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Mememos C.K.", Ilypmexoaena I1I.H.', Kypman6aesa M.C.%,
XamutoBa IK.!, ’KymadaeBa A.A.'

'TI. Yonuxanos arbinaarsl Kekuieray MmemiekeTTik yHusepcuteti, Kasakcran, Kexureray k.
2On-Mapabu ateiHAarel Kasak yiTTeiK yHUBEpCenTeTi, Kazakcrad, AMarsr K.
‘e-mail: memeshov@mail.ru

AKMOAA OBbAbICbI 3EPEHAI AYAAHbI ®AOPACbIHAATDI
APAMLUOITEPAIH, TYPAIK K¥PAMbI

Makarapa AKMOAA OBABIChI, 3EPEHAT ayAaHbIHbIH (DAOPACLIHAAFbI aPaMLLSNTEPre CUCTEMATUKAADIK,
TaAAQy XKYPri3iAreH. 3epTTeAreH aiMmakTbiH (DAOpPACbIHAQ apamiuenTepAiH 29 TykbiMaac, 70 Tybicka
>KaTaTbiH 84 Typi aHbikTaAraH. YKaAnbl Typ caHbl GorbliHILA GipiHWi opbiHALI Asteraceae Dumort. (18
Typ Hemece 21,4 %), ekiHwi opblHAbI Poaceae Barnhart. (8 Typ Hemece 9,5 %), yuiHLi opbiHAbI Fa-
baceae Lindl. (7 Typ Hemece 8,3 %) TykbIMAAChl araabl. Scrophulariaceae Juss. TykbIMaacbiHaH — 5
Typ, Boraginaceae Juss., Rosaceae Juss. TyKbIMAQCTapblHaH — 4 Typ, aA KaAfaH TyKbiIMaacTapAaH 3-1
TYPAEH KE3AECTi. ApamiiernTepre 3KOAOTMSAbIK, TaAAdy >Kacay OapbiCbiHAa Me3ohuTTep 37 TYPAI,
kcepomezoputtep 21 Typai, kcepocputtep 10 TypAi, rurpocuttep 6 TypAi, Mesokcepocuttep 5
TYPAI, rurpome3outtep 4 TypAi, Mesorurpouttep 1 Typai KypanAabl.

3epTTeAreH  eCIMAIKTEP  apaMILeNTEPAIH  KOpekTeHyiHe 6alAaHbICTbl  MapasuTTiK — emMec
apamuienTepre >kataabl. A3 XKbIAAbIK, aPaMLLIOMNTEPAIH, iLLIIHAE BEreTaumsAblK, Me3riAiHe GanAaHbICTbl
>Ka3AbIK apamuentepaid 12 Typi (14,29 %), KbicTan KaAaTblH apamuientepaid 5 Typi (5,95 %),
eKiXKbIAABIK apamiienTepAiH — 8 Typi (9,52 %) ke3aecTi. KenkbIAAbIK apaMIIeNnTepAIH, ilWiHAE KiHAIK
TambIpAbl — 24 Typi (28,57 %), TambipcabakTbl — 26 Typ (30,95 %), atnatambipAbl — 7 Typ (8,33 %),
Lawak, TamblpAbl — 2 Typi (2,38 %) ke3pecTi.

TyiiH ce3aep: hAOpa, cUCTEMATUKAABIK, TaAAdY, apaMLLBNTEP, SKOAOTUSAABIK, TOM, 6CIMAIKTEPAIH,
TYPAIK Kypambl.

Memeshov S.K.", Durmekbaeva Sh.N.", Kurmanbaeva M.S.2,
Hamitova G.Zh.", Zhumabaeva A.A."
Sh. Ualikhanov Kokshetau State University, Kazakhstan, Kokshetau

2Al-Farabi Kazakh National University, Kazakhstan, Almaty,
“e-mail: memeshov@mail.ru

The specific composition of the Weed Plants of the
Zerendinsky District of the Akmola Region

In this work is submitted the systematic analysis of weed plants of flora of the Zerendinsky District
of the Akmola region. In flora of the explored area have been revealed 84 species of the weed plants
relating to 70 species and 29 families. By quantity of species the Asteraceae family is in the first place
(18 species or 21,4%); on the second Poaceae (8 species or 9,5%), on the third Fabaceae (7 species or
8,3%). Further the Scorphulariaceae Juss families have been settled down — 5 species. Boraginaceae Juss
and Rosaceae Juss. — 4 species. Brassicaceae Burnett., Caryophyllaceae Juss., Geraniaceae Juss., Polygo-
naceae Juss. —3 species. Apiaceae Lindl., Chenopodiaceae Vent., Lamiaceae Lindl., Plantaginaceae Juss.,
Ranunculaceae Juss., Urticaceae Juss. — 2 species and other families have 1 species. By the results of the
carried-out ecological analysis in relation to humidity of the soil weed plants were subdivided as follows:
mesophytes — 37 species, kseromesophytes — 21 species, kserophytes — 10 species, gigrophytes — 6
species, mezokserophytes — 5 species, gigromesophytes — 4 species and mesogigrophytes — 1 specie.

There are 37 species of the weed plants belong to mesophyta. They belong to the 14 families.
The Asteraceae Dumort families (12 species) prevail among them by the quantity of species. Poaceae
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Barnhart (5 species), Fabaceae Lindl (4 species), then Geraniaceae Juss follow (3 species), Brassicaceae
Burnett., Polygonaceae Juss., Scrophulariaceae Juss. (2 species), and Apiaceae Lindl., Rosaceae Juss.,
Urticaceae Juss., Plantaginaceae Juss. And Boraginaceae have 1 species.

There are 21 species of the weed plants in kserofita. They belong to the 15 families. There are 10
species of the weed plants in kserofita.

There are 6 species in gigrofita. They belong to the 6 families.

There are 5 species in mezokserofita which belong to the 4 families. There are 4 species in gigro-
mezofita which belong to the 4 families.

On the system of classification of K. Raunkier (1905) weed plants have arranged as follows: gemirh-
bgnjfita (56 species or 66,67%), terofita (16 species or 19,5%), kriptofita (7 species or 8.33%) and
khamefita (5 species or 5,95%).

Weed plants of the explored area on character of nutrition belong to not parasitic plants. Among
juvenile weed plants on the vegetative period were divided into spring — 12 species (14,29%), winter-
ing — 5 species (5,95%) and biennials — 8 species (9,52%). There are 24 species (28,57 %) of rod root
plants, 26 species (30,95%) of rootstock weeds, 7 species (8,33 %) of stem sucker, 2 species (2,38%) of
fibril among perennial weed plants.

Key words: flora, systematic analysis, weed plants, ecological group, species.

Memewos C.K."", Aypmekbaesa LLI.H.", Kypmarn6aesa M.C.?,
Xamumtosa .K.", )Kymabaesa A.A.
'KokLueTayckuin rocy AQpCTBeHHbIN yHMBepcuTeT uM. LLI. YaanxaHosa, KasaxcraH, r. KokweTtay

2Ka3axcKkmi HaUMOHaAbHbIN YHUBEPCUTET MMeHn aab-Dapabu, KaszaxcraH, r. Aamartbl
“e-mail: memeshov@mail.ru

BuAOBO#t cocTaB COpPHbIX pacTeHuit 3epeHAMHCKOro paiioHa
AKMOAMHCKOM 06AaCcTH

B cTaTbe npeACTaBAEH CUCTEMATUYECKMI1 aHAAM3 COPHbIX pacTeHUI hAopbl 3epeHAMHCKOr O parfioHa
AKMOAMHCKOM 06AacTh. Bo haope nccaeayemoro paitoHa 6bIA0 BbIIBAEHO 84 BUAQ, OTHOCALUMXCS K 70
poAam 1 29 cemencTBam.

Mo KOAMYECTBY BUAOB Ha NMEPBOM MeCTe HaXOAMTCS cemMencTBo Asteraceae Dumort. (18 BUAOB MAM
21,4%); Ha BTopom Poaceae Barnhart (8 BuaoB, 9,5%), Ha TpeTbem Fabaceae Lindl. (7 Buaos, 8,3%).
Aanee pacroAoXmnAncb cemeinctea Scrophulariaceae Juss — 5 BuaoB, Boraginaceae Juss. 1 Rosaceae
Juss. no 4 BMAQ, a ocTaAbHble cemencTBa Mo 3-1 BuAy. [lo pesyAbTaTam 3KOAOTMUYECKOro aHaAM3a:
Me30puTbl — 37 BMAQ, KCepome3oduTbl — 21 BuA, kcepoputbl — 10 BUAOB, rMrpoduTbl — 6 BUAOB,
Me30KCepoUTbl — 5 BUAOB, TMrpoMe30nTbl — 4 BrAA M Me30TUrPpoUTbl — 1 BUA.

CopHble pacTeHMs MCCAEAYEMOTO paiioHa Mo XapakTepy MUTaHWS NMPUHAAAEXKAT K HernapasuTHbIM
pacteHnsM. CpeAan MAAOAETHWMX COPHbIX PACTEHUI MO BereTauMOHHOMY MepUoAY PasAEAMAMUCH:
dpoBble — 12 BMAOB (14,29%), 3umytowme — 5 BUMAOB (5,95%), aByAeTHUKM — 8 BMAOB (9,52%).
CpeAn MHOTOAETHUX CTep>KHEKOpHeBble — 24 Buaa (28,57 %), KopHeBuLLHble — 26 BUAOB (30,95 %),

KOpHeoTnpbIckoBble — 7 BUAOB (8,33 %), MoukoBatble — 2 B1AQ (2,38 %).
KaroueBble caoBa: pAopa, cMCTEMATUYECKMIA aHAAM3, COPHble PacTeHMs, IKOAOrMYecKas rpynna,

BMAOBOWM COCTaB PACTEHWUM.

Kipicne

ByriHri KYHTe NIeiiiH 3epTTeyIIiiep «apaMiiern-
Tep» AETeH TYCIHIKKE 9PTYpJIi aHbIKTaMa Oepin KeJl-
red. B.P. Bunbsamc (1948) Oyu1 TYCiHIKTIH Ma3MYHBIH
ObLTal amrkaH: «... TUKAHIIBIHBIH Ke3Kapachl 00ii-
BIHIIIA, apaMUIeNTepre MOACHU IaKbUIFa jKaTHaii-
TBIH Ke3-KeJITeH IIeNTi )KaTKbI3ram» (Bumssamc B.P.,
1948: 255). 3. Kopemo (Kopemo 3., 1933: 9) 6oii-
BIHIIIA «apaMIIeNTEp JET NaiJansl eCIMAIKTEp apa-
CBIHJIA ©3JIITIHEH OCiM, aybUIMapyallbUIbIK JaKbLI-
JIapbIHA KOIITETreH 3USIHBIH KeNTIPETiH OCIMIIKTEep/Ii
aTaramy.

A.W. Mansnes 6otiprama (1932, 11 0.), «apam-
HIONTEPre EriCTiKTe O3/IriHEH OCeTiH, eTICTIK
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KaraainapbIHa (3KOJIOTUSUIBIK JKOHE OMOJIOTHSIIBIK)
JKOHE MOJICHH OCIMIIKTepMeH Oipiiece ecyre OeitiM-
JenTeH skabaiibl HeMece KapThulail MOACHU ©CiM-
nikrepni xkatkpizram» (Mansues A.H., 1932: 301).

Apammientep Jenm  MOIEHH  OCIMIIKTEPIiH
eTiCTIKTEePiH/IE OCETiH, OJIapAbIH OHIMIHIH MOJIIIEPiH
TOMEH/IETII, CanlachlH HAIAPJIaTaThIH OCIMIIKTEeP/Ii
aTaubl.

Apamienrtep *ui eric 3UsSHKECTepi MEH aypy
KO3ZBIPFBILITAPbIH MEKEHI opi olapiael TapaTa-
TBIH OpTacel OodbIm TaOBIIaApl. Kaymam eckeH
apaMIIeNnTepiH apacklHAa YCaK KeMipyuiijep
Tipminik eremi. Keitbip apammenTep ete yibr 0o-
JIBIT, YKaHyapJap MEeH KycTap YIUIiH Kayin TOHIIpei.
ApaMuientep TOMBIPaKTaH KaXXETTi KOPEKTIK 3aT-
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Tap MEH bUIFaibl OOIBIHA CiHIpe], XKep eHIey MEH
eTiH JKWHAY]Ibl KHBIHIATA/Ibl, TaKbUIIBIH OHIMI MEH
camacblH ToMeHueTenl. Aca 3HUSHILI aJIBEHTHBTI
apaMIenTepre KapaHTUH/IK JIETeH CTaTyC OepiireH
(ducronor A.B., 1984: 118).

ApamienTtepiiH ericTikTepre TUri3eTiH 3UsHBI,
acipece, BUTFAJIBUIBIK XKETICIIEHTIH aliMaKTap/a eTe
epekmie Oaiikamanel. MomeHHM makpUImapra Kapa-
FaHJIa apaMIIenTep/iH TaMbIp JKYHEeCl 6Te YKaKChI
JAMBIFaH, COHJBIKTAH OJIap TOMBIPAKTAFbI CYIIbI
OapbIHIITA MOJI CiHipemi. ApaMImenTep TOIBIpaKTaH
CyMeH Oipre MoJEHHU [aKbUIIapra KaKeTTi maii-
JaJbl  KOPEeKTiK 3aTTapabl Ja (a3oT, ¢ocdop
KBIITKBLUTHI, KAJTAH jkoHE T.0.) mainananansl. Keibdip
apaMIIenTep/IiH MOJICHU OCIMIIKTEp/IiH TaMbIpja-
pBIHA, cabaKTapbIHa aOBICHIM, OJIap/iaH KOPEKTIK
IIBIPBIHAAPABI  TApTHIN, IMAPA3HTTIK  TiPIILTIK
eTeTiH TypJiepi JAe Ke3aeceai. ApaMmuientep TeK
KBIPTBUIFAH JKepJiep/ie FaHa eMec, COHbIMEH Kartap,
JKaUBUTBIMAAp MEH ITaOBIHABIKTApAa 1A Ke3mecemi
(®ucronoB A.B., 1984: 135).

ApamientepaiH OHOJOTHSIIBIK EpPEeKIIeIiKTe-
piHE OJIApABIH OTE >KOFAphl ©CIMTAJABIFBI, apam-
HIONTEP/IIH TYKbIMIAPBIHBIH OIpJICH KayJan eHOeyi
JKOHE ICIIeyi, TYKbIMIAPBIHBIH COJI aliMaKTa Tapa-
JyFa MYMKIHIIK TYFBI3aThIH KYPBUIBIM/IAPbIHBIH
(TikeHekTepi) OONYBI, TYKbIMAAPBIHBIH TIPIILTIK
€Ty Y3aKTBIFBIHBIH KOFaphl OOJYBI, aya pailbIHBIH
KOJAiChI3 JKaFgaiiblHa Te3IMai Kemyi XoHe T.0.
JKaTaJIbl.

OcpbiraH 0alTaHBICTHI 38PTTEY KYMBICHIMBI3/TBIH
MakcaThl AKMOJIIa 00JTBICHI, 3epeH/Ii ayAaHsl (iopa-
CBhIHJIAa KE3JIECETIH apaMIenTep TypJepiHe Tajiaay
xacay.

3epTTEey MaTepuaAaphl sKIHe daicTepi

3epTTey KYMBICH AKMOIa 00JIBICH, 3epeH i ay-
JIaHbI alMaFbIHBIH KaNBUTBIMIAPBIHIA KCH TapaJiFaH
apaMIIeNTep/IiH TYpJepiHe KYPri3iii.

Herisri omic periHme MapmIpyTTHIK-aliMaKTBIK
xone A.U. TonmaueBthiH (1986) omici aybIH/IBI
(Tonmmauer A.M., 1986: 58). XXunanran ecimuik-
TepaiH Typiaepin aHpikraynga «®Dmopa Kazaxcra-
Hay (1956-1966), M.C. baiitenoBTeiH «®opa Ka-
3axctaHa» (1-2 Tom) eHOekTepi maiijamaHbUIIbI
(batitenoB M.C., 1999). ®nopaHblH KOHCIIEKTICIH
xKacayqa koHe (DIOPHCTHKAIBIK CIEKTPAETi TYp-
JIEpJIiH OpHAJIACYybl MEH TYPYCTi KaTeropwsuiapbiH
anpikrayna A.Jl. TaxramksaasiH (1987) dwumore-
HETHKAJBIK Kyheci OoibiHIa xyprizunal (Taxraa-
sxstH ALJL, 1987: 387). Tipurinik popmanapsina Oaii-
JAHBICTHI TypIepaiH kikTenyi M.I". CepeOpsaKoBTHIH
(CepebpsixoB WU.I'., 1962: 298) enberi OoiibIHIIA
JKYPrizizai. ApaMienTepiiH TypJepiH Taigayzaa
A .B. ®ucronoBTsIH (1984: 258) « CopHBIE pacTeHUD»
eHOerl KOJIaHBULABI. 3ePTTEITCH OCIMIIIKTEPIiH
TypJepi MEH TYBICTapBIHBIH JIATHIHIIA aTayJapbl
C.K. YepenanoBTsiH (1995: 505) enberine coifkec
Oepinmi. OCIMIIKTEp/IiH OpbICIIA KOHE Ka3akKiia
ataynapslH kazyna C.A. ApeicTanranues xoHe E.P.
PamazanoBTeiH (1977: 244) enberi maiimanaHbUIIbL.

3epTTey HITHKeIePi :KIHe 0JIaPAbI TANAY

3epTTey KYMBICHIMBI3/IbIH HOTUXKEJIEPl OOMBIH-
mra AkMouia o0JIbICH, 3epeHi ayiaHbl allMarbIHbIH
(bmopacer apammenTtepain 29 tykeimaac, 70 TysbIc,
84 TypaeH TypaThIHbI aHBIKTANABI (KecTe 1).

1-kecTe — AKMOIIa OOJIBICH, 3epeH i ayaaHs! (opackiHa Ke3IeCKeH apaMIIeITep Typiepi

Ne TykbeIMJac araysl

Typ araybt

1. Alismataceae Vent.

Alisma plantago-aquatica L.

2. Liliaceae Juss.

Asparagus officinalis L.

Agropyron repens (L.)

Beckmannia eruciformis (L.) Host.

Bromus inermisLeyss. FI.Hal.

Poaceae Barnhart.

Calamagrostis epigeios (L.) Roth.

> Echinochloacrusgalli (L.)
Festuca pratensis Huds.
Poa pratensis L. Sp. Pl.

Setaria viridis (L.) Beauyv.

4. Amaranthaceae Juss. Amaranthus retroflexus L.

6 Xabapusl. buonorus cepuscor. Ne2 (71). 2017
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1-kecmeHnin dncanzacwl

TyxpIMIac aTaybl

Typ arayst

Apiaceae Lindl.

Eryngium planum L.

Silaus besseri DC.

Asteraceae Dumort.

Arctium tomentosum Mill.

Artemisia absinthium L. Sp. PI.

Artemisia austriaca Jacq.

Artemisia dracunculus L.

Artemisia glauca Pall. ex Willd.

Artemisia vulgaris L.

Bidens tripartita L. Sp. PI.

Carduus crispus L.

Centaureascabiosa L.

Erigeron acris L.

Hieracium umbellatum L.

Inula Britannica L.

Lactuca tatarica (L.) Mey.

Matricaria recutita

Senecio Jacobaea L.

Tanacetum vulgare

Taraxacum officinale Wigg.

Boraginaceae Juss.

Echium vulgare L.

Nonea pulla DC.

Onosma simplicissima L.

Lappula squarrosa

Brassicaceae Burnett

Berteroa incana (L.) DC.

Capsella bursa-pastoris (L.) Medik.

Lepidium ruderale L.

Cannabaceae Endl.

Cannabis ruderalis Janisch.

10.

Caryophyllaceae Juss

Cerastium arvense L.

Gypsophila paniculata L.

Stellaria graminea L.

11.

Chenopodiaceae Vent.

Chenopodium album L.

Chenopodium glaucum L.

12.

Convolvulaceae Juss.

Convolvulus arvensis L.

13.

Crassulaceae DC.

Sedum Telephium L.

14.

Dipsacaceae Juss.

Scabiosa Ochroleuca L.

15.

Euphorbiaceae Juss.

Euphorbia virgata Waldst. ex Kit.

16.

Fabaceae Lindl

Lathyrus tuberosus L.

Medicago falcata L.

Melilotus officinalis (L.) Pall.

Oxytropis pilosa (L.) DC.

Trifolium lupinaster pentaphyllus (Trifolium lupinaster)

Trifolium repens L.

Vicia cracca L.

ISSN 1563-0218
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1-kecmenin dcaneacwoi

Ne TykbIMaac aTaybl Typ arayst
Erodium cicutarium (L.)
17. Geraniaceae Juss. Geranium dissectum
Geranium pratense L.
Salvia stepposa Shost.
18. Lamiaceae Lindl.
Thymus serpyllum L.
19. Onagraceae Juss Chamaenerium angustifolium L.
Plantago major L.
20. Plantaginaceae Juss.
Plantago media L.
21. Plumbaginaceae Juss. Limonium Gmelinii
22. Polygalaceae R. Br. Polygala comosa
Polygonum aviculare L.
23. Polygonaceae Juss. Rumex acetosa L.
Rumex confertus Willd.
Androsace septentrionalis L.
24. Primulaceae Vent.
Lysimachia vulgaris L.
Ranunculus acris
25. Ranunculaceae Juss.
Ranunculus sceleratus
Filipendula ulmaria (L.) Maxim.
Potentill ina L.
26. Rosaceae Juss. olentita ansertng
Potentilla argentea L.
Sanguisorba officinalis L.
27. Rubiaceae Juss. Galium verum L.
Linaria vulgaris L.
Verbascum phoeniceum L.
28. Scrophulariaceae Juss. Veronica incana L.
Veronica longifolia L.
Veronica spicata L.
Urtica dioica L.
29. Urticaceae Juss.
Urtica urens L.

JKanmer Typ caHbl OO¥BIHINA OiIpIHIIT OPBIHIIBI
Asteraceae (18 Typ Hemece 21,4%); eKiHIIII OpPbIH-
abl Poaceae (8 Typ Hemece 9,5%), YLIiHII OpbIH-
el Fabaceae (7 typ Hemece 8,3%) TYKbIMIAchI
ananel. Scrophulariaceae Juss. TYKBIMIACBIHAH — 5
TYp, Boraginaceae Juss., Rosaceae Juss. TYKbIM-
mactapeiHad — 4 TYp, Brassiciceae Burnett.,
Caryophyllaceae  Juss.,  Geraniaceae  Juss.,
Polygonaceae Juss. TyKpIMaacTapblHa — 3 TYpIEH,
Apiaceae Lindl, Chenopodiaceae Vent., Lamiaceae
Lindl., Plantaginaceae Juss., Primulaceae Vent.,
Ranunculaceae Juss., Urticaceae Juss.TYKbIMAAC-
TapbIHaH — 2 TYpJIeH, ajl KaJlFaH TYKpIMaacTapaaH 1
TypAeH ke3nuecti (1-cyper).

Apamientepre dKOJIOTHUSIIBIK caparrama Heri-
31H/I€ TOTBIPAKTHIH BUIFAIIBIIBIFBIHA OAIaHBICTHI

eciMIIKTep MBIHaIal KaTap OOMBIHIIIA OpHATACKAH:
mezodurrep (37 Typ), kcepomezodpurrep (21 Typ),
kcepodurrep (10 Typ), rurpodurrep (6 TYp), Me-
3okcepodpurrep (5 TYp), THUrpomMezodurTep (4
TYp), Me3orurpogurrep (1 Typ). An rugpodpurrep
MYJIZIEM Ke3/ecrei.

blnranra 0alIaHBICTHI apamuienTep
TYpAepiHiH Tapanysl 2-kecteae OepinreH. JKammsl
aJFaH/1a 3epTTENIreH aiiMakTa Me30(urTep 0ackiM,
OV TOINKA BUIFANIBUIBIFEI JKETKUTIKTI OOJaTHIH
cyOcTpaTka OeliMaeNnTeH oCiMIIKTep Typiepi xka-
Tagsl. Me3zoputTepre 6apiblk apamimenTepAid 37
TYpAeH TypaTeiH 14 TYKbIMOach Kipemi. OmapasiH
iminae Asteraceae Dumort. (12 1yp), Poaceae
Barnhart (5 typ), Fabaceae Lindl. (4 Ttyp),
Geraniaceae Juss. (3 Typ), Brassicaceae Burnett.,

8 Xabapusl. buonorus cepuscor. Ne2 (71). 2017
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Polygonaceae Juss. wone Scrophulariaceae
Juss. (2 typmen), an Apiaceae Lindl., Rosaceae
Juss., Urticaceae Juss., Polygalaceae R. Br.,
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Plantaginaceae Juss.

Plantaginaceae  Juss.,  Cannabaceae  Endl.
JKoHeBoraginaceae Juss. TykpiMaactapsl 1 TypaeH
Ke3zjecei.

Liliaceae Juss.

Amaranthaceae Juss.
Onagraceae juss =

Primulaceae Vent.
Ranunculaceae Juss.
Urticaceae Juss.
Alismataceae Vent.
Cannabaceae Endl.
Convolvulaceae Juss.
Crassulaceae DC.
Dipsacaceae Juss.
Euphorbiaceae Juss.
Plumbaginaceae Juss.
Polygalaceae R. Br. =
Rubiaceae Juss.

B Typ caHbl W%

1-cyper — AkMora oOJIbICH 3epeH/Ii aylaHbl aliMaFbIHIaFbl APAMIIIONITEP/IiH KAkl Typiaep caHbl (%)

2-kecTe — AKMOTa OOJIBICH 3epeH/ Il ayIaHbl allMaFbIHAAFbl APAMIIONITEPAiH YKOJIOTHSIBIK TONITaphl OOMBIHINA Ke3aecyi

Ne DKOJIOTUsUIBIK TOITAP Typaep canbl TypaiH >kanmsl caHAapEIHBIH %o
1 Tunpodurrep - -
2 Turpodurrep 6 7,14
3 T'urpomesoputep 4 4,76
4 Mesorurpodurrep 1 1,19
5 Mesodutrep 37 44,05
6 Me3soxkcepodurrep 5 5,95
7 Kcepomesodurrep 21 25
8 Kcepodurrep 10 11,91
Bapabirsl: 8 Ton 84 100
Kcepomezopurrepre KeTKITIKTI bUFaIABUIBIK- blnran  yHemi  jkeTicmedTiH  cyOcTparka

TaH TOMEH cybcTparka Oeliimaenren 15 Tykpimiac-
Ka kataTelH 21 Typ Kipemi (Asteraceae Dumort.
(3 typ), Caryophyllaceae Juss., Fabaceae Lindl.,
Chenopodiaceae Vent. sxane Scrophulariaceae Juss.
TyKeIMOacTapel (2 1yp), Liliaceae Juss., Poaceae
Barnhart., Amaranthaceae Juss., Convolvulaceae
Juss., Euphorbiaceae Juss., Onagraceae Juss.,
Plantaginaceae Juss., Primulaceae Vent., Rubiaceae
Juss. acone Rosaceae Juss. (1 myp) keneoi.

ISSN 1563-0218

OeifimmenreH kcepodurTepre 7 TYKbIMIACKa Ka-
tateH 10 Typ Kipemi. Onapra Boraginaceae Juss.
(3 Typ), Asteraceae Dumort. (2 TYp), Poaceae
Barnhart, Caryophyllaceae Juss., Crassulaceae
DC., Brassicaceae Burnett. xone Fabaceae Lindl.
(1 TypaeH) xaTasl.

T'urpodutTepre MeIIepAeH ThIC bUIFAIIAHFAH
cybcTpaTka OediMaenreH Typiep KaTaisl. | u-
rpodutrTep 6 TYKbIMIAacKa aTtaThiH 6 TYp Kipeni
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(Alismataceae Vent., Poaceae Barnhart, Asteraceae
Dumort., Primulaceae Vent., Ranunculaceae Juss.,
Rosaceae Juss. (6apnwirsl 1 TYpacH).

Mesoxkcepodurrepre Me3ohuTTepre KaparaHia
Oipmama Kyprakray, all KcepopuTrepre KaparaHaa
Oipmiama  bUFQJIIBI  cyOcTpaTtka  OeHimpenreH
Typaep skaraael (4 TYKbIMAac, S5 Typ, Apiaceae
Lindl., Dipsacaceae Juss., Scrophulariaceae
Juss.,Lamiaceae Lindl.

l'urpomesodurrepre  Polygonaceae  Juss.,
Ranunculaceae Juss., Rosaceae Juss., Urticaceae
Juss. TYKbIMJIACBIHBIH TYPJIEP1 Kipe/Ii.

80
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Limonium Gmelinii (Plumbaginaceae Juss.)
eciMIITI Me30TUTPOGUT OOJIBIT TAOBIIAIBL.

OciMaikTepaiH TipmiTiKk Qopmanapel Kep
TUTIKTI Kardainapra y3ak OeliMaeny HOTHXKe-
ciaze 00JIFaH oCiMIIKTEP POpMACHL. DKOIOTHUSITBIK
(dakTopyapAblH ocepl HOTHIKECIHJE OCIMJIIKTIH
CBIPT KOpiHiCi, OHBIH TipUIiIiK GopMackl KablI-
Tacaspl.

3epTrenreH alMakTarbl apaMIIenTepliH TYp-
nepi TipWiigiK GopManapbiHa OaiIaHbICThI KapPThI-
nmai Oyramap — 4 Typ, menteciH eciMuikTep — 80
TYpJi OipiKTIPETiHI aHBIKTAIBI (2-CypeT).

4,76

EKiKBUITHIK, JKapTeunaii 6vta

M xanmel TYPICP CaHbIHA IIaKKaHOa, %

2-cypeTt — AKMoI1a 00MIBICH 3epen i ayJaHbl aiMarbIHAAFbl apaMIIeONTeP/IiH
TIpHITIK (hopManapbiHa GalIaHBICTHI Ke3/1eCyl

Kapremait Oyramapra Onosma simplicissima
L., Thumus serpyllum L. Artemisia absinthium L.,
Artemisia dracunculus L. %ataapl. BipKbpU1IbIKTapFa
Setaria viridis (L.) Beauv., Echinochloa crusgalli
(L.) Beauv., Lappula squarrosa, Chenopodium
album L.,Chenopodium glaucum L. Amaranthus
retroflexus L. owcoHe T.0. Typiep JKaTajibl.
ExiKbULIBIK ©CIMAIKTEPIH iminae Echium vulgare
L.,Melilotus officinalis (L.) Pall. Berteroa incana
(L.) DC.,Carduus crispus, Arctium tomentosum
Mill.typnepi ke3necri.

KemKpuIIbIK MIeNTECiH OCIMAIKTePAiH IMIiHAe
Alisma plantago-aquatica L., Agropyron repens (L.),
Beckmannia eruciformis (L.) Host., Calamagrostis
epigeios (L.) Roth., Bromus inermis Leyss. FI. Hal.,
Vicia cracca L., Medicago falcata L., Lathyrus

tuberosus L., Tanacetum vulgare, Centaurea
scabiosa L., Sanguisorba officinalis L., Potentilla
anserina L.Galium verum L. xoHe T.0. Typiaep KeH
TapayFaH.

XX raceipabiy Oaceiana K.Paynkuep yceiHFaH
OCIMIIKTEepAIH TIpIWIIK (opMaTapelHBIH OKyHeci
OCIMIIKTEepIIH JKBUIIBIH KOJIAWCHI3 ME3TUTIHIE
JKaHApTy OYPIMIKTEPIHIH OpHAJIACy JKOHE KOpPFaHy
Tocinaepine Herizuenred. Ocbl NPUHIMIIKE COMKec
OapiwIK eciMaikTep 5 tumke Oeminren (Raunkizer
Ch., 1905: 348).

K.Paynkuep (1905) sxyiieci OoOWBbIHIIIA TEMHU-
kpuntopurrep (56 Typ Hemece 66,67%), TepopuT-
tep (16 Typ Hemece 19,05%), kpunrodurrep (7 TYp
Hemece 8,33%) sxoHe xameduttep (5 TYpAeH Heme-
ce 5,95%) xe3neceri.

10 Xabaprsl. buonorus cepusicer. Ne2 (71). 2017
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ApaMiienTepaiy KOpeKTeHyiHe OaiaHbICThI
3ePTTEITCH OCIMIIKTEp Mapa3uTTIK eMeC apaMIIor-
Tepre xkatajbl. [lapa3uTTik emec apamIinenTep Bere-
TaIUSICHIHBIH Y3aKThIFbIHA Kapal a3KbUIIBIK apaM-
HIeNTep MKOHE KOIDKBUIJBIK apamiienTtep OOJbII
€Ki Tomka OeiiiHel. A3KBUIIBIK apaMINenTepiH
IIIHE BETETAMSUIBIK Me3TUIiHe OaiIaHbICThI

*a3aplK apamimenTepain 12 typi (14,29%), KpicTan
KanmaTelH apammenTepiid 5 typi (5,95 %), exi
KBUIIBIK apaminentepin- 8 Typi (9,52 %), ke3necri.
KemxpuIIbIK apaMInenTep/ i iliHae KiHmiK Ta-
MBIpJBI — 24 Typi (28,57 %), TambIpcadakThI- 26 TYD
(30,95 %), armatameipasl- 7 Typ (8,33 %), mamax
TambIpiibl- 2 Typi (2,38 %) ke3nmecti (3-kecte).

3-kecte — AKMOIIa 0OIIBICHI 3epeH/ii ayaHbl alMaFbIHIaFbl APAMIIONTEPAiH HETi3r1 TonTapbl

ApaMInenTtepaiH TONTapbl Typnep canbl %
YKaznpik OipXKBUIABIKTAP 12 14,29
KpicTaliThH 01p>KBUIIBIKTAD 5 5,95
Exi KbuiabIKTap 8 9,52
KiHaiKTaMbIpIibl KOMKBUIABIKTAP 24 28,57
TaMbIpcaOaKThl KOTDKBUIIBIKTAD 26 30,95
TaMbIp aTnanbl KOIDKbULIBIKTAP 7 8,33
[amak TaMbIpiIbl KOIDKBULABIKTAP 2 2,38

ConbiMeH AKMonia OONBbICHI 3epeHAl ayAaHbl
altMarbIHBIH (IIOpachIHIa apaMimentepai 29 Ty-
KbIM1acKa, 70 TybICKa )KaTaThiH 84 TYpl aHBIKTaJIFaH.

ApaMiienTtepre 3KOJOTHSUIBIK capanTaMa Ho-
THKenepi OoifbrHIma Mezodurrep 37 Typai, Kcepo-
me3odurrep 21 typai, kcepodurrep 10 Typai, ru-
rpodurTep 6 Typai, Me3okcepodurTep S5 TYpAi,
rurpomezoputrep 4 TYpai, Mezorurpodurrep |1
TYP/i Kypaibl.

Apamiientepaiy Tipuiiik ¢gopmanapbiHa Oaii-
JAHBICTHI JKapThUlail Oyramap — 4 Typ, IIONTECiH
eciMaikTep — 80 Typli OipiKTIpETiHI aHBIKTAIJIbI.

ApaMmiientepaiH KOpeKTeHyiHe OaiIaHbICThI
3epTTENTeH OCIMIIKTEp Mapa3uTTIK eMeC apaMIIen-
Tepre kaTajabl. A3KbULIABIK apaMIIeNnTepiH iIIiH-
e xa3ablk apammentepain 12 typi (14,29%),
KBICTAIl KaJaThlH apammentepain 5 Typi (5,95 %),
€Ki JKbUIIABIK apaminentepaid- 8 typi (9,52 %),
Ke3IeCTi.

KemkbInabIk apaMmenTep iy inringe KiHaik
TambIpibl — 24 Typi (28,57 %), TambIpcabakThl
— 26 1yp (30,95 %), aTrmarameipiasl — 7 TYp
(8,33 %), mamak TambIipabel — 2 Typi (2,38 %)
Ke31eCTi.
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'KazaxcKkuii HAlIMOHAJIbHBIN YHUBEpCcUTET MM. anb-Dapabu, Kaszaxcran, . AMarst
Muctutyt 60tannku u putonaTpoaykimn MOH PK, KazaxcraH, I. AMaTs
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OUTOUEHOTHUYECKAS XAPAKTEPUCTUKA
COOBLUECTB INOAbIHN APAAbCKOW (ARTEMISIA ARALENSIS KRASH.)
B CEBEPHOM INPUAPAADBE

B cratbe MpeACTaBAEHbl Pe3yAbTaThl MCCAEAOBAHWMIA COOBLLECTB MOAbIHM apaAbckoi (Artemis-
ia aralensis Krasch.), npoBeaeHHbix B 2015-2016 rr. Ha 60TaHMYECKOM CTauMoHape «TepeckeHT» 1
npuaeratoutern tepputopum B CeBepHom [lpuapasbe (LLlaakapckui panoH AKTIOOMHCKOM 06AacTH).
[MoAbIHb apaabckas (Artemisia aralensis Krasch.) sBaseTcs sHAeMMUHbIM BUAOM Ka3axcTaHa. Bnepeble
onucaHa M. KpaweHuHHnkosbim no cb6opam A. by6bipsi B CeBepHom [Npuapanbe B 1908 roay, B6AM3M
KEeAe3HOA0POXKHOM cTaHumm Kapa-YokaT. DkcmkaT Braa xpaHutcsa B fepbapumn MHctutyTa 60TaHmKm
n putonnHtpoaykumm MOH PK (AA). MoAbIHb apaAbCKas IBASIETCS NACTOMUHBIM PAaCTEHUEM, COCTaB
3(PMPHbBIX MaceA MMeeT BaXkKHOE MPAKTUYECKOE 3HaYEeHNE B MEAMLIMHE.

B pesyabraTe npoBEAEHHbIX MCCAEAOBaHUI ObIAM OMMCaHbl WECTb COOOLIECTB C AOMUHAHTHOM
POABIO TOAbIHM apaAbCKoM. Mccaea0BaHUS COOOLIECTB MOATBEPAUAM MPUYPOUEHHOCTb BUAQ K CYXMM
pyCAaM BPEMEHHbIX BOAOTOKOB M 3PO3MOHHbIM (hopMam peAbeda. bbiAo BbISIBAEHO, UTO B COCTaBe
U3YyUeHHbIX COOOLLECTB NPOU3PaCcTaloT 57 BUAOB COCYAMCTbIX PACTEHUIA, CPEAM KOTOPbIX MPeo6AaAaloT
TPABSIHUCTbIE MHOTOAETHUKM M OAHOAETHMKM. XapakTepHbIM BUAOM B aPAaAbCKOMOAbIHHbIX COO6LLIECTBAX
SBASIETCS MSAITAMK AYKOBMUHbIN (Poa bulbosa). Bnepeble nprBoasTCS onmcaHusi apaAbCKOMOAbIHHUKOB,
CAEAQHO MPEANOAOXKEHME, YTO apear AOMUHMPOBaHMS B1AA orpaHnyeH CeBepHbiM [Nprapasbem.

KAtoueBbie caoBa: Artemisia aralensis, BuaoBo coctas, aHAem, CeBepHoe Npuapanbe, coobuiecTsa.

Salmukhanbetova Z.K."", Dimeyeva L.A.?, Sultanova B.M.?

Al-Farabi Kazakh National University, Kazakhstan, Almaty
2CS MES RK RSE “Institute of Botany and Phytointroduction”, Kazakhstan, Almaty
“e-mail: zhuldyz.kanatkyzy@mail.ru

Phytocenological characteristic of Artemisia aralensis
Krash. communities in the North Aral Sea region

The article presents theresults of study of Artemisia aralensis Krasch. plant communities in the terri-
tory of the botanical station “Tereskent” and the adjacent area in the Northern Aral Sea region (Shalkar
district of Aktobe region) in 2015-2016.

Artemisia aralensis Krasch. is an endemic species of Kazakhstan. It was first described by I. Krashen-
innikov on collections of L. Bubyr in 1908, in gravelly-clayey hills near the railway station Kara-Chokat
(Aktobe region, Shalkar district). Exicat (a herbarium specimen) of Artemisia aralensis is stored in the
Herbarium of the Institute of Botany and Phytointroduction of the MES RK (AA). The plant has a clear
lemon scent. The life form is a semi-shrub of 30-50 cm high. Its stems are strongly and highly arboreal,
covered with reddish-brown bark, they form a small turf. Root is woody, thick. It grows in a desert zone
on clayey and sandy loam solonetzic soils, in dry riverbeds of temporary watercourses and on the var-
iegated outcrops. This species is one of the natural forage resources of the pastures of the Northern Aral
Sea, and the composition of its essential oils has great practical importance in medicine.

As a result of the studies, six communities with the dominant role of Artemisia aralensis were de-
scribed. It was determined that there are 57 species of vascular plants in composition of investigated
plant communities: herbaceous perennial and annual species prevail. Poa bulbosa is a typical species in
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®duTOonEHOTHYECKAsT XapaKTEePHCTHKA COOOIECTB MOJIBIHU apasbCKolt (Artemisia aralensis Krash.) B CeBeprHom IIpuapanse

Artemisia aralensis communities. The study of the aral-sagebrush communities confirmed that the spe-
cies is confined to the dry beds of temporary watercourses and erosion forms of relief. The assumption is
made that the area of dominance of the species is confined to the Northern Aral region.

Key words: Artemisia aralensis, species composition, endemic, the North Aral Sea region, plant
community.
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CoATycTik ApaA MaHbIHAAFbI apaA XkycaHbl (Artemisia aralensis Krash.)
KaybIMAACTbIKTapbiHbIH, (DUTOLLEHO3ADBIK, CUIIATTaMaChl

Makanapa CoaTycTik Apaa MaHbiHAAFbl (AKTeOe 06AbICbIHbIH LLlaAkap ayaaHbl) «TepickeHT»
6GOTaHMKAABIK, CTALMOHAPbI XKoHe OFaH ipreaec aymakrarbl 2015-2016 >OK. >KYPri3iAreH apaa >ycaHbl
(Artemisia aralensis Krasch.) KaybIMAQCTbIFbIH 3epTTey XKYMbICTapbIHbIH HOTUXKEAEPI KEeATIpIAreH. Apaa
>kycaHbl (Artemisia aralensis Krasch.) KasakcTaHHbiH 3HAEMAI Typi 60AbIn TabbiAaabl. OHbl aAFall
pet CoaTycTik Apaa maHpiHAarbl, Kapa LLlokat temip >kon GekeTiHe akblH aymakTasbl A. by6bipb
>KMHakTayAapbl 6onbiHwa 1908 xbiAbl M. KpaleHMHHMKOB cunaTTarad 6oAaTbiH. TypaiH akcukaTbl KP
bfM BboTaHuka >keHe UTOMHTPOAYKLIMS MHCTUTYThIHbIH [epbapuiHae (AA) cakTaAFaH. ApaA XKycCaHbl
SKAMbIABIMABIK, ©CIMAIK Typi GOAbIN TabblAaAbl, COHbIMEH KATap OHbIH 3OMP MarAAPbIHbIH KYPaMbIHbIH,
MEAMLIMHAAQA TOXIPUOEAIK MaHbI3bl KOFapbl.

3epTTey >KYMbICTApbIHbIH HOTMXECIHAE apaA >KyCaHbl AOMMHAHTTbl POA aTKapaTblH aAThbl
KQYbIMAACTbIK, CMMATTaAAbl. ApPaA >KyCaHbl KaybIMAQCTbIFbIH 3epTTey >KYMbICTapbl OYA TYpAIH
YaKbITLIA aFbIH CyAQPAbIH KYPFaK, apHaAapblHa >kaHe ep 6eaepiHiH, 3p03usiAbIK, (hopmasapbiHa Geitim
EKEHAIMH ADAEAAEAI. 3EPTTEATEH KAybIMAACTBIKTAPAbIH, KYPaMbIHAQ KOMXKbIAADIK, XOHE BGip>KbIAABIK,
wenTeciHaepi  6acbiM  TYTIKTI  ©CIMAIKTEPAIH 57 Typi eceTiHi aHbIKTaAAbl. ApaA >KyCaHblHbIH
KaybIMAACTbIKTapbiHa 6aaaHaAbl KoHbIp6ac (Poa bulbosa) Typi ToH. MakaAaaa aaFall peT apaa >ycaHbl
KAYbIMAQCTbIKTApPbIHbIH, CMMATTamMachl KeATIPIAreH, TYPAIH AOMMHAHTTbIAbIK, apeaAbl COATYCTiK Apaa
MaHbIMEH LLIEKTEATeH AereH HOAXKaM XKaACAAAbI.

Tyiiin cesaep: Artemisia aralensis, Typaik kKypam, aHaem, COATYCTiK ApaA MaHbl, KaybIMAACTbIKTap.

BBenenue

[TonblHU UTPAIOT UCKIIOUUTEIHLHO BAKHYIO
pOJIb B MYCTHIHHON W CTEMHOW 30HaX B KauecTBE
€CTECTBEHHOTO KOPMOBOTO pecypca Ha OCEHHUX
u 3uMHux nacroumax (Co6ones JI.LH., 1986: 155;
Kypouxuna JI.A., 1986: 174). B Kazaxcrane k kop-
MOBBIM PACTEHHUSIM OTHOCHTCSI TOYTH TIOJHOCTHIO
noapon Seriphidium. 1 ogHUM W3 Ba)KHBIX JHJIC-
MUYHBIX BHJOB Tmojapona Seriphidium sBnsercs
MOJIbIHD apaibekast (Artemisia aralensis Krasch.).
Pacrenue ¢ sIBHBIM JIMMOHHEIM 3amaxoMm. JKu3HeH-
Has (opma — nonykyctapHuk, 30-50 cM BBICOTOIA.
Crebmu ero CWJIbHO M BBICOKO JIPEBECHEIOIIHE,
MOKPBITHIE KPACHOBATO-OypOil KOPOW, BBIXOIAT C
OOJIBIINM KOJMYECTBOM OECIIIOAHBIX IT00Er0B, OHU
obpasyroT HeOOIBITYI0 NepHOBHHY. KopeHb aepe-
BSIHUCTBIH, TOJICTBIA. JIMCTBS OeCIUIONHBIX TOOETOB
Y HWKHHE CTeOJIEBbIe KOPOTKOUEPEIIKOBBIC, B 0Uep-
TaHWW TIPOJOJTOBATO-JIAHIIETHEIC, 2-3 CM IJIUHBI U
mo 1,2 cM mmmpuHbBI, B Hayaje CEpPOBATO-3CICHBIC
OT TYCTBIX MAyTUHUCTBIX BOJIOCKOB, BITOCIIEICTBUN
IIOYTH TOJIBIE, 3€JICHBIC, TYCTO-KEIIE3UCThIC, TBAXK-
Il TIEPUCTO pacceucHHble. KoHeuHble JTUCTOBBIC

IOJIBKU JTUHEHHBIC, 4-5 MM IIUHBI U | MM mupH-
HBI, PACCTaBJICHHBIE, MSICUCTHIC, KOPOTKO 3a0CTPEH-
HbIe. BepxHue npuiBeTHbIC IPOCTHIE, JINHEHHBIC He
BbLAAOLIMECS U3 MeTelaKu. Kop3uHKuU siilieBUAHO-
MIPOJIOJITOBAaThIC, 2-3 MM JUIMHBI, CHASYME WIH Ha
HOKKaX, OTCTAaBJICHHbIC WJIM YacTO TIOHWKAIOIIHE,
OWHOYHBIC WM TpymHmamu 1o 2-3, coOpaHHBIC B
PBIXJIYI0, TPOAOJITOBATO-MUPAMUIATBHYIO METEN-
Ky, ¢ OOKOBBIMH BETOYKaMH, KOCO BBEPX HaIlpaB-
JICHHBIMH, HO HE TIPIKATBIMU K cTe0uto. JIncTouxu
00BEpTKU 3€JICHBIC, HEIYCTO OMYIICHHBIC Ay THHH-
CTBIMHU BOJIOCKAMH U TYCTO-KEJIE3UCThIE, HAPyKHBIC
OKpYTJIbIEe, MEJIKHE, HAMHOTO KOpO4Ye BHYTPEHHHUX,
BHYTPECHHHE SHIEBUIHO-TIPOIONTOBATHIC WU JIAH-
LETHBIE, M0 Kparo IJIeHYaTo-OKaiiMiieHHbIe. [[BeTkn
oboerosbie, B yucie 3-4, BEHUUK TPYOUaTHIH, Kell-
Thiit. [lepuon uBereHus — aBrycr-ceHTsOpb. [1po-
M3pacTaer B IyCTHIHHON 30HE HA TJIIMHUCTHIX U CY-
MEeCYaHbIX COJIOHIIEBATHIX MOYBAX, B CYyXHX pyciax
BPEMEHHBIX BOJIOTOKOB, Ha IMECTPOIBETHBIX OOHA-
skerusx (Gunarosa H.C., 1966: 111).

B I'epbapun MucTHTyTa O0TAaHWUKA W (DUTOWH-
tpoaykumn MOH PK (AA) nHaxomstcsi oOpasisl
MOJIBIHY apalibCKoi, coOpanubie B CeB. [lpuapanse
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(14 pnopuctuueckuii paiion), 3an. MEIKOCOOYHH-
ke (10), Typraiickom ¢uopuctudeckom paiione (9)
u Myromxkapax (7a). DKCUKaT BHJA, XpaHAIIMNACS
B ['epbapun, natupyercs 26.09.1908 r. (Ces. [Ipu-
apaibe, BOmu3m x/1 cranin Kapa-Yoxat, KoJurek-
top JI. ByObips) (pucyHok 1).

exte e, dorso
meaclatae, dorso viredosutes,
jodorm.

. sublessingiana (61l L. Krasch.
valdo lignescontibus, pani-
m lobulis brevioribué, latio-

ribus, planiuscalis, glands c.
Ouucanuss wame opus pacupocTpaue
ofiars wm0 b cyXmE pyeTax
10 o8 ofi = ob T Py poaisd =
{or Typras zo 3al ‘mpeuuymecTveNEO Ma taMCRmCTICX NeoTaX A .n-.
lessingiana (Kell.) aceh, or moropofl xopomo orxmuaerca muporok
Nerearof, macto
mumuell Taorsm crebael, 60Xee ROPOTENMR IWCTLINE, © Goaee ROPOTIIIE,
SUMpOKSAH, HACCKAMI FOIMKAMN O Pedio WHPARCWELNE TOTSTHEN Hoxes
‘waum, maxowen orxwaser A. aralensis TaKKe He odomh emapmuil, 7O X0OpomO
sawornul anxommal sanax, M, Kpamennuunzon o
cromn Gamy -2 OF-

o Opuspasse,
na ramEnoTE

Kasaxcxan ACCP. Ha rammmorux weorax b
Kapa-Torar. Codp. L. ByGupn—Kaazihstanis. In steppa locis argi-
Nlosis prope stationem vise forrens Kara-Chokat. Leg. L Bubyr.

1908 1X 26

Pucynoxk 1 — DKkcukar MojibsIHE apalibCKON
(Artemisia aralensis Krasch.) xpansiuiics
B I'epbapun MucTnTyTa 60TAaHUKH M (GUTOUHTPOLYKIINI
(AA)

W. KpamieHMHHUKOB MpHU OMHMCAHUU Artemisia
aralensis yxa3bpIBall Ha TO, YTO 3TOT BUJ Hamboee
0JIM30K K IOJIBIHUA JISCCUHTOBUIHOM (4. sublessin-
giana Krasch. Ex Poljakov), oT koTopoit oTnngaer-
Csl LIMPOKON PACKUAMCTON METEIKOU, MOHUKIIUMHU
KOp3UHKAMH, CUJIbHO OJIDEBECHEION HWXKHEW ya-
cTbio crebneil. [lo murepaTypHBIM CBEICHHSAM MO-
JIBIHB apajbCcKas BCTpeuaeTcsi B MycThiHe bermak-
nmana (Kyb6anckas 3.B., 1956: 211), 3amoBegauke
Bapcakensmec (Kysunenos JI.A., 1995: 108), Ha ce-
BEpO-3aMaJIHOM TT00epexbe Apanbckoro Mopst (u-
MeeBa JILA., 2004: 25).

W3BecTHO, YTO pacTeHUs! pojia MOJIBIHU COAEP-
JKaT B CBOEM COCTABE TPYIIIBI OMOJIOTHUCCKU aKTHB-
HBIX COCJIMHEHUH, 00Jafarone MIMPOKUM CIICK-
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TpoM (apMaKOIOTHUECKOH aKTUBHOCTH, & UMEHHO
oHn Ooratsl >¢upHBIME Maciamu. M.U. TopsieB
(1952: 31) B omucaHWU TOJIBIHU apalibCKOU B CBO-
eit kaure «¢upHslie Macia diaopsr CCCP» oTme-
YaeT, YTO cocTaB 3(PUPHBIX Macesl 3TOro BUIA HE
uccleoBaH. BriepBble METOIOM ra30BOi XpoMaTo-
Macc-CIIEKTPOMETPHUH OBLIT ONpeiesieH XUMHYECKUN
coctaB 3(hupHBIX Macen Artemisia aralensis co-
TPYAHUKAMH MEXJTyHAPOJAHOTO HAyYHO-TIPOU3BOJ-
ctBeHHoro xonaunara «@uroxumus» (I'epunr A.B.,
2016: 16). UccnemoBanne MpoBOIOCH /IS TOMCKA
MOTEHIIHATBHBIX UCTOYHUKOB MOHO- U CECKBHTEP-
neHou10B. [y moxydeHust 3QUpHBIX Macen Obun
HCIOJIb30BaHbl HA3€MHbIE YacTu (LIBETOYHbIE KOP-
3WHKH, OyTOHBI, JIUCThSI) pacTeHHWd, COOpaHHBIC B
€CTECTBEHHBIX MecTax Mpou3pacTanus B paze OyTo-
Hu3anuu (o gopore Llankap-Apan, AKTIOOWHCKOM
oOsactu Pecriyonuku Kazaxcran, urons 2014 roga).
Brixon a¢pupnoro macna cocrasun 0,03%. beiio
OIIPEIEIICHO, YTO JIByMsS OCHOBHBIMU KOMIIOHEHTa-
MH XUMHUYECKOTO COCTaBa d(PUPHOIO Macia IOJIbI-
HU apaJIbCKON SIBJISIIOTCS TpaHc-repannon (20,84%)
n 83-kapen (19,02%). B pesynbrare cKpuHUHra
9(QUPHBIX Macel IOJILIHK apajbCKOH Ha aHTUMH-
KpOOHYIO aKTUBHOCTb YCTaHOBJICHO, YTO JaHHBIN
o0pasel] NPEeACTaBIsSeT YMEPEHHO-BBIPAKCHHYIO
AHTUOAKTEPHAIBHYIO aKTHBHOCTh B OTHOLICHUHU
IPaMIIOJIOKUTEIBHBIX TECT-IITaMMOB. B cBszu ¢
BbIILIECKA3aHHBIM HCCIICIOBAHNE PACIPOCTPAHEHHUS
1 OMONIOTHYECKHX OCOOCHHOCTEH MOJBIHEH HUMeeT
BaXHOE [TPAKTUYECKOE 3HAUCHUE.

Ha craunonape «TepeckeHT» apalibCKOIO-
JBIHHUKH TOJYYHWIM OTPaXCHHWE Ha KpYIHOMAC-
mrabHoi kapte pactutrensHoctd (M 1:2000) wactu
TPETUYHOTO OCTaHIa (YMHKa) ANThIH-YoKyCy (B Ha-
crosmiee Bpemsi AnTwiH-I1IOKBICY), cocTaBieHHON
b.A. Bunreprosnepom no pe3yiabTataM KOMILIEKC-
HBIX CTallMOHAPHBIX HccienoBannii B 1964-1966 rr.
(BbrikoB B.A., 1968: 102).

Ha ¢parmente reoboTaHHYECKOH KapThl IOTO-
3amagHoro ckioHa AnTeiH-Uokycy b.A. Buntep-
rojulep ykaszajd 5 IMpOLIEHO30B apabCKOMOIBIHHU-
KOB!

1 — KOKIIEKOBO-apaJIbCKOIOJIBIHHBIE ITPOLICHO3bI
(A. aralensis, Atriplex cana);

2 — JOMKOKOJOCHHKOBO-KOKIIEKOBO-apaibCKO-
TIOJIBIHHEIE TIPOIIEHO3HI (4. aralensis, Atriplex cana,
Psathyrostachys lanuginosa);

3 — KypuyaBKOBO-JIOMKOKOJIOCHHKOBO-apajb-
CKOTIOJIBIHHBIE TIPONIEHO3bI (4. aralensis, Psathyro-
stachys lanuginosa, Atraphaxis spinosa);

4 — BOJIOCHEIIOBO-KOKIIEKOBO-apPaIbCKOOJIBIH-
HBIE IPOTICHO3HI (A. aralensis, Atriplex cana, Psath-
yrostachys lanuginosa, Leymus angustus);
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5 — JIOMKOKOJIOCHUKOBO-apallbCKOTIOJIBIHHBIC
npotieHo3bl (A. aralensis, Psathyrostachys lanugi-
nosa,).

TepMuH TpoIIeHO3 OBUT UCHOJIB30BAH YIS I10-
Ka3a HeC(OPMUPOBAHHOCTH PACTHTEILHBIX TPYII-
MUPOBOK, HECTAOWILHOCTA  (DUTOLICHOTHYECKOM
cpensl u ¢opuctuyeckoro coctaBa (beikoB B.A.,
1978:254).

Bbu10 Takke 0TMEUEHO, YTO IMOJIbIHD apaJibCKast
(Artemisia aralensis) y4acTByeT B CIIOKCHUHU CO-
o0rmiecTB, KOTOpble (OPMUPYIOTCS Ha CKIOHAX W
PaBHUHHOHN TOJCOTIOYHOM YacCTH OCTaHIa AJITHIH-
Ioxeicy.

Lenb paboThl — u3yueHue (HPUTOMEHOTHIECKOTO
pa3Ho00pa3ust U COBPEMEHHOI'O COCTOSHUS apalib-
CKOMOJIBIHHBIX coobtiecTB CeBepHoro [Ipuapanbsi.

MaTepHaJ’[bl U METOAbI UCCJICTOBAHUA

Hccnenosanuss mnpoBoawinch Ha Ilpuapaiib-
ckoM cranuonape «Tepeckent» MHctuTyTa OoTa-
nukd 1 ¢utonntpoaykuun MOH PK B Hlankap-
CKOM paifoHe AKTIOOMHCKON 00J1acTH, HEAAIEKO OT
x/n craniu Llokeicy. OObeKTaMHU UCCIIECIOBAHUS
ObUTH COOOIIECTBA C JIOMUHHPOBAHHEM MOJBIHU
apalbCcKoi (Artemisia aralensis), IpOU3paCTAIOIITHE
Ha CTallMOHape U mpuiierarouieil reppuropun. Mc-
CJIEJIOBAHUS TIPOBOJIMIINCH B KOHIIE TPEThEH JIEKa bl
Mas U B Havyaie urons 2015-2016 rr.

[IpumeHnsutuch  OOIIENPHUHSATEIE Teo00TaHNYe-
ckue meronel (beikoB B.A., 1978: 120; bepnsaT
AM., 1997: 41). Ha npoOHBIX IIIOMaAKaxX pa3Me-
pom 100 ™m? MPOBOAMINCE JeTaNbHBIE Te0OOTaHH-
YEeCKUE ONMUCAHUS PacTHTENBHBIX coobuiecTB. GPS-
HaBuratopoM («Garmin Etrex Touch 30», TaiiBanb)
OIIPE/ICISUINCH KOOPIUHATHI, a0COJIOTHAsI BBICOTA.
Onwcanue pacTUTEILHOCTH MPOU3BOJIMIIOCH Ha CIie-
IUABHBIX Te000TaHMYECKNX OJIaHKaX, B KOTOpBIE
6I)IJII/I 3aHCCCHBI OCHOBHBIC JaHHBIC O PACTUTCIBHBIX
cooOmiecTBax (reorpauueckoe MOJ0KEHUE, KOOp-
JIUHATHI, peabed, TOUYBBI, (PIOPUCTHUCCKUN COCTaB,
JUTSE KaXKI0TO BHa obuiue mo mkane [dpyme u ap.).
[lxana pyne umeeT ciueayrolye rpajalyu: Soc
(socialis — «OOWMIILHO», PACTCHHUS CMBIKAIOTCS CBO-
MMHU HAJ3€MHBIMU YacTsMH, 00pa3ysl YUCTyIO 3a-
pOCIIB); COp, (COPiOSUS) — «OYEHb MHOT0)» — PACTEHHUSI
OYEHb OOWJIBHBI, OHH SBIISIOTCS (POHOBBIMH; COP, —
«MHOTO» — pacTEHUsI TIONAIAI0TCS YacTo, UX MHOTO,
OHH Pa3OpOCaHbI; COP, — «JIOBOJIBLHO MHOTO», pacTe-
HUS BCTPEYAIOTCS OOMIIBHO, M3PE/IKa, PACCESHHO; SP
(sparsus) — «Majo», pacTeHHUs] BCTPEUAIOTCS BEChMa
penko, B HEOOMBIINX KoaudecTBax; sol (solitarus) —
«EIMHUYHOY, PACTEHUH OYEHBb MaJio, BCEro HECKOITh-
KO 9K3eMIUIIPOB Ha MPOOHYIO IUIOINA/Ib; un (unicum)

— «eMHCTBEHHBIN K3eMIuIAp». COop repbapus mpo-
BOJIMJICS TIPW OITUCAHUM PACTUTEIHHBIX COOOIIECTB.
OmnpeneneHne HE3HAKOMBIX BHJOB PACTEHHH OCY-
HIECTBIBUIOCH MTPU KaMepalbHON 00paboTKe coOpaH-
HOT'O MaTepualia ¢ UCTIoNb30BaHueM «Mmmoctpupo-
BaHHOTO OmpenenuTens pactennii Kazaxcrana» B 2
tomax (1969 ) u «Pnopsr Kazaxcrana» B 9 Tomax
(mox pemakuwmeti [1aos H.B.).

Pe3yJIbTaT]>I HCCJICJOBAHUA U UX oﬁcymelme

HccnenoBanus  pacmpoCTpaHEHHs]  IMOJIBIHU
apanbCcKoil, mposeaeHHble B 2015-2016 rr. Ha Tep-
putopun craunoHapa «TepeckeHT» W Ipuieraro-
el TeppuTOpUH, MOATBEPAMIN MPUYPOUEHHOCTD
BUAAa K CyXUM pycllaM BPEMEHHBIX BOJOTOKOB U
9PO3NOHHBIM QopMaM penbeda (PUCYHOK 2).

Pucynoxk 2 — CooOuiecTBO MOJIBIHU apaIbCKON
(Artemisia aralensis) y nogHoXbst YnHKa AnTeIH-11I0KBICY
(ormcanue Ned)

Bbumn onrcaHsl mecTb COOONIECTB ¢ JOMHUHAHT-
HOW POJIbIO TIOJIBIHU apaibCKO (PUCYHOK 3, TaOmH-
ma ).

Ornucanne Nel — mMexyBayucTasi JIO)KOUHa, H3-
ruOucTOoe pyCio BOAOTOKA, TIIyOMHa pycia 55-
56 cm. Koopauaater: N 47°17°16.8», E 61°00°37.4»,
BbicoTa 184 M Hax yp. M. (2016 1.).

Omnucanne Ne2 — mupokast MeXyBalIuCcTas JT0XK-
ouna. Koopaumarer: N 47°17°16.3», E 61°00°38.9»,
186 M Hax yp. m. (2016 1.).

Onucanne Ne3 — 3poaupoOBaHHBIN CKIIOH, CY-
xoe pycio Bomoroka. Koopmunarer: N 47°16.851°,
E 61°00.821°, BeicoTal 89 M Hazg yp. M. (2016 1.).

Ommcanane Ned — mogHOXKBE YWHKA AJTBIH-
lllokpicy, mupokass JoxxkOuwHa. KoopawHATHI:
N 47°17.100°, E 61°00.293°, Boicora 177 M Hap
yp. M. (2015 1.).
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Omnwucanne NeS —y Gepera BpeMEHHOTO BOIOEMa
B ypounmie Anaiirak. Koopaunater: N 47°22°02.5»,
E 60°55°51.0», BeicoTta 195 M Hag yp. M. (2016 1.).

Onwucanne Ne6 — ciaGoBOMHHCTAsl MPEIYUH-
koBas pasHmHa. Koopmumater: N 47°14°35.4y,
E 61°04°22.8», Beicota 112 M Hazg yp. M. (2016 1.).

Ananu3 tabmuisl 1 mokasai, 4To BUIOBOE pas-
HOOOpa3ne apaibCKOITOIBIHHBIX COOOIIECTB Ciiara-
10T 57 BUJIOB COCYJUCTBIX PACTEHUH, OJIUH U3 HUX
— IYCTBIHHBIM MOX TOPTYJa. B cocTaBe )KU3HEHHBIX
(hopMm TpeoOIaTaIOT TPABIHUCTHIC MHOTOJICTHHKH
(29 BumoB, cpeau kotopeix 14 — ademepounpl) u
onHosetHUkH (17 Bumos, 11 u3 HUX — 3heMepsr).
Kycrapuuku npeacraBnensl 3 BuAamu, MNOIYKY-
CTapHUKHU U MOIYKYCTaAPHUUKH — 8 BUJIaMHU.

Ha npoOHBIX 1UI0IIaKax B pa3HbIX MECTOOOU-
TaHUSX 3aperucTpupoBaHo ot 9 ;1o 30 BUI0B pacre-
Huit. Hanbonee gprnoprcTiuecky HACBIIICHBI ITHPO-
KHE JIO)KOUHBI Y ITOTHOKbsI YnHKa ANThIH-1I0KBICY.
3nmeck co3maroTcsl Hanbosee OIaronpusTHBIE yCIo-
BUSI B BECEHHHH TIEPHO/I AJISl IPOU3PACTAHHUS PaCTe-
HUH 3demepoBoro nukia: 11 apemeponnos (Pran-
gos odontalgica, Carex pachystylis, Ranunculus
platyspermus, Rheum tataricum, Rhinopetalum
karelinii, Eremurus inderiensis, Gagea reticulata,
Poa bulbosa, Tulipa buhseana, Geranium
transversale), 7 ademepoB (Alyssum turkestanicum,
Filago arvensis, Lappula semiglabra, Lepidium
perfoliatum, L. ruderalis, Spergularia diandra, Di-
arthron vesiculosum) n nycteinaoro mxa (Tortula
desertorum,).

XapakTepHbIM BHJOM B apalbCKOMOIBIHHBIX
coolmiecTBax SIBJISAETCS MATIMK  JTYKOBHYHBIN
(Poa bulbosa), xoTopbIii OTMEYEH B 5 W3 6 OmH-
cannii. Ilmxma TeIcsaenucTHUKOBas (7Tanacetum

achilleifolium) npencraBneHa B Ooxee, yem 60%
OIHMCaHUH, C MEHBIIIUM TTOCTOSTHCTBOM (B 50% omu-
caHuii) BCcTpevaercs outopryH (Anabasis salsa), Bo-
nocuen (Leymus angustus), Tonbnan byse (Tulipa
buhseana).

]
YcnoBHbie o6o3HaveHnA f

@  apanscKononsiMKMKA

[ craumonap <Topscronn,
] oy

- en

Pucynok 3 — MectoHaxoxIeHHE COOOIIECTB MOIBIHA
apanbckolt (Artemisia aralensis) Ha cTalOHApe
«TepeckeHT» 1 mpusIerarouie TeppUTOprUn

Taéauua 1 — BuoBoii cocTaB apaibCKOMOIBIHHBIX CO001IeCTB (Artemisieta aralensis) (2015-2016 rr.)

1 2 3 4 5 6
Ne 1 ront onrcanust
2016 2015 2016 .
Buisl Oowuue 1o pyne
Kycrapauku
Atraphaxis spinosa sol - sol - - -
Spiraea hypericifolia sol - - - -
Caragana balchaschensis - - sol-sp - - -

[MomykycTapHUKH 1 TOTyKyCTapHUIKH

Krascheninnikovia ceratoides - sol - - - -

Anabasis aphylla - - - sol - -
Anabasis salsa - - - sol sol sol
Artemisia aralensis sp-cop, cop, , cop, cop, sp-cop, cop,

ISSN 1563-0218

Experimental Biology. Ne2 (71). 2017 17



®duTOonEHOTHYECKAsT XapaKTEePHCTHKA COOOIECTB MOJIBIHU apasbCKolt (Artemisia aralensis Krash.) B CeBeprHom IIpuapanse

Ipooonacenue mabauywr 1

Ne u ron onucanus ! 2 & ! > 6
2016 . 2015 2016 .
Bunst Ob6unue o [pyne
Artemisia terrae-albae - - - sol - sol
Artemisia schrenkiana - - - sol - -
Kochia prostrata - - - sol - -
Limonium suffruticosum - - - - - un-sol
JUIMTENBHO BETCTUPYIOLINE MHOTOIICTHHE TPABbI
Artemisa austriaca - sp-cop, - - - -
Turaniphytum eranthemum - sol - - - -
Aeluropus littoralis - - - - sol -
Agropyron desertorum - sol - sol - -
Stipa lessingiana - - sol-sp - -
Stipa sareptana - - sol-sp - -
Tanacetum achilleifolium - sol sp sol - sol
Glaux maritima - - - sol -
Leymus angustus sp sp sp-cop, - - -
Leontice incerta - - - sp - -
Psathyrostachys lanuginosa sol - sol-sp - - -
Gypsophila perfoliata - - sol - - sol
Galium ruthenicum - sp - - - -
Glycyrrhiza aspera - sol - - - -
KopoTko BereTHpyoIie MHOTOJIETHHE TPaBbl (3heMepoun ibl)
Prangos odontalgica - - - sol - -
Carex pachystylis - - - sol-sp - -
Catabrosella humilis - - - sol - sol
Ranunculus platyspermus - - - sol - -
Rheum tataricum - sol - sol - -
Rhinopetalum karelinii - - - sol - -
Allium inderiense sol - sol - - -
Asparagus breslerianus - - sp - - -
Eremurus inderiensis - - - sol - -
Gagea reticulata - - - sol - -
Poa bulbosa - cop, sp cop, sp-cop, sol
Tulipa buhseana sol sol - sp - -
Geranium transversale - - - sol - -
Centaurea arenaria sp sol - - - -
JIIMTENBHO BEreTUPYIOLINE OHOJICTHUKA
Bassia sedoides - - - - sol -
Londesia eriantha - - - - - un-sol
Rumex marschallianus - - - - sp -
Filago piramidata - - - - sp-cop, -
Glaux maritima - - - - sol -
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Canmyxanb6erosa JXK.K. n 1p.

Ipooonocenue mabauywr 1

1 | 2 | 3 4 5 | 6
Ne v rox onucanus
2016 1. 2015 . 2016t
Bunpt Obunue o [pyne
Polygonum acetosum - | - | - | sp sol | -

KopoTko BereTupyroiye oqHoIeTHIKN (3demepbr)

Alyssum turkestanicum - - - sp - -
Eremopyrum orientale sol - - - - -
Filago arvensis - - - sp (COPI) - -
Heterocaryum rigidum - - - - - -
Lappula semiglabra Sp - - sp - -
Lepidium perfoliatum - - - sol - un-sol
Lepidium ruderalis - - sol sol - -
Spergularia diandra - - - sp-cop, - -
Tauscheria lasiocarpa sol - - - - -
Descurainia sophia - sol-sp - - - -
Diarthron vesiculosum - - - sol - -
Mxu
Tortula desertorum - - - sp (cop,) - -
Oo01miee MPOCKTUBHOE MOKPBITHE 60-70 90-100 60 60 80 40-50
(*%0)
Yucno BugoB: 57 10 16 11 30 9 10

B npenenax u3ydyeHHOW TEpPUTOPUU TOJIBIHD
apajibCKasi C HeBBICOKUM OOMIIUEM BXOJIUT B COCTAB
cnupeitnukoB (Spiraea hypericifolia) no monorum
OanmkaM; OTMEYeHa B >KHTHSKOBO-TYJIHTEMHEBBIX
(Hulthemia persica, Agropyron desertorum) coo0-
uiecTBax B BepxHeil yactu unHka AnteiH-11lokbicy
1 B OJIHOJIETHECOJISIHKOBBIX (Petrosimonia brachia-
ta, Climacoptera aralensis) coo0IecTBax 1Mo BOJI0-
TOKaM Ha COJIOHYAKaX OCTATOYHBIX B HU)KHEH YacTH
yuHka. Ha mpeaunHKoBOM paBHUHE apajbCKOIOo-
JILIHHUKU 00Pa3yIOT KOMIUICKCHI ¢ OUIOPTYHHHKAMHU
(ormucanme Ne6), Thae pacmojararoTcs MO MHUKPO-
MTOHIDKEHHSIM, @ TaKXKe BXOJAT B COCTaB MSITIIHKO-
BO-KepMEKOBBIX (Limonium otolepis, Poa bulbosa)
MHUKPOIIEHO30B B OMIOPTYHOBBIX COOOIIIECTBAX.

3akjaouenne

UccnenoBanus  pacrnpoCTpaHEHHUs]  IOJIBIHU
apanbCKOW B Tpezenax OOTaHWYECKOI'O CTaIHO-
Hapa «TepeckeHT» M mpuUieraroimeil TeppUTOpun
MOKa3aJIM, YTO MECTOOOUTAHUS ITOr0 SHACMHUYHO-
ro BHJIa MPUYPOUYEHBI K CKJIOHAM YHMHKA AJITHIH-
oxsicy, coobuiecTBa HOPMUPYIOTCS MO pyciiaMm

ISSN 1563-0218

BPEMEHHBIX BOJIOTOKOB, ITUPOKUM MEXKYBAITHUCTHIM
noxOunam. OmnucaHus  apaiabCKOIOJBIHHUKOB
MIPUBOJISITCS BIIEPBBIE, 110 BCE BHIUMOCTH, apea
JTOMHUHHUPOBaHUs BUAa orpanndeH Cesepueim [1pu-
apanbeM. B apyrux dnopuctuyeckux paiioHax mo-
JBIHB apalibCKasi, BEPOSTHEE BCEr0, COOOIIECTB HE
obOpa3yeT. B cocTaBe M3yUYeHHBIX COOOIIECTB TPO-
u3pacrarotr 57 BUJIOB COCYAUCTBIX PACTEHUH, Cpe-
1 KOTOPBIX MPeo0sajaloT TPaBSHUCThIE MHOTO-
JETHUKA W OJHOJETHHKH. XapaKTePHBIM BUIOM
B apaibCKOIOJBIHHBIX COOOIIECTBAX SBISIETCS
MSATIUK TyKOBUYHBIN (Poa bulbosa). JlanbHelime
HCCIIe0BAaHNUS HEOOXOAUMBI HE TOJIBKO I yTOU-
HEHUs (PUTOIICHOTUYCCKOM XapaKTePUCTUKH U pac-
MIPOCTPAHEHUS 3TOTO0 UHTEPECHOTO PEJIKOro JHJe-
MHYHOTO BHUJA, HO W BBISBICHHS OCOOEHHOCTEH
HAKOIUICHUS! 3(QUPHBIX Macels AJisi UCTONIb30BaHUs
B MEJIUIIHE.

Hacrosamas pabota BBITONHSTACE B pamMKax
mpoekTa rpanroBoro ¢unancupoBanus MOH PK:
«YcroitunBoe (PyHKIIMOHUPOBAHUE U BO3ZMOKHOCTHU
peadbmmTanuu 30HATBHBIX dKOCHUCTeM CeBEpHOTO
[Ipuapainbs B yCIOBHSIX COBPEMEHHOTO 3€MJICTIONb-
3oBaHus» (2015-2017 rr.).
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®duTOonEHOTHYECKAsT XapaKTEePHCTHKA COOOIECTB MOJIBIHU apasbCKolt (Artemisia aralensis Krash.) B CeBeprHom IIpuapanse
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THE FEEDING HABITS OF BREAM (ABRAMIS BRAMA L.) AND
ROACH (RUTILUS RUTILUS CASPICUS OAK.)
IN THE NORTHERN PART OF THE CASPIAN SEA

The research is devoted to definition of degree of feeding provision of the different-sized bream and
roach groups, and to identification of their trophic relations in the Northern part of the Caspian Sea. The
material for food research of 2 fish species has been collected during Caspian survey, in autumn, 2016.
In total 32 digestive tracts of fish are analyzed for studying of food structure. It is established that feeding
of bream and roach consists of the main and numerous small organisms of a microbenthos a foraminifer
(Foraminifera) and the ostracods (Ostracoda). It has been established that character of feeding of bream
and roach depended on structure and availability of fodder organisms on the particular site of the sea.
So in a square 21 breams ate generally chironomid larva which left 88,29 % of mass of all food, and
the index of nourishness was equal — 93,01 % __ that is rather high rate. In other areas the main food of
bream is presented by worms (Vermes), cancroid (Crustacea) and mollusks. It has been established that
food of roach was characterized only on one square by primary consumption of mollusks (Mollusca), and
generally qualitative structure of food of roach of other areas was made by worms (Vermes) and cancroid
(Crustacea). Comparison of indicators of the general index of filling of intestines at fish only from the 72nd
square, has shown that roach has made 72,05 %_,, and bream only 40,13 % _ . Estimating degree of food
similarity it is possible to tell that a variety of a food supply and a diet of fish, in the explored site of the
sea, smoothes tension of the food relations.

Key words: North Caspian, bream, roach, food, food relations, food organisms.
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Kacnuit Tenisinin, CoATycTik 6eairiHaeri TbipaH (Abramis brama L.)
meH TopTa (Rutilus rutilus caspicus Oak.) 6aAbiKTapbiHbIH, KOPEKTEHY epeKLUeAiKTepi

JKyMbIC ThipaH xaHe TopTa 6aAbIKTapbIHbIH TYPAI OALIEMAETT TONTapbiHbIH KOPEKNEH KaMTamachi3
eTiAy Adpexkeci meH Kacnuin TeHisiHiH COATYCTIK GOAiriHAeri TPOUKAABIK, apakaTbIHACTbI aHbIKTAYyFa
GarbllTaAFaH. ATaAMbILW eKi TYPAiH KOPeKTeHYiH 3epTTeyre apHaAraH mMateprassap 2016 >KbIAAbIH KY3
mesriaiHae bykiakacnuiiaik ayaay kesiHae aabiHFaH. Kopek KypamblH aHbIKTay MaKcaTbiHAQ GapAblFbl 32
6aAbIKTbIH aCKOPbITY XOAbIHA TAAAQY XKYPri3iAai. TbipaH MEH TOPTA KOPEeri MMKPOBGEHTOCTa KeH TapaAFaH
yCakK, XaHAiIKTepaeH: dopammHmndepanap (Foraminifera) meH 6akaawakTtbl wasHaapaaH (Ostracoda)
TYPaTbIHAbIFbl @HbIKTAAAbI. ThipaH MEH TOPTaHbIH KOPEKTEHY CUMATbl TEHI3AIH GeAriAi 6ip yyacTorbiHAQ
JKEMAIK OPraHM3MAEPAIH KOA >KETIMAIAINT MeH OAapAblH KypambiHa 6aiAaHbICTbl GOAATbIHABIFbI
aHbIKTaAAbl. Mbicaabl, 21 KBappartTa TbhipaH XxupoHomuaTepaiH (Chironomidae) aepHaciaaepimer
KOPEKTEHreH, AeHe CaAMarbiHbiH 88,29 %-Abl KyparAbl, aA ileKTiH TOAY nHaekci — 93,01 % oor OyA
eTe YAKeH KepceTkill 6on ecenteaeai. backa ayaaHaarbl ThipaHHbIH, Herisri koperi KypTTap (Vermes)
MeH wasHTapisairepaeH (Crustacea), MoAAlockarapAaH (Mollusca) Typaabl. TopTaHblH KOpeKTeHyiHAE
6ip kBaapaTTa FaHa MoAAtockaaap (Mollusca) 6acbim 6OAABI, aA KaaFaHA@pPbIHAA KypTTap (Vermes) meH
wasHaap (Crustacea). llWeKTiH TOAYbIHbIH >KaAMbl MHAEKCIHIH CaAbICTbIPMachl TeK 72 KBaApaTTa FaHa
TopTaaa 72,05 %, , aA ThipaHaa xaanbl 40,13 %  kepceTTi. TaFamAbIK, YKCACTbIKTapblHbIH AEHIeMiH
CaAbICTbIPbIN aiTyFa GOAaAbl, 3epTTEAreH TeHi3 aniMarblHAAFbl GAAbIKTAPAbIH PALMOHBI MEH >Kem
6a3acblHbiH, TYPAIAIr TaFaMAbIK, KapbIM-KaTblHACTa Kap6aAacC TyFbl3aAbl.

Tyiin cesaep: CoaTyctik Kacnuii, TbipaH, TOpTa, KOPEKTEHY, KOPEKTiK 6aiAaHbIC, >KEMAIK
OpraHu3mAep.
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Ocob6enHocTu nutauua Aewwa (Abramis brama L.)
1 BoOAbI (Rutilus rutilus caspicus Oak.) B CeBepHoii yactu Kacnuiickoro mops

PaboTa nocesiieHa onpeaeAeHmio cTeneHr o6ecnedeHHOCTH MULLei pa3HOPa3MEPHbIX rPyn Aella
1 BOOAbI, 1 BbISIBAEHUIO MX TPO(PUUECKUX OTHOLLIEHMI B CeBEpHOM YacTun Kacnuinckoro mMopsi. Matepuaa
AASI UICCAEAOBAHMS NMUTaHKS 2 BUAOB Pbl6 BbiA COOpaH BO BpemMst BCEKACTIMICKONM CheMKM, oceHbto 2016
roaa. Bcero npoaHaAmsnpoBaHo 32 nuLLEBAPUTEABHOrO TpakTa pbib, AAS M3yUeHUsi CoCTaBa MULLMA.
YCTaHOBAEHO, UTO MuLLa AeLld 1 BOGAbI COCTOUT M3 OCHOBHbIX M MHOTOUMCAEHHbBIX MEAKMX OPraHM3MOB
MukpobeHToca opammundpep (Foraminifera) n pakyukosbix paukos (Ostracoda). BblA0 ycTaHOBAEHO,
UTO XapakTep MUTaHMs Aella 1 BOOAbI 3aBMCEA OT COCTaBa M AOCTYMHOCTM KOPMOBbIX OPraHM3MOB Ha
KOHKPETHOM y4yacTke Mop4. Tak, B KBaapaTte 21 Aell NMUTAACS B OCHOBHOM AMUMHKaMM XMPOHOMMA,
KOTOpble ocTaBnAM 88,29 % Macchl BCeit MULLM, a MHAEKC HAKOPMAEHHOCTM ObIA paBeH — 93,01 %0y UTO
SBASIETCS AOCTATOUYHO BbICOKMM Moka3aTeAem. B Apyrux parioHax OCHOBHas NuLLa Aella NpeACTaBAeHa
yepsamm (Vermes), pakooOpasHbimm (Crustacea) M MOAAIOCKaMM. BbIAO yCTaHOBAEHO, YTO MuUTaHMe
BOOAbI XapaKTepU30BaAOCh AWLIb HA OAHOM KBAAPATE MPEnMYLLLECTBEHHbIM NMOTPEBAEHEM MOAAIOCKOB
(Mollusca), a B OCHOBHOM KaueCTBEHHbI COCTaB MULLM BOOGAbI M3 OCTAAbHbIX PaiOHOB COCTaBUMAM
uepsu (Vermes) 1 pakoo6pasHbie (Crustacea). CpaBHeHWe nokasateAen o61ero MHAEKCa HarnoAHEeHMsl
KMLIEYHMKA Y pbi6 TOABKO M3 72 KBaapaTa, MOKasaAo, UTO y BOOAbI OH cocTaBuA 72,05 % , a 'y
Aeula Beero 40,13 % OueHnBas CTeneHb MMLIEBOrO CXOACTBA MOXHO CKasaTb, YTO pa3Hoobpasne
KOPMOBO# 6a3sbl U paLMOH pbi6, B UCCAEAYEMOM YUACTKE MOPSI, CTAQXKMBAET HAMPSXKEHHOCTb MULLEBbIX

OTHOLLIEHUIA.

KaoueBble caoBa: CesepHbit Kacrini, Aewl, BoOAQ, MUTaHME, MMLLEBbIE OTHOLLEHWS, KOPMOBbIE

OpPraHM3Mbl.

The Caspian Sea is known for the fact that there
is a small amount of types in comparison with the
regions having an exit to the open ocean — only 76
types and subspecies relating to 17 families lives.

As it is known, a northern part of the Caspian
Sea is allocated with the high efficiency. One of the
major factors causing such efficiency — intensive
impact on the mode and waters of the Northern
Caspian Sea of the Volga drain delivering a large
amount of various mineral and organic nutrients.
These substances come to the Caspian Sea in dis-
solved and suspension conditions. Used by organ-
isms they join in cycles of the trophic relations
characteristic of the Northern Caspian Sea, and
provide creation of a food supply, favorable for de-
velopment of many food fish. Between the western
and eastern parts of the Northern Caspian Sea, on
the border there is shallow water traced in the di-
rection of the islands Novinsky — the archipelago
of Seal islands. The largest depths within this shal-
low water don’t exceed 3,6-3,8 m. The western and
eastern parts of the Northern Caspian Sea on the
area are almost equal, however the main volume
of waters is concentrated in more deep-water west-
ern part (63 %), mainly within a zone with depths
of 0-5 m (59 %) and 5-10 m (25,4 %). In eastern
part the largest volumes of waters fall on areas with
depths of 0-5 m (more than 88 % of volume of wa-
ters of this part of the sea).

ISSN 1563-0218

In a quantitative sense the most part of popu-
lation is presented by Karpov (33 %), bull-calves
(28 %) and the North Caspian shads (14 %) (Iva-
nov V.P., 2008: 140). The majority of types are
autochthonic, including representatives of the
Mediterranean community (Ivanov V.P., 2000: 55).
Cyprinidae by quantity of types take the first place
as a part of the Caspian fish fauna. Fresh-water by
origin, these fish have found in the saltish Caspian
Sea favorable conditions for the development, and
their area covers, besides river reservoirs, consider-
able sea spaces. The main stock of the most valuable
food fish — roach, bream, and carp — is concentrated
in the Northern Caspian Sea. Carps breed mainly
in deltas, estuarial zones, channels and inundated
reservoirs of the Volga Rivers and the Urals. Carp
juveniles of a fall onto on growing to desalinated
sea shallow water where finds favorable fodder
conditions in desalinated highly productive zones
(Malysheva G.K., 2003: 88). From total number of
the Caspian fish only 40 types and subspecies have
trade value (Sokolskij A.F., 2002: 128).

Bream - bottom-dwelling fish. Found at depths
up to 9 m. the Greatest number of juvenile and
adult bream kept at depths up to 6 m (Krupa E.G.,
2001:121). Bream — vitofil, batched when the tem-
perature reaches 12 — 15 C. In the Kazakh sector of
the Caspian sea bream is portioned spawning. The
maximum age of bream is considered to be 20 years
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with a body length of 45 cm and weight 3 kg (1990).
In most waters it does not exceed the age of 12-15
years (Malkin E.M., 1990: 111). Bream is a typical
benthic feeder, but along with the can consume ben-
thic plants and plankton (Krupa E.G., 2001: 125).
The onset of puberty does not take place simulta-
neously and for each generation stretched to 4-5
years (Abakumov V.A., 1983: 201), the average for
the Eastern part of the Northern Caspian sea in 3-5
years (Sokolsky A.F., 2001: 131). Bream is a valu-
able trade object. Found in the North-Eastern part of
the sea much more often than most other species and
are second only roach (Sokolsky A.F., 2001: 129). Is
one of the most numerous fishes.

Roach is widespread. It forms several subspe-
cies (Malkin E.M., 1990: 104). In the water area of
the Kazakhstan part of the Caspian sea roach can
be found almost everywhere to ezogelin 10-12 %00
(Malkin E.M., 1990: 111). Breeds in rivers near the
mouth. The onset of puberty stretched for several
years and occurs in ages 2 to 5 years (Malkin E.M.,
1990: 111; Sokolsky A.F., 2001: 129), the average
for the Eastern part of the Northern Caspian sea in
3-4 years (2007). Some authors have noted that the
age limit of roach 11-12 years and age migratory
2-11 years (2008; 2011). Other authors argue that
currently in the natural habitat of fish older than 9
years are not found, and spawning migration do in-
dividuals aged 2-7 years with a predominance of the
3-5 year-old fish (Malkin E.M., 1990: 111). Roach
are omnivorous fish. In her diet find more than 40
components (Malkin E.M., 1990: 111). In the areas
of research in the water area of the Kazakhstan part
of the Caspian sea roach can be found almost every-
where. This fish is a valuable commercial object. Its
frequency of occurrence in the North-Eastern part of
the sea is much higher than other species (Sokolsky
A'F., 2001: 129).

Fodder resources in the Northern Caspian Sea,
the main region of juveniles on growing and adult
sturgeon, and also other fish semi-through passage,
will be underused because of small number of fish
herds (Zheltenkova M.V., 2001: 125). Low biomass
of a benthos is characteristic of a considerable part
of the water area of the Northern Caspian Sea. With
increase in depth biomass of animals increases in
the Northern Caspian Sea and reaches a maximum
(to 100 g/m2) in the deep-water area at a depth
over 6 meters (Polyaninova A.A., 2000: 205; Maly-
sheva G.K., 2003: 17). Value of separate types of
ground fauna in formation of the general efficiency
of a bottom of the Caspian Sea is not equivalent,
therefore, studying of security with food of fish, can
show not only nourishness of hydrobionts but also
fodder potential of sea pastures (Stepanova T.G.,
2000: 111; Ustarbekov A.K., 2002: 99; Sokolsky
A.F., 2010: 198). The purpose of this work was
the qualitative and quantitative research of food of
bream and roach from the Northern part of the Cas-
pian Sea, in autumn, 2016.

Materials and methods of a research

The water area of the Caspian Sea is broken
into trade squares which have expansion on lati-
tude of 10 miles and on the longitude of 7 miles
(figure 1). One nautical mile is equal to 1852 m.
Each square is characterized by constant geo-
graphical coordinates and for convenience of use
has constant number. When specifying the place
of sampling in the operation used above the stated
numbering of squares of the Caspian Sea. It begins
in northern part of the sea and in the direction to
the south numbers of squares increase. In the fig-
ure 1 the region of the research with specifying of
numbers of squares is provided.

Figure 1 — The schematic map Caspian sea
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In November, 2016, during the expedition, by
use of a trawl, selection of intestinal paths at 12
samples of bream with an absolute length of 235-
345 mm was made, and weighing from 107 g. to
392 g, and 20 samples of roach with an absolute
length of 175-250 mm., and weighing from 76 g, to
236 g. The morphometric analysis was carried out
by the technique offered for carp fish by Ustarbekov
(Ustarbekov A.K., 2006: 51). The food relations be-
tween fish and provision with their food were evalu-
ated by method offered by A.A. Shorygin (Shorygin
A.A., 1952: 188) and used an exponent of likeness
of composition of food of fish (SP - coefficient) and
standard quantitative and weight techniques (Ustar-
bekov A.K., 2006: 51). Systematic accessory of the
organisms found in food then organisms miscalcu-
lated, dehydrated on filter paper was defined and
were weighed on torsion weights. All probed fish
had the significant amount of soil. The relative value

of separate groups of fodder organisms in a range of

a supply was estimated on occurrence frequency (at
% of number of the eating fish in test) and on a share
of separate components in the general contents of a
food bolus (in weight %). Calculated the general in-
dexes of filling of stomachs (OIN, %o00) and a share
of fish (%) with empty stomachs.

s | g

Research results and discussion

The study of the digestive tract 12 copies of
bream (Abramis brama L.) (figure 2) it was found
that in 2 samples of breams from 21 squares had
average length equaling 374 mm, with an average
weight 320 g, Chironimidae larvae (88,29 %) were
the main component of a food bolus, and as a minor
forage served detrit (8,8 %) and Crustacea (2,9 %).
The general index of intestine filling equaled
93,01 %o0o0 that is an indicator of existence of a good
food supply of fish.

Figure 2 — Bream

Foraminifera

Chitofiomidae

Vertmes

BiCrustacea
M ollasca

Detritus

Type codes:1 — 21 square, 2 — 72 square, 3-150 square

Figure 3 — Percentage ratio of components in a food bolus of bream from different stations
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Also found that 5 breams from the 72nd square
had average length equaling 212,4 mm., average
weight has made 282,2 g. At the same time one
intestine contained detrit and one intestine was
empty. The food bolus of 3 copies of breams
contained Vermes — 38,88 of %, Crustacea — 30,55
of %, Mollusca — 11,1 of %, Foraminifera of 8,3 %
and 11,1 % has made detrit. The general index of

filling of intestines, has made 40,13 %o00. Study
of fish with from the 150th square intestines at 4
breams, with average length of 279 mm have been
selected, and average weight 311 g. The food bolus
had Vermes occupying 32,65 %, Mollusca — 24,5 %,
Crustacea -18,4 of %, Foraminifera — 18,36 % and
detrit is presented to 8,1 %. The general index of
filling of the bream’s stomach made 39,44 %oo0.

® Foraminifera sp. @ Chironomidae sp. W zrmes W Crusiacea

B Mollusca ™ Detrifus

Figure 4 — Average percentage value of qualitative structure of food of a bream in autumn, 2016

The analysis the general index of intestine
filling of research breams fluctuated from 39,44 to
93,01 %00, average has made 57,52 %oo0, which
is a good indicator of availability of components
of a benthos as well as presence of a fatty layer on
intestines at one and all the studied fish (figure 3).

It has been established that the qualitative
structure of food of a bream from different squares
changed considerably that affected their sizes, for
example fish from the 21 square, a basis of its diet
contained chironomids (figure 4).

The study of the digestive tract 20 copies of
roach — (Rutilus rutilus caspicus Oak.) (figure 5). The
studied fish from the square 47 had average length
equaling 110 mm with an average weight of 196 g. In
a food bolus Vermes dominated — 53,33 %, Crustacea
had 30 % of food, Mollusca — 10 % and detritus 6,66
% The index of filling was equal to 57,10 %oo0.

The roach from the square 72 had average length
equaling 116 mm with an average weight 228 g, in
a food bolus Vermes dominated — 35 %, Crustacea
made 25 %, Mollusca — 17,5 %, Foramenifera — 10
% and detritus — 12,5%. The index of filling has
made 72,05%o00.

Figure 5 — Roach (Rutilus rutilus caspicus Oak.)

The roach from the square 101 had average
length of 161 mm with an average weight 234 g,
in a food bolus Vermes had 32,25 % of all weight,
Crustacea made 29,03 %, Mollusca — 19,4 %,
detritus — 16,12 %, Foramenifera (3,2%). The index
of filling has made 44,97%o00.

The roach from the square 263 had average length
equaling 100 mm., with an average weight 216 g, also
in food bolus of fish mollusca dominated (53,84 %),
Crustacea (30,76 %), Vermes (6.15 %) and detritus
(9,2 %). The index of filling has made 57,10 %o0o0.

26 Xabaprsl. buonorus cepusicer. Ne2 (71). 2017



Dautbayeva K.A. et al.

The qualitative food composition of roach
from different squares set the heterogeneity of food
organisms in the benthos feeding fish based food made
up of Vermes, Crustacea, Mollusca Foramenifera and
detritus (figure 6). It is established that the general

index of nourishness fluctuated from 44,97 %oo0 to
174,54 %00, the average value of nourishness index
—93,48 %o0o0 that reflects existence and availability of
fodder objects in the particular site of a bottom at the
time of sampling (figure 7).

B Foraminifera sp. @ Vermes 8 Crustacea W Mollusea  ® Deiritus

Figure 6 — Average percentage value of qualitative structure of roach feeding in autumn, 2016
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Type codes: 1 — 1 station, 2 — 2 station, 3 — 3 station, 4 — 4 station.

Figure 7 — Percent ratio of components in a food bolus of a roach from different stations
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Considering that during autumn shooting
the bream and roach had the same food supply,
especially, it was possible to assume that they
can be potential food competitors, but estimating
degree of food similarity it is possible to tell that
a variety of a food supply and a diet of fish, in the
explored site of the sea, smoothies tension of the
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Lo
57,51
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20
11
1 -

221

food relations. Comparison of indicators of the
general index of filling of fish intestines has shown
that a roach has it higher in comparison with a
bream around the 72" square that can be tracked
on indexes of filling of intestines where roach has
made 72,05 %o0, and bream of all 40,13 %o0
(figure 7).

B empty stomachs

the number of fish specimens

the General index of stomach filling Yoo

digested food

average weight

the average length of fish, mm

Bream Roach

Figure 8 — Bream and roach filling indexes in autumn, 2016.

As research on fish feeding has shown from 7
areas, trophic conditions for a bream and a roach in
the autumn of 2016 were favorable and the factors
limiting the number of these types were absent. It
has been established that a bream and a roach in
the competitive food relations were only in the one
72" square, in other areas it was absent. For each
species of fish of a forage was enough on quality
and by quantity. Food of a roach was characterized
by primary consumption of mollusks, worms and

Crustacea, in food of a bream chironomid larvae
dominated and worms, mollusks occupied an
insignificant share. Fish had the highest rates of
weight from the 21% square intensity of food of a
bream was higher, than at other stations as fish used
chironomid larvae which were the type dominating
on biomass. A variety of forms of ground fauna, and
high plasticity in food of a bream and roach provides
a trophic optimum for existence of these species of
fish in Northern the Caspian Sea.
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THE HISTOMORPHOLOGIC RESEARCH ON REPRODUCTIVE SYSTEM
OF CARP (CYPRINUS CARPIO L.) FEMALES IN LAKE BALKHASH

Lake Balkhash is an internal reservoir which has a great number of fishes in comparison with other
reservoirs in Kazakhstan, and it contains 20 % of yearlong fishing rate at all in our country. Last years,
the water in the lake has declined until 40,0 cm. Thus led to the reduction in the flow of the river, the
atmospheric distortion in the pool and the depletion of glaciers at the mountains. Due to the aggrava-
tion of ecological factors there might be noticed different changes in the sex cells. Thus the comparative
ecological — morph physiological study of industrial important fishes is actual problem today. The carp
belongs to the species of Cyprinus carpio (Linnaeus, 1758). The cyprinids are widely spread in inner
water reservoirs and most of them are perfect objects for fish farming. On the other hand, the cyprinids
always attract the scientists attention by their broad range of morphological and ecological changes,
and by broad adaptability at the area edge. As a result of histomorphologic research there was defined
the resorption of oocytes yolks on the vitellogenesis phase, the released follicles, bunch of connect-
ing tissue and atresia, also the continuous process of a vacuolation, the bunch of yolks in egg cell, and
the developing of zona radiate and chorion layers in the outside of oocyte. According to the results of
histological research on high-important industrial carp females, one might say that today"s ecological
condition of Lake Balkhash is permanent.

Key words: lake Balkhash, Gyprinus carpio L., the reproductive system of females, histomorphologic
research.
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baakaiu keAiHaeri aHaAblk cazaH (Cyprinus carpio L.)
6aAbIKTApPbIHbIH, PENPOAYKTUBTI XYHeciHe XKyprisiAreH
rMCTOMOP(OAOTUSIABIK 3epTTeyAep

baakaw keai KasakcraHAarb! ilIKi Cy KoMMaAapbl apacbiHAQ eH Ker GaAblK, KOpbIHA Me, XKaArbl
AyAQHbIMbl €AIMIBAETT SKbIAABIK, GAABIK, ayAaHbIMbIHBIH, WamameH 20 %-biH KypaiAbl. COHFbI KbIAAAPbI
KOAAIH Cy AeHreni wamameH 40,0 cMm-re ToMeHAeAil. ByA ©3eH aFbiHAAPbIHbIH KbICKapyblHa, 6accenHAeri
aTMOCEpPaAbIK, LOFHAIAEPAIH a3atobiHa XKoHe GUiK TayAbl My3AAP KOPbIHbIH CAPKbIAYbIHA aAbIM KEAA.
IKOAOTUSAABIK, (DAaKTOPAAPABIH, YLIbIFyblIHA GalAAHbICTbl XKbIHLIC KAETKAAAPbIHbIH AAMybIHAQ TYPAI
AeHrenaeri esrepicrep 6aiikaAybl MyMKiH. COHABIKTAH Aa KOCINTIK MaHbI3bl 6ap 6GaAblK, TYPAEpPiHiH
KO6EI0IH CaAbICTbIPMAAbI 3KOAOrO-MOPGOMUNOAOTUSIABIK, TYPFbIAQH >KaH-XKaKTbl 3epTTey Kasipri
TaHAQ ©3eKTi MaceaeAepAiH 6ipi 6oabin caHaraabl. Casan Cyprinus carpio (Linnaeus, 1758) Tykpl
TYKbIMAQCbIHA >KaTaTbiH GaAblK. TyKblAap — EAIMI3AIH ilKi CyKOMMaAapblHAQ KEH, TapaAfaH >oHe
OAAPAbIH KOTLIAIr TOFaH LapyallbIAbIKTapbl YLIiH KOAaNAbI 06bEKT 60AbIN caHaAaAbl. EKiHLIT XaFbIHaH,
CymekTi GaAbIKTapAblH apacbiHAQ TYKbIAQP ©3AEpiHiH KeH AManasoHAbl MOPMOAOTUSIAbIK, KoHe
SKOAOTMSIABIK, ©3repriliTiriMeH >XaHE KeH apeaaA LeriHAe >KOorapbl 6eMIMAEYLLIAIK MYMKIHAIKTEPIMEH
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YHeMi 3epTTeylliAnep Ha3apblH ayAapbin >KaTaAbl. [MCTOMOPMOAOrUSIAbIK, 3epTTEeyAEp HOTUMXKEeCiHAE
BUTTEAAOTeHe3 (ha3acbiHAAFbI OOLMTTEP CapybI3blHbIH Pe30pOLMsIChI, GocaraH (POAAMKYAAAD, ABHEKEP
YATAAbI TYMIHAEPAIH LUOFbIPbI >K8He aTpe3usi, COHbIMEH KaTap KAAbIMTbl BaKyOAM3aLMs MPOLECi,
JKYMbIPTKA KAETKACbIHAQ Capybl3 TYMipLIIKTEPIHIH XXMHAAYbI )KOHE OOLMTTIH, CbIPTKbl KAObIKTapbIHbIH
zona radiate >keHe XOpUOH KabaTTapblHbIH KAABINTACYbl aHbIKTaAAbl. YKOFapbl K&CinTik MaHbi3bl 6ap
Ca3aH aHaAbIKTapbiHbIH KOOEI >KYMECIH MMCTOAOTUSIAbIK, 3ePTTEYAIH HOTUXKEAEepiHe CyMeHe OTbIpbIr
baAkall KeAiHiH Ka3ipri 3KOAOTMSIAbIK, XKafAaaibl KAAbINTbl A€M anTyra GoAaAbI.

Tyiin ce3aep: baakaw keai, Cyprinus carpio L., aHaAbIK, penpoAYKTUBTI XKYyie, TMCTOMOP(OAOTUSIABIK,
3epTTey.
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I'cTomopcporormyeckoe MccaeAOBaHME PENPOAYKTUBHOM CUCTEMDI
camok ca3aHa (Cyprinus carpio L.) o3epa baaxauu

O3epo baaxall — BHYTPEHHMI1 BOAOEM, B KOTOPOM BOAMTCS GOAbLLOE KOAMYECTBO PbI6 MO CPaBHEHMIO
C Apyrumm Bopoemamm KasaxcraHa: 20 % Bcelt pbibbl, BbIAQBAMBAEMON B Hallel CTpaHe. B nocaeaHue
rOAbl YPOBEHb BOAblI B 03epe CHM3MACS A0 40,0 CM, UTO MPUBEAO K 3aMEAAEHMIO TeYeHMs 03epa,
MCKaXKEHMIO aTMoCcdepbl B GaccenHe U UCTOLLEHWMIO AeAHUKOB B ropax. O60CTpeHme 3KOAOrMUeckux
hakTOpoB OTpaXkaeTcst Ha MOPEOAOTMM MOAOBbBIX KAETOK MECTHOM pPbiObl. CPaBHUTEALHOE DKOAOrO-
hM3MOAOTMUECKOE U3YyYEHME CTPOEHUSI BaXKHbIX MPOMbILAEHHbBIX Pbl6  SBASETCS  aKTyaAbHbIM
HarmpaBAEHWEM Ha CEeroAHSIWHUIA AeHb. KaproBble MOAYYMAM LUMPOKOE PacrpoCTpaHeHue BO
BHYTPEHHUX BOAOEMAX, M GOABLIMHCTBO M3 HMX SBASETCS MAEAAbHbIM OGBLEKTOM AAS PbIGHOMO
xo3arctBa. C ApPYror CTOpPOHbI, KaprioBble BCEraa NMPUBAEKAIOT BHMMaHWE yUeHblX M3-3a LUMPOKOro
crekTpa MOpOAOrMUYECKMX UM IKOAOTMYECKMX M3MEHEHUI M BbICOKYIO aAAMTUBHOCTb K BHELUHWM
YCAOBUSAM. B pesyabrate rmctoMopoAOrnyueckoro MCCAeAOBaHUS ObiAM OMpPeAeAeHbl: pe3opoLms
OOLMTOB B >KEATKe Ha (pa3e BUTEAAOreHe3a, 0CBOOOXKAEHHbIE (DOAAMKYAbI, MYUYOK COEAUHUTEAbHOW
TKAQHM M aTpe3us, a TakxKe HernpepbIBHbIMA MPOLECC BaKyOAM3aLMM, CKOMAEHUE XKEATKA B SALEKAETKeE,
pasBuTME CAOEB zona radiate M XOpMOHA CHAPYXXWU SALEKAETKM. AHaAM3 MapameTpoB CaMKM Kapacs

roKasaA yCTOMUMBOE 3KOAOrMUEeCKoe COCTOsIHWe o3epa baaxatu.
KaroueBble caoBa: o3epo baaxaw, Cyprinus carpio L., penpoAyKTMBHag cucTeMa CaMmok,

FMCTOMOpd)OAOFquCKoe MCCAepAOBaHMe.

Introduction

Lake Balkhash is located in the drought area of
Asia, and in the south — east of Kazakhstan. It takes
the third place by its area after the Caspian and Aral
seas. The water minerality in the west and east parts
of the lake are different, and the parts are connected
by thin passage. The water is stale in the west part
and salty in the east. Lake Balkhash covers the re-
gions of Almaty, Karagandy, Zhambyl and East Ka-
zakhstan. There are 20 species of fish in the lake, and
6 of them are the local fishes (Ili, Balhash ottoman,
Balkhash perch, etc.), and other species came from
aside (carp, ide, ship, pike perch, Aral barbell) are
irreplaceable objects in fish farming. The carps con-
sist 70% of our country’s catching (Kudekova T.K.,
2002: 301).

The pollution of inner reservoirs by industrial
flow waters does harm to many country's fish farm-
ing. The industrial poisonous things fall into the res-
ervoir and harm the fish environment in all cycle:
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from nucleus caviar till the adult. Those toxics de-
stroy the fields and spawning places, complicate the
fish's migration, decrease the regularity, cause in-
juries and spoil the trade quality (Lukyanenko V.I.,
1967: 202; Arukwe A., 2000: 160).

In recent years household actions of the people
influence the environment and it grows every day,
and leads to various negative changes existing in
the nature. Consequences of such changes are great,
and give long-term effect, in most cases to irrevers-
ibility. Changes in the habitat of fish are intimately
bound to action of a person. Therefore, some fishes
living under the influence of anthropogenic factors
of Lake Balkhash demand the deep professionally
significant research. Changes of fishes in manifold-
ing of generation influence on their steady associa-
tions and a kinetics. Expansion of system of genera-
tion Mani folding fishes on the basis of development
process which are the gametogenesis (oo- and sper-
matogenesis) and a uterus of sexual cycles (Shikh-
shabekov M.M., 2003: 72).
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It indicates connection between a surrounding
medium and an organism, and plays a crucial role in
efficiency of fish, and as migration influences to the
structure of oscillation. In most cases of fish migra-
tion in natural reservoirs, features and conditions of
efficiency, a condition of dwelling of juveniles are
estimated only by its usage, there was not attached
importance on function of reproductive system and
character. The gametogenesis, including an oogen-
esis, is an important milestone in development of an
individual organism of fish. The nutrients defining
accumulation and formation of fund after morpho-
genetic information develop in this period of an or-
ganism (Sharova Y.N., 2003:72; Chmilevskiy D.A.,
2003: 377).

Toxins which are the wide range of the pollut-
ants arriving on reservoirs promote process a ga-
metogenesis in living organisms, and also lead to
decrease in reproductive potential of individuals
and violation of activity and appearance inability of
generation. [diosyncrasy of this type of pathology is
not the gonad, according to numerous researches; it
meets in various systematic groups of fishes (Luky-
anenko V.I., 1990: 26; Wyanski D.M., 2010: 205;
Shikhshabekov M.M., 2004: 105; Barkhalov R.M.,
2005: 202).

Specifics of process of sexual manifolding a
gametogenesis and annual cycles are considered
more important link in the course of close
connection of separate types. Due to the aggravation
of ecological factors some changes in development
of sex cells at various levels are observed:
nonuniform development of cages, frustration
can be observed in dynamics of annual phases
development. Therefore ecomorphophysiological
comprehensive investigations of professionally
significant species of fish is one of actual problems
now. A research objective is a gistomorfology
research on reproductive system of carp females in
Lake Balkhash, with evaluating its current state.

Materials and methods of research

The materials for histological research were
gathered in summer of 2015 during the expedition
of Kazakh Scientific Research Institute of Fishery
(KazSRIF). There were taken 30 female carps for
this experiment from stations in the West part of
Lake Balkhash, which is named Ulken (Almaty
region, Zhambyl district) and in the East, which
is Karzhaubai (Almaty region, Karatal district)
(table 1).

Table 1 — The main morphological indexes of examined carp
females

Station Q, g q, g I, mm Age
Ulken 675+1440 | 5801005 | 403+315 4-6
Karzhaubai | 2001000 | 100820 | 285+400 3-5

The morphobiological analysis of examined
fishes processed by standard methods (Pravdin
LLF., 1966: 105). The statistical analysis was carried
out with use of the Microsoft Office Excel 2013
program. Organs of reproductive fishes in 4%
formalin solution were fixed. Histomorphologic
researches were conducted in Ikhtiopatology
laboratory of KazSRIF. In preparation of tissue
specimens the techniques presented by specialists
of the All-Russian Research Institute of fishery and
oceanology were followed (Mikodina E.V., 2009:
96). The microscope Leica DFC320 (Germany) was
used for receiving micrographs from medicines.

Results and discussion

The Ulken station. Age and sex composition
of the studied carp females were near at the age of
4-5 year. Parent gonads have the period of ripeness
at the VI-VI and III-II stages. As a result of
histomorphological research there was defined the
resorption of oocyte's yolks on the vitellogenesis
phase, the released follicles, bunch of connecting
tissue and atresia, also the continuous process
of a vacuolation, the bunch of yolks in egg cell
(figure 1).

Atresial bodies in the VI-II stage were often
found in the 5th age female. in a figure 2 A it is ac-
curately shown that among oocytes of follicles at a
one-stage there are atresial bodies. it is possible to
tell that it is last year’s yolks of an oocyte, in con-
nection with preservation of Atresial bodies in a go-
nad for 1-1,5. These atresial bodies will eventually
collapse and be destroyed (figure 2).

The Resorption of separate oocytes at a stage
2 (D,) - 3 (D,) vitellogenez was found after histo-
logical research on female carp organs in the west-
ern part of Lake Balkhash. Trophoblastic growth
resorption of an oocyte was formed from division
of vitelline envelope and from decomposition of
nutrients in an oocyte, and the splitting of process
cortical alveolar resorption of oocytes in a phase of
histologic D, and D, phases are given below (fig-
ure 3).
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The released follicles of connecting tissue. A — 100x enlarge, B — 200% enlarge.
The Hematoxylin-eosine dye.

Figure 1 — The carp (Cyprinus carpio L.) oocyte section

The atresial bodies. A —40x enlarge, B — 400x enlarge.the Hematoxylin eosine dye.

Figure 2 — The carp (Cyprinus carpio L.) oocyte section.
The VI-II phase of maturing of genitals of females. One-stage follicle phase.

The resorption of oocytes. (*) — the splitting of cortical alveolar.
A —40x enlarge, B — 100% enlarge. The Hematoxylin-eosine dye.

Figure 3 — The histological section of carp's (Cyprinus carpio L.) oocyte.
Trophoblastic growth resorption of an oocyte.
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Besides, as a result of a research it is revealed
oocytes in the period of a vitellogenez. The sexual
products of fishes collected in the station Ulken
during Trophoblastic growth it was characterized
as follows. On early phases of “D,” of the oocytes
located in a zone of the periphery form serial vacu-
oles. Core volume round, quantity of yadroid 7-8, it
is obvious. on the phase “D,” a part of an oocyte is
filled with 2-3 rows of a vacuole, with a diameter of
sex cells at 110-200 microns. Besides, increase in
quantity of vacuoles, their diameter of 8-13 microns
is registered (an average value on 12,7 microns). the
vitelline envelope reached 2-4 microns thick (fig-
ure 4, A).

After that vacuoles appear in the inner part of
cytoplasm and own completely a zone to its part un-
til the core. It is the “D,” phase. Vacuoles can reach
diameter of 6-16 microns. Vacuoles are located
evenly in cytoplasm. Diameter of oocytes is 170-
280 microns. The quantity of vacuoles in a circle

of edge of an oocyte is about 40 (figure 4, B). At
the phase “E ” an envelope of a yolk is gradually
condensed. Between internal and external vacuole
the yolk begins to develop. A diameter of external
vacuole remains without changes (figure 4, C). The
yolk fills the interior of an oocyte, and also vacuoles
outside of an oocyte fill empty interspace. It is the
phase “E)”. Diameter of oocytes reaches 450-490
microns.

On the phase “E,” the yolk fills all parts of an
oocyte. The diameter of an oocyte reaches 740-760
microns. With the end of process of collecting a
yolk, cage of eggs reach definite criteria (figure 4,
E). On the anomaly part of an oocyte the micro Pyle
appears. When the oocyte reaches a definite form, it
is possible to see legibly external bark of an oocyte.
In our histologic figures you can clearly notice lay-
ers of Zona radiate of an oocyte and a layer chorion.
And also the parts of externa and interna found in a
beam part (figure 4, F) are well visible.

A —The phase «D,» . The two- three lined vacuoles along the periphery. Enlarge 200%. the Hematoxylin-eosine dye.
B — The phase «D,». The outer parts of oocytes filled with yolks. Enlarge 200x%. The Hematoxylin-eosine dye.

C — The phase «E,». The yolks between the middle and extreme vacuoles. Enlarge 200%. The Hematoxylin-eosine dye.
D — the phase «E,». The yolk fills all zones, except the alveoluses which are cortically located in 3-4 layers. Enlarge 100x.
The Hematoxylin-eosine dye. E — The definite volume of oocyte. The replacement of core to the anomaly poles.

The formation of funnel shaped Micro Pile. Enlarge 200x. The Hematoxylin eosine dye.

F — the oocyte crust. Enlarge 400x. The Masson dye.

Figure 4 — The construction of Cyprinus carpio L. during the diferent phases of trophoblastic growth
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The Karzhaubai station. The age list of carp
females that were investigated in the east part of Lake
Balkhash was 3-5 years. As a result of histologic
research, there were found the clusters of connecting
tissues, a resorption during protoplasmatic body
growth, Trophoblastic growth and Vitellogenesis
resorption of oocytes. After the analysis at the VI-III
stage of maturing, the released follicles resorption
which related only for sex cells was found. (figure 5,
A) The released follicles resorption met in all fishes
at this stage. It is normal physiological process.
Over time happens a degeneration to these follicles.
the degredation of released follicles is carried out
as follows: the calves clenches after an ovulation
and its interior is filled with follicular cages of an
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epithelium,connecting tissue is deformed and closed
by system of capillaries.

During the histologic research of females
oosids there was revealed the oogoniya during
protoplasmic body growth and oocytes at the phase
of a one-stage follicle (figure 5, B). The period of
protoplasmic body growth of maturing egg cells is
characteristic to this individual and to the II stage
of maturing. During the histologic research of
oosids it is registered a resorption of the Pre-vitilic
oocytes, and also a resorption of oocytes in the
period of a vitellogenesis (figure 5, C). A resorption
of oocytes is characteristic to the phases D -D, of
Trophoblastic growth. The VI-III stages of maturing
are characteristic to such females.

A — the VI-III phase of maturing : (*) — the released follicles. Enlarge 200x.
B — protoplasmic body growth: (*) — resorption of the Pre-vitilic oocytes. 1 — oogoniums; 2 —oocytes of juvenial phase;
3 oocytes at the one-stage follicle phase ; enlarge 40x. C — oocytes at the one-stage follicle phase:
(*) — the resorption of the Vitellogenin oocytes. Enlarge 100x. The Hematoxylin-eosine dye.

Figure 5 — Histologic figure of Cyprinus carpio L oocytes.

Cells of parental egg of carp females in
Trophoblastic growth in Karzhaubay station is
described as following. the first vacuoles in an
oocyte of a carp were formed in the periphery,
their quantity reached from 26 to 32. The diameter
of the Vacuole of an oocyte, located in one
number (their diameter of 3-10 microns) of 75-
110 microns and it is the “D,” phase. Vacuoles are
located sequentially. an envelope of oocytes made
3,4 microns (figure 6, A). on the phase “D,” the
vacuole of an oocyte made 2-3 rows. An increase
in diameter of vacuoles (4-15 microns) is revealed
several times. The diameter of an oocyte was made
by 100-130 microns, the envelope of oocytes is 4
microns (figure 6, A).

After the vacuole oocytes fill all cytoplasm, it
passes to the phase “D,”, and the diameter reaches
130-150 microns. The vacuole reaches the diameter
from 6 to 17 microns . Shallow vacuoles developed
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separately from large vacuoles, that evolved around
the oocyte core. And in Average and extreme zones
the yolks begin to develop (figure 6, C).

In the phase «E,” of a yolk becomes much.
diameter of the Oocyte increased a little, these are
130-160 microns (figure 6, D). On the phase “E,”
the yolk fills a half of an oocyte and a vacuole came
nearer in cortical zone and their diameter decreases,
(on average by 9 microns). The diameter of oocytes
is 150-170 microns (figure 6, E). “E3”’phase starts
when the oocyte is completely filled with a yolk, and
diameter of cortical vacuoles in 2-3 rows remains
invariable. the diameter reaches the maximal size
and oocytes will be ready for an ovulation. On the
phase “E " the cover of a yolk oocyte and shell
connecting tissue are completely formed. On our
micrographs received from histologic specimens it
is possible to see legibly beam bark of an oocyte
(figure 6, F) .
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A —The «D» phase. 26-32 vacuoles in one row periphery. Enlarge 200x. The Hematoxylin-cosine dye.
B — The «D,» phase. 4-5 vacuoles fill the peripheral part of the oocyte. Enlarge 200x.
The Hematoxylin-eosine dye. C — The «D,» phase. The peripheral part of the oocyte is filled with vacuoles and
it takes the area until the nucleus. Enlarge 200%. The Hematoxylin-eosine dye. D —The «E » phase .
The yolk fills the vacuoles which are in the middle and peripheral parts of the oocyte. Enlarge 200x.
The Hematoxylin-eosine dye. E — The «E,» phase. The yolk is gathered between the middle and peripheral vacuoles.
Enlarge 200x. The Hematoxylin-eosine dye. F — The «E,» phase. The yolk fills all the part, except
the cortical crust where the 3-4 row alveolars are located the oocyte crust. Enlarge 1000x. The Masson dye.

Figure 6 — The parent eggs cells structure of Cyprinus carpio L during the different stages of Trophoblastic growth

Conclusion

The result of the histomorphologic research
on reproductive system of Carp females (Cyprinus
carpio L.) in Lake Balkhash is as following:

There were not revealed dangerous Anomalies in
a reproductive system of carp females in the station
Ulken. As a result of histomorphological research
there was defined the resorption of oocyte's yolks
on the vitellogenesis phase, the released follicles,
bunch of connecting tissue and atresia, also the
continuous process of a vacuolation, the bunch of
yolks in egg cell.

There was not revealed dangerous pathologies
in a reproductive system of carp females in the
station Karzhaubai. The stages of D,, D, D,, E, E,,
E, and maturing with yolk granules were normal.

However, the resorption of oocytes in the period of
a vitellogenesis, the infringement of outer chorion
layers, and atresia were defined.

It can be given a good mark on today’s state
of reproductive system of Carp females in Lake
Balkhash. We can make the concept that the
microstructural changes are the Normal adaptive
physiological state.

Histologic researches of gonads of fishes of
Lake Balkhash at the tissue level in the modern
ecological conditions proved that the periods and
stages of development of an oocyte are developing
constantly.

This scientific research was made in the context
of “Kazakh Research Institute of Fishery” LLP's
scientific project.
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EFFECT OF CHROMIUM AND OTHER HEAVY METALS
ON MICROALGAE

This article is devoted to the identification of physiological and biochemical features of the influ-
ence of chromium and heavy metals (HM) on microalgae. The chromium-accumulating ability of some
microalgae and influence of HM on the physiological-biochemical parameters of microalgae in mono-
culture and mixed cultures are shown. The allelopatic relationships of microalgae and their influence on
the processes of chromium and HM absorption are considered Microalgae A. flos-aquae, A. arnoldii,
N. linckia, C. paryethina actively absorb chromium from the culture medium are shown. The greatest
absorption of chromium and HM occurs in microalgae cultures with positive allelopathic interference: A.
flos-aquae, A. arnoldii, A. flos-aquae, N. linckia. In this article discusses the results of experiments with
test-objects of different trophic levels. The unicellular algae is the most sensitive group of organisms to
potassium dichromate that is shown. Particularly emphasized is the chromium accumulating capacity
of certain plant objects, including microalgae. In studies on the effects of harmful substances on aquatic
organisms, potassium dichromate is used as a reference toxicant. Their brief characteristics, pathways
and migration, including intracellular and extracellular detoxification of HM ions, are given. The results
of investigations are that physiological and biochemical processes of microalgae in conditions of en-
vironmental contamination with chromium ions have a general biological significance and can be used
for the study of phytoremediation, ecological physiology and biotechnology. The data obtained in the
research can be used to develop methods for biological treaHMent of wastewater and closed water sys-
tems contaminated with chromium.

Key words: Heavy metals, phytoplankton, microalgae, Phaeodactylum tricornutu, Mytilus gallopro-
vincialis L.
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Xpom KaHe ayblp MeTaAAApPAbIH, MUKPOOAAAbIPDAApPFA acepi

Makanaaa MUKPOGaAABIPAAPABIH (DU3UNOAOTUSIABIK, JKaHE OUOXMMMSIAIK, epEKLLEAIKTEPIHE XPOM -
MeH ayblp MeTaAAAPAbIH 8Cepi KapacTbIpbIAFaH. XPOMHbIH MUKPOOAAABIPAAPAbI JKEKE >K8HEe apaAac
ecipy 6apbICbiHAAFbl  (DM3MOAOTMS-OMOXMMMSIABIK,  KOPCETKIWITEepiHE 8cepi TypaAbl 3epTTeyAep
KepceTiAreH. MUKpo6aAAbIPAAPABIH AaAAEAOMNATUKAABIK, KAPbIM-KATbIHAChI X8HE OAAPAbIH, XPOM MeH
ayblp MeTaAAAPAbIH CiHIpY XKyreciHe biKnaAbl aHblkTaAFaH. Mukpobaaabipaap A. flos-aquae, A. arnoldii,
N. linckia, C. pariethina TipLiAik eTy opTacbiHaH KapKbIHABI TYPAE XPOMAbI CiHipeAi. MMKpOOaAAbIPABIH
AAAEAOMNaTKaAbIK, KapbIM-KaTbIHACbl OH OPTaAa XPOM MEH ayblp METaAAAPAbl CiHipyi GeAceHAl xy3ere
acaabl: A. flos-aquae, A. arnoldii, A. flos-aquae, N. linckia. Makaraaa 3epTTeAreH TypAi TpodmKaAbIK,
AEHremnAeri cbiHak, — 0ObeKTiAePiHiH CaAbICTbIPMAAbI-TOKCMKOAOTUSIAbIK, aKnapaTTapbl KAPaCTbIPbIAFaH.
bip>kacyiuanbl 6arabipAap OMXPOMAT KaAMii 8CepiHe eTe ce3iMTaA BOAbIN KEAEAI. 3USIHAbI 3aTTapAbIH Cy
ar3aAapbiHa aCepiH 3epTTey KesiHAEe, OMXpOMaT KaAMii TOKCUMKaAHTbI peTiHAe aHbiKTaAAbl. COHAbIKTaH,
OAQpFa KbICKAllla CuMaTTaMa, KewWin-KOHY >XOAAAPbIHA, >KACYLIQIWIAIK >K8He >KacyllapaH TbIC
AETOKCHKALMSChIHA aHblKTama 6epiaai. KopluaraH opTaHbiH XpOM MOHAAPbIMEH AQCTaHy >KarAaiblHAQ
MUKPOOAAABIPAAPADBIH,  (PUBMKO-OMOXMMMSIAbIK,  YAEPICTEPIH  3epTTey  HOTMXKEAEPIHIH  >KaArbl
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BGUMOAOTUSIABIK MaHbI3AIAbIFbI XKOFapbl, COHABIKTaH (hUTOPEMEAMALIMS, SKOAOTUSIALIK, (DU3MOAOTUS XKOHE
BGMOTEXHOAOTMS KYPCTapblHa KOAAAHYFA YCbIHbIAAAbI. AAbIHFAH MOAIMETTED CapKbIHAbI CYyAbl, XPOMMEH
AaCTaHfFaH >kaHe >kabblK Cy KOMMaAapbiH Ta3apTy YUiH GMOAOTMSAbIK TOCIA PETIHAE MamAaAaHyra
60AaADI.

Tynin cesaep: Ayblp metanpap, (UTOMAAHKTOH, MuKpobaaabipaap, Phaeodactylum tricornutu,
Mytilus galloprovincialis L.
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BAusinne XpomMa U APYrux TsHXKeAblX METAAAOB Ha MUKPOBOAOPOCAU

CraTbsl MOCBSLLEHA BbISIBAEHUIO (DU3MOAOTUYECKUX M OUMOXMMMYECKMX OCOBEHHOCTEN AENCTBMUS
XpOMa M TSKEAbIX METAAAOB Ha MMKPOBOAOPOCAM. [okazaHa XpoOM-akKyMyAMpYyloLas CrnocoBHOCTb
HEKOTOPbIX MUKPOBOAOPOCAEN M BAMSIHME TM (TSXKeAble MeTaAAbl) Ha (PM3MOAOrO-OMOXMMMYECKME
nokasaTteAn MUKPOBOAOPOCAEN B MOHO- M CMELLIAHHbIX KYABTYpax. PaccMaTpuBaloTCs aAAeAonaTnyeckmne
B3aMMOOTHOLLIEHUS MMKPOBOAOPOCAEN U MX BAMSIHME Ha MPOLLECChl COPOUMM Xpoma U Apyrux TM.
HamboabLuee noraoleHne xpoma 1 TM MPOMCXOAMT B KYABTYPAX MUKPOBOAOPOCAEN C MOAOXKMUTEAbHbBIM
aAAeAonaTUUeckM B3ammoBAmsHueM: A. flos-aquae, A. arnoldii, A. flos-aquae, N.linckia. B crartbe
00CY>KAQIOTCS  pe3yAbTaTbl  CPABHUTEAbHO-TOKCMKOAOIMYECKOrO  3KCMepuUMeHTa  TecT-00beKToB
pasAMYHOro Tponueckoro ypoBHs. OAHOKAETOUHbIE BOAOPOCAM B LIEAOM — HanboAee UyBCTBUTEAbHAS
K 6MXpOMaTy KaAus rpyrrna opraHM3mMoB. B MccaeAOBaHMSX MO BAMSIHMIO BPEAHDIX BELLECTB Ha BOAHbIE
OpraHu3mbl GMXpPOMaT KaAMsl UCMIOAb3YETCS B KaUeCTBe STAAOHHOMO TOKCMKaHTa. [PUBOAMTCS MX KpaTKast
XapaKTePUCTUKA, MYTU MUrPaLLMM, B TOM UMCAE BHYTPUKAETOYHAS M BHEKAETOYHAs AETOKCMKALMS MOHOB
TM. Pe3yAbTaTbl MCCAEAOBaAHMI (PUMOAOTO-BUOXMMMYECKMX MPOLECCOB B KAETKE MUKPOBOAOPOCAEN
B YCAOBMSIX 3arpsi3HEHMS CPeAbl MOHaMM XpoMa MMEIoT 06LeOMOAOrMYeCcKoe 3HauyeHne U MOryT
ObITb MCMOAb30BaHbI MNPV pPaspaboTke METOAOB BGUOAOTMUECKOM OUMCTKM CTOUHBIX BOA M 3aMKHYTbIX

BOAOEMOB, 3arpa3HeéHHbIX XPOMOM.

KAtoueBble CAOBa: Ts>)KEAblE METaAAbI, (PUTOMAAHKTOH, MMKPOBOAOpOcAM, Phaeodactylum tricor-

nutu, Mytilus galloprovincialis L.

Algae are an exceptionally convenient model
object for studying the general patterns of the
influence of toxicants simultaneously at the cellular
and population levels (Seregin I.V., 2011:600; Nali-
mova A.A., 2005: 259; Allagulova C.R., 1999: 24;
Yernazarova G.1., 2006: 146).

Among the test objects of different trophic lev-
els (Phaeodactylum tricornutum AS algae, Euplotes
patella lemani Dragesco, the early nauplial stage
and the coryza of Artemia salina L., and the fertil-
ized eggs of the bivalves Mytilus galloprovincialis
L.) in the comparatively toxicological experiment,
the unicellular algae are the group of organisms that
is most sensitive to potassium dichromate (Verma
S.K., 1995: 614). In this regard, algae, as one of the
main test objects, are included in methodological
documents for estimating the toxicity of contami-
nated aquatic environments. In studies on the effects
of harmful substances on aquatic organisms, potas-
sium dichromate is used as a reference toxicant (Mi-
chra B.B., 1997: 392; Singh Y., 1994: 149).

In accordance with the degree of toxicity for
the life of microalgae HM (heavy metals) can be ar-
ranged in the following order [10]:
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Sb> Ag> Cu>Hg>Co>Ni>Pb>
>Cr>V>Cd>Zn>Fe (Mn, U).

It should be noted that some light metals, such
as aluminum, also exhibit toxicity. Phytoplankton
organisms, to some extent, have the ability to with-
stand the toxic effect of HM.

In the review of A.V. Lebedeva, etc. (1998: 42)
the concepts that characterize the varying degree of
resistance of algae to the action of heavy metals are
clearly defined. Here are explanations of some terms
which will be used often in subsequent discussion.

The growth and development of microalgae in a
certain range of HM concentrations, due to genetic
characteristics, can be characterized as tolerant. The
ability of microalgae populations to resist HM con-
centrations outside the tolerant zone is characterized
as resistance. The concept of resistance is closely
related to adaptation - the ability to experience unfa-
vorable conditions that caused the death of a given
organism and survive.

It has been established that laboratory cultures
of green microalgae (Scenedesmus sp., Chlorella
sp.) are more resistant to chromium than diatoma-
ceous algae cultures (Fragillaria crotonensis). In
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natural populations of phytoplancton at elevated
Chromium (Cr) concentrations, dominance of algae
flora in some water systems changed from diatoms
and blue-green to green algae (Purchase D., 1997:
85; Wakatsuki T.: 1996: 170). At the same time, the
exceptional resistance of blue-green algae, which
have gel-like mucous membranes on the cell sur-
face, also performed the function of chelation with
many elements (Popova V.V., 2000: 150).

The level of manifestation of the toxic effect of
metals depends on their concentrations in the cell and
the duration of action, as well as on abiotic factors
(the composition of the medium, and the presence of
other toxicants), and biotic factors (interaction with
bacteria, algae and other hydrobionts, as well as the
physiological state of the microalgae culture). The
influence of external conditions on the resistance of
cells to HM is, as a rule, mediated: changes that re-
duce the mobility of HM ions also reduce their accu-
mulation (Stom S.J., 1995: 321). The presence other
cations can also have the toxic effect of chromium.
Thus, in the presence of Ni (Nickel), the sensitiv-
ity threshold of algae to chromium is significantly
reduced. The resistance to Cr®* of the culture of
diatoms Fragillaria crotonensis changes practically
at any variation in ambient conditions: changes in
illumination, pH, composition of the medium, its
chelating properties, etc. In natural phytoplankton
populations, the maximum inhibition of growth is
observed when Cr concentrations increase to 10
mg / L, and water temperature and illumination de-
crease. For most species at the beginning of the lag
phase of the growth curve of culture, the sensitiv-
ity to the effect of HM is maximal, and at the end
- minimal. In the stationary phase, the increase of
cell resistance is associated with a general increase
of the suspension density and the accumulation in
the culture medium of exometabolites capable to
bind metals [10]. The sensitivity of algae to the HM
action depends on the seasonal influence, because
their genetic mechanisms of control the activity
of metabolic processes are closely associated with
them. When studying the dynamics of changes in
the individual and population characteristics of the
culture green Protococcal alga Scenedesmus quad-
ricauda in different seasons of the year, depending
on the concentration of potassium dichromate in
water, it was found that the highest level of plant re-
sistance to toxicosis occurs in autumn (September-
October). In winter (February) the culture shows
minimal stability, and in summer (July) the level of
stability is intermediate between the two above (Rai
L.C., 1998: 321). The influence of biotic factors on
the stability of microalgae to the chromium action

is due to the influence of the accompanying bacte-
ria, as well as the interspecific interactions of vari-
ous representatives of the algophlora. If the influ-
ence of concomitant bacteria in the metal absorption
processes has been studied to some extent, and the
influence of inter-species interrelations of micro-
algae on adaptation processes and toxic resistance
has not been considered. In heterogeneous natural
populations, the resistance to HM is largely deter-
mined by the groups of microorganisms that formed
the population. It is believed that the intensive de-
velopment of microalgae in the presence of sub-
lethal concentrations of HM can be associated with
a better supply of the population with organic and
mineral resources by suppressing the development
of concomitant bacterial flora. Bacterioplankton are
less resistant to HM than phytoplankton. The effect
of HM on the stability of microalgae and bacteria
can be mediated - through the effect on chemical
characteristics, oxidation-reduction potential, pH of
the medium.

In laboratory and natural communities consist-
ing of microalgae and bacteria, the autotrophic com-
ponent releases organic substrates that support bac-
terial growth and promote the accumulation of ions
and metal suspensions in the immediate environ-
ment of cells. Bacteria, in turn, provide oxidation,
reduction and precipitation of bound HM in mud
and “microbial films” (Visviki 1., 1994: 155). Such
communities can survive at high concentrations of
dissolved metals and metalloids - Pb, Cd, Zn, Co,
Cr, Mn, Se and As (Rijstenbiel J.W., 1994: 321). It
is shown, for example, that the stability of the cya-
nobacterium Nostoc muscorum to Cd** up to 10-4 M
(growth inhibition of the cyanobacteria under inves-
tigation is observed at 107-10° M) is ensured by the
presence of accompanying bacteria in their casings
effectively binding Cd** ions to CdS. The formation
of CdS occurs as a result of the interaction of Cd
with the released H2S-satellite (Mangala G., 1995:
972).

Adaptation of algae to high concentrations,
which can even cause cell death, is primarily due
to functional changes. With a sharp increase in the
concentration of toxicant in the environment, algae
cells become stressed.

Strictly speaking, stress is not an absolutely
steady state. If the effect of the factor is long, then
the cell can either perish, or adapt to life under new
conditions - go into homeostasis. Adaptive changes
in the latter case are associated with the launch of
gene-regulatory mechanisms, the inclusion or deac-
tivation of the corresponding hereditary programs.
The inclusion of repair mechanisms takes some
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time, so stress, as a condition characterized by in-
creased resistance, provides a temporary experience
of the cell with an adverse moment (Sargent J.R.,
1993: 460). It is believed that the rate of return of
the biosystem to its original state can characterize
its reliability (Sakamoto T., 1997: 100; Kaplan D.,
1995: 129; Kosakowska A., 1996: 50).

On the example of the effect of potassium di-
chromate on green algae - scenesdamus - the uni-
versal character of the dynamics of the toxic effect is
shown (Suginta K., 1997: 69). A study was made of
the development of toxic stress when a given toxi-
cant was included in the medium in a wide range of
concentrations, which included homeostasis (small
doses), stress (medium doses), and pre-condition
(large doses). In the early stages of the manifesta-
tion of the toxic effect for the development of cul-
ture, significant fluctuations in the total number of
cells were characteristic, which in the physiologi-
cal and toxicological literature are usually described
as phases of oppression and stimulation (Monks T.,
1994: 143). The fluctuations in the characteristics
of the cultures in these experiments were due to a
change in the rate of division and lysis of the cells.
The authors consider the dynamics of the toxic ef-
fect as a result of the interaction of two simultane-
ously occurring processes - destruction (damage)
and compensation-adaptation, or impulse and re-
sponse. The first process is predominantly passive,
the second is active. The beginning of the formation
of the toxic effect is associated with a great variety
of physiological and biochemical reactions taking
place at this time, caused by the process of destruc-
tion of biological structures and functions. At this
stage, the system of homeostasis of the organism,
the violation of the permeability of cell membranes,
the development of free radical reactions, etc., are
unbalanced (Ahner B.A., 1995: 649; Agrawal S.W.,
1993: 223). Along with the processes of deforma-
tion and destruction, after a certain time after reach-
ing a certain threshold of damage, the mechanisms
of repair, restoration of disturbed structures and
functions are included. Thus, the dynamics of the
toxic effect on the population of microalgae is the
alternation of the phases of disturbance and restora-
tion of the observed functions. Thus, in cultures of
the stages of chromosomes under the influence of
chromium, changes in cell size were noted. With the
development of algae in a medium with dichromate
concentrations of 1-3 mg / 1, a positive correlation
of the total number of cells and their absolute sizes
was noted. At high concentrations of toxicants in the
medium (6-10 mg /1), the number of cells decreases.
Particularly significant reduction of the proportion
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of living cells. With the appearance of a toxic effect,
the relative dimensions of the strom cells increase,
and the width changes more significantly. As a re-
sult, there was an increase in the surviving cells to
a larger size than in normal, which precedes their
division. Similar changes in cell size with inhibi-
tion of cell division under the action of heavy metals
were observed earlier (Mamta A., 2004: 242). On
the 33rd day of cultivation at a concentration of 10
mg /1 dichromate, the total number of cells was only
a tenth of the control, and the proportion of living
cells did not exceed 3% of the control population.
The decrease in the number of cells in the culture
can be both the result of slowing down their growth
and division, and the acceleration of death (Berry
J.P., 1966: 401). Elimination of the weakly stable
part of the population and the selection of ready-
made resistant forms contribute to the adaptation to
the action of toxic concentrations of HM. The sub-
sequent resistance of the culture is determined by
the appearance of progeny of resistant cells. Such a
mechanism is characterized as a genotypic adapta-
tion of a population based on changes in its gene
pool. As one of the variants of genotypic adaptation,
gametogenesis observed in Scenesemus can be con-
sidered. Acutus with prolonged action of potassium
dichromate (3 mg / 1) and after its termination, be-
cause the sexual process leads to the exchange of
genes between cells, which increases the probability
of the formation of resistant forms. Such adaptation
forms lines not only tolerant to the initial level of
pollution, but also capable of transferring increasing
concentrations of the toxicant. Acquired properties
persist for a long time: resistance to Cr populations
of Sc. Quadricauda and Sc. Asutus, exposed to po-
tassium dichromate (1 mg / L) for 30 days, was pre-
served after several months of cultivation on a clean
medium (Sauser K.R., 1993: 60).

Resistance to the influence of HM is determined
by a complex of simultaneously acting and comple-
mentary mechanisms: a decrease in the accumula-
tion of HM, a decrease in the permeability of cell
membranes for metals; Removal of metals from
cells and detoxification of metals in the medium, on
the surface and inside cells. For each species, there
is a certain limit, after which the HM entered into
the body inhibit the life activity of microalgae, vio-
late physiological processes, including mechanisms
that regulate the metal content in cells. Further un-
regulated entry of HM can lead to cell death (Gusev
M.V., 1997: 14). The mechanisms of the stability
of algal cells can be conditionally divided into two
groups: extracellular, associated with the prevention
of metal penetration into the cell, and intracellular
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ones, based on changes in the metabolism of cells
into which metal ions penetrated and leading to its
immobilization and detoxification. “Extracellular”
mechanisms of stability are determined by high cat-
ionic capacity of cell walls, glue mucus, microalgae
and cyanobacterial covers: toxic ions are immobi-
lized before they enter the cell membrane (Surosz
V., 2000: 224). The resistance to HM, correlated
with the thickness of the cell wall, is observed in the
mutant forms of Chlorella sp. Strains with an under-
developed cell wall are much more sensitive to Zn,
Cu, Pb and Cd than the wild type (Idris M., 1998:
80). The barrier function of the cell membrane, i.e.
Of all surface layers located on the outside of the
cytoplasmic membrane is associated with its sig-
nificant volume (in the blue-green alga Anabaena
cylindrica - up to 20-30% of the dry mass, includ-
ing mucous surface layers similar in composition
to the polysaccharide released by the cells into the
medium, or more Complex multilayered fibrillar
structures) and is due, on the one hand, to the ability
of glycosaminoglycan to gel formation, on the other
hand, to the degree of “cross-linking” of tetrapep-
tides. The outer layer can be enriched with calcium
and silicon, which further increases the protective
capabilities. The surface structures of the cells of the
“old” cultures are more developed than the young
ones (Karavayko G.I., 1997: 531). The total bind-
ing of Chlorella sp and Spirullina maxima cells to
Co, Ni, Zn and Se ions is estimated at 20-35%. The
leading role in binding is played by the polysaccha-
ride component. Zn is bound by proteins from the
outer layer of the Synechocystis aquatilis cell cap-
sules (Lemenovskiy D.A., 1997: 52; Reunova Y.A.,
2004: 116). Absorbed Cu, Fe, Ag, Au form aggre-
gates in the cell wall of Chlorella vulgaris (Avery
S.V., 1993: 812).

The ion-exchange properties of the cell wall
polysaccharides determine not only the mitigation
of the toxic effect of HM ions, but also the slower
restoration of disturbed physiological processes.
Cadmium ions on the surface of Nostoc muscorum
cells are involved in the biosynthesis of CdS crystal-
lites. The source of sulfur for this biosynthesis is the
components of the mucosa (Sadhukhan P.C., 1997:
72). From bound particles less toxic than Cd*", CdO
and CdS, N. muscorum cyanobacteria are released
by accelerated synthesis of mucous membranes. Re-
duction of the toxic effect of HM in the late stages
of the development of the culture depends on their
chelation by accumulating extracellular metabolites
of algae. Cyanobacteria N. muscorum secrete up to
1 g of polysaccharide per 1 g of dry biomass; Total
excretion of extracellular organic matter by phyto-

plankton is estimated at 7-50% of total fixed carbon,
its origin is associated with cell multiplication, re-
assimilation and autolysis processes (Li Y., 2004:
696). Exopolysaccharides protect cells from ions
Cu, Pb, Cr.

The increased isolation of exometabolites is pre-
sumably induced by metal ions, which, penetrating
the cell, affect its metabolism. Thus, when incubat-
ed with Cd, the content of N. muscorum exopoly-
saccharides increases, their kinetics and concentra-
tion depend on the Cd content in the medium, and
the composition of monosaccharides changes. An
increase in the synthesis of organic substances in
the presence of HM is observed in many species
of blue-green algae. The bioflocculants they re-
lease are polyanionic compounds with a molecular
weight of more than 200 kDa, including up to 2.2%
galacturonic and up to 1.86% glucuronic acids (Ri-
jstenbiel J.W., 1994: 323). The composition of the
extracellular flocculent Anabaena sp. (Strains No.
144 and PC-1) include neutral sugars, uric acids and
proteins. The exometabolites of the cyanobacterium
Synechococcus sp., Released under the influence of
toxic concentrations of Cu, reduce its concentration
to sublethal.

In the cells of microalgae, the processes of the
entry of metals from the solution and their elimina-
tion occur simultaneously. Adaptation of microal-
gae to the action of HM is associated with the es-
tablishment of a dynamic equilibrium between these
processes. Resistance to HM often correlates with
resistance to low pH, which is explained by the par-
ticipation of general mechanisms: the development
of hyperactivity of ATPase, changes in the overall
membrane potential and membrane permeability.

Endogenous resistance to HM is provided by
intracellular rearrangements and metabolic chang-
es aimed at isolation or binding of the metal with
subsequent excretion from the cell or localization
in it (Allagulova CH.R., 1999: 24). This also in-
cludes mechanisms that ensure the neutralization of
toxic effects of metals: DNA repair, proteolysis of
damaged proteins, metabolism of products of lipid
peroxidation and the destruction of damaged lipids
from membranes.

Maintaining homeostasis and increasing meta-
bolic processes in cells to accelerate the elimination
of toxic substances are accompanied by an increase
in the costs of ATP and depletion of the energy re-
sources of the cell. In the first hours of exposure to
Cu, Fe, Ag, and Au on C. vulgaris, N. muscorum
and Dunaliella salina cells, activation of photosyn-
thetic and respiratory intensity associated with de-
toxification processes was observed (Avery S.V.,
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1993: 815). Toxic effect of HM decreases with the
presence of intracellular reserves (energy reserves of
lipids, carbohydrates), with round-the-clock illumi-
nation of microalgae or in the presence of an energy
substrate. Least resistant to HM culture of physi-
ologically young cells, depleted in minimal media.
As one of the mechanisms of physiological adapta-
tion is the hyperaccumulation of HM ions and their
recovery within cells. Hyperaccumulation in cells
of a number of heavy metals is carried out with the
participation of biopolymers (ligands) or metal oxi-
doreductases (hydrogenases). Internal structures of
Chlamydomonas reinhardtii and Sc. Aqutus bind up
to 50% of absorbed Hg**, Cu, Cd, U, Pb, Zn and Ni
(Surosz V., 2000: 198). Up to 40% of the absorbed
Se form intracellular complexes with proteins and
lipids in the cells of the green microalga Chlorella sp.
And cyanobacteria Spirullina subsalva, S. maxima
and S. platensis, with proteins accounting for 14.6%
of the absorbed Se, and lipids - 16.05% (of which
2/3 - polar) (Lemenovskiy D.A., 1997: 49; Reunova
Y.A., 2004: 116). Under the influence of Hg in the
cells of Nostoc, Aphanothece, Cylindrospermum
and Gloeotrichia, the content of free amino acids,
nucleic acids and proteins decreases. Co2 + resistant
strain Spirullina platensis is characterized by more
efficient binding of the toxic ion by intracellular
structures than sensitive. The protective role of low-
molecular metabolite cells can be in this case associ-
ated with the formation of safe complexes with HM
ions or with an impediment to the binding of HM to
biomolecules. In the cells of Chlamydomonas rein-
hardtii, Dunaliella salina and Chl. Bullosa treaH-
Ment of Co, Cu or Cd leads to the accumulation of
starch [32]. Intracellular polysaccharides are associ-
ated with such HMs as Cu, Fe, Mg, Zn, Pb, Hg, Cd
and others [33]. With intracellular reduction of HM
ions, the soluble toxic compound becomes inacces-
sible. In the recovery of HM ions, electron transfer
systems contained in the cytoplasmic membrane (in
eukaryotic cells - and mitochondrial systems) partic-
ipate. In S. platensis cells, a part of the absorbed sel-
enite is reduced to elemental Se. In blue-green alga
A. variabilis, resistant to low concentrations of Cr®,
the ability to restore it to Cr*" is widespread among
facultatively anaerobic bacteria. According to the
mechanism of toxic effect, HM ions can be divided
into two groups: the first (Fe, V, Cu, Cr, etc.) in the
cells undergo redox cyclization, and the second (Cd,
Hg, Ni and Pb, etc.) The exhaustion of the reduced
form of glutathione and protein SH-groups, which
leads to the accumulation of peroxide ions, hydroxyl
radicals and H202. In both cases, inhibition of the
activity of certain enzymes and an increase in per-
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oxidase activity and lipid peroxidation are observed.
The formation of peroxides, in turn, leads to DNA
ruptures and the release of K*, Ca** and Mg?" ions
from the cells as a result of damages to the plasma
and vacuolar membranes. These disorders help in-
hibit the biosynthesis of chlorophyll, photosynthetic
and respiratory activity, cause destruction of chlo-
roplasts and mitochondria (Gusev M.V., 1997: 14).

In addition to homeostasis and reactive metabo-
lite O, in the inactivation of HM from the first group
(Cu, Co, Cr), antioxidants also participate. Reduc-
tion of resistance to Cu and Co Anabaena doliolum
and Chlorella vulgaris, observed under the influence
of ultraviolet radiation, is associated with increased
oxidation of membrane lipids and a change in the
conformation of enzymes. Diatom alga Ditylum
brighfwellii under the influence of Cu (3-126 nM)
increases the activity of peroxide dismutase. In C.
vulgarus cells, the activity of superoxide dismutase
and catalase increases by 40-500%, the content of
tocopherol and B-carotene by 60-180% (Rijsten-
biel J.W., 1994: 389). Among the low molecular
weight antioxidants involved in protecting against
oxidative stress include some lipids of diatoms, di-
noflagellate, Prymnesiophyta, coccolithophoride,
vitamins B2, E and C, phenolic components, carot-
enoids (most known antioxidants), glutathione and
some other exo-and endogenous thiols . Membrane-
bound tocopherol (vitamin E) converts free radicals
into a stable form and promotes their removal from
the membranes. With a low level of cellular tocoph-
erol, the protective effect of exogenous thiols also
decreases (Sargent J.R., 1993: 460).

Resistance to the toxic effect of HM belonging
to the second group is determined by their interac-
tion with SH-groups and the ability of cells to pro-
duce thiol compounds. Thiol compounds: cysteine,
thioglycolic acid and glutathione - contribute to re-
ducing the effects of Cd on Chlorella sp. and Co on
Sc. Armatus and Synechocystis aquatilis. It is shown
that the main low molecular weight thiol in protect-
ing a plant cell from stress is glutathione: it partici-
pates in the reactions of antioxidant enzymes, cells
with a high content of glutathione are more resistant
to oxidative stress. The accumulation of glutathi-
one in cyanobacterial cells is promoted by cysteine
and some other sulfur compounds contained in the
medium. Depending on whether the synthesis of
compounds that bind HM is inducible or whether
they are formed in the cell independently, one can
speak of specific or nonspecific binding. Conjugates
formed during nonspecific binding of HM glutathi-
one and other low-molecular metabolites are often
more toxic than the initial ions, and the reversibil-
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ity of binding of glutathione conjugates leads to the
fact that they serve as a transport form for reactive
metabolites that are released in the “target organs”.
The toxic effect of the conjugates can be direct-via
covalent binding-or indirectly-through oxidation of
bases, inhibition of enzymes in which glutathione
is a cofactor. The non-specific binding or oxidation
of glutathione with HM ions leads to a separation
of the processes of biosynthesis and cell division
and an increase in their size. An increase in cell
size was observed, in particular, in Scenedesmus
quadricauda and Sc. Acutus under the action of Cr
ions. The compounds providing the specific stabil-
ity of microalgae and cyanobacteria to HM include
metallothioneins (MT), their plant analogs of phy-
tohelatina (PC) and low-molecular (g-glu-Cys) pep-
tides (Maywald F., 1997: 121). Glutathione is their
predecessor. Thus, the synthesis of metal-binding
peptides by HgCl, in the cells of the green alga Cos-
marium conspersum correlates with an increase in
the total content of glutathione, while the amount
of its reduced form (GSH) decreases and increases
with the oxidized (GS-SG). This group of proteins
is characterized by a molecular weight of up to 10
kD and a high content of thiol groups. Adjacent cys-
teine residues in the molecule allow HM to bind up
to 7 divalent (or up to 12 monovalent) HM ions. It
is shown that when the intracellular content of Cu
and Cd is increased, the growth of cultures of green
microalgae Scenedesmus sp., Chlorella sp., Diatom
alga Phaeodactilum tricornutum is accompanied by
active synthesis of PX, and the use of inhibitors of
PX synthesis causes a decrease in cell resistance to
HM. MT, PC and the HM ions (Cu, Cd, Fe, Mn,
Zn) associated with them are usually localized in the
cytoplasm and vacuoles. In the cells of Chlamydo-
monas reinhardtii and a number of other unicellular
green algae, there is a strong vacuolization of the
cytoplasm and the appearance of dense inclusions
in vacuoles. In the cytoplasm or lysosomes, the as-
sociated Ni, Cu, and Ag ions accumulate in the form
of sulfur-containing compounds, and Al and Cr are
predominantly in the form of insoluble phosphorus-
containing compounds. In the cytoplasm and car-
boxysomes of the green alga Plectonema boryanum
Zn, Pb, Mn and Al are concentrated in granules of
polyphosphate. The removal of bound HM ions can
occur both by exchange for free ions in the cyto-
plasm and with the liberation of the metal com-
plex with degradation products of MT, as shown
for diatoms and blue-green algae (Rijstenbiel J.W.,
1994: 391). Metal chelating, storage and transport
proteins also participate in the chelation of HM in
cells (Maywald F., 1997: 111). In cells Phormidium

sp. In the presence of Cu, an increase in the amount
of cyanophilic granules is observed. In proteins of
the blue-green algae Spirullina subsalva, S. maxima
and S. platensis, 14.6% of the absorbed Se bind, of
which 59% are associated with the proteins of the
chlorophyll-protein complex (Lemenovskiy D.A.,
1997: 51). When Cd (0.5-1 pg / ml) was incubated
in Anabaena flos-aquae cells, a Cd-binding protein
with a molecular mass of 25-26 kDa was observed,
Sn (5-10 pg / ml) formed Sn-binding A protein
with a molecular weight of up to 70 kDa, bound to
soluble pigments. It is known that the stability of
Pseudomonas sp. To the cations of Hg, Cd, Cu, As
and Cr anions is encoded in the chromosome and
plasmids. Apparently, like bacteria, the resistance
of cyanoprokaryotes to HM can be encoded at the
level of chromosomes, plasmids or transposons with
the participation of one or more genes. Thus, Cd di-
rectly affects the transcription of DNA, affecting
the synthesis of HM and stress proteins. At the bio-
chemical level, there are up to six main mechanisms
of resistance to HM. The main mechanism of resis-
tance to Hg is the redox transformation, encoded by
the wer operon. Resistance to single metals is often
independent of resistance to others. For example,
the Cr-tolerant strain Scenedesmus acutus is much
more resistant to the wild to the action of Cu, while
the resistance to Zn is independent of the resistance
to Cr (Wakatsuki T., 1996: 173).

It is believed that the mechanisms of resistance
to metals necessary for a cell must be inducible,
since constitutive expression can deprive cells of the
necessary metals at low levels in the medium.

The effect of chromium is reflected in the level
of viability of all crops, causing a significant de-
crease in it. Thus, in monocultures at a concentra-
tion of 0.2 mg / ml only 7-10% of cells remain alive.
In mixed cultures with negative allelopathy, there is
a significant decrease in the viability of cells of the
suppressed species until complete disappearance.
Thus, at a chromium concentration of 0.2 mg / ml
in a mixed culture of 4. flos-aquae x C. pariethina,
no living cells of the calotriks were detected, while
the anabene is more viable (by 8%). In mixed cul-
tures with positive allelopathy the damaging effect
of chromium is less noticeable than in monocultures
and mixtures with negative allelopathy. In variants
with a concentration of 0.2 mg / ml of chromium,
the viability level of cells of both species is several
times higher than in monocultures (Dzhokebae-
vaS.A.,2012: 11).

To sum up the phytoplankton organisms, being
the primary producers, are those components of wa-
ter systems on which the toxic effect of HM primar-
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ily affects. Their own stability can adversely affect
the general state of the ecosystem in connection with
the possibility of accumulating HM and transferring
them through food chains. As a rule, metals associ-
ated with organic compounds, including microalgae
exometabolites, are less mobile and, in most cases,
less toxic and less accumulated by cells of living
organisms and easier to sediment, accumulating
in mud and microbial films. The organic forms of
mercury (methyl- and dimethyl-mercury) or tin are
much more toxic than the initial ions, but they are

more assimilated than the mineral blue-green Sy-
nechocystis PCC-6803, Plectonema boryanum and
the green alga Chlorella. As the molecular weight
of the compound increases, so does the activity of
accumulation (Lebedeva A.F., 1998: 46). The HM
ions bound by organic compounds of cells are not
permanently derived from the cycle of biogenic ele-
ments. Organometallic compounds, in turn, undergo
microbial degradation, in which free metals are re-
leased into the medium. Both these processes play
an important role in the cycle of metals in nature.

References

1 Seregin I.V,, Ivanov V.B. (2011) Physiologucheskye aspect tocsycheskogo deystvye kadmia na vysshye rastenya [Physi-
ological aspects of the toxic effect of cadmium on higher plants]. Physiologya rastenya 48, p. 606-630.

2 Nalimova A.A., Popova V.V,, Tsoglin L.N., Pronina N.A. (2005) Vlianye medi i synca na rost Spirulina platensis i accum-
alasya cletcamy tyazhelyh metallov [Effect of copper and zinc on the growth of Spirulina platensis and the accumulation of heavy

metals by cells]. Physiologya rastenya 52, p. 259-265.

3 Allagulova C.R. (1999) Izmenenye belcovogo syntesa cletoc sine-zelenyh vodorsley i vysshyh rasteny pod deistvyem ionov
tyazhelyh metallov [Change in the protein synthesis of cells of blue-green algae and higher plants under the influence of heavy metal

ions]. Avtoref. kand. boil. nauk, 03.00.04, UFA. BashGU, p. 24.

4 Yernazarova G.1., Dzhokebaeva S.A., Ivashchenko A.T. (2006) Sposob biologycheskoi ochysky vod, zagryaznenyh cremov
[A method for biological purification of waters contaminated with chromium]. Avt. svid. vo., no 53146.
5 Verma S.K., Singh S.P. «Multiple metal resistance in the cyanobacterium Nostoc muscorumy», Bul.Env.Contam.Toxico 54

(1995): 614-619.

6 Nies D.H., Silver S. «lon efflux systems involved in bacterial metal resistances», J. Ind. Microbiol 14 (1995): 186-199.
7 Maywald F., Weigel H.J. «Zur Biochimie und Molecularbiologie der Schwermetallauthahme und speicherung bei hiheren

Pflanzen», Laundbauforsch Volkenrode 47 (1997): 103-126.

8 Michra B.B., Nande D.R. «Reclamation with cyanobacteria: effect of mercury contaminated waste disposal», Can. J. Micro-

biol. 42 (1997): 392-400.

9 Singh Y., Kumar H.D. «Adaptation of a strain of Spirulina platensis to grow in iodine-enriced media», J.Appl.Bacter. 76

(1994): 149-154.

10 Visviki ., Rachlin J.W. «Acute and chronic exposure of Dunaliella salina and Chlamydomonas bullosa to copper and cad-

miumy, Effect on. Arch. Env. Contam.Toxicol. 26 (1994): 154-162.

11 Purchase D., Miles R.J., Young T.W.K. «Cadmium uptake and nitrogen fixing ability in metal-resistant laboratory and field
strains of Rhizobium leguminosum biovar», FEMS Microbiol.Ecol. 22 (1997): 85-93.

12 Wakatsuki T. «Metal oxidoreduction by microbial cells», J. Ind. Microbiol. 14 (1996): 169-177.

13 Popova V.V., Kovshova Y.I., Pronina N.A. (2000) Nacoplenye selena v cletcah Spirulina platensis pry cultivirovany na
selenit-soderzhashyh sredah [Accumulation of selenium in Spirulina platensis cells during cultivation on selenite-containing media].
Tez. docl. Mezhd. conf. «Avtotroftnye vicroorganismy» posvyashennue 75-lenyu so dnyu rozh. akad. Y.N. Condratyev, p. 150-151.

14 Stom S.J., Badchi D. «Oxidative mechanisms in the toxicity of metal ions», Free Rad.Biol.Med. 18 (1995): 321-336.

15 Rai L.C., Tyagi B., Rai P.K. Mailick N. «Interactive effects of UV-B and heavy metals on nitrogen and phosphorus metabo-
lism of a N2-fixing cyanobacterium Anabaena doliolum», Env. and Exp.Bot. 39 (1998): 321-323.

16 Rijstenbiel J.W., Sandee A., Vandree J., Wijnholl J.A. «Interaction of toxic metal and mechanisms of detoxification in the
planctonic diatoms D. bringhtwellii and T. pseudonana», FEMS Microbiol.Rev. (1994): 387-396.

17 Mangala G., Puntarulo S. «Oxiolative stress and antioxidation content in Chlorella vulgaris after exposure to ultraviolet

radiation», Physiol. Plant. 94 (1995): 672-679.

18 Sargent J.R., Bell M.V., Henderson R.J. «Protists as resources of essential n-30 polyunsatured fully acids for predator de-

velopment», Eur. J. Protistol. 31 (1993): 460-461.

19 Sakamoto T., Bryant D.A. «A laboratory model for the rapid disappearance of cyanobacteria in bloomsy, Plant and Cell

Physiol. 38 (1997): 100.

20 Kaplan D., Haimer Y.M., Abeliovich A., Gollasbrough P.B. «Cadmium toxicity and resistance in Chlorella sp», Plant and

Cell Physiol. 109 (1995): 129-137.

21 Kosakowska A. «The effect of amino and polycarboxilic acids on the toxicity of cobalt to phytoplankton cells», Oceanol.

Stud. Mar. Biol., Pol. Acad. Sci. 25 (1996): 47-54.

22 Suginta K., Takamoto A., Sawa Y., Shibata H. «Over-accumulation of dlutatione in cyanobacteria: Response to oxidative

stress», Plant and Cell Physiol. 38 (1997): 69.

ISSN 1563-0218

Experimental Biology. Ne2 (71). 2017 49



Effect of Chromium and Other Heavy Metals on Microalgae

23 Monks T. «Bioactivation via glutatione conjugation», 10th Int. Symp. Microsom. and Drug. Oxidat Toronto, July 18-21.
Abstr. (1994): 143-145.

24 Ahner B.A., Morel F.M.M. «Phytochelatin production in marine algae. 1. An interspecies comparison. 2. Induction by vari-
ous metalsy», Limnol. and Oceanogr. 40 (1995): 649-665.

25 Agrawal S.W., Chauhary B.R. «Mercury-induced changes in glutatione content of a green alga Cosmarium conspersumy,
Microbiology 76 (1993): 223-229.

26 Mamta Avasti, Debangshu Narayan Das (2004) Tocsycheskye deistvye tiazhelye metallov na nytrareductaznuy activnost
svobodnyh i immibilizasioonyh cletoc vodorosley [The toxic effect of heavy metals on the nitrate reductase activity of free and im-
mobilized algal cells]. Obzor, Algology 14, p. 240-245, 375.

27 Lebedeva AF, Savinina Ya.V., Barsky E.L., Gusev M.V. (1998) Ustoychivost syanibactery i microvodorosley k deystdiu
metallov: rol metall svyazyvaushih bellcov [Stability of cyanobacteria and microalgae against the action of metals: the role of metal
binding proteins]. Obzor, Vest. MGU. Ser. Biol. 6, p. 42-48.

28 Berry J.P. «The role of lysosoms in the selective concentration of mineral element», Cell and Mol. Biol. 42 (1966): 395-411.

29 Sauser K.R., Woong T.Y. «Peroxydase response to heavy metal in the green alga S. capricornutum», Env. and Mol. Muta-
gens 21 (1993) : 60.

30 Gusev M.V., Lebedeva A.F., Savinina Y.V., Barsky E.L. (1997) Ustoychivos culture sianobactery Anacystis nidulans i mi-
crovodorosley Dunaliella maritime ¢ tocsychescomu deystvyu vanadea: vlianye fosfata, zheleza i systeina [Stability of cultures of
cyanobacterium Anacystis nidulans and microalga Dunaliella maritime to the toxic effect of vanadium: the effect of phosphate, iron
and cysteine]. Obzor, Vest. MGU. Ser. Biol. 1, p. 12-17.

31 Surosz V., Palinska K. «The effect of salinity on toxic influence of selected heavy metals toward cyanobacterium Phormi-
dium sp.», Program and abstr.10th international Symposium on Phototrophic Procaryotes. Barselona (2000): 224.

32 Idris M., Peterson P.I. «Cadmium and tin binding to soluble fraction of Anabaena flos-aquaey», Microbs. 93 (1998): 75-83.

33 Karavayko G.I., Kondratyeva T.F., Pivovarova T.A., Muntyan L.N. (1997) Physiologicheskye i geneticheskye characteris-
ticy necotoryh shammov Thiobacillus ferroxidans, ispolzuemih v biogidrometallurgye [Physiological and genetic characteristics of
some strains of Thiobacillus ferroxidans used in biohydrometallurgy]. Pricl.biohim.i microbiol. 33, p. 532-538.

34 Lemenovskiy D.A. (1997) Soedynenye metallov v zhyvoy prirode [Metal compounds in the wild]. Soros. Obrazov. zhurn.
9, p. 48-53.

35 Reunova Y.A., Aizdaycher N.A. (2004) Vlyanye selena na rost morskyh microvodoroskey Dunaliella salina i Phacodactilum
tricornutum [Effect of selenium on the growth of marine microalgae Dunaliella salina and Phaeodactilum tricornutum]. Sovremen-
nye problemy physiology i biohimy vodnyh organismov: Material. Mezhd. conf. Petrozavodsk, p.116-117.

36 Avery S.V., Codd G.A., Gadd G.M. «Biosorption of tributylin and other organotin compounds by Cyanobacteria and Micro-
algae», Appl. Microbios. Biotechnol. 39 (1993): 812-817.

37 Sadhukhan P.C., Ghos S., Chaudhurry J., Ghos D.K., Mandal A. «Mercury and organometry resistance in bacteria isolated
from fresh-water fish of wetland fisheries around Calcuttay, Env. Pollut. 97 (1997): 71-78.

38 Li Ying-min, Yang Hai-bo, Lii Fu-rong, Zhang Xin-hua (2004) Sorbsya Pb2+ u Chlorella vulgaris i mehanysm biosorbsye
[Sorption of Pb2 + in Chlorella vulgaris and the mechanism of biosorption]. Nongye huanjing kexue xuebao J.Agro-Environ Sci. 23,
p. 696-699.

39 Allagulova CH.R. (1999) Izmeneye belcovogo synteza cletoc cine-zelenyh vodorosley i vysshyh rasteny pod deystvyem
ionov tyazhelyh metallov [Change in the protein synthesis of cells of blue-green algae and higher plants under the influence of heavy
metal ions]. Obzor, Avtoref. cond. boil. nauk: 03.00.04, UFA.: BashGU, p. 24.

40 Maywald F., Weigel H.J. «Zur Biochimie und Molecularbiologie der Schwermetallauthahme und speicherung bei hiheren
Pflanzen», Laundbauforsch Volkenrode 47 (1997): 103-126.

41 Rijstenbiel J.W., Sandee A., Vandree J., Wijnholl J.A. «Interaction of toxic metal and mechanisms of detoxification in the
planctonic diatoms D. bringhtwellii and T. pseudonana», FEMS Microbiol.Rev. 14 (1994): 387-396.

42 Sargent J.R., Bell M.V., Henderson R.J. «Protists as resources of essential n-30 polyunsatured fally acids for predator devel-
opmenty, Eur. J. Protistol. 31 (1993): 460-461.

43 Dzhokebaeva S.A., Orazova S.B., Karpenyuk T.A., Goncharova A.V., Tsurkan Y.S., Kalbaeva A.M., Beisembaeva R.U.
«The use of microalgae and higher aquatic plants in the accumulation of chromiumy, "5th International Symposium on Biosorption
and Bioremediation", Prague (2012): 9-13.

Jluteparypa

1 Cepernn W.B., VBanoB B.b. ®wusnonormyeckne acrneKThl TOKCHYECKOTO AEHCTBHS KaJMHSl Ha BBICIINE pacTeHUs //
®usnonorus pactenus. — 2011. — T. 48, Ne 4. — C. 606-630.

2 Hamumora A.A., Ilomosa B.B., Llormn JI.H., [lponnna H.A. BiusHue menu u nmHKa Ha poct Spirulina platensis u
AKKYMYJISLHS KIIETKaMH TSOKEJIBIX MeTaiuios // @usnonorus pacrenuit. — 2005, — T. 52, Ne 2. — C. 259-265.

3 Aarynosa U.P. M3MeHeHne OeTKOBOTO CHHTE3a KJIETOK CHHE-3€JICHBIX BOJIOPOCIICit M BBICIIMX PACTEHHH ITOJ IelCTBHEM
HMOHOB TSDKEJIBIX METaIUIOB // ABTOped. kaus. 6uoi. Hayk. — 1999. 03.00.04, Yda. bamI'V. -C. 24.

4 Epnazaposa ['U., [IxokebaeBa C.A., panienko A.T. Crioco6 GHOIIOTHYECKOI OYMCTKH BOJI, 3arPSI3HEHHBIX XPOMOM // ABT.
cBul. Bo. —2006. Ne 53146.

5 Verma S.K., Singh S.P. Multiple metal resistance in the cyanobacterium Nostoc muscorum // Bul.Env.Contam.Toxicol. —
1995. — Vol. 54, Ne 5. — P. 614-619.

50 Xabaprsl. buonorus cepusicer. Ne2 (71). 2017



Yernazarova G.Y. et al.

6 Nies D.H., Silver S. Ion efflux systems involved in bacterial metal resistances // J. Ind. Microbiol. — 1995. -Vol. 14, Ne 2. —
P. 186-199.

7 Maywald F., Weigel H.J. Zur Biochimie und Molecularbiologie der Schwermetallauthahme und speicherung bei hiheren
Pflanzen // Volkenrode. — 1997. — Vol. 47, Ne 3. — P. 103-126.

8 Michra B.B., Nande D.R. Reclamation with cyanobacteria: effect of mercury contaminated waste disposal // Can. J. Micro-
biol. — 1997. — Vol. 42, Ne 4. — P. 392-400.

9 SinghY., Kumar H.D. Adaptation of a strain of Spirulina platensis to grow in iodine-enriced media // J.Appl.Bacter. — 1994.
—Vol. 76, Ne 1. — P. 149-154.

10 Visviki L., Rachlin J.W. Acute and chronic exposure of Dunaliella salina and Chlamydomonas bullosa to copper and cad-
mium // Effect on ultrastructure. Arch. Env. Contam.Toxicol. — 1994. — Vol. 26, Ne 2. — P. 154-162.

11 Purchase D., Miles R.J., Young T.W.K. Cadmium uptake and nitrogen fixing ability in metal-resistant laboratory and field
strains of Rhizobium leguminosum biovar trifolii / FEMS Microbiol.Ecol. — 1997. — Vol. 22, Ne 1. — P. 85-93.

12 Wakatsuki T. Metal oxidoreduction by microbial cells // J. Ind. Microbiol. — 1996. — Vol. 14, Ne 2. — P. 169-177.

13 Tlomosa B.B, Kosmosa 0.U., [Iponnna H.A Haxoruienne cenena B kierkax Spirulina platensis npy KyJIbTHUBHPOBaHHN
Ha CeJeHHUT-coziepkaiux cpenax // Tes. noxi. Mexa. kKoHd. «ABTOTpO(pHBIE MUKPOOPTaHU3MBD) TTIOCBSIIEHHON 75-JIETHIO CO JHS
poxn. akax. E.H. Konnparseoit. —2000. — C. 150-151.

14 Stom S.J., Badchi D. Oxidative mechanisms in the toxicity of metal // Free Rad.Biol.Med. — 1995. — Vol. 18. Ne 2. — P. 321-
336.

15 Rai L.C., Tyagi B., Rai P.K. Mailick N. Interactive effects of UV-B and heavy metals on nitrogen and phosphorus metabo-
lism of a N2-fixing cyanobacterium Anabaena doliolum // Env. and Exp.Bot. — 1998. — Vol. 39. Ne 2. — P. 321-323.

16 Rijstenbiel J.W., Sandee A., Vandree J., Wijnholl J.A. Interaction of toxic metal and mechanisms of detoxification in the
planctonic diatoms D. bringhtwellii and T. pseudonana // FEMS Microbiol.Rev. — 1994. — Vol. 14. Ne 4. — P. 387-396.

17 Mangala G., Puntarulo S. Oxiolative stress and antioxidation content in Chlorella vulgaris after exposure to ultraviolet
radiation // Physiol. Plant. — 1995. — Vol. 94. Ne 4. — P. 672-679.

18 Sargent J.R., Bell M. V., Henderson R.J. Protists as resources of essential n-30 polyunsatured fully acids for predator devel-
opment // Eur. J. Protistol. — 1993. — Vol. 31. Ne 4. — P. 460-461.

19 Sakamoto T., Bryant D.A. A laboratory model for the rapid disappearance of cyanobacteria in blooms // Plant and Cell
Physiol. — 1997. — Vol. 38. Ne 2. — P. 100.

20 Kaplan D., Haimer Y.M., Abeliovich A., Gollasbrough P.B. Cadmium toxicity and resistance in Chlorella sp. // Plant and
Cell Physiol. — 1995. — Vol. 109. Ne 2. — P. 129-137.

21 Kosakowska A. The effect of amino and polycarboxilic acids on the toxicity of cobalt to phytoplankton cells // Oceanol.
Stud. Mar. Biol., Pol. Acad. Sci. — 1996. — Vol. 25. Ne 4. — P. 47-54.,

22 Suginta K., Takamoto A., Sawa Y., Shibata H. Over-accumulation of dlutatione in cyanobacteria: Response to oxidative
stress // Plant and Cell Physiol. — 1997. — Vol. 38. No 1. — P. 69.

23 Monks T. Bioactivation via glutatione conjugation // 10th Int. Symp. Microsom. and Drug. Oxidat. — Toronto. — 1994. July
18-21. Abstr. — P. 143-145.

24 Ahner B.A., Morel F.M.M. Phytochelatin production in marine algae. 1. An interspecies comparison. 2. Induction by vari-
ous metals // Limnol. and Oceanogr. — 1995. — Vol. 40. Ne 4. — P. 649-665.

25 Agrawal S.W., Chauhary B.R. Mercury-induced changes in glutatione content of a green algae Cosmarium conspersum //
Microbiology. — 1993. — Vol. 76. Ne 309. — P. 223-229.

26 Mawmra ABactH, [lebanrury Hapasa [lac. Tokcnueckoe eficTBHE TSDKEIBIX METAJUIOB Ha HATPATPELyKTa3HyI0 aKTHBHOCTh
CBOOOJIHBIX M IMMOOMIT30BAaHHBIX KIIETOK Bojopociel / Anbronorus. — 2004, — T. 14. Ne 3. — C. 240-245.

27 JlebeneBa A.®., CaBanuna S1.B., Bapckuii E.JI., I'ycee M.B. YcToitunBOCTh IMaHOOAKTEPHA U MHKPOBOJOPOCIECH K
JICHCTBUIO METAJUIOB: POJIb METAILT cBsi3biBatoIux O0eikoB // Becth. MI'Y. Cep. buon. — 1998. — T. 6. Ne 2. — C. 42-48.

28 Berry J.P. The role of lysosoms in the selective concentration of mineral element // Cell and Mol. Biol. — 1996. — Vol. 42.
Ne3. —P. 395-411.

29 Sauser K.R., Woong T.Y. Peroxydase response to heavy metal in the green alga S. capricornutum // Env. and Mol. Mutagens.
—1993. —Vol. 21. Ne 22. — P. 60.

30 T'yceB M.B., JleGeneBa A.®., CaBanuna f1.B., bapckuii E.JI. YeroitunBocts KyibTyp nmano6akrepun Anacystis nidulans n
MuKpoBozopociu Dunaliella maritime k TokcHueckoMy JeHCTBUIO BaHA s BIHsHIE Gocdara, xenesa u nucrenna / Bectn. MI'V.
Cep. buon. —1997. = T. 1. Ne 3. — P. 12-17.

31 Surosz V., Palinska K. The effect of salinity on toxic influence of selected heavy metals toward cyanobacterium Phormidium
sp. // Program and abstr.10th international Symposium on Phototrophic Procaryotes. Barselona. —2000. — P. 224.

32 Idris M., Peterson P.I. Cadmium and tin binding to soluble fraction of Anabaena flos-aquae // Microbs. — 1998. — Vol. 93.
Ne315. - P. 75-83.

33 Kapasgaiixo I"11., Konnparsesa T.®., [Iuosaposa T.A., Mynran JL.H. ®usuonoruueckue U reHeTUYECKUE XapaKTePHUCTUKI
HekoTopbiX mTamMoB Thiobacillus ferroxidans, ucnons3yembix B ouoruapometaiutypruu / [pukin.6uox.u mukpoouon. — 1997. —
Vol. 33. Ne 5. — C. 532-538.

34 Jlemenosckuii JI.A. CoennHeHns MeTaiuioB B xuBoit mpupone / Copoc. O6pazoat. xkypH. — 1997. Ne 9. — C. 48-53.

35 Peynosa I0.A., Ai3naiiuep H.A. Biisinue ceiena Ha poct Mopckux Mukposogopocieit Dunaliella salina n Phaeodactilum
tricornutum // CoBpeMeHHbIe Ipo0JIeMbl PH3HOJIOTHU U OMOXUMHU BOIHBIX OpraHu3MoB: Matepuabl. Mex. koud. — [lerpo3aBock.
—2004. - C.116-117.

ISSN 1563-0218 Experimental Biology. Ne2 (71). 2017 51



Effect of Chromium and Other Heavy Metals on Microalgae

36 Avery S.V., Codd G.A., Gadd G.M. Biosorption of tributylin and other organotin compounds by Cyanobacteria and Micro-
algae // Appl. Microbios. Biotechnol. — 1993. — Vol. 39. Ne 7. — P. 812-817.

37 Sadhukhan P.C., Ghos S., Chaudhurry J.,Ghos D.K., Mandal A. Mercury and organometry resistance in bacteria isolated
from fresh-water fish of wetland fisheries around Calcutta / Env. Pollut. — 1997. — Vol. 97. Ne 1-2. — P. 71-78.

38 Li Ying-min, Yang Hai-bo, Lii Fu-rong, Zhang Xin-hua. Cop6must Pb2+ y Chlorella vulgaris n mexanusm 6nocopOrmu //
Nongye huanjing kexue xuebao J.Agro-Environ Sci. — 2004. — Vol. 23. Ne 4. — P. 696-699.

39 Auutarynosa U.P. 3mMeHeHre GEIKOBOTO CHHTE3a KIIETOK CHHE-3€JIEHBIX BOJOPOCIIE U BBICIIMX PACTEHHH MO JEHCTBUEM
HMOHOB TSDKEJIBIX METaIUIOB // ABTOped. ... kana. ouon. Hayk. — 1999. 03.00.04, Yda: baml'V. — C. 24.

40 Maywald F., Weigel H.J. Zur Biochimie und Molecularbiologie der Schwermetallauthahme und speicherung bei hiheren
Pflanzen // Laundbauforsch Volkenrode. — 1997. — Vol. 47. Ne 3. — P. 103-126.

41 Rijstenbiel J.W., Sandee A., Vandree J., Wijnholl J.A. Interaction of toxic metal and mechanisms of detoxification in the
planctonic diatoms D. bringhtwellii and T. pseudonana // FEMS Microbiol.Rev. — 1994. — Vol. 14. Ne 4. — P. 387-396.

42 Sargent J.R., Bell M.V., Henderson R.J. Protists as resources of essential n-30 polyunsatured fally acids for predator devel-
opment Eur // J. Protistol. — 1993. — Vol. 31. — P. 460-461.

43 Dzhokebaeva S.A., Orazova S.B., Karpenyuk T.A., Goncharova A.V., Tsurkan Y.S., Kalbaeva A.M., Beisembaeva R.U. The
use of microalgae and higher aquatic plants in the accumulation of chromium // "5th International Symposium on Biosorption and
Bioremediation". -Prague. —2012. — P. 9-13.

52 Xabaprsl. buonorus cepusicer. Ne2 (71). 2017



MPHTU 34.31.15; 34.31.37.

Bumyp3una I", Cuporuna T.

XKeskasranckuii 6oTaHuueckuii can — ¢punman MHetutyTa 00TaHUKH ¥ (GPUTOMHTPOTYKIIUH,
Kasaxcran, . XKeskasran, ‘e-mail: g_ 315@mail.ru

YCTOMYUBOCTb COPTOB CMOPOAMHbI YEPHOM
K HEBAATOIMPUSATHBIM ABMOTUYECKUM ®AKTOPAM
AETHETO MEPUOAA APUAHOM 30HDI
LLEHTPAAbHOTIO KA3AXCTAHA

B cratbe npeAcTaBAeHbl pe3yAbTaTbl WCCAEAOBAHWMIA MO  M3yyeHuto yctonumBocTy 11
MHTPOAYLMPOBAHHbIX COPTOB CMOPOAMHbI YEpHOM K TakMM abuotmuyeckum akTopam AeTHMX
NMepuoAOB, Kak BbICOKME TEMMEPATYPbI U CyXOCTb BO3AYXa, 1 OAM3KOE 3aAeraHue K MoBepPXHOCTU MOYBbI
M3BECTKOBOIO CAOSl B YCAOBMSX LleHTpaabHoro Kasaxcrana (KeskasraHckuim 6GoTaHMYECKMid cap).
3acyXx0yCTOMYMBOCTb COPTOB CMOPOAMHbBI YepHOI onpeAeAsAn B 2015-2016 rr. no TakMM noKasaTeAsam
BOAHOTO 06MeHa, Kak COAEP>KaHMe BOABI M BOAOYAEPIKMBAIOLLAs COCOBHOCTb AUCTbEB. B pesyabTate
MCCAEAOBAHUSI BbISIBAEHO, UTO BbICOKasi BOAOYAEPXKMBAIOLLAs CMOCOOGHOCTb OTMEYeHa Yy COpPTOB
Puta, KaHaxama, YepHbin skemuyr n HaTtalwwa, Bbicokoe coaep>kaHue Boabl — Yy copToB CokpoBuie
n FaamHka. o cTeneHn 3aCyxoyCTOMUMBOCTM COPTA PA3AEAMAM Ha TPU FPYNMbl: BbICOKOYCTOMYMBbIE
(AraTta, AATarickast No3aHss, [aAnHKka 1 [aapuosa), ycronumsble (KaHaxama, AeHtan, Hatawa n Puta)
cpeaHeycTonumBble (CokpoBuiLe, YepHbIn xxemuyr 1 AapeHas). Pe3yAbTaTbl ICCAEAOBaHWS NMOKA3aAM,
YTO CTeneHb MOPaXXeHWs XAOPO30M COPTOB CMOPOAMHbI YepHol cocTaBuAa oT 0 A0 3 6aAnoB.
M3yyaemble copTa CMOPOAMHBI Pa3AEAMAM Ha TPW TPYMMbl MO CTEMeHW YCTOMUMBOCTM K XAOPO3Y:
BbICOKOYCTOMYMBbIE (MepHblit kemuyr, [aanHKa, AeHTain 1 AATanckas No3AH4S), ycTonumsble (Arara,
['Aapnosa, Puta u SapeHas) n cpeaHeycTonumBble (KaHaxama, Hatatwa 1 Cokposuiue).

KAtoueBble cAOBa: CMOPOAMHA YepHasi, abMoTHMUeCKMit (hakTop, 3aCyXOYCTOMUNBOCTb, U3BECTKOBDbII
XA0po3, LleHTpaabHbIi KasaxcraH.

Bimurzina G.', Sirotina T.?

Zhezkazgan botanical garden — branch of the institute of botany and phytointroduction,
Kazakhstan, Zhezkazgan, “e-mail: g 315@mail.ru

Resistance of cultivars of black currant to adverse abiotic factors
of the summer period of arid zone of central Kazakhstan

The article presents the results of research of the resistance of 11 black currant cultivars to such
abiotic factors of summer period as aridity and close location to the soil surface of limestone in the arid
zone of Central Kazakhstan (Zhezkazgan Botanical Garden). Water content and water-holding capac-
ity of leaves as a sign of drought-resistance of black currant cultivars were studied during 2015-2016.
Least significance differences (LSD) between cultivars was established using Fisher’s tests. Differences
between the means were ascertained with a multiple Duncan’s Test. There was not significant differ-
ence between the annual mean values of water content. According to the degree of drought resistance
cultivars were divided into three groups. Agata, Altayskaya Pozdnyaya, Galinka and Glarioza are highly
resistant. Kanakhama, Lentyay, Natasha and Rita are resistant. Sokrovishche, Chernyy Zhemchug and
Yadrenaya are moderately resistant. The results of the have shown that almost all black currant cultivars
are affected by chlorosis. The degree of damage ranged from 0 to 3 scores. Two-factor analysis of vari-
ance during three years showed that cultivars differed in degree of chlorosis (LSD = 0.96,p < 0.5). There
was no significant difference between the annual mean values of damages. Black currant cultivars were
divided into three groups according to degree of damage with chlorosis. Chernyy Zhemchug, Galinka,
Lentyay and Altayskaya Pozdnyaya are highly resistant to chlorosis. Agata, Glarioza, Rita and Yadrenaya
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are resistant. Kanakhama, Natasha and Sokrovishche are moderately resistant. The biological effective-
ness of 0.5 % solution of Fe,SO, after two treatments was high (from 66.7 % to 100 %).
Key words: blackcurrant, abiotic factor, drought tolerance, lime chlorosis, Central Kazakhstan.

bumyp3auHa I'.", CupotmHa T.2

XKeskasraH 60TaHUKaAbIK, 6aFbl — 60TaHMKa >kaHe (PUTOMHTPOAYKLMSA MHCTUTYTbIHbIH (DUAMAADI,
KasakcraH, >Ke3kasfaH K., ‘e-mail: g 315@mail.ru

Kapa kapakar cypbInTapbiHbiH, )ka3 mesriainaeri Opraabik, KazakcraHHbIH,
APUATI aliMaFbIHbIH KOAAMCbI3 abMOTHKaABIK, (hakToOpAapFa TO3IiMAAIri

Makanaaa xepciHaipiareH 11 kapa kKapakaT cypbinTapbiHbliH OpTaablk, KasakcTtaH (XKeskasraH
60TaHMKAAbIK, Gafbl) afMaK, >KaFAabIHAAFbl >KOFApbl TEMMepaTtypa MeH aya KypfrakTblfbl, >XOHE Ae
OKTIK KabaTka >akblH OpHAAACybl CUSIKTbl >Ka3 Me3riAiHiH abuoTuKaAbIK, (hakTOpAapbiHA 3epTTey
HeTmxeAepi kepceTiareH. Kapa kapakaT cypbInTapblHblH KypFakka Te3iMmaiAiriH 2015-2016 oK.
>KarblpakTarbl Cy MOALLEpi MeH CyycCTafbill KabGiAeTi CUMSAKTbl Cy aAMacy KOpCETKIluTepi apKbiAbl
aHbIKTaAbl. 3epTTeyAep HOTUXKECIHAE JKOFapbl CyycTarbil KabireTi Puta, KaHaxama, YepHblit skemuyr
>KoHe Harawa cypbinTapblHAQ, XoFapfbl cy MeAllepi CokpoBuile >kaHe [aAMHKa CypbINTapblHAQ
aHbIKTaAAbl. Kyprakka Te3iMAIAIK Aepeykeci 60MbIHLLIA Kapa KapakaTt CypbinTapbl YLl Tonka 6eAiHAi:
>KOFapbl Te3iMAI cypbinTap (Arata, AATanckas nosAHsis, [aAnHKa xaHe [Aapuo3sa), Te3iMai cypbinTap
(KaHaxama, AeHTaii, Hatawa >eHe Puta) >xeHe optawa Te3iMmai cypbintap (Cokposuiue, YepHbliit
Kemuyr >kaHe SapeHas). Kapa kapakar cypbinTapbiHbiH XAOPO36€EH 3aKbIMAAHY ABPEXKECIH 3epTTeyAep
HoTuxkeAepi 0 AeH 3 GaaAFa AeiiH KepCeTTi. 3epTTeAreH Kapa Kapakart CypbInTapbl il TOMKa OOAIHA:
>KOFapbl Te3IMAI cypbinTap (YepHbiin skemuyr, FaanHka, AeHTS KoHe AATarcKas Mo3AHSS), TO3IMAI
cypbinTap (Arata, [Aaprosa, Puta sxeHe SapeHast) xxeHe opTalla Te3iMai cypbintap (KaHaxama, HaTtawa

>xeHe Cokposuiie).

Ty¥in ce3aep: Kapa Kapakar, abMoTUKaAbIK, (hakTop, Kyprakka Te3IMAIAIK, akTi xAopo3, OpTaAbIk,

Ka3akcTaH.

BBenenue

CoBpeMeHHBIE HCCIIEOBaHMsl KJIMMara IOKa-
3aJIH, YTO YBEIMYECHUE IPOJOKUTEIbHOCTH JIETHUX
3acyX BechbMa BeposTHO B Oymymiem (Schlyter P.,
2006: 75). Hemocrarok BoOjbl SIBJISETCS OJHHM W3
Ba)KHEHILINX SKOJIOTHYECKUX (HaKTOPOB, BIHUSIOIINX
Ha (hM3HOJIOTHIO PACTEHUH, PAa3BUTHE U YPOKaHHOCTD
(Kikas A., 2011: 551). 3acyxa oka3bIBaeT BIHs-
HUE Ha IPOLECCHl Pa3BUTUSl PACTEHMH Ha BCeX
KIIIOYEBBIX OJTamax Beretanmuu. Hampumep, y
pacTeHuii 4epHOil CMOpOAMHBI ObLIO OOHApYKEHO
MIPEXKIEBPEMEHHOE OCBITaHNE LBETKOB U IUIOJOB,
B 3HAYUTENFHOW CTETEHHU 3aBHCAIIEE OT T€HOTHUIA
U TIOTOJIHBIX YCIIOBHUH, BKJIIOUas TEMIIEpaTypy H
ocanku (Hsiao T.C., 1973: 519). IloaTomy, B cBsizn
C HACTYMAIOIUMH M3MEHEHUSMHU KJIMMaTa, Ba)KHO
BBISIBUTH YCTOWYMBBIE K 3aCyXe I€HOTHIIbI YEPHOU
cmopoauHb! (YcrmanoB Y.Y., 1943: 125).

T'opon ’Ke3ka3raH HaxOAUTCSI B CEBEPO-3aI1aIHOM
yacTu paBHHHHOW lleHTpansHO-CeBepoTypaHCcKoit
MOANPOBUHIIMKA B TOJ30HE CEBEPHBIX ITyCTHIHD,
B KpailHE CYpOBBIX IS IUIOJOBO-STONHBIX KYib-
Typ YCJIOBHAX IOro-3anajHoil yactu LleHTpanbHO-
KazaxcTaHCKOro MENKOCONOYHMKA W OTHOCHTCS
K 30HE PUCKOBAaHHOTO 3eMienenus. B mpupomHom
OTHOILIEHUH PErHOH XapaKTepu3yeTcs Upe3Bbl-

YallHOM CyXOCTbhIO KJIMMAaTa, TOCTOSIHHBIMU BETPaMHU
u OrpaHUYCHHBIMHA BOJHBIMU HCTOYHHKaAMH
(bastroBa JI.B., 1995: 314).

[IpencraBnss coboit IEHHBIH MPOITYKT MATAHWSI,
SITOJbl CMOPOJUHBI YEPHOW HAIUIM [PUMEHEHHUE
JUTSL TIOTPEOJICHUSI B CBEXEM BHJIE W TOIyUYCHUS
Pa3HOOOpa3HBIX TPOAYKTOB TepepaboTku. OHHU
Oorarel BuTamuHamu (ocodbenno C u P), kymapuna-
MU, TyOWIBHBIME BelleCTBaMHu, d(pUPHBIMU Macia-
MH B MHKpOdJIeMeHTaMH. BrIcokoe cojepxanme
OMONIOTHYECKU aKTHBHBIX BEIECTB OOYyCIaBIMBACT
TIe4eOHO-TIPO(PIIIAKTHIECKIE CBOMCTBA CMOPOAMHEI
YEpPHON W IIUPOKOE HCIOIb30BAHUE B HAPOIHOMU
meauuuHe (Oronbuosa T.I1., 1995: 314).

Oco0Oyr0 aKkTyaabHOCTh MPEICTABISET BBIIC-
JIieHue U 0TOOp COPTOB CMOPOAWHBI YEpHOM, 00ma-
JAIOIIMX YCTOHYMBOCTBIO K BO3ACHCTBHIO HeOMa-
TONPUATHBIX ~aOMOTHYECKUX  (PAKTOPOB  CPEIIbI
obuTaHus.

Llens maHHOTO WCCIEIOBAaHMS 3aKIOYallach B
0TOOpE COPTOB CMOPOJUHBI YEPHOU, YCTOHYHMBBIX
K abuoTmueckuM (¢aKkTopaM JIETHETO Iepruoa
apunHoi 3oubl llenTpanbHoro Kazaxcrana: 1)
BBICOKOM TEMIIEPaTyPhI U CYXOCTH BO3/1yXa; 2) Onm3-
KOMY 3aJIETaHWI0 K TTOBEPXHOCTH ITOYBHI H3BECT-
KOBOTO CJI0$, & TAK)KE B BBISIBICHUU dPPEKTUBHOCTH
JKEJIE3HOTO KyIopoca MpHu 00phOe ¢ XI0PO30M.
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MaTepI/laJ'lbI U METOJAbI HCCJICAOBAHUSA

Hccnenosanus npoBoaninck B JKe3kazraHckoM
ooraanveckom camy (XKBC). OO6bekrtamu uccieno-
BaHMsl SABJISAJIMCH COpTa CMOpPOJIMHBI YepHOM Arara,
Anraiickas no3auss, ['anunka, Puta, Anpenas, Ka-
Haxama, Harama u Cokposuie (Ribes nigrum L. X
R. dikuscha Fisch. ex Turcz.), cenexuuu Hayuno-nc-
CIIeIOBATENILCKOTO MHCTHUTYTa canoBojcTBa CHOH-
pu uMm. M.A. JIicaBeHKO, HHTPOAYLMPOBAHHBIC U3
r. bapnayna, ['mapuosa (R. nigrum *x R. dikuscha)
— copt ceneknuu HoBocHOMpCKOW 30HAIBHOM TLTO-
JIOBO-SITOTHOM OIBITHOM CTAHIIMM, 3aBE3CHHBIN M3
r. HoBocubOupcka, Jlentsii (R. nigrum) — COpT celex-
1 Beepoccuiickoro Hay4HO-HCCIIEI0BATENECKOTO
MHCTHUTYTa CEJICKLUH TJIOAOBBIX KYJBTYD, HHTPOLY-
UpOBaHHBIN U3 T. HoBocuOupcka, YepHslii xeMuyr
(R. nigrum) — copt cenexknmn Bcepoccuiickoro Ha-
YYHO-HCCIIEIOBATEILCKOTO MHCTUTYTA CaJIOBOJICTBA
um. W.B. MuaypuHa, 3aBe3eH u3 r. HoBocuOmpceka.

CymmMma ocankoB B 2015 r. B mae coctaBuia 20
MM (105 % ot HOpMBI), B utoHEe — 28 MM (165 % ot
HOpMBI), B utosne — 9 MM (50 % ot HopMmBI). Makcu-
MaJibHasl Temneparypa Bozayxa 37,5°C Obuia oT™Me-
yeHa 12 utonsg. B 2016 r.cymma ocagkoB B Mae co-
craBmia 51 MM (268 % ot HOpMBI), B UtOHE — 44 MM
(253 % ot HopMmpI), B utone — 6 mm (33 % ot HOp-
MbI). MakcumanbsHas TemrepaTypa Bozayxa 39,5°C
Obl1a oT™MeueHa 13 urons.

3acyxoycroiiunBocth 11 cOpTOB CMOPOIMHBI
yepHoit onpenersum B 2015-2016 rT. 110 TaKuM 10~
KazaTeJsiM BOJHOI0 OOMEHA KaK COJACPKAHUE BOIBI
U BOJIOYACPKUBAIOIIASl CIHOCOOHOCTH IJIUCTHEB, U
BEISBISLTH 10 Metoay Epemunna u ["acanoma (Epe-
muH [.B., 1999: 80). PamxupoBanue nmo cTeneHu
3aCyXOyCTOMUMBOCTH IO IIOKA3aTEIISIM COACPKaHUS
BOJIBI M BOJIOYICPIKMBAIOIIEH CIIOCOOHOCTH MPOBO-
i 1o Metoy ['orvapoBoit (2005: 112).

Jl1g OIleHKH CTeTeHn MopakeHHUs JTUCThEB XJIO-
po3oM 11 copToB 1O IBETHOW IKajie U dPPEKTHB-
Hoctu npumenenus Fe SO, 1yt 60pbOBI ¢ XI0p030M
MCTIONB30BaII MeTOANKY OcTpoBckoit (1965: 187).

[lpn w3ydeHUH BOJHOTO OOMEHA YYHTBHIBAIH
Pa3sHOKAYEeCTBEHHOCTh KyCTa CMOPOJHMHBI IO CTe-
neHn BraroodecnedeHHocTd. [IpoObr oTOupanu B
YTPEHHHUE Yachl B IOJIMATUICHOBBIC MAKETHI B Ce-
peirHe POCTOBBIX MOOETOB MO NMEPUMETPY KPOHBI
KyCTa, 3aTeM B JIAOOPAaTOpPHUU MPOBOJMIN B3BELIN-
BaHHUE JIUCTHEB, MOMEIIAIN X B TEPMOCTAT C TEM-
nepatypoil 23°C u uepe3 4 yaca B3BEIIMUBAIU I0-
BTOPHO.

Haumenspmyro cpeanroro pasaocts (HCP) mex-
JIy COpTaMH OTPEAEIISIIA METOAOM JHUCIEPCHOHHO-
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r'0 aHaJIKM3a C MPUMEHEHUEM MHOYKECTBEHHOTO KPH-
tepust Jlynkana mpu p < 0,5.

Pe3y.]'ll)TaTbl HCCJIeA0BAHUA U UX 06cyme}me

[Ipu n3y4yennn BogHOTO 0OMEHa COPTOB CMOPO-
JuHbl yepHoH B ycnoBusx JKBC momydens! cieny-
fomue ganabe: B 2015 r. B Mae comepikaHue BOIBI
(CB) cocrasuiio ot 68,8 1o 74,8 %, a BOIOYyIepKH-
Barorias ciocooHocth (BC) mucTtheB depes 4 daca
3aBsganus — ot 83,5 1o 90,2 %. B nrone CB cocra-
BHIIO OT 69,7 1o 75,9 %, BC — o1 65,2 10 87,2 %. B
nroire CB 6su10 0T 63,0 10 76,0 %, BC — 0T 55,8 110
85,1 % (Tabmuma 1).

JByxX(akTOpHBII  TUCIEPCHUOHHBIA  aHAIIN3
rmokazall, 4TO COpTa He OTIMYAIKNCh IO CpeJHE-
my CB 3a maii (71,5 %) u utonb (72,5 %), Ho CB
B mtonie (69,0 %) ObUTO TOCTOBEPHO BEIIIE, YEM B
mae u urone (HCP = 2,1; p < 0,5). [lo cpennemy
nokazateno BC 3a mait (87,4 %), utonb (80,5 %)
u utoiib (74,9 %) copra pazauyanuch MexIy coOon
(HCP=5,1;p<0,5).

Bricokoe CB B cpeaHem 3a 3 Mecsiiia ObLIO OT-
MedeHo y coptoB ["anmunka (75,6 %), Arat (73,2 %)
u Coxposutte (72,5 %) .

CopTa cCMOpPOAWHBI YEPHOU B CPETHEM 3a 3 Me-
csaua B 2015 r. HE3HAUUTEIBHO OTIUYAIUCH MEXITY
co0oii mo BC. Bricokas BC B cpegreM BrIIe 1 OKO-
10 80 % oTmeuena y coproB Harama (86,2 %), Ka-
Haxama (86,2 %), Pura (85,8 %), UepHslii sxeMuyT
(85,7 %) u JlenTsii (84,8 %).

B 2016 r. B Mae CB copToB CMOPOIMHBI YePHOI
(ot 71,4 no 79,8 %) u BC (ot 81,6 n0 93,2 %) co-
OTBETCTBEHHO ObLTM BEICOKUMU. B mtone CB cocra-
BWJIO OT 59,5 10 86,8 %, BC — o1 51,2 10 89,9 %. B
urosie CB o110 ot 60,7 no 70,8 %, BC — ot 46,9 no
89,0 % (Tabmuna 2).

JByx(akTOpHBIN JUCTIEPCHOHHBIA aHAIIN3 II0-
Kasajl, 9To copTa He OTIMYaINCh o cpenHemy CB B
ntone (68,2 %) u urone (66,6 %), Ho B Mae (75,2 %)
CB 0bU10 JOCTOBEPHO BHIIIE, YEM B UIOHE U HIOJIE
(HCP =4,1; p<0.,5). Ilo cpennemy nokazatento BC
3a Mait (88,0 %), utonb (76,2 %) u uronb (64,5 %)
copra paznmmyaiuch Mexmay cooour (HCP = 12.2;
p<0,5).

Bricokoe CB B cpennem 3a 3 mecsima B 2016 1.
obut0 oTMeueHo y coptoB Coxposuma (78,8 %),
Haramm (71,7 %), Kanaxamer (71,4 %), Pursr
(71,4 %), l'amuankwu (70,5 %) u Anpenoit (70,4 %).

Cpennsit BC 3a 3 mecsma 2016 1. Obuta BbICO-
koit (oxono 80 % wnim Beie 80 %) y copToB Pura
(89,2 %), Yepnsri xemuyr (80,1 %), Kanaxama
(79,8 %) u Harama (79,3 %) (pucynox 1).
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Ta6mmua 1 — Coneprkanue BOJIBI B JIUCThSIX CMOPOAUHBI 3a 3 Mecsia 2015 1. (B %)

Maii Hronn Hronp
Coprt

cpenHee cC| P D cpenHee C P D cpenHee CcC | P D
Arara 72,8404 | 51| 1,1 | a6 | 754404 | 1,8 | 0,6 a 71,3£0,9 39| 1,2 | abB
Anraiickast IO3IHsIS 72,0+£0,7 [ 83| 1,9 | aosr | 74,1x1,0 [ 42| 13 0 69,2+0,9 3,9 | 1,2 | abBr
lanunka 74,840,5 | 6,3 | 1,4 a 75,940,8 | 3,5 | 1,1 a 76,0£0,5 2,1 (0,7 a
I'mapmosa 69,0+0,3 |3,3|0,7| Br 69,7+0,5 | 2,3 | 0,7 65,5+0,3 1,705 | sr
Kanaxama 72,0£0,3 | 4,2 0,9 | a6bsr | 73,3+0,6 |2,5| 0,8 68,3+0,6 2,7 | 0,8 | absr
Jlentsii 70,2+0,3 | 4,4 | 1,0 | OBr 70,5+£0,6 | 25| 0,8 I 66,4+0,4 1,8 10,6 | OBr
Harama 71,6£0,4 | 55| 1,2 | a6er | 71,6404 | 1,6 | 0,5 70,4+0,6 2,51 0,8 | absr
Pura 69,7£0,3 | 3,6 | 0,8 | OBr 70,4+0,3 | 14| 04 | &1 67,6+1,4 6,4 (2,0 | OBr
CokpoBHIIE 73,1£0,4 | 45| 1,0 ab 73,1£0,8 | 3,4 | 1,1 71,4+0,5 23107 ab
YepHblii xeMuyT 72,3£0,2 | 2,8 | 0,6 | abBr | 71,9+0,3 1,1 | 04 70,1£0,5 2,1 10,7 | absr
Snpenas 68,8+0,3 | 4,2 10,9 T 71,9+0,7 | 3,0 | 1,0 T 63,0+0,5 23107 r
ITpumedanue — 3Ha4CHUsI, OTMEUCHHbIE Pa3HbIMK OYKBaMH, JOCTOBEPHO OTIMYAIOTCS B COOTBETCTBHH € TecTOM JlyHKaHa.

Ta6auua 2 — Coaeprxanue BOJbI B JIUCThSIX COPTOB cMOpoAMHEI 3a 3 mecsia 2016 1. (B %)

Maii Hionp Hronp
Coprt

cpenHee C P D cpenHee C P D cpenHee C P D
Arara 75,5+1,1 | 4,8 | 1,5| OB 64,7£0,8 | 3,3 | 1,0 66,3+£2,2 9,2 |29 | abB
Anraiickasi o3 HsIst 74,0+£0,8 | 3,5 | 1,1 rae 64,7+1,0 |43 (13| n 70,8+1,5 6,2 |20 a
lanunka 78,3+0,5 | 1,9 | 0,6 | abB 67,9+£0,7 | 2,809 | Br | 652+I,1 43 | 1,3 | oBr
I'mapuosa 71,4+0,8 | 3,5 | 1,1 ne 64,5+0,4 1,8 1 0,6 60,7+1,3 56 | 1.8 r
Kanaxama 76,842,2 | 8,9 | 2,8 | abrr 71,741,8 | 74 | 2,3 65,8+1,8 7,4 | 2,3 | absr
Jlentsii 72,1+£0,6 | 2,8 | 0,9 ne 59,5+1,3 58 1,8 | ¢ 62,9+1,1 47 | 1,5 | =r
Harama 79,3+1,2 | 4,6 | 1,5 ab 66,60£0,7 2,709 | r 69,2+2,6 10,2 | 3,2 | ab
Pura 73,9+40,9 | 4,0 | 1,3 | 1me 70,3+£0,6 |24 |08 | 6B | 69,9+0,8 32 [ 1,0 | a6
Cokposuiie 79.8€1,3 | 5,0 | 1,6 a 86,8£2,0 [ 8,1 25| a 69,8+0,9 3,4 1,1 | a0
YepHblii xeMuyT 71,6£0,6 | 2,8 | 0,9 ne 66,0£0,7 [ 32|10 r 63,1+£0,7 3,2 1,0 | Br
Snpenas 74,4+0,7 | 3,0 | 1,0 | Brme 68,0+0,5 23107 | Br 68,8+0,6 25 108 | a6

[Mpumeuanne — 3HaueHNs, OTMEUCHHBIC PA3HBIMU OyKBaMH, TOCTOBEPHO OTIMYAIOTCS B COOTBETCTBUH C TecTOM JlyHKaHa.

[lo pesynbraram JBYXJETHErO HCCIEIOBa-
HUsl BbIcOKOe cpenHee CB oTMeueHO y coOpTOB
Coxkposumie (75,7 %) n l'anuaka (73,0 %) (ta-
omuna  3).  JIByx¢akToOpHBIA JAMCIEPCUOHHBIN
aHAIKM3 MOKa3aJl, YTO COPTa Pa3INdaroTCs MEXIY
c000if o cpeaHUM Tokazarensam 3a 2015-2016 rr.
(HCP =2,1; p £ 0,5). Ilo ¢dakropy roa HEe ObLIO
BBISIBIICHO CYIIECTBEHHBIX Pa3InYUil MEXIy Cpe-
HUMU 3HAYCHUSIMH.

[To moxazarenstm BC 3a nBa rojga BbICOKasl BO-
JIOyAeP)KUBAOIIAsl CIIOCOOHOCTh ObLIa y COPTOB
Pura (87,5 %), Kanaxama (83 %), UepHbrif sxeMayT
(82,9 %) u Harama (82,8 %) (pucynok 2). JIByx-
(akTOpHBIH JTUCIICPCHOHHBIA aHANIW3 [OKa3all,
qTo copra mo cpenueit BC He pa3nmyaiuch Mex-
ny coboii. ITo ¢akropy rox nokaszaresin BC Obuin
Bhime B 2015 . (80,9 %), yem 3a 2016 . (76,2 %)
(HCP =3.,2;p<0,5).
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88,0 6Br1

Arara 8240
66,4 a6
Al 86,2 Bra

Aurraiickas nosaHas 80,2 6Br

69,06

>

932a
Toumeens 78,7 6r
55,4Bra
85,4 BT
Inapuosa 65,1 n
90,2 a6
Kanaxama 81,3 abB
67,86
87,7 6Br
2 Lo 66,92
E 52,0t
% _ 85,0 e
: CHTAN 72.2m
o 55,6 BrA
i 91,126
Harama 77,2 Br
69,66
I 88,668
Puta 899a
89,0a
86,5 Bra
Cokposume 73,7 Brn
62,8 6Br
922a
Yepubli xemuyr 86,4 a6

61,76Br
81,6¢
Snpenas 512¢

65,468

O mait O urons B wronn

Pucynok 1 — Bopoynep:xuBaromast CltocoOHOCTb COPTOB CMOPOAMHEI YepHOif 3a 3 Mecsma (2016 ).
[Inanky morpemrHoCcTeH 03HAYAIOT OMMUOKY OMBITA. 3HAYESHUSI, OTMEUECHHbIEC Pa3HBIMHU OyKBaMH,
JIOCTOBEPHO OTIAMYAIOTCS B COOTBETCTBUH C TecToM JlyHKaHa.

Tabémuna 3 — CozeprkaHue BOAIbI B JIUCTbAX cMOpOHHbI B 2015-2016 rr. (B %)

Copta 2015 2016t Cpennee
Arara 73,2 abB 68,8 OBT 71,0 Br
Aunrraiickast o3aHss 71,8 abBr 69,8 6B 70,8 Br
Tanuuka 75,6 a 70,56 73,00
Imapuoza 68,1 Br 65,5n 66,8 11
Kanaxama 71,2 abBr 71,46 71,3 68
Jlentsii 69,0 6Br 64,8 1 66,9 1
Harama 71,2 abBr 71,76 71,5 68
Pura 69,2 0BT 71,46 70,3 Br
CoxpoBuie 72,5 ab 788 a 75,7 a
UepHBIif KeMIyT 71,4 abBr 66,9 Br 69,21
Snpenas 679r 70,4 6 69,21

[Tpumeuanne — 3HaueHNs, OTMEUEHHBIC PA3HBIMU OyKBaMH, JOCTOBEPHO OTIHYAIOTCSA B COOTBETCTBUH € TecToM JlyHKaHa.
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Arara

AJTTalickas Mo3IHAS

Tamuaka

I'mapnosa

Kanraxama

JlenTsit

B nporenrax

Haramra

Pura
CoxkpopHiie
UepHbIil KeMUyT

Snpenas

@2015

81,4 ad
8.9 ade

81,1 a6
8,5 a6

81,6 a6
75.8 abB

7158
65.8 B

86,2 a
79.8 adB

84,7 a6
70,9 6B

86,2 a
79,3 ab6B
85,8 a
802 a
70,0 B
74,3 6B
85,7 a
80,1 ad

>

75,6 6B
66.1

@2016

PucyHnok 2 — Bonoyaepxuparomiasi CriocOOHOCTh COPTOB CMOPOAMHEI 4epHoit 3a 2015-2016 rr. (B %)

B pesynbrare ucciaeqoBaHUs CTEIICHH 3aCyXO0Y-
croitunBocTH B ycioBusax JKBC copra cMopomuHbL
YEPHOM B COOTBETCTBUU CO LIKAJION 3aCyX0YyCTONYN-
Boctu pactenunit BUP (I'onuaposa 3.A.: 2005: 112)
paszenuid Ha TPU IPYIIBI BbICOKOYCTOMYMBBIC,
YCTOWYMBEIEC U cpeHeycTOWUYMBEIC (Tabmuna 4).

Pesynwrarel uccnenosanus B XXKbC nmoarBepxk-
nmator mannaele Chartzoulakis K. u mp., KocapeBoit
O.H., xoTOpBl€ CUUTAIOT, YTO peakuueill pacTeHUui
Ha BOJHBIH CTpecC SIBJISCTCSI YMEHBILIECHHE COMEP-
skauus Boabsl B TKaHAx (Chartzoulakis K., 2002: 39;
Kocapesa O.H., 1984: 20).

OnHNMM K3 Ba)KHEHIIMX MOKa3aTeled yCTOWYH-
BOCTH COPTOB CMOPOAMHBI YEPHOW K HeOsaromnpu-
SITHBIM a0MOTHYECKUM (PAKTOpaM JISTHETO Teproja
apunHou 30Hbl LlenTpansHoro Kazaxcrana sBnser-
Cs1 yCTOMYMBOCTb K U3BECTKOBOMY XJIOPO3Y.

Cesepnas mycThIHs JKe3kazraHa npejicTaBieHa,
[JIaBHBIM 00pPa3oM, CEBEPHBIMU COJIOHLIEBATHIMU
cepo3emamu. MI30BITOK BPEIHBIX COJICH B MOYBE, €€
BbICOKasi KapOOHATHOCTH U OJIM3KOE 3aJIeraHue K Mo-
BEPXHOCTH ITOYBBI TUIICA MPHUBOIAT K XJIOPO3Y, KO-
TOPBII SABJISIETCSI CAMBIM PACIPOCTPAHEHHBIM U TI'y-
OUTENbHBIM 3200JIEBaHUEM ISl TIIOI0BO-SITOAHBIX
pactenuil B XKe3kasranckom peruone. 3BecTkoBbIi
XJIOpO3, 3a00eBaHNe (U3HOTOTHICCKOTO XapaKTe-

pa, BBI3BIBACTCSI HEJOCTATKOM JKelie3a B OpraHu3Me
pacTeHus M IPOSIBISICTCS B M3MEHEHUHU 3€JIEHOU
OKpACKH JIUCTHEB Ha KEJTYI0, a 3aTeM, MPH CUJIb-
HOM TOPaXEHUH JIMCTBSI BBICBIXAIOT, POCT MOOETOB
3aMeIsIeTCs], KycT pUoOpeTaeT YrHETCHHbIH BHIL
u B urore norudaer (['abbacoB A.M.: 1963: 195;
Octposckas JL.K., 1965: 5).

Ha teppuropun )XBC rumncoBsiif TOpu30HT Ha-
xoautest Ha rryouHe ot 0,5 10 1 M OT ypOBHS [TOYBBI
U SIBJISIETCS] HEOIAronpuATHBIM (DaKTOPOM ISl TIPO-
U3pacTaHus COPTOB CMOPOAMHBI YUEPHOM.

OmnpeneneHue CTENEHU MOPaKeHUs PacTCHHUN
xJ0po30oM nposoausiock B 2015-2017 rr.

PesynpTaTel uccienoBaHus IOKa3ald, 4TO B
YCIIOBUSX DKCIIEPUMEHTAIBHOTO Y4YacTKa STOIHBIX
kyneTyp JKBC crenmeHp mopaxeHHs XJIOpO30M B
HaCaXICHIIX CMOPOAMHBI YepHO#l Obuta oT 0 1m0 3
0ayuioB (pUCYHOK 3, 4).

B 2015 r. y coproB Kanaxama, Hatama u Co-
KPOBHUIIIE OBIIIO OTMEYEHO IMOPAKEHUE XJIOPO30M,
cooTBeTcTBYyIOIIee 2 Oamiam. Cnaboe mopakeHne
pactenntii (1 6amr) HabMOAIOCH Y COPTOB S apeHast
u Arata. Y ['mapno3ssl 661710 3aUKCHPOBAHO OYCHB
cnaboe mopaxenue xyopo3om (0,5 Gamwio). Ot-
cytcrBoBal xi10po3 (0 6amios) y Jlentss, YepHoro
skemuyra, Putel, ['anunku u Anraiickoil mo3aHei.
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Tabdauna 4 — 3acyxoycToHYnBOCT COPTOB CMOPOAUHEI uepHOit 3a 2015-2016 rr. (B %)

20151 2016 T.
Copr Bonoynepsxu- Bonoynepxu- YeroitunBocTh
Coneprxkanue BOAbI Baroas Copneprkanue BOAbI Baroas copTa
CITOCOOHOCTH CITIOCOOHOCTD
Arara 73,2 abB 81,4 ab 68,8 OBr 78,9 abB
AdnTaiickast o3IHsIst 71,8 abBr 81,1 ab 69,8 6B 78,5 aoB BbICOKO-
Tanunka 75,6a 81,6 a6 70,56 75,8 abp YCTOHUMBBIN
I'mapuo3sa 68,1 Br 71,58 65,5t 65,8 B
Kanaxama 71,2 abBr 86,2 a 71,46 79,8 abB
JlenTsait 69,0 0BT 84,7 a0 64,8 1 70,9 6B
VYeToitunBbIi
Harama 71,2 abBr 86,2 a 71,76 79,3 abB
Pura 69,2 6Br 85,8 a 71,46 89,2 a
Coxkposuiie 72,5 ab 70,0 B 78,8 a 74,3 6B
N Cpenne-
YepHblii )KeMUyT 71,4 abBr 85,7 a 66,9 By 80,1 ab N .
YCTONYUBBII
Snpenas 6791 75,6 6B 70,4 6 66,1 B
Ipumeuanue — 3Ha4eHus, OTMEUYEHHBIE Pa3HBIMK OYKBaMH, JOCTOBEPHO OTJIMYAIOTCS B COOTBETCTBUU C TECTOM JlyHKaHa.

0 SannoB

1 Oann

3 Oayuta

2 Ganna

Pucynok 3 — Ctenens nmopakeHus1 CMOPOAWHEI YEPHOHN XJIOPO30M, B Oaiax

B 2016 r. makcumalibHas CTETIEHD XJI0p03a ObLTa
orMeueHa y coptoB Kanaxama u Harama (3 6ana).
VY copros Cokpouiiie u S npenast HaOIrOAaICs XIT0-
P03, COOTBETCTBYIOMIHIA 2 6ayuraM. Y copToB Arara,
Ianmunka, ['mapro3a u Puta Obu1 oTMeueH ¢1a0o0 Bbi-
paskeHHbIH xs10po3 (1 6amt). OTCyTCTBOBAI XJIOPO3
(0 6amoB) y copToB Anraiickas mo3aHsis, JIeHTs i n
UepHBbIil )KEMUYT.

B 2017 r. BeICOKas CTENEHb MOPAXKEHNS XJIOPO-
30M (2,5 6amra) OpuTa oTMeueHa y copra Kanaxama.
OtcyTcTBOBaI XJ10p03 Y copToB ["anuuka u UepHsbrit
KEMYYT.

JByx(hakTOpHBIA AUCTIEPCHOHHBIN aHATU3 32 3
rojia Mmokasall, YTO COpTa pa3iInvaroTcsi MEXKIy CO-
0Ol O cpemHEH CTENeHU TOPaKEHUs XIJIOPO30M
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(HCP =1,0; p <0,5). Ilo ¢axTopy roa He ObLIO BbI-
SIBJICHO CYILLECTBEHHBIX PA3IMUUN MEXIY CpPEIAHU-
MU 3HAYCHHUSMHU.

Ilo pe3ynbpraram uccienoBanus 3a 3 rojga copra
CMOPOJMHBI YEPHON pa3IeaWId HA TPU TPYIIIBL: CO
crenieHpr0 xyopo3a ot 0 1o 0,5 GannoB (BhICOKO-
ycroiunBbie copta); ot 0,6 mo 1,5 6amna (ycroituu-
BbIE copTa); oT 1,6 10 2,5 6annoB (cpeaHeycTonn-
BBIE COpTA).

Copra YepHnsrit xemuyr, ['anmunka, Jlearsit u An-
TalcKasi MO3/IHsIS OKa3aIiCh BBICOKOYCTOMYMBBIMU K
XJIOPO3y B YCIOBHUSIX apuIHOW 30HBI LleHTpanbHOro
Kazaxcrana, copra Kanaxama, Hararmma n CokpoBu-
e — CPeHEYCTONYMBBIMHU, OCTAIBHBIE COPTA CMO-
POAMHBI YEPHOH — YCTOHUMBBIMU (TaOmuLIA 5).
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Kanaxama (2,5 Ganna)

Pucynox 4 — CrernieHb MOpakeHUs XJI0PO30M
HEKOTOPBIX COPTOB CMOPOJMHEI YepHOH (B 6asiax)

Ta6mmua 5 — CreneHb yCTOWYMBOCTU COPTOB CMOPOMHBI UEPHOU K XJI0po3y (B Oaiax)

CreneHb MOpakeHus
Copt YeToHunBOCTH COpTa K XJI0PO3Y
2015 2016 2017 . Cpennsis

UepHblii xeMuyr 0B Or 0n 0,0 x
Tanunka 0B 1B 0x 0,3 ex

BBICOKOYCTOMUUBBIN
JlenTsii 0B Or 1B 0,3 ex
AnTaiickast o3aHss 0B Or B 0,3 ex
Arara 106 1B 1B 1,0 o
I'mapuosa 16 1B 1B 1,0t

YCTONYMBBIN

Pura 0B 1B 20 1,0 o
Snpenas 16 20 1B 1,3 Br
Kanaxama 2a 3a 206 2,3 ab
Harama 2a 3a 25a 25a CPEAHEYCTOMYMBBII
Cokposuiie 2a 26 B 1,7 68
[Mpumeuanne — 3Ha4YeHUsI, OTMEUCHHbBIC Pa3HBIMU OYKBaMH, JOCTOBEPHO OTIIMYAIOTCS B COOTBETCTBUU ¢ TecToM JlyHKaHa.

Poccuiickuii cenekimonep M.M. VYnbsHuiies
CUHMTAEeT, 4TO OOPOTHCS C Pa3BUBAIOIIUMCS XJIO-
PO30M OYEHb TPYAHO, TaK KaK BHOCHMBIC B IOYBY
COJIU JKeJie3a HEMEICHHO MEPEeBOSTCS MISTOYHON
Cpenoil B HEpaCTBOPUMYIO U HEYCBOSIEMYIO (OpMY
(YnpstammeB M.M., 1968: 317). C uenbio u3y4eHust
sapdextuBHOCTH neiictBus Fe2SO4 mpu Gopnde ¢

xsopo3zoM B 2015-2017 rr. Obuin poBeaeHb! 00pa-
00TKHM KycTOB cMOpoauHbl yepHoil 0,5 % pacTBo-
POM IKEJIE3HOTO KYIopoca C MEPUOJUIHOCTHIO B 2
Henenu (1-s oOpabotka 25 wmast, 2-s1 oOpaboTka 8
ntoHs). OOpabOTKH 3HAYUTEITHHO YIYUIIHIH COCTO-
sHUe pacreHuid, 3Q(eKTUBHOCTD TMpernapara Obuia
BBICOKOH (PHCYHOK 5, Tabmuua 6).
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PucyHok 5 — YMeHbllIeHHE CTENEHN TOBPEXKICHHSI XJI0PO30M
coproB Kanaxama u Harama ¢ 3 go 1 6amra (2016 ) moce
JIBYKpaTHOI 00paOOTKH kKeIe3HbIM KyrmopocoM, A u B — 1o

obpabotku, b u I' — mocne nBykparHoit 00pabOTKH

VYcranosneno, 4yro B ycnosusax JXXbC, npakrtu-
YECKH BCE COPTa CMOPOIUHBI YEPHOH MOPaKaroTCs
xJ10p0o30M. CaMbIMU YCTOHYHUBBIMH K U3BECTKOBOMY
XJ0po3y sBIsOTCA copTta YepHblil xemuyr, JleH-
Tsid, ['anuaka m Anrtalickas mo3nHss. [IBykpaTHBIC
o0padotku 0,5 % pacTBOPOM KEJIE3HOTO KyIopoca
3HAYUTEJILHO CHUKAIOT CTEIICHb 3200JI€BaHUs.

3akiaoueHne

Takum oOpa3om, o pe3yibTaTaM HCCIEA0Ba-
Hus B ycaosusax JKBC copra cMopoauHbl yepHOU
Arara, Antalickas no3auss, ['anunka u I'mapuosa
SIBJISIFOTCSL BBICOKO3aCyX0ycTOMuMBBIMH. IIpakTu-
YeCKU BCE COPTa CMOPOJMHBI YEPHOH MOpaxaroTcs

Taéanua 6 — DHPEeKTHBHOCTD HCIOIB30BAHUS JKEIE3HOTO KY-
nopoca npu 6opsde ¢ ximopo3om (2015-2017 rr.)

CrereHb MOpaKeHHs XJIOPOM Bunoru-
(6amm) yeckas
Coprt 3¢ pexTuB-
Ho obpa- | ITocne 1-ii | Hoecne 2-4 | 10
6oTkn | 0OpaboTku | 06paboTKH 5% ’
Arara 1 0 0 100
Adraiickas | 0 0 100
TIO3IHSS
lNanunka 1 0 0 100
I'mapuoza 1 0 0 100
Kanaxama 3 2 1 66,7
Jlenrsaii 1 0 0 100
Harama 3 2 1 66,7
Pura 1 0 0 100
Coxposuiie 2 1 0 100
UYepublii 0 0 0 )
JKeMUyT
Snpenas 2 1 0 100
XJIOPO30M. CamMbpIMH YCTOﬁQHBBIMH K H3BECTKO-

BOMY XJIOPO3Y SIBJISIFOTCSL COpTa UEpHBIM KeMUYT,
Jlentsit, I'anunka u Antaiickas no3asss. JBy-
KpaTHble 00paboTku 0,5 % pacTBOpPOM KelIe3HOrO
KyIIopoca 3HaYUTENIbHO CHIKAIOT CTeTIeHb 3a001e-
BaHMUS.

Copra CMOpPOAMHBI YEpHOM AnTalckas MO3J-
HAA 1 ['annHKa SBISIOTCS BBICOKOYCTOWYHMBBIMHU K
JBYM HeOJIaronpusTHbIM aOHOTHYECKUM (aKkTopam
apunHoi 30ubl LlentpansHoro Kazaxcrana — 3acyxe
U XJI0pO3Yy.

Crarps myOnukyercst B pamkax mpoekta 0013/
I'®-4 (2015-2017) «Dkomornyeckas OleHKa COBpe-
MEHHBIX IMMYHHBIX COPTOB CMOPOJHMHBI YEPHOU B
Hentpansaom Kazaxcraney.
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U3YYEHUE AHTUBAKTEPUAABHOM U AHTUOKCUAAHTHOM
AKTUBHOCTU CYMMAPHDIX PACTUTEAbHbIX 9KCTPAKTOB
M COCTABAEHHDbIX 13 HUX KOMITAEKCOB

AKTYaAbHOW NMPOOAEMON COBPEMEHHON MEAMLIMHDBI U (hAPMaKOAOT MM IBASIETCSI AOMOAHEHME NepPeYHs]
XMMMYECKM CUHTE3MPOBAHHbIX AEKAPCTB HaTyPaAbHbIMM PACTUTEAbHbIMM MpenapaTamu, rMoAyUYEeHHbIMM
Kak Ha OCHOBE CYMMapHbIX PaCTUTEAbHbIX 3KCTPAKTOB, TakK M C MCTMIOAb30BaHMEM BbIAEAEHHbIX M3 HMX
MHAMBUAYaAbHbIX coeamHeHnit. Ocobblii MHTEpPEC Bbi3blBaeT MOAOOP PACTUTEAbHbIX KOMIAEKCOB
AASI CO3AQHMS MpernapartoB, B KOTOPbIX 3a CYET CHMHeprusMa AENCTBUSI KOMIMOHEHTOB MOBbILIAETCS
CYLIECTBYIOLLAS WMAM TOSIBASIOTCS HOBble OMOAOTMYECKMEe aKTMBHOCTM, 4YTO TO3BOASIET AOCTUYb
HanboAbLLEN 3PPEKTUBHOCTM M paCLLMPEHUs CNIeKTPa AEMCTBMS npernapaTa.

BbisIBAEHbI 3KCTPaKTbl C BbICOKMM COAEp>KaHMeM (PAaBOHOMAOB; ButammHa C; TepaneBTUYecku
3HAYMMbIM aHTMOKCMAAHTHbIM MOTEHLMAAOM; aHTMOAKTEPUAABHOM M @aHTUMDYHIMLIMAHOM aKTUBHOCTSIMM,
COMOCTaBUMbIMU C aKTMBHOCTbIO aHTMOMOTUKOB LMMPOQAOKCAUMH M amdoTepuumH B; noaobpatbi
KOMIAEKCbI 3KCTPAKTOB, 0OAAAQIOLME CUHEPIMYECKMM AEMCTBMEM MO M3YyYeHHbIM OMOAOrMYECKNM
AKTUBHOCTSIM. BbISIBA€HBI KOMIMAEKChI CYMMApHbIX 3KCTPakToB — Paeonia intermedia (KopHW, 3TaHOA) +
Paeonia intermedia (Haa3emHas yacTb, ataHoa), Platycladus orientalis (Haa3emHas yacTb, 3TaHoA) + Ve-
ronica incana (KkopHu, 3TaHoA), Paeonia intermedia (kopHu, aTaHoA) + Platycladus orientalis (Haa3emHas
yacTb, aTaHoA), Paeonia intermedia (Haa3emMHas YacTb, 3TaHOA) + Astragal sieversianus (KopHM, 3TaHOA),
XapaKTepu3yIoLLMECS BbICOKUM CUHEPreTUYEeCKMM AENCTBMEM KOMITOHEHTOB B OTHOLUEHUMM ABYX
(QHTUMMKPOOHOW M AHTMOKCUAAHTHOM) aKTUBHOCTE, NMEePCreKTUBHbIE AAS TPAKTUYECKOTO MPUMEHEHUSI.

KAloueBble CAOBa:  pacTUTEAbHblE 3KCTPaKTbl, OMOAOTMYECKME aKTWMBHbIE COEAMHEHMS,
AHTUMUKPOOHAs aKTMBHOCTb, aHTMOKCUMAAHTHAS! aKTMBHOCTb, CUHEPTreTUYECKOe AENCTBIUE.

Platayeva A.K.", Zavorotnaya M.V., Kustova T.S.,
Karpenyuk T.A., Goncharova A.V.

Al-Farabi Kazakh National University, Almaty, Kazakhstan
*e-mail: plataeva.aydana@mail.ru

Studying antibacterial and antioxidant activity of total plant extracts and
complexes composed by them

Actual problem of the modern medicine and pharmacology is replenishment of the list of chemi-
cally synthesized drugs by natural herbal medicines, which are derives on the basis of cooperative plant
extracts or with use of the individual components isolated from them. Particular interest is attracted by
selection of herbal complexes for creation of medicines due to the synergistic action of components im-
proving the current activity. Also they appears a new biological activities that allows to reach the greatest
effectiveness and expansion of a range medicine’s effect.

The extracts with the high content of flavonoids and vitamine C, which has therapeutically signifi-
cant antioxidant potential, and the antibacterial and antifungal activities comparable with Ciprofloxacin
and Amphotericin B antibiotics activity were revealed. Complexes of extracts with synergetic action
were selected. Complexes of total extracts Paeonia intermedia (roots, ethanol) + Paeonia intermedia
(aerial part, ethanol), Platycladus orientalis (aerial part, ethanol) + Veronica incana (roots, ethanol), Pae-
onia intermedia (roots, ethanol) + Platycladus orientalis (aerial part, ethanol), Paeonia intermedia (aerial
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part, ethanol) + Astragal sieversianus (roots, ethanol) are characterized by high synergistic action of the
components with respect to two (antimicrobial and antioxidant) activities, promising for practical use.

Key words: plant extracts, biological active compounds, antimicrobial activity, antioxidant activity,
synergistic action.

INMaaTaeBa A.K.", 3aBopoTHas M.B., KycTtoea T.C.,
Kapneniok T.A., loHuapoBa A.B.

OA-Dapabu aTbiHAAFbI Kasak, yATTbIK, yHMBepcuTeTi, KasakcTaH, AAMaThl K.
‘e-mail: plataeva.aydana@mail.ru

JKUbIHTBIK, 6CIMAK 9KCTPAKTTAPAbIH, )KOHE OAAPAAH YKACaAFaH KelleHAEpPiHiH,
AHTMMUKPOOTDLIK XKOHE aHTUOKCUMAAHTTbIK, 6@ACEHAAIriH 3epTTey

KMbIHTBIK, ©CIMAIK 3KCTpaKTTap HEri3iHeH aAblHFAH, COHbIMEH KaTap OAApPAbIH illiHEeH OeAiHreH
>KeKe TOmMTap KOCbIAbICTApPblH KOAA@HA OTbIPbIM, TabMFM OCIMAIK MpenapaTTapbIMEH XUMMUSIABIK,
CUHTE3AEATEH ABPI-ABPMEK Ti3IMiH TOABIKTbIPY Ka3ipri 3amMaHfbl MEAMUMHA >KoHe hapMakOAOTUSHbIH,
©3eKTi MaceAeci OGOAbIN TabbiAaAbl. OCIMAIK KeleHAEPAIH iliHAEri KOMMOHEHTTED SpeKeTTepAiH
CMHeprmn3m ecebiteH 6ap Hemece >kaHa OMOAOTMSAbIK, GEACEHAIAIKTEP MariAa GOAbIMN, NMpenapaTTbiH, e,
YAKEH TMIMAIAITIH XX8He acep CrekTpiH KeHemTeTiH MyMKIHAIK GepeTiH npenaparTapAbl Xacay YiliH
6CIMAIK KeLleHAEPIH ipikTeyi epeKLle KbI3bIFYLLbIAbIK, TYFbl3aAbl.

MdraBoHOUA xoHe C ABPYMEHiHIH >KOfapbl Ma3MyHbl, TepaneBTi MaHbI3Abl AHTMOKCMAQAHTTbI
OAEYETTI, UMNPOCAOKCALMH XXoHe amoTepuLmH B aHTMOMOTUKTEPAIH BEACEHAIAITIMEH CAAbICTBIPMAAbI,
AHTUMUKPOOTBIK, >KOHE aHTUQYHIMUMAABIK, OEACEHAIAINT Gap 3KCTpakTTap aHbIKTaAfaH, 3epTTeAreH
OMOAOTUSIAbIK, BEACEHAIAITT 6ap CMHEPreTUKaAblK, 8cep eTeTiH KelleHAI 3KCTPaKTTap TaHAAAFaH.
DKCTPAKTTap KOMMOHEHTTEPIHIH eki 6eACEHAIAIKKE KapCbl (QHTUMMKPOOTBIK, )XoHE aHTMOKCMAAHTTbIK)
JKOFapbl CHMHEpPreTMKaAblK, 9CepiMeH CumaTTaAaTbiH, COHbIMEH Oipre npakTMkasa KOAAQHbIAATHIH
nepnekTuBi 6ap, >KMbIHTbIK, SKCTPAKTTAapPAbIH KelleHAiAepi aHbikTaAraH Paeonia intermedia (tambip,
3TaHoA) + Paeonia intermedia (kep ycTi 6eairi, ataHoa), Platycladus orientalis (kep ycTi 6©Airi, 3TaHOA)
+ Veronica incana (tamblp, 3TaHoA), Paeonia intermedia (tambip, 3TanoA) + Platycladus orientalis (xep
ycTi 6eairi, aTaHoA), Paeonia intermedia (xep ycTi 6eairi, asTaHoA) + Astragal sieversianus (tambip,

3TAHOA).

Tyiin ce3aep: OCiMAIK 3KCTpakTTap, OGMOAOTUSIAbIK, GEACEHAI KOCBIAbICTAp, aHTUMMKPOOTbIK,
GEACEHAIAIK, aHTMOKCUAAHTTbIK, OEACEHAIAIK, CUHEPreTUKaAbIK, 8Cepi.

BBenenne

B mocnenHue necATHIETHS HEM3MEPHMO BO3-
pocia akTyaJbHOCTh HCIOJIB30BAHUS JIEKApCTBEH-
HBIX pacTeHUi. DTo OOYCIOBIEHO TEM, YTO BCE
YaIne Mbl SIBJISIeMCSI CBUIETEISIMU TeParieBTHUECKUX
HeyJla4 U SATPOTEHHBIX oclokHeHHUH. CoBpeMeHHas
MEAMIMHA AaKTHBHO HCIIOJIb3YET JICKApCTBEHHBIC
pacTeHus ISl JICYEHHs IIHPOKOTO CIeKTpa 3a0o-
neBanuii. [To npousBoacTBeHHBIM moacuéTam 40 %
JICKapCTB Celvac MMEET PACTUTEIbHOE MPOUCXOXK-
JIEHHEe, T. €. TOTOBUTCA HETOCPEICTBEHHO M3 pac-
TUTENBHOrO ChIpbs. Kak mokasana mpakTuka — TO
YTO «CAejaja» NPUPOJia MEHBIIE NPUHOCUT Bpena
oprann3my (B Bujae moOouHbIX 3(deKToB) Hexe-
JIU CHHTETHYECKHe Ipenaparsl. B Mupe HacuuThI-
Baercst okoio 12 000 pacteHuii, KOTOpbIE UMEIOT
neyeOHbIe CBOMCTBA, MX aKTHUBHO MPUMEHSIOT KaK
B TPaJUIMOHHOW, TaK W B HAPOJHOW MEAMILIMHE.
Ux TepaneBTHuecKash LIEHHOCTb [IOKAa3aHA ThICS-
YyeleTHe MCcTopuell NMPUMEHEHUs W HaydHO 000-
CHOBaHa pe3ysibTaTaMHU JOKIMHUYECKHX M KIUHH-
YECKUX MCCIeJOBaHUH. bromornueckn axkTHBHBIC

KOMIIOHEHTBI, BXOJSIIME B COCTaB IIperapaToB
PaCTHTENHHOTO TPOUCXOXKACHUSA, OTHOCATCA K ca-
MBbIM pa3HOO6pa3HBIM XUMHWYECKHUM COCAUMHCHUAM,
KOTOpPBIC 110 XUMHUYECKOW CTPYKTYpE MOA00HBI WITH
JTaKe MIEHTHYHBI (PH3UOJOTHYECK aKTHBHBIM Be-
IecTBaM opraHu3ma 4enoBeka. [loaromy mpemnapa-
ThI PACTUTEIHHOTO MPOUCXOXKIEHUS Oonee (hrusno-
JIOTUYHO BKITIOYAIOTCS B OMOXUMUYECKHE TIPOIIECCHI
YEJIOBEUECKOT0 OpraHu3Ma, YeM CHHTETUYECKHE
nekapcTBa. HecOMHEHHBIM JIOCTOMHCTBOM JIeKap-
CTBEHHOT'O PAaCTUTENBHOTO CHIPbSI, SIBISETCS TaK JKe
pa3zHooOpa3ue OMOJIOrMYECKU aKTHUBHBIX BEIECTB,
KOTOpBIE CIIOCOOHBI 0OECTIEUUTH ITOJIMBAJICHTHOCTD
(hapmakonorudeckux 3¢hdexToB. MATKOCTH nei-
CTBHA PACTUTCIIBHBIX IPerapaToB, OTCYTCTBUE TOK-
CHUYECKHX MTPOSBICHHUIA IPU UX IPUMEHEHHH, TTO3BO-
JISET MPEAToNaraTh X CymEeCTBeHHYIO 3HAYMMOCTb
B JICYCHHH M TPOQUIAKTHKE Pa3JIMYHBIX 3a00Je-
Banuit (Grover J.K., 2000:461; AxynoBa T.A.,
2011:104; Abo-Elmatty D.M.,2012:65).

MHorue JIeKapCTBEHHBIE PACTCHUS HIMPOKO
MPUMEHSIOTCS B (hapMaluu Ui TOIY4YeHUS Tpena-
paToB, NEUCTBHE KOTOPHIX HAIIPABJICHHO Ha OOPHOY
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[Inaraesa A.K. u nip.

¢ BO30yauTensiMu WH(MEKIIMOHHBIX 3a00JIeBaHU,
3aIIUTy OpraHW3Ma OT BO3JEHCTBHUS CBOOOTHBIX
panukanoB. MHorma mcmnonb3oBaHHWE OIHOTO pac-
TUTEIBLHOTO JKCTPAaKTa HE JAeT >KEIaeMOro WM
s¢dextuBHOrO MHTHOMpYTomeEro 3dgdexra. UToOBI
NPEOJIONETh ATy MPOOJIEMY, YacTO HCIIOJIB3YeTCs
HECKOJIBKO PacTUTENBHBIX IPENnaparoB, CHHEpre-
THYeCKUH d(H(PEKT OT coueTaHUsT KOTOPBIX MPEBOC-
XOJHUT WX HMHIMBHIYAIbHYIO aKTHBHOCTh. CHHEp-
reTuyeckasi Tepamnus MOXKET OBbITh HCIOJb30BaHA
JUTSL PAcIIUPEHUs] CIEKTpa TMPOTUBOMHUKPOOHON H
AHTHUOKCUJAHTHOM aKTUBHOCTEW, MpeIoTBpalle-
HUS TIOSIBJICHUSI YCTOWYHMBBIX MYTaHTOB, CBECTH K
MUHUMYMY TOKCHUYHOCTH W T.h. [y paspaboTku
3G GeKTUBHBIX (DapMaKOIOTHYECKUX TPENapaToB,
HEOOXOJUMO MOJ00paTh JIEKAPCTBEHHOE pAaCTH-
TEJIBHOE CHIPBE, coJieprKaliee OMOIOTHIECKH aKTHB-
HbIE KOMITOHEHTHI C ITMPOKHUM CIIEKTPOM JICHCTBUSI.
K TakuM OHMONOTHYECKU aKTHBHBIM KOMITOHCHTaM
MOTYT OBITh OTHECEHBI (pr1aBOHOUABI U BUTaMuH C,
KOTOpBIE MPEJCTABIAIOT COOOM HIaealbHYI0 KOM-
OuHanuioo, KoTopass 00JajaeT MHOTUMH BUIAMU
(hapMaKkoJIOTHIECKON aKTUBHOCTH, B TOM YHCIE
KalUIAPOYKPETUISIONIeH, TMPOTHBOBOCIIAIUTEb-
HOH, IPOTHBOAJIIEPIHYECKOH, aHTHOAKTEPUAILHOH,
AHTUOKCUJAHTHOM.

TakuM 00pa3oM, MOUCK PACTUTENBHBIX MPO-
QYLUEHTOB OHMOJIOTHYECKH AKTUBHBIX COCAMHEHHH
1 pa3paboTKa Ha WX OCHOBE HOBBIX BBICOKOI(DdEK-
TUBHBIX TIPENAPaTOB C Pa3INYHBIMUA aKTHUBHOCTSIMH,
B TOM YHCJIC M JJIs JeueHus 3a00JeBaHni, B MaTo-
reHe3e KOTOPBIX BEAyIee MECTO 3aHUMAIOT HH(]EK-
[IMOHHO-BOCTIAJIUTENIbHBIE MTPOLIECCHI, SBISAETCA aK-
TyaJbHOM MpoOJIeMOH COBPEMEHHON KIMHUYECKOH
MEAHINHBI U (hapMaKOJIOTHH.

MarepuaJjibl 1 METOAbI UCCJIEI0BAHUS

OO0BEKTOM HCCIIEIOBAHNUS ABIISIIMCH TUKOPACTY-
mue pactenus: ¢iopsl Kazaxcrana: Salvia deserta
(Lamiaceae), Vexibia alopecuroides, Astragalus la-
nuginosus, Astragal sieversianus, Vicia subvillosa
(Fabaceae), Platycladus orientalis (Cupressaceae),
Paeonia intermedia (Paeoniaceae), Veronica incana
(Plantaginaceae), Linum pallescens (Linaceae), Co-
nium maculatum (Apiaceae), Artemisia absinthium
(Asteraceae).

OO0pasnpl Obutn coOpanbl B (a3zy LBETEHHS
(2015, 2016 1r.) B AnMaTuHCKOU (3 KM OT mIocce
Amvatel Yemonran) m Bocrouno-KazaxcraHckux
obnactsax (Karon-Kaparaiickmii paiioH, Ha ceBep-
HOM MakpocCKiIoHe Xp. Adnraiickuii TapOararaii).
WNnenTndukanus pacTeHUH IPOBOAMIACE HA OCHO-
BE MaTepuaioB KaMepajbHON 00pabOTKH coOpaH-
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HBIX PAaCTEHHH W TAKCOHOMHYECKOTO OIpPEICIICHHUS
BunoB 1o omnpenenurensMm (IlamoB H.B., 1966:
335; I'onockoB B.P., 1969: 198).

B pabore mpuMeHSINCH CTaHIAPTHBIC METOIbI
3aroTOBKH, (PUKCAIIMA M TIOJTOTOBKH K JalibHEH-
[IMM HCCIIEI0OBAaHUSIM 00pasioB pactennit (My3bru-
kuHa P.A., 2010: 255; Sarker S. D., 2005: 486).

Becp pacturenbHBI Marepwan ObUT BBICYIICH
METOJIOM TEHEBOH MPOBETPUBAEMOI CYLIKH U Xpa-
HWICS B IUIACTHKOBBIX BaKYyMHBIX KOHTEHHepax
npu temnepatype 20-22 °C B BEeHTWIMPYEMOM I0-
MELIEHUH, 3aKPBITOM OT COJIHEUHBIX JIydyel. ba3o-
Bas CXeMa BBIJCIICHUS OMOJOTHMYECKH aKTHBHBIX
coequHennii (BAC) cocrosita U3 creAyronmx dTa-
NIOB: BBICYIIEHHOE U TPEIBAPUTEIFHO W3MENbYCH-
HOE CHIPhE B3BEIIUBAIHN U MOMELIATIN B CTEKIISIHHBIC
€MKOCTH JIJIsl DKCTPAKINAHU TP TEPHUOTTIECKOM I10-
MEIIMBAaHWU (METOJI Malepanun). 3aTeM IKCTPaKT
CJIMBAJU, CHIPHhE MOJICYITUBANIN TIOJ] TATOH, 3aIiBa-
JIM HOBBIM PacTBOPHUTEIIEM OOJIBIICH MOHHOW CHITBI
Y TIOBTOPSUTH IPOLIEAYPY KCTpakimu. [loaydeHHbIe
AKCTPAKTHI KOHIICHTPUPOBAIU B POTOPHOM HCIIAPH-
tene ¢upmbl Cole-Parmer n mononHuTENHHO yma-
puBanu. Jlns onpesieneHus: OMOIOTUYECKAX AKTHB-
HOCTEeH U conepkaHus (GpraBoHOUIOB 1 BuTamuHa C
CyXHe 9KCTPAKTHI PACTBOPSIIN B dTaHOJE.

AHTUMHUKPOOHYIO  aKTHBHOCTh  CYMMAapHBIX
9KCTPAKTOB OINpPEICISUIN METOJOM CEPUHHBIX Pa3-
BeneHuil B OynmeoHe (Wayne P., 2002: 11; Methods
for dilution, 2006: 3) ¢ KCMONB30BAHUEM CIIEIYIO-
IIMX I[ITAMMOB MAaTOTEHHBIX U YCIOBHO IAaTOTCH-
HBIX MHUKPOOPTaHU3MOB: Oaktepun Staphylococcus
aureus ATCC 29213, Pseudomonas aeruginosa
ATCC 27853, Escherichia coli ATCC 8739, npox-
skeronoOHbIN Tpub Candida albicans ATTC 90028.
[Ipenaparamu cpaBHeHUs ObLTH aHTUOMOTHKY «{1-
npodaokcanue» U «Amdorepunua By. Jlns uHO-
KYJISIIIAH FCTIOJTB30BaJIM CTAHIAPTHYI0 MUKPOOHYIO
B3Bech (dkBUBaNeHTHYIO 0,5 mo crammapty Maxk-
®dapnanna), pazseaeHuyio B 100 pa3 nuraTenbHbIM
OyJIbOHOM JI0 KOHEYHOW KOHIIEHTPAINU KIETOK MH-
kpoopranusmos 10° KOE/mi. B mpobupku, comep-
xargue o 0,5 M1 pa3BeIeHHOTO KCTPAKTa, BHOCH-
mu 1o 0,5 MIT MHOKYJITIOMa (KOHEeYHas! KOHIICHT ATy
mukpoopranuzmoB — 5x10° KOE/mi.). Otpuia-
TEJNBHBIM KOHTPOJIEM ObUTH MTpoOupku ¢ 0,5 M 1H-
TaTenpHOro OyNboHa. Bee uccnempyembie mpoOupKu
UHKyOupoBanu npu Temmneparype 35°C B TedeHue
24 4. [IpoOUpKH C OTpULATEIbHBIM KOHTPOJIEM I10-
MEIAJIA B XOJIOJUIbHUK TIpu 4°C, T7ie OHM XpaHU-
JIMCh JI0 OKOHYaHUs onbITa. [locie 3aBepiieHus UH-
KyOauu npoOupku ¢ 006pa3aMu NpocMaTpUBaIn B
npoxosiimeM cBete pu 630 M Ha iprbope Lamda
35 (pupmsr Perkin Elmer). Konnentpanuio momy-
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MakcumanbHoro uarubuposanus (IC,)) paccunTbl-
BaJI TpaUIecKH.

Omnpenenenre aHTHOKCHIAHTHOTO TOTEHIIMAIIA
CYMMapHBIX SKCTPaKTOB IPOBOAWIN (OTOMETpUYC-
CKH C UCIIOJIb30BaHHEM paanuKai-kaTnoHoB ABTS™
o merony Re (Re R., 1999: 1231). [Ipunuumn Me-
TOJa 3aKJII0YAaeTCsl B COBMECTHOM MHKYOHPOBaHHU
ABTS (2,2’-a3uHO0-0MC-(3THIIOCH3THA30INHO-0-
cyibdonar)) ¢ nepcynbhaToM aMMOHHS, YTO MPHU-
BOAUT K 00pa3oBaHMIO KaTHOH-paaukana ABTS™.
AHTHOKCHJIQHTBI, COZAEpKALIUECs] B TECTUPYEMOMU
npo0e, YMEHBIIAIOT ONTHYECKYIO IIOTHOCTH TPO-
MOPIMOHATIBLHO X KOHIIEHTPALMK B 00OpasIie.

W3mepenust TpoBOIMIM TIPU JUIMHHE BOJIHBI
734 HwM, ucnonb3ys cnektpodoromerp BioMate 3S,
¢upmer Thermo Scientific. AHTHOKCHAAHTHBIH TTO-
TEHITMAJT ONPEEIISITN B TIPOIICHTAaX N3MEHEHHS I10-
ryomeHus ucxogHoro pacrsopa ABTS™. Ilpouent-
Hoe uHruOupoBanne ABTS™ (moms, Ha KOTOpYyrO
CHIDKAETCsl KOHIIEHTpAIMsi CBOOOIHBIX PaTUKaIOB
B CHICTEME I10]] JICHCTBHEM 3KCTPaKTa, 00Jaarore-
IO aHTHOKCHIAHTHOH aKTUBHOCTBIO) BHIYUCIISLIIH TI0
hopmye:

WNurubuposanne (%) = [(Axk — Ao0):Ax] x
100,rne Ax — abcopOuusi KOHTPOJIBHOTO 00pasLa;
Ao — amcopOITus ONMBITHOTO 00pa3Iia.

O6miee koauyecTBO (IIABOHOMIOB OIIPEIEIISIIN
KOJIODUMETPUYECKMM METOJIOM C HCIOJIb30BaHH-
€M XJIOpUJa afOMHUHUA. BBUIH MCTIONB30BaHbI BO-
JTHBIE M CITUPTOBBIC Pa3BEICHHS CyXUX IKCTPAKTOB.
KonuenTpanus Obila CKOPpEeKTHpPOBaHa IMOJ IHa-
Ta30H KOHIeHTpanuu (haaBoHOUIOB 10 400MKT/MIT
W cTaHmapTHeI pactBop kBepueruna (10-100 mkr/
Mi1). B mepayto kondy, oobemoM 10 MUTITHIUTPOB,
BHOCHJIM IO 1 MuT oOpasiia u J00aBisIu 1Mo 4 M
TUCTULTAPOBaHHOU Bonbl. K manHOM B3BecH J00aB-
i 110 0,3 mit 5% NaNO, v uHKyOMpoBaiu B Teve-
Huu 5 muHyT. Ilocie yero Brocuiu o 0,3 vt 10%
pacteopa AlCI, u nnkyGupoBany euie B TeueHuu 1
MUHYTHI. Jlanee Al OCTaHOBKHM peakuy BHOCHIIN
o 2 mut 1 M pactBopa NaOH u goBoawmm oommii
oobeM o 10 mi, mocie 4ero mepeMenuBaid U
MIPOBOJMIIN U3MEPEHUsI IPU JIMHE BOJMHBI 510 HM.
Ob6mee coxepkanue (HIaBOHOHWIOB B IKCTpPaKTax
BBIPOKEHO B MUJUTUTpaMMax Ha | T cyXxoll Macchl
oOpasna (Avani P., 2010: 66).

Ob6mree xommdecTBO BUTaMuHa C B pacTHUTEIb-
HOM Marepuaye onpeaesuii (HoToMeTpHYECKUM
METOZOM C HCIOJb30BaHUEM XJIOPHOTO JKejle3a U
(heppunmannga xammsa. K 1 mur pactBopa moimydeH-
HOTO 3KCTpakTa nobaBasuii 1 M 1MM pactBopa
XJIOpHOTO >kene3a u 1 M 3MM pactBopa deppunu-

aHUJA Kalus, MepeMelInBai, 3aTeM MePEHOCHIN
B KioBeTy crexkrpodoromerpa. IlpoBoaunu usme-
penust npu JuiHe BOJHBI 693 HM. [lo kannbpoBou-
HOMY T'paMKy PacCUMTBIBAIN COACPKaHHE acKop-
OMHOBOW KHCJIOTHI B aHAIM3HPYEMOM 00pasie
(bopomun E.A., 2013: 1).

Pe3yabTaTthl Hcci1e10BaHUS U UX 00CYAKAEHHE

B sKcneauIMOHHBIX BbI€3/1aX HaMM OCYIIECT-
BJIEH cOOp JUKOPACTYIINX PACTeHUH, KOTOPHIE CO-
TJIaCHO JIUTEpaTypHbIM AaHHbIM (Dugoua J.J., 2000:
837; Hpenun A.A., 2008: 109; Biswas N.N., 2014:
792; I'ybanenko I'. A., 2014: 165) moTeHIMaIbHO
MOTYT CTaTh MEPCHEKTHBHBIMU HCTOYHMKAMHU (H-
TOIPENapaToB ¢ AHTUMUKPOOHOH M aHTHOKCHAAHT-
HOI aKTUBHOCTSIMU.

JlaHHBIE JeKapCTBEHHBIE pacTEeHUs, HapSAy C
npyrumu BAC conepxar GeHONbHBIC COCIMHEHHUS,
KOTOpBIE B CHITY IIMPOKOTO PACIPOCTPAHEHUS B pac-
TEHHSIX U OOJIBIIOTO CTPYKTYPHOTO pazHOOOpasus B
HacTosIlIlee BPeMs HAXOJATCS B LIEHTPE BHUMAaHHSA
rccienoBareeii B odmactn gpapMakorHo3ud, (ap-
Maluy ¥ MeauUUHbL. Hanbosee MHOIMOYMCIEHHBIN
KJIacC MPUPOAHBIX (PEHONIBHBIX COeTUHEHUH — (hia-
BOHOUJIBI, TSI KOTOPBIX XapaKTEPHO CTPYKTYypHOE
MHOT000pasue, BHICOKasi U Pa3HOCTOPOHHSISI aKTHB-
HOCTh U Majasi TOKCUYHOCTh. [llupokast aMImuTyna
OMOJIOTHYIECKON aKTUBHOCTH (DITABOHOWIOB CBsI3aHA
€ MHOT000pa3neM UX XUMHUYECKUX CTPYKTYp U BbI-
TEKAIOMIMX U3 3TOr0 Pa3jIMYHBIX (PU3UKO-XUMHYE-
CKHX CBOHCTB. DIaBOHOMIBI, Oy IyYH SBOITIOIIOHHO
aJIeKBaTHBIMU OpPTaHU3MY 4elloBeKa, 00yCIOBIIHBA-
10T aHTHOKCUIAHTHBIE, AaHTHOIIPOTEKTOPHBIE, Temna-
TOTPOTEKTOPHBIE, KEITYETOHHBIE, TUYPETHYECKUE,
HEHPOTPONHbIE W JIpyrue BakKHEHInue ¢papmako-
JIOTHUYECKHE CBOMCTBA. BBISABIEHO OTpHLIATEIBHOE
BIIUSTHHE KBEPIETHHA Ha TPaMIIOJIOKUTEIbHBIE OaK-
Tepud, (pJIABOHOB M XaJIKOHOB — Ha CTa()UIIOKOKK;
YCTaHOBJIEHAa TNPOTHBOBUPYCHas aKTUBHOCTBH I1O-
TU(EHOIOB TPYIIA B OTHOIICHWH TPHUMIA IITaMMa
PR-8 (penun A.A., 2008: 111; Apremkuna H.A.,
2010: 153; Hemepemmna O.H.,2012: 55).

N3 pa3nmuuHbIX YacTeidl cOOpaHHBIX HaMH pac-
TEHUH METOJO0M IOCIIeIOBATENIbHON Maleparu
Pa3HOMOJSIPHBIMU PACTBOPHUTEISIMH (IUXJIOpMETa-
HOM Y DTaHOJIOM) TTOJY4YEHBI CyXHe IKCTPAKTHI, KO-
TOpbIC TIPOBEPEHBI Ha COJiepKaHue (JIaBOHOUIOB
u utamuHa C (Tabnuma 2), SBISIOMUXCS OJHUMH
13 OCHOBOIIOJIATAIONINX COSTMHEHUH TS TPOSIBIIE-
HUSl aHTUMHUKPOOHOW M aHTMOKCHIAHTHOW aKTHB-
HOCTE.
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Tadanma 1 — Beixox cyxoro skcrpakra, ¢uaBoHonnoB n Butamuna C npu ussinedeHnn BAC U3 pa3inuHBIX YacTed pacTeHHH,

P<0,001
Konuuectso Konnuectso Konuuectso
Hccnenyemblii SKCTpakT MOJTy4eHHOro dKcTpakra | pnaBoHouaoB Mr/100 r | Buramuna C mr/100 r
(cyxoii Bec, r/100r) CYXOTO CBhIPbSI CYXOTO CBhIPhsI

Salvia deserta (xopHH, IUXIOPMETaH) 5,0 178,0+16,9 142,5+13,7
Salvia deserta (kopHH, 3TaHOIN) 43 95,0+7,6 123,8+10,4
Vexibia alopecuroides (xopHU, AUXITOPMETaH) 2.2 168,1+18.4 63,1£5,3
Vexibia alopecuroides (kopHU, 3TaHOM) 8,7 42544213 31,3+2,6
Astragalus lanuginosus (KOpHH, TUXJIOPMETaH ) 5,7 111,2+8,9 51,3+£3,5
Astragal sieversianus (KOpHH, dTaHO) 9,7 45,6+2,7 21,3+1,7
;’Iii?]/(c);clzwdeu;a:)’ientalis (Ha3eMHas 4acTh, 48 125.8410,7 64344 8
Platycladus orientalis (Hag3eMHas 4acTh, ITAHON) 43 54,2433 129,0£12,5
Paeonia intermedia (KOpHU, AUXJIOPMETaH) 3,3 46,5+3.4 85,8+6,5
Paeonia intermedia (KOpHU, 3TaHON) 5,3 39,243,1 226,8+15,6
Veronica incana (KOpHHU, TUXJIOPMETAH) 6,9 0 76,6+6,4
Veronica incana (KOpHH, dTaHON) 49 0 114,749.,7
Paeonia intermedia (Haa3eMHas 4acTh, TUXJIOPMETaH) 5,3 159,5+15,1 198,2+16,8
Paeonia intermedia (Hag3eMHas 9acTbh, 3TAHOI) 43 29,7+2,5 181,5+14,3
Linum pallescens (Hag3eMHas 4acTh, TUXJIOPMETAH) 4.5 71,1+4,9 47,3+£5,2
Conium maculatum (KOpHH, TUXIOPMETaH) 34 63,6+4,2 11,6+0,9
ﬁ;;ejﬁisﬁfe::;;nthium (Hag3eMHas 4acTh, 3.5 30.542.4 22.841.6
Vicia subvillosa (Hag3eMHast 4acTh, TAHOI) 3,9 23,0+£2,1 3,1+0,2

B TaOJIUIIC TIPE/ICTABIICHO CPEIHEE 3HAUCHHE + CTAHJAPTHOE OTKIOHECHUE (n=3)

YCTaHOBIIEHO, YTO BBICOKUM COJIEp)KaHUEM
(I1aBOHOMIIOB  XapaKTEPU3YIOTCS OKCTPAKTHl W3
Astragalus lanuginosus (KOpHU, TUXIIOpMeTaH), Li-
num pallescens (Ham3eMHas 4acTb, JUXJIOPMETaH),
Platycladus  orientalis ~ (Hag3emMHasi ~ 4acTh,
TUXJIOpMeTaH), Paeonia intermedia (Haa3emMHas
4yacTb, nuxigopmetan), Conium Maculatum (xopHH,
IUXJIOpMETaH). A sl dKCTpakToB Paeonia in-
termedia (xopum, srtaHon), Platycladus orienta-
lis (mam3emMHasi 4acTh, dTaHOIN), Paeonia interme-
dia (xopHu, muxiopmeraH), Paeonia intermedia
(Han3eMHas 4acTh, qUXJIOpMeTaH), Paeonia inter-
media (Hag3eMHas 9acTh, dTaHOI), Veronica incana
(KOpHU, 3TAHOJ) XapaKTePHO BBICOKOE COJICPKAHUE
ButamuHa C.

MaxkcruMmanbHOe coniepkanue (hJIaBOHOHIOB ITPH
n3BieuyeHnn BAC AMXIOPMETaHOBBIM PaCTBOPH-
TEJIEM W3 Pa3jIMYHBIX 4acTed pacTeHUi ObLIO BbI-
sBieHo y Vexibia alopecuroides (xopun) = 168,1
mr, Salvia deserta (xopum) = 178,0 mr, Paeonia
intermedia (Ham3emHass d4acte) = 1258 mr. VY
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OCTaJbHBIX AUXJIOPMETAHOBBIX 3KCTPAKTOB KOJIHYE-
CTBO (pyraBOHOMIOB BapsupoBaio ot 125,8 no 30,5
mr B 100 r cyxoro ceipbsi. B skcTpakre, mosydeH-
HOM W3 KopHe# Veronica incana $hnaBoHOUIBI OT-
CYTCTBOBAJIH.

IIpu nousieuenun BAC 3TUIOBBIM COMPTOM
MaKCUMalbHOE coJiepkanue (HIaBoHOWAOB ObLIO
XapakTepHO Ui dKcTpakta Vexibia alopecuroides
(xopHm) = 425,4 M. B OCTalIbHBIX CTUPTOBBIX IKC-
TpakTax cojepkaHue (JIaBOHOHWJOB BapbHUPOBAJIO
B npeaenax 95,0 — 45,6 mr B 100 T cyXoro ChIpb4.
B cniuproBom skctpakrte Veronica incana (KOpHH)
(h1aBOHOMIOB HE BBISIBIICHO.

MaxkcuManbHbIM coepkaHneM BuTamuHa C
XapaKTEPU30BAINCh CYXHE SKCTPAKTHI, IOJIyYCH-
Hble 3 Paeonia intermedia (xkopuu, 3Tanon) 226,8
Mmr, Paeonia intermedia (Haa3eMHas 4acTh, 3TaHOM)
181,5 wmr, Paeonia intermedia (Hag3eMHas 4acTh,
muxaopmeran) 198,2 wr, Platycladus orientalis
(Ham3eMHas yacThb, 3Tanoi) 129,0 mr B 100 T cyxoro
CBIPBS.
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JlaHHbIe IO AHTUOKCUAAHTHONU aKTUBHOCTH IIO-
JydeHHBIX DKCTPAKTOB TPUBEACHBI B TabmuIle 2.
B kauecTBe craHmapTa BeIIECTBA-aHTHOKCHIAH-
Ta UCIOJH30BaH PACTBOP ACKOPOMHOBOH KHCIIOTHI
(100 mxr/mur). M3 10 mpoBepeHHBIX HKCTPAKTOB
nosrydyeHHbIX npu u3BieueHun BAC nuxiopmerta-
HOM, 2 00Ja/Jai OTHOCUTEIIBHO BhICOKOH AOA (B

koHneHTparuu 100 Mkr/min), cocraBistomieit 93%
(Paeonia intermedia (xopumn)) u 75% (Paeonia
intermedia (Haa3eMHasl 4acTh)) aKTUBHOCTU aCKOP-
OMHOBOH KHCJIOTBHI TaKOH XK€ KOHIEHTpauH. AK-
TUBHOCTb OCTaJIbHBIX SKCTPAKTOB ObLIA 3HAUUTEIIb-
HO HWXe€ M BapbHpoBasia B UHTepBaie oT 49 % no
14% aKTHBHOCTH aCKOPOMHOBOM KHCIOTHI.

Tabauua 2 — AHTHOKCHAAHTHAS aKTUBHOCTH (AOA) 5KCTPAaKTOB M KOHILEHTPALUS MTOTYMAaKCUMAJIbHOTO HHIMOMPOBAHHS CBOOOI-

noro pagukana ABTS (IC, ), P<0,001

AHTHOKCHIaHTHAsI aKTHBHOCTh
DKCTpaKT (%) SKCTpaKTOB MPH IC , (Mxr/mm)
xoHeHTpauun 100 MKr/mu
Salvia deserta (KOpHU, TUXJIOPMETaH) 49,1447 NA
Salvia deserta (xopHu, 3TaHON) 47,5+4,5 NA
Vexibia alopecuroides(kopHU, TUXJIOPMETaH ) 27,0+2.4 NA
Vexibia alopecuroides (kopHH, 3TaHOI) 3,040,03 NA
Astragalus Lanuginosu s(KOpHH, TUXJIOPMETaH ) 16,9£1,5 NA
Astragal sieversianus (KOpHH, 3TaHOJ) 18,5+0,6 NA
Platycladus orientalis (Han3eMHas 9acTb, AUXJIOPMETAH) 14,4+1.4 NA
Platycladus orientalis (Hag3eMHast 4acTh, 3TaHOM) 74,8+7,2 17,9+1,5
Paeonia intermedia (KOpHU, TUXJIOPMETAH) 92,7+8,9 19,3+1,6
Paeonia intermedia (KOpHH, 3TAHOJ) 98,7+8,8 15,9+0,9
Veronica incana (KOpHU, TUXJIOPMETaH) 41,0437 NA
Veronica incana (KOpHH, 3TaHOI) 97,8+8,8 31,3+2.4
Paeonia intermedia (Han3eMHast 9acTbh, TUXJIOPMETaH) 74,3+6,6 32,7+£2,8
Paeonia intermedia (Haq3eMHas 4acTh, 3TAHOI) 95,6+8,6 19,5+1,5
Linum pallescens (Hag3eMHas 4acTb, TUXJIOPMETaH ) 26,1£2.3 NA
Conium Maculatum (KOpHH, TUXJIOPMETaH ) 26,1+2.3 NA
Artemisia absinthium (Han3eMHas 9acTbh, IUXJIOPMETAH ) 35,0+3,1 NA
Vicia subvillosa (Han3eMHas 4acTh, STAHOM) 34,6+3,4 NA
Burtamun C 99,2+9,8 2,940,3

[Mpumeuanne — NA — o3HaqaeT, 4T0 00paser obnanaet cpenneit umu nuskoit AOA u utst mero IC, He paccuutan B Tabmuie
IIPE/ICTABIICHO CPeHEee 3HaUeHNe + CTaHIapTHOE OTKIOHEHHE (n=3)

OKCTpaKThl MOJTYYeHHBIX TIpH u3BIedeHun bAC
sranosoM Takxke odmamanu AOA. 4 u3 8 Takux dKc-
TPaKTOB, 00Ja/lad OTHOCUTENHHO BBICOKOH AOA,
COCTaBJISIONIEH NpY KOHIIEHTpanuu IKcTpakra 100
MKI/M1 0T 99% 110 75% aKTUBHOCTH aCKOPOMHOBOM
KUCIOThL. AOA 3KCTPakTOB YMEHbLIANACh B PSAY:
Paeonia intermedia (xopum), Veronica incana
(xopHm), Paeonia intermedia (Haj3eMHas 4YacTh),
Platycladus orientalis (Han3emHasi 4acTb). AKTHB-
HOCTB OCTJIbHBIX SKCTPAKTOB OblIa HIKE U BapbU-
poBana B uHTepBane oT 48% mo 3% akTuBHOCTU
ACKOPOMHOBOM KHCIIOTHI.

OOwexTrBHBIM KpuTepueM AOA WHIWBUIY-
aJbHBIX COEIMHEHMH M MX CMecel cuuTaercs ma-
pamerp IC,, T.e. KOHIEHTpaUWs aHTHOKCHJAHTA,
KOTOpasi BEI3bIBAET BoccTaHoBicHHE 50% KaTHOH
— paguxana ABTS. Konnenrpamueil nmomymakcu-
MaQJIBHOI'O MHIMOMPOBaHUsI CBOOOJHOTO paguKaa
ABTS™ (IC,)), conocraBumoii ¢ IC, Buramuna C
He 00naian HU OAMH U3 TOJTYYEHHBIX YKCTPAKTOB.
s mectu dKeTpakToB 3Hadenue IC,, oTpakaro-
M€ B YCIOBHAX HAIINX SKCIIEPHUMEHTOB CyMMap-
HOE COJIep’KaHHE BBICOKOAKTUBHBIX KOMITOHEHTOB,
BapbUpPOBAJIO B MHTEpBase OT 18 10 33 MKT/MII, 94TO

68 Bectauk. Cepust 6uonorndeckast. Ne2 (71). 2017



[Inaraesa A.K. u nip.

CBUJICTEILCTBYET O HAJMYMU Y HHUX TEpareBTUYC-
CKM 3HAUMMOW aHTMOKCUJAHTHOM aKTUBHOCTH, I10O-
CKOJIBKY B COOTBETCTBUM BenuduHamu IC,  Takue
KOHIICHTpAIMH JCUCTBYIOIIUX BEIIECTB JETKO JI0-
CTIKAMBI B OPTaHU3ME TIPH YIOTPEOICHNH TIpena-
paTa B pa3yMHBIX 103aX. OCTalbHbIE 9KCTPAKTHI 1O
AOA ObUIM OTHECEHBI K MAJIOAKTHBHBIM.
AHTHOaKTepHallbHAs aKTHUBHOCTH ObLIA M3yde-
Ha Kak JiJIs 9KCTPAKTOB, MOJYYCHHBIX NPU H3BJIC-
yeHnn bAC auUXJIOpMETaHOM, TaK W JUIS SKCTpaK-
TOB TOJTyYeHHBIX TIpH n3BiedeHnn bAC 3THIIOBBIM
cnupToM (Tabnmna 3). Beicokast aHTHOAaKTEpHAIb-
Hasi aKTHBHOCTh B OTHOIIIGHUH poja E. coli xapak-
TEpHA ISl SKCTPAKTOB, BBIJICIICHHBIX U3 HAJ3EMHBIX
yacreil pactenuit Linum pallescens w Artemisia
absinthium, IC50 KOTOPBIX cocTaBwio 1,8 Mr/mi u
3,4 mr/mit. JIist 2 oKeTpakToB: Artemisia absinthium
(mamg3eMHas 4acTh, AMXJIOpPMETaH), Paeonia inter-
media (Haa3eMHas 4acTh, JUXJOpPMETaH) OblIa Xa-
paKTepHa BBICOKAas aKTUBHOCTH B OTHOIICHUH St.
aureus (IC,; 2,4 mr/mn u 3,7 mr/mn). Tak xe npo-
SBWJIM aHTHOAKTEPHAIbHYI0 aKTHBHOCTh B OTHO-
MeHUN St. aureus dKCTPAKTHL: Paeonia intermedia

(xopHu, 3tanon), Paeonia intermedia (Han3emHas
vacte, sranon), I1C,, 2,9 mr/mi, 3,7 mr/mi, coot-
BETCTBEHHO. Linum pallescens (Hag3eMHasi 4acTh,
JIUXJIOPMETaH) MOKAa3aJl BHICOKYIO aKTUBHOCTH TIPO-
THB TeCT-00bekTa P. aeruginosa (IC,, 2,3 mr/m).
XopoIyro aHTUMHUKPOOHYIO aKTHBHOCTH MPOSIBUI
akctpakT Conium maculatum nipotus P. aeruginosa
IC,, cocraBuna 3,9 mr/mi. OcTanbHbIe 3KCTPAKThI
Ha poCT TECT-00BEKTOB BIUSHUS HE OKA3BIBAJIN HIIN
OHO OBLTO ¢1a00 BBIPAKEHHBIM.

Taxoke A7s1 TaHHBIX DKCTPAKTOB ObLIA OICHE-
Ha aHTPI(i)yHFI/IHH):[HaSI AKTUBHOCTb B OTHOUICHHU
tect-o0bekTa C.albicans. IlonydeHHble JaHHBIE MT0-
Ka3aJiy, 4TO TOJIHKO HEKOTOPBIE IKCTPAKThI 001312~
IOT UCKOMOW aKTHBHOCTBIO (Tabmuia 3). Beicokas
aHTU(YHTUIUAHAS aKTUBHOCTh OBLTA XapaKTepHa
s 3 sketpakToB: Platycladus orientalis (Hag3em-
Has 9acTh, AUXJIOpMETaH), Veronica incana (KOpHU,
quxjaopMmeran), Paeonia intermedia (Hanp3emHas
vacte, stanon). IC,, cocrapumu 0,08 mr/mi, 0,09
mr/mit, 0,09 mr/min, coorBercTBeHHO. OcTanahbHbIE
9KCTPAKTHI HA POCT TECT-00BEKTA BIHUSHUS HE OKa-
3BIBAITH.

Tab6mnna 3 — AHTHMEKPOOHAs aKTUBHOCTH CyMMApHBIX 3KCTPAKTOB, olleHeHHas o seanaune 1C, P<0,001

AHTHUMUKPOOHAs aKTUBHOCTH
IC,, Mr/mn
DKCTpakKT
. . Candida
E.coli St.aureus P. aerugi- nosa .
albicans

Salvia deserta (kopHH, AUXIOPMETaH) >10 0,0057+0,0004 >10 >10
Salvia deserta (kopHH, 3TaHOIN) >10 >10 >10 >10
Vexibia alopecuroides(kOpHU, TUXJIOPMETAH) >10 0,0031+0,0002 >10 >10
Vexibia alopecuroides (kopHU, 3TaHOIT) >10 >10 >10 >10
Astragalus Lanuginosus (KOpHHU, AUXJIOPMETaH) >10 >10 >10 >10
Astragal sieversianus (KOpHH, dTaHOI) 4,9+0.4 >10 6,3+0,5 >10
Platycladus orientalis (Han3emHas 4actb, ~10 ~10 ~10 0,080,007
JIIXJIOpPMETaH )

Platycladus orientalis (Hag3eMHas 4acTh, STAHON) >10 >10 >10 >10
Paeonia intermedia (KOpHH, TUXTIOPMETAH ) >10 >10 >10 >10
Paeonia intermedia (KopHU, YTaHO) >10 2,94+0,3 >10 >10
Veronica incana (KOpHH, TUXJIOPMETaH) 5,5+0,5 5,5+0,5 5,0+0,5 0,09+0,008
Veronica incana (KOpHH, STaHON) >10 >10 >10 >10
Paeonia intermedia (Han3eMHas 4acTh, ~10 37404 5.940.5 ~10
JUXJIOPMETaH)

Paeonia intermedia (Haa3eMHast 4acTh, TAHOI) 5,94+0,5 3,7+0.4 >10 0,09+0,008
Linum pallescens (Haa3eMHas 4acTh, TUXJIOPMETaH) 1,8+0,2 4,5+0,3 2,3£0,2 >10
Conium Maculatum (KOpHH, TUXIOPMETAH) 6,8+0,6 4,3+0,4 3,9+0,3 >10
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Ipooonscenue mabruyvt 3

AHTUMUKPOOHAST aKTHBHOCTD
IC,, Mr/mn
DKCTpakT
. . Candida
E.coli St.aureus P. aerugi- nosa .
albicans

Artemisia absinthium (Hag3eMHasl 4acTh, 34403 24402 41204 ~10
JUXJIOpMETaH )
Vicia subvillosa (Han3eMHas 4acTh, STAHOM) 4.3+0,4 >10 5,3+0,5 >10
unpodrokcanuu 0,0001+0,00001 | 0,0001+0,00001 | 0,0001+0,00001 H/0
Awmbporepurna B H/0 H/0 H/0 0,00028+0,00002

+ CTaHJapTHOE OTKJIOHEHHue (n=3)
H/0 — HE ONPEeeIISUIN

[Ipumeuanne — >10 — o3Hauaet, 4TO 0Opa3el He AKTUBEH B TAOIHUIIE IIPEACTABICHO CpeJHee 3HAUCHUE

Bt mpoBeien skciepuMenT 1o oreHKe 3 dex-
TUBHOCTH U 11€JI€COO0Pa3HOCTH COCTABJICHUS KOM-
IJIEKCOB W3 TOJYYEHHBIX CYMMAapHBIX SKCTPAKTOB
OTHETHHBIX BUIOB PACTCHUH (COOTHOIICHHE CMe-
LIMBAaEMbIX MEKAY COOOH CyXuX dKcTpakToB 1:1).
[Ipu coBMenieHNH B KOMILIEKCHI OBLIH UCTIOIh30Ba-
HBI KaK MOKA3aBIINE BBICOKOE COACpXKaHUE (IIaBo-
HOMJIOB 1 BUTaMuHA C 3KCTPAKTBI, TAK U IKCTPAKTHI
c Ooylee HU3KHUM COJIEp)KAaHHUEM TaHHBIX BEIIECTB.
[TogoOHBI BEIOOP Bapuaruii sl CO3MAHHS KOM-
IJICKCOB, 00YCJIaBIIUBACTCSI TIOMCKOM KOMOUHAIHA,
MIPOSIBIISIONINX HanOoJiee BHICOKHE ITOKa3aTelH CH-
HEPreTHUECKOTO B3aUMOICHCTBHSI.

B tabuuie 4 npuBeieHbl XapaKTEPUCTUKU KOM-
IJIEKCOB, TMOJNyYEHHBIX MyTeM OOBEIWHEHHS JIBYX
IKCTPaKTOB (WX aHTHOAKTepHUaahbHAs W aHTUOKCHU-
JIAaHTHAs aKTUBHOCTH, oueHeHHbie 1o 1C, — KoH-
LEHTPAIlUN KOMIIJIEKCa JKCTPAKTOB IPH KOTOPOWM

npoucxoaut 50%-Hoe HHTHONPOBAHUE CBOOOTHOTO
paaukana ABTS" u 50% nonaBnenue pocTta TecT-
00BEKTOB.

M3 11 wucHpITaHHBIX KOMIUIEKCOB, aHTHOK-
CUJIaHTHAs aKTUBHOCTH Obla XapakTepHa Jyist 7
KOMIUTEKCOB: Paeonia intermedia (KOpHU, TUXIOP-
MetaH) + Paeonia intermedia (Hag3eMHas dYacThb,
nuxjiopmeTan), Paeonia intermedia (Hana3emHas
4acTh, 9TaHON )+ Astragal sieversianus (KOpHU, 3Ta-
Hou), Platycladus orientalis (Ham3emMHas 4acTh, 3Ta-
Hon) + Veronica incana (xopuu, 3Tanon), Paeonia
intermedia (kopHu, atanon)+ Platycladus orientalis
(Ham3emMHas 9acTh, ITAHON), Astragal sieversianus
(xopHm, 3TaHON) + Veronica incana (KOpHH, 3Ta-
Hon), Paeonia intermedia (xopHu, 3Tanon)+ Vicia
subvillosa (Ham3emHass 4acTh, dTaHON), Paeonia
intermedia (xopHH, 3TaHoN)+ Paeonia intermedia
(Hag3eMHas 9acTh, TAHOM).

Ta6mnua 4 — AHTUMUKPOOHAS U aHTHOKCHUIAHTHASI aKTUBHOCTH KoMIuiekcoB, P<0,001

AHTHUMUKPOOHAs! aKTHBHOCTb AHTHOKCHIAHTHAS
IC,, Mr/mn AKTUBHOCTh
Komruiexe Candid IC ,, MKr/™Ma
E.coli St. aureus P. aerugi- nosa ;;n aa IC 50 mxr/mm IC 50
atbicans MKT/MJT
Astragalus Lanuginosus
e
(xopHH, AUXTIOpMETaH) + Linum ~10 4,404 3.940,3 ~10 NA
pallescens (Han3eMHas 4acTb,
JTIUXJIOPMETaH)
Platycladus orientalis
(Haa3eMHas 4acTh, dTaHoN) + Veronica >10 5,5+0,4 >10 20,7+1,8
incana (KOpHH, 3TAHOJN)
Platycladus orientalis
(Ha,ELSCM.HaSI. 4acTh, JUXJIOPMETAH) 1,140,08 3.840.2 7.140.8 4,9+0.4 NA
+ Veronica incana (xopHu,
JUXJIOPMETaH)
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Paeonia intermedia (kopHU, YTAaHOI)
+ Platycladus orientalis (Han3eMHast >10
4acTh, 3TAHON)

8,240,8

1,4+0,1 >10 17,041,5

Paeonia intermedia (KopHH,
nuxnopmeran) + Platycladus orientalis
(Ha13eMHas YacTh, TUXJIOPMETAH)

2,0+0,18

3,3+0,3

0,9+0,07 4,8+0,4 NA

Paeonia intermedia

(xopHH, UXIOpMeTaH) + Paeonia
intermedia (Haq3eMHas 4acThb,
JINXJIOPMETaH )

6,6+0,5

6,3+0,5

3,0£0,2 6,2+0,7 47,8+4,3

Paeonia intermedia (KopHH, 3TaHOI) +
Paeonia intermedia (Haa3eMHas 4acTh,
9TaHOJ)

2,1£0,2

0,08+0,007

5,5+0,5 >10 2,8+0,2

Paeonia intermedia (KOpHU, YTaHO)
+ Vicia subvillosa (Hag3eMHast 4acTh,
STaHON)

7,7+0,6

>10 6,4+0,5 5,5+0,4

Astragal sieversianus (KOpHH, 3TaHOI)

.o 2,3+0,2
+ Veronica incana (KOpHHU, 3TAHOM) S

>10 >10 9,3+0,8

Paeonia intermedia (nan3emMuas
4acTh, 9TaHON) + Astragal sieversianus
(KopHH, 3TaHON)

6,9+0,6

3,0+0,2 1,5+0,1 23,0+1,8

Artemisia absinthium (Han3eMHast
YacTh, AUXJIOPMETaH)

+ Conium maculatum (kopHH,
JUXJIOPMETaH)

4,9+0,3

3,5+0,3

2,140,2 0,9+0,08 NA

IIpumeuanne — >10 — o3HauaeT, 4To 0Opa3en He aKTHBEH
IC,,— KOHIIEHTpAIKS IOTyMAKCUMAJILHOTO HHIHOUPOBAHHUS

Cpe/iHee 3HAUCHHE + CTaHIapTHOE OTKIOHEHHE (n=3)

NA — o3nauaer, uTo o6pasen obnanaer cpenner nin nuskoid AOA u 1 nero IC, He paccuMTaH B TaOJNMIIE TPENCTABIEHO

J1s 3 KOMITIIEKCOB XapaKTepHO POSIBIICHUE CH-
HEPreTHYECKOro JCHCTBHUS BXOISMIINX B MX COCTaB
KOMIIOHEHTOB, 3HAYUTEIHHO YBEIMYUBAIOIIMX HUX
AHTHOKCHJIAHTHYIO aKTUBHOCTB, CHIDKASI TIPU STOM
KOHIICHTPAIMIO TIOJyMaKCHUMAaIbHOTO HWHTHOUPO-
BaHUs KaTthoH-paaukaia ABTS. HaubGonee BbI-
PaKEHHBII CHHEPTHU3M XapaKTepeH JJIsi KOMIUIeKca
9KCTPaKkTOB Paeonia intermedia (KOpHH, TaHOI)
+ Paeonia intermedia (Haj3eMHasi 4acTh, 3TaHOI),
IC,, xoroporo cocrapuna 2,8 MKI/MII, B TO BpEMS
KaK oTHocuTenbHast [C, | JuIst 9KCTPAKTOB, BXOISIINX
C COCTaB JaHHOTO KOMIUIEKCa ObUIa 3HAYUTEIHHO
Boime — 15,9 u 19,5 MKr/Mi1 coorBeTcTBeHHO. Tak
xe cHmwkenue IC, XapakTepHO Ui KOMIUIEKCA
3KCTPaKkTOB Paeonia intermedia (KOpHU, 3TaHON)
+ Vicia subvillosa (Hag3eMHasi 4acTb, 3TaHON) U
Astragal sieversianus (KopHH, 3TaHON) + Veronica
incana (KopHU, 3TaHON) — 5,5 MKT/MI U 9,3 MKI/MIT
COOTBETCTBEHHO, HE CMOTPS Ha TO, YTO SKCTPAKTHI
Vicia subvillosa (Ham3emMHast 9acTh, 3TAaHON) U As-
tragal sieversianus (KOPHH, 3TaHOJI) HCKOMOU aK-
TUBHOCTBIO He obnamanu. Jlns komruiekca Paeonia
intermedia (xopHH, nuxyiopmetaH) + Paeonia in-
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termedia (Hag3eMHasi 9acTh, TUXJIOPMETaH) XapaK-
TEPHO MPOSIBJICHUE CYMMHPOBAHHOI'O CHHEpIrHU3Ma,
MPEACTABISIONIETO Takoe B3aumojnericteue BAC,
korna oomui 3 dext paBen cymme 3hpekToB 1ByX
KOMITOHEHTOB.

Bricokue mokaszarenu CHHEPrHYecKOro Jiei-
CTBUSI B OTHOIICHHH TPEX HCIIBITAHHBIX OaKTe-
pUaTBHBIX TeCcT-00bekTOB — FE.coli, S.aureus, P.
aeruginosa BBISIBJICHBI JUIsl KOMIUIEKCOB SKCTPAKTOB
Paeonia intermedia (xopHu, nuxiopmetan) + Platy-
cladus orientalis (Ham3eMHas 4acTbh, IUXJIOPMETaH),
Paeonia intermedia (xopuu, 3taHon) + Paeonia
intermedia (Ham3eMHasl 4acTh, 3TaHON). T KOM-
miekca Paeonia intermedia (KOpHHU, IUXIIOpMeE-
taH) + Platycladus orientalis (Hag3emHas 4acTb,
nuxnopmeran) IC - cocrasumo 2,0 mr/mi, 3,3 mr/
mi1, 0,9 MI/MJ COOTBETCTBEHHO. A JUISI KOMILIEKCA
3KCTPaKTOB Paeonia intermedia (KOpHU, 3TaHOI) +
Paeonia intermedia (nan3emnas 4actb, otanon) IC
coctaBuiio 2,1 mr/mia, 0,08 mr/miL, 5,5 me/mn coom-
eéemcmeenno. Jlisi KOMIUIEKCOB 3KCTpakToB Platy-
cladus orientalis (Hag3eMHas 9acTh, TUXJIOPMETaH )
+ Veronica incana (KOpHU, TUXJIOPMETaH), Astragal
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sieversianus (KOpHH, 3TaHON) + Veronica incana
(xopam, 93TaHON), Paeonia intermedia (xopHH,
nuxiopMmeran) + Paeonia intermedia (Hamg3emMHas
4acTh, AUXJIOPMETaH) ObLIO BBISIBICHO BHICOKOE CH-
HEpruveckoe eHCTBHE B OTHOIIEHUH JIUIIb OJTHOTO
Tect 00bekTa E.coli, IC ) KOMIIEKCOB COCTABUIIO
1,1 mr/mim, 2,3 mr/ma u 6,6 MI/MII COOTBETCBEHHO.
/s komrmekcoB dKCTpakToB Platycladus orienta-
lis (mam3eMHas 4acTh, NUXJIOpPMETaH) + Veronica
incana (KOpHH, TUXJIOpMeTaH) u Astragalus Lanu-
ginosus (KOpHU, AuXJiopMeTaH) + Linum pallescens
(Ham3eMHas 4acTh, TUXJIOpPMETaH) OBUIO BBISABICHO
BBICOKOE CHHEPrHYeCKOe JCWCTBHUE B OTHOIICHHUH
ozHOrO TecT oobekTa S.aureus, IC, cocraBuino 3,8
Mmr/mit 1 4,4 mMr/mi cootBeTcBeHHO. CHUHepreTuye-
CKO€ JICMCTBUE B OTHOLUEHMM poaa P. aeruginosa
OBLTO XapakTepHo Wisd Paeonia intermedia (KOpHU,
atanon) + Platycladus orientalis (Han3emHas 4acTh,
aTanoi), Artemisia absinthium (Hag3eMHasl 4acTh,
nuxiopmeran) + Conium maculatum (KOpHH, TUX-
nopMeTan), Paeonia intermedia (KOpHU, TAXJIOpPME-
taH) + Paeonia intermedia (Ha3eMHasi 4acTh, JIUX-
nmopMmeTaH), Paeonia intermedia (Hag3eMHas 9acTh,
atanon) + Astragal sieversianus (KOpHHU, dTaHOJ),
Platycladus orientalis (Han3emMHas 4acTb, 3TaHOI) +
Veronica incana (xopun, stanon) IC,  kommiekcos
cocraBmio 1,4 mr/mi, 2,1 mr/m, 3,0 mr/mi, 3,0 mr/
MJ, 5,5 Mr/mi coorBeTcTBeHHO. OCTalibHBIE KOM-
IJIEKCHl AKCTPAKTOB TPOJIEMOHCTPHPOBAIN HE3Ha-
YUTEJIHLHOE CHHEPTETUUECKOE JICHCTBHE 10 OTHOIIIE-
HUIO K OAKMepUaIbHbIM mecm-00beKmam.

J171s1 KOMIUTEKCOB 3KCTPaKTOB Artemisia absin-
thium (Hag3emHasi 9acTh, auxyopmetan) + Coni-

um maculatum (KOpHH, IuxXJopMmeraH), Paeonia
intermedia (Hag3eMHas 9acTh, d3TaHoN) + Astragal
sieversianus (KOpHH, dTaHOIN), Paeonia intermedia
(xopHm, nuxnopmeran) + Platycladus orientalis
(Hag3emHas 4acTh, TUXJIOPMETaH), Paeonia inter-
media (KOpHH, TUXJI0pMeTaH) + Paeonia interme-
dia (Haj3emHas 4YacTh, auxjiopMmetaH), Paeonia
intermedia (xopHm, 3TaHon) + Vicia subvillosa
(Hag3emMHast 4acTh, ITAHOI), OBLIO BBISBICHO BBI-
COKOE€ CHHEPTHYECKOe JICWCTBHE B OTHOIICHHH
Tect oowekra C.albicans, IC,, nns xoropeix 0,9
mr/mi, 1,5 mr/mi, 4,8 mr/mit , 6,2 mr/mn u 6,4 mr/
MJI COOTBETCTBEHHO, TOT/1a KaK YKCTPAKThI, BXOJIsI-
e B COCTaB KOMIUIEKCOB, 32 UCKIIOUYEHUEM DKC-
TpakToB Paeonia intermedia (Hag3emMHasi 4acTh,
atanon), Platycladus orientalis (Hag3eMHas 4acTh,
IHUXJIOpMETaH) UCKOMOW aKTHBHOCTBIO HEe 00J1ama-
nu. Jns komruiekca 3ketpakToB Platycladus orien-
talis (Hag3eMHas 4acTh, MUXJIOpMeTaH) + Veronica
incana (KOpHU, TUXJIOPMETaH), OBUIO XapaKTepHO
yBenuuenue 3HadeHus IC, , XOTs SKCTPaKThl BXO-
JIAIIUE B COCTaB KOMILIEKCA, 00JIajaiu BBICOKOM
HCKOMOM aKTUBHOCTBIO. BEeposiTHO, B JTAHHOM Cly-
Yyae MPOSIBJISETCS AHTOTOHUCTUYECKOE JIEeHCTBUE
cmemuBaeMbix BAC. Y ocranpHBIX MOA00paH-
HBIX KOMIUIEKCOB WHTHOHMPOBAHUS TeCT-00BEKTa
C.albicans ne HabII01aI0Ch.

Takum 00pa3zom, MOJyYEHHbIC JaHHBIC 10 aH-
THMHKPOOHOW W aHTHOKCHIAHTHOW aKTHBHOCTSIM
MoTI00OPaHHBIX KOMILUICKCOB MPEICTABIISIFOT WHTE-
pec Ui AabHEHIINX UCCIICI0OBAHUHN 110 CO3JaHHIO
MTOJIMKOMIIOHEHTHBIX TPETapaToB pPacTUTEIHHOTO
MTPOUCXOKICHUSI.
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Byaarosa K.", Maskupar Lll., KynaiioeprenoB M., baiitapaxoBa K.

Kazaxckuii HayuHO-HUCCIE0BATENbCKUI HHCTUTYT 3EMIIC/ICIUS U PACTCHUEBOJICTBA,
Kazaxcran, AnMatuackast 00i1., 1. AIMaIbioaK
*e-mail: bulatova_k@rambler.ru

PUINOAOTNUYECKUE U BUOXUMUNYECKUE U3MEHEHUS
B NMNPOPOCTKAX HYTA B NMEPMOA AKKAMMATUSALINU
K HU3KNM TEMITEPATYPAM B AABOPATOPHbBIX YCAOBUAX

B cratbe npuBeAaeHbl pe3yAbTaTbl (DM3MOAOrO-OMOXUMUYECKMX M3MEHEHMI B MPOPOCTKaxX 4-x
00pasLoB HyTa Ha 3Tanax 2-X BapMaHTHOrO 3aKaAMBaHMS MPU HU3KMX MOAOXKMTEAbHbIX TEMreparypax
B Aab6OPaTOPHbIX YCAOBUSIX. YCTAaHOBAEHO, UTO COAEP>KaHME OCMOMPOTEKTOPOB: CBOOOAHOMO MPOAMHA
M Caxapo3bl MOBbILAAOCH B 3aBUCUMOCTU OT AAMTEABHOCTM M CUAbI CTPECCOBOro paktopa y Bcex
reHOTMIOB, 3a MCKAIOYEHMeM copTa MaabxoTtpa. MH(OPMATUBHOCTb BMOXMMMYECKMX MOKa3aTeAen,
COMPSI)KEHHbIX C MEPE3NMMOBKON, MPOSIBASIAACH B MEPUOA MOHUXKeHUs Temnepatypbl oT +13°C a0
+2°C. Tak, MeXAY YPOBHEM Caxapo3bl U MEPe3MMOBKOMN HyTa BbIIBAEHA BbICOKAs MOAOXMUTEAbHas
Koppeasiums (r= + 0,88). Ha 3Toi >xe CTapAnM 3aKaAMBaHUS MEXXAY KOHLIeHTpaumein poTOCUHTETUYECKMX
MUIMEHTOB, KapOTUMHOMAOB (XAOPOMUAA a, b, KCAHTOUAADBI +KapOTUHOMADI) M MEepPe3UMOBKOM HyTa
B MOAEBbIX YCAOBMSIX TAKXKe BbISIBAEHA BbICOKasi MOAOXMTeAbHaa Koppeasums (r=0,98; 0,98; 0,91,
COOTBETCTBEHHO). YKa3aHHblE MOKa3aTeAn MOTYT CAYXKMTb (DM3MOAOrMUYECKMMM MapKepamu B oTOope
XOAOAO-MOPO30CTOMKMX (DOPM HyTa.

OO6LWas aKTMBHOCTb aHTMOKCMAAHTHBIX (DEPMEHTOB (MEPOKCMAA3bl, CYNepOKCUAAMCMYTa3bl)
Ha BCeX 3Tanax 2-ro BapMaHTa 3aKaAMBAHWMS MOAOXKMTEAbHO KOPPEAMpOBaAa C YPOBHEM Caxapo3bl
M CBOBOAHOIrO MPOAMHA B pacTeHusX. [1pu yCMAEHMM CTPECCOBOrO BO3AEMCTBUS Ha pPaCTeHMs
NMPOCAEXXMBAAACh B3aMMOCBS$I3b NMEPOKCUAA3HOM aKTMBHOCTU C YMCAOM MEPE3MMOBABLLMX PACTEHUIA.

KAroueBble cAoBa: HYT, XOAOAOCTOMKOCTb, aKKAMMATM3aUMs, MPOAMH, caxapo3a, (POTOCUHTETU-
yeckme NMUrMeHTbl, CYyNnepoKCMAAMCMYTa3a, MepoKcuAasa.

Bulatova K.", Mazkirat Sh., Kudaibergenov M., Baitarakova K.

Kazakh scientific research institute of agriculture and plant growing,
Kazakhstan, Almaty region, Almalybak v. *e-mail: bulatova_k@rambler.ru

Physiological and biochemical changes in chickpea seedlings during acclimatization
to low temperatures in the laboratory conditions

In this article represented the results of physiological and biochemical changes in 4 samples of chick-
pea seedlings at the stages of two variants’ cold acclimation under laboratory conditions.It was found
that osmoprotectants: The free proline and sucrose increased as the lengthening and intensifying of the
stress factors in all genotypes except for Malhotra variety. The informativeness of the biochemical pa-
rameters associated with overwintering was manifested during the period of temperature decrease from
+13 to +2 °C. Thus, there were high positive correlations between accumulation of sucrose and the
concentration of photosynthetic pigments, carotenoids (chlorophyll a, b, xanthophyll + carotenoids) in
seedlings and overwintering level of chickpea in the field conditions (r = 0.98, 0.98, 0.91, respectively).

At all stages of the 2" variant in cold acclimation, the general activity of antioxidant enzymes (per-
oxidase, superoxide dismutase) was positively correlated with the level of sucrose and free proline in
plants. When stress treatment was strengthened in plants, the relationship between peroxidase activity
and the number of overwintered plants was revealed.

Key words: chickpea, cold resistance, acclimatization, proline, sucrose, photosynthetic pigments,
superoxide dismutase, peroxidase.
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Du3HoI0OrnYecKre u OHOXUMUYECKHIE U3MEHEHNS B IMPOPOCTKAxX HyTa B NEPUOA aKKIIMMATHU3allNH ...

boaaToBa K.”, Maskupar LL., Kyaarnb6epreHos M., barnTtapakosa K.

Kasak, eriHwiAik keHe 6CIMAIK LapyallbIAbIFbl FbIAbIMU 3epTTey MHCTUTYThI,
KazakcraH, AAMaTbl 06AbICbI, AAMaAblOak, aybiAbl *e-mail: bulatova_k@rambler.ru

3epTxaHaAblK, XXKaFAalAQ TOMEH TemrnepaTtypara XXepCiHAIpY Ke3eHiHAe
HOKAT ecKiHAepiHAeri PU3MOAOTUSIABIK, XKoHe 6MOXMMMUSIAbIK, ©3repicTep

Makanaaa 3epTxaHaAbIK, >KarAaiaa TOMEH TEMIEPATYpPara LbIHbIFYAbIH 2 HYCKaAaFbl KE3eHAEPiHAe
HOKAT ©CKIHAEPIHIH, 4 YAriAepiHAETT PM3MOAOTUSABIK, XKOHE BUOXMMUSABIK, ©3repiCTePAIH HOTUXKEAEPI
KeATipiAreH. OCMOMNPOTEKTOP 3aTTapblHbIH (6OC aMUHKBILLKbIAbI MPOAMH XKOHE Caxapo3a) MOALLEpPiHiH
AeHreni cTpecti (hakTopAblH Y3aKTblFbl MEH KYLUEMTIAYy llamacbiHAa Kapar MaAbxoTpa COpTbiHaH
6acka GapAblK, reHOTUMNTEPAE apTaTbIHAbIFbI TYPaKTaHAbIPbIAAbBL. KbICTan LWbiFy MEH GMOXMMMSIABIK,
napamMeTpAep: caxapo3a MOeALIepi apacblHAAFbl OH KOPPEASIUMSIAbIK, 6GaliAaHbIC Temreparypa
+13°C-paH +2 °C-ka AeiliH TemeHAereH KeseHae O6ankanabl (r=+0,88). LLbIHbIFyAbIH OCbl
Ke3eHiHAE (POTOCMHTETMKAABIK, MUIMEHTTEP KOHLEHTPALMSChl MEH KapOTUHOMATAp (xAopodma a, b,
KCAaHTO(UAAED + KAaPOTUHOMATAP) COHAAM-AK, eriCTik »KaraarblHAQ KbICTAN LWbIKKAH HOKAT apacbiHAQ
JKOFapbl OH, KOppeAsumsi aHblKkTaaabl (r=0.98; 0,98; 0,91, ceiikeciHue). KepceTiAreH MaAiMeTTepAi
HOKATTbIH CYbIKKQ >XOHE KbICTamn LWbIFyblHA TO3iMAI (phopMaAapbiH TaAAan aAyFa (PU3MOAOTUSAbIK,
MapKep PeTiHAE KOAAAHYFa MYMKIHAIK 6epeAi. LLbIHbIFYAbIH, 2-11i HYCKaCbIHbIH GapAbIK, CaTbIAAPbIHAA
AHTMOKCUAAHTTbI (DEPMEHTTEPAIH (MepoKMAasa, CyrnepoKCMAAMCMYTasa) >KaAMbl OEACEHAIAIr MeH
eciMAaiKTeri caxaposa >kaHe 60C NMPOAMH AEHreii apacbiHAa OH GalAaHbICTbI KOPCETTi. OciMmaikTepre
CTPECTIK 8CepAi KYLIEMTKEH KE3AE NEPOKCMAa3a BEACEHAIAITT MEH KbICTan LbIKKAH ©CIMAIKTED CaHbl
apacblHAa ©3apa 6anAaHbiC 6OAATbIHAbIFbI OaKaAaAbI.

TyHiH ce3aep: HOKAT, CyblKKa TO3IMAIAIK, >KEPCIHAIPY, MPOAMH, caxapo3a, (POTOCMHTETUKAABIK,
NMUrMeHTTep, CYrnepoKCMAAMCMYTa3a, NepoKcuAasa.

BBeaenue

Hyr (Cicer arietinum), OTHOCUTCS K CEMEHUCTBY
bo6oreix (Fabaceae), mis pacTeHuit KOTOPOTO Xa-
PakTepHO BBICOKOE COJEP)KAHHWE IOJTHOLEHHOTO
Oenka B cemenax. CopepikaHre He3aMEHUMBIX aMU-
HOKHCJIOT B O6enke 6000BBIX B 1,5-2 pa3a BeIIIe, 4eM
B OeJike 3epHa 371aKOBBIX. besok, co3naBaemsblii 00-
OOBBIMH KYJIbTYpPaMU 00XOIUTCS MTPOU3BOACTBY T'O-
paszzo AemieBie Oenka 3JaKOBBIX, TOCKOIBKY pacTe-
HUS BKJIFOYAIOT B OMOJIOTMUECKUN KPYTOBOPOT a30T
BO3/yXa 3a CUeT CUMOMO03a ¢ KITyOCHbKOBBIMH OaK-
tepusiMu poxa Rhizobium. Opranmdeckue oCcTaTKu
0000BBIX 000TAINAIOT MMOYBY a30TOM B OOJbIIEH
CTEIICHU, HEXENU IOKHUBHBIE OCTAaTKU JPYTHX
KYJBTYD, TIO9TOMY OHH SIBIITIOTCS XOPOIIAMH TIPE/I-
IECTBEHHUKAMH B CEBOOOOPOTAX.

B mMupoBom 3emitenienuy HYyT 3aHUMAET I10 TIIO-
A BO3AETBIBAaHUS 3-€ MECTO Cpenr 3epH00000-
BbIX KyJbTYyp. HyT sBiIsIeTCS MPOAYKTOM IUTAHUS,
IIMPOKO PaCIpPOCTPAaHEHHBIM B cTpaHax A3um, Ad-
puku, CpeIn3eMHOMOPDSI.

B Kazaxcrane uHTEépec kK HyTy yBEIHYUBAETCA
B IIOCJICJIHHE TOJIbI, TOCKOJBKY €r0 BO3JICIIBIBAHHE
BBITO/IHO B YKOHOMHUYECKOM OTHOIIIEHUH: TIeHa 3a |
T. 3¢pHa HYTa HA MHPOBOM DBIHKE B 5 pa3 TpEBbI-
[1aeT CTOMMOCTh TOHHBI 3epHa IIIeHUIIbL. B pamkax
TuBepcru(UKANT U TOXOAHOCTH TTOCEBOB, YITydIIe-
HUA COCTOAHUS TMMOYB BO3ACJIILIBAHUEC HYTA B Kazax-
CTaHe UMEET OOJIBIINE MEPCIIEKTUBEI.

HyT oTHOCHTCS K X0IOOCTOMKUM KYJIbTypam 1
MOJKET MEPEHOCUTH B (pa3e BCXOJOB 3aMOPO3KH 10
-8°C. Ota KynbTypa sSIBJISETCS U OJHOM U3 CaMBbIX 3a-
CYXOYCTOWYMBBIX OJJHOJIETHUX OOOOBBIX KYJBTYP.

TpaguoHHO 3Ta KyJNbTypa BBICEBAETCS BEC-
HO, YTO 3a4acTy0 IPUBOIUT K IOAINATAHUIO pacTe-
HUH B TeHEpaTHBHYIO (a3y IO BBICOKYIO TEMIIEepa-
Typy ¥ Je(pUINT BIard, 4To CyIECTBEHHO CHIKAET
ypokaiiHocTh HyTa. [IpenmyiecTBoM nocesa HyTa
o[ 3UMy SBJSIETCS TO, YTO PACTEHUs H30eraror
CTPECCOBBIN MEPHO U, 38 CUET Y/UIMHEHUS CPOKOB
pasBUTHsA, Y3PPEKTUBHOTO HCIOIB30BAHHS BOIHBIX
PECYPCOB MOBBIIAIOT YPOKaHHOCTE ceMsH 10 70%
(Singh, 1997a: 418), (Croser, 20036: 186). Bosb-
11ast 4acTh CEIbCKOXO3SMCTBEHHBIX YrOAWNM Hallen
CTpaHbl HAXOJIUTCSA B PErMOHAX C HEIOCTATOYHBIM
YBJIQKHEHHEM, B CBS3M C YeM HapsAy C CO3JaHHUEM
3aCyXOyCTOMYMBBIX (OpPM, aKTyanbHOW mpobIe-
MOM SIBJISIETCSI CO3JJaHME COPTOB HyTa, IIPUIOJHBIX
JUTSL OCEHHETO CeBa, MpeumyliecTBeHHO Ha FOre u
IOro-Boctoke Ka3zaxcrana. Co3gaHue Xonoao- M
MOPO30CTOMKHUX (hopM HyTa OyZIeT CIIOCOOCTBOBATH
MPOABIKEHHUIO KYJIBTYpPbI B 00JI€€ XOJIOIHbIE U BbI-
COKOTOpHBIE PETMOHBI.

IIpu pacTymem K KyJIbType HHTEpEeCe CO CTOPO-
HBl TOBapONPOU3BOAUTENEH, HEOOXOINMBI HOBBIE
MOJIXO/IbI K CEJIEKLIMU COPTOB HyTa, IPUTOJHBIX IS
OCEHHETO CEeBa, BKIIOYAIOIIUE COBPEMEHHBIC [0-
CTYDKEHHSI MOJICKYJISIPHOM Ononoruu, (Gu3noIoruy,
OMOXUMHH, MO3BOJISIONINE BECTH OTOOD KeJTaeMbIX
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(opM BHE 3aBUCHMOCTH OT CE€30Ha Ha 0a3e Mapkep-
HBIX IIOKAa3aTeJei, CONPSKEHHBIX € X03IUCTBEHHO-
LEHHBIMU TPU3HAKAMHU.

Ha ycroiiunmBOCTh HyTa K HU3KUM TEMIICpATy-
paM BIUSAIOT MOPQOJIOTHUECKHE, (DU3UOTIOTHIECKHE,
OMOXMMHYECKUE U TeHETHUECKUE (haKTOPhI. Y A3BH-
MOCTb PaCTEHUH MMPU HEOIATONPHUSITHBIX HU3KOTEM-
MEepaTyPHBIX CTPECCOBBIX (AKTOpPax B 3HAYMTENb-
HOW Mepe 3aBHCUT OT cTaauu pa3Butusi. Croser u
np. (Croser et.al., 20036: 185) HeOmaronpusITHEIMU
JUISL pOCTa U Pa3BUTHSI HYTa CUUTAIOT TEMIIEPATyp-
HBIN pexuM oT -1,5 mo 15°C (xomomoBoii cTpecc).
3amep3aHue BHYTPHU- U MEKKJICTOYHOTO COICPIKH-
MO0 B TKaHSX PACTCHUH B MEPHOJ TEPE3MMOBKH
MIPEICTABIISACT OOJBIITYIO TIPOOIEMY ISl pETHOHOB,
I7Ie HyT BBICEBAIOT MOJ] 3UMY: CTPaHbI CPEIU3EMHO-
Mopbs, EBpornbl, [lenTpanbHOM A3un u 3akaBKasbs,
3anagnoii u Ceeproit Adpuku (Singh 1993: 121).

Y CTOWYMBOCTh PACTEHHUI K MPOMEP3aHUIO CBSI-
3aHa C MEXaHH3MaMHU TPOTUBOCTOSHUS HA KJIETOY-
HOM YpPOBHE, MPOUCXOJSIIUMHU B TEPHOJ XOJIOJ0-
BOHM aKkkiIMMaTu3anuu. B 3TO Bpems B pacTEHUsIX
MIPOUCXOIAT META0OINICCKIE U (DU3HOTOTHICCKUE
W3MEHEHUS], CHIDKAIOIINE TOBPEXKIAIOIINI TemIIe-
paTtypHbIii ypoBeHb. [Iporecc Xomo0BOW aKKIH-
MaTH3allu¥ WIN 3aKAJKW CBS3aH C BO3pAacTaHUEM B
KJIETKAax caxapoB, PACTBOPUMBIX OEIKOB, CBOOOJ-
HBIX AMUHOKHCJIOT, aKTUBHOCTH aHTHOKCHIAHTHBIX
BemecTB (hepMEeHTHOW W He(h)ePMEHTHOU MPUPOIBI,
nosiBlieHUs1 HOBBIX M30dopMm depmentoB (Hughes,
1990a: 161), (Dunn, 19966: 291), (Chohan, 20118:
189), (Tatar, 2013r: 260). bomee nHTEHCMBHOE Ha-
KOIUICHHE aHTOIMAHWHA, (IAaBOHOUIOB, CBOOOJ-
HOTO TIPOJIMHA, TMOBBIIICHHE AKTUBHOCTH aHTHOK-
CUJIAHTHOW aKTHBHOCTH JH3UMOB HaOJIONacTCs y
bosnee xomomocroiikux (opm nHyta (Tatar, 2013a:
260), (Turan, 20146: 499). PactBopuMEIe yTIIEBOIHI,
BBIMOJHSST (PYHKIIUK OCMOPETYJISITOPOB, BIHSIFOT Ha
OBOJIHEHHOCTh PACTUTENBHBIX KIIETOK, CIIOCOOCTBY-
0T CTAOMJILHOCTH KIIETOYHBIX MEMOpaH, JTHTEb-
HOMY COXpaHEHUIO (OTOCHHTETUYECKOW aKTHB-
HOCTH TIpH HeOnaronpusTHeIX ycioBusix (Maller
2002: 1), B cBsi3U ¢ ueM y OoJjiee yCTOHYUBBIX (hopM
HAKOIUICHUE YIIICBOJIOB B TICPHOJ aKKINMATH3a-
MU MPOXoauT Oojiee mHTeHCHBHO (Saghfi 2014:
591). DOx3oreHHOe BO3JEHCTBHE KPHOMPOTEKTOpA-
MU (TJIMIIHH-OCTAMHOM) BBI3BIBACT ITOBBIIICHUE MO-
PO30CTOMKOCTH PACTEHHUM, YTO MPUBOJUT K IOBBI-
HICHUIO YpOXKaiHOCTH umcia ceMsH u jip. (Nayyar
2005: 381).

ITockoJsibKy yCTOHYMBOCTH K TEM HJIM HMHBIM
CTPecCOBBIM (PaKTOpaM aOMOTHYECKOTO XapakTepa
SIBIISICTCSL CIIOYKHBIM TPH3HAKOM M KOHTPOJIHPYET-
Csl MHOXXECTBOM T€HOB, JUISi PacTEHHsl HE MOXKET
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CYIIIECTBOBATh OJINH KaKOW-JMOO IMOKa3aTenb, Xa-
PaKTepHU3YIONINI yCTOMYNBOCTE/9yBCTBUTEIHHOCTh
K CTPECCy, TOJIbKO 10 KOMILJIEKCY PU3HAKOB BO3-
MOKHa AuQQepeHranus reHOTUTIOB 110 YCTOWYH-
BOCTH K OIpe/eIeHHOMY HeOiaronpusTHoMy (ak-
Topy cpensl (Kaur 2012: 569).

[lepe3snMoBKa HyTa 3aBUCHT OT MHOTUX (haKTO-
POB, B T.4. OT TAKUX KaK: CPOKH TIOCEBa, MPUMEHE-
HUE yI00peHMI, KOHTPOJIS BpeIUTeNei U 00JIe3Hei,
croco0oB 00paboTKK MOYBHL U 1p. B cBsi3u ¢ TeMm,
4TO BCE OTH (PAKTOPBI BIHSIOT HA PE3yJbTATHI IO-
JIEBOI OLICHKHW, CKPUHUHI TCHOTUIIOB HyTa Ha MOPO-
30CTOMKOCTH HEOOXOAUMO BECTH U B KOHTPOJIUPYE-
MBIX YCJIOBUSIX, IIPH KOTOPBIX 3JIEMEHTHI CII0KHOTO
nokasareyiss MOryT ObiTh auddepeHIpoBaHbl U
oreHeHsl 1o otaensHocTH (Croser 2003: 185). Jla-
0OpaTOpHbIC METOJBI CKPUHHMHIA HA MOPO30CTOM-
KOCTh IO (hpU3HOJIOr0-OMOXUMUYECKUM, OCIKOBBIM
Y MOJIEKYJIIPHBIM MapKepaM, METOJIbI OIIEHKH, CBSI-
3aHHBIC C TOJYYEHUEM OOBEKTOB MCCIICJOBAHUN B
KOHTPOJIMPYEMBIX YCIOBHAX (KIMMOKamepax, Tep-
MOCTaTax) MMEIOT IMPEHMYIIECTBA U H3Y4YCHHS
OTBETHBIX PeakLUi paCTEHUI Ha CTPECC, IOCKOIbKY
HUIACHTHUYHOCTD YCJIOBI/Iﬁ JJ1d BCEX MCHBITYEMBIX I'€-
HOTHUIIOB, BOBMOKHOCTH ITOBTOPSITH SKCIIEPUMEHTHI
W MOJICIIUPOBATh COBOKYITHOCTH DJIEMEHTOB CTpecca
MOBBIIIAIOT TOYHOCTh PE3yJIbTATOB UCCIICTOBAHNH.

Lenb0 HAIMX HCCJIETOBAHMIA SBISUIOCH H3-
ydeHue (U3NOIOTUIECKUX W OMOXMMHYECKUX W3-
MEHEHUI B MPOPOCTKAX HyTa MPU pPa3HbIX Bapu-
aHTax 1a00opaTOPHOTO 3aKaIMBaHUS, WICHTUYHBIX
M0 TPOJIOIDKUTEILHOCTH, HO Pa3UYAONINXCS TI0
MHTEHCHBHOCTH BO3JICHCTBHUSI XOJIOJIOBOTO CTpecca
Ha TOCIEAHHUX JBYX HEACNAX aKKIUMAaTH3alUA H
BBIABIICHNE S(()EKTUBHBIX MapKepoB I O0TOOpa
YCTOWYMBBIX K TIEPE3UMOBKE (POPM.

MaTtepuaJibl 1 MeTOAbI HCCJIEA0BAHM

B kayecTtBe OOBEKTOB HCCIICAOBAHUN HCIIOIb-
30Basich 2 copra: Manbxotpa, Jlyu (Kazaxcran)
u 2 ymann Hyta 76 (Poccms), Erbsen Sponishe
(I'epmanust), u3 paboueil KOJIEKIMM OTAeNa 3ep-
HO0000BBIX KynbTyp KazsHUM3uP. O6pasusr xa-
PaKTEpU30BAIUCh Pa3HbIM YPOBHEM YCTOHYUBOCTH
K MEpe3MMOBKE TI0 pe3yJsibTaTaM IOJEBOH OLCHKU
Ha crtanmoHape otxaena. B 2015-2016 rogax komnu-
YeCTBO MEPEe3UMOBABIINX PACTEHHH COCTABUIIO Y
oOpasmnos: Jlyd — 82%, Manbexotpa — 62%, Erbsen
Sponishe — 60%, maus 76 — 18%.

Jiisi TIOCTaHOBKHM 9JKCIIEPUMEHTOB B Jlabopa-
TOPHBIX YCIIOBHSIX CEMEHA HCHBITYEMBIX 00pa3IoB
HyTa CTepHIN30Bau 2 % IMEPEKHUChI0 BOJIOPOJA U
npopaimBaii B yamkax Ilerpu B Tepmocrare npu
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temmeparype 23-25°C, mociie 4ero >KM3HECToco0-
HBIE TPOPOCIINE CEMEHa BHICAKUBAIA B PABHOU
YUCJICHHOCTH B EMKOCTH C HO‘IBOI‘/'I, IIOJIHOCTBIO
o0ecrieueHHOW  MHWHEPAIBHBIMH  yJIOOPECHUSMHU:
128,7 mr/xr dbocdopa, 123 mr/kr xamus u 39,15 mr/
kr ¢ocdopa, conepkanue rymyca — 5,0 %. 14 qHei
MIPOPOCTKH MPOJIOIIKAIIU Pa3BUTHE B KIMMOKaMepe
Ipu AHEBHOI/HOYHOW Temmeparype 18/16°C, 11
yacoBoM ocgemieHnH B 20000 mr0kcoB (MMUTAIUA
OJIaronpHUATHOTO TIEPHUO/Ia B HAaYalle OCEHH IS PO-
CTa W Pa3BUTHA), 3aTE€M TeMIlepaTypa CHIKAIach
1o +13°C u pacTeHus1 HAXOAWIUCH B dTUX YCIIOBU-
sx emie 1 Hepemo (MMUTAIMS Havyalla TepuoJia aK-
KIMMaTH3aun). PacTeHns 3TOro aTama SBISIINCH
KOHTPOJIBHBIMU I 000MX BapUaHTOB OCEHHE 3a-
Kaikd. B xofe 2-yx BapHaHTOB J1aOOPaTOPHOTO XO-
JIOJIOBOTO 3aKaJUBaHUs, BEIINCH OTOOPHI MPOO IS
aHanu3a (PU3U0IOTO-OMOXUMHUECKUX HW3MEHEHUH
B pacteHusiXx. OOpa3ibl XpaHWIHCH JI0 MTPOBEICHUS
aHanu3oB npu temreparype -80°C, 3aTeM JHUCTbs
1 KOpPHEBBIE MIEHKH W3MENIbYAJINCh U PaCTUPAIIHCh
B JKHJIKOM a3oTe. XIJIOpOQWII U KapOTUHOWIBI
skctparupoBa 80% areToHOM, KOHIIEHTPAILNIO
xnopoduia a u b, a TakKe KapOTHUHOUIOB OIpe-
Jersy Ha uv/vis cnekrpodoromerpe (6715 JEN-
WAY, AHrnms) npu amrHax BoiH 646,8, 663,2 u
470 um no ¢dopmynam Wellburn (Wellburn 1994:
307). OnpeneneHre CBOOOAHOTO TPOJIMHA BEIIU Me-
tomoM Bates L.D. (Bates 1972: 2005), conepxanune
caxapa — merojgioM Dubois M u ap. (Dubois 1956:
350). DKCTpakuuo aHTHOKCHIAHTHBIX (PEPMEHTOB
npoBoamiH docdartasiM Oydhepom 50 mM, pH 7,0
conepxkarum 0,25 mM EDTA, PVP25 (2%, w/v),
1 mM ackopbunoByto kucnoty, riuueput (10%,
w/v) o mpornucu Mohammad R. A. (Mohammad
2013: 291). DKcTpaKkT MCTONB30BATHN JIs ONpere-
JICHUST aKTUBHOCTH CyrnepokcuaaucmyTassl (SOD)
n nepoxcunaszsl (POD). AxtuBHocts SOD ompe-
JIeTISUTA Ha OCHOBE €€ CIIOCOOHOCTH MHTHOUpPOBAThH
(OoTOXMMHYECKOE BOCCTAaHOBJICHHE HHTPOCHHETO
tetpazonus (NBT) no meronam Beauchamp (Beau-
champ 1971: 276). 3a enuHuIily akTHBHOCTH (ep-
MEHTa MPUHUMAJIA €T0 KOJINYECTBO CIIOCOOHOE WH-
ruduposats 50% BoccranoBienne NBT, Beipakanu
AKTUBHOCTh B €J1./T CHIPOW MacChl HaBeCKH (unit/g
FW). Aktusnocts POD onpenensiinu mo ckopoctu
peakiuu okucieHus: OeHsuanaa o bospkury A.H
(bostpxuu 1951: 352), MHTEHCUBHOCTH 00Pa30BaHUS
MPOJYKTa OKUCIICHUS 3aMEPSITH MPH JUTHHE BOJIHBI
460 HM, 32 €UMHHUIY AaKTUBHOCTHU NMPUHUMAIM H3-
MEHEHHE ONTHYECKOH mIoTHOCTH Ha 0,1 3HavYeHus,
AKTHBHOCTb BBIPAKAIU B €/I. * MUH! * T CBIPOI Mac-
cbl HaBeckw' (unit min' g FW™). Bee usmepenus
IIPpOBOAUIINCH B TpeXKpaTHOfI IMOBTOPHOCTH, CTATU-

CTHYECKYIO0 00paboTKy MEepBUYHBIX JaHHBIX, B TOM
q1CIIe U KOPPEIALMOHHBIN aHAIN3 IPOBOJMIIM C 10-
motukto mporpammel STATISTICA 7.

Pe3yabTaThl Hcciie10BaHUI M UX 00CYxKAeHHE

MojenupoBanue BapHaHTOB OCEHHEH aKKIIH-
MaTH3aI[Ml HYTa B KOHTPOJIMPYEMBIX YCIIOBHUSIX
KIIMMakaMep ObUIO TPOBEJICHO Ha OCHOBE aHAIIM3a
MHOTOJIETHUX JIaHHBIX METEOPOJIOTHYECKUX IO-
Ka3aTelnel MeTeOCTaHLMM WHCTUTYTa. Huskue mo-
JIOKUTECJIBHBIC TEMIIEpAaTypbl HAYMHAIOTCA BO BTO-
poii nexane OKTAOps, TOrga Kak OTpULATeNbHBIN
TeMIiepaTypHbId (DOH HAYMHAETCSA CO 2-OU JEKabl
HOs10psi. [Ipu BeceHHeM BO30OHOBIICHHH pOCTa W
pa3BUTHUS PACTEHHH B MapTe MECSIE MOTYT BO3HU-
KaTh HOYHBIE 3aMOPO3KH BIIOTH JIO TIEPBOMN JI€KA B
ampersi, YTO YPEBaATO Il COCTOSIHUS PacTEHHUH.

C y4eToM MOoNTyuYeHHBIX JaHHBIX HAMU MOJICIH-
pOBaHO 2 BapWaHTa aKKJIMMaTH3AIMH IIPOPOCTKOB
HyTa B KIIUMOKaMepax: 2-yX He/leJIbHbIE IPOPOCTKU
HYyTa, BETETUPOBABIIIHME TIPU OJArOMPHUSATHBIX yCIIO-
BUSIX, Jlajiee HaXOQWIHCh Ipu Temneparype +13°C B
Te4eHUHU 3-ei Hejenu (KOHTPOJIbHBIN BapHaHT), 3a-
TEM pacTeHMs pa3eNieHbl Ha 2 IPYIIIbl, OHA U3 KO-
TOPBIX MPOJIOJIKAJIA BEreTUPOBATh 4-yI0 U 5-yI0 He-
nenu npu temnepatype +13°C, 4To UMUTHPOBAIIO
aKKJIMMaTH3aIuio npu Temtoi oceHu (I BapuaHT).
2-asi TpyIIa pacTeHUH NoIBeprajiach BO3ICUCTBUIO
0oJiee HU3KHX TEMIIeparyp, MPH KOTOPOil MPOXoau-
JI0 OCTEMEHHOE CHIDKEHUE TeMIiepaTypsl 10 +2°C.
(II BapmaHT, prcyHOK 1).

Bo Bpems xono/1oBOro crpecca B TKaHAX pac-
TeHHH 00pa3yloTCsl akTHBHBIE (OPMBI KHCIOPOAa
(ROS), xoTopeie MOTYT BbI3BaTh MOBPEXKICHUSA Ma-
KPOMOJIEKYJI, U3MEHUTh MeTa0OJINYEeCKYI0 aKTHB-
HOCTb B PAaCTeHUSX. AHTHOKCUAAHTHBIC 3alIUTHBIC
MEXaHWU3MBl CTUMYJIUPYIOTCS YHOTCHHBIMH aHTH-
OKCH/IaHTaMH, K YHCITy KOTOPBIX OTHOCSITCS caxapa,
CBOOOJHBIE AMMHOKHCIIOTHI, (DEHOIBHBIE COETUHE-
HUS, TUTaCTUABI, pepMeHTH! u mp. (Janska 2010: 395,
Parida 2007:37, Pechanova 2013: 637).

Wzyuenne xapakTepa BHYTPHKJICTOYHBIX (U-
3MOJIOT0-OMOXUMHUYECKUX W3MEHEHWH y pacTeHHi
HyTa IpU Pa3IUYHBIX BapHaHTaX aKKIMMaTHU3aLMH
B KOHTPOJIUPYEMBIX YCIOBHSX BEJIOCH HAMHU TIO
COJIEP’)KaHUIO0 CBOOOIHOTO TIPOJMHA M Caxapo3kbl,
Q)OTOCHHTCTI/I‘ICCKI/IX IMUTMCEHTOB, KAapOTHUHOWAOB
U KCaHTO(UIUIOB, aKTMBHOCTH aHTHOKCHIAHTHBIX
(dhepmMeHTOB.

[IponuH U3BECTEH KaKk OCMOTHK, HaKaIlIMBAaIO-
muiicd B pacTEHUSX BO BPEMs CTPECCOBBIX YCIIO-
BUWA. DTO MHOTO(YHKIIMOHATIhHAST aMHHOKHCIIOTA,
BBITIOJTHSIOIIAST POJIb OCMOPETYJISTOPa, CTAOMIH-
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bynarosa K. u ap.

3aropa OCJIKOB M KIETOYHBIX MEMOpaH, MHIYKTO-
pa IeHOB, CBSI3AHHBIX CO CTPECC YCTOWYMBOCTBIO,
anTrokcuaanta (Szabados 2010: 90). [Tponun neit-
CTBYET M KaK CUTHaJIbHAsl MOJIEKYJIa, 3aIlyCKaroIas
OKCIIPECCUIO 3alUTHBEIX TeHoB (Janmohammadi
2012: 1). Coneprxanne cBOOOIHOTO MPOJIHHA B TIPO-
POCTKaxX MCHBITYEMBIX 00pa3LoB HyTa (3a UCKIIIOYe-
HUEM copTa MalibX0oTpa) MOBBIIIACTCS KaK K KOHITY
aKKJIMMaTH3aIuK npu Temmneparype +13°C, Tak u k
KOHIIy 2-Or0 BapHaHTa aKKIMMaTH3auuu (Tabiuna

1). Copt ManbxoTpa XapaKTepH30BaJCs OBICTPBIM
POCTOM KOHLEHTPALUKU CBOOOIHON aMHUHOKHCIIOTHI
Kak B 1-yr0o HEIEIIO aKKIMMAaTH3alluH [TPH TeMIiepa-
Type +13°C, Tak u B nepuoj ee cHkeHus no +7°C.

OTOT COPT OTHOCUTCA K JI€3U THUILy HyTa, KOTO-
pBIii cunTaroT OoJiee YCTOMYMBBIM K CTPECCOBBIM
¢axTopam (Yadav 2006: 198).

[Tux HaxoruieHus: cBOOOIHOIO HPOJMHA B Ha-
YaJlbHbIE HEJeNM 3aKaJMBaHHWS OTMEUYEH TaKKe U
Petsu (Petsu 2000: 37).

20
16
Konrpons
21 3\
g.'
F
£ 8
2
Ty
0
1123 4‘5‘6 7|12
1 Hepenz

2 Hepena

3

3 Hepena

Pucynok 1 — Cxema akkiauaTu3anuy 2-yX HeleNBHBIX 00pa3IoB HyTa
K XOJIOZIOBOMY CTPECCY OCEHHEro NepHoa Pa3BUTHS B JA0OPAaTOPHBIX YCIOBHUIX

Psn aBTOpOB mojaraer, 4YTo KpaTKOBPEMEHHOE
BIMSIHAC X0JIomoBOTO cTpecca B 10°C BEI3BIBaET
3allyCK MEXaHM3MOB aKKJIMMaruzanuu Oosee 3¢-
(GEKTHBHO y YCTOHYMBBIX (HOPM HyTa, HEWKEIH y
qyBCTBUTEIBHBIX 00pa3moB (Nazari 2012: 183).

AHAJIOTHYHBIC PE3YJIbTAThI MO BIMSHUIO KPATKO-
BPEMEHHOTO XOJIOJIOBOTO CTpecca Ha POCT MPOJIH-
Ha B JIMCTHAX KaK 3aKaJICHHBIX, TaK WU HE IMPOLICI-
[IMX aKKITUMATU3AIHIo0 pacTeHuii moyueHsl (Turan
2014: 499).

Tadanna 1 — Hakorienne cBo6oaHOTO npoirHa (Mr%) B JIMCTBSX NPOPOCTKAX HyTa B MEPHOJ aKKIMMATH3AIMU B JIAOOPATOPHBIX

YCIIOBUSX
AXKIUMaTH3a1Hs
Haumenoanue KonTpons I BapuanT II Bapuant
06pasna 1-as Hemens 2-as Hezmens 3-s1 Henens 2-ast HelenA 3-st Henens
(+13°C) (+13°C) (+13°C) (+13+7°C) (+7+2°C)
Mansxorpa 384,7+3,53 234,1+3,53 192,9+4,71 437,749,41 315,3+14,12
Jlyu 154,1+£8,24 102,4+3,53 402,4+2,35 140,0+1,18 284,7+21,18
Jlunus 7b 171,84+4,71 92,9+1,18 435,3+11,7 284,7+2,35 292,9+5,88
Erbsen.Sp. 140,0+5,88 163,5+1,18 217,745,88 143,542,35 378,849,41
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KoppensunoHHblli aHaaM3 HE BBISBUJI 3HAYH-
MBIX B3aUMOCBSI3€H MEXK1y YPOBHEM IIEPE3UMOBKU
pacTeHUi M HAKOIUIGHHEM CBOOOJHOTO IMPOJIHHA
npu 000MX BapuaHTax akkiIuMaTu3amuu. OTcyT-
CTBHEC B3aWMOCBSI3U MEXJy HAKOIJICHHEM CBO-
0O0ZHOTrO MPOJMHA B MEPUOJl aKKIMMAaTHU3alUuu U
MOPO30CTOMKOCTBIO 0OHapykeHo y parca (Janska,
2010a: 35), (Klima, 20126: 157). Ilo Bceit Buan-
MOCTH, TIPOJIMH UTpaeT B OOJBIIECH CTENeHH POJib
CUTHAJIBHON MOJIEKYJBI, OT CKOPOCTH TPOSBICHUS
TPUTTEPHOTO d(PPeKTa KOTOPOi 3aBUCUT yCTONIH-
BOCTh F€HOTHIIA K HU3KOTEMIIEPATYyPHBIM CTPECCO-
BbIM (pakTOpam, nepe3uMoBKe. Tak, B IEPBYIO ke
Henmenmto akkauMmartm3anuu (+13°C) HamMmu oTMede-
Ha TOJ0XXUTENbHAA KOPPEIAUsS MEXIY YPOBHEM

CBOOOJTHOTO TIPOJIMHA U COJEPKAHHEM Caxapo3bl
(r=0,81), a Takke ¢ aKTHBHOCTBHIO ITEPOKCHIA3bI
(r=0,71).

PacTBOpuMBIC caxapa, B TOM YHCIIE U caXxaposa,
UTPAIOT BAKHYIO POJIb B AKKIMMATH3AIMN PACTCHUN
K xonoay. O (QyHKIMOHHPYIOT U KaK OCMOIIPO-
TEKTOPBI, ¥ KaK MCTOYHUKU YTIEpOJa U SHEPTUU
Jutst pocta. KpoMe Toro, caxapa ciyar U Kak CHI-
HaJIbHBIC MOJICKYJIbI, CIIOCOOCTBYIOIIME OpraHHU3a-
MU OTBETHBIX 3aIIUTHBIX MEXaHU3MOB TIPU CTPEC-
coBbix cutyanusax (Rolland, 2006a: 675), (Ruan,
20146: 33).

CopeprkaHue caxapo3bl B IMCThSIX HyTa JIMHEH-
HO BO3PACTAlIOo HAa BCEX ATamax JBYX BAPHAHTOB 3a-
KajuBaHus (Tabauia 2).

Taéauuna 2 — Coneprxanue caxapossl (%) B IpOPOCTKAX HyTa B IEPHUOA aKKIMMaTH3aIIH B Ta0OPaTOPHBIX YCIOBHUIX

AKKIMMaTH3aIHS

HaumeHnoBanue KonTpomns I BapuanT II Bapuant
1-ast Hemens 2-ast HEAeNA 3-51 Hemenst 2-ast Hemens 3-51 Henens
(+13°C) (+13°C) (+13°C) (+13+7°C) (+7+2°C)
Maubxorpa 3,09+0,03 3,27+0,11 4,90+0,41 3,65+0,52 7,13+0,26
Jlyu 2,75+0,27 4,01+0,27 4,54+0,14 3,54+0,01 5,48+0,60
JInnus 7B 2,93+0,25 4,31+0,15 4,37+0,52 3,02+0,17 4,99+0,59
Erbsen.Sp. 2,92+0,13 3,79+0,42 3,59+0,05 3,39+0,15 5,02+0,34

[TonoxwutenpHass B3anMOCBs3h (1=0,88) BBISB-
JIeHa MEK/1y HaKOIICHHEM Ccaxapo3bl B IPOPOCTKAX
HyTa TPU YCUIIEHUHW BO3JICHCTBUA CTpecca (CHUKe-
HHe TemriepaTyphl ¢ +13 mo +7°C ) u ypoBHEM miepe-
3MMOBKH B TIOJIEBBIX YCIIOBHSIX.

WHTeHcHBHOE W IMHEWHOE HAKOIUICHUE CBO-
0O/IHOTO TIPOJIMHA U PACTBOPUMBIX YIIIEBOJIOB TPU
MMOHWKEHUH TEMIIEPaTyphl B TUCThSIX 00Jiee yCTOM-
yuBoro obOpasua Hyra ycraHoByieHo (Saghfi 2014:
591), uMuU K€ BBISBICHO, YTO Y UYBCTBHTEIHLHOTO
o0pasia ¢ yBeJIHYCHUEM TPOJIOJKUTEIBHOCTH BO3-
JEHCTBUS CTpecca POCT B HAKOIUICHUH YIJICBOAOB
3aMeIIIsIeTCsl.

3T0 MOXKET OBITh CBSI3aHO CO CHUIKEHUEM (OTO-
CUHTETUYECKOH aKTUBHOCTH Y 4YYBCTBUTEIBHBIX
K XOJIOJIy pacTeHHil M HWCIOJIb30BAHHIO UMH YTJIe-
BOJIOB B KauecTBe MCTOYHHMKA dHepruu (Yuanyuan
2009: 145).

XO0m0/10BOM  CTpecc OKa3bIBa€T 3HAYUTEIIb-
HOE BIHSHUE Ha (DOTOCHHTETHYECKYIO aKTHBHOCThH
JIUCTBEB, COJICPYKAHUE COOTBETCTBYIONIUX IIHTI-
MEHTOB, KAPOTHHOMJIOB M WX OKHCICHHBIX (OPM.
Conepxkanue xjopomwuia ¢ U b TOJOKUTEIHHO

KOppEeNUPYeT C yCTOMYMBOCTBIO K HHU3KHM TEM-
nepaTypM y nmeHunsl U pxku (Janmohammadi
2010: 236). Ha copmepxxanue xmopoduiia a B
JUCTHSIX HyTa B IIEPHOJ aKKINMATH3AINHN K HU3KIM
MOJIOKHUTENBHBIM ~ TEMIIepaTypamM  BIMSJIM  Kak
JUINTENIBHOCTD BO3/ICHCTBHUSL CTPECCOBOTO (hakTopa,
TaK ¥ €T0 HHTCHCUBHOCTH (Tabymia 3). CTabmiIbHYI0
(hOTOCHHTETHUYECKYI0O aKTUBHOCTh HA BCEX JTarax
3aKaJMBaHUs COXpaHsUl copTooOpaszen ManbxoTpa.
KonmenTtparmus xmopoduiuia b B TUCThIX TaHHOTO
copTta ObuIa CTAa0MIIBHOM KaK MPH YCUICHUU UHTCH-
CHUBHOCTH XOJIOJIOBOTO CTpPECCa, TaK U MPH yBEIHYE-
HUU €Tr0 MPOJOKUTEIRHOCTH (Tabmutia 2).

3HauynTeNbHAS  TMOJOXKHUTENbHAS  KOPPEISIHS
(r=0,98) BbIsSBJICHa MEXIy COJICpPNKAHUEM XIIOPO-
¢bumra a Ha 2-0# CcTaAWM AKKIMMATH3AIUH TIPH
NpeObIBAaHUM PACTEHHH B MMOHMKAIOUIEMCSl TEMIIe-
patypaoM pexume ot +13°C no +7°C n ypoBHEM
MePEe3NMOBKH COPTOOOPA3IIOB.

AHAJIOTUYHO, BBICOKAsl KOPPEJSIUS YCTaHOB-
JeHa M MEXAy colepxkaHueM xiopodumia b,
KCaHTO(IITa M KAPOTHHOWUIOB B IPOPOCTKAX HYTa
Ha 9TOH JK€ CTaJMU aKKIMMATHU3alUH U BBICOKUM
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nporieHToM nepesnmoBku (r=0,98, 0,91, cooTBeT-
CTBEHHO).

HOHy‘-IeHHLIe PE3yJIbTaThl YKa3bIBAIOT Ha TO,
YTO cojiepKaHre POTOCUHTETHYECKUX TUTMEHTOB U
KapOTHHOMJIOB MOXKET CIIY)KUTh (U3UOIOTUICCKAM
MapKepoM B OTOOpPE XOJIOJ0-U MOPO30CTOMKHUX
¢opM HyTa B TaOOPATOPHBIX YCIOBHSX.

AOWOTHYECKHE CTPEeCcChl HapylIaroT OallaHc
MEXJJy pEakTUBHBIMH (OpMaMH  KHCIOPOJa

(ROS) u ux yrmimsanuei B KJIETKE, YTO BBI3BI-
BaeT moBpexaeHne wmakpomonekyn (Ishikawa,
2010a: 9), (Huseynova, 20126: 1516.). AHTHOK-
CUJaHTHBIE (DEPMEHTBHI: TEPOKCHUIA3a, CYIEepPOK-
cugaucmyTasa, (monudpenonokcunaza (PPO) m
katana3a (CAT) MHAKTHBUPYIOT aKTUBHBIE (oOp-
MBI KHCJIOPOJIa, 00ecreunBas )KU3HECIOCOOHOCTh
pacTeHus B EPHOJ BO3ACHCTBHS HEOIArOMpHsIT-
HBIX (DaKTOPOB CPE[IBI.

Tadanua 3 — Cozpepxanue xaopodmuia a, b, KCAHTOPWIIOB U KAPOTHHOUIOB B IPOPOCTKAX MPH ABYX BAPUAHTOB aKKIMMATH3AIINU

B JIA0OPATOPHBIX YCIOBHSIX

AKKIMMaTH3a1us
HanveHoBaHME KonTpons I BapuanT II Bapuant

1-as Henens 2-as Henens 3-g Henens 2-as Henens 3-g Henens
(+13°C) (+13°C) (+13°C) (+13+7°C) (+7+2°C)

Xnopodust a, Mr/t
Manbxorpa 1,56+0,008 1,94+0,008 2,12+0,035 1,76+0,010 1,73+0,003
Jlyu 1,66+0,006 1,75+0,004 1,35+0,007 2,14+0,009 1,28+0,004
JInaus 76 1,58+0,008 2,15+0,004 1,20+0,003 1,35+0,003 1,12+0,005
Erbsen.Sp. 1,94+0,007 2,3+0,002 1,26+0,003 1,82+0,001 1,33+0,004

Xnopodmmt b, mr/r
MarnbxoTpa 0,40+0,002 0,48+0,002 0,56+0,012 0,41+0,001 0,41+0,003
Jlya 0,40+0,000 0,41+0,000 0,31£0,001 0,52+0,001 0,28+0,005
JIvnus 7b 0,36+0,004 0,55+0,004 0,30+0,000 0,30+0,000 0,25+0,001
Erbsen.Sp. 0,47+0,002 0,49+0,002 0,30+0,006 0,43+0,002 0,30+0,003

C,_. mr/r

Manbxorpa 0,46+0,004 0,57+0,004 0,67+0,033 0,510,001 0,53+0,002
Jlya 0,29+0,008 0,47+0,003 0,39+0,005 0,58+0,023 0,48+0,003
Jlnnus 7B 0,48+0,002 0,54+0,003 0,41+0,002 0,44+0,014 0,46+0,001
Erbsen.Sp. 0,50+0,004 0,58+0,004 0,37+0,004 0,48+0,011 0,50+0,005

W3ydenne xapaktepa W3MEHEHHS AaKTHBHOCTH
AHTUOKCHJIAHTHBIX (DEPMEHTOB M3y4aJoCh HaMH Ha
pacTeHMsxX HyTa, npomeamux 11-oif BapuaHT 3aKanu-
BaHW, TOCKOJILKY HanOoIee MHPOPMATUBHEIC H3Me-
HEHHS B pacTEHHSX HYTa 110 COJIEPKAHUIO Caxapo3bl,
(hOTOCHHTETUYECKUX TMHUTMEHTOB, CONPSHKEHHBIX CO
CTPECCOBBIM BIUSHHEM HAOIIOAAIICH TIPH HEM.

Pe3synbratel nccienoBaHuii MoKas3aiu, 4TO aK-
TUBHOCTH CYTIEPOKCHIMCMYTAa3bl 3aMETHO BO3pac-
Tajga y coproobpaszma MambpxoTpa mpu 1 Hemenb-
HOM CHIDKEHUHU TeMmmeparypsl or +13 mo +7°C),
TOTJ]a KaK y OCTaJbHBIX TEHOTHUIIOB, B TOM YHCIIE Y
MMEIOIINX BBICOKUH ypOBEHBb Mepe3nMOBKH (JIyd,

ISSN 1563-0218

E.Sponishe) Bo3pacranme akTUBHOCTH (epMeHTa
OTMEYCHO MpH 0o0Jiee HU3KOM TEMIIEPAaTYPHOM pe-
xume 3akanmuBanus (1 venens npu +7 +2°C, pucy-
HOK 2) . BrIlmie HaMu 0TMEUYEHO, YTO COPTOOOpa3ell
ManbxoTpa XapakTepusyeTrcs ObICTPOH OTBETHOM
peakiueil Ha CHW)KEHHE TEMIIEpaTypHOTO PexuMa
10 HAKOTIJICHHUIO B TKAHSAX CBOOOJIHOTO MPOJMHA HA
9TOM JK€ dTarne 3akanuBaHus. [lomydeHHbIe pe3yiib-
TaThl TOJATBEPXKAAOT 3akirodeHus (Mantri 2007:
303) o TOoM, 9TO OTBETHBIE PEAKIINH Ha BO3ACHCTBHE
CTPECCOBBIX (PaKTOPOB CYIIECTBEHHO Pa3iInvatoTCs
KaK MEXJy YCTOMYNBBIMH M HEYCTOWYUBBIMU (OP-
MaMH, TaK ¥ B TIpeJieNiaX Kak/I0i TPyIIbl, 9YTO CBH-
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JIETETBCTBYET O MHOKECTBEHHOCTH T€HETHUYECKOTO
KOHTPOJISI OTBETHBIX aHTHCTPECCOBBIX MEXaHM3MOB
TeHOTHUIIOB.

Bo3spacranue aktuBHoct SOD B X0/€ aKKIHU-
matuzarun mpu 10°C y Gosee X0I0A0CTOWKOM JTH-
HUU HyTa yctaHoieHo (Turan 2014: 499). bonee
BBICOKasl aKTHBHOCTb aHTHOKCHJIAHTHBIX (epMeH-
TOB Y CTPECC YCTOHYMBBIX T€HOTHUIIOB HYTa B CPaB-
HEHWH C YyBCTBHUTEJNBHBIMH (OopMamMH MOKa3aHa
Kaur 2012: 569).

[lepokcuga3Hasi aKTHBHOCTh Ha 3Tale HEelb-
HOTO 3aKalMBaHUSA MpPHU TemmepaTypax oT +13 no
+7°C He3HaYUTENbHO IMOBBILIANACH WM HE H3ME-
HSJIaCh y BCEX YCTOWYMBBIX K IEPE3MMOBKE I'€HO-

THUIIOB, TOTJIa KaK y TWHUKM 76 OHa B 3HAYUTENBHOI
Mepe MoIaBJsuIach (PUCYHOK 3).

[Tpu 6osee HU3KUX MOJTOKUTEIHHBIX TEMIIEpa-
Typax 3akanupaHus (+7-+2°C) ee akTHUBHOCTB T10-
BBIIIIAETCS Y BCEX M3YUEHHBIX T€HOTUTIOB. Mexay
aKTHBHOCTBIO MEPOKCHIa3bl IPOPOCTKOB HYTa Ha
sTanax IMOHEJENBHOr0 3aKaluBaHui OT+13 1o
+7°C u ot +7 mo +2°C u ypoBHEM NEPE3UMOBKH
BBISIBJICHA 3HAYUTENIbHASI TOJOXKUTENbHASI B3au-
MocBs13b (r=0,83 u 0,78, cooTBeTCTBEHHO). BHICO-
Kasi KOppeJsIus BBIABICHA MEXKIY MEpPOKCHIA3-
HOM aKTHMBHOCTBIO HyTa Ha JTale 3aKaluBaHUs

npu +13 — +7°C u conepkaHueM B HUX caxapo3sl
(r=0,99).

180
170 == ManexoTpa —® = Jlyu ---B-- Jluaua 7b #—— Erbsen sp.
160
& 150 =
o e e
= 140 Y —— —
= > __.-'/ -
= 130 IR = -
w2 L - tea. Ll /
=120 ~— AT 7
15 — .omm®
£110 -~ el
= — C
-’
g 100
90
80
70 T T 1
1 Henena ( +13°C) 2 Hemena (+13°C— +7°C) 3 Hemena (+7°C— +2°C)
Pucynok 2 — V3mMeHeHre akTUBHOCTH CYNEPOKCHITUCMYTa3bl
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Pucynok 3 — I3menenue

AKTUBHOCTHU NNEPOKCUAA3bI

npu 1l BapraHTe aKKIMMaTH3anuy B 1aOOPATOPHBIX YCIOBUSIX
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Hcxons u3 xapakTepa M3MEHEHMs YPOBHS aK-
tuBHocTed SOD m POD y mopo3ocToikux co-
pTOOOpa3OoB HyTa, MOXHO 3aKJIIOYUTh, YTO
cOaJaHCUPOBAHHOE M3MEHEHUE AKTUBHOCTH CyIIe-
POKCHIIIICMYTa3bI M TIEPOKCHIA3HI SBIISETCS OJHIM
N3 MEXaHU3MOB 3allluThl OT aKTUBHBIX (1)0pM KHC-
JOpoAa U CIOCOOCTBYET YCHEIIHOH MEepe3uMOBKE
pacTeHuil.

3akiouenne

B pesynbrare MonenupoBaHus 2-yX BApUaHTOB
AKKIIMMAaTH3allMd PACTEHUH K XOJIOIOBOMY CTpec-
Cy B JIaDOPAaTOPHBIX YCJIOBHUSX IMPOBEJCHA OIICHKA
(M3UO0IOT0-OMOXUMHUECKIX HW3MEHEHHH B TIPO-
poctkax 4-ex oOpasioB HyTa. Hanbonee nnpopma-
TUBHBIC M3MCHEHUS BBISIBIICHBI B PACTCHHUSAX HyTa
MIPY BTOPOM BapHaHTE 3aKaJIMBaHUS TIPU OCTETICH-
HOM CHW)XKEHHMH TeMIepaTypHOro pexkuma oT +13

1o +2 °C. Ha sTane 1-HEAECTBHOTO CHIKEHHS TeM-
nepatypsl ot + 13 go +7°C. Mexay ypoBHEM ca-
Xapo3bl M MEPEe3UMOBKON HyTa BBISIBICHA BBICOKAs
noJjioxuTenbHas koppemsiuust (r=+0,88). Ha srtoit
e CTaJMU 3aKIMBAHMUs MEXIy KOHIECHTpaluen
(hOTOCHHTETUYECKUX IUTMEHTOB, KapOTHHOWIOB
(xmopodum @, b, KCAHTOPHIUIBI+KAPOTUHOUABI) U
[IEPEe3MMOBKON HyTa B IIOJIEBBIX YCJIOBHUSX TaKXKe
BBISIBIICHA BBICOKAsI TTOJIOKUTEIbHAS KOPPEISLUs
(r=0,98;0,98; 0,91, coorBercTBeHHO). O0IIIast aKTHB-
HOCTb IEPOKCHA3bl Ha BCEX ATallax 2-0ro BapuaHTa
3aKaJMBaHUSl  TOJIOKHUTEIBHO  KOppeNupoBalia
C YPOBHEM caxapo3bl M CBOOOJHOrO IpOJIMHA B
pacTeHMsIX, a TaKKe C YUCIOM II€PE3MMOBABILUX
pacTeHui.

Paboma evinonnena 6 pamxax npoexma MOH
PK 0783/T'®4, I'P Ne0115PK00697
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BAUAHUE PABAUYHDLIX NMPOAYKUUOHHbIX KOPMOB U
YCAOBUI BbIPALLMBAHUA HA HEKOTOPbIE BMOXMMUYECKUE
NMOKA3ATEAU NMEYEHU U XUMUYECKOTO COCTABA
MbILUEYHOM TKAHU MOAOAU TUASNNNA

MHAYCTpUaAbHOE pasBuTME PbIGOBOAHDBIX XO39MCTBE B KasaxcraHe CUMTAeTCsl MPUOPUTETHbIM
HarpaBAE€HWEM B Pa3BUTMM arpOMPOMBILIAEHHOrO KOMMAEKCA. BblpalpBaHme pbibbl B aKBaKyAbTYpe
MO3BOASIET MOAYYaTb 3KOAOTMYECKM UMCTYIO MPOAYKUMIO MPU SKOHOMHOM PAaCXOAOBAHMM 3EMEAbHbIX
M BOAHbIX pecypcoB. OCHOBHOM MPOOAEMON B PasBUAEHMM PbIO B aKBaKYAbTYpE SIBASIETCS MOBbILLIEHWE
5KOHOMMUECKOM 3(hPEKTUBHOCTM BbIPaLLMBaHKS PbIObl. SHAUUTEABHbIE KANUTaAbHbIE BAOXKEHUS, BbICOKME
9KCMAYaTaLMOHHBIE PACXOAbI, AOPOrOCTOSILME CMELMAAbHbIE KOMOMKOPMA B HACTOSILLIEE BPEMSI ACAQIOT
HM3KOPEHTAOEeAbHbIM, @ 4aCTO M YObITOUHbIM BblpallyBaHMe TPAAMUMOHHOIO 06bekTa pblbOBOACTBA —
kapra. K chaktopam, onpeaeAsioum peHTabeAbHOCTb MPOM3BOACTBA Pbibbl, OTHOCUTCS 3(HHEKTUBHOCTb
MCMOAb30BaHUs KOPMOB, Ha AOAIO KOTOPbIX B MPOMbILLAEHHOM PbIGOBOACTBE NPUXOAMTCS GoAaee 50% B
CTPYKType ce6ecToMMocTvt NpoayKumn. OAHMM M3 PEAAbHbIX HAMPABAEHWIA MOBbILLIEHUS SKOHOMUYECKOM
3(P(HEKTUBHOCTM aKBAKYAbTYPbI SIBASETCS BblpallMBaHWe LEHHbIX BUMAOB pblb. YcreluHas paspaboTka
TEXHOAOTMIA BbIPALLIMBAHMS TaKMX OOBEKTOB, KaK PAa3AMUHbIE BUAbI OCETPOBbIX M MX TMOPUABI, hopeAeit,
KaHaAbHbI U KAQPMEBbIA COMbI, TUASIMMM, MO3BOAUT MOBbICUTb 3(PEKTUBHOCTL PabOTbl PbIGOBOAHDIX
x0391MCTB. CpeAr MepevMCcAEHHbIX OOBLEKTOB 3HAUMTEAbHbI MHTEPEC MPEACTABASIOT TUASMMU. Pbibbl
cemercta Cichlidae — Tvagnum, 06AaAQIOT LIEHHLIMU OGUOAOTUYECKMMM 1 XO3SMCTBEHHLIMU KaueCTBaMM.
BbICTPbIf POCT, BbICOKas TOAEPAHTHOCTb K HEGAAroNpPUSTHbIM (hakTOpam CPEAbI, PE3UCTEHTHOCTb KO MHOTUM
3a00AEBaHMSIM AEAQIOT 3TUX PbIO OAHMM M3 MEPCNEKTUBHBIX 0ObEKTOB MPOMbILLAEHHOTO PbIGOBOACTBA.

KAtoueBbie CAOBa: MOAOAD, TUASINIUSI, MMKPOCOMaAbHast opakLmst eYeHM, MAaAOHOBbIN AMAABAETUA,
aAaHMHaMUHOTpaHcdepasa, acnapTatamMHoTpaHcdepasa, GMOXMMUUECKMIA COCTAB CIIMHHbBIX MbILLLL.

Kajrat B.K.", Orazova S.B.?, Shalgimbaeva S.M.?, Kojshibaeva S.K.>, Ernazarova G.I.*

"master of biology, e-mail: Bakytzhan.Kairat@kaznu.kz
2candidate of biological Sciences, e-mail: Saltanat.Orazova@kaznu.kz
3candidate of biological Sciences, e-mail: Saule.Shalgymbaeva@kaznu.kz
“‘candidate of biological Sciences, e-mail: Gulzira.Yernazarova@kaznu.kz
al-Farabi Kazakh National University, Kazakhstan, Almaty,
SHead of laboratory of aquaculture of the Kazakh Research Institute of Fisheries,
Kazakhstan, Almaty, e-mail: koishybayeva@kazniirh.kz

The effect of different production of forage and growing conditions on some biochemical
parameters of liver and chemical composition of muscle tissue of juvenile tilapia

The industrial development of fish farms in Kazakhstan is a priority direction in development of ag-

riculture. Growing fish in aquaculture allows to obtain environmentally friendly products at economical
expenditure of land and water resources. The main problem in razvedenii fish in aquaculture is the im-
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provement of economic efficiency of fish farming. Significant capital investments, high operating costs,
expensive special feed currently doing marginally profitable, and often unprofitable the cultivation of
traditional object of fishery — carp. The factors that determine the profitability of fish production is the
efficiency of feed use, the share of which in industrial fish farming accounts for more than 50% in the
cost structure of products. One of the real directions of increase of economic efficiency of aquaculture
is the cultivation of valuable fish species. The successful development of technologies of cultivation of
objects such as different kinds of sturgeons and their hybrids, trout, and clarify channel catfish, tilapia
will improve the efficiency of fish farms. Among these objects are of considerable interest to tilapia. Fish
of the family Cichlidae - tilapia possess valuable biological and economic qualities. Rapid growth, high
tolerance to adverse environmental factors, resistance to many diseases make these fish one of the per-
spective objects of industrial fish farming.

Key words: fry, tilapia, liver microsomal fraction, malonic, alanine aminotransferase, aspartate ami-
notransferase, the biochemical composition of the spinal muscles.
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Tuasinug wabaKTapbiHbiH, 6aybipbl MEH OYALLIbIK eTTepiHiH, 6MOXUMUSIABIK, MapameTpAepiHe
SPTYPAI XKemAaep XXKoHe ecipy XaFAanAapbIHbIH, dcepi

KaszakcraHaarbl 6aAbIK, LIAPYALIbIAbIFbIHBIH MHAYCTPUAAABI AAMybl arpOeHepKacin KelleHiHiH,
6acbiM GarbITTapbIHbIH 6ipi. AKBaKYAbTYpa XaraaiblHAQ GAABIKTAPAbBI 6CIPY XKep XKaHe Cy pecypcTapbiH
YHEMAEW OTbIPbIN 3KOAOTMSIABIK, Ta3a OHIMAI aAyFa MYMKIHAIK Gepeai. AKBaKyAbTypa >KaraaiblHAQ
GanbikTapAbl ecipyaeri 6acTbl mMaceAe — 6aAblK, LLAPyaLlbIAbIFbIHbIH 3KOHOMMKAABIK, TUIMAIAIMiIH
>KOFapblAATy. AKBAKYAbTYPaHbIH, 3KOHOMMKAABIK, TUIMAIAITIH apTTbIpaTblH GaFbITTapbiHbIH, Gipi KYHADI
GanbIK, TypAepiH ecipy caHaAaabl. bekipe >oeHe oAapablH rnbpuatepi, 6axTax, KaHaAAbIK >XoHe
aPPUKAHADBIK, COM, TUASMUS CUSKTbl OObEKTIAEPAI OCIpYAIH TEXHOAOrMSAAPbIH TabbICTbl 83ipAey
MHAYCTPUAAAbl  BaAbIK, LIAPYaLWIbIAbIFbI  XKYMbICbIHbIH TUIMAIAITIH  apTThipyFa MYMKIHAIK 6epeai.
YKorapblaa aTaaraH OObeKTIAEPAIH iLIHAE TUASNUS BaAbIKTapblHA A€reH Kbi3biFyllbiAbIK, 30p. Cichlidae
TYKbIMAQCbIHA XaTaTblH TUASAMUS GaAbIKTapbiHA GipKaTap KyHAbl GUOAOTUSIABIK, >KOHE LAPYaALLbIAbIK,
cunatTamanapra me. JKblIaAaM ©cyi, OpTaHblH KOAQMCbI3 >KarAaAapblHa >KOFapbl TYPAKTbIAbIFbI MeH
KenTereH aypyAaapra TO3IMAIAIM aTaAmbill GaAbIKTapAbl ©HEPKSCINTIK GaAblK, LIAPYaLLbIAbIFbIHbIH
KeAeLleri 30p 0ObekTiAepiHiH, 6ipiHe alHaAABIPADI.

Tynin ce3aep: wabak, TMASNUS, GayblpAbiH MUKPOCOMAAbIK, (DPaKUMSIChl, MAAOH AMAAbAETUAI,
aAaHVHaMUHOTpaHcdepasa, acnapraTtaMmHoTpaHcepasa, apka OYALLbIK, eTTepiHiH BUOXUMUSIABIK,
KYpambl.

BBenenue

Tunsnus — BTOPOH MO 3HAUYCHHUIO OOBEKT Mpe-
CHOBOJIHOTO PBIOOpa3BeICHUs B MHpPE TIOCIIE Kapra.
Ee BeipammuBator B Adpuke, Azun, EBpone u Ame-
pHKe, B MpecHOi U Mopckoi Boge. Hanbomipmyio
IIEHHOCTh JUIS PIOOBOJICTBA UMEIOT BUIBI, OTHOCS-
mmecs K poxy Oreochromis — O. mossambicus, O.
niloticus, O. aureus u O. rossa. ITH pbIObI OTJINYA-
FOTCSI BBICOKOM aJanTallMOHHOM yCTOWYMBOCTBIO K
3HAYUTEITHbHBIM U3MEHEHHSM yCIIOBHI COJIEPIKaAHMS,
JIETKO Pa3MHOXAIOTCs, 00JNaaroT XOpOIIeH CKO-
POCTBIO POCTa, MMEIOT IMPEBOCXOAHBIC BKYCOBBIC
kauectBa. [lo manaeiM @®AQ, Mo TeMIry MPUPOCTa
MPOAYKIINU TUIISIUS 3aHUMAET IIEpBOE MECTO B MHU-
pOBO# akBakynbType. THISTIHI BBIpaUBaIOT 0O-
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nee 4em B 120 cTpanax mupa. Hanbonee kpymHbMu
MPOU3BO- JUTEIISIMU TUIANUM sBisitoTest Kurait —
51% (897,3 ThIC. T), cTpans! FOro-Bocrounoit Azuun
(®wmmrmuael, Magones3us, Tammannm), Mekcnka, a
take Eruner. B EBpone tunsnuil KyJIbTUBUPYIOT
B ['epmanuu, @pannuu, bensruu, Yexuu, bosrapun
1 HEKOTOPBIX IPYTUX CTpaHax.

B Tedenue nocieHUX AECATUIETUN aKBaKyJib-
Typa cTaja OJHUM U3 ObICTPO Pa3BHBAIOIIUXCS Ha-
MpaBJICHUI MPOU3BOACTBA MUIIEBOW MPOAYKIUHU U
Urpaet OONBIIYIO POJIh B 9KOHOMHYECKOM PA3BUTHH
MHOrux crpad. llo temmy mnpupocta OpOayKIUU
OJIHO W3 TIepBBIX MecT 3aHmMarT Twranuu (IIpu-
BesenneB O.A., 2008:55) . Cromp OwicTpoe pac-
MPOCTPAaHEHUE TUJISITUU B MUPOBOU aKBaKyJIbType
Y 3HAYUTENbHBIA POCT €€ TIPOM3BOJICTBA OOBSCHSET-
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Bmusane Pas3IMYHbIX TPOAYKIIMOHHBIX KOPMOB U yCJ'IOBI/Iﬁ BbIpallliBaHWs Ha HEKOTOPBIC OHMOXUMUYECKHE ITOKA3ATENN ...

Csl pSJIOM TIEHHBIX OMOJIOTHYECKUX OCOOCHHOCTEH 1
XO035ICTBEHHO-II0JIE3HbIX KAueCTB, KOTOPbIE CBOM-
CTBEHHBI 3TUM pbidam. O01a1ast IEHHBIMU PHIOOBO/I-
HBIMH Ka4eCTBaMU — JIETKOCTBEO BOCIIPOU3BO/ICTBA,
OBICTPBIM POCTOM, BBICOKOH KHU3HECITOCOOHOCTBIO,
IIUPOKON 3KOJIOTMYECKON MIACTUYHOCTBIO, OTINY-
HBIMH TUINEBBIMHA Ka4eCTBAMU THIISTIUH TIPEICTAB-
JIAI0T 0e3yCIOBHBIN MHTEpEC M JJIsl aKBaKyJIbTYpPbI
Kazaxcrana (OKurun A.B., 2002:19).

Crnemyer OTMETUTh, YTO TUJISTIMH SBISIOTCS HE
TOJILKO TIEPCIEKTHBHBIM OOBEKTOM aKBaKyJIbTYpPHI,
HO U B CHIIy psiia 0COOCHHOCTEH OMOJIOTHH CITyKaT
MIPEKPACHBIM MOJICITLHBIM OOBEKTOM [Tl SKCIIEPH-
MEHTAJIBHBIX HCCIEeNOBaHMA. THUISTIHH OTHOCSTCS
K pbl0aM C HENPEpPhIBHBIM THUIIOM Pa3MHOMXKEHUS,
Y MPU HAIWYUH ONTUMAIIBHBIX YCIIOBHH COJEepkKa-
HUS HEPECT Y HUX NPOXOAUT PETYIAPHO C MHTEP-
BasioM 45-60 cytok. Pannee monoBoe co3peBaHue
(3-7 mec.), a TakkKe BO3MOYKHOCTb KPYTJIOTOJUYHO-
ro TIOJYYEHHUs MMOTOMCTBA MpPHU KYyJIbTHBHPOBAHHUH
B YCJIOBUSIX PEIUPKYJISIIIMOHHBIX CHCTEM, CHEJalIn
TWISIIAIO HE3aMEHUMOUN TPH W3yYCHUH BIIVSIHUS
Pa3IMYHBIX SKCTPEMAJILHBIX BO3JICUCTBUIM HA raMme-
TOTEHE3, POCT, PA3BUTHE W BBDKUBAEMOCTH PBIOBI
(JlaBpentbeBa H.M., 2002:53).

IIpupogHoO-KIMMaTHYECKUE YCIIOBUSI  Halllel
CTpaHbl HUCKJIFOYAIOT BO3MOXKHOCTh KYJbTHUBHPO-
BaHUsl TWISIIMA B €CTECTBEHHBIX BOJ0eMax. Boz-
MO>KHOM MPOU3BOJICTBEHHOHN 02301 MOTYT CIYKHTh
BOJIOEMbI-OXJIAJIUTEIH TIPU MPOMBIIUICHHBIX TPE/-
NPUSITHAX W DJICKTPOCTAHIUAX, TPY/AbI, CHabxkae-
MbI€ T€0TepMaJIbHOW BOJIOW, W PHIOOBOJ/IHBIE YyCTa-
HOBKHU C 3aMKHYTBIM I[UKJIOM BOJIOUCITIOJIb30BAHUSI.
BripamuBanue peiObl ¢ BHEAPESHUEM HOBBIX WHITY-
CTPUABHBIX TEXHOJIOTHH ITO3BOJISIET TOJTY4aTh HKO-
JIOTUYECKH YHCTYHO MPOJIYKIUIO MPU 3KOHOMHOM
pPacxo/I0BaHUM 3eMEIIbHBIX U BOJHBIX PECYpPCOB.

YcnemHas pa3paboTka HHTEHCUBHBIX TEXHOJIO-
Ui BBIPAIIIMBAHUS OTICIBHBIX BUIOB THUJISIINAN CBSI-
3aHa ¢ HEOOXOJMMOCTBIO BCECTOPOHHETO U3yUYCHHUS
X OMOJIOTMYECKUX OCOOCHHOCTEH W aJlanTalioOH-
HBIX BO3MOXXHOCTEH B 3aBUCUMOCTH OT Pa3InYHBIX
ouornyeckux W abmotmuyeckux Qakropos (FKu-
ruH A.B., 2002:34; JlaBpeatreBa H.M., 2002:61).

D¢ (eKTUBHOCTh TOBAapHOTO PHIOOBOJCTBA BO
MHOTOM 3aBHUCHUT OT COCTOSIHHS M KadecTBa IIO-
sgydyaeMoi mojiond. Ilpu coBpeMEeHHBIX MeTohax
pBHIOOpa3BeICHNsT CKIIQ/IBIBAIOTCSl YCIIOBHS, OTIIH-
YaroIIUecss OT €CTECTBCHHBIX W BIHSIOIIME Ha (U-
3MOJIOTHYECKOE COCTOSTHIE W HEKOTOpbIe OMOJIOTH-
YECKHE 0COOCHHOCTHU PBIObI. DTO, B CBOIO OYepe/lb,
TpeOyeT MOCTOSHHOTO KOHTPOJS 3a MpPOLECCOM
BBIPAIMBAHHS, OIICHKH (PU3NOJIOTHIECKOTO COCTO-
SIHUSL ¥, IPU HEOOXOJIMMOCTH, €0 KOPPEKTHUPOBKH.

Jlo HeTaBHETO BPEMEHH OLICHUBAJIUCH, B OCHOBHOM,
MOP(POPU3NOIOTHIECKIE, THCTOJIOTHICCKUE U Te-
MaTOJIOTUYECKHE TOKa3aTelH, OJHAKO HCCIeNoBa-
HUSl OMOXUMUYECKHX TI0Ka3aTesIeH SIBISIOTCS OTHH-
MU U3 OCHOBHBIX WHJIUKATOPOB (DU3HOIOTHUYECKOTO
cocrosiHust peio (Adams S.M., 2005:649).

Llenp nanHO# pabOTHI 3aKITFOYATACh B H3YYCHHH
BIIMSIHUS COCTAaBA PA3IMYHBIX ITPOIYKIIHOHHBIX KOP-
MOB H YCJIOBI/Iﬁ BbIpalllMBaHWsA Ha 6I/IOXI/IMI/I‘IeCKI/Ie
MTOKA3aTeJN IEYCHH M COCTAB MBIIIICYHOH TKAaHU MO-
JIOJIA THIISITIHH.

MarepuaJjibl 4 METOAbI HCCIIEI0BAHUS

OOBEKTOM UCCIEIOBAHUH SIBIISUIACH MOJOJb
Huieckol Tunanuu (Oreochromis niloticus), BbI-
pallleHHOW C WCTOJB30BAHWEM PA3HBIX KOPMOB H
texHonoruii Ha 6a3ze PI'KII «Kammaraiickoe Hepe-
CTOBO-BBIPACTHOE XO3AUCTBO» (ANMaTHHCKas 00,
Kazaxcran). OTOOp aHAIMTHYECKOTO MaTepHasa
MIPOBOAMIH Kaxable 15 cyTok, B Teuenue 30 cyTok
KyJIETUBHPOBaHUs. B kauecTBe KOHTPOJIS HMCHONb-
30Ba]lM MPOOBI, B3AThIE B Hadaje HKCIEPUMEHTA.
IToBTOPHOCTH NSATUKpATHAS.

Kaxmyro ocoOb mocie BbUIOBa U3MEPSUTH, B3BE-
IUBAJIH, 3aTeM TpermapupoBayid. OOpas3Isl MeUYeHH
W CIIMHHBIX MBIIII] 3aMOPXUBAIH B )KUAKOM a30Te
npu -196°C u xpanunu B cocyae roapa i f1aib-
HeMIel TpaHCTIOPTUPOBKH.

Cyxoe BeIIeCTBO OMNpPENeNaan TI'paBUMETPH-
geckuM MetojgoM (Antumnosa JL.B., 2001:181).
OrmpeneneHre MaccoOBOM JOIH Oelka TPOBOIHIN
OWypETOBBIM METOAOM 0€3 MUHEepaIn3aliH Mpoo
(IarynoBckuit  M.UM., 1980:55). Conepxanus
TIIMKOTeHa onpenensiii ¢ aaTpoHoMm (CeBepuH
C.E., 1989:286). MaccoByo HOIIO XHpa OIpene-
JSUTM  YCKOPEHHBIM HKCTPaKIHOHHO-BECOBBIM Me-
tonom mHcTuTyTa murtanuss AMH CCCP (I'OCT
7686-35, 1985). AxtuBHoctu AcCAT m AnAT B
MHUKpocoManbHON (pakuun nedeHu (Ctpoes E.A.,
2012:222) mpoBoauiu TUHUTPODESHUITHIAPO3OHO-
BEIM MeTonoM Peiitmana-®Openkens. CoaepxaHue
MaJIOHOBOT'O IMAJIBJCTHIA ONPEACTISUTN 110 peaKuu
¢ 2-tnobapoburypooii kuciotoi (Konapaxun U.I1.,
2004:401).

Pe3yabTarhl Hcciie10BaHUSA U UX 00CYAKACHHE

buoxumuueckuii ananuz nevenu moro0u muia-
nUU NPU PASTUYHBIX YCLOBUAX 8bIPAUUBAHUSL

JInst OlleHKH OMOXWMHMYECKOTO COCTOSIHHUS Tie-
YeHH ObLIa MOJTyuyeHa MUKPOCOMaNTbHAsT (YPAKIIHSI, B
KOTOpPOH OIpeIesieHo coaepykaHue oOmero Oernka,
aKTUBHOCTb TaKUX (PEPMEHTOB KaK acrapTaTaMUHO-

90 Bectauk. Cepust 6uonorndeckast. Ne2 (71). 2017



Kaiipar b.K. u np.

TpaHcdepasza 1 aJaHHHAMHUHOTpaHcdepasa, a TaKkKe
KOJIMYECTBO OOIIMX JIUTHIOB, TIIMKOT€HA, YPOBEHb
MEPEKNCHOTO OKHCIEHUS JIMIUAOB B MEUYEHOYHOU
TKaHU.

W3 nanubIx Tabnuusl 1 BUIHO, YTO C yBeIHYe-
HUEM CpPOKa KyJbTHBHUPOBAHHS COEpP KaHNE TIUKO-
reHa B TICYCHU MOJIOJH THJIANWU Npu OacceHHOBOM
TEXHOJIOT MY TIOBBIINIAETCS, K IPUMEPY, TPH UCTIOIb-
30BaHUM KOpMa, pa3padOTaHHOTO COTPYIHHUKAMH
KasHUU I1I1I1, ¢ 5,54+0,6 mo 25,0542, 1 Mr/T chIpoit
Macchl, 2 B YCTAaHOBKaX 3aMKHYTOTO BOJOCHaOXe-
Hus go 19,70+£1,21 mr/r ceipoit maccel. Mcmnoms-
30BaHME B PAalMOHE HWMIOPTHBIX KOPMOB (UPMBI
«Aller aquay TPUBOAMIO K TIOBBIMICHUIO KOHIICH-
Tpamuu TauKoreHa 1o 29,27+1,2 Mr/r chIpoit MacChl
TP 3aMKHYTOM BOJIOCHAOKEHUH yKe K 15 cyTkam
BbIpayBaHusa. Ha conepikanue rimkoreHa B rede-
HU MOJIOJIM TEJal¥H BUI MPUMEHSEMOro KopMa He
0Ka3aj JOCTOBEPHOTO BIUSHHUSL.

Jlunmer B opranu3Me peI0 SBISIOTCS BasKHEH-
IIMM HCTOYHUKOM SHEpPruu, 00ecleunBaIOmIIM
pa3iryHbIe OTBETCTBEHHBIE MOMEHTHI WX JKU3HEIe-
arenpHocTH (Latynosckuit M.M., 1980:114). Co-
JIep>KaHUe W COCTaB JIMMTUIOB B OpraHax M TKaHSAX
PBIO 3aBHCAT KakK OT (PU3MOJIOTHYECKOTO COCTOSHUS
nx opranm3ma (Cunopos B.C., 1983:84), tak u ot
pasnuHBIX (aKTopoB BOAHOM cpensl (Jlykpsnen-
ko B.U., 1983:87).

W3 Tpex ucnonbp30BaHHBIX KOPMOB HAKOIIJIEHHIO
JUTHIOB B TEYEHH CIOCOOCTBOBANO MpPHUMEHEHHE
KaparaHMHCKOTO KOpMa, K NMpUMEpPY, NP MPsSMO-
TOYHOM TEXHOJOTHMH Macca JMIHUI0B COCTAaBHIIA
267,8+1,2 mr/ r chipoit maccel Kk 30 cyTkaMm 3KCIIe-
pumenTa, 4to B 1,4 paza Oonblie, 9eM MpH KOPM-
JIeHnu KopMoM, paszpabortannoro KasHUWM TIIIIT
u B 1,9 paza Oomnblie 3Ha4eHNs TIpy KopMme (pUpMBbI
«Aller aquay.

Cpenn MHOTOYHCIICHHBIX TOKa3aTeel JINMHI-
HOro OOMEHa IMPOLECChl MEPEKUCHOTO OKHCICHUS
JUTIHAIOB UTPAIOT BAXKHYIO POJH HE TONBKO B (QHU3U-
0JIOT0-OMOXMMHUYECKOM TOMEOCTa3e HOPMaJbHON
KJIETKH, HO W BBICTYIAIOT KaK yHHWBEpPCAIbHOE He-
crenn(UUecKoe 3BEHO MEXaHHW3Ma Pa3BHTHS paz-
JUYHBIX MATOJOTHYECKUX COCTOSHUW OpTraHu3Ma
(Cugnopos B.C., 1983:98).

Hawnbomnpmee xommuectBo MJIA oOHapykeHO
B MIEUYCHHU THJIANUU NpU 0aCCEHHOBON TEXHOJIOTUH
BBIpAIMBAHNSA C MPUMEHEHHEM KaparaHIMHCKOTO
kopma — 11,4+1,7 mxkMonb/ T CBIpOH Macchl, Hau-
MeHbIee Ha Y3B ¢ kopmom «Aller aquay — 2,3+0,5
MKMOJIB/ T CBIPOH Macchl.

[loBBIIIIEHNE KOHIIEHTPAIMHM MAaJOHOBOTO [THU-
aNbJieTU/1a CBUIETEILCTBYET 00 aKTHBALUU IIPO-
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LECCOB IMEPEKUCHOr0 OKHUCICHUS JHUMUIOB WM O
CHIDKCHUH aHTHOKCHUIAHTHOM 3aIllMThl OpraHu3Ma
(ILIatynosckuii M.U., 1980:105).

AmMuHOTpaHc]epasbl UTPAIOT KIIFOYEBYIO POJIh B
oOMeHe BelIecTB, 00ObEINHSS B eIMHOE 1ienoe Oe-
KOBBIH, YTJIEBOIHBIN, )KUPOBOW OOMEH W IIMKJI TPH-
KapOOHOBBIX KUCJIOT. YUUTHIBAS UCKIIOYUTEIHHYIO
posib acmaptaraMmuHoTpancdepassl (AcAT) u ana-
HuHaMuHOTpaHcdepassl (ATAT) B oOMeHe OCHOB-
HBIX METaOOJIUTOB KJIETKH, aKTHBHOCTH ITHX (ep-
MEHTOB HCIIOJIb3YIOT B Ka4eCTBE OMOXMMHYECKOTO
WHAUKATOpa (DU3MONOTUYECKOTO cTaryca W KIH-
HUYECKOI0 HMHJIMKATOpa CTPECCOBOTO COCTOSHUS,
BBI3BAHHOTO 3a00JICBAHUEM WIIM WHTOKCHKAIUEH Y
psiza opraHu3MOB, B TOM yuciie U y pbio (CaMcoHO-
Ba M.B., 2002:17).

B rtabmune 2 mpeacraBieHbl pe3yNbTaThl aHa-
TM3a conepkaHus olmiero O0elka W aMHHOTpAHC-
(hepa3HON aKTUBHOCTH B MHKPOCOMAJBHOHN (hpak-
LMHd MOJIOJU PbIO, BBIPALICHHBIX MPH Pa3IUIHBIX
YCIIOBHUSIX.

Coneprkanne 6emka B MUKPOCOMAIBHOW (pak-
MU TICYCHU MOJIOJIU TeJIallUK CHIKAIOCHh Ha Tep-
BBIX JTamax dSKCHEpUMEHTa HE3aBHCHMO OT BHJA
MIPUMEHSEMOT0 KopMa, IMPHU MPSIMOTOYHOH Oacceii-
HOBOW TEXHOJIOTHH C KOPMOM, pa3pabOTaHHOM B
KasHWMU IIIII1, konmudecTBO OOIUX OCIKOB CHHU3MU-
noch ¢ 4,87+1,8 mo 1,84+0,15 Mr/ T CBIpOi MaccChI.

YcTaHOBJICHO, 4TO Ha akTUBHOCTh AJTAT B Mu-
KpOCOMaJbHOW ()paKIIMU TEYCHU THIIAITUN OKa3all
BIIUSTHUE TUN KYJbTHBHUPOBAHHS, TaK, IIPH UCTIOh-
30BaHWU B pallMoHe KOpMa, pa3padoranHoro B Kaz-
HUWM IIIII, x 15 cyTkam BelpaliiBaHusi akKTHBHOCTD
(epmenrta cocraBmia 1,58+0,03 mpu mpaMoTod-
HOH BbIpamuBanuu, a B ycnoBusax ¥Y3B 0,2940,01
MKMOJIb/ ¢XMT Oemnka, 9To 5,4 paza McHbIIe. AHa-
JIOTHYHAsl KapThHA XapakTtepHa u uist AcAT, rae
aKTUBHOCTh (pepMEHTa OKa3ayach BBIIIE B Mpodax
W3 MOJIOJIU, BBIPAIICHHON IPH 3aMKHYTOM BOJIO-
cHaOxeHun. K npumepy, npu KOPMIICHHH KaparaH-
JUHCKUMH KOpMaMH B MPSIMOTOYHBIX OacceiHaxX K
30 cyTkaM aKBaKyJIbTYphl aKTHBHOCTh PaBHSUIACH
0,26+0,01, a B ycTaHOBKaX C 3aMKHYTBIM BOJIOCHA0-
skernu — 0,45+0,03 MKMOJIB/ ¢cXMT OelIKa.

AMuHOTpaHCc]epa3sl He 00JaTAF0T OPraHHOW
crenu(pUIHOCTHIO, OJHAKO OTpEeIeHNe HX aK-
TUBHOCTH B KPOBH UCTIONIB3YETCS ISl TUATHOCTUKH
OoJe3Hel MeyeHu M cep/ra IpHu KOTOPBIX MPOUC-
XOIIUT pacmaj kietok. K mpumMepy, mpu 1uToin3e
reraToIMTOB B HECKOJIBKO Pa3 MOBBIIIAETCS aKTHB-
HOCTh HE TOJIBKO aJJaHMHAaMUHOTpaHC(hepasbl, HO U
acrapraramuHoTpancdepassl (CamconoBa M.B.,
2002:18).
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Taﬁ.lmua 1- COZ[ep)KaHI/Ie TJIMKOT'CHA, 06HII/IX JIMIUI0B U MAJIOHOBOI'O AUAJIbJICTrH/ia B NNEUYCHU MOJIOAU THUJIAIIUU MTPU PA3JINIHBIX

YCJI0BHUAX BbIpallluBaHUA

Ve Conepxanue Conepxanue Conepxanune M/IA,
CIIOBHS .
P —— Bua xopma Ot60p IJIMKOT€HA, MI/T 00IMX TUOHIO0B, | MKMob/ T CHIPOi
CBIPOI Macchl MI/ T CBIPOI Macchl Macchbl
KOHTPOJIb 5,54+0,6 75,6+0,8 9,5+0,5
15 newn 8,19+0,02 217,542,1 2,5+0,7
KasHWU IIIIIT
30 neHp 25,05+2,1 195,2+1,1 10,7+1,3
15 nenp 3,17+1,1 219,4+3,8 6,2+0,1
Bacceiin Kaparangunckuit
30 nenn 24,65+1,5 267,8+1,2 11,4+1,7
15 nenp 2,94+0,06 126,7+1,9 2,3+0,5
Aller aqua
30 neHp 27,52+1,4 138,9+1,3 3,8+0,3
15 nenp 3,07+0,1 169,7+1,8 4,9+0,3
KasHHWU IIITIT
30 neHn 19,70+1,21 167,5+1,9 5,9+0,2
V3B 15 neun 3,91+0,04 212,2+2,8 9,4+0,6
Kaparanaunckuii
30 meHp 22,02+1,6 225,1+2,2 7,7+0,2
Aller aqua 15 nenn 29,27+1,2 235,6+2,3 2,4+0,1

Ta6muua 2 — Cozmeprkanue oduiero O6enka 1 aMUHOTpaHc(epasHasi aKTUBHOCTh B MUKPOCOMAJIbHOM (hPpaKkiuu Ie4eH: MOJIOAN PHIO

TIPY PA3TUIHBIX YCIOBUSX BBIPAIINBAHUS

VenoBust Conepxanue 6enka, | AKTHBHOCT ANAT, | AxtuBHOCTH ACAT,
Buz xopma Otbop .
BBIPALUBAHUS MI/ T CBIPOM MAcChl | MKMOJIB/CXMT OeJIKa | MKMOIIb/ CXMT OelKa
KOHTPOITb 4,87+1,8 1,95+0,06 0,64-+0,06
15 nenn 1,84+0,15 1,58+0,03 0,44+0,01
KasHHWU IIITIT
30 neHb 2,85+0,11 0,33+0,06 0,26+0,02
15 nenn 2,64+0,09 0,68+0,03 0,42+0,04
Bacceiin Kaparannunckuit
30 neHb 4,17+£0,21 0,56+0,03 0,26+0,01
15 nenn 1,68+0,16 0,54+0,01 0,54+0,05
Aller aqua
30 neHb 2,54+0,02 1,03+0,05 0,43+0,03
15 nenn 3,24+0,27 0,29+0,01 0,68+0,03
KasHUMU IITIT
30 neHb 2,37+0,18 0,33+0,01 0,48+0,02
V3B 15 nenn 1,74+0,11 1,55+0,02 0,6+0,07
Kaparanaunckuii
30 meHb 2,93+0,25 0,58+0,01 0,45+0,03
Aller aqua 15 nenp 2,85+0,01 1,42+0,03 0,49+0,02

Brusnue cocmasa paziuunvix npooyKYuoHHbIX
KOPMOS U YCIO08ULL 8bIPAWUBAHUSL HA XUMUYECKULL
COCMAB MbIULEYUHOU MKAHU MOJIOOU MUIANUU

Bbu1 mpoBejieH aHaNU3 XUMHUYECKOTO COCTaBa
CIIMHHBIX MBIIII; COJCPKaHUE CYyXOro BEUIECTBa U
307161 (Tabmuna 3), coaeprxanue oodmero oenka (0e3
MHUHEpAIH3aIliN), OOIMNX JIUIHAIO0B W TJIMKOTCHA
(Tabnuua 4).

OmnpeneneHue MacCOBOM JIONHU BIIATH U COZICPIKa-
HUE OPraHMYECKOr0 BEIECTBA SIBIISIFOTCS BAKHBIMU
CPaBHUTEJIBHBIMUA OMOXUMHUYCCKUMU TTOKA3ATEIISIMU.

CpaBHUTENBHO BBICOKOE COJIEpYKAaHHE OpraHH-
YECKUX BEIIECTB B MBIIIIAX TUJIATTUU OTMEUYECHO MPU
MPSIMOTOYHOM BBIpAIIUBAHHUH, CpEIHEe 3HAYCHHE
paBasutoch 21,3 %, Ha Y3B — 20,5 %.

Coxepxxanue oOmUX OEIKOB B MBIIICYHBIX
TKaHAX MOJIOJIM TWJIAIIAW 3aBHCETO OT THIA KYJIb-
THBUPOBAHUSA, TaK, IPHU MPSIMOTOYHOM BBIpAIIBA-
HUU C JKCIepUMeHTalbHbIMM KopMmamu KasHUUN
[IIIT xoweunwle 3HadyeHHMs coctaBwim 24,2+0,01,
a B YCTaHOBKAaX C 3aMKHYTBHIM BOJOCHAOXCHUEM
22,7+0,04 r/ 100 T chIpoif Macchl.
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Tadauma 3 — Couep){caHI/Ie CYyXHUX, 30JIbHBIX U OPraHMY€CKHX BEUICCTB B CIIMHHBIX MbIIIIAX MOJIOAW THJIAIIMU IIPU Ppa3JINIHBIX yC-

JIOBUSAX BbIpalllUBaHUSA

VYenoBust MaccoBas oiis MaccoBas noJis MaccoBas 10151 Oprasu-
Bug xopma Ot60p o o o
BBIPAILBAHUS CYXMX BEIIECTB, % | 30JIbHBIX BEILECTB, %o YECKUX BELIECTB, %o
KOHTPOJIb 20,3 1,22 19,1
15 nenn 22,4 0,9 21,5
KasHUMU IIIIIT
30 neHpb 21,3 1,12 20,2
15 nenn 22,7 0,90 21,8
Bacceiin Kaparannunckuii
30 neHpb 22,8 1,39 21,4
15 neup 22,7 1,32 21,4
Aller aqua
30 neHp 22,6 1,26 21,3
15 nenp 22,9 1,12 21,8
KasHUU IIIIT
30 neHb 22,8 1,40 21,4
V3B 15 menb 22,4 1,19 21,2
Kaparanaunckuii

30 neHb 19,1 1,37 17,7
Aller aqua 15 nenb 21,8 1,33 20,5

Tabaumna 4 — COZ[ep)KaHI/Ie 06mero 6€J'IK3., JIMIIU 0B, INTMKOI'€HA B CIIMHHBIX MBIHIIAX pI)I6 IIpU pa3JIMYHBIX YCIIOBUAX BbIpalllUBaHUS

Coneprkanue Oeka, Coneprxanue Conepxanue
Mecto cbopa Bun xopma Ot60op r/ 100 r ceipoit o, r/ 100 r | mmkorena, 1/ 100 ¢
Macchbl ChIpOH Macchl CBIPOI Macchl
KOHTPOJIb 12,4+0,01 1,8+0,04 1,5440,06
15 nenn 14,9+0,02 2,6+0,02 1,13+0,1
KasHWUU IIIIT
30 neHp 24,2+0,01 1,7+0,03 1,95+4,19
15 neHb 15,4+0,04 3,1+0,09 0,97+0,02
Bacceiin Kaparanaunckuit
30 nenn 24,6+0,01 2,6+0,01 0,96+0,05
15 nenp 10,6+0,02 2,9+0,02 0,76+0,07
Aller aqua
30 nenn 24,3+0,02 2,9+0,04 0,49+0,01
15 nenp 14,1+0,04 2,4+0,04 1,49+0,02
KasHUU IIIIIT
30 nenb 22,7+0,04 2,4+0,07 1,19+0,09
V3B 15 nenn 10,1+0,03 1,8+0,03 1,75+0,07
Kaparanaunckuit
30 nenb 21,4+0,01 1,5+0,06 1,58+0,05
Aller aqua 15 nenn 21,0+0,01 2,2+0,04 0,80+0,07

BinsiHue TEXHOJIOTHU BBIPAIIMBAHUS 3aMETHO
MIPH MCIIOJIB30BAHUU KaparaHJMHCKOTO KopMa Jis
MOJIOW THJISTINHU, TIPH OACCEHHOBOM TEXHOJIOTHH
coJiep)KaHue TINIMKOoreHa pasHsiock 0,97+0,02 1/
100 r chIpoif Macchl, a Ha YCTAHOBKaX 3aMKHYTOI'O
BogocHa0xeHus — 1,75+0,07 r/ 100 r cpIpoii Macchl,
T.€. IOYTH B 2 pa3 OoJibiiie. MOKHO OTMETHUTH BIIH-
SIHAE CI0c0o0a BBIPANUBAHUS MOJIOTU THIISIIUU Ha
coJiepkaHre OOIIMX JIMMH/I0B B CIIMHHBIX MBIIIITAX
pY TPUMEHEHUHM KaparaHJAMHCKOIO KopMa, Ipu
BEIpaIMBaHUU B OacceiiHEe KOJIUYECTBO KUPOB PaB-
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ssiock 0,9740,02 r/ 100 r ceipoii macchl, a Ha Y3B
1,7540,07 r/ 100 T chipoif Macchl.

Taxkum 00pa3oM, CpaBHUTEIBHBIN aHAIH3 OHO-
XUMHUYECKUX TOKa3aTesicl MOJIOJU TUJISIIIMUA B yC-
JIOBHUSIX OacceMHOBOM TeXHOJIOrn: 1 Y 3B mo3Boani
OIICHUTHh CTEIICHb M3MEHEHUH (HU3HOJIOTHICCKOTO
COCTOSIHMSI TTOCJICIHUX MPH BBIPAIIMBAHUH Ha KOP-
Max pas3UYHBIX PELeNTyp. Y CTAaHOBIEHO, YTO Ha
aMUHOTpaHC(hepa3Hyl0 aKTUBHOCTh MHKPOCOMailb-
HOM (pakiMy TEYEeHU THIANUU OKa3aJl BIUSHUE
TUN KyInbTUBUpOBaHUSA. C yBEITHMYECHUEM CPOKOB
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KyJIbTHBHPOBAHUS HAOIIOJAIOCH YBEIMUYCHHE CO-
nepxanns M/IA B reueHn THISIIHH ITPU OacCeiHO-
BOI TEXHOJIOTHH.

Bun ucnonp3oBaHHBIX KOPMOB HE OKasal Jio-
CTOBEPHOTO BJIMSIHHS Ha COJACpIKaHUE OOIIUX Oelr-
KOB, JIUITHJOB U I'N'TMKOT'€HA B MBIIIIIAX MOJIOIH.

B mocnegnue roael BO BCEM MHpE TOBap-
HOE PHIOOBOJICTBO BBI3BIBACT IOBHIIICHHBIN HMHTE-
pec. Ceronns Hanbosee MepCIeKTUBHBIMY CUUTA-
FOTCSI UHTCHCUBHBIC TEXHOJIOTHH BBIPAINUBAHUS
pBIO, KOTOpBIE TMTO3BOJISAIOT 3HAYUTEIHHO TTOBBICUTH
BBIXOJI TOTOBOW MPOAYKUHUM C €IUHUIbI TIJIOMIAIN
Y JAF0T BO3MOXKHOCTh KOHTPOJISI M YIIPABJICHUS Ka-
YECTBOM CpEIbl U KOPMOB, PEKMUMOM KOPMIICHUS.
OpnHaKo BBICOKHE TUIOTHOCTH IIOCAJIKH, HCKYC-

CTBEHHOE KOPMIJICHHWE HEPEJKO OKa3bIBAIOT Hera-
THBHOE BIIUSHHE Ha OPTaHU3M PBIO, W, BCICACTBUC
3TOr0, YXyIIIaeTcss ux (U3HOJOTHYECKOE COCTO-
ssHUE. B CBsI3U ¢ ATUM MpPOBEICHUE PETYISIPHOTO
KOHTPOJIS 32 (PU3HOJOTHUYECKUM COCTOSTHHEM DPBIO
JIOJDKHO OBITH HEOOXOAUMBIM DIIEMEHTOM TEXHOJIO-
T MX BBIPANIUBAHUS B WHYCTPUATHHBIX XO3SIH-
cTBaX. B kauecTBe mHGOPMATHBHBIX ITOKa3aTeleH,
XapaKTepU3YyIIIUX (HU3HOJOTUYECKOE COCTOSHUE
PBIOBI, CMOXET BBICTYIIUThH COCTaB €e OuoJsioThYe-
CKHX JKMJIKOCTEH: KpOBU U clin3u. I3BECTHO, 4TO
reMaTOJIOTUYECKUE MapaMeTpbl U OMOXUMUUYCCKHI
COCTaB KPOBHU OTPAXKAOT BBICOKOCIICIIHATU3UPO-
BaHHBIE MEXaHW3MBbI aJalTalli OpraHu3Ma K yc-
JIOBUAM BI)IpaIlII/IBaHI/IH.
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AHTUOKCUAAHTHBIE U HEMPOIMPOTEKTOPHbIE CBOMCTBA
OUTOITPEINAPATA U3 KEPMEKA TMEAUHA

[MoUCKBEeLLECTB, MOAABASIOLLMX BbIPAOOTKY akTUBHbIX (DopMKMCcAoposa (ADK) MPOBOCNAAUTEAbHbBIX
LUMTOKMHOB B YCAOBMSIX MLLEMUYECKOrO MOPaXKeHUsl TOAOBHOIO MO3ra, MMeeT BOAbLLIOE NMPaKTUYeckoe
3HaueHre AAS Tepanuu MOCTUHCYALTHbIX COCTOSIHWMIA. LleAblo HacTosero MCCAeAOBaHWMS SIBUAOCH
M3yyeHne BAUSIHMS SKCTPakTa U3 kepMeka [MeArHa Ha pa3BrTHE OKUCAMTEABLHOIO CTPeCcca B acTpoLMTax
M HeMpoHax FOAOBHOrO MO3ra YeAOBeka B YCAOBMSX BO3AEMCTBMSI MPOBOCMAAMTEABHOrO LMTOKMHA
TNF-a in vitro. B paboTe MCrNoAb30BaHbl METOAbI BbIAGAEHUSI 1 KYABTMBMPOBaAHMS (PETAAbHbBIX KAETOK
FOAOBHOIO MO3ra YeAOBeKa, MMMYHOIMCTOXMMUYECKNE, (PAYOPECLIEHTHbIE METOAbBI KQUECTBEHHOIO M
KOAMUYECTBEHHOIO ONMPEAEAEHNS CYNePOKCUMA aHMOHA B BbIAEAEHHbIX HEMPOHax 1 acTpoumTax. B xoae
MCCAEAOBaAHMSI ObIAO YCTAHOBAEHO, UYTO 3KCTPAKT M3 Kepmeka [MeAnHa npu Ao3vpoBke 30 MKI/MA
He o06AapaeT UMTOUMAHBIM 3eKToM, 6oAee TOro, OH HMBEAMPYET TOKCM4YHOoe aencTBue TNF—o:
6A0kMpyeT o6pasoBaHme ADK B HeMpoHax 1 acTpoumTax, npensTcreyet aktuaumm HAADH okcraasbi
B acTpouuTax. Takmm 0Opa3oM pesyAbTaTbl MPOBEAEHHONO WCCAEAOBAHMS MO3BOASIOT 3aKAIOUMUTD,
4TO 3KCTPAKT M3 Kepmeka [MeArHa 0OAaAAET aHTMOKCMAQHTHBIMM, acTPO- U HEMpPONpPOTEKTOPHbIMM
CBOWCTBaMM M MOKET ObITb MCMOAb30BAH AASI Tepanuu penepdy3MoHHOro CMHAPOMA. PesyAbraTbl
MCCAEAOBAHUS BaXKHbI AASI HEIMPOOMOAOTMU 1 MEAMLMHDI.

KAtoueBble cAOBa: MHCYALT, aCTPOLMTbI, HEMPOHBI, KepMmek [MeArHa, akTUBHbIE (DOPMbI KUCAOPOAA.
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Antioxidant and neuroprotective properties of phytopreparate from limonium gmelinii

The search for substances that inhibit the production of active forms of oxygen (ROS) and pro-inflam-
matory cytokines in conditions of ischemic brain injury, is of great practical importance for the therapy
of post-stroke states. The purpose of this study is to study the effect of extract from Limonium gmelinii on
the development of oxidative stress in human astrocytes and neurons of the human brain under the influ-
ence of the proinflammatory cytokine TNF-a in vitro. Methods of isolation and cultivation of human fetal
cells, immunohistochemical, fluorescent methods for the qualitative and quantitative determination of
the anion supeoxide in isolated neurons and astrocytes were used in the work. In the course of the study
it was found that the extract from Limonium gmelinii at a dosage of 30 ug / ml does not have a cytocidal
effect, moreover, it neutralizes the toxic effect of TNF-a: blocks the formation of ROS in neurons and
astrocytes, prevents the activation of NADPH oxidase in astrocytes. Thus, the results of the conducted
study allow us to conclude that the extract from Limonium gmelinii possesses antioxidant, astro- and
neuroprotective properties and can be used for therapy of reperfusion syndrome. The results of the study
are important for neurobiology and medicine.

Key words: stroke, astrocytes, neurons, Limonium gmelinii, reactive oxygen species.
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[MeAMH KepMeriHeH aAblHFaH cpuTonpenapaTTapAbiH,
AHTUOKCUAQHTTbI YXKOHE HEHPONPOTEKTOPAbI KaCHEeTI

bac MUbIHbBIH MLLEMUAABIK 3aKbIMAAAYbI KE3IHAE LLUTOKMHAEPAI TYAbIPaTbiH 8CEPAED MEH OTTEriHIH,
6eaceHAai TypiH (ADK) 6GacatbiH 3atTapabl Taby MHCYAbTTEH KeWiHri >KaraalAbl eMAey KesiHAe
NpaKkTUKaAbIK MaHbI3bl ©Te YAKEH. ByA 3epTTey >KyMbICbIHbIH MakcaTbl in vitro >karaambiHAQ TNF-a
LUMTOKMHAEPIH TYABIPYLUbI 8CEPAEPAEH aAaMHbIH 6AC MMbIHBIH aCTPOLMTTEPI MEH HEPB KAETKaAapbIHAQ
TOTbIFY-TOTbIKCbI3AQHY CTPEeCTepPiHiH AaMyblHa [MeAMH KepMeriHiH 3KCTPaKTbIAQpPbIHbIH &CcepiH
3epTTey. byA )KyMbICTa aaaMHbIH 6aC MUbIHbIH, (DeTaAbAI KAETKAAAPbIH >KacaHAbl OPTaAa ©cipy XKoHe
AAy BAICTEPI KOAAAHBIAAbI. AAbIHFAH HEMPOHAQP MEH acTPOLMTTEPAE CYNepoOKCUMA aHWMOHbIH CaHADBIK,
JK8He canaAblk, (DAYOPECUEHTTI X8HE WMMYHOTMCTOXMMMSIABIK, BAICTEPMEH 3epTTeAiHAl. 3epTTey
JKYMbICbI Ke3iHae 30 MKI/MA mMeAllepAeri [MeArH KepMeriHiH, 3KCTPakTbl UMTOLMATI 8cepre ne emec,
oAaH 6acka oA TNF—a yAbl 8CepiH XKOsSAbl: HEMPOHAAP MEH aCTPOLMTTEPAE OTTEriHIH GeACEHAT TYPIHIH
Ty3iAyiHe TockayblA Kosiabl, acTpountTepae HAADH okcnaasaHbiH, 6eAceHaiAiriHe keaepri 60AaAbl.
CoOHAbIKTaH AQ 3epTTey XKYMbICbIHbIH HOTMXEAEPi apKbiAbl MblHaAal KOPbITbIHAbI XKacayFa 6OAaAbI:
[MeAMH KepMeriHiH 3KCTPakTbl aHTMOKCMAAHTTbI, aCTPO- XKOHE HEMpPOMNpPOTEKTOPAbI KacueTTepre me
>KeHe penepdy3noHAbl CUHAPOM Ke3iHAe Tepanus YiliH naaasaHyra 6oAaabl. Heipo6uoaorms mex
MEAMLIMHAAQ 3epTTey HOTMXKEAEPIHIH MaHbI3bl YAKEH.

Ty#iH ce3aep: MHCYALT, aCTPOLMTTEP, HEMPOHAAP, IMEAMH Kepmeri, OTTeriHiH 6eAceHAl Typi.

BBenenue

MHCYnbT ToJIOBHOTO MO3ra SIBISIETCS TPEThen
MPUYUHON CMEPTHOCTH HacelIeHHs Tocie 0oies-
HEll cepjlla U OHKOJIOTMYECKUX 3a00JIeBaHUM W
JUIMPYIOMEd MPUYMHON HHBAIWIU3AIUN JIHOJEN
MOKUJIOTO BO3pacTa B OOJBIIMHCTBE CTpaH MHUpA
(Feigin VL, 2014: 245). CoryiacHO CTaTUCTUYECKUM
nmaHHBIM, B Ka3axcrane eXeromHo perucTpupyeTcs
2.5-3.7 cnygaeB uncynbta Ha 1000 yenosek, 1-1.8
U3 KOTOPBIX MPHUBOIAT K CMEPTEIBHOMY HCXOIY
(Erkebaeva SK, 2014: 175). 85% Bcex MHCYIBTOB
UMEIOT HINEMHUYECKYI0 TPHUPOAY U BBI3BIBAIOT-
Csl OCTPOH TPOMOOTHUYECKOW OKKIFO3UEH COCYZ0B
TOJIOBHOTO MO3Ta, YTO TMPHUBOJUT K HAPYIICHHUIO
KPOBOTOKA, KHCJIOPOJHOMY TOJIOJJAHHIO M THOEIN
HepBHBIX Ki1eTok (Smith HK, 2012: 2241). Hecmo-
Tps Ha TO, YTO BOCCTAaHOBJICHHE MarvCTPalbHOTO
KPOBOTOKAa B TOBPEXKJICHHOM Yy4YacTKE TOJIOBHOTO
MO3ra UMEET MECTO, IIOCIIeAYIOIINE 32 STUMH COOBI-
THS TIPUBOJAT K Pa3BUTHIO CHHApPOMA pernepdy3ud,
KOTOPBIM BBI3BIBAET JajbHEWIIEE MOBPEXKICHUE
HepBHBIX TKaHe#d (Sharma VK, 2013: 895, Matsuo
Y, 1994: 344).

Bo Bpemst pazButusi penepdy3uOHHOTO CHH-
JpoMa, B apTepHaIbHONW KPOBH COACPIKHUTCS OOJIb-
10€ KOJHMYECTBO JIEHKOIIUTOB, KOTOPHIE, B OTBET
Ha JKCIIPECCHI0 MOJIEKYJT a[ire3uy Ha TIOBEPXHOCTH
SH/IOTEIUAIBHBIX KJIETOK LEepeOpaTbHbIX Kallnil-
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JSIPOB MOBPEKJICHHOTO PErMOHa TPAHCMUTPUPYIOT
B MAPEHXHMY TOJIOBHOTO MO3Tra M BBICBOOOKIAIOT
aktuBHbIE (hopmbl Kuciopoaa (ADK) u meauaTopsl
BOCHAJICHUS, TaKUe Kak: ()aKTop HEKpo3a OITyXO-
neit ansda (TNF-0) naTEpdEepoH-TAaMMa U IpyTHE
(Savman K, 2013: 228). AxTuBanust HIMMyHHO! CH-
CTeMbl, M3HAYAIIBHO HAIIPaBJICHHAs HA 3allUTy OT
9K30T€HHBIX MAaTOT€HOB, BO BPEMS ACENTHYECKOTO
UMMYHHOTO OTBeTa (Takoro, Kak MHCYJbT), Ha000-
pOT, IPUBOJUT K Pa3pyIICHUIO HEPBHBIX TKaHeH. B
CBOIO O4Yepe/ib, BHICOKOE COJNEp)KaHUE IOJIMHEHa-
CBIIICHHBIX XUPHBIX KUCIOT U OTHOCUTEIIEHO HU3-
KOE€ CO/Iep)KaHNE aHTUOKCHJIAHTHBIX (DEPMEHTOB B
HEeUpoHax JeyaeT 3TU KJIETKU KpailHe YyBCTBUTEIb-
HBIMHU K okuciuTensHoMy crpeccy (Chen H, 2011:
1505). B cBsI3M ¢ 3TUM, TIOMCK BEMISCTB, I10IaBIIsI-
fomux BeIpaboTky ADK u mpoBoCHaNMTETHHBIX
[IUTOKWHOB B YCIIOBHUSIX UIIEMUYIECKOTO TIOPAKCHIS
TOJIOBHOTO MO3ra, UMEeT OOJbIIOE MPAKTHUYECKOE
3HAa4YeHHE ISl Tepamuy TOCTHHCYJIBTHBIX COCTOS-
HUM.

B HacTodmee Bpems pacTyLuil HHTEpec Tpea-
CTaBIIAIOT PACTHUTENbHBIE TONMH(EHONBI, B CHIY
UX MPOPUIAKTHYECKOTO M TepareBTHYECKOro IO-
TEHIMaJla TPU TaKUX 3a00JCBaHHUAX Kak AHa0erT,
aTepoCKIIepo3, HeHpoaereHepaTHBHBIE, Cepiaed-
HO-COCY/MCTBhIe 3a00JeBaHMsA, M BOCHAJIUTEIbHBIC
nporecchl. bpiio mokazaHo, 4TO NOMU(EHOBI, CO-
JieprKalrecs: B oBoIax, (pykrax, 3epHOBBIX, Yae
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AHTHOKCHAAHTHBIE U HEHPOIIPOTEKTOPHBIE CBOMCTBA (PHTOMpeTapara u3 kepMeka [ Mennaa

BHHE 00JIa/Ial0T BBIPAKEHHBIMU aHTHOKCHIAHTHBI-
MH, TPOTHBOBOCHAINTEILHBIMA CBOWCTBAMH; WX
MOJIOKHUTENBHBIA APPEKT MPH HIIEMHYSCKOM HWH-
CyJbTe OBUI MOKa3aH B 0OJIBIIOM KOJIMYECTBE HCCIIe-
TOBaHUH in vitro u in vivo (Simonyi A, 2005: 135,
Chuang DY, 2013: 15, Liu X, 2013: 187, Panickar
KS, 2013: 128). dns penrenust npoOieMbl MOUCKA
3¢ (EeKTUBHBIX TepaneBTHUECKUX CPEICTB MOTYT
OBITh MCIOJB30BaHBl PACTEHMUsI, 00JIAAAIONIHE 3HA-
YUTENbHOW MPOTEKTOPHOW aKTUBHOCTBIO M TPOU3-
pactaromue Ha Tepputopun Kazaxcrana. OmHuM
M3 TaKWX pacTeHUi sBisierca kepmek | 'memnmna (L.
Gmelinii) — npencraButens pona Limonium (Kep-
MeK) ceMeiicTBa cBUHYATKOBBEIX (Plumbagenaceae),
KOTOpOE MpoM3pacTaeT Ha OpOCOBBIX 3eMIISIX, HE
MPUTOAHBIX JJISl 3eMJICICNS U TAacTOMII, U UMEET
MPOMBIIICHHBIN 3aMac Ha TeppUTOpUM Halieil Pe-
CnyONMKH., DKCTPAKT MOJIU(EHONIOB, BBIICICHHBIN
13 KOpHeW kepMmeka ['menmHa, comepkuTr B cebe
(bmaBoHOM Bl OKMCIeHHOTO THMA (7-14 %), Tuapo-
nu3yeMble TyOuIbHbIE BEUIECTBA, a TAaKKe MOHO-,
I- ¥ oJMroMepHsie popmbl QuaBan-3-0708 (40-60
%). OCHOBHBIM MOHOMEPHBIM (hTaBAaHOM SIBIISIETCS
(-)-onukarexunranar. OIaBOHONBI OKUCIEHHOTO
TUna mnpexacrasieHsl 3,5,7,3°,4°,6’-rekcarupox-
cu(IIaBOHOM, H30PaMHETHHOM, KBEPIICTHHOM,
MHUPUIETHHOM, M HMX MOHO- W JUTIHKO3HIaMU
(MUpUIIUTPUH, TaJTaKTOMUPAHO3UABI KBEPICTHHA
YW MHPHUIIETHHA, PAMHOTJIUKO3U MUPHIIETHHA, PY-
TUH U japyrue). Taxke B cOCTaBe DKCTpaKTa ObLI
UACHTH(QHULIUPOBAH HOBBIA TITUKO3HMJ T'MEIHMHO3H]L
I (Zhusupova G.E., 1997: 393). TanuHsI IpeacTaB-
nenbl 2-0-B-D- ramnmounom u 2,3-0-f-D- puran-
JIOWITIIIOKO301. DKCTPakT B CBOEM COCTaBE TaK-
ke umeeT Bce 20 NpUpOJHBIX O-aMHUHOKHUCIOT, 34
Mukposnementa, Butamunbl (C, E u B-xapotun) n
kcanTopmuibl. Takum oOpazom, Limonium gmelinii
SIBIIAETCS OOTraThIM HMCTOYHUKOM TONMH(DEHOIOB U
MPeCTaBIISIeTCSl BechbMa 1eNIeCO00pa3HbIM H3y4de-
HHUE ero HeHPONPOTEKTOPHBIX CBOMCTB.

Hcxons u3 Bcero BHINMIECKA3aHHOTO IIEJIhIO Ha-
CTOAIIETO MCCIeIOBaHMs SBHJIOCH U3YUYEHHUE BIIHS-
HUS DKCTpaKTa M3 KepMeka ['MennHa Ha pa3BuTHE
OKHCIIUTEIILHOTO CTpecca B acTPOIMTax W HEHpo-
Hax TOJIOBHOTO MO3ra YeJoBeKa B YCJIOBHSAX BO3-
JNEUCTBUS MpoBOCHANIUTENbHOr0 nuTokuHa TNF-o
in vitro.

MartepuaJibl H METOABI UCCJIE0BAHUSA

Brienenve U KyJabTUBUPOBAHUE KJIETOK I'OJIOB-
HOT'O MO3Tra 4eJoBeKa U3 (eTaIbHOM TKaHU U YCIIO-
BHs BIIMSIHHUS JKCTpakTa M3 KepMmeka ['mennHa Ha
rerepanuio ADK B HelipoHax U acTporUTax

Jnis mpoBeaeHUs] SKCHEPUMEHTOB M3 (heTalb-
HOTO TOJIOBHOTO MO3ra 4eloBeka (BO3pacT IUIoAa
oT 18 1o 21 Hemenu) BBLACISIIN HEUPOHBI B aCTPO-
muthel. [Ipouenypy BblAEICHUS KIETOK HMPOBOIM-
W METOJIOM MEXaHWYeCKOH W (epMEHTATHBHOU
nezarperanuu Tkaneu (Jana M, 2007: 2017). s
aToro (heranbHBIM MO3r omonackuBanu B PBS (pH
7,4) ipu 4°C, MEIIKO UCCEKalld U MHKYOMPOBAIH B
0,25% pactBope TpuricuHa B TeueHue 20 MUH MpU
37°C. CycneH3uto KIETOK MPOITyCKaln uepe3 Hel-
JIOHOBBI GWIBTp ¢ aAuaMmeTpoM mop 340 MKM H
WHKYOMpOBaJIM B TOJHOIIGHHOW Helpoba3anbHON
cpene (NB), conepkariei 2% NHUTaTEIBHON CPeJIbI
B27 u 1% neHUIMIUTHH/CTPENITOMHUITIHA B TCUCHUE
10 mun. Tlocne dero, As BBIACICHUS aCTPOIIUTOB
CYCIICH3HIO KJICTOK COOMpany M MOMEIIANy B Ipo-
oupky ooremom 50 mi. [IpukpenmBuinecs: Heipo-
HBI KYyJbTUBUPOBAIIM B TCUCHHE 2-X HEAEIb B TIOJ-
HoueHHOM NB cpene. OcraBiryrocst mocie mocesa
HEHPOHOB CYCIIEH3WIO TJIHAJIbHBIX KIETOK Iepe-
Hocuiu Ha Mmatpatsl T-75 B cpene DMEM conep-
kameit 10% ¢eranpHol Obrubeid cHIBOPOTKU U 1%
MEHUIWUTAH/CTPETITOMHIINHA U KYJIHTHBHPOBAIU B
teuenue 9 nueit. Ha 9-it nen» MoHOCIO# acTporiu-
TOB OYHMIIAIIU OT JPYTHX THUIOB TIUAIBHBIX KIETOK
MMyTeM WHTEHCUBHOTO BCTPAXUBAHHS MaTpalleB Ha
opOHTANILHOM TIeHKepe B TeueHue 18 wyacoB npu
800 oboporax. KymbTypanpHylo cpely 3aMeHSIIH
CBEXEH Mopiuend oJIMH pa3 B TpU JHA. MOHOCION
aCTPOIMTOB KyJIbTHBUPOBAIH 10 AOCTIKEeHUS 90%
KOH(QITIORHTHOCTH ¥ MACCAKUPOBAIN IS IPOBEIC-
HUS DKCTIEPUMEHTOB, KOTOPBIE TTPOBOIMIIH HA 3-M H
4-m maccaxax (Sharif A, 2012: 137).

YUCTOTY KyJNBTYpbl HEHPOHOB M acCTPOLUTOB
OIICHWBAJIM C TIOMOINBIO HMMMYHO(DIyopeceHT-
HOT'O aHaJiu3a U IOJICYeTa KJIETOK, TOJOXKHUTEIHHO
OKpAaIICHHBIX M0 HEHPOH-CIIEHUPUIHOMY MapKepy
MAP2 (Microtubule-associated protein 2) (Soltani
MH, 2005: 1841) u cneuuduyeckoMy acTpOTIH-
ansHoMmy Mapkepy GFAP (Glial fibrillary acidic
protein) (Sharif A, 2012: 142).

Jist u3ydeHus BIUSIHUSL SKCTPAKTa M3 KepMeKa
['menuna na renepanuio AOK B HelipoHax u acTpo-
nurtax u aktuBanuto HAJIOH okcnmassl B acTpoIn-
TaxX KJIETKU ObLTH Pa3OUTHI Ha CIEIYIOIIUE TPYIIIBL:
KOHTPOJIb (MHTAKTHBIC KJIETKH); KJICTKH, KOTOPBIC
WHKYOHUPOBaJH C MepeKuchio Bogopoaa (0,5 MM) B
teuenue 60 munyT mim ¢ TNF -a (0,1 Hr/mi) B Teue-
Hue 60 MUHYT; KJIETKH, KOTOPbIE MPEABAPUTEIHHO
WHKYOHUPOBAJHM C SKCTpakTOM KepMeka (30 MKr/mi)
B TeueHue 18 4acoB; KJIIETKU, KOTOPbIE HHKYOHPOBa-
JIM CHavaJla ¢ HKCTPAKTOM KepMeKa, a 3aTeM ¢ epe-
KHUCblo Bopoposa uiu TNF -a B Tex e yClIOBHsIX,
YTO U B NIPEJBIAYIINX [PYIINax.
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Onpeodenenue cooepiicanus Cynepoxcud aHuoHa
8 HELPOHAX U ACMPOYUMAX 20JI08HO20 MO32d

KomnnuecTBeHHYIO OIIEHKY CYTIEpPOKCH] aHHOHA
B HEHpOHAX MPOBOJIWIN C TIOMOLIBIO OKPALIMBAHUS
KIIETOK (PITyOpecCIeHTHBIM KpacHUTeNeM IUTHAPO-
stumuymoM (DHE) (Zanetti M, 2005: 65). Heiipo-
Hbl KOHTPOJIBHOM TPyMIlbl UHKYOMPOBAIN B KYyJb-
TypanbHOU cpene ¢ nobasmenmem DHE (Sigma,
CIIA) B xonnentpamuu 5 MM (Zanetti M, 2005:
66) B Teuenue 1 gaca. Kietku, kotopsle noasepra-
T BO3JICHCTBHIO MEPEKUCH BOAOPOAA, MHKYOHPO-
Basiu ¢ DHE napaiuensHo.

Amnanu3 ypoHs rerepanun ADOK B actporurax
MPOBOJMJIM TyTEM OIEHKH OOIIEero coaep KaHus
KHCJIOPOJHBIX PaJUKaIOB Kak BHYTPHKIETOYHO-
ro, TaKk U B KyJbTypanbHOU cpene. s 3T0ro uc-
MOJTE30BAIM METOJ OIIEHKH CYMEPOKCH aHHOHA C
MOMOIIIBI0  Kpacuteliss 2',7'-muxaopouruapoduiro-
opocuenn anerata (DCF). [lns ananuza conepxa-
Hust ADK B acTpornurax KIETKM WHKYOHpOBAIH C
DCF (Life Technologies, CIIIA) B koHIIEHTpanuu 5
MKM, B Teuenue 1 uaca (Corda S, 2001: 762) . Ilo-
cJie MHKYOAIny ¢ KpacuTelleM HHTEHCUBHOCTE (ITy-
OPECIIEHIINY OIIEHUBAJIH C MTOMOIIBIO MJIAHIIIETHOTO
punepa Synergy H1.

Qukcayus Ki1emoK U UMMYHODIyopecyenmHoe
OKpawueanue

Jns mpoBeneHust ¢uIyopecEHTHOTO aHalIu3a
KyJIBTYpy KJIETOK B KOHTPOJIE U OTbITe (pUKCHpOBa-
mu B Teuenue 30 munyT B 3,74% dopmanune. [Tocme
4ero MpoBOAMIM NiepMeadmn3anuio kietok B 0,1%
pactBope Tpurona X-100 8 PBS (pH 7,4) B Teue-
Hue 2-3 MuHyT. /{75 nmpeaoTBpaieHust Hecnerugu-
YEeCKOT0 CBSI3bIBAHUS aHTHUTEII, IOKPOBHBIE CTEKJIA C
KIIETKaMHU WHKYOHUpOBaJu B 5% — M pacTBOpE CHIBO-
porouHoro anbOymuHa B ¢ocharaom Oydepe (pH
7,4) B Teuenue 1 yaca (Askarova S, 2011: 375).

Jus oxpammBaHus crienu(UIECKHX MapKepoB
HeiipoHoB (MAP2) u actpouurto (GFAP), cy0Obe-
muann HAJZI®H okcnpassr (p47phox u gp91phox)
B B KJIETKaX HCIOJB30BAIA METOJl UMMYHO(IYO-
PECIIEHTHOM OKpacKu. [IJist ATOro KICTKU MHKYOU-
poBanu c mepBUYHBIMH aHTHUTenaMu (SantaCruz
Biotechnologies, CIIIA), B pa3Bemenun 1:200,
cnenn(UIHBIX K HCCIIEAYEMBIM OeKaM, B TCUCHUE
12 gacos npu Temneparype 4°C. [locie sToro kier-
KM WHKYOHpOBAIIM CO BTOPHUYHBIMHA aHTHUTEIAMH,
KOHBIOTUPOBaHHBIMU ¢ (uryopodopom Alexa 594
u Alexa 488 (Life Technologies, CIIIA) B pa3Bee-
Huu 1:1000 B Teuenue 1 yaca nmpu KOMHATHOM TeM-
neparype. Bce anturtena paszsoguiu B hocdarHom
oydepe (pH 7,4), conepxkariem 1% CHIBOPOTOUHO-
ro anp0ymMuHa. 3ateM, JUIS OKPacKd siiep, KICTKH
okpamuBaiu Kpacurenem DAPI B Teuenune 5 MuHyT
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(Tarnowski BI, 1991: 297). [Tocne okpacku HOKPOB-
HbIE CTEKJIa C KJIETKAaMHU BBICYIIMBAIIM Ha BO3IyXe
U 3aKJIIOYAIM B CHELMAIBHYIO KUJIKOCTh ProLong
Diamond Antifade Mountant (Life Technologies,
CIIA), MOHTHpPOBAJIM HAa TPEIMETHBIC CTEKIA H
Mukpockonuposanu (Askarova S, 2011: 375).

Memoowt KoHpOKATLHOU MUKPOCKONUU U OYEH-
KU KoJIOKaau3ayuy 0eikos

dnyopeciieHTHbIE H300pakeHHs CyOBbeINHHIL
HAJI®H okcupaassl p47phox, gp91phox Ha mna3ma-
TUYECKOH MeMOpaHe SHIOTEIHNOIUTOB U aCTPOIH-
TOB TIOJyYaJId C MOMOIIBIO JIA3€PHOTO CKaHUPYIO-
miero koHgpoxkansHoro Mukpockona Carl Zeiss LSM
700 (Li JM, 2002: 19952).

dnyopodop Alexa 488 (akctunkuus 495 HM,
smuccus 519 HM) BO30YXIOaqu C MOMOIIBIO ap-
TOHOBOTO J1azepa (488 HM) mpu auamerpe KoH]O-
KaJbHOW IuadparMbel | ycjoBHas eIWHHIA, IS
B30y )aeHus Guryopodopa Alexa 594 (3kCTHHKIHS
591 M, smuccus 618 HM) HCTIONB30BAIIN TTOTYTIPO-
BOJHHUKOBBIN MUOAHBIN Hazep (590) mpu nuamerpe
KOH(OKaIbHOM AuadparMsl 1 yciioBHAs eIMHHLIA.

AKTHUBHOCTH pepMeHTHOTO KoMIniekca HA JIOH
OKCHJIa3bl OIICHUBAIN IO KOJMYECTBEHHOW KOJO-
Kanm3auuu cyowsenumuun gp9lphox m p47phox na
IIa3MaTHdeckol MemOpaHe kieTok. Ha cepmsx
(ITyOpecleHTHBIX ONTUYECKUX CPE30B TONIIHHOM 1
MKM, B K&KI0H KJIETKEe HHANBUAYAIBHO, OIPEACIs-
JIM TIPOCTPAHCTBEHHYIO KOJIOKAIN3AINIO HCCIeIye-
MBIX OOBEKTOB MOCPECTBOM HAIOXKEHUSI JIOKATLHO
nepeKpuIBaroIeiics (GayopecueHIMN ABYX MapKe-
poB: gp91phox (kpacHslit kanan) u p47phox (3ere-
HBIH KaHanm). TakuMm 00pa3oM, Ha y4acTKax KOJO-
Kanu3auuu IByX (ayopodopoB mpu COBMEIICHUN
3€JIEHOT0 ¥ KPACHOTO CIIEKTPOB TIOTYYaIIH JKENThIH
nBeT. B nporecce anann3a U3 moiay4eHHBIX H300pa-
KCHUH HCKIIIOYAIId BCE L[BETA KPOME JKEJITOTO, JUIs
9TOTO HWCIIOJIE30BAHM TPOTPAMMHOE OOECTIeueHHe
ImageJ Bepcun 1.48P B mMomudukanmm Fiji. Un-
TEHCHBHOCTh (PIIyOPECIEHIINH 3€JICHOT0, KPaCHOTO
1 JKEJITOTO CIIEKTPOB OIIEHWBAJH C TIOMOIIBIO TIPO-
rpammbl MetaMorph 7.8. Konokanuzanmto uccie-
JIyeMBIX OCJIKOB PaCCUNUTBHIBAIN UCXOS U3 OTHOLIE-
HUS TIEPEKPBIBAIOIIEHCS (IIyOPECIICHIINU (JKENThIH
KaHal) K oOmiel (ayopecieHIMy NCXOAHbIX KaHa-
noB (3enenblit u kpacubii) (Yang X, 2010: 859).

Konuuecmeennas  nyopecyenmnas  Mukpo-
ckonus

KavecTBeHHyI0 BH3yalbHYI0 M KOJMYECTBEH-
HYIO OIICHKY WHTEHCHBHOCTH CBEUYCHHUS MEUYECHBIX
MapKepoB MPOU3BOJMIN C MOMOIIHIO MOTOPH30-
BaHHOTO HWHBEPTHPOBAHHOTO  (IIyOpPECUEHTHOIO
mukpockomna Olympus [X83, crabtxennoro I13C-
(dorokamepori Olympus XMI10 u mnporpammont
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CellSense u MetaMorph 7.8. [lns nonyuyenus ¢iy-
OpECIICHTHBIX HW300pakeHUH! sfep KIETOK OKpa-
nreHHbIX kpacureneM DAPI ucnionb3oBammu GuibTp
¢ skcruakiuein 340/390 um u smuccuenn 420/460
HM. /{15 BU3yanu3anuy KIETOK OKpAIIeHHBIX Kpa-
cureneM DHE ncnonp3oBanu GuinbTp SKCTUHKIMEH
565/585 um u smuccueit 600/690 um. lns nomyde-
HUS MUMMYHO(DIyOpECHEHTHBIX CHHMKOB HCIIOJb-
30BaJId OJIMHAKOBBIC TMapameTpbl dKcrmosunun 400
MUWUIHCEKYHI. KONMMuecTBEHHYIO OIICHKY MpPOU3-
BOJAMIIM IIyTEM OIpE/CICHUS WHTCHCUBHOCTU CBe-
YEHUSI MECUCHBIX MAPKEPOB B YCIOBHBIX SIUHUIIAX.
Wsmepenne npousogmiu B 500 KIETKAaX B KaXA0U
rpymie uccienoBanuii (Askarova S, 2011: 375).

Cmamucmuueckas o6pabomra OaHHbIX

[Tonyyennsie AaHHBIC TPEACTABICHBI B BUIC
cpeaHel + cTaHJapTHas MOTPENTHOCTh CpeHEHN Be-
nnunHel (Mean = SEM). CtanaapTHbIE OTKIOHEHHS
MEXKIY SKCIEPUMEHTATBHBIMU PYINaMU OLCHUBA-
auck ¢ nomobto t-kpurepus CtproneHta. 3Haue-
HUSl CYUTAIHUCH JTOCTOBEPHO PA3IUYHBIMU MPH P <
0,05. Ananu3 JaHHBIX MPOBOJAUJICS C HCMIOJIB30Ba-
HUEM TPOTPaMMBI I CTaTUCTHYECKOTO aHaIH3a
SigmaPlot 11.

Pe3yabTaThl MCCi1e10BAHUS U UX 00CYXK/AeHHE
Pe3ynprarel KauecTBEHHOTO (IyOPECIIEHTHOTO

aHanm3a Mapkepa HeiipoHoB (MAP2) u acTporiuToB
(GFAP) mpencraBneHsl Ha pUcyHke 1.

MAP2

GFAP

Pucynok 1 — ®dnyopecueHuus peranbHOro HeipoHa u
acTPOLIUTOB TOJIOBHOTO MO3Ta UENIOBEKa.
VIMMyHO(ITyOpECLIEHTHOE OKPAIlIMBaHHE aHTHTEIAMU
k 6enkam MAP2 u GFAP, x600

Kax BumHO W3 mpuBeneHHOTO (IyopecieHT-
HOI'0O CHHMMKA, B BBIACIICHHBIX (I)CTEUIBHI)IX KJIETKax
HaONIOgaIM CcBeyeHHe MeyeHoro Oenka MAP2,
crieruuaHOTO I HelipoHoB (pucyHOK 1). Komm-
YeCTBEHHBIN aHajanu3 Iokas3ail, uro oojee 90% kie-
TOK MMEJH TOJOXKHUTEIBHYI0 OKPAacKy MO JaHHOMY
Oenky. M3 aToro cimeayer, 9To B HCCICAYyeMOM 00-
paslie OCHOBHOM KJIETOYHOM MOIYJISALIUEN SIBISUIACH
HEUPOHBL.

[Toacuer KIETOK, MOJOKUTEIBHO OKPAIICHHBIX
1o actporuaibHomMy Mapkepy GFAP, nokaszai, uro
6ostee 93% KIIETOK SBISUIUCH aCTPOLIUTAMHU.

Takum 00pazom, pe3yJabTaThl MPOBEIECHHOIO
WCCIICJIOBAHUS TIOKA3ali, YTO METOJ| BBIICICHUS
HEHPOHOB M aCTPOLIUTOB YeJIOBEKa M3 (eTalbHOU
TKaHH, UCTIOJIb3YEMbIH B HaCTOsIIIEH paboTe, M03Bo-
JISET TOJIYYUTh YHACThIC JIMHUW HEWPOHOB M acTpo-
UTOB U3 (DeTaNbHOM TKaHU YeI0BEKa.

Pe3ynbpTaThl KaueCTBEHHOTO M KOJUYECTBECH-
HOTO (DITyOpECIEHTHOTO aHaln3a ypPOBHS TeHepa-
nuu ADK B HelipoHax mpeacTaBiIeHbl Ha PUCYHKE
2. BugHo, 4TO B KOHTpOJIE CBEUCHHE HEHPOHOB
MpakTHYecKn He Habmonanochk. HTEHCHBHOCTD
(iyopecteHIIMM KJIETOK PEe3KO Bo3pacrana IpH
BO3JICUCTBUM MepekucH Bopopoaa. OaHako mpen-
BapuTeIbHAs 00pabOTKa KJICTOK PaCTHUTCIHHBIM
OKCTPAKTOM M3 KepMeKa ['MenwmHa MpuBOAWIA K
CHUKCHUIO MHTEHCUBHOCTU UX CBEUCHUS, MPAKTU-
YEeCKH JI0 YPOBHS KOHTPOJIs (pucyHOK 2a). Kommye-
CTBEHHasl OIIEHKA BU3yaJIbHO HaOJII0aeMOTo CBede-
HUS KJICTOK BBISIBWIA 3HAUUTENIBHOE BO3pPACTAHUE
WHTEHCUBHOCTH (IIyOPECIIEHTHOTO CHTHAJA TIOCIe
BO3JICUCTBUSI TIEPEKUCH BOJOpOAa (PUCYHOK 20).
YTo CBUAECTENHCTBOBAIO O 3HAYUTEIBHOM aKKyMY-
nupoBanun ADK B Heitponax. Hanpotus, npeasa-
PUTEILHOEC WHKYOUPOBAaHUE KJIETOK C 3KCTPAKTOM
u3 kepMeka ['menuna u nocneayrouiee Bo3aeiicTBUuE
MIEPEKHCH BOJIOPO/Ia, TIPUBOAMIIO K CHIDKEHHUIO MH-
teHcuBHOcTH DHE-dnyopecuennyn B HelipoHax,
M0 CPaBHEHUIO C KJIETKaMHU, KOTOPbIE HHKYOHpOBa-
JIX TOJTBKO C TIEPEKUCHIO BOAOPOIa (PUCYHOK 20).

Pe3ynbrarhl KOJUYECTBEHHOTO (DIIyopecieHT-
HOTO aHanu3a ypoBHs reHepaunu ADK B acTpouu-
Tax mpejicTaBiieHbl Ha pucyHke 3. CoryiacHo momy-
YeHHBIM J[aHHBIM, 00paboTka actpouutoB TNF-a
MPHUBOJMIIA K PE3KOMY YBEIHUYCHHUIO BBIPa0OTKU
A®K. IIpeaBapurenbHOE HHKYOHPOBAHUE KIIETOK C
AKCTPAKTOM M3 KepMmeka [ 'MenmHa mpemnsiTCTBOBAJIO
HakoreHuto A®K B actponutax. Ilo cpaBHeHuo
C KIETKaMH, KOTOpbIE IOABEpPralu BO3AEWCTBUIO
TOJBKO IUTOKWHA, JaHHBIA MMOKA3aTEh 3HAYUTEIb-
HO CHIDKacs. B To ke Bpemsi, caMm 1o ce0e IKCTPaKT
13 KepMmeka ['MenrmHa He OKa3bIBajl BIUSHUS Ha Te-
Hepario ADOK B acTporuTax, Tak Kak B JTaHHOM
JKCIIEPUMEHTE HWHTCHCHBHOCTHh (DIIyOpECICHIINH
KpacuTelsl He OTINYanach OT KOHTPOJIHHOTO yPOB-
Hs (pUCYHOK 3).

Pe3ynbTaTel uccienoBaHus BIUSHUS SKCTPAK-
Ta U3 KepMeka [ MenmHa Ha reHeparfio aKTHBHBIX
(hopM KHCIIOpO/Ia, TOKA3ajIH, YTO JaHHBIN IKCTPAKT,
o0namaeT  BBIPAXCHHBIMH  AHTHOKCHUIAHTHBIMHU
cBorictBamMu. Kpome Toro, cam 1o cede, IpHu 103H1-
poBke 30 MKI/MJI, JaHHBIH 3KCTPAKT HE OKa3bIBaJl
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BiusiHue Ha cogepxkanue ADK B kieTkax. AHTHU-
OKCHJIAHTHOE JICMCTBHUE HMCCIIEAYEMOro IKCTPAaKTa,
BEPOSTHO, CBSI3aHO C OOJIBIIUM COJCPIKAHUEM I10-
TUQEHOIOB, KOTOpbIC, KaK H3BECTHO, SBISIFOTCS
JIOBYIIKAMM JIJIsi KUCJIOPOJIHBIX pajiukanoB. OjHa-
KO, KaK YIIOMHHAJOCh BBIIIE, IKCTPAKT U3 KEpMEKa
I'menuua uMeeT CIIOXHBIM MHOTOKOMITOHEHTHBIM
COCTaB, TAKUM 00pa30oM, BIIOJIHE BO3MOXKHO, YTO OH
MOXET OKa3blBaThb MOJYJUpPYIOUIEE JAEHCTBUE, Ha-
MPaBIIEHHOE Ha Pa3lIUYHbIC (PEPMEHTHBIC CHCTEMBI
KJIETKH. YUYUTBhIBasi CBOMCTBA DKCTpPaAKTa U3 KepMme-
ka ['menuHa cHmXkaTh ypoBeHb renepannn AOK B

a

®a30Bbln
KOHTpacT

dnyopecueHUMA

¥

KoHTponb

H202 +
KepmeK mennHa

WHrencuexocte dinyopecueHumn DHE

KJIETKaX TOJIOBHOT'O MO3Ta, IOTUYHO MPEANOTI0KUTb,
YTO OH OKa3bIBA€T HEMOCPE/ICTBEHHOE BIMSHHUE Ha
SH3UMATHUECKHE KOMIUIEKCHI, MPOIYIIUPYIOIINe
KHUCIIOPOAHbIC pagukaibl. Kak U3BECTHO, OJHUM U3
BakHeHIMX UCTOYHMKOB ADK B acTpouuTax siB-
nsiercs HAJI®H oxcupaasa (Askarova S, 2011: 375,
Cai H, 2003: 471, Park L, 2005: 1769). B cBs3u ¢
BBIIICU3JI0’)KEHHBIM, HaMU OBLIO IMPOBEACHO HCCIIe-
JIOBAaHUE BIIHMSTHUS DKCTpaKTa u3 KepMmeka [ mennHa
Ha aktuBanuio HAJIOH oxcuaasel B acTpouuTax
U DHJOTEJIMOLUTAX TOJOBHOIO MO3ra. Pe3ynbrarhl
ATOTO MCCIIEIOBAHUS TIPEICTABICHBI HA PUCYHKE 4.

e

"~ p <0,01 mo cpaBHeHuIO ¢ KOHTpOJIEM, ®- p < 0,05, 110 CPABHEHHIO C KIIETKAMH,
KOTOpBIE TIO/IBEPTalii BO3ICHCTBHUIO MepeKucH Bojopona (t-kputepuii CTbroeHTa)

Pucynok 2 — ®nyopecnentasie pororpadpun u anamu3z ADK B weliponax. diyopecieHTHOE
okxpammBaane DHE, x200 (a); pe3ynsrarsl KoqndecTBeHHOTO aHann3a ypoBHs ADK B HelipoHax,
MOJIBEPTHYTHIX Pa3AeIbHOMY U coBMecTHOMY Bozzaeiictemio H O, n skcTpakra n3 kepmeka ['menmna (0).

AHanu3 MOMy4YeHHBIX PE3yJIbTATOB TOKA3al, YTO
ypoBeHb Konokamu3anuu cyowremuaun; HAJIOH ox-
cunassl p47phox u gp91phox B acTpornmTax, KOTOpbIE
noasepranu  BozzaerictButo TNF-o Bo3pacran, 4ro
CBHJIETEIILCTBYET 00 aKTHUBALMK JaHHOTO (hepMEHT-
HOTO KOMIUIeKca (pucyHOK 4 a, 6). B actpormrax,
KOTOpbIE TIPEBAPUTEIILHO MHKYOHUPOBAIIU C KCTPaK-
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TOM U3 KepMeka ['menuHa, a 3arem ¢ TNF-0, ypoBeHb
KOJIOKam3anuu cyowenuant] p47phox u gp91phox
3HAYMUTEIBHO CHIKAJICS TI0 CPABHEHUIO C KIICTKAMH,
KOTOpBIE MOJBEPrajii BO3AeHCTBUIO TONIBKO TNF-a 1
OCTaBaJICs HA YPOBHE KOHTPOJIBHBIX BeM4uH. CaM 1o
ce0e IKCTPaKT U3 KepMeka [ MennHa Ha KOoJoKan3a-
U0 CYOBbeIMHUIT (DEPMEHTA BIIUSIHUE HE OKa3bIBAL
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Pucynox 3 — ntencuBHocTh Quryopecuieniiuyn DCF B acTponnTax roioBHOro
Mosra npu Boszaeiictsun TNF-o 1 kepmeka I'menuHa, yci.en.
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**_p <0,01 mo cpaBHEHHIO ¢ KOHTpOJIeM, @ ®e- p < 0,001, To cpaBHEHHIO C KICTKAMHU,
KoTOpbIe oaBepranu Bo3aeiictButo TNF-a (t-xputepuii CTbroneHTa)

Pucynok 4 — ®nyopecuenthsie Gpororpaduu acTpoLUTOB, OKPAIICHHBIX aHTUTENAMH, CHeHH(QUIHBIMA
K cyoseauuunam HAJIOH oxcnnassl p47phox u gp91phox npu Bosneiicteun TNF-a, x600 (a);
KOJIMYCCTBCHHBIN aHanu3 Kostokanuzamnuu cyosenuani HADH oxkcumassr p47phox u gp91phox B actpormrax (0).
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Ha ocHoBanuu mMony4eHHBIX NAaHHBIX, MOKHO
3aKIFOUNTh, 4T0 TNF-0 mHIynmpyeT cOOpKy IHUTO-
TUTa3MaTHYECKUX M MEeMOpaHHBIX CyOKOMITapTMEH-
toB HAJI®H oxcupmassl acTpoLMTOB TOJOBHOTO
MO3Tra M aKTUBUPYET NaHHBIH (DEPMEHTHBIA KOM-
TUIeKC. DKCTpakT W3 KepMmeka ['MennHa, mpemsT-
ctByeT aktuBanuu HA JIOH oxcuaasel, u, BEpOsSITHO,
TakUM 00pa3oM CHMXaeT ypoBeHb cuHTe3a ADK B
KJIETKaX. DTH pe3yJIbTaThl COTIACYIOTCS C pe3yiIbTa-
Tamu 1o onenke coaepxxanus ADK B actponurax,
ONMCAaHHBIX BhILIE. PEe3toMUpYs BBILIECU3II0KEHHOE,

MOXHO CIEJIaTh BBIBOJ O TOM, UTO SKCTPAKT U3 Kep-
MeKka ['MenmHa OKa3bIBacT KOMIUIEKCHOE TPOTEK-
TOPHOE NIEWCTBHUE HA ACTPOIMTHI TOJIOBHOTO MO3Ta.
Takke pe3ynbTaThl MPOBEACHHOTO HCCICAOBAHUS
[I0Ka3aJIM, YTO HCCIEAYEMbIM PACTUTENBHBIN 3KC-
TPaKT MPEMATCTBYET PA3BUTHUIO OKUCIUTEIHLHOTO
cTpecca B HelipoHax. J[J1s1 6oJiee OTHOMH OIICHKH Te-
paIneBTHYECKOTO IMOTEHITHATa JAHHOTO KCTPAKTa B
Ka4yeCTBE HEHPOMPOTEKTOpa TPEOYETCsI IPOBEACHUE
UCCIEAOBAHUM in Vivo, UTO SIBISIETCS] CIEAYIOLIUM
JTAOM HAIIMX UCCIIEIOBaHUM.
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U3YYEHUE B3AMMOBAUSAHUSA BbICLLUX BOAHbIX PACTEHUI
N ®OTOTPODPHLIX MMKPOOPIAHN3MOB
C UEABIO CO3AAHUA KOHCOPLUHNYMA, MNEPCINEKTMBHOIO
AASl BUOPEMEAUALIMU

OAHMM M3 HarpaBAEHUI COBPEMEHHbIX 3KOAOIMYECKMX WMCCAEAOBAHMIA SIBASETCS pa3paboTka
TEOPETUUECKUX M MPAKTUYECKUX acrekToB Guopemeamalv BOAOEMOB, OCHOBaHHAas Ha MCMIOAb30BaHMM
NPUPOAHBIX MEXaHU3MOB CAMOOYUMILEHWMS M CAaMOBOCCTAHOBAEHMS BOAOEMOB, AENCTBME KOTOPbIX
CBSI3aHO C AESTEAbHOCTbIO PA3AMUHbIX BUAOB LIMAaHOBAKTEPUI 1M MUKPOBOAOPOCAEN. M3BECTHO, UTO
AAS TTOBbILLEeHUS 3(DHEKTUBHOCTH BropemeAraLmn CNIOAb3YIOTCS HE MOHO-, @ CMeLLIaHHble KYAbTYPbl
MUKPOOPraHM3MOB, AASl TIOAYUEHMS KOTOPbIX HEOOXOAMMO YUMTbIBaTb OCOGEHHOCTU BHYTPUBMAOBbIX
B3aMMOOTHOLLEHWI LiaHOBaKTepPUin, MUKPOBOAOPOCAEN U B3aUMOBAMSIHUE (POTO — M reTepoTPOdHbIX
MMKPOOPraHmM3moB. LleAbio MCCAEAOBAHMI SBASAOCH U3YUEHME B3aUMHOIO BAMSIHUS BUAOB BbICLIMX
BOAHbIX pacteHun (BBP), KyAbTyp umaHOGakTepuii M MUKPOBOAOPOCAEN, PE3UCTEHTHbBIX K TIXKEAbIM
METaAAaM AAS (DOPMMPOBAHMS M3 HMX aCCOUMALMIA B MOAEAbHbIX oOnbiTax. OTo6paHbl KyAbTYpbl
AASl CO3AQHMS KOHCopuuyma BBP ¢ hoTOTpOMHbIMM MUKPOOPraHM3mamu, MepCrieKTUBHbIX AAS
6ropemeamaumn. BbIAO yCTaHOBAEHO, UTO M3 MCCAeAOBaHHbIX BBP crnoco6HOCTL K COBMECTHOMY
cocyulecTtBoBaHMio y Pistia stratiotes HabAIOAQAOCH C KyAbTypamu umaHoGakTepusmu Phormidium
autumnale -5 u Anabaena variabilis RI-5. OnpeaeAeHo, 4To M3 MCCAEAOBaHHbBIX MMKPOBOAOPOCAEN
KyAbTypbl Ankistrodesmus sp. Bl-1 n Scenedesmus quadricauda B-1 MoryT 6biTb KOHCOPTamM BbICLIErO
BOAHOro pacteHms Pistia stratiotes.

KatloueBble cAOBa: BbiClIAs BOAHAas PACTUTEAbHOCTb, LMAHOGAKTEPUM, MUKPOBOAPOCAM,
KOHCOPLIMYM.
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Zayadan B.K.", Kirbaeva D.K.!, Karabaeva I.Zh.", Habibi A.'?
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Studying the relationship of higher water plants and phototrophic microorganisms
with the purpose of creating a consortium promising for bioremediation

One of the priority areas of modern environmental research is the development of theoretical and
practical aspects of the bioremediation of water bodies, based on the use of natural mechanisms for
self-purification and self-recovery of water bodies, the action of which is related to the activity of mi-
croorganisms belonging to different types of cyanobacteria and microalgae. It is known that in order to
increase the efficiency of bioremediation, not mono-but mixed cultures of microorganisms are used to
obtain which it is necessary to take into account the peculiarities of intraspecific relationships between
cyanobacteria and microalgae and the interference of photo- and heterotrophic microorganisms. The aim
of the research was to study the mutual influence of the species of higher aquatic plants (HAP), cultures
of cyanobacteria and microalgae resistant to heavy metals to form associations of them in model experi-
ments. By results of researches, cultures for creation of consortium HAP with phototrophic microorgan-
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isms, perspective for bioremediation are selected. It was found that the ability to co-exist in the Pistia
stratiotes was observed from cultures of cyanobacteria Phormidium autumnale 1-5 and Anabaena varia-
bilis RI-5 from the studied higher aquatic plants. It is determined that of the studied microalgae species
of Ankistrodesmus sp. BI-1 and Schenedemus quadricauda B-1 can be consortia of the higher aquatic
plant Pistia stratiotes.

Key words: higher aquatic plants, cyanobacteria, microalgae, consortium.
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buopemeamaums ywiH NepcnekTMBTI KOHCOPLMYM KYPY MaKCaTbIHAQ
)KOFapbl CaTbIAbI CY OCIMAIr MeH (poToTPoTbl MMKPOOPraHM3MAEPAIH 63apa acepiH 3epTTey

DKOAOTUSIAbIK, 3epTTeyAEPAiH 6acbiM GarbITTapbiHbIH 6ipi Cy KOMMaAapbl GUopemMeAmaumsiChiHbIH
TEOPUSIABIK, >KOHE MPAKTMKAAbIK, aCreKTiAepiHiH 3epTTeAyi, oAap uMaHOOaKTeEPUSIAAP MeH MUKPOBaA-
AbIPAAPAbIH 8P TYPAEPiHe aTaTblH MUKPOOPraHM3MAEPAIH >KYMbICBIMEH GariAaHbICTbl GOAATbIH, Cy
KOMMaAapbIHbIH 63-63iHEH KaArbIHA KeAyi >kaHe 63iH-63i Tasaray TabuFu MeXaHM3MAEPIH MarnAaAaHyFa
HerizaeAreH. bropemeamnaumsHbiH, 3EKTUBTIAINIH apTThIPy MaKCaTbIHAQ MWMKPOOPTraHU3MAEPAIH,
MOHO- eMeC, apaAaC AaKbIAAAPbl MarAAAaHbIAATbIHbI GEATiAl, OAapAbl aAy YiliH umaHoGakTepusiaap
MEH MUKPOBAAABIPAAPAbIH K8He (POTO- >keHe reTepoTpodThl MMKPOOPraHU3MAEPAIH TYpPiLliAik
e3apa acepiHiH, epekleAiKTepPiH eckepe OTbIpy KaXKeT. 3epTTeyAiH MakcaTbl MOAEAbAI 3epTTEyAepAE
ayblp MeTaAapapFa Te3iMAi KOFapbl caTtblAbl Cy ecimMaikTepi OKCCO), umaHobakTepusi AakbiAAApb
KoHe MUKPOBaAAbIPAAPAbIH ©3apa 6GarAaHbICbIH, OAAPAAH accoLauMsi Kypy MakcaTbiHAQ 3epTTey.
3epTTey HoTuxKeaepi OoiblHWa, Ounopemeamnaums ywiH nepcnektuTi XKCCO meH doToTpodThI
MUKPOOPraHM3MAEPAIH, KOHCOPLUMYMbIH KYPY YLWIH AQKbIAAQP TaHAQAbIHbIM aAbIHAbL. 3epTTeAreH
>KOFapbl CaTblAbl Cy BCIMAIKTepiHeH GipAecin Tipuiaik eTyre Pistia stratiotes-Te Phormidium autumnale
I-5 >kaHe Anabaena variabilis RI-5 upaHob6akTepusiAapbiHbIH AQKbIAAAPbIMEH GaKAAATbIHbI ADAEAAEHAI.
3epTTeAiHreH mMukpobaaabipAapabiH Ankistrodesmus sp. Bl-1 kexe Scenedesmus quadricauda B-1
AaKblAAapbl Pistia stratiotes >korFapbl CaTbIAbI Cy 6CIMAINIMEH KOHCOPT GOAQ aAaTbIHAbIFbI aHBIKTAAADI.

Ty#iH ce3aep: XoFapbl CaTbliAbl Cy OCIMAIT, umMaHo6aKTepUsIAap, MUKPOBAAABIPAAP, KOHCOPLIMYM.

BBenenune

OgHMM W3 TPHOPUTETHBIX HANpPaBIEHHH CO-
BPEMEHHBIX JKOJOTMYECKUX HCCIICAOBAHUN SIBIIS-
eTcs pa3paboTKa TEOPETHYECKUX W TMPAKTHYECKUX
aCTIeKTOB OMopeMeananuy BOAOEMOB, OCHOBAHHAS
Ha WCIOJNB30BAHUU TIPUPOJIHBIX MEXaHHW3MOB Ca-
MOOYHIIIEHUSI U CaMOBOCCTAHOBIIEHUS BOIOEMOB,
JIEHICTBHE KOTOPBIX CBSI3aHO C ACSITEIHHOCTHIO MU-
KPOOPTraHU3MOB, TPUHAUICKANNX K Pa3TUIHBIM
BUJaM NraHoOakTepuii 1 MuUKpoBojaopocieit (Tay-
baes T.T., 2000: 113). IIpakTrdeckas 3HAUNMOCTH
9THX 00BEKTOB JIsl OMOpPEeMEAHAH U JJIOOYUCTKH
BOJIOEMOB OTPEJIENAETCS] YHUKAILHOCTHIO UX MeTa-
OOTMYIECKUX CITOCOOHOCTEH ((POTOCHHTES, TBIXaHUE,
pa3Ho00pa3ue UCTOYHUKOB YTIepojia, CIOCOOHOCTh
yCBamBaTh aTMOC(EpHBIN a30T U T.J.), BBICOKOH KY-
MYJSITHBHOW M JECTPYKTUBHOW CITOCOOHOCTBIO B
OTHOIICHUH TSDKEJBIX METAJIOB U B OTHOLICHUH Ta-
KHX OpTraHWYECKUX 3arps3HHUTENCH, KaKk HeTh, He-
drenponykTsl, ¢henonsl u T.. (Chong A.M., 2000:
251). UsBecTHO, YTO ISl TIOBBIICHHUS dPPEKTHUB-
HOCTH OWOpeMeNuaInui WCIOIb3yITCS HE MOHO-,
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a CMEIIaHHbBIE KYJIbTYPbl MHUKPOOPTaHU3MOB, IJIs
MTOJTyYeHHUST KOTOPBIX HEOOXOIMMO YIUTHIBATH OCO-
6CHHOCTI/I BHYTPUBUIOBBIX B3aMMOOTHOIICHUI -
aHOOaKTepUil U MUKPOBOAOPOCIICH U B3aMMOBIIHSI-
HHEe (OTO- U TETePOTPOPHBIX MHKPOOPTAHU3MOB.
Koncopiust — MuHUManbHas CTPyKTypHas eIMHUIa
OMOIIEHO3a, COCTOSIIAs U3 PAa3HOPOIHBIX OpTaHH3-
MOB, KOTOpBIE B T€UE€HHE BCEW JKM3HU WIIN OT/ACIh-
HbIX TIEPHUOJA0OB HAXOAATCA B TCCHBIX W ITOJIC3HBIX
KOHTAKTHBIX OTHOILICHHSX ApPYyr ¢ aApyrom (Poma-
Henko B.JI., 2005:45).

Beiciive BojiHbIC pACTEHUS COCTABIISIOT MHOI'O-
YHUCIICHHYIO TPYIITY THAPOOUOHTOB, KOTOPast OKa3bl-
BaeT pa3HOCTOPOHHEE BIMSIHNE HA KU3Hb BOIOEMOB
1 BOJIOTOKOB - OT CO3JIaHusI TACTOUIII, YOSIKHUIIL U He-
PECTHIINI ISl pa3IMYHBIX IPEACTaBUTEICH BOTHON
(hayHOIT 1O YCHIIEHHUS TIPOIIECCOB CAaMOOYHUIICHHUS -
camo3arpsi3HeHus: 1 OPMUPOBAHUS Ka4eCTBa BOBI
(KoBanesckuit A.JL., 1977: 165). MHOTOUHUCIICHHBIC
JAaHHBIE CBUJETEIHCTBYIOT 00 aKTHBHOW CpPEIoo-
Opasyrorield ponu 3TuX pacteHudl. OHU CHHKAIOT
KOHIICHTPAIINIO ¥ U3MEHSIOT COOTHOIIIEHUE a30Ta U
(hochopa, yMEHBITIAIOT COACP)KAHUE TSKEIBIX Me-
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TaJJIOB, YCKOPSIOT CHIYKCHNE KOHIICHTPALIUH B BOJIC
psza OpraHnYecKuX TOKCHKAHTOB, BCE ATO MTO3BOJIS-
€T PEeKOMEH/IOBATh MX K UCIIOJIb30BAHUIO JIJIsl OMO-
JIOTMYECKOM OYMCTKH 3arpsi3HEHHBIX ITOBEPXHOCT-
HeIX Box (Syeda H.B., 2016: 25). Mcnons3oBanue
B HCKYCCTBEHHBIX CHCTEMaX OYHCTKH BOJBI KOHCOP-
LUyMa OPTaHU3MOB Pa3JIMYHBIX TAKCOHOMHYECKUX
TpyMIT, IPUMEHEHHE aKTHBHBIX IITAMMOB MHKPOOP-
TaHU3MOB-ECTPYKTOPOB, BBIIEICHUE U HCIOIb30-
BaHHME YCTOWYMBBIX K 3arpPsI3HEHHBIM BOAAM MHKPO-
BOOPOCIICH, BBEICHUE B OUUILAIOIINNA KOHCOPLILYM
BBICIIMX BOJHBIX PACTEHHH, MO3BOJISIET CO37ATh
HOBYIO KOMIUICKCHYIO OMOTEXHOJIOTHUIO OYHCTKH U
BOCCTaHOBJICHHS BOJOEMOB, 3arpsi3HEHHBIX pa3-
nuuabiMu niojutrotrantamMu  (Chojnacka K., 2010:
299). B cBsI3M ¢ BBIICU3IOKEHHBIM, TPEACTABIISIIO
WHTEpeC M3y4YeHHE THITa CKJIAbIBAIONIUXCS B3au-
MOOTHOIICHHH B KoHcopiimyme BBP u dororpod-
HBIX MHKPOOPT'aHHW3MOB, C LENbI0 CO3JaHMs Ha UX
OCHOBE aCCOIMAIlNU TEePCIIEKTUBHOMN I OYHUCTKU
3arpsi3HEHHON BOJIbI

B mHacrosmiee Bpemsi mpoOnema 3arpsizHe-
HUSL OKpY’KAaIOIIeW cpelbl TSHKEITBIMA MeTallJIaMH
(TM) cranoButcs Bce Oonee akTyasibHOH. Mera-
JBI TPECTABISIOT CEPbE3HYIO YIpo3y Ajsl OMOTHI
BCJIEJICTBUE OCTPOH TOKCHYHOCTH H ITOCTETIEHHOTO
HaKOIJIGHUA B OKpY’Kalollei cpeie 10 OMacHOro
3HaueHus (Arunakumara K.K., 2008: 60). B mo-
CJIEJTHHE TO/BI DKOJIOTH HapsIy C OIEHKOW YpOBHS
3arpsiI3HEHUM M ONPEJEICHUS] UX UCTOYHUKOB BCE
OosplIe 00palaloT BHUMaHUE Ha BBISIBIICHUE «CY/Ib-
OBD» TOMABIIMX B MPHUPOTHYIO CPEAy BEHIECTB, WX
[IPEBPAILCHUNA U B3aUMOJECHCTBUI € JKUBBIMU Opra-
HuzMamu (Dunbabin J.S., 1992: 56). YnoOHbIM 00B-
€KTOM ISl TaKUX WCCIIEOBAaHWH CITy>KaT BBICIIHE
BOJIHBIC PaCTeHUE, TUAHOOAKTEPUH U MUKPOBOJIO-
poCIH, KOTOpBIE CLIOCOOHBI HAKAIJIMBATh B BEICOKUX
KOHIICHTPAIUAX MHOTHE DJIEMEHTHI M TIEPEBOIUTH
UX B HETOKCHYHYIO ()OPMY, UTO B HACTOSIIECE BPEMsI
LIMPOKO TPUMEHSIETCS] B LENsX OMopeMenuanuu -
JUTSI OYMCTKH BOTHBIX cTOKOB (Ahalya N., 2003: 71).

[Ipy CcoBMECTHOM TPOU3PACTAHUU BBICIIUX
pacteHuii U Bogopociel Hamboyiee 4acTo BCTpe-
qaromeicss (HopMOH B3aMMOACHCTBHUS  SBIACTCS
KOHKypeHIUsi. B koHKypeHTHOW OopnbOe Oolee
ObICTpOpAcTyIIME OPTaHU3Mbl YHUCTO MEXaHW4e-
CKM BBITECHAIOT MEJIEHHOpacTymue. A B CHHY-
3USIX TIPECTAaBUTENN OJHOTO BHJA BO3JCHCTBYIOT
Ha TpPEJCTaBUTENEH COCEACTBYIOIEro BUAA C IIO-
MOIIII0 BBIICJICHUS OTIPENICICHHBIX XUMHUYECKUX
BEIIECTB, TOPMO3SIINX HJIM MOJHOCTHIO TOJABIs-
IOIMX POCT mociiennux. Hampumep, mpu mpopa-
IIMBAaHUK 300CIHOp JIAMHHAPHEBBIX BOJOPOCIEH B
HCKYCCTBEHHBIX YCIOBHUSX NMPOPOCTKH U3 HUX HE

Pa3BUBAIOTCS, €CITU B COCYAAX C 300CIOPAMH HAXO-
JIATCSL 9acTH TaNTIOMOB ackoduiuryma. OgHAKO HU3-
BECTHBI (PaKThI ¥ ITOJIOKUTEILHOTO B3aUMOJICHCTBHUS
BOZOPOCIIEH, B YACTHOCTH C BBICIIMMH PACTCHHUSAMH, &
MMEHHO CTUMYJHpYIoIee AeWCTBIE MPUKI3HEHHBIX
BBIJIEJICHUI BOJOPOCIIE HAa KOPHU BBICIIUX pacTe-
HUI B BOAHBIX 3KOcHcTeMax — KoHcopuusx (Kupren-
ko H.M., 2011: 73). Ctumynsmms pocta MUKPOOHOTO
coo0IecTBa pu3ocdepbl MPOUCXOIHUT 3a CUET MpO-
JIYKTOB JKH3HEACSTENbHOCTH KOPHEBOW CHCTEMBI
pacTeHust (KOPHEBBIX JMICMO3UTOB, PU30ICIIO3UTOB).
OHM COCTOSAT U3 KOPHEBBIX IKCCYIATOB (BBIJIEIICHHIA),
BBICOKOMOJICKYJISIPHBIX METaOOJINUTOB U yTpadeHHBIX
qacTeil pacTeHus (CIyIIUBAIOMINXCS KIETOK, OTMEp-
IIMX YYacTKOB KOpHS, KOPHEBOTO YeXJIMKa W T.[I.)
(Danquah M.K., 2010: 1037). Pactenue takxe cro-
COOCTBYET M3MEHEHHIO (PH3MKO-XHMHUYECKHUX YCIIO-
BUIl cpe/ibl OOMTaHHUsT MHKPOOPTaHU3MOB, OKa3bIBas
MEXaHUUYECKOE BO3/ICHCTBIE Ha SKOCHCUTEMY. Pa3Bu-
BasiCh Ha KOPHEBBIX JIETIO3UTAX pacTeHwus, pusochep-
Hble MUKPOOPIaHU3MBI B MpoIlecce MeTadonm3ma u
MoCJIe OTMUPAHUSI MUKPOOHBIX KIIETOK 00pa3yroT MH-
TaTeJbHbIEC BelecTBa B (hopMax, JOCTYIHBIX IS HC-
nonb3oBaHus pacteHussMu. CozaaHne KOpPHEBOH CH-
CTEMOH pacTeHHs1 ONaronpusTHONW cpenbl OOUTaHUS
JUTE MAKPOOPTaHW3MOB ITyTeM TOBBIIICHUS YPOBHS
MUTATENbHBIX BEIIECTB NPHUBOJUT HE TOJIBKO K YBeE-
JIMYCHUIO YHUCIICHHOCTH MUKPOOHOW MOMYJISLIH, HO
WHOTIA W K 3aMETHBIM M3MEHEHHUSM B COCTaBE MHU-
KpoOHoro cooodmiectsa (Sorokina G.A., 2013: 182).
BuotexHonornueckoe MCHoNb30BaHUE PU30CPEPHO-
ro cHMOMO03a pacCMaTpUBAETCsl B HACTOSIIEE BPeMs
HE TOJIBKO ISl CO3JaHMsl ONarompusITHBIX YCIOBHH
Pa3BHUTHS CEIBCKOXO35CTBEHHBIX pacTeHUH, HO U B
cirydae (UTOpeMeanaIiy 3arps3HEHHBIX BOJ U TIOYB
(Aurangzeb N., 2014:881).

Llenpio uccnenoBaHui SIBISUIOCH H3yUYECHHUE B3a-
WMHOTO BJIMSIHUS BUJIOB BBICIIINX BOIHBIX PACTCHUH
(BBP), xymeryp nmaHoOakTepuii W MHUKPOBOIO-
pociell pe3UCTeHTHBIX K TSDKENBIM MeTajulaM JUist
(hopMHUpPOBaHHS M3 HUX aCCOIHAIUI B MOJEIBHBIX
OTIBITaX.

MarepuaJjbl H MEeTOAbI HCCIIETOBAHMS

OOBEKTBl UCCIICIOBaHUSI — BBICIINE BOJHBIC
pactenuu: Lemna minor, Pistia stratiotes, Elodea
canadensis, NPUPOJHBIE U KOJUICKIIUOHHBIC IITaM-
MBI GOTOTPOPHBIX MUKPOOPTaHU3MOB: Phormidium
autumnale 1-5, Anabaena variabilis R1-5, Oscillato-
ria tenuis R1-4, Synechococcus elongates 1-4, Nos-
toc calcicola R1-3, Scenedesmus quadricauda B-1,
Chlamydomonas reinhardtii B-4 u Chlorella vulga-
ris BB-2, Ankistrodesmus sp. BI-1.
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OnbITEl TPOBOJWIINCH C UCIOJIB30BAHUEM Cpe-
ne1 L tefinOepra B TIOMHHOCTATE IIPH TEMIIEPAType
24-27C° B ycnoBHAX KPYTJIIOCYTOYHOTO OCBEIICHHUS
(2000 JIx) (Adamu Y.U., 2015: 49). B xax1oM OI1bI-
T€ W3y4YaJHCh B3aUMOOTHOIICHHUS MEXKIy OIpesie-
JICHHBIMHU KYJIBTYpaMH MHKPOBOIOPOCIEH, I[HaHO-
OakTepuii U BBICHIMX BOAHBIX pacTeHuH. Ji1st aToro
B CTEpWIbHBIE CTaKaHbl HajguBaiu 1o 250 mu1 cre-
PUIBHOW NMUTATENBHON CPEMbI, 3aTEM TY/Ia BHOCWIIN
KYJIBTYPbI IHaHOOAKTEPHH C HCXOAHOH TNTOTHOCTHIO
(D) - 0,1, a KyTbTypbl MUKPOBOIOPOCIIEH BHOCHITH C
HUCXOAHBIM KomnuecTBOM 106 KJIIETOK/MII U TOMeEIa-
JIOCh TIO TATH pacTeHuil. Yepes 7 cyTOK MpOBOAMIICS
aHanM3 MOP(QOIOTHUECKUX M3MEHEHHUU JINCTHEB U
KOpPHEH pacTeHWl W MHTEHCHBHOCTU pocta (oTo-
TpodpHbIX MHUKpoopranu3MoB (Thomas S., 2002:
649). OgHOBpPEMEHHO C OIBITHBIMHA BapHaHTaMHU
(MukpoBonopocin+BBP u nmano6akrepuii-+BBP)
CTaBWJIM KOHTPOJIBHBIC BAPUAHTHI 10 BBIPAIIIMBAHUIO
B TeX )K€ yCIOBHIX (OTOTPO(HBIX MUKPOOPTAHU3-
MOB U BBICIIUX BOJIHBIX PACTEHUI B MOHOKYJIETYPE.

Pe3ynbrarhl Hcciie10BaHUSI M MX 00CYK/IeHUE

Lenbto mpeacraBieHHol paboThl OBLIO H3yYe-
HUE THUINA CKJIAIBIBAIOIIUXCS B3aWMOOTHOLICHUN

Mexay BBP u dororpodubIME MHKpOOpraHuzma-
MU, IS TOCIEAYIOMETO CO3IaHUS KOHCOPIIMyMa
MIEPCIIEKTUBHOTO JIsSi OYUCTKH 3arpsi3HEHHOW BOJIBI.
OOBeKThI UCCIIeOBaHUS ObUTH OTOOpPaHBI IO pe-
3yabTaTaM HalluX MPEAbIIYIINX NCCIeIOBaHUM, TIe
OHH TIOKa3aJIM HanboJIee BHICOKYIO JECTPYKTHBHYIO
1 COpPOIMOHHYI0 aKTUBHOCTH B OTHOIIICHUN OPTraHu-
YECKUX 3arps3HAUTENEH ¥ HOHOB TSHKEIIBIX METAIIJIOB
(Zayadan B.K., 2016: 42).

Nsyueno cunepruyeckoe aeiictsue sunoB BBP
U [HaHOOAKTEPHATIbHBIX KYIBTYP B MOJEIHHBIX
onbITax. [Ijis 3TOro BHJIbI BBICIIUX BOJHBIX pac-
tenuit Pistia stratiotes, Elodea canadensis, Lemna
minor U MUAHOOAKTEPUAIBHBIX KyIbTyp Phormi-
dium autumnale 1-5, Anabaena variabilis RI1-5, Os-
cillatoria tenuis R1-4, Synechococcus elongates 1-4,
Nostoc calcicola RI-3 BbIpamumBaam COBMECTHO B
nmabopatopubix yenoBmsix (3asman b.K., 2016: 206).

Kak moka3bIBatOT pe3ynabTaThl KCIIEPUMEHTOB,
B MOHOKYJIBTYpax pOCT ITHAaHOOAKTEpUil XapakTe-
pHU3yeTcs KIACCHYeCKHMMH 3aKOHOMEPHOCTSIMH, Y
Pa3HBIX BHJIOB OTJIIMYASICh JIMIITH CKOPOCTHIO U U~
TENBHOCTHIO (a3 pa3Buthi. lIpn coBMecTHOM KyJb-
TUBUpOBaHUM ITanoOakTepuii ¢ BBP nHabmronanock
HM3MEHEHNE UHTEHCHBHOCTH POCTa 00enx 0ObEKTOB
nccnenoBanys (Tadmura 1).

Tadmuua 1 — BiausiHue BBICIIMX BOJHBIX pACTEHHN HA POCT [IMaHOOAKTEPHI

Hcxomuast K Poct niaHo6akTepuii ¢ BBICIIUMHI BOJIHBIMH PACTCHUSIMU
. OHTPOJIb,
Kynerypsl imano6akrepuit MJIOTHOCTh D
MaHOOAKTEpHii D) Pistia stratiotes Elodea canadensis Lemna minor
Phormidium autumnale 1-5 0,1+0,2 0,9+0,01 0,8+0,01 0,7+0,03 0,42+0,02
Anabaena variabilis RI-5 0,1+0,1 0,8 0,02 0,7+0,01 0,7+0,02 0,5+0,01
Oscillatoria tenuis R1-4 0,1+0,1 0,8+0,04 0,7+0,02 0,8+0,01 0,4+0,02
Synechococcus elongates 1-4 0,1+0,2 0,8 £0,02 0,3+0,01 0,7+0,02 0,44+0,01
Nostoc calcicola R1-3 0,1+0,2 0,7+0,01 0,5+0,01 0,6+0,02 0,5+0,01

[Tpu coBMecTHOM BBIpAIIMBAHUK BOJTHBIX pacTe-
HUH Lemna minor ¢ pa3in4HbIMU HAHOOAKTEPUSIMH
HaOJIF01a7I0Ch 3HAYMMOE CHIDKEHHE CKOPOCTH pOcTa
Y BpEMEHH Y/IBOCHHS JIMCTELOB B BapUaHTE C L[Ha-
HoOakTepuent Synechococcusu elongates 1- 4. Ilpun
3TOM 4epe3 4 CYyTOK MCCIIEIOBAHMS JIMCTEIbI y PSICOK
no0eseny, a 3aTeM MPUOOPENTH CBETIO-OPaHKEBBIN
[BET, a IUIOBHOCTh KJIETOK Synechococcusu elon-
gates 1-4 cam3unace Ha 50%. B BapuaHTax ¢ KynpTy-
pamu nmanoOaxrepuit Phormidium autumnale 1-5 n
Oscillatoria tenuis RI-4 Ha TIPOTSKEHUHN BCETO 3KC-
HEepPUMEHTA CYIECTBEHHOTO MOP(OIOTHIECKOTO 13-
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MEHEHHUsI PaCTeHHs HE OTMEUEHO, HO HalJro/1anoch
HE3HAYUTEIbHOE TOPMOXKEHHE POCTa B KOHIIE OIIbI-
Ta. [I1oTHOCTE 3THX NMaHOOAKTEPUl B COBMECTHOM
KyJIbTUBUPOBAHUU C Lemna minor CHU3WIACH HA
53%. B BapuanTax ombITa ¢ KyJbTypaMu UaHOOAK-
tepuii Anabaena variabilis R1-5 n Nostoc calcicola
RI-3 nuctes pactenuit Lemna minor iMenu 3eCHBINA
LBET, OTPULATEIBHBIX MOP(OIOTHUECKIX H3MEHE-
HUW He Habmonanoch (pucyHok 1). Takum oOpazom
YCTaQHOBJIEHO, YTO BCE U3YYEHHBIE KYJIbTYpPhI LIHAHO-
OakTepuii OKa3pIBAIM PA3IMYHOE BIMSIHUAE HA POCT U
pas3BUTHE pacTeHus Lemna minor.
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MHUKpPOCKONIMYECKOE HCCIeJOBaHNE pacTCHUN
Lemna minor nokasajo, 4To LHaHOOAKTEPUH PaCTyT
CBOOO/THO HE TPUKJICTUISIOTCS] K KOPHSM PacTeHU.

[o cpaBHenuto ¢ Lemna minor HaWTy4IIuil pocT
¢ MaHOOaKTepUSIMH HAOIOANICS y BOJTHOTO pacTe-
Hus Pistia stratiotes. BeISABICHO, YTO ITMaHOOAKTEPUH
Phormidium autumnale 1-5 u Anabaena variabilis
RI-5 ctumynupoBanu poct Pistia stratiotes. Jluctes
pacTeHuil B 3TUX ONBITHBIX BapuaHTax ObuM Oolee
HACBIIICHHOTO L[BETA MO CPAaBHEHHIO C OCTAIBLHBIMU

a i) B T

BapuaHTaMu onbITa. [Ipm coBMECTHOM KyJIBTHUBH-
pOBaHUH C KyJIbTypoil Synechococcus elongates 1-4
Ha 7 CYTKM DKCIIEPUMEHTa OTMEYEHO TOSBICHHE
NPU3HAKOB HEKPO30B M XJIOPO30B B JIUCTHSX IH-
ctin (puUCyHOK 2). Mexny KynbTypor Synechococ-
cus elongates 1-4 m Pistia stratiotes CKIabIBacTCs
¢dopma anTrOHO3a B oTHOLIeHH BBP, npu kotopoit
OJIHA TOIYJISILKMS OTPULIATENIBHO BIMSIET Ha JIPYTYIO,
HO cama He MCTIBITHIBACT HU OTPHLIATEIEHOT0, HU 110~
noxutenspHoro BiusiHus (Cakesuu A.U., 2005: 104)..

(A — Hayano KyJIbTUBHPOBaHUs, b — yepe3 7 CyTOK KyJIbTHBUPOBAHMSI)
a- Phormidium autumnale 1-5, 6—Nostoc calcicola R1-3, B—Anabaena variabilis RI-5,
r—Synechococcus elongates 1- 4, n — Oscillatoria tenuis R1-4

Pucynok 1 — Lemna minor mpu COBMECTHOM BBIPAIINBAHUH C IINAHOOAKTEPHAMHU

a 0 B

(A — Hayano KyJ1bTHBUpOBaHUs, b — yepe3 7 cyTok KynbTHUBUpOBaHUs) a- Phormidium autumnale 1-5,
6—Nostoc calcicola R1-3, B-Anabaena variabilis R1-5, r—Synechococcus elongates 1- 4, n — Oscillatoria tenuis R1-4.
CTpenkaMy yKa3aHO PH3HAKH HEKPO30B U XJIOPO30B B JIMCTHSIX ITHCTHU

Pucynoxk 2 — Pistia stratiotes Ipu COBMECTHOM BBIPAIIUBAHHUH C IINAHOOAKTEPHSIME
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[lo pesyabpraTaM MHUKPOCKOITMYECKOTO HCCIIe-
JIOBaHUS U3 H3YyYEHHBIX LIMAHOOAKTEPH BO3MOXK-
HOCTh K 0Opa3oBaHuio koHcopuuyma ¢ BBP Pistia
Stratiotes HaOmMoOOanoce y KyiabTyp Phormidium
autumnale 1-5 u Anabaena variabilis RI-5. Knerkn
MaHo0aKTepUil pOCIH B OCHOBHOM TNPHKPEILISCH
K KOpHAM pactenuid (pucynok 3). Ilpum coBmect-
HOM KYJIBTHBHPOBAaHUU C KyJbTypamu Oscillatoria
tenuis RI-4 u Nostoc calcicola R1-3 spko BbIpaxeH-
HBIX H3MEHEeHuH B Mopdonoruu Pistia stratiotes
HE BBISBJICHO. YCTAHOBJICHO, YTO KJIETKH JJaHHBIX
KyJnbTyp nuaHoOakTepuit u Pistia stratiotes He oKa-
3BIBAIOT HUKAKOTO BO3/CHCTBHS APYT HA JIPYTa, 4TO
CBHUJICTENILCTBYET O HEUTPAJIbHOM THIIE B3aUMOOT-
HOILIEHUHA MEXIY HUMHU.

Elodea canadensis o cpasaenuto ¢ Pistia stra-
tiotes u Lemna minor OTpy KeHbI LIEJIUKOM B BOZLY
U HE MOTYT JI€pKaTbCs BHE €€. Y CTaHOBJIEHO, YTO
BCE MHCCICAOBAaHHbIC LUAHOOAKTEPUH OKa3bIBa-
JM OTPHULIATEJIFHOE BIMSAHHUE Ha pocT utoneu. [lpu
9TOM Ha HAYaJIbHOM JTarle SKCIIePUMEHTa 3aMETHBIX
MOPQOIOTUYECKUX HM3MEHEHHH HEe HaOJ0anocs,
HO B IOCJEOYIOUIME JHM BO BCEX BAPHAHTAX OIIbI-

Ta pa3BUBAJICS XJOPO3 MO KpasiM JIMCTHEB, 3aTEM U
MEXIY KHIIOK. B KOHIIe SKCcTIepuMeHTa XJI0po3 pac-
MpoCTpaHsIcs Ha TinaBHBIC XUIKK (YceHko O.M.,
2005:55).

Pucynox 3 — Phormidium autumnale 1-5 (a) n
Anabaena variabilis RI-5 (0) npuKperIeHHbIC K KOPHIM
Pistia stratiotes x40

Takum 06pa3zom, nccieJ0BaHNE B3aHMOOTHOIIIE-
HUll KynbTyp nmanobakrepun u Elodea canadensis
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M0Ka3aj10, 4TO BCE KYJIbTYPHI IIMAHOOAKTEPHI 3a-
METHO OTpaHUIUBAIOT pocT Elodea canadensis, Tor-
Jla KaK pacTeHUe He BIUSIET Ha UX POCT (PUCYHOK 4).
DT0 03HAYAET, YTO B3aMMOOTHOIIICHUSI MEXTy JTH-
MU OpPTaHW3MaMH MOKHO OIPEIENUTh, KaK aMeH-
CaJIbHBIC, YEMY COOTBETCTBYIOT KOJHUYECTBEHHBIC
COOTHOIICHHUS TIOKa3aTelieii MaKCUMaIbHOTO YHCIIa
[IMaHOOAKTEPH U OTMUPAHHE pacTeHHH. ViMerora-
sicsl B MTeparype MHGOpPMAIUS CBUACTEIbCTBYET
0 TOM, YTO TOKCHYECKHE BEIIECTBA, BBIACISECMbIC
OMAaHOOAKTEpUAMA MOTYT HETaTHBHO BIHUATH Ha
BOJIHbIC pacTeHus. Tak, UMEIOTCS CBEIICHUS O TOM,
YTO MUKPOIIUCTHH BBIICISIEMbIH [IHaHOOAKTePHUSIMH
CYIIIECTBEHHO yTHETaeT (POTOCHHTE3 B CIIEACTBHUU
YMEHBIICHUs COACPIKAHUS XJIOPOPHIUIa ¢ B OTHO-
mennn Elodea canadensis w Ceratophyllum demer-
sum (bayenoBa M.O., 2016: 117).

Takum 00pa3oM, U3 HM3YYCHHBIX BBICIIHUX BO-
JTHBIX PacTEHHH CIIOCOOHOCTH K COBMECTHOMY CY-
[IECTBOBAHUIO C ITMAHOOAKTEpUsIMHU HAOIIOIATOCH
y Pistia stratiotes ¢ xynpTypamu Phormidium au-
tumnale 1-5 n Anabaena variabilis RI-5. KynsTypsl
Oscillatoria tenuis R1-4 u Nostoc calcicola RI-3 e
OKa3bIBAIM BBIPAKEHHOTO OTPHLATEIBHOTO Jei-
ctBuA Ha Pistia stratiotes. Kynabsrypa Synechococ-
cus elongates 1-4 oxaspIBaa TOKCHYECKOE JeicTBHE
Ha BCE HCCIIE/IOBAHHBIC BBICIIHE BOJIHBIC PACTCHUSI.
C kyabTypolt Lemna minor TOJIOXKUTEIBHOE CO-
CYIIIECTBOBaHWE HAOIIIONIANOCH Yy [HAHOOAKTEpU
Anabaena variabilis RI-5 n Nostoc calcicola RI-3.
OctanpHble NMAHOOAKTEPUU OKA3bIBAIA OTpHIlA-
TeJbHOE BIIMSHUE HA POCT Lemna minor.

Junst ompeneneHne CHHEPrHYECKOro JICHCTBHUS
BHJIOB BBICILIUX BOAHBIX pacTeHuil Pistia stratiotes,
Elodea canadensis, Lemna minor m MHKpPOBOIO-
POCIEBBIX KyNbTyp Scenedesmus quadricauda B-1,
Chlamydomonas reinhardtii B-4 nu Chlorella vulga-
ris BB-2, Ankistrodesmus sp. BI-1 BeIpammuBamm ux
COBMECTHO B J1a0OpaToOpHBIX ycioBusx. Kak BUIHO
13 TaOJUIIBI 2, IPU COBMECTHOM KYJbTHBHUPOBAHHUH
KIJIETOK MHKPOBO/IOPOCIIEH 1 BBICIIMX BOJHBIX pac-
TEeHHH, HaOJIOJANOCh YBEIHMUYCHHE YHCIa KIIETOK
MHUKPOBOJIOPOCIICH U BBICIITHX BOJIHBIX PACTCHHIA.

W3MmeHeHne WHTEHCHMBHOCTH pOCTa B CMe-
[IAHHBIX KYJIbTYpaX C BBICIIMMH BOJHBIMH pac-
TeHusAMHU 3adukcupoBanbl s Chlamydomonas
reinhardtii B-4. Yucnennocts Chlamydomonas
reinhardtii B-4 B MOHOKYIIbTYype 32 7 CYTOK BBIpa-
IMBaHMs yBeNMW4duBayach B 7,9+0,02 muH. Ki/mi,
a B COBMECTHOM KYJIBTHBHPOBAHWU C PACTCHHUSIMU
cHm3mnach Ha 27%. B koHIe ombiTa HAOIIOAAIOCH
OCaXKJICHHE Ha THO COCYy/a KJIETOK MUKPOBOJIOPOC-
neit Chlamydomonas reinhardtii B-4 B Bapuanre ¢
Pistia stratiotes.
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(A — Hauano Ky’1sTHBUpOBaHUs, b — depes 7 cyTok KynsTHBUpOBaHUS) a- Phormidium autumnale 1-5,
0—Nostoc calcicola R1-3, B—Anabaena variabilis R1-5, r—Synechococcus elongates 1- 4, n — Oscillatoria tenuis R1-4

Pucynok 4 — Elodea canadensis ipy COBMECTHOM BBIPALIMBAHUHC IIHAHOOAKTEPUAMU

Ta6auua 2 — BausHue BEICIIMX BOJHBIX PACTEHUH HA POCT MUKPOBOIOPOCIEH

HcxomHoe PocT MUKPOBOIOPOCIICH € BBICIIMME BOJIHBIMU PACTCHHUSMH,
Kynerypst KonTpors, 106 /Mot

MUKPOBOAOPOCIEH KonnqecﬁTBo ieTor, 106 kin/mx

10°kn/ma Pistia stratiotes Elodea canadensis Lemna minor
Scenet?esmus 1,0 £0,2 8,5+0,01 7,8+0,01 8,4+0,03 8,5+0,02
quadricauda B-1
Chiamydomonas 1,0+0,1 7,9 +0,02 6,0+0,01 5,8+0,02 6,7+0,01
reinhardtii B-4
ggl_ozrella vulgaris 1,00,1 9,2+0,04 9,7+0,02 9,5+0,01 9,7+0,02
g;l_kl"s”"desmus sp- 1,0£0,2 9,1 40,02 8,4+0,01 8,6+0,02 8,5+0,01

Y kyneTypwel Scenedesmus quadricauda B-1
IIpU COBMECTHOM BbIpamuBanue ¢ Elodea cana-
densis u Lemna minor TOpPMOKEHHE POCTa KIETOK
HEe HaOJI0aNIoCh, HO TNPH KyJIbTHBHPOBAHUH C
Pistia stratiotes poct kineTok Obl1 HUXe Ha §8%.
OnHaKO TPU MHKPOCKOIMYECKOM HCCIIEI0BAHUU
ObBUIO yCTaHOBIIGHO, YTO KIETKH Scenedesmus
quadricauda B-1 B OCHOBHOM IPHUKPEIUICHBI Ha
KOpHSIX pacTeHuiul Pistia stratiotes (PUCYHOK 5),
C 4eM I10 BUAMMOMY U CBS3aHO YMEHBLICHHE KO-
JINYECTBO KJIETOK BOAOpocield B cycrneHsuu. [Ipu
KyJabTUBUpOBaHUM Scenedesmus quadricauda B-1
¢ Elodea canadensis w Lemna minor npukperie-
HUS KJIETOK K KOPHSIM WJIM Ha CTe0ENH pacTeHUs
He Ha0Jr0/1a10Ch.

[Ipu coBMEecTHOM BBIpAIIMBAHHMH MHKPOBOJIO-
pocmu Chlorella vulgaris BB-2 ¢ BweicIMH BO-
JIHBIMUA PACTCHUSMHU HAOJIOATIOCh CTUMYJISIIHS
pocTa XJOpemsbl. YCTaHOBJICHO, YTO B CPEIHEM
KOJINYECTBO KJIETOK XJIOpeiIsl Ha 5% Oosnblie 1o
CpaBHCHUIO C KOTPOJIbHBIM BapHaHTOM 663 BbIC-
IIMX BOJHBIX pacTeHuil. He uckirodueHo 4To BOMO-
POCIM MOTYT HOJIy4aTh OT COCYAMCTBIX PaCTEHUH B
Ka4yecTBe TMHTATEIBHOTO CcyOcTpaTa OpraHnvYecKue
COCIMHEHHSI, YeM BO3MOXKHO W OOBSCHSETCS He-
3HAQUUTENIPHOE YBEJIMYCHHE KOJIUYECTBA KIIETOK.
OpHako MO pe3yibTaTaM MHUKPOCKOMUYECKOTO HC-
CJICZIOBAHMS BBISIBIICHO, YTO KJIETKU XJIOPEIUIBI pa3-
MHOXaJICh CBOOOIHO HE MPUKPEIISSCH K PACTCHU-
am. U OTpHULATCIILHOT'O BJIWAHUA MUKPOBOJOPOCIN
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XJIOpEIUTBl Ha BBICHIME BOJHBIC PACTCHHUSI B CBOIO
o4epeb TOXKe He HaOJII0AaIoch. Y CTaHOBIICHO, YTO
Mmexny kneramu Chlorella vulgaris BB-2 u Bcemu
M3yUYCHBIMH BBICIIMMU BOJHBIMH PACTEHUAMH CPOp-
MUPOBAJICS HEUTPAIbHBIM TUI B3AMMOOTHOILICHHUS.

Pucynok 5 — Kopuu Pistia stratiotes ¢ IpUKpETTICHHBIMU
KIeTkaMu Scenedesmus quadricauda B-1, x40

AHanornyHas KapTUHa HaOIIOanach U MEXIY
KyIbTypoul Ankistrodesmus sp. Bl-1 u BwICITIMEU
BOJHBIMHU PACTEHUSMU. Y CTAHOBJICH, CUMOUO3HEII
TUI B3aUMOOTHOIICHUSI MEXy JTaHHBIMH OOBEKTa-
MU UCCleIoBaHu. Bo BceX U3yUYeHHBIX BUJIAX BbIC-
IIMX BOAHBIX PACTeHUN KIeTKU Ankistrodesmus sp.
BI-1 pa3BuBanmch akTHBHO, 3aMETHBIX YMEHBIIIE-
HUI KOJMMYECTBA KJIETOK MO CPaBHEHUIO C KOHTPO-
JIeM He YCTaHOBIIEHO. MUKPOCKOITMYECKUI aHaIn3
MOKa3ajl MPUKPEIJICHNE K KOPHAM pacTeHuil Pistia
stratiotes u Lemna minor ¥KneTok Ankistrodesmus
sp. BI-1 (pucyHox 6).

Takum 00pazom, B pe3yjbTaTe MPOBEACHHBIX
WCCJIeIOBAaHNN YCTaHOBJIEHO, YTO B3aWMMOBIHUSHUS
BBP u $oToTpopHBIX MUKPOOPTaHHU3MOB HENb3s
paccMaTpuBaTh Kak OAHO3HAYHO HETaTUBHOE JINOO
nosnoxurenpHoe.Kak u3BeCTHO, B3aUMOJEHCTBHUE
BHUJIOB — 3TO OOMEH BEIECTB M MH(OpPMAIUU 32
CYeT BBIIEJICHUS METabOJINTOB, KOTOPBIE MPSIMO
WJIM OTIOCPEIOBAHHO MOTYT BJIHATH HA POCT U pas-
BUTHE IPYyTUX OpraHu3MoB. Bzaumopelicrsue BBP
1 HOTOTPOHBIX MUKPOOPTaHU3MOB, 00YCIIOBIICH-
HOE WX DK30METa0O0JInTaMHt, MOKET pa3HOHAIPaB-
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JIEHHO PEryJIupoBaTh UHTECHCUBHOCTH Pa3BUTHUS
npeacTaBuTeNneit anbrogiaopel. C 0gHOW CTOPOHEHI,
pacTBOPEHHBIE B BOAE OPraHUYECKUE COCIUHEHUS
MOTYT CIIOCOOCTBOBAaTh PA3BUTHIO BOJIOPOCICH,
MT03BOJISIE UM WMH THUTAThCS, C JAPYTOH CTOPOHEL,
HMEHHO MeTaOOJIMTHOE B3aI/IMOIleI‘/'ICTBI/Ie BO MHO-
TOM ONpeJeNsieT UX B3aMMHOE HEOJIAronpusiTHOS
BIIMSTHUE.

Pucynox 6 — Kopuu Pistia stratiotes (a) u
Lemna minor (6)c NpUKPETUIEHHBIMH KIETKAMH
Ankistrodesmus sp. BI-1, x40 u x90

[To pe3ymbraTaM HamMX WMCCICIOBAHUHA MpU
COBMECTHOM BBIPALIMBAHUHM KYJIbTYPbl MHKpPOBO-
JI0pOCiIed ¢ BBICIIMMHU BOAHBIMH PACTCHUSIMU 3HA-
YUMBIX OTPUIATEIBHBIX BIMSHUN MEXIy HUMH HE
Habmomanock. OmnpesneneHo, 4T0 M3 H3YyYEHHBIX
BBICIIMX BOJAHBIX PACTEHHH CIIOCOOHOCTH K CO-
BMECTHOMY CYIIECTBOBAHHIO C IIMAHOOAKTEpHUs-
MU HaOronanock y Pistia stratiotes ¢ KylIbTypamu
Phormidium autumnale 1-5 n Anabaena variabilis
RI-5, a 13 W3y4YEHHBIX BUJIOB MHUKPOBOJOpPOCIEH
KyJnbTypbl Ankistrodesmus sp. BI-1 u Scenedesmus
quadricauda B-1 MOTYT OBITH KOHCOPTaMH BBICIIETO
BOJHOIO pactenus Pistia stratiotes v TO3BOJSIET HAM
PEKOMEH/IOBATh €T0 B MPOLECccaX OYUCTKH BOJ pas-
JIMYHOTO Ha3HAYEHHS OT HOHOB TSDKEIIBIX METAJIIOB.
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AHTUBAKTEPUAAbDHASA AKTUBHOCTb ®UPHbLIX MACEA
HEKOTOPbBLIX BUAOB ARTEMISIA U THYMUS
B OTHOLWEHUN METMLUMNAANH-PEBUCTEHTHOTIO
STAPHYLOCOCCUS AUREUS

MeTtuumaant-pesnctenTHbi  Staphylococcus aureus (MRSA) gBAsSieTCS BO3OYAMTEAEM MHOMMX
3ab60A€eBaHWI, B MEPBYIO OUepeAb, MHDEKLMIA KOXKHbIX M MATKMX TKaHen. BO3HMKHOBEHME YCTOMYMBBIX
K aHTMOMOTMKAM LLITaMMOB, Takmx Kak MRSA, TpebyeT noucka HOBbIX CPEACTB AAS 6OpbObI C 3TUM
MaTOreHoM, B YaCTHOCTW, CPeAU MPUPOAHBIX COEAMHEHMIA. DUPHbIE MACAQ SBASIOTCSI MPUPOAHBIMU
OpPraHNYeCcKMMU  COEAMHEHUSMM, KOTOpble 00AQAQIOT  LUMPOKMM  CMEeKTpoM  BroAorMyeckomn
aKTMBHOCTM:  aHTUMMKPOOHAs, aHTMBUPYCHa$s, aHTMOKCMAAHTHAS, MPOTUBOBOCMAAMTEAbHAS W
MMMYHOMOAYAMpPYIoLLas. B HacToswern paboTe BriepBble onpeAeAeHa aHTMOaKTePHaAbHas aKTUBHOCTb
3(hMPHbIX MaceA, BbIAEAEHHbIX M3 5 BMAOB pacteHui KasaxcraHa: Artemisia kotuchovii Kupr., Arte-
misia scoparia Waldst. et Kit., Thymus crebrifolius (Klokov), Thymus marschallianus Willd. n Thymus
rasitatus (Klokov) B oTHoweHnn MRSA USA300. AHTMOaKTEpMaAbHYIO aKTMBHOCTb 3(PMPHbIX MaceA
OMPEAEASIAU C NMOMOLLLbIO M3MEPEHMS KUHETUKM TMOTAOLLLEHMS CBETA BaKTepUaAbHOM CyCrieH3Meln nyTem
pacyeTa MHrMbmpyiowein koHueHTpaumn (IC,,), Mpu KOTOPOM MPOMCXOAMAO MHTMOMPOBaHKWEe pocTa
MMKPOOPraHmM3moB Ha 25%. HamboAblimm MHrMbMpyowmm sdgdektom Ha poct MRSA obaapasm
aupHble Macaa A. scoparia, T. marschallianus n T. rasitatus (IC,, = 24,5; 30,9 n 32,7 MKr/ma,
COOTBETCTBEHHO); acprpHoe Macao T. crebrifolius nokasano HM3Kyio akTMBHOCTB (IC,. = 73,0 MKI/MA).
SdmpHoe mMacao A. kotuchovii He MPOSIBUAO aKTMBHOCTM Aake MPW CaMOM BbICOKOW MCCAEAOBAHHOM
KoHueHTpaummn 100 MKI/MA.

KatoueBble cAoBa: ahvpHble MacAa, aHTMOaKTepUaAbHas aKTMBHOCTb, METULIMAAUH-YCTOMYMBBII
Staphylococcus aureus (MRSA).
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Antibacterial activity of essential oils from some Artemisia and
Thymus species against methicillin-resistant Staphylococcus aureus

Methicillin-resistant Staphylococcus aureus (MRSA) is the causative agent of many diseases, firstly,

of skin and soft tissues infections. The emergence of antibiotic-resistant strains, such as MRSA requires
the search for new agents to withstand this pathogen, in particular among natural compounds. Essential
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oils are natural organic compounds that have a wide spectrum of biological activity: antimicrobial, an-
tiviral, antioxidant, anti-inflammatory and immunomodulattory. The present work for the first time has
determined an antibacterial activity of essential oils isolated from 5 plants of Kazakhstan: Artemisia ko-
tuchovii Kupr., Artemisia scoparia Waldst. et Kit., Thymus crebrifolius (Klokov), Thymus marschallianus
Willd. and Thymus rasitatus (Klokov) in regard to MRSA USA300. Antibacterial activity of essential oils
was defined by measuring the light absorption kinetics of bacterial suspension using calculation of the
inhibitory concentration (IC,,) at which the growth of microorganisms was inhibited to 25%. A. scoparia,
T. marschallianus and T. rasitatus essential oils (IC,, = 24.5; 30.9 and 32.7 ug/ml, respectively) possess
the high inhibitory effect on increase of MRSA; T. crebrifolius essential oil showed low activity (IC,, =
73.0 ug/ml). A. kotuchovii essential oil did not show activity even at the highest tested concentration of
100 pg/ml.

Key words: essential oils, antibacterial activity, methicillin-resistant Staphylococcus aureus (MRSA).
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Metuumarmnn-TypakTbl Staphylococcus aureus KatbicTbl Artemisia xaHe
Thymus keit6ip TypAepiHiH, 3¢hup MaiAapbIHbIH,
AHTUOAKTEepHaAbAbI OEACEHAAIT

MeTtuumaann-pesnctenTTti - Staphylococcus aureus (MRSA) kenTereH wuHQEKUMS TYPAEPIHIH
cebenkepi, OipiHWI Ke3ekTe Tepi >KOHe >KYMCaK YAMaAapAblH MHMEKUMIAAPbIH - TYFbI3aAbl.
AHTUOMOTMKTEpre TypakThl MRSA CHMSKTbl WITaMAAPAbBIH MarMaa OGOAybl OCbl MaToOreHre Kapcbl
Kypecy YuiH TabuFM KOCBIABICTApPAbIH apachbiHAH >KaHA 3aTTapAbl i3AeyAl KaxeT eTteai. Ddwup
MaiAapbl KeH CreKTPAi aHTUMUKPOOTbIK, aHTUBUPYCTbIK, aHTMOKCUAQHTTbIK, KAObIHYFa KApChl XeHe
MMMYHOMOAYAbAEYLLIT CUSIKTbl BUOAOTUSIABIK, GEACEHAIAIKTEPre e TabUFK OPraHMKaAbIK, KOCbIAbICTap.
bepiareH xxymbicta KasakcraHHbiH 5 ecimairiHeH: Artemisia kotuchovii Kupr., Artemisia scoparia Waldst.
et Kit., Thymus crebrifolius (Klokov), Thymus marschallianus Willd. >xene Thymus rasitatus (Klokov)
3mp ManaapbitbiH MRSA USA300 kaTbICTbl aHTMOAKTEPUaAbAbl OEACEHAIAIN aHbIKTaAAbL. Dpup
MaAapbIHbIH, aHTUOAKTEPUAAbABI BEACEHAIAITH BakTepraAbAbl CyCMEH3MSIMEH XKapPbIKTbIH >KYTbIAYbIH
©ALLErN, MUKPOOPTraHN3MAEPAIH 6CYiHIH 25% TexeAyi Xy3ere ackaH TexkeyLi KoHueHTpaumscbiH (1C, )
ecernTey apKblAbl aHbIKTaAbIK. MRSA ecyiHe eH >korapbl Texeylli acepai A. scoparia, T. marschallianus
xaHe T. rasitatus aconp maraapbl kepcetTi (IC,, = 24,5; 30,9 xoHe 32,7 MKI/MA, caiikeciHwe); T. crebri-
folius achmp maiibl Temen GeaceHainikke ne 60aabl (IC,, = 73,0 Mkr/ma). A. kotuchovii aconp maiibr TinTi
3epTTeAreH eH xkorapbl 100 MKI/MA KOHLEHTpaumMsaAa AQ GEACEHAIAIK KepceTneai.

Ty#in cezaep: 3hmp Maraapbl, aHTMOaKTEPMaAbAbl OEACEHAIAIK, METULIMAAMH-PE3NCTEHTTI Staphy-
lococcus aureus (MRSA).

BBenenue

DdupHble Macia MPeICTaBISIFOT COO0H CIIOXK-
HBIH KOMITJICKC Pa3InYHbIX JICTYYHX OPTaHHUECKUX
coenunenuii (Baser K.H.C., Buchbauer G., 2010:
991; Traue A.B., 2008: 969). [Toka3zano, uto 3¢up-
HBIC Macja 00J1agaroT anTnOakTepuanbHoi (Burt S.,
2004: 226), nporuBorpudkopoii (Cavaleiro C., 2015:
249), nporusoBupycHoii (Edris A.E., 2007: 315),
nacektnmuaHoit (Panella N.A., 2005: 355), aHTH-
okcupanTHo# (Yu L.L., 2005: 723), mpoTuBOOIyX0-
neBoii (Sylvestre S., 2005: 299) u npoTuBoBOCHa-
mutenbHOU (Azab A., 2016: 1321) aKTHBHOCTSMH.
Hexotopele Macna Takke HMCHOJIB3YIOTCS Ul KOH-
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CEPBUPOBAHUS MHILEBBIX MMPOAYKTOB, B apoMarepa-
[IUU U TaPPIOMEPHO POMBINIICHHOCTH. D(UPHBIC
Maclia JeHCTBYIOT Ha OMOXUMHUECKUE MPOIIECChl B
KJICTKaX MUKPOOPTraHU3MOB IIyTE€M HHAKTUBHUPOBA-
HUsl (EPMEHTOB, BIIMSHUS HAa TEKYy4YeCTh KJIETOY-
HBIX MEMOpaH M YBEIMYCHHUS UX MPOHUIIAEMOCTH
(Santiesteban-Lopez A., 2007: 486; Oussalah M.,
2006: 1046). B psjge ucciienoBaHUM MPUBOASTCS
IKCIIEPUMEHTAIIbHBIC JTaHHbIE, YTO d(DUPHBIC Maclia
OKa3bIBAIOT AaHTHUMHUKpPOOHOE JefcTBHE Ha YCTOMi-
yuBbIe (OPMBI MHKPOOPTIaHW3MOB, HANpUMeEp, Ha
CTa(QUIOKOKKH, PE3HCTCHTHBIE K AHTUOMOTHKAM
(Dryden M.S., 2004: 283; Caelli M., 2000: 236;
Cha J.D., 2005: 186).
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AnTnbakrepuagbHas aKTHBHOCTB d(HPHBIX Macell HEKOTOPHIX BUNOB Artemisia u Thymus ...

MeTHIHIUTAH-YCTOWYUBBIN Staphylococcus
aureus (MRSA) sBnseTcss OomHMM H3 OCHOBHBIX
BO30yuTeNell KOXKHBIX WHQPEKIUH U WH(EKIHi
MArKux TkaHed. MRSA ycTolunB ko BceM Kiac-
caM [-JJaKTaMHBIX AaHTHOHMOTHKOB, a HEKOTOPHIC
mraMMbl MRSA oxazanuch Takke yCTONUMBBIMU
K KIuHAaMunuHy U aputpomunmHy (Deleo F.R.,
2010: 1557). B CIHIA 06oapmMHCTBO WH(EKITHIA
KOXKHBIX M MATKUX TKaHe# BbI3BaHbl MRSA mtam-
mMoM USA300, KOTOpBI Takke MOXKET BbI3bIBATh
Cepbe3HbIC MHBA3MBHBIC OOJIE3HU. YUYHUTHIBas BbI-
COKyIo cremneHb TpancmuccuBHOCcTH USA300, BO3-
MOJKHO, B OyJyIIeM 3TOT HITaMM S. aureus MOXeT
ctaTh pobiemoii Bo Bcem mupe (Long D.R., 2013:
241;LiM., 2009: 5883; Kennedy A.D., 2008: 1327).
JlanpHelilee MCIoONb30BaHUE aHTHOMOTHKOB IO/I-
BEPraercsi pUCKy, TaK Kak OHH TEPsIIOT aKTUBHOCTh
npotuB MRSA. AnbTepHaTHBON HCIONB30BAHUIO
AHTUOMOTHKOB MOTYT CIYKHUTh HETPaJIUIIUOHHBIE
METOABI JICYCHUsI, KOTOPbIC BKJIIOYAIOT PACTUTEIb-
HBIE DKCTPAKTHI U IPYTUE IPUPOIHBIC KOMITOHEHTBI,
B ToM umcne u 3pupnHsie Macia (Caelli M., 2000:
236). B wactHOCTH, COOOIIACTCS YTO JUISI YMEHBbIIIC-
HUS Ha3aIbHOU KojoHm3aruin MRSA s>¢uproe mac-
JI0 YaifHOTO AepeBa ObLIO CTOJIb e AP PEKTHUBHBIM,
KaK U CTaHJapTHAs Teparusi Ha OCHOBE aHTHOMOTH-
koB (Dryden M.S., 2004: 287). Muorue >¢upHbIe
Macjia pacrteHuil poja Artemisia 00JIaZarOT aHTH-
MHKPOOHOW aKTHUBHOCTHIO. Hampmmep, ObIIO TO-
Ka3aHo, 4To 3(UpHOE MacIo A. scoparia MmposBiIseT
CHJIBHYIO ITPOTHBOMHKPOOHYIO aKTUBHOCTH TPOTHB
o0uraTHbIX aHa’poOHbIX OakTepuit Fusobacterium
nucleum, Prevotella intermedia u Porphyromonas
gingivalis (Cha J.D., 2005: 189). D¢upHusie macma
BuaoB Thymus cuurtatorcst Hanbosiee aKTHBHBIMU
13-3a BBICOKOTO COIEPKAHUS B UX COCTaBe (DEHOIb-
HBIX COCIIMHEHUH, TAKUX KaK THMOJ M KapBakKpoJl,
KOTOpbIC 00JaJIAal0T MHOKECTBOM OHOJIOTHYECKUX
CBOWCTB: aHTUMHKPOOHOH AKTHUBHOCTBIO IPOTHB
LIMPOKOTO CIEeKTpa MUKpoopranudmos (Nostro A.,
2007: 519; Lambert R.J., 2001: 453), mpoTuBOBOC-
MNAINTENTBHON, AaHTHOKCHJAHTHOH, TeNaTONpOTEK-
TOpHOW M mpoTuBoomyxojiesoi (Braga P.C., 2006:
130; Aeschbach R., 1994: 31; Alam K., 1999: 159;
Kang S.H., 2016: 2837). B nacrosiieii pabote Oblia
HCCleIoBaHa  aHTHOAKTepHUalbHAs  aKTHMBHOCTb
a¢upHBIX Macen BUIOB Artemisia u Thymus, npo-
n3pacraroiux Ha Tepputopun Kaszaxcrana, npotus
MRSA.

MarepuaJibl 1 METOJAbI UCCIETOBAHUS
Obvexkmul uccieoo8anus

B xavectBe OOBEKTOB WUCCIEAOBaHUS OBLIH
HUCMONBb30BaHbl 5 BUAOB pacreHuid Ka3zaxcra-

Ha, OTHOCAILIMECs K 2 ceMmeiicTBaMm, coOpaHHBIC B
€CTECTBCHHBIX MECTax MpOW3pacTaHus: 2 BHJIA ce-
MelicTBa Asteraceae (CITOKHOIIBETHBIC): Artemisia
kotuchovii Kupr. (monsiae KotyxoBa), n Artemisia
scoparia Waldst. & Kit. (TToJIbIHE BEHUIHAS HITH 110~
JBIHB MeTenbuaTast); 3 BUIa cemeiictBa Lamiaceae
(ry6omsetnbie): Thymus crebrifolius (Klokov)
(tumbsiH vactomuctHbIi), Thymus marschallianus
Willd. (tumbsiH MapmaimeBckui) u  Thymus
rasitatus (Klokov) (TuMbsiH OpUTHIF).

Coop pacmumenvrHoeo mamepuana u 3KCMpax-
yus 3upHbIx Macen U3 pacmumenbHo20 Cbipbsl

COop 00pa3ioB pacTeHHU POBOUIN COTJIACHO
METO/IMKE PAHJOMU3UPOBAHHOT0 0TOOPA C YKa3aHH-
eM reorpau4ecKiux KOOpIWHAT TOYKH cOopa (Iru-
poTa, 10AT0Ta, BBICOTA HAJl yPOBHEM MOPSI ), OTIpeie-
ngembix ¢ nomonibio GPS-naBuraropa eTREX®H
(«Garminy, TaiiBanb). Pacrenust Obin coOpaHbl B
2015 r. B (haze uBerenms. Ha tepputopun Anmma-
TUHCKOH 001acTH ObIT COOpaH pacTUTEIbHBIN MaTe-
puait A. scoparia. B Boctounom Kazaxcrane coOpan
Y3KOJIOKaJbHbIM 3HAeM Kazaxcranckoro Anrtas A.
kotuchovii u T. marschallianus. B ropax bekray-
Ata — sHnemMuuHbIN Bun T. rasitatus; B ropax YibI-
Tay — sHaeMHuK T. crebrifolius.

[Mony4enue 3GpUpPHBIX Maces U3 HA/I3EMHBIX Ya-
CTel pacTeHni MPOBOIUIA METOIOM THIIPOIMCTHI-
JSIMY C UCTIONb30BaHMeM amnmapaTa KneBeHmkepa
(«Ildamy, Typuus) mo meroay, onmMcaHHOMY B EB-
poretickoii apmaxornee [EBpomnefickuii mupekto-
par 1o KadecTBY JIEKapCTBEHHBIX cpencTB, CoBer
EBpomnsl, CtpacOypr, @panuus, 2014], u3 Bo3aym-
HO CyXOM Macchl HaJ3eMHOIN yacTu pacteHus. Ko-
JUYECTBEHHBIN BBIXO/ d(DUPHBIX Mace BEIYUCIISIITN
B 00BbEMHO-BECOBBIX MPOILIEHTaX B pacdyeTe Ha BO3-
JIyIITHO-CYXYFO MacCy PacTUTENBHOTO MaTepHara.

Hoenmudghuxayus ~ KOMNOHeHmog  3PupHvix
macen

B nony4yenHbpIX 00pasnax 3(pUpHBIX Macen ObLI
orpeJiesieH KOMIIOHEHTHBIM COCTaB METOJIOM Ta30-
BOH XpoMartorpadu ¢ mIaMeHHO-HOHU3AIMOHHBIM
nerektopoM (GC-FID) u wmacc-cniektpomerpueit
(GC/MS) ¢ ucnonmp3oBanneM cuctemsl Agilent 5975
GC-MSD («Agilent», CIIA; SEM Ltd., Typuwus)
(Ozek G., 2010: 741). KomnoHeHTb! 3GUPHBIX Ma-
cen uACHTU(UITUPOBAHBI ITyTEM CPaBHEHHS UX XPO-
MaTorpaguyeckux MUKOB BPEMEHH YACPKUBAHUS
CO CTaHAapTaMH, TMPOAHATMIUPOBAHHBIMH B ITHX
JKe YCIIOBHAX, a TaKKe MyTEeM CPaBHEHHs MHAEKCa
yaepxxuBanus (nHIekc KoBaua) ¢ murepaTypHBIMHU
JTAHHBIMHU.

Onpedenenue anmuMukpoOHOU aKMUEHOCIU
a¢hupnvix macen

AHTHMUKpPOOHAasi aKTHBHOCTb OblTa ompese-
JIeHa B OTHOIICHWH METHIMIUIMH-PE3UCTEHTHOTO
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mramma Staphylococcus aureus USA300 (LAC)
n3 Koywiekiuu OTiena MUKPOOHOJOTHH U UMMY-
Honorun YHuBepcureta llltara MonTana, CILA ¢
MOMOIIIBI0 M3MEPEHUsT KUHETHKH TOTIIONICHUS CBE-
Ta OaKTepUAIBHON CyCIIEH3HMEe! C MCIIOIb30BaHUEM
cnekrpodoromerpa SpectraMax 190 microplate
reader («Molecular Devicesy, CIIIA). AHTHOHOTHK
CIEKTUHOMHIIMH OBIT HCIIONB30BaH B KadyecTBE
MO3UTUBHOTO KOHTPOJS, a JAUMETHIICYIb(OKCHT
(AIMCO) ©Obul TECTHpOBaH KaK HETaTUBHBIN
KOHTPOJb.

Kynerypa Oaxrepwmii. KymbTypy Oakrepuii Ha
Tpurcua-coeBoit cpene (TSB) mukyOupoBanu mpu
37°C na meiikepe B Tedenue 12 4. [locie mHKYOH-
poBaHMsS OaKTepuu pPa3BOJWIN B COOTHOIICHHH
1:200 B 20 M1 TpUTICHHOBOM cOoeBOM OyiboHe ¢ 0,5%
n0k030i. MRS A KyabTUBUPOBAIH 10 TOCTHKCHUS
Cepe/IMHBbl SKCIOHEHIMANBHOW (a3bl pocTra, HpU
ATOM ONTHUYECKAS IFIOTHOCTH MPHU AJIMHE BOJTHBI 600
HM cocrtaBisia 1,5 ex. ONTHYECKYIO IJIOTHOCTH
PETUCTPUPOBATIH C TOMOIIBIO creKTpodoToMeTpa
NanoDrop 2000 («Thermo Fisher Scientificy,
CIIIA). bakrepun BbICEBaJIM Ha TPUIICHH-COEBYIO
Cpely ¢ arapom, M Ha CJIeAYIOIIH 1eHb OpeAes I
KoJMuecTBO KosoHneoOpasyronmx enunull (KOE).

Konyenmpayuu >¢pupneix macen. PacTBOpbI
a¢upubIXx Maces (10 MKr/MiT) ObUIM TIPUTOTOBJICHBI
B /IMCO. Bpimn npoTecTUpOBaHbI MATh PA3INYHBIX
KOHIICHTpaui 3QUpHBIX Maced: 6,25; 12,5; 25; 50
u 100 Mkr/mi1 ipu KoHeuHOU KoHIeHTparmu JJMCO
1%.

Hsmepenue nooasnenus pocma baxmeputi
agpuprvimu macramu. Kynerypy Oakrepuii (2,5x107
KOE/mit) TOBTOPHO CyCHEHAMPOBAM Ha Cpejie
TSB u wmHKYOMpoBanmu B TedeHHEe 4 9 TIPU TeM-
neparype 37°C ¢ MIThIO Pa3sTUYHBIMA KOHIICH-
TparusiMi 3QHUPHBIX Macesl B 96-JTyHOUYHBIX TIIAH-
IIeTax, MpeJIHAa3HAYeHHBIX IS KyJIbTyp TKaHEH.
AHTHUOMOTHK CIICKTHHOMHUIIMH ObLIT PACTBOPEH B BOZIC
(50 mr/mi) npu koHeuHOU KOoHIeHTparmuu 500 MKr/
M. [TomaBienue pocra 6akTepuii KOHTPOITUPOBATTH
0 U3MEHEHUIO ONTHYECKOH TUIOTHOCTH NPHU JITMHE
BoMHBI A = 600 HM C HCHOJB30BaHHWEM MPUOOpPA
SpectraMax 190 Microplate Reader («Molecu-
lar Devices», CIIA). Onruueckas IJIOTHOCTb
PETUCTPHUPOBAIACH KAXK/IBIC 5 MUH B TEUCHHE 4 U ITPH
37°C. Harubupyronmii 3QQext 3pupHBIX Macel
OBbUT oOmpenesieH MyTeM pacdeTa KOHIIEHTpaluu
MaceJI, IPHU KOTOPOH poCT OaKTepruil HHTHOUPOBAIICS
Ha 25% (1C25).

OKCIIEPUMEHTBI TPOBOJWIN B TPEX IOBTOP-
HOCTAX. CTAaTUCTHYECKUH aHalu3 OCYIICCTBISIIN
o oomenpuHATEIM MeToaukaM (Jlakuu [.O., 1990:
289).
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Pe3yJII)TaTI)I HCCJICA0OBAHUA U UX oﬁcymenue

KonmdecTBeHHBINA BBIXO A(UPHBIX Macel, Io-
JYYCHHBIX METOJIOM THJIPOUCTHIUISIIUN, BAPhUPO-
BaJl B 3aBUCUMOCTH OT Bupa: A. scoparia — 0,7%,
A. kotuchovii — 0,8%, T. marschallianus — 1,4%, T.
rasitatus — 0,7%, T. crebrifolius — 0,2%.

UccnenoBanne aHTUMUKPOOHOW aKTHBHOCTH
3¢upHBIX Macen B otHomeHnn MRSA mokazano,
YTO MpOBEpeHHbIe 00pa3lbl Macen oliananu pas-
JUYHOUW CTEIEeHBI0 MPOTHBOMUKPOOHOTO AdeKTa.
B tabnure 1 mpencraBieHbl 3HAUCHUSI HHTHOUPYIO-
IeH KOHIIEHTPAIUU MPOTECTUPOBAHHBIX (PUPHBIX
Macel, IIPU KOTOPBIX HaOIIOJIAIH TOAaBICHUE PO-
cTa MUKpooprauuzmoB Ha 25% (IC,)).

Tadmuua 1 — AHTUMHKPOOHAsT aKTHBHOCTH 3(UPHBIX Macell,
BBIJICJICHHBIX M3 Pa3JIMYHbIX BHJIOB PACTCHHH, B OTHOLICHUH
METHIWUINH-PE3UCTEHTHOTO IuTamMMa Staphylococcus aureus
USA300 (LAC)

O0pa3iibl 3GUPHBIX Mace IC,,, Mxr/mi (n = 3; M+m)
A. scoparia 24,5+1,6
A. kotuchovii H.A.
T. marschallianus 30,9+1,5
T. rasitatus 32,7+6,5
T. crebrifolius 73,0+£5,4

[Ipumeuanus: M — cpeaHee 3Hau€HUE; M — CTAaHIAPTHOE
otkinoHeHne; H.A. — akTHBHOCTb HE BBISBICHA

Hamnbonee BbICOKOI aHTUMHKPOOHON AaKTHB-
HOCThIO B oTHOmieHuM MRSA oGmananyu s¢upHsie
Macna A. scoparia, T. marschallianus n T. rasitatus
nipu KoHIeHTpanuu 100 Mxr/mi. Dduproe macio 7.
crebrifolius MoKa3ajao TOJLKO HEOOJIBIIYIO aKTHB-
HocTh (mogasnenue pocra MRSA na 40% npu kKoH-
nentparuu 100 mxr/mi) (Puc. 1). Ddupnoe macmo
A. kotuchovii He TPOSBUIIO aHTHOAKTEPHATIBHOM aK-
tuBHOCTH npoTuB MRSA nake npu camoii BBICOKOH
rccienoBanHoi koneHTparuu 100 Mxr/mit.

Uzyuenne nuUHAMUKHU JIEHCTBUS d(PHUPHBIX Ma-
cen A. scoparia, T. marschallianus n T. rasitatus
Ha MRSA mnokazano, uro 3dupHbIe Macna mpu ca-
MOIi BBICOKOW KoHIEeHTpauuu 100 MKI/mMil mpakTH-
YECKU MOJIHOCTBIO TopMOo34T pocT MRSA. B kaue-
cTBe puMepa Ha Puc. 2 mpencTaBieHbl pe3ynbTaThl
uHruoupoBanust pocta mraMmma MRSA USA300
(LAC) s¢dupnbiM Macinom A. scoparia mpu pas-
JWYHBIX KOHICHTPAIUsIX. AHaJIOTHYHAs 3aKOHO-
MEpPHOCTH BBISIBIICHA U JUISL ABYX APYTHX 0Opa3loB
3(UpHBIX Mace, BeIIeIeHHBIX U3 1. marschallianus
u T. rasitatus (manueic He MOKa3anbl). C yMEHbIIIS-
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HUEM KOHIEHTpalUuH 3(UpHBIX Macen HaOIroaIcs
3HAUATENBHBIH pocT MRSA. DdupHble Macia mpu
KOHIICHTpaIuu 6,25 MKI/MJ1 HE UHTUOUPOBAJIA POCT
MRSA. Mukpoopranusm 6e3 00paboTku 3pupHBIX
Macell HauWHaII aKTUBHO Pa3MHOXKAThCS TIOCTIe Jaca

oT Havaya WHKyOaruu. Beiseiaeno, uro JMCO B
KOHIIeHTparuu 1% He oKa3bIBaeT BIUSHUAS Ha POCT
MUKpOOpraHu3mMa. AHTUOUOTHK CIIEKTUHOMMIIUH B
koHIeHTpanuu 500 MKT/MJI IMOJIHOCTBIO TTOJIABIISET
poct MRSA (Puc. 2).

120
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Pucynoxk 1 — BimsiHue pa3inaHBIX KOHIIEHTpanui 3GUPHBIX Maces Ha pocT mraMmma MRSA
USA300 (LAC). /laanble, 0603Ha4eHHBIE Pa3HBIMU OyKBaMH, JOCTOBEPHO Pa3INIarOTCs
Mex Iy coboit mpu p<0,05
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Pucynox 2 — Marn6uposanne pocra mramma MRSA USA300 (LAC) a¢upHBIM Maciom
Artemisia scoparia nipu koHneHTpanusx 100; 50; 25; 12,5 u 6,25 MKI/MI 1 aHTHOMOTHKOM
CHCKTUHOMHUIIMH MTPH KOHIEeHTparmu 500 MKr/mit

B Tabnwuiie 2 npuBeneH Ka4eCTBEHHBIM COCTaB
U KOJIMYECTBEHHOE COAECPKAHUE OCHOBHBIX KOMIIO-
HEHTOB HCCJICMOBAaHHBIX J(UPHBIX Macel. BEIsSB-
JICHO, YTO OCHOBHBIMHU COCTABJISIFOIIUMU 3(HUPHOTO

Macna A. scoparia, KOTOpoe MpPOSIBHJIO HauOOb-
IO aKTUBHOCTb, SIBIISIOTCS MOHOTEPICH (-ITMHEH
(26,8%) wu eHMITPONIAaHOWA METHJ EBICHON
(24,1%).
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Pesynbratel WccieOBaHUS TOKa3ald YTO B
o0Opasmax, KOTOphIC ITOKa3aJld aHTHOAKTEPHAIhb-
HYI0O aKTHBHOCTH IPEBAJIHMPYIOT TEPIICHOBBIE CO-
enuHeHUs. MOXHO TIPEAIOJIOKUTh, YTO 3a aKTHB-
HOCTh TECTHPOBAaHHBIX 3(DUPHBIX MacCeNl OTBEYAIOT
UMEHHO 3TH COCIMHCHUS, KaK TOKa3aHO B psjie
pabot (Bassole I.H., 2012: 2989; Rivas da Silva
A.C., 2012: 6305). OcHOBHBIEC KOMIIOHEHTHI d(Up-
HOTO Maclia A. scoparia MOHOTEPICHbI [3-TIMHEH U
O-TIMHEH SIBJISIOTCS HauOoJiee aKTUBHBIMH COCIH-
HEHHSMH, MPOSIBISIONINE aHTUMHKPOOHYIO aKTHB-
HOCTh B OTHomIeHWH craduinokokkoB (Leite A.M.,
2007: 121).

Bo MHOTHEX paboTax OBLIO BEISBICHO, YTO TEP-
MEHOMIBI TAaK)KE€ OTBEYAIOT 32 AHTHUMUKPOOHYIO

aKTHBHOCTH 3QupHbIX Macen (Zengin H., 2014:
1773). ConeprxaHrne TEMOJIa B aKTUBHBIX o0OpasIiax
a¢upHBIX Macel, Takux kak T. marschallianus u T.
rasitatus, cocraBuiio 45,9 u 13,5%, coOTBETCTBEH-
HO, a B 2()UPHOM Maciie, MPOSBUBIIEM cIabyro aK-
TUBHOCTD, T. crebrifolius jums 0,1%.

B neakTtuBHBIX 00pasnax 3(pUpHBIX Macen co-
Jiep’KaHne TEPIICHOB BBISBICHO B OYCHb HU3KHX KO-
nryecTBax. AHTHOAKTepHabHbIH 3 dexT d3pupHbIX
Maceql TUMBSIHOB MOXKET OBITH CBSI3aH C BBICOKHM
cozep)KaHHEM MOHOTEPIICHOMa TUMONA. THMOI
SIBIISIETCSI OJJHUM M3 OCHOBHBIX KOMITOHEHTOB d(Hp-
HBIX MaceJ TUMbSHOB, KOTOPBII 00JlaiaeT aHTUMH-
KpPOOHOH aKTUBHOCTBIO MPOTHUB Pa3INYHBIX MHKPO-
oprann3moB (Delaquis P.J., 2002: 102).

Tadmuua 2 — OCHOBHBIC KOMITOHEHTBI HCCIICIOBAaHHBIX 3(UPHBIX Macel

D¢upHble Macna

OCHOBHBIE KJIaCChI COSIMHCHUI 1 KOMIIOHEHTEI

ouuMeH — 3,9%

MoHoteprensl: B-muHeH — 26,8%, o-muHeH — 6,9%, mumoneH — 7,4%, mupuen — 5,0%, (E)-pB-

A. scoparia

Anxussl: 1-¢pennn-nenra-2,4-nuex — 8,3%

CecKBUTEpHEHOUBI: CHIaTyIeHoI —2,6%

DeHUIITPONaHOUABL: METU eBreHon — 24,1%

MoHorepreHsl: y-TepruHeH — 16,2%, p-uumen — 16,1%

T. marschallianus

MomnotepneHouast: Tumon — 47,2%

MoHnoTteprieHouAb!: o-Tepruaeon — 25,4%, tumon — 13,5%, muranoon — 9,3%, 1,8-umHeon — 3,0%

T. rasitatus

MownorepneHnsl: p-uumeH — 14,8%, y-reprnuneH — 6,3%, mupueH —5,5%

CeckBureprieHsl: B-kapuodusier — 2,6%

T. crebrifolius 2,6%, repanuon — 2,2%

Momnotepnenouast: nuHanoon — 60,3%, o-repnuneon — 6,8%, 1,8-unneon — 4,7%, 6opueon —

Cecksurepnensl: -kaprodumieH — 2,1%

DeHMIIPOITaHON Bl METHII XaBUKOI (= dcTparon) — 75,9%, metwi srenon — 4,5%

A. kotuchovii

Mowoteprensl: (E)-B-ouumen — 4,9%, (Z)-p-ounmen — 3,9%

ITpumeuanue: *B TaONMUIE yKa3aHbl KOMIIOHEHTHI C ColepKaHneM >2%

Pabot 1o neHCTBUIO MPOTECTUPOBAHHBIX HAMU
3(UpPHBIX Macell, BBIJIEICHHBIX U3 pacTeHuil Kazax-
crana, mpotus mramma USA300 (LAC) ve HatineHo,
U JIaHHBIC 110 aHTUOAKTEPUAIIBHON aKTUBHOCTH HC-
CJIETOBAaHHBIX 3)MPHBIX MACeI MOJIyYeHBI BIIEPBEIC.
Ddupnsie Macna A. scoparia, T. marschallianus n
T. rasitatus ¥ X KOMIIOHEHTbI MOTYT OBITh ITOTCH-
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[UaJbHBIMH aHTUOAKTEPUAILHBIME TPUPOJIHBIMU
arentamu npotus MRSA.

Paboma ewinonnena 6 pamkax epanma Mu-
Hucmepcmea obpazosanus u Hayku Pecnyonuxu
Kazaxcman Ne2l17/GF4  «@apmaxonozuueckue
aghghexmul d¢hupnbix macen u UxX KOMHOHEHMOS U3
pacmenuti Kazaxcmanay.
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