (doi: 10.1371/journal.
pgen.1002751); NATI ( doi: 10.1007/ s10549-016-3741-z.); PONI (ESA) (doi: 10.1186/1476-4598-13-213); POSTN (PN) (doi:
10.1186/1471-2407-12-216); SMAD3 (doi: 10.1074/jbc.M113.506535); SOX4 (doi: 10.1371/journal.pgen.1002751); TGFBI
(TGFB) (doi: 10.1038/ncb2672); TNC (GP) ( doi: 10.2147/IIN.S56070.); TP63 (doi: 10.1186/s13058-015-0607-y.).

Results and Discussion

The interaction of miRNA with mRNA candidate genes subtype her2

Table 2 — Characteristics of miRNAs interaction in the 5’UTR mRNA of BC subtype her2

Gene miRNA Position, nt AG, kJ/mole AG/AGm, % Length, nt
miR-19-43936-3p (ID01772) 134 -108 93 22
miR-9-26506-3p (ID03238) 165 -117 95 22
ADAMI10
miR-5-15733-3p (ID02761) 416 -132 89 24
miR-1-2047-5p (MIR12047) 420 -113 90 22
BRCA2 miR-19-42224-5p (ID01563) 25 -115 93 21
BRIPI miR-18-39953-5p (ID01508) 7 -129 90 23
CDK6 miR-17-21769-5p (ID01415) 261 -106 91 21
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Continuation of table 2

Gene miRNA Position, nt AG, klJ/mole AG/AGm, % Length, nt
miR-19-39380-3p (ID01633) 77 -108 91 21
EPOR miR-19-42218-3p (ID01599) 79 -119 89 23
miR-19-41131-3p (ID01626) 30 -129 90 23
EPO miR-12-31979-3p (ID00752) 12 -121 89 23
ERBB3 miR-1-163-3p (MIR1163) 114 -113 93 21
MAPK3 miR-17-36936-3p (ID01422) 34 -113 90 22
miR-15-39164-3p (ID00968) 16 -117 93 20
miR-18-41189-3p (ID01476) 16 -134 91 23
MAZ miR-11-29998-3p (ID00620) 27 -127 91 23
miR-14-31624-3p (ID00915) 112 -127 38 24
miR-7-12728-5p (ID02979) 114 -121 92 22
miR-X-48174-3p (ID03445) 31 -125 38 24
NISCH miR-19-43644-3p (ID01560) 38 -123 89 23
miR-8-21978-5p (ID03119) 41 -125 88 24
RAD21 miR-1-3919-5p (ID00264) 180 -121 38 24
TIMP3 miR-6-17519-3p (ID02903) 1102 -121 90 22

23 miRNAs were bound in the 5’UTR mRNAs
of 12 target genes (Table 2). mRNA of ADAMI0,
MAZ and NISCH genes (Jin, 2013: 2884-96;
Madoux, 2016: 11; Peurala, 2011: 26122)
contained two miRNA binding sites, nucleotide
sequences of which overlapped. Three binding sites
of miR-19-39380-3p, miR-19-42218-3p and miR-
19-41131-3p comprised a 26 nt cluster located from
77 nt to 103 nt in the 5’UTR mRNA of EPOR gene.
Without overlapping sites, their length would be 67
nt, which is half of the 5’UTR site equal to 135 nt.
Consequently, the compacting of miRNA binding
sites is useful in reducing the proportion of binding
sites in the 5’UTR mRNA of EPOR gene.

In mRNA of MAZ gene the binding sites of miR-
15-39164-3p, miR-18-41189-3p, miR-11-29998-3p
were located in a cluster with length of 34 nt from
16 nt to 50 nt. The total length of the three miRNA
is equal to 66 nt, which would occupy an essential
part of the 5’UTR equal to 168 nt.

The average free energy of binding miRNA to
mRNA in the site of 5S’UTR of all mRNA is equal
to -120,2+-7,6 kJ/mole. Therefore, the number of
associations of miRNA with mRNA, having free
binding energy more than -120 kJ/mole are equal to 13.
All of them can serve as biomarkers in the development
of methods for early diagnosis of the subtype her2.

mRNA of eight genes were targeted by 26
miRNAs (Table 2). mRNA of MAPK3 and NISCH
genes had two binding sites of miRNA with
overlaying of nucleotide sequences. The MAZ
gene was targeted by 15 miRNAs, whose binding
sites were located in four clusters. The first cluster
included binding sites of miR-5-17008-3p and miR-
4-12861-5p. The second cluster with the length of
74 nt is located from 457 nt to 530 nt. The total
length of all binding sites of miRNAs of this cluster
is 260 nt, which requires their compaction, since, as
a rule, in the CDS, all nucleotides participate in the
coding of functionally important amino acids.

Table 3 — Characteristics of miRNAs interaction in the CDS mRNA of BC subtype her2

Gene miRNA Position, nt AG, klJ/mole AG/AGm, % Length, nt
CDK2 miR-1-83-3p(MIR183) 906 -110 90 22

EPO miR-3-8171-3p(ID02345) 741 -110 93 22
FKBPL miR-3-4734-5p(ID02318) 769 -115 89 23

34
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Continuation of table 3

Gene miRNA Position, nt AG, kJ/mole AG/AGm, % Length, nt
MAPKS miR-1-2802-3p(ID00149) 1144 -117 93 22
miR-19-42375-3p(ID01748) 1144 -110 91 21
miR-5-17008-3p(ID02623) 363 -125 89 23
miR-4-12861-5p(1ID02460) 372 -119 92 22
miR-3-8100-5p(ID02294) (3) 457 + 469 -134 +-138 91 + 94 24
miR-7-16350-5p(ID02986) 459 -119 93 21
miR-2-6809-5p(ID01819) 461 -125 87 25
miR-2-3313-3p(ID01804) (2) 464 ~ 467 -140 38 25
miR-20-43381-5p(ID02064) 489 -121 92 21
Az miR-4-11923-3p(ID02538) 489 -125 94 22
mir-1-2121-3p(ID00296) 500 -138 88 25
miR-19-33623-3p(ID01641) 506 -132 89 24
miR-19-33623-3p(ID01641) 608 -134 90 24
miR-19-41914-3p(ID01705) 608 -117 92 21
miR-3-7886-3p(ID02344) 671 -129 90 24
miR-19-43065-3p(ID01768) 893 -113 90 22
miR-2-7331-5p(ID01911) 900 -123 89 23
miR-13-35476-3p(ID00849) 901 -125 97 22
miR-3-7979-3p(ID02290) 1474 -93 92 21
miR-12-32603-3p(ID00777) 2045 -117 93 23
NISCH
miR-9-26506-3p(ID03238) 2055 -113 91 22
miR-17-36936-3p(ID01422) 2120 -115 92 22
PARPI miR-19-36095-3p(ID01616) 1275 -119 90 23
TNF miR-20-42898-3p(1D02050) 230 -121 92 23

The third cluster consisted of miR-19-33623-
3p, miR-19-41914-3p binding sites with the length
of 24 nt. The fourth cluster with the length of 31
nt included binding sites for three miRNAs from
893 nt to 923 nt. All binding sites for miRNAs
interacted with mRNA gene have a total length
of 440 nt, which is about 30% of the total CDS
length. Clustered binding sites for miRNA occupy
only 12% of the CDS length. The MAZ gene is the

most vulnerable target for miRNA, so its expression
should be monitored as a matter of priority.

The average free energy of miRNA binding in
the CDS mRNA of all target genes was equal to
-123,6 £ -9.8 kJ/mole. 13 from 26 miRNAs had
free binding energy more than -120 kJ/mole, which
gives the reason to use their associations with the
corresponding target genes as biomarkers for the
development of the subtype her2.

Table 4 — Characteristics of miRNAs interaction in the 3’UTR mRNA of BC subtype her2

Gene miRNA Position, nt AG, kJ/mole AG/AGm, % Length, nt
ADAMI17 | miR-7-20036-5p(ID02997) 3449 -113 93 22
miR-1-356-5p(MIR1356) 10722 -102 91 21
BRCA?2 miR-5-18072-3p(ID02744) 10738 -104 92 22
miR-22-45335-5p(ID02199) 10821 -113 90 23
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Continuation of table 4

Gene miRNA Position, nt AG, kJ/mole AG/AGm, % Length, nt
miR-6-19858-3p(ID02880) 4481 -110 93 22
miR-1-735-3p(ID00162) 6417 -102 92 22

BRIPI
miR-X-45975-5p(ID03437) 6689 -96 92 22
miR-2-4826-5p(ID01836) 6811 -113 90 23
miR-9-24961-3p(ID03264) 1678 98 90 22
miR-10-29282-3p(ID00436) (9) 1896 + 1920 -104 +-106 89 +91 23

CDK6 miR-15-36862-3p(ID01030) (7) 1900 + 1918 -108 +-115 89 +95 23
miR-4-13015-5p(ID02513) 1901 -102 91 22
miR-9-9900-3p(ID03284) 3041 -102 94 20
miR-8-23986-3p(ID03163) 7773 -127 88 24
miR-20-45152-5p(ID02052) 506 -136 91 24
miR-1-3919-5p(ID00264) 632 -123 89 24

H2AFX | miR-16-33136-3p(ID01069) 827 -123 91 22
miR-17-37169-3p(ID01440) 834 -110 96 18
miR-7-20437-5p(ID03031) 970 -115 89 23

LIN28B miR-19-38260-3p(ID01654) 3909 -113 90 22

MAPK3 miR-5-14412-5p(ID02712) 1789 -115 90 23

MAZ miR-X-48174-3p(ID03445) 2072 -127 90 24

In the 3’"UTR mRNA of BRCA2 and H2AFX
genes, two miRNA binding sites were identified
with overlapping of nucleotide sequences (Table 4).
The gene CDK6 (Johnson, 2016: 4829-35) was the
target for six miRNAs. Nine binding sites of miR-
10-29282-3p, seven binding sites of miR-15-36862-
3p and one miR-4-13015-5p binding site formed a
cluster from 1896 nt to 1943nt with the length of
47 nt. The total length of all 17 binding sites was
equal to 390 nt, which is 3.8% of the total length
of the 3’UTR mRNA of CDK6 gene of 10219 nt.
Compacting the sites of miRNA binding is difficult
to explain only by saving the length of 3’UTR.
Apparently, there are other reasons for compacting
the binding sites. For example, the binding of a one
RISC to miRNA does not allow other miRNAs to
communicate with their site, and if this miRNA is
a signal of the host gene, the CDK6 gene does not
perceive this signal. That is, there is competition
between different miRNAs for the binding site and
for the ability to regulate the expression of the target
gene.

The average value of the free energy of binding
of all miRNAs with mRNA in 3’UTR was equalto
-110.4 £ -9.8 kJ / mole. Five miRNAs from 22
miRNAs were bound with the mRNA of the
corresponding target genes with free binding energy

more than -120 kJ/mole (Table 3). Associations
of these miRNAs with their target genes are
recommended to be used as markers for diagnosis
of the subtype her2. miR-10-29282-3p and miR-
15-36862-3p, having nine and seven binding sites,
respectively, in the mRNA of CDKG6 target gene, are
also recommended as markers for early diagnosis
because an increase in the number of miRNAs
binding sites contributes to an increase in the
likelihood of their detection. Only miR-20-45152-
S5p interacted with mRNA of H2AFX gene with AG
more than -130 kJ/mole.

Table 5 shows the interaction patterns of
some miRNAs with different mRNA regions
(5°’UTR, CDS, 3’UTR) of the candidate genes
of subtype her2 of breast cancer. These data
demonstrate the advantages of our MirTarget
program before the programs used in many
studies. The disadvantage of these programs is
the search for binding sites only over the site of
the miRNA called the “seed” of 7-9 nucleotides
located at the 5°-end of the miR. Therefore, these
programs predict many false positive binding
sites. The MirTarget program calculates the
complementarity of the miRNA nucleotides with
mRNA over the entire length of their interaction
and such errors are excluded.
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Table 5 — Schemes of miRNA binding sites with mRNA of candidate gene’s of BC subtype her2

BRCAZ, miR-5-18072-3p; 3'UTR; 10738; -104; 92
5 ' -AGCUCGAUGGCUCATGCCUGUA-3 !

trrrrrrrrrrrerrenrrnntl
3'-UUGAGUCACCGAGUAUGGAUAT-5"

BRCAZ; miR-1-356-3p; 3'UTTE; 10723; -102; 01
o' -AAACANCTUNOGGCUGAGCUCG-3"

trrrrrrrrrreerrernrntl
3'-UUUGUARARACCGGECCCGAGC-5"

CDES; miB-10-20282 53p; 3TUTR; 1920; -108; 91
o' -GUGUGOGEUGOGUGUGUGUGUGETA -3

trrrrrrrrrreerrrerrrntl
3'-CACACACGCAUAUAUACACACAU-5"

CDES, miR-17-21769-5p; S'UTR; 261; -106; 91
o' -GGCGGEGGCEGGCGGEGACTCT-3"

trrrrrrrrrreerrnrrnrntl
3'-CUGUCGUCGCCGUCGUUGAGA-5"

ERBE3; miR-1-163-3p; 3'UTR; 115; -110; 81
S '-CCCGEACUCCGGCUCCGSECUC-3!

(NN
3" -GAGUCCGAGGCCGAGGCUGAG-S!"

AMAZ, miB-T-12728-53p; SUTER; 114; -121; 22
' -CGGCCCGEGCCCCCGECCCCEG-3"

(RN RERERRRRRY
3" -GCUGGACGCGLGGGUCGGLGEGA-S "

EPOR; miR-5-16362-3p; CD5; 173; -119; 58
o' -GCUCCCUNUSUCUCCUGCUCECUG-3 !

teereeenr reeeeeeer el
3'-CLAGGGAGAGAGAGGACGACCGAC -5

MAZ, miB-1-2121-3p; CD5; 613; -134; 85
o '-CGGCCCGEGCCCCCGECCCCEG-2"

(RN RRRRRRY
3" -GCUGGACGCGLGGGUCGGLGEGA-S "

Note: Gene; miRINA; the beginning of binding site;
klmeole); the AG/AGm (%); length of miBRNA (nt).

the miBMNA region; the free energy change (AG,
In bold type highlighted the “zeed™ nuclectides.

The interaction of miRNA with mRNA candidate genes subtype triple-negative

Table 6 — Characteristics of miRNA interaction in the 5’UTR mRNA of BC subtype triple-negative

Gene miRNA Position, nt AG, kJ/mole AG/AGm, % Length, nt
ANXA3 miR-6-17875-3p(1ID02846) 132 -117 90 23
AXL miR-17-40012-5p(ID01321) 131 -115 93 21
miR-16-35004-5p(ID01145) 110 -125 89 23
BIRCS
miR-16-36548-3p(ID01145) 110 -125 89 23
miR-9-20317-3p(ID03332) (4) 16 +25 -134 +-140 90 + 94 24
miR-17-39416-3p(ID01310) (4) 17 +26 -121 92 22
CBL miR-5-15733-3p(ID02761) 28 -138 93 24
miR-1-1819-3p(ID00278) 32 -125 91 23
miR-3-9439-3p(ID02430) 34 -110 98 18
miR-16-40163-5p(ID01213) 129 -121 90 23
bt miR-6-7754-5p(ID02860) 376 -113 91 21
ERBB3 miR-1-163-3p(MIR1163) 114 -113 93 21
miR-7-21139-3p(ID03047) 48 -132 89 24
FGFR2 miR-19-34067-3p(ID01542) 60 -123 92 23
miR-1-2228-3p(MIR12228) 152 -125 89 24
FNI miR-19-43437-5p(ID01723) 109 -115 90 23
IL11 miR-2-4531-3p(ID01869) 384 -106 91 21
LAMCI miR-19-43342-3p(ID01667) 51 -119 90 22
miR-10-13655-3p(ID00457) 115 -123 91 22
LASP] miR-16-36476-5p(ID01071) 68 -119 90 22
miR-5-16438-3p(ID02653) 206 -119 90 22
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Continuation of table 4

Gene miRNA Position, nt AG, klJ/mole AG/AGm, % Length, nt

miR-1-1819-3p(ID00278) 110 -123 89 23
miR-17-39416-3p(ID01310) 113 -121 92 22
NP> miR-7-20203-3p(ID03037) 115 -121 90 22
miR-9-27797-5p(1ID03345) 124 -127 90 24
miR-9-24743-3p(ID03368) 125 -117 89 23
miR-2-6328-5p(ID02014) 264 -117 89 23
MTCH?2 miR-5-15926-3p(1D02660) 74 -123 94 22
miR-17-39416-3p(ID01310) 61 -125 95 22
NTRK2 miR-5-15564-3p(ID02611) 65 -127 92 22
miR-10-13940-3p(ID00332) 171 -110 96 18
miR-3-8242-5p(1D02292) 78 -119 89 23
miR-9-23803-5p(ID03396) 78 +~ 84 -123 +-129 88+92 24
PFNI miR-19-42375-3p(ID01748) 436 -113 93 21
miR-3-10870-3p(ID02450) 507 -115 92 21
miR-3-9317-3p(ID02428) 511 -115 93 22
PRRT2 miR-X-48174-3p(1D03445) 51 -125 88 24
PTGS?2 miR-9-23969-3p(ID03397) 108 -123 92 21
miR-12-32603-3p(ID00777) 137 -113 90 23
miR-6-17815-3p(1ID02930) 184 -132 89 24
miR-X-48174-3p(ID03445) 189 -127 90 24

RABS5A miR-2-6862-5p(ID01859) 191 -121 89 23
miR-2-3313-3p(ID01804) 325 -140 38 25
miR-9-28523-5p(ID03367) 328 -121 97 20
miR-1-155-3p(MIR1155) 334 -127 92 22

RUNXI miR-5-14114-5p(ID02592) 1417 -123 89 23

SERPINEI | miR-16-38458-3p(ID01098) 30 -123 38 24

Twenty candidate genes of the triple-negative
subtype of breast cancer were targets for 47 miRNAs
(Table 6). There are two miRNA binding sites in the
5’UTR of BIRCS5, FGFR2 and NTRK? (Burstein,
2015: 1688-98; Howe, 2011: R45; Wang, 2012: 58)
genes and two clusters of two miRNAs were located
in the mRNA of PFNI gene.

The CBL gene was a target for five miRNAs, two
of which had four binding sites. A cluster of binding
sites for five miRNAs is located from 16 nt to 45 nt.
All binding sites for miRNAs had a total length of 247
nt. The cluster size was 29 nt. With a length of 5’UTR
mRNA of CBL gene 142 nt, the need for cluster
organization of miRNA binding sites is obvious.

The five miRNAs were bound in the 5°’UTR
mRNA of MMP2 gene with a length of 311 nt with

overlapping binding sites. As a result, with a total
length of 114 nt, they occupied a section of mRNA
with a length of 38 nt, that is, three times less than
the total length of binding sites.

The RAB5A4 gene was a target for seven miRNAs,
three of them were formed into two clusters. As
a result, six binding sites of length 138 nt were
compacted into a section of 61 nt of length, which is
considerably smaller than the length of the 5’UTR
mRNA of RAB5A gene.

The average free energy of all miRNAs binding
was equal to -123,5 + -7,0 kJ/mole. 16 miRNAs had
the free binding energy more than -123 kJ/mole.
Associations of these miRNAs with relevant target
genes are recommended as markers for the diagnosis
of subtype triple-negative breast cancer.
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Table 7 — Characteristics of miRNAs interaction in the CDS mRNA of BC subtype triple-negative

Gene miRNA Position, nt AG, kJ/mole AG/AGm, % Length, nt
ATG4D miR-10-12491-5p(ID00455) 239 -115 89 23
AXL miR-1-875-3p(ID00166) 2838 -115 90 22
CBL miR-11-29461-3p(ID00478) 176 -125 89 23
FH miR-13-33973-3p(ID00844) 939 -104 91 22
FNI miR-6-16740-5p(1D02776) 1392 -110 90 22
JHDMID | miR-3-8153-3p(ID02337) 95 -113 91 21
LAMCI miR-6-18496-3p(1D02883) 388 -119 90 22
miR-21-45324-5p(ID02146) 379 -125 91 23
MMP?2 miR-19-43421-5p(ID01636) 1681 -108 91 21
miR-17-39037-3p(ID01456) 1691 -113 90 22
MSN miR-1-1585-3p(ID00272) 821 -96 92 21
PARPI | miR-19-36095-3p(ID01616) 1275 -119 90 23
PRRT miR-12-31369-5p(ID00657) 343 -108 89 23
miR-19-41746-3p(ID01631) 1081 -117 90 23
SERPINEI | miR-2-3962-5p(ID01786) 542 -125 38 24

The 12 mRNA of genes from 47 candidate genes
of the triple-negative subtype had binding sites in
the CDS (Table 7). miR-19-43421-5p and miR-
17-39037-3p had overlapping binding sites only in
mRNA of MMP2 gene. The average value of the
free energy of binding of all miRNAs with mRNAs
was equal to -114,1 + 7,9 kJ/mole.

Only miR-11-29461-3p, miR-21-45324-5p and
miR-2-3962-5p interacted with free energy more
than -120 kJ/mole with mRNA of CBL, MMP?2
and SERPINEI genes, respectively. These three
associations of miRNA and genes can be used as
markers for the diagnosis of the triple-negative BC
subtype.

Table 8 — Characteristics of miRNAs interaction in the 3’UTR mRNA of BC subtype triple-negative

Gene miRNA Position, nt AG, kJ/mole AG/AGm, % Length, nt
ARHGAPI9 | miR-3-8671-3p(ID02367) 2305 -96 90 22
AT miR-7-21133-5p(ID03006) 9778 -121 89 24
miR-10-26483-5p(ID00367) 11069 -110 90 22
XL miR-12-31899-3p(ID00677) 3071 -102 91 22
miR-17-39935-3p(ID01360) 3313 -104 91 21
miR-4-13015-5p(ID02513) 3219 -102 91 22
CBL miR-2-4804-5p(ID01838) 7728 -117 93 24
miR-2-5355-3p(ID02017) 7984 -115 90 22
miR-2-5411-3p(ID01933) 2045 -102 89 23

DRAM1
miR-22-45335-5p(ID02199) 2984 -113 90 23
14PP miR-14-35161-5p(ID00913) 824 -117 89 24
miR-22-45902-3p(ID02175) 992 -110 91 22
IL11 miR-17-34996-5p(ID1404) 1470 -113 91 23
JHDM1D miR-9-27051-5p(ID03228) 5526 -102 92 23
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Continuation of table 8

Gene miRNA Position, nt AG, kJ/mole AG/AGm, % Length, nt
1ASP] miR-10-27287-3p(ID00318) 1287 -108 93 20
miR-15-36862-3p(ID01030) 3899 -108 89 23
MIDI miR-22-45438-5p(ID02185) 5669 -106 93 22
miR-19-43662-5p(ID01657) 639 -121 93 23

MYLY

miR-X-46723-3p(ID03478) 1083 -115 93 21
NTRK?2 miR-11-26830-5p(ID00623) 7962 -106 91 22
PFNI miR-16-37915-3p(ID01151) 1240 -123 89 24
miR-4-11239-3p(ID02574) 3123 -115 93 20
RUNAL miR-1-2558-3p(MIR 12558) 3368 -117 93 22
miR-15-36862-3p(ID01030) (2) 5454 + 5464 -108 +-113 89 +93 23
miR-10-29282-3p(ID00436) 5464 -108 93 23
miR-19-30988-5p(ID01774) 835 -129 90 23
miR-20-44122-5p(1D02037) 945 -108 91 22
miR-12-31413-3p(ID00790) 1179 -104 89 23
SFN miR-6-17487-3p(1ID02868) 1188 -113 90 23
miR-15-36862-3p(ID01030) (6) 1190 + 1200 -108 89 23
miR-10-29282-3p(ID00436) (6) 1190+ 1202 -104 89 23
miR-19-42814-5p(ID01727) (2) 1203 + 1205 -104 +-106 89+ 91 23
miR-6-17605-3p(1ID02882) 1210 -108 91 21
miR-5-17240-3p(ID02697) 1096 -119 89 23
o miR-7-13347-5p(ID03011) 1730 -106 91 22
miR-10-26483-5p(ID00367) 1744 -113 91 22
miR-2-5355-3p(ID02017) 1987 -119 93 22

The 16 candidate genes had binding sites of 38
miRNAsinthe 3’UTR mRNA (Table 8). The clusters
of binding sites for two miRNAs were identified in
the 3’ UTR mRNA of RUNXI and STMNI genes.
There is a cluster of binding sites for six miRNAs
in the region with the length 53 nt, from 1179 nt to
1231 nt in the 3’'UTR mRNA of SFN gene. The sum
of the lengths of all miRNAs binding sites is equal
to 366 nt. Due to the clustering of the binding sites
of six miRNAs, the site occupied by them is only
10% of the length of the 3°UTR mRNA of SFN gene
equal to 498 nt.

The free energy of miRNA binding in the 3’UTR
mRNA of target genes was low, equal to -106,9 +
—4.9 kJ/mole. Only with the interaction of miR-19-
43662-5p, miR-16-37915-3p and miR-19-30988-5p
with the mRNA of MYL9, PFNI and SFN genes,
respectively, the free energy value was larger than
-120 kJ/mole. Associations of these miRNAs with
relevant target genes are recommended as markers

for the diagnosis of subtype triple-negative breast
cancer.

Table 9 shows the schemes of miRNA binding
with mRNA of candidate genes of the triple-negative
subtype. In all cases, the interaction of nucleotides
occurs over the entire length, with the exception of
the absence of hydrogen bonding between purines
(A, G) or pyrimidines (C, U).

The 20 binding sites of miRNAs with
overlapping of nucleotide sequences were identified
in the 5’UTR mRNA of FOXA1 (Chaudhary, 2017:
1247-1264) gene (Table 10). All 18 miRNAs
formed a cluster from 99 nt to 130 nt with the
length of 31 nt. The total length of all 20 sites was
427 nt. The formation of a cluster of binding sites
for FOXAI gene in the 5S’UTR indicates a greater
ability of this gene for compaction, which causes
the competition of miRNAs data for the binding
site. The average binding energy for 20 miRNAs
was -116,8 kJ/mole.
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Table 9 — Schemes of miRNAs binding sites with candidate gene’s of BC subtype triple-negative

AN, paB-T-21133-3p 3'UTR; 0778; -121; 89
o' -CEGGCUGEGCGCAGCGGEUCACGC-3"

Frrrrrrreer e reneeretd
' -ACCCERACCCGUGUCCCCGAGUGUA-S "

CEACAMS, miF-7-21133-5p; 3'UTE; 3220; -119;
27
&' -UGGGCCEGGGEGEaGUGGEUCACGC -3

trrerrrerererr reeerettl
3'-ACCCGACCCGUGUCCCCGAGUGUA-S"

EREE3, miB-1-163-3p; 3TUTER,; 115; -110; ¢1
&' -CCCGGACUCCGGCUCCGECUC-3"

trrrrrrrrerrrerrernn
3' —GAGUCCGAGGCCGAGGCUGAG-5"

EREE3; mik-14-35161-5p; 3'UTE; 4970; -113; 86
&' -GCACUTUGEGAGGCUGAGGCAGAL -3 "

Prrrrrerrrerr reerneentl
3'-UGUGAAACCCUCUCGCUCCGUCCU-5"

FH, puR-13-33973.3p; CDS; 939; -104; 91
o' -GEUOGCUGCAARRGUGGCETGCA-3 "

FErrrerrrrrreererrennl
3'-CCAACAACGUUUUCAUUGACGC-5"

JLIT; miR-17-34096-5p; 3'UTE; 1470; -113; 91
' -GCAACCUCCACCUCCCGGLUUCA-3"

FEErreerr rrerrrrrrnnnd
3' -CGUUAGAGRAGGAGAGCCCAAGT-5"

NIRED;, puR-9-20317-3p; 3'UTR; 63; -129; 87
S'-AGCAGAGGECGGCGGCGGEGGETCC-3"

trrrrereeer reeeernen i
3'-CCGCCUCCRCCUCCGCCGCCGLGE-5"

PENT; muB-9-23803-5p; 5'UTR; 84; -128; 92
&' -GECGCAGGCGCAGGCGEGEGEACA -3

AR RN RN
3'-CCGCGUCCRCGUCCGCGUCUGCAT-5"

Note: Gene; iR A the beginning of binding site; the miBINA region; the free energy change (AG,
klmole); the AGAGm (%0); length of miB™A (nf). In bold type highlighted the “seed”™ nucleotides.

The interaction of miRNA with mRNA candidate genes subtype luminal A and B

Table 10 — Characteristics of miRNA binding in the 5’UTR mRNA of BC subtype luminal A and B

Gene miRNA Position, nt AG, klJ/mole AG/AGm, % Length, nt
miR-1-1904-5p(ID00297) 99 -123 89 24
miR-20-43873-3p(ID02106) 110 -123 89 23
miR-1-1510-5p(ID00252) 111 -140 94 24
miR-5-3563-5p(ID02769) 112 -127 92 22
mir-1-2121-3p(ID00296) 115 -140 89 25
miR-16-16153-5p(ID01099) 116 -108 100 17
miR-1-1714-3p(MIR11714) (2) 118+ 121 -117 = -121 93 +97 20
miR-16-29933-5p(ID01190) 118 -108 100 17

FOXAl miR-4-9774-3p(ID02457) 118 -108 100 17
miR-5-16727-5p(ID02595) 118 -115 92 20
miR-17-40348-5p(ID01403) 120 -123 91 23
miR-19-21199-3p(ID01702) 120 -140 89 25
miR-9-28523-5p(ID03367) (2) 121+ 122 -117 93 20
miR-19-33623-3p(ID01641) 122 -134 90 24
miR-10-13655-3p(ID00457) 124 -123 91 22
miR-1-155-3p(MIR1155) 127 -129 94 22
miR-4-6496-3p(1D02499) (2) 127 = 130 -119 +-121 92 +93 21
miR-14-35532-3p(ID00962) 206 -117 89 23

GTF2IRDI | miR-12-32997-5p(ID00663) 208 -125 89 23
miR-8-23353-3p(ID03172) 340 -123 92 22
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Continuation of table 10

Gene miRNA Position, nt AG, kJ/mole AG/AGm, % Length, nt
miR-2-3313-3p(ID01804) 99 -138 87 25
miR-17-38391-3p(ID01352) 312 -115 90 23
miR-3-9317-3p(ID02428) 314 -110 90 22
miR-19-43373-3p(ID01737) 539 -119 93 21
miR-15-32047-5p(ID01041) (2) 541 + 544 -129 +-134 88 +91 24
miR-1-265-3p(MIR1265) 542 -125 91 22
miR-17-41168-3p(ID01323) 542 -117 95 20

HMGA2 miR-3-9301-5p(ID02296) 542 -115 93 20
mir-1-2121-3p(ID00296) 544 -146 93 25
miR-19-33623-3p(ID01641) 544 -142 96 24
miR-1-155-3p(MIR1155) 550 -132 95 22
miR-9-28523-5p(ID03367) 550 -115 92 20
miR-10-26815-5p(ID00425) 575 -121 88 24
miR-11-18690-5p(ID00564) 585 -110 90 22
miR-1-1819-3p(ID00278) 788 -123 89 23
miR-2-4035-3p(ID01810) 111 -115 89 23

ITGA6
miR-7-20589-3p(1ID02982) 161 -113 91 21
JAK1 miR-11-29827-3p(ID00580) 66 -129 90 24
VAPT miR-5-13986-5p(ID02608) 107 -113 90 22
miR-17-40141-3p(ID01315) 120 -115 92 20
miR-7-20142-5p(ID03055) 26 -119 89 23
MCM7 miR-8-23353-3p(ID03172) 111 -121 90 22
miR-16-39014-5p(ID01191) 846 -106 91 21
miR-7-15849-3p(ID03064) 4 -115 100 18
miR-4-12789-5p(ID02547) 31 -115 93 21

SMAD3
miR-15-11315-5p(ID01020) 194 -117 100 19
miR-12-29625-3p(ID00659) 243 -125 92 23
miR-20-43381-5p(1D02064) 1 -121 92 21
miR-5-8853-5p(ID02770) 6 -115 92 20
miR-9-13610-3p(ID03306) 6 -121 92 21

TGFBI miR-12-30416-5p(ID00795) 186 -117 92 22
miR-10-13655-3p(ID00457) 209 -129 95 22
miR-11-29785-3p(ID00529) 232 -108 91 21
miR-9-26506-3p(ID03238) 237 -113 91 22
miR-17-38733-3p(ID01344) 241 -119 89 24

The mRNA of GTF2IRDI gene (Cicatiello,
2010: 2113-30) had three binding sites, of which
two sites formed a cluster with overlapping of
nucleotide sequences. The HMGA2 gene had 16
binding sites for 15 miRNAs, miR-17-38391-3p
and miR-3-9317-3p formed a cluster from 312 nt to
214 nt, 11 miRNAs had a cluster from 539 nt to 585

nt, with a total length of 268 nt. The ITGA6, MAPT
genes had two binding sites, the JAK gene had one
binding site for miR-11-29827-3p. The MCM?7 gene
had three binding sites for different miRNAs, the
SMAD3 gene had four binding sites for miRNAs
from 4nt to 243 nt without overlapping of nucleotide
sequences. The TGFBI gene had nine binding sites
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for different miRNAs, two clusters of them for miR-
9-26506-3p, miR-17-38733-3p, there was a cluster
of binding sites for miR-20-43381-5p, miR-5-8853-
5p, miR-9-13610-3p.

Theaverage free energy of binding ofallmiRNAs
with mRNAs in the 5’UTR was equal to -119.2+9.0

kJ/mole. The 29 miRNAs from all miRNAs, were
bound with mRNAs of the corresponding target
genes with a free binding energy more than -120 kJ/
mole. The associations of these miRNAs with their
target genes are recommended to be used as markers
for diagnosis of the subtype luminal A and B.

Table 11 — Characteristics of miRNAs interaction in the CDS mRNA of BC subtype luminal A and B

Gene miRNA Position, nt AG, klJ/mole AG/AGm, % Length, nt

miR-19-43315-5p(ID01593) 259 -134 100 23
ANGPTL4

miR-9-26025-3p(ID03320) 567 -113 90 22
miR-X-44972-5p(ID03416) 762 -117 92 20
FOXAl miR-5-15733-3p(ID02761) 768 -132 89 24
miR-9-20317-3p(ID03332) 1150 -134 90 24
GTF2IRDI | miR-8-21162-5p(ID03096) 959 -121 92 23
miR-10-26815-5p(ID00425) 61 -127 92 24
miR-22-46979-5p(1ID02187) 91 -127 92 23
ITGBI miR-10-13655-3p(ID00457) 95 -123 91 22
miR-5-8853-5p(ID02770) 98 -117 93 20
miR-16-40261-3p(ID01184) 101 -117 93 20
JAKI miR-3-10699-5p(ID02371) 2532 -108 96 21
miR-2-6184-3p(ID01787) 883 -117 90 23
miR-4-13460-3p(ID02568) 1291 -123 91 22
miR-5-14873-3p(ID02692) 1293 -121 90 22
miR-6-16793-3p(ID02813) 1323 -113 93 20
miR-4-11437-3p(ID02477) 1402 -125 89 23
SOX4 miR-X-48174-3p(1D03445) 1454 -125 88 24
miR-9-28523-5p(ID03367) 1544 -115 92 20
miR-12-30075-3p(ID00695) 1721 -127 88 24
miR-9-27181-5p(1ID03354) 1723 -127 92 22
miR-8-24013-5p(1d03222) 1826 -113 91 21
miR-9-13610-3p(ID03306) 1900 -121 92 21
e miR-19-42814-5p(ID01727) 1199 -104 89 23
miR-19-41413-3p(ID01524) 3739 -110 90 22

Two binding sites were found in the CDS
mRNA of ANGPTL4, TNC genes, for miR-19-
43315-5p with 100% complementarity and binding
energy -134 kJ/mole. The FOXAI gene had a cluster
of binding sites for two miRNAs. The GTF2IRD],
JAKI genes had one binding site for miR-8-21162-
5p with the binding energy -121 kJ/mole and a
degree of complementarity of 92%, and for miR-
3-10699-5p, respectively. The ITGBI gene had
a cluster for four binding sites from 91 nt to 101
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nt each. The SOX4 gene had 11 binding sites, two
clusters of them had two binding sites each.

The average free energy of binding ofallmiRNAs
with mRNAs in the CDS was equal to 120.4 + 7.8
kJ/mole. The 14 miRNAs from 25 miRNAs were
bound with mRNAs of the corresponding target
genes with a free interaction energy more than -120
kJ/mole (Table 11), which allows us to recommend
miRNAs as markers for the diagnosis of breast
cancer of the subtype luminal A and B.
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Table 12 — Characteristics of miRNAs interaction in the 3’UTR

mRNA of BC subtype luminal A and B

Gene miRNA Position, nt AG, kJ/mole AG/AGm, % Length, nt
miR-17-39273-3p(ID01256) 3085 -115 89 23
EZHI miR-9-26506-3p(ID03238) 3699 -110 90 22
miR-19-43614-3p(ID01533) 3832 -125 91 23
miR-2-6081-3p(ID01970) 1255 -113 90 23
HMGA2 | miR-13-35476-3p(ID00849) (2) 1261 + 1268 -117 90 22
miR-19-43804-3p(ID01545) 1275 -115 95 21
1TGA6 miR-4-13401-5p(1ID02524) 5720 -96 92 22
miR-6-16980-5p(1D02822) 2070 -127 91 23
miR-15-38620-5p(ID00978) 2072 -119 90 22

SMAD3 -

miR-17-12804-3p(ID01382) 2075 -113 93 20
miR-14-35670-5p(ID00956) 4330 -119 89 23
miR-11-29077-3p(ID00568) 2428 -123 88 24
miR-2-5674-3p(ID01839) 2994 -123 89 23
SOX4 miR-17-39011-3p(ID01282) 3000 -125 95 23
miR-X-48174-3p(ID03445) 3000 -127 90 24
miR-1-2558-3p(MIR12558) 3001 -115 92 22
miR-9-13610-3p(ID03306) 2060 -123 94 21
miR-17-12804-3p(ID01382) 2062 -113 93 20
TGFBI miR-8-24549-5p(1D03208) 2066 -125 88 24
miR-15-38620-5p(ID00978) 2089 -119 90 22
mir-1-2121-3p(ID00296) 2093 -140 89 25
TNC miR-2-4826-5p(ID01836) 8073 -115 92 23

Table 13 — Schemes of miRNAs binding sites with candidate gene’s of BC subtype luminal A and B

ANGPILS; miR-19-43315-5p; CD5; 259; -134; 100
' -AGCGCUCAGGGOGGACCCGUGCA-3"

Frrrrrrrrerrrrerrrnentl
3'-UCGCGAGUCCCGCCUGRGCACET-5"

FOXATD miB-4-12154-3p; CD5; 1129; -123; §7
S ' -GEGGCCEGCGGCGEGGECGGGAGE-3"

trrrerrrrerrenrr rereenl
3'-CCUCGRCCGCCGCCUCGGCUCCCA-5"

FOXAL; miR-9-20317-3p; CD5; 1150; -134; 90
' -AGCGEARGCGGEGECAGCGGEGCC-3"

trrrrrrrrerrrererrereen
3'-CCGCCUCCGCCUCCGCCGCCGOGGE-5"

LOX, miR-3-11126-3p; CD5; 333; -113; 8
S -AGGUGIUCAGCUUGCOGAGCCTG-3 "

frrreerrnner rereeertnl
A -TUCACAGEUCGAUCGACCCGGAC -5

SMADI; miR-15-11315-5p; 3'UTR; 194; -117; 100
o' -GEGACCGCGGCAGGCCCCE-3"

RN RARRRRERRRRY
3'-CBCUGGCGCCGUCCRREGE-5"

SMADZ; miR-17-12804-53p; 3'UTR; 2075; -115; 93
S'-GCCCCGCCCCGCCCCGCCCC-3"

FEEEErreer reerrennd
3 ' -CGGGGECGGGEEAAGAGCGGGG-5"

SOXS; miB-2-6184-3p; CDS; 883; -118; 90
' -UCGCCUCCUCCCCCACGCCCGGC-3"

trrrererrererner e i
3'-AGUGGAGGAGGAGGUGAGGGACG-5"

INC; miR-14-35161-3p; 3'UTE; 7856; -113; B3
&' -ACACTOUGGEGAGGCCARGGUGEGEA-T "

trrrerrrreeer reeeereinl
3'-UGUGARACCCUCUCGCUCCGUCCU-5"

Note: Gene; miRNA; the beginning of binding site; the miRWNA region; the free energy change (AG,
kl'moley; the AGIAGm (%); length of miBNA (nt). In bold type highlighted the “seed™ nucleotides.

There were three binding sites for different
miRNAs in the 3’UTR mRNA of EZH]1 gene (table
12). For HMGA?2 gene there was a cluster for three

binding sites from 1261 nt to 1275 nt. ITGA6, TNC
genes had one binding site. There were four binding
sites for SMAD3 gene, of which three formed a
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cluster for three miRNAs. The mRNA of SOX4,
TGFBI genes had five binding sites for miRNAs,
where was a cluster of binding sites for five miRNAs
with mRNA of TGFBI gene and a cluster for four
binding sites for SOX4 gene.

The average free energy of binding ofallmiRNAs
with mRNAs in the 3’'UTR was equal to -118.9 +
8.1 kJ/mole. The nine miRNAs from 22 miRNAs
were bound with mRNAs of the corresponding
target genes with a free binding energy more than
-120 kJ/mole (Table 6). The associations of these
miRNAs with their target genes are recommended
to be used as markers for the diagnosis of the triple-
negative subtype.

Table 13 shows diagrams of binding of miRNAs
with mRNAs of candidate genes of the subtype
luminal A and B. The interaction of nucleotides
occurs along the entire length, except for the absence
of hydrogen bonding between purines (A, G) or
pyrimidines (C, U). Interactions of non-canonical
pairs of nucleotides A-C and G-U are accounted for
by the MirTarget program.

Conclusion
1. The associations of miRNA and their target

genes have been identified in each group of candidate
genes, they have an increased degree of interaction

and can serve as markers for the development of
methods for early diagnosis of her2, triple negative
and luminal A and B subtypes.

2. The average free energy of miRNA binding
with mRNA genes of all subtypes is greater in
5’UTR and CDS as compared to the 3’UTR, which
suggests preferential binding of miRNA to 5’UTR
and CDS.

3. The location of mRNA binding sites in
clusters containing two or more binding sites with
overlapping their nucleotide sequences has been
found. Such a compact arrangement of binding
sites in mRNA allows a multiple reduction in
the proportion of binding sites in the nucleotide
sequence of mMRNA. The overlap of miRNA binding
sites creates competition between miRNAs for
binding sites, since the RISC complex with miRNA
having a large amount of free interaction energy will
not allow binding to another RISC complex with
miRNA having a weaker interaction with mRNA.
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CHANGES IN CIRCADIAN DYNAMICS
OF ANIMALS IN RESPONSE TO NOISE

In this paperare considered the changes in circadian dynamics in animals under the influence of
stress factors.One of the reasons of such an interest in chronobiological research lays in data gathering,
that unquestionably provides evidence of relation between organism’s circadian rhythms and arousal
of various pathogenic conditions in humans. Noise is a stress-factor. Development of such a condition
causes tension of hypothalamus-pineal body-corticoadrenal system. Corticosteroid hormones, choles-
terol and glucose concentrations in blood increase and eosinophils concentration falls. Due to these
disorders, changes in circadian rhythms of the organism arise. Nevertheless, using such methods in
chronomedicine, as amplitude changes in rhythms, change of mesor or period of rhythm independently
is sufficiently acceptable and justified in a number of specific cases. Amplitude increase (decrease) of
circadian rhythm under influence of stress. The amplitude of circadian rhythms possesses exclusively
important significance for assessment of functional state of a human.
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LUyAbIH 8cepi Ke3iHAeri XKaHyapAapAbIH, LMPKAaAMAHAbI AMHAMMUKACBIHbIH, ©3repyi

byA Makaraaa cTpecc hakTOpAapbIHbIH 8CePiHEH XXaHyapAaPAbIH LIMPKaAMaHAbI AMHAMMKACbIHAAF bl
e3repicrtep KapacTbIpbiAfaH. XPOHOOMOAOIMSIAbIK, 3ePTTEYAEPre AEreH Kbi3bIFYLIbIAbIKTbIH 6ip cebebi
— OpraHusMAEri UMpPKaAMaHAb! bIpFakTapAblH Oy3blAybl MEH SPTYPAI MAaTOAOTMSIABIK, >KarAamAapAbIH
namnaa 60Aybl apacbliHAAFbl 6ANAAHBICTbIH aMKbiH ADAEAI BOAbIN TabbIAATbIH AEPEKTEPAIH >KMHAKTAAYbI.
Ly — 6ya ctpecc daktopbl 60AbIN TabbiraAbl. LLIyAbIH 8cepi kesiHAe runoTasamyc-rmnomaAik-
KOPTMKOAAPEHAAABIK, >KYieHiH aAcipeyi 6arkasaabl. KaH KypambiHAQ KOPTEKOCTEPOUATBIK, FTOPMOH-
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AAPAbIH, XOAECTEPUHHIH >KOHE TAIOKO3aHbIH Kypambl apTaAbl, aA 303MHOMUAAEPAIH CaHbl a3asiAbl.
OcbiFaH 6aiAaHbICTbl, aF3aAa UMPKAAMAHABIK, bIpFAKTapAblH ©3repyi namaa 6oAaabl. Bya >kyreHin
bIPFAKTapPbIHbIH XPOHOCTPYKTYPAChIHbIH  BY3bIAybl  TyTac KYObIAbIC Aen caHayFa 0OAaAbl KeHe
bIpFAKTapAbIH MapameTpAepiHAeri Oy3bIAbICTapAbIH GOAYbI APTTbl GOAbIN TabbiAaAbl. AEreHMEHAE,
OCbIHAQM bIPFAKTAPAbIH AMMAMTYAAChIHbIH ©3repyi, bIpFaKTbiH MEPMOAbI MEH ME3OPbIHbIH, ©3repyi
CUSIKTbI AMArHOCTMKAABIK, KPUTEPUIAEPAT KOAAAHY BipKATap HAKTbI XKaFAAMAAPAA TOABIFbIMEH KOAAMABI
6oAbIN Tabbirasbl. Crpecc acepiHeH LMPKaAMAHADI bIPFAKThIH aMMAMTYAAChl XKOFapblAaMAbl Hemece
TemMeHAenAl.  LIMpkaaMaHABIK, bIpFaKTapAblH aMMAMTYAAChI AAAMHbIH (DYHKLIMOHAAABIK, >KafFAaiibiH
Gararay yuliH eTe MaHbI3Abl.

TyiiiH  ce3aep: UMPKAAMAHABIK, bIpFakTap, Ly,
XPOHOMEAMLIMHA.
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U3smeHeHHe Ll,MpKaAMaHHOﬁ AUHAMUKU Y XKUBOTHDBIX MPU AeﬁCTBMM myma

B AaHHOM paboTe pacCMOTPEHO M3MEHEHUE UMPKAAMAHHOW AMHAMMKM Y >KMBOTHbIX MpU
AEVCTBUM CTpeccoBbix hakTopoB. OAHA U3 MPUUMH MOBbLILLEHHOrO MHTEPeca K XPOHOOMOAOrMYECKMM
MCCAEAOBAHUSM 3aKAIOUYAETCS B HAKOMAEHMM AAHHbIX, HEOCMOPUMO CBMAETEAbCTBYIOLLMX O CBS3M
HapyleHnin LUMPKaAMAHHOM PUTMMKM OpraHm3ama C BO3HMKHOBEHMEM Pa3AMYHbIX MaTOAOTMYECKMX
cocTtogHmi. LLIym gBageTcs cTpecc-hakTopoM. Pa3BuTME 3TOro COCTOSIHMS BbI3blBaeT HarpskeHue
rMNOTAAAMO-TUNMOMU3KOPTUKOAAPEHAAOBOM CUCTEMbI. B KpOBK yBEAMUMBAETCS CcoAeprKaHWe KOPTEKO-
CTEPOMAHbIX TOPMOHOB, XOAECTEPMHA M TAIOKO3bl, @ KOAMYECTBO 303MHOMUAOB yMeHbluaeTcs. U
COOTBETCTBEHHO B CBS3M C 3TUMM HapYLLUEHNSIMU B OPraHM3MeE MOSBASIOTCS M3MEHEHWE LIMPKAAMAHHbIX
PUTMOB. ECTECTBEHHO NPEANOAOXKMUTb, UTO HapYLLUEHNE XPOHOCTPYKTYPbl PUTMOB TOM MAM MHOM CUCTEMDI
— SIBAEHME LLeAOCTHOE, M MPOBEAEHHOE B CAEAYIOLLMX MOAPA3AEAAX AEAEHME MO PA3AUUMIO MPOIBAEHWI
HapyLleHWIt NapaMeTopoB PUTMOB YCAOBHO. TeM He MeHee, MCMOAb30BaHMEe TakMX AMArHOCTUYECKMX
KPUTEPUEB B XPOHOMEAMUMHE, KakK aMMAWUTYAHblE M3MEHEHWSI PUTMOB, M3MEHEHUS Me3opa WAM
neprvoaa puTMa, CaMOCTOSITEAbHO BIMOAHE AOMYCTMMO M OMPABAAHO B PSIAE KOHKPETHbIX CAy4YaeB. oA
BAMSIHMEM CTpecca aMMAUTYAbl LLMPKAAMAHHOIO pUTMa YBEAMUMBAETCS MAM YMEHbLLIAETCS. AMIMAMTYAQ
LMPKAAMAHHBIX PUTMOB MMEET MCKAIOUYMTEAbHO BA>KHOE 3HAaueHMe AAS OLEeHKM (DYHKLMOHAAbHOIO
COCTOSIHUSI YeAOBeKa.

KAoueBble cAoBa:
XPOHOMEAMLIMHA.

Lll/IpKaAl/IaHHbIVI pUT™M, WYM, UNPKaAMaHHAad AWMHaMMKa, AeCUMHXPOHO3,

Exploring theoretical and practical problems
of chronobiology and chronomedicine is a science
area of high relevance. One of the reasons of such
an interest in chronobiological research lays in data
gathering, thatunquestionably provides evidence
of relation between organism’s circadian rhythms
and arousal of various pathogenic conditions in
humans. Human body is a complex, self-regulated,
hierarchically organized system of oscillators,
interrelation of which sustains coherence of various
processes in time, characteristic to a healthy
organism (Hildebrandt, 2006: 144).

Adaptive physiological rhythms have been de-
veloped in the process of evolution as a form of ad-
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aptation of organisms to cyclically changing condi-
tions of the environment. The most explored rhythm
being circadian, reflects on periodicity of geophysi-
cal factors, driven by Earth rotation on its axis. First
of all, natural lighting normally changes within 24
hours. Day and night cycle, temperature and humid-
ity of air, intensity of electric and magnetic fields,
currents of different cosmic factors that fall on Earth
in a specific time cycle are all exposed to daily vari-
ations.Evolution of all forms of life on Earth was
accomplished under the influence of these factors,
fluctuations of these in present times, just like mil-
lions of years ago, play a vital role for all Earth’s
inhabitants, without exception. For instance, sun-
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rise signals daytime animals to start their activities:
gathering of food, building of shelter, nursing the
offspring, and at nighttime nocturnal animals start to
be active. All of the animals “adapt” to this 24-hour
rhythm. And those who can not follow this naturally
set regime die. In order to survive, any type of or-
ganism needs to correlate its own rhythm with the
surrounding rhythms. Adapting of a specific organ-
ism or species adapting to surrounding conditions in
a wide biological understanding is synchronizing of
life processes (rhythms) of an organism to a whole
population with exterior rhythms, thus, circadian
periodicity of life functions is an innate quality.

Functioning of many organs and systems of a
human is implemented through a special circadian
program, in which the driver seat of the biologi-
cal rhythm is occupied by suprachiasmatic nucleus
(SCN) of hypothalamus. Through it, adaptation of
an organism’s internal world to the changing sur-
roundings of the outside happens. Factors that af-
fect rhythms of the processes in a live organism are
called synchronizers. The most important synchro-
nizers are light and darkness sequence, durations of
the light period (Anisimov, 2007: 40).

Information about light is obtained by ganglia
of retina in the eye, which contain melanopsinphot-
opigment. Circadian information passes from retina
to SCN of hypothalamus through retina-hypothala-
mus tract, then — to superior cervical ganglion and
then into pineal gland. Nerve endings of superior
cervical ganglion inject noradrenalin into pineal
body tissue, this initiates synthesis of melatonin in
the pineal body. Rhythm of melatonin production
possesses circadian characteristics. Light oppresses
production and secretion of melatonin, therefore
maximal level of this hormone in blood is observed
during night and the minimal — in the mornings and
during daytime.With help of melatonin circling
with blood, the main rhythm maker controls and
synchronizes rhythms of all peripheral organs and
tissues. Along with rapid development of genetics,
molecular structure of biological clocks has been
established, it presents a group of circadian genes
and their protein products. Within the 24-hour pe-
riod circadian protein content in a cell changes nat-
urally, reflecting on various phases of the 24-hour
cycle. In mammals key circadian genes are Clock,
Bmall, Period (Perl, Per2, Per3) and Cryptochrome
(Cryl, Cry2). Circadian genes are organised in a
transcription-translation loop, regulation here is
carried out through feedback principle. Activator
proteins BMAL1 and CLOCK link with the regu-
latory part of DNA (Ebox), along with this clock
genes Per and Cry (Cryptochrome) start working.

This happens in the early morning hours. Within 2
hours after clock genes are activated in a cell, the
highest level of concentration of related mRNA’s is
observed, and by midday the largest amount of PER
and CRY proteins can be observed. These protein
molecules are first stored in cell cytoplasm, and at
night time they gradually get back into nucleus and
supress the activity of BMAL1 and CLOCK pro-
teins, forming a strong complex with them, which
leads to blocking of Per and Cry genes. Then, PER
and CRY proteins slowly break down, and BMAL1
and CLOCK molecules are released to start the new
24-hour cycle in the cell. Total duration of such a
cyclic process accounts for approximately 24 hours.
This transcription-translation loop aids to sustain
clear manifestation of circadian rhythmics in mam-
mals (Zaslavskaya, 2011: 2).

A wide spectrum of biological processes is reg-
ulated by circadian clocks, including the sleep and
wake cycle, body temperature, energy exchange,
cell cycle, hormone secretion and else. Biological
importance of natural day and night fluctuations
of physiological functions is defined by sustaining
high activity rates, stamina and productivity during
day and respectively, rest and recovery during night.
However, it is important to closely care for break
downs of circadian clocks, which lead to irregula-
tions in circadian rhythms (CR), which is in fact a
serious problem that refers to the major functions of
live organisms. Directions of chronobiological re-
search are numerous and include research in fields
such as comparative anatomy, physiology, genetics,
molecular biology and biology of organisms’ behav-
iour. In healthy state, time organisation of human’s
organism is characterised by phase synchronisation
in field of long-wave rhythms; on the other hand,
it is distinguishable through ordered activity of au-
tonomous rhythms in medium and short-wave range
of the spectrum (frequency and phase coordination).
External and internal failures of CR synchronisation
with displacement of phases and a deviated from 24-
hour cycle periodicity can be observed during vari-
ous diseases, such as, depression, oncological con-
ditions, cardio-vascular pathologies. Break down of
frequency and phase coordination of autonomous
rhythms in medium-wave range is characterised by
rejections of normal reaction readiness of vegeta-
tive functions and disorders of regulation economy
(Pelesa, 2009: 91-100).

Circadian fluctuations are usually observed in
more organised uni-cell organisms and in isolated
tissues of multicellularorganisms, nevertheless, in
both, vertebrates and invertebrates a part of nervous
system plays the role of circadian rhythm maker for
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the whole organism. Micheal Menaker and his col-
leagues illustrated that in some birds this function is
carried out by pineal gland, which rhythmically pro-
duces melatonin hormone in the brain. Pineal gland
activity is regulated by light that enters through
vertex in the scull. It is even possible to displace a
phase of circadian thythm in sparrows, by implant-
ing a pineal body from a bird that inhabits a different
time zone.

In rodents, melatonin is secreted rhythmically
too, but under control of two clusters of neurose-
creting cells — suprachiasmic nuclei that are located
to the left and to the right in hypothalamus, above
the crossing of visual nerve. Information about light
and darkness comes from eyes. Daily portions of
melatonin synchronize circadian fluctuations. In
apes, such a role is played by suprachiasmic nuclei.
In humans with trauma in this part of hypothalamus
disorders of rhythm functions are observed, this al-
lows us to assume a similar role of suprachiasmic
nuclei in humans. Phase of rhythms of these nu-
clei can be moved through eyesight, by an electric
stimulus, brain injections of analogous neuromedia-
tors that cause natural discharge of neurons, and by
melatonin. Secretion of melatonin by pineal body
is stimulated by psychomimetics (LSD, mescalin,
cocaine) and supressed by drugs used for psychic
diseases.

Dynamics of day and night physiological
rhythms in humans and higher animals is deter-
mined not only by innate mechanisms but also by an
adapted 24-hour stereotype of activity. Existent data
concerning the possibility of desynchronisation by
frequency of specific circadian rhythms presents an
opportunity to assume existence of a number of rela-
tively independent oscillators, every one of which
regulates a rhythm of a specific, widely branched
functional system (Pelesa, 2010: 23).

In numerous organisms, central regulators do
not cause fluctuations in peripheral tissues, but only
synchronise the circadian rhythms, innate to every
organism cell by frequency and phase.

Regulation of physiological rhythms in higher
animals and humans is mostly maintained through
hypothalamus-pineal body system.

The circadian mechanism is not universal. It
differs in relation to biological species and even to
types of cells in one organism. It is assumed that the
circadian mechanism is specifically closed on a cel-
lular level, for instance, in comparison to menstrual
cycle that includes nervous and endocrine interrela-
tions of many tissues. Cellular mechanisms can be
explored through methods of biochemistry and ge-
netic engineering. It is possible to alter the routine of
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circadian clock by numerous biochemical methods.
Initially, mostly light impulses were used. Thus, for
drosophila, constant lighting — even on the level of
lighting of a non full moon — is sufficient to stop the
clock from working. The light in this case acts indi-
rectly, it does not hit the molecules of the fluctuation
mechanism (Shishko, 2010: 4).

In most circadian rhythms the period is nearly
independent from temperature levels, given it re-
mains in range of physiologically acceptable norms.
Moreover, compared to genuine independent sys-
tems (from temperature), circadian clocks are not
immune to temperature changes: the smallest dif-
ferences in temperature are capable to displace their
phase. Other than light and temperature change,
many chemical substances affect the periodic-
ity, these influence permeability of membranes and
break down protein synthesis. Injecting these for a
short period of time leads to phase displacement.
However, the processes involved are numerous and
various and it is not clear how exactly they influ-
ence the clock. Supposedly, not ATP itself, neither
process of its synthesis and break down are details
of the mechanism of the clock. The same can be said
about protein synthesis.

Furthermore, disruption of CR in short time
measurements is followed by disorders in 24-hour
activities, tiredness, insomnia and disorientation.
Such diseases as manic-depressive psychosisand
also numerous disorders of sleep are associated with
pathological dysfunctions of CR. Prolonged im-
pairements of CR can lead to impaired conditions of
internal tissues and organs (Ulaschik, 1999: 9-13).

Cyclic nature of biological functions on all lev-
els is one of the requirements of survival of live
organisms and is observed as one of the essential
features of living matter, its vital quality, worked
out through evolution. In biosystems of any level
of complexity oxidation-reduction processes flow
rhythmically and in correspondence to physical and
cosmic rhythms. In relation to this, livelihoods of
organisms, functioning of organs and systems, ex-
change of substances, energy and information in
living systems obey the lawsbiologically-structural-
timely discreteness. Thus, understanding of perio-
dicity in living nature is key. Rhythms are present in
the organism from the very birth to death, acquiring
specific features during lifetime. Biological rhythms
imply physiological processes that are repeated af-
ter equivalent amounts of time, differing in intensity
and complexity of the involved structures (periodi-
cally repeating changes of character and intensity
of biological processes and phenomenas, character-
istic to living matter on all levels of its organisa-
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tion- from molecular to subcellular). Depending on
origin of inducing agent biological rhythms are dis-
tinguished as exogenic, those caused by periodical
influence from outside, and endogenic, autonomous,
the ones caused by active processes within the or-
ganism. In most of the cases in clinical practice doc-
tors seldom think about this issue. In truth, the issue
is fundamental, as biorhythmology is a fundamental
science, chronomedicine being its vital component
(Makarov, 2000: 24-27).

Particularly, an initiating moment for this arti-
cle to be written was arousal of serious reservations
amongst Russian population in relation to so called
summer and winter time, in fact, in relation to cor-
rect organisation of season and 24-hour lifestyle of
people. Understanding of importance of the present
problem has led to creation of Problem Committee
of Russian Academy of Medical Sciences (RAMS)
“Chronobiology and chronomedicine” in 1981, un-
der supervision of a soviet academic F.I. Komarov,
who has managed the organisation for 15 years. Fur-
ther it was confirmed that such a decision was vital.
It is important to say that by that moment World-
wide and European organisations of chronobiol-
ogistshad already been created. Without stopping to
look at well-known facts that particularly indicate
existence of various types of biorhythms (seasonal,
24-hour, circadian, hourly and so on) it is desired
to underline the importance of exploring and im-
plementing of principles of chronomedicine. Practi-
cally, this concerns all areas of our lives. Recently a
heated debate about summer and winter time zones
has arised yet again, the debate has been on for more
than 20 years. Seemingly simple technical problem:
moving the clock for one hour before arrival of sum-
mer or winter. Meanwhile, the deceiving simplicity
withholds an alarmingly important biological prob-
lem — rebuilding of rhythms. Biorhythmology has
introduced a principally new term in clinical means
— “desynchronosis”, which practically had not been
used in clinical practices, despite the understanding
of the states of a living organism that this term car-
ries. Only through this term can we explain the on-
going changes in the organism that desynchronosis
causes, these can be pre-diagnosed and predicted.
Desynchronosis is an unhealthy state of an organ-
ism, pathological syndrome that accompanies de-
synchronisation (misalignment) of rhythms. There
are external and internal types of desynchronosis,
it is also distinguished by levels of manifestation
— 1initial, moderate and highly-expressed. The most
common reason for desynchronosis is restructuring
of the familiar given time that causes conflicts with
circadian rhythms, their rebuilding (for instance,

trans-meridian flights, shift and night works and so
on). Desynchronosis can also arise as impairment of
adaptation during various pathologies or ageing. Ac-
cording to mechanism of developmentdesynchrono-
sis is stress (Gabinsky, 1998:23- 25). Circadian
rhythm is set genetically and is oriented to change
of day and night. Clinically, disorders in circadian
manifest through tiredness, malaise, impairment of
sleep, often worsening of the existed condition or
even developing a new one. For illustrative purpos-
es a practical example of the arising desynchronosis
can be the state that is followed by long-distance
flights where changing of time zones is involved,
so called JetLag. People, who are obliged to make
trans-meridian transfers (businessmen, tourists, mil-
itary men, sportsmen, pilots, railmen) are well aware
of this disorder, levels of manifestation of which can
often become a serious obstacle for successful im-
plementation of their professional obligations. An-
other example of misalignment of biorhythms that
is no less seldom but even more relevant is so called
“social jet lag”. Contemporary authors refer a num-
ber of symptoms to this term, these also arise during
disorders of familiar sleep and wake cycle (similar to
jet lag mentioned earlier), in this case not caused by
long-distance transfers but by other reasons of social
character: prolonged holidays, long weekends (well-
known “Monday syndrome”), student examination
period, vacation, school breaks — at times when 24-
hour sleep and wake regime is dislocated by more
than 2 hours.In addition, it is fair to say that a factor
sharply impairing desynchronosis (sometimes the
main factor causing it) is often times the accompa-
nying intake of alcohol — a psychoactive substance
that possesses numerous disregulating effects (nega-
tive impact on sleep and wake cycle — functioning
of gastro-intestinal tract, cardio-vascular system and
others). In present times, it is accepted that even a
single intake of ethanol leads to disorders in physi-
ological rhythms, that might be characterized as
typical failure of “biological clocks”, meaning de-
synchronosis. To maintain circadian rhythmics of
an organism — the most ancient adaptation system
— exists a system in the organism that is composed
of retina (light, darkness), suprachiasmic nuclei,
hypothalamus and pineal body. In fact, this sys-
tem determines the 24-hour and respectively sea-
sonal rhythms of the organism. Namely, these are
the fundamental factors that determine function-
ing of an organism and arousal of desynchronosis.
Melatonin is a hormone of pineal body and it plays
a role of a signal molecule that specifically initiates
processes of hourly rhythm of synthesis of the pro-
tein, which is an intrinsic part of circadian rhythm.
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According to data from B.Y. Brodskii and col-
leagues, melatonin is a marker of direct intercellular
communications. Desynchronosis is subdivided into
acute and chronical. Acute desynchronosis arises as
a result of sudden misalignment of rhythms of time
detectors and the organism. For example, after trans-
continental flights on modern airplanes, which, in a
short period of time cross multiple time zones, an
acute disorder of relation between phases of rhythm
of sleep and wake cycle arises. In situations when
the impact of such a factor is prolonged, chronic de-
synchronosis is developed. Chronic desynchronosis
is a pathological condition underlined by permanent
desynchronisation of organism’s functions. Desyn-
chronosis can be caused by a number of external
reasons, social and natural. Social causes include
for example: biotropic factors of anthropogenic
origin, such as 1) toxic substances. 2) total social
stress in large industrial cities, related to hard work
or driving, abundance of information and so on; pro-
longed misalignment of sleep and wake rhythm. 3)
misalignment between 24-hour stereotype of an or-
ganism and discrete time. 4) desynchronosis caused
by orbital and inter-planet space travel. Desynchro-
nosis caused by external natural factors are, for in-
stance, desynchronosis related to: 5) extreme natural
conditions, 6) changes in rhythms of the operating
gelio-geophysical time sensors, such as cycles of
sun activity, 24-hour and seasonal variations of cli-
mate, change of climate, 7) rhythms of geomagnetic
fields of Earth, caused by Sun rotation, 8) a-period-
ical changes in gelio-geophysical factors that arise
during solar flares and geomagnetic storms. Such
an ordering of reasons that cause desynchronosis is
conditional, as always when considering any type of
multi-factor system of disorder of chronostructure
of circadian rhythms (Zhang, 2009: 818-820).

It is logical to assume that disordering of chro-
nostructure of rhythms of one or another system is
a coherent phenomenon, and the following subdivi-
sion by different manifestations of impairments of
rhythm parameters is conditional. Nevertheless, us-
ing such methods in chronomedicine, as amplitude
changes in rhythms, change of mesor or period of
rhythm independently is sufficiently acceptable and
justified in a number of specific cases. Amplitude
Increase (decrease) of circadian rhythm under influ-
ence of stress. The amplitude of circadian rhythms
possesses exclusively important significance for as-
sessment of functional state of a human. Despite the
fact that amplitude variations are most often com-
bined with other manifestations of desynchronosis,
it is necessary to note that registration of amplitude
change can serve as a fine test during prenosologi-
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cal diagnostics. Thus, for example, during a chrono-
biological observation of a group of sportsmen do-
ing academic rowing it was established that one of
the first symptoms of exhaustion is disturbance of
rhythm chronostructure of hemodynamics record-
ings, which manifested through a decrease in ampli-
tude of their circadian rhythms. Characteristically,
that after a 3-hour flight, passengers experience a
decrease in amplitude of 24-hour fluctuations of
physiological indicators, while decrease of rhythm
amplitude is the most-pronounced during a flight in
eastwards direction. V.A. Matykhin and others note
that the higher the speed of transfer is, the lower
the amplitude of 24-hour fluctuations recordings
are. While estimating various periods of presence
of workers on shift during trans-longitude flights
in conditions of polar regions N.M. Fateyeva rec-
ognized that apart from significant fluctuations of
average 24-hour level of blood clotting, there are
sufficiently sustainable changes in intrasystemic
synchronisation of regulated parameters. The main
manifestations of such changes are: vanishing of
statistically significant 24-hour rhythm, a highly ex-
pressed dislocation of acrophases, emerging of sta-
tistically significant 12-hour rhythms; this is espe-
cially characteristic in the initial period of the flight.
Relative stabilisation of temporary organisation of
homeostasis readings is recorded on 30-35" day of
the shift, and it reaches a sufficiently stable state by
the 45" day of work. It is appropriate to remind that
changes in circadian rhythm amplitude of cardio-
vascular system readings is observed not only when
desynchronosis is caused by external factors but also
when it is caused internally(Agarwal,2010: 51-58).
Synchronisation of rhythm- is a vital process
of functioning of mammals’ organs, an indicator of
direct intercellular communications. Disorders of
intercellular communications leads to activation of
cellular death mechanisms. The role of melatonin
in an organism is very unique. It determines the
rhythmical activity, such that, in fact is a universal
adaptogene, which “calibrates” functions (internal
clock) of the organism to the constantly changing
conditions of the surroundings. This factor is key in
the issue of an organism’s survivability, effective-
ness of its functioning independent from its level
of organisation. Besides, antioxidant properties of
melatonin determine its protective abilities during
free radicals attacks on DNA, lipids and proteins.
Melatonin can affect processes of free radicals in
any cell of the organism. Immune-modulating prop-
erties of melatonin are not of less importance, these
are determined by production of immune-competent
cells and secretion of cytokines by these cells. It has
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been proven that melatonin is not only a messen-
ger of the main endogenic rhythm, but also its cor-
rector in relation to the environment. Due to this,
any change in melatonin production going beyond
natural physiological fluctuations can lead to mis-
alignment of biological rhythms of both the organ-
ism amongst itself (internal desynchronosis) and
with the rhythms of the environment (external de-
synchronosis). Specifically, disorder of melatonin
production is a reason of sudden disease syndrome,
idiopathic intestinal cramps in new-borns, seasonal
affective disorders. As mentioned, any disease is ac-
companied by desynchronosis, and the harder the
disease, the more manifested is the dysfunction. It
was illustrated through the example of ischaemic
heart disease patients, hypertonic disease, ulcer and
other disorders (Aronow, 2003a: 1354-1355). Quan-
tity and rhythm of melatonin daily production serve
as markers for severity of desynchronosis. It has
been established that the harder the disease passes or
the more frequent worsening of the disorder is, the
less is melatonin production, and the less apparent
the difference between its night and day production
is. In some difficult cases, the day and night mela-
tonin production rates become almost identical. In
periods of remission the curve of melatonin produc-
tion returns to the one that had been before worsen-
ing. Nevertheless, it will not be normal, which sup-
ports our opinion that patients with chronic disease
will always be in more or less unstable state of bal-
ance. Works of recent years have shown that mela-
tonin plays a distinguishable role in desynchronosis
elimination and its prevention. These days there is
a medication form of melatonin — melaxen, which
allows to successfully treat the diseases and prevent
them. Moreover, while treating patients with vari-
ous diseases it has become apparent that combining
“profile” medications with melaxen is significantly
more effective than traditional therapy. Apart from
this, some unexpected effects have been observed.
Thus, during treatment of a worsened ulcer disease
with presence of Helicobacter pylori and no use
of standart therapy with antibiotics, implementing
only melatonin remission of the disease has been
achieved, the microorganisms have vanished. A re-
search that illustrated progressive decrease in pineal
body production of melatonin with age appeared to
be very important, the decreased production has led
to a fall in difference of the hormones’ abundance
during night and day(Aronow, 2003b: 1357-1358).
Seasonal worsening of internal organs diseases
pose a special interest. During periods of biological
spring and autumn, parameters of organism’s circa-
dian rhythms are in a process of either increasing or

decreasing of their amplitude, thus in a counter phase.
In our opinion, this moment is one of the decisive
in pathogenesis of seasonal worsening of disease,
because it leads to a condition that can be called a
seasonal physiological desynchronosis. Seasonal
impairments of internal organs diseases do exist.
They constitute a complex process that is based
on a fundamental law, and the role of “major vio-
lin” is played by melatonin. Research dedicated to
melatonin has opened a new direction not only in
biology but in medicine, in treatment and preven-
tion of disease impairment, including the seasonal
ones. Increasing of physiological functions that
provide organism’s physical activity (frequen-
cies of heart contractions, minute blood volume,
arterial pressure, body temperature, oxygen con-
sumption, blood sugar levels, physical and men-
tal productivity and else) during day and their de-
crease at night is characteristic to human body.
Specific correlations between phases of different
24-hour rhythms are observed in normal conditions.
Maintaining consistency of these correlations pro-
vides alignment of bodily functions in time, identi-
fied as internal alignment. Besides, under influence
of changing with 24-hour periodicity environmen-
tal factors (synchronizers, or time sensors) external
alignment of circadian rhythms takes place. There
are primary (carrying major significance) and sec-
ondary (less significant) synchronizers. In animals
and plants, primary synchronizer is, as a rule — sun-
light, in humans it can also be social factors. Pres-
ence of circadian rhythmics of arterial and venous
pressure in humans is evident of melatonin partici-
pation in regulatory functions of cardio-vascular
system. Existence of melatonin receptors in inter-
muscular layer and endothelium of vessels is yet an-
other piece of evidence. In most animal research in
terms of improved arterial vessels tone in vitro and
in vivo it has been demonstrated that physiological,
as well as pharmacological doses of melatonin ex-
ert a vasodilating effect, however melatonin effect
on vessel tone is not unambiguous and depends not
only on state of the vessels. Mechanisms through
which melatonin affects vessel tone include binding
of melatonin with own receptors of smooth muscle
cells and endothelium of vessels, by influencing
adrenergic and peptidergic (vasointestinal peptide,
substance P) endings of perivascular nerves and sec-
ondary messengers in adrenergic stimulation chain
of muscle contraction, as well as inhibition of sero-
tonin secretion by structures of CNS, vasopressin,
hypothalamus and noradrenaline by adrenal gland.
Without hesitation, impairing melatonin production
may play a major role in pathogenic mechanisms of
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coronary pathology. This is demonstrated by effects
of melatonin itself and clinical studies, which show
reduction of night melatonin production in patients
with [HD, as well as in patients with acute angina.
Melatonin is capable of exerting influence on sizes
of impact sites, reduce frequency of ventricular ar-
rhythmia and decrease mortality (Shin, 2007: 656-
662).

According to our research data, an increased
concentration of melatonin in patients with neuro-
circulatory dystonia is an evidence that on func-
tional disorders stage, melatonin production can
increase and then if the disease progresses depletion
of reserve possibilities starts at the stage of forming
of'a somatic disorder. As severity of cardio-vascular
pathology progresses not only does production in to-
tal decrease but also rhythmics of melatonin produc-
tion are impaired and significant differences in day
and night production are no more distinguishable.
These results allowed inclusion of melatonin into
traditional therapy of hypertonic disease (HD) and
IHD. During comparison of therapy results of these
groups of patients, receiving melatonin, reduction of
headaches was noted in 35%, of them, 15% have
reported reduction of dizziness, photopsia- 25%,
noise in ears — 15%. In group of patients receiving
traditional therapy, these symptoms were less obvi-
ous — 25, 5, 10 and 10%, respectively (Blagonravov,
2010: 559-561).

Based on fact that alcoholism induces sharp
decrease or complete stoppage of melatonin syn-
thesis by pineal body, domestic researchers, in hos-
pital conditions carried out a series of experiments
pointed at implementation of melatonin as replace-
ment therapy in order to treat some manifestations
of'alcoholic withdrawal syndrome of medium sever-
ity. These works have proven that patients in this
condition show signs of internal desynchronosis,
as evidence, absence of reliable circadian rhythmic
of systolic and diastolic arterial pressure and bio-
rhythm of axillary temperature during withdrawal
was present. Positive results were gathered when
melatonin (melaxen) was prescribed in doses rang-
ing from 6-9 to 12 mg/24-h in an acute period of
alcohol withdrawal. Thus, dynamics of improve-
ment in a group of patients that received melaxen as
a mono-hypnotic (6mg at 10p.m. In duration of 2-4
days of staying in hospital), had better characteris-
tics in comparison to patients who received benzodi-
azepines. Advantages of melatonin became easiness
of falling asleep and prolonged duration of night
sleep. An absolute absence of adverse effects (char-
acteristic during prescription of sedative substances-
irreplaceable part of standard therapy) was also ob-
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served when melaxen therapy was carried out, even
in high doses. This allowed to officially recommend
such medication during combined therapy of such
a disease. While examining mechanisms of action
of magnetic storms on patients with HD and IHD,
an important role of pineal body melatonin secre-
tion has been determined. Received data allowed to
work out a prevention mechanisms for impairments
during magnetic storms if melaxen is included in
the therapy (3mg, 2-3 days before the storm). Daily
and seasonal periodicity of clinical manifestations
during worsening of ulcer disease, has found an ex-
planation in misalignment of genetically determined
rhythms of melatonin production with rhythms of
the the environment (desynchronosis). As our clini-
cal observations demonstrated, when melatonin is
included in the plan of therapy for duodenum ulcer
patients, the effect significantly exceedes the one of
standard therapy, morphological state of stomach’s
mucous membrane was clearly improved according
to results of electro-microscopic and immunohisto-
chemical observations, which hinted at a deeper re-
mission in similar amounts of time. Melatonin’s role
in aging cancerogenesis, sleep impairments and a
number of diseases is vitally important. It is not less
important in organization of labour and rest. There-
fore, whatever field of human life is concerned, be
it labour, leisure, illness, age, therapy, e.t.c.- the key
role in everything is played by human’s rhythmi-
cal organisation; it is the fundamental base. Going
back to the issue of seasonal time change, even just
one hour change, we, to a certain degree cause de-
synchronosis with all of the after-effects that were
stated previously. If the difference in time change
is significantly greater than that, all of the disadap-
tation mechanisms start taking place. Winter 2011-
2012 demonstrated how uncomfortable the popu-
lation was feeling after changing of “winter” time
to “summer”. In a 24-hour period, dark time was
dominating over light time, apart from discomfort,
this can be followed by development of depression-
a fact, well-known in northern countries (Sweden,
Norway) (Yamazaki, 2005: 241-249). In any case,
in our country the time change was accompanied by
an apparent emotional outburst and a reaction of the
population that went as far as an intercession with
the Government. This is a bright example but we
need to take into account that many other circum-
stances can also cause desynchronosis. For instance,
shift work, night lifestyle, excessive TV watching
and so on. It was demonstrated that daily and sea-
sonal rhythms of life of healthy and sick people is
mainly dependent on maintaining genetically laid
foundations of life. An understanding that disor-
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ders of these rhythms lead to desynchronosis and
the after-effects has arisen. It is obvious that practi-
cally implementing principles of chronobiology and
chronomedicine is vitally important (Imai, 1996:
172-185).

Understanding of necessity of daily monitoring
the readings of arterial blood pressure, pH, stom-
ach juice, with the aid of which approach to therapy
is determined (chronotherapy) serves as another
evidence. Now it is hard to imagine examining the
oatients without this data. There are specialized
journals: “Vladikavkaz med-biological informant”,
“Railway medicine — professional biorhythmicity”.
“Chronobiology and chronomedicine guidelines”, a
monograph “Melatonin: perspectives of implement-
ing in clinics” were published in 2012, in previous
years several monographs dedicated to melatonin
were published.

Such principal issues as necessity of exploring
biorhythmicity in med schools in frames of theo-
retical (biology, pharmacology) and clinical dis-
ciplines were raised.In a natural habitat organisms
are always influenced by a complicated dynamic
complex of factors, on top of this actions of some
factors change (enhance, inhibit, deform) actions of
others, which creates problems for determining their
role in biotropy extent. Impairments of temporary
organism structure arise when its internal rhythms
are subject to orderly structure misalignments, caus-
es of such misalignments can vary — external and
internal. Impairments of natural flow of biological
rhythms, their mutual alignment, meaning desyn-
chronosis, is an essential component of total adapta-
tion syndrome and in this, connection of biological
rhythms problem with adaptation problems can be
seen (Viskin,1999: 1429-1434).

Failures of CR in short time periods leads to a
failure in 24-hour activity, tiredness, insomnia and
disorientation. Such diseases as manic-depressive
psychosis and various problems with sleep are asso-
ciated with pathologic dysfunction of CR. Prolonged
failures of CR can be followed by deterioration of
internal tissues’ and organs’ condition, for instance,
cardio-vascular disease (CVD). Chronomedicine
was most largely introduced into cardiology prac-
tices. First of all, this is linked with an important
role of cardio-vascular system (CVS) in organism’s
livelihood, as well as high incidence of cardio-vas-
cular pathologies that lead to disabilities and death.
Besides, the main parameters of cardiac activity can
be easily registered and monitored, which is essen-
tial when assessing chronobiological indicators. The
most important parameters of cardiac activity — fre-
quency of heart contractions (FHC), arterial pres-

sure (AP), variability of heart thythm (VHR) — all
possess their precise biological rhythms, synchro-
nized in time in relation to sleep and wake period.
Misalignment of various CVS parameters’ bio-
rhythms can be followed by development ofpatholog-
ical conditions with the following structural changes
in information, energy and exchange. Therefore, it is
vital to perform biorhythmic research in even those
patients who are having initial manifestations of one
or another cardio-vascular pathology. Impairments
of AP and FHC also pose an importance in develop-
ment of worsening of CVD. This is confirmed by a
plethora of science papers, authors of which explore
mechanisms responsible for circadian fluctuations
of these parameters. Thus, Leary A, et al. revealed a
tight positive connection between increasing morn-
ing activity upon awaking and “spikes” in AP and
FHC in their works. In relation to this, patients hav-
ing arterial hypertension (AH) and IHD were rec-
ommended to withdraw from energy-demanding
physical exercise right after awaking. However, this
issue remains disputable. It is necessary to point out
that misalignment of biological rhythms and impair-
ment of their natural flow is not solely an indica-
tor of pathology development but it can also be a
result of an already existing disease. This, in turn,
becomes more disadvantageous as CR impairments
can lead to a number of condition worsening fac-
tors. Failure of daily AP rhythm is associated with a
greater frequency of target organs’ damage and with
an extended risk of cardio-vascular events, related
to overload of pressure. Complex studies of physi-
cal activity, vegetative functions and sensitivity to
sodium allow us to explain in detail the physiology
of AP circadian changes and pathophysiology of
24-hour rhythmsin various conditions and during
different diseases. In healthy patients, normal daily
profile of AP is characterised by a night decrease of
10-20% as compared to day levels. In healthy pa-
tients, this daily Ap profile is determined by various
psycho-behavioural factors and is accompanied by
changes in neurohumoral factors, including tone of
vegetative nervous system’s sympathetic region and
renin-angiotensin-aldosteron system (RAAS) (Dun-
lap,1999: 271-290).Those who do not show signs of
AP decrease at night >10% compared to daytime be-
long to a group of patients with impaired AP circa-
dian dynamics (“non-dippers”). In this patients the
impaired CR is associated with kidney diseases and
cardio-vascular events- heart attacks and strokes. In
a series of experiments, levels of night time DAP
and impairments of CR by “non-dipper” type were
important predictors of chronic heart failure (CHF)
development in patients who had no myocardial in-
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farction (MI). Associated with other cardio-vascular
risk factors, failure of daily AP fluctuations is an
important predictor of mortality from all reasons.
In some researchchange of daily AP rhythm was
connected to the risk of heart failure development.
The researchers have verified whether the changed
daily AP rhythm is connected to disadvantageous
outcome (death or hospitalisation due to CHF wors-
ening) in patients with CHF. It was determined that
an impaired daily AP rhythm, when added to other
standard predictors, is in fact, an essential prognos-
tic factor during CHF. An increased night time AP
and high readings of plasma BNP right before dis-
charging the patients from hospital were determined
to be significant predictors of stroke in patients with
CHF.

Congestive heart failure is associated with
changes in sympathetic and parasympathetic nerv-
ous systems, weakening of baroreflective function,
which affects daily AP rhythm directly. Thus, if nor-
mally cardio-vascular CR parameters are bimodal
(two phased), with lowest readings at night sleep
period, when its progressing normal circadian AP
and FHC rhythmicity change and bimodality of CR
fades. During CVD profile of FHC changes. Daily
FHC rhythm is characterised by a special indicator
— circadian index (CI). While studying CI in various
groups of patients with CVD (dilated cardiomyopa-
thy, ID, idiopathic arrhythmia, AH and else), that
survived and unexpectedly died because of it, as
the condition developed, an increase in heart daily
rhythm rigidity was detected. Flattening of circadian
FHC profile reflects on depletion of cardiac rhythm
adaptive reserves and is clinically associated with
poor diagnostics and high risk of arrhythmogenic
syncope conditions and sudden death in patients
from risk groups. The leading role in organism’s
cyclic processes coordination is played by circadian
fluctuations of nervous system’s functional activ-
ity. Vegetative nervous system’s daily fluctuation-
sare closely linked to light-darkness and sleep-wake
cycles. VNS’s sympathetic region’s tone prevails
during day time activities, parasympathetic — dur-
ing night sleep. Apart from this, along with VNS,
physical activity, location of body in space and ba-
roreflexes are responsible for daily circadian rhythm
changes in healthy humans. In patients with cardio-
vascular pathologies, changes of CR parameters of
heart rhythm variability were noted. For instance, in
patients with AH and AH with paroxysms ofatrial
fibrillation, break downs of daily CRV parameters’
rhythms, characterised by temporary misalignment
of SDNN rhythm, as well as decreasing of mesor
value and amplitude of CRV parameters’ CR that
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reflect on sympathetic and parasympathetic influ-
ences. In patients with CHF daily CRV and vari-
ability of QT intervals can also be modified due to
neuro-humoral activation, functional and structural
remodelling of the heart. 121 patients with stable
CHF were observed during one of the research
works. With aid of cosine analysis, readings of CRV
CR parameters and QT-intervals were determined.
In addition to an expected increase in FHC and pro-
longing of QT-interval, a decrease in QT-interval’s
circadian variability and a dislocation of RR inter-
val’s maximum towards later hours in those who
have died in comparison to those who survived have
been detected.These 2 parameters happened to be-
come independent predictors of cardiac arrest when
performing multidimensional Cox regression analy-
sis. While studying the 24-hour regime of RR inter-
val’s variability in patients with CHF a decrease in
all indicators has been revealed during the period, as
well as presence of pathological CR for frequency
parameters of RR intervals. In a study with simul-
taneous Holter ECG analysis during physical ac-
tivity it was shown that sympathetic-vagal balance
is dislocated towards sympathetic tone in patients
with heart failure. Along with this, physical activ-
ity is a subject of organism’s homeostasis ultradian
dynamics(Hasting, 1998: 425-445).

Circadian dynamics were noted in cardio-vascu-
lar events. Knowing the daily disease risk rhythmic
along with pharmacological and pharmacodynami-
cal properties of drugs provides success in treating
a series of pathologies. Chronotherapy is especially
relevant for diseases, that present a clear risk CR for
their appearance or appearance of their symptoms,
such as allergic rhinitis, arthritis, asthma, heart at-
tacks, cardiac failure, stroke, ulcer. Appearance of
cardio-vascular events has obvious seasonal fluc-
tuations and a higher predisposition of episodes in
spring and winter periods. High incidence of acute
heart attacks, angina, acute heart failure, hyperton-
ic crisis and sudden death was observed in spring
and winter as well as during changing of seasons,
namely in January, February, March, April, Octo-
ber, November and December. Daily rhythm for
cardio-vascular events was characterized by a morn-
ing peak that lasted until midday. During extended
observations of patients with AH, Kario K. et al.
have revealed a positive correlation between brain
strokes frequencies and extent of morning increase
in AP, while the extent of increase of morning pres-
sure did not depend on average daily levels of pres-
sure and a series of other indicators. According to
the authors, this indicator is an independent and
prognostically significant factor in development of
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brain adversities. It is assumed that effective control
of AP with aid of antihypertension substances can
possibly improve prognosis of those with AH, by
decreasing the frequency of brain strokes develop-
ment. Viskin S. et al. was one of the first wide-scale
research works on circadian variations of newly
emerged paraxisms of atrial fibrillations (PAF). The
research has identified that emerging of PAF is char-
acterised by emerging of two peaks with a signifi-
cant increase in episode frequencies in morning and
evening periods. During a week significantly small-
er amounts of emerged PAF’s were recorded on
Saturdays. And the greatest number of arrhythmias
was observed on last months of each year. The most
studied issue remains chronopathology of heart at-
tacks — daily dispersion of its emerging, scale of
myocardium damage and lethal outcome. There are
guidelines on dependence of repeated heart attack
from time of the day. The maximal number of cas-
es was registered for late morning hours (8-11.59
a.m.), which are rightfully considered as “high-risk”
hours in relation to emerging of repeated necrosis.
In time period from 4pm to 7:59pm only 9.8% of
heart attack incidence occurs. These hours can be
considered as hours of “relative wellness”. Apart
from this, a number of studies have determined that
starting of heart attacks between 0-12 hours led to
a significantly larger scale of necrosis in respect to
other periods of time of heart attack emergence. An
increased frequency of cardio-vascular disasters in
morning hours is mostly determined by an enhance-
ment of sympathetic-adrenal system activity at this
time period. Sympathetic nervous system enhances
catecholamine production, blood’s clotting activity
increases, heart rate goes up, shortening of heart cy-
cle duration, which leads to an increase in myocar-
dium oxygen demand. These changes are especially
apparent in patients with blood circulation patholo-
gies. Each one of these factors can serve as a trig-
ger to develop adversities of CVD (Kamory, 2008:
289-294).

Life-threatening break downs of rhythm that im-
pair flow of myocardial infarction are also character-
ized by presence of circadian. A research on bunnies
has looked at emergence of ventricular fibrillation
(VF) in relation to time of acute coronary failure
emergence. Indiction of coronary failure in a period
from 3:30pm to 6pm has led to emergence of VF
and death of animals in 100% of cases. Modelling
of heart failure from 11am to 3pm did not induce VF
in 89% of cases. CR CRwas noted in emergence of
sudden heart death in patients with innate or adap-
tive heart pathology. Total mechanism, laid in the
foundation of ventricular arrhythmias presents a

break down in duration and form of myocardium re-
polarisation process.

It was shown in an experiment with mice that
expression of ion channels and duration of QT-in-
terval also have daily rhythms and are controlled
by an endogen-dependant oscillator — KIf15. KIf15
transcriptionally controls rhythmical expression of
Kv channel-bound protein 2 (KChIP2) — critical
subunit, essential for creation of outwards K flow.
Deficit or excess of KIf15 leads to a loss in rhyth-
micity of QT-intervals, breaking of repolarisation
and increases predisposition to ventricular arrhyth-
mias. In one of prospective studies CR was identi-
fied in number of deaths per hour and in patients
with stagnant heart failure after a heart attack. Ma-
jor peak- between 6 and 12am, 202 of 517 deaths
(39%) happened during this 6-hour period. The
highest frequency of ambulance calls for patients
with CHF in relation to worsening of the disease is
at winter months, on Mondays, from 8am to 3pm,
which points out at rhythmicity of emergence of
adversities for the pathology. Daily rhythm of QT
dispersion was shown in patients with CHF, which
can also be potentially significant for therapy and
prevention of sudden heart death in patients of this
group. The fact that break downs of organism’s tem-
porary coordination function are one of the first evi-
dences for development of a pathological process,
makes research in the field of biorhythm changes
important in assessment of pre-pathological condi-
tions, disease diagnosis, organisation of preventing
activities, and also in prognosis of flow and outcome
of the pathology, development of their adversities
and adequate therapy of already existing patholo-
gies with use of chronotherapy principles. Thus, tak-
ing into account the high incidence of cardiological
pathologies, chronobiological research in this area
is quite relevant. While problems of chronobiology
and chronotherapy of AH are sufficiently studied,
there is too little information about features of car-
diac activity CR in patients with CHF. Meanwhile,
namely with progress of heart failure AP, FHC and
CRV circadian rhythms can significantly vary, hence
directly or indirectly affecting emergence of a series
of adversities of CVD. Therefore, fundamental re-
search in this area, including establishing norms of
daily dynamics of FHC, AP, CRV are vitally impor-
tant for their following implementation in practical
activity. Because, based on features of chronostruc-
ture of cardiac activity parameters in patients with
CHF it will be possible to adjust therapy, including
improvements of diagnostic methods based on main
principles of chronotherapy, and possibly prevent
some adversities during the pathology.

60 Xabapubl. buonorus cepusicol. Ne2 (75). 2018



Ablaikhanova N.T. et al.

Changes in amplitude of daily rhythms is one of
the important diagnostic criteria in chronomedicine
of not only internal but also external desynchrono-
sis. Changing of rhythm periodicity under stress. As
studies of internal desynchronosis suggest, stress,
related to pathology presence is accompanied also
by changing of circadian rhythm period. Clini-
cal laboratory studies, under maintenance of N.A.
Aslanyan allowed to formulate a new term “neo-
rhythmostasis”, hence establishing a relative sta-
tionarity of rhythm parameters on a new level that is
under stress, namely, switch of circadian rhythmo-
stasis to ultradian infradianneorhythmostasis. For
example, while performing of the 261%rhythmologi-
cal research of extracting urine and electrolytes in
patients suffering from neurocirculatory dystonia, is
was identified that in 168 cases (64%) they exhibit
accurate rhythms, however their periods significant-
ly differ from rhythm periods of healthy individuals.
Given that in healthy people, amongst statistically
clear rhythms, 24-hour thythm constituted 92%, in
patients with neuro-circulatory dystonia only 31%
was detected, for infradian — 54%, ultradian rhythms
— 15%. In the same time, mesors and urine and elec-
trolyte excretion thythms amplitude in this group
of patients did not sustainably differ from similar
indicators of healthy people. L.A. Babayan et al.
have illustrated in their work that intact animals un-
der influence of external stress experience disloca-
tion of circadian rhythm period into infradian area.
Usually, statistically reliably indicated rhythms of
corticosterone and blood minerals in these animals
account for 80%, rhythms of mineral extraction with
urine — 74%. With this, amongst reliable rhythms
in intact animals in calm conditions rhythms of cir-
cadian scale dominate (75 and 91% for blood and
urine, respectively). It is possible to conclude that
most intact animals possess circadian rhythms of
water-mineral homeostasis of internal synchronisa-
tion by rhythm periods of specific indicators estab-
lished by a specific value of mesors and amplitudes.
Under influence of extended external stress factors
(for example alcohol injection) animals’ water-min-
eral system reorganized its temporary structure. This
manifested through circadian rhythm transforma-
tion into non-periodic fluctuations or in formation
of mainly infradian rhythmicity: for blood and urine
indicators circadian rhythms constituted only —21%,
27%, while infradian rthythms — 56, 54% and ultra-
dian rhythms — 23,19% respectively. It is important
to underline that most indictors go through not only
change of period but also through significant change
in values of some mesors and amplitudes. For in-
stance, reliable rhythms of corticosterone in 100%
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of cases were located in infradian scale, however,
their mesorsand amplitudes statistically reliably
(P<0.01) exceeded the respective indiators of intact
animals in conditions of stress. Quite notably, plasm
minerals’ and erythrocytes’ rhythm mesors did not
considerably change under stress, hence remained a
relative constancy of cellular and non-cellular min-
eral concentration (Shishelova, 2009: 6).

Cycles of life processes differ by their param-
eters — period duration, amplitude, phase. In cases
when adaptation process flows calmly, without no-
table damage to organism, when stress levels do
not exceed norm levels, their effects on circadian
rhythms are low. If the adaptation process flows
violently, with apparent and quickly developing
changes in the organism, which can be determined
by a strong stimuli.

Noise — is a combination of sounds of various
frequency and intensity that disorderly blending and
travelling in time. Any type of noise is characterised
by a specific frequency content, or, as they say spec-
trum. Noise arises in result of fluctuations of solid
and flexible bodies. . Fluctuations of any solid body,
liquid or gas is characterised by:

— Amplitude (value of deviation from balance
point);

— Frequency (frequency of fluctuations deter-
mines tone height, the greater the frequency, the
higher the tone of the sound)

— Speed of frequency wave movement in physi-
cal or biological surroundings.

Sensibility of the hearing apparatus in domestic
animals varies, it depends on the sounds height. Dogs
are capable of registering fluctuations of 38 — 80000
Hz, sheep — 20 — 20000 Hz, horse — 30 — 1025 Hz.

The minimal sound energy that can be absorbed
by human ear is called hearing threshold. It is 10
12 Br/m? (for 1000hz tone). Sound pressure corre-
sponding to this equals 2x10° H/m?. Level of sound
loudness (noise) is measured in bels (B) or decibels
(dB). Depending on spectrum all noises are divided
into three classes: low frequency — up to 350Hz;
medium frequency — 350-800hz; high frequency —
more than 800Hz (Nekipelov, 2005: 9).

By dispersion of sound life in time noise is sub-
divided into constant (stable) and intermittent (not
constant). Level of sound should not exceed 65-70
dB for domestic animals. Impact of sound depends
on its loudness, determined by a special content (fre-
quency of its sounds) and by power of noise.

Organism’s reaction to noise level of more than
70 dB is a complex of symptoms of functional and
organic changes that arise parallel to changes of
hearing organ’s functions. It is essential to mention
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dysfunctions of vegetative nervous system. Pro-
longed effects of noise causes changes in breathing
rhythms and rhythms of heart contractions, hyper-
tonia develops. Motor functions of gastro-intestinal
tract change, hypersecretion of some internal glands
emerges.

Noise absorption can be achieved by growing
plants around buildings where animals are kept.
Noise-meters are used to measure levels of noise
(Sh-3M, IShV-1, Sh-63 and others). For example,
Sh-3M measures noises of 25-130dB in a scale of
40-10000Hz (Nekipelov, 2004:2).

Every organism perceives noise in its own way.
A lot depends on age, temperament, health state,
surrounding conditions. Human hearing organ is ca-
pable of adapting to some constant and intermittent
noises (hearing adaptation). But this adaptability is
not capable of protection from a pathological pro-
cess — losing sense of hearing, it only temporarily
helps. In conditions of city noise a constant tension
of the hearing analyser takes place. This causes in-
crease in hearing threshold by 10-25 dB. Noise im-
pairs understanding of speech, especially when it is
louder than 70 dB. Damage that strong noise exerts
to the ear depends on spectrum of sound fluctuations
and character of their change. First of all, a person
starts to hear less of high sounds, then medium and
low. Danger of losing hearing due to noise largely
depends on individual characteristics. Some lose the
sense of hearing after a short effect of noise of a
relative intensity, others can work with strong noise
almost all life without notably damaging their hear-
ing abilities. Gradual impact of strong noise does
not only negatively affect hearing but also lead other
adversities- ringing in ears, dizziness, headaches, in-
creasing of tiredness (Izmerov,2005: 384).

Excessive noise can be a reason of nervous de-
pletion, psychic oppression, vegetative neurosis,
ulcer, disorders of endocrine and cardio-vascular
systems. Noise distracts people from work and rest,
decreases productivity of work. The most noise-sen-
sitive people are those of older age. At ages before
27 only 46.3% react to noise, at ages 28-37 — 57%,
38-57 — 62.4% and at 58 and older — 72%. Large
amount of complaints from people of older age is
obviously linked to age properties and state of cen-
tral nervous system of this age group.

There is a correlation between number of com-
plaints and character of the work. Polling data shows
that disturbing effect of noise is a larger concern for
those doing analytical work than those who labour
physically (60.2 and 55% respectively). As criteria
of unhealthy effect of noise, indicators of damage
and recovery period of hearing sensitivity, bioelec-

tric activity of brain matter, latent period of condi-
tional-reflex reaction to light and noise, analytical
productivity, arterial pressure, frequency of heart
contractions, specific readings of ECG.

Other serious changes can be observed under
influence of noise: slowing down of heart contrac-
tions, decrease in saliva and stomach glands pro-
duction, disorder of thymus functions and adrenal
glands, change in electric brain activity. Noise that
exceeds 80-90dB affects excretion of most pineal
gland hormones that control excretion of many oth-
er hormones. Thus, secretion of cortisone hormone
by the adrenal glands can be increased. Cortisone
possesses an ability to weaken liver possibilities to
withstand toxic substances, including those causing
cancer. Under influence of noise of 85dB A rebuild-
ing of energy exchange in muscle tissues was ob-
served, direction of the rebuilding depended on time
of influence. Increase of interaction between oxida-
tion and phosphorylation after a two-week impact
of noise is an evidence that these process is capable
of ATP generation. Indeed, as a result of intensifica-
tion of oxidative phosphorylation in mitochondria
starts a tendency to increase ATP content in muscle
homogenate with similar duration of impact. Noise
inhibits new formations of energy rich phosphate
bonds that depends on state oxidative-phosphoryl-
ation processes(Van Dijk,291-309).

Noise of industrial character during timely in-
fluence on rats causes inhibition of the main part of
developing energy in a cell — oxidative phosphoryla-
tion in mitochondria. This fact points at a possibil-
ity of using this indicator as a biological criteria of
unhealthy effect of noise on the organism. Impair-
ment of energy metabolism processes — a significant
factor of unhealthy effect of noise, in turn, may be-
come a reason for breaking balance of a series of
biochemical processes in an organism.

Impairment of muscle energetics can be ob-
served as those received in a relative rest state, since
some movement excitementin rats was not edonly
during the first days of the experiment. Thus, the
mainroute of energy generationin form of ATPin a
relativerest state of ananimal underprolongednoise
exposureisimpaired. Itisknown that duringmus
cleactivity energy expenditure of the organis mex-
pands and a muscleactivelyuses ATP when doingme
chanical work.

Pathomorphologicalstudieshaverevealed signs
of irritating effects of noise: some activation of
brain matter nervous cells of large hemispheres, lip-
oid depletion of adrenal glands, increase in number
of plasma cells in spleen, evident of some increase
in immune reactions (Maksimova, 1998: 124-132).
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An experimental group of rats (male and female)
under influence of transport noise has given a gen-
eration of offspring that was influenced by similar
sounds for 3 months. Control group (males, females
and offspring) lived in quiet conditions. The groups
did not differ in mass and height significantly. Phys-
iologicalresearch on first generation 3-months-old
male ratsrevealedthat in experimental group latent
time of reflex reactions is shorter by in average
8.6ms, and frequency of heart contractions is 60b/m
faster than control group. Therefore, it is possible to
assume that in first generation rats, whose mothers
before and during pregnancy were exposed to noise
a process of excitement in central and vegetative
nervous systems prevails. The experiments showed
unhealthy effect of transport noise on various organs
and organism systems depending on duration of ex-
posure. Influence of noise was established not only
on parent organism but also the offspring.

Noise impairs sleep considerably. In devel-
oped and more frequently in developing countries,
where community is active 24/7, we are in a des-
perate need to recover correct models of sleep. Our
24-hour sleep rhythm- is the mostly apparent daily
rhythm that is observed in people and may animals,
but sleep — is something more than just part of circa-
dian system. Sleep- is a very complex state, created
by several brain regions, neuromodulating systems
and modulators. Due to this level of complexity,
sleep is very susceptible to disorders. A recent work
has shown that impairments of sleep and circadian
rhythm (SCRD) are common for various neurode-
generative and neuropsychiatric diseases during
which routes of neuromediatorsare damaged. For
instance, SCRD is observed in more than 80% of pa-
tients with depression or schizophrenia. Surely, it is
uncomfortable to feel sleepy at an appropriate time,
but it is only the tip of the iceberg. SCRDisalsoasso-
ciatedwith a wide spectrum of interrelated patholo-
gies, such as poor attention and memory, decreasing
of mental and physical reactions’ speed, reduction
of motivation, depression, insomnia, substance ex-
change impairments, obesity, immune disorders and
even higher risk of cancer development. All of these
are often observed during psychic and neurodegen-
erative disabilities. Extremely unfavourable effect is
exerted by intermittent, suddenly appearing noises,
especially at evening and night hours on the newly
fallen asleep person. This is explained by the fact
that while falling asleep brain is in a “hypnosis”
phase. At this time paradoxical relations with the
environment are being developed, hence even weak
noise stimuli can exert an unproportioned, strong ef-
fect. A sudden noise that appears during sleep (cars,
music, etc.) often causes strong fright, especially in
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sick people and children. Noise reduces duration
and deepness of sleep. It has been established that
chorological configuration of noises is one of the
most important factors, sequence of noises of differ-
ent intensities. Thus, unstable transport movement
breaks sleep more effectively than an intensive and
evenly distributed noise (Ablaykhanova, 2013: 239-
243). Apparently adaptation to regular and frequent
noises happens easier than to irregular and seldom
ones. People react to noise during sleep differently.
Reaction to noises does not depend on age, gender,
and state of health. Thus, during the same intensity
of noise, people aged 70 wake up in 72% of cas-
es, whereas children, 7-8 years old — only in 1% of
cases. Threshold noise intensity that causes awaking
in children is 50 dB A, adults — 30dB a, and older
people react to an even smaller value. Women are
more easily awakened via noise. This is explained
by the fact that women transfer from deep sleep to
REM sleep more frequently than men. Noise affects
various stages of sleep. Thus, stage of paradoxical
sleep, characterised by dreams, fast eye movements
and other features, has to take not less than 20% of
total sleep; reducing this stage of sleep leads to seri-
ous disorders of nervous system and mental activ-
ity. Reducing stage of deep sleep leads to hormonal
disorders, depression and other psychic pathologies.
Under influence of 50 dBA noise, time required to
fall asleep extends by an hour or more, sleep be-
comes superficial, after awaking people feel tired-
ness, headache and often times increased heartbeat.
Absence of normal rest after a day of labour is fol-
lowed by a state, where naturally developed tired-
ness does not vanish after work but in fact becomes
a chronic exhaustion that facilitates development of
a series of diseases, such as break down of central
nervous system and hypertonic disease (Ablaikha-
nova, 2012:4).

Effect of noise on functional state of central
nervous and cardio-vascular systems is identified
in the process of experimental studies on animals.
Fundamental physiological research on determining
acceptable levels of noise are the basis of noise hy-
giene.

Negative results of noise exposure are reduction
of total resistance of the organism and reduction in
productivity indicators (increase in body mass, milk
productivity and else).

Noise is a stress-factor. Development of such a
condition causes tension of hypothalamus-pineal
body-corticoadrenal system. Corticosteroid hor-
mones, cholesterol and glucose concentrations in
blood increase and eosinophils concentration falls.
Due to these disorders, changes in circadian rhythms
of the organism arise (Ablaikhanova, 2014:251-256).
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PRESENCE OF CONTAMINANTS IN THE ENVIRONMENT
AND THE FOOD CHAIN OVER THE LAST
25 YEARS IN KAZAKHSTAN

In recent years, increasing attention is paid to the ecological and global issues related to environmen-
tal pollution by heavy metals and persistent organic pollutants. Pollution by metals is very noticeable in
mining areas, as well as around foundries and metallurgical plants. Persistent organic pollutants are found
everywhere, which can be explained by long-distance transport by wind and water, they remain for a long
period of time in the environment, have the capacity for cumulation and can pass from one species to an-
other through the food chain. The problems associated with the presence of heavy metals and POPs in the
environment is relevant for the country. In this regard, the purpose of this work was to determine the points
of contamination with contaminants for further studies the effect of these compounds on the food chain.
This article aimed to summarize data reporting concentrations of environmental contaminants in various
regions of Kazakhstan. In the course of the work, was made an analysis of scientific articles measured con-
centrations of contaminants in Kazakhstan, primarily in environmental matrices (soil, water, plants) and in
livestock products.Thus, territories containing elevated concentrations of heavy metals, organic pollutants
and pesticides in various environmental components were identified. The obtained data have an important
theoretical value and contain useful information for further research.

Key words: environmental pollution,heavy metals, organic pollutants, pesticides.
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K.azakcTaHAafFbl COHFbI 25 XbIAAAFbl KOPLUAFaH OpTaAa YKoHe
a3bIK-TYAIK Ti36eriHAeri AacTayLubl 3aTTapAbiH, 60AYbIH aHbIKTay

COHFbl  XKbIAAAPbl  KOpLUAFAaH OpTaHblH, ayblp MEeTAAAAPMEH >KOHe TYpaKTbl OpPraHMKaAbIK,
AQCTaFbILUTAPMEH AACTaHyblHA 6GaMAaHbICTbI 3KOAOTUSIAbIK, >KoHe >kahaHAbIK, MaceAeAepre Ker
KOHIA GOAIHYAE. AybIp METaAAAPMEH AACTaHybl Tay-KeH eHEepKaCiNTEPAiH, COHAAM-aK, KyMMa >KoHe
METAAAYPIUSIABIK, 3aybITTAPAbIH, alHAAACbIHAA 6arkaaAbl. TypakTbl OPraHUKaAbIK, AQCTaFbILLTAP >KeA
MeH Cy apKblAbl aAbIC KAUIbIKTbIKTA TacbIMaAAAHYbiHA GaNAAHBLICTbI GAPABIK, KEPAEPAE KE3AECEAI,
oAap KyMyAsums KabireTiHe ue, )oeHe Ae y3ak yakbIT 60Mbl KopLiaFraH OPTaAd CaKTaAbiM, asblK-TYAIK
Ti3beri apkbliAbl 6ip TYpAEH ekiHLiciHe aybica araabl. KopluaraH opTasa ayblp METaAAQP MEH TYPaKTbl
OpraHUKaAbIK, AACTayllbIAAPAbIH, COHbIH ilLIHAE NMECTULMATEPAIH GOAYbIHA GAMAAHBLICTbI TYbIHAAMTbIH
MOCEAEAEpP MEMAEKET YLIIH MaHbI3Abl 60AbIN TabbiAaAbl. OCbiFaH GaMAAHbBICTbI XKYMbICTbIH MakCaTbl
aTaAFaH KOCbIAbICTapAbIH TaMak, Ti3beriHe acepiH 0AaH api 3epTTey YiliH TYPAi AacTaylibl 3aTTapMeH
AACTaHFaH arMMaKTapAbl aHblKTayFa OarFbiTTaAfraH. Makaraaa KasakcTaHHbIH TYpAi aiiMakTapbiHAQ
AaCTayllbl 3aTTapAblH  KOHLEHTPAUMACbl TypaAbl MOAIMETTED >KMHAKTAAbIM  KApaCTbIPbIAFAH.
XKymbic 6apbicbiHAa KasakcTaHAQ OHAIPIAETIH MaA LapyallbiAbIK, 6HIMAEPIHAE KOHE 3KOAOTUSIAIK,
MaTpuuasapaa (Tonblpak, Cy, ©CIMAIKTEp) AacTaylbIAAPAbIH KOHLIEHTPALMSCbIH (Qyblp MeTaAAap,
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OPraHMKAAbIK, AACTafFbIlUTap, MECTULMATEpP) aHblKTayFa >KYPri3iAreH FbIAbIMM 3epTTeyAepre TaAAdy
sKacaabiHAbl. OcCblAalilla, dPTYPAI IKOAOTMSIAbIK, KOMIOHEHTTEPAE ayblp METAAAAPAbIH, OPraHUKAABIK,
AQCTaFbILUTAPAbIH XKOHE MNEeCTULMATEPAIH >KOFapbl KOHUEHTpauMscbl 6ap aymakTap aHblKTAAAbI.
AAbIHFaH HOTUXKEAEP aAAAFbl YaKbITTa 3ePTTEY SKYMbICTAPbIH XYPri3yre Ka>KeTTi aknapart neH MaHbI3Abl
TEOPUSABIK, KYHABIABIKKA ME.

TyHiH ce3aep: ayblp MeTaAAap,
necTUUMATEp.

KOpLUaFaH oOpTa AaCTaHybl, OPraHWKaAbIK, AaCTaFblLITap,
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[NMpucyTcTBUe 3arpsi3HUTEAEH B OKPY>KaloLLLel CpeAe M NULLLEeBOM Lenu
B KazaxcraHe 3a nocaeaHue 25 aAet

B nocaeaHue roabl Bce 6OAblLUEE BHMMAHME YAEASIETCS SKOAOTMYECKMM W TAOOAAbHbIM
NpoOAemMaM 3arpsi3HEHMs OKPY>KaloLLEn CPEeAbl TSXKEAbIMM METAaAAaMM M CTOMKMMM OpPraHMYeCcKMMM
3arps3HUTEASIMN. 3arpsi3HeHre MeTaAAaMM OYeHb 3aMETHO B FOPHOAOOBIBAIOLLMX paloHax, a Takxke
BOKPYT AUTEMHBIX U METAaAAYPruyeckimx 3aBoAoB. CTOVKMe opraHmMyeckme 3arpsisHMTEAU BCTpeYaloTcs
MOBCIOAY, YTO MOXKHO OOBSICHUTb NMEPEHOCOM Ha GOAbLLME PACCTOSIHMS BETPOM M BOAOM, OHM OCTalOTCS
B TEYEHME AAMTEAbHOrO MeprMoAa BPEMEHM B OKpPYyXKaloWein cpeAe, O0OAAAQIOT CrMOCOBHOCTbIO
K KYMYASILIMM M MOTYT MEPEXOAUTb OT OAHOIO BMAA K APYrOMYy Yepes muileByto uenb. [1pobaembi,
CBSI3aHHbIE C HAAMYMEM TSXKEAbIX METAAAOB M CTOMKMX OpPraHMYecKMX 3arpsiBHUTEAEN, B TOM UYMCAE
M MeCcTUUMAOB B OKPY>KalOLLIEN CPEAE, SBASIOTCS aKTyaAbHbIMU AASI CTPaHbl. B cBA3M € 3TUM, LeAblo
HacTosern paboTbl SBASIETCS OMPEAEAEHME TOYEK 3arpsi3HeHMs PasAMUYHbIMM KOHTaMMHAHTaMM AAS
AAABHENLLIEr0 UCCAEAOBAHMS BAUSIHUS 3TMX COEAMHEHWIA Ha MULLEBYIO Lienb. B 3Toi ctaTbe 0600LeHbl
AaHHble O KOHLEHTpaLUMK 3arpsisHUTEAen B OKpY>Kalolllern Cpeae pa3AnydHbIX perroHoB KasaxcTaHa. B
XOA€ PabOTbl ObIA BbINMOAHEH aHAAM3 PE3YAbTATOB HayUYHbIX MCCAEAOBAHMM, MOCBALLEHHbIX U3MEPEHMIO
KOHUEHTpaLMIA  3arpssHsioOlMX  BEWeCTB  (TSXKEeAbIX METAAAOB, OpraHMYeckux 3arpsisHUTEAen,
necTMUMAOB) Ha TeppuTopun KasaxcTaHa B MepBylo ouvepeAb B IKOAOTMUYECKMX MaTpuuax (nouse,
BOAE, PacTeHMsIX) M B MPOAYKTaX >XMBOTHOBOACTBA. TakMm 00pasom, ObiAM BbISIBA€HbI TEPPUTOPMM,
COAEp>KallMe MOBbIEHHbIE KOHLIEHTPALMU TSIXKEAbIX METAAAOB, OpraHMYeckMx 3arpssHuTesen u
NecTMUMAOB B Pa3AMUHbIX KOMIMOHEHTaX OKpyykatollen cpeabl. [ToAyYeHHble AaHHbIE UMEIOT BaXkHOe
TeopeTMUecKoe 3HaYeHUE U COAEPIKAT MOAE3HYIO MH(OPMALIMIO AAS AAAbHENLLIMX MCCAEAOBAHUIA.

KAloueBble cAoBa: 3arpsisHeHue OKpy>KaloLlen CpeAbl, OpraHMyeckme 3arpsasHuTeAn, NecTULUmAbI,
TAXKEAblE METAAAbI.

Kazakhstan is the largest economy in Central
Asia and holds vast reserves of oil, gas and other
mining products. Shipments of oil, ferrous metals,
copper, aluminum, zinc and uranium have been the
engine of economic growth, accounting for more
than 90 percent of total exports and for around
40 percent of GDP (https://tradingeconomics.
com/kazakhstan/gdp-growth). The exploration of
these resources is on the one hand necessary to
allow the economic development of the country,
but on the other hand can provoke consequent
contaminations around mining sites or processing
plants.

Pollution of environment with heavy metals,
especially near large cities and large industrial plants,
has become one of the environmental problems for
Kazakhstan. In the industrial regions of the country,
significant centers of anthropogenic disturbances

and contamination of the soil cover are widespread
(Shepelev, 2017: 135).

Agriculture plays also a central place in the
development of Kazakhstan. Indeed, intensive
crop culture is a warranty for food self-sufficiency,
especially in grain, but also to produce feed for
livestock. The improvement of agricultural yields
passes by anincreased use of fertilizers and pesticides,
which can be recovered in the environment.
However, certain efficient organochlorinated
pesticides have unfortunately been shown to be very
persistent with toxic effects on Human health after
a chronic exposure. Although these pesticides are
forbidden today, their half-life time make that we
have to cope with their presence in the environment
for a long time. The DDT is one example of such
pesticides used in Kazakhstan but the Stockholm
convention was list other pesticides of this group.
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Along with the pesticides that belong to POPs,
the environment has also be affected by compounds
coming from different combustion processes such as
dioxins (i.e. PCDDs and PCDFs) and PAHs. They
can be produced by road transport (thermic engins),
mining and the development of the petroleum
industry in Kazakhstan (CAGR 2,0508 % in 2012,
www.tradingeconomics.com). Therefore, problems
due to the presence of POPs are very relevant for the
country and the problem of environmental pollution
is topical. By signing the Stockholm Convention
on 23 May 2001 and ratifying it on 7 June 2007,
the Republic of Kazakhstan announced its intention
to follow the course of the world community to at
least limit and if possible to eliminate hazardous
chemicals in order to improve the environmental
contaminations and Human health.

Therefore, this article aimes to summarize
published data reporting concentrations of
environmental contaminants in various regions
of Kazakhstan. This reviewpresents the results of
scientific articles treating measured concentrations of
contaminants (heavy metals, organic contaminants,
pesticides) on the territory of Kazakhstan first in
environmental matrixes (soil, water, plants), then
in their produced Food (milk, plants destinated
to Human consumption). Thus, this overview
of published results should allow analyzing the
development of the environmental situation during
the last 25 years in Kazakhstan and the risks for the
contamination of Food and consequently Human
health.

1. Concentrations of contaminants in environ-
mental matrixes

1.1 Heavy metals

Heavy metals (HM) are a group of metallic ele-
ments with a density greater than 5 g/cm’ and an
atomic mass exceeding that of calcium (MW=40).
Most of the HM are extremely toxic.For example,
the main consequences of prolonged exposure to
low levels of cadmium are chronicobstructive pul-
monary disease and emphysema, chronic renal tubu-
lar disease. There may also be consequences for the
cardiovascular and skeletal systems. The concerns
of leadexposure for adultsare peripheral or chronic
nephropathy (Goyer, 1996: 8§12-813).

We revealed 20 scientific articles reporting con-
centrations of HM in soil, plants or water in Kazakh-
stan. We focused our literature review on the fre-
quent occurrence of HM regulated in Kazakhstan.
Indeed, the Republic of Kazakhstan limited permis-
sibleconcentrations of zinc, copper, cadmium, lead
and mercury in soil, water and plants (Joint Order

ISSN 1563-0218

No. 99 of the Minister of Health of the Republic of
Kazakhstan of January 30, 2004 and the Minister
of Environmental Protection of the Republic of Ka-
zakhstan dated January 27, 2004, No. 21-p; Order of
the Minister of National Economy of the Republic
of Kazakhstan of June 25, 2015 No. 452). Nowa-
days, the most common and studied HM in the soil
of various regions of Kazakhstan are zinc, copper,
lead, cadmium, mercury and nickel.Environmental
pollution is very common around emitting sources
such as mining areas, foundries and smelters, and
other metal-based industrial operations. Therefore,
measurements on such sites are on a special interest
(Abduazhitova, 2014: 122-125).

1.1.1 Soil

Zinc (Zn) is a vital metal, and a deficit Pbs tos-
evere health consequences. Nevertheless, an excess
can also Pb to health problems. Indeed, a chronic
exposureto Zn of 0,5 g/kg body weight and day are
reported to enhance toxic effects in laboratory ro-
dents (Goyer, 1996: 812-813). The results of vari-
ous studies reporting the concentration of Zn in soil
in various regions of Kazakhstan were presented in
table 1.

Data from 8 articles reporting Zn concentrations
in soil of 26 measuring points have been summarized
intable 1. In 81% of the reported sampling points the
Zn concentration exceeded the maximum allowable
concentration (MAC) in the soil of the Republic of
Kazakhstan (Joint Order No. 99 of the Minister of
Health of the Republic of Kazakhstan of January 30,
2004 and the Minister of Environmental Protection
of the Republic of Kazakhstan dated January 27,
2004, No. 21-p). The highest concentrations in soil
are reported in the area at the Northern industrial
zone of Ust-Kamenogorsk (852,6 mg/kg). Indeed,
different smelters and Zn treating factories exist in
that zone which can be considered as the main emis-
sion source (Boluspaeva, 2012: 803-810).Moreover,
even in distant regions as Almaty or the Burlinsky
district in West Kazakhstan, the regulatory thresh-
old is overpassed in the majority of measurement
points (21 out of 26). In the Burlinsky district (West
Kazakhstan), the complex gas-processing unit can
be source of Zn emission explaining these high con-
centrations. By the way, such high concentrations in
this area do not concern only Zn but also other HM,
as well as some organic compounds. The composi-
tion of gas emissions is very complex and depends
on the nature of the production and the fuel burnt.
The emission in the atmosphere may concern many
organic and inorganic compounds, and in the latter
can be isolated metal and non-metallic components.
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Table 1 — Concentration of different HM (mg/kg dry soil) in soil of different regions of Kazakhstan

Cu! Samp-

1 M 7 1 1 1 1 1l
Region Sampling site Zn Cd Pb Hg Ni ling date Ref.
Balkhash NW of tailing pond 42,0 76,6 0,20 25,1 n.a 28,0 | before 2002 | 16
Balkhash Iz)gt?g of influence of tailing 40,0 | 164 | 030 | 20,7 | na | 28,0 |before2002 | 16
Pavlodar N of industrial zone 150,2 55,2 1,79 54,1 | 3,5%* | 75,9%*% | 2001-2002 19
Pavlodar E of industrial zone 178.,2 73,5 3,40 83,8 0,2 66,1 2001-2002 19
Pavlodar Central residential zone 89,6 47,1 1,21 46,6 0,1 51,5 2001-2002 19
Pavlodar Suburbs N 58,9 23,5 0,64 28,7 0,2 47,1 | 2001-2002 19
Burlinsky district, |12 km SW from complex gas-
W-Kazakhstan processing unit (site 1) 33.8 3.4 1,97 7.1 na n-a before 2008 9
Burlinsky district, |4 km SW from complex gas-
W-Kazakhstan processing unit (site 2) 21.3 17.5 0.90 6.9 n-a na | before 2008 9
Burlinsky district, | near complex gas-processing
W-Kazakhstan unit (site 3) 33,5 11,6 0,60 2,2 n.a n.a | before 2008 9
Ust-Kamenogorsk | N- industrial zone 852,6%* | 139,1** | 5,80** | 95,5%* | n.a n.a before 2012 8
Ust-Kamenogorsk | NE industrial zone 1433 90,9 2,36 63,0 n.a n.a before 2012 8
Ust-Kamenogorsk | Central residential zone 159.6 66,9 1,10 43,6 n.a n.a before 2012 8
Ust-Kamenogorsk | E suburbs 108,4 45,7 0,90 38,4 n.a n.a before 2012 8
Almaty Near road (site 1) — spring 59,6 36,4 0,51 448 n.a n.a 2007-2010 10
Almaty Near road (site 2) — spring 59,2 43,7 0,39 42,1 n.a n.a 2007-2010 10
Almaty Near road (site 3) —spring 59,7 52,7 0,67 50,5 n.a n.a 2007-2010 10
Almaty Heat & powerplant (site 4) = | o5 | 48 | 041 | 638 | na | na | 20072010 | 10
spring
25 km from Almaty | Rural area (site 5) — spring 41,3 21,5 0,16 19,8 n.a n.a 2007-2010 10
Almaty Near road (site 1) -autumn 36,7 22,6 0,11 18,7 n.a n.a 2007-2010 10
Almaty Near road (site 2) —autumn 35,7 22,4 0,16 20,4 n.a n.a 2007-2010 10
Almaty Near road (site 3) — autumn 57,2 36,2 0,24 61,4 n.a n.a 2007-2010 10
Almaty Heat & powerplant (site 4) = | 496 | 335 | 017 | 416 | na | na | 20072010 | 10
autumn

25 km from Almaty | Rural area (site 5) — autumn 28,4 16,3 0,05 15,8 n.a n.a 2007-2010 10

Kurday site near Sheldomak river (site 8) n.a 62 0,29 24 n.a 41 2006 17
Kurday site near Sheldomak river (site 9) n.a 91 0,33 40 n.a 42 2006 17
Kurday site near Shilozek river na 47 | 037 | 30 | na | 20 2006 17
(site 10)
Kurday site near Shilozek river (site 11) n.a 86 0,87 n.a n.a 54 2006 17
Kurday site near Pit lake (site 12) n.a 78 0,36 29 n.a 30 2006 17
Kurday site near Pit lake (site 17) n.a 21 0,30 16 n.a 43 2006 17
Kurday site near Pit lake (site 18) n.a 58 0,94 70 n.a 48 2006 17
Zhalagash village 72 km from Kyzylorda 0,5 0,3 0,10 0,2 0,03 2.5 2014-2015 11
Zhosaly village | 150 km from Kyzylorda 0.3 02 | 010 | 02 |003*%| 25 2015 12
Irgiz village 430 km from Aktobe <0,1 <0,1* |<0,01*| 0,2* 0 0,9* 2015 13

Notes: *minimal concentration; **maximal concentration; n.a not analyzed; 1 maximal allowable concentrations (mg/kg of dry
soil) according to Joint Order of the Ministry of Health of the Republic of Kazakhstan of January 30, 2004 No. 99, Zn 23,0; Cu
33,0; Cd 0,5; Pb 32,0; Ni 4,0 and according to Order of the Ministry of National Economy of the Republic of Kazakhstan of June
25,2015 No. 452, Hg 2,1; Grey background: concentration overpassing regulation thresholds
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In samples from site 2, which located in 4 km
south west from this complex, concentration of Zn
was one and a half times less (21,3 mg/kg) in than
from site 3, which located in the center of the indus-
trial zone (33,5mg/kg) (Kin, 2008: 269-275).

In Almaty sites 1-3 are located near roads, site
4 located near the combined heat and power plant,
and site 5 is situated in a rural area at 25 km from
the town. Samples from this sites have higher con-
centrations in spring, than samples taken at the same
place in fall (for example, site 4 60,7versus 49,6 mg/
kg, respectively for spring and fall). This can be ex-
plained by the fact that the spring samples of the soil
contain the concentration of Zn accumulated during
the heating period (fall-winter) but not these taken at
the end of the summer (Mynbaeva, 2012:284-292).
Globally, 81% of the concentrations overpassed
the regulation threshold of 23 mg/kg (Joint Order
No. 99 of the Minister of Health of the Republic
of Kazakhstan of January 30, 2004 and the Minis-
ter of Environmental Protection of the Republic of
Kazakhstan dated January 27, 2004, No. 21-p ) and
only samples taken in very remote areas (Zhalagash,
Zhosaly, Irgiz) showed very low background con-
centrations of Zn in the soil (Hanturina, 2015a:83-
86;Hanturina, 20156:87-90; Mahaev, 2016: 62-66).

According to the analysis of the European Com-
mission for the extension of the periodic survey of
the land use (LUCAS, 2009) for sampling and anal-
ysis of the main properties of the topsoil in 23 EU
member states, the excess Zn appears on agricultur-
al land in more than 20% of the regions of Europe
(NUTS), showing concentrations over the thresh-
old. However, the threshold level was exceeded in
less than 1% of the samples. In accordance to Toth
(2016), Zn pollution in the EU concerns only certain
areas with agricultural use and does generally not
bear a not able risk to the safety of food in Europe.
However, it should be noted that the different types
of Zn are absorbed at different degrees, which may
modulate the risk of toxicity depending on local
conditions.The basis of this European Topsoil Sur-
vey, the authors used the standards established in
the Finnish legislation on soil contaminated (MEF,
2007). Finnish Standard values represent a good ap-
proximation of the mean values of the various na-
tional systems in Europe and they are applied in the
international context forsoils (Téth, 2016: 299-309).

The Zn concentration in soil depends on the
emitted amounts (emitting intensity) but also on the
distance from the potential source of emission into
the atmosphere, which explains the increased Zn
concentration in the soil around the site. The high
proportion of overpassed concentrations of Zn in
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soil underlines a real concern about the Zn contami-
nation of soil in different zones of Kazakhstan.

Copper (Cu) is widely distributed in nature and
is an important element in nutrition of animals and
human. Nevertheless, a chronic exposure of 30 mg
per kg of body weight and day is considered to en-
hance toxic effects on Humans (Cuivre et compo-
sés, 2013).Exposure of Cu in industryare particles in
mines or metal fumes during melting, metal welding
and related activities (Goyer, 1996: 812-813). The
table 1 summarizes the results of different studies
reporting the concentrations of Cuin soil of various
regions of Kazakhstan.

According to this data, 19 of the 33 measurement
points (i.e. 58%) showed concentrations over the
regulation threshold concentration of Cu exceeded
the MAC of Cu in the soil (Joint Order No. 99 of the
Minister of Health of the Republic of Kazakhstan of
January 30, 2004 and the Minister of Environmental
Protection of the Republic of Kazakhstan dated Jan-
uary 27,2004, No.21-p). The highest concentrations
of Cu in soil are reported for the area in the north-
ern industrial zone of Ust-Kamenogorsk (139,1 mg
Cu/kg of dry soil), where large industrial enter-
prises are concentrated. Also high concentrations
of Cu are noted in soil close to the vicinity of the
Balkhash concentrator (91 mg/kg), where copper-
molybdenum ores are enriched. The tailings pond
is a potential source of soil contamination with HM
in this area (Baymakova, 2002: 48-57). In addition,
soil sampled around the Kurday district, located in
Zhambyl region, and Pavlodar overpass regulation
threshold of 33 mg/kg soil by two or three times.
Data from soil sampled in the town of Almaty dif-
fer again between higher concentrations in spring in
comparison to these sampled in fall. Nevertheless,
these concentrations stay quite close to the regulato-
ry threshold. However, in remote areas (Zhalagash,
Zhosaly, Irgiz, and to a lesser extent, Burlinsky dis-
trict) without identified emission sources, only back-
ground concentrations of <0,4 mg/kg are revealed. It
seems that metal smelters as Ust-Kamenogorsk and
in a lesser extent large towns present main emission
sources enhancing to soil contaminated in Cu even
if the proportion of samples, which overpass the
regulatory threshold, is not so elevated than for Zn.
High concentrations of Cu in Kurdai district, indi-
cated the presence of additional mineral sources in
the surroundings of the site (Salbu B, 2013: 14-27).

Agricultural lands in European countries are
mainly affected in France, Italy, Portugal and Ro-
mania. Although the proportion of samples with a
Cu concentration above the indicative value is rather
low among all samples, its share exceeding 2% in
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some regions of France and Italy indicates a poten-
tial problem for food production (Téth, 2016: 299-
309).

Concentration of Cu in the soil of different re-
gions also depends on the distance from the poten-
tial source of Cu emissions to the atmosphere, which
explains the increased Cu concentration in the soil
around the areas where large industrial enterprises
are concentrated.

Cadmium (Cd) is a widely used metal with non-
corrosive properties. This metal is used in galvani-
zation, as a coloring pigment for paints and plastics
andas a cathode material for nickel-cadmiumbatter-
ies. Moreover, Cd is a by-product of extraction and
smelting of Zn and Pb. Thus, there are numerous
sources of environmental contamination with Cd
(Goyer, 1996: 812-813). Unfortunately, Cd is also
very toxic as a chronic exposure of only 0,05 mg
per kg body weight and day showed very toxic ef-
fects on kidney and bones (Cadmium et composés
minéraux, 2013).

Our literature review is based on the same 9
articles reporting measurements in soil realized be-
tween 2001 and 2015 (table 1). The concentration
of Cd in soil showed that in 45% of sampling points
the concentration of Cd exceeded the MAC, in 15
points out of 33. As for previously treated metals,
the most polluted soil is in the area at northern in-
dustrial zone of Ust-Kamenogorsk (close proximity
to industrial enterprises) reaching 5,8 mg Cd/kg soil,
i.e. 11 times over the regulatory threshold (Joint Or-
der No. 99 of the Minister of Health of the Republic
of Kazakhstan of January 30, 2004 and the Minister
of Environmental Protection of the Republic of Ka-
zakhstan dated January 27, 2004, No. 21-p). Also,
elevated concentrations of Cd are observed in east-
ern industrial zone of Pavlodar (3,4 mg/kg), where
function such industrial enterprises like refinery,
chemical and tractor factories (Panin, 2006: 171-
177). The samples taken in the towns of Almaty and
Kurday were quite close to the regulatory threshold
including some overpassing points. As noted pre-
viously for other HM, the Cd concentration in soil
depends on the distance from the emitting source.
It is highest in samples taken in the industrial zones
(Ust-Kamenogorsk and Pavlodar) with >2 mg/kg,
followed by these in the residential zone or suburbs
of the same towns (140,2 mg/kg), and finally towns
with only diffuse emitting sources (Kurday and Al-
maty) with concentrations of 0,41+0,2 mg/kg on
average. Samples of remote areas never overpasses
0,16 mg/kg and averaged only 0,08 mg/kg which
can be explained by the remoteness and the absence
of emitting sources in these areas.

In most soil samples in Europe (72,6%), were
not found detectable Cd concentrations, and only
5,5% of the samples had concentrations above the
European threshold. Ireland and Greece are the re-
gions with the highest average concentration of Cd.
Nevertheless, agricultural areas in Europe are safe
from Cd contamination now. Only special cases in
France and Spain revealed soil samples with con-
centrations above the indicative values established
for agricultural lands (Toth, 2016: 299-309).

The frequency and the revealed concentra-
tions show that the Cd contamination of soil in
Kazakhstan is an issue to improve the Food safety
by protecting the food chain in certain areas of the
country.

Lead (Pb) is a frequent heavy metal and is wide-
ly present in small quantities in the earth’s crust.
Although small concentrations of Pbin the environ-
ment are natural, the highest concentrations of Pb
are released as a result of anthropogenic activities,
such as mining and burning of fuel. At present, Pb is
widely used in industrial production, in agriculture
and for household purposes, in the manufacture of
ammunition, metal pipes, batteries and devices to
protect against X-rays (Boluspaeva, 2012: 803-810).

In conformity with the table 1,15 of the 32 mea-
surement points (i.e. 46,8%) showed concentrations
over the regulation threshold concentration of Pb
exceeded the MAC of Pb in the soil of Kazakhstan
(Joint Order No. 99 of the Minister of Health of the
Republic of Kazakhstan of January 30, 2004 and the
Minister of Environmental Protection of the Repub-
lic of Kazakhstan dated January 27, 2004, No. 21-p).
As for previously treated metals, the most polluted
are the soil in the area at northern industrial zone
of Ust-Kamenogorsk (close proximity to industrial
enterprises) reaching 95,5 mg/kg, i.e. 3 times over
the MAC. Also a high concentrations of Pb in soil
is observed in eastern industrial zone of Pavlodar
(83,8 mg/kg), where, as noted previously, function
large industrial enterprises (Panin, 2006: 171-177).
However, in remote areas (Zhalagash, Zhosaly, Ir-
giz) without identified emission sources, only back-
ground concentrations of <0,2 mg / kg dry soil are
revealed.

The highest proportion of samples with a rela-
tively high concentration of Pb in soils was observed
in Central Italy, France and the United Kingdom. In
soil samples of agricultural lands in Finland, Hun-
gary and the Baltic countries, there were not found
trace of Pb contamination. However, the concentra-
tion of Pb in none of these samples did not exceed
the estimated value for agricultural land, except for
a few cases among more than twenty thousand sam-
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ples. Thus, Pb is not a problem for food safety in
Europe(Toth, 2016: 299-309).

Based on this data, it follows that the concentra-
tion of Pb in the soil of different regions also depends
on the distance from the potential source of Pb emis-
sions to the atmosphere, which explains the increased
Pb concentration in the soil around the areas where
large industrial enterprises are concentrated.

Mercury (Hg) is a heavy metal that belongs to
the transition elements of the periodic table. This
element is found in nature in three forms (elemen-
tary, inorganic and organic), this is its uniqueness.
All forms of Hg are toxic and their effects affect the
gastrointestinal tract, the nervous and excretory sys-
tem of human (Goyer, 1996: 812-813). Hg moves
along the food chain as follows: it penetrates into
the water as a natural process of depositing gases
from the earth’s crust, as well as through industrial
pollution. Then microorganisms methylate inorgan-
ic forms of Hg to methylmercury. Methylmercury
makes its way through the food chain to the fish,
and finally to the Human consumers. Currently, Hg
has many uses in industrial processes, including the
production of caustic soda, in nuclear reactors, as
antifungal agents for wood processing (Tchounwou,
2012: 133-164).

Anthropogenic activity is the main factor of soil
contamination with Hg. For example, the extraction
of gold and Hg results in high concentrations of Hg
in the mine areas, which may be responsible for high
concentrations of Hg in some soil samples from
Central Italy, North West England and Eastern Slo-
vakia. In the agricultural lands of France, Germany,
Italy and Spain, there were special cases of exceed-
ing the estimated values of Hg, which requires the
need for more stringent control of Hg throughout the
food chain (Téth, 2016: 299-309). In Kazakh condi-
tions, only data from 4 articles reporting Hg concen-
trations in soil of 7 measuring points are available to
be summarized in table 1. In the studied soil of vari-
ous regions of Kazakhstan, there are no elevated Hg
concentrations, with the exception of the northern
industrial zone of Pavlodar (3,51 mg/kg dry soil),
where a large industrial enterprises are concentrate
(Panin, 2006: 171-177).The lowest background
concentrations (0,03 mg/kg dry soil) are observed in
very remote areas Zhalagash and Zhosaly, without
identified emission sources (Hanturina, 2015a:83-
86; Hanturina, 20156:87-90).

The very low frequency and identified concen-
trations show that Hg contamination of soil in Ka-
zakhstan is not a widely studied. Only in several
regions with large industrial enterprises identified
the concentrations of Hg in soil. It follows, that in
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future the attention of research should bemore fo-
cused on the concentration in soil of elements as Hg
in Kazakh soils, especially in areas with probably
emitting activities.

Nickel (Ni) is a transition metal, which is now
widely used in modern industries, from the produc-
tion of coins to cars and jewelry (Alloway, 2013:
11-50). But Ni is also ubiquitous in nature and spe-
cific of some areas with a specific pedogeologic
context. Persons can be chronically exposed to low
concentrations through air, cigarette smoke, water
and food (Klaassen, 2013:982-983). Ni is a carcino-
gen of respiratory organs in workers in the Ni pro-
cessing industry (Goyer, 1996: 812-813). The data
of Ni concentration in soil at different regions of
Kazakhstan are shown in table 1. According to this
data, 16 of the 19 measurement points (i.e. 84,2%)
showed concentrations over the MAC (Joint Order
No. 99 of the Minister of Health of the Republic
of Kazakhstan of January 30, 2004 and the Minis-
ter of Environmental Protection of the Republic of
Kazakhstan dated January 27, 2004, No. 21-p). The
exception is remote rural areas without identified
emission sources, where are revealed background
concentrations under the regulatory threshold (Zhal-
agash, Zhosaly, Irgiz). The highest concentrations
(75,9 mg/kg dry soil), i.e. 19 times over the regula-
tory threshold are observed in the northern industrial
zone of Pavlodar, where function such industrial en-
terprises like refinery, chemical and tractor factories
(Panin, 2006: 171-177).

One of the consequences of anthropogenic im-
pact on the environment is the increase of HM in the
environment. This problem is especially relevant for
cities in which large industrial enterprises are locat-
ed. As a result of the activity of factories, large vol-
umes of dust are emitted in the atmosphere, which
may contains HM enter the upper layers of soil.
Therefore, metals can reach high concentrations in
upper layers of soil around the plants as smelters, of-
ten exceeding the permissible concentrations. Con-
centration of Ni in soil depends as previously other
HM on the distance from the potential source of
emissions into the atmosphere, which explains the
increased concentration in the soil around the sites
with industrial enterprises.

1.1.2 Sediments

Water pollution can change rapidly depending
on theanthropogenic load and hydrodynamic pro-
cesses. Then bottom sediments are more inert in their
characteristics. Bottom sediments contain long-term
pollutants and act as an indicator of human-made
pollution. Due to their absorbing capacity, sedi-
ments play an exceptional role in the processes of
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self-purification of reservoirs. However, they can
cause secondary contamination of the aquatic envi-
ronment (Sharipova, 2015: 225-230).

We analyzed several articles have been found
reporting measurements in bottom sediments in
various reservoirs of Kazakhstan realized between
2000 and 2013 (table 2).

Data on concentrations of Zn, Cu, Cd and Pbin
bottom sediments of various water bodies in Ka-
zakhstan are given in table 2. At present, there is
no relevant maximum permissible concentrations
for HM in bottom sediments. By-this comparative
analysis is carried out with background values in the
soil of the region.

Proceed from the data in the table 2, the high-
est Cu concentrations observed in River Shilosek
(220 mg/kg sediments) at Kurday, Zhambyl region,
which are supposedly reflecting localized mineral
springs in the area. Also, high concentrations of
Zn (67,2 mg/kg dry sediments in 2003-2007, ver-
sus 62,5 mg/kg in 2008-2011), Cu (211 mg/kg dry
sediments in 2003-2007 versus 144 mg/kg in 2008-
2011) and Pb (124mg/kg dry sediments in 2003-
2007, versus 102 mg/kg in 2008-2011) observed in
the 4 region of the lake Balkhash, in particular in the
vicinity of Bertys Bay and Torangalik Bay, where
a contamination with waste from the metallurgical
plant can be found.

Table 2 — Concentration of different HM in sediments of water reservoirs in Kazakhstan (mg/kg dry sediments)

Rezervoir Sampling site Zn Cu Cd Pb Sampling date Ref
Caspian Sea No data n.a. 6,4 0,05 - Before 2004 24
Pit Lake No data n.a. 80 2 56 May- June 2006 17
River Ospansu No data n.a. 33 <0,02 25 May- June 2006 17
River Sheldomak No data n.a. 11 0,12 11 May- June 2006 17
River Shilosek No data n.a. 220%* <0,02 27 May- June 2006 17
Balkhash lake Hydrochemical region 1 20,6 20,3 1,08 22,2 2003-2007 23
Balkhash lake Hydrochemical region 2 27,7 43,1 1,33 26,5 2003-2007 23
Balkhash lake Hydrochemical region 3 229 429 1,42 333 2003-2007 23
Balkhash lake Hydrochemical region 4 67,2%* 211 1,76 124%%* 2003-2007 23
Balkhash lake Hydrochemical region 5 25,6 27,6 1,09 16,1 2003-2007 23
Balkhash lake Hydrochemical region 6 20,4 24,0 1,17 14,0 2003-2007 23
Balkhash lake Hydrochemical region 7 27,4 25,8 1,34 26,7 2003-2007 23
Balkhash lake Hydrochemical region 8 14,3 25,9 1,05 21,3 2003-2007 23
Balkhash lake Hydrochemical region 1 249 39,1 0,65 32,3 2008-2011 23
Balkhash lake Hydrochemical region 2 17,7 28,9 0,85 25,6 2008-2011 23
Balkhash lake Hydrochemical region 3 21,3 30,6 0,94 20,7 2008-2011 23
Balkhash lake Hydrochemical region 4 62,5 144 1,22 102 2008-2011 23
Balkhash lake Hydrochemical region 5 18,1 25,9 0,71 11,8 2008-2011 23
Balkhash lake Hydrochemical region 6 13,4* 16,7 0,73 11,6 2008-2011 23
Balkhash lake Hydrochemical region 7 22,2 30,1 0,84 20,5 2008-2011 23
Balkhash lake Hydrochemical region 8 16,5 23,8 0,75 19,3 2008-2011 23
Notes : *- minimal concentration; **- maximal concentration; n.a- not analyzed
The background concentration (mg/kg dry sediments) in the gray-brown soil Zn 45; Cu 30; Cd 2; Pb 20 according to Sharipova
2015; Grey background: concentration overpassing regulation thresholds

When comparing the concentrations in the
samples of the bottom sediments of Balkhash 2003-
2007 to these taken 2008-2011, it follows that the
concentration of Zn during this period decreased

by 7%, the concentration of Cu and Pb by 32% and
18%, respectively.

As for the concentration of Cd, in the bottom
sediments of the investigated reservoirs, did not
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exceed the background concentrations in the soil of
the region.

De Mora et al. (2004) and Ullrich et al. (2007)
investigated concentration of Hg in sediments in
different reservoirs of Kazakhstan in 2000-2002
(de Mora, 2004: 61-77; Ullrich, 2007: 1-16). Due
the lack in Kazakhstan MAC for Hg in sediments,
we used MAC for Hg in soil equal 2,1 mg Hg/kg
of dry soil. The highest concentrations of Hg are
observed in sediment samples taken from Lake
Balkyldak, Pavlodar region (48,9-151,5 mg Hg/
kg sediments). Obviously this is related to the fact
that the lake receives sewage from the Pavlodar
Chemical plant, which located 12 km north of
the lake. Thus, the sediments of this lake should
be considered as heavily polluted with Hg in
comparison to the regulatory threshold for soil at 2,1
mg/kg (Joint Order No. 99 of the Minister of Health
of the Republic of Kazakhstan of January 30, 2004
and the Minister of Environmental Protection of the
Republic of Kazakhstan dated January 27, 2004,
No. 21-p), which would represent a significant risk
for the environment and Human health (de Mora,
2004: 61-77).

We analysed 15 articles, reporting concentrations
of HM in soil and sediments of various regions
of Kazakhstan. These data revealed a certain
number of “hotspots” of contaminations. It follows
that industrial objects have a direct effect on the
concentration of HM in these matrices, especially
when they are close to the places where soil samples
were taken. Based on data from our literature
synthesis, it can be concluded that HM in bottom
sediments of reservoirs distributed unevenly. It
depends not only on the structure of the soil and
natural processes within the water bodies, but also
on the receipt of metals by human-made means.
The greatest concentrations of Zn, Cu and Pb are
observed in the Lake Balkhash, in particular in the
area, where located industrial enterprises.Also, high
concentrations of Cu are observed in the Shilosek
River in the Zhambyl region, where there are mineral
springs. The concentrations of Cd do not exceed the
background concentrations of this metal in soil. The
most Hg polluted water reservoir is Lake Balkyldak,
Pavlodar region, where the wastewater from the
Pavlodar chemical plant falls. Pollution of bottom
sediments, and hence of the reservoirs themselves
with Hg, is a significant threat to human health and
the environment.

1.1.3 Water

Data from 7 articles reporting HM concentra-
tions in water of 53 measuring points in the period
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from 1999 to 2015 have been summarized in table
3. Water of all sampling points respected the MAC
of Zn and Cu (Order No. 209 of the Minister of Na-
tional Economy of the Republic of Kazakhstan of
March 16, 2015). The concentration of Cd in water
showed that in 56,7% of sampling points the con-
centration of Cd exceeded theMAC, in 21 points
out of 37. This very sensitive regulation threshold
of 0,001 mg/L is due to its very high toxicity and
would enhance frequent overpassing during control.
The highest concentrations of Cd observed in the
water atborehole 108 in Ust-Kamenogorsk (0,0277
mg Cd/L of water), which is in 27 times more than
the maximum allowed concentration. This sampling
site located at 1 km from Ust-Kamenogorsk metal-
lurgical complex — Pb and Zn smelter. This plant is
still in operation and represents one of the greatest
ecological threats on the environment (Hrkal, 2001:
174-182).

Also elevated concentrations of Cd are observed
in Kapshagay reservoir(0,0252 mg Cd/L of water),
which is in 25 times more than the maximum al-
lowed concentration (Order No. 209 of the Minister
of National Economy of the Republic of Kazakhs-
tan of March 16, 2015). It explained by confluence
of polluted waters of the small riversand the trans-
boundary flow of the Ili River (Amirgaliev, 2014:
202-206).

The MAC of Pb in the water of Kazakhstan
(Order No. 209 of the Minister of National Eco-
nomy of the Republic of Kazakhstan of March 16,
2015) were respected in 33 of 37 sampling points
(89,2%). The highest concentrations of Pb observed
in the water at borehole 156 in Ust-Kamenogorsk
(0,055mg Pb/Lof water) and in Kapshagay reser-
voir (0,054 mg Pb/L of water), which is in 1,8 times
more than MAC. Borehole 156 in Ust-Kamenogo-
rsk located at 1,5 km from the titanium and mag-
nesium smelter, which is only occasionally in op-
eration. Therefore, the probability of the origin of
these dissolved metals from the industrial complex
in Leninogorsk, several tens of kilometers upstream
in the upper reaches of the Ulba River, is not ex-
cluded (Hrkal, 2001: 174-182). The elevated con-
centrations of Pb in Kapshagay reservoir, as noted
previously, explained by the transboundary flow of
the Ile River (Amirgaliev,2017: 109-113). The low-
est background concentrations of Cd and Pb (0,0004
mg Cd/l of water and 0,00009 mg Pb/I of water) are
observed in the Middle Kolsay lake, which located
at high in Alatau mountains and for a long distance
from the sources ofanthropogenic impact (Krupa,
2016: 2-10).
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Table 3 — Concentration of different HM in water in different reservoirs of Kazakhstan (mg/1 water)

Samp-

Region Sampling site Zc! Cu! Cd! Pb! Ni! ling date Ref
Ust Kamenogorsk borehole 156 0,010 0,006 <0,0001 0,055 0,002 1999 27
Ust Kamenogorsk borehole 30 0,007 0,007 <0,0001 <0,010 <0,004 1999 27
Ust Kamenogorsk borehole 108 0,0021 0,0086 0,0277 <0,010 | 0,00104 1999 27
Balkhash Whole 0,028 0,018 0,0036 0,034 0,039 2004 31
Balkhash West 0,039 0,022 0,0028 0,021 0,037 2004 31
Balkhash East 0,017 0,013 0,0044 0,047 0,042 2004 31
Pit Lake No data n.a 0,0064 n.a n.a 0,101 2006 17
Artesian water No data n.a 0,0078 n.a n.a 0,026 2006 17
River Shilosek No data n.a 0,0039 n.a n.a 0,025 2006 17
River Ospansu No data n.a 0,0062 n.a n.a 0,022 2006 17
River Sheldomak No data n.a 0,0032 n.a n.a <0,001 2006 17
River Shu No data n.a <0,001 n.a n.a 0,002 2006 17
Kapshagay reservoir No data 0,069 0,0090 0,0017 0,0042 0,0595 2006* 28
Kapshagay reservoir No data 0,018 0,0036 | 0,00004 0,014 0,0254 2007* 28
Kapshagay reservoir No data 0,031 0,028 0,00009 0,0026 0,0338 2008* 28
Kapshagay reservoir No data 0,032 0,019 0,0048 0,0033 0,0364 2009* 28
Kapshagay reservoir No data 0,047 0,033 0,0048 0,0041 0,0092 2010 28
Kapshagay reservoir No data 0,047 0,045 0,0029 0,0051 0,0096 2011* 28
Kapshagay reservoir No data 0,047 0,024 0,0013 0,0025 0,0083 2006** 28
Kapshagay reservoir No data 0,028 0,034 0 0,054 0,0061 2007** 28
Kapshagay reservoir No data 0,031 0,039 0 0,0014 0,0059 | 2008** 28
Kapshagay reservoir No data 0,060 0,0083 0,0036 0,0031 0,0037 2009%** 28
Kapshagay reservoir No data 0,041 0,048 0,0034 0,0061 0,0027 | 2010%** 28
Kapshagay reservoir No data 0 0 0 0 0,0020 | 2011%** 29
Kapshagay reservoir No data 0,043 0,0048 0,0008 0,0241 0,0063 2001 29
Kapshagay reservoir No data 0,0161 | 0,0472 0,0252 0,0150 0,118 2002 29
Kapshagay reservoir No data 0,0457 0,0064 0,0011 0,0121 0,0138 2003 29
Kapshagay reservoir No data 0,0417 0,0065 0,0026 0,0120 0,0005 2004 29
Kapshagay reservoir No data 0,0436 0,0255 0,0078 0,0034 | 0,00001 2005 29
Kapshagay reservoir No data 0,0568 0,0181 0,0013 0,0038 0,0595 2006 29
Kapshagay reservoir No data 0,0488 0,0530 0,0040 0,0397 0,0254 2007 29
Kapshagay reservoir No data 0,0683 0,0251 0,0058 0,0027 0,0338 2008 29
Kapshagay reservoir No data 0,0418 0,0158 0,0042 0,0033 0,0364 2009 29
Kapshagay reservoir No data 0,0439 0,0331 0,0044 0,0049 0,0092 2010 29
Kapshagay reservoir No data 0,0384 0,0394 0,0018 0,0035 0,0096 2011 29
Kapshagay reservoir No data 0,0256 0,0012 0,0004 0,0026 0,0083 2012 29
Kapshagay reservoir No data 0,0113 0,0029 0,0031 0,0035 0,0061 2013 29
Kapshagay reservoir No data 0,0224 | 0,0188 0,0013 0,0408 0,0059 2014 29
Kapshagay reservoir No data 0,0243 0,0024 0,0015 0,0135 0,0037 2015 29
Almaty oblast Low Kolsai lake 0,0009 | 0,0038 | 0,00045 | 0,00014 | 0,0018 2015 30
Almaty oblast Middle Kolsai lake 0,0010 | 0,0031 | 0,0004* | 0,00009 | 0,0017 2015 30
Almaty oblast Upper Kolsai 0,0002 | 0,0026 0,0006 | 0,00010 | 0,0014 2015 30
Almaty oblast under the Sarybulak pass | 0,0016 | 0,0055 0,0004 | 0,00050 | 0,0027 2015 30

*- spring; **- summer; n.a- not analyzed;
1 maximal allowed concentrations (mg/L of water) according to Order by Minister of National Economy No. 209, dated March
16,2015,Zn 1; Cu 1; Cd 0,001; Pb 0,03 and Ni 0,1
Grey background: concentration overpassing regulation thresholds cited here above
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Only in 2 (4,6%) out of 43 sampling points the
concentration of Ni over the regulatory threshold.
The highest concentration of Ni is in the water at
Kapshagay reservoir (0,118 mg Ni/l of water). El-
evated concentrations of Ni in are explained by con-
fluence of polluted waters of the small rivers from
urban areas in Kapshagay reservoir (Amirgaliev,
2014: 202-206).

Industrial objects that are in close proximity to
the places where water samples were selected have
a direct effect on the concentration of HM in wa-
ter. As a result, is formed an additional source of
pollution of surface and groundwater, often used as
drinking water,and it can influenced on the Human
health.

1.1.4 Plants

We analyzed 2 articles (Kenzheeva, 2014: 162-
166; Korolyov, 2017: 74-79), where were deter-
mined the concentrations of HM in vegetable crops
originated in three regions of Kazakhstan.

The objects of researching was such vegetable
crops as carrots (Daucus carota), cabbage (Brassica
oleracea var.acephala), tomato (Lycopersicon escu-
lentum), potato (Solanum tuberosum), beet (Beta
vulgaris var.altissima) and onion (Allium). Only in 1
out of 16 samples the concentration of Zn exceeded
the MAC (10 mg Zn/kg), a potato sample from west
industrial zone of Semey (10,1 mg Zn/kg), which is
located in the zone of influence of the cement plant.
The lowest background concentrations (0,15 mg Zn/
kg) are observed in potato at the country sites of the
village “Vostochniy” in Semey.

In case of Cu in 3out of 16 analysed samples the
concentration exceeded the MAC (5,0 mg Cu/kg).
It observed at the same site in potato (10,1 mg Cu/
kg), beet (8,7 mg Zn/kg) and tomato (5,6 mg Cu/kg).
The lowest background concentrations (0,2 mg Cu/
kg) are observed in cabbage at country sites of the
village “Vostochniy” in Semey.

The highest concentration of Cd (0,15 mg Cd/
kg) is detected in potatoes at country sites of the
village “Vostochniy” in Semey (MAC for Cd 0,03
mg Cd/kg). In this site are observed the lowest
(0,003mg/kg) background concentrations of Cd,
it detected in tomato. Like in case of Zn and Cu
the highest concentration of Pb observed in potato
from west industrial zone of Semey (0,71 mg Pb/
kg), MAC was exceeded in 4 out of 12 samples. The
lowest background concentrations (0,07mg Pb/kg)
are observed in cabbage at the country sites of the
village “Vostochniy” in Semey.

In samples of carrot (Alau sort) and cabbage
(Begabatskaya sort) from Almaty region the con-
centration of HM was not exceed the MAC. The
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same situation with samples of carrot (Shantene
sort) and cabbage (Tashkentskaya sort) from South-
Kazakhstan region.

The concentrations of such HM as Zn, Cu, Cd
and Pb in plants of three regions of Kazakhstan
were determined. Generally, no overpassed con-
centrations for Zn or Cu were revealed. Neverthe-
less, some concentrations of Cd and Pb were over
the maximum tolerated threshold (Kenzheeva,
2014: 162-166), especially in root vegetables grow-
ing on a contaminated area in Semey. It is interest-
ing to note that aerial parts of plants in the same
sampling point (i.e. tomatoes) would not overpass
these thresholds. Industrial objects that are in close
proximity to the places where plants samples were
selected have a direct effect on the concentration
of HM in plants.

Heavy metals have accumulate in some living
organisms in certain conditions. Thus, HM are a
significant hazard to human health, getting into the
body when eating vegetables grown in a polluted
area(Korolyov, 2017: 74-79). We analyzed 20 lit-
erature sources where were determined the concen-
trations of such HM as in soil, sediments, water and
plants of various regions of Kazakhstan. Industrial
facilities located in close proximity to sampling sites
have a direct effect on the concentration of HM in
all these matrices. As a result, the quality of soil,
surface and groundwater, as well as the plants that
people eat, deteriorates and would not be convenient
for the production of healthy Food. Therefore, the
contamination of the environment in Kazakhstan by
HM poses a serious threat in industrial areas with
consequences for the quality of Food and Human
health.

1.2 Organic pollutants

Persistent organic pollutants (POPs) are organic
compounds that can remain in the environment for
a very long time due to their properties, due to their
resistance to photolytic, chemical and biological
decomposition. Therefore, POPs are a major global
issue and they can be transported far away from
emission sources, are able to bio accumulation,
especially in fatty tissues, and are highly toxic even
at low concentrations. POPs can travel far away
from the source and with high stability. They reach
the ground surface through rain ordeposition of
the flying ashes. The sources of POPs are mainly
anthropogenic activitiesand can be introduced
into the environment throughmany pathways.
These compounds reach the environment through
agricultural runoff, industrialeffluent, urban runoff,
drainage system, deposition from the atmosphere
and landfill leachate (Pariatamby, 2016: 842-848).
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The representatives from 92 countries have
agreed to sign the Stockholm Convention (2001) to
reduce and/or eliminate the release of 12 original
POP substances which are namely the dirty dozen,
10 intentionally produced chemicals: aldrin, eldrin,
chlordane, Dichlorodiphenyltrichloroethane
(DDT), dieldrin, heptachlor, mirex, toxaphene,
hexachlorobenzene (HCB) and polychlorinated

biphenyls (PCBs) and the two unintentionally
produced substances polychlorinated dibenzo-
para-dioxins (PCDDs) and polychlorinated
dibenzofurans (PCDFs). But by now more than
15 new compounds have been added. POPs can be
divided intentionally and unintentionally into two
types of POPs, as shown in figure 1 (El-Shahawi,
2010: 1587-1597).

Intentionally

Industrial
chemicals

Organochlorine
pesticides

Unintentionally

Dioxins Furans

Figure 1 — Classification of POPs

The main sources of POP pollution are indus-
trial waste discharges, sewage system drains and
contaminated water that drain from agricultural
fields and city streets. In the course of the research
it was found that most POPs polluting aquatic eco-
systems get there together with precipitation from
atmospheric air. In many cases, the main sources
of POPs release into the environment were locat-
ed nearby. However, the scientists were surprised
when they found that some POPs were getting to
these ecosystems from remote sources after they had
traveled thousands or even tens of thousands of kilo-
meters with air currents. While POPs have the abil-
ity to move around the world, from warm regions
to colder ones, mostly POPs enter the environment
in places close to the original source of their forma-
tion. When POPs settle from the air, they sometimes
get to the surface of water bodies, and sometimes to
pastures or agricultural lands. In these places POPs
become part of the food chain. When the ecosystem
is contaminated by POPs, the organisms of people
living in this ecosystem are also will be contaminate.

The most studied is the situation with the con-
tamination of the territory of Kazakhstan with poly-
chlorinated biphenyls (PCBs). They are chemicals
that have been widely used in industry since the

1930s until the late 1970s. Although their produc-
tion was banned in the late 1970s, most of the cu-
mulative world production of PCBs is still in the
environment. PCBs have been widely used in many
industrial applications, including fire resistant trans-
formers and insulating capacitors. Until 1977, they
were used as liquids for heat exchangers, as well
as for processing aluminum, copper, iron and steel
(Berkinbaev, 2016: 3-8).

Our Republic inherited from the Soviet Union a
number of strategic industrial and defense facilities
in the territory of which stationary electrical equip-
ment was located, which was often filled with PCBs.
During the initial accounting, eight contaminated
sites of PCBs in the country were identified. Despite
this data, there are little information about contami-
nation of environmental objects, food and producing
animals.

1.2.1 Soil

Soil contamination of PCBs has not been ad-
equately studied in Kazakhstan to date, which is
probably due to the fact that the analysis of soil
connection data is a fairly expensive process that
requires special conditions and equipment for re-
search. This problem is covered in the articles of
the group of researchers “Scientific and Practical
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Center for Sanitary and Epidemiological Examina-
tion and Monitoring” under the leadership of A.
Sh. Nazhmetdinova (Nazhmetdinova, 2015: 1372-
1377; Nazhmetdinova, 2017: 228-233). To analyze
the state of contamination of PCBs in soil in vari-
ous regions of Kazakhstan, the results obtained by

scientists from 2015-2017 are presented in a single
table 4. Since there is no data in Kazakhstan on Ad-
missible concentrations (AAC) for the content of
PCBs in soil, we used Russian Hygienic standards
(HS) No.2.1.7.2042-06 (Nazhmetdinova, 2017:
228-233).

Table 4 — Concentration of PCB and dioxins (mg/kg of dry soil) in soil of two regions of Kazakhstan

Region Sampling site PCB! PCB! Dio-xins _Samp- Ref
surface depth depth | ling date
Aiteke bi, Kyzylorda region Cemetery 0,0004 0,02 n.d. 2015 38
Aiteke bi, Kyzylorda region Branching of the railway 0,0009 0,1 0,001 2015 38
Aiteke bi, Kyzylorda region Asphalt plant 0,004 0,01 0,002 2015 38
Aiteke bi, Kyzylorda region Railway coal storage 0,004 0,08 0,0003 2015 38
Aiteke bi, Kyzylorda region Brickworks 0,003 0,04 0,05 2015 38
Aiteke bi, Kyzylorda region Borkulakov str. 0,0004 0,03 n.d. 2015 38
Aralsk, Kyzylorda region Samara-Tashkent track 0,000009 0,002 n.d. 2015 38
Aralsk, Kyzylorda region Airport area 0,0004 0,02 n.d. 2015 38
Aralsk, Kyzylorda region Zhumash cemetery 0,00005 0,5 0,001 2015 38
Aralsk, Kyzylorda region Almaty station str. 0,00004 0,05 n.d. 2015 38
Aralsk, Kyzylorda region Energy grid 0,00005 0,01 0,002 2015 38
Aralsk, Kyzylorda region Zharbol cemetery 0,0004 0,09 n.d. 2015 38
Aralsk, Kyzylorda region Old pool 0,00004 0,005 n.d. 2015 38
Aralsk, Kyzylorda region Arai microdistrict 0,0002 0,02 n.d. 2015 38
Aralsk, Kyzylorda region Old military town 0,0004 0,7 0,01 2015 38
Zhosaly, Kyzylorda region Krek substation 0,00002 0,1 0,001 2015 38
Zhosaly, Kyzylorda region Railway bridge area 0,003 0,5 0,02 2015 38
Zhalagash, Kyzylorda region Kalybaev str. 0,0001 0,005 n.d. 2015 38
Zhalagash, Kyzylorda region Myrzalieva str., 71 0,0001 0,02 n.d. 2015 38
Zhalagash, Kyzylorda region Shamenova str., 78 0,003 0,05 n.d. 2015 38
Zhalagash, Kyzylorda region Elrai canal 0,003 0,5 0,005 2015 38
Zhalagash, Kyzylorda region Mametova str.,1 0,001 0,07 0,001 2015 38
Almaty, Turksibsky district Kaldayakov-Makatayev str. n.a. 0,09 n.a. 2017 39
Almaty, Turksibsky district Gas station Raiymbek 78 n.a. 0,13 n.a. 2017 39
Almaty, Turksibsky district LLP Raiymbek 348 n.a. 0,095 n.a. 2017 39
Almaty, Turksibsky district Gas station Raiymbek 432a n.a. 0,53 n.a. 2017 39
Almaty, Turksibsky district Mailin str., 85 n.a. 0,329 n.a. 2017 39
Almaty, Turksibsky district Kapalsky str., 12 n.a. 0,277 n.a. 2017 39
Almaty, Turksibsky district Malaya Almatinka river n.a. 0,569 n.a. 2017 39
Almaty, Turksibsky district Bukhtarminskaya str., 2 n.a. 0,56 n.a. 2017 39
Almaty, Turksibsky district Altai microdistrict, 75 n.a. 0,307 n.a. 2017 39
Almaty, Almalinsky district Tole bi str., 218 n.a. 0,565 n.a. 2017 39
Almaty, Almalinsky district Sairan lake n.a. 0,331 n.a. 2017 39
Almaty, Almalinsky district Auezov — Gogol str. n.a. 0,704 n.a. 2017 39
Almaty, Almalinsky district Gogol str., 47 n.a. 0,248 n.a. 2017 39
Almaty, Zhetysusky district Tobayakov str., 45 n.a. 0,155 n.a. 2017 39
Almaty, Zhetysusky district Bulkashev str., 9a n.a. 0,388 n.a. 2017 39
Almaty, Zhetysusky district Seifullin str., 43 n.a. 0,113 n.a. 2017 39
Almaty, Zhetysusky district Zhansugurova str., 176 n.a. 0,51 n.a. 2017 39
Notes: 1 According to Russian Hygienic standards (HS) No.2.1.7.2042-06. Approximate admissible concentrations (AAC) for
the content of PCBs in soil is 0,06 mg/kg; n.a. not analyzed; n.d. not detected; Grey background: concentration overpassing AAC
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In Kyzylorda region, in 9 of the 22 measurement
points (i.e. 41%) showed concentrations over the
approximate admissible concentrationsof PCBs
in the soil (Nazhmetdinova, 2017: 228-233).
Zhetysusky, Turksibsky and Almalinsky districts of
Almaty, where soil samples were taken, are industrial
arcas, where located such industrial facilities as:
a combined heat and power plant (CHPP-1), LLP
“Casting”, JSC “Almaty Heavy Engineering Plant”.
Sites of soil samplings in this area are located near
industrial enterprises, fuel stations.

All 17 measurement points in Almaty (i.e. 100%)
showed concentrations exceeding the approximate
admissible concentrations (Nazhmetdinova, 2017:
228-233). Thus, contamination of the soil layer
by PCBs in all three districts of the areas studied
in Almaty has a high level of detection of PCBs.
The most significant pollution was observed in the
industrial zone on the Auezov and Gogol streets,
0,704 mg/kg, which exceeds the regulatory level by
11,7 times. Level of content from 0,113 mg/kg to
0,704 mg/kg with MAC- 0,06 mg/kg testifies to the
excess of the regulatory levels from 1,9 times to 11,7
times, which indicates the presence of a permanent
technogenic chemical pollution. Unlike water and
air, which are only migratory environments, the soil
is the most objective and stable indicator of man-
made pollution. It clearly reflects the emission of
pollutants and their actual distribution.

Perhaps the cause of contamination of soils
with PCBs in Kyzylorda region is associated with
the problems of the consequences of the drying
out of the Aral Sea as well as with the actively
developing rocket and space industry at the Baikonur
cosmodrome in Kyzylorda oblast (Zimovina, 2001:
89-93).

1.2.2 Water

Observation of the dynamics concentration of
PCBs in water reservoirs of Kazakhstan was obtained
by a group of scientists at Institute of geography the
Republic of Kazakhstan led by Amirgaliyev N.A.
and A. Sh. Nazhmetdinova (Amirgaliev, 2012:27-
32; Nazhmetdinova, 2014: 74-78). To analyze the
state of contamination of PCBs in water reservoirs in
various regions of Kazakhstan, the results obtained
by scientists are presented in a table 5. Due there is no
data in Kazakhstan on MAC for the content of PCBs
in water, we used Russian Sanitary Regulations and
Norms (Nazhmetdinova, 2017: 228-233).

The concentration of PCBs in 2012 in the
water near Bugorki village, which located above
Atyrau city was 0,93 pg/L, and in the vicinity of
Peshnoi village, i.e. downstream of the Zhaiyk
River, it increased to 1,29 pg/L. Such a rise in the

PCB concentration downstream is evidently due to
the influence of wastes in the form of sewage and
atmospheric emissions from numerous industrial
enterprises located in Atyrau and a number of large
settlements along the banks of the river towards the
sea. The same situation in this area is observed in
2005, but the concentration of PCB was lower (0,07
and 1,0 pg/L). Therefore an increasing contamination
of Zhaiyk river can be concluded.

Comparing the materials of 2012 with the
previously obtained data, it can be seen that the
average concentration of PCBs in the water of the
Zhaiyk river (0.91 pg/L) islower than in the water of
the Shardara (8,0 pg/L) and Kapshagai (11,0 pg/L)
reservoirs, the Small Aral Sea (7,0 pg/L in 1992 and
2,0 pg/L in 2000).

The concentration of PCBs in the reservoirs of
Almaty in the autumn months was significantly lower
than in the spring and summer periods. For example,
in the Esentai River in May, the concentration was
17 yug/L, which is 17 times higher than the MAC,
whereas in October the PCB concentration was only
1 pg/L, equal to the MAC of PCBs in water. On Lake
Sairan, the level of PCBs in May and June was 8,5 ug
/L, and in September-October was 1 pg/L, equal to
the MAC of PCBs in water(Nazhmetdinova, 2017:
228-233). A similar situation is observed on the
rivers Big and Small Almatinka, Terenkur. Perhaps
this is due to the fact that in the spring months in the
melted waters of the river there are PCBs that were
kept in the air in the flue gas from burning garbage,
burning landfills, and then precipitated during the
winter period. These rivers flow through the territory
of industrial facilities.

As it is known, the water creates a hydrological
regime of life on the earth. In contrast to the air,
which are the only migration environments, soil and
water is themost objective and stable indicator of
the technogenic pollution. They clearly reflect the
emission of pollutants and their actual distribution.
Conducted review results allow us to evaluate the
studied regions in Almaty as unfavorable in relation
to chemical and toxicological indicators and
respectively show the general trend of contamination
of'large industrial cities with chemical contaminants.

1.3 Pesticides in environmental matrixes

Pesticides are chemicals or biological substanc-
es used to destroy or at least control pests, which
are divided into three main classes: insecticides,
fungicides and herbicides (or killers of weeds).
About 80% of pesticides are used in agriculture
and are transferred to the environment by volatil-
ization, drainage, infiltration, transport along the
food chain.
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Table 5 — Concentration of PCB (ug /L water) in water at different reservoirs of Kazakhstan

Region Sampling site PCB! Sampling date Ref.

East Kazakhstan region Bukhtarma reservoir, mountain part 0,61 1994 41
East Kazakhstan region Bukhtarma reservoir, lake part 0,48 1994 41
South Kazakhstan region Shardara reservoir 8,0 1995 41
Almaty region Kapshagay reservoir 11,0 1993 41
Almaty region Ile river 0,23 1993 41
Kyzylorda region Big Aral sea 26,0 1992 41
Kyzylorda region Small Aral Sea 9,0 1992 41
Kyzylorda region Small Aral Sea 2,0 2000 41
Atyrau region Zhaiyk river, Bugorki village 0,07 2005 41
Atyrau region Zhaiyk river, Atyrau city 0,09 2005 41
Atyrau region Zhaiyk river, Damba village 0,4 2005 41
Atyrau region Zhaiyk river, Peshnoi village 1,0 2005 41
Atyrau region Zhaiyk river, Bugorki village 0,93 2012 41
Atyrau region Zhaiyk river, Atyrau city 0,99 2012 41
Atyrau region Zhaiyk river, Damba village 0,81 2012 41
Atyrau region Zhaiyk river, Peshnoi village 1,29 2012 41
Almaty region Big Almaty river, low flow 1,2 before 2017 42
Almaty region Big Almaty river, up flow 14,0 before 2017 42
Almaty region Big Almaty river 8,0 before 2017 42
Almaty region Terenkara river 7,0 before 2017 42
Almaty region Esentai river 17,0 May, before 2017 42
Almaty region Esentai river 1,5 June, before 2017 42
Almaty region Esentai river 1,1 July, before 2017 42
Almaty region Esentai river 1,3 September, before 2017 42
Almaty region Esentai river 1,0 October, before 2017 42
Almaty region Sairan lake 8,5 May, before 2017 42
Almaty region Sairan lake 0,8 July, before 2017 42
Almaty region Sairan lake 1,0 September, before 2017 42

concentration overpassing MAC 1,0 mg/l water cited here above

Notes: 1 According to Russian Sanitary Regulations and Norms Ne 4630-88
Maximal allowable concentration (MAC) for the content of PCBs in water is 1,0 mg/l water, according to Grey background:

Organochlorine pesticides (OCPs) take a
prominent place in the list of highly toxic chemi-
cals covered by the Stockholm Convention (Stock-
holm Convention, 2009: 51). Some of these com-
pounds such as HCB, HCH and DDT were among
the most widely used pesticides in the world during
1970-1980. In Kazakhstan, they were legally used
as insecticides till 1983, but they can even today
be found in environmental and biological samples
(Sailaukhanuly, 2016: 358). Within the first five
years of independence of Kazakhstan, pesticide

ISSN 1563-0218

storage warehouses, located in our country were de-
stroyed. Obsolete pesticides and their containers be-
came uncontrolled and opened to the environment.
Most of them had been moved in the other storages
or taken by citizens for individual use without any
indication of their potential dangerous to local resi-
dents. A lot of local people use the territory around
the warehouse sites for private gardening, land for
pasture, or even play grounds for children. Pollu-
tion of soil and water by out-of-date pesticides is
a serious ecological problem in Kazakhstan. Many
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of these former warehouses have become hot points
of contamination and represent a serious ecological
danger. Therefore, the status of the residual quantity
of the most OCP in soil and crops should be regu-
larly monitored (Lozowicka, 2016:1310-1321) as it
is the case in Europe or North America.

1.3.1 Soil

We analysed 4 articles, reporting concentrations
of pesticides in soil of various regions of Kazakh-
stan. Concentrations of DDT and its metabolites and
homologues of HCH are studied in the soil samples
of Almaty and Akmola region in period from 2010
to 2016. These data revealed a several “hotspots”
of contaminations, like Kyzyl Kairat and Alda-
bergenova villages in Almaty region. In these sites
were located former pesticide warehouses (Nurzha-
nova, 2010: 87-111), the main potential source of
soil contamination.

MAC for HCH, DDT and its metabolites
in the soil of Kazakhstan is 0,1 mg/kgof dry
soil(Sailaukhanuly, 2016: 358). In the soil of Alda-
bergenovavillage in 2010 was noted that the concen-
tration of DDD-p, p’exceeds the MAC by 28 times

(2,86 mg/kg of dry soil), DDT-p,p’ by 19 times (1,95
mg/kg of dry soil), and HCH-B by 17 times (1,7 mg/
kg of dry soil) (Nurzhanova, 2010: 87-111). Soil in
Kyzyl Kairat village was investigated two times,
in 2010 and 2016. In comparison, concentration of
DDT and its isomers was higher than residual lev-
els at this site previously reported in 2010. For ex-
ample, concentration of DDD-p,p” and DDE-p,p” in
2016 exceeded more than two times concentration
in samples from the first study, as shown in figure 2.

Concentrations of DDT in soil from Akmola
region exceeded MAC in 10 from 17 samples (i.e.
58%), whereas only 1 from 15 samples (i.e. 20%)
from Almaty detected concentrations exceeding
MAC (Sailaukhanuly, 2016: 358). Average concen-
trations of DDT in Almaty soil samples was 0,097
mg/kg of dry soil. For comparison, DDT concentra-
tions in agricultural soil in different countries: Ar-
gentina (0,026 mg/kg), Brazil (0,005 mg/kg), China
(0,014 mg/kg), USA (0,009 mg/kg), Pakistan (0,039
mg/kg) and Germany (0.023mg/kg), Romania
(0,226 mg/kg) and India (0,939 mg/kg) (Lozowicka,
2016:1310-1321).

W 2010
W 2016

DDD-p,p’ DDE-p,p'

DDT-p,p'

Figure 2 — Temporal distribution of DDT and its metabolites concentrations in the soil
of Kyzyl Kairat village, (mg/kg of dry soil)

Based on our literature review, it follows that
notable concentrations of DDT were found in the
soil of three regions of Kazakhstan. This suggests
that, although DDT has been limited for a long time
in Kazakhstan, it continues to be a contaminant of
the soil in several areas. Considering, that the main
way of influence organochlorine pesticides per per-

son is food, monitoring of OCPs in soil, especial-
ly in the one used for the cultivation of vegetable
crops, should be considered today as a necessary
precautionary measure. Regular monitoring of these
contaminants in the soil is required to minimize
the potential hazard of pesticides to public health
(Lozowicka, 2016:1310-1321).
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1.3.2 Water

Nowadays the issue of contamination of
Kazakhstan’s water bodies with organochlorine
pesticides not sufficiently widely studied.
Information about concentration of OCP in
Kazakhstan reservoirs contained in articles of
such scientists as Amirgaliev N., Isbekov K.
and Burlibaev M. Elevated concentrations of
pesticides-metabolites of DDT and isomers of
HCH were detected in the waters of the Caspian Sea
and in the falling rivers. Their total concentration
in the water of the Ural River flowing into the
Caspian Sea ranged from 0,21 pg/L to 3,02 pg/L,
Kigash River- eastern riverbed of the Volga River
from 0,81 to 9,04 ug/L. The most polluted by
organochlorinated pesticides were the waters at
the north-western zone of the Kazakhstan sector
of the Caspian Sea, which is under the influence
of the Volga river drain. The concentration of
pesticides in this zone in 2003-2005 registered
at the level of 6,01-20,02 pg/L, and in 2008 and
2009 — 8,88-51,80 pg/L. An increased level of
pesticide contamination to 25,0 pug/dm3 is also
recorded in the south-eastern part of the Northern
Caspian (Isbekov, 2012: 106-113).

Water from Ili river was sampling for pesticides
detection in 2013. Based on the results of the
analyzes, the following concentrations of pesticides
were detected: HCB-0,033 pg/L, HCH-a-0,029 pg/L,
HCH-6-0,075 ng/L, aldrin-0,015 pg/L, DDD-p,p’-
0,596 ng/L, DDE-p,p’-0,032 ng/L. Kazakhstan’s
surface water quality standards regulate the presence
of pesticides at the level of “absence”, i.e. at the
“zero” level (Burlibaev, 2013: 76-107). 1li River is
contaminated by pesticides. Kazakhstan refused to
use OCPs in agriculture but as such problems are
global, a common approach with neighbor countries
is necessary to decrease the pesticide concentrations
in rivers of Kazakhstan.

In Kazakhstan there is a problem of pollution
of reservoirs by pesticides. Such pollution is a
potential threat to the local population due to the
consumption of fish from these reservoirs and
the use of contaminated water for irrigation of
agricultural land. Therefore, it is recommended to
resume monitoring of Kazakhstan’s water pollution
with OCPs and their less hydrophobic metabolites at
the state level.

2 Concentrations of contaminants in food

2.1 Heavy metals in camel milk and shubat

Consumption of camel milk is very popular in
Kazakhstan due to its therapeutic and dietary prop-
erties (Konuspayeva, 2011a: 90-96). Camel milk is
mainly consumed after the process of its fermenta-
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tion. Fermented camel milk, called shubat, is usual-
ly a product obtained from traditional home-grown
fermentation processes (Meldebekova, 2008: 117-
123). Camel milk has anticancer, hypoallergenic
and antidiabetic properties(Konuspayeva, 2009:
112-118). In Kazakhstan, camels are cultivated
by residents of areas close to polluting production
facilities or other sources of pollution, such as in-
dustrial agriculture (cotton-growing areas) or busy
highways. Products obtained on camel farms near
these sources in the form of camel milk and shu-
bat come into the food chain of human products like
other dairy products In conditions of conditions of
environmental degradation, increases the probabil-
ity of camel milk and shubat contamination with
environmental contaminants, including heavy met-
als (Konuspayeva, 2011a: 90-96). As heavy metals
pass through the food chain along with consumed
dairy products, the risk of exposure to these met-
als increases in human health. The effect of elevated
concentrations of heavy metals on humans can lead
to such diseases as saturnism, immunodepression,
skin disease or cancer (Konuspayeva, 2009: 112-
118). In Kazakhstan today there are not so many
studies aimed at studying the concentration of heavy
metals in products from camel milk. We analyzed
the content of heavy metals such as Zn, Cu, Cd, Pb
and Hg in camel milk and shubat, based on the four
articles studied in period 2008-2016. The results of
our analysis are shown in tables 6-7. There are no
special MAC of toxic compounds in camel milk, but
there are MAC for cow’s milk in Kazakhstan and
Russia, which can be applied to camel milk and shu-
bat (Petrlik, 2016:50).

According to the literature, human activities
close to the sampling zone affect the concentration
of heavy metals in milk (Konuspayeva, 2011a: 90-
96). The concentrations of Cu, Cd, Pb and Hg in the
studied samples of camel milk and shubat are within
the MAC limits (Petrlik, 2016:50). It should be noted
that the Zn concentration in the shubat exceeded the
MAC by 1,1-1,4 times, in camel milk — 1,06-2,82
times. Elevated Zn concentrations are probably re-
lated to the proximity of the milk and shubat sample
sites from mining enterprises (Meldebekova, 2008:
117-123; Petrlik, 2016:50).

Despite the existing risk of contamination of
camel milk and shubat in Kazakhstan, the remains
of heavy metals do not exceed allowable concentra-
tions, except for local high values of Zn.

Nevertheless, the metabolism of heavy metals in
the body of camels and the transfer of these mol-
ecules to humans remain unknown (Konuspayeva,
2011a: 90-96).
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Table 6 — Concentration of heavy metals (mg/kg of fresh weight) in shubat in different regions of Kazakhstan

Region Zn! Cu? Cd? Pb? Sampling date Ref
Almaty region 5,50 0,06 0,003 0,06 2007-2010 50
Atyrau region 6,50 <0,05 <0,001 <0,01 2007-2010 50
Kyzylorda region 5,70 <0,05 <0,001 0,02 2007-2010 50
Zhambyl region 4,50 <0,05 <0,001 0,01 2007-2010 50
South-Kazakhstan region 4,16 <0,05 0,002 0,04 2007-2010 50
Almaty, Atyrau, Aralsk, Shymkent 7,21 0,16 n.a. 0,007 before 2009 52

Notes: 1 According to Russian Federation SanPin Ne 2.3.2. 2401-08, maximal allowable concentration for Zn-5mg/kg of fresh
weight; 2 According to Kazakhstan SanPin Ne 611 MAC for Cu-0,4 ; Cd-0,03;Pb-0,1; Hg- 0,005 mg/kg of fresh weight; grey
background: concentration overpassing regulation thresholds;n.a. not analyzed

Table 7 — Concentration of heavy metals (mg/kg of fresh weight) in camel milk in different regions of Kazakhstan

Region Sampling site Zn’ Cu? Cd* Pb? Hg? Saréftgng Ref
Almaty region No data 4,90 0,07 0,003 0,06 n.a 2007-2010 50
Atyrau region No data 4,75 <0,05 <0,001 | <0,01 n.a 2007-2010 50
Kyzylorda region No data 5,31 <0,05 | <0,001 0,02 n.a 2007-2010 50
Zhambyl region No data 4,85 <0,05 | <0,001 0,01 n.a 2007-2010 50
South-Kazakhstan region No data 4,07 <0,05 0,002 0,04 n.a 2007-2010 50
Almaty, Atyrau, Aralsk, Shymkent No data 5,16 0,07 n.a. 0,025 n.a. | before 2009 50
Shetpe, Mangystau region 180 km from Aktau | 3,06 0,03 <0,001 | <0,004 |<0,001 2015 53
Baskuduk, Mangystau region 10 km from Aktau 5,28 0,08 <0,001 | <0,004 |<0,001 2015 53
Kuryk, Mangystau region 70 km from Aktau 4,58 0,03 <0,001 | <0,004 |<0,001 2015 53
Akshukur, Mangystau region 20 km from Aktau 3,11 0,02* | <0,001 | <0,004 |<0,001 2015 53
Tauchik, Mangystau region 100 km from Aktau | 3,56 0,02* | <0,001 | <0,004 |<0,001 2015 53
Kyzyl Tube, Mangystau region 21 km from Aktau 14,1 0,07 <0,001 | 0,008 |<0,001 2016 53
Notes: 1 According to Russian Federation GN 1.2.2701-10, MAC for Zn-5mg/kg of fresh weight;
2 Kazakhstan SanPin Ne 611 MAC for Cu-0,4 ; Cd-0,03;Pb-0,1; Hg- 0,005 mg/kg of fresh weight;
grey background: concentration overpassing regulation thresholds;n.a. not analyzed

Thus, the connection between heavy metals in
camel milk and shubat, remained unexplored. All
these facts indicate the need for more detailed stud-
ies in this area (Meldebekova, 2008: 117-123).

2.2 Organic pollutantsin camel milk

According to Jurjanz S., (2008), contamination
of milk with POPs depends on the environment and
the properties of the considered contaminants. Ru-
minant animals are exposed to POPs by oral inges-
tion. These contaminants have been the subject of
research by scientists around the world to ensure
food securityin the past 35 years. After release into
the environment, POPs can potentially be trans-
ferred to the food chain, interacting with animals.

These compounds are characterized by volatility,
resistance in the environment and high lipophilic
capacity, which can be reason to their accumulation
in fat tissues. PCDDs and PCDFs are compounds
behave similarly and are usually combined in the
literature as PCDD/F, also known as dioxins. These
compounds are characterized by a long half-lifetime,
especially in the soil. The most dangerous is 2,3,7,8
TCDD, which has a half-life timefor 41 years. PCBs
are POPs, which in their structure have two phenyl
rings. These compounds defined as indicator non-di-
oxin-like (NDL-PCBs) and dioxin-like (DL-PCBS)
congeners of PCBs, total there are 209 congeners.
Indicator PCBs include PCBs 28, 52, 101, 118, 138,
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153 and 180. Dioxin-like PCBs are divided into co-
planar PCBs (PCBs 77, 81, 126 and 169) and non-
planar PCBs (105, 114, 118, 123, 156, 157, 167 and
189). Due to their high persistence, PCBs stay in the
environment for a long time (Jurjanz, 2008: 63-83).
In our review we analyzed 3 articles about contami-
nation of camel milk by organic pollutants. In these
articles were identified concentrations of organic
pollutants in 6 regions of Kazakhstan in period from
2009 t02016 (Konuspayeva, 2011a: 90-96; Petr-
lik, 2016:50; Konuspayeva, 2011b: 351-360). Data
from these articles are united intables 8-9. We have
no Maximal level (ML)apart for DL-PCBs in Ka-
zakhstan and other countries, therefore we use EU
Regulation N°1259/2011, where are given maximal
level for PCDD/F+DL PCBs (Petrlik, 2016:50.

In 3 sites concentrations exceeded the ML for
PCDD/F + DL PCBs in the milk. The greatest con-
centrations observed in Tauchik, Mangystauregion
(47,61WHO-TEQ g-1milk fat), it exceeds theML
more than 9 times. It seems that excess concentrations
indicate the ecological legacy of outdated sources of
PCBs used in old transformers and capacitors as oils.

Also, high concentrations (16,27pg WHO-TEQ
g-lmilk fat) are noted in the Baskuduk village, a
potential source of pollution there is the Koshkar
Ata tailing pond. In case of Kuryk village, the main
source of contaminationis domestic garbage and a
lot of unorganized waste dumps. In other 3 villages
of Mangystau region and Almaty, Atyrau, Aralsk,
Shymkent the concentrations of PCDD/F + DL
PCBs are not exceeded ML (Petrlik, 2016:50).

Table 8 — Concentration of organic pollutants (pg WHO-TEQ g-1milk fat) in camel milk samples from different regions of Kazakhstan

Region Sampling site DL-PCBs Pcllz b/ EE]DI’])C/EST Sal;lftgng Ref
Shetpe, Mangystau region 180 km from Aktau 3,02 0,45 3,47 2015 53
Baskuduk, Mangystau region 10 km from Aktau 14,94 1,33 16,27 2015 53
Kuryk, Mangystau region 70 km from Aktau 5,25 1,30 6,55 2015 53
Akshukur, Mangystau region 20 km from Aktau 2,07 0,01 2,08 2015 53
Tauchik, Mangystau region 100 km from Aktau 47,30 0,31 47,61 2015 53
Kyzyl Tube, Mangystau region 21 km from Aktau 3,24 0,24 3,48 2016 53
Almaty, Atyrau, Aralsk, Shymkent No data 2,18 0,80 2,98 2009-2010 55
Notes: 1 According to EU Regulation N°1259/2011, maximal level for PCDD/F + DL PCBs — 5 pg WHO-TEQ g-1 milk fat; grey
background: concentration overpassing regulation thresholds

Table 9 — Concentration of NDL-PCBs (ng/g milk fat) in camel milk from different regions of Kazakhstan

Region 101! 138! 153! 180! 28! 521 Sum of 6 | Samp-ling | Ref
PCBs date

Shetpe, Mangystau region 0,72 1,30 1,10 <0,3 12,00 0,58 15,70 2015 53
Baskuduk, Mangystau region 0,62 3,50 3,30 0,37 14,00 0,41 22,20 2015 53
Kuryk, Mangystau region 0,22 1,30 1,10 <0,2 5,10 0,26 7,98 2015 53
Akshukur, Mangystau region 0,16 0,45 0,35 <0,05 2,40 0,18 3,54 2015 53
Tauchik, Mangystau region 0,32 9,40 7,80 0,63 26,0 0,46 44,61 2015 53
Kyzyl Tube, Mangystau region <0,8 0,82 <0,8 <0,8 <0,8 <0,8 0,82 2016 53
Almaty, Atyrau, Aralsk, Shymkent 1,32 0,52 0,80 0,21 0,80 2,61 5,46 |2009-2010| 55
Kyzylorda region n.a 0,95 n.a n.a n.a 0,95 1,90 2007-2010| 50
Notes: 1 According to EU Regulation N°1259/2011, maximal level for sum of NDL-PCBs-40 ng/g milk fat; grey background:
concentration overpassing regulation thresholds
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The concentration of NDL-PCBs in camel milk
from 6 studied regions of Kazakhstan does not over-
pass the maximal level of these compounds, with the
exception of sample from Tauchik (44,61 ng/g milk
fat). The potential source of contamination could be
oil extraction, in this area are located three oil fields.
Also elevated concentrations detected in Baskuduk
(22,20 ng/g milk fat), where located former and cur-
rent large industrial enterprises, like uranium pro-
cessing plant, plastic plant and other chemical fac-
tories, discharging variable toxic wastes. Sewage
from the industrial zone is still discharged into the
Koshkar Ata tailing pond by the open canal (Petrlik,
2016:50).

Based on the analysis of researchesabout
contamination of camel milk with organic pollutants,
it can be concluded that camel milk contamination
depends on the remoteness of the range of ruminant
animals from areas with industrial sources of
pollution, such as factories, oil production facilities
and waste dumps. Contaminated lakes and tailings
dumps can also becomepotential sources of camel
milk contamination.

At present, there is insufficient information
on the pollution of animal products by organic
pollutants. As a consequence, the risk of health
effects of contaminated livestock products has not
been fully studied in Kazakhstan. Therefore, in the
future, further research is needed to fully assess the
impact of organical pollutants on Humans health
and animals.

2.3 Pesticides in camel milk

The impact of OCPs is one of the major envi-
ronmental problems reported in several studies
(Sailaukhanuly, 2016: 358; Lozowicka, 2016:1310-
1321; Nurzhanova, 2010: 87-111), and is reflected
in some mandatory measures at the intergovernmen-
tal level. In particular, HCB, HCH isomers, metabo-
lites of DDT, like many other OCPs, relate to serious
problems of human health and the environment due
to their environmental sustainability. At present, the
risk of the effects of environmental pollution on hu-
man health is being studied. Nowadays, in Kazakh-
stan there are not a lot of studies about pesticides
concentrations in camel milk. We analyzed an ar-
ticle by Konuspayeva G. et al. (2011) and Petrlik J.
(2016), where was detected concentrations of OCPs
in camel milk samples from Mangystau region
(Konuspayeva, 2011a: 90-96; Petrlik, 2016:50).
The European Union limits for pesticide residues,
including OCPs in milk, are set per fresh weight
of milk. EU limits were not exceeded in any of the
samples. Lindane (gama-HCH) reached a quarter
of the EU limit value 1 ng/g of fresh weight in the

sample from Kuryk (0,244 ng/g of fresh weight). In
general, lindane also showed the highest levels from
all the OCPs analysed in samples (Petrlik, 2016:50).
High levels of OCPs were not detected also in other
studies (Konuspayeva, 2011a: 90-96). An analysis
of pesticides showed the presence of HCHs (beta,
delta and, only in the Kyzylorda region, also gamma
HCH). DDT was found in milk from the Kyzylorda
region at the level of 0,8 ng/g (Konuspayeva, 2011a:
90-96), which was much higher than in study by
Petrlik J. (2016) (Petrlik, 2016:50).

The degree of pollution by POPs around the
world requires a common effort to improve under-
standing of risk factors and the proper planning of
preventive measures. Further research is needed to
better understand the acute and chronic the toxic ef-
fects of POPs on humans healh and animals.

Conclusions

We analyzed 34 articles, which reported con-
centrations of heavy metals, organic pollutants
and organochlorine pesticides in environmental
matrices (soil, sediments, water, plants) and camel
milk from 12 regions of Kazakhstan. These data
revealed a certain number of “hotspots” of contam-
inations. Elevated concentrations of heavy metals,
like Zn, Cu, Pb, Cd and Ni in soil were noted in
Ust-Kamenogorsk, Almaty, Pavlodar, Balkhash
and Kurdai regions. High concentrations of Hg in
soil were observed in Pavlodar. Also elevated con-
centrations of Zn, Cu and Pb was noted in sedi-
ments from Balkhash lake (in Bertys and Toranga-
lik Bays), in rivers Ospansu, Shilozek and Pit Lake
in Kurdai region. The highest concentrations of Hg
are observed in sediment samples taken from Lake
Balkyldak, Pavlodar region. It follows, that indus-
trial activities have a direct effect on the concentra-
tion of HM in these matrices, especially when they
are close to the places where soil samples were
taken. Soil in Almaty exceeded the MAC for poly-
chlorinated biphenyls nearly 12 times. Sites of soil
samplings in this area are located near industrial
enterprises, fuel stations. Overpassing of MAC for
polychlorinated biphenyls concentrations was also
observed in water in Aral Sea (26 times) and res-
ervoirs of Almaty region — Big Almaty river (14
times), Esentai river (17 times), and lake Sairan (8,5
times). Conducted review results allow us to evalu-
ate the studied regions in Almaty as unfavorable
in relation to chemical and toxicological indicators
and respectively show the general trend of con-
tamination of large industrial cities with chemical
contaminants. Concentrations of organochlorine
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pesticides in soil was extremely high in Kyzyl Kai-
rat and Aldabergenova villages in Almaty region,
the DDT concentrations exceeded MAC in 19 and
47 times respectively. This suggests that, although
DDT has been limited since a long time in Kazakh-
stan, it continues to be present in the soil in several
areas.In Kazakhstan a problem of pollution of res-
ervoirs by pesticides can be noted. Such pollution
is a potential threat to the local population due to
the consumption of fish from these reservoirs and
the use of contaminated water for irrigation of ag-
ricultural land. Therefore, it is recommended to re-
sume monitoring of Kazakhstan’s water pollution
with OCPs and their less hydrophobic metabolites
at the state level. The most polluted by organochlo-
rine pesticides were the waters at the north-western
zone of the Kazakhstan sector of the Caspian Sea
and Ili river in Almaty region. Despite the exist-
ing risk of contamination of camel milk and shubat
in Kazakhstan, the remains of heavy metals do not
exceed allowable concentrations, except for local
high values of Zn in camel milk and shubat from

Kyzylorda region, Kyzyl tobe and Baskuduk dis-
tricts of Mangystau region. Also in Mangystau re-
gion, in Tauchik and Baskuduk districts was noted
high concentrations of organic pollutants in camel
milk. It can be concluded that camel milk contami-
nation depends on the remoteness of the range of
animals from areas with industrial pollutionsourc-
es, such as factories, oil production facilities and
waste dumps. Contaminated lakes and tailings
dumps can also become potential sources of camel
milk contamination. Although the industrial activ-
ity is essential for development of Kazakhstan, the
numerous hotspots revealed show that more atten-
tion has to be paid to reduce its environmental im-
pact. An increased attention would allow to control
better the risk of contamination for the Food chain
and to improve the health of the population.

Thus, territories containing elevated concentra-
tions of heavy metals, organic pollutants and pes-
ticides in various environmental components were
identified. This obtained data contain useful infor-
mation for further research.
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BAUSIHUE U3BbITOYHOM MACCA TEAA
HA NMOKA3ATEAU CYTOYHbLIX PUTMOB TEMOAUHAMUKHA

C TouKkM 3peHnsi 06YCAOBAEHHOIO YMCAQ CAYHYaeB CMEPTU OCHOBHbIM (hakTOPOM pUCKa PasBUTUS
HEMH(EKLUMOHHbIX 3a00AeBaHMI B TAOBGaAbHbIX MacwTabax SIBASETCS TOBbILEHHOE KPOBSHOE
AABAEHME, M3AULLHWIA BEC N OXKMPEHME MO BAXKHOCTU CAEAYIOT 32 HMM. B AQHHOM MCCAeAOBaHMM Mbl
CTaBMAM LIEAbIO U3YUMTb BAMSHME MOKa3aTeAel MHAEKCA MacCbl TeAQ Ha CYTOUHbIE PUTMbl OCHOBHbIX
rnapameTpoB reMOAMHAMUKKM MPaKTUUYECKU 3A0POBbIX CTYAEHTOB. B nccaeAOBaHMEX MPUHSAM yyacTue
NPakTUYeCKn 3A0POBbIE CTYAEHTbI-AOOPOBOAbLBI 060ero noaa (N=78) B Bo3pacte oT 17 a0 27 AeT,
cpeaHuit Bo3pact — 20,7 +2,78 AeT, NperMyLLLEeCTBEHHO Ka3axCKOM HauMOHaAbHOCTU (97%). MHaekc
MaCCbl TeAa COOTBETCTBOBAA HOPME B AQHHOWM BO3PACTHOWM rpyrnne AAg =66% W3yUeHHON NOMyAsaumm,
BbISIBAEHbl CTYAEHTbl C HEAOCTAaTOYHOM MAccoM TeAa (AeMLMTOM), C MHAEKCOM Maccbl Teaa (MMT)
B AManasoHe 16-18,5, nx aoas coctaBmaa 12,3% BblOOPKM. KOAMUECTBO CTYAEHTOB C M30bITOUHOM
mMacconm Teaa coctaBuao 20% B AQHHOM BbIGOPKE, CTYAEHTbl OXMpeHuem cocTaBuan 1,54% ot
AAHHOM BbIGOPKM. AaHHbIE MHOFOCYTOYHOIO MOHUTOPUPOBAHUS aPTEPUAABHOIO AABAEHUS U YaCTOThbI
cepaeyHbix cokpalteHmii (MCC) nokasaam, UTO CpeAHerpynrnoBble 3HaYeHNs Me30POB 3THX NapaMeTpoB
Y AEBYLLEK C M3GbITOYHOM MAaCCOM TEAQ BblILIE, YEM TAaKOBbIE Y CTYAEHTOB C HOPMaAbHbIM MIMT, oaHako
Pa3AMUMS HAXOASTCS B MpeAeAax pa3bpoca 3HaueHwi, T.e., CTaTUCTUYECKM 3HAUMMbIX Pa3AMUMI He
06HapY>KEHO, OTKAOHEHUS B XPOHOCTPYKTYPHbIX MapameTpax reMOAMHAMUKM (QMIAUTYAE CYTOUHOrO
pUTMa 1 MOAOXKEHMAX akpohas) Takke He koppeAanpoBaan ¢ UMT y aeByluek. B To »ke Bpems y 1oHoLLein
06OHApPY KEHbI MOAOXKUTEAbHbIE KOPPEASILIMM MO PSIAY MOKasaTeAer reMoAnMHaMmukn ¢ MMT.

KAtoueBble cAoOBa: npeBbilleHWEe MacCbl TeAd, XPOHOCTPYKTypa, CYTOYHOE MOHMUTOPMPOBaHWE
apTEePMaAbHOrO AABAEHMS M YaCTOTbl CEPAEYHbIX COKPALLEHWIA, MOAOADIE AIOAN.
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The influence of excessive body weight on the parameters
of circadian hemodynamic rhythms

In terms of the attributable number of deaths, the main risk factor for non-communicable diseases
globally is hypertension, obesity and obesity follow it in importance. In this study we studied the influ-
ence of body mass index indices on the circadian rhythms of the basic parameters of the hemodynamics.
Practically healthy volunteer students of both sexes (N = 78), aged 17 to 27, with an average age of 20.7
+ 2.78 years, predominantly Kazakh ethnicity (97%) took part in the studies. Students with normal body
mass index (BMI) in this age group are about 66% of the studied population, also we identified students
with insufficient body weight (deficiency), with a body mass index in the range 16-18.5, their percentage
was 12.3% of this sample. The percentage of students with overweight was 20%, obese students were
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1.54% of this sample. According 7-days ABPM data the mean values of MESORs in overweight female
students are higher, but do not have statistically significant differences comparing with normal weight
students, vascular variability anomalies (Circadian Hyper_ Amplitude_Tension (CHAT), ecphasia) also do
not correlate with BMI in young women. However, young men have positive positive correlations be-
tween hemodynamic parameters (SBP, DBP and DP) and body mass index.

Key words: overweight, chronostructure, ambulatory blood pressure monitoring, young people
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ApTbIK A€HEe CAAMaFbIHbIH, TeMOAUHAMMKAHbIH,
LMPKAAMAH bIpFaKTapbIHbIH, KOPCETKILLITepiHe acepi

AAaM BAIMIHIH cebenTepiHe 6GanAaHbICTbl MHMEKLMSIAbIK, eMeC aypyAapAbl AAMbITYAbIH HEri3ri
ToyekeA (DaKTOpbl aPTEPUSAABIK, KbICbIMHbIH, >KOFapbIAdYbl, MaHbI3AbBIAbIK, OOMbIHLLA OAAH KEMiH CEMI3AIK
neH cemipy OOAbIM KeAeAi. ByA >KYMbICTbIH HErisri MakcaTtbl — A€He CaAMarblHbIH MHAEKCTEPIHIH, iC
>KY3IHAE cay CTYAEHTTEepPAIH reMOAMHAMMKACBIHBIH HEri3ri napamMeTpAepiHiH, TOYAIKTIK blpFakTapbiHa
9CepiH 3epTTey. 3epTTeyAepAE AEHe cay, 63 epKiMeH KaTbICKaH, 78 CTyAeHTTep, KacTapbl 17-aAeH 27-re
AENiH apaAblFbiHAQ, opTa »acbl 20,7 + 2,78, yATbl kebiHece kasakTap (97 %) KaTbiCKaH. 3epTTeAiHreH
aAaMAap lamameH 66% AeHe caAmarbiHbiH MHAEKCH (ACK) ocbl >kac TOObIHbIH HOpPMAacbiHa COMKEeC
KeneAi. AeHe caamarbl HopmaaaH TemeH, ACK 16-18,5 apaAblfblHAQ CTYAEHTTED aHbIKTAAFaH, OCbl
YATIAE OAApAbIH, Mambi3AblK, yAaeci 12,3% kypaabl. Bya yAriaeri apTbik, caamarbl 6ap CTyAeHTTEp
caHbl 20 naibi3 KypaAbl, CEMI3AIri 6ap cTtyaeHTTep OYA yariae 1,54 naibi3 6OAbIN aHbiKTaAraH. KaH
KbICBIMbI MEH XKYPEK COFYy >KMIAIriHiH GipHelle ToyAIKTIK MOHUTOPUHTiHIH, MBAIMETTEPI GOMbIHLLA OCbI
napameTpAepAiH Me3opAapAbiH opTalla Ton maHaepi ACK KaAbINTbl CTYAEHTTEPMEH KapaFaHAQ apThblk,
CaAMak, >KOfFapbl KbI3AApAa >KOFapbl OOAFAHbIMEH, aMblPMALLIbIAbIKTAP KYHABIAbIKTap TapaAyblHbIH
LIETHAE TYP, IFHU eLIKAHAAM CTaTUCTMKAABIK MaHbI3AbIAbIFbI 6P arblpMaLLbIAbIKTaP TabblAMaraH XKeHe
reMOAMHAMUKAABIK, XPOHOCTPYKTYPAAbIK, MapaMeTpAepi (TOYAIKTIK bipFakTapAblH aMIAUTYAQAAPbIHbIH
aybITKYAQpPbl >8He akpoasarapAblH YaKbITTapbiHbIH >KbIAXYbI) KbI3AAP CTYAEHTTEPAIH AeHe
CaAMaFbIHbIH MHAEKCIMEH KOpPPEeAdUMsiAapbl aHbIKTAAFAH KOK. AAaMAQ, XITiT CTYAEHTTEPAIH AeHe
CaAMarblHAA MHAEKCTIH GipkaTap reMOAMHAMMKAABIK, MapamMeTpAepi (CMCTOAAABIK, MeH AMACTOAAAbIK,

KbICbIMAQPbI MEH EKEAEHreH OHIM) MEH OH, KOpPeAsLMsAapbl TabbIAFaH.
TyHiH ce3aep: AeHe caAmarbliHbIH XKOFapbl GOAYbI, XPOHOCTPYKTYPA, KaH KbIChIMbIHbIH YK8HE XYpeK
COFY >KMIAITIHIH TOYAIKTIK MOHUTOPWHII, XKacC aAaMAap.

BBenenue

CornacHo wiaccugukarnuu BO3, umeercs ue-
TBIpe OCHOBHBIX THIAa HEHMH(EKIMOHHBIX 3a00Je-
BaHUH (XpOHWUYECKUX OOJE3HEH): cepaeTHO-CoCy-
JIUCThIC 0O0JIC3HHM, OHKOJOTHYECKUE 3a00JICBaHMSI,
XPOHUYECKHE PECTIMPATOPHBIE OOIE3HN U ITHUadeT.
Cpenn HUX CEpIEYHO-COCYIHCTHIC 3a00JICBaHMS
urpaiot ocodyto ponb. B 1990 rony nons cmepreit
OT CepACYHO-COCYANCTHIX 3a00IeBaHUI B BO3pac-
te 10 70 net 6put0 46,7% B SKOHOMUYECKH pa3-
BHUBAIOIIMXCSA CTPAaHAX MO CpaBHEHUIO ¢ 26,5% B
pasButhix ctpanax (Kearney, 2001: 217; Murray,
1994: 141). 3mech Hama cTpaHa HAXOOWUTCS Ha
WINTUPYIOIUX» MO3UIMAX: Mo cTtatucTuke BO3
Kazaxcran mo namuaeiM 2008 roma 3aHuMaer 3-€
MECTO B MHpE 0 CMEPTHOCTH OT CEPAEYHO-COCY-
JIMCTBIX 3a0o0JieBaHmii cpeau MyxuuH (1-e — Hay-
py, 2-e — Typkmenucras, 3-e — PK), 9-mecto cpeaun
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JKeHIH (MapiranioBsl ocTpoBa, TypKMEHHUCTAH,
AszepOaiipkan, Adranucran, Comanu, Tysany,
V36ekucran, Tamkukucran, Kazaxcran) (Global
Health Observatory Data Repository, 2017: 1). Co-
IJIaCHO CTATUCTHYECKUM JaHHBIM Munzapasa PK
3200J1€Ba€MOCTh CEpPJICYHO-COCYIUCTHIMU 3200I1e-
Banusmu B 2011 romy cocraBmira 1 890 398 gemno-
Bek, 2 103 129 uenoBek ¢ cep/1IeYHO-COCYTUCTHIMU
3a00IeBaHUSIMU  OOpaTHIIUCh B Jie4eOHO-TIPOdH-
naktuaeckue opranuzanuu PK 8 2012 roxy (Crar.
uHak, 2013: 28).

[lo mocnennum nanapM BO3 (ormy0MKOBaHHBIM
Ha Hadayo 2017 roga), rae yKka3aHbl CTATUCTHYECKUC
nmannabie as 172 crpan 3a 2012 roxa, Kazaxcran 3a-
HUMaeT Tereph yXKe 2-¢ MECTO B MHUpE IO YPOBHIO
CMEPTHOCTH OT CEeP/IEYHO-COCYTUCTHIX 3a00JIeBaHUN
¢ uudpoi 635,5 na xaxasie 100.000 uenosek, mocie
Typkmenucrana. C y4eToM TeHJEPHBIX pPa3IHUMM:
my>xauabl PK umeroT mokazatens 808,1 Ha Kakape
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100.000 (2-e mecto B Mupe), KeHIUHBI — 515,2 n
3aHUMarOT 4-¢ MecTo B Mupe, nocie TypKMeHHH,
Tamkukucrana u Adranucrana (Global Health
Observatory Data Repository, 2017: 1).

Baxneitmum ¢pakTopoM, 3amyCKaromuM cep-
JICYHO-COCYAMCTBIA KOHTUHYYM, SIBISCTCSI apTepH-
anpHast runeprensus (Thom, 2006: 85). [1o nanHBIM
komuteTa sKkcneproB BO3, aprepuanbHas rurep-
TeH3us BcTpeuaeTcs y 15-25% B3pocnoro Hacene-
HUSI, 4aCTOTa €€ YBEIMUNBACTCS C BO3PACTOM U pe-
ructpupyercs 6onee yem y 50% moneit crapie 65
net. ApTepuaibHas TUTIEPTEH3Us [UTUTENILHOE Bpe-
MsI IPOTEKAET O€3 IBHBIX KIIMHUYECKIX CHMITOMOB.
OmHaKo T0CTAaTOYHO CKOPO OHA MOXKET MPUBECTH K
BO3HMKHOBEHHUIO OCTPBHIX HAapyIICHH MO3TOBOTO
KpoBoOOpaIeHuss (TpaH3UTOpHAs HIIEeMUYecKast
araka, MIIEMHUYECKUI WM TeMOpparu4eckKuil uH-
CyJIbT) U pa3BuTHIO TuniepTpoduu Muokapaa. Kpo-
M€ TOro, apTepualbHas THUICPTCH3US SBISCTCS
(hakTOpOM pHCKa aTepoCKiIepo3a U BOSHUKHOBEHUS
nH(papKTa MUOKap/a.

WzmensiemMble moBeneHUECKUE (aKTOPhI pUCKa,
Takhe Kak ymnoTpeOiieHue Tabaka, HEJOCTaTOYHAS
¢u3nyueckas akTUBHOCTb, HE3I0POBOE MHUTAHUE U
BpeIHOE YIOTPEeOICHHE aIKOT OIS MTOBBILAIOT PUCK
pa3BUTHS TaKUX (PU3HOIOTUIECKUX N3MEHEHUH, KaK
MOBBIIIICHHOE apTepHaIbHOE NaBJICHUE, W3THITHUN
BEC/OKHUPEHHUE, THIEPIIIMKEMHs (BBICOKHE YpOB-
HU TIIIOKO3BI B KPOBH) M TUTEPIUNHIEMUS (BBICO-
KM€ YpPOBHHM XHpa B KPOBH), YBEIUYHMBAIOIIUX B
CBOIO OYepelb PUCK Pa3BUTUS HEMH(EKIIMOHHBIX
3aboneBanuit (H13) (Noncommunicable diseases,
2018: 1). C Touku 3peHus 00yCIOBICHHOTO YUCIIa
CllyyaeB CMEPTU OCHOBHBIM (PaKTOPOM pHCKa pas-
Butuss HU3 B riobampHBIX MacmTadax SBISETCA
MOBBIIIEHHOE KPOBSHOE JIaBJICHUE, 32 HUM CIIEYIOT
W3JHMIIHAN BEC M 0)KUPEHHUE M MOBBIILICHHOE CO/IEP-
YKaHHE TIIFOKO3BI B KPOBH.

WsmeHenne oOpa3a >KM3HHM MOMKET OKas3aTh
3HAYUTEJILHOE BIIMSTHHE Ha CEpACYHO-COCYAUCTYIO
CUCTEMY II0 CPaBHEHHIO CO CTaHJApPTHBIMH MeEIH-
IUHCKHMHU TIPOLelypaMH: HaOIIOal0TCsl 3HAYH-
TEJIFHOE YMEHBIICHHE MAacChl Telld, OKPYXHOCTH
TaJNW, ApTEPUATHLHOTO JIABICHUS, YPOBHS JIUITHIOB
1 TJIFOKO3BI B KPOBH Y JIFOJIEH C N30BITOYHBIM BECOM
U OXUpeHHEeM. B smTeparype MMEIOTCS TaHHBIE O
OJraronpuATHBIX Y (HeKTax U3MEHEHHsI 00pasa xKu3-
HU, KOTOPBIE MOJIEPKUBATUCH 10 TpeX JieT (Galani,
2007: 348).

B nanHOM mCCenoBaHWU MBI CTaBWIIM ILIEIHIO
W3YYHTh BIMSHUE TIOKazaTened WHIEKca Mac-
Chl Tella HAa CYTOYHBbICE PUTMBI OCHOBHBIX Mapa-
METpPOB TE€MOJWHAMHKH TPAKTHUECKH 3I0POBBIX
CTYJCHTOB.

MaTepHaJIBI U METOJAbI HCCJICAOBAHUSA

B nccrnenoBaHusAX NMPHUHSINA ydacThe TpaKTHYe-
CKH 3/I0pPOBBIE CTY/ICHTHI-IOOPOBOJIBIBI 000€Ero mosa
(N=78), B BO3pacre ot 17 no 27 ner, cpeaHuii BO3-
pact 21,17+3,17 ner, NIpenMyIIeCTBEHHO Ka3aXCKOU
HarmoHanbHOCTH (97%). B kadecTBe MpakTHUUECKU
3JIOPOBBIX OBUIM MPUHSTHI UCTIBITYEMbIE, HE UMEFO-
IIHe JKano0, ¢ XOPOIINM CaMOYyBCTBHEM H TIOCTOSH-
HO ToceIaronye yaeonsle 3austus. Muaekc maccol
tena (UMT) onpenernsiii o ctangapTHOH GopmyIie
HNMT= macca Tema/poct? (xkr/m?) (WHO E.C., 1995:
7). [nst onipeneneHns CyTOUHBIX PUTMOB FeMO/IMHA-
MUKH OBIIIO IPOBEAECHO CYyTOYHOE MOHUTOPUPOBAHHE
aprepuansHoro nmasiaeHus u UCC 7-mHEBHOU TIpo-
JIOJDKUTENTBHOCTBIO C YacTOTON Kakable 30 MUHYT,
JUISl PEerucTpalyy ObLIM MCIIOJIBb30BaHbI MOHUTOPHI
TM -2430 (A&D, Japan). JlaHHbBIC TTpOaHATA3UPO-
BaHbl C HCIIOJB30BAaHUEM MPOrpaMMBbl CHUTMOX-
pon (Cornelissen, 1993: 48; Cornelissen, 2004:86;
Halberg, 2009: 35), Bxirodaromieii B ceOsl mapame-
TPUYECKHE U HelapaMeTPUIECKHe TeCThl. JIByXKOM-
MOHEHTHAsi MOJENb, COCTOSIIAs U3 KOCUHYCOHMIBI C
OKHITaeMBIMHU Tiepriofgamu 24 u 12 9acos, mapame-
TPUYECKH, METOJIOM HAMMEHBIINX KBaJpaToB, MOJ-
Oupaercsi B COOTBETCTBUU C JIAHHBIMH, OIICHUBAET
Me30p (M), 24-qacoByro U 12-9acOBYIO yIBOCHHBIE
ammuTy sl (2A), a taxoke akpodassl (¢) (Halberg,
1980: 440; Cornelissen, 2005: 812; Refinetti, 2007:
325; Gumarova, 2013:28).

Pe3yabTaThl Hcciie10BaHUSA U UX 00CYKIeHHE

Ucnertyemele, naaexc maccel Tena (MMT) xo-
TOPBIX COOTBETCTBOBAJ HOPMAJIbHBIM IIOKa3aTe-
JIAM JJIsl TaHHOM BO3PACTHOM IpyIiNe, COCTaBIISIN
=~ 63 % M3yueHHOM! MOIYJIALNH, BBIABICHBI CTY/ICH-
ThI C HEIOCTaTOYHOW Maccoil Tena (nedururom),
C MHJEKCOM MaccChl Tejla B auamnas3oHe 16-18,5, ux
nporneHT coctaBun 12,8 % Beibopku. KonuuectBo
CTYIEHTOB C UHAEKCOM MacChl Tejla B Mpeaenax
25 — 30, T.e., ¢ U30BITOYHOM MAaccCOil Teja, cocTa-
Bui 20,5 % B JaHHOU BRIOOPKE, JIBOE CTYJICHTOB U3
78 UMenu MHAEKC MacChl TeIa, COOTBETCTBYIOIIMNI
1 creneHn OXKMPEHHSI, €IIe OJWH OKa3aJiCsi CO BTO-
poii crenensto oxupenns (UMT = 36,42), B npo-
LEHTHOM OTHOLIEHUU OHU cOCTaBistoT 3,8 % oT
IaHHOM BEIOOPKH. [IpH pacdeTe mpOIEHTHOTO COOT-
HouleHus pacnpeneneHus no UMT ¢ ydyerom nosa
(pucyHok 1) monoBoit auMopdusm Haubojee BbI-
paXeH B OTHOIIEHHUH IOJei ¢ AePHUIMTOM MacChl
Teja, CPe/IU FOHOIICH JIOJIS JIUIL C Ie(UITUTOM Mac-
cel Tena cocraBuia 6,45%, B To BpeMsl Kak y JIEeBy-
IIeK TakoBast cocTaBiseT 16,66%.
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B cpennem y ronomeii (31 uenoBek) Bec Tena
cocraBui 72,614 xr mpm pocte 176,9+6,5 cwm,
UMT (wanmexkc maccel Tena) — 23,19+4,36, cpen-
Hull Bo3pact 21,1343,16 net. Y neBymiek (47 gerno-
BeK) Bec Tena cocraBmi 57,06+10,4 xr mpu pocrte
162,55+5,74 cm, UMT — 21,6+3,8, cpennuii BO3-
pact coctaBua 21,18+3,18.

YcpeHeHHbBIE CPEJHECYTOYHbBIC JIaHHBIC 10
reMoJIMHAMHKE JUIS BCEH TPYIIBI B LIEJIOM CIIETy-
IOLINE: ME30P CUCTOJINYECKOTO apTepPHaIbHOTO AaB-
nennst (CA/l) cocraBun 120,1 + 12,13 mm.pT.CT.,

HeBylikm

Me30p TUACTOIMYECKOI0 apTePHaIbHOTO AaBICHHUS
(UAH)—71,0+ 6,56 MM.pT. CT., ME€30p YaCTOTHI CEp-
neunsix cokpamenuit (HCC) cocrasun 75,1 + 7,39
YI/MUH., CPEOHECYTOYHOE MYJIbCOBOE JaBJICHHE
(TIT) cocrammsuio 49,4 + 6,94 MM.pT. CT., OKa3a-
Tenb aAoiHoro npousBeaenus (I11AI1), nnu unnexc
PobOuncona — 92,4 + 15,45, T.e., cCpeIHETPYNIIOBhIC
3HAYEHHsI COOTBETCTBYIOT HOPME, XOTS B 00cienno-
BAaHHOM TPYIIE CTYJECHTOB M ObUIM OOHApPYKEHBI
JaHHBIC C OTKJIOHEHUSMH IO TEM HJIM WHBIM IOKa-
3aTessM TeMOTMHAMHUKH.

HOHowWwK

T

¥

p = MMT Hue Hopmbel = UMT B Hopme  ® W3BrITouHaA Mmacca Tena

OHHWMpEHME ;

Pucynox 1 — [IponienTHOE cooTHOLIeHUE 1Ll ¢ HOpManbHeIM UMT, u30sITouHOM Maccoii Tena,
O)KUPEHHEM U Ie(UIINTa MAcChl TeJla B CTYACHYECKOM NOMYJISINH

JlaHHBIE XONTEPOBCKOTO CYyTOYHOTO MOHHUTOPH-
poBanus aprepuansHoro aasnerus u YCC (CMA)
MIOKA3aJIM, YTO CPEIHETPYNIIOBbIC 3HAUEHUS ME30-
POB STHX TapameTpoB Yy JEBYIIEK C WU30BITOYHON
Maccoil Tena BBIIIE, YEM TAKOBBIE y CTYIEHTOB C
HOopMasibHbIM IMT, ogHako paznnyus HaXoAsTCs B
npenenax pa3dpoca 3HaYCHUH, T.€., CTATUCTUYECKH
3HaYMMBIX pa3nuuii He oOHapyskeHo (Tabnmua 1).
JeBymrku ¢ n30BITOYHON Maccoil Teja UMeH MoKa-
3aTey reMOJUHAMUKH B TIpejiesiaX HOPMBI: B Cpel-
HEM [0 JIaHHOW TpyMNIIe HCHBITYEMBIX CpPEIHECY-

tounble 3HadueHUsT CAJl cocraBmsu 116,95+21,39
MMm.pT.cT., JAHd = 72,65 + 18,82 mMMm.pT.cT.,
YCC = 77,66 £ 18,65 yn/muH.

Me30p-TUIepTeH31d Y MOJIOIBIX KEHIINH B AaH-
HOH BBIOOpKE 0OHapykeHO He Obu10. OHAKO UMETH
MECTO OTKJIOHEHHUSI B JPYTrHMX XPOHOCTPYKTYPHBIX
rapameTpax reMOJJMHAMUKHU: aMIUTUTY/E CyTOYHOTO
pUTMa M TOJIOKEeHUsIX akpodas, mpuueM UMT stux
JeByLIeK ObLT B Ipezeiax HOpMbL. Tak, y UCHBITY-
emMoii AsAb oOHapy»eHO TIPEBBIILICHUE aAMILTHTY/IbI
cyrounoro putma CAJ] u UCC (tabnuua 2):

Tadmuua 1 — CpegHerpynmnossie MoKa3aTeIn ME30pOB AEBYIIEK C HOpMaIbHON Maccoi Tena (1-5 rpymma) u JeBymeK ¢ n30BITOUHOM

Maccoii Tena (2-s rpymnma)

UMT Mesop CA/L, Me3sop JA, Cpennecyrounoe | Mnnexc Po6uncona, Me3op UCC,
MM.PT.CT. MM.PT.CT. I11, MM.pT.CT. CPEHECYT. YI/MHH.
18,5-24,9 112,88+7,73 67,27+4 .4 45,9+4,25 85,43+9,12 74,45+5,91
25-29,9 116,943,68 72,5+1,13 44,39+2,74 92,29+6,53 77,65+8,7
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Ta6auna 2 — Xponoouonoruyeckue nokazarenu CMA ] ucneiryemoii AsAb (., 20 net, UMT 21,83, N = 215)

Cucromnueckoe A/l (mmm.pr.ct.) | Juacromnueckoe AJ] (MMM.pT.CT.) YCC (yn/mun)
Tlomo- Tlomo- TTomo-
Bennunna . Bennunna . Bennunna .
BO3paCTHOU BO3paCTHOU BO3paCTHOU
MoKa3a-TeJjst MoKa3aTess roKa3aress
HOPMOKOPHJIOP HOPMOKOPHJIOP HOPMOKOPHJIOP
Me3op 119,1 93-123.4 58,2-79,5 79,4 65,5-88,6
VABOCH. 43 36* 1,75-30,86 23,89 1,92-25,55 38,37 4,61-33,58
aAMILTUTYIA
Axpodaza 14:38 9:25-19.37 14:47 11:28-17:30 15:07 10:45-18:29
[Ipumeuanue: * — XpOHOOMOIOTUYECKUE TOKA3ATEIH, BBIXOJSIIHIE 32 MPEIeIIbl HOPMOKOPHIOPA, COOTBECTBYIOIIETO BO3PACTY U
TOJTy UCHIBITYyeMOif

[Ipr HOpMANBEHBIX CPEAHECYTOYHBIX 3HAYCHUSX
AJl n YCC, moMrMO BBICOKHUX CYTOYHBIX aMIUTUTY/L
CAJl u YCC (Tabnwma 2), aHaNM3 JaHHBIX CYyTOYHO-
ro xoirepoBckoro MouuropupoBanus OKI' y maH-
HOM CTYZICHTKH BBISIBIJI MHOTOUHCIICHHBIE JKEITy 109~
KOBBIE OKCTPACHCTOJINH O TUITY KBaJPUT€MUHHH.

Mosnosoil 4yenoBeKk ¢ 1 CTENEeHbIO OXKHUpPEHUs
(MMT = 34,89) umen apTepHaiIbHYIO TUIIEPTEH3UIO

CO CIEYIOUMMH TMOKa3aTeIsIMH CYTOYHOTO PUTMa
(tabin.3): me3opuyto runeprensuto (150,4/91,5) u ta-
xukapauto (105,4 ya/MuH) npu HOPMaNbHBIX CYTOY-
Hex ammmutynax AJl u UCC (tabm.3). UcnbiTyemsrii
xe co 2 crerenbio oxxupenus (UMT = 36,42) umen
MOKa3aTeld TeMOJMHAMHMKUA B TIpefesiax HOPMBI,
XOTSI 9TH TTOKa3aTeNN U OBbUIN BBIIIE CPeAHECTaTHIC-
CKHX MOKa3aTeJiell ero MoJ0BO3PACTHON TPYIIITBL.

Ta6muma 3 — Xponobuonoruyeckue nokazarenn CMA/J] ucnsityemoro Azl (myx., 22 roga, UMT = 34,89, N = 59)

Cucrommueckoe AJl (mmm.pr.ct.) | Juacronmaeckoe AJ] (MMM.pT.CT.) UCC (yn/mun)
ITono- ITono- ITono-
Bennuuna N Bennuuna N Bennuuna N
BO3PACTHON BO3PACTHON BO3PACTHON
noKasaress noKasaress noKasaress
HOPMOKOPHUIOP HOPMOKOPHUIOP HOPMOKOPHUZIOP
Mesop 150,4* 98,4-135,1 91,5% 60,3-87,2 105,4* 56,4-91,2
YABOGHHAA 30,37 6,4-39,40 16,80 4,84-29,80 20,51 5,26-36,20
aMILTHTY/Ia
Axpocdaza 20:42 11:48-17:40 19:47 11:08-16:48 18:28 11:44-17:20
[Tpumeuanue: * — XpOHOOHOJIOTHUESCKHE [TOKA3ATEIIH, BEIXO/SIIHE 32 TIPEAEbl HOPMOKOPH0PA, COOTBECTBYIOIIETO BO3PACTy U
TI0JTy UCIIBITYEMOTO

PerpeccuoHHBII aHanu3 Ha HajaU4HUe KOPpEs-
LUOHHBIX cBA3ed mexny UMT u pasnnuneiMu Xpo-
HOOHMOJIOTMYECKUMH MOKA3aTeJIIMU T€MOINHAMUKN
BBISIBWIT B II€JIOM OY€Hb HU3KHE TTOKa3aTeNu Koppe-
MK B TaHHOM BBIOOpKe. [lokaszarenu co 3Haue-
HUSIMH Koppensinuu O6osee 0.5 BBISBICHBI TOJBKO
10 TUACTOJUYECKOMY apTEPUAIIBHOMY AABJICHUIO U
nHaekcy PoOuHCOHa, a TakKe OTACNBHO ISl IOHO-
el M0 CHCTOJIUYECKOMY apTepUalbHOMY JaBle-
Huto. B ciaywae nuactonmmueckoro A/l mokasarens r
=0,503, p =0,0005, t crat. = 3,77, mpu BBIIOJHEHUHU
JTAHHOTO aHaJM3a C y4eTOM I10JIa BBIABIEHBI CTaT.
JIOCTOBEPHOCTh KOPPEJSILIUM TOJIBKO JJIs1 FOHOILLIEH:
r= 0,556, p = 0,016 u oTcyTCTBUE AOCTOBEPHOCTHU
KOppeJSIIMA C MHAEKCOM MacChl Tena A JIEBY-

mek. Koaduipent koppensiuuu Npu JTUHSHHOM
perpeccruoHHoM aHainuse mexny UMT u unnekcom
Pobuncona B enmom 1o rpymre coctaBmi r = 0.511
mpu p =0,00039, oTaensHO i IOHOIIEH K03(PdhH-
LUEHT Koppessiuu Beiue: r= 0.66 npu p =0,0028, u
9TH MOKA3aTEIN HE KOPPEIUPYIOT MEKAY COOOH 1Ist
nesymek (r =0,2).

Koppenauus Mexay CHUCTOIMYECKHUM apTepH-
AIbHBIM JIaBJICHUEM M MHICKCOM MAacchl Tena Jist
foHomel coctasiser r = 0,52, p = 0,03, nns neBy-
IIeK K€ 3TH MOKa3aTel NMPaKTHUYEeCKH He Koppe-
TUpYIOT Mexy cobor. Koppemsuusa mexny UMT
Y IyJbCOBBIM JaBlieHUEeM (pUCYHOK 3) Hu3Kas (r =
0.294, p = 0.052) B nenom no odcae10BaHHON IPyTI-
1€, B TO BpeMsl, KaK M3BECTHA BBICOKAsl KOPPEIISILINS
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ATHX TIOKa3aTeleH s MOXHIbIX tofeit (Martins
D, 2002, 538). [lomoBo# guMopQu3M 10 JaHHOMY
MOKA3aTeII0 TaK)KEe MPUCYTCTBYET: KOPPEIISIHS He-

180,00

CKOJIBKO 00JIee BBIpaXKeHa ISl FOHOIIICH 0 CpaBHE-
HUIO C JIEBYIIKaMH (PUCYHOK 3), TIPH 3TOM B 00enx
MOArPYIIIaxX KOPPEJSUA HEJOCTOBEPHEI.
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Pucynok 2 — PerpeccronHbIi aHaIN3 3aBUCUMOCTH HHAeKca PoOnHCcoHa
OT MHJIEKCA MACCHI TeJla MPAKTUUECKH 3A0POBBIX MOJIOBIX JIFOAEH

PerpeccuoHHBI aHanu3 Ha HanU4ue KOppesi-
HUOHHBIX cBsized Mexay UMT u cyrounoi ammiu-
Tyaon cyrounsix putMoB CAJl, 1A /1, mynbcoBOrO
JABJICHUSI U TOKA3aTeNb JBOWHOTO MPOU3BEICHUS
MOKa3aJl OTCYTCTBHE 3HAYMMBIX Koppeisinuii. Kop-
pemsmuonnble cBs3ed Mexny MMT m akpodasa-
Mu cytounblx putmoB CAJl, HAJl, mymbcoBoro
JIABJICHUS W JBOMHOTO IPOM3BEICHUS TaKKE HE
00HApYKEHEI.

CornacHO JaHHBIM, OMyOJWKOBaHHBIM Kazax-
CKOIf aKajieMuel muTaHus, 0oJiee IOJIOBUHBI HACEeIIe-
Hus Kazaxcrana crpamarot n30BITOYHOM Maccoit Tema
u oxxupenueM. «B 2008 roay kaxmas BTopas >KECHIIU-
Ha (50,6%) 1 HECKOJILKO MEHBIINI MPOLCHT MY>KYHH
(45,4%) B BO3pacte 25-59 neT nmenu U30BITOYHYIO
Maccy Tena (29% sxeHuwH u 34,4% MyX4uH) WK
oxkupenue (25,7% sxenmuH 1 11% myxuauH). OTH
COCTOSTHUSI BCTPEUANCH B 4,5 paza pexxe cpeau MyxK-
gnH (10,2%) u xenmun (11,5%) B Bo3pacte 15-24
roja. MccnenoBanusi, nposeneHuble Kazaxckoil aka-
nmemuert utanns B 2012 romy, moka3aid, 9To cpei-

ISSN 1563-0218

HsISl PACIPOCTPAHEHHOCTh M30BITOUHON MacChl TEia
coctaBuna 30,6% y xeHmuH U 36,8% y MyX4MH;
CpeIHss PaCIpPOCTPaHEHHOCTh OKUPEHHNS COCTaBUIIA
27,6% y xxenmuH U 15,9% y MyX4uH. TO TOBOPUT
0 TOM, 4TO OoJiee IoJIOBUHBI HaceneHus: Kazaxcrana
CTpagaroT M30BITOYHON MacCOW Tella M OKUPCHHUEM.
Uro kacaeTcs JeTel, TO KaKIbIi MAThI PeOCHOK B
Bo3pacte ot 1 g0 14 ner (21,5%) cTpananu u30bITou-
HOM Maccoil Tena U 0XKMUpPEHHEM, TIPUYEM T0JIOBHHA
u3 HUX — oxkupeHnem» (Kazaxckas akajgemus nura-
Hus, 2017: 6). OgHako, cornacHo gaHHBIM DypcoBa
u coanT. (Fursov K., 2017: 916) 8 2016 roxy wactorta
CJIydacB ¢ W30BITOYHOW MAaCCOM Tella U OKUPECHUEM
cocraBmia 180,7 na kaxasie 100 000 HaceneHus, B
TOM YHCIIE JIUIA C OXKUPEHUEM COCTaBITIOT 91,2 Ha
kaxapie 100 000 uenoBek, BO3pACTHOM aMAINa3oH
BBIOOpPKHM aBTOpaMH He yKa3aH. DTH JIaHHbIE TOPa3JIo
HIDKE MoKa3aTelie, ykazaHHbix Kazaxckoil akaieMu-
el uTaHusl.

Hama Be16opka B Bo3pacTHOM nuanaszone 17-27
JIeT HaXOJIUTCS Ha CTHIKE BBIIIETIEPEUNUCIEHHBIX BO3-
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pacTHbIX rpymi, npudeM 70 u3 79 cTyA€HTOB UMENU
BO3pacT 10 24 JeT, BO3MOKHO [IO3TOMY Halllk pe-
3yABTATHI IO JOJE JIOAeH ¢ M30BITOYHOM Maccoi
tena B 20,5% Bmecte ¢ 3,8 % JuL ¢ OXKUpPEHUEM
otrnn4atorcs ot naHHbX (Kasaxckas akagemus mu-
tanwus, 2017: 6). OOpaiaer Ha ce0s1 BHUMaHUE UME-

70,00

FOIasiCs JTOJIT MOJIOJBIX JIFOJICH C HEIOCTaTOYHOM
Maccoit Tena (IeguImToM Beca), KOTopast COCTaBIIsA-
et 12,8% ot manHoii BeIOOpKkHU (pucyHok 1). Hemo-
¢/laHne, KaK OJIHA U3 BO3MOXKHBIX MPUYUH yXyIIe-
HUs 310poBbst HaceneHust PK, Takxke yrnomuHaercs
HekoTopbIMU aBTopaMu (Fursov, 2017: 916).
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Pucynox 3 — Perpeccronnslii ananus

3aBUCHUMOCTH ITyJIbCOBOI'O JaBJICHUSA

OT MHJIEKCa MacCChl TE€J1a MPAKTUYCCKH 3J0POBbIX MOJIOABIX H}O)leﬁ

W3BecTHBI MHOTOYMCIICHHBIC JaHHBIE O BBICO-
KOW MOJOXKUTENbHOW Koppemsiuuu mexny WUMT
u nokasatesnssmMu  nasienus (Galani, 2007: 348;
Martins, 2002: 538; Falkner, 2006: 195). Illupoko
o0CIieIoBaHbl Ha TPEJMET 3aBHCUMOCTH apTepu-
anpHOTO maBieHust or UMT nuna crapime 40 met
(Galani, 2007: 348; Martins, 2002: 538), a Taxxe
netn u nonpoctku (Falkner, 2006: 195; Denney-
Wilson, 2008:566). ITpu 3ToM y 1ojpocTKoB (yue-
HukoB 10 xiacca) Takasi Koppensauusi o0OHapyKHUBa-
€TCs TOJIBKO Y FOHOIIEH, cpeld MHOXKECTBA JAPYTHX
rokasareield, B TO BpeMsi KaK y JIEBYIIEK TaKou
koppensiuu AJl ¢ TpeBBILIEHHEM MAacchl Tela U
OKHUPEHHEM HET, MPH TOM, YTO TaKOBas IMPHUCYT-
CTBYET JJIsl YPOBHS MHCYJMHA, XOJIECTepUHA JIUTIO-
poTenHoB Bbicokoi miotHocTH (P < 0.001), a Tak-
JKe BHICOKOYYBCTBUTEIBHOT0 C-peakTHBHOTO Oenka
(P<0.001) (Denney-Wilson, 2008:566).

[loMumo Bo3pacTa M Moja Ha 3aBUCHUMOCTB
YPOBHSI apTepHaIbHOTO JaBJICHUS OT MHJCKCA Mac-
CBI Tella. BIMSIET ATHUYECKAs! COCTaBisromas. Tax,

98

HU3BECTHO, YTO PUCK IOSABJIEHUS CEPIACYHO-COCYIU-
CTBIX 3a00JIEBaHUI, B TOM YHCIIE THIIEPTOHUH, TIPH
HU3KUX nokaszatensix UMT Bellie y a3uaToB, 4YeM y
€BPOIICOUIOB, MPU STOM JAHHBIC OTIUYAIOTCS, Ha-
npuMep, y GUINIIAHIEB IO CPAaBHEHHIO C KOpera-
MM, UMEIOT CXOJIHbIE MOKA3aTeNln U xurteie 1'oH-
KoHra u TaliBaHs,HO OTJIMYAIOTCSA B PA3HBIX YaCTAX
Kurast (WHO EC, 2004: 159). Oxcneptst BO3 065-
SICHSIIOT OOHApYKCHHBIC Pa3IUYUs TEM, YTO KOJH-
YEeCTBO JKMPOBOM TKaHH MOXET OBITh JIOCTaTOYHO
BBICOKMM Y a3WaTOB M MPU HU3KHUX (A €BpOITeo-
nuaos) UMT, u pekoMeHAYIOT CHU3UTH ITOPOTOBBIE
nokazarenu MUMT. Ilo acconmanuu ¢ mpoaoxKu-
TEJIBbHOCTBIO )KU3HHU, KAK OJJHOMY U3 CYLLECTBEHHBIX
MoKazaTeneil COCTOSTHUS 3I0POBbS, ONTHMAJIbHBIN
MHJEKC MAacChl Tena JJid IPEeICTaBUTEICH HErpo-
WITHOW packl MMEeT BEpPXHHH Ipenen Bhime (23-
30), yem a5 IpeCTaBUTENEH €BPOIIEONTHOM pachl
(23-25) (Kevin, 2003:187). B uccienoBaHHol HaMu
rpyIIe MNpPakTHYECKH 3I0POBBIX CTYIEHTOB Ipe-
HWMYILECTBEHHO Ka3aXCKOW HAIIMOHAJIBHOCTH, OTHO-
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cseicsl K 10)KHOCHOMPCKON, MEePEXOAHON MEKIY
MOHTOJIOWTHOW W €BPOIICOMITHON OOJIBIIMMH paca-
Mu (ApreiOaes, 1988: 194), oOHapyxkeHa Koppe-
maums ¢ UMT Mexly TOJIBKO MO IUaCTOIUYECKOMY
apTepUaIbHOMY JABJICHUIO U MOKA3ATENI0 ABOMHO-
r'O MPOU3BEIICHUS, a TAKXKE TOJIBKO ISl FOHOIIICH T10
CHUCTOJINYECKOMY apTepHaAIbHOMY AaBJICHUIO. [
JIEBYLIEK KOPPESILUU HEJOCTOBEPHBI 110 BCEM HC-
CJIeIOBAaHHBIM HaMH TOKA3aTEIISIM.

Crons He3nauutensHoe Biusiaue UMT Ha cocy-
JTUCTBIE TTOKA3aTENN Y JIEBYIIEK MOKHO OOBSCHUTH
JIEHCTBUEM DCTPOTeHA, MPEUMYIIECTBEHHO B BHIIC
ACTPAINO0IIA, KOTOPBIC, KAK CYUTACTCSI, UTPAIOT BAXK-
HYI0 poib B Kapauosammre (Lagranha, 2018: 190).
KapauonpoTexius 3¢cTporeHa MoKeT OBITh MPHUITH-
cana 3(dexTam Kak JJIs IKCIPECCUU TSHOB, TaK U
JUTSL CHTHAJIBHBIX KacKaJ/I0B, CBSI3aHHBIX C MEMOpaH-
HBIMH pPeIenTOpaMH Ha YPOBHE KJICTOK TIAIKON My-
CKYJIaTYphl COCYIOB U IPYTUX KIETOK CEPACUHO-CO-
cynuctoit cucremsl (Filardo, 2005: 362; Revankar,
2005: 1625). MexaHu3Mbl, JIeXkKAIIHEe B OCHOBE 3TO-
ro JCWCTBUS, BKJIIOYAOT B YHCIE MPOYUX PabOTy
HEPBHBIX LEHTPOB, PACIOIOXKEHHBIX B CTBOJIE I'O-
JIOBHOTO MO3Ta M KOHTPOJUPYIOMINX CHUMIIATHIC-

CKyI aKTHUBHOCTh, TpaHCAYIUpys addepeHTHbIC
CUTHAIIBI OT apTEepPHANBHBIX 0apoperenTopoB, a
TaK)Ke IEHTPAJIBHBIX U Mepudepruueckux xemope-
LENTOPOB, PEarupyroIUX Ha W3MEHEHUsS cepied-
HO-cocyaucroro craryca (Mifflin, 1992; Ciriello,
1994: 346; Machado, 1997: 533; Colombari, 1996:
1225). Takum oOpa3oM, H30BITOYHAST Macca Tena B
W3YYCHHHOW TOMYJSIIIMA KOPPEIUPYET C CpeJiHE-
CYTOYHBIMH 3HAYCHUSIMU TI0Ka3aTelsl JIBOHHOIO
MIPOU3BENICHUS, TUACTOJIMYECKOTO apTepHaAbLHOTO
JIABIICHHS, & TAK)KE, TOJBKO y IOHOIICH BBISBICHA
cnabast koppessaiust UMT ¢ me3opoM cucronuye-
CKOTO apTepHUaIbHOTO JaBJICHUS. Y MOJOIBIX MYXK-
YUH ¢ OKUPEHHEM W M30BITOYHOI Maccoit Tena 00-
Hapy>KEeHbI HAPYIIEHUS BAPHAOCIIbHOCTH CYyTOYHOTO
pUTMa TeMOJAMHAMUKH, B TO BpEMs KaK y JICBYIICK
¢ M30BITOYHON Maccoil Texa B UCCIIEOBAHHON BbI-
0OpKe HapyIICHUI HEe 0O0OHAPYKEHO.

Paboma evinonnena npu noodepoicke epanma
MOH PK Ne AP05133311 «H3yuenue xponoghu-
3UONOCUHECKUX MEXAHUIMO8 adanmayuy cepoey-
HO-COCYOUCMOU  CUCeMbl 4el08eKd K COYUdib-
HO-2KONO2UYECKUM U  AOUOMUYECKUM (DaKmopam
oKpydicaioweti cpeovl»
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MCCAEAOBAHMUE (DVHKLI,UMOHA/\bHOVI AKTMBHOCTH
PEMPOAYKTMBHOU CUCTEMbI XXEHLLUMH
FTOPOAA AAMATDI

HanboAee cCywiecTBEHHbIMM MPUUMHAMM, BbI3bIBAlOWMMM  FOPMOHAAbHbIA  COOM  OpraHMama,
SBASIOTCSI SKOAOTMSI M CTpecC. PenpoAyKTMBHAg cuCTeMA SIBASETCS CaMOM UYyBCTBMTEAbBHOW CUCTEMOM
>KEHCKOrO OpraHvM3ma, CrocoOHOM pearnMpoBaTb AaXKe Ha He3HAUYMTEAbHble M3MEHEeHWSI BHEeLUHen M
BHYTpeHHen cpeabl. Ha ceroans, 15% nap cTpaasaioT 6eCrAOAMEM, NMPUUMHON KOTOPOro SBASIOTCS
SHAOKPWHHbIE HapyLIEHUS U FOPMOHaAbHbIN AMcbaraHc. MccaeaoBaHmnst (hYHKLUMOHAABHOM aKTMBHOCTH
PENpPOAYKTMBHOM CUCTEMbI SKEHLUMH SBASIOTCS aKTYaAbHbIMU M TPeBylOT Cepbe3HOro MOAXOAQ.
LleAbto HacTosliert paboTbl SIBUAOCH M3yUeHME YPOBHSI TOHAAOTPOMHbIX ropMoHoB (Al u DCI) 1 mx
COOTHOLLEHWE Y XXMTEAbHML, TOpoAa AAMATbI, COMOCTABAEHME NX C HOPMaMM, N3yYeHue 3aBUCUMOCTH
FOPMOHAABHBIX HAPYLUEHWA OT CTPECCOBbIX U 3KOAOTMYECKMX (akTOpPOB. AAS BO3MOXHbIX MPUYMH
rOPMOHAAbHbIX HapylleHWIn HaMu ObIA MCCAEAOBAH FOPMOH KOPTU30A, KOTOPbINA SIBASIETCSI OCHOBHbIM
CTPECCOBbIM TOPMOHOM, MOAABASIOLLMM CEKPELMIO TOPMOHOB, CEKPeTUPYeMbIX TMMNOTaAaMyCoM,
rMnoun3om, SMYHMKAMM W OTBETCTBEHHbIX 3a PEryASUMIO XKEHCKOM PenpoAyKTMBHOM CUCTEMBI.
UccaepoBaHms npoBoarAnch Ha 6ase TLIPY. Bbiao MccAepaOBaHO coaepykaHue rOPMOHOB B KPOBU Y
130 »eHuwmH B Bo3pacte oT 20 A0 30 AeT. YpoBeHb ropMoHOB onpeaeAdacst MDA meToAoM. bbian
BbISIBAEHbI CpeAHME NokKa3aTeAn HopMbl Al 4,64 + 0,26 ME/A, OCT 7,28 + 0,27 ME/A, AT/DCT 1,12
+ 0,04 1 koptnsonaa 367,32 = 15,006 HMOAB/A. Y BOABLUMHCTBA >KEHLLMH BbISIBAEHO rnoBbitexme Al n
OCT, cpeaHue nokasateAn 6biAn paBHbl 24,37 + 2,54 ME/A 1 31,69 £ 6,006 ME/A COOTBETCTBEHHO.
BoAbLias yacTb 06CAeAOBaHHBIX MMeAa Hu3koe cooTHolueHne AI/DCT, koTopoe B CpeAHeM COCTaBUAO
0,44 £ 0,02. BbisBA€HHblE OTKAOHEHWNS YPOBHS FTOPMOHOB, PeryAnpyioLmx (OyHKUMW PeENnpoOAYKTUBHOM
CUCTEMbI, BEPOSITHO, MOTYT ObiTb CBSI3aHbl C U3MEHEHMEM YPOBHSI KOPTM30AQ, a TakXKe HeraTUBHbIM
BAMSHMEM (DaKTOPOB OKPY>KatoLLer CpeAbl.

KAtoueBble cAoBa: penpoAyKTMBHAS CMCTeMa, AlOTeMHM3Mpyowmin ropmoH (Al), doaankyao-
cTumyAamnpytowmii ropmoH (PCT), KOPTU30A.
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The research of the functional activity
of the reproductive system of women in Almaty

Ecology and stress are the most important causes of hormonal disorders of human. The reproductive
system is the most sensitive system of the women, it can react to small changes in the external and internal
environment. Nowadays, 15% of couples have infertility, the cause of which are endocrine disorders and
hormonal disbalance. According to this, the research of the functional activity of the reproductive system
of women is the actual problem, which needs serious approach. The mission of this work is research the
concentration of gonadotropic hormones (FSH and LH) in blood of women in Almaty, comparing them
with the normal, research of connecting between hormonal disorders and ecology and stress. To find
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the causes of hormonal disorders, we have researched the hormone cortisol — the main stress hormone,
which suppresses the secretion of hormones secreted by the hypothalamus, pituitary gland, ovaries and
responsible for the regulation of the female reproductive system. The research was based on the City
Human Reproduction Center. The level of LH, FSH and cortisol in the blood was studied in 130 women
of reproductive age from 20 to 30 years. The concentration of hormones was determined by the method
of enzyme immunoassay. The medium results of normal level are LH 4,64 + 0,26 1U/l, FSH 7,28 + 0,27
U/, LH/FSH 1,12 £ 0,04, cortisol 367,32 + 15,006 nmol/l. Hight concentration for LH is 24,37 + 2,54
U/, FSH is 31,69 + 6,006 IU/I, LH/FSH is 2,15 + 0,19, cortisol is 2,15 + 0,19 nmol/l. The average
results of reduced concentration are LH 0,35 + 0,05 IU/I, FSH 1,26 + 0,27 1U/l, LH/FSH 0,44 + 0,02,
cortisol 110,76 £+ 11,07 nmol/l. The revealed deviations in the level of hormones are probably associ-
ated with a change in the level of cortisol and the negative influence of environmental factors.

Key words: reproductive system, luteinizing hormone (LH), Follicle-stimulating hormone (FSH),
cortisol.
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AAMaTbl KaAACbIHAQFbl dMEAAEPATH, PENPOAYKTUBTI XKYHECiHIH
(byHKLMOHAAADIK, OEACEHAAITH 3epTTey

AF3aHbIH FTOPMOHABIK, OY3bIAYbIH TYAbIPATbIH €H eAeyAi cebenTepi 3KOAOrUs XKoHe CTPecc OOAbIN
TabblAaAbl. OMEA aF3aCblHbIH, €H Ce3iMTaA XKYMe PEenpoAYKTMBTI >Kyie GOAbIN TabblAaAbl, ilKi >KeHe
CbIPTKbI OPTaCbIHbIH a3paraH e3repicrepiHe eTe cesim 60Aaabl. byriHri kyHAe, 15% >kyn GeaeyAikTeH
3apAar LWereAi, oHblH ce6ebi 3HAOKPUHAIK OY3bIAYbl MEH FOPMOHABIK, TEHIEPIMCi3AIK 6OAbIMN TabbIAAAbI.
COHAbIKTaH, 9MEAAEPAIH PEMPOAYKTUBTI XYMECiHIH (DYHKLUMOHAAABIK, OEACEHAIAIMIH 3epTTey ©3eKTi
MaceAe OOAbIM TabblAaAbl >k8HE MaHbI3Abl Ke3KapacTbl KaxkeT eTeAi. OcbiraH 0GaiAaHbICTbI, OCbl
>KYMbICTbIH, MakcaTbl AAMaTbl KaAaCblHAQ TYpPaTbiH SMEAAEPAiIH TOHAAOTPOMHbIX FOPMOHAAPbIHbIH
AeHreniH 3epTTey, atan antkaHaa, PCI kaHe Al, oAapAbl KaAbINTbl KOPCETKILLTEPIMEH CaAbICTbIPY
JKOHE TOPMOHAbIK, OY3bIAyAQPAbI CTPECCTIK >KOHE 3KOAOIMSABbIK, (DakTOpAapra 6GaiAaHbICTbIFbIH
aHblkTay. JKyprisiAreH 3epTTeyAep TOPMOHABIK —Oy3blAyAapAbl —aHbIKTayFa MYMKIHAIK — OepAi.
[opMOHABIK, 6Y3bIAyAAPAbIH, CE6ENTepiH aHbIKTay YLUiH KOPTM30A FTOPMOHHBIH AEHIeni aHbIKTaAAbl,
OMTKEHI OA CTPECCTiK FOPMOH BGOAbIN CaHaAaAbl Ad TMMOTAAAMYC, TMMNOGM3 KOHE >KbIHbIC B6Ee3AEpiHiH
rOPMOHAAPbIHbIH, TY3iAyi MeH KaHfa OeAiHyiHe ocepiH Turizeai. 3eptreyaep AAMaTbl KaAaCbIHbIH
aAam epoiTy OpTaAbIFbl 3epTXaHaCbIHAA XKYPrisiaai. fopmoHaapabid aAeHrerni MDA saici apkbiabl 130
pPenpPOAYKTUBTI >KacTaFbl 9MEAAEPAIH KaH KypaMblHAQ aHbIKTaAAbl. 3epTTeAreH anieapepae AlL, OCT
>KOHE OAapPAbIH, apakaTbIHACBIHbIH, aybITKYAQpPbl aHbIKTAAAbl. 3€PTTEAr€H FOPMOHAAPAbIH KAAbIMTbI
oprTatia kepceTkilTepi aHbikTaaabl, AT — 4,64 £ 0,26 Xb/A, DCT - 7,28 + 0,27 Xb/A, AT/DCT kaTbIHAChI
- 1,12 £ 0,04 xxoHe KOPTM30A 367,32 = 15,006 HMOAb/A TeH GOAAbI. ONEAAEPAIH KOMLWIAIriHAE
AT >xaHe OCI >koFapblAaHFaHbl aHbIKTaAAbI, OpTalla KepceTkiwTepi covkeciHwe 24,37 + 2,54 Xb/a
xoHe 31,69 = 6,006 XB/A. 3eptreareH oneapepAid 6acbim 6eairinae AI/DCI apakartbiHaCbIHbIH
KOPCEeTKilli KaAbINTbl KOPCETKIWTEH TOMeH GOAAbI oHe opTawa ecenneH 0,44 + 0,02 KypaAbl.
PenpoAyKTUBTIK >KyMeHiH pyHKUMSIAAPbIH PETTENTIH FOPMOHAQP AEHIreriHAEri aHbIKTaAFaH aybITKyAap
KOPTU30A AEHreliHiH e3repyiMeH, COHAaM-aK, KopllaraH opTa (pakTOpPAAPbIHbIH XKaFbIMCbI3 8cepiMeH
6anAaHbICTbl GOAYbI MYMKIH.

TyiiiH ce3aep: penpoAyKTUBTI XKYMeECi, AloTerHAEYLLI TOPMOH (AN, DOAAMKYACTUMYAAEYLLT FTOPMOH
(DCT), KOPTH3OA.

BBenenue

3/10pOBbe YeIOBEKa 3aBUCHT OT MHOTHX (aK-
TOPOB, U OCHOBHBIM M3 3THX (PAKTOPOB SIBISICTCS
sKoorusi. B HacTositee Bpemsi, SKOJIOTHYecKas CH-
Tyanus ropoa AJIMaTbl HAXOJUTCA B KPUTHYECKOM
cocTossHUM. ['opos AnMaThl 3aHMMAET JHIUPYIO-
mee Mecto cpeau crpad CHI' mo ypoBHIO 3arpsi3-
HEHUs, B TEpPBYIO OYepe/b 3arpsA3HEHUs BO3/yXa.
ITo nanHeIM uHTEpHET-IOpTana Airkaz.org, KoTo-
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pbiit B 2017 ropy cran npoexrom Kaszaxcrana, npu-
3BaHHBIM CHA0XXaTh JOCTOBEPHOU HHPOpMaIHE 00
YPOBHE 3arps3HeHUs Toposia AJMaThl, ypOBEHb 3a-
IpSA3HEHMS BO3yXa ropoaa AJMaThl MIPEBBICUI J10-
nyctumyto Hopmy BO3 (BcemupHoii opranuzarimu
3npaBooxpanenusi) B 4 pasa (https://informburo.
kz/novosti/zapushchen-sayt-so-svedeniyami-o-
zagryaznyonnosti-vozduha-almaty-.html).
CornacHo BecemupHOl opranuzanuu 31paBooX-
panenwnst (BO3), ypoBeHb 3arps3HEHUsT BO3AyXa HE
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Uccnenoanue q)yHKIIPIOHaJILHOfI AKTHBHOCTH perOﬂyKTHBHOﬁ CHUCTEMBI JKCHIIUH ropoaa Anmatsr

JOJDKEH TpeBbImath 10 MKI/M?, @ CpeJHeCY TOUHBII
YPOBEHb 3arpsi3HEHUs BO3yXa HE JAOJDKEH IPEBbI-
math 25 Mkr/M? . CornacHo JAaHHBIM JAaTYUKOB IIbI-
nemepa Airkaz.org, HanOosee 3arpsI3HEHHBIM SBJIS-
eTcs paiioH LleHTpanpHOTro Mapka oTabIxa (ObIBIITH
[Tapx umenn M.I'opbKoro), HaMMEHBIINN YPOBEHb
3arpsi3HEHHsI BO3[yXa PETUCTPUPYETCS B palioHe
Anmartsl-1 (https://airkaz.org/graphs.php).

JlaHHBIE yHIpaBJIEHUS TPUPOJHBIX PECYPCOB
U PeryJMpoBaHusl MPUPOJONOIB30BAHUS TTOKA3bI-
BaroT, uTo B 2016 Toay o0mue BRIOPOCHI B BO3AYX
o ropoay AJyMaThel cocTaBMiu 285 TOHH Bpe-
HBIX YacTHL, M3 HHUX OKono 30 TOHH NPHUXOIH-
nmock Ha TOILI-2, uto cocraBnser 11% ot obmero
kommuectBa  (http://mk-kz.kz/articles/2017/11/15/
ekologicheskaya-obstanovka-v-almaty-podoshla-
k-kriticheskomu-urovnyu.html). Onnako Han6oIH-
IIM{A MPOICHT 3arpsi3HEHHs BO3yXa IOCPEICTBOM
BbIOpOCa BpEAHBIX BELICCTB HMPUXOAUTCS Ha aBTO-
MOOWJIBHBIN TPaHCHOPT M cocTaBisgeT okoio 80%.
Ha ceromust B ropoje 3aperucTpupoBaHo Ooljee
500 000 aBromobuneit, u npumepro 200 000 nHO-
TOPOAHUX MalINH, COBEPIIABIINX €KECIHEBHO BbHE3]L
u BbIe3]] U3 ropojia. bonee yem 70 000 aBTOMOOMIIEH
HE COOTBETCTBYIOT TPEOOBAaHMAM SKOJIOTHYECKUX
HOpM U okoJio 70% Bcex paboTtaromux aBTOOYCOB
ropojia TakKe€ HE COOTBETCTBYIOT IKOJOTHYECKUM
crangaptaMm (https://almaty.gov.kz/page.php?page
1d=3454&lang=1&article id=16298).

PenpoaykTtuBHas cuctema SBISIETCS OJHON M3
CaMbIX YYBCTBHUTEJIBHBIX CHUCTEM >KCHCKOTO Opra-
Hu3Ma. [losTomy mroOble HEOMAroNpHSTHBIE BO3-
JIEHCTBUSL OKPYKAIOLIEH CpeJibl HA OPraHUu3M BEAYT
K HapyleHUSIM PENPOAYKTUBHOH (QYHKIMH Yelo-
Beka (Atmamasss, 1998: 11). Ot 10 mo 60% Bcex
naToNIOTHi 00yCIOBJICHBI aHTPONIOTEHHBIMU (DaKTO-
pamu (Onumienko, 2007: 3-4). Bpemubie dakTopbl
OKpY’Karollel cpeibl, BO3JICHCTBYSI Ha OPraHu3M
JKCHIIMHBI, AK€ B MaJIbIX KOJIMYECTBAX, CIOCOOHBI
BbI3BaTh CEphE3HBbIC HApYLICHUs B paboTe pemnpo-
IyKTHBHOU cuctembl (Mensenes, 1996: 14-17).

W3meHeHne  (QyHKIHOHATBHOTO  COCTOSIHUS
PENPONYKTUBHONH CHUCTEMBI, BBI3BAHHOE BIIMSHU-
€M IaTOI'CHHBIX 3KOJIOTHYECKUX (haKTOPOB, HMe-
10T Tpexda3Hoe pa3BUTHE: OCTpas Jae3ajanTariys,
XpOHUYECKasi CyOKOMIEHCAMS U JCKOMIICHCAIIHS.
daza ne3amanTanuy XapakTepU3yeTcs HapyleHU-
€M TOPMOHAIBHOTO (hOHA SKEHIIWHBI, BBI3BAHHOE
TucyHKIMEH SIMYHUKOB, @ MMEHHO TOPMOHAIBHON
HEIOCTATOYHOCTBIO SIMYHUKOB, 3200JI€BaHUSIMH I10-
JIOBBIX OPraHOB, HeBBIHAIIMBaHWeM Iiona. daza
XPOHUYECKOM CYOKOMIICHCAIIMM XapaKTEepHU3yeTcs
yJIy4llIeHUEM FOPMOHAJIBHOrO (pOHA U MOKa3aTesIeh
B LIEJIOM. YJIy4IICHHUE PENpOJyKTHBHBIX (YHKIWH

OOBSICHSICTCS PA3BUTHUEM B YKCHCKOM OpraHU3MeE
HOBBIX aJalTallHOHHBIX BO3MOXKHOCTEH, KOTOpBIE
(OpPMUPYIOTCS TIOJ] BIUSHUEM JTTUTSIILHOTO BO3/ICH-
CTBUSI HEOIArOMPUATHBIX (PAKTOPOB OKPYIKAIOIICH
cpensl. Paza gexoMIieHcau wid ¢daza MCToIIe-
HUS aJIalITUBHBIX BO3MOYKHOCTEH, XapaKTepU3yeTCs
HEOOpPAaTUMBIMA HM3MEHEHUSMU PENPOJTYKTUBHOM
(YHKIIMH OpraHu3Ma, UMEIOIUMH CEepPhE3HBIE T10-
CJICICTBHS, B YHCIIE KOTOPBIX Takoe 3a00JieBaHHUE,
kak Occrutogue (AimamassH, 2003: 4-10; BrnoseH-
Ko, 2013: 24-28).

Tak kak pempoayKTHUBHAS CHUCTEMa SBIISICTCS
HauOoJyiee YyBCTBUTEIBHOW CHCTEMOW, IO CpaBHE-
HUIO C IPYTHMH CHCTEMaMH OPTaHN3Ma, U CITIOCOOHA
pearupoBaTh Jaxke Ha MajeHInue n3MEHEHUS OKPY-
JKarolleld cpellbl B HEraTUBHYIO CTOPOHY, TO OHa
SIBIISIETCS] OJTHAM W3 BYKHBIX ITOKa3aTeNlel IKOJIOTH-
yeckoro ¢oHa ropoja Asnmatsl. [lpu orneHuBaHUM
PEIPOIYKTUBHOTO 3[0POBbS U PEMPOAYKTHUBHOU
aKTUBHOCTH OpPTaHWU3Ma B IIE€JIOM, BaKHBIM TTOKa3a-
TEJIeM SIBJISICTCSL IETOPOJIHASL CLIOCOOHOCTD, TO €CTh
CHOCOOHOCTD JKEHCKOW PENpOAYKTUBHOH CHCTEMBI
M OpraHu3Ma K OIUIOJIOTBOPEHHIO, YTO HAIPSIMYIO
3aBUCHUT OT COJCP’KAHUS B KPOBHU TOJIOBBIX TOPMO-
HOB, BbIIENAeMbIX sudHuKamu (CrtemanoB, 1995:
81-83).

B Hacrosiiee BpeMsi HaONIOIASTCS PE3KOe
CHUKCHUE YPOBHSI POXKAACMOCTU U IPEBBILICHUE
YPOBHSI €CTECTBEHHON CMEPTH HaJll YPOBHEM POIXK-
naeMoctd. CHW)KEHHE YPOBHS POXKIAEMOCTH 00-
YCJIOBJICHO PEMPOAYKTUBHBIMU OTKIOHEHUSIMU OT
HOPMBI B HETaTHBHYIO cTOpoHYy (AHapTacBa, 2004:
7-9).

Ilo manHbM Beemupnoit Opranuzanuu 3npa-
BooxpaneHus (BO3) B Kazaxcrane xaknas mecras
ceMbs cTpanaeT OecroaueM. [X MexyHaponHbiid
koHrpecc Kazaxcranckoil accouuanuu pemnpoyK-
tuBHOU MeaunuHbl (KAPM) «CoBpeMeHHBIC TO-
xonbl K jeuenuto Oecrutoaus. BPT: Hacrosmee u
Oyaymiee», kotopslit nmpoxo i 10-11 HosOps 2017
rojia B ropoge AcraHa, o3By4uJi, uto B Kazaxcrane
15 % cynpyx)eckux mnap CTpajarT OecIIoqueM, a
sto nmoutd 350000 cemeli, Win ke Kaxkaas 6-s ce-
Mbs. BBIIENAIOT HECKOIBKO TPUYHH OECIUIOMS.
HempoxoanMocTs MaTOUHBIX TPyO 3aHUMAET Tep-
BOE MECTO cpelid (haKTOPOB, BBI3BIBAIOIINX OECIIIO-
JIie, Ha BTOPOM MECTE€ CTOMT TOPMOHAIBHBIN (ak-
TOp, @ UMEHHO HapYIICHHE Pa0OThl YHIOKPHUHHOM
CUCTEMBI, T.€. AUCOAIaHC TOPMOHOB, OTBEYAIOIIUX
3a PenpoyKTHBHBIE (PYHKIIUU B IIEITOM.

UccnenoBanust B 007acTH PEempOAYKTHBHOTO
3I0pOBBs KeHIWH B PecniyOnuke Kaszaxcran, mpo-
BeZleHHbIe THCTHTYTOM OOIIECTBEHHOTO 3PaBOOX-
panenus u ee wieHamu A.A. AkaHoBeM, [.E. Aum-
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oeroBoif, A.K. KanpOekoBbIM, MOKa3bIBAIOT, YTO
PENPOYKTUBHOE 30POBBE IKEHIIUH, MPOKHBAIO-
mux Ha teppuropun HOxuo-Kazaxcranckoir 00-
JIacTH, B KOTOPYIO BXOAUT U TOPOJ AJIMaThl, HaX0-
JUTCSI Ha KPUTUIECKH HU3KOM YpoBHE (AHapTaeBa,
2004: 7-9; Axanos, 2008: 63-65).

Kpome HeraTMBHOrO BIIMSTHHSI KOJIOTHYECKUX
(hakTOpOB, HA OPTAHMU3M KEHIIIUHBI €KETHEBHO BO3-
JEHCTBYIOT U JIpyrue HeOIaronpusaTHble (aKTophbl,
CpeaM KOTOpBIX HauOojiee 3HAYUMBIM SIBISICTCS
crpecc (Pacak, 2001: 502-548).

['maBeHCTBYIOIIYIO POJIb B CTPECCOBBIX pEaKIlu-
X UIpaeT THUIOTaJaMO-THIIOPHU3apHO-HAIIO0UYe-
HUKOBas cucTeMa. B pe3ynbTare akTWBanuU Hes-
TEJILHOCTH DTOW CHCTEMBI IPOUCXOJIUT MOJaBIICHHE
PEeNpOAYKTUBHBIX GYHKLUH OpraHu3Ma. Y THETEHHE
(YHKIIHIA ITOJIOBOW CHCTEMBI BBI3BIBAIOT TIIFOKOKOP-
TUKOMJIBl KOPBI HAJMOYEYHHKOB, & WUMEHHO KOp-
TH30J1, KOTOPBIH MOJABIISIET CEKPELUI0 TOPMOHOB,
CEKPETHPYEMBIX THITOTAIAMYCOM (TOHAIOTPOITHBINA
pumusunr-ropmo (I'TPT), runoduzom (JIroTenHu-
supytoumii ropmon (JII') m domnukyiaocTumynm-
pyromuii TopmoH (PCT'), suyHuKamMu (3CTPaIHON
(E2), mporectepoH), KOTOpble OTBETCTBEHHBHI 3a pe-
TYJISIIMIO PENPOAYKTUBHBIX (PYHKIMI dKEHCKOTO Op-
ranm3ma (Selye, 1974: 171; Rivest, 1995: 177-99).

[Ipn mMTeNnbHOM CTpecce MPOUCXOAMT Tepe-
pacripenesicHue pacxoA0B MPEAILIECTBEHHUKOB CTe-
POUITHBIX TOPMOHOB, SIBISIONIMXCS OCHOBOHM IS
OWocHHTE3a TOJOBBIX TOpMOHOB. [lpu xponHnde-
CKOM cTpecce OoJiblIee KOIUYECTBO MPeIIIeCTBeH-
HUKOB CTEPOMIHBIX TOPMOHOB HJIET Ha OMOCHHTE3
TIIIOKOKOPTUKOMJIOB, YTO NMPHBOJAUT K CHUKEHUIO
OMocHHTE3a MOJOBBIX TOPMOHOB, YTO BBI3BIBACT HE-
JTIOCTATOK JJFOTEMHOBOM (ha3bl MEHCTPYaILHOTO ITHK-
na (ML) (Wirth, 2006: 97-102).

B coBpemeHHOM MuUpe, OIHUM U3 HEOJIArOnpH-
SATHBIX BIIMSHUIN HA OPTaHU3M TaK )K€ SBISIETCS IMO-
UOHANBHBIN cTpecc. K ¢akTopam, BBI3BIBAIOIINM
9MOLMOHATIBHBIN CTPEecC, MOKHO OTHECTH HEYJOB-
JIETBOPEHHE YPOBHEM COITMAIBHON O0ecTedeHHO-
CTH, WH(POPMALUOHHYIO IEPerpy3Ky, HapylleHne
peKuMa TpyAa M OTIbIXa, HEAOCHIIAHWE U Tepe-
yromiernne u T.14. (Jlexnawn, 2004: 83-86). imenHO
SMOIUOHAIILHBIE TICPEIKUBAHHS U TIEPEHATTPSKEHHUS
YeJoBeKa SBISIIOTCA NPUYMHONM MHOXKECTBa IICH-
XHYCCKUX W coMmarmueckux 3aboneBanmii (IToGop-
ckuit, 2009: 28-33).

W3BecTHO, YTO M3MEHEHHE (PH3HOIOTHIECKON
aKTUBHOCTH THIIOTAIAMO-THITO(PU3APHO-TOHATHON
cuctembl (I'TT'C), BbI3BaHHOE CTpecc-peakIusIMH,
COXPAHSIOTCS UIMTENBHO, JAaXKe IOcie JIMKBUAA-
MU CTPECccopoB. B skcmeprMeHTax Ha mpuMarax,
OBLIIO MOKA3aHO, YTO Jake MOciie HEOOIBIIOTO BO3-
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JIEHCTBHS CTpeccopa Ha OPraHu3M, TpeOyeTcs JITH-
TeNBHBIN TEpPHoJ JUIsl TIOJIHOTO BOCCTaHOBJICHHSA
THITOTATaMO-THITO()HU3aPHO-INIHUKOBOH CHUCTEMBI.
OByIIATOpHBIC NUKIIBI TIPUMATOB COXPAHIIUCH, HO
coJiepKaHre TOPMOHA TIPOTeCTepOHa MIPH JeHCTBUN
CTpeccopa Ha OpraHu3M B Havalie (QOJUTUKYJISIPHON
(hazbl ObLIO cHIDKEHO HA 51,6%, B HaYase TFOTCHHO-
Boi ¢azbl — Ha 30,9%. JlaHHBIE HapyIICHHUS PENPO-
JTYKTUBHOW CUCTEMBI HAOIOAATHICh Ha TPOTSHKEHUN
3-4 ML nocne ycrpanenus crpeccopa (Chen, 1999:
666-73).

PerOI{yKTI/IBHaH CHUCTCMa JKXCHINMHBI HE Yy4a-
CTBYET B CTpPECC-peakIusiX, HO, IPU BO3JCHCTBUU
CTpeccopa Ha OpraHu3M, yTHETaeT CBOIO padoTy,
oTaaBasAd TEM CaMbIM 3HepI‘eTH‘-IeCKPII7] IHOTECHIIMAaJl
OpraHaM ¥ CHCTeMaM, YYacTBYIOIINM B CTpecC-
peakmmsx (Ariza-Traslavifia, 2011: 11-19; Cameron,
2003: 433-438). Takoe moBeACHUE PEMPOTYyKTHUB-
HOHM CHUCTEMBI OpraHu3Ma SBJISICTCS 3BOIFOIMOHHO
3aKpeIUICHHBIM, H OTBEYAeT MPHUHIIUITY «yTpo3a Cy-
IIIECTBOBAHUIO — HET Pa3MHOKEHHUIO». B ycimoBusix
MTOCTOSTHHOTO 3MOIIMOHAIILHOTO U (PU3HOJIOTHYE-
CKOTO cTpecca, aJanTallioHHbIe KOMIICHCATOPHBIS
peaKkIMu HECYT HETaTUBHBIM XapakTep U BEAYT K
Pa3BUTHIO MATOJOTHH KEHCKOTO OpraHu3Ma, OJHON
W3 ONACHBIX MATOJIOTMH SIBISIETCS TOPMOHAIbHBIN
ncOanane, CHWKAIONIMKH YPOBEHb (EepTHIBLHOCTH
xenmuH (Uraareesa P.K., 2000: 61-65).

NwmenHo mosTomy, nccinenoBanus GyHKINAN pe-
HpOI[yKTHBHOfI CUCTCMbI KCHUIWH SABJIACTCA aKTy-
abpHOU Mpo0IeMoii U TpedyeT cepbe3HOTr0 MOIX0/1a.

MaTepna.m)l U METOAbI UCCJICTIOBAHUA

WccnenoBanmst npoBoauianch Ha Oase 'opon-
CKoro 1eHtpa penpoaykuuu genoBeka (I'LIPY) ro-
pona Anmartel. 3a nepuoxa ¢ utoHs 2017 roma mo
arpenb 2018 roma 6p110 06cmeaoBano 130 sKeHITHH
ot 20 mo 30 ner, He MMEIOIINX KaKUX-IH0O0 MaTo-
JIOTHH penpoAyKTUBHBIX opraHoB. ¥ 130 xwureins-
HUI[ T. AIIMaThl OBUIO MICCITIEIOBAHO COJIEPyKaHHE B
KPOBHU TOHAJIOTPOIHBIX TOPMOHOB. J{J1s1 BBISIBICHUS
BO3MOXKHBIX TMPUYMH TOPMOHAIBHBIX HAPYIICHHUH
OTIPE/IETSUIA  COZIEpKaHWE B KPOBH CTPECCOBOTO
rOPMOHA HaJIMOYEYHUKOB — KOPTH30Ja. [ OpMOHBI
OBUIN B3SITHI AJIs aHAIM3a BO BTOPOii nosnoBune ML,
TO ecTh B JOTEMHOBYIO (hazy. KoHmeHTpamus ux
onpeaesuiack MDA meronom, Ha npudOpe aHaH-
3arope Tosoh AIA-360 (TOSOH, fnonus).

Pe3yJ’[l)TaTI)I HCCJICA0OBAHUA U UX oﬁcymne}me

B perynsamun (QyHKIIMOHAIBHONH aKTHBHOCTH
PEeTpPOTyKTUBHON CUCTEMBI KEHIIINH, BAXKHYIO POJIb
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WTPAIOT TOHAIOTPOITHBIE TOPMOHBI 3JICHOTUIIO(H3a.
JII" oka3pIBaeT BIMSHUE HA OBYIIALUIO H (GOPMHUPO-
BaHHUE JKEJITOTO Tella SIMYHUKA, U COOTBETCTBEHHO,
BIIUSICT Ha BBIPAOOTKY JKEINTHIM TEJIOM SUYHHUKA
TOPMOHA TIPOTeCTepPOHa, KOTOPBIH CIOCOOCTBYET
YTHETEHUIO COKPATHTENBHOW JESTENIbHOCTH Mart-
KH, CIIOCOOCTBYET YTHETECHHIO MPOLecca OBYIISIHIH,
pa3pacTaHuIo SHAOMETPHS, UMIUTaHTAIIH OILIO0T-
BOPEHHOH SHIEKIETKH ¥ 00ECTIeYeHUI0 HOpPMalb-
HOTO TIPOTEKaHHUs OEPEeMEHHOCTH.

OCI oka3pIBaeT BIMSIHUE Ha co3peBaHne (Hoi-
JIUKYJIOB, © COOTBETCTBEHHO, BIIUSIET HA BEIPAOOTKY
U cekpenuto ropmona sctpaauona (E2), xoropsiit
BITUSIET HA COKPATUTENBHYIO CIIOCOOHOCTh MAaTKU H
SIMLIEBOJIOB, YBEIMYMBAsl aMILIUTYJly COKpAllleHUH
WX MHOMETpHUS. Y CUIICHUE PUTMUYECKUX COKpaIle-
HHAW MaTKH ITOJ JCUCTBHEM ICTpaInoiia, odjierdaet
MIPOJIBUKCHUE CIIEPMATO30HMIOB K OBYIUPYIOIIEMY
SIMYHUKY JUTSI OTUIOIOTBOPCHHSL.

Cekpernyisi TIOJIOBBIMH  JK€JIe3aMH TOPMOHOB
3CTpamuoia ¥ MPOrecTepoHa HaXOAMTCS TOJ| BIIH-
STHIEM TOHAJOTPOIHBIX TOPMOHOB THrodusa. Ms3-
BECTHO, YTO IOJ BiMsiHHEM Jumb omHoro ®CI,
cekpenus (OJLIUKYJIOM 3CTPOreHa He OyeT POouC-
XOAMUTH COBCEM, JIMOO OyIeT MPOUCXOIUTH B HE3HA-
YUTEITBHBIX KOJWYecTBaX. TOJBKO TOJ BIUSHHEM
000MX TOHAJOTPOIHBIX TOPMOHOB OyJIeT HpoHMC-
XOJIUTh POCT ¥ Pa3BUTHE, CO3pEBaHKE (HOIUTUKYJIIA U
BBIXOJI U3 HETO SHIEKICTKH.

[oswimennoe conepxkanue JII' u ®CI' B kpo-
BH aKTUBUPYET BBIPAOOTKY SIUYHUKAMH TOJIOBBIX
ropmoHoB. Kak Tonmpko comepxkanue JII' w ®CIT B
KPOBH CHIDKAeTCsl, YTHETaeTcsi BhIpadOTKa W ce-
kperus mosoBsix TopmonoB (Ericson, 2000: 13-32;
Druckmann, 2005: 389-96 p).

B cooTBeTCTBUM € TIOJIYYCHHBIMH JaHHBIMH
(pucynku 1, 2), Hamu ObUTO BBIBIICHO, 4TO y 87%
o0cIeryeMbIX JKeHIH ypoBeHb JII' B KpoBH B HOP-
Mme Bapbuposai ot 0,5 ME/n o 15,4 ME/n u B cpea-
HeM coctaBisul 4,64 + 0,26 ME/n. YV 10% xeHiud
OBLTIO OOHAPYXEHO MOBBIIIeHHE KOHIIeHTpanuu JII'
B KPOBH, JaHHBIN MMOKa3aTeb HAXOJWIICS B Mpee-
nax 17,9 — 51,9 ME/n u cpenHuii mokasarenb MOBbI-
mernoro JII' coorsercTBoBan 24,37 + 2,54 ME/xn.
Cpenu o0cie1oBaHHBIX JKeHIIUH 3% WMEeNH TTOHU-
JKCHHBIN YPOBEHb JAHHOTO TOPMOHA, Y 3-X JKCHIIIH
ypoBeHb ropmoHa Obu1 paBeH 0,4 ME/m 'y 1-0if —
0,2 ME/n. Cpenuawuii nokasarens JII' B KpoBH y 9THX
sKeHuH coorBercTBoBa 0,35 + 0,05 ME/x.

MakcumanbHoe 3HaueHue ypoBHs JII' B KpoBu
y KEHIIMH PEnpoJyKTHBHOIO BO3pacTa HaOIo/a-
€TCsl B OBYJISTOPHBI THUK W BO BPEMsl OBYJISIIUU
(O’Malleu, 1999: 110-133). V xeHIMUH HE pempo-
JQYKTUBHOTO BO3PAacCTa, TO €CTh Y YKEHIIWH, HAXOMsI-

HIMXcS B MeHomayse, HaOJronaeTcs MOBBIIICHHOE
coxepxanue JII' B kpoBu (Strauss, 2009: 803-814).
[TobilieHHOE coaeprkanue JII' B KpOBU y KEHIIUH
CBUJIETENILCTBYET O HAPYIIEHUH CBSI3U MEXIYy IO-
JIOBBIMM JKene3aMu U runotaiamycom. Kpome toro,
[1aTOJIOTMYECKOoe MoBbllieHue ypoBHs JII' B kpoBu
MOXET CBHUJACTEIbCTBOBATH O HAJIUYUHU OIIYXOJHU
B runoduse, 0 THIO(PYHKINU SIMIHUKOB, a TaKKe
0 HaJUYUHM CUHAPOMA TOTUKHUCTO3HBIX SUYHHKOB

(CIIKS) (boukapesa, 2003: 57-60).

3%

M Hopma
H [oBblweH

MoHW*KeH

Pucynox 1 — CooTHomeHre HOpMBI ¥ OTKIOHEHUI ypoBHs JII'
B KPOBH Y 00CJI€/I0BaHHBIX JKCHIIMH

307 24,37
25
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0,35

I nosbiweH NI NoHWMKeH

*—p<0.05
Pucynok 2 — Cpennue noxasarenu yposas JII' (ME/m)
B KPOBH Y JKEHIIMH HOPME M IIPH ITaTOJIOTUH

NI Hopma

Huskoe conepxxanue JII' B KpoBU CBHIETENb-
CTBYeT O HEIOCTaTOYHOCTU JIFOTEMHOBOW (pa3bl
MEHCTPYaJTBLHOTO ITMKJIA, YTO HETATUBHO CKa3bIBa-
€TCsI Ha PENPOYKTUBHBIX (PYHKIIUSAX )KEHCKOTO Op-
raHusma. Y >KEHUIUH C MOHMW)XEHHbIM ypoBHeM JII'
3aperUCTPUPOBAHBI CITydal HEBBIHAITUBAHUS Oepe-
MeHHocTH 1 Oecmutonus (Tatapuyk, 2008: 90-96).

Uccnenys conepxkanne ®CI' B KpoBH, OBLIO
BBISIBJICHO, UTO Yy 68,5 % >KCHIIWH MTOKA3aTeld HOP-
MaJbHOTO COJIEP KaHMsI TOPMOHA HAXOAUITUCH B TIpe-
nenax 2,1 — 12 ME/n. Cpennnit nokazarens OCI B
HOpMme coctaBun 7,28 + 0,27 ME/n. 27,7% nvenu
noBblIeHHY0 KoHueHTpauuto PCI, noxazarens
KoToporo Bapbuposai ot 12,1 ME/n no 164 ME/x.
U B cpeaHeM cootercTBoBal 31,69 + 6,006 ME/m.
Oxkoiio 4 % Bcex 00CIIeIyeMbIX JKESHIIIMH UMEIIU He-
xBaTKy ropmoHa @CI' B KpoBH, y HUX KOHIIEHTpa-
s B kposu OCI mHaxoamnace B mpeaenax 0,9 — 1,8
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ME/n, B cpeqnem coctaisist 1,26 = 0,27 ME/n (pu-
CYHKH 3, 4).

3,8%

27,7%
: B Hopma

M MNoBbllleH

MoHWXeH

Pucynox 3 — CooTHOIIIEHHE HOPMBI M OTKJIOHEHUH yPOBHs
OCT B KpoBH y 00CICIOBAHHBIX KEHIMH
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*—p<0.05
Pucynoxk 4 — Cpennue nokasarenu yposas @CIT (ME/n) B
HOpPME U NP HAPYIICHUN

Makcumanpaoe 3HadeHne OCI” mpuxoauTcs Ha
CepeIMHy LUK, TO €CTh Ha OBYJSTOPHBIN MUK U
oByisnuio. [locne opymsinuu yposenbs @CI' B kpo-
BH CHUYKAETCSl U BHOBb IOBBILLIAETCS] C HAYAJIOM HO-
BOT'0O MEHCTPYaJILHOTO ITUKJIA.

ITaronoruueckoe nosbiienne OCI' y skeHITUH
PENpOaYKTUBHOTO BO3PACTa CBUICTEIBCTBYET O
TUCHYHKIIMUA SUYHUKOB, & TaK € O SUYHUKOBOM
HEJOCTAaTOYHOCTH, MPUUYUHONH KOTOPOU SIBISETCS
HapyIlieHue paboThl AMYHUKOB WX K€ HapyIIeHHE
paboThl rumnorajiaMmyca u rurnodusa. SudHUKOBas
HEJI0CTaTOYHOCTh MPUBOJIUT K aMEHOpee U OECILIO-
nuto. Kpome toro, noseitienne ypoBHs OCI” moxeT
OBITh CJICIICTBUEM BPEIHBIX MPHUBBIYCK, TAKUX KaK
AJKOTOJIU3M.

s mpaBuITbHOM pabOTHI PETIPOYKTHBHOM CH-
CTEMbI B&KHOE 3HAUYCHUE UMeeT cooTHoIenue JII'/
OCT', koTopoe orpenessieT ClIOCOOHOCTh KEHIITUHBI
Kk 3adatuio. B HOpMme coortHomenne JII/DCI co-
craBmsier 1 — 1,5. HecMoTps Ha TO, 94TO TIOKa3are-
M 000MX TOHAJOTPOIHBIX TOPMOHOB MOTYT OBIThH
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B HOpMe, cooTHotneHue JII'/DCI" moxer ObITh Ha-
pyIIeHo.

VY 10,8% oOcnemyemMpIX >KSHIMH OTKJIOHCHUI
BBISIBJICHO HE OBLIO, ITOKa3aTelb COOTHOIICHUSI TOHA-
JIOTPOITHBIX TOPMOHOB HaxoiiIcs B nipezenax ot 1,00
1o 1,23 u B cpeareM paseH 1,12 = 0,04. 4,6% xen-
IIMH MMEITU TIOBBIIICHHOE 3HAYCHHE COOTHOIICHUS
JII'/®CT', naxoausiueecs B auana3one 1,52 — 2,64 u B
cpemHeM mokazarens coctaBmi 2,15 = 0,19. V 84,6%
o0creryeMbIX ObLIH BBISBIICHBI OTKJIOHEHHS OT HOp-
MbI B CTOPOHY HOHMWKeHHs B npenenax 0,05 — 0,92.
CpenHuil mOKa3arellb MOHMKSHHOTO COOTHOIICHHUS
JIT'/OCT cocrasuin 0,44 + 0,02 (pucyHok 5).

4,6%
B Hopma

H MosblweH

MoHuKeH
84,6%

*—p<0.05
Pucynox 5 — CooTHOIIEHHE HOPMBI M OTKIIOHEHUH ypOBHS
JIT/®CT B kpoBH y 00CIICIOBAHHBIX KEHIIUH

Coortnomenue JII'/OCI' sBasercs moka3aTeaeM
(hyHKIIMOHANBHON aKTUBHOCTH PETPOTyKTHBHON
CHUCTEMBI JKEHIIMH, W OTPEILISICT CIIOCOOHOCTH
JKSHIIUHBI K 3auaTHio peOeHka. Bricokuii mokasa-
tenb JII'/OCI MokeT CBUIOETEIILCTBOBATH O HAJIU-
g CITKSI.

st BBISBICHUS 3aBHCHUMOCTU PEMPOILYKTHB-
HBIX ()YHKIIUH OT CTPECCOBBIX (PaKTOPOB, HAMH OBLI
WCCIIEIOBAH CTPECCOBBII TOPMOH KOPTH30JI (PUCYH-
ku 6, 7).

Hopma xoptuzona B kpoBu y 67,7% obcne-
JIOBAaHHBIX HE BBIXOAMIA 3a mpenenbl 150 — 648,6
HMOJIb/JT U B CPEIHEM COOTBETCTBOBaja 367,32 +
15,006 amons/n. ¥ 21,5% xeHmumH OblI0 0OHAPY-
JKEHO TTOBBINIICHNE KOHIICHTPAITUH KOPTU30J1a B KPO-
B, JaHHBINA MOKAa3aTeIb HAXOAUJICS B mpeaenax 670
— 12822 HMONB/1 ¥ CpeTHUI MTOKA3aTeIb TIOBHIIICH-
HOTO KOPTH30J1a COOTBETCTBOBAN 1542,99 + 531,89
HMOJIb/1. Cpeau o0cnenoBaHHbIX x)eHIuH y 10,8%
OBLIIO BBISIBJICHO IMOHIKEHUE KOHIICHTPAIIMHA TOPMO-
Ha B KpoBU. KOHIIEHTpaIus MOHWKEHHOTO KOPTHU-
30J1a B KPOBHU y 00CIIEIOBAaHHBIX JKEHIIIMH BapbUPO-
Bana B mpenenax 25,8 — 147,7 amons/n. CpenHuii
IMOKa3aTellb KOPTH30J1a B KPOBH Y ITHUX JKCHIIIUH CO-
orBercTBOBaN 110,76 = 11,07 HMOINIB/I1.
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B Hopma
M MNoBbiweH

MoHUKeH

Pucynok 6 — CooTHolIeHIE HOPMBI U OTKJIOHCHUH YPOBHS
KOPTH30J1a B KPOBH y 00CII€IOBAHHBIX )KEHIIINH

1800 -
1600 -
1400 -
1200 -
1000 -
800 -
600 -
400 -

200 ] -
0
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KopTu3on noselweH

*p<0.05
Pucynoxk 7 — CpenHue nokasarenu ypoBHs KOPTU30Ja
(HMOIIB/IT) B HOPME U TIPH HAPYLICHUN

HopwmanbHbIl ypoBEHb KOPTH30J1a CITOCOOCTBY-
€T YTHETCHHUIO aJIeprHYeCKUX M BOCIATUTEIBHBIX
peakiuii, a TakkKe CIOCOOCTBYET MPABHILHOMY
JKHPOBOMY M YTJIEBOAHOMY oOMeHy. CHIDKEHHAs
KOHIIGHTpAIHsI, COOTBETCTBEHHO, BEJET K Hapylie-
HUSIM OOMEHHBIX MPOIIECCOB, YTO HETaTHBHO BIIHSI-
€T Ha BCE CHCTEMbI OPraHM3Ma, B TOM YHCIIC M Ha
penpoaykruHyto (Christiansen, 2007: 3553-3559;
Chrousos, 1998: 229-240). I1oBbIlIeHHBIN YPOBEHB
JTAHHOTO TOPMOHA CIOCOOEH YTHETaTh CEKPEIHUI0
KEHCKHUX TOPMOHOB, CEKPETHPYEMBIX THIIOTATIaMY-
com (I'TPT), runodpuzom (JII' u ®CT), ssuaanKaMu
(actpammon (E2), mporectepon).

3akiouyenne
Takum 00pazoM, TJIaBHBIM M CaMbIM pPaHHUM

MIPU3HAKOM HapyUICHUS pEePOAYKTUBHON (pyHKIMN
KEHCKOI'0 OpraHu3Ma SIBJIICTCS HAPYIIEHUE CUHTE-

32 ¥ CEKPEIMH TOJOBBIX TOPMOHOB, a ()YHKIIHOHH-
POBaHUE IOJIOBBIX JKEJIE3 HAXOIUTCS MO HPSIMbIM
KOHTPOJIEM THIIOTAIaMO-TUIO(HU3apHON CHUCTEMBI.
A mHapyuieHue UEHTPATbHBIX MEXaHU3MOB PETyIIs-
MU PETIPOSYKTUBHON (DYHKIIMH OpraHU3Ma MOTYT
OTSITOIIAIOTCS BUJISTHUEM NATOICHHBIX (DAaKTOPOB
OKpYXarIeH cpeibl, SMOIMOHAILHOTO U HH(OP-
MAalMOHHOIO CTpEecca, BPEIHBIMU MPUBBIYKAMU,
TAKUMH KaK KypeHHe, 3JI0yIoTpeOIeHUe allkoroib-
HBIMU HAlMUTKaMU, MPUCTPACTHEM K BEILECTBaM,
BBI3BIBAIOIIUM HAPKOTHYECKYH) 3aBHUCHUMOCTb, a
TaK)Ke METOJaMU W30aBIICHHS OT HEXeaTelIbHOH
O0epeMeHHOCTH, TO eCTh a0OPTaMH.

[Ipu wnccnenoBanny (HyHKIIMOHAIBHON aKTHB-
HOCTH PEMPOIYKTUBHON CHCTEMBI JKCHIIUH TOPOa
Anmatbl ObUTH BBISIBIICHBI HAPYIICHUS IICHTPAIBHOM
perymanuy GyHKIHA TTOJOBBIX kKese3. OTKIOHEHUS
B KOHIICHTpAIIMH TOHATOTPOMHBIX TOPMOHOB, HX
MOBBIIICHUE WM CHUKEHUE, HAPYILICHUE UX COOT-
HOIIIEHUS] MOTYT MIPUBOIUTH K TUCHYHKIIUU PETIPO-
JTYKTUBHON CHUCTeMBI, a Tak ke HapymeHus [TTC
MOJT BJIMSIHUEM HEOJIarompHUsATHBIX SKOJIOTHYSCKUX
(hakTOpOB, BBI3BIBAIOT AHUCOATTAHC TOPMOHOB, OTBE-
YAKOIIUX 32 PEIPOTYKTUBHBIC (YHKIIHH.

Taxke OBUIO BBISBICHO, YTO OTKJIOHCHHUS
YPOBHSI KOPTH30J1a MPUBOIUT K HAPYIIECHUIO (PyHK-
LIMOHAJILHON aKTUBHOCTH PENPOLYKTUBHOM CUCTE-
Mbl. CHUKEHHE WJIU MOBBILICHUE KOHIICHTPAIUU
KOpTH30JIa B KPOBH MPUBOJIUT K MHOKECTBEHHBIM
HapyIICHUSIM, CPEIU KOTOPHIX MOXHO BBIJCITUTH
HapyIIeHUs: OOMEHHBIX TPOIECCOB, (DYHKIIMIA IH-
TOBHJIHOW »Keje3bl, U T.J. B pesynprare BCe 3TO
MOXET BBI3BIBATh HAPYIICHUS IECHTPAIbHBIX U
nepuepruuecKiuX MEXaHU3MOB peryysnuu (pyHK-
UUA penpoayKTUBHOM cuctembl. Takue Hapyiue-
HUSI TIPUBOIAT K YBEIUUYCHUIO YACTOTHI CIydacB
TUHEKOJIOTHYECKNX W aHAPOJIOTHYEeCKUX 3abolie-
BAHUHM, YBEJIMYEHHUIO CIIy4acB HEBBIHAIMBAHUS
JI0/1a, BBIKUJBIIICH, TPEKICBPEMEHHBIX POJOB U
T.71. I3MeHeHne ropMOHAIBHOTO ()OHA KEHIIUHEI,
BBI3BAHHOE BIIMSHHEM HEOJIArompusTHBIX (paxTo-
POB BHELIHEH Cpelbl, BEACT K yBEIWYCHHIO Oec-
IJIOAHBIX CYIpYyXeckux mnap. Hapyuienue ropmo-
HaJBHOTO OajaHca BeNEeT K pPa3sBUTHIO OECILIONMS,
amenopee, CITIKS u auchyHKOUH STUYHUKOB, YTO
SIBJISICTCSI CEPhE3HBIM U HEOOPAaTUMBIM HAPYIICHU-
eM (YHKIIMOHAIFHON aKTHBHOCTH PETPOITYKTHB-
HOM CHUCTEMBI JKEHIIMH.
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CIRCADIAN AND SEASONAL DYNAMICS
OF HEMATOLOGICAL INDEXES OF BLOOD
OF ANIMALS IN NORM AND AT INFLUENCE OF HEAVY METALS

In this paper, the circadian and seasonal dynamics of hematological blood indices of animals in
norm and under the influence of heavy metals are considered. One of the basic principles of the ordering
of living organisms is their temporal structure, manifested in the form of rhythmically changing physi-
ological and biochemical processes. Blood as one of the most important systems of an organism, plays
an important role in its activity. Therefore any impacts on body tissues affect structure and properties
of blood. Considering the explained provisions, need from positions of daily and seasonal dynamics to
find out the range of hematological indexes of adaptations of animals in various conditions of dwelling
and cultivation at the accruing anthropogenic impact on natural ecosystems, and to investigate reaction
of system of blood of animals to influence of ions of heavy metals, that is to reveal features of reaction
of system of blood of animals to influence of ions of cadmium, lead, copper and hydrargyrum, and to
set the most sensing parameters of blood which can serve as indicators of pollution of the environment
heavy metals ripened.
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U,MpKaAMaHHaSI U C€30HHasA AMHAMUKA TreMaTOAOI'MYEeCKUX nokasareAen KPOBU >XKUBOTHbIX
B HOpMe U nMpU BO3AEﬁCTBMM TAXKEAbIX METaAAOB

B aaHHOM paboTe paccMoTpeHa UMpKaAMaHHas M Ce30HHAs AMHAMMKA [eMaTOAOrMYeCcKMX
rokasaTeAer KpOBU XXMBOTHBIX B HOPME U MPU BO3AENCTBUM TAXKEAbIX METaAAOB. OAHMM M3 OCHOBHbIX
MPUHLIMIMOB YNOPSAOUYEHHOCTH >KMBbIX OPraHM3MOB CAYXKUT MX BPEMEHHas CTPYKTYpPa, MPOSBASIOLLAsCS
B BUMAE PUTMUYECKM M3MEHSIOIMXCS (PUBMOAOTMYECKMX M BUOXMMMYecKMX npoueccoB. KpoBb Kak
OAHa M3 BaXKHEMLLUX CUCTEM OpraHmM3ma MrpaeT BaXkKHYIO POAb B €ro »KM3HeAesTeAbHOCTU. [1oaTomy
BCSIKOFO POAQ BO3AEMCTBMS HA TKaHW OpraHmM3mMa OTpaXkaloTCS Ha COCTaBe M CBOMCTBAaxX KPOBMW.
YunTbiBasi M3AOKEHHbIE MOAOXKEHMS, Ha3peAaa HEOOXOAMMOCTb C MO3ULMIA CYTOYHOM M CEe30HHOM
AVHAMWKM BbISICHUTb AMana3oH reMaTOAOrMUYeckux rnokasaTeAei aAanTalmil >KMBOTHbIX B Pa3AMUHBIX
YCAOBMSIX 0OMTAHUS 1 BbIPALLMBAHUS MPW HAPACTAIOLLEM aHTPOMNOreHHOM BO3AEMCTBUI Ha NMPUPOAHbIE
9KOCUCTEMbI, 1 MCCAEAOBATb PeakLMI0o CUCTEMbI KPOBW XXMBOTHbIX Ha BO3AENCTBME MOHOB TSXKEAbIX
METAAAOB, TO €CTb BbISIBUTb OCOBEHHOCTM pPeaKLMM CUCTEMbI KPOBM KMBOTHbBIX HA BO3AEICTBUE MOHOB
KaAMMSI, CBUHLA, MEAU M PTYTU, M YCTAHOBUTb HaMboAee YyBCTBUTEAbHbIE MApaMETPbl KPOBU, KOTOPbIE

MOTYT CAYXKUTb MHAMKATOPaMKM 3arpsa3HeHns CpeAbl TAXKEAbIMU MeTaAAaMN.
KAroueBble cAoBa: LUMPKaAMaHHagd AMHaMMKa, Ce30HHas AMHAMMKa, KPOBb, remMatoAormnvyeckme

noKa3saTeAn, Ta>KeAble MeTaAAbI.

The rhythm is one of living conditions of alive
organisms and reflects the adaptive nature of self-
regulating biosystems. Biorythmological and relat-
ed high-quality changes with various methods are
revealed at all levels: molecular, subcellular, cell-
like, organ, systemic. In particular, the hemopoiesis
alternation at different types of animals for days, a
row of days and seasons of year is established. At the
same time there are no data on rhythm of formulated
elements in peripheral blood, enzymes, the common
protein and proteinaceous fractions in blood serum
serving as criterion for evaluation of the functional
condition of an organism of animals (Tagirov, 2011:
114-116).

Being in close contact with fabrics, blood has
all jet properties of fabrics, but its sensitivity to
pathological irritations is higher and thinner, and
the reactivity — is more expressive and more boldly.
Therefore, one of the major tests at the characteris-
tic of a look are the blood given on features — the
most available to a research of the fluid fabric which

is influenced influence of both external, and inter-
nal factors, fabric which substantially characterizes
wellbeing of an organism as whole. Therefore the
hematological analysis as one of methods of clinical
diagnostics, found broad application in biology and
medicine (Krylov, 2009: 121-125).

Increase in production of livestock products
cannot be reached without knowledge of biology of
development of animals, widespread introduction
of new scientifically based technologies of contents
and feeding, without the exact organization of events
on fight against diseases. Biological (fundamental)
knowledge of development is the cornerstone of
medical, veterinary and agricultural sciences.

The effectiveness of agricultural production in
many respects depends on integration of various sci-
ences and practical livestock production. Experts,
cattle breeders need from scientists legible evidence-
based recommendations: on increase in efficiencys;
efficient organization of works on a breeding of
economic breeding herd; on maintenance, feeding,
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safety and adaptation of young growth (Kosilov,
2009: 150-158).

One of the reasons of decrease in quantity of
livestock production is poor knowledge of the phys-
iological mechanisms of adaptation of an organism
providing development of animals, especially at
young age. All functions of an organism are carried
out rhythmically and depend on the composite sys-
tem of biorhythms as on organ and fabric, cell-like,
and on a molecular scale. Influence of biological
rhythms on life and development of each organism
is recognized and is used in the practical purposes.
However in literature there are no complete data on
hour, daily biorhythms of body height and develop-
ment of farm animals. It constrains use of a bioryth-
mology in practical livestock production and veteri-
nary medicine (Irgashev, 2014: 89-91).

Profound studying of composition of peripheral
blood gives an idea of the physiological mechanism
of adaptation of an organism is base or “norm” for
drawing up haemograms at various diseases. Mor-
phological and biochemical indicators are tests of
adaptation of an organism to the changing condi-
tions of the internal and external environment.

Among a wide range of rhythms of life the main,
basic rhythm, a core of the temporary organization
of alive systems is the daily rhythm differing in
generality, universality, stability, high stability and
regularity (Zakharov, 2002: 4-9).

The absolute quantity of erythrocytes, hemo-
globin, lymphocytes and neutrophils in peripheral
blood at mice is subject to daily fluctuations. The
quantity of eosinocytes at mice increased in the af-
ternoon and decreased at night. Marrow is most ac-
tive early in the morning when in a blood-groove
the greatest number of young erythrocytes with the
maximal hemoglobin content comes to the 11-13th:
minimum — in the 16-18th (Zinchuk, 2001: 66-78).

By data A.V. Vasilyeva (1948) quantity of leu-
kocytes in blood of animals is less in the morning,
than in the evening. By I.F. Lukmanov’s research-
es (1998) it is shown that dynamics of quantity of
erythrocytes, leukocytes, the level of a hemoglobin,
protein, glucose, activity the AIAT, AsAT, cata-
lases, a lactatedehydrogenase and an alkaline phos-
phatase of blood serum, peroxidase and phagocytic
activity of leukocytes at hens within a day has wavy
character.

The total of leukocytes of peripheral blood of
monkeys is subject to the considerable, quite par-
ticular daily fluctuations. Both at macaques a Rhe-
sus factor, and at baboons of hamadryads in morn-
ing and day time of days the quantity of leukocytes
decreases; in evening and night hours the quantity
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them sharply increases in blood. The quantity of
segmented neutrophils is considerably increased
days in the morning. By the night and morning their
number decreases in peripheral blood (Lipunova,
2003: 25-30).

Y. Kondo, U. Gahyaningsihi (1992) was re-
vealed by a daily rhythm of level of monocytes,
lymphocytes, phagocytic and bacteriemic activity at
chickens. The under levels of monocytes and bac-
teriemic activity have on morning, and phagocytic
activity evening clocks.

In the experiment on rats made by E.V. Kalin-
icheva and B.B. Varnitsina (1985) studied the main-
tenance of erythrocytes, reticulocytes, hemoglobin
level, daily production and life expectancy and also
activity of enzymes of antioxidatic system. On all
listed components they revealed statistically signifi-
cant circadian rhythms.

According to V.P. Latenkov, (1985), at healthy
people legiblly expressed daily, frequency is pecu-
liar to hemoglobin level. According to it the highest
concentration of this index is noted in the afternoon,
a hemoglobin oxygenation most intensively pro-
ceeds in the morning.

Yu.A, Temple and A.L. Yerokhin (1999) is es-
tablished that biochemical indexes of blood serum
and factors of humoral nonspecific protection (the
common protein, albumins, a-, B-, y-globulins, the
R-lysine) submit to all-physiological regularities of
alternation of the functional activity of various sys-
tems of an organism, the daily rhythm is inherent in
them.

Existence of a particular daily rhythm of adreno-
corticotropic function of the hypophysis and bark of
adrenal glands caused by photofrequency influence
is revealed. This rhythm is expressed in daily fluc-
tuations of maintenance of ACTH in a hypophysis,
Acidum ascorbinicum in adrenal glands, leukocytes,
eosinocytes and lymphocytes in peripheral blood
(Lipunova, 2004: 216).

The available works cover fragmentary daily dy-
namics only on one research in days. Hour dynamics
of morphological indexes in peripheral blood at ani-
mals (a hemoglobin content, erythrocytes, a hema-
tocrit, a leukogram) and biochemical indexes (sugar
in blood, inorganic phosphorus in plasma, calcium
in serum, albumins, alpha, beta, gamma-globulins,
the common protein and proteinaceous coefficient)
is not studied.

So, the reference changes are undergone within
a day by the system of blood: a hemopoiesis in red
marrow is most intensive in the morning, the spleen
and lymph nodes are most active in 17 — 20 h. The
maximal concentration of a hemoglobin in blood
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is observed from 11 to 13 o’clock, minimum — at
night. Circadianism is characteristic of number of
erythrocytes and leukocytes in blood (Zelentsova,
2004: 94-95).

The minimum ESR is noted early in the morn-
ing. Since evening in blood the content of serumal
proteins begins to decrease. Content of electrolytes
of blood serum, fibrillation speed have the reference
circadian dynamics. Therefore, practically the circa-
dian rhythm is characteristic of all indexes of blood.

Thus, the daily rhythm is peculiar to many
physiological functions of an organism. At the same
time there are extremely not enough data on daily
dynamics of composition of blood at animals during
different seasons of year.

Among numerous biological rhythms biologi-
cal rhythms, the bound to change of season, are
designated as seasonal, or circus rythms, and refer
to adaptive. The oscillating character of biological
rhythms, the bound to permanent natural factors in
the course onto-and phylogenetic development took
a form of the endogenic rhythms which are evolu-
tionarily (genetically) fixed.

As for seasonal changes, many rhythms are
traced at animals in the form of seasonal changes of
functions (hibernation, seasonal changes endocrine,
including sexual function etc) (Syroyeshkin, 2002:
35-40).

Seasons exert the expressed impact and are well
shown in rhythm of change of functions at many
animals.

Various researches of system of blood conduct-
ed during all annual cycle demonstrate that the com-
position of peripheral blood undergoes the consider-
able seasonal changes.

During the spring and summer period inverse is
often observed natural dynamics of a hemopoiesis,
and indexes of blood are characterized by the larger
range of variation. For example, fluctuations of level
of leukocytes are not essential and do not overstep
the bounds of physiological norm. Only small in-
crease in frequency of occurrence of pseudoeosino-
phils and eosinocytes during the spring and autumn
periods is usually observed. In the autumn the most
high level of erythrocytes in blood of animals is es-
tablished. Minimum concentration of a hemoglobin
and erythrocytes are noted during the summer pe-
riod. By autumn and winter indicators of red blood
increase, concentration of leukocytes — decreases.
The CSP (concentrate of serumal protein) level, an
ESR (blood sedimentation rate), percent of neutro-
phils, eosinocytes from summer by winter decrease,
and the share of monocytes significantly increases.
To spring warming there is on the way of reliable

weakening of a hemoglobin, increase in an ESR, the
relation Er:l, activization eritro-and a granulopoiesis
(Taraktiy, 2007: 14-25).

Important constituent of blood are the proteins
performing various functions in an animal organism.
The smoothly varying change of content of the com-
mon protein in each group on seasons of year was
noted. The received results were in limits of physi-
ological norm. It is known that the fullest informa-
tion is given by a research of proteinaceous fractions
as changes in their ratio can happen regardless of the
content of the common protein. The maintenance of
albumins, as well as the common protein, did not
exceed limit of physiological norm. It is established
that change of concentration of globulins in blood
serum had wavy character on seasons of year. At
the same time the least maintenance of a-globulins
in blood serum was noted at animals during the au-
tumn period.

Indexes of B-globulins also change within a year.
It should be noted that concentration of -globulins
during all seasons of year was in blood serum at a
high level.

As for y-globulins, it should be noted their es-
sential fluctuations depending on a season of year.
At the same time their maximum level in blood se-
rum of animals was noted in the autumn, minimum
contents was noted during the summer period.

In an animal organism an important role is
played by re-amination enzymes: an alanine amino-
transpherase (ALT), an aspartate aminotranspherase
(nuclear heating plant) which trial function is trans-
fer of an amino group from amino acids to ketonic
acids. Increase in activity of ALT happens at ani-
mals during the spring period. A similar picture and
on activity of nuclear heating plant.

Level of macrocells (calcium and phosphorus)
in blood serum is characterized by the relative sta-
bility on the periods of a research (Tembotov, 2005:
169-174).

Among the numerous systems of an organism
supporting its normal activity, the erythrocyte system
has prime value. Concentration of erythrocytes
— the important hematological index reflecting a
physiological condition of an organism and also
opening mechanisms of an adaptive self-regulation
of biosystem.

For example, results of multi-day blood analyses
of ducks of breed the Bashkir color showed that the
level of maintenance of erythrocytes is subject to
natural seasonal fluctuations.

Average annual concentration of erythrocytes in
peripheral blood at adult ducks of breed the Bash-
kir color made 2,66+0,063*10'2 a g/1, a hemoglobin
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— 130,2+1,82 g/l, leukocytes-28,15+0,44*10° g/1.
The activity of an alanine aminotranspherase
(ALAT) and aspartate aminotranspherase (ASAT)
of blood serum corresponded to 0,333+0,011 and
0,320+0,015 mmole/(h*1). Level of the common pro-
tein was 47,8+1,7 g/1, at the same time 51,52+0,88
and 48,48+0,77% respectively fell to the share of
albuminous and globulinous fractions.

The seasonal rhythm of hematological indexes
of ducks of the Bashkir color breed is revealed. The
greatest number of erythrocytes — 3,19+0,16*10"
g/1, leukocytes — 32,7+0,44*10° g/l was observed
during the summer period; the common protein —
64,0+4,0 g/l, albumins — 63,03+0,17% — in spring,
and a hemoglobin — 142,4+1,91 g/l and y-globulins
— 23,84+0,44% — in autumn. Minimum values of
amount of hemoglobin — 118,8+4,27 g/1, y-globulins
—13,13+0,08% are established during a spring sea-
son; erythrocytes — 2,26+0,08* 102 g/l, a squirrel
— 35,3+1,2¢g/l, albumins — 37,04+0,45% — in au-
tumn, and leukocytes-24,6+0,63*10° g/l — in winter
seasons (p<0,001). The temporary structure of the
monthly rhythms of hematological indexes includes
fluctuations with the periods about 14 days.

Features of very tectonics of the circadian
rhythms of hematological indexes of ducks during
different seasons of year are established. During the
spring period the least basic level, a vibration swing
of the circadian rhythms of the quantitative indices
of a hemoglobin, y-globulins and activity of ASAT
enzyme of blood serum, and at the same time maxi-
mum basic level of fluctuations of erythrocytes, the
common protein and albumins is shown. The least
basic level of maintenance of leukocytes, the com-
mon protein, albumins is the share of autumn.

High reliable correlative communication is not-
ed between a protein of muscular tissue and leuko-
cytes (r=-0,80), a hemoglobin of peripheral blood
(r=0,76), aspartate aminotranspherase (r=-0,70), the
common protein (r=-0,67), B-globulins of blood se-
rum (r=0,60); between fat of pectoral muscles and
erythrocytes (r=-0,82), a hemoglobin (r=0,77), leu-
kocytes of peripheral blood (1=-0,97).

High reliable correlative communication is re-
vealed between the air temperature and leukocytes
of peripheral blood (r=0,71); between the relative
humidity of air and albumins (r=-0,91), globulins
(r=0,89) of blood serum of ducks.

The maintenance of erythrocytes on seasons of
year was the following: in the spring — 2,47+0,121*
102 g/l; in the summer-3,19+0,157* 10'* g/l; in
autumn — 2,26+0,076* 10'* g/l; in the winter —
2,69+0,066* 10" g/l. Level of erythrocytes during
a summer season of year was authentically above
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than in spring (p <0,001), in winter above, than in
autumn (p<0,001), and in autumn below, than in
summer (p <0,001).

Notes: p <0,05; p <0,01; p <0,001-interseasonal
distinctions.

The reliability of interseasonal distinctions was
defined when comparing values of indexes of two
interfacing seasons of year.

During the spring and autumn periods the value
of an index was reliable below average annual on
7,1 (p <0,05) and 15% (p <0,001) respectively, and
in summer and winter, on the contrary, is 19,9%
higher (p <0,01) and 1,1% (p <0,05).

The minimum content of erythrocytes in periph-
eral blood is observed in the autumn, and maximal
— in the summer (p <0,001). Apparently, seasonal
changes of heliogeophysical factors by means of
modulation of activity of sympaticoadrenal system
define natural reaction of an erythrogenesis. The
highest rates of blood are observed in the period of
an optimum combination of factors of the external
environment.

The special attention is deserved by studying
of character, size and structure of variability, vari-
ous physiological and biochemical properties of an
organism as data such are necessary for physiology
as on their basis the normative values reflecting a
condition of animals in the changing environment
conditions can be defined.

The greatest vibration swing of concentration of
erythrocytes and also variation factor of the studied
index falls on the spring and summer periods that
can demonstrate the greatest lability of system and
speak features of the endocrine status at this time.
So, in the spring the level of erythrocytes fluctu-
ates from 1,21 to 3,80, at average monthly value
2,47+0,121*%10" g/l and CV=26,8%, and in the
summer from 1,62 to 4,62* 10" g/1, at CV=26,9%.

The least vibration swing and variability of
an index is observed during a winter season and
makes 1,36*%10%g/l and 13,5%, with an average
2,69+0,066*10'2 g/1. In the autumn the variability of
level of erythrocytes is intermediate between spring
and summer and winter levels.

Analysis of the dynamics of erythrograms re-
vealed characteristic changes confirming the exis-
tence of a circus rhythm.

One statistically significant maximum (p<0,001)
is clearly discernible, manifested in the summer sea-
son and two minimums corresponding to the spring
and autumn periods (p <0,001).

Despite sufficient informational content of sta-
tistics, they do not reflect the nature of changes of
level of erythrocytes of peripheral blood in time.
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Change of level of erythrocytes has wavy char-
acter.

The vector of the direction of the monthly
rhythms has a positive value in the spring; au-
tumn; winter periods and negative in the summer.
The maximum basal level (acrophase) is observed
in summer, and the minimum (batiphase) is in au-
tumn. The size of a vibration swing of average val-
ues of the studied index is maximum during spring
and summer seasons and is percentage of minimum
value 67 and 84 of % respectively. In the fall and
in the winter the difference between minimum and
maximal value expressed percentage of minimum is
equal to 37 and 31% respectively.

During the spring and summer period of the
experiment, there is a pronounced tendency to in-
crease the concentration of red blood cells in black
white-chested ducks in comparison with the khaki
color by 7,4 and 2,8%. In the autumn and winter
seasons, the prevalence of this indicator in ducks
of khaki was 6,4 and 9,7%, while the difference
in winter was significant (p <0,05). The magnitude
of the amplitude of the oscillations is maximal for
black white-chested ducks and khaki in the sum-
mer season and is, as a percentage of the minimum
value, 133 and 170%, respectively. In spring, au-
tumn and winter, the difference between the mini-
mum and maximum values expressed as a percent-
age of the minimum in black white-chested ducks
is 214; 54 and 68%, and khaki ducks — 148; 116
and 36% respectively.

Daily rhythm of concentration of erythrocytes,
hemoglobin and leukocytes in peripheral blood of
ducks during different seasons of year: as adaptation
to seasonal environmental changes serve not only
the seasonal rhythms, but also adaptive changes of
activity of daily rhythms which are shown at ani-
mals by appropriate time of year.

The daily recurrence of concentration of eryth-
rocytes in peripheral blood of the Bashkir color
ducks is revealed.

The size of a vibration swing of all studied in-
dexes in particular time of day was determined as
the difference of the maximal and minimum indi-
vidual value this hour. The average daily vibration
swing of all studied indexes made the difference of
the maximal and minimum individual value regis-
tered within a day.

The average daily maintenance of eryth-
rocytes in peripheral blood of ducks of breed
Bashkir color on seasons of year was the fol-
lowing: in the spring-3,024+0,09*10'* g/l; in the
summer — 2,25+0,13*10" g/l; in the autumn —
2,28+0,09*10'* g/1.

The greatest variability of sign is observed dur-
ing the summer period 0f-27,8%, and the least — in
spring — 16,0%.

Comparative analysis of statistical indicators of
ducks of different types showed that the highest av-
erage level was observed in the spring season and
is 3,33+ 0,09*107 g/1 for black white-chested ducks
and 2,72+ 0,12*10' g/1 for khaki ducks. In the sum-
mer and autumn periods, the average values around
which fluctuations occur are approximately at the
same level of 2,20-2,32*10'* g/I.

Thus, the level of erythrocytes has distinct daily
frequency. The appearance of concentration curves
of erythrocytes at ducks of different types coin-
cides. The highest content of erythrocytes is noted
at 15 o’clock in the spring, then gradually decreas-
es, reaching a minimum to 03 h. In the summer the
size of this index is maximum at 15 o’clock, and is
minimum in 21 h. Concentration of erythrocytes in
autumn time goes down in night-time.

The greatest range of diurnal fluctuations was
found in the summer period and is 57,1; 76,5% of
the minimum value for ducks are black-chested and
khaki, respectively. This circumstance is associated
with the unfavorable exogenous effect of weather
conditions, namely, the unstable course of tempera-
ture and humidity, observed during the July-August
months.

The high degree of manifestation of adaptation
of the organism in this period is also evidenced by
the splitting of the monophasic circadian rthythm of
erythrocytes into a bimodal one. In the spring and
autumn periods, the smallest range of diurnal fluc-
tuations is noted, expressed as a percentage of the
average minimum value of 15,8; 21,8% in black-
chested and 30,7; 62,5% for khaki ducks.

Results of experience allow to characterize also
time-dependent years of fluctuation of a hemoglobin
content within a day at the Bashkir color ducks. The
average daily hemoglobin content at ducks of breed
Bashkir color on seasons of year was the follow-
ing: in the spring — 117,5+3,26 g/I; in the summer
of 118,7+4,09 g/1; in the autumn — 123,5+3,34 g/1.

The greatest variability of sign was observed
during the summer period. During the spring and
autumn periods the variation factor had no essential
differences and made 13,6 and 13,3% respectively.

The highest average hemoglobin level was ob-
served in the autumn-spring season and is 123,8 +
4,78 g/l for black white-chested ducks and 123,3 +
4,89 g/l for khaki ducks. The lowest average level
was found in the spring and made for black, white-
chested ducks and ducks khaki -115,4 + 3,48 g/l and
119,5 + 5,63 g/, respectively. The average value of
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the indicator under discussion in the summer period
occupied an intermediate position between spring
and autumn.

Communication of fluctuations of
morphological and biochemical indexes of blood
with recurrence of geophysical factors one of the
functional regularities of the Universe — existence
of natural cycles (rhythms) caused by astronomical
phenomena. Thanks to rotation of Earth round its
pivot-center (terrestrial days, or 24 hours) and also
to the address around the Sun on an elliptic orbit
(about 365 days or terrestrial year) happen become
critical for people of Earth change of day and
night with the contrasts of illuminating intensity
accompanying them, change of seasons of year
(winter, spring, summer, autumn) to changes of
weather conditions. Therefore, natural rhythms
cannot but affect a state alive on Earth.

It is well-known that in the course of evolution
at animals the mechanisms providing thin
adaptation of an organism to constantly changing
environmental conditions were created. Despite
extensive knowledge in this question, remains
the external environment which is poorly studied
connection of rhythms of physiological functions of
an organism with periodic vibrations of parameters
so far — air humidities, atmospheric pressure,
temperature. The solution of these problems has
not only theoretical value (provides disclosure of
mechanisms of formation of biorhythms), but also
practical value because prerequisites for prognostic
activity of functions of an organism on the nature
of fluctuations of indexes of external factors are
created.

When forming seasonal biorhythms of an
organism of animals one of key roles is played by
a complex of geophysical factors (air temperature,
atmospheric pressure, the relative humidity of air).

There are initial coefficients of correlation
characterizing  communication of  morpho-
biochemical indexes of blood among themselves
and with geophysical factors. Between rhythmic
fluctuations of morpho-biochemical indexes of
blood the functional interrelation is shown.

Noticeable communication, according to
Cheddok’s scale, between a hemoglobin and
gamma-globulins (r=0,69), the ALAT (r=0,61) is
revealed; between leukocytes and a hemoglobin
(r=-0,55), albumins (r=0,59), to alpha globulins
and (r=-0,55), beta globulins (r=-0,63), gamma-
globulins (r=-0,55); between the common protein
and beta globulins (r=-0,69); between the ALAT
and albumins (r=-0,56); beta globulins (1=0,61),
gamma-globulins (1=0,55).
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The high size of communication is noted
between a hemoglobin and albumins (r=-0,75), alpha
globulins (r=0,73), beta globulins (r=0,78); between
leukocytes and the ALAT (r=-0,81); between the
common protein and albumins (r=0,71), gamma-
globulins (r=-0,71).

Very high extent of communication is traced
between albumins and alpha globulins (r=-0,96),
beta globulins (r=-0,99), gamma-globulins (r=-
0,99); between alpha globulins and beta globulins
(r=0,94), gamma-globulins (r=0,92); between beta
and gamma-globulins (r=0,96).

Atthe sametime, thereisanatural communication
between variation ranks of hematological indexes
and geophysical factors.

Noticeable communication, according to
Cheddok’s scale, is noted between temperature and
erythrocytes (r=0,63), the ALAT (r=-0,61); between
the relative humidity of air and hemoglobin (r=0,67),
the common protein (r=-0,63).

High communication is revealed between
temperature and leukocytes (r=0,71); between the
relative humidity of air and alpha (r=0,89), beta
(r=0,89), gamma-globulins (r=0,89).

Very highly the relative humidity of air and
albumins of blood serum of ducks (r=-0,91) correlate
among themselves.

Numerous researches established interrelation
of hematological indexes and productive qualities
of animals. The correlation between signs can,
arise on various genetic basis. Distinguish genomic,
morphogenetic and physiological correlations
and evolving from genetic-automatic processes
of a drift of genes. Also the factors of the external
environment causing adequate changes in different
signs can be the cause of correlations.

In this regard accounting of correlative
communication of hematological and productive
indexes of animals significantly increases informational
content of the conducted researches as it can be used
for prediction of their productive qualities.

In researches communication of seasonal dy-
namics of hematological indexes and productive
qualities of animals is shown initial correlative.
Noticeable communication, according to Ched-
dok’s scale, between fat of pectoral muscles and
albumins (1=0,64), B-globulins (r=0,70) is revealed;
v-globulins (r=0,61); alanine aminotranspherases of
blood serum (r=0,66); between a protein of muscu-
lar tissue and the common protein (r=-0,67), albu-
mins (r=-0,53), p — globulins (r=0,60), y-globulins
of blood serum (r=0,58).

The high size of communication is noted be-
tween fat of pectoral muscles and erythrocytes
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(r=-0,82), a hemoglobin (1=0,77) of blood serum,;
between a protein of muscles of ducks and leuko-
cytes (r=-0,80), a hemoglobin (r=0,76), an aspartate
aminotranspherase of blood serum (r=-0,70); be-
tween ashes in muscles and a-globulins (r=-0,61) in
blood serum; between nonvolatile solid of muscles
and leukocytes (r=-0,84), a hemoglobin (r=0,78) of
blood serum.

Thus, existence of communication between he-
matological indexes and geophysical factors, ap-
parently, indicates their possible participation in
formation of the periodical press of a hemopoiesis
(Tembotova, 2007: 315-323).

The present stage of development of a civiliza-
tion is characterized by scales of anthropogenic im-
pact on land and water systems unprecedented still,
including on the sphere of agro-industrial produc-
tion. Intensive impact on natural and agricultural
ecosystems worsened the habitat and began to go
beyond biological adaptability of organisms.

Special danger of accumulation in the external
environment from the point of view of biological
activity and toxic properties represent such heavy
metals as lead, hydrargyrum, cadmium, zincum,
bismuth, cobalt, nickel, copper, tin, antimony, vana-
dium, manganese, chrome, molybdenum, etc.

It is known that anthropogenic influences can
lead an organism of farm animals to an extreme con-
dition and essential change of indexes of a morpho-
functional homeostasis. However, data on influence
of heavy metals on an organism of animals are very
limited. It significantly complicates introduction of
pathogenetically reasonable, available and econom-
ic measures of complex prophylaxis and treatment
of pathology of bodies of reproduction, upgrading
of livestock production and safety of young growth
in zones of ecological trouble. Therefore, assess-
ment of a morphofunctional condition of an organ-
ism of animals taking into account migration of
heavy metals in «the soil-vegetable forages — water
— an animal-livestock production» system, and also
research of paths of a decontamination of the inter-
nal environment of an organism from the considered
xenobiotics is very current problem of the modern
livestock production and demands comprehensive
study (Tembotov, 2009: 370-378).

Having stepped over the dawn of the third mil-
lennium, the mankind entered a new age of progress,
the modern technologies and outstanding achieve-
ments, having saved up billions of tons of the indus-
trial wastes polluting and poisoning the biosphere
for the last years.

Annually millions of tons of pollutants come to
the atmosphere of the cities and settlements from

various sources of emissions. As show researches
of scientists, anthropogenic loads of natural systems
exceeded admissible level, the state of environment
is close to loss of equilibrium stability and the biota
from the regulator of global ecogeochemical bal-
ances turns into the destructive factor. Survival of
mankind requires urgent decrease in technogenic
loadings.

The greatest contribution to pollution of free
air and other objects of a surrounding medium is
brought by the enterprises of a power engineering,
mining and processing industry, metallurgical, oil
and gas processing and petrochemical productions.
In a complex of the substances which are thrown out
in a surrounding medium, the essential role belongs
to heavy metals that is confirmed by results of analy-
ses of the soil, water and air. High concentrations of
toxiferous metals, change of microelement structure
of a surrounding medium can lead to emergence of
so-called technogenic biogeochemical provinces,
violation of protective and adaptive reactions of an
organism and emergence of new pathological states
(Salakhov, 2014: 206-207).

At present, the important role of trace elements
as catalysts for many biological reactions has been
established, the essentiality of most of them has
been discovered, and the pathogenic effect of many
heavy metals on the organism has been revealed.

The researches devoted to features of accumu-
lation of chemical elements in biological substrata
from positions of ecological division into districts of
the habitat of the person are conducted by a number
of authors in recent years, however they are, as a
rule, devoted to separate chemical contaminants at
rather small set of the analyzed biological environ-
ments.

One of the most dangerous chemical toxicants
are heavy metals (HM), cumulating in all parts of the
trophic chain soil-plants — animals — animal products
— people. The pollutant elements for the entire region
are lead (Pb), copper (Cu), zinc (Zn), cadmium (Cd),
nickel (Ni), cobalt (Co), manganese (Mn) and chro-
mium (Cr) (Gumerov, 2010a: 132-133).

Continuous air pollution by emissions leads
to ever-increasing dissimilation of HM and other
harmful substances in objects of a surrounding me-
dium, to change of natural structure of soils, reser-
voirs, vegetable and animal organisms, formation of
biogeochemical provinces of anthropogenic origin
and increase in daily loading of toxicant at an or-
ganism of animals and the person (Gumerov, 2010b:
133-135).

Pollution of potable water and forages leads to
accumulation of HM in an organism of animals that
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involves serious deviations in a condition of their
health: the change of hemato-biochemical indexes,
a metabolic disorder, structural violations of bod-
ies and fabrics reaching to necrotic decrease in the
common resistance, developing of chronic toxicoses
and also makes essential impact on the level of ef-
ficiency of animals, a reproductive function and the
biological value of the received production (Gert-
man, 2001: 34-36).

In this regard, the special relevance is acquired
by researches on research and use of the modern
methods of detoxicating of components of a diet of
animals.

The wide experience on application in a delivery
of animals various mineral nmogkopmok which show
getter properties in relation to HM and other toxins
is accumulated, improve a metabolism, remove a
condition of toxicosis and increase efficiency (zeo-
lites, casting boxes, vermiculite, diatomites, benton-
ites and others).

Comparative morphological, biochemical and
hematological assessment of the changes happening
in an organism of animals in zones to an ecological
situation, various on weight, and at introduction to
their diet of top dressing sorbent yields reliable dis-
tinctive results (Novozhilov, 2006: 239-240).

In a zone with an intense ecological situation ac-
cording to content in a surrounding environment Pb,
Ni, Cu, Zn and Cd compounds in blood of animals
of the final stage of sagination increase in quantity
of erythrocytes, speeds of their sedimentation, de-
crease in a fraction of neutrophils, eosinocytes and
monocytes is registered, and the relative level of
lymphocytes during all experience was on an upper
bound of physiological norm.

Biochemical blood analyses of animals on sagi-
nation in a zone with an intense ecological situation
revealed sharp fluctuations of level of the common
protein with decrease in separate months below nor-
mative values, low abundance of albumins with the
raised fraction of B-globulins, the increased concen-
tration VFA (volatile fatty acids), low level of ke-
tone bodies and sharp fluctuations in the content of
the common cholesterol, glucose, NEFA (not esteri-
fied fatty acids) and p-lipoproteins.

Morphological studies of the organs of animals
in the zone with a strained ecological situation re-
vealed dystrophic in combination with hemodynam-
ic disturbances and small-focal necrotic processes in
the liver and rumen, inflammatory catarrhal nature
in the small intestine Novozhilov, 2008: 115-116).

In the zone with a catastrophic environmental
situation, an increased amount of erythrocytes, leu-
kocytes and lymphocytes, an increase in ESR and a
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sharp decrease in hemoglobin level were recorded
in the blood of animals of the initial stage of fatten-
ing in the environment of the Cu, Pb, Cd, As and Cr
(VI) compounds in the environment; a decrease in
the concentration of ketone bodies, total protein and
albumins with an increase in the y-globulin fraction,
an increase in the level of VFA, P-lipoproteins, and
total cholesterol. After the animals were transferred
to the conditionally clean zone, a change in the
hemato-biochemical parameters toward their nor-
malization was observed (Novozhilov, Katyukhin,
2008: 613-621).

For hematological researches selection of blood
at animals is usually made in the morning before
distribution of forages from a bulbar vein in sterile
test tubes. For the purpose of prevention of fibril-
lation bring anticoagulant in test tubes — a heparin.
For receiving serum of a test tube with blood leave
for one hour at a temperature of 37-38 °C, then lead
round and leave for settling. Then serum is selected
in sterile test tubes and placed in the refrigerator
(+4-5 °C).

Quantity of erythrocytes and leukocytes define
in a cytometer of Goryaev. Erythrocytes count in
five larger squares located on diagonals, leukocytes
—in 100 larger squares across Kondrakhin (1985).
Level of a hemoglobin is determined by a hemoglo-
bin cyanide method with use of a photoelectrocol-
orimeter of CPC-2-UHL4.2 (the green light filter).
The leukocytic formula is removed on dabs painted
according to Romanovsky-Gimz under an immer-
sion at a lens 90 *, an eyepiece of the 15th on the
Biolam brand microscope.

In blood serum determine activity of the or-
ganospecific markers of cytolysis of hepatocytes —
alanine aminotranspherase (ALAT) and aspartate
aminotranspherase (ASAT) by a colorimetry meth-
od by Raymandu-Frenkel; the alkaline phosphatase
(AP) — a colorimetry method; content of the com-
mon protein — a refractometry method; protein-
aceous fractions — a turbidimetric method; glucose
level — a glucose oxidative method; the common
lipids — a colorimetry method by Ilka-Dadichu;
beta lipoproteins — a colorimetric method by Bur-
shteyn; a cholesterin — by Liberman-Burkharda’s
reaction in modification of Ilka-Dadicha; determi-
nation of calcium — complexometry with Arsenazo
IIT indicator; inorganic phosphorus — by Bell-Doyz
colorimetry with Yudenovich’s modifications in
Ivanovsky’s version (Tuleukhanov, 2013: 327-
331).

As an example we will consider researches on
the level of content of heavy metals in blood of styl-
ish cows.
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As feeding of stylish cows in the considered
farms is carried out at the expense of forages of char-
acteristic production, high concentrations of lead,
cadmium, nickel and zincum in vegetable sterns and
water are a source of heavy metals in an organism
of stylish cows.

The conducted researches of whole blood of
the stylish cows who are contained in different
ecological conditions showed that in blood of cows
of one economy the level of lead exceeded maxi-
mum allowable concentration by 2,7 time, nickel
—by 2,1 time, cadmium — for 36%. At a blood anal-
ysis of cows of other economy, there was excess
with a maximum allowable concentration of lead
at 14,0%.

Thus, the increased concentration of lead, nick-
el and cadmium in blood of stylish cows it will be
agreed with their high content in the vegetable sterns
entering a diet of animals of this economy.

Morphological and biochemical indexes of
blood of stylish cows: the high concentrations of
heavy metals found in blood of stylish cows were
coordinated with changes of morphobiochemical
composition of blood at these animals. So, at cows
in various terms of stylishness the quantity of eryth-
rocytes and level of a hemoglobin was reduced. The
most expressed symptoms of anemia were noted on
the sixth month of stylishness when the quantity
of erythrocytes was below physiological norm for
47,0%, and hemoglobin level — for 21, 8%.

At cows the quantity of erythrocytes and level of
a hemoglobin was in limits of physiological norm,
at decrease in level of erythrocytes of blood on the
sixth month of stylishness for 27,5% and a hemoglo-
bin — for 4,9%.

The revealed anemia symptoms at stylish cows
against the background of high concentration in
blood of heavy metals demonstrate their toxic influ-
ence on an organism of stylish cows.

It was higher than leukocytes in blood of cows in
one economy during the entire periods of research-
es, than at cows in other economy and exceeded
physiological norm for 45,9%. The leukocytosis at
the studied stylish cows, can be caused by a spe-
cial physiological state (a leukocytosis of pregnant
women) and also a reactivity of an organism against
the background of toxic influence of heavy metals.

The leukocytic profile of blood of stylish cows
was characterized by increase in quantity of eosino-
cytes. The most expressed eosinophilia was regis-
tered at animals at whom the maintenance of eosino-
cytes exceeded norm by 2,8 times.

At the same time, de Ritis’s coefficient testifies
about the morphofunctional damages of a liver of

cows and a release of the organospecific markers of
cytolysis of hepatocytes.

When determining level of the common protein
and proteinaceous fractions at stylish cows the hy-
poproteinemia, generally due to decrease in level of
v-globulin fraction of protein is revealed that is ex-
plained by violation of synthetic function of a liver.

Developing on this hum noise of a hypoglycemia
it will be agreed with change of level of an alkaline
phosphatase which values are lower than reference
sizes more than by 4 times, and cholesterin level in
blood serum of stylish cows twice exceeds an upper
bound of norm and reaches 8,02 £+ 0,04 mmol/l.

In blood serum of cows of the first economy the
content of the common calcium was below norm for
11,1%, and is higher than inorganic phosphorus —
for 32,5%. In blood serum of cows of the second
economy the content of the common calcium was in
limits of norm, inorganic phosphorus was insignifi-
cant below norm, and the content of magnesium is
40,6% higher.

Thus, the morphobiochemical composition of
blood of stylish cows demonstrates development
of symptoms of intoxication in them — anemia, a
leukocytosis and an eosinophilia, and also signs of
damage of a liver, violation of mineral metabolism
against the background of toxic influence of heavy
metals.

Level of pollution of the soil, vegetable forages
and water in the farms located in various ecological
zones is non-uniform. The first economy the main
pollutants is — lead, cadmium, zincum and nickel,
their high content in the soil and water, good mobil-
ity promote intensive accumulation of these heavy
metals in vegetable sterns: new-mown grass, silo
and hay. In the second economy the main pollutant
is lead which increased content was found both in
the soil and water, and in vegetable sterns.

The increased level of heavy metals in the veg-
etable sterns entering a diet of animals will be co-
ordinated with their high content in blood of stylish
cows. Level of content of heavy metals in blood se-
rum of stylish cows in the first economy is exceeded
by the maximum allowable concentration (thresh-
old limit value): on lead by 2,7 times, on nickel by
2,1 times, on cadmium by 1,36 times; in the second
economy on lead — for 14,0%.

In a colostrum of cows from the first economy
the content of lead exceeds maximum allowable
concentration in 17,8, nickel — by 15,8 time, a cobalt
— for 11,5%, and in a colostrum of cows from the
second economy the content of lead — for 60%. The
high level of pollution of a colostrum will be coordi-
nated by heavy metals with low indexes of nutrition
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value of a colostrum: it contains less nonvolatile
solid, fat, the common protein, but it is more than
lactose and the acidity is increased.

Heavy metals migrate on a chain «the soil — a
stern, water — blood of stylish cows — a colostrum»
and cause the essential morphofunctional changes
which are characterized by change of morphologi-
cal and biochemical composition of blood of stylish
cows, deterioration of a colostrum and lag in body
height and development of calfs in an organism of
stylish cows (Ablaikhanova, 2013: 168-171).

Morphobiochemical composition of blood of
the animals who are under the influence of tech-
nogenic pollution by heavy metals demonstrates
development of symptoms of intoxication in them
— anemia, a leukocytosis and an eosinophilia; signs
of damage of a liver — increase in activity of ami-
notranspherases, disproteinemias, hypoglycemias,
hypercholesterinemias, and also violation of mineral
metabolism.

The biomarkers demonstrating toxic impact on
an organism of animals and essential deterioration
in an ecological condition of the environment are
concentration of a hemoglobin, erythrocytes, leuko-
cytes, CHE (the average content of a hemoglobin in
one erythrocyte), CIB (color index of blood), ISL
(index of shift of leukocytes), percent of neutrophil-
ic myelocytes, neutrophilic metamyelocytes, stab-
noid and segmented neutrophils, monocytes; major
axis of erythrocytes, perimeter, area, erythrocyte
ellipse shape factor; agglutination of erythrocytes,
hemolysis, microcytic anemia, hypochromia, poi-
kilocytosis, vacuolization of erythrocyte cytoplasm,
leaching of erythrocyte nuclei, displacement of
erythrocyte nuclei to the periphery of the cell (Atan-
bayeva, 2014: 53-58).

The reaction of the animal’s blood system to the
effects of copper, lead, cadmium and mercury ions
is manifested primarily in the increase in the perim-
eter, area, small and large axes of erythrocytes, a de-
crease in the percentage of small and increasing the
percentage of large lymphocytes, as well as changes
in the leukocyte formula, morphology of red blood
cells and depends from the type of metal, its con-
centration in water, the duration of exposure to the
animals. High sensitivity to the influence of heavy
metal ions of such animal blood parameters as the
ratio of Er: L, the percentage of young erythrocytes,
amitoses of erythrocytes, neutrophilic myelocytes,
stabnuclear and segment neutrophils, lymphocytes,
and small lymphocytes. The less sensitive param-
eters for the action of heavy metal ions are the con-
centration of Hb, Er, and especially the CHE. The
degree of induced abnormalities in red and white

ISSN 1563-0218

blood is cadmium, followed by lead, copper and
mercury: Cd> Pb> Cu> Hg% (Ablaikhanova, 2015:
182-187).

In most cases, regardless of type of chronic pol-
lution, animals have similar changes in a blood pic-
ture: strengthening of a leukopoiesis with the shift
of a leukocytic profile towards producing agranulo-
cytes and increase of strength of an erythrogenesis
against the background of an erythrohemolysis.

The direct dependence between intensity of tox-
ic load of an organism of animals and quantity of
leukocytes and also intensity of an erythrohemolysis
is found.

Increase in frequency of occurrence of viola-
tions of morphology of formulated elements among
which the vacuolation and nonuniform coloring of
cytoplasm of erythrocytes, violation of a form of red
cells are most widespread is noted. Much less often
the anisocytosis and nuclear anomalies of erythro-
cytes meet (Ablaikhanova, Tusupbekova, 2016: 30-
38).

Reaction of system of blood of animals to influ-
ence of ions of heavy metals has similarities, distinc-
tions and is shown, first of all, in increase in perim-
eter, the area, small and big axes of an erythrocyte,
decrease of percent small and increase in percent of
larger lymphocytes and also emergence of amitotic
division of erythrocytes, an anisocytosis, poikilo-
cytosis, shadows of kernels, the destroyed erythro-
cytes, foamy cells. These parameters of blood can
serve as pollution indicators heavy metals of natural
ecosystems.

These are those hematological indicators of ani-
mals which at early stages fix negative changes in
an organism and can serve as adequate model for
assessment of adaptive opportunities of an organism
at action of environmental factors, determination of
quality of conditions of cultivation of animals. The
common criteria of deterioration in a physiological
condition of animals are reliable increase in percent
of shadows of kernels, the index of elongation of
erythrocytes, the relations Er:tr and decrease of a
small axis of erythrocytes, surface areas of an eryth-
rocyte, percent of thrombocytes and the relation Er:l.
The percent of monocytes always is in standard con-
ditions at a low level and significantly increases at
the considerable deterioration in environmental con-
ditions (deficiency of oxygen, strengthening of am-
monia and ions of an ammonium, influence of ions
of cadmium, anthropogenic pollution of a reservoir)
(Ablaikhanova, Ablaikhanova, 2016: 30-39).

The possibility of application of the hematologi-
cal method including a research of concentration
and morphological indexes of red and white blood,

Experimental Biology. Ne2 (75). 2018 121



Circadian and seasonal dynamics of hematological indexes of blood of animals in norm and at influence of heavy metals

including cytometric parameters of erythrocytes as
an element of biological monitoring is evidence-
based. For a snap analysis of a physiological condi-
tion of animal and ecological conditions biomark-
ers which first of all reflect adaptive reactions of an
organism of animals to change of ecological con-
ditions, namely ISL, the relation Er:l, percent of
foamy cells, the neytrophilic metamyelocytes, total
number of neutrophils, small lymphocytes and also
cytometric parameters of erythrocytes which can be
determined automatically (Tusupbekova, Ablaikha-
nov, 2016: 132-139).

Thus, blood, being the internal environment of
an organism, quickly and precisely reacts to changes
of a surrounding medium, always and unmistakably
reflects a physiological condition of an organism,
demonstrating character and weight of an aberra-
tion. Fluctuations of indexes are bound to seasonal
changes and physiological adaptation of an organ-
ism and also to toxic influence (Ablaikhanova,
2012).

Adaptation to the environment is noted at all lev-
els of biological organization — behavioral, anatomi-
cal, physiological and biochemical. Ways of exer-
cise of vital signs reflect external conditions which
the look faces in physiological level. Changes in
physiological mechanisms of various systems of an
organism, including the system of blood, the quanti-
tative relations of formulated elements of white and

red blood, their morphology are the cornerstone of
physiological adaptation.

Hematological researches have both theoretical,
and practical value that is caused by the function-
al multivalence of system of blood and its high jet
mobility. They find broad application in livestock
production during the determining of a physiologi-
cal condition of animals, evaluation test of forages,
cultivation conditions, assessment of pathogenic
influence of parasites and toxicants on animals (S.
Sharypova, 2013a: 121)

Nevertheless, the works devoted to studying of
indexes of blood of animals still cannot be consid-
ered numerous. This results from the fact that con-
nection between the habitat of animals and their
organism, indexes of their blood and a physiologi-
cal condition, a sex, age, the course of pathological
processes is not fully established. Hematological in-
dexes in the diagnostic purposes when studying pol-
lution of environments of dwelling of animals are
extremely poorly used.

So far hematological indexes of animals are
studied without sufficient accounting of a complex
of the factors of the external environment consid-
erably causing functioning of system of blood. At
the same time the researches devoted to action of
various technogenic factors on alive organisms are
priority around the world now (Sharypova, 2013b:
125)
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STUDY OF HEMATOLOGICAL PARAMETERS
OF RATS AT THE ACTION
OF THE IMMUNOSTIMULATING DRUG «FLAVOVIR»

In the conducted research are studied hematologic indicators of blood of rats at effect of “Flavovir”
immunoperformance-enhancing drug. It is established that medicine “Flavovir” in a dose of 35 mg/kg
at single application causes statistically reliable (P<0,001) increase of level of leukocytes, erythrocytes,
hemoglobin and hematocrit. Against the background of statistically reliable (P<0,001) decrease in level
the polymorphonuclear neutrophils, a rise in lymphocytes. Oral introduction of the medicine “Flavovir”
stimulates growth of leukocytes 6 days for 60% in a dose of 35 mg/kg, erythrocytes for 33%, hemoglo-
bin to 159,12 +0,89g/l, the hematocrit to 52,25+ 1,76%, lymphocytes on 2,3 times. Level of platelets
increases to 838,00+ 7,56x10%1 (P<0,001) and increase in percentage of eosinophils for 50% (P<0,001)
compared with control animals. Throughout an experiment change of body weight of rats of rather back-
ground values in one of the compared groups was not revealed. Change of water consumption in groups
of the animals receiving the studied medicines concerning monitoring was not noted. Comparison of
data of measurement of rectal temperature did not reveal reliable differences between experienced and
control group of animals. Results of the pilot studies showed that existence of the accruing lymphocy-
tosis can demonstrate activation of a cell-like link of immune system, that is the immunostimulating
property of medicine.

Key words: immunostimulating drug, «Flavovirs, hematological blood counts, rat, experiment.
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MMMYHADI bIHTaAQHABIPFbILL «PAABOBUP» NMpernapaTbiHbIH,
ereykynpbIKTapAblH, FeMaTOAOIMSIAbIK, KOPCeTKiLTepiHe acepiH 3epTrey

KyprisiareH 3epTTey >KyMbICbl GOMbIHLLIA ereyKynpbIKTapAblH FeMAaTOAOTUSIAbIK, KOPCETKILLITepiHe

MMMYHABI bIHTaAQHABIPYLbI «(DAABOBMP» npenapatbiHbiH, 35 Mr/Kr AO3acblHAAFbl 9Cepi 3epTTeAA|.
«MDAaBoBUp» NpenapaTTbiH, 35 MI/Kr A03aCbiHbIH, Gip PETTiK 8CePiHAE XKAAMbI AEMKOLMTTEP CaHbl XKoHe
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reMaToOKPUTTIH apTybl OaikaAAbl. “DaaBoBup” 35 MI/KI KOHLEHTPaUMSCbIHAQ 6 KyH 6OMbl 8cepiHAe
AeKoUMTTEPAIH 60% 6©cCyiH bIHTaAAHAbIPAaAbl, COHAAM-aK, 3pUTPOLMTTEPAIH 33%, reMOrAOOMHHIH
159,12+0,89 r/A, rematokputTiH 52,25+1,76% CaAbICTbIPMaAbl TYPAE apTyAapbl OalKaAAbl.
[MoAnMMOpPOSIAPOABbIK  HEMTPOMUABAEPAIH —CTAaTUCTMKAABIK, TypFblaaH (P<0,001) TemeHaeYiHiH
oHbIHAA AMMDOLMTTEpP CaHbl 2,3 ecere apTTbl. TpomboumTTep AeHreii 838,00+ 7,56x10%A (P<0,001)
apTTbl X8He 6akbiAdy TOObIHbIH >KaHyapAApbIMEH CAAbICTbIDFAHAQ 303MHOMUAAEPAIH MabI3AbIK,
kepcetkiwTepi 50% (P<0,001) apTbin, LWwamabl 303MHOMGUAMS GalKaAAbl. DKCMEPUMEHT Ke3iHAE
ereyKymnpbIKTapAblH TaMak TaHy paLyOHbIHa NPenapaTThl KOCbIN 6epy Ke3iHAEe, Mpernapat )KaHyapAapAblIH
AEHCayAbIFbIHA YKOHE KaAMbl >KarAaAapbiHA TePIC acepAepiH GarKaTKaH >KOK, KOHE OAAPAbIH XKaATbl
AEHe CaAMakTapblHa OH 9CepiHAE 6Cy KapKbIHABIAbIFbIHbIH apTTbipyblHa MYMKIHAIK 6epin apTybl
6aiikarAbl. YKaHyapAapAblH PEKTaAAbl TEMMepaTypaAapbiH OAlley Ke3iHAe 6akblAay TOObIMEH XXoHe
3KCMEPUMEHTTIK TOMTapblH CaAAbICTbIPFAaHAQ CEHIMAIAIK GoMbiHWA e3repicTepi GalKaAFaH >KOK.
IKCMEPUMEHTTIK 3EpPTTEYAEPAIH HOTMXKEAepi BGOMbIHILIA FEeMATOAOTUSIAbIK, KOPCETKILITEPAE YAEMEAI
AMMMOUMTO3AbIH  OaiKaAybl MMMYHADBIK, >KYMEeAe KAeTKaAap OyblHbIHbIH, GEACEHAIPIAYiHIH aitFarbl
6OAbIN TabbIAQAbI, IFHW NPENAPATThbiH, UMMYHAbI bIHTAAQHABIPFbILL KACUMETKE e eKeHAITH 6aikaTThbl.

TyiiH ce3aep: MMMYHABI bIHTaAQHAbIPFbIW npenapaT, «(DAaBoBMpP», KaHHbBIH FeMAaTOAOTMUSIAIK,
AQHAAM3I, ereykympbliK, 3KCepuMeHT.
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UccaepoBaHMe remaToOAOrM4eCKMX NOKa3aTeAel KpbIC
npu AeMCTBUM UMMYHOCTUMYAUpPYIOLLLEro npenaparta «®AaBoBUp»

B npoBeAeHHOM WMCCAEAOBAHMM M3y4UeHbl FemMaTOAOrMuYeckMe MoKa3aTeAr KPOBM KPbIC Mpu
AENCTBUM  MMMYHOCTUMYAMpYlollero  npenapata  «MaaBoBup». YCTaHOBAEHO, UTO npenapart
«DAaBoBUpP» B A03e 35 MI/Kr Mpu pasoBOM MPUMMEHEHMM Bbi3blBaeT CTAaTUCTUUECKM AOCTOBEpPHOE
(P<0,001) BO3pacTaHue YpPOBHSI AEMKOLIMTOB, SPUTPOLMTOB, FreMOrAOOMHa 1 rematokputa. Ha cone
cTatucTnyeckn aoctoBepHoro (P<0,001) CHMXKEHUS YPOBHS MOAMMOPMHOSAEPHbIX HENTPODUAOB
OTMeuYeHO HapacTaHuve AnmdounToB. [lepopasbHoe BBeaeHue npenapata «PaaBoBup» B A03e 35
MI/KI CTUMYAMPYET POCT AEMKOUMTOB K 6 cyTKam Ha 60%, 3puTpoumtoB Ha 33%, reMoranobmHa A0
159,12+0,89r/A, rematokpuTa A0 52,25+ 1,76%, AumcpounToB B 2,3 pasa. YpoBeHb TPOMOOUMTOB
Bo3pacraer A0 838,00+ 7,56x10%A (P<0,001) U OTMEYeHO MOBbIWEHUE MPOLLEHTHOrO COAEP>KaHUS
303nHOMMAOB Ha 50% (P<0,001) no CpaBHEHMIO C KOHTPOAbHbIMW XXMBOTHbIMW. Ha npoTskeHumn
3KCrepmrMeHTa He BbIAO 0OHAPY)KEHO M3MEHEHUSI MACChl TEAA KPbIC OTHOCUTEABHO (DOHOBbIX 3HAYUEHMIA
HW B OAHOM M3 CpaBHMBaeMbIx rpymnrn. He oTMevyarocb M3MeHeHWs MoTpebAeHUs BOAbI B rpyrnnax
>KMBOTHbIX, MOAYYaBLUMX WMCCAEAYEMble Mperapatbl, OTHOCMTEAbHO KOHTPOAS. CpaBHeHMEe AaHHbIX
M3MEPEHNS PEKTAaAbHOM TemrnepaTypbl He BbISIBUAO AOCTOBEPHbIX PA3AMUMIA MEXAY OfMbITHOM U
KOHTPOABHOW rpymnmnamm >KUBOTHbIX. Pe3yAbTaTbl 3KCMEpPUMEHTAAbHbIX MCCAEAOBAHUI MOKa3aAu, UTO
HaAMYME HapacTaloWero AMMQOLMTO3a MOXKET CBUAETEALCTBOBATb 00 aKTMBALMM KAETOYHOIO 3BEHa
MMMYHHOWM CUCTEMbI, TO €CTb MMMYHOCTUMYAMPYIOLLLEEM CBOMCTBE Mpernapara.

KaroueBble cAOBa: MMMYHOCTUMYAMpPYIOLWMIA nipenapat, «DAaBOBMpP», reMaTOAOrMUYECKMIA aHaAU3
KPOBM, KPbICA, 3KCMEPUMEHT.

Introduction

At present, certain changes in the environment
are observed in Kazakhstan. Adverse factors accrue
(both ecological, and social), living conditions of
separate groups of the population (especially in
regions and rural areas), quality of atmospheric air,
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food, drinking water worsen. All these factors have
negative effect on the immune status of the person
and lead to developing of diseases (Bajdaulet, 2013:
64; Klimov, 2006:122).

Therefore, restoration of immunological
violations —a relevant task as the majority of chronic,
somatic, infectious diseases is followed by secondary
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immunological insufficiency. Algorithmization of
immunocorrection (immunomodulation) assumes
use of pharmacological means which are capable
to increase (immunostimulation) or to reduce
(immunosupression) the level of the immune
answer (Abramov, 1991:45; Pastushenkov, 1995:
68; Haitov, 2003:196).

Therapy by medicines of natural origin is widely
used in world medical practice. Phytomedicines find
application for treatment and prevention and also
in complex therapy of various diseases (Avdeeva,
2007:26; Tuzankina, 2010:485). Often they are used
without appointment of the doctor, at the same time
patients risk to exceed the established therapeutic
doses up to emergence of side effects. Therefore
studying of toxicity of medicine of a phytogenesis is
necessary at a stage of preclinical assessment.

The immune system performs the important
function on maintaining constancy of the internal
environment of an organism which is carried out
by recognition and elimination from an organism
of alien substances of the anti-gene nature
(Jieldanjwski, 1983:349; Hoffman, 1989:1371;
Nores, 1997:99). Now a big problem of applied
medicine is increase in number of diseases which
cornerstone immunopathological processes
are (Sanz, 2009:1909; Shivaprasad, 2006:32).
Opportunity and consequences of infection of a
human body with causative agents of infectious
diseases depend on a condition of immune system, in
particular. Violations in the immune answer usually
promote synchronization of infectious process and
development of complications (Esimova, 2012:93;
Sablin, 2012:18). Besides, the number of strains of
microorganisms, resistant to antimicrobial therapy,
increases every year (Chereshnev, 2014:120).

The problem of immunocorrection of the
broken homeostasis is a current problem in clinical
practice. It includes as search, creation of effective
immunocorrective remedies and also development
of effective methods of immunodiagnostics and
treatment. The relevance of a pharmakokorrektion
of immunological insufficiency, first of all, is caused
by wide circulation of immunodeficiency at the
people who are the reason of various diseases which
success of treatment in many respects depends
on the choice of adequate means and methods of
immunocorrection. It is known that many factors
and influences have immunosuppressive property:
stresses, bacteria and viruses, toxic substances, the
ionizing radiation (Jiang, 2012:40). The strategy
of modern scientific research in this course first of
all is directed to detailed studying of mechanisms
of an immunosuppression and the search of

effective remedies of correction broken immune
a homeostasis. All these aspects dictate need of
use the immunotropic of medicines that allows to
constrain distribution of multiple medicinal stability
of microorganisms and to try to obtain treatment of
patients with insufficiency of the immune answer
(Hobrakova, 2008:324; Haring, 2005:3855).

Now the pharmaceutical market offers various
medicines. Most of them are synthetic and quite
often cause complications, including aggravation the
immunosuppressive of states, pollute raw materials
and food, the environment. This circumstance causes
need of further development and deployment in
clinical practice of medicines of natural origin which
are deprived of the specified shortcomings and they
can be applied as separately, and in a complex with
other means. Most of these drugs have a number
of advantages over synthetic drugs: multifaceted
effects on the body, immunomodulatory effect,
low toxicity, activation of the functions of the
neuroendocrine system, stimulation of regeneration
processes, weakening of stress factors, increase of
immune response during vaccination, reduction of
the use of chemotherapeutic agents and increase
their therapeutic effect (White, 2008:1789; Geha,
2007:776).

One of the most promising sources of
phytopreparations are medicinal plants containing
flavonoids, which, due to their wide distribution
in plants and large structural diversity, are
currently the focus of researchers in the fields
of pharmacognosy, pharmacy and medicine.
Flavonoids — the most numerous class of natural
phenolic connections of which the structural variety,
high and versatile activity and small toxicity is
characteristic (Spalatin, 1970:542). Wide amplitude
of biological activity of flavonoids is connected
with variety of their chemical structures and
various physical and chemical properties following
from them. This interest is connected with that
circumstance that flavonoids, being evolutionarily
adequate to a human body, cause antioxidant,
antiviral, angioprotective, hepatoprotective, bile-
expelling, diuretic, neurotropic and other major
pharmacological properties. And above-mentioned
pharmacological effects most involve scientists in
the field of creation of new vegetable medicines
(Duran, 2002:338). Despite some study of a
problem of use of medicines of natural origin with
the immunostimulating activity, many aspects of
their clinical use demand further development,
justification and introduction in clinical practice. For
the correction of immunodeficiency states, complex
plant preparations with certain directionality ofaction
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should be used. Therefore development of effective
complexes on the basis of biologically active agents
of the plants possessing immunomodulatory and
other properties for prevention and treatment of
immunodeficiency is a relevant problem of modern
science.

The purpose of researches was: evaluation of
the effect of the drug “Flavour” on hematological
parameters and the dynamics of weight changes of
albino rats in the preclinical studies in experimental
conditions.

Materials and Methods

Experiments were made on 15 not purebred
white rats males weighing 220-230 g. Animals of
the first group served as control and did not apply
any medicines (intact animals). Animals of the
second and third group — skilled also received in
addition with a forage nutritional supplement of
plant origin of Flavovir in a dose of 35 mg/kg, the
second group — 1 day, and the third group the same
doses (35 mg/kg) within 6 days. The basic rules of
maintenance and care were in accordance with the
data standards (Bettstetter, 2003:68). Throughout
an experiment noted dynamics of body weight. The
general condition was estimated at daily survey of
animals. For the 7th days of rats hammered and
carried out an intake of peripheral blood.

The blood of experimental animals was collected
in a vacuum blood with anticoagulants, it is tenfold
mixed for an exception of formation of microclots
and brought to laboratory. To assess hematological
parameters, a general blood test was performed
on the automatic hematological analyzer Siemens
ADVIA 2120 (Germany).

Used the following indicators: WBC -
Leukocytes (absolute quantity), RBC — Erythrocytes
(absolute  quantity), HGB - Hemoglobin
(concentration), HCT - Hematocrit (percent),
MCYV - the Average volume of erythrocytes, MCH
— the Average content of hemoglobin in a separate
erythrocyte, MCHC — Average concentration of
hemoglobin in the eritrotsitarny weight, RDW
— Width of distribution of erythrocytes, PLT —
Platelets (absolute), MPV — the Average volume
of platelets, % NEUTRO — Neutrophils (relative
a stake.), NEUTRO abs — Neutrophils (absolute a
stake.), % LYMPHO — Lymphocytes (relative a
stake.), LYMPHO abs — Lymphocytes (absolute
a stake.), MONO of % — Monocytes (relative
a stake.), MONO abs — Monocytes (absolute a
stake.), BASO of % — Basophiles (relative a stake.),
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BASO abs — Basophiles (absolute quantity), EOS
of % — Eosinophils (relative a stake.), EOS abs —
Eosinophils (absolute quantity).

Statistical data processing was carried out with
determination of average value, a mean square and
standard deviation, statistical error of average and
percent of distinctions. In determining the reliability
ofthe difference between the indices of the compared
groups, the reliability t-criterion was calculated, the
value of P was determined from the Student’s table,
the changes were considered reliable at p<0,001. All
data have been calculated in the software package of
MS Offis Excel.

Results and Discussion

For studying nutritional supplement of plant
origin of Flavovir in a dose of 35 mg/kg have been
analysed hemocytogram of experimental animals
(table 1).

According to table 1, at a dosage of the medicine
«Flavoviry the total number of leukocytes in the
second group statistically authentically increased in
concentration of 35 mg/kg with 7,33+0,08x10%1 to
8,34+0,15%10%1, the total number of erythrocytes
significantly didn’t change, and concentration of he-
moglobin remained within norm, reliable increase
of level of the hematokrit to 46,65+1,27% is noted
statitsichesk.

The average volume of an erythrocyte, average
content of hemoglobin in a separate erythrocyte,
average concentration of hemoglobin in eryth-
rocyte weight, the settlement width of distribu-
tion of erythrocytes on volume, the total number
and average volume of platelets remained within
physiological norm. The percentage of neutro-
phils also statistically authentically decreased from
21,74+0,46% to 17,10+£0,21%. At the same time
the percentage of lymphocytes has statistically
authentically increased to 79,03+0,07%. Level of
basophiles and quantity of eosinophils practically
didn’t change. Thus, analyzing hematologic indi-
cators of experimental animals against the back-
ground of single reception nutritional supplement
of a phytogenesis “Flavovir” it is revealed what in
a dosage of 35 mg/kg causes statistically reliable
increase of total number of leukocytes for 15% and
the gematokrit for 11%. It should be noted what
against the background of statistically reliable de-
crease in level the polymorphonuclear of neutro-
phils, in turn the level of lymphocytes statistically
increased for 94% that can demonstrate activation
of a cellular link of immune system.
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Table 1 — Hematologic indicators of rats against the background of a dosage Flavovir of 35 mg/kg

Indicators Internatio-nal Control 1 day 6 days
name

Total number of leukocytes, x10%/1 WBC 7,33+0,08 8,34+0,15* 11,69+0,28*
Total number of erythrocytes, x10'%/1 RBC 6,99+0,24 7,02+0,32 9,27+0,27*
Concentration of hemoglobin, g/ HGB 139,92+1,67 | 143,52+1,68 | 159,12+0,89*
Hematocrit indicator, % HCT 41,95+1,76 46,65+£1,27* | 52,25+1,76*
Average volume of an erythrocyte, fl MCV 68,25+0,34 69,07+0,37 68,97+0,68
The average content of hemoglobin in a separate erythrocyte, fl MCH 18,48+0,17 18,85+0,20 19,29+0,18*
Average concentration of hemoglobin in erythrocytes weight, g/ MCHC 298,91+3,38 | 299,21+2,91 | 299,71+1,23
Settlement width of distribution of erythrocytes on volume, % RDW 13,39+0,24 13,69+0,18 13,93+0,17
Total number of platelets, x10%/1 PLT 751,80+9,35 | 755,80+6,14 | 838,00+7,56*
Average volume of platelets, fl MPV 6,64+0,18 6,69+0,12 7,16+0,12%*
Percentage of neutrophils, % NEUTRO % 21,74+0,46 17,10£0,21%* | 14,96+0,10*
Absolute quantity of neutrophils, x10%/1 NEUTRO abs 0,55+0,01 0,43+0,01* 0,37+0,02*
Percentage of lymphocytes, % LYMPHO % 40,70+0,46 79,03+£0,07* | 92,00+0,06*
Absolute quantity of lymphocytes, x10%/1 LYMPHO abs 2,50+0,06 3,27+0,08%* 4,48+0,06*
Percentage of monocytes, % MONO% 28,05+0,34 29,79+£0,55*% | 30,38+0,35*
Absolute quantity of monocytes, x10%/1 MONO abs 3,56+0,27 4,16+0,33 4,04+0,26
Percentage of basophiles, % BASO % 0,21+0,10 0,28+0,02 0,23+0,12
Absolute quantity of basophiles, x10%/1 BASO abs 0,124+0,07 0,15+0,08 0,13+0,04
Percentage of eosinophils, % EOS % 0,93+0,12 0,94+0,04 1,40+0,03*
Absolute quantity of eosinophils, x10%1 EOS abs 0,10+0,05 0,11+0,04 0,22+0,04
Note: * statistically authentically in relation to control (P<0,001)

The analysis of the results presented in table 1
“Flavovir” of 35 mg/kg within 6 days reflects in-
dicators of a hemotsitogramma of experimental
rats against the background of a dosage. Statisti-
cally reliable increase in total number of leukocytes
with 7,33+0,08x10%1 to 11,69+0,28x10°1 was ob-
served, the total number of erythrocytes increased to
9,27+0,27x10%/1, hemoglobin up to 159,12+0,89 g/1,
hematocrit up to 52,25+1,76%. Erythrocyte coeffi-
cients significantly didn’t change during all experi-
ment, including the average volume of an erythro-
cyte, average content of hemoglobin in a separate
erythrocyte, average concentration of hemoglobin in
erythrocyte weight, the settlement width of distri-
bution of erythrocytes on volume. Total number of
platelets statistically authentically changed towards
increase, but nevertheless remained within physi-
ological norm.

On indicators of white blood it should be noted
that the percentage of neutrophils statistically
authentically decreased with 21,74+0,46x10%1
to 14,96+0,10x10°%1. The maximum increase
of lymphocytes to 92,00+0,06% respectively is

130

noted. The percentage of basophiles significantly
didn’t change, but the level of eosinophils
has statistically authentically increased from
0,9340,12 up to 1,59+0,25%, and in absolute
values with 0,10+0,05x10%1 to 0,22+0,04x10%/1
(P<0,001).

Thus, in the third test group with drug application
“Flavovir” at a concentration of 35 mg / kg of
total leukocytes significantly increased by 60%,
the percentage of neutrophils statistically reduced
by 45%. There was increase in the percentage of
eosinophils by 50%, a slight eosinophilia. Also, use
of the drug leads to a relative increase of 33% red
blood cells, hemoglobin up to 159,12 + 0,89 g/l,
hematocrit up to 52,25 + 1,76% red blood counts in
this case indicate better Pereni drug concentration in
35 mg/kg, as well as possibly the inclusion and the
absence of compensatory mechanisms dehydration
experimental animals.

The total number of platelets was growing,
that may be due not only to the Primus product,
but also with the physiological biological cycles in
experimental animals. The maximum increase in
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lymphocytes was observed 2.3 times. The presence
of lymphocytes, may indicate the activation of the
cellular system of the immune system, that is, the

immunostimulating property of the drug (Haitov,
2005:30;  Petenkova, 2011:66; Ablajhanova,
2016:104).

Table 2 — Dynamics of live mass of animals at inclusion in a diet Flavovir nutritional supplement in a dose of 35 mg/kg, n=5 (M+m)

Indicators Control Ifg:;(f;r(ilm ;;1;)11 Igrszge(r;r:ilz;sl
Before the experiment 223,40+4,32 225,60+4,32 224,40+4,32
After the experiment 228,80+4,79 231,40+4,22 233,20+4,87
Difference in weight in comparison with an initial state, % +2% +2,6% +3,9%

One of the most important indicators of effi-
ciency of nutritional supplement is her influence on
intensity of growth. The data of Table 2 show that
at the beginning of the experiment the rats had ap-
proximately the same mass, the difference between
them was insignificant. The study found that the ex-
perimental rats looked healthy, had a good appetite,
there were no deviations in clinical status and be-
havior.

In the third skilled Flavovir group has exerted
positive impact on an organism of animals. So, use
of medicine promoted her increase, at the end of the
experimental period the mass of animals exceeded
initial values for 3,9%.

Thus, addition in a diet of rats Flavovir nutrition-
al supplement in a dose of 35 mg/kg doesn’t make
negative impact on the general state and health, pos-
itively affects intensity of their growth.

Conclusion

As aresult of the conducted scientific researches
the following conclusions have been drawn:

1. At single use (1 day) of medicine
“Flavovir” in a dose of 35 mg/kg causes
statistically reliable increase of total number
of leukocytes to 8,34+0,15x10°1 and the
hematokrit to 46,65+1,27%. Also use of medicine
leads to statistically reduction contents the
polymorphonuclear of neutrophils to 17,10+0,21%

and to hobby the maintenance of lymphocytes up
to 79,03+0,07%.

2. At use of the medicine, “Flavovir” within
6 days stimulates growth of leukocytes by 60%
(P<0,001) in concentration of 35 mg/kg. Also use of
medicine leads to relative increase of erythrocytes for
33%, hemoglobin up to 159,12+0,89 g/l, hematocrit
up to 52,25+1,76%. Against the background of
statistically reliable (P<0,001) decrease in level
the polymorphonuclear of neutrophils, increase of
lymphocytes on 2,3 times is noted. Level of platelets
increases to 838,00 +7,56x10°1 (P<0,001) and is
noted increase in percentage of eosinophils for 50%
(P <0,001) in comparison with control animals, an
insignificant eosinophilia.

3. By results of experiences, inclusion in a diet of
rats Flavovir nutritional supplement in a dose of 35
mg/kg of live weight doesn’t make negative impact
on the general state and health of rats, positively
affects intensity of their growth, promotes increase
in additional weights for 3,9 %.

Thus, as a result of the conducted researches,
normative (reference) values for evaluation of
extended hematological parameters of blood
of outbred laboratory rats on the hematological
analyzer Siemens ADVIA 2120 were obtained. And
also according to experimental data, the presence
of increasing lymphocytosis may indicate the
activation of the cellular link of the immune system,
that is, the immunostimulating property of drugs.
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PA3PABOTKA AABTEPHATUBHOIO METOAA MCCAEAOBAHMA
MECTHOPA3APAXAIOLLUEIO AEMCTBUASA
KOOPAUHALMUOHHOIO COEAMHEHUNA MOAA IN VITRO

Pa3BuTME aAbTEPHATMBHBLIX METOAOB B TOKCMKOAOTMYECKOM TECTUPOBAHWMM SBASIETCS akKTyaAbHbIM
MO HECKOAbKMM MpPUYMHaM: a) BO3MOXXHOCTb MPOTECTMPOBaTbh OGOAbLLIOE KOAMYECTBO BELLECTB 3a
CPaBHUTEABHO HEOOAbLLIOM OTPE30K BPEMEHM M B OAMHAKOBbIX YCAOBMSIX; 6) HaAMuMe pasHOOOpPasHbIX
MOAEAEN in Vitro; B) CHUXXEHMe CTOMMOCTM UCCAEAOBAHMIA 32 CUET 3aMeHbl AABOPATOPHbIX KMBOTHbIX
MOAEAsIMU in vitro. OAHMM M3 Pe3yAbTATOB 3TOM PaboTbl CTAHOBUTCS MyMaHM3aLUms TOKCMKOAOTMYECKMX
MCCAEAOBaHMII  Yepe3  yMeHblleHre KOAMYecTBa AabopaTOpPHbIX >KMBOTHbIX, MWCMOAb3YEeMbIX B
aKCrepMeHTe. B cBs3M C 3TMM paspaboTka MeToAa OLEHKM MECTHOPA3APaKaIOLIEro AEMCTBUS
HEKOTOPbIX BelecTB, 00AAAAIOLMX 3aBEAOMO KOPPO3MIAHbIM AEMCTBMEM HA CAM3MUCTble 0OOAOUKM,
OYyAET MOAE3HOM, OCOOEHHO AASI TaKMX BELLECTB, KaK MOA M €ro KOMIAEKCbl C 6MOoOopraHMyecKmmm
AMTaHAQMM.

LleAbto pAaHHOM paboTbl IBASIAACh OLIEHKA BO3MOXKHOCTM UCTMIOAb30BaHMs KAETOUHOM AvHMM MDCK
B KauyecTBe in Vilro MOAEAM AAS U3YUYEHMS pa3Apakalollero AeMCTBUSI HOBbIX KOOPAMHALMOHHbIX
coeamMHeHnin nopa (KC-143, KC-144, KC-145) c wucnoab3oBaHnem MTT-tecta. PedepeHCHbIM
BELLLECTBOM ObIAO AEKaPCTBEHHOE CPEACTBO MOA MOBMAOH (MBI1-10A), HaTpMeEBas COAb AQYPUACEPHON
KkncAoTbl (ACH) ncnoAb3oBasach Kak XOPOLLO M3YyUYeHHOE 1 PEKOMEHAOBAHHOE AAS TOKCMKOAOTMYECKMX
WNCCAEAOBaHWUI in Vitro KOHTPOAbHOE BELLEeCTBO.

B aaHHoi paboTe 6biAO nokasaHo, uto INBIM-noa, ACH, KC-143, KC-144 1 KC-145 nokasbiBatoT
KAQCCUYECKYI0 A0303aBMCUMMYIO LMTOTOKCMYHOCTb B OTHOoweHun kaetok MDCK. LiutoTokcmueckas
KoHueHTpauus (LITK, ) aaa TBIM-noaa aoctosepHo Huke no cpasHeHmio ¢ LITK,  aag KC. INMpn 3Tom
umtoTokcmyeckoe aencteme KC Ha MDCK He 3aBMCUT OT BpemeHu MHKybaumm, oT 3 A0 72 4acos.

lNpakTryeckoe 3HayeHue paboOTbl 3aKAKOYAETCS B TOM, UYTO KAETOYHYI0 AMHMIO MDCK MoXHO
NPEeAAOXUTb B KAyeCTBE aAbTEPHATMBHOM MOAEAM B CKPUHMHIOBBIX WMCCAEAOBAHMSX MECTHO-
pasapaxkaiolero aencteng HoBbix KC coeanHeHnn noaa.

KAtoueBble caoBa: anbTepHaTuBHbIA MeTos, MDCK, MoaAeAb 3anuTeAMaAbHbIX KAETOK in vitro,
KOOPAMHALMOHHOE COEAMHEHUE MOAQ.
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Development of alternative method for studying the local irritant effect
of coordinated compounds of iodine in vitro

The development of alternative methods in toxicological testing is relevant for several reasons: a) the
ability to test a large number of substances in a relatively short time and under the same conditions; b)
the presence of a variety of models in vitro; c) cost-effective for the research by replacing laboratory ani-
mals with in vitro models. One of the results of this work is the humanization of toxicological studies by
reducing the number of laboratory animals used in the experiment. According to this, the development
of a method for assessing the local irritant effect of certain substances that has well-known corrosive ef-
fect on the mucous membranes will be useful, especially for substances such as iodine and its complexes
with bioorganic ligands.

The purpose of this work was to evaluate the possibility of using the MDCK cell line as an in vitro
model for studying the irritant effect of new iodine coordinated compounds (CC-143, CC-144, CC-145)
using the MTT test. The reference substance was povidone iodine (PVP-iodine), the sodium lauryl sulfate
(SLS) was used as a well-studied control substance and recommended for toxicological studies in vitro.

It has been shown that PVP-iodine, SLS, CC-143, CC-144 and CC-145 demonstrate classical dose-
dependent cytotoxicity against MDCK cell line. The cytotoxic concentration (CC, ) for PVP-iodine is
significantly lower in comparison with the CC, for coordinated compounds. Moreover, the cytotoxic
effect of CC on MDCK does not depend on the incubation time, from 3 to 72 hours.

The practical significance of the work lies in the fact that the MDCK cell line can be offered as an
alternative model in screening studies of the local irritant effect of new CC iodine compounds.

Key words: alternative method, MDCK, model of epithelial cells in vitro, coordinated compound of
iodine.
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MOATbIH, KOOPAMHALMSIABIK, KOCBIABICTAPbIH in Vitro XepriAikTi TiTipKeHAipriL
acepiH 3epTTeyAiH 6arama aAicTepiH AaMbITy

TOKCUKOAOTUSIABIK, TecTiaeyre 6Garamanbl oaicTtepiH a3ipaey OGipHewe cebentep 6GoiblHLLIA
©3eKTi OOAbIN TabbIAQAbI: @) YaKbIT >KaHe GipAen >KaraaiblHAQ CAAbICTBIDMAAbI TYPAE KbICKA MEpP3im
ilWiHAE 3aTTapAblH YAKEH CaHblH Tekcepy KabiAeTi; 8) in vitro TypAi MoAeAAepiHiH GOAybl; B) in vi-
tro MOAEAAEPIMEH 3€PTXaHAABIK, XKaHyapAApAbl aybICTbIPY apKblAbl 3ePTTEYAEPAIH KYHbIH TOMEHAETY.
OCbl KYMbICTbIH, HOTUXKEAEPIHIH 6ipi 9KCNepUMEHTTe NarnAaAaHbIAATbIH 3ePTXaHAAbIK JKaHyapAapAbIH
CaHbIH a3aMTy apKbiAbl TOKCUKOAOTUSIAbIK, 38PTTEYAEPAI r'yMaHu3aumsiAay 6oAbIn Tabbiraabl. OcbiFaH
opai, WbIpbIWTbI KabaTTapra 6eAriAl KOPPO3MSAbIK, ocepiH 6araray dAICIH 93ipAey nariAaAbl GOAAAbI,
acipece MOA >X8HE OHbIH KOMIMAEKCTEpPiHiH 61o0praHMKaAbIK, AMraHATapbl 6ap 3aTTapbiHa.

ByA >KyMbICTbIH, MakcaTbl MTT-TecTiH naraaAaHa OTbIPbIM, >aHa MOATbIH, KOOPAMHALMSABIK,
KocbiAbIcTapabliH (KK-143, KK-144, KK-145) TiTipkeHAIpriw acepiH 3epTTey YLWiH in Vvitro MoAeAi
petiHae MDCK »acyLuaAbik CbI3bIFbIH MaliAaAaHy MyMKiHAITIH 6araaay 60AAbl. PechepeHTTi 3aT peTtiHae
nopa nouaoH (MBI-1oa) AspiAik 3aTbl GOAABI, aA AQYPUACYAbDAT KbILLIK bIAbIHBIH HAaTpUid Ty3bl (ACK) in
Vitro 6aKplAay 3aTblHbIH TOKCUKOAOTUSIABIK, 3ePTTEYAEp YLLIH XKaKCbl 3ePTTEArEH K8HE YCbIHbIAFAH 3aT
peTiHAE ManAaAaHbIAADI.

Ocbl Makanaaa MNBIM-mnoa, ACK, KK-143, KK-144 sxeHe KK-145 MDCK kAeTKaAapblHa KAQCCUKAAbIK,
AO3aFa TayeAAl LIMTOTOKCMKAAbIK, acepiH KepceTTi. [MBI1-MoA UMTOTOKCUMKAABIK, KOHLEHTPALMSChI
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(UTK,,) KK LTK,, cabicTbipraHaa anTapAbikTaii TomeH. CoHbimeH KaTap KK UMTOTOKCHKaAbIK acepi
MHKY6aLMs yakbITbiHa GaiAaHbICTbl emMec, 3-TeH 72 caraTka AemiH.

KyMbICTbIH, ToxiprbeAik MaHbi3abiAbiFbl — MDCK >xacywarapbiH 6aramaAbl MOAEAb PETiHAE
>kaHa 1oA KK-HbIH >KepriAikTi TiTipKeHAIprilw acepiH CKPUHUHITIK 3epTTeyaepAe 6arama YAri peTiHae

yCbIHyFa 60AaAbI.

Tyiiin cesaep: 6Ganamanbl aaic, MDCK, in vitro anuTeAnin >KacyllaAapbiHbiH MOAEAI, MOA

KOOPAMHALMSAbIK, KOCbIABICbI.

BBeaenue

[lepen coBpemeHHOM Haykol Bce Ooiiee OCTpO
BCTAfOT TPOOJIEMBI 3THYECKOTO, PAMOHAIBHOTO H
9KOHOMHOTO HCIIONIb30BaHUsI JIADOPATOPHBIX  KH-
BOTHBIX, OCOOCHHO B 00JIaCTH JOKITMHUYECKUX HC-
CIIEZIOBAaHUK JIEKapPCTBEHHBIX TIPETaparoB, 4YeM, B
YaCTHOCTH, OOBSICHSETCS CTPEMHTEIILHOE Pa3BUTHE
AIBTEPHATUBHBIX METOJIOB HCCIICJOBAHHUN 3a II0-
ciemaue 20 ner (Cinelli, 1991: 52). Knaccnueckue
METObI IOKIIMHUYECKUX UCCIIeI0BaHUH MoipasyMe-
BaIOT MPUMEHEHHE OOJIBIIIOr0 YUCIia Ja00pPaTOPHBIX
JKUBOTHBIX TSI OIIEHKH TOKCHYECKOTO JCHCTBHSI XH-
Muueckux coequnenuii (Majda, 1973: 322). Onnako
WCCIIE/IOBAHUS i1 ViVO SIBIISIFOTCSL IOPOTOCTOSIIIUMH
Y TPYAOEMKHMH, YTO SIBISETCS OJHON M3 MpodieM
IIPY TIOMCKE TyTeH MHTCHCH(DUKAIIMN HCCIIeIOBaHUN
U CHIDKeHHs ux cebectonmoctH. [loatomy norumue-
CKUM pEIIeHHEeM CJIOKHBIICHCS MPOOIEMBI CITYKHUT
MIPUMEHEHUE JIOKJIMHMYECKMX TECTOB Ha IMPOCTHIX
OHMOJIOTHUECKUX MOJICISIX 7 Vitro.

Hpyrum  ctumynupyiommM — (GakTopoM  pas-
BUTHUS U TPUMEHCHHS aJIbTCPHATUBHBIX METOIOB
ITOCITY>KWJT 3alpeT Ha MPOBEJCHHUE HCIBITAHUN Ha
nabopaTopHBIX XUBOTHBIX B EBpore. CempMmas 1mo-
npaBka K aupektuBe EBpocoroza EQC 76/768/EEC
(Cosmetics Directive) BBesa mosiokeHHe 1O TyMaH-
HOMY OTHOIIECHHWIO K HMCIBITAHUAM Ha TEITJIOKPOB-
HBIX )KUBOTHBIX.

Bcemupnast opraHuzanus 3ApaBOOXpaHEHUS,
MEXIYHApOIHOE MEIUKO-OMOJIOTHYIECKOe 0O0TIIe-
CTBO HE TOJIbKO PEKOMEHAYIOT, HO M TMOJIepKUBa-
0T pa3pabOTKy M UCIIOJIB30BaHKE aTbTePHATHBHBIX
MOJeJIe M METOJOB B TOKCHKOJOTHH (3aBBsUIOB,
1998: 279).

[To npaBunam HoBoro EBporneiickoro 3akoHoa-
TENbCTBa, KOTOpPOe BCTynuio B cuiy B 2007 rony,
TECTUPOBAHUE B YCJIOBUSX in Vilro BKIIIOYEHBI B
repedeHb 00sI3aTeNIbHBIX METOJIOB OLEHKU TOTCH-
[MATBHON OMAaCHOCTH XMUMHYECKUX BEIIECTB I
3II0pOBBs UesioBeKa U okpyskatomei cpenpl (Cinelli,
1991: 52).

AJBTepHATHBHBIE TOKCUKOJIIOTUYECKHE METOIBI
JTAI0T BO3MOYKHOCTb:

— yMeHbIUTh (reduce) KOIMYEeCTBO KUBOTHBIX
HEOOXOMMBIX IS TECTOB,

— ycoBepluieHCTBOBaTh (refine) TOKCHKOJIOTH-
YecKHe MPOLenypHl, Jenas UX MeHee O0JIe3HEeHHBI-
MU WM CTPECCOBBIMHU JUIA JIADOPATOPHBIX JKUBOT-
HBIX, HJTH

— TOJTHOCTBIO 3aMEHHTH (replace) skcrepuMeH-
Thl Ha )KUBOTHBIX METOJIAMHU N Vitro, ex vivo WiH in
silico.

OTH TIPUHIOUTEI «TpeX R» Obutu chopmymupo-
BaHbl B 1959 rony B Tpyne «The Principles of Hu-
mane Experimental Techniques» (Russell, 1959:
238).

Ecim cpaBHHWBaTh TOKCHKOJOTHYECKHE METO-
JIbl, TIPOBOJIMMBIC Ha >KUBOTHBIX, C HCCIEIOBaHU-
SIMH Ha KyJIbTypaX KJIETOK, MOKHO BBIIEIHUTBH PsiJ
MPEUMYIIECTB KJIETOYHBIX KYJIBTYP: BO3ZMOKHOCTD
MPOBOJIUTH AKCIIEPHUMEHTHI ¢ MAJIBIM KOJIMYECTBOM
BEIICCTBA B CKPUHHUHTOBBIX HCITBITAHUSX; TECTHI HA
KyJIbType KJIETOK MO3BOJISIOT OOJiee TOYHO BO3/EH-
CTBOBaTh Ha MHIICHb U YETKO MPOCIEANTH 3aBUCH-
MOCTH «J1032-3(PPEKT» U «CTPYKTypa-aKTHBHOCTHY,;
BBICOKas TEXHOJIOTUYHOCTH IPOIIEcca HCCIIeI0Ba-
HUH, YTO TO3BOJISECT MPOBOAMTH CKPHUHUHT OJHO-
BPEMEHHO HECKOJIbKUX HCCIIEIyEeMBbIX BELIECTB
(Ekwall, 1999: 340).

[TosTOMY Ha CeroAHANIHWN JeHb pa3zpadoTa-
HO MHOXECTBO in Vifro MOJeNel, 3aMEeHSIIOIINX
WCIIBITAaHUS in vivo: cpe3bl TKaHel (TpaxreHOepr
.M., 2008: 272), uzonupoBaHHBIE OpTraHbl (Iy1a3
IBIJICHKA), KYJBTYphl KIIETOK, HWMUTHUPYIOIIHAE
TKaHu (3MOpHOHANBHBIE (HUOPOOITACTHI, KEpaTHHO-
IIUTHI YeJIOBEKA, KPOJIMKA M KPBICHI), M JJaKe CIICIH-
anu3upoBaHHble KomMepueckne moxaenu (EpiSkin,
SkinEthic, EpiDerm), sBisronuiecs: TpeXMepHBIMH
MoiessiMu Kok uenoBeka (Wilson, 2015: 33; Hoff-
mann, 2006: 179).

OmHako OONBITMHCTBO M Vitro MOJIENEH mpen-
Ha3HAUCHO /IS OLIEHKH HAKOXKHOTO pa3[pa)karo-
LIero JeMCTBUS MCCICIYyEMBIX BEIIECTB, XOTS NpPHU
OpaJIbHOM WX TIpHEMe TI0J] BO3ACHCTBHEM OKa3bl-
BalOTCSI, B TIEPBYIO OYEpelb, CIM3UCTHIE 000IIOUKH
JKEIYI0YHO-KUIIIEYHOTO TPaKTa, TMPEICTABICHHEIC
OJTHOCIIOMHBIM DSIUTEITHEM, KOTOpBIE MOTYT OBITH
MOJIBEPTHYTHI BeCbMa OOJIE3HEHHOMY KOPPO3UHHO-
My paspyurenuto (Contini, 2013: 3920). Boxpuma-
CTBO In Vitro Mojenel, IMUTHPYIOUIUX CIU3UCTYIO
TkaHb JKKT, npencraBieHbl UMMOPTaIN30BaHHBI-
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MH ONYXOJEBBIMU KIIETOYHBIMU JHHHSIMH, KOTO-
pBIe, BCIEACTBHE CBOETO MPOUCXOXKICHHS, UMEIOT
COOCTBEHHbIC AHATOMUYECCKHUE U OMOXUMHUYECKUE
OCOOCHHOCTH M OTPaHWYCHBI B HCIIOJIB30BaHUU. B
CBOIO OYepeib KyJbTypa nepBuuHbIX Ki1eTok JKKT,
BCJICJICTBUE OTPAHMYCHHOW KM3HECTIOCOOHOCTH,
TaK K€ He MOJXOIUT IJIs TOA00HBIX UCCIICIOBaHUH.
(Gordon, 2015: 341).

Bonpoc kacarenbHO TOBpEXIAIOLIETO JIEH-
CTBUSI Ha CiM3UCTBIC oOoyouku u snutenuid KKT
OCTPO CTOUT IPH UCIOJIH30BAHUU JIEKAPCTBEHHBIX
MIpernapaToB Ha OCHOBE KOMIIJIEKCOB HOJa, KOTO-
pbIe 00JIQAr0T IIUTOTOKCUYSCKUM CBOWMCTBOM, OJI-
HAKO TPUMEHSIOTCS B JHMATHOCTUYECKHX IIEISAX, B
JICYCHUH MYKO3UTOB, COMPOBOXKIAIOIINX MPOTHBO-
omyxoneByto Tepanuo u T.1. (Tsurumaru, 2010: 2;
Kanagalingam, 2017: 341).

Kowmmexcusie coenuuenus noaa (KC) BBI3HI-
BalOT PaCTyIIMH MHTEPEC, OJlarofapsi pacuiupeHuto
JMarna3oHa MPUMEHEHHS W HaJIM4Yui0 0co00# mpo-
CTpaHCTBEHHOH KOH(UTypanud Mojekylr. B pa-
oorax HOmmameroii [.A. u Ap. yCTaHOBJICHO, YTO
KC (marenr PK Ne20129000 (Ilin, 2014)) BayTpH
JICKCTPUHOBOU CITUPATIU COJCPKAT TPH AKTHUBHBIX
[EHTPA: MOJICKYJISIPHBIA MO, KOOPAMHUPOBAHHBIN
MOJIUTIETITU/IOM U TJIOT€HUIOM JIUTHUS; TPUHUOIU U
ranorenuabl mutus. [lokazano, yro KC cnocoGHBI
00pa30BBIBATh KOMIUICKCHI C a30THCTHIMH OCHOBa-
HusMU 1 docharnoit rpymmoit [IHK xmerox. Dtn
KOMIUIEKCHI HHTHOUPYIOT aKTUBHBINM LIEHTP TOIOM-
3oMepasbl | yepe3 Bo3aeiicTBHE HA aMUHOKUCIIOT-
HbIC OCTaTKW apruHuHAa W Tupo3uHa (Yuldasheva,
2016: 76).

[ToaTomy HccenoBaHne MOBPEKIAIOIIETO JIEH-
CTBUS MOJICOJIEPIKAIINAX BEIIECTB HA KIETKH CITH3H-
CTBHIX 000JI0YEK U MOUCK aJTbTEPHATUBHBIX METOIOB
JUTSL 9TUX T[eJIEH OCTArOTCS aKTYaIbHBIMH.

B nmanHO# paboTe B KauecTBE albTEPHATUBHOM
MOJIEIM HCIIOJIb30Bajach HOPMajbHas KJIETOYHas
muaust MDCK, nMeroiast snutennanbHble MapKepsl
1 CITOCOOHOCTH 00pa30BBIBATH MOHOCIIOH C TNTOTHBI-
MU COCIMHEHUSIMH, MOJO0HBINA KJIETKaM SIUTEIIUS
JKEITYIOYHO-KHUIIIEYHOTO TpakTa. KileTouHast TuHwMs
MDCK 0buta monmydeHa OT B3pPOCIIOH coOaku Io-
poiel Kokep-cranuens (Madin, 1958: 575). MDCK
UCHOoJb30BasIack ¢ Havana 1960-x rogoB mpenmy-
IIECTBEHHO JUISI BUPYCOJIOTHYECKHIX MCCIIEOBaHUH,
1 K 1966 roay Oblia MOJHOCTHIO OXapaKTePU30BaHA
(Gaush, 1966: 933). OnHa ocTaeTcst OJTHOH M3 CaMBIX
M3YYEHHBIX TOJSAPU30BAHHBIX KIIETOYHBIX IJIMHUM,
MO-TIPEKHEMY OUYEHb HATIOMUHAIOIIUX SMUTCIHH C
TOYKH 3pEHUS] MOP(OJIOTHH U PETYJISIHHA POCTa IO~
cie moutu 20 neT KyapTUBUpOBaHwus in vitro (Taub,
1979: 554; Taub, 1981: 65).

ISSN 1563-0218

Llenpro maHHOM pabOTHI SBISIIACH OIICHKA BO3-
MOXHOCTH HCIOJB30BAHHUS KJIETOYHOW JIUHHUU
MDCK g u3ydeHus: pa3apakaroniero AeHCTBUs
HOBBIX KOOPAMHAIIMOHHBIX COCIUHEHUN HOJa C UC-
nons3oBanneM MTT-tecra.

MartepuaJibl U METOABI UCCIETOBAHMS

1 KneTku u peareHTsl

B kauectBe 0OBeKTa McciienoBaHHs B padorte
HCIOJB30BAJIACh KYJbTYpa SHHUTEIMAIbHBIX KJle-
Tok mouku cobaku MDCK (JlaGoparopus Kie-
ToyHOH OwmortexHonoruu, Poccus). Kierounyio
KyJbTypy nonaepxxupaiu B cpeae RPMI-1640 c
L-rmoramunom (Sigma, CIIIA) 1 pacTBOpoM aHTH-
MHUKPOOHBIX U aHTUIPUOKOBBIX npenaraTos (10000
En nenunmuinaa v 10 Mr ctpenToMuiiiaa, Ha 1 M
) (Sigma, CIIIA), noonnennoi 10% wHaAKTUBUPO-
BaHHOH (eTanbHOM Oblubeil chbiBOpoTKOH (Sigma,
CIIA). Knerku nakyouposamu rpu 37°C u 5%-HoM
conepxanun CO, B armocepe. s nepecesa Kiie-
TOYHOH JIMHUM MCHOJIB30BAIHM OJHOKPATHBIA cOa-
JIAHCHPOBAHHBIN COJIEBO pacTBOp X2HKca (Sigma,
CIOA) u crepunbnbiii 0,25% pactBop Trypsin-
EDTA (Sigma, CIIA). )KuzHecrocoOHOCTh KIETOK
OLIEHUBAJIH NPH IIOMOIIY BKJIIOYEHUS] TPUIIAHOBOT'O
cunero (Sigma, CILIA). B skcriepumenTe UCIOIb-
30BaJIN KJIETOYHYIO KYJIBTYPY C MPOLICHTOM >KHU3HE-
CIOCOOHBIX Ki1eToK 6osbiie 90 %.

2 Hccnemyembie BEUIECTBA

Uccnenyemble BemiecTBa — KOOPAMHAILMOH-
weie coenuHenust (KC) mmm agmgyKThl MOJEKYISp-
HOTO HOJa C TIOJNUMENTUAAMH, O-JEKCTPHHOM U
rajJoreHuaaMu Kanusi U JuTus. B panHON pabote
H3yYAINCh TPU KOOPAMHALMOHHBIX COEAWHEHHUS
pasnmuuHoro cocraBa (KC-143, KC-144, KC-145),
CHUHTE3UPOBAHHBIC 110 METO/LY ONMCAHHOTO B MATCH-
e PK Ne20129000 (Ilin, 2014).

B KkauectBe MOJOKHUTEIHLHOTO KOHTPOJIS WC-
MOJIb30BAJIM HATPHUEBYIO COJIb JIAYPWIICEPHOU KHC-
aotel (JICH) (AppliChem, I'epmanus) um pede-
pencHoro BemiecTBa — woa TmoBumoH (I1BII-uom)
(DOSFARM, Kazaxcran). JICH sBasercss aHHOH-
HBIM [IOBEPXHOCTHO-aKTUBHBIM BeliecTBOM. 1o pe-
komenaauusiMm OECD (Organisation for Economic
Co-operation and Development) JICH pekomenzo-
BaH B KaueCTBE KOHTPOJHHOI'O LUTOTOKCHYECKOI'O
BEIIECTBA JIJIsl OLIEHKH TOKCHYECKOTO JICHCTBUS Be-
miectB U Banunanuu metoos (OECD, 2013). TIBII-
HOJl UCHOJIB30BAICA B KaYECTBE HOJCOIEPIKALIECIO
pedepencHoro Bemecta (Fukuda, 2003: 66).

3 Ananu3 nponudepanuu KIeToK

Knerku paccenBanu Ha 96-lyHOUHBIE IUIALIKU
(BRAND plates, I'epmanmusi) B koHueHTpamuu 3x10*
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KJeTok Ha | siueliky. [1nanrku Ky b THBHPOBAIH B TEP-
mocrare 1ipu 37,0 °C, 5 % CO,. U3 myHok mianmera
yepe3 24 gaca MHKyOaIy yIaJsuIi POCTOBYIO CPELy,
1 BHOcHM 110 200 MKJI cpefibl, cofeprKallei pa3iiy-
HBbIE KOHIICHTpAIMH WCCIEAyeMbIX BEIecTB (auara-
30H KoHIeHTparuu 115t KC — ot 13 mkr/mi 1o 7,8 mr/
wu, At [IBII-noga — ot 6,4 MKI/MIT 10 5 Mr/miL, v st
JICH - ot 2,0 ar/mn mo 12,5 mr/mi). B nysku ¢ ot-
pHLIATETbHBIM KOHTpOJIeM BHOCHIH 110 200 MKJI uTa-
TENBHOH cpelibl 0e3 100aBICHNS BEIECTB.

Bimusune xommnekcos  LiCl(I)-a-1,-nexctpun
KC Ha >Xn3HeCrocoOHOCTh KIIETOK OIpenes-
U C TIOMONIBIO aHaju3a IOTJIONICHHS KIIETKa-
MH 3-[4,5-guMeTrITHAa301-2- 1 |-2,5- nud eHuT-
terpazonus Opomuma (MTT) (Sigma, CHIA).
Omnpenenenue >KU3HECTIOCOOHOCTH KJIETOK METO-
qoM MTT ocHOBaHO Ha HM3MEPEHUM AKTHUBHOCTH
KJIETOYHOM MUTOXOHJIPUAIbHON JAETHIPOTreHa3bl
(MosmannT., 1983: 55-60). MeTtox o0HapyXHuBaeT
JKUBBIC KJIIETKH, U TEHEPHUPYEMBI CHTHAI 3aBUCUT
OT CTENEeHH WX akTUBanuu. [103TOMy STOT MeToj
HCTIONB30BAJICS AJIsl OLCHKH Pa3IpaXkarolero JIei-
CTBUS BEIIIECTB.

MecTHo-pa3zapaxaroniee JIelCTBUE BELIECTB
OLICHUBAJIH 10 UCTEYCHHUIO OIPEJECICHHOTO BpeMe-
HHU Bo3nercTBus (uepes 3, 6, 12, 24, 48 u 72 1). Ilo-
cie 3 — 72 4acoBOro BO3AEWCTBUS UCCIEAYEMBIMU
rperapaTaMy B KaxIylo JIYHKY BHOCHIIU 110 20 MK
MTT-pearenra (Sigma, CILIA) (5 mr/mi) u WHKY-
ouposaiu emie 4 yaca npu 37° C. [{ns pactBopeHus
¢dopmazana B Kaxkayro JyHKY fgoOasmsun mo 100
MKJ tumeTucynbdokcnaa (DMSO) (Sigma, CLHA).

DOoTOMETPUUECKOE H3MEPEHUE ONTUYECKOM IIOT-
HOCTH PacTBOPEHHOTO (popMaszaHa MPOMU3BOAMIN HA
MukporuianmerHoM pugepe Sunrise RC.4 (Tecan,
ABCTpusl) TIpH JUJIMHE BOJHBI OCHOBHOTO (BHIIBTPA
— 540 M u pedepentHoi BosHe — 620 HM. KoH-
LEHTpAIMIO Mperapara, yMEHbIIAIOIYI0 3HaYeHne
ONTUYECKOU TIOTHOCTH Ha 50% 1O CpaBHEHUIO C
KOHTPOJIEM KJIETOK, mpuHUMan 3a 50 % IUTOTOK-
cuueckyro Konuentpanuio (LTK, ).

4 MaTemMaTH4eCKUE U CTATUCTUYCCKUE METOIBI.

Mo nposepku 3apucumoctu LITK, o Bpemenn
WHKYOAIM1 HUCIOIb30BAIN PErPECCUOHHBIN aHAIU3.
Bce uccnenoBanusi mpoBOAUIN B TPEX MOBTOPHO-
cTsX. JlOCTOBEPHOCTh pasziuyuil MEXay SKCHepu-
MCHTAJIbHBIMU JaHHBIMHU OLCHUBAJIN IIPU OMOIIH
kputepusi CTbIOICHTa MIPU YPOBHE JOCTOBEPHOCTH
p<0,05. CratucTrdeckrue pacdyeTsl OBLTH MPOBEIEC-
Hel B mporpamme GraphPad Prism v6 (GraphPad
software, La Jolla, California).

Pe3y.]'leaTl)I HCCJICA0OBAHUA U UX 06cym11eﬂml

B Tabmmme 1 mpemcraBieHB KOHIICHTPAITHH
KC-143, KC-144, KC-145, II1BIT-uox u JICH npu-
Bomsimue kK 50% rubenn knerok MDCK, cpeanee
snauenue LITK, nis Bcex uHTEpBaNIoB MHKYOAMu
1 KO3 PUIMEHT AeTepMUHALIUY I° HJIH KBAJIPAT KO-
s PunreHTa KOppensuuy, O3BOJSIIOIINN OLECHUTh
ka4ecTBO ypaBHenus perpeccun (LITK, na Bpems).
I'paduxu nuueitnoi perpeccun mis KC-143, KC-
144, KC-145, JICH u [1BII-noga nmoka3aHsl Ha pu-
cyHke 1.

) V-
Tabmuma 1 — [[TK, (Mr/min) 1715 MCCIIETyEMBIX BEIECTB U KO3 (UIMEHTEI IETEPMUHAIIMH I* THHEHHOH perpeccuy (KOHIEHTpaIHs

Ha BpeMsI) Ha kietouHoi mann MDCK

Bpewmst Bo3neiicTBus UccielyeMbIX BEILECTB, U Cp. 3uau. ,
BemecTtBo r
3 6 12 48 72 HTK,,
KC-143 | 0,50+0,13 | 0,39+0,10 | 0,49+0,10 | 0,51+0,16 0,42 + 0,05 0,41+0,13 0,45+0,11 0,196
KC-144 | 0,52+0,20 | 0,45+0,10 | 0,53+0,16 | 0,56+ 0,06 0,50 + 0,15 0,37 0,07 0,49+0,12 | 0,396
KC-145 | 0,41+0,09 | 0,45+0,13 | 0,45+0,10 | 0,40+0,10 0,44 +0,12 0,38 +0,15 0,42+0,12 | 0,295
[1BII-uon | 0,20 +0,05 | 0,25+0,04 | 0,21+0,05 | 0,22 +0,04 0,16 £0,11 0,17+0,09 | 0,20+ 0,06* | 0,603
JICH 0,02+0,01 | 0,03+0,02 | 0,01 +0,02 | 0,01 0,02 0,02 + 0,02 0,01 +0,01 0,02 £0,01* | 0,142
IIpumeuanne: * p<0,05 nporus KC-143-145

Hossie KC noma (KC-143, KC-144 u KC-145)
XapaKTepU3yIOTCs 00JIee HI3KOH ITUTOTOKCHIECKON
AKTHUBHOCTBIO B oTHolleHun kinetrok MDCK, uem
[IBII-nox. Otu pe3ynbTaThl TOKA3bIBAKOT 3aBUCH-
MOCTh TOKCHYHOCTH COEAMHEHUH HOAA OT MPHUPOIBI

KoopauHHpYyomux turanaos (Wutzler P., 2002: 92;
Noda Y., 2009: 88).

Kpome Toro, xinerku MDCK oxa3zamuce 60-
nee yyBcTBUTENbHbIMU K [IBII-nogy, uem, Hanpu-
Mmep, pubpodmacter meimei (Miiller, 2008: 1283)
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WIN KJIETKH HedpoOiactoMel uenoBeka SH-SYSY
(Doan, 2012: 135), s xoropeix 3nauenus LITK,
coctaBwin, 4,75 u 1,1 Mr/mi, COOTBETCTBEHHO.

0.600-
-0~ KC-143

5 0.500 - KC-144
2 0.400 -x KC-145
‘_;‘r —— TBM-vog,
§o.:aoo- - JICH
 0.200
=
5
8 0.100

0.0004

Bpems, u.

Pucynox 1 — Jluneiinas perpeccus LTK, na Bpemst
st KC-143, KC-144, KC-145, 11BIT-nox u JICH

Koutponbnoe BemectBo JICH xapakrepusyercs
JIOCTaTOYHO TOCTOSIHHOM BBICOKOM LUTOTOKCHYHO-
cThi0 B uHTepBaje 3 — 72 gaca (Rusanov, 2017: 134).

Paccunrannbie  KOA(GUIMEHTH JIeTepMHUHA-
[IUU TIOKA3bIBAIOT OTCYTCTBHE KOPPEISAIHH MEXKITY
BPEMEHEM BO3JICUCTBUA U I_[TK50 it KC u JICH
(r’<0,5) u cnabyro 3aBucumoctsh st [1BII-nona
(r’=0,603) (Kataoka, 2006: 635), 4To yKa3bIBacT Ha
BO3MOYKHOCTb HCITOJIb30BaHUS JIIOOOTO BPEMEHHOTO
MHTEpBaja Ui OLEHKU Pa3JIpaKaroiero AeHCTBUS
KC nona.

Hcxonst U3 MOMy4YEeHHBIX PE3yNIBTATOB, B Jalb-
Helmem nurtotokcnuynocts KC uzyuanu nocne 24
4 uHKyOupoBaHusa. Ha pucyHke 2 mpelcTaBiIeHBI
KPHUBBIC 3aBUCUMOCTH «703a-3¢dex» s KC-143,

KC-144, KC-145 u I1BIl-nox B norapupmMuueckoMm
MacmTade mociae 24 4 BO3AEHCTBUS Ha KIIETKU
MDCK.

Log-kpuBbie «go3a — sddexr» mms KC-143,
KC-144, KC-145 u IIBIl-mon xapakTepu3yroTCs
KJIACCUYECKOW CUTMOUAATBHOM (HOpMOH.

[Mocne onpenenenus LTK, nns KC Obu1 npo-
BeJieH MOP(OJIOTHYECKAN aHAIIN3 KIETOYHOU KYJIIh-
TYpBI TOcye 24-X 4aCOBOTO BO3/ICHCTBHUSI BEIIECTBA-
MH, HETaTUBHBIM KOHTPOJIEM CIIY>KHJIM KJIETKH Oe3
BO3JIEHCTBUS (PHCYHOK 3).

== KC-14324 4
@ KC-14424y
=+ KC-14524 y4
—— [BlM-nop 24 4

Mornbwwue knetku , %

-504
[mr/mn], log

Pucynoxk 2 — Log xpusas «o03a — spdexr» mist KC-143,
KC-144, KC-145 u I1BII-nox na kynstype MDCK

[Tocne 24 wacos Bo3zeiicTBus KC nHaOmroma-
JUCh: HapyUICHHE KJIETOYHOH MeMOpaHbl, mepe-
X0/ K KOMIIAKTHOM OKPYTJION CTPYKTYpE U MOTEPs
a/Ire3MBHOM CMTOCOOHOCTH (pa3pylieHHEe MOHOCIIOS
MOKa3aHO cTpenkaMu, pucyHok 3B). Bcerpeuaro-
myecs HEKPOTHYECKHE KJIETKH CBUIETEIbCTBYET
0 HAJIMYUU MPSMOTO IIUTOTOKCHYECKOTO JEHCTBUS
KC na xnerku MDCK B uccienoBaHHBIX KOHIIEH-
Tpauusx.

Pucynok 3 — Mukpodororpadun kneroqnoit kyinsrypst MDCK.
A — 6e3 BozpaetictBust, b — mocie 24 4. BozneiictBust KC 0,2 mr/mit (oxpacka: mo Pomanosckomy — ['umse), yBemmaenne: 10x10
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3akioueHne

B wucciaegoBanum OBUIO IMOKA3aHO, YTO IUTO-
tokcuueckoe neiicteue KC nona na kinetku MDCK
HE 3aBUCUT OT MPOAOKUTEIBHOCTH BO3JECHCTBUS.
[1BII-uox Basoe TokcuuHee, yuem KC-143, 144 u
145. Bosgeiicteue KC B L[TK50 Ha muauro MDCK
BBI3BIBACT KIIETOYHYIO THOEINb, YTO MOXKET TPaKTO-
BaThCs KaKk KOPpPO3UMHOE JIeWCTBUE. YUUThIBAs Ta-

Kue cBoiicTBa KynbTypbl kietok MDCK, kak: 1) ox-
HOPOJHOCTD MOMYJISINH C IMATENHAIHLHON (hopMOii,
2) BO3MOKHOCTH BBIpAIIMBaTh B 3HAYUTEIHHBIX KO-
nruecTBax, 3) OmusKkas MOp(OJOTHs K SHHUTEIHIO
JKKT u 4) BO3MOKHOCTB OIICHHUTH IPSIMOE ITOBPEK-
natoriee neiicteue KC Ha kieTku; mpejjaraemast
MOJIENIb MOKET OBbITh aJbTEPHATHUBHBIM CKPUHHH-
TOBBIM METOAOM [UI1 H3Y4YEHHs pa3pa)karollero
(KOppO3UHHOTO) MEHCTBUS HOBBIX COCTMHECHUM.
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ALWDbITKbI )KXOHE CYTKbILUKbIAAbI BAKTEPUSAAPADIH,
CABAH LUUKIZATBIHAA ©CY BEACEHAIAITIH 3EPTTEY

Kasipri TaHAQ MaA LIapyallbIAbIFbIHAA XKEMAIK aKybI3AbIH >KETiCreyLliAiriie 6ainAaHbICTbl, aKybl3
Ke3i peTiHAe MMKPOOTHIK GMOMAcca MaHbI3Abl POA aTKapaAbl. MaA WIAPYaLLbIAbIFbIHAQ YKEMAIK aKybl3
TanLWbIAbIFbIHbIH aAAbIH aAy MaKCaTbIHAQ, MMKPOOPraHM3MAEPAIH KOMETrMEH >KEMAIK aKybl3AapAbl KeHe
6acKa AQ aKybl3 KypamAbl 6HIMAEPAT aayFa 60AaAbl. Ap3aH CyOGCTpaT Ke3AepiHe HerisaeAreH bromacca
OHAIPICi, MaA LIAPYaLLbIABIFbIHAQ AKYbI3 XeTiCreyLiAiriHiH MeCeAeAepiH LWeLlyAe TUIMAT GOAbIN CAHAAAADI.
OcbiraH 6aAaHbICTbI, JKEMAIK aKybl3 aAy MakCaTblHAQ, CybCTpaT Ke3i peTiHAe 8CIMAIKTEKTI LMKi3aTTap
naAaAaHblAaAbl. ATaAFaH KaAAbIKTap KypamblHAQ TMAPOAM3AEHYI KYPAEAI MOAMCaXapUATEPAIH,
GOAYbIMEH >KBHE CIHIPIAY AeHreii TemeH GeAOKTapblHbIH a3 MOALLEPAE KE3AECYiMEH CUMaTTaAaAbl.
Onap covikeciHLIE OHAEYAEH KeWiH camnachl >Kofapbl asblKTbIK KacuetTepre me 60Aa anaabl. AybIA
LIApyaLlbIAbIFbI XKaHyapAapbl YiLiH TOAbIKKAHAbBI a3blK, aAy MakCaTbiHAQ MUKPOBUOAOTUSIABIK, BAICTepre
aca Haszap ayAapblAaAbl. ALLIBITKbIAAP a3bIKTbIK KYHABIAbIFbI TOMEH 6CIMAIKTEKTI CybcTpaTTapaa 6romacca
SKUHAY Heri3iHAe >KemAiK GeAOK MPoAyLeHTTEPi 60ACA, CYTKbILKbIAABI GAKTEPUIAAP MPOOUOTUKAABIK,
acep eTyre KabireTTi 60AbIN Tabbiraabl. )KyMbIC 6apbICbIHAQ €riH WAPYaLbIAbIFbIHbIH, KAAAbIFbI GOAbIMN
TabblAaTbiH 6MAQ CabaHbl LIMKI3ATbIHAQ ALLLITKbI KOHE CYTKbILIKbIAAbI GAaKTEPUS AAKBIAAAPbIHBIH 6CYy
GeAceHAIAIr 3epTTeaai. Taburn cybeTpar, siFHn Gnaan cabaHbiH MEAACCaMEH OMNMTMMM3ALMSAAY HEri3iHAE
ALLbITKbI KOHE CYTKbILLIKbIAAbI GAaKTEPUS AAKbIAAAPBIHbLIH GMOMACCa XKOHE KbILLKbIA Ty3y GeACEHAIAIKTEpI
3epTTeAAi. beaceHAl ecy KapKbIHAbIAbIFbIHA ME ALLbITKbI XXOHE CYTKbILUKbIAABI 6AKTEPUS AAKBIAAADBIHbBIH
KOHCOPLMYMbI KYPacTbIPbIAABI.

Ty#in ce3aep: >keMAiK 6EAOK, KOHCOPLIMYM, allbITKbIAAP, CYTKbILLKbIAALI 6akTepusiAap, 6romacca.
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Study of the growth activity of yeast and lactic acid bacteria on straw

Currently, due to the lack of feed for livestock, special attention is paid to microbial biomass as a
source of protein. With the help of microorganisms, it is possible to obtain fodder protein and other
protein-containing products, which contributes to reducing the protein deficit in feed. The production
of such biomass on cheap raw materials is considered as one of the means of eliminating the growing
protein deficiency in animal nutrition. In this regard, as the source of carbohydrates for the biosynthesis
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of fodder yeast, renewable plant raw materials are considered. As a plant raw material, agricultural crops
and by-products and waste generated during processing are used. Such production facilities can provide
an opportunity to obtain additional microbial protein for animal husbandry and, at the same time, to
solve problems of utilization of waste polluting the environment. To increase the nutritional value of
feeds, it is necessary to enrich the plant raw materials with a protein of microorganisms. Fortification of
plant raw materials with a microbial protein is carried out by symbiosis of yeast and lactobacilli. Yeast,
enriching the feed with protein and amino acids, creates the conditions for the development of lactoba-
cilli, producers of biologically active animals beneficial. The activity of growth of yeast and lactic acid
bacteria on agricultural wastes — wheat bran — has been studied. The protein accumulation activity and
acid formation of yeast and lactic acid bacteria on an optimized medium were studied. As a result of
the work, a consortium of yeasts and lactobacilli were designed for co-cultivation on plant substrates.
Key words: fodder protein, consortium, yeast, lactic acid bacteria, biomass.
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Msyquue AKTUBHOCTU POCTa B COAOMEHHOM Cbipbe
APOXOKEeBbIX U MOAOYHOKHUCADBIX 6aKTepMﬁ

B HacTosllee Bpemsi B YCAOBMSIX HeAOCTaTKa KOPMOB AASl MUCMOAb30BaHWSI MPU KOPMAEHWM
CEAbCKOXO3SMCTBEHHbIX  >KMBOTHbIX 0CO00€ BHMMAHWE KaK MWCTOYHMK 6eAka npuBAeKaeT
MWKpoOHas 6uomacca. C MOMOLLBIO MMKPOOPraHM3MOB MOXHO MOAyYaTb KOPMOBOW OEAOK M
Apyrve 6GeAoKCoAep>KalliMe MPOAYKTbl, YTO CMOCOOCTBYET CHUXeHUI0O OeAKoBOro AeduumTa B
KOPMax CeAbCKOXO3SMCTBEHHbIX >KMBOTHbIX. [1pOM3BOACTBO Takol 6OMOMAacChl Ha AELIEBOM Cbipbe
paccMaTpMBaloT Kak OAHO M3 CPEACTB YCTPaHeHusl pacTyliero OGeAKoBOro AeduumTta B MUTaHUM
XKMBOTHbIX. B CBSI3M C 3TMM, B KauyecTBe cybeTpaTa MCTOUHMKA YTAEBOAOB AAS BMOCMHTE3A KOPMOBbIX
APO>K>KEN paccMaTprBaeTCsl BO30OHOBASIEMOE PAaCTUTEAbHOE Chipbe. B KauecTBe pacTUTEAbHOMO ChIpbs
MCIMOAB3YIOTCSI CEAbCKOXO3SIMCTBEHHbIE KYAbTYpPbl M 0Opasytolmecs npu mx nepepabotke no6ouHble
NPOAYKTbI M OTXOAbI. Takue Npor3BOACTBA MOTYT AATb BO3MOXKHOCTb AAS TOAYYEHNSI AOMOAHUTEABHOMO
MMKPOBHOro 6eAka AASt )KMBOTHOBOACTBA M OAHOBPEMEHHO peLlaTh NpoHAeMbl YTUAM3ALIMKM OTXOAOB,
3arpsi3HAIOLLMX OKpY>KaloLlyto cpeay. AAS MOBbIWEHUS MUTATEAbHOM LEHHOCTM KOPMOB CAeAyeT
oboratiatb 6EAKOM MMKPOOPraHWM3MOB pacTUTEAbHOE Cbipbe. O6oralleHne pacTUTEAbLHOTO Cbipbsl
MMKPOOHbIM GEAKOM OCYLLECTBASETCS MyTeM CMMOMO3a APOXKIKEN W AAKTOOAKTEPWIA. APOXKKM,
oboraias Kkopma 6EAKOM UM aMMHOKMCAOTaMM, CO3AQIOT YCAOBUSI AASl Pa3BUTUS AaKTODAKTepui,
MPOAYLLEHTOB BMOAOIMUECKM aKTHMBHbIX MOAE3HbIX AAS )KMBOTHbIX. B pabGoTe 13yueHbl akTMBHOCTb POCTa
APOXKEN U MOAOUYHOKMCAbIX GAKTEPUIl HA CEAbCKOXO3SIMCTBEHHBIX OTXOAAX — MLLIEHWUYHbIE OTPYOM.
BbIAM M3yyueHbl 6EAOKHAKOMUTEAbHAS aKTUBHOCTb M KUCAOTOOOPA30BaHNE APOXKIKEN U MOAOUYHOKMCABIX
6aKTepuii Ha ONTUMM3NPOBAHHOM Cpeae. B pe3yabTaTte GbiA CKOHCTPYMPOBAH KOHCOPLIMYM APOXOKEN M
AaKTObaKTepUit AASi COBMECTHOIO KYABTUBMPOBAHMSI HA PAaCTUTEAbHbIX CyOCTpaTax.

KAtoueBbie cAOBa: KOPMOBOW GEAOK, KOHCOPLIMYM, APOSKKIM, MOAOUYHOKMCAbIE BakTepuit, Griomacca.

Kipicne

Mau mapyanrsuIbIFbIHA a3bIKTaHABIPY 0a3aChIH
apTTBIPY ©3€KTI MocenelepAid OipiHe alHamyna.
A.Il. JlecHOB maWbIMIaybIHIIA JIOCTYPJL €MecC
SHEPreTUKAIBIK JKOHE OeJIOK Ke3JepiH KOJIaHy,
SFHU QPTYPJl a3bIKTHIK IIMKi3aTTap MEH OCIMIIK
KaJJIBIKTapbIHBIH, COHBIH 111 HIC €T1H APyl bLTBIFbI
KaJIbIFbl — Ca0aHHBIH KYHAPIBUIBIFBIH apTTHIPY
MaHBI3IEI Oonbim TaObiIamel (JlecHor, 2008: 51).
Man mapyanbuIbIFbl calachlHAa KEMIIK a3bIK aly
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HeriziHme Owmait ca0aHBIH AmIBITKBl JaKbUIIAPHI
HeTi3iHge Oenok MedmepiMeH OaiibiTa OTBIPHII,
JKEMAa3bIKTBIH KYHAPJIBUIBIK, CIHIMILTIK KacheT-
TepiH, al CYTKBIIIKBULABI OaKTepHsap HEri3iHze
MIPOOMOTUKAIBIK KACUETIH JKOFapiiaTyFra 0oJaIbl.
Onebrer Ko3/epiHie Ke3NIEeCeTiH MIiMeTTep
ayBUIIIAPYaIBUTBIFB] OHAIPici KA ABIKTAPBIH, COHBIH
IIIHJIEe OCIMIIKTEKTI KaJIBIKTAP bl KaliTa OHJICY TiH
OpPBIHIBI eKeHIITiH nonenaerai. Ocbl  CHSKTHI
3epTTEY JKYMBICTAPBIMEH KOITEreH FalibIMJap
aiHaneickan: AnmmoBa @.K., Benosexen JLA.,
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ANIBITKBI )XOHE CYTKBIIIKBULIBI OaKTepUsIIapIblH ca0daH IUKI3aThIHIA 6Cy OCICEHALTITIH 3epTTey

Botiko U.WN., Bailey M.J., Bisaria V.S. xone T.0.
bipak aranran 3epTTeymiyiep €3 XYMBICTapbIHIA
aCThIK JaKbUIAAPBIHBIH Ca0aHbl, MaKTa KaybI3bl
JKOHE KeOSK CBIHABl ayblUl [IAPYallbUIBIFbI
KaJIZBIKTaphIHA YKOHE OCHI TAKbUIAapa allbITKbLIIap
MEH CYTKBIIIKBUIIBI OaKTEpUsIap/blH MOHO- KOHE
aparnac JaKbUIIapbIH ©Cipy MocelelepiHe a3 KoHiI
oenren (enkos, 2014: 142).

ConblH ImrHae Oujgaii cabaHBIHBIH KYHAPJIbI-
JIBIFBIH aPTTHIPY MaKCaThIH A KOTITETeH dJIicTep Oap.
Comnapaeie 0ipi KypaMbIHIAFBI TIPOTEHH JKOHE JIHT-
HUH, KPEMHUH KbIIIKbUIbI OaiilaHbICTAPBIH XKbIpaTa
OTBIPHIN, TIEJUTFOJI03a, TEMHUIICIUTION03a, epiriil
KOMIpCyIapAblH CIHIMIIIITIH KakcapTyra O0iajibl
(IToroB, 2006: 10). bugait cabaHBIHBIH KOPEKTIK
Kypambl OepiK [e/uIi0I03a — TUTHUHI OainaHbIcKa
Heri3fenTeH, coi cebenTi JxaHyapiapIblH ac —
KOPBITY JKOJbIHAA KOPBITBUIYbl KHUBIH. bunai
ca0aHBIHBIH KJIeyaTKackl 35 — 45 % 1einnono3aaaH,
14 — 20 % nurauaHeH, 20 — 30 % nenTo3anaH, 3 —
5 % xpeMHui KpIKbuIbIHAH TYpazs! (I1at, 2010: 7).
bunait cabaHbl KypaMbIH/Ia KIIETUYATKA KO OOJTybIHA
0aifIaHBICTHI ayBUT MIAPYAIIbUTBIFE MAJJIApPhl YIIiH
OJIAPJIbIH KOPBITHLIYBI J1a KUbIH OOJIBIN TaObLIa b,
COHJIBIKTaH alIBITKBI JKOHE CYTKBIIIKBIIIBI OaKTe-
pys  MaKpUIAApbIH  TalganmaHanmbl, ojap Oumai
cabaHbl KypaMbIHJarbl KjieyaTKa j>KoHE Oacka Ja
MOJIMCAXapPUATEP/Ii BIIBIPATHIN, Mall a3bIFbl YIIH
KKETTI MUKPOOTHIK OCJIOK YKOHE BHUTAMHHICPMEH
OaiibiTasbl. OChIFaH Opaid, Mall a3bIFbIHBIH OUOJIO-
THSUTBIK ~ KYHJBUIBIFBIH ~ apTTHIpy/Ia MHUKPOOTBIK
OEJIOKTBHIH HETi3T1 K631 OOJIBIIT TaOBIIATHIH AIllbITKBI
OromaccacbIMeH OalbITy ©3¢KTi OOJIBIN TaObLIABI
(I'meymesa, 2010: 45).

JKyMBICTRIHMaKCaThI—aybUTIIAPyallbUTBIFBIHBIH
KaJIZIBIFBI OOJIBIN TAOBUIATBIH a3bIKTHIK KYHJIBUIBIFbI
TOMEH Owujaii ca0aHBIH alIBITKBl OMOMAacCachl
HeTi3iHIer1 OSIOKIICH XKoHE MPOONOTHKAIIBIK OaKTe-
pusIapMeH OaibITy.

JKymbIc OGapbIChIHIIA aybUT MIAPYyallbUTbIFbIHBIH
KaJIOBIFBl OMmaii ca0aHbBl IIMKI3aTBIHIA AaIllBITKEI
JKOHE CYTKBIIIKBUIIbI OaKTEPHUs TaKbLUIAAPBIHBIH 6CY
OEJICEH/TLITITI J)KOHE OPTAHBI MEJIACCaMEH ONTHMH3a-
UsiIay HeTi3iHae MUKPOOPTaHU3M JaKbUIIaPBIHBIH
Onomacca >KOHE KBIIIKBUT TY3y OelceHaimiKTepi
3eprrenai. benceHnmi ecy KapKbIHIBUIBIFBIHA HE
AIIBITKBI )KOHE CYTKBIIIKBUIIBI OaKTepus ITaKbLIIa-
PBIHBIH KOHCOPIIUYMbI KYPaCThUIIbI.

3epTTey MaTepHaJAaPBI HKIHe daicTepi
JKympIc OapbIChIH/A 3epTTEY MaTepUAIbI PETiH-

Je aybUl MIapyamIbUIBIFBIHBIH EKiHIIUTIK —IIHKi-
3aTbl OOJIBIN TAOBUIATHIH — Owmail cabaHbl TaOUFU

cyOcTpaThl  KOJJIAHBUIABL.  3epTTey  OOBEKTICi
petinae on — ®apabu areiHAarsl KazY'Vy Owmomorus
XKOHE OMOTEXHOJOTrHs (aKyIbTeTi OMOTEXHOIOTHS
kadenpaceiabiH  «KongaHOanbel MUKPOOUOIOTHS
3epTXaHACHIHBIH KOJUICKIUSIIBIK AIlIBITKBl JTaKbLI-
napbiHbly Yarrowia lipolytica A1, Pichia fermentans
T/, Candida inconspicua TJ/[6, Typnepi, >oHe
CYTKBITIIKBIIIIBI OaxTepus JaKbUTAapbIHAH
Lactobacillus pseudoplantarum 22, Lactobacillus
fermentum 11 mitaMmaapsl TaHIATBIHBII AJTBIH]IBL.
3epTrey IKYMBICTApBIH OKYpri3y OapbICBIHIA
a3bIKTHIK KYHJIBUIBIFBI TOMEH Ouyaili cabaHbl IIHKi-
3aThIH OaBITYy MaKCATBIH/IA, AIIITKBI YKOHE CYTKBIIII-
KBUIIBI OaKTepHUSIIap IbIH MOHOJAKBUIIAPHI TEPEHIIK
(depMeHTaMsUIay HETI3iHAE JaKbUAaHabl. bumaii
cabaHbl CyOCTpaThIHAa MOHOJAKBULIAPIBI ©cipye
TUTFOK032-aMMOHHNIII KOPEKTIK OPTAChI KOJIIAHBUIIIEL.
Jlakpuiaap/pl ecipyie KOJIaHbLUIFaH CHHTETUKAIIBIK
TITFOK032-aMMOHUITI OPTACHIHBIH KYPaMBI:

['mroxo3a-aMMOHHME OpTackl Keiecimeld KOCHI-
nbicTapabl Kamtuapl (1 1 KyOblp cybiHa T OOMBIH-
ma): rmoko3a — 20 r; (NH,),SO, 5 r; KH, PO, -
0,85 r; K, HPO, - 0,15 r; MgSO, — 0,50 r; NaCl
-0,10 r; CaCl,— 0,10 r; arap — 20 1.

Ocy (akTopnapbiMeH 0allbITy MaKcaTbIHIA OyJI
oprara ambITKEI (0,2%) meH et (0,3%) skcTpakTTa-
PBIH JKOHE KY3iM MIBIPBIHBIH (3%) Kocabl.

JKymbIc OapbIChIHA aTallFaH KOPEKTIK OPTaHBIH
KYpaMbIH/IaFbl TJIFOKO3a MeJaccaMeH ajMacThl-
peULIBL. Menacca — KaHT OHAIPICIHIH KaJlJIbIFbI
Oousiblll  TaOBUIATBHIH KeMipcyFa Oail Taburu, opi
kowketivai eniM  (I'yces, 1985: 372). Kymsic
OapbIChIH/IA aTaJFaH KOPEKTIK OpTa KypaMbIHIAFbI
TJIF0OKO3a MeNaccaMeH ajaMacThIPBUIIBL. 3epTTey
KYMBICBIH/Ia CyOcTpaTTapasl TepeHIiK (epmeH-
Talys YIIiH OPTaHBIH HETi3rl KOMIOHEHTI peTiHze
JadbIHAY Keleci/iel caThlapMeH JKY3ere achIphbLl-
1wl (1-cyper).

l-cyperTe KepceTiIreHaei MHKpPOOTHIK KIET-
Ka Omomaccachl HeriziHae OeaoKIeH OaNThUIFaH
JKEMIIK a3bIK ajdy YIIH ITUKi3aT albIHBII, 6-8%
BUIFAJIZIBUIBIKKA JICHIH KenTipitin, Mesmepi 1-2 MM
OonaTeiHAal ycakTanbslHabl. TaOuru cyOcrpar, A
opTacel xoHe Menacca 3:30:1 mpomnoprusicbiHIa
KocbuthITl, 112°C 25 MUH 3a7ayChI3IaHIBIPBUIIBL.
Wuokynsat perinae cabypo CyHBIK KOPEKTiK OopTa-
CBIHJIA OCIpUITeH | TOYNIKTIK albITKBl JaKbUTAAPBI
xoHe MRS cyiiblKk KOpPEeKTiK opTachiHIa ecipiireH
1 TOYMIKTIK CYTKBIIKBIIABI OaKTEpUs AaKbLIAAPHI
aneiapl. Oepmenrarms 28+1°C temmeparypana,
pH 6 xone aspanus 180-200 aitH/MuUH peKUMIHIC
7-8 TOymiK apalbIFbIHIA KY3€re  acChIPBUIIBL
Jlakpuimapasl ecipy OapbICBIHIA OHoMacca KHHAY
KapKbIHAbUIbIFEL ['opseB-Tom caHak kamepachliHIa
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KJIETKA CAaHBIH CaHAy YKOHE KaTThl OpTaFa CYHbUITHII
ery Kox omicimMen, opraga >KWHaKTaiFaH OEJIOK
MeJIIepiH aHbIKTay bpaadops omiciMeH, KbIIIKbLUI
Ty3y Oencenainirin ansikray Teprep omici 00ibIH-
ma aneikTanael (Herpycos, 2005: 256). 3eprrey
JKYMBICTapBIHBIH OaKplIaybl pPeTiHAE TaOWFH CyO-
CTpaT KOCbUIMaraH OpTa aJbIHJIbL.

OcimaikTekTi cydcTpar

Kenripy,6-8% burranipIkka
JEedin

¥Ycakray, 1-2 Mm

ConbpiMeH Oipre 3epTTey >KYMBICBIHAA ©CIM-
MK IMUKI3aTBIHIA OCIPIITeH apajiac  alibITKBI
JAKbUIIAPbl MEH CYTKBINIKBUIIBI OaKTEpPHs JaKbLI-
nmapberabi Taramablk (MemCT 13496,4-93) xoHe
SHepreTUKaAIBIK KYHABUIBIFE (MeMCT 13496.14-
97) KIIC «Oxcnept Tect» 3eprxanaceiaa (Anma-
THI K.) 3€pTTEIiHII.

Cunrerukansik opta I'A

KaHT KbI3bLIIIaChl
Meaccachl

Kopexkrik opra 3:30:1 kaTeIHaCBIHIA JalibIHIAY

—_——

—

Crepumuzanus, 1 12°C,25muH.

V

MNHuoxynanus

——— =

depmeHTanus
7-8 Toymik, 28+1°C, asparms 180-200 aiin/mun, pH 6

Jj S—

1-cypeT — MuKpOOTHIK KJIeTKa Gromaccachl Herizinjie
OeJIoKIeH OaNThIIFaH )KeMIIK a3bIK aly ChI30achl

3epTTey HOTHIKeJIePi JKIHe 0J1apAbI TAJIKBLIAY

OCIMIIIKTEKTI MMKi3arTap — OyJl Heri3iHeH
noJrcaxapuaTepacH TYpAaTbIH, TaFaM/JIbIK
KYH/JBUIBIFBI TOMEH IIeJUTI0NI03a Kypamabl Cyo-
ctpat. bunait cabaHBIHBIH XUMHUSAJIBIK, KYpaMbl MEH
KYH/IBUTBIFBIHBIH HETI3T epeKINeNiri KIeTYaTKaHbIH
eTe Kemn MeJjIepae Ke3lecyi, al MpPOTeHH MEH
MaiJIbIH a3 KeJiemjie, MUHEpaIlJbl 3aTTapra Kejaen
JKOHE BUTAMUHAEPIIH MYJJEM Ke3zaecreyi OOoJIbim
tabeutanel (Toride, 2004: 161). Mocenen, cabaH-
JIbl Ta3a KyHiHJIe ipl Kapa MaJl Hamap KaObUIaaiibl
JKOHE OHBIH KOPEKTIK 3aTTapbIHBIH KOPBITHLIYBI
TeMeH Oonbin Kenemi. [lIukizaTTa HEFYpIIbIM KITET-
YyaTKa MeJIIepi KOFapbl OOJIFaH CallblH, COFYPIIBLIM
A3bIKTHIK KYHIBUIBIFEI TOMEH OOJBII CaHalajbl.
ConppIKTaH, MyH/Iail MIMKi3aTTapAbl a3bIKTHIK Oe-
JIOKTap MEH BUTaMUHJEPIIH K31 0oibIn TaObuia-
TBIH aIIBITKBUIAP JKOHE CYT KBILIKBUIABI OaKTepHsi-
napMeH OaibiTy MaHb3Ab! (Tapadykun, 2009: 23).
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OnTuManmabpl  KOPEKTIK  opTajga  OeJceHIi
eckeH Yarrowia lipolytica Al, Pichia fermentans
T/1, Candida inconspicua T/[6 1TaMmapsI
MOHOJIAKBII TYpiHJe Oujali cabaHbI MIMKi3aThIHIA
(depmenTamsutanapl.  KyHIEmKTI  TaKbUIIap/IbIH
Onomacca JKWUHAY KAapKbIHJIBUIBIFBI — 3EPTTEIIN
CTaTHCTUKAJBIK OHJICYJICH OTKI31Il (2-cypeT).

2-cypeTTe KepceTiareHaen 3eprTey
HOoTHXKelNepiHe coiikec [opsieB-ToM caHak Kame-
paceiaga Candida inconspicua T/[6 mTambl Kiet-
Ka CaHbIHBIH Makcumamipl Mmemmepi 0,52x10°
-4,02x 107 xa/mr; Pichia fermentans TJ]1 TITaMBIHBIH
xierka canbl 0,24x107- 3,65x107 xn/mr; Yarrowia
lipolytica Al ITaMBIHBIH KJIETKAa CaHBI 7 TOYIIKTE
3,3x107 xki/mr kypamsl. An Kox omici GoiibiHIIa
Candida inconspicua TJ]6 miramsr 4,2x10° KTh/m;
Pichia fermentans T/[1 3,6x10° KTb/m; Yarrowia
lipolytica Al 4,11x10° KTB/Mn  HoTmXKeIepiH
kepceTTi. EH xoraprel ecy Gencenainirin Candida
inconspicua TaKkblUTbl KOPCETTI.
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CafaT

2-cypet — MenaccaMeH ONTHMH3AIMsUIaHFaH Ouail cabaHbl CyOCcTpaThIHIA
AIIBITKBUIAP/IBIH MOHOAAKBUIIAPEIHBIH 6CY KAPKBIHIBUIBIFBI

ABBIKTHIK K€M aJTy MaKCaThIH/1a ©CIMTiK IITHKi-
3aTTapblH TEK AlBITKBI JIAKBUIIAPBIMEH OalbITHIIT
KaHa KoOWMal, COHBIMEH KaTap CYTKBIIIKbLIbI
OakTepHsUTapblHA 1a aca KOHUT OeiiHemi. A3BIK-
THIK MakcarTa MpoOWOTHKAJBIK TpernapaTrap-
IObl  JKacay MHUKPOOTBIK OMOTEXHOJOTHSHBIH
Oourarmrarsl 30p OArsITEI O0JIBIT TaObLTaAEl (COKO-
nenko, 2015: 72).

CYTKBILIKBUIAB OaKkTepusuiap MpoOHOTHUKAIBIK
KacHeTKe He, CONl ceOemnTi Je Maa as3bIFbl YIIiH
THIMI KEMJIIK a3bIKThI ajlyjia KOJIJaHyFa 00Jajibl
(Lijuan, 2008a: 2742). 3epTTey KYMBICHIHBIH KeJleci
KE3eHIH/Ie CYTKBIIIKBUIIBI OaKTepUsIIapAbIH KBIII-
KBUI Ty3y OeJCeHMiiriHe oHE MPOOUOTHKAIBIK
KacuerTepine OalyIaHBICTBI ONapIblH TaOUFU CyO-
CTpaTTa OWomacca JKWHAy KapKbIHIBUIBIFBI 3€pT-
tengi (3-cyper).

3-cyperre  kepcerinrenaei  Lactobacillus
pseudoplantarum?22 mITaMBIKaTTBIOPTaFa CYHBIITHIIT
ery HoTKeciHae 6-7 Toymikre 6,86x10°— 7,12 x10°
KTb/mn sxorapel HOTHXE KepceTTi, Lactobacillus
fermentum 1 mTamMpl KaTThl OpTaFa CYHBUITHIN €Ty
6oiterama 5-6 Toymikre 7,21x10°— 9,56 x10°KTB/
MJI apallbIFbIHIA 00JAbl. KaTThl KOPEKTIK OpTaHbIH
OcTiHae CYTKBIIKBUIARI OaKTepHusIap MeJIip YCcaK
KOJIOHMSIIAD TY3€/Al JKOHE OJIapJblH KaTala3/IbIK
Oercenainiri Tekcepinin “repic” HoTmwke Oepmi. 7
TOYJIKTE CYTKBIIKBUIIBI OaKTEPHS JaKbUIIAPBIHBIH
MHUKpPOO KJICTKACBIHBIH TOMeHjeyl Oailkaiabl. by
OpTaHBIH KOPEKTIK KOMIIOHEHTTEPiHIH KYpaMbIHBIH
a3afOBIMEH, METa0OJM3M TOKCHHII ©HIMISPIHIH
KHHAKTATyBIMCH JKOHE KIJIETKa OMOMaccachl THIFbI3-

NIBIFBIHBIH apTybIMeH Tycingipineni (Canamar3aiex,
2011: 73).

OHIMHIH a3bIKTBIK KYHJIBUIBIFBIH aHBIKTayFa
0aiiTIaHBICTBl KOMTETeH 3ePTTEY KYMBICTAPHI YIIiH
0eJIOK KOHIICHTPAIIUSICHIH aHBIKTAY MaHBI3/IbI OOJTBITT
tabbutaabl (Cyxosekas, 2010: 68). Cycnensusaarst
0eNoK KOHIICHTPAIMSICHIH aHBIKTAy/AbIH OipHere
Taocinaepi Oenrini. OpOip Tokipude YIIiH eNeyaiH
JKBUIAM/IBIFbI, HAKTHUIBIFBI JKOHE KOJIAHIBUIBIFBI
OOWBIHIITA KaHAFATTAHIBIPATHIH ICTI TAaHIAIN ajia-
1l (bpeizranos, 1965: 272). Ockl opaiibl, albITKbI
JaKpUIIapblH Taburu cyOcTparTapia ecipy Oapbl-
ChIH/IA OJIOK KIHAY MOJIIEPi aHBIKTAJIbI

JKymbicta Oupnaii cabaHbl TaOUFU CyOCTpaTHIH-
na Yarrowia lipolytica A1, Pichia fermentans T/{I,
Candida inconspicua T]/[6 alIBITKBI JAKBUTTAPBIHBIH
OnomaccachlHIarel OCJIOK MeJIepi aHBIKTaIIbL.
Yarrowia lipolytica Al, Pichia fermentans T/I,
Candida inconspicua T/[6 mTaMaapblH IIAKi3aTKa
0ait ['A oprama ecipy OapbichbiHIa OCNTiTI yaKbIT
apaJIbIFbIH/IA ONTUKAJIBIK THIFBI3IBIKTAPBI aHBIKTAI-
nel. bunait cabanbr cyOcTpaThIH/IA AlIBITKB! JaKbLI-
JIApBIHBIH OENIOK KUHAKTay OeNCeHIiIr 4-cyperTe
KOPCETUITeH.

4-cyperTe KepceTiNreHAel 3epTTey KYMbIC-
TapblH KYprizy OapbicbiHIa Oupail cabaHbl CyO-
crpareiiga Candida inconspicua TJ[6 amIbITKbI
TAaKBLIBI €H JKOFApFBI OCIICCHIUTIKTI KopceTTi. berok
xuHakray meumiepi 118-135 Mxr/mir apansirsiaia
oonnel. Yarrowia lipolytica A1 naxeinst 90,2-127,3
MKT/MII Kypaca, Pichia fermentans T/[1 75-86 Mxr/
MUT apaJIBIFbIH KAMTBIJIBI.
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4-cypet — bunait cabanbl CyOCTpaThIH/A AlIBITKEI AAKBUIIAPEIHBIH OEIOK XKHUHAY OelIceH Iitir

Bunait cabanpl cyOCTpaThIHIA AlIBITKBI JAKbLI-
JapbIHBIH OCJIOK >KMHAKTAY MeJIIEepiHIH MaHbI3bI
30p. Cebebi, Mam IapyamblIbIFbIHAA KEMJIIK
a3bIKTBIH KYHAPJIBUIBIK, CIHIMJUTIK KAaCHETTEpPiH
JKOFapJiaTy MaKcaThlHIa, Oumail cabaHbIH allbITKbI
THJIPOJIN3ATHI HET131H/1e aIMaCThIPhIIMANTHIH aMUH-
KBIIIKBUT KO3/epiMEH, BUTAMUHJCD, MAKpO- KOHE
MHKpO3JieMeHTTepMeH OaiibiTyra Oomansl (Doelle,
1984: 1). MukpoopraHu3mMaep/iH apanac JaKbli-
JIapbl OJIAPJIbIH TYPAKThUIBIFBl MEH OHIMJILTITIH apT-
THIPY MaKcaThIHIa OMOTEXHOJIOTHSIIBIK MTPOIECTEP-
JIe TUIM/I KOJITaHbLTY bl MyMKiH. MOHO- K9HE apajiac
JaKpUIIap OMOCHHTE3 OHIMILTIKTEPl apachlHIarbl
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aflBIPMAIBUIBIKTAP OpTara MeTa0OoJIM3M ©HIM/Ie-
piHiH OeiliHyiMEH »Xy3€re acaTblH perTeny (ecy
KApKBIHBIHBIH JKOFapbliaybl HeMece TOMEHJIEeYl
apKBUTBI) CaIapbIHAH TYBIHAAYBl MYMKiH. OCBIH-
Jlail apanac MaKpUIIApbIH TYPJIK KYPaMbIH JKOHE
MOHOJIAKbIJIAP apachbIHJaFbl TPODUKAIBIK KapbIM-
KaTbIHACTAPBIH 3€PTTE€Yy MaKCaTThl ©HIM/li, COHbIH
iminae OEJIOKTHI ally MPOLIECiH peTTeyre MYMKIHIIK
Ooepemi. CoHbIMEH KaTap, TaOMFU DKOJOTHSIIBIK
KYBICBIHAH apaJiac JaKbU1Iapbl O any TaOuru
JKaraaiaa OChIFAaH YKCaC MHKPOOTHIK KaybIM-
JACTBIKTAP/IBIH KE3JCCYIHIH moieii 0oyia ajajbl
(bonmapenko, 2005a: 14).
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ANIBITKBUTAD  CYTKBIIKBIIIKBUIABI  OAaKTepH-
sutapMeH  Oip-OipiH TOJBIKTBIPA OTBIPHIN, KAKCHI
cuMOUOHTTHIK KacueTke ue (Kusizea, 1996: 24).
AUIBITKBUIAD TIPLIUTIK €Ty OapbICBIHA OpTaja anry
MPOIIECIH TYJbIPCA, CYTKBIIKBUIIABI OakTepHsuiap
CYTKBILIKBUIBIH TY3€ OTBIPBIN Oip-OipiMeH cenbece
Tipmtik erefi. CYTKBIIKBUIBI OaKTepusiap op-
Taja ecy YIIiH opTypii ecy CTUMYJSATOpIIap, aaMma-
CTBHIPBUIMANUTBIH aMHHKBIIIKLIIAP, BUTAMUHIEPII
kaxetcineni (Lijuan, 20086: 2742). An anibITKbLIAD
CYTKBIIIKBUIBI OaKTepUsUIaphl OpTafia ecyi YIIiH

KoJaiael  karmait  tyaeipansl  (Bourdichona,
2012: 87).
AIIBITKBI  JKOHE  CYTKBIIIKBUIALL  OaKTepHs

JAKbUIAPBIHBIH  apanac JakbUIaap KOMOHWHAIHS-
JIapbIH KYPacThIPy YLIIH OJIAPABIH OMOCOWKECTITIK
KAacHeTiH 3epTTeyiH MaHbI3bl 30p. ATIBITKBI
MEH CYTKBIIKBUIABI OakTepusi IITaMIapbIHbIH
OMOCOHKECTIr TIOCTYp:i 9/1iC apKbLIbl JKY3€Tre achl-
peagel (Speedy, 2004: 9). buocoiikecTik omiciH
KYprizy OappichiHAa OeumiekTen OipiKTipiireH
yiarinepain ecyi Oakpuiaydarbl (€Ki TaMIIBIHBIH
KYypaMbIH/1a Oip MTaMBIHBIH KYJIBTYypachl 0ap HYCKa)
ecyiHeH epekiieseHOece, mramaap OUOJOTHSIIBIK
colikec OonFaHbl. AJl erep OesnmiekTen OipiKTipiireH
TaMIIbUIap/bl OaKbUIAYMEH CaIbICTBIPFaHAa KalChl
O0ip mramMm ecyi Oasy Hemece MylaeM Oonmaca,
mITaMap apachlHAArbl KaTBIHACTBI AHTAarOHMCTIK
JeN  KapacThIpaZbl JKOHE O  IITaMaapIbl
OMOIIOTHSITBIK, COMKEC eMec JIeT TYKbIPBIM KacaJa-
1wl (Carlsson, 1977a: §3).

AIIBITKBI  JKOHE  CYTKBIIIKBUIABI ~ OakTepus
JIAKbUIAPbIHBIH OMOCOWKECTITIH aHbIKTayaa Ouo-
Macca MeJIepi KOFapbl ecy OelCeHIUNIriHe He

JTAKbLIIAp ipiKTEMiHII abiHbL. Jakeiaap omoeoan
tpunToH cos arap (TSA) opraceiana 30-32 °C tem-
neparypa apaibiFbIHIa JaKbUIIAHIbI.

3epTTey  KYMBICBI  OapbICHIHIA  AIIBITKBI
mTaMaapeIHby, Yarrowia lipolytica — Al, Pichia
fermentans — T/1, Candida inconspicua — T/6
JKOHE CYTKBIIIKBUIIBI OaKTepUs IITaMIapbIHBIH
Lactobacillus pseudoplantarum 22, Lactobacillus
fermentum 11 nakpuigapbl HETi31HAE Kejeci 2 HycKa
OOMBIHIIIA OMOCOHKECTIKKE 3ePTTEIIHII:

1. Lactobacillus fermentum 11+ Candida incon-

spicua TJ16

2. Lactobacillus pseudoplantarum 22+ Yarrowia
lipolytica A1l

AIIBITKBl  JKOHE  CYTKBIIIKBUIIBI ~ OaKTepHs

JIAKBUTIAPBIHBIH OHOCOMKECTIK KACHUETIH 3epTTey
HoTXKeciHae Lactobacillus pseudoplantarum 22 +
Yarrowia lipolytica A1 HyckachiHIa OMOCOMKECTIK
OalikanManapl, OakbUIayMEeH HYCKACHIMEH CallbIC-
TBHIpFaHAa €Ki INTaMM YJATUIepi e3apa  KalllbIK
OCKCHJIIKTCH, MITaMJIap apachbiHIaFbl KaTBIHACTHI
AQHTAarOHUCTIK KaTbIHAC JEN TYCIHAIpE OTBIPHII,
Oy mTamMaapasl OMOJIOTHUSIIBIK COMKEC eMec IeTl
TYKBIPBIM JKacayra Oomnanel. An Lactobacillus
fermentum 11+ Candida inconspicua T/[6 HycKa-
CBIHJIA NTaKBUIIAPIBIH ocyi OapwIckiHAa Oip-OipiHe
JKaKbIH, OIpIril ©CKeHI OalKaybl, HOTHIKECIHJIE
mramjaap — apacblHIa OMOCOHKecTik  Oap  gemnm
TY)KBIPBIM JKacayFra 00Jabl.

3epTTey IKYMBICTApPBIH KYpPrizy OapbIChIH/IA
Lactobacillus fermentum 11+ Candida inconspicua
T/{6 mTamMaapbIHBIH apachIHAAFEl OMOCOHKECTIK
MUKPOCKOIHUSIIBIK 3€PTTEY JKYMbICTAPhIH/A alKbIH-
nangel (5-cyper).

a— Lactobacillus fermentum 11+ Candida inconspicua T/6,
9 — Lactobacillus pseudoplantarum 22+ Yarrowia lipolytica A1

5-cypeT — AIIBITKEI MEH CYTKBIIIKBUIIBI OaKTePHs NAKbUITAPEIHBIH
OHMOCOIKeCTIK KaCHeTiHIH MUKPOCKOMUSIIBIK KopiHici (16X)
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S-cypetre kepcerinrenneit Candida inconspicua
— T/6 amibITKBI MaKBIIBIHBIH COIIAKIIA, ipi KJIeTKa-
nap meH Lactobacillus fermentum 11 CYTKBIIIKBLIIBI
OakTepusi JTAKbUIBIHBIH KIHIIIKE, TasKIa MiliHi
KJICTKAJapbIHBIH apaliachill JKATKAHBIH OaiKayra
0oJabl KOHE MHUKPOCKOMMSUIBIK CypeTKe Ccyiie-
He oreipeil  Lactobacillus  fermentum 11+
Candida inconspicua TJ[6 naxpuimapsl apachiH-
Jla OMOCOMKeCTiK Oap Jien KOPBIThIHJbLIAyFa 00-
nanel. An  Lactobacillus pseudoplantarum 22+
Yarrowia lipolytica Al apaceIlHTaFbl OMOCOUKECTIK
KAaCHETI QJICi3, SIFHU AallIbITKhl KJIETKajapblHA Ka-
paraHia CYTKBIIIKbUIABI OakTepusi KJIEeTKajJaphl
OaceIM ©CKeHIITrl OalKamamel. Apanac TaKbUIIa-
PBIHBIH CallajblK JKOHE CaHJBIK KypaMbl OOMbBIH-
mwa Lactobacillus  fermentum 11 55% xoHe
Candida inconspicua T/[6 45% KaMTBIFaHIBIFBI
aHbIKTANAbL.  Lactobacillus pseudoplantarum 22
+ Yarrowia lipolytica Al apanac AaKbUIBIHBIH
eCcy KapKbIHIBUIBIFBI  OoibiHIIA Lactobacillus
pseudoplantarum 22 90% xoune Yarrowia lipolytica
Al 10% Kypanpl, SFHH CYTKBIIIKBUIABI OaKTEepHsI
JAKBUIIAPBIHBIH 6CY KAPKBIH/IBUIBIFBI )KOFApPhI CKCHI
AHBIKTAIBI. BYJT CYTKBIIKBULIBI OaKTEepHsIIap IbIH
KBIIIKBLT TY3y OeJCeHAmiriMen TyCiHaipineni
(Dutta, 2009: 51).

AIIBITKBI  KOHE  CYTKBIIIKBUIILI ~ OaKTepHst
JIAKbLIIapbIHBIH OMOCOMKECTIK KACUETTEPIiH 3epTTey
HOTHKECIHAC CAHIBIK KOHE CalaliblK KOPCETKIITi
OolbIHIIA ©3apa KAKChl OMOCOHKECTIK KOPCETKEH
Lactobacillus fermentum 11+ Candida inconspicua
T/{6 apanac makpUIBI ipiKTEIIT aJIBIHIBL.

bunait cabaHbl MIMKI3aThIH/IA AIIBITKBI MEH CYT-
KBIIIKBULIBI  OaKTepUsUIApABIH apajiac  JaKblia-

PBIHBIH OHOMacca XHHAy OEICEeHATIriH 3epTTey
JKYMBICTApBI OapBICBIH/IA AlTBITKBUTAPIBIH OCIICeH/TI
3 mTaMbl XKOHE CYTKBIIIKBUIIBI OaKTepHsIIapIbIH
2 IITambl TAHJIAJIBIHBIN ANBIHBIN, OJApPJBIH OHO-
coiikecTikTepi Tekcepinin, Lactobacillus fermentum
11+ Candida inconspicua TJ[6, Lactobacillus
pseudoplantarum 22+ Yarrowia lipolytica Al apa-
Jac JaKbUIAAPhI allbIH/IbI.

Masn a3bifbl HIBIFBIHBIHBIH QJJbIH a1y MakK-
CaThIH/a ATMACTHIPBUIMAWTBIH AMUHKBIIIKBUTBI 00-
JYbI JKOHE JKEMJIET1 KaJbl OeJTOK MeJIepi OOMbIH-
ma Oesok OanaHCBhIH Kajaranay KaxeT. BemokThiH
aMHH KBIIKBUIJBIK KYpPaMbIH Oaraiay VIIiH oJjap-
JIbIH  OMOJIOTHSUTBIK-TAFAMJIBIK,  KYHIBUIBIFBIH  CH-
NaTTaUThIH KOPCETKIITepiH aHbIKTak bl (Carlsson,
19776: 83).

BapiblK anMacThIpbUIMAHTBIH aMUH KBIIIKbLI-
Jlapbl TaraMJIbIK OCJIOKTap/a, ar3a KaKETTUIIKTEePIiH
KaMTaMachl3 eTeTiHeW, Oenrim Oip Memmepse
Oomysl THic. Erep Oip aMHHKBIIIKBUIBIHBIH 031
JKETICIIereH jKarjaiaa, 0acka apThIK MeJIep/eri
aMUH KBIIIKBUTIAPBI, OSIIOK CHHTE31 YIITiH KaThIca aj-
maiine! (Chadd, 2002: 77). Ocel opaiina, O€ITOKTHIK
3aTTap/blH CHUHTE31 JKOHE OpraHu3M TIpIILIriH
CaKTall KallyJbl KaMTamachl3 €Ty MaKcaTblHJIa KO-
ChIMIIIA TaFaMJIBIK a3bIKTHIK OCJIOK MOIIIepi KaXKer.
Hotmkecine Malt a3bIFbIHA KETETIH HIBIFBIH MOJIIIIEPI
apThII, Mal eHiMi KyHbI apTajsl (Speedy, 2004: 9).

ATIBITKBI-0aKTEPHSIIBIK apajiac JaKbUIIaPbIHbIH
Ounmaii cabaHbIHIA ©cCcy O€JICEHAUIINIMEH Karap,
MeJaccaMeH ONTUMU3alusTaHFad Oujiai cabaHbIHIA
AllIBITKBI-0aKTEPUSIIBIK ~ apanac JaKbUIIapbIHBIH
Ooromacca KUHAY KapKbIHBLIBIFBI 3€PTTEIII, 3epPT-
TEY HOTHIKENEpi 6-CypeTTe KOpCeTUITeH.

35
:\% 30
Z I I
= s
=
E 20
[+
é 15 T
= 10 I -
N4
5 - i —
0 — S : : : : :
0 24 48 72 96 120 144 168
B Lb.pseudoplantarum + Al Lb.fermentum + T/[6 YaKBIT, caraT
6-cypeT — MenaccaMeH onTUMH3ALUsIIAaHFaH OUIail cabaHbIH/A AIIBITKBI-0aKTePHUSITBIK
apajac JaKbUIIapbIHBIH OroMacca sKHHay KapKbIHBUTBIFBI
ISSN 1563-0218 Experimental Biology. Ne2 (75). 2018 151



ATIBITKBI XKOHE CYTKBIIIKBUIIBI OaKTepHsUIapAbIH cabaH MUKi3aThIH/a 6cy OeJICeHIUIITIH 3epTTey

6-cypeTTe KepCeTUITeHACH KaTThl OpTara
CYHMBUITHITI €Ty HOTIHOKeINepi Ooitbinta Lactobacillus
fermentum 11+ Candida inconspicua T/{6 apanac
nakeuiel  4-5 Toymikrte 27,4x10° — 26,3 x10°
KTb/Mn apanslfblH  KaMTHIABL. KatTel oprama
Lactobacillus pseudoplantarum 22+ Yarrowia
lipolytica A1 apanac NakbUIBIHBIH ©cyi OOWbIHIIA

9,6x10° — 14,1 x10% KTb/mMn «xypaiiapl, sFHU
opTajga CYTKBIIKBUIABI OakTepHsuiap  OachbIM
ocTi. bynm 0achIMIOBIIBIK OpTaJarbl  KbIIIKBLI
TYy3y OCNCEeHIINIriH 3epTTey HOTHXKeJepiHnae
KOPCETUITeH  CYTKBIIIKBUIIBI  OaKTepHsuIapIbIH
JKOFaphl OeJICeHIUTIrIMEH TYCIHAIpineai. AJbIHFaH
HOTHXKeJep TOMeH/ieriei (7-cyper).

a, 6 — Lactobacillus pseudoplantarum 22+ Yarrowia lipolytica A1 apanac naKpuUIbI;
9, B — Lactobacillus fermentum 11 + Candida inconspicua T][6, apanac naKbLibl

7-cypeT — ATIBITKEI )KOHE CYTKBIIIKBIIIBI OaKTEPUSIIAPBIH apaiac TaKbLUIIaphl

7-cypet OOMBIHINA 3ePTTEY HOTHKEIIEPi AllIBITKbI
JKOHE CYTKBIIIKBUIIbI OAKTEPHS I TaMIaPbIHBIH apa-
Jac MaKpUIAApBIH Oupjail cabaHbel TaOurm cyOcCTpa-
TBIH/IA 6CipY HOTHKECIHE, Lactobacillus fermentum
11 + Candida inconspicua T/{6 apanac 1aKbUIBIHBIH
oromacca JXHUHAY KApPKBIHABUIBIFBI JKOFaphl CKEHi
AHBIKTAJIBIHIEL.

Apaiiac xoHe CYTKBIIIKBUIIBI OaKTepUsIIapabIH
MOHOJAKBIIAPBIHEIH KBIIKBUT TY3y OENCeHIIIT
aHbIKTaIAbl.  CyTKBIIKBUIABI — OaKTepUsIap/IbIH
KBIIIKBLT TY3y Ty3y KaOineri Keimkbur kabOinert-
TUTIK — CYTKBIIKBUIIBI OaKTepHsIIapIbIH ©OH/II-
picTe KOJIIaHbUIATBIH  Herisiri kacueti. CyT
KBIIIKBLIBI MUKPOO CHHTE31HIH CYTKBIIIKBUIIBI OaK-
Tepusiap KeMeTiMeH allblHFaH OipiHmii eHiM 0o-
sl caHananbl. CYT KBIIIKBLIBIH TaMakK ©HIMIHIH
camachlH JKaKcapTynaa, KOHCEpBlIeyne, opTypii
cyOcTparTapAbl  KbIIIKbUIIAHABIPY MAaKCAThIH/IA,
TaraM/IbIK KOCIIa PETiH/Ie KeHIHEeH KoJiana sl (boH-
napenko, 20056: 14). Ocsl opaiina, CYTKBIIIKBLIIbI
OaKTepUsIIAPBIHBIH OPTaa OPraHUKAIIBIK KBIIIKBLI-
JapJbpl KOm MeJIIepae Ty3yl MaHbI3JIbl C€KCHIIr
eCKepuIe/Ii.

ATIBITKBI-0aKTEPHSITBIK KAYbIMIACTHIKTAFBI J1a-
KbULIAPJIbIH KAPKBIH/Bl OCYIHIH JKOHE TIPIIIIIKKE
KaOUIeTTUIIriHIH KepceTKilmi peTiHxe apamac aa-
KBUIIAPJIBIH  OpTajfia KBIIIKBLT TY3y OeNCeHIiiTi
JKOHE KBIIIKBLI TY3Y/AIH IIETiH aHbIKTay Tep-

Hep omicimen 3eprreminai (Kecre 1) (I'punGepr,
1990: 797).

l-kectene KepcerinreHael Oumail cabaHBI
TabuFu CyOCTpaThIHIA OCIPIIreH CYTKBIIIKBLIIbI
OakTepusi IITaMIAPBIHBIH J>KOHE OJapibl allbIT-
KBUTApPMEH apaiac MaKbULAAPBIHBIH KBIIIKBUT TY3Y
OeJICeH/ILIIT MEH IIeTri aHBIKTAIJIbl. 3epTTey HOTHU-
JKECiH/Ie KBIMIKBUT Ty3y OCJCEHIIIrT MEH Iieri
Lactobacillus fermentum 11+ Candida inconspicua
T/]6 apanac 1aKkbUIbIH/IA KOFAPhl KOPCETKIIITI KOp-
CeTTi, IFHU KBIIIKBLT Ty3y wieri 250 °T xypaasl. An
MOHOIAKBIIIAPIBIH KBIIIKBUT TY3Y IIETi 7-TOyIIKTe
180-230 °T apaybIFbIH KAMTHIIBI.

KopbiTa KenreHne CYTKBIIIKBUIABI OaKTepwHsi-
JApJbIH KBIIKBUT TY3y OEJCEHMIITIri MeH Imeri
OJIApPJIbIH  ©CYy KapKBIHABUIBIFBIH  CHITATTaMIbI.
CYTKBIIIKBUIIBI  OaKTEPUSsIIAPBIHBIH ~ KBIIIKBLI
Ty3y OeJceHmimiri eHIipicTe MaHBI3ABI OO
TaOputanel. CYTKBIIKBUIABI OakTepusuiap opTa-
Fa CYTKBIIIKBUIBIH TY3Y apKbLIbl alllBITKbl JTAKbLI-
JTapbIMEH JKaKChl CUMOMOHTTHIK KapbhIM-KaThIHACTA
Oona amareiael B.H. Jlenxos, E.M. KsachHukos
JKOHE T.0. FalbIMAAPABIH FBUIBIMH EHOCKTEpIHIC
kepcerinrex (KBacaukos, 1975: 383).

Lactobacillus fermentum 11+ Candida inconspi-
cua TJ/[6 Genceni apanac AaKbUIbI abIHBII, a3bIK-
TBIK OHE 3HepreTUKanbIK KYHIbUTBIFbI « KILIC Dkc-
nept Tect» 3epTxaHachiH/Ia 3ePTTEMIHII (2-KecTe).
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1-kecte — buaii cabanbl CyOCTpaThIHA MOHO- JKOHE apaiac TaKbUIIAPIAbIH KbIIIKBUT TY3y OCICEHAUTINIHIH 03repyi

TutpseHeTiH KeIKbUIIBIK (°T)

Jlakpin
17 carar 168 carar
Baxpuiay 55 140
Lactobacillus pseudoplantarum 22 70 180
Lactobacillus fermentum 11 90 230
Lactobacillus fermentum 11+ Candida inconspicua T[J6 185 250
Lactobacillus pseudoplantarum 22+ Yarrowia lipolytica A1 110 140

2-kecte — Lactobacillus fermentum 11+ Candida inconspicua T/]6 apanac TaKbUIBIHBIH a3bIKTHIK KOHE YHEPreTHKAIBIK KYH/IBUIBIFbI

ABBIKTBIK KYHBUTBIFBI Bunaii cabansl
Bakputay (mHOKYNAT erinmeren | Lactobacillus fermentum 11+
ca0aH IIHKi3aThl Candida inconspicua

Heri3ingeri opra) , % 776, %
benok MaccachIHbIH yieci 1,2+0,04 2,17+0,09
IIpoTenH MaccackIHBIH Yieci 0,08+0,008 0,59+0,2
Kemipcy MaccachIHBIH yieci 4,79+0,19 6,49+0,26
bliranapuislk MaccachIHBIH yieci 92,53+3.,7 85,30+3.4
DHEPreTHKAIBIK KYHBUIBIFBI, KKal/KJ[x 24,32/102 41,3/165

2-KecTene KepceTutreHae Owmali cabaHBIH-
na eckeH Lactobacillus fermentum 11+ Candida
inconspicua TJ[6 apanmac NakbUIBIH OaKblIayMeH
CaNBICTBIPFaH/ia  OeJNOK  MaccachlHBIH  yJeci
2,1740,09 % Kypaiasl, am MPOTEUH MacCachIHBIH
yieci 0,59+0,2 %, kemipcy MaccachIHBIH YJeci
6,49+0,26 %, BUTFAIOBIK MAaCCACHIHBIH YJIeci
85,30+3,4 % KepceTKeH, 3HEepPreTUKaIbIK KYHJIbI-
JbIFbl Oakpulay HyckKacbiHma 24,32/102 % kypaca,
apajac Jakbu1 Hyckacbinaa 41,3/165 % kypaiiisl.

3epTTey IKYMBICBIHBIH HOTWXeci OOHBIHIIA
Lactobacillus fermentum 11+ Candida inconspicua
T7{6 Herizine aJbIHFaH apanac MaKbUIBIHBIH OMmail
cabaHbIH/Ia OeNOK MeIepiHe 6ail KoFapbl Onomac-
ca JKMHaKTayFa KaOuIeTTi eKeH T aHbIKTAJIIbI.

KopbIThIHABI

1. AMIBITKBl JKOHE CYTKBIIIKBUIILI OaKTEPHS
JIAKBUTJAPbIHBIH OUOJIOTHSUIBIK KAaCHETTepl 3epT-
TeNiHII. 3epTTey KYMBICTAPhIHA AIBITKbl JaKbLI-
Japbl MEH CYTKBIIMIKBULIbI OaKTepUsIapbIHbIH
JKOFapbl MakcaTThl OJCEeHIUTIKKe ue Yarrowia
lipolytica Al, Pichia fermentans T/{I, Candida
inconspicua T/[6, mypaepi, *oHE CYTKBIIIKBIIIBI
OakTepusi nakpuiapbiHan Lactobacillus pseudo-
plantarum 22,  Lactobacillus  fermentum 11
IITaMIaphl ipIKTEIN adbIHAbL;
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2. AUIBITKBI JaKbUIAAPBIHBIH JKOHE CYTKBIII-
KbULIIBI OaKTepPHUsUIAPJIbIH MOHO — JIaKbUIJapbIH
Ounmait cabaHbl CcyOCTpaThlHAA (QepMeHTAIHsIAY
JKYPTi3iiai. AMBITKEUIAPABIH MOHO — JaKbUIIAPBIH
ecipyniH 7 Toymirinae kierka caHbl 4,02x107
KI/MJI  MOIIepiHe JKeTTi. AJ  CYTKBIIKBUIIBI
OakTepusIIapAbIH MOHOIAKbLIIaPbIHBIH ecy
Gencenmimiri 14,05  x10°-15,02  x10° xu/mMa
apaJIbIFbIH KAMTBIJIBL.

3. AIIBITKBI )KOHE CYTKBIIKBUIAB OaKTepHusIap
JAKBUIAAPhl  apachIHJAFbl OMOCOWKECTIK KacHeTi
3epTTeNiHAl. Apaiac MaKbUIIAPBIHBIH —CarajiblK
JKOHE CaHJBIK Kypambl OoWbiHIIA Lactobacillus
fermentum 11 55% xone Candida inconspicua TJ16
45% KaMTBIFaHIBIFbI aHBIKTAILL. AL, Lactobacillus
pseudoplantarum 22 + Yarrowia lipolytica Al
apanac JaKbUIBIHBIH ©CY KapPKbIHJIUIBIFbI OOMBIH-
wa Lactobacillus  pseudoplantarum 22 90%
xoHe Yarrowia lipolytica A1 10% Kypansl, SFHH
CYTKBIIIKBUIBI OaKTepusi JaKbUIIAPBIHBIH — OCY
KApKBIHIBUIBIFEI ~ JKOFAphl  €KEHI  aHBIKTAJIbI.
Lactobacillus fermentum 11+ Candida inconspicua
T/]6 amibITKBl — OaKTEPHUSIIBIK apajiac JIaKbLIbI
AJIBIHJIBI.

4. AUIBITKBLIAPIBIH MOHO — TaKbUIIaPbIHBIH Oc-
JIOK JKUHAKTAay OCJICSHIUIITTH 3ePTTEY HOTHIKECIHIC
Candida inconspicua T/[6 ambITKBl NaKbBUIBI €H
JKOFaprbl OCJICEHIUTIKTI KOpCeTTi, OEI0K KUHAKTAY
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ANIBITKBI )XOHE CYTKBIIIKBULIBI OaKTepUsIIapIblH ca0daH IUKI3aThIHIA 6Cy OCICEHALTITIH 3epTTey

memuepi 118-135 Mkr/mn apanbiFbiHIa OOJIBL
Yarrowia lipolytica A1 nmakeier 90,2-127,3 mkr/
M Kypaca, Pichia fermentans T/[1 75-86 Mkr/min
apaNbIFbIH KAMTBIJIBI.

5. CYTKBIUKBULABI OaKTepus MEH allbITKbI
JAKBULIAPBIHBIH OCJICeH Il IITaMIapbl HETI3iHe

KOHCOPIIMYM  KypacTeIpbuinbl.  Lactobacillus
fermentum 11 + Candida inconspicua T/[6 apanac
JaKkpUIgapsl  Ommait  cabaHbl  cyOCTpaThIHAAFHI

kieTka caHel 4-5 Toymikre 38x10°-42,2x10° xi/
MT KOPCETTi. 3epTTey HOTHKECIH/IE KBIIIKBUT TY3y
Oesicenaiiri Men 1eri Lactobacillus fermentum
11+ Candida inconspicua T/[6 apanac nakplIbIHIA

JKOFapbhl KOPCETKIMITI KOPCETTi, SFHU KBIIIKBLIT
Ty3y mreri 250 °T xypassl.

6. Lactobacillus fermentum 11 + Candida
inconspicua T/[6 apanac qaKbpIIIapbIHBIH HET131H/ET1
JKEMIIK OCJOKTHIH a3bIKTHIK JKOHE DHEPTETHKAIBIK
KyHAbuIbIFbl <« OKILC Oxcnepr Tect» 3eprxanHa-
CBIHJIa aHBIKTAABl. bujail caOaHBIHBIH apanac
JIAKBUTBIH ~ OaKblJIayMeH —CajlbICTBIPFaHAa OeloK
MaccachiHbIH yieci 2,17+0,09 % kypaiiabl, ain npoTe-
uH MaccachkiHbIy yieci 0,59+0,2 %, sHepreTHKabIK
KYHIBUIBIFBI Oakpiiay HyckackiHma 24,32/102 %
Kypaca, apajac Jakeul HyckacekiHza 41,3/165 %
KYpaHTBIHIBIFBI KOPCETUII.
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UHNPKYAALUUA BO35VAMTE/\EIZI OCTPbIX PECITTUPATOPHDbIX
BUPYCHbIX UHOEKUMN U BUPYCOB ITPUITTIA
B KA3AXCTAHE

OcTpble pecnupatopHble BUpYycHble MHpekumn (OPBUM) m rpunn ocTaloTcsd OAHOM M3 CaMblX
aKTYyaAbHbIX MEAMLMHCKMX M COLMAAbHO-3KOHOMUYECKMX NMPOOAEM BO BCEM MUPE, B TOM YMCAE W B
KasaxcraHe. B 3TOM MCCAeAOBaHMM MPOAHAAM3MPOBAHbI CTAaTUCTUUECKME AQHHblE MHOTOAETHEWN
AMHaMMKM 3aboaesaemoct OPBM B Kasaxcrane B anmaemmyeckune ce3orbl ¢ 2000-2001 rr. no 2016-
2017 rr., 3yyeHbl AQHHbIE 3MMAEMMOAOTMYECKOrO MOHUTOPUHIA 3a UMpkKyAsumen Bupycos OPBI m
rpvnna B annaemmyeckom cedoHe 2016-2017 rr. OnmcbiBaemblin 2016-2017 rr. anMAEMMYECKNiA CE30H
oXapakTepr3oBaAcs 6oAee paHHUM HauyaAOM 3nmnaemmueckon 3aboaesaemoct OPBU m rpunnom no
CpPaBHEHUIO C NMPEeAbIAYLLMM — MaKCMMaAbHble NMoka3aTeAr oTMeYvaAnchb Ha 50 Heaeae 2016 1. (118,9
cAayyaeB Ha 100 Tbic. Hac.) 1 Ha 02 Heaeae 2017 1. (192,7 cayyaes Ha 100 Tbic. Hac.). MNMLP-anarHoctrka
YCTAaHOBMAQ LMPKYASUMiO BUpYycoB rpunna A H3N2 u B, npn 3TOM HayaAO anMAEMMUYECcKOro ce3oHa
(44 Hepeas, 2016 r.) 6bIAO CBSI3aHO C HOAbLLEN aKTMBHOCTbIO BMpyCa rpunna B, a ero s3aseplueHune —
C AOMMHMpoBaHuem Bupyca rpunna A H3N2 (18 Heaeasi, 2017 r.). OTAMUUTEABHON OCOGEHHOCTbIO
ce3oHa sIBASIAOCL oTcyTcTBue Bupyca rpunna A HINT pdmO09. leHeTnyeckmii aHaAM3 BbIAEAEHHbIX
LUITAaMMOB PMIIra nokasaa Mx CXOXKecTb C BakMHHbIMM A/Hong Kong/4801/2014 v B/Brisbane/60/2008.
CeKBEHMPOBaHME FEHOB M3YUYEHHbIX LITAMMOB BMpYyCa rpumna NPpoOAEMOHCTPMPOBAAO COXPAHEHME MX
YyBCTBMTEABHOCTM K MPOTMBOBMPYCHbIM MpenapaTam.

KAtoueBble caoBa: Bupychl rpunna, MNLP, reHeTMyecknin aHaAn3, cCeKBEHMPOBAHME, YYCTBUTEABHOCTb
K NMPOTMBOBMPYCHbIM Mpernaparam, 3a60AeBaeMoCTb rpunnom, 3aboresaemocts OPBUA.
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Circulation of the representatives of acute respiratory viral infections
and influenza viruses in Kazakhstan

Acute respiratory viral infections (ARVI) and influenza remain one of the most urgent medical and
social-economic problems throughout the world, including Kazakhstan. In this article the data of the
long-term dynamics of the incidence of influenza and ARVI rates in the Kazakhstan for 2000-2001 to
2016-2017, data of epidemiological monitoring of the circulation of influenza viruses in the influenza
season 2016-2017 are analyzed. The described 2016-20 influenza season was characterized by a rela-
tively earlier onset — the maximum incidence of ARl was observed at 50 on 2016 y. (118.9 per 100
thousand population) and at 02 weeks on 2017 y. (192.7 per 100 thousand population). PCR diagnostics
established the circulation of influenza A viruses H3N2 and B and the onset of the epidemic season (44
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weeks) was associated with a greater activity of the influenza B virus, and its completion was dominated
by influenza A H3N2 virus (week 18). A distinctive feature of the season was the absence of the influ-
enza A virus HINT pdm09. Genetic analysis of isolated strains of influenza showed their similarity with
vaccine strains A/Hong Kong/4801/2014 and B/Brisbane/60/2008. Sequencing of the studied strains of
the influenza virus demonstrated the preservation of their sensitivity to antiviral drugs.

Key words: influenza viruses, PCR, genetic analysis, sequencing, sensitivity to antiviral drugs, sea-
sonal incidence of influenza, seasonal incidence of ARVI.
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Ka3zakcTaHAafbl XKEAEA PECNMPATOPABIK, BUPYCTbIK MH(PEKLUSIAAPADIH,
)K9He TYMay BMPYCTapbIHbIH, alHHAAbIMbI

KeaeA pecnupartopabik, BUPYCTbIK, MHdekumsaap (OKPBM) xxoHe Tymay OYKIA 9AEMAEri, COHbIH
iwiHAe KasakcTaHaa AQ, €H ©3eKTi MEAMLIMHAABIK, >KOHE SAEYMETTIK-9KOHOMMKAABIK, MPOOBAEMaAaPAbIH
6ipi GoabIn Kaabin oTbip. Ocbl Makarapsa KasakcraHaa XXPBU >keHe Tymay aypyluaHABIKTbIH Y3ak,
mMep3iMai 2000-2001 oK. 3MUMAEMMSIAbIK, MayCbiMHaH 6actan 2016-2017 >OK. MaycCbiIMFa AeMiH
AVHAMMKAAbIK, TYPAE CTAaTUCTUKAAbIK, AepekTep KapacTbipbiAFaH. 2016-2017 *OK. 3MUAEMUSABIK,
MayCbIMHbIH TyMay BMPYCbl aiiHaAbiMbl OOMbIHLLIA 3MMAEMUOAOTMSABIK, MOHUTOPUHI  AEpPeKTepi
3eptreAreH. CunattaaradH 2016-2017 »OK. 3MMAEMMSABIK, MAyCbIM aAAbIHFbIMEH CAAbICTbIPMAAbI
TYPAE KaparaHAa epTepek OacTaAfaHbl aHbIKTaAAbl — eH >korapbl XKPBU aypyluaHabiebl 2016 . 50
anTacbiHAQ (100 MbiH TypFbiHFa 118.9 araarn) xeHe 2017 x. 02 antacbiHaa (100 MbiH TypFbiHFa 192,7
>karaan) 6arikasabl. [TP AMarHoCTMKa >KOAbIMEH TyMay BUMPYCTapbiHbiH A H3N2 >xkaHe B-TapmarbiHbiH
alHaAbIMbl aHbIKTAAFaH XKOHE 3MMAEMUSIAbIK, MayCbIMHbIH 0acTaAybl (44 anta) B Tymay BMpYCbIHbIH
>KOFapbl OEACEHAIAIKNEH 6alAaHbICTbl BOACA, OHbIH, asgkTaAybl — A H3N2 ycremaik 6oaabl (18 anTa).
ANTapAbIKTaM, OCbl MayCbIMHbIH, TaFbl 0ip epekiueAiri — TymaybiHbiH BMpycbl A HINT pdm09 myaaem
aHbIKTaAFaH XOK. AAAMAAPAAH OKLIAyAaHFaH Tymay LUTaMAAPbIHbIH FEHETUKAABIK, TaAAQYbl OAAPAbIH,
BakuUMHaAbik, A/Hong Kong/4801/2014 »aHe B/Brisbane/60/2008 wutaMAapMeH YKCaCTbIFbIH KOPCETTI.
Tymay BMpyCTapbl reHAEPiH CEKBEHAEY apKbiAbl 3€pTTeAreH OapAblK, LWTaMMAap BMPYCKa Kapchbl
npenaparTapfra ce3iMTaAAbIK, 6ap eKeHiH KepCeTTi.

Tyiin cesaep: Tymay BupycTapbl, TP, reHeTMKaAblK TaAAdy, CEKBEHAEY, BUPYCKa KapcChbl
npenapaTTapra Ce3iMTaAAbIK, TYMAayMeH MayCbIMAbIK aypyllaHAbik, X)KPBM mMaycbiMabIK, aypyLUaHABIK..

BBenenne

Octpble pecnupaTopHble BUPYCHbIE HHPEKIHH
(OPBU) u rpunm ocTarOTCS OJHOW W3 CaMbIX aK-
TyalbHBIX MEIWIMHCKUX W COIHATbHO-IKOHOMH-
yeckux npoodieM Bo Bcem mupe (Potter, 2001:575).
CornacHO HOBBIM OlleHKaM L[eHTpOB 110 KOHTPOITIO
n npodunaktuke Oomnesneir CILIA, BO3 u rmo-
0anbHBIX TAPTHEPOB B 00JACTH 3APABOOXPAHEHUS,
KXKIBIN TOJ] OT PECIUPATOPHBIX 3a00JIC€BaHUH, BbI-
3BaHHBIX CE30HHBIM TPHUIIITIOM, ymMupaeT 10 650 000
YeJoBeK. JTO OOJblle MPEeAbIIYIIero rIo0albHO-
ro omneHouyHoro mokasareist Ha 250 000-500 000
YEJIOBEK, KOTOPBIA PAaCcCUHUTHIBAIICA Ooliee NEecATH
JICT Ha3aJ U OXBAThIBAJI BCE CBS3aHHBIC C TPUITIIOM
CIIy4al CMEPTH, B TOM YHCJIE OT CEPJCIHO-COCYIH-
CThIX 3a0ojieBannii u quaderta. HoBble moka3arenu,
cocrasistonme 290 000-650 000 cirywyaeB cmepTH,
BEIBE/ICHBI HA OCHOBaHUU 00JIee CBEXKUX JAaHHBIX U3

ISSN 1563-0218

0oJiee MIPOKOTO U Pa3HOOOPA3HOTO Kpyra CTpaH, B
TOM YHCIIE CTPaH C YPOBHEM JIOXOJIOB HUKE CpPETHE-
r'0, ¥ HE YYUTHIBAIOT CITy4al CMEPTH OT HE pecrupa-
TOpHBIX 3a00neBanuii (WHO, 2017a).

B cBs3u co 3HAYMMBIM BIUSHHUEM T'puliria Ha
OOIIECTBEHHOE  3][PaBOOXpPAHEHUE ITOBCEMECTHO
MIPOBOAMTCS DITUAEMUOJIOTHIECKII MOHUTOPHHT 32
LHUPKYJsLKe BUpycoB rpunmna. [Jo30pHblil anuje-
MUOJIOTUYECKHI HAJ30p B COBPEMEHHOM BapUaHTE
MIPOBOJMTCS C TENIBI0 OIIEHKH BUPYCOJOTHUECKUX H
3MUIEMHUOJIOTHICCKUX XapaKTEPUCTUK PECIIUPATOP-
HBIX 3a00JIeBaHUH, PErHCTPUPYEMBIX IO oOpare-
HUSM 32 aMOyJIaTOPHON MTOMOIIBIO WIIH 110 YacTOTE
rocrnuraan3alui B CBA3W C T'PUIIIIOM WA APYTru-
MU PECIUPATOPHBIMH BHUPYCHBIMH HH(EKIHSIMH
(WHO, 2011b). MuaumaneHast cHCTEMA JIHIEMHUO-
JIOTHYECKOT0 HaJ[30pa 3a FPHUIIIIOM, TPUICPIKUBATH-
Csl KOTOPOH OBLTO PEKOMEHI0OBAHO HAIMOHAIBHBIM
CHUCTeMaM 3][paBOOXpaHEHHs, Oblla TpOTHCaHa B
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Iupkymsiuust Bo30yanTeneit 0CTphIX pecIUpaTOPHBIX BUPYCHBIX MH(EKINIT 1 BUpycoB rpunma B Kasaxcrane

II00aMbHBIX CTaHAapTaX, onyonrkoBaHHEIX BO3 B
2013 rogy (WHO, 2014).

ITocTossHHBIA  3NUAEMUONIOTUYECKUN  HA30p
3a BUpyCaMU TPHUIINA UTPAeT BaXKHEHUIIYIO POJb B
OTIpE/IETICHNH COCTaBa BaKIMHBI POTHUB CE30HHOTO
rpunmna (Sano K. et al., 2017:355389), B MoHHTO-
pUHTE XapaKTEePUCTUK LUPKYJIUPYIOIIUX BUPYCOB
Y BBIABICHUHM HOBBIX BupycoB rpumma (Tria, et
al., 2013:2705), uMerImUX NOTEHIHAT ISl pas-
Butus nangaemun (Hegermann-Lindencrone, et al.,
2015: 90).

B Kazaxcrane npu naceirenun oxojio 18 MiH
yenoBek (OdurmanpHas craTucThIeckast uHpopMma-
ums, 2017), exeronHo perucrpupyercs ot 600 TbI-
csia 1o 1,2 muH. cmygaes OPBU u rpunma (bekmms,
2017). Cuctema >IHIEMHOJIOTHYECKOTO HAA30pa
MpelyCMaTpUBaeT CIEKEHUE 3a YPOBHEM 3alole-
BaemocTu rpurnmnoM u OPBU Ha ocHOBe exeqHEB-
HOTO ydeTa CIy4acB 3a00JICBaHUI B OpTraHU3aIUSIX
MEPBUYHON MEJIUKO-CAaHUTAPHOM MOMOIIU C MPeJi-
CTaBJICHUEM €KEHEJIEIbHBIX IaHHBIX HA PAalOHHBIH,
00J1aCTHOW M HAIlMOHATILHBIN YPOBEHBb B MEKIITH/IC-
MUYECKHUI TIEPUOJT U B TIEPUO]] CE30HHOTO MOIbeMa
3aboneBaemoctu (IIpukaz M3 PK Ne 910, 2011).
MOHHUTOPUHTOM TIpeycMOTpeHa WHOpMAIHs 10
a0CONIFOTHOMY YHCITy 3apeTUCTPUPOBAHHBIX CITy-
yaes OPBU, B ToM uucie rpumnra ¢ nociaeayonmm
pacuerom nokaszateneit Ha 100 000 HaceneHwust, BO3-
pacTHOMY cocCTaBy 3a0O0JIEBIINX, JIETAIBHOCTA U
pe3yJIbTaTOB J1JA0OPATOPHBIX UccieaoBanuii (Hamu-
oHanbHbIN TaH, 2009).

B Hacrosieil craTthe NPUBOJIATCS W aHAIIU-
3UPYIOTCS JaHHBIE MHOTOJICTHEW IMHAMHUKU 3a-
6oneaemoct OPBU u rpunmom ¢ 2000/2001 rr.
mo 2016/2017 rr., JaHHBIE SIUAEMHOJIOTHYECKOTO
MOHUTOPHWHTA 32 ITUPKYJSAIUEH BUPYCOB TPHUIIIA B
snuaemuueckuit cezon 2016-2017 rr. B Kazaxcra-
He. AKTyallbHOCTh HACTOSIIETO MCCIIEOBAHUS CO-
CTOWT B MPOBEACHUU OIICHKU PETPOCTICKTUBHOTO U
TEKYyILIEro ypOBHS SMHIAEMHUYECKOH 3a0oieBaeMo-
ctu OPBU w rpunmoM B pecmyOiuKe, OIMHCAHUH
CEPOJIOTHYECKUX U TEHOTUITUYECKUX XapaKTepu-
CTHK LIMPKYJIUPYIOLINX mTamMmmMoB Bupycos OPBU n
rpuia (Ce30HHBIX U dIuAeMHIecknx) B Kazaxcra-
HE C IIeJIbI0 BEIPA0OTKH TIOJUTUKHU B OOJIACTH TIPO-
(PMITAKTHKU ¥ ONpEJCIICHUs] aKTyadbHOTO COCTaBa
MIPOTHUBOTPHIIIIO3HBIX BaKIIMH, 3aKyITaeMBIX HaIlH-
OHAJILHOW CHCTEMOM 3/IpaBOOXpaHEHUs IS TPSILy-
LIUX SMUJIEMUYECKUX CE30HOB.

MaTepI/IaJ'lbI U METOAbI UCCJICTOBAHUA

JInst u3ydeHHsi SMUAEMHOIOTMIECKUX TEHICH-
nui no 3aboneBaemoct OPBU u rpunmnom B Ka-

3aXCTaHE WCIOJIB30BAHbl CTATUCTUYCCKUE JIAaHHBIC
CHUCTEMBI D3JIEKTPOHHOTO CIIEKEHHS 3a CIy4YasMH
rpunmna, rpunmnonono0Hex 3adoneBanuii (I'TI3) n
TSDKEIIBIME OCTPBIMH PECITUPATOPHBIMU HWH(EKITHU-
smu (TOPU). Cuctema 3JIEKTPOHHOTO CIIECKEHUS
HCIIOJIB3YETCSI B paMKaxX JO30PHO-IMUICMHOIOTH-
YeCcKOoro Ha/30pa 3a rpunmom B Kazaxcrane ¢ anu-
cezona 2011-2012 rr. (Kyarbaesa, 2013:39). Cu-
crema paspaborana kommanuei Inform Consulting
(KazaxcraH) 1 B JaHHBII MOMEHT aKTUBHO 3KCILTY-
aTUpyeTcs B JO30PHBIX IIEHTPax (MEIUIIMHCKHUX Op-
raHM3anusgx) Bcex obnactei u roposoB Kazaxcrana.

KimmangeckuM MaTepuaiom st J1abopaTOpPHBIX
HCCIEN0BaHUN B anuaeMuueckuil cezon 2016-2017
IT. TTOCIYKUJIM Ma3Kd M3 HOCAa M 3e¢Ba OOJIbHBIX C
OPBMU, nMeBIMX KJIMHUKY TPUIIA WU TPUIIIONO-
nmobroro 3adoneBanus (Babcock, et al., 2006:269)
—Bcero 9490 06pasnoB, coOOUpaBIIHECS B TO30PHBIX
SMUIEMUOJIOTUYECKUX [IEHTpaX CTpPaHbl COTJIac-
HO JeicTByronieMy npukazy MuHuctepcrBa Ha-
nuoHATBHON OkoHOMHKK PecmyOmmku Kaszaxcran
(ITpukaz MHD PK Nel194, 2015). JlaboparopHsbie
WCCIICJIOBAHUS JTAHHBIX OOpPAa3IOB MPOBOIMINCH B
16 pernoHanbHbIX puiinanax HarroHanbHOTO 1ICH-
Tpa skcneptusbl (HIID), xoTophie nToKamu3yroTCs
B OOJIACTHBIX IIEHTpaxX pPECIyOJIuKH, T. AJIMATHI,
r. Acrane. C nenpio 1ab0paTOpPHON AMArHOCTUKH
rpUlna B BUPyCOJOrHYeCKuX Jiaboparopusx HI[D
ObLTM MCIOJIB30BaHBI MeToabl IILIP-muarnocTuku
(Steininger et al, 2002:2054), KymsTHBUpOBa-
HUE BUPYCOB IpHIIa Ha KyJabType kietok MDCK
(Freshney, 2005) n xypunbix smOpuonax (Knipe,
et al., 2007), cepojoruueckre METO/IbI BBISBICHUS
AHTUTEHHBIX XapaKTEPUCTUK H30JSTOB BUpyca —
peaxIsi TOPMOXKEHHUSI TeMarTIIOTHHAIIMN U MHTHU-
oMLK HEWPaAMHHHUIA3HOW AKTUBHOCTH C IOJTH-
nocnenuduueckumu ceiBopotkamu (Cooper et al.,
2003), "MMyHHO(ITYOpECIICHTHAS MHUKPOCKOTIHS C
MoHOKJIOHabHBIMU aHTHTenamu (Kallewaard, et
al., 2016:601), (Yasugi, et al., 2013), (Krause, et al.,
2011:10906), MoneKyIIpHO-TEHETHYECKNN aHAIN3
(WHO, 2011a). Jqna nocranoku I[P mcnoms3o-
Bamuch tecT-cucteMbl «AmmummCenc Influenza vi-
rus A/B-Fl», «AmmmCenc Influenza virus A/H1-
swine-Fl», « AmmmuCenc Influenza virus A-tumn-Fl»
npousBoacta ®bYH HHUUM Bnuaemuonoruu Po-
crioTpeOHaa30pa.

JlaHHbBIC CEKBEHUPOBAHMUS HYKJICTH/IHBIX ITOCIIE-
JIOBATEIBHOCTEH W (DMIIOTCHETUYECKOTO aHan3a
TeHOMa BBIJICJICHHBIX IITaMMOB TOJy4eHbl oT Ha-
UOHAIILHON pedepeHc-1adopaTopun 10 KOHTPOIIO
BUPYCHBIX HH(pekmii HaydyHO-TIpakTH4YecKoro 1eH-
Tpa CaHUTAPHO-IHIEMHUOIOTHUECKON AIKCIEPTU3EI
1 MoHUTOpHHra KoMUTETa OXpaHbl 00IIECTBEHHOIO
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310poBbs MUHHUCTEPCTBA 3ApaBoOXpaHeHus (T. Aj-
MaThl) U 30HAJILHOW BUPYCOJIOTHYECKOH aboparo-
puu HIID mo r. Actana. CeKBeHHPOBAHUIO MTOABEP-
rayTHI 15 mrammoB A/H3N2 u 15 mtamMMoB rpumnmna
B. bbuiu npoBeIeHbI UCCIIEI0BAHUS BUPYCOB HA MY-
TallM TEHOB TeMarrIIOTHHUHA, HeHpaMUHUAA3bl 1
MaTPUYHOTO I'€Ha HAa TEHETHYECKOM aHajh3aTope
ABI 3500, Applied Biosystems (CIIA) cormacHo
WHCTPYKIUK M3TOTOBHUTEINS C LEJbIO YCTAHOBICHUS
(UITOTeHETHUECKOTO  MPOUCXOXKICHHUS  BbIICIICH-
HBIX M30JIATOB U HAJIMYUS MyTalllu B T€HaX, OTBET-
CTBEHHBIX 32 YYBCTBHTEJIHLHOCTh K IPOTHBOBUPYC-
HBIM TipenaparaM (Smith, et al., 2004:372). Ananu3

1200 MOKa3art. 3a6. Ha 100 Tbic. Hac.

1000

200

JIAHHBIX MTPOBOJMIICS Ha KOMITBIOTEPHBIX TPOTrpaM-
max Vector NTI, MEGA 7 npu momomm MexayHa-
ponubix 6a3 nanubix NCBI, GISAID, CDC, ISRV,
GENBANK metonom Neighbor Joining o anropur-
My Kimura 2-parameter ¢ BermonHerneM Bootstrap
Test of Phylogeny (1000 moBTopos) (Kumar, 2016).

Pe3yabTarhl HCC/1€10BAHMS U UX 00CYKAeHHE

PetpocriekTuBHBIN aHanu3 mokasateneil 3ado-
JIEBaEMOCTH 3a IocienHue 17 jieT J1eMOHCTpUpPYET
CTOMKYIO TEHJICHIIMIO CHIKCHUS 3a00JIeBAEMOCTH B
pecnyOnuke (pUcyHOK 1).

Hepenu

Pucynok 1 — 3a6oneBaemocts OPBU B Kazaxcrane
B orueMuyeckue ce3ounl 2000/2001rr-2016/2017 rr.

3a snupeMudeckuil ce3on ¢ 1 okradpsa 2016
roga mo 12 mas 2017 roma (¢ 40 mexenmm 2016 1.
o 19 uexemo 2017 r.) mo pecrny0iivke ObUIO 3a-
peructpupoBano 603 945 ciydyaeB 3a0oiieBaHHS
OPBU (3,4% mnacenenus) ¢ mokazareieMm 3a0o-
nepaemocTd Ha 100 Thic. Hac. 3378,64, uTo HUXKE
aHAJOTUYHOTO TEepUoAa NPEIbIAYIIEr0 dIHjIe-
mudeckoro cezona Ha 0,80% (600893 cmydaes,
nokasarenb — 3406,04). OcoOCHHOCTBIO CE30HA
2016-2017 rr. siBUIOCH TaKxe Oojiee paHHEe Hada-
JI0 — MaKCHMallbHbIE TTOKa3aTenn 3a00JIeBaeMOCTH
OPBMU ormevanucey Ha 52 negene 2016 r. (156,9
cinyyaeB) u Ha 02 vegene 2017 r. (192,7 cxn.), Tor-
nma kak B mpeasimymem 2015-2016 rr. smmaceso-
He MUK 3a0osieBaeMocTu npuxoawics Ha 05 u 06
menenu 2016 r. ¢ mokasareisiMu 3a00JIEBAEMOCTH
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274,8 u 253,0 coorBercTBeHHO (pucyHOK 2). B
TeueHnn smuace3oHa 2016-2017 rr. mpeBbIICHUS
eKeHeJIeNbHBIX KOHTPOJIbHBIX ypoBHE# (KVY) 3a00-
JIeBa€MOCTH HE HaOJII0AaJI0Ch.

OcHoBuyto nomo cpeau 3abonesmmx OPBU
cocTtaBmwim AeTu 1o 14 jmet — 66,7% (402 797 cn.),
u3 HUX jiety 110 1 roga — 9,9% (59874 cn.). Cnenyet
OTMETHTb, UTO 3a00JIeBaEMOCTh Cpeau neTeit 1o 14
net (8289,51 na 100 TeIc. Hac.) u aeredt 1o 1 roga
(17308,33 na 100 TbIC. Hac.) MpeBBICHIA YPOBEHb
3a0071€Ba€MOCTH COBOKYITHOTO HACEJICHHS PECITy-
onuku (3378,64) B 2,4 u 5,1 pasza, COOTBETCTBEHHO.
VY nenbHbI Bec OepeMEHHBIX Cpein 3a00JIEBILINX CO-
ctaBmi 4,3% (26024 cx.). B cpaBHeHN# ¢ aHAIIOTHY-
HBIM [IEPUOJIOM MTPEIBIAYIIET0 HCEe30Ha, 3a0071e-
BaeMocTs OPBU cpenu nereit no 14 net u nereit 1o
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1 rona causuiacek Ha 4,2% u 3,7%, COOTBETCTBEH-
HO, cpenu OepeMeHHBIX yBennamiach B 1,6 pasa.

B nenom, o pecriyounke, 3a anuzace3on 2016-
2017 rr. OBUIO TOCHHTANIM3UPOBAHO C TSKEIBIM
u cpemHe-TsoKenbM TederrneM OPBU 56 848 e,
(9,4 % ot obmiero uucna 3adonesmux OPBU), ne-
tei 10 1 roga — 18045 (30,1% ot umcna 3aboJeB-

450
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noKasar.3a6.Ha 100 mic.Hac.

- — =

-

~
50 I
0 I I

100 i‘

mmx OPBU nereit o 1 roxa), 6epemennsix — 12777
(49% ot umucna 3aboneBmmx OPBU GepeMeHHBIX).
B cpaBHeHHMU ¢ aHAJIOTUYHBIM TIEPUOJIOM ITPEIBIITY-
LIEr0 3MHJICE30HA KOJIMYECTBO JIUI, TOCITUTATIH3H-
poBansbix ¢ OPBU yBenuuniock Ha 16% (47 752
yein.). Cpeau geteit no 1 roga 9uciio TOCTIUTATN3U-
POBaHHBIX CHU3WIOCH Ha 2,2%.

hl. :
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Pucynoxk 2 — CpaBHHTeIbHAs XapaKTepHCTHKa (GakTHIecKoil 3aboneBaemoctt OPBU
n xouTponsHOro yposH: (KVY) Ha done ITLP (+) ciaydaes rpumnma
3a snuaeMudeckue ce30unl 2015-2016 rr, 2016-2017 rr. B Kazaxcrane
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Pucynox 3 — Konu4yecTBO roCUTAIU3UPOBAHHBIX C TPUIIIIOM
B arace30Hb! ¢ 2014-2015 rrmo 2016-2017 T

B crpykrype OPBU ynenbHsblil Bec rpunna co-
crasun 0,42 % (2542 cn), u3 HUX aetu no 14 mer
cocrasum 37,8 % (961 ci.), B TOM 4ucCiie IeTH 10
1 roga -26,0 % (250 cn.), Ha GepeMEeHHBIX MPUXO-

nmutest — 31,2% (793 cn.). KomudecTBo rocruTanu-
3MPOBAHHBIX OOJBFHBIX C TPHUMIIOM, B CPaBHEHHU C
snuacezoHamu 2015-2016 rr. u 2014-2015 rr. yBe-
TUaniIock B 3 U 4,9 paza COOTBETCTBEHHO (pUCYHOK
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3). Cpenu rocnuTalu3upoOBaHHbIX ¢ rpunmnoM 42%
coctaBuin OepeMeHHbIe U 29,4% netu o 1 roxa.
OTHonoruveckasi CTpyKTypa TPHUIIIa OIpeies-
J1ach, B OCHOBHOM, nnocpenctBoMm I IIP-nuarnoctuku
KITMHIYECKOTO MaTepuana oT OoibHBIX. Yacrora
netexiuii BupycoB rpunmna A H3N2 u B B xiuHE-
YECKUX MaTepualiax B pacCMaTpUBAEMBbI MEPHO]
MIpeCTaBlICHA Ha pucyHke 4. MakcumManbHOE YUCIIO
MOJIOXKHUTENLHBIX MTPOO Ha TPUIIT OBLIO 3apETUCTPH-
poBaHo B nexabpe 2016 r., Ha 50 nenene (45%), u
B staBape 2017 r., Ha 01 Hepene (54%), uTo Koppe-

KoMBo oroGpanKbix o6patyon

JUpyeT C AWHaMHKo# 3aboneBaemoctu. Ilociex-
HHE Cy4yau Ipula getektupoBaid B mae 2017 r.
Havano snunemudeckoro ce3oHa ObUTO CBA3aHO C
OoublIel aKTMBHOCTBIO BUpYca rpumma B, a ero 3a-
BEpLICHHE — C IOMUHUPOBAHUEM BUpYca Ipunmna A
H3N2. Bupyc rpunma A HIN1 pdm09 se nupkymm-
poBai B anuace3oH 2016-2017 rr.

YacToTa 0JI0KUTEIBHBIX Ha IPUIII IPO0 cocTa-
BUWJIA, B cpeHeM, 26,7% (2542 npoOsl). Bo3pactHas
CTPYKTypa JIabOpaTOPHO TOATBEPKACHHBIX CIIy4a-
€B IpHUIlla [IpeJcTaBieHa B Tadbauue 1.

— 0/1-50 O0TOGPaHHLIX 06pasLos
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Hegenn

PucyHnok 4 — JluHamMKKa JIETEKIIMH BUPYCOB TPUIITIA B KIMHHUSCKUX MaTepraIax
B onmaeMuyeckoM cesone 2016/2017 rr.

Tabauna 1 — Bo3pacTHas 1 3THOJIOTHYECKas CTPYKTYpa J1ab0paTOPHO MOATBEPKIACHHBIX CIIy4aeB I'PUIINa y JIIoneH

Kon-Bo na6oparopHo Jlons TunoB u cyOTUIIOB BUpyca
Bo3spacrras rpynmna 60nbHBIX MOATBEPKICHHBIX CIy4acB B OTHOJIOTHYECKOIi CTPYKTYpe rpurina (B %)
(abc.; %) A/H3N2 B
0-4 rona 572/22.5 58 42
B T.4. 1eTu 10 1 roma 250/9,8 62 38
5-14 ner 389/15.3 46 54
15-29 ner 1027/40,4 58 42
30-64 roga 509/20,0 73 27
65 u > ner 45/1,8 82 18
Bepemennsie 793/31,2 62 38

C 1uesipro U30JIAIMM BUPYCOB I'PUIINA Ha KIIET-
kax KynbTypbl Tkauu MDCK wuccinegoBano 685
00pa3ioB. Dh(HEKTUBHOCTh M3OJSAIHUHI COCTABUIIA
19,5%.

ISSN 1563-0218

B cTpykType nerektupoBanHbix ciayyaes OPBU
HETPUIIO3HON ATHOJOruU, o naHHeM [IIIP: BuU-
pycsl maparpuria — 92 (15%), pecrmpaTopHO-CHH-
LUTHAIBHBIA BUpyC U ageHoBupyc no 109 (18%) ,
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MertanHeBmoBupyc — 84 (14%), punoupyc — 159
(26%), 6oxaBupyc — 40 (6,5%), kopoHOBHpYC — 16
(2,5%).

B  Hanuwonamsuoii  pedepenc-nabopatopun
HIILCO5uM O0bii M3y4eHbl aHTHUTEeHHBIE Xapak-
TepuCcTUKH 80 MITaMMOB C MMEIOIIMMHUCS TUATHO-
CTMYECKHMH CBIBOPOTKAMH, IOJyYEHHBIMH T10 JIU-
Huu BO3. B pesynbrare onpezneieHo poacTBo 15
mTaMMoB K Bupycam rpunmna A H3N2 (mogoGHbIX
BakunHHOMY A/Hong-Kong), 71 mrramMmm mposiBu-
JIU POJICTBO K BUpYCYy rpumma B u pearmpoBanu co
cnenuguueckor chiBOpoTKOM B/Victoria, oqun 13
ITaMMOB BUpyca Trpumnmna B Obin O1m3ko poncTse-
HeH k B/Yamagata.

[To pe3ynpTaTam M3y4eHHs HYKJICOTHIHBIX I10-
clieoBaTeIbHOCTEW mTaMMoB rpumnma A/H3N2,
JETIOHUPOBAHHBIX B MEKIYHAPOIHOHN 0a3e MaHHBIX
EpiFLU GISAID, u BUpycOB, CCKBEeHUPOBAaHHBIX Ha
0a3e pedepenc-nadboparopuu, ObU1 caenan Quore-
HETHUYECKHN aHAIH3 U ONpeeNieHHe aMHHOKNCIIOT-
HBIX MyTaluH.

Bupycsl rpunna A/H3N2 oTHOCHIHCh K Kiaii-
ny 3C.2a pedepencnoro mramma A/Cote Di-
voire/544/2016. Heckonbko MOArpyInn BO3HUKIN B
knaiine 3C.2a 6maromapsi 3ameHam N121K u N122D,
YTO MPUBEJIO K TTOTEPE TETIOYKH TIINKO3UITHPOBAHUS
B ocTaTkax 122-124, Takke UMEIOCh KOIUPOBAHUE
reHoB remarritotuauHa R261Q. Usmenenue caiita
TJIMKO3UJIMPOBAHMS MOYKET COTIPOBOXKAATHCS H3Me-
HEHUEM aHTUTeHHOCTH W BUPYJIEHTHOCTH BHUpYCa.
l'enetnyecknii kiactep HelpaMHHUAA3bl BHpyca
rpummna A TpOsIBIISIT CXOXKECTh ¢ KJIIAaCTEPOM TeMar-
[IIIOTHHAHA ¥ COBMAAI ¢ pe()epEeHCHBIM ITAMMOM
A/Hong Kong/4801/2014 B HEKOTOPHIX MO3UIUIX:
S245N, B pesynbrare 4ero oOpas3oBajach IIETIOY-
Ka Tiauko3wnMpoBaHus 245-247, S247T mnopnep-
KUBAJI 3Ty caMylo LENnouky u myramuu T267K,
1380V. bpumd Takke aMHHOKHCIOTHBIE 3aMEHbI
GI93D, D339N, P468L, koTOpbIe aCCOIMUPOBATHICH
¢ knaiinom BupycoB 3C.2a. [Ipu oOpabotke ¢uo-
TeHETUYECKNX JIaHHBIX HEWpaMHHHUIA3bl, HE OBLIO
00Hapy>XEHO OCHOBHBIX MYTAaIlMii OTBEYAIOMIMX 32
MTOHMYKEHUE NTPOTUBOBUPYCHON UyBCTBUTEIBHOCTH.

Bce uccnenoBannsie Bupycol rpunma B/Victoria
BXOJWJIN B T€HETHYECKyIo rpynmy Al BaKIMHHO-
ro mramMa B/Brisbane/60/2008, koropas ormpe-
JeJsieTcsl IByMsl OCHOBHbIMU MyTanusimu 1117V
u N129D. Ilpu 00paboTke (QUIOreHETHYECKUX
JaHHBIX HeWpaMWHHIA3bl, HE ObLIO OOHApPYKEHO
OCHOBHBIX MYTallMii OTBEYAIOIINX 33 TOHWKECHHE
[IPOTUBOBUPYCHOW 4YyBCTBUTEJIBHOCTU. Duiiorexe-
THYECKUH aHaJIN3 TeHOB reMarrIIOTHHIHA IPeICTa-
Burenel muHUN B/Yamagata mokazan uro 3 oOpaz-
11a OTHOCATCS K KJaiay 3 BaKIMHHOTO mTamma B/

Phuket/3073/2013 ¢ mMyTanusMu, acCONUUPYIOIIH-
Mu oty Tpymry L172Q and M251V. ®OunoreneTn-
YECKUH aHaju3 FeHOB HEeMpaMUHHUA3bl U30JISITOB
MOTBEPII MPUHAJJISKHOCTh 00pa3I0B K KITalTy
3 BakmuaHOro mramma B/Phuket/3073/2013. Ilpu
00paboTKe (UIIOTCHETUUECKUX JIaHHBIX HEeHpamu-
HU/1a3bl, HE OBIJIO OOHAPYKEHO OCHOBHBIX MYTalUi
OTBEUAIONINX 3a [OHIKEHHE MPOTHBOBUPYCHOM
YyBCTBHTEJILHOCTH.

Takum 00pa3oM, TEHETUYECKHH aHAJIU3 BUPY-
COB TpHIIA, COOPaHHBIX B AMHJIEMHUYECKHN CE30H
2016-2017 TT. MO3BOMIMII CHENATh BBIBOJ O IIHPKY-
JISUH TAaMMOB, TMOAO00OHBIX BakMHHBEIM A/Hong
Kong/4801/2014 u B/Brisbane/60/2008, Bomex-
IIMM B COCTaB TPHUIMIO3HBIX BakUWH B ce30H 2016-
2017 rr.

CormnacHo aHHbIM oT4eTa UHCTUTYTa DpeHcu-
ca Kpuka (moknan Juis eKeroJHOH KOHCYJIbTalluu
BO3 no cocraBy BakIMHBI MPOTHB TPHUIIA IS CE-
BepHbIX nonymiapuii) (WHO, 2017b) B xoze 3BoIIO-
1uu BupycoB A/H3N2 oOpa3oBanach HOBast TeHETH-
yeckass noArpynna 3c.2al, monoOHast mrammy A/
Bolzano/7/2016, xapakTepusylomascs aMHUHOKHC-
JIOTHBIMM 3aMeHaMM Ha y4yacTkax N/2/K n S144K.
OpHako, Bce OHM B aHTUTCHHOM OTHOLICHUH HJICH-
TUYHBI BaKIIMHHOMY IITaMMy. B maHHyr0 Tpymiry
BXOJSIT JIBE€ TPETH YaCTH COBPEMEHHBIX IITAMMOB
mupa (Nachbagauer R. et al., 2017), a Taxxe Bce ¥c-
CJIe/TOBaHHbIE Ka3aXCTAHCKNE U30JIATHI 3TOTO SITH/-
Ce30Ha.

Pedepenc-naboparopueli B MeXIyHApOIHOM
Oanke maaHBIX GISAID nenonmpoBaHo 8 mTaMMOB
BUPYCOB rpunma, B T.4. Tpu A/H3N2 u mith BUpY-
coB rpurma B (A/H3N2/Karaganda/6553/2017,4/
H3N2/Karaganda/519/2016, A/H3N2/Kara-
ganda/27/2017, B/Karaganda/64/2017, B/Jam-
bul/284/2016, B/North-Kazakhstan/197/2017, B/
Almaty/51/2016, B/Almaty/6/2016).

3akioueHne

Takum 00pa3om, aHAIH3 UMEIOIIUXCSI CTATUCTH-
YECKUX JAHHBIX MOKA3bIBACT CTOWKYIO TEHACHIIUIO
K CHIDKEHHUIO DSIUAEMHUYECKOd 3a00J1eBaeMOCTH
OPBU B Kazaxcrane 3a mocienuue 17 Ier.
COBpeMEHHBIMH OCOOCHHOCTSIMU SIUACMHYECKON
3aboneBaecmoct OPBU u rpunmom B Kazaxcrane B
cezone 2016-2017 rr. aBusroTcst:

— bBonee panHuii, yeM B mpenbAyIInde TOIbI,
nmonseMm 3aboseBaemoct OPBU ¢ nmoctmxeHnem
MaKCHUMAaJIBHBIX MTOKa3aTelel 3a001eBaeMOCTH YKE
Ha 50 (118,9) u Ha 02 Hepensx (192,7);

— VYpoBeHp 3a00J€BaEMOCTH B CE30HE HeE
MIPEBBICHIT PECTTYOIMKAHCKUI ITOPOTOBBIN YPOBEHB;
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— OcHoBHYWO 101110 cpeau 3adonesmux OPBU
COCTaBWIIH JIeTH 10 14 net — 66,7 %, U3 HUX AeTH
1o 1 roma —9,9%, uro Hmxe Ha 4,2% u 3,7%, coot-
BETCTBEHHO, 110 CPABHEHHIO C MPEBIIYIUM SITH/I-
CE30HOM. YCIbHBIN Bec OepeMEHHBIX Cpeau 3a00-
JIEBIIUX cOCTaBUI 4,3%, 4TO BBIIIE 110 CPABHEHUIO
C IpEeIbLAYIINM 3MHICE30HOM B 1,6 pasa.

— KonmdecTtBo  rocmnuTanu3MpoBaHHBIX  C
OPBU nur cocraBuiio 9,4 % ot o01ero yncia 3a-
oonesumx OPBU. B crpykrype OPBU ynensubiit
Bec rpunma coctaBuit 0,42 %, 9TO Tak)Ke TPEBHICH-
JI0O aHAJIOTHYHBIN TOKa3arens Smuace3oHoB 2015-
2016 rr. u 2014-2015 rr. B 3 u 4,9 pa3za, cooTBeT-
cTBeHHO. Cpeiu TOCITUTAIM3UPOBAHHBIX C TPUTITIOM
42% cocraBuiu OepemenHbie U 29,4% netu no 1
rojia. B cpaBHEHNY ¢ aHAJIOTUYHBIM [IEPHOOM TIpe-
JIBITYIIETO SIHCE30Ha KOJMYECTBO JIUI, TOCIIATA-
mu3upoBaHHbIx ¢ OPBU yBenuumnocs Ha 16%.

A(H3N2) u B, npu 3TOM Hayaso 3MUAEMUYECKOTO
cezoHa (44 Hemens) OBUTIO CBSI3aHO C OOJBINICH ak-
TUBHOCTBIO BUpyca rpunma B, a ero 3aBepiieHue
¢ nomuHUpoBaHueM Bupyca rpunma A(H3N2) (18
uenens). Bupyc rpunmna A(HIN1) pdm09 wve peru-
CTpHUPOBAJICS;

— T'enernyeckuii aHanuM3 BBIJCNCHHBIX OT
OOJIBHBIX BUPYCOB TPHIIIIA TIOKA3aJ, YTO B TEKYIIHUH
MUJIEMHYECKHI CE30H Ha TEPPUTOPUH pPecITyOIMKN
LUPKYJIUPOBAIH MITAMMBI, MOJJOOHBIC BAKIIMHHBIM
(A/Hong Kong/4801/2014 u B/Brisbane/60/2008);

— Ilpm o6paboTke (UIOTCHETUUECKUX JaH-
HBIX TEMarrijloTHHUHA © HEHpaMUHHIA3bl HE
OblI0  OOHapy’>KEHO OCHOBHBIX MyTalui, OT-
BEYAIOIINX 32 IOHWKEHHUE MPOTUBOBUPYCHON
YYBCTBUTEIBHOCTH.

[Mony4yeHHbIe pe3ynbTaThl MOCITYXKUJIH OCHO-
BaHHEM /ISl 3aKyla MPOTUBOIPUIIIO3HBIX BaKIWH

— DTHONOTHIO  ANHUIEMUYECKHX IMOABEMOB  MHHHUCTEPCTBOM 3/paBooXpaHeHus PecrryOmnnku
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